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Executive Summary 

"-this document is the Site Observational Work Plan (SOWP) for the Grand Junction, Colorado, 
Uranium Mill Tailings Remedial Action (UMTRA) Project site. The purpose of this rep6rt is to 
provide a strategy for achieving compliance with requirements established in the Uranium Mill 
Tailings Radiation Control Act (42 United States Code 7901 et seq.) and the U.S. Environmental 
Protection Agency's (EPA's) "Health and Environmental Protection standards for Uranium and 
Thorium Mill Tailings" (Title 40, Code of Federal Regulations, Part 192).  

The compliance strategy proposed for the Grand Junction, Colorado, site is no remediation and 
the application of supplemental standards based on the criterion of limited use ground water.  
Ground water in the alluvial aquifer is not a current or potential source of drinking water because 
the quality of the water is naturally poor. Average uranium and selenium concentrations in 
background ground water of the alluvial aquifer exceed UMTRA Project maximum 
concentration limits. Existing institutional controls imposed by the.U.S. Department of Energy, 
the Colorado Department of Public Health and Environment, or the City of Grand Junction 
prevent use of the alluvial aquifer for drinking water on site and downgradient of the site. A 
feasibility study indicates that treatment of the ambient ground water for municipal use would be 
unreasonably expensive.  

The Grand Junction millsite, also known as the Climax uranium mill, began as a sugar beet mill 
and was operated as a uranium/vanadium mill from 1950 to 1970. During that time the mill 
processed more than 2 million tons of ore, which produced about 12 million pounds of uranium 
oxide (U30) and 46 million pounds of vanadium oxide (V205). Ore was crushed, ground, salt 
oasted and water leached to remove vanadium; uranium was extracted with a sulfuric acid leach.  
.he Climax Corporation demolished most of the mill buildings and seeded the tailings piles 

before leaving the site in 1976. From the late 1980s to 1994 the site was used as an interim 
repository for mill tailings removed from Grand Junction vicinity properties as part of the 
UMTRA Surface Project. By the end of 1994 all tailings and the remaining buildings, except the 
old sugar beet warehouse, had been demolished and hauled to the Grand Junction disposal site 
about 18 miles southeast of Grand Junction.  

.The original Site Observational Work Plan (DOE 1996d) indicated that applying the criterion of 
widespread ambient contamination of the alluvial aquifer might be justified on the basis of high 
concentrations of total dissolved solids and naturally high concentrations of molybdenum, 
selenium, and uranium in background alluvial ground water. The Baseline Risk Assessment 
(BLRA)(DOE 1995a) concluded that ground wa.ter quality in the alluvial aquifer in the area is 
naturally poor, the aquifer is not being used as a source of drinking water, and that institutional 
controls were in place to prevent its future use as a source of drinking water. A list of chemicals 
of potential concern (COPCs) was developed and consisted of arsenic, cadmium, cobalt, fluoride, 
iron, manganese, molybdenum, nickel, *Ra, sulfate, uranium, vanadium, and zinc. Risks to 
human health and the environment were considered minimal, but the BLRA recommended 
collection of additional information to further evaluate these risks and to further characterize the 
ground water.  

'-or this 1999 Site Observational Work Plan, additional information was collected to evaluate the 
.ound water and surface water quality and movement, determine any contribution of 

contamination from sediments, refine the hydrogeologic model, and provide updated information 
about risks to human health and the environment Background ground water quality was 
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1.0 Introduction 

.lhe U.S. Department of Energy (DOE) Grand Junction Office (GJO) in Grand Junction, 
Colorado, produced this Site Observational Work Plan (SOWP). Its purpose is to determine a 
site-specific approach to comply with the U.S. Environmental Protection Agency (EPA) ground 
water standards for the Grand Junction Uranium Mill Tailings Remedial Action (UMTRA) 
Project site (also called the Climax site). The Grand Junction SOWP) presents a comprehensive 
summary of the site hydrogeologic data, delineates a conceptual model for the aquifer system, 
and discusses the origins of milling-related ground water contamination. It also defines the 
magnitude of ground water contamination, evaluates potential human health and ecological risks 
associated with ground water contamination, and proposes a compliance strategy.  

Section 2.0 describes the requirements for meeting standards at UMTRA Project sites.  
Section 3.0 provides new information gathered in 1997 and 1998 about the site, Sections 4.0 and 
5.0 provide site-specific data that support the proposed ground water compliance strategy, and 
Sections 6.0 and 7.0 present justification for the proposed compliance strategy.  

1.1 Ground Water Compliance Strategy 

The proposed ground water strategy for the Grand Junction site is no remediation and the 
application of supplemental standards based on the criterion of limited use ground water. Limited 
use ground water is ground water that is not a current or potential source of drinking water 
because of widespread ambient contamination that cannot be cleaned up with treatment methods 
reasonably employed by public water supply systems (Title 40, Code of Federal Regulations 
"-CFR], Part 192.11). The shallow ground water in the alluvial aquifer is considered limited use 

.ound water. However, EPA standards require DOE to consider the effect of milling 
contamination on current or future beneficial uses of the ground water. Because the quality of 
ground water in the site area is naturally poor, and because the City of Grand Junction prevents 
the use of ground water for domestic consumption, potential beneficial uses would be limited to 
watering livestock and plants.  

1.2 UMTRA Project Programmatic Documents 

Programmatic documents that guide the SOWP include the UMTRA Ground Water Management 
Action Process (DOE 1998), the Final Programmatic Environmental Impact Statement for the 
Uranium Mill Tailings Remedial Action Groundwater Project (PEIS) (DOE 1996c), and the 
Technical Approach to Ground Water Restoration (TAGR) (DOE 1993a). The Ground Water 
Management Action Process document states the mission needs and objectives for the UMTRA 
Ground Water Compliance Program and provides an overall technical and managerial approach 
for conducting the program. The PEIS provides'an objective programmatic decision-making 
framework for conducting the UMTRA Ground Water Project, assesses the potential 
programmatic effects of conducting the project, provides a method for determining the site
specific ground water compliance strategies, and provides data and information that can be used 
to prepare site-specific National Environmental Policy Act (NEPA) documents (10 CFR 1021).  
The TAGR provides technical guidance for conducting the ground water program.  

DOE/Grand Junction Office Site Observational Work Plan for Grand Junction, Colorado 
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Potential Groundwater Contamination at Grand Junction UMTRP, Vicinity Properties 
TCahn and others 1988); and 45 boxes of field notes,' internal reports, and other information 
xchived in the DOE-GJO.,vault. Information in these boxes was generated by various 

contractors performing assessment and construction work at the site.  

Other publications dedicated to local ground water or associated studies include Geology and 
Artesian Water Supply, Grand Junction Area; Colorado, a U.S. Geological Survey Professional 
Paper by Lohman (1965); the Cobble Aquifer Investigation, U.S. Bureau of Reclamation (U.S.  
Bureau of Reclamation 1986); and U.S. Geological Survey Open-File Report 94-110 entitled 
Physical, Chemical and Biological Data for Detailed Study of Irrigation Drainage in the 
Uncompahgre Project Area and in the Grand Valley, West-Central Colorado, 1991-92 (Butler 
and others 1994).  

Human health and ecological risk information is described in the Environmental Impact 
Statement for the millsite (DOE 1986) and in the BLRA (DOE 1995a).  

An important source of information and one used extensively for this report is the Site 
Environmental Evaluation (SEE) UMTRA database maintained at the DOE-GJO facility. The 
database produces reports, tables, and graphs of surface water, ground water, and sediment 
chemistry, monitoring well information, lithologic and well completion daia, and map coordinate 
information. Data for Grand Junction start in the mid-1980s. All new data generated for this 
report reside in SEE UMTRA. Maps that display analytical data are generated using SEE 
UMTRA information merged with an ArcView GIS package.

IUjburan• Junciuon Uniuc 
May 1999
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2.0 Regulatory Framework 
i. ground water compliance strategy is proposed for the Grand Junction site to achieve 

compliance with EPA ground water standards applicable to Title I UMTRA Project sites. This 
section identifies the requirements of the Uranium Mill Tailings Radiation Control Act 
(UMTRCA), the EPA ground water protection standards (40 CFR Part 192), NEPA, and other 
regulations that are applicable to the UMTRA Ground Water Project.  

2.1 Federal Regulations 

2.1.1 Uranium Mill Tailings Radiation Control Act 

The U.S. Congress passed UMTRCA (42 U.S.C. §7901 et seq.) in 1978 in response to public 
concerns about the potential health hazards from long-term exposure to uranium mill tailings.  
UMTRCA authorized DOE to stabilize, dispose of, and control uranium mill tailings and other 
contaminated materials at uranium-ore processing sites.  

UMTRCA has three titles that apply to uranium-ore processing sites. Title I designates 
*24 inactive processing sites to undergo remediation, directs EPA to promulgate standards, 
mandates remedial action in accordance with standards prescribed by EPA, directs remedial 
action to be selected and performed with the concurrence of the NRC in consultation with states 
and Indian tribes, directs NRC to license the disposal sites for long-term care, and directs DOE to 
enter into cooperative agreements with the affected states and Indian tribes. Title 11 applies to 
active uranium mills, and Title III applies to certain uranium mills in New Mexico. The UMTRA 
"w-ound Water Project has responsibility for administering only Title I of UMTRCA.  

in 1988, Congress passed the Uranium Mill Tailings Remedial Action Amendments Act 
(42 U.S.C. §7923 et seq.) authorizing DOE to extend without limitation the time needed to 
complete ground water remediation at the processing sites.  

EPA Ground Water Standards 

UMTRCA requires that EPA promulgate standards for protecting public health and the 
environment from hazardous constituents associated with processing uranium ore and with the 
resulting residual radioactive materials (RRM). On January 5, 1983, EPA published standards in 
40 CFR 192 for the disposal and cleanup of RRM. The standards for ground water compliance 
were revised, and a final rule was published on January 11, 1995, and codified at 40 CFR 192.  

The standards in 40 CFR 192.02 (c)(1) require that the Secretary of Energy determine which 
constituents listed in Appendix I of 40 CFR 192 are present in, or reasonably derived from, 
RRM. Those standards also require the Secretary to determine the areal extent of ground water 
contamination by listed constituent. Section 4.0 of this document, "Field Investigation Results," 

.complies with these requirements and identifies the constituents of concern at the Grand Junction 
site.  

"The standards for cleanup address two ground water contamination scenarios in 
CFR 192.02 (c)(2). The first scenario addresses ground water contaminated as a result of 

ARM associated with disposal cells. Future protection of ground water at the disposal sites is 
being addressed as part of the UMTRA Surface Project. The second scenario addresses ground 

DOE/Grand Junction Office Site Observational Work Plan for Grand Junction, Colorado May 1999 
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o Radiation from radionuclides other than 226Ra and its decay products is present in sufficient 
quantity and concentration to constitute a significant radiation hazard from RRM.  

One of the four cleanup standards (i.e., clean up to background, MCLs, or ACLs, or apply 
supplemental standards) is selected on the basis of risk to human health and the environment.  
The methods available to achieve compliance include active remediation, natural flushing, and 
no remediation. Section 5.0, "Site Conceptual Model," presents a summary of the geology, 
hydrology, geochemistry, and ecology of the site. That discussion provides the information 
relevant to selecting a ground water compliance strategy. Section 7.0, "Ground Water 
Compliance Strategy," presents a discussion of the proposed compliance strategy for the Grand 
Junction site and includes a justification for selection of the no-remediation compliance strategy.  

The regulations in 40 CFR 192.22(c) also require DOE to inform landowners and occupants of 
the locations affected by hazardous constituents and to solicit their comments if supplemental 
standards are applied.  

2.1.2 National Environmental Policy Act 

DOE NEPA regulations are in 10 CFR part 1021, "National Environmental Policy Act 
Implementing Procedures." Pursuant to NEPA, DOE finalized a PEIS for the UMTRA Ground 
Water Project to analyze potential effects of implementing the alternatives for conducting ground 
water compliance at the UMTRA Project processing sites.  

A Record of Decision was published in April 1997 in which DOE's preferred alternative was 
selected on the basis of information available at the time. The decision gave DOE the option of 

nplementing one or a combination of the following compliance strategies: 

"* Active ground water remediation 

"* Natural flushing 

"* No ground water remediation 

2.1.3 Other Regulations 

In addition to EPA ground water standards and requirements of NEPA, DOE must also comply 
with presidential execdtive orders, such as those related to pollution prevention and 
environmental justice, that may be relevant to the work being performed. Other federal 
regulations include those that require protection of wetlands and floodplains, threatened and 
endangered species, and cultural resources.  

2.2 State and Tribal Regulations 

DOE must also comply with state and tribal regulations where federal authority has been 
delegated to the state. These include compliance with state permits required for drilling, 
"-ompleting, and abandoning monitoring wells; water discharge; and waste management.  

DOE/Grand Junction Office Site Observational Work Plan for Grand Junction, Colorado 
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3.0 Site Conditions 

J.1 Physical Setting and Climate 

The Grand Junction site is at an elevation of approximately 4,600 feet (ft) (1,400 meters [m]) in 
the broad, arid Grand Valley and has historically been referred to as the Climax site. It is located 
in Mesa C6unty, Colorado (Figure 3-1), along the southern side of Grand Junction in an 
industrial area (Plate 1). The site is bounded on the south by the west-flowing Colorado River, 
which joins the Gunnison River about 0.75 mile (1.2 kilometers [km]) to the west. The Grand 
Valley is bounded by the Book Cliffs to the northeast, about 9 miles (15 km) from the'site; the 
Grand Mesa to the east, about 16 miles (26 Ian) from the site; and the Uncompahgre Plateau to 
the west, about 5 miles (8 kim) from the site. The Grand Junction site encompasses 
approximately 114 acres (46 hectares) that underwent surface remedial action from 1989 to 
1994.  

Annual precipitation in Grand Junction is approximately 9.1 inches (in.) (23 centimeters [cm]), 
and the mean annual temperature is 52.1OF (Lohman 1965). August and September are the 
wettest months; summer thunderstorms can produce more than an inch of rain. Potential 
evapotransporation for the area is approximately 71 in. (180 cm) per year, making the potential 
evapotransporation to precipitation ratio about 8:1.  

3.2 Land and Ground Water Use 

The original millsite was covered with 6 in. of clean soil and revegetated by 1994. Part of the 
riginal remedial action involved constructing wetlands, including eight ponds along the 

.outhern boundary of the property adjacent to the Colorado River (see Figure 3-10). River 
flooding in 1995 eroded the ponds and reconfigured the southern boundary of the site.  

The area encompassing the former millsite is administered by the City of Grand Junction Parks 
and Recreation Department. In 1997 a pedestrian bridge was built across the Colorado River at 
the southeast comer of the site. In 1995 and 1996 the Army Corps of Engineers constructed a 
flood control levee through the southern part of the site. A concrete sidewalk built in 1997 on top 
of the levee is part of the city's riverfront trail corridor connecting the north side of the Colorado 
River to the south side at Orchard Mesa Middle School via the foot bridge. West of the site, the 
Western Colorado Botanical Society, in coordination with the city, constructed the Western 
Colorado Botanical Gardens, which contain a variety of indoor plants and butterflies and an 
outdoor reconstruction of the valley's geomorphology with associated flora. The gardens are 
located at the south end of 7th Street at the access to the Watson Island section of the Colorado 
River Trail.  

No ground water is being used from the site. The deed transferring the site to the City of Grand 
Junction from the CDPHE specifies ground water use restrictions that are controlled by the state 
and DOE (see Section 7.2 for details). According to information from the State Engineer's 
Office, no wells are recorded for properties downgradient of the site. The Botanical Gardens uses 
a sump near the Colorado River to pump water into a lined pond for irrigating the gardens.  

DOE/Grand Junction Office Site Observational Work Plan for Grand Junction, Colorado May 1999 Page 3-1
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Site Condions 

3.3 Site History 

£.3.1 Milling History 

The millsite and the remaining brick mill building were originally part of the Colorado Sugar Manufacturing Company; the building was constructed in 1899. Later it became the Holly Sugar Corporation and processed sugar from sugar beets; the plant closed before the pre-1947 photograph shown in Figure 3-2. The site of four ponds used during the sugar processing era, located directly south of the mill, were used later for settling ponds during the uranium milling 
operation.  

The site was reconfigured for uranium-ore processing and opened as the Climax mill in late 1950 (Mastrovich 1985). The mill was constructed and operated by the Climax Uranium Company, a subsidiary of Climax Molybdenum Corporation. The Climax mill had an initial production rate of 330 tons per day until 1955; modifications increased capacity to 500 tons per day, which was maintained until closure (Merritt 1971; Orr 1954). Figure 3-3 is an oblique aerial photograph taken about 1956 looking northwest. The photograph shows the old sugar beet mill warehouse extending from the right side of the picture up to about the stack. Various other buildings, blending vats, labs, and ponds are also visible. Ore was brought by rail and truck and stored in .the area shown in the upper left portion of the photograph. Figure 3-4 is a 1954 aerial photograph that shows the size of the tailings area, the ore storage area, and the settling ponds. In 1960, Climax was incorporated into American Metals Climax, Inc., which operated the mill until closure in March 1970. Figure 3-5 is an aerial photograph from 1961 showing the two solids disposal areas in the eastern and western sections of the property, where tailings in the form of sands and slimes were pumped (Merritt 1971). Figure 3-6 from 1966 shows the three large vaporation ponds totaling 35 acres on the eastern part of the property, where effluent was pumped from the settling ponds just south of the mill.  
This mill was the first in the United States that was designed for uranium production with -vanadium as a byproduct. Ores were predominantly sandstones from the Morrison and Chinle Formations that contained primary uranium/vanadium oxide and silicate minerals, as well as oxidized ores containing predominantly carnotite (potassium uranium vanadate) and tyuyamunite (calcium uranium vanadate). Most of the mill feed came from about 20 company-owned mines in the Uravan Mineral Belt; the remainder came from independent producers (Merritt 1971).  

The ore was crushed and ground; uranium was initially acid leached and neutralized before sands and slimes were separated. Sands were acid leached again. After separation, the slime fraction was salt roasted and water leached to remove vanadium, and finally acid leached again to remove uranium and water-insoluble vanadium. A solvent extraction process separated uranium from vanadium. The solvent extraction raffinate solution and other intermediate products were treated with acid again to remove additional uranium and vanadium (Merritt 1971). Tailings from the .  washing circuit and raffinate from the solvent extraction operation were sent to one or two small holding ponds near the mill, where fines settled out before the waters were sent to one of the three separate holding ponds where liquids were allowed to evaporate. The tailings piles were stabilized with vegetation during the years of operation, and erosion of tailings into the Colorado River was minimized. This complex milling process required a number of different chemicals.  iorganic chemicals included sulfuric acid, hydrochloric acid, sodium chlorate, ammonia, .,odium chloride, sodium carbonate, hydrogen peroxide, and powdered iron metal; organic 
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is now located outside of the fenced enclosure of the old Climax site (information from the 
completion report prepared by M. K. Ferguson, January 1995).  

In 1994 eight ponds were constructed along the southern side of the site adjoining the Colorado 
River as part of a wetlands area. Floods in the spring and early summer of 1995 severely eroded 
some ponds and filled others with silt. The wetlands area was never reconstructed and today only 
indistinct traces of the eight ponds are visible. Sampling of the.original ponds indicated that 
higher levels of contamination were present in the two westernmost ponds (DOE 1996d).  
However, the higher concentrations may have resulted from evaporation.  

3.3.3 Sources of Ground Water Contamination 

During the sugar beet milling period, excess vegetation and pulp from the sugar beets were used 
to feed livestock. The apparent remnants of these early stock yards can be seen in a pre-1947 
photo (Figure 3-2) along the southeastern portion of the site. Later, an area along the west side 
of the site was used as corrals (see Plate 1). Both areas, but especially the area in the southeastern 
part of the site, may have contributed nitrogen to the ground water.  

Ground water contamination at the site resulted from processing ore and from subsequent 
leaching of uranium mill tailings constituents by-mill water, rain water, and ground water.  
During active milling, slimes and water from the operation were sent to four settling ponds 
located directly.south of the mill (see Figure 3-3) and from there to three evaporation ponds 
located east and north of the mill (Figure 3-6 and Plate 1). The evaporation ponds apparently did 
not have enough surface area for complete evaporation of the water, and some liquids seeped 
into the underlying sediments. An estimated 50 million gallons 190,000 cubic meters) per year 

.om 1951 to 1955, and 75 million gallons (285,000 cubic meters) per year from 1956 to 1970 
were used to process ore. Based on this estimate, the total amount of process water that was 
available to seep into the sediments underlying the site over the history of milling operations was 
approximately 1,900 acre-feet, or 2.3 million cubic meters (DOE 1996d).  

3.4 Future Uses of Land and Ground Water 

DOE deeded the Climax site to CDPHE, who in turn deeded the site to the City of Grand 
Junction in April 1997. The deed specified that ground water from the site could not be used for 
any purpose without written approval of DOE and CDPHE. The City is developing a master plan 
for use of the land as an open park area. Possible uses include a city pedestrian park with trees, 
sidewalks, and grassy areas; a recreational area including ball fields; and an engineered area for 
holding ponds and wetlands that temporarily store excess storm flow before it is released to the 
river. The City has recently named the land occupied by the former millsite "Las Colonias Park," 
from an earlier Latino community that existed in that part of town.  

The City has also acquired some additional parcels of land downgradient (west) of the millsite.  
One narrow strip extends from the millsite to about 8th Street along the small northern channel 
of the Colorado River. Another parcel extends from 7th Street to 5th Street on the south side of 
Struthers Avenue. That parcel will have botanical gardens and a parking lot in the western 
wection and already contains a building housing other botanical gardens and a butterfly house in 

e eastern part. Currently, the City does not plan to obtain other parcels of land in the region 
-ast of the millsite and south of Struthers Avenue extending west to 5th Street. Several 
commercial and private landowners have property in this corridor. On the west side of 5th Street,
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4.0 Field Investigations Results 

This section presents results of field studies performed to meet data needs. Application of the 
results is presented in Section 5, "Conceptual Site Model." 

4.1 Geology 

The geology near the site is structurally and stratigraphically simple. The Cretaceous marine 
Mancos Shale and Cretaceous marginal marine Dakota Sandstone Formations dip gently to the 
northeast away from the Uncompahgre Plateau on the west. Unconsolidated alluvial sediments of 
Quaternary to Recent age overlie these rocks and form the alluvial aquifer, which contains 
contaminated ground water associated with the Grand Junction site.  

The work plan for characterizing the Grand Junction site (DOE 1997) describes the geological 
data needs in Quarternary stratigraphy and bedrock identification. Figure 4-1 is the A-A' 
geologic cross section shown on Plates 1 and 2.  

4.1.1 Alluvial Aquifer 

The Colorado River has been prograding updip and southward across the Grand Valley, probably 
as a result of the eroding shales from the north clogging the river channel. Its current channels lie 
against the bluffs on the south side of the river. Thickness of the river alluvium, which forms the 
alluvial aquifer, ranges from 8 ft (2.4 m) to more than 78 ft (24 m) in the Grand Valley 
"J.S. Bureau of Reclamation 1986). The U.S. Bureau of Reclamation report describes the 
Aiments near the site as Colorado River alluvium consisting of sandy to silty sediments 

underlain by the Cobble aquifer, which consists of unconsolidated sands, gravels, and cobbles.  

Well logs developed during installation of 23 new monitoring wells are shown in Appendix B.  
Surface fill near the millsite is 9 to 10 ft (3 m) thick, so the upper sandy/silty zone in question 
was not identified with confidence as part of the alluvial aquifer. Cobbly sediments were below 
this zone, and depth to Dakota shale (i.e., bedrock) ranged from 13,ft (4 m) in well 1017 (nearest 
the river on the site) to 27 ft (8 m) in well 1019 (the northernmost well on the site). Well 
locations are shown in Plate 2.  

An examination of background well lithologic logs indicated an organic-rich soil horizon 
developed in pastures and fields for the first I to 5 Af (0.3 to 1.5 in), with silty sands below this 
(wells 1024 and 1025). In most background wells and in wells in historically agricultural areas, 
silty sands extend from near surface to depths of 15 ft (4.6 m) or more (wells 1026 and 1028) and 
overlie the cobbly gravel zone. These cobbly gravels were drilled to a maximum depth of 32 ft 
(10 m) in well 1025. The work plan for these monitoring wells required installing 20.ft (6 in) of 
screened interval below the saturated zone or drilling to bedrock, whichever was less.  
Consequently, the alluvial aquifer was not fully penetrated in some background wells east of the 
site.  

'pre-1947 aerial photograph of the millsite (Figure 3-2) shows a prominent channel crossing 
.6 site from east to west. Milling operations eliminated the trace of this old channel, as can be 

seen in subsequent photographs (Figures 3-4, 3-5, and 3-6), but its possible effect on hydrologic 
conditions is discussed in Section 5.1.3.  
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4.1.2 Bedrock Identification 

Previous reports assign the shales underlying the site to the Mancos Shale (Ford, Bacon, and 
Davis 1977; DOE 1996c; DOE 1996d; and others). An effort was made to differentiate the gray 
shales of the Dakota Sandstone sequence from the gray shales of the Mancos Shale in the site 
area. To do this, contractor geologists requested assistance from Dr. Robert G. Young, a local 
consulting geologist, who had mapped these units for his dissertation. Dr. Young provided 
criteria for distinguishing the two formations and accompanied the contractor geologists into the 
field.  

The criteria for distinguishing the formations are: 

Dakota Sandstone Mancos Shale 
Carbonaceous (to lignitic), not calcareous Calcareous (reacts to HCD, not carbonaceous 
Silty to clayey Clayey with few silty layers 
Contains no marine fossils Contains marine fossils 
Some silty lenses in shales Thin layer of white bentonite near the bottom of the unit 
Some pyrite nodules or iron staining No pyrite nodules, little or no iron staining 

Rocks composing the bluffs on the south side of the Colorado River from the confluence of the 
Gunnison River about 2,000 ft (610 m) west of the site to approximately 2,000 ft (610 m) east of 
the site were field examined and evaluated using the criteria listed above. Dakota Sandstone 
shales crop out from a point about 100 yards (91 m) east of the 5th Street bridge eastward and 
dip beneath the site at about I to 2 degrees. The shales beneath the site area were described as 
Mancos Shale in earlier reports but actually belong to a middle shale unit of the Dakota 
Sandstone. The estimated trace of the Mancos subcrop is shown in Plate 1. It follows the 
estimated contact on the south side of the Colorado River (this section of the bank is overgrown 
with vegetati' n1), crosses the river about 2,000 ft (610 m) upstream of the site at an 1 evation of 
about 4,570 ft (1,393 m) where a limy, resistant siltstone bed produces a small area of rapids, and 
continues to the northwest, where it comes within about 200 ft (61m) of the site boundary 
(Plate 1). Some intertonguing of these formations might be expected at this transitional contact 
between the marine Mancos Shale and the marginal marine Dakota Sandstone sequence. Ground 
water flowing from the north toward the south and southwest across the 54to would contain trace 
elements leached predominantly from the Mancos Shale as well as from the Dakota shales.  

By use of these criteria, the total thickness of the Dakota Sandstone in the area of the site was 
determined to be about 200 ft (61 in). The same recognition criteria were applied to core from 
five previously, drilled boreholes (724, 725, 735, 741, and 743) located near the site on the north 
side of the Colorado River. None of the core had these characteristics of Mancos Shale, 
indicating that the subcrop of Mancos is some distance north or east of the site. To further 
confirm this, the same criteria were used to evaluate cuttings from the bottom of wells. For all 
on-site wells, drilling continued through the alluvial aquifer into bedrock. Dakota shales were 
identified as bedrock in all wells drilled on site.  

4.2 Hydrology 

Hydrogeologic data needs for ground water and surface water were identified in Section 5.0 of 
the original SOWP (DOE 1996d) and Section 3.5 of the Work Plan for Characterization 
Activities at the UMTRA Grand Junction Project Site (DOE 1997b). Additional site
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characterization was performed to better define the water table surface, 'saturated thickness, 
'ithology, and hydraulic parameters of the alluvial aquifer. New monitor wells were installed and ,eveloped, and water levels in selected monitor wells have been measured on a continuous basis 
using downhole dataloggers. Aquifer pumping tests were performed in a number of monitor 
wells to evaluate hydraulic conductivity beneath the site. Slug tests were also done in monitor 
wells to estimate hydraulic conductivity throughout the site. The recharge/discharge relationship 
between the Colorado River and the alluvial aquifer was evaluated by measuring water levels in 
the river and comparing these with ground water levels in adjacent monitor wells.  

4.2.1 Alluvial Aquifer Analysis 

Twenty-three new monitor wells (numbered between 1010 and 1035) were installed in the 
alluvium to provide additional informatjton on lithology, saturated thickness, and hydraulic 
parameters (lithologic logs are in Appendix B, and well locations are shown on Plate 1).  

Twenty-one wells were installed during September 1997 by using a hollow-stem auger. These 
consisted of eight on-site wells (1012-1019), five upgradient wells (1020, 1021, 1023, 1024, 
1025), four downgradient wells (1010, 1011, 1022, and 1029), and four vicinity property wells 
(1026, 1027,1028, and 1030). Boreholes 1031 and 1032 were used to obtain water level 
measurements. A CME-75 truck-mounted auger rig was used to drill 12¼-inch o.d. boreholes; 
the monitor wells installed were 4-inch schedule 40 PVC casing with 0.02-inch factory-slotted 
PVC icreens and bottom caps. Soil samples were collected with a 2½/-inch-diameter, 2-foot split 
barrel sampler using a 150-pound hydraulic drop hammer. A total of 99 split barrel samples were 
collected. Drilling protocol required that wells intercept bedrock or extend 20 ft into the saturated zone, whichever was less. All wells intercepted bedrock except wells 1025, 1026,-1027, 
id 1028 (1025 is an upgradient well, the other three are at the Regional Center). General 

reformation and surveyed locations are shown in Appendix A, and lithologic/well completion 
logs are in Appendix B.  

All wells were developed by repeated surging and pumping. However, water production from 
most of the wells was still considered to be low for a typical fluvial sediment, so seven on-site 
wells were jetted to improve production and efficiency. Jetting consisted of using a five
horsepower pump to force a'jet of potable water outward along the screened interval of the wells.  
Water was constricted from a 2-inch line to a 1-inch T-nozzle jetting tool. Approximately 
425 gallons (1,610 liters) of water could be expelled into the well in five minutes. This process 
can remove smeared clays or other debris from the slotted screen. After this procedure, 
production was improved by 32 percent overall,.but some wells were still only producing 2 to 
3 gallons (7.6 to 11.4 liters) per minute. This prompted drilling two new wells (1034 and 1035) 
in September 1998 by a different method to improve well efficiency and to obtain more realistic 
hydraulic parameters of the aquifer. Monitor wells 1034 and 1035 were drilled using a casing
advance drilling method that resulted in less disturbance to the adjacent formation materials. A 
factory-slotted screen was installed in monitor well 1034, and a continuous-wrapped vee-wire 
screen was installed in monitor well 1035. Aquifer pumping tests in these two wells indicated 
significantly improved well efficiencies and higher hydraulic conductivity values for the alluvial 
aquifer than values obtained from the wells installed by the hollow-stem auger (see 
Appendix D).  

Lquifer pumping and recovery tests were performed in selected monitor wells at the site to 
provide an estimate of the hydraulic conductivity in the alluvial aquifer. Single-well pumping 
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tests were run in monitor wells 1013, 1015, 1017, 1019, and 746 during January and 
February 1998. Additional single well pumping tests were conducted in wells 590, 1001, and 
1018 during Augusi 1998. Multiple-well pumping tests were run in monitor wells 1034-and 1035 
during September 1998; draWdown response and recovery of water levels were measured in 
three adjacent observation wells (1002, 1013, and 1034/1035). The calculation of hydraulic 
parameters (see Appendix D) focuised on the multiple-well pumping tests in wells 1034 and 1035 
because the most reliable data are obtained from drawdown and recovery in observation wells.  
Recovery data collected from the single-well tests in wells 590 and 1018 appeared reasonable, so 
results of those tests are also included.  

Results of selected aquifer pumping test calculations (estimations) of hydraulic parameters are 
summarized in Table 4-1. Data collected from aquifer pumping tests in alluvial aquifer wells in 
the west (0590), central (1034/1035), and east (1018) portions of the site indicate that 
transmissivity ranges from 161 to 2,434 ft/day (15 to 226 m2/day). Hydraulic conductivity 
ranges from 18 to 304 ft/day (5.5 to 93 m/day) based on saturated thickness in the alluvial 
aquifer ranging from 6 to 9 ft (1.8 to 2.7 m) in the wells. As expected, the values of hydraulic 
conductivity are variable across the site, even in the relative proximity of wells 1034 and 1035.  
Variation in these values is a result of several factors: (1) lateral and vertical lithologic changes 
typical of alluvial deposits, including the possible effects of old chan;:-ls in the alluvium, (2) the 
Colorado River as a boundary condition, especially near well 0590 (about 60 ft [18 m] from the 
river), and (3) well construction and screen type that may cause variable well efficiency and.  
response to pumping stress (e.g., screen type in well 1035 has greater area of exposure to the 
aquifer than in well 1034). The average linear ground water velocity beneath the millsite is about 
2.0 ft/day (0.6 m/day) based on an average estimated hydraulic conductivity of 100 ft/day 
(30 m/day), a hydraulic gradient of 0.004, and an effective porosity of 20 percent. Many 
variables affect hydraulic parameter values in an aquifer system, so the results are an 
approximation that provides a general idea of the characteristics of the alluvial aquifer.  

Slug tests were performed in 13 monitor wells, and hydraulic conductivity was estimated where 
possible (water levels in some wells recovered too rapidly for meaningful estimation). Slug tests 
provide only a rough approximation of hydraulic conductivity, and the values should be 
considered as order-of magnitude estimates. Also, the area of influence of a slug test extends 
only a short distance from the borehoie, and results should not be inferred to be valid at any 
distance from the area of influence. Consequently, slug test estimates are not used in the 
evaluation because of their limited extent and also because of the more reliable estimates from 
the aquifer pumping test analyses.: Hydraulic conductivity values from slug tests are summarized 
in Table*4-1, and calculations are on file in the Grand Junction Office.  

Water levels in nine monitor wells (0590, 0743, 0744, 0746, 1001, 1002, 1013, 1017, and 1022) 
were measured continuously during 1998 using downhole dataloggers (locations are shown in 
Plate 1). Results •-%re used to determine variations in ground water levels through time and to 
correlate these witil fluctuations in the level of surface water in the Colorado River (see 
Section 4.2.3).  

4.2.2 Dakota Sandstone and Mancos Shale Analysis 

Since ground water in these underlying units has not been affected by site-related activities, the 
bedrock units have not been extensively investigated. The alluvium directly overlies both
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formations, depending on the relation to the subcrop. Figure 4-2 is a contour map of the top of 
he Dakota Sandstone. The previous interpretation of these underlying units has been 
aodified with additional characterization, and the consensus is that the alluvium beneath the 
main portion of the processing site directly overlies shaly units of the Dakota Sandstone. Both 
the Dakota Sandstone and the Mancos Shale form an effective aquitard beneath the alluvial 
aquifer.  

Table 4-1. Summary of Hydraulic Parameters In the Alluvial Aquifer at the Grand Junction Site 

Well PIOIS DIR Q t T K Notes 
gpm min f'lday ft'day_ 

1034 P R 4 717 1613 202 Factory slotted screen 
1002 0 D 556 93 
1002 0 R 408 68 
1013 0 D 450 56 
1013 0 R 340 43 
1035 0 D -N/R N/R Response <1 ft 
1035 P R 8 to 6 707 2261 282 Continuous-wrapped V-wire screen 
1002 0 D 942 157 
1002 0 R 969 161 
1013 0 D 1987 249 
1013 0 R 2434 304 
1034 0 D 1120 140 
1034 0 R 2290 287 
590 P R 30 840 408 68 I 

1018 P R 1 820 161 18 
1012 S 11 On Site 
1013 S 2 On Site 
1014 S 2 On Site 
1015 S 4 On Site 
1016 S 2 On Site 
1018 S 6 On Site 
1019 S I On Site 
1021 S 1I_ Background 
1023 S 12 Background 
1025 S -4 Background 
1026 5S___ ____ ___ 4 Resource Center 
1027 S ___ ____ ___ 3 Resource Center 

1028 S " Resource Center 
Notes: 
D = discharge 
K - hydraulic conductivity 
N/R = Not reliable 
O = observation well 
P a pumping well 
o = discharge rate 
R = recovery 
S = slug test 
t duration of test 
T = transmissivity
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413 Surface Water Analysis 

Surface water levels in the Colorado River have been continuously-measuatdsince 
February 1998 with a datalogger in a stilling well (SW-1033 on Figure 4-3) at the western end of 
the site. Manual measurements of the Colorado River were taken every 2 weeks from the 
footbridge at the eastern end of the site (Figure 4-3). 

The stilling well was installed along the southwestern side of Watson Island in late January 1998.  
A transducer was placed inside a capped and perforated PVC pipe that was anchored into the 
river bed, with the transducer cable (also enclosed in a PVC pipe) running up the bank to an 
elevation considered protected from spring flooding. A steel upright pipe was cemented in and a 
locked cover installed to protect the transducer recorder.  

Comparison of water levels with mean stream flow (in cubic feet per second) measured at the 
USGS gauging station at Palisade (about 15 miles [24 km] east of the millsite) shows good 
correlation (RVR-FLW on Figure 4-4). A comparison of water elevations in the river with 
fluctuations in water levels in several monitor wells near the river (wells 0744 and 1001) also 
shows some correlation, indicating some connection between shallow ground water and the 
water in the Colorado River (Figure 4-3).  

4.3 Geochemistry 

Surface water, ground water, soil, sediments, and alluvial aquifer materials were sampled and 
analyzed. Sample locations, collection methods, analytical methods, tests performed, and 
analytical results are presented in this section.  

4.3.1 Water and Sediment Chemistry Sampling and Sample Analysis 

Ground water monitoring wells were sampled in January and July 1998 to characterize the 
current contaminant levels. The results of sampling and analysis are presented in this section. All 
results reported here are for filtered samples.  

Contaminants that enter the surface environment through natural discharge of ground water to 
the surface should be detectable by analysis of surface water and sediments. The results can be 
used to estimate the risk of exposure to the accessible environment. Surface water and surface 
sediments were sampled in October and November 1997 to supplement previous samplings. The 
alluvial aquifer discharges to the Colorado River. Water and sediments were sampled from the 
river to determine if the river's water quality is affected by millsite contaminants. Ponds are 
present on the Colorado River floodplain; some are seasonal and are present only after flooding, 
and some may be fed by ground water. Water and sediments were collected from the ponds and 
analyzed for chemicals of potential concern (COPCs). Because the valley alluvium is affected by 
irrigation, water was also sampled from several irrigation ditches.  

4.3.1.1 Ground Water 

Two rounds of ground water sampling were conducted in 1998-one in January and one in July.  
A total of 33 alluvial and 5 bedrock wells were sampledduring each round. A summary of the 
sampling results is presented in Appendix E. As expected, the alluvial wells located on site have 
the highest concentrations of contaminants associated with site processes (e.g., uranium, 
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vanadium, arsenic) compared to upgradient and downgradient locations (see Section 5.3.1 for 
'Wher discussion of background water quality; see Section 5.3.3 for a discussion of the extent of 
3ntamination).  

Chemistry of the ground water from bedrock wells is distinctly different from that of alluvial 
ground water. Bedrock wells are generally lower in gross alpha and gross beta radiation as well 
as in concentrations of uranium, calcium, manganese, magnesium, and potassium. Bedrock 
ground water is generally higher than alluvial ground water in concentrations of chloride and 
sodium and is slightly more basic in pH.  

Ground Water Major-Ion Chemistry 

Piper diagrams are commonly used to help classify water types by composition and to 
differentiate between water types. Major-ion chemistry data from the June 1998 sampling round 
were plotted on a Piper diagram (Figure 4-5). Anions in the alluvial ground water are dominated 
by sulfate, and cations are nearly equally distributed among calcium, magnesium, and sodium.  
The major-ion chemistry in the alluvium at the millsite and downgradient is similar to 
upgradient. Total dissolved solids concentrations are also similar among on-site, downgradient, 
and upgradient alluvial ground water samples (Figure 4-6).  

Four locations (588, 1021, 1024, and 1029) sampled for alluvial ground water have major-ion 
compositions distinctly different from the norm (Figure 4-5). Location 588 is downgradient 
from a large pond at the Grand Valley Rendering Plant; location 1021 is west (possibly 
downgradient) of several large recreation ponds; location 1024 is downgradient of the Clifton 
Water Works, where water is being discharged into the alluvial aquifer; and location 1029 is 

)wngradient from a large pond at the American Auto Salvage yard. Thus, ground water at all 
four anomalous locations is likely to have been affected by water locally recharging the aquifer 
and is not representative of "typical" alluvial ground water.  

The major-ion composition of Dakota Sandstone ground water is highly variable. The variability 
is likely due to the variable depths from which the ground water samples were collected. Some 
wells were sampled from the gray shales that lie at shallow depths, and others were sampled 
from deeper sandstones. In all cases, however, the Dakota wells are readily distinguished from 
alluvial wells on a Piper diagram (Figures 4-ý5 and 4-6). Anions in the Dakota Sandstone ground 
.water are dominated by chloride, and cations are dominated by sodium.  

Mineral precipitation and dissolution causes chemical changes in the ground water system. The 
chemical speciation program PHREEQC (Parkhurst 1995) was used to calculate the 
concentrations of aqueous species and mineral saturation indices (SIs) for the January 1998 
sampling of the ground water. A mineral SI provides a measure of whether a ground water has a 
tendency to precipitate or dissolve a mineral. A positive SI indicates oversaturation and the 
tendency to precipitate the mineral, whereas a negative SI indicates undersaturation and the 
tendency to dissolve the mineral.  

Average mineral SIs for calcite and gypsum, two commonly occurring minerals in the alluvial 
"-wifer, are presented in Table 4-2. The alluvial aquifer ground water is nearly saturated with 

Icite (CaCO 3) upgradient and downgradient of the millsite and slightly oversaturated at the 
millsite. The differences between the on-site and upgradient averages are probably due to 
localized influences on sample locations. In the upgradient area, some sample locations 
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Table 4-2. Average Mineral Saturation Indices for Calcite and Gypsum

Location Number Of Samples Calcite SI Gypsum SI 
Upgradient Alluvium I • -0.04 -0.40 

On-Site Alluvium 1. 0.32 -0.08 
Downgradient Alluvium 0.08 -0.14 

are downgradient from standing water that probably diluted the samples. The SIs for calcite 
presented in Table 4-2, therefore, are all considered close to saturation and indicate that the 
entire aquifer (except where diluted by local recharge) is at equilibrium with calcite. Gypsum is 
also close to saturation except where the aquifer may be influenced by recharge. These 
calculated Sl values are consistent with the observation that calcite and gypsum are common in 
the alluvial aquifer and surrounding rocks. The calculations suggest that the alluvial ground 
water at the millsite has reached equilibrium with the aquifer solids.  

The PHREEQC program was also used to determine the speciation of one trace component 
present in elevated concentrations in site ground water. Analytical results for ammonia report 
total ammonia as NH4 (ammonium). However, to evaluate risks associated with the use of 
ground water, it is important to know how much of the total ammonia is actually present in the 
NH 3 form. NH3 is highly volatile and is much more toxic when inhaled as a gas than is NH4 
when ingested in solution as a constituent of water. The PHREEQC program was run using the 
most recent chemical analysis from the on-siue ",vell with the highest total ammonia concentration 
(well 1017). That well, which had a total NH4 concentration of 233 mg/L, had an actual NH3 
concentration of 1.1 mg/L. The mean total NH4 concentration for the plume wells of 71.4 mg/L 
corresponds to an actual NH3 concentration of 0.337 mg/L. These values for NH 3 were used in 
the updated human health risk calculations presented in Section 6.1. See Appendix I for raw data 
and more detail on the PHREEQC modeling results.  

4.3.1.2 Surface Water 

A variety of surface water locations (ponds, irrigation ditches, and Colorado River) were 
sampled in :grand Junction area to characterize both background surface water quality and 
potential efi cts of site contamination on surface water at and downgradient Of the millsite.  
Surface water sample locations are shown on Figure 4-7. Uranium was selected as a key 
indicator contaminant to identify the likely extent of site-related contamination.  

A subset of th... •'ld screening locations was subsequently sampled for laboratory analysis of a 
larger number of analytes; Table 4-3 lists locations for which laboratory data were obtained and 
indicates the dates of sample collection. ahese locations were chosen as representative of 
upgradient, on-site, and downgradient water quality based on field screening results and results 
of historical sampling. Analytical results for river and pond samples are discussed separately in 
the following sections. All results are for filtered water samples.

Site Observational Work Plan for Grand Junction, Colorado 
Page 4-19

DOE/Grand Junction Office 
May 1999



so 

nRadien R 0M 

EB1EHE os M5 , am• .  

00 

033 

C o 

SField and Laboratory Analysis Location N 
MR i v e r P o. .....  

Field Analysis Location Only i 0 
0 • Irdgatlon Ditch 
_ Pond Sur0a Water Sample Locations A River 4000 0 4000 Feet Grand Junction, Cob.  

Site Boundary Februa 4, 19 

Figure4--7. Surface Water Sample Locations'° 

0 7-,Sit 

I r . ,



Table 4-3. Surface Water Samples Collected for Laboratory Analysis 

Type of Surface Location No. Location Date Sampled Analytes 
Water Sample __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

325, 330 Upgradient Nov 1997, Jan and June 1998 
Pond 310,312,328 On site Nov 1997. Jan and June 1998 

326,360 Downgradient Nov 1997, Jan and July 1998 As, Cd, Co, 32I, 36Dwrdn (326), July 1998 (360) F, Fe, Mn, 
342. 349, 350.423 Upgradient Nov'1997 (342, 349, 350) Mo, Ni, Jan 1998, June 1998 (ell) Mo, Se, 

Colorado River 312,344,346,424,425 On site Nov 1997 (312, 344, 346) SO4, U. V ColordoRier_2_34,346424 425 Onsite Jan 1998, June 1998 (all) 

r308, 427 Downgradient Nov 1997 (308) 
Jan 1998, June 1998 (a! l) 

Colorado River Water Quality 

Historically, samples of Colorado River water have been collected from locations 423, 424, 425, 
and 427. Between 1991 and 1993, seven rounds of water samples were collected; an additional 
sampling event was conducted in December 1996. Some samples were collected at low flows to 
maximize the possibility of detecting contaminants. The results of these analyses indicate that 
site contamination has not adversely affected thewater quality of the Colorado River 
(DOE 1996d).  

On October 22, 1997, Colorado River water was sampled at eight upgradient locations (316, 321, 
323, 339, 341, 342, 349, and 350), five on-site locations (309, 312, 344, 345, and 346), and six 
downgradient locations (304, 305, 306, 307, 308, and 347) (Figure 4-8). These samples were 
",)llected for field screening to evaluate the effect, if any, that site-related contaminants might 
ive on Colorado River water quality. The samples were analyzed in the field for uranium, 

which was selected as an indicator of contamination because it has high concentrations in the 
alluvial ground water at the millsite and is relatively mobile. The distribution of uranium 
concentrations in the Colorado River is shown in Figure 4-8. Mean concentrations at the 
upgradient, on-site, and downgradient locations are 0.0068, 0.0063, and 0.0055 mg/L, 
respectively. These results support the conclusion that the Colorado River is not affected by 
millsite contamination.  

Additional sampling was conducted in November 1997, January 1998, and June 1998 as 
indicated in Table 4-3. All samples were collected for laboratory analysis of the analytes listed 
in Table 4-3. For all samples at all locations, concentrations of arsenic, cadmium, cobalt, iron, 
nickel, selenium, vanadium, and zinc were at or below method detection limits. A summary of 
results for the remaining analytes is presented in Table 4-4 for the three sampling events.  

Analytical results of samples of river water collected over a 7-year period show that 
concentrations of COPCs in the Colorado River at the millsite have consistently been similar to 
those upgradient of the millsite. The results do not necessarily indicate that no contamination is 
entering the river. A small flux of contaminated ground water to the Colorado River would not 
be detected because dilution by the river is substantial.  
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Table 4-4. Concentrations of Selected Constituents in Samples of Colorado River Water Collected for 
Laboratory Analysis 

SampingLocaionAn alt Concen~tration, mg/L 
SmlnLoainF Mn IMe N03 IS04 U 

River Upgradient (432, 349. 350, 423) Max 0.375 0.907 0.014 8.30 1810 0.025 Min 0.155 0.017 10.002 0.038 58 0.001 
SMean 10.223 0.472 10.0093L 3.00 1905 0.012 

River On Site (312, 344, 346, 424, 425) Max 1.26 3.03 10.088 28.4 2990 0.073 
Min 0.158 0.005 0.002 0.011 62.3 0.001 
Mean 0.286 0.273 0.118 2.68 365 0.008 

River Downgradient (308,427) Max 0.241 0.029 0.008 0.664 156 0.003 
Min 0.159 0.005 0.002 0.011 63.7 0.001 
Mean 0.191 0.014 0.005 0.308 107 0.002 

Pond Water Quality 

Shallow ground water in the alluvial aquifer could discharge to surface water in ponds and create 
an exposure pathway for humans and the environment. To investigate the extent of surface 
exposure, water was sampled from ponds at the milisite, and the results were compared to those 
from upgradient and downgradient samples.  

Eight ponds were constructed on the floodplain of the Colorado River at the millsite in 1994.  
These ponds were fed by ground water from the millsite. The ponds were sampled in 
January. 1995 and were subsequently destroyed by flooding later that year. Uranium 
concentrations up to 0.473 mg/L were measured in the 1995 samples. Much of the contamination 
in these ponds was attributed to evaporation (DOE 1996d).  

On October 22, 1997, pond water was sampled at 12 upgradient locations (314, 315, 322, 325, 
329, 330, 332, 333, 334, 335, 337, and 340), four on-site locations (310, 311,327, and 328), and 
seven downgradient locations (301, 302, 303,317, 318, 319, and 326) (Figure 4-9). These 
samples were analyzed in the field for uranium, which was selected as an indicator of 
contamination because it has high concentrations in the alluvial ground water at the millsite and 
is relatively mobile.  

The distribution of uranium concentrations in the ponds is shown in Figure 4-9. Only two values 
exceeded the UMTRA uranium standard (assuming isotopic equilibrium) of 0.044 mg/L. Both 
samples (317 and 318) were collected from the same pond at the American Auto Salvage vicinity 
property. Recent soil remediation at American Auto Salvage has likely influenced the uranium 
concentrations in this pond. Another sample (319) collected from a nearby pond also had a 
relatively high uranium concentration (0.025 mg/L), which was also probably related to the 
remediation at American Auto Salvage.  

Mean concentrations of uranium in the upgradient, on-site, and downgradient field screening 
samples of pond water are 0.010, 0.009, and 0.027 mg/L, respectively. If the three samples from 
the American Auto Salvage ponds (317, 318, and 319) are omitted, the mean downgradient 
uranium concentration is reduced to 0.015 mg/L.  
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Dond water analyses are more difficult to interpret than ground water analyses because of the 
.fect of evaporation and ground water-surface water interaction. However, these results suggest 

that pond water near the millsite is not significantly contaminated from uranium.  

Pond water sampling for laboratory analysis was conducted in November 1997, January 1998, 
and June 1998 as indicated in Table 4-3. All samples were analyzed for the constituents shown 
in the table. For all samples at all locations, concentrations of arsenic, cadmium, cobalt, iron, 
nickel, selenium, vanadium, and zinc were at or below method detection limits. A summary of 
results for the remaining analytes is presented in Table 4-5 for the three sampling events.  

Mean concentrations of fluoride and molybdenum in on-site and downgradient pond samples are 
elevated but not significantly above concentrations in the upgradient samples. Manganese, 
nitrate, sulfate, and uranium concentrations are higher in the on-site ponds than in upgradient 
ponds. These, however, are mainly the result of sampling location 310. This location may be 
contaminated from ground water, or the elevated concentrations may be the result of 
evaporation.  

Table 4-5. Concentrations of Selected Constituents in Samples of Pond Water Collected for 
Laboratory Analysis 

Sampling Locations Anal te concentration, m /L 
SMn Mo Noa S0 4  U 

Ponds, Upgradient (325,330) Max 0.324 0.006 0.014 0.070 237 0.005 
Min 0.097 0.001 0.002 0.021 55.9 0.001 
Mean 0.210 0.002 0.008 0.047 161 0.004 

'onds, On Site (310, 312, 328) Max 1.21 -0.928 10.026 I 7.07 12820 10.094 
Min 0.119 0.006 0.002 10.011 1 67, 0.001 
Mean .372 0.200 0.009 1.20 1 702 10.022 

Ponds, Downgradient (360, 326) Max 0.794 0.104 0.056 0;113 5550 10.066 
Min 0.132 0.001 0.008 10.011 1466 10.004 
Mean 0.438 o0.032 0.031 0.040 12160 10.028 

The results show that concentrations of COPCs in most of the ponds near the millsite are 
typically similar to those in upgradient locations. At one sampling location at the millsite (1228 on Figure 4-15), concentrations of several COPCs are elevated, suggesting that contaminated 
ground water may be feeding that area. However, the contribution from contaminated ground 
water cannot be separated from the possible influence of evaporation. (See farther discussion in 
Section 5.3.2.) 

One sample of a white efflorescence was collected from the north (south facing) bank of a pond 
at sample point 1228, and a second sample was collected about 20 feet (6 m) north of the first 
sample from the south-facing bank of the next uphill scarp. The ground is saturated nearly to the 
surface in this area, and these crystalline salts probably represent desiccation of ground water by 
capillary action. The samples were ground to a powder and analyzed by x-ray diffraction using a 
Rigaku Miniflex instrument. Samples were run at diffraction angles from 3 to 60 degrees using 
",K-alpha radiation and a nickel filter. A peaks search-and-match routine was used to identify 

.- mineral phases. Results indicated that the sodium sulfate species, bl6dite (Na2Mg(SO4)2 • 
4H20), thenardite (Na2SO4), and wattevillite (Na2Ca(S0 4)2 •4H 2 0) as well as halite (NaCI) were 
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precipitating on the ground surface in these areas. These minerals are all soluble and are easily 
dissolved during periods of rainfall or high river waters and reprecipitated during drier periods.  

4.3.1.3 Surface Sediments 

A total of 30 sediment samples were collected in October 1997 from ponds, streams, and the 
Colorado River at a subset of field screening locations that were also sampled for water 
(Section 4.3.1.2). The samples were collected from beneath or close to standing water and were 
used to determine if mill-related contaminants were in the benthic zone. Sample locations are 
shown on Figure 4-10. A description of the sampling sites is included in Appendix E.  

Uranium was selected as a key indicator contaminant. Samples were air dried and sieved to less 
than 2 mm. A 2.5-g sample was leached with 50 mL of 5 percent nitric acid by end-over-end 
agitation for 4 hours. The effluent was filtered through a 0.45 prm filter and analyzed for uranium 
by laser-induced fluorescence. Leachate and sample volumes were used to convert leachate 
analyses (in milligrams per liter) to sediment concentration (in milligrams per kilogram). See 
discussion in Section 4.3.3.2 for sample calculation. Samples were analyzed within a few days of 
collection.  

Samples were collected upgradient, downgradient, and at the millsite (Figure 4-10). Minimum, 
maximum, and mean concentrations of uranium for each-group are listed in Table 4-6. The 
downgradient samples had a higher mean uranium concentration than on-site or upgradient 
samples. The downgradient sample mean is skewed because of sample 317 at American Auto 
Salvage, which had a concentration of 4.36 mg/kg. A sample of surface water at this location 
also had an elevated concentration of uranium. The contamination in this newly formed pond is 
probably associated with the recent remediation at this vicinity property (Section 4.3.1.2).  
Without sample 317, the downgradient mean is 1.47 mg/kg. Thus, excepi for the vicinity 
property pond, there is no significant difference in uranium concentrations at upgradient, on-site, 
and downgradient sample locations.  

Table 4-6. Uranium Concentrations in Nitric-Acid-Leached Sediments Collected October 22, 1997

Group Number" Minimum Maximum Mean 
UpOradient 12/12 1.00 2.60 1.41 

On Site 11111 1.04 2.20 1.53 
Downgradient 7/7 1.24 4.36 1.88 

number of detections/number of samples analyzed 

A subset of 12 of the 30 sampling locations was selected for laboratory analysis of uranium and 
additional analytes. These 12 locations are the same locations used for surface water sampling in 
November 1997. The sediment samples were collected on October 22. Samples were leached 
with a 5 percent nitric acid solution; the leachate was analyzed in the Analytical Chemistry 
Laboratory for As, Cd, Co, F, Fe, Mn, Mo, Ni, NO3, Se, SO 4, U, V, and Zn. Except for fluoride 
and selenium, COPCs had higher concentrations in either on-site or downgradient samples than 
in upgradient samples (Table 4-7). For some COPCs the differences in the means between on
site and upgradient locations are small. The results suggest that there is still some influence of 
the millsite in the sediments. The sediments probably contain small amounts of residual tailings 
that were not removed during remediation.
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Table 4-7. Analyte Concentrations in 5 Percent Acid Leachate From Sediment Samples Collected 
October 22, 1997 

Analyte Group Number" Minimum Maximum Mean 
As Downgradient 2/2 1.1 1.8 1.45 

On Site 5/5 1.5 3.4 2.2 
__ _ _ _ _ _ Upgradient 5/5 0.48 1.5 1.15 

Cd Downgradient 212 0.37 0.59 0.48 
On Site 5/5 0.5 1.1 0.65 
Upgradient 5/5 0.38 0.77 0.5 

Co Downgradient 2/2 1.4 2.0 1.7 
On Site 5/5 1.8 2.6 2.24 Upgradient 5/5 1.0 2.2 1.66 

F Downgradient 2/2 43.6 69 56.3 
On Site 5/5 34.7 77.5 52.6 
Upgradient 5/5 38.7 83.0 63.0 Fe Downgradient 2W2 1720 1890 1805 
On Site 5/5 2360 4170 3028 
Upgradient 5/5 1780 3240 2378 

Mn 'Downgradient 2/2 300 302 301 
On Site 5/5 170 342 297 

_______Upgradient 5/5 117 278 210 
Mo Downgradient .2/2 0.07 0.36 0.215 

On Site 5/5 0.09 0.49 0.19 
Upgradient 5/5 0.05 0.12 0.09 

Ni Downgradient 2/2 1.8 2.6 2.2 
On Site 5/5 2.7 5.2 3.7 
Upgradient 5/5 1.4 5.3 3.22 

NO3  Downgradient 2/2 8.6 11.7 10.2 
On Site 5/5 6.3 15.8 12.3 
Upgradient 5/5 5.9 10.2 7.32 

Se Downgradient 0/2 <0.04 <0.04 <0.04 
On Site 0/5 <0.04 <0.04 <0.04 
Upgradient 1/5 <0.04 0.11 0.054 SO4  Downgradient 2/2 387 2,140 1,264 
On Site 5/5 515 4,100 1.265 
Upgradient 5/5 226 701 485 

U Downgradient 2/2 0.58 1.6 1.09 
On Site 5/5- 0.65 1.5 1.02 Upgradient 5/5 0.42 2.5 1.01 

V Downgradient 2/2 4.0 4.4 4.2 
On Site 5/5 7.4 34.8 15.6 
Upgradient 5/5 3.1 6.7 5.12 

Zn Downgradient 2/2 16.1 43.5 29.8 
On Site 5/5 17.5 50.9 32.0 
Upgradient 5/5 15.8 51.2 31.0 

number of detections/number of samples analyzed

.- I: I
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4.3.1 Distribution Coefficients 

Distribution coefficient (YQ) is a measure of the degree of interaction between a dissolved 
contaminant and the aquifer minerals. Distribution coefficients were measured during this 
investigation to aid in predicting ,ontaminant transport. Details of the experimental methods and 
calculations are shown in Appendix F, calculation U0032900, a summary of which is presented 
below, Laboratory data were collected using ASTM procedure D4646-87, "Standard Test 
Method for 24-h Batch-Type Measurement of Contaminant Sorption by Soils and Sediments." A 
representative portion of a core sample was air dried at room temperature. All samples were 
collected in upgradient areas to avoid the complication of having contamination presentin the 
solid before the analysis. The samples were sieved to less than 10 mesh (2 mm). A synthetic 
solution was prepared that simulates ground water at the Grand Junction site. The pH was 
adjusted to about 7.0, and the measured alkalinity was about 260 mg/L as CaCO3. Five grams of 
each core sample was placed in a 125-mL Nalge bottle with 100 mL of the synthetic ground 
water. Samples were agitated for 24 hours, centrifuged, and filtered through a 0.45 ptm filter.  
They were then preserved with 1 percent nitric acid and submitted to the Analytical Chemistry 
Laboratory for analysis of arsenic, cadmium, molybdenum, and uranium. These contaminants 
were selected because previous sampling indicated that they were present in concentrations that 
exceed background and because they are the regulated COPCs. For additional detail on 
calculations and data used, see Appendix F.  

The results of single-point Kd measurements are presented in Table 4-8. Kd values for arsenic 
range from 75 to 8,241 milliliters per gram (mL/g) and have a mean of 1,149 mL/g. The sample 
with the Kd value of 8,241 mL/g was collected in soil immediately above the alluvial aquifer. Kd 

values for the alluvial aquifer (omitting the soil sample) range from 75 to 1,168 mL/g and have a 
mean of 361 mL/g. The two alluvial aquifer samples with the highest Kd values (1,168 and 
635 mL/g) had plant roots in them; some ef the arsenic present may be a result of root uptake.  
Even without the root-bearing samples, h,, ,ever, Kd values are relatively high, ranging from 75 
to 358 mL/g with a mean of 207 mL/g. The high Kd values indicate that arsenic migration will be 
retarded as ground water migrates through the alluvial aquifer.  

Table 4-8. Calculated K1 Values (mUg)

Well Depth 
Number Description" (Ft) Arsenic Cadmium Molybdenum Uranium 

1020 Sandy gravel 10-12 84 182 0.10 2.41 
1021 Silty sand, dark brown 5-7 358 356 0.72 3.64 

1023 Soil, clayey silt 5-7 8,241 248 1.27 1.79 

1023 Silty sand, dark brown 10-12 75 49 0.10 0.97 

1023 Sandy gravel 15-15.4 137 64 0.51 1.08 
1024 Silty sand, dark brown 5-7 356 134 0.72 3.35 

1025 Clayey silt, dark brown, 5-7 635 280 1.27 2.29 
roots 

1025 Clayey silt ,dark brown, 10-12 1,168 279 1.50 2.57 
roots 

1025 Silty sand, dark brown 15-17 228 64 0.30 1.43 

1028 Clayey silty gravel, dark 5-7 209 181 0.41 1.91 
brown 

Mean 1,149 184 0.69 2.15 
Al . .I .. 1.-;- r -4•~w[ L71 -

M11 slamplesi are alluvial aqUIlel lr..except 1023, 4LI WIK lt[ill 
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Kd values for cadmium range from 49 to 356 mL/g and have a mean of 184 mL/g. Kd values for 

"he alluvial aquifer (omitting the sample collected from the soil above the alluvial aquifer) have a 

nean of 177 mL/g. This mean is nearly the same as that of arsenic and indicates that cadmium 

migration also will be retarded as ground water migrates through the alluvial aquifer. As with 

arsenic, Kd values for the root-bearing sediments are well above the mean, suggesting that some 

cadmium may have been sorbed by the roots.  

Kd values for molybdenum range from 0.1 to 1.50 mL/g and have a mean of 0.69 mrLg. All the 
final concentrations are within 10 percent of the initial concentration and within the analytical 
uncertainty; some of the Kd values could be close to 0 mL/g. One of the three highest Kd values 
is from the soil just above the alluvial aquifer. When this value is omitted, the mean of the 
alluvial aquifer Kd values is 0.6 mL/g. The other two highest values are from the root-bearing 
samples. Without the three highest values, the mean is 0.4 mL/g. The results indicate that 
molybdenum is relatively mobile in the alluvial aquifer.  

Single-point Kd values for uranium range from 1.08 to 3.64 mL/g and have a mean of 2.15 mL/g 
(Table 4-8). The values show little correlation to sample type (such as root-bearing samples).  
These results indicate that uranium migration is slightly retarded in the alluvial aquifer but much 
less so than migration of arsenic or cadmium.  

Kd values sometimes vary with the concentration of contaminant Therefore, multiple Kd 
determinations for uranium were made on two samples collected from well 1023. In Figure 4-11, 
the final concentration of dissolved uranium is plotted against the mass of sediment used for one 
of the samples (depth 10 to 12 feet). Data are plotted with 10 percent error bars (a reasonable 
",alue for analytical uncertainty) and are compared to calculated curves for various K&.values.  

lithin the 10 percent uncertainty, all but one data point are consistent with a Kd value of 
I mL/g. Data from the other sample are plotted on Figure 4-12. Within the 10 percent error bars, 
these data are also consistent with a Kd value of 1 mL/g. The results indicate that, at least for 
uranium, transport models do not need to be corrected for variable uranium concentrations.  

The K& results indicate that migration of arsenic and cadmium is much more retarded in the 
alluvial aquifer sediments than the migration of molybdenum or uranium. This finding is 
consistent with observations at other uranium mill tailings sites, where typically the mill-related 
uranium and molybdenum have migrated farther from the processing sites than have the mill
related arsenic or cadmium. Recommended Kd values for the alluvial aquifer are provided in 
Table 4-9. Values for arsenic, cadmium, and molybdenum are the means of the alluvial aquifer 
samples excluding the soil sample collected above the alluvial aquifer. The value for uranium is 
the best fit to the plots of the multiple-point determinations.  

Table 4-9. Recommended Kd Values for the Grand Junction Alluvial Aquifer

COPC Kd (mUg) 
As 361 

Cd 177 
Mo 0.6 
U 1.0
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4.3.3 Subpile Soil Analysis 

4.3.3.1 Background 

During the uranium milling and processing operations at the Grand Junction site, several ponds 
were used for disposal and evaporation of process-related fluids. Mill tailings from operations at 

the site and from remediation of Grand Junction vicinity properties were temporarily stored in 
and around the evaporation ponds. Surface cleanup of the Grand Junction site took place in the 
early 1990s,. and material contaminated with radionuclides was removed and disposed of in the 
Grand Junction disrosal site southeast of Grand Junction. Disturbed areas of the Grand Junction 
site were covered NN.th at least 6 inches of clean soil and sown with vegetation.  

Remediation of the Grand Junction site was based on standards in 40 CFR Part :, Subpart B, 
that apply to the cleanup of residual radioactive material from land and buildings. the standards 
call for remediation until the concentration of 226Ra in land averaged over any area of 100 square 
meters does not exceed the background level by more than 5 picocuries per gram (pCilg) in the 
first 15 cm of soil below the surface and 15 pCi/g in 15-cm-thick layers of soil more than 15 cm 
below the surface. The purpose of these standards for land cleanup is to limit the risk from 
inhalation of radon decay products in houses built on land contaminated with tailings and to limit 
gamma radiation exposure to people using contaminated land. However, milling-related 
radionuclides and nonradionuclides remaining in place after remediation to surface cleanup 
standards may still pose a potentially unacceptable source of ground water contamination.  
Leachate from the former evaporation ponds and tailings piles may have migrated downward and 
contaminated the underlying soils. Therefore, these "subpile soils" have the greatest potential for 
acting as a continuing source of ground water contamination.  

To evaluate the possibility that subpile soils are a continuing contaminant source, leaching.  
studies were conducted on soils collected from locations representing former on-site evaporation 
ponds and tailings piles (see Plate 1) to estimate the amount of remaining contamination; 
samples were also collected from three background locations for comparison. The subpile soil 
testing procedure is summarized below. For additional detail, see Appendix G.  

4.3.3.2 Subpile Soil Test Procedure Summary 

Samples were collected from eight on-site and three background locations (Figure 4-13).  
Samples were collected from two depths at five of the on-site and one of the background 
locations. The objective of the study was to sample soil horizons below the former tailings piles 
and evaporation ponds and determine the amount of residual contamination. Soils, as opposed to 
sediments or rocks, are more likely to serve as a continuing contaminant source through 
adsorption and retention of contaminants, largely due to their fine-grained nature and high 
organic content. However, an examination of the well logs for Grand Junction sample locations 
indicates that most, if not all, samples collected were actually of alluvial material. Any true soils 
that once existed on site were probably removed and replaced by fill during remediation.  
Because the Grand Junction climate is arid, and because the borehole sample locations are near 
the Colorado River and other surface drainage features, no well-developed soil horizons were 
observed during drilling at the subpile sample locations.  
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Document Number U0042400

Samples were sieved to separate the <2 mm size fraction for further testing. This fraction was 
'=ached in a 5 percent nitric acid solution. The nitric acid solution is assumed to extract all 
tachable contaminants but not the contaminants locked in recalcitrant minerals such as apatites 

or other heavy mineral grains. The extractants from the leaching tests were analyzed for several 
COPCs regulated under UMTRA--arsenic, cadmium, molybdenum, 226Ra, and uranium. Results 
of the leachate analyses were used along with volume of material extracted to estimate the 
amount of extractable contaminant per volume of soil (i.e., 4n estimated soil concentration that 
represents a continuing source term; see Table 4-10). For example, for the arsenic analysis for 
sample SUB 1, 2 g of sample were extracted with 200 mL of 5 percent nitric acid. The 
concentration of arsenic in milligrams per kilogram (mg/kg) of soil is calculated as follows: 

Volume of nitric acid solution = 200 mL 
Volume of soil sample used =2 g 
Concentration of arsenic in leachate - 9.8 micrograms per liter (pg/L) 

200 mLx 9.8 Ag I L 1 mg 1,000 g X x X - = 0.98 mg/kg (concentration of arsenic insoil) 
2g L 1,000 mL 1,000 jg kg 

' A statistical analysis comparing concentrations of contaminants in on-site subpile soil samples to 
background soil samples indicates that on-site sample concentrations are not significantly 
elevated over background concentrations in cadmium and 226Ra at the 95 percent confidence 
level. On-site samples do contain elevated concentrations of arsenic, molybdenum, and uranium.  

Distribution coefficients calculated for site samples (as described in Section 4.3.2) were used in 
"injunction with subpile soil analyses to give a rough estimate of the importance of subpile soils 
s a continuing contaminant source (Table 4-10). Calculations were performed to determine the 

concentration of contaminants in water that would be in equilibrium with the calculated soil 
concentrations.  

For example, for the concentration of arsenic in sample SUB I as calculated above, and the 
recommended Kd for arsenic of 361 L/kg, the equilibrium water concentration for arsenic is 
determined by: 

Cwaftr, As mg/L Csoil mgft + K1 LAg 

= 0.9 8 mgt + 3 6 1 Lft 

= 0.00271 gA 

Results indicate that concentrations of arsenic and cadmium in subpile soils are so low that 
partitioning to ground water is expected to be insignificant. However, uranium and molybdenum 
concentrations are high enough in subpile soils and their Kd values are low enough that 
significant amounts of these contaminants (exceeding UMTRA standards) could partition to the 
ground water. Water concentrations calculated for some of the uranium and molybdenum 
samples are probably unrealistic based on known solubility data; however, results can be used 

malitatively to assess the potential of these contaminants to act as a continuing source of ground 
ater contamination.  
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Table 4-10. Results of Subpile Soil TestingV0 

0 

P.

5 percent Nitric Acid Extraction 7,_. I I 

Calculated Soil Concentrations Equilibrium Water Concentrations 

As Cd Mo Ra-226 Cw-As Cw-Cd Cw-Mo Cw.U 
Sample Area Depth (ft) (mglkg) (mglkg) (mg/kg) (pCi/g) U (mgikg) (mglL) (mglL) ing/L) (mg/L) 

Kd=361 Kd=177 Kd=0.6 Kd=-1.0 

iI 

SUB 1 pile/pond .5'+ 0.98 0.4 0.33 0.602 1.2 0.00271 0.0023 0.55 1.20 
SUB 2 pilelpond 1'+ 1.8 0.22 0.5 0.614 1.4 0.00499 0.0012 0.83 1.40 
1012-1 pile 12-13.25' 0.74 0.4 1.4 0.473 1.5 0.00205 0.0023 2.33 1.50 
1013-1 pile 9-11, 3.3 0.28 7.5 0.423 23.9 0.00914 0.0016 12.5 23o.n 
1013-2 pile 11-13' 3.7 0.23 3.5 0.289 IOA 0.01025 0.0013 5.833 10.40 
1014-1 pile 13-14.25' 3.2 0.97 1.3 0.492 45.2 0.0088M 0.0055 2.167 -45.20 
1014-2 pile 17-19' 1.4 0.73 0.8 0.309 7.7 0.00388 0.0041 133 7.70 
1015-1 pile 10-12' 1.1 0.36 0.79 0.443 0.95 0.00305 0.0020 1.317 0.95 
1015-2 pile 14-15.4' 0.82 0.37 1 0.249 0.58 0.00227 0.0021 1.667 0 r6 
1016-1 pile 9-11' 1.5 0.18 0.77 0.229 1.7 0.00416 0.0010 1.283 1.70 
1016-2 pile 13-14.3' 1.2 0.23 0.34 0.319 0.6 0.00332 0.0013 0.567 0.60 
1017-1 pond 9-11, 1 0.29 0.68 0.472 0.99 0.00277 0.0016 1.133 0.99 
1017-2 pond 11-13' 1.6 0.18 0.53 0.38 0.59 0.00443 0.0010 0.883 0.59 
1020-1 bkgd 5-7T 1.2 0.4 0.3 0.646 0.78 0.00332 0.0023 0.5 0.78 
1021-1 bkgd 5-7' 0.9 0.32 0.33 0.472 1.1 0.00249 0.0018 0.55 1.10 
1023-1 bkgd 5-7r 1 0.42 0.14 0.611 0.74 0.00277 0.0024 0.23 0.74 
1023-2 bkgd 10-12' 0.92 0.25 0.21 0.24 0.44 0.00255 0.0014 0.35 0.44 

UMTRA STANDARDS (mglL) 0.05 0.01 0.1 5.0 0.044 
- - - - -i

0 

.�i.

(I

I, 
a 

I



However, because of the high mobility of these contaminants, they would be expected to flush 

from the aquifer in a relatively short period of time (see further discussion in Section 5.3).  

4.4 Ecological Field Investigations 

Ecological investigations at the former millsite and surrounding areas were conducted to satisfy 
data needs to update the baseline risk assessment (BLRA; DOE 1995a). Section 5.2 of the Work 
Plan for Characterization Activities at the UMTRA Grand Junction Project Site (DOE 1997b) 
identified the following ecological data needs: 

"* Characterization of current plant communities overlying contaminated ground water and 
projections of the future plant ecology of the area given land-use scenarios.  

"* Selection and characterization of the plant ecology of a reference (background) area.  

"* Comparison of ecological COPCs in vegetation, sediment, and surface water, on site and in 
the reference areas, with ecotoxicity benchmarks.  

"* Screening assessment of ecological risks associated with irrigation ponds constructed at the 
botanical gardens since publication of the BLRA.  

4.4.1 Plant Ecology Investigation 

Vegetation at the former millsite and at the reference area was characterized using a 
miiquantitative relevd technique (Bonham 1989). The species composition and relative 

-,bundance of plant communities were evaluated by subjectively selecting representative stands of 
each vegetation type, walking through the stands, and compiling a list of all species observed.  
Each species was then assigned one of six cover classes. Cover was not measured precisely. The 
millsite and reference area were traversed on May 12, 1998..  

4.4.1.1 Millsite Ecology 

The millsite was seeded with a mixture of grasses, forbs, and shrubs after the removal of tailings 
in 1994. Since then, two types of upland vegetation and two types of riparian vegetation have 
developed on the site (See Figure 4-14). In one small area the seeding of crested wheatgrass 
(Agropyron cristatum) was successful. No other seeded grasses, forbs, or shrubs were found. The 
rest of the upland area is dominated by the invasive weed kochia (Kochia scoparia). A few" 
young greasewood (Sarcobatus vermiculatus) shrubs are also present in this area. Overall, the 
millsite revegetation was unsuccessful.  

Two riparian vegetation types along the Colorado River were identified on the basis of the 
relative abundance of tamarisk and cottonwood. The tamarisk type is dominated by tamarisk 
(Tamarix ramosissima) with some reed canarygrass (Phalaris arundinaceae), willows (Salix 
exigua), and cottonwood seedlings (Populusfremonti). Downgradient from the plume and 
mainly on Watson Island is the cottonwood type, which is dominated in the canopy by 

Attonwoods and has a weedy subcanopy of tamarisk, Russian olive (Eleagnus angustifolia), and 
ainese elm (Ulmuspumila). The understory consists of a variety of grasses; the most prevalent 

are slender wheatgrass (Elymus trachycaulus spp. trachycaulus), inland saltgrass (Distichlis 
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spicata), blue wildrye (Elymus glauca), and reed canarygrass. There are also forbs in the 
understory, both native plants and invasive weeds such as Russian knapweed (Centaurea 
repens). Table 4-11 details the cover class of each species in the different vegetation types.  

Table 4-11. Relev6 Data Showing Species Cover of Plant Types at the Grand Junction .Site 

Wheat 
Kochla Grass Tamarisk Cotton

Latin Name Common Name Type Type Type Wood Type 
Agropyron cristatum Crested wheatgrass 1 3 1 
Aster sp. Aster I I 
Atnplex canescens Fourwing satbush + 
Bromus inerme Smooth brome 2 
Bromu3 tectorum Cheatgrass 1 
Centaurea repens Russian knapweed 1 
Chenopodium simplex Goosefoot 1 
Conyza canadensis Horseweed + 
Descurania pinnata Tansy mustard .1 + 
Distichfis spicata Inland saltgrass 2 
Eleagnus angustifolid Russian olive 1_2 
Elymus elymoides Bottlebrush squirreltaili 1 
Elymus sp. Wildrye 2 
Elymus trachycaulis Slender wheatgrass 2 

Kochia scopania Kochla 4 2 3 2 
Phalans aruncinaceae Reed canary grass 2 2 
Phragnites communis Common reed I 
Polygonum sp. Knotweed __+_ .  
Populus fremontil Cottonwood 2 3 
Salix exigua Sandbar willow 2 1 
Sarcobatus vemniculatus Greasewood + 
Scdrpus acutus Bulrush 1 
Sporobolis aimides Alkali sacaton 1 

Typha latifolia Cattail 1 
Tamarix ramosissima Tamarisk 4 3 
Ulmus pumila Chinese elm _ _ . 2 
Xanthium strumarium Cocklebur _ 1 

COVER CLASSES: +: <1 percent, 1:1-5 percent, 2:5-25 percent. 3: 2.' percent, 4:50-75 percent, 5:75-100 p-ercent 

4.4.1.2 Reference Area Ecology 

The reference area is upgradient of the millsite at the Wildlife Area section of Colorado River 
State Park. It consists of wildlife habitat areas and a series of ponds created. from reclaimed 
gravel pits. The ponds are lined with cattails, common reed, and sandbar willow and provide 
habitat for geese, ducks, herons, and other waterfowl. The upland area is on a bench between the 
ponds and a small channel of the Colorado River. Characteristic upland vegetation continues east 
of the ponds. A pedestrian trail traverses these upland areas. I"e upland vegetation, on this site is 
a good example of the potential vegetation of the millsite. It captures the range of conditions that 
demonstrate possible pathways of succession at the millsite, depending on future land-use 
scenarios.
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the millsite. Ammonium was used in the uranium milling process to neutralize acids used to 
leach ores in the early processing stage (Merritt 1971). Ammonium concentrations are elevated 
i downgradient wells to about 5th Street, then decrease to background (0.093 mg/L) beyond this 

point.  

Arsenic. The highest concentrations of arsenic are in on-site wells, though all concentrations are 
below the MCL of 0.05 mg/L. Concentrations in nearly all the off-site wells, both upgradient and 
downgradient, are at or near the detection limit of 0.001 mg/L. The lack of significant off-site 
migration of the arsenic "plume" is consistent with the KI calculated for arsenic (see 
Section 4.3.1), which indicated that arsenic should be relatively immobile.  

Iron. In general, the most consistently high concentrations of iron are in on-site wells, and the 
spatial distribution of concentrations displays no well-defined pattern or trend. Downgradient 
well 1010 has one of the highest concentrations (16.2 mg/L) but is separated from the site by 
downgradient wells with very low iron concentrations.  

Manganese. The most consistently high concentrations of manganese are in on-site wells and in 
wells directly downgradient of the site. Manganese concentrations generally decrease with 
distance from the site. However, it'is difficult to actually define a "plume" that, is attributable to 
site activities because of the relatively high concentrations of manganese in background wells 
(the average background concentration is 1.44 mg/L).  

Molybdenum. The highest concentrations of molybdenum are from samples collected from on
site wells. A number of wells have concentrations exceeding the MCL of 0.1 mg/L. Off-site, 
molybdenum concentrations generally decrease, though two background wells have 

mcentrations that exceed the MCL.  

Sulfate. Sulfate concentrations show no well-defined pattern. Concentrations in on-site and off
site wells are generally high and exceed the secondary drinking water standard of 250 mg/L at all 
locations except in well 588.  

Uranium. The highest concentrations of uranium are in on-site and downgradient wells.  
Concentrations in most of these wells exceed the MCL of 0.044 mg/L. Because of the high 
mobility of uranium predicted by measured K&s (see Section 4.3.1), it is reasonable to infer that 
wells immediately downgradient of the site are affected by site contamination. However, because 
of the high background concentrations of uranium (mean of 0.047 mg/L), it is difficult to 
accurately define the boundary of site-related contamination.  

Vanadium. Highest vanadium concentrations are in the on-site wells, although these 
concentrations vary considerably. Vanadium concentrations generally decrease with distance 
downgradient. Significant differences in concentration (almost two orders of magnitude) exist 
between the most contaminated on-site wells and wells located off-site. Based on the high Kds 
calculated for vanadium, the relative immobility of vanadium is to be expected. Only on-site 
wells exceed risk-based concentrations for vanadium.  

Historical Changes in Ground Water Chemistry 

igures 5-2 through 5-9 are updated plots of figures prepared for the characterization work plan 
for the site (DOE 1997b), which were based on data collected from sampling events that took 
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place from 1985 to 1996. Many of the higher contaminant concentrations, particularly for metals, 
were in some of the earliest samples collected and tended to be from one location (well 584). The 

1998 sampling data indicates that many of these contaminant concentrations have decreased to 

levels below detection or are indistinguishable from background.  

A comparison of average values and ranges of COPCs identified in the original SOWP 

(DOE 1996d) with averages and ranges of the same constituents detected in the 1998 sampling 

indicates that, qualitatively, nearly all COPCs have decreased in concentration. Only results'for 

uranium and nitrate appear to be inconclusive. However, historical and 1998 data come from 

different wells, and historical data were collected over a number of years. Therefore,. only a 

qualitative comparison of these data sets is made here.  

Time-concentration plots for selected wells and contaminants are shown in Figures 5-10 through 

5-17. Data from three sets of wells were examined in an attempt to discern any trends in 

concentration through time. Wells 590, 736, and 740 are generally downgradient of the site, and 

742 is in a former ore-storage area; all have data going back to the early 1980s. These wells were 

selected to identify changes in the plume through time. Wells 745 and 746 have historically been 
regarded as upgradient wells and also have data collected as far back as the early 1980s. Wells 
1000, 1001, and 1002 are on-site wells; these were installed following surface remediation and 
have data extending back to early 1995.  

The older plume wells (Figures 5-10, 5-12, 5-13, 5-14, 5-15, and 5-16) do not show any 
clearly consistent upward or downward concentration trends through time. Concentrations show 
considerable fluctuation from 1990 through 1993, though inflection points for many wells appear 
to be coincident (though not consistently increasing or decreasing even for the same 
contaminant). These large fluctuations may be related to changing conditions associated with 
millsite surface remediation. Excavation of tailings piles and ponds, particularly in areas where 
the water table is shallow, would be expected to affect ground water chemistry.  

A prominent inflection point in the 1992 time frame is present even for background wells. This 
suggests that changes in concentrations were related to an event more far-reaching than 
remediation activities.  

Post-remediation on-site wells (Figures 5-11 and 5-17) indicate a generally decreasing trend for 
uranium and molybdenum (two contaminants that can be attributed to site activities). However, 
the limited range in concentration and the small number of data points available make this 
conclusion tentative.  

Isotopic concentrations of 234U and 2 3 8U were measured for one round of samples from 
background and plume locations. Tables 5-5 and 5-6 show the results of background and plume 
analyses. Isotopic concentrations of combined 234U and 231U were converted to total uranium in 
milligrams per liter to compare with the 0.044 mg/L standard (which assumes secular 13U23g 

equilibrium between the two isotopes). Ratios of U: $U indicate that the two isotopes are not 
in equilibrium and that 2 34 U is the dominant radionuclide. No significant difference exists 
between the mean concentrations in plume and background wells, though the isotopic ratios for 
plume samples span a wider range. I iese data also indicate that a lower total elemental uranium 
standard would be applicable for the Grand Junction site than the 0.044 mg/L to adjust for 
disequilibrium conditions. An adjusted standard of approximately 0.037 or 0.038 mg/L would be 

Site Observational Work Plan for Grand Junction, Colorado DOE/Grand Junction Office 
Page 5-34 May 1999



Document Number U0042400

on 

In

ID

LIII0

to I' Cfi to 04 t 

Ci ~ C4i 

(116w) .ssauestse

0.- I,.  
0

961VU.L

cs/sw', 

£eflcfl

0 
E p

0 
-S 

U-

Wk/s 

L& LISl

vsf/vlt/ 

We isL/
I0 m.

DOE/Grand Junction Office 
May 1999

Site Observational Work Plan for Grand Junction, Colorado 
Page 5-35

Conceptual Site Model :'



ConcenftWa Site Model ouetNmbrU020

18V8811 
8 8 8-a

C ý 

0 

Ci 

0 to o o to.o N 0 

(l/W) wnuapqAlo•j

68/M

Vt 
q 
Vt 
p..  
0 

0 

I 

I 
0 

LL

98/911.  

98/ Im & 

98/1t/9 

96/9/zot

96/I L/i

Site Observational Work Plan for Grand Junction, Colorado 
Page 5-36

DOE/Grand Junction Office 
May 1999

:" ,

Document Number-U0042400



II 
i.  

w 

I

Loc 0590 
'Loc 0736I 

a Loc 0740I 
-f- LoC 07421

0 

F.-

Figure 5-12. Time Concentration Plot-Molybdenum in Old Wells (590, 736, 740, 742) 

i I

11/5198 7:31:33AM

GRAND JUNCTION (GRJ0I) 

Molybdenum Concentration

:r 

Ej

0.18 

0.16 

0.14 

0.12 

0.1 

0.08 

0.06 

0.04 

0.02 

0,

c:

Time

. I



Concepftua Site Model -:-- Documet Number U0042400 I L

in Cl in Cl C 
o 0

(fjfw) tunuopqfjoW

Site Observational Work Plan for Grand Junction, Colorado 
Page S-31

DOE(Gmad Junction Office 
May 1999

*Ii 
ii 
II

�OJ8LI)' 

sei�rit 

S8/9�IOL 

£&L�/I.  

o8wg 

L9JLL/B

in co 
V Ife.

*toSpit t.

zwt9II
in) 
q 0

0

td 

IL



Documet Numbr 1.1042400C-nncetu Site Model I

6i 4n

0 O

I,) 

N60w owejjns

flAIJCfriid Imr�tinn flff�

!May 1999 Snc Observational Work Plan iibr Grand Junction Colorado 
Page 5-39

tots ttr

e8/'kIL

UI0

geieiioi.  

£6flV.�/L

S 
E 
F

06/&9 

LeiI, Us9

0 

.2 

Co 

.1 
0 

I:: 

U-

t'9I�'LII. I 

�9,9II�
C0

0 C 0 
i mi j j 

, I f f f

I

Document N=ber U0042400



GRANDJUNCnON (GRJOI) 

Uranium CowentraUon

00

Figure 5-15. Time Concentration PMe ̀ lranium in Old Wells (590, 736, 740, 742)

I.

4 1

0.4 

0.35

0.3

E 

E

-4-Loc 0590 

-- Loc 0736 

--- Loc 0740 
SLoc07421

i 
SMA 

'ii

025 

02 

0.15 

0.1 

0.05 

0
(.4 
e) 
CO I-

a 4C)

"Trme

0 
-S

1' 15198 7:25:01 AM



0.08 

0.07 

0.06 

0.05 

E 

E 0.04 

0.03.  

0.02 

0.01 

0.

(0 N (0 
0 0 

-S -S 

0) .9

GRAND JUNCTION (GRJOI) 

Uranium ConcentratIon

Time

0o

Figure 5-16. lime Concentration Plot-Uranium in Old Wells (745, 746)

0---Loc 0745 

SLoc07461 

115198 7:41:31 AM

I 

I

CA w I 

a
f



Conceptual Site Model Document Number U0042400

i 

in 
N~.

[-q-0

0 0 0 0 0 0 0 
('U5w) W"nl3uW•

SM/

98h�?JL

SWU 

'9M1,19

SMI1 ,I),

0

Site Observational Work Plan for Grand Junctionm Colorado 
Page 5-42

DOE/Grand Junction Office 
May 1999

0i 
ii

C: 

IL 

UA



Document Number U0042400 Conceptual Site Model I LI 

more appropriate to account for site-specific uranium concentrations and the higher proportion of 
23 U.  

5.3.4 COPC Fate and Transport 

This section presents discussion of the evolution of the contaminated ground water system.  
Understanding the chemistry of the ground water will aid in.making quantitive predictions or 
assessing general trends to be expected of the migration of the contaminant plume and the fate of 
contaminated sediments. Geochemical considerations that influence transport modeling and a 
general discussion of the fate of individual COPCs are also presented. The geochemical 
"considerations presented below, together with knowledge of the milling history and the ground 
water flow characteristics, indicate that the average contaminant concentrations in the alluvial 
aquifer, surface water, and surface sediments should decrease over time. However, some areas 
may show interim increases as constituents migrate before eventual decreases occur.  

5.3.4.1 Evolution of Ground Water Geochemistry After Uraniutiu Milling 

Because of its importance to regulatory compliance, this discussion focuses on uranium.  

The milling process at the Grand Junction site used acids to extract uranium from the ores. The 
acids produced low pH and oxidizing conditions. Under these conditions, uranium forms a 
uranyl cation (U02?) that favors uranium partitioning to the aqueous phase. Probably much of 
this acidic solution was neutralized before it was released from the mill. However, when the mill 
was operating, remnant uranyl-bearing, acidic solution entered the ground water from tailings 
pond seepage. The water table would have been mounded at the site due to the elevated flux of 

,ater recharging from the ponds. The mounding would have caused the contamination to spread 
.apidly. Due to the high rate of ground water flow and the chemical conditions that favored 
partitioning to the aqueous phase, it is likely that much of the plume migration occurred during 
and shortly after the milling.  

As the acidic solutions passed through the alluvial aquifer they interacted with aquifer minerals.  
Dissolution of carbonate minerals caused addition of carbonate to the aqueous phase and a rise in 
pH due to consumption of HF. Mixing with carbonate-bearing ground water also caused the pH 
to increase. Reactions with silicate minerals such as feldspars and clays also caused 
neutralization of the acidic solutions but at a slower rate than reaction with carbonate minerals.  
The rates of neutralization were probably high for the milling fluids that had pH values less than 
2 but decreased as pH increased. It is likely that pH values increased significantly before the 
milling fluids migrated more than a few hundred feet from the mill ponds. No pH value less than 
6.43 is currently measured in the ground water, and the pH.values are similar on site, upgradient, 
and downgradient.  

Uranium chemistry evolved as contaminated, low-pH fluids entered the ground water and 
became neutralized. Dissolved carbonate has a strong tendency to form aqueous complexes with 
uranium. The dominance of the uranyl ion in the milling solutions was replaced by uranyl 
dicarbonate ions [UO2(CO3)22 ]. Uranyl dicarbonate currently dominates the dissolved uranium 
distribution in the alluvial ground water both at the site and in the upgradient area. As indicated 

v the low distribution coefficients (about I mL/g), uranium is still relatively mobile in the 
jound water. Without carbonate complexing, the mobility would be much lower.  
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Table 5-5. Isotopic Uranium Concentrations-Background Locations
V A 

t.  

:9
Uranium Disequilibrium at Grand Junction - Background Locations 

U3-238 U.-234 & U3-234 & 
"Easting Northing Location Total U U-234 U-234 (mg/L) U-238 (pC/L) (mg/L) 238 (pCUL) 238 (mg/&) R (mg/L) Lab (pCIIL) Lab Calculated Lab (rated Lab ( C al)u2te PCm) i 

234/238 
715 0.0602 34.9 0.00000560 20.1 0.060 55 0.060 1.74 
713 0.0652 35.2 0.00000565 21.8 0.065 57 0.065 1.61 
1020 0.0566 29.2 0.00000489 18.9 0.056 48.1 0.056 1.54 
1023 0.0468 23.8 0.00000382 15.6 0.047 39.4 0.047 1.53 
1025 0.0436 21.5 0.00000345 14.5 0.043 36 0.043 1.48 
745 0.0381 18.8 0.00000302 12.7 0.038 31.5 0.038 1.48 
1021 0.0305 14.9 0.00000239 10.2 0.030 25.1 0.030 1.46 

-___. ... average 1.55 
SRIU-234 MC CL U-238 MCL U-234 & U-234 & 

Disequilibrium Ratio pCi/L. U-234 MCI (rag/L) (rag238 MCI(pCI/I) 238 (rag/I) 

factor (234/238) (pCI/L) J_____ (pC,) (mg/I) 238/L 
example; assumes equilibrium at std 1.0 15.0 0.00000241 15.0 0.045 30 0.045 

actual average 1.55 18.2 0.00000293 11.8 0.035 30 0.035

I

U,

,... t



Table 5-6. Isotopic Uranium Concentrations-Plume Locations

U 

8

Easting Northing Location Total U U-234 U-234 (mg/L) U-238 (pCi/L) U-238 U-234 & U-234 & (mg/L) Lab (pCi/L) lab Calculated Lab (mgIL) 238 (pCl/L) 238 m Ratio •Calculated Lab Calculated P~l 

234/238 1015 0.0641 37.8 0.00000607 21.4 0.084 59.2 0.064 1.77 1017 0.0241 13.2 0.00000212 8.1 0.024 21.3 0.024 1.63 
1019 0.0488 25.7 0.00000412 16.2 0.048 41.9 0.048 1.59 
736 0.105 49 0.00000786 35.2 0.105 84.2 0.105 1.39 • 1018 0.0862 39.1 0.00000627 28.8 0.086 67.9 0.086 1.36 

_...... 1010, 0.0637 25.4 0.00000408 21.3 0.064 46.7 0.064 1.19 
1022 0.132 52.5 0.00000843 44.2 0.132 96.7 0.132 1.19 

-" 740 0.146 57.3 0.00000920 48.7 0.146 106 0.146 1.18 
• 590 0.162 62.6 0.00001005 54.1 0.162 116.7 0.162 1.16 

1012 0.22 84.7 0.00001359 73.5 0.220 158.2 0.220 1.15 1016 0.113 42.2 0.00000677 37.6 0.112 79.8 0.112 1.12 
1011 0.199 73.5 0.00001180 66.5 0.199 140 0.199 1.11 1013 0.604 220 0.00003531 202 0.604 422 0.604 1.09 
1000 0.0816 30.6 0.00000491 28.2 0.084 58.8 0.084 -1.09 1001 0.33 115 0.00001845 110 0.329 225 0.329 1.05 
1002 0.391 136 0.00002183 131 0.392 267. 0.392 1.04 1014 2.5 833 0.00013368 835 2.498 1668 2.496 1.00 

average 1.24 

Disequillbrium Ratio pCi/L U-234 MCL U-234 MCL U-238 MCL U-238 MCL U-234 & U-234 & 
__ factor (234/238) (p0CI/L) (rg/L) (pi/) (mg/L) 238 (pCI/L) 238 (mg/L) 

example; assumes equilibrium at std 1.0 15.0 0.00000241 15.0 0.045 30 0.045 
actual average 1.24 16.6 0.00000267 13.4 0.040 30 0.040

".'. I

Uranium Disequilibriumn at Grand Junction - Plume Locations
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After the mill closed, the infiltration of contaminated processing fluids ceased, which 
signii-.'ntly reduced the amount of contaminants entering the ground water. At that time the 
only i c n tribution to ground water contamination was percolation of water through the tailings.  
The F, -rcolating water was a combination of atmospheric precipitation and water applied to 

irrigate vegetation used to stabilize the tailings. During this period, some of the tailings pores 
probably still contained residual low-pH fluids. As water percolated through the tailings, these 

contaminated low-pH fluids were gradually swept into the ground water. After removal of the 
tailings, the flux of contamination to ground water was essentially eliminated. As indicated by 

the soil-leaching tests, however, there is still some leachable uranium in the subpile soils. The 

contribution of contaminants from these soils is much less than from the former tailings.  

Residual uranium is also present in the aquifer solids and is gradually being leached-out as 

cleaner water passes through.  

The major-ion chemistry of the alluvial ground water at the millsite is similar to that of the 

upgradient area, as indicated by their similar locations on a Piper diagram (Figures 4-5 and 4-6).  

The chemical composition of the alluvial aquifer system at the millsite is apparently dominated 
by the same factors (e.g., interaction with the aquifer solids, irrigation practices, recharge and 

evaporation rates) that control its composition in the upgradient area. The entire alluvial aquifer 
is nearly at equilibrium with calcite and gypsum, indicating that these minerals are partially 
controlling the major-ion composition.  

5.3.4.2 Fate and Transport of Individual COPCs 

As contaminated ground water migrates through soils and rocks, some of the contaminants 
transfer between the solid and liquid phases. This phenomenon causes the contaminants to travel 
at a slower rate than the average ground water velocity. The chemical processes that cause this 
retardation include adsorption, absorption, precipitation, diffusion into immobile porosity, 
transfer to vapor phases, and accumulation in plants. Although it is generally not possible to 
differentiate among these processes, for many aquifer systems a bulk parameter (the distribution 
coefficient, or Kd) has been used with some success to describe the retardation of contaminant 
migration. Most numerical ground water models use the Kd concept to simulate contaminant 
transport. Thus, a laboratory study was conducted during this investigation to determine Kd 
values applicable to the alluvial aquifer.  

Distribution coefficients (Kds) were determined for the regulated COPCs (As, Cd, Mo, and U).  
The Kd value is a measure of the degree of chemical interaction between the dissolved 
component and the aquifer solids. High values of Kd indicate more partitioning to the solid 
phases. K& values give no direct indication of the chemical mechanisms responsible for the 
partitioning.  

To use Kd values for ground water transport modeling, the following assumptions must be made: 
(1) the 24-hour shake time is sufficient to bring the system to chemical equilibrium, (2) the 
modeled system is always in chemical equilibrium, (3) an adequate portrayal of the areal and 
vertical distributions of Kd values is manifested in the model domain, (4) Kd values do not vary 
within the range of major-ion chemistry or pH values present (or expected) in the ground water, 
(5) processes such as mineral precipitation or preferential extraction by plant roots do not occur, 
and (6) Kd values do not vary with contaminant concentrations present in the ground water.  

Site Observational Work Plan for Grand Junction, Colorado DOE/Gr'and Junction Office 
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Some studies have shown that KI values decrease as the concentration of adsorbate increases 
'assumption 6). At low concentrations this effect is usually minimal; that is, for low contaminant 

ancentrations the adsorption isotherm is usually linear. If high concentrations are present a 
nonlinear isotherm such as the Freudlich isotherm is required for more accurate simulations.  
Although the effect of nonlinearity of the isotherm is likely to exert only a small effect on plume 
migration compared to other factors (such as aquifer heterogeneity, dispersion; ground water 
flow velocities, or retardation by mechanisms other than adsorption), an isotherm for uranium 
was measured. Within experimental uncertainties the isotherm is linear, supporting the use of a 
Kd for transport modeling. Because other COPCs are present at lower concentrations than 
uranium, it is reasonable to use a KI approach as a first approximation to simulate plume 
migration.  

Mineral precipitation can occur if concentrations of the dissolved components increase to 
saturation. If COPCs transfer to or from the solid phases by precipitation/dissolution, the Kd 
modeling approach is unlikely to produce a realistic simulation of plume migration. Therefore, it 
is useful to examine conditions that may cause mineral precipitation. It was determined that 
calcite and gypsum are nearly at equilibrium with the aquifer. These minerals in part control the 
concentrations of Ca, HCO-, and SO42-, and the pH in the aquifer. Some of the COPCs, 
including uranium, will partition somewhat into calcite.  

Although it is likely that sorption is the predominant retardation mechanism for the COPCs, 
other mechanisms may control migration under specific circumstances. All the COPCs except 
fluoride are sensitive to oxidation-reduction changes. A general discussion of retardation 
mechanisms that may exert control on the specific COPCs (As, Cd, Co, F, Fe, Mn, Mo, Ni, NO3, 
Se, SO 4, U, V, and Zn) follows.  

Arsenic. Arsenic occurs in ground water predominantly in two oxidation states: arsenite (As3 +) 
and arsenate (As54). The monovalent species H2AsO4- predominates between about pH 3 and 7, 
and the divalent species HAsO42- dominates at higher pH. Some metal arsenates have low 
solubilities, which may control arsenic concentrations in ground water. In particular, arsenic is 
able to coprecipitate with ferric iron. At low oxidation states, arsenic can precipitate as native 
arsenic metal.  

Adsorption to alluvial aquifer mineral grains, which are mostly quartz, feldspar, and clay, is 
expected to be relatively minor unless the grains have oxide or oxyhydroxide coatings. Arsenic, 
however, is known to adsorb to ferric oxyhydroxides in relatively high concentrations (Dzombak 
and Morel 1990). Arsenic adsorption would increase in those portions of the aquifer that have 
higher concentrations of iron and manganese oxides.  

Cadmium. Cadmium is present in ground water as the uncomplexed cation Cd2 ÷ or complexed 
with an anion (e.g., CdSO40 ). Cadmium readily substitutes for Ca in carbonate minerals.  
Coprecipitation with calcite ([Ca, Cd]CO3) is the most likely mechanism for removal of Cd from 
the alluvial ground water. Since the aquifer is saturated with calcite, this mechanism is likely to 
keep Cd concentrations low. Cadmium can precipitate as Greenockite (CdS) under sulfate
reducing conditions. Cadmium will also effectively adsorb to ferric oxyhydroxides.  

obalt. Cobalt occurs in the 2+ and 3+ oxidation states in aqueous solution and readily 
.oprecipitates with ferric iron and manganese oxyhydroxides. This coprecipitation is most likely 
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the limiting mechanism for Co transport in the alluvial aquifer. Under sulfate-reducing 
conditions, Co can form CoS. Cobalt will also adsorb to ferric oxyhydroxides.  

Fluoride. Fluoride exists mainly as the uncomplexed F in ground water. It is likely that the F" 
concentrations in the alluvial aquifer are too low to form minerals; however, with high 
concentrations of Ca2+, fluoride can form the mineral fluorite (CaF2). Although some ion 
exchange may occur with the clay minerals in the aquifer, most of the fluoride probably remains 
in solution as a conserved species.  

Iron. Iron occurs in two oxidation states in ground water, ferrous (Fe2') and ferric (Fe3+). At the 
pH values in the alluvial aquifer, transport occurs as ferrous iron, which will complex with 
aqueous anions such as chloride (e.g., FeCl2o). Ferric iron forms insoluble oxyhydroxide 
precipitates. Thus, oxidizing conditions in the aquifer tend to immobilize iron. Ferric 
oxyhydroxides are believed to migrate in aquifers in colloidal suspension; however, there is 
limited evidence that this is a dominant transport mechanism. Reducing conditions in the aquifer 
will mobilize iron through dissolution of the oxyhydroxide phases. Ferric oxyhydroxides are 
capable of adsorbing many of the COPCs; thus, the iron cycle is likely to be important in 
understanding the migration behavior of many of these contaminants. Under sulfate-reducing 
conditions, iron can form insoluble sulfide minerals such as FeS and FeS2.  

Manganese. Manganese occurs in the 2+ and 4+ oxidation states in the alluvial aquifer. In the 
dissolved state it is present mainly as the Mn2+ ion. Its redox chemistry is similar to that of iron 
in that oxidation will promote the precipitation of hydroxide or oxide minerals. Manganese will 
substitute readily for Ca in calcite. Because the alluvial aquifer is saturated With calcite, this 
mechanism could be important at the Grand Junction site. Like iron, manganese minerals are 
effective scavengers of many COPCs.  

Molybdenum. Molybdenum occurs naturally in the 4+ and a 6+ oxidation states, but the 6+ state 
is most likely present in the Grand Junction ground water because of the high oxidation potential.  
Dissolved molybdenum species are dominated by the molybdate anion (MOO 4

2T) in the pH range 
of interest. At low pH, HMoO" or H2MoO 4

0 may become important High concentrations of 
sodium and calcium can form sodium and calcium molybdate complexes (e.g., NaMoOj- and 
Ca MoO4°).  

Because of the low concentrations in ground water at the site, no molybdenum minerals are 
expected to form unless reducing conditions are present in the aquifer. At low redox states, Mo 
can precipitate. as ferrous molybdate (FeMoO4) or under sulfate-reducing conditions as 
molybdenite (MoS2). Adsorption to alluvial aquifer mineral grains, which are mostly quartz, 
feldspar, and clay, is expected to be relatively minor unless the grains have oxide or 
oxyhydroxide coatings. Molybdenum, is known to adsorb to ferric oxyhydroxides in relatively 
high concentrations (Morrison and Spangler 1993). Molybdenum adsorption would increase in 
those portions of the aquifer that have higher concentrations of iron and manganese oxides.  

Nickel. Nickel is present in ground water mainly as the uncomplexed Ni2+ species. Nickel can 
coprecipitate with calcite and form sulfide mir-crals under sulfate-reducing conditions. Nickel 
can also adsorb to ferric oxyhydroxides.  

Nitrate. Nitrate (NO3 ") does not complex significantly with other ions under ground water 
conditions. It is transported without significant interaction with the rock matrix. If appropriate 
nitrate-reducing microbiota and nutrients are present, nitrate can undergo reduction to nitrogen 
Site Observational Work Plan for Grand Junction, Colorado DOE/Grand Junction Offlce 
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gas (N2). Significant denitrification is not expected to occur without a suitable organic nutritional 
",ource such as acetate. Therefore, nitrate probably transports nearly conservatively through the 
quifer. Concentrations decrease by mixing with other ground water and by dispersion. If the 

aquifer is within about 50 feet of the ground surface, plants will remove nitrate from the ground 
water.  

Selenium. Aqueous selenium occurs predominately as selenate (SeO42") or selenite (SeO?); 
selenate is probably favored under the oxidized conditions of the alluvial aquifer. Concentrations 
of selenium are not high enough to precipitate selenium minerals. Selenium can substitute for 
sulfur in sulfur-bearing minerals and can precipitate as ferroselite (FeSe 2) or coprecipitate with 
pyrite (FeS2) under reducing conditions. Plants, such as the genus Astragalus, common to the 
Grand Junction area, can preferentially utilize Se if the ground water is shallow.  
Selenium is not likely to adsorb appreciably to the mineral grains. Both selenite and selenate, 
however, will adsorb to ferric oxyhydroxides (Dzombak and Morel 1990). Selenate adsorption 
requires low pH and is not likely to be significant in the alluvial aquifer. Thus, selenium is likely 
to remain in solution with concentration gradients developed mainly by advection and 
dispersion.  

* Sulfate. In alluvial ground water, dissolved sulfur occurs mainly as the unassociated sulfate ion 
(SO42-). The only mechanism likely to partition significant amounts of sulfate into the solid 
phase is the precipitation of gypsum. The amount that precipitates is likely to be relatively minor 
compared to the high concentrations of sulfate in solution. Therefore, most of the concentration 
gradient is produced by mixing with other ground water and dispersion. Under reducing 
conditions brought about by microbial stimulation, sulfate can form sulfide minerals.  

"ranium. Most naturally occurring uranium is either in the uranyl (6+) or uranous (4+) 
oxidation state. The uranyl form is predominant in oxidized ground water. The uranyl ion forms 
strong aqueous complexes with carbonate, and uranyl dicarbonate [UO2(C0 3)22"] is the dominant 
aqueous uranium species at the Grand Junction site.  

Uranyl concentrations in the alluvial aquifer are too low to form uranium minerals. Uranous 
minerals would precipitate if the aquifer were to become reduced. Adsorption of uranyl to 
mineral grains in the alluvial aquifer is likely to be insignificant However, uranyl is known to 
adsorb to ferric oxyhydroxide in relatively high concentrations (Morrison et al. 1995). It is likely 
that adsorption to ferric or manganese minerals is the principal mode that retards uranium 
migration at the site.  

Vanadium. Vanadium exists in the 3+ and 5+ oxidation states in aquifers. Dissolved vanadium 
exists mainly as vanadate (VO4) oxyanions such as H2VO4". Vanadate can combine with 
cations to form minerals such as Ca3(VO 4)2. Under reducing conditions it forms insoluble 
minerals such as paramontroseite (V204). Vanadate adsorbs effectively on ferric oxyhydroxides, 
Vanadium can combine with uranium to form low-solubility uranyl vanadates such as carnotite 
[K 2(UO 2) 2(VO 4 )2].  

Zinc. Zinc is present in ground water as Zn2+ and readily complexes with many anions such as 
chloride. Zinc substitutes for Ca2+ in calcite, which is a likely retardation mechanism in the 

luvial aquifer. Under sulfate-reducing conditions, zinc forms sphalerite (ZnS). Zinc also 
.ffectively adsorbs on ferric oxyhydroxides.  
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5.4 Ecological Risk Assessment Model 

The purpose of the ecological risk assessment (ERA) is to identify and characterize adverse 
effects, if any, on the ecosystem at the Grand Junction site. For ecological risks to occur at the 
Grand Junction site, pathways must exist for exposure of biological receptors to biotic and abiotic 
media contaminated by ground water. The Grand Junction ERA is based on EPA guidance 
provided in Guidelines for Ecological Risk Assessment (EPA 1998b) and Framework for 
Ecological Risk Assessment (EPA 1992). A screening-level assessment of ecological risks at the 
site, the BLRA (DOE 1995a), evaluated COPCs, potential pathways, receptors, and adverse 
effects. This section presents a conceptual ecological risk model. Section 6.2 is an update of the 
BLRA based on this conceptual model and the results of the 1998 field investigations 
(Section 4.4). The risk assessment methodology and calculations are presented in Appendix I.  

Conceptual models for ecological risk assessments are developed from information about stressors, 
potential exposure, and predicted effects on an ecological entity (the assessment endpoint).  
Conceptual models consist of two principal components (EPA 1998b): 

* A set of risk hypotheses that describe predicted relationships among stressor, exposure, and 
assessment endpoint response, along with the rationale for their selection.  

* A diagram that illustrates the relationships presented in the risk hypotheses.  

5.4.1 Risk Hypothesis 

Milling operations at the Grand Junction site have resulted in low levels of ground water 
contamination. Hydrogeologic information regarding plume migration suggests that contaminatic 
might be present in the Colorado River adjacent to and downgradient of the Grand Junction site.  
This could result in contaminant exposure directly or indirectly to wildlife and plant receptors that 
use" or inhabit the site. Figure 5-18 illustrates current and potential exposure pathways based on all 
the available data.  

An exposure pathway is the mechanism by which a contaminant in an environmental medium 
(i.e., the source) contacts an ecological receptor. A complete exposure pathway includes 

"• Contaminant source 
"• Release mechanism that allows contaminants to become mobile or accessible 
"• Transport mechanism that moves contaminants away from the release 
"* Ecological receptor 
"* Route of exposure (e.g., dermal or direct contact, inhalation, or ingestion).  

Ecological receptors that could potentially be exposed to COPCs were identified in the BLRA 
(DOE 1995a) and included mammalian and avian species. A food web for the Grand Junction 
site (Figure 5-19) illustrates the significant dietary interactions between the terrestrial and 
aquatic receptors.  

o The food web also depicts the major trophic-level interactions and describes nutrient flow and 
transfer of matter and energy through these levels. It was developed from the species lists and 
consideration of the exposure pathways. The food web diagram was used to portray potential 
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habitat at the site is a storm-water discharge canal on the western property boundary.  
Consequently, surface water ingestion was not evaluated for the terrestrial habitat 

The riparian and aquatic habitats associated with the Colorado River at the Grand Junction site 
represent the areas of significant potential exposure. Contaminated ground water associated with 
the former milling operations discharges into the Colorado River where COPCs may be deposited 
in sediment or may be present in the surface water as well as downstream of the site.  
Phreatophytes rooted in sediment may uptake contaminants through their root systems. Such 
species include sandbar willow (Salix exigua), cattail (Typha sp.), cottonwood (PopulusfremontiO," 
common reed (Phragmites communis), bulrushes, tamarisk (Tamarix ramosissima), and reed 

canarygrass (Phalaris arundinaceae). As mentioned in the characterization work plan 
(DOE 199T7), elevated concentrations of some constituents were present in the wetlands 
mitigation ponds.  

Although the prominent boundaries of these ponds no longer exist, remnants of these ponds may 
still contain some elevated concentrations of COPCs. In addition, the sediments may act as sinks 
for COPCs in ground water discharging into the area and thus represent potential sources of 
contamination.  

Terrestrial receptors such as foxes, coyotes, skunks, raccoons, deer, and rodents are likely to use 
the riparian corridor for food items and as a drinking water source. Consequently, they are also 
exposed to potentially contaminated sediments. These terrestrial receptors typically do not spend 
most of their time in the riparian or aquatic areas.  

Aquatic receptors living in the riparian and aquatic habitats adjacent to and downstream from the 
millsite have the potential to ingest contaminated sediment, surface water, and vegetation. These 
species have the potential for the greatest exposures. Larger herbivores prefer to browse on leafy 
material; smaller mammals and birds seek plant seeds and roots. Field observations in the 
reference area found evidence of wildlife browsing on cattails. Beaver (an herbivore) and muskrat 
(an omnivore that feeds chiefly on aquatic plants) forage on the types of vegetation found along" 
the river banks. Higher trophic receptors such as coyotes, eagles, and hawks may in turn feed on 
small mammals or birds that have ingested contaminated food items. Aquatic avian species such as 
the great blue heron, ducks, geese, and killdeer frequent the Colorado River and represent 
ecological receptors with significant exposure potential. Aquatic invertebrates, amphibians, 
reptiles, and fish are also in direct contact with potentially contaminated sediment, surface water, 
and aquatic vegetation. These receptors can also serve as prey for eagles, herons, and other 
wildlife.  

5.4.2 Future Hypothetical Exposure Scenario 

Because no significant habitat changes from the present scenario are expected, the fiAur exposure 
scenario includes all of the current exposure scenarios associated with the riparian and aquatic 
habitats on the Colorado River. Localized flooding will likely continue to erode the vestiges of the 
wetlands mitigation ponds and reshape the river banks.  

Without institutional controls, ground water could possibly be pumped and used for irrigation 
and livestock watering or other industrial uses. This would create a source for ground water and 
surface water ingestion, direct contact with terrestrial vegetation, and deposition of ground water 
and surface water on the soil: The soil would then represent an additional source medium for 
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ingestion and direct contact. At present, both of these secondary exposure routes are considered 
incomplete since ground water is not currently used for these purposes, nor is ground water likely 
o be pumped in the future. Large-scale irrigation with ground water is not considered a likely 

future pathway because surface water is the main source of irrigation water in the Grand Junction 
area. As long as there is the possibility of pumping ground water for agricultural purposes, it is 
assumed that the potential exists for these two hypothetical exposure pathways.  

The land use plans for the Grand Junction site have not been made final. One possible use is the 
construction of a recreation area, which would likely include the planting of various tree species.  
Since the potential exists for phreatophytes (e.g., cottonwood, willow, and greasewood) to 
inhabit the terrestrial portion of the site, contaminants in ground water could be taken up by 
those plants through extensive root systems. Contaminants could possibly bioaccumulate in 
various plant parts and exert a range of influences, depending on the specific COPC. Plant 
uptake rates and toxicities vary greatly among species and are affected by factors such as soil• 
characteristics (e.g., pH, redox potential, organic matter), plant sensitivity, input-output balance, 
and cumulative effects. Foraging wildlife could be indirectly exposed to contaminants in ground 
water by ingesting plants that have bioaccumulated certain contaminants.
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6.0' Summary of Human Health and Ecological Risk 

S.1 Human Health Risk Assessment 

A baseline risk assessment was previously prepared for the Grand Junction site (DOE 1995a) 
according to methods provided in the Final Programmatic Environmental Impact Statement for 
the Uranium Mill Tailings Remedial Action Ground Water Project (DOE 1996c). Much of the 
data used in that risk analysis was collected before completion of surface remediation (data for 
characterizing the contaminant plume were collected from 1983 to 1989). As described in 
Section 5.3.3, additional wells were installed during the 1990s and more recent samples were 
collected. Many contaminants have shown significant changes, mainly decreases, in 
concentration since completion of the original BLRA. This necessitates a reevaluation of COPC 
identification and assessment of associated risks. The intent of this BLRA update is to use those -
earlier results and conclusions as a starting point from which to evaluate the more recent data.  

6.1.1 Summary of 1995 Risk Assessment Methodology and Results 

The 1995 BLRA identified 19 contaminants associated with the Grand Junction site as being at 
levels statistically above background concentrations for the area. This initial list of contaminants 
was screened first to eliminate contaminants in concentrations within nutritional ranges and then 
to eliminate contaminants of low toxicity and high dietary ranges. These two steps eliminated 
three contaminants each, resulting in the following COPC list: arsenic, cadmium, cobalt, 
fluoride; iron, manganese, molybdenum, nickel, '6Ra, sulfate, uranium, vanadium, and zinc.  
These contaminants were retained for further risk analysis.  

, number of potential routes of exposure were evaluated: ingestion of ground water as drinking 
water in a residential setting, dermal contact with ground water while bathing, ingestion of , 
garden produce irrigated with ground water, ingestion of milk/livestock watered with ground 
water, ingestion of fish from the Colorado River, and recreational exposure to Colorado River 
water. Results indicated that adverse toxic responses from exposure to contaminants from routes 
other than drinking water would not be expected. Therefore, it was determined that ingesting 
ground water as drinking water would be the primary contributor to total exposure.  
Consequently, the use of ground water as drinking water in a residential setting was evaluated 
probabilistically. For additional information on other potential exposure routes and for the 
probabilistic methodology, see the BLRA (DOE 1995a).  

Results of the BLRA showed that the most severe noncarcinogenic health effects could occur 
from the water's sulfate and manganese content and to a lesser extent from fluoride, vanadium, 
cadmium, iron, arsenic, molybdenum, zinc, and nickel. Refer to the BLRA for specific 
toxicological effects (DOE 1995a). The estimated risk levels for maximum detected: 
concentrations of the carcinogens arsenic, 234 23U, and 22Ra each exceeded the highest EPA
recommended excess lifetime cancer risk of I x 10-4. A 

Potential public health effects from using background water as drinking water were also assessed 
in the BLRA by calculating point-exposure doses and comparing the exposure doses to toxic *.ffect levels observed for the COPCs. Background exposure doses were calculated for all plume

-lated COPCs. Maximum concentrations of the constituents in the upgradient and regional 
background wells were used in these calculations. Selenium was also evaluated because it is 
detected in high concentrations in regional ground water (as discussed in Section 5.3.1). The 
DOEJGrand Junction Office Site Observational Work Plan for Grand Junction. Colorado 
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potential receptors assessed were infants, children, and adults. The exposure dose calculations 
followed UMTRA Ground Water Project methodology (DOE 1996c).  

The results of the assessment indicated that, if the regional alluvial ground water were ingested 
as drinking water, sulfate, selenium, manganese, sodium, chloride, and fluoride have the 
potential to cause adverse health effects. The individual excess lifetime cancer risk calculated for 
the upgradient background ground water shows that the cancer risk for arsenic (8 x 10-4) exceeds 
the upper end EPA-recommended risk level of I x 10-4. The point-exposure dose evaluation and 
comparison to standards of upgradient and regional background water substantiates the 
conclusion that the background water quality in the Grand Junction area is poor. That is, drinking 
"the background alluvial ground water could cause adverse health effects. In addition, the water is 
unpalatable because of high levels of sulfate, TDS, manganese, iron, fluoride, and chloride.  

6.1.2 BLRA Update 

6.1,2.1 COPC List Update 

This BLRA update uses the COPC list from the original BLRA as a starting point to evaluate 
current data. Table 6-1 lists the COPCs identified in the 1995 BLRA along with a summary of 
historical plume data (from the 1996 SOWP and BLRA) and current (1998) plume and 
background data. In addition to the 13 COPCs from the original BLRA, nitrate also is included at 
the request of CDPHE; ammonia is included because it is present in significantly elevated 
concentrations at the site and was an important constituent in the ecological risk evaluation.  
MCLs and risk-based concentrations (RBCs) are also included for comparison of data to 
benchmarks (EPA 1998a). Background locations were determined as described in Section 5.3.1 
of this document. Plume data include on-site wells and wells immediately downgradient of the 
site that can reasonably be assumed to be influenced by site activities. Table 6-1 lists wells 
included in both plume and background groupings for 1998 data.  

The risk-based concentration presented in Table 6-1 for a given contaminant represents a 
concentration in drinking water that would be protective of human health provided that 

* A residential exposure scenario is appropriate.  
* Ingestion of contaminated drinking water is the only exposure pathway. [Note: Does not apply 

to ammonia. See discussion in Section 6.1.2.2.] 
The contaminant contributes nearly all of the health risk.  

* EPA's risk level of I x 106 for carcinogens and a hazard index of 1 for noncarcinogens is 
appropriate.  

If any of these assumptions is not true, contaminant levels at or below RBCs cannot 
automatically be assumed to be protective. For example, if multiple contaminants are present in 
drinking water, a single contaminant may be below its RBC but still be a significant contributor 
to the total risk posed by drinking the water. However, if an RBC is exceeded, it is an indication 
that further evaluation of the contaminant is warranted. RBCs are intended to be used in 
screening-level evaluations.  

Site Observational Work Plan for Grand Junction, Colorado DOE/Grand Junction Office 
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Table 6-1. Grand Junction Site Data Summary

Minimum Maximum Mean MCL RBC" % exceeding 
Contaminant No. (mgIL) (mgIL) (MgIL) (mgOL) (mgIL) benchmark 

Ammonia (as NH-4) 0.2N (as NitH) 
Background 8/8 0.014 0.321 0.093 43 (as NH4)r 0 
Current Plume 17/17 0.017 233 71.4 65 
Historical Plumec N/A N/A N/A N/A 

Arsenic 0.05 0.011N 
Background 3/15 0.001 0.0014 N/A 0.000045C 0 
Current Plume 18/34 0.001 0.0349 0.005 0 
Historical Plume _ _ 0.007 0.18 0.007 _ 

Cadmium 0.01 
Background 0/15 0.001 0.001 N/A 0 
Current Plume 2/34 0.001 0.0013 N/A 0 
Historical Plume 0.073 0.42 1.2 

Cobalt 2.2N 
Background 0115 0.006 0.008 N/A 0 
Current Plume 6/34 0.006 0.0162 NWA 0 
Historical Plume 0.05 0.66 0.14 

Fluoride 4 2.2N 
Background 15/15 0.453 1.62 0.895 0 
Current Plume 34/34 0.335 7.57 1.93 9/24 
Historical Plume 4.3 4.8 4.6 

Iron 11N 
Background 10/15 0.003 3.13 0.552 0.00 
Current Plume 29/34 0.003 21.2 3.88 12 
Historical Plume 1.3 16 11 

Manganese U.7N 
Background 15/15 0.233 2.22 1.4 53 
Current Plume 34/34 0.436 4.54 2.82 97 
Historical Plume 1.8 10 4.1 Z" + gU (pCi/I) _ _ 30 pCi/L 

Background 7/7 25.1 57 42 86 
Current Plume 17/17 21.3 1668 215.3 94 
Historical Plume 

Molybdenum 0.1 0.18 
Background 15/15 0.0158 0.124 0.0587. 13 
Current Plume 34/34 0.0147 0.299 0.101 38 
Historical Plume 0.13 0.53 0.28 

Nickel __0.73 

Background 10/15 0.0074 0.0281 0.015 - 0 
Current Plume 28/34 0.01 0.111 0.035 0 
Historical Plume 0.28 0.38 0.32 

Nitrate _ _ _ r 

Background 15/15 0.0579 71.4 21.85 , 20 
Current Plume 31/34 0.011 65 5.43 3 
Historical Plume <.01 50 

2bRa (pCi/L) 5 pCi/L 
Background 7/15 0.04 0.34 N/A 0 
Current Plume 17/34 0.04 0.62 0.167 0 
Historical Plume 0 29 2.1 1

ji.iuzran Juncuon [uice 
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Table 6-1 (continued). Grand Junction Site Data Summary 

Minimum Maximum Mean MCL RBC" % exceedin, 
Contaminant No. (mg/L) (mg/L) (mgL) (mgIL) (mg/L) benchmark 

Sulfate N/A N/A 
Background 15115 416 3720 2566 
Current Plume 34/34 1650 3700 3154 
Historical Plume 3100 4900 3945.  

Uranium 0.044 
Background 15/15 0.0228 0.0682 0.0469 53 
Current Plume 34/34 0.0241 2.5 0.304 94 
Historical Plume 0.29 0.45 0.3 

Vanadium 0.26N 
Background 10/15 0.001 0.0049 0.0019 0 
Current Plume 1/34 0.001 0.832 0.0857 18 
Historical Plume 5.2 14 7.1 

Zinc 7.1 11N 

Background 1/17 0.004 0.0051 N/A 0 
Current Plume 19/34 0.004 0.352 0.0349 0 
Historical Plume 2.8 8.7 4.5 

Background Wells: 713, 715, 745, 1020, 1021, 1023, 1025, CW21 
Plume Wells: 590, 738, 740, 1000-1002. 1010-1019, 1022 
MCL=maximum concentration limit 
RBC = risk based concentration 
N-noncarclnogenic risk, C--carcinogenic risk 

taenchmark a MCL if available; risk-based concentration (RBC) used If no MCL.  
=Historical data were collected 1983 to 1989.  
"Site-specific value determined through geochemical modeling; Inhalation pathway.  

For contaminants with MCLs, it is interesting to compare these with calculated RBCs. For 
example, the MCL for arsenic is 0.05 mgIL; the RBCs are 0.001 and 0.000045 mg/L for 
noncarcinogenic and carcinogenic effect .•' respectively. Thus the MCL was set at a level higher 
than that believed to result in some adverse health effect. On the other hand, the MCL for 
molybdenum is 0.1 mg/L and the RBC is 0.18 mg/L. Therefore, the MCL is more protective than 
the RBC. There are a variety of contaminant-specific reasons for differences between MCLs and 
RBCs; however, for purposes of risk management and decision-making, it is necessary to have 
some appreciation of what these benchmarks mean.  

A comparison of historical and current plume data indicates that concentrations of many 
constituents have decreased. This is tni' for all COPCs except uranium and nitrate, though 
maximum plume concentrations for iron and fluoride are higher compared to historical data. A 
comparison of current background and plume data indicates that plume concentrations for nitrate 
and 226Ra + 22Ra (which is mostly . ,a) are within the range obtained ýor background. Mean 
plume concentrations of nitrate are far below the average background mean; plume and 
background mean concentrations for 2Ra + tRa are essentially the same. Therefore, on the 
basis of a comparison to background, it is possible to eliminate nitrate and 226Ra + 22SRa from 
further consideration as COPCs.  

The presence of fluoride in elevated levels associated with the site is problematic. Although 
fluoride is a process-related contaminant at other uranium milling sites, research of milling 
operations at the Grand Junction site gave no indication that fluoride was used in any form.  
However, the maximum and mean concentrations of fluoride in plume-related wells are four
times and two-times that of background, respectively. Although process knowledge would seem

Site Observational Work Plan for Grand Junction, Colorado 
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reason to eliminate fluoride as a site-related contaminant, it is retained for further analysis 
-ending some explanation for its elevated concentrations in alluvial ground water at the site.  

Sulfate is present in alluvial ground water throughout the Grand Valley in relatively high 
concentrations, though concentrations are higher, oh average, in association with the Grand 
Junction site. Sulfuric acid was used in processing operations at the site, and some of the ores 
processed were known to contain sulfide minerals. Therefore, sulfate is a site-related 
contaminant. However, the highest background concentration of sulfate exceeds any values' 
detected in plume-related wells. Also, sulfate in ground water near the site shows no distribution, 
such as decreasing concentrations with distance from the site, as would be expected for a plume 
that is clearly associated with site practices. In terms of risk to human health, there is still no 
consensus regarding what levels of sulfate intake are detrimental. A secondary drinking water 
standard of 250 mg/L has been established on the basis of aesthetic concerns, though 
significantly higher concentrations are believed to produce no ill effects in humans. Because of 
the lack of an established risk-based benchmark for sulfate, it is not carried through the risk 
calculations presented in this section. However, because of the elevated levels that are present in 
plume-related ground water, it is retained as a COPC.  

Through a qualitative evaluation, all the other COPCs are deemed to be present in concentrations 
sufficiently elevated above background to be retained for further consideration in the update of 
risk calculations.  

6.1.2.2 Risk Assessment Methodology 

As mentioned previously, the original BLRA considered several potential routes of exposure to 
)ntaminants and eliminated all but one. ingestion of ground water in a residential setting, as 

insignificant Therefore, the ground water ingestion pathway is the only route of exposure 
considered in this BLRA update (with the exception of ammonia as discussed below). Note that 
all risks discussed in this document are hypothetical with respect to human health. Based on 
current ground water use, no risks are present because no exposure pathways are complete. Thus, 
this assessment concerns only potential risks that could exist in the future if land and water usage 
changes.  

Risk calculations presented here follow EPA's Risk Assessment Guidance for Superfund 
Methodology (EPA 1989a), which involves determining a point estimate for excess cancer risk 
from current or potential carcinogenic exposures and a hazard quotient (HQ; ratio of exposure 
intake to an acceptable intake) for noncarcinogenic exposures. It is assumed that the receptors for 
ground water are residents who use alluvial ground water as their primary source of drinking 
water. This is an unlikely scenario because of current land use in the vicinity of the site and 
because of the institutional controls in place (see Section 7.2) but is consistent with the scenario 
evaluated in the original BLRA. However, for the purpose of making risk management decisions, 
results of these risk calculations are based on very conservative assumptions.  

The original BLRA calculated noncarcinogenic risks using a probabilistic approach. Essentially, 
this means that instead of using a single value for each parameter required in the risk calculations 
(e.g., ground water concentration, body weight, frequency of exposure), a range of values with a 

"yen probability distribution was used. By performing numerous iterations of the standard risk 
.alculations, with a value selected at random from each parameter distribution, a range of 

DOE/Grand Junction Office Site Observational Work Plan for Grand Junction, Colorado 
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exposures and associated risks results. The original BLRA reported results for the most sensitive 

receptor population modeled-children.  

In this update, which uses point-exposure doses, single values are used for each parameter 

required in the risk calculations. Calculations to determine contaminant intakes use standard 

exposure factors for the adult population (EPA 1989b). Ground water concentrations used to 

calculate risks associated with ingestion of plume-related ground water are the maximum 

concentrations detected during the 1998 sampling events, most of which were from on-site wells.  

Although use of adult exposure data is probably less conservative than use of the exposure data 

for children, use of maximum ground water concentrations and point-exposure dose calculations.  

is probably more conservative; the net effect is to produce comparably conservative results. For 

the purpose of making risk management decisions, results of both methodologies are usable and 

both have advantages and limitations.  

Risks associated with ammonia were generally calculated-.n described above for other 
noncarcinogens with one important exception. For all contaminants except ammonia, risks were 

determined for ingestion of contaminated ground water (i.e., an oral exposure route) in a 
residential setting. The major risk from ammonia is not through oral ingestion in ground water, 
but rather from inhalation of gaseous ammonia through volatilization in ground water. Risks 
were calculated using default inhalation exposure parameters for a residential setting 
(EPA 1991). The volatilization factor for ammonia and the fraction of ammonia actually present 
as the dissolved. gas, NH3, were determined through site-specific geochemical modeling with the 
PHREEQC modeling code (see Section 4.3.3.1 and Appendix I for more details).  

Risks associated with ammonia for a residential setting require that exposure occur within a 
closed structure (i.e., a residence) in which volatilized ammonia is trapped through its use for all 
other purposes (drinking, bathing, laundry, etc.). For exposure scenarios where a closed structure 
is absent (e.g., irrigation and agricultural), volatilized ammonia would quickly dissipate to the 
atmosphere and risks would be negligible (at least at the concentrations present in ground water 
at the Grand Junction site). Therefore, exposure to ammonia is only evaluated here for a 
residential setting.  

The same methodology was used to calculate carcinogenic risks for this BLRA update as was 
used in the original BLRA (i.e., receptors are adults with exposure averaged over 70 years). For 
all risk calculations, benchmarks for acceptable contaminant intakes (e.g., reference doses, slope 
factors) are best available data from standard EPA sources (e.g., Integrated Risk Information 
System, Region III Risk-Based Concentration Table).  

6.1.2.3 Results 

Results of the risk calculations are included in Tables 6-2 and 6-3. Table 6-2 shows risk 
calculations for maximum and mean plume concentrations for both noncarcinogenic and 
carcinogenic contaminants. Values for ammonia represent concentrations present as NH 3 as 
determined through geochemical modeling. Table 6-3 shows the same calculations for 
maximum background concentrations. The tables also show the percentage that each 
noncarcinogenic contaminant contributes to the total hazard index (HI) (or overall risk).  

Site Observational Work Plan for Grand Junction, Colorado DOE/Grand Junction Office 
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Table 6-2. Risk Calculations for 1998 Maximum and Mean Plume Concentrations

on Carcinogens-Ground Water Ingestion Only (Adults)
CW-6AX 

mg/l.  
0.0349 
0.0013 
0.0162 
7.57 

21.2 
4.54 
0.299 
0.111 
2.5 
0.832 
0.352 

Hi=

HQ-MAX %PJsk

3.187 
0.071 
0.007 
3:457 
'1.936 
2.646 
1.638 
0.152 

22.831 
3.256 
0.032 
39.215

8.13 
0.18 
0.02 
8.81 
4.94 
6.75 
4.18 
0.39 

58.22 
8.30 
0.08

CW-MEAN 
mg/l.  

0.005 
0.001 
0.007 

.1.93 
3.88 
2.82 
0.101 
0.035 
0.304 
0.0857 
0.0349 

Hi,=
Non carcinogens-inhalation through water use in residential setting'

0.655 4.706 100 0.201

HQ-iEAN

0.4566 
0.0548 
0.0032 
0.8813 
0.3543 
1.6438 
0.5534 
0.0479 
2.7763 
0.3354 
0.0032 

7.1103 

1.444

*IR - 15 mrlday of air default; concentration In air = water concentration x site-specific volatilization factor x conversion factor 
For Grand Junction, volatilization factor z0.000595; conversioh factor Is 1,00OLkn' 
Maximum NH, in Grand Junction ground water is 1.1 mg/l, mean is 0.337 mg/L

Contaminant

Arsenic 
mg/L

CW Risk'

max 0.0349 6.15E-04 
mean 0.005 8.81E-05

U234+238 max 1668 1.86E-03 
pCi/I. 2nd 422 4.71E-04 

mean 2.15E+02 2.41E-04 

rskspred.xis, sht 3 
Table 6-3. Risk Calculations for 1998 Maximum Background Concentrions 

Non Carcinogens-Background Ground Water Ingestion Only (Adults)

Contaminant 

Arsenic 
Selenium 
Fluoride 
iron 
Manganese 
Molybdenum 
Nickel 
Uranium 
Vanadium 
Zinc

CW 
mg/i.  

0.0014 

0.437 

1.62 
3.13 

2.22 

0.124 

0.0281 

0.0662 

0.0049 

0.0051 

HI-

HO %Rlsk

0.128 

0.751 

0.740 
0.286 

1.294 

0.679 

0.038 

0.605 

0.019 

0.000 

4.540

2.12 

16.53 

16.29 

6.30 
28.50 

14.96 

0.85 
13.32 

0.42 
0.01.

Carcinogens-Ground Water Ingestion Only (Adults)

Contaminant 
rsenic mg/L 
234+238 pCIL

CW 
0.0014 

57

Risk 

2.47E-05 

6.37E-05

gJbksprd.xls, sht 2
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jontaminant

Arsenic 
Cadmium 
Cobalt 
Fluoride 
Iron 
Manganese 
Molybdenum 
Nickel 
Uranium 
Vanadium 
Zinc

Ammonia

%Risk

6.42 
0.77 
0.04 

12.39 
4.98, 

23.12 
7.78 

• 0.67 
39.05 
4.72 
0.04

:100

'.P 
41k
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The following major observations are based on these results: 

" Risks associated with maximum concentrations of contaminants in plume ground water 
greatly exceed the acceptable HI of 1 for noncarcinogens. Risks calculated using mean 
contaminant concentrations are significantly lower, though still unacceptable.  

" Uranium is the main risk contributor to noncarcinogenic risks posed by plume ground water 
(58 percent contribution to the HI using maximum concentrations).  

All carcinogenic risks calculated for 234U + 23 U11 associated with plume ground water exceed 
the upper end of EPA's acceptable risk range (1 x 10-4to 1 x 10-'). Carcinogenic risks 
calculated for background ground water are within EPA's risk range.  

• Noncarcinogenic risks posed by background ground water (calculated using maximum 
detected contaminant concentration) exceed the acceptable HI of 1.  

It was noted previously that several metals identified as COPCs in the original BLRA have 
decreased significantly in concentration since that time, though they still were somewhat above 
background. These metals include cadmium, cobalt, nickel, and zinc. The relative contribution of 
these contaminants to overall noncarcinogenic risk indicates that they are insignificant, both 
individually and collectively. These four metals make up less than 1 percent of the total risk 
considering maximum plume concentrations and less than 2 percent for mean concentrations.  
Therefore, these contaminants can be eliminated from further consideration as final COPCs for 
the site.  

As mentioned above, the major risk contributor for ground water ingestion is uranium. Other 
significant risk contributors (4 percent or greater) are the same for maximum and average 
calculations, though relative contributions vary. Those other contaminants are arsenic, fluoride, 
iron, manganese, molybdenum, and vanadium. Risks associated with inhalation of ammonia 
exceed acceptable levels. In terms of carcinogenic risk, maximum plume concentrations of 
arsenic exceed EPA's acceptable risk range, though the mean risk values lie within this range.  
All levels of734U + 23U, from mean to maximum, exceed EPA's acceptable risk range.  

Several of the contaminants included as significant risk contributors do not exceed their 
.individual RBCs. However, they cannot be eliminated from further consideration because, in 
terms of collective risk posed by ground water, they are important. Likewise, although arsenic 
does not exceed its MCL, from a risk perspective it is still a significant contributor to site risks.  

The greatest contributors to background risks through ground water ingestion are manganese 
selenium, fluoride, and molybdenum; uranium is of lesser importance. However, those 
contaminants collectively responsible for the majority of background and plume risks are the 
same, with two exceptions. Vanadium makes up a significant amount of risk for plume ground 
water but is unimportant in terms of background. Selenium, which is essentially nondetectable in 
plume wells, is a significant contributor to background risk. Other than these two constituents, 
the majority of risk in both instances is made up of arsenic, fluoride, iron, manganese, 
molybdenum, and uranium. (Risks were not determined for inhalation of ammonia because of 
insignificant concentrations of actual NH 3.) 

Site Observational Work Plan for Grand Junction. Colorado DOE/Grand Junction Office 
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To summarize, ingestion of either site-related or background ground water as the sole source of 
drinking water would result in unacceptable human health risks. Site-related ground water may 
jose both carcinogenic and noncarcinogenic risks, both of which are primarily attributed to 
uranium (in isotopic and chemical forms). The other significant contributors to risk are ammonia 
(through inhalation), arsenic, fluoride, and vanadium, and to a lesser extent iron, manganese, and 
molybdenum. Background water quality is a threat to human health from a noncarcinogenic 
standpoint; carcinogenic risks are within the EPA acceptable range. Noncarcinogenic risks for 
background ground water are primarily due to manganese, molybdenum, selenium, and fluoride, 
and to a lesser extent iron and arsenic. A summary of the updated evaluation of COPCs is 
presented in Table 7-2.  

Although risks posed by sulfate were not assessed due to lack of acceptable toxicity data, sulfate 
concentrations are high in both plume and background ground water. Sulfate should be 
considered a potential threat to human health for plume and background ground water pending 
additional guidance on assessing'sulfate-related risks.  

All risk estimates are based on the assumption that contaminated ground water will be used as 
the primary source of drinking water in a residential setting. This is a worst case assumption 
because of the poor water quality of the alluvial aquifer and the availability of a municipal water 
supply. No human health risks are currently posed by contaminated ground water, nor are any 
expected, as water is not currently or likely to be used for residential purposes. As long as 
ground water use is prohibited for this use, no exposure pathway is complete and no risks exist.  

6.2 Ecological Risk Assessment 

'he BLRA prepared for the Grand Junction site (DOE 1995a) included a screening-level assessment 
of ecological risks. The BLRA identified ecological COPCs and potential exposure pathways, 
receptors, and adverse effects. During the 1998 investigation (Section 4.4) additional field data were 
collected to evaluate risks associated with the exposure pathways. Results were used to update the 
BLRA. The approach used for the BLRA update was based on guidance in Guidelinesfor Ecological 
Risk Assessment (EPA 1998b) and Framework for Ecological Risk Assessment (EPA 1992).  

This section summarizes the 1995 BLRA and the results of the 1999 BLRA update. Appendix I 
contains the complete BLRA update.  

6.2.1 Summary of 1995 Risk Assessment 

The 1995 BLRA (DOE 1995a) evaluated potential exposure of terrestrial and aquatic organisms 
to contaminated ground water and to surface water or sediment contaminated by ground water.  
Known concentrations of ecological COPCs in ground water, surface water, and sediment were 
compared to toxicity standards and guidelines for various ecological receptors.  

6.2.1.1 Potential Receptors 

The 1995 BLRA identified ecological receptors that could be exposed to site-related 
contaminants. The information was derived from qualitative surveys and observations made 

efore tailings were removed and, therefore, is not necessarily indicative of current conditions or 
.uture land use.
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Before tailings were removed, the ecology of the site consisted of an interspersion of riparian and 

aquatic habitats. Riparian vegetation dominated by salt cedar thickets covered several small 

islands and shorelines formed by Colorado River side channels and backwaters. Cottonwood, 
Russian olive, and willow, which broke up the salt cedar thickets in some places, were less 

abundant. The understory vegetation consisted of several dense, open stands of reed canary 

grass, spotted knapweed, and giant reed with rushes, sedges, spikerushes, bullrush, and 

arrowhead common along the shores of side channels and in small wetlands on the islands.  

Yellow warbler, mourning dove, song sparrow, and black-billed magpie were observed in the 

salt cedar and willow stands. Mallard and great blue heron were common on the water or on the 
shore. Evidence of beaver, muskrat, raccoon, and skunk was also common, as was evidence of 

bull frog and leopard frog. Bald eagles, the only endangered terrestrial species potentially 

exposed to site contaminants, are known to winter in the area.  

The following aquatic organisms were observed in the vicinity of surface water sampling 

locations in the Colorado River: mayfly nymphs, damselfly nymphs, dragonfly nymphs, water 

striders, backswimmers, and Cyprindae minnows. Game fish known to inhabit the area include 

* green sunfish, bluegill, largemouth bass, black crappie, black bullhead, and channel catfish.  

Bluehead sucker, flannelmouth sucker, common carp, roundtail chub, red shiner, sand shiner, 
* and fathead minnow also inhabit the area. Threatened or endangered fish potentially exposed to 

.site contaminants include the humpback chub, bonytail chub, Colorado squawfish, and razorback 
sucker.  

After the removal of tailings in 1994, the site was seeded with a mixture of grasses, forbs, and 

shrubs, and eight ponds were constructed along the southern boundary of the site between the 

flood control levee and the Colorado River. The ponds were constructed as part of a U.S. Aimy 

Corps of Engineers effort to reestablish wetland habitat destroyed as a consequence of site 
remediation. The ponds were fed by contaminated ground water from the site. Colorado River 
flooding during the late spring and early smnmer of 1995 mostly destroyed the eight ponds.  

6.2.1.2 Ecological Chemicals of Potential Concern 

Ecological COPCs were defined in the 1995 BLRA as those constituents that exceeded 
background concentrations (Table 6-4). The water quality of upgradient wells was considered to 
be representative of background conditions (DOE 1995a). Two categories of surface water were 
defined: Colorado River water and water in ponds constructed as part of a wetlands mitigation 
project. Colorado River COPCs were those constituents with higher concentrations downstream 
of the millsite than upstream. COPCs in the wetlands mitigation ponds were determined by 
comparing concentrations in the ponds and in the upgradient ground water wells (DOE 1996d).  
Sediment COPCs weie determined by comparing data from Colorado River sediment sampled 
upstream, downstream, and adjacent to the site (DOE 1995a).  

6.2.1.3 Potential Adverse Effects 

The 1995 BLRA evaluated the following potential exposure using data available at the time: 

"* Plant uptake of ground water 

"* Use of ground water to water livestock or irrigate crops 

"* Exposure of aquatic life in Colorado River water and sediments 
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e Livestock and terrestrial wildlife ingestion of surface water from ponds fed by site ground 

water 

* Exposure of aquatic life in ground-water-fed ponds 

* Use of pond water for crop irrigation 

Table 6-4. Summary of Ecological Chemicals of Potential Concern In Ground Water, Surface Water, 
and Sediments 

Constituents Ecological Ecological COPC 
Above COPC In In Water In Ecological COPC 
Background In COPC In Colorado, River Wetlands In Colorado 
Ground Water Ground Water Water Mitigation Ponds River Sediment 
Ammonium X 
Arsenic X X 
Cadmium X X 
Cobalt X X 
Copper X 
Fluoride X X 
Iron X X X 
Manganese X X 
Molybdenum X X X 
Nickel X X 
2 26Ra X X X 
Selenium., X 
Strontium X __•X_ _ 

Sulfate X X X 
Uranium X X X X 
Vanadium X X X 
Zinc X X 

Phreatophytes, plants that have the potential to root into contaminated ground water, were not 
samspled. Concentrations of COPCs in plant tissue were estimated using published soil-to-plant 
concentration ratios (DOE 1995a). The potential for adverse effects was evaluated by comparing 
the tissue estimates to published benchmark concentrations that can result in phytotoxicity (Will 
and Suter 1994). His were calculated by dividing the plant tissue concentration by the 
benchmark concentration; an HI greater than one indicates a possible phytotoxic effect. His for 
arsenic, manganese, vanadium, and zinc ranged from 3.5 to 34. His for cobalt and copper were 
only slightly greater than one (DOE 1996d).  

Ground water pumped from the most contaminated area of the plume may be toxic if used to 
water livestock or wildlife or to irrigate crops. Sulfate and TDS concentrations may be toxic if 
ingested by livestock or wildlife. Comparisons of ground water concentrations with toxicity 
benchmarks indicate that cobalt, fluoride, iron, manganese, molybdenum, vanadium, and zinc 
exceed levels that may have adverse effects on irrigated crops.  

Contaminant concentrations in the two wetlands mitigation ponds at the southwestern edge of the 
site were higher than concentrations in nearby upgradient ground water wells (DOE 1996d). For 
xample, in 1995 the uranium concentration in surface water of the westernmost pond was 

.,.473 mg/L, and the concentration in ground water 200 ft (60 m) upgradient (well 1000) was 
0.096 mg/L. The higher concentration in the pond was attributed to evaporation. Water chemistry
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data for samples taken from the wetlands mitigation ponds before they were destroyed by floods, 
when compared to water quality standards, indicate that cadmium, manganese, and vanaditim 
concentrations exceeded chronic toxicity benchmarks for aquatic life; and manganese, 
molybdenum, sulfate, and vanadium concentrations exceeded toxicity benchmarks for livestock 
watering, crop irrigation, and ingestion by wildlife.  

6.2.2 BLRA Update 

The 1998 ecological investigation (Section 4.4) was conducted to provide the following data to 
update the 1995 BLRA: 

"* Characterization of current plant communities overlying contaminated ground water and 
projections of the future plant ecology of the area given land-use scenarios.  

"* Selection and characterization of the plant ecology of a reference (background) area.  

"* Comparison of ecological COPe concentrations in vegetation, sediment, and surface water, 
on site and in the reference areas, with ecotoxicity benchmarks.  

" Screening assessment of ecological risks associated with irrigation ponds constructed at the 
botanical gardens since publication of the BLRA.  

The results of the 1998 ecological sampling and analyses (Appendix I) indicate generally low levels 
of a few COPCs in sediment, surface water, and plant tissues. The occurrences of significantly 
elevated concerntrations coincide with sampling locations that are known to be either remnants of the 
wetlands mitigation ponds or ponded areas that receive little or no regular surface water flushing.  

Based on sample size and variability, the strongest line-of-evidence factors for basing risk 
conclusions are the surface water and sediment resqlts. In spite of necessarily smaller sample sizes, 
the biota data serve as an additional but significant line of evidence. Tissue results show that for the 
majority of the analytes, Grand Junction site concentrations are the same as or less than the reference 
area concentrations.  

The majority of the data indicate no significant differences between Grand Junction site and 
reference area mean analyte concentrations in both abiotic and biotic media. To maintain a 
conservative approach, the following constituents were retained as COPCs even though their 
occurrences appear to be isolated. In most cases, the occurrences coincide with Grand Junction 
site location 1228. On the basis of an initial evaluation of the analytical data for the 1998 
ecological sampling, it is recommended that the following COPCs be retained: 

"* Ammonia in surface water 

"* Nickel in surface water 

"* Uranium in surface water 

"* Vanadium in surface water 

"* Arsenic in reed canarygrass stems 

"* Vanadium in reed canarygrass stems 

"* Manganese in cattail stems 

"* Molybdenum in cattail stems
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Molybdenum in cattail roots 

")ne of the objectives of the 1998 field investigation was to collect data from areas that might have 
die highest contaminant levels. The highest values were obtained from ponded areas (locations 1226, 
1228, and 1235, see Figure 4-15) where the Colorado River provides little or no natural flushing.  

Because the occurrences are localized, elevated concentrations-of ammonia and some metals in 
surface water and vegetation at these locations probably do not present an unacceptable ecological 
risk. Although unlikely, the possibility remains that an isolated effect or mortality could be 
associated with these locations; however, no negative ecological effects have been observed.  

Location 1226 (Figure 4-15) is located at the Botanical Gardens pond. This pond is small, fenced, 
and provides no significant ecological habitat. The ecological sampling for surface water at this 
location did not include all parameters listed on the State of Colorado agricultural standards 
(Colorado Department of Health, Water Quality Control Commission, The Basic Standards for 
Ground Waters, Section 3.11.0, amended April 1996). For those analytes that were included on 
this list, only the pH value of 9.07 was elevated over the recommended maximum value of 8.5.  
Based strictly on the surface water results for the ecological sampling event, there is no indication 
that this pond should not be used to irrigate the plants in the arboretum.  

The other ponded areas (Figure 4-15, locations 1228 and 1235) are very small and are located on a 
braided portion of the river. Their small size (estimated to be no more than 1,000 square feet each) 
restricts the numbers and types of ecological receptors that rely solely on them for surface water, 
forage, or prey species. In addition, wildlife receptors typically utilize a variety of prey or forage 
items.  

Aanganese concentrations in cattail stems averaged 860 mg/kg at the Grand Junction site and 
300 mg/kg at the reference area. Before the bioaccumulation factors for manganese were 
calculated, the plant tissue concentrations were plotted against the sediment concentrations to 
detect a linear correlation. A correlation coefficient of 0.77 was obtained for the manganese 
data, and an r2 of 0.6 was calculated for the linear regression trend line. Bioaccumulation 
factors were obtained by dividing the maximum co-located tissue concentration by the 
minimum co-located sediment concentration. Bioaccumulation factors calculated for 
manganese were approximately equal for the Grand Junction site and reference area (4.5 and 
3.9, respectively). The manganese sediment concentrations for the Grand Junction site and 
reference area locations did not differ significantly and were all between 200 and 300 mg/kg.  
The screening benchmark for terrestrial plant phytotoxicity is given as 500 mg/kg in soil 
(ORNL 1996). A mature leaf tissue manganese concentration range of 200 to 1,000 mg/kg (dry 
weight) was cited as toxic in the BLRA (Kabata-Pendias and Pendias 1992, cited in 
DOE 1995a). Manganese appears to bioaccumulate in cattail stems to a significant level at both 
the millsite locations and the reference area.  

According to Kabata-Pendias and Pendias (1992), "the Mn compounds are known for their rapid 
oxidation and reduction under variable soil environments, and thus-oxidizing conditions may 
greatly reduce the availability of Mn and associated micronutrients, whereas reducing conditions 
may lead to the ready availability of these elements even up to the toxic range." 

.Ierefore, it is possible that under stagnant conditions manganese may become highly 
bioavailable to cattails, thereby producing a high concentration such as that observed at Location 
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Therefore, it is possible that under stagnant conditions manganese may become highly 
bioavailable to cattails, thereby producing a high concentration such as that observed at Locatiop 
1226 (914 mg/kg wet weight). Reducing conditions at the other two Grand Junction site 
locations (1231 and 12-35) might also account for the elevated-manganese concentrations in 
cattails. It is noteworthy that most elevated concentrations of metals in biota occurred at 
generally stagnant ponded areas that represent the remnants of the mitigation wetlands ponds, 
especially locations 1228 and 1235.  

Since the data evaluation did not indicate an unacceptable ecological risk at the Grand Junction 
site, the ecological risk assessment concludes with the analysis phase (See Appendix I).  
Exposure estimates and stress-response profiles were not calculated, and no risk 
characterization was performed.  

Some residual milling-related constituents apparently persist at the Grand Junction site, as 
shown by the occasional elevated concentrations of metals and ammonia in surface water and 
biota. Based on a review of the analytical data and screening criteria, these isolated 
occurrences are not likely to present significant ecological risks.  

Natural flushing is expected to diminish ground water COPC concentrations to background levels 
and prevent bioaccumulation of contaminants through phreatophytes growing in the terrestrial 
habitat. This situation depends on the future land use at the millsite.  

Elevated concentrations of COPCs in surface water, sediment, and biota are expected to diminish 
over time as a result of natural ground water flushing. The sediment concentrations do not indicate 
site-related contamination, although elevated concentrations in some of the biota suggests that 
some degree of bioaccumulation is occurring. Constituent concentrations in sediment and biota a 
likely to persist for a longer period of time. Periodic flooding of the Colorado River adjacent to the 
site will tend to disperse these contaminants and remove the remaining boundaries of the wetlands 
ponds.
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7.0 Ground Water Compliance Strategy 

1.1 Process 

The proposed ground water compliance strategy for the Grand Junction site is illustrated in 
Figure 7-1; the figure is based on the compliance strategy selection framework described in 
Section 2.1 of the Final Programmatic Environmental Impact Statement for the Uranium Mill 
Tailings Remedial Action Ground Water Project (DOE 1996c).  

Three compliance strategies are available in'the selection framework: 

"* No remediation. Application of the no-remediation strategy would mean that compliance 
with EPA ground water protection standards would be met for a particular constituent 
without altering the ground water or cleaning it up in any way. This strategy could be applied 
at sites where chemicals of potential concern are below the MCL or background, or at sites 
that have contamination above MCLs or background levels but qualify for supplemental 
standards or ACLs.  

"* Natural flushing. Natural flushing relies on natural ground water movement and 
geochemical processes to decrease contaminant concentrations to levels within regulatory 
limits in a given time period. This strategy could be applied at sites where ground water 
compliance would be achieved with natural flushing in 100 years, where effective monitoring 
and institutional controls could be maintained, and where the ground water is not currently 
and is not projected to be a drinking water source.  

Active ground water remediation. Active ground water remediation requires the 
application of engineered ground water remediation methods such as gradient manipulation, 
ground water extraction and treatment, and in situ ground water treatment to achieve 
compliance with EPA ground water protection standards.  

7.2 .Site-Specific Compliance 

To achieve compliance with Subpart B of 40 CFR 192 at the Grand Junction site, the DOE 
proposed action is no remediation and application of supplemental standards based on the criteria 
for limited use ground water (40 CFR 192.21 [g]). For ground water to be classified as limited 
use, at least one of three criteriamust be met: 

"• TDS concentrations are at least 10,000 mg/L.  

"* Widespread ambient contamination not due to ore-processing activities exists that cannot be 
cleaned up using treatment methods reasonably employed in public water supply systems.  

"• The quantity of water reasonably available for sustained continuous use is less than 
150 gallons per day.  
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Figure 7-1. Compliance Selection Framework for the Grand Junction Site
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The second criterion applies to alluvial ground water at the Grand Junction site and is the basis 
for the classification of limited use. Ground water in the uppermost aquifer is not a current or 

otential source of drinking water.  

The applicability of supplemental standards at the Grand Junction site is described in this 
section, and the potential risk to human health and the environment was addressed in the BLRA 
(DOE 1995a) updated risk information is presented in Section 6 of this document This proposed 
action was determined by applying the compliance strategy selection firamework shown in 
Figure 7-1.  

7.2.1 Assessment of Environmental Data 

7.2.1.1 Background 

The original SOWP (DOE 1996d) indicated that the criterion of widespread ambient 
contamination in the alluvial aquifer of the Grand Valley might be justified. This premise was 
based on the following evidence: 

"Naturally occurring levels of molybdenum, selenium, and uranium in upgradient and regional.  
ground water exceed UMTRA Project MCLs or national primary drinking water standards. A 
study of northwestern Colorado municipal water systems, which did not include Grand 
Junction. specifically, concluded that ground water with types and levels of contaminants 
similar to those in the alluvial aquifer would not be adequately cleaned up for human 
consumption using reasonably available treatment systems. From discussions with U.S.  
Bureau of Reclamation personnel, it was learned that water would continue to leak out of 
unlined canals upgradient of the site and leach naturally occurring constituents from the 
Mancos Shale, further contributing to widespread ambient contamination.  

"* The BLRA concluded that alluvial ground water quality in the area is naturally poor, was not 
currently being used, and that local institutional controls required new developments to hook 
up to city water. Water that was being discharged into the Colorado River did not appear to 
represent unacceptable risks to human health or the environment.  

7.2.1.2 Hydrologic Assessment 

The first step in the decision process was an assessment of both historical and new 
environmental data collected to characterize hydrogeologic conditions and the extent of ground 
water contamination related to uranium-ore processing at the site. The three main hydrogeologic 
units beneath the Grand Junction site are the unconfined alluvial aquifer, the underlying aquitard 
composed primarily of shale units in the Cretaceous Dakota Sandstone, and the confined aquifer 
in sandstones of the Dakota Sandstone. The alluvial aquifer is considered the uppermost aquifer 
at the site. Surface components of the hydrologic system in the area include the Colorado River 
along the south boundary of the site and irrigation canals and ditches north of the site.  

The alluvial aquifer is composed of unconsolidated clays, silts, sands, gravels, and cobbles.  
Ground water is unconfined in the alluvial aquifer; depth to the water table ranges from zero near 
• he river to approximately 20 ft (6 m) at the northern end of the site. The saturated thickness of 
ae aquifer ranges from 5 to 20 ft (1.5 to 6 m). Ground water generally flows to the southwest 

toward the Colorado River at a horizontal gradient of approximately 0.004. The alluvial aquifer 
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is recharged by infiltration of precipitation directly on the site, leakage from upgradient irrigation 
canals and ditches in the area, and infiltration of river water during spring runoff in the Colorado 
River. Seasonal fluctuations in water levels beneith the site range from 2 to 5 ft (0.6 to 1.5 m) in 
response to changes in river stage. Limited amounts of recharge also occur as upward leakage of 
ground water from the underlying Dakota Sandstone aquifer. Ground water discharge is 
primarily limited to drainage into the river during low stage. Some discharge also occurs as 
evapotranspiration from vegetation growing in areas of shallow ground water depth near the 
Colorado River. Hydraulic conductivity in the alluvial aquifer ranges from 20 to over 200 M/day, 
based on aquifer pumping tests in several monitor wells. The variability is a result of lateral and 
vertical facies changes typical of alluvial depositions and from other boundary conditions in the.  
vicinity. The average linear ground water velocity beneath the site is 2.0 ft/day, -based on an 
estimated average hydraulic conductivity of 100 ftiday, a hydraulic gradient of 0.004, and an 
effective porosity of 0.20.  

Underlying the alluvial aquifer is a shale aquitard composed of low-permeability shale units in 
the Dakota Sandstone. Thickness of the shale aquitard in the Dakota may be as much as 50 ft; 
depths to the top of the aquitard range from less than 10 ft to more than 75 ft below the ground 
surface. Although the shale unit is regarded as an aquitard, wells completed within the unit 
indicate that it is saturated with ground water. Horizontal hydraulic conductivity for the aquitard 
is variable depending on the degree of weathering of the unit, but the lower end of the range for 
unweathered material may be as low as 0.02 ft/day. Previously collected data indicate that 
vertical hydraulic gradients are generally upward, with a few exceptions noted during high water 
levels in the alluvial aquifer associated with high river stages.  

The confined aquifer in sandstones of the Dakota Sandstone underlies the shale aquitard. This 
aquifer has not been extensively characterized during site investigations because of the presence 
of the overlying aquitard and vertic:al upward hydraulic gradients that minimize the potential for 
any infiltration of contamination from the alluvial aquifer. Recharge to the Dakota Sandstone 
occurs as infiltration of precipitation on outcrops to the south. Ground water flow direction in the 
Dakota beneath the site likely follows regional gradients, which vary between a northwest and a 
northeast orientation. Sose information on hydraulic conductivity for this unit indicates a range 
from 0.02 to 0.13 fl/day.  

7.2.1.3 Ground Water Contaminants 

The second step in the decision process was to compare the list of ground water contaminants to 
MCLs or to concentrations in background ground water. A modified list of COPCs identified in 
the 1995 BLRA was evaluated using 1998 sampling data. Potential risks calculated using the 
recent data for a residential scenario indicated that the major risk contributors were uranium, 
ammonia, iron, manganese, molybdenum, and vanadium. Although there is no consensus as to 
what concentration of sulfate is acceptable in drinking water, concentrations detected in the site 
ground water are sufficiently high to be of probable concern. A discussion of COPCs is 
presented in section 6.1.2, and data are presented in Table 6-1.  
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7.2.1.4 Applicability of Supplemental Standards 

The third step in the decision process determines whether contaminated ground water qualifies 
ior supplemental standards on the basis of limited use ground water. Ground water in the 
unconfined alluvial aquifer is of limited use because of widespread, elevated concentrations of 
naturally occurring uranium and selenium.  

Background Concentrations 

Uranium values for background ground water average 0.047 mg/L (the MCL is 0.044 mg/L).  
Activity concentrations for 234U + 23BU average 42 pCifL, well above the 30 pCi/L MCL.  
Analytical data for the background ground water quality are shown in Table 7-1 and 
Appendixes D and H.  

Background selenium values average 0.04 mg/L; the UMTRA MCL is 0.01 mg/L. Selenium 
concentrations are high in some wells and not detected in others. The population is bimodal; if 
the nondetect values are assumed to be the detection limits, the average of 0.04 mg/L is above 
the MCL of 0.01 mg/L. Previous studies by the U.S. Geological Survey found concentrations of 
selenium in valley ground water up to 0.88 mg/L (Butler et al. 1994).  

The source of uranium and selenium in background ground water is thought to be the dark . _ 
marine shales in the Mancos Shale (discussed in Section 5.1.2.2). Black shales are known to 
contain unusually high concentrations of uranium (Levinson 1980), and Late Cretaceous marine 
shales, such as the Mancos, are known td have high concentrations of selenium (USGS 1997).  
These shales underlie most of the valley and are leached by ground water moving to the south 
-md southwest.  

Other constituents in background ground water that have concentrations above the secondary 
drinking water standards in the Safe Drinking Water Act include chloride, iron, manganese, 
sulfate, and TDS (Table 7-1). Although the secondary drinking water standards are not 
enforceable, they do indicate that the background ground water is of poor quality. The mean 
TDS concentration for background ground water is 5,238 mg/L, which is below the 10,000 mg/L 
that defines a limited-use aquifer, but still elevated. The data for uranium and selenium 
concentrations support the use of the criterion of widespread ambient contamination in the 
alluvial aquifer.  

Reasonableness of Ground Water Treatment 

Ground water from the alluvial aquifer is not a current or potential source of drinking water.  
Potable water is readily available from the municipal water system in the vicinity of the site.  
Ground water from the alluvial aquifer has no current use, and there is no historical record of 
wells completed in this unit beneath or downgradient of the site. Future use of ground water from 
the alluvial aquifer is unlikely based on historical information and the planned future 
development of a park and recreational facilities in the area. Therefore, the current and 
reasonably projected uses of site-affected ground water would be preserved with the application 
of supplemental standards.  
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Table 7-1. Summary of 1998 Alluvial Ground Water Quality 

Maximum Mean MCL SMCL RBC 
Contaminant mg/L mg/L mg/L mg/l 

Ammonia (as NI-14) 
Plume 233 71.4 0.20 (as NH3) 
Background 0.321 0.093 

Amrsenic 
Plume 0.0349 0.005 0.05 0.001 N 

Background 0.0014 n/a 0.000045C 

Chloride 
SPlume 1,160 796 250 

Background 991 437 

Fluoride 
Plume 7.57 1.93 4 2 2.2N 

Background 1.62 0.895 

Iron 
Plume 21.2 3.88 0.3 11N 

Background 3.13 0.552 

Manganese 
Plume 4.54 2.82 0.05 1.7N 

Background 2.22 1.4 

Molybdenum 
Plume 0.299 0.101 0.1 0.18 

Background 0.124 0.0587---.  

Selenium 
Plume 0.018 n/a J.01 0.18 

Background 0.137 0.038 1 

Sulfate 
Plume 3,700 3,154 250 

Background 3.720 2.566 

r34ii; 23
SU___________ ____ 

Plume 1,668 215.3 30 pCiL.  
-&ckground 57 42 

Uranium (total) 
Plume 2.5 0.304 0.044 

Background 0.0682 0.0469 

Vanadium 
Plume 0.832 0.0857 0.26 

Background 0.0049 0.0019 

Total Dissolved Solids 
Plume 7,840 6,525 500 

Background 7,400 5,238 
NOTE: SMCL-secondary maximum contaminant level 

RBC--rsk based concentration (human health) 
N-noncarcinogenic risk 
C--carcinogenic risk
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Even though ground water has no current or projected use, a study was performed to test how 
reasonable the costs would be to treat contaminated ambient ground water for municipal potable 
.ise. The study addressed the criterion in 40 CFR 192.11 (e)(2) that the water cannot be treated by 
"methods reasonably employed in public water systems." Appendix J describes the results of this 
study, which was based on information provided by contractor personnel and guidance in 
Guidelines for Ground-Water Classification Under the EPA Ground-Water Protection Strategy 
(EPA 1988). The study shows that the cost of producing potable water from the alluvial aquifer 
is conservatively estimated at $680 per household per year. This value exceeds the threshold of 
$300 per household per year provided by the EPA 1988 guidelines; adjusted for inflation of 
3 percent per year, which results in a current threshold of $400 per year, the cost is still well 
above the threshold. The three sources of municipal water in the Grand Valley are Grand 
Junction city water, Clifton water, and Ute water. Mr. Terry Franklin, Grand Junction Water 
Superintendent, provided average private household domestic costs for local water. The average 
household uses about 8,000 gallons per month; therefore the cost for each is 

* Grand Junction: $222 per year per household 
* Clifton water: $222 per year per household 
* Ute water: $216 per year per household 

These amounts are about one-third the estimated cost of treating alluvial ground water.  

7.2.1.5 Human Health and Ecological Risks 

The fourth step in the decision process considers whether the human health and environmental 
risks of applying supplemental standards are acceptable. Assessment of site conditions and 
•,onsideration of potential effects on environmental resources indicate that supplemental 
standards will be protective of human health and the environment.  

The BLRA (DOE 1995a) and the update presented in this SOWP indicate that residential use of 
ground water, mainly as drinking water, presents the only unacceptable pathway for exposure to 
ground water at the site. If site ground water were used exclusively for residential consumption, 
risks" would exceed EPA's acceptable level of I x 10-6 for carcinogens and a total HI of 1 for 
noncarcinogens. The largest contribution to noncarcinogenic risks from site ground water would 
be from uranium, ammonium, arsenic, fluoride,' iron, manganese, molybdenum, and vanadium.  
Uranium would also produce the largest carcinogenic risk (see Table 6-2). Table 7-2 lists the 
COPCs discussed in the 1995 BLRA and presents a summary of the rationale for retaining them 
in or deleting them from the 1998 update.  

Although risks calculated for use of site ground water in a residential setting are unacceptably 
high, no risks currently exist at the site because no pathways for human use of ground water are 
complete at this time. Risks associated with ground water atfthe site will continue to be 
acceptable in the future as long as no significant changes in ground water use occur. Because 
institutional controls on site ground water are in place and are likely to continue (see 
Section 7.3.1), current and future human health risks are acceptable.  

DOE/Grand Junction Office Site Observational Work Plan for Grand JAnction, Colorado 
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Table 7-2. Human Health and Ecological Risk COPC Update Summary3-.  

IL 

RE0 

911

ldentified as a COPC If concentrations exceeded the calculated acceptable risk for a hypothetical residential ex-posure scenario.  4Identfljj as a COPC I concntrations exceeded an ecological benchmark or threshold.  
"Screened out as a COPC in the original BLRA through evaluation of ground water ingestion only. retained here for evaluation through Inhalation pathway.  
'HI u Hazard index 
"RBC w Risk-based concentration (EPA 1998a) 
'HO Hazard quotient

UMTRA MCI Updated COPC Update COPC Comments and Rationale for Retaining as a COPC COPC mgIL i for Human Health for Ecological HR: Human Health Risk 
.__ RiskV Risk" ER: Ecological Risk 

Ammonia' y y HR: Hid > 1 for Inhalation in residential setting 
ER: One surface water concentration exceeded RICO 

Arsenic 0.05 Y N HR: Risks higher than acceptable; MCL not exceeded 
Cadmium 0.01 N N HR: Insignificant contribution to total risk 
Cobalt N N HR: Insignificant contribution to total risk 
Fluoride N N HR: No evidence of use at nillsite 
Iron Y_...._VN HR: HQ!:i I 
Manganese Y Y HR; HQ > 1 

HR: HQ > I 
Molybdenum 0.10 Y Y ERP Concentration In cattail stems 2 to 3 times greater in site area than in 

reference area 
Nickel N N HR: Insignificant contribution to total risk 
Nitrate 44 N N HR: Plume concentrations are within background range 
"2wRa , 5 pCi/g N N HR: Plume concentrations are within background range 
Sulfate Y N HR: Toxicity data are currently under evaluation by EPA, but 

concentrations are high enough to be of probable concern 
HR: Primary carcinogenic and noncarcinogenic risk contributor 

Uranium C,4 V Y ER: Concentration in one surface water sample exceeded EPA's Ecotox 
,,_ _threshold and lowest chronic value 

HR: Concentrations exceed RBC but have decreased two orders of 
Vanadium Y y magnitude from historical values 

ER: Concentration In one surface water sample exceeded EPA's Ecotox 
"threshold and lowest chronic value 

Zinc N N HR: Insignificant contributor to total risk 
NOTE: Boldface type indicates COPCs that were retained in 1998 update of BLRA
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Ecological Risk 

"cological risk assessments evaluate the likelihood that adverse ecological effects are occurring 
or might occur as a result of exposure to a physical, chemical, or biological entity. Section 6.2 
and Appendix I describe the collection and evaluation of information from surface water, 
sediment, and vegetation to determine risks to the environment. Samples were collected from the 
plume area and from a reference area located in an ecologically similar environment about 
3 miles (5 Im) east (upgradient) along the Colorado River.  

Results of this sampling indicate generally low levels of a few COPCs in sediment, surface 
water, and plant tissues. Some residual levels of millsite-related constituents still remain in 
ponded areas along the Colorado River that receive little or no regular surface water flushing.' 
Nearly all the data indicate no significant differences between the Grand Junction site and the 
reference area for concentrations of COPCs in biotic and abiotic media. Because isolated 
maximum values for some constituents exceeded threshold values, it is recommended that 
ammonia in surface water, uranium in surface water, vanadium in surface water, vanadium in 
reed canarygrass stems, manganese in cattail stems, and molybdenum in cattail stems be retained 
as COPCs. Because data evaluation did not indicate an unacceptable ecological risk for the 
Grand Junction site, no further ecological risk assessment was performed. Table 7-2 lists the 
COPCs discussed in the 1995 BLRA and presents a summary of the rationale for retaining them 
in or deleting them from the 1999 update.  

7.2.1.6 Compliance Strategy Selection 

The fifth and final step in the decision process is the selection of an appropriate compliance 
trategy to meet the EPA ground water protection standards. The selected strategy is no 
-'mediation and application of supplemental standards based on the criterion of limited use 

ground water (40 CFR 192.21 [g]). Ground water in the uppermost aquifer is not a current or 
potential source of drinking water because "widespread, ambient contamination not due to 
activities involving residual radioactive materials from a designated processing site exists that 
cannot be cleaned up using treatment methods reasonably employed in public water systems..." 
(40 CFR 192.1 l[e][2]).  

7.3 Implementation of Supplemental Standards 

7.3.1 Institutional Controls 

7.3.1.1 On-Site Controls 

The State of Colorado, through the Colorado Department of Public Health and Environment (the 
Grantor), transferred the Climax millsite property to the City of Grand Junction (the Grantee) via 
two quitclaim deeds recorded in the Mesa County Courthouse, Book 2320, pages 882 to 886, on 
March 29, 1997. As part of the agreement, the City agrees "not to use ground water from the site 
for any purpose, and not to construct wells or any means of exposing ground water on the 
property unless prior written approval of construction plans, designs and specifications is given 
by the Grantor and the U.S. Department of Energy." 

DOE/Gand Junction Office Site Observational Work Plan for Grand Junction, Colorado 
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7.3.1.2 Downgradient Controls 

Several controls are in place for private landowners downgradient of the millsite. The question o 

institutional controls has been investigated in the past.  

Considerable research found no evidence that anyone was drinking water from the alluvial 

aquifer in the area of the millsite (see Appendix J). This conclusion resulted from inquiries with 

the Colorado State Engineer's Office for well permits, the City of Grand Junction water service 

records, visual physical inspections, and contact with about 40 percent of the landowners in the 

affected area.  

As of 1998 the State Engineer's Office has no records of wells installed in the alluvial aquifer on 

or downgradient of the site. The nearest alluvial wells are south of the Colorado River on 

Orchard Mesa, which is not in the flow path of ground water from the alluvial aquifer.  

Although the City of Grand Junction will not prevent someone from drilling a well, it does 

require citizens to hook up to municipal water lines for potable water.  

The Western Colorado Botanical Gardens has a sump near the Colorado River for pumping 

water to the ponds on the western side of their property. Water from the lowermost and largest 

pond is used for watering the gardens but not for human consumption. The pond is lined to 

prevent surface water from contacting ground water and is fenced to prevent access. Analysis of 

pond water indicates uranium levels are below the MCL.  

7.3.1.3 Public Involvement Plan 

A Public Involvement Plan (MAC-GWGRJ 11.6.2) was prepared for the Grand Junction site.  

The plan describes the history of the UMTRA Project legislation and scope, a brief history of the 

Climax mill, Phase I (surface remedial action) at the site, the reasons for soliciting public 

involvement, and a summary of results from information gathered for this study. It also describes 

the types of public responses that were recorded at the public meeting conducted June 22, 1995.  

The public comments received at the meeting are included in Volume II of the PEIS 
(DOE 1996c).  

A meeting was held in March 1999 with the City Council, other representatives from the city and 

county, the State Engineer's Office, CDPHE, and the public (see Table 7-3). Discussions 
included information gathered for this study, risks to human health and the ecology, and the 
supplemental standards compliance strategy based on the classification of limited use ground 
water. The purpose of the meeting was to inform the public about decisions that affect the 
community and to solicit comments for consideration during planning of the final compliance 
strategy.  

Site Observational Work Plan for Grand Junction, Colorado DOE/Grand Junction Office 
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Table 7-3. Public Participation Activities To Be Conducted Before Completion of the Environmental 
Assessment, SOWP, and Compliance Strategy 

Activity Scheduled Date 
Send letter describing the proposed compliance 
strategy to: 

City Council February 19, 1999 
County Commissioners 
Planning Commission 
State Engineer's Office 

Send letter to adjacent property owners February 26, 1999 
Make presentation to City Council during regularly March 3,1IM 
scheduled meeting. (D. Metzler, DOE-GJO) March_3,_1_99 
Press releases (as needed) July 15. 1999 
Publish public notice in the Daily Sentinel twice a week 
for two months before issuing the Finding of No July 15, 1999 
Significant Impact (FONSI) 
Public meeting To Be Determined 

"The Public Involvement Plan also provides a schedule for producing the Environmental 
Assessment and the Finding of No Significant Impact and for holding any meetings deemed 
necessary during this process (see Table 7-4). These documents are planned for completion in 
fiscal year 1999.  

Table 7-4. Scheduled Public Participation Actvities for Preparing the Environmental Assessment of 
Ground Water Compliance at the Grand Junction UMTRA Project Site 

Activities Scheduled Date
Review of draft Environmental Assessment by the State of Api 1999 
Colorado A__ _ _1999 
Notification of Environmental Assessment availability: 
- News release May 1999 
- Federal Register notice (not required) 
Transmit draft Environmental Assessment to interested June 1999 
stakeholders, other agencies, public (upon request) June_1 _99 

Place copies of Environmental Assessment in public locations: 
- Mesa County Ubrary June1999 

- DOE-GJO Reading Room 
* Other 

Hold public meetings As Needed 

Comments received from stakeholders July 1999 

Comments addressed July 1999 

News release of Finding of No Significant Impact (FONSI) August 1999 
approval 

Final Environmental Assessment and Finding of No Significant September 1999 
Impact Issued to the public, stakeholders, and agencies 

Place copies of Environmental Assessment in public locations: September 1999 
- Mesa County Ubrary 
* DOE-GJO Reading Room 
. Other 

L JJJii i U .IL .hI
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7.4 Future Activities and Contingencies.  

Future activities for the site will include verification of institutional controls to ensure continued 
protection of human health and the environment. Verification will be conducted annually for the 
next 5 years and will consist of consultation and documentation of discussions with the Grand 
Junction City Engineering Department, the State Engineer's Office, and the local office of the 
Colorado State Water Quality Division. If no changes are found or if no issues arise that might 
compromise established institutional controls, contacts will subsequently be made every 5 years 
for the next 20 years. Documentation of the contacts will consist of telephone logs sent to the 
UMTRA Ground Water Project file for the Grand Junction site. All future activities will be 
conducted through the Long-Term Surveillance and Monitoring Program.  

Limited ground water monitoring is proposed as a best management practice to determine when 
concentrations of site-related constituents are at a level that certain uses of ground water may no 
longer be restricted. Determination of concentration levels and potential uses of ground water 
will be made on a case-specific basis by DOE, the State of Colorado, and the City of Grand 
Junction. Monitoring locations will include on-site monitor wells 1014 (the well with highest 
contaminant levels) and 1001 (directly downgradient from 1014), off-site and downgradient 
monitor well 590, background monitor well 745, and surface water location 427 (Colorado River 
downgradient from the millsite). Analytes will include ammonia (as NH4), molybdenum, and 
uranium. Samples will be collected and analyzed annually for the first 5 years by the Long-Term 
Surveillance and Monitoring (LTSM) Program. If concentrations in ground water are steady or 
decreasing after this time, samples will be collected and analyzed every 5 years. If analyte 
concentrations are consistently below MCLs or baseline values during these 5-year intervals, the 
analyte li.. may be modified. Monitoring will continue for 5-year increments and be evaluated at 
these times until all analytes are below MCLs or baseline values, or until the monitoring progran 

is modified or terminated.  

Natural flushing is expected to decrease the concentrations of site-related constituents (ammonia, 
molybdenum, and uranium) in the alluvial aquifer over time. Natural processes such as dilution, 
dispersion, and sorption are the mechanisms that reduce contaminant concentrations in ground 
water. Since natural flushing was not part of the compliance strategy for ground water protection 
at the Grand Junction site, the collection of data and level of activity necessary to support a 
quantitative modeling study was not warranted. However, in a qualitative sense, it is estimated 
that natural flushing processesin the alluvial aquifer should significantly reduce site-related 
contaminants in ground water within a 100-year period. This estimation is based on an average 
hydraulic conductivity of 100 ft/day, a horizontal gradient of 0.004, and an effective porosity of 
20 percent, which gives an average linear ground water velocity of 2 ft/day (730 fi/yr). Based on 
this linear ground water velocity, contaminant particles at the upgradient end of the area of site
related contamination would take approximately 8 years to traverse the 6,000 ft downgradient 
(southwest) to the discharge point in the Colorado River. If it were to conservatively take 10 pore 
volumes of ground water to flush significant amounts of contaminants from the aquifer, ground 
water quality would likely be approaching background levels in 80 to 100 years. Uranium in 
ground water beneath the site is relatively mobile, as predicted by the measured Kd, which has a 
value of approximately 1.0. A number of physical and chemical factors enter into the processes 
and affect the actual time required for changes to take place in the aquifer. For example, 
upgradient ground water migrating on site has naturally elevated concentrations of certain 
constituents. Evaluation of decreasing concentration levels and potential future uses of ground 
water in the vicinity of the Grand Junction site will be made by DOE, the State of Colorado, and 
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the City of Grand Junction in conjunction with the best management practice of limited ground 
water monitoring.

zxDwrand Junction Office 
may 1999
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.... ,NITOR WELL REPORT (USEE300) FOR SITE GRJO1, GRAND JUNCTION 
REPORT DATE: 211111999 8:47 am 

NORTH EAST BORE BORE TOP OF 
COORD. COORD. GROUND HOLE HOLE CASING CASING CASING SCREEN SCREEN ZONE 

LOCATION (FT STATE- (FT STATE- ELEV. DEPTH DIA. ELEV. LENGTH DIAMETER DEPTH LENGTH FLOW OF 
CODE PLANE) PLANE) (FT NGVD) (FT BLS) (INCHES) (FT NGVD) (FT) (INCHES) (FT BLS) (FT) CODE COMPL 

0588 459315 1135827 4570.6 16.1 6.6." 4570.3 16.8 4.0 7.1 10.0 U AL 

0590 459399 1130965 4564.2 15.5 6.6 4586.7 15.0 4.0 7.2 8.3 D AL 

0713 462539 1149188 4611.9 39.0 4.0 4611.9 37.6 - - U AL 

0715 465065 1149497 4632.7 59.0 4.0 4633.1 59.4 -- U AL 

0724 459762 1131040 4563.9' 142.0 6.0 4585.8 142.8 2.0 129.0 10.0 U KD 

0726 459261 1130926 4566.7 140.0 6.3 4568.6 141.9 4.0 109.5 30.0 U KD 

0732 481158 1129019 4564.6 21.0 6.0 4566.7 23.1 2.0 14.0 1.0 D AL 

0735 460079 1130930 4563.8 50.0 6.0 .4585.7 39.9 2.0 26.0 10.0 D KD 

0736 460066 1130939 4564.1 15.5 6.0 4585.9 16.8 2.0 8.0 5.0 D AL 

0740 459776 1131670 4565.3 18.0 6.0 4567.9 19.5 2.0 10.0 5.0, D AL 

0741 460664 1132717 4573.7 55.5 6.0 4574.0 45.4 2.0 33.0 10.0 C KD 

0742 460642 1132716 4573.7 23.0 6.0 4574.2 23.5 2.0 16.0 5.0 C AL 

0743 459359 1138737 4574.1 50.0 6.0 4576.1 37.0 2.0 23.0 10.0 U KD 

0744 459360 1136718 4573.9 15.0 6.0 4576.2 17.2 2.0 8.0 5.0 U AL 

0745 460907 1136625 4578.8 22.0 6.0 4580.8 21.9 2.0 13.0 5.0 U . AL 

0746 462232 1135474 4585.8 25.0 6.0 4587.9 27.0 2.0 18.0 5o0 U AL 

1000 459213 1132560 4564.6 9.2 8.0 4566.8 10.9 4.0 3.7 5.0 0 AL, 

1001 459288 1132654 4567.2 12.1 8.0 4589.7 14.1 4.0 6.6 5.0 0 AL 

1002 459477 1132900 4570.2 13.3 8.0 4572.6 15.8 4.0 8.3 5.0 0 AL 

1010 459680 1130096 4587.5 23.9 12.3 4570.1 25.4 4.0 12.4 10.0 D AL 

1011 459320 1131707 4585.4 15.0 12.3 4567.7 16.9 4.0 6.4 8.0 D AL 

1012 459540 1132242 4566.2 13.3 12.3 4568.6 15.5 4.0 4.9 8.0 0 AL 

1013 459476 1132880 4570.7 16.3 12.3 4573.6 18.9 4.0 5.8 10.0 0 AL 

1014 459839 1133223 4572.3 18.5 12.3 4574.3 20.0 4.0 7.8 10.0 0 AL 

1015 459873 1134015 4571.8 17.3 12.3 4573.5 18.4 4.0' -8.4 8.0.... 0 AL 

Page I
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MONITOR WELL REPORT (USEE300) FOR SiTE GRJ01, GRAND JUNCTION 
REPORT DATE: 2/11/1999 8:47 am

BORE TOP OF 
HOLE CASING CASING CASING SCREEN SCREEN ZONE 
DIA. ELEV. LENGTH DIAMETER DEPTH LENGTH FLOW OF 

(INCHES) (FT NGVD) (FT) (INCHES) (FT BLS) (FT) CODE COMPL.

NORTH EAST BORE 
COORD. COORD. GROUND HOLE 

LOCATION (FT STATE- (FT STATE- ELEV. DEPTH 
CODE PLANE) PLANE) (FT NGVD) (FT BLS) 

1016 459525 1133926 4569.4 15.0 

1017 459663 1135119 4570.5 13.3 

1018 460091 1134921 4573.9 15.1 

1019 460949 1134933 4579.0 27.0 

1020 459638 1139021 4580.9 17.0 

1021 458331 1143968 4586.3 10.7 

1022 459743 1130948 4563.0 19.0 

1023 461340 1161786 4628.5 22.0 

1024 463785 1168175 4638.3 15.3 

1025 461548 1152752 4615.2 35.0 

1026 462343 1140482 4593.7 27.0 

1027 462389 1140321 4593.2 33.0 

1028 462559 1140584 4594.9 34.0 

1029 460999 1128375 4556.2 23.5 

1030 464340 1125985 4555.6 30.5 

1031 464433 1126303 4550.8 12.0 

1032 464844 1126056 4552.2 13.0 

1034 459478 1132919 4569.9 18.0 

1035 459509 1132921 4570.6 19.5 

CW21 467031 1170549 4646.0 10.0

4571.9 

4572.7 

4575.9 

4581.0 

4582.9 

4586.4 

4562.8 

4630.2 

4640.2 

4617.6 

4593.8 

4593.3 

4595.0 

4558.6 

4555.9 

4571.7 

4572.2 

4647.8

16.8 

15.2 

16.5 

28.9 

18.2 

10.5 

17.5 

23.4 

16.7 

34.7 

26.6 

29.9 

31.9 

24.6 

28.9

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

12.3 

9.3.  

9.3 

4.8

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0

4.0 

4.0 

2.0

6.1 8.0 

7.7 5.0 

6.2 8.0 

6.7 20.0 

5.9 10.0 

5.0 5.0 

7.4 10.0 

8.5 13.0 

6.5 8.0 

12.0 20.0 

9.4 16.8 

9.4 20.0 

11.5 20.0 

7.0 15.0 

8.2 20.0 

7.7 10.0 

7.7 10.0 

5.0 4.8

0 

0 

0 
0, 
U 
U 
D 
U 

U 
U 
U 
U 

U 

D 
D 

0 

0 

U

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL

AL 

AL 

AL 
AL

Page 2
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7...sNITOR WELL REPORT (USEE300) FOR SITE GRJ01, GRAND JUNCTION 
REPORT DATE: 2/11/1999 8:47 am 

NORTH EAST BORE BORE TOP OF 
.COORD. COORD. GROUND HOLE HOLE CASING CASING CASING SCREEN SCREEN ZONE LOCATION (FT STATE- (FT STATE- ELEV. DEPTH DIA. ELEV. LENGTH DIAMETER DEPTH LENGTH FLOW OF CODE PLANE) PLANE) (FT NGVD) (FT BLS) (INCHES) (FT NGVD) (FT) (INCHES) (FT BLS) (FT) CODE COMPL.  

RECORDS: SELECTED FROM USEE300 WHERE sie ode--RJ0'AND tce .  ln('0588','0590.'0732..'735','073e','040','0741 ','0742','0743',•'044','074 5','0746-.'071','0715','0724','0726','1000''1001 ','1002','100r7'I,°1008'.'I 10,1Ol1 ','I 012-,'I 013'.'1014'/10t 5'.'101 
6 '-l i,'1 a .-o 1 ',1 0 8 ,'1 0 1 9 ','1 20 ' ,'1 0 21 ,'1 0 2. ' 2 3 '.'1 0 2 4 ' .' 1 02 ,'/1 0 2 ,'/1 0 2 7 ','1 02 8 '/ 1 02 9 ','1 0 3 0 '.'1 0 3 1 ' .' 0 31 0 3 0 34'/o. 1 0 3 5 '.' C W 1 ' 

FLOW CODES: C CROSS GRADIENT D DOWN GRADIENT 0 ON-SITE U UPGRADIENT 

ZONES OF COMPLETION: 
AL ALLUVIUM KD DAKOTA SANDSTONE 

I 

I -. a
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MONITORING WELL COMPLETION LOG GRJOI-0590
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459391 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1130964 
SITE GRAND JUNCTION HOLE DEPTH (FT) 15.50 
WELL NUMBER "0590 WELL DEPTH (FT) 15.50 

WELL INSTALLATION INTERVAL (.T)
SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

4 In. PVC Casing 
4 In. Screen

Seal

Filter Pack

-2.47 to 
7.2 • to

7.2 
15.5

0.0 to 3.3 

3.3 to 15.5

L.60 DATE DRILLED 1/4183 
1.95 SURFACE ELEV. (FT NGVD) 4564.22 

TOP OF CASING (FT) 4566.69 
MEAS. PT. ELEV. (FT) 4566.69 

.SLOT SIZE ON) -, 
Brr SIZE(S) (N) 6.63 

DRILLING METHOD 
SAMPUNG METHOD 
DATE DEVELOPED 
WATER LEVEL (FT BMP) 8.8 
LOGGED BY 
REMARKS

-I-

5-

-10-

3-

4555-

---- - - - -

- Scten

LITHOLOGIC DESCRIPTION

UNIruwn fidvAMw

J I I _ _ _ _

U.S. DEPARTMENT OF ENERGYII PAGE 1 OF 2 1/28&99 
GRAND JUNCTION OFFICE, COLORADO

I 

t 

: 

i
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MONITORING WELL COMPLETION LOG GRJOI-0590

UMTRA GROUND WATER WELL NUMBER 
DATES DRILLED

-u -z 0 t:~

--15

-20

-25-

4550 

4845-

4840-

LITHOLOGIC DESCRIPTION

Bottom of boring at 15.5 ft

PROJECT
I�DAtJfl II WflTIANI

0590 
114183

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 11289 I I -erS GRAND JUNCTION OFFICE, COLORADO I

.733 U.
! 

I UVI!

'%-Dhkln 1"MI-TInN
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MONITORING WELL COMPLETION LOG GRJOl-0713

UMrTRA GROUND WATEP 

GRAND JUNCTION

WELL NUMBER 
DATES DRILLED

0713 
9/14177

Bottom of borhV at 39 ft

PAGE 2 OF 2 1128199
......................L _________ J -�

U.S. DEPARTMENT OF ENERGY 
GRAND JUNCTION OFFICE, COLORADO

PROJECT 
SITE

I

'd frm Previous Page 

LITHOLOGIC DESCRIPTION 

"S.  

MANCOS SHALE: shale, dry, hard

I

P
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MONITORING WELL COMPLETION LOG GRJOI-0715

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 465064.64 DATE DRILLED 9119/77 
LOCATION GRAND JUNCTION, CO EAST COORD. (Fl) 1149497.00 SURFACE ELEV. ( FT NGVD) 4632.74 
SITE GRAND JUNCTION HOLE DEPTH (FT) 59.00 TOP OF CASING (FT) 4633.12 
WELL NUMBER 0715 WELL DEPTH (FT) 59.00 MEAS. PT. ELEV. (FT) 4633.12 

SLOT SIZE (IN) 
WELL INSTALLATION INTERVAL (Fr) BIT SIZE(S) (IN) 4.0 

SURFACE CASING: 
BLANK CASING: PVC DRILLING METHOD CONTINUOUS FLIGHT AUGER 
WELL SCREEN:- SAMPUNG METHOD 
SUMPIEND CAP: DATE DEVELOPED 
SURFACE SEAL: WATER LEVEL (FT BMP) 
GROUT: . LOGGED BY W. Phillips 
SEAL: REMARKS No Well Construction Information.  
UPPER PACK: 

'LOWER PACK:

WELL DIAGRAM LITHOLOGIC DESCRIPTION 

Silty day, damp to wet.soft, brown CL-ML 

4830

5

4625

-10

4820

-15

4815

-20- Note: Free water in mud/grading to more clay below 20.0 and more 
firm 

4610-

U.S. DEPARTMENT OF ENERGY I PAGE I OF 3 112W9 * is e GRAND JUNCTION OFFICE. COLORADO I



MONITORING WELL COMPLETION LOG GRJ01-0715

PROJECT UMTRA GROUND WATER WELL NUMBER 0715 

SITE GRAND JUNCTION DATES DRILLED 9/19/77 

Continued frm Previous Page 

z :: WELL DIAGRAM LITHOLOGIC DESCRIPTION 

48M- 
Gavel GW 

-30

- 4- . •.6,I 

-35- " 

0,., 
4595

-40

-45- ' o 

4585, 

-50

-55 

- - - _____MAJ4COS SHALE: shals.dry hard'

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 3 1128199 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-0715 

PROJECT UMTRA GROUND WATER WELL NUMBER 0715 
SITE GRAND JUNCTION DATES DRILLED 9/19/77 

Confinued from Previous Page 

c WELL DIAGRAM LITHOLOGICD ESCRIPTION

-60

-65" 

-70

-75

-80

-85-

4575

4570

4565

4560

4555

4550

4545

Bottom of boring at 59 ft

1U.S. DEPARTMENT OF ENERGYI PAGE 3 OF 3 1128&99 
15IuMaMu- eGRAND JUNCTION OFFICE, COLORADO

I
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MONITORING WELL COMPLETION LOG GRJOI-0724
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 45976 
LOCATION GRAND JUNCTION. CO EAST COORD. (FT) 1131040 
SITE GRAND JUNCTION HOLE DEPTH (FT) 142.00 
WELL NUMBER 0724 WELL DEPTH (FT) 141.00

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMP/END CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLATION 
6 In. Steel 
2 in. PVC Sch 40 
2 in. Machine Slotted PVC 
2 in. PVC Sch 40 

Cement - Bentonite 
Bentonite Pellets 

1/4" Pea Gravel

INTERVAL (FT) 
-2.0 to 21.0 
-2.0 to 129.0 
129.0 to 139.0 
139.0 to 141.0 

0.0 to 124.0 
124.0 to 126.5 

126.5 to 142.0

2.41 DATE DRILLED 2117/85 to 3/8/85 
0.16 SURFACE ELEV. ( FT NGVD) 4563.93 

TOP OF CASING (PT) 4565.75 
MEAS. PT. ELEV. (FT) 4565.75 
SLOTSIZE (IN) 0.01 
BIT SIZE(S) (IN) 6.016.0 / 6.0 

DRILUNG METHOD ROTARY CORE (NX) 
SAMPUNG METHOD SPLIT SPOON 
DATE DEVELOPED 3112/85 
WATER LEVEL (FT BMP) 11.2 
LOGGED BY W. Wood 
REMARKS

SDIAGRAM LITHOLOGIC DESCRIPTION 

0-2- A.-Fin, sandy day. medium cbsticity. orayish brown CsS 
F.and, tine graed. low-medium Vast! ty. brown SC 

2-4 It. no plasticity, brown MLS 
4860 

4-Ct.sracen Sil sand, fine, no plasticity. brown SM 
6-Slt grve ~ V~with cobbles. potty graded to 0.r. subrounded. no 

o ft. Plasticity. light brown. Note: occasional Seam with sandy day.  
10 s-on oGP-GM 

10-12 IL 

45W- PVC S€h DAKOTA SANDSTONE; Shale. extremely weathered, very soft very 
14-18IL 40 light gray to dark gray.  

16-20 ft.  
20

4W-Begin coring at22 

-30

4530 

-40

4520

Note: Ir sandstone seam at 47 occasional thin seams throughout 

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 3 211)99 
UUKI~U~-U"B GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-0724 

PROJECT UMTRA GROUND WATER WELL NUMBER 0724 

SITE GRAND JUNCTION DATES DRILLED 2117185 to 3/8/85 

Contiused frnm Previous Pagce 
L F i! i

WELL DIAGRAM

_____ I

Sesanlie S Cemnft-
S 
S 
S 

S

50

_70

-80

90

410

UTHOLOGIC DESCRIPTION

Seam of soft, white cLaystone (benttonlte) 1 thick.

4510

4=

"44go

4Ma 

4470

4460-

I I I�N/1AXO___ ___________

a.u

Intercalated sandstone and shale lensee Lt grey to motiud da- ,gry 

Shal carbonaceous, black. Occasional seam of hard. It. grey 
sandstone

Shale, grey.

III •,_._._U.S. DEPARTMENT OF ENERGY I PA&C 2 OF 3 V/49 
GRAND JUNCTION OFFICE, COLORADO O

shale, gray.



MONITORING WELL COMPLETION LOG GRJOI -724

PROJECT UMTRA GROUND WATER WELL NUMBER 0724 
SITE GRAND JUNCTION DATES DRILLED 2/17/85 to 3/8/85 

Continued from Previous Page 

M WELL DIAGRAM I LITHOLOGIC DESCRIPTION 
_.m 1_ _I_

Santonito 

1W Peae 
Gravel 

0.01, 
Slotted 
PVC 

PVC Sot 
40

Note: ight grey seam from 115.5 to 117.5 ft

- Sandstone, I1, grey 

Shale, dark grey 

Coal, black 

........ Sandstone, grey Note: Occasional hale eam 

Shale, ft. a 
. ....... Sandstone. I. grey

U.S. DEPARTMENT OF ENERGY PAGE3OF3 2/1)9 
GRAND JUNCTION OFFICE, COLORADO

-- 20

430

140

450 

--170

--170-

4440

4430

"4420

"4410 

4400

4390-

S9 ." L

Bottom of boring at 142 ft
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MONITORING WELL COMPLETION LOG GRJOI-0726
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459261.07 DATE DRILLED 2/14/85 to 317/85 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1130925.88 SURFACE ELEV. (FT NGVD) 4566.72 
SITE GRAND JUNCTION HOLE DEPTH (FT) 140.00 TOP OF CASING (FT) 4568.59 
WELL NUMBER 0726 WELL DEPTH (FT) 140.00 MEAS. PT. ELEV. (FT) 4568.59 S.. .. SLOT SIZE (IN) 0.01 

WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 7.0 1 6.25 / 4.25 
SURFACE CASING: 7 in. Steel -1.0 to 26.0 
BLANK CASING: 4 in. PVC Sch 40 -1.0 to 110.5 DRILWNG METHOD ROTARY WITH GEAR BIT 
WELL SCREEN: 4 In. Machine Slotted PVC 109.5 . to 139.5 SAMIPUNG METHOD 
SUMP/END CAP: 4 in. PVC Sch 40 139.5 to 140.0 DATE DEVELOPED 3/10198 
SURFACE SEAL: WATER LEVEL (FT BMP) 
GROUT: Bentonite 0.0 to 71.0 LOGGED BY W. Wood 
SEAL: Bentonite Pellets 71.0 to 73.0 REMARKS 
UPPER PACK: 
LOWER PACK: 1/4" Pea Gravel 73.0 to 109.5

-j WELL DIAGRAM sLTHOLOGIC DESCRIPTION 

FILL: Silty clay, high plasticty, occasional lens of Witlty sand. light 
brown CLoML 

s-urace 
4560 Casg a Silty gravel-sand and cobbiles. poorly graded. subrounded to rounded.  

nonplastic, brown. Occasional thin seam of silly day. GM 

-10-
PVC S•hCio 
40 

4550

Silty sand. flne.some gravel. nonplastic. dark gray. SM 

-20

- - DAKOTA SANDSTONE; Shale, very weathered. soft. dark grey.  

464

30

S--- entornke 
4530

-40

4520

U.S. DEPARTMENT OF ENERGY -PAGE1OF3 21199 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-0726

PROJECT UMTRA GROUND WATER WELL NUMBER 0728 

SITE GRAND JUNCTION DATES DRILLED 2/14/85 to X71785.  

Continued ftm Pvlous Page 

0. 2=I WELL DLRA LImIOLOGIC DESCRIPTION 
Luzwir o _ _ __ _ _ _ _ _ _ _

-60

-70

-80

90

-100

-110-

4510

450

44

4490

"4470

441-

,"--pelfts 

114" Pea 
Gra"

=i 

=

Sandstone, fins to medium, IL grey

U.S. DEPARTMENT OF ENERGY I PAGE 2 OF 3 2/1/99 
GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL COMPLETION LOG GRJOI -0726 
PROJECT UMTRA GROUND WATER WELL NUMBER 0726 
SITE GRAND JUNCTION DATES DRILLED 2114/85 to 317/85 

Conbnued from Previous Page 

WEL DIAGRAM LITHOLOGIC DESCRIPTION IL __ __ __ ___0_

-120

30

k4D 

-464

-170-

0.01" 
S- lotted 
PVC

Bottom of boring at 140 ft

I L I. ___________________

U.S. DEPARTMENT OF ENERGY I 
GRAND JUNCTION OFFICE, COLORADO q PAGE 3 OF 3 211199

4440

4430

",20

4410

4400

4390-

1: i
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MONITORING WELL COMPLETION LOG GRJOI-0732

PROJECT UMTRA GROUND WATER NORTHCOORD. (FT) 461157.79 DATE DRILLED 2/25/85 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1129019.45 SURFACE ELEV. (FT NGVD) 4564.61 
SITE -GRAND JUNCTION HOLE DEPTH (FT) 21.00 TOP OF CASING (F") 4566.69 
WELL NUMBER 0732 WELL DEPTH (FT) 21.00 MEAS. PT. ELEV. (FT) 4566.69 

WELL INSTALLATION INTERVAL (FT) SLOT SIZE (IN) 0.01 
IST SIZE(S) (IN) 6.0 

SURFACE CASING: 
BLANK CASING: 2 In. PVC Sch 40 -2.0 to 14.0 DRILUNG METHOD ROTARY WITH 6" BUTTON B 
WELL SCREEN: 2 In. Machine Slotted PVC 14.0 to 15.0 SAMPUNG METHOD 
SUMP/END CAP: 2 in. PVC Sch 40 19.0 to 21.0 DATE DEVELOPED 
SURFACE SEAL: WATER LEVEL (FT BMP) 
GROUT:. Bentonite 0.0 to 10.0 LOGGED BY P. Mckenzie 
SEAL: Bentonite Pellets 10.0 to 12.0 REMARKS
UPPER PACK: 
LOWER PACK: 1/4" Pea Gravel 12.0 to 14.0

LITHOLOGIC DESCRIPTION

Sandy gravel. wel graded, occasional cobble GWS

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 
GRAND JUNCTION OFFICE, COLORADO 2/1199

,Iq uN e F*. em in

1:9
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MONITORING WELL COMPLETION LOG GRJOI-0732 

[PROJECT UMTRA GROUND WATER WELL NUMBER 0732 
SITE GRAND JUNCTION DATES DRILLED 2/25185 

Continued frm Previous Page 

3 I I WELL DIAGRAM UITHOLOGIC DESCRIPTION 
w 0

Ile Poe 
Gw" 

0.01* 

PVC" 

PVC Sdt 
40

B..i • 

s*Si-.'.  
.,.IL.-!• 

"mI'g"." 
* .. Lb2 

*..-!i

DAKOTA SANDSTONE; S•Uale. dai grey

Botto 0 boring at 21.0 It

4M50-

454M

4540--

-15-

-20

-25-

U.S. DEPARTMENT- OF ENERGY PAGE 2 OF 2 2119 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJ0i-0735
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 460079.45 DATE DRILLED 2/18/85 to 3/10/85 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1130930.41 SURFACE ELEV. ( FT NGVD) 4563.82 
SITE GRAND JUNCTION HOLE DEPTH (FT) 50.00 TOP OF CASING (FT) 4565.73 
WELL NUMBER 0735 WELL DEPTH (FT) 38.00 MEAS. PT. ELEV. ("T) 4565.73 "7 sLOT smZE (IN) 0.0 

WELL INSTALLATION INTERVAL (FT) IT SIZE (IN) 6.016'.0 
SURFACE CASING: 5.5 in. Steel -2.0 to 18.9 
BLANK CASING: 2 in. PVC Sch 40 .2.0 to 26.0 DRIPLNG METHOD ROTARY CORE (NX) 
WELL SCREEN: 2 in. Machine Slotted PVC 26.0 to 36.0 SAMPUNG METHOD CONTINUOUS CORE 
SUMPIEND CAP: 2 In. PVC Sch 40 36.0 to 38.0 DATE DEVELOPED 3/12/85 
SURFACE SEAL: WATER LEVEL (FT BMP) 
GROUT: Bentonite 0.0 to 22.0 LOGGED BY W. Wood 
SEAL: Bentonite Pellets 22.0 to 24.0 REMARKS 
UPPER PACK: 
LOWER PACK: 14" Pea Gravel 24.0 to 26.0

j j WELL DIAGRAM LITHOLOGIC DESCRIPTION 

Sandy clay, medium, plasticity, dark brown CLS 

45500 

5 4fisurface ALLUVIUM; Silty sand, fine, nonplastic. brown SM 

64 ft 

PVC Sell 

-- 1 5-- 8-10ft.  

10

10-12 ft Beiltotite 

12-14 ft.  

12-1 ft.DAKOTA SANDSTONE; Shale, highly weathered, soft, dark grey 

16 ¶4-l6 X 

.4545

-20

4540 

U.S. DEPARTMENT OF ENERGY PAGE I OF 2 2119 Uup~i•-er6 GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL- COMPLETION LOG GRJ01-0735

PROJECT UMTRA GROUND WATER WELL NUMBER 0735 

SITE GRAND JUNCTION DATES DRILLED 2/18/85 to 3/10/85 

Continued from Previous Page 

z WEL DIGRAM X9 UTHOLOGIC DESCRIPTION w L.- z co WELD0GA 
_: I C

-30-

-735

-40

-45

-50

-55-

45=

4W0 

4525

420

4515

4510-

0.01" 
- Sloted 

PVC 

PVCSc 
40 

Bentont.  
Penmet 

-SLOUGH

i - i

Bottom of 2�oring at SOft

U.S. DEPARTMENT OF EN_4Gy - PAGE 2 OF 2 2/1/99 
11 ,~ajj -erB GRAND -JUNCTION OFFICE. COLORADO
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MONITORING WELL COMPLETION LOG GRJ0I-0736

PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION. CO 
SITE GRAND JUNCTION 
WELL NUMBER 0736

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:
- 'I, - - -

zj

4560

4555-

z

WELL INSTALLAT 

2 In. PVC Sch 40 
2 In. Machine Slotte 
2 in. PVC Sch 40 

Bentonite 
Bentonite Pellets 

1/4" Pea Gravel

2 
ILl

NORTH COORD. (FT) 460065.79 DATE DRILLED 2124/85 
EASTCOORD.(FT) 1130939.19 SURFACE ELEV. ( FT NGVD) 4564.11 
HOLE DEPTH (FT) 15.50 TOP OF CASING (FT) 4565.90 
WELL DEPTH (OT) 15.00 MEAS. PT. ELEV. (F7) 4565.90 

"SLOT SIZE (IN) 0.01 
ION INTERVAL (FT) EIT SIZE(S) ON) 6.0 

-2.0 to 10.0 DRILUNG METHOD ROTARY WITH DRAG BIT 
d PVC 8.0 to 13.0 SAMIPUNG METHOD 

13.0 to 15.0 DATE DEVELOPED 
WATER LEVEL (FT BMP) 

0.0 to 4.0 LOGGED BY P. Mckenzie 
4.0 to 6.0 :REMARKS

6.0 to 8.0

S114" Pea 
G'rve

0.01" 

PVC

A'0.  

Jes. -Ii 

.a 8°'.ps 

01, 

•..b..., 
01111.*,

LITHOLOGIC DESCRIPTION

Sandy gravel. well graded, occasional cobbles GWS

-i.

-5

-10-

U.S. DEPARTMENT OF ENERGY PAGE I OF 2 2119 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELLCOMPLETIONLOG GRJOI-0736

UMTRA GROUND WATER
SGRAND JUNCTION

WELL NUMBER 0736
DATES DRILLED 2/24185 

SPrevious Page, 

LITHOLOGIC DESCRIPTION 

,I 

I..  

.:,.  

DAKOTA SANDSTONE, Shale, grey 

Bottom of bonng at 15.5 ft

PROJECI 
SITE

4545

4540-

-20-

-25-

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 21119 
II5• •E~e I- GRAND JUNCTION OFFICE, COLORADO P
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MONITORING WELL COMPLETION LOG GRJOI-0737
PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION, CO 
SITE 'GRAND JUNCTION 
WELL NUMBER 0737

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL' 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLAT 

2 in. PVC Sch 40 
2 in. Machine Slotte 
2 in. PVC Sch 40 

Bentonite 
Bentonite Pellets 

1/4" Pea Gravel

NORTH COORD. (FT) 451766.05 DATE DRILLED 2/24/85 
EASTCOORD.(FT) 1132634.60 SURFACE ELEV. (FT NGVD) 4574.50 
HOLE DEPTH (FT) 28.00 TOP OF CASING (FT) 4576.50 
WELL DEPTH (Fr) 24.00 MEAS. PT. ELEV. (FT) 4576.50 

O SLOT SIZE (IN) 0.01 
rION INTERVAL (FT) BIT SIZE(S) (IN) 6.0 

"-2.0 to 20.0 DRILLING METHOD ROTARY WITH REVERT MUD 
d PVC 20.0 to 25.0 SAMPUNG METHOD 

25.0 to 27.0 DATE DEVELOPED 
WATER LEVEL (FT BMP) 

0.0 to 16.0 LOGGED BY P. Mckenzie 
16.0 to 18.0 REMARKS

18.0 to 20.0

_5 z D WELL DIAGRAMS. LITHOLOGIC DESCRIPTION 

FILL: Gravelly clay. ItL brownish grey. NOTE: Extremly loose soft at 
6 to 8 t may indicate utty trench. CLG 

-5-457o

5

Bentonite 

ALLUVIUM: Silty day, with acme gravel, It brownish grey CL-ML 
4565

-10

. Sandy gravel. well graded, dark grayish brown GWS 

4560

1/4'Pea 
4555- Gravel 

-20-W 

S• Slotted 

4550 

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 2/1199 
~eI GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-0737
UMTRA GROUND WATER WELL NUMBER 0737 

DATES DRILLED 2/24185

aas

LITHOLOGIC DESCRIPTION

)NE; ShalM, fissle, moed. to high plasticty. viry

Bottom of boring at 28 ft

PROJECT
V•-DAUlr% II tMIPT"If/M

u17
C, 

0

30

35

-40

-45

A-50 

-55-

-U.S. DEPARTMENT OF ENERGY PAGE2OF2 2/1A9 
11046l-eM GRAND JUNCTION OFFICE, COLORADO I
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MONITORING WELL COMPLETION LOG GRJ0I -0740
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459776.38 DATE DRILLED 2/22/85 to 2/23/85 
LOCATION GRAND JUNCTION, CO EASTCOORD.(Fr)- 1131669.57 SURFACE ELEV. (FT NGVD) 4565.31 
SITE GRAND JUNCTION HOLE DEPTH (FT) 18.00 TOP OF CASING (FT) 4567.86 
WELL NUMBER 0740 WELL DEPTH (FT) 17.00 MEAS. PT. ELEV. (FT) 4567.86 

SLOT SIZE (IN) 0.01 WELL INSTALLATION INTERVAL (FT) SIT SIZE(S) (IN) 6.0 
SURFACE CASING: 
BLANK CASING: 2 In. PVC Sch 40 -2.0 to 10.0 DRILLING METHOD ROTARY WITH BUTTON BIT 
WELL SCREEN: 2 in. Machine Slotted PVC 10.0 . to 15.0 SAMPLING METHOD SPLIT SPOON 
SUMP/END CAP: 2 in. PVC Sch 40 15.0 to 17.0 DATE DEVELOPED 
SURFACE SEAL* " WATER LEVEL (FT BMP) 
GROUT: Bentonite 0.0 to 6.0 LOGGED BY P. Mckenzie 
SEAL: Bentonite Pellets 6.0 to 8.0 REMARKS
UPPER PA.CK: 
LOWER PACK: 1/4" Pea Gravel 8.0 to 10.0

5' WELL DIAGRAM LITHOLOGIC DESCRIPTION 

4W ALLUVIUM: Silty day. low plasticity, brown to dark brown CL-ML 

0-2 IL 

Clayey at with fine sand. low plasticity, dark yellowish brown 
(10YR-4/4) OL 

2-41f. B -- __

111. Sand and gravel, brown to dark brown (I0YR-4/3) GWS 

4660 

6 -814 

8-loft 114'pea 

'10 
4555

10-12 ft.  

U.S. DEPARTMENT OF ENERGY P 
0 h aillll•/m •'1 e M GRAND JUNCTION OFFICE, COLORADO I
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MONITORING WELL COMPLETION LOG GRJOI-0740 

PROJECT UMTRA GROUND WATER WELL NUMBER 0740 

SITE GRAND JUNCTION DATES DRILLED 2=22185 to 2Z23/8S 

Continued frm Previous Page 

I 0 WELL DIAGRAM LITHOLOGIC DESCRIPTION 
O. _ _ _ ___

12-14 f.  

14-16t.

0.01, 

Pvc Sch 
40

I. 0 ' 

I' 
&ft.6-

DAKOTA SANDSTONE: Shale. medium to high plastit, dark grey 

(Y-M)

Bottom of boring at a ft

-15

-20--

-25-

4550

4545

4540-

•U,_____ . PAE2O 2219 U.S. DEPARTMENT OF ENERGY PAGE2OF2 2/99 
W= 7= GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJO1-6741 -
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 460663.51 DATEDRILLED 2/10/85to3/10/98 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1132717.00 SURFACE ELEV. (FT NGVD) 4573.67 
SITE GRAND JUNCTION HOLE DEPTH (FT) 55.50 TOP OF CASING (IFT) -4574.02 
WELL NUMBER 0741 WELL DEPTH (FT) 45.00 MEAS. PT. ELEV. (Fl) 4574.02 

SLOT.SIZE (IN) 0.01 
WELL INSTALLATION INTERVAL (F') BIT SIZE(S) (IN) 6.0/6.0 

SURFACE CASING: 5.5 in. Steel -2.0 to 29.0 
BLANK CASING: 2 in. PVC Sch 40 -2.0 to 33.0 DRILLING METHOD ROTARY CORE (NX) 
WELL SCREEN: 2 in. Machine Slotted PVC 33.0 to 43.0 SAMPLING METHOD CONTINUOUS CORE 
SUMPIEND CAP: 2 in. PVC Sch 40 43.0 to 45.0 DATE DEVELOPED 3/10185 
SURFACE SEAL: WATER LEVEL (FT BMP) 
GROUT: Bentonite 0.0 to 29.0 LOGGED BY W. Wood 
SEAL: Bentonite Pellets 29.0 to 31.0 REMARKS
UPPER PACK: 
LOWER PACK: 114" Pea Gravel 31.0 to 33.0

WELL DIAGRAM UITHOLOGIC DESCRIPTION 

0-2,L F:: ILL: Silty sand, fine, ,. e gravel. nonpastic,. dark brown SM 

4570- 2-4 f1 40 Sandy clay, medium plasticity, dark brown CLS 

44a ft.. ALLUVIUM: Silty sand, fime, nonpi~astic. brown SM 

ft u,1aw 'o Silty gravel, with sand, subrounded, poorly graded. nonpiasthc, brown -- in f a( GM 
108-101 0.} 

12-121ft. D C1 0' 

12-14 ft 
4580 

14-168 ft.o o C nio 

'16-18 ft 

18-201 f1. q Sandy gravel, with cobbles, well graded, little alit, subrounded, ItL brown 
-20-2 GWS 

22-24 t1 45 0- 24-26 -ft 

DAKOTA SANDSTONE; Shale, highly weathered, sLoft, dark gray 
26-28 ft.  

Bentonito 

4540 -40Pe

Gravel 

0.01" 
81otted ':. __•" " PVC 

--40- - 40 Note: Shale becomes moderately hard 

4530- PVC Sch 
40 

U.S. DEPARTMENT OF ENERGYJ PAGE I OF 2 W/,99 I ~ ~ GRAND JUNCTION OFFICE. COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-0741 

PROJECT UMTRA GROUND WATER WELL NUMBER 0741 

SITE GRAND JUNCTION DATES DRILLED 2/10185 to 3110/98 
Continued frm Previous Page 

O :: WELL DIAGRAM LrrHOLOGIC DESCRIPTION 
" ., I COO

-60

-70

-s0

-90

-100

4520

4510

4500

4490

4480

4470-

14 Pas 
SGr' •

= 
=

Bottom of boring at 55.5 ft

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 2/1/99 GRAND JUNCTION OFFICE. COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-0742

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 460642.09 DATE DRILLED 2/24/85 
LOCATION GRAND JUNCTION. CO EAST COORD. (T) 1132715.69 SURFACE ELEV. ( FT NGVD) 4573.66 
SITE ' GRAND JUNCTION HOLE DEPTH (FT) 23.00 TOP OF CASING (FT) 4574.19 
WELL NUMBER 0742 WELL DEPTH (FT) 23.00 MEAS. PT. ELEV. (FT) 4574.19 

SLOT SIZE ON) 0.01 
WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) ON) 6.0 

SURFACE CASING: 
BLANK CASING: 2 In. PVC Sch 40 -2.0 to 16.0 DRILLING METHOD ROTARY WITH 6" BUTTON BIT 
WELL SCREEN: 2 in. Machine Slotted PVC 16.0 to 21.0 " SAMPUNG METHOD 
SUMP/END CAP: 2 in. PVC Sch 40 21.0 to 23.0 DATE DEVELOPED 
SURFACE SEAL: WATER LEVEL (FT BMP) 
GROUT:. Bentonite 0.0 to 12.0 LOGGED BY P. Mckenzie 
SEAL: Bentonite Pellets 12.0 to 14.0 REMARKS 
UPPER PACK.  
LOWER PACK: 114" Pea Gravel 14.0 to 16.0

WELL DIAGRAM LITHOLOGIC DESCRIPTION 

- - -. -' ' ALLUVIUM; Sandy gravel. well graded GWS 

'SA ,... 1.4.• 

pvcs= 'b.'! S.4 

* 4570-l 

.. S,.': 

LS.  

V. .  

10

6.4 

___ __-_ 'S i; 

r U.S. DEPARTMENT OF ENERGY IPAGE 1 OF 2 2/1)99 iiuAiý-e B GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-0742 

PROJECT UMTRA GROUND WATER WELL NUMBER 0742 

SITE GRAND JUNCTION DATES DRILLED 2/24185 

Continued hrom Previous Page 

L zI EL DIAGRA L J UHOLOGIC DESCRIPTION 
oa- Lu o 0 •,,o .=~oo~oo •o

4M6

4558

4550-

GPOs 

PVC 

PVC Sch 
40

I,.•.., 

,-'I.,.:.  

-..b 

1..b., 

,•I* 

I...& ..  
'•!* 

,e. -, 
*' " ".

I DAKOTA SANDSTONE; Shale

Bottom of boring at 23 ft

-15

-20

-25-

U.S. DEPARTMENT OF ENERGY em GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJd1,40743
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459359.30 DATE DRILLED 2/20/85 to 3/10/85 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1136736.57 SURFACE ELEV. (FT NGVD) 4574.13 
SITE GRAND JUNCTION HOLE DEPTH (FT) 50.00 TOP OF CASING (FT) 4576.10 
WELL NUMBER 0743 WELL DEPTH ("T) 35.00 MEAS. PT. ELEV. (FT) 4576.10 

$ LOT SIZE (IN) -0.01 
WELL INSTALLATION INTERVAL (FT) SIT SIZE(S) (IN) 6.016.0 

SURFACE CASING: 5.5 in. Steel -2.0 to 20.0 BLANK CASING: 2 in. PVC Sch 40 -2.0 to 23.0 DRILLING METHOD ROTARY WITH DRAG BIT 
WELL SCREEN: 2 in. Machine Slotted PVC 23.0 . to 33.0 SAMPLING METHOD SPLIT SPOON 
SUMPIEND CAP: 2 in. PVC Sch 40 33.0 to 35.0 DATE DEVELOPED 3/12/85 
SURFACE SEAL* WATER LEVEL (FT BMP) 
GROUT: Bentonite 0.0 to 19.0 LOGGED BY P. Mckenzie 
SEAL: Bentonite Pellets 19.0 to 21.0 REMARKS
UPPER PACK: 
LOWER PACK: 1/4" Pea Gravel 21.0 to 23.0

.1 WEL DIAGRA LITHOLOGIC DESCRIPTION 

FOE ALLUVIUM; Silly aand. brown to dark brown,(1OYR-4/3) NOTE: Some 0-2 1 PVC so fine gravel below 3 ft SM 

"4570-5-- 4- ft 

0o, Sandy gravel. poorly graded, litle or no fines. low plasticity. IL brown 
GPS 

6-St Surface 

4585- 8-,o0f"-t.' 
155 6-011eatOle Sandy gravel, well graded.RI. brown (1OYR-6/3) GWS 

-10

10-12 ft 

12-14 ILes 

4560
41DAKOTA SANDSTONE; Shale moderately weathered. .L. dark.grey 

16-18 11 

-4555

120- - entonita 

114" Pea 
Gravel 

4550

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 VIM 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-0744

PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION, CO 
SITE GRAND JUNCTION 
WELL NUMBER 0744

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMP/END CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

NOR71 
EAST 
HOLE 
WELL

WELL INSTALLATION 

2 in. PVC Sch 40 
2 in. Machine Slotted PVC 
2 in. PVC Sch 40 

Bentonite 
Bentonite Pellets 

1/4" Pea Gravel

4 COORD. (FT) 459359.70 
COORD. (PT) 1136718.31 
DEPTH (FT) 15.00 
DEPTH (FT) 15.00 

INTERVAL (FT)

-2.0 to 
8.0 to 
13.0 to

8.0 
13.0 
15.0

0.0 to. 4.€ 
4.0 to 6.1 

6.0 to 8.1

0 
0

DATE DRILLED 2/26/85 
SURFACE ELEV. ( FT NGVD) 4573.94 
TOP OF CASING (FT) 4576.15 
MEAS. PT. ELEV. (FT) 4576.15 
SLOT SIZE (IN) 0.01 
BIT SIZE(S) (IN) 6.0 

NG METHOD ROTARY NTH 6" BUTTON BIT 
.ING METHOD 
DEVELOPED 
R LEVEL (FT BMP) 
ED BY P. Mckenzie 
RKS

LrrHOLOGIC DESCRIPTION 

ALLUVIUM; Sandy grvel, well graded, aubrounded GWS

S.14 

.' 4 

R4, 

:JLk*..,, 

011110,.: a 

•. *I,..•. ; 
AP ,--.o 

AD :•4585-

-10-

_ 1w4 Pa 
Gravel

0.01" 
SIo~ed 
Pvc

= 
= 

= 

=

U.S. DEPARTMENT OF ENERGY PAGE1OF2 2119 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-0744 

PROJECT UMTRA GROUND WATER WELL NUMBER 074,- ., _ 

SITE GRAND JUNCTION DATES DRILLED 2/261'5 

Continued from Previous Page 

I OM Q. W DIAGRAM • LITHOLOGIC DESCRIPTION 

-hz 0• , WEL ____-_._ _._ _ _ _ _ _ __._.,

45W

4550-

PVC Sch 
40

b.  

;m'.s'; *..;

IDAKOTA SANDSTONE;. Shale

Bottom of boring at ISft-15-

-20

-25-

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 2/1/99 itAalft -er9 GRAND JUNCTION OFFICE. COLORADO



1::

MONITORING WELL COMPLETION LOG GRJOi-0745
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 460907.05 DATE DRILLED 2/20/85 to 2/21/85 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1136625.46 SURFACE ELEV. ( FT NGVD) 4578.84 
SITE GRAND JUNCTION HOLE DEPTH (FT) 22.00 TOP OF CASING (FT) 4580.76 
WELL NUMBER 0745 WELL DEPTH (FT) 20.00 MEAS. PT. ELEV. (FT) 4580.76 

SLOT SIZE (IN) 0.01 WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 6.0 
SURFACE CASING: 
BLANK CASING: 2 in. PVC Sch 40 -2.0 to 13.0 DRILLING METHOD ROTARY WITH DRAG BIT 
WELL SCREEN:. 2 in. Machine Slotted PVC 13.0 to 18.0 SAMPLING METHOD SPLIT SPOON 
SUMPIEND CAP: 2 in. PVC Sch 40 18.0 to 20.0 DATE DEVELOPED 
SURFACE SEAL: WATER LEVEL (FT BMP) 
GROUT: Bentonite 0.0 to 9.0 LOGGED BY P. Mckenzie 
SEAL: Bentonite Pellets 9.0 to 11.0 REMARKS
UPPER PACK: 
LOWER PACK: 1/4" Pea Gravel 11.0 to 13.0

9 S2 
WELL DIAGRAM LITHOLOGIC DESCRIPTION 

SNOTE: rootless In upper 2ft CL 

457-4 

Boetan"te 

Silty cday, medium to high plasticity. ight bownish grey (SW YR41) CH 

4570- -0t 

10-12 ft 

Gr4 Pa e......Sand. well grdd eSLbon(0R53 SW 

U.S. DEPARTMENT OF ENERGYt PAGE 
IeM GRAND JUNCTION OFFICE, COLORADO P 1 OF 2 1128199
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MONITORING WELL COMPLETION LOG GRJ01 -0745 

PROJECT UMTRA GROUND WATER WELL NUMBER 0745 

SITE GRAND JUNCTION DATES DRILLED 2/20185 to 2121185 

Continued from Previous Page 

WELLDIAGRAM .. THOLOGIC DESCRIPTION 
W 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

- ~4-. a

0.01, 

PVC 

PVC •Sc 
40

Sandy gravel, poorly graded GPS 
0o. 0r 

9.1w•. W.-- Sandy gravel, well graded, little sift, brown (10YR-5/3) GWS 

MANCOS SHALE. Shale. vety fissle. dark grey (10YR-411)

4580

4555-

12-14 ft.  

14-10 ft 

1-lo ft 

18-20 ft 

20-22 ft

Bottom of boring at 22 ft

-15

-20

-25-

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 1/2&19 
ITKA~euc-ers GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-0746

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 462231 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1135473 
SITE GRAND JUNCTION HOLE DEPTH (FT) 25.00 
WELL NUMBER 0746 WELL DEPTH (FT) 25.00

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMP/END CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLATION 

2 In. PVC Sch 40 
2 in. Machine Slotted PVC 
2 In. PVC Sch 40 

Bentonite 

Bentonite Pellets 

1/4" Pea Gravel

INTERVAL (FT)

-1.9 
18.0 
23.0

to 
to 
to

18.0 
23.0 
25.0

0.0 to 14.0 
14.0 to 16.0 

16.0 to 18.0

.93 DATE DRILLED 3/15/85 
.93 SURFACE ELEV. ( FT NGVD) 4585.84 

TOP OF CASING (FT) 4587.85 
MEAS. PT. ELEV. (FT) 4587.85 
SLOT SIZE (IN) 0.01 
BIT SIZE(S) (IN) 6.0 

DRILLING METHOD ROTARY WITH REVERT MUD 
SAMPLING METHOD SPLIT SPOON 
DATE DEVELOPED 
WATER LEVEL (FT BMP) 
LOGGED BY R. Crockett 
REMARKS

LITHOLOGIC DESCRIPTION

ravel and coble, inelt. brown SC

Grave., sandy, line to medium grain, sub-angular to rounded, grey to

5

-10-

U.S. DEPARTMENT OF ENERGY PAGEI1OF2 1/2M 
'~er GRAND JUNCTION OFFICE. COLORADO



MONITORING WELL COMPLETION LOG GRJOI-0746



PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 11321 
SITE GRAND JUNCTION HOLE DEPTH (FT) 9.24 
WELL NUMBER 1000 WELL DEPTH (FT) 8.74 

WELL INSTALLATION INTERVAL (FT) 
SURFACE CASING: 
BLANK CASING: 4 in. PVC Sch 40 -1.98 to 3.74 
WELL SCREEN: 4 In. Machine Slotted PVC 3.74 to 8.74 
SUMP/END CAP: 
SURFACE SEAL: Concrete 0.0 to 2.0 
GROUT: 
SEAL: Bentonite Pellets 2.0 to 3.5 
UPPER PACK: 
LOWER PACK: 20-40 Silica Sand 3.5 to 8.74

*1*

-5-

-10-

1.95 SURFACE ELEV. ( FT NGVD) 4564.63 
TOP OF CASING (FT) 4566.80 
MEAS. PT. ELEV. (FT) 4566.80 
SLOT SIZE (IN) 0.02 
BIT SizE(S) (IN) 8.0 

DRILUNG METHOD HOLLOW STEM AUGER 
SAMPLING METHOD 
DATE DEVELOPED 
WATER LEVEL (FT BMP) 3.3 
LOGGED BY T. Monks 
REMARKS Slow drlling due to high percentage of 
small cobbles from 5 to 9.3'.

LITHOLOGIC DESCRIPTION

ALLUVIUM; Clay with some gravel, 50% fines. 40% fine sands, 10% 
gravel, pale yellow brown, (10YR-6/2) CL

Poorly graded gravel with ilt and cobbles. 50% aubrounded to angular 
gravel. 30% cobbles 314 Inch. 20% fines-days, pale yelow brown.  
(10YR-6/2) GP-GM

Bottom of boring 9.24 ft

MONITORING WELL COMPLETION LOG GRJOI-1000

I L'

I

U.S. DEPARTMENT OF ENERGY P 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJO-14001

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459287.53 DATE DRILLED 9/28/94 to 9/29/94 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1132654.44 SURFACE ELEV. ( FT NGVD) 4567.22 
SITE GRAND JUNCTION HOLE DEPTH (FT) 12.13 TOP OF CASING (FT) 4569.69 
WELL NUMBER 1001 WELL DEPTH (FT) 11.63 MEAS. PT. ELEV. (FT) 4569.69 

.SLOT SIZE (IN) 0.02 
WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 8.0 

SURFACE CASING: 
BLANK CASING: 4 in. PVC Sch 40 -1.25 to 6.63 DRILUNG METHOD HOLLOW STEM AUGER 
WELL SCREEN:. 4 in. Machine Slotted PVC 6.63 to 11.63 SAMPUNG METHOD 
SUMPIEND CAP: DATE DEVELOPED 
SURFACE SEAL: Concrete 0.0 to 4.0 WATER LEVEL (FT BMP) 5.0 
GROUT: LOGGED BY T. Monks 
SEAL: Bentonite Pellets 4.0 to 5.0 REMARKS Fast drilling with less gravel and silty 
UPPER PACK: mntrinl
LOWER PACK: 20-40 Silica Sand 5.0 to .11.63

C0 . 5 Z WELL DIAGRAM LITHOLOGIC DESCRIPTION 

ALLUVIUM; Sifty sand with gravel, 50% fines, 30% fine sands, 20% 

brown (10YR4-62) SM 

concrete 
4565

PVC Sdh 
40 

, __Bentonite -. .:: ' 

PO~s 

Silty sand with gravel; 70% dominantly fine sand; about 20% fines.  
20-4010% aubrounded to angular gravel; no plasticity; reaction to HCL; 20-0 " " pale brown (10YR 6/2). SM 

Sand 

4560

-10--"' 

10 Sandy clay, 60% fines. 40% fine sand, reaction to HCL, low plasticity.  
pale brown (I10YR4312) CIS 

S1DAKOTA SANDSTONE; Shale 

BSough 

I_ __-- Bottom of boring 12.13 ft 

U.S. DEPARTMENT OF ENERGY PAGE I OF 1 2/1199 
iumPV.1j -eI6 GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJO1-1002
PROJECT UMTRA GROUND WATER NORTH COORD. (Fr) 459477.23 DATE DRILLED 9/28/94 to 9/29/94 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1132899.81 SURFACE ELEV. (FT NOVD) 4570.16 
SITE GRAND JUNCTION HOLE DEPTH (FT) 13.29 TOP OF CASING (FT) 4572.62 
WELL NUMBER 1002 WELL DEPTH (FT) 13.29 MEAS. PT. ELEV. (FT) 4572.62 

SLOT SIZE (IN) 0.02 WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 8.0 
SURFACE CASING: 
BLANK CASING: 4 in. PVC Sch 40 -1.78 to 8.29 DRILUNG METHOD HOLLOW STEM AUGER 
WELL SCREEN: 4 In. Machine Slotted PVC 8.29 to 13.29 SAMPUNG METHOD 
SUMPIEND CAP: DATE DEVELOPED 
SURFACE SEAL: Concrete 0.0 to 2.5 WATER LEVEL (FT BMP) 8.45 
GROUT: LOGGED BY T. Monks 
SEAL- Bentonite Pellets 2.5 to 1 5.0 REMARKS Fast drillino. very little oravel
UPPER PACK: 
LOWER PACK: 20-40 Silica Sand 5.0 to 13.29

S•,''... sift nodules, no plasticity. reation to MCL, yellowish brown. (I10YR-2/20) 

.-- ::: 

WELL DIGA LT OGCDSCITO 

4565

* 20-40 *.  

I.-:.:.: 

10 -Organic sift with sand, 90% fines. 10% finesand, low plasticity, reation 
0.02" with HCL. (IOTY-2/2). yellow brown OH 

PVC 

DAKOTA SANDSTONE; Shale 
Bottom of borehole 13.29 ft 

U.S. DEPARTMENT OF ENERGY PAGE I OF I 2/1199 
er GRAND JUNCTION OFFICE. COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1010
PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION, CO 
SITE GRAND JUNCTION 
WELL NUMBER 1010

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

Wo

WELL INSTALLAI 

4 In. PVC Sch 40 
4 in. Machine Slotte 
4 In. PVC Sch 40 
Concrete 

Bentonite Pellets 
16-40 Silica Sand 
10-20 Silica Sand

ILl -I

11-13 ftL

WELL
r -l

NORTH COORD. (FT) 459680.06 DATE DRILLED 1114197 
EAST COORD. (F") 1130095.63 SURFACE ELEV. (FT NGVD) 4567.47 
HOLE DEPTH (FT) 23.85 TOP OF CASING (FT) 4570.05 
WELL DEPTH (FT) 22.77 MEAS. PT. ELEV. (FT) 4570.05 

SLOT SIZE (IN) 0.02 
iON INTERVAL (FT) BIT SIZE(S) (IN) 12.25 

-2.6 to 12.4 DRILMNG METHOD HOLLOW STEM AUGER 
.d PVC 12.4 to 22.4 SAMPLING METHOD SPLIT SPOON 

22A to 22.77 DATE DEVELOPED 12/8/97 
0.0 to 3.3 WATER LEVEL (FT BMP) 15.56 

LOGGED BY L. Spencer 
3.3 to 8.3 REMARKS
8.3 
9.8

DIAGRAM

PVC Sdh 
40 

Bsntonite 
PAkets 

1640 
I---- S~hca 

10-20 
Sdilic 
Sand

to 
to

9.8 
22.77

T�*T

CL
LITHOLOGIC DESCRIPTION

FILL; Silty sand; yellowish brown (10 YR 5/4); 60% sand. 25% sit.  
10% gravel. 5%clay; well graded subrounded cobbles to 114" gravel; 
sight plasticity when wet dry. SM

I7*l Silly $and fine to medium grained; yellowish brown (I10YR 5/4); 60% i! 
-sn,3) it 10% gravel; subrounded, well sorted; slight plasticity 

\we ae:dnrt, S M 
No recovery cobble in shoe. Poor sample.  

Gravel; 80% gravel, 20% sand, sabrounded to subangular, well 
graded; moist. GW 

Gravelly &and; yellowish brown (10YR 5/6); 60% sand, 30% gravel 
(lubrounded), 10% sift well graded; wet. SWG SClayey silt; dark brown (10YR 4/3): 70% Mit, 25% sand (fine to 

Vmedium arained). 5% clay; poorly oraded: low Plasticity; moist. C;L 
No recovery 

Road base; black (10YR 2/1): 60% &and, 30% silt. 10% gravel; 
subm'unded to ubangular, well graded; moist. SM

.Uavely und; ugni yellowish brown IiOyR 6I/4); 60% gravel. 30% 
\sand. 10% silt subrounded to subanaular; well graded& moist GWS 

Silty sand; yellowish brown (1OYR 5/4); 60% sand, 35% gravel, 5% 
aft subrounded to subangular, well graded; mist. Some dark road 
base sands. ocM No recovery - rock in shoe

-5-

-10-

U.S. DEPARTMENT OF ENERGY PAGE1OF2 1/2&9 
GRAND JUNCTION OFFICE, COLORADO -
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MONITORING WELL COMPLETION LOG GRJOI-1010 

PROJECT UMTRA GROUND WATER WELL NUMBER 1010 

SITE GRAND JUNCTION DATES DRILLED 11/4/97 

Continued frm Previous Page 

_ C WELL DIAGRAM UTHOLOGIC DESCRIPTION 
01_ _ _ _ _ _ _ _ _ 

0 Y*~1

3 

17 
17/ 

21 

11 

23 

25 

17 

5 

18 34 

Is 

so

I'.VV.'- Sandy gravel; 60% gravel 50% sand, 10% silt subrounded to 
subanoular, well oraded; wet, Oily odor and asphalt chips. GWS 

! *ALLUVIUM; Sandygravol; very dark gray (10YR 31): 70%gravel 
(subrounded from 1/4" to cobbles). 25% sand (fine grained to medium 

\orainedr, 5% ssit well araded; saturated. GWS 
Slough - No recovery 

.I- Sandy gravel; very dark gray (IOYR 3/1); 70% gravel (subrounded 
* . from 1/4C to cobbles). 25% sand (fine grained to medium grained). 5% 
101 Mt welgrad~d: saturtd. GWS 

*Sand: very dark gray (1OYR 3/1); 100% sand; fairly dean, fine to 
=me grained: poorly graded; subrounded; saturated. Red.'yellow.  

green and black mineral grains, some carbon? Yellowish white tiny 
chert chips. SP 

.'..• Gravelly sand; very dark gray (I0Y 311): fairly dean fine to coarse 
grained with gravel from 114" to ': wel graded; saturated. SWG 

• ;:*.-.t Note: drilling became hard at 22.0 fet. Suspect weathered bedrock 
.....................at this point. Over-drilled due to running sands/gravels coming into thes auger. ° o 

DAKOTA SANDSTONE: Sandstonie: gray (tOYR 811); fine grained. a 
. sinall amount of carbon, a few read and yellow mineral grains; mostly 

:.. .. . . .. ..... dean quar.zose sandstone, weathered.

-15

-20

-25-

Bottom of boring at 23.85 feel

454S

4540-

U.S. DEPARTMENT OF ENERGYI PAGE 2 OF 2 1,2&/9 
SGRAND JUNCTION OFFICE, COLORADO I
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0.02" 
Slotted 
PVC 

PVC Sk h 
40 

4*- Sloug



MONITORING WELL COMPLETION LOG GRJ01.011

PROJECT UMTRA GROUND WATER NORTH COORD. (F") 45932C 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1131706 
SITE GRAND JUNCTION HOLE DEPTH (FT) 15.00 
WELL NUMBER 1011 WELL DEPTH (Fr) 14.65

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN:.  
SUMP/END CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLATION 

4 in. PVC Sch 40 
4 in. Machine Slotted PVC 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 
16-40 Silica Sand 
10-20 Silica Sand

INTERVAL (FT)

-2.2 
6.4 
14.4 
0.0 

2.0 
4.5 
5.0

to 
to 
to, 
to 

.to 
to 
to

6.4 
14.4 
14.65 
2.0 

4.5 
5.0 
.14.65

1.39 DATE DRILLED 11/3/97 
.55 SURFACE ELEV. (FTNGVD) 4565.42 

TOP OF CASING (FT) 4567.67 
fMEAS. PT. ELEV. (FT) 4567.67 
SLOT SIZE ON) 0.02 
BIT SIZE(S) (IN) 12.25 

DRIPLNG METHOD HOLLOW STEM AUGER 
SAMPUNG METHOD_ 
DATE DEVELOPED I115/97 
WATER LEVEL (FT BMP) 8.27 
LOGGED BY L Spencer 
REMARKS

WELL DIAGRAM

Pvc

S?
LITHOLOGIC DESCRIPTION

FILL; Silty sand, yellowish brown (10 YR 514) 60% sand. 30% silt 5% 
gravel. 5% day. slbrounded poorly graded low plasticity, moist, a few 
rootstoot hairn. CL

NO recovery.

No recovery-coocie mi shoe.

ALLUVIUM; Sand, dark grayish brown (10 YR 4/2) fine grained to L medium. 100% sand_ =oooiv oended mmturnted RP

I2~

--10--

0g 
z 

Wir

,4560

4555-

9 

2 

a 

2 

2 

12 

1 

12 

12 

10

U.S. DEPARTMENT OF ENERGY IPAGE1OF2 11W9 
GRAND JUNCTION OFFICE, COLORADO I
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MONITORING WELL COMPLETION LOG GRJOI-1011 

PROJECT UMTRA GROUND WATER WELL NUMBER 1011 

SITE GRAND JUNCTION DATES DRILLED 11/3/97 

Continued from Previous Page 

a WELL DIAGRAM JLITHOLOGIC DESCRIPTION 

OI 0 U. 1 I W DIAGRAM

Lii
PVC Sdl 
40 

4-Slough

I goW.  

x x x x

Gravel 80%, sand 15%, sift 5%, subrounded. wel graded, saturated.

Sand, fine to medium grained. dark yellowish brown (10 YR 4/6) 
quartzos, red, yelow. and black mineral grains, some bis of black

Sand, 100% fine grained dark gray (10 YR 4/1) quarlzose. red, yellow.  
and black mineral grains, some carbon poorly graded, subrounded.  

t •ur~fnd~ RP

Gravel 60%. sand 35%. silt 5%,subrounded well sorted from cobbles to 
114". saturated. GW
DAKOTA SANDSTONE; Bedrock, weathered siltstone, very dark gray (1O YR )1/1• dlnhllv rbn~qun moist Nenkmoeuime

Bottom of boring 15.0 It

10 

6 

21 

41

-15-

-20-

-25-

4550-

4540-

U.S. DEPARTMENT OF ENERGY pAGE2OF2 1/28/9 
EI'aCE.eU'B GRAND JUNCTION OFFICE, COLORADO

carbon ft-f-raded subrounded 100% same' saturated -W -



MONITORING WELL COMPLETION LOG GRJOI-1012
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459540.22 DATE DRILLED 10/31/97 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1132241.70 SURFACE ELEV. (FT NGVD) 4566.24 
SITE GRAND JUNCTION HOLE DEPTH (FT) 13.25 TOP OF CASING (FT) 4568.61 
WELL NUMBER 1012 WELL DEPTH (FT) 13.17 MEAS. PT. ELEV. (FT) 4568.61 

SLOT SIZE (IN) 0.02 WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 12.25 SURFACE CASING: 

BLANK CASING: 4 in. PVC Sch 40 -2.5 to 4.92 DRILLING METHOD HOLLOW STEM AUGER 
WELL SCREEN: 4 in. Machine Slotted PVC 4.92 to 12.92 SAMPLING METHOD SPLIT SPOON 
SUMP/END CAP: 4 in. PVC Sch 40 12.92 *to 13.17 DATE DEVELOPED 11/25/97 
SURFACE SEAL- Concrete 0.0 to 1.5 WATER LEVEL (FT BMP) 5.74 
GROUT: LOGGED BY L Spencer 
SEAL: Bentonite Pellets 1.5 to 4.0 REMARKS
UPPER PACK: 
LOWER PACK: 10-20 Silica Sand 4.0 to 13.17

MTHOLOGIC DESCRIPTION

FILL; Silty sand. pale brown (10 YR 613) 60% sand. 30% silt. 10% 
gravel up to 2' long, poody graded. subrounded, dry (when wet slighty 
plastic) a few root hairs (of the gravel, 1% Cobbles over 3"). SM

ALLUVIUM; Silty sand. fine grained. light yellowish brown (10 YR 6U4).  
60% sand, 30% gravel up to 2-11i long. 10% silt. well graded.  
asubrounded. satuated. SM 
Gravel 70%. sand 25%, sit 5%. subrounded. GM 
rrlArfl•TA C.AIfJlfrnk•%Ie eki.. -. ~t~ tUI Ud[Kge 1 I 13Ul n

Bottm o I lngacruu 1.. vI 
Botm of boring 1.5f

U.S. DEPARTMENT OF ENERGY PAGE I OF I m2I99 
II ou~m~ r -m GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1013

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459475 
LOCATION GRAND JUNCTION, CO EASTCOORD. (F") 1132879 
SITE GRAND JUNCTION HOLE DEPTH (FT) 16.25 
WELL NUMBER 1013 WELL DEPTH (FT) 16.00

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLATION 

4 in. PVC Sch 40 
4 in. Machine Slotted PVC 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 

10-20 Silica Sand

INTERVAL (FT)

-2.5 
5.75 
15.75 
0.0

to 
to 
to 
to

5.75 
15.75 
16.0 
2.0

2.0 to 4.5 

4.5 to 16.0

.69 DATE DRILLED 10/30/97 
.56 SURFACE ELEV. (FT NGVD) 4570.74 

TOP OF CASING (FT) 4573.60 
MEAS. PT. ELEV. (FT) 4573.60 
SLOT SIZE (IN) 0.02 
BIT SIZE(S) (IN) 12.25 

DRIPMNG METHOD HOLLOW STEM AUGER 
SAMPLING METHOD 
DATE DEVELOPED 11/25198 
WATER LEVEL (FT BMP) 11.13 
LOGGED BY L. Spencer 
REMARKS

3 Z D • " WELL DIAGRAM LITHOLOGIC DESCRIPTION 
Wtj 0O~ 

FILL; Fine gained, silty sand,.light yellowish brown (10 YR 6/4). SM 

4570

PVC Scl 
40 

Bentonite 
Pelets 

10-20 
3 Si•ica Fine grained. silty sand, light yellowish brown (10 YR 6/4). 15% gravel 

Sand up to 2-11/2. dry. color to light brown (7.5 YR 6/4) SM 

455- 7 

7 

_ • 11 

2 Lost.  

4 

ALLUVIUM; Silty sand, fine grained dark gray (10 YR 4/1) 85% sand.  
-7 15% silt. Red. yellow, and black mineral grains, poorly graded, 

s ubrounded. wet, P 
Silty sand, fine grained dark gray (10 YR 4/1) 85% sand, 15% silt Red.  
yellow, and black mineral grains, poorly graded. subrounded. wetwith 

110- some organic matter saturated. SP 

456o- 32 Slotted 
PVC 

7 
Gravel 60%. sand fine grained 35%. silt 5% cobbles, gravel up to 3%, 

" 10 dark gray (10 YR 4/1). subrounded, well graded, saturated. GM 

34 

U.S. DEPARTMENT OF ENERGY PAGE I OF 2 112"/9 
C 8GRAND JUNCTION OFFICE. COLORADO
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MONITORING WELL COMPLETION LOG GRJ01-1013 

PROJECT UMTRA GROUND WATER WELL NUMBER 1013 

SITE GRAND JUNCTION DATES DRILLED 10/30197 

Continued frm Previous Page 

ca X n WELL DIAGRAM LITHOLOGIC DESCRIPTION 

6 " - Sand, fine gramed dar gray (10 YR 411)40% gravel. 50% sand•.10% 
-st well graded, subrounded. saturated. SM 

Lost 
- 23 

30 

15- - .0. =.avel 60%, sand fine grained 35%. sit 5% cobbles. gravel up to 
4•o u 2-1/2. dark gray (10 YR 411), subrounded, wel graded, saturated. GM 

4555- 12 PVC Sch 
40 DAKOTA SANDSTONE; Shale. very dark gray, (10 YR 311) tiny shiny 

; k leck~kmoist, (weathered) cartionaceous, Tiny ft~sll shell imprint in 

the fakes, Bottom of boring .16.25 ft 

20

4550 

-25

4545 

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 1128W9 
11 u-e m GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1014

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459838.65 
LOCATION GRAND JUNCTION, CO EAST COORD. (F") 1133222.93 
SITE GRAND JUNCTION HOLE DEPTH (FT) 18.50 
WELL NUMBER 1014 WELL DEPTH (FT) 18.00 

WELL INSTALLATION INTERVAL (FT) 
SURFACE CASING: 
BLANK CASING: 4 in. PVC Sch 40 -2.0 to 7.75 DPJLLI 
WELL SCREEN: 4 In. Machine Slotted PVC 7.75 to 17.75 SAMPL 
SUMP/END CAP: 4 In. PVC Sch 40 17.75 to. 18.0 DATE I 
SURFACE SEAL: Concrete 0.0 to .2.0 WATEI 
GROUT: LOGG! 
SEAL: Bentonite Pellets 2.0 to 5.0 REMAI 
UPPER PACK: 16-40 Silica Sand 5.0 to 6.0 
LOWER PACK: 10-20 Silica Sand 6.0 ' to 18.0

DATE DRILLED 10/31/97 
SURFACE ELEV. ( FT NGVD) 4572.28 
TOP OF CASING (FT) 4574.27 
MEAS. PT. ELEV. (FT) 4574.27 
SLOT SIZE (IN) 0.02 

'BIT SIZE(S) (IN) 12.25 

NG METHOD HOLLOW STEMAUGER 
JNG METHOD 
DEVELOPED 11/24/97 
R LEVEL (FT EMP) 8.96 
ED BY L. Spencer 
RKS

j Z WELL DIAGRAM UTHOLOGIC DESCRIPTION 

FILLt iy sand. brown (10 YR 6/3) 60% sand, 20% sift. 20% gravel 
sIncuding cobbles over3. wel graded. aubrounded. slighgly plastic 

wh~en wet. dry. SM 

PVC Sch 
40 

45670

pellets 

118-40 

0 Sand 

Silty *and fine to medium grained. brownish yellow (10 YR 6/6) 60% 
1 -20 sand, 20% sifth 15% gravel, 5% cuy up to 1-11r r .well graded.  

brounded to subangular slightly plastic, moist SM 
4565

2 

3 

12 Silty sand. brownish yellow (10 YR 616) 80% sand. 10% silt. 5% gravel 
up to I inch long and 5% dlay, aubounded to subangular. wen graded.  

2 moist. SM 
-10

2 

slotted Ls 
4 ~~PVCLot 

4560- " .  

U.S. DEPARTMENT OF ENERGYI PAGE1 OF2 1t28199 
, GRAND JUNCTION OFFICE, COLORADO I OF_2_ 112"9
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MONITORING WELL COMPLETION LOG GRJ01-1014 

PROJECT UMTRA GROUND WATER WELL NUMBER 1014 

SITE GRAND JUNCTION DATES DRILLED 10131197 

Continued frm Prvious Page 

~~.0 -- i U.1 I n 0 T WELL DIAGRAM LFTHOLOGIC DESCRIPTION 

0 I .- , ., ..

ALLUVIUM; Sity sand. fne to medium gramed, grayish brownl (10 YR 
52).50% sand. 40% gravel up to 2-W/2, 10% slkt. subrounded wel 
graded, saturated. SM

No recovey.  

,.t"-' Gravel 60% subrounded, sand 30%, silt 10%, well graded, 
o N".o subrounded, saturated. GM 

N" X -N x DAKOTA SANDSTONE; Gray siltstone (10 YR 511) weathered, 

X X X o areous, very homogeneous. dry. Note: sample off center bit.

Bottom of boring 18.5 ft

31 

14 

22 

swr ,

219 

50w4 

14

-15

-20

-25-

4555-

4545-

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 112W/9 
GRAND JUNCTION OFFICE, COLORADO

PVC Saih 
40



MONITORING WELL COMPLETION LOG GRJOI-1015
PROJECT UMTRA GROUND WATER NORTHCOORD.(FT) ,459873.00 DATE DRILLED 11/1/97 LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1134015.07 SURFACE ELEV. ( FT NGVD) 4571.77 SITE GRAND JUNCTION HOLE DEPTH (FT) 17.30 TOP OF CASING (FT) 4573.54 WELL NUMBER 1015 WELL DEPTH (FT) 16.65 MEAS. PT. ELEV. (FT) 4573.54 

SLOT SIZE (IN) 0.02 SURFACE CASING: WELL INSTALLATION INTERVAL (FT) BIT SIZE (IN) 12.25 SURFACEZE CASING:.25 

BLANK CASING: 4 In. PVC Sch 40 -1.6 to 8.4 DRILIUNG METHOD HOLLOW STEM AUGER WELL SCREEN: 4 in. Machine Slotted PVC 8.4 to 16.4 SAMPUNG METHOD SUMP/END CAP: 4 In. PVC Sch 40 16.4 • to 16.65 DATE DEVELOPED 11I/22/97 SURFACE SEAL: Concrete 0.0 to 2.33 WATER LEVEL (FT BMP) 7.88 GROUT: LOGGED BY L. Spencer SEAL: Bentonite Pellets 2.33 to 5.0 REMARKS "I 0 0ID O 0 n A . ,. ft ,f--% _ . . . . .
ur r ef rn 

LOWER PACK:
Io-qU Ofllca sana 

10-20 Silica Sand
6.0 to 
5.8 to

5.8 
16.65

IOU 

.z WELL DIAGRAM LITHOLOGIC DESCRIPTION 

FILL; Silty sand fine to medium grained. yellowish brown (10 YR 514) 
60% sand, 25% silt. 10% gravel up to cob~bles, 5% day well graded, 
low plasticity, moist SM 

S<1----Concrete 

4570- PVC Sch 
40 

S 

13 

S 

s pahr•l.t 
Pelets 

Njo samples collected 

* 16-40 

Sanm 

4565- 10-20 
I- r 

Samd 

• 0.02, 10 Pvc ALLUVIUM; Sand fine to medium grained. brown (10 YR 5/3) 95% 
_sand, 5% sift, iPoo graded Surune. au.21 I 20 D Gravel 90%, line grained &and 35%, 5% siltt brown (10 YR 5/3)We 

O 0graded. subrounded 1/4" Wo Cobbles. saturated GM 

4560 37 

13 

SU.S. DEPARTMENT OF ENERGY 
GRAND JUNCTION OFFICE, COLORADO PAGE 1 OF 2 142a,99

I



MONITORING WELL COMPLETION LOG GRJOI-1015 

PROJECT UMTRA GROUND WATER WELL NUMBER 1015 
SITE GRAND JUNCTION DATES DRILLED 1111/97 

Continued frnm Previous Page 

SWELL DIAGRAM LrrHOLOGIC DESCRIPTION W• O :• -EL DAGA

PVC SCl 
40 

4-SIOuL

DC 
0'el

.0 

.0

o", U 0' Gravel 60%. fine grained sand 35%. 5% sklt. dark grayish brovn (10 

0 YR 4r4) well graded, subrounded 114" to cobbles, saturated, dark 

Cobble in shoe, no sample.

xxxx DAKOTA SANDSTONE; Weathered bedrock, siftatone. very dark gray 
(10 YR 3/1) noncacmeousa a small amount 10% of very fine grained 

• oUneI Iwnn,'m•rnpem mn'Li foi*.J

Bottom of boring 17.31I

1/2&g9

43 

4, 

4 

5 

14 

sm.  

a

-- 15-

20

-25-

4555-

4=5-l1

4545-

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 
11111011 eI GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJ01i016
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459525 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1133925 
SITE GRAND JUNCTION HOLE DEPTH (FT) 15.00 
WELL NUMBER 1016 WELL DEPTH (FT) 14.35

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLATION 

4 In. PVC Sch 40 
4 in. Machine Slotted PVC 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 
16-40 Silica Sand 
10-20Silica Sand

INTERVAL (FT)

-2.5 
6.1 
14.1 
0.0 

2.0 
6.0 
6.0

to 
to 
to 
to 

to 
to 
to

6.1 
14.1 
14.35 
2.0 

5.0 
6.0 
14.35

5.33 DATE DRILLED 1111/97 
.54 SURFACE ELEV. (FTNGVD) 4569.37 

TOP OF CASING (PT) 4571.B7 
MEAS. PT. ELEV. (FT) 4571.87 
SLOT SIZE (IN) 0.02 
BIT SIZE(S) (IN) 12.25 

DRILLING METHOD HOLLOW STEM AUGER 
SAMPLING METHOD' 
DATE DEVELOPED 11/25197 
WATER LEVEL (FT BMP) 7.02 
LOGGED BY L. Spencer 
REMARKS

LITHOLOGIC DESCRIPTION

RILL; Silty sand, brown (10 YR 5/3) sand 60%, Sift 20%. 15% gravel.  
5% day. wel graded. subrounded coles, moist, low plasticity when 
wet SM

r -I

Gravel 0%. fine to medaum granecd sand 35%. 5% silt subrounded 
cobbles to 1/2 centimeter gravel wel graded. saturated. GM 
Lost.  

Lost (cobble in shoe).

U.S. DEPARTMENT OF ENERGY IAGE OF 2 
GRAND JUNCTION OFFICE, COLORADO 1t28199

W
Co 

0C.Wa

wn 
-I 
0.

-4-

I WELL

"Silty sand, light yellowish brown (10 YR 6/4) sand 60%, sift 15%. gravel 
- 10%. clay 15%, subrounded gravel up to 1-II,. medium plasticity.  

wet, porly grded. SM 

Cobble In shoe.  

ALLUVIUM; Sand. fine grained. very dark gray (10 YR 3/1) 90% sand.  
5% aIt. 5% day, red, yellow. and black carbonaceous, sand, swampy 
odor, a few Shine bits of mica. Poorly graded, saturated. SP

F A %_f 0 

"~'A 0Lo

DIAGRAM

- Conrete

Sa entoAts 
Poults

16-40 

Sand 

.10-20 
- Sice 

Sand 

PVC

--5-

-10-

C== I I MOM-& -=11,

I

rI
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MONITORING WELL COMPLETION LOG GRJOI-1016 

PROJECT UMRTPA GROUND WATER WELL NUMBER 1016 

SITE GRAND JUNCTION DATES DRILLED 1111/97 

Continued from Previous Page 

I I 
o ~~ WELL DIAGRAM LITHOLOGIC DESCRIPTION 

ED I too _ _ _ _ _ _ _ _ _ _ _ _ _ _

-15-

-20

-25-

4558

4550

4545-

a 

30 

uwr

I.•=..
PVC Sch 
40 

4-Slough

e 0

x DAKOTA SANDSTONE; Weathered siltstone. very dark gray. 15% 
Isand vey fined grained. low plasticity (sample Is fairly soft) tiny bits of 

x x x x carbon, moist(10YR3M1).  
N K K K Sil•ttone. gray (10 YR S/&I moist, noncalcare•us.

Bottom of boring 15.0 ft

U.S. DEPARTMENT OF ENERGYP F 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1017

PROJECT UMTRA GROUND WATER 'NORTH COORD. (FT) 459662.89 DATE DRILLED 1111/97 

LOCATION GRAND JUNCTION. CO EAST COORD. (FT) 1135119.26 SURFACE ELEV. (FT NGVD) 4570.45 

SITE GRAND JUNCTION HOLE DEPTH (FT) 13.33 TOP OF CASING (FT) 4572.72 

WELL NUMBER 1017 WELL DEPTH (FT) 12.95 MEAS. PT. ELEV. (FT) 4572.72 
SLOT SIZE (IN) 0.02 

WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 12.25 

SURFACE 
CASING: 

BLANK CASING: 4 In. PVC Sch 40 -2.3 to 7.7 DRILLING METHOD HOLLOW STEM AUGER 

WELL SCREEN: 4 In. Machine Slotted PVC 7.7 to 12.7 SAMPLING METHOD 

SUMPIEND CAP: 4 In. PVC Sch 40 12.7 to 12.95 'DATE DEVELOPED 11/24/97 

SURFACE SEAL: Concrete 0.0 to 2.0 WATER LEVEL (FT BMP) 5.93 

GROUT: LOGGED BY L. Spencer 
SEAL: Bentonite Pellets 2.0 to 4.0 REMARKS

UPPER PACK: 
LOWER PACK:

W~

5-

-10-

10-20 Silica Sand

I
4.0 to 12.95

LITHOLOGIC DESCRIPTION 

FILL; Silty sandy, yellowish brown (10 YR 5/4) 60% sand,. 20% sl 
10% gravel. 10% day. aubrounded from cobbles to 1/4. low plasticity 
when wet. well graded, moist a few root hairs. SM 

Silly sandy. brown (7.5 YR 5/4) 60% sand, 20% sift. 10% gravel, 10% 

5ay, subrounded trom aobbles to 1g4d, low plasticity when wet wen 
g moist, few root hairo , brown, (e7.5 YR 

Silty sand, yellowish brown (10 YR 5/4) 60% sand. 30% sit. 5% gravel, 
5% clay, subrounded to angular, well graded, medium plasticity, moist 

7' .7 No recovery rock in shoe 
Silty sand, yellowish brown (10 YR 5/4) 60% sand. 30% silt 5% gravel, 
5% dlay, subrounded lo angular, well graded. medium plasticity, moist.  

with some brown (7.5 YR 5/4) colored material In sample. SM 

Cobble In shoe, no recovery.

A1 t ALLUVIUM: Gravel. 60%. sand fine to medium grain. 30% sift, 10% 
well graded,. saturated. Red yellow and white chart grains in quartzose 
sand. SM 
No recovery-cobble in shoe.

SU.S. DEPARTMENT OF ENERGY I 
I 1 -eM GRAND JUNCTION OFFICE, COLORADO I

Graveley sand. fine to coarse grain 60% sand, 35% gravel up to 3 in., 
x xx 5% $7*, well graded. subrounded, saturatedl $M 
xxxx DAKOTA SANDSTONE: Weathered bedrock, siltstone, very dark 
xxxx gray (10 YR 3/1) tiny shiny flecks of mica, homogeneous moist, fairly 

soft. Noncalcareous.  
Bottom of boring 13.33 Itt

I. 

"

PAGE I OF I 112W19
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MONITORING WELL COMPLETION LOG GRJOI-1018
PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION. CO 
SITE GRAND JUNCTION 
WELL NUMBER 1018

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMP/END CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

12 

Is 

20 

36 

12 

a 

29 

25 

a

WELL INSTALLAT 

4 in. PVC Sch 40 
4 in. Machine Slotte 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 
16-40 Silica Sand 
10-20 Silica Sand

W

-1--

WELL

r -l

NORTH COORD. (FT) 460091.24 DATE DRILLED 11=2197 
EAST COORD. (FT) 1134920.84 SURFACE ELEV. (FT NGVD) 4573.90 
HOLE DEPTH (FT) 15.10 TOP OF CASING (FT) 4575.91 
WELL DEPTH (FT) 14.45 MEAS. PT. ELEV. (FT) 4575.91 

SLOT SIZE ON) 0.02 
rON INTERVAL (FT) BIT SIZE(S) (iN) 12.25.  

-1.9 to 6.2 DRILMNG METHOD HOLLOW STEM AUGER 
d PVC 6.2 to 14.2 SAMPUNG METHOD 

14.2 • to 14.45 DATE DEVELOPED 11/24/97 
0.0 to 2.0 WATER LEVEL (FT EMP) 7.63 

LOGGED BY L. Spencer 
2.0 to 5.0 REMARKS
5.0 
5.5

DIAGRAM

Con-crete 

PVC Sch 
40 

.entosi 
Pellets 

16-40 a- Gaca 
sand 

10-20 
- Salca 

Sand 

slotted 
PVC

to 
to

5.5 
14.45

.r-1

0
'-----I

LITHOLOGIC DESCRIPTION

FILL: Silay sand. yellowish brown. (10 YR 5/4) 60% sand. 25% silt, 
10% gravel, 5% clay. well graded. subrounded, moist Slight plasticity 
when wet. a few root hairs from 0-2 feet only. Water Level about 7.0 
feet SM

No recovery.

Silty sand, brown (10 YR 5/3). 60% sand. 20% silt. 10% gravel 
ALLUVIUM; Gravel, 60% subrounded. 30% sand, 10% ilt. siel 

0 a 41 graded, no plasticity, saturated. GM 

No recovery.

bond, fine to medum gram. airny clean. red, yellow rind black mineral

Z3j

5-

-10-

4565-

U.S. DEPARTMENT OF ENERGY I 
GRAND JUNCTION OFFICE, COLORADO PAGE 1 OF 2 l/28199
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MONITORING WELL COMPLETION LOG GRJO1-1018 

PROJECT UMTRA GROUND WATER WELL NUMBER 1018 

SITE GRAND JUNCTION DATES DRILLED 11/2/97 

Continued from Previous Page 

O, o WELL DIAGRAM IUTHOLOGIC DESCRIPTION 

41 D.a' grains. witet to yeow tinrt, tn m of carbon bits. 1o00 
"- sand, Poorlygraded. subrounded, saturated. SP ...s..wr, • GraveL 80%. sand 35%. 5% silt, subrounded 1/4" gravel to cobbles, 

subrounded wel graded saturated. GM "No recovery-rock in shoe.  
45010- - -. m - xxx 

44 x x x x DAKOTA SANDSTONE; Weathered bedrock. sitston,. very dark gray 
4 g x x x x (10 YR 3) carbonaceous. tine flecks of shiny mica. moisL 

SiJt xx x NoncalcareouS.  -15

Bottom of boring 1.1 ft 

4555

-20

4550

-25--

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 112819 
Ie GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJ01-1019

PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION, CO 
SITE GRAND JUNCTION 
WELL NUMBER 1019

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLAT 

4 In. PVC Sch 40 
4 in. Machine Slotte 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 
16-40 Silica Sand 
10-20 Silica Sand

NORTH COORD. (FT) 460949.30 DATE DRILLED 11W2197 
EAST COORD. (FT) 1134933.23 SURFACE ELEV. ( FT NGVD) 4579.03 
HOLE DEPTH (FT) 27.00 TOP OF CASING (FT) 4580.99 
WELL DEPTH (FT) 26.95 MEAS. PT. ELEV. (FT) 4580.99 

SLOT SIZE (IN) 0.02 
ON INTERVAL (FT) BIT SI.E(S) (IN) 12.25 

-1.6 - to 6.7 DRILLING METHOD HOLLOW STEM AUGER 
d PVC 6.7 to 26.7 SAMPUNG METHOD SPLIT SPOON 

26.7 to 26.95 DATE DEVELOPED 11122/97 
0.0 to 2.0 WATER LEVEL (FT BMP) 9.84 

LOGGED BY L. Spencer 
2.0 to 4.33 REMARKS

s 4.33 
4.8

to 
to

4.8 
26.95

ar w, 

: . LL DIAGRAM LITHOLOGIC DESCRIPTION 

FILL; Silty sand, yellowish brown (10 YR 5/4)60% sand. 30% gravd 
aubrounded from 114" to cobbles 3.0 Inches or larger, 10% 5. well 
graded, slightly plasticity moist Afew root hairsroots. SM 

• Concralte 

PVC Sdh 
40 

. ' • entonite 

Pellets 

4575

'1840 -- -Silca 
5 Sand 

1020 

Sand 

2 No recovery.  

2 

4570
2 Silty sand. yellowish brown (10 YR 5/4) 60% sand, 30% gravel subrounded from 1/4" to cobbles 3.0 Inches or larger, 10% sint. weft 

2 graded, sigh_ plasticity moist A few root hairoot. Anguar gravel.  
10 _a bit more plasticity. Note: 9.g to 10,0 saturated. SM 

4 ALLUVIUM.Sand. fine to medium grain. yellowish brown (10 YR 5/4) 
4100%, red, ye=ow, and black mineral grains, subrounded tiny yellowish 

• 4 \ ht hr hps. h onaded, sawraited. S;P 
• . No recovery-cobbl in shoe.  

4 

4 

* I) Sand. quartzose, fairly dean. fine to medium grain, yellowish brown 

U.S. DEPARTMENT OF ENERGY I PAGE 1 OF 2 1/28W9 
GRAND JUNCTION OFFICE. COLORADO



MONITORING WELL COMPLETION LOG GRJOI-1,019

PROJECT UMTRA GROUND WATER WELL NUMBER 1019 

SITE GRAND JUNCTION DATES DRILLED 11l2/97 

Continued from Previous Page

WELL DIAGRAM

Is 

Is 

30 

Is 

22 

so.  

32 

7 

Is 

13 

14 

S 

32 

soM4

C,

LITHOLOGIC DESCRiPTION

(10 YR 514) 100%. red. yellow, and black miners. * •.ns, subrounded 
tiny yellowish white chert chips, poorly graded, s a ated. SP

": .- y•.•. • Gravely sand. cobbles to 114 in size, 60% sand. 35% gravel. 5% sill 
well graded subrounded. saturated. SWG 

No recovery.  

No recovery.  

m~ rddGravel 60% subrounded. sand fine to coarse gram 35%. sift 5% wel 
@S s graded, sattrated. GW 

No recovery.  

I'W Cobble in shoe at 20' to 20.3! 

No recovery.  

t 0 4 K DAKOTA SANDSTONE: Weathered bedrock. very dark gray (10 YP 
xx x x 31).  
X X -t X NKKKdx

0.02" 

-Slotted 

PVC 

___PVC Sell 
40

Bottom of boring 27 ft

4565-

18-20 ft

Weathered bedrock. siatstone, smnal amount of carbon, noncalcareous.  
\moist. fairly soft

5W

-15

-20

"-25-

U.S. DEPARTMENT OF ENERGY IPAGE 2 OF 2 1128199 
I 000 e* GRAND JUNCTION OFFICE, COLORADO

4W -r-;T
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MONITORING WELL COMPLETION LOG GRJO-1020 
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459637.77 DATE DRILLED 11116M97 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1139020.66 SURFACE ELEV. ( FT NGVD) 4580.93 
SITE GRAND JUNCTION HOLE DEPTH (FT) 17.00 TOP OF CASING (FT) 4582.90 
WELL NUMBER 1020 WELL DEPTH (FT) 16.20 MEAS. PT. ELEV. (FT) 4582.90 

.SLOT SIZE OIN) 0.02 
WELL INSTALLATION INTERVAL (FT) SIT SIZE(S) (IN) 12.25 

SURFACE CASING: BIT I ZE(S) (IN) 12.25 
BLANK CASING: 4 In. PVC Sch 40 -1.9 to 5.9 DRILLING METhOD HOLLOW STEMAUGER 
WELL SCREEN:. 4 in. Machine Slotted PVC 5.9 to 15.9 SAMPLING METHOD SPLIT SPOON 
SUMPIEND CAP: 4 in. PVC Sch 40 15.9 to" 16.2 DATE DEVELOPED 12/8/97 
SURFACE SEAL: Concrete 0.0 to 2.0 WATER LEVEL (FT BMP) 8.21 
GROUT: LOGGED BY L Spencer 
SEAL: Bentonite Pellets 2.0 to 4.9 REMARKS 
UPPER PACK: 16-40 Silica Sand 4.9 to 5.5 
LOWER PACK. 10-20 Silica Sand 5.5 to 16.2 

WELL DIAGRAM UThOLOGIC DESCRIPTION 

10% FT oýiogn~abune FILL; Sandy sit, dark grayish brown (10 YR 442) 80% sift, 10% clay.  10% Oine grained sand, poorly graded. homogenous, subrounded 
lands. low plasticity, moist. A few moots and root hairs, ML 

PV/C Sol 
40 

Bentonite 
Pewles 

16-4 
si-ca No recovery.  
Sand 

2 4575- . - t 

ALLUVIUM; Sand, quarzose. fine to medium grait, dark brown (10 
o . 10-20 - YR 4A3)90% sand, 10% sift. subrounded, poorly graded, no plasticity.  

Soie - saturated. Red. yellow and black mineral-grains with whitish yellow 
Sand chert chips and tiny gray chips. SP 

10 No recovery.  

5014' 0.02 
4570- 02 ft. Slotted 

PVC 

) ý10' Sandy gravel, 80% gravel. 15% sand, 5% sift. subrounded. well 
S graded saturated. 114- to cobble size gravel. GM 

-10-1 I 

U.S. DEPARTMENT OF ENERGYo PAGE 1 OF 2 128199 
i RI-er = GRAND JUNCTION OFFICE, COLORADO I
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MONITORING WELL COMPLETION LOG GRJOI.1020 

PROJECT UMTRA GROUND WATER WELL NUMBER 1020 

SITE GRAND JUNCTION DATES DRILLED 11116/97 

Continued from Previous Page 

C - WELL DIAGRAM LITHOLOGIC DESCRIPTION S0 

LU 0 

10 

15o 0 
) < Note: From 15 to 16.5I slow drilling cobbles-no sample collected.  

4565- PVC- S-" * 
40 

25 16.6-t7 --- SIoug MANCOS SHALE; Shale. very dark gray (10 Yk "11). very tiny shiny 
• flakes, fossil shell imprints. a small amount of pyrti. a few patches of 

yawer fine grained sand. clear to white, calcareous, 
Bottom of boring 17 It, 

-20

4560 

-25

4555

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 1128199 
SGRAND JUNCTION OFFICE. COLORADO r
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MONITORING WELL COMPLETION LOG GRJO-1021
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 458330.9,1 DATE DRILLED 11/16/97 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1143967.96 SURFACE ELEV. (FT NGVD) 4586.31 
SITE GRAND JUNCTION HOLE DEPTH (FT) 10.70 TOP OF CASING (FT) 4586.42 
WELL NUMBER 1021 WELL DEPTH (FT) 10.37 MEAS. PT. ELEV. (FT) 4586.42 

SLOT SIZE (IN) 0.02 WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 12.25 SURFACE CASING: 

BLANK CASING: 4 In. PVC Sch 40 0.0 to 5.0 DRILUNG METHOD HOLLOW STEM AUGER 
WELL SCREEN: 4 In. Machine Slotted PVC 5.0 to 10.0 SAMPLING METHOD SPUT SPOON 
SUMPIEND CAP: 4 In. PVC Sch 40 10.0 *to 10.37 DATE DEVELOPED 12/7/98 
SURFACE SEAL: Concrete 0.0 to 2.0 WATER LEVEL (FT BMP) 6.26 
GROUT: LOGGED BY L. Spencer 
SEAL: Bentonite Pellets 2.0 to 4.0 REMARKS Flush mount well 
UPPER PACK: 16-40 Silica Sand 4.0 to 4.5 
LOWER PACK: 10-20 Silica Sand 4.5 to 10.37 

i j WELL DIAGRAM LITHOLOGIC DESCRIPTION 

FILL; Silty sand, dark yellowish brown (10 YR 314) 60% fine grained "sand. 40% st well graded, subrounded slight plasticity, moist, roots 
and root hairs. SM 

PVC Scit 
40 

Bwftvor 
Pellets 

16-40 

Sand 

10-20 ALLUVIUM; Silty sand, dark brown, (10 YR 4/3) 60% sand. 30% silt.  5-7 ft. i . .. .• 10% clay. well graded. subrounded. saturated. low plasticity, red.  
_0 Sn yellow and black mineral grains. MS 

"W , .Gravel. 80%. 15% sand. 5% slt. well graded, subrounded saturated.  
0.02 GW Soed 

-10- PVC Sel 01°1- .- .MANCOS SHALE: Bedrock, shale, very dark gray (10 YR 3/1) tiny 
Sloug-1.7It 4 shiny flakes. calcareous. dry.  

Bottom of boring 10.7 ft 
4575

U.S. DEPARTMENT OF ENERGY GE 1 OF 1 1/2&9 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJD1-1022

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 459743 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1130947 
SITE GRAND JUNCTION HOLE DEPTH (FT) 19.00 
WELL NUMBER 1022 WELL DEPTH (PT) 17.77

WELL INSTALLATION 
SURFACE CASING: 
BLANK CASING: 4 In. PVC Sch 40 
WELL SCREEN: 4 In. Machine Slotted PVC 
SUMP/END CAP: 4 in. PVC Sch 40 
SURFACE SEAL: Concrete 
GROUT: 
SEAL:* Bentonite Pellets 
UPPER PACK: 
LOWER PACK: .10-20 Silica Sand

INTERVAL (FT)

0.0 
7.4 
17.4 
0.0

to 
to 
to 
to

7.4 
17.4 
17.77 
2.0

2.0 to 4.33 

4.33 to 17.77

.37 DATE DRILLED 11/3197 
'.60 SURFACE ELEV. (FT NGVD) 4562.99 

TOP OF CASING (FT) 4562.76 
MEAS. PT. ELEV. (FT) 4562.76 
SLOT SIZE (IN) 0.02 
BIT StZE(S) (IN) 12.25 

DRILLING METHOD HOLLOW STEM AUGER 
SAMPLING METHOD 
DATE DEVELOPED 12110/97 
WATER LEVEL (FT BMP) 5.63 
LOGGED BY L. Spencer 
REMARKS Flush mount well

z o WELL DIAGRAM gLITHOLOGIC DESCRIPTION 
ILI 0 

FILL; Silty sand, yellowish brown (10 YR 514) 60% fine grained sand, 
30% silt 10% clay, poorly graded subroianded, slightly to low plasticity.  
moist SC 

Concrete 

PVC Sch 
40 

No recovery.  

4Sewtlonite 

2 

•5 
4 No recovery.  

27 10-20 

24 San ..m....... Silty sand. fine to medium grained, yellowish brown (10 YR 5/4) 60% 
. sand. 30% gravel. 10% sikt, well graded, 114" to cobbles, subrounded 

31 to subangutar. wetS 

13 

35 No recovery -Cobble In shoe 
4555

10 %...* ALLUVIUM; Gravely sand. 60% gravel from 1IM'cobbles, 

SSubrounded. 36% sand. 5% silt well sorted, saturated. Red, yellow.  
28 .. and black mineral grains and yellowish white liny chert chips. SWG -10- -. ''''' 

31 

Flowing sands/gravel in augers-no samples from 11.0 to 17.5 feet 

U.S. DEPARTMENT OF ENERGY PAGE I OF 2 112Mi9 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1022 

PROJECT- UMTRA GROUND WATER WELL NUMBER 1022 

SITE GRAND JUNCTION DATES DRILLED 11/3/97 

Continued fom Previous Page

WELL DIAGRAM

______ .1.

Mar 
Sslotted 

PVC 

PVC Sch 

4o 

-4- Soug

Y-Y

C,

LITHOLOGIC DESCRIPTION-

x x x x MANCOSSHALE; Weatheredbedrock.verydarkgray(1OYR311) 
x x x slttonm some carbon. noncalcareous, moist. NOTE: Sample conected 

x x x off center bit and auger flight.  

X xxX 4 x x M X

Bottom of baring 183

-I

-20

-25-

4540

4538-

U.S. DEPARTMENT OF ENERGY PAGE2OF2 112W9 
GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL COMPLETION LOG GRJ011023
PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION. CO 
SITE . GRAND JUNCTION 
WELL NUMBER 1023

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:
- . - N - - -

-W

-5-

-10-

WIU

WELL INSTALLATION 

4 in. PVC Sch 40 
4 in. Machine Slotted PVC 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 
16-40 Silica Sand 
10-20 Silica Sand

5-7 ft

10-121L

NORTH COORD. (FT) 461339.62 
EAST COORD. (FT) 1161786.21 
HOLE DEPTH (FT) 22.00 
WELL DEPTH (FT) 21.75

INTERVAL (FT)

-1.5 
8.5 
21.5 
0.0 

2.0 
5.0 
6.5

to 
to 
to 
to 

to 
to 
to

8.5 
21.5 
21.75 
2.0

5.0 
6.5 
21.75

DATE DRILLED 11/16/97 
SURFACE ELEV. (FT NGVD) 4628.54 
TOP OF CASING (FT) 4630.22 
MEAS. PT. ELEV. (FT) 4630.22 
SLOT SIZE (IN) 0.02 
BIT SIZE(S) (IN) 12.25 

NG METHOD HOLLOW STEM AUGER 
JNG METHOD SPLIT SPOON 
DEVELOPED 12/6/97 
R LEVEL (FT EMP) 8.06 
ED BY L. Spencer 
tKS

LITHOLOGIC DESCRIPTION

and root hairs. SC

1). 60% Sand fine grained, 30% sift, 
, low plasticity, moist A few foots

No recovery.

w.ity sana. dark brown, (10 YR 4/3) 80% sand, 20% silt, fine to medium 
grain, subrounded, well graded saturated, red, black, and yellow 
mineral grains, green and yellowish white tiny chert chips. A few white 
chert chips. NOTE: Driller hit gravel at 14 feet SW

V.

U.S. DEPARTMENT OF ENERGY IPAGE OF 2 112M9 *-e :- GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1023 

PROJECT UMTRA GROUND WATER WELL NUMBER 1023 
SITE GRAND JUNCTION DATES DRILLED 11116/97 

Continued from Previous Page 

WELLDIAGRAM LrHoLoGic DESCRIPTION 
LU 0

0.02 

- lote Sandy gravel. 80% gravel. subrounded 1/4" to cobbles. 15% sand fine 
oralned. 5% siltA wel aradld t.turmtpd f' W
No recovery.

4815

4610

405-

Bottom of boring 22 Rt

N

MANCO SHALE; Bedrock. shale. very dark gray (10 YR 3/1) tiny 
shiny flakes. calcareous, dry.

Sw

21 

sm."

15-17 IL 

21-22 1t.

15

-20

-25-

U.S. DEPARTMENT OF ENERGY IeM 19 GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1024
PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION, CO 
SITE GRAND JUNCTION 
WELL NUMBER 1024

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLAT 

4 In. PVC Sch 40 
4 in. Machine Slotte 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 
16-40 Silica Sand 
10-20 Silica Sand

NORTH COORD. (FT) 463784.93 DATE DRILLED 11117/97 
EAST COORD. (Fl) 1168174.59 SURFACE ELEV. (FT NGVD) 4638.25 
HOLE DEPTH (FT) 15.30 TOP OF CASING (FT) 4640.21 
WELL DEPTH (FT) 14.75 MEAS. PT. ELEV. (FT) 4640.21 

. SLOT SIZE (IN) 0.02 
riON INTERVAL OFT) BIT SIZE(S) (IN) 12.25 • 

-1.9 to 6.5 DRILMNG METHOD HOLLOW STEM AUGER 
d PVC 6.5 to 14.5 SAMPUNG METHOD SPLIT SPOON 

14.5 " to 14.75 DATE DEVELOPED 12/6M97 
0.0 to 2.0 WATER LEVEL (FT BMP) 7.29 

LOGGED BY L. Spencer 
2.0 to 5.0 REMARKS
5.0 
6.0

to 
to

6.0 
14.75

LITHOLOGIC DESCRIPTION

- �4. --
TOPSOILIFILL; Silty sand, dark brown (10 YR 43) 60% sand, 35% 
st 5% clay. subrounded sands. poorly graded, moist A few roots, 
root hairs, Wnd hematite staining in sands, low plasticity, moist. SM

No recovery.

ALLUVLUM: Silty sand, dark brown (10 YR 413) 60% sand. 35% silt, 
6% lay. subrounded sands. poorly graded, moist A few roots, root •hairs, an1 hematite staminin in Iandas lw flfiaritv W~t RU
No recovery. Center bit wet at 7 feet.

No recovery. NOTE: Driller in gravel at 10 feet

U.S. DEPARTMENT OF ENERGY 
GRAND JUNCTION OFFICE, COLORADO

PAGE 10F2 1i2 8199
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MONITORING WELL COMPLETION LOG GRJOI-1024 

PROJECT UMTRA GROUND WATER WELL NUMBER 1024 

SITE GRAND JUNCTION DATES DRILLED 11/17197 

Continued from Previous Page 

,I.WELLDIAGRAM tH .OOGC DESCRIPON

4825-

4815

4610-

= 115-L15.3ft.ý

PVC Sch 
40 

4- Sloug

MANCOS SHALE; Weathered shale, very dark gray (10 YR 3/1) a few 
*weathered fossiLsshs, tiny shiny flecks, calcareous, dry.

Bottom of boring 15.0 ft

-15-1

-20-

-25-

UU.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 1128199 
11 511-011er' GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1025

PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION. CO 
SITE GRAND JUNCTION 
WELL NUMBER 1025

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK.  
LOWER PACK:

WELL INSTALLAT 

4 in. PVC Sch 40 
4 in. Machine Slotte 
4 In. PVC Sch 40 
Concrete 

Bentonite Pellets 
16-40 Silica Sand 
10-20 Silica Sand

NORTH COORD. (FT) 461546.00 DATE DRILLED 11117/97 
EASTCOORD.(FT) 1152752.06 SURFACE ELEV.(FTNGVD) 4615.21 
HOLE DEPTH (Fl) 35.00 TOP OF CASING (FT) 4617.57 
WELL DEPTH (FT) 32.37 MEAS. PT. ELEV. (FT) 4617.57 

SLOT SIZE (IN) 0.02 
iON INTERVAL (FT) BIT SIZE(S) (IN) 12.25 

-2.2 to 12.0 DRILUNG METHOD HOLLOW STEM AUGER 
d PVC 12.0 to 32.0 SAMPLING METHOD SPLIT SPOON 

32.0 to 32.37 DATE DEVELOPED 11/23/97 
0.0 to 2.0 WATER LEVEL (FT BMP) 7.74 

LOGGED BY L Spencer 
2.0 to 9.0 REMARKS
9.0 to 
10.0 to

10.0 
32.37

Uj WELL DIAGRAM j LITHOLOGIC DESCRIPTION 

- 1- -. Coc.r.ee TOPSOILIFILL2 Silty sand, yellowish brown (10 YR 5/4) 70% sand, 
. 25% silt, 5% clay aubrounded sands, poody graded, moist A few roots 

PVC Sc. ....... and root hairs. SW 
40 

5 4610- 4 1 BnoteALLUVIUM; Clayey silt, dark brown (10 YR 413) 70% silt, 20% fine FF low plasticity, moist. Pate brown mottles, a few, fine. distinct. (10 YR 
6/31 ML 
No recovery 

1D-40 

Siic 

-10- 4605- 2 SidClayey sift, dark grayish brow (10 YR 4/2) water level at 13 feet, 85% 
- 2 si12f. 1Lt 10% fine grained sand, 5% day, homogenous. vertical root holes.  

10-12ft10-20 a few roots. patchtes of clear to white fine grained sand, medium 
6 ~~Silica .,... y lasticitv moist, A few, medium distinct pray ML 

Sandl No recovery 

15 ___ 

17 
48 15-17 k Silty sand, dark brown (10 YR 4/3) 90% sand. aubrounded. 10% silt.  

Swell craded. saturated. SW 
Sandy gravel. 70% gravel. 20% sand, fine to medium grain. 10% silt 

40 ~subrounded, saturated, from 1/4' to cobble size. OWS 

A 

20 , 

..s° 
- 5 - ,Slotted° 

PVC 

U.S. DEPARTMENT OF ENERGY PAGE1 OF 2 112W~9 
-GRAND JUNCTION OFFICE. COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1025 

PROJECT UMTRA GROUND WATER WELL NUMBER 1025 

SITE GRAND JUNCTION DATES DRILLED 11/17/97 

"Continued from Previous Page 

I 9 H WELL DIAGRAM LITHOLOGIC DESCRIPTION 
t" _8 A -r

-30

-35

-40

-45

"-50 

-55-

4=

4585

4575

4570

4565

4550-

PVC Sch 
40 

4-Sluh

b.,.' 
. &t...  

:. !: 
• *

. 4
Bottom of boring 35.0 ft

U.S. DEPARTMENT OF ENERGY PA 
GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL COMPLETION LOG GRJOI-1026
PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION, CO 
SITE GRAND JUNCTION 
WELL NUMBER 1026

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN:.  
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLAI 

4 In. PVC Sch'40 
4 In. Machine Slotte 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 
16-40 Silica Sand 
10-20 Silica Sand

NORTH COORD. (FT) 462343.40 DATE DRILLED 11112197 
EAST COORD. (FT) 1140481.70 SURFACE ELEV. ( FT NGVD) 4593.73 
HOLE DEPTH (FT) 27.00 TOP OF CASING (FT) 4593.83 
WELL DEPTH (FT) 26.45 MEAS. PT. ELEV. (FT) 4593.83 

SLOT SIZE (IN) 0.02 
nON INTERVAL (FT) BIT SIZE(S) (IN) 12.25 

O0 to 94 DRILLING METHOD HOLLOW STEM AUGER
d PVC 9.4 

26.2 
0.0 

4.0 
6.0 
7.0

to 
to 
to 

to 
to 
to

26.2 
26A5 
4.0 

6.0 
7.0 
26.45

SAMPLING METHOD SPLIT SPOON 
DATE DEVELOPED 12/3197 
WATER LEVEL (FT EMP) 3.61 
LOGGED BY L Spencer 
REMARKS Flush mount well

Oz coa.zM C WELL DLIAGRAM UITHOLOGIC DESCRIPTION 
0 2 

FILL; Sandy silt, dark brown (10 YR 413) 60% slit. 35% sand. 5% clay.  
poorly graded, subrounded, low plasticity, moisL A few roots and root 
hairns. ML 

concrlet 

PVC Sch 
4O 

4590.  

-entonite III 3 POlets Slough - No recovery.  

TTT Sandy silt, grayish brown (2.5 Y 5/2) 60% silt. 35% sand, 5% clay, a 
5-7 It few small patches or light white colored sand grains, poorly sorted, 

5 16-40 subrounded medium plasticity, moist W. L 10 feet. ML 

a ISand 

No recovery.  

10-20 
SSica 

Sand 
45-5 

-10 S 2 Aluvium? 

10-12 fSlough. No recovery.  
Sand, very fine to fine grained. brown (10 YR 4/3) 90% sand 5% silt, 
5% clay, poorly graded. subrounded alight plasticity, saturated. Red, 
yellow and black mineral grains. SP 
No recovery 

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 1/2&S/9 -er GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1026 

PROJECT UMTRA GROUND WATER WELL NUMBER 1026 

SITE GRAND JUNCTION DATES DRILLED 11112/97 

Continued from Previous Page 

0.0 to WELL DIAGRAM LITHOLOGIC DESCRIPTION 

4=-0 

15 Slough - No recovery.  

43 
15-17 ft.  

.. o' Sandy gravel. 70% gravel. 25% sand. 5% silLt brown (10 YR 4/3) from 
cobbles to 114" size. wea graded. subrounded to subangular. saturated.  

No recovery.  

0.0? 
Slottd 
PVC 

4575

-20

20-22 ft.  33, Sand. quartzose. brown (10 YR 413) fine to medium grained 100% 

sand. subrounded poorly graded. Red. yellow, black mineral grains: 
') * Y _elowish white ch. saturat SP S~Sandy gravel. 70% gravaL 25% sand. 5% silt. brown (10 YR 4/3) from 

cobbles to 1/4" size, well graded. subrournded to subangular, saturated.  

". ='i"-iNo recovery 

4570

-25

* PVCSell 
* 40 

Bottom of boring 27.0 ft 

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 1//2&W99 iiu i em. GRAND JUNCTION OFFICE, COLORADO 

-L --. ,s



MONITORING WELL COMPLETION LOG GRJ61-1027

PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION, CO 
SITE GRAND JUNCTION 
WELL NUMBER 1027

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLAT 

4 In. PVC Sch 40 
4 in. Machine Slotte 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 
16-40 Silica Sand 
10-20 Silica Sand

NORTH COORD. (FT) 462388.59 DATE DRILLED 11/14/97 
EAST COORD. (FT) 1140321.44 SURFACE ELEV. ( FT NGVD) 4593.21 
HOLE DEPTH (FT) 33.00 TOP OF CASING (FT) 4593.34 
WELL DEPTH ("T) 29.77 MEAS. PT. ELEV. (FT) 4593.34 

O SLOT SIZE ON) 0.02 
lION INTERVAL 0") BIT SIZE(S) (IN) 12.25 " 

0.0 to 94 DRILLING METHOD. HOLLOW STEM AUGER 
;d PVC 9.4 to 29.4 SAMPLING METHOD SPLIT SPOON 

29A4 to 29.77 DATE DEVELOPED 12/4/97 
0.0 to 1.5 WATER LEVEL (FT EMP) 1.35 

LOGGED BY L. Spencer 
1.5 to 7.0 REMARKS Flush mount well
7.0 
8.0

to 
to

8.0 
29.77

D WELL DIAGRAM LITHOLOGIC DESCRIPTION 

FILL: Sandy silt, dark brown (10 YR 4/3) 60% silt, 35% sand fine 
conretea grained, 5% day. poorly graded, low plasticity, mr•st A few white to 

clear patches of fine grained sand mixed In homogenous silt ML 

PVC Sdi 
40 

4590

Sentonite 
Pewets 

2-5
55 

s2 5.Tit 

? - -- 16-10 
18il-a No recovery 

4585- Send 

10-20 --10-- 3 --- Sbcs 10 n . " ALLUVIUM; Sand, fine to medium grained, dark brown (10 YR 413) 
10-12 t 90%sand. 5% slit, 5% dfay, poorly graded, slight plasticity, 

subrounded. saturated. Red, yellow and black mineral grains, some 
-m \tiny yellowish white chert chips. SP 

Sandy gravel, 80% gravel. 20% sand, from cobbles to 1/4'. Saturated.  
'4580- \subrounded well craded. GW 

No recovery 

15- Sand, fine to medium grained, dark brown (10 YR 413) 90% sand, 5% 

15-17 It silt, 5% day. poorly graded. slight plasticity. subrounded, saturated.  so Red. yellow and black mineral grains, some tiny yellowish white-chert 
41 0 hi,.Y 

Sandy gravel, dark brown (10 YR 413) 60% gravel from 1/4" to cobbles.  
30% sand. fine to medium grained. and 10% at, well graded.  

•subrounded. saturated. GM 
0.02 No recovery.  

-- slotted 
-20- PVC 210 Slough - No recovery.  

20-22 ft.  sw~ 
0 Sandy gravel, dark brown (10 YR 4/3) 60% gravel from 114" to cobbles.  

30% sand, fine to medium grained, and 10% silt. well graded.  
r7omunded. saturated. GM 

4570- No recovery 

SU.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 1128199 
I IGRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1027 

PROJECT UMTRA GROUND WATER WELL NUMBER 1027 

SIT6 GRAND JUNCTION DATES DRILLED 11114/97 

Continued from Previous Page 

WELL DIAGRAM UTHOLOGIC DESCRIPTION "0 8 =U c

I', PVC Sell 
40 

-a- Slaug

3
0( 

'C 

'( 

0o

C 

C 

C

0* 

0~ 

O" 

o0

.� I - - I

J�I I & I

NOTE Diller could feel boulders/ cobbles from apprmomately 25 to 33 
feel. VeMy hard, jerky drling.

Bottom of boring 33.0 ft

"30

-35

-40

45

-50-

4555

.4550

4555

4550

4540-

MU.S. DEPARTMENT OF ENERGYI PAGE 2F2 F 1/299 ie GRAND JUNCTION OFFICE, COLORADO I



MONITORING WELL COMPLETION LOG GRJOI-1028
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 462558.95 DATE DRILLED 11/15/97 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1140583.78 SURFACE ELEV. (FTNGVD) 4594.94 
SITE GRAND JUNCTION HOLE DEPTH (FT) 34.00 TOP OF CASING (PT) 4594.99 
WELL NUMBER 1028 WELL DEPTH (FT) 31.82 MEAS. PT. ELEV. (PT) 4594.99 • . $LOT SIZE (ON) 0.02" 

WELL INSTALLATION INTERVAL (FT) SIT SIZE(S) (N) 10.25 SURFACE CASING: BI SIES (IN) 12.25 
BLANK CASING: 4 In. PVC Sch 40 0.0 to 11.45 DRILLING METHOD HOLLOW STEM AUGER 
WELL SCREEN: 4 in. Machine Slotted PVC 11.45 to 31.45 SAMPUNG METHOD SPLIT SPOON 
SUMP/END CAP: 4 In. PVC Sch 40 31.45 to 31.82 DATE DEVELOPED 12/5/97 
SURFACE SEAL: Concrete 0.0 to 1.6 WATER LEVEL (FT BMP)_ _ _ _ 
GROUT: ,LOGGED BY L. Spencer SEAL: Bentonite Pellets 1.6 to 7.0 REMARKS Flush mount well 
UPPER PACK: 16-40 Silica Sand 7.0 to 10.4 
LOWER PACK: 10-20 Silica Sand 10.4 to 31.82 

UjWELL DIA~GRAM LITHOLOGIC DESCRIPTION 

FILL; Sandy silt, dark grayish brown (10 YR 4C2) 60% silt. 30% sand.  
"concrete 5% gravel. 5% day. well graded, subrounded. low plasticity. moist A 

few roots and root hairs. SM 

Bentonite 
5 4590- P-.-

ALLUVIUM; Clayey silt, grayish brown (10 YR 5&2) 60% ast 20% clay, 30%finead PVC sc sand. homogenous, medium plasticity, wet Patches 
het arne rainedsand throuhoutsample. CL 

No recovery 
Sica 
Sand 

-10- 4585
1 *. Slough - No recovery.  

3 -0-, l" : .: .- Silty sand, dark brown, (10 YR 4/3)75% sand fine grained. 20% silt.  4 10-20 5% clay,. homogenous, tiny red, black, and yellow mineral grains.  
-ubrounded. low plasticity, saturated. SM Sand No recovery.  

15: 45 Slough -No recovery.  

SClayey silt yellowish brown (10 YR 5/4) mottled with dark yellowish 
brown (10 YR 416) few. fine to medium distinct, moist. 10% sand.  
medium elasticity. CL 
\Orecover 

d NOTE. re could feel gravel at 18 feet in depth.  
-20- 4575- 11 .Slough - No recovery.  

30 
23 20-228 0. o~a V 0 Sandy gravel, subrounded, well graded from 114" to cobbles. 60%, 

43~~ Pv sand fined grained 30%. 10% silt, saturated. GW 
No recovery.  

0 U.S. DEPARTMENT OF ENERGY! PAGE 1 OF 2 112WI9 
11=GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJ01-1028 

PROJECT UMTRA GROUND WATER WELL NUMBER 1028 

SITE GRAND JUNCTION DATES DRILLED 11115/97

C.  
CL u a.  

InJ

"-30

"-35

"-40

-45

-50

-55-

4555

4560

4= 

4550

4545

4540-

f htm Previous Page

IUTHOLOGIC DESCRIPTION 

No recovery.

Bottom of boring 34.0 R

fUU.S. DEPARTMENT OF ENERGY 
GRAND JUNCTION OFFICE, COLORADO I

PAGE 2 OF 2 1128199



PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION, CO 
SITE GRAND JUNCTION 
WELL NUMBER 1029

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN:.  
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLAT 

4 In. PVC Sch 40 
4 in. Machine Slotte 
4 In. PVC Sch 40 
Concrete 

Bentonite Pellets 

10-20 Silica Sand

NORTH COORD. (FT) 460999.24 DATE DRILLED 10/30197 
EAST COORD. (FT) 1128375.26 SURFACE ELEV. (FT NGVD) 4556.18 
HOLE DEPTH (FT) 23.50 TOP OF CASING (FT) 4558.55 
WELL DEPTH (FT) 22.25 MEAS. PT. ELEV. (F•) 4558.55 

N •A SLOT SIZE (IN) 0.02 
lON INTERVAL (IT) BIT SIZE(S) (IN) 12.25 

-2.5 to 7.0 DRILUNG METHOD HOLLOW STEM AUGER 
d PVC 7.0 to 22.0 SAMPUNG METHOD 

22.0 to 22.25 DATE DEVELOPED 12/2/97 
0.0 to 2.0 WATER LEVEL (FT BMP) 7.93 

LOGGED BY L. Spencer 
2.0 to 5.0 REMARKS

5.0 to 22.5

W .W L DIAGRAM LITHOLOGIC DESCRIPTION 
SFILL: Gmyish kown, (10 YR 5/2) 60% silt, 30% very fine grained 

sand, 3% grAvel up to 3 Inches, 2% debga s from aindfi70 material 
(plastc, wood, metpr). Well graded. subrounded medium plasticity 

4555.ow. s(when water is naplged) Dry. SM 

• PVC 80h 

040 

- 5 - S o u g h .  

30--- i0c ALLUVIUMe Siuty rand. dark gray (10 YR 4/1) 70% silt. 30% sland.  
4550- 4 Sand poorly graded. satubrted, slighty plastic. SM 

Is Sand, fine gtuined. dark gray (10 YR 4/1) 90% sand, 10% grovel. Red, 

i o we., Mublouack minerd grains poorly graded. ,ubrounded. saturated.  

No recovery.  

-10- 4Sand. medium grained. dark gray (10 YR 4/1) 90% sand. 10% sift, 
poorly graded. subrounded, saturated. SP 

4545 - 23 D- ý- Gravel, up to 2 inches 60%, fine to medium grainedl sand 40%. went 
a egraded. subrounded, saturated. GM 

35 

* No recovery.  

1 4 F U.S. DEPARTMENT OF ENERGY PAGE I OF 2 1128199 
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG GRJOI-1029 

PROJECT UMTRA GROUND WATER WELL NUMBER 1029 

SITE GRAND JUNCTION' DATES DRILLED 10/30/97 

Continued from Previous Page 

__ ____J • WELL DIAGRAM E ID. LITHOLOGIC DESCRIPTION

O.O2 

PVC 

PVC Sch 
40 

• -0- sloto

Slough (large cobble in shoe) - No recovery.

UDAKUITA SANIDIUNE Shale. carbonaceous. weatharea, gray (10 
ýYR 3/11 wet noncalcareous.  

Bottom of boring 23.5 ft

12 

23 

23" 

2S 

13 

35 

2" 

So

-15

-20

-25-

4540

4535

4530-

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 VMS? 
GRAND JUNCTION OFFICE, COLORADO

TT Sand. fine to medium grained. dark gray (10 YR 411) 85% sand. 5% 
"II sit. poorly graded. subrounded saturated. Red, yellow, and black S (carbonaceous?) grains& white. brown, and green chaft. SM 

o 0' Graveal 10% cobbles, up to 2 inches gravel 80%. sand 30%.  
D& * subrounded. well graded, saturated. GM 

Slough - No recovery.  

Sand, medium grained. dark gray (10 YR 4/1) saturated. SP 

I ( Gravel up to 1 inch, subrounded. saturated. GM
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MONITORING WELL COMPLETION LOG GRJOI-1030
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 464339 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) 1125984 
SITE GRAND JUNCTION HOLE DEPTH (FT) 30.50 
WELL NUMBER 1030 WELL DEPTH (FT) 28.57

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMP/END CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLATION 

4 In. PVC Sch 40 
4 In. Machine Slotted PVC 
4 In. PVC Sch 40 
Concrete

Bentonite Pellets 
16-40 Silica Sand 
10-20 Silica Sand

INTERVAL (FT)

-1.8 
8.2 
28.2 
0.0

to 
to 

-to 
to

2.0 to 
5.5 to 
6.83 to

8.2 
28.2 
28.57 
2.0 

5.5 
6.83 
28.57

.84 DATE DRILLED 11111/97 
.87 SURFACE ELEV. (FT NGVD) 4555.64 

TOP OF CASING (FT) 4555.93 
MEAS. PT. ELEV. (FT) 4555.93 
SLOT SIZE (IN) 0.02 
"BIT SIZE(S) (IN) 12.25 

DRILUNG METHOD HOLLOW STEM AUGER 
SAMPUNG METHOD SPLIT SPOON 
DATE DEVELOPED 12/9/97 
WATER LEVEL (FT BMP) 14.74 
LOGGED BY L. Spencer 
REMARKS

0a 
-' a WELL DIAGRAM LITHOLOGIC DESCRIPTION 

L1 j m L IM0 1 

FuLL; Sand. fine tomedium grained. brown (7.5 YR 514) 60% sand.  
-30% gravel. 10% t well graded, subrounded. no plasticity. moist 

PVC SC -........ SW 
40 

Bentoite ........  SPellets °.%' 

5- 4 5 4550- - :Sand fine to medium grained, yellowish brown (10 YR 5/4) 70% sand, 3 -7 1640.........15% gravel. 15% slkt subrounded. well graded. slightly PdasbCsty Moist.  
i | . .. -ca 

O I SWs 

10 No Recovery.  
4545- 2 

San finel tomdu rind elws bon(0Y54 5 ad 

-.
30 

.....
11.  

31 -= ° 20% gravel. 15% silt. subrounded, well graded. slightly plasticity moist 
No sample collected-hard rock drilling.  

415 - No recovery.  

47- 27 • -•-*-. ALLUVIUM; Gravelly sand, grayish brown (10 YR 5/2) 55% sand, 40% 
504 e:r~e~*gravel. ' ubrounded. 5% sift. well graded, slight plasticity, saturated.  

No recovery.  

PVC 

-20 4535- e•.•••4.  

24 20-22 ft. ......  

No recovery 

U.S. DEPARTMENT OF ENERGY PAGE I OF 2 1/2&/99 iir . - r GRAND JUNCTION OFFICE, COLORADO

i

I::

II



MONITORING WELL COMPLETION LOG GRJOI-1030 

PROJECT UMTRA GROUND WATER WELL NUMBER 1030 

SITE GRAND JUNCTION DATES DRILLED 11/11/97 
Continued frm Prewous Page 

Emw WELL DIAGRAM UITHOLOGIC DESCRIPTION 
w 0

-30

"35

-40

-45

-50

-55-

30-30.5 CE

PVCSch 
40 

0-- Sbug

..... w -• DAKOTA SANDSTONE; slftstone, weathered. very dark gray (10 YR 
3/1) very tiny shiny flakes, soft moist Carbonaceous? Noncalcamrous.

Bottom of boring 30.5 ft

[. I

4530

4525

4520

4515

4510

4505

4500

U.S. DEPARTMENT OF ENERGY I 
e M GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL COMPLETION LOG GRJOi-1031
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) - DATE DRILLED 11112/97 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) SURFACE ELEV. ( FT NGVD) 
SITE GRAND JUNCTION HOLE DEPTH (IT) 12.00 TOP OF CASING (FT) 
WELL NUMBER 1031 WELL DEPTH (FT) 12.00 MEAS. PT. ELEV. (FT) 

SLOT SIZE (IN) 0.02 WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 12.25 
SURFACE CASING: 
BLANK CASING: DRILLING METHOD HOLLOW STEM AUGER 
WELL SCREEN: 4 in. Machine Slotted PVC 0.0 to 12.0 SAMPUNG METHOD 
BUMP/END CAP: DATE DEVELOPED 
SURFACE SEAL: WATER LEVEL (FT BMP) 11.0 
GROUT: LOGGED BY L. Spencer 
SEAL* REMARKS Temporary bodna for water level 
UPPER PACK: measurement. Abandoned 11-14-97.  
LOWER PACK:

UO D WELL DIAGRAM LITHOLOGIC DESCRIPTION 

*..* FlLL. Gravelly sand 60% sand, 30% gravel, 10% silt dark grayish 
brown (10 YR 412) moist well graded. SWG 

8.. 5 feet, saturated, 8.5 feet on well graded, aubroufided. Water level 

Mar~ about 9.0 feet below ground level SWG 

10 

N.. ..  

U.S. DEPARTMENT OF ENERGY I RAGE F1 211 GRAND JUNCTION OFFICE, COLORADOE OFI 2I9
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MONITORING WELL COMPLETION LOG GRJOI-1032
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) DATE DRILLED 11112197 
LOCATION GRAND JUNCTION, CO EAST COORD. (FT) SURFACE ELEV. (FT NGVD) 
SITE 'GRAND JUNCTION HOLE DEPTH (FT) 13.00 TOP OF CASING (PT) 
WELL NUMBER 1032 WELL DEPTH (FT) MEAS. PT. ELEV. (FT) 

SLOT SIZE (IN) 0.02 
WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) ON) 12.25 

SURFACE CASING: 
BLANK CASING: DRILLING METHOD HOLLOW STEM AUGER 
WELL SCREEN: 4 in. Machine Slotted PVC 0.0 to 13.0 SAMPLING METHOD 
SUMPIEND CAP: DATE DEVELOPED 
SURFACE SEAL: WATER LEVEL (FT BMP) 13.25 
GROUT:. LOGGED BY L. Spencer 
SEAL: REMARKS Temporary boring for water level 
UPPER PACK: measurement. Abandoned 11-12-97.
LOWER PACK.

zWELL DIAGRAM LITHOLOGIC DESCRIPTION 

.*. Fill Aphalt velly sand. 60% sand, 30% gravel, 10% silt dark 
brown (10 YR 413) subrounded well graded, moist. smg 

5 .'.. .  

....413) subrounded well graded, moist, water leve apprmcdmately 111.0 
feet below ground level SWOG 

PVC 

100 

.:S 

-10- No visual sample.  

g ~U.S. DEPARTMENT OF ENERGYI PAGE I OF 1 2/1I99 
GRAND JUNCTION OFFICE, COLORADO I
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MONITORING WELL COMPLETION LOG GRJOI-1034

PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION, CO 
SITE GRAND JUNCTION 
WELL NUMBER 1034

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
BUMP/END CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLAI 

4 in. PVC Sch 40 
4 In. Vee Wire Wral 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 

10-20 Silica Sand

NORTH COORD. (FT) DATE DRILLED 913/98 
EAST COORD. (FT) SURFACE ELEV. (FT NGVD) 
HOLE DEPTH (FT) 18.00 TOP OF CASING (PT) 
WELL DEPTH (PT) 18.00 MEAS. PT. ELEV. (FT) 

SLOT SIZE (IN) 0.02 
ON INTERVAL (FT) SIT SIZE(S) (IN) 9.33 

-1.8 to 7.7 DRILLING METHOD ODEX - CASING ADVANCE 
pped 7.7 to 17.7 SAMPLING METHOD 

17.7 - to 18.0 DATE DEVELOPED 
0.0 to 1.7 WATERLEVEL(FTBMP) 10.26 

LOGGED BY R. Heydenburg 
1.7 to 5.7 REMARKS No Samples Collected 

5.7 to 18.0

U. WELL DIAGRAM LrTHOLOGIC DESCRIPTION 

Nor ucoery.  

Bentonite 
Pews 

-5

10-20 

Samd 

-10

Sloted 
PVC 

r ýý= U.S. DEPARTMENT OF ENERGY PAGE I OF 2 112"9 
*Ea5want 0u-stpGOW -e GRAND JUNCTION OFFICE, COLORADO P



MONITORING WELL COMPLETION LOG GRJOI-1034 

PROJECT UMTRA GROUND WATER WELL NUMBER 1034 
SITE GRAND JUNCTION DATES DRILLED 913/98 

Continued frm Previous Page 

WEL D ~ LITHOLOGIC DESCRIPTION 
I -9 ELD0GA

I"."

PVC Sdh 
4Q

DAKOTA SANDSTONE; Sha).

BOttOm of boftg at 1u.0 R

U.S. DEPARTMENT OF ENERGYI PAGE 2 OF 2 1t28/99 
GRAND JUNCTION OFFICE. COLORADO,

-15-

"20

-251
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MONITORING WELL COMPLETION LOG GRJO1-1035

PROJECT UMTRA GROUND WATER 
LOCATION GRAND JUNCTION, CO 
SITE GRAND JUNCTION 
WELL NUMBER 1035

SURFACE CASING: 
BLANK CASING: 
WELL SCREEN: 
SUMPIEND CAP: 
SURFACE SEAL: 
GROUT: 
SEAL: 
UPPER PACK: 
LOWER PACK:

WELL INSTALLAI 

4 in. PVC Sch 40 
4 in. Vee Wire WraI 
4 in. PVC Sch 40 
Concrete 

Bentonite Pellets 

10-20 Silica Sand

NORTH COORD. (FT) DATE DRILLED 9-3/98 to 914/98 
EAST COORD. (FT) SURFACE ELEV. (FT NGVD) 
HOLE DEPTH (FT) 19.50 TOP OF CASING (FT) 
WELL DEPTH (FT) 18.00 MEAS. PT. ELEV. (FT) 

ON INTERVAL (FT) SLOT SIZE (IN) 0.02 
BIT SIZE(S) (IN) 9.33 

-1.6 to 7.7 DRILUNG METHOD ODEX - CASING ADVANCE 
pped 7.7 to 17.7 SAMPUNG METHOD 

17.7 to 18.0 DATE DEVELOPED 
0.0 to 1.7 WATER LEVEL (FT BMP) 9.96 

LOGGED BY R. -eydenburm 
1.7 to 5.7 REMARKS No samples collected 

5.7 to 18.0

ui z MWELL DIAGRAM Lfl1IOLOGIC DESCRIPTION 

1No recovery.  

Concrete 

PVC cs 
40 

*entonite 
Pellets 

-5 

10-20 
S--- ca 

-10

o.02" 
Slotted 
PVC 

"GRAND JUNCTION OFFICE, COLORADO PAGE 1 OF 2 1128199



MONITORING WELL COMPLETION LOG GRJO-1035

PROJECT UMTRA GROUND WATER WELL NUMBER 1035 

SITE GRAND JUNCTION DATES DRILLED 9/3/98 to 9/4/98 

Continued from Previous Page 
- , 

[ WELL DIAGRAM ITHOLOGIC DESCRIPTION 

~Lu~ 3 10

PVC Sdh 
40 

20-40 
-0- So= 

Sand

DAKOTA SANDSTONE; Shale

Bottom of borlng at 19.5 ft

"-15-

"20

-25-

U.S. DEPARTMENT OF ENERGY I 
Iiw~iirw -e GRAND JUNCTION OFFICE, COLORADO

F o:. .



MONITORING WELL COMPLETION LOG GRJOI-CW21
PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 467031.00 DATE DRILLED 5131/96 
LOCATION GRAND JUNCTION. CO EAST COORD. (FT) 1170549.00 SURFACE ELEV. ( FT NGVD) 4646.00 
SITE ,GRAND JUNCTION HOLE DEPTH (FT) 10.00 TOP OF CASING (FT) 4647.79 
WELL NUMBER CW21 WELL DEPTH (FT) 10.00 MEAS. PT. ELEV. (FT) 4647.79 

WELL INSTALLATION INTERVAL SLOT SIZE (IN) 0.02 
SURFACE CASING: BIT SIZE(S) (IN) 4.8 
BLANK CASING: 2 in. PVC Sch-40 -1.8 to 5.0 DRILLING METHOD 
WELL SCREEN: 2 In. Machine Slotted PVC 5.0 to 9.83 SAMPLING METHOD 
SUMPIEND CAP: 2 In. PVC Sch 40 9.83 to 10.0 DATE DEVELOPED 
SURFACE SEAL: Concrete 0.0 to 3.0 WATER LEVEL (FT BMP) 
GROUT: LOGGED BY 
SEAL Bentonite 3.0 to 4.0 REMARKS Clifton water district well 
UPPER PACK: 
LOWER PACK: Gravel? 4.0 to 10.0

LITHOLOGIC DESCRIPTION

IIVU Wloubs. brown wVVS

Sandy gravel with boulders and colbbles, hard drilling. GP

Bottom of boring at 10.0 ft

U.S. DEPARTMENT OF ENERGY I 
GRAND JUNCTION OFFICE, COLORADO I PAGE 1 OF I 1f28/99

I
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Appendix C 

Monitoring Well Static Water Locations
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STATIC GROUND WATER LEVELS (USEET00) FOR SITE GRJO1, GRAND JUNCTION 
REPORT DATE: 12/1/98 15:18.139PM 

TOP OF DEPTH GROUND 
CASING MEASUREMENT FROM TOP WATER 

LOCATION FLOW ELEVATION OF CASING ELEVATION 
CODE CODE '(FT NGVD) DATE TIME (FT) (FT NGVD)

0588 U 4570.33 01117/83 12:00 

4570.33 02/01/83 10:00 

4570.33 02=22/83 16.30 

4570.33 01/111/84 10:25 

4570.33 05/05185 12:00 

4570.33 05/17/85 13:41 

4570.33 07M10185 09:19 

4570.33 09/04185 15.-00 

4570.33 07/23=86 17:25 

4570.33 03/06/89 09:15 

4570.33 01/28/91 11:25 

4570.33 08/27/91 14:04 

4570.33 ,1118189t 09:30 

4570.33 02f20/92 11:00 

4570.33 07/15192 16:02 

4570.33 10/09/92 12:03 

4570.33 02101/93 13:15 

4570.33 12107/93 14:23 

4570.33 01/28198 

4570.33 06129/98 9:33:

0590 D 4566.69 01116183 12:00 

4566.69 02/02/83 10:00 

4566.69 02/22/83 16:52 

4566.69 06/06/83 19:12 

4566.69 - 06/07/83 08:46 

4566.69 06110183 10:24 

4566.69 09122/83 10:52 

4566.69 09/23f83 09:36 

4566.69 01/111/84 08:55 

4566.69 01/14184 16:12 

-4566.69 03/25185 13:50 

4566.69 05117/85 14:48 

4566.69 07110185 11:05 

4566.69 09,09185 13:30 

4566.69 07/24/86 11:30

z 4564.75 

4564.65 

4564.65 

4566.35 

4570.43 

4569.20 

4567.38 

4586.24 

4587.10 

4566.28 

4566.15 

4566.35 

4566.55 

4566.51 

4566.58 

4566.15 

4566.60 

4566.38 

4566.93 

4567.31

5.68 
5.68 

5.68, 

3.98 

-0.10 

1.13 

2.95 

4.09 

3.23 

4.05 

4.18 

3.98 

3.78 

3.82 

3.75 

4.18 

3.73 

3.95 

3.40 

3.02 

6.80 

8.80 

8.70 

5.70 

5.60 

5.60 

9.00 

9.00 

8.60 

8.70 

8.21 

5.88 

7.65 

9.17 

8.13

Vage 1

4557.89 

4557.89 

4557.99 

4560.99 

4561.09 

4561.09 

4557.69 

4557.69 

4558.09 

4557.99 

4558.48 

4580.81 

4559.04 

4557.52 

4558.58



I. .�

STATIC GROUND WATER LEVELS (USEE700) FOR SITE GRJOI. GRAND JUNCTION 
REPORT DATE: 1211198 15:18:40 PM 

TOP OF DEPTH GROUND 
CASING MEASUREMENT FROM TOP WATER 

LOCATION FLOW ELEVATION OF CASING ELEVATION 
CODE ý CODE (FT NGVD) DATE TIME (PT) (FT NGVD) 

nfian n -AAa 01 fVfl/RG "08:f00 11.25 , 4555.44

0B/02/89 13:46 

10/30189; 14:30 

08/27/91 08:12.1

4568.69 

4568.69 

4568.69 

4568.69 

4568.69 

4568.69

.4560.69 

4568.69 

4568.69 

4568.69 

4566.69 

4568.69 

4568.69 

4568.69 

4568.69 

4568.69 

U 4811.92 

4511.92 

4611.92 

4811.92 

4611.92

4611.92 

4611.92 

4611.92 

4611.92 

4611.92 

4511.92 

4511.92 

4611.92 

4611.92 

4611.92 

4611.92 

4611.92 

4811.92

11:00 

13:35 

13:20 

09:50 

09:35 

09:37 

13:21 

12:58 

09.20 

14:42 

10:19 

12:00 

12:00 

12:00 

12:001 

12:00 

12:00 

12:00 

12:00 

12:00 

12;00 

12:00, 

12:00 

12:00 

12:00 

12:00 

12:00 

12:00 

12:00

0713

9.38 

8.07 

11.19 

10.05 

10.00, 

10.87 

11.25 

10.05: 

8.23 

9.98 

10.07 

10.07 

9.02 

10.32;' 

10.29 

9.119 

2.42 

5.32 

3.22 

3.22 

3.72 

3.92 

4.32 

3.32 

2.82 

2.82 

3.22 

3.32 

3.12 

4811.92 

4.92 

4.12 

3.62 

4.32

4557.31 

4558.62 

4555.50 

4556.64 

45ýi6.69 

4555.82 

4555.44 

4556.64 

4558.48 

4556.71 

455M.62 

4556.62 

4557.67 

4558.37 

4558.40 

4557.50 

4609.50 

4606.60 

4608.70 

4608.70 

4608.20 

4608.00 

'4607.60 

4608.60 

4609.10 

4609.10 

4608.70 

4608.60 

4608.80 

4607.00 

4607.80 

4608.30 

4607.60

Page 2

11118/91 
02/22/92 

07/18/92 

10/07/92 

02102193 

06/27/93 

12/07/93 

06/22194 

01108195 

06/03195 

12117/98 

01/28W98 

08/29/98 

09/23/77 

10/28/77 
11/11/77 

12/16/77 

01111/78 

03106/78 

04/111/78 

05/08/78 

07/17/78 

09/28/78 

02/05/79 

05/14/79 

07/19/79 

11/29/79 

05/29180 

08117180 

08/05/80 

11110/80



STATIC GROUND WATER LEVELS (USEE700) FOR SITE GRJOI, GRAND JUNCTION 

REPORT DATE: 1211/98 15:18:40 PM 

TOP OF DEPTH GROUND 
CASING MEASUREMENT FROM TOP WATER 

LOCATION FLOW ELEVATION OF CASING ELEVATION 
CODE CODE (FT NGVD) DATE TIME (FT) (FT NGVD) 

0713 U 4611.02 03112/81 12:00 4.92 4607.00

4611.92 05/21/81 12:00 

4611.92 01/27198

3.72 

6.77

4608.20 

4605.15

0715 U 4633.12 09123177 12:00 12.92 4620.20 

4633.12 1028177 12:00 14.62 4618.50 

4633.12 11111/77 12:00' 15.92 4517.20 

4633.12 12116177 12:00 16.12 4617.00 

4633.12 01111/78 12:00 16.72 4616.40 

4633.12 03106178 12:00 17.32 4615.80 

4633.12 04111178 12:00 18.02 4615.10 

4633.12 05/08178 12:00 17.52 4615.60 

4533.12 07/17178 12:00 16.42 4616.70 

4633.12 09/28176 12:00 16.32 4616.80 

4633.12 02105179 12:00 18.12 4615.00 

4633.12 04/8179 12:00 18.12 4615.00 

4633.12 0425179 12:00 18.42 4614.70 

4633.12 05102179 12:00 17.12 4616.00 

4633.12 0510g979 12:00 17.52 4615.60 

4633.12 05/11179 12:00 18.`12 4615.00 

4633.12 05/6179 12:00 17.72 4615.40 

4633.12 05/23179 12:00 17.72 4615.40 

4633.12 05/30179 12:00 17.52 4615.60 

4633.12 06/06179 12:00 17.22 4615.90 

4633.12 06/13179 12:00 17.32 4615.80 

4633.12 06/20/79 12:00 17.32 4615.80 

'4633.12 06/27/79 12:00 17.42 4615.70 

4633.12. 07/03179 12:00 17.52 4615.60 

4633.12 07/11/79 12:00 16.92 4616.20 

4633.12 071179 12:00 16.92 4616.20 

4633.12 07/26/79 12:00 16.92 4616.20 

4633.12 08/01179 12:00 17.02 4616.10 

4633.12 08108179 12:00 17.02 4616.10 

4633.12 08/14179 12:00 16.92 4616.20 

4633.12 08/22179 12:00 16.72 4616.40 

4633.12 08/29179 12:00 16.62 4616.50 

Page
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STATIC GROUNDWATER LEVELS (USEE700) FOR SITE GRJOI. GRAND JUNCTION 
REPORT DATE: 12)1198 15:18:40 PM 

TOP OF DEPTH GROUND 
CASING MEASUREMENT FROM TOP WATER 

LOCATION FLOW ELEVATION OF CASING ELEVATION 
CODE CODE (FT NGVD) DATE TIME (FT) (FT NGVD) 

0715 U 4633.12 09A)5/79 12:00 If 62 AAh4 CA

4533.12 09/12179 

4533.12 09/19/79 

4633.12 . 09/26/79 
46-33.12 05/29/80 

4633.12 08/17180 

4633.12 08104180 

4833.12 11/10/80 

483312 03/12181 

4633.12 04/08181 

4633.12 05A08181 

4633.12 06/03/81 

4833.12 07108/81 

4633.12 08/05181 

4633.12 09/23181 

4633.12 01/0&182 

4633.12. 01/27198

U 4565.75 

4565.75 

4555.75 

4565.75 

4565.75 

4565.75 

4565.75 
4565.75 

4565.75 

4565.75 

4565.75 

4565.75 

U 4568.59 

4568.59 

4568.59 

4568.59 

4568.59 

4568.59

03/30/85 

05/05/85 

05/17/85 

07/10=85 

09/13/85 

07/23186 

03/04/89 

08/04189 

10129189 
06127/93 

12/07/93 

06/29/98 

05105185 

05117/85 

07/10185 

07/23186 

03102189 

10/31189

120W 

12:00 

12:00 

12:00 

12.00 

12:00 

12:00 

12:00 12:00 

12:00 

12:00 

12:00 

12:00 

12:00 

12:00 

15:05.  

12:00 

14:44 

10:57 

08:20 

16:28 

12:00 

13:00 

14:46 

09.34 

13:25 

8:36: 

12:00 

14:53 

11:09 

11:00 

08:00 

09:32

16.62 

16.52 

16.62 

17.92 

20.02 

17.32 

17.22 

18.92 

18.72 

18.02 

17.72 

17.22 

18.82 

16.52 

17.62 

20.72 

12.25 

11.85 

11.92 

11.50 

12.25 

11.82 

12.33 

12.18 

12.08 

11.45 

11.81 

12.57 

12.33 

12.26 

12.37 

12.61 

12.09 

12.99

4816.50 

4616.60 

4616.50 

4815.20 

4613.10 

4615.80 

4515.90 

4814.20 

4614.40 

4615.10 

4515.40 

4515.90 

4616.30 

4816.80 

4615.50 

4612.40 

4553.50 

4553.90 

4553.83 

4554.25 

4553.50 

4553.93 

4553.42 

4553.57 

4553.69 

4554.30 

4553.94 

4553.18 

4556.26 

4558.33 

4558.22 

4555.98 

4556.50 

4555.60

Page 4

0724 

0728
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STATIC GROUND WATER LEVELS (USEE700) FOR SITE GRJO1, GRAND JUNCTION 
REPORT DATE: 1211/98 15:18:40 PM 

TOP OF DEPTH. GROUND 
CASING MEASUREMENT FROM TOP WATER 

LOCATION FLOW ELEVATION OF CASING ELEVATION 
CODE CODE (FT NGVD) DATE TIME (FT) (FT NGVD) 

.0726 U 4568.59 06/27/93 09:39 14.80 -4553.79

4568.59 

4568.59 

4568.59

0732 D 4566.69 

4566.69 

4566.69 

4566.69

4566.69 

4566.69 

4566.69 

4566.69 

4566.69 

0735 D 4565.73 

4565.73 

4565.73 

4565.73 

4565.73 

4565.73 

4565.73 

4565.73 

4565.73 

4565.73 

4565.73 
4565.73 

4565.73 

0736 D 4565.90 

4565.90 

4565.90 

4565.90 

4565.90 

4565.90 

4565.90 

4565.90 

4565.90

12/07/93 13:17 

12/18196 

06/2r818 9:25: 

03/25/85 10:15 

05/05185 12:00 

05/17/85 15:15 

07/11185 13:50 

09/08/85 09:53 

07/23=86 09:42 

01/02/97 

01/27198 

08/22/98 3:16: 

03/30/85 08:06 

05/05/85 12:00 

05/17185 15:00 

07110185 10-52 

09161685 10.05 

07/24)86 13:55 

03/03/89 08:45 

08/02/89 08:41 

1029/89 08:30 

06/27/93 09:44 

12/07/93 13:55 

12/17/96 

06/17/98 9:40: 

03/22/85 15:15 

05/05/85 12:00 

05/17/85 15:01 

07/10185 10.54 

09/10/85 11:20 

07/24/86 13:58 

02128189 13:45 

08/01/89 14:28 

10/29189 10:45

14.91 

14.86 

12.53 

13.08 

12i07 
12.27 

12.66 

12.97 

12.40 

19.79 

18.99 

13.96 

29.29 

28.53 

21.29 

18.58 

7.30 

6.45 

5.77 

27.12 

31.98 

7.23 

7.29 

6.77 

11.99 

6.99 

6.85 

6.37 

6.78 

7.54 

7.15 

6.70 

7.70 

8.35

4553.68 

4553.73 

4556.08 

4553.63 

4554.62 

4554.42 

4554.03 

4553.72 

4554.29 

4546.90 

4547.70 

4552.73 

4536.44 

4537.20 

4544.44 

4547.15 

4558.43 

4559.28 

4559.96 

4538.61 

4533.75 

4558.50 

4558.44 

.4558.96 

4553.74 

4558.91 

4559.05 

4559.53 

4559.12 

4558.36 

4558.75 

4559.20 

4558.20 

4557.55
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STATIC GROUND WATER LEVELS (USEE700) FOR SITE GRJOI. GRAND JUNCTION 
REPORT DATE: 121119815:18:40 PM 

TOP OF DEPTH GROUND 
CASING MEASUREMENT FROM TOP WATER 

LOCATION FLOW ELEVATION OF CASING ELEVATION 
CODE CODE (FT NGVD) DATE ; TIME (FT) (FT NGVD) 

0738 D 4565.90 01/25/91 14:35 7.85 4558.05

4565.90 

4565.90 

4565.90 

4565.90 

4565.90 

4565.90 

4565.90 

4565.90 

4585.90 

4565.90 

4565.90 

4565.90 

4565.90

D 4587.86 

4567.88 

4567.86 

4567.88 

4567.88 

4567.86 

4587.86 

4567.86 

4567.86 

4567.86 

4567.86 

4567.86 

4587.86 

4567.88

08/27/91 09.50 

11118/91 18:30 

02/22=92 12.25 

07/1/92- 14:22 

10/07/92 16:08 

02/02193 10:50 

06/27/93 09:45 

12/07/93 13:54 

06/22/94 09:40 

01/06/95 13:03 

06/03/95 13:37 

1211W/98 

08117/98 11:14 

03/22185 14:15 

05/05/85 12:00 

05/17/85 14:38 

07110/85 10:47 

09/09/85 10:30 

07/23/88 15:50 

02r28/89 15:25 

01/27/91 14:02 

08/20191 08:33 

11117/91 15:00 

02/21/92 15:32 

07/16192 09:45 

10/07/92 .11:01 

02/02/93 12:30

4567.88 06/27193 09:25 

4567.86 12/07193 13:48 

4567.86 06/22194 09:36 

4567.86 01/06/95 18:22 

4587.86 06/04/95 08:11 

4587.86 12117196 

4567.86 01/289

7184 

7.35 

7.35 

7.76 

8.22 

7.17 

8.78 

7.49 

7.67 

7.49 

7.07 

7.65 

7.89 

6.48 

6.11 

5.92 

8.60 

7.37 

8.86 

5.83 

8.85 

8.30 

7.55 

8.40 

8.31 

8.71 

7.25 

6.64 

7.32 

7.40 

7.35 

6.88 

7.45 

7.41

0740

4558.08 

4558.55 

4558.55 

4558.14 

4557.68 

4558.73 

4559.12 

4558.41 

4558.23 

4558.41 

4558.83 

4558.25 

4558.01 

4561.40 

4561.75 

4561.94 

4581.26 

4560.49 

4581.00 

4562.03 

4581.01 

4559.56 

4560.31 

4559.46 

4559.55 

4559.15 

4560.61 

4561.22 

4560.54 

4580.46 

4560.51 

4560.98

4560.41 

4560.45
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STATIC GROUND WATER LEVELS (USEE700) FOR SITE GRJO1. GRAND JUNCTION 
REPORT DATE: 1211198 15:18:40 PM 

TOP OF DEPTH GROUND 
CASING MEASUREMENT FROM TOP WATER 

LOCATION FLOW ELEVATION OF CASING ELEVATION 
CODE CODE (FT NGVD) DATE TIME (FT) (FT NGVD) 

0740 D 4567.86 06123198 10:29 7.41 4560.45

0741 

0742

C 4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

4574.02 

C 4574.19 

4574.19 

4574.19 

4574.19 

4574.19 

4574.19 

4574.19 

4574.19 

4574.19 

4574.19 

4574.19 

4574.19 

4574.19 

4574.19

03o6S 15-27 

06105185: 12:~00 
05117/85 14:04 

07/10M85 09:43 

09113O85 12.20 
07t23/86 16:16 

03/03189 12:45 

08104/89 08:30 

10/31189 11:58 

01126/91 16:00 

081811 14.00 

11/19/91 14:45.  

02121192 10:18 

07/15192 17:07 

10/09/92 13:45 

02/03/93 10:30 

06127193 09:04 

12107193 14:03 

12/l9/96 

06/17198 2:36: 

0312295 13:10 

05/05/85 12:00 

05117/85 14:02 

07/10/85 09:45 

09110185. 14:50 

07123/86 16:18 

031=•9 11.00 

01/26)91 14:42 

o0291 12:55 

11/19/91 11:15 

02121/92- 09:40 

07/15/92 18:42 

10109/92 1424 

02/03193: 11:50

6.71 

6.90 

7.01 

7A2 

7.38 

7.07 

5.69 

7.31 

6.88 

6.18 

7.83 

7.18 

7.93 
7.70 

8.22 
7.33 

7.27 

6.91 

6.72 

7.87 

7.33 
6.72

6.&4 

7.23 

7.48 

6.91 

6A1 

7.41 

8.17 

7.56 

7.51 
7.74 

8.23 

7.51

4567.31 

4567.12 

4567.01 

4566.60 

4566.64 

4566.95 

4568.33 

4566.71 

4567.14 

4567.64 

4566.19 

4566.64 

4566.09 

4566.32 

4565.80 

4566.69 

4566.75 

4567.11 

4567.30 

4566.15 

4566.86 

4567.47 

4567.45 

4566.96 

4566.71 

4567.28 

4567.78 

4566.78 

4566.02 

4566.63 

4566.68 

4566.45 

4565.96 

4566.68
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i� :

STATIC GROUND WATER LEVELS (USEE700) FOR SITE GRJO1, GRAND JUNCTION 
REPORT DATE: 12/1/98 15:18:41 PM 

TOP OF DEPTH GROUND 
CASING MEASUREMENT FMOM TOP WATER 

LOCATION FLOW ELEVATION OF CASING ELEVATION 
CODE CODE (FT NGVD) DATE TIME (FT) (FT NGVD)

0742 C 4574.19 

4574.19 

4574.19 

4574.19.  

4574.19 

4574.19 

4574.19 

U 4578.10 

4578.10 

4578.10 

4576.10 

4578.10 

4575.10 

4575.10 

4578.10 

4578.10 

4576.10 

4578.10 

4576.10 

4576.10 

4575.10 

4576.10 

4575.10 

4576.10 

4576.10 

4576.10 

4576.10 

4576.10 

4578.10 

4578.10 

4576.10 

U 4576.15 

4576.15 

4576.15 

4576.15

06/27/93 09:05 

12/07/93 14:01

06122W94 0§:24 

01/05/95 15:55 

06/03/95 10:27 

12/19196 

06117/98 2:59: 

03/21185 14:15 

05/06/85 15:30 

05/o7185 13:3.0 

05/08/85 07:30 

05/09/85 10:30 

05117/85 13:33 

07/10185 09:11 

09/0185 15:30 

07/23/88 17:10 

03/05/89 14:50 

08/03/89 08:45 

10/31/89 14:51 

06/13/91 10:35 

08/28/91 09:50 

11/17/91 12:30 

02/19/92 14:30 

07/15/92 12:00 

10/09/92 10:27 

02101193 11:30 

08/27/91• 08:55 

12/07/93 14:30 

12/18196 

01/26/98 

06/29/98 12:35 

03/21/85 11:00 

05/06/85 15:30 

05/07/85 13:00 

05/08/85 07:30

0743 

0744

7.42 

7.90 , 

7.73 

7.82 

7.28 

7.79 

8.03 

8.17' 

4.869 

4.57 

4.53 

4.37 

5.28 

6.98 

8.21 

7.14 

9.18 

8.61 

8.81 

6.51 

8.93 

8.36 

8.74 

8.51 

8.78 

8.32, 

5.92 

8.44 

8.28 

8.20 

7.88 

8.50 

4.13' 

4.08 

4.08

4568.77 

4566.29 

4568.46 

4568.37 

4565.93 

4568.40 

4566.18 

4567.93 

4571.41 

4571.53 

4571.57 

4571.73 

4570.82 

4589.12 

4567.89 

4568.96 

4568.92 

4567.49 

4567.29 

4569.59 

4567.17 

4567.74 

4587.36 

4567.59 

4567.32 

4567.78 

4570.18 

4567.66 

4567.84 

4568.90 

4568.22 

4567.65 

4572.02 

4572.07 

4572.07
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STATIC GROUND WATER LEVELS (USEE700) FOR SITE GRJOI, GRAND JUNCTION 
REPORT DATE: 1211/98 15:18:41 PM

TOP OF DEPTH GROUND 
CASING MEASUREMENT FROM TOP WATER 

LOCATION FLOW ELEVATION OF CASING ELEVATION 
CODE CODE (FT NGVD) DATE TIME (FT) (FT NGVD) 

0744 U 4576.15 05/09185 10:30 3.96 4572.19

4576.15 05117/85 13:36 5.37 4570.78 

4576.15 9T•/ 0185 09:13 7A7 4568.68 

4576.15 6 74M5 08.W 8.7 456728 

4576.15 07/23186 17:14 7.47 4568.68 

4576.15 03/05/89 14:15 9.08 4567.07 

4576.15 08/03/89 10:20 9.02 4567.13 

4576.15 10/31/89 15:50 9.37 4566.78 

4576.15 01/27191 08:42 9.37 4566.78 

4576.15 08/27/91 12:40 9.33 4566.82 

4576.15 11/17/91 13:25 8.92 4567.23 

4576.15 02/19192 13:30 9.23 4566.92 

4576.15 .07115M92 10:45 9.07 4567.08 

4576.15 10/09192 09:48 9A2 4566.73 

4576.15 02101/93 10:25 9.03 4567.12 

4576.15 06/27/93 08:53 5.97 4570.18 
4576.15 12=07/93 14:29 8.94 4567.21.  

4576.15 01110/95 14:23 9.16 4566.99 

4576.15 12/16N96 8.73 4567.42 

4576.15 01/26/98 8.63 4567.52 
4576.15 06/29/98 1:25: 8.08 4568.07 

0745 U 4560.76 03/30185 08:50 8.16 4572.60 

4580.76 05/05185 12.00 6.90 4573.86 

4580.76 05/17/85 13:48 6.22 4574.54 

4580.76 07/10/85 09:28 7.28 4573.48 
-4580.76 09/05/85 08:50 5.48 4575.26 

4580.76 07/23/86 17:00 7.17 4573.59 

4580.76 03/05189 10:15 8.19 4572.57 

4580.76 08/03/89 11:18 8.58 4572.18 

4580.76 11/02/89 11:30 8.12 4572.64 
4580.76 01/28/91 09:55 8.65 4572.11 

4580.76 08/27/91 17:00 8.62 4572.14 

4580.76 11/17/91 11:00 8.25 4572.51 
4580.76 02/20/92 13:39 8.55 4572.21 

4580.76 07/15192 14:25 8.22 4572.54
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STATIC GROUND WATER LEVELS (USEE700) FOR SITE GRJO1, GRAND JUNCTION 

REPORT DATE: 12/11/98 15:18:41 PM

Page 1U

TOP OF 
CASING 

LOCATION FLOW ELEVATION 
CODE CODE (FT NGVD) 

0745 U- 4580.75 

4580.78 

4580.78 

4580.76 

4580.76 

4580.76 

4580.78 

4580.78 

4580.78 

4580.78 

0748 U 4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 
4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

4587.85 

1000 0 4566.80

MEASUREMENT 

DATE TIME 

10/07/92 15:05 

02.02/93 13:37 

06f27/93 10:58 

12/07/93 14:14 

06/22/94 08:27 

oi/05/95 10-10 

06102/95 15:13 

12/16/98 

0112W98 

06/17/98 3:07: 

03=22185 09:20 

05/05185 12:00 

05/17/85 13:52 

07/10185 09:.33 

09/05185 14:30 

07/23/88 16:23 

03/05189 08:00 

08/03/89 13:38 

11/01/89 09:26 

01126/91 08:50 

08128/91 11:13 

11117/91 09:30 

02121/92 11:48 

07/1592 15:37 

10/07/92 13:49 

02/03193 09:08 

06/27/93. 11:19 

12/07/93 14:09 

06/22/94 08:45 

01/05/95 13:55 

06/02/95 16:33 

12/16/96 

01126198 

06/17/98 2:21: 

01/07/95 08:20

DEPTH 
FROM TOP 
OF CASING 

(FT) 

8.38 

8.25 

8.41 

8.65 

8.02 

8.95 

8.18 

8.45 
8.38 

8.77 

11.35 

9.35 

10.50 

10.25 

10.20 

10.50 

11.28 

10J3 

10.73 

11.38 

11.08 

11.01 

11.45 

10.61 

11.14 

11.11 

10.71 

11.14 

10.84 

10.88 

10.29 

10.98 

11.30 

11.33 

2.98

GROUND 
WATER 

ELEVATION 
(FT NGVD) 

4572.38 

4572.51 

4572.35 

4572.11 

4572.74 

4571.81 

4572.58 

4572.31 

4572.38 

4571.99 

4576.50 

4578.50 

4577.35 

4577.60 

4577.65 

4577.35 

4576.57 

4577.12 

4577.12 

4578.47 

4576.77 

4578.84 

4575.40 

4577.24 

4576.71 

4576.74 

4577.14 

4576.71 

4577.01 

4576.97 

4577.56 

4576.87 

4578.55.  

4576.52 

4563.82



STATIC GROUND WATER LEVELS (USEE700) FOR SITE GRJO1, GRAND JUNCTION 
REPORT DATE: 12/1/98 15:18:41 PM 

TOP OF DEPTH GROUND 
CASING MEASUREMENT FROM TOP WATER 

LOCATION FLOW ELEVATION OF CASING ELEVATION 
CODE CODE (FT NGVD) DATE TIME (FT) (FT NGVD)

1000 O 4566.80 

4566.80 

4566.80 

4566.80 

4566.80 

O 4569.69 

4569.69 

4569.69 

4569.69 

O 4572.62 

4572.62 

4572.62 

4572.62 

4572.62 

4572.62.  

4570.05 

4570.05 

4567.67 

4567.67 

4568.61 

4573.60 

4574.27 

4573.54 

4571.87 

4572.72 

4575.91 

4580.09 

4582.90 

4582.90 

4586.42 

4586.42 

4562.76

1001 

1002 

1010 

1011 

1012 

1013 

1014 

1015 

1016 

1017 

1018 

1019 

1020 

1021 

1022

3.02 

1.29 

3.23 

2.93 

4.44

01108195 08:40 

06103195 09:12 

12117/96 

01/2898 

0625198 10:00 

01/07195 1"A5 

0/03/95 16:03 

12117196 

06/24/98 10:20 

01/07195 13:36 

0110815 11:05 

06/03/95 07:40 

08105/95 08:42 

12117/96 

06t24/98 3:11: 

01128198 

06/9198 12:25 

01/28198 

06/25198 2:51: 

06125198 1:33: 

06/24/98 2:35: 

06/24/98 9:20: 

06/228 4:18: 

06/29198 11:13 

06/22r8 10:35 

06119/8 12:45 

06/19128 11:49 

01/26/8 

06/22/98 9:19: 

01/26198 

06/23/98 9:20: 

06/23/98 1:54:

"4563.78 

4565.51 

4563.57 

4563.87 

4562.36 

4563.92 

4565.76 

4563.66 

4562.39 

45864.36 

4564.21 

4565.74 

4566.44 

4564.26 

4562.96 

4554.48 

4554.85 

S4558.95 

4560.33 

4562.20 

4562.95 

4564.75 

4566.37 

4564.76 

4567.01 

4568.20 

4574.32 

4574.20 

4575.97 

4580.07 

4582.10 

4557.53

Page 11

5.77 

3.93 
5.83 

7.30 

8.26 

8.41 

6.88 

6.18 

8.36 

9.66 

15.57.  

15.20 

8.72 

7.34 

6.41 

10.65 

9.52 

7.17 

7.11 

5.71 

7.71 

6.67 

8.70 

6.93 

6.35 

4.32 

5.23
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STATIC GROUNDWATER LEVELS (USEE700) FOR SITE GRJ01, GRAND JUNCTION 

REPORT DATE: 1211198 15:18:41 PM

TOP OF 
CASING MEASUREMENT 

LOCATION FLOW ELEVATION 
CODE CODE. (FT NGVD) DATE TIME 

1023 4630.22 01/22198 

4630.22 08118198 9:45: 

1024 4640.21 01/22198 

4640.21 06118/98 1:3X 

1025 4617.57 01/22=98 

4817.57 06/18/98 8:2& 

1026 4593.83 01123198 

4593.83 08/19/98 8:54: 

1027 4593.34 01/23198 

4593.34 06/19/98 10:.08 

1028 4594.99 01/23/98 

4594.99 06/18/98 3:13:

1029 

1030

4558.55 

455&55 

4555.93 

4555.93

01/27/98 

06/29/98 2.26: 

01/27/98 

06/22/98 10:58

DEPTH GROUND 
FROM TOP WATER 
OF CASING ELEVATION 

(FT) (FT NGVD) 

8.42 4521.80 

8.00 4622.22 

9.35 4830.86 

5.65 4634.58 

11.95 4605.62 

9.78 4607.79 

8.32 4585.51 

7.17 4586.58 

8.32 4585.02 

7.06 4588.28 

8.14 4585.85 

7.38 4587.81 

8.73 4549.82 

7.99 4550.56 

14.59 4541.34 

12.97 4542.96

RECORDS: SELECTED FROM USEE700 WHERE sltLcode=ýGRJ0V AND ocatlkmcode 
InC1 035$-1034- -10W.11 021-°102V102r1-02V1- 02F1. 24°:1 021:1022121.1 0 20"71020101 0•IoiV.10 
17,i 018.'1015iI 014'.'101 V1 01 2710117'1010'1001.'I001 .'1000"'074,074.'0744.'0743'.70742.0 
741 '.0740.'073 '0735.'0732.072 '0724"071W.'0713,05907.0588'

FLOW CODES: 
C CROSS GRADIENT 
U UPGRADIENT

D DOWN GRADIENT 0 ON-SITE
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Calculation No.: U0043900 .

Technical Task Cover Sheet 

Discipline Hydrogeology Number of Sheets 

Project: 

UMTRA Ground Water Project 

ite: 

Grand Junction, Colorado Processing Site (GRJ-01) 

ubject: 

Hydraulic parameter calculation - based on aquifer pumping test data.  

ources of Data: 

Field data from aquifer pumping tests in monitor wells 0590, 1002, 1013, 1018, 1034, and 1035.  

Data analyzed using AqulferTest (Version 2.52) by Waterloo Hydrogeologic, Inc.  

See references at end of this report.  

ask Order No. MAC99-05 File Index No.

Proj. No.,UGw4-30 oo846O Calc. No.YO43oo Supersedes Calc. No.

"Oý U.S.. Department of Energy Grand Junction Office

I; i



Calculation No.: U0043900

Contents 

1.0 Introduction 

2.0 Hydrogeologic Setting 
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1.0 Introduction 

The hydrogeology and hydraulic parameters of the alluvial aquifer at the Grand Junction processing site (GRJ-01) 
were further characterized for the final Site Observational Work Plan (SOWP). A series of new monitor wells were 
installed during September 1997 and September 1998 and hydraulic parameters were estimated from data 
collected during aquifer pumping tests and slug tests. Analyses of the aquifer pumping tests are shown In this 
calculation set and are incorporated into the SOWP. Slug test analyses are not included in this report because-of 
the limited nature and extent of the tests.  

2.0 Hydrogeologic Setting 

The three main hydrogeologic units beneath the Grand Junction site include the unconfined alluvial aquifer, the 
underlying aquitard composed primarily of shale units in the Cretaceous Dakota Sandstone, and the confined 
aquifer in sandstones of the Dakota Sandstone. The alluvial aquifer Is considered the uppermost aquifer at the 
site. Surface components of the hydrologic system in the area include the Colorado River south of the site and 
irrigation canals and ditches north of the site.  

The alluvial aquifer Is composed of unconsolidated clays, silts, sands, gravels, and cobbles. Ground water is 
present under unconfined conditions in the alluvial aquifer, with depth to ground water ranging from zero near the 
river to approximately 20 ft at the northern end of the site. The saturated thickness of the aquifer ranges from 5 to 
20 ft. Ground water generally flows to the southwest towards the Colorado River at a horizontal hydraulic gradient 
of approximately 0.004. The alluvial aquifer is recharged by infiltration of precipitation directly on the site, leakage 
from upgradient irrigation canals and ditches in the area, and infiltration of river water during spring runoff in the 
Colorado River. Seasonal fluctuations in water levels beneath the site range from 2 to 5 ft in response to changes 
in river stage and infiltration. Umited amounts of recharge also occur as upward leakage of ground water from the 
underlying confined Dakota Sandstone aquifer. Ground water discharge is primarily limited to drainage Into the 
rver during low stage. Some discharge also occurs as evapotranspiration from vegetation growing in areas of 
shallow ground water depth near the Colorado River.  

3.0 Procedures 

3.1 "Aquifer Pumping Tests 

3.A.1 Field Procedures 

Aquifer pumping and recovery tests were performed in selected monitor wells at the *site to estimate the hydraulic 
conductivity in the alluvial aquifer. Single-well pumping tests were run in monitor wells 1013, 1015, 1017, 1019, 
and 746 during January and February 1998. Additional single well pumping tests were conducted in wells 590, 
1001, 1018 during August 1998. Multiple-well pumping tests were run in monitor wells 1034 and 1035 during 
September 1998, with drawdown response and recovery of water levels measured in three adjacent observation 
wells (1002, 1013, and 103411035). All observation wells were within a 50-ft radius of the pumping wells. This 
calculation focuses on the multiple-well pumping tests in wells 1034 and 1035 since the most reliable data are 
obtained from drawdown and recovery in observation wells. Recovery data collected from the single-well tests in 
0590 and 1018 appeared reasonable, so these tests are also included. All of the wells tested were drilled to the 
contact with the underlying Dakota Sandstone and were fully screened In the alluvial aquifer. Saturated thickness 
of the aquifer in the wells ranged from 6 to 9ift No formal step-drawdown tests performed, but preliminary tests 
were run to determine optimal pumping rates. During the tests, the wells were pumped at a constant rate as much 
as practicable. Locations of monitor wells used in the aquifer pumping tests are shown in Figure 1 and 
iydrogeologic cross sections are shown in Figure 2. Monitor well information is shown in Table 1.
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The wells were pumped using an above ground suction lift pump with the end of the 2-inch diameter intak set 
in the bottom of each well pumped. The discharge line was fitted with a control valve (to control the pump 
discharge) immediately followed, by a flow meter to monitor the flow rate (in gpm) during the pumping period. A 
pressure transducer was placed in each pumping and observation well to measure drawdown during the 
discharge phase of the pumping test and recovery of the water level after the pump was shut off. The transducer 
was connected to an In-Situ Inc. HERMIT datalogger at the surface, or was a self-contained TROLL datalogger in 
some of the wells. Water was discharged some distance away from the pumping well so the aquifer was not 
recharged during the test. The pumping tests were generally run for a period of 12 to 14 hours with the recovery 
measured until water levels had substantially returned to pre-test levels.  

'3.1.2 Analytical Methods 

The hydraulic parameters of transmissivity MT) and hydraulic conductivity (K) were determined for the unconfined 
alluvial aquifer using drawdown data from the pumping phase of the test from observation wells adjacent to 
pumping wells 1034 and 1035, and recovery data from all pumping and observation wells. Drawdown data from 
the pumping wells are generally not reliable because of turbulent conditions in the well. Data analyses were 
completed using curve-matching techniques available through the AquiferTest software package (Rahrich and 
Waterloo Hydrogeologic, Inc., version 2.52). Field data from the aquifer pumping tests were converted into 
Microsoft EXCEL files for input into AquiferTest. Observation well drawdown data were analyzed using the 

* Theis method (Theis 1935) and the Cooper and Jacob time-drawdown method (Cooper and Jacob 1946). All data 
collected during the recovery phase of the tests were analyzed using the Theis and Jacob recovery method (Theis 
"1935). Standard assumptions for the methods of aquifer test calculations are available in the references and 
documentation in AquiferTest.  

3.2 Slug Tests 

Slug tests were performed in 13 monitor wells and hydraulic conductivity was estimated where possible (w' 
levels in some of the wells recovered too rapidly for meaningful estimation). Slug tests provide only a rout.  
approximation of hydraulic conductivity, and the values should be considered as order-of-magnitude estima,,...  
Also, the area of influence of a slug test extends only a short distance from the borehole, and results shouid not 
be inferred to be valid at any distance away from the area of influence. Consequently, slug test estimates are not 
used in the evaluation because of their limited extent ond also because of the more reliable estimates from the 
aquifer pumping test analyses. Hydraulic conductivity values from slug tests are summarized in Table 2 and 
calculations are on file in the Grand Junction Office.  

4.0 Results 

Many variables determine hydraulic conductivity values in an aquifer system, so the results are an approximation 
that provides a general idea of the characteristics of the alluvial aquifer. Results of aquifer pumping test 
calculations (estimations) of hydraulic parameters are summarized in Table 2 with detailed results in Table 3.  

4.1 Pumping Well 1034 

The aquifer pumping test in monitor well 1034 was started at 1030 on 28 September 1998 and was run for 717 
min (11.95 hr) at a constant rate of 4 gpm (Figure 3). The pump was off for about 7 min from 95-102 min. The 
water level recovered to within 0.2 ft during this time. When the pump was started again, the drawdown 
maintained a similar trend throughout the rest of the test. There was a slight increase in drawdown at about 530 
min into the test that possibly represented a boundary condition or a change in lithologic character. The maximum 
drawdown during the test was about 4 ft with a water column in the well of about 10 ft. Estimated hydraulic 
conductivity from the recovery phase of the test was 202 ft/day.
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The water level response In observation well 1002 was slow and steady during the pumping phase with a slow 

recovery after the pump was turned off. The maximum drawdown in 1002 during the test was about 0.32 ft.  

Estimated hydraulic conductivity ranged from 68 to 94 ft/day. 

The water level in observation well 1013 responded rapidly during the pumping phase of the test with a maximum 

drawdown of about 0.40 during the test. Recovery was also relatively rapid. Estimated hydraulic conductivity 

ranged from 43 to 76 ft/day.  

Since there was practically no response In observation well 1035 (maximum of 0.06 ft) these data were not used 

In the analyses.  

4.2 Pumping Well 1035 .  

The aquifer pumping test in monitor well 1035 was started at 1000 on 29 September 1998 and was run for 707 

min (11.78 hr) at a variable rate (Figure 4). The Initial discharge rate was 8 gpm for the first 257 minutes of the 

test, at which time the well pumped dry, and the rate was adjusted to 6 gpm. The discharge rate was somewhat 

irregular during the initial period of the test. The maximum drawdown during the early part of the test was about 

8.5 ft with a water column in the well of about 10 ft. At the adjusted discharge rate later in the test, the maximum 

drawdown was less than 3 ft. Estimated hydraulic conductivity from the recovery phase of the test was 282 ft/day.  

The water level response in observation well 1002 was slow and steady during the pumping phase with slow 

recovery. The maximum drawdown was about 0.13 ft. Estimated hydraulic conductivity ranged from 136 to 177 

ft/day.  

There was good water level response in observation well 1013 during the pumping phase with a maximum 

drawdown of 0:16 ft at both discharge rates. Estimated hydraulic conductivity ranged from 242 to 303 Wday.  

The water level In observation well 1034 also responded rapidly during the pumping phase with a maximum 

drawdown of 0.40 ft. The drawdown varied with the different discharge rates in the pumping well. Estimated 

hydraulic conductivity ranged from 88 to 286 ft/day.  

4.3 Pumping Well 0590 

The aquifer pumping test In monitor well 0590 was started at 0935 on 10 August 1998 and was run for 840 min at 

a constant rate of 30 gpm (Figure 5). In spite of the relatively high discharge rate the recovery was relatively slow.  

This Indicates that the major source of water in the well was from the Colorado River, approximately 75 ft south of 

the well. The recovery period of the test represents a lower than expected hydraulic conductivity of 68 ft/day.  

4.4 Pumping Well 1018 

The aquifer pumping test in monitor well 1018 was started at 1335 on 11 August 1998 and was run for 820 min at 

a constant rate of I gpm (Figure 6). Recovery was relatively rapid in this well and the estimated hydraulic 

conductivity was 18 ft/day.  

5.0 Conclusions 

Data collected from aquifer pumping tests in alluvial aquifer wells in the west (0590), central (1034/1035), and east 

(1018) portions of the site indicate transmissivity ranging from 161 to 2434 Itf/day. Hydraulic conductivity ranges 

from 18 to 304 ft/day based on saturated thickness in the alluvial aquifer ranging from 6 to 9 ft in the different 

wells. As expected, the values of hydraulic conductivity are variable across the site, even in the relative proximity 

.f wells 1034 and 1035. Variation in these values is a result of several factors:
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"* Lateral and vertical lithologic changes typically found in an alluvial depositional environment - includi" 
possible impact of old channels in the alluvium.  

"* Colorado River as a boundary condition - particularly In the vicinity of 0590 (about 60 ft from the river).  
"* Well construction and screen type may cause variable well efficiency and response to pumping stress (e.g.  

screen type in 1035 has greater area of exposure to the aquifer than in 1034).  

A general statement regarding "precision and bias" of methbds used for calculation of aquifer parameters from 
aquifer pumping tests Is quoted from ASTM D 5270 (ASTM 1994): 

"it is generally not practicable t6 specify the precision of these test methods because the response of aquifer 
systems during aquifer tests is dependent upon ambient system stresses. No statement can be made about 
bias because no true reference values exist".  
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AQUIFER TEST DATA - PUMPING WELL 1034 - 09128198 
GRAND JUNCTION, CO
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17'/-ET J Lv/) AQUIFER TEST DATA - PUMPING WELL 1034 - 09128198 
GRAND JUNCTION, CO 
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AQUIFER TEST DATA - PUMPING WELL 1035'- 09129198 
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AQUIFER TEST DATA - PUMPING WELL 1036 - 09129198 
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AQUIFER TEST DATA - PUMPING WELL 0590 - 08110198 
GRAND JUNCTION, CO
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AQUIFER TEST DATA - PUMPING WELL 1018 - 08111198 
GRAND JUNCTION, CO 
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Monitor Well Information
Grand Junction, CO ,.. .  

MW Date Grnd TOC Drig TD BH Casing Scrn Scrn Filter Pntrn AqTkn Sat Tkn SWL Wtr 
elev ft elev ft math ft R-ft r-ft Ingth ft top/btm ft top/btm ft f/p ft b-ft ft- bgs clmn 

560 Jan-83 4564.22 4566.69 NA 15.5 0.55 0.17 8.3 7.2-15.5 3.3-15.5" f -10 -6 6.72 -6 746 Mar-85 4585.84 4587.85 NA 24 0.50 0.17 9.32 

1001 Sep-94 4567.22 4569.69 HS 12 0.33 0.17 5 6.6-11.6 5.0-12.0 -f -10 -6.5 4.83 -6.5 
1002 Sep-94 4570.16 4572.62 HS 13.5 0.33 0.17 5 8.5-13.5 5.0-13.5 f -10 -5.7(6) 8.67 5.7 
1013 Oct-97 4570.74 4573.60 HS 16.3 0.51 0.17 10 5.8-15.8 4.5-16.0 f -10 8 9.37 8 
1015 Nov-97 457-1.77 4573.54 HS 16.7 0.55 0.17 8 8.4-16.4 5.8-16.7 -f -10 10 5.40 10 
1017 Nov-97 4570.45 4572.72 HS 13.3 0.55 0.17 5 7.7-12.7 4.0-12.4 p --10 9.5 3.44 10 
1018 Nov-97 4573.90 4575.91 HS 15.1 0.55 0.17 8 6.2-14.2 5.5-14.5 f --10 9 5.70 9 
1019 Nov-97 4582.97 4580.99 HS 27 0.55 0.17 20 6.7-26.7 4.8-27.0 -f -20 20 4.71 21 

1034 Sep-98 4569.90 4571.70 CA 18 0.39 0.17 10 7.7-17.7 5.7-18 f -10 7.6 (8) 8.31 9.6 
1035 Sep-98 4570.60 4572.20 CA 19.5 0.39 0.17 10 7.7-17.7 5.7-19.5 f --10 7.7(8) 8.29. 9.8 

1034 pumping well Jun-98 
1034 observation well Sep-98 
746 other single well tests 

MW monitor well TD total depth Aq Tkn aquifer thickness 
Grnd ground .... BH borehole radius [RI Sat Tkn saturated thickness [bi 
Elev ft NGVD Casing casing radius [r] _ SWL static water level 
TOC top of PVC casing Scm screen length bgs below ground surface 
Ddg drilling method Filter filter pack Wtr water column In well 

NA not available Pntm penetration.  
HS hollow stem auger f full 
CA casing advance p partial

gdaqptk.  
05jan 1999
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I. .*
SSummary of Hydraulic Parameters In the Alluvial Aquifer 

Grand Junction, CO
- ---- p - p - p p p S

PIOIS

P

DIR

R

QI t lb
p 4 -

gpm I min I ft

4 I 717 8

T K

fW/day I ft/day

Notes

1613 202 Factory slotted screen
1002 0 D 6 556 93 
1002 0 R 6 408 .68 
1013 10 D 8 450 56 
1013 0 R 8 340 43 
1035 0 D . 8 N/R N/R !Response <1 ft 

1035 P R 8 to 6 707 8 2261 282 Continuous-wrapped V-wire screen 
1002 0 D 6 942 157 
1002 0 R 6 969 161 
1013 0 D 8 1987 249 
1013 0 R 8 2434 304 
1034 0 D 6 1120 140 
1034 0 R 6 2290 287 

590 P R 30 840 6 408 68 

1018 P R 1 820 9 161 18 

1012 S 11 Onsite 
1)13 S 2 " 
314 S 2 

1015 S 4 
1016 S 2 
1018 S 5 " 
10191 S 1 1 " 
1021 j S 1 1 Background 
1023.1 S j 12 " 
1025 S 4 " 
1026 S 4 Resource Center 
1027 S 3 o 
1028 S 5 " 

P pumping well 
0 observation well 
S slug test D discharge 
R recovery 

10 discharge rate 
t duration of test 

b saturated thickness 
T transmissivity 
K hydraulic conductivity 
N/R not reliable

fell

1034



77 1,4' 3 Hydraulic Parameters in the Alluvial Aquifer
Grand junction, CO ....  

PW OWJ Date Pntmn Q b t t" PIR Method T K Notes 

-- A _ •rt f/p gpm min t+ min ft/day ft/day 

1034 9/28/98 f 4 a 717 -1400 P Theis N/R Not reliable - turbulence in pumping well 
R TIJ 1612.80 201.60 

1002 6 P Theis 545.76 91.01 Slow response and slow recovery 
P C/J 565.92 94.46 
R T/J 407.52 67.97 

"1013 P Theis 433.44 54.114, Good response and quick recovery 
P Hantush 306.72 38.30 
P C/J 610.56 76.32 
R T/J 339.84 42.62 

1035 8 P Theis NIR Not reliable - insignificant response (<0.1 If) 

R TIJ NIR

In 
C-) 

Stn

4,) 
* �II 

:1.  
C I�

grjaqpt2.w.  
13 jan 1999

I



/ Grand tlion, CO 
PW uW Date Pntm Q b t r P/R Method T K Notes 

start f/p gpm min t + mrin f'?Iday ft/day 

1035 9/29/8 f 8 to 6 8 707 -1600 P Theis N/R Not reliable - turbulence In pumping well 
R TIJ 2260.80 282.24 

1002 6 P Theis 817.92 136.37 
P CIJ 1067.04 177.12 
R T/J 969.12 161.28 

1013 8 P Theis 2044.80 256.32 
P C/J 1929.60 241.92 
R T/J 2433.60 303.84 

1034 8 P Theis 1627.20 203.04 
P Hantush .1029.60 128.74 
P ClJ 704.16 88.13 
R T/J 2289.60 286.56

grjaqpt2.xls 
13 jan 1999
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gqaqpt2....  
13jan 1999

I

PW OW Date Pntm Q b t t' PIR Method T K Notes 
start f/p gpm amin t + rain f/day /day 

590 8/10/98 f 30 6 840 -1400 P Theis N/R Not reliable - turbulence in pumping well 
R T/J 407.52 67.97 

1018 8/11198 f 1 9 820 -30 P Theis N/R Not reliable - turbulence In pumping well 
R TIJ 161.28 17.86 Quick recovery - data at 10 min intervals

Hydraulic Parameters In the Alluvial Aquifer 
.Grand-junction, CO "
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MACTEC-RS" Pumping test-analysis 1034PR2"HT" Page I 
2597 B 3/4 Road Time-Drawdown plot Project UGW - Grand Junction 
Grand Junct.on CO 81503 with discharge 
9701248-6040 Evaluated by, RJHJ Date: 11119/98 

Pumping Test No. 1034 Recovery Test Test conducted on: 09128/98 

Pumping Well 1034 

Discharge 4.00 U.S.gal/min

t [mini 
0 200 400 600 800 1000 1200 1400 1800 1800

a Pumping well 1034

f

0.00 

0.50 

1.00 

1.50 

2.00 

; 2.50 

3.00 
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4.50 

5.0 

e 4.0 

S3. 0 

S2.0 
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MACTECV1EM Pumpingntvrlw s 1034PR2.KYT",4:e 1 
2597 B 3/4 Road Recovery method -after Project: UGW - Grand Junction 
Grand Juncto,, CO 81503 THEIS & JACOB 
970/248"040 Unconfined aquifer Evaluated by: RJH Date: 11119198 

Pumping Test No. 1034 Recovery Test Test conducted On: 09/28/98 

Pumping Well 1034 

Discharge 4.00 U.S.gaVmln 

Pumping test duration: 717.00 min

100 
0.00 C

101

0.30 

0.60 

0.90 

1.20 

1.50 

1.80 

2.10 

2.40 

2.70 

3.00

102

zo -&l

Aquifer thickness [If]: 8.00

10I

* Pumping well 1034 

Transmissivity [ft2imin]: 1.12 x 100 

Hydraulic conductivity [ft/min]: 1.40 x 10"1



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1034PR2.HYT. Page 2

Project UGW- Grand Junction

IEvaluated by: RJH I Date: 11119/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09428198 

Pumping Well 1034 Pumping well 1034 

Discharge 4.00 U.S.gallmin Distance from the pumping well 1.00 ft 

Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [1 [Ift] [ift] 
0.72 -14.10 3.90 2.95 
4.00 14.19 3.99 2.99 3 5.00 11.57 1.37 1.25

4 O.uu 11.uf

1.

U.a/
7.00 10.72 0.52 0.50 
8.00 10.59 0.39 0.38 

7 9.00 10.53 0.33 0.32 
10.00 10.50 0.30 0.29 
11.00 10.49 0.29 0.28 

.10 12.00 10.47 0.27 0.26 
1T 13.00 10.48 0.26 0.25 
12 14.00 10.45 0.25 0.25 

15.00 10.45 0.25 0.24 
14 18.00 10.44 0.24 0.23 
15 ~ 17.00 10.44 0.24 0.23 
1W 18.00 10.43 0.23 0.23 

19.00 10.43 0.23 0.22 
18 20.00 10.42 0.22 0.22 
19 21.00 10.42 0.22 0.22 
20 22.00 10.42 0.22 022 
21 23.00 10.41 0.21 0.21 
27 24.00 10.41 0.21 0.21 

25.00 10.41 0.21 0.21 
26.00 10.40 0.20 0.20 
27.00 10.40 0.20 0.20 

2T 28.00 10.40 0.20 0.20 
27 29.00 10.40 0.20 0.20 
28 30.00 10.40 0.20 0.20 
2T 31.00 10.40 0.20 0.19 
3W 32.00 10.40 0.20 0.20 
31 33.00 10.39 0.19 0.19 
32 34.00 10.39 0.19 0.19.  
33 35.00 10.39 0.19 0.19 

3931.00 10.39 0.19 0.19 
37.00 10.39 0.19 0.19 
38.00 10.39 0.19 0.18 

37 39.00 10.39 0.19 0.18 
38 40.00 10.39 0.19 0.18 

41.00 10.38 0.18 0.18 
4T 42.00 10.38 0.18 0.18 
41 43.00 10.38 0.18 0.18 
42 44.00 10.38 0.18 0.18 
43 45.00 10.37 0.17 0.17 

46.00 10.37 0.17 
45 47.00 10.38 0.18 0.18 

48:00 10.38 0.18 0.18 
47 49.00 10.38 0.18 0.18 
48 50.00 10.38 0.18 0.18 
49 51.00 10.38 0.18 0.18 
50 52.00 10.37 0.17 0.17

II



MACTEC-ERS Pumping test analysis 1034PR2.HYT, Page 3 
2597 B 3/4 Road Recovery method after 
Grand Juncton, CO 81603 THEIS & JACOB 

070124"-6040 Unconfined aquifer Evaluated by: RJH "Date: 11119/98 

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Pumping Well 1034 Pumping well 1034 

Discharge 4.00 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [I] [It] [f] 
53.00 10.37 0.17 0.17 

53 54.00 10.37 0.17 0.17 
55.00 10.37 0.17 0.17 
56.00 10.37 0.17 0.17 

55 57.00 10.37 0.17 0.17 
57 58.00 10.37 0.17 0.16 
57 59.00 10.37 0.17 0.16 
5 60.00 10.37 0.17 0.16 

61.00 10.36 0.16 0.16 
61 62.00 10.36 0.16 0.16 
T1 63.00 10.35 0.16 0.15 

64.00 10.36 0.16 0.16 
65.00 10.36 0.16 0.15 
66.00 10.36 0.16 0.15 

65 67.00 10.36 0.16 0.15 
68.00 10.36 0.16 0.15 
7069.00 10.36 0.16 0.15 
70.00 10.35 0.16 0.15 

9 71.00 10.35 0.15 0.15 
71 72.00 10.36 0.16 0.15 
71 73.00 10.36 0.16 0.15 
7F 74.00 10.36 0.16 0.15 
73 75.00 10.36 0.16 0.15 

74 76.00 10.36 0.16 0.16 
75 77.00 10.35 0.16 0.15 
7- 78.00 10.36 0.16 0.15 
77 79.00 10.36 0.16 0.15 
7T 80.00 10.36 0.16 0.15 
70 81.00 10.36 0.16 0.15 
80 82.00 10.36 0.16 0.15 

84 83.00 10M36 0.16 0.15 
88 84.00 10.36 0.16 0.15 
84 85.00 -110.36 0.16 0.15 

46.00 10.35 0.15 0.15 
85 87.00 10.35 0.15 0.15 

-68.00 10.35 0.15 0.15 
79.00 10.36 0.16 0.15 
90.00 . 10.36 0.16 0.15 
91.00 10.36 0.16 0.15 
92.00 10.36 0.16 0.15 

T1 93.00 10.36 0.16 0.  
9 94.00 10.36 0.16 0.16 
94 95.00 10.36 0.16 0.15 

96.00 10.36 0.16 0.15 
97.00 10.36 0.16 0.15 
98.00 10.36 0.16 0.15 

099.00 10.36 0.16 0.16 
100.00 10.36 0.16 0.16 
101.00 .10.35 0.16 0.16 10102.00 10.36 0.16 0.16

1: L,



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

-I on- 4fi2Al r LPT A IJ.II~.-uIgV~

Project UGW - Grand Junction

Evaluated by: RJH I Date: 11119/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28198 

Pumping Well 1034 Pumping well 1034

Discharge 4.00 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 

end of pumping - drawdown drawdown 

[m in ] [ft] [ft] [-. .  

101 103.00 10.38 0.1,5 0.1 

102 104.00 10.38 0.16 
103 1 10.36 0.16 01 

i In ... U n 4R n1i

105 107.00 10.3 0.16 

106108.00 1075 0.16 0.16 

109.00 10 0.18 0.16 

110.00 10.39 0.15 0.15 

109 111.00 . 10.37 0.17 Q 13 

1T1 112.00 10.36 0.18 T 

11T 113.00 10.38 0.15 ý If 
T12 114.00 . 10.37 0.17 0.16 

113 115.00 10.37 0.17 0.18 

11w 118.00 10.37 0.17 0.17 

T15 117.00 10.37 0.17 0.18 

11w 118.00 10.37 0.17 0.17 

"fit 119.00 10.37 0.17 0.15 

118 120.00 10.37 0.17 0.17 

T1w 121.00 10.37 0.17 0.17 
120 122.00 10.37 0.17 0.17 
12T 123.00 10.37 0.17 0.17 

122 124.00 10.37 0.17 0.17 

f 125.00 10.38 0.18 0.18 

-12 128.00 10.37 0.17 0.17 

125 127.00 10.38 0.18 0.18 
126 128.00 10.37 0.17 0.17 

T27 129.00 10.35 0.18 0.18 
128 130.00 10.37 0.17 0.17 

129 131.00 10.37 0.17 0.17 

130 132.00 10.37 0.17 0.17 

13T 133,00 10.37 0.17 0.16 

T32 134.00 10.37 0.17 0.16 

133 135.00 10.38 0.16 0.18 
134 138.00 . ý35 0.18 0.15 
135 137.00 10.w3 0.16 0.15 
135 138.00 10.36 0.16 0.15 

137 13.0 10.35 0.15 0.15 

1388 140.00 10.35 0.15 0.15 
139 141.00 10.35 0.15 0.15 

140 142.00 10.35 0.15 0.15.  
141 143.00 10.35 0.15 0.15 

144.00 10.35 01T 0.15 

14 145.00 10.35 0U'i 0.15 
1148.00 10.35 0.15 0.15* 

145 147.00 10.35 0.15 0.1 
f49 148.00 10.34 0.14 0.14 

147 149.00 10.34 0.14 0.14 

148 150.00 10.34 0.14 0.14 

14 151.00 10.34 0.14 0.14 

152.00 10.33 0.13 0.13

1 ,lA 1UMUU

IWIM I abjw
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MACTEC.ERS- Pumping test anatysts: - 1034PR2.HYT, Page 5 
2597 B 3/4 Road Recovery method after Project UGW - Grand Junction 
Grand Juncton, CO 81503 THEIS & JACOB 
9701248-6o0 Unconfined aquifer Evaluated by: RJH Date: 11119/98 
Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Pumping Well 1034 Pumping well 1034 

Discharge 4.00 U.S.gal/min Distance from the pumping well 1.00 ft 
Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 

Time from - Water level Residual Corrected 
end of pumping. drawdown drawdown 

[m in] [ft] [5t] [1t] 
T5T 153.00 10.33 0.13 0.13 
152 154.00 10.33 0.13 0.13 
153 155.00 10.32 0.12 0.12 
154 156.00 10.33 0.13 0.13 
15 157.00 10.33 0.13 0.13 
157 159.00 10.33 0.13 0.13 
157 159.00 10.34 0.14 0.14 
156 160.00 10.34 0.14 0.14 
159 161.00 10.34 0.14 0.14 

10162.00 10.35 0.15 0.15 
162 163.00 10.35 0.15 0.15 

W 164.00 10.35 0.15 0.15 
16 165.00 10.35 0.15 0.14 

166.00 10.34 0.14 0.14 
165 167.00 10.34 0.14 

W 169.00 10.34 0.140.14 167. 169.00 10.34 0.14 01 
16 170.00 10.34 0.14 0.14 

169 171.00 10.35 0.15 0.15 
170 172.00 10.35 0.15 0.15 
17T 173.00 10.34 0.14 0.14 
177 174.00 10.35 0.15 0.15 
1 175.00 10.34 0.14 0.14 
1 176.00 10.35 0.15 0.15 
175 177.00 10.34 0.14 0.14 

178.00 10.34 0.14 0.14 
177 179.00 10.35 0.15 0.15 
178 180.00 10.34 0.14 0.14 
179181.00 10.35 0.15 0.15 

112.00 10.35 0.15 0.15 
W 163.00 10.35 0.15 0.15 

18 184.00 10.35 0.15 0.15 
MY 165.00 10.35 0.15 . 0.15 
154 186.00 10.35 0.15 0.15 
BY 187.00 10.35 0.15 0.15 
W 188.00 10.35 0.15 0.15 

1BT 189.00 10.35 0.15 0.15 
158 190.00 10.35 0.15 0.15 

191.00 10.35 0.15 0.15 
1T0 192.00 10.35 0.15 0.15 
191 193.00 -10.35 0.15 0.16 
192 194.00 10.36 0.16 0.15 
193 195.00 10.36 0.16 0.16 

4 196.00 10.36 0.16 0.15 
• 197.00. 10.36 0.16 0.16 

6 .198.00 10.36 0.16 0.196 
197 199.00 10.37 0.17 0.96 

200.00 10.37 0.17 0.16 
201.00 10,37 0.17 0.16 
202.00 10.36 0.16 0.1E

L L



MACTEC-ERS 
2597 B 3/4 Road 
Gmnd fJunton, CO 81503 
970=48-8040

Pumping test analysfs 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1 U.34rKz.rT ,r Pagea -
Project UGW - Grand Junction 

Evaluated by: RJHI Date: 11119/98

Pumping Test No. 1034 Recovery Test

Pumping Well 1034

I Test conducted on: 09/28/98

Pumping well 1034

Discharge 4.00 U.S.gal/mln Distance from the pumping well 1.00 ft 

Static water level: 10.20 It below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 
(min] [Ift] [ift [Ift.  

201203.00 10.38 0.18 0.18 

202 204.00 10.36 0.18 0.16 
205.00 10.36 0.16 0.18 

Ifl2RI Il! i

t,

I."

ZU46

207.00 10.35 0.18 0.16 
208.00 10.35 0.15 0.15 
209.00 10.35 0.16 0.15 
210.00 10.35 0.15 •.5 

209 211.00 10.35 0.15 " 0.13 
2W 212.00 10.35 0.15 0.15 

21T 213.00 10.35 0.15 0.15 
214.00 10.38 0.18 0.15 

Zia 215.00 10.35 0.15 0.15 
214 216.00 10.35 0.15 0.15 

215 217.00 10.35 0.15 0.15 
2W 218.00 10.35, 0.15 0.15 
217 219.00 10.35 0.15 
215 220.00 10.34 0.14 
219 221.00 10.35 0.15 0:15 
220 222.00 10.34 0.14 0.14 
22T 223.00 10.34 0.14 0.14 
222 224.00 10.34 0.14 0.14 
223 225.00 10.34 0.14 0.14 
224 226.00 10.34 0.14 0.14 
22T 227.00 10.34 0.14 0.14 
22T 228.00 10.35 0.15 0.15 
227 229.00 10.34 0.14 0.14 
228 230.00 10.35 0.15 0.15 
229 231.00 10.35 0.15 0.15 

232.00 10.35 0.15 0.15 
23W 233.00 10.35 0.15 0,15 

7232 234.00 10.35 0.15 0.15 
233 235.00 10.35 0.15 0.15 
2W 238.00 10.35 0.15 0.15 
2W 237.00 10.34 0.14 0.14 

238.00 10.34 0.14 0.14 
237 239.00 10.35 0.15 0.15 
238 240.00 10.34 0.14 0.14 

241.00 10.34 0.14 0.14 
20242.00 10.34 0.14 0.14 

241 243.00 10.34 0.14 0.14 
2w 244.00 10.34 0.14 0.14 
243 245.00 10.34 0.14 0.14 

44245.00 10.34 0.14 0.14 
2W 247.00 10.33 0.13 0.13 
2W 248.00 10.33 0.13 0.13 
247 249.00 10.34 0.14 0.14 

248 250.00 10.33 0.13 0.13 
iT2w 251.00 10.34 0.14 0.14 

250 252.00 10.33 0.13 0.13

D V IV o



MACTEC-ERS•: 
2597 B 3/4 Road 
Grand Junction, CO 81503 
0701248-6040

Pumping test-analy4s -
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1034PR2.HYT, Page 7

Project UGW- Grand Junction I

Evaluated by: RJHI Date: 1119/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09128198 

Pumping Well 1034 Pumping well 1034 

Discharge 4.00 U.S.galrnin Distance from the pumping well 1.00 ft 

Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected.  
end of pumping drawdown drawdown 

[min] 25,.00[_fl] 10.33 [13] [01] 
25M 253.00 10.33 0.13 0.13 
253 254.00 10.33 0.13 0.13 
253 255.00 10.34 0.13 0.13 
2W 256.00 10.34 0.14 0.14 
2w 257.00 10.34 0.14 0.14 
257 259.00 10.34 0.14 0.14 
257 259.00 10.34 0.14 0.14 
258 260.00 10.34 0.14 0.14 
259 261.00 10.34 0.14 0.14 

262.00 10.34 0.14 0.14 
263.00 10.34 0.14 0.14 

26 264.00 10.34 0.14 0.14 
265.00 10.34 0.14 0.14 
266.00 10.34 0.14 0.14 
267.00 10.34 0.14 0.14 

267 269.00 10.34 0.14 0.14 
2w 269.00 10.34 0.14 0.14 
2W 270.00 10.33 0.13 0.13 

271.00 10.34 0.14 0.14 
20272.00 10.33 0.13 0.13 

272 273.00 10.33 0.13 0.13 
273 274.00 10.33 0.13 0.13 
27Z 275.00 10.33 0.13 0.13 
274 276.00 10.32 0.12 0.12 
275 277.00 10.33 0.13 0.13 
277 278.00 10.33 0.13 0.13 
278 279.00 10.32 0.12 0.12 

--279 280.00 10.32 0.12 0.12 
2W 281.00 10.32 0.12 0.12 
28122.00 10.32 0.12 0.12 

"2w1 283.00 10.32 0.12 0.12 
2W 284.00 10.31 0.11 0.11 
2w3 285.00 10.32 0.12 0.12 
285 286.00 10.31 0.11 0.11 
286 287.00 10.31 0.11 0.11 

288.00 10.32 0.12 0.12 
289.00 10.31 0.11 0.11 

H i 290.00 10.31 0.11 0.11 
29 291.00 10.31 0.11 0.11 
291 292.00 10.31 0.11 0.11 

293.00 10.31 0.11 0.11 
294.00 10.31 0.11 0.11 
295.00 10.31 0.11 0.11 
296.00 10.31 0.11 0.11 

295 297.00 10.31 0.11 0.11 
2 298.00 10.31 0.11 0.11 2F7 299.00 10.31 0.11 0.11 

28300.00 10.31 0.11 0.11 
301.00 10.30 0.10 0.10 
302.00 10.31 0.11 0.11



MACTEC-ERS 
2597 B 314 Road.  
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

iu.�.ra�s.nr I, vugu Q-..

Project UGW - Grand Junction

I Evaluated by. RJHI Date: 11/11998

Pumping Test No. 1034 Recovery Test Test conducted on: 09128198 

Pumping Well 1034 Pumping well 1034 

Discharge 4.00 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 10.20 it below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[min) [Ift] [f] [ff] 
301 303.00 10.31 0.11 0.11 

3034.00 10.31 0.11 0.11 
303 305.00 10.31 0.11 0.11 

.. ,d4n 4-1
304 •U•.UU
30307.00 10.32 0.12 0.12 
305 308.00 10.32 0.12 0.12 

3w 309.00 10.32 0.12 0.12 

30M 310.00 10.32 0.12 0.12 

MY 311.00 10.32 0.12 0.12 

310 312.00 10.32 0.12 0.12 

-,I 312.00 10.31 0.11 0.11 

31W 313.00 10.31 0.11 0.11 

31T 317.00 10.31 0.11 0.11 

313 315.00 10.31 0.11 0.11 
315 317.00 10.31 0.11 0.11 

310 312.00 10.31 0.11 0.11 

317 318.00 10.31 0.11 0.11 
318 322.00 10.31 0.11 0.11 
319 320.00 10.31 0.11 0.11 

321 324.00 10.31 0.11 0.11 

3w 322.00 10.31 0.11 0.11 
W 324.00 10.31 0.11 0.11 

322 324.00 10.31 0.11 0.11 
323 325.00 10.31 0.11 0.11 

329.00 10.31 0.11 0.12 

326 323.00 10.32 0.12 0.12 

32g 321.00 10.32 0.12 0.12 
32T 332.00 10.32 0.12 0.12 

328 330.00 10.32 0.12 0.12 
320 334.00 10.32 0.12 0.12 
3M1 335.00 10.32 0.12 0.12 

32336.00. 10.32 0.12 0.12 
333337.00 10.32 0.12 0.12 

333 335.00 10.32 0.12 0.12 

3w 339.00 10.32 0.12 0.12 
335 330.00 10.32 0.12 0.12 
3w 334.00 10.32 0.12 0.12 
338 342.00 10.32 0.12 0.12 
338 343.00 10.32 0.12 0.12 

0344.00 10.32 0.12 0.12 
3W 346.00 10.32 0.12 0.12 
342 347.00 10.32 0.12 0.12 
3PT 344.00 10.32 0.12 0.12 

34w 349.00 10.32 0.12 0.12 
344 3450 10.32 0.12 01 

348T 347.00 10.32 0.12 01 

349 351.00 10.32 0.12 0.12 

350 352.00 10.33 0.13

V 14;
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MACTEC-ERS Pumping test analysis 1034PR2.HYT, Page 9 
2597 B 3/4 Road Recovery method after Project UGW - Grand Junction 
Grand Junction, CO 81503 THEIS & JACOB 
97o/248-6o40 Unconfined aquifer Evaluated by: RJH Date: 11119198 

Pumping Test No. 1034 Recovery Test Test conducted on, 09/28/98 

Pumping Well 1034 Pumping well 1034 

Discharge 4.00 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 
Time from Water level Residual Corrected 

end of pumping drawdown drawdown 
[min] [if] [ift] [.f] 

31353.00 10.33 0.13 0.13 

354.00 10.32 0.12 0.12 
353 355.00 10.33 0.13 0.13 
334-356.00 10.32 0.12 0.12 
M35 357.00 10.33 0.13. 0.13 
355 358.00 10.32 .0.12 0.12 
357 359.00 10.32 0.12 0.12 

360.00 10.32 0.12 0.12 
351.00 10.32 0.12 0.12 
352.00 10.32 0.12 0.12 
363.00 10.32 0.12 0.12 

352 364.00 10.32 0.12 0.12 
365.00 10.32 0.12 0.12 
366.00 10.32 0.12 0.12 
367.00 10.32 0.12 0.12 
358.00 10.31 0.11 0.11 

367 369.00 10.31 .0.11 0.11 
368 370.00 10.31 0.11 0.11 
359 371.00 10.31 0.11 0.11 
370 372.00 10.31 7 0.11 0.11 
371 373.00 10.31 0.11 0.11 
372 374.00 10.31 0.11 0.11 
373 375.00 10.31 0.11 0.11 
374 376.00 10.31 0.11 0.11 
375 377.00 10.32 0.12 0.12 
376 378.00 10.32 0.12 0.12 
377 379.00 10.32 0.12 0.12 

380.00 10.32 0.12 0.12 
379 381.00 .10.32 0.12 0.12 

380 382.00 10.32 .0.12 0.12 
381 383.00 10.32 0.12 0.12 
3w 384.00 10.32 0.12 0.12 

3385.00 10.32 0.12 0.12 
386.00 10.32 0.12 0.12 

"355 387.00 10.32 0.12 0.12 
388.00 10.32 0.12 0.12 

387 389.00 10.32 0.12 0.12 
390.00 10.32 0.12 0.12 

389 391.00 10.32 0.12 0.12 
390 392.00 10.32 0.12 0.12 
3w 393.00 10.32 0.12 0.12 
3W 394.00 10.32 0.12 0.12 
393 395.00 10.32 0.12 0.12 

395.00 10.32 0.12 0.12 
397.00 10.32 0.120.12 
398.00 10.32 0.12 0.12 
40399.00 10.32 0.12 0.12 

3940.00 10.32 0.12 0.12 
401.00 10.32 0.12 0.12 400402.00 10.32 0.20.12

I



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970=248-6040

Pumping test analysis 
Recovery method'after 
THEIS & JACOB 
Unconfined aquifer

I 1034PR2.HYT, Page 10

SProject: UGW - Grand Junction .
I Evaluated byý ;%jJHI Date: 11119/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98

Pumping Well 1034 

Discharge 4.00 U.S.gal/min

Pumping well 1034 

Distance from the pumping well 1.00 It

Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [43] 10t] [1, .  
40403.00 10.32 0.12 0.12 
403 404.00 10.32 0.12 0.12 

403 ___ 405.0____ •10.31 0.11 0.11

4U4 4U0.UU 1U.311 U.11

405 407.00 10.31 0.11 0.11 
4408.00 10.31 0.11 0.1 ' 
407 409.00 10.31 0.11 0.11 
4W 410.00 10.32 0.12 0.12 
4W 411.00 10.32 0.12 0.12 
410- 412.00 10.32 0.12 0.12 
411 413.00 10.32 0.12 0.12 
412 414.00 10.32 0.12 0.12 

41T 415.00 10.32 0.12 0.12 
414 418.00 10.32 0.12 0.12 
415 417.00 10.32 0.12 0.12 

4W 418.00 10.32 0.12 0.12 
41T 419.00 10.32 0.12 0.12 
418 420.00 10.32 0.12 0.12 
TIT 421.00 10.32 0.12 012 
420 422.00 10.31 0.11 0.1T 
42T 423.00 10.32 0.12 0.12 
422 424.00 10.32 0.12 0.12 
423 425.00 10.32 0.12 0.12 
424 426.00 10.32 0.12 0.12 
425 427.00 10.32 0.12 0.12 
428 428.00 10.32 0.12 0.V; 

427 429.00 10.32 0.12 0.12 
42T 430.00 10.32 0.12 0.12 
429 431.00 10.32 0.12 0.12 
430 432.00 10.32 0.12 0.12 
43T 433.00 10.32 0.12 0.12 
432 434.00 10.32 0.12 0.12 
433 435.00 10.32 0.12 0.12 
434 438.00 10.32 0.12 0.12 
435 437.00 10.32 0.12 7 0.12 
4W 438.00 10.32 0.12 0.12 
437 439.00 10.31 0.11 0.11 
4W 440.00 10.31 O:. fi 0.11 
439 441.00 10.31 0.11 - 0.11 

442.00 10.31 0.11 ..... 0.1 
443.00 10.31 '..  
444.00 10.31 .:• - 0.11 

443 445.00 10.31 0."1 " .  
448.00 10.31 0.11 0.11 
447.00 10.31 0.11 
448.00 10.31 0.11 
449.00 10.31 0.11 0.'.  

448 450.00 10.31 0.11 07 
451.00 10.32 0.12 

450 452.00 10.32 0.12 0.12

I.

U.11 __

I

m



MAVTECJLERS Pumping test analysis 1034PR2MYT, Page 11 
2597 B 3/4 Road Recovery method after Project UGW- Grand Junction 
Grand Juncton, CO 81503 THEIS & JACOB 
97012484-o4 Unconfined aquifer Evaluated by: RJH Date: 11/19198 

Pumping Test No. 1034 Recovery Test Test conducted on: 09128/98 

Pumping Well 1034 Pumping well 1034 

Discharge 4.00 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min) [it] [ft [ift] 
451 453.00 10.31 0.11 0.11 
452 454.00 10.32 0.12 0.12 

455.00 10.31 0.11 0.11 
456.00 10.31 0.11 0.11 

455 457.00 10.31 0.11 0.11 
4Z458.00 10.31 0.11 0.11 

457 459.00 10.31 0.11 0.11 
-458 460.00 .10.32 0.12 0.12 

461.00 10.31 0.11 0.11 
462.00 10.32 0.12 0.12 

461 463.00 10.32 --- D0.12 0.12 
462 464.00 10.31 0.11 0.11 
463 465.00 10.32 0.12 0.12 

466.00 10.32 0.12 0.12 
45467.00 10.31 0.11 0.11 

456 468.00 10.31 0.11 0.11 
467 469.00 10.32 0.12 0.12 
468 470.00 10.31 0.11 0.11 
459 471.00 10.31 0.11 0.11 
47T 472.00 10.32 0.12 0.12 
471 473.00 10.31 0.11 0.11 
472 474.00 ,10.31 0.11 0.11 

475.00 10.31 0.11 0.11 
476.00 -10.31 .0.11 0.11 

475 477.00 10.31 0.11 0.11 
476 478.00 10.31 0.11 0.11 
47T 479.00 10.32 0.12 0.12 
478 "480.00 10.31 0.11 0.11 
47W 481.00 10.32 0.12 0.12 

40482.00 10.32 0.12 0.12 
481 483.00 10.32 0.12 0.12 

484.00 10.32 0.12 0.12 
3485.00 10.31 0.11 0.11 

1i 486.00 10.32 0.12 0.12 
485 487.00 1032 0.12 0.12 

W8 488.00 10.32 0.12 0.12 
Z97 489.00 10.32 0.12 0.12 
4ST 490.00 10.32 0.12 0.12 
4W 491.00 10.32 0.12 o.12 
490 492.00 10.32 0.12 0.12 
4W 493.00 '10.32 0.12 0.12 
49 494.00 10.32 0.12 0.12 
4W 495.00 10.32 0.12 0.12 
494 496.00 10.32 0.12 0.12 

497.00 -10.32 0.12 
498.00 10.32 0.12 0.12 

47499.00 10.33 0.13 0.13 
500.00 10.33 0.13 0.13 
501.00 10,33 0.13 0.13 

500 502.00 10.33 0.13 0.13

": L



MACTEC;ERS=
2597 B 3/4 Road 
Gr,-d JurOrn, CO 81503 
9701248-e040

. .. . . . I ,Itl"•ADD" L o- Dwva M4 I

Pumping test-analyst
Recovery method after 
THEIS & JACOB 
Unconfined aquifer I Evaluated by: RJHI Date: 11119/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Pumoino Well 1034 Pumping well 1034

Discharge 4.00 U.S.galmmln Distance from the pumping well 1.00 ft 

Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[min] l] [ft] [ft] 
50f 503.00 10.33 0.13 0.13 

502 504.00 10.33 0.13 0.13 

59 505.00 10.33 0.13 0.13 
'-n r4I 0.13

505 507.00 10.33 0.13 0.13 

505 508.00 10.33 0.13 0.13 

507 509.00 10.32 0.12 0.12 

505 510.00 10.33 0.13 0.13 

509 511.00 10.33 0.13 0.13 

510 512.00 10.33 0.13 0.13 

511 513.00 10.33 0.13 0.13 

51W 514.00 10.32 0.12 0.12 

5w 515.00 10.32 0.12 0.12 

514 516.00 - 10.32 0.12 0.12 

T515 517.00 10.33 0.13 0.13 

5W 518.00 10.33 0.13 0.13 

5T1 519.00 10.33 0.13 0.13 

51w 520.00 10.33 0.13 0.13 

519 521.00 10.33 0.13 

520~ 522.00 10.33 0.13 0.13 

521 523.00 10.33 0.13 0.13 

37 524.00 10.32 0.12 0.12 

523 525.00 10.32 0.12 0.12 

5x 525.00 10.33 0.13 0.13 

525 527.00 10.33 0.13 0.13 

523 528.00 10.33 0.13 0.13 

527 529.00 10.33 0.13 0.13 

528 530.00 10.32 0.12 0.12 

-MT 531.00 10.32 0.12 0.12 

5w 532.00 10.31 0.11 0.11 

531 533.00 10.30 0.10 0.10 

532 534.00 10.30 0.10 0.10.  

533 535.00 10.30 0.10 0.10 

534 538.00 10.30 0.10 0.10 

535 537.00 10.30 0.10 0.10 

535 538.00 10.30 0.10 0.10 

537 539.00 10.30 0.10 0.10 

538 540.00 10.31 0.11 0.11 

539 541.00 10.31 0.11 0.11 

540 542.00 10.31 0.11 0.11.  

541 543.00 10.31 0.11 0.11 

542 544.00 10.31 0.11 0.11 

543 545.00 10.31 0.11 0.11 

544 545.00 10.31 0.11 TW11 
545 547.00 10.31 -0.11 W11 

540 548.00 10.31 0.11 0.11 

547 549.00 10.31 0.11 0.11 

548 550.00 10.31 0.11 0.11 

549 551.00 10.31 0.11 0.11 

5W 552.00 10.31 0.11 0.11

A(lA grin An 1W.Q.j

|
I

t_, i.

SPrject UGW - Grand Junction



MACTEC-ERS Pumping test analysis 1034PR2.HYT, Page 13 
2597 B 3/4 Road Recovery method aflter Project: UGW - Grand Junction 
Grand Juncton, CO 61503 THEIS & JACOB 
970/248-6040 Unconfined aquifer Evaluated by: RJH Date: 11/19/98 

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Pumping Well 1034 Pumping well 1034 

Discharge 4.00 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[mrI] Ift] Ift] Ift] 
551 553.00 10.32 0.12 0.12 
553 554.00 10.31 0.11 0.11 

53555.00 10.31 0.11 0.11 

554 555.00o 10.32 0.12 0.12 
355 557.00 10.31 0.11 0.11 
s55 558.00 10.31 0.11 0.11 
557 009.00 10.31 0.11 0.11 
558 560.00 - 10.31 0.11 0.11 
559 561.00 10.31 0.11 0.11 
56M 562.00 10.31 0.11 0.11 
561 563.00 10.31 0.11 0.11 
52 564.00 10.31 0.11 0.11 
553 565.00 10.31 0.11 0.11 
554 566.00 10.31 0.11 0.11 
5w5 567.00 10.31 0.11 0.11 
566 568.00 10.32 0.12 0.12 
567 569.00 10.31 0.11 0.11 
568 570.00 10.31 0.11 0.11 
5W 571.00 10.32 0.12 0.12 
570 572.00 10.32 0.12 0.12 
571 573.00 10.31 0.11 0.11 
572 574.00 10.32 0.12 0.12 
573 575.00 10.32 0.12 0.12 
574 576.00 10.32 0.12 0.12 
375 577.00 10.32 0.12 0.12 
576 578.00 10.32 0.12 0.12 
577 579.00 10.32 0.12 0.12 
578 580.00 10.31 0.11 0.11 

579 581.00 10.32 0.12 0.12 
5W0 582.00 10.32 0.12 0.12 

•781 583.00 10.32 0.12 0.12 
582 584.00 10.32 0.12 0.12 

585.00 10.32 0.12 0.12 
585.00 10.32 0.12 0.12 

585 587.00 10.32 0.12 0.12 
585.00 10.32 0.12 0.12 

557 589.00 10.32 0.12 0.12 
558 590.00 10.32 0.12 0.12 
59 591.00 10.32 0.12 0.12 
590 592.00 10.32 0.12 0.12 
591 593.00 10.32 0.12 0.12 
592 594.00 10.32 0.12 0.12 
593s 595.00 10.31 0.11 0.11 
594 595.00 10.31 0.11 0.11 
595 597.00 10.32 0.12 0.12 
56W 598.00 10.32 0.12 0.12 
597 599.00 10.31 0.11 0.11 
598 600.00 10.32 0.12 0.12 
599 601.00 10.31 0.11 0.11 

0602.00 10.32 0.12 0.12

L I



MACTEM-EfR 
2597B 314 Road 
Grand Junction, CO 81503 
970/248-6040

Pumrpng-testanMly 
Recovery method -after 
THEIS & JACOB 
Unconfined aquifer

1u1 tr41 4.nl', r-IavjU

Project UGW - Grand Junction 

Evaluated by'. RJH I Date: 11119198

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Pumping Well 1034 Pumping well 1034

Discharge 4.00 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 10.20 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[mini [ft] [ft] [if] 
61603.00 10.32 0.12 0.12 

02 604.00 10.32 0.12 0.12 
.603 605.00 10.32 0.12 0.12

UU4 ou0.U0
505 607.00 10.32 0.12 0.12 

60W 608.00 10.32 0.12 0.12 

607 609.00 10.32 0.12 0.12 
W10.00 10.32 0.12 0.12 

69w 611.00 10.32 0.12 0.12 

610 612.00 10.32 0.12 0.12 

11T 813.00 10.31 0.11 0.11 

612 614.00 10.32 0.12 0.12 
513 615.00 10.32 0.12 0.12 

614 818.00 10.31 0.11 0.11 
517.00 10.31 0.11 0.11 
618.00 10.31 0.11 0.11 
817 619.00 10.31 0.11 0.11 

618 620.00 10.31 0.11 0.11 
89w21. 10.32 0.12 0.12 

2622.00 10.32 0.12 0.12 

62T 623.00 10.32 0.12 0.12 
t27 624.00 10.32 0.12 0.12 

623 625.00 10.32 0.12 0.12 
624 626.00 10.32 0.12 0.12 
62T 627.00 10.31 0.11 0.11 
62T 628.00 10.32 0.12 0.12 
2629.00 10.32 0.12 0.12 

628 630.00 10.32 0.12 0.12 

29 - 631.00 10.32 0.12 0.12 
632.00 10.32 0.12 0.12 

631 633.00 10.32 0.12 0.12 

-32 634.00 10.32 0.12 0.12 
633 835.00 10.32 0.12 0.12 

863 636.00 10.32 0.12 0.12 

635 637.00 10.33 0,13 0.13 

36W 638.00 10.68 0.46 0.44 

6-3T 639.00 10.35 0.15 0.15

+ 4-

I .1. 4.

T

I-

k.l
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Calculation No. U00643900 " -

PUMPING WELL 1034 

OBSERVATION WELL 1002 

DRAWDOWN AND RECOVERY DATA ANALYSES

8
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MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
970/248-6040

Pumpingr• esarm s 
"Time-Drawdown plot 
with discharge

iuusuiis.rri a, r�gw r

1 Project UGW- Grand Junction, CO

I Evaluated by: RJHI Date: 11/19/98

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002 

Discharge 4.00 U.S.gatlmin

t [mini 
100 200 300 400 500 600 700 800

_______.-iz

a Observation well 100

0 900

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 

0.45 

5.0 

4.0 

3.0 

2.0 

1.0 

0.0

LO 

2.  
a

I



AACTEC-ERS Pumping-test analysis 1002OA2.HYT, Page 1 
2597 B 314 Road Theis analysis method Project UGW - Grand Junction, CO 
Grand JuncUon. CO 81503 Unconfined aquifer 
9701248-6040 Evaluated by: RJH Date: 11119/98 

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002 

Discharge 4.00 U.S.gallmin

10-I 
102

100 101 102
l/u 

103 104 lO5

101 

100 

10-1 

10-2 

1I)-

* Observation well 100

Transmissivity [f*/min]: 3.79 x 10-1 

Hydraulic conductivity [ft/min]: 6.32 x 10-2

7q 2 o/j

Aquifer thickness [ft]: 6.00

1:4t

106



2597 B 3/4-Road -
Grand Junctfon CO 81503 
97OF248-6040

IUII&�Jl2&iE*� I I, ua�u I |:1Punping-*stanalysis 
Distance.Time-Drawdown-method 
after COOPER & JACOB 
Unconfined aquifer

Pumping Test No. 1034 Aquifer Test Test conducted on: 09128/98 

Observation Well 1002 

Discharge 4.00 U.S.galmin

I1 
0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 

0.45 

0.50

r5 . 10-4

Observation well 100

1O-3
t/r2 [mlnlftl 

'10-2 100

Transmissivity [fP/min]: 3.93 x 10"1 

Hydraulic conductivity [ft/min]: 6.58 x .10.2 

Aquifer thickness [ft]: 8.00

SGS.52 

'94.4-6

101

E

-tq 1 4.)

Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11/19/98



MACTEC4ER Pumping test analysis 1002OA2.HY', Page 2 
2597 B 314 Road Theis analysis method Project UGW - Grand Junction, CO 
Grand Junction, CO 81503 Unconfined aquifer 
97o=248-6M4 Evaluated by-. RJH Date: 11/1998 

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28M98 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [ft] [ft] [ft] 

0.01 11.03 0.00 0.00 
3 0.01 .- 11.04 0.01 0.01 

0.02 11.04 0.01 0.01 
50.02 11.04 0.01 0.01 
0.03 11.04 0.010.  

7 0.03 11.04 0.01 V.51 
0.04 11.04 0.01 0.01 
0.04 11.04 0.01 i d 
0.05 11.04 0.01 0.01 
0;05 11.04 0.01 0.01 

12 0.06 11.04 0.010.01 
10.0 11.04 0.01 EDT1 
0.07 11.04 0.01 0.01 

15 0.07 11.04 0.01 0.01 
160.08 11.04 0.01 0.01 
17 0.08 11.04 0.01 0.01 
15 0.09 11.04 0.01 0.01 

0.09 11.04 0.01 0.01 
200.10 11.04 0.01 0.01 

21 0.10 11.04 0.01 0.01 
22 0.11 11.04 0.01 0.01 
23 0.11 11.04 0.01 0.01 
24 0.12 11.04 0.01 0.01 

0.13 11.04 0.01 0.01 
•26 0.13 11.04 0.01 0.01 
27 0.14 11.04 0.01 0.01 

-0.15 11.04 0.01 0.01 
0.16 11.04 0.01 0.01 
0.17 11.04 0.01 0.01 

31 0.18 11.04 0.01 0.01 
30.1 11.04 0.01 0.01 
0.20 11.04 0.01 0.01 
0.21 11.04 0.01 0.01 

350.22 11.04 0.01 0.01 
35 0.24 11.04 0.01 0.01 
37 0.25 11.04 0.01 0.01 
38 ;0.26 11.04 0.01 0.01 
39 0.28 11.04 0.01 0.01 
400.30 11.04 0.01 0.01 
41 0.31 11.04 0.01 0.01 

0.33 11.04 0.01 0.01 
43 0.35 11.04 0.01 0.01 
44 0.37 11.04 0.01 0.01 
45 0.40 11.04 0.01 0.01 
45 0.42 11.04 0.01 0.01 
47 0.44 11.04 O.01 0.01 
48 0.47 11.04 0.01 0.01 
W - 0.50 11.04 0.01 0.01 

50 0.52 11.04 0.01 0.01

*, tlr



I p

MA EC"r--ERB-" 
2597 B 3/4-Road 
Grand Junction, CO 81503 
970/248-040

Pumping testanalysis 
Theis analysis method 
Unconfined aquifer

102A2HTPg 3
Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11119/98
Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 
Pumping test duration Water level Drawdown Corrected 

drawdown 
[mini [I] [ftJ [ft] 51 0.55 11.04 0.0 0.01 

52 _0.59 11.04 0.01 
53 0.62 11.04 0 0.01 
.. I n-

1"1.U4

I"

a,

I 10020A2.HYT, Page_3,

m

55 0.70 11.04 0.01 0.01 5 0.74 11.04 0.01 0.01 
57 0.78 11.04 0.01 0.01 
58 0.83 11.04 0.01 0.01 
a , 0.83 11.04 0.01 0.01 
50 0.93 11.04 0.01 0.01 

10.9 11.04 0.01 0.01 
1.04 11.04 0.01 0.01 
1.10 11.04 0.01 0.01 

54 1.17 11.04 0.01 0.01 
67 1.24 11.04 0.01 0.01 
6 1.31 11.04 0.01 0.01 

1.39 11.04 0.01 0.01 
1.47 11.04 0.01 0.01 
1.54 11.04 0.01 0.01 

70_ __1.55 11.04 0.01 
7T 1.75 11.04 0.01 0.01 
72 1.75 11.04 0.01 0.01 
73 1.97 11.04 0.01 0.01 

174. 11.04 0.01 0.01 
75 2.21 11.04 0.01 0.01 

2.34 11.04 0.01 0.01 
77 2.48 11.04 0.01 0.01 

72.3 11.04 0.01 0.01 
7T 2.79 11.04 0.01 0.01 

2.95 11.04 0.01 0.01 
81 3.13 11.04 0.01 0.01 
23.32 11.04 0.01 0.01 
W 3.51 11.04 0.01 0.01 

84 3.72 11.04 0.01 0.01 
85 3.95 11.04 0.01 0.01 

4.18 11.04 0.01 0.01 
87 4.43 11.04 0.01 0.01 
60 4.69 11.04 0.01 0.01 

4.97 11.04 0.01 0.01 
90 5.27 11.04 0.01 0.01 

91 5.58 11.04 0.01 0.01 
5.91 11.04 0.01 0.01 
9.27 11.04 0.01 0.01 

94 0.64 11.04 0.01 TOT 
7.03 11.04 0.01 
7:45 11.04 0.01 0.01 

Tr 7.90 11.04 0.01 0.01 
8.37 11.04 0.01 0.01 

99 8.85 11.04 0.01 0.01 
100. 9.39 11.04 0.01 0.01

U.U1 O01



MACTEC-ERS Pumping test analysis 1002OA2.HYT, Page 4 
2597 B 3/4 Road Theis analysis method Project UGW - Grand Junction, CO 
Grand JuncUon. CO 61503 Unconfined aquifer P 
0701248"040 Evaluated by: RJH Date: 11/19/98 
Pumping Test No. 1034 Aquifer Test Test conducted on: 09128198 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 
Pumping test duration Water level Drawdown Corrected 

drawdown [min] fi]fi]ft] 
IDT 9.95 11.04 0.01 0.01 

10.54 11.04 0.01 
103 11.17 11.04 0.01 0.01 

11.83 11.05 0.02 0.02 
105 12.53 11.05 0.02. 0.02 
106 13.28 11.05 0.02 0.02 
107 14.07 11.05 0.02 0.02 
108 14.91 11.05 0.02 0.02 

15.79 11.05 0.02 0.02 
11 16.73 11.05 -. 0.02 0.02 

1117.72 11.05 0.02 0.02 
18.72 11.05 0.02 0.02 

T13 19.72 11.05 0.02 0.02 
114 20.72 11.05 0.02 0.02 
1T1 21.72 11.05 0.02 0.02 
116 22.72 11.05 0.02 0.02 
117 23.72 11.05 0.02 0.02 
115 24.72 11.05 0.02 0.02 
11V 25.72 11.05 0.02 0.02 
20 26.72 11.06 0.03 0.03 
21T 27.72 11.05 0.03 0.03 

122 28.72 11.06 0.03 0.03 
29.72 11.06 0.03 0.03 

124 30.72 11.06 0.03 0.03 
T25 31.72 11.06 0.03 0.03 
125 32.72 11.06 0.03 0.03 
127 33.72 11.06 0.03 0.03 

1234.72 11.06 o 0.03 0.03 
35.72 11.06 0.03 0.03 

130 36.72 11.06 0.03 0.03 
131 37.72 11.06 0.03 0.03 
13 38.72 11.07 0.04 0.04 
133 39.72 11.07 0.04 0.04 
13 40.72 11.07 0.04 0.04 
135 41.72 11.07 0.04 0.04 
135 42.72 11.07 0.04 0.04 
UT 43.72 11.08 0.05 0.05 
13 44.72 11.08 0.05 0.05 
13 45.72 11.08 0.05 0.05 
140 45.72 11.08 0.05 0.05 
UT 47.72 11.08 '0.05 0.05 

48.72 11.08 0.05 0.05 
143 49.72 11.08 0.05 0.05 
144. 50.72 11.08 0.05 0.05 

51.72 11.08 0.05 0.05 
52.72 11.09 0.M6 0.05 
53.72 11.09 0.06 0.05 

14854.72 11.09 0.06 0.06 
149 55.72 11.09 0.06 0.06 

M56.72 . 11.09 0.06 0.06

It.  
I:



MACTEC-4ERS 
2597 B 3/4 Road " 
Grand Junctýn, CO 81503 
9701248-6040

Pumping-test analysis 
Theis analysis method 
Unconfined aquifer

I i�fl�IA� LI�I .�

SIJU��i&.II I I* FU�U .1 I
Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11119/98

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

nh•ea-,uinn wall 1002 Observation well 1002

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration: Water level Drawdown Corrected 
drawdown 

[main [[t] [-t] [ift] 
151 57.72 11.09 0.06 0.06 
152 58.72 11.09 0.0'6 ___0.05 

1531 59.72 11.09 0.08 0.06 
S.... ______ n" 'I n nR

4I-•AI

155 61.72 11.09 0.06 0.06 

156 62.72 11.09 0.06 0.0i" 

15T 53.72 11.09 0.06 .0 
15864.72 11.09 0.06 0.0_ 

19w 65.72 11.09 0.08 0.06 

1Tw 66.72 11.10 0.07 0.07 

T16 67.72 11.10 0,07 0.07 

1-o 68.72 . 11.10 0.07 0.07 
.,n " nn"7

163,
1 70 
164 70.72 11.10 0.07 0.07 

71.72 11.10 0.07 0.07 

177 -.72 11.10 0.07 0.07 
167 ? • 77 11 0.070.2 

f W72 11.10 0.07 0.07 

169 75.72 1i.A,7 0.07 0TT 
170 76.72 11.17- 0.08 0.8 

171 77.72 11.11 0.08 0.08 

17- 78.72 11.11 0.08 0.08

173Y 79.72 11.11 0.08 0.08 

174 80.72 11.1 0.08 0.08 

175 11.11 0.08 0.08 

-72F72 11.11 0.08 0.08 

177 83.72 11.11 0.08 0.08 

178 54.72 11.11 0.08 0.08 

179 85.72 11.11 0.08 0.08 

180 86.72 11.11 0.08 0.08 

181 87.72 11.11 0.08 0.08 

1T2 88.72 11.12 0.09 0.08.  

183 89.72 11.12 0.09 0.08 

184 90.72 11.12 0.09 0.08 

185 91.72 11.12 0.09 0.09 

186 92.72 .11.12 0.09 0.09 

W87 93.72 11.12 0.09 0.09 

1~88 94.72 11.12 0.09 0.09 

189 95.72 11.12 0.09 0.09 

190 99.72 11.12 0.09 0.09 

191 97.72 11.12 0.09 0.09 

192 98.72 11.12 0.09 0.09 

193 99.72 11.12 0.09 0.09 

W 100.72 11.12 0.09 
195 101.72 1.1.12 0.09 O.0g 

195 102.72 11.12 0.09 0.09 

197 103.72 11.12 0.09 0.09 

198 104.72 11.12 0.09 0.09 

199 105.72 11.12 0.09 

200 105.72 11.13 0.10 0.10
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MACTEC;WER Pumping test analysis 1 0020A2.HYT, Page 6 
2597 B 314 Road Theis analysis method Project UGW- Grand Junction, CO 
Grand Juncion, CO 81503 Unconfined aquifer 

070/248"040 Evaluated by- RJH Date: 11119198 
Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.galmin Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 
Pumping test duration Water level Drawdown Corrected 

drawdown 
[min] [f] [if] Ift] 

201 107.72 11.13 0.10.  
22 108.72 11.13 0.10 0.10 
203 109.72 11.13 0.10 0.10 
214 110.72 11.13 0.10 0.10 
2W 111.72 - 11.13 0.10 0.10 

2.112.72 11.13 0.10 0.10 
207 113.72 11.13 0.10 0.10 
2W 114.72 11.13 0.10 0.10 

115.72 11.13 0.10 0.10 
116.72 11.14 0.11 0.11 

211 117.72 11.14 0.11 0.11 
212 118.72 11.14 0.11 0.11 
213T 119.72 11.14 0.11 0.11 
217 120.72 11.14 0.11 0.11 
215 121.72 11.14 0.11 0.11 
21W 122.72 11.14 0.11 0.11 
217 123.72 11.15 0.12 0.11 
2w 124.72 11.15 0.12 0.11 
2W 125.72 11.15 0.12 0.11 
220 126.72 11.15 0.12 0.12 
221 127.72 11.15 0.12 0.11 

128.72 11.15 0.12 0.12 
223 129.72 11.15 0.12 0.12 

130.72 11.15 .0.12 0.12 
225 131.72 11.15 0.12 0.12 
225 132.72 . 11.15 0.12 0.12 
227 133.72 11.15 .0.12 0.12 

134.72 11.15 0.12 0.12 
22W 135.72 11.15 0.12 0.12 

2136.72 11.15 0.12 0.12 
231 137.72 11.15 0.12 0.12 
237 138.72 11.15 0.12 0.12 

139.72 11.15 0.12 . 0.12 
2140.72 11.16 0.13 0.12 

2W 141.72 11.16 0.13 0.12 
235 142.72 11.16 0.13 0.13 
23T 143.72 11.16 0.13 0.13 
2W 144.72 11.16 0.13 0.13 
239 145.72 11.16 0.13 0.13 
2W 146.72 11.16 0.13 0.13 
241 147.72 11.16 0.13 0.13 

2148.72 11.16 0.13 0.13 
24 149.72 11.17 0.14 0.13 

150.72 11.17 0.14 0.13 
151.72 11.17 0.14 0.13 

246 152.72 11.17 0.14 0.13 
153.72 11.17 0.14 0.14 

248 154.72 11.17 0.14 0.14 
9155.72 11.17 0.14 0.14 

250 156.72 11.17 0.14 0.14



MAC;TM-ERE 
2597 8 3/4 Road 
Grand JunclIon, CO 81503 
97W48-6040

Pumpingtest analys.i 
Theis analysis-method 
Unconfined aquifer

Project UGW - Grand Junction, CO

I Evaluated by: RJHI Date: 11119/98

Pumping Test No. 1034 Aquifer Test: Test conducted on: 09/28/98 

nhedavm,,,,n WalI 1nnl Observation well 1002

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[mini [ftJ [ft] [Il] 

251 157.72 11.17 0.14 0.14 

2521 158.72 . 11.17 0.14 0.14 

253 .159.72 11.17 0.14 0.14 
__... ..____ ______ ___ - -- l A

254 11.11

255 181.72 11.17 0.14 0.14 

2w 162.72 11.17 0.14 0.14 

257 163.72 11.18 0.15 0.14 

2W 164.72 11.18 0.15 0.14 

25915.72 11.18 0.15 0.14 

165.72 11.18 0.15 0.15 
251 167.72 11.18 0.15 0.15 

262 168.72 11.18 0.15 0.15 

2B3 169.72 11.18 0.15 0.15 
264 170.72 11.18 0.15 0.15.  

2w 171.72 11.18 0.15 0.15 

266 172.72 11.18 0.15 0.15 

173.72 11.18 0.15 0.15 

174.72 11.18 0.15 0.15 

269 175.72 11.18 0.15 0.5 
270 176.72 11.18 0.15 0.15 

27T 177.72 11.18 0.15 0.15 

27T 178.72 11.18 0.15 0.15 

273 179.72 11.19 0.16 0.15 

274 180.72 11.19 0.16 0.15 

275 181.72 11.19 0.16 0.15 

27W 182.72 11.19 0.16 0.15 

277 183.72 11.19 0.16 0.16 

278 184.72 11.19 0.16 0.16 
2W 185.72 11.19 0.16 0.16 

2B0 186.72 11.19 0.16 0.16 

28T 187.72 11.19 0.16 0.16 

2W 188.72 11.19 0.16 0.16 

283 189.72 11.19 0.16 0.15 
2W 190.72 11.19 0.16 0.16 

2W 191.72 11.19 0.16 0.16 

2w5 192.72 11.19 0.16 0.16 

287 193.72 11.20 0.17 0.16 
194.72 11.20 0.17 0.16 

2W 195.72 11.20 0.17 0.16 
192.72 11.20 0.17 0.16.  

2w 197.72 11.20 0.17 0:17 
292 198.72 11.20 0.17 0.17 
2W 199.72 11.20 0.17 0.17 

-2w 200.72 11.20 0.17 0317 
201.72 11.20 0.17 0:17 

296 202.72 11.20 0.17 0.17 

297 203.72 11.20 0.17 0.17 
295 204.72 11.20 0.17 0.17 

299 205.72 11.20 0.17 0.17 

300 206.72 11.20 0.17 0.17

I UUZUAZ.IIf'I j ra-O'a:~•-,!
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MACTECg6I- Pumping'test±raisb 1002OA2.HYT, Page-8, V 
2597 B 3/4 Road* Theis analysis method Project UGW - Grand Junction, CO 
Grand Junction, CO 81503 Unconfined aquifer 
97=248-6M4o Evaluated by: RJH Date: 11119198 

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown Corrected.  
drawdown 

[min] [f] [f] [f] 
301 207.72 11.20 0.17 0.17 
302 208.72 11.20 0.17 0.17 

209.72 11.20 0.17 0.17 
210.72 11.20 0.17 0.17 
211.72 11.21 0.18 0.17 

305 212.72 11.21 0.18 0.17 
213.72 11.21 0.18 0.17 
214.72 11.21 0.18 0.17 
215.72 11.21 0.18 0.17 

310 216.72 11.21 0.18 0.17 
311 217.72 11.21 0.18 0.17 
312 218.72 11.21 0.18 0.18 
313 219.72 11.21 0.18 0.18 

220.72 11.21 0.18 0.18 
'315 221.72 11.21 0.18 0.17 
316 222.72 11.21 0.18 0.17 
317 223.72 11.21 0.18 0.18 
315 224.72 11.21 0.18 0.18 
3W 225.72 11.21 0.18 0.18 
320 226.72 11.21 0.18 0.1B 
32T 227.72 11.21 0.18 0.18 

228.72 11.21 0.18 0.18 
323 229.72 11.21 0.18 0.18 

230.72 11.21 0.18 0.18 
325 231.72 11.21 0.18 0.18 

232.72 11.21 0.18 0.18 
327 233.72 11.21 0.18 0.18 

234.72 11.21 0.18 0.18 
235.72 11.21 0.18 0.18 

330 236.72 11.21 0.18 0.1D 
331 237.72 11.22 0.19 0.18 
332 238.72 11.21 0.18 0.18 
333 239.72 11.21 0.18 0.18 
334 240.72 11.22 0.19 0.18 
3w 241.72 .11.22 0.19 0.18 
3W 242.72 11.22 0.19 0.18 
3w 243.72 11.22 0.19 0.18 
338 244.72 11.22 0.19 0.18 
3w 245.72 11.22 0.19 0.19 
3W 246.72 11.22 0.19 0.19 
341 247.72 11.22 0.19 0.19 
342 248.72 11.22 0.19 0.19 

249.72 11.22 0.19 0.19 
250.72 1122 0.19. 0.19 
251.72 11.22 0.19 0.19 
252.72 11.22 0.19 0.19 

347 253.72 11.22 0.19 0.19 
3w 254.72 11.22 0.19 0.19 

255.72 11.22 0.19 0.19 
350 256.72 11.22 0.19 0.1 

-I



MACTEC-ERS 
2597 B 3/4 Road 
Grand Juncion, CO 81503

Pumping' test analysis 
Theis analysis method 
Unconfined aquifer

970Z142-6M Iva~iuau Dy. ror.J uae: 

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002

11/19/98

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [ift] [Ift] [ift] 
351 257.72 11.23 0.20 0.15 
J02 258.72 11.23 0.20 0.19 
353 259.72 11.22 0.19 0.19

X.OU. f A 1 I.412

355 251.72 11.23 0.20 0.15 
35T 262.72 11.23 0.20 0.19 
357 263.72 11.23 0.20 0.19 
358 264.72 11.23 0.20 0.19 
3w9 265.72 11.23 0.20 0.20 

0 266.72 11.23 0.20 0.20 
351 267.72 11.23 0.20 0.20 
3M2 268.72 11.23 0.20 0.20 
MIT 269.72 11.23 0.20 0.20 
3w 270.72 11.23 0.20 0.20 
365 271.72 11.23 0.20 0.20 
3w 272.72 11.23 0.20 0.20 
35T 273.72 11.24 0.21 0.20 

-36 274.72 11.23 0.20 0.20 
M6 275.72 11.24 0.21 0.20 
370 275.72 11.24 0.21 0.20 
3711 277.772 11.24 0.21 0.20 
372 278.72 11.24 0.21 0.20 

279.72 11.24 0.21 0.20 
374 280.72 11.24 0.21 0.20 
375 281.72 11.24 0.21 0.20 
37g 282.72 11.24 0.21 0.20 
377 283.72 11.24 0.21 0.21 

f37 284.72 11.24 0.21 0.20 
373 285.72 11.24 0.21 0.21 

F 285.72 11.24 0.21 0.21 
380 287.72 11.24 0.21 0.21 
3w 287.72 11.24 0.21 0.21 
3M3 289.72 11.24 0.21 0.21 

*3B 290.72 11.24 0.21 0.21 
384 291.72 11.24 0.21 0.21 
3w 292.72 11.24 0.21 0.21 
38W 293.72 11.24 0.21 0.21 
38 294.72 11.24 0.21 0.21 

~3*89 295.72 11.24 0.21 0.21 
39 295.72 11.24 0.21 0.21 
391 297.72 11.24 0.21 0.21 
392 298.72 11.24 0.21 0.21 
3w 299.72 11.24 0.21 0.21 
3 300.72 11.24 0.21 0.21 
394 301.72 11.24 0.21 0.21 

302.72 11.24 0.21 0.21 

397 303.72 11.25 0.22 0.21 
398 304.72 11.24 0.21 0.21 

305.72 11.25 0.22 0.21 
W 306.72 11.25 0.22 0.21

I�. IU___

1002OA2.HYT, Page 9 

Project: UGW - Grand Junction, CC
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MACTEC-ERS Pumping test analysis 1002OA2.HYT. Page 10 
2597 B 3/4 Road Theis analysis method Project: UGW - Grand Junction, CO 
Grand Junction. CO M1M03 Unconfined aquifer 
97o0248-6o4o Evaluated by: RJH IDate: 11/19198 

Pumping Test No. 1034 Aquifer Test Test conducted On: 09/28/98 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gaVmin Distance from the pumping well 20.00 It 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown - Corrected 
drawdown 

[min) [ft] [] (ft] 
401 307.72 11.25 0.22 0.21 
402 308.72 11.25 0.22 0.22 
403 309.72 11.25 0.22 0.21 
47W 310.72 11.25 0.22 0.21 
4W 311.72 11.25 0.22 0.22 

312.72 11.25 0.22 0.2?1 
407 313.72 11.25 0.22 0.22 

314.72 11.25 0.22 0.22 
315.72 11.25 0.22 0.22 

10 316.72 11.25 022 0.22 
411 317.72 11.25 0.22 0.22 

412_318.72 11.25 0.22 0.22 
319.72 11.25 0.22 0.22 

414 320.72 11.25 0.22 0.22 
415 321.72 11.25 0.22 0.22 
416 322.72 11.25 0.22 0.22 
417 323.72 11.25 0.22 0.22 
415" 324.72 11.25 0,22 0.22 

325.72 11.25 0.22 0.22 
42T 326.72 11.26 0.23 0.22 
421 327.72 11.25 0.22 0.22 
42F 328.72 11.25 0.22 0.22 
423 329.72 11.26 0.23 0.22 
424 330.72 11.26 0.23 0.22 
425 331.72 11.26 0.23 0.22 
426 332.72 11.26 0.23 0.22 
427 333.72 11.26 0.23 0.22 

334.72 11.26 0.23 0.22 
429 335.72 .11.26 0.23 0.22 

40336.72 11.26 0.23 0.22 
431 337.72 11.26 0.23 0.22 
432 338.72 11.26 0.23 0.22 

339.72 11.26 0.23 0.23 
434 340.72 11.26 0.23 0.22 
435 341.72 11.26 0.23 0.23 
4w 342.72 11.26 0.23 0.23 
437 343.72 11.26 0.23 0.23 
438 344.72 11.26 0.23 0.23 
439345.72 11.26 0.23 0.23 
440346.72 11.26 0.23 0.23 
441 347.72 11.26 0.23 0.23 

42348.72 11.26 0.23 0.23 
443 349.72 11.26 0.23 0.23 
444 350.72 11.26 0.23 0.23 

W 351.72 11.26 0.24 0.23 
44F 352.72 11.26 0.24 0.23 
447 353.72 11.26 0.24 0.23 

W 354.72 11.26 0.24 0.23 
355.72 11.26 0.24 0.23 

4a 356.72 11.26 0.24 0.23

I,



u - . . I 4flfl�flA�4JVT P�na.11

MACTL= -ERS 
2597 B 3/4 Road 
GCand Ju=Mon. CO 81503

Pumpingteatanalaw 
Theis analysis method 
Unconfined aquifer I Project: UGW- Grand Junction, CO

9701248-6040 e tvaluated by: Kim I Dats' 
Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002! Observation well 1002 

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 fA 

Static water level: 11.03 ft below datum
Pumping test duration Water level Drawdown Corrected 

drawdown 

[min [Ift] [ft] [ft, 
451 357.72 - 0.23 

452358.72 11.26 0.23 0.23 

453 359.72 11.25 0.23 0.23 S1 
'JR 0123 0.23

"455 361.72 11.25 0.23 0.23 

45E 362.72 11.26 0.23 0.23 

457 363.72 11.26 0.23 0.23 

45w 354.72 .. 1T29- 0.23 0.23 
459 365.72 112e 0.23 0.23 

4W 366.72 .125 0.23 0.23 

357.72 11.25 0.23 0.23 

462 w 368.72 . 11.26 0.23 0.23 

483 369.72 11.26 0.24 0.23 

W 370.72 11.25 0.23 0.23 

45371.72 11.26 0.24 0.23 

4w5 372.72 11.28 0.24 0.23 

417 373.72 11.26 0.24 0.23 

453 - 374. 2 11.25 0.24 0.23 

375.72z 11.27 0.24 0.23 

470 378.72 11.26 0.24 

471 377.72 I1.27. 0.2 0.23 

472 378.72 11.27 0.24 0.23 

473 379.72 11.27 0.24 0.23 

474 380.72 11.27 0.24 0.23 

4751 381.72 1 1.27 0.24 0.23 

476 382.72 11.27 0.24 0.23 

4T7 383.72 11.27 0.24 0.23 

471 384.72 11.27 0.24 0.23 

479 385.72 11.27 0.24 0.23 

480 388.72 11.27 0.24 0.23 

481 337.72 11.27 0.24 0.23 

4821 38.72 11.27 0.24 0.23 

483 389.72 11.27 • 0.24 0.23 

484 390.72 11.27 0.24 0.24 

485 391.72 11.27 - (024- 0.23 

485 392.72 11.27 0.24 0.4 

487 393.72 11.27 0.24 0.24 

488 394.72 11.27 0.24 0.24 

489 395.72 11.27 0.24 0.24 

490 396.72 11.27 0.24 0.24 

491 397.72 11.27 0.24 0.24 

492 398.72 11.27 0.24 0.24 

493 399.72 11.27 0.2 ,7 0.24 

494 400.72 11.27 0.24 MW 

495 401.72 11.28 0.25 20.24 
495 402.72 11.28 0.25 0.24 

497 403.72 11.28 0.25 0.24 

498 404.72 11.28 0.25 0.24 

499 405.72 11.27 0.24 0.24 

500 406.72 11.28 0.25 0.24

II II.&rD,,•A4mJI
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MACTEC-ERS Pumping test analysis 1002OA2.HYT. Page 12 
2597 B 3/4 Road Theis analysis method 
Grand Juncion, CO 81503 Unconfined aquifer Project UGW- Grand Junction, CO 
97o=248"040 Evaluated by: RJH Date: 11119198 

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.galhmin Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min][f ft [f] 
501_407.77 11.28 0.25 0.24 

502 408.72 11.28 0.25 0.24 
503 409.72 11.28 0.25 0.24 
504 410.72 11.28 0.25 0.24 

411.72 11.28 0.25 0.24 
412.72 .11.28 0.25 0.24 
413.72 11.28 0.25 024 
414.72 11.28 0.25 0.24 
415.72 11.28 0.25 0.24 
416.72 11.28 0.25 0.24 

511 417.72 11.28 0.25 0.24 
512 418.72 11.2 0.25 .25 
513 419.72 11.28 0.25 0.25 

420.72 11.28 0.25 0.25 
515 421.72 11.28 0.25 0.25 
515 422.72 11.28 0.25 0.25 
517T 423.72 11.28 0.25 0.25 
516 424.72 11.28 0.25 0.25 
519 425.72 11.28 0.25 0.25 
520 426.72 11.28 0.250.25 
521 427.72-- 11.28 0.250.25 
522 428.72 11.28 0.25 0.25 

429.72 11.28 0.25 
524 430.727 11.29 .0.26 0.25 
523 431.72 11.28 0.25 
526 432.72 11.29 0.260.25 
527 433.72 11.29 0.26 0.25 
528 434.72 11.29 0.26 0.25 
-2- 435.72 11.29 0.26 0.25 

30 .436.72 11.29 0.26 .0.25 
531 437.72 11.29 0.26 0.25 

438.72 11.29 0.26 0.25 
533 439.72 11.29 0.26 0.25 

440.72 . 11.29 0.26 0.25 
535 441.72 11.29 0.26 
536 442.72 11.29 0.26 0.25 
53 443.72 11.29 0.26 
53- 444.72 11.29 0.26 0.25 
539 445.72 11.29 0.26 0.2F 
540 446.72 11.29 0.26 0.25 
541 447.72 11.29 0.26 0.25 

448.72 11.29 0.26 0.25 
543 449.72 11.29 0.26 0.25 

450.72 11.29 0.26 0.20 
451.72 11.29 0.26 0.25 
452.72 11.29 0.26 0.255 

547 453.72 11.29 0.26 0.25 
454.72 11.29 0.26 0.26 
455.72 11.29 0.26 0.26 

355 456.72 11.29 0.26 0.26 
1i ii -
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MACTEC-ERS 
2597 B 3/4 Road 
Grand Juncon, CO 81503 
970/248-6040

I 4flfl2�tA2 LlVr D�f& � I

II If I, a- %0Pumping test analysis 
Theis analysis method 
Unconfined aquifer

I Evaluated by: RJH I Date: 11/19/98

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[mini [ift] [ift] [ift] 
551 457.72 11.29 0.26 0.28 

552 458.72 11.29 0.26 0.28 
=53 . 459.72 11.29 0.28 0.28 

4...... 4~ 4 I.&W"J n•

q4Wa.IA

593 499.72 11.30 0.27 0.27 
594 500.72 11.30 0.27 02-_' 

501.72 11.30 0.27 02

159 502.72 11.30 0.27 0.27 

597 503.72 11.30 0.27 0.27 

5w 504.72 11.30 0.27 0.27 

T5w9 505.72 11.30 0.27 0.27 

-my 505.72 11.31 0.28 0.27

V..f. #

555 461.72 11.29 0.28 0.26 

35w 462.72 11.29 0.25 0.25 

5357 463.72 11.29 0.28 0.25 

558 464.72 11.29 0.25 0.25 

3W 465.72 11.29 0.28 0.25 
5W. 468.72 11.29 0.25 0.26 

5W1 467.72 11.29 0.26 0.28 

562 468.72 11.30 0.27 0.26 

563 469.72 11.30 0.27 0.26 

564 470.72 11.29 0.28 0.26 

471.72 11.30 0.27 0.28 

472.72 11.30 0.27 0.28 

567 473.72 11.30 0.27 0.26 

474.72 11.30 0.27 0.26 

475.72 11.30 0.27 
476.72 11.30 0.27 

571 477172 11.30 0.27 0.28 

572n 478.72 11.30 0.27 0.286 

37F 479.72 11.30 0.27 0.25 

574 480.72 11.30 0.27 0.25 

575 481.72 11.30 0.27 0.26 

576 482.72 11.30 0.27 0.26 

57T 483.72 11.30 0.27 0.26 
576 484.72 11.30 0.27 0.26 

579 485.72 11.30 0.27 0.26 

580 486.72 11.30 0.27 0.26 

5W 487.72 11.30 0.27 0.26 

582 488.72 11.30 0.27 0.26 
583 489.72 11.30 0.27 0.26 

584 490.72 11.30 0.27 0.25 

5W 491.72 11.30 0.27 0.26 

5w 492.72 11.30 0.27 0.27 

587 493.72 11.30 0.27 0.27 

5W 494.72 11.30 0.27 0.27 

5w9 495.72 11.30 0.27 0.27 

5 495.72 11.30 0.27 0.27 

591 497.72 11.30 0.27 0.27
i I.-V IJ.&t

4 n I

Project UGW - Grand Junction, CO
m.

f

!

Ann. 73 I, .&W



MACTEC-ERS Pumping test analysis 1002OA2.HYT, Page 14 
2597 B 3/4 Road Theis analysis method Project UGW - Grand Junction, CO 
Grand Juncdon, CO 81503 Unconfined aquifer 
B70o48-640 Evaluated by: RJH Date: 11119198 

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gallrnin Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [f] [ft] ft] 
601 507.72 11.31 0.29 0.27 
602 508.72 11.31 0.28 0.27 

509.72 11.31 0.28 0.27 
510.72 11.31 0.28 0.27 

605 511.72 11.31 0.28 0.27 
512.72 11.31 0.28 0.27 

607 513.72 11.31 0.28 0.27 
605 514.72 11.31 0.28 0.27 
6 515.72 11.31 0.28 0.27 
610 516.72 11.31 0.28 0.27 
611 5117J2 11.31 0.28 0.27 
512 518.72 11.30 0.27 0.27 

519.72 11.31 0.28 0.27 
520.72 11.31 0.28 0.27 

615 521.72 11.31 0.28 0.27 
616 522.72 11.31 0.28 

7523.72 11.31 0.28 0.27 
524.72 11.31 0.28 0.27 
525.72 11.31 0.28 0.27 

120 526.72 11.31 0.28 0.27 
62T 527.72 11.31 0.28 0.27 
622 528.72 11.31 0.28 0.27 

529.72 11.31 0.28 0.27 
530.72 11.31 0.28 0.28 

625 531.72 11.31 0.28 0.28 
532.72 11.31 0.28 0.27 
533.72 11.31 0.28 0.28 
534.72 11.31 0.28 0.28 

629 535.72 11.32 0.29 0.28 
630 536.72 11.32 0.29 0.28 
631 537.72 11.32 0.29 0.28 

535.72 11.32 0.29 0.28 
539.72 11.32 0.29 0.28 

634 540.72 11.32 0.29 0.28 
541.72 11.32 0.29 0.28 
542.72 11.32 0.29 0.28 

7543.72 11.32 0.29 0.28 
Cl i 544.72 11.32 0.29 0.28 
639 545.72 11.32 0.29 0.28 

545.72 11.32 0.29 0.28 
547.72 11.32 0.29 0.28 
548.72 11.32 0.29 0.28 
549.72 11.32 0.29 0.28 

644 550.72 11.32 0.29 0.28 
645 551.72 11.32 0.29 0.28 

552.72 11.32 0.29 0.28 
T47 553.72 11.32 0.29 0.28 

554.72 11.32 0.29 0.28 
649 555.72 11.32 0.29 0.28 

5 556.72 11.32 0.29 0.28

Si



MACTEC-ERS 
2597 B 3/4 Road .
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Pumping Test No. 1034 AquiferTest 

Observation Well 1002

1002OA2.HYT, Page 15

Project: UGW - Grand Junction, CO 

Evaluated by: RJHI Date: 11/19/98

ITest conducted on: 09/28198
Observation well 1002

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[rain) 557.72 I .t] [It 2 0.  
558.72 11.32 0.29 0.28 

553 558.72 11.32 0.29 0.28 53559.72 11.32 . 0.29 0.28

604 Ii I."
655 561.72 11.32 0.29 0.28 
656 562.72 11.32 0.29 0.25 
657 563.72 11.32 0.29 0.28 
658 564.72 11.32 0.29 0.28 
659 565.72 11.32 0.29 0.28 
660 569.72 11.32 0.29 0.28 
661 567.72 11.32 0.29 0.28 

568.72 11.32 0.29 0.28 
569.72 11.32 0.29 0.28 
570.72 11.32 0.29 0.28 

6 571.72 11.32 0.29 0.28 
665 572.72 11.32 0.29 0.28 

573.72 11.32 0.29 0.28 
574.72 11.32 0.29 0.28 
575.72 11.32 0.29 0N 
576.72 11.32 0.29 0.2 

571 577.72 11.32 0.29 0.29 
6720 578.72 11.31 0.28 0.28 
573 579.72 11.32 0.29 0.29 
674 580.72 11.32 0.29 0.29 
675 581.72 11.33 0.30 0.29 
676 582.72 11.33 0.30 0.29 
97T 583.72 11.33 0.30 0.29 
87T 584.72 11.33 0.30 0.29 
679 585.72 11.32 0.29 0.29 
66 585.72 11.33 0.30 0.29 
681 587.72 11.33 0.30 0.29 
682 588.72 11.33 0.30 0.29 

589.72 11.33 0.30 0.29 
64590.72 11.33 0.30 0.29 

591.72 11.33 0.30 0.29 
686 592.72 11.33 0.30 0.29 
687 593.72 11.33 0.30 0.29 

594.72 11.33 0.30 0.29 
595.72 11.33 0.30 0.29 
596.72 11.33 0.30 0.29 

691 597.72 11.33 0.30 0.29 
69W 598.72 11.33 0.30 0.29" 

599.72 11.33 0.30 0.29 
600.72 11.33 0.30 0.9 

695 601.72 11.33 0.30 
_69W 602.72 11.33 0.30 0.29 

9W 603.72 11.33 0.30 0.29 
69W 604.72 11.33 0.30 0.29 
6605.72 11.33 0.30 0.29 
700 606.72 11.33 0.30 0.29

i If" 
-,Z

0.28 --



MACTEC-ERS Pumping test analysis 1002OA2.HYT. Page 16 
2597 B 3/4 Road Theis analysismethod Project UGW- Grand Junction, CO 
Grand Junction, CO 61803 Unconfined aquifer 
9=8246040 : Evaluated by: RJH IDate: 11/19/98 
Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28198 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gal/mIn Distance from the pumping well 20.00 ft 

Static water level: 11.03 If below datum 
Pumping test duration Water level Drawdown Corrected 

drawdown 
[min] [If] [if] [i] 

607.72 11.33 0.30 0.29 
702 608.72 11.33 0.30 0.29 

609.72 11.33 0.30 0.30 
610.72 11.33 0.30 0.30 
611.72 11.33 0.30 . 0.30 

706 612.72 11.33 0.30 0.30 
613.72 11.33 0.30 0.30 
614.72 11.33 0.30 0.30 

709 615.72 11.33 0.30 0.30 
710 616.72 11.34 0.31 0.30 
711 617.72 11.34 0.31 0.30 

618.72 11.33 0.30 0.30 
713 619.72 11.33 0.30 0.30 

620.72 11.34 0.31 0.30 
715 621.72 11.34 0.31 0.30 
716 622.72 11.34 .0.31 0.30 
717 623.72 11.34 0.31 0.30 
716" 624.72 11.34 0.31 0.30 
71 626.72 11.34 0.31 0.30 
721 626.72 11.34 0.31 0.30 
721 627.72 11.34 0.31 0.30 
722 628.72 11.34 0.31 0.30 
723 629.72 11.34 0.31 0.30 
725 630.72 11.34 0.31 0.30 

631.72 11.34 0.31 0.30 
727 632.72 11.34 0.31 0.30 
727 633.72 11.34 0.310.30 
725 634.72 11.34 0.31 0.30 
720 635.72 . 11.34 0.31 0.30 
730 637.72 11.34 0.31 0.30 
7r1 637.72 11.34 0.31 0.30 
7W 638.72 11.34 0.31 0.30 
734 639.72 11.34 0.31 0.30 

-73640.72 11.34 0.31 0.30 
735 641.72 11.34 0.31 0.30 
Mr 642.72 11.34 0.31 0.30 
737 643.72 . 11.34 0.31 0.30 
MT 644.72 11.34 0.31 0.30 

764.72 11.34 0.31 0.30 
0646.72 11.34 0.31 0.30 

742 647.72 11.34 0.31 0.30 
742 649.72 11.34 0.31 0.30 
744 649.72 11.34 0.31 0.30 
745 650.72 11.34 0.31 0.3 
745 651.72 11.34 0.31 0.30 
747 652.72 11.34 0.31 0.30 
747 653.72 11.34 0.31 0.30 
748 654.72 11.34 0.31 0.30 
749 665.72 11.34 0.31 0.30 S70656.72 11.34 0.31 0.30



MACTEC-ERS -2597 B 3/4 Road,-.  
Grand Jwuction, CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

1002OA2kIYT. Page 17

Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11119/98

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1002 j Observation well 1002

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown Corrected I drawdown 
[rain) [][ift] ) 

751 857.72 11.34 0.31 0.30 

752 658.72 11.34 0.31 0.30 
753 659.72 11.35 0.32 0.31
754 11.34 U.31
755 681.72 11.34 0.31 0.30 
7W 662.72 11.35 0.32 0.31 
757 653.72 7-.-35 3 0.32 0.31 
7W 654.72 . .. 350.32 0.31 
759 665.72 11.35 0.32 0.31 
750 665.72 11.35 0.32 0.31 
75! 667.72 11.35 0.32 0.31 
762 668.72 11.35 0.32 0.31 
76 669.72 11.35 0.32 0.31 

864 670.72. 11.35 0.32 0.31 
765 671.72 11.35 0.32 0.31 
760 672.72 11.35 0.32 0.31 

-767 673.72 11.35 0.32 0.31 
7W 674.72 11.35 0.32 0.31 
7W 675.72 11.35 0.32 0.31 
770 676.72 11.35 0.32 M31 
77- 677.72 11.35 0.32 0.31 
772 678.72 11.35 0.32 0.31 
773T 679.72 11.35 0.32 0.31 
7T4 680.72 11.35 0.32 0.31 
775 681.72 11.35 0.32 0.31 
779 682.72 11.35 0.32 0.31 
777 683.72 11.35 0.32 0.31 
77F 684.72 11.35 0.32 0.31 

-779 685.72 11.35 0.32 0.31 
780 685.72 11.35 0.32 0.31 
78W 687.72 11.35 0.32 0.31 
7W2 688.72 11.35 0.32 0.31 
783 689.72 11.35 0.32 0.31 
784 690.72 11.35 0.32 0.31 

171 691.72 11.35 0.. 2 0.31 
78I MI2.72 11.35 0.32 0.31 
787 693.72 11.35 0.32 0.31 
-7W 694.72 1135 0.32 0.31 
789 695.72 11.35 0.32 0.31 
7W 696.72 11.35 0.32 C_, _-' 

-791 697:72 j 11.35 0.32 ______

792 698.72 11.35 0.32 0.31
793 699.72 11.35 0.32 0.3T 
7W 700.72 11.35 0.32 0.31 
1W 701.72 11.35 0.32 0,31 
7W 702.72 1 135 0.32 0.31 
797 703.72 t,135 0.32 0.31 
798 704.72 11.35 0.32 0.31 
7W 705.72 11.35 0.32 0.31 
80 708.72 11.35 0.32 0.32

[: J

m



MACTEC-ERS Pumping test anatys, 1002OA2;HYT, Page 18 1 1 
2597 B 3/4 Road Thels analysis method Project UGW - Grand Junction, CO 
Grand Junction, CO 81503 Unconfined aquifer 
9701248"6040 Evaluated by* RJH Date: 11119198 

Pumping Test No. 1034 Aquifer Test Test conducted on: 09128198 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [i] [it] [if] 
T01 707.72 11.35 0.32 8.31 

k 02 708.72 11.35 0.32 0.31 
5M3 709.72 11.35 0.32 0.31 
S0 710.72 11.35 0.32 0.31 
805 711.72 11.35 0.32 0.31 
-06 712.72 .11.35 0.32 0.31 
807 713.72 11.35 0.32 0.32 
--m 714.72 11.35 0.32 0.32 

715.72 11.35 0.32 0.32



MACTrEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping Test No. 1034 Recovery Test

Pumping tMu analysis 
"Time-Drawdowff plot 
with discharge..

Test conducted on: 09/28/98

Observation Well 1002 

Discharge 4.00 U.S.gallmln

0 200 400 

0.00 

0.05 

0.10 

0,15 

0.20 

m 0.25.  

0.30 

0.35 

0.40 

0.45 

5.0 

le 4.0 

a 3.0 

S2.0 
1.0 

- 0.0

t[mini 
600 800 1000 1200 1400 1600 1800

a Observation well 100

1002ORMZHYT, Pagp 1" ' 

Project: UGW- Grand. Juction, CO

Evaluated by: RJH Date: 11/19198

Observation Well 1002 
-' 

Discharge 4.00 U.S.gal/min 
r



MACTEC-2| Pumping test analysis 10020R2.HYT, Page 1 
2597 B 3/4 Road Recovery method after Project UGW - Grand Junction, CO 
Grand JuncUon, CO 81503 THEIS & JACOB 
9=0o248"040 Unconfined aquifer Evaluated by: RJH Date: 11/19/98 

Pumping Test No. 1034 Recovery Test Test conducted 6n: 09128198 

Observation Well 1002 

Discharge 4.00 U.S.gal/min 

Pumping test duration: 717.00 min 

Vt'

E.  
�0�

1' 
0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 

0.45 

0.50

00 101 102 I0 3 10'

%sw "tlll 6404 ý Joe 0 a I

i10s

a Observation well 100

Transmissivity [ft2lmin]: 2.83 x 10-1 

Hydraulic conductivity [ft/min]: 4.72 x 10.2 

Aquifer thickness [ft]: 6.00

&'7.97 P/S-1

1: "
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MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970248-8040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Project UGW- Grand Junction, CC

I Evaluated by: RJH Date: 11119/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

^% nl.. ,, Wall I AnM) Observation well 1002

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[min [Ift] [ft] [Ift 
10.03 11.3 0.33 0.32 

2 0.11 11.38 0.33 0.32 

0.20 11.38 0.33 0.32 
- .... 4 4 • "p0

A

0.38 11.31 0.33 0.32 5 0.48 11.35 0.33 0.32 

7 0.58 11.38 0.33 0.32 

8 0.69 11.38 0.33 0.32 

9 0.81 11.35 0.33 0.32 

.10 0.93 11.38 0.33 0.32 

11 1.05 11.35 0.33 0.32 

1.20 11.38 0.33 0.32 

13 1.35 11.35 0.33 0.32 

14 1.51 11.36 0.33 0.32 

1.68 11.38 0.33 0.32 

1.85 11.38 0.33 0.32 

17 2.04 11.35 0.32 0.32 

1T 2.24 11.35 0.32 0.32 

19 2.45 11.35 0.33 0.32 

2y 2.57 11.35 0.33 0.32 

21 2.90 11.35 0.32 0.32 

22 3.15 11.38 0.33 0.32 

3.42 11.35 0.32 0.32 

3.70 11.35 0.32 0.32 

25 3.99 11.35 0.32 0.32 

26 4.31 11.35 0.32 0.32 

27 4.64 11.35 0.32 0.32 

28 4.99 11.35 0.32 0.32 

29 5.36 11.35 0.32 0.31 

30 5.78 11.35 0.32 0.31 

31 5.18 11.35 0.32 0.31 

32 6.62 11.35 0.32 0.32.  

33 7.09' 11.35 0.32 0.32 

34 7.59 11.35 0.32 0.31 

35 8.11 11.35 0.32 -0.31 

36 8.57 11.35 0.32 0.31 

9.28 11.35 0.32 0.31 

9.89 11.35 0.32 0.31 

10.55 11.35 0.32 0.31 

11.28 11.35 0.32 0.31 

41 12.00 11.35 0.32 0.32 

42 12.79 11.35 0.32 0.31 

43 13.53 11.35 0.32 0.31 

14.51 11.35 0.32 0.31 

15.45 11.35 0.32 • .31 
18.45 11.35 0.32 0.31 

47 17.45 11.35 0.32 0.31 

48 18.45 11.34 0.31 0.30 

49 19.45 11.34 0.31 0.30 

M 20.45 11.34 0.31 0.30

V V•eeH.'IM I 1.1aw

| , ,, , .,--
L., i
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MACTEC-ERS Pumping test analysis 1002OR2.HYT, Page 3 
2597 B 3/4 Road Recovery method after Project: UGW - Grand Junction, CO 
Grand Jurmbon, CO 81M03 THEIS & JACOB 
970/248-604o Unconfined aquifer Evaluated by: RJH IDate: 11119/98 

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28198 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.galhmin Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

"Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [ft] [ftJ [ft] 
21.45 11.35 0.327 0.31 

52 22.45 11.34 0.31 0.30 
53 23.45 11.34 0.31 0.30 

24.45 11.34 0.31 0.30 
25.45 11.34 0.31 0.30 
26.45 11.34 0.31 0.30 

57 27A5 11.34 0.31 0.30 
58 28A5 11.34 0.31 0.30 
59 29.45 11.34 0.31 0.30 

30.45 11.34 0.31 0.30 
6131.45 11.34 0.31 0.30 

32.45 11.34 0.31 0.30 
33.45 11.33 0.30 0.30 
34A5 11.34 0.31 0.30 
53545 11.33 0.30 0.30 

7W 36A5 11.33-r 0.30 0.29 
67 37.45 11.33 0.30 0.29 
68 38.45 7,11.33 0.30 0.29 

39.45 11.33 0.30 0.29 
40.45 11.33 0.30 0.29 

71 41.A5 11.33 0.30 0.29 
42A5 11.33 0.30 0.29 

73 43.45 11.32 0.29 0.29 
44.45 11.33 0.30 0.29 

75 45.45 11.32 0.29 0.29 
46.45 11.32 0.29 0.28 

77 47.45 11.32 0.29 0.28 
78 48.45 11.32 0.29 0.28 

949.45 .11.32 0.29 0.28 
50.45 11.32 0.29 0.28 

81 51.45 11.32 0.29 0.28 
52 52.45 11.32 0.29 0.28 
83 53.45 11.32 0.29 0.28 
84 54.45 11.31 0.28 0.28 
85555 11.32 0.29 0.28 
86 56.45 11.31 0.28 0.28 
87. 57A5 11.31 0.28 0.28 
88 58.45 11.31 0.28 0.28 
89 59.45 11.31 0.28 0.27 
go 60.45 11.31 0.28 0.28 
91 61.45 11.31 0.28 0.27 
92 62.45 11.31 0.28 0.27 
93 63.45 11.31 0.28 0.27 
94 64.45 11.31 0.28 0.27 
95 65.45 11.31 0.28 0.27 
95 66.45 11.31 0.28 0.27 
97 67A5 .11.31 0.28 0.27 
98 68A5 11.30 0.27 0.27 
99 69.45 11.30 0.27 0.27 

70.45 11.30 0.27 0.27

1I



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Pumping Test No. 1034 Recovery Test 

Observation Well 1002

1002OR2.HYT, Page 4

Project UGW - Grand Junction, CO 

Evaluated by: RJH Date: 11119198

ITest conducted on: 09/28/98
Observation well 1002

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

101. 71.45 11.30 0.2,7 0.27____ [min) [fJ ftJ It 
72.45 11.30 0.27 

73.45 11.30 0.27 0.25
104 /4.4A 11.;30
105 75.45 11.30 0.27 0.25 
10O 75.45 11.30 0.27 0.26 
107 77.45 11.30 0.27 0.26 

78.45 11.30 0.27 0.26 
79.45 11.30 0.27 0.26 

110 80.45 11.30 0.27 0.25 
TIT 81.45 11.29 0.28 U.' "7__ _ 

82.45 11.29 0.26 O.2_ _ 

1Tw 83.45 11.29 0.25 0.25 
fW 84.45 11.29 0.25 0.25 

85.45 11.29 0.25 0.26 
fW 86.45 11.29 0.26 0.26 
--f 87.45 11.29 0.28 0.26 
--l 88.45 11.29 0.26 0.25 

89.45 11.29 0.26 0N 
90.45 11.29 0.2U 0:2H 

T2T 91.45 11.29 0.26 0.25 
-27 92.45 1.29 0.28 0.25
T23 93.45 . 0.26 0.25 
124 94.45 11.29 0.26 0.25 

-T23T 95.45 11.29 0.26 0.25 
95.45 11.29 0.25 0.25 

UT 97.45 11.29 0.26 0.25 
98.45 11.29 0.26 0.25 

129 99.45 11.. 0.25 0.25 
100.45 11 Z7 0.25 0.25 

T3 101.45 11.z. 0.25 0.25 
102.45 11.28 0.25 0.25 

T33 103.45 11.28 0.25 0.25 
134 104.45 11.78 0.25 0.25 

13F 105.45 11,• 7725-7 0.25 
105.45 11.2a 0.25 0.24 
107.45 11.28 0.25 "" 0.24 

138 108.45 11.28 0.25 024 
109.45 11.28 0.25 0.24 
110.45 11.28 0.25 0.25 
111.45 11.28 . 0.25 
.112.45 11.28 0.2z- 0.24 
113.45 11.28 0.25 0.24 

144 114.45 11.28 0.25 0:.24 
1W5 115.45 11.28 0.25 0.24 
!5 118.45 11.28 0.25 50.24 

117.45 11.28 0.25 -0.24 
118.45 11.28 0.25 0.24 
119~ 11.28 0.25 0.24 
-"20.4 11.28 0.25 -. 0.24

r f,
P



MACTEC-ERS Pumping test analysis 1002OR2.HYT, Page 5 
2597 B 3/4 Road Recovery method after Project: UGW - Grand Junction, CO 
Grand Junction, CO 81503 THEIS & JACOB P 
970/2484040 Unconfined aquifer Evaluated by: RJH Date: 11119/98 
Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 
Time from Water level Residual Corrected 

end of pumping- drawdown drawdown 
[mini] .2It] [i 

121.45 11.27 0.24 0.24 
152 122A5 11.27 0.24 0.24 
13 123.45 .11.27 024 0.24 

124.45 11.28 0.25 0.24 
125.45 r 11.27 0.24 0.24 
126.45 .11.27 0.24 0.23 

157 127.45 11.27 0.24 
155 128A5 11.27 0.24 0.23 

129.45 11.27 0.24 0.23 
H i 130.45 11.27 0.24 0.23 
161 131.45 11.27 0.24 0.23 

132A45 11.26 0.24 0.23 
133A5 11.26 0.24 0.23 

164 134.45 11.26 0.23 0.23 
165 135.45 11.26 0.23 0.23 
166 136.45 11.26 0.23 0.23 
16T 137.45 11.26 0.23 0.23 
16W 138.45 11.26 0.23 0.23 
169139.45 11M26 0.23 0.23 
17T 140A5 11.26 0.23 0.23 
171 141A5 -11.26 0.23 0.22 
172 142A5 11.26 0.23 0.22 
173 143.45 11.26 0.23 0.22 
174 144.45 11.26 .0.23 0.22 
175 145.45. 11.25 0.22 0.22 

146.45 11.25 0.22 0.22 
177 147A5 11.25 0.22 0.22 
178 148A5 11.25 0.22 0.22 
177 149.45 11.25 0.22 0.22 
160 150.45 11.25 0.22 0:21 
18T 151.45 11.25 0.22 0.21 
182 152.45 11.26 0.23 0= 
UT 153.45 11.25 0.22 0.21 
1f4 154.45 11.25 0.22 0.21 
1T5 155.45 11.25 0.22 0.21 
185 156.45 11.25 0.22 0.21 
187 1575.4 11.25 0.22 0.21 

158A5 11.25 0.22 0.21 
159A5 11.24 0.21 0.21 
160.45 11.24 0.21 112 

191 161.45 11.24 0.21 0.21 
192 162.45 11.24 0.21 0.21 
fey 163.45 11.24 0.21 0.21 
19 164.45 11.24 0.21 0.21 
1T5 165.45 11.24 0.21 0.21 

166.45 11.24 0.21 0.21 
197 167A5 11.24 0.21 0.21 

168A5 11.24 0.21 0.21 
169A5 11.24 0.21 0.21 

H i 170.45 11.24 0.21 0.21

L. ,



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumphpg testurals 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

I 11UZU.7.H¥T, Page 8 o
Project UGW - Grand Junction, CO 

Evaluated by: RJHI Date: 11/19/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28198 

Observation Well 1002 Observation well 1002

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

21171.45 11.24 0.21 0.20 [min] [ftJ [ftJ [ftJ 
202 172.45 11.24 0.21 0.20 
203 173.45 11.24 0.21 0.20
204 11 .4 U.1

205 175.45 11.24 0.21 0.20 
208175.45 11.24 0.21 0.20 
207 177.45 11.24 0.21. 0.20 

•20W 178.45 11.24 0.21 0.20 
209 179.45 11.24 0.21 0.20 
210. 180.45 11.24 0.21 0.20 
211 181.45 11.23 0.20 0.20 
212 182.45 11.23 0.20 0.20 
2T13 183.45 11.23 0.20 0.20' 
214 154.45 11.23 0.20 0.20 
215 185.45 11.23 0.20 0.19 

186.45 11.23 0.20 0.19 
217 187.45 11.23 0.20 0.20 
218 188.45 11.23 0.20 0.20 
R 189.45 11.23 0.20 IM 
220 190.45 11.23 0.20 M.19 
-22T 191.45 11.23 0.20 0.20 
222 192.45 11.23 0.20 0.19 
223 193.45 11.23 0.20 0.20 
22w 194.45 11.23 0.20 0.19 
225 195.45 11.23 0.20 0.19 
226 198.45 11.23 0.20 0.19 
227 197.45 11.23 0.20 0.19 
22 198.45 11.22 0.19 0.19 
229 199.45 11.23 0.20 0.19 
230 200.45 11.23 0.20 0.19 
231 201.45 11.22 0.19 0.19 
2W 202.45 11.22 0.19 0.19 
233 203A5 11.22 0.19 0.19 
234 04.45 11.22 0.19 0.19 
235 20F45 11.22 0.19 0.19 
2w 20B.45 11.22 0.19 0.19 
237 207.45 11.22 0.19 0.19 
2W 208.45 11.22 0.19 0.19 

23W 209.45 11.22 0.19 0.19 
224 Z10.45 11.22 0.19 0.18 

241 211.45 11.22 0.19 0.19 
242 212.45 11.22 0.19 0.19 

213.45 11.21 0.18 0.18 
244 214.45 11.22 0.19 .1 

215.45 11.22 0.19 .1 
246 216.45 11.21 0.18 0.18 
247 217.45 11.22 0.19 0.18 
2;W 218.45 11.21 0.18 0.18 
249 219.45 11.21 0.18 0.18 
250 220.45 11.21 0.18 0.18

: i

t
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MACTEC-ERS Pumping test analysis 1002OR2.HYT, Page 7 
2597 B 3/4 Road Recovery method after Project UGW - Grand Junction, CO 
Grand Junction. CO 81503 THEIS & JACOB 
s7o/248-6o40 Unconfined aquifer Evaluated by: RJH Date: 11/19/98 
Pumping Test No. 1034 Recovery Test Test conducted on: 09/28198 

Observation Well 1002 Observation well 1002 
Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 
Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

rime from Water level Residual • Corrected 
end of pumping drawdown drawdown 

[[min] ft] [ft]2 [ft0 252 222A5 11.21 0.18 0.18 
252 223.45 11.21 0.18 0.18 
253 223.45 11.21 0.18 0.18 

225.45 11.21 0.18 0.18 
2W5 225.45 11.21 0.18 0.18 
255 226.45 11.21 0.18 0.18 
257 227.45 11.21 0.18 0.18 
258 228.45 11.21 0.18 0.17 
2W 229.45 11.21 0.1O 0.17 
261 230.45 11.21 0.18 0.17 
261 231.45 11.21 0.18 0.17 

232.45 11.21 0.18 0.17 
233.45 11.21 0.17 0.17 

2 234.45 11.20 0.17 0.17 
26 235.45 11.21 0.18 0.17 
26T 237.45 11.21 0.18 0.17 

237.45 11.21 0.18 0.17 
0293.45 11.20 0.17 0.17 

270 239.45 11.20 0.17 0.17 
27? 240.45 11.20 0.17 0.17 
27T 241.45 11.20 0.17 0.17 
272 242.45 11.20 0.17 0.17 
2 243.45 11.20 0.17 0.17 
274 244.45 11.20 0.17 0.17 
275 245.45 11.20 0.17 0.17 
27T 246.45 11.20 0.17 0.17 
277 247.45 11.20 0.17 0.17 
279 248A5 11.20 0.17 0.16 
2w 249.A5 11.20 0.17. 0.16 
2w 250A5 11.20 0.17 0.1U 
S2w1 251A5 11.20 0.17 0.16 
252 252.45 11.20 0.17 0.16 
2w 253.45 11.20 0.17 0.16 
2W 254.45 11.20 0.17 0.16 
2W 255.45 11.19 0.16 0.16 
266 256.45 11.19 0.16 0.16 
28 257A5 11.19 0.16 0.16 

258.A5 11.19 0.16 0.16 
so 259A5 11.19 0.16 0.16 

260A5 11.19 0.16 0.16 
2614A5 11.19 0.16 

292 262.45 11.19 0.16 
29V 263.45 11.19 0.16 0.16 
2w 264.45 11.19 0.16 0.16 
2W 265.45 11.19 0.16 0.16 
27r 266.45 11.19 0.16 0.15 
298 267.45 11.19 0.160.1 
296 268.45 11.19 0.16 0.15 

S269.45 11.19 0.16 0.15 00270.45 ,11.19 0.16 0.15

I.



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
97/248-8040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

I1002Oi(.HYI-, Page 8

Project: UGW - Grand Junction, CO 

Evaluated by* RJHI Date: 11119/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002

Discharge 4.00 U.S.gallmin Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[mini [Ift) [Ift] [ft] 
-3l 271.45 11.18 0.15 0.15 

302 272.45 11.18 0.15 0.15 
303 273.45 11.18 0.15 0.15 S.. .. . .. a a m h ,11 1= . I;
304
305

11.13
30 Z1.+ I~~U I I--

11.10

U.VI

3w 276.45 11.18 0.15 0.15 
M0 277.45 11.18 0.15 0.15 

308 278.45 11.18 0.15 0.15 
39279.45 11.18 0.15 0.15 
3W 280.45 11.18 0.15 0.15 

.311 281.45 11.18 0.15 0.15 
312 282.45 11.18 0.15 0.15
313
314

U.15
I. ---.. t

2U4.40 U.10
U. 1 .

U.14

315 285.45 11.18 0.15 0.14 
3w 288.45 11.17 0.14 0.14 
317 287.45 11.18 0.15 0.14 
3w 288.45 11.17 0.14 0.14 
31W 289.45 11.18 0.15 0.t 

290.45 11.17 0.14 0.4 
321291.45 11.17 0.14 0.14

11.11 U.1, -

323 293.45 11.17 0.14 0,14 
324 294.45 11.17 0.14 0.14 
3295.5 11.17 0.14 0.14 
3w 296A5 11.17 0.14 0.14 
327 297A5 11.17 0.14 14 
328 298.45 11.16 0.13 0.13 
329 299.45 11.17 0.14 0.14 
3W 300.45 11.16 0.13 0.13 
S3W 301.45 11.17 0.14 0.14 
332 302.45 11.17 0.14 0.14.  
333 303.45 11.17 0.14 0.14 
334 304.45 11.16 0.13 0.13 
335 305.45 11.17 0.14 0.14 

3W 305.45 11.15 0.13 0.13 
33T 307.45 11.16 0.13 0.13 
3w 308.45 11.16 0.13 0.13 
339 309.45 11.15 0.13 0.13 
340 310.45 11.18 0.13 0.13 

311.45 11.18 0.13 0.13

342 312.40 U.13 U.13'"
343 313.45 11.16 0.13 0.13 
34 314.45 11.16 0.13 0.13 
3w 315.45 11.16 0.13 
346 315.45 11.16 0.13 0.13 
347 317.45 11.16 0.13 0.13 
-4w 318.45 11.16 0.13 0.13 
349 319.45 11.16 0.13 0.13 
3w 320.45 11.16 0.13 0.13

I. ,

. I

i

fJ. I •.
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MACTEC-ERS Pumping test analysis 1002OR2.HYT, Page 9 
2597 B 3/4 Road Recovery method after Project UGW - Grand Junction, CO 
Grand Junction, CO 81503 THEIS & JACOB P 

97o/248-6040 Unconfined aquifer Evaluated by: RJH 'Date: 11/19/98 
Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gaVmin Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [f1] [fI] [ft] 
351 321.45 11.1u 0.13- 0.13 
352 322.45 11.16 0.13 0.13 

323.45 11.16 0.13 0.13 
5 324.45 11.16 0.13 0.13 

355 325.45 11.16 0.13. 0.13 
356 326.45 11.16 0.13 0.13 
357 327.45 11.16 0.13 0.13 
35 328.45 11.16 0.13 0.13 
59 329.45 11.16 0.13 0.13 

360 330.45 11.16 0.13 0.13 
331.45 11.16 0.13 0.13 
332.45 11.16 0.13 0.12 
333.45 11.16 0.13 0.13 
334.45 11.16 0.13 0.13 

355 335.45 1116 0.13 0.12 
336.45 11.16 0.13 0.12 

367 337.45 11.16 0.13 0.12 
368 338.45 11.16 0.13 0.12 
3w 339.45 11.15 0.12 0.12 
370 340.45 11.16 0.13 0.12 
37F 341.45 11.15 0.12 0.12 
377 342.45 11.15 0.12 0.12 
373 343.45 11.15 0.12 0.12 
374 344.45 11.15 0.12 0.12 
375 345.45 11.15 0.12 0.12 

346.45 11.15 0.12 0.12 
377 347.45 11.15 0.12 0.12 
378 348.45 11.15 0.12 0.12 

349.45 .11.15 0.12 0.12 
380 350.45 11.15 0.12 0.12 

351.45 11.15 0.12 0.12 
3W2 352.45 11.15 0.12 0.12 

353.45 11.15 0.12 0.12 
8354.45 11.15 0.12 0.12 

385 355.45 11.15 0.12 0.12 
3w 356.45 11.15 0.12 0.12 
38T 357.45 11.15 0.12 0.12 

358.45 11.15 0.12 0.12 
389 359.45 11.15 0.12 0.12 
390 360.45 11.15 0.12 0.12 
31T 361.45 11.15 0.12 0.12 
3w 362.45 11.15 0.12 0.12 
3W 363.45 11.15 0.12 0.11 
3W. 364.45 11.15 -0.12 0.11 
395 365.45 11.15 0.12 0.11 
3w 366.45 11,14 0.11 0.11 
37 367.45 11.14 0.11 0.11 
398 368.45 11.15 0.12 0.11 
3 369.45 11.14 0.11 0.11 
400 370.45 11.14 . 0.11 0.11

[:1



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1U00U2z.HYT, Page 10
Project: UGW - Grand Junction, CO 

Evaluated by: RJHI Date: 1111998

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Observation Well 1002 Observation well 1002

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

"Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] Ift] [ft] [IM 

40T 371.45-- 11.14 0.11 0.11 
402 372.45 11.14 0.11 0.11 
403 373.45 11.14 0.11 0.11
4U4 11.14 U.11

405 375.45 11.14 0.11 0.11 
376.45 11.14 0.11 0.11 

407 377.45 11.14 0.11 0.11 
378.45 11.14 0.11 0.11 
379.45 11.14 0.11 DIV 

410 380.45 11.14 0.11 
41T 381.45 11.14 011l 0.t1 
41T 382.45 11.14 0.11 0.11 
413 383.45 11.14 0.11 0.11 
4W 384.45 11.14 0.11 0.11 

-415 385.45 11.14 0.11 0.11 
4W 385.45 11.14 0.11 0.11 
417 387.45 11.14 0.11 0.11 
414 388.45 11.13 0.10 0.10 
4W 389.45 11.13 0.1 __.10 

420 390.45 11.13 0.10 
42T 391.45 11.13 0.10 0.10 
422 392.45 11.13 0.10 0.10 
423 393.45 11.13 0.10 0.10 
424 394.45 11.13 0.10 0.10 
425 395.45 11.13 . 0.10 0.10 
406 395.45 11.13 0.10 0.10 
427 397.45 11.13 0.10 0.10 
42F 398.45 11.13 0.10 0.10 
429 399.45 11.13 0.10 0.10 
430 400.45 11.13 0.10 0.10 
431 401,45 11.13 0.10 0.10 
4M2 402.45 11.13 0.10 0.10.  
433 403.45 11.13 0.10 0.10 
4N4 404.45 11.13 0.10 0.10 
435 405.45 11.13 0.10 0.10 
43W 406.45 11.13 0.10 0.10 
437 407.45 11.13 0.10 0.10 
4W 408.45 11.13 0.10 0.10 
439 409.45 11.13 0.10 0.10 
4w 410.45 11.13 0.10 0.10 
44 411.45 11.13 0.10 0.10 
4w 412.45 11.13 0.10 0.10 
4w 413.45 11.13 0.10 0.10 
444 414.45 11.13 0.10 "a 
4W 415.45 11.13 0.10 .  

416.45 11.13 0.10 0.10 
447 417.45 11.13 0.10 0.10 
443 418.45 11.13 0.10 0.10 
4W 419.45 11.13 0.10 0.10 
450 420.45 11.12 0.09 0.09

U.11- -

L: L

t•



MACTEC-ERS Pumping test analysis 10020R2.HYT, Page 11 
2597 B 3/4 Road Recovery method after Project: UGW - Grand Junction, CO 
Grand Junctlio, CO 81503 THEIS & JACOB 
970/248-6040 Unconfined aquifer Evaluated by: RJH Date: 11/19/98 

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28198 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gaf/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

Time from- Water level Residual Corrected 
end of pumping. drawdown drawdown 

[min] i] Ift] [iM] 
451 421.45 11.13 0.10 0.10 
452 422.45 11.13 0.10 0.10 
4w 423.45 .11.12 0.09 0.09 

424.45 11.13 . 0.10 0.10 
455 425.45 11.12 0.09 0.09 
455 426.45 11.13 0.10 0.10 
457 427.45 11.12 0.09 0.09 
4W 428.45 11.12 0.09 0.09 
459 429.45 11.13 0.10 0.10 
4w 430.45 11.12 0.09 0.09 
46 431.45 11.12 0.09 0.09 
462 432.45 11.12 0.09 0.09 
4W 433.45 11.12 0.09 0.09 

W 434.45 11.12 0.09 0.09 
435.45 11.12 0.09 0.09 
436.45 11.12 0.09 0.09 

467 437.45 11.12 0.09 0.09 
465 438.45 11.12 .0.09 0.09 
4W 439.45 11.12 0.09 0.09 
470 440.45 11.12 0.09 0.09 
471 441.45 11.12 0.09 0.08 
472 442.45 11.12 0.09 0.09 
473 443.45 11.12 0.09 0.09 
47T 444.45 11.12 .0.09 0.09 
475 445.45 1,1.12 0.09 0.09 
476 445.45 11.12 0.09 0.09 
477 447.45 11.12 0.09 0.09 
478 448.45 11.12 0.09 0.09 
WW 449.45 11.12 0.09 0.09 
-4W . 450.45 11.12 0.09 0.09 
41W 451.45 11.12 0.09 0.09 
482 452.45 11.12 0.09 0.08 
483 453.45 11.12 0.09 

W 454.45 11.12 0.09 0.08 
48W 455.45 11.12 0.09 0.05 
4W 456.45 11.12 0.09 0.09 
487 457.45 -11.12 0.09 0.0T 

458.45 11.11 0.08 0.08 
459.45 11.12 0.09 0.08 

4W 460.45 11.12 0.09 0.08 
461.45 11.12 0.09 0.08 

492 462.45 11.11 0.08 0.08 
43T 463.45 11.11 0.08 0.08 
4W 464.45 11.12 0.09 0.08 

465.45 11.11 0.08 0.08 
466.45 11.11 0.08 0.08 

497 467.45 11.11 0.08 0.08 
4W 468.45 11.11 0.08 0.08 

469.45 11.11 0.08 0.08 
470.45 11.11 0.08 0.08



MACTEC-ERS 
2597 B 3/4 Road 
Grand JunCdo, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1002OR2.HYT, Page 12

Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11119/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09=28198 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min) [if] [it] [If] 
471.45 11.11 0.08 0.08 

502 472.45 11.11 0.08 0.0a 
503 .473.45 11.11 0.08 0.08
504
505

474.45
475.45

11.11
11.11

0.Uu
0.08

0.08 
-M 0U

5w5 476.45 11.11 0.08 0.08 
507 477.45 11.11 0.08 0.08 
50W 478.45 11.11 0.08 0.08 

479.45 11.11 0.08 0.08 
480.45 11.11 0.08 0.08 

51T 481.45 11.11 0.08 0.08 
512 482.45 11.11 0.08 0.08 
513 483.45 11.11 0.08 0.08 
5W 484.45 11.11 0.08 0.08 
513 485.45 11.11 0.08 0.03 
515 488.45 11.11 0.08 0.08 
517 487.45 11.11 0.08 0.08 
35w 488.45 11.10 0.07 0.07 
5W 489.45 11.10 0.07 07 
M2 490.45 11.11 0.08 0M 
521 491.45 11.11 0.08 0.08

49.4,5 11.10 0.07 0.07-
523 493.45 11.10 0.07 0.07 
524 494A5 11.10 0.07 0.07 
57F 495.45 11.11 0.08 0.08 
525w 496.45 11.10 0.07 0.07 
327 497.45 11.10 0.07 0.07 
528 498.45 11.10 0.07 0.07 
529 499.45 11.10 0.07 0.07 
53 500.45 11.10 0.07 0.07 
531 501.45 11.10 0.07 0.07 
5-M 502.45 11.10 0.07 0.07 
533 503.45 11.10 0.07 0.07 

34 504.45 11.10 0.07 
53w 505.45 11.10 0.07 0.07 
M3T 506.45 11.10 0.07 0.07 
T37 507.45 11.10 0.07 0.07 
538 508.45 11.10 0.07 0.07 
53w 509A5 11.10 0.07 0.07 
P4 510.45 11.10 0.07 0.07 
5W 511.A5 11.10 0.07 0.07 
542 512.45 11.10 0.07 0.07 
543 513.45 11.10 0.07 0.07 

54514A5 11.10 0.07 .07 
515.45 11.10 0.07 -0.07 
516.45 11.10 0.07 0.07 
517.45 11.10 0.07 0.07 

548 518.45 11.10 0.07 0.07 
519.45 11.10 0.07 0.07 

55 520.45 11.10 0.07 0.07

|. I



MACTEC-ERS Pumping test analysis 1002OR2.HYT, Page 13 
2597 B 3/4 Road Recovery method after 
Grand Junction, CO 81503 THEIS & JACOB Project: UGW- Grand Junction, CO 
970/248-6040 Unconfined aquifer Evaluated by: RJH Date: 11/19/98 
Pumping Test No. 1034 Recovery Test Test conducted on: 09128198 

Observation Well 1002 Observation well 1002 

Discharge 4.00 U.S.gaVmln Distance from the pumping well 20.00 ft 
Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [f [t]it] 
55 521.457' 11.10 0.07 0.07 
552 522.45 11.10 0.07 0.07 
5537 523.45 11.10 0.07 0.07 
554 524.45 11.10 0.07 0.07 

55W 525.45 11.10 0.07 .07 
556 526.45 11.10 0.07 0.07 
55 527.45 11.10 0.07 0.07 
558 528.45 11.09 0.06 0.06 

529.45 11.10 0.07 0.07 
560 530.45 11.09 0.06 0.05 
561 531.45 11.10 0.07 0.07 

532.45 11.09 0.06 0.06 
563 533.45 11.09 0.06 0.06 
5w 534.45 11.10 0.07 0.07 
565 535.45 11.09 0.06 0.06 

536.45 11.09 0.06 0.06 
567 537.45 11.09 0.06 0.06 

538.45 .11.09 0.06 0.05 
539.45 11.09 0.06 0.06 

570 540.45 11.09 0.06 0.06 
57T 541.45 11.09 0.06 0.06 

-7-T 542.45 11.09 0.06 0.05 
573 543.45 11.09 0.06 0.06 
574 544.45 11.09 0.06 0.06 
7575 545.45 11.09 0.06 0.06 

576 546.45 11.09 0.06 0.06 
377 547.45 11.09 0.06 0.06 
57W 548.45 11.09 0.01 0.05 

b7W 549.45 11.09 0.06 0.06 
550.45 11.09 0.06 0.06 

•5B1 551.45 11.09 0.06 0.06 
582 552.45 11.09 0.06 0.06 

5553.45 11.09 0.06 0.06 
584 554.45 11.09 0.06 0.06 

555.45 11.09 0.06 0.06 
586 556.45 11.09 0.06 0.06 
587 557.45 11.09 0.06 0.06 
-5w 558.45 11.09 0.06 0.06 
5W 559.45 11.09 0.06 0.06 
590 560.45 - 11.09 0.06 0.06 
591 561.45 11.09 0.06 0.06 

562.45 11.09 0.06 0.06 
563.45 11.09. 0.06 0.06 

59564.45 11.09 0.06 0.06 
595 565.45 11.09 0.06 0.06 

566.45 11.09 0.06 0.06 
597 567.45 11.09 0.06 0.06 
595 568.45 11.09 0.06 0.06 
599 569.45 11.09 0.06 0.06 
boo 570.45 11.09 0.06 0.06 

I - 1I 600

[:



I Iu J ww uv '.n i I, I'49 I.t -: tMACTEC-ERS 
2597 B 314 Road 
Grand Junction, CO 81503 
97248-6040

Pumping Test No. 1034 Recovery Test

Observation Well 1002

I - - - - -

I Test conducted on: 09/2T898
Observation well 1002

Discharge 4.00 U.S.galmin Distance from the pumping well 20.00 ft 

Static water level: 11.03 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[min] (ff] [ft] [ft] 
601 571.45 11.09 0.05 0.06 

602 572.45 11.09 0.08 0.08 • 60 57345 1.09 .060.08

604 11.Ut U.uD

605 575.45 11.09 0.05 0.08 
69w 575.45 11.09 0.06 0.08 
gar 577.45 11.09 0.05 0.00 
-0w 578.45 11.09 0.06 0.06 
609 579.45 11.09 0.08 0.05 
M1 580.45 11.09 0.05 0.0a 
611 581.45 11.09 0.05 0.08 
-12 582.45 11.09 0.05 0.0a 

9W3 583.45 11.09 0.05 0.06 
614 584.45 11.09 0.05 0.05 
9W 585.45 11.09 0.05 0.08 
51 586.45 11.09 0.05 0.09 
917 587.45 11.09 0.08 0.08 

9w- 588.45 11.09 0.08 0.08 
519 589.45 11.09 0.05 00 
620 590.45 11.09 0.05 -0 
621 591.45 11.09 0.08 0.08 
-27 592.45 11.09 0.05 0.08 
623 593.45 11.09 0.05 0.06 

624 594.45 11.09 0.08 0.05 
62T 595.45 11.09 0.05 0.05 
w2 598.45 11.09 0.05 0.05 
627 i 597A5 11.09 0.05 0.0a 
628 598.45 11.09 0.06 0.05 
629 599.45 11.09 0.08 0.05 
530 600.45 11.09 0.05 0.05 
5W 601.45 11.09 0.08 0.08 
632 602.45 11.09 0.08 0.08.  

533 603.45 11.09 0.05 0.05 
534 604.45 11.09 0.06 0.05 

635 505.45 11.09 0.05 0.05 
-9w 608.45 11.09 0.08 0.05 
7607A5 11.09 0.08 0.05 

635 608.45 11.09 0.08 0.05 
639 609.45 11.08 0.05 0.05 
403 810.45 11.09 0.08 0.05 

-46 811.45 11.09 0.08 0.05 

642 612.45 11.08 0.05 0.05 
843 613.45 11.08 0.05 0.05 

644 614.45 11.09 0.08 0.  

845 15.45 11.08 0.05 
83W 618.45 :11.08 0.05 0.05 
847 817.45 11.08 0.05 0.05 
8W 618.45 11.08 0.05 0.05 
1649 619.45 11.09 0.08 0.05 

6508 20.45 11.08 0.05 0.05

u.uW..,w

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Project UGW - Grand Junction, CC 

Evaluated by: RJH I Date: 11119198

I '

w



FMMACTEC-ERS Pumping test analysis 1002OR2.HYT, Page 15• 2597 B 314 Road Recovery method after Project: UGW - Grand Junction, CO L 

Gmrand Junction, CO 815M3 THEIS & JACOB 
ra7o/48-6oXo Unconfined aquifer Evaluated by: RJH 1Date: 11/19198 

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Observation Well 1002 - Observation well 1002 

Discharge 4.00 U.S.gal/min Distance from the pumping well 20.00 ft.  

Static watJer level: 11.03 ft below datum Pumping test duration: 717.00 m-i-n 

"Time from Water level Residual •Corrected 

end of pumping drawdown drawdown 

[min] I ][t f.  

651 21411.0 U.S5 MU.05 

626 4 11.05 0.05 0.05

653 623.45 11.0r- 0.05 0.05 

654 24.5 11.08 0.05 0.05 

a 5 625.4 11.06 0.05 0.05 

656626.45 11.05 0.05 0.06 

657 627.45- 11 O.05 U 0.05 

658 628.45 11.08 0.5 0-.05

69629.45 11.05 0.05 0.05 

b5063.45- 1.8 0.5 0.05 

651 31.5 1.080.05 0.05 

62 632.45 11.08 0.05 0.05 

663 63.511.08 0.05 0.05 

664 634.45 11.05 U.05 00 

665 35.5 1.080.05 0.05 

6566364511.08 0.05 0.5 

657 637.A5 11.0M8 0.05 0.05 

668' 638.45 11.0b 0.05 00 

669639.45 810 0.5 0.05 

B70T 640.45 11.0 0.05 0.05 

671 -- 641 A5 11.08- 0.0500 

672 642.45-: 11.08 0.05 0.05 

--ZIP 43.45 11.08 0.05 0.05 

67 64.511.08 0.05 0.05 

675 645.A5 11.0 0.-05 0.05 

676 -4.511.08 0.05 0.05
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Calculation No.: U0043900

PUMPING WELL 1034 

OBSERVATION WELL 1013 

DRAWDOWN AND RECOVERY DATA ANALYSES

9

I r



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 

970/248-6040

Pumping test analysis 
"Time-Drawdown plot 
with discharge

II U ^ . I I , r-ago I 

Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11118/98

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28198 

Observation Well 1013 

Discharge 4.00 U.S.gal/min

0 100 200
t [min] 

300 400 500 600 700 800 900

_______ _______ _______ _______ + -. _______ ________ ________ _______ _______

* Observation well 101

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 

0.45 

5.0 

' 4.0 
,E 
'U 3.0 

= 2.0 
0 1.0 

0.0

I



MACTEC-ERS 
2597 B 3/4 Road 
Grand Jundlon, CO 81503 
9701248-6040

10"1 
102 rT

100 101

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

102
1/u 

103

uI iOU3 .. rfl1 I, r'yl I 

Project: UGW - Grand Junction, CO 

Evaluated by: RJHI Date: 11118/98

106

101 

100 

1041 

10-2 

10-3

. Observation well 101

Transmissivity [ft2/minJ: 3.01 x 10-1 

Hydraulic conductivity [ft/min]: 3.76 x 10-2 

Aquifer thickness [ft]: 8.00

4-33.-44 r/2tZdP7 

54. K4 ft/d'A7 -

I[ t I:

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1013 

Discharge 4.00 U.S.gal/min,,



MAC; I EU-ERS 
2597 B 314 Road 
Grand Junction, CO 81503 
970/248-6040

iHumping test anamysis 
HANTUSH's method 
Leaky aquifer, no aquitard storage

Proj UGWrlI I, r van I u IO 
Project: UGW - Grand Junction, CO 5" '

Evaluated by: RJH I Date: 11118/98
Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1013 

Discharge 4.00 U.S.gal/min

10-1 
102 r

100 101 102
1/u 

103 10I 106 107

101 

100 

10-1 

10-2 

1O-3

* Observation well 101

Transmissivity [ftf/min]: 2.13 x 10"1 

Hydraulic conductivity [ft/min]: 2.68 x 10-2 

Aquifer thickness [if]: 8.00

3 &.7 Z ft zl4"ý 
3 8.- -30o ý



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Distance-Time-Drawdown-method 
after COOPER & JACOB 
Unconfined aquifer

10130A2.HYT, Page 1

Project: UGW - Grand Junction, CO

by:

Pumping Test No. 1034 Aquifer Test

Observation Well 1013

Discharge 4.00 U.S.gat/min

10-5 10-4
t/r2 [min/ft2] 

10-3 10-2 10-1 100

'4 
5

-4 I 1111111 4. I 1111111 4 I 1111111 �

a Observation well 101

Transmissivity [ftW/min]: 4.24 x 10.1

Hydraulic conductivity [ft/miran]: 5.30 x 10.2 7&. 32 1(sý. 2a7
Aquifer thickness [ft]: 8.00

-610o 
0.00 1

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

6.

I

I

|



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28198 

Observiation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min I Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [ft] [fl] [ft] 

0.01 12.24 -0.00 -0.00 
-0.01 - 12.24 -0.00 -0.00 

I"-n 1 ".nn -n Jnn
4 U.Us

5 0.02 12.24 -0.00 -0.00 
0.03 12.24 -0.00 -0.00 

0.03 12.24 -0.00 -0.00 
8 0.04 12.24 -0.00 "0.00 

0.04 12.24 -0.00 -0.00 
10 0.05 12.24 -0.00 -0.00 

1T 0.05 12.24 -0.00 -0.00 

12 0.06 12.24 -0.00 -0.00 

0.06 12.24 -0.00 -0.00 
0.07 12.24 -0.00 -0.00 

15 0.07 12.24 -0.00 -0.00 

0.08 12.24 -0.00 -0.00 
0.08 12.24 -0.00 -0.00 

0.09 12.24 -0.00 -0.00 
19 0.09 12.24 -0.00 TO00 
2w 0.10 12.24 -0.00 1,O0 

-2T 0.10 12.24 -0.00 -0.00 

22 0.11 12.24 -0.00 -0.00 

0.11 12.24 -0.00 -0.00 
24 0.12 12.24 0.00 0.00 
25 0.13 12.24 -0.00 -0.00 

25 0.13 12.24 -0.00 -0.00 

27 0.14 12.24 -0.00 -00 

2w 0.15 12.24 -0.00 -0.00 

29 D.16 12.24 -0.00 -0.00 

W 0.17 12.24 -0.00 -0.00 

31 0.18 12.24 0.00 0.00 

0.19 12.24 0.00 0.00 

0.20 12.24 0.00 0.00 

0.21 12.24 -0.00 -0.00 

35 - 0.22 12.24 -0.00 -0.00 
0.24 12.24 0.00 0.00 

1 0.25 12.24 0.00 0.00 

38 0.25 12.24 0.00 0.00 

39 0.28 12.24 -0.00 -0.00 
W 0.30 12.24 -0.00 -0.00 

W 0.31 12.24 -0.00 -0.00 

42 0.33 12.24 -0.00 -0.00 
43 0.35 12.24 0.00 0.00 
44 0.37 12.24 -0.00 0' 

0.40 12.24 -0.00 _.00 

48 0.42 12.24 -0.00 -0.0W 

47 0.44 12.24 0.00 0.00 

48 0.47 12.24 0.00 0.00 
4 0.50 12.24 0.00 0.00 

0.52 12.24 0.00 0.00

14.4-tq

I

Project: UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11118198 I

I U IJUAZ..I-IT I , I-ag;e -'

V ",./fk/ StIW



MACTEC-ERS Pumping test analysis 10130A2.HYT, Page 3 
2597 B 3/4 Road Theis analysis method Project: UGW - Grand Junction. CO 
Grand Junction, CO 81503 Unconfined aquifer 
970#248-&04 Evaluated by: RJH Date: 11/18/98 
Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 
Pumping test duration Water level Drawdown Corrected 

drawdown [min] [it] [if] [if] 51 0.55 12.24 0.00 0.00 
52 0.59 12.24 0.00 0.00 
53 0.62 12.24 0.00 0.00 

0.66 12.24 0.00 0.00 
0.70 12.25 0.01 0.01 
0.74 12.25 0.01 0.01 

57 0.78 12.25 0.01 0.01 
58 0.83 12.25 0.01 0.01 

590.88 12.25 0.01 0.01 
0.93 12.26 0.02 0.02 
0.98 12.26 0.02 0.02 

62 1.04 12.26 0.02 0.02 
1.10 12.27 0.03 0.03 
1.17 12.27 0.03 0.03 

65 1.24 12.27 0.03 0.03 
1.31 12.27 0.03 0.03 

67 1.39 12.28 0.04 0.04 
68 1.47 12.29 0.05 0.05 
69 1.56 12.29 0.05 0.05 
70 1.65 12.29 0.05 0.05 
71 1.75 12.30 0.06 0.06 
721 1.86 12.30 0.06 0.06 
73 1.97 12.30 0.06 0.06 
74 2.08 12.31 0.07 0.07 
75 2.21 12.31 0.07 0.07 
762.34 12.32 0.08 0.08 
77 2.48 12.32 0.08 0.08 
78 2.63 12.33 0.09 0.09 
79 2.79 12.33 0.09 0.09 
80 2.95 12.34 0.10 0.10 
81 3.13 12.34 0.10 0.10 
52 3.32 12.35 0.11 0.11 

3.51. 12.35 0.11 0.11 
84 3.72 12.36 0.12 0.12 
85I 3.95 12.37 0.13 0.12 
86 1 4.18 12.37 0.13 0.13 
87 4.43 12.38 0.14 0.14 
88 4.69 12.39 0.15 0.14 

4.97 12.40 0.15 0.15 
so 5.27 12.40 0.16 0.16 
91558 12.41 0.17 0.17 
92 5.91 12.42 0.18 0.17 
93 6.27 12.42 0.18 0.18 
94 6.64 12.43 0.19 0.19 

5703 12.44 0.20 0.20 
96 7.45 12.44 0.20 0.20 

7.90 12.45 0.21 0.21 
8.37 12.46 0.22 0.21 
8.86 12.46 0.22 0.22 
9.39 12A47 0.23 0.23

L



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
9701248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10130A2.HYT, Page 4 

Project: UGW - Grand Junction. CO

Evaluated by: RJHI Date: 11/18/98

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 

drawdown 
[min] t] [Ift] [Ift] 

119.95 12.48 0.24 0.24 
102 10.54 12.49 0.24 0.24 
103 11.17 12.49 0.25 0.25
104 11.83 12.50 0.26 0.25
-15 12.53 12.50 0.26 0.28 

13.28 12.51 0.27 0.27 
107 14.07 12.51 0.27 0.27 
10 14.91 12.52 0.28 0.28 

W 15.79 12.53 0.29 0.28 
110 16.73 12.53 0.29 0.28 
T1T 17.72 12.53 0.29 0.29 
112 18.72 12.54 0.30 0.29 
1T37 19.72 12.54 0.30 0.29 
114 20.72 12.54 0.30 0.30 
115 21.72 12.55 0.31 0.30 
115 22.72 12.55 0.31 0.30 

T17 23.72 12.55 0.31 0.31 
118 24.72 12.55 0.31 0.31 
119 25.72 12.56 0.32 .3 
1201 25.72 12.56 0.32 1.31 
121 27.72 12.58 0.32 0.3 
T27 28.72 12.58 0.32 0.31 
123 29.72 12.58 0.32 0.32 
124 30.72 12.57 0.33 0.32 

7272 31.72 12.57 0.33 0.32 
125 32.72 12.57 0.33 0.32 
127 33.72 .12.57 0.33 0.32 
128 34.72 12.57 0.33 0.32 
129 35.72 12.57 0.33 0.32 
130 38.72 12.57 0.33 0.33 

3T 37.72 12.57 0.33 0.33 
T32 38.72 12.57 0.33 0.33 

133 39.72 12.57 0.33 0.33 
13 40.72 12.57 0.33 0.33 
135 41.72 12.57 0.33 0.33 
135 42.72 12.57 0.33 0.33 
137 43.72 12.58 0.34 0.33 
138 44.72 12.58 0.34 0.33 
139 45.72 12.58 0.34 0.33 
140 48.72 12.58 0.34 0.33 
141 47.72 12.58 0.34 0.33 
142 48.72 12.58 0.34 0.33 

T143 49.72 12.58 0.34 0.33 
M14 50.72 12.58 0.34 .33 

145 51.72 12.58 0.34 J.3 
148 52.72 12.58 0.34 0.3 
147 53.72 12.58 0.34 0.33 

143 54.72 12.58 0.34 0.33 
149 55.72 12.58 0.34 0.33 
150 ST 50.72 12.58 034 0.33



MACTEC-ERS 
2597 B 314 Road 
Grand Junction, CO 81503 
970124"8040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10130A2.HYT, Page 5

Project: UGW - Grand Junction, CO

Evaluated by: RJH Date: 11/18/98

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min) [Ift] [] [Ift] 
152 57.72 12.58 0.34 0.33 
152 58.72 12.58 0.34 0.34 
15 59.72 12.58 0.34 0.34 
154 60.72 12.58 0.34 0.34 
155 61.72 12.58 0.34 0.34 
157 62.72 12.58 0.34 0.34 
157 63.72 12.58 0.34 0.34 

15W 64.72 12.58 0.34 0.34 
159 65.72 12.58 0.34 0.34 

66.72 12.58 0.34 0.34 
161 67.72 12.58 0.34 0.34 
162 68.72 12.58 0.34 0.34 
164 69.72 12.58 0.34 0.34 
165 70.72 12.59 0.35 0.34 
16 71.72 12.59 0.35 0.34 
166 72.72 12.59 0.35 0.34 
168 73.72 12.59 0.35 0.34 
168 74.72 12.59 0.35 0.34 
167 75.72 12.59 0.35 0.34 
170 76.72 12.59 0.35 0.34 
172 77.72 12.59 0.35 0.34 
172 78.72 12.59 0.35 0.34 
174 79.72 12.59 0.35 0.34 
174 80.72 12.59 0.35 0.34 
77F 81.72 12.59 0.35 0.34 
176 82.72 12.59 0.35 0.34 
177 83.72 12.59 0.35 0.34 
179 84.72 12.59 0.35 0.34 
179 85.72 12.59 0.35 0.34 
160 86.72 .12.59 0.35 0.35 
1T1 88.72 12.59 0.35 0.34 
183 88.72 . 12.59 0.35 0.34 
'18 89.72 12.59 0.35 0.34 
185 90.72 12.59 0.35 0.34 
185 91.72 12.59 0.35 0.34 
187 92.72 12.59 0.35 0.34 
1B7 ~ 93.72 12.59 0.35 0.34 

1 94.72 12.59 0.35 0.34 
189 95.72 12.59 0.35 0.34 
19 96.72 12.55 0.31 0.31 
19 97.72 12.51 0.27 0.26 
192 98.72 J 12.48 0.24 0.24 
193 99.72 12.49 0.24 0.24 
194 100.72 J-12748 0.24 0.24 
195 101.72 12.46 0.22 0.22 
196 102.72 12.44 0.20 0.20 
197 103.72 12.45 0.21 0.21 

104.72 12.47 0.23 0.23 
105.72 12.49 0.25 0.25 

.106.72 12.51 0.27 0.27



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10130A2.HYT. Page6 

Project UGW - Grand Junction, CO 

Evaluated by: RJH Date: 11118/98

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28198 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [ft] [ift] [ift 
2107.72 12.53 0.29 0.29 

2my 108.72 12.54 0.30 0.30 

20w 109.72 12.55 0.31 0.30 

204 110.72 12.56 0.32 0.31 
205 111.72 . 12.56 0.32 0.32 

207 112.72 12.57 0.33 0.32 

207 113.72 12.57 0.33 0.32 
8 114.72 12.57 0.334" 0.33 

209 115.72 12.58 . 0.34 0.33 

211 117.72 12.58 0.34 0.33 

21T 117.72 12.58 0.34 0.33 

212 118.72 12.58 0.34 0.34 

213 119.72 12.59 0.35 0.34 

214 120.72 12.59 0.35 0.34 

21W 121.72 12.59 0.35 0.34 

217 122.72 12.59 0.35 0.34 

217 123.72 12.59 0.35 0.34 

21T 124.72 12.59 0.35 0.34 

219 125.72 12.59 0.35 W 
126.72 12.59 0.35 .34 

222 127.72 12.59 0.35 0.34" 

222 129.72 12.59 0.35 0.34 

223 129.72 12.59 0.35 0.34 

22 130.72 12.59 0.35 0.35 
225 131.72 12.59 0.35 0.35 

227 132.72 12.59 0.35 0.35 

227 133.72 12.59 0.35 0.35 

229 134.72 12.59 0.35 0.35 
230 135.72 12.59 0.35 0.35 

137.72 12.60 0.35 0.35 

137.72 12.60 0.35 0.35 

138.72 12.59 0.35 0.35 

139.72 12.60 0.38 0.35 

234 140.72 12.60 0.36 0.35 

235 141.72 12.60 0.36 0.35 

237 142.72 12.60 0.36 0.35 

23T 143.72 12.60 0.36 0.35 
239 144.72 12.60 0.36 0.35 

239 145.72 12.60 0.35 0.35 

24 146.72 12.59 0.35 0.35 

24T 147.72 12.60 0.36 0.35 

242 149.72 12.60 0.35 0.35 
244 149.72 12.60 0.35 0.35 

244 150.72 12.50 0.36 
24 151.72 12.60 0.36 .35 

24T 152.72 12.60 0.360.35 
247 153.72 12.60 0.38 0.35 
249 154.72 12.60 0.35 0.35 

a 155.72 12.60 0.38 0.35 
20156.72 12.60 0.38 0.35



MACTEC-ERS 
.2597 B 3/4 Road 
Grand Junction. CO 81503 
970/248-6040

10130A2.HYT, Page 7Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Evaluated by: RJH Date: 11/18/98
Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 

drawdown 
[min] [fft] t[Ift] 

251 157.72 12.60 0.36 0.35 
25T 158.72 12.60 0.36 0.35 
253 159.72 12.60 1 0.36 0.35 

25 160.72 12.60 0.36 0.35 
2W 161.72 12.60 T0.36 0.35 

162.72 12.60 0.36 0.35 
257 163.72 12.60 0.36 0.35 
258 164.72 12.60 ]0.36 . 0.35 

165.72 12.60 1 0.36 0.35 
166.72 12.60 I .10.36 0.35 

261 167.72 12.60 0.36 0.35 
262 168.72 12.60 0.35 0.35 

169.72 12.60 0.36 0.35 
170.72 12.60 0.36 0.35 
171.72 12.60 0.36 0.35 

66 172.72 12.60 0.36 0.35 
267 173.72 12.60 0.36 0.35 

174.72 12.60 0.36 0.35 
2W 175.72 12.60 0.36 0.35 
270 176.72 12.60 0.36 0.35 
271 177.72 12.60 0.36 0.35 
272 178.72 12.60 0.35 0.35 

179.72 12.60 0.35 0.35 
274 180.72 12.60 0.36 0.35 
275 181.72 12.60 0.36 0.35 
276 182.72 12.60 0.36 0.35 
277 183.72 12.60 0.36 0.35 
-278 14.72 12.60 0.36 0.35 
279 185.72 12.60 0.36 0.35 
2W0 156.72 12.60 0.36 0.35 
MT 187.72 12.60 0.36 0.35 

188.72 12.60 0.35 0.35 
189.72 12.60 0.36 0.35 

284 190.72 12.60 0.36 0.35 
284 191.72 12.60 0.36 0.35 
2W 192.72 12.60 0.36 0.35 
2 193.72 12.60 0.36 0.35 
285 194.72 12.60 0.36 0.35 
289 195.72 12.60 0.36 0.35 

196.72 12.60 0.36 0.35 
197.72 12.60 0.36 0.35 

292 195.72 12.60 0.36 0.35 
199.72 12.60 0.35 0.35 

294 200.72 _712.60 0.36 0.35 
201.72 12.60 0.36 0.35 
202.72 .12.60 0.36 0.35 

97 203.72 12.60 0.36 0.35 
2 204.72 12.60 0.36 0.35 
299 205.72 12.60 0.36 0.35 

S300 206.72 12.60 0.36 0.35

I: 4

Project: UGW - Grand Junction, CO



10130A2.HYT, Page 8.

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28198 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gallmin Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

m[min] [ift] [ift] 0.t 

302 207.72 12.60 0.36 0.35 

3w 208.72 12.60 0.36 0.35 

3w 209.72 12.60 0.36 0.35 

3W 210.72 12.60 0.36 0.35 

305 211.72 12.601 0.35 

306 212.72 12.60 . 1 035 

3W 213.72 12.601 0.3 - 0.35_ 

30w 214.72 12.60 0.36 0.35 
30 215.72 12.60 0.36 0.35 

S31w 216.72 12.60 0.36 0.35 

311 217.72 12.60 t 0.36 0.35 

3W 218.72 12.60 0.36 0.35 

314 219.72 . 12.60 036 0.35 

314 220.72 12.60 0:3r 0.35 

221.72 12.60 0.36 0.35 

316 222.72 12.60 0.36 0.35 

317 223.72 12.60 0.36 0.35 S. . .. . . • ,',= ,." .r' ,"'•: N "2 ;

319 225.72 12.60 0.36 
30 226.72 12.60 0.3x 

321 227.72 12.60 0.35 
322 228.72 12.60 0.36 

An 1 nn fl .

.Z4 t3U.iLe
-- - I i A• &, 1n 12R __

325 231.72 12.60 0.36 
2232.72 12.60 

'3~27 233.72 12.60 053- 0.35 

234.72 12.60 0.36 0.35 

329 235.72 12.60 0.36 0.35 

330 235.72 12.60 0.35 0.35 

-3w 237.72 12.60 0.36 0.35 

332 238.72 12.60 0.36 0.35.  

33M 239.72 12.60 T39 0.35 
334 240.72 12.60 0.36 0.35 

32w2724 12.60 0.38 0.35 

3W 242.72 12.60 0.36 0.35 

338 243.72 12.60 0.36 0.35 

339 244.72 12.61 0.37 0.36 

340 245.72 12.61 0.37 0.36 

3w 246.72 12.61 0.37 0.36 

342 247.72 12.61 0.37 0.36 

3W 248.72 12.61 0.37 0.38 

3432.72 12.61 0.37 0.36 
34w 250.72 12.61 0.37 

251.72 12.51 0.37 035 

252.72 12.61 0.37 VW_________ 

347 253.72 12.61 0.37 0.36 

3w 254.72 12.61 0.37 0.36 

349 255.72 12.51 0.37 0.38f 

3W 258.72 12.51 0.37 0.36 
- .. . I

I t

W.*JW

MACTEC-ERS 
2597 B 314 Road 
Grand Junction. CO 81503 
9701248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Project: UGW -Grand Junction, CO 

Evaluated by: RJH FDate: 11/18198

I •
I,

I

"07W5 
0.35 
0.35

1L.QU



MACTECCERS Pumping test analysis 10130A2.HYT, Page 9 
2597 B 3/4 Road Theis analysis method Project: UGW - Grand Junction, CO 
Grand Junction, CO 81503 Unconfined aquifer 
970/248-6040 Evaluated by: RJH Date: 11118/98 

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 
Pumping test duration Water level Drawdown Corrected 

drawdown 
[min [ift] Ift] Ift] 

351 257.72 12.61 0.37 0.36 
352 258.72 12.61 0.37 0.36 

259.72 12.61 0.37 0.36 
426072 12.61 0.37 0.36 

355 261.72 12.61 0.37 0.36 
357 262.72 12.61 0.37 0.36 
357 263.72 12.61 0.37 0.36 
35W 264.72 12.61 0.37 036 
3-5w 265.72 12.61 0.37 0.36 
361 266.72 12.61 0.37 0.36 
361 267.72 12.61 0.37 0.36 
362 268.72 12.61 0.37 0.36 
3R3 269.72 12.61 0.37 0.36 
365 270.72 12.61 0.37 0.36 
365 271.72 12.61 0.37 0.36 
386 272.72 12.61 0.37 0.36 
367 273.72 12.61 0.37 0.36 
36 274.72 12.61 0.37 0.36 
370 275.72 12.61 0.37 0.36 
370 276.72 12.61 0.37 0.36 
37T 277.72 12.61 0.37 0.36 
372 279.72 12.61 0.37 0.36 
374 279,72 12.61 0.37 0.36 
-3750 2.72 12.61 0.37 0.36 
375 281.72 12.61 0.37 0.36 

282.72 12.61 0.37 0.36 
377 283.72 12.61 0.37 0.36 
3 284.72 12.61 0.37 0.36 
3W 285.72 12.61 0.37 0.36 
3w 256.72 12.61 0.37 0.36 
321 287.72 12.61 0.37 0.36 
3W 289.72 12.61 0.37 0.36 
'3W 289.72 12.61 0.37 0.35 
3W 290.72 12.61 0.37 0.36 
385 291.72 12.61 0.37 0.36 
366 292.72 12.61 0.37 0.36 

293.72 12.61 0.37 0.36 
386 294.72 12.61 0.37 0.36 

295.72 12.61 0.37 0.35 
296.72 12.61 0.37 0.36 

391 297.72 12.61 0.37 0.36 
393 299.72 12.61 0.37 0.36 
393 299.72 12.61 0.37 0.36 

300.72 12.61 0.37 0.36 
301.72 12.61 0.37 0.36 396 302.72 12.61 0.37 0.36 

303.72 12.61 0.37 0.36 
304.72 12.61 0.37 0.36 
305.72 12.61 0.37 0.36 
306.72 12.61 0.37 0.36 

III- IT



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10130A2.HYT, Page 10

Project: UGW- Grand Junction, CO

Evaluated by: RJH I Date: 11/18/98

Pumping Test No. 1034 Aquifer Test ' Test conducted on: 09128/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [3t] [ft] [ift] 
401 307.72 12.61 0.37 0.36 
402 308.72 12.61 0.37 0.36 

43309.72 12.61 0.37 0.36

4U4
405

31U.1z
S311.72

4- ---- 4 -- 4

__4W 312.72 12.61 0.37 0.37 
407 313.72 12.61 0.37 0.37 
40W 314.72 12.61 0.37 0.37 
4W 315.72 12.51 0.37 0.37 
410 316.72 12.61 0.37 0.37 
411 317.72 12.51 0.37 0.37 
412 318.72 12.61 0.37 0.37 
413 319.72 12.62 0.38 0.37 
4W 320.72 12.52 0.38 0.37 
415 321.72 12.62 0.38 0.37 
41W 322.72 12.62 0.38 0.37 
417 323.72 12.62 0.38 0.37 
41T 324.72 12.52 0.38 0.37 
T1w 325.72 12.62 0.38 3T 

326.72 12.61 0.37 .3T 
-42T 327.72 12.62 0.38 0.37 

422 328.72 12.62 0.38 0.37 
423 329.72 12.82 0.38 0.37 

T424 330.72 12.62 0.38 0.37 
S425 331.72 12.62 0.38 0.37 

427 332.72 12.62 0.38 0.37 
427 333.72 12.62 0.38 0.37 
428 334.72 12.62 0.38 0.37 
429 335.72 12.62 0.38 0.37 
4W 33S.72 12.62 0.38 0.37 
43T 337.72 12.62 0.38 0.37 
432 338.72 12.52 0.38 0.37 
433 339.72 12.82 0.38 0.37 

340.72 12.f2 0.38 0.37 
435 341.72 12.62 0.38 0.37 

4342.72 12.62 0.38 0.37 
437 343.72 12.62 0.38 0.37 
438 344.72 12.62 0.38 0.37 

345.72 12.62 0.38 0.37 
346.72 12.62 0.38 0.37 

--441 347.72 12.62 0.38 0.37 
442 348.72 12.62 0.38 0.37 

349.72 12.62 0.38 0.37 
350.72 12.62 0.38 37 

445 351.72 12.62 0.38 .3T 
446 352.72 12.62 0.38 M.37 
44T 353.72 12.62 0.38 0.37 
448 354.72 12.62 0.38 0.37 
449 355.72 12.62 0.38 0.37 
450 356.72 12.62 0.38 0.37 

I I

I ,

U.J1



IMACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

1101 3OA2.HYT, Page 11Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Evaluated by: RJH I Date: 11/18/98
Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28198 
Observation Wei11013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 

drawdown 
[min] [if] 3i.] Ift] 

4W 357.72 12.62 0.38 0.37 
453 358.72 12.62 0.38 0.37 
4W 359.72 12.62 0.38 0.37 
454 360.72 12.62 0.38 0.37 
45W 361.72 12.62 0.38 0.37 
45 362.72 12.62 0.38 0.37 

363.72 12.62 0.38 0.37 
4W 364.72 12.62 0.38 0.37 
459 365.72 12.62 0.38 0.37 
461 366.72 12.63 0.39 0.38 
41 367.72 12.62 0.38 0.37 

42368.72 12.62 0.38 0.37 
369.72 12.62 0.38 0.37 

-- 370.72 12.62 0.38 0.37 
46 371.72 12.62 0.38 0.37 

372.72 12.62 0.38 0.37 
373.72 12.62 0.38 0.37 
374.72 12.62 0.38 0.37 

470 375.72 12.62 0.38 0.37 
471 376.72 12.62 0.38 0.37 
471 377.72 12.62 0.38 0.37 
472 378.72 12.62 0.38 0.37 73379.72 12.62 0.38 0.37_________ 

380.72 12.62 0.38 
475 381.72 12.62 0.38 0.37 
476 382.72 12.62 0.38 "0.37 

383.72 12.62 0.38 0.37 
384.72 12.62 0.38 0.37 

479 385.72 12.62 . 0.38 0.37 
480 386.72 12.62 0.38 0.37 
481 387.72 12.62 0.38 0.37 
482 388.72 12.62 0.38 0.37 
483 389.72 12.62 0.38 0.37 
484 390.72 12.62 0.38 0.37 

391.72 12.62 0.38 0.37 
392.72 12.62 0.38 0.37 

487 393:72 12.63 0.39 0.38 
394.72 12.63 0.39 0.38 

4 395.72 12.63 0.39 0.38 
4 396.72 12.63 0.39 0.38 

91 397.72 12.63 0.39 0.38 
398.72 12.63 0.39 0.38 

43 399.72 12.63 0.39 0.38 
4W 400.72 12.63 0.39 0.38 
495 401.72 12.63 0.39 0.38 
46 402.72 12.63 0.39 0.38 
497 403.72 12.63 0.39 0.38 

404.72 12.63 0.39 0.38 
405.72 12.63 0.39 0.38 
406.72 12.63 0.39 0.38

Project: UGW - Grand Junction, CO

,:



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-4040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10130A2.HYT, Page 12

Project UGW - Grand Junction, CO

Evaluated by: RJHT Date: 11118/98

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

nIhegantirfn WaIl ln1 n Observation well 1013

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[mini [-D] [ift Ift] 
502 407.72 12.63 0.39 0.38 

502 408.72 12.63 0.39 0.38 

503 409.72 12.63 0.39 0.38 

504 410.72 12.62 0.38 0.37 

5051 411.72 12.63 0.39 0.38 

50--412.72 12.63 0.39 0.38 

5071 413.72 12.63 0.39 0.38 

508 414.72 12.63 0.39 0.38 

509 415.72 12.63 0.39 0.38 

510 416.72 12.63 0.39 0.38 

51W 417.72 12.63. 0.39 0.38 

512 418.72 12.63 0.39 0.38 

513 419.72 12.63 0.39 0.38 

514 420.72 12.63 0.39 0.38 

T51 421.72 12.63 0.39 0.38 

S51w 422.72 12.63 0.39 0.38 

517 423.72 12.53 0.39 0.38 

518 424.72 12.63 0.39 0.38 

519 425.72 12.63 0.39 ").38 

520 426.72 12.63 0.39 J.3 

52T 427.72 12.53 0.39 0.38 

527 428.72 12.63 0.39 0.38 

523 429.72 12.63 0.39 0.38 

524 430.72 12.63 0.39 0.38 

525 431.72 12.63 0.39 0.38 

525 432.72 12.63 0.39 0.38 

527 433.72 12.63 0.39 0.38 

528 434.72 12.53 0.39 0.38 

529 435.72 12.63 0.39 0.38 

530 435.72 12.63 0.39 0.38 

531 437.72 12.63 0.39 0.38 

532 438.72 12.63 0.39 0.38 

533 439.72 12.63 0.39 0.38 

534 440.72 12.63 0.39 0.38 

535 441.72 12.53 0.39 0.38 

536 442.72 12.53 0.39 0.38 

5371 443.72 12.63 0.39 0.38 

531 444.72 12.63 0.39 0.38 

539 445.72 12.63 0.39 0.38 

446.72 12.63 0.39 0.38 

541 447.72 12.63 0.39 0.38 

542 448.72 12.63 0.39 0.38 

543449.72 12.63 0.39 0.38 

544 450.72 12.63 0.39 ,38 

545 451.72 12.63 0.39 

546 452.72 12.63 0.39 0.38 

5u7 453.72 12.63 0.39 0.38 

548 454.72 12.63 0.39 0.38 

54W 455.72 12.63 0.39 0.38 

550 456.72 12.w3 0.39 0.38

]
I

I. ff
I



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

-1

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28198 
Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft, 

Static water level: 12.24 ft below datum i 1 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [ift] [It] [ft] 
552 457.72 12.63 0.39 0.38 
552 458.72 1263 *0.39 0.38 

355 459.72 12.63 0.39 - 0.38 
55 450.72 12.63 0.39 0.38 

461.72 12.63 0.39 0.38 
5462.72 12.63 0.39 0.38 

557 463.72 12.63 0.39 0.38 
558 464.72 12.63 [0.39 0.38 
559 465.72 12.63 0.39 0.38 

466.72 12.63 0.39 0.38 
561 467.72 12.63 0.39 0.38 
52 468.72 12.63 0.39 0.38 
563 469.72 12.63 0.39 0.38 
M4 470.72 12.63 0.39 0.38 
55 471.72 12.63 0.39 0.38 

472.72 12.63 0.39 0.38 
567 473.72 12.63 0.39 0.38 
5W 474.72 12.63 0.39 0.38 
5w 475.72 12.63 0.39 0.38 
570 476.72 12.63 0.39 0.38 
57T 477.72 12.63 0.39 0.38 
572 478.72 12.63 0.39 0.38 
573 479.72 12.63 0.39 0.38 
574T 480.72 12.63 . 0.39 0.38 
575 481.72 12.63 0.39 0.38 
576 482.72 12.63 0.39 •0.38 
577 483.72 12.63 0.39 0.38 578 484.72 12.63 0.39 0.38 
579 485.72 . 12.63 0.39, 0.38 

58 486.72 12.63 0.39 0.38 
581 487.72 12.63 0.39 0.38 2488.72 12.63 0.39 0.38 

489.72 12.63 .0.39 0.38 

584 490.72 12.63 0.39 0.38 
U0 491.72 12.63 0.39 0.38 

585 492.72 12.63 0.39 0.38 
587 493.72 12.63 0.39 0.38 
588 494.72 12.63 . 0.39 0.38 
589 495.72 12.63 0.39 0.38 
590 496.72 12.63 0.39 0.38 
5W 497.72 12.63 0.393 
592 498.72 12.63 0.39 0.38 

499.72 12.63 0.39 0.38 
500.72 12.63 0.39 0.38 
501.72 12.63 0.39 0.3w 
502.72 12.63 0.39. 0.38 

597 503.72 12.63 0.39 0.38 
598 504.72 12.63 0.39 0.38 
99 505.72 12.63 0.39 0.38 

6i 506.72 12.63 0.39 - 0.38

10130A2.HYT, Page 13 

Project: UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11118/98



MACTEC-ERS Pumping test analysis 10130A2.HYT, Page 14 
2597 B 314 Road -Theis analysis method PoetUW-GadJntoC 
-Grand Junction. CO 81503 Unconfined aquifer PoetUW-GadJntoC 
9701248-8040 Evaluated byRHDae 11/11898 

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28198 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/lmn Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

01[min) [ft] -- lv [It] [If] 

__M 508.72 12.83 0.39 0.38 
MY 509.72 12.83 0.39 0.39

tUU4
*1- -- 'p

U.3'd 0.39-
66512.72 12.63 0f.39- + 03 

_9 513.72 12.63 0.39 0.39 
514.72 12.64 0.40 6.39 
515.72 12.64 0.40 0.39 
5111.72 12.64 0.40 0.39 

611 517.72 1_2_.64_ 0.40 0.39 
-9T7 518.72 12.64 0.40 0.39 

aw519.72 . 12.64 0.40 0.39 
9W520.72 12Z64 0.40 0.39 

_9W 521.72 12.64 0.40 0.39 
aw522.72 12.64 0.00.39 

%H7 -523.72 12.64 0.40 0.39 
BW524.72 12.64 0.40 0.39 

525.72 12.64 0.40 _____ 

526.72 12.64 0.40 _________ 

61527.72 12.64 0.40 03 
528.72 12.64 0.40 0.39 

-6T529.72 12.64 0.40 0.39 
530.72 12.64 0.40 0.39 
531.72 12.64 0.40 0.39 

66532.72 12.64 0.4," 0.39
~2T533.72 12.64 0. ~0.39 

2T534.72 12.64 0.40 0.39 
__MT 535.72 12.64 0.40 0.39 

535.72 12.64 0.40 0.39 
6~31 537.72 12.64 9.40 0.39 

9W538.72 12.65 0.41 0.40
_M .539.72 12.65 0.41 0.40 
TW540.72 12.65 0.41 0.40 

635 541.72 12.55 0.41 0.40 
__W542.72 12.65 0.41 0.40 

MT543.72 12.85 0.41 0.40 
__MT 5"4.72 12.85 0.41 0.40 

OT545.72 12.65 0.41 0.40 
60548.72 12.65 0.41 0.40 

_3W 547.72 12.55 0.41 0.40 
6W548.72 12.65 0.41 . 0.40 

549.72 12.65 .0.41 _ ____ 0.40 
550.72 12.65 0.41 _______ 

85551.72 12.65 0.41 _ ________ 

-7W552.72 -12.55 0.41 04 
_6T553.72 12.65 0.41 0.40 

3W554.72 12.65 0.41 0.40 
_ W555.72 12.65 0.41 0.40 

60555.72 12.65 0.41 0.40

12.63
1401



MACTEC-ERS Pumping test analysis 1013OA2.HYT, Page 15 
2597 B 3/4 Road Theis analysis method Project: UGW - Grand Junction, CO 
Grand Junction, CO 81503 Unconfined aquifer 
970124•o040 Evaluated by: RJH Date: 11118198 

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 

drawdown 
[mini ]ft] [ft [ift] 

557.72 12.65 0.41 0.40 
652 558.72 12.65 0.41 0.40 
653 559.72 12.65 0.41 0.40 
654 560.72 12.65 0.41 0.40 
655 561.72 12.65 0.41 0.40 

5562.72 12.65 0.41 0.40 
6 563.72 12.65 0.41 0.40 
658 564.72 12.65 0.41 0.40 
65W 565.72 12.65 0.41 0.40 
66 566.72 12.65 0.41 0.40 
69W 567.72 12.65 0.41 0.40 
66 568.72 12.65 0.41 0.40 
653 569.72 12.65 0.41 0.40 
664 570.72 12.65 0.41 0.40 
665 571.72 12.65 0.41 0.40 
Mu6 572.72 12.64 0.40 0.39 
667 573.72 12.64 0.40 0.39 
668 574.72 12.65 0.41 0.40 

575.72 12.64 0.40 0.39 
576.72 12.64 0.40 0.39 

671 577.72 12.64 0.40 0.39 
578.72 12.64 0.40 0.39 

673 579.72 12.64 0.40 0.39 
6741580.72 12.64 0.40 0.39 
675 581.72 12.64 0.40 0.39 
676- 582.72 12.64 0.40 0.39 
677- 583.72 12.64 0.40 0.39 
678w 584.72 12.64 0.40 0.39 
679 585.72 12.64 0.40 0.39 
--a 586.72 12.65 0.41 0.40 
68 557.72 12.65 0.41 0.40 
6w 588.72 12.64 0.40 0.39 
6W 589.72 12.64 0.40 0.39 
654 590.72 12.65 0.41 0.40 
655 591.72 12.64 .0.40 0.39 

592.72 12.65 0.41 0.40 
667 593.72 12.64 0.40 0.39 
658 594.72 12.64 0.40 0.39 

595.72 12.64 0.40 0.39 
059.72 12.64 0.40 0.39 

597.72 12.64 0.40 0.39 
959.72 12.64 0.40 0.39 
093 599.72 12.64 0.40 0.39 

660.72 12.64 0.40 0.39 
695 601.72 12.64 0.40 0.39 

602.72 12.64 0.40 0.39 
603.72 12.64 0.40 0.39 

698 .604.72 12.64 0.40 0.39 
606.72 12.65 ,0.41 0.40 

606.72 |125 0.4m ii-

I.



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
97o=248-o040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10130A2.HYT, Page 16

Project UGW- Grand Junction, 30

Evaluated by: RJH I Date: 11/18/98

Pumping Test No. 1034 Aquifer Test " Test conducted on: 09/28198 

Observation Well 1013 Observation well 1013

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [f] [ft] [ft] 
7W1 607.72 12.65 0.41 0.40 
702608.72 12.65 0.41 0.40 
703 609.72 12.65 0.41 0.40
704 610.72 1Z.bb U.41 U.4U

705 .611.72 12.65 0.41 0.40 

70 612.72 12.65 0.41 0.40 
70T 613.72 12.65 0.41 0.40 
7W 614.72 12.65 0.41 0.40 
709 615.72 .12.65 0.41 0.40 
710 616.72 12.65 0.41 0.40 
71T 617.72 12.65 0.41 0.40 
712 618.72 12.65 0.41 0.40 
7T13 619.72 12.65 0.41 0.40 
714 620.72 12.65 0.41 0.40 
715 621.72 12.65 0.41 0.40 
71W 622.72 12.65 0.41 0.40 
71T 623.72 12.65 0.41 0.40 
71W 624.72 12.65 0.41 0.40 
7W 625.72 12.65 0.41 
720 626.72 12.65 0.41 
721 627.72 12.65 0.41 0.40 
722 628.72 12.65 0.41 0.40 
723 629.72 12.65 0.41 - 0.40 
724 630.72 12.65 0.41 0.40.  
725 631.72 12.65 0.41 0.40 
726 632.72" 12.65 0.41 0.40 
727 633.72 -12.65 0.41 0.40 
728 634.72 12.65 0.41 0.40 
729 635.72 12.65 0.41 0.40 

635.72 12.65 0.41 0.40 
731 637.72 12.55 0.41 0.40 
732 638.72 12.65 0.41 0.40 
733 639.72 12.65 0.41 0.40 
73W 640.72 12.65 0.41 0.40 
7W 641.72 12.65 0.41 0.40 
735 642.72 12.65 0.41 0.40 
737 643.72 12.65 0.41 0.40 

644.72 12.65 0.41 0.40 
645.72 12.65 0.41 0.40 

1& 646.72 12.65 0.41 0.40 
741 647.72 12.65 0.41 0.40 
742 M48.72 12.65 0.41 0.40 
743 649.72 12.65 0.41 0.40 
74T 650.72 12.65 0.41 ).40 

4651.72 12.65 0.41 OW 
746 652.72 12.65 0.41 0.40 
747 653.72 12.65 0.41 0.40 
74T 654.72 12.65 0.41 0.40 
-49 655.72 12.65 0.41 0.40 
750 656.72 12.65 0.41 0.40

Lf



IMACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

10130A2.HYT, Page 17Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Evaluated by: RJH I Date: 11/18/98
Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 
, " drawdown 

S[mini [if] [ft] jt 
751 657.72 12.65 0.41 0.40 
752 658.72-1 12.65 0.41 
753 659.72 12.65 0.41 0.4a 
754 660.72 12.65 0.41 0.40 
755 661.72 12.65 0.41 0.40 
75a 662.72 12.65 0.41 0.40 
757 663.72 12.65 0.41 0.40 
75w 664.72 12.65 0.41 0.40 
75T 665.72 12.65 0.41 0.40 
760 666.72 12.65 0.41 0.40 
761 667.72 12.65 0.41 0.40 

668.72 12.65 0.41 0.40 
7W 669.72 12.65 0.41 0.40 
7W 670.72 12.65 0.41 0.40 
76 671.72 12.65 0.41 0.40 
766 672.72 12.65 0.41 0.40 
767 673.72 12.65 0.41 0.40 
7W 674.72 12.65 0.41 0.40 
769 675.72 12.65 0.41 0.40 
770 676.72 12.65 0.41 0.40 
771 t1677.72 12.65 0.41 0.40 
772 678.72 12.65 0.41 0.40 

67737 9.72 12.65 0.41 0.40 
774 680.72 12.65 0.41 0.40 
775 681.72 12.65 0.41 0.40 
776 682.72 12.65 0.41 0.40 
7 683.72 12.65 0.41 0.40 
778 684.72 12.65 0.41 . 0.40 
779 685.72 12.65 0.41 0.40 

686.72 12.65 0.41 0.40 
71687.72 12.65 0.41 0.40.  

752 688.72 12.65 0.41 0.40 
783 689.72 12.65 0.41 0.40 
7W. 690.72 12.65 0.41 0.40 
7W 691.72 12.65 0.41 0.40 
7 692.72 12.65 0.41 0.40 
787 693.72 12.65 0.41 0.40 
785 694.72 12.65 0.41 0.40 
789 695.72 12.65 0.41 0.40 

696.72 12.65 0.41 0.40 
697.72 12.65 0.41 0.40 
698.72 12.65 0.41 0.40 

793 699.72 12.65 0.41 0.40 
4700.72 12.64 0.40 0.39 

-701.72 12.64 0.40 0.39 
"702.72 12.64 0.40 0.39 

797 703.72 12.64 0.40 0.39 
79B 704.72 12.64 0.40 0.39 

705.72 12.64 0.40 0.39 
0706.72 12.64 0.40 0.39

Project: UGW - Grand Junction, CO
L



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-8040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

1013OA2.HYT, Page 18

Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11118/98

Pumping Test No. 1034 Aquifer Test Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gallmin Distance from the pumping well 40.00 ft 

Static water level: 12.24 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [ft] [ft] [ft] 
802 707.72 12.64 0.40 0.39 
80w 708.72 12.64 0.40 0.39 
803 709.72 12.64 0.40 0.39 

710.72 12.64 0.40 0.39 
05U5 711.72 12.84 0.40 ... 0.39

_ 1 ____ ± ____ 1 ____ 1: ____

I I

I I



MACTEC-ERS 
2597 B 314 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Time-Drawdown plot 
with discharge

10130R2.HYT, Page 1 

Project: UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11119/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Observation Well 1013 

Discharge 4.00 U.S.gal/min

t (mini 
0 200 400 600 800 1000

0.00 

0.05 

0.10 

0.15 

0.20 

.; 0.25 

0.30 

0.35 

0.40 

0.45 

5.0 

?E 4.0 

M 3.0 
CP 

2. 2.0 
0 1.0 

0.0

1200 1400 1600 1800

a Observation well 101

I

-g -



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

10130R2.HYT, Page _ -

Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11119/98

Pumping Test No. 1034 Recovery Fv.st Test conducted on: 09/28/98

Observation Well 1013 

Discharge 4.00 U.S.gal/mln

Pumping test duration: 717.00 min

100 
0.00 F

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 

0.45 

0.50

Transmissivity [fImin]: 2.36 x 10-1 

Hydraulic conductivity [ft/min]: 2.98 x 10.2 42. AI 7
Aquifer thickness ([it: 8.00

1.

I

101
t't'

102 103

-0

a Observation well 101

Si

l



MACTEC-ERS 
2597 B 314 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

10130R2.HYT, Page 2
Project: UGW - Grand Junction, CO

I Evaluated by: RJH I Date: 11/19/98
Pumping Test No. 1034 Recovery Test Test conducted on: 09128/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.34 ft below datum Pumping test duration: 717.00 min 
lime from Water level Residual Corrected 

end of pumping drawdown drawdown 
[min] [It] [ft] [ft] 

2 3.00 12.72 0.38 0.37 
3 3.00 12.72 0.38 0.37 
3 3.01 12.72 0.38 0.37 
5 3.01 12.72 0.38 0.37 

3.02 12.72 0.38 0.37 
3.03 12.72 0.38 0.37 
3.03 12.72 0.38 0.37 
3.04 12.72 0.38 0.37 

1 3.04 12.72 0.38 0.37 
1 3.04 12.72 0.38 0.37 
11 3.05 12.72 0.38 0.37 
13 3.05 12.72 0.38 0.37 
13 3.06 12.72 0.38 0.37 
14 3.07 12.72 0.38 0.37 
W 3.07 12.72 0.38 0.37 

17 3.08 12.72 0.380.37 
17 3.08 12.72 0.38 0.37 
18 3.08 12.72 0.38 0.37 

3.09 12.72 0.38 0.37 
21 3.09 12.72 0.38 0.37 
22 3.10 12.72 0.38 0.37 
23 3.11 12.72 0.38 0.37 
24 3.11 12.72 0.38 0.37 
25 3.12 12.72 0.38 0.37 
2T 3.13 12.72 0.38 0.37 
27 3.13 12.72 0.38 0.37 
27 3.14 12.72 0.38 0.37 
28 3.15 12.72 0.38 0.37 
30 3.16 12.72 0.38 0.37 
31 3.17 12.72 0.38 0.37 
32 3.18 12.72 0.38 0.37 
32 3.19 12.72 0.38 0.37 
33 3.20 12.72 0.38 0.37 
35 3.21 12.72 0.38 0.37 
35 3.22 12.72 0.38 0.37 
37 3.24 12.72 0.38 0.37 
378 3.256 12.72 0.38 

383.26 12.72 0.38 0.37 
40 3.28 12.72 0.38 0.37 
40 3.30 12.72 0.38 0.37 
42 3.31 12.72 0.38 0.37 

3.33 12.72 0.38 0.37 
43 3.35 12.72 0.38 0.37 

3.37 12.72 0.38 0.37 
45 3.40 12.72 0.38 0.37 
47 3.42 12.72 0.38 0.37 473.44 12.72 0.38 0.37 

W 3.47 12.72 0.38 0.37 
49 3.50 12.72 0.38 0.37 S3.52 12.72 0.38 0.37

[ "
110130R2.HYT, Page 2



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

10130R2.HYT, Page 3 

Project: UGW- Grand Junction, 

Evaluated by: RJHI Date: 11/1919

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28198 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.34 ft below datum Pumping test duration: 717.00 min 

Time from Water level • Residual Corrected 
end of pumping drawdown drawdown 

[min) [ft] [1t] [It] 
51 3.55 12.72 0.38 0.  

3.59 12.72 0.38 0.  
54 3.62 12.72 0.38 0.  
54 3.70 12.72 0.38 0.  
55 3.70 12.72 0.38 0.  
56 3.74 12.72 0.38 0.  
57 3.78 12.72 0.38 0.  
59 3.83 12.72 0.38 0.  

3.88 12.72 0.38 0.  
3.93 12.72 0.38 0.  

64 3.98 12.72 0.38 0.  
62 4.04 12.72 0.38 0.  
64 4.10 12.72 0.38 0.  

4.17 12.72 0.38 0.  
4.24 12.72 0.38 0.  
4.31 12.72 0.38 0.  
4.39 12.72 0.38 0.  

69 4.47 12.72 0.38 0.  
69 4.58 12.72 0.38 0.  
7T 4.75 12.72 0.38 0.  
71 4.75 12.71 0.37 
72 4.88 12.71 0.37 0.  

73 4.97 12.71 0.37 F 0..  
74 5.08 12.70 0.36 0..: 
75 5.21 12.70 0.36 0.  

5.34 12.69 0.35 0..  
77 5.48 12.69 0.35 0.: 
73 5.83 12.68 03"0.: 
79 5.79 12.67 0.33 0.: 
80 5.95 12.87 0.33 0.F 
81 6.13 12.66 0.32 0..  
86 8.32 12.65 0.31 0., 
83 6.51 12.64 0.30 
84 6.72 12.64 0.30 0.: 

6.95 12.63 0.29 0.: 
7.18 12.62 0.28 0..  
7.43 12.61 0.27 0." 
7.69 12.61 0.27 0.: 

89 7.97 12.60 0.25 0.: 
08.27 12.59 0.25 0.: 
8.58 12.58 0.24 0.: 
8.91 12.57 0.23 0.;.  
9.27 12.56 0.22 0.: 

94 9.64 12.55 0.21 
10.03 12.54 0.20 

7W 10.45 12.53 0.19 0." 
10.90 12.52 0.18 0:.
11.41 0.17 0..

991 11.88 12.51 0.17 0.  
100 12.39 1 12.50 1 0.16 0.'

12.51



1MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

I Pumping Test No. 1034 Recovery Test

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Project: UGW- Grand Junction, CO

Evaluated by: RJH I Date: 11/19/98

Test conducted on: 09/28/98
Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.34 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[mini [ff] [It] [ft] 
1Tm 12.95 12.49 0.15 0.15 
102 13.54 12.48 0.14 0.14 
103 14.17 12.48 0.14 0.13 
10 14.83 12.47 0.13 0.13 

15.53 12.46 0.12 0.12 
16.28 12.46 0.12 0.12 

107- 17.07 12.45 0.11 0.11 
T0W 17.91 12.44 0.10 0.10 
109 18.79 12.44 0.10 0.10 
110 19.73 12.43 0.09 0.09 
11T 20.72 12.43 0.09 0.09 
112 21.72 12.42 0.08 0.08 

-113 22.72 12.42 0.08 0.08 
114 23.72 12.42 0.08 0.08 

15f 24.72 12.41 0.07 0.07 
f11 25.72 12.41 0.07 0.07 
117 26.72 12.41 0.07 0.07 
118 27.72 12.41 0.07 0.07 
119 28.72 12.40 0.06 0.06 
120 29.72 12.40 0.06 0.06 
121 30.72 12.40 0.06 0.06 
122 31.72 12.40 0.06 0.06 
123 32.72 12.39 0.05 0.05 
124 33.72 12.39 0.05 0.05 
125 34.72 12.39 0.05 0.05 

35.72 12.39 0.05 "0.05 
127 36.72 12.39 0.05 0.05 
1T2 37.72 12.39 0.05 0.05 

38.72 12.38 0.04 0.04 
39.72 12.38 0.04 0.04 
40.72 12.38 0.04 0.04 

132 41.72 12.38 0.04 0.04 
133 42.72 12.38 0.04 0.04 
134 43.72 12.38 0.04 0.04 
1T35 44.72 12.38 0.04 0.04 
1ig 45.72 12.38 0.04 0.04 
137 46.72 12.38 0.04 0.04 
138 47.72 12.38 0.04 0.04 

48.72 12.38 0.04 0.04 
49.72 12.38 0.04 0.04 
50.72 12.38 0.04 0.03 
51.72 12.38 0.04 0.03 

143 52.72 12.38 0.04 0.03 
144 53.72 . 12.38 0.04 0.03 

145 54.72 12.37 0.03 0.03 
55.72 12.37 0.03 0.03 

147 56.72 12.37 0.03 0.03 
148 57.72 12.37 0.03 0.03 
149 58.72 12.37 0.03 0.03 
150 59.72 12.37 0.03 0.03

10130R2.HYT, Page 4 IL

Test conducted oi1:09/28/98 m



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701248-6040

Pumping test analysis 
Recovery method after 
THEiS & JACOB 
Unconfined aquifer

10130R2.HYT. Page 5 
Project: UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11119/98

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28198 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.34 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[mini []t] [ft] [ift 151 80.72 12.37 0.03 0.03 

152 61.72 12.35 0.02 0.02 
153 62.72 12.36 0.02 0.02 

154 63.72 12.36 0.02 0.02 
155 64.72 12.36 0.02 0.02 

W 65.72 12.36 0.02 0.02 
15T 66.72 12.36 0.02 0.02 
158 67.72 12.36 0.02 0.02 
159 68.72 12.36 0.02 0.02 

69.72 12.36 0.02 0.02 
70.72 12.35. 0.01 0.01 

T62 71.72 12.35 0.01 0.01 
163 72.72 12.35 0.01 0.01 
1-e 73.72 12.35 0.01 0.01 
165 74.72 12.35 0.01 0.01 
16W 75.72 12.35 0.01 0.01 
167 75.72 12.35 0.01 0.01 
16w 77.72 12.35 0.01 0.01 
S78.72 12.35 0.01 T.01 
70 79.72 12.35 0 010.01 

17T 80.72 12.35 0.01 0.0 
172 81.72 12.35 0.01 0.01 

173T 82.72 12.35 0.01 0.01 
174 83.72 12.35 0.01 0.01 
177F 84.72 12.35 0.01 0.01 
f17 .5.72 12.35 0.01 0.01 
177 8W.72 12.35 0.01 0.01 
175 87.72 12.35 0.01 0.01 
179 88.72 12.35 0.01 0.01 
160 89.72 12.35 0.01 0.01 
1ST 90.72 12.35 0.01 0.01 
182 91.72 12.35 0.01 0.01 
T83 92.72 12.35 0.01 0.01 
18 93.72 12.35 0.01 0.01 
185 94.72 12.36 0.02 0.02 

-73T 95.72 12.36 0.02 0.02 
187 96.72 12.36 0.02 0.02 

W88 97.72 12.38 0.02 0.02 
W89 98.72 12.36 0.02 0.02 

99.72 12.38 0.02 0.02 
100.72 12.38 0.02 0.02 

192 101.72 12.38 0.02 0.02 
1102.72 12.38 0.02 0.02 
194 103.72 12.38 0.02 _.02 

r 195 104.7 2 12.36 0.02 J.2 
196 105.72 12.36 0.02 0.02 

-19 109.72 . 12.38 0.02 0.02 
W 107.72 12.38 0.02 0.02 

T99 108.72 12.38 0.02 0.02 
200 109.72 12.38 0.02 0.02



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

10130R2.HYT, Page 6

Project: UGW - Grand Junction, CO

Evaluated by: RJH Date: 11119/98
Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.34 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [It] ift) [Ift] 
110.72 12.36 0.02 0.02 

202111.72 12.36 0.02 0.02 
112.72 12.36 0.02 0.02 
113.72 12.36 0.02 0.02 
114.72 12.36 0.02 0.02 
115.72 12.36 T 0.02 0.02 

207 116.72 12.36 0.02 0.02 
117I72 12.36 0.02 0.02 

2W 118.72 12.36Z 0.02 0.02 
2W 119.72 12.37 0.03 0.03 
21W 120.72 12.37 0.03 0.03 
212 121.72 12.37 0.03 0.03 
212 122.72 12.37 0.03 0.03 
21w 123.72 12.37 0.03 0.03 

124.72 12.37 0.03 0.03 
2112.72 12.37 0.03 0.03 
21M 126.72 12.38 0.04 0.03 
21" 127.72 12.38 0.04 0.03 

128.72 12.38 0.04 0.03 
212.72 12.38 0.04 0.03 
130.72 12.37 0.03 0.03 

222 131.72 12.38 0.04 0.03 
132.72 12.37 0.03 0.03 
133.72 12.37 0.03 0.03 
134.72 12.36 0.02 0.02 
135.72 12.36 0.02 0.02 
136.72 12.36 0.02 0.02 

228 137.72 12.35 0.01 0.01 
229 138.72 12.35 0.01 0.01 
230 139.72 12.35 0.01 0.01 
2w 140.72 12.35 0.01 0.01 
OT 141.72 12.35 0.01 0.01 
23T 142.72 12.35 0.01 0.01 
234 143.72 12.35 0.01 0.01 
235 144.72 12.35 0.01 0.01 
235 145.72 12.35 0.01 0.01 
237 145.72 12.35 0.01 0.01 
23F 147.72 12.35 0.01 0.00 

148.72 12.35 0.01 0.00 
149.72 12.34 0.00 0.00 
150.72 12.34 0.00 0.00 
151.72 12.34 -0.00 -0.00 

243 152.72 12.34 -0.00 -0.00 
153.72 12.34 -0.00 -0.00 

245 154.72 12.33 -0.01 -0.01 
155.72 12.33 -0.01 -0.01 

247156.72 12.33 -0.01 -0.01 
157.72 12.33 -0.01 -0.01 

9 158.72 12.33 -0.01 -0.01 
250 159.72 12.34 -0.00 -0.00

L •



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
9704248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

10130R2.HYT, Page 7

Project: UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11/19198

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28198 

Observation Well 1013 Observation well 1013

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.34 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [ft] [ft] If] 
2516072 12.34 -0.00 -0.00 
252 161.72 12.34 0.00 0.00 
253 162.72 12.35 0.01 0.00 
254 163.72 12.34 00.00

14.I7 U.u1 0.00
256 165.72 12.35 i 0.01 0.00 
257 166.72 12.34 ! 0.00 0.00 
2w 167.72 12.34 1 0.00 0.00 
2W 168.72 12.34-1 0.00 0.00 
2W 169.72 12.34 0.00 0.00 
261 170.72 12.34 0.00 0.00 
262 171.72 12.35 0.01 0.00 
2W 172.72 12.34 0.00 0.00

173.72 12.35 0.01 0.00 
174.72 12.34 0.00 0.00 

266 175.72 12.34 0.00 0.00 
267 .176.72 12.34 0.00 0.00 

'2W 177.72 12.34 0.00 -0 f0 
2w 178.72 12.34 0.00 0 
27T 179.72 12.35 0.01 M 
271 180.72 12.35 0.01 0,00 
;27Z 181.72 12.34 0.00 0.00 
273 182.72 12.35 0.01 0.00 
274 183.72 12.35 0.01 0.01 
275 184.72 12.35 0.01 0.01 
276 185,72 12.35 0.01 0.01 
277 186.72 1.35 0.01 0.01 
278 187.72 12.35 0.01 0.01 
27F 188.72 12.35 0.01 0.01 
280 189.72 12.35 0.01 0.01 
281 190.72 12.35 0.01 0.01 
282 191.72 12.35 0.01 0.01 
283 192,72 12.35 0.01 0.01 
284 193772 12.35 0.01 0.01 
25W 194.72 12.35 0.01 0.01 

195.72 12.35 0.01 0.01 
""287 19&.72 12.36 0.02 0.02 

197.72 12.35 0.02 0.02 
289 198.72 12.36 0,02 0,02 
290 199.72 12.38 0.02 0.02 
7.1 200.72 12.38 0.02 0.02 

. 201.72 12.38 0.02 0.02 
202.72 12.36 0.02 0.02 

294 203.72 12.36 0.02 .2 
295 204.72 12.36 0.02 0.02 

205.72 12.30 0.02 0.02 
297 205.72 12.36 0.02 0.02 

207.72 12.35 0.01 0.01 
208.72 12.35 0.01 0.01 

3001 209.72 12.35 0.01 0.01

I. "I



MACTEC-ERS 
2597 B 314 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
TTHEIS & JACOB 
Unconfined aquifer

Pumping Test No. 1034 Recovery Test Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.34 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[min] Ift] It] . ft .1 

302 211.72 12.35 0.01 0.01 

3w 212.72 12.35 0.01 0.01 

3 213.72 12.35 0.01 0.01 

3w 214.72 12.35 0.01 0.01 

30 215.72 12.35 0.01 0.01 

307 216.72 12.35 0.01 0.01 

30w 217.72 12.35 0.01 0.01 
218.72 12.35 0.01 0__.01_ 

219.72 12.35 0.01 0.00 

31T 220.72 12.34 0.00 0.00 

31 221.72 12.34 0.00 0.00 

31w 222.72 12.34 0.00 0.00 

313 223.72 12.34 0.00 0.00 

224.72 12.34 0.00 0.00 

225.72 12.34 0.00 0.00 

317 226.72 12.34 0.00 0.00 

31W 227.72 12.34 0.00 0.00 

31W 228.72 12.34 0.00 0.00 

3MY 229.72 12.34 0.00 0.00 

321 230.72 12.34 0.00 0.00 

321 231.72 12.35 0.01 0.00 
322 232.72 12.35 0.01 0.00 

32T 233.72 12.35 0.00 0.00 

M3Y 234.72 12.35 0.01 0.00 

326 235.72 12.35 0.01 0.00 

327 236.72 12.34 0.00 0.00 
3w 237.72 12.34 0.00 0.00 

MT 238.72 12.34 0.00 0.00 

30 239.72 12.34 0.00 0.00 

330 240.72 12.34 0.00 0.00 

331 241.72 12.34 -0.00 -0.00 

332 242.72 12.34 -0.00 -0.00 

3w 243.72 12.34 -0.00 -0.00 

335 244.72 12.34 -0.00 -0.00 

3w 245.72 12.34 -0.00 -0.00 

MT 246.72 12.33 -0.01 -0.01 

337 247.72 12.33 -0.01 -0 
339 248.72 12.33 -0.01 -0.01 

249.72 12.33 -0.01 -0.01 

341 250.72 12.33 -0.01 -0.01 

342 251.72 12.33 -0.01 -0.01 

13W 252.72 12.33 -0.01 -0.01 

344 253.72 12.33 -0.01 -0.01 

345 254.72 12.33 -0.01 -0.01 

34b 255.72 12.33 -0.01 -0.01 
37T 256.72 12.33 -0.01 -0.01 

257.72 12.33 -0.01 -0.01 

258.72 12.34 -0.00 -0.00 

350 259.72 12.34 -0.00 -0.00

10130R2.HYT, Page 8 

Project: UGW - Grand Junction, CO 

Evaluated by: RJH Date: 11/19/98

:. I



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

10130R2.HYT, Page 9 I ' 

Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11119/98
Pumping Test No. 1034 Recovery Test . Test conducted on: 09/28/98 

Observation Well 1013 Observation well 1013 

Discharge 4.00 U.S.gal/min Distance from the pumping well 40.00 ft 

Static water level: 12.34 ft below datum Pumping test duration: 717.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [fj ftJ [ftj 
352 260.72 12.34 -0.00 -0.00 

261.72 12.34 -0.00 -0.00 
262.72 12.34 -0.00 -0.00 

354 263.72 12.34 -0.00 -0.00 
355 .264.72 12.34 -0.00 -0.00 
357 265.72 12.34 -0.00 -0.00 
3w 266.72 12.34 -0.00 -0.00 
MT 267.72 12.33 -0.01 -0.01 
359 268.72 12.33 -0.01 -0.01 
361 269.72 12.33 -0.01 -0.01 
3B1 270.72 12.33 -0.01 -0.01 
MT 271.72 12.33 -0.01 -0.01 
363 272.72 12.33 -0.01 -0.01 
M54 273.72 12.33 -0.01 -0.01 

274.72 12.33 -0.01 -0.01 
275.72 12.33 -0.01 -0.01 S3B7 276.72 12.33 -0.01 -0.01 

.3 277.72 12.32 -0.02 -0.02 
278.72 12.32 -0.02 

370 279.72 12.32 -0.02 -1W 
37T 280.72 12.32 -0.02 -0.0Z 
37281.72 12.32 -0.02 -0.02 
373 282.72 12.32 -0.02 - -0.02 
374 283.72 12.32 -0.02 ' -0.02 
375- 284.72 12.32 -0.02 -0.02 
379 285.72 "12.32 -0.02 -0.02 
377 286.72 .12.32 -0.02 -0.03 
378 287.72 12.32 -0.02 -0.03



MACTECR-ERS 
2597 B 314Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
"1ime-Drawdown plot 
with discharge

1035R1.HYT, Page 1 

Project: UGW - Grand Junction, CO 

Evaluated by: RJHI Date: 11118/98

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Pumping Well 1035 

Discharge 6.73 U.S.gal/min

t [min] 
0 200 400 600. 800 1000 

0.00 

1.00 

2.00 

3.00 

4.00 

'. 5.00 

6.00 

7.00 

8.00 

9.00 

10.0 --..  

IF 8.0 

W 6.0 

=i 4.0 
2.0 

0.0

1200 1400 1600 1800

e Pumping well 1035

"Lk

r
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Calculation No.: U0043900

PUMPING WELL 1035 

RECOVERY DATA ANALYSES

10



MACTEC-ERS 
2597 B 314 Road 
Grand Junction, CO 81503 
970/248-8040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1035PR1.HYT, Page 1 

Project: UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11/18/98

Pumping Test No. 1035 Recovery Test Test conducted on: 09129/98 

Pumping Well 1035 

Discharge 6.73 U.S.gallmin 

Pumping test duration: 707.00 min

10 
0.00 

0.30 

0.60 

0.90 

1.20

"w0 1.50 

1.80 

2.10 

2.40 

2.70 

3.00

0 101
t/tv

102

-Yf 

1-I1 

I -I I I I 

I I I---iii 

_ -I-I - - r f

* Pumping well 1035

Transmissivity [fWmin]: 1.57 x 100 

Hydraulic conductivity [ft/min]: 1.98 x 10-1

zaYD. z4

Aquifer thickness [ft]: 8.00

103



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970V248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1035PR1.HYT, Page 2
Project: UGW - Grand Junction, CO

Pumping Test No. 1035 Recovery TestI Test conducted On: 09/29/98 
Pumping Well 1035 Pumping well 1035 

Discharge 6.73 U.S.gal/mIn Distance from the pumping well 1.00 ft 

Static water level: 10.24 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [ft] [f]41 [i] 

0.74 12.91 2.67 2.22 
2 0.75 12.92 2.68 2.23 

0.76 12.92 2.68 2.23 
0.77 12.92 2.68 2.23 
0.78 12.91 2.67 2.22 
0.79 12.91 2.67 2.22 
0.80 12.92 2.68 2.23 
0.81 12.91 2.67 2.22 
0.82 12.92 2.68 2.23 
0.83 12.59 2.35 2.00 

11 0.84 12.60 2.36 2.01 
120.85 12.38 2.14 1.85 
13 0.86 12.20 1.96 1 

0.87 12.05 1.81 1.61 
15 0.88 12.03 1.79 1.59 
16 0.89 11.90 1.66 1.49 
17 0.90 11.71 1.47 1.33 

0.91 11.64 1.40 1.28 
0.92 11.60 1.36 1.24 
0.93 11.40 1.16 1.08 

210.94 11.35 1.11 1.03 
22 0.95 11.28 1.04 0.97 
23 0.96 11.14 0.90 0.85 

0.97 11.11 0.87 0.82 
25 0.99 10.98 0.74 0.71 
26 1.00 10.95 0.71 0.68 
27T 1.02 10.86 0.62 0.60 
28 1.04 10.83 0.59 0.57 
29 1.05 10.77 0.53 0.51 
30 1.07 10.74 0.50 0.48 
31 1.09 10.72 0.48 0.47 
32 1.11 10.69 0.45 0.44 
33 1.13 10.66 0.42 0.41 
34 1.16 10.65 0.41 0.40 

1.18 10.64 0.40 0.39 
36 1.21 10.63 0.39 0.38 
37 1.23 10.62 0.38 0.37 
38 1.26 10.61 0.37 0.39 
39 1.29 10.60 0.36 0.35 
40 1.32 10.60 0.36 0.35 
41 1.36 10.59 0.35 0.34 

1.40 10.59 0.35 0.34 
1.43 10.59 0.35 0.34 
1.48A 10.58 0.34 0.33 

45 1.52 10.58 0.34 0.33 
45 1.57 10.58 =0.34 0.33 
47 1.61 10.58 0.34 0.33 
48 1.67 10.57 0.33 0.32 
49 1.72 10.57 0.33 0.32 
a 0 1.78 10.57 0.33 0.32

I1035PR1.HYT, Page 2

IEvaluated by: RJH I Date: 111/18/98



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 

970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1035PRI.HYT, Page3 

Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11/18/98

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Pumping Well 1035 Pumping well 1035 

Discharge 8.73 U.S.gallmin Distance from the pumping well 1.00 ft 

Static water level: 10.24 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 
[min] [ff1 [ftJ [ft] 

51 1.84 10.57 0.33 0.32 
52 1.91 10.57 0.30.32 

1.98 10.57 0.33 0.32 
54 2.05 10.57 0.33 0.32 

35w 2.13 10.57 0.33 0.32 
2.21 10.57 0.33 0.32 

57 2.30 10.56 0.32 0.31 
2.39 10.56 i 0.32 0.31 

59 2.49 .10.56 0.32 0.31 
2.60 10.58 0.32 0.31 
2.71 10.56 0.32 0.31 
2.82 10.56 0.32 0.31 
2.95 10.55 0.31 0.30 

64 3.08 10.55 0.31 0.30 
3.22 10.55 0.31 0.30 
3.37 10.55 0.31 0.30 
3.52 10.55 0.31 0.30 

68 3.69 10.55 0.31 0.30 
69 3.87 10.55 0.31 _.30 

4.05 10.55 0.31 
7T 4.25 10.55 0.31 
7T 4.45 10.55 0.31 0.30 
73 4.68 10.54 0.30 1 0.29

'4 10U.4
75 5.17 10.54 0.30 0.29 
7A 5.43 10.54 0.30 0.29 

-77* 5.71 10.54 0.30 0.29 

6.01 10.54 0.30 0.29 
79 6.32 10.54 0.30 0.29 

80 6.65 10.54 0.30 0.29 
• 1 7.00 10.53 0.29 0.28 

7.38 10.53 0.29 0.28 
1 7.77 10.53 0.29 0.28 

8.19 10.53 0.29 0.28 
8.63 10.53 0.29 0.28 

86 9.10 10.53 0.29 0.2_ 
S87 9.80 10.53 0.29 0.2_ 
88 10.13 10.53 0.29 0.28 

10.69 10.52 0.28 0.28 
11.28 10.52 0.28 0.28 

91 11.91 10.52 0.28 0.28 
92 12.57 10.52 0.28 0.28 
7W 13.27 10.52 0.28 0.28 

14.02 10.51 0.27 .2T 
95 14.81 10.51 0.27 J27
W 15.64 10.51 0.27 0.27 

97 16.53 10.51 0.27 0.27 
W 17.47 10.51 0.27 0.27 

99 18.45 10.50 0.26 0.25 
!00 19.51 10.50 0.26 0.25

4.92



MACTEC-ERS Pumping test analysis 1035PR1.HYT, Page 4 • 2597 B 3/4 Road Recovery method after P-, 
Grand Juncion, CO 81503 THEIS & JACOB Project: UGW - Grand Junction, CO 970/248-040 Unconfined aquifer Evaluated by: RJH Date: 11/18/98 
Pumping Test No. 1035 Recovery Test Test conducted on: 09/29198 
Pumping Well 1035 Pumping well 1035 
Discharge 6.73 U.S.ga!Imin Distance from the pumping well 1.00 ft 
Static water level: 10.24 ft below datum Pumping test duration: 707.00 min 

l ime from Water level Residual Corrected 
end of pumping drawdown drawdown [min] [ft][f [l 

101 20. 10.0.26 102 18 0.002 0.26 
103 23.0_ 10.50 42 W0 24.39 10.49 0.25- 0.2 
15.06 10.49 0.25 2.20 10 7.810.49 0.25 0.25

10.49 0.25 10830.52 .10.49 .0.25-02 10923.29- 10.48 0.24 0.24
11034.17 1.4 0.24- 0.24 11136.15 1480.24 0.24

123.510.48 0.1247 0.24TIT 40.48 104 0.23 0.23
111 42.84 10.47 0.23 0.23 115 45.33 10.47 0.23 0.23 147.98 10.47 0.23 0.2F 117 50.78 10.465 0.22 0.22 1853.75- 10.46- 0.22 o.221956.90 10.46-- 0.272 0.22 120 60.23 10.496 0.22 0.22 12161.76 10.45- 0.21 02 122 67.50 10.45 0.21 0.21 1371.46- 10.44 0.20 0O.20 124 75.6F5 10.44 0.20 0.20 "" 125 80.09 10.43 0.19- 0.19 126 84.80 1.30.19 '0.19 1-27" 89.78 1M.47- 0.116 0.18 126 95.M - 10.42 0.18 0.18 129100.66 1.10.17 0.1 130 106.58 10.41 0.17 0.1 131 112.86-- 10.40 0.16- 0.16 1T32 119.51 1.00.16 0.1 133 126.55 10.40 ME6 .1 134w 134.01 10.40 0.16 0.16 135w 141.91- 10.39 0.15 0.15 

1 W .R4 la . .

""u.', 110.3& 0.1
137 159.14 10.38 0.14 138 168.53 10.35 0.14 
139 178.48 10.38 n 1A
140 188A8 10.37 
141 198.48 10.37 
t42 208.48 j 10.35 321.48 10.36 

144 228.48 10.36 
145 238.48 10.35

fla AC I

I.1

0.14-
0.14 
0.14 
0.14 

0.13 
0.11
0.12
0.12 
0.11 

0.11 
0.101 
0.10 
0.10

,-,_,_ - _.-_ o 1 10.30 
147 258.48 10.35 
148 268.48 10.34 149 ~278.4810 4 

15 •288.48 10.34-

0.11 
0.11 
0.1(F
0.10

0.13
0.13F 
0.11 
0.12 
0.12
0 .11

0.11 0.11 0.10 0.10 0.10n 

i 

I I



MACTEC-ERSý 
2597 B 314 Road
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Project: UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11/18198

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29198 

Pumping Well 1035 Pumping well 1035 

Discharge 6.73 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 10.24 ft below datum Pumping test duration: 707.00 min 

1 Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[min] [Ift] [Ift [Ift 

151 298.48 10.34 0.10 0.10 

152 308.48 10.34 0.10 0.10 
318.48 1 10.33 0.09 0.09 

- -.. 4 n ".4 2 n nf f Q 0 .0 9

155 338.48 10.33 0.09 0.09 

156 348.48 10.33 1 0.09 0.09 

157 358.48 10.32 0.08 0.08 

158 368.48 10.32 0.08 0.08 

159 378.48 10.32 0.08 0.08 

160 388.48 10.32 0.08 0.08 

161 398.48 10.32 0.08 0.08 
162 408.48 10.31 0.07 0.07 

418.48 10.31 0.07 0.07 

428.48 10.31 0.07 0.07 

438.48 10.31 0.07 0.07 

16W 448.48. 10.31 0.07 0.07 

167 458.48 10.31 0.07 0.07 

1-a 468.48 10.31 0.07 0.07 

16 478.48 10.31 0.07 

170 488.48 10.30 0.06 

171 498.48 10.30 0.06 

172 508.48 10.30 0.06 0.06 

T73 518.48 10.30 0.06 0.06 

174 528.48 10.30 0.06 0.06 

175 538.48 10.30 0.06 0.06 

1761 548.48 10.30 0.06 0.06 

177 558.48 10.30 0.06 0.06 

178 568.48 10.30 0.06 0.06 

179 578.48 10.30 0.06 0.06 

180 588.48 10.29 0.05 0.05 

181 598.48 10.29 0.05 0.05 

182 608.48 10.29 0.05 0.05 

183 618.48 10.29 0.05 0.05 

628.48 10.29 0.05 0.05 

185 638.48 10.29 0.05 0.05 

18B 648.48 10.29 0.05 0.05 

187 658.48 10.29 0.05 0.05 

188- 668.48 10.29 0.05 0.05 

189 678.48 10.28 0.04 0.04 

190 688.48 10.28 0.04 0.04 

191 698.48 10.28 0.04 0.04 

192 708.48 10.28 0.04 0.04 

-193- 718.48 10.28 0.04 0.04 

19 728.48 10.27 0.03 .03 

195 738.48 10.27 0.03 0.0 

198 748.48 10.27 0.03 0.03 

1 758.48 10.27 0.03 0.03 

198 768.48 1 10.27 0.03 0.03 

1 778.48 10.27 0.03 0.03 

a 788.48 10.28 0.02 0.02

I -ft,

1035PR1.HYT, Page 5
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MACTEC-ERS Pumping test analysis 
2597 B 3/4 Road Recovery method after 
Grand Junction, CO 81503 THEIS & JACOB 
970/24".6040 Unconfined aquifer

1035PR1.HYT, Page 6

Project: UGW - Grand Junction, CO

Evaluated by: RJH Date: 11118/98
Pumping Test No. 1035 Recovery Test Test conducted on:.09/29198 

Pumping Well 1035 Pumping well 1035 

Discharge 6.73 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 10.24 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[mini ]ft] (I1] It]1 
798.48 10.26 0.02 0.02 

203 808.48 10.26 0.02 0.02 

208 818.48 10.26 0.02 0.02 
20 828.48 10.26 0.02 0.02 

2w 838.48 10.26 0.02 0.02 
206 848.48 10.25 0.01 0.01 

208 858.48 10.25 0.01 0.01 
82w668.48 10.25 0.01 0.01 

29 878.48 10.24 0.00 0.00 

21w 888.48 10.24 0.00 0.00 

211 898.48 10.24 0.00 0.00 
213 908.48 10.24 0.00 0.00 
2137 918.48 10.24 0.00 0.00 

T_ _ _ _ _ _ _ _ _ __I_ _ _ _ _ _ _ _ _ _

f
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[:Calculation No.: U0043900 

PUMPING WELL 1035 

OBSERVATION WELL 1002 

DRAWDOWN AND RECOVERY DATA ANALYSES

11



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Time-Drawdown plot 
with discharge

Pumping Test No. 1035 Aquifer Test

Observation Well 1002

Discharge 6.73 U.S.gal/min

t [min] 

0 100 200 300 400 500 600 700 800 900

0.00 

0.02 

0.04 

0.06 

0.08 

a 0.10 

0.12 

0.14 

0.16 

0.18 

10.0 

.? 8.0 
to 6.0 

j 4.0 

2.0 

0.0

a Observation well 100



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
0701248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10020A1.HYT, Page 1 

Project: UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11/18198

I 100 101 102
' Y Y ! 11 1

"10" 10 
.Observation well 100

.1 10,

Transmissivity (tt2/min]: 5.68 x 10-1 

Hydraulic conductivity [ft/rmin]: 9.47 x 10-2 

Aquifer thickness [ft]: 6.00

I:,

10
4n2
I �I

1/u 
103 104 10I 106 107

10 

10•

10-

10"

'U

101 

100 

104 

10.2

I _ _ _ -" 

o_ _ __ 9 
"0 

2f __________ _____ _____ _____

/ 10
10 10 IO I10

9(7.5z 
/3(p.37

Pumping Test No. 1035 Aquifer Test Test conducted On: b9129/98 , 

Observation Well 1002 

Discharge 6.73 U.S.gal/min

ftt'/41,61 
7 

70't Idd 7



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-8040

Pumping test analysis 
Distance-Time-Drawdown-method 
after COOPER & JACOB 
Unconfined aquifer

10020A1.HYT, Page 1 : 1 

Project: UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11118198

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29/98

Observation Well 1002

Discharge 6.73 U.S.gallmin

10 
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

1O- 5

'IN1 
Illlll 

I I III. . ...  i iiii S

9 Observation well 100

TransmissMty [ft0/min]: 7.41 x 10"1

Hydraulic conductivity [ft/min]: 1.23 x 10-1

Aquifer thickness [Ift]: 6.00

t/r2 [minlft=J 
10-3 10-2 10-1 100

/0o-7. o4 ,q//c

I

-a 1O-4

z / -7 -ý . f?- I tld'ý 7



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Project: UGW - Grand Junction, CO

I vlutdby J I Date:..1 .....  Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29/98 

Observation Well 1002 Observation well 1002 

Discharge 6.73 U.S.gal/min Distance from the pumping well 35.00 ft 

Static water level: 11.10 ft below datum 
Pumping test duration Water level Drawdown Corrected 

drawdown 
[min] [it] [If] [iI] 

2 0.01 11.10 -0.00 -0.00 
0.01 11.10 -0.00 -0.00 
0.02 11.10 -0.00 -0.00 
0.02 11.10 -0.00 -0.00 

60.03 11.10 -0.00 -0.00 
7 0.03 11.10 -0.00 -0.00 

0.04 -11.10 -0.00 -0.00 
0.04 11.10 -0.00 -0.00 10 0.05 11.10 -0.00 -0.00 

11 0.05 11.10 -0.00 -0.00 
12 0.06 11.10 -0.00 -0.00 
13 0.06 11.10 -0.00.00 
14 0.07 11.10 -0.00 -0.00 
15 0.07 11.10 -0.00 "0.00 
16 0.08 11.10 -0.00 -0.00 
17 .0.08 11.10 -0.00 -0.00 
18 .0.09 11.10 -0.00 -0.00 
1W 0.09 11.10 -0.00 -Ou0 

0.10 11.10 -0.00 -0.00 
21 0.10 11.10 -0.00 -0.00 
22 0.11 11.10 -0.00 -0.00 
23 0.11 11.10 -0.00 !O.01 
24 0.12 11.10 -0.00 -0.00 
25 0.13 11.10 -0.00 -0.00 
26 0.13 11.10 -0.00 -0.00 27 0.14 11.10 -0.00 -0.00 
28 0.15 11.10 -0.00 -0.00 
29 0.16 11.10 -0.00 -0.00 
30 0.17 11.10 -0.00 -0.00 
31 0.18 11.10 0.00 0.00 
32 0.19 11.10 0.00 0.00 
33 0.20 11.10 0.00 0.00 
34 0.21 11.10 -0.00 -0.00 1 0.22 11,10 -0.00 -0.00 
36 0.24 11.10 0.00 0.00 
37 0.25 11.10 -0.00 -0.00 38 1 0.26 11.10 -0.00 -0.00 
390.28 11.10 0.00 0.00.  
40 0.30 11.10 -0.00 -0.00 

0.31 11.10 -0.00 -0.00 
42 0.33 11.10 -0.00 -0.00 
43 0.35 11.10 0.00 0.00 
44 0.37 11.10 -0.00 -0.00 
45 0.40 11.10 -0.00 -0.00 
46 0.42 11.10 -0.00 -0.00 
47 0.44 11.10 -0.00 -0.00 
48 0.47 11.10 -0.00 -0.00 

0.50 11,10 -0.00 -0.00 
50 0.52 11.10 -0.00 -0.00

IEvaluated by: RJHI Date: 11/11898

10020A1.HYT, Page 2
I1002OA1.HYT, Page 2

Project: UGW - Grand Junction, CO



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

I -- -. - � --.

Pumping Test No. 1035 Aquifer Test iest conauctea on: 00ll,1002 

Observation Well 1002 Observation well 1002 

I'lirh~rri 6.73 U.S.aal/min jDistance from the pumping well 35.00 ft

Static water level: 

Pumping t

51 

54 
55 
561 
571 
581 
591 
601 
61 
62 
53 

S64 
S65 

-- 72 

S75 
76 

-7T 

S7T

[m

11.10 ft below datum 

est duration Water level Drawdown rrected 
drawdown 

0.55 11.10 -0.00 -0.00 
0.59 1.10 -0.00 -0.00 

0.2 -11.10 -0.00 -0.00 
0.66 11.1 -0.00 -0.00 0.00 

0.74 1.10 -0.00 -0.00 
_....___ 

n nfNl'

0.83 

0U.  
0.93 
0.98 

. 1.04 

.1.17 
1.24 
1.31 

1.47 

1.65 
1.75 
1.86

-- -- nflr� I �flfln ll.lu I -'.IuU

11.10

"-u.UU
-0 C..  

11.10 -U•.uu

-0.00 
4-.0

____ 
-u.uu

4. 
"-5'

11.10 -0.00 -0.00 

11.10 -0.00 -0.00 
_________,-______ nnl

11.10
11.10 
11.10 
11.10

11.10

-0.00 -0.00 
0.00 0.00

u.uu
-u.uu
U.Uu

11.1u Uu

0.00 
-0.00

11.... *1- .nnn

SI 00n -000

11-lu U

.... .0 00 _0-

221_ ...... .. n n -0110
2.34 
2.A8 
2.63 
.2.7 
2.95

_________ ___________ Ann u.uu
__________________I nnn -UA2U

-- T -0
-. . t ,-lnf _n rIII*

11-l
11-lu

82 3.32 11.10 -0.00 -0.00 

3.51 11.10 -0.00 -0.00 

3.72 11.10 -0.00 -0.00 

3.95.511.10 -0.00 -0.00 

86 4.18 11.10 -0.00 -0.00 

4.43 11.10 -0.00 -0.00 

88.59 11.10 -0.00 -0.00 
89 4.97 11.10 -0.00 -0.00 
90 5.27 W.10 -0.00 -0.00 
91 11.10 -0.00 -0.00 921 - 5.91 11.10F -0.00 -0.00 

93 6.27 11.10 -0.00 -0.0

94 -611.10 -O.00 .0__-....  

7.03 11.10 -0.00 _-,_____

97 45 11.10 -0.00 M.  

91 11.10 -0.00 -0.00 97 ,00 -- 0.0 
98 •.•~ ~ 11.10-'.0OO0 

W . 11.10 -0.00 .0.00 

9.39 11.10 -0.00

-0.0011.10
"0Ik.11.1U

0.11.1U2.34 
2.48 
2.53 
.2.79 
2.95 
"4t'4

0 .0011.10 
•.10 0.0J0.00il 10 

T.10 -uwu"-u.fUU
.00V

-0l.0a11.1U
0.00-0.0011.1U

m 1,6 WW11.10

Evlae y J ae Ma9

10020A1.HYT, Page 3 

Project: UGW - Grand Junction. CO
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MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10020A 1.HYT, Page 4

Project: UGW - Grand Junction, CO

Evaluated by: RJHI Date: 11/18/98

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29198 

Observation Well 1002 Observation well 1002 

Discharge 6.73 U.S.gal/min Distance from the pumping well 35.00 ft 

Static water level: 11.10 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[mint]it] [I Ift] 
101 9.95 11.10 -0.00 -0.00 
102 10.54 11.10 -0.00 -0.00 
103 11.17 -11.10 -0.00 -0.00 
104 11.83 11.10 -0.00 -0.00 
105 12.53 11.10 -0.00 -0.00 
10 13.28 11.10 -o.00 -0.00 
TIM 14.07 11.10 -0.00 -0.00 
108 14.91 11.10 -0.00 -0.00 
W - 15.79 11.10 -0.00 -0.00 

11 16.73 11.10 -0.00 -0.00 
11T 17.72 11.10 -0.00 -0.00 
112 18.78 11.10 -0.00 . -0.00 
1T3 19.89 11.10 -0.00 -0.00 
114 21.07 11.10 0.00 0.00 

11W 22.32 11.10 -0.00 -0.00 
-116 23.65 11.10 0.00 0.00 

t17 25.05 11.10 -0.00 -0.00 
118 26.54 11.10 -0.00 -0.00 

28.12 11.10 -0.00 -0.00 
120 29.79 11.10 -0.00 -0.00 
T2T 31.55 11.10 -0.00 -0.00 
122 33.43 11.10 0.00 0.00 
123 35.41 11.10 0.00 0.00 
124 37.51 11.10 0.00 0.00 

39.74 11.10 -0.00 -0.00 
42.10 -11.10 -0.00 -0.00 

127 44.60 11.10 0.00 0.00 
47.24 11.10 0.00 0.00 

129 50.05 11.10 0.00 0.00 
,53.01 11.10 0.00 0.00 
56.16 11.10 0.00 0.00 

132 59.49 11.10 0.00 0.00 
63.02 11.10 0.00 0.00 

134 66.76 11.10 . 0.00 0.00 
135 70.72 11.10 0.00 0.00 

74.91 1.1.10 0.00 0.00 
137 79.35 11.11 0.01 0.01 
138 84.06 11.11 0.01 0.01 

83 89.05 11.11 0.01 0.01 
140 94.33 11.11 0.01 0.01 
p4 99.92 11.11 0.01 0.01 
142 105.84 11.11 0.01 0.01 

112.12 11.11 0.01 0.01 
118.77 11.12 0.02 0.02 

145 125.81 11.12 0.02 0.02 
133.27 11.12 0.02 0.02 

147 141.17 11.12 0.02 0.02 
.149.54 11.13 0.03 0.03 
158.40 11.13 0.03 0.03 

15 167.79 11.13 0.03 0.03 
- I •,



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10020A1.HYT, Page 5

Project: UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11/18/98

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29198 

Observation Well 1002 Observation well 1002

Discharge 6.73 U.S.gal/min Distance from the pumping well 35.00 ft 

Static water level: 11.10 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min [ift] [Ift] [It] 
151T 177.74 11.13 0.03 0.03 

187.74 11.14 0.04 0.04 
13 197.74 11.14 0.04 0.04
154 U/. 14 11.14 0.04 U.U4
155 .217.74 11.15 0.05 0.05 
156 227.74 11.15 0.05 0.05 

15T 237.74 11.15 0.05 0.05 
15 247.74 11.16 0.06 0.06 
159 257.74 .11.16 0.06 0.06 
180 267.74 11.16 0.06 0.06 
1B1 277.74 11.16 0.08 0.08 

287.74 11.17 0.07 0.07 
297.74 11.17 0.07 0.07 
307.74 11.17 0.07 0.07 

165 317.74 11.17 0.07 0.07 
166 327.74 11.17 0.07 0.07 
for 337.74 11.17 .0.07 0.07 
18? 347.74 11.17 0.07 0.07 

357.74 11.17 0.07 3.07 
170 387.74 11.17 0.07 0.07 
17T 377.74 11.17 0.07 0.07 
177 387.74 11.18 0.08 0.08 
173 397.74 11.18 0.08 0.08 
174 407.74 11.19 0.09 0.09 
175- 417.74 11.19 0.09 0.09 
176 427.74 11.19 0.09 0.09 
177 437.74 11.19 0.09 0.09 
178 447.74 11.19 0.09 0.09 
179 457.74 11.20 0.10 0.09 
180 467.74 11.20 0.10 0.10 
181 477.74 11.20 0.10 0.10 
182 487.74 11.20 0.10 0.10 
183 497.74 11.20 0.10 0.10 
184 507.74 11.21 0.11 0.11 

-T5 517.74 11.21 0.11 0.11 
527.74 11.21 0.11 0.11 
537.74 11.21 0.11 0.11 

188 547.74 11.21 0.11 0.11 
189 557.74 11.22 0.12 0.11 

S19 567.74 11.22 0.12 0.12 
191 577.74 11.22 0.12 0.12 
19 537.74 11.22 0.12 0.12 
193 597.74 11.23 0.13 0.12 
194 607.74 11.23 I 0.13 

89 617.74 11.23 0.13 01 
S196 827.74 11.23 0.13 0.13 

19T 537.74 11.23 0.13 0.13 
19 647.74 11.23 0.13 0.13 

S199 657.74 11.23 .0.13 0.13 
200 657.74 11.23 0.13 0.13

I. I



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970)24".040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10020A1.HYT, Page 6

Project: UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11/18198
Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29198 

Observation Well 1002 Observation well 1002 

Discharge 6.73 U.S.gal/min Distance from the pumping well 35.00 ft 

Static water level: 11.10 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown [main] [ft] [ft] [ft] 

201 677.74 11.23 0.13 0.13 
202 687.74 11.24 0.14 0.13 
203 697.74 11.24 0.14 0.13 

707.74 11.24 0.14 0.13

It t_______ _______ _______
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MACTEC-ERS 
2597 B 3/4 Road 
Grand Juncion, CO 81503 
970/248-6040

Pumping Test No. 1035 Recovery Test 

Observation Well 1002

Pumping test analysis 
Time-Drawdown plot 
with discharge

Test conducted on: 09/29/98

IDischarge 8.73 U.S.gallmin

0 200 400
t [min] 

600 800 1000 1200 1400 1600 1800N _ _ _ _ _ 

-. - - I 

jill _____

. Observation well 100

0.00 
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0.0

Project: UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11/18/98
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MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
S70248-6040

1002OR1.HYT, Page 1Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Pumping Test No. 1035 Recovery Test Test conducted on: 0.9/29/98 
Observation Well 1002 

Discharge 6.73 U.S.gaVmin 

Pumping test duration: 707.00 min 

t/tt
102

"__ -:1::ii 

I I:I

* Observation well 100

Transmissivity [ft2/min]: 6.73 x 10.1 

Hydraulic conductivity ift/min]: 112 x 10-1 

Aquifer thickness [ft]: 6.00

SpU ), 

(64M-21

I.

00 1011 
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0.08 
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103

E

0.12 

0.14 
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0.18 

0.20

Project UGW - Grand Junction, CO
IProject: UGW - Grand Junction, CO

IEvaluated by: RJH I Date: 111/18/98



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 

970/24"-040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

10020R1.HYT, Page 2 

Project: UGW - Grand Junction, CO

Evaluated by: RJH 1 Date: 11/18/98

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Observation Well 1002 Observation well 1002 

Discharge 6.73 U.S.gal/min Distance from the pumping well 35.00 ft 

Static water level: 11.10 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [f] [I [ft] 
10.74 11.24 0.14 0.13 

2 13.00 11.24 0.14 0.13 
3 13.00 11.23 0.13 0.13
4 13.U1 11.23 "U. I.1 U. la

13.01 11.24 0.14 0.13 
- 13.02 11.24 0.14 0.13 

13.03 11.23 0.13 0.13 
13.03 11.23 0.13 0.13 

9 13.04 11.24 1 0.14 0.13 
10 13.04 11.23 0.13 0.13 
11 13.04 11.24 0.14 0.14 

13.05 11.23 0.13 0.13 
13.05 11.23 0.13 0.13 
13.06 11.24 0.14 0.13 

15 13.07 11.24 0.14 0.14 
1W 13.07 11.24 0.14 0.14 

1713.08 11.24 0.14 0.14 
13.08 11.24 0.14 0.14 

19 13.08 11.24 0.14 .14 

2013.09 11.24 0.14 0.4 
2T 13.09 11.24 0.14 0.1 
22 13.10 11.24 0.14 0.13 
23 13.11 11.24 0.14 0.14 
24 13.11 11.23 0.13 0.13.  

25 13.12 11.23 0.13 0A13 
2W 13.13 11.24 0.14 0.14 
27 13.13 11.24 0.14 0.14 
28 13.14 11.24 0.14 0.14 
29 13.15 11.24 0.14 0,13 

13.15. 11.24 0.14 0.14 
31 13.17 11.23 0.13 0.13 
32 13.18 11.24 0.14 0.14 

13.19 11.24 0.14 0.14 
34 13.20 11.24 0.14 0.14 

13.21 11.24 0.14 0.14 
13.22 11.24 0.14 0.14 

37 13.24 11.24 0.14 0.14 
38 13.25 11.24 0.14 0.14 
39 13.20 11.24 0.14 0.14 
40 13.28 11.24 0.14 0.13 
41 13.30 11.24 0.14 0.13 
42 13.31 11.24 0.14 0.14 
4T 13.33 11.24 0.14 0.14 
44 13.35 11.24 0.14 • .14T 
45 13.37 11.24 0.14 j0.13 
4- 13.40 11.24 0.14 0.13 
47 13.42 11.24 0.14 0.13 

13.44 11t.24 0.14 0.14 
13.47 11.24 0.14 0.14 

501 13.50 11.24 0.14 0.14



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

10020R1.HYT, Page 3
Project: UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11/18198
Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Observation Well 1002 Observation well 1002 

Discharge 6.73 U.S.gallmin Distance from the pumping well 35.00 ft 

Static water level: 11.10 ft below datum Pumping test duration: 707.00 min 
Time from Water level Residual Corrected 

end of pumping drawdown drawdown 
[min) [it] [ft] [it] , 

51 13.52 11.24 0.14 0.13 
52 13.55 11.24 0.14 0.14 

13.59 11.24 0.14 0.13 
13.62 11.24 0.14 0.14 

75 13.66 11.24 0.14 0.14 
13.70 11.23 0.13 0.13 

5T 13.74 11.24 0.14 0.13 
58 13.78 11.24 0.14 0.13 

13.83 11.24 0.14 0.14 
13.88 11.24 0.14 0.14 

61 13.93 11.24 0.14 0.14 
62 13.98 11.24 0.14 0.14 
63 14.04 11.24 0.14 0.14 
64 14.10 11.24 0.14 0.14 
65 14.17 11.24 0.14 0.14 

14.24 11.24 0.14 0.14 
67 14.31 11.24 0.14 0.13 
68 14.39 11.24 0.14. 0.14 
69 14.47 11.24 0.14 0.14 
70 14.56 11.24 0.14 0.14 
71 14.65 11.24 0.14 0.14 
72 14.75 11.24 0.14 0.14 
73 14.86 11.24 0.14 0.14 
74 14.97 11.24 0.14 0.14 
7515.08 11.24 0.14 0.14 
76 15.21 11.24 0.14 0.14 
77 15.34 11.24 0.14 0.14 
78 15.48 11.24 0.14 0.14 
79 15.63 11.24 0.14 0.14 
80 15.79 11.24 0.14 0.13 
81 15.95 11.24 0.14 0.14 
82 16.13 11.24 0.14 0.14 
83 16.32 11.24 0.14 0.14 
84 16.51 11.24 014 0.14 

M16.72 11.24 0.14 0.14 
16.95 11.24 0.14 0.14 

87 17.18 11.24 0.14 0.14 
88 17.43 11.24 0.14 0.14 

17.69 11.24 0.14 0.14 
--- 17.97 11.24 0.14 0.14 

18.27 11.24 0.14 0.13 
18.58 11.24 0.14 0.14 

93 18.91 11.24 0.14 0.14 
19.27 11.24 0.14 0.14 

-5-19.64 11.24 0.14 0.14 L 20.03 11.24 0.14 0.14 
20.45 11.24 0.14 0.14 

98 20.90 11.24 0.14 0.13 
21.37 11.24 0.14 0.14 

100 21.86 11.24 0.14 0.14

h�.

I1002OR1.HYT, Page 3



MACTEC-ERS 
2597 B 3/4 Road 
Grand Juncion, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1002OR1.HYT, Page 4 

Project: UGW - Grand Junction, CO 

Evaluated by: RJHI Date: 11/18198

Pumping Test No. 1035 Recovery Test . Test conducted on: 09/29/98 

Observation Well 1002 Observation well 1002 

Discharge 6.73 U.S.gal/min Distance from the pumping well 35.00 ft 

Static water level: 11.10 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[min] [t] [t] [ft] 
22.39 11.24 0.14 0.14 

102 22.95 11.24 0.14 0.14 

103 23.54 11.24 0.14 0.14 

104 24.17 11.24 0.14 0.13 
10, • 24.83 11.24 0.14 0.14 

25.53 11.24 0.14 0.14 

26.28 11.24 0.14 0.14 

108 27.07 11.24 0.14 0.14 

109 27.91 11.24 0.14 0.14 

110 28.79 11.24 0.14 0.14 

111 29.73 11.24 0.14 0.14 

11 30.72 11.24 0.14 0.14 

113 31.78 11.24 0.14 0.14 

114 32.89 11.24 0.14 0.14 

115 34.07 11.24 0.14 0,14 

TIT 35.32 11.24 0.14 0.14 

1TT 36.65 11.24 0.14 0.14 

11T 38.05 11.24 0.14 0.14 

119 39.54 11.24 0.14 ".  

41.12 11.24 0.14 J.
121 42.79 11.24 0.14 0.14_ " 

122 44.55 11.24 0.14 0.13 

123 46.43 11.24 0.14 0.14 

124 48.41 11.24 0-14 0.14 

125 50.51 11.24 0.14 0.14 

126 52.74 .11.24 0.14 0.14 

127 55.10 11.24 0.14 0.14 

T28 57.60 11.24 0.14 0.13 

T29 60.24 11.24 0.14 0.13 

130 63.05 11.24 0.14 0.13 

131 66.01 11.24 0.14 0.13 

132 69.18 11.24 0.14 0.13 

72.49 11.24 0.14 0.13 

134 76.02 11.24 0.14 0.13 

135 79.73 11.24 0.14 0.13 

131 83.72 11.24 0.14 0.13 

137 87.91 11.23 0.13 0,13 

138 92.35 11.23 0.13 0.13 

139 97.08 11.23 0.13 0.M3 

102.05 11.23 0.13 0.13 

107.33 11.23 0.13 0.13 

142 112.92 11.23 0.13 0.13 

143 118.84 11.23 0.13 0.13 

125.12 11.23 0.13 TT.  
145 131.77 11.23 0.13 .1" 
146 138.81 11.23 0.13 0.12 

147 145.27 11.22 0.12 0.12 

148 154.17 11.22 0.12 0.12 

47 62.54 S 11.22 0.12 0.12 

150 171.40 11.22 0.12 0.12



rMACTEC-ERS Pumping test analysis 
2597 B 3/4 Road Recovery method after 
Grand Junction. CO 81503 THEIS & JACOB 
97o=48-6040 Unconfined aquifer

10020R1.HYT, Page 5

Project: UGW - Grand Junction. CO

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29198 

Observation Well 1002 Observation well 1002 

Discharge 6.73 U.S.gal/min Distance from the pumping well 35.00 ft 

Static water level: 11.10 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [1t] [It] [It] 
151 180.79 11.22 0.12 0.11 152 190.74 11.22 0.12 0.11 
153 200.74 11.22 0.12 0.11 

210.74 11.21 0.11 0.11 
155 220.74 11.21 0.11 0.11 

-230.74 11.21 0.11 0.11 
157 240.74 11.21 0.11 0.11 
158 250.74 11.20 .0.10 0.10 
159 260.74 11.20 0.10 0.10 

270.74 11.20 0.10 0.10 
161 280.74 11.20 0.10 0.1 
162 290.74 11.20 1 0.10 0.10 
MY 300.74 11.20 1 0.10 0.10 

310.74 11.20 0.10 0.09 
320.74 11.20 0.10 . 0.09 

W 330.74 11.20 0.10 0.09 
167 340.74 11.19 0.09 0.09 
16 350.74 11.19 0.09 0.09 
16 360.74 11.19 0.09 0.09 
T17 370.74 11.19 0.09 0.09 
17T 380.74 11.19 0.09 0.09 
172 390.74 -11.18 0.08 0.08 
173T 400.74 11.18 0.08 0.08 
174 410.74 11.18 0.08 0.08 
175 420.74 11.18 0.08 0.08 
176 430.74 11.18 0.08 008 
177 440.74 11.18 0.08 0.08 
178 450.74 11.18 0.08 0.08 

450.74 11.18 0.08 0.08 
180 470.74 11.18 0.08 0.08 
181 480.74 11.17 0.07 0.07.  
1490.74 11.17 0.07 0.07 

500.74 11.17 0.07 0.07 
184 510.74 11.17 0.07 0.07 
185 520.74 11.17 0.07 0.07 
16 530.74 11.17 0.07 0.07 
T87 540.74 11.17 0.07 0.07 
188 550.74 11.16 0.06 0.05 

W 560.74 11.16 0.06 0.06 
570.74 11.16 0.06 0.06 

191 580.74 11.16 0.06 0.06 
192 590.74 11.16 0.06 0.06 
1-o 600.74 11.16 0.060.  

610.74 11.16 0.06 0.06 
620.74 11.15 0.05 0.05 
630.74 11.15 0.05 0.05 

1 640.74 11.15 0.05 0.05 
198650.74 11.16 0.06 0.06 

660.74 11.15 0.05 0.05 
B i670.74 11.15 0.05 0.05 

] II

IEvaluated by: RJH I Date: 11/18/98

1002oR1.HYT, Page 5

IProject: UGW - Grand Junction. CO



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 

9701248-6040

--- f

I I UuA.;.ri I ." I 1 * OWOPumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Observation Well 1002 Observation well 1002 

Discharge 6.73 U.S.gal/min Distance from the pumping well 35.00 ft 

Static water level: 11.10 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[min] [ft] [ft] [ift] 
201 680.74 11.15 0.05 0.05 
202 690.74 11.15 0.05 0.05 

203 700.74 11.15 0.05 0.05 
204 710.74 11.15 0.05 0.05 
205 ~ 720.74 11.15 0.05 0.05 

730.74 11.15 0.05 0.05 

207 740.74 11.15 0.05 0.05 
750.74 11.14 0.04 0.04 
760.74 11.14 0.04 0.04 

210 770.74 11.14 0.04 0.04 
211 780.74 11.14. 0.04 0.04 
212 790.74 11.14 0.04 0.04 

800.74 .11.14 0.04 0.04 
810.74 11.13 0.03 0.03 

215 820.74 11.13 0.03 0.03 
216 830.74. 11.13 0.03 0.03 

217 840.74 11.13 0.03 0.03 
850.74 11.13 0.03 0.03 

2W 860.74 11.13 0.03 3.03 

220 870.74 11.12 0.02 .0" 

22T 880.74 11.12 0.02 0T.02 

222 890.74 11.12 0.02 0.02 

223 900.74 11.12 0.02 0.02 

224 910.74 11.11 0.01 0.01 
225 920.74 11.11 0.01 0.01 

930.74 11.11 0.01 0.01 
940.74 11.11 0.01 0.01 
950.74 11.11 0.01 0.01 

229 960.74 11.10 0.00 0.00 

S.. . .-II I I ll

I. '

Project UGW - Grand Junction. CO 

Evaluated by: RJH I Date: 11/18/98

1
8
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Calculation No.: U0043900 

PUMPING WELL 1035 

OBSERVATION WELL'1013 

DRAWDOWN AND RECOVERY DATA ANALYSES 

12



MACTEC-ERS 
2597 B 314 Road 
Grand Junction, CO 81503

Pumping test analysis 
Time-Drawdown plot 
with discharge

10130Ai.HYT, Page I

Project: UGW - Grand Junction, CO

9701248-"040 Evaluated by: RJHT Date: 11/18/98 

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29/98 

Observation Well 1013 

Discharge 6.73 U.S.gal/min

t [min] 
0 100 200 300 400 500

0.00 

0.02 

0.04 

0.08 

0.08 
S. 0.10 

0.12 

0.14 

0.16 

0.18 

10.0 

8.0 

'U 6.0 
0I 

2.0 

0.0

600 700 800 900

a Observation Well 101

I I



MACTEC-ERS Pumping test analysis 10130A1 .HYT, Page 1 
2597 B 3/4 Road Theis analysis method 
Grand Junction, CO 81503 Unconfined aquifer Project: UGW - Grand Junction, CO 
97or248-6o40 Evaluated by: RJHI Date: 11/18/98 
Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29198 

Observation Well 1013 

Discharge 6.73 U.S.gal/min

10-1 10)2r 100 101 102

e Observation Well 101

1/u 
103 104 105 106 107

100 

1 0.1 

10-2 

1iC- 3 

10-4

Transmissivity [ft2/min]: 1.A2 x 100 

Hydraulic conductivity Ift/min]: 1.78 x 10-1

Zoo. 80 d

Aquifer thickness [ft]: 8.00

I: L



MACTEC-ERS , 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701248-6040

- 10130A1.HYT, PageIPumping test analysis 
Distance-Time-Drawdown-method 
after COOPER & JACOB 
Unconfined aquifer I Evaluated by: RJHI Date: 11/18/98

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29/98 

Observation Well 1013 

Discharge 6.73 U.S.gal/min

I1 
0.00 

0.02 

0.04 

0.06 

0.08 

0.10

0.12 

0.14 

0.16 

0.18 

0.20

-8 10-5 10-4
tr [min/ft] 

10-3 10-2

H IM11 1 '111' " [ 11 1... 1I% , 111111 I 
IlNlll Iit111 II - -t 11111A , l 111 1 

IN11 I I L l11II 11111 " 1ý11; I 
II I t 

ttlt l Il lll1111 1 I IIIIIII • •. ,.  

!lll ! 11 111 1111 IllIll III a.0 
l~ t~ l l lt~ 11111 llll ll ll I0

a Observation Well 101

Transmissivity [ft/min]: 1.34 x 100 

Hydraulic conductivity [ft/min]: 1.68 x 1071 

Aquifer thickness (ft]: 8.00

1-929.  / Z4- . ('0 t 'A'7

10-1 100

E

Project UGW - Grand Junction, CO
I



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

I Evaluated by: RJH I Date: I11/18/9 Pumping Te-st No. 1035 Aquifer -Test Test conducted on: 09/29/98 

Observation Well 1013 Observation Well 1013 
Discharge 6.73 U.S.gal/min Distance from the pumping well 50.00 ft 

Static water level: 12.28 ft below datum 
Pumping test duration Water level Drawdown Corrected 

I drawdown 
[min] Il [It] [ft] 

0.01 12.28 -0.00 -0.00 
3 0.01 12.28 -0.00 -0.00 

0.02 12.28 -0.00 -0.00 
0.02 12.28 -0.00 -0.00 

7 0.03 12.28 -0.00 -0.00 
0.03 12.28 -0.00
0.04 12.28 -0.00 -0.00 
0.04 12.28U -0.00 
S0.05 12.28 -0.00 

12 0.05 12.28 -0,00 -0.00 
12 0.06 12.28 0.00 0.00 

0.06 12.28 0.00 0.00 
0.07 12.28 -0.00 -0.00 
0.07 12.28 -0.00 -0.00 
0.08 12.28 -0.00 -0.00 17 0.08 12.28 -0.00 -0.00 

10.09 12.28 -0.00 -0.00 19 0.09 12.28 -0.00 -0.00 
0.10 12.28 -0.00 -0.00 

21 0.10 12.28 0.00 0.00 
22 0.11 12.28 -0.00 -0.00 
24 0.11 12.28 -0.00 -0.00 
20.12 12.28 -0.00 -0.00 
25 0.13 12.28 0.00 0.00 
20.13 12.28 0.00 0.00 
20.14 12.28 0.00 0.00 
28 0.15 12.28 0.00 0.00 

0.16 12.28 0.00 0.00 
31 0.17 12.28 0.00 0.00 
31 0.18 12.28 0.00 0.00 
32 i 0.19 12.28 0.00 0 
34 0.20 12.28 0.00 0.00 
34 0.21 12.28 0.00 0.00 
36 0.22 12.28 0.00 0.00 
37 0.24 12.28 0.00 0.00 37 0.25 12.28 0.00 0.00 
38 0.26 12.28 0.00 0.00 39 0.28 12.28 0.00 0.00 

0.30 12.28 0.00 0.00 
42 0.31 12.28 0.00 0.00 
42 0.33 .12.28 0.00 0.00 
43 0.35 12.28 0.00 0.00 

45 0.37 12.28 0.00 0.00 
45 0.40 12.28 0.00 0.00 

0.42 12.28 0.00 0.00 4 0.44 12.28 0.00 0.00 
.i 0.47 12.28 0.00 0.00 ., 49 0.50 12.28 0.00 0.00 500.52 12.28 0.00 I0.00

"Pumping test analysis 
Theis analysis method 
Unconfined aquifer

1013OAl.HYT, Page 3
10130A1.HYT, Page 3
Project: UGW - Grand Junction, CO

It



MACTEC-ERS 2597 B 3/4 Road 

Grand Junction, CO 81503 
970248-5040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29198 

Observation Well 1013 Observation Well 1013 

Discharge 6.73 U.S.gallmin Distance from the pumping well 50.00 ft 

Static water level: 12.28 ft below datum

7- Water level Drawdown Coneced 
SM,=na• u

[ft) 
12.28

12.28 
12.28 
12.28 
12.28 
12.28 
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84 
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8• 
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rftl [ftJ
[ft) nn --- .''

4 nfl" u.uu
r ,'nf N(nnn

1 4. FR'
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.4. + finn u.uu U.'.",

.1. 4 nfl" u.uu
± �u.uu

0.00
u.uu

Pumping test duration 
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-- "4 
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____ 
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0.00 0.00.
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I .. , -w n,� I U.',',
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SEvaluated by: RJH I Date: 11/18/98

I 10130A1..HYT, Page 4 

Project UGW - Grand Junction, CO
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JMACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 8150 
970/248.6040

3

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29/98 
Observation Well 1013 Observation Well 1013 

Discharge 6.73 U.S.gallmin Distance from the pumping well 50.00 ft 

Static water level: 12.28 ft below datum 
Pumping test duration Water level ] Drawdown Corrected 

I drawdown [min] [f]I[t ft] 
[m 9.95 12.30 0.02 [ .02 

1W 10.54 12.30 0.02 0.02 
103 11.17 12.30 0.02.2 
I 11.83 12.300.02 
1(F 12.53 12.30 0.02 0.02 

W 13.28 12.300.0 
-- Turf 14.07 12.30 .0.02 
10 14.91 12.30 0.02 0.02 

15.79 12.30 0.02 0.02 
16.73 12.31 0.03 0.03 
17.72 12.31 0.03 

112 18.78 12.31 1 0.03 0.0 
19.89 12.31 0.03 0.03 
21.07 12.31 0.03 0.03 115 22.32 12.31 0.03 0.03 

1 23.65 12.31 0.03 0.  11M 25.05 12.31 0.03 0.03 
111 26.54 12.31 0.03 0.03 T1W 28.12 12.32 0.04 0.04 
TOT 29.79 ,12.32 0.04 0.04 
12' 31.55 12.32 0.04 0.04 
12T 33.43 12.32 0.04 0.04 
12T 35.41 12.32 0.04 0.04 
12,= 37.51 12.32 0.04 0.04 125F 39.74 12.32 0.04 0.04 
126 42.10 12.33 0.05 0.05 T2T 44.60 12.33 0.05 0.05 12W 47.24 12.33 0.05 .0.05 -1:2W 50.05 :12.33 0.05 0.05 
136- 53.01 12.34 0,06 0.06 131 56.16 12.34 0.06 0.06 
132 59.49 12.34 0.06 0.06 

63.02 .12.34 0.06 0.06 
134 66.76 12.35 0.07 0.07 
135 70.72 12.35 0.07 0.07 
136 74.91 .12.35 0.07 0.07 137T1 79.35 12.36 0.08 0.08 
1381 .84.06 12.36 0.08 0.08 140 89.05 12.37 0.09 0.09 

94.33 12.37 0.09 0.09 4T1 99.92 12.38 0.10 0.10 
105.84 12.38 0.10 0.10 143 112.12 12.38 0.10 0.10 

144 118.77 12.39 0.11 
145 125.81 12.39 0.11 

146 133.27 12.39 0.11 .0.11 
S147T141.17 12.40 0.12 0.12 144 149.54 12.40 .0.121 

' 158.40 12.40 0.12 0.12 
167.79 12.410.13 0.13

I 10130A1.HYTPage5

I

SEvaluated v- RIH D Nt•- 1 t It RI

F

Project: UGW - Grand Junction, CO

S1013OA1.HYT, Page 5 1 1:1



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701243-8040

�1013OA1.HYTPage6 I

Pumping Test No. 1035 Aquifer Test 

Observation Well 1013 

Discharge 6.73 U.S.gal/mir 

Static water level: 12.28 ft below datum

151 

153 
154 

-- fw 
--- Tw 

-- T5T
-- Tw 

159 
160 
161 
162 
153 
154 

165 

167 
15a 

169 
170 

--- t71 
172 

176 

177 

181 
182 

lat 
187 

15 
19 
19 
19 
19 
19 

19 

19 

20

I i Water level

esi �onuu��Iuu Ul I. U�5�i

Observation Well 1013

Distance from the pumping well 50.00 ft

r - r Drawdown

[ftl

Corrected 
drawdown 

[ft]
IfU. I ..D

12.42 

12 T.-42-

U. l.A 4 4 n4.�

______________________ 4 U. I�9 U.14
U. I*t 4 .. 4 fl CA U. 14

-- 4 ��CA I lilA 12.42 U. I'$

L 4. 1 fllA 12.42 U. I'I

___ ___ __ ___ _ .12.4Z~Al

112.43~ 
12.431

Pumping test duration 

[min] -7 .  

187.7• 

-207.-7 
-- -21M.7• 

2307.7T 
-247.7 

257.7 

-277.7 
28.7.7 

317.  

-327.7 
1 ~337.71 

-31T.7 
1 35r7.  
1 367.7 

-377.7 

427,7 
437.7 
447.• 

-457.• 
40f.• 
477.• 
487.• 

-- 497.• 
507 .  

-517.• 
s 527.  

1 53T.  
-547'.  

01 -567.  
1 1 -577.  

31 597.  
41 -607.  
5 -617; 
0 627; 

637.  
?47 

657.  
01 -66T

74 
74 
.74 
.74 
.74 
.74 
.74 

.74

n 

4-
4 
4 
4 

4 

'4 
r4 
r4
r4 
T4 
r4 

f4 

r4 
T4 

74 
74

12.38

•4. I-v

0.15 0.15 
0.1f" 0.16 
0.1.. 0.12 

0 .1 ... 0 .1 0
____________________ t ,~A 1 (iniU L

12.38 0.10 0.10 
12.37 0.09 10.09 
12.37 0.09 0.09 

--- 1.. . 0

12.37 
12.37 

12.38 
S12.38 
12.38

74 12.42 0.14 0.13 
40.13 0.13 

T4 12.41 0.13 0.13 
74 12.41 0.13 0.13 

74 0.13 0.13 

74 0.13 0.13 

74 12A2 0.14 0.14 

T4 12.42 0.14 0.14 
74 12.42 0.14 01 

74 12.42 0-.13F- 0.14 

74 12.41 0.13 0.13 

74 12.41 0.13 0.13 
.74 12.42 0.14 0.14 

.74 12.43 0.14 0.14 
,74 12.43 0.15 -I 0.15 

2.43 0.15 0.15 

74 12.43 0.15 0.15 

1744 ,74 12.43 0.15 0.15

-- u

u.u�10.09 
0.09 

0.10
U.1 U

l. S 09~ 

-0.t09

I (141 I (112 U. I� 
____________ 4. fl4'2.

U.e1.

12.44U.I

12.43
12.43 
12.43

. .. _ .. , l

0.16 

-01-o13 
"-O.i.'.''.T

____________ I AlE U.1 �

U. I�.1 -4 ACE I AlA

A .1 ,a� I AlA 1Z.4J U. I �

It f-, 1 015 IL..2.43

£ �1*J �tJ

J0. T5 -

U. IIJ

UY.0ý

0.09
. -

=J. lib0.10
0.12

0,.12ar1•' 4tl

•ll. I• -

0.1I612.44
0J.1612.43 

12.43 
12.43

0.15

0.15

0J. a0.15
0.14

0.1. 5

0.140.151Z.4•
0.150.151/- ,q,•l

Pumping test analysis _ _101_3OA1.HYT, Page 6___ 

Theis analysis method Project: UGW - Grand Junction, CO 
Evaluated by: R4-I Date: 11118198

S.... • 4a 
r, lA

•A 

mA

]

I =-- =•
I

I ~ ~ 1....43-I

Test conducted on: e. -9198

i�AU

Draw, down

ml
UATl,]U.-I,.•

P. •0.14

0.14 1,1. I•['

0.14qlU. 14

014lia 
.

0,k.1412.4Z
0.14'12.42



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

101130A1I.HYT, Page 7 

Project: UGW - Grand Junction, CO 

Evaluated by: RJH IaDate: 11/18/98

Pumping Test No. 1035 Aquifer Test Test conducted on: 09129/98 

Static water level: 12.28 ft below datum 

Pumping test duration Water level f Drawdown Corrected 
drawdown 

r2 min] 67.7tIt] [2.43 [N0.5 .1 
-2WT 657.74 12.43 0.15 0.15 

62097U.74 12.45- 0.15 01 
707.74 12.43 0.15,01

h.. I



MACTEC-ERS Pumping test anal 
2597 B 3/4 Road Time-Drawdown p 
Grand Junction, CO 81503 with discharge 
9701248-6040

ysis 10130R1.HYT, Page 1

Pumping Test No. 1035 Recovery Test . Test conducted on: 09129/98 

Observation Well 1013 

Discharge 6.73 U.S.gal/min

t [mini 
0 200 400 600 800 1000

Project: UGW - Grand Junction 

Evaluated by: RJH I Date: 11/18/98

1200 1400 1600 1800
- -1 

0 

-4 

j�jj�i�I_____
@ Observation well 101

I I

0.00 

0.02 

0.04 

0.06 

0.08 

S 0.10 

0.12 

0.14 

0.16 

0.18 

10.0 

"~' 8.0 
L 8.0 

4.0 

2.0 

0.0

a=

E 

C

i



MACTEC-ERS 
2597 B 3/4 Road • 
Grand Junction, CO 81503 
970/248-040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

110130R1I.HYT, Page 1

Project: UGW - Grand Junction

Evaluated by: RJHI Date: 11118/98

Pumping Test No. 1035 Recovery Test 09/29198

Observation Well 1013

Discharge 6.73 U.S.gal/mln

Pumping test duration: 707.00 min

1( 
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

101

0 

9.  
_____________ S 

m 

__ *�h.

t/t
102

a Observationwell 101

Transmissivity [it2lmin]: 1.69 x 100 

.Hydraulic conductivity(ftlmin]: 2.11 x 10-1

Z4 33. &0 -•" L/d•.  

-33.4 8 f/ Id
Aquifer thickness [ft]: 8.00

103

�02

I

0o



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

10130R1.HYT, Page2

Project: UGW - Grand Junction

Evaluated by: RJH I Date: 11/18/98

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Observation Well 1013 Observation well 1013 

Discharge 6.73 U.S.gal/min Distance from the pumping well 50.00 ft 

Static water level: 12.28 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[min] [ft] [Ift] [if] 
0.74 12.43 0.15 0.15 

13.00 12.43 0.15 0.15 

13.00 12.43 0.15 0.15 
,I 4 r. n 11

4 1j.Ul

13.01 12.43 0.15 1 0.15 
13.02 12.43 0.15 1 0.15 

13.03 12.43 0.15 0.15 

13.03 12.43 0.15 
13.04 12.43 0.15 I 0.15 
13.04 12.43 0.15 0.15 

--T 13.04 12.43 0.15 0.15 

13.05 12.43 0.15 -T5 

13.05 12.43 0.15 
13.06 12.43 0.15 -. '3' 

13.07 12.43 0.15 0.15 

13.07 12.43 0.15 0.15 

13.08 12.43 0.15 0.15 

13.08 12.43 0.15 0.15 
13.08 12.43 . 0.15 
13.09 12.43 0.15 
13.09 12.43 0.15 -..  
13.10 12.43 0.15 0.15 

13.11 12.43 0.15 0.15 

13.11 12.43 0.15 0.15" 

13.12 12.43 0.15 0.15 

2 .13.13 12.43 0.15 0.15 

13.13 12.43 0.15 0.15 

13.14 12.43 0.15 0.15 

13.15 12.43 0.15 0.15 

13.16 12.43 0.15 0.15 

13.17 12.43 0.15 0.15 

13.18 12.43 0.15 0.15.  

13.19 12.43 0.15 0.15 

13.20 12.43 0.15 0.15 
13.21 12.43 0.15 0.15 

3 13.22 12.43 0.15 0.15 
13.24 12.43 0.15 0.15 

13.25 12.43 0.15 0.15 

13.21 12.43 0.15 0.15 

40 13.28 12.43 0.15 0.15 

41 13.30 12.43 0.15 0.15 

42 13.31 12.43 0.15 0.15 

431 13.33 12.43 0.15 0.15 

441 13.35 12.43 0.15 

45 13.37 1 12.43 0.15 _ _ _ 

45 13.40 12.43 j0.15 15 
47 13.42 12.43 0.15 0.15 

4 13.44 12.43 0.15 0.15 

4 13.47 12.43 0.15 0.15 
5 13.50 12.43 0.15 0.15

I d&.-#

-h : a



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/24845040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1 10130R1.HYT, Page 3

Project: UGW - Grand Junction

Evaluated by: RJH Date: 11118/98
Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Observation Well 1013 Observation well 1013 

Discharge 6.73 U.S.gal/min Distance from the pumping well 50.00 ft 

Static water level: 12.28 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [ft] [ft] ift] 
51 13.52 12.43 0.15 U.15 

5213.55 12.43 0.15 1_ 0.15 
53 13.59 12.43 0.15 0.15 

13.62 12.43 0.15 0.15 
55 13.66 12.43 0.15 0.15 

56 13.70 12.43 0.15 0.15 
57 13.74 12.43 0.15 0.15 
5f 13.78 12.43 1 0.15 0.15 
59 13.83 12.43 0.15 0.15 

60 13.88 12.43 J 0.15 0.15 
13.93 12.43 0.15 0.15 

62 13.98 12.43 0.15 0.15 
14.04 12.43 0.15 0.15 
14.10 12.43 0.15 0.15 

65 14.17 12.43 0.15 0.15 
66 14.24 12.43 0.15 0.15 
67 14.31 12.43 0.15 0.15 
68 .14.39 12.43 0.15 0.15 

14.47 12.43 0.15 0.15 
70 14.56 12.43 0.15 0.15 
71 14.65 :12.43 0.15 0.15 
72 14.75 12.43 0.15 0.15 
73 14.86 12.43 0.15 0.15 
74 14.97 12.43 0.15 0.14 
7F 15.08 12.43 0.15 0.14 
76 15.21 12.43 0.15 0.14 
77 15.34 12.42 0.14 0.14 
1b 15.48 12.43 0.15 0.14 
79 15.63 12.42 0.14 0.14 
80 15.79 12.42 0.14 0.14 
81 15.95 12.42 0.14 0.14 
82 16.13 12.42 0.14 0.14 
83 16.32 12.42 0.14 0.14 
84 16.51 12.42 0.14 0.13 
85 16.72 12.42 0.14 0.13 
B6 16.95 12.42 0.14 0.13 
87 17.18 12.41 0.13 0.13 
88 17.43 12.41 0.13 0.13 
89 17.69 12A1 0.13 0.1a 
90 17.97 12A1 0.13 0.13 
91 18.27 12.41 0.13 0.13 
92 18.58 12.41 0.13 0.13 

18.91 12.41 0.13 0.13 
9419.27 12.41 0.13 0.13 
95 19.64 12.41 0.13 0.13 

20.03 12.41 0.13 0.13 
97 20.45 12A1 0.13 0.13 
98 20.90 12.41 0.13 0.13 

21.37 12.40 0.12 0.12 
21.86 - 12.40 0.12 0.12



MACTEC-ERS 
2597 B 314 Road 
Grand JJunction. CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Project: UGW - Grand Junction 

Evaluated by: RJHI Date: 11/18198

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29198 

Observation Well 1013 Observation well 1013 

Discharge 6.73 U.S.gal/min Distance from the pumping well 50.00 ft 

Static water level: 12.28 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[min] [ift] ft] Ift] 
22.39 12.40 0.12 0.12 

102 22.95 12.40 0.12 0.12 

1 23.54 12.40 0.12 0.12 
S....-------- -' fl4"3 nl1

104
24.83 12.40 0.12 0,12 
25.53 12.40 0.12 0.12 

T0w 26.28 12.40 0.12 0.12 

27.07 12.40 0.12 ,012 

27.91 12.40 0.12 0,12 

28.79 12.40 0.12 0.12 

TiT 29.73 12.40 0.12 0.11 

TT 30.72 12.40 0.12 0.11 
1331 78 12.40 0.12 0.11 

""3•12.39 i .10.11 

34.07 12.39 0.11 0.11 

11W 35.32 12.39 0.11 0.11 

36.65 1739 0.11 0.11 

118- 05 12.3 0.11 0.11 

TI 4 12.39 -0.11 '...  
7 12.39 0.11 0.1 

-77 12.39 0.11 0.1_ 

123 415 12.38 0.10 

48.41 12.38 0.10 0.10 

428 50.41 12.38 0.10 01 

52.74 12.38 0.10 0.10 

127 55.10 12.38 0.10 0.10 

57.60 12.38 0.10 0.10 

2 60.24 12.38 0.10 0,10 

63.05 12.38 0.10 0.10 

65.01 12.38 0.10 DIU0 

69.16 12.38 0.10 0.10 

72.49 12.38 0.10 0.10 

T3 76.02 12.38 0.10 0.10 

UT3 79.76 12.38 0.10 M_________ 

83.72 12.37 0.09 0.09 

f37 87.91 12.37 0.09 0.09 

92.35 12.37 0.09 0.09 

139 97.05 12.36 0.08 0.08 

140I 102.05 12.38 0.08 0.08 

141 107.33 12.35 0.08. 0.08 

142 112.92 12.35 0.08 0.08 
_743 118.84 12.35 0.07 0.07 

144 125.12 12.35 0.07 

145 131.77 12.35 0.07 T 
f"Ei 138.81 12.35 0.07 0.07 
147 146.27 12.35 0.07 0.07 
1481 154.17 12.35 0.07 0.07 

149 162.54 12.35 0.07 0.07 

1501 171.40 12.34 0.08 0.06

101 - I-30R1.HYT, Page4
1. '

I
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MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

10130R1.HYT, Page 5

Project: UGW - Grand Junction

Evaluated by: RJH I Date: 11/18/98
Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Observation Well 1013 Observation well 1013 

Discharge 6.73 U.S.gal/min Distance from the pumping well 50.00 ft 

Static water level: 12.28 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [If] [Ift] ft] 
152 180.79 12.34 0.06 0.06 
15 190.74 12.35 0.07 0.07 

ST5W 200.74 12.35 0.07 0.07 
T54 210.74 12.35 0.07 0.07 
155 220.74 - 12.33 0.05 0.05 
156 230.74 12.34 0.06 0.05 
157 240.74 12.34 0.06 0.06 
15W 250.74 12.34 0.06 0.06 
159 260.74 12.34 0.06 0.05 
161 270.74 12.33 0.05 0.05 
161 280.74 12.34 0.06 0.05 

290.74 12.33 0.05 0.05 
300.74 12.33 0.05 0.05 
310.74 12.330 0.05 

165 320.74 12.33 0.05 0.05 
16T 330.74 12.33 0.05 0.05 
1W7 340.74 12.33 0.05 0.05 
W 350.74 12.33 0.05 0.05 

17 360.74 12.33 0.05 0.05 
170 370.74 12.32 0.04 0.04 
171 390.74 12.32 0.04 0.04 
172 390.74 12.32 0.04 0.04 
174 400.74 12.32 0.04 0.04 
174 410.74 12.32 0.04 0.04 
175 420.74 12.32 0.04 0.04 
176 430.74 12.32 0.04 0.04 
177 440.74 12.32 0.04 0.04 
17F 450.74 12.32 0.04 0.04 

460.74 12.32 0.04 0.04 
470.74 12.32 0.04 0.04 

181 480.74 12.32 0.04 0.04 
162I 490.74 12.32 0.04 0.04 
154 500.74 12.31 0.03 0.03 

W 510.74 12.31 0.03 0.03 
T16 520.74 12.31 0.03 0.03 

-TOT 530.74 12.31 0.03 0.03 
540.74 12.31 0.03 0.03 

189 550.74 12.31 0.03 0.03 
189 560.74 12.32 0.04 0.04 
191 570.74 12.32 0.04 0.04 

580.74 12.32 0.04 0.04 
TOT 590.74 12.32 0.04 0.04 
194 600.74 12.31 0.03 0.03 
19 610.74 12.31 0.03 0.03 
W 620.74 12.30 0.02 0.02 

TOT 630.74 12.30 0.02 0.02 17640.74 12.30 0.02 0.02 

W . 650.74 12.31 0.03 0.03 
199 660.74 12.31 0.03 0.03 
200 670.74 12.31 0.03 0.03

I .



MACTEC-ERS 
2597 B 3/4 Road 
Grand Juncion, CO 81503 
Q7fl/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Project UGW - Grand Junction

Evaluated by: RJH I Date: 11118/98

Pumping Test No. 1035 Recovery Test. Test conducted on: 09/29/98 

Observation Well 1013 Observation well 1013 

Discharge 6.73 U.S.gal/min Distance from the pumping well 50.00 ft 

Static water level: 12.28 ft below datum Pumping test duration: 707.00 min 

Time from Water level I Residual Corrected 

end of pumping drawdown drawdown 

[min] [ft [Ift] [ft] 

201 680.74 12.30 0.02 0.02 

21 690.74 12.31 0.03 0.03 

2031 700.74 12.30 0.02 0.02 
204 710.74 12.30 0.02 0.02 

2051 7720-74 12.30 0.02 0.02 
205 730.74 12.30 0.02 0.02 
2071 740.7 12.30 0.02 0.02 

208 750.74 12.30 0.02 0.02 
2091 MTN� .12.30 0.02 0.02 

210 770.74 12.30 0.02 0.02 
211 780.74 12.30 0.02 0.02 

212 790.74 12.29 0.01 0.01 

213 800.74 12.29 0.01 0.01 

214 810.74 12.29 0.01 0.01 

215 820.74 12.28 0.00 0.00 

2161 830.74 12.28 0.00 0.00 

217 840.74 12.28 0.00 0.00 

218 850.74 12.28 0.00 0.00 

- I.I

10130R1.HYT, Page 6
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Calculation No.: U0043900

PUMPING WELL 1035 

OBSERVATION WELL 1034 

DRAWDOWN AND RECOVERY DATA ANALYSES 

13



MACTEC-ERS 
2597 B 314 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Time-Drawdown plot 
with discharge

1034OA1.HYT, Page 1 

Project: UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11/17/98

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29/98 

Observation Well 1034 

Discharge 6.73 U.S.gal/min

t [min] 
0 100 200 300 400 500

0.00 

0.05 

0.10 

0.15 

0.20 

,;. 0.25 

0.30 

0.35 

0.40 

0.45 

10.0 

2 8.0 

S8.0 
CP 
S 4.0 

2.0 

0.0

600 700 800 900

.Observation Well 103



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10340A1.HYT, Page 1
Project: UGW - Grand Junction, CO

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29/98 
Observation Well 1034 

Discharge 6.73 U.S.gallmin

10-1 100 101 102
1/u 

103 104
105 106 107

1(oo 

10-2 

10-4

e Observation Well 103

Transmissivity [11=lmin]: 1.13 x 100 

Hydraulic conductivity Ift/min]: 1.41 x 104

f& 27. 2ofZa " 

00 S. Of -ý -
Aquifer thickness [ft]: 8.00

I
I:I1034OA1.HYT, Page 1

IEvaluated by: RJH I Date: 11/17/98



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701248-8040

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29198 

Observation Well 1034 

Discharge 6.73 U.S.gal/min

10-1 100

S10 a IOU 
Obevto Well 103

1/u 
101 102 103 104 105 106

Transmissivity [ftWlminj: 7.15 x 10-1 

Hydraulic conductivity [ft/min]: 8.94 x 10-2

,1029. &0.O ftdil 
/26. 74 fA'/¾d

Aquifer thickness [It]: 8.00

-h

107

101 

100 

10-1 

10-2 

10-3

Pumping test analy'sis 10340A1.HYT, Page I I 
HANTUSH's method 1_roectUW-_radJncionC__ 
Leaky aquifer, no aquitard storage Project UGW - Grand Junction, CO 

Evaluated by: RJHI Date: 11/17/98



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Distance-Time-Drawdown-method 
after COOPER & JACOB 
Unconfined aquifer

1034OA1.HYT, Page 1

Project UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11117198

o-6 10-5 10-4

a Observation Well 103

Transmissivity [ft2lmin]: 4.89 x 10-1 

Hydraulic conductivity [ft/min]: 6.12 x 10.2 

Aquifer thickness [ft]: 8.00

":A

t/r2 [min/ftl 
10-3 102

0.00 

0.05 

0.10 

0.15 

0.20 

0.25

10-1 100

9

0.30 

0.35 

0.40 

0.45 

0.50

7 0.. . 1&/ 
..- 5 . 1 Z

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29/98 

Observation Well 1034 

Discharge 6.73 U.S.gal/min

I11-11 0 1" T--• \11 N lllll Ilil '" ,:• lt6% • Illll III I• 'tK 

I ll I!1 11•,1H

'7



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

10340AI.HYT, Page 2Pumping test analysis 
Theis analysis method 
Unconfined aquifer

Evaluated by: RJHI Date: 11117/98

Pumping Test No. 1035 Aquifer Test " Test conducted on: 09/29/98 

Observation Well 1034 Observation Well 1034 

Discharge 6.73 U.S.gallmin Distance from the pumping well 30.00 ft 

Static water level: 10.38 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [ft] (ft] [ft] 

S0.01 10.38 0.00 0.00 

3 0.01 10.38 0.00 0.00 

4 0.02 10.38 -0.00 -0.00 

5 0.02 10.38 -0.00 -0.00 
0.03 10.38 0.00 I 0.00 

0.03 10.38 0.00 0.00 

0.04 10.38 0.00 0.00 

0.04 10.38 0.00 0.00 

100.05 10.38 0.00 0.00 

11 0.05 10.38 0.00 0.00 

0.06 10.38 0.00 0.00 

13 0.06 10.38 0.00 0.00 
0.07 10.39 0.01 0.01 

15 0.07 10.39 0.01 0.01 
16 0.08 10.38 0.00 0.00 

17 0.08 10.38 0.00 0.00 

1T 0.09 10.39 0.01 0.01 

0.09 10.38 0.00 
0.10 10.39 0.01 

21 0.10 10.39 0.01 
22 0.11 10.38 0.00 0.00 

23 0.11 10.39 0.01 0.01 

0.12 10.38 0.00 0.00 
0.13 10.38 0.00 0.00 

0.13 10.39 0.01 0.01 

27 0.14 10.38 0.00 0.00 
28 0.15 10.38 0.00 0.00 

29 0.15 10.38 0.00 0.00 

0.17 10.38 0.00 0.00 
0.18 10.39 0.01 0.01 

0.19 10.39 0.01 0.01 

33 0.20 10.39 0.01 0.01 
0.21 10.39 0.01 0.01 
0.22 10.39 0.01 0.01 

36 0.24 10.39 0.01 0.01 
0.25 10.39 0.01 0.01 

0.26 10.39 0.01 0.01 
39 0.28 10.39 0.01 0.01 

40 0.30 10.39 0.01 0.01 
41 0.31 10.39 0.01 0.01 
42 0.33 10.39 0.01 0.01 
43 0.35 10.40 0.02 0.02 
44 0.37 10.39 0.01 -. 0 

45 0.40 10.39 0.01 KO.0 
45 0.42 10.39 0.01 0.0T 
47 0.44 10.40 0.02 0.02 

4T 0.47 10.40 0.02 0.02 
49 0.50 10.40 0.02 0.02 

50 0.52 10.40 0.02 "-O0

Project: UGW - Grand Junction, CO



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

I1034OA1.HYT, Page 3

Project: UGW - Grand Junction, CO 

Evaluated by: RJH Date: 11)17/98
Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29/98 

Observation Well 1034 Observation Well 1034 

Discharge 6.73 U.S.gal/min Distance from the pumping well 30.00 ft 

Static water level: 10.38 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [ft- [ft] " Ift) 
52 0.55 10.40 0.02 0.02 
52 0.59 10.41 0.03 0.03 
53 0.62 10.41 0.03 0.03 

0.66 10.41 0.03 0.03 
0.70 10.41 0.03 0.03 

560.74 10.41 0.03 0.03 

57 0.78 10.42 0.04 0.04 
58 0.83 10.42 .0.04 0.04 

0.88 10.43 0.05 0.05 
0.93 10.43 0.05 0.05 

61 0.98. 10.43 0.05 0.05 
62 1.04 -10.43 0.05 0.05 

1.10 . 10.43 0.05 0.05 
1.17 10.43 0.05 0.05 

5 1.24 10.44 0.06 0.06 
1.31 10.44 0.06 0.06 

67 1.39 10.44 0.06 0.06 
1.47 10.44 0.06 0.06 
1.56 10.44 0.06 0.06 

70 1.65 10.45 0.07 0.07 
71 1.75 10.45 0.07 0.07 
72 1.86 10.44 0.06 0.06 

1.97 ý 10.45 0.07 0.07 
74 2.08 10.45 0.07 0.07 
7F 2.21 10.45 0.07 0.07 
76 2.34 10.45 0.07 0.07 
77 2.48 10.45 0.07 0.07 
78 2.63 10.45 0.07 0.07 

2.79 10.45 0.07 0.07 
2.95 10.45 0.07 0.07 
3.13 10.45 0.07 0.07 

62 3.32 .10.45 0.07 0.07 
6B 3.51 10.45 0.07 0.07 

3.72 10.45 0.07 0.07 
65T3.95 10.46 0.08 0.08 

4.18 1 10.46 0.08 0.08 
7 4.43 10.45 0.07 0.07 

88 .4.69 10.46 0.08 0.08 
4.97 10.46 0.08 0.08 
5.27 10.46 0.08 0.08 
15.58 10.46 0.08 0.08 

92 5.91 10.46 0.08 0.08 
6.27 10.46 0.08 0.08 
6.64 10.46 0.08 0.08 

95 7.03 10.46 0.08 0.08 
9w 7.45 10.47 0.09 0.09 
97 7.90 10.47 0.09 0.09 

8.37 10.47 0.09 0.09 8.86 10.47 0.09 0.09 
100 9.39 10.47 0.09 0.09

: L



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10340A1.HYT, Page 4

Project: UGW - Grand Junction, CO

Evaluated by: RJH Date: 11/17/98

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29/98 

Observation Well 1034 Observation Well 1034 

Discharge 6.73 U.S.gal/min Distance from the pumping well 30.00 ft 

Static water level: 10.38 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [ff1 [it] [ft] 
101 9.95 10.47 0.09 0.09 

10.54 10.47 0.09 
11.17 10.47 0.09 0.09 

104 11.83 10.48 0.10 0.10
1UO 12.53 1 U.40 U.IU U.1U

13.28 10.48 0.10 0.10 
14.07 10.48 0.10 0.10 

108 14.91 10.48 0.10 0.10 
109 15.79 10.48 . 10.10 
110 16.73 10.49 0.11 0.11 
111 17.72 10.49 0.11 0.11" 
112 18.78 10.49 0.11 0.11 
11T 19.89 .10.49 0.11 0.11 
11T 21.07 10.49 0.11 0.11 
115 22.32 10.49 0.11 0.11 
116 23.65 10.50 0.12 0.12 
T7T 25.05 10.50 0.12 0.12 
11T 26.54 10.50 0.12 0.12 
119 28.12 10.50 0.12 0.12 
120 29.79 10.51 0.13 3.1 
121 31.55 10.51 0.13 0.1 
T22 33.43 10.51 0.13 0.13 
123 35.41 10.51 0.13 0.13 
T14 37.51 10.51 0.13 0.13.: 
T25 39.74 10.52 0.14 0.14 
12. .42410 10.52 0.14 0.14 
1T27 44.60 10.52 0.14 0.14 
f22 47.24 10.53 0.15 0.15 
f29 50.05 10.53 0.15 0.15 
130 53.01 10.55 0.17 0.16 
131 55.18 10.54 0.16 0.16 
U3 59.49 10.55 0.17 0.17.  
13T 63.02 10.55 0.17 -0.17 T 
13 66.75 10.56 0.18 0.18 
UT 70.72 10.56 0.18 0.18 
135 74.91 10.53 0.13 0.18 
T3T 79.35 10.58 0.20 0.20 
13W 84.06 10.59 0.21 0.20 
139 89.05 10.60 0.22 0.22 
140 94.33 10.62 0.24 0.23 

99.92 10.62 0.24 0.24 
142 105.84 10.63 0.25 0.25 
143 112.12 10.63 0.25 0.25 

1 118.77 10.64 0.26 .25w 
145 125.81 10.65 0.27 Y.2T 
14T 133.27 10.87 0.29 0.2W 
14 141.17 10.68 0.29 0.29 
148 149.54 10.69 0.31 0.30 
149 158.40 10.70 0.32 0.31 

157.79 10.71 0.32 0.32

-A:



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
9701248-6040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

10340A1.HYT, Page 5 , 

Project: UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11117/98

Pumping Test No. 1035 Aquifer Test Test conducted 6n: 09/29/98 
Observation Well 1034 Observation Well 1034 

Discharge 6.73 U.S.gal/min Distance from the pumping well 30.00 ft 

Static water level: 10.38 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] Ift] [ft] itt] 
T5T 177.74 10.71 0.33 0.32 
152 187.74 10.73 0.35 0.34 

197.74 10.74 0.36 0.35 
207.74 10.74 0.36 0.35 

155 217.74 10.75 0.37 0.36 
156 227.74 10.75 1 0.37 0.36 
157 237.74 10.76 1 0.38 0.37 
158 247.74 10.78 0.40 0.39 
f55 257.74 10.79 0.41 0.40 
16w 267.74 10.60 0.22 0.21 
161 277.74 10.57 0.19 0.19 
162 287.74 10.56 0.18 0.18 
163 297.74 10.56 0.18 0.18 
164 307.74 10.55 0.17 0.17 
SF 317.74 10.55 0.17 0.17 
166 327.74 10.55 0.17 0.17 
1B7' 337.74 10.55 0.17 0.17 
16 347.74 10.55 0.17 0.17 

357.74 10.56 0.18 0.18 
170 367.74 10.56 0.18 0.18 
171 377.74 10.57 0.19 0.18 
172 387.74 •10.58 0.20 0.19 
173 397.74 10.59 0.21 0.21 

407.74 10.60 0.220 
-74 417.74 10.60 0.22 0.22 

427.74 10.60 0.22 0.22 
176 437.74 10.60 0.22 0.22 
178 447.74 10.60 0.22 0.22 

457.74 10.60 0.22 0.22 
457.74 10.61 0.23 0.23 

180 477.74 10.62 0.24 0.23 
182 487.74 10.62 0.24 0.23 

W82 497.74 10.61 0.23 0.23 
13 W507.74 10.60 0.22 0.22 
1E4 517.74 10.61 0.23 0.22 
185 527.74 10.61 0.23 0.23 

537.74 10.62 0.24 0.23 
187 547.74 10.62 0.24 0.24 

557.74 10.62 0.24 0.24 
1Te 567.74 10.63 0.25 0.24' 
191 577.74 10.63 0.25 024 
155 87.74 10.63 0.25 0.25 

597.74 10.64 0.25 0.25 
607.74 10.63 0.25 0.25 

T14 617.74 10.63 0.25 0.24 
195 627.74 10.62 0.24 0.24 

637.74 10.63 0.25 0.24 
647.74 10.62 0.24 0.24 

19 657.74 10.62 0.24 0.24 
2W9 667.74 10.62 0.24 0.24 20 I6.41.2 .402

I:



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
970/248."040

Pumping test analysis 
Theis analysis method 
Unconfined aquifer

1U34UA1.HY1, Page b 

Project: UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11117198

Pumping Test No. 1035 Aquifer Test Test conducted on: 09/29198 

Observation Well 1034 Observation Well 1034 

DI> harge 6.73 U.S.gallmin Distance from the pumping well 30.00 ft 

Static water level: 10.38 ft below datum 

Pumping test duration Water level Drawdown Corrected 
drawdown 

[min] [ft] [ft] [1t] 
201 677.74 10.63 0.25.  
202 687.74 10.64 0.26 0.25 
2w 697.74 10.63 0.25 0.25 
204 707.74 10.63 0.25 0.24



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701248-6040
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Pumping test analysis 
Time-Drawdown plot 
with discharge

1034OR1.HYT, Page 1

Project UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11118/98

t [min] 
0 200 400 600 800 1000 1200 1400 1600 1800

e Observation well 103

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Observation Well 1034 

Discharge 6.73 U.S.gal/min

L. I



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1034OR1.HYT, Page I I -~ -

Project UGW - Grand Junction, CO

Evaluated by: RJHI Date: 11/18/98
Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Observation Well 1034 

Discharge 6.73 U.S.gallmin 

Pumping test duration: 707.00 min

100 
0.00 I-

-w

0.03 

0.06 

0.09 

0.12 

0.15 

0.18 

0.21 

0.24 

0.27 

0.30

101
tir

102

• Observation well 103

Transmissivity [ft1/min]: 1.59 x 100 

Hydraulic conductivity [It/ain]: 1.99 x 10.1 

Aquifer thickness [It]: 8.00

2 &9. &o 7q 
2e&. 5( ft 7

103



MACTEC-ERS 
2597 8 3/4 Road 
Grand Junction. CO 81503 
970=248-6040 ý

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1 10340R1.HYT, Page 2

Project: UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11118/98
Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98I 

iObservation Well 1034 Observation well 1035 

Discharge 6.73 U.S.gal/min Distance from the pumping well 30.00 ft 

Static water level: 10.38 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [ft] [Ift [Ift 
0.74 10.63 0.25 0.24 

2 13.00 10.62 0.24 0.23 
13.00 10.62 0.24 0.23 

4 13.01 10.62 0.24 0.23 
13.01 10.62 0.24 0.24 

613.02 10.62 0.24 0.24 
7 13.03 10.62 0.24 0.24 

13.03 10.62 0.24 
13.04 10.62 0.24 0.24 

10 13.04 10.62 0.24 0.24 
1T 13.04 10.62 0.24 0 

13.05 10.62 0.24 0.24 
13 13.05 10.62 0.24 0.23 

13.06 10.62 0.24 0.24 
15 13.07 10.62 0.24 0.24 
16 13.07 10.62 0.24 0.24 
17 13.08 10.63 0.25 0.24 
18 13.08 10.62 0.24 0.24 
19 13.08 10.62 0.24 0.24 
20 13.09 10.62 0.24 0.24 

13.09 10.62 0.24 0.23 
22 13.10 10.62 0.24 0.24 
23 13.11 10.62 0.24 0.24 
24 13.11 10.62 0.24 0.24 

.25 13.12 10.62 0.24 0.24 
26 13.13 10.62 0.24 "0.24 
27 13.13 10.62 0.24 0.23 
28 13.14 10.62 0.24 0.24 
29 13.15 10.62 0.24 0.24 
30 13.16 10.62 0.24 0.24 
31 13.17 10.62 0.24 0.24 
32 13.18 10.62 0.24 0.24 
"33 13.19 10.63 0.25 0.24 
34 13.20 10.62 0.24 0.24 
3T 13.21 10.62 0.24 0.24 
W1 13.22 10.63 0.25 0.24 

37 13.24 10.62 0.24 0.24 
38 .13.25 10.63 0.25 0.24 
39 13.26 10.62 0.24 0.24 
40 13.28 10.63 0.25 0.24 
41 13.30 10.62 0.24 0.24 
42 13.31 10.62 0.24 0.24 

13.33 10.62 0.24 0.24 
13.35 10.62 0.24 0.24 

-513.37 10.62 0.24 0.24 
47 13.40 10.62 0.24 0.24 
46 13.42 10.62 0.24 0.24 
48' 13.44 10.62 0.24 0.24 
49' 13.47 10.62 0.24 0.23 

13.50 10.62 0.24 0.24



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

1034OR1.HYT, Page 3Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer . Evaluated by: RJH Date: 11/18/98

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29198 

Observation Well 1034 Observation well 1035 

Discharge 6.73 U.S.gallmin Distance from the pumping well 30.00 ft 

Static water level: 10.38 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 
[min] [ftt [11] [ft] 

51 13.52 10.62 0.24 0.23 

5 13.55 10.62 0.24 0.23 

13.59 10.61 t 0.23 0.23 

54 13.62 10.61 + 0.23 0.23 
~55 13.686 10.81 0.23 0.23 

56 13.70 10.61 0.23 0.22 

5T 13.74 10.62 0.24 0.23 

58 13.78 10.51 0.23 0.22 

59 13.83 10.61 0.23 0.22 

60 13.88 10.60 0.22 0.22 

W 13.93 10.60. 0.22 0.22 

52 13.98 10.60 0.22 0.22 

53 14.04 .10.60 0.22 0.22 

54 14.10 10.60 0.22 0.22 

65 14.17 10.59 0.21 0.21 

66 14.24. 10.59 0.21 0.21 

67 14.31 10.59 0.21 0.21 

68 14.39 10.59 0.21 0.20 

69 14.47 10.59 0.21 .  

70 14.58 10.58 0.20 .20 

7T 14.65 10.58 0.20 020 

72 14.75 10.58 0.20 0.20 
... n I n n 0.19

..... 4 &-7 n Q i 0.19"

75 15.08 10.57 0.19 0.19 

76 .15.21 10.56 0.18 0.18 

77r 15.34 10.58 0.18 0.18 

78 15.48 10.58 0.18 0.18 

79 15.63 10.55 0.18 0.18 

6015.79 10.58 0.18 0.18 

61 15.95 10.55 0.17 0.17 

16.13 10.55 0.17 0.17 

15.32 10.54 0.16 0.16 

34 16.51 10.54 0.16 0.16 

16.72 10.54 0.16 0.15 

16.95 10.54 0.16 0.15 

B7 17.18 10.54 0.16 0.16 

. 17.43 10.54 0.16 0.16 

89 17.69 10.53 0.15 0.15 

-717.97 10.53 0.15 0.15 

18.27 10.53 0.15 0.15 

18.58 10.53 0.15 0.15 

18.91 10.53 0.15 0.15 

19.27 10.53 0.15 0.15 

95 19.64 10.52 0.14 0.14 
20.03 10.52 0.14 0.14 

20.45 . 10.52 0.14 0.14 
20.90 10.52 0.14 0.14 

99 21.37 10.52 0.14 0.14 

121.0 10.52 0.14 0.13

I.'

14.eso

V I•lF o14A 07A

Project: UGW - Grand Junction, CO
II • I

I J.-AR



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction. CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 

• Unconfined aquifer

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Observation Well 1034 Observation well 1035 

Discharge 6.73 U.S.galtmin Distance from the pumping well 30.00 ft 

Static water level: 10.38 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [ft] [ft] [ft] 
22.39 10.52 0.14 0.14 

102 22.95 10.52 0.14 I 0.13 
103 23.54 10.52 0.14 0.13 
104 24.17 10.52 0.14 0.13 
105 24.83 10.52 0.14 0.13 

25.53 10.51 0.13 0.13 
107 26.28 10.51 0.13 0.13 
1T08 27.07 10.51 0.13 0.13 
10 27.91 10.51 0.13 0.13 
11 28.79 10.51 0.13 0.13 

111 29.73 10.51 0.13 0.13 
112 30.72 10.51 0.13 0.13 
f11 31.78 10.51 0.13 0.13 
1 32.89 10.50 0.12 0.12 

1T5 34.07 10.50 0.12 0.12 
116 35.32 10.50 0.12 0.12 
117 36.65 10.50 0.12 0.12 
T11 38.05 10.50 0.12 0.12 

39.54 10.50 0.12 0.12 
41.12 10.49 0.11 0.11 

121 42.79 10.49 0.11 0.11 
127 44.55 10.49 0.11 0.11 
123 46.43 10.49 0.11 0.11 
124 48.41 10.49 0.11 0.11 
125 50.51 10.49 0.11 
12T 52.74 10.49 0.11 0.11 
127 55.10 10.49 0.11 0.11 

57.60 10.49 0.11 0.11 
129 60.24 10.49 0.11 0.11 
130 63.05 10.48 0.10 0.10 
13T 66.01 10.48 0.10 0.10 
132 69.16 10.49 0.11 0.11 
U3 72.49 10.49 0.11 0.11 
134 76.02 10.48 0.10 0.10 
135 79.76 10.48 0.10 . 0.10 

183.72 10.48 0.10 0.10 
137 87.91 10.47 0.09 0.09 
138 92.35 10.47 0.09 0.09 

97.06 10.47 0.09 0.09.  
140 102.05 10A7 0.09 0.09 
141 107.33 10.46 0.08 0.08 

112.92 10.46 0.08 0.08 
118.84 .10.46 0.08 0.08 
125.12 10.45 0.07 0.07 

145 131.77 10.46 0.08 0.08 
138.81 10.46 0.08 0.01 
146.27 10.45 0.07 0.07 
154.17 10A5 0.07 0.07 
162.54 10745 0.07 0.07 

150 171.40 10.44 0.06 0.06

I..10340R1.HYT, Page 4 

Project: UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11118/98



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 

970/24843040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Pumping Test No. 1035 Recovery Test Test conducted on: 09/2919c 

Observation Well 1034 Observation well 1035 

Discharge 6.73 U.S.gal/min Distance from the pumping well 30.00 ft 

Static water level: 10.38 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 
[min] [ff] [f] [RI] 

151 180.79 10.44 ofo6 0.06 

152 190.74 1O.45 0.07 0.07 
153 200.74 10.45 0.07 0.07

154 210.74 I UAQ

155 220.74 10.43 0.05 0.05 
156 230.74 10.44 0.06 0.06 
15T 240.74 10.44 0.06 0.06 
1f5 250.74 10.44 0.06 0.06 
f 260.74 10.44 0.06 0.06 
160 270.74 10.43 0.05 0.05 
161 280.74 10.43 1 0.05 0.05 

MY 290.74 10.43 0.05 0.05 
300.74 10.43 0.05 0.05 

1W 310.74 10.43 0.05 0.05 
16 320.74 10.43 0.05 0.05 

16 330.74 10.43 0.05 0.05 
167 -340.74 10.43 0.05 0.05 
16W 350.74 10.43 0.05 0.05 

169360.74 10.43 0.05 0.05 
170 370.74 10.42 0.04 
171 380.74 10.42 0.04 
172 390.74 10.42 0.04 0.04 
173 400.74 10.42 0.04 0.04 
174 410.74 10.42 0.04 0.04 
175 420.74 10.41 0.03 0.03 

430.74 10.41 0.03 
177 440.74 10.41 0.03 0.03 
178 450.74 10.42 0.04 0.04 
T79 460.74 10.42 0.04 0.04 
180 470.74 10.41 0.03 0.03 
18w 480.74 10.41 0.03 0.03 
fay 490.74 10.41 0.03 0.03 
183 500.74 10.41 0.03 0.03 
1 510.74 10.40 0.02 0.02 
185 520.74 10.40 0.02 0.02 
166 530.74 10.41 0.03 0.03 
Ta7 540.74 10.40 0.02 0.02 
1T8 7 550.74 10.40 0.02 0.02 
T16 560.74 10.41 0.03 0.03 
190 570.74 10.41 0.03 0.03 
191 580.74 10.41 0.03 0.03 
T19 590.74 10.41 0.03 0.03 
193 600.74 10.40 0.02 0.02 
194 610.74 10.40 0.02 0.02 
195 620.74 10.39 0.01 FM0 
1630.74 10.39 0.01 
T17 640.74 10.39 0.01 0.01 
1 650.74 10.40 0.02 0.02 
19 660.74 10.40 0.02 0.02 
200 670,74 10.40 0.02 0.02

1034OR1.HYT, Page 5 

Project: UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11/18/98
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MACTEC-ERS Pumping test analysis 
2597 B 3/4 Road Recovery method after 
Grand Junction, CO 81503 THEIS & JACOB 
970/248-6040 Unconfined aquifer

1034OR1.HYT, Page 6 

Project: UGW - Grand Junction, CO

Evaluated by: RJH Date: 11/18/98

Pumping Test No. 1035 Recovery Test Test conducted on: 09/29/98 

Observation Well 1034 Observation well 1035 

Discharge 6.73 U.S.gal/min Distance from the pumping well 30.00 ft 

Static water level: 10.38 ft below datum Pumping test duration: 707.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 
[min] [it] [ft] [ft] 

201 680.74 10.40 0.02 0.02 
2W 690.74 10.39 0.01 0.01 
2U03 700.74 10.39 0.01 0.01 
204 710.74 10.39 0.01 0.01 
205 720.74 10.40 0.02 0.02 
2w 730.74 10.39 0.01 0.01 
2W 740.74 10.39 0.01 0.01 
2w 750.74 10.39 0.01 0.01 
209 760.74 10.39 0.01 0.01 
21w 770.74 10.39 0.01 0.01 
21T 780.74 10.39 0.01 0.01 
2127 790.74 10.38 0.00 0.00

L.
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SI
Calculation No.: U0043900 

PUMPING WELL 0590 

RECOVERY DATA ANALYSES 

14



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-5040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

0590P1.HYT, Page I 

Project UGW - Grand Junction, CO 

Evaluated by: RJH I Date: 11116/98

Pumping Test No. 0590 Recovery Test Test conducted on: 08/10/98 

Pumping Well 0590 

Discharge 30.00 U.S.gal/min 

Pumping test duration: 840.00 min

100 
0.00 

0.30 

0.60 

0.90 

1.20 

1.50 

1.80 

2.10 

2.40 

2.70 

3.00
* 0590 Pumping well 

Transmissivity [fVlmin]: 2.83 x 10" 

Hydraulic conductivity [ft/min]: 4.72 x 10-2

t/t 
101

9- 7.-

Aquifer thickness [ftI: 6.00

102



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

0590P1.HYT, Page 2 

Project: UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11116198
Pumping Test No. 0590 Recovery Test Test conducted on: 08/101098 

Pumping Well 0590 0590 Pumping well 

Discharge 30.00 U.S.gallmin Distance from the pumping well 1.00 ft 

Static water level: 9.77 ft below datum Pumping test duration: 840.00 min 

"Time from Water level Residual Corrected 
end of pumping drawdown drawdown 

[min] [ift] [if] [f] 
10.00 13.15 3.38 2.43 

2 20.00 12.90 3.13 2.31 
30.00 12.71 2.94 2.22 
40.00 12.54 2.77 2.13 
50.00 12.40 '2.63 2.05 

S60.00 12.26 2.49 1.97 
70.00 12.13 2.36 1.90 
80.00 12.01 2.24 1.82 
90.00 11.90 2.13 1.75 

100.00 11.79 2.02 1.68 
11 110.00 11.70 1.93 1.62 

120.00 11.62 1.85 1.56 
13 130.00 11.54 1.77 1.51 
14 140.00 11.47 1.70 1.46 

150.00 11.40 1.63 1.40 
16 160.00 11.33 1.56 1.35 
17 170.00 11.26 1.49 1.31 
18 180.00 11.20 1.43 1.26 
19 190.00 11.14 1.37 1.21 
20 200.00 11.08 1.31 1.17 
21 210.00 11.02 1.25 1.12 
22 220.00 10.96 1.19 1.08 
23 230.00 10.91 1.14 M.03 
24 240.00 10.85 1.08 0.99 
25 250.00 10.81 1.04 0.95 
26 260.00 10.76 0.99 0.91 
27 270.00 10.71 0.94 0.87 
28 280.00 10.67 0.90 .0.83 
29 290.00 . 10.63 0.86 0.80 
30 300.00 10.59 0.82 0.77 
31 310.00 10.55 0.78 0.73 
32 320.00 10.53 0.76 0.71 
ai 330.00 10.49 0.72 0.68 
34 340.00 10.46 0.69 0.65 
35 350.00 10.44 0.67 0.63 
W 360.00 10.41 0.64 0.60 

37 370.00 10.38 0.61 0.58 
38 380.00 10.36 0.59 0.56 
39 390.00 10.33 0.56 0.54" 
40 400.00 10.31 0.54 0.52 
41 410.00 10.29 0.52 0.49 
42 420.00 10.27 0.50 0.48 
43 430.00 10.24 0.47 0.46 
44 440.00 10.23 0.46 0.44 
45 450.00 10.21 0.43 0.42 
45 480.00 10.19 0.42 0.40 
47 470.00 10.17 0.40 0.38 
48 480.00 10.15 0.38 0.37 
49 490.00 10.14 0.37 0.36 

500.00 10.12 0.35

L



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
9701248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

0590P1.HYT, Page 3 _ w. , 

Project: UGW - Grand Junction, CO 

Evaluated by: RJHI Date: 11116198

Pumping Test No. 0590 Recovery Test Test conducted on: 08110/98 

Pumping Well 0590 0590 Pumping well 

Discharge 30.00 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 9.77 ft below datum Pumping test duration: 840.00 min 

Time from Water level Residual Corrected 

end of pumping drawdown drawdown 

[m in] [ff] (f11 [1f] 

52 510.00 10.11 0.34 0.33 
52 520.00 10.10 0.33 0.32 

53 530.00 10.09 0.32 0.31 
540.00 10.08 -0.31 0.30 

7W 550.00 10.07 0.29 0.29 

5W 560.00 10.06 0.29 0.28 ! +

L & -

I. I
I. t t



LCalculation No.: U0043900 

PUMPING WELL 1018 

RECOVERY DATA ANALYSES

15



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248-5040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

Pumping Test No. 1018 Recovery Test Test conducted on: 08111/98 

Pumping Well 1018 

Discharge 1.00 U.S.gal/min 

Pumping test duration: 820.00 min

100 
0.00 r

0.20 

0.40 

0.60 

0.80 

1.00 

1.20 

1.40 

1.60 

1.80 

2.00

tt' 
101

Z8/ 28~l.% 

1?8&fte/.
Aquifer thickness [ft]: 9.00

102

Pumping well 1018 

Transmissivity [fV/min]: 1.12 x 10.1 

Hydraulic conductivity [ft/min]: 1.24 x 10-2

101 8PR2.HYT, Page 1 

Project: UGW - Grand Junction, CO 

Evaluated by: RJH Date: 11/24/98



MACTEC-ERS 
2597 B 3/4 Road 
Grand Junction, CO 81503 
970/248"040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

1O1BPR2.HYT. Page 2

Project: UGW - Grand Junction, CO

SPumping Test No. 1018 Recovery Test Test conducted on: 08111/98 
Pumping Well 1018 Pumping well 1018 

Discharge 1 .00 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 7.90 ft below datum Pumping test duration: 820.00 min 
Time from Water level Residual Corrected 

end of pumping drawdown drawdown 
[min] [f] Ift] [ft] 1 10.00 9.20 1.30 1.21 

2 20.00 8.23 0.33 0.32 
30.00 8.11 0.21 0.21 
40.00 8.08 0.18 0.18 
50.00 8.06 0.16 0.16 
60.00 8.05 0.15 0.15 

7 70.00 8.05 0.15 0.14 
5 80.00 8.04 0.14 0.13 

90.00 8.03 0.13 0.13 
100.00 8.02 0.12 0.12 11 110.00 8.02 0.12 0.12 

12 120.00 8.01 0.11 0.11 13-t 130.00 8.00 0.10 0.10 
IT 140.00 8.00 0.10 0.09 
15 150.00 7.99 0.09 0.09 
16 160.00 7.99 0.09 0.09 
1T 170.00 7.98 0.08 0.08 
18 180.00 7.98 0.08 0.08 
19 190.00 7.97 0.07 0M 
20 200.00 7.97 0.07 0.07 

2 210.00 7.97 0.07007 
221 220.00 7.96 0.06 0.95_ ! 230.00 7.96 0.06 0.06 
241 240.00 7.96 0.06 0.05 
25 250.00 7.95 0.05 0.05 
26 260.00 7.95 0.05 0.05 21 270.00 7.94 0.04 0.04 
28 280.00 7.94 0.04 0.04 
29 290.00 7.93 0.03 0.03 
30 300.00. 7.93 0.03 0.03 
31 .310.00 7.93 0.03 0.03 
32 320.00 7.92 0.02 0.02 3,3T 330.00 7.92 0.02 0.02 
34 340.00 7.92 0.02 0.02 
35 1 350.00 7.92 0.02 0.02 36 i 360.00 7.92 0.02 0.02 
37 1 370.00 7.92 0.02 0.02 
35 380.00 7.92 0.02 0.02 
-391 390.00 7.92 0.02 0.02 
40 400.00 7.92 0.02 0.  
41 410.00 7.92 0.02 0.02 

420.00 7.92 0.02 0.02 
430.00 7.91 0.01 0.01 

5 440.00 7.91 0.01 _ _ _ _ 1 450.00 7.91 0.01 0.01 
45 460.00 7.92 0.02 0.02 

1 470.00 7.92 0.02 0.02 
4 480.00 7.92 0.02 0.02 49 490.00 7.92 0.02 
5W0 500.00 7.92 0.02 0.02

I

Evluated by: RJH1 Date: 11/24/98

I1018PR2.HlYT, Page 2 I::IProject: UGW - Grand Junction, CO



MACTEC-ERS 
2597 B 3/4 Road 
Grand Juncion, CO 81503 
970/248-6040

Pumping test analysis 
Recovery method after 
THEIS & JACOB 
Unconfined aquifer

101-8PR2.HYT, Page 3 - - I
Project UGW - Grand Junction, CO

Evaluated by: RJH I Date: 11/24/98

Pumping Test No. 1018 Recovery Test Test conducted on: 08/11/98 

Pumping Well 1018 Pumping well 1018 

Discharge 1.00 U.S.gal/min Distance from the pumping well 1.00 ft 

Static water level: 7.90 ft below datum Pumping test duration: 820.00 min 

Time from Water level Residual r Corrected 

end of pumping drawdown drawdown 
[ 00in) [ft] [ft 0. [It .  

52 520.00 7.92 0.02 0.02 
530.00 7.92 0.02 0.02 
540.00 7.93 0.03 0.03 

55 550.00 7.93 0.03 0.03 

55 550.00 7.93 0.03 0.03 

57 570.00 7.94 0.04 0.04 
580.00 7.94 0.04 0.04 

590.00 7.94 0.04 0.04 

600.00 7.95 0.05 0.05 
610.00 7.95 0.05 0.05 

62 620.00 7.95 0.05 0.05 
630.00 7.96 0.06 0.05 
640.00 7.96 0.06 0.05 

__ I___ ___ ___ ___ __ ____ __ ___ 

____ ________________________________________________ 

Iii________________ _______________________________

I,



Appendix E 

* Summary Data for Subsurface Waters by 
Upgradient, On Site, Downgradient, and Dakota Wells 
and Preliminary Surface Water Sample Descriptions
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Analyte 

Alkalinity as CaCO3 
Ammonia as NH4 
Arsenic 
Cadmium 
Calcium 
Chloride 
Cobalt 
Copper 
Fluoride 
Gross Alpha 
Gross Beta 
Iron 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Nitrate 
Potassium 
Radium-226 
Radium-228 
Redox Potential 
Selenium 
Sodium 
Specific Conductance 
Strontium 
Sulfate 
Temperature 
Total Dissolved Solids 
Turbidity 
Uranium 
Uranium-234 
Uranium- 235 
Uranium-238 
Vanadium 
Zinc 
pH

Alluvial Downgradient Alluvial Onsite
Min 

422 
<.0007 
<.001 
<.001 

353 
213 

<.006 
<.005 

.244 
<48.18 
<55.32 

<.003 

326 
.0815 
.0147 

< .007 

<. 011 
9.6 
.02 
<.4 

-128 
C.001 

836 

5540 
5.6 
572 

11.3 
5880 

.66 
.0318 
15.3 

<1 
10.6 

<.001 
<.004 

6.43

Max Mean

714 
22.1 

.0081 

<.001 
616 

1160 
<.008 
<.005 
1.89 

142.9 
477.3 

16.8 
491 

3.69 
.174 

.0222 
65 

66.6 
.62 
<.9 

211 
.0244 

1360 
9760 
8.99 
3930 

18 
7840 
32.4 
.199 
73.5 

3.2 
66.5 

.0052 
.0382 
7.68

504 
6.75 

.00142 
.0005 

483 
951 

.0035 

.0025 
.876 

80 
76.3 
3.13 

425 
1.85 

.0548 

.0129 
11.5 
21.4 
.105 
.307 
18.2 

.00392 
1060 
7410 
7.15 
3190 

15 
6870 
8.08 
.104 
43.7 
1.69 
35.6 

.00101 

.00753 
6.94

Min Max Mean

305 
47 

<.001 

<.001 
441 
392 

<.006 
<.005 

.898 
<41.78 

37.4 
.156 
173 

2.57 
.0405 
.0116 
<.011 

14.2 

.06 
< .48 

-141 
<.001 

536 
5740 
3.93 
1650 

8.3 
4440 
1.72 

.0241 
13.2 

<1 

8.1 
<.001 
<.004 

6.84

545 
233 

.0349 

.0013 
618 
887 

.0162 
<.005 

7.9 
1930 
1113 
21.2 

474 
4.54 
.299 
.111 
20.4 
61.2 

.58 
<.9 

134 
<.016 

999 
8040 
8.12 
3680 
17.1 
6880 
1000 

2.5 
833 

38 
835 

.832 

.352 
7.57

433 
105 

.007 
.000591 

517 
680 

.0054 

.0025 
2.58 

293 
158 

4.18 
361 

3.16 
.126 

.0432 
3.38 
37.9 
.142 
.405 
1.82 

.00225 
840 

7210 
6.77 
3040 
13.6 
6270 
54.3 
.399 
143 

6.34 
136 
.13 

.0478 
7.12

Min

227 
.0142 
<.001 
<.001 

122 
133 

<.006 
<.005 

.453 
<12.85 
<13.23 
<.003 

64 
.233 

.0158 
<..007 

<.0579 
4.93 
<.04 

<.4 

-143 
<.001 

186 
1834 
1.71 

416 
9.7 

1440 
2.64 

.0117 
5.4 

<1 

4.4 
<.001 
<.004 
6.45

Max Mean 

493 383 
1.12 .154 

.0014 .Q00612 
<.001 .0005 

573 421 
991 445 

C.008 .00348 
<.005 .0025 
1.82 1.12 

83.66 39.9 
254.9 33.7 
3.13 .411 

502 355 
3.08 1.63 
.186 .0767 

.0281 .0117 
71.4 14.5 
16.8 9.17 

.34 .0888 
<1 .299 

239 37.1 
.137 .0319 
893 586 

"7760 5030 
8.09 5.34 
3720 2600 
17.2 13.8 
7400 5150 

901 51.6 
.0682 .0493 
35.2 25.5 

1.1 .642 
22.8 16.9 

.0049 .00101 

.0051 .00238 
7.77 6.94

I

Min 

252 
.26 

<.001 
<.001 

3.41 
584 

<.006 
<.005 

.309 
<16.22 

<17.6 
<.0126 

.883 
<.008 
<.001 
<.007 
< .011 

2.41 
S.11 

-c.48 
-410 

<.001 
799 

3460 
.451 
.441 
14.5 
2030 
1.36 

<.001 
<.8 
.<1 

<1 

<.001 
<.004 
7.19

Max 

1852 
11.7 

.0061 
<.001 

72.2 
4040 

<.008 
<.005 

3.52 
<109.95 

2029 

2.88 
25.5 

.0999 

.0244 

.0239 
.175 
9.48 

47.04 
29.27 

-62 
<.001 

2730 
12580 

14.4 
1930 
16.6 
7390 
1000 

.0052 
4.6 
<1 
<1 

<.0041 
.0119 
8.53

Mean 

757 
3.92 

.00168 
.0005 

36.2 
1710 

.0035 

.0025 
1.69 
27.9 

221 
.556 
10.9 

.0446 
.00423 

;.00984 

.0376 
5.66 

7.5 
5.2 

-212 
.0005 
1540 
6710 
5.02 

459 
15.5 
4240 

214 
.0012 
1.42 

.5 

.5 
.0012 

.00495 
7.84

Alluvial Upgradient Dakota wells



GRAND JUNCTION WATER SAMPLE LOCATIONS OF PRELIMINARY SITES 

Soil samples have been taken from all sites except 51 -58 

1. North side of southeast pond at southeast comer of Struthers and Hwy 50 

2. North side of northeast pond at southeast comer of Struthers and Hwy 50 

3. North side of northwest pond at southeast corner of Struthers and Hwy 50 

4. North bank of Colorado River at center of Hwy 50 bridge 

5. North bank of Colorado River -170 ft. cast of Hwy 50 bridge where braided stream rejoins channel 

6. North Bank of braided area midpoint between Hwy 50 and Watson Island bridge 

7. North bank of braided area at west edge of Watson Island bridge 

8. North bank of braided area straight south of west comer of Randall Industries property. Sample taken 

where cobble drainage joins water flow. No drainage occurring at that time.  

9. North bank of braided area at the west fence line of the mill site (east of Lone House).  

10. Standing water north of braided area just at pronounced Watson Island curve. (Where 9th St. would 

intersect.) 

11. Standing water north of braided area directly south of west cm"er of brick mill building 

12. North bank of braided area directly south of center of brick mill building 

13. North bank of Colorado River at west edge of the new foot bridge 

14. West end of Corn Lake 

15. East end ofCorn Lake 

16. North bank of Colorado river at Corn Lake boat ramp (cast end of Corn Lake) 

17. West side of pond at American Auto Salvage 

18. East side of pond at American Auto Salvage 

19 Standing waterjust north of cast end of pond at American Auto Salvage. Water stinks. Possibly 

communicates with pond during high water 

20. Ditch at 27 5/Sths and C1/2 Rds. Just cast of GJ Byproducts 

2 l.North bank of river at 28 Rd. Chocked for standing water because cattails were present, but no water 

available to sample



I:: 

22 Standing water just west of the south end of29 Rd.  

23 North bank of braided area on path west from Corn Lake, west side of corn field, cast of bench. (Approx 
location is where 31 % Rd would intersect if it came all the way south to the river 

24. Southeast end of large pond that sits between 30 %A and 31 Rd., just north of the paved trail. This pond 
was originally 2 ponds, but the levee separating them has been breached on the south. The parking lot for the 
west end of this segment of the Corn Lake trail is at the north west corner of the pond. Call this the 31 Road 
Pond 

25. Southeast end of large pond that sits west of 30 Va Rd, just north of the paved trail. This is on private 
property - need permission 

26. Water pumped into north west pond at south east corner of Struthers and Hiy 50. Pump was allowed to 
run -15 minutes prior to sample., Sample taken directly from pipe outflow. This is the "sump" that provides 
the water for the Botanical Garden's use.  

27. Standing water north of braided area, east of location 10. (Where 10th St would intersect) 

28. Standing water north of braided area, east of location 27, just west of location 11.  

29. West end of private pond (Price's) south of Corn Lake trail, just east of 31 Rd. Limited access - need 
permission 

JA. East end of the closed pond north of the 31 Road Pond (described in location 24). This pond lies west of 
31 Rd., starting closer to 31 Rd., but is not as large and does not extend as far west. This pond does not 
appear on the aerial photos from the '94 flyover. Limited access - need permission 

31. Flowing water from Lewis Wash at inlet to 31 Road Pond 

32. West end of the closed pond north of the 31 Road Pond 

33 North (center) of 31 Road Pond. Straight south of the west big cottonwood tree 

34. Northwest comer of the 31 Road Pond, adjacent to the parking area 

35 Southeast comer of County pond at the end of 30 Rd. Limited access - need key 

36 Flowing water from ditch off 29 5/8 Rd. Near road culvert on east side. Just upstream (east) from location 
of beaver dam that had to be removed by backhoc Limited access - need key 

37 East end of pond just northwest of the ditch off 29 5/8 Rd.  

38 North east end of large state-owned pond southwest of ditch crossing 29 5/8 Rd. Mined wetlands, fills 
from river back-flow at southwest comer (lots of cobble, communicates with river at high flow) 

"39 North bank of river at inlet to the large state-owned pond, location 38 

40 East end of state-owned pond west of 29 Road, just north of river. Would be bisected by 28 3/4 Rd. if 
that road went through



V 

41 North bank of riverjust south of location 40 

42 North bank of braided area south of the Corn Lake trail at the 31 Road Pond (-1/4 of the length of the 

pond, starting at the west end, -1/2 way between the west end and the breached levee) 

43 Flowing water from Lrwis Wash at the northeast comer of 31 and D Rd.  

44 North bank of braided area just west of the east end of Watson Island If you drew a line south from the 

cast side of the inill'buildin& this location would form - 30* angle with the southeast comer of the building.  

45 North bank of braided area just south of the west boundary of Jones Lumber. East of the east end of 

Watson Island as it appears on aerial photo. In reality, at this lowered flow, Watson Island extends -100' 

farther east.  

46 North bank of braided area even with the current tip of Watson Island. On aerial photo it is -100W past the 

pictured end of the island 

47 River channel west of railroad bridge, south of brick house, where 4th St would intersect if extended 

48 Standing ditch water at northeast corner of mill site boundazy. West of second building on Bonny Lane 

(counting from the south end). NOTE: the property immediately northeast of this ditch is being remediated 

(soil removal to 6") at this time due to windborn tailings contamination.  

49 North bank of braided area -50 yds east of the west end of the 31 Road Pond, south of the Corn Lake 

Trail 

50 North bank of the braided area south of the Corn Lake Trail. Straight south of the gazebo that sits at the 

south point of the breached levee 

51 Flowing ditch water at 28 and D Rds.  

52 Flowing ditch water at 27 3/4 and D Rds.  

53 Flowing ditch water at 29 1/4 and D Rds.  

54 Flowing ditch water at 29 3/4 and D Rds.  

55 Flowing ditch water at 30 1/4 and D Rds.  

56 Flowing ditch water at 3l1 and D Rds.  

57 Flowing ditch water at 33 3/4 and El/2 Rds. (Grand Valley Canal) 

58 Flowing ditch water at 34 and F3/4 Rds (-100 yds south of G Rd) (Highline Canal)
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Calculation No.: U0032900 

Problem Statement: As contaminated ground water migrates through pore spaces within soils and rocks, 

some of the contamination transfers between the solid and liquid phases. This phenomenon causes the 

contamination to travel at a slower rate than the average ground-water velocity. The chemical processes tha 

cause this retardation can include adsorption, absorption, precipitation, diffusion into immobile porosity, transfer to 

vapor phases, and so on. It is generally not possible to differentiate among all of these processes. However, for 

many aquifer systems, a bulk parameter (the distribution coefficient or Kd) has been used with some success to 

describe the retardation of contamination. Most numerical ground-water models use the Kd concept in simulations 

of contaminant transport. Thus, a laboratory study was conducted to determine Kd values for the Grand Junction 

UMTRA Site.  

Method of Solution: Laboratory data were collected using ASTM procedure D4646-87 titled Standard 

Test Method for 24-h Batch-Type Measurement of Contaminant Sorption by Soils and Sediments". The proceduri 

is summarized as follows: 

A representative portion of a core sample Is air dried at room temperature. All samples were collected in 

background areas so as to avoid the complication of having contamination present in the solid prior to the 

analysis. If contamination is present in the solids then it needs to be accounted for by measuring concentrations in 

both the solid and aqueous phases; whereas, if no contamination is present In the solid phase, only the aqueous 

solution need be analyzed. Analysis of only the aqueous phase will often result in negative values of Kd if 

contamination is present in the solid phase. It is assumed that the sediment mineralogy in the background areas is 

similar to that at the Grand Junction processing site.  

The sample is sieved to less than 10 mesh (2 mm). A riffle splitter is used to separate a sample for oven drying at 

105 degrees C to determine moisture content The difference between the air-dried and oven-dried weights was 

always less than 2% and usually less than 1% so no correction was made for the water contents of the air-dried 

samples.  

A synthetic solution was prepared that simulates ground water at the Grand Junction site. The solution is bar "n 

the analyses provided for plume water in Table 3.4 of the SOWP Rev. 0 (DOE, 1996). The composition oft.  

synthetic ground water is as follows (in mg/L): Na = 960. K = 99, Ca = 452. Mg = 296, SO4 = 2965, Cl = 770. b..aj 

C (inorganic) = 93. Contaminants were added to the following concentrations (in mg/L): As = 0.38, Cd = 0.454, 

Mo = 2.01, and U = 1.95. These contaminants were selected because they are the regulated COPCs.  

Radium-226, also a regulated COPC was not included because a much larger sample would have been required 

and most concentrations that have been measured in ground water at the site were below the standard. The pH 

was adjusted to about 7.0 and the measured alkalinity was about 260 mg/L as CaCO3 (approximately the pH and 
alkalinity at the site).  

Five grams of each core sample was placed in a 125-mL Nalge bottle with 100 mLof the synthetic ground water.  

Samples were rotated end-over-end at 8 rpm for 24 hours. They were then centrifuged at 3000 rpm and filtered 

through a 0.45 um filter. Samples were preserved with 1% nitric acid and submitted to the analytical chemistry 

laboratory for analysis of As, Cd, Mo, and U. Controls run through the same process (but without sediment) 
showed no decrease in contaminant concentrations.  

For uranium only, Kd values were measured for a range of final uranium concentrations. This was 

accomplished by varying the masses of core samples from 2.5 to 50 grams while using an initial uranium 
concentration of 2 mg/L.  

Assumptions: To use Kd values in ground-water transport models the following assumptions must be made: 

(1) the 24-hour shake time is sufficient to bring the system to chemical equilibrium, (2) the modeled system is 

always in chemical equilibrium, (3) an adequate portrayal of the areal and vertical distributions of Kd values is 

manifested in the model domain, (4) Kd values do not vary within the range of major ion chemistry or pH values, 

present in the ground water, and (5) Kd values do not vary with contaminant concentrations present in the gr 
water.  

Assumption (5) was tested for uranium by measuring Kd values for a range of initial uranium concentrations.
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Calculation No.: U0032900 

Sources of Formulas and References: 

ASTM Designation D 4646-87, 1993 (Reapproved). Standard Test Method for 24-h Batch-Type Measurement of 
Coiftaminant Sorption by Soils and Sediments.  

DOE, 1996. Site Observational Work Plan for the UMTRA Project Site at Grand Junction, Colorado, 
DOEIAL/62350-215 rev. 0.  

Calculation: The Kd values are calculated by: 

Kd = (AB) where 
(M.)B 

A = Initial concentration of the COPC (mg/L) 
B = final concentration of the ,OPC (mg/L) 
V = volume of solution (100 mL In all cases) 
M, = mass of soil used (g) 
Kd = distribution coefficient (mUg) 

Note that the Kd Is the same as the Rd in the ASTM procedure. They are reported here as Kd values because the 
intent is to provide coefficients that can be used in modeling. It is understood that for the modeling to be realistic all 
of the assumptions discussed above must be met.  

Discussion: Single-point Kd values were determined for As, Cd, Mo, and U on 10 samples from 6 wells.  
Multiple point Kd values were determined for U only on 2 samples from I well. The results are presented in 
"able 1.  

Kd values for As range from 75 to 8241 mUg and have a mean of 1149 mUg. The sample with the Kd value of 
8241 mug was collected in soil Immediately above the alluvial aquifer. Kd values for the alluvial aquifer range 
from 75 to 1168 mUg and have a mean of 361 mug. The two alluvial aquifer samples with the highest Kd values 
(1168 and 635 mUg) have roots In them which may have caused some of the As uptake. Even without the root
bearing samples, however, Kd values are relatively high ranging from 75 to 358 mUg and having a mean of 
207 mUg. The high Kd values indicate that As will be retarded as ground water migrates through the alluvial 
aquifer.  

Kd values for Cd range from 49 tp 356 mUg and have a mean of 181 mUg. Kd values for the alluvial aquifer 
(omitting the one sample collected from the soil above the alluvial aquifer) have a mean of 177 mUg. This mean is 
nearly the same as that of As and Indicates that Cd also will be retarded as ground water migrates through the 
alluvial aquifer. Similar to As, the Kd values for the root-bearing sediments are well above the mean suggesting 
that some Cd may have been sorbed by the roots.  

Kd values for Mo ranged from 0.1 to 1.5 mug and have a mean of 0.7 mUg. All of the final concentrations are 
within 10% of the initial concentration and within the analytical uncertainty some of these Kd values could be close 
to 0 mUg. One of the three highest Kd values is from the soil that occurs just above the alluvial aquifer. By omitting 
this value, the mean of the alluvial aquifer is calculated as 0.6 mUg. The other two highest values are from the 
root-bearing samples. Without the 3 highest values, the mean is 0.4 mUg. The results indicate that Mo is relatively 
mobile in the alluvial aquifer.  

Kd values for the single-point Kd values for U ranged from 1.0 to 3.6 mUg and have a mean of 2.2 mUg. The 
slues show little correlation to sample type (such as root-bearing samples). These results indicate that similar to 
,o, U is somewhat retarded in the alluvial aquifer but much less so than As or Cd.
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Calculation No.: U0032900 

Kd values have been shown to sometimes vary with the concentration of contaminant Therefore, multiple Kd 
determinations for U were made on two samples collected from well 1023. In Figure 1, the final concentration 
dissolved U is plotted against the mass of sediment used for one of the samples (depth 10 to 12 feet). Data.  
plotted with 10% error bars (a reasonable value for analytical uncertainty) and are compared to calculated cui.  

for various Kd values. Within the 10% uncertainty, all but one data point are consistent with a Kd value of 1 mUg.  

Data from the other sample are plotted on Figure 2. Within the 10% error bars, all of these data are consistent with 
a Kd value of I mUg.  

Conclusion and Recommendations: The results indicate that As and Cd are much more retarded in 

the alluvial aquifer sediments than are Mo or U. This finding is consistent with the observation at other mill tailings 
sites at which the, U and Mo plumes have migrated further from the processing sites than have the As or Cd 
plumes.  

Recommended Kd values for the alluvial aquifer are as follows: 

As 381 
Cd 177 
Mo 0.6 
U 1.0 

For As, Cd, and Mo these values are the means of the alluvial aquifer samples. For U the value Is the best fit to 
the plots of the multiple-point determinations.  

Computer Source: All calculations were made In an Excel spreadsheet.
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I Table 1. Dat.and Calculations for Grand Junction Kd Values T __ IZ ZI 

T SINGLE POINT MEASUREMENTS InitiaI Compositins - FinaI Co.siions Kd Vslues 
4 Sam We Depth Descriptlon Fluid Vol Aod wgt As Cd Mo U As Cd Mo U Kd. As Kd. Cd Kd, Me Kd. U 
5 No. No. ft mL g mg/L. mg/L mgL mg/L mo/L mg/L mg/L mg/I mjg mUg mug mUg 
61 
7 t0201 1020 10-12 Oal. sndygr 100 5 0.38 0.454 2.01 1.95. 0.0732 0.0449 2 1.74 83.83 182.23 0.1 2.414 
8 1021-1 1021 5-7 Oal, SIty snd, d1kbr 100 5 0.38 0.454 2.01 1.95 0.0201 0.0241 1.94 1.65 358.1 356.76 0.7218 3.636 
9 1023-1 1023 5-7 SoIl. Clyslit 100 5 0.38 0.454 2.01 1.95 0.0009 0.0338 1.89 1.79 8241 248.64 1.2698 1.788 
10 1023-2 1023 10-12 Gal, StyWnd. dIk br 100 5 0.38 0.454 2.01 1.95 0.0798 0.132 2 1.86 75.24 48.788 0.1, 0.9W8 
11 1023-3 1023 15-15.4 Oal, Sndygr 100 5 0.38 0.454 2.01 1.95 0.0484 0.108 1.96 1.85 137 64.074 0.5102 1.081 
12 1024-1 1024 5.7 Qal. Slty and. wet. dk br 100 5 0.38 0.454 2.01 1.95 0.0202 .59 1.94 1.67 356.2 133.9 0.7216 3.353 
131025-1 1025 5-7 37 ,Cl. Cylt. dk br. roots 100 6 0.38 0.454 2.01 1.95 0.0116 0.0303 1.89 1.75 6352 279.67 1.269M 2.286 
14 1025-2 1025 10-12 O Qaf.Clyslt. dkbr. roots 100 5 0.38 0.454 2.01 1.95 0.0064 0.0304 1.87 1.72 1168 278.68 1.4973 2.674 
16 1025-3 1025 15-17 Gal* Sit nd. dk br 100 5 0.38 0.454 2.01 1.95 0.0306 0.108 1.98 1.82 228.4 64.074 0.303 1.429 
16 1025-1 1028 5-7 1a,. cly slt, 9!br 100 5 0.38 0.454 2.01 1.95 0.0332 0.0451 1.97 1.78 208.9 181.33 0.4061 1.91 17 B11 191ak no no sodn tru t proe~m 100 5 0.37 10.453 2.03 1.96 
18 82 Blank no no sod. nm thn promcess 100 5 0.383 0.455 2 1.93 
19 B3 Blank no no od, run thiu proces 100 5 -.-. 0.379 0.453 2.01 1.94 
20 

21 Memns 1149 153.81 0.69 2.154 
22 URANIUM - MULTIPLE-POINT MEASUREMENTS 
23 1 1023 10-12 19.S,,yend.dkbr 100 22.5 2.106 2.02 1.703 
24 2 1023 10-12 O_ 0.Slty and. dk br 100 5 2.106 1.97 1.381 
25 3 1023 10-12 Gal. SIt.S sd.dkbr 100 10 - 2106 -.- - 1.92 0.959 
26 4 1023 10-12 Oal. S!!ys d. dk br 100 20 2.10- 1.731 -1.083 

27 5 1023 10-12 Gal. Sl! 9snd,d br 100 25 -2.106 1.715 0.912 
28 .1023 10-12 Gal. Slty nd. dk br 100 30 2.106 1.431 - -1.572 

29 7 1023 10-12 0.1. Stymend. dk br 100 •-3S .2.106 1.614 0.871 
30 8 1023 10-12 Oal, Sfty snd, dk br 100 50 -;. 2.106 1.564 0.693 
31 9 1023 15-15.4 10I. Sndygr 100 2.5 - 2.106 2.01 1.91 
32 10 1023 15-15.4 al. Sndy•pr 100 5 2.10- 1.94 -. 711 
33 11 1023 15-15.4 Gal, Sndyg1 100 10 2.106 1.899 1.09 
34 12 1023 15-15.4 Oal. Sndy.9! 100 25 12.106 1.647 _ 1.115 
35 13 1023 15-15.4 Oaf. Sndyr 100 50 2.106 1.333 1.16 
36 14 Blank 100 0 2 2.106 1 
37 1......... 1 - Meen a 1.244
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Figure 1.
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i.  

Problem Statement 

During the uranium milling operations at the Grand Junction site, several ponds were used for evaporation 
of milling fluids; mill tailings were stored in piles on the surface of the site. Tailings recovered from vicinity 
properties around Grand Junction were temporarily stored in and around the evaporation ponds at the 
site. Tailings and radioactively contaminated soils were removed from the site for off-site disposal; 
removal was based strictly on radioactive cleanup criteria (everything in excess of 15 pCi/g 22Ra was 
removed). The potential exists for nonradiogenic contaminants to remain in the soil at levels that could 
pose a threat to ground water through their eventual migration into the ground water system (by infiltrating 
precipitation or a raising of the water table, for example).  

This document provides an analysis of data collected during an investigation into the distribution of 
chemicals of potential concern (COPCs) in the soils underlying the former tailings piles and evaporation 
ponds. These results are compared with results obtained for samples collected from areas unaffected by 
milling activities (background samples).  

Method of Solution 

Subpile Soil Sampling 

Samples of the soils from directly beneath the former tailings piles and evaporation ponds were collected.  
These samples were subjected to a one-step chemical extraction process and the extractant was 
analyzed. Seventeen samples from 11 locations were extracted and the extractant was analyzed.  
Figure G-1 shows the sample locations. One sample was collected from each of the three former mill 
ponds. Five locations were sampled on the former millsite; three background locations also were sampled.  

Samples Sub1 and Sub2 were hand-dug through the fill material that had been placed on site during 
regrading after tailings removal. Samples were double-bagged in clean plastic bags and placed in 5-gallon 
plastic buckets for transport to the lab. All other samples were obtained by split-spoon sampling during 
installation of monitor wells. Split-spoon samples were boxed and sent to the laboratory.  

Lithologic logs of the soil material were prepared in the field (see SOWP for Grand Junction site; 
DOE 1999). Up to 12 feet of fill covered actual site soil at the millsite locations. The fill was placed there 
during grading operations after removal of the mill tailings and is not representative of the subpile soils.  
Samples were obtained from beneath this fill layer. Two samples were collected from different depths at 6 
of the sample locations. Sample depths are shown on Table G-1.  

Sample PreparaUon and Chemical Extraction Methods 

Samples were air-dried (no oven heat) and sieved to less than 2 millimeters (mm). Extractions were then 
performed on a 2-gram sample using 5% nitric acid solution. A 5% nitric acid solution will dissolve most 
amorphous oxides that are likely to contain adsorbed contaminants as well as any water-soluble 
constituents. As such, it is likely to extract more contamination than would rain water or ground water.that 
may come in contact with the soils. As desired, 5% nitric acid will not remove contaminants locked in 
recalcitrant minerals such as apatites or other heavy mineral grains.  

The specific steps in the extraction procedure are as follows: 

" Two grams of soil (accurately weighed) was divided between two 50-mL centrifuge tubes; each tube 
was filled to a 50 mL volume with 5% nitric acid.  

" Tubes were placed in an end-over-end rotary shaker for 4 hours.
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" Tubes were removed from shaker and centrifuged for 30 seconds at 3000 rpm to remove particles 
less than 2 microns. Supematant from both tubes was decanted to a 100 mL volumetric flask and 
filled to volume with 5% nitric acid.  

" Centrifuge tubes were refilled to 50 mL volume with 5% nitric acid and placed in an end-over-end 
rotary shaker for 30 minutes.  

" Tubes were removed from the shaker and centrifuged for 30 seconds at 3,000 rpm. Supematant 
from both tubes was decanted to a 100 mL volumetric flask and filled to volume with 5% nitric acid.  

* Contents of the two volumetric flasks were combined and filtered through a 0.45 micron filter.  
Samples were refrigerated for storage prior to submitting for laboratory analysis.  

All extracted simples were analyzed for As, Cd, Mo, 2 26Ra, and U.  

Assumptions 

(1) The soils sampled are representative of those that could serve as a continuing contaminant source 
at the site.  

(2) Concentrations of contaminants extracted by 5% nitric solution represent those that could 
reasonably be extracted through natural processes.  

(3) Background soils and subpile soils behave similarly with respect to adsorption and leaching 
processes.  

Sources of Formulas and References 

,-etter, C.W., 1993. Contaminant Hydrogeology, Macmillan Publishing Company, New York, 458 p.  

Research and Education Association, 1978. The Statistics Problem Solver, Research and Education 
Association, New York, 1044 p.  

U.S. Department of Energy, 1996. Site Observational Work Plan for the UMTRA Project Site at Grand 
Junction, Colorado. DOE/AU62350.215, Rev. 0.  

Kd Calculation set 

Calculation 

Analysis of the extractant resulted in a concentration in /g/L. To get an estimate of the amount of 
extractable contaminant per volume of soil, the raw values were converted to mg/kg. These values are 
presented in Table G-1 and were obtained as described in the following discussion, using the arsenic 
analysis for sample SUBI.  

Two grams of sample were extracted with 200 mL of 5% nitric acid. Thus: 

200mL 9.Spg 9 X IL x iMg x !ME - 0.98 mglKg 
2g L 1,000mL 1,000pg kg

3



I:

The values obtained in this manner provide estimates of the amount of leachable contaminants per 
volume of soil. By using these values in conjunction with the distribution coefficients (Kas) calculated for 
the site, it is possible to estimate the concentration of contaminants in ground water that would be in 
equilibrium with the calculated soil concentrations.  

The distribution coefficient is defined as: 

Kd ( units of Ukg or mUg) = CwWC,,M.  

where C, = contaminant concentration in soil 
Q,,,• = contaminant concentration in water 

Therefore, C,,, = CKd(1) 

Water concentrations were calculated using this equation for the soil concentrations presented in 
Table G-1 and are shown on that same table. Kd values used were the recommended values determined 
for background soils in the vicinity of the site; these are shown on the table along with the UMTRA 
ground-water standards for comparison.  

As an example, soil concentrations for sample SUB1 were determined to be: As = 0.98, Cd = 0.4, 
Mo = 0.33, and U = 1.2. Kds for As, Cd, Mo and U were calculated to be 361, 177, 0.6 and 1.0, 
respectively. By using equation (1) above to calculate the concentration of water in equilibrium with a soil 
arsenic concentration of 0.98, and a Kd of 361, the calculation is as follows: 

C,,. As mg/L = 0.98 mg/kg + 361 1/kg 0.00271 mg/L 

Likewise, 

C,,. cd mg/L = 0.4 mg/kg . 177 I.kg = 0.0023 mg/L 

C,m,.m mg/L = 0.33 mg/kg + 0.6 1/kg = 0.055 mg/L 

C'., U mg/L = 1.2 mg/kg +1.0 I/kg = 1.20 mg/L 

Estimated water concentrations using soil concentrations and KdS for other samples are provided in 
Table G-1.  

A statistical analysis was also performed to determine whether results obtained by extraction of the on
site samples were statistically different from background samples. F-test results indicated that the two 
groups differed in terms of population variance (F values exceed the Critical One-Tail F); therefore a t-test 
for sample means was performed that assumed unequal population variances. Statistics were performed 
using Excel software; results are attached as Tables G-2 and G-3. Because tests were being performed 
to determine if subpile soils had contaminant concentrations greater than background, one-sided t-test 
results apply. If the t Stat calculated for the two sets of data (on-site and background) exceeds the critical 
one-tail t, it indicates that the mean of the on-site contaminant concentrations exceed mean background 
concentrations at the 95% confidence level.  

Discussion 

Statistical analysis showed that mean values for estimated soil concentrations for on-site samples do not 
vary significantly from background for cadmium and Ra-226 at the 95% confidence level. For cadium, the 
t-statistic is 0.3308, which is less than the critical one-tail t of 1.753. For Ra-226, the t-statistic is -0.864; 
the critical one-tail t is 2.131. On-site samples do contain significantly elevated levels of arsenic,
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molybdenum, and uranium compared to background. For all these contaminants, their computed t-statistic 
is greater than the computed critical one-tail L 

lualitatively, for locations where samples were obtained from two different depths, the shallower depth 
samples generally have higher calculated soil concentrations. For locations 1013 and 1023, well logs note 
the presence of organic matter at the shallower depth, which may account for a higher degree of 
contaminant adsorption. In addition, shallower samples are probably in less continuous contact with 
ground water, which may leach contaminants. For a number of locations, the shallower samples were 
obtained from above the water table and the deeper samples from below.  

Water concentrations calculated from estimated soil concentrations and Kd values provide a "worst-case" 
scenario with respect to ground water contamination. The acid extraction process resulted in leaching of 
greater levels of contaminants than would be expected under natural conditions. In reality, contamination 
would be'released more gradually over time. Also, as soon as leaching of soils is started, the 
concentration of contaminants in the soil begins to decrease, resulting in a concurrent decrease in 
equilibrium water concentration. Therefore, the water concentrations provided in Table I provide a 
"starting point" that would slowly diminish through time. The results are also worst case in that only finer
sized sample fractions were used in the analyses. These are the particles most likely to concentrate 
metals-adsorbed to clay particles, organic matter, or coatings on quartz grains. (Well logs for sampled 
locations are attached.) Because of this bias, calculated water concentrations should not be used in a 
quantitative sense as a prediction of what can actually be expected in the future. Other data such as 
contaminant solubilities, Eh and pH conditions, and aquifer porosity are not accounted for in this simplistic 
approach. However, these results are useful in a qualitative sense, in combination with observed trends, 
to refine future activities and guide decisions associated with the site.  

Because of their high K8 values, and therefore relative Immobility, water concentrations estimated for 
arsenic and cadmium were low--maximum estimated levels are all below UMTRA ground water 
standards (one analysis is just at the standard level for arsenic). Molybdenum and uranium, however, 
being much more mobile, have .riuch higher calculated values that do exceed UMTRA standards. [Note 
'iat some of the estimated levels are unrealistic based on solubility data; these values should only be 
3ed in a qualitative sense.] Even estimated water concentrations for background samples exceed 

UMTRA standards for molybdenum and uranium. The high leachability of these constituents is consistent 
with the high concentrations at which they are observed in background locations near the site (as reported 
in the SOWP, some background samples exceeded standards). However, because of their high 
mobilities, it is possible that uranium and molybdenum can be flushed from the residual source area in a 
relatively short period of time.  

Conclusions and Recommendations 

The subpile soils data are reported in milligrams per kilogram for a leachate concentration; however, a soil 
and leachate volume was used to determine a leachable soil concentration. Because an acid extraction 
leaching solution was used in the subpile leaching tests, the leachate concentration does not necessarily 
represent an equilibrium concentration that would be expected in ground water. The Kd results were used 
in conjunction with estimated soil-leachable concentrations to get a better idea of what an equilibrium 
ground water concentration might be. Results of this calculation are only qualitative. Essentially the 
calculations show that residual soil concentrations of arsenic, cadmium, and radium-226 are negligible in 
terms of serving as a continuing source of ground water contamination. This conclusion Is supported by 
the fact that since surface remediation of the site was completed, levels of arsenic, cadmium, and radium
226 in ground water from the on-site wells have dropped below UMTRA standards (based on the most 
recent round of sampling; see Table G-4). The subpile soils do contain molybdenum and uranium in 
concentrations that could serve as a continuing source of ground water contamination. Uranium is not 
only detected at levels within the historical range for the ground water plume, but most recent sampling 

iicates levels exceeding historical values. Molybdenum is within the range of historical plume values in 
,e vicinity of the site. However, the high mobilities of these constituents, as demonstrated by K, results, 

indicate that the residual contamination should flush from the alluvial system fairly readily.

5



Effects of residual soil contamination at the site will be further evaluated by the ground water monitoring to 
be conducted for the site. Uranium and molybdenum will be included as monitoring constituents. A well 
located at the contaminant "hot spot' (monitor well 1014) on site will be sampled and should help in 
evaluating effects of residual soil contamination, if any. Downgradient locations will also be sampled to 
monitor the effects of hot-spot contamination on the alluvial system. The monitoring program should be 
sufficient to track both the progress of natural flushing and effects of any residual contamination.  

U0046 .VW
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tTBL 1. R - -it of -Sun -Si alt

I__"' _ IGRAND JUNCTION SITE - 5% NITRIC ACID EXTRACTION I I I _______ ______ I I 
Calculated Soiloncentrations Equilibrium Water Concentrations 

Sample# Area Depth (ft) As Cd Mo Ra-226 U Cw-As Cw-Cd Cw - Mo Cw-U 
mg/kg_ mg/kg mg/kg pC'.g . mg/kg mg/L mg/L mg/L mg/L 

_7 ....... Kd=361 Kd=177 Kd=0.6 Kd=1.0 

SUB I pile/pond .5'+ 0.98 0.4 0.33 0.602 1.2 0.00271 0.0023 0.55 1.20 
SUB 2 pile/pond 1'+ 1.8 0.22 0.5 0.614 1.4 0.00499 0.0012 0.83 1.40 
1012-1 pile 12-13.25" 0.74 0.4 .... 1.4 0.473 1.5 0.00205 0.0023 2.33 1.50 
1013-1 pile 9-1V 3.3 0.28 7.5 0.423 23.9 0.00914 0.0016 12.5 2.90 013-2 pile -- 1--3'- ... . 3.7 0.23- 3.5 0.289 r 10.4 0.01025 0.0013 5.833 10.40 
1014-1 pile 13-14.25' 3.2 0.97 1.3 0.492 45.2 0.00886 0.0055 2.167 45.20 
1014-2 pile 17-19' .. 1.4 0.73 0.8 0:309 7.7 0.00388 .. 0041 1.333 .'70 
1015-1 pile 10-12' 1.1 0.36 0.79 0.443 0.9-5 0.00305 0.0020 1.317 0.95 
1015-2 pile 14-15.4' 0.82 0.37 1 0.249 0.56 0.00227 0.0021 1.667 0.56 
1016-1 pile 9-11' _ X1.5 0.18 0.77 0.229 1.7 0.00416 0.0010 1.283 1.70 1016-2 pile 13-14.3' 1.2 0.23 0.34 0.319 0.6 0.00332 0.0013 0.567 0.60 
1017-1 pond 9-11' 1 0.29 0.68 0.472 0.99 0.00277 0.0016 1.133 0.99 
1017-2 pond 11-13' 1.6 0.18 0.53 0.38 0.59 0.00443 0.0010 0.883 .0.59 
1020-1 bkgd 5-70 1.2 0.4 0.3 0.646 0.78 0.00332 0.0023 0.5 0.78 
1021-1 bkgd 5-7' 0.9 0.32 0.33 0.472 1.1 0.00249 0.0018 0.55 1.10 
1023-1 bkgd 5-7' 1 0.42 0.14 0.611 0.74 0.00277 0.0024 0.233 074 
1023-2 bkgd 10-12' 0.92 0.25 0.21 0.24, 0.44 0.00255 0.0014 0.35 0.44 _ I 

UMTRJ STANDARDg(mg/L) 10.05 0.01 01 5.01 0.044 " _
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TABLE 2 

F-Test Two-Sample for Variances Arsenic - onsite v. background 

on site Background 
Mean 1.718461538 1.005 

Variance 1.022497436 0.018766667 

Observations 13 4 

df 12 3 

F 54.48476568 
P(F<=f) one-tail 0.003571722 
F Critical one-tail 8.744677871 1 

F-Test Two-Sample for Variances Cadmium - On site v. bkgd 

On Site Backgrund 

Mean 0.372307692 0.3475 

Variance 0.053319231 0.006091667 

Observations 13 4 

df 12 3 

F 8.752814901 
P(F<=f) one-tail 0.049935712 
F Critical one-tail 8.744677871 

F-Test Two-Sample for Variances Moly - on site v. background 

On Site Background 
Mean 1.495384615 0.245 
Variance 3.92954359 0.0075 
Observations 13 4 
df 12 .3 
F 523.9391453 
P(F<=f) one-tail 0.000122003 
F Critical one-tail 8.744677871

Page 1
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TAIILE2(CONT.  

*st Two-Sample for Variances Ra226- On site v. background 

On Site Background 
Mean 0.407230769 0.49225 
Variance 0.015573359 0.033926917 
Observations 13 4 
df 12 3 
F 0.459026652 
P(F<=f) one-tail 0.7159621851 
F Critical one-tail 0.1143556361 

F-Test Two-Sample for Variances Uranium - onsite v. background 

On Site Background 
Mean 7.437692308 0.765 
Variance 172.6328192 0.0729 
Observations 13 4 
df 12 3 
F 2370.820566 
P(F<=f) one-tail 1.26961E-05 
F Critical one-tail 8.744677871

Page 1
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TABLE 3 

t-Test: Two-Sample Assuming Unequal Variances Arsenic - On site v. background 

_...... ' 'On Site Background 
Mean 1.718461538 1.005 

Variance 1.022497438. 0.018766667 

Observations 13 4 
Hypothesized Mean Difference 0 
df 13 
t Stat 2.471325602 
P(T<=t) one-tail 0.014032302 
t Critical one-tail 1.770931704 
P(T<=t) two-tail 0.028064604 
t Critical two-tail 2.16036824 

t-Test: Two-Sample Assuming Unequal Variances Cadmium - on site v. background 

On Site Background 
Mean 0.372307692 0.3475 
Variance 0.053319231 0.006091667 
Observations 13 4 
Hypothesized Mean Difference 0 
df 15 
t Stat 0.330786992 
P(T<=t) one-tail 0.372690446 
t Critical one-tail 1.753051038 
P(T<=t) two-tail 0.745380892 
t Critical two-tail 2.131450856 

t-Test: Two-Sample Assuming Unequal Variances Moly - on site v. background 

On Site Background 
Mean 1.495384615 0.245 
Variance 3.92954359 0.0075 
Observations 13 4 
Hypothesized Mean Difference 0 
df 12 
t Stat 2.267260575 
P(T<=t) one-tail 0.021324202 
t Critical one-tail 1.782286745 
P(T'<=t) two-tail 0.042648405 
t Critical two-tail 2.1788127921
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Sheet38

ITABLE 3 (CONT.) 

st: Two-Sample Assuming Unequal Variances Ra226 - onsite v. background 

On site Background 
Mean 0.407230769 0.49225 
Variance 0.015573359 0.033926917 
Observations 13 4 
Hypothesized Mean Difference '0 
df 4 
t Stat -0.864145105 
P(Tr<=t) one-tail 0.218124718 
t Critical one-tail 2.131846486, 
P(T<=t) two-tail 0.436249436 
t Critical two-tall 2.776450856 

t-Test: Two-Sample Assuming Unequal Variances Uranium - onsite v. background 

On Site Background 
Mean 7.437692308 0.765 
Variance 172.8328192 0.0729 
Observations 13 4 
Hypothesized Mean Difference 0 
df 12 

t _"qt 1.828783098 

4t) one-tail 0.046189878 
...ical one-tail 1.782286745 

P('<=t) two-tail 0.092379756 
t Critical two-tail 2.178812792
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GROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE GRJO1. GRAND JUNCTION.  
REPORT DATE: 11/19/98 6:59:21

PARAMETER 

Arenic

FLOW 
REL

E 

B 

2

UNITS 

mg/L 

mg/L 

mg/L 

mg/.  

mg/L 
mg/L 

mg/.  mg/L 

mg/L 

mg/L 

mg/I 

mg/L 

mg/L 

mg/.  

mg/L 

mg/L 

mg/I 

mg/L 

mg/I 

mg/I 

mg/I 

mg/IL

UN
CERTAINTY
CERTAINTY

LOCATION 
ID 

1012 

1012 

1013 

1013 

1014 

1014 

1014 

1015 

1015 

1016 

1016 

1017 

1017 

1020 

1020 

1021 

1021 

1023 

1023 

1012 

1012 

1013 

1013 

1014 

1014 

1014 

1015

SAMPLE: 
DATE I 

01/22/98 0C 

06/25/98 0c 

01/26198 0C 

06/24/98 MC 

01123/98 OC 

06/24/98 0C 

06124/98 0C 

01/23/98 00 

06122/98 00 

01/26/98 00 

06/29/98 00 

01/23/98 00 

06/22/98 00 

01/26/98 00 

06=22/98 00 

01/26/98 00 

06123/98 00 

01r22/98 00 

06/18/98 00 

0122,/98 00 

06125/98 00 

01/26/98 00 

06/24/98 00 

01/23/98 00 

06124/98 004 

06/24/98 00W 

01/23/98 00W

Cadnium

Page 1

I

ID 

)01 

)01 

:)01 

)01 

101 

)01 

)02 

101 

)01 

)01 

)01 

)01 

)01 

)O1 

)01 

)01 

)01 

)01 

)01 

)01 

)01 

)01 

01I 

Dl 

01 

02 

01

ZONE 
COMPL 

AL 

AL 

AL 

AL 

AL" 
AL 

AL 

AL 

AL 

AL 

AL 
AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL

RESULT 

0.0020 

0.0024 

0.0048 

0.0071 

0.0191 

0.0170 

0.0144 

0.0023 

0.0013 

0.0055 

0.0063 

0.0010 

0.0010 

0.0010 

0.0010 

0.0010 
0.0010 

0.0010 

0.0010 

0.0010 

0.0010 

0.0010 

0.0010 

0.0010 

0.0012 

0.0014 

0.0010

QUALIFIERS: DETECTION 
LAB DATA QA LMIT 

L # 

L 0.0 # 

# 

# 

# 

# 

# 0.001 

# 0.001 

# 0.001 

# 0.001 

S L # 0.001 

L # 0.001 

# 0.001 
# 0.001 

# 0.001 

# 0.001 

# 0.001 
# 0.001 

# 0.001 

# 

# 

# 0.001

U 
U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

L

Page 

I



.aROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE .joi, GRAND JUNCTION 
REPORT DATE: 11119/98 6:59:22 

LOCATION SAMPLE: ZONE FLOW QUALIFIERS: * DETECTION UN
PARAMETER UNITS ID DATE ID COMPL REL RESULT LAB DATA GA UMIT CERTAINTY 
Cadmium mg/L 1015 06/22/98 0001 AL 0.0010 U 0 0.001 

"mg/IL 1016 01/28/98 0001 AL 0.0010 U # 0.001 
mg/L 1016 06/29/98 0001 AL 0.0010 U # 0.001 
mag/I. 1017 01/23/98 0001 AL 0.0010 U 0 0.001 
mg/L 1017 06/22/98 0001 AL 0.0010 U 0 0.001 
mg/1 1020 01/28198 0001 AL 0.0010 U P 0.001 
mg/L 1020 0/22198 0001 AL 0.0010 U # 0.001 
mg/1 1021 01/26198 0001 AL 0.0010 U L P 0.001 
mg/L 1021 06/23/98 0001 AL 0.0010 U L # 0.001 
mg/L 1023 01/22/98 0001 AL 0.0010 U P 0.001 
mg/L 1023 06/18/98 0001 AL 0.0010 U # 0.001 

Molybdenum mg/I. 1012 01/22/98 0001 AL 0.192 P 
"mg/I 1012 06/25.•8 0001 AL 0.188 .  
mg/. 1013 01/198 0001 AL 0.108 P .  
mg/L 1013 06/24/98 0001 AL 0.0977 P 
mg/L 1014 01/23198 0001 AL 0.299 P -.  

mg/I 1014 0624/98 0001 AL 0.296 
mg/L 1014 06/24/98 0002 AL 0.308 # 
mg/L 1015 01/23/98 0001 AL 0.0517 # 
mg/L 1015 06/22/98 0001 AL 0.0474 P 
mg/L 1016 01/26/98 0001 AL 0.0421 # 
mg/L 1016 06/29198 0001 AL 0.0405 P 
mg/L 1017 01/23/98 0001 AL 0.0893 # 
mg/L 1017 06/22/98 0001 AL 0.0894 P 
mg/L 1020 01/26/98 0001 AL 0.0279 P 
mg/L 1020 06/22/98 0001 AL 0.0286 P 
mg/L 1021 01/28/98 0001 AL 0.0311 - L P .  

Page 2
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GROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE GRJ01 * GRAND JUNCTION 
REPORT DATE: 11119198 6:59:22

LOCATION SAMPLE: ZONE FLOW QUALIFIERS: DETECTION UN

PARAMETER UNITS ID DATE ID COMPL REL RESULT LAB DATA QA UMIT CERTAINTY 

Molybdenum mg/IL 1021 06/23/98 0001 AL 0.0217 L -

mg/L 1023 01/22/98 0001 AL 0.124 

mg/L 1023 06116/98 0001 AL 0.120 # -

01/22/98 0001 AL 

06/25/98 0001 AL 

01126/98 0001 AL 

06/24/98 0001 AL 

01/23/98 0001 AL 

06/24/98 0001 AL 

06/24/98 0002 AL 

01/23/98 0001 AL 

06/22/98 0001 AL 

01/28/98 0001 AL 

06/29/98 0001 AL 

01/23/98 0001 AL 

08/22/98 0001 AL 

01/26/98 0001 AL 

08/22/98 0001 AL 

01/26/98 0001 AL 

08423/98 0001 AL 

01/22/98 0001 AL 

06/18/98 0001 AL

0.31 

0.13 

0.16 

0.13 

0.18 

0.12 

0.12 

0.15 

0.12 

0.09 

0.12 

0.15 

0.14 

0.10 

0.13 

0.34 

0.13 

0.08 

0.14

U 

U 

U 

U 

U 

U 

U 

U 

L 

U L 

U

I 
I 

I 
I 
I 

I 
I 

�1 
I 

I 

I 

I 
I 

I 

I 
I 

I 

I 

I

0.01 * 0.08 
0.13 * 0.07 

0.01 * 0.07 

0.13 * 0.08 

0.02 * 0.08 

0.12 * 0.07 

0.12 * 0.07 

0.01 * 0.06 

0.12 * 0.08 

0.01 * 0.05 

0.12 *0.06 

0.02 a 0.06 

0.14 * 0.07 

0.01 + 0.05 

0.13 * 0.07 

0.02 * 0.10 

0.13 * 0.07 

0.01 * 0.04 

0.14 t 0.07

01/22/98 0001 AL 

06/25/98 0001 AL 

01/26/98 0001 AL 

06/24/98 0001 AL 

01/23/98 0001 AL

0.220 

0.224 

0.604 

0.582 

2.500

Page 3
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Radium-226 pCI/I 

pCi/I 

PCI/I 
pC/l.  

pCV/L 

pCI/L 

pC&IL 

pCi/I 

pCi/I 

pCi/L 

pCi/I 
pCi/L 

PCI/L

1012 

1012 

1013 

1013 

1014 

1014 

1014 

1015 

1015 

1016 

1016 

1017 

1017 

1020 

1020 

1021 

1021 

1023 

1023

Uranium mg/L 

mg/L 
mG/L 
mg/I 

mg/I.

1012 

1012 

1013 

1013 

1014



.,ROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE _..j0l, GRAND JUNCTION 
REPORT DATE: 11/19198 6:59:22

PARAMETER 

Uranium

UN-

CERTAINTY

Page 4

Pae

UNITS 

mg/L 

mg/L 

"mg/V.  
mg/I.  

mg/L.  

mg/L 

mg/L 

mg/I.  

mg/I.  

mg& 
mg/L 

mg/l.  

mg/I.  

mg/L

LOCATION 
ID 

1014 

1014 

1015 

1015 

1016 

1016 

1017 

1017 

1020 

1020 

1021 

1021 

1023 

1023

SAMPLE: 
DATE ID 

06124/98 0001 

06/24198 0002 

01/23/98 0001 

06/22/98 0001 

01/26/98 0001 

06/29/98 0001 

01/23/98 0001 

06/22/98 0001 

01/28/98 0001 

06/22/98 0001 

01/26/98 0001 

06/23/98 0001 

01/22/98 0001 

06/18/98 0001

ZONE FLOW 
COMPL REL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL
p

RESULT 

2.290 

2.310 

0.0641 

0.0700 

0.113 

0.116 

0.0241 

0.0255 

0.0566 

0.0573 

0.0305 

0.0228 

0.0468 

0.0452

QUALIFIERS: DETECTION 
LAB DATA GA LIMIT 

# 

p 

# 

p 

p 

# 

# 

# 

p 

L # 

L # 

p



GROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE GRJ01, GRAND JUNCTION 

REPORT DATE: I1119198 6:59:23 

LOCATION SAMPLE: ZONE FLOW QUALIFIERS: DETECTION UN

PARAMETER UNITS ID DATE ID COMPL REL. RESULT LAB DATA QA LIMIT CERTAINTY 

RECORDS: SELECTED FROM USEE200 WHERE siteCode-'GRJ01' AND o)ationCoe n101'.'1013','1O14','115"101B.'101t7,1020,1021',1023) AND qual ssrance - TRUE AND 

(NOT (datayaldation._qual1flers UKE -R- OR dala on•_quali&1ef UKE X") OR IsNuikdataiyalidationqualifime)) AND cas in(07440-38-2 -07440-43-9 .'07439-8-7 
'PA.2,6 '.,4"0.61-1 J)AND DATELSAMPLEDbetween~#111uJand#12130i98 

SAMPLEIDCODES: OOOX x Flitered sample (0.45 1Am). NOOX Untilleredsample. X,,replicatenumber.  

LAB QUALIFIERS: 
* Replicae analysis not within crol limitls 

" Cmorlation coelfident for MA -c 0.995.  
A TIC is a mseted adolondwsain productL 
B Inormaric ResulIsbetween the 101. d CROL OrgI Akut also found in method blank.  

E Inrgn Estimate value becau of interference, see case narrative. Organi Analyte exceeded calibation range of the GC-•.  

Z Labora&4 defMed (USEPA CLP oiraic) qualifer, see case narrave.  
I Holding time exird, vaiue suspecL 
I Increased detection limt due to mquied diluton.  

C Pesticide meult conrmed by GC-MS.  
M GFA duplicate kecdion precision not met 
N Inorgani ct radiochemical: Spike sample recovery not wihin control Emis. Otganic Tentatively Ientified compW (TIC).  

S Ret detmined by mellod of slandard addiio (,AM).  
U Analyt result below detection "tmi 
W Pos•tiges in spike oside conrol Mimt whie sape absobace '50% of anWlytkal spa abowc.  
0 Analyte detemined in dled sample.  

P , 25% diffrenoe in detecled peicide otArch1ior concentrations between 2 columns
X Laboratory defned (USEPA CLIP orgaic) qualifier, see case narrative.  
Y Laboraoy defMed (USEPA CLP organ) qualifier, see case nrative.  
P Rest above upper detecion limi 

DATA QUAUFIERS: 
J Esnated value. F Low low samplingmetf d used. G Possible grout contamination. pH x 9.  

L Less •n 3 bore volnues purged prior to sampli. R Unusable resut X Location Is undefined.  

U Parmeer analyzed for but was not detected.  

GA QUALIFIER: # -valicaled aocording io Quality Assuance guidelines.
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Calculation Set for Ambient Ground Water Contamination
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Problem Statement: 

Supplemental standards may be applied to an UMTRA ground water site if it can be demonstrated that the 
background concentrations of ground water contaminated by past uranium processing activities meets the 
definition of "limited use" ground water. According to the regulations (40 CFR Part 192.11(e)(2)), one of tr.  
definitions of limited use ground water is "groundwater that Is not a current or potential source of drinking water 
because... (2) widespread, ambient contamination not due to activities involving residual radioactive materials 
from a designated processing site exists that cannot be cleaned up using treatment methods reasonably 
employed in public water systems..." Past studies have noted the poor quality of alluvial ground water that exists 
in the Grand Junction area (DOE/AL/62350-104 Rev.2; U.S.G.S. W.R.I. 96-4138). Calculations were performed 
to better quantify the nature of background alluvial ground water quality in the Grand Valley to help determine if it 
meets the limited use definition based on widespread ambient con i:mination.  

Method of Solution: 

Data from monitoring wells upgradient from the former mill processing site were evaluated to determine which 
wells yielded results that are representative of background conditions. Statistical analyses were performed on the 
selected background wells for several contaminants measured during 1998 sampling events to determine if the 
background population contained contaminant concentrations that could be characterized as widespread ambient 
contamination. UMTRA ground water standards (40 CFR 192) and Primary and Secondary Drinking Water 
standards (40 CFR 141 & 143) were used as benchmarks against which to make this determination.  

Assumptions: 

(1) Samples from alluvial wells used in the analysis are representative of background alluvial water quality in the 
Grand Valley, outside the influence of uranium processing activities.  

Sources of Formulas and References: 

All calculations were performed using Excel spreadsheets and statistical programs.  

Calculation: 

Wells representative of background were selected for analysis. Locations were selected that were upgradient of 
the Grand Junction site and outside the potential influence of UMTRA vicinity properties. Initial candidates for 
background wells included: 588, 713, 715, 744. 745, 746, 1020, 1021, 1023, 1024, 1025, and 1121 (see Figure 1).  
Well 1024 was subsequently eliminated because of its location immediately downgradient from discharge ponds 
at the Clifton Water Treatment Plant Dischfarge from the ponds would have a dilutional effect on natural 
background water concentrations and therefore not be considered representative of the alluvial aquifer. Wells 588 
and 744 were installed adjacent to a surface water pond and a surface drainage feature, respectively. They are 
also located very close to the Colorado River. Analyses from these wells were examined to determine if water 
actually sampled to alluvial aquifer or if it more closely resembled surface water. Major ion chemistry for those 
wells was compared with data from two wells farther upgradient and away from the river-wells 745 and 746
along with surface water samples from location 424, collected from the river near well 588. Scattergrams for 
selected pairs of ions are shown in figures 2a through 3c for both the January and June 1998 sampling rounds;.  
these plots show a fairly linear relationship for the data. River samples plot in the comer of the diagrams near the 
origin, while upgradient wells 745 and 746 plot farthest from that point. Wells 588 nlrd 744 plot in between and 
closer to the river sample. This suggests a mixing relationship between ground and surface water, with surface 
water being dominant Therefore, wells 588 and 744 were eliminated from the background data set as 
unrepresentative of the alluvial aquifer.
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Nt the request of the Colorado Department of Public Health and Environment, well 746 was also eliminated from 
ie background data set because of Its proximity to a former vicinity property. The remainder of the background 

wells were retained and descriptive statistics were performed on the data for selected contaminants. Results for 
uranium expressed as total In rng/L and uranium 234&238 in pCi/L are presented in Tables I and 2, respectively.  
Results for selenium are located in Table 3. Background wells were also examined to determine concentrations of 
chloride, iron, manganese, sulfate, and total dissolved solids (TDS). While no UMTRA ground water standards 
exist for these contaminants, secondary maximum contaminant levels (SMCLs) have been developed for them 
largely based on considerations of taste or odor. Data for all these contaminants were obtained from the SEE 
UMTRA data base.  

Discussion: 

The statistics in Tables I and 2 indicate that data for uranium fit both a normal and a lognormal distribution. As 
noted in Table 1, with concentrations based on mass, the mean of this data set is 0.0469 mg/L, above the UMTRA 
MCL of 0.044 mg/L. Approximately 60% of the background analyses exceeded the UMTRA standard. Table 2, 
with analyses based on activities of U-234 and U-238, indicates that all but one sample exceed the 30 pCi/L 
standard, with a mean activity for background of 41.6 pCilL.  

For selenium (Table 3), half of the samples were at the detection limit of 0.001 mg/IL; samples in which selenium 
was detected were all above the UMTRA MCL of .01 mg/L. Therefore the scattergrams in Table 3 show a bimodal 
distribution that is neither normal or lognormal. The mean of the background samples is 0.0359, more than 3 times 
the UMTRA selenium standard.  

Spatially, the wells exceeding standards come from across the entire area from which background samples were 
collected. Therefore, the contamination does not appear to be a localized phenomenon.  

or contaminants with secondary drinking water standards, only the means of the background wells for 1998 were 
.etermined (raw data In the SEE UMTRA database). Results are as follows in mgIL: 

Table 4.  

Contaminant Mean SMCL 

Chloride 437 250 
Iron 0.552 0.3 
Manganese 1.4 0.05 
Sulfate 2566 250 
TDS 5238 500 

The means of all of these contaminants exceed secondary drinking water standards, particularly manganese, 
sulfate, and TDS.  

Conclusions and Recommendations: 

On the average, background alluvial water quality in the Grand Valley exceeds UMTRA ground water protection 
standards for uranium and selenium. SMCLs are exceeded for chloride, iron, manganese, sulfate, and TDS. Non
site-related contamination is widespread across the area. These data support the conclusion that the background 
alluvial water quality can be considered to be "limited use groundwater" as defined by the UMTRA regulations.  

'though some background samples had contaminant concentrations below standards, particularly for selenium, 
,e average (mean) concentrations probably more realistically approximate the concentrations that would be 

obtained over time from a well installed for domestic purposes into the alluvial aquifer. However, while

3



widespread ambient contamination exists in the Grand Valley, an evaluation must be performed to assess 

whether the alluvial ground water "cannot be cleaned up using treatment methods reasonably employed ir 

water systems" before a determination of the applicability of supplemental standards can be made for the G.., 

Junction UMTRA Ground Water site (calculations on costs. of water treatment are currently in progress).  

Computer Source: 

All calculations were done using Excel- spreadsheets and statistical programs.
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0 Wells Eliminated from Background Calculations ___________ 

Site Boundary LWOW 

Road Ia
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Major Ion Mixing Diagram - January 1998
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lajor Ion Mixing Diagram -July 1998
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xA":/. DATA EVALUATION STATISTICS I 
ata Description Grand Junction Background Alluvial Ground Water

Action Level 0.044

Sample Data 
UNITS - mg/IL "*.c:.: 0.0852 

'>0.08 

0.0535 
-:Y,; 0.0381 

0.038 

... 0.0588 
0.0573 

*-*0.0305 

0.0228 
0.0488 
0.0452 
0.0435 
0.0437 

S 0.036

n<30 Lower (95% Cl mean) - Norm t 
Upper (95% 1-taN CL mean) - Normal 
UTL (min 95%. 95%) - K 
UTL (avg 95%. 95%) - K 

Percent , Limit 

W Test (Data) 

Normal (a=0.05)?

Lognormal Statistics 
nz30 Upper (95% C1 mean) - Z 
n)30 Lower (95% Cl mean) - Z 

Upper (95% 1-tall CL mean) - Z 
Upper (95%fle data) - Z 

n<30 Upper (95% Cl mean). LogNonm t 
n<30 Lower (95% CI mean). LogNorn t 

Upper (95% 1-tall CL mean) - LogNorm 
UTL (min 95%. 95%) - K 
UTL (avg 95%. 95%) - K 

Percent > Limit 
W Test (Data) 
Normal (a=0.05)?

Descriptive Statistics 
Number of Samples 
Mean 
Median 
Standard Deviation 
Cv 
Range 
Minimum 
Maximum 
GM 
GSD 
Mean of LN(Data) 
SD of LN(Data) 
Percent :, Umit 

Normal Statistics 
n230 Upper (95% CI mean). Z 
n>30 Lower (95% CI mean) - Z 

Upper (95% 1-tal CL mean) - Z 

Upper (95%lle data) - Z 
n<30 Upper (95% CI mean) - Norm t

Probability Plot and Least Square* Beat Flt Una 

io 

-5! 

+2% 
S 1% 

0.001 0.011 0.021 0.031 0.041 0.051 o.01.

15.000 
0.0469 
0.0452 
0.0128 
0.2721 
0.0434 
0.0228 
0.0662 
0.0451 
1.3459 

-3.0981 
0.2970 

53.3333 

0.0534 
0.0404 
0.0523 
.0.0679 

0.0540 
.0.0398 
0.0527 
0.0797 

0.0701 
59.0080 
0.9690 

Yes 

0.0548 
0.0406 
0.0535 
0.0738 
0.0558 
0.0400 
0.0540 
0.0967 
0.0775 

53.4150 
0.9448 

Yes

Log-Prbability Pkot and Least Squares Best Fit 
Line

35 

30

25 

20 

15 

10

-95% :: II [l 
-84% 

T 075% 

-50% 

-21% 
T 16% 
T 10% 
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T,4&46-2.  
eta Description

DATA EVALUATION STATISTICS 
Grand Junction Background Alluvial Ground Water

I Acton Level 30

Descriptive Statistics 
Number of Samples 
Mean 
Median 
Standard Deviation 
CV 
Range 
Minimum 
Maximum 
GM 
GSD 
Mean of LN(Data) 
SD of LN(Data) 
Percent > Limit

7.000 
41.5857 
39.4000 
t2.1218 
02915 

31.9000 
25.1000 
57.0000 
40.0199 

1.3548 
3.6894 
0.3036 

85.7143

Normal Statistics 
Upper (95% CI mean) - Z 
Lower (95% C1 mean) - Z 
Upper (95% 1-tall CL mean) -Z 
Upper (95%ge data) -Z 
Upper (95% CI mean) - Norm I 
Lower (95% Cl mean) - Norm I 
Upper (95% 1-tal CL mean) -Normal 
UTL (min 95%. 95%) - K 
UTL (avg 95%. 95%) -K 
Percent * Limit 
W Test (Data) 
Normal (auO.05)?

50.5657 
32.6058 
49.1225 

61.5261 

52.7965 

30.3749 
50.4886 

82.7877 

66.7669 

83.0407 

0.9435 

Yes

Lognormal Statistics 
Upper (95% Cl mean) - Z 52.4786 
Lower (95% CI mean) - Z 33.4663 
Upper (95% 1-ta1l CL mean) -Z 50.6153 
Upper (95%ile data) -Z 65.9468 
Upper (95% Cl mean) - LogNorm t 55.4945 
Lower (95% Cl mean) - LogNorm t 31.6476 
Upper (95% 1-tail CL mean) - LogNorm 52.3774 
UTL (min 95%, 95%) - K 112.3272 
UTL (avg 95%. 95%) - K 75.1978 
Percent 2 Limit 82.8718 
W Test (Data) 0.9494 
Normal (a=0.05)? Yes

Probability Plot and Least Squares Beat Fit Una

____ I______ __ 

_ _ ,_ _ _ _

0 10

-3s + 
59% 
I

I ______ I 

�
20 30 40 50 60

Log.Probability Plot and Least Squares Best Fit 
Una
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10 100I



Data Descr.lpton

DATA EVALUATION STATISTICS 
Grand Junction Background Alluvial Ground Water

Action Level 0.010

Sample Data 
UNITS - mg&L 

+. 0.048 
0.04S 

0.031a 
0.0404 
0.001 : +' +- '0.001 

S 0.001 
0.001 
0.001 
0.001 
0.137 

S•. 0.116 
0.0518 
0.001 
0.058

Descriptive Statistics 
Number of Samples 15.000 
Mean 0.0359 
Median 0.0318 
Standard Deviation 0.0433 
CV 1.2053 
Range 0.1360.  
Minimum 0.0010 
Maximum 0.1370 
GM 0.0088 
GSD 8.4538 
Mean of LN(Data) .4.7342 
SD of LN(Data) 2.1345 
Percent UmLit 53.3333 

Normal Statistcs 
n>30 Upper (95% CA mean) - Z 0.0579 
"n>30 Lower (95% Cl mean) - Z 0.0140 

Upper (95% 1-taIl CL mean) - Z 0.0543 

Upper (95%He data) - Z 0.1072 

n<30 Upper (95% Cl mean)- Norm t 0.0599 

n<30 Lower (95% Cl mean) - Norm t 0.0119 

Upper (95% 1-tall CL mean) - Normal 0.0558 

UTL (min 95%. 95%) - K 0.1471 

UTL (avg 95%. 95%) - K 0.1147 
Percent : Umitmi 72.5345 

W Test (Data) 0.7914 

Normal (a=0.05)? No 

Lognormal Statistlcs 

n230 Upper (95% CA mean) - Z 0.2527 

n>30 Lower (95% CA mean) - Z 0.0291 

Upper (95% 1-tall CL mean) - Z 0.2124 

Upper (95%11e data) - Z 0.2944 

n<30 Upper (95% Cl mean) - LogNorm t 0.2797 
n<30 Lower (95% Cl mean) . LogNorm 1 0.0263 

Upper (95% 1-tall CL mean) - LogNorm 0.2264 

UTL (min 95%. 95%) - K 2.1025 

UTL (avg 95%. 95%) - K 0.4269 

Flercent > Limit 47.5892 

W Test (Data) 0.7436 

Normal (a=0.05)? No

Probability Plot and Least Squares Best Fit Une

I

U
0.001 0.011 0.021 0.031 0.041 0.051 0.061 

Log-ProbabIllty Plot and Least Squares Best Fit 
Une

0 0 0 0

L

25% 
I6% 
10% 

52% 

1%

0
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GROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE GRJO1. GRAND JUNCTION 
REPORT DATE: 9/22/98 8:37:28

PARAMETER 

Chloride

UNITS 

mg/L 

mg&.  

mgL.  
mg/I.  
mg&.  

mgI.  

mg/L 

mg/L 

mg/L 

mg/I.  

mg&l 

mg&.  

mg/.  

mg/& 

mg/I 

mg/L 

mg/L 

mg/L 

mgA.  

mg/L 

mg/L 

mg/t.  

mg&I 

mg/L.  

mg/L 

mg/L 

mg/L.
0001 AL 1.800 I.  

Page 
1

LOCATION 
ID 

0713 

0713 

0715 

0715 

0745 

.0745 

0746 

0746 

1020 

1020 

1021 

1021 

1023 

1023 

1025 

1025 

1025 

0713 

0713 

0715 

0715 

0745 

0745 

0746 

0746 

1020 

1020

SAMPLE: 
DATE ID 

01/27198 0001 

06124/98 0001 

01/27/98 0001 

O6/24/98 0001 

01/26/98 0001 

06/17/98 0001 

01128/98 0001 

06/17/98 0001 

01126/98 0001 

06122/98 0001 

01126/98 0001 

06123/98 0001 

01122/98 0001 

06/18/98 0001 

01122/98 0001 

01/22/98 0002 
06/18/98 0001

ZONE FLOW 
COMPL REL 

NR U 

NR U 

NR U 

NR U 

AL U 

AL U 

AL U 

AL U 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

NR U 

Nn U 

NR U 

NR U 

AL U 

AL U 

AL U 

AL U 

AL 
.AL

DETECTION UN
LIMIT CERTAINTY 

I~q

RESULT 

347.000 

338.000 

280.000 

144.000 

591.000 

520.000 

801.000 

813.000 

991.000 

899.000 

746.000 

352.000 

253.000 

253.000 

307.000 

306.000 

301.000 

0.0040 

0.0030 

0.0040 

0.0030 

1.170 

1.100 

0.0040 

0.0030 

3.130 
1.800

06/18198 0001
01/27/98 

06/24198 

01/27/98 

06024/98 

01/20/98 

06/17/98 

01/26/98 

06/17/98 

01/26/98 

0812/.98

Iron

-' Page51

I

I
U 

U 

U 

U 

U 

U

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001

QUAUFIERS: 
LAB DATA OA 

# 

L # 

L 

I 

I 

# 

J1 1 

I 

L I 

L 

I 

I 

I 

#

I.  

I 

I 

I 
I 

I 
I 

I 

I.

0.004 

0.003 

0.004 

0.003 

0.004 

0.003



GROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE GRJ01. GRAND JUNCTION 
REPORT DATE: 9/22198 8:37:29

LOCATION SAMPLE: ZONE FLOW CQUALIFIERS: DETECTION UN

PARAMETER UNITS ID DATE ID COMPL. REL RESULT LAU DATA GA uMIT CERTAINTY 

Iron mg/L 1021 01t26/98 0001 AL 0.0183 8 UL " 
mg/L 1021 06/23/98 0001 AL 0.0069 B UL " 

mg/I. 1023 01122/98 0001 AL 0.0042 B U 

mg/I. 1023 06/18/98 0001 AL 0.0030 U 1 0.003 

mg/i. 1025 01122/98 0001 AL 0.552 9 

mg/I. 1025 01/22/98 0002 AL 0.533 # 
mg/L 1025 06/18/98 0001 AL 0.321 # 

Manaanese ma/L 0713 01127/98 0001 NR U 1 760- # .

mg/i 

mgfI mg~l.  
mg/L -

mgf.  

mg/.  

mgL.  

mg/.  
mg/I.  

mgI.  

mg/L 

mg/.  
mg/I.  

mg/I 

mg/I.

0713 

0715 

0715 

0745 

0745 

0746 

0746 

1020 

1020 

1021 

1021 

1023 

1023 

1025 

1025

06/24/98 0001 

01/27198 0001 

06/24/98 0001 

01/26/98 0001 

06/17/98 0001 

01/26/98 0001 

06/17/98 0001 

01/26/98 0001 

06/22r98 0001 

01126/98 0001 

06/23/98 0001 

01122/98 0001 

06/18/98 0001 

01/22/98 0001 

01122W98 0002

NR 

NR 

NR 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL

U 

U 

U 

U 

U 

U 

U

2.220 

0.233 

2.080 

1.700 

1.670 

1.630 

1.840 

1.080 

0.972 

0.436 

0.514 

1.730 

1.760 

1.940 

1.940

L 

L

U 

N 

N 

N 

N 

N 

U 

N 

N 

N 

N 

'N 

N 

N 

N

mgL- IWO ui jwawW WWI AL I.Vu IF 

Selenium mg/L 0713 01/27/98 0001 NR U 0.0480 N 

mg/1. 0713 06/24/98 0001 NR U 0.0490 5 .. .  

Pag,
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GROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE GAJ01, GRAND JUNCTION 
REPORT DATE: 9/22198 8:37:31

PARAMETER 

Selenium

UNITS 

mg/L.  

mg/L 

mg/i.  

mg/i.  

mg/.  

mg/L 

mg/L 
img/L 

mg/i.  

mg/L.  

mg/L.  

mg/t.  

mg/L.  

mg&.  

mgA.  

mg/i.  

mg/L 

mg/L 

mg/.  

mg/L 

mg/L 

mg/i.  

mg/L 

mg/i.  

mg/L.

01/27/98 

06/24/98 

01127/98 

06/24/98 

01/26/98 

06/17/98 

01/26/98 

06/17/98 

01t26/98 

06/22/98 

01126/98 
01923198

06123/98 0001 AL 416.000 I N 

Page 
3

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 
0001

NR 

NR 

NR 

NR 

AL 

AL 

AL 

AL 

AL 

AL 

AL 
AL

FLOW 
REL 

U 

U 

U 

U 

U 

U

U 

U 

U 

U 

U 

U 

U 

U

0.0818
3060.000 

3140.000 

3720.000 

1840.000 

2680.000 

2480.000 

3560.000 

3550.000 
2940.000 

2730.000 

614.000 
416.000

DETECTION UN.  
UMIT CERTAIN"Y

LOCATION 

ID 

0715 

0715 

0745 

0745 

0746 

0746 

1020 

1020 

1021 

1021 

1023 

1023 

1025 

1025 

1025

SAMPLE: ZONE 
DATE ID COMPL 

01/27/98 0001 NR 

06/24/98 0001 NR 

01126/98 0001 AL 

06/17/98 0001 AL 

01/26198 0001 AL 

06/17/98 0001 AL 

01126/98 0001 AL 

06122/98 0001 AL 

0126/98 0001 AL 
06123/98 0001 AL 

01122/98 0001 AL 

06118/98 0001 AL 

01122/98 0001 AL 

01/22/98 0002 AL 
Mims/9 0001 AL

RESULT 

0.0318 

0.0404 

0.0010 

0.0010 

0.111 

0.100 

0.0010 

0.0010 

0.0010 

0.0010 

0.137 

0.116 

0.0624 

0.0546 
0.0518

06/18/98 0001 AL
0713 

0713 

0715 

0715 

0745 

0745 

0746 

0746 

1020 

1020 

1021 

1021

Sulfate

IPg

L 

U 

U 

U 

U 
U

QUALIFIERS: 
LAB DATA QA 

N 

L 0 

# 

# 

L N 

L 
N 

N 

N 

N 

N 

N 

N 

J Nf 

N 

L N

0.001 

0.001 

0.M0 
0.001 

0.001 

0.001

3Z76 &



GROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE GRJ01. GRAND JUNCTION 

REPORT DATE: 9/22/98 8:37:32 

LOCATION SAMPLE: ZONE FLOW QUALIFIERS: DETECTION UN

PARAMETER UNITS ID DATE ID COMPL- REL RESULT LAB DATA OA LIMIT CERTAINTY 

Sulfate mg/L 1023 01/22/98 0001 AL 3720.000 # 

mg/I. 1023 06/18/98 0001 AL 3700.000 # 

mg/t. 1025 01/22/98 0001 AL 3100.000 # 

mg/I. 1025 01/22/98 0002 AL 3100.000 # 

mg/L 1025 06/1898 0001 AL 3020.000 #

Uranium mg/t.  

mg/t.  

mg/.  

mg/L.  

mg/I.  

mg/I 

mg/I.  

mg/I 

mg/t.  

mg/t.  

mg/I.  

mg/I.  

mg/L 

mg/I.  
mg/I.  

mg/L 

mg/L

0713 
0713 

0715 

0715 

0745 

0745 

0746 

0746 

1020 

1020 

1021 

1021 

1023 

1023 

1025 

1025 

1025

01/27/98 
06/24/98.  

01/27/98 

06/24/98 

01/26/98 

06/17/98 

01/26/98 

06/17)98 

01/26/98 

06/22/98 

01/26/98 

06/23/98 

01/22/98 

06/18/98 

01/22W98 

01/22198 

06/1898

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 

0001 
0001 

0002 
0001

NR 

NR 

NR 

NR 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 

AL 
AL

U 

U 

U 

U 

U 

U 

U 
U

0.0662 

0.0602 

0.0535 

0.0381 

0.0380 

0.0624 

0.0637 

0.0566 

0.0573 

0.0305 

0.0228 

0.0468 

0.0452 

0.0435 

0.0436 

0.0437

I.  
L

If 

# 

N 

N 

# 

N 

N 

N 

N 

# 

N 

N 

N 

N 
I 
N 

N
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GROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE GRJ01, GRAND JUNCTION 
REPORT DATE: 9/22198 8:37:34

LOCATION SAMPLE: ZONE FLOW QUALIFIERS: DETECTION UNPARAMETER UNITS ID DATE ID COMPL REL RESULT LAB DATA OA LIMIT CERTAINTY 
RECORDS: SELECTED FROM USEE200 WHERE slite.codeWGRj01' AND location code In('0713'.WT,745746','1o02o':,1021r,'I02s..*1025 AND quatassu ncei TRUE AND (NOT (data-varidation qualifiers LIKE "A" OR datavarldalion qualifiefs UKE "X') OR IsNuff(date-vaklidalon quaftfle,)) AND caS n('CHL.ORIDE "07439-89-8 *.07439-96-5 

,'07782-49-2 '.'SULFATE -.107440-61-1 ) AND DATESAMPLED between #11119•0 and #1234098If 
SAMPLE ID CODES: OOOX x Filtered sample (0.45 pm). NOOX w Unfiltered sample. X s replicate number.  

LAB OUALIFIERS: 
Replicate analysis not within control limits.  

* Correlation coefficient for MSA < 0.995.  
A. TIC is a suspected aldol-condensation producL 
8 Inorganic: Result is between the IDL and CROL. Organic- Analyte also found in method blank.  
E Inorganic: Estimate value because of Interference, see case narrative. Organic Analyte exceeded calibraion range of the GC-MS.  
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.  
H Holding time expired, value suspect.  
I Increased detection limit due to required dilution.  
C Pesticide result confirmed by GC-MS.  
M GFAA duplicate injection precision not met.  
N Inorganic or radiochemical: Spike sample recovery not within control imits. Organic Tentatively Identiied comipund (TIC).  
S Result determined by method of standard addition (MSA).  
U Analytical result below detection limit.  
W Post-digestion spike outside control lirits while sample absorbance - 50% of analytical spike absorbance.  

" Analyte determined In diluted sample.  
P > 25% difference in detected pesticide or Amchlor concentrations between 2 columns.  
X Laborstori defined (USEPA CLP organic) qualifier, see case narrative.  
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.  
3 Result above upper detection lmilt.

DATA CUALIFIERS: 
J Estimated value.  
L Less than 3 bore volumes purged prior to sampling.  
U Parameter analyzed for but was not detected.

F Low flow sampling method used.  
R Unusable result.

O Possible grou contamination. pH > 9.  
X Location Is undefined.

OA OUALIFIER: N a vaidated according to Duality Assurance guidelines.
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Ecological Risk Assessment



Ecological Risk Assessment 

.0 Introduction 

Ecological risk assessment (ERA) is a process that evaluates the likelihood that adverse ecological 
effects are occurring or may occur as a result of exposure to one or more stressors (EPA 1992). A 
stressor is any physical, chemical, or biological entity that can induce an adverse ecological 
response.  

1.1 Purpose 

The purpose of this risk assessment is to identify and characterize adverse effects, if any, on the 
ecosystem at the Grand Junction site. For ecological risks to occur at the Grand Junction site, 
pathways must exist for exposure of biological receptors to biotic and abiotic media contaminated 
by ground water. Screening-level assessments of ecological risks at the site evaluated COPCs, 
potential pathways, receptors, and adverse effects (DOE 1995).  

This ERA is based on relevant components of the EPA guidance provided in the Guidelines for 
Ecological Risk Assessment (EPA 1998) and the Framework for Ecological Risk Assessment 
(EPA 1992).  

1.2 Risk Assessment Methodology 

The ERA contains three main components: (1) problem formulation, (2) analysis, and (3) risk 
characterization. A tiered approach to the risk assessment process was followed by performing the 

.reening-level BLRA, collecting additional samples, and evaluating recent 1998 data, with the 
ossibility of proceeding to a quantitative risk assessment pending the outcome of the data review.  

The problem formulation component is discussed in detail in the following sections. A risk 
assessment model for the Grand Junction site is shown in Figure I-1. Following the evaluation of 
the 1998 ecological data, the risk assessment process may or may not conclude with the analysis 
phase. Depending on the outcome of the analysis phase, risk characterization may not be necessary 
for this screening-level assessment.  

2.0 Problem Formulation 

In the problem formulation phase, the need for a risk assessment is identified, and the scope of the 
problem is defined. Evaluation of available data helps to develop site conceptual models, food 
webs, risk hypotheses, endpoints and measures. The principal product from these activities is the 
analysis plan, which may include activities for new data collection as well as how the existing data 
will be used to complete the risk assessment. The problem formulation phase typically requires the 
greatest amount of effort, and the success of the risk assessment depends on a thorough and 
technically defensible planning process.  

The problem formulation phase in the risk assessment process was represented in part by the 
BLRA (DOE 1995), which was a screening-level risk assessment. The primary input to this phase 
is the integration of available information. Historical analytical data for the Grand Junction site 

'ere reviewed to determine if concentrations of analytes in ground water, surface water, and 
diment might pose an ecological risk. Other inputs included information gathered on the 

DOE/Grand Junction Office Site Observational Work Plan for Grand Junction. Colorado 
February 1999 Draft Final Page I
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GRAND JUNCTION SITE ECOLOGICAL RISK ASSESSMENT 
MI' WT.

BLRA

CHARAClTKIZAMON 
ACTIVITIES WORK PLAN

PROBLEM FORWMULATION 

Evaluate historical data.  
Conduct chemical of potential concern (COPC) screening 
Preliminary identification ofpotential exposure pathways and food webs 
Preliminary selection ofreceptors 
Develop initial site conceptual model 
Conduct screening-level risk asscssmest 

Define work plan scope and objectives 
-Develop management goals, assessment endpoints, and measures 
-Develop data quality objectives (DQOs) for the field sampling 
-Develop field sampling and analysis strategy 

o Select appropriate reference area 
* Select sampling locations 

Refine food web, site conceptual model, and ecological receptors 
Conduct ecological field sampling and analysis 
Conduct vegetation characterization and mapping of site and reference area

4' 4
ANALYSIS 

Characterizatio of Exposure and Ecological Effects 
BLRA UPDATE 

Statistically evaluate 1992 ecological sample data betweet site locations 
and reference area for significant differences 
Compare maximum site concentrations for COPCs against ecological screening criteria 

If deemed necessany following eval•ation of 1991 ecological data: 
Prepare exposure profiles 
P mar txicity assement 
Prepare ecological response analysis 
Develop exposure and ecological effects analysis 

See note below V

RISK CHARACTERIZATION 

"Risk Estimatio• 
-Calculate hazard quotients (HQs) and hazard indices (His) 
-Evaluate lines of 'vidence 

BIRA UPDATE Risk Description 
-Ecological rsk summary 
-Interpretation of ecological significance 
Uncertainty Analysis 

Note- If data evaluation indicates no significant differences between the Grand Junctioa site 
and the reference area, or unacceptable ecological risk appears unlikely based on screening criteria, 
quantitative risk assessment calculations will not be performed.

Figure I-1. Grand Junction Site Ecological Risk Assessment Model

Site Observational Work Plan for Grand Junction, Colorado 
Page 2
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Grand Junction geologic setting, ground water hydrology, geochemistry, and ecological habitat.  
Principal products of this phase included COPC screening and the preparation of a characterization 

ork plan (DOE 1997). Since the BLRA, additional abiotic and biotic samples have been collected 
* Grand Junction and an upstream reference area, and these data were incorporated into the risk 

assessment process.  

2.1 Ecological Chemicals of potential Concern 

Ecological COPCs were defined in the screening-level risk assessment as those constituents that 
exceeded background concentrations (Table I-1). The water quality of upgradient wells was 
considered to be representative of background conditions (DOE 1995). Two categories of surface 
water were defined: Colorado River water and water in ponds constructed as part of a wetlands 
mitigation project. Colorado River COPCs were those constituents with higher concentrations 
downstream of the millsite than upstream. COPCs in the wetlands mitigation ponds were 
determined by comparing concentrations in the ponds and in the upgradient ground water wells 
(DOE 1996d). Sediment COPCs were determined by comparing data from Colorado River 
sediment sampled upstream, downstream, and adjacent to the site (DOE 1995).  

Table I-1. Summary of Ecological Chemicals of Potential Concern in Ground Water, Surface Water, and 
Sediments 

Constituents Ecological Ecological COPC Ecological COPC 
Above COPC in In Water in in Colorado 

Background In COPC In Colorado River Wetlands River Sediment 
Ground Water Ground Water Surface Water Mitgation Ponds 

- Ammonium X 
"\rsenic X X 
.;admium X X 
Cobalt X X 
Copper x 
Fluoride X X 
Iron X X X 
Manganese X X 
Molybdenum X X X 
Nickel X X 
""Ra. X X X_ 
Selenium -_X 
Strontium X "x 
Sulfate X X X 
Uranium X X X X 
Vanadium X X X 
Zinc X X 

2.2 Ecological Conceptual Site Model 

Conceptual models for ecological risk assessments are developed from information about stressors, 
potential exposure, and predicted effects on an ecological entity (the assessment endpoint).  
Conceptual models consist of two principal components (EPA 1998): 

A set of risk hypotheses that describe predicted relationships among stressor, exposure, and 
assessment endpoint response, along with the rationale for their selection.  

* A diagram that illustrates the relationships presented in the risk hypotheses.

flflFJflrunA IIwtinn flff�-.  
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The following is the risk hypothesis proposed for the Grand Junction site: 

Risk hypothesis: Milling operations at the Grand Junction site have resulted in low levels of 

ground water contamination. Hydrogeologic information regarding plume migration suggests that 

contamination might be present in the Colorado River adjacent to and downgradient of the Grand 

Junction site. This could result in contaminant exposure directly or indirectly to wildlife and plant 

receptors that use or inhabit the site.  

Because the stressors are chemical contaminants, the Grand Junction risk hypothesis is considered 

a "stressor-initiated" risk hypothesis; however, no apparent ecological effects have been observed 

that would provide a cause-and-effect relationship.  

As part ofthe initial problem formulation in the BLRA, a generalized conceptual site model was 

developed for the Grand Junction site. That model has since been revised to address current and 

potential exposure pathways based on all of the available data (Figure 1-2).  

An exposure pathway is the mechanism by which a contaminant in an environmental medium (i.e., 
the source) contacts an ecological receptor. A complete exposure pathway includes: 

"* Contaminant source 
"* Release mechanism that allows contaminants to become mobile or accessible 

"* Transport mechanism that moves contaminants away from the release 
"* Ecological receptor 
"* Route of exposure (e.g.,-dermal or direct contact, inhalation, or ingestion).  

Ecological receptors that could potentially be exposed to COPCs were identified in the BLRA 

(DOE 1995) and included mammalian and avian species. A food web for the Grand Junction site 

(Figure 1-3) illustrates the significant dietary interactions between the terrestrial and aquatic 

receptors.  

The food web also depicts the major trophic-level interactions and describes nutrient flow and 

transfer of matter and energy through these levels. It was developed from the species lists and 

consideration of the exposure pathways. The food web diagram was used to portray potential 

routes of COPCs from the ground water to biotic species at various trophic levels, with receptor 

species being components of this food web.  

The terrestrial receptor categories include: 

"* Omnivores-, carnivores-include fox, coyote, raccoon 

"* Herbivores-include mule deer, cottontail, some mice and vole species, 

"* Vegetation-includes phreatophytes such as black greasewood and other plant species 

"• Terrestrial invertebrates-include soil fauna 

The aquatic receptor categories include: 

"* Avian species-include great blue heron, geese, ducks, some passerine birds 

"* Herbivores-include beaver, muskrat 
"* Vertebrates-include amphibians, reptiles, fish 

Site Observational Work Plan for Gtand Junction, Colorado DOE/Grand Junction Office 
Page 4 Draft Final Febnury 1999
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Plants-include phreatophytes such as cattail, bulrush, willow, reed canarygrass, tamarisk, 
common reed 

e Invertebrates-include benthic invertebrates 

Only complete exposure pathways arc quantitatively and qualitatively evaluated in an ERA. In 
order to be conservative, the following potential exposure pathways were considered for 
evaluation: 

* Surface water-ingestion, direct contact 
* Soil-ingestion, direct contact 
& Sediment-ingestion, direct contact 
* Dietary-ingestion of forage or prey, as appropriate, by receptor 

The pathways that are subsequently addressed in further detail were divided into current and future 

hypothetical exposure scenarios.  

2.3 Current Exposure Scenario 

The terrestrial ecological habitat at the Grand Junction site is limited because the area is flat, has 
no significant tree cover, and has been overgrown with weedy species. Some patches of crested 
wheatgrass (Agropyron cristatum) exist as remnants of the revegetation efforts. Although the 
depth to ground water is relatively shallow at the millsite, the predominant vegetation includes 
wheatgrasses and weedy species, which are not likely to have root systems capable of reaching 
the aquifer. The northern boundary of the site is primarily industrial, and large expanses of the 
ground in the vicinity are covered with gravel, pavemernL, and rock. The eastern and western 
boundaries are adjacent to commercial properties and private residences. Remedial actions 
included placing a 6-inch layer of soil over the excavated tailings area and revegetating.  

The area is not used for livestock grazing and is fenced to deter larger wildlife entry; however, 
wildlife can enter the site through the river corridor or adjacent properties. Since the contaminated 
tailings have been removed, ingestion of or direct contact with contaminated soils does not 
represent a complete exposure pathway. The only surface water associated with the terrestrial 
habitat at the site is a storm-water discharge canal on the .A ettern property boundary.  
Consequently, surface water ingestion was not evaluated for the terrestrial habitat.  

The riparian and aquatic habitats associated with the Colorado River at the Grand Junction site 
represent the areas of significant potential exposure. Contaminated ground water associated with 
the former milling operations discharges into the Colorado River where COPCs may be deposited 
in sediment or may be present in the surface water as well as downstream of the site.  
Phreatophytes rooted in sediment may uptake contaminants through their root systems. Such 
species include sandbar willow (Salix exigua), cattail (Typha sp.), cottonwood (Populusfremontfl), 
common reed (Phragmites communis), bulrushes, tamarisk (Tamarix ramosissima), and reed 
canarygrass (Phalaris arundinaceae). As mentioned in the characterization work plan (DOE 
1997), elevated concentrations of some constituents were present in the wetlands mitigation ponds.  
Although the prominent boundaries of these ponds no longer exist, remnants of these ponds may 
still contain some elevated concentrations of COPCs. In addition, the sediments may act as sinks 
for COPCs in ground water discharging into the area, and thus represent potential sources of 
contamination.

Site Observational Work Plan for Grand Junction Colorado 
Page 6
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Terrestrial receptors such as foxes, coyotes, skunks, raccoons; deer, and rodents likely use the 
-iparian corridor for food items and as a drinking water source. Consequently, they are also 

tposed to potentially contaminated sediments. These terrestrial receptors typically do not spend 
most of their time in the riparian or aquatic areas.  

Aquatic receptors living in the riparian and aquatic habitats adjacent to and downstream from the 
millsite have the potential to ingest contaminated sediment, surface water, and vegetation. These 
species have the potential for the greatest exposures. Larger herbivores prefer to browse on leafy 
material; smaller mammals and birds seek plant seeds and roots. Field observations in the 
reference area found evidence of wildlife browsing on cattails. Beaver (an herbivore) and muskrat 
(an onivore that feeds chiefly on aquatic plants) forage on the types of vegetation found along 
the river banks. Higher trophic receptors such as coyotes, eagles, and hawks may in turn feed on 
small mammals or birds that have ingested contaminated food items. Aquatic avian species such as 
the great blue heron, ducks, geese, and killdeer frequent the Colorado River and represent 
ecological receptors with significant exposure potential. Aquatic invertebrates, amphibians, 
reptiles, and fish are also in direct contact with potentially contaminated sediment, surface water, 
and aquatic vegetation. These receptors can also serve as prey for eagles, herons and other wildlife.  

2.4 Future Hypothetical Exposure Scenario 

Because no significant habitat changes from the present scenario are expected, the future exposure 
scenario includes all of the current exposure scenarios associated with the riparian and aquatic 
habitats on the Colorado River. Localized flooding will likely continue to erode the vestiges of the 
wetlands mitigation ponds and reshape the river banks.  

"7 ithout institutional controls, ground water could possibly be pumped and used for irrigation and 
.,vestock watering or other industrial uses. This would create a source for ground water and 
surface water ingestion, direct contact with terrestrial vegetation, and deposition of ground water 
and surface water on the soil. The soil would then represent an additional source medium for 
ingestion and direct contact. At present, both of these secondary exposure routes are considered 
incomplete since ground water is not currently used for these purposes, nor is ground water likely 
to be pumped in the future. Large-scale irrigation with ground water is not considered a likely 
future pathway because surface water is the main source of irrigation water in the Grand Junction 
area. As long as there is the possibility of pumping ground water for agricultural purposes, it is 
assumed that the potential exists for these two hypothetical exposure pathways.  

The land use plans for the Grand Junction site have not been made final. One possible use is the 
construction of a recreation area, which would likely include the planting of various tree species.  
Since the potential exists for phreatophytes (e.g., cottonwood, willow, and greasewood) to inhabit 
the terrestrial portion of the site, contaminants in ground water could be taken up by those plants 
through extensive root systems. Contaminants could possibly bioaccumulate in various plant parts 
and exert a range of influences, depending on the specific COPC. Plant uptake rates and toxicities 
vary greatly among species and are affected by factors such as soil characteristics (e.g., pH, redox 
potential, organic matter), plant sensitivity, input-output balance, and cumulative effects. Foraging 
wildlife could be indirectly exposed to contaminants in ground water by ingesting plants that have 
bioaccumulated certain contaminants.  

DOE/Grand Junction Office Site Observational Work Plan for Grand Junction, Colorado 
February 1999 Draft Final Page 9
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3.0 Analysis Phase 

The analysis phase consists of two principal components: (1) the characterization of exposure, an 
(2) the characterization of effects, the principal products of which are summary profiles that 
describe exposure and the stressor-response relationships. The objective in the analysis phase is to 
quantify contaminant exposure (i.e., from one or more stressors) and potential ecological effects.  
This involves evaluating receptor attributes, toxicity, and exposure profiles.  

The analysis phase for this BLRA update, which is a part of the ERA process, includes an 
evaluation of the current data and site ecology to determine the need for a quantitative risk 
assessment. As part of the BLRA update, effects on the COPC list are also discussed.  

Evaluation of the 1998 analytical data and field observations are the main activities associated with 
the analysis phase in this screening-level assessment. If the statistical evaluations for the Grand 
Junction site data show no significant differences, that is, if COPC concentrations are not elevated 
compared to those of the reference area, or if an elevated concentration does not represent a likely 
ecological risk, then quantitative risk estimates will not be calculated. The risk assessment will 
conclude with a summary of results and conclusions based on the current data. If the data 
evaluation and interpretation indicate a potential for unacceptable ecological risk, then the 
remaining four activities under the analysis phase will be performed (i.e., preparation of exposure 
profiles, toxicity assessment, ecological response analysis, and development of exposure and 
ecological effects analysis [Figure I-I]).  

3.1 Data Evaluation 

This BLRA update focuses on the results of the 1998 ecological sampling, which was performed 
address data gaps in the BLRA. Although the BLRA and characterization work plan presented a 
list of ecological COPCs, it is necessary to evaluate the newly collected data to update the COPC 
list. The following data evaluation serves as a subsequent rescreening of the data for COPCs --..  
surface water, sediment, and vegetation based strictly on the 1998 ecological sampling. Where 
appropriate, maximum concentrations were compared to ecological screening criteria.  

The 1995 BLRA (DOE 1995) used earlier ecological screening criteria. To be conservative, this 
ERA incorporates more current screening criteria where possible. In most cases, the criteria are 
based on 1996 versions of the Ecotox thresholds, Ambient Water Quality Criteria, SQC, and other 
screening benchmarks in the Oak Ridge National Laboratory database BENCH (ORNL 1996). Due 
to the limited number of media-specific (e.g., surface water, sediment, and biota) ecological 
screening benchmarks or regulatory standards, an UMTRA MCL may also be provided for 
comparison.  

This data evaluation and screening process was used to determine whether site concentrations of 
inorganics exceeded the reference area concentrations or might pose an unacceptable ecological 
risk. A conservative screening appr9ach was taken; no assumptions regarding bioavailability, 
persistence, or mobility were made. Inorganic analytes that are considered macronutrients (i.e., 
calcium, magnesium, potassium, and sodium) were removed from further evaluation in this BLRA 
update sKnce toxicity is not expected.  

To achiýý,; a sufficient number of data points for statistical evaluation, the data sets were separate,.  
into two populations by matrix and vegetation type (where applicable). Locations 1216 through 
1225 were categorized as reference area samples, whereas locations 1226 through 1235 were 
Site Observational Work Plan for Grand Junction, Colorado DOE.Grand Junction Office 
Page 10 Draft Final Februmary 1999
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considered Grand Junction site data regardless of whether they were adjacent to or downstream of 
*he site. In addition, no distinction was made among sampling points located on a pond, 

-pression, or areas of open flowing water. This was done in order to achieve the necessary 
number of samples for statistical evaluation and to pool data from areas that potentially had the 
highest contaminant levels.  

For each data set, on an analyte-by-analyte basis, duplicate data were incorporated by averaging 
the concentration in the original sample with that of its field duplicate, if available. Nondetect 
samples were incorporated by assigning one-half the detection limit for each nondetect. A new 
field, 'ecoval', was calculated for each data record that represented either the result or one-half the 
result (for a nondetect). No rejected data were included in the calculation of the 'ecoval' field. All 
statistical testing was performed on the 'ecovals' for each analyte in a data set.  

Summary statistics (minimum, maximum, mean, standard deviation, number of samples, number 
of detects, detection frequency, and the 95 percent upper confidence limit on the arithmetic mean) 
for the Grand Junction site and reference area data set are included as Attachment I 

3.2 Statistical Evaluation 

To evaluate the means of the analyte populations for the various matrices, a minimum of three 
samples was required. A sufficient number of samples was available for all the sediment and 
surface water data sets and for most of the vegetation species. To run a normality test using the 
Shapiro-Wilk W test, a minimum of five data points is required. If the data set exhibited low 
detection frequency (typically less than 30 percent or did not have at least three detects), no 
statistical testing was performed.  

.ne Shapiro-Wilk W test was performed on both the Grand Junction site and reference area data 
sets; if the data were not normal, they were log-transformed and again tested for normality. If 
either the reference area data or the Grand Junction site data did not exhibit normality, the, 
nonparametric Kruskal-Wallis (KW) test was used for those analytes to determine if the means of 
the Grand Junction site and reference area data sets were significantly different. If both data sets 
were normal or lognormal, a Bartlett test was performed to test for homogeneity of variance.  

If both the reference area and the Grand Junction site data sets were homogeneous, a Student's t
test was performed to determine if the mean values from the reference area and Grand Junction site 
were significantly different. If they were not homogeneous, the KW test was applied to determine 
statistical difference in the means.  

The KW test makes no assumptions concerning the underlying nature of the sample data. If the 
null hypothesis (H-o) is not rejected (i.e., it is accepted), then the site analyte data set was assumed 
to have the same mean as the reference area data set, and the analyte was not considered a COPC.  
If the alternative hypothesis (Ha) is not rejected (i.e., it is accepted), then the site analyte data set 
was assumed to not have the same mean as the reference area data set, and the analyte was 
considered a COPC. The null and alternative hypotheses for the KW test are provided below: 

Lo: reference area mean - Grand Junction site mean (on an analyte-by-analyte basis) 
reference area mean Grand Junction site mean (on an analyte-by-analyte basis) 

DOEIGrand Junction Office Site Observational Work Plan for Grand Junction, Colorado 
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The W test is considered effective for testing data sets with sample sizes less than 50 
(Gilbert 1987). The W test is also applicable to lognormal distributions. For the W test, the null 
hypothesis, H., assumes the population follows a normal (or lognormal) distribution, and the 
alternative hypothesis, Ha, assumes that the population does not follow a normal (or lognormal) 
distribution. The null and alternative hypotheses for the W test are provided below: 

H0: The Grand Junction site (or reference area) data set (on an analyte-by-analyte basis) is 
drawn from an underlying normal (or lognormal) population.  

Ha: The Grand Junction site (or reference area) data set (on an analyte-by-analyte basis) is not 
drawn from an underlying normal (or lognormal) population.  

The Bartlett test was chosen as a test for homogeneity of variance since it was easily translated into 
a spreadsheet format. The Bartlett test is an analysis of variance test that evaluates the hypothesis 
that the data sets come from populations with similar variances. The test assumes that each sample 
set was randomly and independently drawn from a normal (or lognormal) population. The null 
hypothesis (H.) assumes that the variances for the two data sets are equal. The alternative 
hypothesis (Ha) assumes that the variances are not equal. The null and alternative hypotheses for 
the Bartlett test are provided below: 

H.: reference area variance = Grand Junction site variance (on an analyte-by-analyte basis) 

42 f= area =4 

Ha: reference area variance ;a Grand Junction site variance (on an analyte-by-analyte basis) 
s5 rfcrnce area S2sitC 

If the null hypothesis was not rejected (i.e., it was accepted), then the reference area data set was 
not homogeneous with respect to the Grand Junction site data set. The non-homogeneous site data 
sets were further evaluated using the nonparametric KW test to evaluate population means in a ...  
manner analogous to the parametric Student's t-test.  

The Student's t-test assumes that the data sets are drawn from populations with an asymptotically 
normal (or lognormal) distribution, as determined by the W and Bartlett tests, and the means of the 
data set are then compared. The null hypothesis, H., assumes that the means of the reference area 
and Grand Junction site data sets are the same. The alternative hypothesis, Ha, assumes that the 
means of the reference area and site data sets are not the same. The null and alternative hypotheses 
for the Student's t-test are provided below: 

H.: reference area mean - Grand Junction site mean (on an analyte-by-analyte basis) 

Ha: reference area mean ; Grand Junction site mean (on an analyte-by-analyte basis) 

If the null hypothesis (H0) was not rejected (i.e., it was accepted), then the analyte data set was 
assumed to have the same mean as the reference area data set, and the analyte was not considered a 
COPC. If the alternative hypothesis (Ha) was not rejected (i.e., it was accepted), then the Grand 
Junction site analyte data set was assumed not to have the same mean as the reference area data, 
set, and '-e analyte was retained as COPC.  

Site Observational Work Plan for Grand Junction, Colorado DOEIGrand Junction Office 
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A detailed summary of the statistical evaluations for each analyte and matrix for the ecological 
data is provided in Appendix I.  

4.0 Results 

4.1 Sediment 

For all analytes in sediment, with the exceptions of molybdenum, 21Ra, and selenium, no 
significant differences existed in the population means between the Grand Junction site and 
reference area. Although a sufficient number of data points were available for both data sets, these 
analytes had such low detection frequencies in one or both data sets as to prevent statistical testing.  
Subsequent to external data validation, with the exception of location 1234 (1.4 mg/kg), all Grand 
Junction site locations for molybdenum were subsequently flagged as nondetects. Molybdenum 
was detected at 9 of 10 reference area locations. The only radium-228 detect (0.76 pCi/g) at the 
Grand Junction site was for location 1226 (300-series location 326). Radium-228 was detected in 5 
out of 10 samples at the reference area with a maximum value of 0.83 pCi/g. Selenium was 
detected only once (Grand Junction site location 1234 [300-series location 328] [see Figure 4-15]).  
Summary statistics for analytes in sediment at the reference area and Grand Junction site are 
presented in Attachment 1.  

4.2 Surface Water 

Both filtered and unfiltered surface water data were available for the ecological sampling 
locations. However, at some locations the number of analytes differed slightly because the analyte 
list for the 300-series filtered surface water locations was not exactly the same as the analyte list ".r the ecological sampling locations. Table 1-2 presents a summary of the analytes in surface 
,ater for which statistical testing was not performed because of low detection frequency or the 

population means showed significant differences. Although the test results for uranium in filtered 
and unfiltered surface water did not show a significant difference between data sets, the maximum 
detected concentrations (0.258 mg/L for the filtered samples and 0.263 mg/L for the unfiltered 
samples) occurred at Grand Junction site location 1228. Both values exceed the UMTRA MCL.  
For some KW and Student's t-tests (i.e., ammonia [as NH4], and uranium), the robustness of the 
test was in question since inclusion or exclusion of elevated values did not change the test result.  
In these cases, the calculated test statistic was marginally valid. For the unfiltered surface water, 
this apparent anomaly may be due in part to the fact that only six values were available for 
ammonia at the reference area (four sample locations were missing ammonia, Sulfate, and fluoride 
results). For those data sets with sufficient detection frequency, only ammonia and strontium mean 
concentrations at the Grand Junction site were elevated with respect to the reference area.  
Summary statistics for analytes in surface water at the reference area and Grand Junction site are 
presented in Attachment 1.  

4.3 Ground Water 

Concentrations of some COPCs are elevated with respect to background wells; however, since 
ecological receptors are not in direct contact with this'medium, no further evaluation of ground 
water was conducted for the ERA. The ERA focuses on the media that are potentially 

-ntaminated as a result of contact with the contaminated ground water.  
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Table 1-2. Summary of Analytes of Concern in Grand Junction Site Surface Water for Which Statistical 
Testing Was Not Performed or Population Means Showed Significant Differences 

Filtered 

Analyte /Unfiltered? Test Test Result N Result Commeni 

Ammonia as Filtered Kruskal- Reference area and 10 (reference area) Filtered results do The results were same with or without high 
NI-H Wallis Grand Junction site vs. 9 ((Z. "d Junction not agree wi'h value (Location 1228); 100 % detection 

(KW) analyte means are site) -nrs:, 4,cluding unfiltered results frequency (DF) at Grand Junction site 
significantly different, high value of 89.2 locations; 60% DF at reference area 

mgnL (Location 1228) locations.  

Fluoride Filtered KW Reference area and 10 each at reference Test statistic was DF ,at reference area (90%) > DF at Grand 
Grand Junction site area and Grand somewhat marginal. Junction site (50%) but Grand Junction site 
analyte means are Junction site values are higher than reference area 
not significantly values; highest Grand Junction site detect 
different. (2.08 mg/L) was for Location 1228.  

Nitrate Filtered None Not applicable (NA) .5 (reference area) vs. Grand Junction site Nitrate was not identified as an ecological 
4 (Grand Junction locations showed no COPC but the data woer available for 
site) detects while DF at evaluatiQn.  

reference a.2 ea was 
100%; data set suspect.  

Nickel Filtered None NA 10 each at reference No detects at Highest detect was 0.0227 mg/L at Location 
area and Grand reference area; 1228; other value was 0.0096 mg/L at 
Junction site Grand Junction site Location 1226 (326).  

DF=20% 

Radium-226 Filtered None NA 10 each at reference Only I detect at all Detect Is a low value (0.17 pCiIL).  
area and Grand locations-Grand 
Junction ste Junction site 

Location 1226 (326) 

Selenium Filtered None NA 1 a ý, h at reference Only I detect at all Grand Junction site DF=0%.  
a; -. :J Grand locations-reference 
Jwiw.ý.on site area Location 1220 

Uranium Filtered KW Reference area and 10 each at reference Includes one high Calculated test statistic (2.52) not far below 
Grand Junction site area a:! Grand Grand Junction Chi-square value (3.84) which Is somewhat 
analyte means are Junction site' site-Location 1228 marginal.  
not significantly (0258 mg/L) 

, " different.
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Analyte
Vanadium Filtered None NA 10 each at reference Only I detect (0.136 Low Grand Junction site DF (10%).  

area and Grand mg/L) at all 
Junction site locations- Grand 

Junction site 
Location 1228 

Ammonia as Unfiltered KW and Reference area and 10 each at reference KW test statistic Results are same with or without 1, 2 or 3 
NH4 Studentfs Grand Junction site area and Grand suspect highest Grand Junction site values; 

t analyte means are Junction site changing to significance level of 99% yields 
same same results.  

Arsenic Unfiltered Student's Reference area and 10 each at reference Reference area Grand Junction site concentrations less than 
t Grand Junction site area and Grand mean > Grand reference area.  

analyte means are Junction site Junction site mean 
significantly different 

Molybdenum Unfiltered None NA 10 each at reference Grand Junction site 
area and Grand DF=I00%; reference 
Junction site area DF=20% 

Based on revised 
data qualifiers, test 
results for filtered 
end unfiltered do not 
agree.  

Nickel" Unfiltered None NA 10 each at reference I Grand Junction Low Grand Junction site.DF (10%).  
area and Grand site detect; no 
Junction site detects at reference 

area 
Radium-228 Unfiltered None NA 10 each at reference Only I detect (0.16 Low Grand Junction site DF (10%).  

area and Grand pCilL) at all 
Junction site locations- Grand 

Junction site 
Location 1228 

Strontium Unfiltered KW Reference area and 10 each at reference Grand Junction site Reference mean > Grand Junction site 
Grand Junction site area and Grand mean > reference Mean by removal of two elevated values for 
analyte means am Junction site area mean Grand Junction site Locations 1226 and 
significantly different 1228.

Comment

I
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Filtered 

Analyte /Unflltered? Test Test Result N Result Comment 

Uranium Unfiltered KW Reference area and 10 each at reference Includes one high Calculated test statistic (3.16) just below 
Grand Junction site area and Grand Grand Junction site Chi-square value (3.84) which is marginal.  
analyte means are Junction site Location 
not signiicantiy 1228-0263 mg/L 
differenL 

Vanadium Unfiltered None NA 10 each at reference Grand Junction Low Grand Junction site DF (10%).  
area and Grand detect (0.15 mg/L
Junction site Location 1228) vs.  

reference area 
maximum 
detect-0.11 amg/L; 
reference area 
"DF=20% 

Zinc Unfiltered None NA 10 each at reference Only Grand Junction Low Grand Junction site DF (10%).  
area and Grand site detect
Junction site Location 1228 

(0.0082 mg/L); no 
detects at reference 
area.  

,- I 

COPC-conlaminant of potential concern 
N-number of samples 
mg/L,.-mitigrams per liter 
pCi/L-picocxues per liter
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4.4 Vegetation 

ecause of the varying distribution of suitable phreatophytic vegetation at the ecological sampling 
iocations, an optimum number of samples for each vegetation type could not always be obtained.  
This restricted the extent of statistical evaluations, since normality testing cannot be performed on 
analyte distributions with less than five data points. Because willow could only be collected at two 
sampling locations at the reference area and Grand Junction site, no statistical evaluations could be 
performed. The maximum values for this matrix have the highest degree of uncertainty. All root 
data have a higher degree of uncertainty compared to stem data because the plant roots were in 
direct contact with sediment and were more difficult to clean. As expected, the plant tissue data 
generally varied more than the abiotic data. To discern strong differences or trends in biological 
data, a much larger number of sampling locations is required. An optimum number of biological 
samples is usually limited to budget, schedule, and vegetation availability. No order-of-magnitude 
differences between Grand Junction site and reference area results were observed. Such a 
difference in values based on the number of samples for each data set might indicate a significant 
discrepancy. The results differed at most by-a factor of 5, but more often the factors ranged 
between 2 and 3. Most biota analyses were nondetects, or the population means showed no 
significant differences, or the reference area maximum concentration exceeded the Grand Junction 
site maximum. Summary statistics for the vegetation samples by analyte, matrix, and submatrix are 
provided in Attachment 1. Table 1-3 provides a summary of analytes in vegetation for which 
statistical testing was not performed due to low detection frequency, or the population means 
showed significant differences.  

5.0 Risk Assessment Discussion 

ie results of the ecological sampling indicate generally low levels of a few COPCs in sediment, 
surface water, and plant tissues. The occurrences of significant elevated concentrations coincide with 
sampling locations that are known to be either remnants of the wetlands mitigation ponds or ponded 
areas that receive little or no regular surface water flushing.  

Based on sample size and variability, the strongest line-of-evidence factors for basing risk 
conclusions are the surface water and sediment results. In spite of the smaller sample sizes, the biota 
data serve as an additional but significant line-of-evidence. The tissue results show that for the 
majority of the analytes, Grand Junction site concentrations are the same as or less than the reference 
area concentrations.  

The majority of the data indicate no significant differences between Grand Junction site and 
reference area mean analyte concentrations in both abiotic and biotic media. To maintain a 
conservative approach, the following constituents were retained as COPCs even though their 
occurrences appear to be isolated. In most cases, the occurrences coincide with Grand Junction site 
location 1228. On the basis of the 1998 ecological sampling, it is recommended that the following 
COPCs be retained: 
"* Ammonia in surface water 
"* Nickel in surface water 
"* Uranium in surface water 

Vanadium in surface water 
Arsenic in reed canarygrass stems 
Vanadium in reed canarygrass stems 

DOE/GFad Junction Office Site Observational Work Plan for Grand Junction, Colorado 
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Table 1-3. Summary of Analytes of Concern in Grand Junction Site Vegetation for Which Statistical 
Testing Was Not Performed or Population Means Showed Significant Differences

I: P

Analyte Vegetation Test Test Result N Result Comment 

Arsenic Reed canarygrass None Not 3 (reference area) Only detect at Grand Junction Single detect suggests analyte Is not a 
stems applicable vs. 5 (Grand Site (1.55 mg/kg-Location Grand Junction site-wide contaminanL 

(NA) Junction site) 1228); 3 detects at reference 
area are less than single 
Grand JunctionSite detect 

Molybdenum Reed canaiygrass None NA 3 (reference area) Only Grand Junction site Comparable values for reference area 
stems vs. 5 (Grand detect Is same as reference and Grand Junction site suggest 

Junction site) area detect analyte is not elevated with respect to 
background.  

Nickel Reed canarygrass None NA 3 (reference area) Only one detect-Grand Single detect suggests analyte is not a 
stems vs. 5 (Grand Junction site Location 1228 Grand Junction site-wide contaminant.  

Junction site) 

Uranium Reed canarygrass None NA 3 (reference area) Grand Junction site--2 Maximum detect-Grand Junction site 
stems vs. 5 (Grand detects/5 samples; only a Location 1228 (0.195 mg/kg) vs.  

Junction site) single reference area detect reference area detect (0.17 mg/kg); 
difference is within a reasonable margin 
of variability for biological data.  

Vanadium Reed can,.ygrass None NA 3 (reference area) Grand Junction site-3 Maximum detect-Grand Junction site 
stems vs. 5 (Grand detects/5 samples; reference Location 1228 (4.6 n)g/kg) vs. reference 

Junction site) area-I detect/3 samples area detect (0.92 mg/kg); removal of 
Location 1228 value, next highest 
Grand Junction site value is 1.0 mg/kg
difference between these two values Is 
within a reasonable margin of variability 
for biological data.  

Zinc Reed canarygrass None NA 3 (reference area) Grand Junction site maximum Difference between Grand Junction site 
roots vs. 5 (Grand value (163 mg/kg) vs. and reference area maximum values is 

Junction site) reference area maximum within a reasonable margin of variability 
value (159 mg/kg) for biological data.  

Manganese Cattail stems Kruskal- Reference 5 (reference area) Grand Junction site maximum N=3 is the minimum number of samples 
Wallis area and vs. 3 (Grand (Location 1226 (326) -914 for calculating summary statistics and is 
(KW) Grand Junction site) mg/kg)) vs. reference area not statistically robust; all three Grand 

Junction site maximum value (452 mg/kg) Junction site values are significantly 
analyte elevated over reference area values.  

means are 
different
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.Yte Vegetation Test Test Result Result Comment 
Molybdenum Cattail stems KW Reference 5 (reference area) Grand Junction site maximum N=3 is the minimum number of samples 

area and vs. 3 (Grand (Location 1226 (328)-6.4 for calculating summary statistics and Is 
Grand Junction site mg/kg)) vs. reference area not statistically robust, remaining two 

Junction site maximum (1.4 mg/kg) highest Grand Junction site values are 
analyte approx. 2.5-3.5 times higher than 

means are reference area values.  
different 

Molybdenum Cattail roots KW Reference 5 (reference area) Grand Junction site maximum N=3 is the minimum number of samples 
area and vs. 3 (Grand (Location 1235-3.7 mg/kg) for calculating summary statistics and Is 

Grand Junction site vs. reference area maximum not statistically robust remaining 
Junction site (0.98 mg/kg) highest Grand Junction site values are 

analyte approx. 2.5-5 times higher than 
means are reference area values.  

different 
Ra-226 Cattail roots None NA 5 (reference area) Grand Junction site single 2 detects in 5 samples at reference 

vs. 3 (Grand detect = reference area area.  
Junction site maximum detect 

Arsenic Willow roots None NA 2 (reference area) 3.2 mg/kg (Grand Junction N=2-resuits not conclusive; however, 
vs. 2 (Grand site maximum) vs. 2 mg/kg the difference between these values Is 
Junction site (reference area maximum) within a reasonable distribution of 

natural variability for biological data.  
Cadmium Willow roots None NA 2 (reference area) 1.5 mg/kg (Grand Junction N=2-results not conclusive; however, 

vs. 2 (Grand maximum) vs. 0.8 mg/kg the difference between these values Is 
Junction site (reference area maximum) within a reasonable distribution of natural varlability for biological data.  

Cobalt Willow roots None NA 2 (reference area) Only I Grand Junction site N=2-results not conclusive; single 
vs. 2 (Grand detect-I.3 mg/kg (Location detect suggests analyte is not a Grand Junction site 1232) Junction site-wide contaminant 

Copper Willow roots None NA 2 (reference area) Maximum Grand Junction site N=2-results not conclusive; however, 
vs. 2 (Grand detect was 7.1 mg/kg; no based on 100/ODF, analyte may 
Junction site reference area detects. represent a contaminant.  

Iron Willow roots None NA 2 (reference area) 1,800 mg/kg (Grand Junction N=2-results not conclusive; however, 
vs. 2 (Grand site maximum) vs. 1,480 the difference between these values is 
Junction site mg/kg (reference area within a reasonable distribution of 

__maximum) natural variabiflty for biological data.  
Manganese Willow roots None NA 2 (reference area) 116 mg/kg (Grand Junction N=2-resuits not conclusive; however, 

vs. 2 (Grand site maximum) vs. 57 mg/kg the difference between these values is 
Junction site (reference area maximum) within a reasonable distribution of 

natural variability for biological data.

r
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Molybdenum Willow roots None NA 2 (reference area) Only detect. 0.87 mg/kg- N=2-resuits not conclusive; single 
vs. 2 (Grand Grand Junction site Location detect suggests analyte is not a Grand 
Junction site 1232; no reference area Junction site-wide contaminanL 

detects 
"Strontium Willow roots None NA 2 (reference area) 67.8 mg/kg (Grand Junction N=2-results not conclusive although 

vs. 2 (Grand site maximum) vs. 58.2 mg/kg these values are essentially equivalent 
Junction site (reference area maximum) 

Cadmium Willow stems None NA 2 (reference area) 2.3 mg/kg (Grand Junction N=2-results not conclusive; however, 
vs. 2 (Grand site maximum) vs. 1.0 mg/kg the difference between these values Is 
Junction site (reference area maximum) within i reasonable distribution of 

natural variability for biological data.  

Uranium Willow stems None NA 2 (reference area) I detect in 2 samples at N=2--results not conclusive; single 
vs. 2 (Grand Grand Junction site (0.13 detect suggests analyte is not a Grand 
Junction site mg/kg); no detects at Junction site-wide contaminant 

reference area;

I
'I'' 
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"* Manganese in cattail stems 
"* Molybdenum in cattail stems 

Molybdenum in cattail roots 

Table 1-4 provides additional information about the screening criteria and the potential ecological 
risk posed by elevated COPC concentrations. The ecological COPCs presented above are identified 
in bold type in the table.  

One of the objectives of the characterization work plan (DOE 1997) was to collect data from areas 
that might have the highest contaminant levels. The highest values were obtained from ponded areas 

(locations 1226, 1228, and 1235, see Figure 4-15) where the Colorado River provides little or no 
natural flushing.  

Because the occurrences are localized, elevated concentrations of ammonia and some metals in 
surface water and vegetation at these locations probably do not present an unacceptable ecological 
risk. Although unlikely, the possibility remains that an isolated "effect or mortality could be 
associated with these locations; however, no negative ecological effects have been observed.  

Location 1226 (Figure 4-15) is located at the Botanical Gardens pond. This pond is small, fenced, 
and provides no significant ecological habitat. The ecological sampling for surface water at this 
location did not include all parameters listed on the state of Colorado agricultural standards 
(Colorado Department of Health, Water Quality Control Commission, The Basic Standards for 
Ground Waters (Section 3.11.0, amended 4/1996). For those analytes that were included on this 
list, only the pH value of 9.07 was elevated over the recommended maximum value of 8.5. Based 
strictly on the surface water results for the ecological sampling event, there is no indication that 

is pond cannot be used to irrigate the plants in the arboretum.  

The other ponded areas (Figure 4-15, locations 1228 and 1235) are very small and are located on a 
braided portion of the river. Their small size (estimated to be no more than 1,000 square feet each) 
restricts the numbers and types of ecological receptors that rely solely on them for surface water, 
forage, or prey species. In addition, wildlife receptors typically utilize a variety of prey or forage 
items.  

Manganese concentrations in cattail stems averaged 860 mg/kg at the Grand Junction site and 
300 mg/kg at the reference area. Before the bioaccumulation factors (BAFs) for manganese 
were calculated, the plant tissue concentrations were plotted against the sediment 
concentrations to detect a linear correlation. A correlation coefficient of 0.77 was obtained for 
the manganese data, and an r2 of 0.6 was calculated for the linear regression trend line. BAFs 
were obtained by dividing the maximum co-located tissue concentration by the minimum co
located sediment concentration. The bioaccumulation factors (BAFs) calculated for manganese 
were approximately equal for the Grand Junction site and reference area (4.5 and 3.9, 
respectively). The manganese sediment concentrations for the Grand Junction site and 
reference area locations did not differ significantly and were all between 200 and 300 mg/kg.  
The screening benchmark for terrestrial plant phytotoxicity is given as 500 mg/kg in soil 
(ORNL 1996). A mature leaf tissue manganese concentration range of 200 to 1,000 mg/kg (dry 
weight) was cited as toxic in the BLRA (Kabata-Pendias and Pendias 1992, cited in DOE 

'195). Manganese appears to bioaccumulate in cattail stems to a significant level at both the 
illsite locations and the reference area.  
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Table 1-4. Summary of Analytes of Concern by Medium, Screening 
Criteria. and Interpretation of Ecological Risk
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C 

P 
0 
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Grand Juncton 
site 

Analyte Medium Concentration Screening Data Summary Comment Risk Interpretation 
of Concern Criterion 

Fluoride Sediment 7.7 mg/kg No SQC available .'si•axlmum Grand Junction site Test statistic was marginal; Based strictly on statistical 
detect (7.7 mg/kg) was at graphical inspection of data testing, fluoride Is not retained as 
Location 1233; highest suggests that Grand Junction site a Grand Junction site COPC.  
reference area detect was 3.2 data may be slightly elevated with 
mg/kg; respect to the reference area; 
100% DF at Grand Junction next highest Grand Junction site 
site; 90% DF at reference detect was 4.9 mg/kg (Location 
area; 1235).  

Molybdenum Sediment 1.4 mg/kg 2.0 mg/kg-soil- Only Grand Junction detect Single Grand Junction site detect Low Grand Junction site DF 
terrestrial plant (1.4 mg/kg) vs. highest is at Location 1234. suggests that analyte Is not a 
benchmark (Bench reference area detect (0.91 The difference between these COPC.  
1996); no SOC mg/kg) values is within a reasonable Concentration is below screening 
available : ! 10% DF at Grand Junction distribution of natural variability . echmark for terrestral plant 

site; 90% DF at reference for environmental data. phytotoxicity based on soil 
area; concentration; this benchmark Is 

primarily for information purposes 
and somewhat relevanL 

Radium-228 Sediment 0.76 pCi/g For Ra-226 in Reference area DF (50%) Single Grand Junction site detect Low Grand Junction site DF 
sediment including >DF Grand Junction site Is at Location 1226 (326); suggests that analyte is not a 
daughters (ORNL (10%) concentration likely elevated due COPC.  
1998): Grand Junction site detect > to evaporation at this location as Grand Junction site concentration 
2.82E04 pClI/g- maximum reference area no regular flushing occurs (i.e., is well below both screening 
small fish detect stagnant pond). criteria; benchmarks are the dry 

weight concentrations that 
3.32E04 pClig-large produce a dose rate of I rad/day.  
fish 

Selenium Sediment 0.43 mg/kg I ;0 mg/kg-soi- No detects at reference area; Low DF would indicate analyte is Concentration is below the 
terrestrial plant only I detect at Grand not a significant problem. screening benchmark for 
benchmark (Bench Junction site (Location 1234). terrestrial plant phytotoxicity 
1996); no SOC based on a soil concentration; 
available this benchmark is primarily for 

information purposes and 
somewhat relevant
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Grand Junction 

Site 
Concentration 

of Concern
* Screening 

Criterion
Data Summary Comment Risk Interpretation
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Analyte Medium

Ammonia as Filtered 89.2 mg/I 0.0017 mg/I as Detects at all Grand Junction Means are significantly different All but one reference area value 
NH4 surface ammonia -LCV for site locations; detects at 6/10 even with removal of one high (including non-detects at the 

water all organisms reference area locations; 89.2 value (Location 1228); the detection limit) exceed this 
(Bench 1996) mg/L (Grand Junction site robustness of the test is suspect benchmark which suggests that it 
2.4 mg/L as maximum-Location 1228); all for these data sets. may be overly conservative.  
ammonia- LCV for but 2 Grand Junction site This high value may represent a 
aquatic plants values < 0.1 mg/L localized ecological risk.  
(Bench 1996) 

Fluoride Filtered 2.0 mg/L None available. KW results suggest that Statistical test may not be Based strictly on statistical 
surface means am not significantly sufficiently robust for these data testing, analyte is not retained as 
water different even though sets. Graphical evaluation of a Grand Junction site COPC.  

reference area DF (90%) > data Indicates means are similar 
Grand Junction site DF if Locations 1226 and 1228 are 
(50%). not Included.  

Nitrate Filtered none not applicable All non-detects at Grand Results am suspect None-nitrate is not an ecological 
surface Junction site and all detects at COPC.  
water reference area.  

Nickel Filtered 0.0227 mg/L Chronic AWOC- Highest detect-0.0227 mg/L Concentration likely elevated due Highest value is well below 
surface 0.160 mg/L (Ecotox occurred at Grand Junction to evaporation at this location as AWQC but both Grand Junction 
water 1996) site Location 1228. no regular flushing occurs (i.e., site detects (Locations 1226 and 

< 0.005 mg/L-LCV stagnant remnant of mitigation 1228) exceed LCV aquatic 
for all organisms wetland pond). benchmark.  

(Bench 1996) These high values may represent 
I localized ecological risks.
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Grand Junction 
Site 

Analyte Medium Concentration Screening Data Summnary Comment Risk Interpretation 

of Concern Criterion 

Ra-226 Filtered 0.17 pCi/L 160 pCiL-small fish Only detect (0.17 pCiIL) Concentration likely elevated due Only detect is well below 
surface (water) (ORNL occurred at Grand Junction to evaporation at this location as screening benchmarks; ORNL 
water 1998) site Location 1226 (326). no regular flushing occurs (i.e., benchmarks are the 

160 pCiL-larg fish stagnant pond). concentrations in water that 
(water) (includes produce a dose rate of 1 rad/day.  

short-lived progeny) 
(ORNL 1998) 

5 pCi/L-Colorado 
surface water 
standard 

Uranium Filtered 0.258 mg/L 0.142 mg/L- Highest detect (0.258 mg/L) Location is stagnant remnant of Concentration exceeds both 
surface estimated LCV for was at Grand Junction mitigation weUand pond; criteria.  
water all organisms Location 1228. concentration likely elevated due The site data did not differ 

(Bench 1996) Ali other detects were below to evaporation at this location as significanUy from the reference 

UMTRA MCL-0.044 0.005 mg/L no regular flushing occurs. area data even including this 
mg/L elevated value; the test statistic 

was marginal.  
This high value may represent a 
localized ecological risk.  

Vanadium Filtered 0.136 mg/L 0.08 mg/L- Only Grand Junction site Location is stagnant remnant of Concentration exceeds 2 of 3 
surface estimated LCV for detect was at Location 1228. mitigation watiand pond; criteria.  
water all organisms concentration likely elevated due This high value may represent a 

(Bench 1996) to evaporation at this location as localized ecological risk.  

1.9 rmg/L-estimated no regular flushing occurs.  

LCV for daphnids 
(Bench 1996) 
0.1 mg/L-Colorado 
agricultural standard 
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Concentration 

of Concern
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Data Summary

Y p

Comment Risk Interpretation

Ammonia as Unfiltered 91.7 mg/L 0.0017 mg/L as Detects at all Grand Junction Means am not significantly Location is stagnant remnant of 
NH4  surface ammonia-aquatic site locations and alt 6 different even with removal of one mitigation wetland pond; 

water Invertebrate reference area locations; high value (Location 1228); the concentration likely elevated due 
screening Grand Junction site maximum robustness of the statistical test is to evaporation at this location as 
benchmark (Bench (Location 1228-91.7 mgIL) suspect for these data sets; no regular flushing occurs.  
19%) 1Statistical testing Indicates no graphical inspection of data This high value may represent a 
2.4 mg/L as significant difference In reveals slightly different localized ecological risk.  

populations; in addition to K-W ammonia- LCV for population means. test, t-test without Location 1228 
aquatic plants Indicates means are same; this 
(Bench 1998) apparent anomaly may be due to 

N--6 for reference area for 
unfiltered data 

Arsenic Unfiltered 0.0088 mg/L Chronic AWQC- Maximum value was at Grand Location is stagnant remnant of All detects at all locations well 
surface 0.19 mg/L (Ecotox Junction site (0.0088 mg/L- mitigation wetland pond; below AWQC and aquatic 
water 1998; Bench 1996) Location 1228). concentration likely elevated due benchmark.  

0.914 mg/L-LCV for to evaporation at this location as 

all organisms. no regular flushing occurs.  
(Bench 1998) " .

Molybdenum Unfiltered 0.10 mg/L 0.24 mg/L-Tier II Maximum value was at Grand Location is stagnant remnant of All detects at all locations well 
surface (Ecotox 1998; Junction site (0.1 mg/L- mitigation wetland pond; below Tier II value and aquatic 
water Bench 1996) Location 1228). concentration likely elevated due benchmark.  

0.88 mg/L-LCV for to evaporation at this location as 

all organisms no regular flushing occurs.  

(Bench 1996) 

Nickel Unfiltered 0.0271 mg/L Chronic AWQC- Only detect (0.0271 mg/L) Location is stagnant remnant of Only detect is below AWQC but 
surface 0.18 mg/L (Bench was at Grand Junction site mitigation wetland pond; exceeds LCV for all aquatic 
water 1996) Location 1228. concentration likely elevated due organisms; detection fimit (0.0189 

< 0.005 mg/L-LCV to evaporation at this location as mg/L) exceeds LCV benchmark.  

for all organisms no regular flushing occurs. This elevated value may 
represent a localized ecological 

(Bench IM6) risk.  

Ra-226 Unfiltered 0.16 pCi/L 160 pCi/L-small fish Only detect was at (0.16 Concentration likely elevated due Only detect is well below 
surface (water) (ORNL pCi/L-Grand Junction site to evaporation at this location as screening benchmarks; 
water 1998) Location 1228). no regular flushing occurs; benchmarks are the 

location is stagnant remnant of concentrations In water that 
160 pC(w Large fish mitigation wetland pond. produce a dose rate of I rad/day.  (water) (Includes 

short-ived progeny) 
(ORNL 1998)

U

An"yte Medium Screening 
Criterion z
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Grand Junction 
Site 

Analyte Medium Concentration Screening Data Summary Comment Risk Interpretation 
of Concern Criterion 

Strontium Unfiltered 3.18 mg/L 42 mg/L-LCV for all Maximum values occurred at Concentration likely elevated due All detects are well below 
surface 5.03 ng/L organisms (Bench Grand Junction site Locations to evaporation at these locations screening benchmark.  
water 1996) 1226 and 1228. as no regular flushing occurs 

(stagnant ponded areas). " 
Uranium Unfiltered 0.263 mg/L 0.142 mg/L- Highest detect (0.263 mg/L) Location Is stagnant remnant of Concentration exceeds both the 

surface estimated LCV for was at Grand Junction site mitigation wetland pond; screening criteria and MCL 
water all organisms Location 1228. concentration likely elevated due The site data did not differ 

(Bench 1996) All other detects were below to evaporation at this location as signlficanty from the reference 
UMTRA MCL-0.044 0.005 mg/L Ino regular flushing occurs. area data even Including this 
mg/L elevated value; the test statistic 

was somewhat marginal.  
This high value may represent a 
localized ecological risk.  

Vanadium Unfiltered 0.155 mg/L 0.019 mg/L-TIer II Only Grand Junction site Concentration likely elevated due Concentration exceeds both 
surface (Ecotox 1996). detect (0.155 mg/L) was at to evaporation at this location as screening benchmarks.  
water 0.08 mg/L-LCV for Location 1228. no regular flushing occurs; This high value may represent a 

all organisms Two reference area detects location is stagnant remnant of localized ecological risk.  
(Bench 1996) are below both criteria. mitigation wetland pond.  

Zinc Unfiltered 0.0082 mg/L 0.10 mg/L-Chronc Only detect (0.0082 mg/L) Concentration likely elevated due Only deteft is well below both 
surface AWQC (Bench was at Grand Junction site to evaporation at this location as AWQCs.  
water 1996; Ecotox 1996) Location 1228. no regular flushing occurs; 

0.12 mag/I-Acute location is stagnant remnant of AW0 C (Bench mitigation wetland pond., 
1996) 

Arsenic Reed 1.55 mg/kg 0.621 mg/kg as . Maximum Grand Junction site Inorganic arsenic is not generally Concentration exceeds screening 
canarygrass arsenite- value-1.55 mg/kg (location conicidered a significant benchmark.  
stems concentration in 1228). bloaccumulator. Consumption of single food item 

food item necessary A BAF could not be calculated is unlikely, and consideration of 
to produce a since linear correlation did not an AUF would diminish potential 
NOAEL of 0,019 exist between sediment and exposure.  
mg/kg for white- tissue concentrations. This high value may retrnsent a 
tailed deer (Bench localized ecological resk.  
1996). Excluding one high value, all 

other Grand Junction site values 
are comparable to reference area 
values.
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unly etect (1.425 mg/kg) at 
any location (Grand Junction 
site Location 1228).

Low DF (10%) would indicate 
analyte is not a problem.

Risk Interpretation

Concentration is well below 
screening benchmarks.

Uranium Reed 0.195 mg/kg 14.87 mg/kg as Maximum Grand Junction site Reference area-1 detect/3 Consumption of a single food 
cenaygrass uranyl acetate- detect (Location 1228-0.195 samples; Grand Junction site-2 iem Is unlikely; consideration of 
stems concentration in mg/kg) vs. only reference detects/5 samples an area use factor (AUF) would 

food item necessary area detect (0.17 mg/kg); These detects are essentially reduce potential exposure.  
to produce a maximum sediment value for equivalent. Elevated concentration is below 
NOAEL of 0.458 reference area was 3.1 screening benchmark.  
mg/kg for white- mg/kg; maximum sediment 
tailed deer (Bench value for Grand Junction site 

.1998). was 3.0 mg/kg

I

Analyte Medium

canarygrass 
stems

t l( I i.l(•l[;: I

of Coce * _ _

149 mg/kg as nickel 
sulfate 
hexahydrate
concentration in 
food Item necessary 
to produce a 
NOAEL of 29.4 
mg/kg for cottontail 
rabbit (Bench 1998).  

364.3 mg/kg-as 
nickel sulfate 
hexahydrate
concentration in 
food item necessary 
to produce a 
NOAEL of 11.22 
mg/kg for white
tailed deer (Bench 
19).
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Vanadium Reed 4.6 mg/kg 0.725 mg/kg as Maximum Grand Junction site Removing maximum Grand Concentrations of Grand Junction 

canarygrass sodium detect (4.6 mg/kg-Location Junction site detect (Location two highest detects and single 

stems metavanadate- 1228) 1228-4.6 mg/kg), next highest reference area detect are greater 

concentration in value is 1.3 mg/kg (Grand than lowest screening 
food item necessary Junction site Location 1230) vs. benchmark. This suggests that 

to produce a 0.92 mg/kg (reference area); the criterion may be overly 
NOAEL of 0.143 difference between these lesser conservative.  
mg/kg for cottontail values is within a reasonable Consumption of single food item 
rabbit (Bench 1996). distribution of natural variability unlikely; consideration of an AUF 

1.78 mg/kg as for biological data. would reduce potential exposure 

sodium This high value may represent a 

metavanadate- localized ecological risk.  

concentration in 
food item necessary 
to produce a 
NOAEL of 0.055 
mg/kg for white
tailed deer (Bench 
1996).  

Zinc Reed 163 mg/kg 595 mg/kg as zinc Maximum value (163 mg/kg- The difference in these values is These values are essentially 

canarygrass oxide-concentration Grand Junction site) vs. within a reasonable distribution of equivalenL 

roots in food item maximum value (159 mg/kg- natural variability for biological Maxuium value is well below 
necessary to reference area) data. screening benchmarks.  

produce a NOAEL 

of 118 mg/kg for 
cottontail rabbit 
(Bench 1996).  
1,457 mg/kg as zinc 
oxide-concentration 
in food item 
necessary to 
produce a NOAEL 
of 44.9 mg/kg for 
white-tailed deer 
(Bench 1996).  
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Analyte,

I

Medium

Manganese Cattail 914 mg/kg 802 mgfkg as Maximum value (914 mg/kg- Calculated BAF9 for Grand Concentration exceeds screening 
stems Mn 3O4- Location 1228 (326) Junction site (4.5) and for benchmark.  

concentration in Te means for the data sets ernce area (3.9): removing Consumption of single food item 
food item necessary differed msifir howeser, Location 1226 value, replacing unlikely; consideration of an AI 
to produce a differed onily; howets with next highest value, and would reduce potential exposure oEo2. for the Grand Junction site. recalculating Grand Junction site All three Grand Junction site 
mg/kg for white- BAF results in a Grand Junction values may represent localized 
tailed deer (Bench site BAF = 4.1; this recalculated ecological risks.  
1998). BAF and reference area BAF are 

essentially equivalent.  

Molybdenum Cattail 6.4 mg/kg 1.28 mg/kg as 6.4 mg/kg (Grand Junction BAF could not be calculated Concentration exceeds screening 
stems MoO 4- site maximum-Location 1235) since a linear correlation did not benchmarks.  

concentration in vs. reference area maximum exist between sediment and Consumption of single food item 
food item necessary 1.4 mg/kg tissue concentrations, unlikely; consideration of an AUF 
to produce a would reduce potential exposure.  
NOAEL of 0.04 This high value may represent a 
mg/kg for white- localized ecological risk.  
tailed deer (Bench 
1998).  
0.52 mg/kg as 
MoOr-concentration 
in food Item 
necessary tot 
produce a NOAEL 
of 0.10 mg/kg for 
cottontail rabbit 
(Bench 1996).
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Grand Junction 
Site 

Analyte Medium Concentration Screening Data Summary Comment Risk InterpretatUon 
of Concern Criterion 

Molybdenum Cattail roots 3.7 mg/kg 1.28 mg/kg as 3.7 mg/kg (Grand Junction BAF could not be calculated Concentration exceeds screening 
MoO4-concentration site maximum-LocaUon 1235) since a linear correlation did not benchmarks.  
in food item vs. reference area maximum exist between sediment and Root.data have higher degree of 
necessary to 0.98 mg/kg. tissue concentrations; uncertainty due to difficulty In 
produce a NOAEL The difference in these values is cleaning of tissue prior to 
of 0.04 mg/kg for within a reasonable distribution of analysis.  
white-tailed deer natural variability for biological Consumption of single food Item 
(Bench 1996). data. unlikely; consideration of an AUF 

0.5Z mg/kg as would reduce potential exposure.  
MoO4-concentration This high value may represent a 
in food item localized ecological risk.  
necessary to 
produce a NOAEL 
of 0.10 mg/kg for 
cottontail rabbit 
(Bench 1996).  

Arsenic Willow roots 3.2 mg/kg 0.621 mg/kg as 3.2 mg/kg (Grand Junction The difference between these Both the Grand Junction and 
arsenite- site maximum-Location 1232) values is within a reasonable reference area concentrations 
concentration in vs. 2 mg/kg (reference area natural variability for biological exceed the screening benchmark 
food item necessary maximum) data. which suggests that the criterion 
-to produce a N=2 at Grand Junction site and may be overly conservative.  
NOAEL of 0.019 reference area. Root data have higher degree of 
mg/kg for white- uncertainty due to difficulty in 
tailed deer (Bench cleaning of tissue prior to 
1996). analysis.
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8.8 mg/kg as 
cadmium chloride
concentration in 
food item necessary 
to produce a 
NOAEL of 0.27 
mg/kg for white
tailed deer (Bench 
1IM6).
3.6 mg/kg as 
cadmium chlorkde
concentration In 
food item necessary 
to produce a 
NOAEL of 0.71 
mg/kg for cottontail 
rabbit (Bench 1996).

vvOIuw 100W1 I .03 rgIKn

Data Summary

1.5 mg/kg (Grand Junction 
site maximum-Location 1229) 
vs. 0.8 mg/kg (reference area 
maximum)

I Y

Comment

The difference between these 
values is within a reasonable 
distribution of natural variability 
for biological data.  

N=2 at Grand Junction site and 
reference area

Risk Interpretation

Root data have higher degree of 
uncertainty due to difficulty in 
cleaning of tissue prior to 
analysis.  

Concentration Is below both 
screening benchmarks.

Cobalt Willow roots 1.3 mg/kg No wildlife screening 1.3 mg/kg-sIngle Grand No detects at reference area Root data have higher degree of 
benchmark Junction site detecHLocatlon N=2 at Grand Junction site and uncertinty due to difficulty In 
available. 1232) reference area cleaning of tissue prior to 

analysis.  
Consumption of single food item 
unlikely; consideration of an AUF would reduce potential exposure.  

Copper Willow roots 7.1 mg/kg 139 mg/kg as 7.1 mg/kg-single Grand No detects at reference area Root data have higher degree of 
copper sulfate- Junction site detect occurred N=2 at Grand Junction site and uncertainty due to difficulty in 
concentration In at Location 1232. referenc e are cleaning of tissue prior to 
food item necessary rference area analysis.  
to produce a Elevated concentration is well 
NOAEL of 3.4 mg/kg below both screening 
for white-tailed deer benchmarks.  
(Bench 1996).  
56.6 mg/kg as 
copper sulfite
concentration In 
food item necessary 
to produce a 
NOAEL of 11.2 
mn/kg for cottontail 
rabbit (Bench 1998).
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Grand Junction 
Site 

Analyte Medium Concentration Screening Data Summary Comment Risk Interpretation 

of Concern Criterion 

Iron Willow roots 1,800mg/kg Nowildlifescreening 1,800mg/kg(Grand Junction The difference between these Root data have higher degree of 

benchmark site maximum) vs. 1,480 values Is within a reasonable uncertainty due to difficulty In 
available. mg/kg (reference area distribution of natural variability cleaning of tissue prior to 

maximum) for biological data analysis.  

N=2 at Grand Junction site and 
reference area 

Manganese Willow roots 116 mg/kg 802 mg/kg as 116 mg/kg (Grand Junction The difference between these Concentration Is well below 
Mn3O4- site maximum) vs. 57 mg/kg values is within a reasonable screening benchmark.  
concentration in (reference area maximum) distribution of natural variability Root data have higher degree of 
food item necessary for biological data. uncertainty due to difficulty in 
to produce a Calculated BAFs for Grand cleaning of tissue prior to 
NOAEL of 25.1 Junction site (0.49) and for analysis.  
mg/kg for white- reference area (0.26) -the Low BAFs suggest low likelihood 
tailed deer (Bench difference in these values Is of significant bioaccumulation in 
1996). within a reasonable degree of roots.  

natural variability for 
environmental data; 
N=2 at Grand Junction site and 
reference area 

Molybdenum Willow roots 0.87 mg/kg 1.28 mg/kg as 0.87 mg/kg-single detect No detects at reference area Root data have higher degree of 

MoO 4- (Grand Junction site Location N=2 at Grand Junction site and uncertainty due to difficulty in 

concentration in 1232) reference area cleaning of tissue prior to 
food item necessary analysis.  

to produce a Concentration is below screening 
NOAEL of 0.04 benchmark.  
mg/kg for white
tailed deer (Bench 
1996)..  

Strontium Willow roots 67.8 mg/kg No wildlife screening 67.8 mg/kg (Grand Junction The difference between these Root data have a higher degree 

benchmark site maximum) vs. 58.2 mg/kg values is within a reasonable of uncertainty due to difficulty in 

available. (reference area maximum) distribution of natural variability cleaning of tissue pror to 
for biological data analysis.  

N=2 at Grand Junction site and 
reference area 
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Analyte Medium

Uranium Willow roots 0.72 mg/kg 14.87 mg/kg as 0.72 mg/kg (Grand Junction A BAF could not be calculated Concentration is well below 
uranyl acetate- site maximum) vs. 0. 19 mg/kg since a linear correlation did not screening benchmark.  
concentration in (reference area maximum) exist between sediment and Root data have higher degree of 
food item necessary tissue concentrations, uncertainty due to difficulty in 
to produce a The difference between these cleaning of tissue prior to 
NOAEL of 0.458 values Is likely within a analysis.  
mg/kg for white- reasonable distribution of natural 
tailed deer (Bench variability for biological data.  
1998).  

N=2 at Grand Junction site and 
reference area 

Vanadium Willow roots 3.4 mg/kg 0.725 mg/kg as 3.4 mg/kg (Grand Junction A BAF could not be calculated Root data have higher degree of 
sodium site maximum) vs. 1.5 mg/kg since a linear correlation did not uncertainty due to difficulty In 
metavanadate- (reference area maximum) exist between sediment and cleaning of tissue prior to analysis 
concentration In tissue concentrations. Both Grand Junction site and 
food item necessary The difference between these reference area values exceed 
to produce a values Is within a reasonable screening benchmark which 
NOAEL of 0.c143 distribution of natural variability suggests that criterion may be 
mg/kg for cottontail for biological data. overly conservative.  rabbit (Bench 1I9M).  

N=2 at Grand Junction site and 
reference area 

Amenic Willow 0.96 mg/kg 0.621 mg/kg as 0.96 mg/kg (Grand Junction The difference between these Maximum Grand Junction site 
stems arsenite- site maximum) vs. 0.48 mg/kg values is within a reasonable value slightly exceeds screening 

concentration in (reference area maximum) distribution of natural variability benchmark.  
food item necessary for biological data. Root data have higher degree of 
to produce a N=2 at Grand Junction site and uncertainty due to difficulty in 
NOAEL of 0.019 reference area cleaning of tissue prior to 
mg/kg for white- analysis.  
tailed deer (Bench 

_ _ _ _ _ ~~1996). _ _ _ _ _ _ _ _ _ _ _ _
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!-I mgL--nmligrams peW fiter 
Tier l1--Great Lakes Water Quality Initiative Tier II Methodology 
LCV-lowest chronic value 
AWQC--Ambient Water Quality Criteria 
MCL--maximum concentration limit 
NOAEL-no observed adverse effect level 
SQC-Sellment Quality Criteria

ORNL-Radiological Benchmarks for Screening Contaminants of Potential Concern for Effects on Aquatic Biota at Oak Ridge National Laboratory, Oak Ridge 
Tennessee, BJCIOR-80, July 1998.Bench-Screening Benchmarks for Ecological Risk Assessment (Oak Ridge National Laboratory, version 1.6, 10/1996).  
Ecotox--Ecotox Thresholds, US EPA Office of Solid Waste and Emergency Response, January 1996, EPA 540/F-95/038.

0.

I

a

BAFs-bloaccumulatlon factors 
COPCs--chemicals of potential concern 
DF-detection frequency 
KW-Kruskal-Wallis 
pCVL--picocuries per liter 
pCUg--picocuries per gram 
mg/kg--i"*ligrams per kilogram

Grand Junction 
site 

Analyte Medium Concentration Screening Data Summary Comment Risk Interpretatlon 
of Concern Criterion 

Cadmium Willow 2.3 mg/kg 8.8 mg/kg as 2.3 mg/kg (Grand Junction The difference between these Root data have higher degree of 
stems cadmium chloride- site maximum) vs. 1.0 mg/kg values is within a reasonable uncertainty due to difficulty In 

concentration in (reference area maximum) distribution of natural variability cleaning of tissue prior to 
food item necessary for biological data analysis.  
to produce a N=2 at Grand Junction site and Maximum value is below 
NOAEL of 0.27 reference area screening benchmarks.  
mg/kg for white
tailed deer (Bench 
1996).  
3.6 mg/kg as 
cadmium chlode
concentration In 
food item necessary 
to produce a 
NOAEL of 0.71 
mg/kg for cottontail 
rabbit (Bench 1996).  

Uranium Willow 0.13 mg/kg 14.87 mg/kg as 0. 13 mg/kg- only Grand No detects at reference area Concentration is well below 
stems uranyl acetate- Junction site detect occurred N=2 at Grand Junction site and screening benchmark.  

concentration in at Location 1229. reference area 
food item necessary 
to produce a 
NOAEL of 0.458 
mg/kg for white
tailed deer (Bench 
1996).

I



Document Number U0042400

As stated in Kabata-Pendias and Pendias 1992, "... Mn compounds are known for their rapid 
oxidation and reduction under variable soil environments, and thus oxidizing conditions may 

.eatly reduce the availability of Mn and associated micronutrients, whereas reducing conditions 
.nay lead to the ready availability of these elements even up to the toxic range." 

Therefore, it is possible that under stagnant conditions, manganese may become highly 
bioavailable to cattails, thereby producing such a high concentration as observed at Location 
1226 (914 mg/kg wet-weight). Reducing conditions at the other two Grand Junction site 
locations (1231 and 1235) might also account for the elevated manganese concentrations in 
cattails. It is noteworthy that most elevated concentrations of metals in biota occurred at 
generally stagnant ponded areas that represent the remnants of the mitigation wetlands ponds, 
especially locations 1228 and 1235.  

Since the data evaluation did not indicate an unacceptable ecological risk at the Grand Junction 
site, the ERA concludes with the analysis phase. Exposure estimates and stress-response 
profiles have not been calculated, and no risk characterization was performed.  

Some residual milling-related constituents apparently persist at the Grand Junction site, as 
shown by the occasional elevated concentrations of metals and ammonia in surface water and 
biota. Based on a review of the analytical data and screening criteria, these isolated 
occurrences are not likely to present significant ecological risks.  

Natural flushing is expected to diminish ground water COPC concentrations to negligible levels 
and prevent bioaccumulation of contaminants through phreatophytes growing in the terrestrial 
habitat. This situation depends on the future land use at the millsite.  

.tevated concentrations of COPCs in surface water, sediment, and biota are expected to diminish 
over time as a result of natural ground water flushing. The sediment concentrations do not indicate 
site-related contamination, although elevated concentrations in some of the'biota suggests that 
some degree of bioaccumulation is occurring. Constituent concentrations in sediment and biota are 
likely to persist for a longer period of time. Periodic flooding of the Colorado River adjacent to the 
site will tend to disperse these contaminants and remove the remaining boundaries of the 
mitigation wetlands ponds.  

6.0 Ecological Risk Conclusion 

Ecological risk assessments evaluate the likelihood that adverse ecological effects are occurring 
or might occur as a result of exposure to a physical, chemical, or biological entity. Section 6.2 
describes the collection and evaluation of information from surface water, sediment, and 
vegetation to determine risks to the environment. Samples were collected from the plume area 
and from a reference area located in an ecologically similar environment about 3 miles east 
(upgradient) along the Colorado River.  

Results of this sampling indicate generally low levels of a few COPCs in sediment, surface 
water, and plant tissues. Some residual levels of millsite-related constituents still remain in 
ponded areas along the Colorado River that receive little or no regular surface water flushing.  

"early all the data indicate no significant differences between the Grand Junction site and the 
ierence area for concentrations of COPCs in biotic and abiotic media. To be conservative, it is 

recommended that ammonia, nickel, uranium and vanadium in surface water, arsenic and 

DOVGrd Junction Office Site Observational Work Plan for Grand JunctiM Colorado 
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vanadium in reed canarygrass stems, manganese and molybdenum in cattail stems, and 
molybdenum in cattail roots be retained as COPCs. Because the data evaluation did not indicate 
an unacceptable ecological risk for the Grand Junction site, the ERA concludes with the analysis 
phase. Exposure estimates and stress-response profiles were not calculated and no risk 
characterization was performed.  
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Appendix I 11

Summary Statistics for the Reference Area-Inorganics in Sediment 

e Number Number of % Standard Analyte of Detects Samples Detects Minimum Maximum Average Deviation UCL 95 Units 

Ammonia as NiH4  10 10 100 1.60 11.50 4.47 3.59 6.55 mg/kg 
enic 10 10 100 4.10 6.00 5.13 0.52 5.43 mg/kg 

Cadmium 10 10 100 0.17 0.67 0.28 0.14 0.36 mg/kg 
Cobalt 10 10 100 2.50 4.30 3.50 0.59 3.84 mg/kg 
Copper 10 10 100 5.50 14.50 9.45 2.67, 10.99 mg/kg 
Fluoride 10 10 100 1.10 3.20 2.07 0.69 2.47 mg/kg 
Iron 10 10 100 9135 12800 11043 1124 11694 mg/kg 
Manganese 10 10 100 -152.0 252.0 208.7 40.72 232.3 mg/kg 
Molybdenum 10 10 100 0.53 0.91 0.74 0.12 0.81 mg/kg 
Nickel 10 10 100 5.90 14.20 9.48 2.32. 10.82 mg/kg 
Radium-226 10 10 100 0.61 1.17 0.82 0.17 0.92. pCi/g 
Radium-228 5 10 50 0.16 0.83 047 0.27 0.62- pCi/g 
Selenium 0 10 0 0.10 0.10 0.10 0.00 0.10 mg/kg 
Strontium 10 10 100 62.10 110.0. 82.20 16.49 91.76 mg/kg 
Sulfate 10 10 100 46.10 853.0 197.3 244.7 339.1 mg/kg 
Uranium 10 10 100 1.70 3.10 2.46 0.42 2.70 mg/kg 
Vanadium 10 10 100 16.30 21.50 18.73 1.91 19.84 mg/kg 
Zinc 10 10 100 33.75 85.40 53.83 13.92 61.89 mg/kg 
UCL95-Upper 95% confidence limit.  
mg/kg--milligrams per kilogram; pCi/g-picocuries per gram 

Summary Statistics for the Grand Junction Site-inorganics in Sediment 

Number Number of % Standard UCL95 Units 
of Detects Samples Detects Minimum Maximum Average vitdon 

monia as NIL4 10 10 100 0.56 81.20 19.11 30.14 36.58 mg/kg 
enic 10 10 100 4.10 6.70 4.97 0.77 5.42 mg/kg 

Cadmium 10 10 100 0.19' 0.57 0.30 0.11 0.36 mg/kg 
Cobalt 10 10 100 2.70 4.70 3.65 0.66 4.03 mg/kg 
Copper 10 10 100 5.10 12.30 8.47 2.47 9.90 mg/kg 
Fluoride 10 10 100 1.20 7.70 3.32 1.87 4.41 mg/kg 
Iron 10 10 100 7610 14600 10808 2345 12167 mg/kg 
Manganese 10 10 100 204.0 296.0 233.4 27.39 249.3 mg/kg 
Molybdenum 10 10 100 0.59 1.40 0.88 0.23 1.01 mg/kg 
Nickel 10 10 100 6.30 13.40 8.62 2.44 10.03 mg/kg 
Radium-226 10 10 100 0.50 1.28 0.74 0.22 0.87 pCilg 
Radium-228 1 10 10 0.11 0.76 0.29 0.18 0.39 pCi/g 
Selenium 1 10 10 0.10 0.43 0.13 0.10 0.19 mg/kg 
Strontium 10 10 100 69.70 105.0 82.10 11.66 88.85 mg/kg 
Sulfate 10 10 100 34.20 6150 1228 2019 2398 mg/kg 
Uranium 10 10 100 1.80 3.00 2.35 0.35 2.55 mg/kg 
Vanadium 10 10 100 14.40 28.80 21.46 5.78 24.81 ng/kg 
ZOnc 10 10 100 35.80 64.60 49.32 8.32 54.14 mg/kg 

-L95-Upper 95% confidence limit 
.g/kg---miligrams per kilogram; pCi/g--pcocuries per gram
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Summary Statistics for the Reference Area-Inorganics in Filtered Surface Water I

Number Number Standard 
Analyte of of Detects Minimum Maximum Average Deviation UCL 95 Units 

Detects Samples 
Alkalinity as 5 5 100 92.0 135.0 110.8 15.51 126 mg/L 
CaCO3 * I I 
Ammonia as 8 10 60 0.001 0.097 0.032 0.032 0.051 mg/L 
N-H4 
Arsenic 8 10 80 0.001 0.005 0.003 0.002 0.004 mg/L 
Cadmium 0 10 0 0.001 0.001 0.001 0 NA rn!l 
Calcium 5 5 100 37.00 58.40 43.38 8.54 51.5 nn/l 
Calcium 5 5 100 111.0 160.5 129.1 23.41 151 mg/L 
Carbonate ___ ____ 

Chloride 5 5 100 39.60 87.60 49.86 21.14 70.0 mg/L 
Cobalt 0 10 0 0.003 0.008 0.004 0.0013 NA r,/L 
Copper 0 10 0 0.003 0.003 0.003 0 NA mg/L 
Fluoride 9 10 90 0.082 0.29. 0.19 0.051 0.22 mg/L 
Gross Apha 1 5 20 1.62 8.46 3.02 3.04 5.92 pCi/L 
Gross Beta 2 5 40 1.69 6.45 3.64 2.08 5.62 pCiL 
Hardness 5 5 100 162.0 272.5 204.7 52.17 254 mg/L 
Iron 5 10 50 0.002 0.118 0.033 0.035 0.053 mgl.  
Magnesium* 5 5 100 11.40 30.90 15.560 8.58 23.74 mg/L 
Manganese 10 10 100 0.002 0.043 0.019 0.016 0.028 mg/L 
Molbenum 10 10 100, 0.003 0.013 0.005 0.003 0.007 m/L 
Nickel 0 10 0 0.004 0.009 0.008 0.003 NA mg/L 
Nitrate 5 5 100 0.022 0.094 0.050 0.029 0.078 mgL 
Radium-226 _ 0 10 0 0.065 0.130 0.087 0.021 NA Ci/L 
Radium-228 0 10 0 0.090 0.335 0.241 0.0721 NA 22i/L 
Selenium 1 10 10 0.001 0.001 .0.001 0.0003 0.001 
Strontium 10 10 100 0.35 0.79 0.46 0.14 0.54.  
Sulfate 10 10 100 68.50 223.0 112.5 55.59 144.7 
Uranium 10 10 100 0.002 0.005 0.002 0.001 0.003 rl/L 
Vanadium 0 10 0 0.001 0.004 0.002 0.001 NA 
Zinc 2 10 20 0.003 0.018 0.005 0.005 0.007 
UCL95-Upper 95% confidence limit.  
*-Not an ecological chemical of potential concern or parameter.  
mg/L--milligrams per liter, pCi/L--pcocuries per liter

Site Observational Work Plan for Grand Junction, Colorado 
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Appendix IDocument Number U0042400

Summary Statistics for the GrandaJunction Site-Inorganics in Filtered Sufface Water 

Number of Number of % Standard 
Analyte Detects samples Detects. Minimum Maximum Average Deviation UCL 95 Units 

Alkalinity as 4 4 100 54.00 109.0 88.00 242.6 116.5 mg/L 
CaCO__* 
Ammonia as 10 10 100 0.03 89.20. 9.00 28.18 25.3 mg/L 
N-H4  _ 
Arsenic 7 10 70 0.001 0.008 0.003 0.002 0.005 mg/L 
Calcium * 4 4 100 37.00 204.0 78.85 83.43 177 mg/L 
Calcium 6 6 100 102.0 1180 284.3 438.8 645.3 mg/L 
Carbonate * 
Cadmium 0 10 0 0.001 0.001 0.001 0 NA m/L 
Chloride 4 4 100 38.50 678.0 198.6 319.6 574.6 mg/L 
Cobalt 0 10 0 0.003 0.006 0.005 0.001 NA n 
Copper 0 10 0 0.003 0.003 0.003 0 NA mg/L 
Fluoride 7 10 70 0.08 2.06 0.40 0.62 0.76 mg/L 
Gross Alpha 0 4 0 1.49 15.34 4.97 6.91 NA pCiL 
Gross Beta * 0 4 0 1.69 16.85 5.48 7.58 NA pCi/L 
Hardness * 6 6 100 143.0. 2390 524.0 914.2 1276 migL 
Iron 6 10 60 0.00 0.08 0.02 0.02 0.04 mgL 
Magnesium - 4 4 100 9.37 137.0 41.45 63.70 116.4 mg/L 
Manganese 10 10 100 0.00 0.84 0.09 0.26 0.24 mg/.  
Molybdenum 10 10 100 0.00 0.11 0.02 0.03 0.04 mgl.  
Nickel 2 10 20 0.00 0.02 0.01 0.01 0.01 mg/L 
Nitrate 0 4 0 0.01 0.01 0.01 0 NA mg/L 
Potassium 4 4 100 1.51 18.20 5.72 8.32 15.51 mg/L 
Radium-226 1 10 10 0.01 0.17 0.06 0.05 0.089 pCiL 
Radium-228 0 10 0 0.04 0.44 0.22 0.13 0.293 pCi/L 
"Selenium 0 10 0 0.001 0.001 0.001 0 NA mg/L 

xdium * 4 4 100 30.20 614.0 176.6 291.6 519.7 rg/L 
,trontium 10 10 100 0.31 4.87 1.10 1.64 2.05 og/I 
Sulfate 10 10 100 57.2 2910 488.5 956 1 042 mg/L 

Total 
Dissolved 4 4 100 292.0 3310 1051 1506 2823 mg/L 
Solids " 
Uranium 10 10 100 0.001 0.26 0.03 0.08 0.07 mg/L 
Vanadium 1 10 10 0.001 0.14 0.02 0.04 0.04 mg/L 
Zinc 1 10 10 0.003 0.01 0.003 0.002 0.004 mg/.  
UCL95--Upper 95% confidence limit. I 
*-Not an ecological chemical of potential concern or parameter.  
m/L-milligrams per liter, pCiL---icocuries per liter

DOE/Grand Junction Office 
Fcbruwy 1999February 1999 
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Appendix I Document Number U0042400

Summary Statistics for the Reference Area-Inorganics in Unfiltered Surface Water

Analyte Number Number of % Minimum Maximum Average Standard UCL 95 Units 
of Samples Detects Deviation 

Detects 
Alkalinity as 5 5 100 88.00 130.0 106.6 15.16 121.1 mg/L 
CaCO * 
Ammonia as NI-H 6 6 100 0.03 0.09 0.08 0.02 0.08 mg/L 
Arsenic 10 10 100 0.00 0.01 0.01 0.00 0.01 mg/L 
Cadmium 0 10 0 0.00 0.00 0.00 0.00 NA mg/.  
Calcium 10 10 100 80.60 165.5 126.8 27.08 142.5 mg/L 
Carbonate * _ 

Cobalt 0 10 0 0.01 0.01 0.01 0.00 NA 
Copper 0 10 0 0.00 0.00 0.00 0.00 NA m 
Fluoride 6 6 100 0.17 0.42 0.23 0.09 0.31 * 
Hardness 10 10 100 135.0 302.0 205.1 57.29 238.3 mg/.  
Iron 10 10 100 0.06 1.74 0.81 0.48 1.09 mgl.  
Manganese 10 10 100 0.00 0.06 0.04 0.02 0.05 mg/L 
Molybdenum 10 10 100 0.00 0.01 0.01 0.00 0.01 N i c k e l 0 1 0 0 0 .0 1 0 .0 1 0 .0 1 0 .0 0 N A 0 .0 1L 
Selenium, 0 10 0 0.00 0.00 0.00. 0.00 NA 
Strontium 10 10 100 0.35 0.72 0.46 0.13 0.53 m/L 
pH * 8 6 100 7.52 8.07 7.82 0.23 8.01 none 
Radium-226 0 10 0 0.01 0.07 0.04 0.02 NA pCi/.  
Radium-228 0 10 0 0.10 0.23 0.16 0.05 NA pCi/L 
Redox Potential' 6 68 100 -196.0 178.0 78.50 147.0 199.4 mV Specific 
Conductance 0  6 8 100 467.0 925.0 560.5 179.0 707.8 prmhos/cm 

Sulfate 6 6 100 71.50 226.0 125.1 63.84 177.6 mg/8 
Uranium 10 10 100 0.00 0.00 0.00 0.00 0.003 mg/L 
Vanadium 2 10 20 0.00 0.01 0.01 0.00 0.01 mg/L 
Zinc 0 10 0 0.00 0.00 0.00 0.00 NA mg/L 

UCL95-Upper 95% confidence limit.  
*-Not an ecological chemical of potential concern or parameter.  
mgIL--milligrams per liter. pCi/L-picocunes per liter. mV-millivolt; pmhos/cm-micromhos per centimeter
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I: 1Appendix IDocument Number U0042400

Summary Statistics for the Grand Junction Site-Inorganics in Unfiltered Surface Water

Analyte Number Number of - % - Minimum Maximum Average Standard UCL 95 Units 
of Samples Detects Deviation 

Detects _ 

Alkalinity as 4 4 100 46.0 110 90.25 30.05 125.6 mg/L 
CaCO 3 *_ . _ I I 
Ammonia as NH4  10 10 100 0.033 91.7 9.27 28.96 26.06 mg/L 
Arsenic 10 10 100 0.0025 0.0088 0.0053 0.0019 0.0064 mg/L 
Cadmium 1 10 10 0.00055 0.00355 0.0009 0.0009 0.0014 mg/L 
Calcium 10 10 100 .109.0 1210 263.9 358.7 471.8 mg/L 
Carbonate _ 
Cobalt 0 10 0 0.0061 0.0061 0.0061 0.000 0.0061 MOIL 
Copper 0 10 0 0.0028 0.0028. 0.0028 0.000 0.0028 mgL 
Fluoride 10 10 100 0.163 2.13 0.4445 0.620 0.804 mg/L 
Hardness 10 10 100 155.0 2460 486.7 757.5 925.7 mg/L 
Iron 10 10 100 0.105 1.15 0.6254 0.292 0.795 mg/L 
Manganese 10 10 100 0.019 1.39 0.1691 0.429 0.418 mg/L 
Molybdenum 10 10 100 0.0028 0.101 0.0167 0.0321 0.035 mg/L 
Nickel 1 10 10 0.0095 0.0271 0.0112 0.0056 0.014 mg/L 
pH 4 4 100- 8.36 9.07 8.64 0.302 9.00 none 
Radium-226 1 10 10 0.005 0.16 0.02875 0.048 0.06 pCi/L 
Radium-228 0 10 0 0.020 0.215 0.13575 0.058 0.17 pCi/L 
Redox Potential * 4 4 100 69 148 105.3 32.63 143.6 mV 
Selenium 0 10 0 0.0011 0.0011 0.0011 0.000 0.001 mg/L 
Specific 4 4 100 -. 425 4410 1431 1986 3768 Vmhos/cm 
Conductance _ _ 

Strontium 10 10 100 0.336 5.03 1.10 1.644 2.05 mg/L 
Sulfate 10 10 100 63.2 3050 512.52 999.8 1092 mg/L 

Temperature* 4 4 100 19.1 26.4 23.45 3.47 27.54 degrees C 
irbidity 2 2 100 1.96 18.4 10.18 11.62 62.08 NTU 

,ranium 9 10 90 0.00098 0.263 0.0278 0.083 0.076 rg/L 
Vanadium 1 10 10 0.0039 0.155 0.0190 0.048 0.047 mg/L 

inc 1 10 10 0.0034 0.0082 0.0038 0.0015 0.005 /I 

UCL95-Upper 95% confidence limit 
"Not an ecological chemical of potential concern or parameter.  
mg/L-milligrams per liter;, pCi/L-picocunes/iiter.  
mV-millivolt; pmhos/cm-micromhos per centimeter, 
C-Centigrade; NTU--mrmal turbidity unit

DOE/Grand Junction Office ,Februay 199 Site Observational Work Plan for Grand Junction, Colorado 
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Appendix I Document Number U0042400

Summary Statistics for the Reference Area-Metals in Cattail Roots

Number Number td. Units 
Numbe Std ILIL 95 (wetAnalyt. of Detects of % Detects Minimum Maximum Average Deviation UCL95 wet) 

Analyt_ ___Dtect Samples .... _weight) 
Arsenic 5 5 100 0.61 2.90 1.92 0.91 2.79 mg/kg 
Cadmium 5 5 100 0.27 '0.83 0.49 0.24 0.72 mg/kg 
Cobalt 4 5 80 0.55 2.10 1.49 0.58 2.04 mglkg.  
Copper 5 5 100 5.60 14.60 9.16 3.70 12.68 mg/kg 
Iron 5 5 100 854.0 3060 2241 951.5 3148, mg/kg 
Manganese 5 5 100 89.90 276.5 151.3 78.43 226.1 mg/kg 
Molybdenum 5 5 100 0.51 0.99 0.74 0.18 0.91 mg/kg 
Nickel 1 5 20 0.85 3.90 1.46 1.36 2.76 mg/kg 
Radium-226 2 5 40 0.02 0.14 0.07 0.08 0.13 pCi/g 
Radium-228 0 5 0 0.03 0.09 0.08 0.03 0.08 pCi/g 
Selenium 4 5 80 0.10 0.85 0.47 0.27 0.73 mg/kg.  
Strontium 5 5 100 42.70 81.60 62.28 15.75 77.28 mg/kg 
Uranium 5 5 100 0.13 0.72 0.39 0.23 0.60 mg/kg 
Vanadium 5 5 100 0.80 10.20 3.84 3.71 7.37 mg/kg 
Zinc 5 5 100 37.30 156.0 78.58 54.39 130.4 mg/kg 
UCL95-Upper 95% confidence limit.  
mg/kg-milligrams per kilogram; pCi/g - picocuries per gram 

1 I 1 

Summary Statistics for the Grand Junction Site.-Metals in Cattail Roots 

Number Number St. Units 
Analyte of Detects of % Dete:ts Minimum Maximum Average Deviation UCL 95 (wet.  

Samples weight) 
Arsenic 3 3 100 1.70 9.60 5.63 3.95 12.29 mg/kg 
Cadmium 3 3 100 0.51 1.20 0.77 0.37 1.40 mg/kg 
Cobalt 3 3 100 1.30 1.70 1.50 0.20 1.84 mg/kg 
Copper 3 3 100 10.10 18.40 12.97 4.71 20.90 mg/kg 
Iron 3 3 100 2290 4730 3350 1251 5459 mg/kg 
Manganese 3 3 100 224.0 418.0 347.0 106.9 527.3 mg/kg 
Molybdenum 3 3 100 1.20 3.70 2.47 1.25 4.57 mg/kg 
Nickel 1 3 33 0.85 1.70 1.13 0.49 1.98 mg/kg.  
Radium-228 1 3 33 0.04 0.14 0.07 0.08 0.17 pCilg 
Radium-228 0 3 0 0.02 0.25 0.16 0.12 0.38 pCi/g 
Selenium 3 3 100 0.42 0.51 0.45 0.05 0.54 mg/kg 
Strontium 3 3 100 60.80 92.10 81.47 17.90 111.6 mg/kg 
Uranium 3 3 100 0.36 0.59 0.45 0.13 0.66 mg/kg 
Vanadium 3 3 100 1.40 5.20 3.53 1.94 6.81 mg/kg 
Zinc 3 3 100 86.50 114.0 98.57 14.06 122.3 mg/kg 
UCL95--Upper 95% confidence limit

mn•n-Iu-mnidigw per rulo m; psug--p-cocurnes per gram
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flncuinent Number U0042400 Appendix I

Summary Statistics for the Reference Area-Metals in Cattai{ Stems 

Number Number Std. Units 
Aalyte of % Detects Minimum Maximum Average UCL 95 (wet

Ay_ oDeet Samples -___ weight) 

Arsenic 5 5 100 0.34 0.94 0.63 0.22 0.84 mg/kg 

Cadmium 3 5 60 0.05 0.69 0.25 0.27 0.50 _ mg/kg 

Cobalt 1 5 20 0.55 1.08 0.66 0.23. 0.88 mg/kg 

Copper 5 5 100 3.50 7.00 4.87 1.32 6.13 mgikg 

Iron 5 5 100. 217.0 535.0 330.3 122.8 447A mg/kg 

Manganese 5 5 100 107.0 591.0 303.5 214.5 508.0 mg/kg 

Molybdenum 5 5 100 0.18 1A0 0.85 0.48 1.31 mg/kg 

Nickel 0 5 0 0.85 0.85 0.85 0.00 NA mg/kg 

Radium-226 0 5 0 .0.00 0.07 0.02 0.03 0.05 pCi/g 

Radium-228 0 5 0 0.11 0.31 0.25 0.08 0.33 pCi/g 

Selenium 4 5 80 0.10 1.40 0.58 0.49 1.04 mg/kg 

Strontium a 5 100 80.9 107.0 94.44 9.36 103.4 mg/kg 

Uranium 1 5 20 0.05 023 0.09 0.08 0.16 mg/kg 

Vanadium 1 6 20 0.35 1.00 0.48 0.29 0.76 mg/kg 

Zinc 5 5 100 19.50 210.0 61.68 83.01 140.8 mg/kg 

UCL95--Upper 95% confidence limit.  
mg/kg-milligrams per kilogram; -pCi/g--picocuries per gram 

N 

Summary Statistics for the Grand Junction Site-Metals in Cattail Stems 

Number Number Std. Units 
Anay of % Detects Minimum Maximum Average Deviaui UCL 95 (wet

of Detects Samples Deviatio weight) 

Arsenic 3 3 100 0.66 1.20 0.93 0.27 1.38 mg/kg 

Cadmium 3 3 100 0.10 0.13 0.11 0.02 0.14 mg/kg 

Cobalt 0 3 0 0.55 0.55 0.55 0.00 NA mg/kg 

Copper 3 3 100 3.00 4.20 3.43 0.67 4.56 mg/kg 

Iron 3 3 100 249.0 480.0 361.0 115.7 556.0 mg/kg 

Manganese 3 3 100 826.0 914.0 857.7 48.91 940.1 -mg/kg 

Molybdenum 3 3 100 3.50 6.40 4.70 1.51 7.25 mg/kg 

Nickel 0 3 0 0.85 0.85 0.85 0.00 NA mg/kg 

Radium-226 0 3 0 0.01 0.04 0.02 0.02 0.04 pCi/g 

Radium-228 0 3 0 0.06 0.26 0.19 0.11 0.38 pCi/g 

Selenium 3 3 100 0.50 0.77 0.65 0.14 0.88 mg/kg 

Strontium 3 3 100 103.0 128.0 111.3 14.43 135.7 mg/kg 

Uranium 0 3 0 0.05 0.05 0.05 0.00 NA mg/kg 

Vanadium 0 3 0 0.35 0.35 0.35 0.00 0.35 mg/kg 

Zinc 3 3 100 19.10 24.20 21.10 2.72 25.69 mg/kg 

UCL95-Upper 95% confidence limit.  
1/kg-milligrams per kilogram; pCig--pcocudes per gram

DOUEGrand Junction Oice F ebrmuy 1999February 1999 
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Avvmndix I

Summary Statistics for the Reference Area-Metals in Reed Canarygrass Roots 

nalyte Number Number % Minimum Maximum Average Std. UCL 95 Units 
of of Detects Deviation (wet

Detects Samples weight) 
Arsenic 3 3 100 2.80 7.40 5.67 2.50 9.88 mg/kg 
Cadmium 3 3 100 0.74 3.80 1.85 1.70 4.71 mg/kg 
Cobalt 3 3 100 1.50 2.80 2.13 0.65 3.23 mg/kg 
Copper 3 3 100 18.60 42.40 27.30 13.13 49.43 mg/kg 
Iron 3 3 100 3490 8840 5543 2884 10405 mg/kg 
Manganese 3 3 100 83.80 181.0 128.6 49.04 211.3 mg/kg 
Molybdenum 3 3. 100 0.91 3.70 1.87 1.59 4.54 mg/kg 
Nickel 2 3 67 0.85 5.70 3.28 2.43 7.37 mg/kg 
Radium-226 1 3 33 0.03 0.18 0.08 0.09 0.23 pCi/g 
Radium-228 0 3 0. 0.07 0.33 0.19 0.13 0.41 pCi/g 
Selenium 3 3 100 0.48 3.00 1.37 1.41 3.75 mg/kg 
Strontium 3 3 100 24.10 43.90 34.87 10.01 51.75 mg/kg 
Uranium 3 3 100 0.45 2.60 1.19 1.22 3.25 mg/kg 
Vanadium 3 3 100 5.60 13.70 8.37 4.62 16.16 mg/kg 

inc 3 3 100 64.90 159.0 118.6 48.45 200.3 mg/kg 
UCL95-Upper 95% confidence limit.  
mg/kg-milligrams per kilogram; pCi/g-picocuries per gram 

Summary Statistics for the Grand Junction Site-Metals in Reed Canarygrass Roots.  

alyte Number Number % Minimum Maximum Average Std. UCL 95 Units 
of of Detects Deviation (wet

Detects Samples ..... _ weight) 
Arsenic 5 5 100 1.00 6.35 3.07 2.22 5.19 mg/kg 
Cadmium 5 5 100 0.82 2.50 1.50 0.66 2.14 mg/kg 
Cobalt 4 5 80 0.55 2.20 .1.45 0.84 2.06 mg/kg 
Copper 5 5 100 10.15 37.50 23.55 10.07 33.15 mg/kg 
Iron 5 5 100 572.0 4880 2282 1799 3997 mg/kg 
Manganese 5 5 100 45.70 181.0 123.8 51.95 173.4 mg/kg 
Molybdenum 5 5 100 0.35 1.00 0.69 0.25 0.93. mg/kg 
Nickel 3 5 60 0.85 4.55 2.55 1.70 4.17 mg/kg 
Radium-226 0 5 0 0.01- 0.05 0.02 0.01 0.04 pCi/g 
Radium-228 0 5. 0 0.00 0.37• 0.20 0.14 0.33 pCi/g 
Selenium 5 5 100 0.29 0.94 0.66 0.26 0.91 mg/kg 
Strontium 5 5 100 17.50 42.80 31.15 11.40 42.02 T mg/kg 
Uranium 5 5 100 0.40 1.20 0.70 0.32 1.00 mg/kg 
Vanadium 5 5 100 1.30 6.80 3.56 2.25 5.70 mg/kg 
Zinc 5 5 100 102.0 163.0 125.4 26.27 150.5 mg/kg 

UCI, "-V-Upper 95% confidence limit.  m~ •:•..iilligrarns per kilogram; pCi/g--picocuries per gram
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Summary Statistics for the Reference Area-Metals in Reed Canarygrass Stems 

NubrNumber Std. Units 

Analyte Number oumrof % Detects Minimum Maximum Average Diti UCL 95 (wetAnaampleof Detects Daweight) 

Arsenic 3 3 100 0.51 0.59 0.54 0.04 0.61 mg/kg 
Cadmium 2 3 67 0.05 0.20 0.12 0.08 0.25 mg/kg 
Cobalt 0 3 0 0.55 0.55 0.55 0.00 . NA mg/kg 
Copper 3 3 100 3.30 7.40 4.90 2.19 8.60 mg/kg 
Iron 3 3 100 237.0 486.0 382.7 129.8 601.5 mg/kg 
Manganese 3 3 100 58.40 98.70 80.30 20.38 114.7 mg/kg 
Molybdenum 3 3 100 0.25 0.67 0.41 0.23 0.79 mg/kg 
Nickel 0 3 0 0.85 0.85 0.85 0.00 NA mg/kg 
Radium-226 0 3 0 0.00 0.01 0.01 0.01 0.02 pCi/g 
Radium-228 0 3 0 0.22 0.27 0.25 0.03 0.30 pCi/g 
Selenium 3 3 100 0.30 1.10 0.61 0.43 1.33 mg/kg 
Strontium 3 3 100 15.10 48.70 27.30 18.59 58.65 mg/kg 
Uranium 1 3 33 0.05 0.17 0.09 0.07 0.21 mg/kg 
Vanadium 1 3 33 0.35 0.92 0.54 0.33 1.09 mg/kg 
Zinc 3 3 100 28.70 69.80 45.13 21.75 81.80 mg/kg 
UCL95-Upper 95% confidence limit.  
mg/kg-milligrams per kilogram; pCi/g-picocuries per gram 

Summary Statistics for Grand Junction Site-Metals in Reed Canarygrass Stems 

Number Number Std. Units 
Nubect of % Detects Minimum Maximum Average Deviation UCL 95 (wet

Samples weight) 

Arsenic 5 7 71 0.68 1.55 0.93 0.35 1.19 mg/kg 
Cadmium 5 7 71 0.11 0.25 •0.17 0.06 0.22 mg/kg 
Cobalt 0 7 0 0.55 0.55 0.55 0.00 0.55 mg/kg 
Copper 5 5 100 2.80 6.80 4.77 1.65 6.34 mg/kg 
Iron 5 5 100 307.0 2005 727.4 717.7 1411.7 mg/kg 
Manganese 5 5 100 67.50 135.0 83.92 28.70 111.3 mg/kg 
Molybdenum 5 5 100 0.40 0.84 0.65 0.16 0.80 mg/kg 
Nickel •1 5 20 0.85 1.43 0.97 0.26 1.21 mg/kg 
Radium-226 0 5 0 0.01 0.04 0.02 0.01 0.03 pCilg 
Radium-228 0 5 0 0.03 0.35 0.19 0.14 0.32 pCi/g 
Selenium 5 5 100 0.23 0.70 0.49 0.17 0.66 mg/kg 
Strontium 5 5 100 27.50 37.15 31.99 3.54 35.36 mg/kg 
Uranium 1 4 25 0.05 0.12 0.07 0.04 0.11 mg/kg 
Vanadium 3 5 60 0.35 4.60 1.52 1.77 3.21 mg/kg 
Zinc 5 5 100 31.80 55.60 43.72 9.53 52.81 mg/kg 

IJCL95-Upper 95% confidence limit.  
g--miligrams per kilogram; pCi/g-picocuries per gram

IJWU.• O jwCuon UI1CC 
February 1999 Draft Final
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Appendix I I.
Document Number U00.4240I0

Number Number Std. Units 
of Detects of % Detects Minimum Maximum Average Deviation UCL 95 (wet.  

Samples weight) 
Arsenic 2 2 100 0.75 2.00 1.38 0.88 5.32 mg/kg 
Cadmium 2 2 100 0.27 0.79 0.53 0.37 2.17 mg/kg 
Cobalt 0 2 0 0.55 0.55 0.55 0.00 NA mg/kg 
Copper 2 2 100 4.60 7.10 5.85 1.77 13.74 mg/kg 
Iron 2 2 100 454.0 1480 967.0 725.5 4206 mg/kg 
Manganese 2 2 100 48.60 57.30 52.95 6.15 80.42 mg/kg 
Molybdenum 2 2 100 0.40 0.41 0.41 0.01 0.44 mg/kg 
Nickel 0 2 0 0.85 0.85 0.85 0.00 NA mg/kg 
Radium-226 0 2 0 0.01 0.05 0.03 0.03 0.15 pCitg 
Radium-228 0 2 0 0.07 0.24 0.16 0.12 0.69 pCi/g 
Selenium 1 2 50 0.10 0.34 0.22 0.17 0.98 mg/kg 
Strontium 2 2 100 37.00 58.20 47.60 14.99 114.5 mg/kg 
Uranium • 2 2 100 0.17 0.19 0.18 0.01 0.24 mg/kg 
Vanadium 1 2 50 0.35 1.50 0.93 0.81 4.56 mg/kg 
Zinc 2 2 100 53.50 95.80 74.65 29.91 208.2 mg/kg 

UCL95-Upper 95% confidence limit.  
mg/kg--milligrams per kilogram; pCi/g--picocunes per gram 

Summary Statistics for Grand Junction Site-Metals in Willow Roots 

Number Number Std. Units Analyte of Detects of % Detects Minimum Maximum Average Deviation UCL 95 (wet
_____Samples Diaonweight) 

Arsenic 2 2 100 1.20. 3.20 2.20 1.41 8.51 mg/kg 
Cadmium 2 2 100 0.44 1.50 0.97 0.75 4.32 mg/kg 
Cobalt 1 2 50 0.55 1.30 0.93 0.53 3.29 mg/kg 
Copper 2 2 100 5A0 7.10 6.25 1.20 11.62 mg/kg 
Iron 2 2 100 374.0 1800 1087 1008 5589 mg/kg 
Manganese 2 2 100 21.50 116.00 68.75 66.82 367.1 mg/kg 
Molybdenum 2 2 100 0.59 0.87 0.73 0.20 1.61 mg/kg 
Nickel 0 2 0 0.85 0.85 0.85 0.00 NA mg/kg 
Radium-226 0 2 0 0.02 0.03 0.02 . 0.01 0.05 pCi/g 
Radium-228 0 2 0 0.29 0.35 0.32 0.05 0.52 pCi/g 
Selenium 2 2 100 0.34 0.36 0.35 0.01 0.41 mg/kg 
S•tontium 2 2 100 53.00 67.80 60A0 10.47 107.1 mg/kg 
Uranium 2 2 100 U0.67 0.72 0.70 0.04 0.85 mg/kg 
anadium 2 2 100 0.77 3.40 2.09 1.88 10.39 mg/kg 
Zinc 2 2 100 50.90 84.40 67.65 23.69 173.4 mg/kg

UCL95-Upper 95% confidence limit 
mg/kg--milligrams per kilogram; pCi/g-picocuries per gram

Pagp 10 UXtlrazand Junction Office 
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Summaty Statistics for the Reference Area-Metals in Willow Stems

Number Number Sd-Units 
A~nalyte of Detects of % Detects Minimum Maximum Average Devaion UCL 95 (wet

_______Samples _____________weight) 

Arenic 2 2 100 0.35 0.48 0.42 0.09 0.83 mg/kg 
Cadmium 2 2 100 0.69 1.00 0.65 0.22 . 1.82 mg/kg~ 
Cobalt 0 2 0 0.55 0.55 0.55 0.00 NA mg/kg 
Copper 2 2 100 4.30 6.70 5.50 1.70 13.08 mg/kg 
Iron 2 2 100 171.0 314.0 242.5 101.1 694.0 mg/kg 
Manganese 2 2 100 44.20 117.0 80.60 51.48 310.4 mg/kg 
Molybdenum 2 2 100 0.11 0.16 0.14 0.04 0.29 mg/kg 
Nickel 0 2 0 0.85 0.85 0.85 0.00 NA mg/kg 
Radium-226 0 2 0 0.00 0.01 0.01 0.01. 0.04 pCl/g 
Radium-228 . 0 2 0 0.28 0.31 0.29 0.02 0.37 pCi/g 
Selenium 2 2 100 0.34 0.86 0.60 0.37. 2.24 mg/kg 
Strontium 2 2 100 54.90 108.0 81.45 37.55 249.1 mg/kg 
Uranium 0 2 0 0.05 0.05 0.05 0.00 NA mg/kg 
Vaniadium 0 2 0 0.35 0.35 0.35 0.00 NA mg/kg 
Zinc 2 2 100 76.30 120.0 198.15 130.90 1235.1 mg/kg 
UCL95--Upper 95% confidence limit.  
mg/kg-mnilligrams per kilogram; pCVg-picocuries per gram 

Summary Statistics for the Grand Junction Site-Metals in Willow Stems 

Number Number Std. Units Analyte of Dtcs of % Detects Minimum Maximum Average Dei~ UCL 95 (wetDtcsSamples Deviation___ ____ weight) 
Arenic 2 2 100 .0.74 0.96 0.85 0.16 1.54 mg/kg 

Cadmium 2 2 100 0.33 2.30 1.32 1.39 7.53 mg/kg 
Cobalt. 0 2 0 0.55 0.55 0.55 0.00 NA mg/kg 
Copper 2 2 100 4.80 5.60 5.25 0.49 7.46 mg/kg 
Iron . 2 2 100 160.0 163.0 161.5 2.12 171.0 mg/kg 
Manganese 2 2 100 43.40 82.30 62.85 27.51 185.7 mg/kg 
Molybdenum 2 2 100 0.12 1 0.27. 0.20 0.11 0.67 mg/kg 
Nickel 0 2. 0 0.85 0.85 0.85 0.00 NA mg/kg 
Radium-226 0 2 0 0.02 0.03 0.02 0.01 0.05 pCi/g 
Radiumn-228 0 2 0 0.24 0.38 0.31 .0.10 0.73 pCilg 
Selenium -2 2 100 0.23 0.31 0.27 0.06 0.52 mg/kg 
Strontium 2 2 100 88.00 98.90 93.45 7.71 127.9 mg/kg 
Uranium 1 2 5o 0.05 0.13 0.09 0.06 0.34 mg/kg 
Vanadium 0 2 0 0.35 0.35 0.35 0.00 NA mg/kg 
Znc .2 2 -100 36.10 114.0 75.05 55.08 321.0 mg/kg 

UCL95-Upper 95% confidence limit.  
mg2/kg-miliIgrams per kilogram; pCilg-picocuries pe irm
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Ecologic ipling Data 

Loc Matrix Date Sample As Cd Co Cu Fe Fluoride LOD Mn Mo Id Id mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mgl/kg mg/kg 

Reference 

1216 Sediment 06/30/98 OOS1 5.4 .268 3.7B 11.1 12800 2.8N -- 181N .6BN Bulirush Roots 06/23/98 00V4 1.2 .44B 1.88 20.3 1590 -- 84.7 303 .57B Bullrush Stems 06/23/98 OOV3 .65B .1U 1.1U 5.4 471 -- 83.1 325 .84B Cattail Roots 06/23/98 OOV2 1.5 .468 2.1B 10 3040 -- 85.8 111 .7B Cattail Stems 06/23/98 00Vl .94B .IU 1.IU 4;8 535 -- 82.7 107 1.4 1217 Sediment 06/30/98 OOS1 5.3 .23B 4.3B 10.4 12100 3.2N -- 229N .538N Reed Canarygrass Roots 06/23/98 OOV2 2.8 .74 1.5B 18.6 3490 -- 63.8 121 .99B Reed Canarygrass Stems 06/23/98 OOV1 .538 .12B 1.10 4 486 74.5 83.8 .3B 1218 Sediment 06/30/98 OOS1 5.6 .278 3.58 14.5 11400 1.6DN -- 166N .728N Cattail Roots 06/23/98 00V2 2.9 .83 1.7B 9.8 3060 -- 65.7 99.2 .838 Cattail Stems 06/23/98 0OVI .68 .69 1.1U 7 343 -- 69.9 107 .188 1219 Sediment 06/30/98 00S1 4.8 .218 3.1B 9.2 10300 2.4N -- 217N .72BN Willow Roots 06/23/98 00V2 .75B .278 1.1U 7.1 454 -- 79.6 48.6 .48 Willow Stems 06/23/98 00Vi .488 .69 1.10 6.7 314 -- 80.3 117 .168 1220 Sediment 06/30/98 00S1 4.1 .67 3.58 7.5 10900 1.3BN -- 156N .918N Reed Canarygrass Roots 06/23/98 00V2 7.4 3.8 2.88 42.4 8840 -- 85.3 83.8 3.7 Reed Canarygrass Stems 06/23/98 0OVI .59B .28 1.1U 7.4 425 -- 81.8 58.4 .67B 1221 Sediment 07/01/98 O0SI 4.7 .258 2.88 5.5 8720 1.98 -- 247 .948 Sediment 07/01/98 00S2 5.1 .278 3.28 6 9550 1.88 -- 254 .78B 
Cattail Roots 06/24/98 0oV2 2 .278 1*1U 5.6 1700 -- 84 180 .67B Cattail Stems 06/24/98 O0VI .718 .10 1.10 4.1 278 -- 87.5 591 1.2 1222 Sediment 06/30/98 00S1 5.3 .3B 48 10.6 11600 1.58N -- 252N .74BN Cattail Roots 06/23/98 00V2 3.3 .63 1.98 15.4 3080 -- 92.9 251 1.2 Cattail Roots 06/23/98 00V4 1.9 .63 1.5B 13.8 2020 -- 92.7 302 .778 Cattail Stems 06/23/98 00V1 .55B .13B 1.1U 5.2 323 -- 87.3 461 .918 Cattail Stems 06/23/98 00v3 .6B .128 1.68 4.7 234 -- 87.1 444 .828 1223 Sediment 06/30/98 OOS1 6 .198 4.38 10.3 11800 2.4N -- 248N .86BN Reed Canarygrass Roots 06/23/98 00V2 6.8 1 2.18 20.9 4300 -- 84 181 .91B Reed Canarygrass Stems 06/23/98 00Vl .51B .10 1.1U 3.3 237 -- 75.6 98.7 .25B 1224 Sediment 06/30/98 OOS1 5 .178 2.58 5.5 9690 1.1BN -- 235N .68BN Willow Roots 06/23/98 00V2 2 .79 1.1U 4.6 1480 -- 65.4 57.3 .41B Willow Stems 06/23/98 0OVl .358 1 1.10 4.3 171 -- 69.3 44.2 i118 1225 Sediment 06/30/98 OOS1 4.9 .218 3.18 9.6 10700 2.5N -- 152W .8BN Cattail Roots 06/23/98 00V2 .61B .278 1.48 5.8 854 -- 82.7 89.9 .518 Cattail Stems 06/23/98 00V1 .348 .318 1.10 3.5 217 -" 88.3 260 .68 

Site 

1226 Sediment 07/01/98 OQS1 5.1 .378 3.38 9.8 10500 2.7 - 261 .818 Cattail Roots 06/24/98 00V2 1.7 .61 1.3B 10.4 2290 -- 88.9 224 1.2 Cattail Stems 06/24/98 0OV1 .668 .1B 1.10 3.1 480 -- 85.1 914 3.5 1227 Sediment 07/01/98 001S 4.1 .19B 3.28 7.6 8680 1.7B -- 204 .648 Reed Canarygrass Roots 06/24/98 00V2 1.3 1.1 1.38 37.5 927 -- 89.8 160 .578 Reed Canarygrass Stems 06/24/98 OOVl .768 .22B 1.10 2.8 376 -- 72.5 135 .4B

I



Ecological Sampling Data 

Loc Matrix Date Sample NH4 Ni Ra-226 Ra-228 Se S04 Sr U V 
Id Id mg/kg mg/kg pCi/g pCi/g mg/kg mg/kg mg/kg mg/kg mg/kg 

Reference 

1216 Sediment 06/30/98 00SI 2.3 14.2 .9 .81 .2UN 71.5 67.1 3.1 20.4 
Bullrush Roots 06/23/98 00V4 -- 1.9B .09 -. 69 .59 -- 25 .34B 3.5B 
Bullrush Stems 06/23/98 00V3 -- 1.7U .03 -. 85 1.2 -- 77.3 .1U 1.3B 
Cattail Roots 06/23/98 00V2 -- 3.9B .13 -. 1 .49B -- 61.9 .25B 10.2 
Cattail Stems 06/23/98 0OV1 -- 1.70 -. 04 -. 62 .46B -- 80.9 .1U 1B 

1217 Sediment 06/30/98 001S 5.1 9.7 .81 .72 .2UN 305 78.5 2.4 17.9 
Reed Canarygrass Roots 06/23/98 00V2 -- 3.3B .07 -. 65 .63 -- 24.1 .45B 5.8 
Reed Canarygrass Stems 06/23/98 0OV1 -- 1.70 .02 -. 52 .42B -- 15.1 .1u .7U 

1218 Sediment 06/30/98 0OSI 2.3 11.7 .99 .56 .2UN 92.2 65.8 2.9 17.4 
Cattail Roots 06/23/98 00V2 -- 1.7U .14 -. 18 .56 -- 73.4 .72 3.2B 
Cattail Stems 06/23/98 0OV1 -- 1.7U -. 01 -. 53 .43B -- 107 .23B .7U 

1219 Sediment 06/30/98 O0S1 9.9 9.2 .7 .55 .2UN 76.1 95.3 2.1 16.3 
Willow Roots 06/23/98 00V2 -- 1.7U .01 -. 48 .34B -- 37 .17B .7U 
Willow Stems 06/23/98 0OV1 -- 1.70 0 -. 61 .86 -- 108 .1U .70 

1220 Sediment 06/30/98 0OSI 2 8.9 1.17 .71 .20N 103 69.9 2.8 21.4 
Reed Canarygrass Roots 06/23/98 00V2 -- 5.7 .18 .35 3 -- 43.9 2.6 13.7 
Reed Canarygrass Stems 06/23/98 0OV1 -- 1.7U .02 -. 43 1.1 -- 48.7 .17B .929 

1221 Sediment 07/01/98 OOSI 1.7 7.4 .64 .67 .20 1090N 77.8 2.1 15 
Sediment 07/01/98 00S2 1.6 6.3 .63 .25 .2U 616N 81.4 2.2 17.6 

Cattail Roots 06/24/98" 00V2 -- 1.70 -. 09 -. 16 .85* -- 42.7 .13B .8B 
Cattail Stems 06/24/98 0OVI -- 1.70 -. 14 .22 1.4* -- 94.2 .1U .70 

1222 Sediment 06/30/98 0OSI 2.6 9.7 .76 .83 .2UN 65.9 97.3 2.6 17.9 
Cattail Roots 06/23/98 00V2 -- 1.70 -. 04 -. 14 .53 -- 83.2 .54 3.9B 
Cattail Roots 06/23/98 00V4 -- 1.70 -. 04 .03 .21B -- 80 .41B 2.7B 
Cattail Stems 06/23/98 00VI -- 1.70 -. 02 -. 49 .6 -- 95.2 .1u .7u 
Cattail Stems 06/23/98 00V3 -- 1.7U -. 05 -. 69 .39B -- 99 .IU .7U 

1223 Sediment 06/30/98 OOS1 11.5 8.6 .87 .45 .2UN 124 110 2.5 21.5 
Reed Canarygrass Roots 06/23/98 00V2 -- 1.7U .05 .14 .48B -- 36.6 .53 5.6 
Reed Canarygrass Stems 06/23/98 0OVI -- 1.7U 0 -. 54 .3B -- 18.1 .1U .7U 

1224 Sediment 06/30/98 00S1 1.6 5.9 .61 .32 .2UN 46.1 96.4 1.7 19.3 
Willow Roots 06/23/98 00V2 -- 1.70 -. 09 .14 .2U -- 58.2 .19B 1.5B 
Willow Stems 06/23/98 0OV1 -- 1.70 -. 02 -. 56 .34B -- 54.9 .1u .7U 

1225 Sediment 06/30/98 00S1 5.7 10 .79 .54 .2UN 236 62,1 2.3 18.9 
Cattail Roots 06/23/98 00V2 -- 1.70 -. 03 -. 05 .2U -- 51.7 ..36B 1.7B 
Cattail Stems 06/23/98 OOV1 -- 1.7U 0 -. 58 .2u -- 93 .1u .70 

Site 

1226 Sediment 07/01/98 00S1 .56 7.4 .82 .76 .20 654N 69.7 2.4 26.5 
Cattail Roots 06/24/98 00V2 -- 1.70 -. 08 .04 .51* -- 60.8 .39B 1.4B 
Cattail Stems 06/24/98 0OV1 -- 1.7U -. 07 .12 .67* -- 103 .1u .7U 

1227 Sediment 07/01/98 OOS1 6.3 7 .71 .42 .2U 34.2N 84.5 2.2 14.4 
Reed Canarygrass Roots 06/24/98 00V2 -- 1.70 -. 05 0 .87* -- 21.1 .66 2.2B 
Reed ' 'rygrass Stems 06/24/98 0OVI -- 1.7U .08 -. 05 .58 -- 31.6 .1u 'U

i



Ecologic: / lpling Data

Loc Matrix Date Sample Zn.  
Id Id mg/kg 

Reference 

1216 Sediment 06/30/98 OOS1 58.8 
Bullrush Roots 06/23/98 00V4 46.5 
Bullrush Stems 06/23/98 00V3 14.2 
Cattail Roots 06/23/98 00V2 45.6 
Cattail Stems 06/23/98 00Vi 22.4 

1217 Sediment 06/30/98 0051 55.2 
Reed Canarygrass Roots 06/23/98 00V2 64.9 
Reed Canarygrass Stems 06/23/98 00V1 36.9 

1218 Sediment 06/30/98 0031 55.3 
Cattail Roots 06/23/98 00V2 156 
Cattail Stems 06/23/98 0OVl 210 

1219 Sediment 06/30/98 00S1 43.7 
Willow Roots 06/23/98 00V2 53.5 
Willow Stems 06/23/98 0OV1 120 

1220 Sediment 06/30/98 0051 85.4 
Reed Canarygrass Roots 06/23/98 00V2 159 
Reed Canarygrass Stems 06/23/98 OOV1 69.8 

1221 Sediment 07/01/98 OOS1 33 
Sediment 07/01/98 00S2 34.5 

Cattail Roots 06/24/98 00V2 38 
Cattail Stems 06/24/98 0OV1 19.5 

1222 Sediment 06/30/98 00S1 62.5 
Cattail Roots 06/23/98 00V2 118 
Cattail Roots 06/23/98 00V4 114 
Cattail Stems 06/23/98 0OVi 29.4 
Cattail Stems 06/23/98 00V3 30.6 

1223 Sediment 06/30/98 0OSI 49 
Reed Canarygrass Roots .06/23/98 00V2 132 
Reed Canarygrass Stems 06/23/98 OOV1 28.7 

1224 Sediment 06/30/98 00S1 43.5 
Willow Roots 06/23/98 00V2 95.8 
Willow Stems 06/23/98 0OVI 76.3 

1225 Sediment 06/30/98 0031 51.1 
Cattail Roots 06/23/98 00V2" 37.3 
Cattail Stems 06/23/98 0OV1 26.5 

Site 

1226 Sediment 07/01/98 00S1 55.7 
Cattail Roots 06/24/98 00V2 86.5 
Cattail Stems 06/24/98 OOVl1 20 

1227 Sediment 07/01/98 0021 35.8 
Reed Canarygrass Roots 06/24/98 00V2 102 
Reed Canarygrass Stems 06/24/98 00V1 37.1

I



Ecological Sampling Data 

Loc Matrix Date Sample As Cd Co Cu Fe Fluoride LOD Mn MO 
Id Id mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Site 

1228 Sediment 07/01/98 00SI 4.4 -298 2.7B 5.1 7610 3.7 -- 221 .988 
Reed Canarygrass Roots 06/24/98 00V2 6.7 .84 2.38 10.1 4710 -- 86.9 132 1.1 
Reed Canarygrass Roots 06/25/98 00V4 6. .79 2.1B 10.2 5050 -- 86.3 101 .98 
Reed Canarygrass Stems 06/25/98 0OV1 2 .12B 1.1U 5 2610 -- 81.8 80.1 1 
Reed Canarygrass Stems 06/25/98 00V3 1.1 .118 1.1U 4.3 1400 -- 84.4 58.1 .678 

1229 Sediment 07/01/98 OOSI 4.2 .268 3B 5.3 9040 1.8B -- 228 .64B 
Sediment 07/01/98 00S2 4.8 .298 3.4B 5.4 10100 2 -- 248 .9B 

Willow Roots 06/25/98 00V2 1.2 1.5 1.1U 5.4 374 -- 73.3 21.5 .598 
Willow Stems 06/25/98 00Vl .748 2.3 1.1U 5.6 163 -- 70.4 .43.4 .12B 

1230 Sediment 07/01/98 0OSI 5.1 .26B 48 9.9 12800 3.2 -- 230 .968 
Reed Canarygrass Roots 06/26/98 00V2 4.2 2.5 1.9B 20.7 3330 -- 88 181 .848 
Reed Canarygrass Stems 06/26/98 OOVl .68B .11B I.IU 3.6 478 -- 77.7 74.4 .63B 

1231 Sediment 07/01/98 0OSI 5.2 .25B 4.7B 11.8 14600 2.8 -- 238 .598 
Cattail Roots 06/26/98 OOV2 5.6 .51 1.58 10.1 3030 -- 94.5 418 2.5 
Cattail Stems 06/26/98 OOV1 .92B .138 1.1U 3 249 -- 90.9 826 4.2 

1232 Sediment 07/01/98 OOS1 4.2 .36B 3.48 6.7 8220 1.28 -- 296 .968 
Willow Roots 06/25/98 00V2 3.2 .44B 1.38 7.1 1800 -- 80 116 .879 
Willow Stems 06/25/98 .OOV1 .968 .338 1.1U 4.9 160 -- 73.4 82.3 .278 

1233 Sediment 07/01/98 OOSI 5.6 .19B 3.98 8 11700 7.7 -- 218 .738 
Reed Canarygrass Roots 06/26/98 00V2 2.5 1.8 1.3B 27.9 1700 -- 87.5 116 .698 
Reed Canarygrass Stems 06/26/98 0OV1 .79B .16B 1.1U 6 307 -- 82.6 73.6 .718 

1234 Sediment 07/01/98 0OSi 6.7 .57 4.7B 12.3 13500 3.4 -- 212 1.4 
Reed Canarygrass Roots 06/26/98 00V2 1 1.3 1.1U 21.5 572 -- 87.9 45.7 .35B 
Reed Canarygrass Stems 06/26/98 OOV1 .888 .258 1.1U 6.8 471 -- 80.1 67.5 .688 

1235 Sediment 07/01/98 OOS1 4.8 .22B 3.4B 8.1 10900 4.9 -- 216 .968 
Cattail Roots 06/26/98 00V2 9.6 1.2 1.7B 18.4 4730 -- 95 399 3.7 
Cattail Stems 06/26/98 00V1 1.2 .I I.IU 4.2 354 -- 89.8 833 6.4



Ecologic: ipling Data

Matrix

1228 

1229

Date

Sediment 
Reed Canarygrass Roots 
Reed Canarygrass Roots 
Reed Canarygrass Stems 
Reed Canarygrass Stems 

Sediment 
Sediment 

Willow Roots 
Willow Stems 

Sediment 
Reed Canarygrass Roots 
Reed Canarygrass Stems 

Sediment 
Cattail Roots 
Cattail Stems 

Sediment 
Willow Roots 
Willow Stems 

Sediment 
Reed Canarygrass Roots 
Reed Canarygrass Stems 

Sediment 
Reed Canarygrass Roots 
Reed Canarygrass Stems 

Sediment 
Cattail Roots 
Cattail Stems

Sample NH4 Ni Ra-226 Ra-228 
Id mg/kg mg/kg pCi/g pCi/g

07/01/98 
06/24/98 
06/25/98 
06/25/98 
06/25/98 
07/01/98 
07/01/98 
06/25/98 
06/25/98 
07/01/98 
06/26/98 
06/26/98 
07/01/98 
06/26/98 
06/26/98 
07/01/98 
06/25/98 
06/25/98 
07/01/98 
06/26/98 
06/26/98 
07/01/98 
06/26/98 
06/26/98 
07/01/98 
06/26/98 
06/26/98

OOS1 
oov2 

OOV4 
00v1 
00V3 
OOSl 

OOV2 
OOVl 00Sl 
OOV2 
00Vl 
OOS1 
OOV2 OUVi 

OOS1 
OOV2 00v1 
Cosi 

OOV2 
00VO 0OSi 

OOV2 
00v1 00V2 
00sl 
00V2 
00v1

69.7 

14.5 
6.3 

1.5 

14.2 

2.4 

81.2 

4.1 

.75

6.3 
2.3B 
6.8 
2B 

1.7U 
6.8 
6.5 
1.7U 
1.70 
10.8 
2.6B 
1.70 
11.2 
1. 7U 
1.7U 
7 

1.7U 
1.70 
7 

3.9B 
1.7U 
13.4 
1.7U 
1.7U 
9.4 
1.7B 
1.7U

.55 

.07 

.11 
0 

-. 05 
.55 
.65 
-. 03 
-. 03 
.78 
.05 
-. 03 
1.28 

-.07 
-. 01 
.72 
.05 
-. 05 

.5 
.03 
.01 

.8 
-. 02 
-. 02 
.63 
.14 
-. 01

Se S04 Sr 
mg/kg mg/kg mg/kg

.21 
-. 66 
.11 
.13 
.07 
.31 
.49 
-. 7 
-. 48 
.67 
-. 37 
-.45 
.54 
-.41 
-. 52 

.6 
-. 57 
-. 75 
.58 
-. 55 
-. 57 
.47 
-. 73 
-. 69 
.35 
-. 5 
-. 5

.2u 

.228 
.36B* 

.2U* 
.369* 

.2u 

.2u 
.34B* 
.238* 

.2u 

.94" 
.459* 

.2U 
.42B* 
.77* 
.2U 

.36B* 

.31B" 
.2U 
.52* 
.51* 
.43B 
.69* 

.7 
..2u 
.428 
.5B

758N 

42N 
88.5N 

3470N 

59.9N 

101N 

935N 

53.6N 

6150N

Loc 
Id

Site

70.9 
44.2 
37.1 
42.3 

32 
75.4 
85.7 

53 
98.9 
78.7 
42.8 
30.6 
105 
92.1 
103 
71 

67.8 
88 

89.2 
33.7 
27.5 
95.7 
17.5 
33.1 
75.7 
91.5 
128

1230 

1231 

1232 

1233 

1234 

1235

U 
mg/kg

V 
mg/kg

2.6 
.468 
.47B 
.25B 
.14B 
1.9 
1.7 
.72 
.13B 
2.7 
1.2 
.12B 
2.2 
.59 
.10 
2 

.67 

.1u 
2.3 
.76 
.10 
3 

.4B 

.10 
2.3 
.369 
.10

14.5 
6.1 
7.5 
6.3 
2.9B 
16.8 
22.2 
.77B 
.7U 
28.2 
4.99 
1.39 
26.8 
49 

.7U 
15 

3.48 
.7U 
21.3 
2.6B 
.7U 
28.8 
1.3B 

1B 
19.6 
5.2 
.7U

I



Ecological Sampling Data

Loc Hatrix Date Sample Zn 
Id Id mg/kg 

Site 

1228 Sediment 07/01/98 00s1 42.7 
Reed Canarygrass Roots 06/24/98 00V2 108 
Reed Canarygrass Roots 06/25/98 00V4 102 
Reed Canarygrass Stems 06/25/98 0OVi 37.5 
Reed Canarygrass Stems 06/25/98 00V3 26.1 

1229 Sediment 07/01/98 00S1 52.2 
Sediment 07/01/98 0QS2 49.8 

Willow Roots 06/25/98 00V2 84.4 
Willow Stems 06/25/98 OOVI 114 

1230 Sediment 07/01/98 0OSi 48.7 
Reed Canarygrass Roots 06/26/98 00V2 142 
Reed Canarygrass Stems 06/26/98 0OVI 44.4 

1231 Sediment 07/01/98 00Sl 53.2 
Cattail Roots 06/26/98 00V2 114 
Cattail Stems 06/26/98 00Vl 24.2 

1232 Sediment 07/01/98 0OSi 54.2 
Willow Roots 06/25/98 00V2 50.9 
Willow Stems 06/25/98 0OVI 36.1 

1233 Sediment 07/01/98 00SI 40.9 
Reed Canarygrass Roots 06/26/98 00V2 163 
Reed Canarygrass Stems 06/26/98 00Vl 49.7 

1234 Sediment 07/01/98. 0OSI 64.6 
Reed Canarygrass Roots 06/26/98 00V2 115 
Reed Canarygrass Stems 06/26/98 00V1 55.6 

1235 Sediment 07/01/98 00S1 46.4 
Cattail Roots 06/26/98 00V2 95.2 
Cattail Stems 06/26/98 00V1 19.1

I



Ecological Surfa iter Sampling Data 

Loc Date Sample As CACO3 Cd Co Cu Fe Fluoride Hardness Mn Mo. NH4 Id Id mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/b mg/L 

Reference 

1216 06/30/98 N001 .0108B 80.6 .0011U .0122U .00560 .0626B .199B 135 .0048B .0042B .0459 1217 06/30/98 N001 .0096B 119 .0011U .0122U .0056U .919 .1938 184 .0635 .0058 .0871 1218 06/30/98 N001 .0087B 117 .0011U .0122U .0056U 1.09 .173B 178 .0559 .0044B .0903 1219 06/30/98 N001 .00678 116 .00110 .01220 .0056U 1.19 .18B 176 .0562 .00388 .0333 1220 06/30/98 N001 .0062B 160 .0011U .01220 .00560 .321 .415 302 .0266 .0136 .0523 1221 07/01/98 0001 .0054B 160 .00A .011U .005U .106 .207 272 .0083B -. 00618 .0648 07/01/98 0002 .0048B 161 .001u .011U .005U .129 .201 273 .0199 .006B .0712 07/01/98 N001 .00918 166 .0011U .0122U .0056U .39 .213 282 .0242 .0069B .0489 07/01/98. N002 .0037B 165 .0011U .01220 .0056U .296 .226 282 .0196 .0073B .0616 1222 06/30/98 0001 .0044B 112 .001U .011U .005U .0401B .175B 163 .0068B .0027B .0586 06/30/98 M001 .0066B 116 .00110 .01220 .0056U .786 -- 170 .026 .0038 -1223 06/30/98 0001 .0041B 111 .0010 .011U .005U .0452B .1758 162 .0074B .0027B .0966 06/30/98 N001 .00518 115 .0011U .01220 .0056V .802 -- 170 .0257 .0038 -1224 06/30/98 0001 .0041B 148 .001U .0110 .0050 .05368 .207 249 .0096B .0058B .01748 06/30/98 4001 .0078B 162 .00110 .0122U .0056U 1.74 -- 271 .063 .0059B -1225 06/30/98 0001 .0052B 114 .0010 .011U .0050 .0332B .196B 177 .0364 .0046B .01748 06/30/98 N001 .00458 117 .00110 .01220 .00560 .805 -- 183 .0577 .005B -

Site 

1226 07/01/98 N001 .0072B 540 .0011U .01220 .00560 .105B .775B 1130 .077 .0419 .202 1227 07/01/98 0001 .005B 102 .001U .011U .005U .0419B .16B 143 .0038B .0025B .0267 07/01/98 N001 .00398 110 .0011U .0122U .0056U .755 .163B 156 .0303 .00298 .033 1228 07/01/98 0001 .0081B 1180 .0010 .0110 .0050 .02948 2.06 2390 .837 .107 89.2 07/01/98 N001 .00888 1210 .00110 .01220 .00560 .774 2.13 2460 1.39 .101 91.7 1229 07/01/98 N001 .005B 109 .0011U .0122U .00560 .379 .262 157 .02 .0032B .0394 07/01/98 N002 .0062B 109 .003B .01220 .00560 .452 .199B 156 .02 .0038 .0743 1230 07/01/98 N001 .00518 ill .0011u .01220 .00560 .795 .181B 159 .026 .0029B .068 1231 07/01/98 0001 .0044B 103 .0010 .011U .005U .0318B .1788 147 .0087B .00278 .0648 07/01/98 H001 .0078 109 .0011U .0122U .0056U .823 .174B 156 .0317 .0029B .068 1232 07/01/98 0001 .00388 104 .001U .011U .005U .01728 .1738 148 .0078B .00268 .0403 07/01/98 N001 .0025B 110 .00110 .01220 .0056U .489 .21 157 .0216 .00298 .0489 1233 07/01/98 0001 .00248 105 .0010 .0110 .0050 .0811B .1688 150 .008B .0025B .0743 07/01/98 N001 .00448 114 .00110 .0122U .00560 1.15 .175B 163 .0396 .0028B .0807 1234 07/01/98 N001 .0039B 109 .0011U .0122U .0056U .53 .223 155 .0191 .00288 .033 1235 07/01/98 0001 .0048B 112 .001U .0110 .005U .0175B .1648 166 .0215 .0031B .392 07/01/98 N001 .0046B 117 .0011U .0122U .0056U .417 .183B 174 .0352 .0035B .383

I



Ecological Surface Water Sampling Data 

Loc Date Sample Ni Ra-226 Ra-228 Se S04 Sr U V Zn 
Id Id mg/L pCi/L pCi/L mg/L mg/L mg/L mg/L mg/L mg/L" 

Reference 

1216 06/30/98 NOOl .01890 -. 14 -. 46 .0022U 71.5 .354 .0015B .00780 .00670 
1217 06/30/98 N001 .0189U -. 1 -. 32 .0022U 96.4 .397 .0021B .0078U .0067U 
1218 06/30/98 N001 .01890 -. 07 -. 21 .0022U 88.1 .389 .0018B .0078U .00670 
1219 06/30/98 N001 .0189U -. 08 -. 24 .00220 84.3 .383 .0018B .0078U .00670 
1220 06/30/98 N001 .01890 -. 02 .-. 2 .0022U 226 .718 .0047B .00780 .00670 
1221 07/01/98 0001 .017U -. 36 -. 79 .002U 178* .589 .0038 .007U .006U 

07/01/98 0002 .017U -. 16 -. 1 .002U 175' .59 .0027B .007U .Q06U 
07/01/98 N4001 .01890 -. 05 .32 .0023B 184" .617 .0031B .00780 .0067U 
07/01/98 N002 .0189U .01 .2 .00220 184" .609 .0032B .0078U .00670 

1222 06/30/98 0001 .017U -. 19 -. 18 .002U 75.4 .354 .0017B .007U .006U 

06/30/98 N001 .01890 -. 07 -. 45 .00220 -- .365 .0016B .0078U .0067U 
1223 06/30/98 0001 .017U -. 23 -. 42 .002U 77 .349 .0016B .007U .006U 

06/30/98 N001 .0189U -. 1 -. 34 .00220 -- .371 .0017B .0078U .00670 
1224 06/30/98 0001 .017U -. 13. -. 42 .002U 170 .533 .003B .007U .0060 

06/30/98 N001 .01890 -. 09 -. 46 .0022U -- .569 .0034B .0092B .0067U 
1225 06/30/98 0001 .917U -. 17 -. 37 .0020 97.4 .373 .002B .0070 .006U 

06/30/98 N001 .0189U -. 07 -. 31 .0022U -- .397 .0021B .0109B .0067U 

Site 

1226 07/01/98 N001 .0189U .1 .43 .00220 1510' 3.18 .0046B .00780 .00670 
1227 07/01/98 0001 .0170 -. 15 -. 42 .0020 57.2* .314 .0011B .0070 .0060 

07/01/98 N001 .0189U .01 .36 .00220 63.2* .337 .0013B .0078U .00670 
1228 07/01/98 0001 .0227B -. 06 -. 07 .002U 2910" 4.87 .258 .136 .0060 

07/01/98 N001 .0271B .16 .28 .0022U 3050* 5.03 .263 .155 .0082B 

1229 07/01/98 N001 .01890 -. 04 .22 .00220 68.6* .345 .0026B .00780 .00670 
07/01/98 1002 .01890 -. 05 .21 .00220 70.8* .343 .0013B .0078U .00670 

1230 07/01/98 N001 .0189U -. 02 .21 .0022U 68.4* .344 .00139 .00780 .0067U 
1231 07/01/98 0001 .0170 -. 13 -. 37 .0020 61.4' .324 .0013B .007U .0060 

07/01/98 N001 .01890 -. 04 .26 .00220 66.7* .336 .0013B .0078U .00670 
1232 07/01/98 0001 .0170 -. 01 .28 .0020 60.5* .327 .00129 .0070 .006U 

07/01/98 N001 .0189U -. 01 .2 .00220 67.8* .343 .0013B .0078U .0067U 

1233 07/01/98 0001 .017U -. 01 .17 .002U 61' .33 .0013B .007U .0060 
07/01/98 N001 .01890 .01 .41 .00220 67.7* .347 .0013B .00780 .00670 

1234 07/01/98 N001 .01890 -. 01 .04 .00220 71.5' .339 .0013B .00780 .00670 
1235 07/01/98 0001 .0170 -. 05 .19 .0020 82.1" .362 .00179 .007U .0060 

07/01/98 N001 .01890 .01 .31 .00220 90.2* .374 .0017B .00780 .00670

i" q



Surfa( ter Data 

Loc Date Sample Alkalinity As Ca Cd Chloride Co Cu EC Eh Fe Fluoride Id Id mg/L mg/L mg/L mg/L mg/L mg/L mg/L pmhos/cm mV mg/L mg/L 

Upgradient 

0325 01/29/98 0001 -- .001U 68.9 .001U 100 .0080 -- -- .0040 .151 01/29/98 N001 125 ............ 1117 136 ....  06/30/98 0001 135 .0014B 58.4 .001U 87.6 .006U .005U .... .003U .292 06/30/98 N001 130 ............ 925 111 ....  0330 01/30/98 0001 -- .001U 25.5 .0010 41.9 .0080 ...... .0051BU .0971B 0 1/30/98 N 001 96 ............ 465 65 .. 09 
06/30/98 0001 92 .0012B 37 .0010 42.7 .0060 .0050 .... .0183B0 .1630 06/30/98 f001 88 -" ........... 467 -196 -0342 01/30/98 0001 -- .0010 373 .0010 204 .0080 -- -- -- .0844 .196 01/30/98 0002 -- .0010 377 .0010 204 .0080 ...... .0829 .198 01/30/98 N 001 239 ............ 3680 167 . .2 .  
06/30/98 0001 106 .0010 40.7 .0010 39.7 .006U .0050 .... .015230 .182 06/30/98 N 001 108 ............ 504 26 . . .1 

0349 01/29/98 0001 -- .0010 278 .0010 180 .0080 ...... .0073UU .188 01/29/98 N001 279 ............ 3120 152 . . .1 
06/30/98 0001 111 .0010 40 .0010 39.6 .0060 .0050 -- U- .0136BU .175 06/30/98 N001 105 ............ 484 178 ....  0350 01/30/98 0001 -- .001U 294 .0010 186 .008U " ..... .0192B .185 01/30/98 N001 242 ............ 3310 42 ....  06/30/98 0001 110 .9011B 40.8 .0010 39.7 .0060 .0050 .... .0229B0 .177 06/30/98 N001 102 ............ 499 174 ....  0423 12/18/96 ff01 142 .00056B 83.6 .00110 175 .00670 -- 1212 232 1.04 .308 01/23/98 0001 -- .0010 69 .0010 145 .0080 ...... .0099BU .155 01/23/98 N001 137 ............ 1103 119 .. 15 
06/29/98 0001 101 .0010 37.2 .001U 37.3 .0060 .005U -- .-- .016130 .1690 0 6/2 9/98 N 0 0 1 9 5 ............ 4 16 18 6 -- -

On-Site 

0310 01/2.9/98 0001 -- .0010 540 .00iu 886 .0080 ...... .0135BO 1.21 01/29/98f N001 507 ............ 6390 213 ....  07/01/98 0001 88 .0010 37.2 .0010 38.5 .0060 .005U .... .0107BU .1650 07/01/98 N001 110 ............ 447 148. ...  0312 01/29/98 0001 -- .001U 73.5 .0010 151 .0080 ...... .011680 .177 01/29/98 N001 133 -- -- ..... 1179 161 -- -06/30/98 0001 101 .001U 37.2 .0010 39.2 .006U .0050 .... ".0119BU .170 06/30/98 N001 97 ............ 425 69 ....  0328 01/29/98 0001 -- .0010 81.4 .0010 70.9 .008U ...... .O081BU .119 01/29/98 N001 45 ............ 1072 212 ....  06/30/98 0001 109 .001U 37 .0010 38.5 .0060 .0050 .... .0103B0 .1960 06/30/98 N001 108 ............ 443 98 -- -0344 01/30/98 000i -- .0010 90 .0010 167 .0080 ...... .0058B0 .188 01/30/98 N001 306 ............ 1309 60 .....  06/30/98 0001 100 .0010 37.8 .0010 39.3 .0060 .0050 .... .0124B0 .1760

I



Surface Water Data 

Loc Date Sample GA GB K Mg Mn Mo Na NH4 Ni N03 pH 

Id Id pCi/L pCi/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L s.u.  

Upgradient 

0325 01/29/98 0001 7.58 7.14 4.05 33.9 .001A .0147 95.4 -- .016U .0558B -

01/29/98 N001 ............ .. 8.18 

06/30/98 0001 8.46J 6.81U 3.82 30.9 .0019B .0129 82.6 .02048U .007U .02178 -

06/30/98 N001 ............ .. 8.07 

0330 01/30/98 0001 2.2 3.75 3.43 9.64 .0046B .0024B 39.1 -- .016U .0633B -

01/30/98 N001 .. ....... 8.91 

06/30/98 0001 3.32UJ 3.39U 2.32 11.4 .00668 .00328 35 .03868 .007U .0341B -

06/30/98 N001 ........
7.52 

0342 01/30/98 0001 23.13U 30.02U 7.12 224 .894 .0149 290 -- .016U 6.28 -

01/30/98 0002 23.09U 30.13U 7-15 226 .907 .0148 292 -- .016U 6.3 -

01/30/98 N001 ....... "-.......... -- 8.12 

06/30/98 0001 3.38U 6.45J 1.8 12.1 .0427 .0037B 37 .0143BU .007U .09428 -

06/30/98 N001 .......-.. -_- -- -- 8 

0349 01/29/98 0001 16.63U 21.24 5.98 165 .716 .013 237 -- .016U 3.02 -

01/29/98 N001 ........
8.39 

06/30/98 0001 3.3U 4.96J 1.68 11.5 .0367 .0032B 35 .00228U .007U .06558 -

06/30/98 N001 ............ ..... 7.66 

0350 01/30/98 0001 29.86 20.46U 6.07 176 .757 .0125 248 -- .016U 3.26 -

01/30/98 M001 ....... " .. .. 7.88 

06/30/98 0001 3.23U 3.38UJ 1.77 11.9 .0322 .00368 36.5 .0083BU .007U .0366B -

06/30/98 N001 .......... 
,- .1 8 

0423 12/18/96 N001 8.01U 9.59U 4.08 23.4 .0413 .00878 135 -- 1.18 8.94 

01/23/98 0001 4.47UJ 4.44U 3.23 18.9 .0187 .00848 110 -- .016U .8968 -

01/23/98 N001 ........
8.61 

06/29/98 0001 3.37UJ 3.39U 1.5 9.27 .0175 .00248 30.4 .0204aU .007U .121B -

06/29/98 N001 ........
8.09 

On-Site 

0310 01/29/98 0001 118.2 61.15U 38.2 296 .928 .0261 845 -- .03528 7.07 -

01/29/98 N001 ............ .. 7.78 

07/01/98 0001 3.08 3.38UJ 1.51 9.37 .0133 .00278 30.2 .05288 .007U .011U -

07/01/98 N001 .........
8.36 

0312 01/29/98 0001 7.04 6.54 3.73 25.4 .066 .00938 117 -- .016U 1.08 -

01/29/98 N001 ........
9.03 

06/30/98 0001 3.06U 3.38UJ 1.54 9.68 .0104 .00268 31 .059B .007U .011U -

06/30/98 N001 ........ --... "-... 8.57 

0328 01/29/98 0001 6.89 8.08 3.48 22.1 .0192 .0058 77.9 -- .016U 1.43 -

01/29/98 N001 .. -
-- -- 9.08 

06/30/98 0001 2.97U 3.37UJ 1.62 9.74 .0076B .0027B 31.1 .05288 .007U .011o -

06/30/98 N001 ........
8.57 

0344 01/30198 0001 6.59 6.130 4.11 35.5 .13 .0116 135 -- .016U 1.87 -

01/30/98 N001 .. ........ 8.32 

06/? ' 0001 3.15U 3.38UJ 1.54 9.88 .0027B 31.8 .04358 .007U .011M



Surfat ter Data

Sample Ra-226 Ra-228 
Id pCi/L pCi/L

Se 
mg/L

S04 
mg/L

Sr 
mg/L

TDS 
mg/L

Tmp Turbidity U U-234 U-235 
C NTU mg/L pCi/L pCi/L

0325 01/29/98 
01/29/98 
06/30/98 
06/30/98 

0330 01/30/98 
01/30/98 
06/30/98 
06/30/98 

0342 01/30/98 
01/30/98 
01/30/98 
06/30/98 
06/30/98 

0349 01/29/98 
01/29/98 
06/30/98 
06/30/98 

0350 01/30/98 
01/30198 
06/30/98 
06/30/98 

0423 12/18/96 
01/23/98 
01/23/98 
06/29/98 
06/29/98 

On-Site 

0310 01/29/98 
01/29/98 
07/01/98 
07/01/98 

0312 01/29/98 
01/29/98 
06/30/98 
06/30/98 

0328 01/29/98 
01/29/98 
06/30/98 
06/30/98 

0344 01/30/98 
01/30/98 
06/30/98

0001 
N001 
0001 
N002 
0001 
N001 
0001 
N001 
0001 
0002 
N001 
0001 
N001 
0001 
4001 

0001 
N001 
0001 
N001 
0001 
N001 
N001 
0001 
N001 
0001 
N001 

0001 
N001 
0001 
N001 
0001 
N001 
0001 
N001 
0001 
N001 
0001 
N001 
0001 
N001 
0001

.3 

.14U 

.14 

.150 

.14 

.16 

.150 

.19 

.150 

.16 

.17U 

.44 

.18 

.15U 

.11 

.120 

.22 

.12U 

.24 

.21U 

.16 

.120

.60 

.56U 

.4M 

.58U 

.70 

.9U 

.590 

.80 

.590 

.80 

.670 

.90 

.60 

.590 

.8U 

.65U 

.8U 

.650 

.40 

.87U 

.4U 

.690

.0014B 

.0012B 

.001U 

.001M 

.0112 

.0113 

.oo10 

.0065 

.0010 

.0071 

.O01u 

.0012B 

.0013B 

.0010 

.0010 

.0010 

.0016B 

.001U 

.oo10 

.001u 

.0022B 

.O01U

237 

223 

55.9 

68.5 

1810 
1810 

82.4 

1270 

74.4 

1390 

80.3 

163 
138 

56.5 

2820 

66.6 

199 

67.7 

311 

68.2 

278 

68.1

.792 

.414 

.412 

.396 

.409 

.347 

.357 

.375 

.365 

.363

688 

652 

275 

300 

3280 
3270 

328 

2480 

323 

2610 

335 

702 
608 

270 

5860 

292 

730 

295 

623 

307 

822 

285

5.4 

22.8 

5 

21.4 

5.1 

-19.7 

5.8 

18.5 

4.3 

20.7 
-. 3 

.3 

18.4 

10.1 

19.1 

7.2 

22.2 

10.7 

26.1 

5.2

20.5 

22.6 

9.23 

20 

48.7 

17 

86.7 

16.8 

46.4 
31.4 

8.55 

13.5

.0054 

.0047 

.0032 

.0015 

.025 
.0252 

.0018 

.0157 

.0016 

.0184 

.0017 

.0039 

.0038 

.0015

-- .0948 

-- .0016 
18.4 -

-- .0055 
8.98 -

-- .0016 

-- .0091 
8.8 -

-- .0016 

-- .0072 

-- .0016

Loc Date 
Id

Upgradient

2. 6U 

1.2 

12.9 
12.7 

8.5 

8.6 

1.5* 

31.2 

20 

3.20 

3.7

1U 

10 

10 
10 

iu 

l1 

10 

1.5 

10 

10 

10



Surface Water Data

Loc Date Sample U-238 V Zn 
Id Id pCi/L mg/L mg/L 

Upgradient 

0325 01/29/98" 0001 1.8 .0022B .004U 
01/29/98 N001 ......  
06/30/98 0001 -- .0038BU .005U 
06/30/98 N001 ......  

0330 01/30/98 0001 1.1 .0011BU .004U 
01/30/98 N101 ......  
06/30/98 0001 -- .003BU .005s 
06/30/98 4001 ......  

0342 01/30/98 0001 8.3 .00AM .0041B 
01/30/98 0002 8.4 .AM1U .0045B 
01/30/98 N001 ......  
06/30/98 0001 -- .0026BU .005U 
06/30/98 N001 ......  

0349 01/29/98 0001 5.2 .001U .004U 
01/29/98 N001 ......  
06/30/98 0001 -- .0027BU .0177B 
06/30/98 N001 ..  

0350 01/30/98 0001 6.2 .001A .0040 
01/30/98 N001 ......  
06/30/98 0001 -- .0027BU .0057B 
06/30/98 N001 -- -- -

0423 12/18/96 N001 -- .0067U .011B 
01/23/98 0001 1.3 .0013B .004U 
01/23/98 N001 ......  
06/29/98 0001 -- .0022BU .005U 
06/29/98 N001 ......  

On-Site 

0310 01/29/98 0001 31.6 .001U .004U 
01/29/98 N001 . .....  
07/01/98 0001 -- .0031BU .005U 
07/01/98 N001 ......  

0312 01/29/98 0001 1.8 .014 .004U 
01/29/98 N001 ......  
06/30/98 0001 -- .0042BU .005U 
06/30/98 N001 ......  

0328 01/29/98 0001 3.1 .0016BU .004U 
01/29/98 N001 ......  
06/30/98 0001 -- .0035BU .0081B 
06/30/98 N001 ......  

0344 01/30/98 0001 2.4 .0403 .0057B 
01/30/98 N001 ......  
06/_ *q 0001 -- .0036BU 005U



Surf- ater Data 

Loc Date Sample Alkalinity As Ca Cd Chloride Co Cu EC Eh Fe Fluoride 
Id Id mg/L mg/L mg/L mg/L mg/L mg/L mg/L pmhos/cm my mg/L mg/L 

On-Site 

0344 06/30/98 N001 98 ............ 458 55 ....  
0346 01/30/98 0001 -- .0115 492 .0012 628 .008U ...... .0081BU 1.26 

01/30/98 N001 398 ............ 6610 92 ....  
•06/30/98 0001 96 .001U 37.3 .001U 38.1 .006U .0050 .... .0125BU .177 
06/30/98 N001 100 ............ 444 182 ....  

0424 12/18/96 N001 138 .0006B 98.8 .0011U 188 .0067U -- 1420 238 1.31 .336 
01/29/98 0001 -- .001U 69.8 .0010 150 .008U ...... .0139BU .174 
01/29/98 N001 133 ............ 1062 45 ....  
06/30/98 0001 103 .0010. 37.7 .001U 38 .006U .005U .... .0163BU .167 
06/30/98 N001 109 ............. 451 181 ....  

0425 01/29/98 0001 -- .001U 69.1 .001U 146 .008U ...... .0093B0 .158 
01/29/98 N001 152 ............ 1037 62 ....  
06/30/98 0001 99 .001U 37.6 .001U 38.5 .0060 .005( .... .0107B( .163U 
06/30/98 N001 98 ............ 453 103 ....  

0432 12/19/96 N001 174 .00032B 86.6 .0011U 185 .0067U -- 1040 255 .347 .316 
12/19/96 N002 -- .000511 88.4 .0011U 177. .0067U ...... .381 .306 

Down Gradient 

0308 01/30/98 0001 -- .001A 69 .001U 142 .0080 ...... .0093BU .194 

01/30/98 N001 139 ............ 1047 105 ....  
06/30/98 0001 99 .0010 37.6 .001U 37.8 .006U .005U .... .0128B0 .186 
06/30/98 0002 -- .001U 37.4 .001U 38.1 .006U .0050 .... .0113BU .201( 
06/30/98 N001 94 ............ 446 61 ....  

0326 01/30/98 0001 -- .001( 181 .001U 438 .008U ...... .0237BU .132 
01/30/98 N001 199 ............ 3880 158 ....  
07/01/98 0001 54 .002B 204 .001( 678 .006( .0050 .... .003U .794 
07/01/98 N001 46 ............ 4410 106 ....  

0360 07/01/98 0001 157 .0016B 382 .0010 1850 .006( .005( .... .0153BU .486 
07/01/98 N001 166 ............ 11570 172 ....  

0427 12/19/96 N001 170 .00047B 89.2 .0011( 178 .0067( -- 1296 255 .45 .303 
01/30/98 0001 -- .0010 68.2 .001( 143 .008( ...... .0381 .159 
01/30/98 N001 144 ............ 1052 92 ....  
06/30/98 0001 101 .001( 36.3 .001( 37.9 .006U .005( .... .0121B( .167U 
06/30/98 N001 98 ............ 443 128 ....  

*4

I



Surface Water Data 

Loc Date Sample GA GB K Mg Mn Mo Na NH4 Ni N03 pH 
Id Id pCi/L pCi/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L s.u.  

On-Site 

0344 06/30/98 N001 .................... 8.29 
0346 01/30/98 0001 92.39 54.51 22.2 390 3.03 .0887 669 -- .0422 26.4 -

01/30/98 N001 .................... 7.45 
06/30/98 0001 3.17U 3.39UJ 1.56 9.61 .0058B .0027B 31.3 .0022BU .007U .0998B -

06/30/98 N001 ..... ............... 8.07 
0424 12/18/96 N001 9.67U 11.57U 4.38 37.2 .118 .011B 155 -- -- 1.45 9.45 

01/29/98 0001 5.02U 7.68 3.42 20.5 .0221 .0085B 114 -- .016U .578B -

01/29/98 N001 ......... -.. 8.66 
06/30/98 0001 3.04U 3.37UJ 1.54 9.71 .0134 .0027B 31.5 .0083BU .007U .197B -

06/30/98 N001 ................. 7.52 
0425 01/29/98 0001 5.27 6.08U 3.44 20.3 .0233 .0088B 112 -- .016U .587B -

01/29/98 N001 .......... -.... 8.67 
06/30/98 0001 2.99U 3.37UJ 1.58 9.82 .0091B .0026B 31 .0528B .007U .011U -

06/30/98 N001 .................. -- 8.32 
0432 12/19/96 N001 9.06U 11.54U 3.7.6 24.3 .0415 .0075B 136 .... 1.4 9.03 

12/19/96 N002 8.85U 11.48U 3.85 24.9 .0426 .0078B 140 .... 1.36 -

Down Gradient 

0308 01/30/98 0001 4.95U 6.04U 3.32 19.7 .0234 .0084B 106 -- .016U .575B -

01/30/98 N001 .................... 8.32 
06/30/98 0001 4.18U 101.2J 1.53 9.59 .0058B .00268 30.4 .0374B .007U .011U -

06/30/98 0002 3.08U 3.37UJ 1.52 9.5 .0057B .0025B 30.1 .0497B .007U .011U -

06/30/98 N001 .................... 8.28 
0326 01/30/98 0001 17.29U 20.23U 11.1 151 .00798 .0085B 431 -- .016U .1138 -

01/30/98 N001 .................... 8.84 
07/01/98 0001 30.68U 33.7UJ 18.2 137 .0161 .0426 614 .0775B .0096B .011U -

07/01/98 N001 _--- I. - ........... 9.07 
0360 07/01/98 0001 110.95U 134.24UJ 25.7 693 .104 .0564 1990 .133 .0133B .011U -

07/01/98 N001 .......... - ......... 7.89 
0427 12/19/96 N001 9.04U 11.49U 3.95 24.9 .0449 .0077B 140 .... 1.33 8.48 

01/30/98 0001 4.94U 6.02U 3.35 19.6 .0291 .0084B 107 -- .0401 .577B -

01/30/98 N001 .................... 8.19 
06/30/98 0001 3U 3.37UJ 1.5 9.23 .0052B .00268 29.6 .0528B .007U .01JU -

06/30/98 N001 ................... - 8.29

I



Surf; ater Data

Sample Ra-226 Ra-228 
Id pCi/L pCi/L

Se S04 
mg/L mg/L

Sr 
mg/L

TDS 
mg/L

Tmp Turbidity U U-234 U-235 
C NTU mg/L pCi/L pCiIL

0344 06/30/98 
0346 01/30/98 

01/30/98 
06/30/98 
06/30/98 

0424 12/18/96 
01/29/98 
01/29/98 
06/30/98 
06/30/98 

0425 01/29/98 
01/29/98 
06/30/98 
06/30/98 

0432 12/19/96 
12/19/96 

Down Gradient 

0308 01/30/98 
01/30/98 
06/30/98 
06/30/98 
06/30/98 

0326 01/30/98 
01/30/98 
07/01/98 
07/01/98 

0360 07/01/98 
07/01/98 

0427 12/i9/96 
01/30/98 
01/30/98 
06/30/98 
06/30/98

Loc Date 
Id

On-Site

N001 
0001 
N001 
0001 
N001 
N001 
0001 
N001 
0001 
N001 
0001 
N001 
0001 
4001 

N001 
N002 

0001 
N001 
0001 
0002 
N001 
0001 
N001 
0001 
N001 
0001 
N001 
N001 
0001 
N001 
0001 
N001

.13 

.120 

.370 

.27 

.150 

.16 

.14U 

.26 

.21 

.19 

.130 

.150 

.17 

.17 

.13U 

.19 
.17 

.14U

.5 

.5U 

.8U 

.90 

.61U 

.7U 

.57U 

.90 

. 9U

.50 

.56U 

.610 

.4U 

.66U 

.7U 

.90 

.40 

•.590

32.3 

1.5 

1.7

.017 

.OOlU 

.0021B 

.0013B 

.0010 

.0015B 

.001U 

.0013B 
.0013B 

.0013B 

.001U 

.O01u 

.0010 

.0Olu 

.0010 

.0012B 

.0013B 

.0010

1.2 

10 

10

2990 

62.3 

265 
151 

62 

150 

67.7 

183 
176 

148 

64.9 
64.7 

1180 

1450 

5550 

177 
147 

63.7

.359 

.361 

.364 

.358 

.355 

3.4 

7.34 

.355

5640 

293 

878 
628 

297 

617 

345 

747 
762 

612 

290 
283 

2610 

3310 

11400 

750 
615 

295

18.9 

11.3 

24.9 
"-.3 

3.1 

18.1 

3.9 

20.2 
-. 2 

2.5 

17.2 

9.6 

26.4 

24.9 
-. 3 

2.3 

18.1

7.74 
26.5 

17.4 

11 

13.7 

1.96 

7.69 
14.2

.0734 

.0015 

.0058 

.0038 

.0016 

.0038 

.0016 

.0043 

.0044 

.0038 

.0016 

.0015 

.0348 

.0045 

.0662 

.0043 

.0038 

.0016

1.2 

12.4 

1.6

1U 

10 

10

I



Surface Water Data

Loc Date Sample U-238 V Zn 
Id Id pCi/L mg/L mg/L 

On-Site 

0344 06/30/98 N001 ......  
0346 01/30/98 0001 24.5 .873 .0134B 

01/30/98 N001 ......  
06/30/98 0001 -- .0023BU .005U 
06/30/98 N001 ......  

0424 12/18/96 N001 -- .0067U .0124B 
01/29/98 0001 1.3 .0015B .004U 
D1/29/98 N001 ......  
06/30/98 0001 -- .0024BU .0268B 
06/30/98 N001 ......  

0425 01/29/98 0001 1.3 .002B .0058B 
01/29/98 N001 ......  
06/30/98 0001 -- .0037BU .005U 
06/30/98 N001 ......  

0432 12/19/96 N001 -- .0067U .0095B 
12/19/96 N002 -- .0067U .0138 

Down Gradient 

0308 01/30/98 0001 1.3 .0017B .004U 
01/30/98 N001 ......  
06/30/98 0001 -- .002BU .005U 
06/30/98 0002 -- .0023BU .005U 
06/30/98 N001 ......  

0326 01/30/98 0001 11.6 .001A .004U 
01/30/98 N001 ......  

07/01/98 0001 -- .0023BU .005U 
07/01/98 N001 ......  

0360 07/01/98 0001 -- .003BU .005U 
07/01/98 N001 ......  

0427 12/19/96 N001 -- .0067U .01368 
01/30/98 0001 1.3 .00248 .004U 
01/30/98 N001 ..  
06/30/98 0001 -- .0021BU .0058B 
06/30/98 N001 .... --

I



Grov ter Data 

Loc Date Sample Alkalinity As Ca Cd Chloride Co Cu EC Eh Fe Fluoride 
Id Id mg/L mg/L mg/L mg/L mg/L mg/L mg/L Wimhos/cm mV mg/L mg/L 

Upgradient 

0588 01/28/98 0001 -- .0059 82.8 .001U 149 .008U .-- -- .146 .233 
01/28/98 N001 322 ....-- -- -- 1249 -103 -- -06/29/98 0001 305 .0082 74.6 .001U 164 .006U .0050 -- -- .337 .501 06/29/98 N001 323 -- -- - --"".... 1158 -235 -- -0713 01/27/98 0001 -- .0010 449 .001U 347 .0080 -- -- .004U 1.3 
01/27/98 N001 459 -- " ......... 6010 101 ..-
06/24/98 0001 433 .0010 420 .001U 338 .006U .005U -- -- .003U 1.62 
06/24/98 NO11 427 -- --...... 3981 176 ..-0715 01/27/98 0001 -- .0010 470 .0010 280 .008U -- -- .0040 1.19 01/27/98 N001 367 -- --...... 5590 -143 ..-
06/24/98 0001 374 .0012B 430 .001U 144 .0060 .0050 -- -- .0030 .879 0 06/24/98 N001 376 -- --...... 4960 239 ..-

0744 01/26/98 0001 -- .001U 170 .001U 171 .008U -- -- .004U .621 01/26/98 N001 248 ........ -" -- 2130 73 ..-06/29/98 0001 227 .0010 122 .0010 133 .006U .005U -- -- .003U .733 
06/29/98 N001 242 ...--... -- 1834 -67 -- -0745 01/26/98 0001 -- .0012B 520 .001U 591 .0080 -- -- 1.17 .813 
01/26/98 N001 405 ......-- --.. 6150 -24 -- -06/17/98 0001 345 .0014B 445 .001U 520J .006U .0050 --.. 1.1 .803J 06/17/98 N001 337 ....... .. 4600 -13 -- -0746 01/26/98 0001 -- .0010 518 .001U 801 .008U ..-- -- .004U 1.82 
01/26/98 N001 411 -- --...... 7760 93 ..-
06/17/98 0001 358 .O01U 480 .001U 813J .0060 .0050 -- -- .003U 1.63J 06/17/98 N001 393 .... ...--.... 6010 210 -- -1020 01/26/98 0001 -- .001U 573 .001U 991 .008U - -- -- 3.13 .766 
01/26/98 N001 493 -- -T .- -... 7570 -54 -06/22/98 0001 462 .001U 479 .001U 899 .0060 .005U -- -- 1.8 .849 
06/22/98 N001 447 .--. -- -- -- -- 5650 -77 -- -1021 01/26/98 0001 -- .0010L 363L .001UL 746L .0080L -- -- .0183BUL .453L 
01/26/98 N001 467L ............ 3790L 169L ....  
06/23/98 0001 422L .001UL 208L .O01UL 352L .006UL .005UL .... .0069BUL .511L 
06/23/98 N001 449L ..... -- --. 2170L 98L -" -1023 01/22/98 0001 -- .0010 474 .001U 253 .008U -- -- .0042BU .52 
01/22/98 N001 427 ...... -- -- 6880 106 ...-
06/18/98 0001 318 .001U 439 .001U 253 .0060 .005U -- -- .003U .796 
06/18/98 1001 328 ......-- -- ... 5190 157 .- -1024 01/22/98 0001 -- .0026B 150 .001U 159 .008U .-- -- 3 .324 01/22/98 N001 495 ......-- --. 1726 -62 -- -06/18/98 0001 355 .001u 101 .0010 70.8 .006U .0050 -- -- .542 .42 
06/18/98 N001 336 ..- 7... --.. 999 -101 -- -1025 01/22/98 0001 -- .001U. 518 .001U 307 .008U ...--. .552 1.11 
01/22/98 0002 -- .0010 525 .001U 306 .008u -- 7- -" .533 1.12 01/22/98 N001, 433 ......-- --. 5940 -15 -- -
06/18/98 0001 415 .001U 469 .0010 301 .0060 .. 005U -- -- .321. 1.25

i



Groundwater Data

Loc Date Sample GA GB K Mg Mn Mo Na NH4 Ni N03 pH 
Id Id pCi/L pCi/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L s.u.  

Upgradient 

0588 01/28/98 0001 5.24UJ 6.08U 6.33 25.3 .314 %0069B 125 -- .0160 .152B -

01/28/98 N001 ..... -- -- -- -- 7.8 
06/29/98 0001 18.11U3 1183 7.3 23.4 .427 .0082B 116 16.30 .007U .011U -

06/29/98 N001 . -- -- -- -- -- -- -- 7.14 
0713 01/27/98 0001 70.17J 41.18U 10.7 450 1.78 .083 600 -- .016U 10.5 -

01/27/98 N001 -- -- -- -- -- -- -- 7.19 
06/24/98 0001 63.33J 254.P 10.5 400 2.22 .0739 562 .02240 .0105B 8.43 -

06/24/98 N001 -- -- -- -- -- -- 6.82 
0715 01/27/98 0001 46.370J 60.26U 10.3 469 .233 .057 685 -- .0160 16.3 -

01/27/98 N001 ......... -- -- -- -- 6.89 
06/24/98 0001 58.02UJ 67.45U 11.4 460 2.08 .0656 686 .0224B .0109B 16.3 -

06/24/98 N001 -- -- -- -- -- -- 6.93 
0744 01/26/98 0001 12.85UJ 13.23U 6.06 107 .821 .017 200 -- .016U 3.46 -

01/26/98 N001 .. -- -- -- -- -- -- -- 7.05 
06/29/98 0001 13.71UJ 13.57U 6.37 77.8 .694 .0185 186 1.12 .007U .238B -

"06/29/98 N001 ..... -- -- -- -- -- 7 

0745 01/26/98 0001 41.630J 43.970 6.42 361 1.7 .0549 619 -- .0160 .0579BU -

01/26/98 N001 -- -- -- -- -- 7.51 
06/17/98 0001 35.12U 36.61U 5.53 323 1.67 .0494 590 .321 .01170 .074BUJ 
06/17/98 N1001 . -- -- -- -- -- -- 6.84 

0746 01/26/98 0001 57.81UJ 65.5U 11.7 489 1.63 .186 844 -- . .016U 13.4 -

01/26/98 N001 -- -- -- -- -- -- 6.77 
06/17/98 0001 80.66 54.92U 10.7 502 1.84 .168 893 .0725B .0117B 12.8J -

06/17/98 N1001 . -- -- -- -- -- -- 6.8 
1020 01/26/98 0001 61.723 60.68U 9.59 419 1.08 .0279 853 -- .016U .06940 -

01/26/98 N001 -- -- -- -- -- ....... 7.01 

06/22/98 0001 61.9203 67.5U 8.65 347 .972 .0286 834 .0877B .01010 .132B -

06/22/98 N1001 ... -- -- -- -- --. 6.45 
1021 01/26/98 0001 30.6JL 29.26L 16.8L 118L .436L .0311L 317L -- .016UL 69.1L -

01/26/98 NOO -- ................... 7.02L 
06/23/98 0001 31.35JL 17.19UL 12.4L 64L .514L .0217L 235L .0660L .00880L .06480L -

06/23/98 N1001 . -- -- -- -- -- -- 6.57L 
1023 01/22/98 0001 45.17J 50.11 8.27 447 1.73 .124 659 -- .0215B 71 -

01/22/98 1001 . -- -- -- -- -- -- -- 6.83 
06/18/98 0001 49.61 54.54U 7.52 464 1.76 .12 699 .0142B .0281B 71.4J -

06/18/98 N1001 ..... -- -- -- -- - 6.85 
1024 01/22/98 0001 11.113. 18.26 11.1 62.5 .551 .0047B 132 -- .016U .02490 -

01/22/98 N1001 .. -- -- -- -- -- -- 6.97 
06/18/98 0001 6.13U 7.84 7.98 26.4 .394 .00640 80.9 .0264B .00730 .105BUJ -

06/18/98 N001 -- -- -- -- -- -- 6.81 
1025 01/22/98 0001 50.69J 4.4.19U 12.2 434 1.94 .0654 520 --. .0197B 33.4 -

01/22/98 0002 54.41J 44.19U 12.1 432 1.94 .0643 530 -- .016U 33.6 -

01/22/98 N001 -- -- ...- -- -- -- 6.89 

06/" 18 0001 36.45 36.71U 11 400 q5 .0625 546 .183 .0162B 30.7J



Grot ter Data 

Loc Date Sample Ra-226 Ra-228 Se S04 Sr TDS Tmp Turbidity U U-234 0-235 Id Id pCi/L pCi/L mg/L mg/L mg/L mg/L C NTU mg/L pCi/i. pCi/L 

Upgradient 

0588 01/28/98 0001 .14 .40 .0010 33.9 -- 640 .... .0022 .8U 10 01/28/98 001 -- -- -- 9.4 1.55 --....  06/29/98 0001 .13U .570 .0010 62.6 1 -668 --.. .0014 ....  06/29/98 N 001 -- -- -- -- 17 .98 . .....  
0713 01/27/98 0001 .040 .90 .048 3060 -- 5460 --.. .0652 35.2 1.1 01/27/98 NOOl -- -- -- -- 14.1 901 .5 3.2 .  

06/24/98 0001 .120 .510 .049 3140 5.94 5650 -- -- .0662 -- -06/24/98 N001 -- -- -- -- -- 13.9 3.18 -- --.  0715 01/27/98 0001 .14 .60 .0318 3720 -- 6280 -- -- .0602 34.9 1U 01/27/98 N001 -- -- -- 14.1 139 -- --.  06/24/98 0001 .130 .540 .0404 1840 7.06 6190 -- -- .0535 ....  06/24/98 N001 -- -- -- 14.9 13.6 -- ....  0744 01/26/98 0001 .07U .8U .0037B 776 -- 1640 -- -- .0132 5.4* 10 01/26/98 N001 .-- -- -- -- 11.2 4.42 -- --.  06/29/98 0001 .130 .510 .001U 653 1.71 1440 -- -- .0117 ....  06/29/98 NO1 ..... -- -- -- _ 16.3 3.12 -- --.  0745 01/26/98 0001 .06 .60 .0010 2680 -- 5310 -- -- .0381 18.8" 10 01/26/98 N001 -- -s "- -- -- -- 13.4 9.35 -- --..  06/17/98 0001 .130 .520 .0010 2480J 5.9 5070 ..-- .038 ....  06/17/98 001 . -- -- -- -- 12.3 2.64 -- --.  0746 01/26/98 0001 .08 .60 .111 3560 -- 6950 -- -- .0624 32.1' 10 01/26/98 001 .. -- -- -- -- 15.5 7.83 -- ....  06/17/98 0001 .140 .530 .1 3550J 8.09 7020 -- -- .0637 ....  06/17/98 001 . -- -- -- -- 14.7 9.2 -- --.  1020 01/26/98 0001 .1 10 .0010 2940 -- 6340 -- -- .0566 29.2 1U 01/26/98 N001 .-- -- -- -- 12.4 25.4 -- ...  06/22/98 0001 .130 .530 .0010 2730 6.04 7400 -- -- .0573 ....  06/22/98 N001 ............ 13.1 6.52 --....  1021 01/26/98 0001 .34L .9UL .OO1UL 614L -- 2610L -- -- .0305L 14.9L 1UL 01/26/98 Nool 9.7L 32.4L ......  06/23/98 0001 .13UL .5UL .001UL 416L .2.14L 1670L .... .0228L ....  .06/23/98 N001 -- -- -- -- 13.5L 34L -- --.  1023 01/22/98 0001 .08 .5u .137 3720 -- 6440 -- -- .0468 23.8* 10 01/22/98 N001 -- -- -- -- -- 13.9 6.61 -- --.  06/18/98 0001 .140 .530 .116 3700 4.93 6410 -- -- .0452 ....  06/18/98 14001 -- ......... 13.4 16.2 --....  1024 01/22/98 0001 .29 .70 .0010 183 -- 1030 -- -- .0041 2U 1U 01/22/98 N001 . -- -- -- -- 11.8 4.31 -- - . ...  06/18/98 0001 .130 .510 .0010 113 .828 647 -- -- .0054 ....  06/18/98 N001 -- -- -- -- -- 12.3 2.32 -- --.  1025 01/22/98 0001 .09 .40 .0624 3100 -- 5520 -- -- .0435 21.5* 10 01122/98 0002 .060 .70 .0546 3100 -- 5460 -- -- .0436 20.5* 10 01/22/98 N001 -- -- -- -- 14.1 7.69 -- --.  06/18/98 0001 .130 .510 .0518 3020 6.88 5480 -- -- .0437 ....

I



Groundwater Data

Loc Date Sample U-238 V Zn 

Id Id pCi/L mg/L mg/L 

Upgradient 

0588 01/28/98 0001 1U .0014B .004U 
01/28/98 N001 ......  
06/29/98 0001 -- .0028BU .00638 
06/29/98 N001 -- ....  

0713 01/27/98 0001 21.8 .0035B -.004U 
01/27/98 N1001 --...  

06/24/98 0001 -- .0049BU .0050 
06/24/98 N001 --....  

0715 01/27/98 0001 20.1 .0010 .004U 
01/27/98 N001 --....  

06/24/98 0001 -- .0023BU .0050 
06/24/98 N1001 --...  

0744 01/26/98 0001 4.4 .001U .004U 
01/26/98 N001 -- .....  
06/29/98 0001 -- .0013BU .005U 
06/29/98 N001 --....  

0745 01/26/98 0001 12.7 .0010 .004U 
01/26/98 N001 -- -- -

06/17/98 0001 -- .Ob1U .005U 
06/17/98 NOO --.....  

0746 01/26/98 0001 20.8 .0011B .004U 
01/26/98 N001 --....  

06/17/98 0001 -- .0017BU .005U 
06/17/98 N001 -- 7-.  

1020 01/26/98 0001 18.9 .001U .0040 
01/26/98 N001 --....  

06/22/98 0001 -- .0011BU .005U 
06/22/98 N1001 .....  

1021 01/26/98 0001 10.2L .OO1UL .0051BL 
01/26/98 N001 .......  
06/23/98 0001 -- .0017BUL .005UL 

06/23/98 N001 --....  

1023 01/22/98 0001 15.6 .0015B .0040 
01/22/98 N1001 --...  

06/18/98 0001 -- .0026BU .005U 
06/18/98 N001 --....  

1024 01/22/98 0001 1.4 .0010 .0057B 
01/22/98 N001 ......  
06/18/98 0001 -- .0010 .0050 
06/18/98 NO1 1 --....  

1025 01/22/98 0001 14.5 .0010 .004U 
01/22/98 0002 14.6 .0013B .004U 
01/22/98 N001 --....  

06/'1-8 0001 -- .0018BU .005U

t



Grot ter Data 

Loc Date Sample Alkalinity As Ca Cd Chloride Co Cu EC Eh Fe Fluoride 
Id Id mg/L mg/L mg/L mg/L mg/L mg/L mg/L lrnhos/cm mV mg/L mg/L 

Upgradient 

1025 06/18/98 N001 410 ............ 4500 8 ....  
1026 01/23/98 0001 -- .001U 451 .001U 466 .008U " ..... .0995 1.64 01/23/98 N001 375 ............ 5310 25 ....  

06/19/98 0001 345 .001U 424 .001U 484 .006U .005U .... .141 1.81 06/19/98 H001 356 -- " ......... 5050 1 ....  1027 01/23/98 0001 -- .001B 519 .001U 416 .0080 ...... .709 1.63 01/23/98 N001 379 ............ 6150 -32 ....  
06/19/98 0001 360 .001U 458 .001U 408 .0060 .005U . !. .593 1.47 06/19/98 N001 354 .......... -- 4830 -51 ....  1028 01/23/98 0001 -- .001U 460 .001U 443 .0080 .... -- .206 1.64 01/23/98 N001 355 ............ 6080 -12-- -06/19/98 0001 359 .001u 431 .001U 439 .006U .005U .... .357 1.68 06/18/98 N001 341 .... -- ..... 4780 -21 ....  CW21 06/22/98 0001 420 .001U 237 .001U 229 .0060 .005U .... .0573 .553 
06/22/98 N001 426 .... -,... 2950 -20 ....  

On-Site' 

1000 01/28/98 0001 - .0024BL 502L .001UL 748L .008UL. 1.35L 1.81! 01/28/98 N001 305L -- -7 .......... 6880L 94L ....  
06/25/98 0001 415L .0032BL 549L .0013L 392L .006UL .005UL .... 2.43L 1.47L 06/25/98 N001 402L .. -.......... 26L ....  

1001 01/26/98 0001 -- .0318 563 .0010 860 .008U ...... 10.3 3.75 01/26/98 N001 478 ............ 7910 -49 ....  06/24/98 0001 484 .0349 490 .0010 857 .0162B .005U .... 8.8 3.97 
06/24/98 N001 489 ............ 7970 -87 ....  

1002 01/27/98 0001 -, .001UL 481L .0010L 861L .008ouL .... - 1.28L 1.94L 01/27/98 N001 386L ............ 7670L 120L ....  
06/25/98 0001 475L .001UL 480L .0010!L 415L .0118BL .005UL .... 1.17L .99L 
06/25/98 N001 444L ............- 9. -9L..  1012 01/22/98 0001 -- .002B 533 .001U 835 .008u ...... 3.66 1.7 
01/22/98 N001 458 ............ 7600 -15 ....  
06/25/98 0001 481 .0024B 465 .001U 420 .0060 .0050 ....U. 4.05 1.56 06/25/98 N001 472 ... .......... 7830 -42 ....  1013 01/26/98 0001 -- .0048B 547 .0010 845 .0080 - ..... 3.55 1.69 01/26/98 N001 467 ............ 7610 -31 ....  
06/24/98 0001 493 .0071 475 .0010 406 .0060 .0050 .... 3 .898 06/24/98 N001 492 ............ 7740 -41 ....  1014 01/23/98 0001 -- .0191 562 .0010 836 .0096B ...... 2.99 7.44 01/23/98 N001 545 ............ 7780 -38 ....  
06/24/98 0001 459 .017 472 .0012 887 .0060 .005U .... 2.35 7.9 06/24/98 0002 -- .0144 481 .0014 872 .01328 .005U .... 1.94 7.24 06/24/98 N001 489 ............ 8040 -14 ....  1015 01/23/98 0001 -- .00238 618 .0010 771 .0080 ...... 2.35 1.31

I



Groundwater Data 

Loc Date Sample GA GB K Mg Mn Mo Na NH4 Ni N03 pH Id Id pCi/L pCi/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L s.u.  

Upgradient 

1025 06/18/98 N001 .................... 
6.82 1026 01/23/98 0001 42.3UJ 44.14U 8.39 417 2.37 .118 653 -- .02B 1.37 -01/23/98 N001 ........ ,.... 7.08 06/19/98 0001 74.13J 48.58 7.98 388 2.51 .111 670 .0203B .0168 1.37J -06/19/98 N001 .... ...... ,.... 6.87 1027 01/23/98 0001 41.92UJ 44.02U 7.47 369 2.58 .105 648 -- .016U 1.23 -01/23/98 N001 
7. -- 77 b6/19/98 00Q1 83.66J 45.77U 7.07 349 3.08 .1 638 .0234B .0096B .454BJ -06/19/98 N001 .. ............ 6.86 1028 01/23/98 0001 41.65UJ 44.04U 8.62 420 2.2 .111 607 -- .0160 .0686BU -01/23/98 N001 .................. .. 6.83 06/18/98 0001 55.97 36.8U 8.56 395 2.19 .102 598 .0172B .0148 .0752BUJ -06/18/98 N001 ........ _6.87 

CW21 06/22/98 0001 37.611 27.27U 4.93 197 .868 10158 302 .0256B .0074B .104B -06/22/98 N001 ....- .............. 6.88 

On-Site 

1000 01/28/98 0001 149.6L 61.66UL 22.1L 224L 2.61L .0666L 918L -- .0308BL 3.48L 01/28/98 N001 .................... 
7.57L 06/25/98 0001 125.9JL 68UL 32.4L 284L 3.44L .0836L 922L 65.7L .036BL 10.7L -06/25/98 N001 .................... 
7.12L 1001 01/26/98 0001 167.73 77.36 61.2 368 4.43 .175 863 -- .111 .399B -01/26/98 N001 .................... 
7.07 06/24/98 0001 206.73 1113 60.4 336 4.54 .165 877 182 .0981 .192B -06/24/98 N001 .. ,_ ......... 7.01 1002 01/27/98 0001 288JL 92.49L 36.9L 472L 2.64L .132L 877L -- .0160L 4.19L -01/27/98 N001 .................... 

7.33L 06/25/98 0001 216.8JL 109.1L 35.6L 419L 2.7L .108L 920L 51.6L .0132BL 14.3L -06/25/98 N001 ........ ........... 7.2L 1012 01/22/98 0001 201.8J 66.27U 42.8 426 2.79 .192 860" -- .0261B 1.43 -01/22/98 N001 -v .................. 
7.06 06/25/98 0001 162.73 68.32U 44.5 391 3.31 .188 872 98.5 .0234B .0110 -06/25/98 N001 .................... 
6.95 1013 01/26/98 0001 510.43 104.1 29.6 474 2.92 .108 904 -- .0348B 1.02 -01/26/98 N001 ..... , .............. 7.07 06/24/98 0001 335.3J 174 27.7 429 3.11 .0977 916 54.9 .036B .708B -06/24/98 N001 .................... 
7.14 1014 01/23/98 0001 1930J 413.5 36.3 455 3.16 .299 909 -- .0481 .526B -01/23/98 N001 .................... 7.09 06/24/98 0001 1677J 669.9 33.6 424 3.23 .296 969 83 .0417 3.93 -06/24/98 0002 1521J 651.1 32 420 3.29 .308 972 83 .0506 3.92 -06/24/98 N001 .................... 
7.03 1015 01/1 n8 0001 4f.780J 44.1U 20.5 407 i8 .0517 804 -- .0254B .0867H

i "

i



Groi Lter Data

Loc Date Sample Ra-226 
Id Id pCi/L

Ra-228 
pCi/L

Se 
mg/L

S04 
mg/L

Sr 
mg/L

TDS 
mg/L

Tmp Turbidity.  
C NTU

U U-234 
mg/L pCi/L

Upgradient

1025 06/18/98 
1026 01/23/98 

01/23/98 
06/19/98 
06/19/98 

1027 01/23/98 
01/23/98 
06/19/98 
06/19/98 

1028 01/23/98 
01/23/98 
06/18/98 
06/18/98 

CW21 06/22/98 
06/22/98 

On-Site 

1000 01/28/98 
01/28/98 
06/25/98 
06/25/98 

1001 01/26/98 
01/26/98 
06/24/98 
06/24/98 

1002 01/27/98 
01/27/98 
06/25/98 
06/25/98 

1012 01/22/98 
01/22/98 
06/25/98 
06/25/98 

1013 01/26/98 
01/26/98 
06/24/98 
06/24/98 

1014 01/23/98 
01/23/98 
06/24/98 
06/24/98 
06/24/98 

1015 01/23/98

N001 
0001 
N001 
0001 
N001 
0001 
N001 
0001 
N001 
0001 
NOOl 
0001 
NOOl 
0001 
N001 

0001 
N001 
0001 
NOOl 
0001 
Nool 
0001 
NOOl 
0001 
N001 
0001 
NOOl 
0001 
NOOl 
0001 
Nool 
0001 
NOOl 
0001 
0ool 

0001 
Nool 
0001 
0002 
N001 
0001

.23 

.13U 

.09 

.14U 

.09 

.130 

.150 

.31L 

.13UL 

.58 

.26 

.06L 

.12UL 

.31 

.130 

.16 

.13U 

.18 

.120 

.120 

.15

.4U 

.5U 

.70 

.57U 

.7U 

.49U 

.6U

.9UL 

.54UL 

.6 

.62U 

.SUL 

.53UL 

.7 

.56U 

.60 

.560 

.70 

.50 

.520 

.8

.0066 

.0049B 

.0179 

.0116 

.0010 

.001o 

.0010

.001UL 

.001UL 

.00113 

.0011B 

.O01UL 

.0010L 

.0010 

.O01U 

.O01U 

.0010 

.0043B 

.0072 
.008 

.0010

2970 

3040 

3030 

2910 

2990 

2960 

1330

2920L 

1650L 

3430 

3460 

3580L 

1790L 

3440 

1760 

3550 

1800 

3580 

3680 
3660 

3330

5.96 

6.5 

5.83 

2-.42 

7.84L 

6.4 

6.94L 

6.15 

6.86 

7.52 
7.63

5490 

5700 

5530 

5490 

5430 

5500 

2770 

5820L 

6200L 

6410 

6380 

6880L 

6810L 

6620 

6620 

6790 

6820 

6800 

6880 
6930 

6440

13.2 

14.2 

13.7 

15.6 

15.1 

13.4 

13.2 

17.2 

8.3L 

17.1L 

10.3 

15.8 

11.8L 

15.4L 

11.8 

13.9 

12.9' 

14.5 

15.4 

15

8.91 

6.81 

8.58 

7.38 

6.07 

8.43 

12.8 

8.44

.0622 

.0629 

.0682 

.0674 

.059 

.0587 

.036

-- .0846L 
1000>L -

-- .191L 
24.1L -

-- .33 
2.37 -

-- .314 
3.4 -
-- .391L 

7.54L -
-- .362L 

12.1L -
-- .22 
12 -
-- .224 

3.06 -
-- .604 

9 ".35 -
-- .582 

1.72 -
-- 2.5 

7.03 -
-- *2.29 

.- 2.31 
8.47 -
-- .0641

U-235 
pCi/L

28.7* 

31.9* 

29.5* 

30.6L 

115* 

136L 

84.7* 

220* 

833* 

37.8*.

1 

1.1 

10

1.4L 

5.4 

6.2L 

3.5 

9.9 

38 

1.1

r



Groundwater Data

Loc Date Sample U-238 V Zn 
Id Id pCi/L mg/L mg/L 

Upgradient 

1025 06/18/98 N001 ......  
1026 01/23/98 0001 20.8 .001U .004U 

01/23/98 N001 ......  
06/19/98 0001 -- .00338U .0050 
06/19/98 N001 -, ....  

1027 01/23/98 0001 22.8 .0011B .0040 
01/23/98 N001 -- -, -

06/19198 0001 -- .0015B0 .005U 
06/19/98 N001 -- ....  

1028 01/23/98 0001 19.7 .0010 .004U 
01/23/98 N001 ......  
06/18/98 0001 -- .0023BU .005U 
06/18/98 N001 ......  

CW21 06/22/98 0001 -- .0024B0 .0050 
06/22/98 N001 ......  

On-Site 

1000 01/28/98 0001 28.2L .0175L .0123BL 
01/28/98 N001 ......  
06/25/98 0001 -- .0205L .0224BL 
06/25/98 N001 .......  

1001 01/26/98 0001 110 .063 .121 
01/26/98 N001 ......  
06/24/98 0001 -- .0704 .0832 
06/24/98 N001 ......  

1002 01/27/98 0001 131L .0044BL .004UL 
01/27/98 N001 ......  
06/25/98 0001 -- .0058BUL .028BL 
06/25/98 N001 ( ......  

1012 01/22/98 0001' 73.5 .0058B .0307B 
01/22/98 N001 ......  
06/25/98 0001 -- .0081B .0050 
06/25/98 N001 ......  

1013 01/26/98 0001 202 .271 '.0129B 
01/26/98 N001 ......  
06/24/98 0001 -- .37 .0155B 
06/24/98 N001 ......  

1014 01/23/98 0001 835 .26 .352 
01/23/98 N001 ......  
06/24/98 0001 -- .. 312 .317 
06/24/98 0002 -- .353 .275 
06/24/98 N001 ......  

1015 01/1 *18 0001 21.4 .001U .0174B

I



Grox ter Data 

Loc Date Sample Alkalinity As Ca Cd Chloride Co Cu EC Eh Fe Fluoride 

Id Id mg/L mg/L mg/L mg/L mg/L mg/L mg/L pmhos/cm mV mgAL mg/L 

On-Site 

1015 01/23/98 N001 405 .......... 7120 -14 ....  

06/22/98 0001 433 .0013B 572 .001U 825 .0105B .005U .... 2.97 1.7 

06/22/98 N001 440 ...... ... . -- 7470 -43 ....  

1016 01/26/98 0001 -- .0055 583 .001U 750 .008U -" .... 21.2 3.39 
"01/26/98 N001 400 ........ -- -- 7020 -141 ....  
06/29/98 0001 454 .0063 495 .001U 802 .0060 .005U .... 18.1 4.02 

06/29/98 N001 429 ............ 5740 -124 -- -

1017 01/23/98 0001 -• .001U 493 .001U 565 .008U ...... .373 1.75 
01/23/98 N001 419 ............ 7660 45 ....  
06/22/98 0001 408 .001U 441 .001U 565 .006U .005U .... .718 1.91 
06/22/98 N001 402 ...... -- -- -- 7700 -13 ....  

1018 01/26/98 0001 -- .0047B 563 .001U 508 .0080 ...... .156 2.56 
01/26/98 N001 356 ............ 6040 108 ....  
06/19/98 0001 382 .0061 474 .001 477 .0096B .0050 .... .167 2.43 
06/19/98 N001 380 ............ 5980 134 ....  

1019 01/26/98 0001 -- .001U 549 .0010 668 .0080 ...... .32 1.16 
01/26/98 N001 398' --- .. --... 6570 75 .....  

06/19/98 0001 376L .001UL 476L .001UL 667L .006UL .005UL -- -- .566L 1.51L 

06/19/98 N001 376L ............ .5930L 99L ....  

Down Gradient 

0590 01/28/98 0001 -- .001U 616 .0010 1160 .0080 ...... .004U .335 

01/28/98 N001 477 .......... -- 9080 159 ....  

06/29/98 0001 487 .0010 395 .001U 878 .006U .0050 .... .0030 .972 

06/29/98 M001 459 ........... 6940 -69 .....  
0732 01/27/98 0001 -- .001U 438 .0010 1020 .0080 ...... .0040 .806 

01/27/98 N001 470 ........ .. 7560 162 ....  

06/22/98 0001 443 .0010 409 .0010 1080 .0060 .0050 .... .0030 .843 

06/22/98 N001 480 ............ 5540 126 ....  
0736 01/27/98 0001 -- .0010 493 .0010 954 .0080 ...... .004U .576 

01/27/98 N001 488 ............ 9760 -86 ....  

06/17/98 0001 488 .0010 528 .001U 9913 .0060 .0050 .... .0030 .805J 

06/17/98 N001 474 ............ 6860 211 -- -

0740 01/28/98 0001 -- .0010 510 .0010 983 .0080 ...... .0067S0 .702 

01/28/98 N001 468 ............ 8550 126 .....  
06/23/98 0001 459 .0010 463 .0010 914 .0060 .0050 .... .0218B0 .967 

06/23/98 0002 -- .0010 463 .0010 917 .0060 .0050 -- -- .007190 .834 

06/23/98 N001 444 ............ 5670 105 ....  

0742 01/27/98 0001 -- .0010 536 .0010 910 .0080 ...... .392 .913 

01/27/98 0002 -- .001U 548 .0010 910 .0080 ...... .39 .902 

01/27/98 N001 451 ............ 7690 -68 ....  
06/17/98 0001 454 .0010 479 .0010 877J .0060 .0050 .... .299 1.2 

06/17/98 N001 454-............ 6710 -7 ....

I



Groundwater Data 

Loc Date Sample GA GB K Mg Mn Mo Na NH4 Ni M03 pH 

Id Id pCi/L pCi/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L s.u.  

On-Site 

1015 01/23/98 N001 ................ "- -- 7.12 

06/22/98 0001 101.1J 68.040 20.7 391 3.52 .0474 872 47B .0209B .17B -

06/22/98 N001 -- __ ........ .. 7.1 

1016 01/26/98 0001 75.563 44.540 39.1 374 2.65 .0421 760 -- .016U .263B -

01/26/98 N001 ..................... 7.3 

06/29/98 0001. 61.28U 2563 40.7 358 3.08 .0405 800 96.5 .0172B .0579B -

06/29/98 N001 .................... 7.22 

1017 01/23/98 0001 43.63UJ 44.79 55.8 254 3.26 .0893 979 -- .0884 .0348BU -

01/23/98 N001 ..................... 
7.15 

06/22/98 0001 66.49UJ 67.710 56.5 240 4.14 .0894 999 233 .0828 .121B -

06/22/98 N001 ....................- 7.13 

1018 01/26/98 0001 56.183 37.4 55.7 191 2.57 .18 536 -- .0909 12.2 -

01/26/98 N001 .. ........... 7.16 

06/19/98 0001 86.95J 84.37 52.7 173 2.64 .159 541 189 .0907 20.4J -

06/19/98 N001 ...... ...... .. 6.84 

1019 01/26/98 0001 43.72UJ 44.220 15 444 2.68 .0858 687 -- .016U .032BU -

01/26/98 N001 ..................... 
7.08 

06/19/98 0001 62.430JL 67.76UL 14.2L 417L 2.89L .0756L 685L 53L .0116BL .0957BUJL -

06/19/98 N001 ..................... 
6.94L 

Down Gradient 

0590 01/28/98 0001 130.63 61.95u 25.7 470 2.84 .0494 1140 -- .02228 4.79 -

01/28/98 N001 .................... 
6.61 

06/29/98 0001 82.22 257.83 21.1 326 2.05 .0436 836 13 .02B 2.11 -

06/29/98 N001 ............ .. 6.94 

0732 01/27/98 0001 48.18UJ 60.450 9.6 436 .138 .052 1020 -- .016U 25.6 -

01/27/98 N001 .................... 
7.68 

06/22/98 0001 66.020J 67.670 9.67 392 .0815 .0429 1080 .0007BU .007U 19.1 -

06/22/98 N001 .................... 
6.62 

0736 01/27/98 0001 78.04J 61.060 10.7 475 1.1 .02 1140 - .0160 9.55 -

01/27/98 N001 .................... 
6.98 

06/17/98 0001 122.1 55.320 10.9 480 2 .0234 1110 .01728 .0161B 16.7J -

06/17/98 N001 ........ ........... 6.63 

0740 01/28/98 0001 86.27J 61.310 22.8 491 3.68 .104 1070 -- .0193B .542B -

01/28/98 N001 ...... " ............. 7.04 

06/23/98 0001 97.47J 68.230 21.2 423 3.69 .0932 1000 22.1B .0182B .287B -

06/23/98 0002 75.45J 68.080 21.5 425 3.67 .0907 999 22.1B .0141B .279B . .  

06/23/98 N001 .................... 
6.64 

0742 01/27/98 0001 66.36J 61.11u 9.17 476 2.53 .0636 995 -- .0160 .249B 

01/27/98 0002 62.53 60.98U 9.21 488 2.55 .0639 1020 -- .0164B .2588 

01/27/98 N001 .................... 
7.06 

06/17/98 0001 77.15J 68.130 9.06 469 2.64 .0611 1000 .0387B .0114B .559BJ -

06/'1 "%8 N001 
%. ....- 8



Grot ter Data 

Loc Date Sample Ra-226 Ra-228 Se S04 Sr TDS Tmp Turbidity U U-234 U-235 
Id Id pCi/L pCi/L mg/L mg/L mg/L mg/L C NTU mg/L pCi/L pCi/L 

On-Site 

1015 01/23/98 N001 ............ 13 6.54 ......  
06/22/98 0001 .120 .49U .001U 3440 8.12 6610 .... .07 ....  
06/22/98 N001 ............ 14.4 2.2 ......  

1016 01/26/98 0001 .09 .9U .001U 3270 -- 6040 .... .113 42.2* 1.8 
01/26/98 N001 .. ...... 12.6 3.18 ......  
06/29/98 0001 .12U .48U .001U 3410 7.14 6340 .... .116 ....
06/29/98 N001 ............. 14.5 3.38 ......  

1017 01/23/98 0001 15 .90 .0010 3680 -- 6180 -- . .0241 13.2* 10 
01/23/98 NO01 ............ 12.4 41.2 ......  
06/22/98 0001 .140 .65 .0010 3530 7.04 6070 .... .0255 ....  
06/22/98 N001 ............ 14.7 9.57 ......  

1018 01/26/98 0001 12 .5 .0123 2680 -- 4620 .... .0862 39.1* 1.4 
01/26/98 N001 ............ 11.7 5.24 ......  
06/19/98 0001 150 .580 .016 2520 3.93 4440 .... .0895 ....  
06/19/98 N001 .......... -- 14.4 15.1 ......  

1019 01/26/98 0001 .1 .7 .0010 3230 -- 6020 .... .0486 25.7* 1u 
01/26/98 N001 .......... •_ 15.1 8.17 ......  
06/19/98 0001 .15UL .58UL .0010L 3230L 6.55L 6150L .... .0529L ....  
06/19/98 N001 ............ 14.4L 8.54L ......  

Down Gradient 

0590 01/28/98 0001 .04U .40 .001U 3700 -- 7840 .... .162 62.6 2.6 
01/28/98 N001 ............ 13.1 1.63 ......  
06/29/98 0001 .120 .48U .001U 2800 5.6 5880 -- -- .121 ....  
06/29/98 14001 ............ 14.6 .93 - .....  

0732 01/27/98 0001 .07U .9U .0081 2910 -- 6450 .... .0721 35.9 1.2 
01/27/98 N001 ............ 15 8.24 ......  
06/22/98 0001 .14U .58U .0054 3070 7.25 6680 .... .0681 ....  
06/22/98 N001 ............ 16.6 4.55 ......  

0736 01/27/98 0001 .020 .9U .0024B 3460 -- 7030 .... .105 49 1.7 
01/27/98 N001 ............ 13.2 1.67 ......  
06/17/98 0001 .14U .550 .00178 3610J 7.77 7690 .... .125 ....  
06/17/98 N001 ............ 16.2 .66 -- ....  

0740 01/28/98 0001 .06 .5 .0010 3600 -- 7300 .... .146 57.3 2.3 
01/28/98 N001 ............ 12.4 6.55 ......  
06/23/98 0001 .140 .550 .001U 3440 6.65 6900 .... .146 ....  
06/23/98 0002 .12U .480 .0010 3440 6.65 6550 .... .144 ....  
06/23/98 N001 --2........ 14.9 1.31 ......  

0742 01/27/98 0001 .06 .9U .0022B 3700 -- 7350 .... .0765 36.2 1.2 
01/27/98 0002 .06 .6U .0022B 3690 -- 7380 .... .0748 34.1 1.2 
01/27/98 N001 ............ 15.8 1.23 ......  
06/17/98 0001 .180 .73U .0026B 3660J 7.8 7240 .... .0787 ....  
06/17/98 N001 -- --...... 14.7 .6 ......

I



Groundwater Data

Loc Date Sample U-238 V Zn 
Id Id pCi/L mg/L mg/L 

On-Site 

1015 01/23/98 N001 .......  
06/22/98 0001 -- .001U .005U 
06/22/98 N001 ......  

1016 01/26/98 0001 37.6 .0010 .004U 
01/26/98 N001 .....  
06/29/98 0001 -- .003BU .0066B 
06/29/98 N001 -- -- -

1017 01/23/98 0001 8.1 .001U .0051B 
01/23/98 N001 ......  
06/22/98 0001 -- .0021BU .0050 
06/22/98 N001 ......  

1018 01/26/98 0001 28.8 .621 .004U 
01/26/98 N001 ......  
06/19/98 0001 -- .832 .0102B 
06/19/98 N001 -.....  

1019 01/26/98 0001 16.2 .001U .0040 
01/26/98 N001 ......  
06/19/98 0001 -- .00XSBUL .005UL 
06/19/98 N001 ......  

Down Gradient 

0590 01/28/98 0001 54.1 .0010 .0092B 
01/28/98 N001 ......  
06/29/98 0001 -- .0019BU .0089B 
06/29/98 N001 ......  

0732 01/27/98 0001 24.1 .0021B .004U 
01/27/98 N001 ......  
06/22/98 0001 -- .0025BU .0050 
06/22/98 N001 ......  

0736 01/27/98 0001 35.2 .001B .0382B 
01/27/98 N001 ......  
06/17/98 0001 -- .0022BU .005U 
06/17/98 N001 ......  

0740 01/28/98 0001 48.7 .001U .004U 
01/28/98 N001 - .....  
06/23/98 0001 -- 00258U .005U 
06/23/98 0002 -- .0015BU .005U 
06/23/98 N001 ......  

0742 01/27/98 0001 25.5 .001U .004U 
01/27/98 0002 25 .0010 .004U 
01/27/98 N001 ......  
06/17/98 0001 -- .001480 .0050 
06/- "98 N001 "- ..

I



Grot ter Data 

Loc Date Sample Alkalinity As Ca Cd Chloride Co Cu EC Eh Fe Fluoride Id Id mg/L mg/L mg/L mg/L mg/L mg/L mg/L pmhos/cm mV mg/L mg/L 

Down Gradient 

1010 01/28/98 0001 -- .0018B 491 .001U 959 .0080 ...... 16.8 .387 01/28/98 N001 603 ...--......... 7970 -124 .. 38 
06/19/98 0001 654 .0022B 487 .001U 1030 .0060 .0050 -- -- 15.7 .56 06/19/98 0002 -- .00228 483 .001U 1030 .0060 .0050 -- -- 16 1.33 06/19/98 N001 596 ............ 6420 -128 -- -1011 01/28/98 0001 -- .001UL 591L .001UL 1060L .008UL .-- -- 1.23L 1.13L 01/28/98 N001 433L -- --...... 8520L 65L ..-06/25/98 0001 428 .001U 603 .0010 1100 .006U .0050 -- -- .0030 1.89 06/25/98 N001 424 ......-- --. 6370 91 -- -1022 '01/27/98 0001 -- .0010 552 .0010 1040 .0080 .-- -- 3.09 .517 01/27/98 N001 506 ......-- --. 8000 -46 -- -06/23/98 0001 476 .00lU 573 .001U 1030 .0060 .0050 -- -- 3.33 .872 06/23/98 N001 467 ......-- --. 5750 -49 -- -1029 01/27/98 0001 -- .0064 407 .001U 1050 .0080 -- -- 8.48 .888 01/27/98 N001 661 ....-- -- -- 7900 -114 -- -06/29/98 0001 714 .0081 353 .001U 213 .0060 .005U -- -- 6.25 .244 06/29/98 1001 708 -- -- ....... 7570 -93 -- -1030 01/27/98 0001 -- .001U 409 .001U 841 .0080 -- -- 1.13 1.6 01/27/98 1001 430 ......-- --. 7950 -21 -- -06/22/98 0001 422 .001U 372 ,0010 811 .006U .0050 -- -- .283 1.67 06/22/98 N001 440 ...--....... 6900 12 -- -.  

Dakota Sandstone 

0724 01/28/98 0001 -- .OO1UL 16.6L .001UL 1310L .008UL ...... .0694L 2.86L 01/28/98 N001 1852L ......-- --. 6820L -410L -- -.  06/29/98 0001 1280 .001U 8.4 .001U 584 .0060 .0050 -- -- .0126B0 2.9 06/29/98 N001 1264 ............ 3800 -367 ....  0726 01/29/98 0001 -- .0061L 72.2L .OOlUL 4040L .008UL .-- -- 2.88L .364L 01/29/98 N001 899L .... ........ 12580L -235L ....  06/26/98 0001 898L .001UL 63.4L .001UL 3990L .006UL .005UL -- -- 2.22L .793L 06/26/98 N001 929L ............ 12560L -114L ....  0735 01/27/98 0001 -- .0018BL 3.41L .001UL 691L .008UL ...... .0359UL 3.52L 01/27/98 N001 852L ............ 3470L -117L -06/23/98 0001 710L .0054L 3.41L .001UL 692L .006UL .005UL .... .0716L 3.42L 06/23/98 NOO 728L ............ 3460L -240L -- -0741 01/27/98 0001 -- .OO1UL 30.1L .OO1UL 2150L .008UL -- -- -- .0781L IL 01/27/98 N001 252L ............ 6620L -62L -- -06/17/98 0001 266L .001UL 28.6L .001UL 2190JL .006UL .005UL .... .0591L 1.37JL 06/17/98 N001 275L .-...- --..... 5590L -134L -- -0743 01/26/98 0001 -- .0010. 68.4 .001U 799 .008U ...--. .0758 .309 01/26/98 N001 384 .........--. 6360 -146 -- -06/29/98 0001 354 .001U 67.2 .001U 694 .006U .0050 -- -- .083 .346 06/29/98 N001 414 ...-- --.... 5790 -292 -- --

I



Groundwater Data

Loc Date Sample GA GB K Mg Mn Mo Na NH4 Ni N03 pH 

Id Id pCi/L pCi/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L s.u.  

Down Gradient 

1010 01/28/98 0001 63.34 67.06 24.6 413 1.46 :0179 1050 .016U .0481B -

01/28/98 N001 -- -- -- -- --....... 7.23 

06/19/98 0001 111.5J 68.31U 24.6 410 1.57 .0147 1080 7.1B .0117B .0481BUJ -

06/19/98 0002 94.47J 68.22U 25.3 407 1.57 .0149 1070 8.6B .01B .0499BUJ -

06/19./98 N001 -- -- -- -- --...... 6.77 

1011 01/28/98 0001 142.9JL 61.71UL 56.3L 404L 2.92L .174L. 922L -- .0214BL 9.06L -

01/28/98 N001 -- -- -- -- --... --... 7.64L 

06/25/98 0001 112.3J 128.2 66.6 327 .436 .0657 859 13.2B .0208B 65 -

06/25/98 N001 . .-- -- -- -- -- -- 7.02 

1022 01/27/98 0001 109.13 61.550 15 477 2.3' .0241 1070 -- .016U 1.26 -

01/27/98 N001 ..... -- -- -- --... 6.99 

06/23/98 0001 89.76J 68.28U 15.1 428 2.37 .0208 1030 3.52 .016B .14B -

06/23/98 N001 ........ -- -- --.... 6.43 

1029 01/27/98 0001 48.79UJ 60.381 11.3 441 1.18 .0369 1080 -- .016U .0836B -

01/27/98 N001 -- -- -- -- -- -- -- 7.09 

"*06/29/98 0001 69.79 477.3J 10.3 389 l.24 .0335 1020 1.77 .0076B .011U -

06/29/98 NOOl -- -- -- -- -- -- -- -- 7.07 

1030 01/27/98 0001 53.4UJ 60.910 14.6 462 2.53 .096 1360 -- .016U 12.8 -

01/27/98 N001 -- -- -- -- -- 6.96 

06/22/98 0001 72.44UJ 68.09U 15.9 405 1.7 .0734 1260 .0815B .0076B 39.4 -

06/22/98 N4001 ......-- --......... .. 6.6 

Dakota Sandstone 

0724 01/28/98 0001 35.390L 40.430L 5.64L 4.98L .0161L OO1UL 1620L -- .016UL .0140L -

01/28/98 N001-- -- -- 7.9L 

06/29/98 0001 35.030 33.971J 3.89 2.61 .008B, .001U 1220 3.17B .007U .011U -

06/29/98 N001 ......-- ---...... 7.89 

0726 01/29/98 0001 74.4L 81.1UL 9.43L 19.9L .0999L .0047BL 2730L -- .0239BL .0301BL -

01/29/98 N001 .................... 7.33L 

06/26/98 0001 109.950JL 2029L 9.48L 17.7L .0873L .001BL 2660L .26L .007UL .011UL -

06/26/98 N001 ... .......... 7.19L 
0735 01/27/98 0001 16.22UJL 17.60L 2.41L .908L .033L .0244L 812L - -- .016UL .0252BL -

01/27/98 N001 ....-- ........... 8.53L 

06/23/98 0001 21.67UJL 19.550L 2.44L .883L .0426L .0086BL 799L 1.16L .- 007UL .0306BL -

06/23/98 N1001 ................... 8.22L 

0741 01/27/98 0001 34.15JL. 30.961L 5.16L 7.74L .0371L .0011BL 1430L -- .016UL .0315BL -

01/27/98 N001 .................... 8 .02L 

06/17/98 0001 46.15UJL 45.2UL 5.15L 7.360L .0379L .001UL 1430L 11.7BL .007UL .0369BUJL0 -

06/17/98 N1001 .... ... -- -- -- -- 8.23L 

0743 01/26/98 0001 35.21J 40.63U 6.68 25.5 .0395 .001U 1370 -- .0216B .175B -

01/26/98 N001 .........-- -- -- -- 7.7 

06/29/98 0001 41.15UJ 44.97U 6.36 25 .0444 .0011 1350 3.31B .0149B .0468B -

06/ '9 1 001 -- -- -.......- 
-.. -" 9

I



Gror ter Data 

Loc Date Sample Ra-226 Ra-228 Se S04 Sr TDS Tmp Turbidity U U-234 U-235 
Id Id pCi/L pCi/L mg/L mg/L mg/L mg/L C NTU mg/L pCi/L pCi/L 

Down Gradient 

1010 01/28/98 0001 .62 .5U .0010 3130 -- 6690 -- -- .0637 25.4 1.1 
01/28/98 N001 .-- -- -- -- 15 8.95 -- -- -
06/19/98 0001 .25 .520 .001U 3220 7.25 6930 -- . .0773 " -
06/19/98 0002 .160 .630 .0010 3200 7.22 6890 -- -- .0774 ....  
"06/19/98 N001 ....-- -- -- 14.9 8.92 --....  

1011 01/28/98 0001 .09L .7UL .001UL 3230L -- 6770L -- -- .199L •73.5L 3.2L 
01/28/98 N001 -- -- -- .-- 11.3L 32.4L -- ....  
06/25/98 0001 .120 .520 .0056 2970 7.45 6400 ..-- .154 ....  
06/25/98 N001 -- -- -- -- -- 18 1.39 -- -- -

1022 01/27/98 0001 .1 .60 .0010 3550 -- 7380 -- -- .132 52.5 2.1 
01/27/98 N001 ... -- -- -- 13.4 10.5 -- -- -
06/23/98 0001 .130 .550 .0010 3580 8.99 7280 -- -- .138 ....  
06/23/98 NOOl -- .-- -- -- 14.3 9.6 -- --.  

1029 01/27/98 0001 .13 .8U .001U 2820 -- 6460 -- -- .0471 22.2 10 
01/27/98 N001 .-- -- -- -- 16.5 9.12 -- --.  
06/29/98 0001 .120 .480 .0010 572 7.08 6390 -- -- .0483 ....  
06/29/98 N001 -- -- -- -- -- 17.5 4.28 - --...  

1030 01/27/98 0001 .05 .50 .0174 3930 -- 7670 -- -- .0318 15.3 10 
01/27/98 NOOl -- -- -- -- -- 16.6 6.88 -- --.  
06/22/98 .0001 .130 .510 .0244 3770 6.27 5930 -- -- .0398 ....  
06/22/98 N001 .......... -- 16.6 27.8 --....  

Dakota Sandstone 

0724 01/28/98 0001 1.38L 1UL .001UL 94.2L -- 4180L OOIU .001UL 1.3L 1UL 
01/28/98 N001 -- -- -- 16L 256L ......  
06/29/98 0001 .12U .48U .0010 728 1.65 3390 -- -- .0010 ....  
06/29/98 N001 .-- -- -- -- 16.6 1.87 ......  

0726 01/29/98 0001 47.04L 19.8L .001UL 1.39BL -- 7390L -- -- .001UL .SUL 1UL 
01/29/98 N001 ...--....... 14.8L 1000>L ......  
06/26/98 0001 24.16L 29.27L .001UL 1.83BL 14.4L 7110L --.. .001UL ....  
06/26/98 N001 ............ 15.5L 467L ......  

0735 01/27/98 0001 .67L .7UL .001UL .2.9L -- 2030L -- . .0028L 4.6L 1UL 
01/27/98 N001 ............ 15.4L 159L ......  
06/23/98 0001 .12UL .5UL .001UL 23.4L .451L 2040L .... .0052L ....  
06/23/98 N001 ............ 16L ........  

0741 01/27/98 0001 1.19L IUL .001UL .832BL -- 3740L .... .OO1UL .SUL IUL 
01/27/98 N001 .... ......... 15.5L 34.3L -- ....  
06/17/98 0001 .22L .54UL .001UL .441BJL 3.07L 3820L OOIUL .001L ....  
06/17/98 N001 ....-- -- -- 16.1L 8.82L ......  

0743 01/26/98 0001 .11 .90 .0010 1810 -- 4310 -- -- .0010 .80 10 
01/26/98 N001 -- -- -- -- 15 1.52 ......  
06/29/98 0001 .150 .64U .001U 1930 5.54 4340 -- -- .0010 ....  
06/29/98 N001 -- -- -- 14.5 1.36 ......

I



Groundwater Data

Loc Date Sample U-238 v Zn 
Id Id pCi/L mg/L mg/L 

Down Gradient 

1010 01/28/98 0001 21.3 .001U .004U 
01/28/98 N001 --....  
06/19/98 0001 -- .0017BU .005U 
06/19/98 0002 l001U .005U 
06/19/98 N001 .... ...  

1011 01/28/98 0001 66.5L .0013BL .0162BL 
01/28/98 N001 ......  
06/25/98 0001 -- .0052BU .0336B 
06/25/98 N1001 --...  

1022 01/27/98 0001 44.2 .001U .004U 
01/27/98 N001 --....  
06/23/98 0001 -- .001U .005U 
06/23/98 N1001 --...  

1029 01/27/98 0001 15.7 .0011 .004U 
01/27/98 N001 --....  
06/29/98 0001 -- .0023BU .005U 
06/29/98 1001 .-

1030 01/27/98 0001 10.6 .001U .004U 
01/27/98 N001 --....  
06/22/98 0001 -- .0024BU .005U 
06/22/98 NO01 ......  

Dakota Sandstone 

0724 01/28/98 0001 1UL .0025BL .0045BL 
01/28/98 N001 ......  
06/29/98 0001 -- .0041BU .005U 
06/29/98 N1001 .....  

0726 01/29/98 0001 1UL .0023BL .00698L 
01/29/98 N001 ......  
06/26/98 0001 -- .0021BUL .0054BL 
06/26/98 N1001 .....  

0735 01/27/98 0001 1UL .001UL .004UL 
01/27/98 N001 ......  
06/23/98 0001 -- .0017BUL .005UL 
06/23/98 N001 ......  

0741 01/27/98 0001 1UL .001UL .0119BL 
01/27/98 N001 ......  
06/17/98 0001 -- .0017BUL .0057BL 
06/17/98 1001 .......  

0743 01/26/98 0001 10 .0011 .004U 
01/26/98 N001 ......  
06/29/98 0001 -- .0018BU .0061B 
06/O -'1 N001 ......

I



Soil ane Inent Data

Sample Sample Sample 
From To Id

As Cd. Co Cu 
mg/kg mg/kg mg/kg mg/kg

Fe Fluoride Kd-As 
mg/kg mg/kg mL/g

0315 10/22/97 0 
0323 10/22/97 0 
0324 10/22/97 0 
0325 10/22/97 0 

11/07/97 0 
0330 10/22/97 0 

11/07/97 0 
0335 10/22/97 0 
0337 10/22/97 0 
0338 10/22/97 0 
0339 10/22/97 0 
0342 10/22/97 0 

11/06/97 0 
0349 10/22/97 0 

11/06/97 0 
0350 10/22/97 0 

11/06/97 0 
1020 02/08/98 5, 
1 02/11/98 10 
1021 02/08/98 5 

02/11/98 5 
1023 02/08/98 5 

02/08/98 10 
02/11/98 5 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 15 
02/11/98 15 
02/11/98 15 
02/11/98 15 
02/11/98 15 
02/11/98 15 

1024 02/11/98 5 
1025 02/11/98 5 

02/11/98 10 
02/11/98 15 

1028 02/11/98 5

Loc Date 
Id

Upgradient

Kd-Cd 
mL/9

Kd-Mo 
mL/g

Kd-u 
mL/q

0 0002 
0 0002 
0 0002 
0 0002 

0002 
0' 0002 

0002 
0 0002 
0 0002 
0 0002 
0 0002 
0 0002 

0002 
0 0002 

0002 
0 0002 

0002 
7 0001 
12 0001 
7 0001 
7 0001 
7 0001 
12 0001 
7 0001 
12 0001 
12 OM01 
12 0M02 
12 0M03 
12 0M04 
12 0M05 
12 0M06 
12 0M07 
12 0M08 

15.4 0001 
15.4 0M09 
15.4 0M10 
15.4 0M11 
15.4 0M12 
15.4 0M13 

7 0001 
7 0001 
12 0001 
17 0001 
7 0001

.48 

.1.5B 

1.5B 

.86 

1.4B 
1.2 

.9B 

1 * 92B

.77 

.42 

.44 

.38 

.5 
.4B 

.32B 

.42B 

.25B

1B 

2.2 

1.9B 

1.1B 

2.1

6.6E 

9.2E 

6.1E 

2.9E 
7.7. 9E

1890 

3240 

2400 

1780 

2580

38.7 

58.6 

79.5 

55.1 

83

83.83 

358.1 

8241 
75.24 

137 

356.2 
635.2 
1168 

228.4 
208.9

182.23 

356.76 

248.64 
48.788 

64.074 

133.9 
279.67 
278.68 
64.074 
181.33

.1 

.7216 

1.2698 
.1 

.5102 

.7216 
1.2698 
1.4973 

.303 
.4061

2.414 

3.636 

1.788 
.968 

1.703 
1.381 

.969 
1.083 

.912 
1.572 

.871 

.693 
1.081 
1.91 

1.711 
1.09 

1.115 
1.16 

3.353 
2.286 
2.674 
1.429 
1.91

i



Soil and Sediment Data

Loc Date Sample Sample Sample Mn Mo Ni N03 Ra-226 Se S04 U V Zn 
Id From To Id mg/kg mg/kg mg/kg mg/kg pCi/g mg/kg mg/kg mg/kg mg/kg mg/kg 

Upgradient

0315 10/22/97 0 
0323 10/22/97 0 
0324 10/22/97 0 
0325 10/22/97 0 

11/07/97 0 
0330 10/22/97 0 

11/07/97 0 
0335 10/22/97 0 
0337 10/22/97 0 
0338 10/22/97 0 
0339 10/22/97 0 
0342 10/22/97 0 

11/06/97 0 
0349 10/22/97 0 

11/06/97 0 
0350 10/22/97 0 

11/06/97 0 
1020 02/08/98 5 

02/11/98 10 
1021 02/08/98 5 

02/11/98 5 
1023 02/08/98 5 

02/08/98 10 
02/11/98 5 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 10 
02/11/98 15 
02/11/98 15 
02/11/98 15 
02/11/98 15 
02/11/98 15 
02/11/98 15 

1024 02/11/98 5 
1025 02/11/98 5 

02/11/98- 10 
02/11/98 15 

1028 02/11' 5

0 0002 
0 0002 
0 0002 
0 0002 

0002 
0 0002 

0002 
0 0002 
0 0002 
0 0002 
0 0002 
0 0002 

0002 
0 0002 

0002 
0 0002 

0002 
7 0001 
12 0001 
7 0001 
7 0001 
7 0001 
12 0001 
7 0001 
12 0001 
12 0M01 
12 0M02 
12 0M03 
12 0M04 
12 0M05 
12 0M06 
12 0M07 
12 0M08 

15.4 0001 
15.4 OM09 
15.4 OM10 
15.4 0M411 
15.4 0M12 
15.4 0M13 

7 0001 
7 0001 
12 0001 
17 0001 
7 0001

149 

117 

278 

237 

267

.09B 

.12B 

.1B 

.05B 

.08B 

.3B 

.33B 

.14B 

.21B

2.7 

5.3 

3.1 

1.4B 

3.6

10.2B 

6.5B 

5.9B 

7.4B 

6.6B
.646 

.472 

.611 

.24

.11B 

.04U 

.04U 

.04U 

.04U

342 

686 

701 

226 

469

1.8 
1.88 
1.08 
2.6 
2.5 
1.2 
.73 
1.08 
1.08 

1 
1.6 
1.2 
.72 
1.08 
.42 
1.36 

.7 
.78 

1.1 

.74 

.44B

6.7 

6.1 

4.8 

3.1 

4.9

51.2 

24.8 

15.8 

37.1 

25.-9

I



Soil an( ment Data 

Loc Date Sample Sample Sample As Cd Co Cu Fe Fluoride Kd-As Kd-Cd Kd-Mo Kd-U 
Id From To Id mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mL/g mL/g mL/g mL/g 

On-Site 

0309 10/22/97 0 0 0002 ................  
0310 10/22/97 0 0 0002 ..... -.-...  

11/07/97 0 0002 3.4B 1.1 2.6 11.3E 4170 77.5 ........  
0311 10/22/97 0 0 0002 ....................  
0312 10/22/97 0 0 0002 ....................  

11/06/97 0 0002 1.5B .5 1.88 6.6E 2360 51 ........  
0313 10/22/97 0 0 0002 ....................  
0327 10/22/97 0 0 0002 ..................  
0328 10/22/97 0 0 0002 .. ................  

11/07/97 0 0002 1.9B .55 2.4 9.5E 2630 34.7 ........  
0344 10/22/97 0 0 0002 ....................  

11/06/97 0 0002 2.58 .59 2.1 1OE 3430 60.2 ........  
0345 10/22/97 0 0 0002 ........ -- - ..........  
0346 10/22/97 0 0 0002 ............ .......  

11/06/97 0 0002 1.7B .51 2.3 10.7E 2550 39.5 ...... -
0348 10/22/97 0 0 0002 .. ................  
1012 02/06/98 12 13.25 0001 .74B .4B ..............  
1013 02/06/98 9 11 0001 3.3 .28B ................  

02/06/98 11 13 0001 3.7 .23B -- - .............  
1014 02/06/98 13 14.25 0001 3.2 .97 ................  

02/06/98 17 19 0001 1.4 .73 .. ......  
1015 02/06/98 10 12 0001 1.1 .36B ................  

02/06/98 14 15.4 0001 .82B .37B - ...............  
1016 02/08/98 9 11 0001 1.5 .18B ................  

02/08/98 13 14.3 0001 1.2 .23B ................  
.1017 02/08/98 9 11 0001 1 .29B ......... ........ -

02/08/98 11 13 0001 1.6B .18B .. - .........  
SUB1 02/06/98 .5 0001 .98B .4B ......... - ......  
$UB2 02/06/98 1 0001 1.8 .228 - .......... - -- 

Down Gradient 

0301 10/22/97 0 0 0002 .... - ...........  
0304 10/22/97 0 0 0002 ....................  
0306 10/22/97 0 0 0002 ....................  
0307 10/22/97 0 0 0002 ....................  
0308 10/22/97 0 0 0002 ....................  

11/06/97 0 0002 1.1 .37 2B 7E 1720 43.6 .........  
0317 10/22/97 0 0 0002 ....................  
0326 10/22/97 0 0 0002 .....................  

11/07/97 0 0002 1.8B .59 1.4B 10.8E 1890 69 ......



Soil and Sediment Data 

Loc Date Sample Sample Sample Mn Mo Ni N03 Ra-226 Se S04 U V Zn 
Id From To Id mg/kg mg/kg mg/kg mg/kg pCi/g mg/kg mg/kg mg/kg mg/kg mg/kg 

On-Site 

0309 10/22/97 0 0 0002 .............. 1.4 ....  
0310 10/22/97 0 0 0002 .............. 1.88 ....  

11/07/97 0 0002 342 .49B 5.2 14.78 -- .04U 4100 1.5 34.8 50.9 
0311 10/22/97 0 0 0002 .............. 1.48 ....  
0312 10/22/97 0 0 0002 .............. 1.52 ....  

11/06/97 0 0002 329 .AB 2.7 10.7B -- .04U 581 .65 7.6 26.2 
0313 10/22/97 0 0 0002 .- ............. 1.32 ....  
0327 10/22/97 0 0 0002 .............. 1.04 ....  
0328 10/22/97 0 0 0002 - ............. 1.4 ....  

11/07/97 0 0002 334 .09B 3 6.3B -- .04U 515 .8 7.4 17.5 
0344 10/22/97 0 0 0002 .............. 2.2 ....  

11/06/97 0 0002 170 .18B 4.6 13.8B -- .04U 490 1.3 18.2 36.7 
0345 10/22/97 0 0 0002 .............. 1.44 ....  
0346 10/22/97 0 0 0002 .... ..... 1.72 ....  

11/06/97 0 0002 312 .18 3 15.8B -- .04U 637 .84 9.8 28.9 
0348 10/22/97 0 0 0002 .............. 1.44 ....  
1012 02/06/98 12 13.25 0001 -- 1.4B .... .473 -- -- 1.5 ....  
1013 02/06/98 9 11 0001 -- 7.5 -- -- .423 .... 23.9 .....  

02/06/98 11 13 0001 -- 3.5B .... .289 .... 10.4 ....  
1014 02/06/98 13 14.25 0001 -- 1.3B .... .492 .... 45.2 ....  

02/06/98 17 19 0001 -- .8A .... .309 ... . 7'7 ....  
1015 02/06/98 10 12 0001 -- .79B .... .443 .... .95 ....  

02/06/98 14 15.4 0001 -- IB .... .249 .... .56 ....  
1016 02/08/98 9 11 0001 -- .77B .... .229 .... 1.7 ....  

02/08/98 13 14.3 0001 -- .34B -- .319 .... .6 .....  
1017 02/08/98 9 11 0001 -- .68B .... .472 .... .99 ....  

02/08/98 11 13 0001 -- .53B -- - .38 .... .59 ....  
SUB1 02/06/98 .5 0001 -- .33B .... .602 .... 1.2 ....  
SUB2 02/06/98 1 0001 -- .5B .... .614 .... 1.4 ....  

Down Gradient 

0301 10/22/97 0 0 0002 .............. 1.28 ....  
0304 10/22/97 0 0 0002 .............. 1.24 ....  
0306 10/22/97 0 0 0002 -- -. ..... 1.56 ....  
0307 10/22/97 0 0 0002 .......... .. 1.28 ....  
0308 10/22/97 0 0 0002 ............... 1.44 ....  

.11/06/97 0 0002 300 .078 1.8 .8.6B -- .04U 387 .58 4 16.1 
0317 10/22/97 0 0 0002 .............. 4.36 ....  
0326 10/22/97 0 0 0002 -. -- .......... 2 ....  

11/07/97 0 0002 302 .369 2.6 11.7B -- .04U 2140 1.6 4.4 43.5 

I ,
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GRANt .*TION RISK CALCULATIONS 
1998 PLUME DATA

Intake -CW x IR x EF x ED where': 
BWxAT 

Intake Is In (mg/kg-d) 
CW = chemical concentration in water (rmg/L); site-specific 
IR - ingestion rate (L/d);2 L/day adult; default 
ED = exposure duration (years); 30 yrs for adult; default 
EF - exposure frequency (dlyr); 350 days/yr, default 
5W= body weight (kg); 70 kg adult default 
AT - averaging time; ED x 365 dlyr non-carc., 70yr x 365 dlyr care.  

Hazard Quotient (HQ) a Intake/Reference Dose (RID) 
Risk - Chronic Daily Intake (averaged over 70 years) x Slope Factor 
For radionuclides, Risk - SF x CW x IR x EF x ED (slope factor accounts for average lifetime risk); concentrations expressed In pCi/L

CW-MAX IR 
mg/L 
0.0349 
0.0013 
0.0182 

7.57 
21.2 
4.54 

0.299 
0.111 

2.5 
0.832 
0.352

EF ED Bw AT Intake-max Ri HQ-MAX %Risk CW-MEAN Intake-mean HQ-MEAN %Risk

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2

350 30 
350 30 
350 30 
350 30 
350 30 
350 30 
350 30 
350 30 
350 30 
350 30 
350 30

mg/.  
70 10950 0.0010 0.0003 3.187 8.13 0.005 0.000137 0.4568 6.42 
70 10950 0.0000 0.0005 0.071 0.18 0.001 0.000027 0.0548. 0.77 
70 10950 0.0004 0.06 0.007 0.02 0.007 0.000192 0.0032 0.04 
70 10950 0.2074 0.06 3.457 8.81 1.93 0.052877 0.8813 12.39 
70 10950 0.5808 0.3 1.936 4.94 3.88 0.106301 0.3543 4.98 
70 10950 0.1244 0.047 2.648 6.75 2.82 0.077260 • 1.6438 23.12 
70 10950 0.0082 0.005 1.638 4.18 0.101 0.002787 0.5534 7.78 
70 10950 0.0030 0.02 0.152 0.39 0.035 0.000959 0.0479 0.67 
70 10950 0.0685 0.003 22.831 58.22 0.304 0.008329 2.7763 39.05 
70 10950 0.0228 0.007 3.256 8.30 0.0857 0.002348 0.3354 4.72 
70 10950 0.0098 0.3 0.032 0.08 0.0349 0.000956 0.0032 0.04

HI - 39.215 HIM 7.11103

Non-carcinogens - InhalatIon through water use In residential sefting*

Ammonia (max) 
Ammonia (mean)

0.655 
0.201

15
15

350 
350

30 
30

70 10950 0.1346 0.0286 4.706 
70 10950 0.0413 0.0288 1.444

"IR - 15 m3/d of air default concentration in air = water concentration x ofte-specic volatilization factor x conversion factor 
For Grand Junction, volatilization factor = .0005•5; conversion factor is 10Otrmn3 
Maximum NH3 in Grand Junction ground water is 1.1 ag/L, mean is .337 mg/L

Contaminant 

Arsenic 
Cadmium 
Cobalt 
Fluoride 
Iron 
Manganese 
Molybdenum 
Nickel 
Uranium 
Vanadium 
Zinc

I



Carcinogens - Groundwater Ingestion Only (Adults) 

Contaminant 

Arsenic CW JR EF ED BW AT Intake SF1  Risk 

U234+238 0.0349 2 350 30 70 25550 0.00041 1.5 6.15E-04 

1668 2 350 30 na na 3.50E+07 5.32E-11 1.86E-03 
422 2 350 30 na na 8.86E+06 5.32E-11 4.71E-04 

'All exposure factors are from EPA 1989b 
2 Data are mainly from EPA's Integrated Risk Information System (IRIS); other values are from EPA Region III Risk-Based Concentration Table
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1:

Wh3.out 

data base.  

SOLUTION MASTER SPECIES 
SOWTIOWSPECEES 
PHASES 
EXcHANGE hASTER SPECIES 
gXCM"GrSPECIdr 
SURFACE STER SPECIES 
SURFACE SPECIE5 
END 

Reading input data for simulation I.  

TITLE Ammonia at CJ 
SOLUTION 1 

units ag/L 
pH 7.13 
pE -0.22 
density 1.0 
Alkalinity 408.0 
Ca 441.0 
Cl $65.0 
Mg 240.0 
K 6.S 
Ma 999.0 
S46) 3530.0 as S04 
X(5) 0.121 as U03 
K(-3) 233.0 as KlH4 

END 

TITLE 

Ammonia at GJ 

Beginning of Initial solution calculations.  

Initial solution 1.  

.. . . . ..---------------------- Solution composition --------------- 7 -- ....  

Elements Molality Holes 

Alkalinity B.206a-03 9.20"-03 
Ca 1.107.-02 1.10

7
e-02 

Cl 1.6040-02 1.6040-02 
K 1.454.-03 1.454.-O3 
Mg 9.936e-03 9.936a-03 
N(-3) 1.300e-02 1.3004-02 
N()S 1.964o-06 1.964e-06 
Na 4.3740-02 4.374,-02 
S(6) 3.699e-02 3.699.-02 

--------------------------- Description of solution ---------------------------

pH - 7.130 
p. - -0.220 

Activity of water - 0.998 
Ionic strength 1.1S2e-Oi 

Mass of water 4kg) - 1.000e00 
Total carbon (mol/kg) 9.063e-03 

Total C02 (mol/kg) a 9.063e-03 
Temperature Ide" C) - 25.000 

Electrical balance 4eq) - 1.994e-03 
Iterations - 8 

Total H - 1,110724e*02 
Total 0 - 5.568040e*0l 

--------------------------------- Redox couples -------------------- ------------

Redox couple pe Eh (volts) 

NI-3)/N(S) 5.5015 0.3254 

---------------------------- Distribution of species----------------------------

Log Log Lo9 
Species Molality Activity Molality Activity Gamma 

OK- 1.794e-07 1.34
7
e-07 -6.746 -6.070 -0.124 

H+ 9.043e-08 7.413.-00 -?.044 -7.130 -0.086 
H20 5.5SleO0l 9.978,-0l -0.001 -0.001 0.000 

C' 9.063.-03 
NOC3- 7.541.-03 5.082v-03 -2.123 -2.230 -0.108 
C02 9.568e-04 9.825e-G0 -3.019 -3.008 0.012 
CaHCO3- 2.367.-04 1.846.-0C -3.626 . -3.734 -0.108 
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HgHC03* 

NaNC0l 

C03-2 
MgCO3 
NAC,3* 

C.  
Ca+2 
COSO4 
CaHCO3# 
C.CO3 
CaOH* 

CaHSO4* 
Cl 

Cl

112 

IC 

KS04 
KOH 
Mg 
Mq*2 
HqSO4 

MgHCO3.  
NgCO3 
MgOH

I• NH4# 

1 14 114504t NH3S4 
mI1(1S.. 1113 

O3

"Na.  
MNSO4 

N&CO3
M&OH 

0(0) 
02 

S(G) 

S04-2 
NgSO4 
CaSO4 
NaSO4
11114S04
KS04
HS04 
CaHSO4*

W.h3 out 
1.8890-04 1.4610-04 -3.724 -3.835 -0.111 
1.042*-04 1.070e-04 -3.982 -3.971 0.012 
1.497*-OS 1.538.-05 -4.825 -4.613 0.012 

1.005.-05 3.721.-06 -4.996 -5.429 -0.432 

7.341.-0 7.539*-06 -5.134 -5.123 0.012 
2.697.-0 2.241.-06 -0.538 -5.650 -0.111 

1.107*-02 
6.546o-03 2.460*-03 -2.184 -2.609 -0.42S 
4.277-C03 4.392*-03 -2.369 -2.357 0.012 
2.367.-0e 1.8646-04 -3.626 -3.734 -0.100.  
1.497.-OS 1.5300-OS -4.625 -4.613 0.012 
7.1030-09 5.4959-09 -6.149 -6.260 -0.111 
2.4650-09 1.907*-CO -8.606 -8.720 -0.111 

1.604*-02 
21.604*-02 1.209*-02 -1.795 -1.917 -0.123 

2.007*-17 
1.043.-17 1.072e-17 -16.902 -16.970 0.012 

I .454*-03 
1.370*-03 1.033e-03 -2.063 -2.986 -0.123 
8.397.-OS 6.496.-O -4.076 -4.187 -0.111 
4.696e-41 4.622.-1l -10.328 -10.317 0.012 

9.936*-03 
5.403.-03 2.123*-03 -2.267 -2.673 -0.406 
4.336.-03 4.4531-03 -2.363 -2.351 0.012 
1.689.-04 1.461.-0C -3.724 -3.03S -0.111 
7.341*-O 7.539.-0 -S.134 -S.123 0.012 

1.300*-02 1.3411-07 1.038O-07 -6.073 -6.964 -0.111 

1.166e-02 8.S44.-03 -1.933 -2.066 
1.273e-03 9.6480-04 -2.895 -3.007 -0.011 S , At 
6.396.-OS 6.168*.-O -4.194 -4.103 0.0123 . S A2 M&,So y 

4"964e-061.964.-06 1.457.-0S -5.707 -5.836 -0.130 0*$ Nr"• 
4.374.-02 

4.176*-02 3.234*-02 -1.379 -1.490 -0.111 
1.875e-03 1.450*-03 -2.727 -2.839 -0.111 
1.012.-0C 1.070.-04 -3.982 -3.971 0.012 
2.697*-06 2.241.-06 -5.538 -5.650 -0.111 
2.801.-O 2.676.-09 -6.553 -6.541 0.012 

0.0000.+00 
0.000.+00 0.000.*00 -50.013 -56.442 0.012 

3.699o-02 
2.514*-02 8.947.-03 -1.600 -2.046 -0.449 
4.336.-03 4.453.-03 -2.363 -2.311 0.012 
4.277.-03 4.392.-03 -2.369 -2.357 0.012 

1.071.-03 1.410.-03 -2.727 -2.839 -0.111 
1.273.-03 9.646.-0C -2.895 -3.007 -0.111 
6.397.-05 6.496.-05 -4.076 -4.167 -0.111 
6.336.-0 6.449.-08 -7.079 -7.191 -0.111 
2.465.-09 1.907*-09 -8.608 -8.720 -0.111

----------- ------------------- Saturation indices . ..............................  

Phase SI log 1AP log kT

Anhydrit. -0.30 -4.66 -4.36 CaSOO 
Aragonite 0.30 -0.04 -0.34 C^CO3 
Calcite 0.44 -0.04 -0.44 CaCO3 
CO2(g) -1.54 -19.69 -18.15 C02 
Dolomite 0.95 -16.14 -17.09 Ca~tg(C0312 
Gypsum -0.00 -4.66 -4.58 CaSO4:2H20 
H2(g) -13.82 -13.62 0.00 H2 
NH31g) -5.95 1.06 11.01 HNI 

02(g) -15.48 27.64 83.12 02 

End of simulation.  

Reading input data for simulation 2.  

End of run.

VA %. ".
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,--..JUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE GRjv s;"GRAND JUNCTION 
REPORT DATE: 1/7199 11:03:27

LOCATION SAMPLE: ZONE FLOW QUALIFIERS: DETECTION UN
PARAMETER UNITS ID DATE ID COMPL REL RESULT LAB DATA OA LIMIT CERTAINTY 
Alkalinity as CvCO3 mg/L 1017 06/22198 0001 AL 0 408 # 

mg/L 1017 06/22/98 N001 AL 0 402 # .  

Ammonia as NI14 mg/L 1017. 0&/22/98 0001 AL 0 233.000 # 

Arsenic mg/IL 1017 06/22198 0001 AL 0 0.0010 U # 0.001 

Cadmium mg/IL 1017 06/22/98 0001 AL 0 0.0010 U # 0.001 

Calcium mng/L 1017 06/22198 0001 AL 0 441.000 i .  

Chloride mg/I. 1017 06/22/98 0001 AL 0 565.000 i 

Cobaft ag/I 1017 06122/98 0001 AL. 0 0.0060 U # 0.006 

Copper mg/I 1017 06/22198 0001 AL 0 0.0050 U # 0.005 

F'loride mg/I 1017 06/22/98 0001 AL 0 1.910 

Gross Alpha pCi/L 1017 0622198 0001 AL 0 66.49 U J 1 66.49 * 37.4 

Gross Beta pCi/L 1017 06/22/98 0001 AL 0 67.71 U # 67.71 * 39.7 

fron mg/L 1017 06/22/98 0001 AL. . O 0.718 a 

Magnesium mg/I 1017 06/22/98 0001 AL 0 240.000 : # 

Manganese mg/4. 1017 06/22/98 0001 AL 0 4.140 if 

Molybdenum mg/IL 1017 06/22/98 0001 AL 0 0.0894 i .  

Nickel mg/I 1017 06/22/98 0001 AL 0 0.0828 i 

Nitrate g/IL 1017 06/22/98 0001 AL 0 0.121 B # 

pH s.u. 1017 06&22/98 N001 AL 0 7.13 # 

Potassium mg/L 1017 06/22/98 0001 AL 0 56.500 w 

Radiurm-228 pCI/L 1017 06/22/98 0001 AL 0 0.14 U #i 0.14 * 0.07 

Radiumn-228 p011L 1017 06/22/98 0001 AL 0 0.65 if 0.56 * 0.34 

Pge 1
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GROUND WATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE GRJ01, GRAND JUNCTION 
REPORT DATE: 117/99 11:03:28

SLOCATION SAMPLE: ZONE FLOW .. .. QUALIFIERS: DETECTION UN
PARAMETER UNITS ý.ID DATE ID • COMPL REL. RESULT / LAS DATA OA LIMIT CERTAINTY 

Redox Potential mV 1017 06/22/98 N001 AL 0 -13 

Selenium mg/L 1017 06/2/98 0001 AL 0 0.0010 U # 0.001 

Sodium mg/1. 1017 06/22/98 0001 AL 0 999.000 # 

Specific Conductance umhos/ 1017 06/22/98 N001 AL 0. 7700 # .  

Strontium mg/L 1017 06/22/98 0001 AL 0 7.040 # 

Sulfate mg/L 1017 06/22/98 0001 AL 0 3530.000 # .  

Temperatue C 1017 06/2/98 N001 AL 0 14.7 # .  

Total Dissolved Solids mg/L 1017 06/22/98 0001 AL 0 6070 5 .  

Twbidity NTU 1017 06/22/98 N001 AL 0 9.57 # 

Uranium mg/L. 1017 06/22/98 0001 AL 0 0.02S5 5 -

Vanadium mg/L 1017 06/22/98 0001 AL 0 0.0021 B U # 

Zinc mg/L 1017 06/22/98 0001 AL 0 0.0050 U # 0.005 -
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.JUNDVWATER QUALITY DATA BY PARAMETER (USEE200) FOR SITE Gfwv. GRAND JUNCTION 
REPORT DATE: 117/99 11:03:28 

LOCATION SAMPLE: ZONE FLOW QUALIFIERS: DETECTION UN
PARAMETER UNITS ID DATE ID COMPL REL RESULT LAB DATA GA LIMIT CERTAINTY 

RECORDS: SELECTED FROM USEE200 WHERE slte_.ode-GRJ01t AND location ,de In1017") AND quatyassurance w TRUE AND (NOT (dataoaWsdaon.qualfiers LIKE "R" OR 
data vfldation quafiers LIKE -X-) OR IsNul(datvMliaftn.qualflers)) AND DATESAMPLED between #511190# and sn1119 

SAMPLE I0 CODES: OOOX w Filtered saml (0.45 pm). NOOX - Unfinered sample. X -- replca number.  

LAB QUALIFIERS: 
* Repkca analysis not WItI contr prif.  
* Coelat coeffldent for MSA c O.9S.  
A TIC Is a suspected altdl-ondemnlton product 
8 Inotpgaic Result Is between • • lO and CROL Organc: Ana•" also found In method blMn 
E Inorgm Estimat valuebecau oflnterfrnce, see case narraf. Organic: Anate exceeded calitbation rang• ofthe COMS.  
Z Laboratry defned (USEPA CLP orgmai) qualifier. m case narratve.  
H HoIn time expievau suspect.  
I Incased deom due to mqued dilution.  
C Pesde r~ confirmed by GC-MS.  
M GFAA dup(slce Inhecti piecsion not met 
N Inorga•corvdlo em mple recoveirynotwithnconoln its. Organic: TentatlyIdentife compund (TIC).  
S Reslt deene by met! of• tandardedtio (MSA).  
U Anetytcal meult below detetio Emit 6 
W Post-digesftin sieoutsidecontol Emts white sample absoIV i6p~y~ lkpeoabslbnce.  
D Anailyte deterinv~edin diluted sample 
P :P25%difeene Ideted pesticid orArchloreconentration between 2column&.  
X Laortory dfined(USEPA CLP organ•c qua•ir, see case narrvate.  
Y Labort defld (USEPA CLP orgac) quaifier. see cose nanti.  
3 ResuAtaboe upper detecfion Mit 

DATA QUALIFIERS: 
J Esthiatedvalue. F Low flow sanpling metIod used. 0 Possiblegroutcontainhation•,pl9.  
L Less" n 3 bore volum puwged pr to sampling. R Umnsable msult. X Location Is undefned.  
U Pa•rmeter aWyzed for u was not det 

QA QUALIFIER. #- validated accoing to uafty Assurance guidelines.  
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Nh3.out 

Reading data base.  

SOLUTION MASTER SPECIES 
SOLUTION SPECIES 
PHASES 
EXCHANGE MASTER SPECIES 
EXCHANGE-SPECE 
SURFACE MASTER SPECIES 
SURFACE-SPECIES 
END 

Reading input date for simulation 1.  

TITLE Ammonia at GJ 
SOLUTION 1 

units mgIL 

PH 7.r3 
pE -0.22 
density 1.0 
Alkalinity 108.0 
Ca 441.0 
Cl 565.0 
K9 240.0 
K 56.5 
Na 999.0 
S(6) 3530.0 as 504 
11(s) 0.121 as N03 

. N(-3) 71.4 as NH4 
END 

TITLE 

Ammonia at GJ 

Beginning of initial solution calculations.  

Initial solution 1.  

-------- --------------------Solution composition-----------------------

Elements Molality Holes 

Alkalinity 8.204e-03 8.204e-03 
Ca 1.1070-02 1.1070-02 
Cl 1.604e-02 1.604+-01 
K 1.454e-03 1.454e-03 
Mg 9.9344-03 9.934e-03 
N(-3) 3.983e-03 3.983+-03 
N(S) 1.964@-06 1.964-06 
Na 4.373e-02 4.373e-C2 
S(6) 3.698e-02 3.698+-02 

-------------- Description of solution ---------.-----------------

pH - 7.130 
pe - .- 0.220 

Activity of water - 0.998 
Ionic strength - 1.115*-9i 

Mass of water (kg) - 1.0000-09 

Total carbon (mol/kg) - 9.llhe-C3 
Total C02 (mol/kg) - 9.1150-03 

Temperature (deg C) - 25.000 
Electrical balance (eq) - -7.022e-n3 

Iterations - 8 
Total H - 1.110365e-02 
Total 0 - 5.568052e401 

-------------------- Redox couples ---------------------------------

Redox couple pe Eh (volts) 

NC-3SIN(S) 5.5658 0.3293 

------------- Distribution of species------------------------

Log Log Log 
Species Molality Activity Molality Activity Gamma 

ON- 1.788e-0
7  

1.348e-07 -6.718 -6.870 -0.123 
HN 9.020e-08 7.413e-08 -7.044 -7.130 -0.006 
H20 5.SS1e*Ol 9.980e-01 -0.001 -0.001 0.000 

C(41 9.115e-03 
HC03- 7.585.-03 5.931*-03 -2.120 -2.227 -0.107 
002 9.655t-04 9.906e-Ii4 -1.015 -3.004 0.011 
CaHCO3 2.361#-04 1.84ve-

0
4 -3.627 -3.734 -0.107 
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HgHWO3 
NaNCO3 
CaC03 
c03-22 
HgC03 
NaCO3

Ca 
Ca+2 
CaSO4 
CaHOCO3+ 
CaOD3 
CaOH+ 
C&HSO! ÷ 

C1 
C1

N (0) 
H2 

K 
I<+ 
KSOI 
KOH 

Mg 
Mg+2 
M93O4 
NgHCO3 • 
qCO03 
aOHc, 

01N-3) 
WH4+ 
NHCSO4

NH3 

Nab 

Naa 
NaSO 

I~a.C'O3 
NaCO3
N&OH 

0I0) 
O2 

S() 
S04-2 
MgSMg 

CaSO4 
NaSO4 
HH 4SOl 
KSO4 
HS04
Ca2$O04+

1. 964.-06 
1.964*-06 1.463e-06 -5.707 -5.835 -0.128 

4 .373a-02 

4.169e-02 3.237t-qJ2 -1.380 -1.490 -0.110 
1.937*-03 1.502,-n3 -2.713 -2.823 -0.110 
1.052e-04 1.060e-04 -3.978 -3.967 0.011 
2.916.-06 2.262e-06 -5.535 -5.646 -0.110 
2.806.-09 2.8799-09 -8.552 -1.541 0.011 

0.O00O.400 

0.0000+00 0.000.+00 -58.453 -58.442 0.011 
3.0 98a-02 

2.502e-02 9.257--03 -1.590 -2.034 -0.444 
4.441*-03 4.556*-03 -2.353 -2:341 0.011 
4.391.-03 4.S060-03 -2.357 -2.346 0.011 
1.937.-03 1.502.-03 -2.713 -2.823 -0.110 
4.0270-04 3.123e-04 -3.395 -3.505 -0.110 
8.676.-05 6.7208-05 -4.062 -4.172 -0.110 
8.604e-08 6.6720-0O -7.065 -7.176 -0.110 
2.523e-09 1.957*-09 -8.598 -8.708 -0.110

- Saturation indices

Phase SI log IAP log KT 

Anhydrit* -0.29 -4.65 -4.36 CaSo4 
Aragonito 0.30 -8.04 -8.34 CaCO3 
Calcite 0.44 -8.04 -8.48 CaCO3 
0021g) -1.54 -19.68 -18.15 C02 

Dolomite 0.95 -16.14 -17.09 Ca&g(C03)2 
Gypsum -0.07 -4.65 -4.58 CaSO4:2H20 
H2(g) -13.82 -13.82 0.00 H2 
NH3(g) -6.47 4.55 11.01 NH3 
02g) -55.48 27.64 83.12 02 

End of simulation.  

8.a*iinq input dA... for simulation 2.  

End of run.
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1.079.-04 1.457*-04 -3.726 -3.837 -0.110 
1.052e-04 1.080.-04 -3.978 -3.967 0.011 
1.499.-05 1.538e-05 -4.824 -4.813 0.011 
1.004*-05 3.752e-06 -4.998 -5.426 -0.427 
7.327*-06 7.517.-06 -5.135 -5.124 0.011 
2.9169-06 2.262*-06 -5.535 -5.646 -0.110 

1.1070-02 
6.430e-03 2.4390-03 -2.192 -2.613 -0.421 
4.391*-03 4.506o-03 -2.357 -2.346 0.011 
2.3610-04 1.846e-04 -3.627 -3.734 -0.107 
1.499.-05 1.538.-05 -4.824 -4.813 0.011 
7.028.-09 5.$50*-09 -8.153 -8.264 -0.110 
2.523*-09 1.957.-09 -8.598 -8.708 -0.110 

1.6040-02 
1.604e-02 1.213"-O2 -1.795 -1.916 -0.121 

2.089*-17 
1.044*-17 1.072e-17 -16.981 -16.970 0.011 

1.454*-03 
1.367e-03 1.034*-03 -2.864 -2.985 -0.121 
80.676.-05 6.728.-05 -4.062 -4.172 -0.110 
4.706.-Il 4.828.-il -10.327 -10.316 0.011 

9.934.-03 
S.298.-03 2.099.-03 -2.276 -2.678 -0.402 
4.441.-03 4.5560-03 -2.353 -2.341 0.011 
1.879e-04 1.457*-04 -3.726 -3.837 -0.110 
7.327.-06 7.517.-06 -5.135 -5.124 0.011 
1.323e-07 1.026o-07 -6.878 -6.989 -0.110 

3.983.-03 
3.5619-03 2.6190-03 -2.440 -2.582 -0.133 
4.027?-04 3.1230-04 -3.395 -3.505 -0.110 
1.962.-05 2.0134-05 -4.707 -4.696 0.011
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1.0 Introduction 

This study and cost estimate is an addendum to the .Grand Junction UMTRA Site 
Observation Work Plan (SOWP). As such, background information that is already 
included in the body of the SOWP will not be included in this addendum, unless specific 
references are necessary.  

1.1 Purpose 

The U. S. Department of Energy - Grand Junction Office (DOE-GJO) is proposing to 
implement supplemental standards as the compliance strategy at the Grand Junction 
UMTRA Site. Specifically, the "limited use ground water" standard would be applied in 
accordance with Title 50 Code of Federal Regulations, Part 192.11(e) (50 CFR 
192.1 l(e)). Criteria (2) of the standard would apply to the alluvial ("uppermost") aquifer, 
and states: 

"Wide spread, ambient contamination not due to activities involving residual radioactive 
materials from a designated processing site exists that cannot be cleaned up using 
treatment methods reasonably employed in public water systems." 

This study and cost estimate will demonstrate that background water upgradient of the 
contamination plume - meets this criteria. The "Guidelines for Ground-Water 
Classification Under the EPA Ground-Water Protection Strategy" (USEPA, 1988, 
pg. 6-1) provide the methodology for two assessments to conduct the study and cost 
estimate. The assessments are: 

1, A treatment technology selection, in which all common technologies 
employed in the treatment of drinking water are identified and their potential 
applicability is determined. From this information, one or more alternative 
treatments or group of treatments (if any) are identified as potential treatment 
systems.  

2. An economic feasibility test, in which the alternative treatment or treatments 
are evaluated to determine the ultimate cost to treat the water in the aquifer to 
drinking water standards.  

The assessments and subsequent conclusions will consider numerical ground water 
standards established by the Environmental Protection Agency (EPA) under the Uranium 
Mill Tailings Radiation Control Act (UMTRCA) (40 CFR 192), the Safe Drinking Water 
Act (SDWA) (40 CFR 141 and 143), and any authority granted to the State of Colorado 
under the SDWA. Standards under" UMTRCA will be given primary consideration. (In 
the absence of UMTRCA standards, SDWA standards and state authority will be 
considered.  

In addition, consideration will be given to any institutional controls that have been or will 
be implemented by the City of Grand Junction or Mesa County.
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1.2 Organization

This report is organized as follows: 

Section 2.0 presents the background information required to make the treatment 
technology selection and perform the two assessments.  

* Section 3.0 reviews the chemistry of each of the contaminants in the ground water, 
describes the potential treatment technologies, and selects a conceptual treatment 
alternative.  

"* The economic feasibility assessment is performed in Section 4.0.  
"* The conclusions are presented in Section 5.0.
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2.0 Background Information 

2.1 Influent Water Quality 

Table 2-1 presents the information known about the background water in the alluvial 
aquifer. The background levels of trace minerals and salts are presented showing the 
maximum, minimum and mean concentrations.  

2.2 Effluent Water Quality 

For purposes of the technology selection, the minimum effluent water quality must be 
defined. Because this is an evaluation of the aquifer as a potential source of municipal 
drinking water, the Maximum Contaminant Levels (MCLs) outlined under the UMTRCA 
(40 CFR 192, Table I to Subpart A) and the SDWA, (40 CFR 141.11, 141.23 and 41.62) 
are applicable. Secondary Maximum Contaminant Levels (SMCLs) under the SDWA 
(40 CFR 143.3) are applicable as guidelines for states but unenforceable. Likewise, 
Maximum Contaminant Level Goals (MCLGs) are applicable for evaluation purposes, 
but are also unenforceable (40 CFR 141.50). Table 2-1 Outlines these standards and 
compares them to constituents known to be found in upgradient background waters 
within the alluvial aquifer.  

2.3 Estimated Water Availability 

The following information was presented concerning how much ground water could be 
supplied to any potential treatment system.  
* Volume of water per year flowing through the aquifer is 8,080 acre-feet per year (7.2 

million gallons per day or 2.63 billion gallons per year).  

* Hydraulic conductivity is estimated to be 70 feet per day.  
* Aquifer is estimated to extend from 20 feet below ground surface (bgs) to 50 feet bgs 

where it is bounded by bedrock.  

The throughput of the aquifer was estimated using an average hydraulic conductivity that 
is higher than that measured in the field. Because this is an overestimate of the amount of 
useable ground water available, using this to determine the maximum population that can 
be supplied by the aquifer will result in a conservative cost estimate when the per capita 
cost of the treatment system is calculated due to economies of scale in the treatment 
system.
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Table 2-1. Background Concentrations and Applicable Regulatory Standards

Background UMTRA SDWA 
Constituent (mg/I) Mean Maximum Minimum MCL1  MCL2  SMGL3 MCLG4 

Alkalinity as CaCO3 414 493 328 
Ammonia as NH4 0.099 0.321 0.014 
Arsenic (0.001) (0.001) (0.001) 0.05 0.05 
Cadmium (0.001) (0.001) (0.001) 0.01 0.005 0 005 
Calcium 454 573 208 
Chloride 496 1 991 144 250 
Cobalt 0.006 0.008 (0.001) 
Copper 0.005 (0.001) 1.0 1.3 
Fluoride 1.02 1.82 0.45 4.0 2.0 
Gross Alpha (pCi/L) 51.0 81.0 31.0 15.0 0 
Gross Beta (pCiIL) 62 255 17, 
Hardness (as CaCO3) 2598 3660 963 ..... 75 

Iron 0.507 3.13 0.003 0.3 
Magnesium 384 502 64 
Manganese 1.47 2.22 0.23 0.05, 
Molybdenum 0.076 0.186 0.022 0.1 
Nickel 0.009 0.02 (0.001) 0.14 0.14 
Nitrate as N 22 71 0.06 10 10 10-20 
pH(s.u.) 6.89 7.51 6.45 6.5 - 8.5 
Potassium 10 17 6 
Radium (pCiIL) 0.52 1.2 0.04 -5 
-. '2enium 0.047 0.137 0.001 0.01 0.05 0.05 

, ,c'dium 634 893 235 _ 

-Strontium 5.115 8.09 2.14 
Sulfate 2767 3720 416 250 
T7•.•. 5611 7400 1670 500 
Ur;:um 0.05 0.066 0.023 0.044 0 
Vanadium 0.002 0.003 0.001 
Zinc 0.004 0.005 0.004 5 

Maximum Contaminant Level, UMTRA Standard [40 CFR 192, Table 1, Subpart A] 
2 Maximum Contaminant Level, SDWA standard [40 CFR 141.23 and 141.62] 
3 Secondary Maximum Contaminant Level [40 CFR 143.3] 
' Maxium Contaminant Level Goal [40 CFR 141.50 and 141.51] 
s Whl- -•ot a published SMCL, this is a number recommended by the National Society of 

Prof-;,ional Engineers for potable water [Lindeburg, 1997, pg. 7-12].
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3.0 Treatment Technology Selection 

3.1 Review of Constituents of Concern 

The constituents of concern (COC) in the alluvial aquifer water are those constituents 
listed in Table 2-1 that have concentrations greater than the MCL or the SMCL. A brief 
review of each of the COCs is presented below along with a description of the 
appropriate treatment technologies for each.  

3.1.1 Hardness (Calcium and Magnesium) 

Water hardness is caused by multi-valent positive metallic ions such as calcium, 
magnesium, iron and manganese. Hardness reacts with soap to reduce its cleansing 
effectiveness, and to form scum on the water surface and ring around the bathtub. Water 
with a hardness above 350 mg/L (as CaCO3) is referred to as saline or brackish water.  

Water containing bicarbonate (HC0 3 ) ions form a precipitate when heated, referred to as 
scale, which fouls water heaters and piping. This hardness is known as carbonate 
hardness. Remaining hardness due to 'sulfates, chlorides and nitrates is known as non
carbonate hardness (NCH).  

Although high values of hardness are not organically dangerous, public acceptance of the 
water supply requires a hardness of well below 150 mg/L. Except for special industrial 
uses, potable water should have the carbonate hardness reduced to at least 40 mg/L and 
the total hardness should be below 75 mg/L [Lindeburg, 1997, pg. 7-11].  

Calcium and magnesium can be easily removed with lime-soda softening or ion exchange 
softening. Softening is also appropriate for iron and manganese removal if the iron and 
manganese ions have been oxidized prior to the softening treatment [Kemmer, 1988, 
pg. 6.6].  

3.1.2 Iron 

Even in low concentrations, iron is objectionable because it stains bathroom fixtures, 
causes a brown color in laundered clothing and affects taste. The SMCL of water is 0.3 
mg/L for this reason. Water originally pumped from anaerobic sources (such as ground 
water) may contain ferrous (Fe+-) ions, which are invisible and soluble. When exposed to 
oxygen, insoluble ferric (Fe÷3) ions form which give the water the rust coloration.  

Ferrous iron is easily treated through aeration to ferric iron that will quickly precipitate as 
iron hydroxide. Residual ferric iron, if any, is reduced by softening and by media filters 
[Kemmer, 1988, pg. 6.13].
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3.1.3 Nitrate 

Nitrate is the product of the natural breakdown of ammonia and comes into water from 

agricultural and human activities. Nitrates in ground water are rarely due to dissolving 

minerals. Nitrate concentrations in drinking water are limited to 44 mg/L due to its 

adverse health effects to humans.  

Nitrate is difficult to treat. Anion exchange is the only chemical process that removes 

nitrate. Other desalinization technologies such as reverse osmosis and distillation are also 

applicable. Nitrate can be converted to gaseous nitrogen through a biological process 

[Kemmer, 1988, pg. 6.13].  

3.1.4 Manganese 

Manganese ions are similar in effect to iron ions. Manganous (Mn+2) manganese oxidizes 

to manganic (MnW4) manganese to give water a brownish color. The SMCL for 

manganese is 0.05. Treatment of manganese is also the same as with iron [Lindeburg, 
1997, pg. 7-12].  

3.1.5 Chloride 

Since almost all chloride salts are highly soluble in. water, chloride is common in 

freshwater supplies. The recommended upper limit (SMCL) for chloride in drinking 

waters is 250 mg/L. This is based entirely on taste and not on any known health hazards.  

Anion exchange is the only chemical process capable of removing chlorides from water.  

However, physical processes such as evaporation and reverse osmosis can separate feed 

water into two streams, one with a greatly reduced chloride content and the other with an 
increased content [Kemmer, 1988, pg. 6.6].  

3.1.6 Fluoride 

Low amounts of fluoride (between 0.8 and 1.2 mg/L) have been shown to reduce the 

population tooth cavity rate. However, excess fluoride concentrations cause tooth staining 

and brittle teeth. Although the MCL for fluoride is 4.0 mg/L, the SMCL for fluoride is 

2.0 mg/L which is the level at which notable tooth damaged will be caused.  

Lime precipitation (softening) will reduce the fluoride concentration as will anion 

exchange [Kemmer, 1988, pg. 6.13].  

3.1.7 Sulfate 

Sulfate is typically found in the range from 5 to 200 mg/L. The SMCL of 250 mg/L for 

sulfate is based on taste and its potential cathartic effect.  
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High sulfate levels may be reduced measurably by massive lime treatment because 
calcium sulfate is insoluble at levels greater than 2,000 mg/L [Kemmer, 1988, pg. 6.9].  
Sulfate concentrations may also be reduced by anion exchange or by reverse osmosis if 
precautions are taken to ensure sulfate precipitation does not occur with the treatment 
unit [Lindeburg, 1997, pg. 7-32].  

3.1.8 Selenium 

Although a necessary nutritional factor for animals and humans, elevated concentrations 
of selenium are highly toxic which is why the MCL is 0.05 mg/L. Selenium can exist in 
three ionic forms: 

* As elemental selenium (Se°) which is insoluble in water; 
* As the selenite (Se+4) ion which is easily precipitated by lime softening; and 
* As the selenate (Se+6) ion which very soluble in water and is typically removed by 

anion exchange or by reverse osmosis.  

It should be noted that selenate and sulfate are removed equally by anion exchange in 

proportion to their relative concentrations in the feed water [Lewis, 1998, pg. 1].  

3.1.9 Uranium and Gross Alpha 

Uranium is one of the heavier radionuclides and is generally not very soluble. Because 
uranium is a potential source of alpha radiation (measured as gross alpha), the UMTRA 
MCL for uranium is 0.044 mg/L.  

Soluble uranium may be removed using ion exchange and, because the uranium atom is 
so large, reverse osmosis is very effective. Although simple. treatment of uranium to 
acceptable levels is typically very expensive. This is because the treatment process may 
first have to remove a significant amount of more common contamination such as 
calcium and magnesium before the soluble radionuclides can be reduced to acceptable 
levels [Kemmer, 1988, pg. 6.27].  

3.2 Description of Commonly-Employed Technologies 

Using the methodology laid out in the "Guidelines for Ground-Water Classification 
Under the EPA Ground-Water Protection Strategy", USEPA, June 1988, "commonly
employed" treatment technologies must be screened to determine what, if any, 
technology or combination of technologies can treat the water to drinking water 
standards. Table 3-1 presents a list of those technologies considered "commonly
employed" in the drinking water industry and their effectiveness in treating each of the 
COCs listed above. The technologies in Table 3-1 are based on the list provided in the 
guidelines. Although the guidelines are ten years old, the list of water treatment 
technologies is still appropriate. The advantages, disadvantages and limitations of each 
potentially applicable technology are briefly presented in Table 3-2.
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Table 3-1. Common Treatment Technologies Applicability to Constituents of Concern

SIncludes distillation, electrodialysis, ion exchange and reverse Osmosis.  
2 Applicable to suspended contaminants only. Will not affect dissolved contaminants.  
3 Effectiveness depends on the valence state of the ion.

Technology Hardness Chloride Flourlde Iron Manganese Nitrate Selenium Sulfate Uranium 

Aeration No No No Yes 3  Yes 3  No No- No No 
Air Stripping No. No No No No No No No No 
Carbon Exchange No No No No No No No No No 

Chemical Softening
Precipitation Yes No No Yes Yes No Yes 3  Yes Yes 

Chlorination No No No No No No No No No 
Fluorination No No No No No No No No No 
Media Filtration Yes 2  Yes2  Yes 2  Yes 2  Yes 2  Yes 2  Yes 2  Yes 2  Yes2 

Desalinization '  Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Ozonation No No No Yes3 Yes3 No No No No

r
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Table 3.2. Technology Advantages, Disadvantages and Limitations

Technology Advantages Disadvantages Limitations 
Air Sltripping/ 

Aeration Low Capital and O&M Temperature sensitive Removes only volatile 
High removal efficiencies (cold) contaminants contaminants 
for some contaminants May result in air poiu. Suspended solids in 

Pretremnent Is generally lion or a need for influent may lead to 
not required fo ground Emission Control removal efficiency 
water loss due to biological 

Equipment purchased off growth (air stripping 
the shelf only) 

Carbon Adsorption Low energy requrements Management of spent For organics removal 
High removal efficiencies carbon can be expensive where concentrations 
for a wide range of contain- and problematic are high, frequent 
inants over a broad con- -Regeneration • carbon regeneration 
centration range. -Disposal necessary 

-Replacement Suspended solids should 
High capital and operating not exceed 50 mg/l.  
costs Oil & grease should not 

exceed 10 mg/L 
Requires steady hydraulic 
loading_ 

Chemical 
Precipitation Equipment is readily avail- Generates large quantities Frequent laboratory testing 

able & easy to operate of sludge which must be required to maintain high 
Low energy requirements teated & disposed efficiencies 
Low capital and OLM costs Effluent quality may vary pH dependent 

considerably No concentration limit 

Membrane Filtration.  
Reverse Osmosis Excellent removal of charged High energy requirements Suspended solids must 

anions end cations Requires extension pilot be low to prevent fouling 
Good removal of high analyses for each system Operating temperatures 
molecular weight organics Highly sophisticated must be between 65 & 

"Effective treatment for Instrnmentaton & control 85 F 
removal of dissolved Generates a concentrated Precipitation on membrane 
solids brine which may require may be a problem 

treatment 
Pretreatment almost 
always required 

High capital & O&M costs 
Media Filtration (e.g.  

sand filters) Highly reliable Process generates a ' Requires fairly steady 
Relatively simple; easy backwash which must hydraulic loads 
to operate & control be treated Influent suspended solids 

Multiple media can be should not exceed 
used to nIprove 200 mgiL 
efficiencies Pretreatment may be 

required if suspended 
solids exceed 100 mg/L 

ion Exchange Synthetic resins can High level of trining Influent concentrations 
tolerate wide range of necessary for operation should not exceed 4.000 
temperature and pH Generates concentrated MngL 

Can remove a variety regenerant brine whichi Oil & grease should not.  
of cationic & anionic must be disposed exceed 10 mg/L 
inorganic and organic Generally. but not always. Influent should not contain 
contaminants high capital and O&M chemical oxidants (e.g.  

Low energy requirements ozone) 
Filtration required as pre
treatment if suspended 
solids exceed 20 mg/L.  

_ _in the influent 

Ozonabon and 
Chemical Oxidation Reduces chemical High capital and O&M Treats only contaminants 

residuals generated costs which can be oxidized 
(particularly bihalometh- High energy Does not remove iron
anes) Requires high level of cyanide complexes 

No dissolved solids training & safety pre
_generated cautions for operation 

Floatalon Easily implemented May require substantial Narrow range of removal 
Usually highly effective chemical addition e.g.. not effective for 

for hydrocarbons with Generates large quan- contaminants with density 
densities near or less ities of sludge to be greater than that of water 
than that of water treated & disposed 

Low capital& O&M 
1 Low energy requirements
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3.2.1 Technically Inapplicable Technologies 

From the information presented in Tables 3-1 and 3-2, several technologies are not 
applicable for treating the alluvial aquifer water. These technologies are air stripping, 
carbon adsorption, chlorination and fluorination. It should be noted that the background 
water in the alluvial aquifer is assumed not to contain organic chemicals or any harmful 
bacteria that would require disinfection, which is why most of these technologies are 
inapplicable.  

3.2.2 Potentially Applicable Technologies 

The remaining technologies are considered applicable to this situation. A brief discussion 

of how each technology could be applied to this situation is presented below.  

3.2.2.1 Aeration and Ozonation 

Aeration can be used where there is a high concentration of carbon dioxide, where tastes 
and odors are objectionable. In addition, where iron and manganese are present in 
amounts above 0.3 mg/L, aeration is used as a pretreatment to a softening step 
[Lindeburg, 1997, pg. 7-21].  

Ozonation refers to the generation of ozone and its addition to water to chemically 
oxidize contaminants. Its primary use is for disinfection but it achieves the same results 
as aeration with respect to the treatment of iron and manganese. Ozonation is very 
expensive and is only used in specific instances where chemical disinfection is not 
effective. Ozonation is typically used to treat iron contamination.  

3.2.2.2 Chemical Softening/Precipitation 

Softening refers to the removal of calcium and magnesium through precipitation. This 
technology consists of the addition of lime and soda ash to the feed water resulting in the 
formation of a magnesium hydroxide and calcium carbonate precipitate. Typically, lime 
treatment has added benefits of disinfection, iron and manganese removal, and 
clarification (because it must be followed by a media filtration step).  

The first step of chemical softening is the addition of lime to remove all carbonate 
hardness. The second step is the addition of soda ash and lime to remove the remaining 
NCH. These two steps are performed in large settling basins or clarifiers. After treatment, 
the water is treated with carbon dioxide to lower the pH and assist in precipitation. The 
final step in softening is the use of media filters to remove any residual suspended 
precipitate step [Lindeburg, 1997, pg. 7-21].  

At concentrations greater than 2,000 mg/L, calcium sulfate can also be precipitated
through overdosing of lime prior to the soda ash application. This results in water with
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500 to 600 mg/L of calcium and 1,400 to 1,500 mg/L of sulfate. However, this approach 
is rarely taken in drinking water treatment for two reasons: 

1. The excess calcium added through the lime overdosing would have to be 
removed by adding soda ash.  

2. For drinking water purposes, the sulfate level achievable through precipitation 
will still be six times the acceptable level and some additional form of sulfate 
treatment will be required.  

The drawback of this technology is that, in essence, it is an exercise in ion exchange.  
Except for the removal of carbonate hardness, this technology succeeds only in replacing 
calcium and magnesium ions with sodium ions. Since sodium is a smaller atom this will 
have some effect on the Total Dissolved Solids (TDS) content of the -water, but the 
technology overall is not an effective treatment of high saline or briny water.  

3.2.2.3 Ion Exchange Softening 

This technology uses ion exchange resins to remove magnesium and calcium ions from 
water by replacing them with sodium ions. The sodium ions are attached to an insoluble 
resin and are preferentially replaced on the resin by magnesium and calcium ions.  
Periodically, ion exchange beds must be regenerated using a sodium chloride salt 
solution. This has a drawback of creating a high volume of concentrated calcium
magnesium-sodium chloride salt solution that must be disposed of [Lindeburg, 1997, pg.  
7-29].  

In this application, ion exchange resins have an additional drawback. In treating water 
with high sulfate concentrations, ion exchange softeners are prone to calcium sulfate 
precipitation in the resin, which is irreversible and destroys the resin. For this reason, this 
softening technology is not applicable as a treatment option.  

3.2.2.4 Media Filtration 

Filtration is used -in water treatment to remove or reduce suspended solids. Media 
filtration consists of the use of silica sand, fine anthracite or calcium carbonate of specific 
sizes as the filter. The filter can be regenerated through backwashing and is very effective 
at suspended solids removal [Lindeburg, 1997, pg. 7-25].  

Media filtration is ineffective in dissolved solids removal and therefore is not appropriate 
as a primary treatment in this situation. :However, most water treatment processes 
involving coagulation and precipitation must be followed by media filtration for complete 
removal of suspended contaminants. If one of these technologies is used, a media filter 
will be required as a post treatment.
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3.2.2.5 Desalinization 

Desalinization refers to those technologies which are designed to produce potable water 
from seawater or similar feed waters with a high salt cofntent, particularly sodium and 
chloride salts. Desalinization technologies include distillation, electrodialysis, ion 
exchange and reverse osmosis. The following 'is a brief description of each of the 
desalinization technologies [Lindeburg, 1997, pg. 7-32]: 

"* Distillation: The water is vaporized, leaving the salt behind. The vapor is reclaimed 
by condensation.  

"* Electrodialysis: Positive and negative ions flow through selective membranes under 
the influence of an induced electrical current.  

"* Ion exchange: Water is passed through a filter bed of exchange material. Ions in the 
insoluble exchange material are displaced by ions in the water. When exchange 
material is spent, it is regenerated with a rejuvenating solution such as sodium 
chloride (salt), or, in the case of common cationic resins, sulfuric and hydrochloric 
acids are used as regenerants.  

"* Membrane separation (ultrafiltration, reverse osmosis): This is the least expensive 
method of demineralization. Membrane filtration refers to the use of a semi
permeable membrane as a filter through which water is forced. The membrane is 
manufactured to have an effective pore size such that only contaminants smaller than 
the pore size pass through the membrane with the water. Depending on the effective 
pore size of the membrane, a considerable differential pressure may be required to 
force the water through the membrane. The contaminants larger than the effective 
pore size remain on the inlet side and are removed as a concentrated salt solution. r 

Ultrafiltration is the term used for membrane filtration systems with effective pore sizes 
from 10 to 100 angstroms that are designed to remove simple sugars, proteins and dyes.  
Reverse osmosis is the term used for membrane filtration systems with the smallest 
effective pore size designed for true desalination of water.  

Reverse osmosis systems have pore sizes so small that most single-atom metal cations 
and all molecular anions can not pass through the membrane. Reverse osmosis systems 
produce a treated water, referred to as the permeate, that is very low in dissolved solids.  
Reverse osmosis has become a common technology in desalinating seawater and treating 
highly impacted industrial wastewaters. In these- applications' they have essentially 
displaced all other desalinization technologies because of the savings in energy and 
operating costs (evaporative systems can cost as much as $0.20 per gallon to produce 
drinking water from energy costs alone) [Lindeburg, 1997, pg. 7-32].  

Reverse osmosis potable water systems typically operate at pressures of 400 pounds per 
square inch when used to desalinate seawater and produce about 2 gallons per day per 
square foot of membrane surface area. These systems typically operate at 75% efficiency, 
i.e. for every three gallons of potable water produced; one gallon of concentrate must be
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disposed of. In addition to disposal of the concentrate, the other major drawback of 
reverse osmosis systems is their sensitivity to calcium and magnesium precipitation. For 
waters of any significant hardness, softening is always required as a pretreatment.  

3.3 Development of Conceptual Treatment System 

3.3.1 Conceptual Treatment System 

Table 3-1 and the preceding discussion of technologies indicate that no single treatment 
technology will achieve the effluent requirements alone. However, with the information 
available a conceptual treatment system can be developed that will meet the 
requirements. An effective conceptual system is presented in Figure 3-1 and consists of 
aeration, lime-soda softening (including recarbonation and media filtration) and reverse 
osmosis.  

Desalinization technologies are the only ones capable of achieving the effluent 
requirements for the selenium in selenate form, sodium, nitrate, chloride and fluoride. Of 
the desalinization technologies, reverse osmosis will be the least expensive. However, to 
be used in this application a softening pretreatment will be required to avoid precipitation 
fouling of the membranes. Furthermore, reverse osmosis will also guarantee the removal 
of any residual metal contaminants such as selenite, manganese and uranium that may not 
be completely removed by the chemical softening and precipitation pretreatment.  

The process chemistry for each of the components of the system is discussed below. The 

estimated effluent water quality of the 'conceptual system is presented in Table 3-3.  

3.3.1.1 Aeration 

As an initial pretreatment, aeration will be used to ensure that the iron and manganese 
ions are fully oxidized. A significant amount of iron and manganese hydroxide 
precipitation is expected in the aeration lagoon. Furthermore, the aeration will ensure that 
any soluble iron leaving the lagoon will be easily removed by the lime-softening step. A 
75% reduction of the iron and manganese -is expected by this treatment.  

3.3.1.2 Softening and Media Filtration 

A softener will be required to remove the hardness from the water prior to the reverse 
osmosis step. The softening will be achieved by adding lime (calcium hydroxide) which 
will react with the calcium bicarbonate to form calcium carbonate that will precipitate.  
The reaction is as follows: 

Ca(HCO 3)2 + Ca(OH)2 -+ 2CaCO3 4' + 2H 20 

This reaction will remove all the carbonate hardness and cause a net reduction in total 
dissolved solids in the water. However, according to Table 2-1, calcium is present in
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Table 3-3. Estimated Effluent Quality

Effluent UMTRA SDWA 

Constituent (mgIl) Mean MCL' MCL2  SMGL3  MCLG4 

Alkalinity as CaCO3 < 100 _ 

Ammonia as NH4 < 0.01 

Arsenic (0.001) 0.05 0.05 

Cadmium (0.001) 0.01 0.005 0.005 

Calcium < 35 _ 

Chloride < 50 _ 250 

Cobalt (0.001) 

Copper (0.001) . . 1.0 1.3 

Fluoride < 0.1 4.0 2.0 

Gross Alpha (pCi/L) (0.001) 15.0 0 

Gross Beta (pCi/L) (0.001) ________ 

Hardness (as CaCO3) < 75 75 

Iron (0.001) 0.3 

Magnesium <10 

Manganese (0.001) 0.05 
Molybdenum (0.001) 0.1 

Nickel (0.001) _ 0.14 0.14 

Nitrate asN <1 10 .10 10-20 
pH(s.u.) 8.0 6.5-8.5 

Potassium <1 

Radium (pCi/L) (0.001) 5 

$elenium (0.001) 0.01 0.05 0.05 

Sodium < 75 

Strontium (0.001) 

Sulfate < 75 250 

TDS < 250 500 

Uranium (0.001) 0.044 0 

Vanadium (0.001) 

Zinc (0.001) 5

Maximum Contaminant Level, UMTRA Standard [40 CFR 192, Table 1, Subpart A] 

Maximum Contaminant Level, SDWA standard [40 CFR 141.23 and 141.62] 

Secondary Maximum Contaminant Level [40 CFR 143.3] 

Maximum Contaminant Level Goal [40 CFR 141.50 and 141.51] 

While not a published SMCL, this is a number recommended by the National Society of 

Professional Engineers for potable water [Lindeburg, 1997, pg. 7-12].
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excess of the alkalinity. Therefore, an additional step will be required to remove the 
remaining non-carbonate hardness.  

The non-carbonate hardness is reduced through the addition of soda ash (Na2C0 3). The 
reactions are as follows: 

Ca(SO 4 or C12) + Na2C0 3 -+ CaCO3 4 + Na2(SO 4 or C12) 

Mg(SO 4 or C12) + Na2CO3 + Ca(OH)2 -} Mg(OH)2 + CaCO3r + Na 2(SO 4 or C12) 

The calcium and magnesium in the effluent of the softening step is dictated by solubility 
chemistry. The limit of 35 mg/L of calcium carbonate and 10 mg/L of magnesium 
hydroxide (as calcium carbonate) is expected. Furthermore, the remaining iron and 
manganese are expected to be removed along-with 50% of the selenium (the assumed 
amount of selenite ion in the feed water). In addition, uranium becomes insoluble at pH 
10 and 95%+ of the uranium is expected to precipitate out in the lime softening step.  

3.3.1.3 Reverse Osmosis 

For the purposes of this report, the reverse osmosis step will be assumed completely 
effective in removing the remaining COCs to acceptable levels. The COCs coming from 
the softening treatment are nitrate, selenate, sulfate, sodium and chloride.  

While this system will effectively treat the background water to the effluent requirements 
for calcium and magnesium, it will also create a significant amount of waste that must be 
disposed of. This waste will be either in the filter cake generated by the 
softening/precipitation step or in the concentrate rejected by the reverse osmosis unit. ..
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4.0 Economic Feasibility Test 

4A1 Treatment System Size 

The maximum population that can be supplied with potable water by the conceptual 
treatment system can be estimated based on the technologies used. As previously 
mentioned, a conservative estimate of the treatment capability of a reverse osmosis unit is 
a 3 to 1 ratio of treated water to rejected concentrate. A conservative assumption can be 
made that the reverse osmosis unit is the only source of water loss in the treatment system 
and that the treatment system can provide 3 gallons of potable water -for every 4 gallons 
of ground water treated. In practice, however, water will also be lost through evaporation 
from the aeration pond and in the sludge removal from the softener.  

Using this assumption, 75% of the influent 7.2 million gallons per day or 5.41 million 
gallons per day of potable water can be provided by this system. This is equivalent to 
nearly 1.975 billion gallons a year. Based on the numbers provided in the ground water 
classification guidelines [USEPA, 1988, pg. 6-23] this would serve 19,750 households or 
approximately 54,000 people.  

4.2 Estimated Treatment System Cost 

The costs for each major piece of the treatment system are presented in Table 4-1. A brief 
discussion of how the costs were estimated 

4.2.1 Collection/Extraction System 

Given the hydraulic conductivity and depth of the aquifer, the potential Production rate of 
a well can be estimated if a well diameter, depth of pumping drawdown and radius of 
influence are assumed. For the purposes of this analysis, eight-inch-diameter production 
wells and a conservative radius of influence of 50 feet are assumed. With these 
assumptions, the following formula [King, 1996, pg. 142] can be used to determine the 
production rate of a well.  

Q = (K27rrh)dh/dr 

Where Q is the production rate, K is the hydraulic conductivity, r is the radius of the well, 
h is the depth of the aquifer at the well (including drawdown), dh is the drawdown and dr 
is the radius of influence of the well. Using this equation, the maximum production will 
occur when the drawdown of the well is exactly half of the depth of the aquifer.  
Considering that and including our assumptions, this equation becomes: 

Q = (70 ft/day x 2 x 3.14 x 0.33 ft x 15 ft) x 15 ft /30 ft 

Q = 1,088 ft3/day = 8,138 gallons/day
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Table 4-1. Estimated Treatment System Costs

Annual Cost per 

System Component Capital Cost Operating Cost Annualized Cost1  Household1 

Aeration System $2,000,000, $10,000 $171,173 $9 

Softener System2  $2,500,000 $5,884,000 $6,085,466 $308 
Collection System $8,860,000 $221,500 $935,496 $47 
Media Filter System $1,250,000 $50,000 $150,733 $8 

Reverse Osmosis 
System $5,000,000 $500,000 $902,932 $46 
Evaporation System $5,000,000 $100,000 $502,932 $25 
Softener Sludge 
Disposal $0 $1,638,850 $1,638,850 $83 
Reverse Osmosis 
Sludge Disposal $0 $2,737,500 $2,737,500 $139 
Operating Labor $0 $300,000 $300,000 $15 

System Totals $24,610,000 $11,441,850 $13,425,081 $680 

Annualized costs are based on a 30 year lifespan and a real discount rate of 7%.  
2 Includes the chemical feed system and the clarifier system.
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Therefore, approximately 886 production wells would be required to produce the total 
potential aquifer yield of 7.2 million gallons per day.  

The estimated drilling and installation cost per well is $100 per foot of well depth or a 
total $5,000 per well. For simplicity, the cost of extraction pumps and interconnecting 
piping required to feed the treatment system is assumed to be an additional $5,000 per 
well. Routine maintenance and operating costs of $250 per well per year are assumed for 
the wells and entire collection system.  

4.2.2 Treatment System Capital Equipment and Operating Costs 

The estimated costs for equipment were supplied by Ms. Sophia O'Halloran of the United 
States Filter Corporation and include estimates of the following costs: 

"* The equipment costs, 
"• The costs associated with new buildings and structures which may be required, 
"• The installation costs, 
"* The startup and shakedown costs, 
"* The permitting costs, if any, and 
"• Any other one-time costs incurred during the first year of operation.  

It should be noted that land acquisition costs were specifically excluded from the capital 
cost. The operating cost include the following costs: 

Chemical costs, 
* Maintenance costs, 
• Energy costs, 
• Operation labor costs, 
• Ongoing permit fees, and 
• Any other costs that recur on a regular basis.  

Maintenance and energy cost estimates for the equipment were also provided by United 
States Filter. The operation labor requirements for the treatment system were estimated to 
be four full time employees for 24 hour operation. The operation labor requirements for 
the collection system were estimated to be one full time employee. The cost per full time 
employee is estimated at $60,000 per year.  

4.2.2.1 Chemical Costs 

By far the larg-2st operating costs will be the costs for lime and soda ash used in the 
softener. The chemical reactions in the softener were presented in section 3.3.1.2. From 
these reactions the amount of chemical required for treatment can be determined.  

Calcium hydroxide is added to the softener in the form of hydrated lime that is typically 
93% pure. The lime precipitation step is expected to remove an average of 414 mg/L of 
calcium carbonate alkalinity from the water. This requires 414 mg/L of lime as calcium
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carbonate, which corresponds to 2.75 pounds of 93% pure lime per 1,000 gallons of 
water. Calcium hydroxide is also required for magnesium non-carbonate hardness (NCH) 
removal. The amount required to remove an average of 384 mg/L will be 10.4 pounds of 
93% pure lime per 1,000 gallons of water. The total calcium hydroxide usage will then be 
13.2 pounds of 93% pure lime per 1,000 gallons of water or approximately 17,300 tons 
per year of lime. The bulk price of lime delivered to Grand Junction provided by Mr. Ken 
Parfit of Van Waters and Rogers was $0.12 per pound, which represents an annual cost of 
$4.15 million in lime. However, this price was estimated using trucks to deliver the lime.  
If rail is used a delivered cost is expected to be approximately half that, $0,06 per pound 
or an annual cost of $2.08 million.  

Soda ash is added in. the softening process as a 59% pure sodium monoxide (Na2O) 
which is equivalent to 99.2% Na2CO3. Soda ash will be required to precipitate both 
calcium NCH and magnesium NCH. The amounts required will be 6.5 and 14.2 pounds 
of 59% pure sodium monoxide per 1,000 gallons of water respectively. Or a total of 20.7 
pounds of 59% pure sodium monoxide per 1,000 gallons of water or approximately 
27,200 tons per year of soda ash. An estimate of the bulk price of soda ash delivered by 
rail was provided by the FMC Corporation as $0.07 per pound, so this represents an 
annual cost of $3.81 million in soda ash.  

4.2.2.2 Waste Disposal Costs 

The other significant operating cost of this system will be waste disposal. There will be 
two major waste streams from this treatment system, the softener sludge and the 
concentrate from the reverse osmosis system. Softener sludge is typically handled by 
thickening until it can be disposed at a local landfill. On the other hand, reverse osmosis 
concentrate is typically discharged to the environment or concentrated further by 
evaporation into a sludge that is then disposed of Discharge of this sludge to the 
environment will not be possible due to its expected salt, selenium and uranium content.  

Using the chemical reactions presented in section 3.3.1.2, the expected mass of calcium 
carbonate and magnesium hydroxide precipitated in the softener can be estimated. The 
reactions indicate that for every gram of calcium hardness removed, 5 grams 'of calcium 
carbonate will be precipitated. Likewise, for every gram of calcium NCH removed 2.5 
grams of calcium carbonate will be precipitated. Lastly, for every gram of magnesium 
NCH removed 4 grams of calcium carbonate and 2.5 grams of magnesium hydroxide will 
be precipitated. Using the average concentrations of magnesium and calcium, an 
estimated 3,738 mg/L of solids will precipitate during the softening treatment. This 
corresponds to approximately 224,500 pounds per day or 112 tons per day of solids 
generation.  

Typically, precipitated solids are disposed of at a landfill as sludge. Standard sludge 
handling equipment generate a sludge which is 25% by weight solids [Lindeburg, 1997, 
pg. 8-28]. Therefore, the softener would generate approximately 448 tons of sludge per 
day that must be disposed of Typical sludge disposal costs range from $10 to $50 per ton 
depending on the transport distances. The tipping fee for sewer sludge disposal at the
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Mesa County Landfill is $7 per ton. If a $3 per ton transport fee is assumed, a sludge 

disposal cost of $10 per ton is obtained.  

The reverse osmosis is expected to produce 1.8 million gallons per day of a concentrate 

that is expected to have approximately 25,000 mg/L of TDS. Typically, some form of an 

evaporation lagoon or thermal evaporator would theni be used to increase the TDS to 

250,000 mg/L. The concentrate would then be a sludge that would be disposed of. Using 

these assumptions, the reverse osmosis system would generate 180,000 gallons of 25% 

solids sludge per day or 750 tons of sludge per day.  

Unfortunately, with this influent water quality it is likely that the sludge from the reverse 

osmosis -concentrate would be classified as a DO10 toxic hazardous waste under the 

Resource Conservation and Recovery Act (RCRA) (40 CFR 261.1, Table 1) due to the 

selenium content of the sludge. Disposal of this sludge as a hazardous waste would cost 

at least $200 per ton. Using these assumptions, this would require $54 million dollars in 

hazardous waste disposal per year.  

However, a conservative assumption can be made that the reverse osmosis concentrate 

sludge will not be hazardous and can be disposed of with the softener sludge at $10 per 

ton in the local landfill.  

4.3 Cost Evaluation 

The estimated costs for the complete treatment system are presented in Table 4-1. The 

costs are broken down into capital costs, operating costs, total annualized cost and the 

annual cost per household. The total annualized cost was calculated using the equations 

presented in the guidelines for ground water classification [USEPA, 1988, pg. D-4]. The 

equations for this calculation are the following: 

Total Annualized Cost = f CC + OMC 

f =r / (I - I /(Il+r)Y 

Where f is the annualization factor annual cost, CC is the capital cost, OMC is -the 

operations and maintenance costs, r is the real discount rate, and n is the lifetime of the 

equipment in years. In order to perform this calculation, the useable lifetime of the 

equipment must be estimated and the real discount rate must be obtained from the Office 

of Management and Budget.  

For the purposes of this evaluation, the following are assumed: 

* All equipment has a lifetime of 30 years.  

* The real discount rate over those 30 years will be 7%.  

* The equipment will have no resale value at the end of its useable lifetime.
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In addition, calculating the operating cost assumes that the operating cost will be fixed 
over the lifetime of the equipment.  

4.4 Threshold Evaluation 

The guidelines for ground water classification [USEPA, 1988, pg. D-23] provides a graph 
for use in determining the economic threshold for use in economic feasibility tests. For a 
system serving a population of 54,000 people, the threshold is approximately $300 per 
household or $110 per person (based on 2.75 people per household).  

This threshold was determined in 1988. When indexed for inflation the threshold 
becomes approximately $400 per household per year.  

I.
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'0: RHEYDEBURG 

FROM: RCONWAY 

DATE: 4/24/91 

SUBJECT: GRAND JUNCTION 

After extensive review and research of .the Grand Junction area 
surrounding the processing site I conclude that there are no 
persons in the vicinity drinking water from the underground 
aquifer. This conclusion was 'drawn from various sources of 
information including; visual physical inspection, personal contact 
of approximately 40% of the properties in the area, documentation 
of State of Colorado well permit records, documentation of City of 
Grand Junction water service records and documentation of Ute Water 
District records.  

Attached are.maps of the City sewer lines in the area, computer 
listings for people on City water and Ute water, State well permit 
records and hand written documentation of persons contacted. If 
you should have any questions or require a more detailed 
description please contact *me. I hope this satisfies the 
requirement necessary to satisfy the NRC.  

cc: MNiller 
KBostick 
RPortillo



5.0 Conclusions.  

When the threshold for economic feasibility of $400 per household is compared to the 
estimated treatment cost of $680 per household, it is appirent that alluvial aquifer meets 
the definition of a Class MI ground water. The assessments show that it is not 
economically feasible to use the ground water as a potable drinking water source.  

It should be noted that the costs presented are conservative estimates of the cost of a 
treatment system. Although each of the major components Of an effective system are 
included, some important elements have not been quantified because of the difficulty in 
obtaining accurate estimates in a short period of time. These elements are as follows: 

e The size and cost of the property required for the system, and 
e The cost of a material handling system that would be required to handle the 

27,200 tons of soda ash and 17,300 tons of lime used annually.  

The costs of these elements of the treatment system would not be negligible. In addition, 
The very real potential of creating a hazardous waste from the reverse osmosis 
concentrate was completely sidestepped in this evaluation using a conservative 
assumption.

5-1

1. "



This page intentionally blank 

F-



6.0 References 

1. Kemmer, F.N. (ed.), 1988. The NALCO Water Handbook, second edition. McGraw

Hill Book Company, New York, New York.  

2. King, W.C, 1996. Environmental Engineering P.E. Examination Guide & Handbook 

American Academy of Environmental Engineers.  

3. Lewis, G., 1998. "Review of Waste Water Treatment System." Memorandum to 

Deb Richardson (MACTEC-ERS) and Jacqui Brever (MACTEC-ERS) from G.  

Lewis (MACTEC, Inc.). January 16.  

4. Lindeburg, M.R., 1990. Engineer-In-Training Reference Manual, eighth edition.  
Professional Publications, Inc., Belmont, California.  

5. Lindeburg, M.R., 1997. Civil Engineering Reference Manual for the P.E. Exam, 
sixth edition. Professional Publications, Inc., Belmont, California.  

6. Sawyer, C.N. and P.L. McCarty, 1978. Chemistry for Environmental Engineering, 
third edition. McGraw-Hill Book Company, New York, New York.  

7. U.S. Environmental Protection Agency (USEPA), 1998. Guidelines for Ground
Water Classification Under the EPA Ground-Water Protection Strategy. Office of 
Ground water Protection, Washington, D.C, June.

6-1

St



This page intentionally blank 

L•..:


