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PATHFINDER

A Cogema Resources Company

September 23, 1999

Mr. Mohammad Haque

Uranium Recovery Branch

Division of Waste Management

Office of Nuclear Material Safety & Safeguards
Mail Stop T7-J-8 ¢

U. S. Nuclear Regulatory Comrruss:on

11545 Rockville Pike

Rockville, MD 20852

Ref: Docket No. 40-6622
License No. SUA-442

Dear Mr. Haque: /

Enclosed please find two current sets of the Shirley Basin Tailings Reclamation Plan as
you requested. They represent the up-to-date version of the plan with all inserts. Note
that any exhibits with a “9-99” revision date designation in the title block have been
updated to reflect the five horizontal to 1 vertical reclaimed outslopes on the tailings
embankments. Please call me if you have any questions.

Smcerely,

" T. W. Hardgrove

Manager, Environmental and Regulatory Services

Enclosure

Pathfinder Mines Corporation * 935 Pendell Boulevard = P.O. Box 730 » Mills; Wyoming 82644
Tel: (307) 234-5019 ' Fax: (307) 473-7306
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November 24, 1997

Joseph J. Holonich, Chief -

Uranium Recovery Branch

Division of Waste Management

Office of Nuclear Material Safety and Safeguards
United States Nuclear Regulatory Commission
Washington, D. C. 20555-0001

RE:  Docket No. 40-6622, Source Material License SUA-442
Pathfinder Shirley Basin Tailings Reclamation

Dear Mr. Holonich:

Pursuant to your letter dated October 7, 1997, concerning hydrologic aspects of the
tailings reclamation, Pathfinder Mines Corporation has developed the foliowing
information to address U.S. Nuclear Regulatory Commission staff concerns. .
Attachments include a report of the findings of an archaeological investigation, and.
a replacement Table 5-9, Figure 10-4 and page 5-37.

The following text addresses specific issues opd comments directly. Reference is made
to replacement pages where applicable.

Comment 1: Off-site Fiooding, Manning's n eind Cross Sections.

Response: The selected Manning's n of 002 was mtendecl to reflect the .

extremely large flow depth .and the nature df the floodptain. -The intitial -

assumptions of PMP precipitation depth, PMP intehsity and rangeland conditions
were very conservative 1o remove till doubt conceming Spring Creék PMP flood.
stage. The resulting maximum dlschcrge of 112650 cfs would expand the
conveyance area of the channel far beyond any: identifiable: floodplcm The .
Manning's n of 0.02 is.considered represen’rc’nve of the primary:$piing Creek -
channel under flow depths in excess df 15 feet, and is olso representative of the

area above the primary ¢hannel'where there is: only spcrse vegem’non ond. |

limited sagebrush. Incredsed Mafining's n values of 0.03 0r'0.04 would bemore

the floodplain is much greater. If the Manriing's n is increased to 0.03 for the -
critical Spring Creek section, the maximum flood stage of 22 feet is still more than. =
150 feet from the covered tailings. At a Mcrmlng s of 0.04, The moxnmum flood -

Pathfinder Mines Corporation * 935 Pendell Boulevard + P.O. Box 730 * Mills, Wyommg 52644
Tel: (307) 234-5019 - Fax: (307)473- 7306 . :

applicable for a less severe storm where the relohve roughness of elements on B
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stage of 23.9 feet is at least 50 feet from the covered tailings. The increasing
Manning's n values are considered a very conservative approach to estimating
flood stage for an already conservative flood discharge. Increasing Manning's
n reduces the flow velocities.

The two cross sections were taken from the most constricted area of Spring Creek
in the vicinity of the tailings to give conservative flood stage estimates. The top
width of flow for the PMF discharge is in excess of 1000 feet for a drainage with
a primary channel width of just a few feet. The use of twQ cross sections to
represent the channel and channel slope is consistent with the scale of the PMF
stage and flow area in the region of concem. The flow depth is so large that the
general floodplain slope is more applicable than the bed slope of the primary
channel. Cross sections outside of the constricted area will not have critical
flood stages that could approach the covered tailings and were not used for this
reason. The slope of the floodplain at the area of the constriction is just slightly
greater than the slope of 0.003 ft./ft. that was used in the computations. The
slope of the floodplain on either side of the constriction ranges from 0.005 ft./ft.
to 0.01 ft./ft. which is significantly greater than that used in the computations. f
the slope in the computations is increased, the flood stage will decrease, and
the flow velocity will increase, which negates much of the effect of increasing

~ Manning's n.

Comment 2: Lateral and Vertical Stability of Receiving Streams

Response: An archaeological investigation of the Spring Creek channel has
revealed that the location of the limits of the floodplain has not changed in over
4800 years. The report of this investigation (three copies) is included in this
submittal. Aerial photos and on-site observation have revealed that both
channels have reached a level of maturity where there is only lateral
meandering within a distinct floodplain. There are no significant headcuts or
other evidence of vertical instability. '

The reduction in drainage area for the total Spring Creek drainage at the tailings
area is roughly 8% with some additional reduction occurring downstream of the
tailings area. This reduction occurs far downstream of the springs on Spring Creek
and Fox Creek which are the sources of perennial flow. Thus the reduction in
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drainage area will have little or no impact on sustaining vegetation. The flow
attenuation characteristics of the tailings drainage design will also slow release
of runoff to Spring Creek, further enhancing stability.

The methods used to evaluate the scour were recommended by NRC personnel,
and included two methods intended for continuous flow. The third method had
provisions for using a flow duration. The design discharges for the computations
were taken from a PMF and represent an extremely severe short duration and
highly improbable event. The use of a continuous flow scour prediction
methodology is obviously a misapplication, but it should be an extremely
conservative approach. When the method incorporates a flow duration, the
severity of the PMF discharges lends a fremendous degree of conservatism. In
addition, the methods were originally intended for discharges from culverts,
which is a more radical transition in channel configuration than release from a
riprap channel.

In addition to the scour predictions, a calculation of stable grade for the section
of the channel downstream of the end protection should also be indicative of
the maximum plausible scour depth. With the exception of a small and largely
artificial discharge to the Mine Creek channel, the receiving drainage systems
are highly ephemeral. The discharge to Mine Creek is supported by recharge
systems which are operated as a portion of the ground-water restoration systems.
The two channels of primary concern are those that drain to Spring Creek, and
these are Basin 5-4 and Channel N. Under the design reciamation plan, Basin 5-4
drains to Mine Creek with a dramatically reduced drainage area. |f the scour
does reach the depth of the structure of 4.5 feet, the Mine Creek channel will
have a relief of approximately 6 feet in over 1700 feet of length, or a siope of less
than 0.4%. Channel N drains to a fributary of Spring Creek north of the tailings.
The relief between the Channel N outlet and the confluence of the tributary and
Spring Creek is roughly 28 feet over a distance of approximately 1300 feet. The
design reclamation plan increases the measured drainage area to the tributary
from 77 acres to approximately 133 acres, although the use of surge pond
storage in the drainage design will likely reduce peak discharge substantially
from the pre-mining condition. If the depth of the end protection structure is
increased from 4.5 feet to 15 feet, (and the depth of scour reaches the base of
the end protection structure) then the resulting channel siope is 1%. The
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fibutary channel is currently stable at o siope of approximately 2.2%, and a
reduction of slope to 1% should be more than adequate. Table 5 9 and Figure
10-4 have been revised to reflect these changes.

Please don't hesitate to contact me if you have questions or comments.
Sincerely,

7ot i

T.W. Hardgrove
Coordinator of Mine Enyironmenfcl Affairs

Enclosure: As stated

cc:  E L Nugent
J.D. Wadsworth
R.W. Poyser
Hydro-Engineering, LLC
C. Cain, USNRC - Region 4

NOTE: Archaeological report is not included in copies.
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. REPLACEMENT AND ADDITIONAL PAGES AND EXHIBITS

The following table itemizes the enclosed revisions to the Shirley Basin Tailings
Reclamation Plan and indicates the replacement pages for the document currently on
file with the NRC,

Volume | Revisions

New Text/Exhibit Replace(s)
Volume | Cover Page Volume | Cover Page
Page 38 ' Page 38
Table 5-9, page 5-80 Table 5-9, page 5-80

Volume ii Revisions

New Text/Exhibit Replace(s)

Volume 1l Cover Page Volume Il Cover Page
Figure 10-4, page 10-25 Figure 10-4, page 10-25

The text is copied double-sided and, in many cases, the unmodified adjacent page is
replaced along with the modified page to preserve the numbering sequence. The
revision date for each page is located in the lower right hand corner of the page.
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September 10, 1997

Mr. Joseph J. Holonich, Chief

Uranivm Recovery Branch

Division of Waste Management

Office of Nuclear Material Safety & Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Re: Docket No. 40-6622
License No. SUA-442
Shirley Basin Mill

The attached comments and modified portions of the Tailings Reclamation Plan (five copies
of each) are submitted in response to your lettzr dated hday 1Z, 1997, coucerniiy the
Geotechnical Design and Radon Attenuation. The Soil Cleanup Verification and Sampling
Plan was addressed in an earlier submittal. Comments 1 and 2 concerning the geotechnical
design are addressed by the enclosed letter from Inberg-Miller Engineers. The cost estimate
= in reponse to Geotechnical Design Comment 3 is not yet complete, and it will be submitted
' to the NRC as soon as it is available. The balance of the comments are addressed by
responses from Hydro-Engineering. Only the Hydro-Engineering responses include specific

text or exhibit changes to the reclamation plan.

Please call me if there are any questions.
Sincerely,

o i

T. W. Hardgrove
Coordipnator of Mine Environmental Affairs

Enclosures

cc:  E. L. Nugent
J. D. Wadsworth
R. W. Poyser
P. Mackin, CNWRA

Pathfinder Mines Corporation * 935 Pendeli Boulevard * P.O. Box 730 » Mills, Wyoming 82644
Tel: (307) 234-5019 Fax: (307) 473-7306
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Pathfinder Mines Corporation By 7% /4'[

P. O. Box 730

Mills, WY 82644

ATTENTION: THOMAS HARDGROVE

RE: RESPONSE TO N.R.C. STAFF REVIEW COMMENTS
PATHFINDER MINES CORPORATION RECLAMATION PLAN
SHIRLEY BASIN URANIUM MILL SITE
SHIRLEY BASIN, WYOMING

Gentlemen:

This letter summarizes our response to the NRC's staff review comments (items No. 1 and 2)
regarding the slope stability and liquefaction potential analyses for Dams No. 4 and S at the
above-referenced project. The NRC is requesting additional information regarding: 1)
documentation of soil parameters used in the slope stability analyses, and 2) . additional
consideration of the methodologies used in the stability analyses. More specifically, an
evaluation of the stability analyses is requested regarding: i) the effects of variations associated
with the geometry of the slopes, soil and rock parameters, and pore pressures acting within the
slopes, and ii) effects of the assumptions inherent in the Modified Bishop's Method. In addition,
further discussion of the liquefaction potential and the selection of soil parameters related to:
i) material strength loss, and ii) pore pressure development due to dynamic loads.

DISCUSSION OF SOIL. PARAMETERS

The soil parameters used in the stability analyses were obtained from information contained in
Pathfinder Mine Corporation's (PMC) reclamation plan prepared by Hydro-Engineering, Dames
and Moore's reports on the design and redesign of No. 5 Tailings Dam, and estimated values.
The soil parameters for the various soil types are discussed below.

Sand Cover :

The unit weight of the sand cover material was determined from Table 3-2 of the
reclamation plan. Section 4.2 of the reclamation plan identifies Sample STH-7 as a
typical material for use as the sandy cover materials. Table 3-2 lists the value of 95
percent of the maximum dry density to be 104.5 pcf. The moist unit weight was
determined by using a moisture content of 6 percent as identified within Section 4.2.
The cohesion value was conservatively assumed to be zero, even though Sample STH-7
is classified as a sandy, fat clay. Based on our experience at the Petrotomics Mine
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DISCUSSION OF SOIL. PARAMETERS, Continued

Sand Cover, Continued

located adjacent to the Pathfinder Mine, surficial sandy soils that would likely be suitable
for use as the sand cover materials contain less clay and exhibit significant angularity.
Likewise, the phi value is based on these same observations and is assumed to be 35
degrees, a typical value of dense sand. It is recognized that if the clay content was
increased, phi values would decrease. However, cohesion values would also increase
with a greater clay content. Thus, the change within the shear strength of the soil would
be minimized.

Clay Cover
The moist unit weight of clay cover materials is, in our opinion, conservatively assumed

to be 100 pcf. This value is based on the average of the 95 percent of maximum dry
density for samples STH-2, STH-4, STH-5, STH-6, and STH-11, identified as typical
clay cover materials in the reclamation plan, at a moisture content of 12 percent. The
moisture content is conservatively lower than the estimated long term moisture content
of 16.6 percent. The phi angle is conservatively assumed to be zero, even though these
clay soils appear to contain some sand. An assumed value of 500 psf was used for the
cohesion value. We believe this to be a conservative value for cohesion based on typical
values for compacted lean (CL) and fat (CH) clays listed within NAVFAC Design
Manual 7.2, May 1982, of 1800 psf and 2150 psf, respectively.

Sand Tailings
The moist unit weight of 105 pef is based on the value used in the radon computer

model in the reclamation plan of 1.59 gm/cm (99.3 pcf) dry density at 6 percent
moisture. The average dry unit weight and natural moisture content of samples TW4-1B,
TW4-4B, TW4-5B, TW4-1C, and TWS-2B, noted as characteristic samples of sand
tailings, was 90 pcf and 23 percent, respectively, resulting in a moist unit weight of 111
pcf. Because long term moisture is likely to be considerably less than that observed in
the samples the value for unit weight used within the radon model was considered most
appropriate. Because little data is available on the strength characteristics of sand
tailings, the cohesion and phi values were estimated from typical values of saturated
clayey and silty sands.

Slime Tailings

The moist unit weight of 100 pcf is based on the average dry unit weight of samples
TW4-2C and TW4-3C at an average moisture content of 71 percent. Based on
conversations with Tom Michel of Hydro-Engineering and review of lab results, the
slime tailings contains a significant amount of sand tailings. Therefore, phi and cohesion
values were estimated from values typical of sandy clays. Due to the hydraulically
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DISCUSSION OF SOIL PARAMETERS, Continued

Slime Tailings, Continued

placed nature of the slime tailings, the cohesion value was significantly reduced below
typical values for saturated sandy clays. The values are consistent with typical values
of slime tailings contained in Steven G. Vick's "Planning, Design and Analysis of
Tailings Dams" and a report entitled "Characterization of Inactive Uranium Tailings
Sites: Shiprock, New Mexico" prepared for the Department of Energy, Albuquerque,
New Mexico, written by the Geotechnical Engineering Program, Colorado State
University, 1984.

Dam No. 4 Embankment

The moist unit weight of 115 pcf is based on the average values of samples obtained in
borings performed by Inberg-Miller Engineers. The phi value is conservatively assumed
to be zero and the cohesion value is based on the unconfined compressive strength test
performed on Sample B-2-3.

Dam No. 4 Foundation Soils

The density and strength parameters for the upper and lower foundation soils are based
on the results from laboratory testing of samples collected from borings performed by
Inberg-Miller Engineers. The unit weight of 125 pcf for the lower foundation is based
on testing on Sample B-2-14 and the cohesion of 2000 psf is based on the unconfined
compressive strength of the same sample. Based on standard penetration testing and
pocket penetrometer tests, the upper foundation soils exhibit a lower relative density and
likely have a lower cohesion value. The phi value was conservatively assumed to be
zero, and the cohesion estimated to be half of that of the lower foundation, or 1000 psf.

Dam No. S Embankment, Drain and Foundation Soils

The moist unit weight for the embankment and the drain are based on 95 percent of the
maximum dry density as determined from AASHTO T-180 (modified proctor). The unit
weight for the foundation is based on the average value of samples collected within a
boring performed by Dames and Moore. The phi and cohesion values are based on the
results of direct shear tests performed on recompacted clayey and silty sand samples for
the embankment, recompacted sand tailing for the drain, and undisturbed clayey and silty
sands for the foundation.

It is recognized that the foundation materials are variable as observed within the test boring
performed by Dames and Moore for the design of Dam No. 5. Therefore, it is important to
determine the foundation soils with the lowest shear strength. Based on Dames and Moore's test
results, the maximum shear strength of the sandy foundation soils is less than the minimum
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DISCUSSION OF SOIL PARAMETERS, Continued

shear strength of the clayey foundation soils. In light of this, Dam No. 4 was reanalyzed for
the purpose of this response using the foundation soils from Dam No. 5. The results of the
analysis are tabulated below, and plots of the analyses are enclosed.

Modified Dam No. 4 Factors of Safety

Ground-Water Conditions | Static Factor of Safety | Seismic Factor of Safety
High 4.25 1.76
Low 4.04 2.13

It can be observed that the soil parameters used within the original analysis of Dam No. 4 yield
more conservative results than that based on more rigorous laboratory defined samples used for
the analysis of Dam No. 5. Therefore, in our opinion, the results from the soil parameters used
in the previous report are conservative for the various stability analyses.

DISCUSSION OF SLOPE STABILITY ANALYSES -

Effects of Variations in Embankment Parameters

In order to evaluate the conservative nature of variations in soil parameters, it is
important to consider the results of the modified Dam No. 4 analysis discussed
previously. Since the shear strength of sandy soils is less than the clayey soils, using
the sandy foundation soils would result in the most conservative results. The Dames and
Moore reports state that in the original design for Dam No. 5 the maximum shear
strength of the sandy foundation soils is 4900 psf. However, from the original analysis
of Dam No. 4, it can be observed that the bottom of failure surface for the high water
seismic analysis is tangent to an elevation at approximately 7050. Shear strength at this
depth is approximately 1300 psf. Any variations of soil parameters resulting in a shear
strength greater than 1300 psf would exhibit conservative results.

Variations in geometry for Dam No. 4 would not effect stability analyses significantly
because the critical failure surfaces are controlled by the shear strength of the foundation
soils. However, variations in the geometry for Dam No. 5 would affect stability results.
The stability analysis for Dam No. 5 was performed on the maximum cross-section. The
most critical failure condition occurs at high water conditions under seismic loading.
Additional stability analysis event at a downstream slope of 3:1 instead of the previously
analyzed 4:1 slope, results in minimum factor of safety of 1.10. Additionally, we
understand that the final reclamation plan, as currently being revised, flattens the down
stream slope to 5:1 which would result in more conservative results than the 3:1 and 4:1
analyzed slopes.
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DISCUSSION OF SLOPE STABILITY ANALYSES, Continued

Discussion of Stability Method Used :

In our opinion, the modified Bishop's Method yields conservative results for both static
and pseudo-static analyses. Due to both embankments being constructed of generally
cohesive materials, it is reasonable to assume that a circular failure surface would occur
within the embankments. The modified Bishop's Method is based on moment
equilibrium. However, it is also useful to evaluate force equilibrium methods to compare
the conservatism of the analyses. The most common force equilibrium method is the
Janbu Method of analysis. The following tables summarize the minimum factors of
safety based on the Janbu Method.

Dam No. 4 - Minimum Factors of Safety( Janbu)

Ground-Water Conditions | Static Factor of Safety | Seismic Factor of Safety
High 3.51 1.26
Low 3.71 1.40

Dam No. 5§ - Minimum Factors of Safety( Janbu)

Ground-Water Conditions | Static Factor of Safety | Seismic Factor of Safety
_High 2.22 1.11
Low 2.49 1.26

Evaluation of Liquefaction Potential
While no specific laboratory tests were performed on samples of the embankment or

foundation soils to determine liquefaction potential, it is our opinion that there exists a
low potential for volume or strength changes to occur under seismic loading. As
discussed in our November 15, 1996 Report, this conclusion is based on the type of
materials that make up the dams, foundations and tailings, and the relatively low seismic
potential of the area. As discussed earlier, we believe that by assuming relatively low
values of soil strength to the static and psuedo-static analyses, we have provided a
reasonable basis of evaluating a possible reduction in soil shear strength.
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DISCUSSION OF SLOPE STABILITY ANALYSES, Continued

Evaluation of Pore Pressure Development

In order to evaluate variations in pore pressure within the embankments, it is important
to consider conditions which would result in the greatest pore pressures. The greatest
pore pressures typically occur upon rapid drawdown conditions, in which high water
conditions occur within the dam and low water conditions exist outside of the
embankment. Results of rapid drawdown analyses for each dam are tabulated below:

Rapid Drawdown Conditions-
Minimum Factors of Safety
Seismic Conditions Dam No. 4 Dam No. §
02¢g 1.53 1.27
none 4.10 2.56

The rapid drawdown conditions for Dam No. 5 were analyzed for a 4:1 downstream
slope. The proposed 5:1 downstream slope would in our opinion yield even more
conservative results. We also performed rapid drawdown analyses using Janbu,
presented below.

Rapid Drawdown - Minimum Factors of Safety( Janbu)

Seismic Condition Dam No. 4 Dam No. 5
02¢g 1.40 ' 1.14
none 371 2.25

As the dewatering of the tailings basins continue over time, the potential for pore
pressure development to occur is reduced, as saturated soil conditions are replaced with
unsaturated conditions. We have analyzed this unsaturated condition for both dams
under the long-term conditions assumption of a low steady-state ground-water level.
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DISCUSSION OF SLOPE STABILITY ANALYSES, Continued

Selection of Seismic Coefficient

The stability analyses performed for our November 15, 1996 utilized a seismic
coefficient of 0.2g, based on a review of the information available at the time. Since the
date of the report, we have received a report from James C. Case, Head of the Geologic
Hazards Section of the Wyoming Geological Survey. In that report, Mr. Case analyzes
the seismic potential for the site, and concludes that the maximum credible "floating"
earthquake for the site would have a magnitude of 6.25, with a peak horizontal
acceleration of 0.15g. Because we believe that our existing analysis provides a
reasonable assessment of the site, we do not recommend that the stability analysis be re-
run with the lower acceleration. However, it should be recognized that by using the
higher acceleration of 0.2g in our stability analyses, we believe that our overall approach
to the seismic stability of the site is relatively conservative. A copy of Mr. Case's report
is enclosed for your information.

We appreciate the opportunity to provide this additional information regarding slope stability
analysis of the embankments. If you have any questions with the contents of this letter or
enclosures, please call. :

Sincerely,

INBERG-MILLER ENGINEERS REVIEWED BY:
DD e ( o —
Shawn D. Steiner, P.E. Steven F. Moldt, P.E.
Geotechnical Engineer Vice President

SDS:cag:1tr\7294-cx.nrc

Enclosures:  Slope Stability Analyses
Copy of James C. Case August, 1997 Report
References ’
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Pathfinder Mines Co. - Shirley Basin, Wyoming
Simplified Dam No. 4 - High Water Condltlons
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Pathfinder Mines Co. - Shirley Basin, Wyoming
Simplified Dam No. 4 - Long Term Conditions (Statlc Apalysns)
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Pathfinder Mines Co. - Shirley Basin, Wyoms
Simplified Dam No. 4 - High Water Condition
File Name D4S-HIEQ.SLP
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Pathfinder Mines Co. - Shirley Basin, Wyoming
Simplified Dam No. 4 - Long Term Conditions ¢Static
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Pathfinder Mines Co. - Shirley Basin, Wyoming

Dam No. 4 - High Water Conditions (Static Analysi

96/10/29
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. Basic Seismological Characterization for Pathfinder’s Shirley Basin Mill Tailings Site
by

James C. Case
Wyoming State Geological Survey
August, 1997

Background

The U.S. Nuclear Regulatory Commission generated the “Final Standard Review Plan” to guide the
reclamation of uranium mill tailings sites. The review plan clarifies federal regulations 10 CFR 40
Appendix A and 10 CFR 100 Appendix A. The Final Standard Review Plan has three steps to be
completed in order to generate a seismotectonic stability analysis of a mill tailings site. The steps are as
follows:

1) Determination of the Maximum Tectonic Province Earthquake (Floating Earthquake)
2) Identification of Capable Faults
3) Designation of Maximum Credible Earthquake

In order to satisfy the requirements of the NRC as set forth in the “Final Standard Review Plan”, I have
generated a basic analysis of the following items:

. 1) Deterministic Analysis on Nearby Active Faults with a Surface Expression
2) “Floating Basin Earthquake™ Analysis for a Regional Tectonic Province
3) Designation of Maximum Credible Earthquake (Larger of Items 1 or 2)

Deterministic Analysis

In 1988, Geomatrix Consultants, Inc., completed a report titled “Seismotectonic Evaluation of the
Wyoming Basin Geomorphic Province”. The report area includes the Shirley Basin and Pathfinder’s
Shirley Basin Mill Tailings Site. Geomatrix assembled available information on known active faults in
addition to conducting field investigations on poorly studied faults. Based upon the Geomatrix study, as
well as unpublished information and reports at the Wyoming State Geological Survey, I have concluded
that the active fault that could cause the greatest accelerations at the Shirley Basin Site is the Seminoe
Mountain Segment of the South Granite Mountain Fault System. The nearest point on the Seminoe
Mountain Segment is located approximately 53 kilometers west-southwest of Pathfinder’s Shirley Basin
Mill Tailings Site.

Geomatrix (1988) did not find evidence of late-Quaternary movement on the Seminoe Mountain Segment
of the South Granite Mountain Fault System, and scarps that were present were found to be fault-line
scarps due to differential erosion. The Seminoe Mountain Segment, however, is an extension of other
segments of the South Granite Mountain Fault System that have been shown to be active in the late-
Quaternary, and recurrently active over the last 500,000 years. The other segments of the South Granite
Mountain Fault System are located to the west of the Seminoe Mountain Segment, and are all further from
the mill tailings site.

System is a conservative selection for the active fault nearest the site. Geomatrix (1988) did not assign a

‘ Based upon the above analysis, I feel that the Seminoe Mountain Segment of the South Granite Mountain
maximum magnitude earthquake to the Seminoe Mountain Segment, in large part because of poor



exposure of the fault, lack of measurable surface offsets, and uncertainty in the actual length of the
segment. Geomatrix estimated the length of the Seminoe Mountain Segment to be 36 kilometers. Such a
fault length would result in a magnitude 6.85 earthquake if the entire length ruptured (Wells and
Coppersmith, 1994). All other active segments of the South Granite Mountain Fault System, however,
have been assigned a maximum magnitude of 6.5 to 6.75. Due to the uncertainties associated with the
Seminoe Mountain Segment, I feel that a maximum earthquake of magnitude 6.75 is more reasonable
than one of magnitude 6.85.

A magnitude 6.75 earthquake originating on the Seminoe Mountain Segment, located 53 kilometers from
Pathfinder’s Shirley Basin Mill Tailings Site, should result in a peak horizontal acceleration of
approximately 0.05g (Campbell, 1987) at the site. This acceleration is conservative, considering the
uncertainties associated with the Seminoe Mountain Segment.

Floating Basin Earthquake for a Regional Tectonic Province

NRC'’s Final Standard Review Plan requires that “For those earthquakes not associated with known
tectonic structures (i.e., “floating” earthquakes) the largest event that has occurred in each of the tectonic
provinces expected to influence the seismicity of the site should be identified”. In other words, the largest
event that has occurred and has not been tied to a specific fault system, or related structure, should be
considered the “floating” earthquake for the tectonic province. The “floating” earthquake may be larger
than the largest historic earthquake, and should be the largest “random” earthquake thought to have
occurred in the last 35,000 - 50,000 years.

Lawrence Livermore National Laboratory (Bernreuter and others, 1994) included the Shirley Basin in a
“Central Wyoming Seismic Zone”, defined by 109.7° West longitude on the west, 105.5° West longitude
on the east, 41.5° North latitude on the south, and 43.0° North latitude on the north. This “Central
Wyoming Seismic Zone” is within an even larger tectonic province, defined by Geomatrix (1988), called
the “Wyoming Foreland Structural Province”. The “Wyoming Foreland Structural Province” is '
approximately defined by the Idaho-Wyoming Thrust Belt on the west, 104° West longitude on the east,
40° North latitude on the south, and 45° North latitude on the north.

Geomatrix (1988) estimated that the largest “floating” earthquake that may occur in the “Wyoming
Foreland Structural Province” would have a magnitude in the 6.0 - 6.5 range, and used a magnitude 6.5
earthquake in their analysis. The average of the range of magnitudes suggested by Geomatrix for a
“floating” earthquake in the “Wyoming Foreland Structural Province” is magnitude 6.25. A magnitude
6.25 “floating” earthquake is suggested by Lawrence Livermore National Laboratory (Bernreuter and
others, 1994) for the “Central Wyoming Seismic Zone. I used a magnitude 6.25 “floating” earthquake in
my analysis of Pathfinder’s Shirley Basin Mill Tailings Site.

Once the “floating” earthquake has been determined for a tectonic province, it must be arbitrarily placed
at a certain distance from a site in order to estimate what accelerations may be felt if such an earthquake
occurs, NRC’s Final Standard Review Plan defines the site-to-source distance for “floating” earthquakes
as 15 kilometers.

A magnitude 6.25 “floating” earthquake place 15 kilometers from Pathfinder’s Shirley Basin Mill
Tailings Site would result in a peak horizontal acceleration of 0.15g at the site.



Maximum Credible Earthquake

Based upon the guidance supplied in NRC’s “Final Standard Review Plan”, the maximum credible
earthquake on the nearest identified active fault would have a magnitude of 6.75. The maximum credible
“floating” earthquake, not associated with a specific active fault, would have a magnitude of 6.25.
Because the nearest identified active fault is 53 kilometers from the site, design accelerations should be
based upon the “floating” earthquake. A peak horizontal acceleration of 0.15g should be used in the
design of Pathfinder’s Shirley Basin Mill Tailings Site.

Summa,

A basic seismological characterization was conducted for Pathfinder’s Shirley Basin Mill Tailings Site.
Based upon guidance provided in the “Final Standard Review Plan” (U.S. Nuclear Regulatory
Commission, 1993), a peak horizontal acceleration of 0,15g should be used in the design of the mill
tailings site.
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. Hydro-Engineering
Responses to NRC Comments
Section 1- Geotechnical

Comment 4. Technical basis for settlement and subsidence calculations.

Response: It is important to point out that the predictive consolidation modeling was
done with a very simplistic approach because it was intended for comparative purposes
only. NRC personnel have repeatedly emphasized that demonstration of achievment of
tyo With monitoring is the accepted standard which must be met before construction of
the final cover. The following text addresses specific aspects of the predictive
settlement calculation that were brought up in the comments.

(i) The compressive indices varied with the nature of the tailings but a universal
composite compressive index was used to simplify calculations. The hydraulic
spiggoting of teilings irom tnany iocations results in a tremendously
heterogeneous tailings pile and it simply is not practical to characterize the
tailings with the resolution that would allow a very local predicition of settlement.
It is possible to distinguish between areas that are primarily slimes and primarily
,,,,, sands, as well as using gamma logs from wells to determine a rough proportion of

: sand or slimes at other locations. This information is used in developing a
settlement monitoring program. However, because of the known heterogeneity
and variability in the tailings placement, it is not worthwhile to do an elaborate
predictive settlement analysis or sensitivity analysis. Rather, the NRC has
indicated that it is preferrabie to monitor settlement.

(ii) Like compressive index, the void ratio showed tremendous variability between
tailings samples. A typical composite value was selected for simplicity.

(iii) At the time that the samples were taken and the subsidence analysis was
done, much of the No. 4 and No. 5 Ponds was still covered by tailings solution,
hence the total stress and pore water pressure estimates were based on
assumptions of extreme initial and final conditions. The intial total stress was
estimated as a linear stress distribution from the surface with an overburden unit
weight of 125 Ib/ft>.  The initial pore water pressure was assumed to be a
hydrostatic pressure distribution for a compietely saturated tailings profile. The
final total stress was assumed to be a linear stress distribution from the surface
with an overburden unit weight of 100 Ib/ft>. The final pore water pressure was
assumed to be negligible throughout the profile.

Regarding the potential for differential settlement, the committment to delay construction
3 of the final cover until settlement monitoring indicates ty, has been reached is
‘ considered adequate protection against cover damage by settlement. There is currently

Hydro-1
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an aggressive tailings dewatering and solution evaporation program underway to
accelerate consolidation. As discussed above, the heterogeneity of the tailings in
combination with extremely complex drainage conditions makes local prediction of the
rate and magnitude of settlement very difficult. As such, the settlement monitoring
program appears to be a far more reliable means of insuring that the magnitude of
differential settlement is acceptable. The only appreciable dynamic loading that will
occur on the radon barrier will be during construction of the barrier and the overlying
erosion protection layers. During the construction process, general grading and
appropriate routing of construction traffic will eliminate areas where the cover could be
compromised by the dynamic loading. With the demonstrated essential completion of
primary consolidation, the strain on the cover will be very limited and cracking of the
cover will be unlikely. In addition, the potential impacts on radon flux of small, strain
induced cracks in the cover are trivial. As an example, the bare source flux for scenario
#1 of the radon modeling in the TRP is 43 pCi/m%s while the presence of the cover
lirniits the radon flux 10 8.5 ©Ciim%s. Civan his ratio of radon flux rates, roughly one-
half of the surface area of tailings would have to be completely exposed by cracks to
exceed the limiting flux of 20 pCi/m?/s. This radon flux from the exposed area is subject
to the nature of the tailings and cover, but it is difficult to imagine a scenario where the
area of exposed tailings due to cracks would be measurable, much less constituting a -
signficant part of the total tailings cover area. ‘

Comment 5. Problems with Table 5-12 and compressive index.

Response: Table 5-12 contains errors in the alignment of heading labels and is being
replaced. As mentioned above, a single universal compressive index was used in the
predictive analysis in the interest of simplicitv.

Comment 6. Proposed embankment slopes.

Response: The embankment slopes will be reduced to 5H:1V.

Comment 7. Field testing of permeability.

Response: in addition to Table C.2-4, the reviewer is referred to Table C.2-1 which
contains permeability results for samples taken from the South Dump test holes. The
largest of the permeabilities from this sampling program was used in the infiltration
calculations. There has always been some concern about validity of laboratory testing
of permeability and it naturally follows that the focus of the concern is with situations
where a very small permeability is desired. Unfortunately, satisfactory field testing of
permeability requires post-construction testing or creation of a test pad. Even under

H 'ydro-2
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field conditions, a permeability test causes some disturbance and may introduce
substantial error, and it seems unlikely that the error would give a smaller indicated
permeability. If the permeability used in the infiltration modeling is increased to 107
cm/sec, the maximum infiltration depths for the locations in Table 5-13 of the TRP
increases to 3.01 inch. This depth of penetration is still acceptable and this calculation
indicates that the permeability of the barrier material is substantially smaller than
necessary. It should also be noted that the depth of infiltration is an iterative calculation,
and the depth of penetration for locations in Table 5-13 of the TRP will converge to
slightly smaller values if the number of computations is increased. It is unfortunate that,
as the laboratory tests indicate less permeable material, the results become more and
more suspect.

Section 2- Radon Attenuation
Comment 1. Quantities of clay barrier material.

Response: The South Test Hole (STH) and North Test Hole (NTH) sampling programs
were intended to determine both the quantity and quality of the planned barrier material.
The lithology logs for 11 test holes on the South Dump are presented in Appendix A and
were used to determine the thickness of layers of suitable material. Cross-sections
were developed using the test hole logs and this allowed computation of the available
volume of suitable clay. This was done informally during the development of the TRP
and is presented in a more formal manner in an attached report. The test holes covered
an area that was expected to yield sufficient clay for the barrier but only covered a small
percentage of the actual footprint of the south dump. Since the planned barrier material
originated as a thick aquitard between the White River and Wind River aquifers, there is
every reason to believe that the same clay is present in large quantities throughout the
dump. If necessary, the borrow area can be expanded to provide clay for the barrier.
The required volume of clay for the barrier is presented on page 10-2 of the TRP.

Comment 2. Radiological properties of tailings.

Response: With the recent coverage of the former pool area on the No. 5 Pond,
additional sampling is possible and a minimum of eight radon flux measurements will be
taken. The details of this sampling program are discussed later in this response. The
thickness of the interim cover will also be determined and included in the radon
modeling. A substantial thickness of interim cover has been applied to the former pool
area of the No. 5 Pond, and it may be possible to reduce the planned three foot clay
radon barrier thickness to the 2.5 foot clay thickness planned for the remainder of the
No. 5 Pond. Current sampling coverage in Pond No. 4 is sufficient and operational

Hydro-3
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adjustments will be made in cover placement or the placement of general fill if
unexpected conditions are encountered. In order to clarify the methods used in radon
modeling in the TRP, the following discussion describes the reasoning used in the
original sampling and modeling and addresses some of the concerns of the reviewer.

In the tailings well sampling program (TW series), sampling at less than three feet
was not done to prevent potential dilution of the samples with interim cover. Many of the
pit samples were taken from shailower depths (see Table 2-1 of the TRP) and the
greatest Ra226 activity for samples taken from depths less than three feet for the pit
samples was 65.8 pCi/gm. The average Ra226 activity for all of the Pond 4 and Pond 5
shallow (less than three feet) pit samples was 29 pCi/gm, hence the reasoning for
excluding samples with a Ra226 activity of less than 20 pCi/gm and the concerns for
sample dilution by non-tailings material. Because the pit samples were located on the
periphery of the ponds to determine the extent of tailings, they also represent limited
tailings depths, and were not included in the radon emanation modeling for this reason.
ir ali of the Pond 4 and Pond 5 tailings well and cit camplcs iess than 20-feet from the
surface are included, the average activity is 72 pCi/gm. This is still substantially below
the value of 107 pCi/gm (average activity of 65 pCi/gm. plus one std. deviaticn) used in
the scenario #1 modeling and corresponds closely with the average activity for scenario
#1 of 65 pCi/gm. It should be noted that there are two errors in Table 3-1 of the TRP. .
The Ra226 activity for sample TW4-1B (25'-27') should be 728 pCi/gm rather than 7.28
pCi/gm and the sample for well TW4-1B (3' to 5') was omitted. This additional sample
gave a total of eight that were actually used in calculating the average Ra226 activity.
This table is corrected and replaced in this submittal.

The gamma logs were used as a very strong indicator of the nature and activity of
tailings at the well or sampling locations, and were used in deciding which samples
should be used in the radon modeling. As an example, Figure A.2-3 of the TRP
nresents the genphysical log for well TW4-1C and Figure A.3-3 presents a predicted
Ra226 activity based on the gamma log. A sample was taken from this well at the 3 feet
to 5 feet depth with a resulting Ra226 activity of 53.6 pCi/gm. This was a typical sandy
tailings sample, and the gamma log indicates that the material is similar to a depth of
roughly 18 feet. Below this there is a transition zone to what appears to be a slime zone
extending from 25 feet to 45 feet depth. This is supported by the lithologic log on page
A.1-3 of the TRP, although there is sometimes considerable lag and mixing of cuttings
for tailings wells, as demonstrated by the five foot discrepancy between lithologic and
geophysical logs. When this occurs, the geophysical log is considered more reliable in
indicating depths of specific materials. The gamma log in Figure A.2-3 also presents a
fairly typical tailings deposition pattern for the central tailings area. The depostion of
fines (slimes) at great depth from the surface likely occurred early in the life of the pond,
when spiggoting was done from the dam or extreme periphery of the pond. At this time,
much of central tailings area was under ponded water. As the tailings sand filled in on
the beach areas along the pond periphery, the spiggoting was moved inward on the
pond. This crowded the pool area into its location at the time of development of the
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TRP, and overlaid much of the initial siime pool with substantial depths of sandy tailings.
The tailings dams were constructed across the upper end of the Mine Creek channel,
and the presence of channels and other flow diverting features at the base of the ponds
further complicates depositional patterns. With this in mind, an additional exhibit
(Supplementary Exhibit A) has been developed showing areas of primarily sandy
tailings, primarily slime tailings, and slime tailings overlain by significant depths of sandy
tailings.

Most of the tailings well samples were taken from the top eight feet of tailings.
The exceptions to this were when the gamma logs indicated a substantial change in the
properties of the tailings, and two samples were taken from slime layers at depths
greater than 25 feet to determine slime properties. The radon flux is more directly
affected by the source materials near the surface unless the underlying materials have a
substantially greater Ra226 activity. None of the gamma logs indicated a substantially
greater activity for iaitings at depihs of 8 {o 18 fest from the suiface, so sampling was
concentrated in the top eight feet. A brief sensitivity analysis shows that a two-fold
increase in the Ra226 activity for the top eight feet of tailings for radon modeling
scenario #1 of the TRP increases exit radon flux from 6.6 pCi/m%s to 12.4 pCi/m¥s. If
the two-fold increase in Ra226 activity is moved to the bottom 8.4 feet, the increase in
exit radon flux is from 6.6 pCi/m%s to 7.4 pCi/m%s. It is apparent that, uniess there is a
reason to believe that the Ra226 activity is much greater at depths of 8 to16 feet, the
properties of tailings from the 0 to 8 feet depth has more impact on the radon fiux.

The measured emanation coefficients for the tailings samples are generally lower
than published values for tailings. A series of simulations were conducted with the
default emanation coefficient of 0.35 to evaluate potential impacts if the measured
emanation coefficients are anomalously small. These simulations used average cover
moisture content for the cover material. and average radium activity for the tailings. The
remainder of the parameters were the same as the original modeling. The exit flux for
scenario #1 increases to 8.3 pCi/m?s and the exit flux for scenario #2 increases to 30.3
pCi/m?/s with these revisions and the dramatic change in emanation coefficient. Neither
of the simulations includes the interim cover that is in place over much of the tailings.
The recent placement of interim cover over slime areas of Pond No. 5 has added a
minimum of one foot of clay to the tailings. If this interim cover is included in the
scenario #2 comparative modeling with a conservative interim cover moisture content of
15%, the exit flux of 30.3 pCi/m?%s is reduced to 19.9 pCi/m¥s. With either situation, if
the proportion of the tailings area where slimes are present near the surface (roughly
40%) is considered, the average radon exit flux is still well below 20 pCi/m¥s and ranges
from 12.9 pCi/m?%s to 17.1 pCi/m?/s. The radon flux from the chimney drain is not
included in this evaluation because the average depth of cover over the cycloned
tailings in the chimney drain will likely exceed ten feet.

The preceeding discussion indicates that there are sufficient conservatisms
incorporated in the radon modeling to insure that radon flux at the surface will be limited
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to less than 20 pCi/m?%s. Additional sampling on Pond No. 5 as discussed below will
allow further evaluation of the proposed cover configuration, but at present, the planned
cover configuration is considered more than adequate.

A minimum of eight radon flux measurements will be taken on the No. 5 Pond.
These samples will be distributed over the entire pond area, but there will be some
concentration of sampling within the former pool area of the pond. These samples will
be taken on top of the interim cover, which is constructed from a material similar to that
of the eventual radon barrier, but is not subject to the quality control or compaction of
the final cover. These samples should be a much more reliable means of predicting the
eventual radon emanation from the tailings area. A radon flux measurement integrates
all of the tailings and cover material properties that affect radon flux, and avoids
concerns about quantifying those properties.

Comment 3. Sampling lccations.

Response: The OP- sample designation refers to ore pad test holes where only gamma
logs were taken. The locations of these test holes are shown on Exhibit 2-2 of the TRP
and the gamma logs are presented in Appendix A. Text on Page 2-5 incorrectly states.
that OP- hole locations are shown on Exhibit 1-1. This text is corrected in this submittal.
The NS- designation refers to two surficial wells that were installed near the north end of
Pond No. 5. The location of these two wells was inadvertantly left off of Exhibit 1-1, and
this exhibit is replaced in this submittal. Only geophysical logs were taken for these two
wells, and these logs are presented in Appendix A of the TRP.

Comment 4. Buildings.

Response: No buildings will be left within the restricted area.

Comment 8. Radon barrier parameters.

Response: The cover material sampling plan was intended to identify quantity and
quality of the available material. The test hole drilling logs were used in identifying the
location and quantity of suitable materials, and then samples from the drill holes were
tested. Quality control criteria were developed and included in Section 11.2. Samples
were excluded from computations for the clay radon barrier if: they did not meet the
quality control criteria, they were taken from the north dump which is only considered an
auxiliary source, or the analysis was not complete. As an example, none of the three
CP samples meets the gradation criteria which requires that 83% of the barrier material
pass a #200 sieve, while the Set samples are lacking Atterberg limits testing. The ND
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and NTH samples were not included because they were taken from the North Dump.
The remaining samples represent a fairly uniform clay material present in large
quantities in the south dump. If all of the samples that meet the QA/QC gradation and
density criteria (with the exception of those which do not have an organic matter
content) are included in the averaging, the resulting mean moisture content is 21.59%
and the mean maximum dry density is 96.54 Ib/ft>. This dry density has declined slightly
from ©9.26 Ib/ft’ for the original sample set, while the mean predicted long-term
moisture content has increased substantially from 18.74%. If these values are
substituted into the radon modeling, the increase in moisture content will more than
offset the slight decrease in density, and the radon flux will decrease substantially. As a
result, the selection process for the original radon barrier sample set excluded superior
barrier materials based on location or incomplete testing resuits, as well as excluding
unsuitable material. If the excluded superior barrier material samples represent a large
volume of clay in the borrow area, the clay radon barrier will be of better quality than that
used in ihe modeling. :

Comment 8. Mill and ore pad area cover thickness.

Response: The mill rubble was buried in trenches and then covered with a minimum of
three feet of the spoil from the trenches. Characterization of the mill rubble as an
average "source" is not feasible, but the equivalent Ra226 activity for the mill rubble
and overlying cover is expected to be much lower than that for the scenario #1 radon
modeling. Gamma logs for the ore pad test holes (Appendix A of the TRP) indicate
varying predicted Ra226 activites ranging from less than 5 pCi/gm to approximately 160
pCi/gm with source layer thicknesses ranging from 0 to approximately 9 feet. The
"worst-case” ore pad radon source situation appears to be hole OP-7 presented in
Figure A.3-23 of the TRP with an average predicted Ra226 activity of 160 pCi/am
extending to a depth of approximately 2 feet. If this source layer is substituted in the
scenaric #1 modeling with the maximum measured emanation coefficient for ore
materials on the low grade waste pile of 0.166, the resulting exit flux is 10.2 pCi/m“/s.
The reclamation design for the ore pad area is being revised to leave more of the ore
pad in place with appropriate cover. Radon flux measurements for the mill and ore pad
area will be conducted shortly, and the results will be incorporated into the TRP. In
conjunction with the radon flux measurements, samples of the existing mill area cover
will be analyzed for moisture content. Like those from the No. 5 Tailings Pond, these
radon flux measurements are expected to be a much better measure of the eventual
radon emanation from the tailings than predictions based on materials properties.
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Pathfinder Mines Corporation
Shirley Basin Mine
Clay Borrow Volume Estimates

In the process of developing the Tailings Reclamation Plan (TRP) for Pathfinder Mines
Corporation's (PMC) Shirley Basin Mine, an investigation of potential clay sources for
the radon/infiltration barrier was undertaken. Eleven test holes were drilled in the Area 3
South Dump (see Figure 1) which provided the necessary lithology and samples to
estimate the available volume of suitable material. The test hole logs are presented in
the TRP and the information is only summarized on cross-sections in this report. Seven
cross-sections were developed and presented in Figure 1. These cross-sections were
constructed by superimposing test hole lithology for up to four holes that fell roughly in a
line. Surface elevations were estimated from topography when the holes were drilled,
and the eventual reclamation surface at each hole was also estimated and is presented
in Figure 1. Since the holes are used in more than one cross-section, there was no
labeling of individual cross-sections to avoid confusion. Rather, the sequence of hole
numbers is used to indicate the cross-section location.

Samples from the test holes were used to estimate properties of the suitable material.
The specifications for the radon/infiltration barrier are presented in the TRP and were
derived from sample properties. Materials that meet the specifications can be used for
the radon/infiltration barrier, while reject materials may be used for general fill or for the
sandy capillary barrier layer.

The volume of available material was estimated by determining the thickness of suitable
material from the cross-sections, and then interpolating the thickness between test
holes. A grid system was then developed over the planned borrow area and the
thickness and area of each cell were used to determine the volume of clay in each cell.
The sum of the volumes for the cells was approximately 1.5 Myd®. This estimate was
done in a conservative manner but is still slightly greater than the required volume as
estimated in the TRP. If additional clay is required, the expansion of the borrow area
would be southeast from hole STH-3. The log of hole STH-3 indicates that there is a
substantial thickness of clay at that location, and extension of the borrow in this area
should yield a large volume of clay with only minor adjustments in the post-reclamation
configuration.
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. REPLACEMENT AND ADDITIONAL PAGES AND EXHIBITS

The following table itemizes the enclosed revisions to the Shirley Basin Tailings
Reclamation Plan and indicates the replacement pages for the document currently on

file with the NRC.
e | Rev
New Text/Exhibit Replace(s)

Volume | Cover Page Volume | Cover Page
Page 2-5 Page 2-5

Page 3-5 Page 3-5

Page 5-83. Page 5-83

Exhibit 1-1 Exhibit 1-1

The text is copied double-sided and, in many cases, the unmodified adjacent page is
replaced along with the modified page to preserve the numbering sequence. The
revision date for each page is located in the lower right hand corner of the page.
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May 29, 1997

Mr. Joseph J. Holonich, Chief

Uranium Recovery Branch

Division of Waste Management

Office of Nuclear Material Safety & Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Re: Docket No. 40-6622
License No. SUA-442
Shirley Basin Mill

The following comments and modified text pages (five copies of each) to the Tailings
Reclamation Plan and supplemental Soil Cleanup Verification and Sampling Plan are
submitted in response to your letter dated May 12, 1997, concerning the Soil Cleanup
Verification Plan and associated items. Other aspects of the May 12 letter will be addressed

. in subsequent submittals. Reference below to "supplemental text" means the text of the soil
cleanup verification plan.

Radon Attenuation.
Comment 4: The plan does not mention whether or not buildings will remain on the site.

Response: No buildings (excluding temporary huts over wells) will remain within the
restricted area after decommissioning. In the area of windblown tailings cleanup,
decontamination will be done under such temporary buildings during the general cleanup.

Comment 5: The proposed soil background Ra-226 value is not substantiated.

Response: The original data set has been modified to reflect samples only taken from the
upper 15 cm. to 20 cm. of soil and at locations that should be reflective of background as
seen on undisturbed ground and in mine related areas beyond the general area of the
proposed cleanup. Based upon this narrower data set it appears that a background value
of 3.0 pCi/g Ra-226 is still appropriate. This site is very proximate to an area of mine
disturbance encompassing in excess of 3,000 acres that bounds the restricted area on three
sides. As a result it is very appropriate to consider Ra-226 levels in the soils of the mine
area when one considers background for the mill/tailings site. One would expect a
disproportionate number of elevated Ra-226 shallow soil sample sites relating exclusively to
‘ the mine. Informational copies of the three earlier reports that have been utilized in

Pathfinder Mines Corporation * 935 Pendell Boulevard * P.O. Box 730 » Mills, Wyoming 82644
Tel: (307) 234-5019 Fax: (307) 473-7306
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developing the revised data set are included with this submittal. See modified text pages
2-2 and 2-3.

Comment 6: The plan does not address other radionuclides that may require cleanup.

Response: This site maintained close control of source/byproduct material handling such
that no problems with uranium or thorium are anticipated in the general cleanup area.
Virtually all contamination directly relates to wind dispersed tailings, and the Ra-226
cleanup criterium should also insure the cleanup of other radionuclides of interest. There
were no releases of solution that would result in elevated U-nat or Th-230 levels. However,
PMC will randomly select twenty percent of the final verification samples for analysis of U
and Th-230 to demonstrate adequate cleanup of those radionuclides. See modified
supplemental text page 10 and revised procedure 03.022.

Comment 7: Inadequate Gamma Survey Information.

Response: See modified text page 2-4 which references the Soil Cleanup Verification and
Sampling Plan.

Comment 10: Section 11.8 does not reflect the Cleanup Verification Plan.

' Response: It does not appear that the reviewer had the most current Section 11.8 (dated
5/20/96) which refers to a planned appendix that provides details of the soils cleanup
verification. See enclosed modified text page 11-7 which formally incorporates the cleanup
plan.

Soil Cleanup Verification and Sampling Plan.

Comment 1: PMC should indicate which document contains the background soil Ra-226
data.

Response: The background soil Ra-226 data is presented in the Reclamation Plan and is
further addressed in Comment 5 under Radon Attenuation in this submittal. See modified
supplemental text page 1. '

Comment 2: PMC should confirm that the height of the detector that is mounted on the
four-wheel drive vehicle is 18 inches, the same as the hand-held Ludlum 44-10.

Response: The detectors are mounted at a height of 18 inches above the ground surface
on the four-wheel drive vehicle which is the same height as that used for the hand held
correlation studies. See modified supplemental text page 5.
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Comment 3: PMC should explain how the second study - meter at “normal height” and 36
inch diameter area sampled (page 3), relates to demonstrating that the average Ra-226 value
in 100 m? area meets the standard.

Response: The study at specific points was done in uniformly contaminated and highly
characterized areas. This was done in order to provide additional data to support our action
levels. The point measurement locations were selected using the following criteria: a) the
point measurement location must be in an area that has uniform count rates and therefore
must not be affected by shine from nearby highly contaminated areas, b) the detector
readings at the points must be in the anticipated range of interest. Since the soils directly
beneath the detector have the primary influence on detector, the soil within the 36-inch
diameter circle beneath the detector was carefully characterized by taking five samples from
this circular area. The correlation was then done between the detector reading and the soil
concentration.

In some ways this method of arriving at an action level more properly reflects what one
expects upon final cleanup of a windblown tailings contaminated area. First, grid blocks
sampled after the cleanup will normally be free of hot spots (uniformly contaminated or at
background levels). Therefore by taking more samples near the detector in a uniformly
contaminated area during the study, the sampling error has been minimized and the Ra-226
concentration is known very accurately. Also, the count rate can be determined very
accurately by integrating the count over one minute or more. For exposure rate meters, the
average exposure rate could be determined by watching the meter for a period of time or
by writing down several measurements and taking the average. It might be argued that the
point measurement study is the benchmark to which all other studies should be compared.

In the study of the entire 100 m’ plots, the individual plots were not uniformly
contaminated. This leads to concerns about sampling errors (and thus erroneous Ra-226
concentrations) and determining the average count rate or exposure rate. In some sense,
this may represent the worst case situation after cleanup (rather than the norm). If this is
the case, an action level determined from such a study should be highly conservative and
apply to all situations within the windblown area with greater than a 95 percent confidence
level.

As can be seen from the study results, both methods predicted essentially the same action
level. This provides a high level of confidence that the action level has been accurately
determined at the 95 percent confidence level.

Comment 4: PMC (page 6) considers two of the Ra-226 QA values determined by ELI
(vendor lab) as outliers because they don’t agree with other data trends.

A\
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a. PMC should indicate how future QA data will be discarded and
why they have confidence in the vendor lab’s QA/QC program.

b. PMC should have another lab analyze the two questionable samples.

c. PMC should insure that the soil sample mixing procedure is adequately
implemented.

d. PMC should indicate what degree of agreement with the QA Ra-226 data is
required to consider the gamma spectrometer data valid.

Response: PMC consulted with the vendor laboratory and believes that their sample
aliquoting procedure was the cause for the different values for the two samples. Because
of the large discrepancy between the results for these two samples, it is highly probable that
the major contribution to the difference arises from an aliquoting error. Therefore an
analysis by another laboratory would not be revealing. PMC believes that the problem has
been resolved and has focused on establishing a very intensive QC check program for the
verification samples as described below. 1

For future analyses, the vendor laboratory has agreed to process the entire sample before
taking an aliquot for radiochemical analysis. PMC proposes to use the more costly
radiochemical analysis method as the primary verification method (rather than the gamma
spectral analysis as stated in PMC's April 3, 1997 Soil Cleanup Verification and Sampling
Plan, Procedure 03.022.01) since good agreement with the field gamma spectrometry
laboratory and samples sent to ORISE has been demonstrated. As a check on the primary
vendor lab’s QA/QC program, PMC will split all verification samples and submit twenty
percent of the samples to another vendor laboratory for Ra-226 analysis as QC samples.
PMC is not aware of any other cleanup program that submits twenty percent of the
verification samples to a second vendor laboratory for analysis as a QC check on the primary
vendor laboratory. This, along with the results from the on-site laboratory for each sample,
should provide assurance that the laboratory results are accurate. SOP No. 03.022.01 has
been revised to incorporate these changes and is enclosed.

The results from the two vendor laboratories will be evaluated by assuring that the error
bars overlap at the three standard deviation level for all samples having measured Ra-226
concentrations greater than 1 pCi/g. That is, if the sample results for laboratories A and B
are reported as C, + 30, and C; =305, where o is the standard deviation, PMC will conduct
an investigation if the following condition is not met:  |C, - C3| < |30, + 305|- The
investigation may include having one or both laboratories repeat their analyses. The reason
for not including results for less than 1 pCi/g is that agreement at these very low levels is
normally not a good indicator of laboratory quality and the above test almost always is met
because of the large relative errors.
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PMC and its on-site contractor have instituted a technician qualification program to assure
that proper sampling and sample preparation procedures are followed.

Comment 5: Page 7 states that PMC will decide on the gamma survey method. PMC
should indicate if the hand held Ludlum Model 19 data, using verification procedures, is as
accurate and precise as the GPS-detector system.

Response: The Model 19 data is not as precise as the GPS-detector system. The primary
reason for including this instrument in the study was to determine whether it was
appropriate for use in excavation control activities. The Model 19 will not be used for
verification measurements. See modified supplemental text page 8.

Comment 6: PMC proposes (page 9) to soil sample the 3 grids with the highest gamma
level out of each 232 grids (1.3 %). This approach has been approved by NRC for other
sites that used the GPS-gamma recording system. PMC should clarify what pattern the
technician walks within the grid when using the hand-held instrument and justify that the
one minute scan per grid detects sizable hot spots (adequate meter/operator response time).

Response: The GPS data is obtained by walking or driving parallel lines covering large
areas with the position and count rate recorded and downloaded into a computer. The grid
blocks are established within the GIS software. The traverse distance must be sufficient to
obtain the minimum number of data values per grid block. In order to avoid repeating the
survey, the traverse distance and speed are adjusted so that the data are uniformly spread
across the grid blocks and that there are ample data points so that failure to meet the five
(or seven in some cases) data points per grid block is very improbable. Normally, more than
twelve data records per grid block are posted on the data maps.

To date, the one-minute integrated count method has not been used for verification. While
demonstrated in this study to be equivalent to the GPS-recorded data, it will be used only
if a few grids require verification and the GPS-recording system is not available. In that
case, PMC will train the technician to scan the entire area looking for hot spots and remove
the hot spots prior to making the measurements or taking the samples. In addition, gamma
count rates will be recorded using the Ludlum Model 44-10 detectors at each of the
sampling locations to document that the area has a uniform count rate.

Comment 7: Page 9 states that for windblown areas, a minimum of 5 data records have
been shown to be sufficient. PMC should reference this demonstration and indicate if this
statement is true for the Ludlum Model 19.

Response: PMC'’s on-site contractor, Environmental Restoration Group (ERG), applied this
technique to another mill site (Homestake Mining Company, Grants Uranium Mill) where
more than 1,000 acres were remediated using similar criteria. This criterion is being applied
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at PMC's Lucky Mc Mill site which is in the final stages of verification. This statement does
not apply to the Model 19. Also see responses to Comments 5 and 6.

Comment 8: PMC should indicate if the data will be determined to be normally distributed
before the “student t” test (page 10) is used.

Response: PMC will determine if the data are normally distributed. See modified
supplemental text page 10.

Comment 9: PMC should indicate what subsurface soil sampling will be done besides the
3 feet or deeper areas mentioned in procedure 03.022.01.

Response: The reference to three feet in the procedure was a depth at which back filling
would normally be done. Where back fill will be applied, the 15 pCi/g plus background Ra-
226 concentration limit will be applied. This procedure was written for application to these
irregularly shaped excavations. Unless there is reason to suspect that there have been man-
made disturbances in an area, there are no plans to sample below the top six-inch layer. It
has been our experience (e. g. ground-water cleanup piping trenches at the Lucky Mc Mill
Site) that it is quite evident from examining the gamma contour maps where disturbances
have resulted in contaminating subsurface soils.

Comment 10: Procedure 03.020.01 (page 3) indicates a minimum of 7 gamma records MAY
be required near the mill site or other areas where localized “hot” spots may be present.
PMC should consider revising this to WILL be required.

Response: This change has been incorporated into the enclosed revised procedure.

Comment 11: Procedure 03.020.01 indicates action levels for shielded detectors that do not
agree with values on page 5 of the plan. PMC should provide a page correction for the
procedure.

Response: See the enclosed revised procedure 03.020.01.

Comment 12: PMC should address reporting requirements. For example, Ra-226 data
should include the counting error at the 95 percent confidence level and the minimum
detectable concentration should be reported for the gamma spectrometer. Also, any grids
requiring further cleanup based on soil sampling, should be reported for inclusion in the
Completion Report.

Response: PMC will provide this in the Completion Report.
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Comment 13: PMC should address the delineation of and surveying of the unaffected area.
The discussion should mention any off-pile disposal, releases, wind rose, haul routes, and
prior survey results.

Response: The boundaries of the contaminated areas that were cleaned will be shown on
the final gamma survey maps included in the Completion Report. Gamma data will be
provided beyond the cleaned areas for a minimum distance of 250 feet. Where appropriate,
other supporting data will be provided to demonstrate that the affected area has been
delineated. Other site features such as haul routes, off-pile disposal areas, and structures
will be addressed in the Completion Report.

Comment 14: PMC performed the gamma-Ra-226 correlation with a 9 sample soil
composite, but the verification procedure indicates a S-sample composite. PMC should
indicate why the correlation derived gamma action level is appropriate to apply to the
verification procedure.

Response: The correlation studies were conducted in the windblown areas of the Shirley
Basin site after removing a very thin vegetation layer. The reason for the removal of the
vegetation layer was to provide a more homogeneous contaminant distribution, representing
more closely the conditions of the final radiological survey. This study had one source of
error that had to be considered. The scraped areas were 100 m” in size and normally were
not uniformly contaminated. This leads to a relatively large sampling error. The condition
that is expected to exist after cleanup is that each grid block will be at background or have
uniformly distributed residual contamination. Sampling such a grid block can be done with
a very small sampling error, regardless of the number of samples obtained. PMC therefore
wanted to design the experiment such that the sampling error for the study was
approximately the same as the sampling error anticipated in the final verification surveys.
We compensated for the heterogeneity of the study plots by increasing the number of
samples to nine rather than five, thus reducing the sampling error in the study. It is
believed, however, that the sampling error associated with the studies will still be larger than
the sampling error during the verification sampling. This is acceptable in that it leads to a
conservatively derived action level.

We should note that the uniformity of the contamination in the areas that have been
cleaned will be assured by examining the gamma data at levels near the action level.
Indicated hot spots above the action level will be removed.

Comment 15: Given the low coefficients of correlation and the low Ra-226 values used in
the gamma-Ra-226 correlation, PMC should indicate what checks on the correlation will
be performed during verification.

Response: PMC believes that these studies were well designed and executed. The results
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reflect the normal errors one would anticipate, considering all the known influences. The
study conditions were carefully designed to approximate those anticipated after cleanup .
The action levels were obtained from the calculated 95 percent CL line and therefore
considers the data scatter and lack of a perfect correlation. The results of all studies were
internally consistent where expected, providing additional confidence that the study design
was proper and the results valid.

While the average Ra-226 concentration for the plots was below the cleanup limit, the 95
percent CL action level determined from extrapolation agreed with that determined from
the “point studies” which did have Ra-226 concentrations above the cleanup limit.

During cleanup, PMC expects that there will be very few grid blocks at or above the action
levels. However, PMC will continue to evaluate the action levels based on the correlation
with the results from the on-site gamma spectrometer. PMC recognizes that it is cost
effective to reduce the action level early in the cleanup, if necessary, rather than run the risk
of failure of the verification samples.

We hope that the above responses will lead to a quick approval of the Soil Cleanup
Verification and Sampling Plan for the Shirley Basin mill site. In order to meet the license
mandated schedule for completion of the windblown tailings retrieval we must begin actual
cleanup activities next month. Pathfinder is particularly concerned about the potential for
entering into an extended debate with the NRC about an appropriate background Ra-226
value. We are convinced that the suggested 3.0 pCi/g is reasonable and defendable. ERG
will begin the initial gamma survey of the site on June 2, 1997. Please call me.if there are
any questions.

Sincerely,

G

T. W. Hardgrove
Coordinator of Mine Environmental Affairs

Enclosures

cc: E. L. Nugent
J. D. Wadsworth
R. W. Poyser
K. R. Baker, ERG
P. Mackin, CNWRA
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November 20, 1996

Mr. Joseph J. Holonich, Chief

Uranium Recovery Branch

Division of Waste Management

Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Re:; Docket No. 40-6622
License No. SUA-442

Dear Mr. Holonich:

Enclosed please find five copies of an evaluation of the static and seismic slope stability
and liquefaction potential of the previously submitted Shirley Basin Tailings Reclamation
Plan. Accompanying the evaluation are revised reclamation plan text sheets for pages

. 6-3 through 6-5 and Section 9.0 which reference the evaluation. The seismic analysis
represents one of the specified additional submittals to which you referred in your letter
dated June 14, 1996. The soils cleanup protocol is currently under development and will
be submitted in the near future.

We look forward to the receipt. of NRC'’s review comments on the enclosed materials.
Sincerely,

T e

T. W. Har igrove}
Coordinator of Mine Environmental Affairs

Enclosures
cc: E. L. Nugent
J. D. Wadsworth
R. W. Poyser
Hydro-Engineering
Inberg-Miller Engineers w/o encl.

Pathfinder Mines Corporation * 935 Pendell Boulevard + P.O. Box 730 « Mills, Wyoming 82644
Tel: (307) 234-5019 Fax: (307) 473-7306
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May 22, 1996

Joseph J. Holonich, Chief

Uranium Recovery Branch

Division of Waste Management

Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Re: Docket No. 40-6622
License No. SUA-442

Dear Mr. Holonich:

Enclosed please find five sets of a revision to Pathfinder's Shirley Basin Tailings
Reclamation Plan. This revision reflects changes that are appropriate in light of the
NRC's approval of Pathfinder's Lucky Mc Mine Tailings Reclamation Plan, particularly as
it applies to cover-design and erosion protection. The Shirley Basin plan was modified
so that the design methods are consistent between the two sites. This should facilitate
the review and approval of the Shirley Basin plan. The concept of making the two plans
consistent was previously discussed with Ted Johnson of your staff.

The identification and .cleanup protocol for contaminated soils will be the subject of
additional field investigation at Shirley Basin during the summer of 1996. A proposal on
contaminated soils cleanup will be submitted to the NRC later this year., Additionally, a
consuitant is presently -evaluating the seismic stability of the reclamation plan, and a
submittal on that subject will be made upon completion of the evaluation.

Refer to the enclosed replacement directions sheet for the ﬁiépéf integration of the
revisions into the previously submitted plan. Pathfinder is ready to aid the NRC staff in
whatever way we can to facilitate its review of the enclosed plan.

Sincerely,

T. W. Hardgrove
Coordinator of Mine Environmental Affairs

Enclosures

cc:  E. L. Nugent
J. D. Wadsworth
R. W. Poyser
Hydro-Engineering
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‘ll’ 1.0 INTRODUCTION

This reclamation plan has been developed with respect to the
requirements in 10 CFR 40, Appendix A. Guidelines from the Nuclear
Regulatory Commission (NRC) have also been used in the preparation
of the reclamation plan. This plan covers the reclamation of
Pathfinder Mines Corporation's Shirley Basin mill area, tailings
facilities, and solution pond. Volume II, which contains Sections
10, 11 and 12, represents complete construction specifications for

the project.

1.1 Description of Mill and Tailings Dispésal Sites
Exhibit 1-1 shows the location of Pathfinder's Shirley Basin
mill and tailings sites. The tailings area 1is directly in the
center of the map, with solution pond No. 3, Tailings Pond No. 4,
and Tailings Pond No. 5 distinguished by a heavy line around each
.of these three areas. Solution Pond No. 3 is in the southwest
portion of the tailings and is the site presently being used for
byproduct material disposal. Tailings Pond No. 5 is the eastern
most pond and Tailings Pond No. 4 is between Ponds 3 and 5. The
mill area 1s adjacent to and just southwest of the Tailings No. 4
and No. 5. Decontamination and decommissioning of the mill 1is
described in the mill decommissioning plan submitted to the NRC in
June, 1992. The No. 3 pond basin has been used to contain only
tailings solution, but this pond, as well as portions of pond basin
4, will be used for byproduct material disposal and will continue
to be used as such until closure of the site. At that time, the
byproduct material disposal area will be covered and included in
the covered tailings area. Tailings thicknesses in Ponds 4 and 5
range up to 54 ft. The mill area to be reclaimed with cover
material includes approximately 13.7 acres, and post-reclamation -
tailings piles No.. 4 and 5 cover 110.7 and 149.5 acres,
.respectively.. Approximately 14.1 acres of No. 3 Pond will be
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included in the tailings encapsulation system. All other areas
will be restored to the radium cleanup standard. The proposed
restricted area boundary is shown on Exhibit 1-1 relative to the
cleanup areas.

The mill area includes an ore pad immediately south of the
mill. The ore pad was mined prior to cessation of ore processing.
any residual contaminated material in the ore pad area will be
excavated and placed in the tailings during reclamation activities,
The mill ore pad 1s approximately 600 feet wide and 300 feet from
northwest to southeast. A low-grade waste pile, which has some
contaminated materials in it, is located immediately to the west of
Solution Pond No. 3. This material will also be placed in the
tailings pond. The windblown area is to the northeast ¢of the No.
.5 tailings. An area of cleanup exists between the mill and the
Area 2/8 pit. The majority of this area has been affected by the
haulage of the ore from the pit to the mill.

Uranium milling started at this site in 1971 and continued
until the last ore was processed in 1992. A total of some
8,564,130 tons of ore were milled at the Pathfinder Shirley Basin
site. The mill utiiized conventiocnal acid leaching process.
Exhibit 1-1 also shows the restricted area boundary associated with

the facility.-

1.2 Summary and Reclamation Plan Objectives

The objectives of the reclamation plan are to develop a
reclamation scheme that will stabilize the tailings for at least
1000 vyears, and restore the mill and tailings pond area to 10 CFR
Part 40, Appendix A standards. This plan also involves the
restoration of areas which have been contaminated by windblown
tailings or activities associated with processing of ore. Those
areas which will be reclaimed to meet 10 CFR Part 40, Appendix A

protection standards are presented on Exhibit 1-2., The restoration
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areas are delineated by approximate boundaries, Ground survey
control during construction will be used to precisely identify
contaminated areas. The cross hatched area will be covered to meet
the reclamation goals while the dotted area will be cleaned up to
meet the release standards. The areas shown with pluses will be
cleaned up with the mine reclamation.

The reclamation plan objectives will be met in the mill area
by covering materials with elevated radioactivity. Mill rubble
will be buried in trenches and covered with general fill or
possibly low grade ore overlain by the taillings radon/infiltration
barrier cover system, The ore pad will be excavated to reduce
radioactivity to 8 pCi/g. The excavated materials will be placed
in tailings. The low grade waste pile will be placed in tailings
and that site reclaimed to 8 pCi/g.

The depth of tailings materials in the western portion of
Tailings Pond No. 4 is expected to be relatively small. Those
materials will be excavated and placed in other portions of
Tailings Pond No. 4 or in Tailings Pond No. 5. Pond No. 3 will
also be restored in the same manner with the byproduct disposal
area being covered to meet the reclamation goals.

The reclamation plan for the solid tailings area utilizes
present topography as much as practicable and add necessary cover
materials of compacted clay, topsoil and/or rock mulch to produce
an erosionally stable surface. The drainage design is intended to
limit contributing areas to the tailings and to limit the size of
individual drainage basins. This will minimize overland and
channel flows. Portions of Tailings Pile No. 4 and Tailings Pile
No. 5 with very flat slopes will be reclaimed without rock mulch
cover, More than one-half of the No. 4 tailings pile will be rock
mulched to maintain the stability of the cover. A larger portion
of the No. 5 tailings area will be covered with rock mulch. The

dam outslope areas for the No. 3 and No. 5 dams will be reduced to
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a maximum of 5H:1V and covered with rock mulch to protect the (.
slopes. Rock riprap will be used to stabilize all channel sections -
in the immediate area of the tailings and on steep channel sections
in surrounding areas. Controlled discharge rock channel sections
will be used the outlet from the No. 3 Solution Pond, and the north
outlet from the No. 5 Tailings Pond. These structures will reduce
downstream flows during peak flow periods and enhance erosional
stability of the area. Drainage from areas north and south of the
tailings is diverted away from the tailings, with incorporation of
surge pond storage to enhance erosional stability.

An area of windblown contamination exists to the east and
northeast of the No. 5 tailings. This material will be excavated

and placed in one of the tailings piles.

(Revised 05/20/96) ./
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. 2.0 RADIOLOGICAL SURVEY
'~ In order to estimate average background radiological activity

in the vicinity of the mill, tailings disposal and solution pond
areas, and to define areal extent of elevated radioactivity, a
radiological survey was undertaken. Included in this effort were
a surface gamma survey, a test-hole drilling and logging program
and a backhoe (test) trenching and radiometric testing program.
Tailings samples were collected with Shelby tubes advanced with a
drill rig. Bagged samples were collected from test holes and
backhoe pits during the course of these programs for laboratory

analysis.
- Exhibit 1-1 is a map of the restricted area showing locations

of test holes, test pits and other soil and tailings sample sites.

The following naming sequence was used to distinguish sample types:

wells were completed at most locations with the drill

Prefix TW- indicates a tailings well drill site. TwoO
‘ holes approximately 20' apart.

Prefix STH- indicates an Area 3 south dump test hole for
cover material analysis.

Prefix NTH- indicates an Area 3 north dump test hole for
Cover material analysis.

Prefix NS- indicates a surficial well drill site on the north
side of the No. 5 tailings.

Prefix P- indicatés a backhoe test pit.

Prefix LGW- indicates a low grade waste pile test hole.

Prefix BP- indicates a below pond tailings sample.

Prefix TS- indicates a topsoil sample.

Prefix BGS- indicates a background gamma and radium sample.

Prefix GS- indicates a surface gamma and radium sample.

Prefix O- indicates a low grade waste pile backhoe pit.
' Prefix OP- indicates an ore pad test hole.

Suffix R indicates an air quality sampling location.
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Two hand-held gamma meters were used during the course of this
study. Both instruments measure in microrems per hour (uR/hr).
Instrument #1, as indicated in Table 2-1, was used for the test pit
gamma survey and instrument #2 was used for all remaining gamma
surveys. Prior to the beginning of this study, instrument #2 was
calibrated by Romaelab. |

2.1 Background Radiblogical Analysis

A  background Ra-226 activity 1is needed to allow
differentiation of naturally occurring radiological activity and
that resulting from uranium milling activities. In order to
determine the background activity, a sampling program was
undertaken and past radiological studies were reviewed. The sample
results are summarized below (see Exhibit 1-1 for sample site
locations). Samples designated "R" were collected routinely in
fulfillment of the environmental monitoring program. Location 07R
is at the Heward Ranch some three miles east of the mill site.

LOCATION RA-226 (pCi/q) LOCATION RA-226 (pCi/g)
BGS-1 0.32 From Skinner 1982:

BGS-2 0.35 BG (<2.0 mm) 3.0
BGS-3 0.43 D, (<2.0 mm) 3.0
BGS-4 0.48 D; (<2.0 mm) 2.0
04R  (1992) 1.6

07R (1992) 1.7 From Whicker 1981 and 1982:
04R (1993) 4.4 Background 2.54
07R (1993) 2,2 Sample #1 : 3.1
04R (1994) 2.0 Sample #42 , 3.84
07R (1994) 1.8 Sample #45 2,29
04R (1995) 2.0 Sample #4 10.65
07R (1995) 2.1 Sample #24 21.83
04R (1996) 2,2 Reclamation Area (S,) 9.73
07R (1996) 1.8

[See Exhibit 2-1 for location]

Overall Average for the Above Data = 3.56 pCi/g Ra-226.
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In addition to the results on the left of the above table, the
results of two previous studies are summarized on the right.
Skinner (1982) presents a background Ra-226 activity of 3 pCi/g for
the Shirley Basin site. Whicker (1981) presents a background soil
Ra-226 activity from 2.29 to 3.84 pCi/g (samples "Background" and
numbers 1, 42, and 45). The samples from mine reclamation areas as
reported in Whicker (1981 and 1982) are represented by sample
numbers 4, 24, and S,. The overall average of the three sets of
data is representative of a significant amount of sampling of
background conditions at this site. As one might expect at a mill
site located very close to an uranium mine, there is a great deal
of variability in soil Ra-226 levels. Due to the proximity of the
mine it is appropriate to factor the Ra-226 content of mine soils
into the determination of background. The average of the three
sets of data is 3.56 pCi/g. The radiological analyses support a
background Ra-226 activity of 3 pCi/g. Therefore, the proposed
release standard is background activity (3 pCi/g) plus 5, or 8
pCi/g.

2.2 Surface Gamma Survey
Hand-held gamma instruments were used to conduct a preliminary
gamma survey for the mill, tailings disposal and solution pond
areas. A series of transects were established between points of
known location. Gamma measurements were taken at 100-foot
intervals along each transect. Additional measurements were taken
at points of interest such as high readings. Exhibit 2-1 presents
the surface gamma data measured for the Shirley Basin site.
Samples of surface soil were collected in conjunction with the
surface gamma survey. These samples were analyzed for Ra-226
activity. A correlation and regression analysis was done to relate
laboratory Ra-226 activity, in pCi/g, to field hand-held gamma
activity, in microrems per hour (uR/hr). This relationship was
developed to enable estimation of the areal extent of contamination
and provide initial guidance for determining areas to be reclaimed.
Actual reclamation extent will be confirmed based on analyses made
during reclamation. Fiqure 2-1 shows a plot of field gamma versus
lab Ra-226 with a line of best fit. For this particular fit, the
largest gamma and radium value was eliminated as a high leverage

. point. Elimination of this point moved the intercept at gamma = 0
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from 7.96 to -0.104 pCi/g, which gave a much better relationship
for values of gamma less than 50 yR/hr, which is the area of
interest for windblown cleanup. The correlation coefficient for
this relationship is 0.92, and the standard error of estimate is
16.6 pCi/g. Based on this relationship, the reclamation criterion
Ra-226 activity of 8.0 pCi/g corresponds to a hand-held gamma meter
value of 19.5 uR/hr. Exhibit 2-1 presents the surface gamma
readings collected at this site with the 20 uR/hr contour. Note
that this was a preliminary evaluation. A more detailed evaluation
of the gamma/Ra-226 relationship at the site was conducted during
September of 1996. The results of that evaluation are found in the
supplemental "Soil Cleanup Verification and Sampling Plan for the
Shirley Basin Mill Tailings Site", April, 1997. That document
provides the guidance for the cleanup of contaminated soils at the
Shirley Basin site.

2.2.1 Mill Area

Exhibit 2~1 presents gamma values in the mill area. The
Ra-226 activity reclamation criterion is 8.0 pCi/g.

The ore pad drilling program was undertaken to determine the
depth of contaminated material. Sixteen holes were drilled
throughout the ore pad area to a depth of 22 feet, and gamma logs
were taken for each hole. The location of ore pad test holes is
presented in Exhibit 2-2. Gamma logs and predicted radium activity
are presented in Appendix A. The gamma logs indicate depth of
elevated radioactivity ranges from a few inches to approximately 8
feet. This material will be excavated until the radium level
reaches 8 pCi/g and placed in tailings. The area near the mill
(see Exhibit 2-1) will be reclaimed as part of the tailings area,
therefore no gamma survey was done.

The gamma survey indicated the area west of the mill and south
of the tailings ponds is contaminated in some regions. The
expected depth of contamination is small and this area is proposed
for cleanup. Contamination of windblown tailings in the area west
of the mill is expected to be very thin because the prevailing
winds are from the southwest. Mine haulage through this area had
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the greatest potential for contamination of the area. Cleanup
within the restricted boundary will be treated as part of the
tailings reclamation while cleanup south of the restricted boundary
will be part of the mine reclamation. The windblown area west of
the solution pond will be reclaimed to the edge of the Area 2/8 pit
limit as part of the tailings reclamation, while the area below the
pit crest will be part of the mine reclamation. The low grade ore
pile located between the tailings and the Area 2/8 pit will be
excavated and placed in tailings.

2.2.2 Windblown Tailings

Surface gamma readings from the area surrounding the edge of
the tailings are presented on Exhibit 2-1. The windblown areas
appear to be east and north of the No. 5 tailings area. Gamma
values in this area are generally less than 16 uR/hr. Exhibit 1-2
presents the preliminary limits of the area contaminated with
windblown tailings which require restoration to the 8.0 pCi/g
standard of radium. The estimated average cleanup depth of the
windblown areas is 2 inches, but the limitatfons of machinery used
to remove this material will likely' necessitate removal of a

slightly greater thickness.

2.3 Test Holes
_ Fifteen test holes were completed in tailings on Ponds 4 and

5, three were completed adjacent to the tailings, sixteen were
completed in the ore pad area, five were completed in the low-grade
‘'waste pile and the rest were advanced in the nearby overburden
piles (North and South dumps). Exhibits 1-1 and 2-2 show the
locations of all 59 holes. |

Samples of drill cuttings were collected at 5-ft intervals for
tailings and some of the cover materials, and Shelby tube samples
were taken in the tailings ponds test holes.

Table 2-1 presents a summary of all radiological analyses for
test-hole Samples. .Correspondihg values of downhole gamma are also
presented on Table 2-1. Copies of laboratory reports are included

(Revised 05/20/96)
2-5 (Revised 09/10/97)



in Appendix D. Appendix A contains lithologic logs, geophysical
logs and downhole profiles of estimated Ra-226 activities.

A correlation and regression analeis was made relating
downhole gamma measurements, in counts per second (cps), to
laboratory measured Ra-226 acfivity (pCi/g). This analysis was
done to provide guidance for reclamation planning purposes on the
vertical extent of contamination. Figure 2-2 is a plot of Ra-226
versus gamma with two lines of best fit. The relationship for
gamma values less than 560 cps was determined with a zero intercept
linear regression, and the relationship for gamma exceeding 560 cps

was determined with a standard linear regression. Based on these

relationships, a gamma reading of approximately 565 cps corresponds
to the restoration standard for Ra-226 of 8.0 pCi/g.

2.4 Test Pits

Forty-seven backhoe pits were dug in the mill and tailings
area - to determine the location and depth of tailings or
contaminated material (see Exhibit 1-1 for locations). Typically,
pits were dug to a depth of 5 to 7 feet. Hand-held gamma readings
were taken at 0.5' and 1' intervals and some bagged samples were
collected. Twenty-four of the backhoe pit bagged samples were sent
to the iaboratory where they were analyzed for radium (Ra-226)
activity. Table 2-1 presents a summary of laboratory results for
the backhoe pit samples. Copies of the laboratory. radiological
reports are included in Appendix D and the backhoe pit gamma
profiles are presented Appendix B. lv
_ A correlation of radium-226 and the hand-held gamma readings
from the backhoe pits was attempted. However, the smearing effect
of gamma values on the exposed pit face made such an analysis
meaningless. The gamma values and corresponding radium-226 values
are presented in Figure 2-3 and it is apparent that readings for a
specific layer are biased by the activities in adjacent layers.
. With this in mind, the gamma profiles were used qualitatively as an
indication of the presence of tailings and the depth of tailings.
- Fo:;ezample,‘Ei; P4-11A indicates the presence of tailings to a
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‘ depth of at least 3' with a transition to background'gamma between
3' and 5' in depth. This particular area will be progressively
excavated until the tailings are removed as indicated by final
radium-226 sampling. At other locations, the tailings depth was
too great to allow cost effective removal, and these were included
within the covered tailings area.

The backhoe pits served to identify areas where the depth of
tailings or depth of contamination is limited. In particular, the
gamma profiles from the test pits indicate that there is only a
small thickness of contaminated material in the No. 3 sclution pond
and on the west side of Tailings Pond 4. Contaminated soils in
these areas will be excavated to meet the radium standard. The
area reclaimed in this manner will not be included in the covered
tailings area which is subject to the radon barrier standard. The
limit of subsoil contamination from the pits below the ponded
surface of Pond No. 4 on the west side is unknown at this juncture
because the tailings solution prevents access to areas below the

. water line. Therefore, the restoration area shown in Exhibit 1-2
will be modified as necessary to ensure restoration to the

appropriate standard.

2.5 BELOW POND SAMPLING

A program to sample the tailings that are presently covered by
ponded water was conducted. Twelve samples were taken from a boat
with a tube sampling device. The pond sampling locations (BP-)
shown on Exhibit 1-1 are approximate due to the nature of the
sampling technique. The samples indicate Ra-226 activities for the
material near the base of the ponds ranges from 34.6 to 737 pCi/g.
The results of this sampling program are discussed in section 4.
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TABLE 2-1. SUMMARY OF GAMMA AND RADIUM-226 ANALYSES.

SAMPLE RA-226 U-NAT GAMMA GAMMA DOWN HOLE

ID CHEMICAL FIELD FIELD FIELD GAMMA

pCi/gm pCi/em (uR/hr) (pR/hr) cps
(ins. #1) (ins. #2)

TW4-1B 728 | 15,000
25°-27°

TW4-1B 63.3 3,700
3°-5-

TW4-1C 53.6 3,700
3°-5-

TW4-2C 1557 60,000
4" -42°

TW4-4B 58 | 4,500
5°-7°

TW4-5B 172 | 6,000
5.5"-8"

TW5-1B 47 3, 5ATHk
4" -8

TW5-1B 54.7 3, 400k
6" -8" | |

TW5-2B 20 3,000
o

TW5-3 51.8 3,100
6°-8"

o-1 15 43.5 o
%""—96‘

0-2 194 158 280
198"-114"

0-2 32.2 140
66"-72"

P3-1 14.9 1.2 26
Z“—S..

P3-1 1.9 1.6 14
48"-54"
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TABLE 2-1. SUMMARY OF GAMMA AND RADIUM-226 ANALYSES (continued).
SAMPLE RA-226 U-NAT GAMMA GAMMA DOWN HOLE ‘
1D CHEMICAL FIELD FIELD FIELD GAMMA
pCi/em pCi/gm (MR/hr) (uR/hr) cps
(ins. #1) (ins. #2)
P4-12B 1.7 43
18"-24"
P4-12B ?.3 10
78"-84"
P4-12C 32.9 9
24"-3g"
P4-10A 29.9 200
@"-6"
P4-10A 1.9 120
78" -74"
P4-6A 1.0 320
6@‘!
P4-8A 49 580
24"_3g|| .
P4-5D 4.7 15¢0
42"-48"
P4-12B 9.6 20
36"-42"
P4-12C 4.2 62
6"-12"
P4-12C 23.8 220
48"-54"
P4-12A 93.5 18
36!!__42"
P4-8B 105 349
48'0
P4-8A 65.8 200
@ -6"
P4-5D 1157 95@
38"-42"
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TABLE 2-1.

SUMMARY OF GAMMA AND RADIUM-226 ANALYSES (continued).

SAMPLE RA-226 U-NAT GAMMA GAMMA DOWN HOLE
ID CHEMICAL FIELD FIELD FIELD GAMMA
pCi/gm pPCi/gm (LR/hr) (HR/hr) cps
(ins. #1) (ins. #2)

P4-4D 68.7 82

36!._42“
P4-12B 2.1 20.4 14

48" -54"

P4-12B 4.2 2.3 19

72"-78"

P4-12C 1.8 11.9 52

72"-78"

P4-8A 1.0 42

48"-54"

P4-8A 2.4 42

mll—66u

P4-8A 2.3 26

78"-84"

STH-6 2.95

20 -27°

NTH-1 2.99

60" -67°

STH-5 2.28

4° -47°

GS-1 1.96 9
surface

GS-2 12.2 27
surface

GS-3 5.2 32
surface

GS-4 7.63 75
surface

GS-5 149 (5%%]
surface
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TABLE 2-1. SUMMARY OF GAMMA AND RADIUM-226 ANALYSES (continued).

SAMPLE RA-226 U-NAT GAMMA GAMMA  DOWN HOLE .

ID CHEMICAL FIELD FIELD FIELD GAMMA
pCi/em pCi/em (WR/hr) (WR/hr) CPs

(ins. #1) (ins. #2)

GS-6 68.8 249

surface

GS-7 11 18

surface '

GS-8 9.66 21

surface

GS-9 20.2 27

surface

GS-19 19.8 217}

surface

GS-11 3.61 11

surface

GS-12 2.18 _ 12

surface ‘

GS-13 52.5 79 i

surface

GS-14 ' 149 270

surface -

BP-1 214 35%

EP-2 34.6 - 14%

BP-3 66 . 16%

BP-4 122 14x

BP-5 55 14x

BP-6 438 20%

BP-7 206 _ 22%

BP-8 481 3k

BP-9 394 (873

@



TABLE 2-1. SUMMARY OF GAMMA AND RADIUM-226 ANALYSES (continued).

SAMPLE RA-226 U-NAT GAMMA GAMMA DOWN HOLE
ID CHEMICAL " FIELD FIELD FIELD GAMMA
pCi/egm pCi/gm (1R/hr) (1R/hr) cps

(ins. #1) (ins. #2)

BP-12 414 27%
BP-11 737 120%
BP-12 565 31%
BGS-1 2.32 19
BGS-2 ?.35 11
BGS-3 @.43 11
BGS-4 ?.48 | 9
STH-6 2.05

20" -27"
NTH-1 2.99

60 67"
STH-5 2.26

4P° 47"

¥ Gamma readings taken outside of bagged samples.
¥k Estimated from adjacent well log.
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TABLE 2-2. DEPTHS OF TAILINGS IN TEST HOLES

HOLE TAILINGS
DESIGNATION ' DEPTH (FT)
""""" ™we-1C 44
TW4-2C 44
TW4-3C 49
TW4-4C 28
TW4-5C 34
TW5-1C 53
TW5-2C 38
TW5-3 43



3.0 MATERIALS PHYSICAL PROPERTIES

Physical and radiological properties of taiiings, and various
cover materials have been determined. Results of +these
determinations are presented and discussed below. Léboratory
reports of materials’® physical properties are presented in Appendix
C, and radiological reports are included in Appendix D. The

sampling programs were discussed in Section 2.0.

3.1 Properties of Tailings

Samples of tailings were collected by a variety of methods,
including shelby tube samples taken during drilling, grab samples
taken during test pit analysis, and below pond samples taken from
a boat. A summary of the tailings physical and radiological
properties is presented in Table 3-1. The shelby tube samples are
designated with a TW prefix, the pit samples are designated with a
P prefix for the tailings area and an O prefix for the low-grade
waste pile, and the below pond samples are designated with a BP
prefix. For the purposes of this analysis, the tailings pit
samples (P prefix) were considered tailings if the radium 226
activity was in excess of 20 pCi/gm. The 20 pCi/gm threshold was
intended to exclude samples which were diluted with non-tailings
material from the radon flux simulations.

Those samples which can be considered clayéy tails or slimes
are TW4-2C, 40-42° and P4-5D, 36"-42". Sample TW4-3C, 42-43° is
also considered é slime layer, but no radiological properties were
determined for it. The below pond samples (BP prefix) all appeared
to be made up of very fine materials, but some of the samples were
taken from an area where very little tailings deposition occurred
and the proportion of tailings material within the sample is
unknown. The actual sample may have been a combination of tailings
fines and natural soils. This is expected to be the case with
samples BP-2 through BP-5 which were taken from the west side of
Tailings Pond No. 4 where no sand tailings were placed. The pit
samples from the low-grade waste pile (O prefix) represent residual

ore and other contaminated materials.
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The value of the emanation coefficient for the samples ranged
from @ to 8.1934. There appeared to be no correlation between the
gradation of the material and the value of the emanation
coefficient. The emanation coefficient for the low-grade waste
pile samples was more consistent and slightly greater than average
emanation coefficients for tailings samples. Duplicate emanation
coefficient measurements were made at reconstituted moisture
contents for four of the tailings samples (TW4-1B, 25°-27°; TW4-5B,
5.5°-8"; TW4~-2C, 40°-42°; and TW5-2B,3°). This was done because
Nielson et al. (1982) indicates that the emanation coefficient
varies with moisture content of the sample. The emanation

coefficient for the original samples was determined at the as-

received moisture content, which was well in excess of 6% for all

samples. The emanation coefficients for each sample changed
dramatically when duplicate measurements were made, but there did
not appear to be any correlation with change in moisture content.
The differences in emanation coefficients for the duplicate samples
are attributed to natural variations inherent in the measurement
technique. It is interesting to note that the average emanation
coefficient for those samples with duplicate measurements was @.071
for measurements at natural moisture content and @.984 for
measurements at reconstituted moisture content. Both values are

reasonably consistent with the overall sample average of @.286.

3.2 Properties of Cover Materials

Potential sources of cover material include the South Dump and
North Dump. The cover material properties are presented in Table
3-2. The samples designated with a CP., Set, and STH prefix were
taken from the South Dump and the samples designated with a prefix
of ND or NTH were taken from the North Dump. The STH and NTH
samples were taken in a drilling program for the dump piles and
lithology for each of the holes is presented in Appendix A. The
remainder of the samples were taken from backhoe pits or at the
surface. Based on the lithologic logs and the properties presented

in Table 3-2, it appears that a bluish gray clay is present in the

3-2
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South dump in adequate guantities to be used as the primary cover
material. The same material is present in the North dump in lesser
quantities, but the primary borrow area is the South dump and the
bluish gray clay in the North dump will not be used as cover unless
volume or economic considerations make it a viable alternative.
Those samples which are representative of the proposed clay cover
material are the STH-2, STH-4, STH-5, STH-6 and STH-11 samples
presented in Table 3-2. The NTH-5, 20°-27°, sample is
representative of the same type of material from the North Dump.
Rawls and Brakensiek (1982) presented an empirical technique
for determining long—termA'volumetric moisture content of soil

corresponding to the 15-bar soil water retention value, which is as

follows:

VMC = 0.926 + 0.005 =z + ©.2158 y
where: '

VMC = volumetric moisture content,

z = % of clay in the soil, and

y = % of organic matter in the soil.

Volumetric soil moisture content can be converted to moisture
content by weight (We) by utilizing the following equation:
We 120 (VMC)(pw) / pc

where:

pw = density of water (unity) and

pc = density of soil.

The predicted long term moisture content for each cover material as
calculated by this method is presented in Table 3-2. The predicted
long-term moisture content for the five samples representative of
the proposed cover material varied from 18.6 to 21.7% with a mean
of 18.74%. '

3.3 Rock Testing ,
Rock quality testing for two general rock sources was

conducted on a total of four samples. Petrographic analysis was
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conducted on one sample of granite and one sample of sandstone.
The petrographic analysis indicated that the granite was of good
quality with no serious deleterious conditions, while the sandstone
was of questionable quality.

Rock durability analysis was conducted on three samples of the
granite and one sample of the sandstone. Tests conducted were: Los
Angeles Abrasion (109 revolutions, ASTM C-535), Specific Gravity
(surface saturated dry, ASTM C-127), Absorption (in conjunction
with Specific Gravity test), and Sodium Sulfate Soundness (5
cycles, ASTM C-88). The results are presented on Table 3-3 with

calculated rock durability scores. Values from Table D1 in the
Staff Technical Position (STP) (NRC, 1990) were interpolated in
computing these scores. The durability testing indicates the

granite is of very good gquality while the sandstone (Rock D) was of
fair to good quality. The granite will be used for rock mulch and
riprap in the tailings reclamation area.

The proposed filter material for rock mulch rock and riprap is
crushed granite and finer screen materials from the rock processing
operations. Rock and filter sizing and gradation criteria are

discussed in Section 11.
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. TABLE 3-1. TAILINGS PHYSICAL AND RADIOLOGICAL PROPERTIES.

NAT. MOIST RECON. MOIST.

NATURAL CALC. -200 EMAN- EMAN-
MOIST RA-226 DENSITY DENSITY POROS- SIEVE ATION ATION
SAMPLE (%)  (pCilg) (bift3) (glem3) ITY  PERCENT  COEFF COEFF
TAILINGS SAMPLES
TW4-1B 36 728 85 136  0.49 50 00166  0.1513 @ 20%
25' - 27"
TWA44B 20 58 93 149 044 8 0.0552
5.7
TWA4-5B 16 172 91 146  0.45 16 01934  0.099 @ 6%
55 -8
TW4-1C 20 536 94 151 043 5 0.1246
30 - 5I M
TW4-2C 80 1557 55 088 067 77 0.0041  0.087 @ 20%
40-42
TW4-3C 62 — 62 099 063 100
. 42'-43
. TWS5-2B 27 20 89 143  0.46 6 0.0699 0@ 6%
3'
TW4-1B 63.3 | 0.1423
3-5
TW5-1B 47 0.1005
4-6 |
TW5-3 . 547 | 0.0254
6 -8
TW5-18 51.8
6 -8
PIT SAMPLES
P4-12C 30.9
24" - 30"
P4-10A 299
‘ » B 0“ _ 6" . R ) . . }

24" - 30"
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TABLE 3-1. TAILINGS PHYSICAL AND RADIOLOGICAL PROPERTIES (continued).
Eat Moist.  Becon. Moist.

. NATURAL ' CALC  -200  EMAN-  EMAN-
MOIST RA-226 DENSITY DENSITY POROS- SIEVE ATION  ATION
pCi/e h 3 o
P4-12C | 23 8
48"-54"
P4-12A 93.5
36"-42"
P4-8B 105
48" -
P4-8A 65.8
o -6"
P4-5D | 1157
36"-42"
P4-4D 68.7
36"-42"
ORE SAMPLES
0-1. 15 . @.153
9" -96"
0-2 194 @.166
198"-114" _ _
0-2 3;2.2 ?.113
66"-72" A _
BELOW POND SAMPLES
BP-1 - 214
BP-2 34.6
BP-3 , 886
- T st

55

. 438
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TABLE 3-1. TAILINGS PHYSICAL AND RADIOLOGICAL PROPERTIES (continued).

Hat Boist.  Becon. Moist.
NATURAL CALC ~-200 EMAN- EMAN-
MOIST RA-226 DENSITY DENSITY POROS- SIEVE  ATION ATION

\
BP-7 206

BP-8 481

BP-9 394 | 2.1658
"BP-10 414

BP-11 737 3.0234
BP-12 565
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TABLE 3-2.

Sample Depth

COVER MATERIAL PHYSICAL PROPERTIES.

Nat.

Org.

Liquid Plast.
Noist Matter Limit Index

Gradation

-H

(lass.

44 +3200 -3200

186%

95%

Clay Spec. Bawls Rawls
Proctor Proctor -.082 Grav. Theta ¥.C.

(ft) (%) (%) (%) (%) (%) (%) (%) (1b/ft3)(1b/f83) (X) (1 (%)
Cp-1 18 1 4Ll % 29 8 25 15 CL 92.8 88.16 & 2.63 13.1 9.2
Cp-2 18 16 3.12 W 2 8 2 1 Cb 8.4 9158 6 2.61 11.4 1.8
¢p-3 19 15 2.76 2 21 8 28 1M CL - 3.9 99.155 8 2.67 18.9 1.5
Set 1 1 8.8 8 13 81 Cb 92.5 871.875 48 2.68 40.3 28.6
Set 2 1 8 g ¢ 9 Cb 93 88.35 40 2.672 35.1 24.8
Set 3. 1 1.1 _ g 11 83 CL 9% 98.25 62.2.762 44.7 30.9
STE-2 60-67 18 1.2 4 M 8 11 83 CH 192 9%.9 « 25.8 16.6
STH-4 38-31 15 6.2 61 0 9 § 92 ¢CH 168.7 95.665 38 1.3 20.4
STH-5 48-47 § 6.2 8 3% 8 1 93 CH 8.2 AU 4 2.8 21.7
STi-6 20-21 6§ 5.9 $ 25 8 11 8 Cb 183.1 97,945 38 26.8 17.1
ST-7 48-47 4.2 s xn g 4 55 CH e 1845 12 2.3 15.2 9.8
oTH-11 28-27 13 18.4 64 3 8 { 96 CH 9.3 86.73% 12 24.8 17.9
-1 19 3 3.5 ¥ B L2 1oL 92.4 81.78 6 2.68 11.2 8.0
¥b-2 18 % 2.7 64 ¥ 8 21 13 (L 89.4 8493 7 2.69 10.3 1.6
¥D-3 18 T % 4 1 28 1% (L 8.2 198 5 2.6 18.9 8.6
KD-4 18 ¥ 3.1 6 ¥ 8 25 15 CL 82.7 178.565 5 2.66 9.3 1.9
¥D-5 18 3 33 61 33 8 4 86 CL 94.5 89775 26 2.66 20.7 14.4
D-6 19 23 2.6 85 U 1 21 12 0L 81.2 86.6¢ 7 2.63 18.2 7.3
NtE-t  68-67 65 38 8 15 8 (B 9.8 91.96 29 2.31 17.111.6
NTE-3 148-14 b 2 21 18 61 29 (L 117.7 111.815 1 2,36 3.1 6.8
¥tE-5 28-27 16 18 8 42 8 18 9 CH .1 8939 31 3.7 23.5
§TE-5 128-12 19 % 3 T 4 48 Cf 198.5 103.815 2 3.6 6.0
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. TABLE 3-3. ROCK DORABILITY PROPERTIES AND SCORIKG.

SODION
L.A. SOLEATE §.5.D..
SAMPLE ~ ABRASION  SOUNDNESS SPECIFIC  ABSORPTION
* L0SS L L0SS GRAVITY X

Rock A

{Granite) 2.2 8.04 2.64 p.12
Rock B

(Granite) 2.8 8.1t 2.64 .14
Rock ©

{Granite) 2.8 8.08 2.685 8.08
Rock D

{Sandstone) 4.2 8.18 2.85 2.47

BOCK SCORING

| S0DIDH 8.8.D.
L.A. SULEATE SPECIFIC

SAMPLE ABBASION  SOUNDNRSS GRAVITY ABSORPTION  TOTAL  SCORE
SCORE x ¥T SCOBE x WT SCORE x ¥? . SCOBE x W! X

Rock A

(Granite) 941! 18rll 7819 9912 209.4 91

Rock B .

(Granite) 9.11x1 18 2 11 7819 98x2 289 99.8

Rock € '

{Granite) 9.111 19 x 11 §x9 9x2 2111 918

Rock D

(Sandstone) 8.4 x 1 191 11 Bxd 2x2 1944 845

® _



' 4.0 RADON BARRIER

The tailings area radon barrier will consist of a layer of
compacted clay as described in Section 3.2 and an overlying sandy
layer which will act as a capillary barrier. The cover material
properties were summarized in Table 3-2. The radon barrier cover
will be applied to tailings pile areas, byproduct material disposal
areas, mill site, and mill rubble disposal areas. The cover will
be designed to limit the radon surface flux when averaged over the
entire cover area to 20 pCi/m?/s.

The RADON computer program, described in NRC Regulatory Guide
3.64 (1989), was used to predict the éover thickness required to
achieve the radon flux standard. Topsoil materials and rock
mulch/filter materials were not included in the radon barrier
simulations.

p 4.1 RADON MODELING TAILINGS PHYSICAL AND RADIOLOGICAL PROPERTIES
‘ Because of the wariability 1in tailings properties, two
scenarios were considered in the radon flux modeling for the
tailings area. The first scenario uses the near surface samples
taken during the well drilling program. This 1is considered
representative of the currently exposed tailings rédon flux. The
second scenario uses the.tailings properties_indicated by the below
pond sampling program. The measﬁred radiological properties of
tallings samples were summarized in Table 3-1. A summary ©of the

results of each simulation is presented in Table 4-1.

4.2 RADON MODELING COVER MATERIALS

The clay cover material is best represented by samples STH-2,
60'-67'; STH-4, 30'-37'; STH-5, 40'-47'; STH-6, 20'-27'; and STH-
11, 20'-27' as presented in Table 3-2. These samples appear to be
representative of the bulk of the material in the South Dump that
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will be used to cover tailings. Sample STH-7, 40'-47' was
deliberately selected as a sandy lense within the borrow area and
is an example of the type of material which could be used as the
sandy capillary barrier at the top of the radon barrier. The
lithologic logs for the South Dump borrow area test holes indicate
that selective handling of the cover material will be required.
Model inputs for the cover material properties were computed
as conservative average properties from the borrow area samples.
The average long-term moisture content as calculated by the method
presented by Rawls and Brakensiek (1982) for the fivebclay samples
indicated above was 18.74%. The standard deviation of the moisture
content for the same five samples was 1.97%. The minimum estimated
long-term moisture content is 16.6% for the samples and the average
moisture content minus one standard deviation gives a moisture
content of 16.77%. The moisture content of the sandy cover
material was estimated as 6% to give a worst case scenario. Since
‘the RADON model is particularly sensitive to moisture content of
the cover material, this represents a very conservative condition.
The average density of the clay cover material was estimated
as 1.5 gm/cm® (based on 95% proctor density of samples). The
average density of the sandy cover material was estimated as 1.59
gm/cm3. Porosity of the clay cover was calculated as 0.43 and the
porosity of the sandy cover was assumed to be 0.40. The diffusion
coefficient for tailings and cover materials 1is calculated by the

model.

4.3 RADON MODELING SCENARIO ONE

The first scenario was based on properties for the exposed
near-surface tailings as determined from shelby tube samples taken
during the tailings drilling program. For the purposes o¢of this
modeling, the properties of samples TW4-2C, 40'-42'; and TW4-1B,

25'-27"' were excluded from computations. This was done because
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‘these samples were taken from depths of 25 feet below the surface
and greater and are not considered representative of near-surface
tailings. Gamma logs for each of the tailings wells (Appendix A)
indicate thét the near-surface samples are representative of the
gamma emission to a depth of at least 20 ft.
The average radium activity for eight tailings well samples
(TW prefix) with the exclusion noted above was 65.05 pCi/gm with a
standard deviation of 42.2 pCi/gm. The average emanation
coefficient for all samples was 0.086, and a value of 0.10 was
considered a conservative input for the model. The average plus
one standard deviation was considered a conservative estimation
technique for the radium activity, yielding an activity of 107
pCi/gm as an input for the RADON model. The average density of the
tailings was assumed to be 1.59 gm/cm® and the porosity was assumed
to be 0.40. The long-term moisture content of the tailings was
assumed to be 6%.

‘ The clay cover material was assumed to have a moisture content
of 16.77% (the average moisture content minus one standard
deviation), a density of 1.5 gm/cm® (95% proctor for proposed cover
material) and porosity of 0.43 (calculated from other cover
material properties). The results in Table 4-1 indicate that 2.5
ft of clay cover overlain With.O.S ft of.sandy cove:_is sufficient

to limit radon flux for this scenario to 6.6 pCi/m?/s.

4.4 RADON MODELING SCENARIO TWO

The second modeling scenario utilizes the average activity of
309 pCi/g for the below pond tailings sampling in tailings ponds 4
and 5. These samples represent the more active fine materials and
the tailings moisture content was assumed to be 12%. The thickness
of these fine materials was.assumed to be 500 cm, although it is
unlikely that the fines would be deposited to this thickness. All

‘other properties were the same as those described in scenario one.
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The resulting radon flux with the a cover consisting of 3 feet of

clay overlain by 0.5 feet of sandy cover is 14.7 pCi/m?/s.

4.5 RESULTS AND DISCUSSION

The results of the RADON model runs are included as Table 4-1.
A three feet thick cover system consisting of a 2.5 feet thick clay
cover and a 0.5 feet thick sandy capillary barrier will be more
than adequate for the exposed tailings. This cover system will
also be used in the mill area. An additional 0.5 feet of clay will
be added for areas of the tailings that are currently below the
pond water level.

The chimney drain for the No. 5 tailings dam was constructed
with sand tailings and must be addressed in terms of radon flux
modeling. The chimney drain was constructed as shown in Figure 4-1
and the sandy tailings will be excavated as shown to provide a
minimum of 3.5 feet of cover with reclamation contours. The
section shown in Figure 4-1 is approximately the location where the
maximum depth of tailings will have to be excavated. An additional
RADON simulation was conducted to demonstrate that excavation of
tailings at the top the dam followed by covering with material
graded from the dam outslope will 1limit radon  flux to below 20

pCi/m?/s. The tailings properties were assumed to be the same as

those used in scenario one, and the cover material was assumed to

[=)

be a very sandy material (moisture cohtedt = 6%) to give a very
conservative radon flux condition. The reéulting fadonvflux.for
3.5 feet of cover with graded sand from the dam outslope is 17.8
pCi/m?/s. The majority of the chimney drain will have 15 to 20
feet of cover, and the radon flux will be much less than the

maximum predicted value of 17.8 pCi/m?/s.
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TABLE 4-1. RADON PROGRAM INPUT PARAMETERS AND RESULTS. ‘

MASS EMAN- MOISTURE EXIT RADON
THICKNESS POROSITY DENSITY RA-226 ATION CONTENT FLUX FROM LAYER
SCENARIO LAYER (fr) (g/cm3) (pCi/g) CORRF (%) (pCi/m2/s)
1 TAILINGS-SAND 16.4 .49 1.59 107 0.1 6 13.9
CLAY COVER 2.5 .43 1.5 2 0.35 16.77 6.7
SAND COVER 3.5 .42 1.59 1] .35 6 6.6
2 TAILINGS-SAND 16.4 .40 1.59 323 02.100 12 36.9
CLAY COVER 3.9 .43 1.5 a2 2.350 16.77 14.8
SAND COVER 3.5 .40 1.59 ] @.350 6 14.7
CHIMNEY DRAIN
TAILINGS-SAND 16.4 .42 1.59 197 9.1 6 25.1
COVER 3.5 .42 1.60 @ 3.350 6 17.8



5.0 RECLAIMED SURFACE DESIGN

The tailings reclamation plan is designed to minimize the
areas of cut and fill and to utilize existing topography to form
drainages. The majority of the tailings surface will be protected
with rock mulch cover and the remaiﬁder will consist of very flat
non-rock mulch areas at the crest of some drainage basins on the
tailings surface. The drainage area from the mill, tailings
disposal and:adjacent drainages has been divided into five major
basins with 34 subbasins. The reclaimed surface maps, Exhibits 5-
1, 5-1A and 5-1B, show the dréinage basin and subbasin divides.
Exhibit 5-2 presents major drainage basins designated by color and
settlement monument locations. The major basins are designated:
West Tailings Drainage Area, South Drainage Area, North Drainage
Area, East Tailings Drainage Area, and Southeast Tailings Drainage
Area.

Those subbasins in the mill area and other areas south of the
tailings have been given a DM- prefix, followed by a sequence
number. Similarly, those subbasins on Ponds 3, 4, and 5 have been
given D3-, D4-, and D5~ prefixes, respectively, followed by
sequence numbers. The subbasins in the north drainage areas have
been designated with a N- prefix. None of the N drainage areas
drain or discharge runoff across tailings. Likewise, subbasins DM-
1 through DM-6A are routed to the south away from tailings. Non-
tailings drainage area which is incorporated into the actual
tailings drainage is very limited.

A non-rock mulch cover is planned for subbasin D4-1 on the No.
4 tailings. This non-rock mulch cover extends into adjoining
portions of subbasins D4-2, D4-3, D4-5 and D5-~1 (See Exhibits 5-1,
5-1A and 5-1B). A non-rock mulch cover is also proposed for
subbasins D5-3 and portions of subbasins D5-1, D5-4, D5-2A, D5-2B,
and D5-5. In the mill area, a portion of drainage areas D5-7, DM-7

and DM~9 will be reclaimed with the clay cap and a non-rock mulch
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cover. The remainder of the tailings and byproduct disposal areas
will be covered with rock mulch. With the exception of side slopes
on control structures, the maximum slope on the reclaimed surface
of the tailings area is 4H:1V, The 4H:1V slopes will be present
only on the channel side slopes. The outslope on the tailings No.
5 dam and the upstream side of the solution pond No. 3 dam will be
reduced to a steepest slope of 5H:1V and will be covered with
appropriately sized rock mulch for erosion protection.

A drainage channel is included on the northern boundary of the
tailings No. 5 dam and the north side of the solution pond No. 3.
These channels are formed by excavating through the dam and are the
ocutlets for Pond 5 and Pond 4, respectively. An excavated channel
on the west side of the Industrial Pond will 1limit maximum
permanent water level elevation in the pond to 7110 ft-msl. The
permanent pond will serve as a source of recharge to the Surficial
aquifer and as a surge and detention pond for runoff. The west
side of Pond 4 will also contain a depression which will retain
water for some time following a runoff event. This depression will
be located over a non-tailings area and will also provide recharge

to the Surficial aquifer.

5.1 Cut and Fill Areas

The majority of the rock mulch areés will not require a
significant amount of cut or fill, except for the radon barrier
cover placement. A large amount of £fill 1is planned £for the
southern portion of subbasin D4-3 and the lower portions of
subbasin D5-1 (see Exhibit 5-1). This fill will consist of the
low-grade waste material located to the west of Solution Pond No.
3, windblown and other cleanup materials, residual ore, equipment

and rubble, and excess tailings from surface contouring.
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In areas where cut and fill activity is limited, the design
contours will closely approximate the existing contours plus the
cover thickness. These areas include the majority of the windblown
cleanup area, and subbasins DM-1, DM-3, DM-4, DM-5, DM-6, and DM-7.

A detailed discussion of volumes is included in Section 8.0.

5.2 Drainage Design

Objectives in the drainage.design included: reduction of basin
drainage area to decrease the'poténtial”for erosion, diversion of
non-tailings runoff away from the tailings, maximization of
contributing drainage areas for the Area 2/8 ind Area 3 reservoirs,
and utilization of runoff storage areas as surge ponds to reduce
peak flows. Discharge is routed off of the tailings in several
directions to achieve these objectives.

Runoff from the tailings, mill, and adjoining areas 1is
discharged at several points. The majority of the surface runoff
from the taillings area discharges to the Area 2/8 reservoir through
the channel section which passes through the former No. 3 Solution
Pond and down the reclaimed mine slope. The center section of
Pond 5 (subbasin D5-1) discharges through thé channel to the north
with eventual discharge to Spring Creek. Runoff from the No. 5 dam
outslope (basin D5-4) also discharges to the Spring Creek drainage.
Runoff from the southern portion of Pond 5 and portions of the mill
area discharge to the east into the mine Area 3 reservoir. The
areas south of the mill discharge into the Area 3 reservoir. Only
a very small portion of the covered mill area discharges to the
southeast and this area is considered a non-tailings drainage area.
The specifics of the channelized flow runoff analysis are included
in Section 5.2.2.2 and Appendix E. A general flow schematic is

given in Figure 5-4.
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The general drainage pattern for discharge to the Area 2/8 .

reservoir is as follows: ot

Runoff from subbasins DM-2 through DM-6A is collected and
routed through storage in the Industrial pond and a surge
pond formed by a channel/berm. Runoff from subbasin DM-1
flows into the south drainage channel downstream of the
surge ponds.

Runoff from subbasin D5-2A is routed through storage in
subbasin D5-2A and into subbasin D5-2B.

Runcff from subbasins D4-1, D4-2, D4-3, D4-4, D4-5, D4-6,
DM-7, DM-8, D5-2A, D5-2B, and D3-1 is collected and
routed through storage in Pond 3. Subbasin D4-4 has a
small depression which will retain water outside of the
covered tailings area during smaller runoff events.

Runoff from the north subbasins N-5 through N-12 will be
collected and routed through a surge pond designated as
subbasin N-13. Subbasins N-5 and N-6 are routed through
storage in shallow depressions within each respective
basin. Subbasins N-5 through N-8 are also routed through
a constructed surge pond in subbasin N-8. ‘

The general drainage pattern for discharge to Spring Creek is

as follows:

Runcff from subbasin D5-1 will be routed through storage
in Pond 5.

Runoff from subbasin D5-5 will be combined with runoff
from storage in Pond 5 and discharged to Spring Creek.

Runoff from subbasin D5-4 will be discharged to a channel
at the toe of the No. 5 dam outslope for eventual
discharge to Spring Creek through the old Mine Creek
channel.
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The general drainage pattern for discharge to the Area 3

reservoir is as follows:

Runoff from subbasin DM-9 will be routed through storage
in subbasin DM-0. ‘

" Runoff from subbasins D5-3 and D5-7 and runoff from
storage in subbasin DM-9 will be routed through storage
in the subbasin D5-3 channel.

Runoff from subbasin D5-6 will be routed through storage
and combined with runoff from storage in the subbasin D5-
3 channel and runoff from drainage basin DM-10. Eventual
discharge is to the Area 3 reservoir.

Runoff from the dump piles (North dump and South dump)
will be routed through storage south of the mill and
eventually discharged to the Area 3 reservoir.

5.2.1 Design Storm

The design storm to qualify for 1000 year protection, as

.zequired by the NRC Staff Technical Position, is the PMP (Probable

Maximum Precipitation). The PMF (Probable Maximum Flood) is
derived from a critical combination of PMP and storm distribution.
The ‘1l-hour, 1l-sg. mi. storm was selected as a conservative
precipitation event for the Shirley Basin mill and tailings area.
The depth of precipitation for this event is 10.15 inches as
presented by Hydrometeorologicai Report 55A (HMR-55A) (Hansen and
others, 1988). An adjustment was made for altitude based on an
average Shirley Basin mill area altitude of 7100 ft+msl. The
adjustment factor for this altitude was 0.89, giving a PMP of 9.03
inches. No adjustment was made for basin area.

The storm distribution for overland flow computations was

taken from HMR-55A (page 200). This storm distribution places the

‘highest intensity interval at the beginning of the storm with
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decreasing intensity as the storm continues. The tabulated values ‘

of percentage of precipitation occurring in a given interval are

presented below.

Duration (hr) Fraction of 1 hr Precip.
1/4 0.68
1/2 0.86
3/4 0.94
1 1.00

The values above were fitted with a polynomial to determine
cumulative precipitation for time periods less than one hour. This
in turn gave average intensities for periods up to one hour. The

polynomial equation is:

P =9.03 * (0.076222 * t - 0.00265185 * t? +
4.34568E-05 * t3 - 2.63374E-07 * tY)

where : P is the precipitation in inches
t is the time of concentration in minutes

The intercept for the polynomial fit was very small and was
discarded.

Cumulative precipitation values were used in conjunction with
the time of concentration of overland flow to determine required
precipitatioh intensities. This storm distribution was used only
for overland flow computations,. and is very conservative for the
short time of concentration characteristic of most overland flow
paths. The minimum time of concentration for intensity
calculations as recommended by NUREG/CR-4620 is 2.5 minutes, giving
a maximum intensity of 37.85 in/hr. The cumulative precipitation
curve is presented in Figure 5-1. ’

A significantly different precipitation distribution was used
for channelized flow design. This storm distribution placed peak

intensity near the middle of the storm, with a general bell shaped

A
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’ intensity curve (Figure 5-2). This storm distribution gives very
conservative runoff values when the time of concentration is
longer, as is the case with small drainage basins on the tailings

surface.

A 1000-year return period storm was also considered in the
tailings drainage design. This design storm was considered for
rock sizing on areas adjacent to the tailings where a failure of
the drainage system would not have impacts on tailings stability.
The precipitation for the 1000-year return period storm was
determined using rainfall records from the Shirley Basiﬁ townsite.
The data used were collected by the National Weather Service, a
division of the U.S. Department of Commerce, National Oceanic and
Atmospheric Administration (NOAA). The approach taken was to
search hourly precipitation records published by NOAA for maximum
yearly one-hour precipitation events from 1962 to 1984. Each value

‘was arranged in descending order and a plotting position was
calculated. The plotting position used is that recommended by

Yevjevich (1972, p. 90):

P = m/(N + 1)
where:
P plotting position,
m = ordered sequence of values, and
N = sample size of ungrouped data.

The inverse of the plotting position 1is the recurrence
interval. Figure 5-3 presents listings of m, plotting position,
recurrence interval and maximum hourly precipitation value for the
Shirley Basin Townsite. The one-hour, 1000-year rainfall depth
from this analysis is 3.2 inches. The storm distribution used in
the HEC-1 analysis was a hypothetical storm (PH designation) which
produces a triangular precipitation distribution. Table 12 of
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Miller et al. (1973) was used to determine the five-minute and 15- ‘
minute rainfall depths of 0.928 and 1.824 inches, respectively.

5.2.2 Runoff Calculations
5.2.2.1 Overland Flow

Runoff from overland flow on rock protected areas was

calculated with the Rational Formula:

Q = CiA

where:
C runoff coefficient
i = rainfall intensity, in/hr
A = drainage area, ac

The C value was estimated as 0.8 and Kirpich's (1940) method was

used to calculate the time of concentration for flow paths.

Kirpich's equation is expressed as:
tc = (11.9 1® / H)-%%° ‘
where:
tc = time of concentration in hours
L = drainage length in miles
H = elevation difference (in feet)

The C value of 0.8 was selected as representative of a rock mulch
layer underlain by a relatively coarse filter material. In
reality, the rate of infiltration into the rock mulch and filter
material should be so great that several inches of precipitation
would be required to preoduce any runcff at all. The C value of 0.8
is representative of the rock mulch and filter in a nearly
saturated condition prior to the PMP, a very conservative
combination of events.

A series of flow paths was selected on the proposed reclaimed

tailings and mill area surface. 1In general, these represented a .
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more extreme overland flow condition based bﬁ slope and slope
length. The paths were also selected to achieve complete areal
coverage for reclaimed surfaces. Each flow path was divided into
sections of uniform slope for the runoff analysis. Flow paths were
extended to the approximate point where overland flow would meet
channel flow under an estimated channel flow depth of one foot.
The Rational Formula was used to compute discharge for each
segment. The time of concentration and area/unit width was summed
while moving down gradient on each flow path, thus providing a
cumulative discharge. For flow paths with very short time of
concentration, this is essentially a summation of peak flows. As
total time of concentration increased, the precipitation intensity
decreased slightly, and thus the rate of discharge is slightly less
than a summation of peak flows.

The overland flow paths for rock mulch and non-rock mulch
areas are presented in Exhibits 5-1, 5~1A and 5-1B. The
characteristics and design rock sizes are presented in Table 5-2.
The rock design methods are discussed in Sections 5.3.1 and 5.3.2.
An additional analysis was conducted by determining the maximum
unit discharge that specific rock sizes could withstand on the
channel side slopes. This analysis revealed: the rock mulch
(Dse=0.150 ft) will withstand a unit discharge of 0.200 cfs/ft on
a 4H:1V slope and a unit discharge of O.630v¢fs/ft on a 8H:1V
slope, the small riprap (Ds;=0.400 f£ft) wili"Withsténd a unit
discharge of 0.880 cfs/ft on a 4H:1V slope, and the intermediate.
riprap {(D:=0.600 ft) will withstand a unit discharge of 1.62 cfs/ft
on a 4H:1V slope. These guidelines were employed in sizing rock in
the channels on the tailings surface. In some cases, the side
slopes of chanhels on the tailings area are much less than 10H:1V.
The maximum unit discharge flowing into a 4:1 channel was estimated
to be 0.334 cfs/ft (overland flowpath 05~4A) and rock sizes for the
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channels upstream of hydrologic cross-sections HC4-2 and HC5-9 was
increased to the small riprap size as a measure of conservatism.
The Horton/NRC method (Horton, 1936) was used to design non-
rock slope areas. Both non-rock and rock-protected slopes are
presented in Exhibit S—l. A C value of 0.9 and a concentrating
factor (F) of 2.5 were used in the analysis. The method of
determining time of concentration and precipitation intensity was
- discussed earlier. Manning's roughness coefficient was set at
0.025, representing a relatively smooth earthen surface (Chow,
1959). The Horton/NRC equation was rearranged to allow computation
of the critical or allowable slope length for a given combination
of slope, precipitation intensity, and allowable shear stress.

This equation is expressed as:

L (65 t/3) /(P F n Ss/®)

where:

critical or allowable slope length in ft
allowable shear stress (lb/ft?)

design precipitation intensity

flow concentration factor

Manning's roughness coefficient

s = stable slope in ft/ft

il

i

o Mmoot
!

The solution is iterative due to dependence of the design
precipitation intensity on slope length. A spreadsheet program was
developed to determine the allowable slope iength for a series of
flow paths on overland areas. These paths were sélected to
represent maximum slope and slope length, while providing
sufficient coverage of the area. The actual slope length is then
compared toc the allowable slope length to assure non-exceedance.

The proposed final cover material (radon barrier) is a clay
overlain by a sand layer, filter, and rock mulch or topsoil.
Several samples of the clay cover were analyzed for physical
properties, including gradation, Atterberg 1limits, dispersion,

permeability, etc. Four topsoil samples from two stockpiles were
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also'anélyzed for gradation and Atterberg limits. Based on the
results of these analyses, the topsoil material ranges from a silty
sand to a sandy lean clay. Using the relationships from Temple
(1987), the computed allowable topsoil shear stress ranged from
0.074 1b/ft? to 0.097 1lb/ft?. The parameters used and calculation

for each sample are:

TS-1, Silty Sand (SM), PI=31, Estimated void ratio =
"(;51.42 - 0.61 e = 1.127, T = 0.058, T = 0.

TS-2, Silty Sand (SM), PI=21, Estimated void ratio = 0.48
C.=1.42 - 0.61 e =1.127, 1, = 0.058, T = 0.074

TS-3, Clayey Sand (SC), PI=25, Estimated void ratio =
0.48 C.=1.42 - 0.61 e =1.127, 1., = 0.076, T 0.097

I

TS-4, Sandy Lean Clay (CL), PI=19, Estimated void ratio
= 0.56 C=1.42 - 0.61 e =1.08, 1, = 0.0706, T = 0.082

The average allowable shear stress for the four topsoil
samples is 0.082 1b/ft? and this value was selected for use in the
Horton/NRC equation.

Actual and allowable slope lengths for non-rock mulch areas
are presented in Table 5-3. For the purposes of computation, some
contributing rock mulch areas were included in the flow paths. In
particular, the downstream side of rock mulch berms were included
in some paths and do not meet the allowable slope-length criteria
for non-rock mulch areas. Rock mulch will be applied to the top
and immediate downstream areas of these berms to a point at least
10 feet beyond the break in slope, thereby reducing slope length
and runoff rate to acceptable levels. Some of the very mildly
sloping areas on the tailings have differential elevations which
are not adeQuately shown by the. contour interval, and these
elevation differences are presented in Table 5-3 for appropriate

paths.
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5.2.2.2 Channelized Flow

Peak flows and runoff hydrographs resulting from the design
storm (see Section 5.2.1)(1-hr, 1-mi® PMP = 09.03 1in.) were
determined for the mill, tailings and solution pond area subbasins
using the U.S. Soil Conservation Service (SCS) Dimensionless Unit
Hydrograph option of the Army Corps of Engineers' (ACOE, 1985)
HEC-1 computer model. The cumulative 1-hr PMP rainfall
distribution (see Section 5.2.1 and Figure 5-2) was input to the
model in one-minute increments.

The SCS Dimensionless Unit Hydrograph. option of HEC-1 requirés
input of basin time of lag (tL) and.SCS runoff curve number (CN) .

The time of lag for each subbasin was estimated using the following

equation:
tL = 0.6tc
where:
tL = time of lag, in hours,
tc = time of concentration, in hours.

Time of concentration was determined using the Kirpich (1940)
formula described in Section 5.2.2.1.

The runoff curve number waé developed .by SCS to define
infiltration losses during a precipitatiqn event. CN is dependent
on the hydrologic soil group as defined by SCS, vegétation, land
use and antecedent moisture condition (AMC).  The majority of the
non-tailings drainage areas are mine overburden piles or surface
disturbance areas. The exposed materials range from well drained
sands to poorly drained clays. For these areas, hydrologic soil
group C was judged to be a conservative soil type. Hydrologic soil
group C was also considered to be an appropriate soil
'classification for tailings areas where topsoil will be placed.

Because the rock mulch and underlying sandy filter blanket will be
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well drained, hydrologic soil group A 1is considered to be
appropriate in the areas where it will be placed.

SCS presents tables of representative curve numbers in TR-55
(SCS, 1986) based on average runoff condition (AMC II), cover type,
hydrologic condition and hydrologic soil group. SCS' National
Engineering Handbook, Section 4, Hydrology (SCS, 1972) presents
ranges of curve numbers for varying antecedent moisture conditions.
For estimating peak flows from the PMP, it is deemed appropriate to
use AMC III, indicating wet conditions prior to occurrence of the
PMP event.

In areas where native material 1is prevalent, or where the
ground surface will be reclaimed with native materials, a CN of 91
was selected. Where rock mulch will be placed, a CN of 85 was
used. In drainage basins where more than one cover material type
will be placed, a weighted average based on relative areas was
used. The CN used for each subbasin is given on Table 5-1.

The HEC-1 model allows determination of runoff hydrographs
from individual subbasins, combining hydrographs from‘the separate
subbasins, and routing individual or combined hydrographs to
downstream points. Channel routing was considered, but the
incorporation of surge pond storage and flow control structures
tended to make lag due to  channel routing inConsequential.
However, the severity of the PMF event'doés result in very large
flow depths for overland flow. These flow debﬁhs represent runoff
storage which i1s not incorporated in the HEC-1 modeling. This
results 1in extremely conservative (large) peék flowrates for
channels.

Table 5¥1 presents basin characteristics for each mill,
tailings disposal pond and adjacent area subbasin. Appendix E
presents HEC-1 input files and schematic diagrams of the stream

network systems as they were modeled. Hydrographs for the 1-hr,
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1-mi? PMP runoff event for the mill, tailings disposal and solution
pond area subbasins are also presented in Appendix E.

In storage or surge pond areas, level-pool flood routing was
used in the HEC-1 meodeling. The storage volume was determined by
measuring areas and depths within the ponded areas. These areas
were taken directly from contours on Exhibit 5-1. The stage/
discharge relationship for the flow control structures was
determined with Manning's equation, using a constant n value of
0.05. A comparison was made with stage/discharge as predicted by
HEC-2, with no significant differences (see Section 5.2.3.2 for

more details).

5.2.2.3 Adjacent Area Drainage

- The north area drainage (subbasins N-5 through N-14) and south
area drainage (subbasins DM-1 through DM-6A) are adjacent to the
tailings, but do not discharge to the tailings area drainage
system. These channels are designed to accommodate a less severe
storm than the PMF without impacting tailings drainage.

Potential impacts to the tailings are eliminated in one of two
ways. In the case of the south drainage, the low slope drainage
channel to the south has sufficient capacity to accommodate PMF
flows. A Dberm between this drainage and the tailings area
precludes flow from the southern drainage to the tailings area.
Migration of any gullies will be along the channels or directly
away from the channels and consequently, away from the covered
tailings.

In the case of the North drainages, there is sufficient
channel capacity to accommodate a 1000-year storm without
overtopping. A more severe event will overtop either the Surge
pond in subbasin N-8, or the channel at the base of subbasin N-11.
The lowest point on the berm that forms the surge pond in subbasin
N-8 is at the north end of the basih, Failure at this point will
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discharge water down the reclaimed overburden pile north of the
tailings. Fortunately, this overtopping point is at the upstream
end of the surge pond, and a short-term overtopping would not short

circuit the north drainage. Overtopping of the channel at the
base of subbasin N-11 will eventually result in gully migration
away from the tailings, However, the allowed overtopping 1in

subbasin N-8 limits the flow through subbasin N-11 and should
prevent overtopping in the lower channel under almost all
circumstances.

Subbasin N-14 drains to the north through a channel
constructed upgradient of the reclaimed access road. This channel
is protected by a series of rock checks. These rock checks will be
constructed with the intermediate riprap as shown in Figure 10-7.
They will impound very small volumes of water upstream of the check
and will serve as effective grade control for the minor channel.
The reclaimed access road is deliberately sloped into the outslope
of the reclaimed overburden pile both for safety reasons and to
create an overbank channel. This channel will have sufficient
capacity to carry the PMF. A small V-channel is used to capture
runoff from subbasin N-12. The drainage area for this channel is
very small. In the unlikely event of channel failure, migration of

gullies would be directly away from the tailings.

5.2.3 Channel Conveyance Characﬁeristics‘ ' _
Locations of channel cross-section sites and channel control
structures in the mill and tailings dispocsal pond areas are shown
on Exhibit 10-2. The channel cross-section sites have been
designated with an "HC" prefix, which indicates hydrologic cross
section. The "HC" prefix is followed by an "N", "4", "5", "S" or
a "T", which indicates whether the site is in the north drainage,
Pond 4 area, Pond 5 area, the south drainage which flows from the
industrial pond area to the 2/8 reservoir or the confluence of all
drainage to the 2/8 reservoir ("T" represents total), respectively.
Finally, the cross-section designation is completed with a sequence
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number, which generally increases while moving downstream on the ‘
drainage. Stream profiles and their locations are presented in
Exhibit 10-5.

5.2.3.1 Manning's Channel Conveyance
Manning's equation was used to estimate channel conveyance
characteristics at each hydrologic cross section. This equation is

as follows:

Q = (1.49/n) R%¥3 g2 A
where:
Q = discharge, in ft3/sec,
n = Manning's roughness coefficient,
R = hydraulic radius, in feet,
S = channel slope, in ft/ft, and
A cross-section area, in ft2.

Hydraulic radius is defined as the area of flow divided by the
wetted perimeter. Manning's roughness coefficient was calculated .
using the Abt (1987) method for channels with a slope less than 10
percent, and it was calculated using the U.S. Army Corps of
Engineers (ACOE) method for channels with slopes greater than 10
percent. The Abt method of determining Manning's n is as follows:

‘n = 0.0456 (Dg, X S) 0159

Manning's roughness coefficient
the screen diameter through which 50% of the rock

-
wm
o
nn

passes, in inches
S = channel slope in ft/ft

The ACOE method of determining Manning's n is as follows:

n = R%7/(21.95{1log,, (R/Dsy)) + 23.85)
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n = Manning's roughness coefficient

Ds, = the screen diameter through which 50% of the rock
passes, in feet

R = the hydraulic radius, in feet

The Stephenson (1979) method was used to determine rock sizes
for slopes greater than or equal to 10% and the Safety Factors
method was used to determine rock sizes for slopes less than 10%.
Section 5.3 should be reviewed for a detailed discussion of riprap
characteristics.

For each of the outlet locations, there is at least one area
with a potential surge pond area upstream of a channel
constriction. Channel-control structures or low-slope channels
will be constructed at these sites in order to dampen peak flows.
No permanent ponding over covered tailings will occur. However,
there will be the potential fbr permanent ponding in the existing
Industrial pond and the depression in basin D4-4. At channel
control site HCT-1, retention time following the PMP runoff event
is estimated to exceed 30 hours. However, the time that water will
be impounded over buried tailings upstream of control site HCT-1 is
estimated to be less than 20 hours. This 1is the longest time
period for which ponding is expected over covered tailings. The
hydrographs for subbasins 'and combinations of subbasins are
presented in Appendix E. | _

Channel geometry and conveyance characteristics for all of
the cross-section locations are presented in the Table 5-4 and the
Manning's section of Table 5-5. The column labeled 'energy
gradient' in both tables was taken from HEC-2 modeling of non-
uniform flow. The rock sizing in Table 5-4 was done by the methods
discussed in following sections using the energy gradient rather
than the channel slope. At cross-section location HC4-13, the
design rock is slightly larger than the target rock Dg. This cross

section is located with the surge pond at maximum PMF stage, and a
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very slight undersizing is not significant. At two cross-section
locations (HC4-9 and HC5-11) the required rock Ds;, is larger than
the target rock Ds,. Rock at both of these locations was sized by
the Safety Factors Method using the energy gradient rather than the
channel bottom slope. In both cases the channel bottom slope is
much smaller than the energy gradient and the target rock size
would be more than adequate if the channel bottom slope weré used
in rock sizing. The use of the energy gradient in the Safety
Factors method is highly questionable, and it typically gives very
conservative rock sizes 1in gradually to rapidly varied flow
regimes. For this reason, the Stephenson method was used for rock
sizing presented in the Manning's section of Table 5-5. Two rock
porosities were used in these calculations. A rock porosity of
32.5% was considered appropriate for channel riprap, while a
porosity of 45% provides a more conservative rock sizing.

The primary tailings area drainage features are the V-notch
control sections located at cross-sections HC4-5, HC4-7, HCS-6,
HCT-1, HC5-3, HC5-10, HC5-11, and HC5-13. With the exception of
sections HC4-7 and HC5-13, the control structures are 50+ feet long
V-notch sections with 2:1 side slopes and a base slope of 0.002
ft/ft. Sections HC4-7 and HC5-13 are relatively minor features and
are at least 30 feet long. Chahnel”sections HC5—1 and HC5-2 have
side slopes that are much milder than 2OH£1V.éhd are essentially a
swale type design. The channel sections downstream of cross-
sections HC4-11 and HC4-12 are at very low slopes and the runoff
will overtop the channel and be stored in the overbank area. The
remainder of the channels will be simple and trapezoidal in shape
with 4H:1V side slopes and bottom widths ranging from 20 to 50
feet. Figure 10-1 presents a channel cross section depicting the
typical trapezoidal shape, 4H:1V side slopes and variable bottom
width. Low slope channels on the tailings surface which serve as

overland flow collectors have a less defined channel shape and
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typically have side slopes that are much less than 4H:1V. Riprap
is also shown on this figure in a conceptual manner, with details
of rock type and required size being given for each channel reach
on Table 5-4. Figure 10-2 is a cross section sketch of HCT-1l, the
V-notch control with 2:1 side slopes.

Exhibits 10-2 and 10-5 through 10-8 show channel reaches where
riprap will be required in the mill and tailings disposal pond
areas. The differing patterns on these exhibits depict different
rock types which will be used. Sections 3.3 and 5;§ present more
detailed information on riprap'properties and characteristics.

The control section HC4-7 is intended to allow discharge to
the small depression in subbasin D4-4 during low flow events and is
only two feet in height. During more extreme events,.the entire
control structure will be submerged by storage upstream of control
section HCT-1. '

"There are three locations where major channels converge at
angles between 45° and 135°. The first is immediately upstream of '
cross section HC5-11 where the channel is discharging into a surge
pond upstream of a V-notch control. The second is the confluence
of channels D, I, and M in the surge pond in the former No. 4 Pond.
The potential for erosion by flowing water at these confluences is
eliminated by ponding. The third location is the confluence of
channels A and D. Channel A is a véry minor channel, and it is
unlikely that the short durétion‘ peak flow' could create a

significant wave affect.

5.2.3.2 HEC-2 Channel Conveyance

In order to simulate PMF water-surface profiles in channels in
the tailings reclamation area, the U.S. Army Corps of Engineers
model, HEC-2, was utilized (ACOE, 1982). The HEC-2 model is

intended for calculating water-surface profiles for steady and
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gradually varied flow in natural or man-made channels. Both
subcritical and supercritical flow profiles can be calculated.

The following channels, the locations of which are shown on
Exhibit 10-5, were simulated with HEC-2: A, D, H, I, M, N, O, P and
Q. Exhibit 10-5 presents longitudinal profiles for these channels.
Exhibits 10~6 through 10-8 present profile location details at a
larger scale. Cross sections included in the simulated channels
include: HCT-l, HCT-2, HCT-3, HC4-1, HC4-2, HC4-3, HC4-5, HC4-6,
HC4-9, HC4-10, HC4-11, HC4-12, HC4-13, HC5-1, HC5-2, HC5-3, HC5-4,
HC5-5, HC5-6, HC5-7, HC5-8, HC5-9, HC5-10, HC5411, HC5-12 and
HC5-14. Channel C and other off-tailings channels were not
simulated with HEC-~-2. During the PMF, some erosion in these
channels would be possible. However, because they are located off
of the tailings, any potential erosion would not threaten exposure
of the tailings. Other channels, including B and G, have a
relatively uniform slope, and Manning's equation calculations and
HEC-2 results are essentially the same. Therefore, HEC-2
simulation was not considered necessary for these channels.

In some of the simulated channels, some cross sections shown
on Exhibit 10-5 were not included in the HEC-2 simulations. These
- include, for example, HC4-7 and HC4-8. The channel reaches in and
near these locations are very flat, they are generally upstream
from channel control structures, and they will therefore be subject
to backwater conditions at low flows, as well as during the PMF.
These cross sections are shown on Tables 5-4 and Table 5-5 as being
ponded.

Cross-section HCT-1, located on Channel H, 1s a V-notch
control section with pohding upstréam of the section and is used to
verify the stage-discharge rating table used in the HEC-1
simulation of the tailings area. The following table shows the
comparison between the HEC-2 generated stage-discharge relationship

at HCT-1 and that generated using Manning's equation.
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. HEC-2 STAGE HEC-2 | STAGE MANNING'S EQON

DISCHARGE (n = 0.035) (n=0,05) STAGE (n =0.053)
(cfs) : (ft) (ft) (ft)
100 3.9 4.2 4.2
200 5.0 5.3 5.4
300 5.8 6.2 6.3
500 7.1 7.4 7.6
800 8.4 8.8 9.1
1000 9.2 9.5 9.9
1500 10.7 11.1 11.5

Based on the above comparison, it is concluded that use of
Manning's equation is adequate in determining _stage-discharge
relationships at channel controls. |

The HEC-2 channel analysis was conducted with a constant
Manning's n of 0.035. This was done for the sake of simplicity and
to avoid iteration between rock sizing) adjustment of Manning's n,
and re-analysis with HEC-2. The rock sizing for the HEC-2 analysis

‘was done with the Stephenson method and a constant Manning's n.
This was also done to simplify the HEC-2 design procedure. Varying
both the rock sizing method and the Manning's n requires numerous
simulations with successive adjustments in chénnel geometry and
slope conditions. 1In general, the HEC-2 simulations indicated that
the transition areas downstream of the control structures weré.
critical areas due to steeper energy gradients in the gradually
varied flow profile.

The results of the HEC-2 analyses are presented in Table 5-5,
which is divided into two parts. The first part gives PMF channel
conveyance characteristics at channel cross-section locations based
on Manning's equation. The second part gives channel conveyance
characteristics based on HEC-2 simulations. In the HEC-2 analysis,
many intermediate cross sections were simulated, in addition to the
"HC" <cross sections. These intermediate cross sections are

designated with a channel descriptor letter prefix, and the channel
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station. For example, A-200 is located in Channel A at station
2+00. The channel stations are shown on Exhibits 10-5, 10-6, and
10-7, and are given in feet. Therefore, A-200 is located at
station 2+00 and is 200 ft upstream from the downstream end of
Channel A.

The channel geometry, riprap sizing, and channel transition
design are shown on Exhibit 10-2. The HEC-2 simulations revealed
the need for more gradual transitions and larger riprap immediately
downstream of the control sections. Changes in channel geometry in
the transition areas are gradual. For example, the channel
geometry gradually changes from a V-notch with 2H:1V side slopes at
station H-1470 to a trapezoidal channel with 40 ft. base width and
4H:1V side slopes at station H-1280 (Table 5-5). The energy
gradient was used in the sizing of the riprap for these areas. 1In
all cases, the energy gradient was significantly greater than the
channel bottom slopes immediately downstreém of the control. The
use of energy gradient to size riprap in these areas should provide
a very conservative design.

In general, channel conveyance characteristics determined
using HEC-2 and Manning's equation compare very well in relatively
uniform stream reaches, because the ' energy gradient closely
approximates the channel bottom slope. " In areas where the stream
profile is changing rapidly because of changing-bOttom slope or
channel constrictions due to control structures, HEC-2 is better
able to account for those changes. _

HEC-2 input files used to simulate Pathfinder's tailings
reclamation channels and the resulting output files were furnished
to the NRC on a disk due to the volume of tabulated data. The

input file listings are also included in Appendix F.
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5.3 Rock Design and Placement :
Rock erosion protection is used in channel sections and on the
tailings surface as a rock mulch. The source of rock is a granite

outcrop. Rock properties are discussed in Section 3.3.

5.3.1 Rock Mulch Design

Overland flow paths discussed in a previous section were used
in determining discharge for rock mulch design and sizing. The
segmentation of the flow paths into uniform slope ségments will
allow the use of more than one mulch size on each flow path (see
Table 5-2). 'However,-for construction purposes, the use of one
mulch in a specific area was the preferred solution. Where this
was the case, the mulch was sized or designed for the extreme
condition. Thus, the rock mulch is conservatively designed for
much of the tailings surface. The Safety Factors method was used
for rock design for slopes of less than 10%, and the Stephenson
(1979) method was used for slopes of 10% and greater. The ADbt
(1987) method was used to determine Manning's n for all rock mulch
areas. The parameters that were used in the rock mulch design

include:

Safety Factor (SF method) = 1.05

Rock Porosity = 0.45 o

Specific Weight of Rock = 165 1lb/ft?3

Rock Shape = Angular

According to NUREG/CR-4620 (Nelson et al. 1986), a safety

factor slightly greater than 1 is sufficient for PMF applications.
Rock porosity is dependent on percentage of fines and placement
procedures. A study by Abt et al. (1987) used small Dy, riprap with
porosities ranging from 0.44 to 0.46. The riprap use by Abt et al.
(1987) was fairly uniform and the granite is expected to yield

similar surface porosities for rock mulch. Specific gravities
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(SSD) for the granite ranged from 2.64 to 2.65, giving a specific
weight of 165 lb/ft>.

There are very few areas where overland flow from a non-
tailings area flows onto a tailings protection area. Flow lengths
for these areas are limited to 450 feet, and the flow from these
areas will not compromise the final tailings cover. In the
overland flow analysis, these non-tailings segments were included
in determination of peak flow. |

The granite will be mined from a quarry area located

approximétely 15 miles northeast of the mill. The final gradation

of the mined material is unknown and is expected to vary with depth
and required processing techniques. The majority of the rock is
expected to require blasting and crushing to produce the desired
product. Gradation of the processed granite will be monitored
during construction, and processing or design adjustments will be
made if necessary.

'~ The eventual rock mulch configuration will be dictated by
crushing and processing limitations and construction constraints.
The minimum placement thickness for a layer of rock mulch or filter
material is 3.6 inches. The areas where rock mulch will be used
are shown on Exhibit 5-1 and Exhibit‘10—2. The rock mulch will be
placed to a thickness of 2.0 times the Dy, or the D,y,, whichever
is greater. The D, thickness requirement may be waived if the
rock can be placed to achieve a smooth uniform surface. At the
base of the reclaimed No. 5 dam outslope, the rock mulch will
extend through a drainage channel at the base of the slope or a
rock toe will be installed. The design of the rock toe is detailed
in subsequent sections.

The rock mulch size presented on Exhibit 10-2 in Volume II is
‘a minimum Ds,. If placement or rock c:ushing constraints require
a larger rock, larger rock may be Substituted for smaller rock with

appropriate adjustments in thickness and filter réquirements.
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The filter layer may consist of a dual filter design or a
single filter design. Where a dual filter is employed, the lower
filter layer will consist of a sandy material from the dump piles.
Gradation requirements for the filter are discussed in a later
section. The upper filter will consist of the crushed granite
which has been subjected to additional crushing and processing or
screenings from the granite crushing operation. Where a single
filter design is employed, the filter will consist of a crushed and

processed granite.

5.3.2 Rock Riprap Design

The riprap design was done with the same rock sizing methods
used for rock mulch design with the exception of the HEC-2 and
non-uniform analyses, where the Stephenson method was used
exclusively. The Abt (1987) method was dsed to determine Manning's
n for slopes of less than 10%, and the Army Corp. of Engineers
(ACOCE) method was used to determine Manning's n for slopes greater
than or equal to 10%.

For all areas discharging from or through the tailings
drainage, the peak PMF discharge was used in sizing channel riprap.
Tables 5-4 and 5-5 list channel conveyance characteristics for .the
PMF. Rock riprép designs for off—tailihgs drainage areas are not

included in the tables because these areas are not subject to PMF

design criteria. Four design rock sizes (Dm's of 0.150 ft., 0.400
ft., 0.600 ft, and 1.200 ft.) are presented in Table 5-4 for
channel cross-section locations. The rock sizes are designated

rock mulch, small riprap, intermediate riprap, and large riprap.
End'protection structures are included just downstream of

cross-sections HCT-1, HC5-5 and HC5-14 and at the Mine Creek outlet

of subbasin 5-4. Channels and riprap upstream of these cross-

sections are designed accordihg to peak PMF runoff.
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5.3.3 Non-uniform Flow Channel Rock Sizing

Determination of appropriate rock sizes in non-uniform flow is
problematic in that all rock sizing methods were developed for
uniform flow conditions or indirectly incorporate the assumption of
uniform flow. The Stephenson method, which was used for rock
sizing in channels where HEC-2 ‘water surface profiles were

developed, is expressed as:

g(tan 6)7’671;/6

23

D=1

ce'la -n,)(G,-1)cosd (tan¢ - tan )13

Dss = required rock diameter in feet, (50%

of the rock must be larger than this),
maximum flow rate per unit width,

angle of channel bottom from horizontal,
angle of friction for the rock,

rockfill porosity,

specific gravity of the rock,

the acceleration of gravity, and
empirical factor which varies from 0.22
for gravel to 0.27 for crushed granite.
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The assumption of uniform flow is implicit in the use of v,
the channel bottom angle. - Since sin(y) and tan{(y) are
approximately equal to channel bottom slope expressed in rise/run,
the channel Dbottom slope is often substituted for sin(y) and
tan(y). _

Under non-uniform flow conditions, intuition suggests that
shear stress can increase, particularly when the energy gradient is
greater than the bottom slope. . To compensate for this, it has been
suggested that the larger of the channel bottom slope or the energy
gradient be used for rock sizing. However, thisvsubstitution can
be inappropriate when. the actual increase in shear stress 1is

calculated.
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‘ The eguation describing shear stress on a channel base was

developed from the momentum equation for open channel flow.

Barfield et al.

(1981) presents a functional form of this equation

on a per unit width basis as:

2 2
Yy, YJ;

2 2

+ Wsin® 'Rf pa(V,-V))

unit weight of water,

flow depth at point i (i = 1 is upstream station
and 1 = 2 is downstream station),

weight of water in the control volume between
station 1 and 2,

angle of the channel bottom from horizontal,
resistance force exerted on the flow by

the channel base,

the density of water, and

velocity at station 1i.

For the entire channel cross-section, resisting force (Ry) can
.be approximated as the product of shear stress (1), wetted

perimeter (P)

and control volume channel length (L). This assumes

that shear stress at the free water surface is negligible, which

adds some degree of conservatism. Weight of the water in the

control volume (W) is the product of the cross-sectional area of

flow (A), the length of the control volume (L), and the specific

weight of water

{(v). These relationships are expressed below,

along with a conversion from density to specific weight.

R,='cPL
W=ALy
_Y
p=—.
g
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When these relationships are substituted into the momentum
equation with a conversion from a unit width basis to the cross-
sectional flow area (multiplication by average flow width, b,) and

expressed in terms of shear stress, the result is:

1

t=—[1pi-ylrALysing - Yo(v - v)]
PL 2 4

Uniform flow conditions result when y, = y, and V;, = V,.

Incorporation of these expressions and the substitution of S for

sin® and hydraulic radius (R) fdr A/P results in:

ALsin® A
‘[:L——s_l_l_‘__z'y—sinezyRs
PL P

For wide trapezoidal channels with shallow flow depths, the
flow depth (y) is often substituted for the hydraulic radius (R).
This is not appropriate for channels where the ratio of channel
base width (b) to flow depth (y) is less than 10. Use of the flow
depth rather than the hydraulic radius grossly overestimates shear
stress for V-notch channels and channels with a b/y ratio less than
5. ‘ ‘ |

The Stephenson rock sizing method presented earlier does not
use shear stress directly. Rather, the method uses the channel
bottom slope and a unit discharge (q) which indirectly represent
the shear stress. For non-uniform flow conditions, the most
appropriate means of adjusting rock size for increased shear stress
is to determine an equivalent slope for the non-uniform flow
conditions. Although the use of energy gradient is appealing
because of its simplicity, the following example indicates that use

of eﬁergy gradient is not appropriate.
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An example channel section from channel H was chosen to
illustrate the adjustment of slope for non-uniform flow conditions.
The increased shear stress was determined at station 1357, a
transition area where the channel base width is expanding. The
bottom slope of the channel is approximately 0.002 ft/ft, and thé
energy gradient from the HEC-2 model was 0.034 ft/ft. The shear
stress calculated by the uniform flow shear stfess equation was
0.212 1b/ft? using the bottom slope and.3.6l lb/ft? for the energy
gradient. The shear stress calculated by the non-uniform flow
shear stress equation was 3.21 1lb/ft? This illustrates that there
is an increase in shear stress when the ehergy gradient is much
greater than the bottom slope, but that using the energy gradient
in the definition .of shear stress for uniform flow typically
overpredicts that increase in shear stress. The determination of
the equivalent slope for the increased shear stress is accomplished

by rearranging the uniform flow shear stress equation as:

Using the increased shear stress of 3.21 1b/ft?, the
equivalent slope for station 1357 is 0.0302 ft/ft. This slope can
be used in rock sizing methods to compensate for increased shear in
non-uniform flow. ' u S | _

For V-notch channels or transition areas wﬁére the depth to
base width ratio for the channel is fairly large, the shear stress
distribution varies dramatically across the channel. To compensate
for this, both an average unit flowrate and a maximum unit flow
rate will be used in the Stephenson rock sizing method. Maximum
unit flow rate will be calculated as the product of average
velocity and maximum flow depth. For V-notch channels, maximum
unit discharge can be more than three times the average unit

discharge.
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There is an increase in shear stress and required rock size in ‘
channel bends. This increased shear stress can be estimated using
a method presented by USACOE, (1970). This method is based on
Plate 34 of USACOE (1970), which is a figure relating the ratio of
increased shear in bends to the ratio of channel bend radius
divided by water surface width. The equation for this ratio of

shear stress for smooth channels is given as:

T
tog65(L)
t, w
where:
1, = maximum boundary shear in bend,
1, = average boundary shear,
r = center-line radius of channel bend, and
W = uypstream water surface width of bend.

Unfortunately, this eguation does not produce results that
correspond with the figure in Plate 34 of USACOE (1970) and the ‘
correct form of the equation should be:

T
—t.2.65(2)
T

r

4

For rough channels, the plotted data indicates that the
constant 3.1 should be substituted for the constant 2.65 in the
preceding equation. However, there are only two data points for a
very small r/w ratio (less than 1.6) to support the rough channel
constant, and these values were determined from a two foot wide
flume. Very 1little confidence can be placed in the increased
constant (3.1) and results derived with this form of the equation
should only be used in a qualitative manner. Using this equation
with the alternate constant, the minimum w/r ratio is 0.104. Below

this value there is no increase in shear stress due to the channel

bend. ' .
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. All of the shear stress and rock sizing adjustﬁents discussed
’ above are included in the channel riprap design (Téble 5-6). The
Stephenson method was used to determine required rock size for each
section on channels analyzed with the HEC-2 program. Manning's n
was set at 0.035 to avoid iteration between flow characteristics
and roék sizing. The parameters used in the rock sizing were a
granite specific weight of 165 1lb/ft® and rock layer porosity of
32.5%. The specific weight Values were from measured properties and
the porosity estimate was taken from Stephenéon (1979), who gives
porosity values ranging from 15% to 40%. Table 5-5 also includes
the target rock Dg;y, to show compliance with rock size requirements

at each station in each channel.

5.3.4 Hydraulic Jump Analysis
The potential effect of hydraulic jumps in the channel was
evaluated. Poténtial locations for hydraulic jumps were determined
.by noting all slope transitions from mild to steep slopes while
moving upstream in the channels. These locations include: Channel
D at Stations 0 to 200, Channel H at Stations 0 to 300, Channel H
at Stations 1700 to 1900, Channel M at Stations 100 to 350,
.Channel Q at Stations 130 to 250 and Channel Q at Stations 1350 to
1500. The potential for a hydraulic jump in Channel H downstream
0f the control structure befween StatiOns;lOSO and 1300 was also
evaluated. it was found that formation of a jﬁmp at this location
is unlikely (see Table 5-7), and that the rock at this section is.
already grossly oversized. With the exception of Channel H at
Stations 0 to 300 and Channel Q at Stations 130 to 250, the
potential hydraulic jump locations occur in a ponded or backwater
area. The depth of ponding is such that a jump will be completely
submerged. ‘
Table 5-7 presents the results of the hydraulic jump analysis
for the sections listed above. The flow characteristics for the
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channel section were determined assuming uniform flow at three
different flowrates. These flowrates were: peak PMF flow, 1/2 peak
PMF flow and 1/10 peak PMF flow. This was done to identify
potential migration of the jump under various flow conditions and
to determine threshold jump formation conditions. The downstream
backwater condition for the very flat plain discharge area for
channel H was not considered.

The location of the hydraulic jump is indicated in Table 5-7

by the bold, underlined values in the Froude number column. These

values bracket the transition through critical flow {Froude number
equal to 1). The station values corresponding to these noted
Froude numbers therefore bracket the location of the jump. In some
cases, Froude numbers approaching one were designated with
underlining to indicate that a jump could occur at that location
with only a slight change in flow conditions.

For each Jjump 1location, a turbulent flow rock size was

determined by multiplying average unit flowrate by 1.5 and sizing

rock for that unit flowrate using the Stephenson method. The
channel bottom slope was used in the rock sizing, along with rock
characteristics discussed in earlier sections. The target rock
size and design rock size (for maximum unit flowrate) were taken
from the analysis summarized in Table 5-5 and included in the
columns 10 and 11 of Table 5-7. '

The last column in Table 5-7 lists the ratio of target rock
size to design rock size. The turbulent design rock D;, was used
for jump locations. This ratio 1s essentially an adequacy ratio of
the rock for the more severe turbulent condition. The ratios for
the Channel H and Channel Q jumps indicate that the rock is more
than adegquate to withstand additional shear stress occurring near

the jump.
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5.3.5 Standing Wave and Confluence Analysis

The potential for development of wave pileup or Standing waves
at channel confluences was evaluated by examining all major
confluences for characteristics that could result in occurrence of
significant wave action. The PMF hydrographs presented in Appendix
E were examined to determine whether the duration of severe
hydraulic conditions for key sites warranted quantitative analysis.

As an example PMF duration condition, the hydrograph for
channel cross section HC4-9 was examined (see Figure E-1). The
confluence of Channels A and D is located just downstream of this
cross section.. The peak PMF flow of approximatély 180 cfs occurs
approximately 45 minutes after the start of the storm. At times
ten minutes before and after the peak flow, the approximate flows
are 48 and 88 cfs, respectively. This gives a indication of the
extreme brevity of the peak flows. Preliminary calculations
indicate- that the 1000-year return period storm will produce peak
flows that are 10% to 25% of the PMF peak flows. Given the very
low probability of occurrence for the PMF and the extremely short
duration of peak PMF flows, a quantitative analysis for this
condition does not seem worthwhile. Rather, a gqualitative
assessment of the vulnerability of critical confluences should be
sufficient.

' The locations of major confluences evaluated were as follows:
confluence of Channels A and D, confluence of Channels P and O,
confluence of Channels D and I, and confluence of Channels M and I.
For the confluences listed, only the confluence of Channels A and
D occurs under non-ponded conditions. Channel A is considered a
minor channel and the flow depth is approximately 1 foot at the
confluence. It is unlikely that wave action resulting from this

limited flow depth could be significant.
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5.3.6 Scour Analysis

The potential for scour downstream of the rock aprons or end
protection structures was evaluated with several methods. End
protection structures are used on all applicable channel sections
and a rock toe is used where there is a transition from rock mulch
to non-rock areas. The scour potential was evaluated at these
areas by up to six methods. Unfortunately, most scour evaluation

techniques were developed for continuous flows under hydraulic

conditions that are dramatically different than those that occur in.

the tailings basin. Only one method (United States Department of
Transportation or_USDOT, (FHA, 1983)) appears to be of some use in
evaluating scour for these conditions.

The use of surge ponds and control sections in the drainage
design results in only four locations where tailings area drainage
is released from a riprap channel to a non-protected sloping
channel. These are the downstream ends of channels H, D, Q and the
end drainage from subbasin 5-4. This downstream grade control
will produce a tailwater condition which limits scour depth.

An attempt was made to evaluate scour potential for channels
using three traditional methods that were intended for continuous
flows with a large flow depth, such as a dam spillway. These
methods are the Schbklitsch, Eggenberger, and Jager formulas

(Barfield et al., 1983) which are presented below in the same order

as listed.

HO.Z 0.5

d=S+h=4.75 2%
s D 032

90
HO.S 0.6

d=S+h =C 1

D 0.4

d =S +h,=6H "®q°—L]%
‘ D
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d. = distance between downstream water level and
bottom of scour hole (meter),

hy = downstream water depth (meter),

H = vertical distance between the upstream and
downstream energy grade line (meter),

g .= unit discharge (meters?/sec),

Dsy, = the particle size for which 90 percent of the

material is finer (mm), and
C = constant which is 22.8 for existing conditions.

Unfortunately, the head difference, H, was very sensitive to
hydraulic conditions for the PMF condition and it was not possible
to get the methods to yield results without highly artificial
manipulation of the hydraulic conditions. This 1s primarily a
result of the small flow depths and the limited elevation
differences. With this manipulation, it was determined that the
methods were not appropriate and that the results were of no value.

The use of the continuous flow scour analysis technique for
the highly infrequent and extremely short duration flows for the
design condition 1is a gross misapplication of methodology. The
extreme sensitivity of the method to flow conditions also indicates
that the methods are not appropriate. By the same reasoning, flow
regime methods such as Lacey's stable. channel design procedures
should not be used for highly ephemeral channels. 1In addition to
the difficulty of relating scour depth to 'a deviance from the
stable channel slope, the use of a very short durafion PMF design
peak flow is not consistent with the intent of producing a stable
channel design under steady flow.

Alternative methods for calculation of the scour include the
USDOT method and an earlier method which will be designated the
Federal Highway Administration (FHA) methods. Both methods where
intended for protection of culvert outlet areas and should
therefore produce conservative designs for riprap to‘ earthen

transitions where there is no distinct change in channel geometry.
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In fact, both methods are very similar and it appears that the
USDOT method is an update of the FHA method. The USDOT method ‘
includes both a peak flow duration and a base flow duration and
should be most applicable for these highly ephemeral flow
conditions. Two versions of the USDOT equation are provided for
cohesive and non-cohesive base materials.

The USDOT cohesive, USDOT non-cohesive, and FHA formulations

are as follows:

where:

Scour depth (feet),

Flow area (square feet),

= acceleration of gravity,

time of peak flow {(minute),
base time of flow (minute),
flowrate (cfs),

flow velocity (fps),

critical shear stress (lb/ft?)
fluid density,

scour dimension coefficients that are
specific to the method.

o
[

A <Ot ta B o
i

o)

8
»
@
<o

The base s0il condition is expected to range from a very
cohesive shale and clay material to a graded sand. The critical
shear stress, 1. was estimated for a cohesive clay as 0.12 1b/ft?Z. .
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Scour depths in Table 5-8 were .calculated for the cohesive clay and
shale using «, B, and © coefficients of 1.37, 0:.18 and 0.10.
Additional scour depths were calculated for a graded sand with a Dy
of 2.0 mm. using «, B, and 6 coefficients of 0.75, 0.85 and 0.07.
For the FHA method, the «, B, €6, and v coefficients of 0.76, 0.375,
0.10 and 1.0, respectively, where taken from Table 7.8 of Barfield
et al. (1983). The results of calculations for both methods are
presented in Table 5-8. o ' -

Peak flow and base flow durations ih Table 5-8 were‘taken
directly from hydrographs for each channel cross section. The
duration of the peak was defined as the time during which the flow
exceeded 90% of the peak flowrate. The duration of the peak and
base flow were arbitrarily set at 10 and 60 minutes for the
overland flow paths. The overland flow paths were used to
determine reguired. depth of the toe at the edge of the rock mulch.

Uniform flow_Conditions were assumed for the scour analysis.
The Manning's n for rock areas was set at 0.035 and the n value for
earthen areas was set at 0.015. The calculated scour depths for
these design conditions are pfesented in Table 5-8. The required
depth of the end protection structures fbr channels H, N and Q is
4.5, 4.5 and 7 feet, respectively. as indicated by the USDOT. The
channel N end protection structure was extended to a depth of 15
feed for conservatism. The natural channel downstream of the end.
protection structure for the outlet of subbasin D5-4 is at a very
mild slope, and a end protection depth of 4.5 feet should be more
than adequate. The two feet deep rock toe designated for overland
rock to non-rock transitions is more than adequate as indicated by
Table 5-8. Lateral flow along the rock toe is not expected to be
a problem because upland drainage area has been deliberately
limited. | o |

5.3.7 Sedimentation Analysis
Potential sedimentation in channels and surge ponds in the
tailings area is nearly eliminated by exclusion of non-tailings
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sediment, the potential for accumulation of detrimental volumes of
sediment in tailings drainage channels 1is virtually nil. A
qualitative discussion of sediment accumulation impacts fof‘key
drainage basins follows.

There is pbtehtial for accumulation of sediment in the surge

pond located in‘subbasin_D4—4. Subbasin D4-4 is not within the

tailings area. _Sediment'may accumulate in the surge pond.at the

base of the subbasin, but this storage volume was not considered in

.fiood analysis and this accumulation will ndt adversely affect

flood analysis based on .level-pool flood routing. Depth of
sediment in the surge pond will have to approach 12 feet before the
sediment will completely fill the surge pond.

There is a small'poftidn'of subbasin D3-1 that is not.within
the tailings protection area. The configuration of the confluence
of‘channels G and I:will-result in the discharge of the majority of

the sediment down channel H. Likewise, there is a small portion of

‘the drainage area for channel Q that is not within the tailings
- protection area. Again, the channel configuration will allow for

the  transport or fluéhing of the small gquantities of sediment

delivered to the channel.

~ The majority of the south area discharges through the
Industrial Pond and‘associated surge pond area. The permanent pool
érea'in the reclaimed Induétrial Pond was assumed to be full in - the
flood analysis.  Therefore, this volume 1is not necessary to
preserve PMF capacity. - Approximately 15 feet of sediment
accumulation in the Industrial pond, followed .by 4 feet of
accumuiation in the’breech drainage channel would be necessary to
reduce the channel to a 1 foot flow depth. Any sediment which does
accumulate 1in the channel will be subject to flushing during more

severe events.
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The north drainage area has a series of four staged surge
ponds, and all of the drainage area passes through'at least one of
the surge ponds. The use of this volume of temporary storage
should nearly eliminate sediment delivery to the lowest surge pond
in subbasin N-13. The surge ponds in subbasins N-6, N-7 and N-8
have sufficient capacity to absorb a tremendous volume of sediment
with Hd significant detrimental effects. The general land slope of
contributing areas to these ponds is very mild, and the sediment

delivery to the upland ponds will be very small.

5.3.8 End Protection and Rock Toe Design

The scour depths discussed in Section 5.3.6 were used to
determine the geometry and rock sizing in end protection
structures. The length and slope of the end protection structures
were designed to provide a stable channel bottom under PMF
conditions if excessive scour does occur.

- Under assumed uniform flow conditions, the Stephenson method
was used to determine the stable slope of the end protection
structure (see Table 5-9 and Figure 10-4). Manning's n was held
constant at 0.035. The stable slope and specified scour depth then
dictated the length of the end protection structure. it should be
noted that the end protection structures are designated on relevant
exhibits (e.g. Exhibit 10-2) by location only.  The majority of the
end protection structure will be covered byfgeneral £il1 and,
therefore, scale of these structures on the exhibits is of little
value. The end protection structure for the outlet of subbasin 5-4
will wuse the intermediate rock and will have dimensions as -
indicated in Table 5-9.

The design of rock toe protection at the base of rock mulch
protected slopes is very similar to the end protection design. The

rock mulch will be used and the toe protection will extend to a
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depth of 2 ft. (see Figure 10-6). Table 5-9 indicates a slope of
0.27 ft/ft will be a stable slope for the rock toe.

5.3.9 Rock Layer Thickness Oversizing

Abt (1988) presents a rock size adjustment based on placement
thickness (Figure 4.8) for rock with a Dy, less than six inches.
This figure indicates that no rock sizing adjustment is required
for a thickness of 3 times the Dg,. At a thickness of 2 times the
Dso, the figure indicates that the rock should be oversized by a
factor of 1.2, The rock sizes in Table 5-2 were evaluated to
determine if this adjustment was necessary. Of the 49 rock sizes
in Table 5-2, only six required rock Ds,'s exceed 83% (1 divided by
the oversizing factor of 1.2) of the target rock Dso. When one
considers that the rock sizes were determined for the flow at the
end of a flow path segment, the portion of rock mulch area that
does not already incorporate the oversizing factor is probably in
the neighborhood of 1%. With a PMF design condition, further
oversizing or overthickening is not necessary, particularly when
the affected area is so small and all other design considerations

are grossly conservative.

5.3.10 Non-Tailings Channel Design

The drainage system design for the areas adjacent to the
tailings was done by methods similar to those used on the tailings.
Table 5-10 presents the channel design for the channel cross-
sections on north drainage and south drainage areas. For the
sections shown, the rock riprap size and channel capacity is more
than adequate for the 1000-year storm design flow. Just downstream
of control section HCN-1, (a 2:1 side slope V-notch section) there
is a transition to small riprap on a mildly sloping low-water
crossing. Immediately downstream of this section, the design

riprap is the large riprap on a 0.25 ft/ft slope. This riprap is
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slightly undersized for a 1000-year design storm, but is grossly
oversized for a 100-year design storm.

For the south drainage, the channel capacity and rock size for
Channel C is'more than adequate for a 1000-year storm, and the
channel capacity is adequate for a PMF. Likewise, the channel
capacity of the Industrial Pond breech channel is large enough to
accommodate the PMF with freeboard. The channel rock for the
section that conveys the south drainage to the Area 2/8 reservoir

will be sized to withstand the 100-year storm.

5.4 Consolidation Analysis

Substantial consolidation of the tailings will occur as the
tailings dewatering progresses. There is currently a large volume
of water in the tailings facility. Current efforts are directed to
eliminating tailings solution. Dewatering wells are in place on
ponds 4 and 5 (TW4- and TW5- wells) and are operational. Tailings
consolidation to date is expected to be limited to that occurring
in sandier areas above the water table, which represents only a

small portion of expected settlement.

5.4.1 Settlement Monument Analysis

Settlement monuments have recently been placed on the
tailings. The location of the 13 monuments is presented in Exhibit
5-3. Fifteen additional monuments will be installed before January
2001 to provide additional coverage and to replace destroyed
monuments. A construction detail for the monuments is shown in
Figure 11-1. Progression of consolidation or settlement will be
interpreted primarily by monitoring of settlement monuments. Some
predictive analysis was conducted and the results of this are
discussed later in this section. However, the heterogenous and

stratified nature of the tailings, in conjunction with complex
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drainage conditions, makes predictive consolidation modeling a very
uncertain process. For this reason, the actual settlement
.measurements are considered more valuable.

Settlement monitoring will be performed on a monthly basis
until water levels in both ponds are approaching the base of the
tailings or until the t,, has been reached. The tg will be
evaluated by plotting the settlement vs. square root of time or by

plotting settlement vs. log of time.

5.4.2 Subsidence Calculations

Consolidation tests were conducted on five samples of tailings
materials. One of the samples (TW4-1B, 25'-27') was a mixed sand
and clay; two of the samples (TW4-2C, 40'-42' and TW4-3C, 42'-43")
were fat clays; and the remaining samples (TW4-5B, 5.5'-8' and
TW4-1C, 3'-5') were sands. The results of laboratory testing are
presented in Appendix C. All samples were taken with a Shelby tube
sampler to minimize disturbance. Sample were subjected to various
loading conditions ranging from 0.5 to 8.0 ksf.

Results of the laboratory tests show a large variability in
the consolidation characteristics. Initial void ratios in the
samples ranged from 0.759 to 2.007 (see Table 5-11). Coefficients
of compreésion ranged from 0.039 to 0.673, with averages of 0.065
for the sand tailings and 0.248 for the mixed and clay tailings.

An analysis of predicted settlement was conducted to develop
estimates of required fill and to determine the potential magnitude
of differential settlement. Differential settlement will have to
be corrected, particularly in non-rock protécted areas, but this is
not expected to require large volumes of fill.

A very simple model of consolidation was used to predict total
settlement for Pond 4 and Pond 5. The results of this modeling are

presented in Table 5-12. The model of consolidation is based on
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_ Terzaghi's consolidation theory. Total settlement due to
‘ consolidation can be estimated using the relationships:

3

HC P
AH-= “log—*
l+c] p"
and
P=P-U_
where:
aH = settlement, ft
H = layer thickness, ft
C. = compression index
e = void ratio
P = effective stress, Ksf
i,3 = subscripts indicating initial and final conditions
P = total stress, Ksf
U, pore water pressure, Ksf
. Depth of tailings for each of the well locations was

determined from well logs and a predicted settlement was computed
for each location. A coﬁposite compression index for the tailings
was based on estimates of sand/clay fractions from well logs.

The cover SUrcharge-was assumed to be 3 ft of material at a
density of llO.ib/ft% A void ratio of 1.0 was used for both
materials. Calculations were made on l“‘ft increments for
simplicity in programming. The maximum predicted séttlement on
Pond 4 is 1.4 ft, and the maximum predicted settlement on ‘Pond 5 is
1.48 ft.

The magnitude of settlement in many areas produces a greater
strain than a clay radon/infiltration barrier can withstand without
losing effectiveness. Placement of the final clay barrier will not

be started until settlement monitoring indicates that the rate of
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consolidation has dropped and the ty has been reached. After this
point, settlement 1is not expected to affect the integrity of the
clay cap. If any clay radon/infiltration barrier material is
placed as an interim cover, it will be tilled and recompacted to

eliminate cracks when final cover is placed.

5.5 Water Infiltration

Infiltration rates were estimated wusing the partially
saturated flow model developed by McWhorter and Nelson (1979). The
calculated infiltration rates for the maximum time of ponding of
water on the tailings during,the PMF runoff events were used to
estimate the depth of infiltration. Equation 18 of McWhorter and
Nelson (1979) was used for these calculations. This equation is

equivalent to the Green and Ampt equation. The equation used to

calculate the penetration rate of the infiltration was as follows:

_KAH;L—H)
q_
L
where:

g = seepage rate, cm/sec
K = vertical permeability of material, cm/sec
H = depth of ponding, cm
L = penetration distance, cm
H. = effective capillary drive, cm

Several vertical permeability ‘tests were conducted at a
compaction of 95 percent standard proctor on the cover material.
This data is presented in Appendix C. A typical permeability from
these tests is 2.6E-8 cm/sec and this value was used in these
calculations. Table 5-13 presents estimates of the depths of
infiltration during the PMF. 1In order to dampen peak flows from
the PMF runoff event, channel control structures will be
constructed at three locatidns that retard runoff on the tailings

ponds (see Section 5.2.3). These sites are designated HCT-1 (No.
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4 tailings), and HC5-3 and HC5-11 (No. 5 tailings) on Exhibit 10-2.
Based on HEC-1 simulations of the PMP runoff event, maximum time
that water will be ponded at these sites is presented in Table 5-
13. The maximum depth of ponding varies for the different areas of
the tailings and are presented in this table. The maximum time of
ponding of water over these tailings for the PMF was also used.
The maximum time of ponding from the - PMF was obtained from the
hydrographs in Appendix E for channel control sites. The maximum
ponding depths were obtained from the depth of flow at the cross
section which is given in the eleventh column in Table 5-4. The
depths at the control cross sections are the maximum depth of flow
due to ponding. The rating curves fof the differentvcontrol
outlets are given in SQ-SE rows in Tables E-1 and E-2 of Appendix
E. The infiltration depth was obtained from the penetration rate
equation on page 5-44 and the following infiltration depth
equation:
L=qg(t)/n

where: the parameters are the same as on the previous page,

plus: o
t = time of ponding, seconds
n = effective porosity

An effective capillary;driQé'head»of -310 cm was estimated to
be repfesentative of thé compacted 'ciay. . fhis -éstiméte was
obtained from Table 1-3 of Harr (1962). The wetting front depth
was varied in the calculations until the seepage rate resulted in
that particular depth of penetration for the time of ponding. An
effective porosity of 0.05 was used to calculéte the penetration
depth based on the infiltration rate and time of ponding. The
estimate of effective porosity (specific yield) for the compacted
clay was obtained from Figure 4.2 of Bear (1987) . and Table 5.2 of

Driscoll (1986). For example, the seepage rate equation for site
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HCT-1 produces a rate of 3.1 E-6 cm/sec for an infiltration depth
of 3.92 cm, a maximum ponding of 152 cm, and an effective capillary
drive of -310 cm. Table 5-13 shows that the penetration rates into
the clay confining layer should be relatively small at less than 5
cm. during the PMF. Water will be removed by evapotranspiration
after this infiltration occurs. The removal of the drainable
portion of water is important relative to continual movement of
water downward. An average annual potential evapotranspiration
rate for the Shirley Basin is estimated to be 0.057 inches/day from
Figure 12.3 of Martner (1986). . A rate of one-half of this value
was used to estimate the removal rate of water because the
Compacted clay will be covered by rock mulch or topscil. The
seepage model provided an estimate of the depth of penetration of
the wetting front from the PMF. The evapotranspiration rate
indicates the number of days for this water to be removed by
evapotranspiration. The effective removal time is presented in
Table 5-13, based on the evapotranspiration rate of 0.0285 inches
of water per day and the removal rate of Wetting front of 0.57
inches/day (0.0285/0.05). Therefore, evapotranspiration should be
able to remove the water that penetrates the clay layer in a few

days after the PMF event.

5.6 WIND EROSION - |

Thefe will be no potential for wind erosion'in the tailings
disposal and mill areas where rock mulch will be used as the ground
cover. However, in locations where a vegetated cover is planned,
wind erosion potential must be addressed. In those areas,
vegetative density and variety is expected to be comparable to that
in the undisturbed areas after 20 or so years.

SCS has developed a wind erosion equation (WEQ) (SCS, 1982)

which was used to predict the amount of soil loss due to wind over
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a 1,000 year time period. This WEQ is expressed as a function of

the following parameters:

I soil erodibility by wind,
K = so0il surface roughness,
. C = climatic factor,
L = field width
and V = vegetative cover.

E, soil loss in tons per acre per year, is then determined from a
series of charts based on values assigned to the above parameters.

In 1986, SCS personnel from their Casper, Wyoming office
estimated the WEQ parameters for Pathfinder's Shirley Basin mine,
mill, and tailings disposal site. The parameters, which were given
as an example in SCS (1982), were determined by field analysis and

are considered by SCS personnel to still be valid (verbal

communication, L. Young, September, 1993). The parameters are as
follows:
I = 56,
K = 1.0,
c = 100, »
and V = 3700 lb/ac flat small grain residue.

The field width factor, L, is the width, in feet, of the
unsheltered distance across a strip parallel to the direction of
the prevailing erosive wind. In the Shirley Basin, the prevailing
eroéive wind is from the south southwest. The maximum width of the
vegetative cover on Pathfinder's' tailings after reclamation,
measured in the south southwest direction is approximately 2,800
ft. This wvalue was used in the WEQ.

In the tables given in SCS (1982), the maximum value of V for
the other WEQ parameters given above is 2000 lb/ac. E, annual soil
loss, based on 2000 lb/ac, is estimated from SCS' tables to be 0.9
tons/ac. Assuming the unit weight of soil is 105 1lb/ft?®, annual
soil loss is 0.00039 ft/yr. Over 1,000 years then, 0.39 ft (4.7
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in) of cover material is predicted to be lost to wind erosion.
This estimate 1is considered to be conservative because SCS has .

estimated a vegetative cover factor of 3700 lb/ac and the above

estimate 1s based on 2000 1lb/ac.
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56 0.0301 8.9739

57 0.0246 998

0 10 20 30 40 50 60 58 0,81 82 g.msg

: ELAPSED TIME, MINUTES 59 0.0108 9.0275

: 60 0.0025 9.0300

‘ FIGURE 5-1. INCREMENTAL AND CUMULATIVE 1-HR, 1-Ml > PMP PRECIPITATION
DISTRIBUTIONS FOR OVERLAND FLOW ANALYSIS.
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TIME INCREM. CUM.
MIN PRECIP. PRECIP.
1 00321  0.0321
2 00337  0.0658
3 00353  0.1011
4 00370  0.1381
5§ 00385  0.1766
6 00401  0.2167
7 00418 02585
8 00456 03041
9 00458  0.3499
10 00460  0.3959
11 00468 04423
12 00477  0.4900
13 00500  0.5400
14 00539  0.5939
15 0.0596  0.6535
16 00676  0.7211
17 00783  0.7994
18 00919  0.8913
19 01080  1.0003
20 01298 1.1301
21 01547 12848
22 01843  1.4691
23 02187  1.6878
24 02584  1.9462
25 03037 22499
26 038562 26051
27 04130  3.0181
28 04776 34957
29 07626  4.2583
30 08915 51498
31 05843 57341
32 04445  6.1786
33 03832  6.5618
34 03287  6.8905
35 02803  7.4708
36 02379  7.4087
37 02008  7.6095
38 01689  7.7784
39 01418 7.9202
40 01188  8.0390
41 01000  8.1390
42 00847 82237
43 00726  8.2963
44 00634 83597
45 00565  8.4162
46 00517  8.4679
47 00487 85166
48 0.0469  8.5635
49 00461 86096
50  0.0459  B.6555
51 0.0457 87012
52 0.0455  8.7467
53 0.0409  8.7876
54 00393  8.8269
55  0.0378  8.8647
56  0.0361  8.9008
57 00345 89353
58 00329 89682
59 00031 89995
60 00305  9.0300

FIGURE 5-2. INCREMENTAL AND CUMULATIVE 1-HR, 1-MI° PMP
PRECIPITATION DISTRIBUTIONS FOR HEC-1 ANALYSIS.
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FIGURE 5-3. ONE-HOUR DURATION PRECIPITATION VERSUS RECURRENCE
INTERVAL FOR SHIRLEY BASIN TOWNSITE.
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TABLE 5-1. BASIN CHARACTERISTICS FOR TAILINGS AREA SUBBASINS.
‘ Hydrologic Hydrologic Basin Basin Basin Kirpich's Kirpich's SCS

BASIN Area Area High Elev. High Elev. Relief Length Siope tc tL Curve
{acte) (mi*2) (f-msl) __(ft-msl) (ft) [{2) (fft) (hour) (hour)___Number _
DM-1 10.76 0.017 7165 7110 55 800 0.069 0.063 0.0376 91
DM-2 27.40 0.043 7182 7128 54 3090 0.017 0.301 0.1805 91
DM-3 18.54 0.029 7182 7127 55 2250 0.024 0.207 0.1243 91
DM-4 21.86 0.034 7180 7120 60 1850 0.031 0.170 0.1019 91
DM-5 2264 0.035 7133 7110 23 1120 0.021 0.129 0.0777 91
DM-6 49.72 0.078 7162 7115 47 1440 0.033 0.131 0.0788 91
DM-6A 6.67 0.010 7137 7119 18 980 . 0.018 0.122 0.0731 91
DM-7 7.67 0.012 7138 7125 13 480 0.027 0.061 0.0364 91
DM-7(Overland) 7140 7138 2 650 0.003 0.177 0.1061
DM-8 4.44 0.007 7139 7125 14 850 0.016 0.114 0.0684 91
DM-8({Overiand) 7140 7139 1 320 0.003 0.102 0.0611
DM-8 28.13 0.046 7140 7110 30 1270 0.024 0.135 0.0811 91
DM-10 9.47 0.015 7148 7093 55 220 0.250 0.014 0.0085 91
DM-10(Low.Slope) . 7083 7065 28 1000 0.028 0.105 0.0832 91
D3-1 46.41 0.073 7105 7083 22 1020 0.022 0.118 0.0709 89
D3-1{overiand) 7121 ' 7105 16 800 - 0.020 0.101 0.0805 89
D4-1 24.83 0.039 7115 7108 7 1780 0.004 0.349 0.2096 91
D4-1(Overland) 7116 7115 1 350 0.003 0.113 0.0678
D4-2 24.83 0.039 7108 7083 25 1460 0.017 0.170 0.1021 85
D4-3(Path 1) 29.05 0.045 7114 7083 31 1300 0.024 0.137 0.0822 86
D4-3(Overiand) 7120 7114 6 500 0.012 . 0.086 0.0513
D4-3(Path2) 29.05 - 0.045 7115 7083 32 1300 0.025 0.135 0.0812 86
D4-3(Overland) 7116 7115 1 550 0.002 0.190 0.1142
D44 27.98 0.044 7124 7075 49 980 0.050 0.083 0.0497 91
D4-5 24.31 0.038 - 7125 7114 11 1350 0.008 0.213 0.1280 87
D4-6 32.34 0.051 7114 7083 31 920 0.034 0.092 0.0552 91
y D4-6(Overland) 7116 - 7114 2 280 0.007 0.067 0.0401
D5-1 87.30 0.136 7110 7093 17 3480 0.005 0.539 0.323 85
DS-2A 16.42 0.026 7109 7100 9 1000 0.009 0.163 0.098 91
D5-2B 4.87 0.008 7100 7083 17 770 0.022 0.084 0.057 87
D5-3 28.20 0.044 7110.5 7100 10.5 2240 0.005 0.390 0.234 91
D54 33.22 0.052 71105 7050 60.5 3900 0.016 0.377 0.226 87
D55 6.70 0.010 7108.5 7080 285 890 0.032 0.091 0.055 . 87
D56 7.19 0.011 7105 7065 40 1080 0.037 0.100 0.060 87
Ds-7 6.55 0.010 7111 7105 6 810 0.007 0.149 0.090 87
N-5 23.19 0.036 - 7280 7280 10 2120 0.005. 0.373 - 0.2236 91
N-8 29.85 0.047 7285 7250 35 . 1680 0.021 0.176 0.1055 91
N-7 1321 - 0.021 7290 B 7268 22 1520 0.014 0.187 0.1124 91
N-8 38.36 0.060 7250 7235 15 2920 ~ 0.005 0.461 02768 - 91
N-9 23.91 0.037 7170 7140 30 1830 0.020 = 0,168 0.1005 91
N-10 1.64 0.003 7278 7234 44 540 0.081 .. 0.043 0.0260 91
N-11 8.57 0.013 7137 7114 23 570 0.040 0.059 0.0356 91
N-12 11.60 0.018 7155 7114 41 2030 0.020 0.206 0.1235 . 91
N-13 8.05 0.013 — — 0 — — — 0.0000 100
N-14 2455 0.038 7236 7110 126 2840 0.044 0.197 0.1182 91
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TABLE 5-2. OVERLAND FLOW PATH CHARACTERISTICS AND ROCK MULCH DESIGN.

Path Length Relief Slope tc Discharge Rock D50
Name {feet) {feet) {ft/ft) {min) (cfs/ft) {in)
03-1A 110 21.5 0.195 0.546 0.076 0.708
*03-2A 390 5 0.013 4.132 0.256 0.252
03-2B 170 6 0.035 1.169 0.389 0.804
03-2C 280 9 . 0.032 1.653 0.584 0.972
03-2D 80 5 0.056 0.409 0.646 1.752
03-2E 920 3 0.033 0.391 0:709 -1.128
*03-3A 470 12 0.026 3.659 0.314 ’
03-3B 140 4 0.029 0.809 0.424 0.720

- 03-3C 190 10 0.053 0.955 '0.556 1.500
03-3D 100 3 0.030 0.436 0.626 0.960
**04-3A 400 1.1 0.003 . 7.621 0.233
04-3B 100 59 0.059 0.754 0.348 1.224
04-3C 120 5 0.042 0.756 0.431 1.020
04-3D 260 16 0.058 1.351 0612 1.740
04-3E 80 5 0.056 0.372 0.674 1.800
04-3F 150 1 0.007 0.663 0.779 0.300
04-4A 270 4 0.015 2.945 0.185 0.228
04-4B 100 5 0.050 0.684 0.257 0.852
04-4C 150 5 0.033 0.922 0.361 0.720
044D 90 5 0.056 0.454 0.424 1.320
044E 80 5 0.050 0.469 0.494 1.320
O4-4F 120 1.5 0.013 0.566 0.577 0.420
*Q4-5A 520 17 - - 0.033 3.596 0.348 0.708
*04-5B 70 9 0.129 0.301 0.410 1.392
*04-7A 120 7 0.058 0.930 0.083
*04-7B 150 1 0.007 1.144 0.188
04-7C 200 3 0.015 1.410 0.327 0.336
04-7D 230 3 0.013 1.511 0.487 0.384
04-8A 240 1 0.004 - 4.383 0.156 @
04-8B 200 5 0.025 1.781 0.306 0.504
04-8C 240 6 0.025 1.684 0.473 0.672
*05-1A 90 1 0.011 1.412 0.063
05-1B 110 24 0.218 0.515 0.139 1.356
05-1C 90 15 0.167 0.341 0.202 1.200
*05-2A 170 1.1 0.008 2.837 0.117
05-2B 310 58 0.187 1.225 0.334 1.776
*05-3A 360 1.3 0.004 6.328 0.219
05-3B 50 02 0.004 0.613 0.285 @
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TABLE §-2. OVERLAND FLOW PATH CHARACTERISTICS AND ROCK MULCH DESIGN (continued).

. Path Length Relief Slope tc Discharge Rock D50
Name - {feet) (feet) (ftft) {min) {cfs/ft) (in)
*+05-5A 180 1 0.006 3.144 0.122
05-5B 150 1 0.073 0.978 0.229 1.140
=*05-6A 90 0.5 0.006 1.843 0.063
05-68B 140 11 0.079 0.918 0.160 0.972
*05.7A 290 0.5 0.002 7.121 0.172
05-7B 220 15 0.068 1.380 0.355 1.416
05-7C 100 0.5 0.005 0.548 0.424 0.192
*+05-8A 90 1 0.011 1.412 0.063
05-8B 80 15 0.188 0.424 0.118 0.900
05-8C 80 5 0.063 0.382 0.174 0.828
+05-9A 60 1.5 0.025 0.756 0.042
05-9B 120 45 0.038 0.987 0.125 0.408
05-9C 260 10 0.038 1.653 0.306 . 0.744
05-9D 190 3 0.016 1.077 0.438 0.420
05-10A 420 13 0.031 3.116 0.286 0.588

| ~05-11A 50 0.7 0.014 0.821 0.035
“+05-11B 300 1.1 0.004 4.523 0.227
05-11C 30 3 0.100 0.217 0.264 0.816
05-11D 140 5 0.036 0.977 0.361 0.792
05-11E 360 - 5 0.014 2.481 0.612 0.468
~+05-12A 110 0.5 0.005 2.324 0.076
05-12B 40 . - 3 0.075 0.342 0.104 0.696
05-12C 190 5 0.026 1.468 0.236 0.444
05-12D © 550 5 - 0.009 - 4183  0.583 0.312
05-14A 300 67 0.223 1.124 0.209 1.596
“+OM-1A 450 1.4 0.003 7.958 0259
OM-1B 130 0.5 0.004 1.686 0.403 0.180
OoM-1C 160 9 0.056 1.094 0.514 1.500
*OM-1D 70 3 0.043 0.383 0.563
*OM-2A 100 0.4 0.004 2.269 0.070
OM-28 270 14 0.052 1.798 0.257 0.888

*OM-2C 240 15 0.063 1.192 0.424
* FLOW PATH SEGMENT ON NON-TAILINGS AREA
g ** NON-ROCK AREA
. @ LOW SLOPE - ROCK SIZING PROGRAM WILL NOT CONVERGE

(SPECIFIED ROCK MULCH IS OVERSIZED FOR THIS SEGMENT)
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TABLE 5-3. OVERLAND FLOW PATH CHARACTERISTICS AND ALLOWABLE SLOPE LENGTH

Path Length Relief Slope tc Discharge Max. Slope
Name (feet) {feet) (fut) (min) {cfs/ft) Length (ft)
*03-2A 390 5 0.013 4.132 0.288 81
*03-3A 470 12 0.026 3.659 0.353 36
04-1A 500 1.5 0.003 8.762 0.314 516
04-2A 360 1.1 0.003 6.748 0.243 471
04-3A 400 1.1 0.003 7.621 0.262 549
*04-5A 520 17 0.033 3.596 0.391 27
*04-58 70 -9 0.129 0.301 0.461 1
*04-7A 120 | 7 0.058 0.930 0.094 13
05-1A 90 1 0.011 »1 412 0.070 90
05-2A 170 1.1 0.008 2.837 0.131 171
05-3A 360 | 1.3 0.004 6.328 0.246 382
05-4A 550 1.5 0.003 9.771 0.334 597
05-5A 180 1 0.006 3.144 0.138 207
O5-6A 90 0.5 0.006 1.843 0.070 202
05-7A 290 0.5 0.002 7.121 0.193 930
05-8A . 90 1 0.011 1.412 0.070 90
0O5-11A 50 0.7 0.014 0.821 0.039 69
05-11B 300 1.1 0.004 4.523 0.255 302
05-12A 110 - 05 0.005 2.324 0.086 255
05-13A 150 1 0.007 2.547 0.117 164
OM-1A 440 14 0.003 ,7'958 0.291 481
OM-2A - 100 0.4 0.004 2.269 0.078 296

* FLOW PATH ON NON-TAILINGS AREA

5-56

(Revised 05/20/96)



"ABLE 5-4. CHANNEL CONVEYANCE AND INITIAL ROCK SIZING FOR PMF.

Target
Cross Bottom Bottom Side Energy Bottom Flow Manning's Riprap Rock
Section Elevation Width Slope Gradient Slope Discharge Velocity Area n Depth D50 D50
(FeeMSL)  (ft) (H:V) (vr) (fun) (cfs) {fps) _ (sq.ft) (ft) () (ft)
Manning's Equation Channel Conveyance
HC4-1 7108.6 20 4 11 0.008 398 74 53.8 0.024 194 0.162 0.4
HC4-2 7106.7 40 4 :1 0.014 399 74 56.4 0.027 125 0214 0.4
HC4-3 7089 50 4 :1 0.033 581 8.4 69.5 0.036 126 0529 0.6
HC4-4 7103 20 4 :1 0.009 270 6.8 396 0.024 152 0.148 0.15
HC4-5 7100.1 0 -2 :1 0.006 36 52 6.9 0.02 1.86 0.067 06
HC4-6 7084 50 64 :1 0.035 170 57 29.9 0.032 056 0.258 06
HC4-7 7081 0 21 PONDED 0.15
HC4-8 7081 40 4 1 PONDED
HC4-9 7126.4 20 4 :1 0039 0.022 180 74 24.3 0.038 1.01 0.469 0.4
HC4-10 7127.8 20 4 :1 0.02 110 5.9 186 0.028 0.8 0.192 0.4
HC4-11 . 71148 20 4 1 0 289 _ PONDED 04
HC4-12 7108.8 36 4 :1 0.005 797 7.7 103.9 0.021 23 0.127 04
HC4-13 7085.8 50 4 :1 0.05 1300 11.1 116.8 0.044 2.01 1.246 1.2
HCT-1 7081 0 2:1 0006 620 9.3 66.7 0.023 578 0.209 1.2
HCT-2 7079.4 40 4 :1 0.007 620 7.3 84.4 0.023 179 0.146 1.2
HCT-3 6971.4 40 4 1 0.131 620 11.6 53.6 0.049 12 0.988 12
HC5-1 7097 60 10 :1  0.001 1149 PONDED . 0.15
HC5-2 70984.5 40 4 :1 0.004 1149 PONDED 0.15
HC5-3 7093 0 2 :1 0.0086 180 7.2 249 0.022 353 0.128 1.2
HC54 7088.9 25 4 :1 0105 180 8.7 206 0.042 0.74 0479 0.6
HC5-5 7077.5 30 4 :1 0.026 229 6.9 33 0.031 0.97 0.312 06
HC5-6 7101.5 25 4 11 0.003 501 6.7. 75 0.018 2.21 0.07 0.4
HC5-7 7107 20 4 :1 0.007 173 5.9 29.5 0.021 118 0.094 04
HC5-8 7102.5 20 4 :1 0.003 173 52 33 0.016- 1.31  0.043 04
HC5-9 7097 20 4 :1 0013 583 8.7 67.1 0.028 23 0.304 04
C5-10 71101 1 2:1 0016 243 8.9 274 - 0.03 346 0.363 1.2
HC5-11 7095 0 2:1 0013 0.002 706 107 - 663 0.03 576 0.455 0.4
HC5-12 7071.3 30 4 11 0025 751 9.6 782 0.034 205 0575 06
HC5-13 7065 (v} 2:1 0.002 121 23 52.3 0.05 511 0.062 0.6
HC5-14 7062.5 30 4 :1 0012 "~ 843 9 93.8 0.028 238 0.308 06
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TABLE 5-5. CHANNEL CONVEYANCE CHARACTERISTICS FOR PMF WITH STEPHENSON ROCK SIZING.

Alternate
Target (por = 0.45)
Cross Bottom  Bottom Side  Energy Flow Manning's Riprap Rock Riprap
Section  Elevation Width Slope Gradient Discharge Velocity' Area n Depth D50 D50 DSo
{Ft+MsSL) (1) (H:V) {fvm) (cfs) {fps) (sq.ft) {f) ) ) {ft)
Manning's Equation Channel Conveyance
HC4-1 7108.6 20 4 :1 0.008 399 7.4 53.8 0.024 1.94  0.082 0.4 0.12
HC4-2 7106.7 40 4 11 0.014 369 71 56.4 0.027 125  0.104 04 0.14
HC4-3 7089 50 4 11 0.033 581 8.4 69.5 0.036 126 0.233 0.6 0.30
HC4-4 7103 20 4 11 0.009 270 6.8 396 0.024 152 0.081 0.15 0.11
HC4-5 7100.1 0 2 :1 0006 36 5.2 69 0.02 1.86  0.056 0.6 Q.07
HC4-6 7084 50 64 :1 0.035 170 5.7 239 0032 056 0110 0.6 0.14
HC4-7 7081 0 2:1 ¢ PONDED 0.15
HC4-8 7081 40 4 :1 ) PONDED
HC4-9 7126.4 20 4 :1 0.038 180 7.4 24.3 0.036 1.01 0.212 0.4 0.28
HC4-10 7127.8 20 4 :1 0.02 110 59 18.6 0.028 0.8 . 0.091 0.4 0.12
HC4-11 7114.8 20 4 :1 0 289 PONDED 04
HC4-12 7108.8 36 4 :1  0.005 797 7.7 103.9 0.021 2.3 0.073 0.4 0.10
HC4-13 7085.8 50 4 1 0.05 1300 11.1 116.8 0.044 2.01 0.542 0.6 0.71
HCT-1 7081 0 2 :1° 0008 620 9.3 66.7 0023 56578 0177 1.2 0.23
HCT-2 7079.4 40 - 4 11 0.007 620 7.3 84.4 0.023 1.79  0.078 1.2 0.10
HCT-3 6971.4 40 4 :1 0131 620 116 536 0.048 1.2 0.943 1.2 1.23
HCS5-1 7097 60 i0 :1 0.001 1148 PONDED 0.15
HC5-2 7094.5 40 4 :1 0.004 11489 PONDED 0.15
HC5-3 7083 0 2:1 00086 180 7.2 248 0022 383 0107 1.2 0.14
HCS-4 7088.8 25 4 11 0.105 180 8.5 212 0044 076 0479 0.6 0.60
HC5-5 7077.5 30 4 :1  0.026 229 7.2 318 0034 084 0.143 0.6 0.18
HC5-6 7101.5 25 4 :1 0003 501 6.7 75 0018 221 0.044 0.4 0.06
HC5-7 7107 20 4 11 0.007 173 5.9 295 0.021 1.19  0.051 04 0.07
HC5-8 7102.5 20 4 :1 0.003 173 5.2 33 0.016 1.31 0.026 0.4 0.03
HC5-9 7097 20 4 :1 0.013 583 8.7 67.1 0.028 2.3 0.169 04 0.22
HCS-10 7110.1 1 2 :1 0016 243 8.8 274 003 346 0.265 1.2 0.35
HC5-11 7095 0 2:1 0013 706 10.7 66.3 0.03 576  0.357 0.4 0.46
HC5-12 7071.3 30 4 :1 0025 751 9.6 782 0.034 205 0.281 0.6 0.37
HCS5-13 7065 0 2 :1 0.002 121 23 523 005 511 0.027 06 0.04
HC5-14 7082.5 30 4 :1  0.012 843 9 93.8 0.028 238 0.166 0.6 0.22
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. BLE 5-5. CHANNEL CONVEYANCE CHARACTERISTICS FOR PMF WITH STEPHENSON ROCK SIZING (continued). "
Alternate
‘ Target {por = 0.45)
Cross Bottom  Bottom Side  Energy Flow Manning's Riprap Rock Riprap
Section  Elevation Width Siope Gradient Discharge Velocity Area n Depth D50 D50 D50
(Ft+MSL)  (ft) (H:V) (fui) (cts) (fps) _(sq. 1) {ft) {ft) (ft) (ft)
Flow Based on HEC-2 Channel Conveyance
Channel A
HC4-9(80) 7126.4 20 4 :1 0.039 180 7.5 24 0.035 1 0.213 0.4 0.277
A- 200 7128.8 20 4 :1  0.031 170 6.8 25 0.035 1.03 0.168 0.4 0.218
A-220 7129.4 20 4 :1  0.021 165 6 27.6 0.035 1.13 0.120 0.4 0.156
A- 240 7130 20 4 :1  0.0858 160 83 19.4 0.035 0.83 0.281 0.4 0.366
A- 260 7131.2 20 4 :1 0.052 153 7.9 18.5 0.035 0.84 0.250 0.4 0.325
A- 280 7132.4 20 4 1 0.08 147 8.9 16.5 0.035 0.72 0.355 0.4 .0.462
A- 400 7135.2 20 4 :1 0.012 120 4.4 27.4 0.035 1.12 0.062 0.4 0.081
A- 500 7135.9 20 4 :1 0005 110 32 345 0.035 1.36 0.029 04 0.037
A- 600 7136.5 20 4 :1 0.006 100 33 30.6 0.035 1.23 0.032 04 0.041
A- 700 7137.1 20 4 ;1 0.005 920 3. 28.7 0.035 1.2 0.025 0.4 0.033
A- 800 7137.7 20 4 :1  0.005 80 29 276 0.035 1.13 0.024 0.4 0.031
Channel D
D- 150 7083.5 50 4 11 0026 1325 103 1286 0.035 219 0.308 12 0.401
D- 200 7085 50 4 :1 0052 1300 13 100.2 0.035 1.76 0.570 1.2 0.742
HC4-13(215) 7085.8 50 4 :1 0.05 1300 128 1013  0.035 1.77 0.548 1.2 0.713
D- 220 7086.1 50 4 .1 0.05 1297 128 1013 0.035 1.77 0.548 1.2 0.713
D- 240 7087.1 50 4 :1 0.05 1285 12.8  100.8 0035 1.77 0.548 1.2 0.713
D- 260 7088.1 50 4 :1  0.048 1274 126 1011 0,035 1.77 0.524 1.2 0.682
D-280 7089.2 50 4 :1 0045 - 1262 12.3 103 0.035 1.8 0.494 1.2 0.643
D- 300 7090.2 50 4 :1 0038 1250 11.6 108 0.035 1.88 0.425 1.2 0.653
D- 320 7091 50 4 :1 0038 1240 116  107.7 0.035 1.87 0.421 1.2 0.548
D- 340 7081.8 50 4 :1  0.037 1230 114 107.5 0.035 1.87 0.409 1.2 0.533
D- 360 7002.5 50 4 :1 0037 1220 114 1071 0.035 1.86 0.408 0.6 0.531
D- 380 7093.3 50 4 :1 0.035 1210 11.2 108.4 0.035 1.88 0.388 0.6 0.504
. D- 400 7094.1 50 4 :1 0031 1200 10.7 1125 0.035 195 0.349 0.6 0.454
D- 420 7004.7 50 4 :1 0.031 1190 "10.7 1116 0.035 1.93 0.346 06 0.451
‘ D- 440 7095.4 50 4 :1 0.031 1180 106 1112 0.035 1.93 0.344 0.6 0.448
O- 460 7096 50 4 :1  0.031 1170 106 1104 0.035 1.91 0.342 0.6 0.445
' D- 480 7098.7 50 4 1 0.031 1160 10.5 110.1 0.035 1.91 0.340 0.6 0.442
D- 500 7087.3 50 4 :1 0031 1150 105 1094 0.035 1.9 0.338 06 0.441
D- 520 7087.9 50 4 11 0.031 1140 105 1085 0.035 @ 1.89 0.337 06 0.438
D- 540 7098.6 50 4 1 0.031 1130 10.4 1084 0035 1.88 0.334 0.6 0.435
D- 560 7099.2 50 4 :1 0031 1120 104 . 1077 0.035 1.87 0.333 0.6 0.433
D- 580 7000.8 50 4 :1 0.03 1110 10.3 108 0.035 1.88 0.323 0.6 0.420
D- 600 7100.5 50 4 :1 . 0.028 1100 10 -110.1  0.035 1.81 0.303 0.6 0.394
D- 700 7102.9 50 4:1 0 1000 LOW SLOPE 0.6
D- 800 7103.5 50 4 :1° 0001 850 -LOW SLOPE 04
D- 900 7104.2 50 4.1 0001 900 LOW SLOPE———mere 0.4
D- 1000  7105.1 50 4 11 0.001 875 LOW -SLOPE——-— 0.4
D- 1100 71061 50 4 :1 0.001 850 ~-LOW SLOPE— 04
D- 1200 7107 50 4 :1 0.001 797 LOW SLOPE- 0.4
D-1220 7107.2 48 4 :1 0.001 797 LOW SLOPE 0.4
D- 1240 7107.3 46 4 1 0.001 797 29 2772 0.035 4.37 0.017 0.4 0.022
D-1260 71075 44 4 :1  0.001 797 31 256.8 0.035 4.22 0.017 0.4 0.022
D-1280 71076 42 4 :1 0.001 797 33 240.7 0.035 4.12 0.017 0.4 0.023
D-1300 71078 40 4 :1 0002 797 3.7  2947.7  0.035 3.91 0.031 04 0.041
D- 1320 7108 39 4 :1 0.002 797 4 188.3 0.035 3.69 0.032 0.4 0.041
D-1340 7108.3 38 4 11 0.003 797 44 181.7 0.035 3.49 0.045 0.4 0.058
D-1380 71085 37 4 1  0.004 797 48 164.3 0.035 3.28 0.057 0.4 0.074
HC4-12(1380) 7108.8 36 4 1 0.005 797 54 1474 0.035 3.06 0.070 0.4 0.091
D- 1400 7109 35 4 1 0.007 797 6 1326 0.035 286 0.083 0.4 0.121
D-1420  7109.3 34 4 :1 0.01 797 6.9 1156 0035 2862 0.128 0.4 0.167
D- 1440 71095 32 4 :1 0013 797 7.7 103.2 0035 245 0162 04 0.211
D-1480 71101 30 4 :1 0.018 797 8.6 921 0.035 235 0.220 0.4 0.286
D-1500 71104 29 4 :1 0016 797 8.4 94.5 0.035 2.48 0.203 0.4 0.264
D- 1520 71106 27 4 :1 0015 797 8.3 96.1 0.035 257 0.197 0.4 0.257
D-1540 71109 26 4 :1 0018 . 797 8.8 20.1 0.035 2.51 0.233 0.4 0.304
D-15680 71112 25 4 :1 0015 787 8.4 95 0035 268 0.205 04 0.267
y D-1580 7111.4 23 4 :1 0018 797 9 88.4 0.035 262 0.244 04 0.317
D- 1620 7111.9 22 4 :1 0.011 797 7.5 105.8 0.035 311 0.164 0.4 0.213
. D-1640 71121 21 4 :1  0.011 797 76 1045 0.035 3 0.165 04 0.215
D-1660 71123 21 4 1 0.011 797 7.6 104.3 0.035 3.13 0.166 0.4 0.216
D-1680 71125 20 4:1 0011 797 7.7 1042  0.035 3.15 0.168 0.4 0.218
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TABLE 5-5. CHANNEL CONVEYANCE CHARACTERISTICS FOR PMF WITH STEPHENSON ROCK SIZING (continued).
Alternate
Target (por = 0.45)
Cross Bottom  Bottom Side  Energy Flow Manning's Riprap Rock Riprap -
Section  Elevation Width Slope Gradient Discharge Velocity Area n Depth D50 D50 DSO
(FteMSL)  (1t) (H:V) (funt) (cfs) {fps) _({sq. ft.) {r) {f) {ft) (ft)
D-1700 71127 20 4 :1 00N 787 7.7 103.3  0.035 3.16 0.168 0.4 0.219
D-1800 71136 20 4 :1 0008 787 7 114.1  0.035 3.4 0.141 0.4 0.184
D- 1850 7114 20 4 :1 0008 797 6.9 1161 0.035 344 0.129 0.4 0.167
D-1800 71141 20 4 :1  0.004 819 5.1 1604 0.035 4.31 0.071 0.4 0.082
D-2000 71143 20 4 :1 0002 863 42 2082 0.035 5.14 0.041 0.4 0.053
D-2100 71144 20 4 :1  0.001 720 32 2226 0.035 537 0.020 0.4 0.027
D-2200 71145 20 4 11 0001 576 LOW SLOPE——— 0.4
D-2300 71147 20 4 1  0.001 433 LOW SLOPE~——r- 0.4
HC4-11(2400) 71148 - 20 4 :1 0.001 289 LOW SLOPE——— 04
D-2500 71148 20 4 1 000 289 LOW SLOPE—— 04
D-2600 71158 20 4 1 0.001 289 LOW SLOPE———— 0.4
D- 2700 7116.6 20 4 11 0.003 288 35 82.1 0.035 268 0.032 0.4 0.042
D-2900 7118.7 20 4 :1 0014 288 6.2 46.5 0.035 1.73 0.118 04 0.154
D-3000 7121.2 20 4 :1 0016 288 6.5 446 0.035 1.67 0.132 04 0.172
D- 3100 7123 20 4 1 0.026 289 7.7 37.7 0.035 1.46 0.200 0.4 0.260
D-3110 71233 20 4 :1 0026 277 78 36.7 0.035 1.43 0.196 0.4 0.255
D- 3130 7124 20 4 :1 0.025 253 7.2 35 0.035 1.37 0.178 0.4 0.231
D-3150 71246 20 4 :1 0025 229 7.1 325 0.035 1.29 0.169 0.4 0.220
D-3170  7125.2 20 4 :1 0026 208 6.8 30.1 0.035 1.24 0.162 04 0.211
D-3190  7125.9 20 4 :1 0024 182 6.4 28.2 0.035 1.15 0.141 0.4 0.184
D-3210 71265 20 4 :1 0024 158 6.1 258 0.035 1.06 0.130 0.4 0.169
D-3230 71272 20 4 :1 0025 134 59 22.8 0.035 0.96 0.123 0.4 0.160
HC4-10(3250) 7127.8 20 4 :1 0.02 110 5.1 214 0035 091 0.090 0.4 0.117
D-3400 71308 20 4 :1 0035 110 6.1 17.9 0.035 0.78 0.144 04 0.187
D-3420 71315 20 4 :1 003 - 110 6.2 17.9 0.035 0.77 0.144 0.4 0.188
D-3440 71322 20 4 :1 0034 110 6.1 18.1 0.035 0.78 0.140 0.4 0.183
D-3460 71329 20 4 1 0.036 110 6.2 17.8 0.035 0.77 0.147 0.4 0.192
D-3480 71336 20 4 :1 0034 110 6.1 18 0.035 0.78 0.140 04 0.183
D-3500 71343 20 4 :1 0.036 110 62 17.7 0.035 0.77 0.147 0.4 0.192
D- 3520 7135 20 4 1 0032 110 6 18.4 0.035 0.8 0.134 04 0.175
D-3540 71357 20 4 :1 0038 110 6.3 17.4 0.035 0.76 0.185 0.4 0.201
D-3560 71364 20 4 1 0029 110 58 19.2 0.035 0.82 0.123 0.4 0.160
D-3580 71371 20 4 11  0.046 110 6.7 16.4 0.035 0.72 0.182 0.4 0.237
Channel H
H- 50 6963.7 40 4 :1 0.01 620 6.2 89.8 0.035 207 0.102 0 0.133
H- 100 6963.8 40 4 :1 0.005 620 4.8 129.1  0.035  2.57 0.057 1.2 0.075
H- 157 6964.1 40 4 :1 0005 620 49 1264 0.035 2.52 0.058 1.2 0.075
H- 165 6965.1 40 4 :1 0131 620 143 433 0.035 0.99 0.954 1.2 1.241
H- 175 6866.4 40 4 :1 0133 620 14.4 43 0.035 0.98 0.966 1.2 1.257
H- 183 6967.5 40 4 11 0.13 620 14.3 433 0.035 0.99 0.846 1.2 1.232
H- 193 8968.8 - 40 4 1 0.13 620 14.3 433 0.035 0.99 0.946 1.2 1.232
H- 203 6970.1 40 4 .1 0.13 620 14.3 433 0.035 0.99 0.946 1.2 1.232
HCT-3(213) 6971.4 40 4 1 0.131 620 14.4 43.2 0.035 0.88 0.951 1.2 1.238
H- 223 6972.7 40 4 1 0.132 620 14.4 43.1 0.035 0.98 0.959 1.2 1.248
H- 233 6974 40 4 1 0142 620 14.7 421 0.035 086 1.031 1.2 1.342
H- 240 6975 40 4 1 0.141 620 14.7 422 0035 096 1.024 1.2 1.333
H- 260 6977.8 40 4 1 0.142 620 14.7 422 0.035 0.96 1.031 1.2 1.342
H- 280 6980.7 40 4 1 0.139 620 146 424 0.035 0.97 1.012 12 1.317
H- 300 6983.5 40 4 1 0.13 620 143 433 0.035 0.99 0.946 1.2 1.232
H- 320 6986.1 40 4 :1 0.13 620 143 433 0.035 0.99 0.945 1.2 1.232
H- 340 6988.7 40 4 :1 0.13 620 143 433 0.035 0.99 0.946 1.2 1.232
H- 360 6991.3 40 4 1 0.13 620 143 433 0.035 0.99 0.948 1.2 1.232
H- 380 6993.9 40 4 :1 0.13 620 14.3 433 0.035 0.98 0.946 1.2 1.232
H- 400 6996.5 40 4 :1 0.13 620 143 433 0.035 0.99 0.946 1.2 1.232
H- 420 6999.1 40 4 1 0.13 620 143 433 0.035 0.99 0.946 1.2 1.232
H- 440 7001.7 40 4 :1 0.13 520 143 433 0.035 099 0.946 1.2 1.232
H- 460 7004.3 40 4 :1 013 620 143 433 0.035 0.99 0.946 1.2 1.232
H- 480 7006.9 40 4 :1 0.13 620 14.3 433 0.035 0.89 0.946 1.2 1.232
H- 500 7009.5 40 4 :1 0132 620 14.4 431 0.035 0.98 0.959 1.2 1.248
H- 520 70121 40 4 :1 0133 620 14.4 43 0.035 0.98 0.966 1.2 1.257
H-540 = 7014.8 40 4 :1  0.132 620 144 431 0.035 0.98 0.959 1.2 1.248
H- 560 7017.5 40 4 :1 0132 620 144 431 0.035 0.08 0.959 1.2 1.248
H- 580 7020.1 40 4 .1 0133 620 14.4 43 0.035 0.98 0.966 1.2 1.257 p
H- 600 7022.8 40 4 :1 0132 620 144 431 0.035 0.98 0.959 1.2 1.248 )
H- 620 7025.4 40 4 :1 0132 620 144 431 0.035 0.98 0.959 1.2 1.248
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BLE 5.-5. CHANNEL CONVEYANCE CHARACTERISTICS FOR PMF WITH STEPHENSON ROCK SIZING {continued). A
: . Hternate
‘ Target (por = 0.45)
Cross Bottom  Bottom Side  Energy Flow Manning's Riprap Rock Riprap
Section  Elevation Width Slope Gradient Discharge Velocity Area n Depth D50 DSO D50
(FteMSL)  (R) (H:V) (rust) (cfs) {fps) (sq. ft.) {ft) (ft) {ft) (ft)
H- 640 7028 40 4 :1 0133 620 144 431 0.035 0.98 0.966 12 1.2567
H- 660 7030.7 40 4 :1 0132 620 14.4 431 0.035 0.98 0.959 1.2 1.248
H- 680 7033.4 40 4 1 0132 620 144 431 0.035 0.98 0.859 1.2 1.248
H- 700 7036 40 4 :1 0.13 620 143 433 0.038 0.99 0.946 12 1.232
H-720 7038.6 40 4 1 0.13 620 143 433 0.035 0.99 0.946 1.2 1.232
H- 740 7041.2 40 4 :1 0.13 620 143 433 0.035 0.99 0.946 1.2 1.232
H- 760 7043.8 40 4 1 0.13 620 143 433 0.035 0.89 0.946 1.2 1.232
H- 780 7046.4 40 4 .1 0.13 620 143 433 0.035 0.89 0.946 1.2 1.232
H- 800 7048 40 4 :1 0.13 620 143 433 0.035 0.99 0.946 1.2 1.232
H- 820 7051.6 40 4 :1 0.13 620 143 433 0.035 0.98 0.946 1.2 1232
H- 840 7054.2 40 4 :1 0.13 620 143 433 0.035 0.99 0.846 1.2 1.232
H- 860 7056.8 40 4 1 0.13 620 143 433 0.035 0.99 0.946 1.2 1.232
H- 880 7059.4 40 4 :1 0.13 620 143 433 0.035 0.99 -0.946 1.2 1.232
H- 800 7062 40 4 1 0.135 620 14.5 42.8 0.035 0.98 0.985 12 1.282
M- 920 7064.7 40 4 1 0135 620 145 428 0.035 098 0.885 1.2 1.282
H- 840 7067.4 40 4 :1 0135 620 145 428 0.035 0.98 0.985 1.2 1.282
H- 960 70701 40 4 :1 0134 620 144 429 0.035 0.98 0.973 1.2 1.267
H- 980 7072.8 40 4 :1 0.13 620 143 433 0.035 0.99 0.946 1.2 1.232
H-1000 70755 40 4 :1 0.108 620 136 458 0035 1.04 . 0.794 12 1.034
H- 1010 7077 40 4 :1 0.068 620 11.7 832 0.035 1.19 0.522 1.2 0.680
H-1030 70785 40 4 :1 0026 620 8.5 729 0.035 1.57 0.224 1.2 0.292
HCT-2(1100) 7079.4 40 4 :1 0.007 620 5.5 1129 0.035 23 0.076 12 0.089
H-1200 7079.6 40 4 :1 0.004 620 44 . 1414 0035 2.77 0.048 1.2 0.062
H-1220 7079.7 39 4 :1  0.004 620 46 1356 0.035 273 0.049 1.2 0.064
H- 1240 7079.8 38 4 :1 0.004 620 48 1305 0.035 27 0.050 1.2 0.085
H-1260  7079.9 36 4 :1 0005 620 5 1251  0.035 2.68 0.060 1.2 0.079
H- 1280 7080 35 4 :1  0.005 620 5.1 121 0.035 . 2865 0.061 1.2 0.080
P H- 1282 7080 35 38 :1 . 0.008 820 53 1158  0.035 26 0.071 1.2 0.093
H-1285  7080.1 34 39 1 0.007 620 57 1095 0.035 2.51 0.083 1.2 0.108
H-1288  7080.2 33 38 :1 0.008 620 6.1 102.4 0.035 243 0.094 1.2 0.122
H-1281  7080.2 32 37 1 0.01 620 6.5 95.7 0.035 2.34 0.114 1.2 0.148
H-1264  7080.3 32 37 1 0.023 620 8.7 71.3 0.035 1.88 0.231 1.2 0.301
H-1297  7080.3 31 36 :1 0.021 620 = B4 733 0.035 1.95 0.216 1.2 0.282
H-1300 70804 30 35 11 00195 620 8.25 73.3 0.035 2.03 0.207 1.2 -~ 0.268
H-1303  7080.4 29 35 :1 0018 620 8.1 76.2 0.035 2.08 0.195 1.2 0.254
H-1308  7080.4 29 34 :1 0.018 620 - 82 75.7 0.035 212 0.189 1.2 0.259
H-1309 70804 28 34 11 0019 620 85 73.1 0.035 21 0.211 1.2 0.275
M- 1312  7080.5 27 33 :1 0.019 620 85 728 0.035 214 0.214 1.2 0.279
H-1315  7080.5 26 33 :1 0018 620 8.5 72,8 0.035 218. 0217 1.2 0.282
- 1318  7080.5 26 33:1 0016 620 8 77.2 0.035 233  0.180 12 0.247
H- 1321 7080.5 25 32 :1 0015 620 8 77.2..  0.035 2.38 0.183 1.2 0.238
H-1324 70805 24 32 :1  0.018 620 8.3 74.6 0.035 236 0.196 1.2 0.255
H-1327 70805 23 32 :1  0.017 620 8.5 72.9 0.035 2.36 0208 12 0.272
H- 1330 7080.5 23 3.1 1 0.019 620 8.8 70.7 - 0.035 237 . 0.235 1.2 0.305
H- 1333  7080.5 22 31 :1 0016 620 8.4 738 0.035 25 0.205 1.2 0.267
H-1336  7080.5 21 3.1 1 0.025 620 9.8 63.3 0.035 226 0.305 12 0.396
H- 1339  7080.6 20 3:1 0026 620 10 61.8 0.035 228 03217 1.2 0.417
H-1342  7080.8 20 3:1 0028 620 10.4 598 0.035 227 0.348 1.2 0.454
H-1345 708086 18 29 11 0031 620 108 §73 0.035 2.26 0.387 1.2 0.504
H-1348  7080.6 18 29 11 0.031 620 109 568 0.035 23 0.394 1.2 0.513
H- 1351 7080.6 17 29 1 0.034 620 113 54.7 0.035 229 0.434 1.2 0.565
H-1354 70806 17 28 ;1 0034 620 116 537 0.035 2.33 0.447 12 0.582
H- 1357  7080.8 16 28 :1 0036 620 11.8 526 0.035 235 0477 12 0.620
H- 1360 70806 15 28 :1 0.039 620 122 51 0.035 236 0.522 1.2 0.680
H-1363  T7080.7 14 27 11 0038 620 123 50.4 0.035 242 0.534 12 0.695
H- 1366  7080.7 14 27 1 0.041 620 127 488 0.035 243 0.570 1.2 0.742
H-1388  7080.7 13 26 11 .0.042 620 129 481 0.035 2.5 0.599 1.2 0.780°
H-1372  7080.7 12 26 11 0043 6820 131 47.2 0.035 2.54 0.624 12 0.812
H-1375  7080.7 11 26 1 0.044 620 13.3 466 0.035 2.59 0.651 1.2 0.847
M- 1378  7080.7 11 25 11 0.045 620 135 459 0.035 267 0.683 1.2 0.890
H- 1381  7080.7 10 25 :1 0045 620 136 455 0.035 2.74 0.699 1.2 0.908
H-1384  7080.8 9 25 :1 0.045 - 620 13.7 +452 0.035 2:82 0.716 1.2 0.932
H- 1387 7080.8 8 24 :1 0.045 620 13.8 44.8 0.035 2.92 0.740 1.2 0.963
‘ H- 1380  7080.8 8 24 :1 0045 620 13.8 446 0.035 3.02 0.756 1.2 0.885
H-1383  7080.8 7 23 11 0.043 620 139 445 0.035 3.16 0.750 1.2 0.977
H- 1396  7080.8 6 23 :1 0.043 620 139 447 0.035 3.29 0.771 1.2 1.004
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TABLE 5-5. CHANNEL CONVEYANCE CHARACTERISTICS FOR PMF WITH STEPHENSON ROCK SIZING (continued).

- Alternate
Target (por = 0.45)
Cross Bottom Bottom Side  Energy Flow Manning's . Riprap Rock Riprap
Section  Elevation Width Slope Gradient Discharge Velocity Area n Depth D50 D50 D50
(Ft+MSL)  (ft) (H:V) () {cts) (fps) (sq. fi.) {ft) {f) (1) ?)
H- 1388  7080.8 5 23 1 0.041 620 13.7 451 0.035 343 0.754 1.2 0.982
H- 1402  7080.8 5 22 1  0.038 620 13.7 454 0.035 3.63 0.752 1.2 0.878
H- 1405  7080.8 4 22 1 0.037 620 134 462 0.035 3.8 0.731 1.2 0.952
H- 1408 70809 3 22 11 0.035 620 13.1 47.4 0.035 4.01 0.713 12 0.828
H- 1411 70809 2 21 1 0.032 620 128 485 0.035 428 0682 1.2 0.888
H- 1414  7080.9 2 21:1 0028 620 122 507 0035 4.57 0618 1.2 0.804
H- 1417  7080.9 1 2:1 0023 620 115 54 0.035 5 0.538 1.2 0.700
HCT-1(1470) 7081 0 2:1 0006 620 6.9 89.7 0.035 6.7 0.160 1.2 0.208
H- 1480 7081 0 2:1 0005 620 6.3 98.2 0035 7.01 0.135 1.2 0.175
H- 1500 7081 5 2:1 0002 620 42 1479 0035 744 0.052 1.2 0.068
H- 1501 7081 5 2:1 0002 620 4.1 1515 0.035 746 0.051 1.2 0.067
H- 1504 7081 6 21 :1  0.001 620 3.7 166.2  0.035 7.5 0.028 1.2 0.037
H- 1807 7081 7 21 1 0001 620 35 1781 0035 7.61 0.027 1.2 0.036
H- 1510 7081 9 22 11 0001 620 3.3 187 0035 748 0.026 1.2 0.034
H- 1513 7081 10 23 11 0.001 620 PONDED 1.2
H- 1518 7081 11 23 .1 0001 . 620 PONDED 1.2
H- 1519 7081 12 24 ;1 0001 620 PONDED 1.2
H- 1522 7081 13 24 11 0.001 620 PONDED 1.2
H- 1525 7081 14 25 1 0.001 620 PONDED 1.2
H- 1528 7081 15 26 11 0.001 620 PONDED 1.2
H- 1531 7081 16 26 :1  0.001 620 PONDED 1.2
H- 1534 7081 17 27 .1 0.001 620 PONDED 1.2
H- 1537 7081 18 27 11 0,001 620 PONDED 1.2
H- 1540 7081 18 28 :1 0001 620 PONDED 1.2
H- 1543 7081 20 29 11 0.001 620 PONDED 1.2
H- 1546 7081 21 29 :1  0.001 620 PONDED 1.2
H- 1548 7081 22 3:1 0.001 620 PONDED 1.2
H- 1552 7081 23 3:1 0001 620 PONDED 1.2
H- 1555  7081.1 24 3.1 :1 0001 620 PONDED 1.2
H- 1558  7081.1 25 32 :1  0.001 620 PONDED 1.2
H- 1861  7081.1 26 32 :1  0.001 620 PONDED 1.2
H-1564  7081.1 27 33 :1 0001 620 PONDED 1.2
H- 1667  7081.1 28 33 :1 0.001 620 PONDED 1.2
H- 1570  7081.1 30 34 11 0001 620 PONDED 1.2
H- 1573  7081.1 3 35 :1 0.001 620 PONDED 1.2
H- 1576  7081.1 32 35 :1  0.001 620 PONDED 1.2
H- 1579  7081.1 33 36 :1  0.001 620 PONDED 1.2
H- 1582  7081.1 34 36 :1  0.001 620 PONDED
H- 1585  7081.1 35 37 1 0.001 620 PONDED
H- 1588  7081.1 36 38 :1  0.001 620 PONDED
H- 1591 7081.1 37 38 :1  0.001 620 PONDED
H- 1594 70811 38 39 ;1 0.001 620" PONDED
H- 1597 70811 39 38 :1  0.001 620 PONDED
H- 1600  7081.1 40 4 :1  0.001 620 PONDED
H-1700 7081.2 40 4 .1 0001 620 PONDED
Channel | .
I~ 1450 7081 50 4 :1 0007 - 681 5.1 113.2 0.035 1.96 0.000 0.15 0.085
1-1490  7081.3 50 4 11 0007 581 52 1122  0.035 1.94 0.085 0.15 0.085
- 1580  7082.1 50 4 :1 0008 581 53 108.8  0.035 1.89 0.085 0.15 0.094
l-1630  7082.4 50 4 :1 0008 581 53 109.3  0.035 1.9 0.072 0.15 0.095
-1730  7083.2 50 4 :1 0008 581 53 109.8  0.035 1.9 0.073 0.15 0.095
I-1770  7083.8 50 - 4 :1 0015 581 6.6 87.8 0.035 1.56 0.073 0.15 0.158
- 1870 7088.3 50 4 :1 0.033 581 8.5 68.6 0.035 1.25 0.121 0.6 0.305
i- 1890 7086 50 4 :1 0033 581 8.4 68.8 0.035 1.25 0.234 0.6 0.302
-1910  7086.6 S0 4 :1 0.032 581 8.4 69.2 0.035 1.26 0.232 0.6 0.296
]-1830 7087.3 50 4 :1 0034 581 86 68 0.035 1.24 0.228 0.6 0.313
I-1940  7087.6 50 4 :1 0.034 581 8.5 68.2 0.035 1.24 0.240 0.6 0.311
l-1960  7088.3 50 4 :1 0034 581 8.5 68.3 0.035 ° 1.24 0.239 0.6 0.311
HC4-3(1980) 7089 50 4 :1 0033 581 84 68.8 0.035 125 0.239 0.6 0.302
' -1995  7089.5 50 4 11 0032 581 8.4 69.2 0.035 1.26 0.232 0.6 0.296
-2015  7090.1 50 4 :1 0031 581 8.3 70.2 0.035 1.27 0.228 0.6 0.288
1-2035  7090.8 50 4:1 0.033 581 8.5 686  0.035 1.25 0.221 0.6 0.305
i-2086  7091.5 50 4 :1  0.031 581 8.3 70.1 0.035 1.27 0.234 0.6 0.288
1-2075 70921 50 4 :1 0034 581 85 68 0.035 1.24 0.221 0.6 0.311
1-2090  7082.6 50 4 :1 0.033 581 8.4 68.9 0.035 1.25 0.239 0.6 0.302
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ABLE 5-5. CHANNEL CONVEYANCE CHARACTERISTICS FOR PMF WITH STEPHENSON ROCK SIZING (continued).

Alternate
Target (por = 0.45)
Cross Bottom  Bottom Side  Energy Flow Manning's Riprap Rock Riprap
Section  Elevation Width Siope Gradient Discharge Velocity Area n Depth D50 D50 DSO
(FteMSL)  (ft) (H:V) _(fun) {cfs) (tps) (sq. ft.) () {tt) (ft) {f)
2110 70933 50 4 :1 0034 581 8.5 68.2 0.035 1.24 0.232 0.6 0.311
i- 2130 7094 50 4 :1 0033 581 8.4 69 0.035 1.26 0.239 0.6 0.304
~2150 7094.6 50 4 :1 0035 581 8.6 67.8 0.035 1.23 0.233 0.6 0.319
I-2170  7085.3 50 4 :1 0.02 581 7.2 80.3 0.035 1.44 0.245 06 0.200
- 2270 7098 50 4 :1 0036 541 8.5 63.7 0.035 1.17 0.1583 0.6 0.313
12380  7100.9 49 4 :1 001 496 5.6 88.8 0.035 1.6 0.241 0.4 0.112
{-2410  7101.2 48 4 :1 0012 491 5.8 85.3 0.035 1.57 0.086 0.4 0.122
-2430 71014 47 4 :1 0012 486 5.9 83 0.035 1.58 0.094 04 0.122
I~-2450 71016 46 4 11 0012 482 59 81.9 0.035 1.56 0.094 0.4 0.123
- 2470  7101.9 46 4 :1 0012 . 477 58 816 0.035 1.58 0.004 04 0.122
1-2480 71021 45 4 :1 0.012 473 5.9 80.7 0.035 1.59 0.094 0.4 0.124
2510  7102.4 44 4 11 0012 468 59 79.7 0.035 1.6 0.095 0.4 0.125
-2530 71026 43 4 :1 0012 464 5.9 78.2 0.035 1.58 0.096 04 0.124
I~ 2550 7102.8 42 4 :1 0.013 459 6 76.8 ' 0.035 1.6 0.095 0.4 0.134
12570 71031 41 4 :1 0012 455 6 76.3 0.035 1.61 0.103 0.4 0.127
-2880 71033 40 4 :1  0.012 450 59 75.6 0.035 1.63 0.097 0.4 0.128
2694  7103.7 40 4 :1 0014 445 6.2 71.9 0.035 1.58 0.097 04 0.143
-2714  7105.2 40 4 :1 0015 422 6.2 67.8 0.035. 148 - 0.110 04 0.146
HC4-2(2810) 7106.7 40 4 :1 0014 399 59 67.1 0.035 1.46 0.112 04 0.133
-2815 7106.7 40 "4 1 0012 399 57 70.6 0.035 1.53 0.102 0.4 0.118
1-2830 7106.8 40 4 :1 0007 398 4.8 82.9 0.035 1.76 0.091 0.4 0.076
-2830 7107.2 40 4 :1 0005 389 41 96.7 0035 201 0.058 0.4 0.057
13030 71076 40 4 :1 0004 399 4 98.9° 0035 205 0.044 0.4 0.048
I-3040  7107.6 39 4 :1 0.004 399 4.1 97.7 0.035 2.08 0.037 04 0.049
-3060 7107.7 38 4 :1 0005 399 42 94.7 0035 207 0.037 04 0.088
I-3080 7107.8 36 4 :1 0.005 399 44 91.3 0035 206 0.046 0.4 0.061
3100 7107.9 . 34 4 :1 0.005 399 45 888 0.035 208 0.047 0.4 0.062
- 3120 7108 33 4 :1 0.006 399 46 86.4 0.035 2.1 0.048 04 0.073
- 3140 7108 31 4 :1 0006 309 47 84.6 0035 213 0.056 0.4 0.075
-3160 7108.1 30 4 :1  0.006 399 48 823 0.035 2.15 0.058 0.4 0.077
-3180  7108.2 28 4 :1 0006 399 4.9 80.7 0.035 2.19 0.059 0.4 0.079
1-3200 7108.3 26 4 :1 0007 399 5.1 78.7 0.035 223 0.060 0.4 0.092
1-3220 7108.4 25 4 :1  0.007 399 52 771 0.035 228 0.071 0.4 0.095
~3240 71084 23 4 :1 0.007 398 53 76 0.035 234 0.073 0.4 0.008
I-3260 7108.5 22 4 :1  0.007 398 54 74.2 0.035 2.38 0.075 04 0.100
HC4-1(3280) 71086 = 20 4 :1 0008 399 55 72.1 0.035 243 0.077 0.4 0.114
-3200 7108.8 21 4 :1 0016 389 714 - 665 0.035 1.94 0.088 0.4 0.202
-3310 7109.3 24 4 :1 0016 399 7 571  0.035 1.81 0.1585 0.4 0.191
1-3330 7109.7 27 4 :1 0017 399 6.9 57.6 0.035 1.7 0.147 0.4 0.190
1-3360 71103 29 4 :1 0.01 399 57 69.8 0035 189 0.146 0.4 0.118
-3380 71104 28 4 :1 0.009 389 55 723 0035 201 0.091 0.4 0.110
-3400 7110.5 27 4 :1 0009 399 55 726 0.035 2.07 0.085 04 0.113
- 3420 71106 25 4 :1 0008 398 56 7.7 0.035 212 0.087 0.4 0.116
|- 3440 7110.7 24 4 1 0.008 399 5.6 71.1 0.035 2.17 0.088 0.4 0.118
1-3480 71109 23 4 :1  0.008 399 5.8 69.4 0.035 2.2 0.090 0.4 0.122
1- 3480 7111 21 4 :1 0.008 399 58 68.6 0.035 226 0.093 04 0.124
I-3500 71111 20 4 :1 0.008 399 5.9 67.7 0.035 2.32 0.095 0.4 0.127
Channel M
M- 200 7082.5 50 8 :1 0.005 170 28 59.6 .0.035 1.02  0.000 0.6 0.028
M- 270 7083 50 8 :1 0.007 170 3.2 53.3 0.035 0.83 0.022 0.6 0.038
HC4-6(205) 7084 50 64 :1 0035 170 5.4 31.8 0.035 0.59 0.029 06 0.143
M- 385 7088 50 8 :1 0046 170 58 295 0.035 054 0.110 0.6 0.178
M- 485 7004.1 50 8 :1 0.09 150 6.8 22 0.035 0.41 0.137 0.6 0.285
M- 605 7099.9 50 8 :1 0.001 36 1 36 0.035 0.65 0.226 0.6 0.003
M- 612 7099.9 43 74 1 0.002 36 1.2 31 0035 065 0,002 06  0.008
M-618 7089.9 36 §1:1  0.002 38 1.4 255 0.035 0.65 0.004 0.6 0.006
M- 625 7100 30 7.4 :1 0.003 36 1.6 22 0.035 0.64 0.005 0.6 0.010
M- 633 7100 20 4 1 0.008 36 26 13.9 0035 062 0.007 0.6 0.028
M- 641 7100 10 4 :1 0079 36 6.5 55 0.035 0.47 0.021 0.6 0.279
M- 645 7100 5 4 :1 0083 36 74 . 48  0.035 0.64 0.214 06 - 0.390
2 M- 850 7100 -0 4 :1 .0.023 38 49 774 0035 136 0.300 0.6 0.166
M- 670 7100 0 25 :1  0.023 36 53 6.8 0.035  1.64 0.128 0.6 0.199
Q M- 680 7100.1 0 2 :1 0.02 36 52 " 6.9 0.035 1.85 0.153 0.6 0.190
5(705) 7100.1 0 2 :1 0.008 36 33 10.8 0.035 233 0.146 0.6 0.063
M- 730 7100.2 0 2:1 0.005 36 31 11.8 0.035 243 0.048 0.6 0.054
5-63 (Revised 05/20/96)

'



TABLE 5-5. CHANNEL CONVEYANCE CHARACTERISTICS FOR PMF WITH STEPHENSON ROCK SIZING (continued).

Alternate
Target (por = 0.45)
Cross Bottom  Bottom Side  Energy ' Flow Manning's Riprap Rock Riprap
Section Elevation Width Slope Gradient Discharge Velocity Area n Depth D50 D50 DS0
(Ft+MSL) () (H:V) () {cfs) {fps) _(sq. ft.) (®) (ft) W) (n)
M- 755 7400.2 25 4 11 0.001 36 - SURGE POND —————— 06
Channel N )
N- 100 7076.2 30 4 .1 0042 228 7.6 30.2 0.035 0.9 0.225 - 0.277
N-110 7076.6 30 4 :1  0.048 229 7.9 28.9 0.035 086 0.252 - 0.309
HC5-5(130) 7077.6 30 4 :1 002 229 6.5 355 0.035 1.04 0.149 0.6 0.186
N- 140 7078.3 30 4 1  0.024 229 6.3 36.2 0.035 1.06 0.141 0.6 0.172
N- 190 7079 30 4 :1 0025 229 6.4 35.7 0.035 1.04 0.146 0.6 0.178
N- 200 7079.3 30 4 :1 -0.019 213 57 374 0.035 1.09 0.11 0.6 0.136
N- 220 7080 30 4 :1 0055 180 7.6 237 0.036 072 0.242 0.6 0.300
N- 230 7080.5 28 4 :1 0055 180 7.7 23.4 0035 075 0.248 0.6 0.311
N- 240 7081 27 4 :1 0.054 180 7.8 231 0036 078 0.254 0.6 0.317
N- 250 7081.5 25 4 :1 0.045 180 74 242 0.035 085 0225 0.6 0.278
N- 270 7082.4 25 4 :1 0.046 180 7.5 24 0.035 0.85 0.229 0.6 0.285
N- 290 7083.3 25 4 :1 0044 180 7.4 243 0035 0.86 0.221 0.6 0.275
N- 310 7084.2 - 25 4 :1 0046 ° 180 75 238 0035 084 0.231 0.6 0.283
N- 330 7085.1 25 4 :1 0038 180 7.1 25.5 0.035 0.89 0.196 0.6 0.242
N- 350 7086 25 4 :1 0083 180 9.1 19.8 0.035 071 0.385 0.6 0.480
N- 365 7087.2 25 4 :1 0077 180 8.9 20.3 0.035 073 0.361 0.6 0.451
HC5-4(385) 7088.9 25 4 :1 0106 180 9.9 18.3 0035 066 0.483 0.6 0.600
N- 395 7090 25 4 1 0.092 180 9.4 19.1 0.035 069 0.426 0.6 0.528
N- 400 7080.2 20 4 :1 0100 180 10.6 17 0035 074 0.573 0.6 0.702
N- 402 7080.4 19 3.9 :1 0.1 180 10.8 167 0.035 0.76 0.594 1.2 0.728
N- 404 7090.5 18 38 :1 0.109 180 109 165 0035 079 0613 12 0.747
N- 406 7080.7 17 3.7 :1 04107 180 11 16.3 0.035 0.82 0.623 1.2 0.757
N- 408 7080.8 16 36 :1 0.105 180 114 -16.2 0035 085 0.633 1.2 0.766
N- 410 7091 15 35 :1 0089 180 1.4 16.2  0.035 1R} 0.622 12 0.753
N-412 7081.1 14 34 :1 0102 180 114 158 0035 082 0668 1.2 0.800
N- 414 7081.2 13 33 :1 0.104 180 11.7 154 0035 095 0715 1.2 0.847
N- 416 7091.3 12 32:1 0106 180 12 15 0035 099 0.761 1.2 0.901
N- 418 7091.4 11 31 :1 0107 180 123 147 0.035 1.03 0.803 1.2 0.949
N- 420 7091.5 10 3:1 0105 180 124 14.5 0.035 1.09 0.837 1.2 0.974
N- 430 7082 5 3:1 0082 180 127 141 0.035 1.49 1.003 1.2 1.078
N- 440 7082.5 0 3:1 0065 180 114 1687 0035 229 1.051 1.2 0.981
N- 445 7092.8 0 25 1 0047 180 105 172 0035 262 0.826 1.2 0.770
HC5-3(475) 7093 0 2 :1 0.006 180 5.2 349 0.035 4.8 0.145 1.2 0.126
N- 500 7093.1 0 21 0:005 180 4.8 37.4 0.035 4.32 0.122 12 0.106
N- 503 7093.1 3 22 :1 0002 180 3 59.4 0035 458 0.034 1.2 0.039
N- 508 7093.1 8 26 :1 0.001 180 ——-LOW SLOPE 1.2
N- 513 7083.1 13 3:1- 0.001 180 ——LOW SLOPE ——— 1.2
N- 515 7083.1 17 32 :1 0.001 - 180 - ——LOW SLOPE ———- 0.15
N-520 - 7093.1 29 36 :1  0.001 180 -——LOW SLOPE ——— 0.15
N- 525 7083.2 40 4 -1 0001 180 ———LOW SLOPE ~—— 0.15
N- 600 7094 40 4 :1  0.001 450 —_OW SLOPE 0.15
N- 680 7084.1 40 4 :1 0001 650 3.2 2021 0035 369 0.023 0.15 0.021
N- 780 7084.3 40 4 -1 0003 899 46 1844 0035 358  0.052 0.15 0.061
HC5-2(880) 7084.5 40 4 :1 0005 1149 58 1986 0.035 364 0.086 0.15 0.107
N- 885 7084.5 40 41 :1 0.004 1149 57 2026 0035 366  0.083 0.15 0.089
N- 880 7004.5 41 4.2 ;1 0.004 1149 55 2087 0035 371 0.077 0.15 0.088
N- 895 7094.5 41 43 1 0.004 1149 54 2114 0.035 3.72  0.075 0.15 0.087
N- 900 7084.6 41 44 1 0.004 1149 53 2163 0.035 374 0.072 0.15 0.086
N- 820 7094.8 43 48 :1 0003 1148 5 2312 0035 381 0.062 0.15 0.067
N- 940 7094.7 44 51 :1 0.003 1149 47 2453 0.035 3.8 0055 0.15 0.065
N- 960 7094.8 45 55 :1 0.003 1149 44 2589 0.035 39 0.049 0.16 0.063
N- 980 7094.8 46 59 :1 0.002 1148 43 2704 0035 3.9 - 0.045 0.15 0.045
N-1000  7084.9 48 63 :1 0.002 1149 4.1 2829 0035 382 0.041 0.15 0.044
N-1020 70949 49 66 :1 0.002 1148 4 290.8 0.035 3.8 0.039 0.156 0.043
N- 1040 7085 50 7 :1  0.002 1148 38 3053 0.035 394 0.035 0.15 0.042
N-1060  7095.1 51 74 :1 0.002 1149 37 3151 0035 383 0033 0.15 0.041
N- 1080  7095.1 53 78 .1 0.002 1149 3.6 319 0.035 3.86 0.032 0.15 0.040
N- 1100  7085.2 54 81 :1 0.002 1148 35 3285 0035 3.87 0.03 0.15 0.039
N-1120 70953 55 85 :1 0.002 1149 34 3395 0035 387 0028 0.15 0.038
N-1140  7095.3 56 89 :1 0.002 1149 33 3432 0.035 -3.81 0.028 0.15 0.037
N- 1180 70854 58 93 :1 0.002 1148 32 358 0035 382 0.026 0.15 0.036
N- 1180  7095.4 59 96 :1 0002 1149 32 3576 0035 377 0.026 0.15 0.036
N-1200  7085.5 60 10 :1  0.001 1149 3.1 3701 0035 378  0.024 0.1 0.021
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TABLE 5-5. CHANNEL CONVEYANCE CHARACTERISTICS FOR PMF WITH STEPHENSON ROCK SIZING {continued).

Alternate
Target (por = 0.45)
Cross Bottom  Bottom Side  Energy Flow Manning's Riprap Rock Riprap
Section  Elevation Width Slope Gradient Discharge Velocity Area n Depth D50 D50 D50
(FteMSL) (1Y) (H:V) () {cts) {fps) (sq.ft.) {ft) {ft) {ft) (ft)
N-1300 ° 7095.7 60 10 1 0.002 1149 3.2 3612 0.035 372 0.025 0.15 0.036
N- 1400 7085.8 60 10 :1  0.002 1149 3.2 3612 0035 372 0.025 0.15 0.036
N- 15060 7086 80 10 1 0.002 1148 32 3612 0035 372 0.025 0.15 0.036
N- 1600  7096.2 60 10 1 0.002 1148 33 3529 0035 3.66 0.027 0.15 0.038
N-1850  7086.7 60 0 :1  0.002 1149 32 3612 0035 3.72 0.025 0.15 0.036
N-2150  7096.9 60 10 1 0.001 1149 3.1 370.1  0.035 3.78 0.024 0.15 0.021
HC5-1(2250) 7097 60 10 11 0.004 1149 3 3801 0.035 3.86 0.022 0.15 0.020
N-2300 7087.1 60 10 1 0.001 1149 3 380.1 0.035 386 0.022 0.15 0.020
N-2400 7087.2 60 10 ;1 0.001 1149 3 380.1 0.035 3.86 0.022 0.15 0.020
N-2500 70973 60 10 :1  0.001 1149 3 3801  0.035 388 0.022 0.15 0.020
N-2800 7097.5 60 10 1 0.001 1149 3 380.1 0.035 3.86 0.022 0.15 0.020
N-2700 70976 80 10 1 0.001 1149 3 380.1 0.035 3es 0022 0.15 0.020
N- 2800 7097.7 60 10 :1  0.001 1149 3 380.1 0.035 3.86 0.022 0.15 0.020
N- 2900 7097.8 60 - 10 1 0.001 1149 3 380.1 ° 0.035 3.86 0.022 0.15 0.020
N- 3000 7098 60 10 1 0.00% 1149 3 380.1 0.035 3.86 0.022 0.15 0.020
Channel O
HC5-9(55) 7087 20 4 :1 0.013 583 7.3 79.5 0.035 261 0.000 0.4 0.212
O- 150 7088.7 20 4 .1 0.012 583 7.3 78.8 0.035 2862 0.163 0.4 0.200
O- 250 7100 20 4 :1 0014 583 7.8 76.5 0.035 254 0.153 0.4 0.227
O-310 7100.4 20 4 11  0.006 583 57 1021  0.035 3.14 0.175 0.4 0.111
0O-410 7101 20 4 :1 0.006 583 57 102.1  0.035 314 0.085 0.4 0.111
O- 411 7101 21 53 :1 0.004 575 44 131.2 0.035 3.41 0.085 0.4 0.072
O- 414 7101 22 53 :1 0003 550 4 138.5 0.035 344 0.055 0.4 0.054
0-417 7101 24 52 :1 0002 526 3.6 146.3 0.035 3.51 0.041 0.4 0.037
0O-420 7101 25 38 11  0.002 501 3.7 134.9 0.035 348 0.029° 0.4 0.038
. O- 460 7101.3 25 38 :1 0.003 501 39 1271 0.035 3.34 0.029 0.4 0.052
O- 465 7101.3 25 39 :1 0003 501 39 1274 0035  3.34 0.040 0.4 0.052
O- 470 7101.3 25 39 :1 0003 501 4 1254 0.035 3.31 0.040 0.4 0.053
0-475 7101.3 25 39 :1 0003 501 4 1254  0.035 3 0.040 0.4 0.053
O- 480 7101.4 25 38 11 0003 501 4.1 1238 0.035 3.28 0.040 0.4 0.053
O- 485 7101.4 25 39 :1 0003 501 4.1 123.8  0.035 3.28 0.041 0.4 0.053
0O-490 7101.4 25 4 :1 0.003 501 4.1 1228 0035 324 0.041 0.4 0.053
0O- 495 7101.4 25 4 :1 0003 501 4.1 122.8 0.035 3.24 0.040 0.4 0.053
O- 500 7101.5 25 4 :1 0003 501 4.1 121.3 0.035 32 0.040 04 0.052
O-505 7101.5 25 4 :1 0.003 501 4.1 121.3  0.035 3.21 0.040 04 0.052
HC5-6(510) 7101.5 25 4 :1 0.003 501 4.9 1213 0035 3.2 0.040 0.4 0.052
0-610 7102 25 4 11 0.004 501 46 1086 0.035 297 0.040 ‘0.4 0.067
O-620 7102 25 4 :1. 0004 501 4.8 109.6 0.035 2.97 0.052 0.4 0.067
0-720 7102.5 25 4 :1 0.004 501 4.7 1059 ~ 0.035 29 0.052 04  0.067
0-820 - 7103 25 4 :1 0.005 501 48 1043 0035 286 0052 0.4 0.080
0- 830 7103 25 4 :1  0.005 501 4.8 1043 0035 286 0.062 0.4 0.080
O- 930 7103.5 25 4 :1  0.005 501 4.9 102,86 0.035. 283 0.062 0.4 0.081
O- 1030 7104 25 4 :1 0.005 501 4.9 102.8 0.035 283 0.082 0.4 0.081
O-1130  7104.5 25 4 :1 0.005 501 4.9 1028 0.035 283 0.062 0.4 0.081
0- 1230 7108 25 4 1  0.005 501 49 102 0035 2.81 0062 = 04 0.081
Channel P
P-10 7101.3 20 4 :1 0005 446 4.9 50.4 0.035 287 0.000 0.4 0.082
P-30 7102 20 4 :1 0.001 173 22 798.5 0.035 2861 0.063 0.4 0.013
HC5-8(50) 7102.5 20 4 :1 0.003 173 3 58.7 0.035 2,07 0.010 0.4 0.032
P-70 7103 20 4 :1  0.007 173 42 1.2 0.035 1.57 0.024 0.4 0.064
P-110 7104 20 4 :1 0022 173 6.1 284 0.035 1.15 0.049 0.4 0.166
P- 200 7105.5 20 4 1 0.01 173 4.7 36.7 0.035 1.43 0.128 0.4 0.086
P- 240 7106 20 4 :1 0.013 173 5.1 338 0.035 1.33 0.066 0.4 0.107
P- 300 7106.5 20 4 :1 0007 173 43 40.7 0.035 1.55 0.082 04 0.085
HC5-7(370) 7107 20 4 :1  0.007 173 42 . 414 0.035 1.58 0.050 0.4 0.064
P- 450 7107.5 20 4 :1  0.0D6 173 4 432 *0.035 163 0.050 0.4 0.056
P- 540 7108 20 4 :1 0008 173 38 45 0.035 1.68  0.043 0.15 0.056
P- 600 7108.5 20 4 :1 0.008 173 43 403 0.035 1.54 0.043 0.156 0.072
P- 8670 7109 20, 4 :1 -0.007 173 42 © 412 0035 157 0.055 0.15 0.064
4 :1 0.008 173 38 453 0.035 1.68 0.049 0.15 0.056
4 :1 0.008 173 4 43.7 0.035 1.64 0.043 0.15 0.057

p P-760 71095 20
P-840 7110 20
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TABLE 5-5. CHANNEL CONVEYANCE CHARACTERISTICS FOR PMF WITH STEPHENSON ROCK SIZING (continued).

Alternate
Target (por = 0.45)
Cross Bottom  Bottom Side  Energy Flow Manning's ' Riprap Rock Riprap
Section  Elevation Width Slope Gradient Discharge Velocity Area n Depth D50 D50 D50
(Ft«MSL)  (ft) (H:V) (tut) {cfs) {fps) (sg.ft) (ft) (ft) )] {ft)
Channel Q
Q- 100 7060.9 30 4 1 0.0M 843 7.3 11498 0035 279 0.163 0.6 0.184
Q- 130 7061.3 30 4 .1  0.012 843 7.6 111 0.035 272 0.177 0.6 0.210
Q- 220 7062.4 30 4 :1  0.012 843 77 1097 0035 269 0.182 06 0.211
HC5-14(230) 7062.5 30 4 11 0.024 843 9.7 868 0035 223 0.318 0.6 0.378
Q- 250 7083 30 4 1 0021 843 9.3 812 0035 232 0283 0.6 0.338
Q- 260 7063.2 30 4 :1 0.02 833 9.1 92 0.035 234 0.27 0.6 0.323
Q-270 7063.5 30 4 :1 0015 823 82 1002 0.035 25 0.214 06 0.250
Q- 280 70683.7 30 4 11 0.022 813 9.3 7.8 0035 225 07286 06 0.344
Q- 290 7064 30 41 0.0 803 8.1 88 0.035 226 0.276 08 0.328
Q- 300 7064.2 30 4 :1 0.02 792 8.9 885 0035 227 0.264 0.6 0.311
Q-310 70645 30 4 11  0.015 782 8.1 06.7 0.035 243 - 0207 06 0.243
Q- 320 7064.7 30 4 11 0.021 772 9.1 848 0035 219 0.276 0.6 0.321
Q- 330 7065 30 4 :1  0.029 761 10.1 765 0035 199 0.355 0.6 0.418
Q- 340 7065.2 30 4 11 0.046 751 11.7 642 0.035 1.74 0.517 086 0.618
Q- 360 7066.1 30 4 11 0.045 751 116 . 645 0.035 1.74 0.511 0.6 0.604
Q- 380 7067 30 4 :1 0045 751 116 648 0035 175 0.506 0.6 0.607
Q- 400 7068 30 4 11 0.043 751 11.4 - 657 0035 177 0.488 06 0.582
Q- 420 7068.9 30 4 11 0.039 751 111 679 0035 1.82  0.448 06 0.537
Q- 440 7069.8 30 4 11 0.025 751 9.5 788 0035 206  0.311 0.6 0.365
HC5-12(500) 7071.3 30 4 11 0.025 751 ‘9.5 7¢.2 0.035 207 0307 0.6 0.366
Q- 540 70723 30 4 11 0025 751 9.6 784 0035 205 0314 0.6 0.366
Q- 590 7073.6 30 4 1 0.024 761 9.4 80 0036 209 0299 0.6 0.354
Q- 690 7076.1 30 4 :1 0.026 751 9.7 776 0035 204 0.322 0.6 0.380
Q- 780 7078.6 30 4 11 0023 751 9.3 81.1 0035 211 0.289 0.6 0.342
Q- 870 7080.8 30 4 11 0027 751 8.8 765 0035 201 0.334 0.6 0.390
Q-970 7083.1 30 4 1 0.021 751 8.9 84.1 0.035 217  0.265 0.6 0.314
Q- 980 7083.4 30 4 11 0016 747 8.2 81.3 0035 232 0.215 06 0.250
Q-1080 70859 30 4 :1 0093 708 145 487 0.035 1.37 0.83 1.2 1.125
Q-1095  7087.3 30 4 :1 0083 706 145 488  0.035 1.37 0.925 1.2 1.126
Q- 1115 7089.2 30 4 .1 0.092 706 144 489 0035 138 0819 12 1.114
Q- 1135 7091 30 4 :1 0.089 708 143 485 0.035 1.39 0.88 1.2 1.081
Q- 1155 70829 30 4 1 0079 706 138 613 0.035 1.44 0.803 1.2 0.971
Q-1175  7094.8 30 4 .1 - 0053 706 12 568 0035 161 0.553 1.2 0.874
Q-1180  7094.8 30 4 11 0.009 706 64 1097 0.035 269 0.122 1.2 0.148
Q-1185  7084.9 10 4 11  0.046 706 13 543 0035 264 0813 12 0.877
Q-1215  7004.9 0 4 1  0.033 706 118 597 0035 386 0.864 1.2 0.804
Q- 1220  7094.9 0 3.7 :1 0.03 706 116 608 0035 405 0.818 1.2 0.759
Q- 1230 7095 0 3 1 0015 708 9.4 765 003 502 0.47 1.2 0.436
Q- 1240 7095 0 28 1 0.02 706 104 676 0.035 4.9 0.616 1.2 0.578
Q- 1270 7095 0 25 11 0.018 708 103 687 0035 524 0.59 1.2 0.551
Q- 1275 7095 0 24 11 0.022 706 112 632 0.035 513 0.726 1.2 0.675
Q- 1285 7095 0 22 1 0.02 706 111 638 0035 539 0711 1.2 0.642
HC5-11(1295) 7095 0 2 :1 0012 706 93 758 -.0.03 616  0.469 1.2 0.415
Q- 1320 7095 0 2 :1 0007 706 7.4 95.5 0.035 6.91 0.267 1.2 0.252
Q- 1328 7095 6 24 1 0.001 706 38 1874 0035 768 0.044 04 0.038
Q- 1330 7095 12 28 ;1 0.001 7086 PONDING 0.4
Q- 1335 7095 18 32:1 0001 706 PONDING 0.4
Q- 1340 7095 24 36 11 0.001 706 PONDING 0.4
Q- 1345 7095 30 4 :1  0.001 706 PONDING 0.4
Q-1348  7095.3 30 4 11 0.001 700 PONDING 04
Q- 1352  7095.8 30 4 1 0.001 650 PONDING 04
Q-1356  7096.3 30 4 :1  0.001 600 PONDING 0.4
Q-1360 7096.7 30 4 11 0.001 550 PONDING 0.4
Q-1364  7097.2 30 4 -1 0.001 500 PONDING 04
Q-1368 - 7097.8 30 4 1  0.001 450 PONDING 0.4
Q- 1372 70981 30 -4 1 0.001 400 PONDING 0.4
Q-1376 70885 30 41 0.08 480 12.1 39.6 0035 115 0635 1.2 0774
Q- 1380 7099 30 4:1 0078 460 11.8 39 0.035 1.13  0.587 1.2 0.736
Q-1384 70895 30 4 :1  0.074 440 114 384 0.035 112 0.558 1.2 0.682
Q-1388  7089.9 30 4 :1 0.07 420 11 38.1 0.035 1.1 0.511 1.2 0.831
Q-1392 71004 30 4 :1 0.063 400 106 382 0.035 1.11 0.452 1.2~ 0588
Q-1396 71009 30 4 :1  0.101 300 11.1 271 0.035 0.82 0.58 1.2 0.721
Q- 1400  7101.3 30 4 11 0103 290 11 26.4 0.035 0.8 0.574 1.2 0718
Q- 1404 71018 30 4 :1 0106 280 109 266 0035 077 0.575 1.2 0.715
Q- 1408 71022 30 4 :1 0112 270 11 246 0035 075 0.501 1.2 0.744
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TABLE 5-5. CHANNEL CONVEYANCE CHARACTERISTICS FOR PMF WITH STEPHENSON ROCK SIZING (continued).

Alternate
’ Target (por = 0.45)
Cross Bottom  Bottom Side  Energy Flow Manning's Riprap Rock Riprap
Section  Elevation Width Siope Gradient Discharge Velocity Area n Depth D50 D50 DSO
(Ft+MSL)  (ft) {H:V) (run) {cfs) {fps) (sq. ft.) () () () )
Q- 1412 71027 30 4 :1 0122 260 11.2 233 0.035 0.71 0.63 1.2 0.788
Q- 1416 71031 30 4 :1 0146 250 116 215 0.035 0.66 0.732 1.2 0.918
Q- 1420 71036 30 4 1 0.2 243 12.7 19.1 0.035 0.58 1.008 1.2 1.267
Q- 1427 7105 30 4 1 0.18 243 12.8 18.4 0.035 0.6 0.853 1.2 1.197
Q- 1434 71065 30 4 11 0189 243 118 205 0.035 0.63 0.789 1.2 0.988
Q- 1444  7108.1 30 4 :1 0.144 243 15 212 0.035 0.65 0.708 1.2 0.891
Q- 1454  7100.8 30 4 11 0047 243 8 30.3 . 0.035 09 0.255 1.2 0.315
Q-1455 7109.8 29 4 :1 0053 243 8.4 28.9 0.035 088 0.29 1.2 0.355
Q- 1475 7108.9 10 4 :1 0.072 243 11.4 21.3 0.035 1.38 0.676 1.2 0.766
Q- 1485 7110 0 4 :1 0.03 243 87 27.9 0035 264 0.502 1.2 0.471
Q- 1490 7110 0 36 11 0027 243 8.6 28.2 0.035 28 0.483 1.2 0.446
Q- 1499 7110 0 3:1 0017 243 7.5 322 0.035 3.28 0.342 1.2 0.312
Q- 1500 7110 0 3:1 0016 243 7.4 33 0.035 332 0.322 1.2 0.297
Q- 1510 7110 0 27 :1 0.019 243 7.9 30.7 0.035 3.37 0.383 1.2 0.359
Q-1530 71101 0 22 1 0.022 243 8.7 279 0.035 3.56 0.491 1.2 0.447
HC5-10(1643) 71101 1 22 :1 0.004 243 4.7 51.8 0.035 459 0.101 12 0.001
Q-1548 71101 3 24 :1  0.002 243 34 70.8 0.035 4.81 0.044 0.4 0.044
Q-1553  7110.1 5 27 1 0.001 243 2.7 89.1 0.035 488 0.024 04 0.022
Q-1558  7110.1 7 28 1 0.001 243 ———PONDING 04
Q-1563 71101 9 32 :1 0.001 243 ————PONDING ——— 0.4
Q- 1568  7110.1 11 35 :1 0.001 243 ———PONDING ———— 04
Q-1573 71101 13 37 11 0.001 243 —~——PONDING —r
Q- 1578 71101 15 4 :1 0.001 243 ——PONDING ——
Q-1580 7110.2 30 4 1

0.001 243 ——PONDING ~——
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TABLE 5-6. CHANNEL CONVEYANCE CHARACTERISTICS BASED ON HEC-2 MODEL SIMULATION,

Calc- Average  Maximum
. Calc-  Equlvatent ulated Unit Unit
Channel Channel Channel HEC.2 ulated Slope For Channel Channel Stope A ge Ma Discharga Discharyg Target
Crogs Channel Bass Base Channe! Bottom Energy HEC-2 . Flow Top Wetted Hydraullc Averaga Average Band Bend Maximum For Rock Unit Unit  8tephenson Stephenson Riprap

Section Station Elev. Width 8ide Slopa GradientDischarge Velocty Area Depth Width Perimeter Radius  Sheer Shear  Radiys
1 J L 1) 1

12 /1)

Stress  Shear Sizing Discharge Discharge Rock D50 Rock D50 Rock 050
Ra bitt* sif! s/ 1 t e

CHANNEL A
HC4.9 90 71264 20 4 0022 0039 180 75 24 1 28 2825 0.85 1.104 0.0208 NONE  1.000 1157 0.022 6.43 7.50 0.12 0.13 SML 0.40
200 71288 20 4 0026 0.031 170 68 25 103 2824 2849 0.87 1.359 0.0250 NONE  1.000 1.410 0.028 8.02 7.00 0.13 0.15 SML 0.40
20 71294 20 4 0030 0.021 165 6 2768 113 2004 2932 095 1.838 0.0312 NONE  1.000 1.769 0.030 568 678 0.14 0.16 SML 0.40
240 7130 20 4 0045 0058 160 83 194 083 2664 2684 072 2151 0.0478 NONE  1.000 2151 0.048 - 601 6.89 022 0.24 SML 040
260 71312 20 4 0060 0082 153 79 195 084 2672 2693 073 2731 0.0601 NONE  1.000 2728 0.060 573 6.64 026 0.28 SML 0.40
280 71324 20 4 0042 0080 147 89 165 072 2576 2594 0.64 1.502 0.0379 NONE  1.000 1.651 0.042 571 6.41 0.19 0.20 SML 0.40
400 71352 20 4 0015 0012 120 44 274 112 2896 2924 - 094 0.877 0.0150 NONE  1.000 0888 0.015 414 493 0.07 0.07 SML 0.40
500 71359 20 4 0.006 0005 110 32 345 136 308 N2A 1.11 0.453 0.0065 NONE  1.000 0.450 0.006 356 435 0.03 0.04 SML 0.40
600 71365 20 4 0.006 0.006 00 . 33 306 123 2984 3014 102 0323 0.0051 NONE  1.000 0.381 0.006 335 406 003 003 SML 0.40
700 71371 20 4 0006 0005 20 3 297 12 29.6 2990 1.00 0.331 0.0053 NONE  1.000 0373 0.006 3.04 3.60 0.03 0.03 SML 0.40
8OO 71377 20 4 0006 0005 80 29 2768 113 2004 2032 095 0.306 0.0052 NONE  1.000 0.354 0.006 275 328 002 0.03 SML 0.40
CHANNEL D
150 70835 SO 4 0030 0025 1325 103 1286 219 6752 6806 1.89 42344 0.0368 NONE  1.000 3.540 0.030 19.62 .56 033 036 LRG 1.20
200 7085 50 4 0.042 0052 1300 13 1002 176 6408 6451 1.56 4705 0.0485 NONE  1.000 5.049 0.052 2029 2288 053 0.57 LRG 1.20
HC4.13 215 70858 50 4 0057 0030 1300 128 1013 177 6416 6460 1.56 5238 0.0537 NONE  1.000 5.831 0.057 20.26 2266 057 0.6t LRG 1.20
220 70861 50 4 0055 0050 1297 128 1013 177 6416 6460 156 5374 0.0551 NONE  1.000 5.368 0.055 2022 22.66 055 059 LRG 120
240 70871 50 4 0050 0.050 1285 128 1008 177 6416 6460 1.56 4691 0.0481 NONE  1.000 4.880 0.050 2003 2266 0.50 055 LRG 120
260 70881 50 4 0053 0048 1274 126 1011 177 6416 6460 1.56 4769 0.0489 NONE  1.000 5124 0.063 19.66 22.30 0.52 057 LRG 120
280 70892 SO 4 0.053 0045 1262 123 103 18 ~ 644 64.84 159 4633 0.0468 NONE  1.000 5202 0.053 19.60 22.14 0.52 0.56 LRG 1.20
300 70902 50 4 0045 003 1250 16 108 188 6504 6550 1.65 4.149 0.0403 NONE  1.000 4636 0.045 19.22 2184 Q.45 0.49 LRG 1.20
320 7031 S0 4 0040 0038 1240 115 1077 187 6496 6542 164 3918 0.0382 NONE  1.000 410 0.040 19.09 2151 0.41 0.44 LRG 1.20
340 70918 50 4 0038 0037 1230 114 1075 187 6496 6542 164 3736 0.0364 NONE  1.000 3845 0.038 18.93 2132 038 0.41 LRG 1.20
360 70925 S0 4 0.038 00037 1220 114 1071 166 6488 - 6534 1.64 3.698 0.0362 NONE 1.000 3.826 0.038 18.80 2120 038 0.41 INT 0.60
380 70933 SO 4 0040 0035 1210 112 1084 188 6504 6550 165 3.807 0.0370 NONE  1.000 4121 0.040 18.60 21.06 0.40 0.43 INT 0.60
400 70941 50 4 0035 003t 1200 107 1125 195 656 6608 171 3460 0.0325 NONE *  1.000 3725 0.035 18.29 2087 035 0.39 INT 0.60
420 70947 SO 4 0032 0031 1190 107 1116 193 6544 6592 1.69 3302 0.0313 NONE  1.000 3427 0.032 16.18 2065 033 0.36 INT 0.60
440 70954 50 4 0032 0034 1180 106 1112 193 6544 6592 1.69 3.290 0.0312 NONE  1.000 3.427 0.032 18.03 20.46 033 0.36 INT 0.60
460 7096 50 4 0033 0031 1170 106 1104 191 6528 - 6575 167 3275 0.0313 NONE  1.000 3.396 0.033 17.92 20.25 033 0.36 INT 0.60
480 70967 S0 4 0032 0031 1160 105 1101 191 6528 6575 167 3293 0.0315 NONE  1.000 3.3% 0.032 17.77 20.06 033 0.35 INT 0.60
500 70973 50 4 0030 0031 1150 105 1094 19 65.2 €567 167 3.065 0.0293 NONE  1.000 3224 0.031 17.64 19.95 0N 034 INT 0.60
520 70979 S0 4 0033 00 1140 105 1085 169 6512 6559 1.66 3227 0.0312 NONE  1.000 3.364 0.033 17.54 19.85 032 0.35 INT 0.60
540 70986 S0 4 0033 0031 1130 104 1084 188 6504 6550 1.65 3229 0.0313 NONE  1.000 3348 0.033 17.37 19.55 0.32 0.35 INT 0.60
560 70992 S50 4 0032 0031 1120 104 1077 1687 6496 6542 1.64 3.263 0.0318 NONE  1.000 33 0.032 17.24 19.45 032 035 INT 0.60
580 70999 50 .4 0032 0030 1110 103 108 188 €504 6550 1.65 3.155 0.0308 NONE  1.000 3.348 0032 17.07 . 19.36 032 034 INT 0.60
600 71005 50 4 0.027 0028 1100 10 1104 191 6528 6575 1.67 -0.858 00082 NONE  1.000 2821, 0.027 16.85 19.10 027 0.29 INT 0.60
700 71028 S0 4 0.015 0000 1000  ———— LOW SLOPE- ROCK SIZING METHODS FAIL — - 800 1.000 - - - - - - INT 0.60
800 71035 50 4 0.007 0.001 950 - LOW SLOPE- ROCK SIZING METHODS FAIL —-———u- - 700 1.000 - - - - - -~ SML 0.40
900 71042 S50 4 0008 0001 800 ——m LOW SLOPE- ROCK SIZING METHODS FAIL —— - - 500 1.000 - - - - - ~ SML 0.40
1000  7105.1 50 4 0008 0.001 875 ‘LOW SLOPE- ROCK SIZING METHODS FAIL ~—— - 500 1.000 - - - - - - SML 0.40
1100 7106.1 S0 4 0.009 0001 850 LOW SLOPE- ROCK SIZING METHODS FAIL ——-—-— ~ 500 1.000 - ~ - - - - SML 0.40
1200 7107 50 4 0010 0.001 797 ——-—e: LOW SLOPE- ROCK SIZING METHODS FAIL - omommeee - 500 1.000 - - - - - - SML 0.40
1220 7107.2 48 4 0007 0001 797 - LOW SLOPE- ROCK SIZING METHODS FAIL -—-. - 500 1.000 - - - - - - SML 0.40
1240 71073 © 46 4 0.007 0.001 797 29 277.2 437 809 8204 338 19.230  0.0911 500 1247 1974 0.009 9.84 12.67 0.08 0.10 SML 040
1260 710715 44 4 0008 0.001 797 31 2568 422 1776 7880 326 0.403 0.0020 500 1223 1.865 0.009 10.25 13.08 0.08 0.10 SML 0.40
1280 71076 42 4 0.007 0001 797 33 2407 412 7496 7597 317 0.197 0.0010 500 1.200 1.781 0.009 10.63 13.60 0.08 0.10 SML 0.40
1300 71078 40 4 0010 0.002 797 37 2177 391 7128 7224 304 0.154 0.0008 500 1.170 2.199 0012 1118 14.47 [ R3] 0.12 SML 0.40
1320 7108 39 4 0.013 0.002 797 4 1683 369 6852 6943 286 0.658 0.0037 500 1.148 2558 0014 11.63 1476 013 0.15 SML 0.40
1340 71083 38 4 0013  0.003 797 44 1817 349 6592 6678 272 0751 . 0.0044 500 1.128 2.384 0.014 12.09 15.38 013 0.15 SML - 040
1360 71085 37 4 0013 0.004 797 48 1643 328 6324 6405 257 0758 ° 00047 500 1.102 2.207 0014 12.60 15.74 013 0.15 SML 0.40
HC4-12 1380 71088 36 4 0013 0.005 797 54 1474 306 6048 6123 241 0.899 0.0060 500 1.078 2027 0013 . 1318 16.52 0.13 0.15 SML 0.40
1400 7109 35 4 0013 0007 797 6 1326 286 5788 5858 227 1.008 0.0071 600 1.055 1.865 0.013 1377 17.16 0.13 0.15 SML Q.40
1420 71083 M4 4 0013 0010 797 - 689 1156 262 5496 5561 2.10 1227 0.0094 500 1.028 1.680 0.013 14.50 1808 013 0.16 SML 0.40
1440 71095 R 4 03 0013 797 17 1032 245 516 52.20 1.96 1.666 0.0136 500 0.996 1.585 0.013 15.45 18.87 0.14 Q.16 SML 0.40
1480 74101 30 4 0015 0018 797 86 921 235 488 4938 1.88 2060 0.0176 500 1.000 2.106 0018 16.33 2.2 019 Q22 SML 0.40
1500 71104 29 4 0013 0016 797 8.4 945 246 4868 4929 184 1.973 0.0163 500 1.000 1.936 .0.016 16.37 20.66 017 020 SML 0.40
1520 71106 27 4 0013 0015 797 83 961 257 4758 4819 199 1.859 0.0158 500 1.000 1.864 0.015 16.76 213 017 0.20 SML 0.40
1540 71108 26 4 0015 0018 797 88 001 251 4608 4670 194 2242 0.0185 600 1.000 2176 0.018 17.30 2208 0.20 023 SML 0.40
1560 71412 25 4 0.013 0015 797 8.4 95 269 4652 47.18 204 2.038 0.0160 700 1.000 1.908 0.015 17.13 22.60 0.17 0.20 SML 040
1580 71114 23 4 0011 0018 797 9 884 262 4396 4461 197 1.900 0.0155 800 1.000 2200 0018 © 1813 2358 020 0.24 SML 0.40
1620 71419 22 4 0.011 0014 797 1.5 1058 311 4683 4765 2.25 2104 00150 900 1.000 1578 0.011 17.00 2333 013 017 SML 0.40
1640 71424 21 4 0010 0011 797 16 1045 311 4588 4665 223 1.528 0.0110 NONE  1.000 1.530 0.011 17.37 2384 013 0.16 SML 0.40
1660 71423 21 4 0010 0.01¢ 787 | 76 1043 313 4604 4681 224 1.590 0.0114 NONE  1.000 1.538 0011 17.31 2379 0.13 017 SML 0.40
1680 71125 20 4 ° 00t0 OO11 . 797 77 1042 315 452 4598 2.23 1579 00113 NONE  1.000 1.533 0.011 17.63 24.26 0.14 0.17 SML 0.40
1700 71127 20 4 0010 001 797 171 1033 316 4528 46086 224 1.485 0.0106 NONE  1.000 1.537 0.011 17.60 2433 0.14 017 SML 0.40
1800 71136 20 4 0008 0009 797 7 145 34 47.2 48.04 238 1411 00095 NONE  1.000 1.336 0.009 16.89 2380 1t 0.14 SML 0.40
1850 7114 20 4 0005 0008 797 6.9 1161 344 4752 4837 2.40 1.764 00118 NONE  1.000 1.199 0.008 1677 2374 0.10 013 SML 0.40
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TABLE 5-6. CHANNEL CONVEYANCE CHARACTERISTICS BASED ON HEC-2 MODEL SIMULATION (CONTINUED).

Cale- Average  Maxlmum
Calc-  Equivalent ulated Unit Unit
Ch t Ch HEC-2 ulated Slope For Channel Channel Slope A ge Ma Discharge  Discharg Target
Cross Channel Base Base Channef Bottom Energy HEC-2 - Flow Top Wetted Hydraullc Average Average Bend Bend Maximum For Rock Unit Unit  Stephenson Stephenson Riprap
Section Statlon Elev. Width Side  Slope GradientDischarge Velocity Area Depth Width Perimeter Radius  Shear Shear Radlugs Stress  Shear Slzing  Discharge Discharge Rock D50 Rock D50  Rock D50
5 : o 1 Rati [y

YT

il t

CHANNEL D
1900 71141 20 4 0002 0004 818 5.1 1604 431 5448 5554 289 2.048 0.0114 NONE  1.000 0721 0004 1503 2198 0.06 0.07 SML 0.40
2000 71143 20 4 0001 0002 863 42 2082 514 6112 6239 334 1216 0.0058 NONE  1.000 0.417 0.002 14.12 21.59 003 0.04 SML 0.40
2100 71144 20 4 0001 0001 120 32 2226 537 6296 6428 3.47 -4.192 00194 NONE  1.000 0.218 0.001 11.44 17.18 0.02 0.02 SML 0.40
200 71145 20 4 0002 0.001 576 = LOW SLOPE- ROCK SIZING METHODS FAIL -—-e—e— - NONE 1000 0.000 - ~ - - - SML 0.40
2200 71147 20 4 a001 o0 433 e LOW SLOPE- ROCK S)ZING METHODS FANL —emee-me - NONE  1.000 0.000 - ~ - - - SML 0.40
HCA-11 2400 71148 20 4 0001 0.001 289 ————— LOW SLOPE- ROCK SIZING METHODS FAIL — - NONE  1.000 - - - - - - SML 0.40
2500 71149 20 4 0.005 0.001 289 LOW SLOPE- ROCK SIZING METHODS FAIL e - NONE 1000  0.000 - - - - - SML. 0.40
2600 71158 20 4 0009 0.001 289 oo LOW SLOPE- ROCK SIZING METHODS FAIL --mm—— - NONE 1000 0000 - - - - - SML 0.40
2100 71166 20 4 0012 0003 289 35 821 268 4144 42210 1.96 2.098 0.0172 NONE  1.000 1.434 0012 697 938 008 0.08 SML 0.40
2000 71197 220 4 0015 0044 289 62 465 173 3384 3427 1.36 1.098 0.0130 NONE 1.000 1.293 0015 854 1073 0.11 013 SML 0.40
3000 71212 20 4 0016 0016 288 65 446 167 3336 3377 1.32 1.350 0.0164 NONE  1.000 1.358 0016 8.66 10.86 012 0.14 SML 0.40
3100 7123 20 4 0024 0026 289 17 377 146 3168 NO04 1.18 1.739 0.0237 800 1.000 1910 0026 912 11.24 017 0.20 SML 0.40
3110- 71233 20 4 0032 0026 217 76 367 143 3144 23179 1.16 1.894 0.0262 600 1.000 2.346 0.032 8.81 10.87 020 0.23 SML 0.40
N0 7124 20 4 0033 0025 253 72 35 137 3098 3130 112 1.863 0.0268 400 1.000 2.262 0.033 8.17 9.86 019 0.22 SML 0.40
3150 71246 20 4 0030 0025 229 71 325 129 33032 3064 1.06 1.600 0.0242 350 1.000 1.933 0.030 155 9168 017 020 SML 040
70 71252 20 4 0032 0026 206 6.8 301 121 2068 2999 1.00 1.620 0.0259 300 1.000 2033 0.032 694 823 017 0.19 SML 0.40
3190 . 71259 20 4 0032 ~ 0.024 162 6.4 282 115 292 29.48 0.96 1.539 0.0257 270 1.019 1.984 0.033 623 7.38 0.16 0.18 SML 0.40
210 71265 20 4 0033 0024 158 6.1 258 106 2848 2874 0.89 1.442 0.0258 250 1.046 1.897 0.034 5.55 6.47 016 017 SML 0.40
3230 71272 20 4 0032 0025 134 59 228 096 2768 2719 0.82 1.261 0.0246 250 1.032 1.715 0.034 4.84 566 014 0.16 SML 040
HC4-10 50 71278 20 4 0025 0.020 110 5.1 214 091 2728 2750 078 11N 0.0240 270 1.000 1.220 0.025 403 464 0.10 on SML 0.40
3400 71308 20 4 0028 003 o0 6.1 179 078 2624 2643 0.68 117 0.0275 300 1.000 1171 0.028 4.19 476 01 012 SML 0.40
3420 7115 20 4 0035 0035 110 6.2 179 077 2616 2635 0.67 1.483 0.0352 350 1.000 1473 0.035 420 477 013 0.14 SML 0.40
M40 7122 20 4 0035 0034 110 8.1 181 078 2624 2643 0.68 1.495 0.0351 400 1.000 1.490 0.035 419 478 013 0.14 SML 040
3460 71328 . 20 4 0035 0036 110 6.2 178 .077 2616 2835 0.67 1.474 0.0350 500 1.000 1515 0.036 420 477 014 015 SML 0.40
3480 71338 20 4 0035 0034 110 6.1 18 078 2624 2643 0.68 1.486 0.0349 600 1.000 1.490 0.035 418 476 013 0.14 SML 0.40
B0 71343 20 4 0035 0036 110 6.2 7.7 077 2616 2635 067 1.470 0.0349 600 1.000 1616 . 0036 420 477 0.14 0.15 SML 040
/20 M35 20 4 0035 0032 110 6 184 08 264 2660 0.70 1.517 0.0348 600 1.000 1.524 0.035 417 480 013 0.14 SML 0.40
3540 7187 20 4 0035 0038 10 6.3 174 076 2608 2627 0.67 1.431 0.0344 600 1.000 1.581 0.038 a4 473 014 0.15 SML 040
3560 71364 20 4 0035 0029 110 58 192 082 265 2676 07t 1.593 0.0358 600 1.000 1.558 0.035 4.14 476 013 014 SML 040
3BBO 71374 20 4 0035 0046 110 67 164 072 2576 2594 0.64 1.504 0.0379 600 1.000 1.504 0.038 A7 4.82 0.14 0.16 SML 0.40
CHANNEL H

50 .. 69637 40 4 0.002 0010 620 6.2 998 192 5538 5583 164 0.817 0.0080 NONE 1000 0817 0.008 11.20 11.90 008 0.08
100 69638 40 4 0.004 0005 620 48 1297 243 5944 6004 201 0.638 0.005¢ NONE 1000 0456 0.004 10.43 11.66 004 0.04 LRG 120
157 69641 40 4 0.065 0005 620 49 1264 093 4744 4767 0.85 12.417 0.2333 NONE  1.000 3.467 0.065 1307 456 048 0.24 LRG 120
165 69651 40 4 0127 0131 620 143 433 092 4736 4759 0.84 19.442 0.3690 NONE  1.000 6.903 0.131 13.09 13.16 091 091 LRG 120
175, 69664 40 4 0134 0133 620 144 430 092 4736 4759 084 7475 0.1419 NONE 1000 7048 0.134 13.09 13.25 092 0.93 LRG 120
183 69675 40 4 0134 0.130 620 143 433 092 436 4759 084 7.399 0.1404 NONE  1.000 7.048 0.134 13.09 13.16 09 0.83 LRG 120
193 . 69688 40 4 0.130 0.130 620 143 433 092 4736 4159 084 7.320 0.1389 NONE  1.000 6.850 0.130 1309 1316 - 0.90 0.90 LRG 120
203- 6970.1 40 4 0.130 0130 620 143 433 092 4736 4759 0.84 7.436 0.1411 NONE 1000 6850 0.130 13.09 13.16 090 0.90 LRG 120
HCT-3 213, 69714 40 4 0.130 0131 620 144 - 432 092 4736 4159 0.84 7.419 0.1408 NONE 1000 6903 0.131 13.09 13.25 o9 0.91 LRG 120
23- 69727 40 L] 0.130 0132 620 144 4231 092 4736 4759 0.84 7583 0.1439 NONE 1000 6958 .. 0.132 13.09 13.25 091 092 LRG 120
233 6974 40 4 0.136 0142 620 147 - 421 09 472 47.42 083 7.840 0.1518 NONE  1.000 7.332 0.142 13.14 1322 098 0.99 LRG 120
240 6975 40 4 0144 0141 620 147 422 - 08 472 47.42 0.83 1.778 0.1506 NONE  1.000 7.303 0.141 13.44 1323 0.98 098 LRG 1.20
260 69778 40 4 0.143 0.142 620 147 422 09 72 - 414 083 1.775 0.1506 NONE  1.000 7.358 0143 -~ 1314 13.23 099 099 tRG 120
20 69807 40 L) 0.143 0139 620 146 424 09 472 47.42 0.83 7.663 0.1484 NONE  1.000 7.358 0.143 13.14 13.14 099 099 LRG 120
300 69835 40 4 0.135 0130 620 143 433 092 4736 4799 0.84 7.448 01413 NONE  1.000 7.14 0135 13.09 13.16 093 0.94 LRG 120
320 69861 40 4 01% 0130 620 143 4933 092 4736 4759 0.84 71.320 0.1389 NONE  1.000 6.850 0.130 1309 - 1316 0.90 0.90 LRG 1.20
340 69887 40 4 0.130 0130 620 143 433 092 4738 47959 0.84 7320 0.1389 NONE  1.000 6.850 ~0.130 13.09 13.16 0.90 0.90 LRG 120
360 69913 40 4 0.130 0130 620 143 4023 0N 436 4% 084 7.320 0.1389 NONE  1.000 6.850 0130 13.09 13.16 0.90 0.90 LRG 1.20
380 69939 40 4 0.130 0130 620 143 433 092 4736 4759 0.84 7.320 0.1389 NONE  1.000 6.850 0.130 13.09 13.16 0.90 0.90 LRG 120
400 69965 40 4 0130 0130 620 143 433 092 4736 4759 0.84 7.320 0.1389 NONE 1000 6850 0.130 13.09 1316 0.90 0.90 LRG 120
420 6999.1 40 4 0.130 0130 620 143 433 092 4736 4759 0.84 7.320 0.1389 NONE 1000 6.850 0.130 13.09 13.16 0.90 0.90 LRG 120
40 70017 40 4 0.130 0130 620 143 433 092 436 4759 0.84 7.320 0.1389 NONE 1000 6850 0.130 13.09 13.16 0.90 0.90 LRG 120
40 70043 40 4 0.130 0130 620 143 433 092 4736 4759 0.84 7.320 0.1389 NONE 1000 6850 0.130 13.09 1316 0.90 0.90 LRG 120
480 70069 40 4 0.130 0130 620 143 433 092 4736 4759 0.84 7.378 0.1400 NONE 1000 6850 0.130 13.09 13.16 090 0.90 LRG 120
00 70095 40 4 0.130 0132 820 144 431 092 4736 4759 0.84 7.344 0.1394 NONE  1.000 6.956 0.132 13.09 1325 091 0.92 LRG 120
520 70121 40 4 0.132 0133 620 144 400 092 4736 4759 084 7.408 0.1406 NONE 1.000 7.008 0.133 13.09 13.28 092 093 LRG 120
S40 70148 40 4 0.135 0132 620 14,4 431 092 4736 4759 0.84 7.561 01435 NONE  1.000 7.114 0135 13.09 1325 093 094 LRG 120
560 70175 40 4 0133 0132 620 144 431 002 4736 4759 0.84 7.424 0.1408 NONE  1.000 6.982 0.133 13.09 1325 0.92 0.92 LRG 1.20
580 70201 40 4 0.132 0133 620 144 430 092 4736 4759 084 7.406 0.1408 NONE  1.000 7.008 0133 1309 13.25 0.82 093 LRG 120
600 70228 40 4 0132 0132 620 144 431 092 4736 4758 0.84 1.424 0.1409 NONE  1.000 6.982 0132 13.09 13.25 092 0.92 LRG 120
620 70254 40 4 0.130 0132 620 144 431 092 47368 4759 0.84 7.266 0.1383 NONE 1000 - 695 0.132 13.09 13.25 091 092 LRG 120
640 7028 40 4 0.133 0133 620 144 431 092 4736 4759 084 7.424 0.1409 NON