
Appendix L

Crow Butte Solubility
Characteristics of Crow Butte
Yellowcake



N

Appendix L
Crow Butte Solubility Characteristics of Crow Butte Yellowcake

Kinetics of Uranium Dissolution in Simulated Lung Fluids

1.0 SUMMARY

Based on discussions with the NRC and internal discussions within Cameco, an analysis
of the solubility characteristics of Crow Butte yellowcake was performed and the material
was classified according to the days, weeks, and years (D/W/Y) classification scheme of
1OCFR20. This report provides a summary and dosimetry interpretation of the
experiment performed by the Cameco Technology and Innovation Research Centre (CTI-
RC)[1] to determine these solubility characteristics. This submission supersedes any
previous reports submitted on this topic as it incorporates the most recent comments from
the NRC and internal discussions.

The experimental results were interpreted in the context of the ICRP 30[2] solubility
classifications of days, weeks, and years (D/W/Y) used by 10 CFR20. In addition, the
annual limit on intake (ALI) and derived air concentrations (DAC) were calculated for
each sample. The individual results were then averaged to establish the typical solubility
characteristics, ALI and DAC for Crow Butte material. In terms of the D/W/Y
classification, the majority of the samples were classified as type D with a small
component of type W material. The resulting ALl and DAC values are the same as the
default type D material at 1 gCi. and 5E-10 gCi/ml, respectively.

2.0 EXPERIMENT

The experimental circuit used in this experiment was designed specifically to study the
kinetics of uranium dissolution in simulated lung fluids. Details of the experimental
design and set up are found in the report Solubility of Radionuclides in Simulated Lung
Fluid [1]. In brief, each site submitted several samples of their uranium concentrate for
analysis. The samples were passed through a 20 gm filter and the filtered uranium
powder placed between two glass fiber filters in 47-mm polypropylene filter holders that
were used as extraction cells. A 20 jim filter was used to ensure that only particles of a
size range, which may reach lungs and react with lung fluid, were included in the
analysis; a more detailed analysis of the particulate size analysis conducted as part of this
experiment is presented a CTI-RC Memo[3]. The simulated lung fluid was then passed
over the sample at a predetermined flow rate. After passing over the product samples, the
simulated lung fluid was collected and analyzed in a lab for uranium content. This
uranium dissolution experiment was continued for 100 days. At the end of the experiment
the residual uranium on a filter was analyzed using an X-Ray fluorescence method.



3.0 SOLUBILITY CLASSIFICATION

Current United States regulations in relation to internal dosimetry and solubility
classifications are based on ICRP 30. ICRP 30 divides the respiratory tract into three
regions and within each region are a number of compartments, each associated with a
clearance pathway (absorption or particle transport). To describe the clearance of
radioactive materials from the lungs, the materials are classified as D (day), W (week),
and Y (year), referring to retention time (corresponding to dissolution half-time of the
material) in the pulmonary region. The retention times for the classifications are as
follows:

Retention Time
(Corresponds to Dissolution Half-Time)

Type D up to 10
Type W 10-100
Type Y greater than 100

4.0 RESULTS

The simulated lung fluid study conducted on the Crow Butte uranium product by the
Cameco Technology and Innovation Research Centre followed published methods in
performing this experiment [Ansoborlo et al. 1999][4]. The study was run for 100 days
and was followed up with an X-ray' fluorescence (XRF) measurement of the residual
material left on the glass fiber filter.

Table 1 shows the fraction of uranium remaining on the filter (retention fraction) at each
sampling time based on ICP Mass Spectrometry analysis. Standard errors on these
results vary from 5% to 10%, with the higher errors occurring later in the testing, near the
100 day mark. Table 2 shows the summary of the XRF results taken at the end of the
experiment. It is important to note that though the ICP-MS indicated that between
approximately 1% and 8% (± 10%) of the uranium remained undissolved at 100 days
(Table 1), it was later shown through the XRF analysis that the majority of that material
was dissolved uranium that had been reabsorbed by the filter. To determine if there had
been reabsorption of uranium on the filter, first the filter was inspected visually. There
were no visual traces of undissolved uranium remaining on the filter. It is relatively easy
to see undissolved material (if any is present) on the filter. Following the visual
inspection, the filter was dissolved and analyzed. The amount of uranium found was
lower than or close to the detection limit of the method. This means that within
experimental error there is essentially no material remaining undissolved at 100 days.



Table 1: Crow Butte Material Dissolution Kinetics

Sample No CROW CROW CROW CROW CROW C ROW CROW CROW CROW CROW CROW CROW CROW CROW CROW
2533-A 2533-B 2533-C 2537-A 2537-B 2537-C 2538-A 2538-B 2538-C 2539-A 2539-B 2539-C 2540-A 2540-B 2540-C

U Total in 50mg 74.12 74.04 74.24 73.51 .73.44 73.26 76.7 76.78 76.81 74.44 74.45 74.42 73.12 73.18 73.1
Sample(%_________ _________ _________ _________ _________ _______ __

U Total (mng) 37.06 37.02 37.12 36.76 36.72 36.63 38.35 38.39 38.41 37.22 37.23 37.21 36.56 36.59 36.55

Elapsed Time (d) Retention()

0 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

0.02. 94.40 94.90 99.00 97.90 92.40 97.50 95.60 98.80 95.10 92.00 96.00 93.50 94.80 95.80 93.60

0.13 72.90 73.30 97.00 88.20 86.40 90.70 78.40 92.80 73.80 63.80 79.30 70.10 87.80 78.40 71.70

0.31 66.30 51.00 94.40 76.70 .77.10 81.50 59.10 82.90 50.60 45.60 69.10 50.80 77.10 59.80 54.00

145.50 34.90 72.30 64.40 54.30 60.20 29.20 54.60 18.30, 30.70 52.50 34.20 59.90 43.80 35.10

1.31 40.80 32.30 65.60 62.70 51.00 57.60 25.90 49.40 16.40 27.90 48.60 31.10 54.30 41.40 31.30

2 36.10 26.30 45.30 57.§0 42.50 44.00 20.10 32.30 12.30 21.40 38.10 25.40 44.10 36.10 24.10

2.31 34.50 24.20 37.40 56.10 40.60 41.50 19.00 26.60 11.10 19.20 34.70 23.20 41.80 34.10 22.10

3 30.90 .20.10 27.60 52.40 38.60 37.80 17.30 20.70 8.00 14.60 27.90 19.20 36.90 29.30 18.70

4 26.20 15.90 21.80 50.00 36.90 34.10 15.50 18.60 5.70 10.10 '21.20 16.00 33.20 24.30 16.10

7 18.70 7.60 16.40 44.50 28.60 26.50 11.70 14.50 2.10 4.60 10.40 9.70 25.30 11.50 11.90

* 9 13.90 5.70 13.70 41.20 20.20 22.30 9.90 10.60 1.10 * 4.40 8.80 7.70 21.40 7.60 10.40

11 10.50 5.10 11.90 37.10 14.30 18.10 8.40 8.30 1.10 4.40 8.70 7.50 18.40 5.90 9.50

14 7.80 4.50 9.90 30.70 11.00 14.30 7.00 - -6.80 1.10 4.40 8.70 7.50 14.90 5.70 8.60

21 7.60 4.50 7.40 16.10 6.70 9.70 6.50 6.50 1.00 4.40 . 8.70 1 7.50 9.30 5.70 7.80

28 7.60 4.50 5.90 11.00 6.30 9.40 6.50 * 6.40 1.00 4.40 8.70 7.50 7.50 5.70 7.60

36 . 7.60 4.50 5.80 6.70 6.30 9.40 6.40 6.40 1.00 4.40 8.70 7.50 7.40 5.70 7.50

42 7.50 4.50 5.70 5.00 6.30 9.30 6.40 6.40 1.00 4.40 8.70 7.50 7.40 5.70 7.50

49 7.50 4.50 5.70 3.90 6.30 9.30 6.40 6.40 1.00 4.40 8.70 7.50 7.40 5.60 7.50

56 7.50 4.40 5.70 3.40 6.30 9.20 6.40 6.30 1.00 4.40 8.60 7.50 7.30 5.60 7.50

63 7.50 4.40 5.70 3.20 6.30 9.20 6.40 -* 6.30 1.00 4.30 8.60 7.50 7.30 5.60 7.40

71 7.50 4.40 5.60 3.20 6.30 9.20 6.40 6.30 1.00 4.30 8.60 7.40 7.30 5.60 7.40

84 7.50 4.40 5.60 3.10 6.20 9.10 6.40 6.30 1.00 4.30 8.60 7.40 7.30 5.60 7.40

100 7.50 4.40 5.60 3.10 6.20 9.10 6.30 6.30 0.90 4.30 8.60 7.40 7.30 5.60 7.40



Table 2: X-Ray Fluorescence Results

Sample No CROW CROW CROW CROW CROW CROW, CROW CROW CROW CROW CROW CROW CROW CROW CROW

2533-A 2533-B 2533-C 2537-A 2537-B 2537-C 2538-A 2538-B 2538-C 2539-A 2539-B 2539-C 2540-A 2540-B 2540-C

U Total in 50 mg 74.12 74.04 74.24 73.51 73.44 73.26 76.7 76.78 76.81 74.44 74.45 74.42 73.12 73.18 73.1
Sample, (%)

U in a Sample Initial 37.06 37.02 37.12 36.76 36.72 36.63 38.35 38.39 38.41 37.22 37.23 37.21 36.56 36.59 36.55
(mg)

U in a Sample
Calculated from 34.3 35.4 35.04 35.62 34.43 33.3 35.9 36 38 35.6 34 34.5 33.9 34.5 33.8
Extracted U (mg)

U Residual on a Filter
After the Completion 2.76 1.62 2.08 1.14 2.29 3.33 2.45 2.39 0.41 1.62 3.23 2.71 2.66 2.09 2.75

Calculated (mg)

U Residual on a Filter
XRF Analyses After 0.6 0.7 0.7 0.8 0.8 0.8 0.4 0.4 1.8 0.5 0.6 0.3 0.3 0.5 0.4
the Completion (mg)

Difference 2.16 0.92 1.38 0.34 1.49 2.53 2.05 1.99 -1.39 1.12 2.63 2.41 2.36 1.59 2.35

Standard Error(%) 6 2 4 1 4 7 5 5 -4 3 7 6 6 4 6



4.1 Absorption parameters and Dosimetric Quantities

This equation and the methods used to determine the parameters are described in detail in
the CTI-RC report [1].

The method that was used to determine the DWY classification is to fit a curve to the
dissolution data in Table 1 and use the fit parameters from that curve to classify the
material into DWY. To estimate the dissolution times and the fraction of material
assigned to each category, an exponential model was used. The number of terms used in
the model was based on statistical tests; the decision as to how many terms to use was
based on the amount of error associated with each fit. For this experiment, the equation
with the lowest error was chosen for each sample. In all but one case, for Crow Butte
samples, the equation with the lowest error was three-term equation; in the one exception
a two-term equation had the lower error. The three term equation used was:

34 t
MM _f•A exp(-0.693 -) + f 2 exp(-0.693 -) + f 3 exp(-0.693 )

MOT, T2T

Where:
M - mass of undissolved uranium at time t

M0 - initial mass of uranium

t - elapsed time

f, - fraction of total U with corresponding dissolution half-time T,

f2 - fraction of total U with corresponding dissolution half-time T2

f3 - fraction of total U with corresponding dissolution half-time T3

fl + f 2 •+ f 3 = 100%

Note: the two term equation was of the same format, with the term involving f3 and T3
removed.

The results of the X-Ray diffraction analysis indicated that the Crow Butte concentrate
samples were composed mainly of two well-defined crystal phases, namely,
metaschoepite, U0 3*2H20, and metastudtite, UO4e2H20 [3]. Very small quantities of
unidentified amorphous. material might also be present in almost all samples.

A program was developed at Cameco research centre for calculation of dissolution
parameters using non-linear regression analysis. The standard deviations of parameters
were calculated from the inverse Hessian matrix using the MSE (Mean Square Error)
calculated as the square root of F/(N-v), where N is the number of data points and V is the
number of parameters used in the model (N - v is the number of degrees of freedom).



The program automatically tests several kinetics models applied to the same set of
experimental data. For each model, the minimization is repeated 200 to 500 times (this
number is specified by the user). Then, the program selects the model that has the
smallest MSE, which is considered to be the best approximation to the. experimental data.
Some models with a large number of adjustable parameters that show lower F are not the
best description for the experiment because they have higher MSE (lower denominator).

Absolute values of standard errors for parameters are given in parenthesis. In some cases,
when calculated values of uncertainties are high, an additional sampling during first day
and (or) after last day of extraction is required in order to obtain lower uncertainties.

The value of the Mean Square Deviation (MSD) characterizes an average error for the
curve fitting, i.e., the difference between the experimental values of uranium extraction,
(1 - M/M0 )* 100%, and the theoretical value.

4.2 Dosimetric Quantities

The current ALI and DAC used at Crow Butte are based on the type D Uranium Natural
parameters in 1OCFR20. The purpose of this experiment was to determine the site
specific solubility for material at Crow Butte. Part of this assessment was to determine
the breakdown of Crow Butte uranium product into the DWY solubility types defined by
ICRP 30 and 10CFR20. In addition, we needed to consider whether any mixture of
isotopes existed. Isotopic analysis of the uranium product showed that only isotopes of
uranium were present in fresh yellowcake. To assess the main plant, outside of drying an
packaging areas, smears from surfaces throughout the main plant were collected and
analyzed for the presence of alpha (natural uranium) and beta/gamma (Th234 and Pa234m)
emitters. A dual channel alpha and beta/gamma counter was used to measure the
emissions from the smears. These smears characterize the material that has the potential
to be made airborne throughout the plant and inhaled by workers. The smears indicated
that natural uranium and the short-lived decay products are in approximate equilibrium.
To account for the presence of these short-lived decay products at the time of inhalation,
a mixed ALI and DAC was calculated and presented Table 3; the calculation used was
(Cunat/ALlunat+Ch 234/ALITh2 34+Cpa234/ALIpa 234)1 and similarly for the DAC, where C
represents the concentration ratio of each material assuming equilibrium. As shown, the
ALI and DAC for each solubility class are unchanged from the Uranium Natural values.
Note, as per standard protocol, all final results are shown to one significant digit as this is
the number of significant digits shown in 1OCFR20 and therefore the maximum that can
be used in the final output of the equations.



Table 3: Mixed ALI and DAC Values

Isotope Solubility ALI (ItCi) DAC (ftCi/ml)
Uranium Natural D 1 5E-10

W 0.8 3E-10
Y 0.05 2E-11

234Th W* 200 8E-8
Y 200 6E-8

2 34 Pa W* 8000 3E-6
Y 7000 3E-6

Final Default D 1 5E-10
Mixture W 0.8 3E-10

Y 0.05 2E-11
* The solubility class for 234Th and 234Pa was assumed to be W, because the isotopes are not expected to be

in oxide or hydroxide forms.

As part of the proposed sampling plan to the NRC, additional sampling for isotopes such
as Ra226 is ongoing. Should any subsequent analysis indicate the detectable presence of
additional radionuclides, the mixed ALI and DAC will be adjusted accordingly.

Table 4 shows the solubility parameter fit results following the method outlined in the
report Solubility of Radionuclides in Simulated Lung Fluid [1]. The F values represent
the fraction of material with the given dissolution half-time (the T value). It is again
important to note that this fit was performed based on the results of Table 1 and the
fraction assigned to retention times (T values) greater than 100 days should be reassigned
to the time from of 10-100 days as subsequent analysis showed no measureable material
remaining after 100 days, within error. This is a conservative assignment because some
of that material absorbed onto the filter could have been dissolved before day 10,
however we are assuming all of the absorbed material was dissolved after day 10.

Along with the solubility parameters, Table 4 also shows the subsequent DWY
classification. Each sample is assigned to DWY based on the dissolution half time
values, T values, and the fraction assigned to each classification is based on the F values.
For example, using sample CROW 2533-C, T, is less than 10 days, so 90.0% (the F1
value) is assigned to class D and 10.0% (F2) is assigned to class W becau se T2 is between
10 and 100. In cases where both T1 and T2 are below 10 days, the fraction considered
Class D is the sum of FI and F2. As stated, where a T3 exists, its associated F.value is
included in the Type W fraction based on XRF results.

For all samples, except CROW 2537-A, the fraction of material classed as Type D is
greater than 90%. For that one sample, the kinetics data in Table 1 shows that in reality
nearly 60% of the material had been dissolved by day 9 and within experimental error,
the T2 value of 11.16 days could actually be less than 10 days. This means that within
experimental error, this sample could also have a Type. D fraction of greater than 90%.



Finally, Table 4 includes the ALI and DAC for each sample and an overall plant average.
The final ALI and DAC values were calculated by taking a weighted sum of the percent
contribution of each solubility class within a sample multiplied by the appropriate mixed
ALI and DAC for that solubility class, from Table 3. One additional note is that the
default ALI and DAC from 1OCFR20 are based on a particle size of 1 Rm. The
particulate size analysis for Crow Butte product shows that particle sizes are significantly
larger than the default assumption. This means that use of default values based on a 1
jim assumption are conservative for our product; a larger particle size would be
associated with a lower dose. However, the more conservative defaults have been used in
determining the site specific ALI and DAC for Crow Butte. Again, the final result is to
one significant digit as this is the number of digits available in 10CFR20, with two
significant digits have been carried through the intermediate calculations as per standard
protocol.



Table 3: Crow Butte Solubility Parameters and Dosimetric Quantities

Sample F 1  T1  F2  T2  F3  T3  MSD Type D Type W ALI DAC
No. a (%) (d) (%) (d) (%) (d) (%) (%) (%) (qCi) (•ACi/ml)

CROW 2533-A 45.4 0.14 47.2 2.98 7.4 3.93E+08 1.7 92.6 7.4 0.99 4.9E-10
CROW 2533-B 53.5 0.13 42.2 2.1 4.3 7.02E+09 0.7 95.7 4.3 0.99 4.9E-10
CROW 2533-C 90.0 1.5 10.0 76 2.9 90.0 10.0 0.98 4.8E-10
CROW 2537-A 34.1 0.22 64.4 11.16 1.6 2.42E+08 1.8 34.1 65.9a 0.87 3.7E-10
CROW 2537-B 43.6 0.3 50.6 4.89 5.9 6.89E+08 2 94.1 5.9 0.99 4.9E-10
CROW 2537-C 48.0 0.55 43.1 4.98 9.0 1.56E+09 1.2- 91.0 9.0 0.98 4.8E-10
CROW 2538-A 72.5 0.27 21.1 3.29 6.4 1.15E+08 0.4 93.6 6.4 0.99 4.9E-10
CROW 2538-B 81.4 0.9 12.4 5.36 6.2 8.22E+08 1.4 93.8 6.2 0.99 4.9E- 10
CROW 2538-C 76.8 0.23 22.3 1.86 0.9 19317409 0.5 99.1 0.9 1.00 5.OE-10
CROW 2539-A 52.6 0.09 43.2 1.46 4.2 7.84E+09 0.4 95.8 4.2 0.99 4.9E-10
CROW 2539-B 23.4 0.07 68.2 1.65 8.4 2.84E+10 0.6 91.6 8.4 0.98 4.8E-10
CROW 2539-C 52.9 0.12 39.8 1.74 7.4 2.23E+10 0.3 92.6 7.4 0.99 4.9E-10
CROW 2540-A 45.7 0.42 47.1 5.03 7.2 94634910 1.6 92.8 7.2 0.99 4.9E-10
CROW 2540-B 42.8 0.13 52.0 2.54 5.3 1.69E+09 1.1 94.7 5.3 0.99 4.9E-10
CROW 2540-C 50.0 0.13 40.8 1.46 9.2 213.001 0.7 90.8 9.2 0.98 4.8E-10

Average 1 5E-10

Note: a Within experimental errors this fraction could be assigned to class D or W.



5.0 CONCLUSION

Cameco has completed a solubility study to analyze the solubility characteristics of the
Crow Butte yellowcake product. This study showed that the yellowcake produced at
Crow Butte was primarily of solubility type D with a relatively low type W component.
The resulting ALl and DAC values are the same as the default type D material at 1 PtCi
and 5E-10 gtCi/ml. As stated in the introduction, this analysis of the data incorporates the
most recent comments from the NRC and Cameco and supersedes all previous
submissions in this area.
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APPENDIX B - MEA RADIATION DOSE RATES FROM MILDOS

Appendix B contains the print out from the computer program MILDOS in the following
order:

Appendix Title Radon Source Weather Data Purge Rate
BI MARMU15P MU 1-5 MEA 44



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 1

METSET: DATA: MarMUl5P.MIL 10/06/11

TABLE OF CONTENTS

METEOROLOGICAL DATA ....................................................... 2

INDIVIDUAL RECEPTORS & MISCELLANEOUS INPUT DATA ........................... 3

POPULATION DISTRIBUTION ................................................... 4

SOURCE PARAMETERS . ........................................................ 5

TIME STEP 1,

ANNUAL POPULATION DOSE COMMITMENTS, PERSON-REM PER YEAR

POPULATION DOSE SUMMARY ............................................... 6

INDIVIDUAL RECEPTOR ALC CHECK AND/OR ANNUAL DOSE COMMITMENTS .... I............ 7



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 2

METSET: DATA: MarMU15P.MIL 10/06/11

JOINT FREQUENCY IN PERCENT, DIRECTION INDICATES WHERE WIND IS FROM FREQWS=0.14427,0.29579,0.30967,0.17441,0.05798,0.01793

MPH N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW TOTALS

* BILITY CLASS I

1.5 0.1410 0.0240 0.0710 0.0820 0.0940 0.1300 0.1060 0.2120 0.1770 0.3540 0.1410 0.0940 0.1180 0.0820 0.0590 0.0590 1.9440

5.5 0.2360 0.1530 0.1890 0.1770 0.1770 0.2590 0.2000 0.2120 0.2120 0.2590 0.2240 0.4010 0.1180 0.1180 0.2000 0.2120 3.3470

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

15.5 0.0000 0.0000 0.0000 0.0000 0.00.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 000000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.3770 0.1770 0.2600 0.2590 0.2710 0.3890 0.3060 0.4240 0.3890 0.6130 0.3650 0,4950 0.2360 0.2000 0.2590 0.2710 5.2910

.STABILITY CLASS 2

1.5 0.0000 0.0000

5.5 0.2000 0.2240

10.0 0.0240 0.0000

15.5 0.0000 0.0000

21.5 0.0000 0.0000

28.0 0.0000 0.0000

ALL 0.2240 0.2240

0.0000 0.0000

0.2470 0.1770

0.0120 0.0000

0.0000 0.0000

0.0000 0.0000

0.0000 0.0000

0.2590 0.1770

0.0000

0.1770

0.0120

0.0000

0.0000

0.0000

0.1890

0.0350

0.2470

0.0350

0.0000

0.0000

0.0000

0.3170

0.0120

0.3420

0.0350

0_0000

0.0000

0.0000

0.3890

0.0470

0.2470

0.0240

0.0000

0.0000

0.0000

0.3180

0.0470 0.0940 0.0120

0.2360 0.3180 0.3060

0.0710 0.0590 0.0000

0.0000 0.0000 0.0000

0.0000 0.0000 0.0000

0.0000 0.0000 0.0000_

0.3540 0.4710 0.3180

0.0000 0.0120

0.2590 0.1300

0.0470 0.0240

0.0000 0.0000

0.0000 0.0000

0.0000 0.0000

0.3060 0.1660

0.0120

0.1650

0.0120

0.0000

0.0000

0.0000

0.1890

0.0000

0.2360

0.0710

0.0000

0.0000

0.0000

0.3070

0.0000

0.2120

0.0470

0.0000

0.0000

0.0000

0.2590

0.2710

3.7230

0.4730

0.0000

6.oooo

0.0000

4. 4670

STABILITY CLASS 3

1.5 0.0120 0.0000 0.0000 0.0000 0.0000 0.0000 0.0350 0.0

5.5 0.0590 0.0590 0.0590 0.0820 0.1180 0.1770 0.1890 0.1

10.0 1.0300 0.4710 0.2950 0.3420 0.3300 0.5540 0.4120 0.4

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0

L 1.1010 0.5300 0.3540 0.4240 0.4480 0.7310 0.6360 0.6

ABILITY CLASS 4

1.5 0.0240 0.0240 0.0000 0.0000 0.0120 0.0470 0.0240 0.0

5.5 0.7310 0.4710 0.1890 0.3060 0.5770 0.8840 1.0490 0.7

10.0 1.9100 1.0720 0.9190 0.7310 1.0370 0.9190 1.2140 1.6

15.5 1.7800 0.8600 0.3060 0.2000 0.3180 0.3060 0.3890 0.9

21.5 0.4120 0.2240 0.0120 0.0000 0.0120 0.0240 0.0350 0.3

28.0 0.1410 0.0120 0.0000 0.0120 0.0000 0.0120 0.0000 0.0

ALL 4.9980 2.6630 1.4260 1.2490 1.9560 2,1920 2.7110 3.7.

120

530

360

000

000

000

010

0.0350 0.0240 0.0120 0.0000 0.0000 0.0000 0.0000 0.0000 0.1300

0.1530 0.1410 0.1890 0.0820 0.0710 0.0470 0.0590 0.0940 1.7320

0.4950 0.4360 0.5660 0.6600 0.4360 0.4710 0.8130 0.7780 8.5250

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.6830 0.6010 0.7670 0.7420 0.5070 0.5180 0.8720 0.8720 10.3870

120

540

500

550

420

120

250

0.0120

0.5190

1.3080

1.3790

0.2830

0.0120

3.5130

0.0120

0.3890

0.8960

0.6720

0.1180

0.0000

2.0870

0.0240

0.4830

0.7900

0.3650

0.1410

0.0000

1.8030

0.0120

0.5070

1,4610

0.0720

0.2470

0.0240

3.1230

0.0000

0.4120

1.2730

2.2610

0.2950

0.2360

3.4770

0.0120

0.3770

1.4850

1.9560

0.7190

0.2950

4.8440

0.0120

0.6840

1.9090

3.0050

1.6970

0.5890

7.8960

0.0710

1.3550

2.3690

2.8170

1.2370

0.4480

8.2970

0.2980

9.6870

20.9430

17.4410

5.7980

1.7930

55.9600

STABILITY CLASS 5

1.5 0.3530 0.0710 0.0000 0.0000 0.0590 0.0350 0.0020 0.0710 0.0350 0.0000 0.0350 0.0350

5.5 0.2360 0.1300 0.1650 0.2000 0.1530 0.3060 0.2000 0.2470 0.2710 0.2000 0.2950 0.2830

10.0 0.0470 0.0350 0.0240 0.0470 0.0590 0.0240 0.0240 0.0470 0.0240 0.0240 0.0590 0.1060

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.4360 0.2360 0.2890 0.2470 0.2710 0.3650 0.3060 0.3650 0.3300 0.2240 0.3890 0.4240

STABILITY CLASS 6

.1.5 0.9780 0.6950 0.6360 0.5420 0.4480 0.5190 0.6720 0.6130,0.7540 0.6600 0.5770 0.7310

5.5 0.7070 0.2830 0.1180 0.2590 0.3540 0.3180 0.3420 0.4830 0.3420 0.4950 0.4360 0.4710

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

1.6850 0.9780 0.7540 0.8010 0.8020 0.8370 1.0140 1.0960 1.0960 1.1550 1.0130 1.2020

ALL 8.8210 4.8080 3.2420 3.1570 3.9370 4.8310 5.3620 6.5290 6.3650 5.1510 4.6550 6.2920

0.0120 0.0710 0.0590 0.0940 0.8120

0.2000 0.1300 0.3540 0.9660 4.3360

0.0940 0.0820 0.1410 0.1890 1.0260

0.0000 0.0000 0.0000 0.0000 0.0000-

0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000

0.3060 0.2830 0.5540 1.2490 6.1740

...........................................

0.5660

0.2950

0.0000

0.0000

0.0000

0.0000

0.8610

0.5770

0.5540

0.0000

0.0000

0.0000

0.0000

1.1310

0.6720

0.4600

0.0000

0.0000

0.0000

0.0000

1.1320

1.3320

0.8370

0.0000

0.0000

0.0000

0.0000

2.1690

10.9720

6.7540

0.0000

0.0000

0.0000

0.0000

17.7260

5.5530 7.165011.020013.1170 100.0050
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-------------------------------- INDIVIDUAL RECEPTOR LOCATION DATA, 30 LOCATIONS INPUT THIS RUN -------------------------------

I LOCATION NAMES X(KM) Y(KM) Z(M) DIST(KM) TYPE I LOCATION NAMES X(KM) Y(KM) Z(M) DIST(KM) TYPE
-------------------------------------------------------------------------------------------------------------------------------

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Alliance

Berea

Chardon

Clinton

Crawford

Harrison

Hay Springs

Hemmingford

Marsland

Mitchell

Oelrichs

Rushville

Scottsbluff

Van Tassell

Whitney

30.00

21.50

22.30

75.40

-12.10

-50.50

47. 10

14.30

-3.80

-48.50

4.90

66.00

-36.30

-67.50

1.20

-45.40 -50.00

-32.60 -50.00

35.80 -50.00

26.50 -50.00

20.80 -50.00

22.50 633.00

18.80 -50.00

-20.40 36.00

-6.10 -50.00

-60.00 -50.00

75.30 -50.00

22.0.0 -50.00

-68.90 -50.00

21.00 49.00

31.40 -50.00

54.42

39.05

42.18

79.92

24.06

55.29

50.71

24.91

7.19

77.15

75.46

69.57

77.88

70.'69

31.42

1
1

1

1

1

1

1

1

1

*1

1

1

1

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Residence 1

Residence 2

Residence 3

Residence 4

Residence 5

Residence 6

Residence 7

Residence 8

Unoccupied 1

Unoccupied 2

North Boundary

East Boundary

South Boundary

West Boundary

Minatare

-0.80

1. 00

-0.80

-0.40

1.90

-4.70

2.40

4.70

-0.90

2.00

0.00

1.40

0.00

-0.70

-22.40

-0.40

0.30

-1.90

-3.40

-4.30

1.86

3.60

-4.40

2.00

2.80

2.60

0.30

-0.50

0.00

-75.60

6.00

-4.00

-16.00

-31.00

-36.00

22.00

76.00

-50.00

21.00

69.00

29.00

-20.00

13.00

49.00

-41.40

0.89

1.04

2.06

3.42

4.70

5.05

4.33

6.44

2.19

3.44

2.60

1.43

0.50

0.70

78.85

1i
1

1

1

1

1

1

1

1

1

1

1

1

1

1

MISCELLANEOUS INPUTABLE PARAMETER VALUES

oMM DMA TSTART FFORI FRAYI FFORP FHAYP

100.0 100.0 1.00 0.50 0.50 0.50 0.50

FPR(1) F

0.00

PR(2) FPR(3) ACTRAT

0.00 0.00 2.50

IPACT EQUALS 0, 0, 0, 0, 0,

JC EQUALS 0, 0, 0, 0, 0, 0, 0, 0, 0, 0

TIME STEP DATA....
!

STEP NAMES LENGTH, YRS IFTODO

5.00 1

XRHO EQUALS 1.5, 2.5, 3.5, 4.5, 7.5, 15.0, 25.0, 35.0, 45.0, 55.0, 65.0, 75.0,

HDP EQUALS 50.0



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 4

METSET: DATA: MarMUl5P.MIL 10/06/11

POPULATION DISTRIBUTION

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW

KILOMETERS I 0.0 22.5 45.0 67.5 90.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5. 270.0 292.5 315.0 337.5

1 0- 2.. . . . . . . . .. . . . 0. . . . . . . 0. . . . . . 0. . . . . . 0. . . . . . .0 . . . . . . . . . . . . .0 . . . . . . . . . . . . . .0 . . . . . ..0 . . . . ..0 . . . . ..0 . . . . . ..0 . . . . ..0 . . . . ..0 . . . . . . . . .

1.0- 2.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.0- 3.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3.0- 4.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4.0- 5.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5.0-10.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10.0-20.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20.0-30.0 1 0 0 0 0 0 0 993 0 0 0 0 0 0 0 0 1107

30.0-40.0 87 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

40.0-50.0 0 5634 0 0 0 0 0 0 0 0 0 0 0 0 0 •0

50.0-60.01 0 0 0 652 0 0 0 9859 0 0 0 0 0 279 0 0

60.0-70.01 0 0 0 999 0 0 0 0 0 0 0 0 0 0 0 0

* 0-80.0 145 0 14 30 0 0 0 0 0 15542 1831 0 0 19 0 0

1.0-80.0 232 5634 14 1681 0 0 993 9859 0 15542 1831 0 0 298 0 1107

TOTAL 1-80 KM POPULATION IS 37191 PERSONS



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15P.MIL

NUMBER OF SOURCES= 5

PAGE 5

10/06/11

KM KM M KM2

NO. X Y Z AREA

CI/YEAR

U-238 Th-230 Ra-226 Pb-210 Rn-222

PSIZE M/SEC

ID SET EXIT VEL SOURCE NAME

1

2

3

4

5

-0.56

-0.55

-0.15

0.44

0.84

2.23

1.65

0.95

0.13

-0.45

27.00

16.00

13.00

-4.00

-15.00

0.0000

0.0000

0.0000

0.0000

0.0000

0. OE+00

0. OOE+00

0. OOE+00

0. OOE+00

0. o0E+00

0.OOE+00 0.OOE+00 0.00E+00

0.OOE+00 0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00 0.OOE+00

0.00E+00 0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00 0.OOE+00

2. OOE+03

1.78E+03

1.13E+03

1. 61E+03

1.20E+03

1001

1002

1003

1004

1005

1

1

1

1

1

0. OOE+00

0. OOE+00

0. OOE+00

0. OOE+00

0. OOE+00

MU-I

MU-2

MU-3

MU-4

MU-5

INPUT TAILS ACTIVITIES, PCI/G

SET URANIUM THORIUM RADIUM LEAD

1 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00

2 0.OOE+00 0.00E+00 0.00E+00 0.O0E+00

3 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

AMAD AND FRACTIONAL DISTRIBUTION

SET 1.5 3,0 7.7 54.0

1 0.000 1.000 0.000 0.000

2 1.000 0.000 0.000 0.000

3 0.000 0.000 0.300 0.700

PARTICULATE SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 1 TIME STEP(S) USED FOR THIS RUN

SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7 TSTEP 8 TSTEP 9 TSTEP10

NUMBER 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS - 5.OOYRS 5.OOYRS 5.OOYRS 5.00YRS 5.OOYRS

1 1.OOOE+00 1.OOOE+00 1.000E+00 1.O00E+00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.O00E+00 - 1.O00E+D0

2 1.000E+00 1.000E+00 1.000E+0O 1.000E+00 1.OOOE+00 1.000E+00 1.OOOE+00 1.OOOE+00 1.OOOE+00 1.OOOE+00

3 1.000E+00 1.000E+00 1.OOOE+00 1.OOOE+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00

4 1.OOOE+00 1.000E+00 1.0OOE+00 1.000E+00' 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.OOOE+00

5 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.OOOE+00 1.0005+00 1.000E+00

0RADON SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 1 TIME STEP(S) USED FOR THIS RUN

SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7

NUMBER 5.OOYRS 5.O0YRS 5.OOYRS 5.00YRS 5.OOYRS 5.00YRS 5.OOYRS

TSTEP 8 TSTEP 9 TSTEPIO

5.OOYRS 5.OOYRS 5.OOYRS

1

2

3

4

5

1. 000E+00

1. OOOE+00

1. 000E+00

1. 000E+00

1. 000E+00

1.000E+00

1. 000E+00

1.000E+00

1.000E+00

1. OOOE+00

1. 000E+00

3. 000E+00

1.000E+00

1.000E+00

1.000E+00

1. OOOE+00

I.000E+00

1. 000E+00

1. OOOE+00

1.000E+00

1. OOOE+00

1. OOOE+00

1. OOOE+00

1. OOOE+00

1. OOOE+00

1.000E+00

1.000E+00

1.000E+00

1. 000E+00

1. OOOE+00

1. 000E+00
1. 0005+00
1. OOOE+001.000E+00

1. OOOE+00

1. 000E+00

1. OOOE+00

1. OOOE+00

1.000E+00

1.000F+00

1.000E+00

1. OOOE+00

1. 000E+00

1. OOOE+00

1.000E+00

1. 000E+00

1.000E+00

3.000E+00

1.000E+00

1. OOOE+00

1.000E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUI5P.MIL
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TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

MARY PRINT OF POPULATION DOSES COMPUTED FOR TSTEP 1--DOSES SHOWN ARE ANNUAL POPULATION DOSE COMMITMENTS, PERSON-REM PER YEAR

DOSES RECEIVED BY PEOPLE WITHIN 80 KILOMETERS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. .3.552E-01 2.877E+00 4.644E-02 2.157E+00 1.037E+00 1.369E+02

GROUND 1.936E-02 1.936E-02 1.936E-02 1.936E-02 1.936E-02 1.936E-02

CLOUD 1.172E+00 1.172E+00 1.172E+00 1.172E+00 1.172E+00 1.172E+00

VEG. ING D.OOOE+00 0.000E+00 0.ODDE+00 O.OOOE+00 0.OOOE+00 0.000E+00

MEAT ING 0.O0DE+0D 0.000E+00 0.0OOE+00 0.000E+00 0.000E+00 0.OOOE+00

MILK ING 0.OOOE+00 0.OOOE+00 0.OO0E+00 0.000E+00 0.OOOE+00 0.OOOE+00

RNPLUSS0 0.DOOE+00 0.OOOE+00 0.000E+00 0.OOOE+00 0.OOOE+00 0.000E+00

TOTALS 1.547E+00 4.068E+00 1.238E+00 3.349E+00 2.229E+00 1.381E+02

DOSES RECEIVED BY PEOPLE BEYOND 80 KILOMETERS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. 0.OOOE+00 0.000E+00 0.OO0E+00 0.OOOE+00 0.0ODE+00 0.D00E+00

GROUND 0.OOOE+00 0.OOOE+00 0.OOOE+00 0.000E+00 0.O00E+00 0.000E+00

CLOUD 0.OOOE+00 0.000E+00 0.O00E+00 OOOOE+00 0.OOOE+00 0.000E+00

VEG. ING 0.OOOE+00 D.OOOE+00 0.OOOE+00 D.OOOE+00 0.00DE+00 0.OOOEO00

MEAT ING 0.OOOE+00 D.OOOE+00 0.OOOE+00 0.OOOE+00 0.000E+00 0.OOOE+00

MILK ING 0.OOOE+00 0.OOOE+00 0.OOE+00 0.OOOE+00 0.O00E+00 0.000E+00

RNPLUS50 0.000E+00 0.000oE+00 0.000E+0D 0.000E+0O 0.000E+G0 0.000E+00

TOTALS 0.OOE+00 0.000E+00 0.000E+0D 0.D00E+0D D.DDDE+00 0.OOOE+00

TOTAL DOSES COMPUTED OVER ALL POPULATIONS

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --. . . . . . . . . . . . . . . . . . . . . . . . .

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INHAL. 3.552E-01 2.877E+00 4.644E-02 2.157E+00D 1.037E+00

GROUND 1.936E-02 1.936E-02 1.936S-02 1.936E-02 1.936E-02

CLOUD 1.172E+00 1.172E+00 1.172E+00 1.172E+00 1.172E+00

VEG. ING 0.OOE+00 0.OOE+00 0.oooE+00 0.000E+00 0.000E+00

MEAT ING 0.OOOE+00 0.000E+00. 0.OOOE+00 0.000E+00 0.DO0E+00

MILK ING 0.000E+00 0.000E+00 0.OOOE+00 D.OOOE+00 0.00OE+00

RNPLUS50 0.000E+00 0.000E+00 0.000E+00 0.OOOE+00 O.OD0E+00

TOTALS 1.547E+00 4.068E+00 1.238E+00 3.349E+00 2.229E+00

BRONCHI

1.369E+02

1.936E-02

1. 172E+00

0. OOOE+00

0. OOE+00

0. 000E+00

0O.000E+00

1. 381E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5P.MIL

TIME STEP NUMBER 1,

NUMBER I NAME=Alliance X= 30.0KM, Y= -45.4KM,

PAGE 7

10/06/11

DURATION IN YRS IS... 5.0

Z=. -50.OM, DIST= 54.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD

TEENAGE

ADULT

EFFECTIV BONE AVG.LUNG LIVER

0.00OE+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.OE+00 0.00E+00

0.0OE+00 D.00E+00 0.00E+00 0.0OE+00

0.00E+00 0.00E+00 0.00E+00 0.0OE+00

KIDNEY

TOTALS

TOTALS

TOTALS

BRONCHI

0.OOE+00 0.OOE+00

0.00E+00 0.OOE+00

0.00E+00 0.00E+00

0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

3.44E-01

3. 38E-01

3.42E-01

3.44E-01

1. 12E-01

1. 59E-01

2.80E-01

2.71E-01

4.80E-02

6. 33E-02

7.38E-02

8.72E-02

4.09E-01

2.24E-01

1.42E-01

1.44E-01

1.84E-01

1.24E-01

1.0OE-01

1.06E-01

BRONCHI

4.71E+00

4.71E+00

4.71E+00

4. 71E+00

NUMBER 2 NAME"Berea X= 21.5KM, Y= -32.6KM, Z= -50.OM, DIST= 39.1KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 D.0OE+00 0.00E+00

CHILD TOTALS D.OE+00 0.00E+00 0.00E+00 0.D0E+00 0.00E+00 0.00E+00

TEENAGE TOTALS D.OOE+00 0.ODE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 D.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

------------7 ---------------------------------------------------------------------------------------------

AGE PATHWAY EFFECTIV BONE

---------------------------------------------------------

INFANT TOTALS 4.87E-01 1.29E-01

CHILD TOTALS 4.81E-01 1.77E-01

TEENAGE TOTALS 4.85E-01 3.OOE-01

ADULT TOTALS 4.87E-01 2.91E-01

AVG.LUNG LIVER KIDNEY BRONCHI

--------------------------------------------------

6.41E-02 4.32E-01 2.03E-01 6.84E+00

7.97E-02 2.43E-01 1.41E-01 6.84E+00

9.04E-02 1.60E-01' 1.17E-01 6.84E+00

1.04E-01 1.62E-01 1.23E-01 6.84E+00



REGION:

METSET:

Marsland All Well Field CODE: MILDOS-AREA (02/97)

DATA: MarMUI5P.MIL

TIME STEP NUMBER 1,

PAGE 8

10/06/11

DURATION IN YRS IS... 5.0

3 NAME=Chardon X= 22.3KM, Y= 35.8KM, Z= -50.OM, DIST= 42.2KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE PATHWAY EFFECTIV BONE

-------- ---------- ------ - - -- ----- ---- ------- --------

INFANT TOTALS 0.OOE+00 G.OOE+00

CHILD TOTALS 0.00E+00 0.O0E+00

TEENAGE TOTALS 0.00E+00 O.OGE+00

ADULT TOTALS 0.OOE+00 0.OOE+00

AVG.LUNG LIVER KIDNEY BRONCHI

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .--- . . . . . . . . . . . . . .

0.G0E+00 0.OOE+00 0.00E+00 0.00OOE+00

0.0OE+00 0.OOE+00 G.0GE+00 0.0GE+00

G.GOE+00 G.OOE+00 0.O0E+00 G.0GE+00

G.00E+00 G.O0E+00 G.G0E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.78E-01 8.88E-02 3.89E-02 3.22E-01 1.45E-01 3.82E+00

CHILD TOTALS 2.74E-01 1.26E-01 5.09E-02 1.76E-01 9.83E-02 3.82E+00

TEENAGE TOTALS 2.77E-01 2.20E-01 5.92E-02 1.13E-01 7.98E-02 3.82E+00

ADULT TOTALS 2.78E-01 2.14E-01 6.97E-02 1.14E-01 8.41E-02 3.82E+00

NUMBER 4 NAME=Clinton X= 75.4KM, Y= 26.5KM, Z= -50.0M, DIST- 79.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS G.OOE+00 0.00E+00 O,.OE+00 O.OE+00 0.O0E+00 0.00E+00

CHILD TOTALS G.OOE+00 O.OGE+00 G.00E+00 0.OGE+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 G.00E+00 0.GGE+00 0.GGE+00 G.GGE+00 0.00E+00

ADULT TOTALS O.OOE+O0 0.00E+GO O.OGE+00 G.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.39E-01 6.20E-02 2.12E-02 2.55E-01 1.09E-01 1.81E+00

CHILD TOTALS 1.35E-01 9.28E-02 3.09E-02 1.35E-01 6.99E-02 1.81E+00

TEENAGE TOTALS 1.37E-01 1.71E-01 3.76E-02 8.20E-02 5.47E-02 1.81E+00

ADULT TOTALS 1.39E-01 1.65E-01 4.63E-02 8.33E-02 5.82E-02 1.81E+00

p



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUI5P.MIL

TIME STEP NUMBER 1,

PAGE 9

10/06/11

DURATION IN YRS IS... 5.0

NUMBER 5 NAME=Crawford X= -12.LKM, Y= 20.8KM, Z= -50.OM, DIST= 24.OKM, IRTYPO = 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MRKM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

,PATHWAY EFFECTIV BONE

TOTALS 0.OOE+00 0.0OE+00

TOTALS 0.OOE+00 0.OOE+00

TOTALS 0.COE+00 0.COE+00

TOTALS D.OOE+00 0.00E+00

AVG.-LUNG LIVER KIDNEY

0.O0E+00 0.00E+CO 0.OOE+00

0.0OE+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.0OE+00

0.00E+00 0.OOE+00 0.OOE+00

BRONCHI

0.OOE+00

0.00E+00

0.OOE+00

0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG

INFANT TOTALS 5.61E-01 1.17E-01 6.94E-02

CHILD TOTALS 5.57E-01 1.52E-01 8.09E-02

TEENAGE TOTALS 5.60E-01 2.41E-01 8.87E-02

ADULT TOTALS 5.61E-01 2.35E-01 9.86E-02

LIVER KIDNEY BRONCHI

3.36E-01 1.70E-01 8.06E+00

1.99E-01 1.26E-01 8.06E+00

1.40E-01 1.08E-01 8.06E+00

1.41E-01 1.12E-01 8.06E+00

NUMBER 6 NAME=Harrison X= -50.5KA , Y= 22.5KM, Z= 633.OM, DIST= 55.3KL , IRTYPEM 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG

INFANT TOTALS 0.00E+00 0.0OE+00 0.0CE+00

CHILD TOTALS 0.0OE+00 0.0OE+00 0.OOE+00

TEENAGE TOTALS D.O0E+00 0.00E+00 0.0OE+00

ADULT TOTALS 0.00E+00 0.OOE+00 D.COE+00

LIVER

0.00EK+00

0.00E+00

0.OOE+00

O.OOE+00

KIDNEY

0. OE+00

0. OE+00

O.00E+00

0. OOE+00

BRONCHI

0. 00E+00

0.O0E+00

0.OOE+00

0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.11E-01 7.91E-02 3.07E-02 3.06E-01 1.34E-01 2.83E+00

CHILD TOTALS 2.06E-01 1.15E-01 4.23E-02 1.64E-01 8.83E-02 2.83E+00

TEENAGE TOTALS 2.09E-01 2.07L-01 5.03E-02 1.03E-01 7.04E-02 2.83E+00

ADULT TOTALS 2.11E-01 2.01E-01 6.05E-02 1.04E-01 7.45E-02 2.83E+00

0



REGION:

METSET:

Marsiand All Well Field CODE: MILDOS-AREA (02/97)

DATA: MarAUl5P.MIL

TIME STEP NUMBER 1,

PAGE 10

10/06/11

DURATION IN YRS IS... 5.0

7 NAME=Hay Springs X= 47.1KM, Y= 18.8KM, Z= -50.OM, DIST= 50.7KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0. OOE+00

0. OOE+00

0. 00E+00

0. OOE+00

0. OOE+00

0. OOE+0O

0. O0E+00

0. OOE+00

0. OOE+00

0. OOE+00

0.0OE+0O

0.00E+00

0.OOE+00

0. OOE+00

0. OOE+00

0. OOE+00

0. 00E+00

0. OE+00

0. 00OE+00

0. 00E+00

BRONCHI

0. 00E+00

0. OOE+00

0.OOE+00

0. OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

2. 30E-01

2.26E-01

2. 28E-01

2. 30E-01

7. 64E-02

1. 09E-01

I'93E-01

1.87E-01

3.25E-02

4.30E-02

5. 03E-02

5.95E-02

2.82E-01

1.54E-01

9. 77E-02

9.91E-02

1.26E-01

8 .48E-02

6.85E-02

7.23E-02

BRONCHI

3.14E+00

3.14E+00

3.14E+00

3.14E+00

NUMBER 8 NAME=Hemmingford X= 14.3KM, Y= -20.4KM, Z= 36.OM, DIST= 24.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0.0 OE+O0

0.0 0E+00

0. 00E+00

0. OOE+O0

0. OOE+0O

0.OOE+00

0.OOE+00

0.00E+00

0. OOE+00

0. OOE+00

0. 00E+00

0. DDE+00

0.00oE+00
O. OOE+00

0.00OE+00

0. 00E+00

0. OOE+00

0. 00E+00

0. 00E+00

0.00Ez+00

BRONCHI

0.OOE+00

0.00E+00

0.O0E+00

0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG

INFANT TOTALS 9.20E-01 2.OOE-01 1.13E-01

CHILD TOTALS 9.11E-Ol 2.65E-01 1.34E-01

TEENAGE TOTALS 9.16E-01 4.31E-01 1.48E-01

ADULT TOTALS 9.19E-01 4.19E-01 1.67E-01

LIVER KIDNEY BRONCHI

6.08E-0l 3.OOE-01 1.32E+01

3.54E-01 2.17E-01 1.32E+01

2.43E-01 1.85E-01 1.32E+01

2.45E-01 1.92E-01 1.32E+01



REGION: Marsiand All Well Field CODE: MILDOS-AREA (02/97) PAGE 11

METSET: DATA: MarMU15P.MIL

TIME STEP NUMBER 1,

10/06/11

DURATION IN YRS IS... 5.0

NUMBER 9 NAME=Marsland X= -3.8KM, Y= -6.1KM, Z= -50.0M, DIST= 7.2KM, IRTYPE= I

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

.........................................................................................................

AGE PATHWAY EFFECTIV BONE

......................................................

INFANT TOTALS 0.00E+00 0.00E+00

CHILD TOTALS 0.00+E00 0.00E+00

TEENAGE TOTALS 0.00E+00 O.00E+00

ADULT TOTALS 0.OOE+00 0.00E+00

AVG.LUNG LIVER KIDNEY BRONCHI

....................................................

0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00+E00 0.00E+00 0.00E+00

O.OOE+00 O.OOE+00 O.OOE-00 O.OOE+00

0.00E+00 0.OOE+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.12E+00 1.26E-01 1.01E-01 2.42E-01 1.54E-01 1.68E+01

CHILD TOTALS 1.11E+00 1.44E-01 1.07E-01 1.70E-01 1.31E-01 1.68E+01

TEENAGE TOTALS 1.11E+00 1.92E-01 1.11E-01 1.38E-01 1.21E-01 1.68E+01

ADULT TOTALS 1.12F+00 1.88E-01 1.16E-01 1.39E-01 1.23E-01 1.68E+01

NUMBER 10 NAME=Mitchell X= -48.5KM, Y= -60.0KM, Z= -50.OM, DIST= 77.2KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

0
AGE PATHWAY EFFECTIV BONE

INFANT TOTALS 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00

TEENAGE TOTALS 0o.00E+00 0o.00E+00

ADULT TOTALS 0.00E+00 0.00E+00

AVG.LUNG LIVER KIDNEY BRONCHI

0.00E+00 0.00E+00 O.OOE+00 0.00E+00

0.00E+00 0.00E+00. 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE -PATHWAY EFFECTIV BONE

INFANT TOTALS 1.02E-01 4.95E-02

CHILD TOTALS 9.86E-02 7.49E-02

TEENAGE TOTALS 1.01E-01 1.39E-01

ADULT TOTALS 1.02E-01 1.35E-01

AVG.LUNG LIVER KIDNEY BRONCHI

1.59E-02 2.08E-01 8.83E-02 1.31E+00

2.39E-02 1.09E-01 5.61E-02 1.31E+00

2.94E-02 6.61E-02 4.35E-02 1.31E+00

3.65E-02 6.71E-02 4.64E-02 1.31E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5P.MIL

TIME STEP NUMBER 1,

PAGE 12

10/06/11

DURATION IN YRS IS... 5.0

UBER 11 NAME=Oelrichs X= 4.9KM, Y= 75.3KM, Z= -50.OM, DIST= 75.5KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

O.OOE+00

O.OOE+00

0 . 00E+00

0 . OOE+00

0. 00E+00

0. 00E+00

0. 00E+00

0. OOE+00

0. 0OE+00

0. OOE+00

0. 00E+00

0. OOE+00

0. 0OE+00

0. OOE+00

0. 00E+00

0.0OOE+00

0. OOE+00

0 . 00E+00

0. 00E+00

0 . OOE+00

BRONCHI

0. 00E+00

0. OOE+00

0. 00E+00

0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

1. 64E-01

1.60E-01

1.62E-01

1.64E-01

7. 57E-02

1.14E-01

2. 10E-01

2.04E-01

2. 52E-02

3.72E-02

4.55E-02

5. 63E-02

3.14E-01

1.65E-01

1.01E-01

1.02E-01

1.34E-01

8. 55E-02

6. 66E-02

7. 10E-02

BRONCHI

2. 13E+00

2. 13E+00

2.13E+00

2.13E+00

NUMBER 12 NAME=Rushville X= 66.0KM, Y= 22.0KM, Z= -50.OM, DIST= 69.6KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+00

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.005+00 O.DOE+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00

ADULT TOTALS 0.00E+o0 0.00E+00- 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE PATHWAY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

EFFECTIV BONE

---------------------.----.

1.61E-01 6.53E-02

1.57E-01 9.64E-02

1.59E-01 1.76E-01

1.61E-01 1.70E-01

AVG.LUNG

2.39E-02

3.38E-02

4.06E-02

4.94E-02

LIVER

2.60E-01 1.13E-01 2.13E+00

1.39E-01 7.33E-02 2.13E+00

8.56E-02 5.79E-02 2.13E+00

8.69E-02 6.15E-02 2.13E+00

KIDNEY BRONCHI



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15P.MIL

TIME STEP NUMBER 1,

PAGE 13

10/06/11

DURATION IN YRS IS... 5.0

NUMBER 13 NAME=Scottsbluff X= -36.3KM, Y= -68.9KM, Z= -50.OM, DIST= 77.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER' KIDNEY BRONCHI

0.DOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 O.O0E+00

0.DOE+00 0.00E+00 0.00E+0D 0.00E+00 D.0OE+00 0.00E+00

O.O0E+00 .. E0.+00 D.0DE+00 0.00E+00 0.DDE+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT TOTALS 1.14E-01 5.39E-02 1.76E-02 2.25E-01 9.56E-02

CHILD TOTALS 1.10E-01 8.12E-02 2.62E-02 1.18E-01 6.09E-02

TEENAGE TOTALS 1.12E-01 1.51E-01 3.22E-02 7.17E-02 4.73E-02

ADULT TOTALS 1.13E-01 1.46E-01 3.99E-02 7.28E-02 5.05E-02

BRONCHI

1.- 47E+--

1.47E+00

1.47E+00

1.47E+00

NUMBER 14 NAME=Van Tassell X= -67.5KM, Y= 21.OKM, Z= 49.OM,U DIST= 70.7KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR TNIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV

INFANT TOTALS 0.00E+00

CHILD TOTALS 0.00E+00

TEENAGE TOTALS 0.00E+00

ADULT TOTALS 0.00E+00

BONE AVG.LUNG

0.00E+00 0.00E+00

0.00E+00 0.00E+00

0.OOE+00 0.00E+00

0.00E+00 0.00E+00

LIVER KIDNEY BRONCHI

0.00E+00 0.OOE+00 0.00E+00

0.00E+00 D.00E+00 0.OOE+00

0.00E+00 0.00E+00 0.00E+00

0.00E+00 D.00E+00 0.006+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.53E-01 6.69E-02 2.32E-02 2.72E-01 1.17E-01 2.01E+00

CHILD TOTALS 1.49E-01 9.97E-02 3.36E-02 1.44E-01 7.53E-02 2.01E+00

TEENAGE TOTALS 1.52E-01 1.83E-01 4.08E-02 8.82E-02 5.90E-02 2.01E+00
A

ADULT TOTALS 1.53E-01 1.77E-01 5.01E-02 8.96E-02 6.28E-02 2.01E+00



REGION: Marsland All Well

METSET:

BER 15 NAME=Whitney

Field CODE: MILDOS-AREA (02/97)

DATA: MarMUl5P.MIL

TIME STEP NUMBER 1,

PAGE 14

10/06/11

DURATION IN YRS IS... 5-0

X= 1.2KM, Y= 31.4KM, Z= -50C..0M, DIST= 31.4KM, IRTYPEM I

w 40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

EFFECTIV BONE

O.OOE+00 O.OOE+D0

0.OOE+O0 0.D0E+00

0.OOE+00 0.0DE+00

0.0OE+00 O.EOE+00

AVG.LUNG LIVER

0.0OE+00 0.OOE+00 0.0OE+00 0.00E+00

0.00E+00 0.O0E+00 0.00KOE+00 0.OE+00

0.00E+00 C.00E+00 C.OE+00 0.C0E+00

0.00E+00 C.O0E+00 0.00KE+00 0.OE+00

KIDNEY BRONCHI

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.17E-01 1.07E-01 5.45E-02 3.50E-01 1.66E-01 5.88E+00

CHILD TOTALS 4.12E-01 1.45E-01 6.71E-02 1.98E-01 1.17E-01 5.88E+00

TEENAGE TOTALS 4.15E-C1 2.44E-01 7.57E-02 1.32E-01 9.73E-02 5.88E+00

ADULT TOTALS 4.17E-01 2.37E-01 8.67E-02 1.33E-01 1.02E-01 5.88E+00

NUMBER 16 NAME=Residence 1 X= -0.8KM, Y= -0.4KM, Z= 6.0M, DIST= 0.9KM, IRTYPE= 1

40CFRl90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS 0.00E+00 0.00E+00 C.OE+00 0.O0E+00

CHILD TOTALS 0.00E+00 0.00E+00 C.0OE+00 0.00E+00

TEENAGE TOTALS D.DCE+00 0.CDE+00 C.DCE+00 0.OE+00

ADULT TOTALS D.CCE+00 0.ODE+00 0.OOE+00 0.OCE+00

KIDNEY BRONCHI

C.0OE+00 C.CCE+00

D.DDE+00 0.COE+00

0.D0E+00 0.OOE+00

O.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.58E+01 6.22E-01 5.98E-01 7.34E-01 6.49E-01 2.54E+02

CHILD TOTALS 1.58E+01 6.40E-01 6.04E-01 6.64E-01 6.27E-01 2.54E+02

TEENAGE TOTALS 1.58E+01 6.85E-01 6.08E-01 6.34E-01 6.18E-01 2.54iE+02

ADULT TOTALS 1.58E+01 6.82E-01 6.13E-01 6.35E-01 6.20E-01 2.54E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5P.MIL

TIME STEP NUMBER 1,
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10/06/11

DURATION IN YRS IS... 5.0

NUMBER 17 NAME=Residence 2 X= 1.0KM, Y= 0.3KM, Z= -4.OM, DIST= 1.0KM, IRTYPE= I-

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

---------------------------------------------------------------------------------------------------------.

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY

TOTALS

TOTALS

TOTALS

TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

0.OOE+00 0.OOE+00 0.0OE+00 0.0OE+00 0.DOE+00 0.00E+00

0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00s+00

0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0OOE+00 0.OOE+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.45E+01 5.92E-01 5.79E-01 6.50E-01 6.06E-01 7.33E+02

CHILD TOTALS 4.45E+01 6.01E-01 5.82E-01 6.14E-01 5.94E-01 7.33E+02

TEENAGE TOTALS 4.45E+01 6.25E-01 5.84E-01 5,98E-01 5.89E-01 7.33E+02

ADULT TOTALS 4.45E+01 6.23E-01 5.87E-01 5.98E-01 5.90E-01 7.33E+02

NUMBER 18 NAME=Residence 3 X= -0.8KM, Y= -1.9KM, Z= -16.OM, DIST= 2.LKM, IRTYPEM 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

0.00E+00 0.OOE+00 0.005+00 0.00E+00 0.OOE+00 0.00E+00

0.00E+00 0.DOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00

0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 6.86E+00 4.30E-01 4.01E-01 5.68E-01 4.64E-01 1.08E+02

CHILD TOTALS 6.86E+00 4.52E-01 4.08E-01 4.82E-01 4.36E-01 1.08E+02

TEENAGE TOTALS 6.86E+00 5.08E-01 4.13E-01 4.45E-01 4.25E-01 1.08E+02

ADULT TOTALS 6.86E+00 5.04E-01 4.19E-01 4.46E-01 4.28E-01 1.08E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15P.MIL

TIME STEP NUMBER 1,
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10/06/11

DURATION IN YRS IS... 5.0

19 NAME=Residence 4 X= -0.4KM, Y= -3.4KM, Z= -31:0M, DIST= 3.4KM, IRTYPE= I

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 D.OOE+00 0.00E+00

CHILD TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

TEENAGE TOTALS 0.006+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

ADULT TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00m+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS 4.16E+00 3.25E-01 2.91E-01 4.82E-01

CHILD TOTALS 4.16E+00 3.50E-01 3.00E-01 3,84E-01

TEENAGE TOTALS 4.16E+00 4.14E-01 3.05E-01 3.42E-01

ADULT TOTALS 4.16E+00 4.09E-01 3.12E-01 3.43E-01

KIDNEY BRONCHI

3.636-01 6.46E+01

3.32E-01 6.46E+01

3.19E-01 6.46E+01

3.22E-01 6.46E+01

NUMBER 20 NAME=Residence 5 X= R .9KM, Y= -4.3KM, Z= -36.OM, OIST= 4.7KM, IRTYPE= 1

4OCFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.006400

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

BRONCHI

0.OOE+00

0.00E+00

0.00E+00

0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

4.65E+00

4.84E+00

4.85E+00

4.85E+00

4.06E-01

4.44E-01

5.42E-01

5.35E-01

3.54E-01

3.67E-01

3.75E-01

3.866E-01

6.46E-01

4.96E-01

4.31E-01

4.32E-01

KIDNEY

4.64E-01

4.16E-01

3.97E-01

4.01E-01

BRONCHI

7.50E+01

7.50E+01

7.50E+01

7.50E+01



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15P.MIL

TIME STEP NUMBER 1,
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10/06/11

DURATION IN YRS IS... 5.0.

NUMBER 21 NAME=Residence 6 X= -4.7KM, Y= 1.9KM, Z= 22.OM, DIST= 5.!KM, IRTYPE= 1

040CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY

----------------------------

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..............................................................................

.,00E+00 D.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.O0E+00 0.OOE+00

0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG

INFANT TOTALS 3.45E+00 3.19E-01 2.81E-01

CHILD TOTALS 3,45E+00 3.47E-01 2.90E-01

TEENAGE TOTALS 3.45E+00 4.19E-01 2.96E-01

ADULT TOTALS 3.45E+00 4.14E-01 3.04E-01

LIVER KIDNEY BRONCHI

4.96E-01 3.62E-01 5.30E+01

3.85E-01 3.26E-01 5.30E+01

3.37E-01 3.12E-01 5.30E+01

3.38E-01 3.15E-01 5.30E+01

NUMBER 22 NAME=Residence 7 X= 2.4KM, Y= 3.6KM, Z= 76.DM, DIST= 4.3KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER

0.00E+00 -0.00E+00 0.00E+00 0.OOE+00

0.00E+00 D.OOE+00 0.00E+00 0.00E+00

0.OOE+00 0.OOE+00 0.OOE+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00

KIDNEY

0.00E+00

0. OOE+00

0.00E+00

BRONCHI

0. OOE+00

0. 00E+00

0.00E+00

0. OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

6.17E+00

6.17E+00

6.17E+00

6..17E+00

4.88E-01

5.20E-01

6. 02E-01

5.96E-01

4.45E-01

4.55E-01

4.62E-01

4.72E-01

6.90E-01

5. 64E-01

5. 09E-01

5.10E-01

5. 37E-01

4.96E-01

4.80E-01

4. 84E-01

BRONCHI

9.57E+01

9.57E+01

9.57E+01

9.57E+01



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5P.MIL

TIME STEP NUMBER 1,
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10/06/11

DURATION IN YRS IS... 5.0

WBER
23 NAME=Residence 8 X= 4.7KM, Y= -4.4KM, Z= -50.OM, DIST= 6.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION,*MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 Q.00E+00 0.OOE+0Q 0.QOE+O0 0.00E+00 D.OOE+00

CHILD TOTALS O.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.OQE+00 O.DQE+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

ADULT TOTALS O.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+OO

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS 2.13E+00 1.66E-01 1.41E-01 2.85E-01

CHILD TOTALS 2.13E+00 1.85E-01 1.47E-01 2.11E-01

TEENAGE. TOTALS 2.13E+00 2.33E-01 1.51E-01 1.79E-01

ADULT TOTALS 2.13E+00 2.30E-01 1.57E-01 1.79E-01

KIDNEY BRONCHI

1.95E-01 3.32-+01

1.715E-01 3.32E+01

1.62E-01 3.32E+01

1.64E-01 3.32E+01

NUMBER 24 NAME=Unoccupied 1 X= -0.9KM, Y= 2.0KM, Z= 21.OM, DIST= 2.2KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.00E+00 0.00E+00 O.OOE+0O 0.00E+00 0.00E+00

CHILD TOTALS O.OOE+00 0.00E+00 0.00E+00 0.0OE+00 0.OOE+00 O.OOE+00

TEENAGE TOTALS 0.00E+00 .. 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.OOE+00 0.OOE+00 .0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT TOTALS 7.50E+01 7.12E-01 6.96E-01 7.86E-01 7.30E-01

CHILD TOTALS 7.50E+01 7.24E-01 7.00E-01 7.40E-01 7.15E-01

TEENAGE TOTALS 7.50E+01 7.54E-01 7.03E-01 -7.20E-01 7.09E-01

ADULT TOTALS 7.50E+01 7.52E-01 7.06E-01 7.20E-01 7.11E-01

* BRONCHI

1.24E+03

1.24E+03

1.24E+03

1.24E+03



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5P.MIL

TIME STEP NUMBER 1,
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DURATION IN YRS IS... 5.0

NUMBER 25 NAME=Unoccupied 2 4C I 2.0KM, Y= 2.8KM, Z= 69COM , DIST= 3.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV BONE AVG.LUNG

TOTALS 0.OOE+00 0.OOE+00 O.OOE+00

TOTALS 0.00E+00 0.OOE+00 0.OOE+00

TOTALS 0.00E+00 0.OOE+00 O.00E+00

TOTALS 0.00E+00 0.00E+00 0.OOE+00

LIVER

0. OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

KIDNEY BRONCHI

........................

O.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00

0.OOE+00 O.OOE+00

0.OOE+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV BONE AVG.LUNG LIVER

TOTALS 8.61E+00 5.52E-01 5.15E-01 7.20E-01

TOTALS 8.61E+00. 5.79E-01 5.24E-01 6.15E-01

TOTALS 8.61E+00 6.47E-01 5.30E-01 5.69E-01

TOTALS 8.61E+00 6.42E-01 5.38E-01 5.70E-01

KIDNEY BRONCHI

5.93E-01 1.35E+02

5.59E-01 1.35E+02

5.45E-01 1.35E+02

5.48E-01 lj35E+02

NUMBER 26 NAME=North Boundary 4 1= 0.AKM, Y= 2.6O M, Z= 29.OM , DISTH= 2.6KM, IRTYPE R 1

4OCFRL90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG

0.OOE+00 0.00E+00 0.00E+00

'0.OOE+00 0.00E+00 0.00E+00

0.OOE+00 0.00E+00 0.OOE+00

O.OOE+00 0.00E+00 0.00E+00

LIVER

0.00E+00

0.00M+00

O.OOE+00

0.0DE+00

KIDNEY BRONCHI

0.00-+00 0.00- +00

0.00E+00 0.00E+00

0.00c+00 0.00E+00

0.OOE+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, WREN/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV BONE AVG.LUNG LIVER

TOTALS 3.91E+01 7t26E-01 7.05E-01 8.24E-01

TOTALS 3.91E+01 7.42E-01 7.10E-01 7.63E-01

TOTALS 3.91E+01 7.82E-01 7.14E-01 7.36E-01

TOTALS . 3.91E+01 7.79E-01 7.18E-01 7.37E-01

KIDNEY BRONCHI

7.50E-01 6.40E+02

7.305E-01 6.40E+02

7.22E-01 6.40E+02

7.24E-01 6.40E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15P.MIL

TIME STEP NUMBER 1,
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DURATION IN YRS IS..- 5.0

. WER 27

NAME=East Boundary X= 1.4KM, Y= 0.3KM, Z= -20.OM, DIST= 1.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

.........................................................................................................

AGE PATHWAY EFFECTIV BONE

INFANT TOTALS 0.OOE+00 0.OOE+00

CHILD TOTALS 0.00E+00 0.OOE+00

TEENAGE TOTALS 0.OOE+00 0.OOE+00

ADULT TOTALS 0.00E+00 0.00E+00

AVG.LUNG LIVER

0.OOE+00 O.OOE+00

O.OOE+00 0.OOE+00

O.OOE+00 0.OOE+00

0.OOE+00 O.OOE+00

KIDNEY BRONCHI

0.OOE+00 0.OOE+00

0.00E+00 O.OOE+00

O.OOE+00 b.0oo+oo

0.00E+00 B.OOE+00

TOTAL ANNUAL-DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV

TOTALS 1.67-+0 -

TOTALS 1.67E+01

TOTALS 1.67E+01

TOTALS 1.67E+01

BONE AVG.LUNG LIVER KIDNEY BRONCHI

3.12E-01 3.04E-01 3.49E-01 3.21E-01 2.73E+02

3.18E-01 3.06E-01 3.26E-01 3.14E-Ba 2.73E+02

3.33E-01 3.07E-01 3.16E-01 3.11E-01 2.73E+02

3.32E-01 3.09E-01 3.16E-01 3.11E-01 2.73E+02

NUMBER 28 NAME=South Boundary X= 0.IKM, Y= -0.5KM, Z= 13.OM, DIST= 0.5KM, IRTYPEK 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG

0.00E+00 0.OOE+00 0.OOE+00

0.OOE+0 0.OOE+00 0.OOE+00

0.OOE+00 0.00E+00 0.OOE+00

0.OOE+00 0.00E+00 0.O0E+00

LIVER KIDNEY BRONCHI

B.OOE+00 0.OOE+00 0.OOE+00

D.0OE+00 0.00E+00 G.0OE+00

O.OOE+00 O.OOE+O0 O.OOE+O0

0.OOE+00 0.OOE+00 0.O0E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.50E+01 9.16E-01 8.83E-01 1.07E+00 9.52E-01 5.70E+02

CHILD TOTALS 3.50E+01 9.40E-01 8.91E-01 9.72E-01 9.22E-01 5.70E+02

TEENAGE TOTALS 3.50E+01 1.00E+00 8.96E-01 9.31E-01 9.10E-01 5.70E+02

ADULT TOTALS 3.50E+01 9.96E-01 9.03E-01 9.32K-01 9.13E-01 5.70E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97).

METSET: DATA: MarMUI5P.MIL

TIME STEP NUMBER 1,
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DURATION IN YRS IS... 5-.0

NUMBER 29 NAME=West Boundary X= -0.7KM, Y= 0.0KM, Z= 49.OM, DIST= 0.7KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 O.DE+0.0 O.DDE+OO 0.00E+00 0.OOE+00 0.OOE+00

CHILD TOTALS 0.OOE+00 0.0OE+00 O.OOE+00 0.00E+00 O.OOE+00 0.O0E+00

TEENAGE TOTALS 0.00E+00 D.0OE+00 O.OOE+00 0.00E+00 D.00E+00 0.D0E+00

ADULT TOTALS 0.,OE+00 0.O0E+00 D.ODE+00 0.00E+00 0.DDE+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

--------------------------------. -------------------------------------------------.

INFANT TOTALS 2.41E+01 7.60E-01 7.36E-01 8.70E-01

CHILD TOTALS 2.41E+01 7.78E-01 7.42E-01 8.01E-01

TEENAGE TOTALS 2.41E+01 8.22E-01 7.46E-01 7.72E-01

ADULT TOTALS 2.41E+01 8.19E-01 7.51E-01 7.72E-01

KIDNEY BRONCHI

-----------------------

7.87E-01

7.65E-01

7.56E-01

7.58E-01

3. 89E+02

3. 89E+02

3. 89E+02

3. 89E+02

NUMBER 30 NAME=Minatare X= -22.4KM, Y= -75.6KM, Z= -41.4M, DIST= 78.8KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

----- ---- ---- ---- ---- ----. .- - ---- ---- ---- 7 . . . . . . . . . . . . . . . .- ---.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS D.OOE+00 +.O0E+00 O.DDE+00 0.O0E+00 O.O0E+00 O.OE+00

CHILD TOTALS 0.OOE+00 0.D0E+00 0.OOE+00 0.OOE+00 O.DOE+00 O.OOE+00

TEENAGE TOTALS O.0OE+00 0.00E+00 0.OOE+00 0.00E+00 O.O0E+00 O.OOE+00

ADULT TOTALS O.0OE+00 O.OOE+00 0.OOE+00 0.OOE+00 O.0OE+00 0.O0E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

--- -- --- -- -- --- -- -- --- -- -- ----.- - --- -- -- --- -- -- --- -- -- --- -- -- --- -- -- --- -- --

AGE PATHWAY EFFECTIV

INFANT TOTALS 1.44E-01

CHILD TOTALS 1.40E-01

TEENAGE TOTALS 1.42E-01

ADULT TOTALS 1.44E-01

BONE AVG.LUNG LIVER KIDNEY BRONCHI
-- - -- - - -- - - w.. . . . . . ------------------------------------------------.

6.76E-02 2.23E-02 2.81E-01 1.20E-01 1.86E+00

1.02E-01 3.30E-02 1.48E-01 7.63E-02 1.86E+00

1.88E-01 4.05E-02 8.98E-02 5.94E-02 1.86E+00

1.82E-01 5.01E-02 9.12E-02 6.33E-02 1.86E+00

Program execution time = 1.97 seconds



APPENDIX B - MEA RADIATION DOSE RATES FROM MILDOS

Appendix B contains the print out from the computer program MILDOS in the following
order:

Appendix Title Radon Source Weather Data Purge Rate
B2- MARST15P SATELLITE MEA 44
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METSET: DATA: MARSTl5P;MIL 10/06/11
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REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 2

METSET: DATA: MARST15P.MIL 10/06/11

JOINT FREQUENCY IN PERCENT, DIRECTION INDICATES WHERE WIND IS FROM FREQWS=0.14427,0.29579,0.30967,0.17441,0.05798,0.01793

MPH N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW TOTALS

. ABILITY CLASS 11.5 0.1410 0.0240

5.5 0.2360 0.1530

10.0 0.0000 0.0000

15.5 0.0000 0.0000

21.5 0.0000 0.0000

28.0 0.0000 0.0000

ALL 0.3770 0.1770

0.0710 0.0820 0.0940

0.1890 0.1770 0.1770

0.0000 0.0000 0.0000

0.0000 0.0000 0.0000

0.0000 0.0000 0.0000

0.0000 0.0000 0.0000

0.2600 0.2590 0.2710

0.1300

0.2590

0.0000

0.0000

0.0000

0.0000

0.3890

0.0350

0.2470

0.0350

STABILITY CLASS 2

1.5 0.0000 0.0000 0.0000

5.5 0.2000 0.2240 0.2470

10.0 0.0240 0.0000 0.0120

15.5 0.0000

21.5 0.0000

28.0 0.0000

ALL 0.2240

0.0000

0.0000

0.0000

0.2240

STABILITY CLASS 3

1.5 0.0120 0.0000

5.5 0.0590 0.0590

10.0 1.0300 0.4710

15.5 0.0000 0.0000

21.5 0.0000 0.0000

28.0 0.0000 0.0000

ALL 1.1010 0.5300

*ABILITY CLASS 4

1.5 0.0240 0.0240

5.5 0.7310 0.4710

10.0 1.9100 1.0720

15.5 1.7800 0.8600

21.5 0.4120 0.2240

28.0 0.1410 0.0120

ALL 4.9980 2.6630

0.0000

0.0000

0.0000

0.2590

0.0000

0.0590

0.2950

0.0000

0.0000

0.0000

0.3540

0.0000

0.1890

0.9190

0.3060

0.0120

0.0000

1.4260

0.0000

0.1770

0.0000

0.0000

0.0000

0.0000

0.1770

0.0000

0.0820

0.3420

0.0000

0.0000

0.0000

0.4240

0.0000

0.3060

0.7310

0.2000

0.0000

0.0120

1.2490

0.0000 0.0000

0.0000 0.0000

0.0000 0.0000

0.1890 0.3170

0.0000

0.1770

0.0120

0.1060

0.2000

0.0000

0.0000

0.0000

0.0000

0.3060

0.0120

0.3420

0.0350

0.0000

0.0000

0.0000

0,3890

0.0350

0.1890

0.4120

0.0000

0.0000

0.0000

0.6360

0.0240

1.0490

1.2140

0.3890

0.0350

0.0000

2.7110

0.2120

0.2120

0.0000

0.0000

0.0000

0.0000

0.4240

0.0470

0.2470

0.0240

0.0000

0.0000

0.0000

0.3180

0.0120

0.1530

0.4360

0.0000

0.0000

0.0000

0.6010

0.0120

0.7540

1.6500

0.9550

0.3420

0.0120

3.7250

0.1770

0.2120

0.0000

0.0000

0.0000

0.0000

0.3890

0.0470

0.2360

0.0710

0.0000

0.0000

0.0000

0.3540

0.0350

0.1530

0.4950

0.0000

0.0000

0.0000

0.6830

0.0120

0.5190

1.3080

1.3790

0.2830

0.0120

3.5130

0.3540

0.2590

0.0000

0.0000

0.0000

0.0000

0.6130

0.0940

0.3180

0.0590

0.0000

0.0000

0.0000

0.4710

0.0240

0.1410

0.4360

0.0000

0.0000

0.0000

0.6010

0.0120

0.3890

0.8960

0.6720

0.1180

0.0000

2.0870

0.1410

0.2240

0.0000

0.0000

0.0000

0.0000

0.3650

0.0120

0.3060

0.0000

0.0000

0.0000

0.0000

0.3180

0.0120

0.1890

0.5660

0.0000

0.0000

0.0000

0.7670

0.0240

0.4830

0.7900

0.3650

0.1410

0.0000

1.8030

0.0940

0.4010

0.0000

0.0000

0.0000

0.0000

0.4950

0.0000

0.2590

0.0470

0.0000

0.0000

0.0000

0.3060

0.0000

0.0820

0.6600

0.0000

0.0000

0.0000

0.7420

0.0120

0.5070

1.4610

0.8720

0.2470

0.0240

3.1230

0.1180

0.1180

0.0000

0.0000

0.0000

0.0000

0.2360

0.0120

0.1300

0.0240

0.0000

0.0000

0.0000

0.1660

0.0000

0.0710

0.4360

0.0000

0.0000

0.0000

0.5070

0.0000

0.4120

1.2730

1.2610

0.2950

0.2360

3.4770

0.0120 0.0000'0.0000

0.1650 0.2360 0.2120

0.0120 0.0710 0.0470

0.0000 0.0000 0.0000

0.0000 0.0000 0.0000

0.0000 0.0000 0.0000

0.1890 0.3070 0.2590

0.0820 0.0590

0.1180 0.2000

0.0000 0.0000

0.0000 0.0000

0.0000 0.0000

0.0000 0.0000

0.2000 0.2590

0.0590

0.2120

0.0000

0.0000

0.0000

0.0000

0.2710

1.9440

3.3470

0.0000

0.0000

0.0000

0.0000

5.2910

0.2710

3.7230

0.4730

0.0000

0.0000

0.0000

4.4670

0.1300

1.7320

8.5250

0.0000

0.0000

0.0000

10.3870

0.2980

9.6870

20.9430

17.4410

5.7980

1.7930

55.9600

0.0000

0.1180

0.3300

0.0000

0.0000

0.0000

0.4480

0.0120

0.5770

1.0370

0.3180

0.0120

0.0000

1.9560

0.0000

0.1770

0.5540

0.0000

0.0000

0.0000

0.7310

0.0470

0.8840

0.9190

0.3060

0.0240

0.0120

2.1920

0.0000 0.0000

0.0470 0.0590

0.4710 0.8130

0.0000 0.0000

0.0000 0.0000

0.0000 0.0000

0.5180 0.8720

0.0000

0.0940

0.7780

0.0000

0.0000

0.0000

0.8720

0.0710

1.3550

2.3690

2.8 170

1.2370

0.4480

8.2970

0.0120

0.3770

1.4850

1.9560

0.7190

0.2950

4.8440

0.0120

0.6840

1.9090

3.0050

1.6970

0.5890

7.8960

STABILITY CLASS 5

1.5 0.1530 0.0710 0.0000 0.0000 0.0590 0.0350 0.0820 0.0710 0.0350 0.0000 0.0350 0.0350 0.0120 0.0710 0.0590 0.0940 0.8120

5.5 0.2360 0.1300 0.1650 0.2000 0.1530 0.3060 0.2000 0.2470 0.2710 0.2000 0.2950 0.'2830 0.2000 0.1300 0.3540 0.9660 4'.3360

10.0 0.0470 0.0350 0.0240 0.0470 0.0590 0.0240 0.0240 0.0470 0.0240 0.0240 0.0590 0.1060 0.0940 0.0820 0.1410 0.1890 . 1.0260

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.4360 0.2360 0.1890 0.2470 0.2710 0.3650 0.3060 0.3650 0.3300 0.2240 0.3890 0.4240 0.3060 0.2830 0.5540 1.2490 6.1740
-----------------------------------------------------------------------------------------------------------------------------------

STABILITY CLASS 6

1.5 0.9780 0.6950.0.6360 0.5420 0.4480 0.5190 0.6720 0.6130 0.7540 0.6600 0.5770 0.7310 0.5660 0.5770 0.6720 1.3320 10.9720

5.5 0.7070 0.2830 0.1180 0.2590 0.3540 0.3180 0.3420 0.4830 0.3420 0.4950 0.4360 0.4710 0.2950 0.5540 0.4600 0.8370 6.7540

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000.0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

oLL 1.6850 0.9780 0.7540 0.8010 0.8020 0.8370 1.0140 1.0960 1.0960 1.1550 1.0130 1.2020 0.8610 1.1310 1.1320 2.1690 17.7260

WL 8.8210 4.8080 3.2420 3.1570 3.9370 4.8310 5.3620 6.5290 6.3650 5.1510 4.6550 6.2920 5.5530 7.165011.020013.1170 100.0050



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARST15P.MIL

PAGE 3

10/06/11

------------ -------------------- INDIVIDUAL RECEPTOR LOCATION DATA, 30 LOCATIONS INPUT THIS RUN----------------L---------------

I LOCATION NAMES X(KM) Y(KM) Z(M) DIST(KM) TYPE I LOCATION NAMES X(KM) Y(EKM) Z(M) DIST(KM) TYPE

1 Alliance 30.00 -45.40 -50.00 54.42 1 i6 Residence 1 -0.80 -0.40 6.00 0.89 1i
2

3

4

5

6

7
* 8

9

10

11.

12

13

14

15

Berea

Chardon

Clinton

Crawford

Harrison

Hay Springs

Hemmingford

Marsland

Mitchell

Oelrichs

Rushville

Scottsbluff

Van Tassell

Whitney

21.50 -32.60 -50.00

22.30 35.80 -50.00

75.40 26.50 -50.00

-12.10 20.80 -50.00

-50.50 22.50 633.00

47.10 18.80 -50.00

14.30 -20.40 36.00

-3.80 -6.10 -50.00

-48.50 -60.00 -50.00

4.90 75.30 -50.00

66.00 22.00 -50.00

-36.30 -68.90 -50.00

-67.50 21.00 49.00

1.20 31.40 -50.00

39.05

42.18

79.92

24.06

55.29

50.71

24.91

7.19

77.15

75.46

69.57

77.88

70.69

31.42

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Residence 2

Residence 3

Residence 4

Residence 5

Residence 6

Residence 7

Residence 8

Unoccupied 1

Unoccupied 2

North Boundary

East Boundary

South Boundary

West Boundary

Minatare

1.00

-0.80

-0.40

1.90

-4.70

2.40

4.70

-0.90

2.00

0.00

1.40

0.00

-0.70

-22.40

0.30 -4.00

-1.90 -16.00

-3'.40 -31.00

-4.30 -36.00

1.86 22.00

3.60 76.00

-4.40 -50.00

2.00 21.00

2.80 69.00

2.60 29.00

0.30 -20.00

-0.50 .13.00

0.00 49.00

-75.60 -41.40

1.04

2.06

3.42

4.70

5.05

4.33

6.44

2.19

3.44

2.60

1.43

0.50

0.70

78.85

1

1

1

1

1

1

1

1

1

1

1

MISCELLANEOUS INPUTABLE PARAMETER VALUES

DMM DMA TSTART FFORI FHAYI FFORP FHAYP FPR(1) FPR(2) FPR(3) ACTRAT

100.0 100.0 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.00 2.50

IPACT EQUALS 0,

JC EQUALS 0, 0, 0, 0, 0, 0, 0, 0, 0, 0

TIME STEP DATA ....

1

STEP NAMES LENGTH, YRS IFTODO

5.00 1

XRHo EQUALS 1.5, 2.5, 3.5, 4.5, 7.5, 15.0, 25.0, 35.0, 45.0, 55.0, 65.0, 75.0,

HDP EQUALS 50.0



t REGION: Marsland AlI Well Field CODE: MILDOS-AREA (02/97) PAGE 4

-METSET: DATA: MARST15P.MIL 10/06/11

POPULATION DISTRIBUTION

ILN NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW

V ILOMETERS 0.0 22.5 45.0 67.5' 90.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5

1.0- 2.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.0- 3.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3.0- 4.0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0

4.0- 5.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5.0-10.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10.0-20.0 0 0 0 0 0 0 0" 0 0 0 0 0 0 0 0 0

20.0-30.0 0 0 0 0 0 0 993 0 0 0 0 0 0 0 0 1107

30..0-40.0 1 87 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

40.0-50.0 0 5634 0 0 0 0 0 0 0 0 0 0 0 0 0 0

50.0-60.01 0 0 0 652 0 0 0 9859 0 0 0 0 0 279 0 0

60.0-70.0 0 0 0 999 0 0 0 0 0 0 0 0 0 0 0 0

* 0-80.0 1 145 0 14 30 0 0 0 0 0 15542 1831 0 0 19 0 0

1.0-80.0 1 232 5634 14 ' 1681 0 0 993 9859 0 * 15542 1831 0 0 298 0 1107

TOTAL 1-80 KM POPULATION IS 37191 PERSONS



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 5

MMTSET: DATA: MARST15P.MIL 10/06/11

NUMBER OF SOURCES= 1

KM KM M KM2 CI/YEAR PSIZE M/SEC 4
NO. X Y Z AREA u-238 Th-230 Ra-226 Pb-21o Rn-222 ID SET EXIT VEL SOURCE NAME

1 0.00 0.00 10.00 0.0000 0.OOE+00 0.O0E÷00 0.OOE+00 0.00E+00 7.72E+03 1001 1 1.00E+01 Satellite

INPUT TAILS ACTIVITIES, PCI/G AMAD AND FRACTIONAL DISTRIBUTION

SET URANIUM THORIUM RADIUM LEAD SET 1.5 3.0 7.7 54.0

1 0.OOE+00 0.0OE+00 0.OOE+00 0.00E+00 1 0.000 1.000 0.000 0.000

2 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 2 1.000 0.000 0.000 0.000

3 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 3 0.000 0.000 0.300 0.700

PARTICULATE SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 1 TIME STEP(S) USED FOR THIS RUN

SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7 TSTEP 8 TSTEP 9 TSTEPIO

NUMBER 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.00YRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS

1 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.OOOE+00

RADON SOURCE STRENGTH MULTIPLIERS BY TIME STEP, I TIME STEP(S) USED FOR THIS RUN

SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7 TSTEP 8 TSTEP 9 TSTEP10

NUMBER 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.00YRS 5.O0YRS

1 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00



REGION:

METSET:

.MARY
MarslandAll Well Field CODE: MILDOS-AREA (02/97)

DATA: MARST15P.MIL

TIME STEP NUMBER 1,

PAGE 6

10/06/11

DURATION IN YRS IS... 5.0

PRINT OF POPULATION DOSES COMPUTED FOR TSTEP 1--DOSES SHOWN ARE ANNUAL POPULATION DOSE COMMITMENTS, PERSON-REM PER YEAR

DOSES RECEIVED BY PEOPLE WITHIN 80 KILOMETERS

..................................................................................................

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..................................................................................................

INHAL. 3.498E-01 2.833E+00 4.566E-02 2.125E+00 1.022E+00 1.379E+02

GROUND 1.942E-02 1.942E-02 1.942E-02 1.942E-02 1.942E-02 1.942E-02

CLOUD 1.180E+00 1.180E+00 1.180E+00 1.180E+00 1.180E+00 1.180E+00

VEG. ING 0.000E+00 O.OOOE+00 0.000E+00 "0.000E+00 0.000E+00 0.000E+00

MEAT ING 0.000E+00 0.OOOE+00 0.000E+00 O.OOOE+00 0.000E+00 0.000E+00

MILK ING 0.000E+00 O.O0OE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

RNPLUS50 0.000E+00 0.000E+00 0.OOOE+00 O.OOOE+00 O.OOOE+00 0.OOOE+00

TOTALS 1.549E+00 4.032E+00 1.245E+00 3.324E+00 2.221E+00 1.391E+02

DOSES RECEIVED BY PEOPLE BEYOND 80 KILOMETERS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. 0.000E+00 .0.00DE+00 0.0005E00 0.000E+00

GROUND O.OOOE+00 0.000E+00 O.000E+00 0.OOOE+00

CLOUD 0.OOOE+00 0.000E+00 O.OOOE+00 0.000E+00

VEG. ING 0.OOOE+00 0.0OOE+00 O.OOOE+00 0.000E+00

MEAT ING 0.000E+00 0.OOOE+00 0.000E+00 0.000E+00

MILK ING O.000E+00 0.000E+00 0.000E+00 0.000E+00

RNPLUS50 O.OOOE+00 , 0.OOOE+oo 0.000E+00 0.000E+00

TOTALS 0.OOOE+00 0.000E+00 0.000E+00 0.OOOE+00

0.OOOE+00 0.000E+00

0.000E+00 0.000E+00

0.000E+00 0.000E+00

0.0005+00 0.000E+00
0.000E+00 0.OOOE+00

0.000E+00 0.OOOE+00

0.OOOE+00 O.OOOE+00

0.OOOE+00 0.OOOE+00

TOTAL DOSES COMPUTED OVER ALL POPULATIONS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. 3.498E-01 2.833E+00 4.566E-02 2.125E+00 1.022E+00 1.379E+02

GROUND 1.942E-02 1.942E-02 1.942E-02 1.942E-02 1.942E-02 1.942E-02

CLOUD 1.180E+00 1.180E+00 1.180E+00 1.180E+00 1.180E+00 1.180E+00

VEG. ING 0.000E+00 0.000E+00 0.OOOE+00 0.000E+00 0.000E+00 0.000E+00

MEAT ING 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.OOOE+00

MILK ING 0.OOOE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

RNPLUS50 0.OOOE+00 0.000E+00 0.OOOE+00 0.000E+00 0.000E+00 0.OOOE+00

TOTALS 1.549E+00 4.032E+00 1.245E+00 3.324E+00 2.221E+00 1.391E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARST15P.MIL

TIME STEP NUMBER 1,

PAGE 7

10/06/11

DURATION IN YRS IS... 5.0

NUMBER 1 NAME=Alliance X= 30.0KM, Y= -45.4KM, Z= -50.OM, DIST= 54.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE

INFANT TOTALS 0.OOE+00 O.OOE+00

CHILD TOTALS 0.OOE+00 0.OOE+00

TEENAGE TOTALS D.OOE+00 O.OOE+00

ADULT TOTALS 0.OOE+00 0.OOE+o0

AVG.LUNG LIVER KIDNEY

O.OOE+00

O.00E+00

0.OOE+00

0. 00E+00

0. OOE+00

O.OOE+00

0. 00E+00

0. 00E+00

0.O0E+00

0.0OE+00

0. OOE+00

0. OOE+00

BRONCHI

0. OOE+00

0.OOE+00"

0.00E+00

0. OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.20E-01 9.69E-02 4.41E-02 3.44E-01 1.57E-01 4.42E+00

CHILD TOTALS 3.15E-01 1.36E-01 5.67E-02 1.90E-01 1.07E-01 4.42E+00

TEENAGE TOTALS 3.18E-01 2.37E-01 6.55E-02 1.23E-01 8.74E-02 4.42E+00

ADULT TOTALS 3.20E-01 2.29E-01 7.66E-02 1.24E-01 9.20E-02 4.42E+00

NUMBER 2 NAME=Berea X= 21.54M, Y= -32.6KM, Z= -50.OM, OIST= .39.1KM, IRTYPE= 1

4OCFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, WREN/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+60 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

TEENAGE TOTALS 0.O0E+00 0.00E+00 0 0 0.00E+00 O.OOE+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.46E-01 1.09E-01 5.75E-02 3.47E-01 1.67E-01 6.31E+00

CHILD TOTALS 4.41E-01 1.47E-01 6.98E-02 1.99E-01 1.18E-01 6.31E+00

TEENAGE TOTALS 4.44E-01 2.44E-01 7.83E-02 1.33E-01 9.95E-02 6.31E+00

ADULT TOTALS 4.46E-01 2.37E-01 8.90E-02 1.35E-01 1.04E-01 6.31E+00

0



REGION:

METSET:

Marsland All Well Field CODE: MILDOS-AREA (02/97)

DATA: MARST15P.MIL

TIME STEP NUMBER 1,

PAGE 8

10/06/11

DURATION IN YRS IS... 5.0

NAME=Chardon X= 22.3KM, Y= 35.8KM, Z= -50.OM, DIST= 42.2KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.QOE+00 0.00E+00 0.OOE+00 Q.OOE+00 0.DOE+00

CHILD TOTALS 0.DDE+00 0.00E+00 0.OOE+00 Q.OOE+00 D.0OE+00 0.D0E+00

TEENAGE TOTALS Q.OE+00 D.OOE+00 0.OOE+00 0.OOE+00 .OOE+00 0.00E+00

ADULT TOTALS 0.O0E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.O0E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS 2.50E-01 7.82E-02 3.49E-02 2.81E-01

CHILD TOTALS 2.46E-01 1.l1E-01 4.53E-02 1.55E-01

TEENAGE TOTALS 2.49E-01 1.93E-0l 5.25E-02 9.93E-02

ADULT TOTALS 2.50E-01 1.87E-01 6.16E-02 1.01E-01

KIDNEY

1.28E-01

8. 65E-02

7.05E-02

7. 42E-02

BRONCHI

3.-44E+00

3.44E+00

3.44E+00

3. 44E+00

NUMBER 4 NAME=Clinton X= 75.4KM, Y= 26.5KM, Z= -50.0M, DIST= 79.9]KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.QOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.0DE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

1.30E-01 5.55E-02 1.96E-02 2.25E-01 9.69E-02 1.70E+00

1.26E-01 8.26E-02 2.81E-02 1.19E-01 6.25E-02 1.70E+00

1.28E-01 1.51E-01 3.40E-02 7.32E-02 4.90E-02 1.70E+00

1.29E-01 1.46E-01 4.17E-02 7.43E-02 5.22E-02 1.70E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARST15P.MIL

TIME STEP NUMBER 1,

PAGE 9

10/06/11

DURATION IN YRS IS... 5.0

NUMBER 5 NAME=Crawford X= ý12.1KM, Y= 20.SKM, Z= -50.OM, DIST= 24.1KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY

TOTALS

TOTALS

TOTALS

TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

0.00E+00 0.00E+00 0.bOE+00 0.00E+00 0.00E+00 0.OOE+00

D.0OE+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 O.OOE+00

0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.O0E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.78E-01 9.64E-02 5.87E-02. 2.71E-01 1.39E-01 6.89E+00

CHILD TOTALS 4.75E-01 1.24E-01 6.79E-02 1.62E-01 1.03E-01 6.89E+00

TEENAGE TOTALS 4.77E-01 1.95E-01 7.41E-02 1.15E-01 8.96E-02 6.89E+00

ADULT TOTALS 4.78E-01 1.90E-01 8.20E-02 1.16E-01 9.29E-02 6.89E+00

NUMBER 6 NAME=Harrison X= -50.5KM, Y= 22.5KM, Z= 633SOM, DIST= 55.3KM, IRTYPE= 1

40CFRI9D ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTAILS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER

D.OOE+00 0.00E+00 0.00E+00 0.ODE+00

0.00E+00 0.OOE+00. 0.00E+00 0.OOE+00

0.00E+00 0.00E+00 0.DOE+00 0.00E+00

0.00E+00 0.00E+00 0.OOE+00 0.OOE+00

KIDNEY BRONCHI

0.OOE+00 0.OOE+00

0.006+00 0.OOE+00

0.00E+00 0.00E+00

0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

2.06E-01 7.77E-02 3.00E-02 3.01E-01 1.32E-01 2.76E+00

2.01E-01 1.13E-01 4.14E-02 1.62E-01 8.68E-02 2.76E+00

2.04E-01 2.04E-01 4.93E-02 1.01E-01 6.91E-02 2.76E+00

2.06E-01 1.97E-01 5.94E-02 1.02E-01 7.32E-02 2.76E+00



REGION:

M TSET:

Marsland All Well Field CODE: MILDOS-AREA (02/97)

DATA: MARST15P.MIL

TIME STEP NUMBER 1,

PAGE 10

10/06/11

DURATION IN YRS IS... 5.0

eBER 7
NAME=Hay Springs X= 47.1KM, Y- 18.8KM, Z= -50.OM, DIST= 50.7KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV BONE AVG.LUNG LIVER

TOTALS 0.OOE+00 0.00E+00 0.OOE+00 0.OOE+00

TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00

TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00

KIDNEY

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

BRONCHI

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.09E-01 6.64E-02 2.93E-02 2.40E-01 1.09E-01 2.87E+00

CHILD TOTALS 2.06E-01 9.41E-02 3.82E-02 1.32E-01 7.35E-02 2.87E+00

TEENAGE TOTALS 2.08E-01 1.64E-01 4.44E-02 8.44E-02 5.97E-02 2.87E+00

ADULT TOTALS 2.09E-01 1.59E-01 5.22E-02 8.56E-02 6.29E-02 2.87E+00

NUMBER 8 NAME=Henmningford X- 14.3KM, Y- -20.4KM, Z= 36.OM, DIST= 24.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .--- . . . . . . -_ -

AGE PATHWAY EFFECTIV

----------------------------------------

INFANT TOTALS 0.OOE+00

CHILD TOTALS 0.OOE+00

TEENAGE TOTALS 0.00E+00

ADULT TOTALS 0.00E+00

BONE AVG.LUNG

0.OOE+00 0.OOE+00

0.OOE+00 0.00E+00

0.00E+00 O.OO+00

0.OOE+00 0.OOE+00

LIVER KIDNEY BRONCHI

0.00E+00 0.OOE+00 0.00E+00

0.00E+00 0.00E+00 Q.00E+00

O.00E+00 0.00E+00 0.00E+00

0.00E+00 0.OOE+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV

INFANT TOTALS 9.33E-01

CHILD TOTALS 9.25E-01

TEENAGE TOTALS. 9.29E-01

ADULT TOTALS 9.32E-01

BONE AVG.LUNG LIVER KIDNEY BRONCHI

.....................................................................

1.98E-01 1.13E-01 5.935-01 2.94E-01 1.34E+01

2.61E-01 1.33E-01 3.47E-01 2.14E-01 1.34E+01

4.21E-01 1.48E-01 2.39E-01 1.83E-01 1.34E+01

4.10E-01 1.65E-01 2.42E-01 1.90E-01 1.34E+01



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARST15P.MIL

TIME STEP NUMBER 1,
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10/06/11

DURATION IN YRS IS... 5.0

NUMBER 9 NAME=Marsland X= -3.8KM, Y= -6.1KM, Z= -50.0M, DIST= 7.2KM,. IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.OOE+0O 0.00E+00 0.00E+00 0.00E+00 0.OOE+0

CHILD TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 D.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 O.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT TOTALS 8.14E-01 6.53E-02 5.55E-02 1.12E-01 7.63E-02

CHILD TOTALS 8.13E-01 7.26E-02 5.79E-02 8.24E-02 6.71E-02

TEENAGE TOTALS 8.13E-01 9.10E-02 5.95E-02 7.00E-02 6.36E-02

ADULT TOTALS 8.14E-01 8.97E-02 6.16E-02 7.03E-02 6.44E-02

BRONCHI

1.26E+01

1. 26E+01

1.26E+01

1.26E+01

. NUMBER 10 NAME=Mitchell X= -48.5A M, Y= -60.CKM, Z= -50.M, DIST= 77.2KM, IRTYPE R 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY - EFFECTIV

TOTALS O.OOE+00

TOTALS 0.OOE+00

TOTALS 0.00E+00

TOTALS 0.00E+00

BONE AVG.LUNG LIVER KIDNEY BRONCHI

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00

0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV

INFANT TOTALS 9.31E-02

CHILD TOTALS 9.04E-02

TEENAGE TOTALS 9.20E-02

ADULT TOTALS 9.30E-02

BONE AVG.LUNG LIVER KIDNEY BRONCHI

4.32E-02 1.43E-02 1.79E-01 7.63E-02 1.21E+00

6.48E-02 2.12E-02 9.43E-02 4.87E-02 1.21E+00

1.20E-01 2.59E-02 5.73E-02 3.79E-02 1.21E+00

1.16E-01 3.20E-02 5.82E-02 4.05E-02 1.21E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 12

METSET: DATA: MARST15P.MIL 10/06/21

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

S ER 11 NAME=Oelrichs X= 4.9KM, Y= 75.3KM, Z= -50.OM, DIST= 75,5KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS O.UOE+00 0.OOE+00 0.00OOE+00 0.OOE+0Q 0.OOE+00 OU0Et0G

CHILD TOTALS 0.O0E+00 0.00E+O 0.OOE+00 Q.00E+00 0.OOE+QQ O.O0E+00

TEENAGE TOTALS 0.QOE+00 0.O0E+00 0.OOE+00 0.OOE+0O 0.OOE+00 Q.OOE+00

ADULT TOTALS O.OOE+00 0.OOE+00 0.00E+O0 O.OOE+00 0.OOE+00 0.oOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.51E-01 6.81E-02 2.31E-02 2.80E-01 1.20E-01 1.98E+00

CHILD TOTALS 1.47E-01 1.02E-01 3.38E-02 1.48E-01 7.68E-02 1.98E+00

TEENAGE TOTALS 1.50E-01 1.88E-01i 4.12E-02 9.02E-02 6.00E-02 1.98E+00

ADULT TOTALS 1.51E-01 1.82E-01 5.08E-02 9.15E-02 6.39E-02 1.98E+00

NUMBER 12 NAME=Rushville X= 66.0KM, Y= 22.0KM, Z= -50.OM, DIST= 69.6KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS O.OOE+00 0.00OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS O.OOE+00 0.00E+00 0.00E+00 0.O0E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00

ADULT TOTALS O.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.49E-01 5.80E-02 2.20E-02 2.28E-01 9.94E-02 1.99E+00

CHILD TOTALS 1.46E-01 8.51E-02 3.06E-02 1.22E-01 6.50E-02 1.99E+00

TEENAGE TOTALS 1.48E-01 1.54E-01 3.65E-02 7.57E-02 5.15E-02 1.99E+00

ADULT TOTALS 1.49E-01 1.49E-01 4.42E-02 7.68E-02 5.47E-02 1.99E+00



RZGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARST15P.MIL

TIME STEP NUMBER 1,

PAGE 13

10/06/11

DURATION. IN YRS IS... 5.0

NUMBER 13 NAME=Scottsbluff X= -36.3KM, Y= -68.9KM, Z= -50.OM, DIST= 77.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY

----------------------------

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY

O.OOE+00 0.00E+00 O.OOE+00 O.OQE+00 O.OOE+00

Q.OOE+00 D.OOE+00 O.OOE+00 Q.OOE+00 O.OOE+00

O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

0.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.O0E+00

BRONCHI

0 . OOE+00

0. OOE+00

0. OOE+00

0.O0E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV

INFANT TOTALS 1.05E-01

CHILD TOTALS 1.03E-01

TEENAGE TOTALS 1.04E-01

ADULT TOTALS 1.05E-01

BONE AVG.LUNG

------------------------

4.75E-02 1.61E-02

7.11E-02 2.36E-02

1.31E-01 2.87E-02

1.27E-01 3.54E-02

LIVER

1.95E-01

1.03E-01

6.28E-02

6.38E-02

KIDNEY BRONCHI

8.35E-02 1.38E+00

5.35E-02 1.38E+00

4.18E-02 1.38E+00

4.45E-02 1.38E+00

NUMBER 14 NAME=Van Tassell X= -67.5KM, Y= 21.0KM, Z= 49.OM, DIST= 70.7KM, IRTYPE= 1

40CFRl90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00. O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

CHILD TOTALS O.OOE+00 0.00E+00 O.OOEt00 O.OOE+00 0.OOE+00 O.OOE+00

TEENAGE TOTALS O.OOE+00 O.O0E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

ADULT TOTALS 0.00E+00 O.OOE+00 O.DOE+00 O.OOE+00 O.OOE+00 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY

TOTALS

TOTALS

TOTALS

TOTALS

EFFECTIV BONE AVG.LUNG

1.53E-01 6.71E-02 2.32E-02

1.49E-01 1.00E-01 3.36E-02

1.51E-01 1.84E-01 4.09E-02

1.53E-01 1.78E-01 5.02E-02

LIVER

2.74E-01

1.45E-01

8.86E-02

8.99E-02

KIDNEY BRONCHI

1.17E-01 2.OOE+00

7.56E-02 2.OOE+00

5.92E-02 2.OOE+00

6.30E-02 2.OOE+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARST15P.MIL

TIME STEP NUMBER 1,

PAGE 14

10/06/11

DURATION IN YRS IS... 5.0

BER

15 NAME=Whitney X= 1.2KM, Y= 31.4KM, Z= -50.OM, DIST= 31.4KM, IRTYPE= 1

40CFRl90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV BONE AVG.LUNG LIVER

TOTALS 0.00E+00 0.O0E+00 0.00E+00 0.O0E+00

TOTALS 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

TOTALS 0.OOE+00 0.00E+00 0.OOE+00 0.O0E+00

TOTALS 0.COE+00 0.0OE+00 0.OOE+00 0.C0E+00

KIDNEY

0.- - -E+ -0

0. 00E+00

0. OOE+00

0. 00E+00

BRONCHI

0. O0E+00

0. OOE+00

0. OE+00

0. 0OE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT TOTALS 3.58E-01 8.87E-02 4.64E-02 2.86E-01 1.37E-01

CHILD TOTALS 3.54E-01 1.20E-01 5.67E-02 1.63E-01 9.68E-02

TEENAGE TOTALS 3.56E-01 2.OE-01 6.37E-02 1.09E-01 8.12E-02

ADULT, TOTALS 3.58K-01 1.94E-01 7.25E-02 1.10E-01 8.48E-02

BRONCHI

5.05E+00

5.05E+00

5.05E+00

5.05E+00

NUMBER 16 NAME=Residence 1 X= -0.8KM, Y= -0.4KM, Z=" 6.0M, DIST= 0.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0.O0E+00

0.00E+00

0.00E+00

0.0OE+00

0.00E+00
0. OE+00

0. 00E+00

0. 00E+00

0.OOE+00

0.00OEC00

0.O00500

0. OOE+00

0. OE+00

0. OOE+00

0. OOE+00

0. O0E+C0

0.00E+00

0. OE+00

0. OCE+00

0. OOE+00

BRONCHI

0.0OE+00

0.00E+00

0.O0E+00

0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

1.32E+01

1.32E+01

1.32E+01

1. 32E+C1

1. 02E-01

1.02E-Cl

1. 04E-01

1.04E-01

1.01EC01

1,o01E-02

1.01E-01

1.01E-01

1. 06E-01

1. 03E-01

1.02E-01

1. 02E-01

1.03E-01

I.02E-01

1 . OlE-01

1.02E-01

BRONCHI

2. 19E+02

2. 19E+02

2. 19E+02

2. 19E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARST15P.MIL

TIME STEP NUMBER 1,

PAGE 15

10/06/11

DURATION IN YRS IS... 5.0

NUMBER 17 NAME=Residence 2 X= 4.FKM, Y= 0.3KM, Z= -4EOM, DIST= L.0KM, IRTYPE/ I

4OCFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0. OOE+00

0 OOE+00

0 OOE+00

0 00E+00

0. OOE+00

0.OOE+00

0. OOE+00

0. OOE+00

0.OOE+00
0.00E+00

0.00E+00

0. OOE+00

O.OOE+00

0. OOE+00

0. OOE+00

0. OOE+00

0.OOE+00

0. OOE+00

0. OOE+00

0. ooE+00

BRONCHI

0. OE+00

0. OOE+00

0.OOE+00

0. OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

1.30E+01

1. 30E+01

1.30E+01

1. 30E+01

7. 91E-02

7. 96E-02

8. 11E-02

8. 1OE-02

7.83E-02

7.85E-02

7.86E-02

7.88E-02

8 .27E-02

8. 04E-02

7. 94E-02

7.95E-02

7. 99E-02

7. 92E-02

7. 89E-02

7.90E-02

BRONCHI

2.16E+02

2.16E+02

2.16E+02

2.16E+02

NUMBER 18 NAME=Residence 3 X= -0.8KM, Y= -1.9KM, Z= -16.OM, DIST= 2.1KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY----------------------------------------------------------- ------
INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0. OOE+00

0. OOE+00

0. OOE+00

0. OOE+00

o.OOE+00

0.0DE+00

0. OOE+00

0. OOE+00

0. 0OE+00

0. 00E+00

0.0OE+00

0. OOE+00

0. OOE+00

0. OOE+00

0.OOE+00

0. OOE+00

0. OOE+00

0. OOE+00

0. OOE+00

0. OOE+00

BRONCHI

0.OOE+00

0.00E+00

0.OOE+00

0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YN

AGE PATHWAY EFFECTIV

.. NFA....T...TOTALS....................

INFANT TOTALS 4.07E+00

CHILD TOTALS 4.07E+00

TEENAGE TOTALS 4.07E+00

ADULT TOTALS 4.07E+00

BONE AVG.LUNG LIVER KIDNEY BRONCHI

1.03E-01 9.94E-02 1.20E-01 1.07E-01 6.63E+01

1.06E-01 1.OOE-0 1.10E-0! 1.04E-01 6.63E+01

1.13E-01 1.01E-01 1.05E-01 I02E-01 6.63E+01

1.12E-01 1.02E-01 1.05E-01 1.03E-01 6.63E+01



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METEET: DATA: MARST15P.MIL

TIME STEP NUMBER 1,
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10/06/11

DURATION IN YRS IS... 5.0

19 NAME=Residence 4 X= -0.4KM, Y= -3.4KM, Z= -31.OM, DIST= 3.4KM, IRTYPEý 1

.40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS D.DOE+00 ".DOE+00 0.00E+00 0.00E+00

CHILD TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.OOE+00 0.QOE+00 0.O0E+00 O.QOE+00

ADULT TOTALS 0.O0E+00 0.OOE+00 0.00E+00 0.OOE+00

KIDNEY + BRONCHI

......................

0.OOE+00 0.O0E+00

OO.OOE+00 O.OOE+00

0.00OE+00 0.OOE+00

0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - -. . . . . . . . . . . .

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV BONE AVG.LUNG LIVER

TOTALS 3.07E+00 1.31E-01 1.22E-01 1.73E-01

TOTALS 3.07E+00 1.38E-01 1.24E-01 1.47E-01

TOTALS 3.07E+00 1.55E-01 1.26E-01 1.35E-01

TOTALS 3.07E+00 1.53E-01 1.28E-01 1.36E-01

KIDNEY

1.41E-01

1.33E-01

1.29E-01

1.30E-01

BRONCHI

4.92E+01

4.92E+01

4.92E+01

4.92E+01

NUMBER 20 NAME=Residence 5 X= 1.9KM, Y= -4.3KM, Z= -36.OM, DIST= 4.7KM, IRTYPEM 1

40CFR19O ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT TOTALS 0.OOE+00 0.00E+00 0.OOE+00 O.00E+00 0.OOE+00

CHILD TOTALS .0OE+00 0.OOEE+00 0.O0E+00 0.00E+00 D.0OE+00

TEENAGE TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 D.DDE+00 C.C0E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00KE+00 0.OE+00 O.O0E+00

BRONCHI

SO.OOE+O0

0.O0E+0O

0.ODE+O0

0.00E+00

9

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.51E+00 1.85E-01 1.67E-01 2.66E-01 2.05E-01 5.58E+0l

CHILD TOTALS 3.51E+00 1.98E-01 1.72E-01 2.16E-01 1.88E-01 5.58E+01

TEENAGE TOTALS 3.51E+00 2.31E-01 1.75E-01 1.93E-01 1.82E-01 5.58E+01

ADULT TOTALS 3.51E+00 2.29E-01 1.78E-01 1.94E-01 1.83E-01 5.58E+01



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARSTl5P.MIL

TIME STEP NUMBER 1,

PAGE 17

10/06/1l

DURATION IN YRS IS... 5.0

NUMBER 21 NAME=Residence 6 X= -4.7MNA , Y= 1.9KM, Z= 22.OM, DIST= 5.LKM, IRTYPE= 1

4OCFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV

TOTALS O.OOE+00

TOTALS O.ODE+00

TOTALS 0.OE+00

TOTALS 0.OOE+00

BONE AVG.LUNG LIVER KIDNEY

............................................................

0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+0O

0.OOE+00 0.00E+00 0.OOE+00 0.0OE+DO

0.O0E+00 0.0OE+00 D.OOE+00 0.0OE+00

Q.OOE+00 0.00E+00 0.0OE+00 0.0OE+00

BRONCHI

O.OOE+00

0. 0OE+00

0. OOE+00

0. OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.33E+00 3.20E-01 2.79E-01 5.11E-01 3.66E-01 5.10E+01

CHILD TOTALS 3.33E+00 3.51E-01 2.89E-01 3.92E-01 3.28E-01 5.10E+01

TEENAGE TOTALS 3.33E+00 4.28E-01 2.96E-01 3.40E-01 3.13E-01 5.10E+01

ADULT TOTALS 3.33E+00 4.22E-01 3.04E-01 3.41E-01 3.16E-01 5.10E+01

NUMBER 22 NAME=Residence 7 X= 2.4KM, Y- 3.CKM, Z= 76.OM, DIST= 4.3kM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

0
AGE . PATHWAY EFFECTIV BONE

INFANT---- TOT- L ------ALS -- 0. OOE+......... . OOE+..........

INFANT TOTALS 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.OOE+00

TEENAGE TOTALS 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00

AVG.LUNG LIVER KIDNEY BRONCHI

..................................................

0.00E+00 0.00E+00 O.O0E+00 0.00E+00

0.00E+00 0.00E+00 0.OOE+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.OOE+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.86E+00 4.44E-01 3.96E-01 6.66E-01 4.98E-01 7.46E+01

CHILD TOTALS 4.85E+00 4.79E-01 4.08E-01 5.27E-01 4.53E-01 7.46E+01

TEENAGE TOTALS 4.86E+00 5.69E-01 4.16E-01 4.67E-01 4.35E-01 7.46E+01

ADULT TOTALS 4.86E+00 5.63E-01 4.26E-01 4.68E-01 4.40E-01 7.46E+01



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARST15P.MIL

TIME STEP NUMBER 1,
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10/06/11

DURATION IN YRS IS... 5.0

23 NAME=Residence 8 X= 4.7KM, Y= -4.4KM, Z= -SOMO, OIST= 6.4KM, IRTYPE/ 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

TOTALS 0.0OE+00 0.OOE+00 0.OOE+00 0.OCE+00 0.OOE+00 0.00E+00

TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 O.OE+00 0.OCE+00 0.OOE+00

TOTALS 0.OOE+00 0.O0E+00 0.OOE+00 O.OE+00 0.OOE+00 0.O0E+00

TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 0.O0E+00 0.O0E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.65E+00 8.37E-02 7.43E-02 1.27E-01 9.41E-02 2.63E+01

CHILD TOTALS 1.65E+00 9.05E-02 7.66E-02 9.99E-02 8.54E-02 2.63E+0l

TEENAGE TOTALS 1.65E+00 1.08E-01 7.82E-02 8.81E-02 8.20E-02 2.63E+0l

ADULT TOTALS 1.65E+00 1.07E-0l 8.01E-02 8.84E-02 8.28E-02 2.63E+01

NUMBER 24 NAME=Unoccupied 1 X= -0.9KM, Y= 2.0KM, Z= 21.OM, DISTH 2.2KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV

TOTALS O.OCE+00

TOTALS O.00E+00

TOTALS D.OOE+00

TOTALS 0.OOE+00

BONE

0. OOE+00

0.00E+00

0. 0OE+00

0. 0OE+00

AVG.LUNG

0.O0E+00

0.OOE+00

0.O0E+00

O.OOE+O0

LIVER KIDNEY

0.C0E+00 0.OCE+00

O.OOE+00 0.O0E+00

0.COE+00 0.O0E+00

0.00E+00 0.COE+00

BRONCHI

C.00E+00

O.00E+00

0. 00E0O

0.00E+00

AGE

INFANT

CHILD

TEENAGE

ADULT

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

TOTALS 1.24E+01 5.55E-01 5.30E-01 6.69E-01 5.83E-01 1.97E+02

TOTALS 1.24E+01 5.73E-01 5.36E-01 5.98E-01 5.59E-01- 1.97E+02

TOTALS 1.24E+01 6.20E-01 5.40E-01 5.67E-01 5.50E-01 1.97E+02

TOTALS 1.24E+01 6.16E-01 5.45E-01 5.67E-01 5.52E-01 1.97E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARST15P.MIL

TIME STEP NUMBER 1,

NUMBER 25 NAME=Unoccupied 2 X= 2.0KM, Y= 2.8KM,

PAGE 19

10/06/11

DURATION IN YRS IS... 5.0

Z= 69.OM, DIST= 3.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG

INFANT TOTALS O.OOE+00 O.OOE+00 O.ODE+00

CHILD TOTALS 0.OOE+00 O.OOE+00 O.O0E+00

TEENAGE TOTALS O.OOE+00 O.00E+00 0.OOE+00

ADULT TOTALS O.OOE+00 O.OOE+00 0.OOE+00

LIVER KIDNEY BRONCHI

0.00E+00 O.OOE+00 O.OOE+00

0.00E+00 0.OOE+00 O.OOE+00

0.00E+00 O.OOE+00 O.OOE+00

0.OOE+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG

INFANT TOTALS 6.54E+00 4.97E-01 4.57E-01

CHILD TOTALS 6.54E+00 5.27E-01 4.67E-01

TEENAGE TOTALS 6.54E+00 6.02E-01 4.74E-01

ADULT TOTALS 6.54E+00 5.97E-01 4.82E-01

LIVER KIDNEY BRONCHI

6.83E-01 5.42E-01 1.02E+02

5.67E-01 5.05E-01 1.02E+02

5.16E-01 4.90E-01 1.02E+02

5.18E-01 4.93E-01 1.02E+02

NUMBER 26 NAME=North Boundary X= 0.0KM, Y= 2.6KM, Z= 29.0M, DIST= 2.6KM, IRTYPE= I

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS O.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+O0 O.00E+00 0.00E+00 0.005+00 0.00E+00 0.OOE+00

TEENAGE TOTALS 0.OOE+00 0.00E+00 0.00E+00 O.OOE+00 0.OOE+00 0.OOE+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 o.ooE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY

--------------------------

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

* EFFECTIV

1.11E+01

1.1lE+01

1.1IE+01

1.11E+01

BONE AVG.LUNG LIVER KIDNEY BRONCHI

................................................................

6&70E-01 6.31E-01 8.49E-01 7.13E-01 1.75E+02

6.98E-01 6.40E-01 7.37E-01 6.77E-01 1.75E+02

7.71E-01 6.47E-01 6.88E-01 6.63E-01 1.75E+02

7.66E-01 6.55E-01 6.90E-01 6.66E-01 1.75E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 20

METSET: DATA: MARST15P.MIL 10/06/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

IBER 27 NAME=East Boundary X= 1.4KM, Y= 0.3KM, Z= -20.0M, DIST= 1.4KM, IRTYPE= 1

w 40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 5.69E+00 4.80E-02 4.72E-02 5.15E-02 4.88E-02 9.40E+01

CHILD TOTALS 5.69E+00 4.85E-02 4.74E-02 4.93E-02 4.81E-02 9.40E+01

TEENAGE TOTALS 5.69E+00 4.99E-02 4.75E-02 4.83E-02 4.78E-02 9.40E+01

ADULT TOTALS 5.69E+00 4.98E-02 4.77E-02 4.83E-02 4.79E-02 9.40E+01

NUMBER 28 NAME=South Boundary X= 0.0KM, Y= -0.5KM, Z= 13.OM, DIST= 0.5KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00

ADULT TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 9.43E+01 2.35E-01 2.34E-01 2.38E-01 2.35E-01 1.57E+03

CHILD TOTALS 9.43E+01 2.35E-01 2.34E-01 2.36E-01 2.35E-01 1.57E+03

TEENAGE TOTALS 9.43E+01 2.36E-01 2.34E-01 2.35E-01 2.34E-01 1.57E+03

ADULT TOTALS 9.43E+01 2.36E-01 2.34E-01 2.35E-01 2.35E-01 1.57E+03



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MARST15P.MIL

TIME STEP NUMBER 1,

PAGE 21

10/06/11

DURATION IN YRS IS... 5.0

NUMBER 29 NAME=West Boundary X= -0.7KM, Y- 0.UKM, D= 49.0M, DIST= 0.7KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY

TOTALS

TOTALS

TOTALS

TOTALS

EFFECTIV BONE .AVG.LUNG LIVER KIDNEY BRONCHI

0.OOE+00 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00

0.00E+00 O.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY

TOTALS

TOTALS

TOTALS

TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

6.100+01 6.15E-01 6.100-01 6.370-ca 6.200-01 1.01E+03

6.10E+01 6.19E-01 6.110E-01 6.23E-01 6.160E-01 1.01E+03

6.10E+01 6.28E-01 6.12E-01 6.17E-01 6.14E-01 1.01E+03
6.10E+01 6.27E-01 6.13E-01 6.17E-01 6.15E-01 1.01E+03

NUMBER 30 NAME=Minatare X= -22.4KM, Y= -75C6KM, Z= -41.4M, DIST= 78.8KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, NREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER

0.00E+00 0.00E+00 0.OOE+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00

KIDNEY BRONCHI

0.00E+00 0.00E+00

0.00E+00 0.00E+00

0.00E+00 0.00E+00

0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.35E-01 6.06E-02 2.06E-02 2.49E-01 1.06E-01 1.76E+00

CHILD TOTALS 1.31E-01 9.06E-02 3.01E-02 1.31E-01 6.83E-02 1.76E+00

TEENAGE TOTALS 1.34E-01 1.67E-01 3.67E-02 8.01E-02 5.33E-02 1.76E+00

ADULT TOTALS 1.35E-01 1.62E-01 4.52E-02 8.14E-02 5.68E-02 1.76E+00

Program execution time = 0.28 seconds



APPENDIX B - MEA RADIATION DOSE RATES FROM MILDOS

Appendix B contains the print out from the computer program MILDOS in the following
order:

Appendix Title Radon Source Weather Data Purge Rate
B3 MARMU15R MUI-5 MEA 44

RESTORATION



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 1

METSET: DATA: MarM015R.MIL 10/07/11

TABLE OF CONTENTS

METEOROLOGICAL DATA ....................................................... 2

INDIVIDUAL RECEPTORS & MISCELLANEOUS INPUT DATA ........................... 3

POPULATION DISTRIBUTION ................................................... 4

SOURCE PARAMETERS ......................................................... 5

TIME STEP 1,

ANNUAL POPULATION DOSE COMMITMENTS, PERSON-REM PER YEAR

POPULATION DOSE SUMMARY . ............................. ................ 6

INDIVIDUAL RECEPTOR ALC CHECK AND/OR ANNUAL DOSE COMMITMENTS ............... 7



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 2

METSET: DATA: MarMU15R.MIL 10/07/11

JOINT FREQUENCY IN PERCENT, DIRECTION INDICATES WHERE WIND IS FROM FREQWS=0.14427,0.29579,0.30967,0.17441,0.05798,0.01793

MPH N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW TOTALS

ABILITY CLASS 1

1.5 0.1410 0.0240 0.0710 0.0820.0.0940 0.1300 0.1060 0.2120 0.1770 0.3540 0.1410 0.0940 0.1180 0.0820 0.0590 0.0590 1.9440

5.5 0.2360 0.1530 0.1890 0.1770 0.1770 0.2590 0.2000 0.2120 0.2120 0.2590 0.2240 0.4010 0.1180 0.1180 0.2000 0.2120 3.3470

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

2800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.3770 0.1770 0.2600 0.2590 0.2710 0.3890 0.3060 0.4240 0.3890 0.61300.3650 0.4950 0.2360 0.2000 0.2590 0.2710 5.2910
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .--- -------------------------------------------------------------------------------

STABILITY CLASS 2

1.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0350 0.0120 0.0470 0.0470 0.0940 0.0120 0.0000 0.0120 0.0120 0.0000 0.0000 0.2710

5.5 0.2000 0.2240 0.2470 0.1770 0.1770 0.2470 0.3420 0.2470 0.2360 0.3180 0.3060 0.2590 0.1300 0.1650 0.2360 0.2120 3.7230

10.0 0.0240 0.0000 0.0120 0.0000 0.0120 0.0350 0.0350 0.0240 0.0710 0.0590 0.0000 0.0470 0.0240 0.0120 0.0710 0.0470 0.4730

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.2240 0.2240 0.2590 0.1770 0.1890 0.3170 0.3890 0.3180 0.3540 0.4710 0.3180 0.3060 0.1660 0.1890 0.3070 0.2590 4.4670

...................................................................................................................................

STABILITY CLASS 3

1.5 0.0120 0.0000 0.0000 0.0000 0.0000 0.0000 0.0350 0.0120 0.0350 0.0240 0.0120 0.0000 0.0000 0.0000 0.0000 0.0000 0.1300

5.5 0.0590 0.0590 0.0590 0.0820 0.1180 0.1770 0.1890 0.1530 0.1530 0.1410 0.1890 0.0820 0.0710 0.0470 0.0590 0.0940 1.7320

10.0 1.0300 0.4710 0.2950 0.3420 0.3300 0.5540 0.4120 0.4360 0.4950 0.4360 0.5660 0.6600 0.4360 0.4710 0.8130 0.7780 8.5250

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 1.1010 0.5300 0.3540 0.4240 0.4480 0.7310 0:6360 0.6010 0.6830 0.6010 0.7670 0.7420 0.5070 0.5180 0.8720 0.8720 10.3870

* ABILITY CLASS 4

1.5 0.0240 0.0240 0.0000 0.0000 0.0120 0.0470 0.0240 0.0120 0.0120 0.0120 0.0240 0.0120 0.0000 0.0120 0.0120 0.0710 0.2980
5.5 0.7310 0.4710 0.1890 0.3060 0.5770 0.8840 1.0490 0.7540 0.5190 0.3890 0.4830 0.5070 0.4120 0.3770 0.6840 1.3550 9.6870

10.0 1.9100 1.0720 0.9190 0.7310 1.0370 0.9190 1.2140 1.6500 1.3080 0.8960 0.7900 1.4610 1.2730 1.4850 1.9090 2.3690 20.9430

15,5 1.7800 0.8600 0.3060 0.2000 0.3180 0.3060 0.3890 0.9550 1.3790 0.6720 0.3650 0.8720 1.2610 1.9560 3.0050 2.8170 17.4410

21.5 0.4120 0.2240 0.0120 0.0000 0.0120 0.0240 0.0350 0.3420 0.2830 0.1180 0.1410 0.2470 0.2950 0.7190 1.6970 1.2370 5.7980

28.0 0.1410 0.0120 0.0000 0.0120 0.0000 0.0120 0.0000 0.0120 0.0120 0.0000 0.0000 0.0240 0.2360 0.2950 0.5890 0.4480 1.7930

ALL 4.9980 2.6630 1.4260 1.2490 1.9560 2.1920 2.7110 3.7250 3.5130 2.0870 1.8030 3.1230 3.4770 4.8440 7.8960 8.2970 55.9600

STABILITY CLASS 5

1.5 0.1530 0.0710 0.0000 0.0000 0.0590 0.0350 0.0820 0.0710 0.0350 0.0000 0.0350 0.0350 0.0120 0.0710 0.0590 0.0940 0.8120

5.5 0.2360 0.1300 0.1650 0.2000 0.1530 0.3060 0.2000 0.2470 0.2710 0.2000 0.2950 0.2830 0.2000 0.1300 0.3540 0.9660 4.3360

10.0 0.0470 0.0350 0.0240 0.0470 0.0590 0.0240 0.0240 0.0470 0.0240 0.0240 0.0590 0.1060 0.0940 0.0820 0.1410 0.1890 1.0260

15.5. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.4360 0.2360 0.1890 0.2470 '0.2710 0.3650 0.3060 0.3650 0.3300 0.2240 0.3890 0.4240 0.3060 0.2830 0.5540 1.2490 6.1740

STABILITY CLASS 6

1.5 0.9780 0.6950 0.6360 0.5420 0.4480 0.5190 0.6720 0.6130 0.7540 0.6600 0.5770 0.7310 0.5660 0.5770 0.6720 1.3320 10.9720

5.5 0.7070 0.2830 0.1180 0.2590 0.3540 0.3180 0.3420 0.4830 0.3420 0.4950 0.4360 0.4710 0.2950 0.5540 0.4600 0.8370 6.7540

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

1.6850 0.9780 0.7540 0.8010 0.8020 0.8370 1.0140 1.0960 1.0960 1.1550 1.0130 1.2020 0.8610 1.1310 1.1320 2.1690 17.7260

8.8210 4.8080 3.2420 3.1570 3.9370 4.8310 5.3620 6.5290 6.3650 5.1510 4.6550 6.2920 5.5530 7.165011.020013.1170 100.0050



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 3

METSET: DATA: MarMUl5R.MIL 10/07/11

--------------------------------- INDIVIDUAL RECEPTOR LOCATION DATA, 30. LOCATIONS INPUT THIS RUN------------------------------

I LOCATION NAMES X(KMN Y(KM) Z(M) DIST(KM) TYPE I LOCATION NAMES X(KM) Y(KM) Z(M) DIST(KM) TYPE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Alliance

Berea

Chardon

Clinton

Crawford

Harrison

Hay Springs

Hermmingford

Marsland

Mitchell

Oelrichs

Rushville

Scottsbluff

Van Tassell

30.00

21.50

22.30

75.40

-12.10

-50.50

47.10

14.30

-3.80

-48.50

4.90

66.00

-36.30

-67.50

-45.40 -50.00

-32.60 -50.00

35.80 -50.00

26.50 -50.00

20.80 -50.00

22.50 633.00

18.80 -50.00

-20.40 36.00

-6.10 -50.00

-60.00 -50.00

75.30 -50.00

22.00 -50.00

-68.90 -50.00

21.00 49.00

54.42

39.05

'42.18

79.92

24.06

55.29

50.71

24.91

7.19

77.15

75.46

.69.57

77.88

70.69

1

1

1

1

1

1

1

1

1

1

1

1

1

1

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Residence I

Residence 2

Residence 3

Residence 4

Residence 5

Residence 6

Residence 7

Residence 8

Unoccupied 1

Unoccupied 2

North Boundary

East Boundary

South Boundary

West Boundary

-0.80

1.00

-0.80

-0.40

1.90

-4.70

2.40

4.70

-0.90

2.00

-0.70

1.40

0.00

-0.70

-0.40

0.30

-1.90

-3.40

-4.30

1.86

3.60

-4.40

2.00

2.80

0.70

0.30

-0.50

0.00

6.00

-4.00

-16.00

-31.00

-36.00

22.00

76.00

-50.00

21.00

69.00

29.00

-20.00

13.00

49.00

0.89

1.04

2.06

3.42

4.70

5.05

4.33

6.44

2.19

3.44

0.99

1.43

0.50

0.70

1
1

1

1

1

1

1

1

1

1

1

1

1

1

15 Whitney 1.20 .31.40 -50.00 31.42 1 30 Minatare -22.40 -75.60 -41.40 78.85

MISCELLANEOUS INPUTABLE PARAMETER VALUES

DMM DMA TSTART FFORI FHAYI FFORP FHAYP FPR(1) FPR(2) FPR(3) ACTRAT

100.0 100.0 1.00 0.50 0.50 0.50 0.50 0.00 0.00 0.00 2.50

IPACT EQUALS 0, 0, 0, 0, 0,

JC EQUALS 0, 0, 0, 0, 0, 0, 0, 0, 0, 0

TIME STEP DATA.... STEP NAMES LENGTH, YRS IFTODO

5.00 1

XRHO EQUALS 1.5, 2.5, 3.5, 4.5, 7.5, 15.0, 25.0, 35.0, 45.0, 55.0, 65.0, 75.0,

HDP EQUALS 50.0



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 4

METSET: DATA: MarMUl5R.MIL 10/07/11

POPULATION DISTRIBUTION

I N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW

KILOMETERS I 0.0 22.5 45.0 67.5 90.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5

-----------------------------------------------------------------------------------------------------------------------------------

1.0- 2.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.0- 3.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3.0- 4.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4.0- 5.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5.0-50.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10.0-20.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20.0-30.0 0 0 0 0 0 0 993 0 0 0 0 0 0 0 0 1107

30.0-40.0 87 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0

40.0-50.01 0 5634 0 0 0 0 0 0 0 0 0 0 0 0 0 0

50.0-60.0 0 0 0 652 0 0 0 9859 0 0 0 0 0 279 0 0

60.0-70.01 0 0 0 999 0 0 0 0 0 0 0 0 0 0 0 0

I800 145 0 14 30 0 0 0 0 0 15542 1831 0 0 19 0 0

-I

1.0-80.0 I 232 5634 14 1681 0 0 993 9859 0 15542 1831 0 0 298 0 1107

TOTAL 1-80 KN POPULATION IS 37191 PERSONS

0



REGION: Marsland All Well Field

METSET:

CODE: MILDOS-AREA (02/97)

DATA: MarMU15R.MIL

PAGE 5

10/07/11

NUMBER OF SOURCES= 5

KM KM M KM2

NO. X Y Z AREA

CI/YEAR

U-238 Th-230 Ra-226 Pb-210 Rn-222

PSIZE M/SEC

ID SET EXIT VEL SOURCE NAME

1

2

3

4

5

-0.56

-0.55

-0.15

0.44

0.84

2.23

1.65

.0.95

0.13

-0.45

27.00 0.0000

16.00 0.0000

13.00 0.0000

-4.00 0.0000

-15.00 0.0000

0.OOE+00 0.OOE+00 0.DDE+00 0.OOE+00

0.OOE+00 0.00E+00 0.00E+00 0.00E+00

0.OOE+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.OOE+00

0.00E+00 0.OOE+00 0.OOE+00 0.00E+00

1.99E+03

1.78E+03

1.12E+03

1.60E+03

1.20E+03

1001

1002

1003

1004

1005

1

1

1

1

1

0.OOE+00

0. 00E+00

0.OOE+00

0.00E+00

0.OOE+00

MU-I

MU-2

MU-3

MU-4

MU-5

INPUT TAILS ACTIVITIES, PCI/G

SET URANIUM THORIUM RADIUM LEAD

1 0.00E+00 0.0oE+00 0.00E+00 0.00E+00

2 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00

3 0.OOE+00 0.006+00 0.OOE+00 0.006+00

AMAD AND FRACTIONAL DISTRIBUTION

SET 1.5 3.0 7.7 54.0

1

2

3

0.000 1.000 0.000 0.000

1.000 0.000 0.000 0.000

0.000 0.000 0.300 0.700

PARTICULATE SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 1 TIME STEP(S) USED FOR THIS RUN

SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7 TSTEP 8 TSTEP 9

NUMBER 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.O0YRS 5.O0YRS 5.00YRS 5.OOYRS

TSTEP10

5. 0OYRS

1 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

2 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

3 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

4 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

5 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

RADON SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 1 TIME STEP(S) USED FOR THIS -RUN

SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7

NUMBER 5.OOYRS 5.OOYRS 5.00YRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS

TSTEP 8 TSTEP 9 TSTEP10

5.OOYRS 5.OOYRS 5.OOYRS

1

2

3

4

5

1.000E+00

1.000E+00

1.000E+00

1. 000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1. OOOE+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

-1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.OOOE+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00

1.000E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15R.MIL
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_-- 1. - - I A

ARY PRINT OF POPULATION DOSES COMPUTED FOR TSTEP 1--DOSES SHOWN ARE ANNUAL POPULATION DOSE COMMITMENTS, PERSON-REM PER YEAR

DOSES RECEIVED BY PEOPLE WITHIN 80 KILOMETERS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. 3.534E-01 2.861E+00 4.620E-02 2.146E+00 1-032E+00 1.361E+02

GROUND 1.926E-02 1.926E-02 1.926E-02 1.926E-02 1.926E-02 1.926E-02

CLOUD 1.166E+00 1.166E+00 1.166E+00 1.166E+00 1.166E+00 1.166E+00

VEG. ING D.OOOE+00 0.000E+00 0.DOOE+00 D.OOE+00 0.000E+00 0.0OOE+00

MEAT ING 0.OO0E+00 0.000E+00 0.OOOE+00 D.DOOE+00 0.OOOE+00 0.000E+00

MILK ING 0.O00E+00 0.00DE+00 0.000E+00 D.D00E+00 0.O00E+00 0.O00E+00

RNPLUS50 0.000E+00 0.000OE+00 0.OOOE+00 0.0OOE+00 0.OOOE+00 0.OO0E+00

TOTALS 1.539E+00 4.047E+00 1.232E+00 3.332E+00 2.217E+00 1.373E+02

DOSES RECEIVED BY PEOPLE BEYOND 80 KILOMETERS

PATHWAY

INHAL.

GROUND

CLOUD

VEG. ING

MEAT ING

MILK ING

RNPLUS50

EFFECTIV BONE

0.000E+00D 0.000E+00

0.ODOE+DO O.OODE+DD0.000E+00 0_000E+00

0.000E+00 0.000E+00

0.OOOE+DD 0.OOOE+D00.000E+O0 0.000E+00

0.000E+00 0OODE+00

0.000E+0O 0.000E+0o

0.OOOE+00 0.000E+00

AVG.LUNG LIVER KIDNEY BRONCHI

0.OOOE+OO 0.00OE+00 0.ODOE+00 0.O00E+00

0.000E+00 0.000E+00 0.ODOE+00 0.OOOE+00

0.OOOE+00 0.0OOE+00 0.'ODOE+00 O.OOOE+00.

0.OOE+00 0.OOOE+00 0.000E+0O 0.OOOE+00

0.OOOE+00 .0OO0E+00 0.O00E+00 O.DOE+0D

0.OOOE+00 0.OO0E+00 D.000E+0O 0.OOOE+00

0.0OOE+00 0.000E+00 0.OOE+00 0.0OOE+00*

TOTALS 0.ODOE+00 0.O00E+00 0.OOOE+00 0.OOOE+00 0.OOOE+00 0.OODE+00

TOTAL DOSES COMPUTED OVER ALL POPULATIONS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. 3.534E-0l 2.861E+00 4.620E-02 2.146E+00 1.032E+00 1.361E+02

GROUND 1.926E-02 1.926E-02 1.926E-02 1.926E-02 1.926E-02 1.926E-02

CLOUD 1.166E+00 1.166E+00 1.166E+00 1.166E+00 1.166E+00 1.i66E+00

VEG. ING 0.OOOE+00 0.OODE+00 0.OOOE+00 0.000E+00 0.0OOE+00 O.0OOE+00

MEAT ING .OOOE+O0 .0.000E+00 0.000OE+00 0.OOE+00 0.000OE+00 O.OOE+00

MILK ING 0.OOOE+00 0.000E+00 0.000E+00 0.000K+-D 0.0OOE+00 0.OD0E+00

RNPLUS50 0.OOOE+00 0.00OE+00 0.OOOE+00 0.OOOE+00 O.000E+00 0.060E+00

TOTALS 1.539E+00 4.047E+00 1.232E+00 3.332E+00 2.217E+00 1.373E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15R.MIL

ýTIME STEP NUMBER 1,
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DURATION IN YRS IS... 5.0

NUMBER 1 NAME=Alliance X= 30.0KM, Y= -45.4KM, Z= -50.CM, DIST= 54.4KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV

-----------------------------------------

INFANT TOTALS O.0OE+00

CHILD TOTALS 0.00E+00

TEENAGE TOTALS 0.00E+00

ADULT TOTALS 0.OOE+00

BONE AVG.LUNG LIVER - KIDNEY BRONCHI

.................................................................

.0.00E+00 0.OE+00 0.00E+00 0.00E+00 0.O0E+00

O.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

0.O0E+00 0.O0E+00 0.00E+00 0.00E+CO 0.00E+00

0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOB THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.42E-01 1.11E-01 4.78E-02 4.07E-01 1.83E-01 4'69E+00

CHILD TOTALS 3.36E-01 1.58E-01 6.29r-02 2.22E-01 1.23E-01 4.69E+00

TEENAGE TOTALS 3.40E-01 2.78E-01 7.34E-02 1.42E-01 9.96E-02 4.69E+00

ADULT TOTALS 3.42E-01 2.70E-01 8.67E-02 1.44E-01 1.05E-01 4.69E+00

NUMBER 2 NAME=Berea X= 21.5KM, Y= -32.6KM, I = -50.OM, DIST- 39.1KM, IRTYPE= 1

40CFRl9O ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MASH/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT TOTALS 0.00E+00 C.OOE+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00B+00 0.00E+00

ADULT TOTALS C.O0E+0 0.00E+00 O.OOE+00 0.00E+00 0.00E+00

BRONCHI

0.00E+00

0.00E+00

0.00E+00

0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.85E-01 1.28E-01 6.37E-02 4.29E-01 2.02E-01 6.81E+00

CHILD TOTALS 4.79E-01 1.76E-Cl 7.93E-02 2.42E-01 1.41E-01 6.81E+00

TEENAGE TOTALS 4.82E-01 2.98E-01 9.00E-02 1.60E-01 1.17E-01 6.81E+00

ADULT TOTALS 4.85E-01 2.90E-01 1.04E-01 1.62E-01 1.22E-01 6.81E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5R.MIL

TIME STEP NUMBER 1,
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DURATION IN YRS IS... 5.0

1 BER NAME=Chardon" X= 22.3KM, Y= 35.8KM, Z= -50.0M, DIST= 42.2KM, IRTYPE= 1

40CFRl90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS 0.OOE+00 O.OOE+00 O.OQE+00 D.OOE+00

CHILD TOTALS 0.OOE+00 O.OOE+00 0.00E+00 O.OOE+00

TEENAGE TOTALS Q.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

ADULT TOTALS O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

KIDNEY

0. 00E+00

0.00E+00

0.00E+00

0.00E+00

BRONCHI

C.00E+0O

0.OOE+00

0.OOE+00

0.0OE+O0

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.77E-01 8.83E-02 3.87E-02 3.20E-01 1.45E-01 3.80E+00

CHILD TOTALS 2.72E-01 1.25E-01 5.06E-02 1.76E-01 9.78E-02 3.8E+00

TEENAGE TOTALS 2.75E-01 2.19E-01 5.89E-02 1.12E-01 7.94E-02 3.80E+00

ADULT TOTALS 2.77E-01 2.13E-01 6.93E-02 1.14E-01 8.37E-02 3.80E+00

NUMBER 4 NAME=Clinton X= 75.4KM, Y= 26.5KM, Z= -50.0M, DIST= 79.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 O.00E+00

CHILD TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

TEENAGE TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT TOTALS 1.38E-01 6.17E-02 2.11E-02 2.53E-01 1.08E-01

CHILD TOTALS 1.34E-01 9.23E-02 3.07E-02 1.34E-01 6.96E-02

TEENAGE TOTALS 1.37E-01 1.70E-01 3.74E-02 8.16E-02 5.44E-02

AD0LT TOTALS 1.38E-01 1.64E-01 4.60E-02 8.29E-02 5.79E-02

BRONCHI

1.81E+00

1.81E+00

1.81E+00

1.8 1E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUI5R.MIL

TIME STEP NUMBER 1,
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DURATION IN YRS IS... 5.0

NUMBER 5 NAME=Crawford X= -12.1KM, Y= 20.8KM, Z= -50.OM, DIST= 24.1KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.O0E+00 0.OOE+00 0.OQE+00 0.OOE+00 0.OOE+00

CHILD TOTALS D.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

TEENAGE TOTALS 0.Q0E+00 0.OOE+00 0.0OE+00 0.OOE+00 0.QQE+00 0.00OE+00

ADULT TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.00E+D0

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 5.58E-01 1.16E-01 6.90E-02 3.35E-01 1.69E-01 8.02E+00

CHILD TOTALS 5.54E-01 1.51E-01 8.04E-02 1.98E-01 1.25E-01 8.02E+00

TEENAGE TOTALS 5.57E-01 2.40E-01 8.82E-02 1.39E-01 1.08E-Ol 8.02E+00

ADULT TOTALS 5.58E-01 2.33E-01 9.81E-02 1.40E-01 1.12E-01 8.02E+00

NUMBER 6 NAME=Harrison X= -50.5KM, Y= 22.5KM, Z= 633.OM, DIST= 55.3LC, IRTYPE= 1

40CFA190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE

-----------------------------------------------------

INFANT TOTALS 0.OOE+00 0.OOE+00

CHILD TOTALS 0.OOE+00 0.OQE+00

TEENAGE TOTALS 0.00E+00 0.OOE+00

ADULT TOTALS 0.O0E+00 0.O0E+00

AVG.LUNG LIVER KIDNEY BRONCHI

.....................................................

0.00E+00 0.OOE+00 0.00E+00 0.OOE+00

0.OOE+00 0.DOE+00 0.00E+00 0.OQE+00

0.OO0E+00 0.00E+00 0.00E+00 0.00E+00

Q.OQE+00 0.00E+00 0.00OE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.10E-01 7.86E-02 3.06E-02 3.04E-01 1.34E-0l 2.81E+00

CHILD TOTALS 2.05E-01 1.15E-01 4.21E-02 1.63E-01 8.79E-02 2.81E+00

TEENAGE TOTALS 2.08E-01 2.06E-01 5.OOE-02 1.02E-01 7.00E-02 2.81E+00

ADULT TOTALS 2.09E-01 1.99E-01 6.02E-02 1.04E-01 7.42E-02 2.81E+00



REGION:

METSET:

Marsland All Well Field CODE: MILDOS-AREA (02/97)

DATA: MarMUI5R.MIL

TIME STEP NUMBER 1,.
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DURATION IN YRS IS... 5.0

7 NAME=Hay Springs X= 47.1KM, Y= 18.8KM, Z= -50.0M, DIST= 50.7KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

. . . . . . . . . . . . . . . --. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .- --. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE PATHWAY

-----------------------

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..................................................................................

O.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00

0.OOE+00 0.OOE+00 0.OOE+00 O.OOE+00 0.OOE+00 0.OOE+00

0.OOE+00 0OOE+00 0.OOE+00 O.OOE+00 0.00E+00 0.OOE+00

O.OOE+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

'PATHWAY

TOTALS

TOTALS

TOTALS

TOTALS

EFFECTIV

2.29E-01

2.25E-01

2.27E-01

2.28E-01

BONE AVG.LUNG LIVER KIDNEY

7-60E-02 3.23E-02 2.80E-01 1.26E-01

1.09E-01 4.28E-02 1.53E-01 8.43E-02

1.92E-01 5.ODE-02 9.72E-02 6.81E-02

1.86E-01 5.92E-02 9.86E-02 7.19E-02

BRONCHI

3.12E+00

3.12E+00

3.12E+00

3.12E+00

NUMBER 8 NAME=Hemmingford X= 14.3KM, Y= -20.4KM, Z= 36.OM, DIST= 24.9KM, IRTYPE= I

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 0.OOE+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00 0.OOE+00 O.OOE+00 O.OOE+00 D.DOE+00

TEENAGE TOTALS O.OOE+OE 0 0.OOE+0 O.OOE+D0 0.00E+00 D.O0E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.OOE+00 0o.00E+00 0.DOE+00 0.00E+0O O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

TOTALS 9.15E-01 1.99E-01 1.12E-01 6.05E-01 2.98E-01 1.31E+01

TOTALS 9.07E-01 2.64E-01 1.33E-01 3.52E-01 2.16E-01 1.31E+01

TOTALS 9.12E-01 4.29E-01 1.48E-01 2.41E-01 1.84E-01 1.31E+01

TOTALS 9.14E-01 - 4.17E-01 1.66E-01 2.44E-01 1.91E-01 1.31E+01



j REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUI5R.MIL
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DURATION IN YRS IS... 5.0

NUMBER 9 NAME=Marsland X= -3.8KM, Y= O -6.lKM, Z= -50.OMU , DIST= 7.2KM, IRTYPE= 1

040CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG

INFANT TOTALS 0.OOE+00 0.00E+00 0.OOE+00

CHILD TOTALS 0.00E+00 0.OOE+00 0.OOE+00

TEENAGE TOTALS 0.OOE+00 0.OOE+00 O.OOE+00

'ADULT TOTALS 0.O0E+00 0.O0E+00 0.00E+00

LIVER

0. OOE+00

0.00E+00

0. OOE+00

0.OOE+00

KIDNEY BRONCHI

........................

O.OOE+00 0.OOE+00

O.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00

0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.1lE+O0 1.25E-01 1.00E-01 2.41E-01 1.53E-01 1.68E+01

CHILD TOTALS 1.10E+00 1.44E-01 1.06E-01 1.69E-01 1.30E-01 1.68E+01

TEENAGE TOTALS 1.11E+00 1.91E-01 1.10E-01 1.37E-01 1.21E-01 1.68E+01

ADULT TOTALS 1.11E+00 1.87E-01 1.16E-01 1.38E-01 1.23E-01 1.68E+01

NUMBER 10 NAME=Mitchell X= -48.5KM, Y= -60.KM, Z=M -SC.OM, DIST= 77.2KM, IRTYPEM 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

CHILD TOTALS C.OOE+00 0.COE+00 O.OOE+00 C.CCE+00

TEENAGE TOTALS 0.OOE+00 0.00E+00 O.OOE+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.O0E+00 O.00E+00

KIDNEY

C.OCE+00

C.O0E+00

0.00E+00

O.OOE+O0

BRONCHI

C.OOE+00

0.O0E+00

O.0OE+00

C.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.01E-01 4.93E-02 1.58E-02 2.07E-01 8.78E-02 1.30E+00

CHILD TOTALS 9.81E-02 7.45E-02 2.37E-02 1.09E-01 5.58E-02 1.30E+00

TEENAGE TOTALS 1.00E-01 1.39E-01 2.92E-02 6.57E-02 4.32E-02 1.30E+00

ADULT TOTALS 1.01E-Cl 1.34E-01- 3.64E-02 6.67E-02 4.61E-02 1.30E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5R.MIL

TIME STEP NUMBER 1,

PAGE 12

10/07/11

DURATION IN YRS IS... 5.0

11 NAME=Oelrichs X4 4.9KM, Y= 75.3KM, Z= -50.OM, DIST= 75.5KM, IRTYPE= 1

40CFRlS0 ANNUAL DCSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREH/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE

0.00E+00 0.OE+D00

0:00E+00 O.OOE+O0

0.0OE+00 D.00E+00

0.00E+00 0.00E+00

AVG.LUNG LIVER KIDNEY

0.00E+00 0.D0E+00 0.00E+00

0.00E+00 0.OE+00 0.00E+00

0.ODE+00 0.00E+00 0.DOE+00

0.0OE+00 0.O0E+00 D.O0E+00

BRONCHI

0.00DE+-00

0.00E+00

0.00E+00

O.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.63E-01 7.53E-02 2.51E-02 3.12E-01 1.33E-01 2.12E+00

CHILD TOTALS 1.59E-01 1.13E-01 3.70E-02 1.65E-01 8.51E-02 2.12E+00

TEENAGE TOTALS 1.62E-01 2.09E-01 4.53E-02 1.DDE-01 6.63E-02 2.12E+00

ADULT TOTALS 1.63E-01 2.02E-01 5.60E-02 1.02E-01 7.06E-02 2.12E+00

NUMBER 12 NAME=Rushville X= 66.0KMA , Y= 22.OKM, Z= -50.OM, DIST= 69.6KM, IRTYPE= 1

4OCFRl9O ANNUAL DOSE COMMITMEN4TS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS 0.00E+00 0.00E+00 D.OOE+00 D.0OE+00

CHILD TOTALS 0.ODE+00 0.OOE+00 0.OOE+00 0.0OE+00

TEENAGE TOTALS 0".00E+00 0.00E+00 0.00E+00 0.OOE+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

KIDNEY BRONCHI

--0.O0E+00 0.0OE+00

0.00E+00 0.OOE+00

0.OOE+00 0.00E+00

0.ODE+0O 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.60E-01 6.50E-02 2.38E-02 2.59E-01 1.12E-01 2.12E+00

CHILD TOTALS 1.56E-01 9.59E-02 3.36E-02 1.38E-01 7.29E-02 2.12E+00

TEENAGE TOTALS 1.59E-01 1.75E-01 4.04E-02 8.51E-02 5.76E-02 2.12E+00

ADULT TOTALS 1.60E-01 1.69E-01 4.91E-02 8.64E-02 6.11E-02 2.12E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5R.MIL

TIME STEP NUMBER 1,

PAGE 13

10/07/11

DURATION IN YRS IS.... 5.0

NUMBER 13 NAME=Scottsbluff x= -36.3ANUA, Y= -68.9CM, Z= -OTOM, DIST= 77.9M, IRTYPE= 1

040CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

* AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE

0.OOE+00 0.OOE+00

0.QOE+00 O.OOE+00

0.OOE+00 0.00E+00

0.OOE+0O 0.OOE+00

AVG.LUNG

O.OOE+00

0. 00E+00

0. OOE+00

0. O0E+00

LIVER KIDNEY BRONCHI

0.OOE+00 0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00 0.OOE+00

0.0OE+00 0.OOE+00 0.OOE+00

0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.13E-01 5.36E-02 1.75E-02 2.24E-01 9.51E-02 1.46E+00

CHILD TOTALS 1.10E-Ol 8.08E-02 2.61E-02 1.18E-01 6.06E-02 1.46E+00

TEENAGE TOTALS 1.12E-01 1.50E-01 3.20E-02 7.13E-02 4.71E-02 1.46E+00

ADULT TOTALS 1.13E-01 1.45E-01 3.97E-02 7.24E-02 5.02E-02 1.46E+00

NUMBER 14 NAME=Van Tassell X= -67.5KM, Y= 21.OKM, Z= 49.OM, DIST= 70.7KM, IRTYPE= 1

4OCFRl9O ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, NREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

0.OOE+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00* 0.OOE+00

0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT * TOTALS 1.52E-01 6.65E-02 2.31E-02 2.71E-01 1.16E-01 Z.00E+00

CHILD TOTALS 1.48E-01 9.92E-02 3.34E-02 1.44E-01 7.49E-02 - 2.00E+00

TEENAGE TOTALS 1.51E-01 1.82E-01 4.06E-02 8.78E-02 5.87E-02 2.00E+00

ADULT TOTALS 1.52E-01 1.76E-01 4.98E-02 8.91E-02 6.25E-02 2.OOE+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5R.MIL

TIME STEP NUMBER 1,

PAGE 14

10/07/li

DURATION IN YRS IS... 5.0

15 NAME=Whitney X= 1.2KM, Y= 31.4KM, Z= -50.OM, DIST= 31.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.O0E+00 0.OOE+00

0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00

D.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.15E-01 1.06E-01 5.42E-02 3.48E-01 1.65E-01 5.84E+00

CHILD TOTALS 4.10E-01 1.45E-01 6.67E-02 1.97E-01 1.16E-01 5.84E+00

TEENAGE TOTALS 4.13E-01 2.43E-01 7.53E-02 1.31E-01 9.68E-02 5.84E+00

ADULT TOTALS 4.15E-01 2.36E-01 8.62E-02 1.33E-01 1.01E-01 5.84E+00

NUMBER 16 NAME=Residence 1 X= -0.8KM, Y= -0.4KM, Z= 6.OM, DIST= 0.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0. OOE+00

0.OOE+00

0.OOE+00

0. 00E+oo

0.OOE+00

0.OOE+00

0. OOE+00

0.00E+00

0. OOE+00

0. OOE+00

0. 0OEt00

0. OOE+00

0. OOE+00

0. 00E+00

0. OOE+00

0. OOE+00

0. OOE+00

0. OOE+00

0.00E+00

0. 00E+00

BRONCHI

O.00E+00

0.00E+00

0.00E+00
0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

1.57E+01

1. 57E+01

- 57E+01

1.57E+01

.6.19E-01

6.37E-01

6.82E-01

6.78E-01

5.95E-01

6. OIE-01

6.05E-01

6. 10KE-01

7.30E-01

6.61E-01

6.31E-01

6.31E-01

6.46E-01

6.24E-01

6.15E-01

6. 17E-01

BRONCHI

2.53E+02

2. 53E+02

2.53E+02

2 .53E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUI5R.MIL

TIME STEP NUMBER 1,
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10/07/11

DURATION IN YRS IS... 5.0

NUMBER 17 NAME=Residence 2 X= 1.0KM, Y= 0.3KM, Z= -4.0M, DIST= 1.0KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.DDE+00 D.DDE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

CHILD TOTALS 0.D0E+00 0.00E+00 D.00E+00 0.00E+00 0.00E+00 D.O0E+00

TEENAGE TOTALS D.00E+00 0.00E+00 0.OQE+00 0.00E+00 0.OE+00 0.DDE+00

ADULT TOTALS 0.0OE+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --. . . . . . . . . . . . . . . . . . . . . . . .

* AGE PATHWAY EFFECTIV BONE AVG.LUNG

INFANT TOTALS 4.43E+01 5.89E-01 5.76E-01

CHILD TOTALS 4.43E+01 5.98E-01 5.79E-01

TEENAGE TOTALS 4.43E+01 6.21E-01 5.81E-01

ADULT TOTALS 4.43E+01 6.20E-01 5.84E-01

LIVER KIDNEY BRONCHI

6.47E-01 6.03E-01 7.29E+02

6.10E-01 5.91E-01 7.29E+02

5.95E-01 5.86E-01 7.29E+02

5.95E-01 5.87E-01 7.29E+02

NUMBER 18 NAME=Residence 3 X= -0.8KM, Y= -1.9KM, Z= -16.0M, DIST= 2.1KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE

INFANT TOTALS 0.DDE+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00OE+00 0.0E+00

ADULT TOTALS 0.00KE+00 0.0E+00

AVG.LUNG LIVER KIDNEY BRONCHI

0.OOE+00 0.O0E+00 0.00E+00 O.00E+00

0.OE+00 0.00E+00 .O00E+00 0.OOE+00

0.00KE+00 O.0E+00 0.lOOE+00 0.00E+00

0.00E+00 0.00E+00 0.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG

INFANT TOTALS 6.82E+00 4.28E-01 3.99E-01

CHILD TOTALS 6.82E+00 4.50E-01 4.06E-01

TEENAGE TOTALS 6.82E+00 5.06E-01 4.11E-01

ADULT TOTALS 6.82E+00 5.02E-01 4.17E-01

LIVER KIDNEY BRONCHI

5.65E-01 4.61E-01 1.07E+02

4.80E-01 4.34E-01 1.07E+02

4.42E-01 4.23E-01 1.07E+02

4.43E-01 4.25E-01 1.07E+02



i REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUI5R.MIL

TIME STEP NUMBER 1,

PAGE 16

10/07/11

DURATION IN YRS IS... 5.0

19 NAME=Residence 4 X= -0.4KM, Y= -3.4KM, Z= -31.DM, DIST= 3.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS O.0OE+00 D.OOE+00 0.OOE+00 0.O0E+00 0.00E+00 D.OOE+00

CHILD TOTALS O.OOE+00 0.OOE+00 0.OOE+00 O.O0E+00 O.OOE+00 D.OOE+00

TEENAGE TOTALS 0.0OE+00 0.0OE+00 0.ODE+00 D.OOE+00 O.00E+00 .OOE+00

ADULT TOTALS 0.O0E+00 0.0OE+00 0.OOE+00 0.0OE+00 O.OOE+00 0.ODE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.14E+00 3.24E-01 2.90E-01 4.80E-01 3.62E-01 6.43E+01

CHILD TOTALS 4.13E+00 3.49E-01 2.98E-01 3.82E-01 3.30E-01 6.43E+01

TEENAGE TOTALS 4.14E+00 4.12E-02 3.04E-01 3.40E-01 3.IBE-01 6.43E+01

ADULT TOTALS 4.14E+00 4.07E-01 3.11E-01 3.41E-01 3.21ES01 6.43E+01

NUMBER 20 NAME=Residence 5 X= A 9NM, YA -4.3OM, Z= -36.OM , DIST= 4.7KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOB THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY EFFECTIV BONE

TOTALS O.00E+00 0.OOE+00

TOTALS 0.00E+00 0.00E+00

TOTALS O.OOE+00 D.OE+00

TOTALS O.OOE+00 0.00E+00

AVG.LUNG LIVER KIDNEY BRONCHI

0.OOE+00 0.00E+00 0.OOE+00 0.OE+00

0.00E+OO 0.0OE+00 0.OOE+00 0.0OE+00

O.O0E+O0 0.00E+00 0.0DE+00 0.00E+00

0.QOE+00 0.00E+OD D.ODE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE

INFANT TOTALS 4.82E+00 4.04E-01

CHILD TOTALS 4.82E+00 4.42E-01

TEENAGE TOTALS 4.82E+00 5.39E-01

ADULT TOTALS 4.82E+00 5.32E-01

AVG.LUNG LIVER KIDNEY BRONCHI

3.52E-01 6.43E-01 4.62E-01 7.46E+01

3.65E-01 I 4.94E-01 4.13E-01 7.46E+01

3.73E-02 4.29E-02 3.94E-01 7.46E+01

3.84E-01 4.30E-01 3.99E-01 7.46E+01



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 17

METSET: DATA: MarMUl5R.MIL 10/07/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

NUMBER 21 NAME=Residence 6 X= -4.7KM, Y= 1.9KM, Z=" 22.0M, DIST= 5.1KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS O.OQE+00 O.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

CHILD TOTALS O.OQE+00 0.OOE+00 D.OOE+00 0.OOE+00 O.OOE+00 0.OOE+00

TEENAGE TOTALS Q.OOE+00 0.00E+00 D.OOE+00 0.O0E+00 O.OOE+00 0.00E+00

ADULT TOTALS 0.00E+00 .OOQE+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS 3.44E+00 3.17E-01 2.79E-01 4.93E-01 3.60E-01 5.27E+01

CHILD TOTALS 3.43E+00 3.45E-01 2.88E-01 3.83E-01 3.24E-01 5.27E+01

TEENAGE TOTALS 3.43E+00 4.17E-01 2.95E-01 3.35E-01 3.10E-01 5.27E+01

ADULT TOTALS 3.44E+00 4.12E-01 3.03E-01 3.37E-01 3.14E-01 5.27E+01

NUMBER 22 NAME=Residence 7 X= 2.4KM, Y= 3.6KM, Z= 76.OM, DIST= 4.3KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE. PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 O.OOE+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00

ADULT TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, WREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 6.14E+00 4.86E-01 4.42E-01 6.86E-01 5.34E-01 .9.52E+01

CHILD TOTALS 6.13E+00 5.18E-01 4.53E-01 5.61E-01 4.94E-01 9.52E+01

TEENAGE TOTALS 6.14E+00 5.99E-01 . 4.60E-01 5.06E-01 4.78E-01 9.52E+01

ADULT TOTALS 6.14E+00 5.93E-01 4.69E-01 5.08E-01 4.82E-01 9.52E+01



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5R.MIL

TIME STEP NUMBER 1,
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10/07/11

DURATION IN YRS IS ... 5.0

WER 23
NAME=Residence 8 X= 4.7KM, Y= -4.4KM, Z= -50.0M, DIST= 6.4KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.QOE+00 O.ODE+00 0.OOE+00 0.OOE+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00 O.OOE+00 0.00E+O0 0.OOE+00 0.OOE+o0

TEENAGE TOTALS 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.OOE+00 0.OOE+00

ADULT TOTALS O.OOE+00 0.00E+00 0.0DM+00 0.00E+00 0.O0E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.12E+00 1.65E-01 1.40E-01 2.83E-01 1.94E-01 3.31E+01

CHILD TOTALS 2.12E+00 1.84E-01 1.46E-01 2.10E-01 1.70E-01 3.31E+01

TEENAGE TOTALS. 2.12E+00 2.32E-01 1\SOE-01 1.78E-01 1.61E-01 3.31E+01

ADULT TOTALS- 2.12E+00 2.29E-01 1.56E-01 1.78E-01 1.63E-01 3.31E+01

NUMBER 24 NAME=Unoccupied 1 X4 -0.9KM, Y= .2.0KM, = 21.OM, DIST= 2.2m, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

-----------------------

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS.

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

0.OOE+00 0.005+00 0.O0E+00 0.O0E+00 0.OOE+0O0 0.00E+00

0.00E+00 0.005+00 O.O0E+00 0.00E+00 0.OOE+00 0.00E+0O

O.OOE+00 0.00E+00 0.OOE+O0 0.005+00 0.00E+00 0.00E+00

0.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00 0.00E+0O

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 7.46E+01 7.08E-01 6.92E-01 7.82E-01 7.26E-01 1.23E+03

CHILD TOTALS 7.46E+01 7.20E-01 6.96E-01 7.36E-01 7.11E-01 1.23E+03

TEENAGE TOTALS 7.46E+01 7.50E-01 6.99E-01 7.16E-01 7.05E-01 1.23E+03

ADULT TOTALS 7.46E+01 7.48E-01 7.02E-01 7.16E-01 7.07E-01 1.23E+03



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15RýMIL

TIME STEP NUMBER 1,
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10/07/11

DURATION IN YRS IS... 5.0

NUMBER 25 NAME=Unoccupied 2 X= 2.0KM, Y= 2.8KM, Z= 69.OM, DIST= 3.4KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.00E+00 O.OOE+00 O.00E+00 0.00E+00 0.O0E+00

CHILD TOTALS 0.00E+OE O.ODE+00 O.00E+00 .00.E+00 0.OOE+00

TEENAGE TOTALS 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS .0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 8.57E+00 5.49E-01 5.13E-01 7.16E-01 5.90E-01 1.35E+02

CHILD TOTALS 8.56E+00 5.76E-01 5.22E-01 6.12E-01 5.56E-01 1.35E+02

TEENAGE TOTALS 8.57E+00 6.44E-01 5.28E-01 5.66E-01 5.42E-01 1.35E+02

ADULT TOTALS 8.57E+00 6.39E-01 5.35E-01 5.67E-01 5.46E-01 1.35E+02

NUMBER 26 NAME=North Boundary X= -0.7KM, Y= 0.7KM, Z= 29.0M, DIST= 1.0KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

CHILD TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.0DE+00 0.OOE+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.006+00 0.00E+00

ADULT TOTALS 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS .4.13E+01 8.24E-01 8.07E-01 9.02E-01 8.43E-01 6.76E+02

CHILD TOTALS 4.13E+01 8.36E-01 8.11E-01 8.53E-01 8.276-01 6.76E+02

TEENAGE TOTALS 4.13E+01 8.68E-01 8.14E-01 8.32E-01 8.21E-01 6.76E+02

ADULT TOTALS 4.13E+01 8.66E-01 8.17E-01 8.32E-01 8.22E-01 6.76E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5R.MIL

TIME STEP NUMBER 1,

PAGE 20

10/07/11

DURATION IN YRS IS... 5.0

UHER

27 NAME=East Boundary X= 1.4KM, Y= 0.3KM, Z= -2T.OM, DIST= L.4ETO, IRTYPEM 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE . AVG.LUNG LIVER

..................................................................................

INFANT TOTALS 0..0E+00 0.OOE+00 0.OOE+00 0.00E+00

CHILD TOTALS 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00

KIDNEY BRONCHI

........................

0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00

0.00E+00 0.OOE+00

0.00E+00 0.0OE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

-----------------------

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER

----..... E....... 3............- . ........ E ..-- . ..... 7.- 0

1.66E+01 3.10E-01 3.02E-01 3.47E-01

1.66E+01 3.16E-01 3.04E-01 3.24E-01

1.66E+01 3.31E-01 3.06E-01 3.14E-01

1.66E+01 3.30E-01 -3.07E-01 3.14E-01

KIDNEY BRONCHI

---.-------------.... E....

3.19E-01 2.72E+02

3.12E-01 2.72E+02

3.09E-01 2.72E+02

3.10E-01 2.72E+02

NUMBER 28 NAME=South Boundary X= 0.0KM, Y= -0.5KM, Z= 13.OM, DIST= 0.5KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

TEENAGE TOTALS 0.DOE+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.48E+01 9.11E-01 8.79E-01 1.06E+00 9.47E-01 5.67E+02

CHILD TOTALS 3.48E+01 9.35E-01 8.86E-01 9.67E-01 9.17E-01 5.67E502

TEENAGE TOTALS 3.48E+01 9.95E-01 8.92E-01 9.26E-01 9.05E-01 5.67E+02

ADULT TOTALS 3.48E+01 9.91E-01 8.99E-01 9.27E-01 9.08E-01 5.67E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5R.MIL

TIME STEP NUMBER 1,

PAGE 21

10/07/11

DURATION IN YRS IS... 5.0

NUMBER 29 NAME=West Boundary X= -0.7KM, Y= 0.0KM, Z= 49.0M, DIST= 0.7KM, IRTYPE= 1

40CFR1S0 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS D.00E+00 0.OQE+00 0.00E+00 0.DDE+00 0.00E+00 0.00E+00

CHILD TOTALS D.OOE+DD 0.00E+00 0.OOE+00 0.DOE+00 0.DDE+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.DOE+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.39E+01 7.56E-01 7.33E-01 8.65E-01 7.83E-01 3.87E+02

CHILD TOTALS 2.39E+01 7.74E-01 7.38E-01 7.97E-01 7.61E-01 3.87E+02

TEENAGE TOTALS 2.39E+01 8.18E-01 7.42E-01 7.68E-01 7.52E-01 3.87E+02

ADULT TOTALS 2.39E+01 8.15E-01. 7.47E-01 7.68E-01 7.54E-01 3.87E+02

NUMBER 30 NAME=Minatare X= -22.4KM, Y= -75.6KM, Z= -41.4M, DIST= 78.LKM, IRTYPEM 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, HREM/YR

AGE PATHWAY EFFECTIV

INFANT TOTALS 0.00E+00

CHILD TOTALS 0.OOE+00

TEENAGE TOTALS 0.00E+00

ADULT TOTALS 0.O0E+00

BONE AVG.LUNG LIVER KIDNEY BRONCHI

0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.0OE+00 0.00E+00 0.DDE+00 0.OOE+00

0.OOE+00 0.0OE+00 0.00E+00 0.00E+00 0.00E+00

D.OOE+00 0.00E+00 0.00E+00 0.DOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS 1.43E-01 6.72E-02 2.21E-02 2.80E-01

CHILD TOTALS 1.39E-01 1.01E-01 3.28E-02 1.47E-01

TEENAGE TOTALS 1.42E-01 1.87E-01 4.02E-02 8.93E-02

ADULT TOTALS 1.43E-01 1.81E-01 4.98E-02 9.07E-02

KIDNEY BRONCHI

1.19E-01 1.85E+00

7.59E-02 1.85E+00

5.91E-02 1.85E+00

6.30E-02 1.85E+00

Program execution time = 1.98 seconds



APPENDIX B - MEA RADIATION DOSE RATES FROM MILDOS

Appendix B contains the print out from the computer program MILDOS in the following
order:

Appendix Title Radon Source Weather Data Purge Rate
B4 MARMU15N MUI-5 NEW WELL MEA 44



REGION: Marsland All Well Field. CODE: MILDOS-AREA (02/97) PAGE 1

METSET: DATA: MarMU15N.MIL 10/07/11
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REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 2

METSET: DATA: MarMUI5N.MIL 10/07/11

JOINT FREQUENCY IN PERCENT, DIRECTION INDICATES WHERE WIND IS FROM FREQWS=0.14427,0.29579,0.30967,0.17441,0.05798,0.01793

MPH N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW TOTALS

OA3ILITY CLASS 1

1.5 0.1410 0.0240 0.0710 0.0820 0,0940 0.1300 0.1060 0.2120 0.1770 0.3540 0.1410 0.0940 0.1180 0.0820 0.0590 0.0590 1.9440

5.5 0.2360 0.1530 0.1890 0.1770 0.1770 0.2590 0.2000 0.2120 0.2120 0.2590 0.2240 0.4010 0.1180 0.1180 0.2000 0.2120 3.3470

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.3770 0.1770 0.2600 0.2590 0.2710 0.3890 0.3060 0.4240 0.3890 0.6130 0.3650 0.4950 0.2360 0.2000 0.2590 0.2710 5.2910

STABILITY CLASS 2

1.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0350 0.0120 0.0470 0.0470 0.0940 0.0120 0.0000 0.0120 0.0120 0.0000 0.0000 0.2710

5.5 0.2000 0.2240 0.2470 0.1770 0.1770 0.2470 0.3420 0.2470 0.2360 0.3180 0.3060 0.2590 0.1300 0.1650 0.2360 0.2120 3.7230

10.0 0.0240 0.0000 0.0120 0.0000 0.0120 0.0350 0.0350 0.0240 0.0710 0.0590 0.0000 0.0470 0.0240 0.0120 0.0710 0.0470 0.4730

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000.0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.2240 0.2240 0.2590 0.1770 0.1890 0.3170 0.3890 0.3180 0.3540 0.4710 0.3180 0.3060 0.1660 0.1890 0.3070 0.2590 4.4670
...................................................................................................................................-

STABILITY CLASS 3

1.5 0.0120 0.0000 0.0000 0.0000 0.0000 0.0000 0.0350 0.0120 0.0350 0.0240 0.0120 0.0000 0.0000 0.0000 0.0000 0.0000 0.1300

5.5 0.0590 0.0590 0.0590 0.0820 0.1180 0.1770 0.1890 0.1530 0.1530 0.1410 0.1890 0.0820 0.0710 0.0470 0.0590 0.0940 1.7320

10.0 1.0300 0.4710 0.2950 0.3420 0.3300 0.5540 0.4120 0.4360 0.4950 0.4360 0.5660 0.6600 0.4360 0.4710 0.8130 0.7780 8.5250

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28A0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 1.1010 0.5300 0.3540 0.4240 0.4480 0.7310 0.6360 0.6010 0.6830 0.6010 0.7670 0.7420 0.5070 0.5180 0.8720 0.8720 10.3870

*ABILITY CLASS 4

15 0.0240 0.0240 0.0000 0.0000 0.0120 0.0470 0.0240 0.0120 0.0120 0.0120 0.0240 0.0120 0.0000 0.0120 0.0120 0.0710 0.2980

5.5 0.7310 0.4710 0.1890 0.3060 0.5770 0.8840 1.0490 0.7540 0.5190 0.3890 0.4830 0.5070 0.4120 0.3770 0.6840 1.3550 9.6870

10.0 1.9100 1.0720 0.9190 0.7310 1.0370 0.9190 1.2140 1.6500 1.3080 0.8960-0.7900 1.4610 1.2730 1.4850 1.9090 2.3690 20.9430

15.5 1.7800 0.8600 0.3060 0.2000 0.3180 0.3060 0.3890 0.9550 1.3790 0.6720 0.3650 0.8720 1.2610 1.9560 3.0050 2.8170 17.4410

21.5 0.4120 0.2240 0.0120 0.0000 0.0120 0.0240 0.0350 0.3420 0.2830 0.1180 0.1410 0.2470 0.2950 0.7190 1.6970 1.2370 5.7980

28.0 0.1410 0.0120 0.0000 0.0120 0.0000 0.0120 0.0000 0.0120 0.0120 0.0000.0.0000 0.0240 0.2360 0.2950 0.5890 0.4480 1.7930

ALL 4.9980 2.6630 1.4260 1.2490 1.9560 2.1920 2.7110 3.7250 3.5130 2.0870 1.8030 3.1230 3.4770 4.8440 7.8960 8.2970 55.9600

STABILITY CLASS 5

1,5 0.1530 0.0710 0.0000 0.0000 0.0590 0.0350 0.0820 0.0710 0.0350 0.0000 0.0350 0.0350 0.0120 0.0710 0.0590 0.0940 0.8120

5.5 0.2360 0.1300 0.1650 0.2000 0.1530 0.3060 0.2000 0.2470 0.2710 0.2000 0.2950 0.2830 0.2000 0.1300 0.3540 0.9660 4.3360

10.0 0.0470 0.0350 0.0240 0.0470 0.0590 0.0240 0.0240 0.0470 0.0240 0.0240 0.0590 0.1060 0.0940 0.0820 0.1410 0.1890 1.0260

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.4360 0.2360 0.1890 0.2470 0.2710 0.3650 0.3060 0.3650 0.3300 0.2240 0.3890 0.4240 0.3060 0.2830 0.5540 1.2490 6.1740

STABILITY CLASS 6

1.5 0.9780 0.6950 0.6360 0.5420 0.4480 0.5190 0.6720 0.6130 0.7540 0.6600 0.5770 0.7310 0.5660 0.5770 0.6720 1.3320 10.9720

5.5 0.7070 0.2830 0.1180 0.2590 0.3540 0.3180 0.3420 0.4830 0.3420 0.4950"0.4360 0.4710 0.2950 0.5540 0.4600 0.8370 6.7540

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

1.6850 0.9780 0.7540 0.0010 0.8020 0.8370 1.0140 1.0960 1.0960 1.1550 1.0130 1.2020 0.8610 1.1310 1.1320 2.1690 17.7260

8.8210 4.8080 3.2420 3.1570 3.9370 4.8310 5.3620 6.5290 6.3650 5.1510 4.6550 6.2920 5.5530 7.165011.020013.1170 100.0050



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 3

METSET: DATA: MarMUI5N.MIL 10/07/11

-------------------------------INDIVIDUAL RECEPTOR LOCATION DATA, 30 LOCATIONS INPUT THIS RUN--------------------------------

LOCATION NAMES X(Em) Y(KM) Z(M) DIST(KM) TYPE I LOCATION NAMES X(KM) Y(KM) Z(M) DIST(KM) TYPE

1

2

3

4

5

6
7

8

9

10

11

12

13

14

Alliance

Berea

Chardon

Clinton

Crawford

Harrison

Hay Springs

Henumingford

Marsland

Mitchell

Oelrichs

Rushville

Scottsbluff

Van Tassell

30.00 -45.40 -50.00

21.50 -32.60 -50.00

22.30 35.80 -50.00

75.40 26.50 -50.00

-12.10 20.80 -50.00

-50.50 22.50 633.00

47.10 18.80 -50.00

14.30 -20.40 36.00

-3.80 -6.10 -50.00

-48.50 -60.00 -50.00

4.90 75.30 -50.00

66.00 22.00 -50.00

-36.30 -68.90 -50.00

-67.50 21.00 49.00

1.20 31.40 -50.00

54.42

39.05

42.18

79.92

24.06

55.29

50.71

24.91

7.19

77.15

75.46

69.57

77.88

70.69

31.42

1
I

1

1

1

1

1

1

1

1

1

1

1

1

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Residence 1

Residence 2

Residence 3

Residence 4

Residence 5

Residence 6

Residence 7

Residence 8

Unoccupied 1

Unoccupied 2

North Boundary

East Boundary

South Boundary

West Boundary

-0.80

1.00

-0.80

-0.40

1.90

-4.70

2.40

4.70

-0.90

2.00

-0.70

1.40

0.00

-0.70

-0.40 6.00

0.30 -4.00

-1.90 -16.00

-3.40 -31.00

-4.30 -36.00

1.86 22.00

3.60 76.00

-4.40 -50.00

2.00 21.00

2.80 69.00

0.70 29.00

0.30 -20.00

-0.50 13.00

0.00 49.00

0.89

1.04

2.06

3.42

4.70

5.05

4.33

6.44

2.19

3.44

0.99

1.43

0.50

0.70

1
1

1

1

1

1

1

1

1

1

1

1

1

1

15 Whitney 1 30 Minatare -22.40 -75.60 -41.40 78.85

MISCELLANEOUS INPUTABLE PARAMETER VALUES

DMM DMA TSTART FFORI

0.50

FHAY I

0.50

FFORP

0.50

FHAYP FPR(1) FPR(2) FPR(3) ACTRAT

100.0 100.0 1.00 0.50 0.00 0.00 0.00 2.50

IPACT EQUALS 0, 0, 0, 0, 0,

JC EQUALS 0, 0, 0, 0, 0, 0, 0, 0, 0, 0

TIME STEP DATA....

1

STEP NAMES LENGTH, YRS IFTODO

5.00 1

XRHO EQUALS 1.5, 2.5, 3.5, 4.5, 7.5, 15.0, 25.0, 35.0, 45.0, 55.0, 65.0, 75.0,

HDP EQUALS 50.0



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 4

METSET: DATA: MarMU15N.MIL 10/07/11

POPULATION DISTRIBUTION

I N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW

KILOMETERS I 0.0 22.5 45.0 67,5 90.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5

. -. .. . .. 0. .0. .0. .0. .0. .0. .0..0. .0. .0..0.. .0. .0. .D. .0..- - . . . . .. . . . . . .. . .. . . . . . ... . . . .. .. . . . .. . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . .

1 2.0- 2.0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.0- 3.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3.0- 4.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 5

5.0-10.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10.0-20.0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20.0-30.0 0 0 0 0 0 0 993 0 0 0 0 0 0 0 0 1107

30.0-40.01 87 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

40.0-50.0 1 0 5634 0 0 0 0 0 0 0 0 0 0 0 0 0 0

50.0-60.0 0 0 0 652 0 0 0 9859 0 0 0 0 0 279 0 0

60.0-70,0 1 0 0 0 999 0 0 0 0 0 0 0 0 0 0 0 0

* 0 -80,0 I 145 0 14 30 0 0 0 0 0 15542 1831 0 0 19 0 0

1.0-80.0 232 5634 14 1681 0 0 993 9859 0 15542 18.31 0 0 298 0 1107

TOTAL 1-80 KM POPULATION IS 37191 PERSONS



REGION: Marsland AllWell Field CODE: MILDOS-AREA (02/97) PAGE 5

METSET: DATA: MarMU15N.MIL 10/07/11

NUMBER OF SOURCES= 5

KM KM M KM2 CI/YEAR PSIZE M/SEC

NO. X Y Z AREA U-238 Th-230 Ra-226 Pb-210 Rn-222 ID SET EXIT VEL SOURCE NAME

1 -0.56 2.23 27.00 0.0000 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 1.41E-02 1001 1 0.00E+0O MU-I

2 -0.55 1.65 16.00 0.0000 D.OOE+00 0.OOE+00 0.OOE+00 D.OOE+00 1.41E-02 1002 1 0.OOE+00 MU-2

3 -0.15 0.95 13.00 0.0000 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 1.41E-02 1003 1 0.OOE+00 MU-3
4 0.44 0.13 -4.00 0.0000 O.OOE+00 0.OOE+00 0.00E+00 0.00E+00 1.41E-02 1004 1 0.00E+00 MU-4

5 0.84 -0.45 -15.00 0.0000 O.OOE+00 O.OOE+00 0.00E+00 0.OOE+00 1.41E-02 1005 1 0.00E+OD MU-5

INPUT TAILS ACTIVITIES, PCI/G AMAD AND FRACTIONAL DISTRIBUTION

SET URANIUM THORIUM RADIUM LEAD SET 1.5 3.0 7.7 54.0

1 0.OOE+00 0.OOE+00 0.OOE+00 0.60E+00 1 0.000 1.000 0.000 0.000

2 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 2 1.000 0.000 0.000 0.000

3 O.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 3 0.000 0.000 0.300 0.700

PARTICULATE SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 1 TIME STEP(S) USED FOR THIS RUN

SOURCE TSTEP I TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7 TSTEP 8 TSTEP 9 TSTEP10

NUMBER 5.OOYRS 5.OOYRS 5.OOYRS 5.O0YRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS

1 1.000E+00 i.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

2 1.O00E+00 1.000E+O0 1.O00E+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00

3 1.000E+0 1.000E+00 1.000E+00 1.000E+00 .1.00E+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.OOOE+00

4 1.OOOE+00 1.000E+00 1.OOOE+00 1.OO0E+00 1.OOOE+00 1.OOOE+00 1.OOOE+00 1.OOOE+00 1.000E+00 1.OOOE+00

5 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.OOOE+00 1.000E+00 1.OOOE+00 1.000E+00 1.OOOE+00 1.000E+00

RADON SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 1 TIME STEP(S) USED FOR THIS RUN

SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7 TSTEP 8 TSTEP 9 TSTEP10
NUMBER 5.OOYRS 5.OOYRS 5.00YRS 5.00YRS 5.OOYRS 5.00YRS 5.OOYRS 5.OOYRS 5.OOYRS 5.00YRS
..............................................................................................................................

1 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00

2 1.OOOE+00 1.OOOE+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.O00E+00 1.000E+00

3 1.000E+00 1.OOOE+00 1.OOOE+00 1.O00E+00 1.000E+00' 1.000E+00 1.OOOE+00 1.OOOE+00 1.OOOE+00 1.000E+00
4 1.000E+00 1.OOOE+00 1.OOOE+00 1O000E+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.OOOE+00 1.OOOE+00

5 1.000E+00 1.000E+00 1.OOOE+00 1.OOE+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.OOOE+00



I
I REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUI5N.MIL

PAGE 6

10/07/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

. MARY PRINT
OF POPULATION DOSES COMPUTED FOR TSTEP 1--DOSES SHOWN ARE ANNUAL POPULATION DOSE COMMITMENTS, PERSON-REM PER YEAR

DOSES RECEIVED BY PEOPLE WITHIN 80 KILOMETERS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. 3.263E-06 2.643E-05 4.266E-07 1.982E-05 9.530E-06 1.257E-03

GROUND 1.778E-07 1.778E-07 1.778E-07 1.778E-07 1.778E-07 1.778E-07

CLOUD 1.077E-05 1.077E-05 1.077E-05 1.077E-05 1.077E-05 1.077E-05

VEG. ING 0.000E+00 O.OOOE+00 0.000E+00 O.OOOE+00 0.000E+00 0.000E+00

MEAT ING 0.OOOE+00 O.OOOE+00 0.OOOE+00 0.000E+00 0.OOOE+00 0.000E+00

MILK ING 0.OOOE+00 O.OOOE+00 0.OOOE+00 0.000E÷00 0.OOE+00 0.OOOE+00

RNPLUSS0 O.OOOE+00 O.OOOE+00 0.OOOE+00 0.OOOE+00 0.000E+00 0.OOOE+00

TOTALS 1.421E-05 3.737E-05 1.137E-05 3.076E-05 2.047E-05 1.268E-03

DOSES RECEIVED BY PEOPLE BEYOND 80 KILOMETERS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. 0.OOOE+00 O.0OOE+00 0.000OE+00 0.000E+00 0.O00E+00 0.OO0E+00

GROUND 0.OOOE+00 O.OO0E+00 0.000oE+00 0.000E+00 0.000E+00 0.D00E+00

CLOUD 0.OOOE+00 O.OOOE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

VEG. ING 0.000E+00 0..000+00 0.000E+00 ..OOOE+00 0.000E+O0 0.0005+00

MEAT ING 0.OOOE+00 0.000E+00 0.000E+00 O.OOOE+00 0.OOOE+00 0.000E+00

MILK ING 0.000E+00 0.000E+00 0.000E+00 0.OOOE+00 0.OOOE+00 0.OO0E+00

RNPLUSS0 0.000OE+00 O.000E+O0 0.000E+00 0.OOOE+00 0.000E+00 0.OOOE+00

TOTALS 0.000E+00 0.000E+00 O.000E+00 0.000E+00 0.000E+00 0.000E+00

TOTAL DOSES COMPUTED OVER ALL POPULATIONS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. 3.263E-06 2.643E-05 4.266E-07 1.982E-05 9.530E-06 1.257E-03

GROUND 1.778E-07 1.778E-07 1.778E-07 1.778E-07 1.778E-07 1.778E-07

CLOUD 1.077E-05 1.077E-05 1.077E-05 1.077E-05 1.077E-05 1.077E-05

VEG. ING 0.000E+00 O.OOOE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+oo

MEAT ING O.OOE+00 0.OOOE+00 0.000E+00 0.OOOE+00 0.OOOE+00 0.000E+00

MILK ING O.OOOE+00 O.OOOE+00 0.000++00 0.00000 0.000E+00 0.000E+00

RNPLUS50 0.000E+00 0.000E+00 0.000E+00 O.OOOE+00 0.OOOE+00 0.OOOE+00

TOTALS 1.421E-05 3.737E-05 1.137E-05 3.076E-05 2.047E-05 1.268E-03



* REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15N.MIL

TIME STEP NUMBER 1,

PAGE 7

10/07/11

DURATION IN YRS IS... 5.0

NUMBER 1 NAME=Alliance X= 30.0KM, Y= -45.4KM, Z= -50.OM, DIST= 54.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.0CE+00 0.CCE+00 O.CDE+00 0.OE+00 C.COE+00

CHILD TOTALS 0.OKE+00 0.00CE+00 0.CE+00 .DCE+0O O.OCE+00 0.00 .E+00

TEENAGE TOTALS C.C0E+00 C.00E+00 C.CCE+00 0.0OE+00 0.00E+C 0.00KE+00

ADULT TOTALS C.CCE+00 6.00E+00 C.0CE+00 C.00E+00 O.CCE+00 C.OCE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.18E-06 1.03E-06 4.45E-07 3.79E-06 1.71E-06 4.36E-05

CHILD TOTALS 3.13E-06 1.47E-06 5.86E-07 2.07E-06 1.15E-06 4.36E-05

TEENAGE TOTALS 3.16E-06 2.59E-06 6.83E-07 1.32E-06 9.28E-07 4.36E-05

ADULT TOTALS 3.18E-06- 2.51E-06 8.07E-07 1.34E-06 9.79E-07 4.36E-05

NUMBER 2 NAME=Berea X= 21.5KM, Y= -32.6KM, Z= -SC-OM, DIST=' 39.IKM, IRTYPO= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MRKM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY

TOTALS

TOTALS

TOTALS

TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

C.0DE+00 0.00KCE+00 0.E+00 0.00E+00 0.00E+00 0.00E+00

C.CCE+00 C.00E+00 0.CCE+00 0.00E+00 0.00E+00 0.00E+00

0.00KCE+00 C.E+00 0.00E+00 C.0CE+00 C.CCE+00 C.00E+00

0.00E+00 C.CCE+00 O.-0E+00 0.00E+CC 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.52E-06 1.20E-06 5.94E-07 4.01E-06 1.88E-06 6.35E-05

CHILD TOTALS 4.47E-06 1.65E-06 7:40E-07 2.26E-06 1.31E-06 6.35E-05

TEENAGE TOTALS 4.50E-06 2.79E-06 8.40E-07 1.49E-06 1.09E-06 6.35E-05

ADULT TOTALS 4.52E-06 2.71E-06 9.67E-07 1.51E-06 '1.14E-06 6.35E-05



REGION:

METSET:

Marsland All Well Field CODE: MILDOS-AREA (02/97)

DATA: MarMU15N.MIL

TIME STEP NUMBER 1,

PAGE 8

10/07/12

DURATION IN YRS IS... 5.0

3 NAME=Chardon x= 22.3Km, Y= 35.OKM, Z= -50.OM, DIST= 42.2KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0.DOE+00

0. 0OE+00

0. 0OE+00

0. 00E+00

0. OOE+00

0. OOE+00

0. OOE+00

0. 00E+00

0. OOE+00

0. OE+00

0. 00E+00

0. 00E+00

0.00E+00

0. 00E+00

0. 00E+00

0. OOE+00

0. 0OE+00

0.00E+00

0.00E+00

0. 00E+00

BRONCHI

0.0OE+00

O.OOE+00

0. OE+00

0. OE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.57E-06 8.23E-07 3.60E-07 2.99E-06 1.35E-06 3.52E-05

CHILD TOTALS 2.53E-06 1.17E-06 4.71E-07 1.64E-06 9.12E-07 3.52E-05

TEENAGE TOTALS 2.55E-06 2.05E-06 5.48E-07 1.05E-06 7.40E-07 3.52E-05

ADULT TOTALS 2.57E-06 1.98E-06 6.45E-07 1.06E-06 7.60E-07 3.52E-05

NUMBER 4 NAME-Clinton X= 75.4KM, Y= 26.5KM, Z= -5C.OM, DIST= 79.9KM, IRTYPEM 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV

INFANT TOTALS D.ODE+00

CHILD TOTALS D.ODE+00

TEENAGE TOTALS O.OOE+00

ADULT TOTALS 0.OE+00

BONE AVG.LUNG LIVER KIDNEY BRONCHI

0.OOE+00 0.0OE+0O 0.O0E+00 O.OOE+00 0.OOE+00

0.OE+00 D.O0E+00 0.O0E+00 O.O0E+00 O.OOE+00

0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 O.OOE+00

0.OE+00 0.00OE+00 0.00E+00 D.DOE+00 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV

INFANT TOTALS 1.28E-06

CHILD TOTALS 1.25E-06

TEENAGE TOTALS 1.27E-06

ADULT TOTALS 1.28E-06

BONE

5.74E-07

8.58E-07

1.58E-06

1.53E-06

AVG.IUNG LIVER KIDNEY BRONCHI

1.96E-07 2.36E-06 1.01E-06 1.67E-05

2.85E-07 1.25E-06 6.47E-07 1.67E-05

3.48E-07 7.59E-07 5.05E-07 1.67E-05

4.28E-07 7.71E-07 5.38E-07 1.67E-05



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 9

METSET: DATA: MarMUl5N.MIL 10/07/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

NUMBER 5 NAME=Crawford X= -12.1KM, Y= 20.8KM, Z= -50.0M, DIST= 24.1KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.OOE+00 0.0OE+00 0.00E+00 O.OOE+00 0.00E+00

CHILD TOTALS O.OOE+00 0.ODE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.ODE+00 0.00E+00 0.00E+00 0.OOE+00

ADULT TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.005+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 5.16E-06 1.08E-06 6.40E-07 3.14E-06 1.58E-06 7.41E-05

CHILD TOTALS 5.12E-06 1.41E-06 7.47E-07 1.86E-06 1.17E-06 7.41E-05

TEENAGE TOTALS 5.15E-06 2.24E-06 8.21E-07 1.30E-06 1.00E-06 7.41E-05

ADULT TOTALS 5.16E-06 2.18E-06 9.13E-07 1.31E-06 1.04E-06 7.41E-05

NUMBER 6 NAME=Harrison X= -50.5KM, Y= 22.5KM, Z= 633.OM, DIST= 55.3KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE * PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 •0.00E+00 0.00E+00 0.OOEtOO 000E+00 0.OOE+00

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.OOE+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.92E-06 7.22E-07 2.80E-07 2.79E-06 1.23E-06 2.58E-05

CHILD TOTALS 1.88E-06 1.05E-06 3.86E-07 * 1.50E-06 8.07E-07 2.58E-05

TEENAGE TOTALS 1.91E-06 1.89E-06 4.59E-07 9.37E-07 6.43E-07 2.58E-05

ADULT TOTALS 1.92E-06 1.83E-06 5.52E-07 9.51E-07 6.81E-07 2.58E-05



REGION:

METSET:

Marsland All Well Field CODE: MILDOS-AREA (02/97)

DATA: MarMUl5N.MIL

TIME STEP NUMBER 1,
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10/07/11

DURATION IN YRS IS... 5.0

7 NAME=Hay Springs X= 47.4KM, Y= 18.8KM, Z= -50.OM, DIST= 50.7KM, IRTYPE= 1

40CFRl90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE

0.00E+00 0.OOE+00

0.00E+00 0.00E+00

0.00E+00 0.OOE+00

O.OOE+00 0.OOE+00

* AVG.LUNG LIVER KIDNEY

O.OOE+O0 O.OOE+O0 O.OOE+O0
0.00S+00 O.00E+00 O.OOE+00

0.OOE+O0 0.00E+O0 0.00E+00
O.OOE+00 0.OOE+00 O.OOE+00

D.00E+00 0.OOE+0O D.DOE+OO

BRONCHI

0.00E+00

0.OOE+00

0.OOE+00

O.OOE+0O

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.13E-06 7.10E-07 3.01E-07 2.62E-06 1.18E-06 2.90E-05

CHILD TOTALS 2.09E-06 1.01E-06 3.99E-07 1.43E-06 7.88E-07 2.90E-05

TEENAGE TOTALS 2.11E-06 1.79E-06 4.67E-07 9.08E-07 6.36E-07 2.90E-05

ADULT TOTALS 2.13E-06 1.74E-06 5.53E-07 9.21E-07 6.72E-07 2.90E-05

NUMBER 8 NAME=Hemrmngford X= 14.3KM, Y= -20.4KM, Z= 36.OM, DIST= 24.9KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

-----......................................................................................................

INFANT TOTALS O.OOE+00 O.OOE+00 0.OOE+00 0.OOE+00 0.00OE+00 O.OOE+00

CHILD TOTALS O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+00

TEENAGE TOTALS O.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00

ADULT TOTALS 0.00E+00 O.O0E+00 " 0.OOE+00 0.OK+00 0.OOE+00 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION,' MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

----------------------------. -----------------------------------------------------------------------------.

INFANT TOTALS 8.48E-06 1.84E-06 1.04E-06 5.57E-06 2.75E-06 . 1.22E-04

CHILD TOTALS 8.40E-06 2.44E-06 1.23E-06 3.25E-06 1.99E-06 1.22E-04

TEENAGE TOTALS 8.45E-06 3.95E-06 1.36E-06 2.23E-06 1.70E-06 1.22E-04

ADULT TOTALS 8.47E-06 3.84E-06 1.53E-06 2.25E-06 1.76E-06 1.22E-04



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15N.MIL

TIME.STEP NUMBER I,.
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DURATION IN YRS IS... 5.0

NUMBER 9 NAME=Marsland X= -3.8KM, Y= -6.1KM, Z= -50.OM, DIST= 7.2KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR
0

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0.OOE+00.

0. OOE+00

0. OOE+00

0. OOE+00

0. DOO+00

0. 0OE+00

0. 0OE+00

0. OOE+00

0. OOE+00

0. O0E+00

0.OOE+00

0. OOE+00

O.OOE+00

0.0OE+00

0.00E+00

0.00E+00

0. OOE+00

0. 00E+00

0. OOE+00

0. 00E+00

BRONCHI

0.00E+00

0.OOE+00

0.0OE+00

O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT

CHILD

TEENAGE

ADULT

TOTALS 1.05E-05

TOTALS 1.05E-05

TOTALS 1.05E-05
TOTALS 1.05E-05

1.20E-06 9.58E-07 2.30E-06 1.46E-06 1.59E-04

1.37E-06 1.02E-06 1.61E-06 1.24E-06 1.59E-04

1.82E-06 1.06E-06 1.31E-06 1.15E-06 1.59E-04

1.79E-06 1.11E-06 1.32E-06 1.17E-06 1.59E-04

NUMBER 10 NAME=Mitchell X= -48.5KM, Y= -60.0KM, Z= -50.OM, DIST= 77.2KM, IRTYPE= I'

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

CHILD TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

BRONCHI

O.00E+00

O.00E+00

O.00E+00

O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 9.38E-07 4.58E-07 1.46E-07 1.93E-06 8.17E-07 1.21E-05

CHILD TOTALS 9.09E-07 6.93E-07 2.20E-07 1.01E-06 5.18E-07 1.21E-05

TEENAGE TOTALS 9.27E-07 1.29E-06 2.72E-07 6.11E-07 4.02E-07 1.21E-05

ADULT TOTALS 9.37E-07 1.25E-06 3.38E-07 6.20E-07 4.29E-07 1.21E-05'



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5N.MIL

TIME STEP NUMBER 1,

PAGE 12

10/07/11

DURATION IN YRS IS... 5.0

W BER 11

NAME=Oelrichs X= 4.9KM, Y= 75.3KM, Z= -50.0M, DIST= 75.5KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS O.00E+00 O.DOE+00 O.OOE+00 O.0OE+00 O.0OE+00 O.D0E+00

CHILD TOTALS 0.00E+00 O.OOE+00 D.OOE+00 O.OE+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.OOE+00 O.OOE+00 O.OOE+00 O.DOE+00 O.0OE+00 0.00E+00

ADULT TOTALS O.OOE+00 0.00E+OO 0.ODE+00 O.OOE+00 O.0OE+00 D.0OE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE

INFANT

CHILD

TEENAGE

ADULT

PATHWAY

TOTALS

TOTALS

TOTALS

TOTALS

EFFECTIV

1.51E-06

1.47E-06

1.49E-06

1.51E-06

BONE AVG.LUNG LIVER KIDNEY BRONCHI

6.99E-07 2.32E-07 2.90E-06 1.23E-06 1.96E-05

1.05E-06 3.43E-07 1.53E-06 7.89E-07 1.96E-05

1.94E-06 4.20E-07 9.27E-07 6.14E-07 1.96E-05

1.88E-06 5.19E-07 9.42E-07 6.55E-07 1.96E-05

NUMBER 12 NAME=Rushville X= 66.0KM, Y= 22.0KM, Z= -50O.M, DIST= 69.6KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER - KIDNEY BRONCHI

INFANT TOTALS O.OOE+00 D.OOE+00 D.OOE+00 D.DDE+00 O.00E+00 D.UOE+00

CHILD TOTALS O.D0E+0O O.OOE+00 O.O0E+00 O.OOE+00 O.O0E+00 O.O0E+00

TEENAGE TOTALS O.OOE+00 0.00E+OO O.DDE+00 O.ODE+00 O.OOE+00 0.00E+00

ADULT TOTALS O.0OE+00 O.OOE+00 O.DDE+00 O.OQE+00 O.ODE+00 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT " TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

1.48E-06 6.05E-07 2.21E-07 2.41E-06 1.05E-06 1.97E-05

1.45E-06 8.93E-07 3.12E-07 1.28E-06 6.79E-07 1.97E-05

1.47E-06 1.63E-06 3.76E-07 7.93E-07 5.36E-07 1.97E-05

1.48E-06 1.57E"06 4.57E-07 8.04E-07 5.69E-07 1.97E-05



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU1SN.MIL

TIME STEP NUMBER 1,

PAGE 13

10/07/11

DURATION IN YRS IS... 5.0

NUMBER 13 NAME=Scottsbluff X= -36.3KM, Y= -68.9KM, Z= -50.OM, DIST= 77.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0.00E+00

0. OOE+00

0. OOE+00

0. OOE+00

0. 00E+00

0. 00E+00

0.DOE+00

0. OOE+00

0. 00E+00

0. 00E+00

0. OOE+00

0. 00E+00

0.00E+00

0.OOE+00

0.00E+00

0. 00E+00

0. OOE+O0

0. 00E+00

0. 00E+00

0.00E+00

BRONCHI

O.OOE+00

0.00E+00

0.00E+00

0. 0"0+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.05E-06 4.99E-07 1.63E-07 2.08E-06 8.85E-07 1.35E-05

CHILD TOTALS 1.02E-06 7.52E-07 2.42E-07 1.10E-06 5.64E-07 1.35E-05

TEENAGE TOTALS 1.04E-06 1.40E-06 2.98E-07 6.63E-67 4.38E-07 1.35E-05

ADULT TOTALS 1.05E-06 1.35E-06 3.69E-07 6.74E-07 4.67E-07 1.35E-05

NUMBER 14 NAME=Van Tassell X= -67.5KM, Y= 21.0KM, Z= 49.OM, DIST= 70.7KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.O0E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.OOE+00 O.DOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

TEENAGE TOTALS O.OOE+00 0.OOE+00 0.OOE+00 O.OOE+00 0.OOE+00 0.OOE+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.40E-06 6.13E-07 2.12E-07 2.50E-06 1.07E-06 1.84E-05

CHILD TOTALS 1.36E-06 9.13E-07 3.08E-07 1.32E-06 6.90E-07 1.84E-05

TEENAGE TOTALS 1.39E-06 1.68E-06 3.74E-07 8.08E-07 5.40E-07 1.84E-05

ADULT TOTALS 1.40E-06 1.62E-06 4.58E-07 8.21E-07 5.75E-07 1.84E-05



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5N.MIL

- TIME STEP NUMBER 1,

PAGE 14

10/07/11'

DURATION IN YRS IS... 5.0

UER 15

NAME=Whitney X= 1.2KM, Y= 31.4KM, Z= -50.0M, DIST= 31.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

-------------------------------7 --------------------------------------------------------------------------

AGE PATHWAY EFFECTIV

..........................................

INFANT TOTALS 0.OOE+00

CHILD TOTALS O.OOE+00

TEENAGE TOTALS O.OOE+00

ADULT TOTALS 0.00E+00

BONE AVG.LUNG LIVER

O.OOE+00 0.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00 O.0OE+00

0.0OE+00 O.OOE+00 0.00E+OO

O.00E+00 0.OOE+00 O.OOE+00

KIDNEY BRONCHI

O.OOE+00 O.DOE+00

0.0OE+00 O.OOE+00

0.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.84E-06 9.88E-07 5.02E-07 3.25E-06 1.54E-06 5.41E-05

CHILD TOTALS 3.80E-06 1.35E-06 6.20E-07 1.84E-06 1.088-06 5.41E-05

TEENAGE TOTALS 3.82E-06 2.27E-06 7.OOE-07 1.22E-06 9.01E-07 5.41E-05

ADULT TOTALS 3.84E-06 2.20E-06 8.02E-07 1.24E-06 9.43E-07 5.41E-05

NUMBER 16 NAME=Residence 1 X= -0.8KM, Y= -0.4KM, Z= 6.0M, DIST= 0.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR
. . . . . . . . . . . . . . . . . . . . . . -_ _ _ --. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE PATHWAY EFFECTIV BONE

INFANT TOTALS O.OOE+00 D.OOE+00

CHILD TOTALS 0.O0E+00 O.OOE+00

TEENAGE TOTALS 0.OOE+00 0.OOE+00

ADULT TOTALS O.OOE+00 O.OOE+00

AVG.LUNG LIVER KIDNEY BRONCHI

0.OOE+00 0.OOE+00 .OOE+00 O.OOE+00

0.OOE+00 O.OOE+00 0.OOE+00 O.00E+00

O.OOE+00 O.OOE+00 O.DOE+00 O.OOE+00

O.OOE+00 0.00E+00 O.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.48E-04 5.62E-06 5.41E-06 6.57E-06 5.85E-06 2.38E-03

CHILD TOTALS 1.48E-04 5.77E-06 5.46E-06 5.97E-06 5.66E-06 2.38E-03

TEENAGE TOTALS 1.48E-04 6.15E-06 5.50E-06 5.72E-06 5.58E-06 2.38E-03

ADULT TOTALS 1.48E-04 6.13E-06 5.54E-06 5.72E-06 5.60E-06 2.38E-03



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15N.MIL

TIME STEP NUMBER 1,

PAGE 15

10/07/11

DURATION IN YRS IS... 5.0

NUMBER 17 NAME=Residence 2 X= 1.UKM, Y= 0.3KM, Z= -4.OM, DIST= 1OCKM, IRTYPE= 1

40CFR190 ANNUAL, DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREN/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV

0. OOE+00

0.OOE+00

0. OOE+00

0.0 0E+00

BONE AVG.LUNG LIVER KIDNEY BRONCHI

0.00E+00 0.ODE+00 0.OOE+00 0.00E+00 0.OOE+00

0.O0E+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00

0.D0E+00 0.0OE+00 0.00E+00 0.OOE+00 0.OOE+00

0.D0E+00 0.ODE+00 0.00E+00 0.OOE+00 0.0OE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV

4.-31E-04

4.31E-04

4.31E-04

4.31E-04

BONE AVG.LUNG LIVER KIDNEY BRONCHI

5.60E-06 5.49E-06 6.10E-06 5.72E-06 7.10E-03

5.68E-06 5.52E-06 5.79E-06 5.62E-06 7.10E-03

5.88E-06 5.53E-06 5.65E-06 5.58E-06 7.10E-03

5.86E-06 5.56E-06 5.65E-06 5.59E-06 7.10E-03

NUMBER 18 NAME=Residence 3 X= -0.8KM, Y= -1.9KM, Z= -16.OM, DIST= 2.1KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.O0E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

CHILD TOTALS 0.OOE+00 0.00E+00 0.O0E+00 0.0OE+00 .0.0OE+00 0.OOE+00

TEENAGE TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 O.OOE+00

ADULT TOTALS 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 0.O0E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 6.53E-05 4.03E-06 3.76E-06 5.26E-06 4.33E-06 1.03E-03

CHILD TOTALS 6.53E-05 4.22E-06 3.83E-06 4.49E-06 4.08E-06 1.03E-03

TEENAGE TOTALS 6.53E-05 4.72E-06 3.87E-06 4.15E-06 3.98E-06 1.03E-03

ADULT TOTALS 6.53E-05 4.69E-06 3.93E-06 4.16E-06 4.OOE-06 1.03E-03



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5N.MIL

TIME STEP NUMBER 1,

PAGE 16

10/07/11

DURATION IN YRS IS... 5.0

. ER 19

NAME=Residence 4 X= -0.4KM, Y= -3.4KM, Z= -31.OM, DIST= 3.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS O.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+OQ

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 0.O0E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.60E+00 D.DOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV

3.98E-05

3.97E-05

3.97E-05

3.97E-05

BONE AVG.LUNG LIVER KIDNEY BRONCHI

3.09E-06 2.78E-06 4.53E-06 3.44E-06 6.18E-04

3.32E-06 2.85E-06 3.63E-06 3.15E-06 6.18E-04

3.90E-06 2.90E-06 3.24E-06 3.03E-06 6.18E-04

3.86E-06 2.97E-06 3.25E-06 3.06E-06 6.18E-04

NUMBER 20 NAME=Residence 5 X= 1.9KM, Y= -4.3KM, Z= -36.OM, DIST= 4.7KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 O.O0E+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00

CHILD TOTALS 0.00E+00 *0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.05E+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00

ADULT TOTALS 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI'

INFANT TOTALS 4.70E-05 3.91E-06. 3.42E-06 6.16E-06 4.46E-06 7.28E-04

CHILD TOTALS 4.70E-05 4.27E-06 3.54E-06 4.76E-06 4.00E-06 7.28E-04

TEENAGE TOTALS 4.70E-05 5.18E-06 3.62E-06 4.14E-06 3.82E-06 7.28E-04

ADULT TOTALS 4.70E-05 5.12E-06 3.72E-06 4.16E-06 3.86E-06 7.28E-04



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 17

METSET: DATA: MarMUl5N.MIL 10/07/11

TIME STEP NUMBER 1, DURATION IN YRS IS...' 5.0

NUMBER 21 NAME=Residence 6 X= -4.7KM, Y= 1.9KM, Z= 22.OM, DIST= 5.1KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 O.00E+00 0.OOE+00 0.OOE+00

CHILD TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

TEENAGE TOTALS 0.00E+00 0.00E+00 O.OOE+00 0.OOE+00 0.OOE+00 O.OOE+00

ADULT TOTALS D.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 O.OOE+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.13E-05 2.92E-06 2.56E-06 4.58E-06 3.32E-06 4.80E-04

CHILD TOTALS 3.13E-05 3.19E-06 2.65E-06 3.54E-06 2.99E-06 4.80E-04

TEENAGE TOTALS 3.13E-05 3.86E-06 2.71E-06 3.09E-06 2.86E-06 4.80E-04

ADULT TOTALS 3.13E-05 3.81E-06 2.78E-06 3.10E-06 2.89E-06 4.80E-04

NUMBER 22 NAME=Residence 7 X= 2.4KM, Y= 3.6KM, Z= 76.OM, DIST= 4.3KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

CHILD TOTALS O.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00

TEENAGE TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.OOE+00 0.001E+00 0.00E+00 0.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 5.47E-05 4.40E-06 4.00E-06 6.26E-06 4.85E-06 8.48E-04

CHILD TOTALS 5.47E-05 4.70E-06 4.10E-06 5.10E-06 4.48E-06 8.48E-04

TEENAGE TOTALS 5.47E-05 5.45E-06 4.16E-06 4.59E-06 4.33E-06 8.48E-04

ADULT TOTALS 5.47E-05 5.40E-06 4.25E-06 4.61E-06 4.36E-06 8.48E-04



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 18

METSET: DATA: MarMU15N.MIL 10/07/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

BER 23 NAME=Residence 8 X= 4.7KM, Y= -4.4KM, Z= -50.OM, DIST= 6.4KM, IRTYPE= I

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS O.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.00E+OO

CHILD TOTALS O.OOE+00 0.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00

TEENAGE TOTALS O.OOE+00 O.OOE+00 0.00E+00 0.00E+00 0.OOE+00 O.OOE+00

ADULT TOTALS O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.03E-05 1.58E-06 - 1.34E-06 2.69E-06 1.85E-06 3.16E-04

CHILD TOTALS 2.02E-05 1.75E-06 1.39E-06 1.99E-06 1.62E-06 3.16E-04

TEENAGE TOTALS 2.03E-05 2.20E-06 1.43E-06 1.69E-06 1.53E-06 3.16E-04

ADULT TOTALS 2.03E-05 2.17E-06 1.48E-06 1.70E-06 1.55E-06 3.16E-04

NUMBER 24 NAME=Unoccupied 1 X= -0.9KM, Y= 2.0KM, Z= 21.0M, DIST= 2.2KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

CHILD TOTALS O.OOE+00 O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00

TEENAGE TOTALS O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

ADULT TOTALS O.00E+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+OO

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 5.98E-04 6.48E-06 6.32E-06 7.25E-06 6.67E-06 9.86E-03

CHILD TOTALS 5.97E-04 6.61E-06 6.36E-06 6.77E-06 6.51K-06 9.86E-03

TEENAGE TOTALS 5.97E-04 6.91E-06 6.39E-06 6.56E-06 6.45E-06 9.86E-03

ADULT TOTALS 5.98E-04 6.89E-06 6.42E7 06 6.57E-06 6.47E-06 9.86E-03



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 19

METSET: DATA: MarMUI5N.MIL 10/07/11

TIME STEP NUMBER 1, DURATION IN YRS IS.... 5.0

NUMBER 25 NA.ME=Unoccupied 2 X= 2.0KM, Y= 2.8KM, Z= 69.DM, DIST= 3.4KM, IRTYPE= 1

40CFRIg0 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

--------------------------------------. - ------------------------------------------------------------------.

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.DOE+00 0.D0E+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.0OE+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 7.71E-05 5.02E-06 4.68E-06 6.57E-06 5.39E-06 1.21E-03

CHILD TOTALS 7.71E-05 5.26E-06 4.76E-06 5.60E-06 5.08E-06 1.21E-03

TEENAGE TOTALS 7.71E-05 5.90E-06 4.82E-06 5.18E-06 4.96E-06 1.21E-03

ADULT TOTALS 7.71E-05 5.85E-06 4.89E-06 5.19E-06 4.98E-06 1.21E-03

NUMBER 26 NAME=North Boundary X= -0.7KM, Y= 0.7KM, Z= 29.OM, DIST= 1.0KM, IRTYPE= 1

40CFR90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR 0
AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY' BRONCHI

INFANT TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 O.OOE+00 0.00E+00

CHILD TOTALS 0.005+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.DOE+00 0.OOE+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 O.OOE+00 0.OOE+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.87E-04 7.29E-06 7.14E-06 7.98E-06 7.46E-06 6.34E-03

CHILD TOTALS 3.87E-04 7.40E-06 7.18E-06 7.55E-06 7.32E-06 6.34E-03

TEENAGE TOTALS 3.87E-04 7.68E-06 7.21E-06 7.37E-06 7.27E-06 6.34E-03

ADULT TOTALS 3.87E-04 7.66E-06 7.24E-06 7.37E-06 7.28E-06 6.34E-03



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUI5N.MIL

TIME STEP NUMBER 1,

PAGE' 20

10/07/11

DURATION IN YRS IS... 5.0

, BER 27

NAME=East Boundary X= 1.4KM, Y= 0.3KM, Z= -20.OM, DIST= 1.4KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

CHILD TOTALS 0.OOE+00 0.00E+00 0.OOE+00 O.00E+00 0.OOE+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 0.OOE+00

ADULT TOTALS 0.OOE+00 O.OOE+00 O.OOE+00 0.00E+00 0.OOE+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREN/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.68E-04 3.06E-06 2.99E-06 3.39E-06 3.14E-06 2.76E-03

CHILD TOTALS 1.68E-04 3.11E-06 3.00E-06 3.18E-06 3.07E-06 2.76E-03

TEENAGE TOTALS 1.68E-04 3.24E-06 3.02E-06 3.09E-06 3.04E-06 2.76E-03

ADULT TOTALS 1.68E-04 3.23E-06 3.03E-06 3.09E-06 3.05E-06 2.76E-03

NUMBER 28 NAME=South Boundary X0 F.1KM, Y= -0.5KM, Z= 13.ON, DIST= 0.5KM, IRTYPEM 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/Y-R

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS O.OOE+00 0.OOE+00 0.OOE+00 0.OQE+00

CHILD TOTALS 0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00

TEENAGE TOTALS 0.0OE+00 0.OOE+00 0.OOE+00 0.O0E+00

ADULT TOTALS O.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

KIDNEY BRONCHI

0.00E+00 0.00E+00

0.OOE+00 0.00E+00

0.OOE+00 0.OOE+00

O.OOE+00 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.39E-04 8.34E-06 8.07E-06 9.58E-06 8.64E-06 5.52E-03

CHILD TOTALS 3.39E-04 8.53E-06 8.13E-06 8.81E-06 8.39E-06 5.52E-03

TEENAGE TOTALS 3.39E-04 9.04E-06 8.18E-06 8.47E-06 8.29E-06 5.52E-03

ADULT TOTALS 3.39E-04 9.00E-06 8.23E-06 8.47E-06 8.31E-06 5.52E-03



REGION: Marsland All Well 'Field CODE: MILDOS-AREA (02/97) PAGE 21

METSET: DATA: MarMUl5N.MIL 10/07/11

TIME STEP NUMBER 1, DURATION IN YRS IS;... 5.0

NUMBER 29 NAME=West Boundary VX= -0.7KM, Y= 0.0KM, Z= 49.DM, DIST= 0.7KM, IRTYPE= 1

40CFRl90,ANNUAL ,DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.DOE+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

ADULT TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00+E00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

,AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

'INFANT TOTALS 2.25E-04 6.76E-06 6.56E-06 7.68E-06 6.98E-06 3.65E-03

'CHILD TOTALS 2.25E-04 6.91E-06 6.61E-06 7.11E-06 6.80E-06 3.65E-03

TEENAGE TOTALS 2.25E-04 7.28E-06 6.64E-06 6.86E-06 6.73E-06 3.65E-03

ADULT TOTALS 2.25E-04 7.25E-06 6.68E-06' 6.86E-06 6.74E-06 3.65E-03

NUMBER 30 NAME=Minatare X= -22.4KM, Y= -75.6KM, Z= -41.4M, DIST= 78.8KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00

CHILD TOTALS .0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.00E+00 0:.00E+00

ADULT TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG 'LIVER KIDNEY BRONCHI

INFANT TOTALS 1.33E-06 6.23E-07 2.05E-07 2.60E-06 1.10E-06 1.72E-05

CHILD TOTALS 1.29E-06 9.37E-07 3.04E-07 1.37E-06 7.04E-07 1.72E-05

TEENAGE TOTALS 1.31E-06 1.74E-06 3.73E-07 8.28E-07 5.47E-07 1.72E-05

ADULT TOTALS 1.32E-06 1.68E-06 4.61E-07 8.41E-07 5.84E-07 1.72E-05

Program execution time = 2.03 seconds
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S
EXECUTIVE SUMMARY

Radiation dose rates were determined using the Nuclear Regulatory Commission (NRC)
computer code MILDOS for the Crow Butte Resources Marsland Expansion Area (MEA) in-situ
uranium recovery facility near Marsland Nebraska. The operation is expected to have 11 Mine
Units (MUs), with up to a 30-year total life required to complete restoration.

The MILDOS evaluation of radiation doses showed that for typical operating conditions:

* Dose rates to the public at the property boundaries, the cities and towns within an 80 km
radius from the MEA, and at the nearest residence were below the 100 mrem/yr limit
specified in 10 CFR 20 (total effective dose equivalent).

* The highest MEA boundary dose rate was 93 mrem/yr at the south property boundary.
* The highest residential dose rate was 13 mrem/yr at Residence 1.
* The highest dose rate at cities and towns within an 80 km radius from the MEA was 0.9

mremnyr at the town of Hemingford.
* The 10 CFR 190 dose rate was 0 mrem/yr which was below the 10 mrem/yr dose limit

for emissions that exclude radon and its progeny.
* The population effective dose rate within 80 km radius from the MEA Project was 1.3

person-rem/yr and 0 person-rem/yr beyond 80 km.
* Assuming an unrealistic upper bound purge rate, the maximum dose to the public onsite

10 hours/month is 3 mrem/yr.
* Assuming an unrealistic upper bound purge rate, the maximum occupational dose rate

to employees and contractors onsite 1500 hours/yr is 35 mrem/yr

For comparison naturally occurring background radiation, from cosmic and terrestrial sources, is
approximately 365 mrem/yr.

A sensitivity analysis demonstrated that:

" When assuming an unrealistic upper bound purge rate of 222 gallons per minute the dose
rates never exceeded 100 mrem/yr.

" Radiation doses calculated using a 25% / 75% distribution of radon released from the
mine unit header houses and from the satellite plant did not appear significantly different
from the doses calculated using a 10% / 90% distribution.



OBJECTIVE

Determine the radiation doses to members of the public within an 80 km radius of the MEA
using the NRC computer code MILDOS. Determine the potential annual dose rate to workers on
the site. Determine the sensitivity of the MILDOS estimates of radiation dose.

PROJECT DESCRIPTION

The MEA is located in northwestern Nebraska in Dawes County near Crawford Nebraska. See
Figure 1.

Figure 2 is the site layout map of the MEA which shows MUs 1 through 5 and A through F..

The wells in each mine unit will pump oxygenated water through the underground ore zone to
extract uranium. The pregnant lixiviant is then pumped to an ion exchange column for removal
of the uranium, and then back underground to extract additional uranium. The resin from the
MEA will be trucked to the Crow Butte Central Processing facility near Crawford, Nebraska for
removal of the uranium from the resin, after which the resin is returned to the MEA.

RADIOACTIVE EFFLUENTS

Radon-222 gas and its decay products are the only radioactive effluents from the MEA under
normal operating conditions. Radon is released into the atmosphere at the following locations:

* New Well Fields - When wells are drilled into the ore body, ore cuttings are transported
to the ground surface in the drilling mud. The cuttings are temporarily stored in mud pits
where radon-222 is released from the radium-226 in the cuttings. The quantity of radon-
222 released from new well fields is much less than 1% of the radon-222 released during
well field production as shown in the following section "MILDOS Output - Radiation
Dose Rates."

* Production Well Fields - Radon-222 is released from 2 locations during production and
restoration. The largest source of radon is from the satellite building. There radon is
released from the purge water storage tanks prior to being injected back into the ore body
and from the removal of resins from the ion exchange columns. The second largest
source of radon outside of the satellite building is from the well heads and valves in each
mining unit.

* Restoration Well Fields - Radon is released during restoration of the well fields.
" Land Application - The MEA site does not use land application or evaporation ponds.

I



Figure 1. Significant Population Centers within 80 km (50 mile) Radius of the Marsland
Site
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Figuse 2. Marsdand Expansion Art* Map
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Figure 3. Marsland Expansion Area Water Balance
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Figure 4. Wind Rose
Expansion Met Station N
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Under accident conditions where process water escapes from the process piping and/or tanks,
uranium and radium-226 are released on the ground and radon into the air. Those releases are
anticipated to be within the process area, are cleaned up locally, and release small amounts of
radon similar in magnitude to the radon released by drill cuttings from new well installations.

MARSLAND EXPANSION AREA OPERATIONS

Eleven mining units are planned for the MEA. MUs 1 through 5 and then A through F will be
brought into production sequentially every 2 years, operated 5 years and then restored for an
estimated 5 years. Based upon the State of Nebraska Class III UIC requirements, no more than
five MUs may in operation or restoration at any one time. The result is an estimated 30 year
operational life..

Table 1 shows the sequence of production and restoration for MU 1 through 5. Subsequently,
MUs A through F will be added during years 11 through 21. By year 30, it is expected that MU-
F will have completed restoration.
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The maximum doses associated with at the MEA occur when the greatest number of mine units
is in production or in restoration, and when the combination of mine units releases the greatest
amount of radon. Radon production was calculated for each mine unit by MILDOS. The
maximum impact at the MEA occurs in years 9 and 10 when MUs 1 through 5 are in production
or restoration and MUs 1 through 5 release more radon than is released from any other
combination of MUs throughout the 30 year lifespan of the MEA project.

Table 1 Production and Restoration Schedule for MUs 1 through 5)

Yr 1 Yr I Yr 3 Yr4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9
MU-1P MU-1P MU-1P MU-1P MU-1P MU-1R MU-1R MU-IR MU-1R

MU-2P MU-2P MU-2P MU-2P MU-2P MU-2R MU-2R
MU-3P MU-3P MU-3P MU-3P MU-3P

MU-4P MU-4P MU-4P
MU-5P

Yr 10 Yr 11 Yr 12 Yrl3 Yr 14 Yr 15 Yr 16 Yr-17 Yr-18
MU-1R
MU-2R MU-2R MU-2R
MU-3R MU-3R MU-3R MU-3R Mu-3R
MU-4P MU-4P MU-4R MU-4R MU-4R MU-4R MU-4R
MU-5P MU-5P MU-5P MU-5P MU-5R MU-5R MU-5R MU-5R MU-5R

(P = Production R = Restoration)

MILDOS

The computer code MILDOS was used to determine the impact of radon-222 release on the
surrounding populations. The code was originally designed to address the impacts of uranium
mill operations but was subsequently updated in 1998 to include the impacts of uranium in-situ
leaching operations using a MS Windows format. The code was developed by Argonne National
Laboratory for the NRC to assess the radiological impacts and regulatory compliance of a
release. The code is a Gaussian-plumb, air-dispersion model which utilizes user-provided wind
frequency data. Mechanisms such as radioactive decay and ingrowth of daughter radionuclides
are included in the code. The code calculates the radiation doses at any location within an 80 km
radius in 16 compass directions for a large number of radiological sources.

MILDOS INPUT - WEATHER DATA

The MEA is located in northwestern Nebraska in Dawes County near Crawford Nebraska.
Weather data was collected onsite from 8/24/2010 to 8/29/2011.

"The High Plains are a subregion of the Great Plains mostly in the Western United States, but
also partly in the Midwest states of Nebraska, Kansas, and South Dakota, generally
encompassing the western part of the Great Plains before the region reaches the Rocky
Mountains. From east to west, the High Plains rise in elevation from around 1,160 feet (350 m)

6



to over 7,800 feet (2,400 in). The High Plains are semi-arid, receiving between 10-20 inches
(250-510 mm) of precipitation annually. Shortgrass prairie, prickly pear cacti and scrub
vegetation cover the region, with occasional buttes or other rocky outcrops. Agriculture in the
forms of cattle ranching and the growing of wheat, cotton and sunflowers is the primary
economic activity in the region. The High Plains has one of the lowest population densities of
any region in the continental United States. Due to low moisture and high elevation, the High
Plains commonly experiences wide ranges and extremes in temperature. The temperature range
from day to night commonly exceeds 59 IF (15 'C), and 24-hour temperature shifts of 68 to 77
IF (20 to 25 'C) are not unknown. The region is known for the steady, and sometimes intense,
winds that prevail from the west. [At the MEA the prevailing wind direction is from the NNW.]
The winds add a considerable wind chill factor in the winter. The development of wind farms in
the High Plains is one of the newest areas of economic development." (Wikipedia)

The MEA weather data were collected using an on-site meteorological station consistent with
NRC Regulatory Guide 3.63 and converted to the STAR (STBability ABay) format using the
NRC speed classes for seasonal-wind-frequency distributions. Radiation doses were calculated
by MILDOS using that MEA weather data. (See Appendix A).

MILDOS INPUT - OPERATIONAL DATA

The MEA operational data for are presented in Table 2. The mine unit locations are expressed on
a grid system with the MEA satellite facility as the center, km east as positive values, km west as
negative values, km north as positive values, km south as negative values, meters elevation as
positive values, and meters depression as negative values. The circulation volume is the volume
of the entire extraction circuit from the injection well to the IX column and return.

Consistent with prior Crow Butte MILDOS Modeling, the radon from the MEA is released to the
environment in the following proportions:

25% of the radon from the mine well field header houses, and
75% of the radon from the satellite plant vent.

Radon released from the open tanks and the IX column in the satellite plant will be vented from
the plant through a stack with an estimated exit velocity of 10 m/sec.

In addition, the radon releases at MEA account for the use of deep disposal wells for
management of purge water. The usual MILDOS model assumes that 100% of the radon is
released to the atmosphere by disposing of the purge water using spay irrigation or evaporation
ponds. In contrast, at the MEA the MILDOS evaluation assumes that 20% of the radon in the
purge water will be released, because purge water at the MEA will be disposed in a deep disposal
well. In all likelihood the 20% is an overestimate since the purge water delivery system is a
closed pressurized system, with the exception of vents on the equalization tanks. The release of
20% of the radon from the purge water is entered into the MILDOS model as 20% of the
maximum purge rate of 222 gallon per minute show in Figure 3 for production and restoration
occurring simultaneously. Twenty percent of 222 gallons per minute is 44 gallons per minute
which is the purge rate used to calculate radiation doses at MEA for typical operating conditions.

7



MILDOS INPUT - NEW WELL DATA

The following data was used to determine the doses from the new wells:

Storage time in the pits 12 days
Ore material in the pits 3.5E6 g/yr
Number of pits 12

MILDOS INPUT - RADIATION DOSE LOCATIONS DATA

Radiation doses were calculated using MILDOS at:
0 Cities and towns within 80 km radius of MEA.
* The north, south, east and west boundaries of MEA using the grid system with the center

point at the MEA satellite facility.
* Eight residences on the MEA. Residence 2 was the nearest downwind residence.
* Two unoccupied structures on the MEA

The X and Y coordinates in kilometers and the Z coordinate in meters for each of those locations
are shown in Table 3.

8
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Table 2 Operational Data for Mine Units 1 through 5 and A through F

S

Location X km Y km Z m Ra Em Thick Den Area

MU-1

MU-2

MU-3

MU-4

MU-5

MU-A

MU-B

MU-C

MU-D

MU-E

MU-F
Locations
X
Y
z
Ra
EM. FR
THICK
DEN
AREA
FR Rn
COL VOL
Rn VENT
Col Util
POR
Op Days
CIR VOL
PURGE

-0.56

-0.55

-0.15

0.43

0.84

-0.86

1.12

1.74

2.42

2.74

2.90

2.23

1.65

0.95

0.13

-0.45

2.88

-1.02

-2.33

-3.56

-3.98

-4.30

27

16

13

-4

-14

45

-15

-25

-36

-42

-47

pCi/g
620

620

620

620

620

620

620

620

620

620
620

FR

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

m

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

g/cm*3 m*2

1.89

1.89

1.89

1.89

1.89

1.89

1.89

1.89

1.89

1.89

1.89

3.02E+05

2.70E+05

1.71E+05

2.43E+05

1.82E+05

2.66E+05

2.48E+05

4.58E+04

2.45E+05

2.08E+05

1.06E+05

Fr
Rn

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.8

Col Vol Rn vent Col Util Por Op Cir Vol Purg

L

1.41E+05

1.41E+05

1.41E+05

1.41E+05

1.41E+05

1.41E+05

1.41E+05

1.41E+05

1.41E+05

1.41E+05

1.41E+05

/d

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

5.OOE-01
5.OOE-01
5.OOE-01
5.OOE-01
5.OOE-01
5.OOE-01
5.OOE-01
5.OOE-01
5.OOE-01
5.OOE-01
5.OOE-01

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

0.29

days

365

365

365

365

365

365

365

365

365

365

365

L

3.40E+08

3.40E+08

3.40E+08

3.40E+08

3.40E+08

3.40E+08

3.40E+08

3.40E+08

3.40E+08

3.40E+08

3.40E+08

L/d

2.42E+05

2.42E+05

2.42E+05

2.42E+05

2.42E+05

2.42E+05

2.42E+05

2.42E+05

2.42E+05

2.42E+05

2.42E+05
= Well unit
= Km from Marsland satellite (+) = East, (-) = West
= Km from Marsland satellite (+) = North, (-) = South
= m elevation (+) = above the satellite, (-) = below the satellite
= Radium concentration
= Radon emanation fraction
= Thickness of ore in m
= Density of ore in g/cm 3

= Area of well unit
= Fraction of Radon in process water
= Ion-Exchange column volume in L
= Rate of Radon venting from process water
= Ion-Exchange column unloading rate
= Porosity of ion exchange resin
= Days of operation in days
= Volume of process water in circulation in L
= Treated water purge rate in L/d

9



S
Table 3 Locations Relative to Satellite Plant Where Radiation Doses Were Calculated by
MILDOS

Location
Alliance
Berea
Chadron
Clinton
Crawford
Harrison
Hay Springs
Hemmingford
Marsland
Minatare
Mitchell
Oelrichs
Rushville
Scottsbluff
Van Tassell
Whitney
Residence 1

Residence 2
Residence 3
Residence 4
Residence 5
Residence 6
Residence 7
Residence 8
Unoccupied 1
Unoccupied 2
North Boundary
East Boundary
South Boundary
West boundary

X (km) Y (km)
30.0 -45.4
21.5 -32.6
22.3 35.8
75.4 26.5
-12.1 20.8
-50.5 22.9
47.1 18.8
14.3 -20.4
-3.8 -6.1

-23.4 -75.6
-48.5 -60.0
4.9 75.3

66.0 22.0
-36.3 -68.9
-67.5 21.0

1.2 31.4
-0.8 -0.4

Z (i)
-50
-50
-50
-50
-50
633
-50
36
-50

-41.4
-50
-50
-50
-50
515
-50
6

-4
-16
-31
-36
22
76
-50
21
69
29
-20
13
49

1.0
-0.8
0.4
1.9

-4.7
2.4
4.7
-0.9
2.0
0.0
1.4
0.0
-0.7

0.3
-1.9
-3.4
-4.2
1.9
3.6
-4.4
2.0
2.8
2.6
0.3
-0.5
0.0

Minimum value for MILDOS is -50 m.

0
10



MILDOS INPUT - POPULATION DATA

Table 4 presents the population within an 80 km radius of the MEA. The largest values in Table
4 show where the cities are located. For example Scottsbluff is approximately 80 km SSW of the
MEA.

MILDOS INPUT - OCCUPATIONAL DOSE RATE

Occupational dose rates to Cameco employees, contractors, and visitors to the MEA were
evaluated using the following criteria:

* Radon is the main source of radiation.
" Radon is released at the header house for each mine unit and from the satellite vent stack.
" The header houses are continuously vented using fans.
" Locations 0.1 km east of the header houses and 0.1 km east of the satellite plant are locations

on site where radon from the header houses and satellite plant vent stack mix. These
locations are considered representative of the radon concentration present on the MEA.

MILDOS OUTPUT - RADIATION DOSE RATES

Table 5 presents the dose rates calculated for the major cities and towns within 80 kin radius of
the MEA, 8 residences, 2 unoccupied structures, and for the north, south, east, and west property
boundaries. The dose rates were calculated using the MEA weather data and using a purge rate
of 44 gallon per minute for the closed-pressurized uranium extraction circuit used at the MEA
site.

Since radon is released from both the mine fields header-houses and from the satellite plant, the
doses were proportioned 25% from the mine fields and 75% from the satellite. Table 5 presents
the TOTAL DOSE FROM THE MEA MUs 1 through 5 and A through F under typical
operating conditions from both sources of radon. Conclusions from those dose rates are as
follows:

* All dose rates to the public at the property boundaries, the cities and towns within an 80
km radius from the MEA, and at the nearest residence were below the 100 mrem/yr limit
specified in 10 CFR 20 (total effective dose equivalent).

" The highest MEA boundary dose rate was 93 mrem/yr at the south property boundary.
* The highest residential dose rate was 13 mrem/yr at residence 1.
" The highest dose rate at cities and towns within an 80 km radius from the MEA was 0.9

mrem/yr at the town of Hemingford.
" The 10 CFR 190 dose rate was 0 mrem/yr which was below the 10 mrem/yr dose limit for

emissions that exclude radon and its progeny.
" The population effective dose rate within 80 km radius from the MEA Project was 1.3

person-rem/yr and 0 person-rem/yr beyond 80 km.

11



For comparison naturally occurring background radiation, from cosmic and terrestrial sources, is
approximately 365 mrem/yr.

The radiation doses from the production wells and from the wells in restoration are identical. The
doses from the new wells are all zero. See appendices B 1 for production well doses, B3 for
restoration well doses, and B4 for new well doses. The doses presented in these appendices have
not been proportioned between the mine field emissions and the satellite stack emissions.

12



Table 4 Population Distribution Within 80 km Radius of the Site

Compass N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW
Directions 0 22.5 45 67.5 90 112.5 135 157.5 180 202.5 225 247.5 270 292.5 315 337.5

Kilometers
1.0 - 2.0
2.0-3.0
3.0 - 4.0
4.0 - 5.0
5.0- 10.0
10.0 - 20.0
20.0-30.0 993 1107
30.0-40.0 87
40.0-50.0 5634
50.0-60.0 652 8959 279
60.0 - 70.0 999
70.0-80.0 145 14 30 15542 1831 19
0-80.0 232 5634 14 1681 0 0 993 8959 0 15542 1831 0 0 298 0 1107

13



Table 5 Radiation Dose Rates Within 80 km radius of the Site

Radon Sources
Weather Data
Location of Dose
Alliance
Berea
Chadron
Clinton
Crawford
Harrison
Hay Springs
Hemingford
Marsland
Minatare
Mitchell
Oelrichs
Rushville
Scottsbluff
Van Tassell
Whitney
Residence 1

Residence 2
Residence 3
Residence 4
Residence 5
Residence 6
Residence 7
Residence 8
Unoccupied 1
Unoccupied 2
North Boundary
East Boundary
South Boundary
West boundary

MU1 through 5
MEA

mrem/yr
0.3
0.5
0.3
0.1
0.5
0.2
0.2
0.9
0.8
0.1
0.1
0.2
0.2
0.1
0.2
0.4

13.0

12.7
4.0
3.0
3.4
3.2
4.8
1.6

12.0
6.3
18.6
5.5

93.1
59.7

14



MILDOS OUTPUT - PUBLIC AND OCCUPATIONAL RADIATION DOSE
RATES

Dose rates for the public apply to delivery personnel, regulatory inspectors, visitors, or other
personnel that may spend 10 hours per month onsite. Occupational dose rates apply to personnel
that may spend an estimated 1500 hours per year working onsite such as company employees or
contractors. For example a water sampling technician who works an estimated 5 days per week,
6 hours per day, 50 weeks per year near the fine fields or satellite plant would spend 1500 hours
onsite each year.

The evaluation of the public and occupational dose rates was based on:
* The unrealistic, worst-case purge rate of 222 gallons per minute.
" Twenty five percent of the radon is vented by continuously operating fans from the

header house for each mine unit. Seventy five percent of the radon released at the site is
released at the satellite plant vent stack.

" Doses from these two sources were calculated at locations 0.1 km east of the header
houses, 0.1 kin east of the site boundaries, and 0.1 km east of the satellite vent stack as
being representative of the radon/radon progeny doses onsite.

* The occupational factor for being present onsite one hour is equal (lhr / 8760 hours in a
year) or 1.14E-4.

Table 6 shows the MEA public and occupational dose rates. For typical operating conditions the
maximum dose rate to the public was 3 mrem/yr with an average of 2 mrem/yr and the maximum
occupational dose rate to employees and contractors was 35 mrem/yr with an average of 19
mremniyr.

Table 6 Public and Occupational Doses

Radon Source Public Dose Occupational

Location of Dose mrem/yr from mrem/yr from
10 hrs/month 1500 hrs/yr

onsite onsite
North Boundary 0.3 3.2
East Boundary 0.1 1.7
South Boundary 1.1 13.5
West Boundary 0.8 10.3
MU-1 1.7 21.6
MU-2 2.8 35.3
MU-3 1.9 23.7
MU-4 2.3 29.2
MU-5 1.7 21.4
Satellite 2.5 31.0

Average 1.5 19.1
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SENSITIVITY ANALYSIS

The MILDOS sensitivity analysis identifies how input parameters affect the calculated radiation
dose.

PURGE RATE

The input parameters from Table 2 for the MILDOS computer model used to calculate radiation
doses to people in and around the Marsland site and the variability of each parameter are:

Parameter Description
1. Location in the X, Y, Z coordinate system
2. The Radium 226 concentration in the ore
3. The Radon emanation rate from the ore
4. The ore thickness
5. The ore density
6. The area of the ore deposit
7. The fraction of radon in process water
8. The ion exchange column volume
9. The ion exchange column unloading rate
10. The porosity of the ion exchange resin
11. The days of operation each year
12. The volume of process water in circulation
13. Purge rate

Variability
Constant
Constant
Constant
Constant
Constant
Constant
Constant
Constant
Constant, set by operator
Constant for each resin
Constant, set by operator
Constant with some small variations
Variable, depending on operating

conditions.

All the parameters except parameter 13 are constant except for the purge rate which can vary
depending on the operating conditions at the site. An increase in the purge rate increases the
amount of radon released and the resulting dose. Table 5 presents dose rates calculated using 44
gallons per minute urge rate which is typical for operations. The maximum purge rate at MEA is
222 gallons per minute as shown in Figure 3 as the combined discharge to the deep disposal well
from production and restoration. The dose rates from a purge rate of 222 gallons per minute is
shown in Table 7 That purge rate is not considered realistic for the operating conditions at the
MEA but is considered as the upper limit of the range of purge rates. Even at the upper bound
purge rates the dose rates in Table 7 do not exceed the 100 mrem/yr regulatory limit.

16



Table 7 Dose Rates Assuming an Upper Bound Purge Rate

Radon Sources
Weather Data
Location of Dose
Alliance
Berea
Chadron
Clinton
Crawford
Harrison
Hay Springs
Hemingford
Marsland
Minatare
Mitchell,
Oelrichs
Rushville
Scottsbluff
Van Tassell
Whitney
Residence 1
Residence 2
Residence 3
Residence 4
Residence 5
Residence 6
Residence 7
Residence 8
Unoccupied 1
Unoccupied 2
North Boundary
East Boundary
South Boundary
West boundary

MU 1 through 5
MEA

mrem/yr
0.4
0.6
0.3
0.2
0.6
0.3
0.3
1.2
1.1
0.2
0.1
0.2
0.2
0.1
0.2
0.5
17.3
26.0
6.0
4.2
4.8
4.2
6.5
2.3

34.8
8.8

56.8
10.5
99.4
64.5

(Assumes unrealistic upper bound 222
gallons per minute purge rate)

17



RADON RELEASE POINTS

The radiation dose rates from typical operations are presented in Table 5 using:

25% radon released from the mine field header houses.
75% radon released from the satellite plant vent stack.

That distribution has been used historically in MILDOS assessments. For comparison dose rates
were calculated using:

10% radon released from the mine field header houses.
90% radon released from the satellite plant vent stack.

The dose rates from both distributions are presented in Table 8. A comparison of the 25% / 75%
distribution of radon in column 2 with the 10% / 90% distribution of radon release in column 3
shows that the averages and standard distributions are nearly identical. That similarity suggests
that within the range of values selected for the radon distribution between releases at the mine
fields and releases at the satellite plant, the distribution is not important in assessing the doses to
people around the MEA site.

18



Table 8 Radiation Doses Calculated from Different Percentage Releases from the Mine
Units and the Satellite Plant

Radon Sources
Distribution

Location of Dose
Alliance
Berea

Chadron

Clinton
Crawford
Harrison

Hay Springs
Hemingford

Marsland

Minatare

Mitchell

Oelrichs
Rushville

Scottsbluff

Van Tassell

Whitney
Residence 1

Residence 2

Residence 3
Residence 4

Residence 5

Residence 6

Residence 7

Residence 8

Unoccupied 1
Unoccupied 2
North Boundary
East Boundary

South Boundary

West boundary

MU1 through 5
0.25/ 0.75
mrem/yr

0.3
0.5
0.3
0.1
0.5
0.2
0.2
0.9
0.8
0.1
0.1
0.2
0.2
0.1
0.2
0.4

13.0
12.7
4.0
3.0
3.4
3.2
4.8
1.6

12.0
6.3
18.6
5.5

93.1
59.7

MUl through 5
0.10/0.90
mrem/yr

0.3
0.5
0.3
0.1
0.5
0.2
0.2
0.9
0.8
0.1
0.1
0.2
0.2
0.1
0.2
0.4

13.1
12.9
4.1
3.1
3.5
3.3
4.8
1.7

12.2
6.4
14.1
5.6

93.8
60.5

8.1
19.8

Average
Std. Dev.

8.2
19.6
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APPENDIX A - MEA WEATHER DATA IN STAR FORMAT

Column 1 Blank
2-4 Wind Direction
5 Blank
6 Stability Category
7 Blank
8 Start of the Wind Speed Categories (knots)
8-14 Wind Speed 1-3 (knots)
15-21 Wind Speed 4-6 (knots)
22-28 Wind Speed 7-10 (knots)
29-35 Wind Speed 11-16 (knots)
36-42 Wind Speed 17-21 (knots)
43-49 Wind Speed >21 (knots)

The MEA weather data used for dose evaluation (8-24-2010/8-29-2011) is printed below:
N A 0.001410.002360.000000.000000.000000.00000

NNE A 0.000240.001530.000000.000000 .000000.00000
NE A 0.000710.001890.000000.000000.000000.00000

ENE A 0.000820.001770.000000.000000.000000.00000
E A 0.000940.001770.000000.000000.000000.00000

ESE A 0.001300.002590.000000.000000.000000.00000
SE A 0.001060.002000.000000.000000.000000.00000

SSE A 0.002120.002120.000000.000000.000000.00000
S A 0.001770.002120.000000.000000.000000.00000

SSW A 0.003540.002590.000000.000000.000000.00000
SW A 0.001410.002240.000000.000000.000000.00000

WSW A 0.000940.004010.000000.000000.000000.00000
W A 0.001180.001180.000000.000000.000000.00000

WNW A 0.000820.001180.000000.000000.000000.00000
NW A 0.000590.002000.000000.000000.000000.00000

NNW A 0.000590.002120.000000.000000.000000.00000
N B 0.000000.002000.000240.000000.000000.00000

NNE B 0.000000.002240.000000.000000.000000.00000
NE B 0.000000.002470.000120.000000.000000.00000

ENE B 0.000000.001770.000000.000000.000000.00000
E B 0.000000.001770.000120.000000.000000.00000

ESE B 0.000350.002470.000350.000000.000000.00000
SE B 0.000120.003420.000350.000000.000000.00000

SSE B 0.000470.002470.000240.000000.000000.00000
S B 0.000470.002360.000710.000000.000000.00000

SSW B 0.000940.003180.000590.000000.000000.00000
SW B 0.000120.003060.000000.000000.000000.00000

WSW B 0.000000.002590.000470.000000.000000.00000
W B 0.000120.001300.000240.000000.000000.00000

WNW B 0.000120.001650.000120.000000.000000.00000
NW B 0.000000.002360.000710.000000.000000.00000

NNW B 0.000000.002120.000470.000000.000000.00000
N C 0.000120.000590.010250.000000.000000.00000
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NNE C 0.000000.000590.004710. 000000.000000. 00000
NE C 0.000000.000590.002950.000000.000000.00000

ENE C 0.000000.000820.003420.000000.000000.00000
E C 0.000000.001180.003300.000000.000000.00000

ESE C 0.000000.001770.005540.000000.000000.00000
SE C 0.000350.001890.004120.000000.000000.00000

SSE C 0.000120.001530.004360.000000.000000.00000
S C 0.000350.001530.004950.000000.000000.00000

SSW C 0.000240.001410.004360.000000.000000.00000
SW C 0.000120.001890.005660.000000.000000.00000

WSW C 0.000000.000820.006600.000000.000000.00000
W C 0.000000.000710.004360.000000.000000.00000

WNW C 0.000000.000470.004710.000000.000000.00000
NW C 0.000000.000590.008130.000000.000000.00000

NNW C 0.000000.000940.007780.000000.000000.00000
N D 0.000240.007310.019090.017800.004120.00141

NNE D 0.000240.004710.010720.008600.002240.00012
NE D 0.000000.001890.009190.003060.000120.00000

ENE D 0.000000.003060.007310.002000.000000.00012
E D 0.000120.005770.010370.003180.000120.00000

ESE D 0.000470.008840.009190.003060.000240.00012
SE D 0.000240.010490.012140.003890.000350.00000

SSE D 0.000120.007540.016500.009550.003420.00012
S D 0.000120.005190.013080.013790.002830.00012

SSW D 0.000120.003890.008960.006720.001180.00000
SW D 0.000240.004830.007900.003650.001410.00000

WSW D 0.000120.005070.014610.008720.002470.00024
W D 0.000000.004120.012730.012610.002950.00236

WNW D 0.000120.003770.014850.019560.007190.00295
NW D 0.000120.006840.019090.030050.016970.00589

NNW D 0.000710.013550.023690.028170.012370.00448
N E 0.001530.002360.000470.000000.000000.00000

NNE E 0.000710.001300.000350.000000.000000.00000
NE E 0.000000.001650.000240.000000.000000.00000

ENE E 0.000000.002000.000470.000000.000000.00000
E E 0.000590.001530.000590.000000.000000.00000

ESE E 0.000350.003060.000240.000000.000000.00000
SEE 0.000820.002000.000240.000000.000000.00000

SSE E 0.000710.002470.000470.000000.000000.00000
S E 0.000350.002710.000240.000000.000000.00000

SSW E 0.000000.002000.000240.000000.000000.00000
SW E 0.000350.002950.000590.000000.000000.00000

WSW E 0.000350.002830.001060.000000.000000.00000
W E 0.000120.002000.000940.000000.000000.00000

WNW E 0.000710.001300.000820.000000.000000.00000
NW E 0.000590.003540.001410.000000.000000.00000

NNW E 0.000940.009660.001890.000000.000000.00000
N F 0.009780.007070.000000.000000.000000.00000

NNE F 0.006950.002830.000000.000000.000000.00000
NE F 0.006360.001180.000000.000000.000000.00000

ENE F 0.005420.002590.000000.000000.000000.00000
E F 0.004480.003540.000000.000000.000000.00000

ESE F 0.005190.003180.000000.000000.000000.00000
SE F 0.006720.003420.000000.000000.000000.00000
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SSE F 0.006130.004830.000000.000000.000000.00000
S F 0.007540.003420. 000000.000000.000000.00000

SSW F 0.006600.004950.000000.000000.000000.00000
SW F 0.005770.004360. 000000. 000000.000000.00000

WSW F 0.007310.004710.000000.000000.000000.00000
W F 0.005660.002950.000000.000000.000000.00000

WNW F 0.005770.005540.000000.000000.000000.00000
NW F 0.006720.004600.000000.000000.000000.00000

NNW F 0.013320.008370.000000.000000.000000.00000
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APPENDIX B - MEA RADIATION DOSE RATES FROM MILDOS

Appendix B contains the print out from the computer program MILDOS in the following order:

Appendix Title Radon Source Weather Data Purge Rate
B1 MARMU15P MU 1-5 MEA 44
B2 MARST15P SATELLITE MEA 44
B3 MARMU15R MU1-5 MEA 44

RESTORATION
B4 MARMU15N MU1-5 NEW MEA 44

WELL
B5 MAROC2 MU 1-5 MEA 222

OCCUPATIONAL
B6 MAROC3 SATELLITE MEA 222

OCCUPATIONAL
B7 MARMU15 MU 1-5 MEA 222
B8 MARST15 SATELLITE MEA 222
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REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 2

METSET: DATA: MarMU15P.MIL 10/19/11

JOINT FREQUENCY IN PERCENT, DIRECTION INDICATES WHERE WIND IS FROM FREQWS=0.14427,0.29579,0.30967,0.17441,0.05798,0.01793

MPH N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW TOTALS

TABILITY CLASS 1

1.5 0.1410 0.0240 0.0710 0.0820 0.0940 0.1300 0.1060 0.2120 0.1770 0.3540 0.1410 0.0940 0.1180 0.0820 0.0590 0.0590 1.9440

5.5 0.2360 0.1530 0.1890 0.1770 0.1770 0.2590 0.2000 0.2120 0.2120 0.2590 0.2240 0.4010 0.1180 0.1180 0.2000 0.2120 3.3470

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0900 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.'0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.3770 0.1770 0.2600 0.2590 0.2710 0.3890 0.3060 0.4240 0.3890 0.6130 0.3650 0.4950 0.2360 0.2000 0.2590 0.271:0 5.2910
...................................................................................................................................

STABILITY CLASS 2

1.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0350 0.0120 0.0470 0.0470 0.0940 0.0120 0.0000 0.0120 0.0120 0.0000 0.0000 0.2710

5.5 0.2000 0.2240 0.2470 0.1770 0.1770 0.2470 0.3420 0.2470 0.2360 0,3180 0,3060 0.2590 0.1300 0.1650 0.2360 0,2120 3.7230

10.0 0.0240 0.0000 0.0120 0.0000 0.0120 0.0350 0.0350 0.0240 0.0710 0.0590 0.0000 0.0470 0.0240 0.0120 0.0710 0.0470 0.4730

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.2240 0.2240 0.2590 0.1770 0.1890 0.3170 0.3890 0.3180 0.3540 0.4710 0.3180 0.3060 0.1660 0.1890 0.3070 0.2590 4.4670

STABILITY CLASS 3

1.5 0.0120 0.0000 0.0000 0.0000 0.0000 0.0000 0.0350 0.0120 0.0350 0.0240 0.0120 0.0000 0.0000 0.0000 0.0000 0.0000 0.1300

5,5 0.0590 0.0590 0.0590 0.0820 0.1180 0.1770 0.1890 0.1530 0.1530 0.1410 0.1890 0,0820 0.0710 0.0470 0.0590 0.0940 1.7320

10.0 1.0300 0.4710 0.2950 0.3420 0.3300 0.5540 0.4120 0.4360 0.4950 0.4360 0.5660 0.6600 0.4360 0.4710 0.8130 0.7780 8.5250

15.5 0.0000 0.0000 0.0000 0.0000 0.0600 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000"0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000-0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 1.1010 0.5300 0.3540 0.4240 0.4480 0.7310 0.6360 0.6010 0.6830 0.6010 0.7670 0.7420 0.5070 0.5180 0.8720 0.8720 10.3870

SAIIYCLASS 4

1.5 0.0240 0.0240 0.0000 0.0000 0.0120 0.0470 0.0240 0.0120 0.0120 0.0120 0.0240 0.0120 0.0000 0.0120 0.0120 0.0710 0.2980

5.5 0.7310 0.4710 0.1890 0.3060 0.5770 0.8840 1.0490 0.7540 0.5190 0.3890 0.4830 0.5070 0.41200.3770 0.6840 1.3550 9.6870

10.0 1.9100 1.0720 0.9190 0.7310 1.0370 0.9190 1.2140 1.6500 1.3080 0.8960 0.7900 1.4610 1.2730 1.4850 1.9090 2.3690 20.9430

15.5 1.7800 0.8600 0.3060 0.2000 0.3180 0.3060 0.3890 0.9550 1.3790 0.6720 0.3650 0.8720 1.2610 1.9560 3.0050 2.8170 17.4410

21.5 0.4120 0.2240 0.0120 0.0000 0.0120 0.0240 0.0350 0.3420 0.2830 0.1180 0.1410 0.2470 0.2950 0.7190 1.6970 1.2370 .5.7980

28.0 0.1410 0.0120 0.0000 0.0120 0.0000 0,0120 0.0000 0.0120 0.0120 0.0000 0.0000 0.0240 0.2360 0.2950 0.5890 0.4480 1.7930

ALL 4.9980 2.6630 1.4260 1.2490 1.9560 2.1920 2.7110 3.7250 3.5130 2.0870 1.8030 3.1230 3.4770 4.8440 7.8960 8.2970 55.9600

STABILITY CLASS 5

1.5 0.1530 0.0710 0.0000 0,0000 0.0590 0.0350 0.0820 0.0710 0.0350 0.0000 0.0350 0.0350 0.0120 0.0710 0.0590 0.0940 0.8120

5.5 0.2360 0.1300 0.1650 0.2000 0.1530 0.3060 0.2000 0.2470 0.2710 0.2000 0.2950 0.2830 0.2000 0.1300 0.3540 0.9660 4.3360

10.0 0.0470 0.0350 0.0240 0.0470 0.0590 0.0240 0.0240 0.0470 0.0240 0.0240 0.0590 0.1060.0.0940 0.0820 0.1410 0.1890 1.0260

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

ALL 0.4360 0.2360 0.1890 0.2470 0.2710 0.3650 0.3060 0.3650 0.3300 0.2240 0.3890 0.4240 0.3060 0.2830 0.5540 1.2490 6.1740

STABILITY CLASS 6

1.5 0.9780:0.6950 0.6360 0.5420 0.4480 0.5190 0.6720 0.6130 0.7540 0.6600 0.5770 0.7310 0.5660 0.5770 0.6720 1.3320 10.9720

5.5 0.7070 0.2830 0.1180 0.2590 0.3540 0.3180 0.3420 0.48300.3420 0.4950 0.4360 0.4710 0.2950 0.5540 0.4600 0.8370 6.7540

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0..0000 0.0000 0.0000

15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000.0.0000 0.0000 0.0000 0.0000 0.0000

ALL 1.6850 0.9780 0.7540 0.8010 0.8020 0.8370 1.0140 1.0960 1.0960 1.1550 1.0130 1.2020 0.8610 1.1310 1.1320 2.1690 17.7260

ALL 8,8210 4.8080 3.2420 3.1570 3.9370 4.8310 5.3620 6.5290 6.3650 5.1510 4.6550 6.2920 5.5530 7.165011.020013.1170 100.0050



REGION': Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15P.MIL

PAGE 3

10/19/11

-------------------------------- INDIVIDUAL RECEPTOR LOCATION DATA, 30 LOCATIONS INPUT THIS RUN--------------------------------

I LOCATION NAMES X(KM) Y(KM) Z(M) DIST(KM) TYPE I LOCATION NAMES X(KM) Y(KM) %(M) DIST(KM) TYPE

1 AIelliance 30 00 -45 40 -50.00 54 42 1 I Residence 1 -0Rf0 -0.40 6.00 0_R8 1

2

3

4

5

6

7

8

9

10

11

12

13

14

Berea

Chardon

Clinton

Crawford

Harrison

Hay Springs

Hemmingford

Marsland

Mitchell

Oelrichs

Rushville

Scottsbluff

Van Tassell

21.50 -32.60 -50.00

22.30 35.00 -50.00

* 75.40 26.50 -50.00

-12.10 20.80 -50.00

-50.50 22.50.633.00

47.10 18.80 -50.00

14.30 -20.40 36.00

-3.80 -6.10 -50.00

-48.50 -60.00 -50.00

4.90 75.30 -50'.00

66.0.0 22.00 -50.00

-36.30 -68.90 -50.00

-67.50 21.00 49.00

•39.05

4,2.18

79.92

24.06

55.29

50.71

24.91
i7 .19

77.15

75.46

69.57

7 7.88

70.69

1

1

1

1

1

1

1

1

1

1

1

1

17

18

19

20

21

22

23

24

25

26

27

28

29

Residence 2

Residence 3

Residence 4

Residence 5

Residence 6

Residence 7

Residence 8

Unoccupied 1

Unoccupied 2.

North Boundary

East Boundary

South Boundary

West Boundary

1.00

-0.80

-0.40

1.90

-4.70

2.40

4.70

-0.90

2.00

0.00

1.40

0.00

-0.70

0.30 -4.00

-1.90 -16.00

-3.40 -31.00

-4.30 -36.00

1.86 22.00

3.60 76.00

-4.40 -50.00

2.00 21.00

2.80 69.00

2.60 29.00

0.30 -20.00

-0.50 13.00

0.00 49.00

1.04

2.06

3.42

4.70

5.05

.4.33

6.44

2.19

3.44

2.60

1.43

0.50

0.70

1

1

1

1

1

1

1

1

1

1

1

1

1
15 Whitney 1.20 31.40 -50.00 31.42 30 Minatare -22.40 -75.60 -41.40 78.85

MISCELLANEOUS INPUTABLE PARAMETER VALUES

DMM DMA TSTART FFORI

0.50

FHAYI

0.50

FFORP

0.50

FHAYP FPR(1) FPR(2) FPR(3) ACTRAT

100.0 100.0 1.00 0.50 2800.00 3200.00 1400.00 2.50

IPACT EQUALS 0, 0, 0, 0, 0,

JC EQUALS 0, 0, 0, 0, 0, 0, 1, 0; 0, 0

TIME STEP DATA ....

1

STEP NAMES LENGTH, YRS IFTODO

5.00 1

XRHO EQUALS 1.5, 2.5, 3.5, 4.5, 7.5, 15.0, 25.0, 35.0, 45.0, 55.0, 65.0, 75.0,

HDP EQUALS 50.0



REGION: Marsland All Well Field CODE: MILDOS-ARMA (02/97) PAGE 4

ETSET: DATA: MarMU15P.MIL 10/19/11

POPULATION DISTRIBUTION

I N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW

KILOMETERS.l 0.0 22.5 45.0 67.5 90.0 112.5 135.0 157.5 180.0 202.5 225.0 247.5 270.0 292.5 315.0 337.5

1. . . . . . . . . . . . . . . . . . . . . . . ....-2.00 0 0 0 0 0 0 0 0 0000 0............................................0.............. 0- .

1.0- 2.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3.0-3.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4.0- 5.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3.0- 1.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.0-20.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20.0-10.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

30.0-20.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.

20.0-50.00 53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

30.0-40.0 870 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

40.0-70.0 0 0 0 999 0 0 0 0 0 0 0 0 0 0 0 0

60.0-70.0 0 a 0 999 0 0 0 0 0 0 0 0 0 0 0 0

.0-00.0 1 145 0 14 30 0 0 0 0 0 15542 1831 0 0 19 0 0

1.0-80.0 232 '5634 14 1681 0 0 993 9859 0 15542 1831 0 0 298 0 1107

TOTAL 1-80 KM POPULATION IS 37191 PERSONS



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 5

METSET: DATA*: MarMUI5P.MIL 10/19/11

NUMBER OF SOURCES= 5

KM KM M KM2 CI/YEAR PSIZE M/SEC

NO. X Y Z AREA U-238 Th-230 Ra-226 Pb-210 Rn-222 ID SET EXIT VEL SOURCE NAME

1 -0.56 2.23 * 27.00 0.0000 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 2.OOE+03 1001 1 0.00E+00 MU-I

2 -0.55 1.65 16.00 0.0000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.78E+03 1002 1 0.00E+00 MU-2

3 -0.15 0.95 13.00 0.0000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.13E+03 1003 1 0.00E+00 MU-3

4 0.44 0.13 -4.00 0.0000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.61E+03 1004 1 0.00E+00 MU-4

5 0.84 -0.45 -15.00 0.0000 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 1.20E+03 1005 1 0.00E+00 MU-5

INPUT TAILS ACTIVITIES, PCI/G" AMAD AND FRACTIONAL DISTRIBUTION

SET URANIUM THORIUM RADIUM LEAD SET 1.5 3.0 7.7 54.0

1 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 1 0.000 1.000 0.000 0.000

2 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 2 1.000 0.000 0.000 0.000

3 0.60E+00 O.OOE+00 O.OOE+00 O.OOE+00 3 0.000 0.000 0.300 0.700

PARTICULATE SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 1 TIME STEP(S) USED FOR THIS RUN

SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7 TSTEP 8 TSTEP 9 TSTEP10

NUMBER 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS 5.00YRS 5.OOYRS 5.OOYRS 5.OOYRS 5.OOYRS

1 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

2 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

3 1.000E+00 1.OOOE+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

4 1.OOOE+00 1.000+E00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.0001+00

5 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00

RADON SOURCE STRENGTH MULTIPLIERS BY TIME STEP, 1 TIME STEP(S) USED FOR THIS RUN 0
SOURCE TSTEP 1 TSTEP 2 TSTEP 3 TSTEP 4 TSTEP 5 TSTEP 6 TSTEP 7 TSTEP 8 TSTEP 9 TSTEP10

NUMBER 5.00YRS 5.OOYRS 5.OQYRS" 5.O0YRS 5.O0YRS 5.OOYRS 5.OOYRS 5.O0YRS - 5.OOYRS , 5.OOYRS

1 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00

2 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00 1.OOOE+00 1.000Z+00 1.000E+00 1.000E+00 1.OOOE+00 1.000E+00

3 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

4 1.0001+00 l.OOOE+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00

5 1.000E+00 1.000E+00 1.000E+00 1.600E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.OOOE+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 6

NETSET: DATA: MarMUI5P.MIL 10/19/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

MMARY PRINT OF POPULATION DOSES COMPUTED FOR TSTEP 1--DOSES SHOWN ARE ANNUAL POPULATION DOSE COMMITMENTS, PERSON-REM PER YEAR

DOSES RECEIVED BY PEOPLE WITHIN 80 KILOMETERS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. 3.552E-01 2.877E+00 4.644E-02 2.157E+00 1.037E+00 1.369E+02

GROUND 1.936E-02 1.936E-02 1.936E-02 1.936E-02 1.936E-02 1.936E-02

CLOUD 1.172E+00 1.172E+00 1.172E+00 1.172E+00 1.172E+00 .1.172E+00

VEG. ING 1.668E+00 1.927E+01 1.668E+00 5.728E+00 4.665E+00 1.668E+00

MEAT ING 9.137E-02 1.056E+00 9.137E-02 3.138E-01 2.556E-01 9.137E-02

MILK ING 3.140E-02 3.628E-01 3.140E-02 1.078E-01 8.783E-02 3.140E-02

RNPLUS50 0.000E+00 0.OOOE+00 0.OOOE+00 0.OOOE+00 0.000E+00 0.000E+00'

TOTALS 3.337E+00 2.476E+01 3.029E+00 9.498E+00 7.238E+00 1.398E+02

DOSES RECEIVED BY PEOPLE BEYOND 80 KIL6METERS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INHAL. 0.OOOE+00 0.000E+00 0.OOOE+00 0.000E+00 0.OOOE+00 0.000E+00

GROUND 0.000E+00 0.000E+00 0.OOOE+00 0.000E+00 "0.O00E+00 0.000E+00

CLOUD 0.OOOE+00 0.000E+00 0.OOOE+00 0.OOOE+00 0.O00E+00 0.000E+00

VEG. ING 7.454E+00 8.614E+01 7.454E+00 2.560E+01 2.085E+01 7.454E+00

MEAT ING 1.446E+00 1.671E+01 1.446E+00 4.966E+00 4.045E+00 1.446E+00

MILK ING 8.229E-02 9.508E-01 8.229E-02 2.8266-01 2.302E-01 8.229E-02

RNPLUS50 0.OOOE+00 0.000E+00 0.000E+00 0.000E+00. 0.OOOE+00 0.000E+00

TOTALS 8.983E+00 1.038E+02 8.983E+00 3.085E+01 2,513E+01 8.983E+00

TOTAL DOSES COMPUTED OVER ALL POPULATIONS

PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI'

INHAL. 3.552E-01 2.877E+00 4.644E-02 2.157E+00 1.037E+00 1.369E+02

GROUND 1.936E-02 1.936E-02 1.936E-02 1.936E-02 1.936E-02 1.936E-02

CLOUD 1.172E+00 1.172E+00 1.172E+00 1.172E+00' 1.172E+00 1.172E+00

VEG. ING 9.122E+00 1.054E+02 9.122E+00 3.133E+01 2.552E+01 9.122E+00

MEAT ING 1.537E+00 1.777E+01 1.537E+00 5.280E+00 4.301E+00 1.537E+00

MILK ING 1.137E-01 1.314E+00 1.137E-01 3.904E-01 3.180E-01 1.137E-01

RNPLUSS0 0.000E+00 0.000E+00 0.0006+00 0.OOOE+00 0.000E+00 0.000E+00

TOTALS 1.232E+01 1.286E+02 1.201E+01 4.035E+01 3.237E+01 1.488E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 7

METSET: DATA: MarHMUSP.MIL 10/19/11

TIME. STEP NUMBER 1, DURATION IN YRS IS... 5.0

NUMBER 1 NAME=Alliance X= 30.0KM, Y= -45.4KM, Z= -50.CM, DIST= 54.4KM, IRTYPE= I

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BROACHI

INFANT TOTALS O.OOE+OC O.OOE+O0 O.OOE+O0 0.00E+00 O.OE+O0 O.OOE+O0

CHILD TOTALS 0.00E+O 00 0.00E+00 0.OOE+0O C.OOE+00 0.00K+00 0.OOE+D0

TEENAGE TOTALS D.00E+00 0.00E+0O 0.OOE+00 C.00E+00 0.00E+00 0.O0E+00

ADULT TOTALS 0.OCE+00 O.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+OO

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.44E-01 1.12E-01 4.80E-02 4.09E-01 1.84E-01 4.71E+00

CHILD TOTALS 3.3BE-01 1.59K-01 6.33E-02 2.24E-01 1.24EK01 4.71E+00

TEENAGE TOTALS 3.42E-01 2.80E-01 7.38E-02 1.42E-01 1.00E-01 4.71E+00

ADULT TOTALS 3.44E-01 2.71E-01 8.72E-02 1.44E-01 1.06E-01 4.71E+00

NUMBER 2 NAME=Berea X= 21.5KM, Y- -32.6KM, Z= -50.0M, DIST= 39.1KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS 0.CQE+00 0.00E+00 0.CCE+DO C.00E+00 O.OOE+00 0.CCE+00

CHILD TOTALS O.OOE+CC ..005400 0..05+00 C.OCE+CO C.00E+00 0.O0E+00

TEENAGE TOTALS 0.C0E+00 0.C0 0.00+.00E+00 0.OCE+00 0.00E+00 0.00E+00

ADULT TOTALS O.OE+00 0.00E+00 C.00E+00 0.00E+00 0.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS 4.87E-01 1.29E-01 6.4lE-02 4.32E-Cl 2.03E-01 6.84E+00

CHILD TOTALS 4.81E-01 1.77E-01 7.97E-02 2.43E-01 1.41E-01 6.84E+00

TEENAGE TOTALS 4.85E-01 3.00E-01 9.04E-02 1.60E-01 1.17E-01 6.84E+00

ADULT TOTALS 4.87E-01 2.91E-01 1.04E-01 1.62K-01 1.23K-01 6.84E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5P.MIL

TIME STEP NUMBER 1,

PAGE 8

10/19/11

DURATION IN YRS IS... 5.0

W MBER 3
NAME=Chardon X= 22.3KM, Y= 35.8KM, Z= -50.OM, DIST= 42.2KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR
. . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AGE PATHWAY EFFECTIV BONE

-----------------------------------------------------

INFANT TOTALS 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00

AVG.LUNG LIVER KIDNEY BRONCHI

....................................................

0.00E+00 0.00E+00 0.00E+00 0.0OE+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.O0E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7 ------------------------

INFANT TOTALS 2.78E-01 8.88E-02 3.89E-02 3.22E-01 1.45E-01 3.82E+00

CHILD TOTALS 2.74E-01 1.26E-01 5.09E-02 1.76E-01 9.83E-02 3.82E+00

TEENAGE TOTALS 2.77E-01 2.20E-01 5.92E-02 1.13E-01 7.98E-02 3.82E+00

ADULT TOTALS 2.78E-01 2.14E-01 6.97E-02 1.14E-01 8.41E-02 3.82E+00

NUMBER 4 NAME=Clinton X= 75.4KM, Y= 26.5KM, Z= -50.OM, DIST= 79.9KM, IRTYPE= 1

4OCFRI9O ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER ' KIDNEY

INFANT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

BRONCHI

0. 0O0+00

0.00E+00

0.00E+00

0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.39E-01 6.20E-02 2.12E-02 2.55E-01 1.09E-01 1.81E+00

CHILD TOTALS 1.35E-01 9.28E-02 3.09E-02 1.35E-01 6.99E-02 1.81E+00

TEENAGE TOTALS 1.37E-01 1.71E-01 3.76E-02 8.20E-02 5.47E-02 1.81E+00

ADULT TOTALS 1.39E-01 1.65E-01 4.63E-02 8.33E-02 5.82E-02 1.81E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUI5P.MIL

TIME STEP NUMBER 1,

PAGE 9

10/19/11

DURATION IN YRS IS... 5.0

NUMBER 5 NAME=Crawford X= -12.1KM, Y= 20.8KM, Z= -50.DM, DIST= 24.1KM, IRTYPE= 1

0
40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION,' MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 O.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.00E+00

CHILD TOTALS 0.00E+00 OD.OEO D.DOE+00 0.00E+00 O.OOE+0O O.0OE+Q0

TEENAGE TOTALS 0.00E+00 O.OOE+00 0.OOE+00 0.0OE+00 O.OOE+00 0.00E+00

ADULT TOTALS 0.OOE+00 O.OOE+00 0.000i00 0.00E+0O O.OOE+00 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT TOTALS 5.61E-02 1.17E-01 6.94E-02 3.36E-01

CHILD TOTALS. 5.57E-01 1.52E-01 8.09E-02 1.99E-01

TEENAGE TOTALS 5.60E-01 2.41E-01 8.87E-02 1.40E-01

ADULT TOTALS 5.61E-01 2.35E-01 9.86E-02 1.41E-01

KIDNEY BRONCHI

1.70--- 1 8.06E+00

1.26E-01 8.06E+00

1.08E-01 8.06E400

1.12E-01 8.06E+00

NUMBER 6 NAME=Harrison X= -50.5KM, Y= 22.5KM, Z= 633.OM, DIST= 55.3KM, IRTYPE= I

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

CHILD TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00

TEENAGE TOTALS 0.005+00 0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.00E+00

ADULT TOTALS 0.00E+00 O.OOE+OOE+O0 O.OOE+00 0.0OE++0 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE

----------------------------------------------------

INFANT TOTALS 2.11E-01 7.91E-02

CHILD TOTALS 2.06E-01 1.15E-01

TEENAGE TOTALS 2.09E-01 2.07E-01

ADULT TOTALS 2.11E-01 2.01E-01

AVG.LUNG LIVER KIDNEY BRONCHI

......................................................

3.07E-02 3.06E-01 1.34E-01 2.83E+00

4.23E-02 1.64E-01 8.83E-02 2.83E+00

5.03E-02 1.03E-01 7.04E-02 2.83E+00

6.05E-02 1.04E-01 7.45E-02 2.83E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 10

METSET: DATA: MarMUl5P.MIL 10/19/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

MBER 7 NAME=Hay Springs X= 47.1KM, Y= 18.8KM, Z= -50.0M, DIST= 50.7KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 Q.00E+00 0.OOE+00 0.00E+00 O.00E+00 0.00E+00

CHILD TOTALS Q.00E+00 0.0.E+O0 D.OOE+00 O.OOE+00 O.OOE+00 0.00E+00

TEENAGE TOTALS 0.00E+00 O.OOE+00 0.00E+00 0.OOE+00 0O00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 U.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.30E-01 7.64E-02 3.25E-02 2.82E-01 1.26E-01 3.14E+00

CHILD TOTALS 2.26E-01 1.09E-01 4.30E-02 1.54E-01 8.48z-02 3.14E+00

TEENAGE TOTALS 2.28E-01 1.93E-01 5.03E-02 9.77E-02 6.85E-02 3.14E+00

ADULT TOTALS 2.30E-01 1.87E-01 5.95E-02 9.91E-02 7.23E-02 3.14E+00

NUMBER 8 NAME=Hemnidngford X= 14.3KM, Y= -20.4KM, Z= 36.OM, DIST= 24.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+U0

CHILD TOTALS 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00

ADULT TOTALS 0.00m+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 9.20E-01 2.00E-01 1.13E-01 6.08E-01 3.00E-01 1.32E+01

CHILD TOTALS 9.11E-01 2.65E-01 1.34E-01 3.54E-01 2.17E-01 1.32E+01

TEENAGE TOTALS 9.16E-01 4.31E-01 1.48E-01 2.43E-01 1.85E-01 1.32E+01

ADULT TOTALS 9.19E-01 4.19g-01 1.67E-01 2.45E-01 1.92E-01 1.32E+01



REGION: Marsland All Well Field CODE: MILDDS-AREA (02/97) PAGE 11

METSET: DATA: MarMUl5P.MIL 10/19/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

NUMBER 9 NAME=Marsland X= -3.8KM, Y= -6.1KM, Z= -50.OM, DIST= 7.2KM, IRTYPE= I

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

....................................................................................................... -__

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

TEENAGE TOTALS 0.00E+00 G.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00. 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS 1.11E+00 1.26E-01 1.01E-01 2.42E-01 1.54E-01 1.68E+01

CHILD TOTALS 1.11E+00 1.44E-01 1.07E-01 i.70E-01 1.31E-01 1,68E+01

TEENAGE TOTALS 1.11E+00 1.92E-01 1.11E-01 1.38E-01 1.21E-01 1.68E+01

ADULT TOTALS 1.11E+00 1.88E-01 1.166-01 1.39E-01 1.23E-01 1.68E+01

NUMBER 10 NAME=Mitchell X= -48.5KM, Y= -60.0KM, Z= -50.OM, DIST= 77.2KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.OOE+00

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.COE+00

ADULT TOTALS 0.00E+00 0.00E+00 0.002+00 0.006E+0 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.02E-01 4.95E-02 1.59E-02 2.08E-01 8.83E-02 1.31E+00

CHILD TOTALS 9.866E-02 7.49E-02 2;39E-02 1.09E-01 5.61E-02 1.31E+00

TEENAGE TOTALS 1.016-01 1.39E-01 2.94E-02 6.61E-02 4.35E-02 1.31E+00

ADULT TOTALS 1.02Z-01 1.35E-01 3.65E-02 6.71r-02 4.64E-02 1.31E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 12

METSET: DATA: MarMU15P.MIL 10/19/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

UMBER 11, NAME=Oelrichs X= 4.9KM, Y= 75.3KM, Z= -50.DM, DIST= 75.5KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

.........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS 0.00E+00 0.OOE+C0 O.OOE+00 0.00E+00 0.OOE+00 0.00E+00

CHILD TOTALS 0.OOE+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 O.OOE+00 0.OOE+00 0.00E+00 '0.00E+00

ADULT TOTALS D.00E+00 0.005+00 . 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.64E-01 7.57E-02 2.52E-02 3.14E-0i 1.34E-01 2.13E÷00

CHILD TOTALS 1.60E-01 1.14E-01 3.72E-02 1.65E-01 8.55E-02 2.13E+00

TEENAGE TOTALS 1.62E-01 2.10E-01 4.55E-02 1.01E-01 6.66E-02 2.13E+00

ADULT TOTALS 1.64E-01 2.04E-01 5.63E-02 1.02E-01 7.10E-02 2.13E+00

NUMBER 12 NAME=Rushville X= 66.0KM, Y= 22.DKM, Z= -50.0M, DIST= 69.6KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E100 0.00E+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00

CHILD TOTALS 0.00+E00 0.00E+00 000OOE+00 0.00E+00 0.OOE+00 0.OOE+00

TEENAGE TOTALS 0.00+E00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.005+00

ADULT TOTALS 0.00E+00 0.00E+00 0.005+00 0.00E+00 0.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.61E-01 6.53E-02 2.39E-02 2.60E-01 1.13E-01 2.13E+00

CHILD TOTALS 1.57E-01 9.64E-02 3.38E-02 1.39E-01 7.33E-02 2.13E+00

TEENAGE TOTALS 1.59E-01 1.76E-01 4.06E-02 8.56E-02 5.79E-02 2.13E+00

ADULT TOTALS 1.61E-01 1.70E-01 4.94E-02 8.69E-02 6.15E-02 2.13E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUILP.MIL

TIME STEP NUMBER 1,

PAGE 13

10/19/11

DURATION IN YRS IS... 5.0

NUMBER 13 NAME=Scottsbluff X= -36.3KM, Y= -68.9KM, Z= -50.OM, DIST= 77.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0 . 00E+00

0. OOE+00

0. OOE+00

O. OOE+O0

0. OOE+00
O.00E+00
0. OOE+O0
0. OOE+-00

0. OOE+OO

0. O0E+00
B.O0E+00

0. OE+00

0. OOE+00

0.OOE+00

0.00E+00

0. OOE+00

0.OOE+00

0.O0E+00

0. 0OE+00

0. OOE+00

0. OQE+00

BRONCHI

0.00E+00
0. OE+00

0. OOE+00

0. OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

1. 149-01

1. lE-01

1. 12E-01

1. 13E-01

5.39E-02

8.12E-02

1.51E-01

1. 46E-01

1. 76E-02

2.62E-02

3. 22E-02

3.99E-02

2.25E-01

1. 1iE-01

7. 17E-02

7.28E-02

9. 56E-02

6. 09E-02

4.73E-02

5.05E-02

BRONCHI

1.47E+00

1.47E+00

1.47E+00

1.47E+00

NUMBER 14 NAME=Van Tassell X= -67.5KM, Y= 21.0KM, z= 49.OM, DIST= 70.7KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE

INFANT. TOTALS. 0.00E+00 0.00E+00

CHILD TOTALS 0.0OE+00 0.00E+00

TEENAGE TOTALS 0.OOE+00 0.00E+00

ADULT TOTALS 0.00E+00 O.OOE+00

AVG.LUNG LIVER . KIDNEY BRONCHI

0.00E+00 0.00E+00 0.0OE+00 0.00E+00

0.00E+00 0.00E+00 0.OOE+00 O.OOE+00

0.O0E+00 0.00E+00 0.OOE+00 0.00E+00

0.OOE+00 0.00E+00 0.00E+00 O.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.53E-01 6.69E-02 2.32E-02 2.72E-01 1.17E-01 2.01E+00

CHILD TOTALS 1.49E-01 9.97E-02 3.36E-02 1.44E-01 7.53E-02 2.01E+00

TEENAGE TOTALS 1.52E-01 1.83E-01 4.08E-02 8.82E-02 5.90E-02 2.01E+00

ADULT TOTALS 1.53E-01 1.77E-01 5.01E-02 8.96E-02 6.28E-02 2.01E+00



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 14

METSET: DATA: MarMUIlP.MIL 10/19/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

lUMBER 15 NAME=Whitney X= 1.2KM,- Y= 31.4KM, Z= -50.OM, DIST= 31.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.OOE+00 Q.OOE+00 0.OOE+00 0.00E100 0.00E+00

CHILD TOTALS 0.COE+00 C.COE+00 C.OCE+00 C.0CE+00 C.CCE+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.OOE+00 0.00E+00 C.COE+00 C.CCE+00 C.CCE+00

ADULT TOTALS C.00E+O0 0.O0E+00 O.COE+00 0.00E+CC O.OOE-I-00 O.CCE+0D

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.17E-01 1.07E-01 5.45E-02 3.50E-01 1.66E-01 5.88E+00

CHILD TOTALS 4.12E-01 1.45E-01 6.71E-02- 1.96E-01 1.17E-01 5.86E+00

TEENAGE TOTALS 4.15E-01 2.44E-01 7.57E-02 1.32E-01 9.73E-02 5.88E+00

ADULT TOTALS 4.17E-01 2.37E-01 8.67E-02 1.33E-01 1.02E-01 5.88E+00

NUMBER 16 NAME=Residence 1 X= -0.BKM, Y= -0.4KM, Z= 6.CM, DIST= 0.9KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS C.CCE+00 0.00E+00 D.OOE+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.C0E+00 0.00E+00 0.00E+00 C.0E+00 O.00OE+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+CC 0.00E+00 O.CCE+00 0.00E+00

ADULT TOTALS 0.00E+00 0.COE+00 0.005+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDN1EY BRONCHI

INFANT TOTALS 1.58E+01 6.22E-01 5.98E-Cl 7.34E-01 6.49E-01 2.54E+02

CHILD TOTALS 1.58E+01 6.40E-01 6.04E-01 6.64E-01 6.27E-01 2.54E+02

TEENAGE TOTALS 1.58E+01 6.85E-01 6.08E-01 6.34E-01 6.lBE-01 2.54E+02

ADULT TOTALS 1.58E+01 6.82E-01 6.13E-01 6.35E-01 6.20E-01 2.54E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 15

METSET: DATA: MarMU15P.MIL 10/19/11

TIME STEP NUMBER 1, DURATION IN YRS IS.:. 5.0

NUMBER 17 NAME=Residence 2 X= 1.0KM,.Y= 0.3KM, Z= -4.0M, DIST= 1.0KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS, LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.COE+00 C.OOE+00 C.OOE+00

CHILD TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 0.CCE+00 0.OOE+00 0.00E+00

TEENAGE TOTALS 0.OOE+00 0.OCE+00 0.O+00 0.CCE+00 0.00E+00 C.OOE+00

ADULT TOTALS O.OO+C0 0.CCE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI
..................................... .....................................................................

INFANT TOTALS 4.45E+01 5.92E-01 5.79E-01 6.50E-01 6.06E-01 7.33E+02

CHILD TOTALS 4.45E+01 6.01E-01 5.82E-01 6.14E-01 5.94E-01 7.33E+02

TEENAGE TOTALS 4.45E+01 6.25E-01 5.84E-0l 5.98K-Cl 5.89E-01 7.33E+02

ADULT TOTALS 4.45E+01, 6.23E-01 5.87E-01 5.98E-01 5.90E-01 7.33E+02

NUMBER 18 NAME=Residence 3 x= -0.8KM, Y= -1.9KM, z= -16.0M, DIST= 2.1KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 • 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00 O.OOE+00 0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS C.OOE+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 6.86E+00 4.30E-01 4.01E-01 5.68E-01 4.64E-01 1.08E+02

CHILD TOTALS 6.86E+00 4.52E-01 4.08E-01 4.82E-01 4.36E-01 1.08E+02

TEENAGE TOTALS 6.86E+00 5.08E-01 4.13E-01 4.45E-01 4.25E-01 1.08E+02

ADULT TOTALS 6.86E+00 5.04E-01 4.19E-01 4.46E-01 4.28E-01 1.0SE+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 16

METSET: DATA: MarMUI5P.MIL 10/19/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

UMBER 19 NAME=Residence 4 X= -0.4KM, Y= -3.4KM, Z= -31.QM, DIST= 3.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVEN KIDNEY BRONCHI

-------7 --------------------------------------------------------------------------------------------------

INFANT TOTALS 0.OOE+00 D.OE+D0 0.OOE+00 0.00E+00 0.DOE+00 0.00E+00

CHILD TOTALS 0.00E+00 O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LDNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS 4.16E+00 3.25E-01 2.91E-01 4.82E-01 3;63E-01 6.46E401

CHILD TOTALS 4.16E+00 3,50E-01 3.00E-01 3.84E-01 3.32E-01 6.46E+01

TEENAGE TOTALS 4.16E+00 4.14E-01 3.05E-01 3.42E-01 3.19E-01 6.46E+01

ADULT TOTALS 4.16E+00 4.09E-01 3.12E-01 3.43E-01 3.22E-01 6.46E+01

NUMBER 20 NAME=Residence 5 X= 1.9KM, Y= -4.3KM, Z= -36.DM, DIST= 4.7KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YK

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 0.00E+00 0.00E+00 o.ooE+00 0.OOE+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.005+00

TEENAGE TOTALS 0.005+00 0.OOE+00 0.OOE+00 0.005+00 0.OOE+0O 0.00E+0

ADULT TOTALS 0.OOE+00 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 4.85E+00 4.06E-01 3.54E-01 6.46E-01 4.64E-01 7.50E+01

CHILD TOTALS 4.84E+00 4.44E-01 3.67E-01 4.96E-01 4.16E-01 7.50E+01

TEENAGE TOTALS 4.85E+00 5.42E-01 3.75E-01 4.31E-01 3.97E-01 7.50E+01

ADULT TOTALS 4.85E+00 5.35E-01 3.86E-01 4.32E-01 4.0iE-01 7.50E+01



REGION: Maraland All Well Field CODE: MILDOS-AREA (02/97) PAGE 17

METSET: DATA: MarMUl5P.MIL 10/19/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

NUMBER 21 NAME=Residence 6 X= -4.7KM, Y= 1.9KM, Z- 22.0M, DIST= 5.1KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..................... .....................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.OOE+00

CHILD TOTALS 0.O+0D 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.OOE+00 0.00OE+00 0.OOE+00 0.00E+00 0.00E+O 0.00OE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNfEY BRONCHI

------------------------ ---------------------------------------------------------------------------------.

INFANT TOTALS 3.45E+00 3.19E-01 2.81E-01 4.96E-01 3.62E-01 5.30E+01

CHILD TOTALS 3.45E+00 3.47E-01 2.90E-01 3.85E-01 3.26E-01 5.30E+01

TEENAGE TOTALS 3.45E+00 4.19E-01 2.96E-01 3.37E-01 3.12E-01 5.30E+01

ADULT TOTALS 3.45E+00 4.14E-01 3.04E-01 3.38E-01 3.15E-01 5.30E+01

NUMBER 22 NAME=Residence 7 X= 2.4KM, Y= 3.6KM, Z= 76.OM, DIST= 4.3KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.OOE+00 - -0.00E+00 0.OOE+00 O.OOE+00 0.00E+00 0.OOE+00

CHILD TOTALS 0.OCE+00 0.OOE+00 0.OOE+00 O.OOE+00 0.OOE+00 0.OOE+00

TEENAGE TOTALS 0.OOE+00 0.C0E+00 O.ODE+00 O.OOE+00 0.CCE+00 0.COE+00

ADULT TOTALS 0.00E+00 0.OOE+00 C.COE+00 O.COE+00 0.OOE+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 6.17E+00 4.88E-01 4.45E-01 6.90E-01 5.37E-01 9.57E+01

CHILD TOTALS 6.17E+00 5.20E-01 4.55E-01 5.64E-01 4.96E-l01 9.57E+01

TEENAGE TOTALS 6.17E+00 6.02E-01 4.62E-01 5.09E-01 4.80E-01 9.57E+01

ADULT TOTALS - 6.17E+00 5.96E-01 4.72E-01 5.10E-01 4.84E-01 9.57E+01



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMU15P.MIL

TIME STEP NUMBER 1,

PAGE 18

10/19/11

DURATION IN YRS IS... 5.0

* MBER 23

NAME=Reeidence 8 X= 4.7KM, Y= -4.4KM, Z= -50.0M, DIST= 6.4KM1 IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

..........................................................................................................

INFANT TOTALS 0.O0E+00 0.0OE+00 0.O0E+00 0.00E+00 0.OOE+0C 0.00E+00

CHILD TOTALS 0.00E+00 0.OOE+00 o.o0E+oo 0.0E+CC 0.005+00 0.00c0+00

TEENAGE TOTALS 0.O0E+00 C.00E+00 0.C0E+00 0.O0E+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.O0E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.13E+00 1.66E-01 1.41E-01 2.85E-01 1.95E-01 3.32E+01

CHILD TOTALS 2.13E+00 1.85E-01 1.47E-01 2.11E-01 1.71E-01 3.32E+01

TEENAGE TOTALS 2.13E+00 2.33E-01 1.51E-01 1.79E-01 1.62E-01 3.32E+01

ADULT TOTALS 2.13E+00 2.30E-01 1.57E-01 1.79E-01 1.64E-01 3.32E+01

NUMBER 24 NAME=Unoccupied 1 X= -0.9KM, Y= 2.0KM, Z= 21.OM, DIST= 2.2KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0. 00E+00

0. 00E+00

0. OCE+00

0. 00E+00

C.OOE+00

0. 0OE+00

0. 00E+00

0.O0E+00

0. OE+00

0. 00E+00

0. C0E+00

0.00E+00

0. 00E+00

0. OOE+00

0.O0E+00
0.00OE+00

KIDNEY

0. OOE+00

0. OCE+00

0. CCE+00

0.00E+00

BRONCHI

0. OOE+00

0. 00E+00

0. 00E+00

0. 00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY F EFFECTIV BONE AVG.LUNG LIVER

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

7.50E+01

7.50E+01

7. 50E+01

7. 50E+01

7.129-01

7.24E-01

7.54E-01

7.52E-01

6.96E-01

7. 00E-01

7.03E-01

7.06E-01

7.96E-01

7.40E-01

7.20E-01

7.20E-01

KIDNEY

7.30E-01

7.15E-01

7.09E-01

7. 11E-01

BRONCHI

.1.24E+03

1.24E+03

1.24E+03

1.24E+03



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUl5P.MIL

TIME STEP NUMBER 1,

PAGE 19

10/19/11

DURATION IN YRS IS... 5.0

NUMBER 25 NAME=Unoccupied 2 X= 2.0KM, Y= 2.8KM, Z= 69.OM, DIST= 3.4KM, IRTYPE= 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.00E+00 0.00E+00 0.00E+00 0.0OE+00 0.00E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0.O0E+00 0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 8.61E+00 5.52E-01 5.15E-01 7.20E-01 5.93E-01 1.35E+02

CHILD TOTALS 8.61E+00 5.79E-01 5.24E-01 6.15E-01 5.59E-01' 1.35E+02

TEENAGE TOTALS 8.61P+00 6.47E-01 5.30E-01 5.69E-01 5.45E-01 1.35E+02

ADULT TOTALS 8.61E+00 6.42E-01 5.38E-01 5.70E-01 5.48E-01 1.35E+02

NUMBER 26 NAME=North Boundary X= 0.0KM, Y= 2.6KM, Z= 29.OM, DIST= 2.6KM, IRTYPE= I

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY

INFANT TOTALS

CHILD TOTALS

TEENAGE TOTALS

ADULT TOTALS

EFFECTIV BONE AVG.LUNG LIVER KIDNEY

0.000+00 0.00E+00 0.00E+00, 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.0OE+00 0.00E+00

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00

BRONCHI

0.00E+00

0.00E+00

0.00E+00

0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 3.91E+01 7.26E-01 7.05E-01 8.24E-01 7.50E-01 6.40E+02

CHILD TOTALS 3.91E+01 7.42E-01 7.10E-01 7.630-01 7.30E-01 6.40E+02

TEENAGE TOTALS 3.91C+01 7.82E-01 7.14E-01 7.36E-01 7.22E-01 6.40E+02

ADULT TOTALS 3.91E+01 7.79E-01 7.18E-01 7.37E-01 7.24E-01 6.40E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97)

METSET: DATA: MarMUI5P.MIL

TIME STEP NUMBER 1,

PAGE 20

10/19/11

DURATION IN YRS IS... 5.0

0 UMBER

27 NAME=East Boundary X= 1.4KM, Y= 0.3KM, Z= -20.OM, DIST= 1.4KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

IN.......T ... TOTALS........ .... .. ....... ................... E........ ........... ... ............. ..........

INFANT TOTALS 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 0.00E+'00 0.00E+00 •0.00E+00 0.00E+00 0.00E+00

TEENAGE TOTALS 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00 0.00E+00 0.OOE+00

ADULT TOTALS 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 1.67E+01 3.12E-01 3.04E-01 3.49E-01 3.21E-01 2.73E+02

CHILD TOTALS 1.67E+01 3.18E-01 3.06E-01 3.26E-01 3.14E-01 2.73E+02

TEENAGE TOTALS 1.67E+01 3.33E-01 3.07E-01 3.16E-01 3.11E-01 2.73E+02

ADULT TOTALS 1.67E+01 3.32E-01 3.09E-01 3.16E-01 3.11E-01 2.73E+02

NUMBER 28 NAME=South Boundary X= 0.0KM, Y= -0.5KM, Z= 13.OM, DIST= 0.5KM, IRTYPE= 1

40CFRI90 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

0. OOE+00

0. OOE+00

0. OOE+00

0. 00E+00

0. 00m+00

0. OOE+00

0. 00E+00

0. 00E+00

0. OOE+00

0.00E+00

0. OOE+00

0. 00E+00

0. OOE+00

0.OOE+00

0. OOE+00

0. OOE+00

0. OOE+00

0.OOE+00

0. OOE+00

0. 00E+00

BRONCHI

0.OOE+00

0.OOE+00

0.00E+00

0.00E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY

INFANT

CHILD

TEENAGE

ADULT

TOTALS

TOTALS

TOTALS

TOTALS

3. 50E+01

3. 50E+01

3.50E+01

3.50E+01

9.16E-01

9. 40E-01

1. OOE+00

9.96E-01

8.83E-01

8.91E-01

8.96E-01

9.03E-01

1.07E+00

9.72E-01

9.31E-01

9.32E-01

9. 52E-01

9.22E-01

9.10E-01

9.13E-01

BRONCHI

5.70E+02

5.70E+02

5.70E+02

5.70E+02



REGION: Marsland All Well Field CODE: MILDOS-AREA (02/97) PAGE 21

METSET: DATA: MarMU15P.MIL 10/19/11

TIME STEP NUMBER 1, DURATION IN YRS IS... 5.0

NUMBER 29 NAME=West Boundary X= -0.7KM, Y= 0.0KM, Z= 49.OM, DIST= 0.7KM, IRTYPE- 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 0.00E+00 0.OOE+00 O.00E+00 0.00E+00 0.OOE+00 0.00OE+00

CHILD TOTALS 0.00E+001 0.OE+00.00 0.00K 0.00-i0C 0.COE+00 0.OOE+00

TEENAGE TOTALS O.OKE+00 O.00E+00 C.CCE+00 0.0OE+00 C.O0E+00 0.00E+00

ADULT TOTALS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.C0E+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS 2.41E+01 7.60E-01 7.36E-01 8.70E-01 7.87E-01 3.89E+02

CHILD TOTALS 2.41E+01 7.78E-01 7.42E-01 8.01E-01 7.65E-01 3.89E+02

TEENAGE TOTALS 2.41EK01 8.22E-01 7.46E-01 7.72E-01 7.56E-01 3.89E+02

ADULT TOTALS 2.41E+01 8.19E-01 7.51E-01 7.72E-C1 7.58E-01 3:89E+02

NUMBER 30 NAME=Minatare X= -22.4KM, Y- -75.6KM, Z= -41.4M, DIST= 78.8KM, IRTYPEK 1

40CFR190 ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR
I

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI

INFANT TOTALS C.CCE+00 O.OCE+00 0.00E+00 0.0OE+CC 0.00E+00 0.00E+00

CHILD TOTALS 0.00E+00 C.00E+00 0.00E+00 C.0E+00 0.00KEC00 C.00E+00

TEENAGE TOTALS 0.00E+00 0.0OE+CC 0.00E+00 0.00E+00 0.00E+00 0.00E+00

ADULT TOTALS C.OOE+00 0.O0E+0C O.00KE+00 O.CE+00 0.00+E00 0.0OE+00

TOTAL ANNUAL DOSE COMMITMENTS COMPUTED FOR THIS LOCATION, MREM/YR

..........................................................................................................

AGE PATHWAY EFFECTIV BONE AVG.LUNG LIVER KIDNEY BRONCHI
...................................................................................................... --__

TNFANT TOTALS 1.44E-01 6.76E-02 2.23E-02 2.81E-01 1.20E-0C 1.86E+00

CHILD TOTALS 1.40E-01 1.02E-01 3.30E-02 1.48E-01 7.63E-02 1.86E+00

TEENAGE TOTALS 1.42E-01 1.88E-01 4.05E-02 8.98E-02 5.94E-02 1.86E+00

ADULT TOTALS 1.44E-01 1.82E-01 5.01E-02 9.12E-02 6.33E-02 1.865+00

Program execution time = 1.98 seconds
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Question

Reference

Should vegetation or forage sampling be required at in-situ uranium
extraction operations?

U.S. Regulatory Commissions Regulatory Guide 4.14, "Radiological
Effluent and Environmental Monitoring at Uranium Mills" Table 2 footnote
(o) specifies "Vegetation or forage sampling need be carried out only if
dose calculations indicate that the ingestion pathway from grazing animals
is a potentially significant exposure pathway (an exposure pathway should
be considered important if the predicted dose to an individual would
exceed 5% of the applicable radiation protection standard.

The applicable radiation protection standard in 10 CFR 20 is 100 mrem/yr.
Five percent of 100 mrem/yr is 5 mrem/yr.

Reg. Guide 4.14 Table 2 specifies 3 or more samples from animal grazing
areas near the mill site in the direction of the highest predicted airborne
radionuclide concentrations, 3 times during the growing season, analyzed
for Ra-226 and Pb-210.

Reg. Guide 4.14 Table 2 applies to operating uranium mills that emit U,
Ra-226, Th-230 and Rn-222. The vegetation or foliage sampling program
will measure the Ra-226 and Th-230 that are incident on the foliage or as
uptake by the foliage. In-situ uranium extraction operations only emit Rn-
222 and not Ra-226 and Th-230.

Application

Dose Calculations - The computer program MILDOS calculates radiation doses from
in-situ uranium operations. The program contains a food pathway for
calculation of radiation doses from vegetables, meat, and milk. MILDOS
was used to calculate the doses from the food pathway from the Crow
Butte Marsland Expansion Area In-Situ Uranium Recovery Facility near
Marsland, Nebraska.

MILDOS Input parameters - MILDOS file CAMMU15P was used to calculate the dose
from the food pathway. The file is for typical operations from production
wells with the operational parameters specified in Table 1.



Table 1.Operational Data for a Typical In-Situ Uranium Recovery Facility
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The total annual livestock fed requirements entered into the program
were:

Pasture grass Hay
Individual 0.5 0.5
Population 0.5 0.5

The areal food-production rates were obtained from U.S. Regulatory
Guide 3.51, Table 7, page 35. Since Nebraska was not listed as one of the
state for which the food production rates were listed, the production rates
for Colorado were used in the program as follows:

Vegetables 2,800 kg/yr per km 2 -

Meat 3,200 kg/yr per km 2

Milk 1,400 kg/yr per km 2

MILDOS Dose Calculations

MILDOS calculated the radiation dose to individuals within 80 km of the
site from vegetables, meat and milk as population doses in units of
person-rem/yr. Dividing those doses by the population within 80 km and
converting the doses to mrem/yr gives the doses in Table 2. The total
dose in Table 2 is the average dose to humans living within 80 km of the
uranium recovery operation that results the consumption of vegetables,
meat, and/or milk that may have been impacted by the release of radon
and its decay products on vegetation or forage from uranium in-situ
extraction operations.

Table 2 Radiation Doses from Vegetation-Pathway to man within 80
km of the Uranium In-Situ uranium recovery Operation.

Pathway Radiation Dose in mrem/yr
Vegetables 0.045
Meat 0.002
Milk 0.0008
Total 0.05

The maximum radiation dose to residents living near the uranium recovery
operation is determined by ratio of population exposures from the
vegetation, meat and milk pathways to the total population exposures
times the maximum resident dose at the Marsland operation. (See See
Radiation Doses from Cameco Resources Marsland Expansion Area In-
Situ Uranium Recovery Operation, Table 5, by Noel Savignac October 19,
2011). The maximum dose to nearby residents from the vegetation
pathway (consumption of vegetables, meat and milk) at Cameco
Resources Marsland operation was 1.5 mrem/yr at residence # 2.



Answer

Vegetation or forage sampling at in-situ uranium recovery operations
should not be required because the radiation dose calculated for those
operations is not considered important. The average radiation dose to
people living within 80 km of the Marsland operation from the vegetation
pathway was 0.05 mrem/yr. The maximum radiation dose to the nearby
residents from the vegetation pathway was 1.5 mrem/yr. Regulatory Guide
4.14 considers doses less than 5% of the applicable radiation standard
(5% of 100 mrem/yr = 5 mrem/yr) as not important as a vegetation
pathway.
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1.0 Introduction S
Crow Butte Resources, Inc. (CBR) is required by the Nuclear Regulatory Commission

(NRC) and the Nebraska Department of Environmental Quality (NDEQ) to

decommission areas within the site boundary following completion of active mining. Part

of this decommissioning involves the reclamation of a mine unit following successful

completion of groundwater restoration activities. Reclamation involves proper plugging

and abandonment of all wells within the mine unit boundary, removal of surface *and

subsurface structures, utilities, and pipelines, and removal of surface and subsurface

radiological contamination.

The NDEQ has authority for groundwater protection including the proper plugging and

abandonment of wells. Proper plugging and abandonment of the mining and monitor

wells at Crow Butte is regulated under NDEQ Rules and Regulations, Title 122, Rules

and Regulations for Underground Injection and Mineral Production Wells and CBR's

Class III Underground Injection Control (UIC) Permit.

The NRC regulates the decommissioning of facilities and surface and subsurface soils for

the cleanup of radiological contamination. Consideration of other hazardous materials is

also required. The requirements for surface and subsurface reclamation are contained in

10 CFR Part 40 Appendix A.: CBR's Source Materials License SUA-1534 further

specifies actions that must be taken for release of facilities and decommissioning

planning.

The purpose of this report is to provide instructions for wellfield reclamation that will

ensure that CBR complies with the regulatory requirements of NRC.

On April 12, 1999, the U.S. Nuclear Regulatory Commission (NRC) issued a Final Rule

(64 FR 17506) that requires the use of the existing soil Ra-226 standard to derive a dose

criterion for the cleanup of byproduct material. The amendment to Criterion 6(6) of 10

CFR Part 40, Appendix A was effective on June 11, 1999. This "benchmark approach"

requires that NRC licensees model the site-specific dose from the existing Ra-226
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standard and then use that dose to determine the allowable quantity of other radionuclides

that would result in a similar dose to the average member of the critical group. These

determinations must then be submitted to NRC with the site reclamation plan or included

in license applications. This report documents this approach for the Crow Butte

Resources Project as well as incorporates other guidance included in NUREG-1569,

Standard Review Plan for In Situ Leach Uranium Extraction License Applications (for

citation, see NRC, 2003a in Section 9 of this document).
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2.0 Crow Butte Project S
The Crow Butte Project is permitted for portions of Sections 11, 12, 13, and 24 of

Township 31 North, Range 52 West and Sections 18, 19, 20, 29, and 30 of Township 31

North, Range 51 West, Dawes County, Nebraska. The plant site is situated approximately

4.0 miles southeast of the City of Crawford. Figure 2-1 shows the general location of the

facility and Figure 2-2 shows the Project Site.

The original development of what is now the Crow Butte Project was done by Wyoming

Fuel Corporation, who constructed a Research and Development Facility in 1986. The

project was subsequently acquired and operated by Ferret Exploration Company of

Nebraska until May 1994, when the name was changed to Crow Butte Resources. This

change was only a name change and not an ownership change.

The Research and Development Facility was located in N/2 SE/4 of Section 19, T 31 N,

R 51 W. Operations at this facility were initiated in July 1986, and mining took place in

two wellfields (WF-l and WF-2). Mining in WF-2 was completed in 1987 and restoration

of that wellfield has been completed. WF-I was incorporated into Mine Unit One of

Commercial Operations.

The production wellfield is located within the permit area as shown in Figure 2-2. The

process plant is located in Section 19, Township 31 North, Range 51 West, Dawes

County, Nebraska. The permit area is approximately 2,800 acres and the surface area

affected over the estimated life of the project is approximately 500 acres.

2.1 Solution Mining Method and Recovery Process

Uranium is recovered by in-situ leaching from the Basal Chadron Sandstone at a depth

that varies from 400 feet to 800 feet over the permit area. The overall width of the

mineralized area varies from 1000 feet to 5000 feet. The ore body ranges in grade from

less than 0.05 to greater than 0.5% U308, with an average grade estimated at 0.26%

equivalent U3Os and 0.31% chemical U30s.
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Figure 2-2 CBR Project Site
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The in-situ leaching process consists of an oxidation step and a dissolution step. Gaseous

oxygen or hydrogen peroxide is used to oxidize the uranium, and bicarbonate is used for

dissolution. The uranium bearing solution that results from the leaching of uranium

underground is recovered from the wellfield and the uranium extracted in the process

plant. The plant process uses the following steps:

* Loading of uranium complexes onto ion exchange resin;

* Reconstitution of the solution by the addition of bicarbonate and oxygen;

* Elution of the uranium complexes from the resin;

* Drying and packaging of the uranium.

Sufficient reserves have been estimated to allow mining operations to continue for 10 to

-25 years. Status of the current mine unit operations is shown in Table 2-1.

Table 2-1 Mine Unit Status

-..-u iliiAd ':"" .ýý-,Current Sau .. v.•.,'

--

GroundwaterRestorationMine Unit 1 April 1991 Cmlt
Complete

Mine Unit 2 March 1992 Under Restoration

Mine Unit 3 January 1993 Under Restoration

Mine Unit 4 March 1994 Under Restoration

Mine Unit 5 January 1996 Production

Mine Unit 6 March 1998 Production

Mine Unit 7 July 1999 Production

Mine Unit 8 July 2002 Production

Mine Unit 9 October 2003 Production
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2.2 Groundwater Restoration

Restoration activities are performed concurrently with mining activities. The restoration

process used to successfully restore the R & D Wellfield and Mine Unit No. I will be

continued. The method consists of four basic activities:

Groundwater transfer- groundwater is transferred between the mining unit

commencing restoration and a mine unit commencing production or another water

source.

* Groundwater sweep- water is pumped from the wellfield which results in an

influx of baseline quality water from the wellfield perimeter.

* Groundwater treatment- water from injection wells is pumped to the restoration

plant where ion exchange, reverse osmosis, filtration or other treatment methods

take place.

Wellfield recirculation- water is recirculated by pumping from the production

wells and reinjecting the recovered solution. This will act to homogenize the

quality of the aquifer.

Following these restoration phases, a groundwater stabilization monitoring program is

initiated. Once the restoration values are reached and maintained, restoration is deemed

complete. Groundwater restoration activities are conducted under plans submitted to and

approved by the NRC and the NDEQ.

2.3 Radioactive Effluents

The only radioactive airborne effluent at the Crow Butte Project is Rn-222 gas. As

yellowcake drying and packaging is carried out using a vacuum dryer, there are no

airborne effluents from that system.
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The Rn-222 is contained in the pregnant lixiviant that comes from the wellfield to the

process plant. The majorijy of this radon is released in the ion exchange columns and

process tanks. These vessels are covered and vented to a manifold, which are in turn

exhausted to atmosphere outside the building through stacks. The manifolds are equipped

with an exhausting fan.

2.4 Liquid and Solid Waste Generation

There are three sources of wastewater and three wastewater disposal options for the Crow

Butte Project. The specific method utilized depends upon the volume and

characterization of the waste stream.

The operation of the process facility results in three sources of water that are collected on

the site. They include the following:

"Water generated during well development - This water is recovered

groundwater that has not been exposed to any mining process or chemicals. The

water is discharged directly to one of the solar evaporation ponds where silt, fines

and other suspended matter collected during well development settles out. This

water may be land applied.

* Liquid process waste - The operation of the process plant results in two primary

sources of liquid waste, an eluant bleed and a production bleed. This water is also,

routed to the evaporation ponds or injected into the deep well.

* Aquifer restoration - Following mining operations, restoration of the affected

aquifer commences which results in the production of wastewater. The restoration

waste is primarily brine from the reverse osmosis unit, which is sent to the waste

disposal system. The permeate is either reinjected into the wellfield or sent to the

waste disposal system.
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Domestic liquid waste is disposed of in an approved septic system.

Solid wastes generated at the site consist of spent resin, resin fines, empty reagent

containers, miscellaneous pipe and fittings, and domestic waste. These wastes are

classified as contaminated or non-contaminated waste according to their survey results.

Contaminated wastes that cannot be decontaminated are stored until they can be shipped

to a licensed waste disposal site or licensed mill tailings facility. Non-contaminated solid

waste is collected on the site on a regular basis and disposed of in a sanitary landfill.

2.5 Spills

CBR's NRC License requires that all spills of source or 11 e.(2) byproduct material and

all spills of process chemicals be documented. Radioactive material releases that meet

the reporting criteria in 10 CFR 20, Subpart M and 10 CFR §40.60 must be reported to

the NRC Operations Center. The license also requires that CBR notify the NRC Project

Manager by telephone or electronic mail within 48 hours of any significant spill that may

have a radiological impact on the environment and that is reportable to other State or

Federal agencies.

The major source of radioactive material releases in the wellfields are broken pipelines

that contain injection or production fluid. The potential impact of a radioactive materials

release is influenced by several factors such as magnitude of the release, the

concentration of radionuclides in the release, and the location of the release. The

majority of spills originate in the injection circuit which is under high pressure. A sample

of injection water was taken on April 15, 2004 and submitted to a vendor laboratory for

analysis. The results are shown in Table 2-2 below.
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Table 2-2 Radionuclide Concentrations in Injection Water Sample

Uranium 4.7 0.2

Ra-226 1140 0.2

Th-230 ND * 0.2

Pb-210 49 2.7

ND - nondetectable at the reporting limit of 0.2 pCi/L

The levels in the production fluid are expected to be similar to the injection water other

than the uranium concentrations are much higher, averaging approximately 30,000 pCi/L.

The spill response procedure requires immediate response once a spill has been

discovered. A sample of any water that has pooled is taken to verify that it is a process

solution. Any water that has pooled is retrieved with a vacuum trailer and placed in the

evaporation ponds. The volume of recovered water is recorded.

After all standing water is removed, a measurement of the extent of the release is made

and a detailed diagram drawn. Saturation depth measurements are made at several

locations to allow determination of an average depth of saturation. A worksheet is

prepared showing the exact location of the release, the affected area, the quantity of

material released, a description of how the release occurred and how it was discovered.

A data base is maintained that includes the following:

* Release date

* Release location

• Name of individual entering data
. Release area (in square feet)

* Release depth (in inches)

* Injection or Production solution
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K> The following additional information is not required, but is recorded if known:

* Release volume (if estimated from operating data)

* Release volume recovered (if any)

* Solution uranium activity (if known from samples of release)

* Solution Ra-226 activity (if known from samples of release)

A gamma survey is performed and documented. If the results of the gamma survey

indicate levels in excess of 20 pR/hr above background, soil sampling may be performed

to determine the soil Ra-226 and U-nat concentrations (at the discretion of the RSO).

In release areas adjacent to active wellheads, high background gamma levels from

contaminated piping may prevent accurate gamma survey results. Normally these areas

are not cleaned up after each release due to the on-going potential for contamination from

subsequent releases and the presence of buried utility lines. For these release areas, no

soil samples are taken but the release reports are maintained in the Decommissioning File

as required by 10 CFR 40.36.

If soil sampling indicates that the Ra-226 concentration exceeds the criteria for final site

cleanup standards, the RSO will determine the appropriate corrective actions. Any soil

that requires cleanup is treated as byproduct material and handled and disposed of

properly.

Following completion of radiological surveys and release reports, the RSO ensures that

the following information has been gathered and recorded in the decommissioning file:

9 Date

* Release volume

* Total activity of each radionuclide released

* Corrective actions
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* Results of remediation surveys

* Map showing release location and impacted area

Records of releases are maintained until .NRC license termination. The RSO is

responsible for maintaining the release records.

For the four calendar years beginning in the year 2000, 104 spills were reported, releasing

an estimated 90,657 gallons of water.

2.6 Natural Background Radionuclides in Soil

USNRC Regulatory Guide 4.14, Section 1.1.4 specifies that one set of pre-operational

surface soil samples should be collected to a depth of five centimeters at 300-meter

intervals in each of the eight compass directions out to a distance of 1500 meters from the

center of the milling area, and at each of the air particulate sampling locations. This

requirement results in the collection of a minimum of 41 surface soil samples. All pre-

operational soil samples are to be analyzed for Ra-226. In addition, all soil samples

collected from the air particulate sampling locations, plus ten percent of all other soil

samples, are to be analyzed for U-nat, Th-230, and Pb-210. The pre-operational data are

intended to be compared with data collected during plant operations. The pre-operations

data requirements for the Crow Butte Facility were adjusted somewhat to be appropriate

for the potential releases from this ISL facility.

MARSSIM (NRC, 2000) recommends that background soil samples be collected to a

depth of 15 centimeters (6 inches). The greater depth recommended by MARSSIM is

based on the pathway models which consider plow mixing and crop growth to be over a 0

to 15 cm depth. Additionally, NUREG-1569 specifies in Section 2.9.3 that background

soil samples must be collected from both 5-cm depth in conformance with Regulatory

Guide 4.14 for operations purposes, and 15 cm for decommissioning purposes.

Therefore, additional background samples were collected using MARSSIM guidance.
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2.6.1 Pre-Operational Data

In July,, 1982, 50 surface (to a depth of 5 centimeters) soil samples were collected in and

around the permit area and from the air particulate sampling stations. All 50 samples

were analyzed for U-nat'and Ra-226. The uranium concentrations ranged from 0.36 to 6.7

pCi/g, and averaged 1.6!± 1.1 pCi/g (1 standard deviation). It was noted at the time that

the sample with the highest uranium concentration, 6.7 pCi/g, was collected from a

compacted dirt driveway of a local motel. This datum should probably be considered

unrepresentative and discarded. The Ra-226 concentrations ranged from 0.1 to 2.0 pCi/g,

and averaged 1.1 ± 0.3 pCi/g. These data were considered typical of background

concentrations expected for the area.

2.6.2 Gamma Surveys and Soil Sample Results in Reference Areas

Background studies were conducted by ERG personnel from May 10-14, 2004. Four

reference areas were selected which were considered to be non-impacted from site

operations and representative of the site physically, chemically, geologically,

radiologically, and biologically. The four reference areas include areas near the northern

and southern boundaries of the current permitted area as shown in Figure 2-3.

A gamma scanning survey was first conducted over each reference area using transect

lines spaced at two-meter intervals and a walking speed of about one meter per second. A

Ludlum Model 44-10 2-inch by 2-inch Nal detector was coupled to a Ludlum Model

2221 ratemeter/scaler. Gamma-ray count rates were recorded at one-second intervals.

The gamma survey data maps for Areas I and 4 are shown in Figures 2-4 and 2-5. A

histogram of the gamma-ray survey data for the four reference areas is presented in

Figure 2-6. These figures demonstrate that the gamma-ray levels are fairly uniiorm

across the surface of the four reference areas. Table 2-3 summarizes the gamma scanning

survey data in tabular form. The number of gamma-ray survey points for the fouli

reference areas ranged from 265 to 423. The average count rate ranged from 13,977 cpm

to 14,503 cpm. The standard deviation of the count rate data ranged'from 774 to 832.
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Table 2-3 Reference Area Gamma Survey Data Summary

A casual review of the gamma count rate data leads to the conclusion that the four

reference areas appear to have uniform background gamma-ray radiation levels, and

therefore uniform concentrations of naturally occurring radionuclides. To assess the

accuracy of this conclusion, a more detailed characterization of Reference Area 1 and

Reference Area 4 was performed. Sixteen survey points were uniformly spaced across the

areas for additional study. These survey points are identified as RAI-1 through RAI-16,

and RA4-1 through RA4-16 on Figures 2-4 and 2-5, respectively. At these survey points,

a static one-minute gamma-ray count was collected using the same portable instruments

as the scanning survey. The difference between the measurements is that the scanning

survey data is the estimated cpm from a one second count time, whereas the static

measurement is a true one-minute data collection. The exposure rate was also measured

at a height of 18 inches above each survey point using a Ludlum Model 19. After

gamma-ray and exposure rate data were recorded, a soil sample was collected to a depth

of six inches (15 cm) using a 5-point composite sampling method. These soil samples

were analyzed by a vendor laboratory for total uranium, Ra-226, and Pb-210. The static

gamma-ray count, exposure rate, and laboratory analyses for each survey point is

presented in Table 2-4.

Any difference in the mean radionuclide concentration between the survey unit and the

reference area will be interpreted as caused by residual radioactivity from site activities.

If there is a significant variability in background concentration, or when there is a

significant difference in backgrounds between reference areas, then the NRC

recommends that a Kruskal-Wallis (K-W) test be conducted to determine whether there
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are, in fact, significant differences in the mean background between the reference areas. 0
The K-W test is described in NUREG-1505 (NRC, 1997). The test assumes that if the

distribution of the measurements in each reference areas are the same, then the average

rank for each reference area should'also be about the same. A Kruskal-Wallis statistic (K)

for each survey unit is calculated, which is a measure of how different the reference areas

are from each other. While NUREG-1505 does not recommend a specific value of K,, the

critical value, the NRC staff recommends in DG-4006 (NRC, 1998a) a Type I error rate

of an ak-,=0.2. From Table 13.3 of NUREG-1505, given that two reference areas are

being compared at CBR and an akW of 0.2, the acceptable Kr is 1.6.

A K-W statistical test was performed on the static one minute gamma-ray data, the Ra-

226 soil sample results, and the total uranium soil sample results presented in Table 2-4.

In the case of the Ra-226 and total uranium data, several of the analytical results were

identical. Abelquist, 2001 (page 134) states "when ranking, if several measurements are

tied, they are all assigned the average rank of that group of tied measurements'". Also, in

the case of total uranium data, several of the analytical results were reported as not

detectable at the reporting limit of 0.3 pCi/g. For ranking purposes, the data were ranked

as if the concentration reported was 0.3 pCi/g. The K for each measurement type was

calculated with the results as follows:

* One minute gamma-ray count rate K = 9.5

* Ra-226 soil data K = 13.1

* Total uranium soil data K = 21.4

In all three statistical tests, the calculated K significantly exceeds the critical value of 1.6.

This suggests that the reference areas do have significantly different distributions of

gamma-ray count rates and soil concentrations.

While these tests demonstrate that the distribution of all three measurements in Reference

Areas 1 and 4 are statistically different, another question to consider is are these

differences in backgrounds significant? Guidance presented in Section 2.3.1 of NUREG-
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Table 2-4 Reference Area Sample Data

Reference Area I

................ -MinutetIntegrated .. " ,, b-210-, :ZRa-226'.- Uau" .. "
>. Cun.-p) Reading~t-•.•":• •' . ....... -. - Uranium•:
.. ....... •(pfi. g). , - ! :,___ ____...-2Rat :;,

RAI-01 14317 17 ND 0.8 0.5 1.5
RAI-02 14434 18 ND 0.7 0.5 1.5
RA1-03 14381 17 ND 0.7 0.4 1.7
RAI-04 14373 18 ND 0.6 0.5 1.3
RAI-05 14518 18 ND 0.6 0.5 1.3
RAI-06 14113 17 ND 0.6 0.4 1.5
RAI-07 14543 18 ND 0.6 0.4 1.5
RAI-08 14177 18 ND 0.7 0.5 1.5
RAI-09 14339 18 ND 0.8 0.5 1.7
RAI-10 13967 17 ND 0.6 0.4 1.5
RAI-I1 14191 17 ND 0.4 0.4 1.0
RAI-12 14208 16 ND 0.5 0.4 1.2
RAI-13 13842 16 ND 0.6 0.5 1.3
RAI-14 13767 16 ND 0.5 0.4 1.2
RAI-15 13820 17 ND 0.7 0.4 1.7
RAI-16 13496 16 ND 0.8 0.5 1 .7

Average 14155 17 0.6 0.4 1.4
Std. Dev. 291 0.8 0.1 0.0 0.2

Reference Area 4!. ?- '>:.... .' , ý " .:I . ,:" -..-. •.•U;, ,'E-•ii ' '; ."•'5 ', ::" ý ...........

.:...- -.Pb210 •.,
Samiple.6 n- in -.. Uranium 1.--n.•um-

RA4-01 13784 17 ND 0.5 0.4 1.2
RA4-02 13778 16 ND 0.6 0.3 1.8
RA4-03 13810 16 ND 0.5 * 0.3 1.5

RA4-04 13873 16 ND 0.4 0.4 1.0
RA4-05 13808 18 ND 0.7 0.4 1.7
RA4-06 14096 17 ND 0.6 0.3 1.8
RA4-07 13936 17 ND 0.5 ** 0.3 1.5

RA4-08 13732 16 - ND 0.4 ** 0.3 1.2

RA4-09 14086 17 ND 0.5 0.3 1.5
RA4-10 13730 16 ND 0.5 0.4 1.2
RA4-11 13843 16 ND 0.4 d* 0.3 1.2

RA4-12 13550 17- ND 0.4 0.3 1.2
RA4-13 14094 16 ND 0.7 0A 1.7
RA4-14 13781 17 ND 0.5 0.3 1.5
RA4-15 13782 17 ND 0.4 * 0.3 1.2

RA4-16 13870 16 ND 0.4 0.4 1.0
Average 13847 17 0.5 0.4 1.4
Std. Dmv. 142 0.6 1 0.1 0.0 0.3

* ND - nondetectable at the reporting limit of 0.2 pCilg
** 0.3 - nondetectable at the reporting limit of O.3 pCi/g
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CR/5849 (NRC, 1998b) indicates that if the sum of the mean background and 2 standard 0
deviations of the measurements is less than 10% of the DCGL, variations in background

can be considered insignificant. This is the case for the total uranium analyses where the

average concentrations and standard deviations for Reference Areas 1 and 4 are 0.5 ± 0.1

pCi/g, and 0.3 ± 0.1 pCi/g respectively and the DCGL is 240 pCi/g. These differences are

clearly insignificant. For Ra-226, the average concentrations for Reference Areas I and 4

are 0.6 ± 0.1 pCi/g and 0.5 ± 0.1 pCi/g, respectively, and the DCGL is 5 pCi/g. While

this comparison is not quite as conclusive, the same argument can be made that the

variability in radium background can be neglected for cleanup comparison purposes. A

radium background concentration of 0.55 pCi/g is proposed.
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3.0 Current Site Conditions

A characterization survey was conducted in May 2004 to provide information needed to

develop a final verification plan for contaminated soils. Spill areas within the wellfields

and near evaporation ponds were surveyed in an effort to collect data used to develop a

gamma count rate to radionuclide soil concentration correlation. This correlation will

assist in interpreting the radiological survey data and to develop a gamma-ray action

level. Four areas were chosen for survey and soil sampling. Figure 3-1 shows the four

areas relative to the overall site. Spill areas involving large quantities of injection well

solution were selected. Spills in the proximity of contaminated piping, such as next to

the wellheads or trunklines, were not considered since the gamma shine from such

features would influence the correlation.

3.1 Gamma Surveys and Soil SAmpling

Each area was surveyed using a 2-inch by 2-inch Nal detector (Ludlum Model 44-10),

coupled to a Ludlum Model 2221 ratemeter/scaler and a Trimble ProXRS GPS unit. The

survey system automatically logged individual gamma count rates with a corresponding

coordinate every one second. The GPS system was placed into a backpack and was worn

by field personnel while walking at a rate of approximately 2.5 feet per second over the

area to be surveyed. The data were managed using ArcView GIS, a geographic

information system computer application for managing, displaying, and analyzing data

geographically. After review of the survey data maps, the area was further scanned with

only the Ludlum Model 2221 and 44-10 to identify locations within a specific range of

gamma readings from which to sample. The coordinates of each sample location were

recorded using the GPS. A one-minute integrated gamma count was taken using the

2221 and 44-10 at eighteen inches above the sample location. An exposure-rate reading

was taken with a Ludlum Model 19 at eighteen inches above the sample location. Lastly,

a five point composite surface to 15-cm deep sample was taken. One sample was taken

directly beneath the detector and the four other samples were taken at points extending in

the compass directions eighteen inches from the center.
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3.2 Soil Sample Data and Gamma Survey Results

A total of fifteen soil samples were taken from the four correlation survey areas. The

results of the oneý.minute integrated counts, exposure rates, and soil concentrations are

shown in Table 3-1. Figures 3-2 through 3-5 show the GPS-radiological survey and

correlation sample locations for each of the four areas. Each color dot in the figures

represents a recorded count rate within one of the count-rate ranges given in the legends

of the figure. Of the few locations that indicate elevated gamma levels, some are near

pipes or other gamma-emitting sources. The correlation survey resulted in over 2100

individual gamma records with associated coordinates. The maximum reading observed

was 28,272 cpm in Area 4 while the minimum reading was 10,411 cpm in Area 1.

Four samples were taken from Area I where a trunkline had leaked and solution had run

down the hillside. At Area 2 three samples were taken from a location between two

evaporation ponds currently in use. There were three samples taken at Area 3, next to the

pilot plant evaporation pond. At Area 4, five samples were taken in an area where a large

trunkline spill had occurred. Several elevated areas were not suitable for correlation

studies since the source of gamma rays were from nearby process components or from a

spill of a very concentrated material in a small localized area.

The high Ra-226 to U-nat concentration ratios for the data in Table 3-1 suggest that all

spills were from injection water with the exception of Area 2, which was not wellfield

water line spill related. The contamination in Area 2 is believed to have arisen from

spillage while transferring water from one evaporation pond to another.
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Table 3-1 Correlation Area Sample Data

Co.rre... I a t t, n, 4Minute.Interae ..xUraeum- ,-_., .-226:U..verage: R
...j ( I .1 - * .. * ~ i -

CBR-CS-01 16330 20 ND 3.4 0.9 3.6

CBR-CS-02 15911 19 ND 4.6 1.4 3.2
CBR-CS-03 13868 17 ND 0.7 0.5 1.3
CBR-CS-04 17359 21 ND 4.1 0.8 5.0

- - CBR-CS-05 -35132 40 1.5 53.0 -16 6 - 32.6.
CBR-CS-06 29930 34 ND 45.0 1.8 25.6

4 CBR-CS-07 21756 27 ND 29.0 1.4 20.4 26.2
CBR-CS-08 19504 24 ND 10.0 1.2 8.2
CBR-CS-09 15712 19 ND 0.8' 1.0 0.8

CBR-CS-10 16233 19 ND 0.9 3.1 0.3
2 CBR-CS-1 1. 17070 19 ND 1.2 7.6 0.2 0.2

CBR-CS-12 17981 20 1.2 1.0 11.3. 0.1

CBR-CS-13 21606 25 3.9 10.0 1.5 6.7
3 CBR-CS-14 18462 21 2.7 5.0 1.0. 4.9 5.7

CBR-CS-15 23223 27 4.5 11.0 2.0 5.4

• ND - nondetectable at the reporting limit of 0.2 pCi/g
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Figure 3-3
Correlation Survey & Sample Locations
For Survey Area 2
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4.0 Wellficld Decommissioning

Decommissioning and demolition work will be performed by CBR personnel and outside

contractor(s). All workers will receive industrial and radiation safety training according

to the Section 7.2 of this plan. As stated in that section, the ESH department will monitor

decommissioning activities related to safe work practices and assure compliance with

procedures. All personnel have the authority to terminate work when unsafe practices are

observed. Section 5.0 lists the disposal options and survey requirements for

decommissioned equipment, materials and structures. Contaminated soil and those items

that cannot be economically decontaminated below the releasable limits will be disposed

of as byproduct material according to Section 5.4.

Wellfield decommissioning includes the removal of surface equipment consisting of feed

lines, electrical conduit, well boxes, and wellhead equipment. Wellhead equipment such

as valves, meters, or control fixtures will be salvaged when possible. Buried wellfield

piping will be removed. Wells will be plugged and abandoned according to the procedure

below. Following removal of all equipment and piping, a gamma survey will be

performed in potentially contaminated areas to identify and remove contaminated soil

above the cleanup criteria. The wellfield area may then be recontoured, if necessary.

Additional information regarding each step of the decommissioning is discussed below.

4.1 Well Plugging and Abandonment

Wells no longer useful for continued mining or restoration will be abandoned. This

includes injection and recovery wells, monitoring wells, and any other wells used for the

collection of hydrologic or water quality data. One known exception may be a well could

be transferred to the landowner for personal use.

The objective of the CBR well abandonment program is to seal all wells such that the

groundwater supply is protected, and to remove potential physical hazards. All

abandoned wells will be plugged and abandoned in accordance with The Plugging and

Abandonment Plan approved by the NDEQ and summarized in Section 6.2.3.1 of the

CBR license renewal application. This procedure is summarized below.
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A hose is lowered to the bottom of the well casing, and an approved abandonment mud is

pumped down the hose. After filling the casing, the hose is removed and a cement plug is

placed on the top. A hole is dug around the well, and the top three feet of casing are

removed. The hole is then backfilled and vegetated.

A well abandonment report will be filed with the appropriate agencies upon completion

of the wellfield decommissioning.

4.2 Trunk Lines, Pipes, and Wellfield Equipment

Surface piping used for wellfield activities, such as injection and recovery well lines or

trunk lines, will be removed from the wellfields along with the valves, meters, and other

related equipment. The underground piping (well lines and trunk lines) will be excavated

and removed. Salvageable lines will be held for future use in ongoing mining operations.

Non-salvageable lines will either be surveyed for unrestricted release, or disposed of at a

licensed disposal facility as radioactive waste.

In some situations, CBR may desire to leave buried pipes in place. If so, studies will be

conducted to determine the effectiveness of acid washes or other decontamination

methods. The results will be documented and, if successful, used to develop a procedure

for submission to the NRC for approval.

Contaminated equipment will be evaluated on a cost-benefit basis to determine if an

attempt to decontaminate the item is warranted. Possible decontamination methods

include acid wash, sandblasting, and pressurized water spray. During decontamination

attempts, the work area will be controlled in accordance with radiological control

requirements using procedures from the CBR Health Physics Manual (HPM). If

decontamination is not successful, items will be disposed of at a licensed facility. Areas

where wash water has been released to the ground will be considered potentially

contaminated and monitored in accordance with Section 6 of this plan.
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After all surface equipment and piping are removed, and all wells are properly plugged

and abandoned, soil monitoring and removal procedures specified in Section 6 of this

D&D plan will be applied.

4.3 Wellfield Buildings

Wellfield buildings are small enough to be transported intact and may be reused at

another wellfield, transferred to another licensee, or released for unrestricted use if they

can be decontaminated to release criteria. These small, industrial structures are not

suitable for long-term occupancy by workers or as a residence. Therefore, the release

criteria for materials and equipment as specified in Section 5.1 will be applied.
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5.0 Disposition Options and Release Surveys

The disposition of potentially contaminated items and materials fall within four broad

categories. These categories are the unrestricted release of equipment and pipe, the

unrestricted release of wellfield buildings, the transfer of contaminated equipment and

buildings to another licensee, and the disposal of contaminated equipment as waste

byproduct material.

5.1 Equipment, Pipe and Materials to be Released for Unrestricted Use

Salvageable equipment, pipe and other material s to be released for unrestricted use will

be surveyed for alpha radiation contamination in accordance with the NRC guidance

document, "Guidelines for Decontamination of Facilities and Equipment Prior to Release

for Unrestricted Use or Termination of Licenses for Byproduct, Source, or Special

Nuclear Material," dated May 1987.

The monitoring for beta-gamma dose rate is a current license requirement, based on the

referenced 1987 NRC guidance document. This requirement has been eliminated in

subsequent ANSI standards, including the latest ANSIJHPS N13.12-1999 standard,

"Surface and Volume Radioactivity Standards for Clearance." CBR has routinely made

these measurements but has never found them limiting. The characterization data

indicate that the long-lived radionuclides, uranium,.Ra-226, and Pb-210 are the principal

radionuclides in the process water and thus are the principal constituents in contaminated

areas. Anticipated mixtures of these radionuclides anywhere on the CBR site, including

within process equipment, result in alpha and beta emission rates that are approximately

the same. When Ra-226 is the predominant constituent, then the alpha emission rate

should be approximately twice the beta emission rate. Considering that the background

count rate is approximately 10 times higher (per unit area surveyed) for a beta-gamma

detector compared to an alpha detector, it is reasonable to expect that the alpha

measurement will always be more sensitive and limiting. Therefore, CBR proposes to

make only alpha surface contamination measurements during release surveys for

unrestricted use.
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The CBR release limits for alpha radiation are as follows:

* Removable total of 1,000 dpm/100 cm2.

* Average total of 5,000 dpmll 00 cm 2 over an area no greater than I square meter.

* Maximum total of 15,000 dpm/1 00 cm2 over an area no greater than 100 cm2.

Decontamination of surfaces will be done to comply with CBR's ALARA policy to

reduce the contamination as far below the limits as practical. Decontamination methods

include pressurized spray washing, acid treatment,. and sandblasting. Decontamination

residues will be properly handled and disposed of as byproduct material. Equipment and

materials released for unrestricted use will either be placed in an approved landfill, or'

salvaged.

5.2 Buildings to be Released for Unrestricted Use

The only buildings to be released or disposed of under this plan are the small wellfield

buildings which provide environmental protection to valves, meters, and other

equipment. These -small industrial structures are not suitable for long-term occupancy by

workers or. others. ..Therefore, the applicable release criteria for their unrestricted use are

the same criteria specified for equipment above. These structures will be surveyed for

alpha contamination and released for unrestricted use or disposed of in a licensed facility.

5.3 Contaminated Equipment, Materials, and Buildings Transferred to Another

Licensee

Salvageable contaminated equipment such as valves, meters, and other valuable

components, along with small movable structures such as welifield buildings, may be

transferred to another licensed facility. If surface contamination exceeds the limits for

unrestricted release, the equipment or structures may be shipped to another licensed

facility in accordance with Title 49 of the Code of Federal Regulations (CFR). In most

cases the equipment or structures will be shipped as Surface Contaminated Object (SCO-

I), DOT regulations 49CFR173.427, UN2913, or as Empty Packages as Excepted

Packages, DOT regulations 49CFR173.428, UN 2910.
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Equipment and structures will be free of any loose exterior contamination and drained of

any process liquids prior to shipment. If necessary, the equipment or structures will be

washed to ensure that the exterior contamination is not easily removable. External

exposure and contamination surveys will be conducted and documented to ensure that the

DOT limits in 49 CFR 173.427 (a) (1), 173.441 and 173.443 are met. Surface

contaminated objects (SCO-1) may be transported as an exclusive use shipment in a

strong tight container that prevents leakage of the radioactive contents under normal

conditions of transport, as specified in 173.427(b) (3).

5.4 Contaminated Equipment, Materials, and Buildings Disposed of as

Byproduct Material

Non-salvageable contaminated equipment, materials, dismantled structural sections, and

soils will be sent to an NRC licensed facility for disposal. Shipments will be conducted

per procedures in the HPM. In most cases the byproduct material will be shipped as Low

Specific Activity (LSA-I) material, pursuant to DOT regulations in 49 CFR 173.427,

UN2912.

External exposure and contamination surveys will be conducted and documented to

ensure that the DOT limits in 49 CFR 173.427 (a) (1), 173.441 and 173.443 are met.

Byproduct material will normally be transported as an exclusive use shipment in a strong

tight container that prevents leakage of the radioactive contents under normal conditions

of transport, as specified in 173.427(b) (3).
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6.0 Cleanup of Surface-and Subsurface Soils

The cleanup of surface and subsurface soils will be done according to the requirements in

10 CFR Part 40, Appendix A. Appendix A indicates that the Ra-226 concentration in soil

should be limited to 5 pCi/g above background for 15-cm thick surface layers, averaged

over 100-m2. Similar layers of subsurface contamination are limited tol5 pCi/g.

The NRC amended 10 CFR Part 40 on April 12, 1999 (FR/Vol. 64, No. 69, pp17506-

17509) to require uranium recovery licensees to consider radionuclides other than Ra-226

in soil cleanup criteria. The existing soil Ra-226 criterion in 10 CFR Part 40, Appendix

A, is used to derive a dose criterion (Benchmark Approach) for the cleanup of byproduct

material radionuclides, including Ra-226. The radionuclide-specific criteria are adjusted

so that the total dose resulting from the mixture of residual radionuclides will not exceed

the Benchmark Dose. The dose from radon is excluded from the benchmark calculation.

Other recommended guidance documents that were reviewed include NUREG-1620

(NRC, 2003b) and NUREG-1549.

The only radionuclides other than Ra-226 of concern at the CBR Project are from U-nat,

a mixture of U-238, U-234, and U-235. The natural abundance activity percentages for

these radionuclides are approximately 0.489, 0.489, and 0.022, respectively.

6.1 Cleanup Limits for Soils

The Benchmark Dose was modeled (see Appendix A) using the RESRAD code. The

results show that a concentration of 537 pCi/g for uranium (U-nat) in the top 15-cm layer

of soil for the resident farmer scenario is equivalent to the Benchmark Dose derived from

a concentration of 5 pCi/g of Ra-226. It can conservatively be assumed, from a

radiological exposure perspective, that since the subsurface concentration limit for Ra-

226 is 15 pCi/g, the subsurface concentration limit for uranium would be 1600 pCi/g. It

will be shown below that the uranium concentration should be limited to 230 pCi/g for all

soil depths because of chemical toxicity concerns. A maximum soil contamination limit

for uranium of 230 pCi/g in the surface and subsurface 15-cm layers is therefore

proposed for CBR.
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6.1.1 Radiological Dose Assessment

The NRC requires that when more than one radionuclide is present, the unity rule is

* applied to the radiological concentrations and corresponding radiological limits. The sum

of the fractions of concentrations compared to their corresponding limits should be less

than one. CBR interprets this to mean that the concentration of uranium in the surface

soil layer will be divided by 537 pCi/g (as opposed to the limit based on chemical

toxicity). Similarly, the concentration in a subsurface layer will be divided by 1600 pCi/g

to obtain the fraction for the uranium concentration.

ALARA considerations require that an effort be made to reduce contaminants to as low

as reasonably achievable levels. The ALARA goals are normally based on a cost-benefit

analysis. For the cleanup of gamma-emitting radionuclides, the cost of cleanup becomes

excessively high as the soil concentrations become either indistinguishable from

background or the gamma emission rate corresponding to a soil concentration becomes

indistinguishable from the gamma background count-rate. For uranium, the.

concentrations corresponding to these two situations are quite different.

Cleanup of uranium mill sites has demonstrated that conservatively derived gamma

action levels, along with procedures similar to those in this plan, result in near

background Ra-226 concentrations for the site. It is therefore believed that no specific

ALARA goal is required for surface Ra-226. The proposed gamma action level (See

Section 6.3) has been established at near background levels and is considered adequate to

limit the concentration of Ra-226 to 5 pCi/g above background levels. The presence of a

mixture of Ra-226 and uranium will tend to drive the cleanup to even lower Ra-226

concentrations.

Establishing an ALARA goal for uranium is more difficult. The calculated dose rates

from the direct exposure to uranium and Ra-226 in soils are available from the RESRAD

runs in Appendix A. The ratio of the Ra-226 dose rate per pCi/g to the uranium dose rate

per pCi/g is 120. In this analysis, it is assumed that the dose rate for direct exposure is

. . . .. .. .. • .. . .... '0
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proportional to the average photon energy times the emission rate, or:

D=kxExR

Where:

k = proportionality constant,

D = direct dose rate,

E = average photon energy

R = emission rate.

Writing an equation for pure uranium and one for Ra-226 plus progeny, and dividing

results in the following equation:

RRa= DRa×EU
RD X×ER,
RU DU xER

The average gamma energy from uranium is approximately 100 keV and the average

energy from Ra-226 plus progeny is on the order of 400 keV. Substituting DR.// Du

120 and Eu/ ERa = 100 / 400, then RRa / Ru = 30.

For a gross-gamma count rate meter in the field, the count rates are proportional to the

emission rate ratios, adjusted for the detection efficiency differences for the two different

spectra. Assuming that the difference is small, the ratio of the count rates should be

about 30. Therefore if the action level for pure Ra-226 results in cleanup of the site to

less than 5 pCifg, the action level should result in the cleanup of pure uranium to 30 x 5,

or 150 pCifg. When both radionuclides are present, the levels should be somewhat lower.

Based on the above argument, CBR proposes an ALARA goal of limiting the U-nat

concentration in the top 15-cm layer to 150 pCilg, averaged over an area of 100 m2.

Subsurface contamination is expected around some of the well heads, wellfield pipe

trenches, and wellfield houses. The difficulty i n monitoring for removal is seldom as
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favorable under these conditions as for contamination on the surface. It is CBR's desire

to reduce the subsurface concentrations to a maximum of two-thirds of the proposed

limits of 15 pCi/g above background for Ra-226 and 230 pCi/g for U-nat. Therefore

ALARA goals for Ra-226 of 10 pCi/g above background and for U-nat of 230 pCifg are

proposed. The subsurface uranium goal has not been reduced below the limit since it has

not been demonstrated that these levels can be detected with readily available field

instruments. The limits are summarized in Table 6-1.

Table 6-1 Proposed Limits and ALARA Goals for Cleanup of Soils *

Surface
5 5 230 150

0-15 cm

Subsurface
15 10 230 23015 cm layers

*Averaged over a 1O0-m"' area and 15-cm thickness

• * Based on chemical toxicity

It should be recognized that there may be circumstances, especially for subsurface

contamination, that could result in the cost overriding the benefit of attempting to reach

an ALARA goal. Should this happen, CBR will document why the ALARA goal was

knowingly abandoned. It should also be recognized that backfilling may be required (for

safety reasons) prior to receiving the confirmation sample laboratory results. In some

situations, sample results may surprisingly be higher than the ALARA goals. In this

situation, the cost-to-benefit ratio for remediating the backfilled area to meet ALARA

goals will normally be prohibitively high.

6.1.2 Chemical Toxicity Assessment

The chemical toxicity effects from uranium exposure are evaluated by assuming the same

exposure scenario as that used for the radiation dose assessment. In the Benchmark Dose
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assessment for the resident farmer scenario, it was assumed that the diet consisted of 25

percent of the meat, fruits, and vegetables grown at the site. No intake of contaminated

food through the aquatic or milk pathways was considered probable. Also, the model

showed that the contamination would not affect the groundwater quality. Therefore, the

same model will be used in assessing the chemical toxicity. The intake from eating meat

was shown to be negligible compared to the plant pathway and therefore is not shown

here. This is confirmed by the results of the RESRAD calculations shown in Appendix

A.

The method and parameters for estimating the human intake of uranium from ingestion

are taken from NUREG/CR-5512 Vol. 1 (NRC, 1992). The uptake of uranium in food is

a product of the uranium concentration in soil and the soil-to-plant conversion factor.

The annual intake in humans is then calculated by multiplying the annual consumption by

the uranium concentration in the food. Since the soil-plant conversion factor is based on

a dry weight, the annual consumption must be adjusted to a dry-weight basis by

multiplying by the dry-weight to wet-weight ratio. Parameters for these calculations are

given in Section 6.5.9 of the NUREG/CR-5512. Table 6-2 provides the parameters used

in these calculation and results for leafy Vegetables, other vegetables, and fruit. Annual

intakes of 14 kg/year and 97 kg/year were assumed for leafy vegetables and other

vegetables and fruit, respectively. Consistent with Appendix A dose calculations, it was

assumed that 25 percent of the food was grown on the site. It was also assumed that the

uranium concentration in the garden or orchard was 537 pCi/g. This corresponds to the

uranium Benchmark Concentration for surface soils. Using a conversion factor for U-nat

of I mg = 677 pCi, then 537 pCi/g is equivalent to 793 mg/kg. The human intake shown

in the first column of Table 6-2 is equal to the product of.the parameters given in the

subsequent columns. Table 6-2 shows that the total annual uranium intake from all

sources of food from the site is 92 mg/yr.

The two-compartment model of uranium toxicity in the kidney from oral ingestion was

used (ICRP, 1995) to predict the burden of uranium in the kidney following chronic

uranium ingestion. This model allows for the distribution of the two forms of uranium in
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the blood, and .consists of a kidney with two compartments, as well as several other

compartments for uranium distribution, storage and elimination including the skeleton,

liver, red blood cells (macrophages) and other soft tissues:

Table 6-2 Annual Intake of Uranium from Ingestion

0

KJ

The total burden to the kidney is the sum of the two compartments. The mathematical

representation for the kidney burden of uranium at steady state can be derived as follows:

lRxfI1

Q Xp ee fps f pr f pl f pk f pk:

Where:

QP

IR

fk

fpl

fpi
fpL-

= uranium burden in the plasma, pg

= dietary consumption rate, mg U/d

= fractional transfer of uranium from GI tract to blood, unitless

= fractional transfer of uranium from plasma to skeleton, unitless

= fractional transfer of uranium from plasma to red blood cells,

unitless

= fractional transfer'of uranium from plasma to liver, unitless

= fractional transfer of uranium from plasma to soft tissue, unitless

fractional transfer of uranium from plasma to kidney, compartment 1,

unitless;
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Lp =biological retention constant in the plasma, d".

The burden in kidney compartment I is:

f
Q k = X .p Q p x P k

Where:

Qkl = uranium burden in kidney compartment 1, mg;

Xkl = biological retention constant of uranium in kidney compartment 1, d".

Similarly, for compartment 2 in the kidney, the burden is:

P Pk2

Where:

Q = uranium burden in kidney compartment 2, pg;

X =2 = biological retention constant of uranium in kidney compartment 2, d-1;

fpk2 = fractional transfer of uranium from plasma to kidney compartment
2, unitless.

The total burden to the kidney is then the sum of the two compartments is:

kl 2(flRx fI Px~PklJ( 4 jpk2

Qk Qk -f -fIf -ff X kl Xk2)
ps pr p]1 t pl

The parameter input values for the two-compartment kidney model include the daily

intake of uranium estimated for residents at this site, and the ICRP69 values

recommended by the ICRP as listed below (ICRP, 1995). The daily uranium intake rate

was estimated to be 0.14 mg/day (52mg/year) from ingestion while residing at this site.
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IR = 0.14 mg/day

f, = 0.02

fp, = 0.105

fpr = 0.007

fPI = 0.0105.

fpt = 0.347

fpk = 0.00035
fpk2 = 0.084

*.kl= ln(2)/5 yrs

Xk2 = ln(2)/7 days

where In(2) 0.693...

Given a daily uranium intake of 0.14 mg/day at this site and the above equation, the

calculated uranium in the kidneys is 0.0093 jig U, or a concentration of 0.03 VgU/g

kidney. This is three percent of the 1.0 pg U/g value that has generally been assumed to

protect the kidney from the toxic effects of uranium. Some researchers have suggested

that mild effects may be observable at levels as low as 0.1 pg U/g of kidney tissue.

Using 0.1 jig U/g as a criterion, then the intake is thirty percent of the considered unsafe

level.

The EPA recently evaluated the chemical toxicity data and found that mild proteinuria

has been observed at drinking water levels between 20 and 100 jig/liter. Assuming water

intake of 2 liters/day, this corresponds to an intake of 0.04 to 0.2 mg/day. Using animal

data and a conservative factor of 100, the EPA arrived at a 30 jig/liter limit for use as a

National Primary Drinking Water Standard (Federal Register/Vol.65, No.236/ December

7, 2000). This is equivalent to 0.06 mg/day for the-average individual. Naturally, since

large diverse populations are potentially exposed to drinking water sources regulated

using these standards, the EPA is very conservative in developing limits.

This analysis indicates that a soil limit of 537 pCi/g of U-nat would result in an intake of

0.14 mg/day. Using the most conservative daily limit corresponding to the National

Primary Drinking Water standard, a soil limit of 230 pCi/g corresponds to the EPA intake

Decommissioning Plan for Crow Butte Uranium Project - June, 2004 Page 43 of 66



limit from drinking water with a uranium concentration of 0.06 mg/day. Therefore

exposure to soils containing 230 pCi/g of U-nat should not result in chemical toxicity

effects. Since the roots of a fruit tree would penetrate to a considerable depth, limiting

subsurface uranium concentrations to 230 pCi/g will be considered appropriate as well.

6.2 Soil Cleanup and Verification

Gamma surveys will be used to guide the soil remediation efforts. The surveys will

identify soil contamination that potentially exceeds the cleanup criteria and will be used

to guide the cleanup efforts. After cleanup, the surveys will be used, in conjunction with

surface soil sample analyses, to verify that the soil meets the site cleanup criteria. A

gamma action level, defined as a gamma count rate level corresponding to the soil

cleanup criterion, is used in the interpretation of the data. Normally the action level is

conservatively developed to allow only a five percent error rate of exceeding the cleanup

criteria at the 95% confidence level.

6.3 Gamma Action Level

The gamma action level is determined from data taken from known contaminated areas

of the site, using equipment and methods similar to those that will be used during the soil

cleanup verification phase of decommissioning. Verification plans call for sampling all

100-M 2 grid blocks that exceed the gamma action level using a five-point composite

sampling procedure. A percentage of the grid blocks with gamma count rates below the

action level will also be sampled.

The results of the preliminary site characterization described in Section 3 were Used to

develop the action level. The gamma survey 'was conducted in four areas considered to

have the potential for being contaminated above cleanup criteria. The survey revealed

that the contaminated areas were restricted to areas only a few feet across. The gamma-

ray count rate measured above small contaminated areas is significantly lower than those

above large areas contaminated at the same level. Therefore, the action level may be

overly-conservative when used for assessing large contaminated areas.
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An extensive effort at locating additional sampling points was made but, at this time,

additional potentially contaminated areas are not evident. Since the contaminated areas

were small and the distribution non-uniform, no attempt was made to determine the

average count rate and average radionuclide concentration in a 100-m2 grid block.

Instead, the gamma count rate was measured above the soil-sampling location at an 18-

inch height above the soil surface. This detector height will be used in the final

verification survey.

Table 3-1 in Section 3 provides a summary of the data taken for the purposes of

developing an action level along with additional information. The exact sampling

locations have been provided in Figures 3-2 through 3-5. Section 2.6 presents the

background data and proposes natural background value of 0.55 pCi/g for Ra-226.

Figure 6-1 shows the Ra-226 concentration plotted against the gamma count rate using

the data in Table 3-1. The linear regression indicates that, on average, a gamma count rate

of 17,900 cpm corresponds to 5.55 pCi/g (5 pCi/g above background). This is easily

* distinguishable from the background count rate of approximately 14,500 cpm. The

lower 95% confidence line for the linear regression, based on the available data, shows

that 5.5 pCi/g corresponds to slightly less than 14,000 cpm, or approximately equal to the

mean background count rate. This lower 95% confidence line therefore does not lead to a*

practical gamma action level. Until more data are available on which to refine this linear

regression, CBR will use 17,900 cpm as the gamma action level for cleanup of areas that

are small compared to the 100-mn2 grid block size. This will assure that when averaged

over a grid block, the Ra-226 concentration will be less than the 5 pCi/g limit. As

indicated above, when the contaminated area is large, the action level will be expected to

increase by a few thousand counts per minute. There are no site data, however, on which

to obtain an estimate. If large areas are decontaminated, the action level will be used

with caution, or a new action level will be developed.

A correlation between the Ludlum Model 19 Micro-R meter and the Ludlum Model

2221/Ludlum Model 44-10 NaT count rate instruments, as shown in Figure 6-2, shows

-- that 17,900 cpm corresponds to about 21 pR/h on the Model 19. While the Model 19
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may be a useful instrument in some very high exposure rate situations, the factor of

approximately five better sensitivity of the Model 44-10 along with the integrating-over-

time feature of the Ludlum Model 2221 make it the preferred instrument for use at these

low levels. The Model 19 will be used for a rough estimate as to whether an area meets

the action level criterion.

At this time, no additional contaminated areas are known to exist where correlation data

may be obtained. Therefore, unless areas are identified during remediation, all areas

above 17,900 cpm will be remediated or the grid blocks sampled to assure that the

cleanup criteria are met. If adequate data are obtained during remediation on which to

base a more precise soil cleanup action level corresponding to the cleanup criterion, CBR

may choose to petition the NRC for a change in the Decommissioning Plan.

6.4 Gamma Surveys for Characterization and Verification

Two methods are proposed for conducting site gamma surveys, one the GPS-radiological

survey system and the second being the equivalent conventional method using a Ludlum

2221 ratemeter/scaler and Model 44-10 detector. Since the methods differ only in data

recording and management, there are no apparent differences in the accuracy of the results.

The surveys are described and CBR will decide which method to employ.

6.4.1 Gamma Surveys and Mapping Using Global Positioning System

The GPS-radiological surveys will be done using the same or equivalent equipment to that

used in the correlation studies. The gamma-mapping system consists of a Ludlum Model

2221 ratemeter/scaler coupled to a Ludlum Model 44-10, a 2-inch by 2-inch NaI(Tl)

detector. The digitized radiological count rate data are recorded once every second. The

data are transmitted to a Trimble ProXRS GPS receiver which automatically tags the data

with the coordinates at the time the data count rate is received. The ProXRS, manufactured

by Trimble Navigation, is state-of-the-art mapping grade surveying equipment, employing

the use of satellite GPS technology. The accuracy of the coordinates is better than one

meter while collecting data.
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The data are collected in the GPS data logger and later downloaded into a computer

equipped with data management software. The data are then exported into the ArcView

GIS file format, or other software for mapping, averaging, and developing isocontours.

A gamma survey will be done over the extent of the affected areas. Gamma count rate

contour lines at the action level will be used to define where remediation is required. After

the remediation, the area will be resurveyed with the new data added to the database,

replacing the obsolete pre-remediation data. This iterative procedure will be applied until all

areas are determined to meet the action levels.

In the verification phase, the average count rate over each 100-m 2 grid block is calculated by

downloading the data into a data base management computer application. The data records

within each grid block are counted, averaged, and assessed as to whether the grid block

meets verification criteria.

Function checks for the equipment will be performed at the beginning and end of each work

shift using standard operating procedures. In addition, standard operating procedures will be

used for operating the GPS-radiological survey equipment.

6.4.2 Radiological Survcys and Mapping Using Conventional Methods

Gamma surveys may be conducted using the same type of radiological survey equipment

described above other than the data will be recorded manually and presented on maps with

isocontours using computer assisted means. Grid blocks of 33.3-ft by 33.3-ft

(approximately 100-M2 area) will be established over the affected area. In order to

determine the average gamma count rate within a grid block, the Ludlum Model

2221/Model 44-10 combination will be used to integrate the count rate while a technician

walks the area for one minute. Correlation studies at mill sites have demonstrated that this

results in a good correlation with the Ra-226 in the soil.
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6.5 Excavation Control Monitoring

Remediation of contaminated soils will be performed by excavation. The purpose of

excavation control monitoring is to guide the removal of contaminated material to the point

where it is highly probable that an area meets the cleanup criteria. Monitoring equipment

and action levels developed in the calibration studies will be used for excavation control

monitoring. A technician will monitor the soil after the removal of layers of soil until the

instrumentation shows that the levels are below, the action level. No documentation of the

results is necessary since the verification data will serve to demonstrate compliance with the

'cleanup standards. For large areas, a GPS based survey may be performed periodically to

more accurately assess the progress of the excavation.

For areas exhibiting contamination below the top 15-cm, excavation control monitoring will

be performed using the same detector (or equivalent) as used in the calibration study,

considering the appropriate action level and adjusting for geometry factors. The cleanup

limit for deep excavations where backfill is applied is 15 pCi/g for Ra-226, or the equivalent

uranium/radium level developed in the Benchmark Dose Assessment, considering the 230

pCi/g limit for uranium in the surface and subsurface layers based on chemical toxicity.

6.6 Soil Cleanup Verification and Sampling Plan

Existing characterization data indicate that the cleanup of surface soils in the wellfields will

be restricted to the cleanup of a few areas where there were known spills and potentially

small spills near well heads. Other areas considered potentially contaminated include roads

within the well fields. Most of the minor spills are not anticipated to result in measurable

levels of contamination. These spill areas have a physical size of a few meters across. The

contamination in areas near wells and in pipe trenches may require backfill and thus

subsurface soil procedures will apply. All work related to demonstrating compliance with

the cleanup criteria will be done using standard operating procedures.

6.6.1 Surface Soil Gamma Survey and Sampling Plan

A final gamma survey will be performed in potentially contaminated areas and areas where

cleanup occurred from known spills using the GPS-radiological survey equipment or

Decommissioning Plan for Crow Butte Uranium Project - June, 2004 Page 50 of 66



conventional equipment as described above. A 10-m wide buffer zone will be established

around each area. It is anticipated that the boundary of the wellfield containing areas that

have been remediated may extend as far as the outermost production well. The 10-m wide

buffer zone would in that case lie between the outermost production wells and the

monitoring wells that surround the well fields. A gamma-ray survey will be conducted over

the entire area, including the buffer zone. The area will be divided in a non-biased manner

into grid blocks of approximately 100 m2 area. For the GPS-radiological survey, a minimum

of seven data records in each 100-m2 grid block will be used to obtain the average gamma

count rate for the grid blocks. For conventional surveys, a one-minute integrated count

while walking the area will be used as the average count rate.

All grid blocks containing elevated gamma-ray count rates above the gamma action level

(including buffer area) will be sampled for compliance with the cleanup criteria. A five-

point composite sample of surface soils will be taken in each 100-m 2 grid block. The

sample will be analyzed to assure that the Ra-226 and uranium concentration complies with

the cleanup criteria.

All of the remaining grid blocks with average gamma count rate ranking in the top ten

percent will be sampled. Grid blocks failing the cleanup criteria will be decontaminated

and sampled until the grid block passes. If any grid blocks within the top ten percent fail

the cleanup criteria, the second ten percent of the grid blocks will be sampled. This will

continue until all grid blocks pass within a 10 percent grouping.

In order to meet the cleanup criterion, each grid block must satisfy the inequality,

I cQ/Cc < I

where Ci is the concentration of constituent and C, is the concentration of the constituent

that is equivalent to the Benchmark Dose.

After all sampled grids have met the clea nup criterion, an EPA-recommended statistical

test will be done to determine whether the mean of the equality defined above for all grid
K..
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blocks is I or less at the 95 per cent confidence level, using Equation 8-13 of draft

NUREG/CR-5849. The EPA recommends that pt be compared to the guideline value,

where

Ila 0 + t Ia.,drf(sx/n)

and fi is the mean of the Y Ci /C, for each grid block, tl.a.df is the 95% confidence level

obtained from Student t Distribution tables where a is the false positive probability, i.e.

the probability that pt, is less than the guideline value if the true mean activity is equal to

the guideline value. In this case the guideline value is equal to unity (1). The symbol, df,

represents the degrees of freedom (equal to n-l).

Since this represents the mean of a set of biased samples (selected from the grids that

have the highest gamma count rate), the passing of this test provides assurance that the

cleanup error rate is very low for the entire sample set made up of all the possible grids

that could have been sampled.

If the mean of the sample concentrations is less than the criterion but the data fails the

statistical test, CBR will follow procedures similar to those recommended in Section 8.6

of draft NUREG/CR-5849. The number of samples will be increased to include the grids

with next highest average gamma levels, and the statistical test will be performed again.

This will be. done until the statistical test is met. In any case, all grid blocks that were

sampled and measured to exceed the cleanup criterion will be further decontaminated and

resurveyed.

6.6.2 Subsurface Soil Verification Gamma Survey and Sampling Plan

Gamma count rates from the subsurface excavations will be taken at a sufficient

frequency to ensure a minimum of seven readings per 100-mi2 of excavated surface. For

excavations of less than 100-m 2 area, a minimum of one record per 10-mi2 area will be

taken. Data will be recorded and referenced to a drawing of the excavation and/or State

Plane Coordinates. The average of the count rate records for each 100-mi2 (or less) will
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be calculated for comparison against the instrument action level. If the average exceeds

K... the action level, additional excavation may be considered, followed by another gamma

survey of the area. For deep trenches where it is unsafe for entry, a scan of the sidewalls

and floor will be done by dropping a detector into the excavation to assure that the count

rate is uniform.

For linear excavations (trenches), a single 15-cm deep soil sample at approximately

one-half the excavation width at 150-ft. intervals will be taken. The sample may be

taken with a backhoe where necessary. Each sampling location will be documented.

For excavations other than long trenches, a minimum of one five-point composite sample

from the excavation surface will be taken. If the excavation surface exceeds 100 mi2, a

five-point composite for each 100 m 2 of excavation surface will be taken. The sample

points for the composite will be more or less evenly spaced to provide adequate

representative coverage of the area. The sample locations will be documented. Specific

dimensions cannot be predetermined due to the likely variability in excavation shape.

All samples will be submitted to a commercial laboratory for analysis for Ra-226 and U-

nat. An alternative that may be used is to establish an on-site laboratory. If an on-site

laboratory is used, ten percent of the samples .vill be selected at random and submitted to

a commercial laboratory for analysis. Procedures for selecting the commercial laboratory

and comparing test results are described in Section 6.7.

6.7 Laboratory Quality Assurance

Verification soil samples will be sent to a commercial laboratory for analysis of Ra-226

and U-nat. The commercial laboratory will be selected using a performance based

approach which allows the laboratory the freedom to propose methods for the specific

constituents and matrix that meet the measurement quality objectives required by CBR.

Only laboratories that adhere to a well-defined quality assurance (QA) program will be

considered as the commercial laboratory to receive the verification samples. The QA
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program must address the laboratory's organization and management, personnel

qualifications, physical facilities, equipment and instrumentation, reference materials,

measurement traceability and calibration, analytical method validation, standard

operating procedures (SOP), sample receipt, handling, and storage, records, and

appropriate licenses.

CBR will select the radio•hemistry laboratory that best meets the data quality objectives

for verification soil samples. USNRC Regulatory Guides 4.14 and 4.15, provide some

information, but this guidance is over 25 years old. ANSI N42.23, Measurement and

Associated Instrument Quality Assurance for Radioassay Laboratories describes a system

in which quality and traceability of performing laboratory measurements to the national

standards can be demonstrated through reference laboratories. The most recent guidance

on this subject (NRC, 2001 a) has not yet been released for publication, but is expected to

be released for use during the third quarter of 2004. This guidance is the Multi-Agency

Radiological Laboratory Analytical Protocols Manual (MARLAP) which was developed

by a working group with representatives from USNRC, DOD, DOE, EPA, NIST, USGS,

FDA and several states. This guidance document is expected to be a primary reference

document and thus will be applied to this project plan.

The analytical work performed by the commercial laboratory will be done under a written

contract, and includes a scope of work prepared by CBR that defines the data quality

objectives. Part of the data quality objectives are the specific analytical sensitivities

required by CBR. The anticipated maximum activity levels in each sample is 5 pCi/g Ra-

226 and 300 pCi/g U-nat, and their associated daughter products. The minimum

sensitivity required for each sample is 0.5 pCi/g dry weight for each analyte, with an

estimated overall error of+± 0.5 pCi/g. The contract will also define what is to be required

in the data package. At a minimum- the data package will include a case narrative, the

analytical results, documentation of any deviation from the SOPs, copies of lab personnel

notebooks, a chain of custody, a copy of the raw data, initial and continuing instrument

and equipment calibration data, and standard and tracer information. This data package

contains information equivalent to that required for an EPA Contract Laboratory Program
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(CLP)-like level 3 data package, which is the minimum level data package acceptable for

verification samples.

A Laboratory QA file shall be maintained to support the selection of the laboratory. The

content of the file will include laboratory provided data and audit reports from the

following QA activities:

1. The commercial laboratory will provide information needed to assess the

quality of the data generated by the laboratory. This may include a copy of the

laboratory's quality assurance manual (QAM) and standard operating procedures

for the constituents of concern in a soil matrix.

2. CBR will perform an audit of the commercial laboratory before samples are

delivered to verify adherence to the requirements of the QAM and SOP's. The

laboratory's own QC results such as in-house blanks, duplicates, and spikes will

be reviewed. The results from interlaboratory testing programs will be reviewed

to obtain a measure of analytical quality and accuracy. Performance evaluation

samples should have been prepared from an NIST traceable source. These

samples preferably will be of a similar matrix, containing the constituents of

concern, with the constituents at anticipated activity levels. Reference material

may be obtained from the DOE's Radiological Environmental Sciences

Laboratory (RESL) at INEEL (or equivalent). This DOE laboratory is also the

NRC's reference laboratory.

U. S. Nuclear Regulatory Commission, Inspection Procedure 84525 will be

applied to the results from the interlaboratorypcomparison program for comparing

two data sets. In that procedure, each reference laboratory result is divided by the

reported standard deviation to obtain the "resolution". The other lab (CBR's

vendor laboratory) result is then divided by the reference laboratory result to

obtain the "ratio". The data are considered in agreement if the ratio is within the

range given in the following table.
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Table 6-3 Criteria for Comparison of Laboratory Results

< 4 0.40-2.5

4-7 0.50-2.0

8-15 0.60-1.66

16-50 0.75-1.33

51-200 0.80-1.25

> 200 0.85-1.18

If significant differences exist, a review will be conducted in order to resolve

discrepancies.
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7.0 Radiation Safety Program

CBR maintains a performance-based approach to the management of environmental

affairs, and employee health and safety. The Environmental Management System (EMS)

encompasses licensing, compliance, environmental monitoring, industrial hygiene, and

radiation safety. The EMS organization begins with the Company's Board of Directors,

and flows down through the President, Senior VP of Operations, Mine Manager,

Manager of Health, Safety, and Environmental Affairs, Radiation Safety Officer, and

ends with the site workers. The EMS formalizes the company's approach to ES&H

management, which operates under the direction of operating procedures, radiation work

permits, and a performance-based license condition that allows CBR to make changes to

processes or procedures without prior NRC approval. Oversight is provided by the Safety

and Environmental Review Panel (SERP), which consists of at least three members of

CBR's management team. The " SERP is responsible for monitoring any changes to the

processes or procedures.

The CBR Environmental, Health and Safety (EHS) staff will monitor decommissioning

activities to ensure that occupational radiation exposure levels are kept as low as

reasonably achievable. .. The Radiation Safety Officer (RSO), Radiation Safety

Technician, or designee by way of specialized training will be on site during

decommissioning activities where potential radiaiion exposure hazards exist. EHS staff

will evaluate radiological hazards to employees and the environment, implementing the

necessary controls to maintain exposures ALARA during decommissioning. The EHS

staff routinely report to management any departure from safe work practices, any item of

noncompliance with accepted practices or procedures, and any need for improvement in

the radiation safety programs. They have sufficient authority to terminate work when

unsound radiological or work safety practices exist.

7.1 D&D Task Analysis

Most of the decommissioning activities are not significantly different from those

conducted during mining operations and, as such, the standard operating procedures

(SOP) in the CBR Health Physics Manual (HPM) will be followed. The first task
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includes cutting and/or removal of contaminated piping and surface equipment, including

injection and production feed lines, electrical conduit, well boxes, and well head

equipment. Some of the equipment, such as valves, meters, and control fixtures will be

surveyed for contamination and salvaged, if possible. Following removal of the surface

equipment, buried well field piping will be removed, and the wells will be plugged and

abandoned. Finally, any contaminated soils will be removed for disposal. The RSO will

evaluate each task and prepare a Radiation Work Permit (RWP) if an SOP is not already

in existence. This RWP will be reviewed with employees prior to conducting each task.

Slip, trip, and fall hazards will be a concern during dismantling of the piping and any

buildings and equipment. All workers will be required to wear hard hats and take other

safety measures in accordance with the Mine Safety and Health Administration (MSHA)

requirements.

7.2 Personnel Training

All workers employed during decommissioning, whether contractor employees or CBR

employees, will be given specialized training for minimizing radiological exposures in

addition to ihdustrial safety training.

Initial radiation and industrial safety training for CBR and contractor employees will be

conducted as outlined in the HPM and in the EMS Training Manual. This training is in

accordance with NRC Reg. Guide 8.31 and the approved MSHA training plan. In

addition, new assignment training and indoctrination is required whenever a worker is

assigned to an unfamiliar task. The project will also conduct periodic safety meetings.

The extent of contractor's .training will be based on the type and degree of hazards

applicable to their specific work. At a minimum, they will receive hazard training as

outlined in the HPM and in the EMS Training Manual, which covers both radiation and

industrial hazards. Additional specialized safety training will be given to all affected

employees whenever new or unusual hazards become evident during decommissioning.
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7.3 Standard Operating Procedures

The radiation safety program utilized during decommissioning will be based upon the

existing ALARA program and the HPM, which have provided a sound radiation safety

program during production operations. The HPM, supplemented by any specific RWPs

or standing radiation work permits (SRWP) and Decommissioning Procedures will

govern the radiation safety program during decommissioning. The CBR health physics

standard operating procedures are embedded in the HPM.

7.4 Air Monitoring and Respiratory Protection Programs

The existing airborne radioactivity monitoring program and respiratory protection

program will be maintained during decommissioning. The HPM provides guidance for

determining and controlling the quantity of airborne material in the work area and the

environment. This guidance includes the method to evaluate the need for air sampling,

and the selection and location of sampling equipment. It provides sampling procedures
for uranium dust and radon daughters. Air sampling is required if the estimated annual

intake is greater than 0.1 ALl. D&D tasks will be evaluated by the RSO to determine if

air monitoring is required.

The HPM gives guidance on respirator selection, use, care, and maintenance, in the event

air monitoring indicates the need for respiratory protection. This program is considered

appropriate for the decommissioning work.

7.5 Radiation Work Permit (RWP) Program

All routine tasks will be performed in accordance with the procedures embedded within

the HPM. Any non-routine task where the potential for significant exposure to

radioactive materials exists, and for which no standing RWP or SOP exists, will require

the preparation of a Radiation Work Permit (RWP). Examples of D&D tasks that may

require an RWP include cutting, sandblasting, or grinding on any potentially

contaminated surface such as pipelines, tanks, vessels, and process equipment.
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The RSO may also issue Standing Radiation Work Permits (SRWPs) for periodic or

repetitive tasks that require similar radiological protection measures (e.g., piping

removal). The SRWP will describe the scope of the work, precautions necessary to

maintain radiation exposures to ALARA, and any supplemental radiological monitoring

and sampling requirements. The SRWP shall be reviewed and approved in writing by the

RSO (or qualified designee in the absence of the RSO) prior to initiation of the work.

ESH staff will review the planned decommissioning activities in order to determine what

RWPs are needed, if any. The industrial safety hazards hnd associated protective

measures will also be identified in accordance with MSHA requirements.

7.6 Health Physics Surveys and Dose Calculations

Health physics surveys conducted during decommissioning will be guided by applicable

sections of 10 CFR 20 and USNRC Regulatory Guide No. 8.30 entitled "Health Physics

Surveys in Uranium Recovery Facilities" and the many applicable Health Physics Manual

SOPs.

Health physics surveys can be broadly classified into two categories, those required for

contamination control, and those required for employee exposure monitoring. The intent

of contamination control is to control the release of radioactive material to the work area,

to control personnel exposures in the work place, to prevent the intake of contaminants

by the work force, and to identify contaminated areas requiring remediation. The HPM

provides guidance on survey methods and procedures, and allowable limits for the

unrestricted release of equipment from CBR.

Surveys required for employee exposure monitoring include programs for external

monitoring and internal, or bioassay, monitoring. CBR will evaluate the

decommissioning tasks and determine appropriate monitoring requirements, consistent

with the policy and requirements in the HPM.

7.7 Protective Clothing
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There are two types of protective clothing (PPE) available to workers at CBR, disposable

and non-disposable. The selection of PPE required will depend on the type of work to be

accomplished. If an RWP is written, it will list the necessary PPE which may include

coveralls, head covers, gloves, rain suits, and shoe covers. When the potential for

contamination is high, the RWP may require rubber boots, plastic gloves, and taping of

cuffs and sleeves. The HPM provides guidance regarding the selection of appropriate

PPE. It is anticipated that for D&D tasks involving the potential exposure to loose

radioactive material, the workers will normally be issued coveralls, gloves, and shoe

covers, at a minimum.

7.8 Shipments of Radioactive Materials

Shipments of radioactive equipment and materials will be conducted to meet Department

of Transportation (DOT) requirements, as specified under 49 CFR Subchapter C,

"Hazardous Materials Regulations". NRC also has regulations governing the shipment of

radioactive materials under 10 CFR Parts 20 and 71. Shipment of radioactive materials

from CBR is discussed in the HPM. Specific guidance regarding the shipment of.

byproduct material is also presented.

7.9 Records and Reports

Personnel monitoring and other records required under 10 CFR Part 20, Subpart L will be

maintained as a part of the normal mining operations radiation protection program.

Specific records on transfer and disposal of byproduct or source material addressed in 10

CFR Part 40, §40.51 will be maintained as required by the current license. Specific

records associated with wellfield decommissioning will be retained until the NRC has

terminated the license. These records include radiation verification surveys and soil

sample results for areas released for unconditional use.
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8.0 Environmental Impacts

Normal site production operations will continue during decommissioning of the well

fields. Therefore, the operational environmental monitoring program will continue

unabated as defined by license conditions and CBR's standard operating procedures.

Only those impacts that are incremental to normal operations will be discussed here.

8.1 Land Use

The primary impact on the land use through the life of the project, including

decommissioning of the well field, is the loss of grazing capacity. The impact is

temporary and will be reversed during decommissioning.

8.2 Air Quality

Air quality impacts from decommissioning activities will be minimal but likely increase

from operational status but decrease as the decommissioning progresses. After

decommissioning, fugitive dust will decrease due to less road traffic from employees and

vendors. The decommissioned well field will eventually be returned to grazing status.

Road traffic will increase at various times during decommissioning, particularly with the

transport of byproduct and decommissioned materials. Byproduct material shipments

will be transported in tarped or enclosed containers, pursuant to DOT regulations and

procedures in the HPM. Engine exhaust and dust from local soil disturbances will

increase during decommissioning. Measurable levels of radioactive particulate are not

anticipated due to the low concentrations of radionuclides in the soil.

8.3 Wildlife

No significant adverse impact to wildlife was noted during operations or is expected

during decommissioning. There are no threatened or endangered mammals, birds,

reptiles, amphibians, or fish in the well field remediation area. Section 2.8 of the license

renewal application (CBR, 1998) discusses the ecology of the area and concludes there

has been minimal impact due to mining operations. This is expected to also be the case

during remediation of the well field.
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8.4 Surface Water

Sediment yields and total runoff may increase for a very short period of time during and

immediately following decommissioning and reclamation activities. The impacts to

surface waters within and adjacent to the licensed area will not be significant because of

the limited size and duration of the disturbance. Efforts to minimize soil erosion will

follow CBR's storm water best practices program.

The current surface water sampling (for operations) program will continue as listed in the

operational environmental monitoring plan. No additional surface water impoundments

are expected to be generated from D&D activities.

8.5 Archaeological Sites

Field investigations in 1982 and 1987 (CBR, 1998) identified 21 possible archeological

sites within the permit area. During plant operations these sites have been avoided and

not directly impacted. These sites will also be avoided during decommissioning.

However, if a new archeological site is discovered, all work in the immediate area will

cease until authorization to proceed is received from the NRC.

.8.6 Groundwater

Well plugging and abandonment will not adversely affect groundwater during the well

field decommissioning phase. As stated in Section 6.2.3.1 of CBR's license renewal

application, the objective is to "seal and abandon all wells in such a manner as to assure

the groundwater supply is protected and to eliminate any potential physical hazard."

8.7 Environmental Radiological Monitoring

The current environmental radiological effluent monitoring program (for production) will

continue per CBR's license requirements. During remediation of the well field, some

components and equipment such as pipe, buildings, and valves may be decontaminated

by high pressure water and acids, or by sandblasting. Wash water or sandblasting

material will be collected and disposed of as byproduct material. Contaminated soils in

the decontamination area will be monitored and removed for disposal, if required. No
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release of contaminated surface water is anticipated.

Excavation of trunklines may generate a small amount of potentially contaminated dust.

However, this will be minimized.by application of a water spray or misting. Pipe cutting,

sand blasting and building demolition may also generate a small amount of dust. The air

in the vicinity of these activities will be sampled for particulates as part of the

occupational monitoring program. While specific decommissioning activities will result

in ,short-term task-specific employee safety and environmental monitoring, the

operational environmental and effluent monitoring program is considered adequate to

detect any incremental environmental impacts from wellfield reclamation.

8.8 Non-Radiological Impacts

The potential impacts from non-radiological components of byproduct material from

wellfield decommissioning are small. Solutions from decontaminating pipe or other

items may be acidic and may harm vegetation if spilled. Normally, these solutions will

be collected and placed in the byproduct waste disposal system. Should small quantities

spill on the ground, the acids ,vill quickly be neutralized by the soil with little or no long-

term effects.
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Radium Benchmark Dose Assessment

A.1 Introduction

On April 12, 1999, the U.S. Nuclear Regulatory Commission (NRC) issued a Final Rule

(64 FR 17506) that requires the uWe of the existing soil radium standard to derive a dose

criterion for the cleanup of byproduct material. The amendment to Criterion 6(6) of 10

CFR Part 40, Appendix A was effective on June 11, 1999. This "benchmark approach"

requires that NRC licensees model the site-specific dose from the existing radium

standard and then use that dose to determine the allowable quantity of other radionuclides

that would result in a similar dose to the average member of the critical group. These

determinations must then be submitted to NRC with the site reclamation plan or included

in license applications. This Appendix documents the modeling and assumptions made by

Crow Butte Resources, Inc. (CBR) to derive a standard for U-nat in soil for the Crow

Butte Uranium Project.

Concurrent with publication of the Final Rule, NRC published draft guidance (64 FM

17690) for performing the benchmark dose modeling required to implement the final

rule. Final guidance (NRC, 2003) was published as Appendix E to the Standard Review

Plan for In Situ Leach License Applications (NUREG-1569). This guidance discusses

acceptable models and input parameters. This guidance, guidance from the RESRAD

Users Manual (ANL, 2001), and site-specific parameters were used in the modeling as

discussed in the following sections.

A.2 Determination of Radium Benchmark Dose

RESRAD Version 6.22 computer code was used to model the Crow Butte site and

calculate the annual dose from the current radium cleanup standard. A sensitivity

analysis was run for each input parameter that was not based upon local data.

The following supporting documentation for determination of the radium benchmark

dose is attached:
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* The RESRAD Data Input Basis (Attachment 1) provides a summary of the

modeling performed with RESRAD and the values that were used for the input

parameters. A discussion of the sensitivity analysis for each parameter is also

included. The sensitivity analysis indicated that many of the parameters had little,

if any, effect on the maximum dose. The parameters that had a noticeable affect on

the maximum dose included the distribution coefficient (K4) for each radionuclide;

the soil density in the contaminated zone; the external gamma shielding factor; the

fruit, vegetable and grain consumption rate; the leafy vegetable consumption rate;

and the depth of roots. Each of these parameters, the sensitivity analysis and the

chosen input value are discussed.

* Selected graphs produced with RESRAD that present the results of the sensitivity

analysis performed on the input parameters are attached (Attachment 2).

0 A full printout of the -final RESRAD modeling results for the resident farmer

scenario with the chosen input values is attached (Attachment 3). The printout

provides the modeled maximum annual dose for calculated times for the 1,000-

year time span and provides a breakdown of the fraction of dose due to each

pathway.

* Graphs produced by RESRAD irn Attachment 4 provide the modeling results for

the maximum dose during the 1,000 year time span. A series of graphs depicts the

summed dose for all pathways and the component pathways that contribute to the

total dose. Additional graphs show the soil concentration and the dose to source

ratio over time for each radionuclide.

The maximum dose from Ra-226 contaminated soil at the 5 pCi/g cleanup standard level,

as determined by RESRAD, for the residential farmer scenario was 42.4 mrem/yr. This

dose was based upon the 5 pCi/g above background surface (0 to 6-inch) Ra-226 standard

and was noted at time, t = 0 years. This dose was used to determnine the U-nat soil

standard for use at Crow Butte as described in the following section.
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A.3 Determination of Natural Uranium Soil Standard

RESRAD was used to determine the concentration of U-nit in soil distinguishable from

background that would result in a maximum dose of 42.4 torem/yr. The method involved

modeling the dose from a set concentration of U-nat in soil. This dose was then compared

to the radium benchmark dose and scaled to arrive at the maximum allowable U-nat

concentration in soil.

For ease of calculations, a preset concentration of 100 pCi/g U-nat was used for modeling

the dose. The fractions used were 48.9 percent (or pCi/g) U-234, 48.9 percent (or pCi/g)

U-238 and 2.2 percent (or pCi/g) U-235. The distribution coefficients that were selected

for each radionuclide were based upon the local soil types. All other input parameters

were the same as those used in the Ra-226 benchmark modeling. A sensitivity analysis

was conducted of the hydraulic conductivity and other parameters of the unsaturated zone

and compared to the baseline case. The results showed no affect on the dose. The

RESRAD output showing the input parameters is provided in Attachment 5.

Using a U-nat concentration in soil of 100 pCi/g, RESRAD determined a maximum dose

of 7.9 mrem/yr. at time,.t = 0 years. The printout of the RESRAD data summary is

provided in Attachment 5.

To determine the uranium soil standard, the following formula was used:

i ( 100 pCi/g natural uranium
Uranium Limit= 7.9 mrem/yr.natural uranium dose) x 42.4 mrem/yr radium benchmark dose

Uranium Limit = 537 pCi/g natural uranium

The U-nat limit is applied to soil cleanup with the Ra-226 limit using the unity rule. To

determine whether an area 'exceeds the cleanup standards, the standards are applied

according to the following formula:
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CSoil Uranium Concentration ÷ (Soil Radium Concentration
Soil Uranium Limit Soil Radium Limit

This approach will be used at the Crow Butte site to determine the radiological impact on

the environment from releases of source and byproduct materials.
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RESRAD Data Input Basis

Parameters

This document summarizes the data input and modeling scenario that was used to:

determine the radium benchmark dose for the Crow Butte Project well fields near

Crawford, Nebraska. The modeling was performed using RESRAD for Windows Version

6.22 developed by the Environmental Assessment Division at Argonne National

Laboratory.

Two possible scenarios for future land having the highest maximum dose to the most

critically affected individual were evaluated:

1. The resident farmer scenario where an indoor occupancy time factor of 50%

and an outdoor occupancy time factor of 25% is recommended (NRC, 2003).

2. The work at home scenario where a 70% factor for indoor occupancy and a

15% factor for outdoors occupancy is recommended (NRC, 2003).

The scenarios were run using RESRAD after all other parameters in the model were set

and a sensitivity analysis had been run. The scenarios were then run with all other factors

held constant.

The working at home scenario resulted in a slightly higher maximum dose of 43.0

mr-em/year at time = 0 years compared with the resident farmer scenario which resulted in

a dose of 42.4 mrem/year at time = 0 years. The resident farmer scenario is, however, the

most likely future use of the land within the Crow Butte permit area. Therefore, this

scenario was used to determine the radium benchmark dose. The use of the lower

maximum dose value will result in a slightly lower uranium soil concentration and thus

be conservative.



The following sections describe the data parameters that were used to model site-specific

conditions. Where a sensitivity analysis was run on a particular factor, the results are

noted.

The data input was based upon four principal sources:

1. The RESRAD Data Collection Handbook (ANL, 1993)

2. The RESRAD Users' Manual (ANL, 2003)

3. The NUREG-1569

4. Crow Butte Resources, Inc. License Renewal Application (LRA) CBR,

"Application for Renewal of USNRC Radioactive Source Materials License

SUA-1534,"December 1995.

Soil Concentration 0

1. Lead 210: Used 5.0 pCi/g per the NUREG-1569.

2. Radium 226: Used 5.0 pCi/g regulatory limit as basis for determining benchmark.

Distribution Coefficient (K) (values based upon data in RESRAD Handbook)

i. Lead 210: Used a distribution coefficient of 270 cm 3/g for sandy soil based upon soil

type at the mine. The RESRAD User's Manual specifies the following values:

* Sand= 270

* Loam = 16,000



Sensitivity analysis indicates with a multiple of 100, no appreciable impact on maximum

dose using higher Kd. Used values of 2.7, 270 (midrange), and 27,000 which coiers the

range of potential values at the site based upon sandy and loamy soil types. Graph

attached.

2. Radium 226: Used a distribution coefficient of 500 cm 3/g for sandy soil based upon

soil type at the mine. The RESRAD User's Manual specifies the following values:

* Sand= 500

S .Loam = 36,000

Sensitivity analysis indicates with a multiple of 100, no appreciable impact on maximum

dose using higher Kd. Used values of 5, 500 (mid range), and 50,000 which covers the

range of potential values at the site based upon sandy and loamy soil types. Graph

attached

Contanminated Zone

1. Area: Used default value of 10,000 square meters.

Sensitivity analysis was performed with a 2 multiple (5,000, 10,000 and 20,000 square

meters). There i'vas no impact on maximum dose. Graph attached

2. Thickness: 15 cm (6 inches) based upon regulatory requirement (minimum in

RESRAD Handbook)

3. Length parallel to aquifer flow: Default of 100 meters was used and is based upon the

square root of a 10,000 square meter contaminated zone.

Sensitivity analysis was performed with a multiple of 5 (20, 100 and 500 square meters).
qThere was no inmpact on maximum dose. Graph attached.



Cover and Contaminated Zone

1. Cover depth: 0 inches (in accordance with NUREG-1569).

2. Density of contaminated zone: Used the default value of 1.5 glcc, which corresponds

to sandy soil in the RESRAD Handbook. This compares with the soil types at Crow

Butte and the engineering data in the Dawes County Soil Survey.

Sensitivity analysis was run using a factor of 1.5 (i.e., 1, 1.5, 2.25) and resulted in

changes in the maximum dose with a higher dose projected with a higher density. See

graph. However, the standard range given in the Handbook is 1.1 to 1.6 g/cc. 1.5 is the

most representative density of the soil types at Crow Butte based upon the Soil Survey as

discussed in CBR, 1995.

3. Contaminated zone erosion rate: Used the default value of 0.001 meters/year.

NUREG-1569 states that the erosion rate should be lower at uranium recovery sites

due to the semi-arid environment. The RESRAD Handbook states that this value

should be adequate for screening purposes. It also states that, while water erosion is

the primary factor, wind erosion can also be significant.

Sensitivity analysis was run using a multiple of 5 (i.e., 0.0002, 0.001 and 0.005). The

lower erosion rate resulted in the total dose remaining at a higher level over a longer

period of time. However, there was minimal impact on the maximum dose.

4. Contaminated zone total porosity: Default value of 0.4 is the same as used for the

spill impact analysis and is based upon the .soil types at Crow Butte and the Soil

Survey engineering data.



Sensitivity analysis was run with a multiple of 2 (i.e., 0.2, 0.4 and 0.8). The range given

in the RESRAD handbook for sandy and silty soils is 0.25 to 0.53 and is covered in this

sensitivity analysis. There was no impact on maximum dose.

5. Contaminated zone field capacity: Default value of 0.2 was used. This value was used

because it is at the midpoint of the range for the soil types at Crow Butte.

Sensitivity analysis was run with a multiple of 2 (i.e., 0.4, 0.2 and 0.1). The range given

in the RESRAD handbook for sandy and silty soils is 0.01 to 0.46. The maximum value is

covered in this range. There was no impact on the maximum dose.

6. Contaminated zone hydraulic conductivity: The range given in RESRAD

handbook for silty sand is I x 101 to I x 104. The soil types in the licensed area are

principally Busher loamy very fine sand. The hydraulic conductivity (Ks5 ,t) in m/yr.

given in the RESRAD Manual for loamy sand is 4.93 x 103. Very fine sand "is given a

Ksat of 3.0 x 10 in the RESRAD Handbook. A midrange value of 4.0 x 103 was

chosen since site specific data is unavailable.

Sensitivity analysis was run with a multiple of 2 (i.e., 2000, 4000 and 8000 m/yr). There

was no impact on maximum dose.

7. Contaminated zone b parameter: Default parameter is 5.3 for silty loam. The

RESRAD Handbook and RESRAD Manual specify a value of 4.38 for loamy sand,

which corresponds to the soil classification used for the hydraulic conductivity. The

range from sand to loam is 4.05 to 5.39.

Sensitivity analysis was run with a multiple of 2 (i.e., 2.19, 4.38, 8.76). There was no

impact on maximum dose.

8. Evapotranspiration Coefficient: The RESRAD default value is 0.5. NUREG-1 569

suggests that a value of 0.6 to 0.99 for uranium recovery sites is appropriate because



they are located in a semiarid environment. For screening purposes, a mid-value W
(0.75) was used.

Sensitivity analysis was run with a multiple of 1.33 (i.e., 0.564, 0.75 and 0.998) which is

the maximum sensitivity set by RESRAD. There was no impact on the maximum dose.

9. Wind Speed: The RESRAD default is 2 ni/s. The average for the Crow Butte site is

4.3 ni/s (8.4 knots). Site data was used. No sensitivity analysis was performed since

this is actual site data as recommended in NUREG-1569.

10. Precipitation: The RESRAD default is 1 m/yr. The average for the Crow Butte site is

0.39 ni/yr. Site data was used. No sensitivity analysis was performed since this is

actual site data as recommended inNUREG-1 569.

II. Irrigation Rate: The RESRAD default is 0.2 m/yr. The actual site data should be 0

m/yr. since use of irrigation is limited in Dawes County and there is no irrigated land

near the mine. Sources of irrigation are expected to be limited in the future. No

sensitivity analysis was performed since this is actual site data as recommended in

NUREG-1569.

12. Runoff Coefficient: The RESRAD default value is 0.2. This is the value for open

rolling land in the RESRAD Handbook and was used for Crow Butte. The potential

range in the RESRAD handbook for the site would be 0.1 to 0.4.

Sensitivity analysis ivas run with a multiple of 2 (i.e., 0.1, 0.2 and 0.4) which covers the

potential range for the site. There was no impact on maximum dose.

13. Watershed Area for nearby stream or pond: The RESRAD default value is 1 x 106

m2 . Used the estimated area of the Squaw Creek watershed, which is approximately

14 sections, or 3.63 x l07 M2.

0



Although this is actual data for the site, a sensitivity analysis with a multiple of 2 was run

(i.e., 1.82, 3.63 and Z726 x 107 Min). There was no impact on maximum dose.

14. Accuracy: Used the default value of 0.001.

Saturated Zone

1. Density of saturated zone: Used the default value of 1.5 g/cc, which corresponds to

sandy soil in the RESRAD Handbook. This compares with the soil types at Crow

Butte and the engineering data in the Dawes County Soil Survey.

Sensitivity analysis was run using a factor of 1.5 (i.e., 1, 1.5, 2.25). There were no

changes in the maximum dose. See graph. The standard range given in the Handbook is

1.1 to 1.6 g/cc. 1.5 is the most representative density of the soil types at Crow Butte based

upon the Soil Survey as discussed in the CBR, 1995.

2. Saturated zone total porosity: Default value of 0.4 is the same as usedfor the spill

impact analysis and is based upon the soil types at Crow Butte and the Soil Survey

engineering data.

Sensitivity analysis was run with a multiple of 2 (i.e., 0.2, 0.4 and 0.8). The range given

in the RESRAD handbook for sandy and silty soils is 0.25 to 0.53 and is covered in this

sensitivity analysis. There was no impact on maximum dose.

3. Saturated zone effective porosity: Default value of 0.2 was used. This value was used

because it is at the midpoint of the range for the soil types at Crow Butte.



Sensitivity analysis was run with a multiple of 5 (i.e., 0.04, 0.2 and 1). The range given in

K..> the RESRAD handbook for sandy and silty soils is 0.01 to 0.46. The maximum value is

covered in this range. There was no impact on the maximum dose.

4. Contaminated zone field capacity: Default value of 0.2 was used. This value was used

because it is at the midpoint of the range for the soil types at Crow Butte.

Sensitivity analysis i'as run with a multiple of 2 (i.e., 0.04, 0.2 and 1). The range given in

the RESRAD handbook for sandy and silty soils is 0.01 to 0.46. The maximum value is

covered in this range. There was no impact on the maximum dose.

5. Saturated zone hydraulic conductivity: The range given in RESRAD handbook for

silty sand is I x 101 to 1 x !04. The soil types on Section 19 are principally Busher

loamy very fine sand. The hydraulic conductivity (Ksat) in m/yr. given in the

RESRAD Manual for loamy sand is 4.93 x 103. Very fine sand is given a Ksat of 3.0 x

103 in the RESRAD Handbook. A midrange value of 4.0 x 103 was chosen since site

specific data is unavailable.

Sensitivity analysis was run with a multiple of2 (i.e., 2000, 4000 and 8000 r/yr.). There

was no impact on maximum dose.

6. Saturated zone hydraulic gradient: The default value of 0.02 was used for screening

purposes.

Sensitivity analysis was run with a multiple of 2 (i.e., 0.01, 0.02 and 0.04.). There was no

impact on maximum dose.

7. Saturated zone b parameter: Default parameter is 5.3 for silty loam. The RESRAD

Handbook and RESRAD Manual specify a value of 4.38 for loamy sand, which

corresponds to the soil classification used for the hydraulic conductivity. The range

from sand to loam is 4.05 to 5.39.



Sensitivity analysis was run with a multiple of 2 (i.e., 2.19, 4.38, and 8. 76). There was no

impact on maximum dose.

8. Water Table Drop Rate: The default value of 0.001 m/yr. was used for screening

purposes. The site specific drop rate should be similar because there is little

consumptive use of groundwater in the immediate area other than ranches that use

local wells for domestic and livestock.

Sensitivity analysis was run with a multiple of 10 (i.e., 0.0001, 0.001 and 0.01). There

was no impact on maximum dose.

9. Well Pump Intake Depth: The RESRAD default is 10 m. Since the depth to saturated

zone is 15 meters and most local wells are completed from 60 to 80 -feet, a value of 20

meters was chosen.

Sensitivity analysis was run with a multiple of 2 (i.e., 1om, 20m and 40m). There was no

impact on maximum dose

10. Model for Water Transport Parameters: Used non-dispersion per NUREG-1 569.

11. Well Pumping Rate: Used default of 250 m3/yr. (66,000 gal/yr.).

Sensitivity analysis was run with a multiple of 2 (i.e., 125, 25Om and 500 Yn3/yr.). There

was no impact on maximum dose

Unsaturated Zone

1. Unsaturated zone thickness: Used 15 meters (50 ft) per Reg.Guide-1569.

2. Density of unsaturated zone: Used 1.5 gfcc, which is similar to the saturated zone as

discussed in NUREG-1569.



Sensitivity analysis was run with a multiple of 2 (i.e., 0.75, 1.5 and 3.0 g/cc) There was

no impact on maximum dose.

3. Unsaturated zone total Porosity: The default value of 0.4 is the same as used for the

saturated zone as discussed in NI.REG-I 569.

Sensitivity analysis was run with a multiple of 2 (i.e., 0.2, 0.4 and 0.8). The range given

in the RESRAD handbook for sandy and silty soils is 0.25 to 0.53 and is covered in this

sensitivity analysis. There was no impact on maximum dose.

4. Unsaturated zone effective porosity: The default value of 0.2 is the same as used for

the saturated zone as discussed in NUREG-1 569.

Sensitivity analysis ivas run with a multiple of 1.5 (i.e., 0.3, 0.2 and 0.13). The range

given in the RESRAD handbook for sandy and silty soils is 0.01 to 0.46. The maximum

value is covered in this range. There was no impact on the maximum dose.

5. Unsaturated zone field capacity: Default value of 0.2 was used. This value was used

because it is at the midpoint of the range for the soil types at Crow Butte.

Sensitivity analysis was run with a multiple of 2 (i.e., 0.4, 0.2 and 0.1). The range given

in the RESRAD handbook for sandy and silty soils is 0.01 to 0.46. The maximum value is

covered in this range. There was no impact on the maximum dose.



6. Unsaturated zone hydraulic conductivity: The range given in the RESRAD handbook

for silty sand is I x 10' to 1 x 104. The soil types in the licensed area are principally

Busher loamy very fine sand. The hydraulic conductivity (K,,t) in mlyr. given in the

RESRAD Manual for loamy sand is 4.93 x 103. Very fine sand is given a Ksat of 3.0x

103 in the RESRAD Handbook. A midrange value of 4.0 x 103 and is the same as

used for the saturated zone as discussed in NUREG 1569.

Sensitivity analysis was run with a multiple of 2 (i.e., 2000, 4000 and 8000 in/yr.). There

was no impact on maximum dose.

7. Saturated zone b parameter: Used 4.28 rather than the default parameter of 5.3. The

RESRAD Handbook and RESRAD Manual specify a' value of 4.38 for loamy sand,

which corresponds to the soil classification used for the hydraulic conductivity. The

range from sand to loam is 4.05 to 5.39.

Occupancy

1. Inhalation Rate: Used default value of 8,400 m3/yr.

2. Mass Loading for Inhalation: Default is 0.0001 g/m 3. Handbook gives a value of

0.0003 g/ M3 for agricultural generated dust loading.

Sensitivity analysis run with a multiple of 3 (i.e., 0.0001, 0.0003 and 0.0009 gmn3) which

will cover the range from the default value. There was no impact on maximum dose.

3. Exposure Duration: Used default value of 30 years.

4. Indoor dust filtration factor: Used default value of 0.4.

5. External gamma shielding factor: The RESRAD default is 0.7, which assumes that

the indoor gamma radiation level is 30% lower than the outdoor gamma radiation



level. NUREG-1569 requires that a value between 0.33 and 0'55 be used. The

screening level was set at 0.55. This is a value suitable for a 7-inch thick concrete

slab on grade house (NUREG/CR-5512 Vol.3, p 6-25). This is representative of the

thickness of the local slab or basement floor thicknesses.

Sensitivity analysis using a 1.5 multiple (i.e., 0.367, 0.55 and 0.825 resulted in a change

in the maximum dose. See graph. The low range (0.367) resulted in a maximum dose of

approximately 38 mremlyr compared to a dose of 42 mremlyr for a shielding factor of

0.55. Based upon the fact that most construction of rural homes in the local area includes

a thick concrete basement floor or slab, a shielding factor of 0.55 for the Crow Butte

area isjustified.

6. Indoor/Outdoor Fractions: Used defaults of 0.5 indoors and 0.25 outdoors for farmer

scenario and 0.7 indoors and 0.15 outdoors for the work at home scenario. As

discussed above, the resident farmer scenario was chosen as the most likely land use

for the foreseeable future (i.e., 200 years).

7. Shape of contaminated zone: NUREG-1569 suggests use of actual shape.

However, the shape is unknown at this time. Various shapes were assumed including

a rectangle having a length of up to four times the width. The results were

independent of these shapes as long as the receptor was centered. When the receptor

was at the edge of the area, the dose was reduced significantly as expected. A

circular shape was adopted for the modeling.

Ingestion: Dietary

1. Consumption Rates:

A. Fruit, vegetable and grain: RESRAD default is 160 kg/yr. This value was used

based upon EPA estimated consumption. NRC Reg. Guide 1.109 has an estimated

consumption for an adult of 190 kg/yr. Screening level set at default of 160 kg/yr.
K-i



This amount is the total consumption. RESRAD adjusts for contaminated and

uncontaminated fractions based upon the size of the contaminated area.

Sensitivity analysis with 1.25 factor (i.e., 152, mid of 190 and high of 23 7.5 kg/yr) had an

impact on maximum dose. This factor covers the range for the consumption discussed in

Reg. Guide 1.109. See Graph. Based upon NRC Reg. Guide 1.109, adjusted the

consumption to 190 kg/yr.

B. Leafy Vegetable: Used default value of 14 kg/yr. NRC Reg. Guide 1.109 has

an estimated consumption for an adult of 64 kg/yr, while NRC estimates for dose

from nuclear power plants uses a consumption rate of 30 kg/yr. Screening level

for total set at default of 190 kg/yr (see above entry). This amount is the total

consumption. RESRAD adjusts for contaminated and uncontaminated fractions

based upon the size of the contaminated area.

Sensitivity analysis was run with a multiple of 5 (i.e., 2.8, 14 and 70 kg/yr.) to cover the

range of NRC estimated consumption. There was an impact on maximum dose. Based

upon these results, the consumption rate was left at the default value of 14 kg/yr. for

ALARA purposes.

C. Milk: No consumption of locally produced and consumed milk per NUREG-

1569. Dairy operations are not prevalent in the area.

D. Meat and Poultry: Used RESRAD default value of 63 kg/yr. According to

NRC Regulatory Guide 1.109 (NRC, 1977), the recommended average value for

consumption of meat and poultry is 37 kg/yr for children, 59 kg/yr for teenagers,

and 95 kg/yr. for adults.

Sensitivity analysis was run With a multiple of 2 (i.e., 31.5, 63 and 126 kg/yr.) which

covers the range between the RESRAD default and the rates in Reg. Guide 1.109. There



was minimal impact on the maximum dose. The default consumption rate from RESRAD

._. was used.

E. Fish/Seafood: No consumption of locally produced and consumed fish or

seafood products was considered as recommended by NUREG-1 569.

F. Soil ingestion: Used the RESRAD default value of 36.5 g/yr.

Sensitivity analysis was run with a multiple of 2 (i.e., 18.25, 36.5 and 73 kg/yr). There

was minimal impact on the maximum dose. The RESRAD default value was chosen.

G. Drinking water intake: Used the RESRAD default of 510 1/yr. (1.4 L/d) as

a screening level. This value is based upon EPA estimates of drinking water

intake. The EPA (1990) has suggested that the average adult drinking water

consumption rate is 1.4 LId; the reasonable worst-case value is 2.0 L/d.

Sensitivity analysis was run with a multiple of 2 (i.e., 255, 510 and 1020 Lfyr.). There

was no impact on the maximum dose. The RESRAD default value was chosen.

2. Contaminated Fractions:

NUREG-1569 states that for sites with over 25 acres (10,117 square meters) of

contamination, the fraction of diet from contaminiated area should be assumed to be 25%

(0.25). A sensitivity analysis on these parameters was not performed based upon the

guidance.

A. Water: Used the default value of I (i.e., 100% of consumption is from

contaminated well water). All current water use in rural areas around the site

is from private wells and will likely continue to be in the foreseeable future.



B. Livestock Water: Used default of 1 (i.e., 100% is from contaminated water).

All current water use in rural areas around the site is from private wells and

will likely continue to be in the foreseeable future.

C. Irrigation Water: Used the RESRAD default of I (i.e., 100% is from

contaminated water). All current water use in rural areas around the site is

from private wells and will likely continue to be in the foreseeable future.

D. Plant food: Used 0.25 as percentage of plant food that is contaminated.

E. Meat: Used 0.25 as percentage of meat that is contaminated.

Ingestion: Nondietary

1. Consumption Rates:

A. Livestock fodder intake for meat: Used the RESRAD default of 68 kg/day.

Sensitivity analysis i'as run with a multiple of 2 (i.e., 34, 68, and 136 kg/d). There was no

significant impact on maximum dose.

B. Livestock water intake for meat: Used the RESRAD default of 50 L/day.

According to NRC Regulatory Guide 1.109 (NRC 1977), the water ingestion

rate for beef cattle is 50 L/d.

Sensitivity analysis was run with a multiple of 2 (i.e., 25, 50, and 100 L/d). There was no

impact on maximum dose.

C. Livestock intake 6f soil for meat: Used the RESRAD default of 0.5 g/day.



Sensitivity analysis was run with a multiple of 2 (i.e., 0.25, 0.5, and I g/d). There was no

significant impact on maximum dose.

D. Mass loading for foliar deposition: Used the same value of 0.0003 g/m3 for

agricultural generated dust loading as the inhalation parameter discussed

above.

E. Depth of soil mixing layer: Used the RESRAD default of 0.15 meters.

Sensitivity analysis was run with a multiple of 3 (i.e., 0.9, 03, and 0.1 meters). There was

a minimal (i.e., less than I mremlyr) impact on maximum dose

F. Depth of roots: Used 0.3 meters as a screening level based upon NUREG-1569

instead of the RESRAD default of 0.9. The root depth varies for different

plants. For some plants, such as beets, carrots, lettuce, and so forth, it does not

extend below about 0.3 m, which is the basis of the NRC guidance. For others,

such as fruit trees, the roots may extend 2 or 3 m below the surface. Tap roots

for some crops (e.g., alfalfa) can extend to 5 m. Most of the plant roots from

which nutrients are obtained, however, usually extend to less than I m below

the surface. Due to the common use of grazing crops such as alfalfa in the

immediate area surrounding the Crow Butte site, a sensitivity analysis was

chosen that would determine the dose using the 0.3 m NRC guidance as the

screening level as well as the.0.9 m RESRAD default.

Sensitivity analysis was run with a multiple of 3 (i.e., 0.1, 0.3, and 0.9 meters). There was

a significant impact on the maximum dose. Assumption of a shallow root system

increased the dose significantly. In a review of the exposure pathways, the plant pathway

resulted in approximately 38% of the total maximum dose. The mneat pathway, which

would be the primary pathway affected by deeper roots such as alfalfa, accounted for

approximately 1.4% of the total maximum dose. Therefore, the root depth recommended

in the NRC NUREG-1569 was chosen for this parameter.
K-,



G. Groundwater fractional usage:

* Drinking water: Used the RESRAD default of I (i.e., 100% from

well).

* Livestock water: Used the RESRAD default of I (i.e., 100%

from well).

0 Irrigation water: Used the RESRAD default of I (i.e., 100% from

well).

Storage Times

Used the RESRAD default values for all storage times (for vegetables, meats, fodder,

etc.).



Radium Benchmark Dose Assessment

Attachment 2

RESRAD Input Parameter

Sensitivity Analysis
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Pb-210 Contaminated Zone Distribution Coef.
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Ra-226 Contaminated Zone Distribution Coef.
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C
DOSE: All Nuclides Summed, All Pathways Summed With SA on Length parallel to aquifer flow
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Contaminated zone erosion rate
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Contaminated zone total porosity
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C
DOSE: All Nuclides Summed, All Pathways Summed With SA on Contaminated zone field capacity
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D0
DOSE: All Nuclides Summed, All Pathways Summed With SA on Contaminated zone hydraulic conductivity
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C
DOSE: All Nuclides Summed, All Pathways Summed With SA on Contaminated zone b parameter
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Runoff coefficient
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Watershed area for nearby stream or pond
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Density of saturated zone
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Saturated zone total porosity
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Saturated zone effective porosity
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Saturated zone hydraulic conductivity
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Saturated zone hydraulic gradient
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Saturated zone b parameter
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Well pump intake depth
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Well pumping rate
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Density of Unsaturated Zone I
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Total Porosity of Unsaturated Zone I
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Effective Porosity of Unsaturated Zone I

(

E.E

45

40

35

30

25

20

15

10

5

0
I 10 100

Years

Upper .. 3 Mld: .2 -E- Lower: .1333333

Ra022704.RAD 05/24/2004 17:32 Includes All Pathways

1000



DOSE: All Nuclides Summed, All Pathways Summed With SA on Field Capacity of Unsaturated Zone 1
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Hydraulic Conductivity of Unsaturated Zone 1
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DOSE: All Nuclides Summed, All Pathways Summed With SA on External Gamma Shielding factor
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Fruit, vegetable, and grain consumption
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Leafy vegetable consumption
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Meat and poultry consumption
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Soil ingestion
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Drinking water intake
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Livestock water intake for meat
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Livestock intake of soil
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Depth of roots
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DOSE: All Nuclides Summed, All Pathways Summed With SA on Depth of roots
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RE-rivu, version o.zz T" Limit - u.b year

Sumznary : Crow Butte Radium Benchmark

WU/2b/U004 11:07 Page 2

rile: CBRl.rad

Dose Conversion Factor (and Related) Parameter Summary

File: HEAST 1995 Morbidity

/s

Current

ValueParameter Default

Parameter

Name

Dose conversion

Pb-210+D

Ra-226+D

Dose conversion

Pb-210+D

Ra-226+D

factors for inhalation, mrem/pCi:

factors for ingestion, mrem/pCI:

D-34 I Food transfer factors:

D-34

D-34

D-34

D-34

D-34

D-34

D-34

Pb-210+D

Pb-210+D

Pb-210+D

Ra-226+D

Ra-226+D

Ra-226+D

plant/soil concentration ratio, dimensionless

beef/livestock-Intake ratio, (pCi/kg)/(pCi/d)

milk/livestock-intake ratio, (pCi/L)/(pCi/d)

plant/soil concentration ratio, dimensionless

beef/livestock-intake ratio,'(pCi/kg)/(pCi/d)

milk/livestock-intake ratio, (pCi/L)/(pCI/d)

2.320E-02

8.600E-03

7.270E-03

1.330E-03

1.000E-02

8.000E-04

3.000E-04

4.000E-02

1.000E-03

1.000E-03

3.000E+02

1.000E+02

5.000E+01I

2.500E+02

2.320E-02 DCF2( 1)

8.600E-03 DCF2( 2)

7.270E-03 DCF3( 1)

1.330E-03 DCF3( 2)

1.0000-02 RTFI 1,1)

8.000E-04 RTF( 1,2)

3.000E-04 RTF( 1,3)

4.000E-02 RTFF 2,1)
1.O00E-03 RTFI 2,2)
1.000r-03 RTF4 2,3)

3.000E+02 BIOFAC( 1,1)

1.000E+02 BIOFACC 1,2)

5.000E+01I BIOFAC( 2,1)

2.500E+02 BIOFAC( 2,2)

Bloaccumulation factors, fresh water, L/kg:

Pb-210+D, fish

Pb-210+D , crustacea and mollusks

Ra-226÷D , fish

Ra-2264D , crustacea and mollusks

M - -



fLr-ft, version o.xz *x Limit - u.b year

Sumrmary : Crow Butte Radium Benchmark

UZ/2bZUUU4 11:07 Page 3

rile: CBRl.rad

Site-Specific Parameter Surmmary

Menu Parameter

Area of contaminated zone Im'*2)

R011 Thickness of contaminated zone (m)

R011 Length parallel to aquifer flow (m)

R011 Basic radiation dose limit (mrem/yr)

R011 Time since placement of material Cyr)

R011 Times for calculations (yr)

R011 Times for calculations Cyr)

ROll Times for calculations (yr)

R011 Times for calculations Cyr)

ROll Times for calculations Cyr)

R01 Times for calculations Cyr)

R011 Times for calculations Cyr)

R011 Times for calculations Cyr)

R011 Times for calculations (yr)

R012 Initial principal radionuclide (pCi/g]

R012 Initial principal radionuclide JpCi/g]

R012 Concentration in groundwater (pCiiL)

R012 Concentration in groundwater IpCi/L]

~~~~~~1~

): Pb-2 10

Ra-226

Pb-210

Ra-226

R013 Cover depth (m)

R013 Density of cover material (g/cm**3).

R013 Cover depth erosion rate (m/yr)

R013 Density of contaminated zone (g/cm**3)

P Contaminated zone erosion rate (m/yr)

_.4/ Contaminated zone total porosity

R013 Contaminated zone field capacity

R013 Contaminated zone hydraulic conductivity (m/yr)

R013 Contaminated zone b parameter

B013 Average annual wind speed |m/sec)

R013 Humidity In air (g/mi'3)

P013 Evapotranspiration coefficient

R013 Precipitation (m/yr)

R013 Irrigation (m/yr)

R013 Irrigation mode

R013 Runoff coefficient

R013 Watershed area for nearby stream or pond (m**2)

R013 Accuracy for water/soil computations

User .

Input

1.000+E04

1.500E-01

1.OOOE+02

1.000E+02

0.000£400

1.000E+00

3.0000+00

1.000E+01

3.000E+01

1.000S+02

3.0000+02

1.000E+03

not used

not used

5.0000+00

5.000E+00

not used

not used

0.000E+00

not used

not used

1.500E+00

1.0000-03

4.000E-01

2.000E-01

4.000E+03

4.380E+00

4.300E+00

not used

7.500E-01

3.900E-01

0.000E+00

overhead

2.0000-01

3.630E+07

1.000E-03

1.500E+00

4.000E-01

2.000E-01

2.000E-01

4.000E+03

2.000E-02

4.380E+00

1.000E-03

2.000E+01

ND

2.500E+02

Default

1.000E+04

2.000E+00

1.000E+02

2.500E+01

0.000o+00

1.000E+00

3.000E+00

1.000E+01

3.000E+01

1.000E+02

3.000E+02

1.000E+03

0.000E+00

0.000+E00

0.0004+00

0.0004+00

0.000E+00

0.000E400

0.000+E00

1.500E+00

1.000E-03

1.500E+00

1.000E-03

4.000E-01

2.000E-01

1.000401I

5.300E+00

2.0000+00

8.000E+00

5.0000-01

1.000E+00

2.0000-01

overhead

2.000E-01

1.000E+06

1.000E-03

1.5000+00

4.0000-01

2.000E-01

2.000C-01

1.000E+02

2.000E-02

5.300E+00

1.000E-03

1.000E+01

ND

2.500E+02

Used by RESRAD Parameter

(If different from user input) Name

AREA

THICKO

LCZPAQ

BRDL

TI

TI 2)

T 3)

T 4)

T( 5)

T 6)

T 7)

TI 8)

T 9)

T(10)

Sl( 1|

Sl( 2)

W41 1)

Wl( 2)

COVERO

DENSCV

VCV

DENSCZ

VCZ

TPCZ

FCCZ

HCCZ

8CZ

WIND

HUMID

EVAPTR

PRECIP

RI

IDITCH

RUNOFF

WAREA

EPS

DENSAO

TPSZ

EPSZ

FCSZ

HCSZ

HGWT

BSZ

VWT

DWIBWT

MODEL

OW

R014

R014

R014

R014

R014

R014

R014

R014

R014

R014

RO'

Density of saturated zone (g/cm**3)

Saturated zone total porosity

Saturated zone effective porosity

Saturated zone field capacity

Saturated zone hydraulic conductivity (m/yr)

Saturated zone hydraulic gradient

Saturated zone b parameter

Water table drop rate (m/yr)

Well pump intake depth (m below water table)

Model: Nondispersion (ND) or Mass-Balance (MB)

Well pumping rate (m**3/yr)

y-I

0
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Summary : Crow Butte Radium Benchmark
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File: Ra022704.RAD

Site-Specific Parameter Summary (continued)

Parameter

User

Input Default

R015

R015

R015

R015

ROlS

ROls

Rols

R016

R016

R016

R016

R016

R016

R0I6

R016

R017

lot,
R017

R017

Roll

R017

Roll

R017

R0l17

R017

R017

Roll 7

R017

R017

R0l17

R017

Number

Unsat.

Unsat.

Unsat.

Unsat.

Unsat.

Unsat.

Unsat.

of unsaturated zone strata

zone 1, thickness (m)

zone 1, soil density lg/cm**3)

zone 1, total porosity

zone 1, effective porosity

zone 1, field capacity

zone 1, soil-specific b parameter

zone 1, hydraulic conductivity (m/yr)

Distribution coefficients for Pb-2l0

Contaminated zone (cm-3/g)

Unsaturated zone 1 (cm*13/g)

Saturated zone (cm**3/g)

Leach rate (/yr)

Solubility constant

Distribution coefficients for Ra-226

Contaminated zone (cn**3/g)

Unsaturated zone 1 (cm*3/g)

Saturated zone (Cm**3/g)

Leach rate (/yr)

Solubility constant

Inhalation rate (m**3/yr)

Mass loading for inhalation (g/m**3)

Exposure duration

Shielding factor, inhalation

Shielding factor, external gamma

Fraction of time spent indoors

Fraction of time spent outdoors (on site)

Shape factor flag, external gamma

Radii of shape factor array (used if FS - -1):

Outer annular radius (m), ring 1:

Outer annular radius (m),-ring 2:

Outer annular radius (m), ring 3:

Outer annular radius (m), ring 4:

Outer annular radius (m), ring 5:

Outer annular radius (m), ring 6:

Outer annular radius (m), ring 7:

Outer annular radius (m), ring 8:

Outer annular radius (m), ring 9:

Outer annular radius (m), ring 10:

Outer annular radius (m), ring 11:

Outer annular radius (m),- ring 12:

I

1.500E+01

1 .500E+00

4 .000E-0

2.OOOE-01

2.000E-01

4 .380E+00

4.000E+03

2.700E+02

2.700E+02

2.700E+02

O.000E+00

0.000E+00

5.000E+02

5.000E+02

5.000E+02

O.005E+00

O.000E+00

8.400E+03

3.000-E04

3.000E+01

4.0005-01

5.500E-01

5.000E-01

2.500E-01

1.000E+00

not used

not used

not used

not used

not-used

not used

not used

not used

not used

not used

not used

not used

1

4. OOOE+00

1.500E+00

4. 0OOE-01

2. 000E-01

2.000E-01

5.300E+00

1.000E+01

1.000E+02

1.000E+02

1. 0004+02

O.000E+00

0.O00E+O0

7.0004E+01

7.000E+01

7.000E+01

0.O00E+00

O.OOOE+00

8. 400E+03

1.000E-04

3.OOOE+01

4.000E-01

7.000E-01

5. 000E-01

2.500E-01

1.000E+00

5.000E+01

7.071E+01

O.000E+00

0.000E400

O.000E+00

O.000E+00

0.000E+00

O.000E+00

0.000E+00

0.000E+00

O.000E+00

O.0000E+0

Used by RESRAD Parameter

(If different from user input) Name

-NS
--- H(l)

-- DENSUZ(l)

-- TPUZ(1)
EPUZ(1)
FCUZ (1)

-- BUZ(I)

HCUZ(1)

DCNUCCC 2)

-- DCNUCU( 1,1

--DCNUCS( 1)

1.283E-03 ALEACH( 1)

not used SOLUBKC 1)

-- DCNUCC( 2)

-- DCNUCU( 2.1

-- DCNUCS( 2)

6.931E-04 ALEACHC 2)

not used SOLUBK( 2)

-- INHALR
MLINH

ED

-SHF3

-- SHFl

-- FIND

-FOTD

>0 shows circular AREA. FS

RADSHAPE(

RXD.A0SHAPEC

-- RAD._SHAPEC

--I RA._SHA•
I D._SRAPE(

--I D_SHAPE

IRADLSHAPE(
IRADLSHAPEC

-- •AD SHAPE C

-- RADSHAP:C(l

-- RADSHAPECI

-- RADSHAPEC(

1)
2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

.2)
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Summary : Crow Butte Radium Benchmark
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File: CBRI.rad

Site-Specific Parameter Sumnmary (continued)

menu

User

Input

Used by RESRAD

Default I (If different from user input)Parameter

R017

R017

R017

R017

R017

R017

R017

R017

R017

R017

R017

R017

R0ol

P018

P018

P018

P018

P018

Role8

Fractions

Ring 1

Ring 2

Ring 3

Ring 4

Ring 5

of annular areas within AREA:

Ring 6

Ring 7

Ring 8

Ring 9

Ring 10

Ring 11

Ring 12

Fruits, vegetables and grain consumption (kg/yr)

Leafy vegetable consumption (kg/yr)

Milk consumption (Llyr)

Meat and poultry consumption (kg/yr)

Fish consumption (kg/yr)

Other seafood consumption lkg/yr)

Soil ingestion rate (g/yr)

Drinking water intake (L/yr)

Role

R018

F

P018

P018

P018
Role I

Contamination

Contamination

Contamination

Contamination

Contamination

Contamination

Contamination

Contamination

fraction of drinking water

fraction of household water

fraction of livestock water

fraction of irrigation water

fraction of aquatic food

fraction of plant food

fraction of meat

fraction of milk

not used 1.000E+00

not used 2.732E-01

not used 0.OOOE+00

not used 0.000E+00

not used 0.0004E00

not used I0.000E+00
not used I0.000.E00
not used 0.000E+00

not used O.O00E400

not used I0.000E00
not used 0.000E+00

not used 0.000E+00

1.900E+02 1.600E+02

1.400E401 1.400E401

not used 9.200E+01

6.300E+01 6.300E501

not used 5.400E+00

not used 9.000E-01

I 3.650E+01 3.650E+01

5.100E+02 5.100E402

1.OOOE+00 1.000E400

not used I1.005400'
1.000E+00 I1.000400
1.000E+00 1.000O400

not used 5.000E-01

2.500E-01 1-1

2.500E-01 1-1

not used. 1-1
I ~ I.

6.800E+01 6.800E+01
not used 5.500E401

5.0005E01 5.000E*01

not used 1.600E+02

5.000E-01 5.000E-01

3.000E-04 1.000E-04

1.500E-01 1.500E-01

3.000E-01 9.0005-01

I.000E+00 1.000E400

not used 1.000E400

1.00OE+00 1.000E400

1.000E400 1.000E400.

7.000E-01 7.000E-01

1.500E+00 1.500E+00

1.100E400 1.100E+00

1.700E-01 1.700E-01

2.500E-01 2.500E-01

8.000E-02 8.000E-02

l 1.0005-01 1.000E-01

I.

Parame

Name

4 -ACA

FRACA'(

FRACA(

FRACA(
r RAcA(
FRACA)

FRACA(

FRACA(

FRACA11

FRACA (1

FRACAIl

DIETIl)

DIET(2)

DIET(3)

DIET(4)

DIET(5)
DIET(6)

SOIL
DWI

FDW

FHHW

FLW

FIRW

FR9

FELANT

FMEAT

FMILK

LFI 5

LFI6

LWI5

LWI6

LSI

MLFD

DM

DROOT

FGWDW

FGWHH

FGWLW

J FGWIR

YVil)

IYV(2)
YV(3)

TE1)

TEl2)

TE (3)

TIV(1)

ter

1)

21

3)

4)

5)

6)

7)

8)

9)

0)
1}

2)

R019 Livestock fodder intake for meat (kg/day)

R019 Livestock fodder intake for milk (kg/day)

R019 Livestock water intake for meat (L/day)

R019 Livestock water intake for milk (L/day)

R019 Livestock soil intake (kg/day)

R019 Mass loading for foliar deposition (g/m**3)

R019 Depth of soil, mixing layer (m)

R019 Depth of roots (m)

R019 Drinking water fraction from ground water

R019 Household water fraction from ground water

R019 Livestock water fraction from ground water

R019 Irrigation fraction from ground water

RI9B Wet weight crop yield for Non-Leafy (kg/m*12)

R19B Wet weight crop yield for Leafy (kg/m**2)

R19B Wet weight crop yield for Fodder (kg/m*-2)

R19B Growing Season for Non-Leafy (years)

R19B Growing Season for Leafy (years)

R' Growing Season for Fodder (years)

Pk._..Translocation Factor for Non-Leafy

0
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File: CBRl.radSumnary : Crow Butte Radium Benchmark

Site-Specific Parameter Summary (continued)

Parameter

R19B

Rl 9B

R196

R19D
RI SB
R19B

R19B
R19B

I

Translocation Factor for Leafy

Translocation Factor for Fodder

Dry Foliar Interception Fraction for Non-Leafy

Dry Follar Interception Fraction for Leafy

Dry Foliar Interception Fraction for Fodder

Wet Foliar Interception Fraction for Non-Leafy

Wet.Foliar Interception Fraction for Leafy

Wet Foliar Interception Fraction for Fodder

Weathering Removal Constant for Vegetation

C14

C14

C14

C14

C14

C14

C14

C14

C14

C14

C-12 concentration in water (g/cml;3)

C-12 concentration in contaminated soil (gig)

Fraction of vegetation carbon from soil

Fraction of vegetation carbon from air

C-14 evasion layer thickness in soil (m)

C-14 evasion flux rate from soil (I/sec)

C-12 evasion flux rate from soil (1/sec)

Fraction of grain in beef cattle feed

Fraction of grain in milk cow feed

DCF correction factor for gaseous forms of C14

STOR Storage times of contaminated foodstuffs (days)

STOR Fruits, non-leafy vegetables, and grain

SI Leafy vegetables

Milk

Heat and poultry

STOR Fish

STOR Crustacea and mollusks

STOR Well water

STOR Surface water

STOR Livestock fodder

R021 Thickness of building foundation (m)

R021 Bulk density of building foundation (g/cm*'3)

R021 Total porosity of the cover material

B021 Total porosity of the building foundation

R021 Volumetric water content of the cover material

R021 Volumetric water content of the foundation

R021 Diffusion coefficient for radon gas (m/sec):

R021 In cover material

R021 In foundation material

R021 in contaminated zone soil

R021 Radon vertical dimension of mixing (m)

R021 Average building air exchange rate (l/hr)

R021 Height of the building (room) (m)

R021 Building interior area factor

R021 Building depth below ground surface (m)

R021 Emanating power of Rn-222 gas

R021 Emanating power of Rn-220 gas

Number, of graphical time points

Maximum number of integration points for dose

User

Input Default

1.OOOE+00 1.OOOE+00

1.OOOE+00 1.OOOE+00

2.500E-01 2.500E-01

2.500E-01 2.500E-01

2.500E-01 2.500E-01

2.500E-01 2.500E-01

2.500E-01 2.500E-01

2.500E-01 2.500E-01

2.000E+01 2.000E+01

not used 2.000E-05

not used 3.000E-02

not used 2.000E-02

not used 9.800E-01

not used 3.000E-01

not used 7.000E-07

not used 1.000E-10

not used 8.000E-01

not used 2.000E-01

not used 8.894E+01

1.400E+01 1.4005+01

1.000E+00 1.00OE400

1.000E400 1.000E400

2.000£401 2.0004E01

7.000£.00 7.000E+00

7.0005E00 7.000+E00

1.000E400 I1.000E+00
1.0004E00 I 1.000E+00

4.500E+01 J 4.500E401

not used 1.500E-01

not used 2.400E+00

not used 4.0005-01

not used 1.000E-01

not used 5.0005-02

not'used 3.000E-02

not used 2.000E-06

not used 3.000E-07

not used 2.000E-06

not used 2.000E+00

not used 5.000E-01

not used 2.5005400

not used j0.00£+00

not used 1-1.0005+00

not used 2.500E-01

not used 1.500E-01

32

17

i

Used by RESRAD Parameter

(If different from user input) Name

TIV(2)

TIV(3)

PDRYB(1)

RDRY (2)

RDRY(3)

RWET (1)

RWBT ( 2)

RWET (3)

WLAM

C12WTR

C12CZ

CSOIL

CAIR
DmC

EIVSN

REVSN

AVFG4

AVFG5

CO2F

STORPT (T)

STORT (2)

STORT (3)

STORT (4)

STOR7T (5)

STORPT (6)

STORPT (7)

STORT (8)
STOR T(9)

I .FLOOR1

DENSFL

TPCV

TPFL

PH2OCV

PH2OFL

DIFCV

DIFFL

DIFCZ

I MIX

REXG

HRM

FAI

DMFL

IEnA(l)
EMANA(2)

NPTS

LYMAX
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iFile: CBRI.rad

Site-Specific Parameter Summary (continued)

Menu I Parameter

s-'jI Maximum number of integration points for riski.

I User '

I Input. ,

I 257 I

I Used by RESRAD I Parameter

Default (If different from user input) N Name

-I -KYMAX

Summary of Pathway Selections

Pathway User Selection

1 -- external gamma active

2 -- inhalation (wlo radonil active

3 -- plant Ingestion • active

4 -- meat Ingestion active

5 -- milk ingestion suppressed

6 -- aquatic foods suppressed

7 -- drinking water active

B -- soil ingestion active

9-- radon suppressed

Find peak pathway doses active

k
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Summary : Crow Butte Radium Benchmark

Contaminated Zone Dimensions

Area: 10000.00 square meters

W kness: 0.15 meters

Depth: 0.00 meters

K>1ý

02/26/2004 11:07 Page a

File: CBR1.rad

Initial Soil Concentrations, pCi/g

Pb-210 5.OOOE+00

Ra-226 5.OOOE+00

Total Dose TDOSE(t), mrem/yr

Basic Radiation Dose Limit - 1.OOOE+02 mrem/yr

Total Mixture Sum M(t) - Fraction of Basic Dose Limit Received at Time (t)

t (years): 0.OOOE+00 1.O0OE÷00 3.OOOE+00 1.O00E+01 3.000E+01 1.000E402 3.000E÷02 1.000E÷03

TDOSElt): 4.237E+01 4.216E+01 4.172E+01 4.018E+01 3.570E÷01 1.BlOE+01 0.OOOE+00 O.OO0E+00

M(t): 4.237E-01 4.216E-01 4.172E-01 4.018E-01 3.570E-01 1.810E-01 0.000+E00 0.000+E00

Maximum TDOSE(t): 4.237E+01 mrem/yr at t - 0.000E÷00 years
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File: CBRI.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

As mremfyr and Fraction of Total Dose At t - 0.OOOE+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Radio-

Nuclide mrem/yr tract. mrem/yr fract. mrem/yr fract. mrem/yr tract. mrem/yr fract. mrem/yr fract.

Pb-210 1.528E-02 0.0004 1.027E-02 0.0002 0.000E+00 0.0000 9.096E+00 0.2147 3.778E-01 0.0089 0.000E+00 0.0000

Ra-226 2.457E+01 0.5798 4.028E-03 0.0001 0.000+E00 0.0000 6.927E+00 0.1635 2.027E-01 0.0048 0.000E÷00 0.0000

Total 2.458E+01 0.5802 1.430E-02 0.0003 0.000+E00 0.0000 1.602E+01 0.3781 5.805E-01 0.0137 0.000.+00 0.0000

Soil

mrem/yr fract.

9.759E-01 0.0230

1.966E-01 0.0046

1.172E+00 0.0277

Total Dose Contributions TDOSEI(ip,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 0.000E+00 years

Water Dependent Pathways

Water Fish Radon Plant Heat

Radio-

Nuclide mrem/yr fract. mrem/yr tract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Pb-210 O.O00E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 O.000E÷00 0.0000 O.000+E00 0.0000

Ra-226 0.000E+00 0.0000 O.O00E÷00 0.0000 0.000E+00 0.0000 O.O00E+00 0.0000 O.000+E00 0.0000

Total 0.OOOE+00 0.0000 0.000+E00 0.0000 0.000E+000.0000 0.O00E+00 0.0000 0.000E+00 0.0000

Milk All Pathways*

mrem/yr tract. mrem/yr fract.

0.000E+00 0.0000

O.O00E+00 0.0000

O.O00E+00 0.0000

1.04SE+01 0.2472

3.190E+02 0.7528

4.237E+01 1.0000

-f all water independent and dependent pathways.
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File: CBRl.rad

Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - I.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Heat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrern/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Pb-210 1.479E-02 0.0004 9.879E-03 0.0002 0.000E+00 0.0000 8.748E+00 0.2075 3.634E-01 0.0086 0.OOOE+00 0.0000

Ra-226 2.449E+01 0.5809 4.309E-03 0.0001 0.OOOE+00 0.0000 7.154E+00 0.1697 2.130E-01 0.0051 0.O000E00 0.0000

Total 2.451E+01 0.5612 1.419E-02 0.0003 0.000+E00 0.0000 1.590E+01 0.3772 5.764E-01 0.0137 0.000E+00 0.0000

Soil

mrem/yr fract.

9.385E-01 0.0223

2.247E-01 0.0053

1.163E+00 0.0276

Total Dose Contributions TDOS.Ei,p,t) for Individual Radionuclides 1i) and Pathways jp)

As mrem/yr and Fraction of Total Dose At t - 1.000E500 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Pb-210 0.O000E+00 0.0000 0.000+E00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 0.000÷+00 0.0000

Ra-226 O.O00E+00 0.0000 0.000E+00 0.0000 O.O00E+00 0.0000 O.000E+00 0.0000 O.OOOE+00 0.0000 O.000E+00 0.0000

Total O.O00E+00 0.0000 0.000÷+00 0.0000 0.000E+00 0.0000 0.000+E00 0.0000 O.O00E+00 0.0000 O.000+E00 0.0000

All Pathways-

mrem/yr fract.

1.007E+01 0.2389

3.209E401 0.7611

4.216E+01 1.0000

SIf all water independent and dependent pathways.
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Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 3.600E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk

Radio-

Nuclide mrem/yr tract. mrem/yr fract. mrem/yr fract. mrem/yr tract. mrem/yr fract. mrem/yr fract.

Pb-210 1.385E-02 0.0003 9.135E-03"0.0002 0.OOOE+00 0.0000 8.089E+00 0.1939 3.360E-01 0.0081 0.000E÷00 0.0000

Ra-226 2.433E+01 0.5832 4.827E-03 0.0001 0.000E+00 0.0000 7.561E+00 0.1812 2.312E-01 0.0055 0.000E+00 0.0000

Total 2.435E÷01 0.5835 1.396E-02 D.0003 0.0005+00 0.0000 1.565E+01 0.3751 5.672E-01 0.0136 0.000E+00 0.0000

Soil

mrem/yr fract.

8.6705-01 0.0208

2.768E-01 0.0066

1.145E+00 0.0274

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (I) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 3.000E+00 years

Water Dependent Pathways

Water Fish Radon

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract.

Pb-210 0.000+E00 0.0000 0.000E+00 0.0000 0.0004E00 0.0000

Ra-226 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total 0.0005+00 0.0000 0O.000+00 0.0000 0.000+400 0.0000

)f all water Independent and dependent pathways.

Plant

mrem/yr fract.

O.005E+00 0.0000

0.000E+00 0.0000

O.O000E+0 0.0000

Meat

mrem/yr fract.

0.O00E+00 0.0000

0.000E+00 0.0000

0.O000E00 0.0000

Milk

mrem/yr fract.

0.000E+00 0.0000

O.O00E+O0 0.0000

0.000S+00 0.0000

All Pathways*

mrem/yr fract.

9.316E+00 0.2233

3.241E+01 0.7767

4.172E+01 1.0000

K>.
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File: CBRl.rad

Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and Pathways 1p)

As mrem/yr and Fraction-of-Total Dose At t - 1.000E+01 years

0 Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Heat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fratt. mrem/yr fract.

Pb-210 1.101E-02 0.0003 6.935E-03 0.0002 0.000E+00 0.0000 6.141E+00 0.1528 2.551E-01 0.0063 0.OOOE+00 0.0000

Ra-226 2.376E+01 0.5914 6.247E-03 0.0002 O.000E+00.0.0000 8.636E+00 0.2150 2.805E-01 0.0070 0.O00E+00 0.0000

Total 2.377E+01 0.5917 1.318E-02 0.0003 O.00OE+00 0.0000 1.478E+01 0.3678 5.356E-01 0.0133 O.000E+00 0.0000

Soil

mrem/yr fract.

6.588E-01 0.0164

4.217E-01 0.0105

1.081E+00 0.0269

Total Dose*Contributions TDOSE(ip,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 1.000E+01 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Pb-210 O.000E+00 0.0000 0.0004E00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0004E00 0.0000 O.000E+00 0.0000

Ra-226 O.O00E+00 0.0000 O.000E+00 0.0000 O.O00E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.O00E+00 0.0000

Total 0.000E+00 0.0000 0.O00E+00 0.0000 0.0004E00 0.0000 0;000E+00 0.0000 O.000E+00 0.0000 O.000E+00 0.0000

fall water independent and dependent pathways.

All Pathways*

mrem/yr fract.

7.073E+00 0.1760

3.311E+01 0.8240

4.0186+01 1.0000
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File: CORl.rad

Total Dose Contributions TDOSE{i,p,t) for Individual Radionuclides Mi) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 3.000E+01 years

Water Independent 'Pathways (Inhalation excludes radon)

Ground

Radio-

Nuclide mrem/yr fract.

Pb-210 5.691E-03 0.0002

Ra-226 2.196E+01 0.6153

Total 2.197E+01 0.6154

Inhalation

mrem/yr fract.

3.110E-03 0.0001

7.917E-03 0.0002

1.103E-02 0.0003

Radon

mrem/yr. fract.

O.O000+00 0.0000

O.000E400 0.0000

O.OOOE+00 0.0000

Plant Heat

mrem/yr fract. mrem/yr fract.

2.754E400 0.0771 1.144E-01 0.0032

9.611E400 0.2693 3.338E-01 0.0093

1.237E+01 0.3464 4.462E-01 0.0126

Milk

mrem/yr fract.

0.OOOE+00 0.0000

0.OOOE+00 0.0000

O.OOOE+00 0.0000

@0
Soil

mrem/yr fract.

2.954E-01 0.0083

6.083E-01 0.0170

9.037E-01 0.0253

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (1) and Pathways 1p3

As mrem/yr and Fraction of Total Dose At t - 3.OOOE+01 years

Water Dependent Pathways

Water

Radio-

Nuclide mrem/yr fract.

Pb-210 0.000E+00 0.0000

Ra-226 0.000E400 0.0000

Total 0.OOOE+00 0.0000

Fish

mrem/yr fract.

0.OOOE+00 0.0000

O.OOOE400 0.0000

O.OOOE+O0 0.0000

Radon

mrem/yr Zract.

O.000E+00 0.0000

0.OOOE+00 0.0000

O.00OE+00 0.0000

Plant

mrem/yr fract.

0.OOOE+00 0.0000

0.OOOE+00 0.0000

0.000E+00 0.0000

Meat

mrem/yr fract.

O.OOOE+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

Milk

mrem/yr fract.

O.OOOE+00 0.0000

0.OOOE+00 0.0000

0.OOOE+00 0.0000

All Pathways*

mrem/yr fract.

3.172E+00 0.0889

3.252E+01 0.9111

3.570E+01 1.0000

if all water independent and dependent pathways.

K>-ý
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File: CBRI.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (I) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 1.000E402 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Heat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

Pb-210 4.873E-04 0.0000 l.337E-04 0.0000 0.000E400 0.0000 1.184E-01 0.0065 4.923E-03 0.0003 0.000E400 0.0000

Ra-226 1.294E+01 0.7097 4.082E-03 0.0002 O.O00E400 0.0000 4.613E+00 0.2549 1.667E-01 0.0092 0.000E+00 0.0000

Total 1.284E+01 0.7097 4.216E-03 0.0002 0.000E+00 0.0000 4.731E+00 0.2614 1.716E-01 0.0095 0.000E+00 0.0000

Soil

mrem/yr fract.

1.270E-02 0.0007

3.328E-01 0.0124

3.455E-01 0.0191

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (I) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 1.000E+02 years

Water Dependent Pathways

Water Fish Radon Plant meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr tract. mrem/yr fract. mrem/yr fract.

Pb-210 O.OOOE+00 0.0000 O.OOOE+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 0.000+E00 0.0000 0.000E+00 0.0000

Ra-226 0.000E+00 0.0000 0.OOOE400 0.0000 0.0004E00 0.0000 0.000E+00 0.0000 0.O000500 0.0000 O.O000E00 0.0000

Total 0.O00E+00 0.0000 0.0004E00 0.0000 0.0005+00 0.0000 0.OOOE.00 0.0000 0.000E+00 0.0000 0.O00E+00 0.0000

O f all water Independent and dependent pathways.

All Pathways-

mrem/yr fract.

1.367E-01 0.0076

1.796E+01 0.9924

1.810E+01 1.0000
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File: CBPI.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (1) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 3.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Heat Milk

Radio-

Nuclide mrem/yr tract. mrem/yr tract. mrem/yr fract. mrem/yr tract. mrem/yr tract. mrem/yr tract.

Pb-210 O.000E+00 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 0.000.E00 0.0000 0.000E+00 0.0000 0.0O0E+00 0.0000

Ra-226 O.000+E00 0.0000 0.000+E00 0.0000 0.000+E00 0.0000 0.000E+00 0.0000 0.000+E00 0.0000 O.OOOE+00 0.0000

Total 0.000E+00 0.0000 0.000+E00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0005+00 0.0000

Soil

rnrem/yr tract.

0.000E+00 0.0000

0.oooE+O0 0.0000

O.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 3.000E+02 years

Water Dependent Pathways

Water Fish Radon Plant Heat Milk

Radio-

Nuclide mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract. mrem/yr tract.

Pb-210 0.000+E00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 O.000+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O.000E+00 0.0000

Total 0.0005+00 0.0000 0.000E+00 0.0000 O.0005+00 0.0000 0.000.+00 0.0000 0.0005+00 0.0000 O.000E+00 0.0000

All Pathways*

mrem/yr tract.

0.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

,f all water independent and dependent pathways.

K>
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File: CBRl.rad

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 1.O0OE+03 years

Water Independent Pathways (Inhalation excludes radon)

41- Ground

Radio-

Nuclide mrem/yr fract.

Pb-210 0.000E+00 0.0000

Ra-226 0.O00E+00 0.0000

Total 0.OOOE+00 0.0000

Inhalation

mrem/yr fract.

0.OOOE+00 0.0000

0.000+E00 0.0000

0.O00E+00 0.0000

Radon

mrem/yr fract.

0.000E+00 0.0000

0.000+E00 0.0000

O.000E+00 0.0000

Plant

mrem/yr fract.

0.000E+00 0.0000

0.OOOE+00 0.0000

0.0004+00 0.0000

Meat

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.O00E+00 0.0000

Milk

mrem/yr fract.

0.000E+00 0.0000

O.O00E+00 0.0000

0.0005+00 0.0000

Soil

mrem/yr fract.

0.000.+00 0.0000

0.000+E00 0.0000

O.OOOE+00 0.0000

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (il and Pathways (p)

As mrem/yr and Fraction of Total Dose At t - 1.000E+03 years

Water Dependent Pathways

Water

Radio-

Nuclide mrew/yr fract.

Pb-210 0.O000+00 0.0000

Ra-226 O.000E+00 0.0000

Total 0.000E+00 0.0000

Fish

mrem/yr fract.

O.O00E+00 0.0000

0.000+E00 0.0000

O.O00E+00 0.0000

Radon

mrem/yr fract.

O.O00E+00 0.0000

0.OOOE+00 0.0000

0.000+E00 0.0000

Plant

mrem/yr fract.

0.000÷+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

Meat Milk

mrem/yr fract. mrem/yr fract.

0.0005+00 0.0000 0.000E+00 0.0000

0.000E+00 0.0000 O.000E+00 0.0000

0.000E+00 0.0000 0.000E+00 0.0000

All Pathways*

mrem/yr fract.

O.000E+00 0.0000

0.000E+00 0.0000

0.000E+00 0.0000

.f all water independent and dependent pathways.
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File: CBRl.rad

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

Parent Product Branch DSR(Jt) (mrem/yr}/(pCi/g)

(J) Fraction- t- 0.OOOE+00 1.ODOE+00 3.000E+00 1.000E+01 3.OOOE+01 1.000E+02 3.OOOE+02 1.000E+03

Pb-210 Pb-210 1.000E+00 2.095E+00 2.015E+00 1.863E400 1.415E+00 6.345E-01 2.733E-02 0.000E+00 0.000E+00

Ra-226 Ra-226 1.000E+00

Ra-226 Pb-210 1.000E500

Ra-226 EDSR(J)

6.3415.00 6.315E+00 6.260E+00 6.069E+00 5.494E+00 2.989E+00 0.000E+00 0.000E+00

3.846E-02 1.028E-01 2.207E-01 5.525E-01 1.011E+00 6.028E-01 0.000E÷00 0.000E+00

6.380E+00 6.417E+00 6.481E+00 6.621E.00 6.505E+00 3.592E+00 O.000E+00 0.000E+00

*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter: CUMBRF{J) - BRF(1I'BRF(2)* ... BRF(J).

The DSR includes contributions from associated (half-life : 0.5 yr) daughters.

Single Radionuclide Soil Guidelines G(i,t) in pCl/g

Basic Radiation Dose Limit - 1.000+E02 mrem/yr

Nuclide

(i) t- 0.000E+00 1.000E+00 3.000+00 1.O00E+01 3.0004+01 1.000E+02 3.OOOE+02 1.0005÷03

Pb-210

Ra-226

4.773E+01 4.963E+01 5.367E+01 7.069E+01 1.576E+02 3.659E+03 '7.631E+13 *7.631E÷13

1.567E+01 1.558E+01 1.543E+01 1.510E+01 1.537E+01 2.784E+01 *9.882E+11 *9.682.l11

*At specific activity limit

Surmed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g)

and Single Radionuclide Soil Guidelines G(i,t) in pCi/g

at tmin - time of minimum single radionuclide soil guideline

and at tmax - time of maximum total dose - 0.000E+00 years

Nuclide Initial

(i) (pCi/g)

Pb-210 5.000E+00

Ra-226 5.000E+00

tmin DSR(i,tmin) G(i,tminl DSR(i,tmax) G(i,tmax)

(years) (pCi/g) (pCi/g)

0.000E+00 2.095E÷00 4.773E+01 2.095E+00 4.773E+01

15.93 ± 0.03 6.654E+00 1.503E+01 6.380E+00 1.567E+01

i
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Individual Nuclide Dose Sumnmed Over All Pathways

Parent Nuclide and Branch Fraction Indicated

* de Parent BRF(i)

b b 0 0

Pb-210 Pb-210 1.0006+00

Pb-210 Ra-226 1.000E+00

Pb-210 DOSE6(j)

DOSE(J,t), mrem/yr

t- 0.O00E+00 1.000E+00 3.OOOE+00 1.000E+01 3.000E+01 1.000E+02 3.OOOE+02 1.000E+03

1.048E+01 1.007E+01 9.316E+00 7.073E+00 3.172E+00 1.367E-01 0.000E+00 O.O00E+00

1.923E-01 5.138E-01 1.103E+00 2.763E+00 5.054E+00 3.014E+00 0.000E+00 O.006E+00

1.067E+01 1.059E+01 1.042E+01 9.835E+00 8.226E+00 3.151E+00 0.O00E+00 0.000E+00

Ra-226 Ra-226 1.000E+00 3.171E+01 3.157E+01 3.130E+01 3.034E+01 2.747E+01 1.494E+01 0.000E+00 O.000E+00

BRF(i) is the branch fraction of the parent nuclide.

Individual Nuclide Soil Concentration

Parent Nuclide and Branch Fraction Indicated

Nuclide Parent BRF(i)

(j) (i)

Pb-210 Pb-210 1.000E+00

Pb-210 Ra-226 1.0006+00

Pb-210 ESIJ):

S(J,t)0 pCi/g

t- O.O00E+00 1.000E+00 3.0006+00 1.000E+01 3.0006+01 1.000E+02 3.000E+02 1.000E+03

5.000E+00 4.841E+00 4.537E+00 3.617E+00 1.894E+00 1.965E-01 3.034E-04 4.391E-14

0.0006+00 1.5286-01 4.436E-01 1.320E+00 2.926E+00 4.249E+00 3.548E+00 1.613E+00

5.OOOE+00 4.994E400 4.981E+00 4.937E+00 4.819E+00 4.446E+00 3.548E+00 1.613E+00

Ra-226 Ra-226 1.000E+00 5.000E+00 4.994E+00 4.983E+00 4.944E+00 4.834E+00 4.467E+00 3.566E+00 1.621E+00

& i is the branch fraction of the parent nuclide.

JC.EXE execution time - 0.11 seconds
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File: Uranium.RAD

Dose Conversion Factor (and Related) Parameter Summary
File: HEAST 1995 Morbidity

Parameter
4-

B-I
B-i
B-i
B-I
B-I
B-i
B-i
B-i
B-I

D-I
D-1
D-1
D-1
D-1
D-I
D-1
D-I
D-I

D-34
D-34
r -4

D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D-34
D•-34
P '14

Dose conversion factors for inhalation, mrem/pCi
Ac-227+D
Pa-231
Pb-210+D
Ra-226+D
Th-230
U-234
U-235+D
U-238+D

Dose conversion factors for ingestion, mrem/pCi:
Ac-227+D
Pa-231
Pb-210+D
Ra-226+D
Tb-230
U-234
U-235+D
U-238+D

Food transfer factors:
Ac-227÷D
Ac-227÷D
AC-227+D.

Pa-231
Pa-231
Pa-231

Pb-210+D
Pb-210+D
Pb-210+D

Ra-226-D
Ra-2264D
Ra-226-D

Th-230
Th-230
Th-230

U-234
U-234
U-234

U-235+D
U-235+D
U-235+D

plant/soil concentration ratio, dimensionless
beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

plant/soil concentration ratio, dimensionless
beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

plant/soil concentration ratio, dimensionless
beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

plant/soil concentration ratio, dimensionless
beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

plant/soil concentration ratio, dimensionless
beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

plant/soil concentration ratio, dimensionless
beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

plant/soil concentration ratio, dimensionless
beef/livestock-intake ratio, (pCi/kg)/(pci/d)
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

Current
Value

6.720E+00
1.280E+00
2.320E-02
8.600E-03
3.260E-01
1.320E-01
1.230E-01
1.180E-01

1.480E-02
1.060E-02
7.270E-03
1.330E-03
5.480E-04
2.830E-04
2.670E-04
2.690E-04

2.500E-03
2.OOOE-05
2.006E-05

1.OOOE-02
5.OOOE-03
5.OOOE-06

1.000E-02
8.000E-04
3.OOOE-04

4.OOOE-02
I.O00E-03
1.000E-03

1.000E-03
1.000E-04
5.OOOE-06

2.500E-03
3.400E-04
6.OOOE-04

2.500E-03
3.400E-04
6.OOOE-04

Pa

Default I-

6.720E+00 DCF
1.280E+00 DCF
2.320E-02 DCF
8.6OOE-03 DCF
3.260E-01 DCF
1.320E-01 DCF
1.230E-01 DCF
1.180E-01 DCF

1.480E-02 DCF
1.060E-02 DCF
7.270E-03 DCF
1.330E-03 DCF
5.480E-04 DCF
2.830E-04 DCF
2.670E-04 DCF
2.690E-04 DCF

2.500E-03 RTF
2.OOOE-05 RTF
2.OOOE-05 RTF

1.000E-02 RTF
5.OOOE-03 RTF
5.OOOE-06 RTF

1.000E-02 RTF
8.OOOE-04 RTF
3.OOOE-04 RTF

4.OOOE-02 RTF
1.000E-03 RTF
i.000E-03 RTF

1.OOOE-03 RTF
1.000E-04 RTF

5.000E-06 RTF

2.500E-03 RTF
3.400E-04 RTF
6.OOOE-04 RTF

2.500E-03 RTF
3.400E-04 RTF
6.000E-04 RTF

D
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File: Uranium.RAD

Dose Conversion Factor (and Related) Parameter
File: HEAST 1995 Morbidity

Summary (continued)

Parameter
i i-

D-34 U-238+D
D-34 U-238+D
D-34 U-238+D

D-5 Bioaccumul
D-5 Ac-227+D
D-5 Ac-227+D
D-5
D-5 Pa-231
D-5 Pa-231
D-5
D-5 Pb-210+D
D-5 Pb-210+D
D-5
D-5 Ra-226+D
D-5 Ra-226+D
D-5
D-5 Th-230
D-5 Th-230
D-5
D-5 U-234
D-5 U-234

U-235+D
U U-235+D

D-5 •
D-5 I U-238+D
D-5 I U-238+D

plant/soil concentration ratio, dimensionless
beef/livestock-intake ratio, (pCi/kg)/(pCi/d)
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

ation factors, fresh water, L/kg:
fish
crustacea and mollusks

fish
crustacea

fish
crustacea

and mollusks

and mollusks

Current
Value

2.500E-03
3.400E-04
6.OOOE-04

1.500E+01
1.OOOE+03

1.OOOE+01
1.100E+02

3.OOOE+02
1.OOOE+02

5.OOOE+01
2.500E+02

1.OOOE+02
5.OOOE+02

1.OOOE+01
6.OOOE+01

1.OOOE+01
6.OOOE+01

1.OOOE+01
6.OOOE+01

Pa
Default

2.500E-03 RTF
3.400E-04 RTF
6.OOOE-04 RTF

1.500E+01 BIO
1.OOOE+03 BIO

l.OOOE+01 BIO
1.100E+02 BIO

3.OOOE+02 BIO
l.OOOE+02 BIO

5.OOOE+01 BIO
2.500E+02 BIO

1.OOOE+02 BIO
5.OOOE+02 BIO

l.OOOE+01 BIO
6.OOOE+01 BIO

1.OOOE+01 BIO
6.OOOE+01 BIO

l.OOOE+01 BIO
6.OOOE+01 BIO

fish
crustacea and mollusks

fish
crustacea and mollusks

fish
crustacea and mollusks

fish
crustacea and mollusks

fish
crustacea and mollusks

= - - - t =
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Site-Specific Parameter Summary

R011
R011
R011
R011
R011
RO11

R011
R011

R011
R011
R011
R011
R011
R011

R012
R01 2

R012
R012
R012
R012

R013

R013R013
R013
R013
R013
R013
R013

R013
R013
R013
R013
R013
R013

R013

RD013

R014
R014
R014
R014
RO14
R014
RD014
Pr- 4

!Oý

Parameter
User
Input Default

Used @
(If different

-I 1* t

Area of contaminated zone (m**2)
Thickness of contaminated zone* (m)
Length parallel to aquifer flow (m)
Basic radiation dose limit (mrem/yr)
Time since placement of material (yr)
Times for calculations (yr)
Times for calculations (yr)
Times for calculations (yr)
Times for calculations (yr)
Times for calculations (yr)
Times for calculations (yr)
Times for calculations (yr)
Times for calculations (yr)
Times for calculations (yr)

Initial principal
Initial principal
Initial principal
Concentration in
Concentration in
Concentration in

[ radionuclide
- radionuclide
- radionuclide
groundwater
groundwater
groundwater

(pCi/g):
(pCi/g):
(pCi/g):
(pCi/L):
(pCi/L):
(pCi/L):

U-234
U-235
U-238
U-234
U-235
U-238

Cover depth (m)
Density of cover material (g/cm**3)
Cover depth erosion rate (m/yr)
Density of contaminated zone (g/cm**3)
Contaminated zone erosion rate (m/yr)
Contaminated zone total porosity
Contaminated zone field capacity
Contaminated zone hydraulic conductivity (m/yr)
Contaminated zone b parameter
Average annual wind speed (m/sec)
Humidity in air (g/m**3)
Evapotranspiration coefficient
Precipitation (m/yr)
Irrigation (m/yr)
Irrigation mode
Runoff coefficient
Watershed area for nearby stream or pond (m**2)
Accuracy for water/soil computations

Density of saturated zone (g/cm**3)
Saturated zone total porosity
Saturated zone effective porosity
Saturated zone field capacity
Saturated zone hydraulic conductivity (m/yr)
Saturated zone hydraulic gradient
Saturated zone b parameter
Water. table drop rate (m/yr)
Well pump intake depth (m below water table)
Model: Nondispersion (ND) or Mass-Balance (MB)

i.00E+04
1.500E-01
1.000E+02
1. O00E+02
0.000E+00
1. 000E+00
3. 000E+00
1. 00E+01
3.000E+01
1.000E+02
3. O00E+02
1. 000E+03
not used
not used

4.890E+01
2.200E+00
4.890E+01
not used
not used
not used

O.O00E+00
not used
not used
1.500E+00
1.000E-03
4.O00E-01
2.000E-01
4. 000E+03
4.380E+00
4.300E+00
not used
7.500E-01
3.900E-01
0.000E+00
overhead
2.000E-01
3. 630E+07
1.000E-03

1. 500E+00
4. 000E-01
2.000E-01
2.000E-01
4. 000E+03
2.O0E-02
4. 380E+00
1.000E-03
2.000E+01
ND

1.000E+04
2.000E+00
1.OO0E+02
2.500E+01
0. 000E+O0
1.O0OE+00
3.000E+00
1.000E+01
3.000E+01
1.000E+02
3. 00E+02
1.000E+03
0.000E+00
0.000E+00

0.000E+00
0.00E+00
0.000E+00
0.000E+00
O.00OE+00
O.000E+00

0.0O0E+00
1.500E+00
1.000E-03
1.500E+00
1.000E-03
4 .OOOE-01
2.000E-01
1. 000E+01
5.300E+00
2.000E+00
8.000E+00
5. 000E-01
1.000E+00
2.00E-01
overhead
2.000E-01
1.000E+06
1.000E-03

1.500E+00
4.000E-01
2.000E-0I
2.000E-01
1.000E+02
2.OOOE-02
5.300E+00
1.000E-03
1.000E+01
ND
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Site-Specific Parameter Summary (continued)

Parameter

Well pumping rate (m**3/yr)

R015
R015
R015
R015
R015
R015
R015
R015

R016•
R016
R016
R016

R016
R016

R016
R016

R016

R016
R016

R016
R016
R016
R016
R016

R016

R016
R016
R016
R016

ROl 5

R016

ROl 5

R016
R016
R016
R016
R016

R016

RO 156

R016
R01 6

RO16

Number
Unsat.
Unsat.
Unsat.
Unsat.
Unsat.
Unsat.
Unsat.

of unsaturated zone strata
zone 1, thickness (m)
zone 1, soil density (g/cm**3)
zone 1, total porosity
zone 1, effective porosity
zone 1, field capacity
zone 1, soil-specific b parameter
zone 1, hydraulic conductivity (m/yr)

Distribution coefficients for U-234
Contaminated zone (cm**3/g)
Unsaturated zone 1 (cm**3/g)
Saturated zone (cm**3/g)
Leach rate (/yr)
Solubility constant

Distribution coefficients for U-235
Contaminated zone (cm**3/g)
Unsaturated zone 1 (cm**3/g)
Saturated zone (cm**3/g)
Leach rate (/yr)
Solubility constant

Distribution coefficients for U-238
Contaminated zone (cm**3/g)
Unsaturated zone 1 (cm**3/g)
Saturated zone (cm**3/g)
Leach rate (/yr)
Solubility constant

Distribution coefficients for daughter Ac-227
Contaminated zone (cm**3/g)
Unsaturated zone 1 (cm**3/g)
Saturated zone (cm**3/g)
Leach rate (/yr)
Solubility constant

Distribution coefficients for daughter Pa-231
Contaminated zone (cm**3/g)
Unsaturated zone I (cm**3/g)
Saturated zone (cm**3/g)
Leach rate (/yr)
Solubility constant

Distribution coefficients for daughter Pb-210
Contaminated zone (cm**3/g)
Unsaturated zone I (cm**3/g)
Saturated zone (cm**3/g)
Leach rate (/yr)
Solubility constant

User
Input

2.500E+02

1.500E+01
1.500E+00
4 4.000E-01
2.000E-01
2.000E-01
4.380E+00
4.OOOE+03

3.500E+01
3.500E+01
3.500E+01
0.000E+00
0.000E+00

3.500E+01
3.500E+01
3.500E+01
0.000E+00
0.OOOE+00

3.500E+01
3.500E+01
3.500E+01
0.0005+000.OOOE+00

2.000E+01
2.000E+01
2.000E+01

0.000E+00

5.000E+01
5.OOOE+01
5.000E+01
0.OOOE+00
0.OOOE+00

2.700E+02
2.700E+02
2.700E+02
0.000E+00
0.000E+00

2

1
4
1
4
2
2

5
1
0

2

2
2

~1*-

Default

2.500E+02

I.OOOE+00
1.500E+00
..000E-01
2.OOOE-01
*.000E-01

5.300E+00
. 000E+01

.000E+01

.OOOE+01

.OOOE+01
).000E+00
.O000E+00

.000E+01

.000E+01
5.000E+01
).000E+00
).000E+00

.000E+01

.000E+01

.000E+01

..000E+00
D.00OE+00

2.OOOE+01
2.000E+01
2.OOOE+01

).00OE+00
).000E+00

5.OOOE+01
5.OOOE+01
5.OOOE+01
).OOOE+00
0.000E+00

1.000E+02
.O000E+02
L.OOOE+02
..000E+00

).000E+00

Used b
(If different

9.86
not

9.86
not

9.86
not

1.72
not

6.91
not

1.28
not
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Site-Specific Parameter Summary (continued)

Rd16
R016
R01 6
R016
R016
R016

R016
R016
R016
R016
R016
R016

R017
R017
R017
R017
R017
R017
R017
R017
R017

R017

R017
R017
R017
R017
R017
R017
R017
R017

R017

R017
R017
R017
R017
R017
R017
R017
R017
R017
R017
R017
R017

R017

l

Parameter
User
Input Default

Used@0
(If different

Distribution coefficients for daughter Ra-226
Contaminated zone (cm**3/g)
Unsaturated zone 1 (cm**3/g)
Saturated zone (cm**3/g)
Leach rate (/yr)
Solubility constant

Distribution coefficients for daughter Th-230
Contaminated zone (cm**3/g)
Unsaturated zone 1 (cm**3/g)
Saturated zone (cm**3/g)
Leach rate (/yr)
Solubility constant

Inhalation rate (m**3/yr)
Mass loading for inhalation (g/m**3)
Exposure duration
Shielding factor, inhalation
Shielding factor, external gamma
Fraction of time spent indoors
Fraction of time spent outdoors (on site)
Shape factor flag, external gamma
Radii of shape factor array (used if FS = -1):

Outer
Outer
Outer
Outer
Outer
Outer
Outer
Outer
Outer
Outer
Outer
Outer

annular
annular
annular
annular
annular
annular
annular
annular
annular
annular
annular
annular

radius
radius
radius
radius
radius
radius
radius
radius
radius
radius
radius
radius

(m),
Cm),
Cm),

(m),
Cm),

Cm),
(in),

Cm),

Cm),
Cm),

ring
ring
ring
ring
ring
ring
ring
ring
ring
ring
ring
ring

1 :
2:
3:
4:
5:
6:
7:
8:
9:

10:
11:
12:

r)

5. 000E+02
5.0OOOE+02
5. OOOE+02
0.OOOE+00
0.OOOE+00

6. OOOE+04
6.0 OE+04
6.OOOE+04
0.OOOE+00
0.OOOE+00

8.400E+03
3.000E-04
3.OOOE+01
4.OOOE-01
5.500E-01
5.OOOE-01
2.500E-01
1.OOOE+00

not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used
not used

not used
not used
not used
not used
not used
not used
not used
not used

*not used
not used
not used
not used

1.900E+02

7.OOOE+01
7.OOOE+01
7.OOOE+01
0.OOOE+00
0.OOOE+00

6.OOOE+04
6.OOOE+04
6.OOOE+04
0.OOOE+00
0.000E+00

8.400E+03
1 -OOOE-04
3.OOOE+01
4 .OOOE-01
7.OOOE-01
5.OOOE-01
2.500E-01
1.OOOE+00

5.OOOE+01
7.071E+01
0. OOOE+00
0. 000E+00
0.OOOE+00
0.000E+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.O00E+00

1.000E+00
2.732E-01
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0. OOOE+00
0.000E+00
0.OOOE+00
0.OOOE+00

1.600E+02

6.93
not

5.77
not:

>0 shows ci

Fractions
Ring 1
Ring 2
Ring 3
Ring 4
Ring 5
Ring 6
Ring 7
Ring 8
Ring 9
Ring 10
Ring 11
Ring 12

of annular areas within AREA:

Fruits, vegetables and grain consumption (kg/y
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Site-Specific Parameter Summary (continued)

S
R018

R018

R018

R018

R018

R018
R018-
R018
R018

R018
R018

R018

R018R018

R019
R019
R019

R019
R019
R019R01 9

Rnl 8

0
R019
R019

R1 9B
R 19B
R 19B

R19B
R19B

RI 8B

R19B
R19B
R19B

R~l 8B

R19B
R19BRI 9B

R1 9BR 19B
R 19B

RO19B
RO19B

C14
C14
C14

RO1

! Parameter
User

'Input
- I

Default
Used b

(If different
I 4

Leafy vegetable consumption (kg/yr)
Milk consumption (L/yr)
Meat and poultry consumption (kg/yr)
Fish consumption (kg/yr)
Other seafood consumption (kg/yr)
Soil ingestion rate (g/yr)
Drinking water intake (L/yr)
Contamination fraction of drinking water
Contamination fraction of household water
Contamination fraction of livestock water
Contamination fraction of irrigation water
Contamination fraction of aquatic food
Contamination fraction of plant food
Contamination fraction of meat
Contamination fraction of milk

Livestock fodder intake for meat (kg/day)
Livestock fodder intake for milk (kg/day)
Livestock water intake for meat (L/day)
Livestock water intake for milk (L/day)
Livestock soil intake (kg/day)
Mass loading for foliar deposition (g/m**3)
Depth of soil mixing layer (m)
Depth of roots (m)
Drinking water fraction from ground water
Household water fraction from ground water
Livestock water fraction from ground water
Irrigation fraction from ground water

Wet weight crop yield for Non-Leafy (kg/m**2)
Wet weight crop yield for Leafy (kg/m**2)
Wet weight crop yield for Fodder (kg/m**2)
Growing Season for Non-Leafy (years)
Growing Season for Leafy (years)
Growing Season for Fodder (years)
Translocation Factor for Non-Leafy
Translocation Factor for Leafy
Translocation Factor for Fodder
Dry Foliar Interception Fraction for Non-Leafy
Dry Foliar Interception Fraction for Leafy
Dry Foliar Interception Fraction for Fodder
Wet Foliar Interception Fraction for Non-Leafy
Wet Foliar Interception Fraction for Leafy
Wet Foliar Interception Fraction for Fodder
Weathering Removal Constant for Vegetation

C-12 concentration in water (g/cm**3)
C-12 concentration in contaminated soil (g/g)
Fraction of vegetation carbon from soil
Fraction of vegetation carbon from air
C-14 evasion layer thickness in soil (m)

1.400E+01
not used
6.300E+01
not used
not used
3.650E+01
5.100E+02
1.OOOE+00
not used
1.OOOE+00
1.OOOE+00
not used
2.500E-01
2.500E-01
not used

6.800E+01
not used
5.OOOE+01
not used
5.OOOE-01
3.OOOE-04
-1.500E-01
3.OOOE-01
1.OOOE+00
not used
1.OOOE+00
1.000E+00

7.OOOE-01
1.500E+00
1.100E+00
1.700E-01
2.500E-01
8.OOOE-02
1.OOOE-0Y
1.OOOE+00
1.OOOE+00
2.500E-01
2.500E-01
2.500E-01
2.500E-01
2.500E-01
2.500E-01
2.OOOE+01

1.400E+01
9.200E+01
6.300E+01
5.400E+00
9.OOOE-01ol
3.650E+01
5.100E+02
1.000E+00
1.OOOE+00
1.000E+00
1.OOOE+00
5.000E-01
-1

-1

6.800E+01
5.500E+01
5.OOOE+01
1.600E+02
5.OOOE-01
1.OOOE-04
1.500E-01
9.OOOE-01
1.OOOE+00
1.OOOE+00
1.000E+00
1.000E+00

7.000E-01
1.500E+00
1.100E+00
1.700E-01
2.500E-01
8.000E-02
1.000E-01
1.000E+00
1.000E+00
2.500E-01
2.500E-01
2.500E-01
2.500E-01
2.500E-01
2.500E-01
2.000E+01

2.000E-05
3.000E-02
2.OOOE-02
9.800E-01
3.OOOE-01

not
not
not
not
not

used
used
used
used
used
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Site-Specific Parameter Summary (continued)

I
?I'n

C14
C14
C14
C14

STOR
STOR
STOR
STOR
STOR
STOR
STOR
STOR
STOR
STOR

R02 1
R021
R021
R021
R021
R021
R021

R021
R021

R021

R021
R021
R021
R021
R021

TITL
TITL
TITL

Parameter
User
Input Default

-4- I 4--

C-14 evasion flux rate from soil (1/sec)
C-12 evasion flux rate from soil (1/sec)
Fraction of grain in beef cattle feed
Fraction of grain in milk cow feed
DCF correction factor for gaseous forms of C14

Storage times of contaminated foodstuffs (days):
Fruits, non-leafy vegetables, and grain
Leafy vegetables
Milk
Meat and poultry
Fish
Crustacea and mollusks
Well water
Surface water
Livestock fodder

Thickness of building foundation (m)
Bulk density of building foundation (g/cm**3)
Total porosity of the cover material
Total porosity of the building foundation
Volumetric water content of the cover material
Volumetric water content of the foundation
Diffusion coefficient for radon gas (m/sec):

in cover material
in foundation material
in contaminated zone soil

Radon vertical dimension of mixing (m).
Average building air exchange rate (l/hr)
Height of the building (room) (m)
Building interior area factor
Building depth below ground surface (m)
Emanating power of Rn-222 gas
Emanating power of Rn-220 gas

Number of graphical time points
Maximum number of integration points for dose
Maximum number of integration points for risk

not
not
not
not
not

1.4
1.0
1.0
2.0
7.0
7.0
1.0
1.0
4.5

not
not
not
not
not
not

not
not
not
not
not
not
not
not
not
not

* used 7.OOOE-07
used 1.000E-10
used 8.OOOE-01
used 2.OOOE-01
used 8.894E+01

00E+01 1.400E+01
00E+00 1.OOOE+00
'00+E00 1.000E+00
00E+01 2.000E+01
00E+00 7.OOOE+00
00E+00 7.OOOE+00
)00E+00 1.000E+00
00E+00 j.OOOE+00
00E+01 4.500E+01

* used 1.500E-01
used 2.400E+00

* used 4.OOOE-01
used 1.O00E-01
used 5.000E-02
used 3.OOOE-02

used I 2.OOOE-06
* used 3.000E-07
* used 2.000E-06

used 2.OOOE+00
used 5.000E-01

* used 2.500E+00
used 0.OOOE+00

* used 1-1.000E+00
used 2.500E-01
used 1.500E-01

32
17

513 -

-I.

Used
(If differentl

K>
0
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Summary of Pathway Selections

K>
Pathway User Selection

1 -- external gamma active
2 -- inhalation (w/o radon)l active
3 -- plant ingestion active
4 -- meat ingestion "active
5 -- milk ingestion suppressed
6 -- aquatic foods suppressed
7 -- drinking water active
8 -- soil ingestion active
9 -- radon suppressed
Find peak pathway doses suppressed

I _____________________________
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Initial Soil Concentrations, pCi/g

Area:
°-hickness:

•.r Depth:

10000.00 square meters
0.15 meters
0.00 meters

U-234
U-235
U-238

4.890E+01
2.200E+00
4.890E+01

Basic
Total Mixture Sum M(t)

Total Dose TDOSE(t), mrem/yr
Radiation Dose Limit = 1.OOOE+02 mrem/yr
= Fraction of Basic Dose Limit Received at Time (t)

t (years):
TDOSE (t) :

M(t) :

0.OOOE+00
7.898E+00
7.898E-02

1. OOOE+00
7.791E+00
7.791E-02

3. OOOE+00
7.578E+00
7.578E-02

1.OOOE+01
6.874E+00
6. 874E-02

3.OOOE+01
5.153E+00
5.153E-02

1. OOOE+02
1.4 85E+00
1.485E-02

3.OOOE+02
0.OOOE+00
0.OOOE+00

1.00
0.00
0.00

Maximum TDOSE(t): 7.898E+00 mrem/yr at t = 0.OOOE+00 years

K>y
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t - 0.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Radio-
Nuclide

U-234
U-235
U-238

Total

Ground

mrem/yr fract.

9.872E-03 0.0012
8.127E-01 0.1029
3.375E+00 0.4273

4.198E+00 0.5315

Inhalation

mrem/yr fract.

5.781E-01 0.0732
2.424E-02 0.0031
5.168E-01 0.0654

1.119E+00 0.1417

Radon

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Plant

mrem/yr fract.

8.766E-01 0.1110
3.727E-02 0.0047
8.332E-01 0.1055

1.747E+00 0.2212

Meat

mrem/yr fract.

4.307E-02 0.0055
1.842E-03 0.0002
4.094E-02 0.0052

8.586E-02 0.0109

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t = 0.OOOE+00 years

Water Dependent Pathways

Radio-
Nuclide

U-234
U-235
U-238

Sum of

Water Fish Radon Plant

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 O.OOOE+00 0.0000
0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000
O.OOOE+00 0.0000 O.OOOE+00 0.0000 0.O00E+00 0.0000 O.OOOE+00 0.0000

O.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000

Meat

mrem/yr fract.

0. OOOE+00
0.00 OE+00
0.OOOE+00

0.OOOE+00

0.0000
0.0000
0.0000

0..0000

all water independent and dependent pathways.
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 year

Water Independent Pathways (Inhalation excludes radon)

Radio-
Nuclide

U-234
U-235
U-238

Total

Ground

mrem/yr fract.

9.775E-03 0.0013
8.040E-01 0.1032
3.337E+00 0.4283

4.150E+00 0.5327

Inhalation

mrem/yr fract.

5.686E-01 0.0730
2.384E-02 0.0031
5.083E-01 0.0652

1.10iE+00 0.1413

Radon

.mrem/yr fract.

O.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Plant

mrem/yr

8.622E-01
3. 678E-02
8.196E-01

1.719E+00

fract.

0.1107
0.0047
0.1052

0.2206

Meat

mrem/yr fract.

4.237E-02 0.0054
1.844E-03 0.0002
4.028E-02 0.0052

8.449E-02 0.0108

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years

Water Dependent Pathways

Water
Radio-
Nuclide mrem/yr fract.

U-234 0.OOOE+00 0.0000
U-235 0.OOOE+00 0.0000
U-238 0.OOOE+00 0.0000

,_, O.OOOE+00 0.0000

Fish

mrem/yr fract.

O.OOOE+00 0.0000
O.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Radon

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.000E+00 0.0000

Plant

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.000E+00 0.0000

Meat

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000
O.OOOE+00 0.0000

O.OOOE+00

*Sum of all water independent and.dependent pathways.
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Radio-
Nuclide

U-234
U-235
U-238

Total

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t = 3.OOOE+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat

mrem/yr fract. mrem/yr fract. ntrem/yr fract. mrem/yr fract. mrem/yr fract.

9.587E-03 0.0013 5.500E-01 0.0726 0.000E+00 0.0000 8.340E-01 0.1100 4.099E-02 0.0054
7.870E-01 0.1039 2.308E-02 0.0030 0.000E+00 0.0000 3.582E-02 0.0047 1.846E-03 0.0002
3.260E+00 0.4302 4.916E-01 0.0649 0.000E+00 0.0000 7.927E-01 0.1046 3.896E-02 0.0051

4.057E+00 0.5353 1.065E+00 0.1405 0.OOOE+00 0.0000 1.663E+00 0.2194 8.179E-02 0.0108

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an

As mrem/yr and Fraction of Total Dose At t = 3.OOOE+00 years

Water Dependent Pathways

Radio-
Nuclide

U-234
U-235
U-238

Water

mrem/yr fract.

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000

Fish

mrem/yr fract.

0.000E+00 0.0000
0.000E+00 0.0000
0.OOOE+00 0.0000

0.000E+00 0.0000

Radon Plant

mrem/yr fract. mrem/yr fract.

0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.OOOE+00 0.0000
0.OOOE+00 0.0000 0.000E+00 0.0000

0.000E+00 0.0000 0.000E+00 0.0000

Meat

mrem/yr fract.

0.000E+00 0.0000
0.000E+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

*Sum of all water independent and dependent pathways.
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 year*

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

U-234 8.984E-03 0.0013 4.888E-01 0.0711 O.OOOE+00 0.0000 7.412E-01 0.1078 3.643E-02 0.0053
U-235 7.298E-01 0.1062 2.057E-02 0.0030 0.OOOE+00 0.0000 3.264E-02 0.0047 1.837E-03 0.0003
U-238 3.004E+00 .0.4371 4.369E-01 0.0636 0.OOOE+00 0.0000 7.045E-01 0.1025 3.462E-02 0.0050

Total 3.743E+00 0.5445 9.463E-01 0.1377 0.OOOE+00 0.0000 1.478E+00 0.2151 7.289E-02 0.0106

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an

As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years

Water Dependent Pathways

Radio-
Nuclide

U-234
U-235
U-238

Water

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000
0.000E+00 0.0000

0.OOOE+00 0.0000

Fish

mrem/yr fract.

O.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Radon

mrem/yr fract.

O.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Plant

mrem/yr fract.

O.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Meat

mrem/yr fract.

O.OOOE+00 0.0000
0.OOOE+00 0.0000
O.OOOE+00 0.0000

0.OOOE+00 o-oo

*Sum of all water independent and dependent pathways.
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Radio-
Nuclide

U-234
U-235
U-238

Total

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t = 3.OOOE+01 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

7.655E-03 0.0015 3.439E-01 0.0667 O.OOOE+00 0.0000 5.214E-01 0.1012 2.562E-02 0.0050
5.840E-01 0.1133 1.469E-02 0.0029 0.OOOE+00 0.0000 2.477E-02 0.0048 1.703E-03 0.0003
2.356E+00 0.4573 3.073E-01 0.0596 0.OOOE+00 0.0000 4.955E-01 0.0962 2.435E-02 0.0047

2.948E+00 0.5721 6.659E-01 0.1292 0.OOOE+00 0.0000 1..042E+00 0.2021 5.168E-02 0.0100

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an

As mrem/yr and Fraction of Total Dose At t = 3.OOOE+01 years

Water'Dependent Pathways

Radio-
Nuclide

U-234
U-235
U-238

Water

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Fish

mrem/yr fract.

0.000E+00 0.0000
0.OOOE+00 0.0000
O.OOOE+00 0.0000.

O.OOOE+00 0.0000

Radon

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE400 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Plant

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.000E+00 0.0000

Meat

mrem/yr fract.

0.OOOE+00 0.0000
O.OOOE+00 0.0000
O.OOOE+00 0.0000

O.OOOE+00 0.0000

*Sum of all water independent and dependent pathways.
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 yearm

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

U-234 5.111E-03 0.0034 7.161E-02 0.0482- 0.OOOE+00 0.0000 1.089E-01 0.0734
U-235 2.140E-01 0.1442 3.306E-03 0.0022 0.OOOE+00 0.0000 6.774E-03 0.0046
U-238 8.041E-01 0.5416 6.381E-02 0.ý0430 0.OOOE+00 0.0000 1.029E-01 0.0693

Total 1.023E+00 0.6892 1.387E-01 0.0934 0.OOOE+00 0.0000 2.186E-01 0.1473

Meat

mrem/yr fract.

5.345E-03 0.0036
6.964E-04 0.0005
5.061E-03 0.0034

1.110E-02 0.0075

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t = 1.OOOE+02 years

Water Dependent Pathways

Water Fish Radon Plant Meat
Radio-
Nuclide' mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.

U-234 0.OOOE+00 0.0000 0.000E+00 0.0000 O.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000
U-235 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000
U-238 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000

ýýl 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.00 W

*Sum of all water independent and dependent pathways.
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Radio-
Nuclide

U-234
U-235
U-238

Total

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t = 3.OOOE+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat

mrem/yr fract. mrem/yr fract. mrem/yr fract., mrem/yr fract.. mrem/yr fract.

0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 O.OOOE+00 0.0000 0.OOOE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
O.OOOE+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000

0.000E+00 0.0000 0.000E+00 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose-At t - 3.OOOE+02 years

Water Dependent Pathways

Radio-
Nuclide

0-234
0-235
0-238

@m

*Sum of

Water

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Fish

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+O0 0.0000

0.OOOE+00 0.0000

Radon

mrem/yr fract.

0.OOOE+00 0.0000
O'.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Plant

mrem/yr fract.

0.OOOE+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

Meat

mrem/yr fract.

0.060E+00 0.0000
0.OOOE+00 0.0000
0.OOOE+00 0.0000

0.OOOE+00 0.0000

all water independent and dependent pathways.
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

Water Independent Pathways (Inhalation excludes. radon)

K-I Ground
Radio-
Nuclide

U-234
U-235
U-238

Total

mrem/yr

o.OOOE+00
0.600E+00
0.OOOE+00

0.000E-+00

fract.

0.0000
0.0000
0.0000

0.0000

Inhalation Radon Plant

mrem/yr fract. mrem/yr fract. mrem/yr fract.

0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.000E+00 0.0000
0.000E+00 o.o000 0.OOOE+00 0.0000 0.OOOE+00 0.0000
0.OOOE+00 0.0000 0.OOOE+00 0.0000 0.OOOE+00 0.0000

0.OOOE+00 0.10000 0.000E+00 0.0000 0.OOOE+00 0.0000

Meat

mrem/yr fract.

0.OOOE+00 0.0000
0.000E+00 o0.0000
0.000E+00 0.0000

0.OOOE+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) an
As -mrem/yr and Fraction of Total Dose At t = 1.000E+03 years

Water Dependent Pathways

Radio-
Nuclide

U-234
U-235
U-238

Water

mrem/yr fract.

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000

Fish

mrem/yr fract.

0.000E+00 0.!0000
0.000E+00 0.000

0.000E+00 0.0000

0.000E+00 0.10000

Radon

mrem/yr fract.

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000

Plant

mrem/yr fract.

0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000

0.000E+00 0.0000

Meat

mrem/yr fract.

0.000E+00 0.0000
0.OOOE+00 0.0000
0.000E+00 0.0000

O.000E+00 0.00*

*Sum of all water independent and dependent pathways.

0
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Dose/Source Ratios Summed Over All Pathways
Parent and Progeny Principal Radionuclide Contributions Indicated

ant

U-234
U-'234
U-234
U-234
U-234

U-235
U-235
U-235
U-235

U-238
U-238
U-238
U-238
U-238
U-238

Product

(j)

U-234
Th-230
Ra-226
Pb-210
EDSR(j)

U-235
Pa-231
Ac-227
EDSR(j)

U-238
U-234
Th-230
Ra-226
Pb-210
EDSR(j)

Branch
Fraction*

1.000E+00
1.OOOE+00
1.OOOE+00
1.000E+00

1.000E+0o
1.000E+00
1.OOOE+00

1.000E+00
1.OOOE+00
1.OOOE+00
1.000E+00
1.OOOE+00

t= 0.OOOE+00

3. 851E-02
2.722E-07
4 .014E-09
1. 434E-11
3.851E-02

4 .054E-01

3.847E-05
3. 673E-07
4.054E-01

1. 048E-01
5.444E-08
2.606E-13
2.820E-15
8.516E-18
1.048E-01

4.009E-01
1.183E-04
2.347E-06
4.01OE-01

1.034E-01
1. 609E-07
1.766E-12
4.267E-14
2.256E-16
1.034E-01

3. 920E-01
2 .716E-04
1. 13BE-05
3. 923E-01

1. 007E-01
3. 635E-07
9.008E-12
4 . 938E-13
4. 989E-15
1 .007E-01

3. 621E-01
7.372E-04
8.310E-05
3. 629E-01

9. 166E-02
9. 695E-07
7.299E-11
1.240E-11
3.234E-13
9. 166E-02

2.867E-01
1.560E-03
4. 157E-04
2.886E-01

6.944E-02
1. 982E-06
4. 633E-10
2.539E-10
1.565E-11
6. 945E-02

DSR(j,t) (mrem/yr)/(pCi/g)
1.000E+00 3.OOOE+00 1.000E+01 3.OOOE+01 1.000E+02

3.788E-02 3.664E-02 3.257E-02 2.293E-02 4.793E-03
7.968E-07 1.808E-06 4.980E-06 1.127E-05 1.143E-05
2.830E-08 1.485E-07 1.269E-06 9.239E-06 4.666E-05
1.855E-10 1.926E-09 4.292E-08 7.206E-07 5.689E-06
3.788E-02 3.665E-02 3.258E-02 2.295E-02 4.857E-03

1.013E-01
1.210E-03
7.009E-04
1.032E-01

2. 086E-02
1.366E-06
1.364E-09
3.787E-09
3.944E-10
2.086E-02

3.OOOE+

0.OOOE+
0.OOOE+
0.OOOE+
0.OOOE+
0.OOOE+

0.OOOE+
0.OOOE+
0.OOOE+
0. OOOE+

0.OOOE+
0.000E+
0.obOE+
0.OOOE+
0.OOOE+
0.OOOE+
=

*Branch Fraction is the cumulative factor for the j't principal radionuclide daughter:
The DSR includes contributions from associated (half-life • 0.5 yr) daughters.

CUMBRF(j

Nuclide
(i) t= 0.000E+00 1.0(

U-234 2.597E+03 2.6'
U-235 2.466E+02 2.4
U-238 9.545E+02 9.61

*At specific activity limit

Single Radionuclide Soil Guidelines G(i,t) in pCi/g
Basic Radiation Dose Limit = 1.000E+02 mrem/yr

0OE+00 3.OOOE+00 1.000E+01

40E+03 2.729E+03 3.069E+03
94E+02 2.549E+02 2.755E+02
72E+02 9.932E+02 1.091E+03

3. OOOE+01

4.358E+03
3.465E+02
1.440E+03

1.000E+02

2.059E+04
9.687E+02
4 .794E+03

3. 000E+02

*6.245E+09
*2.160E+06

*3.360E+05

*

*

Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g)
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g

at tmin = time of minimum single radionuclide soil guideline
and at tmax = time of maximum total dose = 0.OOOE+00 years

Nuclide Initial
(i) (pCi/g)

U-234 4.890E+01
U-235 2.200E+00
U-238 4.890E+01

tmin
(years)

0.OOOE+00
0.OOOE+00
0.OOOE+00

DSR(i,tmin)

3.851E-02
4.054E-01
1.048E-01

G(i,tmin)
(pCi/g)

2.597E+03
2.466E+02
9.545E+02

DSR(i,tmax)

3.851E-02
4.054E-01
1. 048E-01

G(i,tmax)
(pCi/g)

2.597E+03
2.4 66E+02
9.545E+02
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Individual Nuclide Dose Summed Over All Pathways
Parent Nuclide and Branch Fraction Indicated

Y---lide

U-234
U-234
U-234

Th-230
Th-230
Th-230

Ra-226
Ra-226
Ra-226

Pb-210
Pb-210
Pb-210

U-235

Pa-231

Ac-227

Parent BRF(i)
(i)

U-234 1.OOOE+00
U-238 .1.OOOE+00
ZDOSE(j)

U-234 1.000E+00
U-238 1.000E+00
ZDOSE(j)

U-234 1.OOOE+00
U-238 1.OOOE+00
EDOSE(j)

U-234 1.OOOE+00
U-238 1.OOOE+00
EDOSE(j)

U-235 I.OOOE+00

U-235 1.000E+00

U-235 1.000E+00

DOSE(j,t), mrem/yr
1'.000E+01 3.OOOE+01t= 0.OOOE+00

1.883E+00
2. 662E-06
1.883E+00

1.331E-05
1.274E-11
1.331E-05

1.963E-07
1.379E-13
1. 963E-07

7.011E-10
4 .164E-16
7.011E-10

8.919E-01

8.463E-05

8.080E-07

1.000E+00 3.OOOE+00

1.852E+00 1.792E+00
7.870E-06
1.852E+00

3.896E-05
8.635E-11
3.896E-05

1.384E-06
2.086E-12
1.384E-06

9.070E-09
1.103E-14
9.070E-09

8.819E-01

2. 602E-04

5.164E-06

1.777E-05
1. 792E+00

8.839E-05
4 .405E-10
8.839E-05

7.261E-06
2.415E-11
7.261E-06

9.419E-08
2.440E-13
9.419E-08

8. 624E-01

5.974E-04

2.504E-05

1.593E+00
4.741E-05
1.593E+00

2.435E-04
3.569E-09
2.435E-04

6.208E-05
6.064E-10
6.208E-05

2.099E-06
1.582E-11
2.099E-06

7.967E-01

1. 622E-03

1.828E-04

1.121E+00
9.693E-05
1.121E+00

5.513E-04
2.265E-08
5.513E-04

4.518E-04
1.242E-08
4.518E-04

3.524E-05
7.651E-10
3.524E-05

6.306E-01

3. 431E-03

9.145E-04

1.OOOE+02

2.344E-01
6. 679E-05
2.345E-01

5.590E-04
6. 672E-08
5.591E-04

2.282E-03
1.852E-07
2.282E-03

2.782E-04
1.929E-08
2.782E-04

2.229E-01

2.662E-03

1.542E-03

3.000E+

0.000E+
0. OOOE+
0.000E+

0.000E+
0.000E+
0.000E+

0.OOOE+
0.000E+
0.000E+

0.000E+
0.OOOE+
0.000E+

0 .000E+
0.0005+

O.000E+

0.000E+

0-000E+I
U-'138 U-238 1.OOOE+00 5.123E+00 5.056E+00 4.923E+00 4.482E+00 3.396E+00 1.020E+0O

B 1i) si the branch fraction of the parent nuclide.

K-;
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Individual Nuclide Soil Concentration
Parent Nuclide and Branch Fraction Indicated

.ideU -) Parent BRF(i)
(i) t= 0.OOOE+00 1.OOOE+00

U-234 U-234 1.OOOE+00 4.890E+01 4.842E+01
U-234
U-234

Th-230
Th-230
Th-230

Ra-226
Ra-226
Ra-226

Pb-210
Pb-210
Pb-210

U-235

Pa-231

Ac-227

-U-238

ES-2j34

U-234

U-238
ES-(j)

U-234
U-238

ES-2j35

U-234

U-238

1.000E+00 0.000E+00
4.890E+01

1.OOOE+00 0.OOOE+00
1.OOOE+00 0.OOOE+00

0.OOOE+00

1.OOOE+00 0.OOOE+00
1.OOOE+00 0.OOOE+00

0.OOOE+00

1.000E+00 0.OOOE+00
1.OOOE+00 0.000E+00

0.000E+00

1.000E+00 2.200E+00

1.000E+00 0.000E+00

1.000E+00 0.OOOE+00

1.000E+00 4.890E+01

1.373E-04
4.842E+01

4.380E-04
6.199E-10
4.380E-04

9.500E-08
8.964E-14
9.500E-08

9.773E-10
6.928E-16
9.773E-10

2.178E+00

4.616E-05

7.249E-07

4 .842E+01

3.000E+00

4 .747E+01
4.038E-04
4.747E+01

1.301E-03
5.506E-09
1.301E-03

8.488E-07
2.395E-12
8.488E-07

2.582E-08
5.494E-14
2.582E-08

2.136E+00

1.362E-04

6.246E-06

S(j,t),
1.000E+01

4.430E+01
1.256E-03
4.431E+01

4.191E-03
5.844E-08
4.191E-03

9.194E-06
8.554E-11
9.194E-06

8.879E-07
6.301E-12
8.879E-07

1. 993E+00

4.280E-04

5.976E-05

pCi/g
3.OOOE+01 1.000E+02 3.000E+

3.637E+01 1.822E+01 2.531E+
3.093E-03
3.637E+01

1.143E-02
4 .620E-07
1. 143E-02

7.703E-05
2.084E-09
7.704E-05

1. 955E-05
4.161E-10
1.955E-05

1.636E+00

1.086E-03

3.589E-04

5.167E-03
1.823E+01

2.795E-02
3.322E-06
2.796E-02

6.761E-04
5.464E-08
6.762E-04

3.872E-04
2.670E-08
3.872E-04

8.202E-01

2.016E-03

1.196E-03

2.154E-
2.534E+

4.216E-
1.016E-
4.217E-

3.451E-
6.155E-
3.451E-

2.885E-
4.868E-
2.885E-

1.140E-

1.160E-

8.300E-

(-738 U-238

0 1) is the branch fraction of the parent nuc-- -

RESCALC.EXE execution time = 0.55 seconds

4.747E+01 4.431E+01 3.637E+01 1.823E+01 2.534E+
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Appendix 0
Swift Fox Survey Protocol

The following protocol is a modification of a swift fox protocol included in Mineral
Exploration Permit Number NE0210824 (dated August 19, 2009) issued by the
Department of Environmental Quality (NDEQ) to Crow Butte Resources, Inc (NDEQ
2009). This permit primarily addresses impacts associated with drilling of boreholes for
purposes of mineral exploration. The primary modification of the Appendix 10 protocol
is expanding the type of. activities potentially impacting the swift fox to include, in
addition to drilling of boreholes, uranium in situ satellite project development activities.
Satellite "project development" includes construction of satellite facilities (process
building and associated storage structures, evaporation ponds, wellfield development
(surface preparation, monitor and injection/recovery wells, wellhouses, and
trunklines/piping), well workover, boreholes outside of wellfields, and project roadways.
Reference to "project development" in this protocol refers to these activities. Project
development activities apply to initial construction/wellfield development, operations and
decommissioning. Decommissioning includes decontaminating, dismantling, and
removing satellite facilities and associated wellfield buildings/equipment/wells and, site
reclamation, and groundwater restoration.

Swift fox are typically found in topographically flat (slopes <20%) arid regions. In
Nebraska, suitable habitat is in the short-grass prairie ecoregion where vegetation is less
than 40 cm tall. They can be found in large expanses of prairie as well as prairie
intermixed with agriculture. Dens are also found in anthropogenic areas such as near
roads and trails, and in agricultural fields, culverts pipes and buildings (Tannerfeldt et al
2003). Swift fox are highly mobile and will use a variety of dens throughout the year.
However, a female swift fox with young pups will typically be tied to one den until the
pups are old enough to disperse from the den. Swift fox den entrances have a diameter of
17 to 23 cm.

Required Surveys:

CBR will avoid impacting the swift fox species by avoiding certain locations during
specific times of the year. Surveys shall be conducted that are consistent with the
Nebraska Game and Parks Commission (NG&PC) standard protocol included in CBR's
Mineral Exploration Permit Number NE0210824 as Attachment 1.

The survey form to be used for swift fox surveys is attached to this protocol.

Project development activities will occur within a designated permit boundary. If project
development activities within this permit boundary are such that specific protocol
requirements (e.g., designated distances from swift fox dens) cannot be avoided as stated
in this protocol, CBR will consult with the NDEQ and NG&PC as to the feasibility of
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Swift Fox Survey Protocol
Marsland Expansion Area

alternate actions. No work will be conducted until any such issue has been resolved with
the NDEQ and NG&PC.

Surveyors:

Surveys shall be conducted by a qualified individual who has experience working with
the species or has been trained to identify swift fox burrows, dens and sign (scat, tracks,
etc.).

Location:

Surveys shall be conducted at project development sites discussed above where suitable
habitat is present within the range of the species.

Season:

Surveys shall be conducted year-around in areas of suitable habitat where project
development activities are planned.

Timing:

Surveys shall be conducted within one week of initiating project development activities
described above under Location.

Survey Technique:

The "denning season" is defined as the period of time when adult swift fox give birth and
raise pups. In Nebraska, the swift fox denning season is from April 1 through August 31.

During the denning season, the area that must be surveyed for dens includes project
development activities plus an additional 230 meters around the affected areas. When
developing wellfields, numerous boreholes will initially be drilled. In this situation, the
"affected area" will be the perimeter of the wellfield for the addition of 230 meters to the
survey area, as opposed to each drill site. Under such conditions (i.e. work over multiple
days or months), only one survey shall be submitted for that period indicating the
duration of planned activities in the survey area. During other periods of time (e.g.,
operations), when individual boreholes are drilled at one time or a workover rig is used
for well maintenance, then the additional 230 meters will be applied to the drill site. The
above procedures will allow the operator the option of the most effective type of survey
to use - wellfield boundary or individual drill site. The satellite facilities will be located
within a 1.8-acre fenced-in site. The swift fox survey will be conducted prior to
construction using an additional 230 meters around the fence boundary.

During the non-denning season (September 1 through March 31), the area that must be
surveyed for dens includes the project development activities plus an additional 100
meters around the affected areas. When developing wellfields, numerous boreholes will
initially be drilled. In this situation, the "affected area" will be the perimeter of the
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wellfield for the addition of 100 meters to the survey area, as opposed to each drill site.
Under such conditions (i.e. work over multiple days or months), only one survey shall be
submitted for that period indicating the duration of planned activities in the survey area.
During other periods of time (e.g., operations), when individual boreholes are drilled at
one time or a workover rig is used for well maintenance, then the additional 100 meters
will be applied to the drill site. The above procedures will allow the operator the option
of the most effective type of survey to use - wellfield boundary or individual drill site.
The satellite facilities will be located within a 1.8-acre fenced-in site. The swift fox
survey will be conducted using an additional 100 meters around the fence boundary.

The survey will consist of walking transects and searching for dens within the survey
area. Transects will be no more that 50 meters apart in order to thoroughly cover the
area.

An active den may have fresh digging at the entrance, although this is not always the case
(Jackson and Choate 2000). Sign, such as scat or tracks, can also be indicate an active
den. Swift fox tracks are approximately 2.54 cm wide and 3.8 cm long. Although this is
the smallest canid species, tracks can be confused with other species, especially young
coyotes. Inactive dens may be overgrown with vegetation, have spider webs over the
entrance, or be caving in.

Conservative Measures:

If a potentially active swift fox den is identified, one of two conservation measures
should be implemented:

1. The area of project development activities shall be done so activities are at least
230 meters from the den during the denning season, or 100 meters from the den
during the non-denning season. For drilling sites, these can be moved to an
appropriate distance from the den. A survey around any of these new activities
must be conducted.

2. A track or scent station can be set up to determine if the den is being used by swift
fox. If track or scent stations indicate swift fox are using the den, then project
development activities within a minimum of 100 meters or 230 meters (whichever
is appropriate for the season) of the den would be postponed until the den is
abandoned. For drilling sites, they can be moved as outlined in #1 above. If track
or scent stations indicate swift fox are not using the den, then drilling activities
may proceed if there are not any other dens or swift fox within the survey area.

Track Station: Den use can be determined by clearing vegetation around the den and
sifting a mixture of fine dry sand and unscented glycerin in a circular patter (-l m in
diameter) around the den hole, approximately 0.5 inches thick. Tracks of the animal
using the den can then be identified the following morning as most animals using
underground dens are nocturnal and will exit the den at night. Track stations are only
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good for one night. If the track station cannot be checked the following morning, a new
sand and glycerin mixture should be applied to the area around the den hole and surveyed
the next morning.

Scent Station: Swift fox scent station surveys can be conducted any time of the year,
although tracks will not show on bare, frozen ground. However, snow can be used as a
tracking medium in winter. Scent stations are created by clearing any vegetation in an
area and sifting a mixture of fine dry sand and unscented glycerin in a circular patter (-I
m in diameter) approximately 0.5 inches thick. A plaster tablet soaked in cod/salmon oil
mixture (or either) is placed in the center of the station. Scent stations are then placed at
locations selected based on the suitability of the surrounding habitat and the presence of
certain structures (fence rows, gates, intersections, trails, etc.) that facilitate movement.
Weather permitting, they are reset for 3 consecutive days or until at least one station
shows sign of swift fox visitation (tracks, feces). Scent stations should not be used within
300 meters of a known or suspected active den as these methods may attract predators.

Survey Reports

A monthly survey report shall be submitted to Nebraska Game and Parks Commission
(NG&PC) and Nebraska Department of Environmental Quality (NDEQ) describing all
surveys for the swift fox that were conducted during the previous month in connection
with project development activities. The survey report shall include the names of the
surveyors and their credentials, date and time of the survey, weather conditions, locations
surveyed, methods, results, and a discussion of applicable conservation measures
implemented. If the swift fox is not identified, the above information must be recorded
and included in the report to be submitted at the end of the month. If a swift fox is
identified within the survey area, NG&PC must be notified by telephone within twenty-
four (24) hours of identification. Written documentation of identification and the survey
report shall be submitted with five (5) days of species identification, along with
indication of conservation measures. All survey reports shall be submitted no later than
the 2 8th day of the month following the end of the reporting period, even if the species
being surveyed are not detected at a particular site. Copies of the reports shall be kept on
site for inspection by the NDEQ.

References:

Jackson, V.I. and J.R. Chaote. 2000. Dens and den sites of the swift fox, Vulpes velox.
The Southwestern Naturalist 45(2):212:220).

Nebraska Department of Environmental Quality (NDEQ). 2009. Mineral Exploration
Permit Number NE0210824. August 19, 2009.

Tannerfeldt, M., A. Moehrenschlager and A. Angerbjorn. 2003. Den ecology of swift, kit,
and arctic foxes. A review. In the Swift Fox: Ecology and conservation of swift
foxes in a changing world, M. Sovada and L. Carbyn editors. Canadian Plains
Research Center, University of Regima.
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August 2009

Nebraska Department of Environmental Quality

Threatened and Endangered Species Survey Report

Surveyor' Name(s)

Credentials: (e.g., who certified the surveyor and date of certification or surveyor's knowledge of surveyed
species)-

Date of Survey: Time of Survey:

Weather Condition:
Temperature: OF Wind Speed & Direction:

Other

Sunny Partly Cloudy Cloudy Snowing Raining

Legal Location or GPS coordinates (Lat/Long or UTM) of survey area (include datum, i.e., NAD83,

WGS84:

County:

Vegetative Cover (i.e. corn stubble, plowed field, wetland, short grass prairie 10-20 cm tall

Methods used to survey affected area (.i.e. Mountain Plover Survey Protocol, 5 transects 50 ft apart)

Were any of the following species identified in the area?

Mountain Plover Yes/No
River Otter Yes/No
Swift Fox Yes/No

If so, what conservation measures were taken? (Attach if necessary)

If species is identified, record the location of the species in GPS coordinates. Also indicate locational certainty (i.e.
3 birds were flushed 50 yards NW from this point). Photographs may be sent with survey reports to aid in site
description and species identification.

Submit survey reports monthly to:

Nebraska Game & Parks Commission Nebraska Dept. of Env. Quality
Attn: Env. Analyst Supervisor Attn: Mineral Exploration Program
Nebraska Natural Heritage Program P.O. Box 98922
2200 N 3 3 rd Street Lincoln, NE 68509
Lincoln, NE 68503



Appendix P

Cost Estimate for
Decontamination,
Decommruissioning and
Reclamation ofProposed
Marsland Expansion Area (One
Mine Unit) -



Table P.1-1 Primary Assumptions Serving as the basis for Surety Cost Estimates
Associated with Restoration and Reclamation of One (1) Mine Unit

Assumptions Quantity
Total number of production wells 30*
Total number of injection wells 50*
Total number of shallow monitor wells 0
Total number of perimeter wells 11
Total number of restoration wells 10
Wellfield Area (ft2) 403,712
Wellfield Area (acres) 9.27
Affected Ore Zone Area (ft2) 403.712
Average Completed Thickness (ft) 19.6
Porosity 0.29
Affected Volume (ft3) 7,942,755
Flare Factor 1.2
K gallons per Pore Volume 20,597
Number of Patterns in Unit(s) 30
EstimatedNumber of Pore Volumes for Restoration 11
Number of Wells per Wellfield 91
Total Number of Wells 91
Average Well Depth (ft) - Deep Wells 1,100
Average Well Depth (ft) - Shallow Depth 400
Revised 10/13/2011
Estimated costs are shownin Table S.1-2 and S.1-3
*Number of wells per wellhouse typically 3 wellhouses per wellfield



Table P.1-2 Marsland Total Restoration and Reclamation Cost Estimate - 2011 Surety Estimate

Task Cost $

I. Groundwater Restoration (Sheets 3 to 6)

II. Wellfield Reclamation (Sheets 7 to 10)

III. Commercial Plant Reclamation/Decommissioning (Sheets 11 to 14)

IV. Miscellaneous Site Reclamation (Sheets 19 to 21)

V. Deep Disposal Well Reclamation (Sheet 22)

Subtotal Reclamation and Restoration Cost Estimate

$270,971

$127,579

$762,205

$86,346

$66,474

$1,313,575

$131,358

$197,036

$1,641,969

Contract Administration

Contingency

10%

15%

TOTAL

Revised 10/13/2011



Table P.1-3 Marsland Ground Water Restoration - 2011 Surety Estimate
Task MU1 MU2 MU3 MU4 MU5 MU6 MU7 MU8 MU9 MUlO MUll Total

1. IX Treatment Costs

PV's Required

Total Kgals for Treatment

IX Treatment Unit Cost ($/Kgal)

Subtotal IX Treatment Costs per Wellfield

Total IX Treatment Costs

(Sheet 25)

3

61791

$0.35

$21,626.85

$21,626.85

11. Reverse Osmosis Costs

PV's Required

Total Kgals for Treatment

Reverse Osmosis Unit Cost ($/Kgal) (Sheet 26)

Subtotal Reverse Osmosis Costs per Wellfield

Total Reverse Osmosis Costs

6

123582

$1.31

$161,892.42

$161,892.42

3

0

$0.35

$0.00

$0.00

6

0

$1.31

$0.00

$0.00

2

0

$0.28

$0.00

$0.00

3

0

$0.35

$0.00

3 3 3 3 3

0 0 0 0 0

$0.35 $0.35 $0.35 $0.35 $0.35

$0.00 $0.00 $0.00 $0.00 $0.00

3

0

$0.35

$0.00

3 3

0 0

$0.35 $0.35

$0.00 $0.00

0

$0.00

6

0

$1.31

$0.00

6 6 6 6 6

0 0 0 0 0

$1.31 $1.31 $1.31 $1.31 $1.31

$0.00 $0.00 $0.00 $0.00 $0.00

6

0

$1.31

$0.00

6 6

0 0

$1.31 $1.31

$0.00 $0.00

0

$1.31

$0.00

Il. Recirculation Costs

PV's Required

Total Kgals for Treatment

Recirculation Unit Cost ($/Kgal)

Subtotal Recirculation Costs per Wellfield

Total Recirculation Costs

(Sheet 27)

2

41194

$0.28

$11,534.32

$11,534.32

2

0

$0.28

$0.00

2 2 2 2 2

0 0 0 0 0

$0.28 $0.28 $0.28 $0.28 $0.28

$0.00 $0.00 $0.00 $0.00 $0.00

2

0

$0.28

$0.00

2 2

0 0

$0.28 $0.28

$0.00 $0.00

0

$0.28

$0.00

IV. Consumables

Spare parts, filters and consumables = $25,875.00 year

Active restoration period (months)

Consumable usage (months restoration x annual rate estimate)

Subtotal Consumables per Mine Unit

Total Consumables Costs

5.05

$10,889.06

$10,889.06

$10,889.06

0.00

$0.00

$0.00

$0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

0.00

$0.00

$0.00



Table P.1-3 Marsland Ground Water Restoration -2011 Surety Estimate, Continued
Task MU1 MU2 MU3 MU4 MU5 MU6 MU7 MU8 MU9 MUIO MUll Total

V. Monitoring and Sampling Costs

Guideline 8 analysis=

6 parameter in-house analysis =

Total restoration wells

Total monitor wells

IX Treatment duration (months)

Reverse Osmosis duration (months)
Recirculation duration (months)

Stabilization duration (months)

A. Restoration Well Sampling

1. Well Sampling prior to restoration start

# of Wells

S/sample

2. IX Treatment Sampling

# of Wells

Total # samples

$/sample

3. RO Sampling

N of Wells

Total 6 samples

S/sample

4. Recirculation Sampling

# of Wells

Total # samples

S/sample

5. Stabilization Sampling (Guideline 8)

# of Wells

Total # samples

S/sample

6. Stabilization Sampling (6 parameter in-house)

# of Wells

Total # samples

S/sample

7. Monitor Well Sampling

# of Wells

$/sample

Total 6 samples (2.2/mo for entire period)

$200.00 analysis

$52.79 analysis
10 0 0 0 0 0 0 0 0 0 0 0

11 0 0 0 0 0 0 0 0 0 0 0

1.41

2.82
0.82

12

0.00

0.00
0.00

12

0.00

0.00
0.00

12

0.00 0.00

0.00 0.00
0.00 0.00

12 12

0.00

0.00
0.00

12

0.00 0.00

0.00 0.00
0.00 0.00

12 12

0.00

0.00
0.00

12

0.00

0.00
0.00

12

0.00

0.00
0.00

12

0.00
0.00
0.00

10

$200.00

10

20

$52.79

0

$200.00

0

0

$52.79

0 0 0 0 0 0 0 0 0

$200.00 $200.00 $200.00 $200.00 $200.00 $200.00 $200.00 $200.00 $200.00

0

0 0 0 0 0 0

0 0 0 0 0 0

$52.79 $52.79 $52.79 $52.79 $52.79 $52.79

0 0 0 0 0 0

0 0 0 0 0 0

$52.79 $52.79 $52.79 $52.79 $52.79 $52.79

0 0

0 0

$52.79 $52.79

0 0

0 0

$52.79 $52.79

0

0

$52.79

0

0

$52.79

10 0

30 0

$52.79 $52.79

10

10

$200.00

10

120

$200.00

0

0

$200.00

0

0

$200.00

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

$200.00 $200.00 $200100 $200.00 $200.00 $200.00 $200.00 $200.00 $200.00

0. 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

$200.00 $200.00 $200.00 $200.00 $200.00 $200.00 $200.00 $200.00 $200.00

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

$52.79 $52.79 $52.79 $52.79 $52.79 $52.79 $52.79 $52.79 $52.79

0

10 0

120 0

$52.79 $52.79

0

I1 0 0 0 0 0 0 0

$52.79 $52.79 $52.79 $52.79 $52.79 $52.79 $52.79 $52.79

413 0 0 0 0 0 0 0

0 0 0

$52.79 $52.79 $52.79

0 0 0

0 0



Table P.1-3 Marsland Ground Water Restoration -2011 Surety Estimate, Continued
Task MUI MU2 MU3 MU4 MU5 MU6 MU7 MU8 MU9 MUI0 MUll Total

8. Other Laboratory Costs

Radon, urinalysis, etc. =

Total for Other Laboratory Costs:

Subtotal Monitoring and Sampling Costs per Mine Unit

Total Monitoring and Sampling Costs

VL MIT Costs

MIT Costs per Well

Restoration period, plus stabilization

Remaining MIT's per 5 year cycle

Number of Wells MIT'd for Life of Mine Unit

Subtotal MIT Mine Unit

$957.38 month

$4,834.77

$63,611.34

$63,611.34

$0.00

$0.00

$0.00

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$0.00

$0.00

$107.94 $107.94 $107.94 $107.94 $107.94 $107.94 $107.94 $107.94 $107.94 $107.94 $107.94

17.05 12.00 12.00 12.00 12.00 12.00 12.00 12,00 12.00 12.00 12.00

1 1 1 1 2 2 2 3 3 3

91 0 0 0 0 0 0 0 0 0 0

$9,822.54 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

5-year MIT Costs for Disposal Wells

Number of DDWs

Number of MITs per DDW

Subtotal MIT DDW Costs

Total MIT Costs

VL Supervisory Labor Cost

Engineer Support =

HP Technician support

Active restoration period (months)

Stabilization period (months)

$6,425
1

$6,425

$6,425

$9,004.50 month

$5,692.50 month

5.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00

12 12 12 12 12 12 12 12

0.00 0.00 0.00

12 12 12

I Engineer support during active restoration

2 HP Technician support during active restoration

3 Engineer support during final stabilization

4 HP Technician support during final stabilization

5 Cost reduction due ts concuarrent restoration of Mine Units

Snbtotal Snpervisory Labor per Mine Unit

Total Supervisory Labor Costs

TOTAL RESTORATION COST PER WELLFIELD

TOTAL GROUND WATER RESTORATION COSTS

$45,472.73 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$28,747.13 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$108,054.00 $108,054.00 $108,054.00 $324,162.00

$68,310.00 $68,310.00 $68,310.00 $204,930.00

0.00 0.00 0.00 0.00 0.00 -88,182.00 -88,182.00 -88,182.00 r$
2
6

4
,
5 4 6

.00

$74,219.86 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $88,182.00 $88,182.00 $88,182.00 $264,546.00

$250,583.86 $264,546.00

$343,773.85

$270,971.00

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $88,182.00' $88,182.00 $88,182.00 $264,546.00

MU = Mine Unit

Revised 10/13/2011



Table P.1-4 Marsland Wellfield Reclamation - 2011 Surety Estimate

MU1 MU2 MU3 MU4 MU5 MU6 MU7 MU8 MU9 MUiO Mull Totals

Wellfield Piping
Assumptions:

Number of Wellhouses
Total Mine Unit surface area (acres)
Total length of small diameter production and injection
lines (laterals) (ft)
Total length of 3/8-inch hose (fi)
Total length 1-1/4-inch stinger pipe (ft)
Total length of 2-inch dowrhole production pipe (1i)
Total Length of Trunkline (6-inch) (fit)
Total Length of Tnmkline (8-inch) (11)
Total Length of Trunkline (10-inch) (11)
Total Length of Trunkline (12-inch) (11)
Total Length of All Trunkline (11)
Total number of production wells
Total number of injection wells
Total number of shallow, monitor wells
Total number of perimeter monitor wells

1. Production and Injection Piping
A. Removal and Loading

Production and Injection Piping Removal Unit Cost
(S/ft of pipe)

Subtotal Production and Injection Piping Removal and
Loading Costs
B. Pipe Shredding

Production and Injection Piping Shredding Unit Cost
($/ft of pipe)

Subtotal Production and Injection Piping Removal and
Loading Costs
C. Equipment Costs

Cat 924G Loader Unit Costs for removal (450'/day)
Shredder Unit Costs for shredding (450'/day)

Subtotal Equipment Costs
D. Transport and Disposal Costs (NRC-Licensed Facility)

Chipped Volume Reduction (ft'/ft)
Chipped Volume per Wenlfield (yd

t
)

Volume for Disposal Assuming 25% Void Space (ydf)
Transportation and Disposal Unit Cost ($/yd')
Unpackaged Bulk

Subtotal Production and Injection Piping Transport
and Disposal Costsý

Total Production and Injection Piping Costs

1 0 0 0 0 0 0 0 0 0 0
9.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0

0
1200
1000
4400

5400
30
50
0

11

0

0
0

0
0

0
0
0
0
0

0
0

0
0
0
0

0
0
0
0
0
0

0
0
0

0
0
0

0
0
0

0
0

0
0
0

0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0

0
0

0
0

0

0
0
0.
0

0

0
0

0

0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0

0

0

0

0
0
0
0
0
0

1
9.27

0
0
0

1200
1000
4400

0
0

5400
30
50
0

11

$0.70 $0.70 $0.70 $0.70 $0.70 $0.70

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$0.08 $0.08 $0.08 $0.08 $0.08 $0.08

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$0.70 $0.70 $0.70 $0.70

$0.00 $0.00 $0.00 $0.00

$0.08 $0.08 $0.08 $0.08

$0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00

0.0069 0.0069 0.0069 0.0069
0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

$221.64 $221.64 $221.64 $221.64

$0.00 $0.00 $0.00 $0.00*

$0.70

$0.00

$0.08

$0.00

$0.00
$0.00
$0.00

0.0069
0.0

0.0

$221.64

$0.00

$0.00

$0.00

$0.00

0.0069 0.0069

0,0 0.0

0.0 0.0

0.0069
0.0

0.0

0.0069 0.0069 0.0069
0.0 0.0 0.0

0.0 0.0 0.0

$221.64 $221.6 4 $221.64

0.0

$221.64 $221.64 $221.64

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$0.00

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00



Table P.1-4 Marsland Wellfield Reclamation - 2011 Surety Estimate, Continued
MUI MU2 MU3 MU4 MU5 MU6 MU7 MU8 MU9 MUIO MUll Totals

I1. Trunklines

A. Removal and Loading
Trunkline Removal Unit Cost ($/ft of pipe)

Subtotal Trunkline Removal and Loading Costs
B. Pipe Shredding

Trunkline Shredding Unit Cost ($/ft of pipe)
Subtotal Trunkline Shredding Costs
C. Equipment Costs

Cat 924G Loader Unit Costs for removal (200'/day)
Shredder Unit Costs for shredding (200/day)

Subtotal Equipment Costs
D. Transport and Disposal Costs (NRC-Licensed Facility)

Chipped Volume Reduction (6-inch) (ft/ft)
Chipped Volume Reduction (8-inch) (t'/ft)
Chipped Volume Reduction (10-inch) (fl'/ft)
Chipped Volume Reduction (12-inch) (flt/ft)
Chipped Volume per Wellfield (yd')
Volume for Disposal Assuming 25% Void Space (fl')
Transportation and Disposal Unit Cost (S/fl')

Subtotal Transport and Disposal Costs
Total Trunkline Costs

1II. Downhole Pipe
A. Removal and Loading

Downhole Piping Removal Unit Cost (S/fl of pipe)

Downhole Hosing Removal Unit Cost ($/ft of pipe)
Removal of 1-1/4-inch stinger pipe

Removal of downhole production pipe

Removal of downhole hose
Subtotal Downhole Piping
B. Pipe Shredding

Downhole Piping Shredding Unit Cost (S/fl of pipe)
Subtotal Downhole Piping Shredding Costs
C. Equipment Costs

Smeal Unit Costs for removal
Shredder Unit Costs for shredding

Subtotal Equipment Costs

D. Transport and Disposal Costs (NRC-Licensed Facility)
Chipped Volume Reduction - 1-1/4-inch stinger (fl/fi)
Chipped Volume Reduction - 2-inch downhole
Volume Reduction - 3/8-inch hose (ft3/ft)
Chipped Volume - 1-1/4-inch stinger (81)
Chipped Volume - 2-inch downhole production (fle)

$1.57 $1.57 $1.57 $1.57 $1.57 $1.57

$8,478.00 $0.00 $0.00 $0.00 $0.00 $0.00

$1.57 $1.57
$8,478.00 $0.00

$1.57 $1.57 $1.57 $1.57
$0.00 $0.00 $0.00 $0.00

$1.57 S157 $1.57 $1.57

$0.00 $0.00 $0.00 $0.00

$1.57 $1.57 $1.57 $1.57

$0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00

$1.57
$0.00

$1.57
$0.00

$0.00
$0.00
$0.00

$12,921.12 $0.00 $0.00 $0.00 $0.00 $0.00
$2,592.00 $0.00 $0.00 $0.00 $0.00 $0.00

$15,513.12 $0.00 $0.00 $0.00 $0.00 $0.00

$8,478.00

$8,478.00

$15,513.12

25.5

$5,651.82

$38,120.94

0.0651 0.0651 0.0651 0.0651 0.0651 0.0651 0.0651 0.0651 0.0651 0.0651 0.0651
0.1103 0.1103 0.1103 0.1103 0.1103 0.1103 0,1103 0.1103 0.1103 0.1103 0.1103
0.1712 0.1712 0.1712 0.1712 0.1712 0.1712 0.1712 0.1712 0.1712 0.1712 0.1712
0.2408 0.2408 0.2408 0.2408 0.2408 0,2408 0.2408 0.2408 0.2408 0.2408 0.2408

20.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

$221.64 $221.64 $221.64 $221.64 $221.64 $221.64 $221.64 $221.64 $221.64 $221.64 $221.64

$5,651.82 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$38,120.94 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$0.080 $0.080 $0.080 $0.080 $0,080 $0.080 $0.080 $0.080 $0.080 $0.080 $0,080
$0.160 $0.160 $0.160 $0.160 $0.160 $0.160 $0.160 $0.160 $0.160 $0.160 $0.160

$0.00 $0.00 $0.00 $0.00 $0.00 $0,00 $0.00 $0.00 $0.00 $0.00 $0.00

$96.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 - $0.00

$96.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00
$0.00 $0.00 $0.00
$0.00 $0.00 $0.00

$0.00
$0.00
$0.00

$0.070 $0.070 $0.070 $0.070 $0.070 $0.070 $0.070 $0.070 $0.070 $0.070 $0.070
$84.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$96.00

$84.00

$85.60

$60.00 $0.00 $0.00 $0.00 $0.00 $0.00
$25.60 $0.00 $0.00 $0.00 $0.00 $0.00
$85.60 $0.00 $0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00

$0.00
$0.00
$0.00

0.0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.0044 0.0044
0.0074 0.0074 0.0074 0.0074 0.0074 0.0074 0.0074 0.0074 0.0074 0.0074 0.0074
0.0313 0.0313 0.0313 0.0313 0.0313 0.0313 0.0313 0.0313 0.0313 0.0313 0.0313

0 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0



Table P.1-4 Marsland Wellfield Reclamation - 2011 Surety Estimate, Continued
MU! MU2 MU3 MU4 MU5 MU6 MU7 MU8 MU9 MUIM MUll Totals

Volume 3/8-inch hose (fl3)
Volume for Disposal Assuming 25% Void Space (yd)
Transportation and Disposal Unit Cost ($/yd

3
)

(Unpackaged Bulk)
Subtotal Downhole Piping Transport and Disposal
Costs

Total Downhole Piping Costs

0 0 0 0 0 0 0 0 0 0 0
0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4

$221.64 $221.64 $221.64 $221.64 $221.64 $221.64

$88.66 $0.00 $0.00 $0.00 $0.00 $0.00

$354.26 $0.00 $0.00 $0.00 $0.00 $0.00

$221.64 $221.64 $221.64 $221.64

$0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00

$221.64

$0.00

$0.00

IV. Surface Reclamation
A. wells

Volume of contaminated soil (0.37 yd3 per injection
and production well) 29.6
Disposal of contaminated soil $250.05 per yd3 $7,401.48
Eq~uilmehnt (Cat 924G loader at 2 yd3/lh) $885:34
Labor (1 man-hour per 2 Yd3) $291.04

Subtotal removal and disposal of contaminated soil $8,577.86

0
$0.00
$0.00
$0.00
$0.00

.0
$0.00
$0.00
$0.00
$0.00

0 0 0
$0.00 $0.00 $0.00
$0.00 $0.00 $0100
$0.00 $0.00 $0.00
$0.00 $0.00 $0.00

0
$0.00
$0.00
$0.00
$0.00

0.00 0 0.00
$0.00 $0.00 $0.00
$0.00 $0S00 - $0.00
$0.00 $0.00 $0.00
$0.00 $0.00 $0.00

0
$0.00
$0100
$0.00
$0.00

$0.00
$0.00

$88.66

$354.26

29.60
$7,401.48

$8,577.86

$2,781.00

B. Recontour and seeding
Recontour and seeding (est. $300/acre)

Subtotal Recontour and Seeding

Total Surface Reclamation

$2,781.00 $0.00 $0.00 $0.00 $0.00 $0.00
$2,781.00 $0.00 $0.00 $0.00 $0.00 $0.00

$11,358.86 $0.00 $0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00 $0.00 $11,358.86

TV. Well Houses
Total Quantity
Average Well House Weight (Lbs.) (Includes wellhead

covers for each well)
A. Removal

Dismantlement at 2-man-days per wellhouse (man-
days)
Dismantlement Labor Costs

Equipment (Cat 924G at 2 hours per wellhouse) (hrs)

Equipment Costs

Subtotal Well House Dismantlement Costs

Total Disposal Weight (9200 lbs per wellhouse) (Lbs)

Subtotal Disposal Costs

Total Well House Removal and Disposal Costs

0 0 0 0 0 0 0 . 0 0 0

9200 9200 9200 9200 9200 9200 9200 9200 9200 9200

2
$314.64

2
$119.64
$434.28

0
$0.00

0
$0.00
$0.00

0
$0.00

0

$0.00

$0.00

0 0 0
$0.00 $0.00 $0.00

0 0 0
$0.00 $0.00 $0.00
$0.00 $0.00 $0.00

0
$0.00

0
$0.00
$0.00

0 0 0
$0.00 $0.00 $0.00

0 0 0

$0.00 $0.00 $0.00

$0.00 $0.00 $0.00

9200

0
$0.00

0
$0.00
$0.00

$ 0
$0.00
$0.00

$314.64

$119.64

$434.28

$233.68

$667.96

9200 0 0 0 0 0
$233.68 $0.00 $0.00 $0.00 $0.00 $0.00

$667.96 $0.00 $0.00 $0.00 $0.00 $0.00

0 0 0 0
$0.00 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00

TOTAL REMOVAL AND DISPOSAL COSTS PER
WELLFIELD $50,502.02 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $50,502.02

TOTAL WELLFIELD BUILDINGS AND EQUIPMENT
REMOVAL AND DISPOSAL COSTS 550,502.02

MU - Mine Unit
Revised 10/13/2011



Table P.1-5 Marsland Well Abandonment - 2011 Surety Estimate

MU I MU2 MU3 MU4 MU5 MU6 MU7 MU8 MU9 MUll0 Mull Total

Well Abandonment (Wellfields)

# of Production Wells 30 0 0 0 0 0 0 0 0 0 0
# of Injection Wells 50 0 0 0 0 0 0 0 0 .0 0
# of Perimeter Monitoring Wells 11 0 0 0 0 0 0 0 0 0 0
# of Shallow Monitoring Wells 0 0 0 0 0 0 0 0 0 0 0
Total Number of Deep Wells 91 0 0 0 0 0 0 0 0 0 0 91
Total Number of Shallow Wells 0 0 0 0 0 0 0 0 0 0 0 0
Average Diameter of Casing (inches) 5 5 5 5 5 5 5 5 5 5 5
Production, Injection and Perimeter Well Average Depth (ft) 1100 0 0 0 0 0 0 0 0 0 0 100

Shallow Well Average Depth (ft) 400 0 0 0 0 0 0 0 0 0 0 36
Total Mine Unit Well Depth (ft) 100100 0 0 0 0 0 0 0 0 0 0 100100
Well Abandonment Unit Cost (S/ft. of well) $0.77 $0.77 $0.77 $0.77 $0.77 $0.77 $0.77 $0.77 $0.77 $0.77 $0.77

Subtotal Abandonment Cost per Wellfield $77,077.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $77,077.00

I1. Downhole Pump Disposal
Number of Downhole Pumps 0
Pump Disposal Volume(ft3) 0.5
Total Pump Disposal Volume(yd3) 0.0 0.0
Downhole Pump Disposal Rate ($/yd3) $221.64 221.64

Subtotal Downhole Pump Disposal $0.00 $0.00

Total Wellfield Abandonment Costs $77,077.00

MU = Mine Unit
Revised 10/13/2011



Table P.1-6 Marsland Satellite Facility Equipment Decommissioning -

2011 Surety Estimate

I. Removal and Loading Costs
Tankage

Number of Contaminated Tanks 10
Volume of Contaminated Tank Construction Material (ft3) 193
Number of Chemical Tanks. 0
Disposal Void Factor 1.25

A. Labor to Remove and Load Tankage
Number of Persons 2
Tanks/Day I
Number of Days 10
$/Day/Person $157.32

Subtotal Removal Labor Costs $3,146.40
B. Labor to Clean Chemical Tankage

Number of Persons 1
Tanks/Day 1
Number of Days 0
$/Day/Person $157.32

Subtotal Cleaning Labor Costs $0.00
C. Equipment

Saws, scaffolding, etc. $6,000
Subtotal Equipment Costs $6,000

Total Equipment Removal and Loading Costs $9,146.40

II. Transportation and Disposal Costs (NRC-Licensed Facility)
A. Tankage

Volume of Tank Construction Material (ft3) 193
Volume for Disposal Assuming Void Space (yd3) 8.9
Transportation and Disposal Unit Cost ($/ycl) (Unpackaged Bulk) $221.64

Subtotal Tankage Transportation and Disposal Costs $1,972.60
B. Contaminated PVC Pipe

Volume of Shredded PVC Pipe (ft3) 153.6
Volume for Disposal Assuming Void Space (yd3) 7.1
Transportation and Disposal Unit Cost ($/yd3 ) (Unpackaged Bulk) $221.64

Subtotal Contaminated PVC Pipe Transportation and Disposal Costs $1,573.64
C. Pumps

Volume of Process Pumps (yd3) (no void factor used) 2.4
Transportation and Disposal Unit Cost ($/yd3 ) (Unpackaged Bulk) $221.64

Subtotal Pump Transportation and Disposal Costs $531.94
D. Filters (injection, backwash and yellowcake filters)

Volume of Filters (yd3) (no void factor used) 0.0
Transportation and Disposal Unit Cost ($/yd3) (Unpackaged Bulk) $221.64

Subtotal Filter Transportation and Disposal Costs $0.00



Table P.1-6 Marsland Satellite Facility Equipment Decommissioning -
2011 Surety Estimate, Continued

E. Dryer
Dryer Volume (yd3) (no void factor used) 0.0

Transportation and Disposal Unit Cost ($/yd3) (Unpackaged Bulk) $221.64

Total Dryer Transportation and Disposal Costs $0.00

Total Contaminated Equipment Transportation and Disposal Costs $4,078.18

III. Transportation and Disposal (Solid Waste for Landfill Disposal)
A. Cleaned Tankage

Volume of Tank Construction Material (ft3) 0

Number of Landfill Trips 1

Transportation and Disposal Unit Cost ($/Load) $912.00

Subtotal Tankage Transportation and Disposal Costs $912.00

B. Uncontaminated PVC Pipe
Volume of Shredded PVC Pipe (ft3) 0

Number of Landfill Trips 1

Transportation and Disposal Unit Cost ($/Load) $912.00
Subtotal PVC Pipe Transportation and Disposal Costs $912.00

Total Uncontaminated Equipment Transportation and Disposal Costs $1,824.00

IV. Supervisory Labor Costs During Plant Decommissioning

Estimated Duration (months) 6

Engineer $54,027.00

Radiation Technician $34,155.00

Total Supervisory Labor Costs $88,182.00

SUBTOTAL EQUIPMENT REMOVAL AND DISPOSAL COSTS PER FACILITY $103,230.58
Building Area (Ft2) 34,000

Building Equipment Removal and Disposal Cost per Square Foot $3.04

TOTAL EQUIPMENT REMOVAL AND DISPOSAL COSTS $103,230.58
Revised 10/13/2011



Table P.1-7 Marsland Building Demolition - 2011 Surety Estimate

1. Decontamination Costs
A. Wall Decontamination

Area to be Decontaminated (ft2)
HCl Application Rate (Gallons/ft2)
HCI Acid Cost

Subtotal Wall Decontamination Materials Costs
B. Concrete Floor Decontamination

Area to be Decontaminated (ft2)
HC1 Application Rate (Gallons/ft2)
HC1 Acid Cost

Subtotal Floor Decontamination Materials Costs
C. Decontamination Labor

Labor (man-days)
Subtotal Decontamination Labor Cost
D. Decontamination Equipment Costs

Sprayer pump
Recycle pump
Sprayer with hose

Subtotal Decontamination Equipment Costs
E. Decontamination Waste Disposal (to Ponds)

Total gallons HC1 waste
Pumping costs (5 HP/30 gpm)

Subtotal Decontamination Costs
Total Decontamination Costs

II. Demolition Costs
Assumptions (based on 2007 costs):

Dismantling interior steel, tanks, pumps, etc.
Dismantling plant building

A. Building Dismantling
Dismantle interior components (2007 $'s
escalated by CPI)
Plant building dismantling (2007 $'s escalated by CPI)

Subtotal Building Dismantling
B. Concrete Floor Removal

Area of direct-dispose concrete floors (ft2)
Removal Rate ($/ft2)

Subtotal Concrete Floor Removal
Total Demolition Costs

30,000
1

$1.47
$44,100.00

9000
2

$1.47
$26,460.00

2
$314.64

$500
$500

$1,000
$2,000

48,000
$476.60

$73,351.24
$73,351.24

$198,800.00
$99,400.00

$205,758.00
$102,879.00
$308,637.00

13,400
$14.04

$188,136.00
$496,773.00



Table P.1-7 Marsland Building Demolition - 2011 Surety Estimate, Continued

III. Disposal Costs
A. Concrete Floor

Area of Direct-Dispose Concrete Floor (ft2) 13,400
Average Thickness of Concrete Floor (ft) 0.75
Volume of Concrete Floor (ft3) 10,050
Volume of Concrete Floor (Yd3) 372
Transportation and Disposal Unit Cost
($/Yd3) (Unpackaged Bulk) $221.64

Subtotal Concrete Floor Disposal Costs $82,450.08
Total Disposal Costs $82,450.08

IV Plant Site Reclamation
A. Plant Site Earthwork

Material to be Moved (Yd3) 20,000
D8N Bulldozer Earthwork Rate (Yd3/hr) 700
D8N Hourly Rate $182.00

Subtotal Plant Site Earthwork $5,200.00
B. Revegetation

Area requiring Revegetation (Ac) 4
Revegetation Unit Cost ($/Ac) $300

Subtotal Plant Site Revegetation $1,200.00
Total Plant Site Reclamation Costs $6,400.00

SUBTOTAL BUILDING DEMOLITION AND DISPOSAL COSTS $658,974.32
Building Area (Ft2) 34,138
Building Demolition Cost per Square Foot $19.30-

TOTAL BUILDING DEMOLITION AND DISPOSAL COSTS $658,974.32
Revised 10/13/2011



Table P.1-8 Marsland Miscellaneous Site Reclamation - 2011 Surety Estimate

Access Road Reclamation

Assumptions

Road Reclamation production rate (Yd3/hr) 200

Length of Main Access Roads (ft) 500

Average Main Access Road width (ft) 25

Depth of Main Access Road Gravel Surface (f1) 1

Surface Area of Main Access Road (Ac) 0.3

Length of Wellfield Access Roads (ft) 500

Average Wellfield Access Road width (ft) 12

Depth of Wellfield Access Road Gravel Surface (ft) 0.5

Surface Area of Wellfield Road (Ac) 0.1

A. Main Access Road Dirtwork

Main Access Road Gravel Volume (Yd3) 463

Total reclamation time (hrs) 2

D8N Unit Operating Cost ($/hr) $182.00

Subtotal Main Access Road Gravel Roadbase Removal Costs $364.00

B. Wellfield Road Dirtwork

Wellfield Road Gravel Volume (Yd3) 111

Total reclamation time (hrs)

D8N Unit Operating Cost ($/hr) $182.00

Subtotal Wellfield Road Gravel Roadbase Removal Costs $182.00

C. Discing/Seeding

Assumptions

Surface Area (acres) 0.4

Discing/Seeding Unit Cost ($/acre) $300.00

Subtotal Discing/Seeding Costs $120.00

Total Access Road Reclamation Costs $666.00

II. Wastewater Pipeline Reclamation

Assumptions

Pipeline Removal Rate (ft./man-day) 67

Pipeline Shredding Rate (ft./man-day) 1,500

Number of Pond Pipelines 2

Length of Pond Pipelines (ft) 2,000

Average Pipe Size (Sch 40) 4

A. Pipeline Removal Costs

Length of Pipelines (ft) 4,000

Removal Rate (ft/man-day) 67

Removal Labor Rate ($/man-day) $157.32

Cat 924G Loader Use (days) 60

Cat 924G Loader Cost $28,713.60

Subtotal Pipeline Removal Costs $38,152.80



Table P.1-8 Marsland Miscellaneous Site Reclamation - 2011 Surety Estimate, Continued

B. Pipeline Shredding Costs

Length of Pipelines (ft) 4,000

Shredding Rate (ft/man-day) 1,500

Shredding Labor Rate ($/man-day) $157.32

Shredder Use (days) 3

Shredder Cost $288.00

Subtotal Pipeline Shredding Costs $759.96

C. Pipeline Transportation and Disposal (NRC-Licensed Facility)

Pipe Diameter (inches) 4

Chipped Volume Reduction (ft3/ft) 0.0103

Subtotal Volume of Shredded PVC Pipe (yd3) 1.5

Disposal Void Factor 1.25

Final Disposal Volume (yd3) 1.88

Transportation and Disposal Unit Cost ($/yd 3) (Unpackaged Bulk) $221.64

Subtotal Pipeline Disposal Costs $416.68

Total Wastewater Pipeline Reclamation Costs $39,329.44

III. Electrical Distribution System Removal

Assumptions

Length of High Voltage Lines 500

High Voltage Line Removal Rate (S/ft.) $2.17

High Voltage Line Removal Cost (S/ft.) $1,085.00

Substation Removal $1,175.00

Subtotal Electrical Distribution System Removal Costs $2,260.00

IV. Supervisory Labor Costs During Miscellaneous Reclamation

Estimated Duration (months) 3

Engineer Rate ($/month) $9,004.50

Total Engineer Labor $27,013.50

Radiation Technician Rate (S/month) $5,692150

Total Radiation Technician Labor $17,077.50

Total Supervisory Labor Costs $44,091.00

TOTAL MISCELLANEOUS RECLAMATION COSTS $86,346.44
Sch = Schedule
Revised 10/13/2011



Table P.1-9 Marsland Deep Disposal Well Reclamation - 2011 Surety Estimate

I. Cost Basis

A. Plugging and Abandonment

Cost Estimate from April 2009 2nd Well Permit Application for plugging and abandonment

April 2009 CPI

June 2011 CPI

Subtotal Escalated April 2009 Plugging and Abandonment Costs

B. Site Reclamation

Cost Estimate from April 2009 2nd Well Permit Application for site reclamation

April 2009 CPI

June 2011 CPI

Subtotal Escalated April 2009 Reclamation Costs

Subtotal Abandonment cost per well

$60,292.00
$213.20

$225.70

$63,826.94

$2,500.00

$213.20

$225.70

$2,646.58

$66,473.52

I
TOTAL DEEP DISPOSAL WELL RECLAMATION COSTS
CPI: Consumer Price Index

Revised 10/13/2011

$66,473.52



Table P.1-10 Marsland Groundwater IX Treatment (GIX) Restoration (Unit Costs) - 2011 Surety Estimate

Assumptions:
1. All pumps are 5 hp pumping at 32 gpm
2. Cost of electricity =

3. Horsepower to kilowatt conversion =

4. Operator labor costs =
5. Labor costs are based on 36 pumps at 1,150 gpm

Wellfield Pumping Electrical Costs per 1000 Gallons (Includes bleed to the Deepwell)
1000 gal X 5 hp X I hr X 0.746 kwh X $0.0797

32 gpm 60'mm hpp kwh

$0.0797 Kw hr
0.746 Kw/HP

$157.32 man-day

= $ 0.155

Wellfield Pumping Labor Costs per 1000 Gallons
1000 gal X 1 rmin X 1 man-day X $157.32

1150 gal 1440 min man-day
X 2 operators = $ $0.190

Groundwater IX Production Rate
1000 gal X 60 min X

min hr
24 hr

day
X 365 day X

year
1
12

year
month

43,800,000 gallons
month

TOTAL GWS COSTS PER 1000 GALLONS = $ 0.35
Revised 10/13/2011



Table P.1-li Marsland Groundwater Reverse Osmosis (RO) Treatment (Unit Costs) - 2011 Surety Estimate
Assumptions:

1. All pumps are 5 hp pumping at 32 gpm
2. Membrane Replacemeni
3. Cost of electricity =
4. Horsepower to kilowatt conversion
5. Operator labor costs =
6. RO System horsepower requirements for 600 gpm rated flow based upon

RO Unit Pump
Permeate/Injection pump
Waste pump (I (Bleed - Deepwell / Evap Ponds)
TOTAL:

7. Chemical costs:

$0.015 per 1000 gal
$0.0797 Kw hr

0.746 Kw/HP
$157.32 man-day

195 hp
60 hp
12 hp

267 hp

Reductant =
Anti scal ant

Membrane Replacement Costs per 1000 Gallons
1000 gal X $660 membrane

cost / month
Welfield Pumping Electrical Costs per 1000 Gallons

1000 gal X 5 hp

$0.200 lb
$15.45 gal

43,800,000 gallons
month

1 hr
60 min

0.746 kwh $ 0.0797
hp kwh

=$ 0.015

= $ 0.155

=$ 0.441

J/ gpm

Reverse Osmosis Electrical Costs per 1000 Gallons
1000 gal X 267 hp

600 gpm

Reverse Osmosis Labor Costs per 1000 Gallons
1000 gal X 1 min

600 gal

Treatment chemical costs per 1000 Gallons
Antiscalant:

1000 gal X 0.000008330 gal antiscalant
1 gal

60
hr
min

0.746 kwh
hp

$ 0.0797
kwh

per Kgal

per Kgal

per Kgal

per Kgal

per Kgal

per Kgal

1 man-day $157.32
1440 min man-day X 2 operators = $ $0.364

Reductant:
1000 gal X

$15.45
gal antiscalant

$0.200
lb reductant

=$ $0.129

= $ $0.208

Reverse Osmosis Production
1000 gal X

min

0.001040 lbs reductant
I gal

Rate
60 min

hr x
24 hr

day
365 day

year
1 year
12 month

43,800,000 gallons
month

TOTAL RO COSTS PER 1000 GALLONS =$ 1.31
RO = Reverse Osmosis
Revised 10/13/2011



Table P.1-12 Marsland Groundwater Recirculation (Unit Costs) - 2011 Surety Estimate

Assumptions:
1. All pumps are 5 hp pumping at 32 gpm
2. Cost of electricity =
3. Horsepower to kilowatt conversion
4. Operator labor costs =
5. System horsepower requirements for 1,150 gpm rated flow based upon:

injection pump

$0.0797 Kw hr
0.746 Kw/HP

$157.32 man-day

30 hp

Weilfield Pumping Electrical Costs per 1000 Gallons
1000 gal~ 5 hp

32 gpm

Wellfield Injection Electrical Costs per 1000 Gallons
1000 gal 30 hp

1150 gpm

1
60

1
60

hr
min

hr
min

X 0.746 kwh $ 0.0797
hp kwh

X 0.746 kwh $ 0.0797
hp kwh

Recirculation Labor Costs per 1000 Gallons
1000 gal 1 m m

x 1150 gal

Recirculation Production Rate -
1150 gal_ 60min

minx hr

$ 0.155 per Kgal

$ 0.026 per Kgal

=$ 0.095 " per Kgal

- 50,370,000 gallons
month

1 man-day $157.32
X 1440 min X man-day

1 operators
X

24 hr
day X 365 day Xyear

1
12

year
month

TOTAL RECIRCULATION COSTS PER 1000 GALLONS $ 0.28
Revised 10/13/2011



Table P.1-13 Marsland Well Abandonment (Unit Costs) - 2011 Surety Estimate

Assumptions:
1. Use backhoe for 0.25 hr/well to dig, cut off, and cap well.
2. Drill rig used 2.5 hrs to plug well.
3. Labor for installing chips, etc. will require 2 workers at 0.5 hrs per well

Cost per ft (based
on 700 ft wells)Well Abandonment Costs

Labor Costs 1 hours X $ 19.67 per hour

Cat 416 Backhoe
0.25 hours X $ 50.28 per hour

=$ 19.67

=$ 12.57

=$ 410.00

=$ 9.00

Drill rig

Well Cap

2.5 hours X $ 164.00 per hour

$0.0281

$0.0180

$0.5857

$0.0129

$0.0057
$0.0522

$0.0688

1 each X $ 9.00 each

Materials per foot of well (Variable Cost)
Cement 0.0714 lbs/ft
Bentonite Chips 0.007 tubes/ft

x
x

$
$

0.080 per pound
7.46 per tube

8.00 per sackPlug Gel 0.0086 sacks/ft

Total Estimated Cost per Foot: $0.77
Revised 10/13/2011
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Table P.1-14 Marsland Five Year Mechanical Integrity Tests (MIT)

Assumptions:
1. Pulling Unit for 8 hr/day
2. MIT Unit for 8 hr/day
3. Labor for operation of pulling unit requires 2 workers ( one operator & one laborer)
4. Labor for operation of MIT Unit requires 1 worker

MIT Costs per Well

Equipment and Labor:
Pulling Unit includes one operator

8 hours X $ 30.66
Laborer

8 hours X $ 19.67
MIT Unit includes one operator

8 hours X $ 30.66

per hour

per hour

per hour

=$ 245.28

~=$ 157.36

=$ 245.00

TOTAL MIT COST PER DAY =$ 647.64

Wells Completed 6 per day

MIT COSTS PER WELL =$ 107.94
MIT COSTS PER DEEP DISPOSAL WELL (2011 Cost) =$ 6425.00
Revised 10/13/2011



Table P.1-15 Marsland Master Cost Basis - 2011 Surety Estimate
MUI MU2 MU3 MU4 MU5 MU6 MU7 MU8 MU9 MUIO MUlIl

Total number of production wells
Total number of injection wells
Total number of shallow monitor wells
Total number of perimeter monitor wells
Total number of restoration wells

Wellfield Area (ft2)
Wellfield Area (acres)
Affected Ore Zone Area (fU2)
Avg. Completed Thickness
Porosity
Affected Volume (U3)
Flare Factor
Kgallons per Pore Volume

• Number of Patterns in Unit(s)

Number of Wells in Unit(s)
Production Wells

Injection Wells

Shallow Monitor Wells

Perimeter Monitor Wells

* Number of Wells per Wellfield
Total Number of Wells
Average Well Depth (ft) - Deep Wells
Average Well Depth (ft) - Shallow Well

Revised 10/13/2011

30
50
0
11
10

403,712
9.27

403,712
19.6
0.29

7,912,755
1.2

20,597

0
0
0
0
0

0
0.00

0
0
0
0
1.2
0

0
0
0
0
0

0
0.00

0
0
0
0
1.2
0

0
0
0
0
0

0
0.00

0
0
0
0
1.2
0

0
0
0
0
0

0
0.00

0
0
0
0

1.2
0

0
0
0
0
0

0
0.00

0
0
0
0

1.2
0

0
0
0
0
0

0
0.00

0
0
0
0

1.2
0

0
0
0
0
0

0
0.00

0
0
0
0
1.2
0

0
0
0
0
0

0
0.00

0
0
0
0
1.2
0

0
0
0
0
0

0
0.00

0
0
0
0
1.2
0

0
0
0
0
0

0
0.00

0
0
0
0
1.2
0

Current
Estimated next report
Total Estimated

Current
Estimated next report
Total Estimated

Current
Estimated next report
Total Estimated

Current
Estimated next report
Total Estimated

Current
Estimated next report
Total Estimated

0
30
30

0
0
0

0
30
30

0
50
50

0
0
0

11
0
11
91
91

1100
400

0
0
0

0
0
0

0
0
0

0
0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0
0

0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0
0

0
0
0

0
0
0

0
0

0

0
0
0

0
0
0
0

0
0

0 0
0 0

0 0 0
0 *0 0

0 0 0
0 0 0



Table P.1-15 Marsland Master Cost Basis - 2011 Surety Estimate (continued)

0

Power cost (adj for current actual cost)

Electrical Costs
2011 Rate 2012 Est Rate

CPI Escalators (CPI-U, U.S. City Average)

$0.0797 $0.0797

Kilowatt to Horsepower 0.746

0.167

0.746

0.167

kwHr

Kw/HP

HP/gpm

1988 CPI
(average)

April 2009 CPI
(deep well
estimate)

2010 CPI (June
2010 used in last

update)

Current CPI (June 2011)
Factor

118.3

213.2

218.0
225.7

1.035

Horsepower per gallon per minute

Labor Rates

2011 Rate 2012 Est Rate (CPD

Operator Labor Cost $152.00 $157.32 day

Pulling Unit Operator $237.00 $245.30 day

Engineer Cost $8,700.00 $9,004.50 month

Radiation Technician Costs $5,500.00 $5,692.50 month

Chemical Costs

2011 Rate 2012 Est Rate

Antiscalant for RO (adj for current actual cost) $15.45 $15.45 gal

Reductant (adj for current actual cost) $0.20 $0.20 lb

Cement (adj for current actual cost) $0.07 $0.08 pound

Bentonite Tubes (adj for current actual cost) $7.46 $7.46 tube

Salt (adj for current actual cost) $218.00 $218.00 ton

Plug Gel (adj for current actual cost) $8.00 $8.00 sack

Well Cap (adj for current actual cost) $9.00 $9.00 each

Hydrochloric Acid (adj for current actual cost) $1.13 $1.47 gallon

Analytical Costs

Guideline 8 (contract lab adjusted for current contract cost) $200.00 $200.00 analysis

6 parameter (in-house) Est Rate (CPI) $51.00 $52.79 analysis

Other (radon, bio, etc.) Est Rate (CPI) $925.00 $957.38 month

Spare Parts

2011 Rate 2012 Est Rate (CPI

Restoration spare parts estimate $25,000.00 $25,875.00 year

Revised 10/13/2011



Table P.1-15 Marsland Master Cost Basis - 2011 Surety Estimate (continued)

Equipment Costs

Enuingment

Cat 924G Loader

Cat 416 Backhoe

Shredder

Cat D8N Bulldozer

Rental Labor Costs Repair Reserve Fuel Costs Mob & Demob
Rate ($/hr) ($/hr) Costs ($/hr) ($ hr

.$26.50 $19.67 $3.00 $10.65 inc.

$16.50 $19.67 $3.10 $11.01 inc.

$12.00 inc inc

$110.00 $19.67 $11.50 $40.83 inc.

Total ($/hu)

$59.82

$50.28

$12.00

$182.00

Pulling Unit

Mixing Unit

Drill Rig

$37.50 inc

$5.00

$164.00 inc

inc inc inc

inc inc

inc inc inc

$37.50

$5.00

$164.00

Basis:
Drill rig based on current 2011 contract.
Equipment rates based on Cost Reference Guide - Equipment Watch 2011 updated addition.
Aug II costs for off-road fuel: $3.550 gallon

Labor rate based on current operator labor rate

Pipe Volumes
Wall

Thickness Volume ver
Nominal Pipe Size L Pine OD (in.) foot (13/ft)

3/8-inch 02 hose 0.37500 0.03130
2-inch Sch. 40 downhole 0.15400 2.37500 0.00740
1- 1/4-inch Sch. 40 stinger 0.14000 1.66000 0.00440
2-inch SDR 13.5 inj & prod. 0.14815 2.29630 0.00690
4-inch SDR 35 0.11430 4.22860 0.01030
6-inch Sch. 40 process pipe 0.28000 6.56000 0.03840
6-inch Trunldine 0.49100 6.56600 0.06510
8-inch Trunkline 0.63900 8.54800 0.11030
10-inch Trunkline 0.79600 10.65400 0.17120
12-inch Trunkline 0.94400 12.63700 0.24080
Revised 10/13/2011



Table P.1-15 Marsland Master Cost Basis - 2011 Surety Estimate (continued)

Pipe Removal and Shredding Costs

Shredding
Removal Rate Rate (ft/man- Labor Rate Activity Cost per

Activity (ftdman-da ay) (davy foot

2-inch SDR 13.5 inj & prod. Removal 225 $157.32 $0.70
2-inch SDR 13.5 inj & prod. Shredding 1920 $157.32 $0.08
Trunkline Removal 100 $157.32 $1.57
Trunkline Shredding 100 $157.32 $1.57
Downhole Pipe Removal 2000 $157.32 $0.08
Downhole Pipe Shredding 2250 $157.32 $0.07
Downhole Hose Removal 1000 $157.32 $0.16
Waste and RO Building Pipeline Removal 67 $157.32 $2.35
Waste and RO Building Pipeline Shredding 1500 $157.32 $0.10

Waste Disposal Costs

Density
Correction Total

Factor Fee per Cubic Transportation
Waste Form Fee (Tons/Yd3) Yard Transport Cost and Disposal

Soil, Bulk Byproduct Material $166.75 per Ton 0.54 $90.05 $160.00 per Yd3 $250.05 per Yd3
Unpackaged Bulk Byproduct Material (e.g., pipe, equipme $146.75 per Ton 0.42 $61.64 $160.00 per Yd3 $221.64 per Yd3

Solid Waste (landfill) $0.02540 per Lb Incl. per Lb $0.02540 per Lb
Solid Waste (landfill) $912.00 per Load Incl. per Load $912.00 per Load

Void Factor (for disposal) $1.25

Plant Dismantling

Estimated Disposal
Plant Components: Number Units Volume Units Activir5  Units 201Cost

Dismantle
interior steel,
tanks, piping

Contaminated Tanks 10 each 19.3 Ft3 each and electrical: $ 198,800.00
Dismantle Plant

Uncontaminated Tanks 0 • each 19.3 Ft3 each Building $ 99,400.00
Pumps 13 each 5 Ft3 each

Concrete floor
Downhole Pumps 0 each 0.5 Ft3 each removal rate 2urrent Cost $/ft2 14.04
Contaminated Piping 4000 feet See estimate by piping size and
Uncontaminated Piping 0 feet material
Filters 0 each 100 Ft3 each
Dryer 0 each 400 Ft3 each
Average PVC Pipe Diameter (inches) 3
Revised 10/13/2011



Table P.1-15 Marsland Master Cost Basis - 2011 Surety Estimate (continued)

Plant Decontamination

Direct Dispose Plant Floor Area 13400 ft2 Decon Solution (HCI) Floor Application Rate 2 gal/ft2
Uncontaminated Plant Floor Area 4400 ft2
Decontaminated Plant Floor Area* 9000 f12
Average concrete thickness 0.75 1t
Plant Wall Area 30000 ft2 Decon Solution (HCI) Wall Application Rate I gal/ft

2

CPI = Consumer Price Index
HCL = Hydrochloric Acid
Revised 10/13/11



Appendix Q

Energy Laboratories, Inc.
Explanation of Lower Limits of
Detection for Marsland Baseline
Samples
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April 23, 2012

Rhonda Grantham
Supervisor Radiation Safety & Regulatory Affairs/RSO
86 Crow Butte Rd
Crawford, NE 69339

Subject: United States Nuclear Regulatory Commission (USNRC) Regulatory Guide 4.14 Lower
Limits of Detection for the Marsland Baseline Samples.

Dear Rhonda:

As requested in conversation with David Blaida, Energy Laboratories, Inc. (ELI) Radiochemical
Supervisor on April 20, 2012, the following is an explanation verifying the reported Minimum.
Detectable Concentrations/Lower Limits of Detection (MDC/LLD) values for the Marsland Baseline
Project samples are in compliance with the USNRC regulatory guide 4.14, Section 5 "LLD" for the
following requested analytes:

Analyte MDC/LLD MDC/LLD
Matrix Water Water
Radium 226 2E- 10 uCi/ml 0.2 pCi/L
Thorium 230 2E-10 uCi/ml 0.2 pCi/L
Polonium 210 1E-9 uCi/ml 1.0 pCi/L
Lead 210 1E-9 uCi/ml 1.0 pCi/L
Uranium 2E-10 uCi/ml 0.2 pCi/L

Matrix Soil/sediment (dry$) Soil/sedimen(,dry)
Radium 226 2E-7 uCi/g 0.2 pCi/g
Thorium 230 2E-7 uCi/g 0.2 pCi/g
Polonium 210 No guidance No guidance
Lead 210 2E-7 uCi/g 0.2 pCi/g
Uranium 2E-7 uCi/g 0.2 pCilg

Mtrix > g Ve ion ,food & Vc-caikr,n foiod &j

Radium 226 5E-8 uCi/kg 0.05 pCi/g
Thorium 230 2E-7 uCi/kg 0.2 pCi/g
Polonium 210 1E-6 uCi/kg 1.0 pCi/g
Lead 210 1E-6 uCi/kg 1.0 pCi/g
Uranium 2E-7 uCi/kg 0.2 pCi/g

ELI has met the criteria per the guidance suggested by the USNRC when
reasonably achievable by available conventional laboratory methodology. If for
some reason the MDC/LLD was not be met on the original analysis, the samples
were recounted or re-analyzed until the 4.14 MDC/LLDs were achieved. If after

Page 1 of 2
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reanalysis these criteria still could not be met, the laboratory report included a
narrative explanation with respect to one or more of the following:

1. Matrix interferences
2. Matrix effects
3. Inadequate sample volumes
4. Radiochemical concentrations were reported above the MDC/LLD

In addition, some of the analytes were reported to two significant figures. Regulatory Guide, 4.14
lists the LLDs to only one significant figure, therefore, it is of ELI's opinion that these should be
rounded to the nearest significant figure. For example, 1.3 pCi/L equals 1 pCi/L.

Also, as mutually agreed, the concept of MDC vs. LLD is effectively a "non-issue" in that each
calculation is slightly different but clearly generates identical sets of results.

Hopefully this is an adequate explanation of the issues as it pertains to the Marsland Expansion Area.
If you have any questions, please do not hesitate to contact Dave Blaida or me.

Thank you'

Client Services Supervisor

Digitally signed by
Steve Dobos
Date: 2012.04.25 15:21:29 -06:00

Steve Dobos
Senior Project manager/Client Relations
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