Assessment of Radiation In Surface Water at the
Paducah Gaseous Diffusion Plant

Radiation Health Branch
Division of Public Health Protection and Safety
Department for Public Health
Cabinet for Health and Family Services

Prepared by the University of Kentucky — Kentucky
Water Resources Research Institute

January 2007



TABLE OF CONTENTS

BACKGROUND....... oottt ettt bt s e bt ekt bbb e bt e b e bt n b et e bt e b et e st s b et e st e be b e st abe b e 1
ISCO Automated Surface-Water MONITOFING. .......cccviiiiiiieie it neerae e eaeseesrenrs 3
SURFACE WATER ISCOS - BAYOU CREEK, WEST DRAINAGE DITCHES AND OUTFALLS................ 4
TSCO D2 tettiteieteatesieteateseetesteseeteste st etesbeseebesbe e ebesbe e ebeabe e e Eeebe e e Ee e b e st e R e e b et e Ee e Re e e Ee AR et e Ee b et e Ee b et e Ee b et e R et R bene b b ene 4
=101 T 1 SRRSO 5
2T T OO TSRS SO USRS 6
HIE ] L0 T OSSOSO 6
TSCO B & Crtererreeeteateieeteatesteteatesee bt ste st e tesbe st e besbe e ebesbe e e be e b et e Ee e b e At e b e eb et e b e b et e Ee AR et e R e E e Rt e R e b et b e bRt e b e bRt b b n b r e 7
West Side ISCOs Radiation D0Se & RiISK ASSESSIMENT .........cviiiieiiiireiieieeeie e siese e sreeseeieseessestessessesseeseeseessessesns 8
SURFACE WATER ISCOS — LITTLE BAYOU CREEK ..ottt sttt 8
TSCOS D & Guecevrereeresteeerestesiatesteseesestesaetesteseatestestetesbe st atesbe e ebeabe st ebeabe st abeebe st e Eeebe e e Ee e b e st e b e e b e st e be e b et e Ee e b et e b et eneeEe b e 9
East Side ISCOs Radiation D0se & RiSK ASSESSMENL..........cciiiiiiiiirieiiiseeeste sttt 9
REFERENCES ........o ottt b et b et b bt £ b et a8 b e e h bt h bt e s bt s bt e st b et e st e b et n b et enes 11
APPENDIX A - TABLES AND FIGURES
Table 1. Mean radiation activity of isotopes reported in picocuries/liter (pCi/l) in surface water.............ccccecvruennen. 1
Table 2. 1ISCO D2 was installed by the Radiation Health Branch in the fall of 2000..............ccccooviiiiinreie i 2
Table 3. ISCO D1 was installed by the Radiation Health Branch in the fall of 2000..............ccccveviiiinreicienen 3
Table 4. ISCO A was installed by the Radiation Health Branch in the winter of 1999...........cccooiiiiiiiiiiicn 4
Table 5. ISCO F was installed by the Radiation Health Branch in the winter of 2002............ccccoo i 5
Table 6. Radiation Dose and Risk for 2000 at ISCOs B, C, and D. All results were included in the
calculation of annual MEAN ACTIVILY. .....iiiiiieicc e e e b et e besaeere e e e b e seesre e e 6
Table 7. Radiation Dose and Risk for 2001 at ISCOs B, C, and D. All results were included in the
calculation of annual MEAN ACHIVILY. ....viviieiece et r e neere e e e e seenre e e 7
Table 8. Radiation Dose and Risk for 2002 at ISCOS B, C, D, and G........ccccvviiininiinieneirenecsese e 8
Table 9. Radiation Dose and Risk for 2003 at ISCOS B, C, D, and G.........cccvviriiininniiineisenecseseesie e 9
Table 10. Radiation Dose and Risk for 2004 at ISCOS B, C, D @and G........cccoocvvvreiieieriene e 10
Figure 1. Radiation Health Branch’s ISCO Automatic Samplers at Paducah Gaseous Diffusion Plant................ 11
Figure 2. Radiation Health Branch’s ISCO Automatic Surface Water Samplers at Paducah Gaseous
(D1 1] o] T -V | OO OSSPSR PR 12
Figure 3. Radiation Health Branch’s ISCO Automatic Surface Water Samplers at Paducah Gaseous
DIFFUSION PLANT. ...ttt ettt bbbt e ke e e b e b eb e e b e Rt e b e e e et e ebeebeebeebe et e et enbeneesbenbe e 13
Figure 4. 1SCO D2 #®U activity versus collection dates in the north drain from the scrap yards.............ccoc....... 14
Figure 5. 1SCO D1 #®U activity versus collection dates in the south drain from the scrap yards.............ccccc..c..... 15
Figure 6. 1SCO A **®U activity versus collection dates at KPDES Outfall 001 WEIr ...........ocovvevreerererererereerens 16
Figure 7. 1SCO F 28U activity versus collection dates at OUtFall 008.............c..ccoverevreerieeieseeeeseee s esese s 17
Figure 8. 1SCO B #U activity versus collection dates at the Bayou Creek quarterly background surface-
water sampling 10cation BBCUG/R-249..........coiiiiiiiee et se sttt sse et a e e seestestesnesreanaeneeseenseseeanenns 18
Figure 9. ISCO C *®U activity versus collection dates in Bayou Creek at sampling location BBCDG/R-
L SO SURSRPR 19
Figure 10. Radiation Health Branch’s ISCO Automatic Surface Water Samplers in Little Bayou Creek at
Paducah Gaseous DiffUSION PIANL..............cci it te e ste e e s ae e sae e sbe e beenbeenbesnaesreens 20

Figure 11. 1SCO D #®U activity versus collection dates at quarterly surface water sampling location
LBCDG/R-248 downgradient of east side Outfalls to Little Bayou Creek and the North South Diversion
3] (ol o SRS 21



Figure 12. 1SCO G *®U activity versus collection dates in Little Bayou Creek at McCaw Road

downgradient of east side Outfalls 010, 011, 012, and 013

APPENDIX B - RESRAD INPUT PARAMETERS



BACKGROUND

The Radiation Health Branch (RHB), Department for Public
Health, Cabinet for Health and Family Services (Cabinet) by
statutory mandate is the radiation control agency for the
Commonwealth of Kentucky. The Cabinet’s statutory mandate
(KRS 211.842-211.852) 1is to establish programs to protect
public health and safety, and welfare from ionizing
radiation. Activities are directed toward licensing,
registration, <certification, inspection, waste disposal,
environmental monitoring, environmental impact assessment,
radiochemical analysis, dose evaluation, risk assessment,
risk management, compliance, transportation of radioactive
material, and emergency response relative to radioactive
materials.

The RHB was the first state or federal agency to detect
off-site radionuclide contamination 1in private drinking
water wells in the vicinity of the U.S. Department of
Energy's (DOE) Paducah Gaseous Diffusion Plant (PGDP) in

1988. The Cabinet funded the RHB's regular environmental
sampling, monitoring, analysis, and assessment activities
at PGDP from 1988 until 1991. In 1991 the RHB obtained

funding under the Agreement in Principle (AIP) with DOE and
the Kentucky Department of Environmental Protection, which
acts as the lead agency for the AIP grant. Since 1994 the
University of Kentucky has provided personnel for RHB’s
PGDP activities through a Program Administration Contract
with the Cabinet.

The RHB 1s involved in sampling, monitoring, laboratory
analysis, and assessment of off-site (outside DOE Property
Boundary) and on-site (inside DOE Property Boundary)
radionuclide contamination at PGDP. The RHB has been
sampling and conducting environmental analyses at the PGDP
since 1988. The RHB continues to collect and analyze
surface water, sediment, groundwater, vegetation, and soil
samples 1in order to characterize and assess impacts of the
PGDP on public health.

The RHB’s efforts at the PGDP have been directed toward
radiological monitoring and oversight of DOE activities in
order to ensure protection of public health. However, the
RHB does not have regulatory authority on-site (within the
DOE property boundary) at the PGDP assuming DOE has
Exclusive Federal Jurisdiction. The DOE is self-
regulating with regard to activities dealing with radiation



related to the wuranium fuel cycle as established by the
Atomic Energy Act.

The RHB collects, handles, and stores samples at the PGDP
and transports the samples to the Radiation Control
Laboratory (RCL) under a radiocactive material license
issued by the Cabinet. Samples collected for the RHB by
the University of Kentucky Water Resources Research
Institute (UK-KWRRI) are handled, transported, and shipped
under the University of Kentucky’s radicactive materials
license.

The RHB collects samples and maintains monitoring equipment
at the PGDP as outlined in the text and tables contained in
the Field Sampling and Analysis Plan for the PGDP (FSAP,
RHB, 2003). Health and safety procedures for environmental
activities at the PGDP including the collection, handling,
and transport of environmental samples are outlined in the
Health and Safety Plan for the PGDP (HASP, RHB, 2003).

Once at the RCL, samples are analyzed for the parameters
outlined in the FSAP wutilizing analytical ©procedures
defined in the Laboratory Procedures Manual for the RCL
(RCL, 1990). The data 1s verified and wvalidated to ensure
accuracy, precision, reliability, reproducibility,
comparability, and completeness of +the RCL analytical
results as outlined in the Quality Assurance Program Plan
for the RCL (RHB, 2003).

The RCL conducts specific analyses on PGDP samples for
uranium-234 (***U), wuranium-235 (*°°U), uranium-238 (*’°U),
plutonium-238 (2%Pu), plutonium-239 (2”Pu), and technetium-
99 (*°Tc). Samples are analyzed by gamma-spectroscopy to
determine the presence of gamma-emitting radionuclides
including thorium-234 (2“Th), protactinium-234m (2“mPa),
protactinium-233 (Z”Pa), cesium-237 (l“Cs), and americium-
241 (**'Am) .

The RHB’s RCL functions as a regulatory laboratory and must
maintain a high standard of quality in order to ensure
protection of public health from ionizing radiation. To
ensure the production of high quality analytical data the
RCL conducts quality control analytical analyses. Quality
control samples included standards, performance evaluation
samples, and Dbackground analyses. Data verification is
conducted by the RCL. Data wvalidation is conducted by an
independent third party.



Analytical results are screened against a number of
criteria. The following 1s the sequence used to evaluate
data produced by the RCL. The data 1is evaluated to
determine if: (1) each sample has a sample-specific
activity for each specific analysis; (2) each sample has a
sample-specific counting uncertainty; (3) each result has a
sample specific minimum detectable concentration (MDC); (4)
the reported activity does or does not exceed the sample-
specific MDC; (5) the sample-specific counting uncertainty
does or does not exceeds 50% of the sample activity; and
(6) each set of data has appropriate quality control.

For this report, the RHB did not screen out data through
the application of the above six (6) step approach.
Therefore, all data was used to conduct the assessments
presented in the report.

ISCO Automated Surface-Water Monitoring

The Cabinet’s RHB maintains and operates eight (8) ISCO
automated surface-water samplers in the vicinity of the
PGDP. Figure 1 shows the location of the RHB’s ISCO
automated samplers. The RHB has automated samplers at the
following locations: (1) ISCO A, at KPDES Outfall 001 weir;
(2) ISCO B, at the Bayou Creek quarterly Dbackground
surface-water sampling location BBCUG/R-249 upstream of the
PGDP; (3) 1ISCO C, 1in Bayou Creek at sampling location
BBCDG/R-151 downstream from PGDP outfalls; (4) ISCO D, at
quarterly surface water sampling location LBCDG/R-248
downstream from the PGDP KPDES Outfalls to Little Bayou
Creek and the North South Diversion Ditch confluence with
Little Bayou Creek; (5) ISCO F, in Outfall 008 on the west
side of the site; (6) ISCO G, 1in Little Bayou Creek at
McCaw Road on the east side of the site: (7) ISCO DRUMI1
(D1) in the south drain from the scrap yards outside the
restricted area fence at the northwest corner of the site;
and (8) ISCO DRUM2 (D2) in the north drain from the scrap
yards outside the restricted area fence at the northwest
corner of the site.

Each ISCO automated sampler operates continuously to
automatically collect four (4) surface water samples per

day at 6-hour intervals. As each of the daily water
samples are collected, they are automatically combined into
one (1) daily-composite sample. The sample collection

cycle for the ISCO daily-composite samples averages



approximately 21 days depending on availability of RHB
personnel to travel to the PGDP to collect and replace
sample containers. Sets of daily-composite samples are
combined into one 21-day composite sample. The 21-day
composite sample 1is filtered and the filtrate is acidified
to stabilize the sample. The acidified filtrate samples
are analyzed for gross alpha/beta (o/R) activity, gamma (y)
activity, technetium-99 (°°Tc), and alpha emitting isotopes
(uranium-234 (*’*U), uranium-235 (**°U), uranium-238 (**°U),
plutonium-238 (2%Pu), plutonium-239 (2”Pu).

The results of analyses for surface water samples from the
ISCO sampler were assessed: (1) to ensure radionuclide
discharges do not pose risks to public health; (2) to
ensure the reliability of quarterly grab-sampling results;
and (3) to identify temporal & spatial changes in
radionuclide discharges due to past and present plant
activities, hydrogeological factors, and meteorological
events.

SURFACE WATER 1SCOS - BAYOU CREEK, WEST DRAINAGE DITCHES
AND OUTFALLS

On the west side of the Paducah Gaseous Diffusion Plant
(PGDP) the Radiation Health Branch operates ISCO surface
water monitors in Outfall 001, Outfall 008, the north (ISCO
D2) and south (ISCO D1l) drainage ditches from the scrap
metal vyards and SWMUs 7 and 30, upgradient of the west
outfalls on Bayou Creek (ISCO B), and downgradient of the
west outfalls on Bayou Creek (ISCO C) (Figure 2) .
Descriptive statistical parameters for key PGDP process
radionuclides are provided in Table 1.

ISCO D2

ISCO D2, Figure 3, 1is 1located in the north drain of the
northwest corner and receives runoff from the scrap yards
and from the surface soils of SWMUs 7 and 30. The mean 2°%U
activity 1in surface water at ISCO D2 from 2001 to March
2005 is 18.58 picocuries per liter (pCi/l), Table 1. The
mean °Tc, 2°°U 234y,  2¥py, and ?*’pu activity 1is also
provided in Table 1.

14

Table 2 provides the annual mean activity for each of the
isotopes as compared to their annual release limit as



established by 902 KAR 100:019, Section 44(7), Table 11I.
Table 2 also lists the ratio of the mean activity to the
established release limit.

The contaminants at location ISCO D2 do not exceed a ratio
of one (1.0) and the sum of the fractions, Table 2, 1is less
than one (1.0). This data indicates releases in the north
drainage ditch from the scrap vyards and SWMUs 7 and 30
falls within federal permitted releases. The regulation
cited above would be an Applicable Relevant and Appropriate
Requirements (ARAR) under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA).

Figure 4, provides a plot of the ?®U data (including
counting uncertainty and detection 1limit) wversus collection
dates at ISCO Dl1. As see from the plot, the level of 2°°U
has been trending down during the period the sampler has
been in place and 23y releases now appear to be consistent
with little fluctuation.

ISCO D1

ISCO D1, Figure 3, 1is 1located in the south drain of the
northwest corner and receives runoff from the scrap yards

and from the surface soils of SWMUs 7 and 30. The mean 2°%U
activity 1in surface water at ISCO D2 from 2001 to March
2005 is 255.30 pCi/l, Table 1. The mean °°Tc, 2°°uU, ?%*‘u,

23%py, and “*°Pu activity is also provided in Table 1.

Table 3 provides the annual mean activity for each of the
isotopes as compared to their annual release 1limit as
established by 902 KAR 100:019, Section 44(7), Table 11I.
Table 3 also provides the ratio of the annual mean activity
to the established release limit.

23%y and “°®U at location ISCO Dl exceeded a ratio of one
(1.0) in 2001 but the ratio was less than one (1.0) for
2002, 2003, and 2004. “’Tc, “*u, “**pu, and “*’Pu did not
exceed a ratio of one (1.0) for all years. The sum of the
fractions, Table 3, 1is also greater than one (1.0) for
2001. This data indicates releases in the south drainage
ditch from the scrap yards and SWMUs 7 and 30 are greater
than federal permitted releases for 2001 but fall below
release limits for 2002, 2003, and 2004. The regulation
cited above would be an Applicable Relevant and Appropriate
Requirements (ARAR) under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA).



Figure 5, provides a plot of the ?®U data (including
counting uncertainty and detection 1limit) versus collection
dates at ISCO D1. As see from the plot, the levels of 238y
in surface water initially trended down during the period
the sampler has been in place. Subsequent to the downward
trend 2®U releases in surface water now show little
trending but fluctuation with time.

I1SCO A

ISCO A, Figure 3, is 1located in Outfall 001 at the KPDES
001 weir. The outfall drains surface water from
approximately 203 acres in the northwest part of the PGDP.
Internal ditches in the Outfall 001 watershed are
approximately 20,420 feet in length, unlined, and
approximately 0.5 to 12 feet deep (DOE, 2004).

The mean “°°U  activity in Outfall 001 surface water
discharges measured at ISCO A from 1999 to March 2005 is
2.77 pCi/l, Table 1. The mean °Tc, 2°°u, 2**vu, %®pu, and
?3pu activity in Outfall 001 surface water is also provided
in Table 1.

Table 4 provides the annual mean activity for each of the
isotopes as compared to their annual release limit as
established by 902 KAR 100:019, Section 44(7), Table 11I.
Table 4 provides the ratio of the annual mean activity for
the isotopes to their established release limit.

The contaminants at location ISCO A do not exceed a ratio
of one (1.0) and the sum of the fractions, Table 4, is less
than one (1.0). This data indicates releases to Outfall
001 are less than federal permitted releases.

Figure 6, provides a plot of 2?®*U in surface water
(including counting uncertainty and detection limit) wversus
collection dates at ISCO A. As see from the plot, the
levels of ?’°U in surface water appear to trending downward
and fluctuation with time.

ISCO F

ISCO F, Figure 3, 1is located in Outfall 008. The Outfall
008 watershed drains 90 acres in the southwest portion of
the PGDP industrial area and presently receives effluent
from a number of buildings including the C-400 building.
Internal ditches in the Outfall 008 watershed are



approximately 12,215 feet in length, unlined, and
approximately 0.5 to 4 feet deep (DOE 2004).

The mean “°°U activity in surface water at ISCO F from 2002
to March 2005 is 1.42 pCi/l and the mean activity of U is
2.83 pCi/l, Table 1. The ratio of ?**U/?**U activity is less
than one (1.0) which is unique to Outfall 008 and indicates
that discharges are impacted by plant process operations.
The mean 99Tc, 235y 234U, 2%Pu, and 2*°pu activity at Outfall
008 is also provided in Table 1.

14

Table 5 provides the annual mean activity for each of the
isotopes as compared to their annual release limit as
established by 902 KAR 100:019, Section 44(7), Table 11I.
Table 5 also provides the ratio of the mean activity to the
established release limit.

The contaminants at location ISCO F do not exceed a ratio
of one (1.0) and the sum of the fractions, Table 5, is less
than one (1.0). This data indicates releases to Outfall
001 are less than federal permitted releases.

Figure 7, provides a plot of ?**U in surface water
(including counting uncertainty and detection limit) wversus
collection dates at ISCO F. The plot indicates that the
levels of 2®*U in surface water appear to be trending
downward and appears to shows temporal fluctuations.

ISCO B & C

ISCO B 1is located upgradient of the west side drainage
ditches and Outfalls and ISCO C 1is located downgradient of
the west drainage ditches and Outfalls, Figure 2. The mean
activity of ?°°U in surface water at ISCO B is 0.12 pCi/l
and is 1.15 pCi/l1 at ISCO C, Table 1. The mean 99Tc, 235U,
234y, #%%pu, and “*Pu activity at ISCOs B and C 1is also
provided in Table 1.

Figure 8, provides a plot of ?**U in surface water
(including counting uncertainty and detection limit) wversus
collection dates for ISCO B. The activity trend for 2*®U in
surface water appears to be relatively flat and without
significant fluctuation with time as would be anticipated
for a background location.



Figure 9, illustrates the trend of ?*®U in surface water

(including counting uncertainty and detection limit) wversus
collection dates at ISCO C. The plot demonstrates that the
trend of 2°®U activity in surface water at ISCO C is
relatively flat over time with temporal fluctuations.

West Side ISCOs Radiation Dose & Risk Assessment

Radiation dose and risk assessment for ISCOs B and C in
Bayou Creek was conducted using RESRAD BASELINE, Version
2.2, 1996, Argonne National Laboratory. The only potential
complete exposure pathway for both locations was incidental
ingestion of surface water while swimming, wading, fishing,
etc.

Based on the assumption that incidental ingestion of
surface water is possible and using RESRAD BASELINE default
input parameters (Appendix B), the potential radiation dose
and risk for 2000, 2001, 2002, 2003, and 2004 for ISCOs B
and C are given in Tables 6, 7, 8, 9, and 10. The
hypothetical radiation dose at ISCOs B and C is 1less than
the 25 mrem/yr radiation dose limit as established by 902
KAR 100:041, Section 2 for free release. The hypothetical
radiation risk 1is also less than the 1 x 10* risk level
proposed by the U.S. Environmental Protection Agency for
radiation risks. The hypothetical radiation dose is also
less than the negligible individual risk limit (NIRL) of 1
mrem/yr recommended by the “National Council on Radiation
Protection and Measurements, Report Number 116 (NCRP
1993).~7 The NIRL was proposed as a level at which no
further action was needed to protect health and safety.

SURFACE WATER 1SCOS — LITTLE BAYOU CREEK

The RHB operates two (2) ISCO surface water monitors on the
east side of the PGDP: (1) ISCO G downgradient of the east
Outfalls 010, 011, 012, and 013, at Little Bayou Creek and

McCaw  Road; and (2) ISCO D downgradient of the
intersection of the North South Diversion Ditch (NSDD) with
Little Bayou Creek at Anderson Road, Figure 1. Descriptive

statistical parameters for key PGDP process radionuclides
are provided in Table 1 for ISCOs D and G.



ISCOs D & G

The location of ISCO G, downgradient of the east side
Outfalls 010, 011, 012, and 013, and ISCO D, downgradient
of the intersection of the NSDD with Little Bayou Creek at
Anderson Road, are shown in Figure 10.

The mean 2°°U activity in surface water at ISCO G is 2.53
pCi/1 and at ISCO D is 1.54 pCi/l, Table 1. The mean ’Tc,
235y 234U, 238Pu, and 2*°pu activity at ISCOS D and G is also
provided in Table 1.

14

Figure 11 illustrates the trend of ?°®U activity in surface

water (including counting uncertainty and detection limit)
versus collection dates at ISCO D. As seen from the plot,
the ?°°U trend at ISCO D in surface water is relatively flat
and without temporal fluctuations.

Figure 12 illustrates the trend of ?°®U activity in surface
water (including counting uncertainty and detection limit)
versus collection dates at ISCO G. The activity trend of
2%y in surface water 1is relatively flat but exhibits
temporal fluctuations.

East Side ISCOs Radiation Dose & Risk Assessment

Radiation dose and risk assessment for ISCOs G and D in
Little Bayou Creek was conducted using RESRAD BASELINE,
Version 2.2, 1996, Argonne National Laboratory. The only
potential complete exposure pathway for both locations was
incidental ingestion of surface water while swimming,
wading, fishing, etc.

Based on the hypothetical assumption that incidental
ingestion of surface water 1is possible and wusing RESRAD
BASELINE default input parameters (Appendix B), the
potential radiation dose and risk for 2000, 2001, 2002,
2003, and 2004 for ISCO D are given in Tables 6, 7, 8, 9,
10. The potential radiation dose and risk for 2002, 2003,
and 2004 for ISCO G are given in Tables 8, 9, 10.

The hypothetical radiation dose at ISCOs G and D are less
than the 25 mrem/yr dose limit as established by 902 KAR
100:041, Section 2 for free release. The hypothetical
radiation risk is also less than the 1 x 107" level proposed
by the U.S. Environmental Protection Agency for radiation
risks. The hypothetical radiation dose 1s also less than



the negligible individual risk limit (NIRL) of 1 mrem/yr
recommended by  the “National Council of Radiation
Protection and Measurements, Report Number 116.(NRCP
1993).~” The NIRL was proposed as a level at which no
further action was needed to protect health and safety.

10
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APPENDIX A — TABLES AND FIGURES



Table 1.

Mean radiation activity of isotopes reported in picocuries/liter

(pCi/l) in surface water from 1999 through March 2005 at Radiation Health
Branch ISCO samplers. All values were included in the assessment. Data
were not screened out against radiation counting uncertainty or detection
limit. All reported data was used to calculated Mean, Maximum, Minimum,

and Standard Deviation (STDev).
verified and validated.

All data used in the assessment was

Isotope ISCOA | ISCOB | ISCOC | ISCOD [ISCOD1 | ISCOD2 | ISCOF | ISOCG

pCi/l pCi/l pCi/l pCill pCi/l pCi/l pCi/l pCi/l

Soluble Mean 2.77 0.12 1.15 1.54 255.30 18.58 1.42 2.53
Uranium-238 Maximum 15.07 0.79 8.44 8.41 1102.00 | 124.50 6.24 5.77
Minimum 0.18 -0.02 0.10 0.21 0.00 0.04 0.28 0.18

SThev 3.02 0.13 1.05 1.22 255.02 | 31.13 1.47 1.31

Soluble Mean 0.12 0.02 0.06 0.06 13.70 0.55 0.15 0.09
Uranium-235 Maximum 0.67 0.14 0.33 0.23 176.10 3.91 0.60 0.30
Minimum -0.05 -0.04 -0.03 -0.05 -0.22 -0.04 -0.10 0.00

STDev 0.12 0.04 0.06 0.05 22.86 0.91 0.14 0.06

Soluble Mean 1.61 0.10 0.84 0.51 146.98 7.75 2.83 0.99
Uranium-234 Maximum 8.01 0.23 5.41 2.68 652.50 50.93 9.95 4.61
Minimum 0.19 0.00 0.08 0.04 -142.70 0.10 0.70 0.13

STDev 153 0.05 0.70 0.45 152.86 12.65 2.16 0.94

Soluble Mean 8.89 1.32 3.88 4.36 120.30 17.39 5.67 3.00
Technetium-99 | Maximum 37.92 9.50 14.43 30.24 903.59 | 132.68 19.75 19.72
Minimum 2.36 -3.60 -3.90 -1.98 3.36 -0.40 -0.81 -2.73

SThev 5.17 2.68 3.12 4.86 150.57 25.21 3.76 4.24

Total Mean 31.87 0.43 4.29 4.59 80.31 12.02 11.07 3.91
Technetium-99 | Maximum 75.55 7.61 15.80 17.25 228.07 67.24 33.13 22.56
Minimum 9.72 -4.66 -47.62 -2.85 6.49 2.26 3.69 277

STDev 14.95 2.22 6.66 3.93 54.60 10.23 5.55 4.71

Soluble Mean 0.02 0.03 0.00 0.03 0.13 0.06 0.01 0.02
Plutonium-239 | Maximum 0.17 0.36 0.41 0.35 2.17 2.12 0.22 0.55
Minimum -0.05 -0.10 -0.12 -0.10 -0.96 -0.06 -0.09 -0.11

SThev 0.04 0.07 0.07 0.07 0.48 0.27 0.06 0.10

Soluble Mean 0.06 0.06 0.08 0.09 0.72 0.12 0.06 0.07
Plutonium-238 | Maximum 0.70 0.35 0.48 1.07 5.30 0.30 0.46 0.33
Minimum -0.23 -0.16 -0.16 -0.13 -1.25 0.00 -0.13 -0.14

STDev 0.15 0.11 0.14 0.21 1.46 0.09 0.13 0.11




Table 2. ISCO D2 was installed by the Radiation Health Branch in the fall of
2000. Radiation activity of isotopes reported in picocuries/liter (pCi/l) in
surface water from 2001 through 2004 for ISCO D2. All values were
included in the assessment. Data were not screened out against radiation

counting uncertainty or detection limit.

All reported data was used to

calculated annual mean activity. All data used in the assessment was
verified and validated. Annual mean activity was used to calculate ratios

and sum of the fractions relative to release limits.

Sum of the
Mean Release Limits Ratio Fractions
Activity 902 KAR 100:019, Mean Activity to Relative to
Isotope ISCO D2 Section 44(7) Release Limits Release Limits
pCil/l pCill
2001
Soluble Uranium-238 58.3 300 0.19
Soluble Uranium-235 1.7 300 0.006
Soluble Uranium-234 23.6 300 0.08
Technetium-99 46.1 60000 0.0007 0.28
Soluble Plutonium-239 0.01 20 0.0005
Soluble Plutonium-238 0.1 20 0.005
2002
Soluble Uranium-238 27.3 300 0.09
Soluble Uranium-235 0.7 300 0.002
Soluble Uranium-234 11.2 300 0.04
Technetium-99 12.4 60000 0.0002 0.13
Soluble Plutonium-239 0.04 20 0.002
Soluble Plutonium-238 -0.001 20 -0.00006
2003
Soluble Uranium-238 0.7 300 0.002
Soluble Uranium-235 0.05 300 0.0002
Soluble Uranium-234 0.7 300 0.002
Technetium-99 8.3 60000 0.0001 0.004
Soluble Plutonium-239 0.01 20 0.0005
Soluble Plutonium-238 -0.01 20 -.00005
2004
Soluble Uranium-238 0.5 300 0.002
Soluble Uranium-235 0.04 300 0.0001
Soluble Uranium-234 0.5 300 0.002
Technetium-99 8.2 60000 0.0001 0.02
Soluble Plutonium-239 0.04 20 0.002
Soluble Plutonium-238 0.2 20 0.01




Table 3. ISCO D1 was installed by the Radiation Health Branch in the fall of
2000. Radiation activity of isotopes reported in picocuries/liter (pCi/l) in
surface water from 2001 through 2004 for ISCO D1. All values were
included in the assessment. Data were not screened out against radiation

counting uncertainty or detection limit.

All reported data was used to

calculated annual mean activity. All data used in the assessment was
verified and validated. Annual mean activity was used to calculate ratios

and sum of the fractions relative to release limits.

Sum of the
Mean Release Limits Ratio Fractions
Activity 902 KAR 100:019, Mean Activity to Relative to
Isotope ISCO D1 Section 44(7) Release Limits Release Limits
pCil/l pCill
2001
Soluble Uranium-238 540.0 300 1.8
Soluble Uranium-235 22.7 300 0.08
Soluble Uranium-234 315.0 300 1.05
Technetium-99 261.0 60000 0.004 2.98
Soluble Plutonium-239 -0.01 20 -0.0005
Soluble Plutonium-238 0.9 20 0.045
2002
Soluble Uranium-238 159.0 300 0.5
Soluble Uranium-235 6.2 300 0.02
Soluble Uranium-234 94.0 300 0.3
Technetium-99 74.5 60000 0.001 0.83
Soluble Plutonium-239 0.2 20 0.01
Soluble Plutonium-238 -0.03 20 -0.0015
2003
Soluble Uranium-238 147.0 300 0.49
Soluble Uranium-235 8.0 300 0.03
Soluble Uranium-234 87.6 300 0.29
Technetium-99 70.6 60000 0.001 0.80
Soluble Plutonium-239 0.002 20 0.0001
Soluble Plutonium-238 -0.2 20 -0.01
2004
Soluble Uranium-238 142.0 300 0.47
Soluble Uranium-235 7.1 300 0.02
Soluble Uranium-234 81.6 300 0.27
Technetium-99 63.0 60000 0.001 0.86
Soluble Plutonium-239 0.3 20 0.015
Soluble Plutonium-238 1.6 20 0.08




Table 4. ISCO A was installed by the Radiation Health Branch in the winter
of 1999. Radiation activity of isotopes reported in picocuries/liter (pCi/l) in
surface water from 1999 through March 2005 for ISCO A. All values were
included in the assessment. Data were not screened out against radiation

counting uncertainty or detection limit.

All reported data was used to

calculated annual mean activity. All data used in the assessment was
verified and validated. Annual mean activity was used to calculate ratios

and sum of the fractions relative to release limits.

Isotope Sum of the
Mean Release Limits Ratio Fractions
Activity 902 KAR 100:019, Mean Activity to Relative to
ISCO A Section 44(7) Release Limits Release Limits
pCil/l pCill
2000
Soluble Uranium-238 4.6 300 0.0153
Soluble Uranium-235 0.3 300 0.0010
Soluble Uranium-234 2.6 300 0.0086 0.028
Technetium-99 255 60000 0.0004
Soluble Plutonium-239 -0.03 20 -0.0015
Soluble Plutonium-238 0.09 20 0.0040
2001
Soluble Uranium-238 3.2 300 0.0107
Soluble Uranium-235 0.1 300 0.0003
Soluble Uranium-234 1.8 300 0.0060
Technetium-99 35.7 60000 0.0006 0.022
Soluble Plutonium-239 0.002 20 0.0001
Soluble Plutonium-238 0.08 20 0.0040
2002
Soluble Uranium-238 2.6 300 0.0090
Soluble Uranium-235 0.1 300 0.0003
Soluble Uranium-234 1.5 300 0.0050
Technetium-99 26.4 60000 0.0004 0.018
Soluble Plutonium-239 0.03 20 0.0020
Soluble Plutonium-238 0.04 20 0.0020
2003
Soluble Uranium-238 2.2 300 0.0073
Soluble Uranium-235 0.1 300 0.0003
Soluble Uranium-234 1.5 300 0.0050
Technetium-99 30.4 60000 0.0005 0.012
Soluble Plutonium-239 0.008 20 0.0004
Soluble Plutonium-238 -0.03 20 -0.0015
2004
Soluble Uranium-238 1.4 300 0.0047
Soluble Uranium-235 0.07 300 0.0002
Soluble Uranium-234 1.0 300 0.0033
Technetium-99 27.8 60000 0.0005 0.015
Soluble Plutonium-239 0.03 20 0.0015
Soluble Plutonium-238 0.1 20 0.0050




Table 5. ISCO F was installed by the Radiation Health Branch in the winter
of 2002. Radiation activity of isotopes reported in picocuries/liter (pCi/l) in
surface water from 2002 through 2004 for ISCO F. All values were included
in the assessment. Data were not screened out against radiation counting
All reported data was used to calculated
annual mean activity. All data used in the assessment was verified and
validated. Annual mean activity was used to calculate ratios and sum of
the fractions relative to release limits.

uncertainty or detection limit.

Isotope Sum of the
Mean Release Limits Ratio Fractions
Activity 902 KAR 100:019, Mean Activity to Relative to
ISCO F Section 44(7) Release Limits Release Limits
pCil/l pCill
2002
Soluble Uranium-238 2.2 300 0.0073
Soluble Uranium-235 0.2 300 0.0007
Soluble Uranium-234 3.2 300 0.0107
Technetium-99 9.4 60000 0.0002 0.019
Soluble Plutonium-239 0.01 20 0.0005
Soluble Plutonium-238 -0.003 20 -0.0002
2003
Soluble Uranium-238 1.4 300 0.0047
Soluble Uranium-235 0.15 300 0.0005
Soluble Uranium-234 2.9 300 0.0097
Technetium-99 11.9 60000 0.0002 0.015
Soluble Plutonium-239 0.004 20 0.0002
Soluble Plutonium-238 0.001 20 0.0001
2004
Soluble Uranium-238 0.9 300 0.0030
Soluble Uranium-235 0.1 300 0.0003
Soluble Uranium-234 2.4 300 0.0080
Technetium-99 11.6 60000 0.0002 0.017
Soluble Plutonium-239 0.02 20 0.0010
Soluble Plutonium-238 0.1 20 0.0050




Table 6.

Radiation Dose and Risk for 2000 at ISCOs B, C, and D. All

results were included in the calculation of annual mean activity. Data were
not screened out against radiation counting uncertainty or detection limit.
All reported data was used to calculated annual mean activity. All data
used in the assessment was verified and validated. Dose and risk values
were calculated using RESRAD BASELINE for Windows, Version 2.2,
February 1996, Argonne National Laboratory.

Isotope Mean* Risk (From Risk Dose Risk (From Slope
Location Activity Dose Conversion Factors) Factors)
pCi/l mrem/yr
238 0.04
235 0.03
ISCO B 234 0.05 2.978E-04 6.790E-09 9.028E-10
*1¢ -0.30
Z%p 0.02
Z8p 0.07
=y 1.20
235
72 0.07
ISCO C U] 0.80
¢ 5.631E-04 1.284E-08 3.407E-09
239 560
Pu -0.006
238Pu .
0.02
238 1.40
235 0.04
ISCO D 234 0.25
%Tc 3.73 1.580E-03 3.603E-08 6.122E-09
Z%p -0.002
Z8p 0.4

* Bold mean activity values were calculated using sample population where less than 25% of the samples
analyzed had activity values that did not have results exceeding the sample specific detection limit and/or
the counting uncertainty was greater than 50% of reported sample values.




Table 7.

Radiation Dose and Risk for 2001 at ISCOs B, C, and D. All

results were included in the calculation of annual mean activity. Data were
not screened out against radiation counting uncertainty or detection limit.
All reported data was used to calculated annual mean activity. All data
used in the assessment was verified and validated. Dose and risk values
were calculated using RESRAD BASELINE for Windows, Version 2.2,
February 1996, Argonne National Laboratory.

Location Isotope Mean* Dose Risk (From Risk Dose Risk (From Slope
Activity Conversion Factors) Factors)
pCi/l mrem/yr
238 0.12
235 0.02
ISCO B 234 0.09 2.832E-04 6.456E-09 1.037E-09
“Tc 1.94
Z%p 0.006
Z8p 0.07
“y 0.95
235
72 0.05
ISCO C U 062
¢ 6.905E-04 1.574E-08 3.425E-09
239P 587
ZSBPU -0.004
u 0.10
238 1.25
235 O 05
ISCO D 234 0.26
%Tc 5.34 5.344E-04 1.219E-08 3.094E-09
Z%p 0.008
Z8p 0.04

* Bold mean activity values were calculated using sample population where less than 25% of the samples
analyzed had activity values that did not have results exceeding the sample specific detection limit and/or
the counting uncertainty was greater than 50% of reported sample values.




Table 8.

Radiation Dose and Risk for 2002 at ISCOs B, C, D, and G. All

results were included in the calculation of annual mean activity. Data were
not screened out against radiation counting uncertainty or detection limit.
All reported data was used to calculated annual mean activity. All data
used in the assessment was verified and validated. Dose and risk values
were calculated using RESRAD BASELINE for Windows, Version 2.2,
February 1996, Argonne National Laboratory.

Location Isotope Mean* Dose Risk (From Risk Dose Risk (From Slope
Activity Conversion Factors) Factors)
pCill mrem/yr
=8y 0.14
5y 0.007
ISCO B B4y 0.13 2.192E-04 4.998E-09 8.234E-10
“T¢ 0.39
9y 0.04
izipu 0.007
2 0067313
ISCO C 234 0.56
*1¢ 407 5.122E-04 1.168E-08 2.571E-09
239Pu .
288, 0.029
0.030
=By 1.34
5y 0.05
ISCO D B4y 0.78
“T¢ 2.97 6.872E-04 1.567E-08 3.780E-09
9y 0.008
ZBpy 0.04
=38 3.13
23 0.11
ISCO G 234 1.62
“T¢ 1.22 1.193E-03 2.719E-08 7.382E-09
29y -0.015
Z8py, 0.01

* Bold mean activity values were calculated using sample population where less than 25% of the samples
analyzed had activity values that did not have results exceeding the sample specific detection limit and/or
the counting uncertainty was greater than 50% of reported sample values.




Table 9.

Radiation Dose and Risk for 2003 at ISCOs B, C, D, and G. All

results were included in the calculation of annual mean activity. Data were
not screened out against radiation counting uncertainty or detection limit.
All reported data was used to calculated annual mean activity. All data
used in the assessment was verified and validated. Dose and risk values
were calculated using RESRAD BASELINE for Windows, Version 2.2,
February 1996, Argonne National Laboratory.

Location Isotope Mean* Dose Risk (From Risk Dose Risk (From Slope
Activity Conversion Factors) Factors)
pCill mrem/yr

=8y 0.17
5y 0.04

ISCO B B4y 0.28 3.148E-04 7.177E-09 1.227E-09
“T¢ 0.85
9y 0.05
izipu 0.01
| b

Iscoc | = 115
“Tc 4' 45 5.845E-04 1.333E-08 3.765E-09
239Pu .
288, -0.019

-0.003

=By 1.19
5y 0.08

ISCO D B4y 0.56
“T¢ 5.01 4.909E-04 1.119E-08 3.063E-09
9y 0.0005
ZBpy 0.01
238 25
23 0.09

ISCO G 234 1.07
“T¢ 2.97 1.004E-03 2.289E-08 5.997E-09
29y 0.01
Z8py, 0.02

* Bold mean activity values were calculated using sample population where less than 25% of the samples
analyzed had activity values that did not have results exceeding the sample specific detection limit and/or
the counting uncertainty was greater than 50% of reported sample values.




Table 10. Radiation Dose and Risk for 2004 at ISCOs B, C, D and G. All
results were included in the calculation of annual mean activity. Data were
not screened out against radiation counting uncertainty or detection limit.
All reported data was used to calculated annual mean activity. All data
used in the assessment was verified and validated. Dose and risk values
were calculated using RESRAD BASELINE for Windows, Version 2.2,
February 1996, Argonne National Laboratory.

Location Isotope Mean* Dose Risk (From Risk Dose Risk (From Slope
Activity Conversion Factors) Factors)
pCill mrem/yr
=8y 0.17
B35y 0.04
ISCOB B4y 0.19 5.538E-04 1.263E-08 1.859E-09
¢ 0.94
3%y 0.05
izipu 0.1
= |
Iscoc | % 1.05
STc 3'59 1.016E-03 2.317E-08 4.765E-09
239Pu .
288, 0.013
0.13
=8y 1.48
By 0.06
ISCO D B4y 0.49
“Tc 6.94 1.001E-03 2.282E-08 4.807E-09
3%y 0.007
Z8py 0.16
8y 2.06
By 0.07
ISCO G B4y 0.54
“Tc 6.32 8.799E-04 2.006E-08 5.080E-09
Z%p -0.061
Z8p 0.14

*Bold mean activity values were calculated using sample population where less than 25% of the samples
analyzed had activity values that did not have results exceeding the sample specific detection limit and/or
the counting uncertainty was greater than 50% of reported sample values.
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Figure 1. Radiation Health Branch’s ISCO Automatic Samplers at Paducah
Gaseous Diffusion Plant. ISCOs A, B, C, and D have been in operation
since 1999. ISCOs D1 and D2 have been in operation since 2001. ISCOs F
and G have been in operations since 2002.
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Figure 2. Radiation Health Branch’s ISCO Automatic Surface Water
Samplers at Paducah Gaseous Diffusion Plant. Locations of ISCOs A, B, C,
D1, D2, and F on the west side of the Paducah Gaseous Diffusion.
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Figure 3. Radiation Health Branch’s ISCO Automatic Surface Water
Samplers at Paducah Gaseous Diffusion Plant. Locations of ISCOs A, D1,
and D2 in the Northwest Corner Outfall and Drainage Ditches. Location of
ISCO F in Outfall 008. Location of ISCO C in Bayou Creek downgradient of

the west Outfalls.
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Figure 4. ISCO D2 #*®U activity versus collection dates in the north drain
from the scrap yards outside the restricted area fence at the northwest
corner of the site.
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Figure 5. 1SCO D1 ?%U activity versus collection dates in the south drain
from the scrap yards outside the restricted area fence at the northwest

corner of the site.
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Figure 6. I1SCO A 23U activity versus collection dates at KPDES Outfall 001
weir outside the restricted area fence at the northwest corner of the site.
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Figure 7. ISCO F ?%U activity versus collection dates at Outfall 008 outside
the restricted area fence in the southwest corner of the site.

ISCO F - Uranium-238
(See Figure 3 For Sample Location)

—e— Uranium-238

—s— Upper Counting Uncertainty
Lower Counting Uncertainty

-~ Detection Limit

pCi Uranium-238l/liter

Collection Dates

17




Figure 8. ISCO B **®U activity versus collection dates at the Bayou Creek
quarterly background surface-water sampling location BBCUG/R-249

upgradient of west side Outfalls.
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Figure 9. ISCO C ?*U activity versus collection dates in Bayou Creek at
sampling location BBCDG/R-151 downgradient of west side Outfalls.
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Figure 10. Radiation Health Branch’s ISCO Automatic Surface Water
Samplers in Little Bayou Creek at Paducah Gaseous Diffusion Plant. ISCO
G is at McCaw Road and Little Bayou Creek and ISOC D is at Anderson
Road and Little Bayou Creek.
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Figure 11. ISCO D ?*U activity versus collection dates at quarterly surface
water sampling location LBCDG/R-248 downgradient of east side Outfalls
to Little Bayou Creek and the North South Diversion Ditch confluence with
Little Bayou Creek.
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Figure 12. ISCO G #®U activity versus collection dates in Little Bayou
Creek at McCaw Road downgradient of east side Outfalls 010, 011, 012, and
013.
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APPENDIX B — RESRAD INPUT PARAMETERS



Baseline Risk Assessment Program, Version 2.20 Page 2 01/04/07 17:3%
Surmary : RESRAD-BASELINE Sample Data File File : ISCOS.RAD
pose and Risk Conversion Factoer {and Related) Farameter Summary
it | Current | | pParameter |
Menu | Parameter |  value | Defauir | Hame | Source
} t i } T
| cancer risk/dose conversion factar (risk/mremi | 7.6008-07 | 7.600E-07 | RDCF | b
I I | | |
DCF1 | Groundshine, surface OCF's, (mrem/yr}/(pCifem?*2): | | | |
DCFL | U-238+0 | 3.2508-02 | 3.250E-02 | DCFL( L, 1) | s
pcrl | u=235 | 1.9406-01 | 1.840E=-01 | DCF1{ 2,11 | s
DCFL | U-234 | 8.740E-04 | 2.7408-04 | DCELL 3,1} | &
peFl | Te-99 | 2.1106-05 | 9.110E-05 | DCEFL{ &1} | s
DCFL | Pu-23% | 2.200E-04 | 4.280E-04 | DCF1L 5,10 | s
DCFL | Pu-238 | @.790E-04 | 9.750E-04 | DCF1L 6,13 | =
[ 1 | | |
pCFl | Groundshine, velume DCF's, {mrem/yr)/(pCifcm®*3}: | | | |
DCFL | U-238+D , soil density = 1.6 g/em**3 | 1.3708-01 | 1.370E-01 | DCF1( L2y |
DCFL | U-235  , soil density = 1.6 gfem**3 | 7.5708-01 | 7.5708-01 | DCFL{ 2,2) | =
pcFl | U-234  , soil density = 1.6 g/om**3 | 4.020E-04 | 4.020E-04 | scF1( 3,20 | s
Dol | Te-99 , soil density = 1.6 glom**3 | 1.260E-04 | 1.260E-04 | DCFL( 4,2} | 5
poFl | Pu-233 , soil density = 1.6 g/cm**3 | 2.3508-04 | 2.950EB-04 | nCFl( 5.2y | s
DCFl | Pu-238 , soil density = 1.6 g/ow**3 | 1.510E-04 | 1.510B-04 | DCFL( 6,2) | s
| | | 1 |
DoF2 | Dose conwersion factors for dust irnhalation, mrem/pCi: | | | |
DCF2 | U=-2384D | 1.180E-01 | 1.180E=01 | DCFZ( 1) ] o
poFz | ©U-235 | 1.230E-01 | 1.230E-C¢1 | DCFZ( 2} | =
pCFz | U-234 | 1.320E-01 | 1.3208-01 | DCFZ( 3) | s
DCF2 | Te-%% | 8.330E-06 | B.3308-06 | DCF2{ 4) |
DCF2 | Pu=233 | 4.290E-01 | 4.2808-01 | DCE2( 5} | s
pcrz | Pu-238 | 3.920E-01 | 3.920E-01 | DCF2( &) | =
| | | I |
DCFY | Dose conversion factors for ingestion, mren/pii ] | | |
DCE3 | U-238+D | z.6s0E-04 | 2.630E-04 | DCE3( 1) | g
nCF3 | U-235 | 2.670E-04 | Z.670B-04 | DCF3L 2] | =
DCF3 | U-234 | 2.830E-04 | 2.830B-04 | DCF3{ 3] | =
DCF3 | Te-99 | 1.460E~06 | 1.460E-06 | DCF3( 4) | s
DCF3 | Pu-232 | 3.540E-03 | 3.540E-03 | DCF3{ 5} | =
DoF | Pu-z238 | 3.200E-03 | 3.200E-03 [ DCF34 &) | =
| | I | |
DCFt | Air immersion DCF's, (mrem/yr)/{pCi/m*™*3): | | H I
DCF4 | U-238+T | 1.460E-04 | 1.4606-04 | DCF4( 1) | =
pcrg | U-235 | 9.020E-04 | 3.020E-04 | DCF4( 2} | =
pord | U=-234 | 8.910E-07 | B.910E-07 | DCF4{ 3} | 5
pCcFe | Tc-399 | 1.890E-07 | 1.850E-07 | DCF4( 4) | =
DCFa | Pu-239 | 4.950E-67 | 4.950E=07 | DCF4( 5} s
pcFd4 | Pu=238 | 5.700E=07 | %.700E-D7 | DCF4{ &) | =
[ | i I I
gf-1 | Groundshine, surface 3F's, L/yr per {pCi/cm**2}: | | | |
sf-1 | U-238+D | 1.590E-D8 | 1.590F-08 | SLEFLL 1,10 | s
sf-1 | ©-235 | 1.160E-07 | L1.180E-07 | steei( 2,10 | =
s5£-1 | U-234 | 4.180E-10 | 4.1808-10 | SLEF1( 3,11 | &
££-1 | To-99 | 3.6208-13 | 3.620E-13 | SLPF1( 4,1} | =
5£-1 | Pu-232 | 1.950E-10 | 1.950E-10 | SLEFLl{ 5,1} | =
sF-1 | Pu-238 | 4.290E-10 | 4.290E-10 | SLPFl{ 6,1) | ]
1 ! | | |
sf-1 | Groundshine, volume 5F's, l/yr per (pCl/g): | | | |
2f-1 | U-238+D | 5.700E-08 | 5.700E-08 | sLPEI( 1,2} | s



Baseline Risk Assessment Program, Version 2.20 Page 01704707 17:39
Summary : HRESRAD-BASELINE Sample Data File File : ISCOS.RAD
Dose and Risk Conversien Factor {and Related) Parameter Swmmary {(continued)

i | Current | | Parameter |
Menu | Parameter |  value | Default | Name | seurce

t i t t t
SE-1 | w=235 | 2.700E-07 | 2.700E-07 | SLPF1({ 2,2) | s
sf-1 | U-234 | 2.100E-11 | 2.1008-11 | SLPFI( 3,2) | s
sf-1 | to-99 | 6.200E-13 | 6.2008-13 | SLPF1({ 4,2) | =
s5f=1 | Pu-239 | 1.3008-11 | 1.300BE-11 | SLEF1( 5,2) | =&
sf-1 | Pu-238 | 1.%00E-11 | 1.900E-11 | sne¥Fll 6,2) | s

| | | | |
sf-2 | Inhalatien, slepe factaors, 1/{pCi): | | | |
5£-2 | U-238+4D | 1.200E-08 | 1.2008-08 | SLPF2( 1) | =
sf-2 | w-235 | 1.300E=08 | 1.300E-08 | SLFFZ( 2) | o=
s5f-2 | U-234 | 1.400E-08 | 1.400E-08 | SLPF2( 3) | =
S£-2 | To-89 | 2.8p0E-12 | 2.9008-12 | SLPF2Z! 4) | =
S5E-2 | Pu-238 | 2.800E-DB | 2.BO0E-0% | SLPF2{ 5) | s
56-2 | Pu-238 | 2.7008-08 | 2.700E-08 | SLEF2{ 6) | s

| | ! | |
sf=3 | Ingestion, slope factors, L/(pCi): | I | i
S£-3 | U-238+D | &.208E-11 | 6.200E-11 | SLPF3{ 1) [ =
5f-3 | U-235 | 4.700E-11 | 4.700E~11 | SLBF3( 2) | =
56-3 | w-234 | 4.400E-11 | 4.400E-11 | SLPF3{ 3) | =
56-3 | Teo-89 | 1.400E-12 | 1.400E-12 | SLPF3{ 41 | s
s5f-3 | Pu-239 | 3.200E-10 | 3.200E~10 | SLEF3( 5} | s
5f=3 | Pu-238 | 3.000E-10 | 3.000E-10 | SLEF3( &} I 8

1 1 | | !
Sf-4 | Bir immersion, slope Factors, 1/yr per (pCi/me*3}: | | | |
5f-4 | U-23B+D | 7.440E-11 | 7.440E-11 | sLeFa( 1} | L
sf-4 | 0-235 | 5.0708~-10 | S.070E-10 | SLPF4( 2} | s
Sf-4 | U-234 | 4.180E-13 | 4.180E-13 | 5LEFdt 30 | s
5f-4 | Te-99 | 1.530E-15 | 1.530E-15 | SLEF4( 4} | =
5f-4 | Pu-239 | 2.330E-13 | 2.330E-13 | sLeFa( 5} | -
s5f-4 | Pu-238 | 2.2408-13 | 2.240E-13 | SLEF4¢ 6} | =&

| I | | I
SfRn | Radon inhalation slope factora, 1/{pCi): | | | |
SfRn | En-222 | 1.8008-12 | 1.800E-12 | SLEFRN(1,1} | b
SfRn | Po-Z218 | 3.700E-12 | 3.700E-12 | SLEFRN(1,2} | s
SfRAn | Pb-214 | &.200E-12 | 6.200E-12 | SLEFRM(1,3} | =
SfRn | Bi-214 | 1.5008-11 | 1.500E-11 | SLEFRN (1,4} | =
SfEn | Rn-220 | 1.9008-13 | 1.900BE-13 | SLPFRN(2,1} | &
SFRn | Po-216 | 3.000E=15 | 3.000E-15 | SLEFEN(2,2)} | s
SfRn | Pb-212 | 3.200E-11 | 3.900E-11 | SLEFRN(Z,3) | =
SfRn | Bi-212 | 3.700E-11 | 3.700E-11 | SLEFRM(Z,4} | E

| L s 1 )
Hote: Radicnuclides are Class A human carcinogens.

ig] Dose conversion factors are taken from EFR FGR nos. 11 & 12.

Volume, inhalation and ingestion slope Factors are taken from Heast (March 1994). except where noted.
Bir immersion and surface slope factors are taken from EPA 402-R-%3-076. except where noted,
{a) Values are calculated using DOF and risk coefficient (7.60e-4 cancer incidence risk/rem).

Ik} Values taken from EPA 402-R-93=076 (June 1994).

(e} Value taken from individual radionuclides given in Heast (not from Pu=-24140).

(¢} DCF walue was zero, slope factor was alse assumed to be zero.

{e) Slope factor from EPA report was unreasonably small, calculated from DCF and risk coefficient.

(£} DCF walue increased by 50% to account for dermal abscrption of H-3 in vaper form.
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] i User | i Used by RESRAD-BASELINE | Parameter
Menu | Parameter |  Imput | Defauwlt | {If different from user input) | Name
t t — i }
RO11 | Surface concentration in soil (pCi/m**2): | i I |
ROL1 | U-238 | not used | 0.000E+00 | .. | WocsLs( 1)
ROL1 | ©-235 | not used | 0.0008+00 | . | wucsLs( 23
RO11 | U-234 | not used | 0.000E+00 | | wucsLs( 3)
ROLL | Tc-99 | not used | 0.000E+040 | | wucsLs( 4)
ROLL | Pu-239 | not used | 0.000E+00 | | MUCSLS( S)
ROI1 | Pu-238 | not used | 0D.000E+09 | | wucsLs( 6)
1 | | | |
ROL1 | Wolume concentration im soil (pCifg): | | | |
RO11 | U-238 | not used | D.000E+O0 | | NOCSLV( 1)
ROL1 | ©U-235 | not used | 0.000E+0{ | | woosnvy 2y
ROLL | U-234 | not used | D.000E+00 | - | wucsivi 3
RO11 | Tc-99 | not used | 0.000E+0¢ | | WucsLV( 4)
RO1L | Pu-239 | not used | 0.000E+00 | | NUCSLV( 5)
rO1L | Pu-23R | not uwsed | 0.000E+00 | v | WUCSLV( &)
| | | i I
RO12 | Indoor air congentration (pCi/m**3): | | | |
ROLZ | U-238 | not used | 0.000E+QD | | WuCAIND{ 1}
RO12 | ©-235 | not used | 0.000E+00 | . | WUCRIND{ 2!
RO1Z | U-234 | not used | G.000E+00 | | MUCAIND{ 3|
RO1Z | Te-99 | not used | 0.000E+00 | .. | HUCAIND{ 4;
RO1Z | Pu-238 | not used | 0.000E+0OD | - | WUCAIND{ 5!
RO12 | Pu-238 | not used | 0.O0O0E+Q0 | | WUCAIND{ 6
| | | | |
RO12 | oDutdoor air concentration (pCi/m**3): | | ] |
ROLZ | u-238 | not used | 0.000E+00 | | WUCAOTD[ 1)
RO1Z | ©-235 | not used | 0.000E+00 | | NucROTD{ 2!
ROLZ | U-234 | not used | 0.000E+00 | | WucroTD( 3!
RO1Z | Te-9% | not used | 0.000E+00 | | wucaoTD{ 4!
ROLZ | Pu-239 | not used | D.00CE+0D | | wucmoTD( 5!
ROLZ | Pu-238 | not uwsed | 0,000E+00 | . | WucROTD{ &)
| | | | |
EOL3 | Concentration in plant (p&i/kg): | | | |
RO13 | 0-238 | not used | 0.000E+00 | ¥ | WoCPLT( 1%
ROLY | U-235 | not used | 0.0DOE+0D | | mucELT( 23
RO13 | U-234 | not used | 0.000E+00 | | NUCPLT( 3}
ROL3 | Tc-93 | not usea | 0.000E+00 | . | WuCPLT( 4)
RO13 | Pu-233 | not used | d.000Ev00 | . | wucPLT( 5)
ROL3 | Pu-238 | not used | D.000E+00 | | HUCPLT( &}
| | | i I
RO13 | Concentration in meat (pCi/kg): | | | |
RO13 | w©-238 | not used | 0.000E+00 | | mMueMTi 1)
ROL13 | U~235 | not used | 0.000E+00 | | wWocMT( 2}
RO13 | ©0~234 | not used | 0.000E+00 | . | NucmT( 3)
RO13 | Te-33 | not used | 0.000E+00 | - | NUCHT( )
RO13 | Pu-238 | not used | D.COO0E+DD | 3 | MueMT 53
RO13 | Pu-238 | not useda | C.o00E+00 | W | WocMT( &)
1 | | | I
ROL3 | Concentration in milk (pCi/L): | | | ]
RO13 | U-238 { noe used | 0.000E+00 | .. | MUCME( 1)
RO13 | ©-235 | not used | G.oodE+00 | | nucmk( 2}
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Site-Specific Parameter Summary (continued)

i | User | I Used by RESRAD=-BASELINE | Faramet
Menu | Parameter | Input | Default | (1f different from user input) | Name
t t } ; }
RO1Y | ©U-234 | not used | 0.000E+00 | | HUCME( 3
RO13 | Tc-58 | not used | 0.000E+00 | - | WUCME| 4
ROL3 | Pu-239 | not used | 0.0C0E+0D | . | WucME( S
RrRO13 | Pu-238 | not used | 0.Q00E+0D | aes | wucME{ &
I | I I |
RO14 | Concentration in fish (pCifkg}l: i | ] |
ROL4 | ©U-238 | not used | 0.000E+00 | | NUCFSH(
RO14 | ©-235 | not used | 0.000E+00 | = | NUCESH(
RO14 | ©-234 | not used | 0.C00E+0D f | wucEsH(
RO14 | Tc-39 | not used | 0.0COE+0D | . | NUCESH({
RO14 | Pu-239 | not used | 0.000E+0D | | wucFsk(
®O14 | Pu-238 | not used | 0.000E+OD | | NUCESH(
I | | I |
RO14 | Concentration in shell fish (pCi/fkg): | | i |
RO14 | U-238 | not used | 0.000E+00 | | HUCHESH(
ROL14 | ©-235 | not used | 0.000E+00 | | HUCHFSH (
RO14 | U-234 | not used | 0.000E+00 | . | WUCNFSH(
RO14 | Te=39 | not used | 0.000E+00 | | HUCHESH(
RrO14 | Pu-239 | not used | 0.000E+0D | | moCNFsH(
ROL4 | Pu-238 | not used | 0.000E+00 | | WUCHESH(
| | | | |
RO15 | Concentration in drinking water (pCi/L): | | ] |
ROLS | WU-238 | not used | 0.000E+00 | . | wocowi 1
rO1S | w-235 | not used | 0.000E400 | e | wocow( 2
ROLE | U-234 [ not used | 0.000E+00 | " | wocow({ 3
ROL5 | Te-99 | not used | 0.000E+00 | | WOCDW{ 4
ROLS | Pu-239 | net used | 0.CODE+00 | | wocow( 5
ROLS |  Pu-238 | not used | 0.000E+00 | | NUCDW{ &
| | | i |
ROL5 | Concentration in pond water (pCL/Li: | | ] i
ROLS | U-238 | 2.060E+00 | 0.000E+00 | | wocew( 1
RO15 | U-235 | 7.000E-02 | 0.000E+00 | | wocew( 2
ROLE | U-234 | 5.400E-01 | 0.000E+0D f [ wocew( 3
ROLS | Te=09 | 6.320E400 | 0.000E+00 | . | NOCEW{ 4
RO1G | Pu-239 | -6.100E-02 | 0.000E+00 | | wocEw{ 5
ROLS | Pu-238 | 1.400E-01 | 0.000E+00 | . | wocEwW( &
| I | I I
ROLé | Indoor Radon-222 concentration {pCi/m**3) | not used | 0.000E+00 | | Ru222(1)
ROLE | Outdoor Radon-222 concentration (pCi/m**3) | not used | 0.000E+00 | e | rN222(2)
ROL6 | Indoor Radon-220 concentration {pCi/m*+*3) | not uwsed | 0.000E+00 | . | BNZ2011)
ROLE | Outdoor Radon-220 concentration (pCi/m*+*3) | net used | 0.000E+00 | | RH2204{2)
| | | 1 !
ROLE | Equilibrium fraction of Radon-222 daughters | not used | 5.000E-01 | | BQ222
R0Lé | Radon-222 daughter concentrations (pCi/m**3): | | | ]
ROL6 | Po-21B, indoors | not used | 0.000E:00 | 0.000E+00 | po218(1)
ROLE | Po-218, cutdoors | not used | 0.000E+00 | 0.00DE+00 | poz18(2)
ROL& | Pb-214, indoors | not used | 0.000E+00 | 0. DODE+00 | PB214i{1)
RO16 | Pb-214, outdoors | not used | 0.C00E+0D | 0. DOOE+00 | pB2141{2)
ROL6 | Bi-214, indoors | not used | 0.000E+0D | 0.0C0E+00 | BI214(1)
ROL6 | Bi-214, cutdoors | not used | 0.Q00E+00 | 0.000E+00 | BIz14(2)
i | | | |
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Summary : RESRAD-BASELINE Sample Data File File : ISCOS.RAD

Site-Specific Parameter Summary (continued)

] |  oser | | Used by RESRAD-BASELINE | Paramet
Menu | Parameter |  input | Default | {If different from user input) | Mame

t t t t t
RO16 | Eguilibrium fraction of Radon-220 daughters | not used |-1.000E400 | i | Eg220
RO16 | Radon-220 daughter concentraticns (pCi/m**3): | | | 1
ROLE | Po-21€, indoors | nat used | 0.000E+00 | O.000E+00 | PD216(1)
RO16 | Po-216, outdoors | not used | 0.000E+00 | 0.000E+00 | PO216(2)
RO16 | Pb-212, indoors | not used | 0.000E+00 | 0. 0DDE+00 | eB21Zi1)
RO16 | Pb-212, outdoers | not wsed | 0.000E+00 | 0.000E+00 | pB212(2)
RO1E | Bi-212, indoors | not used | 0.000E+00 | 0.000E+00 | BIZ1Z{1)
ROLE | Bi-212, cutdoors | not used | 0.000E+00 | 4. 000E+00 | BI21Z(2)

| l I | |
B01l | Density of soil (pCi/g) | not used | 1.500E+00 | | pENSCE
BO11 | Thickness of contaminated soil (m) | not used | 1.000E+00 | . | THICK
BOL1 | Organic carbon content of soil { not used | 2.000E-01 | - | FoC

| | | 1 |
BO1Z | Fruits, vegetables, and grain consumption {kg/d) | not used | 5.0008-01 | - | pIET3
B012 | Meat and poultry consumptien (kg/d) | not used | 2.500E-01 | . | DIET4
BO1Z | Milk consumption (L/d) | not used | 1.700E-01 | | DIETS
B012 | Fish consumption (kg/d) | not used | 1.500E-02 | | pIETE(1)
B012 | Other seafood consumption (kg/d) | not used | Z.500E-03 | | DIETE(2)
B01Z | Drinking water iatake {L/d) | not used | 1.400E+00 | | DIET?
8012 | Incidental water intake {swimming} (L/d) | 1.300E-01 | 1.300E-01 | { DIET10
B012 | Soil ingestien (child) (g/d] | not used | 2.000E-01 | | DIET8{1)
BOL2 | Soil ingestion (adult] (g/d) | not used | 1.000E-01 | | BIET()

[ | | i |
B013 | Inhalatien rate indoors (m**3/d} | not used | 2.000E+01 | | INHALR (1
B013 | Inhalation rate outdoors (m**3/d} | not used | 2.000E+01 | . | INHALR {2
BO013 | Time fraction cutdoors | not used | 3.300E-01 | - | FoTD
B013 | Shielding factor for groundshine | not used | 7.000E-01 | | suF1
B013 | Exposure duration for child (yr) | not used | 6.000E400 | .. | ED(1)
B013 | Total exposure duration (yr} | not used | 3.000E+01 | - | epi2)
B013 | Average body weight for child (kg) | not used | 1.500E+01 | . | BoWT (1)
B013 | Average body weight for adule (kg) | not used | T.000E+01 | e v | BOWT (2}
BO13 | Average life time (yr) | not used | 7.000E+01 | . | AVLF

| | | | |
B0L4 | Contamination fractions: | | | |
B014 | ingested plant | not used | 5.000E-01 | | FRARCT3
B014 | ingested meat | not used | 1.000E+00 | | FRACTA
B0l4 | ingested milk | not used | 1.000E+00 | | FRACTS
B014 | ingssted aguatic food | not used | 5.C00E-0L | | FRACTG
B014 | ingested drinking water | not used | 1.000E+00 | | FRACTT
8014 | ingested soil | not used | 1.000E+D0 | . | FRACTE
B014 | incidentally{swimming) ingested water | 1.000E+00 | 1.000E+00 | | FRACTLO
8014 | dermal absorption from swimming | 1.000E+00 | 1.000E+00 | NN | FRACT1Z
B014 | dermal absorption from shower water | not used | 1.000E+00 | aae | FRACT13
B014 | dermal absorption from seil contact | not used | 1.000E+00 | P E | FRACT14

1 | | | |
E015 | Exposure frequencies (d/yr): | | | |
B015 | inhalation and external radiation | not used | 3.500E+02 | - | EXPF1
BO15 | plant ingestien | not used | 3.300E+0Z | e | EXPF3
BILS | meat ingestion | not used | 3.500E+0Z | | ExPF4
8015 | milk ingestion | not used | 3.500E+02 | | EXPES
2015 | aguatic food ingestion | not used | 3.500E+02 | | EXEFE
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Site=Specific Farameter Jummary [(conbinued)

| user | | Used by RESRAGL-RASELINE | Parameter
Parameter 1 Input | Default | (If different from user imput) | MName
+ t t f
drinking water ingesticn | mot used | 3.500E+02 | | ExEFT
sail ingestian | mot wsed | 3.5008402 | | ExPFS
ineidental {swimming) water ingsstion | 7.000E+30 | T.O00E+D0 | . { EXPF10
dermal absorption from swimming | 7.002E+0n | 7.000E:DO | | E4PF12
dormal absorpbion from shower Water | not used | 3.500Es02 | &5 | EMPF13
deemal absorpbicn from scil contact | not used | 3.5008¢02 | | ERPF14
| I | [
wermal gheorption parameters: | I | |
akin surface ares COT water contact (cm**2) | 2.000E+04 ] 2.000E«D4 | Las | CAREAR
akin surface area for soil contact (cm**2) | not used | 5.000E+03 | | DAREAS
soil to skin adherence (mgfem**2-event) | z.cooE-01 | 2.000E-01 | =5 | AoMEE
duration for showering (min/event) | not used | 1.0008+01 | { DURsH
duration for swimming (he/event) | 5.000E-01 | S.0006B-00 | e | DuRsyM
duration for soil centact (hrfevent) | mot wsed | 1.200E+3L1 | - | poesc
L i L .
Summary of Pathway Selecticns
Fathway i User Selection

L -— groundanine (R)
2 == imhalation [(B)
3 == plant ingestion (B}
== meat ingestion (8)
-- milk ingestign (®)
== aquatic foods ingestion (B}
drinking water ingestlom B}

-- sail ingestion (B)

W@ o o b
i
i

== radon (R]
10 == jncidental water ingestion (B}

11 —- air immerslen {R)

12 -- dermal absorprion From swimming {Cp
13 == dermal sbaorption from shower water {C)
14 = dermal absorpiion soil comtact (C)

BuUppressed
suppressed
suppressed
suppressed
suppresaed
suppressed
suppressed
suppreaged
slppredsed
active [F)
suppressed
active R}
suppressed

SUPDLessed

Nokm: (B}, (0] and (R] under pathway denotes the applicability for

bath chemical and radiclogical, chemical, or radiclogical

risk assessment, respectively.

4BY, 0] and (R)] under gser selecbion denotes user's cholce

to conduct both chemical and radiclogical, chemical, or

radiological risk assessment, respectively.
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