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accuracy, completeness, or any third party's use or the results
of such use of any information, apparatus, product, or process
disclosed, or represents that its use would not iniringe
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trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency
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UNIT DOSE CALCULATION METHODS AND SUMMARY OF FACILITY
EFFLUENT MONITORING PLAN DETERMINATIONS

ABSTRACT

In accordance with the Westinghouse Hanford Company guidance document,
WHU :P-0438, all Hanford Site facilities were evaluated for the need to
prepare a facility.effluent monitoring plan. A facility effluent monitoring
plan determination was performed for 138 individual Westinghouse Hanford
facilities (including auxiliary and operations support buildinﬁs) and
documented by area in six reports. These reports are: (1) WHC-EP-0439,
"Facility Effluent Monitoring Plan Determinations for 100 Area Facilities;"
(2) WHC-EP-0440, “Facility Effluent Monitoring Plan Determinations for
200 Area Facilities;" (3) WHC-EP-0441, "Facility Effluent Monitoring Plan
Determinations for 300 Area Facilities;" (4) WHC-EP-0442, "Facility Effluent
Monitoring Plan Determinations for 400 Area Facilities;" (5) WHC-EP-0443,
"Facility Effluent Monitoring Plan Determinations for 600 Area Facilities;"
(6) WHC-EP-0444, “Facility Effluent Monitoring Plan Determinations for
Operations Support Serv i ilities.” Of 1se, "1 r1al _.cilities
require an actual facility effluent monitoring plan and are documented in 15
reports. The determinations and the subsequent preparation of actual facility
effluent monitoring plans will identify deficiencies and aid in achieving
compliance with the U.S. Department of Energy'orders and Clean Air Act of 1977
final rule on National Emissions Standards for Hazardous Air Pollutants for
radionuclides (Title 40 Code of Federal Regulations Part 61, Subpart H, U.S.

Environmental Protection Agency).
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1.0 UNIT DOSE CALCULATIONS FOR WESTINGHOUSE HANFORD
FACILITY EFFLUENT MONITORING PLANS

Evaluation against the offsite dose limits in the new National Emission
Standards for Hazardous Air Pollutants (NESHAP) of the registered sources of
airborne radionuclide emissions for all Westinghouse Hanford Company
(Westinghouse Hanford) permitted stacks (95 of the total 130 Hanford Site) is
included in the Facility Effluent Monitoring F in (FEMP) determinations.

Seven facility stacks exceeded the 0.1 mrem threshold and will need to be
evaluated for monitoring upgrades to comply with the requirements of the Clean
Air Act of 1977.

The stacks requiring a point-by-point evaluation against the
U.S. Environmental Protection Agency (EPA) reg 'ations are: (1) 291-A-1
Plutonium/Uranium Extraction Plant (PUREX) main stack, (2) 291-B-1 B Plant
main stack, (3) 291-Z-1 Plutonium Finishing Plant (PFP) main stack,
(4) 291-A-22 242-A Evaporator, (5) 296-A-40 AP Tank Farms, (6) 340-NT-EX 340
Waste Handling Facility (7) 291-T-1 T Plant main stack. These evaluations are
included in the actual FEMPs.

Pacific Northwest Laboratories (PNL) was contracted to provide dose
conversion factors, for both airborne and liquid pathways, for all Hanford
facilities. Atmospheric releases were modeled using the CAP-88 (Beres 1990)
EPA approved code package, and confirming calculations were performed with the
GENII (Napier et, al 1988) code as required by the Hanford Environmental Dose
Overview Panel. In most cases, the 1989 annual report data or preliminary
1990 release data was used to determine the quantities released. A treatment
factor, to adjust the data for the assumption that no engineering controls are
in place, was multiplied by the CAP-88 dose conversion factors and the
quantities released (WHC 1990a, WHC 1990b, WHC 1990c), to derive the offsite
dose to a maximum exposed individual. The liquid releases were modeled using
the GENII package, specific to Hanford, and the offsite dose is determined to
be what is discharged directly to the Columbia River. Liquid effluent
releases are described in the FEMP determinations and actual FEMPs and were
compared to the drinking water standards and Dt Order 5400.5, which requires
monitoring if radionuclide constituents exist - the 1iquid discharges.

The ' it dose ci rersion factors were developed by PNL for one curie
radionuclide releases. The list of radionuclides was based upon the facility
inventories identified in the FEMP determinations. Airborne releases from
generic locations in the 100, 200 East, 200 West, and 300 Areas were modeled
for both elevated (up to 200 ft/89 m high) and ground level releases (less
than 60 ft/10 m). The 400 Area releases were modeled for ground level only
(no stack exists above 60 ft). Impacts of liquid releases were also evaluated
for individuals at Ringold (100 and 200 area effluents) and Riverview (300 and
400 area effluents).

The EPA approved CAP-88 (Beres 1990) and GENII (MNapier et. al 1988) code
packages were used to model atmospheric releases in order to satisfy the EPA
requirements (40 Code of Federal Regulations [CFR] 61). The GENII code was
also used to model liquid releases where appropriate.
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1.1 | 'HODS FOR UNIT DOSE CONVERSIC FACTORS

Standard input parameters for the Hanford dose calculations were included
in the calculations where possible (McCormack, et. al 1984). Meteorology data
were collected at weather stations in each of the Hanford operating areas
(i.e., 100, 200, 300, 400, and 600 areas) and represent the 5-yr average of
data taken between 1983 and 1987. The location of the maximally exposed
individual at the Hanford Site boundary for each area is included in the
Attachment C Tables C-1 through C-11 with results of the dose conversion
factor calculations. Individual locations were based on the site boundary
location having the greatest radionuclide air concentration under average
atmospheric conditions. The Ringold location (Hanford Site Boundary) was
selected as the area where the offsite dose from all air pathways would be the
highest from the 100 and 200 Areas. The selection is based on the fact that
nearly all of the dose from air releases in recent years has been contributed
by radionuclides from the PUREX stack. The Ringold area is the closest
inhabited and farming area to PUREX, and matches the assumption that the
maximum exposed individual diet consists of 100% home grown food. The Ringold
area has historically been capable of producing all of the items in the
maximum exposed individual diet with possible exception of cereal grain. In
addition, the Ringold area also is directly across the Columbia River from the
Hanford Site and it also lies very nearly in the path of the prevailing winds
from the 200 East Area. The atmospheric dispersion factor (X/Q), where X is
the concentration in curies per cubic meter at the downwind point and Q is the
source strength of curies per second, at Ringold is historically within 10 to
20% of the maximum offsite X/Q value associated with 200 Area releases. The
maximu value usually occurs in an adjacent sector where there is no
habitation and/or farming (see Table 1). Likewise, Riverview was chosen as
the area where the offsite dose from all air pathways (Hanford Site Boundary)
would be the highest from the 300 and 400 Areas. This location is the closest
publicly occupied area south of the Hanford Site.

Doses were calculated as 50-yr committed effective dose equivalents for
all internal deposition pathways using the EPA model specified in 40 CFR 61.
[ 'ault solubility classes v ‘e used fi IT radionuclic tl e
caiculations. These are appropriate for most Hanford facilities evaluated,
except where plutonium or uranium ¢ released in soluble form and contribute
substantially to the overall dose from a given facility. Default classes for
uranium and plutonium assume these radionuclides are released as insoluble
compounds; this will result in a lower overall dose than would be the case if
they were released in more soluble form.

1.2 RESULTS OF UNIT DOSE CONVERSION FACTORS

Results of the PNL evaluation are presented in Attachment C Tables 1
through 11, and represent the 50-yr committed dose equivalent following a
chronic annual release of 1 Ci of each radionuclide at risk. The doses
calculated using the GENII code are reported as rem to the maximum individual
from an annual release; those from CAP-88 are reported in mrem. Values in the
tables were taken directly from code outputs, and have been left in the units

-reported by each code to avoid transcription errors. -
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WHC, 1990a, Westinghouse Hanford Company Effluent Discharges and Solid Waste
Management Report for Calendar Year 1989: 200/600 Areas, WHC-EP-0141-2,
Westinghouse Hanford Company, Richland, Washington.

WHC, 1990b, Westinghouse Hanford Company Effluent Report for 300, 400, and
1100 Area Operations for Calendar Year 1989, WHC-EP-0267-1, Westinghouse
Hanford Company, Richland, Washington.

WHC, 1990c, Westinghouse Hanford Company 100 Areas Environmental Releases for
1989, WHC-EP-0165-2, Westinghouse Hanford Company, Richland, Washington.
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ATTACHMENT 1.

WESTINGHOUSE HANFORD COMPANY FACILITY EFFLUENT
MONITORING PLAN DETERMINATION RESULTS
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ATTACHMENT 2.

WESTINGHOUSE HANFORD COMPANY OFFSITE DOSE CALCULATIONS
FOR THE REGISTERED PERMITTED STACKS

A2-1
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ATTACHMENT 3. RADIONUCLIDE LISTS

UNIT DOSE CONVERSION FACTORS PREPARED BY
PACIFIC NORTHWEST LABORATORY
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Table €C-2. GENII Dose Estimates for One-Curie Radionuclide
Releases - 200 East Area. Location to the Individual
at the Hanford Site Boundary:
16,000 Meters East. (2 sheets)

Ground-level 89-m stack
MNyclide dose equivalent (REM)® dose -—rivalen* (REM)®
S 9.7 E-03 (100) 5.4 E-03 (1v0)
Cm 5.5 E-03 (100) 1.9 E-03 (100)

voses calculated witn GENII include contributions from
the parent nuclide, long-1ived daughter chains, and short-
lived daughters. Numbers in parenthesis indicate percent of
the total dose attributable to the parent nuclide in chains
with long-1ived daughters.

Short-lived daughters are included in dose from j it
nuclide.

‘Very short-lived; model as Pb212.

A3-5
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Table C-3. GENII Dose Estimates for One-Ci e Radionucl @
Releases - 200 West Area. Location to the Individual
at the Hanford Site Boundary:
24,000 Meters East. (2 sheets)

Ground-level 89-m stack
Nycli¢- dose equivalent (R )* dose equivalent (R
- 1.2 E-08 4.7 E-09
c 2.4 E-06 1.0 E-06 .
::Mn £.0 E-07 2.4 E-07
25co .2 E-06 2.1 E-06
nse 3.8 E-05 1.5 E-05
Kr 1.0 E-11 5.8 E-12
:Sr 2.0 E-05 (94)* 8.0 E-06 (94)
Y 1.5 E-07 6.0 E-08
Nb 5.8 E-06 2.4 E-06
ng 6.3 E-07 (76) 2.6 E-07 (75)
Nb 2.4 E-07 9.8 F-08
c- 2.0 E-06 7.8 -07
1Bpu 2.9 E-07 (100) 1.2 E-07 (100)
106pu 7.7 E-06 3.2 E-06
106Rh b b
:;:Sn 4.5 E-07 1.8 E-07
Sb 6.8 E-07 2.8 E-07
:::Sn 4.7 E-06 (74) 1.9 E-06 (74)
I 4.9 E-04 2.0 E-04
::11 2.9 E-05 (100) 1.2 E-05 (100)
sCs 1.7 E-05 7.1 E-06
oCs 1.8 E-06 7.3 E-07
Cs 1.3 E-05 5.2 E-06
::‘7Ce 5.9 E-06 (100) 2.4 E-06 (100)
Pm 5.6 E-07 2.3 E-07
ZZORn c [
216P° c
:::Pb 2.1 E-06 (92) 8.6 E-07 (93)
Bi 1 E-08 4 ~ E-08
Z12P° b -
zoan b b
g:Ra 1.7 E-04 (98) 7.1 E-05 (98)
T 3.2 E-03 (100) 1.3 E-03 (100)
) 1.6 E-03 (100) 6.6 E-04 (100)
U 1.6 E-03 6.5 E-04
§7u 1 E-03 (100) 6.1 E-04 (100)
U 1.5 E-03 6.2 E-
zju 1.4 E-03 (100) 5.8 E-04 (100)
e 8.1 E-03 (100) 3.3 E-03 (100)
ooPu 3.4 E-03 1.4 E-03
soPu 3.6 E-03 1.5 E-03
seiPu 3.6 E-03 1.5 E-03
sPu 5.9 E-05 (100) 2.4 E-05 (100)
pm 5.6 E-03 2.3 E-03
A3-6
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Table C-3. GENII Dose Estimates for One-Curie Radionuclide
Releases - 200 West Area. Location to the Individual
at the Hanford Site Boundary:
24,000 Meters East. (2 sheets)

Ground-level 89-m stack
MNyclide ~  dose equivalent (REM)®  dose equivalent (REM)'
z,“Am 5.6 E-03 (100) 2.3 E-03 (100)
Cm 3.2 E-03 (100) 1.3 E-03 (100)

FDuses caiculated with GENII include contributions rrom
the parent nuclide, long-lived daughter chains, and short-
lived daughters. Numbers in parenthesis indicate percent of
the total dose attributable to the parent nuclide in chains
with long-lived daughters.

®Short-1ived daughters are included in dose from parent
nuclide.

“Very short-lived; model as Pb212.

A3-7
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Table C-4. GENII Dose Estimates for One-Curie Radionuclide
Releases - 300 Area. Llocation to the Individual
at the Hanford Site Boundary:
1,400 Meters Northeast.

Ground-level 46-m stack
Nyclide dose equivalent (REM)*  dose equivalent (I 1)°
H 4.8 E-07 8.4 £-08
e 1.0 E-04 1.7 E-05
sza 4.3 E-04 7.5 E-05
Slce 4.9 E-07 8.6 E-08
“Mn 2.5 E-05 4.3 E-06
Fe 2.6 E-05 4.6 E-06
38co 2.0 E-05 3.6 E-06
$co 2.1 E-04 3.7 E-05
&4 3.2 E-06 5.5 E-07
LD 2.8 E-04 5.0 E-05
Se 1.5 E-03 2.7 E-04
Bsp 8.8 E-06 1.6 E-06
s 8.1 E-04 (94)° 1.5 E-04 (94)
S7r 2.6 E-05 (76) 4.5 E-06 (75)
:"Tc 3.1 E-08 (100) 9.5 E-09 (100)
oJc 8.3 E-05 1.4 E-05
Ru 3.2 E-04 5.6 E-05
M35 1.9 E-05 (86) 3.2 E-06 (87)
:::Sb 2.9 E-05 (87) 5.0 E-06 (86)
ot 2.1 E-03 3.6 E-04
I 2.0 E-02 3.5 E-03
::21 1.2 E-03 (100) 2.1 E-04 (100)
s 7.2 E-04 1.2 E-04
1aiCs 5.3 E-04 9.2 E-05
resCe 2.5 E-04 (100) 4.3 £-05 (100)
1aiEu 1.5 E-04 2.7 E-05
1ogEU 2.0 E-04 3.5 E-05
" .2.6 E-05 4.6 1 16
_y 5.9 E-01 (100) 1.0 E-01 (100)
U 6.6 F-02 1.2 E-02
- 6.2 -02 (100) 1.1 £-02 (100)
ot 5.9 £-02 (100) 1.0 E-02 (100)
o[- 3.4 E-01 (100) 5.9 E-02 (100)
Pu 1.4 E-01 2.5 £-02
2erPU 1 & E-01 2.6 E-02
2P 2 E-03 (100) 4.3 E-04 (100)
. 2.3 E-01 4.0 £-02
se.Cm 8.6 E-03 (100) 1.5 E-03 (100)
Cm 1.3 E-01 (100) 2.3 E-02 (100)

Doses calculated with GENII incluge contributions from
the parent nuclide, Tong-lived daughter chains, and short-
lived ¢ ighters. Numbers in parenthesis indicate percent of
the total dose attributable to the parent nuclide in chains
with Jong-lived daughters.

Short-lived daughters are included in dose from parent
nuclide.

A3-8
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Table C-5. GENII Dose Estimates for One-Curie Radionuclide
Releases - 400 Area. Location to the Individual
at the Hanford Site Boundary:
8,100 Meters South.

Ground-level

Ngg!jgg dose equivalent (REM)®

3.0 E-08
ffua 2.6 E-05
. Ar 9.6 E-09
Cr 3.0 E-08
Mn 1.5 E-06
;:I 1.6 E-06
58Co 5.8 E-07
Co 1.3 E-06
::Co 1.3 E-05
Zn 1.8 E-05
By 2.3 E-11
&M 1.7 E-09 (100)*
B r 2.1 E-11
7y 5.0 E-09 (100)
8y 2.1 E-08 (70)
5y 5.0 E-05 (94)
%Nb 6.1 E-07
1311 7.6 E-05 (100)
1314 2.4 E-10
:f*'xe 5.0 E-10 (100)
3Ye 5.4 E-10
:;:“Xe 6.3 E-10 (89)
roXe 2.8 E-09
s, 4.4 F-05
aaCS 3.2 05
T 3.0 E-06
Pu 9.4 E-03

®Doses calcuiated with GENII
include contributions from the parent
nuclide, long-lived dauahter chains.
and shor ived dai _itt ;. N_ e
in pai 1 ;is indicate percent of
the total dose attributable to the
parent nuclide in chains with Tong-
Tived daughters

®Short-Tived daughters are
included in dose from parent nuclide.

A3-9
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T. e C-6. GENII Dose Est.__.it: f__ One-Curie Liquid
Releases to Columbia River.

100 and 200 Areas 300 Area
. at Ringold MI at Riverview
uggligg se equivalent (REM)* dose equivalent (REM)®
zy 6.4 E-10
32Na 2.7 E-08
s1P 2.5 E-04
s‘.Cr 3.3 E-09
59Mn 6.6 E-07
58Fe 6.1 E-06
wCo 5.4 E-07
65Co 2.4 E-06
892n 1.6 E-05
WSr‘ 3.1 E-07
95Sr‘ 6.1 E-06 6.1 E-06
>Ir 4.6 E-07
Mo 1.7 E-08
[ 3.9 E-07 3.9 E-07
m"Ru 1.7 E-07
1Z‘Ru 1.6 E-06
125Sb 1.1 E-06
129Sb 4.0 E-07
131I 1.7 E-05
133I 1.8 E-06
133I 1.2 E-07
13‘Xe 1.4 E-10
137Cs 4.6 E-04
1wCs 3.2 E-04
1MBa 1.1 E-06
1“Ce 6.6 E-07
z_%Ce 4.9 E-06
235U 8.9 E-07 8.9 E-07
mU 9.6 E-07 9.6 E-07
" g.g E-Og 9.5 | )7
r\] . ‘0
gjpu 6.0 E-06
241Pu 9.7 E-08
23‘?Am 2.0 E-04
Np 2.8 E-06

®Doses calculated witn GENi: include contributions from tne
parent nuclide, long-lived daughter chains, and short-lived
daughters.
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Table C-7. CAP-88 Dose Estimates for One-Curie Radionuclide
Releases - 100 Areas. Location to the Individual
at the Hanford Site Boundary:
9,900 Meters West.

10-m stack 89-m stack

Nuclide dose equivalent (mrem)® dc- quiv-'~nt (m--—*2
; 3.36 E-05 8.85 E-06
Na 2.19 E-04 6.72 E-05
 Ar 1.41 E-05 4.38 E-06
sicr 9.32 E-05 2.80 E-05
Mn 8.11 E-03 2.44 E-03
::Mn 3.56 E-05 1.20 £-05
2oFe 4.72 E-03 1.42 E-03
2aCo 4.75 E-03 1.43 E-03
L0 4.28 E-02 1.29 £-02
asls 1.81 E-04 5.50 E-05
o Kr 2.62 E-06 7.35 E-07
oKr 7.49 E-08 1.97 E-08
Kr 7.18 E-06 2.41 E-06
:Kr 3.11 E-05 9.07 E-06
ooST 3.11 £-03 9.35 E-04
ST 6.45 E-02 1.94 E-02
25T 5.39 E-05 1.67 E-05
wlr 3.90 E-03 1.17 £-03
Nb 2.60 E-03 7.81 E-04
; oo 2.41 E-04 7.28 E-05
| ToeRY, 2.10 E-03 6.31 E-04
1acRU 3.08 E-02 : 9.26 E-03
133D 8.90 E-03 . 2.68 E-03
Te 6.29 E-04 1.90 E-04
132l 1.84 E-02 1.65 F-02
o 2.48 E-05 2.54 -05
oot 1.72 E-04 1.56 £-04
] 5.99 E-05 5.62 E-05
e 7.71 E-07 2.04 E-07
e 4,73 E-06 1.28 E-06
oot o2 4.62 E-02 1.39 E-02
27ns 2 53 E-02 1.0 E-02
‘ s ..20 E-06 3.77 E-06
| 1eB3 1.86 E-03 5.60 E-04
| (& 4.49 E-04 1.36 E-04
| wce 1.21 E-03 3.65 E-04
Jpo(e 2.02 E-02 6.08 E-03
T 3m 1.13 E-04 3.42 E-05
12sEU 2.69 E-02 8.10 E-03
(! 2.73 E-03 8.20 E-04
ol 1.18 E£+01 3.56 E+00
ZNp 1.70 E-04 5.13 E-05
Pu 1.28 E+( 3.85 E+00

“Doses calculated with CAP-88 are for the parent nuclide only,
ard dg not {nclude contributions from long-lived daughter chains.
Short-lived daughters are {ncluded in dose from parent nuclide.
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Table C-8. CAP-88 Dose Estimates r ( 2-Curie Radionuclide
Releases - 200 East Area. Location to the
Individual at the Hanford Site Boundary:

A3-12

16,000 Meters East. (2 sheets)
10-m stack 89-m stack
Nuclide dose equivalent (mrem dmmn mmmieslood (mrem)®
M 2.19 £-05 5.42 E-06
5C 2.62 E-03 6.48 E-04
oohn 5.51 E-03 1.51 E-03
200 2.90 E-02 7.94 E-03
Se b b
okr 4.88 E-08 1.21 E-08
ooST 4.38 E-02 1.20 E-02
oy 3.77 E-04 1.04 E-04
oshD 2.58 E-02 7.05 E-03
osll 2.65 E-03 7.24 E-04
oo D 1.76 E-03 4.82 E-04
dC 1.09 E-03 2.97 E-04
10sRY 1.42 E-03 3.89 E-04
1oeRY 2.09 E-02 5.71 E-03
Rh ¢ c
283N 1.18 E-03 3.2 E-04
1265P 4.15 E-03 1.. E-03
130 8.63 E-03 2.36 E-03
var} 2.91 E-01 1.84 E-01
il 1.68 E-02 1.06 E-02
4355S 3.13 E-02 8.56 E-03
13, 2.15 E-03 5.87 E-04
1e.CS 2.39 E-02 6.54 E-03
pal*T 1.37 E-02 3.75 E-03
2300 1.14 E-03 3.11 E-04
Rn d d
216P° d d
2rPb 3.32 £-03 9.42 E-04
g 66_E-04 1.14 | )4
P c S
2( e e
o Ra 5.45 E-01 1.49 E-01
g 5.69 E+00 1.55 E+00
ot 3.23 E+00 8.83 E-01
725U 3.19 E+00 8.72 E-01
U 2.96 E+00 8.10 E-01
oy 3.02 E+00 8.26 E-01
o] 2.84 E+00 7.77 E-01
ahP 1.19 E+01 3.25 E+00
oPu 8.02 E+00 2.19 E+00
ol 8.67 E+00 2.37 E+00
%iPU 8.66 E+00 2.37 E+00
2158 1.38 £-01 3.76 E-02
Am 1.31 E+01 3.59 E+00
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Table C-8. CAP-88 Dose Estimates for One-Curie Radionuclide
Releases - 200 East Area. Location to the
Individual at the Hanford Site Boundary:
16,000 Meters East. (2 sheets)

10-m stack 89-m stack
Nuclide dose equivalent (m--—)* dose equi~-ent (mrem)®
A5m 1.31 E+01 3.59 E+00
%4ep 6.94 E+00 . 1.90 E+00

- Joses calcuiateud witn LAP-88 are ror tne parent nuclide only,

and do not include contributions from long-lived daughter chains.
®Dose factors not included in code radionuciide Tibrary.
€Short-l1ived daughters are included in dose from parent

nuclide.

ery short-lived; model as Pb212.
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Table C-9. CAP-88 Dose Estimates fi ! .Curie Radionuclide
Releases - 200 West Area. Location to the
Individual at the Hanford Site Boundary:

24,000 Meters East. (2 sheets)

) 10-m stack 89-m sta
Nuc]ide dose equivalent (mrem)® dose equivalent (mrem)?
H 1.38 E-05 3.58 E-06
ol 1.65 E-03 .28 E-n4
Mn 3.27 E-03 ag4E |
$co 1.72 E-02 .19 E-03
Nse b b
okr 3.07 E-08 7.98 .09
ooST 2.60 E-02 7.82 E-03
o) 2.22 E-04 6.73 E-05
>Nb 1.53 E-02 4.61 E-03
iy 1.57 E-03 4.73 E-04
>Nb 1.05 | 13 3.15 E-04
oc 6.45 E-04 1.94 E-04
1oeRu 8.45 E-04 2.54 E-04
Ru 1.24 E-02 3.73 E-03
106Rh c ¢
::Sn 7.02 E-04 2.11 E-04
12oSb 2.47 E-03 7.42 E-04
a1 5.12 £-03 1.54 E-03
ol 1.14 E-01 1.09 E-01
rl 6.53 E-03 6.29 E-03
raaCs 1.86 E-02 5.60 E-03
o ts, 1.28 .03 3.84 E-04
rlCs 1.42 E-02 4.28 E-03
rCe 8.14 E-03 2.45 E-03
Pm 6.75 E-04 2.03 E-04
ZZORn d d
216P° d
:::Pb 1.85 E-03 5.91 E-04
Bi 9.88 E-05 5.81 E-05
212P° [ [
2*Ra 3.23 E-01 9.73 E-N?
m°Th 3.38 E+00 1.02 E+..
U 1.92 E+00 5.77 E-01
o 1.89 E+00 5.70 E-01
T 1.76 E+00 5.30 E-01
34 1.79 E+00 5.40 E-01
Z:U 1.69 E+00 5.08 E-01
gl 7.05 E+00 2.12 E+00
Pu .76 E+00 1.43 E+00
2“,Pu 5.15 E+00 1.55 E+00
SePu 5.14 E+00 1.55 ~-00
e Pu 8.17 E-02 2.46 £-02
Am 7.79 E+00 2.35 E+00
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Table C-9. CAP-88 Dose Estimates for One-Curie Radionuclide
Releases - 200 West Area. Location to the
Individual at ‘the Hanford Site Boundary:

24,000 Meters East. (2 sheets)

10-m stack 89-m stack

¥-lide dose equivalent (mrem)® dnse e~+‘valent (mrem)®
A 7.79 E+00 2.34 E£+00
#4Cm 4.12 E+00 1.24 E+00

*Doses calculated witn LAP-88 are rur une parent nucliae only,
and do not include contributions from long-lived daughter chains.
ose factors not included in code radionuclide library.
°Short-lived daughters are included in dose from parent
nuclide.
%ery short-lived; model as Pb212.
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Table C-10. CAP-88 Dose Estimates for One-Curie Radionuclide
Releases - 300 Area. Location to the Individual
at the Hanford Site Boundary:
1,400 Meters Northeast.

10-m stack 89-m stack
Nuclide dose equivalent (mrem)® dose equivalent (mrem)®
s 3.97 E-04 1.10 E-04
%¢c 4,74 E-02 1.32 £-02
274 3.86 E-01 1.09 E-01
2icr 1.26 E-03 3.56 E-04
>eMn 1.10 E-01 3.10 E-02
>Fe 6.38 E-02 1.80 E-02
*’Co 6.43 E-02 1.81 E-02
*Co 5.79 E-01 1.63 E-01
=N 4.05 E-03 1.14 E-03
In 1.86 E-01 24 E-02
"Se b b
8oy 1. E-01 5.44 E-02
95y 8.72 E-01 2.46 E-01
B7r 5.27 E-02 1.49 E-02
e 7.12 E-05 2.02 E-05
c 2.16 £-02 6.11 E-03
1%0pu¢ 4.16 E-01 1.17 E-01
13sp 2.35 E-02 6.65 E-03
12}, 8.27 E-02 2.34 £-02
1251 1.81 E-01 5.10 E-02
1297 1.29 E+01 4.28 F+00
1311 7.47 E-01 2.48 -01
134cs 6.24 E-O01 1.76 £-01
137cge 4.77 E-01 1.35 E-01
144ca 2.73 E-01 7.71 E-02
152¢, 3.07 E-01 8.67 E-02
154gy 3.64 E-01 1.03 |
1550y 3.68 E-(~ 1.0 |
'h 1.62 E+Uz 4.57 E+01
—y 6.36 E+01 1.79 E+01
35 5.90 E+01 1.67 E+01
5.66 E+01 1.60 E+01
37np 2.37 E+02 6.68 E+01
zz;:Pu 1.60 E+02 4.51 E+01
2%Pu 1.73 E+02 4.87 E+01
2 pu 2.74 E+00 7.74 £-01
Am 2.62 E+02 7.38 £+01
W2en 8.46 E+00 2.39 E+00
4em 1.38 E+02 3.90 E+01

®Doses calcuiaceu witn vAP-88 are for the parent nuclide oniy,
and do not include contributions from long-lived daughter chains.
ose factors not included in code radionuclide library.
]i;Short-lived daughters are included in dose from par:
nuclide.
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Table C-11. CAP-88 Dose Estimates for One-Curie Radionuclide
Releases - 400 Area. Location to the Individual
at the Hanford Site Boundary:
8,100 Meters South.

10-m stack
Nuclide dose equivalent (mrem)®
:y 2.83 E-05
#Na 2.56 E-02
51Ar 1.65 E-05
s.cr 8.37 E-05
2ohn 7.29 E-03
Fe 4.24 E-03
(o 1.63 E-03
2o 4.27 E-03
4500 3.85 E-02
por ) 1.23 E-02
aankr 2.97 E-09
oK 2.53 E-06
kT 6.31 E-08
akr 9.48 E-06
sokr 3.25 E-05
ol 5.80 E-02
b 2.33 E-03
ot 2.72 E-02
adi 1.79 E-07
‘ s Xe 5.65 E-07
oot 6.57 E-07
1z Xe 9.53 E-07
Xe 4.26 E-06
1 CS, 4.15 E-02
Cs 3.17 E-02
182Ta c
B9y 1.15 E+01
. "Doses calculated with CAP-88

are for the parent nuclide onlv. and
do not include con.. but s
long-lived daughter chains.
bShort-1ived daughters are in-
cluded in dose from parent nuclide.
“Dose factors not included in
code radionuclide library.
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ATTACHMENT 4. LETTER REPORT

UNIT DOSE CALCULATIONS FOR WESTINGHOUSE HANFORD COMPANY
FACILITY EFFLUENT MONITORING PLANS
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UNIT DOSE CALCULATIONS FOR WHC FACILITY EFFLUENT MONITORING PLANS
K. Rhoads January 3, 1991

INTRODUCTION

Dose calculations for unit (1 Ci) radionuclide releases were performed in
support of efforts by Westinghouse Hanford Company (WHC) to develop Effluent
Monitoring Plans for all WHC facilities on the Hanford site. Atmospheric
releases from generic locations in the 100, 200 E, 200 W, and 3NN areas were
modeled for both elevated and ground-level releases; 400 area ri eases were
modeled for ground Tevel only. Impacts of liquid releases were evaluated for
individuals at Ringold (100 and 200 area effluents) and Riverview (300 Area
effluents). Both the CAP-88 (Beres 1990) and GENII (Napier et al 1988) code
packages were used to model atmospheric releases in order to satisfy
requirements of the U. S. Environmental Protection Agency (USEPA 1989) and the
U. S. Department of Energy. The GENII code was used to model 1liquid releases.

METHODS

Standard parameters for Hanford dose calculations were included in the
calculations where possible (McCormack, et al 1984). Meteorology data were
collected at weather stations in each of the Hanford operating areas and
represent the five-year average of data taken between 1983 and 1987. The
Tocation of the maximally exposed individual for each area is included in the
attached tables with results of the dose calculations. Individual locations
were based on the site boundary location having the greatest radionuclide air
concentration under average atmospheric conditions. Ooses were calculated as
50-year committed effective dose equivalents for all internal deposition
pathways using the EPA model specified in 40 CFR 61. Default solubility
classes were used for all radionuclides in these preliminary calculations.
These should be appropriate for most facilities evaluated, except where
plutonium or uranium are released in soluble form and contribute substantially
to the overall dose from a given facility. Default classes for uranium and
plutonium assume these radionuclides are released as insoluble compounds; this
will result in a lower overall dose than would be the case if they were
released in more soluble form.

RESULTS '
Results of the evaluation ‘e presented in Tables 1 - 11, and represent the

50-year committed dose equivalent following a chronic annual release of 1 Ci
of each radionuclide. The CAP-88 and GENII codes handle ingrowth of Tlong-
1ived radioactive daughter products differently, as noted in the tables.
GENII calculates doses for all radionuclic ; in each decay chain, therefore
the doses reported in Tables 1 -6 include contributions from both parent and
ingrown daughters. CAP-88 does not calculate activities for ingrowth of
daughter radionuclides following release of the parent, but will estimate the
dose from very short-lived daughters where the parent-to-daughter activity
ratio is effectively 1:1. CAP-88 doses reported in Tables 7 - 11 are for the
parent nuclide only, except in the case where very short-lived daughters have
been included in the parent dose as noted. CAP-88 doses including
contributions from daughter ingrowth should be estimated using the fractional
contribution from the parent nuclide reported in the GENII results.
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The total dose expected from emissions at a given facility can be obtained by
multiplying the release quantity in Ci for each radionuclide by the
corresponding unit dose factor in the tables, and summing the contributions
for all nuclides in the effluent stream. Please note that doses ¢i :ulated
using the GENII code are reported as rem to the maximum individual from an
annual release; those from CAP-88 are reported in mrem. Values in the tables
were taken directly from code outputs, and have been left in the units
reported by each code to avoid transcription errors.
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Dose and Risk Assessment Methodolog“ ¢~-_Radior “ide Emissions to Air. Vols.
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McCormack, W. D., J. V. Ramsdell, and B. A. Napier. 1984. Hanford Dose

Overview Progr-=- _Standardized Methods and_Data for Hanford Environme; Environmer* -~
Dose Calculations. PNL-3777, Rev. 1, Pacific Northwest Laboratory, Richiand,

Washington.

Napier, B. A., R. A. Peloquin, D. L. Strenge, and J. V. Ramsdell. 1988. GENII
Te~ “ynford "~ *~-mental Radiation Dosimetry Software System. PNL-6584,

-3. Pacitic northwest Laboratory, Richland, Washington.

U. S. Environmental Protection Agency. 1989. Nations™ "~“*ssion Standards for
Hazardous Air Pollutants: Radionuclides; Final Rule ana wotice of
Reconsideration. 40 CFR Part 61, Federal Register 54 (240):51654-51715.
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SEP 17 1991 Pacific Northwest Laboratories
Battelle Boulevard

Richland, Washington 99352

L.P. DIEDIKER | P.O. Box 999
' Telephone (509) 375-6832

September 12, 1991

Larry P. Diediker
Westinghouse Hanford Co.
P. 0. Box 1970, T1-30
Richland, WA 99352

TRANSMITTAL OF QUALITY ASSURANCE DOCUMENTATION FOR FACILITIES EFFLUENT MONITORING
PLAN DOSE CALCULATIONS

Dear Larry,

The enclosed information completes the package of results and quality assurance
documentation for dose calculations performed in support of the Facilities
Effluent Monitoring Plan Determinations. The package includes results
transmitted to you in January.via electronic mail as well as the Westinghouse
Technical Review form, Quality Assurance forms required by our internal
procedures, and other information to support the dose calculations. I trust this
will give you an adequate paper trail to support the results, however if you find
you need additional information, please contact me. My apologies for the long
delay in getting the review completed.

Sincerely,

K ek, f n

Kathy Rhoads

Environmental Health Physics Group

Occupational and Environmental Health
Protection Section

Health Physics Department

results only)
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CHECKLIST FOR CALCULATION REVIEW

Document Reviewed: & ENVZ Dose Caleula troms ﬂr (W HC
Faa’/f/e/ anf'/a_en)‘ Mon M‘or}nj Plans

Scope of Review:

K [] [ ] Previous reviews compiete and cover analysis, up to scope of this
review, with no gaps.
D[] [] Problem completely defined.

analysis documentation.

Acceptability Timits on analytical results applicable and sup-
ported. Limits checked against sources.

(101 lq Safety margins consistent with good engineering practi ;.

[X] [ ] [ ] Necessary assumptions explicitly stated and supported.

[XJ [ ] [] . Computer codes and data files documented.

(<1 {1 [ 1 Data used in calculations explicitly stated in document.

3 [ ] [ ] Data checked for consistency with original source information as
applicable.

(1J(] DX Mathematical derivations checked including dimensional consistency
of results.

DJ [] [ ] Models appropriate and used within range of validity or use outside
range of established validity justified.

[ 101 [X] Hand calculations checked for errors. Spreadsheet results should
be treated exactly the same as hand calculations.

M [ ] [] Code runstreams correct and consistent with analysis documentation.

(}] [ 1 [ ] Code output consistent with input and with results reported in

X

[] Conclusions consistent with analytical results and applicable
Timits.
[X] [] [] Results and conclusions address all points required in the problem
statement.
[ 1 --[X] *Review calculations, comments, and/or notes are att 'ed.
/ .
/M//;'/ ;\'_i( -1 4.+ //2_, ,4'*/
Reviewef Approvai (Printed nName ana >ignature) Date

HEDOP Review (Radiological and Toxicological Release Calculations)

[ ] GENII (current version) used for radiological calculations.

[ ] Appropriate receptor locations evaluated.

[ 1] Appropriate models (finite plume vs. semi-infinite cloud, building
wake, etc.) used. ‘

[ 1 Appropriate pathways evaluated for each receptor.

[ ] Analysis consistent with HEDOP Recommendations.

[x] * Review calculations, comments, and/or notes are attached.

Lo Lo o TR . Lot L)
—r e
e —t—t

S XXX

ﬂ/////v/ S Sotdedt Lo

HE viewer prrz'ova‘ (Printed Name and Signature) Date

* Any calculations, comments, or notes generated as part of this review
should be signed, dated and attached to this checklist. Such material
should be labeled and recorded in such a manner as to be intelligible
to 2 technically qualified third party.
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Software name and version GENIJ] v. ].485 SCP-70-316, Rev. 0
Exhibit 2

Page 1 of 1

APPLICATION REPORT

1) Project title and number __WHC Facility Effluent Monitoring Program
ED1167

2) Purpose of application package and relationship to other work:

To perform dose calculations

3) List original sources of input data, assumptions and derivations used to
obtain it, and justification for its use, as appropriate. (if input
information has been previously reviewed, reference the documentation of

this review.)

e List of radionuclides in the Hanford Annual Environmental
Monitoring Reports for 1986 - 1989, plus additional radionuclides
requested in a memo from Joe Nichols dated December 5, 1990, and in
a telephone conversation with Joe Nichols on December 11, 1990.

e HEMP (11/30/90) controller program used radionuclide and template
information files (Attachment 1) to create GENII input files
(Attachment 2). Files stored on Diskette WHC_DOSES.1 12/13/90.

e GENII Version 1.485 used the developed input files (Attachment 2)
to calculate doses. GENII output data stored in WHC_DOSE.OUT
12/13/90 (see 1isting in Attachment 3). Files stored on Diskette
WHC_DOSES.1 12/13/90.

4) Minor changes made in the software that produced the application run
(see section 4.1).

N/A

5) Describe interrelationships and dependencies of each application run in
the application package.

N/A

6) Summarize the overall output of the application package in relation of
the purpose stated in item 2 above (including tables and graphs, as
appropriate):

See Application Record Log (Attachment 3).-
7)  Submitted for ITR by:
i 1 /22/91

rreparer vate

8) Approved for reporting rgSults to sponsor by:

7 s/
Review&::;7 Date
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Attachment 1
Page 1 of 1

APPLICATION RECORD LOG

1) Project title and number: WHC FACILITY EFFLUENT MONITORING PROGRAM

2) Files (on Diskette WHC_DOSES.1 12/13/90) used as input for HEMP
controller program:

CASE.IN 12/10/90

AIR_EL.TPL 12/5/90
AIR_GL.TPL 12/5/90

LIQ-TPL 12/5/90
100N.INV 12/6/90 1
200E. INV 12/12/90
200W. INV 12/12/90
300A.INV 12/4/90
400A. INV 12/4/90
100N.LIN 12/12/90
300A.LIN 12/4/90
M W/W 1/22/91
rreparer Date
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Attachment 2
Page 1 of 1

1) Project title and number:

E100N.
E200E.
E200W.

GIOON.
G200E.
G200W.
G3248.
G3318B.
G400A.

L10ON.
L300A.

GENII.

APPLICATION RECORD LOG

WHC FACILITY EFFLUENT MONITORING PROGRAM

2) Files (on Diskette WHC_DOSES.1 12/13/90) created by HEMP controller
program and used as input to GENII Version 1.485:

12/12/90
2/12/90
12/12/90

12/12/90
12/12/90
12/13/90
12/13/90
12/6/90

12/13/90

12/12/90
12/13/90

12/13/90

i} ’////W

rreparer

WHC-EP-0498

1/22/91
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