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Abstract
.

|

De discharge of radioactive materiah to municipal from excreta from individuals undergoing medical i
sewer sy* tems is regulated by the U.S. Nuclear Regula- diagnostic or therapeutic uses of radioactive material. A
tory Commission (NRC)in accordance with 10 CFR 20, separate study will be conducted to more carefully

ior by agreement states in accordance with state regula- evaluate the potential doses resulting from dhcharge of
ilons. There h a need to evaluate the radiological hatard such patient excreta.%c majority of the deterniinistic
to the public resulting from release of various radio. results from thh evaluation indicated a comfortable
nuclides into sanitary sewer systems at the masimum margin between the prudently conservative estimates of '

limits speelfied in 10 CFR 20. annual doses and applicable permissible levch.

The results of a study conducted by Pacific Northwest Using latin Hypercube r,ampling methods, a stochastic
laboratory (PNL) for the NRC are described in this uncertainty and sensitivity analysh was conducted to
report. The generic study was conducted to evaluate estabibh potential ranges over which indhidual doses
potential public doses from exposure to radionuclides in may vary and to identify the most sensithe parameters
sewage sludge during its treatment and di posal. This and assumptions used in the analysh,
report considers release of ikensee wastes apart

;
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|
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Suniniary

in accordance with 10 CFR 20, the U.S. Nudear Rego. De results of the deletministic evaluation of theoretical
latory Commission (NRC) regulates licensecs' discharges at the currently regulated levels indicated

discharges of small quantities of radioactive materials that there were only five radionuclidea with the poten. :

into sanitary sewer splems. His generic study was tial to exccod the permissible iridividual dose levels that

initiated by Pacific Northwest laboratory (PNL) for the are produced and used in large enougi(guantitica to be
NRC to examine the potential radiological harard to the of concern.Dese radionuclides are Co, *St, D7Cs,

W NI
public resulting irom exposure to radionuclides in ir, and Am. As a partialverification of the model.
sewage sludge during its treatment and dispose ing and scenario approach used for this study, a limited

,

'

Licensec wastes, except excreta from individuals under. comparison with scenarios considered in the ;

going medical diagnostic or therapeutic uses of radio- IMPACTS.11RC (O'Neal and tre 1990) code was
active material,~ are considered in this study. A separate conducted.

_

study will be conducted to more carcrully evaluate the
potential dosca resulting from discharge of such patient A stochastic uncertainty and sensitivity analysis, using

excreta. Latin Ilypercube sampling methods,was conducted to !
'

identify the most sensitive parameters and assumptions

Eleven scenarios were developed to characterite poten- in the analysis and to establish potential tanges over

tial exposures to radioactive materials during sewer which the individual doses may vary. Inventory of radio-
'

system operations and sewage sludge treatment and dis- active tnaterial in a sanitary sewer system was found to

posal activities and during the extended time frame be the most sensitive parameter in the analysit River
following sewage sludge disposal. nc scenarios, flow rate, Chi!Q, and radioactive decay time were found

assumptions, and parameter values were selected in a to be the nest most scrnitive parameters.

manner to prmluce prudently conservative (not worst-
case) estimates of the individual radiation doses. ho The results of the stochastle uncertainty and sensillvity

sets of deter ministic dose calculations were performed; analysis were also used to develop a collective dose esti. t

nac to evaluate potential doses based on the radio. mate. The collective doses for the various radionuclides |

U7Cs innuclides and quantities associated with documented case and scenarios range from 0.4 person tem for

histories of sewer system contamination and a second, Scenario No. 5 (sludge incinerator effluent) to37renewhat more cornervative set, based on theoretical 420 person rem for Ca in Scenario No. 3 (sewage
*

discharges at the maximum allowable levels for a more beatment plant liquid effluent). None of the
comprehensive list of 63 radionuclides. This approach 22 scenario /radionuclide combinations considered have

provided an evaluation of actual radionuclide discharges collective doses greater than 1000 person temlyt. Ilow-

and a screening of radionuclides and exposure situations ever, the total collective dose from these 22 combina-
'

to identify and separate those that were clearly of no tions was found to be about 2100 person tem.

conecrn from those that may be of potential concern.
l

,

|
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Acronynis

ALARA as low as reasonably NRC U.S. Nuclear Regulatory
achievable Commiulon

ALI annuallimit on intake NSPS New Saur(c Performance
ANSI Arnetican National Standards Standard

Institute PNL Pacific Northwest Laboratory
EPA U.S. linvironmental PRCC parital rank correlation

Protection Agency coefficient
ICRP International Commiwlon on OA quality auurante

Radiological Protection STP seware treatment plant
NPDES National Pollutant Distharge Tl!DE total e!rective dose equivalent -

Elimination Sysicm
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-1 Intrmitiction
k

During the past seveml) cars, increased attention has conducted to more carefully evaluate the potential doses j

been focused on the presence and control of harardous resulting from dhcharge of such patient excreta. Current |
materials in the environment. As a result, numerous sewage treatment and sludge disposal practices were
advances in pollution control technology have been examined and several potential exposure scenarios were _;

implemented to ensure continued protection of the developed, focusing primarily on sludge incineration
crnironment. Among these advances are improvements and sludge application as a soil supplement.
In sewage treatment processes that have achieved higher
levels of retention of potentially hazardous contami- A radiation pathway and exposure scenario analysis was
nants found in municipal sewer systems. Dhsolved and conducted for potential exposure situations involving
dispersable contaminants are retained and concentrated releases to sanitary sewer systems. The scenario analysis

in the sewage sludge, while the resulting purified water was conducted in a manner similar to the one used to

is released to the environment. develop a technical basis to translate residual contami-
'

nation levels in buildings and soil to annual dose fot
in a number of recent instances, low level concentra- decommissioning purposes (Kennedy and Peloquin,

tions of radioactive materials have been found in lWO). Eleven scenarios were defined to address poten-

municipal sewer systems into which radioactive mate- tial exposure to radionuclides during 1) sewer systern
rials had been discharged. Although the discharges were operations,2) sewage sludge treatment and disposal
in accordance with applicable regulations, elevated operations, and 3) the extended time period following
levels of radioactivity were found between the discharge sludge disposal. Deterministic and stochastic calcula-
sources and the treatment facilities, and within the treat. tional metbods were used.
ment facilities.These situations raise the concern that
while sewage treatment processes have improved and Deterministic calculations use single values for input

become more effective, these improvements may result parameters, data, and assumptions to produce single

in the undesirable reconcentration of radi :ctive or value results. Deterministic analyses may use etmserva-

other hazardous materials. tive values for parameters and assumptions when they

_ _ _

are intended to overestimate potential radia!!on dmes. *

Jik. discharge of radioactive materials into municipal This is an acceptable practice when dealing with large

sewer systems has been regulated by the U.S. Nuclear quantities of radioactive materials that pose significant
Regulatory Commission (NRC) in accordance with hazards. Ilowever,when trhial quantities are present,
10 CFR 20 and,in some instances, by state agencies in overestimates of the potential radiation doses my be
accordance with state regulations. These regulations counter productive. In these situations stochastic analy-
were developed because ef conwrns were developed ses may produce useful results. Stochastic analyses use

because of concerns about potential harmiul concentra- ranges of parameter values with assigned distributions
tions of radioactive materials in sewage treatment facili- instead of single values to produce a distribution of

ties and in the effluents from treatment facilities. results. The distribution of results can be compared with
the deterministic result to estimate the degree of wn-

Pacific Northwest Laboratory (PNL)3 conducted a ge- servatism in the analysis if the assigned distributions are

neric study to evaluate potential public doses from well justified statistically. The results of the stochastic
exposure to radionuclides in sewage sludge during its analysis can also be used to determine the arithmetic
treatment and disposal, and resulting from release of mean, which, w hen coupled with the estimated number
radionuclides into sani'ary sewer systems at the maxi- of individuals exposed, can yield potential collective
mum limits specified in 10 CFR 20. This report consid. doses. This report c(mtains both deterministic and
ers release of licensee wastes apart from excreta from stochastic dose estimates for potential public exposures
individuah undergoing medical diagnostic or therapeu- to radionuclides in sewage sindge during its treatment
tic uses of radioactive material. A separate study will be and disposal.

1.1 NUREG/CR-5814
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TWo $ cts of deterministic dose calculations were per. description of the effluent treatment and disposal l*

formed; one to evaluate potential doses based on the regulations that govern the operations of potential
'

.

radionuclides and quantitles found in documented cases municipal and industrial sources of radioactive ,|
of sewer contamination, and a second set to evaluate eftluents (Section 2) I
potential doses based on theoretical discharges at the I

maxirnum allowable levels for a more comprehensive list description of current sewage treatment disposale

of 63 radionuclides. The deterministle evaluations relied practices (Section 3)
p . on prudently conservative assumptions and parameters

for each exposure pathway and scenario to provide a summaries of five documented case histories ofa

; prudently conservative estimate of the radiation dose to radioactive contamination in sewer systems or

: an average individualin a population. In the context of sewage sludge (Section 4)
this study, prudently conservative dose estimates do not

;. represent doses to the maximum individual (or worst definitions of potential exposure pathways by which*

case). Nor do they represent doses to the average indi- people may become exposed to radiation or radio-
'

!. vidual, but rather they signify a conservative compro- active materia!s and description of their associated ,

| mise between the two. In each case, an attempt has been exposed scenarios (Section 5)
1 made to select values with an expected range - not at

|- the extremes of the expected range. The deterministic description of the <'eterministic dose evaluation
i results were compared with a 10-mrem $r individual process, as applied to estimate the potential radia.

| dose criterion. This approach provides an evaluation of tion doses to municipal workers and the public, and
actual discharges an1 a screening of radionuclides and the evaluation results (Section 6)
exposure condillor". Ihat may be of concern. A limited
comparison of the dose results was conducted for description of the stochastic dose evaluation processe

selected radionuclides using scenarios found in (Section 7)
IMPACE11RC, Version 2.0 (O'Neal and Lee,1990).
Tb help understand the results of the dose analysis, a discuc.4on of study findings (Section 8).*

- stochastic uncertainly and sensitivity analysis, using
- Latin liypercube sampling, was conducted. Finally, the in addition, Appendixes A through C, respectively, -

arithmetic mean of the total doses for critical radio- contain supplemental information on modeling input
nuclides and exposure scenarios were used to estimate parameters and assumptions, dose calculation results,
the potential collective dose from releases to sanitary and results of the stochastic uncertainty and sensitivity
sewer sysiems. analyses.

; This report on the evaluation of exposure pathways to'
. man via sanitary sewer systems contains the following:

.

|:
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2 Efiluent 'llreatnient an(I Disposal llegulations '

Potential sources of radioactive ef fluents include such month to the sewer divided by ttie average monthly tol-
licemed facilities as hospitah, research facilities, ume of water released into the sewer by the licensee
decontamination laundries, manufacturers of srnoke de- must not exceed the concentration listed in 1hble 3 of
tectors and other devices and materials, and nuclear Appendix B to paris 20.100120.2401 (56 FR 98 23360).
power plants. All such sources require an NRC or agree- These concentratiom were derised by taking the mmt
ment state license to use and dispmc of radioactive restrictive occupational annual limit of intake (All) for
materiah.The discharges,except for some hmpital drinking water and dividing it by 7.3 E4 06 mL 1hk fac-
effluents, are regulated by estabikhing annual radioac- tot is composed of 7.3 E + 05 mL-Ihe annual water in-
tivity limits and maximum concentrations in water diu take by "Referen(c Man," and a factor of 10 to relate the
charged to the sewer. 5 rem annual occupational dose limit to the 0,1 rem

(l mSr) annual dose limit for individual members of the
The current national regulations governing effluent public.
streams, existing sewage treatment systerm, and sludge
reuse options and dhpmal methods are discussed in the Paragraph (a)(3) outlines procedures to use w hen more4

following sections. than one radionuchde h released, in paragraphs

(a)(3)(i) and (a)(3)(ii) the sum.of fractions rule is
2.1 Curreni iteguiaiions described. By this rule, the licensee shall determine the

fraction of the limit (1hble 3 of Appendix B) repre-

Chemical effluent streams discharged to sewer systems sented by discharges to sewers by dividing the actual

are regulated by the U.S. Environmental Protection monthly average concentration of cath radionuclide

Ageng (EPA)in 40 CFR 257, and by the NRC in rele sed by the concentration listed for each radio-

10 CFR 20 or agreement state radiation control pro- nuclide in Thble 3 of Appendix B. The sum of these frac-

grams,if radioactive materials are present. Additional tions over all radionuclides must not exceed unity.
!

regulations may be imposed by othc% ate or local
agencies. Paragraph (a)(4) defines the total annual discharge limit

3into a sanitary sewer system as 5 Ci (185 GBq) of 11, |

2.2 ilmiloactive Material DisImsal I a (37 aBq) of y,and I d (37 GBq)of an other
.

radionuclides combined.Thus, a licemee w ho handles
'

all radionuclides is limited to a combined release not to
A detailed analysis of the 10 CFR 20.2003 (56 FR 98: exceed 7 Ci (260 GDq). An example of the volume of
23360) regulations was performed in order to fully sewage discharge required to dilute the annual limit of ;
understand the circumstances that control discharges of discharge for example radionuclides is provided in

; radioactive materlats at maximum allowable levels. A 33p;c3,g,
summary of this analysis is given in the following'

paragraphs, Paragraph (b) provides an exclusion for excreta from
individuals undergoing medical diagnosis or therapy

Paragraph (a)(1) of 10 CFR 20.2003 requires that dis- with radioactive inaterials. *

charged material be readily soluble or readily dispersible
biological material in water. Soluble is defined as capa- A comparison of the con entration limits in Thble 3 of
ble of being dissolved, w hile dispersible is defined as Appendix B of revised 10 CFR 20 with the values used
capable of be ng uniformly distributed. n the former version of 10 CFR 20 h given in Thble 2,2

for several commonly med radionuclides that are re.
Paragraph (a)(2) defines the concentration limits, over a leased into sanitary s' ewers. The new concentration
1-month period, that can be discharged into the sewer. limits are reduced to levels that range between 0.3'i and
The paragraph states that the quantity oflicensed or 70% of Ihe old limits,
other radioactive material that a licensee releases in a

.
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| Effluent Treatment and Disposal Regulations

Table 2.1 Wlume of sewage required to dilute puniud diu harge limit to 10 (Tit 20, Appendh II,
Tuble 3 concentratione'

luble3 Wimne of teu age __ ,
Atinuallimit curuentratlon

itadlonuclide (Cl) (p(Tm1.) U"I -) W"U

3
11 5 1.0I?-02 5.0 li 4 08 13 li 4 05

HC 1 3.0 li-04 3.3 !!+ trl 8.7 !!4 03

2dNa 1 5.0li-04 2 0 !! + t F1 s 2 E4 05-

"Fe 1 1.0 li-0 t 1.0 H + 10 2.6 !! + 06

*Co 1 3.0 E-05 3,3 E + 10 h.7 E + (k.

M Zn 1 5.0 E 05 2.0 E + lh 5,2 !!4 06

*Sr 1 5.0 E4wi 2 0 E+ 11 5.2 I?4 07

""'TU 1 1.0 E-02 1.0 E + OS 2.6 114 04

"I l 1 1.0 E'05 1.0 E + 11 26!!407
U7Cs 1 1.0 E-05 1.0 E + 11 2.6 E4 07

"0 ;i 1 9.0 li-05 1,1 !! + 10 2.9 I? + t vi1

" 2* Eu i 70 E 05 14 !!+ 10 17 H + ( vi

2 "'Po 1 4 0 E-07 2.5 E412 6.5 E + 08

22''R a 1 6 0 E.07 1.7 li 412 4.3 E 4 08
-

Th(NAT) 1 3.0 E-07 33E412 8.7 li+ 08

U(NAT) 1 3.Oli4vi 3.3 II 4 11 S.71H 07

20 Am 1 2.0 I!-07 5.011+ 12 1.3 !!+ 09

(a) The dilution volumes shown in this table are based on an awumpti.m that only the radionuclide shown
is scleased by a licensee. Iloweser, the 10 CFR 20 annual diuharge limit to sanitary sewage h I Ci'vr i

for idl materials released by a licensee, not cath radionuclide. Exceptions to this are a S.Ci'>r limit for
f43H and a 1-Ci$r limit for C Thus, a 7 Ci$r limit may be reached by a licensee who diuharges all

radionuclides at the masimum quantities (56 FR 98:23360).

2.3 Slutige Disposal National Environmental i'olicy Act of 196o-

(P1, 91 100)

The discharge and disposal of solid waste products into
the environment are subject to nurnerous laws,includ. Clean Air Act of 1970 (Pl 91-604)*

ing the following:

NUREG/CR 5814 2.2
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Effluent Treatment and Di<posal Regulations

Table 2.2 Old and resised ass * concenttgLon limits for releases into munitary trwer nptemd")

Old itesised Ratio of resised.'

Itadionuclide limit (pG'ml.) limit (pCL'ml,) to-old limits

311 1.0 E 01 1.0 E-02 0.1

l'c 2.0 E-02 3.0 E-04 0.02

32P 5.0 E-04 9.0 E-05 0.2.

355 2.0 E-03 1.0 E-03 0.5
>

UCa 3.0 E 04 2.0 E4)4 0.7

53 Cr 5.0 E 02 - $.0 E 03 0.1

5dMn 4.0 E-03 3.0 E414. 0.08
I

5'Fe 2.0 E-03 1.0 E-04 0.05 |
'

"'Co 1.0 E-03 3.0 E-05 0.03

65 n 3.0 E 03 5.0 E-05 0.027

*'R b 2.0 E-03 7.0 E-05 0.04 >

'"5r 1.0 E-05 4.0 E-06 0.4

"Mo - 5.0 E-03 1.0 E-04 0.02

'''*11; 2.0 E-01 1.0 E-02 0.05

1 251 4.0 E 05 2.0 E.05 0.5

12'l 1.0 E-05 3.0 E4)6 0.3

-t31
1 6.0 E 05 1.0 E-05 0.2

137Cs 4.0 E414 1.0 E-05 0.03
'

34dCr 3.0 E4)4 3.0 E-05 U.:

1921r 1.0 E-03 1.0 E-04 0.1

24lAm 1.0 E414 A0 E-07 0.003
I

| (a) Adapted from Metwin et al. (1988).

_ Resource .onservation and Recovery Act of--* Federal Water Pollution Control Act of 1972 *

(PL.92 500),which established National 1976 (PL44-580)

|
Pollutant Discharge Elimination Sptem

Clean Water Act of 1977 (PL-95-217)._ (NPDES) permits *
i

'Ibxic Substances Control Act of 1976 The Federal Water Pollution control Act of 1972*

. (PL 94-469) established lesels of treatms 't required for plants

| 2.3 NUREG/CR-5814
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Effluent Treatment and Disposal Regulations

i

discharging to surface waters. Such plants are required Additional state or local requirements that are more
to meet NPDES permit levels for cIfluent discharges. stringent than fcdcral regulations aho require
Meeting these limits required many existing sewage compliance.
treatment plants to upgrade their facilities to provide
more effective extraction of solids from effluent streams. Co-combustion with municipal- e requires com-
This additional extraction increased the solid waste pliance with additional EPA reguwuons that pertain to
generated by these plants. As stated by EPA (1979), incineration of solid wastes (EPA,198Ni).
* stricter discharge limits have had the effect of making
solids treatment and disposal more important, mot e These regulations cover the quantities of pollutants Ihat
difficult, and more expensive.' can be emitted and the opacity ofIhe embslons. Emis-

sions considered include carbon monoxide, hydrocar- !
'New sludge incinerators must cornply with the following bons, orone, nitrous oxides, sulfur dimide, total sus-

standards and regulations derived from the Clean Air pended particulates, and lead For example, the New
Act and its many amendmento Source Performance Standards (NSPSs) restrict incin-

erator effluents to less than 130 lbiton of dsy solids, '

National Ambient Air Quality Standards with ga3 dhcharge of not more than 20% opacity. No i
*

specific mention is made of radioactive contaminants in
* National Emission Standards for liarardous Air these federal regulations.

Pollutants,subpart A
*

Exhting regulations for the *Critella for Claulfication
'

* - Standards of Performance for New Stationary of Solid hte Disposal Pacilities and Practices" are
.

Sources, parts A and 0 published in 40 CFR 257, Section 2573 5, concerning
the application to land used for the production of food-

* New Source Review Rule chain crops, provides maximum annual application rates
for cadtnium as a function of pli and soil cation ex-

Regulations Pertaining to Prevention of change capacity. Cadmium b the only inorganic element*

. Significant Deterioration of Air Quality currently included in these regulations.

t

9
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3 Sewage Treattiierit mid Disposal Practices i

I

%e components that make up the wastewater from a this section, current sewage treatment systems, sludge

community depend on the type of mllection system used incineration, and reuse and disposal practkes are dis.
and may include: 1) domestic wastewater, 2) ind ustrial cuued.and background information usefulin estahlhh- |

wastewater,3) infiltration / inflow,and 4) storm water, ing nenarios for the dose analysis is presented. |

Three types of systems are used for removal of waste-
water t.nd stotm water: sanitary sewer systems, storm 3,1 Sewage 'Realment Systems
sewer systems, and combination sewer splems. When
separate kystems are used for sanitary and storm waste- Municipal sludge production in the United States,
water, only the first three sources flow to sewage estimated to reach about 12 million metric tons (dry
treatment plants (STPs). With a combined system, all weight) a > car by the year 2tN O, represents a huge
four sources flow to the STPs. In both eases, the pet' resource to use where possible, and to dispose of where
centage of the wastewater components and the flow neceuary. Sludge treatment processes may include me-
rates vary with local conditions and the time of year * thanical dewatering, air drying, heat drying, acrobic

digestion, anaerobic digestion, and composting. While
Sewage treatment plants vary in site (capacity) from most sewage sludge only undergoes some treatment to
about I million gallons per day (ppd) to over i Nllion dewater or reduce its volume, a smaller proportion is
ypd. A capacity of 1 million gpd would serve a small city further treated to break down the organic materials
of about 50m people and a few small commercial users contained in the sludge. Options for di posal of the
(Metcalf and Eddy,Inc.,1979). A capacity of I billion resultant sludge products include incineration, burial in
gpd would accommodate a population of about 5 mil- a landfill, and conversion to a soll supplement,
lion people and a substantial industrial base. The mix of
domestic and industrial uses of water as a function of Water. borne wntaminants in a sewer system may fall
population served is illustrated in Figure 3.1. Domestic into one of three categories: chemical, physical,or
use of water is higher on a per capita basis where single biological. The decomposition of organic chemical com-
family homes predominate and lower in large cities pounds tends to deplete waterways of dissolved oxygen,
where multifamily housing predominales. Industrial which has a detrimental effect on fish and other aquatic ,

uses tend to increase with population, but there are populations. Inorganle chemicals may pose a potential
significant differences among types of industries, e.g., toxic threat to aquatic organisms and to terrestrial
the paper and chemicalindustries generate much larger animals drinking contaminated water Particulates or
volumes of wastewater than does the electronic ^ dissolved materials may act as physical agents and alter
industry * the water's normal temperature, color, turbidity, and

foaming action. 'Dammiulon of dhease through the
The primary sludge disposal methods are conversion to water supplies may be caused by biological contami-
a soil supplement, incineration, and burial in a landfill. nants. When radioactive materials are disposed of in '

incineration is used most commonly by large STPs that sewer systems, they fallinto any of the three categories
- have limited solids-disposal facilities. Conversion to of contaminants.
fertilizer and burial in a landfill are used about equally
by smaller STPs. Particulate matter is separated from treated liquids in

the sewage treatment system and is dewatered, forming a
The extent of sludge treatment required depends on the sludge, his sludge may be incinerated to reduce its
types of contaminants in the wastewater and the dis- mass, used as a fertiliter or soil supplement to improve
charge requirements for the cifluent. Sewage that is not so h, or disposed of in a landfill. Ocean dbposal of,

treated is called " raw sewage." The Federal \%ter Pollu' sludge is not discuued here because the pathways to
tion Control Act Amendments of 1972 prohibit the dis' man are more obscure and the amount of dilution with
charge of municipal raw sewage into water bodies. In

3.1 NUREG/CR-5814
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Figure 3.1 The mis of domestic and industrialine of water as a function of poputation density
(adapted from Metcalf and 1:ddy,ine,1979).

ocean water is vast. Also, ocean dumping of sludge is microservening, filtration through specif)c media,
gradually being phased out in the United States because precipitation and coagulation, adsorption onto activated
it is considered an unacceptable practice. carbon, ion exchange, reverse ostnosis, electrodialy is,

chlorination and o/onation, nutrient removal, or the
Primary sewage treatment employs physical methods of onotone process.
removing suspended solids and floating materials, and it

-

also conditions the wastewater for discharge to a remiv- A typic d process flow diagram for an STP designed to
ing body or to a secondary treatment process. ~i}p 4 - meet secondary treatment standards is shown in Fig.
clements of a primary system include screening, seei. = ute 3.2. "41 cal method' for sludge processing and
mentation, flotation, oil separation, and neutralitation disposal aie diagrammed in Figure 3.3. "he reader is
and/or equallration. referred to texts on wastewater treatment for more de.

.
.

ta!!s (Metcalf and Eddy,ine.,1979, Ramalho,1983).
Secondary treatmer' loys biological processes to
break down the orgt , m the sludge from the primary 3,2 Slutige "jye;gtgijegit |3y {11Cillerill1011
treatment. Such processes may include one or more of
the following treatments: sludge activation, extended incineration is a treatment method that greatly reduces
aeration, contact stabilitation, modifications of

the mass and volume of the sludge to an ash prior to
conventional activated sludge processes, aerated la' disposal. Incineration is ali attractive option prior to
goons, wastewater stabilization ponds, trickling filters, disposal when 'available land for disposal is searce,
rotating biological contractors, or anaerobie treatments. Stringent requirements for land disposal exist, destrue-

tion of toxic materialis required or the potential exists
'Rrtiary systems are intended to remove from the waste. for recovery of energy, either with wastewater solids
water any pollutants that are not removed by conven' alone or combined with municipal refuse" (EPA,1979).
tional biological treatments. Such processes may include incineration was the final treatment method for about

NUREO/CR.5814 3.2
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' T'igure 3.2 l'hw diagram for a typleal sewage treatment plant

27% of municipal wastewater sludge in 1982 (EPA, can lead to increased emission levels. In most types of

- 14',5), The advantages of this treatment option include a furnaces, complete combustion requires air or oxygen in

large reduction in mass (up to 95M) compared with the excess of the theoretical amount needed to react with
initial mass of the waste, destruction of toxic organic the organic components of sludge.The energy value of
chemicals in the sludge, and the potential for recovery of sludge comes mainly frorn carbon and hydrogen, which

combustion energy for use in other plant operations. take the form of volatile organic compounds and fixed

-Disadvantages of incineration include high costs for - -(or elemental) carbon, in order to improve its fuel
construction, operation, and maintenance, and the need valve, sludge may be incinerated along with other muni.

for experienced, trained operators for efficient in- cipai, agricultural, or industrial wastes, but is more
cinerator operation. Solid, liquid, and gaseous effluents commonly burned in dedicated facilities, in the United
from incit.crators that contain high concentrations of States, sludge incinerators are of three basic designs:

toxic materials also require special disposal methods in multiple hearth, fluidized bed, or electric (infrated)
order to satisfy crwironmental protection regulations furnaces, Details ctmccrning these furnace types are

(RCRA,1976); discussed in sludge treatment manuals published by the
EPA (1979; 1986a).-

. Incineration of sludge is typically a two-step process
involving first the drying, then combustion of the sludge. Incinctator operators mun n cet the emissions stan-

- The operational efficiency of an incinerator depends on dards promulgated h tb. Ucan Air Act of 1970. Emis-
a number of factors such as the sludge quality and the sinns front haincreters consist of primary pollutants
degree of control maintained over the process. Wria- nica;ed cirectly from the mstallation, including carbon

_

tions in the sludge feed rate, temperature, and alt:10w mon dic, hydrocarbons, nitrogen oxides, sulfur oxides,

i ,
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Seware Treatment and Dbposal Practices

:

r

lead, and suspended particulates. Secondary pollutants acconible locations. Potential effects on sur face water

are also regulated and conskt of compounds such as and groundwater must be evaluated to determine what

photochemical oxidants and nitrogen diotide produced measures must be taken to present leaching of waste

by reaction of primaty emiolons with sunlight in the irto these reservoir ~. The topography, geology, mete.

atinosphere. At most incinerators these emksicm are orology, and soil characterhtici are considered for this :

controlled 1 j afterbur ners and wet scrubbers. Newer reason. Care i also taken to protect environtnentally
units use vatiable throat venturi units combined with a sensitive areas, sites of historical or archeological inter- i

'

tray. type wet scr7bber, w hich can reduce all pollutants est,and land that has the potential for other uses in the

(except nitrogen oxides) to acceptable k vels (ID%. future.
1979,1986a).

As di cuwed in the following sections several types of ;

Alter incineration. Ihe solid residucs, consisting of land application comprise the sludge rcuse optlons;
combuellon ash at;d partieviatts from scrubbers, may burial at a dedicated landfill (with or whhout incinera-
cottain high mneentrations of toxic metals that must be tion) and codisposal with other solid ref use are aho re.

disposed of it a protected or hazardous waste landfill. siewed as sludge disposal options,
Such installathns must meet stringent requirements for
groundwater protection and control of leachate (EPA, 3.3.1 Land Application
1979).

land appilcation, as used in this report, refers to the use
3.3 Sludge Retise niid Disposal of sludge as a conditioner or nutrieni in surface or near.

surface soil. land application represented the end use

The selection of the most appropriate disposal optionp) fo: 30 to 40% of municipal sewage in 1982 (EPA,

depends on the characteristics of the sludge and avulla. 1986b) The sludge h applied to the soil sutface or just

bilhy of suitable dhposal sites. Sludge qualities that below the surface in either liquid or sembolid form.

- determine the appropriate type of disposalinclude the Liquid sludge h generally more convenient to handle

- solids concentration, organic content, and the presence and requires less pretreatment; however,it can create

of toxic chemicab or pathogenic organhms. The avalla. problems with excess moisture, formation of acrosok,

ble nitrogen content is often a limiting factor because it and odor. Sludge is c4mtmonly distributed on soll by ute

can be converted to nitrate, w hich is highly mobile in of tank trucks or tractor trailer spreaders In some cases,

soil and a potential groundwater contaminant. Chemical the liquid is injected into subsurface Iutrows or tilled in

properties such as pH also affect the mobility of heavy immediately alter distribution. Dried sludge is applied

metals and other inorganic compounds in the sludge. with the same type of spreader used for spreading ani-
mal manure.

Site selection for disposal facilities must take into
consideration a number of factors related to safety and Land application of sludge is used to improve agricul-

cecmomics. The distance over w hich the sludge must be tural, forest, or disturbed soil. Such use generally

transported for final disposal is an important factor, as involves some degree of administrative control by the

is safe access to the disposal site by the public. Sludge or treatment facility over application rates and subsequent

ash is often disposed at municipallandfills that are use of the affected area. Distribution and marketing of

accessible to the public for dumping household rubbish, sludge, on the other hand, involves sales or give away of

Although sludge and ash are usually buried in separate treated products to the general public, commercial en4

parts of the landfill, the public may have access to adja. terprises, or institutions for use on a more limited scale.

cent areas. It is important in siting and designing land. In this case, the treatment facility provides recommen-

fills that sludge and ash disposal areas be separated from duions for proper application, but responsibility for

__

public access areas to help assure public safety and their implementation lies with the end user. The

health. Sufficient land must be available to provide a assumptions and requirements governing cath of these'

reasor,able working lifetime for the site, and for a buffer use options are summarized in the following
subsections.- tone to separate the disposal area from publicly

3.5 NUREG/CR.5814
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Sewage Ticatment and Disposal practices

Agricultoral Use Wn Agriculturul Use

Agricultural use of sludge involves its application to soil 'the non. agricultural use of sludge involves the sale or
as a nutrient of conditioner to increase crop production. give-away of treated wastes to the general public and

' Sludge application is generally limited to the period be- commerciat or institutional users. These users may apply
fore crops are planted, or to inactive periods for peren- it as a fcttiliter or soil additise in the production of
nial forage crops. Sludge may be applied to a variety of forage grawes for animal feed and turf grass for public
crops, including grains, animal feeds, and nonfood lands (parks, uhoolyards), golf courses, and commercial
crops. sod. Sludge is also commonly uw. 6 * potting soil" by

nurseries and greenhouses (USDA,19X4). Jones (19S1)
Cood practices embodied in regu!ations or recommen- estimated that 25% of the sludge supply is rcturned te -

dations include limiting annual nutrient (i.e., nitrogen the soil, and muc h of it is used on graw produt tion,
or phosphorus) application rates to those that will be
nffset by crop consumption. These limitations usually Pretreatment of the sludge to reduce the potential for
correspond to application rates of 2 to 70 Mg/ha dry human esposure to contarninants varies with the suppoi-
weight. Larger applications may be permitted if there is er and may consist of digestion, composting, dewatering,
a delay in planting or if an established crop for animal or drying The sludge may then be distributed to end
forage is used (EPA,1986b). in some cases, the presence users in bulk of Ihrough commer(ial outlets as a pad-

.

of toxic chemicals or heavy metals is the limiting factor, aged product for public. commercial,or residential uses,
and there may be site lifetime loading limits for cadmi- There is obvious opportunity for human exposure to con-
um, lead, zinc, copper, and nk kel, primarily to limit taminants when waste sludges are used on home lawns
plant uptake of these metals within an acceptable level. and gardens, and treated commercial and institutional
The characteristics of th( site and the soll chemistry properties have the potential for future comersion for
must be taken into consideration when determining the residential use. llecause treatment facilities base no
acceptability of various levels of sludge application. I or direct cimiral over end use. health risks are minimited
example, the soll pil must be at tw5 or above and by limiting contaminant levels in the distributed product
permanently maintained at or above (t2. Other factors and requiring that information on the nutrient content
may include soil permeability, the site's stor , depth to and proper application rates be provided to the
water table, infiltration rate, and distance from surface customus.
water. Certain chemicals are selectivcly concentrated .-

within specific classes of vegetation. Many of the heavy 3pical sludge application rates for turf grasses in the
metals produce a phytotoxic response in the crop before first year of production are 30 to 300 Mgha, whic h is
their concentration in plant tissues reaches a level of incorporated into the top 10 to 15 cm of soil Appli-
concern to human or animal health. Cadmium is an cations for annual maintenance are ty pically 20 to
exceptior to this and therefore it is specially regulated. 40 Mgha.17orage grasses and commercial sod produc.

tion require 150 to 350 Mgha to establish the crop and >

The facility supplytng the sludge may be required to 50 to 65 Mg/ha annually for maintenance. Compost for
analyze and document the chemical composition of the nursery crops, including shrubs, trees, and ornamental
sludge and to maintain records of the locations and vegetation, requires 90 to 350 Mgha applied to the top
amount of sludge applied to each site. Ir.co norntion of 15 to 20 cm of soil (USDA,1984).
sludge into the soll by tilling or injection ' ml(
required prior to planting crops consum : by numans,
and in some ether applications;

a

.
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Sewage Treatment and Disposal Practices

l'orest Application need to evaluate the site geology, topography, and soit
characteristics. Access to the site should be limited and

Enrichment of forest land by sludge a[ plication is use of plant or animal products f rom the site for human
carried out under tbc assumption that the potential for consumption should be prohibited The treatment facili.
inco poration of contaminants into the human food ty supplying the sludge would be responsible for an: 0
thain is limited to occasional consumpilon of wild zing the sludge and maintaining records of its composi-

plants or animals. tion and locations and amounts of applications.

Because the forest surface layer has a relatively large 3.3.2 landfilling
storage capacity, loading limits for forest land are higher
than for a;riculturas use. Applications of up to I andfilling, as discussed in this report, refers to the _

'

100 Mgha dry weight may be carried out on a 3- to burial of wastewater treatment solids at a designated lis-

5-year gcle, and the timing is not limited by farming posal site. This disposal method is used to isolate and 3

operations (EPA,19%b). There are no tmic metal load- stabib/c sludge and other wastewater treatment solids
ing lindts for forest application; however, the agri- when alternatises for reme of these materials are not p
cultural limits are generally used to prescrse the sites for feasible. Landfilling provides the final disposal method
feare residential or agricultural use. ior 15 to 25G of municipal wastewater sludge (EPA,

19%c). Disposal of raw, treated, or stabilized sewage
R.strictions to control human exposure include posting may take place in facilities dedicated to this type of
of signs at public access points to prohibit consumption waste, or it may be codispmed w'ith other solid refuse
of wild food products from the area and to require (EPA,19%c). Sludge dispmal options o| burial a' G
evacntion of the public from downwind locations dur- cated landfills or codisposal with other municip;a # s

ing spraying. SO characteristics determine the in landfills are discussed in the following subsections.
acceptable rates of application. Application of sludge to
froz.cn soil is prohibited. Ticatment facilities may be iblicated landnll
required to keep records of sludge composition and the
locations and amounts of application. A dedicated land disposal site is s cd for intensive

application of treated or stabilitc6 sludge at rates much
Applicatinu to Disturbed land greater than those permitic<l for reclamation or agricul- J

ture, in this case, the land functions as part of the -

Wastewater sludge is otten applied to land that has been overall treatment process to facilitate dewatering and
disturbed by mining, quarrying, or being used as a sand breakdown of organic materialin the sludge and pro-
or gravel pit; this is done to improve the nutrient value vides a sink for metals or other toxic chemicals For this
of the soil so that new vegetation can be established. reason,the characteristics of the site are more restricted
Sludge application may also help to control other prob- than for other uses. The geology and location of the site
lems common to these sites such as acid runoff, erosion, should be such that potential contamination of ground-
and high concentrations of toxic chemicals. Because the water or a domestic water supply is minimized, and
surface soil is generally poor in such locations, a large there must be provisions for containment or treatment
Litial application o' tuage may be needed to re- of runoff. The soil should have a high cation exchange
establish the plant co.er (EPA,19%h). Repeated appli- capacity and other properties that restrict the mobility
cations are used under some conditions. If the ates are of toxic chemicals. Test wells may be required to moni-
to be used later for agricultural or residentia' purposes, for groundwater and teachate for contaminants.
the loading restrictions for these applications should be
followed, or the soil should be tested to determine its Control of the disposal site is generally maintained by
suitabihty before procewing with conversion to another the waste treatment authority, because the buildup of
use. salts and toxic materials could maF 9e land unsuitable

for o*her uses. Public access is resti s I by fe nces and

Restrictions on application of sludge to disturbed land signs prohibiting use of the land or its products. The
are similar to restrictions for other sites, including the

3.7 NUREG/CR 5814
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Sewage Treatment and Disposal Practices:

. treatment facility is again required to maintain records spread in a layer approximately 03 m thick on the
of sludge analysis and the location and amount of each surface, followed by 1 to 2 m of clean cover. A variation

- disposal. Before the property can be sold or used for of this method uses earthen dikes to contain unmixed
other purposes, the disposal site must be closed and the sludge on the soil surface. Cover is t - ;w I 03 to 1 m

'

potential hazards evaluated by established procedures. thick on an inte i basis, with a fitt - w 7f 1 to 2 m.
Future activities are limited by appropriate restrictions Stabilized sludge with a solid conte. t ~ t .o 20% is
placed in the property records cr deeds of sale, Unless required for these applications. Becaq ae waste is
analysis shows that a hazard does not exist, the land applied above grade, drainage control ditches ate pro-
cannot 1.e used legally to grow crops or forage for eni- vided in contain runoff or divert it to a treatment
mais that will be consumed by humans. However, other facility. Liners, which consist of a synthetic flexible
agricultural use may be permitted after evaluatior of the membrane or low permeability soil, such as clay (EPA,:

soll and the proposed crops. 1979), may be required under certain conditiont

Disposal of sludge in a dedicated landfi!! involve 4 plac. Callsposal
ing the waste in covered trenches of varying widt as, or in
area fills that are covered except on the working face. Sludge with more than 3% solids may be mixed with
Cover maMrialis either clean soil or soil mixed with other solid refuse at a landfill, then spread and

- sludge, in which case the facility is regulated as a land compacted. Application rates range from 1090 to
3application rather than a landfill. Because the sludge is 8000 m /ha, which generally represents 5 to 10% of the

applied below grade and covered with I to 2 m of clean total solid waste. Interim cover of 03 m of soil is
dirt, provisions for trapping and treating runoff water provided,with an additional 0.7 m at the final grading.
are generally unnecessary (EPA,1979).

hlixtures of sludge and soil may also be used as the cover
Area fills are used where excavation is not practical be- for a solid refuse landfill to promote vegetation
cause of shallow groundwater or bed. <* . In such cases, regrowth,
the sludge is mixed with soil and piled mto mounds or

4

|
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4 Case Histories
+

The first dose evaluation conducted for this study over a period of time. State tests ran in 1984 showed
addressed documented cases of radioactive contami- levels up to 750 pCi!g in ash taken from a sludga '...cin-
nation detected in sewer sptems or sewage sludge. For crator levels of 160 pCi!g were detected in landfill
several cases that have been documented, the level of samples.The levels in the sludge at the time of the ,

radioactivity in liquid effluents from licensed commer- investigation were t.p to 100 pCilg (Rimawi,1984).
cial facilities was quite low. Although tN als in After the major relmse ended, these levels decreased to
efnuents were well within discharge limn ., a several less than 1 pCi/g by 1986.
documented cases the levels of radioactivity detected in
sludge were higher than expected. This demonstrates the These concentrations suggested that exposures to STP
tendency for radionuclides to become concentrated in workers and the public might have been of concern and
sludge. Presumably, certain dispersible radioactive should be investigated. However, in vivo counting of
materials became attached to particulates that were STP workers and landfill workers detected no radio-
later filtered out of the wastewater. It is also likely that activity over background levels in their lungs or bones
certain soluble radionuclides formed insoluble com- (MacClennan,1984).
plexes at some point after discharge and precipitated out
of solution (NRC,1984). The dose evaluation con- 4.2 Case 2 - Grand Island, New York
ducted for these case histories, although generic, is
intended to provide an initial determination of the ade- Because of the Am contamination at the 'Ibnawanda241

quacy of current regulations and is not intended to be a STP, the New York Department of flealth also col-
comprehensive evaluation of the likely doses that could lected sludge samples in 1984 at the Grand Island STP,

. have been received. which received effluent from another manufacturer that
241produced devices that used tritium,2*Po, and Am.

In this section, background information relevant to five This manufacturing facility discharged about 25 mci /yr
documented cases where radioactive contamination has gr 24 tam into the sanitary sewer that fed into the Grand
been reported in sewer systems or in sludge is summa. Island STP. The Grand Island STP uses tertiary treat-
rized. The first case is perhaps more significant than the *nent prior to discharging effluent. Current sludge pro-.

other four; however, they are all brieDy discussed duction averages 450 ton /yr. The sludge is digested and
because they demonstrate the efficiency of current STPs pressed to increw the solids content to about 20% and
in concentrating undissolved contaminants. The radio- t is subsequently buried in a landfill. The average -
nuclides associated with each of these cases are listed in 24tAm concentration in the dry sludge was about
Thble 4.1, The measured concentrations identified for 100 pCi!g dry weight when first studied (Rimawi,1984).
each case will be used in the radiation dose analysis dis- The manufacturer reduced the Am concentrati(m in241

cussed in Section 6. its liquid discharges at the request of the New Yot k
!. Department of Labor after the higher levels were identi-

| 4.1 Case 1 - Tonawanda, New York fled. By adding filtration to the holding tank, sludge
241Am were decreased to about! concentrations of

|
,A manufacturer of smoke detectors, which iaciuded 40 pCi/g. The pressed sludge concentrations actually fell
'41Am foils, operated in the 1970s and early 1980s in from 20 to 5 pCi!g (wet weight).
'Ibnawanda, New YF' -When the facility was being de-
commissioned in tu or release for other use, con- Using information provided by the State of New York,
tamination of the sewer lines leading from the facility calculations of the annual average concentration of

241was detected. Americium-241 was subsequently detected Am in the wet sludge were based on the assumption
241in the STP, sewage sludge, and incinerated sludge ash that all Am entering the plant was concentrated in

.. residuc. It is believed that the contamination occurred the sludge. Analysis of STP inflow and outflow showed

4.1 NUREG!CR-5814
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Case Histories

Table 4.1 Radionuclides ase.ociated with drumented cases of sewer $3 stem contamination

-

Contamination case thensee fa cility 13pc Radionuclides

t
,

"Rmawanda, NT Americium fail' smoke detector 241 Am
manufacturing

- Orand Island, NY Americium foil! smoke detector 241Am, 21"Po,3H

manufacturing "

54M n, "Co. "'Co, "'Zn, "St,Royersford, PA Deetmtamination laundry
9"Sr,95Zr,95N b, IMSb,134Cs,
t37Cs, WU4U,2nU, * U.
m Pu,239*"Pu

1374 ""Co,l'4C ,, 54MnOak Ridge, TN Equipment decontamination

Na,32 ,33 , 35S, 3*Cl,Washington, DC Research laboratories 3H,14C, 22 P P
44Ca, 46Se,SICr,"Fe,57Co,
"Co, "'Co, '#Ga,753c, m'Rb,
99mg tilin,125g,131g,141ce,
137g 195m 212p 2g Mg

that the americium concentration in water samples was where material removal was required for decontamina-
below the detection limits. Soil samples taken in the lion or for areas needing to be stabilized on site by

~24tformer sludge storage area showed a low level of Am. covering the area with a 4-ft layer of uncontaminated
Wipe samples taken within the STP did not detect soil.
241Am above levels allowed for unrestricted use of

- materials or facilities. Some of the Grand Island STP 13 Case 3 - Roversford, Pennsylvania
workers used dried sludge for a soil supplement in their

*

home gardens. One garden showed measurable amounts A commerciallaundry for radioactively contaminated
of241Am. Based on the sampling data, it was concluded protective clothing is located in Royersford, Pennsyl-
that there did not appear to be a radiation hazard to the vania. The wastewater from the laundry is stored (temp-
STP employees or landfill employees, and that no speci- orarily)in two 5(XXbgal tanks,where the pH of the
fic safety measures beyond those normally taken by wastewater is adjusted.Then the liquid is pumped into a
employees would be required of such facilities. discharge tank where it is recirculated for 30 minutes. A

sample from tbis discharge tank is analyzed for gross al-
For the Tbnawands STP, the NRC suggested a concet:" pha and gross beta activity before the contents of the
tration of 30 pCilg as an appropriate limit for 41Am, tank are released to the sanitary sewer system. Roughly
below which no remedial action is required. This limit 15,(XX) gpd are released to the sewer system in this man-
was apparently based on practical (radiation octection) ner. Inspections by the NR''in late 1985 revealed no
considerations,instead of being directly related to risk. violations by the licensee (1 1C,1986a). Ilowever, an

. New York State adopted the 30-pCi!g limit for areas inspection of the Royersfon STP rescaled radiation

NUREG/CR-5814 4.2
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Case ilistories (

levels up to 1,2 mR/h at the secondary digester in an
area where the background radiation is 0.01 mR/h. He- biannualinspection that the company had not teturned
cause of the levels detected, the NRC proposed a plan toto the original restrictions, but instead had continued
evaluate the impacts of the radionuelides released to thewith the temporary limitations.

sanitary sewer system by the laundry facility. The evalu-
ation encompassed not only the STP, but sludge applica-In August 19S6, a study (Halsey,1986) was conducted to
tion areas as well, it found that the highest doses were toevaluate the risk to the general public from the
farmers working the fields w here the sludge had beentadionuclides released into the sewer system. It was
applied, but none of the doses were estimated to be sig-estimated that there were four radionuclides of concern
alficant because all were less than 5 mrem'yr. Radiationin the sludge, of which W

Cs was the primary contami-
levels on the outside of a tanker, used to carry the sludgenant. It was determined that the primary risk was

-to application sites, ranged up to 0 3 mR/h. through consumption of segetables grown in a garden
fertilized with sludge from the STP. The concentrationof W4.4 Case 4 - Oak Ridge, Tennessee Cs was determined to be 80 pCilg, v hich would be
dnuted in about s pCi'g when combined 1:10 with gar-

A company in Oak Ridge specializes in decontamina, den soil. Using uptake factors in various vegetables and~

tion of nuclear power plant materiah that are eco, average consumption rab m estimate of the dose re-

ceived was calculated. There were oth,er isotopes p' resentnomically impractical to discard. Most of the radio,
in lesser quantities, and the sum of *Cs, *Co,activity remmed from the items is solidified and sent to M Cs,and

permanent low level waste disposal sites. A slight Mn detected was estimated to result in a dose of
amount of activity is disposed of as ligdJs entering the

approdmately 6 mremy

city sewer system. When a new STP was put into opera.
4.5 Case 5 - Washington, D.C.tion by the city of Oak Ridge, contamination of the

sewer lines leading from the company was discovered. In
addition. radionuclides characteristic of those in theThe Blue Plains Wastewater Ticatment Plant processes
company's effluents were detected in the sludge beingwaste from a number of federal research facilities that
procesced at the sewage treatment facility. The contami- use a relatively broad spectrum of radionuclides com-
nation was found at the STP in both its primary andpared with most industrial operations. Some liquid
secondary digesters. This sludge was subsequently efnuents are released directly to the sanitary sewer
applied to deforested land at a government facility, system, whereas selected wastes are retained in tempo-
resulting in radiation levels of about 0,01 mR/h (2 to rary holding tanks to permit decay of short-lived iso-l

3 times background)in the area (NRC,1984). Stricter topes before release. Inspections of two research facili,
guidelines were issued to the company by Tinnessee'sties and the STP were conducted in early 19S6,with no
Division of Radiological Health, which limited the violations of federal regulations or licenses noted (NRC,
amount of radioactive material released to the sewer1986b). Samples were obtained at both faedities from
system. Additionally, the company was allowed to re- holding tanks and effluent discharge points and at the
lease only soluble material, because it was suspectedSTP for influent, liquid effluent, and sludge. Radio-
that some of the material previously released had beennuclide concentiations in factlity effluents were 2% orinsoluble.

less of the limits specified for maximum daily release
concentrations in Appendix B, Thble 1 Column 2 of the

Shortly thereafter, the company asked for temporaryolder version of 10 CFR 20 (1988a). Analysis of the STP
relaxation of the restrictions imposed on them for thesamples revealed that concentrations of soluble iso-

release of some comaminated acid that had been accu-
topes, such as W

Cs and beta-emitters in general, were
mutating. New tentative limits were negotiated, and on the same order of magnitude for liquid innuent and
neutralized, filtered acid was released. After the effluent, and that concentrations in sludge were about
temporary limits expired, it was noticed during a 10% of those in the liquid samples. In contrast, for

alpha. emitters the in0uent concentrations were about

4.3
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Case 111 stories
j

of tritium and 7 mci of other radionuclides (unspeci-
10 times higher than those of the liquid effluent sam- fied) during 1984; the second discharged a total of 5 A Ci

of tritium during 14S4 and 7.4 Ciin 1985 (under a spe-ples. These data, although obtained from a small num-
ber of samples, support the conclusion that some radio-ciallicense provision permitting discharge of up to 8 Ci
active isotopes can accumulate in the solid traction oftotal, an exception to the former version of 10 CFR

20303d). Major radioisotopes released by the second
facility included tritium, HC,2;Na,32 ,3#S, "Cl,4Cr.STP cffluent. P

Data on 1he total quantities of Iadionuclides released"Fe, "Se, l 2* l, and 133 1

during 1984 and 1985 were also obtained from facility
annual reports. One facility discharged a total of 22 Ci

4.4
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5 Exposure Pathways and Scenarios

A modeling analysis was performed to evaluate the 40RK) people and represents the minimum si7e plant
approximate magnitude of potential radiation doses to likely to receive significant radioactive cinuent ftom an
municipal workers and members of the public from ex- industrial source,

posure to radioactive materials dispostd of via sanitary
sewers. Various sewer system operations and sewage Wet sludge was assumed to contain 309 solids,with the
sludge processing and disposal activities were consid- mass reduction upon incineration assumed to be 30%
ered in the generic analysis. The routes through w hich on a dry weight basis (EPA,1956a; 1986b; 1986c). The
people may be exposed to radiation or radioactive mate- particulate release fractions for incineration were taken -

3 H
rials are called radiation exposure pathways. A col- from literature sources to be: 0.9 for 11;0.75 for C;

lection of exposure pathways is used to construct radia- 0.1 for strontium and iodine; 0.01 for thlorine, phospho-

tion exposure scenarios. These scenarios are designcd to rus, tuthemum, and technetium; 0.001 for sodium and

he conceptual representations of patterns of human ac- cesium; and 0 005 for all other elements (I AEA,19S7;
tivity (actions, events, or lifestyles) that result in radia. Oitunali and Roles,1984). For simplicity, in sce natios

3
tion exposures to individuals or populations. The gen- involving exposure to ash, all radionuclides (except 11
eric sewage treatment processes, the significant ex- and "C) were considered to be contained in the ash. For
posure pathways, and the exposure scenarios considered all scenarios that address inhalation of resuspended par-
in both the case history analysis and generie evaluation ticles it was assumed that 20 to 1000 of airborne par.
conducted for this study are described in the following ticles were respitable (EPA,1986c).
sections.

For evaluations of potential exposure to sewage sludge,

5.1 General Process Description it was assumed that all radioactive materials discharged
to the sewer attaches to and remains with the sludge sol-

Th calculate potential doses from exposure to radio, ids. While conservative, this assumption was not un-
reasonable considering the high sorption coefficientsactive materials during sewer system operations and
associated with organic materials. When evaluating the

sewage sludge processing and disposal,it was necessary
to characterize generic sewer and sludge processing! potential exposures to STP liquid effluent it was further

assumed that allof the radioactive materials discharged -

disposal operations. The generie characterization was to the sewer remains in solution. Thus, this evaluationmodified for the case history anahsis where measured
data were available. The ref'erence sewer system opera, addresses potential discharges of radioactive materials

tions were developed based on the treatment and dis _ in highly soluble chemical form. This approach, account.

posal practices discussed in Section 3. The reference ing for the release of the totalinventory to both sludge

facilities and processes were used to identify the po, and liquid efnuent, provides for a generic analysis with-

tential pathways for external and internal expc .ure. out relying on detailed chemical data for a specific STP.
Because of these assumptions,it is recognized that theThose pathways were then combined, as appropriate, to

form credible exposure scenarios. The pathways are results from this study likely provide overestimates of

illustrated schematically in Figare 5.1 and are discussed the potential doses from disposal of radioactive materi-

below, als into sanitary sewer systems,

As a base case for this analysis, the reference STP was 5.2 Sewer and 1)isposal Operation
assumed to process 19 million liters (5 million gallons) Exposure Pathways and Scenarios
of wastewater daily and to generate 1700 metric tons
(dry weight) of sludge per year (EPA,1979). A facility Bmed on the generic process described previousiv,
this size would support a community of 35,000 to radiation exposure pathways at.d scenarios were next

5.1 NUREG/CR-5814
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Figure 5,1 Radiation exposure pathways to man from disposal of radioacthe materials into sanitary sewer systems

identified so that radiation doses could be determined. radioactive materials in sewer line wastewater, sewage
Because this report is intended to serve as an initial sludge, and ash, and internal exposure to radioactive
determination of the adequacy of current regulations, materials following inhalation of resuspended ash. Path-
decisions have been made to limit the pathways included ways identified for members of the public were more
in the scenario analysis. The exposure pathways identi- complex and included transport through the environ-
fled for municipal workers included external exposure to ment following release from treatment or disposal

|
|
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|- facilities, For purposes of this initial evaluation, external annual doses for this individual,it was assumed that

l= exposure, inhalation of resuspended material, and inges- exposures to these concentrations occurred for

tion of agricultural products have been considered in the 100 hours during the year.

- public exposure scenarios. While under some conditions
additional pathways could be important, they are beyond For inhalation, the individual was assumed to be ex.

the scope of this initial analysis. While it is possible to posed for a shorter time period of 20 hours because
identify additional scenarios, a set of 11 scenarios was workers under these conditions would likely wear

selected as being representative of real situations, w hile respirators the majority of the time, An air con,
3

providing conditions that will bound additional expo- centration of 1.0 E-04 g'm was assumed,with 20% of
sure situations (i.e., individuals who perform sewer work the material assumed to be respitable,

_

or members of the public with lesset exposure condi-
tions). The 11 scenarios, and their associated exposure The time period over which the assumed concentration

pathways, are summarized in Table 5.1 and are described could be maintained depends on the average daily efflu-
in detail in the sections that follow, ent flow rate from the licensee's facility.The 1 Ci$r

limit could be reached relatively quickly for radio-

5.2.1 Scennrio No.1 - Sewer System Inspector nuclides with high concentration limits and moderate
effluent flow rates. For example,1 Ci of"Tb would be

in this scenario, the potential doses to a sewer system - diluted to its concentration limit by only 10,000 L of
water.inspector from exposure to radionuclides in the waste.

water stream were evaluated, An inspector within the
sewer system's large interceptor lines was assumed to be 5.2.2 Scennrio No. 2 - STP Sludge Process
the iltst person potentially exposed to radioactive efflu- Operator

- ent from a licensee. The exposure pathways considered
for this scenario include direct exposure to external in this scenario, the potential doses to STP workers
radiation und inhalation of airborne materials, from radionuclides carried into the facility by the

wastewater stream were evaluated. This scenario ad.
Calculations are performed for an individual drifting dressed a workei whose sole function was to operate and
in a smal' boat within a large diameter section of the maintain sludge processing equipment such as a centri-
sewer lint. Doses from the external exposure pathway - fuge or sludge press. This function requires the worker
were calct lated at a distance of I m from the surface of - to be in relatively close contact with dewatered sludge
the source, which was modeled as a slab of water 50 cm on a full-time basis.
deep,20Nm wide, and 600 cm long. (Subsequent calcu-

-lations' howed that, for a given radionuclide concentra- External exposure and inhalation of airborne radio-
;. _ tion in water, the dimensions of the source do not great. active materials from the sewage sludge were con-

ly influence the dose rate estimates.) External dose sidered For external dose estimates, the worker was

rates were calculated on the basis of radionuclide con- assumed to be located at a distance of 2 m from a sludge
centrations in the wastewater equivalent to 10% of the mass 1 m deep and long enough to be modeled as an infi-
maximum permissible daily release concentrations listed nite statt in practice, this would translate to a length of
In the revised 10 CFR 20, Appendix B, Table 3 (1991).11 3 to 6 m for equipment such as a sludge press or collee-
was assumed that discharges from the facility (at the tion bin The external exposure duration was assumed to
maximum concentration allowed) were diluted to the be 1500 h!yr.The concentration of radioactive materials
10% icvel byother inputs to the sewer system that in the sludge at thispoint of the processing was assumed
occurred upstream from the point of exposure. The dis- to be 2.1 E 04 Ci/m , based on a discharge of I Ci$r.
charged radionuclides were assumed to travel and decay The concentration of radionuclides in the sludge was
approximately 0.2 hour before reaching the point of based on a 30% solids content, w hich contains essen.

exposure For the purpose of evaluating potential tially all of the incoming radioactive material.The

5.3 NUREG/CR-5M14
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Thble 5.1 Exposure scenario summary

Exposure pathways
Exposure scenario External Internal

Sewer system operations

No.1 - Sewer System inspector-Worker %hstewater in pipes Inhalation via resuspension
1

- No. 2 - STP Sludge Process Sludge in processing equipment inhalation via resuspension j
Operator-Worker

No. 3 - STP Liquid Efiluent--Public River / shoreline recreation Inhalation via resuspension
Deposits on ground via irrigation ;

Ingestion via drinking water, i

Iirrigated crops, fishing
Sewnee sindce treatment and disposal operations

No. 4 - STP Incinerator incinerator ash Inhalation of dust
Operator-Worker

No. 5 - Sludge incinerator Deposits on ground Inhalation of effluent
Effluent -Public from air Ingestion via air deposition

on local crops

No. 6 . Incinerator Ash Disposal Ash in truck inhalation of dust |
' Truck Driver--Worker I

l
i

- No. 7 - Sludge Applicatian . Ground Inhalation via resuspension
to Agricultural Soil-Public - Ingestion via local crop

! !

No. 8 - Sludge Application to Ground Inhalation via resuspension I
Non AgriculturalSoil-Public |

<

No. 9. Landfill Equipment Ground Inhalation via resuspension |
'~ Operator--Worker

Post-scwane studee disposal

|

No.10 LandfillIntrusion Ground Inhalation via resuspension
and Construction--Public

No.11 - Landfill intrusion Ground Inhalation via resuspension -
Intrusion and Residence-Public

NUREO/CR-5814 5.4
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radionuclides were assumed to travel and decay approxi- grown locally with irrigation water from the river. The
mately 3 days before reaching the sludge press. irrigation season was assumed to last 6 mo$1 at an

application rate of about 76 cmbT. In addition, about
For inhalation, the worker was assumed to be exposed 6.9 kg$t of fish from the river were assumed to be

for a shorter duration of 300 hbT because workers who ingested,

maintain equipment would be exposed to airborne mate-
rials infrequently. An average air concentration of 5.2.4 Scenario No. 4. STP Incinerator

31.0 E.04 g/m was assumed, with 20% of the material Operator
assumed to be respirable.

In this scenario, the potential radiation doses for a
5.2.3 Scenario No.3 - STP Liquid Efiluent sludge incinerator operator were evaluated. Sludge

incineration was assumed to take place with minimum
in this scenario, the potential radiation doses to a delay after processing at the STP. Although sludge is
member of the public from exposure to STP liquid efflu- sometimes co incinerated with municipal trash or other
ent were evaluated. All radioactive materials discharged organic wastes,in this scenario use of a dedicated
to the sewer system were assumed to be highly soluble. multiple-hearth furnace was assumed. The published
to remain in the liquid phase, and to be released in the parameters for incineration of radioactive waste in a

STP ligisee. Release of soluble materials was assumed in
rotary kiln furnace (typical of those used for municipaluld effluent to a river having a flow rate of

100-m trash) were adjusted where necessary to fit this scenario
order to provide a generic analysis that would produce (IAEA,1987; Oztunali and Roles,1984).
prudently conservative results, without relying on data
from any specific operation that may be incorrect for Exposure pathways for an incinerator operator included
other processes. For a release of I CibT, the average external exposure to radioactive materials in the furnace
concentration in the river was calculated to be about and internal exposure from inhalation of radioactive
0.32 pCi/L materials in resuspended ash. Exposure to incinerator

flue gas was not included for personnel within the plant,
*

The downstream scenario involved an individual who because they are shielded by the facility, and because the
was assumed to live near the river and to use its water plume was assumed to remain airborne for some dis-
for irrigation. Exposure pathways for this individual tance downwind.
included external exposure to radioactive materials in
the river (via swimming and boating), on the shoreline. For the external dose calculations for this scenario,
and deposited on the ground by irrigation; and internal exposure was assumed to occur 4 h/ day (1000 hbT), with
exposure from inhalation of resuspended radioactive an infinite slab source geometry correction factor of 0.25
material deposited on the soil by irrigation and inges- and a shielding correction factor of 0.4 (IAEA,1987),
tion of contaminated food, including irrigated garden The radionuclides were assumed to decay approximately

'
crops and fish from the river. 3 days before reaching the incinerator. For inhalation,

._

_
_

the individual was assumed to be exposed to airborne
Radionuclides were assumed to decay approximately - ash for 400 ha r. The airborne particulate ash loading

37 hours before being released to the river. Exposure to within the plant was assumed to be 1.0 E 03 g/m , of
radioactive material on the ground was assumed to which 50% was assumed to be respirable. Concentra-
occur about 5 h! day (1800 hbT), and direct exposure to tions of H and M3 C in the ash were adjusted based on
'the water via swimming, boating, or shoreline activities assumed releases from the incinerator. Releases from
was assumed to last 10,5, and 17 hbT, respectively. the stack were calculated using release fractions of

0.9 for H; 0.75 for "C; 0.1 for strontium and iodine;3inhalation of contaminated dust was assumed to con-
tinue for about 5 h/ day (1800 h!yr) with a mass loading 0.01 for chlorine, phosphorus, ruthenium, and techtict-

3
| of 1.0 E-Kg'm , Only 20% of the particles were ium; 0.001 for sodium and cesium; and 0.005 for all

assumed to be respitable. About 50% of the fruit and other elements (IAEA,1987; Oztunali and Roles,1984).
_

Vegetable diet for this individual was assumed to be An adjustment was made for the addition of 10% water

5.5 NUREG/CR-5814
|

- ._ _ .- . _- ___. - - _ _ _ --



. _ _ . _ _ __ ._ _ _ . _. . _ ._ __ __ __ __

i

: Exposure Pathways and Scenarios

!
i

to stabilize the ash during transport. The concentration - a final disposal site were evaluated. Transportation of f
in ash, using a release of I Ci$r, was estimated to be ash was selected for this evaluation because ash will '

2 nCilg. contain higher ccmcentrations of radioactise materials
than sludge. The concentration of most radionuclides in

5.2.5 Scenario No. 5 - Sludge Incinerator the ash was calculated, based on a release of I Ci$r, to
3Effluent be about 0.0028 Ci/m . Transporting sludge was esti-

mated to result in lower doses by about a factor of 10

in this scenario, the potential radiation doses to a because of the reduced concentrations in the sludge.

member of the public living in the vicinity of an operat. External exposure and inhalation of airborne radio-

ing sludge incinerator were evaluated. Incinerator active materials were the only exposure pathways

parameters were similar to those described for the considered.

previous operator scenario with the same assumed
iractional releases of radionuclides (IAEA.1987; The external and inhalation exposures were assumed to

Oztunali and Roles,1984). occur for 1000 h!yr. The radionuclides were assumed to
decay approximately 3 days before the ash was loaded

Doses were calculated for an individual living downwind into the truck.The exposure geometry was modeled as a

from the incinerator at the point of maximum plume s urce with dimensions of 2 x 3 x 1 m (corresponding to

concentration. Exposure pathways for this individual the filled truck bed). The driver was assumed to be sepa-

included: external exposure to ground deposited rudio, rated from the load by I cm of steelin the bed and cab.
active materials, inhalation of airborne radioactive For inhalation, an airborne dust loading of 1.0 E-04

3
- materials, and ingestion of radioactive materials g'm was assumed,with 20% of the materialin Ihe respi.

- deposited on locally grown foodstuffs. rable si7e range. These exposure condMous ate clearly
conservative because half of the time would be spent

The external exposure duration was assumed to equal returning to the site with an empty truck, there would be

the time spent outdoors,1800 h$r. The inhalation time spent loading the truck, and there would likely be

exposure duration was assumed to be 6180 h$r, includ- time spent on other activities away from the t ruck. In

ing the time spent outdoors and the time spent indoors. addition, the duration of inhalation exposure may be

'Ihe average outdoor air concentration was assumed to much less than that for external exposure given a well-

be 1.0 E-&4 g!m ,with an exposure duration of 1800 ventilated truck cab. However, these assumptions pro.3

h$r. The average indoor air concentration was assumed vide a prudently conservative basis for the dose

to be half of the outdoor air concentration, or 5.0 E-05 estimates,

3g/m ,with an exposure duration of 4380 h!yr. The radio-
nuclides in the sludge were assumed to decay approxi. 5.2.7 Scenario No. 7 - Sludge Application to -
mately 3 days before being incinerated. Atmospheric Agricultural Soil
transport parameters included a X/O value of 1.0 E-06
and a deposition velocity of 1.0 E-03 m'sec. For a release In this scenario. potential radiation doses to members of
of 1 Ci!yr, the air concentration for individuals in the the public as a result of applying sludge to agricultural
environment was estimated to be about 3.2 E-05 pCi/L land as a soil conditioner and fertiliter were evaluated.
It was assumed that 100% of the particulates from the The exposed individual was assumed to be a farmer w ho
incinerator effluent were respirable. Finally,50% of Ihe lives on the site of sludge application and engages in
individual's total diet (including meat and milk) was farming activities. Exposure pathwap for this individual
assumed to be locally produced. included external exposure to radioactise material on

the ground, inhalation of resuspended radioactive mate-
5.2.6 Scenario No. 6 - Incinerator Ash rials, and ingestion of foodstuffs grown at the site..

Disposal ' Ruck Driver
For external exposure and inhalation, the exposure

In this scenario, the potential radiation doses to a duration was assumed to be 20m h/yr. External expo-!

I worker who drives a truck carrying ash from the STP to sures were estimated for this scenario using a shielding

NUREG/CR-SS14 5.6
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factor of 0.25.The radioactive materialis assumed to be 5.2.9 Scenario No. 9 - Landfill B uipmentl
uniformly distributed through the top 15 cm of the plow Operator
layer, thus avoiding the potential for overestimation of
the external exposure. Inhalation exposures were In this scenario, the potential radiation doses to indi-
estimated assuming an airborne dust loading of viduals working at a landfill were evaluated. The landfill

31.0 E-04 g'm ,with 20% of the materialin the respirable was assumed to be dedicated to the disposal of solids
size range. The farmer was assumed to obtain 50% of his from the STP, either in the form of sludge or incinerator
fruit and vegetable diet from food grown on the sludge- ash. Sludge is sometimes mixed with soil or municipal
treated land. This fraction is the same as for solid waste for disposal in a sanitary landfill, and this
Scenario No. 3. practice results in doses that are an order of magnitude -]

lower than those calculated for a dedicated landfill. For 1

An application rate of 15 Mg/ha (dry weight) was used this scenario, ash containing 10% moisture was assumed
for this analysis, with immediate tillage after application to be deposited in wide trenches and covered with I m of

' (EPA 1986c). The radionuclides were assumed to decay clean soil. The ash was assumed to be diluted to 10% of
-

approximately 12 days before being applied to the land. the original concentration by other municipal wastes C -
For a release of 1 Ci$r, the soil concentration was posed of at the same landfill.The wet ash / waste mixture
calculated to be about 3.7 pCl/g. was calculated to have a concentration of 180 pCilg.

assuming a release of I Ci/yr. The exposed individual for
5.2.8 Scenario No. 8 - Sludge Application to this scenario was a heavy equipment operator.
Non-Agricultural Soil -

Exposure pathways for this individual included external
in this scenario, the potential radiation doses to mem- exposure to radioactive material on the ground and in-
bers of the public from the application of sewage sludge halation of resuspended material. The exposed individ-
to non agricultural land were evaluated. In such cases, ual was assumed to spend 500 h!yr running heavy equip.

the sludge is applied at higher rates than are considered ment in the vicinity of the disposed ash. Shic! ding and-

acceptable for agriculturalland. Non agricultural appli. geometry factors of 0.2 each were assumed to account
cations are made in areas such as forests, parks, or loca- for the shielding afforded by the heavy equipment and
tions that have been severely disturbed by mining and the overburden materials (IAEA,1987).The radionu-
excavation (EPA,1986b). For this scenario, the applica- clides were assumed to decay approximately 3.5 days
tion rate was assumed to be 100 Mg/ha (dry weight), and before being applied to the land. Airborne dust mass

3
the exposed individual was assumed to be an individual loading was assumed to be 5.0 E-04 g/m , with 20% of

who is employed spreading sludge. For a release of the particles assumed to be in the respirable size range.
1 Ci!yr, the resulting concentration in soil was calculated
to be about 24 pCUg. 5.3 Post-Sewage Sludge Disposal

Osun Pa@ Ways and SenaMs
The exposure pathways considered for this scenario
were external exposure and inhalation. This type of

The scenarios presented in this section address potentialsludge application was assumed to be seasonal emph)y-
ment with an external exposure and inhalation exposure exp sure to radioactive materials in the extended time

frame foHowing closure of a dedicated ash landfill. C4m.'

- duration of about 3 months or 500 hours. The radio-
nuclides were assumed to decay apptoximately 12 days ditions that would control potential access to or move-

' ment of radioactive materials at a closed landfill site are
before being applied to the land. For inhalation, an air

3 difficult to predict and may be highly site specific.concentration of 1.0 E-N g/m was assumed,with 20%
Scenarios No.10 and 11 have been developed and

of the material assumed to be respirable.
i
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analyzed to evaluate potential long-term implications of factor of 0.5 was applied to the esternal esposure to |
incinerator ash disposal. Each scenario incorporates a account for shielding and geometry factors. The air. |
5-year delay / decay time to account for a nominal period borne dust level was auumed to average 4.0 E-04 g'm'
of institutional control after site closure. The scenarios over the construction period (IAEA,19S7), with 20'7 of
were designed to be similar to human intruder scenarios the particles in the respitable site range.
developed for low level radioactive waste disposal evalu- '

ations (Ortunali and Roles,1984). These scenarios rely 5.3.2 Scennrio No,11 - 1,nndGll Intrusion and
on the assumption that theywill occur. Because they Residence

- further rely on assumptions regarding the post disposal
radioactive decay period and the type of human activi. In this scenario, the potential radiation doses to a mem-ties involved in reuse of the land, their results are

ber of the public from inadscrient intrusion into an ash
. presumed to be less likely than the results estimated for landfill site following termination of disposal operations
the other scenarios considered in this analysis. There" were evaluated The landfill was awumed to be excava-
fore,in lieu of a more comprehensive analysis, the led for residential etmstruction with a 5acar delay alter
results should be viewed only as conservative estimates. disposal of the ash (as described for Scer$ario No[10).

This scenario includes an evaluation of the dose to an
5.3.1 Scenario No.10 - Landfill Intrusion and individual who lives on the site and grows a portion of
Construction his foo<1 there, A further dilution by non active soil was

acumed using a dilution factor of 047.The resulting
in this scenario, the potential radiation dose to a mem. concentration in soil for this scenario was 80 pCilg be-
ber of the public from inadvertent intrusion into an ash fore correcting for radioactive decay.

-

landfill site was evaluated. The intrusion was assumed to
occur when the landfill was excavated for residential Exposure pathways for this scenario included external
construction 5 years after disposal of the ash. exposure to radioactive material on the ground,inhala-

tion of resuspended dust, and ingestion of foodstuffs
T$ excavation was assumed to extend 3 m into ll'.c grown on the site. For external exposure, the individual '

3ground and remove a total of 900 m of soil, which was was assumed to spend 5850 h$r indoors, with a shieldmg
then used for backfill or spread in the area adjacent to factor of 0.33 and 100 h$r outdoors (unshielded). For
the house (Oztunali and Roles,1984). The si7e of each inhalation, the individual was awumed to spend
disposal trench in the landfill was assumed to be larger 5850 h3r indoors with an air concentration of

l' than the area excavated for construction, and the entire 5.0 E-05 g'm and 100 h *yr outdoors with an air
3. construction was assumed to take place over contami- concentration of 1.0 E-04 g!m . Only 20G of the ait

nated soil. Assuming a cover depth of I m and complete concentration was assumed to be in the respirable
mixing of the excavated cover and contaminated soil, the particle size range.
radionuclide concentration in the distributed surface
soil would he 60% of that in the waste. Assuming a re- The exposed individual was assumed to obtain 25G- of
lease of I Cifyr, the concentration in soil for this his fresh fruit and vegetables from a home garden
scenario was calculated to be 110 pCi!g before correc- (Oztunaliand Roles.1986). Only 25G of the vegetaNe
tion for radioactive decay. The contaminated soil was diet was assumed to be contaminated, to account for
assumed to cover an area extending 25 m from the clean cover soil that effectively prevented uptake by
house. The exposed individual was a worker involved in plants in areas that were not excavated.

- the excavation and construction activities.

5.4 Selection of Scenario Parameter
. Exposure pathways for this individual included external
exposure to radio' active materials in the ground and in- D

,

| halation of resuspended particles.The exposure time for
both pathways was assumed to be 500 hours (typical of The input parameters and aoumptions for each expo-
a 3-month period for house ccmstruction). A correction sum pathw"ay and scenario were selected to provide a

prudently conservative, not worst case, estimate of the

NUREG/CR-5814 5.S

-- - - ~ - . . -



.- ..- ...- - . .- - .--.-...- ~. . . - - . . _ . . .- ..- . .- - .-. - . --

Exposure Pathways and Scenarios

,

radiation dose to an average indhidual in a population. literature values, are listed in Thble 5.2. Some

- In each case, an attempt has been made to select values parameters in the exposure model are difficult to
within the expected range-not at the extremes of the quantify because little information is available about

expected range. For example, for Scenario No.11 the distribution of their values, in these cases, best

Landfill Intrusion and Residence, a backyard garden was judgment was used. Additional parameters and assump-

assumed to produce 25% of the total diet defined in tions for the identified scenarios are discussed in .
Regulatory Guide 1.109 (NRC,1977)instead of the full Appendix A. The parameter ranga shown in lhble 5.2
diet. also serve as the basis for the stochastic analysis

performed as part of the uncertainty and sensitivity

The major parameters or assumptions used in this . analysis (see Section 7).

analysis and their potential ranges, based largely on

,

!

L

|

i.
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[bTable 5.2 Expected range of values for major pathway parameters and the selected values used in this study.
rn .
O
W
a.

Scenario nnd pathway Esperte.I range Sclet-fed . @
of values salue. Cmnmentsparameerrs

No. I - Sewer System f n< rector

Omcentrati<m%urce
ter m: fraction or
10 CFlt 20. Appendix II,
Thble 3 O_01 - 1.0 0I Difution with wastewater

0-S 0.2Decay time (h)u
L litternal exposure time (h/yr) 40-249 1TN1

R-43 20 External ex;usure hours x 0.2Inhalation ctjwisure time (hbr)
Mass inading (g/rn*) 5.0 E-05 5.0 E413 1.0 E 04

Re<pirable fractitm 0 - I.0 0.2 |

|No. 2 - MI' Sind e l'rncess Operatorl

Concentrationhource
term (cum') 1.1 E-05 - 1.1 E41 2.1 Eat flased on 1.Chr input,

diluted

Decay time (days) 3 - 50 + 3

External exposure time
500 -1750 1500 Time in thisc proximity to

Operator exposure (hlyr)
equipment .

Inhalation expnture time
Operator exgwure (h$f) 100 -350 - 3tn Etternal exp=are hours

x 0.2

.

. ..

___
,
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!Table 5.2 (Continued)--

i
-

,

Scenario and p:sthway Espected range Selected -
,

parameters of,alues tatue Comments

; No. 3 - STP I.iguld Ef!1uent
2

Concentration .j
,

Release rate (Ci'yr 0 - 1.0 1.0 i

River flow rate (m)/s) 100 - 3fN10 ItX) ,

5Deay time (h) 6-Sh 7
i

External exposure time ,

Transit time-irrigation (h) 0-8 1.0

7tansit time-recreation (h) 0-8 1.0
NExpuure time-swimming (h$r) 0-50 10 ' PNL-3777.Rev. I p. 25

Expnure time-boating (IVyr) 0 - I(K) 5 PNL-3777, Rev. I p. 25(')
N

; Evposure time-shoreline (h/yr) 0 - IfW) 17 PNL.3777,Rm 1 p.25 ;

Exposure Time-ground (h'yr) 100- 4400 1300g
L

Inhalation exposure time (1dyr) 100 4400 1RfYJ !~

! . Mas loading (g'm')
'

1.0 E415 - 5.0 E-Ot 1.0 E 04 1.0 E4M g'm'
(NUREG/CR.1170)N; [
5.0 E415 gd
(NUREGTR 4370)M; ,

. 6.0 EJM g'm'

IAEA-TECDOC-401 (IAEA.1987) ,

Ingestion |

Enti(kg/yr) 0-40 6.9 GENil aversre distribution [
tfrom EPA l'm Expmure<

fictors llan.!Nmk (EPA.1989a); @-
i Leafy vegetabics (kg$t) 1.09.8 4,9 50% diet from ] ;

Fruit (kg$r) 0-42 21 NUREG/CR 9512.IL17M y '"

Other vegetables (kg/yr) 0-91 45.5 F' j
Grain (kg$r) 0-47 23.5 g

'
Meat (kgir) 0- 95 47 g-
Milk (Uyr) . 0 - 110 55 g

] 7 ,

- C Irrigation rate (cm!yr) 0-120 76 PNL4534 WI 2W %
1 % Irrigation duration (mo$r) 0-12 6 PNL4584 WI 2(d) no

3
IT1 ,a "'

FO
. '$ -(- '

: :o ,L
I h 5 i

I 3 ;
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i
' . Table 5.2 (Continued)
!

Scenario arid pathway INpected rarrge . Scinted
. parametert ' of salues value ' Comments'

No. 5. Sludge Intinerator I;f thernt .

Concentration,%urce

lerm (Ci$ r) 0 - I.0 1.0

Decay time (d.fs) ' 3 60+ 3 Ifoldup of slmfee to 50 + days
ash holdup mw he snother
10 days >

At m. dispersion f:ictor (sim') I,0 E m ,1.0 EM 1.0EM 3.0 E-07 from IAEATECDOC-tot
- (IAEA,1987)

,

Refease frac 1 ions 5.0 E4 (NI'R EG/CR-3585)M '
'

3
11 0.1 l.0 0.9 ' The greater of release

from NUREW15R5 ')t

"C
'

0,1 * * ' O 75

Cl ROI - 1.0 0.01 " lAEA-TECIN C 401, p. 71
o altfil - 1.0 0 (10 1 (IAEA 1987)

L I 0.001 - 1.0 - 0.1 ,

"'

Na 03D)l-10 0J01
P 0 001. 1.0 . 0 01 i

Ru 0 ( 4 11 - 1.0 0 01

Sr 0.001 - 1.0 0.1 *

'

lt (t001 - 1.0 0.01'

'

0:her 01.0 0 005
!

Ettertial exposure time
: Indoors (hlyr) 0 - 8SIO 5850 EPApo W Wt143

. Outdoors (h$r) 0 - 2000 100 (EPA, Ima) . . ,

E
;' Inhalation exposure time (h$1) 22tv)- 8FO) 3990 IfWFe respir*le ]'

.

i

E ,

Dust loading (vm') 3 ;

Outonors 1.0 E 05 - 1.0 E-03 1.0 E-03 y '

Indoors ' 1.0 EM - 1.0 E4B 5.0 E45 ;p

2 .

c , .

N se '. 1

3 ' iM .c. ,

g
h ?

-2?, . ';u
!,v
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Table 5.2 (Continued)

Scenario and pathway Espected range Scletted *
.

parameters ofsalnes vaine Comments ;. j

No.10 - Imm!!ill Intrusion and Construction -

Concentration 30urce

term (Ci/m') 1.6 E-05 - if> E-3 3.1 E-04 Ash from studge incineration - I
with I-Gyr inptrt. diluted !* Source term dilution OJWil - 1.0 0.1 . I1

C 'llme after cknure (yr) 0-50 5 0,10,50 !

IAEARCDOC 401 (IAEA.1987) |

Coser depth (m) 0.3-2 1.0 I n gives ditothen of 06 i

NUREG/CRJ5A5M i
'

fSoit dilotion factor 0 25 -0.87 0.4
External exposure time (h$r) 100 - 10m 5m
Shielding correction O . I .0 0.5 '

r

, Inhalation exposure time (h!yr) 101- IIU) 500
' Respitable fraction 0 - 1.0 0.2

Mass loading (g/m') -- 10 E4)4 - 10 E4)3 5.0 E4)4 5.0 E nt IAE ATECDOC401 ;

(IAEA.1987) - g |
~s -

I h !
'

6
e ,
m

~

r

L=
$ ?

2 j'

C a !
';c =

m o :
O "

i~ r.nO
Q- t:c 'm

m =

u *
5
r

| h

t

i
. . -
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6 Table 5.2 (Continued) ,3'
$ y
a m

Stensrio sivi pathway Expected range Selected {
of watnes ,afue Comments

parameters ~
m
9

'3
No. II - landfill Intrusion and Reside- y ' :2.

O
*-

Concentration / source term (Ci'm') 1.6 E415 - 1.6 E-03 31 E44 Ash from slmtec incincration
with I C137 input, diluted

Manuai redistribution (m'/m ) 0 0m9 - 0.07 0.092

Source term dilutiam UFO! - 1.0 0.1

0.3 - 2 1.0 I m gives dilution of 0 6
Cover depth (m)

::UREGN'R 4585M
0-50 5 p.10,50Tirne after(knure (yr) IAFATECIN)C 401 (I AEA,1957)

External exgwaure iime
0 - 37(4) 5850 EPAvgnas9 t43 (EPA,19892)

Indoors (h/yr) ;

0 - 2tu x) 100

0 1.0 033 NUREGfR15MS, AlfM 'I." Outdoors
38 Shiefding correctiem

Inhalation ergwnure time
299)-87(41 5850Ind ors

Outdoors 0 - 18fW) 80

0 - 120 20Gardening
0 - 1.0 0.2Respirable fraction

Mass loading (g/m') 1.0 E-05 - 1.0 E411 1.0 E414 SD E 04 IAFT WCLW 401
(I AEA.19R7)

Comumption
0-42 103 25% Diet from NURFGTR-5512.Fruit (1gji) B.1f"
0-47 11.8Grain (kgjT)
0-9A 2.5Leary segetables (kghr)
0-91 22AOther vegetabkw (kg>>r)

(a) McCormack. Ramsdell, and Napier (1084).

(b) Ottunatiand Roles (1986)-'
(c) Kennedy and Pet <x]uin (1990).
(d) Napier et al. (1983).

(c) Oztunali and Roles (19M).

* i |-
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6 Deterministic Dose Evaluation

Deterministic calculations were performed to estimate 6.1 Morieling Approach
the potential radiation doses that could be received by
munleipalworkers and members of the public from au- In this study, computerized models were used to pro-
thortred releases of radioactive materials to sanitary duce deterministic estimates of'he radiation doses from
sewer systems using the exposure scenarios described in potential exposures to radioactive materials disposed of
Section 5. It should be remembered that workers at via sanitary sewers. The models include consideration of
municipal STPs are not radiation workers and are radiation doses from potential exposure to external
limited to the same exposure levels as any other member sources of radiation, such as radioactive material de-
of the general public, as defined in 10 CFR 20. Deter- posited on the ground or in sewer pipes, and from ex- i

ministic calculations use single values for input parame- posute to internal sources of radiation, such as radio-
sets, data, and assumptions to produce specific, single- active material that has been inhaled or ingested.
value results. These calculations are typically produced
in most common public dose estingles. By contrast, sto" initial screening studies were conducted using the |

Ichastic calculations involve using ranges of parameter ONSITE/MAXII (Kennedy et al.,1987) computer soft.
values,with known or assumed distributions, to produce ware for scenarios related to sewage treatment and dis-

| a distribution of potential re ults. The single parameter posal. This program was selected because of its flexi- |

values and assumptions used in the deterministic analy' bility in allowing the user to define various exposure
_

sis were selected to provide a prudently conservative scenarios and because it was developed and documented
estimate of the potential radiation doses. The results for NRC modeling applications,
were calculated in terms of the annual total effective
dose equivalent (TEDE) that an indhidual may receive During the development of this document, the capabili-
for each scenario from 1 year's discharge to a sewer ties of the ONSITE/ MAXII computer program were
system. The TEDE is the sum of the external dose included as part of an updated computerized model, the
equivalent and the committed effective dose equivalent GENil software package (Napier et al.,1988). The
for internal exposures. GENil software is designed to estimate individual and

population doses from releases of radionuclides to air,
Yvo sets of de*erministic dose calculations were per- water, or soil and includes an enhanced capability for
formed: the first used information from the case his' development of user-defined scenarios.The software
tories defined in Section 2 for selected scenarios (from package was developed and documented under a strict
Section 5) that best relate to the real situations, and the quality assurance (QA) program based on the American
second used the theoretical discharges at the maximum National Standards Institute (ANSI) standard NQA-1
allowable levels (defined by 10 CFR 20) for a more com- (ASME,1986). The code has been used for a variety of
prehersive list of 63 radionuclides. These calculations waste management assessments and has been extensively
provide a prudently conservative evaluation of doses tested. The tests have included a variety of Q A inspec-
from actual radionuclide discharges. The calculations tions, including comparison of computer-generated re-
also provide an analysis of individual radior.uclides and suits with hand calculations. During its development,
exposure situations at current regulatory limits to iden- the GENil software package was reviewed by an exter-
tify those that may be of ctmeern. As a partialverifica- nal peer review panel of national and international
tion of the modeling exercise, selected scenario results erwironmental health physicists with pathway modeling
were compared with results obtained using the experience. The code is currently under configuration
IMPACTS-BRC, Version 2.0 (O'Neal and Lee,1990). management providing for change control and docu-
The modeling approach is discussed and the results of mentation of updates to all identified users. The GENil
the deterministic dose calculations performed are sum- software is described in three volumes of documer: 'ition
marized in the following sections. including: 1) a description of the mathematical models,

&g NUREG/CR-5814
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2) a detailed user manual (including sample problems 6.2 Deterniinistic Results for Case
for benchmarking), and 3) a code maintenance manual
(Napier et al.,1988), IliStorieS

. GENil internal dose calculations are based on methods For the five case histories described in Section 4, poten-
recommended by the International Commission on tial annual TEDEs to individuals were estimated using a
Radiological Protection (ICRP) in Publications 26 and deterministic scenario analysis and the reported radio-
30 (ICRP,1977; 1979-1988), and Publication 48 (ICRP, nuclide concentrations and/or discharges. The case his-

1986) for plutonium and related elements. Dosimetric tories were initially evaluated to determine which scc-

information for the * Reference Man," as described by n ri s best related to the reported conditions. The
the ICRP (1975), was used in all calculations. The dose results of this evaluation are summarized in ' Table 6.1,

from individual radionuclides includes corrections for showing which of the 11 radiation exposure scenarios

radioactive decay and contributions,if any, from (defined in Sec' ion 5) were considered for each case
daughter radionuclides. Within the GENIl software history,

package, the models used ta calculate doses from
external exposure to radioactive material contained The results of the deterministic analysis of the potential

within components of the sewer and sludge treatment annual MEs for the case histories are summarized for
systems were those incorporated in the ISOSHLD com- the limiting scenarios in Thble 6.2. This table is orga-

puter program (Engel, Greenborg, and Hendrikson, nized by case history, showing the dominant exposure
1966; Simmons et al.,1967), Results of these calcu- pathway, the dominant radionuclide, and the calculated

lations were verified, in selected cases, by comparing TEDE for the limiting scenario. For Blue Plains, two

them with results from a Monte Carlo radiation trans- case histories were available and are shown. More de-

port program (Bricsmeister,1983). The GENil program tailed results for the case histories are in Appendix B.

was also used in calculating potential doses resulting
- from inhalation of radioactive materials within the As shown in Thble 1.2, the scenario and case history
sewer and sludge treatment facilities. with the largest estimated annual TEDE is Scenario

No. 4 - STP incinerator Operator, for the Tbnawanda

in all cases, the calculations were performed for an case history.The estimated annual TEDE is 93 mrem.

. average individual in an exposed population using single This dose is through the inhalation pathway from the

value parameters, assumptions, or data to produce pru- redase of mAm. As shown in Tables B.1 through B.5,
dently conservative (not worst-case) deterministic re. 5 out of the 32 scenarios for the different case histories

suits.The scenarios were selected aftet consideration of exceeded 10-mrem /yr and equated 10 mrem $r for a sixth

potential conditions of exposure as discussed in Sec- scenario. Of these, the Royersford case history produced'

tion 5. Detailed lists of exposcre and consumption two scenarios with TEDEs exceeding 10-mrem $r and

- assumptions and parameters are provided in the input equaled 10-mremfyr in a third scenario, all associated

files for the GEN!! software package (see Appendix A). with the release of"Co. ho scenarios for the
; Tomwanda case history resulted in TEDEs exceeding

10-mrem /yr.

i

4

.

I

NUREG/CR-5814 6.2



_ - - _ - - - _ _ - . _ .

.

I

L

1

e

'
Table 6.1 Determination of which scenarios apply to the case histories described in the literature

r

*

Sn:urio Tonawanda : Grand Island ' Renenford Oak Ridge 'Ittue Itins

No 1 - Scwer System Inspectin l'') 38) X'' X .X

[No 2 - STP Shadge Process 0;usior :X' X X- X X
t

Ng_J - STP liquid Ellluent ' .M l'T Ja1 M X!

X) iWNo 4 In(ineratos Operator X'

No. 5 : Sludge lutinerator Eith..ut X

X ') $ONo. 6 -Insinctator Ash Disprul X-

ButL Desur
Ch !,

, es
] No 7-Stadge Appikation X X X j

| to Agrkultural Soil
-

!
4

No N - Sludee Applicatiott X X X j
Isa Non Agritu!!uraiSan!
i

! No. *> - Landfiti Equipinent 0;wior X Xi') XM ;
i.

Na 10 - Lt.snoliti Intrusion X XM XM .

'
-

and Construction ,

i

h

No. I I - landfill Init usion X XM XM .g }
and Residence 9. ' ,L

O !
'5

(a) Conccntration not knustt. g
(b) llypatheticalonly; sludge not inciacrated. E

*

7 (c) Sludge dispmed in tand0il t aat sh). 'E

C U-
W 3 ,

om '

! O m
~ <
O so I

N E'
,

Y N i
- oc w -

[ 5 '

?

[

!
t

:er e m v



. . . . _ _ .
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Table 6.2 Smumar+ oflin.. ting TEDl'.s for the reported case histories

Dominant Dominant TEDE
Ouse history I.imitint: scenario pathw ay radionuclide (mremfy r)

Tbnawanda No. 4 - Incincerator Inhalation 241 Am 93

Grand Island No. 2 - STP Sludge Inhalation 241 Am 33
Process Operator

_

Royersford No. 2 - STP Sludge External ""Co 30

Process Operator

Oak Ridge No. 2 - STP Sludge External "'Co 55
Process Operator

Blue Plains
32(a) No. 3 - STP Liquid Ingestion P 0.17

Efauent
32(b) No. 3 - STP Liquid Ingestion P 0.44

Effluent

6.3 Deterniinistic Results for 6.3.1 Review orcurrently Produced or Used
Theoretical Radionuclide Discharges Radionuclides

The fulllist of 63 radionuclides considered in this study Radionuclides that are currently produced or used can

is shown as part of the input to the GENll cornputer " be estimated from production and procurement records.

code in Appendix A. The complete results of calcula. Although total use does not necessarily equate to dis-
.

tions for thcotetical radionuclide discharges at the posal via the sani'ry sewer system, it does help establish

maximum allowable levels are found in Appendix B. A an upper bound. As a result of this exercise, five key

review of the annual TEDE results in Appendix B for radionuclides of greatest potential concern, from a pro.

the fulllist of radionuclides indicates that several of 'luction or use point of view, were identified: ""Co,""Sr,

them could lead to radiation doses in excess of 1 'Cs,192Ir, and Am.243

10 mrem /yr for selected scenarios if a licensee disposed
of I Ci in a given year and if other key assumptions in The radionuclides that produce the largest TEDEs for

~

the prudently conservative anahsis occur. To produce a the scenarios considere,d in this study (as presented in
meaningful summary for this section, the currently iden. Appendix B)" include: --Na. '4Na, '''CI, 4"S ., 'M n,

~

tified uses of licensed radionuclides were reviewed. The ' 'Fe, "Co, " Co, "5Zn. ""S r, 95Zr, "5Nb. *Fc, 3 2"I,
~

purpose of the resiew was to screen the complete list of Cs,13'Cs,14"La,1['Eu, "4Eu,192Ir, 21"Pb, ' "Ra,
,

radionuclides to identify the critical radionuclides, or ~ M h, 33U, 235U,23'Np, M
,

Pu, # u, and 241P Am.

those of most potential concern from a public dose per-
spective. A summary of the radionuclides reviewed and None of the radionuclides in this group are used for

the deterministic re[sults for the critical radionuclides is current nuclear medicine procedures (NCRP,1985).
presented in the foliowing sections. Thus, dilute liquid waste from nuclear medicine opera.

tions, in quantities not exceeding 1 Cityr, does not

contribute to calculated doses in excess of 10 Intem$r.

I

NUREG/CR-5814 6.4
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!

liowever, contaminated excreta from patients undet. Of the initiallist of radionuclides of potential dose con.
going nuclear niedicine procedures is another isst-

cern, the radionuclides that arcy'St,137Cs,1"It,andj
roduced and used inI

,

gi nificant quantitles are "'Co,
'

There is no regulatory controf over such disical. fAm.He quantities of these rahnuclides produced
There may be isolated cases where quantitles of **Tt in fiscal yc.ar 1988 are estimated to have been 1 MCl of 1

may be released in excess of I Citr, especially where "'Co,0.5 Mci of *Sr 0.2 MCI of 137Cs,0.6 MCI of
there are several large hospitals located in close 3"Ir, and 0.2 MCI ofb8Am (%n llouten,1989). Most
proximity in large cities (NCRP,1985). of the "'Co,83'Cs, and !W ir tiroduced goes into scaled

gamma sources used for irradiation facilities or indus.
IOther radionuclides,like dNa and "12 have such trial radiography, Most of the *Sr produced goes into

short half lives (15 and 40.2 hours, respectively), that waled betu murces that have industrial applications.
they have little practical value to ticmecs. Conse. Most of thc dAm produced goca into plated or lami.
quently, it is very unlikely that a.iy licensee would nated alpha sources used in smoke detectors. There (~
procure multi.curic amounta of then radionuclides and finite probability that ac few licensecs who procest,
process there ". a manner to produce liquid efnuents larger quantitles of these radionuclides enuld have
approaching i Ci&r. liquid cinuents approaching I Cihr that are ditposed of

to sanitary sewer t.ystemt iIowever, there is no direct
WU, 235U. evidence that eny licensees are currently disposing ofOther radionuclides in the list, including

and "Pn, are defined as 'sNcial nuclear materials * and liquid wastes in excess of a few millleuries per year
are regulated by the NRC ar, specified in 10 CFR 70. (NRC,19Ea; 19mb).
Very stringent accountability requirements would tend
to preclude the disposal of significant quantitics of Based on this review of current industry practice, the

'

;

sp*cial nuclear materiah to sanitary sewer systems. In critical radionuclides (i.e., those of most concern from a
ublic dose perspective) are "'Co, *Sr, 83'Cs,addition,10 CFR 70.59 requires semlannual reporting

otential gd'Am.These radionuclides are used to pro-pW
of unrestricted releases of special nucicar materials in ir, and
liquid and gaset 9uents. Currently,233U and the duce the summary results discussed in the following
isotopes of plut( are not used by NRC licensees in section.
significant quant

6.3.2 Deterministic Radiation Doses for
U.S. Depariment of Enercy Radioisotone Customers Critical Radlonuclides
with Summaries of Radioisotooe Shipmentt FY 19M
(Wn liouten 1989) ,n'.! the prodact catalogs of major The results of the deterministic calculations for the
commercial radioisotope suppliers were reviewed. This critical radionuclides at the theoretical discharge limits
review indicated that many of the radionuclides that are summarized in Thble 6.3. This table lists the dose by
potentially produce significant radiation dosca via r.athway and the annual TEDE for the five critical radio.
disposal to sanitary sewer systems are not produced or nuclides for each of the 11 radiation exposure scenarios
sold in ag"preciable quanthics. The total U.S. production defined in Section 5. For each scenario, ths. radio-
of22Na, ft,19 ud 15:Eu in 1988 was only 2.2 Cl, nuclides are listed , order of decreasing annualTEDE.
"L7 Cl, I mci ano .$ mci, respectively (%n flouten. As shown by the summary results in Thble 6.3, the deler.
1989). The "jNa was supplied to r.ix customers, one of

ministic annual TEDEs exceed the 10-mrem $r criterion
which is a major commercial supplier of radionuclides, for at least one radionuclide for all but three scenarios
The *TU was supphed to 20 different customers. Again, (Scenarios No.1,3, and 5), where all values are less than
one of these customers is a major commercial supplier

10 mrem $r.
who listributes radionuclides to numerous other
customers. Thus, the probability is quite low that any The potential exposures associated with work conditions
single licensee couh! have used or disposed of these for a sewer system inspector and a treatment plant oper.
radionuclides in quantitles approaching 1 Cihr. There ator are described in Scenarios No. I and 2. The poten.
was no reported production or sales of the remaining tial exposures to a member of the public
radionuclides identified to be of potential dose concern.

6.5 NUREO/CR 5814
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'luble 6.3 Itadiatimi cquaurr stenario unnual total ootnmitted tilnthe dose ryuhalent results
for theor etical radionuclide diu harges

Itudio. l>timated radiation dosegmrenart
Stenario nutilde inhalation Ingestion Internal 'l l Ill?

Fod Sewer System
.

Ja' l.2 iLol 1.2 lillilinpector "'Co 7.8 E.07
3"llr - 01 M.5 Edl2 X 51502

I "Cs - 7.0l!-04 7.o lbot
243 Arn 2.2 !!.0' '41506 2 4 EM

*'S r - 1.1 l'.h 1.1 lbori

N1L2 - STI' Sludre
Pro (ess Operator "'Cn K I 11-03 3 6 !!+ 02 3.6 !! + 02

1"2|r 1.0 E 03 1.2 E 4 02 1.2 114 02

3 "Cs 1.1 E-03 - X 011 + 01 x 0 E 4 01
243 Arn 1.8 E 4 01 5 417. + 01 1.411+ 01

*'S r R3 I!.01 1.4!! 02 2 2 li-02

No. 3 - STI' Liquid
Einuent i "Cs - 1.6114 00 7.3 !! .0 4 1.6 II + 00

241 Am 1.7 E 05 9.6li.01 5.5 lim 41 I!-01
""St - 3.0 li-02 7.6E& 3.01102

"'Co -- 1.2 E-02 2.9 li-03 1.5 !!.02
1921r - 4.0 E 04 1.2 E-01 1.2 E 03

Nits - STl' incincrator
~241Operator Arn 3.411 + 02 5.3 !! 01 3.4 !!+ 02

"'Co 1.6 E 01 - 30!!402 3 0 E + 02
I"2 It 2.0 II-02 1.1 E4 02 1.1 li4 02
I"Cs 2.1 11-02 7.1 E + 0i 7.1 E 4 01

""Sr 1.6 E-01 1.3li-02 1.7 li-01

No. 5 Sludge incin-
erator Ef0uent 243 Am 2.7 !!.01 4.5 II.03 1.11507 2.7 !! 01

I"Cs 1.7 E-05 4.9 E 04 1.4 II 05 5.2 li-04
"'S r 1.2 lbol 32 Eel 1.51507 4 4 E-04
"'Co 1.2 E 04 6.511-05 5.61005 2.4 li 01
I"2 !r 1.6 E-05 5.3 EM 6.1 E 06 2? E-05

No. 6 - Incinerator Ash
Disposal' nuck Driver "'Co 7.2 11-03 21 E+ 02 2.1!!4 02

I"2
1r 9.3 E-04 3.3 !!+ 01 L3 E4 01

WCs 9.9 E 01 - 3.0 E 4 01 3.0 E + 01
24! Am 1.711+ 01 2.5E& l 7 li 4 01

""Sr 7.1 li-0 T 1.2 F-0T S5Em

NUREO/CR 5514 66
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Deterministic Dose Evaluation

Table 6.3 (Continued)

I

Madio. I'stimated radiation doses (mrent'ir)'

,,

S v n ario nuclide Inhrlation Ingestion liternal TI'.llEi

No. 7 Sludge Application
to AgriculturalSoll "Sr 3.0 E-05 1.7 E+01 1.3 E44 1.7 E+01

*Co 3.0 E-05 6.2 E 02 2.9 !!+(X) 3.0 U + (K)

1921r ' 3.6 E416 2.8 E-02 9.8 E-01 9.8 E-01
137Cs 4.1 E 06 6.5 E4)2 6.9 E-01 7.6 E-01 |

241Am 6.6 E-02 4.8 E-01 5.2 E-03 5.5 E-01 i

No. 8. Sludge Apple-
. cation to Non.
Agricultural Soil "Co 5.0 EP 1.9 B+ 01 1.9 E+ 0!.

1921r 640 E-te 6.3 E+(K) 6.3 E+00.

137Cs 6.8 E416 4.6 E+(X) 4.6 E+ (X)-

241Am 1.1E-01 3.5 E-02 1.4 E-01-

"S r 5.1 E-05 8.6 E44 9.1 E-04
'

.

No. W Landfill
Equipment Operator "Co 1.4 E-03 6.4 E+0! ^ 4 E+01 *-

'

3"21r 1.7 E414 - 2.2 E+ 01 . 2 E4 01
137Cs 1.9 E 04 1.5 E+01 1.5 E+ 01.

24l Am 3.0 U+(X) 1.2 E 01 3.2 E+00-

*Sr 1.4 E-03 2.9 E-03 4.3 E-03-

No.10. I andfill
Intrusion and
C4mstruction "Co 6.0 E414 7.1 E+0! 7.1 E+01-

337Cs L5E44 1.8 E+ 01 1.8 E+0!-

' 241Am 2.6 E+00 1.4 E-01 2.8 E + 00-

"Sr
3'llt ' 1.1 E 03

1.8 E-01 1.8 E-01.

1.1 E416 1.1 E4M.. -

No.11. Landfill
intrusion and
Residence "Ce 4.8 E-04 3.2 E-04 1.7 E+02 1.7 E+ 02

"$r 8.9 E44 1.5 E+02 6.4 E-01 1.5 E + 02

137Cs L2 E 04 5.9 E-01 6.5 E+01 6.6 E+ 01
241Am 2.1 E+00 5.0 E 01 4.4 E 01 7.5 E+00

l'21r 4.9 E 06 4.9E4M.. - 1

~ (a) A dash indicates that the pathway is not included in the scenario shown.
(b) iko dashes indicate a val _ue less than 1.0 E 07 mrem.

I
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Determinhtic Dose Evaluation

; downstream f rom a liquid eftluent dkcharge point are applies sludge to non.agriculturalland. The espmure
described in Scenario No. 3. The %'"iuah in the first pathwap for th4 scenario include direct expmure and

'

two scenarios are exposed by # 9 1 ind direct ester- inhalation of det. M shown in ihble 63, only ""Sr, with
nal radiation. Individuals in th< > waarlo are ed an annual TEDE of 17 miem'yr for Scenario No 7, and I
posed by these pathwap plus sq ,i of food crops "'Co wnh an annual TEDE of 19 miem)r for Scenario

'

and aquatic foods (fish from the mer). Auhown in No. 8, exceed the 10 mrem $ r criterion. All other critkal
Thble 63, the largest estimated annual TEDE for Sec. radionmildes for these scenarios are leu than
natio No. I b 0.12 miem ifrom "'Co) and the largest 10 mrem $r !
estimated annual TEDE for Scenario No. 3 h 1.6 inrem j

W
(from Cs). These esposures are dearly less than the The potc..tial expmure wnditions for an equipment
individual dose criterion of to mrem $r. The estirnaled operator at a landfill during sludge dhposal operations
annual TEDEs for Scenario No. 2 exceed 10 miem$ r for are described in Scenario No. 9. He exposure pathways
four of the five critic;d radionuclides, the exception for this scenario are similar to those for the indhidual
being the low value for ""Sr. The largest estimated who applies sludge to non.agriculturalland- * a, direct
annual TEDE for Scenario No. 2 is 360 mrem $r for exposure to external radiation and inhalation of det. As
"'Co.Thb h the largest TEDE estimated for any of the shown in 1hble 63, the estimated annual TEDEs for4

11 scenarios evaluated. three of the five ct;tical radionuctides exceed the
'

10-mremtr dose criterion. The largest estimated vnnual
The potential exposures resulting frorn incineration are TEDE b for "'Co with a value of 64 miema r.
described in Scenarios No. 4,5, and 6. Potential doses to
incinerator operatars by inhalation of airborne ash and Scenarios No.10 and iI are used to describe potential
direct exposure to external sources of radiation are long. term expmures to indhiduals who mar reme a
described in Scenario No. 4. Potential exposures of the municipal disposal site previously used for disposal of

- public downwind from an operating incinerator through ash from sludge incineration for a homing development.
Inhalation, direct exposure frorn ash deposited on the For these scenarios,a radioactive decay period of 5 years
ground, and ingestion of local farm crops after att h awumed to account for a nominal period of institu-
deposition are described in Scenario No. 5. Potential tional control. llecause these scenarim rely on addi-
external exposures to a truck driver w ho tramports tional assumptiorn regarding the decay period, dilution
incinerator ash to a burial ground alc described in with other municipal wastes,in ie type of human ac-

- Scenario No. 6. As shown in Thble 63, the largest livities involved in reuse of the w.L their results are
estimated annual TEDE for Scenarios No 4 and 6 are judged to be less likely than the results estimated for the

N
340 mrem $r (from Am) and 210 mrem $r (f rom other scenarios. Results for these scenarios may sene
"Co), respectively. Iloth of these values exceed tbe only m bocnding estimates. For Scenario No. ;0 the
criterion of 10 mrem /vt. Again, for Scenarim No. 4 r.nd exposure conditions invohe doses to a construction
6, the 10-mrem $r criterion is excec' led by four of the worker w ho digs a basement for a house into an aban-
five critical radlonuclides, the exception for both doned landfill trench The exposure pathwap are direct
scenarios being the low doses Dom *Sr. The largest esposure to external radiation and inhalation of air-
catimated downwind annual TEDE for Scenario Na 5 is borne dust. Scenario No. I1 is used to describe the
0.27 mrem)r from mAm; a value clearly within the exposure conditions of an individual who may reside in a

10. mrem $r criterion. house wnstructed on an abandoned landlill. The expo-
sure pathwap are direct exposure to external radiation,

Potential exposures resulting from sludge application to inhalation of airborne dust, and ingestion of vegetables
soils are described in Scenarios No. 7 and 8. In Stenario grown in a backyard garden. As shown in 'lbble 63, for
No. 7, the ,peures described are those to an individual Scenarios No.10 and 11 only two of the five critical
living on a site after agricultural wil application of radionuclides for each scenario execed the 10-mremir
sludge.The individualis exposed to direct extcrnal criterion. For Scenarios No.10 and 11 the largest

i - radiation, inhales resuspended det, and ingests local estimated annual TEDEs are for "'Co with values of
crops grown in the contaminated soil, in Scenario No. 8 71 and 170 mrembr, respeethely,
exposures described are thosc to an individual who

NUREO!CR 5814 6.8
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Deterministic Dose Evaluation

W
6.4 Comimrison williimimets IIRC ir,which is not contained in the lhiPACTs.liRC,

Version 2.0, data library. Ihr "'Co the results for the
two scenarios were within a factor of 2 and for the otherAs a partial verification of the modeling analysis, the
critical radionuclides the results were within un order ofselected scenario results from this study (using the

GENil software package) were compared with results magnitude. Generally, the results produced using the

obtained using the thiPACTS HRC, Version 2.0, compu. GENil software produced smaller doses than l

ter program (O'Neal and Lee 1990). Because lhiPACTS 11RC, Version 2.0, reficcting the intent of

lhiPACl311RC, Version 2.0, was developed to model a this study to produce prud(ntly conservative (not worst- |
somewhat different situation, only two scenarios were me) results. This was considered to be a reasonabic

'

similar enough to permit a compathon. These were mi&Unpompartson, given the different approaches

Scenario No. 2. STP Sludge Proecss Operator and ard data used by the two wmputer programs. No fur.

Scenario No. 6. Incinerator Ash Disposal *Ituck Driver. ther mmparisons were af ternpted because they would
Icquire a rather extensive cIfort to revise or modify

The comparison was conducted using the critical radio. Input data, basic anumptions, or scenario options.

nuclides identified in Section 6.11, with the eteeption of

i
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7 Stoeliastic Dose Evaluation

A stochastle evaluation of the pottntialindividual and urnertainty analysis was performed by defining either
collective doses from disposal of radioactive materf ah to fixed parameter values or parameter dbtributions for
sanitary sewer systems was conducted after the deter- each of the identified input parameters for ca(h scenario

;

ministle dose evaluation. Stochastic analyses use tanges (see Section 5.4). Where parameter dktributions were 1

of parameter values with awigned distributions instead used, the dktributions were sampled to generate a set of
of sing!c values to produce a distribution of results. The input values. Generation of the sample sets was per. j

purpose of performing a stochastic analysh is to provide formed using the Latin flypercube computer code deve- |
measures of the potential range in the calculated results, loped by Iman and Shnstenearier (1984) Each sampic

'

and of the relative contribution, or importance,of each set was used in the GENil code to generate a set of
of the various input parameters to the calculated dose individual dose results for each scenarlo and radio-
variations, In addition, the range of output can be sta- nuclide of interest. The outputs from the GENil code
listleally expressed so that both median doses and mean were then analyzed to obtain the distribution of tesul,
doses can be identified. The arithmetic means of the tant doses. The input parameter data sets and calculated

|doses are useful in performing collective dose estimates. dose results were further analyred to provide an esti.-
The Stochastic analysis and the distributions of results mate of the sensitivity of the dose results to each input
for the critical radionuelides, as well as the collective parameter. The sensitivity analysis was petformed using
dose estimates petformed for this study, are described in another computer code developed by iman,
the following sections. As discussed in Section 63.1, five Shortencarier, and Johnson (1985). Steps 2 through 4
radionuclides, namely, *Co,9"Sr, mCs, Wir,and are described in greater detail in the following sections

,IN Am,were selected as those with doses high enough to
be of concern and were used in the stochastic analpis. 7.1.1 Parameter Distribution
Not all five radionuelides were used in all scenarios.
This decision was based primarily on the results of the ne parameters selected for uncertainty and sensi-
theoretleal deterministle doses described in Section 63- tivity analysis were those that may have a variation or

uncertainty in their value or range of values. Thbles C.1
7.1 Stochastic Methods through C.11 in Appendix C eontain summaries of the

input parameters arid the associated distributions used >

Four major steps are involved in the performance of a for each exposure scenario included in the analysis.

uncertainty and sensitivity analysh: These tables present data on the form of cath dktribu.
tion (l.c.,lognormal, uniform, and uniform step dktri-

1. desclopment or selection of a mathematical model butions) and the numerical values used to define the

for dose estimation (discussed in Section 6.1) dktribution (i.e., minimum and maximum values). For
comparison, the input parameter values used in the

2. identification of parameter distributions for key determinktie dose estimations are also included in these

modelinput parameters tables. Any input parameters not included in Tables C 1
through C.11 were assumed to be quite well known and

3. performance of the uncertainty analysis contain minimal variation or uncertainty. These
parameters were set to a fixed value in the uncertainty

,_ _

and sensitivity analpis because little can be done to4. performance of the sensitivity analysh,
! Improve their definition. For example, radiological

| - An uncertainty and sensitivity analysis of selected input decay constants ate examples of parameters that are well

| parameters to the GENil computer code was performed defined and are not included in the uncertainty and

for the exposure scenarios identified in Section 5. The sensitivity analph.

7.1 NUREG/CR 5814
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Stochasik Dme Evaluation

Many(if the para!nt ters in the npthure modclitre dijli. ||) pef (uhe c(ifuput(r (tidt, on (iblalnif)f t thiuyh data to
cult to quantify because lattic infortnation is asallable adequalcly dew ribe the resulting dmc distributions, and
about the distribution of their valuet Suih paratutters on the total time to run all of the sarnple u ts through
hase bcen repinented by uniform or lopuniform distri- thc GENil code. The latin f ly pert ube samphny output
butions oscr ranfe% thoupht to DC reasonablr,wrisidct- was UMd Un prepare input filn h>r the Gl Nil (ode.
int the contnt of their use.The selection of parametcr Ea(h input file for the OliNil code wntamcd data for
distributions and rangn are dhcussed in ricater detail im tunple n ts for the natamettis and radionutlides
in Set tion 5 A in rencrat, parannters w hme values unique to cat h ricen scenario
wvet apprournattl) s1 order of magnitude are auumed
to hase a uniform dntribution, and paramcters wbose The doses caltulattd by the GENil mdc for cath of
values cover > 1 order of magnitude are auumed to base thne sample w ts were analy/cd to dctctmme the fic. -

a lopuniform dntribution. For Scenario No. 3 STP quency dhtribution of the ulculated dosn. In aJdition
Liquid Eltluent,inore realistic data were asailable to the total dose, the dmcs f rom Inhalation. ingestion,
(EPA,19S4) and were used for the parameters of fish and niunal npmurcs wcre analy/cd, w hue applicat,le.
consumption and time spent swimming, boating, and on Statistical results of thh analysis are pre ented in
the shoreline. This was accomplished by auuming uni. Appendh C,lable C.12. The resulting dmc dntribution

2
foam dhttibutions within the step rango indicated in data were abo plotted to show the roults praphiully
lhbles C.I through C.ll, and ate procuted in Appendh C, Fi urn C.! thf oughf

C.29

7.1.2 Uncertainty Annipis
As an nample of the stathlical f oults dose values for

The procedure used in the uncertaint) analysh inwho Mcnatio No.1 - Sewer System Inspector are rncn in

tcpetithe calculations of individual dose from sample lhble 7.1. The key radionut hdo for thh Menario were

sets of GENilinput parameter salues pencrated using lound to be ""Co and N lt. In thk nample, inhalation

the latin flypercube wde. The dntributions of the and niernal dmes contributed to the total dme, ingn-

resuhant doses provide an indication of the sariability in tion dosn were not wnsidered.The graphic representa-

dose over the indicated range of input parameter values. tion of the roults of the umutaint) analysis for "'Co in
thn Menario is gnen in Figure 7.1. Aho indicated in the

The input parameter distributions dnctibed in Sec. ftpure is the total dme from the determinotic analpis of
tion 7.1.1 and show n in Tables C.1 through C.11, f orm *Co, as dnctibcd in Section 6. The determinktic total -

the basis of the umertainty analysis. It should be tc. dose of OMl? rem f or ""Co wnnponds to the 52nd

emphasi/cd that many of the patametcr ranges used in percentile ranking for dme valun derhed from the un-

the vatious nposure modch are dilhcult to quantify certainty analpis of this urnario. This indicates that

because little information is available about the dis- 529 of the time the totaldose would be los than or

tribution of their values. Smh parameters have been equal to the deterministic dose salue, a value that h

tepinented by uniform or lopuniforrn dktributions oser prudently come:Tative.

ranyn thought to be teasonable, wnsidering the contnt
of their use. As with the cumple given abme, similar tabular and

graphic repre entations of the te uln from the uncer-
A total of im sample sets were ponerated for each tainty analyscs for all 1i Menarios are phen in Appen.

scenario using the Latin ilypercube sampling computer dix C. The total dme calculated for the deterministic
wde (iman and Shortencarier,19S4). One advantage of cases (from Section 63 2) are indicatcd in the figutn for

using thk stturtured Monte Carlo method h that cath scenario radionuthde sample set ( Appendh C, Fig-

reasonable stathtics can be obtained with a lowcr urcs C 1 through C.24h As show n in Table 7.2, the de-

number of sample sets than would be required by a terministic total dmes for all sample scts pcnerally f all

random Monte Carlo method. A sample set si/c of 100 within the 5 nth to 97th percentile ranking which k

was selected based on the requirements for the Latin judced to be prudently conservathe.

.
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l'ignre 7.1 l'requency distribution of inhalation, niernal, and total doses from "Co from uncertainty analysis
of Scenario No, t Sewer Sptem inspector

7.1.3 Sensitivity Annlysis model. The Latin Ilypercube unceriainty code calcu.
lated the ranking of sample input values and the ranking

The doses resulting f rom the uncertainty analysis were -was then used in the sensitivity analysis, his was accom.
further evaluated using a sensitivity analysis computer plished by assigning a rank of 1 to the smallest doses
code (Iman, Shortencarier, and Johnson,1985) to esti, value of each parameter, a rank of 2 to the next smallest,
mate the sensitivity of the calculated dose results to and so on.%c rank of the largest value of each parame-
variation in the given input parameterr, The sensitivity ter will be equal to the number of sample sets,i.e.,
analysis also provided information on the relative can. 100 for the present analysis.
tribution, or importance, of each of Ihe various input ,

,

| parameters to the resulting output doses. A full correlation analpis was performed for the data -
sets for each scenario and its associated key radio-l

Data files containing allinput parameter values and . _nuclides. The output from the sensitivity analysis
_

doses resulting from the uncertainty analysis were used computer code includes the partial rank correlation
as input to the sensithity analysis computer code. The coefficients, plus a ranking of the order of parameters

- sensitivity analysis was performed on the rank of each based on how well they correlated with each dose type
parameter sampic value rather than on the value itself, (inhalation, ingestion, external, and TEDE as appropri-
because the rank transformation is usually more reveal. ate for each exposure scenario). The tw2Ps of these
ing when nonlinear tdationships are involved in the analyses are presented in Appendir C, Tables C.13

through C.30.
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Stochastic Dose Evaluation

Table 7.2 Uncertainty dose ranges and deterministic doses
1

Itudio-
_ _ _ _

.AnnualTEDE yrnt'irl j

b'.! ninth nuclide Afinimum ilusimurg Deterministic Run_Qng j

1 '*Co 7.2 E 06 1.8 E-03 1.2 E414 52

l'21r 5.5 E416 1.4 E 03 8.5 E-05 511

2 "'Co 8.9 E-03 1.5 E + 00 3.6 E-01 75
3372 Cs 2.0 E-03 3.4 E-01 8.0 E 02 75

2 l'2ir 3.0 E-03 $/1 E 01 1.2 E-01 75 |

3 '*Co 1.1 E 07 2.5 E.05 1.5 E-05 97'

3 "S r 4.8 E-07 4.4 E-05 3.0 E-05 96

337C4 5.2 E-07 3.9 E413 1.6 E 03 ')53

'#
4 Co 1.9 E-03 1.6 E + 00 3.0 E 01 81

4 1921r 6.8 E-04 5.9 E 01 1.1 E 01 814

4 243Am 3.4 E414 1.2 E+00 3.4 E-01 87

1375 Cs 2.2 E-09 2.5 E-06 5.7 507 72

5 243 Am 2.0 E46 2.0 E-03 2.7 E4)4 77

'#6 Co 2.0 E-03 7.1 E 01 2.1 E-01 86

1923r 3.3 E 414 1.2 E 01 3.3 E-02 856
I

7 "Sr 5.6 E-05 1.5 E-01 1.7 E 02 74

'# o 4.1 E-05 3.8 E-01 1.9 E-02 70C8

337Cs 9.9E46 9.2 E 02 4.6 E-03 708

8 l'2Ir 1.3 E-05 1.3 E-01 6.3 E 03 70

'# o 3.0 E414 3.0 E 01 6.4 E 02 85C9
9 137Cs 7.2 E-05 7.1 E-02 1.5 E-02 85

9 l'21r 1.1 E 04 1.1 E-01 2.2 E-02 84

9 243 Am 3.2 E-05 3.0 E-02 3.2 E-03 72

'#10 Co 2.5 E 05 6.1 E 01 4.7 E-02 89
337'

10 Cs 2.5 E414 2,4 E-01 1.8 E 02 72

'#
11 Co 2.5 E-05 6.1 E 01 1.7 E 01 %
11 *Sr 1.5 E44 8.5 E-01 15 E-01 90

337Cs 2.5 E-04 2.4 E-01 6.6 E-02 9211

_

;
4
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Stochastic Dose Evaluation

2
As an example of the sensitivity results, the data for The R values indicate the proportion of the uncertainty
"Co in Scenario No. I are pt ese nted in Table 7.3. The in a given dose estimate that can be attributed to the

partial rank (orrelation coefficients (PRCCs) indicate indicated input parameters. In the example, an P* value
how well a gisen input parameter is cotrolated to the of 0.99 for TEDE indicates that the listed input parame-
calculated doses. In the example in Table 7.3, the PRCC ters explain 99'1 of the uncertainty associated with this
between the input parameter, * dust loading? and the dose calculation,

output, * inhalation dose,'is 03N. A value near unity
indicates good correlation. On the other hand, the The * rank * values for the PRCC indicate whkh parame.

correlation between * dust loading" and *csternal dosc* ter ec.ntributes most to the uncertainty in the dose. The

indicates poor correlation (0.15). These results are in parameter with a tank of"l'is the most important con-
agreement veith the equations for calculating these doses tributor to uncertainty, in the Scenario No. I example in
because une external dose calculation does not use the Tabic 7.3, *imentoty* was the most sensith e pararneter

"Just loading * to estimate dose, and, therefore, this f or * total dose?

parameter should not be related to the *cxternal dose.'

Table 7.3 Sensithit,$ unulpis results for"Co
for Renario No.1 - Sewer Splem inspector

Dose'hpe

Inhalation Esternal TI:1)l:

Partial rank correlation enem.elents (PHCCJ

inventory 0.99 1.00 1.00

External (h) 0.96 ONS 0.4S
-

Dust loading 0.99 0.15 0.15

2R 099 0.99 OJN

Ranks of PROC

Inventory 1 1 1

External (h) 3 2 2

Dust loading 2 3 3

De ranking of the PRCCs for all the scenarios is pre- other cases. As discussed in Section 5.4, the ranges for

sented in Appendix C,Thble C.31.The top three most the various parameters and assumptions were based on
sensitive input parameters are given for the 29 possible values found in the literature. While detailed informa-
scenario /radionuclide combinations In 21 out of the tion on the ranges and distributions of each parameter is
29 given scenario /radionuclide sample sets,' inventory * desirable, this information is, at the same time, often

was the most sensitive input parameter for the GENil limited. In this study, parameters having little informa.
code. * River now rate? * Chi!Of and * decay time" were lion have been represented by un!Nm or loguniform
found to be the most important input patameters for the distributions over ranges thought to be reasonable,

NUREG'CR-5814 7.6
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Stochastic Dose Evaluation

considering the context of their use.The results pre- Because the market for sewage $1udge as an agricultural
sented in this section and Appendix Cindicate that soil additive varies across the country, and because the

i additionalinformation is needed for most parameters, EPA restricts the use of sludge as a soil additive (see
especially those identified as key contributors to the Section 4),it is estimated that no more than 10,(XX) peo-
uncertainly in the dose va!ues. ple nationwide could be exposed to sludge as described

in Scenario No. 7.

7.2 Collective Dose Considenitions
Finally, as described in Section 6.2.2, scenarlos No.10

An evaluation of the potential collective dose from dis- and 11 (rcuse of municipal landfill sites) are less likely

charge of the critical radionuclides at the currently than the othtr scenarios because they tely on additional

allowable maximum levels was conducted for compart, anumptions concerning radioactive decay and dilution
with other wastes. In addition,it is difficult to estirnate

son with the individual dose criterion. The collective
doses are estimated by the product of the arithmetic how many individuals across the country could be ex-

mean of the dose values for the critical radionuclides posed to the conditions described by these scenarios.
For these reasons, Scenarios No.10 and 11 are not

reported in Table C.12 (see Appendix C) and the total
number of individuals that potentially could be exposed included in the collective dose analysis.

- for cach scenario. The arithmetic means of dose esti-
mates are used for the collective dose estimates because Table 7.4 contains a summary of the collective dose

.they are more representative of typical exposure condi, analysis conducted for this study. R)r some of the
scenarios, the mean individual doses were less than

tions than the prudently conservative individual doses
and are more appropriate for use with nonline1r R1 mrcm$r (as shown by a dash in the table).The

collective doses for the various scenario /radionuclideparameter distributions (Altchison and llrown,1%3).
combinations sange from 0.4 person. rem for "Cs in3

Scenario No. 5 to 420 person rem for "Cs in Scenario3

The total number ofindividuals that potentially could
be exposed across the country from all municipal sewer No. 3. Eight of the 22 combinations listed have collee-

systems is estimated using judgment c(mcerning each live doses greater than 100 person. rem.

scenario. The estimates are rounded to the nearest order
of magnitude as shown in Table 7.4. As stated in Section if disposal were to occur across the country at the

4, there is some variability in the types of processes and currently regulated levels (from 10 CFR 20), a first4

the sires of STPs. R)r many of the scenarios involving approximation of the total collective dose from the

workers in these plants,it is estimated that fewer than particular mixture of radionuclides described would be

1,000 workers nationwide could be exposed to the work about 2l00 person rem,which is approximately double

conditions described by the scenarios. These scenarios the collective dose criterion of 1(XX) person. rem. For

include Scenarios No. 2,4,6,8, and 9. this approximation, no consideration has been given to
the degree of partitioning of each radionuclide into the

i For Scenario No.1, only larger cities would have large different products, the difference between amounts of

| diameter sewer lines (up to 3 m) that could be inspected radionuclides produced annualiy and amounts used (dis.

: by workers as described. It is estimated that across the charged) annually, mass balances, or the potential for

country no more than about 100 workers could be in- inclusion of mutually exclusive uses of the contaminated

I volved in this work acthity during a year. Liquid efflu. materials. However, best judgment was used to estimate

I ents from STPs and airborne effluents from an incinera. the number ofindividuals exposed annually from dis-

tot have the potential to expose a rather large popula, charges at the 1 Ci$r limit.

tion. For this estimate, I million people are assumed to
live near these plants and be exposed to effluents as
described in Scenarios No. 3 and 5.

7.7 NUREG/CR-5814
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H Discussion ;

:
!

l
PNL etmducted an evaluation of the potential public A scumd set of deterministic results was produced for !,

! doses from exposure to radionuclides during treatment hypothetital din harges of 63 individual radionuclides at j
and dhposal of sewage sludge following release into the current maximum diwharge limits (as allowed by
sanitary sewer splems at the limits specified in 10 CFR 10 CFR 20h The fulllist of the annualTEDE results for
20. Current sewage treattnent and sludge dhposal prac- all 11 generic scenarios is in Appendit 11. A review of
tices were examined and 11 generic radiation exposure these results indicates that doses in cAcess of 10 mrenttr
scenarios were developed for members of the public, were poulble for several radionuclides and scenarios.
including workers at sewage treatment and sludge dis- 'Ib better estimate the real potential of thh occurrence,
posal facilities. The scenario analysh was conducted to a resicw of currently produced or used radionuclides
provide a prudently conservative, deterministic analph was conducted. Thk review resulted in the identification
of: 1) the potential doses to individuals resulting from of a list of five critical radionuclides that are produced
documented case histoties of sewer contarnination, and and used in $lgnificant quantitics and hase potential

- 2) the potential doses that could result from discharges doses (as shown in Appendit D)in escess of to miemtr. I

at current maximum allowed levch. The input parame- The critical radionuclides were: "'Co, *Sr, mc3,v>2lt, '

Nters and auumptions were selected wit hin an expected and Am. A review of the results for these critic:d
tange-not at the extlemes of the expected range-for radionuclides, summari/cd in Thble 6.2, reveah that the
cach ctposure pathway and scenario to provide a pru- calculated dose to a limited population of municipal '

dently coni,crvative estimate of the radiation dose to an woikers at STPs could exceed 10 mrem *yr jf licensees
average individual in a population. These individual disposed of wastes in quantitles approathing 1 Cl/yr.
doses were compared with a 10-mrem /yr the indhidual The highest of these calculated doses was 3rdi mremir
dose criterion. Tb better understand the deterministic to a sludge proccuing operator (Scenario No. 2 STP
results, a stochastic uncertainty and sensitivity analysis Sludge Process Operator) from "'Co. The scenarios
was conducted. This analysis also permitted the calcula- producing the next highest calculated doses were for
tion of colicctive doses from disposal of radioacthe incinerator operators (Scenario No 4 with 340 mremir

Nmaterials via sanitary sewer systems for comparbon with from Am) and truck drivers hauling incinerator ash
a'1000 person rem $r. to landfilk (Scenario No. 6 with 210 miem$r from

"'Co). External exposure to gamma.cmitters and inhala. -

The deterministic results of the case hhtories produced tion exposure to alpha emitters were equally significant
some results inal were in excew of the individual dose for the top thtee scenariot
criterion of 10 mrem $r. As discussed in Section 6.2, the

. highest dose estimated was an annual TEDE of The generic analysis contained two scenarios that
93 miem$r for the '!bnawanda case hhtory. Thh dose described the potentiallong term exposures to indivi-
was estimated for Scenario No. 4. Incinerator operator. duak who may reuse a municipal dhposal site alter
The dose was estimated using the average reported con- disposal of ash from sludge incineration. For these
centration ofNAm it, the ash and was delh ered scenarios, a radioactive decay period of 5 years was
through the inhalation pathway from si" pended dust. awumed to account for a nominal period of institutional
The Royersford case history also produced several control prior to reuse of the land. These scenarios pro-

scenario results that were a10 mrem $r.These results do duced calculated doses that exceeded the 10 mrem $r
not necessarily imply that the individual dose criterion dose criterion for members of the public who do not
was execeded because the scenarios account for expo- work at sewage treatment and dbposal facilities. As
sures at a constant (average) concentration during a shown in '!hble 6.2, the doses from *Co and WCswere

. year, and the concentrations reported for the case primarily from external exposure, w hereas the doses
histories may have been of a shorter duration. Ilowever, from *Sr and N Am resulted primarily from ingestion.

| the results do indicate that doses in excess of 10 mres - Ilowever, because these scenarios rely on additional
were possible. assumptions regarding the decay period, dHulion with

|
|
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Discussion

other municipal wastes,and the type of human acthities in addition to providing measures of the potential range
involved in future reuse of the land their results are in the cakulated doses, the stochastic analysh was med
judged to be less likely than the results estimated for the to produce a unsitivity analysh. In this analysk, an
other scenarios. The results may serve as bounding esti- esaluation was made of the relative contribution or
mates only. importance of each of the input paramerers to the calcu.

'

lated dme variathmt The analph ranked the impor-
lie deterministic results for the maximum dkcharge tance of cac h parameter by assigning numerical values
limits (as allowed by 10 CFR 20) were next evaluated 1he full results of the sensitivity analysis are presented
w1th a stochastic uncertainty and sensitivity analysis.1hc in Appendh C 1he PRCCs were aho calculated. (The
uncertainty analysis was conducted using Latin Ilyper. PRCCs indicate how well a given input parameter is
cube sampling for the five critical radionuclides. The correlated to the calculated doses.) The PRCCs were
analysis considered ranges of parameter values with then ranked to determine the relative contribution of
assigned distributions for the 1I scenarios so that a _ cach parameter to the uncertainty in the tesult for cath
dhtribution of potential tesults could be produced critical radionuclide and stenario.1he three most sensi-
Many of the parameters used in the generic scenario live input parameters were developed for 29 possible i

__ analysis arc difficult to quantify because little infor- wenario/radionuclide combinations. In 21 of the
mation is available about the distribution of their values. 29 scenario /radionuclide sample sets, the 'irnentory*
lb permit a stochastic analph, several parameters were was the most sensitive input parameter.1he inventory
represented by uniform or log-uniform dhtributions and corresponds to the basic assumption of the maximum -

Judgment was used in estabibhing their reasonable annual release rate.1 Ci$r for most radionucliden For
ranges. A sample set of 100 was selected for the Latin the remaining eight combinations * river flow rate / -

Hypercube analysis to obtain enough data to adequately ' Chi /Of and * decay time * were found to be the most
describe the resulting dose distributions for cxh critical important parameters.1hese parameters generally
radionutlide and for each of the 11 scenariou <atistical accourd for environmental dilution of the inventory for
results of the analysis are presented in Appendix C The use in scenarios that describe potential exposure condi-
dose distribution results were plotted to provide a visual tions for mernbers of the public who do not wotk at sew-
indication of the potential range of results and a com- age treatment or disposal facilities,
parison with the determinhtic (single value) resuht 'lhe
uncertainty analysk showed that calculated doses for a Finaly, the results of the sensitivity analysh were used
given scenario and radionurlide typically varied over to estimate the collecthe doses from the critical radio-
2 to 4 orders of magnitude. The vr*iation was less where nuclides that could result from discharges to sanitary,

the scenarios and their parameters were well defined, sewer systems in the United States at the maximum
such as the scenarios describing work conditions at the annual dhcharge limits. The collective doses are esti-
sewage treatment and sludge disposal facilities, The mated by multiplying the arithmetic mean of the dme
variation was wider for the scenarios that involved pub- values (deterrnined in the uncertainty analysis) by the
lic exposure over long periods of time, such as the land. total number ofIndividuals that potentially could be
fillintrusion scenarios. The deterministic results for the exposed for each scenario.1he arlihmetic means of dose
maximum discharge limits for all scenarios generally fell estimates are med for the colicethe dose estimates
within the $0th to 97th percentile of the full range of because they are more representative of typical expmure
calculated doses. Thh range h judged to be consistent conditions than the prudently conservative individual
with the intent of the deterministic analysk to produce doses, and they are more appropriate for use with non-
prudently conservative (not worst-case) results. The linear parameter distributions. Dest judgment was used
scenarios that exceeded the 90th percentile were See- to estimate the number of individuah exposed annually
natio No. 3 - STP Liquid Elliuent and Scenario No. I1 - from discharges at the 1 Ci$r limit. Dose contributionsi

| Landfill intrusion and Residence. Because these from Scenarios No. I through 9 were considered in the
scenarios rely on additional assumptions concerning the analpis. Contributions from Scenarios No.10 and i1I

dilution and environmental transport of the radioactive were not included, because they insolved potential lu-
mLierials, additional conservatism was used in the sce- ture intrusion at closed landfill sites and were judged to
nario analysis.- be less likely than the other scenarios. The collecthe
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| Discussion

1 :

doses were summed over the nine scenarios for each of amounts used (diwharged) annually, maw balances, and,

! the critical radionuclides, then they were summed over the potential for inclusion of mutually cuiusive uses of ,

all five radionuclides to provide an estimate of the total the contaminated materials.
collective dose across the United States.1he mean indl.

'

vidr~t doses for sescral of the scenarios were less than The intent of this generic study was to examine the
0,1-mrem /yr and were not included in this estimate. The potential radiological hat.ard to the public tesulting ,

collective doses for the various scenario /radionuclide from exposure to radionuclides in sewage sludge during
137combinations range from 0.4 person rem for Cs in its treatment and disposal following their release into

137Scenario No.5 to 420 person tem for Cs in Scenario sanitary sewer systems at the limits specified in
No. 3. Eight of the twent) two combinations listed have 10 CFR 20. This was accomplished using a prudently

. collective doses greater than 100 person tem. A first conservative rnethodology to describe and estimate scc-
approximation of the total collective dose from the natios, anumptions, and parameter values used in deter.
specific mixture of radionuclides and scenarios ininistic and stochastic dose calculations for docu.
described in Thble 7.4 would be about 2100 person-rem. mented case histories and theoretical discharges at the

11 should be emphasized that the generic nature of this maximum discharge limits. Comparison was also made
study has precluded consideration of several key items, with the individual and collective dose criteria. The
such as the degree of partitioning of each radionuclide results of this study indicate that some doses resulting

'

into the different products, the difference between from sewer disposal of radioactive materials may not be
amounts of radionuclides produced annually ard trivial and further study is needed.

,

A

P
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A ipendix Al
.

Modeling input
.

This appendix contains detailed information regarding Thble A.17 gives environmental concentrations cor. !

the calculation of doses presented in this document, and responding to the GEN!! input values in'Ihble A.15.
includes lists ofinput files, source terms and their 7hble A.18 lists the radionuclide source term used in t

"
derh'ation, and a modified external dose factor table case history dose calculations for cach applicable
used in r,ome of the dose calculations. scenario. Thble A.19 lists the source term for the

deterministic dose calculations based on theoretical
Calculations for the scenarios were performed uslitg the discharges for each scenario.
GENil software package (Napier et al.,1983). Ihr each
scenarlo, a GENil input file was created. 'lhe calcu. For three scenarios (Sewer Spiem inspector, Sewage
lations were performed for cach tadionuclide in the 7tealment Plant Operator,and incincrator Ash Dis.
source term, using the input file template. GENilinput posal'Ituck Driver), the EXTDF portion of GENil was -
files for the 11 scenarios are given in Thbles A.1 through run to create dose factors for external exposure.
A.14. (Separate input files were required to calculate Assumptions concerning geometry for each scenario are
inhalation from surface contamination for three cases summarized in Thble A.20. The modified dose factor 1

with customized external dose factors.) These standard library used in the three scenarios is given in " fable A.21.
input files were used in calculating doses for both the The modified dose factors for the three scenarios were
case studies and the determinhtic unit teleases. Incorporated into a dose factor library that normally

contains dose factors for waste buried at different
The input for source term ccmcentrations for the deter. depths.
ministic cases are given in 7hble A.15. Assumptions
regarding sewage treatment plant (STI') capacity and A litt of the tabics and their page locations is provided
sludge and ash production nre given in Table A.16. to help the reader turn directly to the tables of interest.

i

Tables

Sh Title J'un

A.1 GENil input file for Scenario No.1 STP Sewer Sptem inspector . . . . A.4... . .

i

A.2 GENIl input file for Scenario No.1 - STP Sewer Spiem-
Inspector--Inhalation Calculation A.7... ,, ...... ............, ... ... ...

A.3 GENil input file for Scenario No. ? - STP Sludge Process
Ope ra tor . . . . . . . . . . . . . . . . . . A 10. .. . ... . . ..... . .. ... ...

A.4 GENil input file for Scenario No. 2 - STP Sludge Process
Operator- Inhalation Calculation . . . . . A.13. .. .., . . .. .. . .... .

A.5 _ GENil input file for Scenario No. 3 - STP Liquid
Efiluent . . . . . A.16. ... ,, . .. . ..
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Apper. dix A

Tables

blh 'litic bgt

A6 GENilinput file for Scenario No.4 STP Incinerator
Operator............................................................... A.19..

A.7 OENil input flic for Scenario No. 5 Sludge incinerator
Effluent............................................................. A22.. ... .. .

_

A8 OENilinput file for Scenario No.6 Incinerator
Ash Disposal * nuck Driver . . . . . . . . . . . . . . . . . . . . . . . . . A25....... ... .... ............

-A9 OENilinput file for Scenario No.6. Incinerator Ash
. Dispocal ' nuck Driver Inhalation Calculation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A28 -

A10 GENil input file for Scenario No. 7 Sludge
Application to Agricultural Soil A31..... ... .. .. .... . .. .. ... . ... ... ...

.-

All GENil input file for Scenario No. 8 - Sludge
Application to Non-Agricultural Soll . . . . . . . . . . . . . . A.34........... ..... . . ..... ...

A12 GENilinput file for Scenario No.9 Landfill
Eq u i p m e n t O pe ra t o r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.37

A13 - GENil input file for Scenario No.10 landfill
Intrusion and Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . A40... ...... . . ......

A.14 GENilinput file for Scenario No.11 Landfill
-

Intrusion and Residence . . . . . . . . . . . . . . A.43...... . .... ............ .. . . .. ....

- A 15 Calculation of source term (GENilinput) for
cach scenario . . . . . . . . . . . . . . A 46. ........... ....... ... ......... .. ...... .. ....

A16 - Basis for calculation of sludge and ash concentrations . . . . . . . . . . . . . . . . . . . . . A 47. ....

' A.17 Concentrations of contaminated environmental media based
on 1 Cl)pr relcased to a 5-MGD sewage treatment plant . A48. ...... . .. .... . . . ..

A18 Radionuclide source terms for case history dose
_ ca lcula t io n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A.49. ......... . . . .. ...

A.19 Source term for deterministic calculations of dose
- based on theorr*lcal discharges for each scenario . . . A51. . . ... . . . .. . ..

NUREG/CR-5814 A2



-. . - . . - . - - . . . - - - . - - - - - - - - - - - - - .-.--.~.-_; -.

i

APF :

;

i
1

'Ihlitr6 j
,

i

Ei!: lllle l'ag! !

i

| A.20 Geometry for car.cs requiring customited external dose factors . . . . . . . . . . . . . . . . . . . A.53

A.21 Modified dose factor library used in Scenarios No.1,2. and 6

p (Sewer inspector, STP Workers, and Ash 1 tuck 11ansport Driver) . . . . . . . . . . . . . . . A.M r

(
,

I
,

t

_ _

,

;

AJ NUREG/CR 5814

. . . - _ . _ _ . _ . _ - _ _ _ . _ . - . . . . . . _ . . . . . _ _ . ~ - - . . . - - - . - . -- - - , - - - - - - - - - - - . . . - - - _ . . - - - - - - --



-_

Appendix A

|

Table A.1 GENilinput file for Scenario No.1 STI'Simer Spleniins|>ector
,

3

kRC Sewer Stucfy * Exposure Pathways
titlet 12 Sewer Line Maintenance

C12.1PL 13-Aug 90
OP T ION 5 a . ..n e ..a e.a s s n e se s .. . De f eut t . . .. . . .. . . . .... . . .. .. n .. . ..s ee n.
T hear field scenerio? (for+ field) hE AR fl[LD: narrowly f ocused
i Pt r etion dose? (itdividual) release, single site

f Acutt releate? (Chronic) FAk f! ELD: wide scale t elease,
Mazinun Individual data set used multiple sites

Ccw lete Co@ lete
IRAhsr0Rt OP110NS............ Section EXPOSURE PATWAY OP110N5**ce= section
F Air fransport i f finite plune, external 5
( Surf ace Water f ransport 2 F Infinite plune, esternal $ ,

f Blot 6c transport (near fleid) 3,4 i Ground, external 5

f Weste form Degradation (near) 3,4 i Recreation, enternal 5
f inhalation uptake 5,6 ,

REPORf OPfl0N$*==*ss==ss=== ...es... F Drinting water ingestion 7,8
1 Report AEDE only F Aquatic foods ingestion 7,8
f Report t,y radionuclide f Terrestrial fooda ingestion 7,9
i Report I?y espesure pathway F Animal product ingestion 7,10

' F Detog report on screen F Inadvertent toit ingestion

1NVEN10RY ##N5tnW######k00stakauttantWacN90nthetektsastukaangeseksrResanutnaks
F

4 inventory input activity unitst (iq(i 2 uti 3 nci 4 ti 5 Bq)

0 surface soit source units (1- m2 2-. m3 3 kg)
Equillbelun question goes here

.... Release ferms " ' ''' * " Basi c Conc ent rat i ons"""-' |........

Use when transport selected near field scenario, optionally [
..... ......... ............... .......;........ ..................... .

Release Surface Buried Lurface Deep Ground Surface |
Radio * Air Water Weste | Air soit $oll Water Water 1
nuclide /yr /yr /m3 j/m3 / unit /m3 /L /t j

.... .. .......). ..... .. . . .......j....... . .. ......... .m....

PU239 5.0E 08
- " Derived Concentrations"" *. . . " " -

Use when measured values are known
........ ..... .........................

Release Terres. Animal Drink AqJetic!
Radio- Plant Product Water food
nuclide /kg /kg /t /kg

........,....... ....... ....... .. ....

TlHE ####Nt##Wh##########ntst###ns#WetngstkWN##########akurkut#c#Rets##WatchNs

1 intake ends after (yr)

$0 Dose cate, ends after (yr)
0- Release erds.af ter (yr)
0 No. of years.of. air deposition prior to the intake period

0 __ho. of years of irrigation water deposition prior to the intake period

F AR-FIELD. SCEkARIOS (if POPULATION DOSE) ##########################888888t#### ,

O Definition option: 1 Use population grid in file POP.tk
0 2 Use total entered on this line

- NUREG/CR.5814 AA
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|

Tuhle A.! (Continued)

kt AR FitLD $ClkAR|0$ tekstetsttenstretttackttveestockentrachteettettettstettet

Prior to the beginning of the intake periods (yr)
0 When was the inventory disposed? (Pac 6 age degradation starts)
0 Vhen was (01C7 (Biotic transport starts)

0 Frection of roots in usver soit (top 15 cm)
0 Fraction of roots in deep soit1

0.0 Manual redistribution: deep soll/ surf ace soit dilution f actor
1250 Source area for externet dose modification f actor (m2)

1RANSVOR1 tteettttttestst#######tatttautttttatttttttesteretttestsktstuettetste

.... Alp.jpAusP0tte................... ..............s$fCT104 1s***a
0 Calculate I'M 10 Release tyre (0 3)

1 Option: 1 Use chi /G or PM value |F stack release (1/F)
2 $clect M1 dist & dir 10 $ tack height (e)
3 $Fecify M1 dist & dir !D $ tack flow (m3/sec) .

O Chl/9 or PM value jo stack radius (m)
0 Mt sector index (iss) |0 - Effluent temp. (C)

0 Mt distance from release point (m)|0 Building s+section (n2)
i Use Jf data (1/F) ette chi /g grid |0 Butiding height (tr)

** * *SUR F ACE WA tl R T R AN 5POR i s * * * = = > u= * * * * == = = = = *u m = = 5t C i l 0N 2a n = =

0 Mising ratio model: 0 use value, 1-river, 2 take
O Mining ratio, dinensiontess
0 Average river flow rate f ort MixFLG30 (m3/s), M!xFLG*1,2 (m/s),
O Transit time to irrigation withdrawl location thr) ,

If mising ret to nodel > 01
0 Rate of ef fluent discharge to receiving water tody (m3/s)
O Longshore distance f rom release point to usage location (m)
0 of f shore distance to the water intake (m)
0 Average water depth in surf ace water body (m)

~0 Average river width (m), MixFLG=1 only
0 Depth of effluent discharge point to surface water (m), take only

**** WASTE FORM AVAllABillfYs**=es======***==*====****tECTION 3=====

0 Weste form / package half lif e, (yr)
0 Waste thickness, (m)
1.0 Depth of soil overburden, m

i =2*e BIOT IC 1R ANSPOR 1 0F BURIED SCtJRt;t uussass=me==SECTION 4ssun
1 Consider during inventory decay /tnelldup period (1/F)?
T Consider during intake period (1/F)? 1 Arid non agriculturat

0 Pre Int ake si t e c ondi t ion. . . . u . . . . . . . . 2 Hunid non agriculturet
3 Agricultural

EnrOSURE teettattucattetettktatecktetttttet##W# Ret ##Wetettetstaatssteetttkette

= * * * t y f E R N AL E X P0SUR t * * = = * s = = = = = = * = = = * = * * * = = = = = = = * * *= 5E C T I ON 5 = s s =,

Exposure time: Residential irrigationt

0 Planc (br) 1 Consider: (t/F)
100,0 Soil contamination (hr) 0 source; 1 ground water -

0 Swirrening (br> j 2 surface water
0 Beating thr) !O Application rate (in/yr)
0 shoretine activities (hr> j0 Duration (mo/yr;

O Shoreline types (1 tiver, 2 lake, 3 ocean, 4 tidal basin)
0 Transit tine for release to reach aquatic recreation (hr)
0 Average f raction of tine sutnersed in acute cloud thr/ person hr)

A.$ NUREO/CR 5814
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i\ppendix /t

Thth A.1 (Continm e

a r = = l N N AL Al i DN a s s = * u s e * * * * * * * * * * e s e = sa s s * = * * * * * * * * * :35ECil0N 6 :: =

3 0 Hours of exposure to contamination per year
0 0-No resus* 1 Use Mass Leading 2 use Anspaugh model
0 tensi on Mass loading f actor (g/m3) Top set t available (cm) |

** * = l NGE ST 10N POPUL Ai l 0N = = s e e e..... .. m.s a. ......... $t ci t on 7.. .. .
AtmosF eric product tw1 definition (select option):O A

0 0 Use food weighted cht/s, (food see/m3), enter value on this line
1 Use population weightei chi /Q !

2 Use uniform production |
'

3 Une cht/0 and production grids (PRODUCTION will be overridden)
0 Population ingesting aquatic f oods, O def aults to total (oceson)
O Population ingesting drinking water, O def aults to total (person)
F Consider dose f rom f ood exported out of region (def ault=F)

Note below: $* or sources 0 none, 1 ground water, 2 surface water
3 Derived concentrat f on entered above

*=** AQUATIC F000$ / DRINKING VATER lhCE$i10N5***...ae5ECT10N 8 === r

f Sett water? (default is fresh)

USE TRAN- FR00- CONSUMPfl0N- |
7 FOOD Sli util0N HOLOUP RATL |
T/F TYPE he kg/yr da kg/yr | DRlNLikG WATER

..... |.... ... ........... ....... ...... ..... ....... ......

f fl&M 0.00 0.0E+00 0.00 0.0 | 0 Source (see above)
F MOLLU$ 0.00 0.0E+00 0.00 0.0 | T treatment? f/F
F CRUSTA- 0.00 0.0E+00 0.00 0.0 0 Holdup / transit (de)
F PLAkis 0.00 0.0E+00 0.00 0.0 0 Consumption (L/yr)

+ === T E RRE ST R I A L f 000 I NGE tT 10N == = = = == = = == = ==== ss**===$E C T I ON 9a= == =

USE GROW **lRRIGAil0N - PROD- -CONSUMPfl0N--
? f000 ilME S RATE flME YlELD UC110N HOLOUP RATE
T/F TYPE da * in/yr mo/yr kg/m2 kg/yr da kg/yr
... .,.... .. .. .. . ..... ... . ....... ...... .... .

F LLAF V 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
F RDOT v 0.00 0 0.0 0.0 0.0 0.0E 4 00 0.0 0.0
F FRulf 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
F GRAIN 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

==== ANIMAL FRODUCT!DN CONSUMPil0Ns=========*====== =$ECTION 10====

*-MUMAN -* TOTAL DRINK -- STORED FEED - - -

USE CONSUMP110N FR 00 - WATER OlET GROW *1RRIGAil0N - STOR-

? F000 RATE HOLDUP UCil0N CDNTAM FRAC- ilME S RATE TIME Yttto AGE
T/F TYPE ng/yr -da kg/yr FRACT. T10N da * In/yr mo/yr kg/m3 da
... ...... ..... ..... ...... .. .... .... .... ..... . ... ..... .....

F BEEF 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0,00 0.00 0.0
F POULTR 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F MILK 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0

*

F EGG 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
... .........gpt5g gongct..........., ,

BEEF 0.00 0.0 0 0.0 0.00 0.00 0.0
- Mitt 0.00 0.0 0 0.0 0.00 0.00 0.0

#t tsst# a tta ne e t tes t# # ### tat # ## t e ck ettu## won sk e##ctatut tets a a ttnonce a rttu tet te
*

|
..

!

i

NUREG/CR.5814 A.6
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Appendit A

'luble A.2 GlWil input file for Stenario No.1 S Il' Sewer N,ottni linpertor Inhalation Calculation

htC Sewer $ t txf( * firesure Fatracys. 1 Str Se-cr S etem inspecter lhwALATIOk
title: 12 Asw itths trent ation Calc ulat ion

C32.trl 07 Oct VD
DPf]Ok$sarsstsessraarsessers;srr Defsylt umesmesurnsersaussurnesseterar : seus

I heer field ,conar io? (Far field) h!AR F;tLD: narro.ly focused

f l'oruletion dase? ( f rvii v i daa t ) release, single site

F Acute relear,e? (Chronic) fAR flELD: wide sc ale release,

Maalmsn Individual dato set used rut tipte sites

Co@lete Co m tete
T R AkSPOR T Of'110k St = * e s s t e r a r Section I M OSUtit IATH'At 00f!OkS=*r*= Section
i Air transport i f finite pitn:, es t e r nal 5

_

F Surf ace Water t rantrer t 2 f Infinite I ttre, enternel 5

F Bictic frengort (near field) 3,4 i G r curid, e n t e r na l 5

F Waste Form Degradation (near) 3,4 F sccreation, enternal 5

1 Inhalation urtene 5,6
p[ POR T or 110h s e r = s e s a s u s = = = = t e n a u s f Drir*ing water ingestion /,8

1 Report AELC only f A4aatic fc>ods ingestion 7,8
F Report by radionucitdc f Terr est r ial f oods irsgest ion 7,9

f Report by erro!.ure pathway I Animal product ingestion 7,10
F Drtug report on sc reen f insdvertent soit ingestion

thylNT0ti tutetttks##ettua#ttEMMaattuttaqutpunts#ttavatutthut####ttstenstrettu

4 inventory input ac t ivit y units: (1 f41 2 uCi 3 mC) 4 Ci 5 90'

2 Sur f ace soil source units (1- P2 2 ad 3 6g)
(quiliteritsn quest ion gees here

- .j- +Peteese Terme -|- Esasic Conc ent r at i ons -|
Use when! transport selected I near f ield t c enario, opt ionally |

.. .;.. . .j. . .|
Felease | Surface lluried j Sar f ace Deep (,round Sur f ac e|
Radio- | Air Water Wette | Air soit Soit Water Water ;

nuclide j/yr /yr /n3 |/n3 / unit /r3 /L /t |
.. .p .. .|. .|

PU239 5.00 08
~

-|- Derived Concentrations-- -|
Use when| measured values are krvo.sn |

.j. . .. .;
Release |ter res. Anirnal Drink Amatic|
Radio- | Plant T r odJC T W3ter FOQd |
nuctice |/kg /kg /t /tg |
. . .|. . .|

TlYC Utkukauh##uettpa######sta#8stu6atasc###tpakhttedt##tuktstatutMt stentat3t

1 Inten e erris af ter (yr)

50 Dose calc , ends after (yr)

0 Release ends ofter (yr)

O ho, of years of air deposition pr ior to the intoke feriod

0 ha, of years of irrigation water ogosition prior to the intake perire

F AR FIELD SCf h ARIOS (if P00UL A110N DOSE) ###*********##****###ttA*############

0 Cefinition cption: 1 Use prputation grid in file FDP.lh

0 2 Use total entered on this Iine

A' Nl'RiiG { RdN14
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Appendix A

TnNe A.2 (Continued)

kEAR lf ELO SCl%Atl0$ #######ttes#UtttestsstutNtcastattatstatstetstartsttaccher

Prior to the reginning of the intake periods (yr)
0 When was the inventory disposed? (Package degradation starts)
0 When was LolC7 (Biotic transport starts)
0 f raction of roots in uprer soit (top 15 cm)
0 Fraction of roots in deep soll
0,0 Manual redistributions deep soll/aurf ace soll dilution f actor

1250 Source area for external dose modflication factor (02)
,

1
,

TRANs>0Rt ekstutterstett##tttttacatuttachtWWhetsatsetettracteaterettettera# tan

... A t t 1RAtsPOR T * * * * n * * *=n a n s n ** n * * * n n* ** * *n $l C T I ON i n e n
0 Calculate PM | 0 Release type (0 3)

1 Option 1 Use chi /o or FM value ; f $ tack release (1/f.)
2 Select M1 dist & dir 0 stack height (m)
3 $pecify M! dist & dir

,
0 Stack flow (m3/sec)

O Chi /0 or FM value 10 5 tack radius (m) j
0 Mi sector irden (1=S) |0 fffluent tenp. (C)
O Mi distance f rom release point (m)|0 Butiding x section (m2)
i Use Jf date, (t/F) else chi /0 gridj0 Building height (m)

unSURFACE WATER 70ANSPORissuunsanannenusa==$(CT!ON 2n*n ;
O Mixing ratio modet 0 use value, 1 tiver, 2-lake '

0 Mixing ratio, dirensionless
0 Average river flow rate fort MixFLG=0 (nJ/s), M!xrLG=1,2 (m/s), [
0 Transit time to irrigation withdrawl tocation thr)

!i mixing ratto modet > 04 '

0 Rate of ef fluent discharge to receiving water body (tr3/s)
O Longshore distance from release point to usage location (m)
0 Of fshore distance to the water intele (m)
0 Average water depth in surface water body (m)
0 Average river wioth (m), Mixttcal only
0 Depth of effluent discharge point to surface water (m), take only

esa: Waste f oam AVAIL AB t Li tyn....ns==,asunnenn=SECTION 3 nu
0 Waste form / package half life, (yr)
0 Waste thickness, (m)
O. Depth of soit overturden, m

ace =Bl011C TR ANSPORT OF BURlLD SOURCE ==s=*sressenza:SECTION 4ns"
.Y Consider during inventory decay / buildup period (T/F)?
Y Consider daring intake period (1/F)? 1 1 Arid non agricultural
0 Pre * Int ake s i te cordi t i on. . . . . . . ., . . . . . 2 Hanid non agriculturat

3 Agricultural

Exto$URE #88##N###N################################N##########################

====ExttRNAL EXP05URE****===ar============s==========SECTION $asete
Exposure timet | Residential irrigation

0 Phre (br) |1 Considers (t/F)
0 Soit contamination (hr) {0 Source: 1 ground water

I 0 Swiming (hr) j 2-surface water
0 Boating (hr) !O Application rate (in/yr)
$ Shoreline activities (hr) 10 Oration (no/yr)
0 shoreline types (1-river, 2-t ake, 3-oeaan, 4-tidat basin)

~0 fransit time for release to reach aquatic recreation (hr)
0 Average fraction of time sutrersed in acute cloud (hr/ person hr)i

NUREO/CR 5814 A 1!
~
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Appendtx A

|
.

hble A.2 (Continml)

I

asse |hh&( A1|ONass sssssssts ee ss assesssss sse sus ass a ssas tEC110W 6sas* *
20 Hours of esposure to contamination per year
1 0 No resus- 1 Use Mass Loading ? Use Anspaugh modet
1.0E 04 pension Masa tosoir,s f octor (s/n3) Top soit avaitobte (cm)

|

seas j kGE$Il0N POPUL A110Nsassas ss s ssss sssas ses s eassses $EC110% 7* sass'

O Attespheric production definition (select option):
D 0 Use food wel hted thi/0, (f orxf sec/n3), enter value on this line0

buse population weighted chi /0
2 Une unif orm production
3 Use chi /0 and prodxtion grids (FRODUC110N will te overrickten)

0 Population Ingenting equatic f oods, O defeut ta to total (terson)
O Population ingesting drinking water, O def aults to total (person)
F Consider dose f rom f ood esported out of region (def aultsF)

Note belows sa or $ource: 0-none,1 ground water, ? surf ace water
3 Derived concentration entered 6bove

AQUA 11C F0005 / DRINKING WATER I NGE $t !ON a s s en e s s s SE tf lON 8s e s sesas

F Salt water? (default is fresh)

Utt IRAN. PROO- CONSUMP110N- |
7 F000 $1T Utt10N HOLOUP RATE |
T/f TYef he k glyr. da 69/yr j DRlkKING WATER

..... p., ..... ....... . . . .... ...... .... ....... . ...

F fisW 0.00 0.0E+00 0.00 0.0 ! 0 source (see above)
F MOLLUS 0.00 0.0E * 00 0.00 0.0 | T Treatmentt 1/F
F Crus 1A 0.00 0.0E+00 0.00 0.0 j 0 Hotdup/ transit (da)
F PLANTS .0.00 0. 0E + 00 0.00 0.0 | 0 constrption (L/yr)

unas1ERRESTRIAL F000 INGE$110hassssssssssssssssssssa EECT104 9 =ssa
.

USE GROW -lkRIGATION - PROD- 'Coh50MP110N-
? FOCO flME 5 AATE TIME YlELD UC110N HOLOUP RATE ,

in/yr mo/yr kg/m2 kg/yr da kg/yr
'

1/F TYPE da a

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

F LEAF V 0.00 0 0.0 0.0 0.0 0.0E*00 0.0 0.0
F ROOT V 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
F FRUlf 0.00 0 0.0 0.0 0.0 0.0E*00 0.0 0.0
F GRAth 0.00 0 0.0 0.0 0.0 0.0E*00 0.0 0.0

asasANIMAL PRODUC110N CONSUMPf!ONsasassa*ss**sassas*4f CTION 10ssas

5?DREO fled " ". . . ggg AN. . . * 101 AL DR!kK ' - '-* -"-

USE CONSUMPi!ON FR00 WATFR DIET GROW -IkRIGATION " STOR-

? f000 RATE HOLOUP UCTION CONTAM FRAC TIME 5 RATE TIME VIELD AGE
1/F TYPE kg/yr da kg/yr FRACT. T10N da * in/yr mo/yr kg/pd da
... ...... ...... ..... .. .. ....... . .. . . .... .... ..... .. ..

F BEEF 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
f POULTR 0.0 0.0 =0.00 0.D0 0.00 0.0 0 0.0 0.00 0.00 0.0
F MILE 0.0 0.0- 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F EGG -0.0 0.0 0,00 -0.00 0.00 0.0 0 0.0 0.00 0.00 - 0.0 -

.. FRESH IORAGE - "- -.. ......

BEEF 0.00 0.0 0 0.0 0.00 0.00 0.0
MIEK 0.00 0.0 0 0.0- 0.00 0.00 0.0

sterecutch te#######tsessenkvkt##weas#t tunutkekstructete####t tus as topputa ktest

A.9 NUREO/CR-5814
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J Appendix A

,

hble A.3 GENil input file for Scenirlo No. 2. STP Sludy Process Operator -

NRC Sewer Study - Exposure Pathways
-Titlet ? STP Worker with inhalation added

C2.1Pt 03-Oct-90
0P T i ck $ = = = = = = = = = = = = = = = = = = * s = = = = = D e f au l t = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

T Near-field scenario? (Far field) hEAlt FIELD: narrowly-focused
F Population dose? -(Individual) release, single site
F Acute release? (Chronic) FAR-FIELD: wide scale release,

Maxirrun Indt, AJat data set used puttiple sites

Corroletr - Complete
IRA % PORT OPil0 C +: . m== Sec tion EXPOSURE PATHWAY 0M WNS===== Section

i; F Air Transport 1 F Finite pltsne, external 5
1, t F Surface Water Transport ? F Infinite pitsne, external 5

g F Biotic Transport (near field) 3,4 i Ground, external 5
F Waste Form pegradation (near) 3,4 F Recreation, external $

t inhalation uptake 5,6
REPORT OPfl0N5=======*===============- F - Drinking water ingestion 7,8
T Report AEDE ontv' F- Aquatic foods ingestion 7,8
F Report by radionuctice F Terrestrial foods ingestion 7,9
F Report by exposure pathway F Animal product ingestion 7,10
F Debug report on screen F Inadvertent soft ingestion

luvENTORT ################# U M W ##### U ck### H ### n ###### # #### U R###n#######
.

4 inventory input activity units: (1-pC1. 2-uCI 3 MCI 4 Ci 5-Bq)
O Surface soll source units (1- m2 2 m3 3 kg)

Equilibritn question goes here

........|....Release Terms" - - " ----- ~ -Basic Concentrations " - - " |
Use when transpart selected near field scenario, optionally |

... ...... .... .. . ......,...,..................!... .... .-........

Release $uH oce Buried j Surface Deep Ground Surfacej
Radio- Air Water Waste | Air Soll Soit Water Water j
nuclide L/yr /yr /m3 j/m3 / unit /m3 /L /L j
. ...... ....... .......

.......{....... ... ... ....... ....... ... ...;
PU239 2.1E 04
-- ' ~ ~ j' " Derived Concentrations ' '-|
Usewhenj measured values are known |
........)..................... .....[
Release |Terres, Animat .. Drink Aquatici
Radio- | Plant Product Water . Food |
nuctide |/kg- /kg /L /kg j
.......|...............,............[

4

. T1ME #########################H##nn#######H####################n#########

;1 Intake ends after (yr)
50 Dose cate, ends after (yr)
0- Release ends after (yr)
0- No. of years of air deposition prior to the intake period
0- No of years of irrigation water deposition prior to the intake period

FAR FIELD SCENARIOS (IF POPULATION DOSE) ###################pr###########H

0 Definition option: 1-Use population grid in file POP.IN
O 2 Use total entered on this line

, NUREG/CR-5814 A.10
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Appendix A

Table A.3 (Continued)

NEAR FilLD SCENARIOS #######**################################################

Prior to the beginning of the inteke period: (yr)

0 W5en was the inventory disposed? (Package degradation starts)
0 when was tolC? (Blot ic tranc. port starts)

0 Fraction of roots in upper soit (top 15 cm)

0 Fraction of roots in deep soil

0.0 Manual redistribution: deep soit/ surface soll dilution factor

1250 Source area f or external dose modification f actor (r2)

TRANSPORT #############################################k##################h###
= = = = A I R T R AN SP0R T = = = = = = = = = 's = = = = = = n = = n = = = = = = = = = = = u SE C T 10N 1==us _

0-Calculate FM |0 selease type (0 3)
1 Option: 1-Use chi /0 or PM value jF Stack release (T/F)

2 Select Mt dist & dir j0 Stack height (m)
3-specify Mi dist & dir |0 Stack flow (m3/sec)

O Chi /Q or FM value j0 Stack radius (m)
O Mi sector index (1=S) j0 Effluent t enp . ( C )
0 Mi distance f rom release point (m)|0 Building x section (m2)
T Use H data, (T/F) else cht/Q srid|0 Building height (m)

==== SURFACE WATER TRANSP0RT=====$==================== SECT 10N 2=====

0 Mixing ratio mMet: 0 use value, 1 river, 2-take
O Mixing ratio, dimensiontess
0 Average river flew rate for: MihFLG=0 (m3/s), M1xFtG=1,2 (m/s),
O Transit time to irrigation withdrawl location (hr)

If mixing ratio model > 0

0 Rate of ef f tuent discharge to receiving water body (m3/s)
0 Longshore distance from release point to usage location (m)
0 Offshore distance to the water intake (m)
0 Average water depth in surface wate- body (m)
0 Average river width (m), MIXFLG=1 wly
0 Depth of effluent discharge point to surface water (m), take only

==== WASTE FORM AVAILABILITY ========================== SECT 10N 3=====

0 Waste form / package half life, (yr) ,

O Waste thickness, (m)

.1L Depth of soil overburden, m

== = = BIOT I C T R ANSPOR T OF BUR ! ED $0URCE = = = = == = == = = n = = = SE CT 10N 4= n = =

T Consider during inventory decay / buildup period (T/F)?
T Consider during intake period (T/F)? | 1-Arid non agriculturet
0 Pre-Intake site condition. ,j 2-H eid non agricultural..

! 3 Agricultural

ExV050RE #########################################################r%##########

== nEXTERNAL EXPOSURE ==== n =n== === n ==== u =usu u =SECTION 5= u==
Exposure time: ; Residential irrigation:

O Plume (hr) |T Consider: (T/F)
1500. . Soil contamination (hr) |C Source: 1-groured water
0 Swiming (hr) i 2-surface water
0 Beating (hr) |0 Application rate (in/yr)

O Shoreline activities (hr) |C Duration (mofyr)

O Shoreline type: (1-river, 2 take, 3 ocean, 4 tidal basin)

0 Transit time for release to reach aquatic recreation (hr)

0 Average f raction of time sutanersed in acute cloud (hr/ person br)

A 11 NU R EG/CR-5814
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Table A.3 (Continued)

===*lNHALAT10N======****=*****==*===============ss==s3ECT10N 6=====
0 Mours of exposure to contamination per year
1 0-No resus- 1 Use Mass Loading 2 Use Anspaugh modet

.0 pension . Mass loading factor (g/m3) Top suit available (cm)

sanslNLESTION POPULATl0N=****=========*****s==res====SECTION 7s**==
0 Atmospheric production definition (select option):
0 0-Use food-weighted chi /Q, (f ood sec/nG), enter value on this line

1 Use populntion-weighted chi /
2 Use uniform production

j3-Use chl/Q and production grids (PR000CilDN will be overridden)
0 Population ingenting aquatic foods, O def aults to total (person) j

i
0 Population ingesting drinking water, O def aults to total (person)

Considea dose f rom f ood exported out of region (def aultsF)

Note below S* or Source: 0-none, 1 ground water, 2-surface water
3 Derived concentration entered above

==== AQUATIC FOODS / ORINKING WAlLP INGESTIONs====*=== SECT 10N 8=*==

F Salt water? (default is fresh)

USE TRAN- PuuD- -CONSUMPTION- |
7 FOOD S11 UCTION HOLOUP RATE | *

T/F TYPE hr kg/yr da kg/yr DRlhKING WATER
.., ...... ..... ..... . ...... ..... .........................

F FISH 0.00 0.0E+00- 0.00 0.0 0 Source (see above)
F MOLLUS 0.00 0.0E+00 0.00 - 0.0 T Treatment? T/F

-F CRUSTA 0.00 0.0E+00 0.00 0.0 0 Holdup / transit (da)
F PLAkTS 0.00 0.0E+00- 0.00 0.0 0 Consumption (t/yr)

====TERRESTRI AL FOOD INGEST 10Nassanassassassaiss343==SECTION 92====

USE GROW --lRRIGATION-- PRCO- -CONSUMPil0N--
?- FOOD TIME S RATE TIME YlELO UCTION ROLOUP RATE
T/F TYPE da * In/yr mo/yr kg/m2 kg/yr da kg/yr
... ...... ..... . ..... ..... ..... ....... ..... .... .

F LEAF V 0.00 0 0.0 0.0 0.0 0.0E+ 00 0.0 0.0
F ROOT V 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

=F FRuli 0.00 0 0.0 0,0 0.0 0.0E+00 0.0 0.0
F GRAIN -0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

==== AN I KAL PRODUCT I ON CON SUMPT 10N============**==wa== SECT I ON 10= ===

- -HUMAN +- TOTAL ORINK - - - - - -STORED FEED -*- -+--*--
USE CONSUMPTION PROD- WATER OlET--GROW -IRRIGATION - STOR-
? FOOD RATE' HOLOUP UCTIor CONTAM FRAC- TIME S RATE TIME Y!ELO ACE
T/F TYPE kg/yr- da kg/yr FRACT. TION de * in/yr mo/yr kg/m3 da
... ....... ...... . ... ...... ....... ..., .... . ..... ..... ..... . ...

F BEEF 0.0 0.0 0,00 -0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F PUULTR 0.0 0.0 0.00 0.00 0.00- 0.0 0 0.0 0.00 0.00 0.0
F MILK - 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 U.0
F EGG 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0

........ .... FRESH FORAGE- --- -----
BEEF 0.00 0.0 0 0.0 0.00 0.00 0.0
MILK 0.00 0.0 0 0.0 0.00 0.00 0.0

#############################t###############################################
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Table A.4 GENil input file for Scenario No. 2. STP Sludge Process Operator- Inhalation Calculation

hRC Sewer Study E sposure Pathways
Title: 2 STF Worker - Inhalation Calculation

C22.TPL 05-Oct 90
OPfl0ks========================= Default =====================================
T Near fictd scenarios (Far field) HEAR FIELD: narrowly f ocused
F Population dose? ( I ndi vi dual ) release, single site

F Acute release? (Chronic) FAR FIELD: wide scale release,

Maximum Irdividual data set used puttiple sites

Cortlete Complete

T R ANSPOR T OP T 10N S= = = = = * = = == = = Sec t i on EXPOSURE PAT HWAY DPTIONS== === Sect ior.
F Air Transport 1 F Finite plume, external 5

F Surface Water Transport 2 F inf inite plurre, e Aternak 5 --

F Biotic Transport (near-f ield) 3,4 F Ground, external 5

F Waste Form Degradation (near) 3,4 F Recreation, external 5

i inhalation uptake 5,6
REPORT OPTI)kSe==s======s============ F Drirking water ingestion 7,8
i Report AEDE only F Aquatic f oods ingestion 7,8
F Report by radionuclide F Terrestrial f oods ingestion 7,9

F Report by exposure pathway F Animal product ingestion 7,10
F Debug repert on screen F Inadvertent soil ingestion

INVENTORT ##############e######################### twt ######h##########t20t####

4 Invt.1 tory input activity units: (1 pCi 2 uCi 3-mci 4-Ci 5 Bq)
2 Surf ace soil source units (1 n2 2- m3 3- kg)

Equilibrium question goes bere

----- -|- -Release Terms -|+ - --Basic Concentrations- - ---|
Use when| t r ans por t selected j near field scenario, optionally |
. . . ..|..

. .. . .. ... .;. .... .. ... .. . . .. .... ...;

Release | Surface Curied j Surf ace Deco Ground surface |
R adi o- | Air Water Weste | Air Soit Soit Water Water |
nuclide I/yr /yr /m3 |/nu / unit /m3 /L /t |
.

......|...
. ... . .|. . ...... ..... .. .., .

PU239 2.1E-04
- ------|- -Der ived Concent rat i ons- --| _

Use when| measured values are known |
. ..

...|..
... . .... .. . .|

Pelease |Terres. Animal Drink Aquatic |
Radio- | Plant Product Water Food j

%
nuclide j/kg /kg /L /kg |
.....

..|...
... . .. ..|

T IME ######3#################a#############W#######4#######aks#####n##########

1 tr.take ends after (yr)

50 Dose cate, ends after fyr)

0 Release ends afcer (yr)

0 No. of years of air deposition prio- to the intake period

0 Nn. of years of irrigation water deposition prior to the intake period

FAR FIELO SCENARIOS (IF POPULATION DOSE) ##################################v##

0 Definition option: 1-Use population grid in file POP.IN
O 2 Use total entered on this line

<\.13 ?dl!llEICU(:It 5814
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Appendix A

%ble A.4 (Continued)

NE AR F I E LD SCE h AR I OS ###### ######### ##f##########****####################### ##

Prior to the beginning of the intake period: (yr)
0 - When was the inventory disposed? (Package degradation starts)
0 When was LolC7 (Biotic transport starts)
0 Fraction of roots in upper soil (top 15 cm)
0 Fraction of roots-In deep soll |

0.0 Manual redistribution: deep soll/ surface soll dilution factor
1250 Source area for. external dose modification f ac'tr (m2)

TRANSPORT ####0########UN####N############UNH#########c4#############U

= = = = A I R T R A N SP0R T = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = S t u l 0N 1 = = = = =

0* Calculate PM |0 Release type (0-3)
1 Option 1 Use chi /G or PM value jF Stack release (T/F) _

2-Select M! dist & dir 10 Stock beight (m)
3-Specify Mi dist & dir j0 stack flow (m3/sec)

O Chi /o or PM value |0 Stack radius (m)
O Mi sector index (1=S) 10 E f f l uent t emp. (C)
0 61 distance from rLlease point (m)|0 Building x section (m2)
T use jf data, (T/F) else chi /Q gridj0 Building height (m)

= = = = SUR F ACE WAT ER T R AN SP0R T * = = == = = == = = = = == = = == = == = = = = SE CT I ON 2= = = = =
0 Mixing ratio model: 0-use value,1 river, 2 lake
O Mixing ratio, dimensionless
0 Average river flow rate for MIXFLG=0 (m3/s), MIXFLG=1,2 (m/s),
O Transit tire to irrigation withdrawl location (hr)

If mixing ratio model > 0:

0 Rate of ef fluent discharge to receiving water body (m3/s)
O Longshore distance f rom release point to usage location (m)
0 Offshore distance to the water intake (m)
0 -Average water depth in surface water body (m)
0 Average river width (m), M!XFLC=1 only
0 Depth of ef fluent discharge point to surf ace water (m), take only

=~== WASTE FORM AVAILABILITY ==========================SECTION 3=====
0 Waste form / package half'lifei (yr)
0 Waste thickness, (m)
O. Depth of soil overburden, m

====B 10T I C TR ANSPORT OF SUR I ED SOURCE ================ SECT 10N 4 == ===
T Consider during inventory decay / buildup period (T/F)?
T Consider during intake period (T/F)? j 1-Arid non agricultural
O Pre-Intake site condi t ion. .. . . .. ... . . . ! 2 Humid non agricultural

| 3 Agricultural

;. EXPOSURE ################n###########################w##########n###########

==== EXTERNAL EXP05URE================================ SECT!DN 5=====
Exposure time: | Residential irrigation:

O Plume.(hr) T Consider: (T/F)
O Soil contamination (hr) O Source: 1 ground water
0 Swimming (hr) 2 surface water
0 Boating (hr)

,
O Application rate (in/yr)

0 Shoreline activities (hr) |0 Duration (mo/yr)
O Shoreline type: (1-river, 2 lake, 3 ocean, 4atidal basin)
0 Transit time for release to reach aquatic recreatior (hr)
0 Average f raction of time submersed in acute cloud (hr/ person hr)

NUREG/CR.5814 A.14
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'.ble A.4 (Continut d) -

s ess!NHAL ATlDNassesessansseausssssssanassasssssssetesSECil0N 6sessa
3 00 - Hours of esposure to contamination per year ,

1 0 No resus- 1 Use Mass noding 2 Use sm,.s ah model
1.0E 03 pension Mass teac;.S factor (g/m3) Top sei t attable (cm)

assalNGEST IDN POPUL AT IONS ***=ss== sass =s*** == sass ==s s sSECT I DN 7= ====
0 Atmospheric production definition (select option):
0 0-Use food weighted chi /0, (f ood-sec/m3), enter value on this line

1*Use population weighted chi /Q
2 Use uniform production
3-Use chi /Q and production grids (PR00VC110N will be overridden)

O Population Ingesting equatic f oods, O def out ts to total (person)
O Population ingesting drinking water, O def aults to total (person)
F Consider dose f rom food exported out of region (def ault=F)

Note below: S* or Source: 0 none, 1-ground water,-2-surface water
3 Derived concentration entered above

AQUAllC F0005 / DR!htlNG WATER INGESilok===str==sSECT10N 8e===sses

F Salt water? (default is fresh).

USE- TRAN- PROD- -CONSUMPT ION - |
? F000 SIT .UCil0N HOLDUP RALE j
T/F TYPE hr kglyr da kg/yr { ORlh(ING WATER-

..... ;................._ . ........ ...... ..... ....... .....

F- FISH 0.00 0.0E+00 0.00 0.0 | 0 Source (see above)
F MOLLUS 0.00 0.0E+00 0.00 0.0 ' T Treatnent? T/F
F C2USTA 0.00 0.0E+00 0.00 0.0 0 Holdup / transit (da)
F- PLANTS 0.90 0.0E+00 0.00 0.0 0 Consumption (t/yr)

===sTERRESTRIAL-F000 INGEST 10Ns====================sr$ECTION 9:====

USE GROW + IRRIGATION - PROO- --CONSUMPT10h--
? FOOD TIME 5 RATE TIME YlELD UCTION HOLDUP RATE

T/F TTPE da * in/yr mo/yr kg/m2 kg/yr da kg/yr
... ...... ..... . ..... ..... ..... ....... ...... ......

F LEAF V 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
F ROOT V 0.00 0- 0.0 0.0 0.0 0.0E+00 0.0 0.0
F FRulT 0.00 0 0.0 ' O.0 0.0 0.0E+00 0.0 0.0;'
F GRAIN 0.00 0 0.0 0.0 0.0- 0.0E+00 0.0 0.0

= =3rAN IMAL PRODUCT ION CONSUMPT ! DN === ====== = ====s===== SECT I ON 10:2==

-HUMAN +-- TOTAL DRINK -- - -----STORED FEED - - +-- -+---

USE CONSUMPTION PR00- WA 'ER OlET GROW -IRRIGATION * STOR-
? FOOD RATE HOLDUP UCTION CONTAM FRAC--TIME' S RATE TIME YlELD AG2
T/F TYPE kg/yr- da kg/yr FRACT. T!ON da * in/yr mo/yr kg/m3 da
... ...... -. .... ..... ...... ....... .... ... . ..... ..... ..... . ...

F BEEF' O.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F POULTR 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F- MILK- 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F EGG 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0

. . . . . . . . . . . . . F RE SH FOR AGE - - --- --
BEEF 0.00 0.0 0 0.0 0.00 0.00 0.0
MILK 0.00 0.0 0 0.0 0.00 0.00 0.0

###########u#################t###############################################

|
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Appendix A

Table A.S GENilinput file for Scenario No.3 $TP 1.lquid Effluent

NRC Sewer Study Exposure Pathways
Titles 1 WASTEWATER TO RIVER DOW% STREAM Mt

C1.1PL 10 Aug 90
OP T I ON S a = * * * * * = = = = = n a n = = a n s * D e f au l t * * * n = = = = * * * = = = = * = = = = = = n a a n * * * * * * = =
f Near-field scenario?. (Far-field) NEAR FIELD: narrowly-focused
F Population dose? (Individual) release, single site
F Acute release? (Chronic) FAR FIELD: wide scale release,

Marimum Individual data set used multiple sites
Complete Cenplet e

TRAliSPORT OPTIONS *= ann =an Section EXPOSURE PAluwAY OPil0NS===rs Section
F Air Transport 1 F Finite plume, externa | 5

i Curface Water Transport - 2 F Infinite plme, external 5
|F Biotic Transport (near-field) 3 1 Ground, external 5

F Waste Form Degradation (near) -4 -1 Recreation, external 5

T Inhalation upteke 6
REPORT OPT!0NSnannsnnspan===== F Drinking water ingestion 7,8

- T Report AEDE only 1 Aquatic foods ingestion 7,8
T Report by radionuclide T Terrestrial foods ingestion 7,9
i Report by exposure pathway T Animal product ingestion 7,10
F Debug report on screen F Inadvertent soil ingestion

1 ~

INVENTORY ####n########n#####n####nn############n#####nn##########n##

4 inventory input activity units: (1-pCi 2 uCI 3-mci 4-Ci 5-Bq)

O surface soll source units (1 m2 2 m3 3- kg)

Equilibrim question goes here

. . . . . . . . | "R el ease t erms - - o " "-- Bas ic Conc ent rat i ons " -- --|_

Use when| transport selected near field scenario, optionally |
........ .......................;.......... .... ................ ......;

Release Surf ace Buried j Surf ace Deep Ground Surfacel
Radio- - Air Water Waste jAir Soll Soit Water Water |
nuclide j/yr /yr /m3 j/L / unit /m3 /L /t j

........;......._....... .......;....... ......;....,.. ....... .......

PU239 1,0E+00

- ~ ~ ---|----Derived Concentrations -- -|
Use when| measured values are known |
........j...............................|

Release lierres. Animal Drink Aquaticj
Radio- | Plant Product Water Food. j
nuclide |/kg /kg /L /kg |

'

... ....j....... ....... ....... .......|

TIME ##################################################N###**###########

| 1 Intake ends after (vr)
50 Dose calc. ends after (yr);

| 1 Release ends after (yr)

1- 0 No, of years of air deposition prior to the intake period
0 No, of years of irrigation water deposition prior to the intake period

FAR FIELD SCENARIOS (IF POPULATION DOSE) WF#M#######N#pe################

0 Definition option: 1-Use population grid in file POP.IN
O 2 Use total entered on this line

I NUREG/CR-5814 A.16
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Appendix A

Table A.5 (Continued)

I'
.

NEAR FIELD SCEkARIOS #########################################################

Prior to the beginning of the intake period: (yr)
O. When was the inventory disposed? (Package degradation starts)

I/=
0 When was LOIC? (Blotic transport starts)
0 Fraction of roots in upper soll (top 15 cm)

b . O Fraction of roots in deep soll
! 0 - Manual redistritutiont . deep soll/ surf ace soit dilution f actor

TRANSPORT ##########n####n#########n###############nn#######n#####nnen

==== AIR TRANSP0RT====================================SE;?)0N 1= m m
0 Calculate PM !

1 Option: 1-Use chi /0 or FM value jf Stack release (T/F)
2 Select Mi dist & dir |0 Stack height (m)
3 Specify MI dist & dir |0 Stock flow (m3/sec |

0 Chi /0 or PM value 10 Stack radius (m) 1

0 .M1 sector index (1=S) |0 Effluent temp. (C) l
0 MI distance from release point (m)
T Use joint frequency data, otherwise chl/0 grid

==== SURFACE WATER TRAN$P0RT======================s===SECil0N 2=====
0 Mixing ratio model: 0 use value, 1 river, 2 toke, 3-river flow

1.0 Mixing ratio, dimensionless.

100. Average river flow rate for: MixFLc=0,3 cm3/s), Mixf tc=1,2 (m/s),
0.0 Transit time to irrigation withdrawl location (hr)

If mixing ratio model > 0:
{0 Rate of ef fluent discharge to receiving water body (m3/s)
;

O Longshore distance f rom release point to usage location (m)
0 Offshore distance to th* water intake (m)
0 Average water depth in surface water body (m)
0 Average river wldth (m), MIXFLG=1 only
0 Depth of effluent discharge point to surface water (m), Lake only

**== WASTE FDAM AVAILA6tLITY========================== SECT 10N 3=====
0 Waste form / package half life, (yr)
0 Waste thickness, (m)
0 Depth of sell overburden, m

==== BIOTIC TRANSPORT OF BURIED $0URCE========== = ===SECTION O ====
T Consider during inventory decay / buildup period (T/F)?
T Consider during intake period (T/F)? | 1 Arid non agricultural
O Pre-Intake site condition.. .. .... ...j 2 Humid non agricultural

| 3 Agricultural

EXPOSURE #######n###########n###########n#####n##################n#######

==== EXTERNAL EXP0SURE================================ SECT 10N 5=====
Exposure time: j IWsidential irrigation:

O Plume (hr). |T Consider: (T/F)
1800.0.. Soll contamination (hr) |2 Source: 1 ground water
10.0 Swiming (hr) | 2 surface water
5.0 Boating (hr) | 30.0 Application rate (in/yr)

I t 17 Shoreline activities (br) j 6,0 Duration (mo/yr)
1: 1 Shoreline type: (1 river, 2-lake, 3-ocean, 4-tidal basin)

1.0 Transit time f or release to reach aquatic recreation (br)
0 Average fraction of time sutmersed in acute cloud (hr/ person br)

A.17 NUREO/CR-5814
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_.

Table A.5 (Conli ned)

==us 1 h HAL AT I ON eas s ra s swa s sa s== == = == = = =s e s s es = =s w a ss =SE CT 10N 6s== = =
360. Hours of exposure to contamination per year
1 0 No resus- 1 Use Mass Loading 2 Use Anspaugh modet
.0001 pension Mass loading f actor (g/m3) Top soil available (cm)

assalNGESil0N POPULAT!0Nessses===sssess===usassanssasSECTION 7*sess
O Atmospheric production definition (select option)f
0 0-Use food weighted chi /0, (food-sec/r5), enter value on this line

1-Use population weighted chi /0-
~ -2-Use uniform production

3-Use chi /Q and productiot 7 rids (PRODUCTION will be overridden)
0 Population ingesting aquatic foods, O defaults to total (person)
O Population ingesting drinking water, O def aults to total (person)
F Consider dose from food exported out of region (default =F)

Note be;aw: S* or Sources 0 none, 1 ground water, 2-surface water
3 Derived concentration entered above

==== AQUATIC FOODS / DRINKING WATER INCESTION=========SECTION 8====

F Salt water? (default is frcSh)

USE TRAN- PROO- -CONSUMPi!ON-
? FOOD SIT UCTION HOLDUP RATE
T/F TYPE hr kg/yr de kg/yr j DRINKING WATER
... ...... ..... ....... ...... ..... g........... ... .. .....

7 FISH 0.00 0.0E+00 1.00 6.9|2 Source (see above)
F MOLLUS 0.00 0.0E+00 0.00 0.0 | T Treatment? T/F
F CRUSTA 0.00 0. 0E+ 00 0.00 0.0 | 1.0 Hotdup/ transit (da) '

F PLANTS 0.00 0.0E+00 0.00 0.0 l 0.0 Consunption (L/yr)

**== TERRESTRIAL F000 INGEST 10Ns==============*======= SECT!DN 9=====

USE GROW --IRRIGATION - FR00- --CONSUMPilDN--
? F000 TIME S RATE TIME Y lELD- UCTION HOLDUP RATE

.T/F TYPE da * in/yr mo/yr kg/m2 kg/yr da kD/yr
.. .. ... ..... . ..... ..... ..... ....... ...... ......

T LEAF V 90.00 2 35.0 6.0 1.5 0.0E+00 14.0 4.9
T ROOT 1/ 90.00 2 40.0 6,0 4.0 0.0E+00 14.0 45.5
T FRuli- 90.00 2 35.0 6.0 2.0 0.0E+00 14.0 21.0
7 GRAIN 90.00 2 0.0 0.0 0.8 0.0E+00 18040 23.5

===* ANIMAL FRODUCTION C0N$UMPTION= ass =======mus======SECTION 10*===

--HUMAN -- TOTAL DRINK * - - - - - - - -- -- ST ORED F E ED -- - - - - -----

USE CONSUMPTION PROD- _ ATER O!ET GROW + IRRIGATION - STOR-W

? FOOD RATE HOLOUP UCTION CONTAM FRAC- TIME- S RATE TIME YlELD AGE
T/F TYPE kg/yr da kg/yr FRACT. TION da * in/yr mo/yr kg/ed da
... ...... ...... ..... ...... ....... .... .... . ..... ..... ... .....

'

T BEEF 47.5 20.0 0.00 1.00 0.25 90.0 2 35.0 6.00 0.80 180.0
F POULTR 0.0 34.0 0.00 1.00 1.00 90.0 2 0.0. 0.00 0.80 180,0.

T. : MILK 55.0 2.0 0.00 1.00 0.25 43.0 2 47.0 6.00 2.00 100.0
F EGG 00.0 18.0 0.00 1.00 1.00 90.0 2 0.0 0.00 0.80 180.0

........ .... FRESH FORAGE-- - -------
BEEF 0. 75 45.0 2 47.0 6.00 -2.00 100.0
MILK' O. 75 30.0 2 47.0 6.00 1.50 0.0

##'### H######## N###########HH## HM######### #### ## HMMk############d H##
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1 Table A.6 GENil input file for Scenario No. 4 STP Incinerator Operator
L
.

NRC Sewer Study - (mposure Pathways i

Title: 3 lhCINERATOR OPERATOR
C3.TPL 10 Aug 90-

!~ . OPTION $ensannesssunsannsas Def ault aussimanansausssenssanssansness ;

?i hear fletd scenarlo? -(Far field) HEAR-FIELD: narrowly-focused
F Population dose? .(Individual) release, singte site
f Acute release?

. .-(Chronic) FAR FIELD: ' wide scate_ release, i

Maxin;m Individual data set used multiple sites
..

Complete complete
~

TRANSPORT OPTIONSmsnzususs Section EXPOSVRE PATHWAY OPTION $snas Section
F Air Transport 1 F finite pl me, external 5
F- Surface Water Transport- 2 F Infinite plume, esternal 5
F Biotic Transport (near-field) 3 T Ground, external 5
F Waste Form Degradation (near) .4 F. Recreation, external 5

T Inhalation uptake 6
R E PORT OP T 10N Sa n = = a n s u n *.= na n s = F Drinking water ingestion 7,8
T. Report AEDE only F Aquatic foods ingestion 7,8
i Report by radionuclide F Terrestrial foods ingestion 7,9
T- Report by exposure pathway F Animal product ingestion 7,10
F _ Debug report on screen F Inadvertent soft' ingestion

INVENTORY ###############ht#######H#########################################

-4 inventory input activity units: (1-pCI 2-uti 3 mci 4-Ci 5 aq)

3 Surface ~ sot __t source units (1- m2 2 m3 3- kg)~
Equilibrium question goes here

..a..i.. ... .Re l ease T erms-- - --- - -- Bas i c Concent r at i ons ----- ---
Use when transport metected . near-field scenario, optionally
........). ....................... .................... ..................

_

Release | Surface Buried- Surface Deep Ground Surface
-Radio- | Air Water Waste lAlr . Soil Soft Water - Water |
nuclide /yr /yr /m3 1/L / unit /m3 /L /t
........ ....... ........

.......[.
..... ....... ....... ....... ....._.

PU239 . 2.0E-06
--- Derived Concentrations ----- - ---

Use when measured values are known
........ ................. ..............

Release Terres. Animal Drink = . Aquatic
Radio + Plant Product Water Food
nuclide /kg /kg /L /kg

........|...;........................|

:T1HE.#########################################################################

.1 . Intake ends after tyr)

50 . Dose cate. ends after tyr)
1- Release ends after (yr)
0- .No. of years of air. deposition prior to the intake period*

0- No. of years of irrigation water deposition prior to the intake' period

FAR-FIELD SCENARIOS (IF POPULATION DOSE) #####################################

0 Definition option: 1 use population grid in file POP.IN
0 7-Use total entered on'this line

A.19 NUREG/CR-SS14
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Table A.6 (Continued)

NEAR-FIELD SCENARIOS #########################################################

Prior to the beginning of the intake period: (yr)
0 when was the inventory disposed) (Package degradation $. arts)
0 when was tolC? (Biotic transport starts)
0 Fraction of roots in upper soil (top 15 cm)
0 Fraction of roots in deep soil
0 Manual redistribution: deep soil / surface soil dilution factor

TRANSPORT ######################################################k#############

====A!R TRANSPORT ==================================== SECT 10N 1=====

0 Calculate FM |
1 Option: 1 Use chi /o or PM value |F Stack release (T/F)

2-Select M! dist & dir |0 Stack height (m)

3 Specif y M! dist & dir |0 Stack flow (m3/sec
0 Chi /0 or PM value |0 Stack radius (m)
0 Mi sector index (1=S) |0 Effluent t erp. ( C )

O Mi distance f rom release point (m)
T Use joint frequency data, otherwise chi /Q grid

==== SURFACE WATER TRANSPORT ========================== SECT 10N 2=====
0 Mixing ratio model: 0 use value, 1-river, 2 take, 3-river flow

1.0 Mixing ratio, dimensionless
100. Average river flow rate for: MIXF LG=0,3 (m3/s), MIXFLG=1,2 (m/s),
0.0 Transit time to irrigation withdrawl location (hr)

If mixing ratio model > 0:

0 Rate of effluent discharge to receiving water body (m3/s)
O Longshore distance from release point to usage location (m)
0 Offshore distance to the water intake (m)
0 Average water depth in surf ace water body (m)
0 Average river width (m), MikF LG=1 only
0 Depth of effluent discharge point to surface water (m), take only

= = = = W A S T E F OR M A V A I L A B I L I T Y = = = = = = = = = = = = = = = = = = = = = = = = = = SE C f l 0N 3 = = = = =

0 Waste f orm/packagt half life, (yr) ,

0 Waste thickness, ( w)
0 Depth cf sc: over burden, m

= = = =B I OT I C TR A N SPOR T OF BUR I ED S00RCE == == = = = = = = == = = = = SE C T I ON 4 = = = = =

T Consider during inventory decay / buildup period (T/F)?
T Consider during intake period (T/F)? | 1-Arid non agricultural
0 Pre-Intake si t e condi tion. .; 2-Pumid non agricultural7

| 3-Agricultural

EXPOSURE #####w###############s#######w#t######cu#########################r*##

==== EXTERNAL EXPOSURE ================================SECTICA 5=====
Exposure ti a | Residential irrigation:

O Plume (hr) |F Consider: (T/F)
100. Soil contamination (hr> ; 2 Source: 1-ground water
0. Swimming (hr) l 2-surface water
0. Boating (hr) | C. Application rate (in/yr)

O. Shoreline activities (br) | 0. Duration (mo/yr)
1 Shoreline type: (1-river, 2-l eke, 3 -ocean, 4- t idal bas in)

1.0 Transit time for release to reach aquatic recreation (hr)
0 Average f raction of time sobrersed in acute cloud (hr/ person hr)

NUREG/CR-5X14 A.20
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Thble A.6 (Continued)

====lNHALAT!0N======================*================SECTION 6=====
400. Hours of exposure to contamination per year
1 0 No resus- 1-Use Mass Loading 2 Use Anspaugh model
.001 pension Mass loading factor (g/m3) lop soil available (cm)

! .
(; = = = = l N GE ST I ON POPUL A T 10N = = = = = = r= = = = = == == = == = = = s = == = = = SE C T I ON 7= = s = =

0 Atmos @cric production definition (select option):
0 0 Use food-weighted chi /0, (f ood-sec/m3), enter value on this line

1 Use population-weighted chi /Q
2-Use uniform production-
3 Use chi /0 and production grids (PRODUCTION will'be overridden)

0 ripulation ingesting aquatic f oods, O def aults to total (person)
O Population ingesting drinking water, O def aults to total (person)
F Consider dose from food exported out of region (def ault=F)

Note below: $* or Source: 0-none, 1 ground water, 2-surface water
3-Derived concentration entered above

==== AQUATIC FOODS / ORINKING WATER INGESTION 3======= SECT 10N 8====

F Salt water? (default is fresh)

USE. TRAN- - PR00 - -CONSUMPil0N- |
7 F000 Sli UCTION HOLOUP RATE j
T/F TYPE hr kg/yr da kg/yr j CRINKING WATER
... ...... ..... . .... ..... ..... .........................

.F FISH 0.00 0.0E+00 0.00 40.0 j.2 Source (see above)
F MOLLUS 0.00- 0.0E+00 0.00 0.0 | T Treatment? T/F
F ' CRUSTA 0.00.0.CE+00 0.00 0.0 | 1.0 Holdup / transit (da)
F PLANTS 0.00 0.0E+00 0.00 0.0 | 0.0 Consumption (L/yr)

==== TERRESTRIAL F000 INGEST!0N=======================SECTION 93====

USE GROW.. * lRRIGATION-- PR00- - CONSUMPTION--

? FOOD TIME $ RATE TIME Y! ELD UCTION HOLDUP RATE
T/F TYPE da * In/yr mo/yr kg/m2 kg/yr da . kg/yr
... ...... ..... . ..... .. .. ..... ... ... .... . ......

F LEAF V 90.00 2 35.0 6.0 1.5 0.0E+00 1.0 30.0
F Root V 90.00 2 40.0 6.0 4.0 0.0E+00 5.0 220.0
F FRuli 90.00 2 '35.0 6.0 2.0 0.0E+00 5.0 330.0
F CRAIN 90.00 2 0.0 0.0 0.8 0.0E+00 180.0 80.0

= ===AN IMAL PRODUCT ION C0NSUMP T ION = == = ======= =====*=== SECT I ON 10====

---HUMAN---- TOTAL DRINK --+-- -- - -STORED FEED--------------

r USE CONSUMPTION PROO- WATER. DIET GROW -IRRIGATION-- S T OR *

7 F000 RATE HOLOUP UCTION CONTAM FRAC- TIME S RATE TIME YliLD ACE
T/F TYPE kg/yr da kg/yr FRACT. T10N da * in/yr mo/yr kg/m3 da
... ...... ...... .. .. ...... , ..... .... .... . -.... ..... ..... .....

F BEEF 80.0 15.0 0.00 1.00 0.25 90.0 2 35.0 6.00 0.80 180.0
F POULTR 18.0 1.0 0.00 1.00 1.00 90.0 2~ 0.0 0.00 0.80 180.0
F MILK 270.0- 1.0 0.00 1.00 0.25 45.0 2 47.0 ' 6.00 2.00 100.0
F- EGG 30.0 1.0 0.00 1.00 1.On 90.0 2 00 0.00 0.80 180.0

~----- -- --FRESH FORAGE- ---~~-- -
BEEF 0.75 45.0 2 47.0 6.00 2.00 100.0
MILK 0. 75 30.0 2 47.0 6.00 1.50 0.0*

L
###U N## ####################################################################

A.21 NUREG/CR.5814
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Table A.7 G ENil luput file for Scenario No. 5. Sludge Incinerator Emuent

NRC Sewer Study Exposure Pathways
Title . 4 - INCINERATOR DOWWIND

C4.TPL 10 Aug 90
OPT 10NS========================= Default ========s============================
F Near field scenario? (Far-field) NEAR FIELD: narrowly-focused

-F Population dose? (Indivitual) release, single site
F Acute release? (Chronic) FAR-FIELD: wide-scale release,

Maximum Individual data set used ruttiple sites

_
Complete Complete

TRANSPORT OFT 10NS ==ss=samas= Section EXPOSURE PATHWAT OPTIONS ===== Section
i_.. Air Transport 1 F Finite plume, external- 5

F Surf ace water Transport 2 T Infinite plune, external 5,

F Biotic Transport (near-field) - 3 T Ground, external 5
F Waste Form Degradation (near) 4 F Recreation, exterral 5

i Inhalation uptake 6
REPORT OPTIONS=========*==*==*s====== F Drinking water ingestion 7,8
T-Report AEDE only F Aquatic foods ingestion 7,8
i Report by radionuclide T Terrestrial foods ingestion 7,9
T Report by exposure pathway T Animal product ingestion 7,10
F Debug report on screen F Inadvertent soll ingestion

1NVENTORT ##H#########################H######n###nn######nntn#########

4 Inventory input activity units: (1 pcl 2 uci 3 mci 4 Ci 5 09)
3 Surface soll source units (1- m2 2 m3 3- kg)

. Equilibrhsn question goes here .

........j...-Release Terms- ~ ---|"--" ~ Basic Concentrations --- " i
Uso when| transport selected | near field scenario, optionally |
........j.......................j.......................................;

Release ] Surface Buried | Surf ace Deep Ground Surface
Radio- | Air Vater Waste .| Air Soil Soll Water Water
nuclide f/yr /yr /m3 -|/L / unit /m3 /L /L,

........j......_....... .......j....... ....... ..... . ..... . .......; ,

PU239 1.OE+00

- -----|----Derived Concentrations --|
Use when! measured values are known |,

........j..............................j
Release |Terres. Animal Drink Aquattej
Radio-_ | Plant Product Vater food |
nuclide j/kg /kg- _/L /kg |

........[.... .. ............... . . ...|

TINE #######M###########################H####hMHH######NWW3####H##

1 Intake ends of ter (yr)

50 Dose calc. ends af ter (yr)
1 Release ends after (yr)

0 No. of years of air deposition prior to the intake period
0 No. of years of irrigation water deposition prior to the intake period

FAR FIELD SCENARIOS (If POPULATION DOSE) ###############N#################

0 Definition option: 1-Use population grid in file POP.IN
0 2 Use total entered on this line

|
4

|

l NUREG/CR.5814 A.22
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Table A.7 (Continued)

NE AR FIELD SCEkARIOS fi########################################################

Prior to the beginning of the intake feriod: (yr)

0 When was the inventory disposed? (Package oegradation starts)
0 When was Lo!C7 (Biotic transport starts)

0 Fraction of roots in upper soil (top 15 cm)

0 Fraction of roots in deep soil

0 Manual redistr ttution: deep soll/ surf ace soil dilution f actor

TRANSPORT ############################################################w#######

==== AIR TRANSPORT ====================================SECTIOh 1====-
0 Calculate PM i

1 Option: 1-Use chi /Q cr FM value |F Stack release (T/F)
2 select Mi dist & dir |0 stack height (m)

3 specify M1 dist & dir |0 stack flow (a.3/ set
1.0E 6 Chi /G or PM value |0 stack radius (m)
O Mi sector index (1=S) |0 Effluent temp, (C)

O Mi distance f rom release point (m)
F Use joint f requency data, otherwise chi /Q grid

= = = = SUR F AC E WAT E R T R A N SPOR T = = = = = = = = = = = = = = c = = = s t s = = = = =SE CT ION 2 = u = = =

0 Mixing ratio model: 0-use valt , 1-river, 2-take, 3-river flow

1.0 Mixing ratio, dimensionless

0. Average river flow rate for: MixFLG=0,3 (nG/s), MixFLG=1,2 (m/s),
*0.0 Transit time to irrigation withdrawl locatice (br)

If mixing ratio modet > 0:

0 Rate of ef fluent discharge to receiving water body (m3/s)

O Longshore distance f rom retcase point to usage location (m)
0 Offshore distance to the water intake (m)
0 Average water depth in surface water body (m)
0 Average river width (m), MIXFits1 only

0 Depth of effluent discharge point to surface water (m), take only

==== WASTE FORM AVAILABILITY ==========================SECTICN 3=====
0 Waste f orm/ package half lif e, (yr) *

O Waste thickness, (m)
0 Depth of soit overburden, m

= = = =810T I C T R ANSPOR T OF BUR I ED SOUR CE = === == == = = = =2= = = 5E CT ION 4 = = = = =

T Consider during invsetory decay / buildup period (T/F)?

T Consider during intake period (T/F)? | 1-Arid non agriculturat
0 pre-intake site condition. .| 2 Humid non agricultura!.

| 3-Agricultural

EXPDSURE kt#####################se######J##ct#########a# #####################

===2 EXTERNAL EXPOSURE ==*======'============== ======= SECT 10N 5=====
Exposure tin +: | Residential rrigation:

1800.0 Plune (hr) |F Consic er: (T/F)
1800.0 Soil contamination (br) |2 sourct: 1 ground water
0, swimming (hr) | 2 surface water
0. Boating (hr) | 40.0 Appti .ation rete (in/yr)

O. Shoreline activities (hr) | 6.0 Duratien (mo/yr)

1 Shoreline type: (1-river, 2-take, 3-ocean, 4-tidal basin)
1.0 Transit time for release to reach aquatic recreation (hr)

0 Average fraction of time subnersed in acute cloud Chr/ person hr)

\

A.23 NUREG CR-M1-1
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Table A.7 (Continued)

====lh*ALAT10N=======22====*=ss===e========2t==* ====SECTich 6=====

3990. Hours of exposure to contamination per year
0 0 ho resus- 1-Use Mess Loading 2-Use Anspaugh mr>det
0 pension Mass tcading f actor (g/nd) Top soil available (cm)

***21h0ESilDN P000L Al l Oh * = s = = = = x = * c = r = = = = = = = * = = = = = = = SE C T 10h 71*===

1 Atecspheric production definition (select option):
0 0 Use food weighted chi /0, (food sec/m3), enter value on this line

1-Use population weight od chi /Q
2-Use uniform prodaction
3-Ute chi /G and production grids (PLOUCTION will be everrictien)

O Population ingesting savatic toads, O def aults to total (pe r son) .__

0 Population ingesting d' inking ater, 0 def aults to total (person)m

T C onsider dose f rom f ood c a ported out of region (def aul t* F)

kote below: S* or Source: 0 none, 1-ground water, 2 surface water
3-Derived concentration entered ateve

AQUATIC F0005 / DRIhKikG WATER lhGES!!ON22-se :::SEEil0N gsr==*:==

F Salt water? (defau!t is fresh)

USE TRAN- PROD- -CONSUMPTION- |
7 FOOD Sli UCTION HOLDUP RATE |
T/F TYPE br kg/yr da kg/yr j ORINKING WATER

. . .. . .. . j. . .

F FISH 0.00 0.0E+00 1.00 0.0 | 2 Source (see above)
F MOLLUS 0.00 0.0E+00 0.00 0.0 | 1 Treatment' T/F
F CRUSTA 0.00 0.0E+00 0.00 0.0 | 1.0 Hotdap/ transit (na)
F PLANTS 0.00 u.0E+00 0.00 0.0 | 0.0 Corsumption (t/yr)

=r*= TERRESTRIAL F OOD I N CE ST 10N = s = = = = = : = = = = = * c s x = = = = S E C T 10N 9: = = = -

USE CROW IRRICATION- FRDD- CONSUMPTICA-

? F000 TIME S RATE TIME YlELD UCTich POLDUP RATE

T/F TYPE da * in/yr mo/yr k g/.T2 kg/yr da kg/yr .

. .... . ..
_

T LEAF V 90.00 2 35.0 6.0 1.5 0.0E+00 1.0 4.9
i ROOT V 90.00 2 40.0 6.0 4.0 0.0E+00 14 u 45.5
1 FRuli 90.00 2 35.0 6.0 2.0 0.0E+00 14.0 21.0
T GRAIN 90.00 2 0.0 0.0 0.8 0.0E+00 180.0 23.5

*=2= ANIMAL FRODUCTION CCASUMPTION===2:=====22:=xe===SEti!CN 102:==

-+-HUMAN- - TOTAL 091NK - - -- -STORED FEED- -
USE CONSUMPfl0N FR00- WATER DIET GROW -!RRIGATiok - STOR-

? FD00 RATE HOLDUP UCll0N CONTAM FRAC- TIME S R ATE TIME YlELD ACE
in/yr mo/yr > g/m3 daT/F TYPE kg/yr da kg/yr FRACT. TION da *

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

T BEEF 47.5 20.0 0.00 1.00 0.25 90.0 2 35.0 6.00 0.80 180.0
F FOULTR 0.0 4.0 0.00 1.00 1.00 90.0 2 0.0 0.00 0.80 180.0
T MILK 55.0 2.0 0.00 1.00 0.25 45.0 2 47.0 6.00 2.00 100.0
F EGG 0.0 18.0 0.00 1.00 1.00 90.0 2 0.0 0.00 0.80 180.0

--- -- -FPESH FORAGE- -- - -

SEEF 0.75 45.0 2 47.0 6.00 2.00 100.0
MILK 0.75 30.0 2 47.0 6.00 1.50 0.0

#atuteurt##tekknetuttucketwentkenrw#vn#####Ndhkuunatskuckat###denetendenntwnd
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Appendix A

Table A.8 GENIX input file forScenario No.6 Incinerator Ash Dislosal Truck Drber

,

ARC Sewer Study Exposure Pathways
.Titler 10 Ash Transport - Driver

C10.TPL 13 Aug 90
(PTIONSussa n=uu==utenuss e Def ault =susa==umanenzaun=====suunus
T- hear field scenario? (Far-field) NEAR FIELD: narrowly-focused,

j, F Population dose? (Irdividual) release, single site
'

F Acute release? (Chronic) FAR-FIELD: wide scale release,
: Maximum Individual data set used- multiple sites

Complete. Complete
TRANSPORT OPT 10NS*=========== Section EXPOSJRE PAihAY OPT 10NSan*= Section
F Air Transport i F F hite plume, external 5
F Surface Water Transport 2 F Infinite plume, external 5
F Biotic Transport (near field) 3,4 T Ground, external 5
F Waste Form Degradation (near) 3,4 F Recr*ation, external 5

F Inhal4 tion uptake 5,6
REPORT OPT 10NS=u===========u =====a F Drinb ng water inger* ton 7,8
i Report AEDE only F Aquatic fsods ingestion 7,8
F *eport by radionuclide F Terrestrial foods ingestion 7,9
F Repoet by exposure pathway F Animal product ingestion 7,10
F Debug report on screen F Inadvertect soll ingestion

INVENTORY #################n#################################################

4 inventory input activity units: (1-pci 2-uti 3 mci 4-Ci 5 Bq)
0 Surface soll source units (1 m2 2 m3 3 kg)

Equilibrium question goes here
'

........j.... Release Terms-- -|- - - -- Basic Concentrations - -- --|
Use when!- transport selected | near-field scenario, optionally |
..._.....j.... ... ...... .. ...|. ..,...... .............. ..... .... .j
Release j . SurfaceBuried| Surface Deep Ground Surfacej
Radio- | Air Water Waste jAir Soil Soit Water Water j
.nuclide |/yr /yr /m3 -|/m3 / unit /m3 /L /L |
.......;.. .. ... ... . .....|.......

. .. ....... .... .. . ...;

PU239 3.1E-03
-------|-" Derived Concentrations ----|.

Use when measured values are known |
.........j..,..... .. .. ..............

Release lierres. Animal -Drink Aquaticj
Radio- | Plant Product Water Food .j
nuclide j/kg-- /kg /L /kg ;
........j....... ....... ..... . .....|

TIME ###n##n#########################n#################################nt

1 Intake ends after (yr)
50 Dose cale, ends after tyr)__
0 Release ends after (yr)
0 ho, of years of air deposition prior to the intake period
0 No. of years of irrigation water deposition prior to the intake period

FAR FIELD SCENARIOS (IF POPULATION DOSE) ############## ####################

0 Definition option: 1-Use population grid in file POP.IN
O 2-use total entered on this line

A.25 NUREG/CR-581-1
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hble A.H (Continutti)

NEAR-FIELD SCENARIOS #########################################################
.

Prior to the beginning of the intake period: (yr) ._
0 _ When was the inventory disposed? (Package degradation starts)
0 When was LOIC? (Biotic transport starts)
0 Fraction of roots in upper soll (top 15 cm)
0 Fraction of roots in deep soil
0.0 Manual redistribution: deep soll/sur f ace sof t dilution f actor
1250 Source area for external dose modification f actor (m2)

TRANSPORT #############################################**#'#################### !
,

**== AIR TRANSP0Ria*=======*s===**====================SECil0N 1a '=

0 Calculate PM 10 Release type (0 3)
1 Option; 1 Use chi /0 or PM value IF Stock release (T/F)

2 Select M! dist & dir |0 stack height (m)
3 specify Mi dist & dir j0 stack flow (m3/seo

O Chi /0 or PM value 10 Stock radius (m)
0 M! sector index (1=S) . !0 Ef fluent temp. (C)
0 Ml distance from release point (m)|0 Building x-section (m2)
T Use jf data, (T/F) else chi /0 gridj0 Building height (m)

~

= = = =SUR F ACE WA T E R T R AN SP0R T = = = *= == = = = = ==* = === =* ** == = * S E t t 10N 23 = = = =
0 Mixing ratio model: 0-use value, 1-river, 2+1ake
O Mixing ratio, dimensionless
O Average river flow rate for MixFLG=0 (m3/s), MIXFLG=1,2 (m/s),
O f ransit time to irrigation withdrawl location (br)

If mixing ratio model > 0:

0 Rate of effluent discharge to receiving water body (m3/s)
O Longshore distance f rom release point to usage location (m)
0 Of fshore distance to the water intake (m)
0 Average water depth in surf ace water body (m)
0 Average river width (m), MIXFLC*1 only
0 Depth of effluent discharge point to surface water (m), loke only

==2= WAST E FORM AVA I L AB I L I T Y = = =2=a**======== = = == ** =s = =SE CT I ON 3 == == =
0 Waste form / package half life, (yr)
0 Waste thickness, (m)
.5 Depth of soil overturden, m

==== BIOTIC TRANSPORT OF BURIED SOURCE ==============u=SICT10N 4sucts
T Consider during inventory decay / buildup period (T/F)?
T Consider during intake period (T/F)? | 1-Arid non agricultural,

O Pre Intake site condition., .. .......| 2-Humid non agricultural
| 3-Agricultural

EkPOSURE ############W##cWG##n##########cM####################################

== = = E X T E R N A L E X POSUR E == = === = = = = = = = = ** = = = = = === == * = =s = 5 E CT I ON $ = = = = =
Exposure timer j Resiciential irrigation:

O Plune (hr) [T Consider: (T/F)
1000. Soil contamination (br) |0 Source: 1-ground water
0 Swiming (hr) j 2 surface water
0 Boating (hr) |0 Application rate (in/yr)

|; O

.Shoietine type: (1+ river, 2-lake, 3-ocean, 4-tidal basin)
Shoreline activities (br> j0 Duration (mo/yr)'

OI

|' 0 Transit time for release to reach aquatic recreation (hr>
0 Average f raction of _!ime submersed in acute clowl (hr/ person hr)

-NURE!G/CR-5814. A.26
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Tuhle A.R (Continued)

==*=lhNALAT10N==*==================================== SECT 10N 6=====

0 Haurs of exposure to contamination per year
0 0 ho resus- 1-Use Mass Loading 2-Use Anspough modet
0 pension Mass leadia; factor (g/m3) Top soit available (cm)

===alNGESTION POPULATIOhss=====4===========*=========5ECTION 7=====

0 Atmospheric production definition (select option):
0 0-Use f ood-weight ed chi /0, (f ood sec/m3), enter value on this line

1 Ose peputation-weighted chi /Q
2-use uniform production

--

3-Use chi /Q and penduction grids (FRODUCTION will be everridden)
0 Population ingesting acuatic f oods, O def aults to total (person)
O Population ingesting drinking water, O defaults to total (r(rson)
F Consider dose f rom food exported out of region (def euttuf)

hote below: $* or Source: 0 none, 1-ground water, 2 surface water
3-Derived concentration entered above

AQUATIC F0005 / ORlkrikG WATER lh0ESTION:======== SECT 10N 8========

f Salt water? (default is fresh)

USE TRAN- FRDD- CONSUMP T I ON - |
? F OOD Sli UCTION HOLDUP RATE |
T/F TYFE hr kg/yr ca kg/yr j ORlhriNG WATER

. .... . . .. .. ...
. |.

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

F FISH 0.00 0.0E+00 0.00 0.0 ! O Source (see et **)
F MOLLUS 0.00 0.0E+00 0.00 0.0 | T Treatment? T/F
F CRUSTA 0.00 0.0E+00 0.00 0.0 1 0 Holdup / transit (da)
F PLANTS 0.00 0.0E+00 0.00 0.0 j 0 Consunption (t/yr)

= = * = T E R R E S1 R ! AL F 000 I N GE S T I ON = = = = = = = = =2= = = = = = = = = = = = = SE C T I ON 9 = = = = =

USE GROW - lRRICATION- PROC --CONSUMPTION-
? F000 TIME S RATE TIME YlELD UCTION HOL LUP RATE

1/F TYFE da * in/yr mo/yr kg/m2 kg/yr da kg/yr -

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

F LEAF / 0.00 0 0,0 0.0 0.0 0.0E+00 0.0 0.0
F ROOT V 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
F FRuli 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
F GRAlh 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

= = = = AN I M AL PRODUC T I ON C0NSUMP T I ON = = = == == = = = = == = = = = = = = SE CT I ON 10====

--HUMAN- -- TOTAL DRih( - -- - STORED FEED- - -

USE CCNSUMPTION PROO- WATER DIET GROW -!RRICATION- STOR-

? F000 RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME YlELD ASE
T/F TYFE kg/yr da kg/yr FRACT. TION da in/yr mo/yr *g/m3 da*

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

F BEEF 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F POULTR 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F MILK 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F EGG 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0

- -- - -FRESH FORAGE- i

BEEF 0.00 0.0 0 0.0 0.00 0.00 0.0
MILK 0.00 0.0 0 0.0 0,00 0.00 0.0

W########6########WCW#WW##WWW##############W############Wkk###4WW############

A.27 NUREG CRdSI-l
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Appendix A

Thble A.9 GENil input file for Scenario No. 6. Incinerator Ash Dissmal Truck Driver..
Inhalation Calculation

,.

-.

NRC Sewer Study - E xposure Pathways
iltle: 10 ASH TRANS * Inhalation Calculation

C30.lPL- 08 Oct-90,

OPY10hS==ses==================== Default =================================== =
i i hear field scenarlo? (Far-field) HEAR-FIELD: narrowly focused |

.F Population dose? (Individual) release, single site
F Acute release? (Chronic) FAR+ FIELD: wide-scale release,

Maximun Individual _ data set used multiple sites
. .

Complete-- Complete
j

TRAkSPORT OPil045============ Section: EXPOSURE PATHWAY OPT IONS ===== sect ion 1

F Air Transport 1 F Finite plune, external- 5 |
F Surface Water Transport 2 F infinite plume, external 5
F Biotic transport (near+ field) 3,4 F Ground,. external 5

F Waste Form Degradation (near_) 3,4- F Recreation, enternal 5
i Inhalation uptake . 5,6

REPORT OPil0NS======================= F Drinking water ingestion 7,8
i ' Report AEDE only F Aouatic foods ingestion 7,8
F Report by radionuclide F Terrestrial foods inger. tion 7,9
F _ Report by esposure pathway F Animal product ingestion 7,10
F Debug report on screen F Inadvertent soil ingestion

I WENTORY ####################################################################

41 Inventory input activity units: (1-pCi -2-uci 3 mci 4 Ci 5-Bq)
'2 Surface soll source units (It m2 2 m3 3 kg)

Equillbs lum cluestion goes he. e

. .. . Release Terms - --- |- - - -- Basi c Concent rat ions-- ------- |... ....

Use when ; transport selected | near field scenario, optionally |
j................... ..|....... ....... .........

.............[
........

.

' Release Surface Buried j Surface Deep Ground surface;
Radio- Air Water Waste jAir Soil -Soit Water Water j

- nuclide /yr /yr /m3 |/m3 / unit /m3 /L /L j
.... ....... ....... .......;....... ....... ....... ....... ... ...j...

PU239 2.8E-03
- --- -|----Derived Concentrations ----|
Use when| measured values are known |
........[........................ ......|
Release ' Terres. Animal Drink Aquatic)
Radio + Plant Product Water . Food j-
nuclide /kg /kg - /L /kg |
........ ....... ....... ....... .......;

TIME ########@#############H#####V######################n###n########

1 Intake ends af ter (yr) -
50 -Dose calc. ends after (yr)
0 Release ends after (yr)
0- No, of years of air deposition prior to the intake period

'O No. of years of irrigation water deposition prior to the intake period

FAR-FIELD SCENARIOS (IF POPUL ATION DOSE) #########r##########-###############

0 Definition option: 1-Use population grid in file POP.!N
O 2-Use total entered on this tine

NUREG/CR-5814 A.28
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- Appendix A

<

Table A 9 (Continued)
i

NE AR F LELO SCENARIO $ ########'ts####nn##nn#nn####n####n#UNH###n#####

Prior to the beginning of the inteke periods (yr)
0 Whert was the inventory disposed? (Package degradation starts)
0 When was LotC7 (Biotic transport starts)

0 Fraction of roots in upper soil (top 15 cm)
i 0 Fraction of roots in deep soit

0.0- Manual redistribution: deep soit/surft.:e.soll dilution factor

1250- Source area for external dose modification f actor tr2)

TRANSPORT #######################n#####################n########n##n##nn

= = = = A I R T R A N SP 0R T = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = s = = = = SE C T 10N 1 = = = = =

0 Calculate PM |0 Release type (0 3)
1 Option: 1 Use chl/0 or PM value jF Stack release (1/F)

2 Select MI dist & dir j0 Stack height (m)
3-Specify Mi dist & dir |0 stack flow (m3/sec)

O Chi /Q or PM value 10 Stack radius (m)
O Mi sector index (1=S) |0 Effluent temp. (C)

O Mi distance from release point (m);0 Building x section (m2)
T Use jf data, (T/F) e!ste chi /o grid |0 Building height (m)

i

==== SURFACE WATER TRANSP0RT==================== = ===SECTION 2=====
0 -Mising ratio model: 0-use value, 1-river, 2 take
O Mixing ratio, dimensionless
0 Average river flow rate for: MlxFLG=0 (m3/s), MixFLC=1,2 (m/s),
O Transit time to irrigation withdrawl location (hr)

If mixing retto modet > 0:
0 Rate of ef fluent discharge to receiving water body (m3/s)
0 Longshore distance from release point to usage location (m)
0 Of fshore distance to the water intake (m)
0 Average water depth in surface water body (m)
0 Average river width (m); MIXFLG=1 only
0 Depth of effluent discharge point to surface water (m), take only

'

==== WASTE FORM AVAllA81LITY========================== SECT 10N 3=====
0 Waste form / package half life, (yr)
0 Waste thickness, (m)
O. . Depth of soit overburden, m

=== =BI OT I C T R ANSPORT OF BUR I ED SOURCE === *==== ====== SECT I(4N 4 8 = = ==
T Consider during inventory decay / buildup period (T/F)?
T -Conalder during intake period (T/F)? - j 1 Arid non agricultural
0 Pre-Intake site condi tion... .. .. .. . . ... | 2-Humid non agricultural

) 3-Agricultural

EXPOSURE ######################n####w#####n#################a##n#########

==== EXTERNAL EXP0SURE===============================35ECT10N $3====
Exposure time: | Residential irrigation:

0 Plume (hr) | T Consider: (T/F)
0 .Soll contamination (hr) O Source: 1 ground water
0 -Swiming (br) 2-surface water
O Boating (br) . O Application rote (in/yr)

,

L 0 Shoreline activities (hr) 0 Duration (mo/yr)

! O Shoreline type: (1-river, 2 take, 3-ocean, 4 tidal basin)
| 0 Transit time for release to reach aquatic recreation (hr)
1 0 Average f raction of time submersed in acute cloud (hr/ person hr)

A.29 NU REG /CR-5814 -
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Tuhle A.9 (Continued)

====lkkALAT10N==============='s=========***==========SECTION 6=====
200 Hours of exposure to contamination per yeer

' Use Mass Loading 2 U<e Anspough model1 0 No resus- -

1.0E-04 pension Mass loading facte (g/m3) Top soit cynilable (cm)

==== INCEST 10N POPULAT10N============================= SECT 10h 7:====
0 Atmospheric production definition (select option):
0 0 Use food-weighted chi /0, (food-sec/m3), enter value on this line

1-Use population weighted chifa
2-Use uniform producd on
3-Use chi /0 and production grids (PRODUCTION will be overricMen)

O Population ingesting aquatic f oods, O def aults to total (person) -

0 Populetion insesting drinking water, O defaults to total (person)

F Consider dose f rom food expcrted out of region (def ault=F)

Note below: S* or Source: 0 none, 1-ground water, 2-surface water
3 Derived concentratior entered above

==== A00ATIC F0005 / DRIMING WATER INGEST 10N=========5ECTl0% 82===

F Salt water? (default is fresh)

USE TRAN- PROD- -CONSUMPT!CN- |
? F000 Sif UCTION HOLDUP RATE }
T/F TYPE hr kg/yr da kg/yr | DRINKING WATER

. .. . . . . . . .. ;. . ..... ... .. ..

F FISH 0.00 0.0E+00 0.00 0.0 | 0 Source (see above)
F MOLLUS 0.00 0.0E+00 0.00 0.0 | T Treatment? T/F
F CRUSTA 0.00 0.0E+00 0.00 0.0 | 0 Holdup / transit (da)

*
F PLANTS 0.00 0.0E+00 0.00 0.0 | 0 Consu ption (t/yr)

2 = = = T E R R E S T R I A L F 000 I N C E S T ! 0N = = = = = = = = = = = = = = = = = = == = == SE C T I ON 9= = = = =

USE GROW -IRRIGATION-- PRCO- -CONSUMPTION-
? FOOD TIME S RATE TIME YlELD UCTION G OUP RATE

T/F TIFE da in/yr mo/yr kg/w? kg/yr da kg/yr*

.. .. .. ... . . . . ..... . . .. ,

F LEAF V 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
F RDOT V 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
F Fruit 0.00 0 0.0 0.0 0.0 0.0C+00 0.0 0.0
F GRAIN 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

= = == AN IM AL PR00UCT I O;4 CON SUMP T ! 0N ==== = = = == = ='== = = = = = =SE CT I ON 10 = = ==

---HUMAN *--- TOTAL CRINK - --STORED FEED---- -- -

USE CONSUMPTION PROD- WATER D!ET GROW -IRRIGATION- STOR-

? FOOD RATE HOLOUP UCTION CONTAM FRAC- TIME S RATE TIME Y1 ELD AGE
in/yr mo/yr kg/m3 daT/F TYPE kg/yr da kg/yr FRACT. TION da *

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

F BEEF 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F PCULTR 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.0L 0.00 0.0
F MILK 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F EGG 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0

FRESH FORAGE- -- -- -
BEEF 0.00 0.0 0 0.0 0.00 0.00 0.0
MILK 0.00 0.0 0 0.0 0.00 0.00 0.0

#### #### ###tten s kat #s te t u c ettu n en oy: e p ud u st erkusen s tatute t tutNut# ###### ## #n

NUREG/CR-5814 A.30
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Appendh A

'ihble A 10 GENilinput file for Scenario No. 7. Sludge Application to Agricultural Soil.

NRC Sewer Study - Exposure Pathways
Title .9

.

$0ll APPLICATION Ar,R! CULTURE -
C9.TPL 10 Aug 90

- op t !0N sanne n == u ==n un a n == = De f aut t = =n n = n= ==n == ==n an = = n = = nnum
T- Near field scenario? .(Far-field) NEAR FlfLD: narrowly-focused
F Population dose? - (Individual) release, single site
F Acute release? - (Chronic) FARsFIELD: wide-Scale release,

Maninui Individual data set used multiple sites

Comptete Coript e t e

TR ANSPORT OPilON$===ssu ruse = tection E W SURE DA'R M OPT 10hSws=== Section
F Air Transport t V Fiidte plume, external 5

F Surface Water Transport 2 i infinite pime, enternal 5

* Biotic Transport (near-field) 3 i Ground, external 5
F Waste Form Degradation (near) 4 F Recreation, external 5

T Inhalation uptake' 6
RE POR T OP T 10n= == =n = = = =r= = = = u s = = = = = F Drinking water ingestion 7,8

|
1 Report AEDE only- F Aquatic foods ingestion 7,8
i - Report by radionuclide i Terrestrial foods ingestion 7,9
T Report by exposure pathway. F Animal product ingestion 7,10
F Debug report on screen F Inadvertent soil ingestion

|
' INVENTORY ##################r1#########################################

4 inventory input activity. units: (1-pci 2 uti 3 mci 4-Ci 5-Bq)

1 Surface soll source units (1 m2 2- m3 3 kg)
Equilibelun question goes here

...... .j.. -Release Terms------|--- ------Basic Concentrations- - ---|
use when[ transport selected | near-field scenario, optionally |,

|= ........j.......................j..................... ... .. . .. .j

( Release j surface Buried | Surface Deep Ground Erface!
| |. Radio- | Air Water Waste.| Air Soil Soft Water Water j
(< nuclido j/yr /yr /m3 j/L - / unit /m3 /L /L |
' ........g....... ....., ,......;.... .. .... .. .. .. . . . . .;

PU239 1.5E-06
*------|---Der ived Concentrat ions-~ ~ j

Use whenj measured values are known |
.......;................................;

_

rRelease !Terres. Animal Drina Aquatic |.
Radio- | Plant _ Prduct Water Food |
nuclide |/kg /kg /L /kg j
...... .j........ .... ....... .......j

T1HE #######N u t################### ############### U############H ## #####M
c

1 Intake ends after=(yr)
50 Dose calc. ends P ter (yr)

j 1 Release ends after (yr)

0 No..of years of eir deposition prior to the intake period
0 No. of years of-irrigation water deposition prior ta the intake period

FAR-FlELD SCENARIOS (IF POPULAi!ON DOSE) M############p#################

0 Definition option: 1 use population grid in file POP.!N
O 2-Use total entered on this line

1
i

A31 NUR EG 'CR-5814
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AppendirA

Table A.10 -(Continued)

.

NEAR FlELD SCENAR105 ############# n######### n ###############################

Prior to the'beginning of the intake period: (yr)
O' When was the' inventory disposed? (Package degradation starts)
0 When was LolC? (Blotic transport starts)
1. Fraction of roots in upper soit (top 15 cm)
0- f raction of roots in deep soit:

_

-0 Manual redistribution deep soll/ surface soit dilution factor

TRANSPORT ##############i###############wt#################################

|
s**aAIR TRANSP0RT==swas=*=*=========**==*============ SECT!0N 1=====

0-Calculate FM i
1 Option:-1 Use chi /Q or PM value |F Stack release (T/F)

2-Select Mi dist & dir |0 Stack height (m)
3 specify Mt dist & dir (O Stack flow (m3/sec

0 Chi /o or PM value j0 Stack radius (m) ;

O Mi sector index (1=S) j0 Effluent temp. (C) '

0- MI distance from release point (m)
T 'Use joint frequency data,-otherwise chi /0 grid-

==== SURFACE WATER TRANSPORT ============*=============$ECT10N 2==*==
0 Mixing ratio model: 0 use value, 1. river, 2-take,-3-river flow
0 Mixing ratio, dimensionless
0 Average river flow rate for MixFLG=0,3 (m3/s), MixFLG=1,2 (m/s),
O Transit time to irrigation withdrawl location (hr)

If mixing ratio model > 0:
0 Rate of effluent discharge to receiving water body (m3/s)
0 Longshore distance f rom release point to usage location (m)
0 Offshore distance to the water intake (m)
0 Average water depth in surface water body (m)
0 . Average river width (m), MixFLG=1 only
0- Depth of ef fluent discharge point to surf ace water (m), lake only

. ==== WASTE ' FORM AVAILABILITY =====s====================SECTION3=====
0 Waste form / package half life, (yr)
0 Wasto thickness, (m)
0 Depth of soil overburden, m

===BIOTI C TRANSPORT OF BUR I E0 S.0URCE==========rs==== SECT 10N 45====
T Consider during inventory decay / buildup period (T/F)?
Y Consider during intake period (T/F)? '

1-Arid non agricultural
0- Pre Intake site condition. . ...... . 2 Humid non agricultural

3 Agricultural
B

EXPOSURE #########G###########?################################4#############

*=== EXTERNAL EXP0SURE*==============================*SECil0N $=====
Exposure timet j Residential irrigationt

500. Pltne (br) . |F Consider::(T/F)
500. -Soit-contamination (hr) |2 Source: 1-ground water
0 .Swiming (hr) j= 2 surface water
0 Boating (hr) j 40.0 Application rate (in/yr)-
0 Shoreline activities (br) j 6.0 Duration (mo/yr)-
1 Shoreline type: (1-river, 2 lake, 3-ocean, 4-tidal basin)
1.0 - Transit time for release to reach equatic recreation (hr)
0 Average f raction of time sutrnersed in acute cloud (hr/ person br)

NUREG/CR-5814 A32
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Table A.10 (Conthiutd)

====lNHALAT10N===*====ss==============sar***as=======SEC110N 6=====
400. Hours of exposure to contamination per year -
1. 0 No resus- 1 Use Mass Loading 2 Use Anspaugh model
.0001 pension Mass loading factor (g/m3) Top soit available (cm)

asss l NGE S110N POPUL AT 10N ===== = ss= = = = = = == = == = == s s = == s = SE CT I ON 78====

0 Atmospheric production definition (netect option):
0 0-Use f ood weighted chi /Q, (food-sec/n3), enter volte on this line

'1-Use population weighted cht/Q
2-Use uniform production
3 Use chl/o and production grids (PRODUCT!DN will be overridden)

0 Population ingesting equatic foods, O def aults to total (person)
O Population ingestin9 drinking water, 0 defaults to total (person)
F Consider dose f rom f ood exported out of region (def ault*F)

Note below: $* or Source: 0-none, 1 ground water, 2 surface water
3 Derived concentration entered above

==== AQUATIC F000S / DRINKING WATER INGESil0N==se=====SECTION Ban ==

F Salt water? (default is fresh)

USE TRAN- PROD- -CONsvMPTION- !
7 FOOD Sli UC110N HOLDUP RATE |
T/F TYPE hr kg/yr da kg/yr i DRINK!NG WATER

.....
|.......

. .....,. ... ...... ..... ..... ...... ......

F FISH 0.00 0.0E+00 1.00 40.0 | 2 Source (see above)
F MOLLUS 0.00 0.0E*00 0.00 0.0 | 1 Treatment? T/F
F CRUSTA 0.00 0.0E+00 0.00 0.0 1 1.0 Hot dup / t r ansit(da)
F PLANTS 0.00 0.0E+00 0.00 0.0 j 0.0- Consumption (t/yr)

ass =TERREITRIAL F000 INCESTION*================***==4SECTION 9=snas

USE CROW --IRRICATION-* PR00* **CONSUMPfl0N -
,

? . F000 TIME S RATE TIME YlFLD UCTION HOLOUP RATE
~

In/yr mo/yr kg/m2 kg/yr da kg/yrT/F TYPE da' *<

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

T LEAF V 90,00 2 35.0 6.0 1.5 0.0E+00 1.0 4.9
i ROOT V 90.00 2 40.0 6.0 4.0 0.0E+00 14.0 45.5
T FRUIT 90.00 2 35.0 6.0 2.0 0.0E+00 14.0 - 21.0
T -GRAIN 90.00 2 0.0 0.0 0.8 0.0E+00 180.0 23.5

ass = ANIMAL PRODUCT ION CONSUMPi10N* ss======3.an====== SECT ION 10s===

+--HUMAN---- TOTAL ORINK -------- - --STORED FEED ++a+- -- --

-USE CONSUMPTION- PROD- WATER DIET GROW IRRIGAT!DN - STOR-
1

7 FOOD RATE -. HOLDUP UCT ION CONTAM FRAC + TIME S RATE TIME YlELD ACE
T/F TYPE kg/yr da kg/yr FRACT. T10N da * in/yr mo/yr kg/m3 da
... ...... ...... ............ .. .... .... .... . ..... ..... .. .. .. ..

F BEEF 34.0- 0.00 1.00 0.25 90.0 2 35.0 6,00 0.80 180.0
F POULTR 34.0 0.00 - 1-00 1.00 90.0 2 0.0 0.00 0.80 180.0.

F MILK 4.0 0.00 1.00 0.25 45.0- 2 47.0 6.00 2.00 100.0
F- EGG 18.0 0.00 1.00 1.00 90.0 2 0.0 0.00 0.80 180.0

. . . . . . . . . . . . r R g s n rOg Acc . . . . . . . . . . .

|. BEEF 0.75 45.0 2 47.0 6.00 2.00 100.0
L' MILK 0. 75 30.0 2 47.0 6.00 1.50 0.0

################## ######### ##################################################
'
.

|

|

|
'
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Appendix |A

_

'Ihble A.11 GENil input file for Scenario No. 8. Sludge Application to Non Agricultural Soll

NRC Sewer Study-* Exposure Pathways
Titles 11.

.
Sof t Application - Non-Agricultural

. C11.1PL 13 Aug 90
-OPfl0N$sssssssssssssssssssssssas Default assssssssssssssasusssssssavassassessa
-T Near field scenario? (far field) NEAR* FIELD narrowly focused
F- Population dose? (Individual) _

release, single $lte
F Acute release? (Chronic) FAR* FIELD: wide scale release,

Maxinsn Individual data set used multiple sites
Corrptete Corvlete

TRAN$ PORT OPil0NS=sasas=====s Section EXPOSURE PATHWAY OPTION $sassa $ection
F Air Transport- 1 F f inite pitzne, externa! 5
F: Surface Water Transport 2 .T- Infinite pitane, external 5
F Blotic Transport (nea* field) 3 i Ground, external 5
F Waste Fom "agradation (near) 4 F Recreation, enternal- 5

T Inhalation uptake 6
REPORT OPil0NSassssssssssssssssss=ssa F Drinking inater ingestion 7,8
Y Report AEDE only._ F Aquatic. foods ingestion 7,8
i Report by radionuclide F terrestrial foods ingestion 7,9
i Report by exposure pathway F Animal product ingestion 7,10
F Debug report on screen F Inadvertent soil ingestion

INVENTORY ####################################HnHR####nn#################

4 Inventory input activity units: (1 pCi 2-uci 3 MCI 4-Ci 5-89)
.1 Surface soit source units (1 m2 2- m3 3- kg)

Equilibrium question goes here*

... .Releas,e Terms ""* j -~ ~ ~-- Bas ic Concentrat i ons ~ ~--- |
........

Use when -transport selected | near-field scenario, optionally

.......................|....... ..._....... ..................... ......

. Surface Buried | Surface Deep Ground surface |Release
Radio-- Air Water Waste jAir Soit Soll Water Water |
nuclide !/yr -/yr /m3 j/L / unit ./m3 /L /L i
........j....... ... ... .......j....... ....... ....... ....... .......;
PU239- = 5.8E 06,

" " " +- - -Derived Concentrations- - -|.
Use when' measured values are known j

...............................j........

Release . Terres. Animat Drink Aquatic!
Radio- | Plant Product Water- Food |

-nuclide j/kg /kg /L /kg
........;....... ....... ....... .......

1IME #########################################HR####H##########U##H####H

1 .-Intake ends after (yr)--
50 Dose cate, erds of ter tyr)
1. Release ends after (yr)
0 No.' of years of air deposition prior to the intake period
0- No. of years of irrigation water deposition prior to the intake period

FAR-FIELD SCENARIOS (IF POPULATION DOSE) ####################################

i-

0 Definiti ,n option: 1 Use population grid in file FOP.lN
O 2-Use total entered on this line

I

!

|
|

!
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Appendix A

Tuldt A.ll (Continued)

HEAR-FIELD SCEhARIOS #######################################w#######8#####**F#

Prior to the beginning of the intake period: (yr)
0 W5en was the insentory disposed) (Package degradation starts)
0 When was LOIC? (Bictic transport starts)
0 f. action of roots in upper soi t (top 15 cm)
0 Traction of roots in deep soil

0 Manual redistribution: deep soil / surface soit dilution factor

TRAkSPORT ####################################################s###############

ass: AIR TRANSPORT =========*===;*:5==****252:**====2:8CECTICh 1c:===

0 Calculate PM j

1 Option: 1-Use chi /Q or FM value jf Stock release (T/F)
2-Select Mt dist & dir |0 Stack height (m)

3 Specify Mi dist & dir j0 Stack flow (m3/sec
0 Chi /G or FM value |0 Stack radius (m)
0 Mi sector index (1rS) |0 Effluent temp. (C)

0 Mi distance f rom release point (m)
T Use joint frequency data, otherwise chi /C grid

s r s =SUR F ACE W AT E R T R ANSPOR T **=== = 2 * := = = = * = * = = = = :2 = r!E CT I ON 2 * r : s

O Mixing ratio modet: 0 use value, 1-river, 2-lake, 3 river flow
0 Mixing ratio, dimensiont(ss
O Average river flow rate for: MIXFLG:0,3 (m3/s), MixFLG 1,2 (m/s),
O Transit time to irrigation withdrawl location (hr)

If mixing ratio model > 0:
0 Rate of ef fluent discharge to receiving water body (m3/s)
0 Longshore distance f ren release point to usage location (m)
O of f shore distance to the water intake (m)'

0 Average water depth in surf ace water body (m)
0 Average river width (m), MlxFLG21 only
0 Ocpth of ef fluent discharge point to sur f ace water (m), take only

= = = =W AS T E F ORM AV A I L AB I L I T Y = = = = = = = = = = = 2 c = = = = = = = 2 m ::SECTION 3se:==

0 Waste f orm/ package half lif e, (yr)
0 Waste thickness, (m)
0 Depth of soil overburden, m

==== BIOTIC TRANSPCRT OF BURIED SCORCE==c:2======s==== SECT 10% 4==-==

T Consider during inventory decay / buildup period (T /F)?
T Consider during intake period (T/F)? ! 1-Arid non agricultural
O Pre-Intake site conJition. . | 2-HJmid don agricul tural

.

| 3 Agricultu"at

EXPOSURE ##r##########*#######################################################

== sEXTERhAt EXPOSURE ===========*==c:=====ut=== SECT 10N 52 ===

Exposure time: | Residential irrigation:

500. Plume (br) |F Consider: (T/F)
500. Soit contamination (hr) |2 Source: 1-ground water

0. Swinning (hr) | 2-surface water
0. Boating (br) | 0. Application rate (in/yr)
O. Shoreline activities (br) ; 0. Duration (me/yr)

1 Shoreline type: (1 river, 2-lake, 3 ocean, 4-t idal basin)
1.0 Transit time f or release to reach aquatic recreation (br)
0 Average f raction of time subnersed in acute cloud (tr/ person hr)

A.3 5 NUREU:CR-5814
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- Appendix A

Table A.11 (Continued)

====lNHALAT10N============3es====e===s=============== SECT!0N 6=====
100. Hours of caposure to contamination per year
1 0 No resus- 1 Use Mass Loading 2 Use Anspaugh modet
.0001 pension _ Mass loading factor (g/m3) Top r ,tt available (cm)

s. =lNGESTION POPULAT10N=s===========================SECil0N 7=====
0 Atmospheric production definition (select option):
0 0 Use food weighted chi /Qi (foc+sec/m3), enter value on this line

1 Use population-weighted chi /o i
2 Use uniform production -
3-Use cht!Q and production grids (PRODUCTION will be overridden)

O Population ingesting aquatic foods, O defaults to total (person)
O Population' ingesting drinking water, O def aults to total (person)
F Consider dose from food exported out of region (defautt=F)

Note bcLow: S= or Source: 0 none. 1-ground water, 2 surface water |

3 Derived concentration entered above
==== AoVATIC FOODS / ORINKING WATER INCESTION========= SECT 10N 8====

F Salt water? (aefault is fresh)

USE TRAN. PROD- -CONSUMPTION- |
? F000 SIT UCTION NOLOUP RATE |
T/F TYPE hr kg/yr da - kg/yr | ORINKING WATER

..... (.................... ....... ...... ..... ....... ......

F FISH 0.00 0.0E+00 0.00 40.3 | 2 Source (see above)
-F MOLLUS. 0.00 0.0E+00 0.00 0.0 | T Treatment? T/F

F CRUSTA 0.00 0.0E+00 0.00 0.0 | 1.0 Holdup / transit (da) .j
F PLANTS ~ 0.00 0.0E+00 0.00 0.0 1 0.0 Consunption (L/yr)

==*eTERRESTRIAL 7000 INGEST!0N========*==============SECTION 9=====

USE- GROW --IRRIGATION " PR00- - CONSUMPTION--
.

7 F000 TIME S RATE TIME YlELD UCTION HOLOUP RATE

T/F TYPE da * in/yr mo/yr kg/m2 kg/yr da kg/yr
...-...... ..... . ... ..... ..... ....... .. ... . ...

F LEAF V 90.00 2 35.0 6.0 1.5 0.0E+00 1.0 30.0
F ROOT V 90.00 2 40.0 6.0 4.0 0.0E+00 5.0 220.0
F FRuli 90.00 2- 35.0 6.0 2.0 0.0E+00 5.0 330.0
F GRAIN 90.00 2 0.0 0.0 0.8 0.0E+00 180.0 80.0

=== = AN I MAL PRODUCT ION CON $ UMP T 10N = === == ======== === ===SE CT ION 10== n

...HUNAN~ - TOTAL DRINK - - - - - - " - - - - - S T ORE D F E E O - - - - - - - - - - - "
USE CONSUMPil0N PROD- WATER DIET Grow -IRR10AT!ON-- STOR-
? F000 RATE -HOLDUP UCTION- CONTAM FRAC- TIME S RATE TIME YLELD ACE
T/F TYPE kg/yr da. kg/yr FRACT. T!ON da * in/yr mo/yr kg/m3 da

|
... .. ... ..... . . ...... ....... .. .... . ... . ..... .. .. .....

l-
~ F BEEF- 80.0 15.0 0.00 1.00 0.25 90.0 2 35.0 6.00 0.80 130.0
F P00LTR 18,0 1.0 0.00 1.00 1.00 90.0 2 0.0 0.00 0.80 180.0

|- F MILK' 2'70.0 . 1.0 0.00 1.00 0.25 45.0247.06.00 2.00 100.0
'

F EGG- 30.0 1.0 0.00 1.00 1.00 90.0' 2 0.0 0.00 0.80 180.0
........... . FRESH FORADE-' * -------

BEEF 0.75 45.0 2 47.0 6.00 2.00 100.0
MILK 0.75 30.0 -2 47.0 6.00 1.50 0.0

###########################t#################################################

- NUREO/CR-5814 A36
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Table A.12 GENil input file for Scenario No. 9. landfill Equipment Operator

NRC Sewer Study - Exposure Pathways
Title: 5 LANDFitL OPERATOR

C5.TFL 10-Aug-90
0P T I ON S = = = = = = = = = = = = = = = = = r u s = = r = = t e f a u l t = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =

T hear-field scenarlo? (Far-field) HEAR FIELD: narrowly focused
F Population dose 7 (Individual) release, single site
F Acute release? (Chronic) FAR-FlELD: wide-scale release,

Maxinum Individual data set used multiple sites

Cccpt ete Complete
T R ANSPOR T DPT 10NS = == == ==== s c a Section EXPOSURE FATbWAY OPT 10NS=**== Section
F Air Transport 1 F Finite plume, external 5

F Surf ace Water Transport 2 F Infinite plume, external 5 --

F Biotic Transport (neer-field) 3 1 Ground, external 5

F Waste Form Degradation (near) 4 F Recreation, external 5

T inhalation uptake 6
REPORT OPil0NS======================= F Drinking water ingestion 7,B
T Report AEDE only F Aquatic foods ingestion 7,3
T Report by radioruclide F Terrestrial foods ingestion 7,9
i Report by exposure pathway F Animal product ingestion 7,10
F Debug report on screen F inadvertent soil ingestion

INVENTORY ####################################################################

4 Inventory input activity units: (1 pCi 2-uti 3 mci 4-Ci 5-Bq)

3 Surface soil source units (1 m2 2- m3 3- kg)

Equilibrium question goes here

.....
..|. . Release Terms - --|- - -Basic Concent rat ions- -|

Use when; t rans por t selected | near-field scenarie, optiona ly |
.

....|..
. .. .......

.|..
.. ....... .. . . ... , .|

Release | Surface Buried | Surface Deep Ground Surface;

Radio- | Air Water Waste | Air Soit Soil Water Water |
nuclide !/yr /yr /m3 |/L / unit /m3 /t /L |
. . .;. . . .

.|.
. . .|

PU239 1.BE-07
- - --|----Derived Concentrations- -| _

Use when; measured values are known |
...,.

.|.. ... ..... . ... ..
...|

Release jier res. Animal Drink Aquatic!
Radio- | Plant Product Water Food |
rwxtide |/kg /kg /L /kg |

. . .

.|.
.. .. . . . .... ..|

T LME #########################################################################

1 Intake ends after (yr)
50 Dose calc. ends after (yr)
1 Release ends after (yr)
0 No. of years of air deposition prior to the intake period
0 No. of years of irrigation water deposition prior to the intake period

FAR-FIELD SCEkARIOS (if FCPULATION DOSE) #####################################

0 Definition option: 1 Use population grid in file POP.!N

O 2-use totot entered on this line

A.37 NUREG CR-SSI-i
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hitle A.!! (Cotitiriued)

I
klAR fitLO $CtNAR10s #cothetekrat#sstentt##tenaccetstetettst#cetttthtettsver##

Prior to the teginning of the intake periods (yr)
0 kr.cn was the inventory disposedi (Package degradation starts)
0 When was LOIC? (Slotic trent. port starts)
0 f raction of roots In upper soit (top 15 cm)
D fraction of roots in deep soll

0 Nanuet redistributions deep sott/svef ace soit dilution fector j

tRANSPOR) HMM#MM###HNn####NHRH44n##########N#N#NM######

. .. A t t 1 RAN$pon ie na n..... ...... . . n.. .n= =n * * ** * SIC 110N i n n a
0 Calculate PM 1

1 Option 1 Use chi /0 or PM value |F Stack release (T/F)
2+$etect Mi dist & dir !O Stack height (m)
3 Specify M1 dist & dir 10 stack flow (m3/sec

0 chi /o or PM value 10 stack radius (m)
O Mi sector index (15$) 10 Ef fluent tenp. (C)
O Pl distate f rcan release point (m)

i Use joint frequency data, otherwise chi /0 grid

* * = = SU9 f t.CE WAt [ R 1 R ANSPOR T ** * **= * * = = = = *=== = m a= * * ** * * SE C110N le s = =.
1 0 Mixing ratio model: 0-use value, 1-tiver, 24take, 3 river flow

1.0 Mixing ratio, dimensionless
100. Average river flow rate for MixFL C=0,3 (m3/s), MlWf tC*i,2 (m/s),
0.0 transit tiue to irrigation withdrawl location (hr)

If mising ratio nodel > Os

0 Rate of effluent discharce to receiving water body t'2/s) ;

O Longshore distance f rom reter<se point to usage Location (m) i

0- Of f shore df stance to the water intake (m) )
0 Average water depth in surf ace water body (m)
0 Average river width (m), MixFtG=1 only>

0 Depth of ef fluent discharge point to burf ace water (m), take only

esuwA$1r FORM pyAt t Ag]L11yne.nnte n==na====nn SECTION 3nna |
0 Weste fo. 4 package half life, (yr) t

0 Waste thickness, (m) . ,

0 Depth cf soft overburden. m )
"

;

==nBIO!!C TRANSPORT of BURitD $0VRCEansmusn**nstSICT10N 4sans j
T Consider during inventory decay / buildup pericd (T/F)?
T Consider during intake period (1/F)7 | 1 Arid non agriculturat
0 Pre Intake site condition....- . .. . . . . . ) 24umid non agricultural ).

j3 Agricultural

t00Sunt unkn# tun #Huc##nn##Usqu#tenwenungenenkanNWannnuteentn# I

* *nE X1[ R N AL E XP0$URE e n s == =n s u e n= = = == === = = * * *== == $E ti 10N 5. n.. I

Exposure times j Residentist irrigation: {
0 Plume (hr) |F Considert (t/F) *

250. Soit contamination (hr) l2 source: 1-ground water- '

'
O. Swiming (br) _

__ _ _ . . __ 2 surface wat*r
D. Boating (br) O. Application ute tin /yr)
0, shoreline activities (br) O. Durat3on (mc'yr)

1 shoret tne types (1 river 2 take, 3 ocean, 4 ttdat ts.c.in)
1.0 Transit time for retehse to reach aquatic recreation (br)

- 0 Average f raction of time sutynersed in acute cloud (hr/ person hr)
,

_

r
6

- NURiiO/CR 5814 A.38 ;
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'luble A.12 (Continutd)

a r e { h p A( A1 |ON e s t s e s s a t a s e a s es s a a s t e t s: s e s s a r e s t s e n s s $[(f lON [it a u s

100. u rs of eilnsure to c ont aminat ion per yearu
1 0-ho tesus- 1 Use Mass Lcading 2 Use Anr.peugh nodet
.0004 p"nsion Moss loading f actor (g/nd) Top soit availebte (cm)

* m v a l k;t t f l DN KFUL A 110N = = * * s * S * * * * * * s s * * e s * * * * * * * * s a t| C1104 785***
O Atmsf er it pro &,c t ion def init ion (select opt ion):A
0 0 Use f tr'>d weighted chi /0, (f o;d sec/nd), enter value on this line

1 Use rumst at ion-weighted t hi/0
2 Use unif orm production
3 Use chi /0 ard perdxtion grids (f RODUC110N will te overrifllen)

O Poput etton ingesting rquat ic f onds, O def eutts to total (persnn) --

0 topct ation ingesting drinking water, O def aults to total (Ferson)
F ConsioC dose f rom f ood espor t ed out of region (def selt =F )

hote telews $* or 50urret 0 none, 1. ground water, 2 surface water
3 Der ived cotw entr at ion entered above

= == = AQt'Al l t F OOO$ / Uk i k A l hG W Al[R t h Li $110N == * * * * = * *iE C 11 DN 82 8 * *

I tatt water? (defeutt is fresh)

U$t IFAN+ f t 00 - CON' JUMP f l DN * |
? FOOD tli UC110N HOLDUP AAll j

1/F 1 Yti. br bg/yr da 6g/yr | DRiht!NG WA1(R
. . .. ... . . i. . . ... .

I f!5e 0.00 0.0t * 00 0.00 40.0 | 2 tource (see above)
f MDLLus 0.00 0.00+00 0.00 0.0 | 1 frectnent? 1/f
f CRUS 1A 0.00 0.Or*00 0.00 0.0 | 1.0 Holdup /tronsit(da)

i l'LAATS 0.00 0.0t + D0 0.00 0.0 | 0,0 Consunct ion (t /yr )

e s = = 1 t R R E S T R I A L F OOD I h t t 5" 55 4 * s = s = * * = = = = * = = * * < = = = = = LE C 110N 9 * * * * *

U5f GRDW lRRIGAll0h- F100 - -Coh50MPfl0N-
? fut 11ME $ RATE 11Mt Yl[LD UCt10N HOLOUP RATE

\ f/F 11rE da * in/yr ma/yr kg/n2 Lg/yr da bg/yr
, . . . .. .. . . . .

I ttAf V 90.00 ? 35.0 6.0 1.5 0.0t*00 1.0 30.0
F Rtoi y 90.00 2 40.0 6.0 4.0 0.0E+00 5.0 220.0
F IRUlf 93.00 2 35.0 6.0 2.0 0.0E400 5.0 330.0
f CRAlh 90.00 2 0,0 0.0 0.8 0.0E+00 180.0 80.0

= = r- L A h l MA L I R ODUCi t 0h C0h 50Mr i l 3N a s a s s a s s = = = = = s s = = = = 2 SE C110N 10 2 = 2 5

HUMAN- TOTAL DRlhK - - - - -LIORIO f[[D- - *

USE C0hSUMP110N F R DD - WATER DIET GROW IRRICA110N- STOR-

? | 000 RATE HDtDUP UC110N CONTAM FRAC- TIME S R ATE TIME YlELO ACE
in/yr no/yr k g/m3 daT/F TVIE kg/yr da kg/yr IRACf. Il0N de *

. . . . . . . . .. .

f BErf 80.0 15.0 0.00 1.00 0.25 90.0 2 35.0 6.00 0.80 180.0
F f>0VL1R 18.0 1.0 0.00 1.00 1.00 90.0 2 0.0 0.00 0.80 180.0
F MILK 270.0 1.0 0.00 1.00 0.25 45.0 2 47.0 6.00 2.00 100.0
f EGG 30.0 1.0 0.00 1.00 1.00 90.0 2 0.0 0.00 0.80 180.0

- FRE SH f 0R AGE -*

BEtt 0.75 45.0 2 47.0 6.00 2.00 100.0
MILK 0.75 30.0 2 47.0 6.00 1.50 0.0

auustektsst#xugakukkkvatutatkkutats :ckrvaukoskN###tatut#####testkah##cM#kkkun

j\ JJ M! REG:CR 5Sl4
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'Inble A.13 Gl:Nilinput nie for Scenatin No.10. landGilIntrusion and Cominution

hkt tewer Stu# - (armure Fathways
titlet 6 th!RifR C0h51kUC110N

C6.1PL 25 Oct 90
QPilDk$sesessenemessatzessastses Def aut t se e a t e s s e e a s s u s e s s e s e ns.s e v a s ss t e s s.e s t
1 kcar field scenarlo? (far fictd> h0R f lF LDi narrowly f ocused
f ropulation doset (truividaat) release, single alte

i Acute rettese? (Chronic) FAR fitLD1 wide scale retrase,

Paxinun Irdividaat data set used fruttiple altes

Cces4t et e Ccrple t e

IRAW$POR1 Offl0ktee========** Srction EXPO 5URE PA1 WAY Oti!ON$s==rs tection
F Air fransport i f finite pitne, esternal 5

f turface Water trentport 2 I inf inite pitsw, ents.tnal 5

f Blotic trensport (near field) 3 i Gr ourd, e x t er na l 5

F Weste f orm Degradation (near) 4 F Recreation, enternet 5

1 inhalation uptake 6

R[ PORT 00TIONS,s.......,. s se======= 7 Drinking water ingestion 7,8
1 Report AEDt only i Aquatic foods ingestion 7,2
i Repor t l'y radionuclide f Terrestrial foods ingestion 7,9-

i Report by esposure pathway i AntNt produc t ingestion 7,10
F Detog report on screen f inadvertent soil ingestion

ikVE klORi ###ctuakt###t#W#R## Rut ####0cckkot#t#M###s#0ste4 Hot ####WFhW99t### Wage

4 inventory input activity voitbt (1 pCl 2 uCl 3 rCi 4 Ci 5 Bq)
2 turface soll source units (1 rd ? nd 3- 6g)

Equilibrium question goes here

Basic Concentrations -|-|- Relear,e fertns - -|- ---

Use when| transport selected j rear field scenario, optionally |
.;........ .. .. . .. . .;. . . .. . . .. . . ..

Release Surface Buried j Surface Deep Ground Surfacel
Radio- Air Woter Waste | Air Soll soil Water Water !
nuclide |/yr /yr /rta |/L / uni t /n3 /t /t |

...|.
. . . . ..... .|. . . . . .. . . .. ..|. .

PU239 3.11 03
"

-- -- -| ---Derived Concentrations- -| _

Use when| measured vatoes are krewn j
.. . ..!....

.|....
. . . ...

Release |1erres. Animal Drinh Aqaaticj
tadio- | Plant Prcxtuct Water f ocd j

rwntide 1/kg /kg /L /69 |
.. . .|. . .;. . ..

T tML ###Wukk###tsk######0kWh#kunM#800kko##kkakk########detht#W#######000t####N

1 Intake ends after (yr)
50 Doce cate. crun af ter (yr)

1 Retcase erds af ter (yr),

O No. of years of air deposition pelDr to the inte&c period
0 No. of years of terigation water deposition p ior to the intake period

F AR F IE t.D SCthARIOS (if PODUt Alloh DOSE) ##4#################################

0 Definition option: 1-Use population grid in file POP.lN
O 2 Use total entered on this line

NUREG/CR M14 AAo
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hble A.13 (Continued)

ht AR + f illD SCt h A8105 #####48***88###884888################88888#####F****#8888

Pritt to the tegirining of the inton e gerice (yr)
$, b/ hen wris the inventory diymed? (hchoge degradation s t ar t r,)

0 When was (01C? (Biot ic t rentpor t starts)

1 f raction of roots in upper soll (top 15 cm)

0 Frnction of roots in deep toil

0.09 Marual redist ritotioni deep soit / surf ace imit dilution f ac ter

1R AkSt0RT $N#W9kkettW#0kt#WkWNRCHkkkkMcWN#ttekk#tuMNetMkettuttoht####ckhakkkkW

= = s A [R f p Ah$POR t w a r s siev e r n e s s e e r e s s a r t re a s t u s t s t r a r $[ C11DN 1r===*
0 Calculate FM |

1 Option: 1 Use cht/c or rm value |t stack relcese (t/f)
2 4elett M1 dist & dir |0 Stack height (m)

3 toccity Mi dist & dir |0 steck flow (tr3/sec
0 Cht/Q cr PM value |0 Stoch r adius (n )
O MI .cc t or i rries (tr$) |0 tiftuent temp. (C)

O Mi distanc e f rom retecte point (m)

I the joint f revency date, otherwit.c (M /Q grid

e n = 5UE F AC E W All R 1 F AN SPO4 f " = = * = "t = = * n = = = * r n e s t a r t[ C i l0A 2 * " a =
0 Mining ratio modelt 0 use value, 1 river, 2 tn6e, 3 river flew
0 Min ' .g ret t o, dinensionless
O Average river fic:w r ate f or: Mitf tt:0,3 (n3/s), M! ri t ta l , ? (n,/ n ),
O transit tine to irr igation sithdrawl tocetion (br)

If mining retto ev<lel * 0:

O Pete of ef fluent discharge to receiving water tio:fy (rd/s)
O tony. hor e dist anc e f r cn r elease point to usege location (m)
0 of f shore distance to the water intabe (m)
0 Average water depth in surf ace water txxt/ (r)
0 Averege river width (m), M!xFle=1 only
0 Depth of effluent discharge point t o s,urf ac e wat er (m), trae only

" = = WAST E F C*H AV AI L ABI L iiY s" *"""* * * *" ** = *" r " = tt C T 10N ba re

0 Waste form /pockage half life, (yr )
O Waste thicknen, (m)
0 Depth of soil over turden, m

= "<C1011C TRANSPOE1 0F Buk i t D SOURCt e r n = = = = = = nn r = SL CT 10N 4 " :"
T Cons. der dur ing invent ory dec ay/tvildup per iod (1/F )?
T Consider dur ing int ed e per ic<1 (1/F )? | 1 Arid non agricultur a|
0 Pre intake site c ondition. . | 2- Hurtid non opr icult ural. .

| 3-Agriculturet
-

E nr0SuGl #5kenavatenskattarenaktettunnpeevanceauvagtnutkangkatuaspectatskuunst.

* s a a[Ki[ E k AL [ XF'05UE [ n a r n a r st a s u z s e a s s a s e r a m e = s e n s s[ CT ]QA $ 3 z z u m
E xposure t ime; | Residential irrigation:

0, l' t me ( b r ) |F Consider: (1/F)
400, Soil contaminat ion (br) |2 Source: 1 ground water
0. Swiming (hr) | 2 s urf ace water
0. Boating (hr) | 0. Application r ate (in/yr)

0, shoreline activities thr) | 0. Durat ion (ru/yr)

1 Shoret ire type: (1-river, ? lehe, 3 ocean, 4 tidet bmin)

1.0 Transit tir,e for release to reach aquatic recreation (br)

0 Aver age f ract ion of t ime t.uteerted in acute cloud (hr / person tr )

A 41 W RIM CR-%l4
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Table A.13 (Continued)

a s = l k u AL A T 10N . ... . . . .. ... . . .. . .. e s s e e s e . = = . * * * * * * * * $f C f l 0N 6 s * * = =
100. Hours of exposure to contaminatim. rer yett
1 0 ho resus- 1 use Mast toading 2 Use Anspaugh madet
.0005 rension Most loading f actor (0/n3) top soil available (em)

senslNG($110W POPULAt!DNessnes. .sse.. .,..masassen*=LECTION 7=====

0 Atmospheric prodaction definition (setecc option):
0 0 Use f ood* weighted chi /0, (f c.pd sec/c3), enter valom on this line

1 Use population weightcd chi /g
2 Use uniform production
3 Use chl/0 end prodaction grids (PR000C110N wilt 14 overridjen)

O Poputetton ingesting ocastic foods, O def aults to total (person)
O Population ingesting drinking water, O defaults to total (Fernon)
F Consider dose from f >ad emported out of re0 ion (def autt*F)

kote below: 5* or sources 0 none, i ground water, 2+ surf ace water
3 Oerived contentration entered above

**** AGUAllC 100D5 / DRihKING WAf f R INGt5flDNees=====s5f C110N 8etes

F $att water? (dcfoult is fresh)

USE TRAN- PROO- -CDNSUMP110N - ] |
? r000 $11 UC110N - kOLOUP RAff

7#T aVPL hr kg/yr da kg/yr OR!kKlhG WATER
, . ...... . . ....... .-... ..... ...... ...... ...........

F FISH 0.00 0.0E+00 0.00 40.0 2 source (see above)
F MOLLUS 0.00 0.0E+00 0.00 0.0 i treatment' T/F
F CRU$fA 0.00 0.0t*00 0.00 0.0 j 1.0 Hotdup/ transit (da)
F PLAN 15 0.00 0.0E+00 0.00 0.0 j 0.0 tonsunction (t/yr)

= = s =1t RRE ST R I At F OOD I N GE ST I ON = = = = =* = = = = = = 6 = * = ==* * = s = SE C 110N 9= = == =

USE CROW - IRRICAf!ON.- PROD- CONSUMPTION--
? F000 11ME $ RATE tlME YitLD UC110N HOLOUP RA1E
T/F TYPE da * in/yr mo/yr kg/m2 kg/yr da kg/yr
... ...... ... . . .. . ..,.. ..... . ...... ......

F LEAT V 90.00 2 35.0 6.0 1.5 0.0E+00 1,0 30.0
F R001 V 90.00 2 60.0 6.0 4.0 0. 0E + 00 5.0 220.0
F FRUlf 90.00 '2 35.0 6.0 2.0 0.0E+00 5.0 330.0
F GRAIN 90.00 2 0.0 0.0 0.8 0.0E*00 180.0 80.0

* *ss AN ! MAL F RDOUCT ION CON SUMPil DN = = = = * == = == == = = = = = s s = 5E C110N 10* = ==

. HUMAN * TOTAL ORINK *- +-* STORED FEED - -- -

USE~ CONSUMPil0h PR00- WAl[R DIET GRDW lRRIGAi!ON - STOR-

? -F000 RAf[ HOLOUP UCTION CONTAM FRAC TIME $ RATE. TIME Yl[LO ACE
T/F TYPE kg/yr do ng/yr FRACT. I10N da = in/yr mo/yr kg/n3 da -
... ...... ...... ..... ...... . .... . . . ... ..... ...., .... .. .

F BEEF B0.0 15.0 0.00 1.00 0.25 90.0 2 35.0 6.00 0.80 180.0
F POULTR 18.0 1.0 0.00 1.00 1.00 90.0 2 0.0 0.00 0.80 180.0

.F- MILK 270.0 1.0 - 0.00 1.00 0.25 45.0 2 47.0- 6.00 2.00 100.0
F- E GG . 30.0 1.0 0.00 1.00 1.00 .90.0 2 0.0 0.00 0.80 180.0

............. FRESH FORAGE- - --+ -
6LEF 0.75 45.0 2 47.0 6.00 2.00 100.0
MILK- 0.75 30.0 2 47.0 6.00 1.50 0.0

#####wstatertouputternetta##eccevutusenbaneWauku#sta####s##s##autkeastaussues

|
|

|-
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Appchdit A

lillde A.) l Gl'.Nll IHjnlit flit IOr Stililt'lO NO. Il * I44tidfill lillrtniott llind IltTidell0C

hRC Sc.er $tudy f>freure 5athwog

litte: 7 S t~$1Dikil AL CA5 0t h ( t r,t ruier Ag r i c ul t ur e )
CT.10L 10-Aug 90

0;=11 pyp.u u. .. ru e n n un u . Defoult u u s=u u a n u m ne u t u n ee u e n "

i heor- f ield t.c cMt ic? (far field: blAR fillD: riar r t w t y f oc ut.ed
i Population due? (trdividual) reten e, sing!c site
f Acute release? ( Chr oni c ) FAR-fl[ tdt wide scale release,

ManifmJn Individual drata set used nuttiple sites

(certetc Crrotett
IRAk$ PORT OP1]DNSas=**s=*sr== Section IXPOSukE F AINAT Of 110NSu n s 5cction
f Air transport 1 8 finite ptwe, esternat 5

f turf ace beater 1renger t 2 1 Infinite pts e, caternal 5 -

F 910t ic t ram por t (near f ield) 3 1 c r oord, e x t e r na l 5

f Weste f erm Degr adat ion (neer) 4 f Recreation, estertal !
1 inhalation uptete 6

F L 5 0R 1 OP f l ON S u = = s a s t e = = = s u * * n s a s t I Drir, king water ingestion 7,8
1 Repart AIDt or.ly i Aq.; otic foods ingestion 7,8
1 E ry>r t t-y r adi onuc i t de 1 ter restrial f o:ds ingestion 7,4
i Retor t ly exposur e pathway T AniM1 pr oduc t ingestion 7,10
f DetwJg r e po r t cn s c r e"n f lhadvertent soil ingestion

ikVLN TOV 1 ChkkkanW#bakt#WHHkt#W9kkWN##kt###Nt##0GWt#####MVWVC9thCWkkkkakkkkkMN

4 inventory ir4n;t ac tivit y units: (1 pci 2-uci 3-nci 4 ti 5 bq)
3 Surfece soll tource units (1 fr2 2 - fr3 3 6 g)

Equilibrium gaestion goes here

-|- -Fetrase terms -|- - Basic C onc ent rat ions -|
Use when| transport selected | r ehr- f i eld f.c ena r i e, opt f or.all y |

.|. . .|. .|,

Release j Surface boritd | Surf ace Deep C r ourd surfacel
R oc!! o- | Air Vater Waste jAir Loil 501L Wattr Water |
nuclide |/vr /yr /nd |/L / unit /rr3 /t /t j

. .;. .|. ;

PU237 3.1f 03
-|- Der ived conc ert r at ions- -| -

Use when| measured values are known j

.|.
. .:

Retcase ;1erres AniML I r i r.k Aquaticj
Radio- | Plant Prodri Water food |

rux l i de |/kg ik g /t /kg |

.|.
. .|

TIVE hauskatukse#wannatucka###nnanakatupratuntestakastavuavakturauksetkakkkkuu

1 Intehe erds after (yr)

50 Dese calc. (nd, af ter (yr)
1 Release endi after (yr)
O ha, of years of air defeition prior to the intake period
b ha. cf years of irrigation water deposition prior to the intoke p r iod

F AR f !fl.D SCf.k AR105 (if ForUL ATID4 DOLE ) tt####################rrerr#rr###r####

0 Definition option: 1 -Use repu t rit i on gr id i n f i l e F DP. t h
0 2-Use totel entered on this lirm

.-

A 4; NURIMIMS14
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Appendit A

hble A.14 (Continued)

A(AR F!!LD $ClkARIOS ###tatt##ttraturetatt#pttt## tut &#ts#######ttackttattet###

trier to the twinning of the intete prriod: (yr)

5. When was the inventory dituned? (f'ac k age orgr adation star ts)

0 When was tolC7 (Biotic trav port starts)

1. Fraction of roots in urer soil (top 15 cm)

0 Fraction of rects in deep soil

0.0$9 Manust redlStritration: deep soll/ surf ace soit dilution f actor

TR AkSVCRT st##ttentttttktetttstettttttttsetetstacktskterettutanttuttut##tatant

s u r e A I R 1 R A N LF 081 = * = 4 = = = = = = * * * * * = = = = = = = = = = = = = r s e r s * * r s t C T I ON 1=====

0 Calculate t'M i
1 Option: 1 Use chi /0 er FM value |$ Stack release (1/f)

2 Select M1 cist & dit |0 Stack height (m)

3 specify Mi dist & dir |0 star k f low (rr3/sec
0 Chi /0 or FM value |0 stack radius (m)
O MI sector indo (i*S) |0 E f fluent term. (C)
O MI distance f rom reterne p> int (m)

i Use joint f requency dr ta, otherwis,e chi /c grid

== " $URfACE WATER TRANSPOR1r u ss " " = " s= "=r u r= " u SECT!ON 2nen
D Mixing ratio ndel: 0-use value,1- r iver, 2 lab e, 3 river flow
0 Mixing ratio, dimensiontess

O Average river flow rate for Mi s tic =0,3 (rn3/s), Ml x F L C=1,2 (m/ s),
0 f ransit time to irrigation withdrewt location (br)

If mlping ratio ndel = 0:

0 Rate of ef fluent discharge to receiving water txx*y (n3/s)
O Long<.hore distance f ra release point to usage location (m)
0 Of f shore distance to the water intoke (m)
0 Average water depth in surf ace mater tedy (m)
0 Averege river width (m), Ml=#Lc=1 only
0 Depth of ef fluent dir. charge point to surface water (m), tebe only

-

,[e n rWASTE F ORM AV AI L ABI L i f f u s = = u n = n = m u n s u u"LE t t lON 3== = = =

0 Waste f orm/ package half life, (yr)
0 Weste thickness, (m)
0 Depth of soil overtyrden, m

= == = BIOT IC T R ANSPOR T OF BUR IE D 50UE CE = = c = = r ="r u m = =!f C1104 4"c"
1 Consicier during inventory d(cay /buildap period (1/F)?
1 Consider during inteb e period (t/F)? j 1 Arid non agricultural

O P r e i nt ake s i t e t orydi t i on. . .| 2-Humid non agricultural..

j 3 Agriculturat

txiOSURE ##tchaeustutteknuttuttuuttatuttartscastruttantsctasetettatuksstekstes

n = = c[X1[ RN AL [ XPOSUR[ s en t e n s a n su e u n s a r = t ma s s= = r 5ECil 0N 5 = == =
E xposure tirne: | Residential irrigation:

2030. Plune (hr) 'f Consider: (1/F)
2030. Soil contamination (br) |2 source: 1-ground water
0. Swirrning (hr) ; 2-surf ace water
0. Boating (br) | 0. A; plication rate (in/yr)

0. Shoreline activities (br) | 0. Duration (tro/yr)

1 shoreline type: (1 river, 2 late, 3-ocean, 4 t idat L,asin)

1.0 f ransit tiene for release to reach aquatic recreation (br)

0 Average f rac t ion o f t irne sutocersed in acut e ( t oud (br/per son tr)

NUREJ!CR 5814 AA4
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Appendts A

|

'lulile A.14 (Continued)

._,

ve.=|hxALAlloNusasse ... sa....... u 'u == car ==. 3 5LC11DN 6*sace
605. Hours of eurosure to ccmtamination ger year
1 0 No resus* 1 Use Mass Loading 2 Use Anspaugh nodet
.0001 pensi on kass te,oding f at ter (g /n3 ) T op s ol l evo l t et>l e ( c m)

m e = = l N GE $110N FDPUL Al l DN = = s e s a r * * * * * * s * * * * * * * = = t a = = tt C i l DN 7*==**
O Atroyeeric production definit ion (select option):

0 0-use f ood weiptted c hi/0, ( f ood se(/n3), enter value on this line
1 Use population weighted chi /Q
2 Use unif orm prcduction
3 Use tht/0 ard prodaction Orids (FMoutilON will te over ricHen)

O Porulet ion ingesting equatic f onis, O def nut t s to total (r.erson)
0 Population ingesting drinking water, O defoutts to tetet (teruno
F Consider dose f rom f ood es pcrt ed out of r egi on (de f aut t = f )

kote twlow; s' er tourc e: 0 nnne,1 gr ound wat er, 2 4ur f ac e wat er
3 Derived concentration enter ed clove

AQUAllt f0005 / ORlhKING WAltk (WC[Sil0Nstus==es=5ECTION 8t***esse

F Salt water? (default is fresh)

USC TRAN- l'# DD - CONSUMPi l DN - |
? T CXO $1T UC11DN HOLDUP RATE |
1/f 110E hr kg/yr da bD/yr | DRlkKING WATER

. . .. .. .. . p . .

f fitH 0.00 0.0E * 00 0.00 40.0 ; 2 sourc e (see atose)
i MOLLUS 0.00 0.0E + 00 0.00 0.0 | 1 Treatment? 1/F
i CRUSTA 0.00 0.0E + 00 0.00 0.0 | 1.0 hotoup/ transit (ca)
F PLAN 15 0.00 0.0E * 00 0.00 0.0 | 0.0 Constret ton (L/yr)

= = = s 1 E R Ri $ f R I AL F MO t h LE S110N a s s e s s a = = v s = = = = * * c e = = = = tE Cil DN 9= = = = =

U$f GkDW *-lRRIGATIDN- F R 00 - *COktUMPfl0h-
? FOOD 11ME $ RAlf 11ME Vl[LD UCTION HOLDUP FATE

in/yr mo/yr bg/n2 kg/yr da kg/yr1/f 1YFE da *

.. . . . . . . .. .
,

i t[Af y 90.00 2 35.0 6.0 1.5 0.0E+00 1.0 2.5
1 RDOT v 90.00 2 40.0 6.0 4.0 0.0E+00 14.0 22.8
1 FRulf 90.00 2 35.0 0.0 ?.0 0.0E+00 14.0 10.5
i CRAlb 90.00 2 0.0 0.0 0.0 0.0t+00 180.0 11.8

e s s a A N I M AL PR ODUC110N CON SUMr f ! 0N = = s e = = = = = s = = * s = = = = = s tE C 110N 1026==

* HUMAN- TOTAL [Rikk - - -5 TORE 0 IIID-
USE C0kSUMP110N I'R OD - WATER Dlli CkDW IR?lCA110N- STOR-

? F DDD RATE HOLOUP U0110N CONTAM IRA;- TIMt 0 RAff 11ME Y1 ELD ACE

1/f itPE 6g/yr da kg/yr FRACT. 110N da * in/yr mo/yr kg/nd da
.. . . . .. . ... .. . . .. ..

F BEE) 47.5 15.0 0.00 1.00 0.25 90.0 2 35.0 6.00 0.00 183.0
F P0ut1R 0.0 1.0 0.00 1.00 1.00 90.0 2 0.0 0.00 0.80 183.0
F Milt 55.0 1.0 0.00 1.00 0.25 45.0 2 47.0 6.00 2.00 100.0
F EGG 0.0 1.0 0.00 1.00 1.00 90.0 2 0.0 0.00 0.80 180.0

- -FRESH FokACE- - -
BEEF 0.75 45.0 2 47.0 6.00 2.00 100.0
MILL 0.75 30.0 2 47.0 6 90 1.50 0.0

kunpresenku###ccutkuttenkt Wetakaanssaca#####nkaksenteneutuapeuttakttetensken

AM N U RIM 'CR-M } I
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;a . Table A.15 Calculation of source term (GINII input) for each scenario > !

I h
I

fscercrio - Eutt
9s dnas Calculation of Gutt irput

f
msder descript im source teru e

't ' Sewer system Inspector varies Ci/m3 Waste wter .01 a 10CTR20 Appendin s, Tabte 3
< ,

2 $1P Operator 2.1E-04 Ci/m3 Wet studge 1 Ci/yr /1.7E6 65 dry sitdge a .3 (dry / wet) a 1.2E+3 kg/nt3
;

f
- 3 - si? Liquid Ef fluent 1.0E+00 Ci/yr to River 1 Ci/yr (5 Ci H3)

4 .

.. 4 stadge Incinerator operator 2.OE-06 Ci/kg Dry Ash 1 Ci/5.1E+5 kg/y ash (.1 a 5 = .5 Ci 3M; .25 Cf 14C) f.
!

| 5 studge incinerator Ef f tuent 5.0E-03 Ci/yr to Air 1 Ci/yr a ?? 0.005 = RF with the following exceptions: !

5 Ci 3tt a .9 = 4.5 Ci 3M; |
>

0.75 14C;
.

t 0.1 P, S, I;
f

0.01 C1, ic, au
|

7 s( 6 incinerator Ash Disposat 2.EE-03 Ci/m3 Wet Ash 1 Ci/5.1E+5 kg Ash = 1600 kg/m3 a 0.9 (cry / wet wt) f
i'

Truck Driser ;
; *

} I
^

7 sludge Agricultural soit 8.8E-07 Ci/m2 studge/soit 1 Ci/yr /1.7E+6 kg studge a 15 mg/ha a tE*3 kg/Ms a 1 ha/1E+4 m2 {
Application

[
t

8 Studge Mcnagricuttrat soit 5.BE-06 Ci/m2 sitxige/soit 1 Ci/yr / 1.7E*6 n g sitatge a 100 Pg/ha m 1E*3 kg/Mg a 1 ha/1E+4 m2 ),!"
Apptication

I 9 tandfist Operator 1.tE-07 Ci/Kg Wet Ash 1 Ci/5.1E+5 kg a .9 (dry f ractim) = 0.1 (b) exceptions: +

| 5 ri n .1 = .5 Ci M3; .[
; 1 Ci a m 0.25 = 0.25 Ci C14 i

?

? 10 tandfitt intrusion and 3.1E-04 Ci/m3 Ash /soit (b) 1 Ci/5.1E+5 kg ash a 1600 kg/m3 m 0.1 (b),(c) [' Construction a
j v

11 tandfitt Intrusion innd 3.1E-0? Ci/m3 Ash /soit (c) 1 Ci/5.1E+5 kg ash a 1600 kg/m3 m 0.1 (b),(d) (
} Residence

!.

.|
(a) Esternal Case: EXfDF' calculates dose f actors; this is the tut tiplier used in it.e subsequent calculaticns '

,.

(b) Dilutien f actor: 0.1 nuttiplied by source term to account for ron-dedicated landfitt
[

j.
J (c) Marual redistribution .59 (cover to ash ' ratio) x .15 surf ace / ground conc. (m2/m3) = .09 i

(d) Manual redistribution 0.59 m .67 (f raction in surf ace) m .15 surf ace /grourd core. = .0.C59 !
,

,

.f4

i
i +

.!
-
j

.. - - . - . _ _ _ _ _ . _ - _
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Appendix A

'luble A.16 Ilusis for calculation of sludge and ash concentrations

Patatnctet %Iup Calculation

STP capacits 5.0F + 00 MRday
1.7114Or>kr 10320 lb.da x 365 da>0 t x 1 kr /2.2 lbSludge production
5.11!+05Kj@,\'r 1.7E6 Lg(DW) x 0.3Ash production r

Ash concentration 1.9E4v> Ci'L g 1 Ci'51 E+ 5 k g Ash
Ash concentration 3.1E-03 Ci m3 1.95E-6 Cilg x 1.6E 4 3 kg;rnT'

Sludge (dry) 5.X1?-07 Cile. 1 Ci% r x 1 vr/1.7E + 6 kg sludec
Studpc (dr'y) 9.31! 04 Ci ni3 5.SE'-7 Cilg x 1.6E + 31pJm 1

51udge wet) 1.71107 City 5.8E-7 Cilg x 0.3 (solids)
bludge ((w ct) 2.lE-04 Ci' int 1.7E 7 Cilg * 1.2E4 3 kptn3

e

A.4 7 Nt : REG CR-5X14
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Table A.18 Radionudide source terms for case history dose calculations

.... ..__...___._. ......._ _____....__... sc e ... ..._ ............ ___..__... . .__.......... ....
Radio-

Case ' rust ide 1' '2 3 4 5 6 7 8 9 to 11

Tunawanda Ci/m3 Ci/m3 Ci Ci/m3 Ci/kg Ci/m3 Ci/m3

AM241 -' 5.4E-04 - 8.CE 04 4.3E-03 7.2E-04 - - 4.5E-03 8.0E 05 8.0E-05

W Ci/m3 *I Ci/m3 *II I

Grand Island Ci/m3 Ci/n g

AM241 - 3.6E-05 - 9.0E-09 1.6E-05 1.6E-05

# M #
Royersford Ci/m3 Ci/m3 - Ci/m3 - C i /*.5 Ci/m2 Cl/m2 Ci/m3 Ci/m3 Ci/m3

> PN54 2.2E-G6 1.6E-06 1.7E-05 1.6E-05 4SE-09 3.2E-GS 1.6E 05 1.7E-05 1.7E-05

L EOSS 1.6E-06 5.4E-07 6.0E-06 5.4E-06 f.7E-09 1.fE-OS 5.4E-06 6.0E-06 6.0E-06

# CC63 3.6E-05 1.4E-05 1.6E-04 1.4E-04 4.5E-08 3.0E -07 1.4E-04 1.tE-04 1.eE-04

Zs65 1.5f-05 6.0E-06 6. 7E- 05 6.0E G5 1.9E OS 1.3E-07 6.CE 05 6.71-05 6.7E-05

5837 4.3E - 07 1.6E-C7 1.BE-06 1.6E-06 5.0E-10 3.3E-09 1.6E-06 1.BE-06 1.EE-06

Ss90 6.CE 07 3.3E -07 3.7E-06 3.3E-06 1.0E-09 6.9E-09 3.3E-06 3.7E-06 3.7E-06

Cs134 2.9E-06 2.6E-07 2.9E-06 2.eE-06 8.fE-10 5.4E-09 2.6E-06 2.9E-06 2.9E-06

CS137 1.6E-05 3.8E-06 4.3E-05 3.SE-05 1.2E-08 8.OE-05 3.8E-05 4.3E-05 4.IF-05

U 233 2.6E-08 1.4E-07 1.6E 06 1.4E-06 4.5E-10 3.CE -09 1.4E-06 3.6F-06 1.6E-06

u 235 3.3E-09 5 6E-09 6.2E 08 5.6E-03 1.7E-11 1.2E-10 5.6E-08 6.2E-OS 6.2E 05

u 235 7.6E-09 4.6E-05 5.1E-07 4.6E-07 1.4E-10 9.6E-10 4.6E-07 5.1E-07 5.1E 07

PU233 5.0E-10 3.4E-09 3.8E-OS 3.4E-05 1.1E-11 7.1E-11 3.4E-08 3.8E-08 3.3E-08

PU23'd .1.1E-09 2.4E-09 2.7E 08 2.6E-OS 7.5E-12 5.OE-11 2.4E G8 2.7E-03 2. 7E -08

oA Ridge Ci/m3 C6/m3 Ci/m2 Ci/e2
60Co 4.5E-06 3.2E-05 1.4E-07 9.1E - 07

Z
C
5 >

s
.O 7d !!.? x
M y
-
&

__. i
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3 Table A.18 (Continued) ,

w :<

, ,i

j i. . . . . . . . . . . . . . . . . . . . . . . . . - - ~ - .....- scenario---- - - - ------------ ----------

[i Radio-
| Case raxtide t' 2 3 4 5 6 7 8' 9 10 11' '

!
! -.-

| Blue Plains (NIN 1984) Ci/m3 Ci/m3 Ci .Ci/m2 .Ci/m2 e'

'N3 :2.2E 06 2.0E-05 4.6E*00 6,6E-05 4.2E-07 - f
C 14- - 3.0E-07 2.7E-06 : 6.2E-01 8.4E-09 5.7E-08 [

} NA22 . 4.tF 12 4.2' 11 9.6E-06 1.3E-13 8.EE-13 ,

+ P 32 5.8E-08 %.3E-07 1.2E-01 1.7E-09 1.1E-08 i

! P 33 1.1E -11 1.1E 10 . 2.4E-05 3.4E-13 2.2E-12 |
| CA45 2.3E - 11 -- 2.1E-10 4.8E-05 6.6E-13 4.4E-12 )

SC46 ' 1.2E-12 1.1E-11 2.4E-06 3.3E-14 2.2E-13 I
'

! CRS1' B.7F-08 7.9E-07 1.EE-01 2.5E-09 1.7E-C8
! COST 3.0E 11 2.7E-10 6.1E 05 8.4E-13 5 6E-121

i . CCSS '2.9E-11 2.6E-10 6.CE-05 8.4E-13 5.5E-12
FE59 7.3E-10 6.6E-09 1.5E-03 2.6E-11 1.4E-10 I.

1 'SE75' .1.2E 12 1.1E-11 2.5E-06 3.4E-14 2.3E -13 [
j k a886 6.BE-12 6.2E-11 i , 1.9E-13 1.3E-12.- -[
l $ TC99 6.BE-13 6.2E-12 1.4E-06 1.9E-14 1.3E-13 [

IN111 2.0E-12 1.8E-11 4.1E-06 5.6E-14 3.8E-13 i
j' i 131 5.8E-09 1.9E-07 4.3E-02 5.9E-10 3.9E-09 i
i !.125 2.1E 08 5.3E-03 1.2E-02 1.7E-to 't.1E-09 i
f CE141 4.8E-13 4.4E-12 1.0E 06 1.4E-14 9.2E-14 '[
j u 238 9.2E-11 8.4E-13 1.9E-04 2.6E-12 1.7E-11

[
| . i
| Blue Plains (Nin 1955) - Ci/m3' Ci/m3 Cl CI/m2 Ct/m2 f
j- H3 J2.6E-13 2.4E-05 5.4E+00 7.2E-08 4.9E-07 L
;. C 14 6. 3E -07 5.8E-06 1.3E+00 1.8E-08 1.2E-07. t

' kA22 9.8E-10 S.9E-09 2.0E-03 - 2.8E-11 1.9E-10 I
! P 32 1.5E-07 1.3E-06 3.0E-01 4.2E-09 2.8E-08 !
! C136 6.3E-11 5.SE-13 1.8E-12 1.2E-11 f

CA45 9,6E-12 8.8E-11 2.0E-05 2 EE-13 1.8E-12 b

CR$1 1.1E-07 1.0E-06 2.3E-01 3.2E-09 2.1E 08 'I
COST '8.0E-12 7.3E-11 1.7E-05 2.3E-13 1.5E-12 [
COSS 5.4E-12 4.9E-11 1.1E-05 1.6E-13 1.0E-12' ,

C060 6.1E-08 4.1E-03 1.9E-10 1.3E-07 !,

SE75 1.3E-09 1.1E-08 2.6E-03 3.6E-11 2,4E-10
1C99 1.1E-11 1.1E-10 2.3E-05 3.2E-13 2.1E-12

i 1 125 4.3E-08 3.9E-CT 8.9E-02 3.2E-09 8.2E-09
1 131 1.6F- 03 1.4E-07 3.3E-02 1.2E-10 3.0E-09 .. [
Cs137 8.0E-09 5.5E-04 2.5E-11 1.7E-1G I

| PS212 7.3E-07 5.0E-02 2.3E-09 1.5E-05 ;

TH228 1 6E-11 1.4E-13 3.2E-05 4.4E-13 3.0E-12 L
tl 238 - 1.SE-09 1.7E-10 3.8E-05 5.2E-13 3.5E-12 ,

f ta) Doses for Grand Island calcutetrd as a fraction (1/5) of the dose for fornaumfa
(b) Apply 1:10 ditutiors to drises to accout for non-dedicated landfitt

i

i
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Appendix A

1

|
'lbble A.19 Nource term for determinlule calculallons of dose based on theoretical diuhaq:es i

for carh brenario ;
,

Radio- Scennio wters
nuclida 1 2 3 4 5 6 8 9 to 11 1

3 3 3 3 3 3 3 3 3
Cl/m Cl/m El/m Cl/m Cl/m Cl/m Cl/m Cl/m Cl/m Cl/m I

I

H3 1.0E-03 2.1E-04 5. 0C+ 00 9.f E-07 4.5E+00 1.4E 03 2.9t-05 8.8E-08 1.6E-04 1.6t-04
C 14 3.0E 05 2,1E-04 1.0t+00 4.9E 07 7.5E-01 6.8E 04 5.8f-06 4.4E-06 7.8C 05 7.8[ 05
NA22 6.0E-OS 2.lt-04 1.0C+00 2.0E-06 5.0E-03 2.BI-03 5.BE-06 1.et-07 3.!E-04 3.1t-04
NA24 5.0E-05 2.lf 04 1.0E+00 2.00-06 5.0E-03 2.8E-03 5.8E-06 1 Bt-07 3.lE 04 3 lt-04
F 32 9.0E-06 2.1E-04 1.0E+00 2.0E-06 1.0E-01 2.BE-03 5,8E-06 1,BE 07 3.lE-04 3.1E 04

|

P 33 8.0E-05 2.1t 04 1.0E*00 2.0t-06 1.0E 01 2.8E+03 5.BE-06 1.8E-01 3. lE 04 ' 3.lE-04
5 35 1.0E-04 2.!E-04 1.0E+00 2.0E-06 1.0E-01 2.BC 03 5.BE 06 1.8E-07 3.1t 04 3 lt 04 1

! CL36 2.0E-05 2.lE-04 1.0E+00 2.0t-06 1.0E-02 2.et 03 5.8E-06 1.8E-07 3.1E 04 3,1f 04 '

CA45 2.0E 05 2.It-04 1.0E400 2.0E 06 5.0t-03 2.et-03 5 PE 06 1.8E-07 3.1E-04 3.lE-04
5C46 -1,0E-05 2.1E-04 1.0E+00 2.01-06 5.0E-03 2.8E-03 5.BE-06 1.BE 07 3.lt 04 3.lE 04 ;

CR51 5.0E-04 2.1E-04 -1.0E+00 2.0E-06 5.0E-03 2.8E-03 5.8t-06 1.8E-07 3.1E-04 3.1E-04
M54 3.0E-05 2.lE 04 1.0E+00 2.0E-06 5.0E-03 2.8E-03 5.8E 06 1.8E-07 3.10-04 3.!E 04
FE55 1.0E-04 2.1E-04 1.0C+00 2.0E-06 5.0E-03 2.8E-03 5.8E-06 1.BE-07 3.lt-04 3.1E 04
Ef59 1.0E-05 2.1[ 04 1.0E+00 2.0E-06 5.0E-03 2.8E-03 5.8E-06 1.BE-07 3 lE-04 3.10 04 i

.0057 6.0E-05 2.1E-04 1.0E400 2.0E-06 5.0t 03 2.8E-03 5.80-06 1.8E-07 3.1E 04 3.lE-04

C058 2.0E-05 2.1E-04 1.0E+00 2.0E-06 5.0E-03 2.BI-03 5.8E-06 1.8E 07 3.ll-04 3.1E-04
COBO 3.0E-06 2.lf-04 1.0[400 2.0E-06 5.0E-03 2.BE-03- 5.8E-06 1.8E-07 3.1E-04 3.1E-04
N159 3.0E-04 2.1E-04 1.0E+00 2.0E-06 5.0E-03 2.BE-03 5 BE-06 1.8E-07 3.1E-04 3.lE-04
N163 1.0E-04 2.1E-04 1.0E400 2.0E-06 5.0E-03 2.BC-03 5.8E-0S 1.BE-07 3.lf-04 3.1E-04
ZN65 5.0E 06 2.lE 04 1.0E+00 2.0E-06 5.0E-03 2.8t-03 5.8E 06 1.8E-07 3.1[ 04 3.1E-04

SE75 7.0E-06 2.1E-04 1. 0E+ 00 2.0E-06 5.0E-03 2.8t-03 5.8E 06 1.8E 07 3.lt-04 3.lE-04
SRB 9 8,0E-06 2,1[-04 1.0E+00 2.0E 06 5.00-03 2.BE-03 5.8E-06 1.8E-07 3.!E-04 3.lE-04
RB86 7.0E-06 2.lE 04 1.0E+00 2.0E-06 5.0E 03 2.8E 03 5.8t 06 1.8E-07 3.lE-04 3.lf-04
SR90 5.0E-07 2.lf-04 1.0E+00 2.0E-06 5.0E 03 2.8E-03 5.8E-06 1.BE 07 3.lf-04 3.lE-04
Y 90 7.0t 06 2.lE 04 1.0E+00 2.0E-06 5.0E 03 2.8E-03 5 8E-06 1.8E 07 3.1 E- 04 3.1E-04

2R95 2.0E-05 2.lE-04 1.0E+00 2.0E-06 5.0E-03 2.BE-03 5.8E-06 1.8E-07 3.lf-04 3.1E-04
N895 3,0E-0$ 2.1E-04 1.0E+00 2.0E-06 5.0E-03 2.8E-03 5.8[-06 1.8E-07 3.lt-04 3.1E-04
TC99M 1.0E-03 2.lE-04 1,0E+00 2.0E-06 1.0E-02 2.8E-03 5.BE-06 1.BE 07 3.1E 04 3.lt-04 r

1C99 6.0E-05 2.1E-04 1.0E+00 2.0E-06 1.0E 02 2.8E-03 5.8E-06 1.BC-07 3.lf-04 3.1E 04
RU106 3.0E 06 2.lE-04 1. 0E4 00 2.0E-06 1.0E-02 2.8E-03 5.8E-06 1.8E-07 3.1E-04 3 10-04

Ikill 6.0E-05 2.lE-04 1.0E+00 2.0E-06 5.0E-03 2.eE-03 5.8E-06 1.eE-07 3.lt-04 3.1E-04
1 125 2.0E 06- 2.lE-04- 1.0E+00 2.0E-06 1.0E-01 2.8C 03 5.8E-06 1.BE-07 3.1E-04 3.1t-04
58125 3.0E-05 2.1E-04 1.0E+00 2.0E-06 5.0E-03 2.8E 03 5.8E-06 1.8E-07 3.1E-04 3.1E-04
I 129 2.0E-07 2.1 E- 04 - 1.0E400 2.0E-06 1.0E-01 2.8E-03 5.BE-06 1.8C-07 3.1E 04 3.lE-04
! 131 1.0E-06 2.1E-04 1.0E+00- 2.0f-06 1.0E-01 2.BE 03 5.8E-06 1.BE-07 3.lE-04 3.lt-04

C5134 9.0E-07 2.1E-04 1.0E+00 2.0E-06 5.0E-03 2.8E-03 5.8E-06 1.8E-07 3.lE-04 3.1t-04
C5135 1,0E 05 2.lE-04 1.0E+00 2.0E-06 5.0E-03 2.8E-03 5.8E-06 1.8E-07 3.1E-04 3.1E-04
C5137 -1.0E-06 2.lf-04 1.0E400 2.0E-06 5.0E-03 2.8E 03 5.8E-06 1.8E-07 3.10-04 3.1[ 04

'

8A140- -8.0E-06 2. lt 04 - - 1.0E+00 - 2.0E-06 -5.0E-03 2.8t-03 -5.8[-06- 1.8E-07 3.lE 04 -3.1E-04
LA140 9.0t-06 2.1E-04 1.0E+00 2.0E-06 5.0E-03 2.8E-03 5.8E-06 1.8E-07 3.lt-04 3.lE-04 '

CE141 3.0E-05 2.lt 04 1.0E+00 2.0E-06 5.0E-03 2.8E-03 5.BE-06 1.8E-07 3.1[-04 3.!E-04
CE144 3.0E-06 2.lt-04 1.0E+00 2.0E-06 5.0E-03 2,8E-03 5.8E-06 1.8E-07 3.1E-04 3.lE-04
FR144 6.0E-04 2.ll-04 -1.0E+0D 2.0E-06 5.0t-03 -2.8E-03 5.8E-06 1.8E 07 3.1E-04- 3.1E-04
SM151- 2.0E-04 2.1E-04 1.0C+00 2.0E-06 5.0E-03 2.8E-03 5.8E-06 1,8E-07 3.lE-04 3.10-04
(U152 1.0E-05 2,lE-04 1.0E+00 2.0t-06 5.0E-03 2.8E-03 5.BE-06 1.8E-07 3.1E-04 3.1E-04

|

| A.51 NUREO/CR-$814
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Appendh A

; Talile A.19 (Continued)

Radio- Sceaafio nu%en ,,,

nuclide 1 2 3 4 5 6 8 9 10 11
3 3 3 3 3 3 3 3 3 3

Ct/m Cl/m Ct/m Ct/m C1/m Cl/m Cl/m Cl/m Cl/m Cl/m

(U154 7.0[ 06 2.1E-04 1.0[400 2.0t 06 5.0t-03 2.8t 03 5.80-06 1.8[-07 3.1[ 04 3.1t*04
1R192 1.0t-05 2.1[-04 1.0t+00 2.00-06 5.0E 03 2.pr-03 5.0E-06 1.80-07 3.It-04 3.1t 04
RA226 6.0t-08 2.1[-04 1.0t+00 2.0E 06 5.0t 03 2.8t 03 5.80 06 1.8t 07 3.1[-04 3.10-04

-RN222 0.0t+00 2.1t 04 1.0t+00 2.0t-06 5.0[ 03 2.80 03 5.Bt-06 1.et-07 3.1[-04 3.1[ 04
fB210 1.00+08 2.10-04 1.0E400 2.0[-06 5.0t-03 2.8t 03 5.Bt-06 1.et-07 3.lt-04 3.1[ 04

B1210 1.0[-05 2.1t*04 1.00+00 2.0t-06 5.ct-03 2.BC-03 5.8E-06 1.et-07 3.lt-04 3.1t-04
-P0210 4.0E 08 2.lt-04 1.0t+00 2.00-06 5.00-03 2.8t 03 5 B[-06 1.8[ 07 3.1t-04 3 1t 04

TH228 2.0t-07 2.lt-04 1.0r'00 2.00+06 5.0[-03 2.8t-03 5.8[ 06 1.BE 07 3.1t-04 3.lt 04
F8212 2.0t 06 2.lt 04 1. 0t + O 2.0t 06 5.0E-03 2.8t 03 5.8t-06 1.8t 07 3.10-04 3.lt-04
U 234 3.0t+07 2.lf-04 1.0t+00 2.00-06 5.0t 03 2.8[ 03 5.EE-06 1.8t 07 3.10-04 3.lf-04

,

U 235' 3.0E-07 2.1t+04 1. 0t+ 00 2.00-06 5.0[-03 2.B[-03 5.8t -0G 1.8t-07 3.1E 04 3.1t-04
hP237 2.0E 08 2.1t 04 1.0t+00 2.00-06 5.0E-03 2.8E-03 5.8t-06 1.6t 07 3.it-04 3.lt-04
V 233 3.0t 07 2.10 04 1.0l+00 2.00 06 5.0E 03 2.8[-03 5.Bt-06 1.B[ 07 3.lt-04 3.1[ 04
U 238 ~3.00-07 2.10-04 1.0t+00 2.0t+06 5.0E-03 2.8t 03 5.80-06 1.8t-07 3.1[-04 3.lt 04
PU238 2.0E-08 2.10- 04 1.0t+00 2.0t-06 5.00-03 2.!!-03 5,8t-06 1.BI-07 3.1[-04 3.1t 04

PU240 2.0t-08 2.lt+04 1.0[400 2.0t-06 5.0E-03 2.EE-03 5.Bt-06 1.8t-07 3.lt-04 3.1t-04
AM241 2.00-08 2.10-04 1. 0E+ 00 2.0t-06 5.0t-03 2.8t-03 5.$t 06 1.80-07 3.1[-04 3.II 04

-PU239 2.0t-08 -- 2 1t-04 1 Ot+00 2.0E-06 5.0E 03 2.80-03 5.8E-06 1.BC-07 3.10-04 3.lt 04

,

4
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Appendix A

'thble A.20 Cromet:7 or cascis stymring ontomind esternal dme factorsf

Scenario Scletted
parameter value Comments

No.1 1 S~ll' Sewer Splem inspector
Source geornetry Rectangular

slab
Source volume MXXXKl cc
Source length Micm
Source height 200 cm
Soutec thickness 50cm
Shield I water thickness 50cm Shield ! = source
Air shicid thkkness 1(X) cm

Operator distance 1(X)om 1 m from
source

No. 2. STP Sludge Process operator
Source geometry infinite slab
Source dimension 1(X) cm

Concrete shield thickness 1(4) cm
Air shicid thkkness 2(X) cm

Operator distance 200 cm 2 m from source
front (*)

No. 6. Incineraioi .'sh Disposal 1 ruck Driver
Source geometry Rectangular

slab
OSource volume 60(KXXX)cc 51on Iruck ')

Source length 2(K)

Source height 100 cm
Source thickness- 3(X)cm
Shield I concrete thickness 300 cm
Shield 2 fron thickness 0.5cm
Shield 3 air thickness 5cm
Shield 4 f ron thickness 0.5cm
Shield 5 air thickness 94 cm
Operator dhtance 100 cm 1 m from source

front (')

(a) With a 1 m source thickness, operator distance is 2 m from source front
and 3 m from farthest surface of source.

(b) From NUREO/CR 3585, p.310 (NRC,1984).
(c) With a 3 m source thickness, operator distance is 1 m from front surface

of source and 4 m from farthest surface of the source.

|

| A.53 NUREG/CR 5814
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Appendix A

Table A.21 Mmlified dow factor library med in Scenarlos No.1,2, and 6
(Stmer lnyntor, STI' Worker, and Ash 'lrut k Trungert Driver)

. _

8tTIFIED Estemal Dor.e f actors f or E.Iall sv/yr per kg/m3 (8 Aug-90)
Air Water soit $1PWqa A$HIg3SEWIa lut

0.15 m 0.5 m 1.0tskimersim surf ace surface
al L *m3* m3 m3 etl -

H3 1.95E 16 2.86E 16 1.04E 20 6.56E 21 0.00E+00 1.18E 19
BE7 1.01E 07 1.39E 07 5.39E 11 5.77E 11 1.87E - 12 1.24t*11

- BE10 4.21E 10 5.E2C 10 1.30E 13 1.27E 13 1.29E 15 5.99E 14
C 14 1.41E-11 2.02E 11 2.23E 15 2.10E 15 3.3?t 19 2.70E 15
W 13 1.93E-06 2.66E 06 1.03E-09 1.iit 09 3.5BE 11 2.37E 10

F 18 1.87E 06 2.58E 06 1.00E 09 1.07E-09 3.47E 11 2.30E+10
NA22 3.89E 06 4.99E 06 2.11E 09 2 34E 09 1.20E 10 6.75E 10
hA24 8.0BE 06 1.00E 05 4. 07E - 09 5.06E-09 4.07E 10 1.95E 09
5131 6.17E 09 8.26E 09 2.09E 12 3.05E 12 1.10E 13 9.3BE 13
P 32 6.32E 09 8.71E 07 2.89E 12 2.98E 12 7.59E-14 8.49E 13

P 33 4.90E 11 6.96E 11 1.01E-14 9.64E ib 2.18E 17 8.63E 15
S 35 1.63E 11 2.34E 11 2,67E 15 2.53E 15 5.49E 19 3.05E 15

CC36 7.52E 10 1.05E 09 2.57E 13 2.55E 13 3.35E-15 1.0'E 13
L 40 2.86E-07 3.87E 07 1.53E-10 1.79E 10 1.27E 11 7.10E-11
AR39 4.22E 10 5.89E 10 1.31E 13 1.28E 13 1.32E iS 5.98E 14

AR41 2.14E 06 2.58E-06 1.17E 09 1.34E-09 8.71E 11 4.5BE-10
CA41 2.65E 10 3.89E 10 1.41E-14 8.92E-15 0.00E+00 1.601 13
CA45 5.11E 11 7.26E-11 1.07E 14 1.02E 14 2.52E-17 8.9BE 15

i SC46 3.62E 06 4.42E 06 1.96E 09 2.20E 09 1.33E 10 7.30E 10
CR51 6.43E 08 8.84E 08 3.47E-11 3.61t 11 1.07E 12 8,14E 12

M54 1.46E 06 1.8?E 06 7.85E 10 8.60E 10 4.56E 11 2.70f 10
MN56 3.22E 06 3.93E 06 1.69E 09 1,9BE 09 1.33E 10 6.65E 10 I

f f.55 6. 07E - 10 8.90E 10 3.23E-14 2.04E 14 0.00E+00 3.67E 13 ,

FE59 1.92E 06 2.32E-06 1.08E 09 1.23E 09 7.51E 11 3.98E 10 |
C057 1.79E 07 2.45E-07 7.48E 11 7.34E 11 9.52C i3 2.2BE-11

|

C058 4 . 77E -06 2.25E-06 9.50E 10 1.04E 09 5.18E 11 3.10E-10 |
C060 . 31E-06 5.19E 06 2.35E 09 2.69E 09 1.75E-10 9.22E 10 .

N159 7.37E 10 9.08E 09 3.92E-14 2 AnE 14 - 0.00E400 446E 13
N!63 6.50E 13 9. 47E - 13 5.65E 17 4.96E 17 1.66E 25 1.94E 16
N165 1.02t 06 1.32E 06 5.46E 10 6.32E-10 4.29E 11 2.36E 10

CU64 3.5 7E -07 4.91E 07 1.91E 10 2.0$E 10 6.84E 12 4.50E 11
2k65 1.12E 06 1.36E 06 6.12E 10 6.9BE 10 4.50E 11 2.38E 10
ZN69M 9.18E 07 1.27E 06 -4.91E 10 5.25E 10 1.70E-11 1.13E 10
Zh69 1.34E 09 1.86E 09 4./BE 13 4.9BE 13 8.15E 15 1.80E 13
CA72 5.10E 06 6.31E 06 2.67E 09 3.14E 09 2.15E 10 1.08E 09

A576 8.600 U7 1.21E 06 4.83E 10 5.29E 10 2.62E 11 1.61E 10
SE TS 6.05E-07 8.29E 07 2.90E 10 2.94E 10 6.54E 12 7.$0E 11
SE 79 1.05E 11 1.50E 11 -1.$9E-15 1.50E 15 1,86E 19 2.06E 15

BRB2 4.81E-06 6.39E 06 2.67E -09 2.95E-09 1.56E - 10 9.27E 10
'

BR83 1.49E 08 2.06E 08 7.77E 12 8.28E-12 2.60E-13 1.05E 12

NUREG/CR-5814 A34
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Tutde A.2I (continimi)

KntLLitn intured tw> t w *nn ihr ttML.7alwr napa Inntm
Air Water Soit

0.15'm)"I ASHIg5$1WIRMAlki
$1P WI W$dmereiori turf ace surface 0.5 m 1.0m

aal" m3 m3 m3m3 E

KR83M 5.16E 10 7.57E 10 2.90E 14 1.91e-14 2.29E 36 3. Lit 13
BR84 3.30E 06 3.97E 06 1.71E 09 2.11E 09 1.55E 10 7.19E-10
KR85M 2.30E 07 3.15E 07 1.0BC 10 1.09t 10 2.23E 12 2.84E 11
KR85 4.84E 09 6.69t-09 2.46E 12 2.61E-1* 6.06E 14 6.05E 13
KR87 1.66E 06 2.0BE 06 8.53E-10 1.01E 09 6.49E 11 3.23C 10

RB87 4,51E+11 7.81t 11 1.19E 14 1.14t 14 3.32E 17 9.57E 15

(R88 3.63E 06 4.63E 06 1. B6E - 09 2.27E 09 1.73E 10 8.24E 10
RBB8 1.3?E 06 1.61E 06 6.86E 10 8.30E 10 6. NE 11 2.86E 10
KR89 3.45E 06 4.34E*06 1.82E 09 2.17E 09 1.48E 10 7.35E-10
RB89 3.73E 06 4.53E 06 2.02E 09 2.38E 09 1.62E M b.04t 10

$RB9 4.77E 09 6.55E 09 2.09E 12 2.15E+12 5.51E-14 6.61E 13
kR90 2.38E 06 3.04E 06 1.2?E+0' 1 45E D9 8.89E-11 4.84E 10
RB90% 6.06E 06 7.33E 06 3.12E 09 3.84E 09 2.85E-10 1.33E 09
RB90 3.61E 06 4.22E 06 1.83E 09 2.37E 09 1.88E 10 6.0?F 10
$R90 - 3.51E 10 4.93E 10 1.06E 13 1.04E 13 1.01E 15 5.03E 14

Y 90 1.2TE 08 1.74E 08 5.92E 12 6.16E 12 1.83f 13 1.80E 12
$R87M 5.34E 07 7.34E-07 2.90E 10 3.03C 40 8.92C-12 6.5BE 11
RBB6 1,59E 07 1.93E-07 9.13t 11 1.03E 10 5.84E 12 3.15E-11
SRB 5 9.62E 07 1.33C 06 5.14E 10 5.50E 10 1.78E-11 1.19E+10
SR91_ 1.17E 06 1.53E 06 6.67E 10 7.42E 10 3.89E 11 2.24L 10

Y 91M 1.10E-06 1.63E 06 6.29E 10 6.74E 10 2.66E 11 1.93E 10
Y 91 1.13E 08 1.45E 08 ' 5.64E 12 6.19E 12 3.14E 13 2.04E 12
sR92 2.57E 06 3.45E 06 1.38E 09 1.61E 09 1.12E 10 6.28C-10
Y 92 5.09E 07 6.51E 07 2.83E 10 3.21E 10 1.88E 11 1.04E 10
Y 93 1.82E 07 2.33E 07 9.59E 11 1.1of 10 6.57E 12 3. 60E - 11

M093 1.42E+09 2.00E 09 7.54E-14 4.77E 14 0.00E+00 8.57E 13
ZR93 4.83E 13 7.06E 13 3.97E 17 3.43E 17 3.06E 26 1.53E 16
NB93M 2.94E 10 4.31E 10 1.56E 14 9.89E*15 0.00E+00 1.186 13
2R95 1.31E 06 1.76E-06 7.23E 10 7.86E 10 1.B4E 11 ? %f-10
hB95M = 1.01E 07 1.39E-07 4.91E 11 4.94E 11 ..)TE-12 1.29E 11

<

NB95 1.46E 06 1.82E 06 7.84E 10 8.59E-10 4.55E 11 2.69E-10
2R97 3.41E 07 4.42E-07 1.84t*10 2.06E 10 1.14E 11 6.44E 11
NB97M 1.13E 06 1.68E 06 6.4BE*10 6.94E 10 2.95E 11 1.99E 10 ,

hB97 1.17E 06 1.72C 06 6.69E 10 7.18E-10 3.0BE 11 2.06E-10-
NB94 2.62E 06 3.54E 06 1.45E-09 1.57E 09 7.57E 11 4.73E-10

M099 2.45E 07 3.49E 07 1.36E-10 1.46E 10 6.30E 12 4.27E 11
1C99M 1.63E 07 2.22E 07 6.81E 11 6.6SE 11 8.33E 13 2.02E 11
TC99 6.61E 11 9.35E 11 1.50E " 44t*14 4.94E 17 1.1?E 14

-TC101 6.97E 07 9.62E 07 3.78E 10 J.96E+10 1.20E-11 8.80E 11
RU103 9.40E-07 1.30E 06 5.05E 10 5.41E"10 1.80E 11 1.19E-10

P0103 . 1.12E 08 1.64E 08 9.37E 13 8.71E 13 3.34E 15 2.t"E 12 ,

RH103M 1.32E 09 1.93E+09 9.91E-14 8.96E 14 3.itE-36 2.69E 13
RU105 1.40E-06 2.00E 06 7.75E*10 8.?M 10 3.30E 11 2.25E 10
RH105 1.59E 07 2.19E 07 8.63E 11 9.02E 11 2.65E-12 1.96E 11
RU106 4.15E*07 5. 77E -07 2.27E 10 2.45E 10 1.00E - t i 6.44E 11

A.55 NUREG/CR-214
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Tulde A.21 (Continued)

-

KnjnELLiterrui. Omr* f e'et f e f4It h/yr mt Agla3_l&AteM
Air L'et er $oll 5fDWy*I ASH 1 g S SEWik MAlkt

0.15 m 0.5 a 1.De Mkier'rsIm Surf oct- Surfoce
al E "m3' m3 m3 mi

___

P0107 2.20E-14 3.23E 14 1.24E 18 8.44E 19 0.00t+00 1.21E 17
P0109 1.14E 08 1.64E 08 2.89E-12 2.87E 12 3. 75 E- 14 1.79E 12
AG110M 4.91E 06 6.60E 06 2.71E 09 3.^ E 09 1.618-10 0.70E 10
AG111 5.07E 08 6.97E 08 2.70E 11 2.81E 11 8.05E 13 6.28E 12
CD109 1.E E 08 1.52E 08 7.81E 13 7.14E 13 0.00E400 1.89E 12

c0113M 4.10E 10 5.72E 10 1.28E 13 1.26E 13 1.33E 15 -5.79E*14
'CDii5M 4.47E 08 5.51E 06 2.47E 11 2.77E 11 1.55E 12 8.65E 12

CD'.15 3.78E 07 5.22E-07 2.01E 10 2.15E 10 6.89E 12 4.65E 11
IN115M 3.0?f 07 4.25E 07 1.65E 10 1.73E 10 5.07E 12 3.83E 11
IN111 5.53E-07 7.57E 07 2.53E 10 2.53E-10 4.83E-12 6.87E 11

lN114M 2.07E 07 3.01E 07 1.10E 10 1.17E 10 4.5BE 12 3.4'<E 11
$N113 1.93E 08 2.75E 08 4.63E 12 4.59E 12 8.23E 14 3.06t 12
IN113M 4.25E 07 5.85E-07 2.09E 10 2.40E-10 7.04E 12 ".25E 11
$N117M 1.72E 07 2.36E 07 6.85E 11 6.71E 11 8.28E 13 2.18E 11
$N119M 7.15E 09 1.05E 08 5.36E 13 4.88E 13 6.19E 20 1.37E 12i

$N121M 0.00E * 00 0.00E+00 0.00E*00 0.00E+00 0.00E + 00 0.00E + 00
$N121 0.00E400 0.00E+00 0.00E+00 0.00E*00 0. asr. 00 0.00E+00
SN123 1.48E 08 1.85E 08 7.98E*12 8.88E 12 4.52E 13 2.72E 12
$N125 5.49E 07 6.72E 07 3.05E+10 3.49E 10 2.08E 11 1.10E 10
58125 8.41E-07 1.2DE 06 4.60E 10 4.92E 10 1.83E 11 1.26E 10

,

it125M 2.390 08 3.46E-08 2.62E 12 2.45E 12 2.65E-15 4.00E 12
$N126 4.62E 08 6.54E 08 1.55E 11 1.50E 11 1.2BE-14 6.31E-12
$B126M 2.90E 06 4.20E 06 1.63E 09 1.75E 09 7.03E 11 4.690 10
58126 4.fa 06 7.02E-06 2.75E 09 2.06E 09 1.25E 10 8.23E 10
58122 8.97E -07 1.32E 06 5.12E-10 5.51E 10 2.38E-11 1.59E 10

58124 3.58E 06 4,73E Ou 1.92E-09 2.19E 09.1.33E 10 7.28E-10
5B127 1.20E 06 1.6BE 06 6.62E-10 7.1?E 10 2.93E 11 1.93E 10
'E127M 7.52E 09 1.09E 08 8.46E 13 7.99E 13 3.47E 15 1.30E 12
TE127 1.15E 08 1.56E 08 5.89E 12 6.27E-12 1.96E 13 1.40E 12
$8129 2.59E-06 3.26E 06 1.42E 09 1.59E 09 8.84t 1. 4.93E 10

TE129H 5.88E 00 8.69E 08 3.10E 11 3.31E 11 1.37E-12 1.03E-11
IE129 -1.11E 07 1.52E-07 5.82E-11 6.25E 11 2.24E-12 1.53E 11
1 129 1.55E 08 2.25E-08 1.65E 12 1.55E 12 2.07E -19 2.5 /E - 12
TE123M 1.63E 07 2.23E 07 6.52E 11 6.40E-11 7.86E 13 2.05E 11
TE131M ~2.61E 06 3.29E 06 1.41E 09 1.56f 09 8.62E 11 4.93E 10

TE131 7.33E-07 9. 73E -07 3.87F 10 4.20E 10 1,80E-11 1.18E 10

1 131 6.68E 07 9.31E 07 3.64E 10 ? 82f 10 1. ME - 11 8.79E 11
XE131M 1,39E-08 1.99E 08 2.51E-12 2.41E-17 1.83E 14 2.21E 12

TE132 3.75E 07 5.15E-07 1.76E 10 1.77E 10 3.77E 12 4.67911
1 132 4.16E-06 5.59E-06 2.30E 09 2.54E 09 1.29E 10 7.76E 10

NUREG/CR-5811 A.56
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|MlLLEEL.Lsitttud hw.r Iw tnt L t n t- tJ kLLkJn#Uvym\ tPLAtu-001

AbH1RgN$ bib 4RMAltiAir Water Soll IIPbhp8)0.5mi ) 1.(Wi (')0.15 e$dismersitti $ urin (c $ur f sw e
al t %P m3 m3 m1

TE133M 4.0SE 06 5.14E 06 ?.27E 09 2.56E 09 1.43E 10 7.91E 10
1E133 1.79E D6 2.33E-06 9.74E 10 1.08E 09 5.29E 11 3.05E 10
1 133 1.U9E 06 1.48E 06 5.681 10 6.34E 10 2.39E 11 1.51E 10
XE133M 5.17E 08 7.17E ES 2.11E 11 2.11E 11 4. 3 7E 13 6.87E 12
RE133 4.28E 08 6.06E-00 1.31E 11 1.26E 11 1. 09E - 14 5.6! -12

1E134 1.58E 06 2.16E-06 8.45E 10 9.04E 10 3.E9E 11 2.51E 10
1 134 4.67E 06 5.91E 06 2.52E 09 2.81E 09 1.5$E 10 B.84E 10
xt122 1.96E-06 2.72E 06 1.05E 09 1.13E 09 4.04E 11 2.(4E 10
*E125 3.56E 07 4.80E 07 1.65E-10 1.71E-10 5.00E-1i 4.93E 11
1 125 2.78E 08 4.05E 0B 2.841-12 2.65f 12 1.44E 33 4.68E 12

CS134M 3.37E 08 4.66E 08 1.14E 11 1.11E 11 1.21E 13 4.46E 12
C5134 2.93E 06 3.99E 06 1.6?E 09 1. 7 7E - 09 8.56l-11 5.34E 10
1 130 3.74t D6 5.33E-06 2. 0 /E - 09 2.25E 09 9.22t 11 6.00E 10
1 135 2.89E 06 3.56E 06 1.55E 09 1.79E 09 1.18E 10 6.16E 10
XE135M i.86E-07 1.09E 06 4.19E 10 4.49E-10 1.45E 11 v.67E 11

KE135 4.02t 07 5.55E 07 1.99E 10 2.02E 10 4.85E-12 5.14E 11
ts135 2.36E 11 3.36E 11 4.3?E 15 4.11E+15 3.49E 18 4.19E 15
kE137 4.34E 07 5.87E 07 2.20E-10 2.51E 10 1.04t 11 6.42E 11
Cs137 9.84E 07 1.ct;E 06 5.63E 10 6.04t 10 2.56E 11 1.73E 10

*E138 . 21E 06 2.73E-06 1.13E 09 1.34E D9 9.04E 11 4.50E 10

C5138 . 49E 06 5.78E 06 2.3SE 09 2.80E 09 1.91E 10 1.n0E 09
C$139 .98E 07 7.4BE 07 3.15E 10 3.71E 10 2.57E 11 1.3.. 10

'.45E-08 7.39E 08 2.42E-11 2.50E 11 7.58E 13 0.09E 12BA139 i

BA140 3.45E 07 4.76E 07 32E-10 1.94f 10 6.11E 12 4.2 7E - 11
EA140 4.0$E-06 5. 3 7E - 06 2.17E-09 ?.49E 09 1.58E iO 8.87E - 10

.

t5136 3.72E D6 4.6?E 06 2.05E 09 2. 2 7E - 09 1.21E 10 6.95E-10
E'141 1.55E-06 2.06E 06 6.26E 10 9.06E-10 4.34E 11 2. 67E - 10
t s ' '.1 9.77E-03 1.3DE 07 5.10E-11 5.89E 11 3.94E 12 2.24E 11
CE1.$ 9.44E 08 1.?9E 07 3.80E 11 3.72E 11 4.53E 13 1.17E 11
BA142 1.5BE-06 1.9BE 06 8.65E-10 9.67E-10 5.32E 11 3.02E-10

EA142 5.20E-06 6.40E 06 2.69E-09 3.30E 09 2.45E 10 1.15l 09
CE143 4,05E 07 5.6Br 07 2.04E 10 2.1 ?E - 10 6.90E 12 5.D8E 11
PR143 1.34E 09 1.B6E 09 5.01E 13 5.01E 13 8.21E 15 1.EDE 13
JE144 2.42E 08 3.32E 0B 9.24E 12 9.05E-12 1.01E 13 3.04E 1?
PR144M 1.03E 08 1.4t4 03 1.59E 12 1.51E 12 3.65E 21 1.51E 1?

PR144 0.01E 08 1,06E 07 4.16E 11 4. 77E - 11 2.83E 12 1.?8E 11
PR142 1.08E-07 1.4 7E 07 5.74E-11 6.64E 11 4.53E-12 2.59E 11
hD147 2.19E-07 3.04E 07 1.09E 10 1.14E 10 3.35E 12 2.79E il
FM147 3.67E - 11 5.19E 11 8.15E-15 7.83E 15 3.45E - 17 6.29E-15
$M147 0. 00E +00 0.00E*00 0.000+00 0.00f +00 0.00E400 0.00E+00

PM14LM 3.75E 06 5.35E 06 2.14E 09 2.31E 09 1.02E 10 6.57E 10
PM148 1.09E-06 1.4BE 06 6.03E-10 6.85E 10 4.1BE 11 2.40E 10
PM149 1.92E -0B 2.65E-08 9.53E-12 9.79E 12 2.81E-13 2.66E 12
PM151 5.84E 07 8.07E 07 3.0$E-10 3.211 10 1. 06E - 11 8.14E 11
'M151 B.C4E 12 1.1BE 11 5.78E-16 4.93E 16 8.17E 24 2.51E-15
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Tulde A.21 (Continued)

_

gnir irn r u eermi ne r u em #e ra nLmfgpg t er.. o m.om
Air Water soit $fPWEga)ASHIggN$$EWERKjiki$dmerslm surf ace E.urface 0.15 m 0.5 m 1.[hn
m3 L a 3" m3 m3 m3n

SM153 8.38E-08 1.16t 07 2.88E 11 2.83E 11 3.18E-13 1.06E 11
EU152M 5.53E 07 6.89E 07 3.01E 10 3.35E 10 1.02E-11 1.03E-10
EU152 2.07E 06 2.66E 06 1.12E 09 1.26E 09 7.24E 11 4.16E 10
EU154 2.12E 06 2.69E D6 1.16E 09 1.30E 09 7.16E-11 4.1BE 10
EU1$$ 7,19E 08 9.96E 08 2.68E 11 2.62E*11 2. .E 13 9.13E-12

EU156 2.4SE 06 3.0$E 06 1.33E 09 1.56E 09 1.04E 10 5.27r-10
C0153 - 1.22E 07 1.70E 07 3.82E 11 3.72E 11 2.35E 13 1.5BE 11
C0159 6.62E 08 9.13E 08 3.32E 11 3.45E 11 9.67E 13 8.24E 12
18160 1. 84 E - 06 2.27E-06 1.01E-09 1.13E 09 6.35E-11 3.57E 10
18161 2.01t OS 2.B4E*08 4.43E-12 4.26E 12 1.12E-15 2.75E 12

07165 4.08E 08 5.87E 08 2.06t-11 '.16E 11 7.40E 13 6.27E 12
HQ16f.M 2.69E-06 3.62E 06- 1.45t+09 1.56E 09 7.00E 11 4.57E 10
H0166 5.08E-08 6.85E-08 2.43E 11 2.75E 11 1.65E 12 1.07E 11
ER169 1.04E 10 1.47E 10 2.54f 14 2.44E 14 1.20E 16 1.82E*14
E R171 6.63E 07 9.08E 07 3.39E-10 3.52E 10 9.79E 12 8.38E 11

TA182 2.2SE D6 2. 78E - 06 1.23E 09 1.39E-09 8.72E 11 4.74E-10
W 101 3.30: 08 4.61E-G8 8.23E 12 7.92E 12 1.36E t$ 4.47E 12
W 185 2.*4E+10 3.00E 10 6.37t 14 6.20t 14 5.21E 16 3.16E*14
W 187 8.43E 07 1.20E D6 4.62E 10 4.95E 10 1.96E 11 1.34E 10
RE187 0.00E+00 0.0DE+00 0. 00E + 00 0.00E+00 0.00E+00 0.00E400

0$185 1.20E 06 1.74E 06 6.69E-10 7.18E 10 3.11E-11 2.11E-10
0s191 7.98E OS 1.10E-07 2.94E 11 2.87E 11 2.43E 13 1.04E 11
IR192 1.60E 06 2.225 06 8.60E-10 9.06E 10 2.87E 11 2.08E 10
HC203 3.19E 07 4.37E 07 1.54E 10 1.5$E 10 3.28E 12 3.94E 11
TH230 5.11E-10 7.22E-10 1.22E 13 1.15E 13 6.46E-16 1.51E 13
RA226 6.55E 09 8.94E 09 2.72E 12 2.67E 12 3.16E 14 8.15E*13
RN222 3.?BE 06 4.23C 06 1.75E 09 2.00E 09 1.22E 10 6.63E-10
08210 2.16E 09 3.08E - 09 3.10E 13 2.89E 13 9.37E 24 5.31E 13
B1210 2.13E 09 2.95E 09 8.49E-13 8.57E 13 1.65E 14 2.85E 13
P0210 1.55E 11 -1.93E-11 8.31E 15 9.11E-15 4.83E 16 2.85E 15

u 232 4.89E 10 6.96E 10 9.26E-14 .8.56E 14 6.81E 16 1.85E 13
TH232 .3.49E 10 4. 97E - 10 6.35E 14 5.B6E 14 3.93E 16 1.30E 13
RA228 5.40E 14 7.92E-14 3.23E 18 2.38E 18 0.00E+00 2.60E 17
AC228 1.70E 06 2.13E 06 9.50E-10 1.07E 09 5.96E-11 3.32E-10
TH228 2.51E 09 3. 49E - 09 1.01E-12 9.9BE-13 1.27E 14 4.12E 13

RA224 1.72E-08 2.36E 08 8.41E 12 8.51E 12 1.89E 13 2.12E 12
PB212 2.26E 07 3.10E 07 1.08E 10 1.09E-10 2.27E 12 2.81E 11
81212 2.79E 06 3.48506 1. 42E - 09 1.73E 09 1.28E-10 6.12E-10
U 234 3.S(E 10 5.11t 10 5.62E-14 5.07E 14 3. 75E -16 1.53E 13
U 236 2.75E 10 3.99E-10 2.92E 14 2.43E 14 3.44E 19 1.38E-13

0 235 1. 67E -07 2.28E 07 7.12E 11 7.01E-11 9.52E 13 2.09E 11
TH231 1.43E 08 2.02E-08 4.37E 12 4.2?E 12 - 1.64E 14 2.66E-12
PA231 5.54E-03 7.63E OS 2.78i 11 2.88E-11 7.75E-13 7.34E 12
AC227 2.05E-10 2.82E 10 7.65E 14 7.45E 14 9.18E-16 3.76E 14,

| TH227 1. 68E -07 2.30E 07 8.18E-11 8.32E-11 1.91E-12 2.11E 11
l

i
g

,

NUREG!CR-SSl4 A5S

|
1

- - . - .. - - . - _ - - . _ _ - _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



m

|

Appendh A

Table A.21 (Continued)

W VtEn intrrrs| hrwe E w t nt t 4nt f.f.gMgfyr re.r Rntg1 th L w o(11 j

Alt Water Soil Sir WK ASHTRgNSSEWLRMAlki
| Edmersion surf ace surface 0.15 m "I 0.5 e( ) 1.0m I')

m3 E *mP m3 mi m3

|
FR223 6.96E-08 9.55E 08 2.91E - 11 2.9AE li 6.81E 13 9.40E 12
RA223 4.88E 07 6.65E 07 2.4BE-10 2.56i 10 7.55E 12 6.40E-11
U 237 2.0SE-07 2.85E-07 9.08E 11 9.04E 11 1.51E 12 2.65E 11
Np237 2.45E-08 3.44E 08 8.75E 12 8.50E 12 4.54E 14 3.81E 12
t'A233 3.98E 07 5.47E 07 2.10E-10 7 18r 10 6.01E 12 4.95E 11

U 233 4.17E 10 5.77E-10 1.44E 13 1.39E-13 1.70E 15 9.19E-14
TH229 1.01E 07 1.39E 07 4.10E-11 4.02E 11 4.03E-13 1.34E 11
RA225 1.30E 08 1.83C 08 2.20E 12 2.11E 12 9.12E 17 1.86E 12
AE225 4.49E 07 6.15E-07 2.34E 10 2.52E 10 9.34E-12 6.43E 11
U 238 2.43E+10 3.$3E 10 2.56E 14 7.14E 14 3.00E 19 1.22E 13

TH234 3.87E 08 5.01E-08 1.94E 11 2.10E 11 8.84E 13 6.57E 12
PA234 3.44t 06 4.45E 06 1.89E-09 2.0?E 09 1.10E 10 6.49E 10
PU236 3.25E 10 4.74E-10 2.81E 14 2.21E-14 2.54E 19 1. 75 E - 13

PU237 6.98E-08 9.55E 08 2.85E 11 2.79E 11 2.94E 13 9.17E-12
AM242H 1.03E 09 1.48E 09 1. 74E -13 1.59E 13 1.54E-15 4.42E 13

AM242 2.03E 08 2.78E 08 8.18E-12 E.00E-12 8.55E 14 2.84E-12
CM242 2.67E 10 3.90E'10 1.76E 14 1.26t+14 1.72E 21 1.53r.13
PU242 2.18E-10 3.18E 10 1.55E 14 1.15E 14 1.97E 21 1.22E 13
Nr238 9.55E-07 1.15E 06 5,52E-10 6.27E * 10 3.58E.11 1.91E 10
PU$38 2.72E 10 3.97E 10 1 S7E 14 1.36E-14 2.10E 21 1.53E 13

CH244 2.35E-10 3.44E 10 1.51E 14 1.06E 14 1.76E 21 1.36E-13
Pbl44 1.82E 10 2.66E 10 1.10E 14 7.63t 15 6.53E 26 1.05F 13
U 240 6.45E 07 9.10E-07 3.62E 10 3.95E 10 1.89E 11 1.20E 10
PU240 2.62E 10 3.S3E-10 1.86E 14 1.38E 14 2.33E 21 1.46E-13
CM245 9.58E-08 1.31E 07 3.95E-11 3.87E 11 4.31E 13 1.25E 11

PU241 6.50E 16 9.54E 16 3,46E ?0 2.19E 20 0.00E+00 3.93E 19
AM241 1.BTE-08 2.63E 08 4.24E 12 4.066 12 2.15E 18 2.86E 12
CM246 2.09E 10 3.05E 10 1.24E 14 8.49F 15 6.38E 26 1.21E-13
CM247 7.37E 07 1.02E 06 3.92E+10 4.19E 10 1.34E 11 9.07E 11
CM243 1.92E 07 2.62E 07 8.75E 11 8.73E 11 1.BE 12 2.42E-11

PU243 2.40E 08 3.36E OS 9.85E 12 9.74E 12 8.74E 14 3.17E-12
.AM243 4.7aE 08 6.55E-08 1.56E*11 1.51E-11 9.23E 15 6.37E 12

NP239 2.62E 07 3.58E 07 1.20E 10 1.20E 10 2.19E 12 3.29E-11
PU239 1.82E 10 2.58E 10 4.14E-14 3.89E 14 4.45E 16 6.81E 14
CM248 1.69E-10 2.47E 10 1.13E 14 8.16E 15 1.17E 21 9.62E-14

CF252 1.71E-10 2.50E 10 1.26E 14 9.41f-15 8.31E 20 9.6cE-14

ta) Dose factors for scenario 2f STP Studge Process Operator, are given under
the heading of 0.15 to burial depth.

(b) Dose f actors for Scenario 6, Incinerator Ash Disposal Truck Driver, are
given under.the heading of 0.5 m burial depth.

(c) Dose f actor * for Scenario 1, Sewer System inspector, are given under the
heading of 1.0 m burial depth.

|
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A iliendix 11 |t

Results of Deterniinistic Dose Calculations

This appendix presents detailed results of the a post processing step and is shown in Tables B.6
calculations described in Appendix A._ Potential through B.16 under the heading of ' Fraction Re.i

t
_

doses from the case histories described in Sec. maining * Blank spaces indicate that either no
tion 2 are given in Tables B.1 through B.$. Polen. data are available or the pathway did not apply to
tial doses from theoretical discharges of radio. the given scenario.
nuclides are presented for each scenario in Taples
B.6 through B.16. Decay of the source term, from A tht of the tables and their page locations is
the time contaminants enter the sewer system un. provided so the reader can turn directly to the
til exposure occurs,is calculated and applied in table (s) of inte; cst.

Tables
v

Ng Ti.ile l'agt *

B.1 PotentLt doses from contamination at Tonawanda . 11, 3. . ... . . ... ..

11.2 Potentihi dotes from contamination at Grand bland 11.4.... ... .. ... ..

B3 Polen sal doses from contamination at Royersford . . . . B.5. .. . .. ....

!!A Potential doses from contamination at Oak Ridge . . . 13. 8... ....,.. ......

- B.5a Potential doses from contamination at Blue Plains . . B.9... . . .......... .

B.$b Potential doses from contamination at illue plains , . B.12. , , . . . . .... . .

13. 6 Deterministic doses calculated for 85coretical
discharges for Scenario No.1 - $1T Sewer System
inspector . . .

. ... ........ . ... . . . 11.1 5,

L
B7 Deterministic doses calculated for theoretical

discharges for Scenario No. 2 STP Operator . B 17... ,,.. . . . .... ..

B.8 Deterministic doses calculated for ll.coretical
dise! :es for Scenario No. 3 STP Liquid
Effluent . . . B.19........ .. ... ,,, ,,.. ,. . .. . .. .

;
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lubles (l'onthmed)

195 'Iitle }'pge

11.9 Deterministic doses calculated for theoretical
dischanges for Scenario No. 4 Sludge
tricinerator Operator B.21. . . . ...

B.10 Deterministic doses calculated for theoreticed
discharges for Scenario No. 5 - Sludge
incinerator Einuent . B 23. . . . . .. . . ..

B.ll Deterministic doses calculated for theoretical
discharges for Scenario No. 6 Incinerator
Ash Disposal Truck Driver . B.25. .. . ... . . .

11.1 2 Deterministic doses calculated for theoretical
discharges for Scenario No. 7 - Sludge
Agricultural Soil Application 11.2 7.. . , ,

B.13 Deterministic doses calculated for theoretical
discharges for Scenario No. 8 Sludge
Non. Agricultural Soil Application . Df9

13.1 4 Deterministic doses calculated for theoretical
discharges for Scenario No. 4 - L2indfill
Operator B.31. .. . . , .

B.15 Deterministic doses calculated for theoretical
discharges for Scenario No.10 - Landhll
intrusion and Construction B.33

13.1 6 Deterministic doses calculated for theoretical
discharget for Scenario No.11 - Landfill

-

Intrusion and Residence B.34. ..... . , .
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Table 11.1 l'otentint doses from contamination at Tonawanda

Radio- Fraction -------- Dose to individual , mrem -------

Scenario Duclide remainina Inhalation Ingeltion ExLenal Total

2 - STP Sludge -AM241 1.00 4.8E401 1.4E+00 4.9E+01
,

| ' process
Operator

1 4 - Sludge AM241 1.00 9.2E401 1.5E-01 9.3E401
Incinerator-
Operator

5 - Sludge- AM241 1.00 2.3E-01 3.9E-03 2.4E-01
Incinerator i-

Ef fluent -

6 - Incinerator AM241- 1.00 4.2E400 6.5E-07 4.2E+00 ,

Ash Truck -
Driver

9 - Landfill AM241 1.00 8.4E-01 3.2E 02 8.7E-01
. Equipment
Operator

10 - Landfill AM241 1.00 6.6E-01 3.5E-02 6.9E-01 !

Intrusion and
Construction

11 - Landfill AM241 1.00 5.3E-01 1.3E400 1.2E-01 1.9E+00
Intrusion and
Residence

i

I

B3 N UREG/CR-5814
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Table 11.2 l'utential tioses frtun contamination at Grand Island
q

*
|

Radio- Fraction -------- Dose to individual, mrem ---- --
Scenario - Dyclid_c Remainina inhalation inflit.ipn gyternal Lo1AL,_

2 - STP Sludge AM241 1.00 3.2E400 9.3E-02 3.3E+00
Process
Operator (*)

E Landfill AM241 1.00 1.7E-01 6.4E 03 1.7E 01 iEquipment !
Operator (b) )

10 - Landfill AM241 1.00 1.3i.-01 7.0E 03 1.4E-01
Intrusion and
Construction (b)

11 - Landfill AM241 1.00 1.lE-01 2.6E-Ol 2.4E-02 3.8E-01
Intrusion ~and
Residence (b)

(a) Dose calculated as 1/15 of dose from Tonawanda.
(b) Oose calculated as 1/5 of dose from Tonawanda.

;

NUREG/CR 5814 B.4
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Appendix B

Tatne 113 Potential doses frmn contarnination at Royrsford

Radio- Fraction -------- Dose to Individual, mrom -------

Rtuario MelL@ remJinLn.g 1phahti201DSC.s.Jhu EXL9fDaJ hbt_otal
.

.

1 STP Sewer 0060 1.00 9.3E 07 1.4E 01 1.4E 01
Inspector ZN6f 1.00 3.4E-08 1.5E-02 1.5E 02

C5137 1.00 5.7E-08 1.2E-02 1.2E 02
CS134 1.00 1.5E-08 6.5E-03 6.5E-03
MN54 1.00 2.5E-03 2.5E 03
C058 1.00 2.lE-03 2.lE-03
SR89 1.00 1.2E-06 1.2E 06
U 233 1.00 4.6E-07 1.0E-08 4.7E-07
0 235 1.00 5.4E 08 2.9E-07 3.4E-07

-SR90 1.00 1.6E-08 1.3E-07 1.5E-07' 1

0 238 1.00 1.2E 07 1.2E-07
PU239- 1.00 4.3E-08 4.4E-08
PU238 1.00 1.8E-08 12HL-DB

TOTAL 1.8E 01
i

!

2L STP Sludge C060 -1.00 5.4E-04 2.4E+01 2.4E+01
Process ZN65 0.99_ 2.lE-05 2.6E+00 2.6E400
Operator CS137 1.00 2.0E-05 1.5E400 1.5E+00

MN54 0.99 2.0E-06 8.5E-01 8.5E-01
C058 0.97 1.2E-06 3.4E-01 3.4E 01
CS134 1.00 2.1E-06 2.9E 01 2.9E 01
U 234 1.00 3.6E-03 4.5E-06 3.6E-03
U 238 1.00 1.lE-03 6.3E-07 1.lE-03
0 235 1,00 1.4E-04 2.5E-04 3.9E 04
SR89 0.96 1.6E-07 2.0E-04 2.0E-04
PU238 1.00 1.9E 04 1.9E-04
PU239 1.00 1.4E-04 1.4E-04
SR90 1.00 1.3E-05 2.2E-05 3.5E-05

TOTAL 3.0E+01

4 - STP Sludge C060 1.00 8.4E-03 1.6E+01 1.6E+01
Incinerator ZN65 0.99 3.0E-04 1.7E+00 1.7F+00

CS137 1.00 3.0E-04 1.0E400 1.0E+00
MN54- 0.99 2.8E-05 5.8E 01 5.8E-01
C058 0.97 1.7E-05 2.2E-01 2.2E 01
CS134 1.00 3.2E-05 2.0E-01 2.0E 01
U 234 1.00 5.6E-02 3.7E-06 5.6E-02
U 238 1.00 1.5E-02 5.6E-07 1.5E-02
PU238 1.00 2.8E-03- 2.8E-03
U-235 1.00 -2.0E-03 1.9E-04 2.2E-03
PU239- 1.00 2.2E-03 2.2E-03
SR90- 1.00 2.0E-04 1.7E-05 2.lE-04
5989 0.96 2.5E-06 1.5E-04 11.5 E - 0 4 -

-

TOTAL 2.0E+01

B.5 ' NU R EO 'CR-5814
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Table 15 3 (Continued)

Radio- Fraction ------ - Dose to Individual, mrem -- ----

Scenario nuclide Remaining Inhalation ingtsflo.n External _Subtetal

6 - Incinerator C060 1.00 3.6E-04 1.0E+01 1.0E+01

Ash Truck ZN65 0.99 1.4E-05 1.lE+00 1.lE+00
Driver CS137 1.00 1.3E-05 4.lE-01 4.lE-01

MN54 0.99 1.3E-06 3.0E-01 3.0E-01
C058 0.97 7.lE-07 1.2E-01 1.2E-01
CS134 1.00 1.4E-06 9.5E-02 9.5E-02
U 233 1.00 2.4E-03 1.0E-06 2.4E-03
U 238 1.00 7.lE-04 7.1E-04
PU238 1.00 1.3E-04 1.3E-04
U 235 1.00 9.0E-05 2.3E-05 1.lE-04
PU239 1.00 9.4E-05 9.4E-05
SR89 0.95 1.0E-07 3.5E-05 3.5E-05
SR90 1.00 8.5E-06 1.4E-06 9.9E-06

TOTAL 1.2E+01

7 - Sludge Appli- C060 1.00 1.6E-06 3.2E-03 1.5E-01 1.5E-01

cation to ZN65 0.97 3.8E-02 1.6E-02 5.4E-02
Agricultural SR90 1.00 1.9E-02 1.5E-07 1.9E-02
Soil CS137 1.00 8.7E-04 9.4E-03 1.0E-02

MN54 0.97 6.6E-04 5.2E-03 5.9E-03
C058 0.89 2.7E-05 2.0E-03 2.lE-03
CS134 0.99 8.3E-05 1.8E-03 1.9E-03
SR89 0.85 4.3E-04 1.2E-06 4.3E-04
U 233 1.00 1.lE-05 3.4E-06 1.4E-05
V 238 1.00 2.8E-06 1.2E-06 4.0E-06
U 235 1.00 3.6E-07 1.4E-07 1.7E-06 2.2E-06
PU238 1.00 5.4'E-07 1.4E-07 6.8E-07
PU239 1.00 3.9E-07 1.0E-07 4.9E-07

TOTAL 2.5E-01

8 - Sludge Appli- C060 1.00 2.6E-06 9.9E-01 9.9E-01

cation to non- ZN65 0.97 1.lE-01 1.lE-01
Agricultural CS137 1.00 6.4E-02 6.4E-02
Soil MN59 0.97 3.4E-02 3.4E-02

C058 0.89 1.3E-02 1.3E-02
CS134 0.99 1.2E-02 1.2E-02
U 233 1.00 1.8E-03 6.0E-07 1.9E-05
U 235 1.00 6.4E-07 1.2E-05 1.3E-05 .

SR89 0.85 8.3E-06 8.3E-06
U 238 1.00 5.0E-06 5.0E-06
SR90 1.00 1.0E-06 1 iE 'd.

PU238 1.00 8.9E-07 8.9E-07
PU239 1.00 6.7E-07 6.7E-07

TOTAL 1.2E+00

)
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Table 11.3 (Continued)

Radio- Fraction -------- Dose to Individual, mrem -------

Ec_enario nuclide Remaining Inhalation Incestion External Subtotal

9 - Landfill C060 1.00 7.2E-05 3.5E400 ' SE+00
Equipment Zn65 1.00 2.8E-06 3.9E-01 3.9E-01
Operator CS137 1.00 2.7E-06 2.2E-01 2.2E-01

MN54 1.00 2.7E-07 1.3E-01 1.3E-01
( C058 1.00 1.5E-07 E.4E-02 5.4E-02
3 CS134 1.00 2.8E-07 4.4E-02 4.4E-02

U 233 1.00 4.9' 2.lE-06 4.9E-04 -

U 238 1.00 1. e { 1 1.3E-07 1.4E-04
U 235 1.00 )o 4.2E-05 6.lE-05
SR89 .JO 2.at-08 3.5E-05 3.5E-05
PU238 1.00 2.5E-05 2.5E-05
PU239 1.00 1.9E-05 1.0E-08 1.9E-05
SR90 1.00 1.7E-06 3.7E-06 5.4E-06 -

TOTAL 4.3E+03

10 - Landfill C060 1.00 3.2E-05 3.6E+00 3.6E+00
Intrusion and CS137 1.00 2.0E-06 3.8E-01 3.8E-01
Construction CS134 1.00 4.6E-08 1.5E-02 1.5E-02

ZN65 1.00 1.3E-08 4.3E-03 4.3E-03
MN54 1.00 4.2E-03 4.2E-03
0 233 1.00 4.2E-04 7.4E-06 4.3E-04
SR90 1.00 1.4E-06 3.4E-04 3.4E-04
3 238 1.00 1.2E-04 2.lE-04 3.3E-04
U 235 1,00 1.5E-05 7.9E-05 9.4E-05
PU238 1.00 2.0E-05 2.0E-05
PU239 1.00 1.6E-05 1.8E-08 1.6E-05 -

C058 1.00 1.8E-09
SR89 1.00 8.9E-16

TO' ' '. 4.0E+00

11 - Landfill C060 1.00 2.4E-05 1.7E-02 9.1c+00 9.lE+00
Intrusion and CS137 1.00 1.6E-06 P.4E-03 9 -01 9.lE-01
Residence SR90 1.00 1 lE-06 1.8E-01 7.ut-04 1.8E-01

CS134 1.00 3.4E-08 1.7E-04 3.8E-02 3.8E-02
ZN65 1.00 1.0E-08 2.2E-03 1.lE-02 1.3E-02
MN54 1.00 1.2E-04 1.0E-02 1.0E-02
U 238 1.00 9.3E-05 1.6E-05 5.0E-04 6.lE-04
U 233 1.00 3.4E-04 4.lE-05 1.6E-05 4.0E-04
U 235 1.00 1.2E-05 2.2E-06 1.6E-04 1.7E-04
PU238 1.00 1.6E-05 1.3E-06 2.3E-08 1.7E-05
PU239 1.00 1.3E-05 1.lE-06 3.9E-08 1.4E-05
C058 1.00 4.3E-09
SR89 1.00 Z26E-14

TOTAL 10.3E+00

B.7 NUREG:CR.5S14
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Appendix B

Table 11.4 l'otential doses from contaminution at Oak Itidge

Radio- Fraction -------- Doso to Individual, mrem -------
Eqenario nuclide Remaining Jnaalation Ingestion External Subtotal

2 - STP Sludge C060 1.00 1.2E-03 5.5E+01 5.5E+01
Process
Operator

1'

'7 - Sludge Appli- C060 1.00 4.8E-06 9.9E-03 4.6E-01 4.7E-01
cation to-
Agricultural 1

Soil l

8 - Sludge Appli- C060 1.00 7.8E-06 3.0E<00 3.0E+00
cation to Non-
Agricul tural
soil

i

|

|.
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l

Table it.Sa l'otential doses from contamination at 111ue I'lainsM

Radio- Fraction -------- Dose to Individual , mrem -------
Scenario Duclide Remainina Inhalation incestion External Subtotal

1 - STP Sewer 0057 1.00 3.0E-05 3.0E-05
Inspector CR51 1.00 3,0E-05 3.0E-05

1 131 1.00 2.1E-05 2.lE-05
FES9 1.00 1.2E-05 1.2E-05
I 125 1.00 4.2E-06 4.2E-06
P 32 1.00 2.lE-06 2.lE-06
C058 1.00 3.8E-07 3.8E-07
NA22 1.00 1.3E-07 1.3E-07
SC46 1.00 3.8E-08
C 14 1.00 3.5E-08
U 238 1.00 1.4E-08
RB86' l.00 9.lE-09
IN111 1.00 5.8E-09
SE75 1.00 3.9E-09
H3 1.00 2.6E-10
CE141 1.00 2.4E-10
CA45 1.00 8.8E-12 |

P 33 1.00 4.2E-12 i

TC99 1.00 3.3E-13
TOTAL 1.0E-04

2 - STP Sludge C057 0.99 1.9E-02 1.9E-02
Process CR51 0.93 1.8E-02 1.8E-02
Operator I 131 0.77 2.4E-07 1.0E-02 1,0E-02

FE59 0.95 4.8E-03 4.8E-03
P 32 0.86 4.9E-07 8.6E-04 8.7E-04
I 125 0.97 8.2E-07 3.0E-04 3.0E-04
C058 0.97 1.7E-04 -1.7E-04=
NA22 1.00 6.2E-05- 6.2E-05
V 238 1.00 2.0E-05 2.0E-05
SC46 0.98 1.5E-05 1.5E-05
C 14 1.00 1.0E-06 3.6E-06 4.6E-06
R886 0.89 3.8E-06 3.8E.06
SE75 0.98 2.lE-06 2.lE-06
IN111 0.48 1.4E-06 1.4E-06
H3 1.00 3.3E-07 3.3E-07
CE141 0.94 9.4E-08 9.4E-08
CA45 0.99 1.7E-09
P 33 0.92 6.4E-10
TC99 1.00 7.0E-ll

TOTAL 5.3E-03

11.9 NUREG;CR-5814
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Appendix B

Tuhle ll.Sa (continued)

Radio- Fraction -------- Dose to Individual , mrem -------
Scenario ___

nuclide Remainins Inhalation Insestjon External. Subtotal

3 STP Liquid P 32 0.99 1.5E-01 1.5E-01

Effluent C 14 1.00 2.4E-02 2.4E-02
1 125 1.00 4.5E-04 4.5E-04
1 131 0.98 9.8E-05 2.0E-07 9.8E-05
FES9 1.00 4.3E-05 3.8E-07 4.4E-05
H3 1.00 1.3E-05 1.3E-05
P 33 0.99 3.0E-06 3.0E-06
CR51 0.99 1.9E-06 9.3E-07 2.9E-06
U 238 1.00 9.9E-07 1.0E-06
NA22 1.00 4.lE-07 4.3E-07
SEi5 1.00 3.0E-07 3.0E-07
C058 1.00 1.5E-07 1.7E-07
CA45 1.00 9.4E-08
C057 1.00 5.4E-08
IN111 0.93 8.6E-09
SC46 1.00 6.4E-09
CE141 0.99 3.3E-09
TC99 1.00 3.2E-09

TOTAL 1.7E-01

7 - Sludge Appli- P 32 0.56 1.2E-03 3.9E-06 1.2E-03

cation to I 125 0.87 4.5E-04 2.lE-06 4.5E-04
Agricultural CR51 0.74 5.3E-07 8.9E-05 8.9E-05
Soil I 131 0.36 2.6E-05 3.lE-05 5.7E-05

FE59 0,P3 1.6E-07 3.3E-05 3.3E-05
N%22 0.99 1.5E-06 3.9E-07 1.9E-06
C058 0.89 9.8E-07 9.8E-07
CA45 0.95 2.9E-07 2.9E-07
TC99 1.00 2.lE-07 2.lE-07
C057 0.97 9.0E-08
SC46 0.91 8.3E-08
0 238 1.00 7.5E-08
P 33 0.72 4.lE-08
RB86 0.64 3.0E-08
C 14 1.00 2.9E-08
SE75 0.93 2.lE-08
INill 0.05 1.0E-09
H3 1.00 9.3E-10
CE141 0.77 6.4E-10

TOTAL 1.9E-04

i
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Table ll.Sa (Continued)

Radio- - Fraction . -------- Dose to Individual , mrem -------
Scenario nuclide Egmaininq Inhalation ingestion . External Subtotal

8 - Sludge Appli- CR51 0.74 6.lE-04 6.lE-04
cation to non- 1 131 0,36 2.0E-04 2.0E-04
Agricultural FE59 0.83 1.7E-04 1.7E-04
Soil P 32 0.56 2.5E-05 2.5E-05

1 125 0.87- 1.3E-05 1.3E-05
C058 0.89 6.5E-06 6.5E-06

~

NA22 0.99 2.6E-06 2.6E 06
C057 0.97 5.7E-07 5.7E-07
SC46 0.91 5.7E-07 5.7E-07
C 14 1.00 1.8E-07 1.8E 07
RB86 0.64 1.lF-07 1.lE-07
U 238 1.00 8.8E-08
SE75 0.93 8.7E-08
IN111. 0.05 7.2E-09 7.2E-09
CE141 0.77 3.8E-09
H3 1.00 1.5E-09
CA45 0.95 6.4E-Il
P 33 0.72 2.3E-Il
TC99 1.00 2.8E-l_2

TOTAL 1.0E-03

(a) Date based on a 1984 unpublished study by the National Institute of
Health.

.

m

B.1I NUREG/CR-5S14

_ _ . _ _ . . _ . _ . _ .



_ . _ _ . _ _ _ _ . _ . .-. . . _ . . . _ _ _ . _ . _ _ . . - . _ . . _.-_- _ __...,___._.-_m >_

Appendh B -

Table II.5b I'otential doses from contamination at illue I'laind*)

__ n-

Radio- Fraction -------- Dose to Individual , mrem -------
Scenario :nuclide RemainiDS Inhalation ingestion External Subtotal

1 - STP Sewer I 131 1.00 5.9E-05 5.9E-Oi
inspector C057 1.00 3.9E-05 3.9E-05

CR51 1.00 3.9E-05 3.9E-05-
NA22 1.00 2.7E-05 2.7E-05
1 125 1.00 8.5E-06 8.5E-06
P 32 :1.00 5.3E-06 5.3E-06
SE75 1.00 4.2E-06 4.2E-06
0 238 11 . 10 0 2.7E-07 2.8E-07
C 14- 1.00 7.4E-08-
C058 1.00 7.lE-08
TH228 1.00 -7.lE-09
CL36. 1.00 2.7E-10
TC99 1.00 5.5E-12 |

CA45 1.00 3.8E-12 '

H3 1.00 3.0E-14
i TOTAL 2.0E-04
|

2 - STP Sludge C060 1.00 2.4E-06 1.0E-01 1.0E-01
| Process I 131 0.77 - 6.4E-07 2.6E-02 2.6E-02

Operator C0ii 0.99 2.3E-02 2.3E-02
CR51' O.93 2.1E-02 2.lE-02,

''
NA22 1.00 1.3E-02 1.3E-02

.CS137 1.00 3.lE-03 3.lE-03
| P 32 0.86 1.3E-06 2.1E-03 2.lE-03
i SE75 0.98

. 2.lE-03 2.lE-03
,

I 125 0.97 1.6E-06 6.4E-04 6.4E-04 |
| PB212 0.01 2.lE-07 4.4E-04 4.4E-04

C058 C.97 3.lE-05 3.lE-05
C 14 1.00 2.2E-06 7.7E-06 9.9E-06
TH228 1.00 8.7E-06 8.8E-06 l

| U 238 1.00 4.0E-06- 4.3E-06 |

! H3 1.00- 4.0E-07 4.0E-07
'

L CL36- 1.00 9.3E-08
'

TC99 1.00 1.2E-09
CA45 0.99 6.7E-10

l TOTAL 1.9E-01

- NUREG/CR.5814 B.12
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Appenda B

Table IUb (Continued)

II
Radio- Fraction -------- Oose to Individual, mrem -------

Scenario nuclide Remaining Inhalation Ingestion External Subtotal

3- STP Liquid P 32 0.99 3.5E-01 3.5E-01
Effluent C 14 1.00 5.3E-02 5.3E-02

PB212 0.63 1.5E-03 3.2E-07 1.5E-03
1 125 1.00 3.5E-04 9.5E-04
CS137 1.00 8.5E-04 4.0E-07 8.5E-04
SE75 1.00 3.2E-04 4.lE-07 3.3E-04
1 131 0.98 2.7E-04 5.8E-07 2.7E-04 -

NA22 1.00 8.4E-05 3.9E-06 8.7E-05
C060 1.00 5.lE-05 1.2E-05 6.3E-05
H3 1.00 1.5E-05 1.5E-05
TH228 1.00 5.7E-06 5.7E-06
CR51 0.99 2.5E-06 1.2E-05 3.6E-06
U 238 1.u0 2.0E-07 2.0E-07
TC99 1.00 5.4E-08
CA45 1.00 3.9E-08
C058 1.00 3.2E-08
C057 1.00 1.5E-08

TOTAL 4.lE-01

7 - Sludge Appli- P 32 0.56 2.9E-03 9.EE-06 2.9L-03
cation to I 125 0.87 2.4E-03 1.lE-05 2.4E-03
A ricultural C060 1.00 1.3E-05 6.4E-04 6.5E-049
Soil NA22 0.99 3.3E-04 8.2E-05 4.lE-04

CR51 0.74 6.8E-07 1.lE-04 1.lE-04
1 131 0.36 1.9E-05 2.2E-05 3.9E-05 -

SE75 0.93 9.3E-06 1.4E-05 2.3E-05 ~

CS137 1.00 1.8E-06 1.9E-05 2.lE-05
CL36 1.00 1.8E-05 1.8E-05
TC99 1.00 3.6E-06 3.6E-06
C058 0.89 1.9E-07 2.0E-07
CA45 0.95 1.2E-07 1.2E-07
TH228 0.99 9.6E-08
C 14 1.00 6.lE-08
C057 0.97 2.4E-08
U 238 1.00 1.5E-08
H3 1.00 1.0E-09
PB212 0.00 3.9E-14 2.5E-12 2.5E-12

TOTAL 6.6E-03
__
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Appendix B

Table ll.Sh (Continued)

Radio- Fraction -------- Dose to Individual, mrem -------
Scenario nuclide Remaining . Inhalation IncestioD External Subtotal

8 - Sludge Appli- C060 1,00 4.3E-03 4.3E-03
-cation to Non- CR51 0.74 7.4E-04- 7.4E-04-

. Agricultural NA22 0.99 5.7E-04 5.7E-04
i- Soil 1 13.1 0.36 -5.3E-04 5.3E-04

CS137 1.00 1.3E-04 1.3E-04
SE75- 0.93 9.3E-05 9.3E-05
F 32 0.56 6.lE-05 6.lE-05
1 125 0.87 2.9E-05 2.9E-05
C058 0.89 1.2E-06 1.2E-06
C 14~ 1.00 3.7E-07 3.8E-07
C057 0.97 1.6E-07 1.6E-07
TH228- 0.99 4.5E-08
U 238 1.00 1.8E-08
CL36 1.00 4.3E-09
H3 1.00 1,8E-09
TC99 1.00 4.5E-11
CA45 0.95 2.6E-Il
PB212 0.00 7.7E-16 1.6E-11 1.6E-ll

TOTAL 6.4E-03

(a) Data based on a 1985 unpublished study by the National Institute
of Health.

..
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Appendix B

Table 11.6 Deterministic doses calculated for theoretical disciutrges for Scenario No.1 STI' Sewer
System Inspector (with a decay time of 0.2 houns atul a arporting cutolY of 1.0 Felo rem /3r)(*)

Radio- Fraction --- Annual dose to individual, rem /yr---
nuclide Remaining Inhalation Incestion External TEDE__

NA24 0.99 4.lE-03 4.lE-03
TC99M 0.98 8.0E-04 8.0E-04
MN54 1.00 2.5E-10 3.4E-04 3.4E-04
NBS5 1.00 2.2E-10 3.4E-04 3.4E-04
LA140 1.00 3.3E-04 3.3E-04
SC46 1.00 3.7E-10 3.0E-04 3.0E-04
C058 1.00 2.7E-10 2.6E-04 2.6E-04 --

PR144 0.62 2.5E-04 2.5E-04
ZR95 1.00 3.9E-10 2.0E-04 2.0E-04
NA22 1.00 1.7E-04 1.7E-04
CR51 1.00 2.lE-10 1.7E-04 1.7E-04
INill 1.00 1.7E-04 1.7E-04
EU152 1.00 2.7E-09 1.7E-04 1.7E-04
FE59 1.00 1.6E-10 1.6E-04 1.6E-04
SB125 1.00 4.8E-10 1.6E-04 1.6E-04
C060 1.00 7.8E-10 1.2E-04 1.2E-04
EU154 1.00 2.6E-09 1.2E-04 1.2E-04
1R192 1.00 3.7E-10 8.5E-05 8.5E-05
C057 1.00 6.7E-10 5.7E-05 5.7E-05
ZN65 1.00 1.2E-10 5.0E-05 5.0E-05
SE75 1.00 2.2E-05 2.2E-05
CS134 1.00 2.0E-05 2.0E-05
CE141 1.00 3.4E-10 1.5E-05 1.5E-05
BA140 1.00 1.4E-05 1.4E-05
RB86 1.00 9.3E-06 9.3E-06
RU106 1.00 1.8E-09 8.lE-06 8.lE-06 -

CS137 1.00 7.0E-06 7.0E-06
NI59 1.00 3.4E-10 5.6E-06 5.6E-06
1 131 1.00 3.6E-06 3.6E-06
PB212 0.99 4.5E-10 2.4E-06 2.4E-06
FESS 1.00 1.7E-10 1.5E-06 1.5E-06
Y 90 1.00 5.3E-07 5.3E-07
I 125 1.00 4.0E-07 4.0E-07
CE144 1.00 1.4E-09 3.8E-07 3.8E-07
P 32 1.00 3.lE-07 3.lE-07
U 235 1.00 4.8E-08 2.6E-07 3.1E-07
SR89 1.00 2.2E-07 2.2E-07
B1210 1.00 2.6E-09 1.2E-07 1.2E-07
TH228 1.00 8.9E-08 3.5E-09 9.2E-08
Cl36 1.00 8.6E-08 8.6E-08
U 234 1.00 5.2E-08 1.9E-09 5.4E-08
U 233 1.00 5.3E-08 1.2E-09 5.4E-08

B.15 NUREG!CR-5814
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Appendix B

Tsble IL6 (Continued)

Radio- Fraction ---Annual dose to individual, rem /yr---
nuclide Remainino Inhalation Ingestion External TEDE

U 238 .1.00 4.6E-08 1,5E-09 4.7E-08
P 33 1.00 2.9E-08 2.9E-08
TC99 1.00 6.7E-10 2.8E-08 2.9E-08
SM151 1.00 7.8E-09 2.lE-08 2.9E-08
I 129- 1.00 2.2E-08 2.2E-08
NP237- 1.00 1.7E-08 3.2E-09 2.0E 08
AM241 1.00 1.2E-08 2.4E-09 1.4E-08
5 35 1.00 3.2E-10 1.2E-08 1.2E-08
PU240 1.00 7.9E-09 -1.2E-10 8.0E-09
PU239 l.00- 7.9E-09 8.0E-09
CA45 1.00- 1.7E-10 7.6E-09. 7.8E-09
PU238 1.00 7.5E-09 1.3E-10 7.6E-09
C 14 1.00 3.4E-09 3.5E-09
RA226 1.00 6.3E-10 2.lE-09 2.7E-09
CS135 1.00 1.7E-09 1.8E-09

-SR90 1.00 1.3E-10 1.lE-09 1.2E-09
NI63 1.00 2.9E-10 7.9E-10 1.lE-09
F0210 1.00 4.5E-10 4.5E-10
PB210 1.00 1.8E-10 2.2E-10 4.0E-10
H3 1.00 1.2E-10 1.2E-10

'

(a)-Dose less-than 1.0E-10 rem / year not~shown

NUREG/CR-5814 11.1 6
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Table 11.7 Deterministic doses calculated for theoretical discharges for Scenario No 2 - STP Operator
(with a decay time of 3 days and a reporting cutoff of 1.0 E 10 stnt'yr)

Radio- Fraction ---Annual dose to inggvidual, rem /yr ---
Nuclide Remaining Inhalation incestion External TEDE

C060 1.00 8.lE-06 3.6E-01 3.6E-01
NA22 1.00 3.6E-07 3 lE-01 3.lE-01
SC46 0.98 1.lE-06 2.8E-01 2.8E-01
CS134 1.00 1.6E-06 2.4E-01 2.4E-01
EU154 1.00 1.lE-05 1.7E-01 1.7E-01
EV152 1.00 8.4E-06 1.7E-01 1.7E-01
RN222 0.58 1.6E-01 1.6E-01
FE59 0.95 4.7[-07 1.5E-01 1.5E-01
C058 0.97 4.lE-07 1.4E-01 1.4E-01
1R192 0.97 1.0E-06 1.2E-01 1.2E-01
MN54 0.99 2.5E-07 1.lE-01 1.lE-01
NB95 0.94 2.lE-07 1.0E-01 1.0E-01
ZR95 0.97 6.0E-07 9.7E-02 9.7E-02
LA140 0.29 4.lE-08 9.6E-02 9.6E-02
ZN65 0.99 7.lE-07 9.2E-02 9.2E-02
CS137 1.00 1.lE-06 8.0E-02 8.0E-02
SB125 1.00 5.0E-07 6.6E-02 6.6E-02
1 131 0.77 9.6E-07 3.9E-02 3.9E-02
SE75 0 98 3.lE-07 3.8E-02 3.8E-02
RU106 0.99 1.9E-05 3.3E-02 3.3E-02
NP237 1.00 2.6E-02 1.lE-03 2.7E-02
NA24 0.04 1.7E-09 2.4E-02 2.4E-02
BA140 0.85 1.0E-07 2.2E-02 2.2E-02
AM241 1.00 1.8E-02 5.4E-04 1.9E-02
INill 0.48 1.lE-08 1.6E-02 1.6E-02
U 235 1.00 5.0E-03 9.3E-03 1.4E-02
TH228 1.00 1.3E-02 1.3E-04 1.3E-02
RB86 0.89 2.lE-07 1.2E-02 1.2E-02 _

PU239 1.00 1.2E-02 5.2E-06 1.2E-02
PU240 1.00 1.2E-02 1.8E-06 1.2E-02
PU238 1.00 1.2E-02 1.8E-06 1.2E-02
C057 0.99 3.4E-07 9.7E-03 9.7E-03
V 233 1.00 5.4E-03 1.9E-05 5.4E-03
U 234 1.00 5.4E-03 6.8E-06 5.4E-03
U 238 1.00 4.8E-03 2.9E-06 4.8E-03

-CE141 0.94 3.2E-07 4.7E-03 4.7E-03
CR51 0.93 1.2E-08 4.5E-03 4.5E-03
CE144 0.99 1.5E-05 1.2E-03 1.2E-03
RA226 1.00 3.3E-04 3.6E-04 6.9E-04
PB210 1.00 5.4E-04 3.8E-05 5.8E-04
Y 90 0.46 1.7E-07 3.8E-04 3.8E-04
P 32 0.86 1.9F-07 3.4E-04 3.4E-04
P0210 0.99 3.4E-04 1.2E-06 3.4E-04
I 125 0.97 8.9E-07 3.4E-04 3.4E-04

B.17 NUREG CR-5814

- _ _ _ _ _ - _ _ - _



- - - . . .-_ . . . . . _ .

Appendix B

Table 11.7 (Continued)

Radio- Fraction ---Annual dose to ingfvidual, rem /yr -

tLuclide Remainina- Inhalation Incestion External _ _UD_E_

SR89 0.96 2.2E-07 2.8E-04 2.8E-04
I 129 1.00 6.lE-06 2.lE-04 2.2E-04
P8212 0.01 6.2E-08 .l.4E-04 1.4E-04
B1210 0.66 5.2E-06 7.3E-05 7.8E-05
CL36 1.00 7.6E 08 3.4E-05 3.4E-05
SR90 1.00 8.3E-06 1.4E-05 2.2E-05
NI59 1.00 3.3E-08 3.3E-06 3.3E-06
FE55 1.00 4.9E-08 2.7E-06 2.7E-06
TC99 1.00 3.8E-07 1.9E-06 2.3E-06
TC99M 0.00 2.2E-06 2.2E-06
CA45 0.99 2.7E-07 .l.4E-06- 1.7E-06
SM151 1.00 1.2E-06 6.6E-08 1.3E-06
P 33 0.92 2.lE-08 1.2E-06 1.2E-06
CS135 1.00 1.5E-07 5.5E-07 7.0E-07
S 35 0.98 9.7E-08 3.3E-07 4.3E-07
C 14 1.00 2.lE-08 7.lf-08 9.2E-08
NI63 1.00 8.lE-08 6.6E-09 8.8E-08
H3 1.00 1.8E-09 1.8E-09

(a)-Ingestion does not apply for this scenario.

,

i
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! Table 11.8 Determini tic doses calculated for theoretical discharges for Scenario No. 3. STP 1.iquid
|- .Emuent (with a decay time of 7 hours and a repor11ng cutoff of 1,0 E-10 rentyr)l

|: Radio- Fraction ---Annual dose to individual, rem /yr ----
Nuclide Remaininq Inhalation incestion External _IfDEt

NP237 1.00 2.4E-08 2.9E-02 2.5E-07 2.9E-02
P8210 1.00' 6.8E-10 2.4E-02 1.5E-09 2.4E-02
CS134 1.00- 2.3E-03- 1.8E-06 2.3E-03
CS137 1.00 1.6E-03 7.3E-07 1.6E-03
P-32 0.99- 1.2E-03 2.3E-10 1.2E-03
AM241 -1.00 1.7E-08 9.6E-04- 5.5E-09 9.6E-04
P0210 1.00 1.5E-10 3.9E-04 3.9E-04
CS135 1.00- 2.2E-04 2.2E-04
PU2391 1.00- 1.2E-08 2.2E-04 2.2E-04
PU240' l.00 1.2E-08 2.2E-04 2.2E-04
PU238 1.00 .l.lE-08 2.0E-04 2.0E-04
RA226 1.00 3.2E-10 1.8E-04 2.2E-06 1.8E-04
TH228 1.00 1.0E-08 1.8E-04 1.7E-06 1.8E-04
SE75 1.00 1.2E-04 1.6E-07 1.2E-04
P 33 0.99 1.2E-04 1.2E-04

-ZN65 1.00 9.5E-05 5.0E-07 9.6E-05
I 129 1.00 9.5E-05 1.6E-09 9.5E-05
NA22 1.00- 4.2E-05 2.0E-06 4.4E-05
C 14 1.00 4.lE-0: 4.lE-05

ERB 86 0.99 3.9E-05 9.4E-09 3.9E-05
SR90 1.00 3.0E-05 7.6E-09 3.0E-05
P8212 0.63 2.9E-05 3.3E-09 2.9E-05
FES9 1.00 2.9E-05 2.5E-07 2.9E-05
CE144 1.00 2.5E-05 4.4E-08 2.5E-05
C060 .l.00 1.2E-05 2.9E-06 1.5E-05
I 125 1.00 1.1E-05 8.7E-10 1.lE-05
CL36 1.00 9.2E-06 2.4E-10' 9.2E-06
EV154 1.00 7.8E-06 1.5E-06 9.2E-06
-I 131 0.98 8.5E-06 1.7E-08 8.5E-06
RU106 1.00 8.0E-06 2.2E-07 8.2E-06
BI210 0.96 7.5E-06 7.5E-06
EV152 1.00 5.3E-06 1.4E-06 6.7E-06
U:238 1.00 4.5E-09 5.3E-06 2.6E-08 5.3E-06
BA140 0.98 5.0E-06 1.6E-07 5.2E-06
U 235 1.00 4.7E-09 4.6E-06 1.0E-07 4.7E-06
U 233 1.00 5.- l E - 09 4.4E-06 2.0E-10 4 AE-06

,

U 234 1.00 =5.0E-09 4.3E-06 4.3E-06
MN54 1.00 2.6E-06 7.lE-07 3.3E-06

.CE141 0.99 3.3E-06 6.8E-09 3.3E-06
C058 1.00 2.6E-06 3.3E-07 2.9E-06

i FESS 1.00 2.8E-06 2.8E-06
l SC46 1.00 1.9E-06 8.4E-07 2.7E-06

TC99 1.00 2.3E-06 2.3E-06

!

|
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Table 11.8 (Continued)

Radio- Fraction ,--Annual dose to individual, rem /yr ---
nuclide remainin9 Inhalation Incestion External _IEDE

ZR95 1.00 1.8E-06 4.8E-07 2.3E-06
58125 1.00 1.6E-06 5.2E-07 2.lE-06
IN111 J.93 2,0E-06 5.8E 09 2.0E-06
CA45 1.00 2.0E-06 2.0E-06
5 35 1.00 1.5E-06 1.5E-06
SR89 1.00 1.4E-06 5.6E-10 1.4E-06
IR192 1.00 9.0E-07 3.2E-07 1.2E-06
C057 1.00 8.2E-07 6.4E-08 8.9E-07
NB95 0.99 5.9E-07 1.5E-07 7.4E-07 -

Y 90 0.93 4.3E 07 1.3E-10 4.3E-07 -

SM151 1.00 3.lE-07 3 lE-07
LA140 0.89 2.7E-07 3.3E-08 3.0E-07
RN222 0.95 2.3E-07 4.6E-08 2.8E-07
NI63 1.00 1.7E-07 1.7E-07
NA24 0.72 5.3E-08 3.3E-08 8.7E-08 *

NI59 1.00 6.2E-08 6.2E-08
CR51 0.99 1.lE-08 5.2E-09 1.6E-08
H3 1.00 1.4E-08 1.4E-08
TC99M- 0.45 3.3E-10 4.lE-10

_
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Appendix B

Table 11.9 Deterministic doses calculated for theoretical discharges for Scenario No. 4 Studge Incinerator
Operator (with a decay time of 3 dap and a reporting cutoli of 1.0 E.10 rentyr)l

Radio- Fraction ---Annualdosetoinggvidual, rem /yr---
nuclide temaining Inhalation Ingestion External TEDE

NP237 1.00 4.9E-01 1.1E-03 5.0E-01
AM241 1.00 3.4E-01 5.3E-04 3.4E-01
0060 1.00 1.6E-04 3.0E-01 3.0E-01
NA22 1.00 7.0E-06 2.7E-01 2.7E-01
TH228 1.00 2.5E-01 1.3E-04 2.5E-01
SC46 0.98 2.lE-05 2.4E-01 2.4E-01 _

PU239 1.00 2.4E-01 5.2E-06 2.4E-01
PU240 1.00 2.4E-01 2.3E-06 2.4E-01
PU238 1.00 2.2E-01 2.4E-06 2.2E-01
CS134 1.00 3.2E-05 2.0E-01 2.0E-01 *

EU154 1.00 2.lE-04 1.5E-01 1.5E-01

)EU152 1.00 1.6E-04 1.4E-01 1.4E-01
FE59 0.95 9.0E-06 1.3E-01 1.3E-01 -

RN222 0.58 1.3E-01 1.3E-01
C058 0.97 8.0E-06 1.2E-01 1.2E-01
0 235 1.00 9.6E-02 9.0E-03 1.lE-01
U 233 1.00 1.lE-01 1.8E-05 1.lE-01
IR192 0.97 2.0E-05 1.lE-01 1.lE-01
U 234 1.00 1.0E-01 7.lE-06 1.0E-01 o
MN54 0.99 4.9E-06 9.8E-02 9.8E-02
NB95 0.94 4.lE-06 9.3E-02 9.3E-02 -

U 238 1.00 9.2E-02 3.2E-06 9.2E-02
ZR95 0.97 1.2E-05 8.8E-02 8.8E-02
LA140 0.29 7.8E-07 7.8E-02 7.8E-02
ZN65 0.99 1.4E-05 7.6E-02 7.6E-02 -

CS137 1.00 2.lE-05 7.lE-02 7.lE-02
SB125 1.00 9.6E-06 5.8E-02 5.8E-02 2

1 131 0.77 1.9E-05 3.6E-02 3.6E-02
SE75 0.98 6.0E-06 3.5E-02 3.5E-02
RU106 0.99 3.6E-04 2.9E-02 2.9E-02

'

BA140 0 85 2.0E-06 2.0E-02 2.0E-02
NA24 0.04 3.2E-08 1.8E-02 1.8E-02
INlll 0.48 2.lE-07 1.5E-02 1.5E-02
PB210 1.00 1.lE-02 3.9E-05 1.lE-02
RB86 0.89 4.lE-06 9.8E-03 9.8E-03
C057 0.99 6.6E-06 9.3E-03 9.3E-03
RA226 1.00 6.3E-03 3.4E-04 6.7E-03
P0210 0.99 6.6E-03 9.9E-07 6.6E-03
CE141 0.94 6.3E-06 4.5E-03 4.5E-03
CR51 0.93 2.3E-07 4.lE-03 4 lE-03
CE144 0.99 2.9E-04 1.2E-03 1.5E-03

R21 NUREmcR-5814
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Appendh B

Table 11.9 (Continued)

Radio- Fraction ---Ar.nual' dose to ingfvidual,. rem /yr ---
nuclide remainina IDhalation incestion External - TEDE

.

I 125 0.97 1.7E-05 3.5E-04 3.6E-04
Y 90 0.46 3.lE-06 3.4E-04 3.4E-04
1 129 1.00 1.ZE-04 2.lE-04 3.3E-04
P 32 0.86 3.8E-06 3.lE-04- 3.2E-04
SR89. 0.96 4,0E-06 2.5E-04 2.6E-04
BI210_ J0.66 9.9E-05 7.3E-05 1.7E-04
SR90 1.00 1.6E-04 1.3E-05 1.7E-04
PB212 0.01 1.2E-06 1.3E-04 1.3E-04
CL36 1.00 1.5E-06 3.2E-05- 3.4E-05 l

SM151 1.00 2.3E-05 7.3E-08- 2.3E-05
TC99 1.00 7.lE-06 1.9E-06 9.0E-06
CA45 0.99 5.0E-06- 1.3E-06 6.4E-06
NI59 1.00. 6.3E-07 4.9E-06 5.6E-06
FESS 1.00 5.5E-07- 4.lE-06 5.0E-06
CS135 1.00 2.9E-06 5.4E-07 -3,4E-06
5 35 0.98- 1.9E-06 3.3E-07 2.2E-06
TC99M 0.00 2.2E-06- 2.2E-06
NI63: 1.00. 1.6E-06 7.lE-09 1.6E-06
P 33 0.92 4.lE 07 1.2E-06 1.6E-06
C 14- 1.00 3.7E-07 7.2E-08 4.4E-07
H3 1.00 3.2E-08 3.2E-08

(a) Ingestion does not. apply for this scenario,

i

!

-
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Appendix B

Table 11.10 Deterministic dose a e.dculated for theoretical discharges for Scenario No. 5. Sludge
incinerator EfDuer.t (with n' decay time of 3 days and a relating cutofi of 1.0 E.10 nuSr)

..

Radio-' Fraction ---Annual dose to individual, rem /yr ---
nuclide remaininglphalation Ingestion External TEDE

NP237 1.00 3.9E-04 9.9E-06 5.0E-09- 4.0E-04
AM241. 1.00 2.7E-04 4.5E-06 1.lE-10 2.7E-04
I 129 1.00 1.8E-06 2.2E-04 5.7E-09 2.2E-04

'TH228 1.00 2.0E-04 1.4E-06' 3.2E-08 2.0E-04
PU239 1.00 1.8E-04 4.6E-07 1.9E-04
PU240 1.00- 1.8E-04 4.6E-07 1.9E-04
PU23d 1.00 1.7E-04 4.2E-07 1.8E-04
U-233 1 ub A 2E-05 3.7E-08 8.2E-05
V 234 1.00 8.lE-05- 3.7E-08 8.lE-05
U 235 1.00 -7.5E-05 3.9E-08 1.9E-09 7.5E-05
V 238 1.00 7.2E-05 5.4E-08 5.2E-10 7.2E-05
1 125 0.97 2.6E-07 2.0E-05 2.8E-09 2.0E-05
P8210 .l.00 8.2E-06 9.2E-06 1.7E-05
C 14 1.00 1.8E-07 8.6E-06 8.8E-06
1 131 0.77 2.9E-07 8.5E-06 4.6E 08 8.5E-06
P0210 0.99 5.2E-06 3.lE-06 8.2E-06
RA226- 1.00 5.0E-06 1.6E-06 4.3E-03 6.6E-06
SE75 0.98 .4.7E-09 1.lE-06 3.0E-09- 1.lE-06
CS134 1.00 2.5E-08 6.5E-07 3.5E-08 7.lE-07
RU106 0.99 5.6E-07 8.3E-08 8.5E-09 6.5E-07
NA22 1.00 5.4E-09 5.lE-07 3.8E-08 5.5E-07
CS137 1.00 1.7E-08 4.9E-07 1.4E-08 5.2E-07
SR90 1.00 1.2E-07 3.2E-07 1.5E-10 4.4E-07
P 32 0.86 5.9E-08 2.9E-07 3.5E-07
ZN65 0.99 1.lE-08 3.0E-07 9.7E-09 3.2E-07'

CE144- 0.99. 2.3E-07 3.2E-08 8.5E-10 2.6E-07
CL36 1.00 2.3E-09 2.5E-07 2.5E-07
C060- 1.00 1.2E-07 6.5E-08 5.6E-08 2.4E-07
EU154 1.00 1.7E-07 2.6E-08- 2.9E-08 2.2E-07
S 35 . 0.98 2.9E-08 1.8E-07 2.lE-07
EU152 1.00 1.3E-07 1.8E-08 2.8E-08 1.7E-07
H3 1.00 4.7E-08 1.lE-07 1.6E-07
BI210 0.66 -7.9E-08 -7.3E-08 1.5E-07
TC99- .l.00- 1.lE-08 9.0E-08 1.0E-07
CS135 1.00 2 3E-09 7.0E-08 7.2E-08
P 33 0.92 6.4E-09 4.8E-08 5.4E-08
SC46 0.98 |1.7E-08 8.2E-09 1.6E-08 4.0E-08
IR192 0.97 1.6E-08 5.3E-09 6.lE-09 2.7E-08

; -SB125- 1.00 7.5E-09- 6.7E-09 1.0E-08 2.4E-08
ZR95 0.97 8.9E-09 3.7E-09 9.2E-09 2.2E-08 .

i
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Appendix B

Table 11.10 (Continued;

Radio- Fraction ---Annual dose to individual, rem /yr ---
.nuclid_g temninino Inhalation 199estion _ External TEDE

-MN54 0.99 3.9E-09 4.0E-09 1.4E-08 2.2E-08
FE59 0.95 7.lE-09 8.3E-09 4.8E-09 2.0E-08
C058- 0.97- 6.2E-09- 6.2E-09- 6.6E-09 1.9E-08
SM151- 1.00 1.8E-08 1.0E-09 1.9E-08
RB86 0.89 - 3.2E-09 1.3E-08 1.7E-10 1.7E-08
CA45 0.99 -3.9E-09 9.9E-09 1.4E-08
SR89 0.96- - 3.2E-09- 8.7E-09 1.2E-08
C057 0.99 - 5.2E-09 3.7E-09 1.2E-09 9.9E-09
BA140 0.85- 1.6E-09 5.0E-09 2.6E-09 9.4E-09
NB95 0.94 -3.3E-09 1.4E-09 2.7E-09 7.4E-09
CE141 -0.94 5.0E-09 1.6E-09 1.2E-10 6.7E-09
FESS 1.00 -7.5E-10 3.6E-09 4.3E-09
Y 90 0.46- 2.4E-09 2.0E-10 2.7E-09
MI63- 1.00 1.2E-09 1.0E-09 2.3E-09
LA140 0.29 6.lE-10 2.5E-10 9.3E-10
PB212 0.01 9.2E-10 9.2E-10
NI59 1.00 4.9E-10 3.8E-10 8.8E-10
CR51- 0.93 1.9E-10 3.6E-10
INill 0.48. 1.6E-10 2.5E-10
RN222 0.58 2.3E-10 2.3E-10
NA24 '0.04 7.2E-Il
TC99M- 0.00 2.0E-14

.

|

|
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Appendix B

Table H.11 Deterministic doses calculated for thtvretical discharges for Scenario No. 6 Incincrutor Ash
Disimsal Truck Driser (with a decay time of 3.5 days and a reimrting cutoff of 1.0 E.10 rem!)r)

nuclide Femaininq Inhalation incestion *jvidual, rem /yr ---Radio- Fraction ---Annual dose to inp
External TEDE

C060 1.00 7.2E-06 2.lE-01 2.lE-01
SC46 0.98 1.0E-06 1.6E-01 1.6E-01
NA22 1.00 3.1E-07 1.4E-01 1.4E-01
CS134 1.00 1.5E-06 1.0E-01 1.0E-01
EV154 1.00 9.9E-06 8.7E-02 8.7E-02
EV152 1.00 7.5E-06 8.6E-02 8.6E-02 -

FE59 0.95 4.1E-07 8.5E-02 8.5E-02
RN222 0.58 8.1E-02 8.lE-02
C058 0.97 3.6E-07 5.9E-02 5.9E-02
LA140 0.29 3.7E-08 5.5E-02 5.RE-02
MN54 0.99 2.2E-07 5.3E-02 5.02-02
ZN65 0.99 6.2E-07 5.2E-02 5.2E-02
NB95 0.94 2.0E-07 5.lE-02 5.lE-02
ZR95 0.97 5.2E-07 4.4E-02 4.4E-02
1R192 0.97 9.3E-07 3.3E-02 3.3E-02
CS137 1.00 9.9E-07 3.0E-02 3.0E-02
NP237 1.00 2.2E-02 5.4E-05 2.3E-02
SB125 1.00 4.4E-07 2.2E-02 2.2E-02
NA24 0.04 1.5E-09 1.7E-02 1.7E-02
AM241 1.00 1.7E-02 2.5E-09 1.7E-02
Rul06 0.99 1.6E-05 1.2E-02 1.2E-02
TH228 1,00 1.2E-02 1.5E-05 1.2E-02 3
PU239 1.00 1 lE-02 5.3E-07 1.lE-02
PU240 1.00 1.lE 02 1.lE-02
1 131 0.77 8.5E-07 1.lE-02 1.lE-02 *

PU238 1.00 1.0E-02 1.0E-02
SE75 0.98 2.8E-07 7.5E-03 7.5E-03
RB86 0.89 1.9E-07 6.lE-03 6.lE-03
BA140 0.85 9.3E-08 6.lE-03 6.lE-03
0 235 1.00 4.5E-03 1.lE-03 5.6E-03
0 233 1.00 4.8E-03 2.0E-06 4.8E-03
U 234 1.00 4.8E-03 4.4E-07 4.8E-03
U 238 1.00 4.2E-03 3.6E-10 4.2E-03
INill 0.48 9.4F-09 2.7E-03 2.7E-03
CRS1 0.93 1.lE-08 1.2E-03 1.2E-03
C057 0.99 3.lE-07 1.lE-03 1.lE-03
CE141 0.94 3.0E-07 5.lE-04 5.lE-04
PB210 1.00 4.8E-04 4.8E-04
RA226 1.00 3.0E-04 3.7E-05 3.4E-04
P0210 0.99 3.lE-04 5.6E-07 3.lE-04
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Appendh B -

Table H.11 (Continued)

Radio- Fraction ---Annual dose to inpfvidual, rem /yr ---
nuclide reniainina Inhalation lnaestion External TEDE

-CE144 0.99 1.3E-05 1.2E-04 1.3E-04
Y 90 0.46 1.4E-07 1.0E-04 1.0E-04

-P'32 0.86 1.8E-07 7.7E-05 7.8E-05
SR89 0.96 1.9E-07 6.2E-05 6.3E-05
PB212 0.01 5.5E-08 2.5E-05 2.5E-05

'

BI210 0.66 4.7E-06 1.3E-05 1.8E-05
-SR90 1.00 7.3E-06 1.2E-06 8.5E-06
I 129 1.00 5.4E-06 2.5E-10 5.4E-06
CL36 1.00 6.7E-08' 4.0E-06 4.lE-06
SM151 1.00 1.lE-06 1.lE-06
I 125 0.97 7.9E-07 7.9E-07

-TC99 1.00 3.3E-07 5.8E-08 3.9E-07
CA45 0.99 2.4E-07 3.0E-08 2.7E-07
TC99M 0.00 2.5E-07 2.5E-07
CS135 1.00 1.3E-07 4.lE-09 1.4E-07
S 35 0.98 8.7E-08 6.4E-10 8.7E-08
NI63 1.00 7.2E-08 7.2E-08

.FE55 1.00 4.3E-08 4.3E-08
P 33 0.92- 1.9E-08 2.4E-08 4.3E-08
N159 1.00 2.9E-08 2.9E-08
C .14 1.00 1.8E-08 1.8E-08
H3 .l.00 1.5E-09 1.5E-09

(a) Ingestion does not apply for this scenario.

L

|

i

NUREG/CR-58 f 4 B.26

._ _ ._



._. -. - . -_- - - - - - -. - . . - - -- . ~ - _ .

Appendix 11

Table 11.12 Ijeterministic doses calculated for theoretical discharpes for Scenario No. 7 Sludge
Agricultural Soil Application (with a decay time of 12 days and a reporting cutofT
of t.0 fkl0 nerWyr)

Radio- . Fraction -- Annual Dose to Individual, rem /yr ---
nuclide remainina Inhalation Inaestion [Kternal TEDE

NP237 1.00 9.5E-05 3.3E-01 1.lE-05 3.3E-01
P8210 1.00 2.0E-06 3.5E-02 3.8E-07 3.5E-02
SR90 1.00 3.0E-08 1.7E-02 1.3E-07 1.7E-02
NA22 0.99 1.3E-09 1.lE-02 2.6E-03 1.3E-02
TC99 1.00 1.4E-09 9.8E-03 1.8E-08- 9.8E-03
CL36 1.00 2.8E-10 8.5E-03 3.2E-07 8.5E-03
1 129 -1.00 2.3E-08 7.8E-03 2.0E-06 7.8E-03
RA226 1.00 1.2E-06 6.lE-03 3.4E-06 6.lE-03
C060 1.00 '3.0E-08 6.2E-05 2.9E-03 3.0E-03
ZN65 0.97 2.6E-09 1.7E-03 7.2E-04 2.4E-03,

! SC46 -0.91 3.9E-09 3.3E-06 2.2E-03 2.2E-03
CS134 0.99- 6 lE-09 9.lE-05 2.0E-03 2.lE-03
EU152 1.00 3.lE-08 4.lE-06 1.4E-03 1.4E-03
EU154 1,00 4 lE-08 6.0E-06 1.4E-03 1.4E-03
FE59 0.83 1.5E-09 5.5E-06 1.lE-03 1.lE-03
MN54 0.97 9.3E-10 1.2E-04 9.4E-04 1.lE-03
C058 0.89 -1.4E-09 1.4E-05 1.lE-03 1.lE-03
P0210 0.94 1.2E-06' l.0E-03 9.4E-09 1.0E-03
IR192 0.89 3.6E-09 2.8E-05 9.8E-04 9.8E-04
ZR95 0.88 -2.0E-09 8.8E-06 7.8E-04 7.9E-04
NB95 0.79 6.7E-10 3.9E-06 7.7E-04 7.7E-04
SR89 0.85 7.0E-10 7.6E-04 2.2E-06 7.6E-04
CS137 1.00 4.lE-09 6.5E-05 6.9E-04 7.6E-04
I 125 0.87 -3.0E-09 6.8E-04 3.0E-06 6.8E-04
RU106 0.98- 6.8E-08 3.7E-04 2.7E-04 6.5E-04
P 32 0.56 4.8E-10 6.lE-04 2.0E-06 6.lE-04
SE75- 0.93 1.1E-09 2.4E-04 3.4E-04 5.8E-04

| S8125 0.99 1.8E-09 1.2E-05 5.7E-04 5.8E-04
AM241- 1.00 6.6E-05 4.8E-04 5.2E-06 5.5E-04
BI210 0.19 5.7E-09 4.6E-04 1.9E-07 4.6E-04
CA45 0.95 9.3E-10 3.9E-04 .l.2E-08 3.9E-04
.I 131 0.36 1.6E-09 1.4E-04 1.6E-04 3.0E-04
RN222 0.11 2.0E-09 2.5E-04 2.5E-04
TH228 0.99 4.8E-05 1.4E-04 1.2E-06 1.9E-04
RB86 0.64 -5.7E-10 6.4E-05 7.lE-05 1.4E-04
BA140 0.52 2.4E-10 1.lE-05 1.lE-04 1.3E-04
U 235 1.00 1.9E-05 7.0E-06 8.8E-05 1.lE-04
P 33 0.72 1.lE-04 8.6E-09 .l.lE-04
C057 0.97 1.3E-09 4.3E-06 8.9E-05 9.4E-05
CE144 0.97 5.4E-08 5.0E-05 1.lE-05 6.0E-05

13. 2 7 NUREG/CR-SSI4
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Table 11.12 (Continued)

Radio- Fraction ---Annual Dose to Individual, rem /yr ---
nuclide remaining Inhalation Ingestion External. TEDE

PU239 1.00 4.5E-05 1.2E-05 5.lE-08 5.7E-05
PV240 1.00 4.5E-05 1.2E-05 2.3E-08 5.7E-05
PU238 1.00 4.3E-05 1.lE-05 2.3E-08 5.4E-05
S 35 0.91 3.4E-10 4.4E-05 3.0E-09 4.4E-05
CE141 0.77 1.0E-09 4.lE-06 3.6E-05 4.0E-05
CR51 0.74 1.9E 0/ 3.2E-05 3.2E-05
V 234 1.00 2.0E-05 6.6E-06 6.9E-08 2.7E-05
U 233 1.00 2.0E-05 6. Tt - 06 1.8E-07 2.7E-05
U 238 1.00 1.8E-05 7.2E-06 3.2E-08 2.5E-05
LA140 0.01 8.5E-10 1.9E-05 1.9E-05
IN111 0.05 2.3E-09 1.6E-05 1.6E-05
CS135 1.00 5.5E-10 9 lE-06 5.3E-09 9.lE-06
NI63 1.00 3.0E-10 3.6E-06 3.6E-06
NI59 1.00 1.2E-10 1.3E-06 4.8E-08 1.4E-06
FESS 0.99 1.8E-10 7.4E-07 4.0E-08 7.8E-07
Y 90 0.04 1.5E 08 3.2E-07 3.4E-07
SM151 1.00 4.5E-09 2.5E-07 7.lE-10 2.5E-07
NA24 0.00 8.3E-09 8.3E-09
C 14 1.00 2.9E-10 2.8E-09 3.0E-09

b
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Appendix B

Table ?).13 Deterministic doses calculated for theoretical discharges for Scenario No. 8 Sludge
Non-Agricultural Soil Application (with a decay time of 12 days and a reporting cutotT of
.1.0 E 10 rem /yr)

Radio- Fraction ---Annual dose to inggvidual, rem /yr ---puclide Remainina Inhalation incestion External TEDE

C060 1.00 5.0E-08 1.9E-02 1.9E-02
NA22 0.99 2.2E-09 -1.7E-02 1.7E-02
SC46 0.91 6.4E-09 1.4E-02 1.4E-02
CS134 0.99 9.9E 09 1.3E-02 1.3E-02
EU154 1.00. 6.8E-08 9.4E-03 9.4E-03
EV152 1.00 5.2E-08 9.lE-03 9.lE-03
FE59 0.83 2.5E-09 7.3E-03 7.3E-03
C058- 0.89 2.3E-09 6.8E-03 6.8E-03 -

IR192 .0.89 6.0E-09 6.3E-03 6.3E-03
MN54 0.97 1.6E-09. 6.2E-03- 6.2E-03
ZR95 0.88 3.3E-09 5.2E-03 5.2E-03
NB95 0.79 1.1E-09 5.0E-03- 5.0E-03
ZN65 0.97 4.3E-09 4.8E-03 4.8E-03
CS137 1.00 6.8E-09 4.6E-03 4.6E-03
SB125 0.99 3.lE-09 3.7E-03 3.7E-03
SE75 10.93 1.9E-09 2.2E-03 2.2E-03
RU106 0.98. 1.2E-07 1.8E-03 1.8E-03
RN222 0.11 1.6E-03 1.6E-03
I 131 0.36 2.7E-09 1.lE-03 1.lE-03
BA140 0.52 4.0E-10 7.8E-04 7.8E-04
U 235 1.00 3.1E-05 5.8E-04 6.1E-04
C057 0.97 2.0E-09 5.9E-04 5.9E-04
RB86 0.64 9.6E-10 4.7E-04 4.7E-04
CE141. 0.77 1,7E-09' 2.4E-04 2.4E-04'

NP237 1.00 1.6E-04 7.lE-05 2.3E-04
CRS1 0.74 2.lE-04 2.lE-04

.AM241 1.00 1.lE-04 3.5E-05 1.4E-04
LA140 0.01 1.3E-04 1.3E-04'
INlll 0.05 1.1E-04 1.lE-04
TH228 -0.99 8.0E-05 8.1E-06 8.8E-05

.PU239: -1.00 -7.6E-05 3.4E-07 7.6E-05
PU240- 1.00 7.6E-05 1.5E-07 7.6E-05

-

CE144 0.97 9.0E-08 7.3E-05 7.3E-05-
PU238 1.00 7.2E-05- 1.5E-07 7.2E-05
V 233- 1.00 3.4E-05 1.2E-06 3.5E-05
0 234 1.00 3.3E-05 4.6E-07 3.4E-05
U 238 1.00 2.9E-05 2.lE-07 3.0E-05
RA226 1.00 2.0E-06 2.2E-05 2.4E-05
I 125 0.87 4.9E-09 2.0E-05 2.0E-05
SR89 -0.85 1.2E-09 1.4E-05 1.4E-05

|
'
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Appendh B-

Table 11.13 (Continued)

Radio- Fraction ---Annual dose to inggvidual, rem /yr ---
nuclide remainin9 inhalatios JBges_ tion External _IEDE _

P 32 'O.56 7.8E-10 1.3E-05 1.3E-05
l'129 1,00 3.8E-08 1.3E-05 1.3E-05
PB210 1.00 3.4E-06 2.5E-06 5.9E-06
Y 90 0.04 2.lE-Os 2.lE-06
CL36 1.00 4.7E-10 2.lE-06 2.lE-06
P0210 0.94 2.lE-0' 6.4E-08 2.lE-06
BI210 0.19 9.3E-09 1. 3 E,- 06 1.3E-06
SR90 1.00 5.lE-08 8.6E-07 9.lE-07
N159 1.00 2.0E-10 3.2E-07 3.2E-07
FE55 0.99 3 lE-10- 2.6E-07 2.6E-07
TC99 1.00 2.3E-09 1.2E-07 1.2E-07
CA45 0.95 1.5E-09 8.3E-08 8.5E-08
P 33 0.72 1.0E-10 5.9E-08 5.9E-08

'

NA24 0.00 5.5E-08 5.5E-08
CS135 1.00 9.2E-10 3.5E-08 3.6E-08
S 35 ~0.91 5.6E-10 2.0E-08 2.0E-08
C 14 - 1.00 4.9E-10 1.8E-08 1.9E-08
SM151 1.00 7.5E-09- 4.7E-09 1.2E-08
NI63 1.00 5.0E-10 4.6E-10 9.6E-10
H3 1.00 1 lE-10 1.lE-10o

(a) Ingestion dons not apply for this scenario

|

1:

|~

|

NUREG/CR 5814 B.30

, _ _ _ _. _ _ _ _ _ ____. _ _ _ _ _ _ _ . _ _ _ . _ _ _ ._



_ _ . _ _ . _ _ _ _ ____m., _ _ . - ~ _ _ _ _ _ . _ _ . _ _ . _ _ - . _ _ _ , . _ . _ . _ ._

|

Appendix D

Table B.14 Deterministic doses calculated for theoretical discharges for Scenario No. 9. landfill Operntor
(with a decay time of 3.5 days and a reporting cutoliof 1.0 E 10 rem!yr)

Radio- Fraction --Annual Dose to inggvidual, rem /yr -- --

nuclide remainins Inhalation Incestion _ External TEDE

C060 1.00 1.4E-06 6,4E-02 6.4E-02
NA22 1.00 6.2E-08 5.7E-02 5.7E-02
SC46 0.97 1.7E-07 5.lE 02 5.lE-02
CS134 1.00 2.9E-07 4.4E-02 4.4E-02
EU154 1.00 1.9E-06 3.lE-02 3 lE-02
EV152 1.00 1.4E-06 3.0E-02 3.0E-02
FE59 0.95 . 8.0E-08 2.7E-02 2.7E-02
C058 0.97 7.0E-08 2.5E-02 2.5E-02
RN222 0.53 2.5E-02 2.5E-02
IR192 0.97 1.7E-07 2.2E-02 2 2E-02
MN54- 0.99 4.4E-08 2.1E-02 2.1E-02
NB95 0.93 3.6E-08 2.0E-02 2.0E-02

-ZR95 1.96 9.6E-08 1.9E-02 1.9E-02
ZN65 ' 99 1.2E-07 1.7E-02 1.7E-02
CS137 1.00 1.9E-07 1.5E-02 1.5E-02
LA140 0.24 5.7E-09 1.4E-02 1.4E-02
S8125 1.00 8.5E-08 1.2E-02 1.2E-02
SE75 0.98 5.3E-08 .7.7E-03 7.7E-03
I 131. 0.74 1.6E-07 7.3E-03 7.3E-03
RU106 0.99 3.2E-06 6.2E-03 6.2E-03

*

NP237 1.00 4.4E-03 2.4E-04 4.6E-03:

BA140 0.83- 1.7E-08 4.lE-03 4.lE-03
AM241 1.00 3.0E-03 1.2E-04 3.2E-03
INlll 0,42 1,6E-09 2.9E-03 2.9E-03
0 235 1.00 8.5E-04 1.9E-03 2.8E-03

- TH228 1.00 2.2E-03 2.7E-05 2.3E-03
NA24 0.02 1.6E-10 2.3E-03 2.3E-03
RB86 ~0.88 3.6E-08 2.2E-03 2.2E-03
PU239. 1.00- 2,lE-03 1.lE-06 2.lE-03
PU240 1.00 2.lE-03 5.0E-07 2.lE-03
PU238 1.00 2.0E-03 5.lE-07 2.0E-03
C057 0.99 5.8E-08 2.0E-03 2.0E-03
0 233 1.00 9.3E-04 3.9E-06 19.3E-04

-CE141 0.93 5.6E-08 9.3E-04 9.3E-04
U 234 1.00 - 9.2E-04 1.5E-06 9.2E-04
CR51 0.92 2.0E-03 8.6E-04 8.6E-04
U 238 1.00 8.lE-04 6.5E-07. 8.lE-04
CE144 0.99 2.6E-06 2.5E-04 2.5E-04
RA226 1.00- 5.6E-05 7.4E-05 1.3E-04
PB210 1.00 9.3E-05 8.4E-06 1.0E-04
1 125 0.96 1.5E-07 7.4E-05 7.4E-05
P 32 0.84 3.3E-08 6.6E-05 6.6E-05
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Appendix B

Table H.14 (Continued)

Radio- Fraction ---Annual dose to inpfvidual, rem /yr ---
nuclide remainino Inhalation incestion External TE0E

Y 90 0.40 2.4E-08 6.4E-05 6.4E-05
P0210- 0.98 5.9E-05 2.3E-07 5.9E-05
SR89 0.95 3.6E-08 5.4E-05 5.4E-05
1 129 1.00 1.0E-06 4.5E-05 4.6E-05

|_ BI210 0.62 8.6E-07 1.4E-05 1.5E-05
| PB212 0.00 4.6E-09 1.2E-05 1.2E-05
l- CL36 1.00 1.3E-08 7.0E-06 -7.0E-06
| SR90 l'.00 1.4E-06 2.9E-06 4.3E-06
! NI59 1.00 5.6E-09 1.lE-06 1.lE-06
i FESS 1.00 8.5E-09 8.8E-07 8.8E-07 '

i TC99 1.00 6.3E-08 4.lE-07 4.7E-07
: CA45 0.99 4.4E-08 2.9E-07 3.3E-07
L P 33 0.91 3.5E-09 2.5E-07 2.5E-07 ;

SM151 1.00 2.lE-07 1.6E-08 2.2E-07 |b
CS135 .l.00 2.6E-08 1.2E-07 1.4E-07 '

-TC99M 0.00 1.lE-07 1.lE-07
; S 35 0.97 1.7E n8 7.0E-08 8.7E-08
L C 14 1.00 3.3E-u9 1.5E-08 1.9E-08
| NI63 1.00 1.4E-08 1.5E-09 1.5E-08
i H3 1.00 3.0E-10 3.0E-10

|

(a) Ingestion does not apply for this scenario,
l

!

i

-

|

| .~
.

'
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Table 11.15 Deterministic doses calculated for theoretical discharges for Scenario No.10 - landull
Intrusion and Construction (with a prior decay time of 5 years und a reporting cutofT of
1.0 E.10 rent'}r)

Radio- --- Annual Dose tggindividual, rem /yr ---
nuclide Inhalation Incestion External TEDE

RA226 6.7E-05 7.lE-02 7.lE-02
C060 6.0E-07 4.7E-02 4.7E-02
EV152 9.8E-07 3.4E-02 3.4E-02
EU154 1.lE-06 3.0E-02 3.0E-02
CS137 1.5E-07 1.8E-02 1.8E-02
NA22 8.6E-09 1.4E-02 1.4E-02 m

NP237 3.8E-03 7.7E-03 1.2E-02
CS134 4.6E-08 1.lE-02 1.1E-02
TH228 3.2E-04 1.lE-02 1.lE-02
SB125 2.3E-08 4.6E-03 4.6E-03
U 235 7.4E-04 2.5E-03 3.2E-03
AM?41 2.6E-03 1.4E-04 2.8E-03
PU240 1.8E-03 6.0E-07 1.8E-03
PU239 1.8E-03 1.3E-06 1.8E-03
PU238 1.7E-03 5.5E-07 1.7E-03
0 238 7.lE-04 8.4E-04 1.6E-03
U 233 8.lE-04 9.3E-06 8.2E-04
V 234 8.0E-04 1.8E-06 8.0E-04
MN54 7.0E-10 5.lE-04 5.lE-04
RU106 8.9E-08 2.7E-04 2.7E-04
SR90 1.lE-06 1.8E-04 1.8E-04
PB210 1.2E-04 3.3E-05 1.5E-04
ZN65 5.8E-10 1.3E-04 1.3E-04
I 129 4.lE-07 2.3E-05 2.4E-05
C057 4.7E-10 2.3E-05 2.3E-05

"

CE144 2.6E-08 2.3E-05 2.3E-05
CL36 5.lE-C 3.9E-06 3.9E-06
NI59 4.9E-09 1.3E-06 1.3E-06
FESS 2.0E-09 2.8E-07 2.8E-07
SE75 2.5E-07 2.5E-07
TC99 2.5E-08 2.lE-07 2.4E-07
SM151 1.7E-07 1.7E-08 1.9E-07
CS135 2.2E-08 1.4E-07 1.6E-07
RN222 5.4E-08 1.bE-08 7.0E-08
SC46 2.lE-08 2.lE-08
N163 1.2E-08 1.7E-09 1.3E-08
C 14 1.3E-09 7.7E-09 9.0E-09
P0210 5.5E-09 5.6E-09
1R192 1.lE-09 1.lE-09
C058 6.2E-10 6.2E-10
ZR95 2.4E-10 2.4E-10
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Tulile 11.15 (Continued)

Radio- ---Annual Dose tg) individual, rem /yr ---
mKilds JnhA1. alto] Lagtition fxternal _UAE

B1210 2.lE-10 2.lE-10
CA45 1.5E-10 1.6E 10
H3 9.3E-ll

(a) Ingestion does not apply for this scenario.

,

i
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Table 11.16 Deterministle doses calculated for theoretical dischargrs for Secnario 11. landnll Intrusion
und llesidence (with a prior decay time of 5 rars and a reporting cutoff of 1.0 E.10 rent'>r)3

__

'

Radin- --- Annual dose to individual, rem /yr ---
nE Mt Jfblat1911 1A901 tion [Elgrtn31 .lEDL_l

!

NP237 3.0E 03 3.4E400 2.6E-02 3.4E+00
RA226 5.4E 0F 1.2E-01 2.6E-01 3.8E 01
PB210 0.2E-05 3.4E-01 1.lE 04 3.4E 01
C060 4.9E-07 3.2E-04 1.7E-01 1.7E-01
SR90 -8.9E-07 1.5E 01 6.4E-04 1.5E 01
EV152 7.7E-07 3.3E-05 1.2E-01 1.2E-01
EU154 8.7E-07 4 lE-05 1.lE-01 1.lE-01
NA22- 6.9E 09 1.7E-02 5.5E-02 7.2E-02
CS137 1.2E 07 5.9E 04 6.5E-02 6.6E-02
TC99 2.0E-08 4.6E-02 7.2E-07 4.6E 02
1H228 2.5E-04 4.2E-04 4.2E-02 4.2E 02
CS134- 3.7E-08 1.8E-04 4.0E-02 4.0E-02

,

Cl36 4.lE 09 3.9E-02 1.3E 05 3.9E-02
'

1 129 3.3E-07 3.7E-02 7.7E-05 3.7E-02
SB125 1.8E-08 6.0E-04 1.7E-02 1.8E-02
V 235 5.9E 04 1.1E-04 8.lE-03 8.8E-03
AM241 2.lE 03 5.0E-03 4.4E-04 7.5E 03
0 238 5.7E 04 9.9E-05 3.0E-03 3.6E 03
MN54 5.3E 10 2.2E-05 1.9E-03 1.9E 03
PU240 1.5E-03 1.2E-04 1.9E-06 1.6E 03
PU239 1.5E 03 1.3E 04 4.4E 06 1.6E-03
PU238 1.3E-03 1.lE-04 1.9E-06 1.4E-0'
RV106 7.0E-08 1.3E-04 9.8E-04 1.lE-03
V 233 6.5E-04 8.0E 05 3.2E-05 7.6E-04
U 234 6.4E-04 6.9E-05 -5.9E-06 7.lE-04
ZN65 4.6E-10 1.0E-04 4.9E-04 5.9E 04
RN222 4.3E-08 1.6E-04 5.2E 08 1.6E 04 .

CS135 1.8E-08 9.3E-05 4.5E 07 9.4E-05
CE144 2.lE-08 6.2E-06 8.3E-05 8.9E-05
C057 3.8E-10 4.3E-07 7.4E-05 7.4E-05
4163 9.2E-09 3.6E-05 5.7E-09 3.6E-05
N159 3.9E-09 1.3E-05 4.lE-06 1.8E-05
FESS - 1.6E-09 2.lE-06 9.6E-07 3.lE-06
SM151 1.4E-07 2.5E-06 5.8E-08 2.7E-06
CA45 1.9E-06 4.8E-10 1.9E-06
P0210- 4.4E-09 1.2E-06 1.2E-10 1.2E-06
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Table 11.16 (Continued)

.

Radio. ---Annual dose to individual, rem /yr ---
DElMt inhalation Iseitico Exte.tnal .lfDf_
SE75 6.8E-08 8.7E-07 9.4E 07
SC46 7.9E-08 7.9E 08
B1210 1.6E 10 4.6E 08 4.6E 08
C 14 1.lE-09 2.6E-08 2.8E 08
IR192 4.lE-09 4.lE 09 i

C058 2.2E-09 2.2E ''
ZR95- 8.8E-10 8.8E 10
S 35 2.5E-10 2.5E 10
TC99M 1.5E 10 1.5E-10 )

,

i

3

|

1

t
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Appendix C

| Results of Stachastic Uncertainty and Sensitivity Anahsis

'ihis appendix contains detailed information on scenario by isotope. Thble C31 provides the
the results of the stochastic uncertainty and sensitivity ranking for input parameters by sce.
sensitivity analysis conducted for the reference natio and isotope. Finally, Figures Cl through
exposure scenarios. Thbles C1 through C11 pre- C29 are graphs depicting the dose distribution I

'

sent the input parameter distributions for cach data for cach scenario, also by individual isotope
scenario. Thble C12 !!sts the statistical results analyzed,
of the uncertainty analysis. 'thbles C13 through ,

C30 summarire the sensitivity analysis results, Lkts of tables and figures and their associated .

'

which include partial rank correlation coefficients page locations are ptovided to help the reader
(PRCCs) and the ranks of the PRCCs for cach turn directly to the desired table (s) or figuie(s).

Tables

f(!h Title l'Uge

C1 Input parameter distributions for Scenario No.1 -
Sewer System inspector ("Co, "21r ) . . . . . . C6.. ...... ......... . ....

C2 input paran.eter distributions for Scenario No. 2 -
STP Sludge Process Operator ("Co,137Cs n2ir) C6. . .. .... ... .. ..

C3, input parameter distributions for Scenario No. 3 -
STP Liquid Effluent ("Co, "Sr,137Cs, 2 u Am) . C6. .. . . . .

C4. Input parameter iistributions for Scenario No. 4 -
STP Incinerator Jperator (*Co, W2ir, nam) , , . . . . C7.. .... .. .....

C5 input parameter distributions for Scenario No. 5 -
Sludge incinerator Effluent (137Cs,241Am) C8.. ......... . .. ..

C6 Input parameter distributions for Scenario No. 6 -
Incinerator Ash Disposal"Iruck Driver ("Co, W2f t) . . C8... . ... .... ...

C7 Input parameter distributions for Scenario'No. 7 -
Sludge Application to Agricultural Soil (*st) C8... ... .. .. . ... . .

C.8 Input parameter distributions for Scenario No. 8 -

Sludge Application to Non-Agricultural SoilCs,"2 ) ......., C9("Co,13 1r .. .. ..... . ..... . . .... . ....

C.9 Input parameter distributions for Scenario No.9 -
E Landfilt Equipment Operator ("Co 137Cs, W21r, #Am) , C9, .. . . .

- C10 Input parameter distributions for Scenario No.10 -
'

Landfill Intrusion and Construction (*Co,137Cs) . . . . . . C9....... .....

C11 Input paumeter distributions for Scenario No.11 -
1.andfill Intrusion and Residence ("Co, *Sr,137Cs) C10.... .. .. . ..

C.12 Statistical results of the uncertainty analysis
I for the 11 reference scenarios . Cll. . .... . . . . . .

i
,
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Tables (Continued)

b's Title
._, htgt,_

C13 Sensitivity analysis results for "Co and 192 1r

for Scenario No.1 - Sewer System O erator . . . . . . . . . . . . . . . . . . . . . . . . CIS
Sensitivity analpis results for "Co,1p7 192C14 - Cs,and 1r

for Scenario No 2. Sludge Process Operator . . . . . C16.............. .... .

C15 Sensithity analysis results for *Co for Scenario No. 3 -
STP Liquid Effluent C17............... .... . ................ ....

C16 SensitMty analysis results for "Sr for Scenario No. 3
STP Liquid Elfluent CIS........... ............. ............ .. ...

137C17 Sensitivity analysis results for Cs for Scenario No. 3
STP Liquid Effluent . . 4 C19..........._.... ... . ...................

2dlC18 Sensithity analpis results for Am for Scenario No. 3 -
STP Liquid Effluent . . . . C20 o, .......... ........... ..................

C19 SensitMty analpis results for "Gi.1921r,and Am241

for Scenario No. 4 - STP Incinerator Operator . . . . . . . . . . . C21 i. .. . .... .

337C20 SensitMty analysis results for Cs for Scenario No. 5
Sludge incinerator Efiluent . . . . . . . . . . . . . . . . . . . . C22..... . . . . .......

243C21 Sensitivity analysis results for Am for Scenario No. 5 I

Sludge Incinerator Effluent . . . . . . . . . . . . C23............. ..... . .....

C22 Sensitivity analysis results for "Co and 192 1r

for Scenario No. 6. Incincrator Ash Disposal ' huck Drhcr . . . . . . . . . . . . . . . . . C24
9C23 SensitMiy analysis results for Sr for Scenario No. 7

Sludge Application to Agricultural Soi! . . . . . . . . . . . . . . . , , . C25...... ......

C24 SensitMty analysk results for *Co,137Cs,and 1921r
for Scenario No. 8 Sludge Appilcation to Non. Agricultural
Soil C%............. ...... ........ ... ... .................

C25 SensitMty analysis results for "Co and 1921r for
Scenario No. 9. Landfill Equipment Operator - C27........................

C26 SensitMty analysis results for *41Am and 137Cs for

Scenario No. 9. Landfill Equig' ment Operator . . . . . . . . . . . . . . . . . . . . . . . . . . C28
SensitMty analysis results for Co and 137Cs forC27
Scenario No.10 - Landfill Intrusion and Construction . . . . . . . . C29............

C28 SensitMty analysis results for "Co for Scenario
.

No.11. landfill Intrusion and Construction . . . C30.....................
.

90C29 Sensitivity analysis results for Sr for Sect.ario
No.11 - Landfill Intrusion and Residrace . . . C31..........................

243 Ara for ScenarioC30 - SensitMty analysis results for -

No.11 - Landfill Intrusion and Residence . . . . . . . . C.32. ........,,,.....

C31 - Ranking of sensitivity of inpv*. parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C33

|

|
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Appendix C

l'It:urch

Ng Title l' age

Cl ! requency distribution of inhalation, external, and
total doses from "Co from uncertainty analysts of
Scenario No.1 - Sewer System inspector C34...... .. . . ...... .. .

C2 Frequeng distribution of inhalation, external, and
192total doses from 1r from uncertainty analysis of

Scenario No.1 Sev,cr System inspector . . . C34... . . .... . .

C3 Frequency distribution of inhalation, external, and
total doses from "Co frotn uncertainty analysis of
Scenario No. 2 ST? Sludge Process Operator . C35. . . .

C4 Frequency distribution of inhalation, external, and
total doses from "Cs from uncertainty analysis of1

Seenar10 No. 2 STP Sludge Process Operator C35.. . .. ... . ...

C5 Frequency distribution of inhalation, extcrnal, and
total doses from 192 1r from uncertainty analysis of
scenario No. 2 STP Sludge Process Operator C36. .. . . . . .

C6 Frequency distribution of inhalation, external, and
total doses from uncertainty analysis from *Co for
Scenario No 3 - ST? Liquid Effluent C36... .... . .. .. ... .. .....

C7 Frequency distribution of inhalation, external, and
total doses from "Sr from uncertainty analysis of
Scenario No. 3 STP Liquid Efnuent C.37. .. . . . . . ... . ...

C8 Frequency distribution of inhalation, external, and
total doses from "Cs from uncertainty analysis ofI

Scenario No. 3 - STP Liquid Efnuent C37... . ... ... ... . . .
_

C9 Frequeng distribution of inhalation, external, and
2dltotal doses from Am from uncertainty analysis of

Scenario No. 3 - STP Liquid EIGuent C38......... .... ..... .. . .. ..

C10 Frequency distribution of inhalation, external, and
total doses from *Co from uncertainty analysis of
Scenario No. 4 STP Incinciator Operator . C38..... . .... .. . .

C11 Frequency distribution of inhalation, external, and
total doses from 192 1r from uncertainty analysis of
Scenario No. 4 - STP incinerator Operator . . . C39... . .. .. . . .. .

C12 Frequency distribution of inhalation, external, and
total doses from 24tAm from uncertainty analysis of
Scenario No. 4 - STP Incinerator Operator C39.. .. . .... . ..

Cl3 Frequency distributioa of inhalation, external, and
total doses from "Cs from uncertainty analysis ofI

Scenario No. 5 - Sludge incinerator Efauent C40,. ... . .. . .. .

C14 Frcquency distribution of inhalation, external, and
total doses fiom 241A.n from uncertainty analysis of
Scenario No. 5 - Sludge Incinerator Ef0uent . C40. .. .... .. . ..
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l'igures (Continued)

hih 'I'itle hu

C15 Frequency distribution of inhalation, external, and
total doses from "Co from uncertainty analysis of
Scenario No. 6 Incinerator Ash Disposal 11uck Driver . . . . . . . . . C41....,....

C16 Frequency distribution of inhalation, external, and
lotal doses from 1921r from uncertainty analysis of

' Scenario No. 6 Incinerator Ash Disposal'Iluck Driver . . . . C41...............

C17- Frequency distribution of inhalation, external, and
total doses from "Sr from uncertainty analysis of
Scenario No. 7 Sludge Application to Agricultural Soil . . . . . . . . C42.........

C18 Frequency distribution of inhalation, external, and -
'

total doses from "Co from uncertainty analysis of
Scenario No. 8 Sludge Application to Non Agricultural
Soll - C42..................................... . ...........

C19 Frequency distribution of inhalation, external, and-
total doses from u?Cs from uncertainty analysis of
Scenario No. 8 - Sludge Ajiplication to Non. Agricultural
Soil C43.................................. . . ..... ....

C20 Frequency distribution of inhalation, external, and
total doses from "It from uncertainty analysis of1

Scenario No. 8 Sludge Application to Non-Agriculturel
Soil C43................ ..... ...... .. .... .. . .... .. .

C21 Frequency distribution of inhalation, external, and
total doses from "Co from uncertainty analpis of

- Scenario No. 9 1;indfill Equipment Operator . . . C44,.... . ....... ......

C22 Frequency distribution of inhalation, external, and
,

total doses from u?Cs from uncertainty analysis of |
_

Scenario No. 9 Landfill Equipment Operator . C44,. .. .. ..............

C23 Frequency distribution of inhalation, external, and
total doses from "It fram uncertainty analysis of--1

Scenario No. 9 Landfill Equipment Operator . . . . . . C45.. .... ..... .....

C24 Frequency distribution of inhalation, external, and
total doses from 24Am from Uncertainty Analysis of
Scenario No. 9 Landfill Equipment Operator . . . . . C45.. . ... . . . ..

C25 . Frequency distribution of inhalation, external, and
total doses from "Co from uncertainty analysis of
Scenario No.10 - Landfill Intrusion and Construction . . . . . . . . . . . . , C46.....

- C26 Frequency distribution of inhalation cxternal, and
U7total doses from Cs from uncertainty analysis of

Scenario No.10 _l;mdfill intrusion and Construction . . - C46.. ....... .......

C27 Frequency distribution of inhalation, external, and
total doses from "Co from uncertainty analysis of
Scenario No.11 - Landfill Intrusion and Residence . C47. . . . , , ,... .

<
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1'igures (Continued)

M Title l' art:

C.28 Frequeng distribution of inhalation, external, and
total doses from *Sr from oncertainty analysis of
Scenario No.11. Landfill intrusion and Rnidente C.47.

C.29 Frequency distribution of inhalation, external, and
137total doses from Cs from uncertainty analysis of

Scenario No.11. Landfill intrusion and Residence C 48. . .

4

C.5 NUREG/CR-5814

--____ _ _ - - - - _ - _ _ _ _ _ _ _ _ - _ _ _ _ - _ ____-____ __- -_____- _-_-_--_-__ -_ _ _- _-_ _



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

Appendit C

Tulile C.! Input parameter distril>utions for Scenario No. I Sewer Sptem Inslector (MCo,192gp)

PatAmatjtr (Units) Distribution Minimun) tLaxjmum EqtAtm. valu.s

3inventory (Ci/m ) Loguniform 3.0E 07 3.0E-06 3.0E-06 ("Co)
1.0E 06 1.0E-04 1.0E 05 ("21r)

External (Hrs) Loguniform 40 240 100

inhalation (Hrs) 3 Loguniform 8 48 20
Dust Loading (g/m ) Loguniform 5.0E-5 5.0E-3 1E-4

'Ibl>1e C.2 input parameter distritmtions for Scenario No. 2. STP Sludge Process Operator (%,
"70s , 192g r)

Paramet,gt(Units) Distribution liigimutn Maximum Determ. valus
3Inventory (Ci/m ) Loguniform 1.1E-5 -1 lE 3 2.lE 4

External (Hrs) Loguniform 500 1750 1500

inhalation (Hrs) 3 Loguniform 100 350 300
Dust Loading (g/m ) Loguniform 1.0E-4 5.0E-2 1.0E-3

'lhlite C.3 input parameter distrilsutions for Scenario No. 3. STP I,lguld Fmuent ("Co, MSr.
1570s, N Am)

Parameter (Units) Distribution Minimum Maximta) Determ, valuf

External (Hrs /Yr)3 Loguniform 100 4400 1300
Dust Loading (g/m ) Loguniform 1.0E-5 5.0E-4 1.0E-4
Leafy Veg.(kg/Yr) Uniform 0 9.8 4.9
Other Veg.(kg/Yr) Uniform 0 91 45.5
Fruit (kg/Yr) Uniform 0 42 21.0

'

Grain (kg/Yr) Uniform 0 47 23.5
Beef (kg/Yr) Uniform 0 95 47.5
Milk (L/Yr) Uniform 0 110 55.0

Milk-Fp/sec)
ed Fraction Uniform 0.5 1.0 0.75|

: Flow (m Loguniform 80 3000 100.0
l fish (kg/yr) Uniform Step

5% 0 0 6.9
10% 0 1.3,

20% 1.3 3.3|

30% 3.3 6.1
20%. 6.1 9.4
8% 9.4 15.4
6% 15.4 21.0
1% 21.0 35.0

I. . Irrigation (in./yr) Uniform Step 0 40 30

i

NUREG/CR-5814 C.6

|

. . . _ - _ - . _ . - . , _ . . _ . _ _ _ _ . _ . . _ . . _ _ . _ _ _ _ _ . . _ _ . _ _ - _ . _ _ - . - _ _ _ . _ _ . _a



_ _ __ _ --

A|'penda C

Table C.3 (Continued)

Eatameter (Units) Disttibytion Minimum Maximum Determ. valuei

Swimming (ilrs/yr) Uniform Step
40% 0 0 10
15% 0 1.0
10% l.0 2.4
10% 2.4 3.6
10% 3.6 5.0
10% 5.0 28.4

~

5% 28.4 40.0
Boating (llrs/yr) Uniform Step

40% 0 0 5
15% 0 1.0
10% 1.0 2.4
10% 2.4 3.6
10% 3.6 5.0
10% 5.0 28.4
5% 28.4 40.0

Shorel ine (';rs/yr) Uniform Step
40% 0 0 17
15% 0 1.0
10% l.0 2.4
10% 2.4 3.6
10% 3.6 5.0
10% 5.0 28.4
5% 28.4 40.0

Talile C.4 Input parameter dhtributions for Stenario No. 4. STP lucinerator Operator ("Co,
NI r , ?OAm)

EanmAttr (Units) 01ELributi90 tiinimum Max _imum De_ttrm. value

Inventory (Ci/kg) Loguniform 9.8E-8 9.8E-6 2.C:-6
External (Hrs) Loguniform 10 200 100

Inhalation (Hrs) 3 Loguniform 20 400 400
i

Dust Loading (9/m ) Loguniform 1.0E-4 1.0E-3 1.0E-3

c.7 NUREO CR-5814
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Table C.5 Input purameter dhtributions for Scenario No. 5 Sludge lucinerator lifnuent (mCs , ?"Am)

Parameter Distributiqu Minimum MaximuJ Delerm, value

Inventory (Ci/yr) Uniform 1.0E-3 5.0E-2 5.0E-2
External (Hrs) Loguniform 100 4400 1800
Inhalation (Hrs) Uniform 2200 6600 3990 '

Leafy Veg.(kg/Yr) Uniform 0 9.8 4.9
Other Veg.(kg/Yr) Uniform 0 91 45.5

. Fruit (kg/Yr) Uniform 0 42 21.0
' Grain (kg/Yr) Uni form 0 47 23.5

Beef (kg/Yr) Uniform 0 95 47.5
Milk (1/Yr)- Uniform 0 110 55.0

Milk-Feed Fr) action
Uniform 0.5 1.0 0.75

CHl/Q(sec/m'. Loguniform 1,0E-8 1.0E-6 1.0E-7

Table C.6 Input paranneter distributie* s for Scenario No. 6 Incinerator Ash Disposal 'Iruck Drher
-("Co, m,,3

Parame_tet Distribution Minimunj n;tximuni Determ. value
3Inventory (Ci/m ) Loguniform 1.6E-4 1.6E-2 2.8E-3

External (Hrs) Loguniform 100 1000 1000

-Inhalation (Hrs) 3)
Loguniform 20 200 200

Dust loading (g/m Loguni form 5.0E-5 5.0E-3 1.0E-4

Table C.7 Input parameter distributions for Scenario No. 7 Studge Application to Agricultural

Soil (905r)

P_arameter Distribution Minimum Maximum Oeterm. value

Inventory (Ci/m') Loguniform 5.8E-9 7.3E-6 8.8E-7
External (Hrs) Uniform 125 500 500

inhalation (Hrs)3 Uniform 100 400 400
Dust Loading (g/m ) Loguni form 1.0E 4 1.0E-3 1.0E-4

| Leafy Veg (kg/Yr) Uniform 1 9.8 4.9
L OtherVeg.(kg/Yr) Loguniform 9.1 91 45.5

fruit (kg/Yr) Loguniform 4.2_ 42 21.0o
Grain (kg/Yr) Uniform 4.7 47 23.5
Holdup Leafy Veg. Loguniform 1 10 1,0

(day)

NUREG/CR.5814 C.8
i
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luble C.H Input parameter distributions for Scenario No. 8 Sludge Application to Non Agricultural soll
("Co , 13/ s , tv2 } p)C

Di tr.ibution tiinimum tLaximum Dete_tm vah eEarameter l
3Inventory (Ci/m ) Loguniform 2.9E-8 5.9E-5 5.8E-6

External (Hrs) Loguniform 100 2000 500

inhalation (Hrs) 3 Loguniform 20 400 100
Dust loading (g/m ) Loguniform 5.0E-5 5.0E-3 1.0E-4

-_.

Table C.9 input parameter distributions for Scenario No.9 - 1;indull D ulpment Operator (MCo, 137Cs,i
tvzir,2"Am)

Eatample.t Distributior) tiinimum Max _itn.um Re_ term, value

inventory (Ci/kg) Loguniform 8.8E-9 8.8E-7 1.8E-7
External (Hrs) Loguniform 20 400 250

inhalation (Hrs) 3 Loguniform 20 400 100
Dust loading (g/m ) Loguniform 1.0E-4 1.0E-3 4.0E-4

Tut,ic C.10 Input parameter distributions for Scenario No.10 landfill intrmion und Construction
("Co , 137C s )

Ea.rameter Distribution tiinimum Maximum Determ. value

3Inventory (Ci/m ) Loguniform 1.6E-5 2.6E-3 3.lE-4
Decay Time (Yr) Uniform 1 50 5

-

Manual
Redistribution (m) Loguniform 1.5E-3 1.2E-1 9.0E-2

External (Hrs) Loguniform 20 400 250

inhalation (Hrs) 3 Loguniform 20 400 100

Dust Loading (g/m ) Loguniform 1.0E-4 1.0E-3 5.0E-4

C.9 N'JR EO/CR-5811
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Table C.11 Input parameter distributions for Smtario No.11. landGli Intrusion and itesidence
("Co,90!r , 1370s)

ParameteJ. Distribution Minimum N_aximum Determ. value
3Inventory (Ci/m ) Loguniform 1.6E-5 1.6E 3 3.lE-4

. Decay Time (Yr) Uniform 0 50 5
Manual

Redistribution (m) Loguniform 9.0E 4 9.0E-2 5.9E-2
ExternaltHrs) Loguniform 977 3350 2030

inhalation (Hrs)3 Loguniform 294 928 605
Dust loadinc(g/m ) .Loguniform 1.0E-5 1.0E-3 1.0E-4
Leafy Veg (kg/Yr) Uniform 0 9.8 2.5
OtherVeg.(kg/Yr) Uniform 0 91 22.8 ,

Fruit (kg/Yr) zuniform 0 42 10.5 |

Grain (kg/Yr) Uniform 0 47 11.8
Holdup Leafy Veg. Loguniform 1 10 1.0

(day)

,

NUREO/CR.5814 C.10
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Thble C.13 Sen61tliity analpls remits for "Co and v21r for Scenario No.1 Neueri

Spion impector ,

I

I)me 13pc
Inhalation 1%ternal Total

u)Co;_

|

j'pillal rank correlation roemtlents fi'itCQ
inventory 0.99 1.00 1.99 '!

External (h) 0% 0.99 0.98 i

Dust loading 0.99 0.07 0.07

R2 0.99 0.99 0.99

Itanks of PRCC
Inventory 1 1 1

External (h) 3 2 2

Dust Imading 2 3 3

1921r

!

Partial rank cor rlation cocmcients fi'RCC)
Inventory 0.99 1.00 1.00

External (h) 0.96 0.98 0.98
i

Dust leading - 0.99 0.10 0.10
'

R2~ 0.99 0.99 0.99 !

Itants or l'itCe
Inventory 1 1 1

External (h) 3 2 2
Dust Imading 2 3 3-

,

I

C.15 NUREG/CR-5814
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Appendix C

._

Table C.14 Sensithily analysis results for "Co,137Cs, and "f r for Stenarlo No. 28

Sindge l'rocess Ojerator

Inhalatiori Dternal Total

j'a!11al rank correlation coemclents. (I'l{CC)
inventory 0.99 1.09 1.00

' lhternal (h) 033 0.04 031
Inhalation (h) -0.01 +0.01 -0.01
Dust 1.nading 0.99 0.06 0.06

R2 0.99 1IX) :JU

- Jianks of I'ItCC
Inventory 1 1 1

External (h) 3 3 3

inhalation (h) 4 4 4

Dust Loading 2 2 2

137p

J'artial rank correlati_on cocmtlents (l'RCCJ
Inventory

~

- 0.99 1.00 1.((1 - ,

Ihternal (h) 0.04 0.03 0.03

inhalation (h) -0.02 0.00 OJX)

Dust leading 0.99 0.02 0.02

2R 0.99 1.00 1.00

flanks of I'RCC
Inventory 1 1 1-

Internal (h) '
4 4 4

3 2 2

inhalation (h)-
Dust Loading- 2= 3 3

19:Ir

'

l'artial rank correlation coefTicients (PROCJ
|, inventory 0.99 1.00 1.00

Ihternal (h) 0.05 0.01 0.01

Inhalation (h) 0.03 0.02 0.02

Dust leading 0.99 0.05 < 05 ,

R2 0.99 1.00 1.00

Itanks of I'ItCC
Inventory 1 1 1

External (h) 3 4 4

Inhalation (h) - 4 3 3

Dust Loading 2 2 2

NUREO/CR-5814 C.16
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Appendix C

'Iblile C.15 Sernithily analpin results for "Co for Scenario No. 3 STI' IJguld Emuent
'

jnhalation jpgestion Esternal ]1stal

l'ariint rank correlaiton roemrients fi'RCC)
EXTERNAL lits -0.02 0.07 -0.02 0.08

INil ALATION lits 0.04 -0.07 0.03 -0.07

DUST LOADING 0.94 0.15 0.06 0.22

LEAFY VEO. -0.13 0.10 0.07 0.(n
ROOT VEO. 0.01 0.08 0.03 0.15

l'RUIT -0.13 0.30 -0.16 0.24

GRAIN 0.11 -0.15 0.07 0.14

BEEF 0.26 0.78 0.10 0.82

MILK 0.16 -0.07 -0.15 -0.18

MILK EE 0.00 0 02 0.05 0.07

FLOW -0.92 -0.98 -0.93 -0.W
Fisi1 0.02 OM) 0.03 . 0.m

1RRIGATION 0.87 0.02 0.83 0.35

SWIMMING -0.03 -0.04 -0.25 -0.04

DOATING 0.01 0.07 -0.01 0.06

SIIORELINE 0.07 0.04 0.36 0.15

2R 0.96 0.97 0.93 0.98

linnks of I'ItCC
EXTERN AL lits 12 10 15 12

INilALATION lirs 10 11 12 13

DUST LOADING 1 6 10 6

LEAFY VEO. 7 7 8 11

ROOT VEG. 14 8 14 8

FRUIT 6 4 5 5

GRAIN 8 5 9 10

DEEF 4 3 7 3

MILK 5 9 6 7

MILK EE 16 16 11 14

' FLOW 2 1 1 1

FISIi 13 2 13 2

IRRIGATION 3 15 2 4

SWlMMING 11 14 4 16

BOATING 15 12 16 15

- - SilORELINE 9 13 3 9

,

|
|
,
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Appendix C

Table C.16 Sensithity anulpis results for "Sr for Scenario No. 3 STI' IJguld thent

inhalation Incestion External Lq131

Partici rank porrelation_ coefficients (PRCC)
EXTERNAL Hrs -c . )3 0.09 -0.03 0.09
INHALATION Hrs u.04 -0.09 0.04 -0.09
OVST LOADING 0.94 0.15 -0.07 0.15
LEAFY VEG. -0.13 0.28 0.06 0.28
ROOT VEG. 0.01 0.76 0.02 0.76
FRUli - -0.14 0.43 -0.16 0.43
GRAIN 0.12 -0.03 0.08 -0.03

;

BEEF 0.25 0.41 0.10 0.41
MILK -0.16 0.26 -0.14 -0.26
MILK F.F. 0.00 0.14 0.04 0.14
FLOW -0.92 -0.99 -0.92 -0.99
FISH 0.01 0.91 0.02 0.91
IRRIGATION 0.87 0.02 0.83 0.02
SW1MMING -0.03 0.12 -0.28 0.12
BOATING 0.00 0.14 -0.03 0.14
SH0 RELINE 0.07 0.08 0.36 0.08

i
R 0.96 0.99 -0.93 0.99

Ranks of PRCC
EXTERNAL Hrs 12 12 14 12
INHALATION Hrs 10 13 12 13
DUST LOADING 1 8 9 8
LEAFY VEG. 7 6 10 6
ROOT VEG. 14 3 16 3 )
FRUIT 6 4 5 4 1

GRAIN 8 15 8 15
BEEF 4 5 7 5
MILK 5 7 6 7

MILK F.F. 15 10 11 10
FLOW 2 1 1 1

FISH 13 2 15 -2
IRRIGATION 3 16 2 16
SWIMMING 11 11 4 11
BOATING 16 9 13 9
SHORELINE. 9 14 3 14 ,

E
.

|

l
l

i
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337Tulite C.17. Sensitivity analpls results for Cs for Stenurlo No. 3 NTI' l.lquid Efiluent

inhalation itLqe_ttion Etteloil Lotal

httial raft.tcorrelatiqn coof ficienti.RB10.1i

EXTERNAL Hrs -0.02 0.05 -0.03 0.04
INHALATION Hrs 0.04 0.05 0.05 0.04
DUST LOADING 0.94 0.08 -0.06 0.08
LEAFY VEG. -0.14 0.02 -0.06 0.02,

'

ROOT VEG. 0.01 -0.14 0.03 -0.14
FRUIT -0.14 0.18 -0.16 -0.18
GRAIN 0.12 -0.26 0.08 -0.26
BEEF 0.26 -0.09 0.11 -0.09
MILK -0.16 -0.03 -0.15 -0.03
MILK F.F. 0.00 -0.13 0.05 -0.13

^

FLOW -0.92 -0.95 -0.93 -0.95
FISH 0.02 0.94 0.01 0.94

-IRRIGATION 0.87 -0.19 0.84 -0.19
SWIMMING -0.03 0.08 -0.24 0.08
BOATING 0.01 0.08 -0.01 0.08
SHORELINE 0.06 0.05 0.35 0.05

R' O.96 0.94 0.93 0,94

Ranks of PRCL'

EXTERNAL Hrs 12 14 13 14
INHALATION Hrs 10 13 12 13 -

DUST LOADING 1 11 9 11
~

LEAFY VEG. 6 16 10 16
ROOT VEG. 14 6 14 6

FRUIT 7 5 5 5

GRAIN 8 3 8 3

BEEF 4 8 7 8
MILK 5 15 6 15
MILK'F.F. 16 7 11 7

FLOW 2 1 1 1

FISH 13 2 15 2
'

' IRRIGATION -3 4 2 4

SWIMMING 11 10 4 10
BOATING 15 9 16 9

' SHORELINE 9- 12 3 12

i-

|
|

|

L
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' Appendix C

NIhlile C.18 Sensitliity analysis results for Am for Scenario No 3. STI' IJyuid I:muent

inhalation jnaestion Exte.taa.1 Total

httial rank gattelation coefficients (PRACl
EXTERNAL Hrs 0.02 0.10 -0.05 0.10
INHALATION Hrs 0.03 -0.10 0.06 -0.10
DUST LOADING 0.94 0.10 -0.03 0.10
LEAFY VEG.
ROOT VEG.- .

-0.13 0.27 -0.09 0.27
0.01 0.21 0.03 0.21

FRUIT 0.14 0.02 -0.14 0.02
GRAIN 0.12 -0.20 0.09 -0.20
BEEF 0.26 -0.08 0.12 -0.08
MILK -0.15 0.20 -0.16 -0.20
MILK F.F. 0.01 0.04 0.04- -0.04
FLOW -0.93 -0.98 0.93 -0.98,.

FISH 0.02 0.95 0.01 0.95
IRRIGATION 0.87 -0.13 0.82 -0.13

'
SWIMMING -0.02 0.04 -0.17 0.04

. BOATING 0.01 0.13 0.02 0.13
SHORELINE 0.07 0.03 0.35 0.03

2
R 0.96 0.97 0.93 0.97

ganks of PRC.C
EXTERNAL Hrs 13 10 11 10

-lNHALATION: Hrs 10 9 10 9
DUST LOADING 1 11 14 11

LEAFY VEG. 7 3 9 3'
ROOT VEG. 14 4 13 4

FRUIT 6 16 6 16
GRAIN 8 6 8 6-<

'

BEEF 4 12 7 12
MILK 5 5 5 5

MILK F.F. 16 13 12 13

| FLOW 2 1 1 1

i~ FISH 12 2 16 2

i IRRIGATION 3 7 2 7

SWIMMING 11 14 4 14
B0ATING- 15 8 15 8
SH0 RELINE 9 15 3 15

|

L

I
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'lutile C.19 Senstthity anulph results for "Co, I"tr, and 24' Am for Scenario No. 4 . S il'6

incinerator Operator

Inhalation [xt.ptnal Total

Eartial rank correlation coefficients (PRCCJ
ll4VEN10RY 0.98 0.99 0.99
EXTERt1Al. Hrs 0.03 0.96 0.96
INHALATION !.rs 0.96 0.15 0.15

DySTLOADING 0.98 0.11 0.11
R 0.98 0.98 0.98

Ranks of PRCC
lt4VENTORY l 1 1

EXTERNAL Hrs 4 2 2

!!4HALATION Hrs 3 3 3

DUST LOADil1G 2 4 4

"2 1r

Eartial rank correlatlon coe~ ficients (PRCC)
INVENTORY 0.98 0.99 0.99
EXTERNAL Hrs 0.04 0.96 0.96
IllHALATION Hrs 0.96 0.15 0.15
DUST LOADING 0.98 0.12 0.12

2
R 0.98 0.98 0.98

Ranks of PRCC
INVENTORY l 1 1

EXTERNAL Hrs 4 2 2

INHALATION Hrs 3 3 3

DUST LOADit4G 2 4 4
.

tuAm

Partial rank correlation coefficients LPRCCJ
INVEN10RY 0.98 0.99 0.98
EXTERNAL Hrs 0.03 0.96 0.08
INHALAT1011 Hrs 0.96 0.14 0.96
DUST LOADINu 0.98 0.11 0.98

2
R 0.96 0.98 0.98

Ranks of PRCC
If4 vel 4 TORY l 1 1

EXTERt1AL Hrs 4 2 4

INHALAT10ft Hrs 3 3 3

DUST LOADl!4G 2 4 2

cM NURl!G/CR-5S N
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Appendix C

837'latile C.20 Sensitivity analysis resnits for Cs for Scenario No. $ .
Sludge incinerator Effluent

,

Inhalation incestion External Total

Partial rank correlation coefficients (PRCC)
EXTERNAL Hrs -0.14 0.10 0.96 0.21
INHALATION Hrs 0.89 0.03 -0.06 0.13
LEAFY VEG. 0.01 -0.13 -0.05 -0.12
ROOT-VEG. 0.02 -0.12 -0.11 -0.09
FRVIT -0.01 0.15 -0.17 0.15
GRAIN -0.03 0.16 0,17 0.13
BEEF 0.12 0.93 0.03 0.93
MILK 0.07 0.43 -0.16 0.48

-MILK F.F. -0.09 0.28 0.03 0.32
CHI /Q 1.00 0.99 0.99 1.00

2
R 0.99- 0.99 0.98 0.99

,

Itj|tnks of DRCC
EXTERNAL Hrs 3 9 2 5
INHALATION Hrs 2 10 7 8
LEAFY VEG. 10 7 8 9

2 ROOT VEG. 8 8 6 10
FRUIT 9 6 4 6
GRAIN 7 5 3 7

BEEF 4 ? 10 2

MILK 6 3 5 '3
MILK F.F. 5- 4 9 4

CHl/Q l 1 1 1

3

|
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Appendix C

2'8Talite C.21 Sensitisity anal sis results for Arn for Scenarlo No. $ . j3

Mudge incinerator 11Duent

|. Inh & lion incestion External Total

Partial rank correlation coefficients (PRCC)
EXTERNAL Hr_s -0.13 -0.06 0.96 -0.15
INHALATION Hrs 0.90 -0.12 -0.05 0.89 )
LEAFY VEG. - 0.01 0.75 0.05 0.01 i

ROOT VEG. 0.00 0.87 -0.12 -0.02 '

FRUIT -0.02 0.43 0.18 -0.01 ,

GRAIN 0.02 0.74 0.15 0.01
. BEEF 0.13 0.02 0.00 0.14
MILK 0.07 0.10 -0.14 0.09
MILK F.F. 0.10 0.20 0.04 -0.11
CHl/Q l.00 1.00 0.99 1.00

?
R 0.99 1.00 0.98 0.99

Banks of PRCC
EXTERNAL Hrs 3 9 2 3

INHALATION Hrs 2 7 8 2

LEAFY VEG. 9 3 7 10

ROOT VEG. 10 2 6 7

FRUIT 7 5 3 8

GRAIN 8 '4 4 9

BEEF 4 10 10 4

MILK 6 8 5 6

MILK F.F. 5 6 9 5

CHl/Q l 1 1 1

.

..

C.23 NUREG/CR 5814
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|
'luble C.22 Sensitivity analysis roults for "'Co and *21r for Scenario No. 6 -t

Incinerator Ash tilymsal Truck I) riser

Inhalation incestion External Total

Partial rank correlation coefficients (PRCD
INVENIORY 0.99 0.00 1.00 1.00
EXTERNAL Hrs 0.13 0.00 0.02 0.02
INHALATION Hrs 0.09 0.00 0.03 0.03
OUST LOADING 0.99 0.00 0.22 0.22

i
R 0.99 0.00 0.99 0.99

,

Ranks of PRCC
INVEN10RY 1 0 1 1

EXTERNAL Hrs 3 0 4 4

INHALATION Hrs 4 0 3 3

DUST LOADING 2 0 2 2

"i
lr

Partial rank correlation coefficients (PRCC)
' INVENTORY 0.99 0.00 1.00 1.00 t

EXTERNAL Hrs 0.12 0.00 0.01 0.01
' INHALATION Hrs -0.08 0.00 0.04 0.04
DVST LOADING 0.99 0.00 0.22 0.22

2R. 0.99 0.00 0.99 0.99

Ranks of PRCC
INVENTORY 1 0 1 1

EXTERNAL Hrs 3 0 4 4

INHALATION Hrs 4 0 3 3

DVS1 LOADING 2- 0 2 2

NURIIG/CR-5814 C.24
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Tulile C.23 sensitisity nici,nis ersults for "Sr for Scenario No. 7
$ludge Application to Agricultural Null

Inhala. tion .In9eEtion Exteml Ip_tal

EartiaLiajlk correlaitop_coef ficicatiiP_RCC)
INVEH10RY 1.00 1.00 1.00 1.00
EX1ERNAL Hrs -0.08 0.05 0.94 0.05
INHAlA110N Hrs 0.92 -0.08 0.03 -0.08
DU51 LOADING 0.97 -0.07 0.18 -0.07
EEAFY VEGS. 0.01 0.24 0.00 0.24
OlllER VEGS. -0.01 0.94 -0.03 0.94
FRUIT 0.14 0.72 0.08 0.72
GRAIN 0.01 0.18 -0.12 0.18
HLEAfY VEGS. -0.05 -0.01 -0.08 -0.01

R 1.00 0.99 1.00 0.99

Ranks of PRCC
INVENTORY l 1 1 1

EXTERNAL Hrs 5 8 2 8
INHALATION Hrs 3 6 7 6
DUST LOADING 2 7 3 7

LEAFY 8 4 9 4

OTHER VEGS. 7 2 8 2

fRUlT 4 3 6 3

GRAIN 9 5 4 5

HLEAfY VEGS. 6 9 5 9

_

l

C.25 NUREGER-5SI-l
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C| 'thble C.24 ''ensitivity analysis results for "Co, mCs, und mir for Scenario No. 8 -
I Sludge Application to Non. Agricultural Soli
4

Inhalation Ingestion External Total

Partial rank correlation coefficients (PRCM3 INVENTURY 0.99 0.00 1.00 1.00
(,[ i '

E'TERNAL Hrs 0.01 0.00 0.13 0.13,

1NHALAT10N Hrs 0.01 0.00 -0.09 -0.09
DUST LOADING 0.98 0.00 0.09 0.0;

_

2
R 0.99 0.00 0.99 0.95

P.anks of PRCC
,

INVENTORY 1 0 1 1

EXTERNAL Hrs 4 0 2 2 ,

INHALATION Hrs 3 0 3 3

DUST LOADING 2 0 4 4

*Cs
,

Partial rank correlation coefficients (PRCC_1
~

INVr" TORY 0.99 0.00 1.00 1.00
E:. . , \' n s 0.02 0.00 0.13 0.13
INHic '.i10J Hrs 0.00 0.00 -0.09 -0.09
DUST LOADING 0.98 ':.00 0.08 0.08

2
R 0.99 0.00 0.99 0.99 a

Ranks of PRCC
INVENTORY I O 1 1

EXTERNAL Hrs 3 0 2 2

INHALATION Hrs 4 0 3 3

DUST LOADING 2 0 4 4

1s.57

Partial rank correlation coefficients (PRCCJ
INVENTORY 0.99 0.00 1.00 1.00
EXTERNAL Hrs 0.02 0.00 0.14 0.14
INHALATION Hrs 0.0? 0.00 -0.10 -0.10
DVST LOADING C 98 0.00 0.11 0.11
R' . 0.99 0.00 0.99 0.99
Ranks of PRCC
INVENTORY l 0 1 1

EXTERNAL Hrs 3 0 2 2

INHALAP ON Hrs 4 0 4 4

DUST t.GADING 2 0 3 3

NUREG/CR-3814 C.26
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,

Table C.25? Sensitivity analph .rsuits for "Cu a:id a2ir for Scenario No. 9 -
1.andfill Equipment Operator

"Co
inhalation External Total

Partial rank correlation coefficients (PRCC)
INVENTORY 0.99 0.99 0.99
EXTERNAL Hrs 0.13 0.96 0.96
INHALATION Hrs 0,97 0.16 0.16
DUST LOADING 0.96 0.13 0.13

2
R 0.99 0.98 0.98

Ranks of PRCC-

INVENTORY l 1 1

EXTERNAL Hrs 4 2 2

INHALATION Hrs 2 3 3

DUST LOADING 3 4 4

192]p

Partial rank correlation coefficients (PRCC)
INVENTORY 0.99 0.99 0.99
EXTERNAL Hrs 0.11 0.96 0.96
INHALATION Hrs 0.97 0.14 0.14
DUST L0isDING .0.96 0.13 0.13

2
R 0.99 0.98 0.98

-Ranks of PRCC
'

INVENTORY l 1 1

EXTERNAL Hrs- 4 2 2

INHALATION Hrs 2 3 3

DVST LOADING 3 4 4

|

|:

|.

C.27 NUREG/CR-5814
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,

241 IMTable C.26 Sensithity analysis results for Am and Cs for Sc:nario No. 9
landfill Equipment Operator

241 g
Inhalation External Total

Partial rank correlatic9 coefficients __ IPR M
_ INVENTORY 0.99 0.99 0

EXTERNAL Hrs -0.14 0.96 0.t
INHALATION Hrs 0.97 0.14 0.97
DUST LOADING 0.96 0.13 0.95

2'R 0.99 0.98 0.99

Ranks of PRCC
INVENTORY- 'l 1 1

FXTERNAL Hrs 4 2 4
,

INHALATION Hrs 2 3 3
'

DUST LOADING 3 4 3

137(3
h

Partial rank correlation coefficients (PRCC)
INVENTORY 0.99 0.99 0.99
EXTERNAL Hrs 0.15- 0.96 0.96
INHALATION Hrs 0.97 0.15 0.15
DUST LOADING 0.96 0.13 0.13

2
R 0.99 0.98 0.98

Ranks of PRCC
: INVENTORY l 1 1

EXTERNAL Hrs 4 2 2

INHALATION Hrs 2 3 3

DUST LOADING 3 4 4

,

ENUREO/CR-5814 C.28
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N 137Table C.27 Sensitivity analysis results for Co and Cs for Scenario Ne 10-

,

landfill Intrusion and Construction

60Co

j' ~ inhalation External Total-

Eartial rank correlation coefficients (PRCC)
INVENTORY- 0.88 0.94 0.94

L : DECAY TIME -0.93 -0.97 -0.97
MANUAL REDIST. 0.87 0.61 0.61
EXTERNAL Hrs -0.05 0.59 0.59

. INHALATION Hrs 0.45 0.15 0.15
' DUST. LOADING 'O.86 -0.17 -0.17

R 0.94 0.96 0.96'

Ranks of PRCC
INVENTORY 2 2 2

DECAY TIME 1 1 1

. MANUAL REDIST. 3 3 3

EXTERNAL Hrs 6 4 4'

INHALATION Hrs 5 6 6

DUST LOADING .4 5 5

137(3

Eartiti rank correlation coefficients-(PRCC)
INVENTORY 0.95 0.98 0.98
DECAY -Tli1E -0.31 -0.79 -0.79
MANUAL REDIST. 0.95 0.89 0.89
' EXTERNAL Hrs -0.08- 0.79 0.79
INHALATION Hrs .0.55 -0.08 -0.08

' 0.08 -0.08DUST 80ADING 0.95 -

2
-R 0.96- 0,97 0.974

' Ranks o'f PRCC:
-INVENTORY 3 1 1

DECAY TIME 5 3 3

MANUAL-REDIST. 1 2 2

EXTERNAL Hrs 6 4 4

INHALATION Hrs 4 5 5

DUST LOADING 2 6 6

,

C.29 NUREG/CR.5814
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68- Table C.28 Sensitivity a ialysis results for Co for Scenario No.11 -.

landfill Intnision and Residence

Inhalation Incestion External Total

Partial rank correlation coefficients (PRCC)

INVENTORY 0.88 0.91 0.94 0.94
-DECAY-TIME -0.94 -0.97 -0.97 -0.97-

MANUAL-REDIST. 0.87 0.93 0.62 0.62 |

EXTERNAL Hrs - -0.05 -0.05 0.60- 0.59
INHALATION Hrs 0.46 -0.01 0.16 0.15-
00ST LOADING 0.86 -0.04 -0.17 -0.17
LEAFY-VEGS. -0.01 0.15 -0.02 -0.03
OTHER VEGS. 0.17- 0.68 -0.04 --0.04
FRUI T-- 0.03 0.27 -0.07 -0.07
GRAI:1 -0.01 -0.22 -0.02 -0.03

'HLEAFY VEGS. -0.07 -0.06 0.00 0.00--

2
R -0.94 0.96 0.96 0.96

.

Ranks _of PRCG

INVEN[0RY 2 3 2 2
' DECAY-TIME 1- 1 1 1

MANUAL REDIST. 3 2 3 3
EXTERNAL Hrs 9 9 4 4
INHALATION Hrs 5 11 6 6
DUST LOADING- 4 10 5 5
LEAFY VEG. 11 7 9 -- 10
OTHER;VEGS. 6 4 8 8
FRUIT 10 5 7 7
GRAIN

- _7 6 10 9
HLEAFY-VEGS. -8 8 11 11

2

;

|.
i:
|
l

.

!- NUREGICR.5814 - C.30 -
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Table C.29 Sensitisity anaipts results for "Sr for Scenario No.11
landfill Intrusion and Residence

Inhal_a_tio_0 Ingestion External Total

Partial rank correlation coefficients (PRCC)

INVENTORY 0.95 0.96 0.96 0.96
DECAY TIME -0.54 -0.64 -0.54 -0.64
MANUAL REDIST. 0.95 0.96 0.83 0.96
EXTERNAL Hrs -0.09 -0.14 0.62 -0.14 -

INHALATION Hrs 0.56 -0.16 -0.14 -0.16
DUST LOADING 0.95 0.06 -0.08 0.06
LEAFY VEGS. -0.17 0.07 -0.14 0.07
OTHER VEGS. 0.04 0.77 -0.03 0.77
FRUIT 0.02 0.27 -0.08 0.27
GRAIN -0.09 0.04 -0.07 0.04
HLLAFY VEGS. -0.01 0.11 -0.03 0.11

2
R 0.95 0.97 0.94 0.97

Ranks of PRCC

INVENTORY 2 1 1 1

DECAY TIME 5 4 4 4

MANUAL REDIST. 1 2 2 2

EXTERNAL Hrs 8 3 7
'

INHALATION Hrs 5 6 5 6

DUST LOADING 3 10 7 10
^

LEAFY VEG. 6 9 5 9
-

OTHER VEGS. 9 3 11 3

FRUIT 10 5 8 5

GRAIN 7 11 9 11

HLEAFY VEGS. 11 8 10 8

C31 NUREG/CR-5814
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241Table C.30 Sensitivity analysis results for Am for Scenario No.11 -
I,andfill intrusion and Residence

Inha.Lation ingestion External .T_o_t al

. Partial rank correlation coefficients (PRCC_)_

INVENTORY . 0.95 0.97 0.93 0.98
DECAY TIME -0.51- -0.63 -0.80 -0.79 i
MANUAL:REDIST. 0.95 0.97 0.89 0.89
EXTERNAL Hrs -0.08 -0.12 0.79 0.78
INHALATION Hrs 0.56 -0.08 -0.08 -0.11
DUST LOADING 0.95 0.06 -0.08 -0.07
LEAFY VEGS. -0.15 0.05 -0.02 0.01
OTHER VEGS. 0.05 0.74 -0.43 -0.02
FRUIT 0.01 0.23 -0.15 -0.02
GRAIN- -0.08 .0.20 0.00 0.03

-HLEAFY VEGS. -0.00 0.12 -0.07 -0.07

R' 0,96 0.97 0.97 0.97

-Ranks of PRCC

INVENTORY 2 1 1 1
DECAY TIME 5 4 3 3
MANUAL REDIST. I 2 2 2

. EXTERNAL-Hrs 7 7 4 4
-INHALATION Hrs' -4- 9 6- 6
. DUST LOADING -3 10 7 7
LEAFY VEG. 6 11 10 -11
OTHER VEGS. 9 3 9 10
FRUIT- 10- 5 - 5 5
GRAIN . .

-8 6 11 9
-HLEAFY VEGS. :ll: 8 8 8

NUREG/CR-5814 C.32
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Table C.31 Ranking of senstthity of input parameters

Parameter Rankina(*)
M st Sensitive End Most Sensitive 3rd Most Sensitive$cenario Nuclidec J

1 6 Co INVENTORY EXTERNAL Hrs DUST LOADING
1 1921 r INVENTORY EXTERNAL Hrs DUST LOADING
2 60C0 INVENTORY DUST LOADING EXTERNAL Hrs
2 u7Cs lidENTORY EXTERNAL Hrs DUST LOADING
2 1921 r INVENTORY DUST t0ADING INHA. 110N Hrs
3 6 Co FLOW FISH BEEF

.3 90Sr FLOW FISH ROOT VEGETABLES
3 07Cs FLOW FISH GRAIN

__

3 2'1Am FLOW FISH LEAFY Vegetables

4 60Co INVENTORY EXTERNAL Hrs INHALAll0M Hrs
4 '921 r INVENTORY EXTERNAL Hrs INHALATION Hrs
4 241Am INVENTORY DUST LOADING INHALATION Hrs

5 urCs CHl/Q BEEF MILK
5 241Am CHl/Q INHALATION Hrs EXTERNAL Hrs

6 6 Co INVENTORY DUST LOADING INHALATION Hrs
6 192Ir INVENIORY DU5T LOADING INHALATION Hrs

7 9 Sr INVENTORY OTHER VEGETABLES FRUIT

8 60C0 INVENTORY EXTERNAL Hrs INHALATION Hrs
8 "7C s INVENTORY EXTERNAL Hrs INHALATION Hrs
8 1921r INVENTORY EXTERNAL Hrs DUST LOADING

9 6 Co INVEN10RY EXTERNAL Hrs INHALATION Hrs .

9 urcs INVENTORY EXTERNAL Hrs INHALATION Hrs
9 1921 r INVENTORY EXTERNAL Hrs INHALATION Hrs
9 2'' Am INVENTORY INHALATION Hrs DUST LOADING

10 6 Co DECAY TIME INVENTORY MANUAL
REDISTRIBUTION

10 n;Cs INVENTORY MANUAL REDISTR. DECAY TIME

'

11 60Co DECAY TIME INVENTORY MANUAL
REDISTRIBUTION

11 90pr INVENTORY MANUAL REDISTR. OTHER VEGETABLES
11 " Cs INVENTORY MANUAL REDISTR. DECAY TIME

(a) Ranking applies to total dose calculated by the GENil code using the
uncertainty sample sets.

C.33 NUREQCR-5814
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68Figure C.I . Frequency distribution of inhalation, external, and total doses Co from uncertainty
analysis of Scenario No.1 - Sewer System Inspector
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uncertainty analysis of Scenario No.1 - Sewer System Inspector
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l'igure C.3 Frequency distribution of inhalation, external, and total doses from ''Co from
uncertainty analysis of Scenario No. 2 - STI' Sludge Process Operator
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Figure C.5 Frequency distribution of inhalation, external, and total doses from p2 1r from
uncertainty analysis of Scenario No. 2 - STP Sludge Process Operator
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Figure C." Frequency dhtribution of inhalation, ingestion, external, and total doses from Sr from

uncertainty analysh of Scenario No. 3 - STl' l.iquid Efiluent
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337Figure C.8 Frequency distribution of inhalation, ingestion, external, and total doses from Cs from

uncertainty analysis of Scenario No. 3 - STI' l.iquid Efiluent
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137Figure C.13 Frequency distribution ofinhalation, ingestion, external, and total doses from Cs from
uncertainty analysis of Scenario No. 5 - Sludge incinerator Emnent
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11. ABsrR ACT (200 *arae er semi

The discharge of radioactive materials to municipal sewer systems is regulated by the U.S. Nuclear Regulatory
Commission (NRC) in accordance with 10 CFR 20, or by agreement states in accordance with additional state
regulations. A generic study using pathways, scenarios, data, and assumptions was conducted by Pacific Northwest
Laboratory (PNL) for the NRC to evaluate potential public doses from exposure to radionuclides in sewage sludge
during its treatment and disposal. The majority of the deterministic results from this evaluation indicated a
comfortable margin between the prudently conscrvativt estimates of annual doses and applicable permissible levels.
Using Latin flypercube sampling methods, a stochastie uncertainty and sensitivity analysis was conducted to establish
potential ranges over which individual doses may vary and to identify the most sensitive parameters and assumptions
used ire the analysis. Several exposure situations and radionuclides have been identified in this report for which the
potential doses were calculated to be greater than an individual dose level of 10 mrem /yr if disposal of wastes in
sewer sptems approached 1 Ci/p. The results of this generic study will be used by NRC staff in directing future
modeling efforts supporting their final policy.
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