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Abstract

The discharge of radioactive materials 10 municipal
sewer systems (s regulated by the U S Nuclear Regula-
tory Commission (NRC) in accordance with 10 CFR 20,
or by agreement states in accordance with state regula
tions. There is a need 1o evaluate the radiological hazard
to the public resulting from release of various radio-
nuchides into sanitary sewer systoms at the maximum
limits specified in 10 CFR 20

The results of & study conducted by Pacific Northwest
Laboratory (PNL) for the NRC aro described in this
report. The generic study was conducted 1o evaluate
potential public doses from exposure to radionuchides in
sewige sludge during its treatment and disposal. This
report considers release of Hoensec wastes apan

from excreta from individuals undergoing medical
diagnostic of therapeutic uses of radioactive material. A
separate study will he conducted 10 more carefully
evaluate the potential doses resulting from discharge of
such patient exereta. The majority of the deterndnistic
results from this evaluation indicated a comfortable
margin between the prudently conservative estimates of
annual doses and spplicable permissible levels

Using Latin Hypercube sampling methods, a stochastic
uncertainty and sensitivity analysis was conducied to
estahlish potential ranges over which individual doses
may vary and 1o identify the most sensitive parameters
and assumptions used in the analysis.
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Summary

In accordance with 10 CFR 20, the U S Nuclear Regu-
latory Commission (NRC) regulates licensees’
discharges of small quantities of radivactive materials
into sanitary sewer systems. This generic study was
initiated by Pacific Northwest Laboratory (PNL) foi the
NRC 10 examine the potential radiological hazard 1o the
publi¢ resulting from exposure to radionuclides in
sewage sludge during its treatment and disposai.
Licensce wastes, except excreta from individuals under-
going medical diagnostic or therapeutic uses of radio-
active material, are considered in this study. A separate
study will be conducted 10 more carcfully evaluate the
potential doses resulting from discharge of such patient
excreta.

Eleven scenarios were developed to characterize poten-
tial exposures 1o radioactive materials during sewer
system operations and sewage sludge treatment and dis-
posal setivities and during the extended time frame
Tollowing sewage sludge disposal. The scenarios,
assumptions, and parameter values were selected in @
manner 10 produce prudently COnservative (no1 worst-
case) estimates of the individual radiation doses. Two
sets of deterministic dose calculations were performed,
one 10 evaluate potential doses based on the radio-
nuclides and quantities associated with documented case
histories of sewer system contamination and a second,
» mewhal more conservative set, based on theoretical
discharges at the maximum allowable levels for a more
comprehensive list of 63 radionuclides. This approach
an evaluation of actual radionuclide discharges
and a screening of radionuclides and exposure situations
1o identify and separate those that were clearly of no
concern from those that may be of potential concern.

e e e e B B B e e e e e e e e —_— e

The results of the deterministic evaluation of theoretical
discharges at ihe currently regulaied levels indicated
that there were only five radionuclides with the poten-
tal 1o exceed the permissible individual dose Jevels that
are produced and used in large emuﬂ: quammu 10 be
of concern. These radionuclides are “Co, *8r, V¢,
1921, and *TAm. As & partial verification of the model-
ing and scenatio approach used for this study, # limited
comparison with scenarios considered in the

IMPACTS BRC (O'Neal and Lee 1990) code wis
conducted.

A stochastic uncertainty and sensitivity analysis, using
Latin Hypercube sampling methods, was conducied 10
identify the most sensitive parameters and assumptions
in the analysis and 10 establish potential ranges over
which the individual doses may vary. Inventory of radio-
active material in o sanitary sewer system was found 1o
he the most sensitive parameter in the analysis, River
flow rate, ChvQ, and radioactive decay time were found
10 be the next most sensitive parameters,

The results of the stochastic uncertainty and sensitivity
analysis were also used 10 develop a collective dose esti-
mate. The collective doses for the vanious radionuclides
and scenarios range from 0.4 person-rem for 'VCs in
Scenario No, § (slud &e incinerator effluent) 10

420 person-rem for "V Cs in Scenario No. 3 (sewage
weatment plant liguid effluent). Nonc of the

22 scenario/radionuchide combinations considered have
collective doses greater than 1000 person-remAr. How-
ever, the total collective dose from these 22 combina-
tons was found 1o be about 2100 person-rem
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I Introduction

During the past several years, increased atiention has
been focused on the presence and control of hazardous
materials in the environment. As a result, numerous
advances in pollution control technology have been
implemented 1o ensure continued protection of the
environment. Among these advances are improvements
in sewage treatment processes that have achieved higher
levels of retention of potentially hazardous contami-
nants found in municipal sewer systems. Dissolved and
dispersable contaminants are retained and concentrated
in the sewage sludge, while the resulting purified water
I8 released to the environment.

In & number of recent instances, low-level concentra.
tions of radioactive materials have been found in
municipal sewer systems into which radioasctive mate-
rials had been discharged. Although the discharges were
in accordance with applicable regulations, elevated
levels of radioactivity were found hetween the discharge

sources and the treatment facilities, and within the treat-

ment facilities. These situations raise the concern that

while sewage treatment processes have improved and

become more effective, these improvements may result
in the undesirable reconcentration of radi  ctive or
other hazardous materials.

Thy discharge of radioactive matenials into municipal
sewer systems has been regulated by the US, Nuclear
Regulatory Commission |\ NRC) in accordance with

10 CFR 20 and, in some instances, by state agencies in
accordance with state regulations. These regulations
were developed because ¢f concerns were developed
because of concerns about potential harmful concentra-
tions of radioactive materials in sewage treatment facili-
ties and in the effluents from treatment factlities.

Pacific lorthwest Laboratory (PNL)! conducted a ge-
neric study to evaluate potential public doses from
exposure 10 radionuclides in sewage sludge during its
treatment and disposal, and resulting from release of
radionuctides into sani'ary sewer systems at the maxi-
mum limits specified in 10 CFR 20, This report consid-
ers release of licensee wastes apart from excreta from
individuals undergoing medical diagnostic or therapeu-
tic uses of radioactive material. A separate study will be

conducted 10 more carefully evaluate the potential doses
resulting from discharge of such patient excreta. Current
sewage treatment and sludge disposal practices were
examined and several potential exposure scenarnos were
developed, focusing primarily on sludge incineration
and sludge application as a soil supplement.

A radiation pathway and exposure scenario analysis was
conducted for potential exposure situations involving
releases 1o sanitary sewer systems. The scenario analysis
was conducted in a manner similar to the one used 10
develop a technical basis to translate residual contami-
nation levels in buildings and sotl to annual dose for
decommissioning purposes (Kennedy and Peloquin,
1990). Eleven scenarios were defined 10 address poten-
tial exposure 10 radionuctides during 1) sewer system
operations, 2) sewage sludge treatment and disposal
operations, and 3) the extended time period following
sludge disposal. Deterministic and stochastic caloula-
tional methods were used.

Deterministic calculations use single values for input
parameters, data, and assumption: 1o produce single
value results. Deterministic analyses may use conserva.
tive values for parameters and assumptions whep they
are intended 10 overestimate potential radiation doses.
This is an acceptable practice when dealing with large
quantities of radioactive materials that pose significant
hazards, However, when trivial quantities are present,
overestimates of the potential radiation doses me be
counter-productive. In these situations stochastic analy-
ses may produce useful results. Stochastic analyses use
ranges of parameter values with assigned distributiors
instead of single values 1o produce a distribution of
results. The distribution of results can be compared with
the deterministic result to estimate the degree of con-
servatism in the analysis if the assigned distributions are
well justified statistically. The results of the stochastic
analysis can also be used 1o determine the arithmetic
mean, which, when coupled with the estimated number
of individuals exposed, can yield potential collective
doses. This report contains both deterministic and
stochastic dose estimates for potential public exposures
to radionuclides in sewage slndge during its treatment
and disposal.

NUREG/CR-5814




Introduction

Two sets of deterministic dose caloulations were per-
formed; one to evaluate potential doses based on the
radionuclides and quantities found in documented cases
of sewer contamination, and a second set to evaluate
potential doses based on theoretical discharges at the
maximum allowable levels for a8 more comprehensive List
of 63 radionuclides. The deterministic evaluations relied
on prudently conservative assumptions and parameters

for each exposure pathway and scenario 1o provide a

prudently conservative estimate of the radiation dose o
an average individual in a population. In the context of
this study, prudently conservative dose estimates do not
represent doses 10 the maximum individuz| (or worst
casc). Nor do they represent doses (o the average indi-
vidual, but rather they signify a conservative compro-
mise between the two. In each case, an attempt has been
made to select values with an expected range - not at
the extremes of the expected range. The deterministic

results were compared with a 10-mrem/vr individual

dose criterion. This approach provides an evaluation of
actual discharges and a screening of radionuclides and
exposure conditior, that may be of concern. A limited

comparison of the dose results was conducted for
selected radionuclides using scenarios found in

IMPACTS-BRC, Version 2.0 (O'Neal and Lee, 1990),
To help understand the results of the dose analysis, a

stochastic uncertainty and sensitivity analysis, using

Latin Hypercube sampling, was conducted. Finally, the

arithmetic mean of the total doses for critical radio-

nuclides and exposure scenarios were used to estimate
the potential collective dose from releases o sanitary

sewer systems.

This report on the evaluation of exposure pathways 1o
man via sanitary sewer systems contains the following:

NUREG/CR-5814

-

description of the effiuent treatment and disposal
regulations that govern the operations of potential
municipal and industrial sources of radioactive
effluents (Seetion 2)

description of curfent sewage treatment disposal
practices (Section 3)

summaries of five documented case histories of
radioactive contamination in sewer systems or
sewage sludge (Section 4)

definitions of potential exposure pathways by which
peaple may hecome exposed 1o radiation or radio-
active materiale. and deseription of their associated
exposed scenarios (Section §)

description of the “cterministic dose evaluation
process, as applied 1o estimate the potential radia-
tion doses 10 municipal workers and the public, and
the evaluation results (Section 6)

description of the stochastic dose evaluation process
(Section 7)

discutson of study findings (Section 8).

In addition, Appendives A through C, respectively,
contain supplemental information on modeling input
parameters and assumptions, dose calculation results,
and results of the stochastic uncertainty and sensitivity
analyses.




2 Efffuent Treatment and Disposal Regulations

Potential sources of tadioactive ¢ffluents include such
licensed facilities as hospitals, rescarch facilities,
decontamination laundries, manufacturers of smoke de-
tecrors and other devices and materials, and nuclear

power plants. All such sources require an NRC or agree-

ment state license (o use and dispose of radioactive
matenials, The discharges, except for some hospital
effluents, are regulated by estublishing annual radioac-
tivity limits and maximum concentrations in water dis.
charged 10 the sewer.

The current national regulations governing ¢ffluent
streams, existing sewage treatment systems, and sludge
reuse options and disposal methods are discussed in the
following sections.

2.1 Current Regulations

Chemical effluent streams discharged 1o sewer systems
are regulated by the LS Environmental Protection
Agency (EPA) in 40 CFR 257, and by the NRC in

10 CFR 20 or agreement state radiation control pro.
grams, if radioactive materials are present. Additions)
regulations may be imposed by other s.ate or local
agencies.

2.2 Radioactive Material Disposal

A dewatled analysis of the 10 CFR 202003 (56 FR 9%
23360)) regulations was performed in order 1o fully
understand the circumstances that control dischiarges of
radioactive materials at maximum allowable levels. A
summary of this analysis is given in the following

paragraphs,

Paragraph (aj(1) of 10 CFR 20 2003 requires that dis-
charged material be readily soluble or readily dispersible
biological material in water. Soluble is defined as capa-
ble of being dissolved, while dispersiblie is defined as
capable of being uniformly distributed.

Paragraph (#)(2) defines the concentration limits, over 4
l-month period, that can he discharged into the sewer.
The paragraph states that the quantity of licensed or
other radioactive material that a licensee releases in g

month 1o the sewer divided by the average monthly vol-
ume of water released into the sewer by the licensee
must ot exceed the concentration listed in Table 3 of
Appendin B 1o parts 201001202401 (56 FR 98:23360).
These concentrations were derived by taking (he most
restrictive vecupationad annual limit of intake (AL for
drinking water and dividing it by 7.3 E+06 mL. This fac-
tor 1s composed of 7.3 E4 08 mL « the annual water in-
take by "Reference Man," and a factor of 1010 relate the
S<rem annual occupational dose limit o the 0.1rem

(1 mSr) annual dose Himit for individual members of the
public.

Paragraph (a)(3) outlines procedures (o use when more
than one radionuclide is released. In paragraphs

() (N0h) and (a)(3)(ii) the sum-of-fractions rule is
described. By this rule, the hcensee shall determine the
fraction of the limn (Table 3 of Appendix B) repre-
sented by discharges 10 sewers by dividing the actual
monthly avetage concentration of cach radionuclide
released by the concentrstion listed for each radio-
nuclide in Table 3 of Appendix B. The sum of these frac-
tons over all radionuclides must not exceed unity.

Patagraph (a){4) defines the total annaal discharge limit
Into & sanitary sewer system as  Ci (188 GBq) of 'H,

1 Ci (37 GBq) of ''C, and 1 €1 (37 GBg) of all other
radionuclides combined. Thus, a licensee who handles
all radionuclides is limited to a combined release not 1o
exceed 7 Ci (260 GBg). An example of the volume of
sewage discharge required to dilute the annual himit of
discharge for example radionuclides is provided in

Tabie 2.1,

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

A comparison of the concentration limits in Table 3 of
Appendix B of revised 10 CFR 20 with the values used
in the former version of 10 CFR 20 s given in Table 2.2
for severai commaonly used radionuclides that are re-
leased into sanitary sewers. The new concentration
limits are reduced to levels that range hetween 9.3% and
0% of the old limits.

NUREG/CR-5814
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Effluent Treatment and Disposal Regulations

Tuble 2.2 Old and revised an o concentrey on limits for releases into sanitary sewer systems’ "

R ey o NN o Bea Bl by CEm g B BRI RN IR R
i I

Old Wevised Rutio of revised.
Radionuclide fimit (uCiml) Hmit (uCvml ) to-old limits
M 1.0 B-01 LO B2 01
s 20 B A0 04 0.
Lp SOE4 9.0 E-08 0.2
g 20 B4 1.0 E08 08
ca A0 B4 OB 0.
“ler S0 E02 SOE-03 01
“Mn 40 E03 ADE04 0.08
“re 20 E-03 1.0 04 0,08
"o 10 E-07 IO E0S 0.03
| “Zn 10 E.03 50 E08 002
; MR 20 03 7.0 <08 004
': gy 1.0 B8 4.0 E06 04
| Mo S0 B0 1.0 E-04 002
b 20 E-01 LOEO2 0.0
13 40 E08 20 E08 08
| 1 1.0 B8 10 E-06 0.3
’ 18 6.0 B-08 1.0 E-08 0.2
| Fey 4.0 B4 1.0 E-08 0.03
Mcp 3.0 E-04 30 E-08 0"
;‘ b 1.0 E-03 L0 E-04 01
Ham 1.0 E-04 0.003

A0E-

(NPDES) permits

(PL-94.469)

| (&) Adapted from Merwin ¢t al. (1988),

¢ Federal Water Pollution Contral Act of 1972
(PL-92-500), which established National
Pollutant Discharge Elimination System

l
' o Toxic Substances Control Act of 1976

¢ Resourze ~omservation and Recovery Act of

1976 (PL-<4-580)

¢ Clean Water Act of 1977 (PL-95.217).

The Federal Water Pollution Control Act of 1972
established levels of treatmy 1 required for plants

NUREG/ATR-5814
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Efftuent Treatment and Disposal Regulations

discharging to surface waters, Such plants are required
10 meet NPDES permit levels for effluent discharges
Meeting these limits required many existing sewage
treatment plants to their facilities to provide

more effective extraction of solids from effluent streams.

This additional extraction tncreased the solid waste
pencrated by these plants. As stated by EPA (1979),
"stricter discharge limits have had the effect of making
solids treatment and disposal more important, more
difficult, and more expensive.”

New sludge incinerators must comply with the tollowing
standards and regulations derived from the Clean Air
Act and its many amendments:

¢ National Ambient Air Quality Standards

¢ National Emission Standards for Hazardous A
Pollutants, subpart A

¢ Stzndards of Performance for New Stationary
Sources, parts A and 0

+  New Source Review Rule

*  Regulations Pertaining to Prevention of
Significant Deterioration of Air Quality

NUREG/CR-3814

Additional state o1 local requirements that are more
stringent than federal regulations also require
compliance.

Co-combustion with municipal " reGUIres com-
pliance with additionsl EPA regwations that pertain 1o
incineration of solid wastes (EPA, 19%6a)

These regulations cover the quantities of pollutants that
caun be emitted and the apacity of the emissions, Emis.
sions considered include carhon monoxide, hvdrocar-
bons, 0zone, nitrous oxides, sulfut dioxide, total sus.
pended particutates, and lead For example, the New
Source Performance Standards (NSPSs) restrict inein-
crator effluents to less than 1.30 1hton of dry solids,
with gas dischatge of not more thun 20°% opacity. No
specific mention is made Of radioactive contaminants in
these federal regulations,

Existing regulations for the "Criteria for Classilication
of Solid Waste Disposal Facilities and Practices” are
published in 40 CFR 257, Section 257 3.8, concerning
the application to land used for the production of food.
chain crops, provides maximum annual application rates
for cadmium as a function of pH and soil cation ex-
change capacity. Cadmium is the only inorganic element
currently included in these regulations,
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3 Sewage Treatment and Disposal Practices

The components that make up the wastewater from a
community depend on the type of collection system used
and may include: 1) domestic wastewater, 2) industrial
wastewater, 3) infilttation/inflow, and 4) storm water.
Three types of systems are used for removal of waste-
WALET 200 SO WHIET! SANITATY SEWer sysiems, storm
sewer systems, and combination sewer systems. When
separate systems are used for sanitary and storm waste-
water, only the first three sources flow (0 sewage
treatment plants (STPs). With & combined system, all
four sources flow 1o the STPs. In hoth cases, the per-
centage of the wastewater components and the fow
rates vary with local conditions and the time of yoar,

Sewage treatment plants vary in size (capacity) from
about | million gallons per day (gpd) to over | billion
gpd. A capacity of 1 million gpd would serve a small city
of about S000 people and a few small commercial users
(Metcalf and Eddy, Inc., 1979 A capacity of 1 hilhon
gpd would accommaodate a population of about § mil-
lion people and a substantial industrisl base. The mix of
domestic and industrial uses of water as a function of
popuiation served is illustrated in Figure 3.1, Domestic
use Gf water s higher on a per capita basis where single
family homes predominate and lower in large cities
where multifamily housing predominates. Industrial
uses tend o increase with population, but there are
significant differences gmong types of industries, e.p.,
the paper and chemical industries generate much larger
volumes of wastewater than does the electronics
industry.

The primary sludge disposal methads are conversion (o
a s0il supplement, incineration, and burial in a landfill.
Incineration is used most commonly by large STPs that
have Himited solids-disposal faciities. Conversion to
fertilizer and burial in a landfill are used about equally
by smaller STPs,

The extent of sludge treatment required depends on the
types of contaminants in the wastewater and the dis-
charge requirements for the effluent. Sewage that is not
treated is called “raw sewage." The Federal Water Pollu-
tion Control Act Amendments of 1972 prohibit the dis-
charge of municipal raw sewage into water bodies. In

il

this section, current sewage treatment systems, sludge
incineration, and rewse and disposal practices are dis-
cussed, and background information useful in estahlish-
ing scenarios for the dose unalysis is presented.

A1 Sewage Treatment Sysiems

Municips! sludge production in the United States,
estimated 1o reach ahout 12 milion metric tons (dry
weight) a year by the year 2000, represents @ buge
resonree 10 use where possible, and (o dispose of where
necessary. Sludge treatment processes may include me-
chanical dewatering, alr drying, heat drying, acrobic
digestion, anaerobic digestion, and composting. While
most sewsge sludge only undergoes some treatment 1o
dewster or reduce its volume, a smaller proportion is
further treated (o break down the organic materials
contained in the sludge. Options for disposal of the
resultant sludge products include incineration, burial in
a landfill, and conversion (o a soll supplement.

Witer-borne contaminants in a sewer system may fall
into one of three ctegorios: chemical, physical, or
biological. The decomposition of organic cnemical com-
pounds tends to deplete waterways of dissolved oxygen,
which has a detrimental effect on fish and other aquatic
populations. Inorganic chemicals may pose a potential
L0xiC threat 1o aguatic organisms and to 1errestrial
animals drinking contaminated water. Particulates or
dissolved materials may act as physical agents and alter
the water's normal temperature, color, turbidity, and
foaming action. Transmission of disease through the
waler supplies may be caused by biological contami-
nants. When radioactive materials are disposed of in
sewer systems, they fall into any of the three categories
of contaminants,

Particulate matter is separated from treated Hquids in
the sewage treatment system and is dewatered, forming a
studge. This sludge may be incinerated (0 reduce its
mass, used as a fertilizer or soil supploment (o improve
soils, or disposed of in a landfill. Ocean disposal of
sludge is not discussed here hecause the pathways 1o
man are more chscure and the amount of ditution with
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Figure 3.2 Flow diagram for » typical sewage treatment plant

27% of municipal wastewater sludge in 1982 (EPA,
19°5). The advantages of this treatment option include a
large reduction in mass (up 10 95% ) compared with the
initial mass of the waste, destruction of toxic organic
chemicals in the sladge, and the potential for recovery of
combustion energy for use in other plant operations.
Disadvantages of incineration include high costs for
construction, operation, and maintenance, and the need
for experienced, trained operators for efficient in-
cinerator operation. Solid, liquid, and gaseous effluents
from inciverators that contain high concentrations of
10xic materials also require special disposal methods in
order to satisty environmental protection regulations
(RCRA, 1976).

Incineration of sludge is typically & two-step process
involving first the drying, then combusiion of the sludge.
The operational efficiency of an incinerator depends on
a number of factors such as the sludge quality and the
degree of control maintained over the process. Varia-
tions in the sludge feed rate, temperature, and airflow

e B e L "RV U=
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can lead 1o increased emission levels. In most types of
furnaces, complete combustion requires air or oxygen in
excess of the theoretical amount needed to react with
the organic components of sludge. The energy value of
sludge comes mainly from carbon and hydrogen, which
take the form of volatile organic compounds and fixed
(or elemental) carbon. [n order to improve its fuel
value, sludge may be incinerated along with other muni.
cipal, agricultural, or industrial wastes, but is more
commaonly burned in dedicated facilities. In the United
States, sludge incinerators are of three basic designs:
multiple hearth, fluidized bed, or eleotric (infrared)
furnaces. Details concerning these furnace types are
discussed in sludge treatment manuals published by the
EPA (1979, 1986a).

Incinerator operators mos: meet the emissions stan-
dards promulgated «= b, Ulean Air Act of 1970. Emis-
sinns fron inciner=1ors consist of primary pollutants
seiereed otrectly -om the mstaflation, including carbon
mone: 4o hvdrazarbons, nitrogen oxides, sulfur oxides,
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lead, and suspended particulates. Secondury pollutants
are also regulated and consist of compounds such as
photochemical omdants ahd nittogen dioxide produced
by reaction of primary emisstons with sunlight in the
gtmosphere. At most incinerators these emissicns ure
controlled by sherburners and wet scrubbers, Newer
units use vanable tiroal venturl units combined with a
tray-type wet st shher, which can reduce all pallutants
fexcept nitrogen oxides) 1o accoptable kvels (EFA
1979, 19864).

Afler incineration, Vhe solid residues, consisting of
combu.tion ash atd particvlates from scrubhbers, miy
coi taln high concentrations of 10%ic metals that must be
disposed of it a protected or hazardous waste landfill,
Such installations must meet stringent requirements for
groundwater protection and control of leachate (EPA,
1979).

3.1 Sludge Reuse and Disposal

The selection of the most appropriate disposal option(s)
depends on the characteristics of the sludge and availa-
bility of suitable disposal sites. Sludge qualities that
determine the appropriate type of disposal include the
solids concentration, organic content, and the presence
of toxic chemicals or pathogenic organisms. The availa-
ble nitrogen content 1s often a limiting factor because it
can be converted 1o nitrate, which is highly mobile in
soil and a potential groundwater contaminant. Chemical
properties such as pH also affect the mobility of heavy
metals and other inorganic compouands in the sludge.

Site selection for disposal facilities must take into
vonsideration a number of factors related to safety and
economics. The distance over which the sludge must be
transported for final disposal is an important factor, as
is sale access 1o the disposal site by the public. Sludge or
ash is often disposed at municipal landfills that are
accessible to the public for dumping household rubbish
Although sludge and ash are usually buried in separate
parts of the landfill, the public may have access 1o adja-
cent areas. It is important in siting and designing land-
fills that sludge and ash disposal arcas be separated from
public access arcas to help assure public safety and
health, Sufficient land must be available to provide 4
reasorable working lifetime for the site, and for a bulfer
#Z0n¢ 10 separate the disposal area from publicly

i
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accessible locations. Porential effects on surface water
and groundwater musl be evaluated 1o determine what
measures must be taken 10 prevent leaching ol waste
1010 these reservoir. The wopography, geology, mete-
orology, and soil characteristics are considered for this
reason, Care is also taken to protect eavironmentally
sensitive areas, sites of historical or archeological inter-
est, and land that has the potential for other uses in the
future.

As discussed in the Tollowing sections, several types of
land application comprise the sludge reuse options,
burial #t a dedicated landfill (with of withou!l incinera-
tion) and codisposal with other solid refuse are slso re-
viewed as sludge disposal options.

301 Land Applicatios

Land application, as used in this report, refers 1o the use
of sludge us a conditioner or nutrient in surface or near.
surface soil. Land applicaition represented the end use
fo: 30 to 40% of municipal sewage in 1982 (EPA,
1986 ). The sludge s applied 10 the sotl surface or just
helow the surface in either liquid or semisalid form,
Liguid sludge is generally more convenient to handle
and requires less pretreatment; however, if Gan create
problems with excess moisture, formation of aerosols,
and odot. Sludge is commonly distributed on soll by use
of tank trucks of tractor-trailer spreaders. In some cases,
the liquid is injected into subsurface furrows or tilled in
immediately after distribution. Dried sludge is applied
with the same type of spreader used for spreading ani
mal manure.

Land application of sludge is used to improve agricul-
tural, forest, or disturbed soil, Such use generally
involves some degree of administrative control by the
treatment facility over application rates and subsequent
use of the aflected area. Distribution and marketing of
sludge, on the other hand, involves sales or give-away of
treated products to the general public, commercial en-
terprises, of institutions for use on a more limited scale.
In this case, the treatment facility provides recommen-
dattons for proper application, but responsibility for
their implementation lies with the end user. The
assumptions and requirements governing each of these
wse Opions are summarized in the following
subsections
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treatment facility is again required to maintain records
of sludge analysis and the location and amount of each
: disposal. Before the property can be sold or used for
r other purposes, the disposal site must be closed and the
| mamll hazards evaluated by established procedures.
ture activities are limited by appropriate restrictions
placed in the property records or deeds of sale. Unless
analysis shows that & hazard does 1ot exist, the land
cannot Le used legally to grow crops or forage for ani-
mals that will be consumed by humans. However, other
L agricultural use may be permitted after evaluatior of the
soil and the proposed crops.

Disposal of sludge in a dedicared landfi'} involve . plac-
ing the waste in covered trenches of varying widi as, of in
area fills that are covered except on the working face.
Cover ma'~al is either clean soil or soil mixed with
_ sludge, in which case the facility is regulated as a land
[ application rather than a landfill. Because the sludge is
applied below grade and covered with 1 to 2 m of clean
dirt, provisions for trapping and treating runoff water
are generally unnecessary (EPA, 1979),

Area fills are used where excavation is not practical be-
cause of shallow groundwater or bed. . In such cases,
'_,, the siudge is mixed with sail and piled into mounds or

el o TN
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spread in a layer approximaicly 0.3 m thick on the
surface, followed by 110 2 m of clean cover. A variation
of this method uses earthen dikes 1o contain unmixed

sludge on the soil surface. Cover is 103t01m
thick on an inic - basis, with a fip M1t m
Stabilized sludge with a solid conte + 7 0 20% is

required for these applications, Beca <« ae waste is
applied above grade, drainage control ditches are pro-
vided 1~ contain runoff or divert it 10 a treatment
facility. Liners, which consist of a synthetic flexible
membrane or low permeability soil, such as clay (EPA,
19791, may be required under certain conditions,

Codisposal

Sludge with more than 37% solids may he mixed with
other solid refuse at a landfill, then spread and
compacted. Application rates range from 1000 w0

8000 m*/ha, which generally represents § io 10% of the
total solid waste. Interim cover of 0.3 m of soil is
provided, with an additional 0.7 m at the final grading.

Mixtures of sludge and soil may also be used as the cover
for a solid refuse landfill 1o promote vegetation
regrowth,



4 Case Histories

The tirst dose evaluation conducted for this study
addressed documented cases of radioactive contami-
nation detocted in sewer systems or sewage sludge. For
several cases that have been documented, the level of
radioactivity in iqud effluents from licensed commer-
cial facilities was quite low. Although ™ “isin
effluents were well within discharge limi, . several
documented cases the fevels of radicactivity detected in
sludge were higher than expected. This demonstrates the
1tendency for radionuclides 10 become concentrated in
sludge. Presumably, certain dispersible radioactive
materials became attached 1o particulates that were
later filtered out of the wastewater. 1t s also likely that
certain soluble radionuclides formed insoluble com-
plexes at some point after discharge and precipitated out
of solution (NRC, 1984). The dose evaluation con-
ducted for these case histories, although generic, is
intended to provide an initial determination of the ade-
quacy of current regulations and is not intended to be a
comprehensive evaluation of the likely doses that could
have been received.

In this section, hackground information relevant to five
documented cases where radioactive contamination has
been reported in sewer systems of in sludge is summa-
rized. The first case is perhaps more significant than the
other four; however, they are all briefly discussed
becavse they demonstrate the efficiency of current STPs
in concentrating undissolved contaminants. The radio-
nuclides associated with each of these cases are listed in
Table 4.1, The measured concentrations identified for
cach case will be used in the radiation dose analysis dis-
cassed in Section 6.

4.1 Case 1 - Tonawanda, New York

A manufacturer of smoke detectors, which Uicluded

1 Am foils, operated in the 1970s and early 19808 in
Tonawanda, New Yoot When the facility was being de-
commissioned in 1% or release for other use, con-
tamination of the sewear lines leading from the facility
was detected. Americium-241 was subsequently detected
in the STP, sewage sludge, and incinerated sludge ash
residue. 1t s believed that the contamination occurred

4.1

over a period of time. State tests ran in 1984 showed
levels up to 750 pCig in ash taken (rom a sludgs ,.cin-
erator, Levels of 160 pCi/g were detected in landfill
samples. The levels in. the sludge at the time of the
investigation were up to 100 pCig (Rimawi, 1984),
After the major release ended, these levels decreased (o
less than | pCi‘g by 1986.

These concentrations suggested that exposures 1o STP
workers and the public might have been of concern and
should be investigated. However, in vivo counting of
STP workers and landfill workers detected no radio-
activity over background levels in their fungs or bones
(MacClennan, 1984),

4.2 Case 2 - Grand Island, New York

Because of the **! Am contamination at the Tonawanda
STP, the New York Department of Health also col-
lected sludge samples in 1984 at the Grand Island STP,
which received effluent from another manufacturer that
produced devices that used tritium, *'*Po, and **'Am.
This manufacturing facility discharged about 25 mCiit
of “! Am into the sanitary sewer that fed into the Grand
Island §7P. The Grand Island STP uses tertiary treat-
‘nent prior to discharging effluent. Current sludge pro-
duction averages 450 ton/yr, The sludge is digested and
pressed 10 increw « the solids content to about 20%, and
it is subsequently buried in a landfill. The average

1 Am concentration in the dry sludge was about

100 pCi/g dry weight when first studied (Rimawi, 1984).
The manufacturer reduced the “*' Am concentration in
its liquid discharges a1 the request of the New York
Department of Labor after the higher levels were identi-
fied. By adding filtration to the holding tank, sludge
concentrations of **1 Am were decreased to about

40 pCi/g. The pressed sludge concentrations actually fell
from 20 to § pCi/g (wet weight),

Using information provided by the State of New York,
calculations of the annual average concentration of
21 Am in the wet sludge were based on the assumption
that all **' Am entering the plant was concentrated in
the studge. Analysis of STP inflow and outflow showed
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Figure 5.1 Radiation exposure pathways to man from disposal of radioactive materials into sanitary sewer systems

identified so that radiation doses could be determined radioactive materials in sewer line wastewaler, sewage
Because this report is intended to serve as an initial studge, 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 (o limit the pathwavs included ways identified for members of the public were more

in the scenario analysis. The exposure pathweys identi complex and inciuded transport through the environ
fied for municipal workers included external exposure 1o ment following release from treatment or disposal
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facilities. For purposes of this initial evaluation, external
exposure, inhalation of resuspended material, and inges-
tion of agricultural products have been considered in the
public exposure scenatios, Winle under some conditions
additional pathways could be important, they are beyond
the scope of this initial analysis. While it @8 possible 10
identify additional scenarios, i set of 11 scenarios was
selected as being representative of real situations, while
providing conditions that will bound additional expo-
sure situations (i.e., individuals who perform sewer work
or members of the public with lesser exposure condi-
tions ). The 11 scenatios, and their assocated exposuie
pathways, are summarized ir Table 5.1 and are described
in detail in the sections that follow,

£.2.1 Scenario No. 1 - Sewer System Inspector

In this scenario, the potential doses o a sewer system
inspector from exposure to radionuclides in the waste-
water stream were evaluated. An inspector within the
sewer system's large intercepior lines was assumed to be
the first person potentially exposed 1o radioactive efflu-
ent from a licensee. The exposure pathways considercd
for this scenario include direet exposure 1o external
radiation and inhalation of airborne materials.

Calculati ns 2re performed for an individual drifting
in & smal boat within a large diameter section of the
sewer line. Doses from the external exposure pathway
were calo lated at a distance of 1 m from the surface of
the source which was modeled as a slab of water 50 cm
deep, 200" vm wide, and 600 cm long. (Subsequent calou-
lations  howed that, for a given radionuclide concentra-
ton in water, the dimensions of the source do not great-
Iy influence the dose rate estimates. ) External dose
rates were calculated on the basis of radionuciide con-
centrations in the wastewater equivalent to 109 of the
maximum permissible daily release concentrations listed
in the revised 10 CFR 20, Appendix B, Table 3 (1991). It
was assumed that discharges from the facility (at the
maximum concentration aliowed) were diluied to the
107% level by other inputs to the sewer system Lhat
oceurred upstream from the point of exposure, The dis-
charged radionuclides were assumed 1o travel and decay
approximately 0.2 hour before reaching the point of
exposure. For the purpose of evaluating potental
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snnual doses for this individual, it was assumed that
exposures 10 these concentrations oceurred for
100 hoars during the year

For inhalation, the individual was assumed to be ex-
posed for a shorter time period of 20 hours because
workers under these conditions would likely wear
respirators the majority of the time. An air con-
centration of 1.0 E-04 g’m‘was assumed, with 209 of
the material assumed 10 be respirable,

The time period over which the assumed concentration
could be maintained depends on the average daily effiu-
ent flow rate from the licensee's facility. The 1-Ciir
limit could be reached relatively quickly for radio-
nuclides with high concentration limits and moderaie
effluent flow rates. For example, 1 Ci of ™™ Tc would be
diluted 10 its concentration Hmit by only 10,000 L of
walter.

£.2.2 Scenario No. 2 - STP Sludge Process
Operator

In this scenanio, the potential doses to 8TP workers
from radionuchdes carried into the facility by the
wastewater stream were evaluated, This scenario ad-
dressed a wovke: whose sole function was 10 operate and
maintain sludge processing equipment such as a centn-
fuge or sludge press. This function requires the worker
to be in relatively close contact with dewatered shudge
on & full-time basis.

External exposure and inhalation of airborne radio-
active materials from the sewage sludge were con-
sidered. For external dose estimates, the worker was
assumed 1o be focated at a distance of 2 m from a sludge
mass 1 m deep and long enough to he modeled as an infi-
nite slab. In practice, this would translate to a length of
110 6 m for equipment such as a sludge press or collec-
tion bin. The external exposure duration was assumed to
he 1500 hyr, The concentration of radioactive materials
in the sludge at this ‘poim of the processing was assumed
tobe 2.1 E-04 C/m, based on a discharge of 1 Ciyr.
The concentration of radionuchides in the sludge was
hased on a 30% solids content, which contains essen-
tially all of the incoming radioactive material. The
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Table 5.1 Exposure scenario summary

LExposure pathways
Exposure scenario External Internal
Sewer system operations
No. 1 - Sewer System Inspector--Worker Wastewater in pipes Inhalation via resuspension
No. 2 - STP Sludge Process Sludge in processing equipment  Inhalation via resuspension

Operator--Worker

Nu. 3 - STP Liquid Effluent--Public

No. 4 - STP Incinerator
Operator--Worker

No. § - Sludge Incinerator
Effluent--Public

No. 6 - Incinerator Ash Disposal
Truck Driver--Worker

No. 7 - Sludge Application
to Agricultural Soil--Public

No. 8 - Sludge Application to
Non-Agricultural Soil--Public

No. 9 - Landfill Equipment
Operator--Worker

Post-sewage sludge disposal

No. 10 - Landfill Intrusion
and Construction--Public

No. 11 - Landfill Intrusion
Intrusion and Residence--Public

River/shoreline recreation
Deposits on ground via irrigation

Incinerator ash

Deposits on ground
from air

Ash in truck

Ground

Ground

Giround

Ground

Ground

Inhalation via resuspension
Ingestion via drinking water,
irrigated crops, fishing

Inhalation of dust

Inhalation of effluent
Ingestion via air deposition
on local crops

Inhalation of dust
Inhalation via resuspension
Ingestion via local crops

Inhalation via resuspension

Inhalation via resuspension

Inhalation via resuspension

Inhalation via resuspension
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radionuclides wore assumed 1o travel and decay approxi-
mately 3 days before reaching the sludge press.

For inhalation, the worker was assumed 10 be exposed
for a shorter duration of 300 hiyr because workers who

maintain equipment would be exposed 1o airborne mate-

rials lnfrcqucm!y An average air concentration of
1L.OE-04 gfm was assumed, with 20% of the material
assumed 10 be respirable.

§.2.3 Scenario No. 3. STP Liquid EMuent

In this scenarnio, the potential radiation doses (o a
member of the public from exposure to STP liquid ¢fflu-
ent were evaluated. All radioactive materials discharged
1o the sewer system were assumed (0 be highly solubie,
to remain in the liquid phase, and to be released in the
sSTP hquid effluent to a river having a flow rate of
100-m”sec. Release of soluble materials was assumed in
order to provide a generic analysis that would produce
prudently conservative results, without relying on data
from any specific operation that may be incorrect for
other processes. For a release of 1 Ciyr, the average
concentration in the river was calculated 10 be about
0.32 pCill.

The downstream scenario involved an individual who
was assumed 10 live near the river and to use its water
for irrigation. Exposure pathways for this individual
included external exposure 1o radioactive matenals in
the river (via swimming and boating), on the shoreline,
and deposited on the ground by irrigation; and internal
exposure from inhalation of resuspended radioactive
material deposited on the soil by irrigation and inges-
tion of contaminated food, including trrigated garden
crops and fish from the river.

Radionuclides were assumed to decay approximately

7 hours before being released to the river. Exposure to
radioactive material on the ground was assumed 1o
accut about S h/day (1800 hiyr), and direct exposure to
the water via swimming, boating, or shoreline activities
was assumed to last 10, 5, and 17 hiyr, respectively.
Inhalation of contaminated dust was assumed 10 con-
tinue for about ? * h/day (1800 hiyr) with & mass loading
of 1.0 E-4 g/m ™. Only 20% of the particies were
assumed to be respirable. About 507 of the fruit and
vegetabie diet for this individual was assumed 1o be
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grown locally with irrigation water from the river. The
irrigation scason was assumed 1o last 6 moAT at an
application rate of about 76 cm/yt. In addition, about
6.9 kgt of fish from the river were assumed 10 be
ingested.

8.2.4 Scenario No. 4. STP Incinerator
Operator

In this scenario, the poteniial radiation doses for a
sludge incinerator operator were evaluated. Sludge
incineration was assumed 1o take place with minimum
delay after processing at the STP. Although sludge is
sometimes co-incinerated with municipal trash or other
organic wastes, in this scenario use of a dedicated
multiple-hearth furnace was assumed. The published
parameters for incineration of radioactive waste in a
rotary kiln furnace (typical of those used {or municipal
trash) were adjusted where necessary to fit this scenario
(IAEA, 1987; Oztunali and Roles, 1984,

Exposure pathways for an incinerator operator included
external exposure 1o radioactive materials in the furnace
and internal exposure from inhalation ol radivactive
materials in resuspended ash. Exposure to incinerator
flue gas was not included for personnel within the plant,
because they are shiclded by the fucility, and because the
plume was assumed 10 remain airborne for some dis-
tance downwind.

For the external dose catculations for this scenario,
exposure was assumed to ocour 4 hiday (1000 hyr), with
an infinite slab source geometry correction factor of 0.25
and u shielding correction factor of 0.4 (IAEA, 1987).
The radionuclides were assumed to decay approximately
3 days before reaching the incinerator. For inhalation,
the individual was assumed to be exposed 1o airborne
ash for 400 hivr. The airborne particulate ash loadmg
within the pldm was assumed to be 1.0 E-03 gm®, of
which 507 was assumed to be respirable. Concentra-
tions of *H and '*C in the ash were adjusted based on
assumed releases from the incinerator. Releases from
the stack were calculated using release fractions of

0.9 for *H; 0.75 for '*C; 0.1 for strontium and iodine;
0.01 for chlorine, phosphorus, ruthenium, and techret-
1um; 0.001 for sodium and cesium; and 0.005 for all
other elements (IAEA, 1987, Gztunali and Roles, 1984),
An adjustment was made for the addition of 10% water

NUREG/CR-5814



._-.—..

Exposure Pathways and Scenarios

to stabilize the ash during transport. The concentration
in ash, using a release of 1 CiAT, was estimated to be
2nCi/g.

£.2.5 Scenario No. §
EMuent

- Sludge Incinerator

In this scenario, the potential radiation doses to a
member of the public living in the vicinity of an operat-
ing sludge incinerator were evaluated. Incinerator
parameters were similar to those described for the
previous operator scenario with the same assumed
aractional releases of radionuclides (IAEA, 1987,
Oztunali and Roles, 1984).

Doses were calculated for an individual living downwind
from the incinerator at the point of maximum plume
concentration. Exposure pathways for this individual
included: external exposure to ground-deposited rudio-
active materials, inhalation of airborne radioactive
materials, and ingestion of radioactive materials
deposited on locally grown foodstuf(s.

The external exposure duration was assumed to cqual
the time spent outdoors, 1800 hyr. The inhalation
exposure duration was assumed to be 6180 hiyr, includ-
ing the time spent outdoors and the time spent indoors.
The average outdom air concentration was assumed 1o
be 1.0 E-04 g/m?, with an exposure duration of 1800
hiyr. The average indoor air concentration was assumed
to he half of the outdoos air concentration. or 5.0 E-05
ym with an exposure duration of 4380 hiyr. The radio-
nuclides in the siudge were assumed 10 decay approxi-
mately 3 days before being incinerated. Atmospheric
transport parameters included a X/Q value of 1.0 E-06
and a deposition velocity of 1.0 E-03 m/isec. For a release
of 1 Ci/yr, the air concentration for individuals in the
environment was estimated to be about 3.2 E-03 pCiL.
It was assumed that 100% of the particulates from the
incinerator effluent were respirable. Finally, 50% of the
individual’s total diet (including meat and milk) was
assumed to be locally produced.

5.2.6 Scenario No. 6 - Incinerator Ash
Disposal Truck Driver

In this scenario, the potential radiation doses to a
worker who drives a truck carrying ash from the STP to
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a linal disposal site were evaluated. Transportation of
ash was selected for this evaluation because ash will
contain higher concentrations of radioactive materials
than sludge. The concentration of most radionuchdes in
the ash was Lalculaud based on a release of 1.Cuyr, o
be about (L0028 Ci/m®, Transporting sludge was esti-
mated to resull in lower doses by ahout a factor of 10
because of the reduced concentrations in the sludge,
External exposure and inhalation of airborne radio-
active materials were the only exposure pathways
considered.

The external and inhalation exposures were assumed 10
occur for 1000 hyr. The radionuchides were gssumed to
decay approximately 3 days betore the ash was loaded
into the truck. The exposure geometry was modeled as a
source with dimensions of 2 x 3 x I m (corresponding to
the filled truck bed). The driver was assumed 10 be sepa-
rated from the load by | em of steel in the hed and cab
For inhalauon an airborme dust loading of 1.0 E-04
g/m” was assumed, with 20% of the material in the respi-
rable size range. These exposure conditions are clearly
conservative because half of the time would be spent
returning 1o the site with an empty truck, there would be
time spent loading the truck, and there would tikely be
time spent on other activities away from the truck. In
addition, the duration of inhalation exposure may be
much less than that for external exposure given a well-
ventilated truck cab. However, these assumptions pro-
vide a prudently conservative basis for the dose
estimates,

8.2.7 Scenario No, 7 - Sludge Application to
Agricultural Soil

In this scenario, potential radiation doses o members of
the public as & result of applying siudge to agricultural
land as a soil conditioner and fertilizer were evaluated.
The exposed individual was assumed 10 be a farmer who
lives on the site of sludge application and engages in
farming activities. Exposure pathways for this individual
included external exposure to radioactive material on
the ground. inhalation of resuspended radioactive mate-
rials, and ingestion of foodstufls grown st the site.

For external exposure and inhalation, the exposure
duration was assumed to be 2000 hiyr, External expo-
sures were estimated for this scenario using a shieiding
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factor of 0.25. The radioactive matetial is assumed to he
uniformly distributed through the top 15 cm of the plow
layer, thus avoiding the potential for overestimation of
the external exposure. Inhalation exposures were
estimated assummg an airborne dust loading of

1.0 E-04 g/m®, with 20% of the material in the respirable
siz¢ range. The farmer was assumed to obtain S0% of his
fruit and vegetable diet from food grown on the sludge-
treated land. This fraction is the same as for

Scenario No. 3.

An application rate of 15 Mg/ha (dry weight) was used
for this analysis, with immediate tillage after application
(EPA 1986¢). The radionuclides were assumed o decay
approximately 12 days before being applied 1o the land.
For a release of 1 Ciar, the soil concentration was
calculated to be abour 3.7 pCi/g.

5.2.8 Scenario No. 8 - Sludge Application to
Non-Agricultural Soil

In this seenariy, the potential radiation doses to mem-
bers of the public from the application of sewage sludge
to non-agricultural land were evaluated. In such cases,
the sludge is applied at higher rates than are considered
acceptable for agricultural land. Non-agricultural appli-
cations are made in areas such as forests, parks, or loca-
tions that have been severely disturbed by mining and
excavation (EPA, 1986b). For this scenario, the applica-
tion rate was assumed to be 100 Mg'ha (dry weight), and
the exposed individual was assumed (o be an individual
who is employed spreading sludge. For a release of

I Ciyr, the resulting concentration in soil was calculated
to be about 24 pCi/g.

The exposure pathways considered for this scenario
were external exposure and inhalation. This type of
sludge application was assumed 10 be scasonal employ-
ment with an external exposure and inhalation exposure
duration of about 3 months or 500 hours. The radio-
nuclides were assumed 1o decay approximately 12 days
hefore being applied to the land For inhalation, an air
concentration of 1.0 E-04 g/m” was assumed, with 20%
of the material assumed to be respirable.

5.7

Exposure Pathways and Scenarios

£.2.9 Scenario No, 9 - Landfill Equipment
Operator

In this scenario, the potential radiation doses 1o indi-
viduals working at a landfill were evaluated. The landfill
was assumed to be dedicated to the disposal of solids
from the STP, either in the form of sludge or incinerator
ash. Sludge is sometimes mixed with soil or municipal
solid waste for disposal in a sanitary landfill, and this
practice results in doses that are an order of magnitude
lower than those calculated for a dedicated landfill. For
this scenario, ash containing 10% moisture was assumed
to he deposited in wide trenches and covered with 1 m of
clean soil. The ash was assumed (o be diluted to 10% of
the original concentration by other municipal wastes u."-
posed of at the same landfill. The wet ash/waste mixture
was calculated to have a concentration of 180 pCi/g,
assuming a release of 1 Covr. The exposed individual for
this scenario was a heavy equipment Operator,

Exposure pathways for this individual included external
exposure to radioactive material on the ground and in-
halation of resuspended material. The exposed individ-
ual was assumed 1o spend S00 hiyr running heavy equip-
ment in the vicinity of the disposed ash. Shielding and
geometry factors of (.2 each were assumed 10 account
for the shielding afforded by the heavy equipment and
the overburden materials (IAEA, 1987). The radionu-
clides were assumed 1o decay approximately 3.5 days
hefore being applied to the land. Aurborne dust mass
loading was assumed to be 5.0 E-(4 g/m with 20% of
the particles assumed to be in the respirable size range.

5.3 Post-Sewage Sludge Disposal
Exposure Pathways and Scenarios

The scenarios presented in this section address potential
exposure to radioactive materials in the exiended time
frame following closure of a dedicated ash landfill. Con-
ditions that would control potential access to or move-
ment of radioactive materials at a closed landfill site are
difficult to predict and may be highly site specific.
Scenarios No. 10 and 11 have been developed and

NUREG/CR-5814
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Exposure Pathways and Scenarios

analyzed 1o evaluate potential fong-tenn implications of
incinerator ash disposal. Each scenatio incorparates a
Syear delay/decay time 10 account for & nominal period
of institutional control after site closure, The scenarios
were designed to be similar 1o human intruder scenatios
developed for low-level radioactive waste disposal evalu-
ations (Oztunali and Roles, 1984). These scenarios rely
on the assumption that they will occur. Because they
further rely on assumptions regarding the post-disposal
radioactive decay period and the type of human activi-
ties involved in reuse of the land, their results are
presumed to be less likely than the results estimated for
the other scenarios considered in this analysis. There-
fore, in licu of a more comprehensive analysis, the
results should be viewed only as conservative estimates

5§31 Scenario No. 10 - Landfill Intrusion and
Construction

In this scenario, the potential radiation dose 10 a mem-
ber of the public from inadvertent intrusion into an ash
landfill site was evaluated. The intrusion was assumed 10
occur when the landfill was excavated for residential
construction 5 years after disposal of the ash,

T excavation was assumed to extend 3 m into the
ground and remove a total of 900 m™ of soil, which was
then used for backfill or spread in the area adjacent to
the house (Oztuna’i and Roles, 1984), The size of cach
disposal trench 1n the landfill was assumed 10 be larger
than the area excavated for construction, and the entire
construction was assumed "o take place aver contami-
nated soil. Assuming a cover depth of 1 m and complete
mixing of the excavated cover and contaminated soil, the
radionuclide concentration in the distributed surface
soil would he 60% of that in the waste. Assuming a re-
lease of 1 Ciyr, the concentration in soil for this
scenario was calculated to be 110 pCi/g before correc-
tion for radioactive decay. The contaminated soil was
assumed to cover an area extending 25 m from the
house. The exposed individual was a worker involved in
the excavation and construction activities.

Exposure pathways for this individual included exiernal
exposure 10 radioactive materials in the ground and in-
halation of resuspended particles. The exposure time for
both pathways was assumed 1o be 500 hours (typical of

a 3-month period for house construction). A correction
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factor of 0.5 was applied to the external exposure to
account for shiclding and geometry factors. The air-
horne dust level was assumed 1o average 4.0 £-04 gm*
avor the constraction period (IAEA, [987), with 200% of
the particles in the respirable size range

§£.3.2 Scenario No. 11 - Landfill lntrusion and
Residence

In this seenario, the potential radiation doses 104 mem-
ber of the public from inadvertent intrusion into an ash
tandfill site following wermination of disposal operations
were evaluated. The landfill wis assumed (o be excava.
ted for residential construction with a S.year delay after
disposal of the ash (s described for Scenario No. 10),
This scenario includes an evaluation of the dose 10 an
individual who lives on the site and grows a portion of
his food there, A further dilution by non-aotive seil was
assumed using a dilution factor of 067, The resulting
concenitation in soil for this sconurio was 80 pCi/g be-
fore correcting for radioactive decay.

Exposure pathways for this scenario included external
exposure to radioactive material on the ground, inhala-
tion of resuspended dust, and ingestion of foodstufls
grown on the site. For external exposure, the individual
was assumed 1o spend 3850 hiyr indoors, with a shiclding
factor of 0.33 aud 100 havr outdoors (unshicided) For
inhalation, the individual was assumed (o spend

SE50 hiyrindoors with an gir concentration of

SOE-05 g'm’ and 100 hiyr outdoors with an air
concentration of 1.0 E-04 gm®. Only 20% of the air
concentration was assumed 10 he i the respirable
particle size range.

The exposed individual was assumed 10 obtain 259% of
his fresh fruit and vegetahles from a home garden
(Oztunali and Roles, 1986). Only 25% of the vegetable
diet was assumed to be comtaminated, to account for
clean cover sotl that effectively prevented uptake by
plants in areas that were not excavaied

5.4 Selection of Scenario Parameter
Values

The input parameters and assumptions for €ach ¢xpo-
sure pathway and scenario were selected to provide a
prudently conservative, not wors! case, estimate of the



radiation dose 10 an average individual in a population.
In cach case, an attempt has been made 1o select values
within the expected range = not at the extremes of the
expected range. For example, for Scenario No. 11 -
Landfill Intrusion and Residence, o backyard garden was
assumed 10 produce 25% of the 1otal dict defined in
Regulatory Guide 1,109 (NRC, 1977) instead of the full
diet,

The major parameters of assumptions used in this
analysis and their polential ranges, based largely on

S99

Exposure Pathways and Scenarios

literature values, are listed in Table 5.2. Some
patameters in the exposure model are difficult to
quantify because little information is available about
the distribution of their values. [n these cases, best
judgment was used. Additional parameters and assump-
tions for the identified scenarios are discussed in
Appendix A. The parameter ranges shown in Table 5.2
also serve as the basis for the stochastic analysis
performed as part of the uncertainty and sensitivity
analysis (see Section 7).
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Scenario and pathway Expected range Selected
parameters of values value Comments
No. 3. STP Liyuid Efffuent
Cancentration
Release rate (Ciyr) 0-10 10
River flow rate (m/5) 100 . 3000 100
Decay time (I 6-8h ?
External exposure time
Transit time-wrrigation (h) 0-8 10
Transit time-recreation (h) 0-8 10
Fxposure time swimming (hyr) 0-50 10 PNL-3777, Rov. | p. 25"
Fyposure time-boating (hAr) 6. 100 5 PNL 3777, Rev. | p. 25
Fvpasure time shoreline (hiyr) 0. 1% ? PNL 3777, Rev 1 p. 25
Exposure Time ground (hiyr) 100 - 4400 130
inhalation exposure fime {hivr) 100 - 4300 1200
Mass loading (g/m") LOEGS . SOE04 10E04 LOE 04 gim"
(NUREGA R 1370y,
SOE0S gim'
(NUREGAR $370)™),
60 F 06 gm’
IAEATECDOC 201 (IAEA, 1987)
lnpeshon
Fish (kghr) 0-40 69 GENH aversec: distribution
from EPA 19%9 Exposure
Facrors Handbhook (EPA, 198%9a),
Leafy vepetables (kgir) 10-98 49 SO diet from
Fruit (kgAr) 042 21 NUREG/CR 5512, 8179
Other vegetables (kghr) 0.9 455
Grain (kgAr1) 0-47 235
Meat (kghr) 0. 95 47
Milk (LAr) 0110 s
lrrigation rate (emiyr) 0120 % PNL 6584 Vot '
Irrigation duration (mojyr) 0-12 [ PNL #5884 Vin 21
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Table 52 (Continued)
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Fxpected range Selected
of values value Comments
Concontration,source
tevm (Ciry 0.18 i6
Decay ume (days) R ALES 3 Holdup of shedec to S04 days;
ash hoidup mn be another
10 days
Arm. dispersion factor (sfm”) 1OF 08 - 10FE.06 10506 30 E07 from IAFATECDOC 401
{IAEA, 1987)
Retease fractions S0 FE-06 (NURFGAOR 3985357
M ni-10 09 The greater of release
from NURFC; 15851
I-lC By-*= 07s
8| anl-1e oo IAFATECDOC. 407, p. 71
ts anme - 18 0601 (IAEA, 1987
I (g - 10 nt
Na 00001 - 10 0.mm
P anel - 10 a0t
Ru Nt 10 0ol
St a1 -10 n:
R(& 00 -1e {ELL]
Other 9.18 D05
Faternal cxposure time
indoors (hir) 3. R8N0 SRS EPA/NR R 11473
Dutdoors (hiyr) 0 - 2000 10 (EPA, 19%9)
Inhatation exposuse time (hir) 1200 - KRN 3500 1905, respirahic
Dust Woading (g/m")
Ontcdonrs 1OENS 10E03 10EMm
Indoors IOEOs - | B EDR SHE-™
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Tabie 52 (Continued)

Scenario and pathway ¥ xpected range Selected
parameters of valoes value Comments
No. 10 - Landfill intrusion and Constraction

Concentrationfsonroe

term (Ciim™y I6FE0S - 16F % 1iEM Ash from sladge incneration
with | Cirr input, diluted

Souree tecm dilution o - 10 o1

Time after closure (yr) f8-50 ] 0,10, 50
TAFATECTYOC- 201 (IAEA, 1987

Cover depth (m} 83.2 10 1 m gives diturion of 06
NUREG/CR 15857

Soif dilution factor 025 -087 (LR}

External exposure time (hivr) 100 - 10} S0

Shielding cotrection 0-10 0s

Inhalation exposure time (hiyr) LLLEE (L 1) S

Respirable {raction 018 02

Mass loading (g/m ) 10E 04 - 10ED3 SOE-04 50 E4, JAF A TECDOC- 01

(IAEA, 1987y
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6 Determunistic Dose Evaluation

Deterministic calculations were performed to estimate
the potential radiation doses that could be received by
municipal workers and members of the public from au-
thorized releases of radioactive materials 1o sanitary
SeWer systems using the exposure scenarios described in
Section 5. 1t should be remembered that workers at
municipal STPs are not radiation workers and are
limited to the same exposure levels as any other member
of the general public, as defined in 10 CFR 20, Deter-
ministic calculations use single values for inpul parame-
wrs, data, and assumptions 1o produce specific, single-
value results, These calculations are typically produced
in most common public dose estim -tes. By contrast, sto-
chastic calculations involve using ranges of parameter
values, with known or assumed distributions, to produce
a distribution of potential re-ults. The single parameter
values and assumptions used in the deterministic analy-
sis were sclected to provide a prudently conservative
estimate of the potential radiation doses. The results
were calculated in terms of the annual total effective
dose equivalent (TEDE) that an individual may receive
for cach scenario from 1 year’s discharge to a sewer
system. The TEDE is the sum of the external dose
equivalent and the committed effective dose equivalent
for internal exposures.

Two sets of de*erministic dose calculations were per-
formed: the first used information from the case his-
tories defined in Section 2 for selected scenarios (from
Section 5) thar best relate 10 the real sitvations, and the
second used the theoretical discharges at the maximum
allowahle levels (defined by 10 CFR 20) for a more com-
prehepsive list of 63 radionuclides. These calculations
provide a prudently conservative evaluation of doses
from actual radionuclide discharges. The calculations
also provide an analysis of individuai radiorwclides and
exposure situations at current regulatory limits to iden-
tify those that may be of concern. As a partial verifica-
tion of the modeling exercise, selected scenario results
were compared with results obtained using the
IMPACTS-BRC, Version 2.0 (O'Neal and Lee, 1990).
The modeling approach is discussed and the results of
the deterministic dose calculations performed are sum-
marized in the following sections.

6.1 Modeling Approach

In this study, computerized models were used to pro-
duce deterministic estimates of *he radiation doses from
potential exposures to radioactive materials disposed of
via sanitary sewers. The models include consideration of
radiation doses from potential exposure 10 external
sources of radiation, such as radioactive material de-
posited on the ground or in sewer pipes, and from ex-
posure to internal sources of radiation, such as radio-
active matcrial that has been inhaled or ingested,

Initial screening studies were conducted using the
ONSITI/MAXI1 (Kennedy et al,, 1987) computer soft-
ware ‘or scenarios related to sewage treatment and dis-
posal. This program was sclected because of its flexi-
bility in allowing the user to define various exposure
scenarios and because it was developed and documented
for NRC modeling applications.

During the development of this document, the capabili-
ties of the ONSITE/ MAXI1 computer program were
included as part of an updated computerized model, the
GENII software package (Napier et al,, 1988). The
GENII software is designed to estimate individual and
population doses from releases of radionuclides 10 air,
water, or soil and inciudes an enhanced capability for
development of user-defined scenarios. The software
package was developed and documented under a strict
quality assurance (QA) program based on the American
National Standards Institute (ANSI) standard NQA-1
(ASME, 1986). The code has been used for a variety of
waste management assessments and has been extensively
tested. The tests have included a variety of QA inspec-
tions, including comparison of computer-generated re-
sults with hand calculations. During its development,
the GENII software package was reviewed by an exter-
nal peer-review pane! of national and international
environmental health physicists with pathway modeling
experience. The code is currently under configuration
management providing for change control and docu-
mentation of updates to all identified users. The GENII
software is described in three volumes of documet tior
including: 1) a description of the mathematical models,

NUREG/CR-5814
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Deterministic Dose Evaluation

2) a detailed user manual (including sample problems
for benchmarking). and 3) a code maintenance manual
{Napier ¢ al., 1988),

GENII internal dose calculations are based on methods
recommended by the International Commission on
Radiological Protection (ICRP) in Publications 26 and
30 (ICRP, 1977; 1979-1988), and Publication 48 (ICRP,
1986) for plutonium and related elements. Dosimetric
information for the “Reference Man," as described by
the ICRP (1975), was used in all calculations. The dose
from individual radionuclides includes corrections for
radioactive decay and contributions, if any, from
daughter radionuclides. Within the GENII software
package, the models used 1o calculate doses from
external exposure to radioactive material contained
within components of the sewer and studge treatment
systems were those incorporated in the ISOSHLD com-
puter program (Engel, Greenborg, and Hendrikson,
1966, Simmons et al., 1967). Results of these calou-
lations were verified, in selected cases, by comparing
them with results from a Monte Carlo radiation trans-
port program (Bricsmeister, 1983). The GENII program
was also used in calculating potential doses resulting
from inhalation of radioactive materials within the
sewer and sludge treatment facilities.

In all cases, the calculations were performed for an
average individual in an exposed population using single
value parameters, assumptions, or data to produce pru-
dently conservative {(not worst-case) deterministic re-
sults. The scenarios were selected after consideration of
potential conditions of exposure as discussed in Sec-
tion 5. Detailed lists of expost re and consumption
assumptions and parameters ure provided in the input
files for the GENII software package (see Appendix A).

NUREG/CR-5814
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6.2 Deterministic Results for Case
Histories

For the five case histories described in Section 4, poten.
tial annual TEDES to individuals were estimated using a
deterministic seenario analysis and the reported radio-
nuclide concentrations and/or discharges. The case his-
tories were initially evaluated 10 determine which sce-
narios best related to the reported conditions. The
results of this eval:ation are summarized in Table 6.1,
showing which of the 11 radiation exposure scenarios
{defined in Secrion §) were considered for each case
history,

The results of the deterministic analysis of the potential
annual TEDES for the case histories are summarized for
the limiving scenarios in Table 6.2, This table is orga-
nized by case history, showing the dominant exposure
pathway, the dominant radionuclide, and the calculated
TEDE for the limiting scenano. For Blue Plains, two
case kistories were available and are shown. More de-
tatled results for the case histories are in Appendix B

As shown in Table .2, the scenario and case history
with the Jargest estimated annual TEDE is Scenario

No, 4 - STP Incinerator Operator, for the Tonawanda
case history. The estimated annual TEDE is 93 mrem
This dose is through the inhalation pathway from the
re:sase of *'Am. As shown in Tables B.1 through B.S,

5 out of the 32 scenarios for the different case histories
exceeded 10-mremAyr and equaled 10 mremyr for 2 sixth
scenario. Of these, the Royersiord case history produced
two scenarios with TEDES exceeding 10-mremAr and
cqualed 10-mrem)yr in a third scenario, all associated
with the release of *'Co. Two scenarios for the

Tov awanda case history resulted in TEDES exceeding
1G-mrempyr.




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

No. | - Sewer System Inspectin A% £ X X X
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Ne 5 Stedge lncineratos Bdflu,
N 6 - Incimerator Ask Dispos i X Xt
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However, contaminated excreta from patients undet-
going nuclesr medicine procedures is another issy
There is 5o regulatory control over such disposal.

There may be isolated cases where quantitios of ™™ 1¢
may be reloased in excess of | Ciyr, especially where
there are several large hospitals located in close
proxinity in large cities (NCRP, 1985),

Other radionuclides, like **Na and "*La, have such
shors half-lives (15 and 40.2 hours, respectively), that
they have little practical value 1o liec sees. Conse-
quently, it s very unlikely that any Hicensee would
procure multi-curie amounts of thess radionuclides and
process ther - a manner 1o produce liquid effluents
approaching « Cifyr.

Other radionuclides in the list, including “*U, #0,
and “¥Pu, are defined as "special nuclear matorials® and
are regulated by the NRC as specified in 10 CFR 70,
Very stringent accountability requirements would tend
to preclude the disposal of significant quantities of
spectal nuclear materials 1o sanitary sewer systems. In
addition, 10 CFR 70.59 requires semiannual reporting
of unresiricted relevses of special nuclear materials in

liquid and gasec  uents. Currently, ***U and the
isotopes of plut are not used by NRC licensees in
significant quanti

(Van Houten 1989) und the procact catalogs of major
commercial radioisotope suppliers were reviewed. This
review indicated that many of the radionuclides that
potentially produce significant radiation doses via
disposal 10 sanitary sewer systems are not produced or
sold in appreciable quanties. The total US, production
of “Na, um 139 d Yy in 1988 was only 2.2 €,
7.7 Ci, 1 mCi, ano s mCi, respectively (Van Houten,
1989). The **Na was supplied (o six customers, ane of
which is a major commercial supplier of radionuclides.
The 1 was supplad 10 20 different cusiomers. Again,
one of these customers is @ major commercial supplier
who distributes radionuclides 1o numerous other
customers. Thus, the probabifity is quite low that any
single licensee coul” have used or disposed of these
radionuclides in quaatities approaching 1 Clyr, There
wits no reporied production or sales of the remaining
radionuclides identified to be of polential dose concern.

Deterministic Dose Evaluation

Of the initial list of radionuclides of potential dose con
cern, the radionuclides that are produced and used in
significant quantities are *'Co, ®se, Ve, 1%2)r, und
“TAm. The quantities of these rsdicnuclides produced
in fiscul year 1988 are estimated 1o have besn 1 MClof
“icn, 0.5 MC1of Msr, 0.2 MC1of 'VCx, 0.6 MCi of
1211, und 0.2 MCI of 1 Am (Van Houten, 1989). Most
of the “Co, "¢, and "% 1r produced goes into sealed
gamma sources used for irradiation facilities or indus-
trisl radiography. Most of the *'St produced goes into
sealed bets urces that have industrial applications.
Most of the ' Am produced goes into plated of lami-
nated alpha sources used in smoke detectors. There & .
finite probability that (e few licensees who process
larger quantities of these radionuclides could have
lguid effluents approaching 1 CUyT that are dicposed of
o sanitary sewer systems. However, there is no direct
evidence that g1y licensees are currently disposing of
liguid wastes in excess of a few millicuries per year
(NRC, 19864, 1986b),

Based on this review of current industry practice, the
critical radionuclides (i.e., those of most concern from a
potential public dose perspective) are “Cn, "k V0,

“ir, and “'Am. These radionuclides are used to pro-
duce the summary results discussed in the following
soction,

6.3.2 Deterministic Radiation Doses for
Critical Radionuclides

The results of the deterministic calculations for the
critical radioniuclides at the theoretical discharge limits
are summarized in Table 6.3, This table lists the dose by
pathway and the annual TEDE for the five critical radio-
nuclides for each of the 11 radiation exposure scenarios
defined in Section § For each scenario, the radio-
nuchides are listed  order of decreasing annual TEDE.
As shown by the summary results in Table 6.3, the deier-
ministic annual TEDEs exceed the 10-mremyr criterion
for at least one radionuchide for all but three scenarios
(Scenarios No. 1, 3, and §), where all values are less than
10 mromAT.

The potential expasures associated with work conditions
for @ sewer system inspector and o treatment plant oper-
ator are described in Scenarios No. 1 and 2. The poten-
tial exposures to a member of the public
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Dieterministic Dose Evaluation

Tuble 6.3 (Continued)

Radio- _ Estimated radiation doses (mremyr)
S enario nuclide Inh lation Ingestion External TEDE
No. 7 - Sludge Application
1o Agricultural Soil Y8 AOE08 1.7 E+01 13 E04 1.7 E401
Yoo 30 B8 6.2 B0 29E40 A0E+0
Wy AasE06 28 B2 98 E01 98 B0
Wes  a1E 68 E-02 6.9 E.0 76 E01
Mam  66EM 48 E-01 §.2 B3 5.5 B01
No K - Sludge Appli-
cation to Non-
Agricultural Soil Moo soF- " 19 E+01 19 E+01
%y b0 B 63 E4+00 6.3 E400
Wes  6RE06 46 E4+00 46E+0
Mam  L1EO 15 EO02 1.4 E0
Wgr 81 E08 86 FE-04 9.1 04
No. 9 - Landfil) _
Equipment Operator “co  14E0 64 E+01 A4 E+0
1y 17BN 22E+01 2 E+0
Wes  19E04 1.5 E+0 1.5 E+01
Wam  J0E+00 1.2 B0l 12 E400
Mgr  LAEM 29 E-03 43E0
No. 10 - 7 andfill
Intrusion and
Construction Mop 60 E-04 71 E+01 7.1 E+01
Mg (SEM 18 E+01 18 E+01
Mam  6E+N0 14 E01 28 E400
“gr 1.1 Em 1.8 E-01 18 E01
924 “ 1.1 E-06 1.1 E-06
No. 11 - Lancfill
Intrusion and :
Residence Wee  4REM4 12E-04 LTE+O2 1LTE+02
Wgr K9P LSE+M 6.4 E-01 LSE+02
Wes 12E04 S9E-0 6.5 E+01 66 E401
HWam  21E+00 S0 E-01 44 B0 1S E400
192y, - . 49 E-06 49 E-06

(@) A dash indicates that the pathway is not included in the scenario shown,
(b) Two dashes indicate a value jess than 1.0 E-07 mrem.

PR RSN RS R RTRATEES"—_—"SI————.
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Deterministic Dose Bvatuation

downstream from a liquid effluent discharpe point are
described in Scenario No. 3 The ' Auals in the fiest
WO seenanos are exposed by o> o nd direct exter-
nal radiation. Individuals in the L ARTHO AT ex
posed by these pathways plus w, w o food ctops
and aquatic foods (fish from the vaer). As shown in
Tuble 6.3, the largest estimated annua! TEDE for Sce-
nario No. 1 is 0.12 mrem (from *“'Co) and the largest
ﬂlllltlg annual TEDE for Scenariv No. 3 is 1.6 mrem
(from "Y'Cs). These exposures are cleatly less than the
individual dose criterion of 10 mremAr The estimated
annual TEDESs for Seenario Na. 2 excecd 10 mremAia for
four of the five oritical radionuchides, the exception
being the low value for *Sr. The largest estimated

usl TEDE for Scenario No. 2 is 3G mremAr for

This is the largest TEDE estimated for iany of the

11 scenanios evaluated.

The potential exposures resulting from incineration ate
described in Scenarios No. 4, §, and 6. Porential doses to
incinerator opera’ors by inhalation of airborne ash and
direct exposure 10 external soutces of tadfation are
described in Scenurio No. 4, Potential exposures of the
public downwind from an operating incinerator through
inhalation, direct exposure from ash deposited on the
ground, and ingestion of local farm crops after air
deposition are described in Scenario No. S Potential
external exposures 10 a truck deiver who transports
incinerator ash 10 & burial ground are described in
Seenario No. 6. As shown in Table 6.3, the larpest
estimated annual TEDE for Scenarios No 4 und 6 are

40 mremAyr (from *' Am) and 210 mremar (from

Co), tespectively. Both of these values excecd the

eriterion of 10 mremavr. Again, for Scenarios No. 4 and
6, the 10-mremAr criterion is excee fed by four of the
five critical radionuclides, the exception for hoth
scenarios being the low doses from *'Sr. The largest
estimated downwind annual TEDE for Scenario No. § is
0.27 mremAyr from * "' Amy @ value clearly within the
10-mremAivr eriterion.

Potential exposures resulting from sludge application (o
soils are described in Sconarios No. 7 and 8, In Sconurio
No. 7, the “xpecures descrided are those 1o an individual
living on a site after agricultural -oil application of
studge. The individual is exposed 1o direct external
radiation, inhales resuspended dust, and ingests local
crops grown in the contaminated soil. In Scenario No, 8,
exposures doscribed are those to an individual who

NUREG/CR-5814

apphies studge to non-agocultural land. The exposure
pathways for this scenario include direct exposure and
inhalation of dust. As shown in Table 6.3, only Y%, with
an annual TEDE of 17 mremAyt for Scenario No. 7, and
Yca, with an annual TEDE of 19 mremAt for Scenario
No. &, exveed the 10anremsT onterion, AN other oritical
radiotuclide: for these scenarios ate less than

10 mremive

The potesdial exposure conditions Tor ah egquipment
aperator at a landfill during sludge disposal operations
are deseribed in Scenario No. 9 The exposure pathwiys
for this scenatio are similar to those for the individoal
who applies sludge 1o non-agricultural land - direot
exposure 1o external radiation and inhalation of dust. Ax
shiown in Thble 6.3, the estimated annual TEDES for
three of the five o tical tadionuchides exceed the
10-mremr dose criterion. The largest estimated ennual
TEDE is for "'Co with a vadue of 64 mremyr.

Scenurios No. 10 gnd 11 are used 1o deseribe potential
long-term exposures 1o individuals who may reuse a
municipal disposal site previously used for disposal of
ush from sludge incineration for a housing development.
For these seonanios, a radioactive decay period of 5 years
is agsumed 10 aecount for a nominal period of instita-
tional control, Because these scenarios rely on addi.
Honal assumptions regarding the decay penod, dilution
with other municipal wastes, o he type of human ac-
tivities involved in reuse of the o J, their resulis are
judiged 10 be less likely than the results estimatod for the
other scenatios. Results for these Scenarios may serve
only as bounding estimates. For Scenario No. 10 the
exposure conditions Involve doses 10 a construction
worker who digs o basement for a house into an ghan-
doned landfill trench. The exposure pathways are direct
caposure 10 external radiation and inhalation of air-
borne dust. Scenario No, 11 is used 10 describe the
cxposure conditions of an individual who may reside in a
house constructed on an abundoned landfill. The expo-
sure pathways are direet exposure to external radiation,
inhalation of mirborne dust, and ingestion of vegetables
grown in a backyard garden. As shown in Table 6.3, Tor
Scenarios No. 10 and 11 only two of the five eritical
radionuclides for cach scenanio exceed the T0-mrem e
eriterion, For Scenarios No. 10 and 11 the latgest
estimated annual TEDES ase for “'Co with values of

71 and 170 mremAr, respectively.
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6.4 Comparison with Impacts-BRC

As a partial verification of the modeling analysis, the
selected scenario results from this study (using the
GENII software package) were compared with results
obtained using the IMPACTS-BRC, Version 2.0, compu-
ter program (O'Neal and Lee 1990). Because

IMPACTS BRC, Version 2.0, was developed 10 model a
somewhat different situation, only two scenarios were
similar enough to permit a comparison. These were
Scenario No. 2 - STP Sludge Process Operator and
Scenario No. 6 - Incinerator Ash Disposal Truck Driver.

The comparison was conducted using the critical radio-
nuclides identified in Section 6.3.1, with the exception of

Deterministic Dose Bvaluation

194, which is not contained in the IMPACTS BRC,
Version 2.0, data library. For *'Co the resulis for the
two scenatios were within a factor of 2 and for the other
critical radionuctides the results were within an order of
magnitude. Generally, the results produced using the
GENII software produced smaller doses than
IMPACTS BRC, Vorsion 2.0, reflecting the intent of
this study 1o produce prudently conservative (not worst
cse ) results, This was considered to o a reasonable
mcAeling comparison, given the different approaches
At Juta used by the two computer programs, No fur-
ther comparisons were atiempied hecause they would
require a rather extensive effort 1o revise or modify
input data, basic assumptions, of scenario aptions.
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7 Stochastic Dose Evaluation

A stochastic evaluation of the potential individual and
collective doses from disposal of radioactive materials to
sanitary sewer systoms was conducted after the deter
ministic dose evaluation. Stochastic analyses use ranges
of parameter values with assigned distributions instead
of single values 10 produce a distribution of results, The
purpose of performing a stochastic analysis is to provide
measures of the potential range in the caleulated results,
and of the relative contribution, of importance, of cach
of the various input parameters 1o the calculated dose
variations, In addition, the range of output can be sta.
tistically expressed so that both median doses and mean
doses can be identified. The arithmetic means of the
doses are useful in performing collective dose estimates.
The stochastic analysis and the distributions of results
for the critical radionuclides, as well as the collective
dose estimates performed for this study, are described in
the following sections. As discussed In Section 6.3 1, five
radionuclides, namely, o, 28, os, 11, and

LAm, were selected as those with doses high enough 1o
he of concern and were used in the stochastic analysis.
Not all five radionuclides were used in all scenarios,
This decision was based primarily on the results of the
theoretical deterministic doses described in Section 6.3,

7.1 Stochastic Methods

Four major steps are involved in the performance of &
uncertainty and sensitivity analysis:

1. development or selection of a mathematical model
for dose estimation (discussed in Section 6.1)

2. identification of parameter distributions for key
model input parameters

3. performunce of the uncertainty analysis
4. performance of the sensitivity analysis.
An uncertainty and sensitivity analysis of selected input

parameters 1o the GENI computer code was performed
for the exposure scenarios identified in Section 5. The

1

uncertainty analysis was performed by defining either
fixed parameter vilues or parameter distributions for
cach of the identified inpul parameters for each scenario
(see Section £ 4). Where parameter distributions were
used, the distributions were sampled 10 generate @ set of
input values, Generation of the sample sois was per-
formed using the Latin Hypercube computer code deve-
loped by Iman and Shortencarier (1984). Each sample
set was used in the GENIL code 10 generate i set of
individual dose results for cach scenario and radio-
nuclide of interest. The outputs from the GENII code
were then analyzed 1o obtain the distribution of resul.
tant doses, The input parameter data sets and calculated
dose results were further analyzed 10 provide an esti-
mate of the sensitivity of the dose results to cach input
parameter. The sensitivity analysis was performed using
another computer code developed by Iman,
Shortencarier, and Johnson (1985). Steps 2 through 4
are described in greater detail in the Tollowing sections.

7.1 Parameter Distribution

The parametens selected for uncertainty and sensi-
tivity analysis were those that may have a variation ot
uncertainty in their value or range of values. Tables C.1
through C.11 1n Appendix C contain summaries of the
input parameters and the associated distributions used
for each exposure soenano included in the analysis,
These wables present data on the form of each distribu-
ton (e, lognarmal, uniform, and uniform step distri-
butions) and the numerical vialues used (o define the
distribution (Le., minimum and maximum values), For
comparison, the input parameter vislues used in the
deterministic dose estimations are iso included in these
tables, Any input parameters not included in Tables € 1
through C.11 were assumed (o be guite weil known and
contain minimal variation or uncertainty. These
parameters were set 1o a fixed value in the uncertainty
and sensitivity analysis because little can be done to
improve their definition. For example, radiological
decay constants are examples of parameters that are well
defined and are not included in the uncertainty and
SENSHVItY analysis,
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Figure 7.1 Frequency distribution of inhalution, external, and total doses from “*Co from uncertuinty analysis
of Scenario No. | - Sewer System Inspector

7.1.3 Sensitivity Analysis

The doses resulting from the uncertainty analysis were
further evaluated using a sensitivity analysis computer
code (Iman, Shortencarier, and Johnson, 1985) 10 esti-
mate the sensitivity of the caleulated dose results 1o
varianon in the given input parameters. The sensitivity
analysis also provided information on the relative con-
tribution, of importance, of each of the various input
parameters 1o the resulting output doses.

Data files containing all input parameter values and
doses resulting from the uncertainty snalysis were used
as input to the sensitivity analysis computer code. The
sensitivity analysis was performed on the rank of each
parameter sample value rather than on the value itself,

hecause the rank transformation is usually more reveal-

ing when nonlinear r2iationships are involved in the

NUREG/CR-5814
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model. The Latin Hypercube uncetwinty code calou-
lated the ranking of sample input values and the ranking

was then used in the sensitivity analysis. This was accom-

plished by assigning a rank of 1 to the smallest doses
vilue of cach parameter, a rank of 2 10 the next smallest,
and so on. The rank of the largest value of each parame
ter will be equal to the number of sample sets, ¢,

1060 for the present analysis.

A full correlation analysis waus performed for the data
set1s for cach scenario and its associated key radio-
nuclides. The output from the sensitivity analysis
computer code includes the partial rank correlation
coefficients, plus a ranking of the order of parameters
based on how well they correlated with each dose type
(inhalation, ingestion, external, and TEDE as appiopri-
ate for cach exposure scenario). The resal's of these
analyses are presented in Appendis C, Tables C 13
through C.30.



Tuble 7.2 Uncertainty dose ranges and deterministic doses

Stochastic Dose Evaluation

Radio- Annual TEDE (remyr)
Scensrio  nuclide  Minimum  Maximum  Deterministic  Runking

| "o 7.2 E06 18 E0 1.2 E-04 52
1 92y S5 FEAO06 14E0) 8.5 08 51
2 "co B9 B0 15E+0 16 E01 75
2 Wey 20 B0 314 E01 80 E02 75
2 192y, 1,0 E03 $OE0 1201 7
3 e L1 EOT 28 E08 1.5 B-05 97
3 sy 48 E07 44 E08 10 08 9%
3 ey S2E0 19 EA13 16 E-03 Gh
4 a0 1.9 E03 16E4+00 30 B0 81
4 192y 68 B4 S9EM 1.1 E01 81
4 MAm 14 E04 12 E400 14 E-0 87
5 M 22E8 15 E06 57807 7
5 #1Am 20 E06 20 E-08 27 B4 ”
6 g 20 Bm 721 E01 21 E0 86
6 192 134 12EMm IAEM 84
7 g, 5.6 E-08 1.5 E-01 1.7 B2 74
8 by * 41E08 18 B-01 19 B2 70
8 13 99 F.06 9.2 02 46 E03 20
8 923y 13 E08 1.3 E01 63E03 20
9 eo A0 E04 30 E01 64 E-M 85
9 My 7.2 E08 7.1 E02 1.5 B« 85
9 192y, 1.1 E04 1.1 E01 22E-m 54
9 Hlam 1.2 E08 3.0 B-02 32EM 2
10 g 28 E-08 6.1 E-01 47TEM X9
10 W 25 E-04 24 B.01 18 B0 7
1 “co 2.5 B08 6.1 E-01 1.7 E-01 96
1 gy 1.5 Ed 85 E01 15 B-01 90
1 Wes 25 E04 24 E01 6.6 E-02 wn
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considering the context of their use. The results pre-
sented in this section and Appendix C indicate that
additional information is needed for most parameters,
especially those identified as key contributors 1o the
uncertainty in the dose values.

7.2 Collective Dose Considerations

An evaluation of the potential collective dose from dis-
chatge of the critical radionuclides at the currently
allowable maximum levels was conducted for compart.
son with the individual dose criterion. The collective
doses are estimated by the product of the arithmetic
mean of the dose values for the critical radionuclides
reported in Tuble C.12 (see Appendix C) and the total
number of individuals that potentially could be exposed
for cach scenario. The arithmetic means of dose esti-
mates are used for the collective dose estimates because
they are more representative of typical exposure condi-
tions than the prudently conservative individual doses
and are more appropriate for use with nonlingar
parameter distributions (Aitchison and Brown, 1963),

The total number of individuals that potentially could
be exposed across the country from all municipal sewer
systems is estimated using judgment concerning each
scenario. The estimates are rounded to the nearest order
of magnitude as shown in Table 7.4. As stated in Section
4, there is some variability in the types of processes and
the sizes of STPs. For many of the scenarios involving
workers in these plants, it is estimated that fewer than
1,000 workers nationwide could be exposed 10 the work
conditions described by the scenarios. These scenarios
include Scenarios No, 2,4, 6, 8, and 9.

For Scenario No. 1, only larger cities would have large
diameter sewer lines (up to 3 m) that could be inspected
by workers as described. It is estimated that across the
country no more than about 100 workers could be in-
volved in this work activity during a year. Liquid efflu-
ents from STPs and airborne effluents from an incinera-
tor have the potential to expose a rather large popula-
tion. For this estimate, 1 million people are assumed 10
live near these plants and be exposed to effluents as
described in Scenarios No. 3 and §.

Stochastic Dose BEvaluation

Because the market for sewage sludge as an agricultural
soil additive varies across the country, and because the
EPA restricts the use of sludge as a soil additive (sec
Section 4), 1t 48 estimated that no more than 10,000 peo-
ple nationwide could be exposed to sludge as described
in Scenario No, 7,

Finally, as described in Section 6.2.2, Scenarios No, 10
and 11 (reuse of municipal landfill sites) are less likely
than the other scenarios because they rely on additional
assumptions concerning radioactive decay and dilution
with other wastes. In addition, it 1s difficult 1o estimate
how many individuals across the country could he ex-
posed 1o the conditions described by these scenarios.
For these reasons, Scenarios No. 10 and 11 are not
included in the collective dose analysis,

Tuble 7.4 comains a summary of the collective dose
analysis conducted for this study. For some of the
scenarios, the mean individual doses were less than

0.1 mremAt (as shown by a dash in the table), The
collective doses for the various scenario‘radionuchde
combinations 1anpe from 0.4 person-rem for ' V'Cs in
Scenario No. § 1o 420 person-rem for '*'Cs in Scenario
No. 3. Eight of the 22 combinations listed have collec-
tive doses greater than 100 person-rem.

If disposal were 10 occur across the country at the
currently regulated levels (from 10 CFR 20), & first
approximation of the total coliective dose from the
particular mixture of radionuclides described would be
about 2100 person-rem, which is approximately double
the collective dose criterion of 1000 person-rem. For
this approximation, no consideration has been given 1o
the degree of partitioning of cach radionuclide into the
different products, the difference between amounts of
radionuclides produced annually and amounts used (dis-
charged) annually, mass balances, of the potential for
inclusion of mutually exclusive uses of the contaminated
materials, However, best judgment was used 10 estimate
the number of individuals exposed annually from dis-
charges at the 1-Ciyr Himit,
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8 Discussion

PNL conducted an evaluation of the potentinl public
doses from exposure 10 tudionuchides during 1reatment
and disposal of sewage sludge following release into
sunftary sewer systems at the limits specified in 10 CFR
20. Current sewage trestment and sludge disposal prac-
tices were examined and 11 generic radiation exposure
seenatios were developed for members of the public,
including workers ot sewage trestment and studge dis-
posal facilities. The scenario analysis was conducted 1o
provide a prudently conservative, deterministic anahsis
of: 1) the potential doses 1o individuals resulting from
documented case hisiories of sewer contamination and
2) the potential doses that could result from discharges
at current maximum allowed levels. The input parame-
ters and assumptions were selected within an expected
range = not at the extremes of the expected range < for
each exposure pathway and scenario 1o provide a pru-
dently conservative estimate of the radiation dose 10 an
average individual in a population. These individual
doses were compared with a 10-mrem/yr the individual
dose criterion. To better understand the deterministic
results, a stochastic uncertainty and sensitivity analysis
was vonducted. This analysis also permitied the calcula
tion of coliective goses (rom disposal of radioactive
materials via sanitary sewer systems for comparison with
a 1000 person-rem/yr,

The deterministic resuits of the case histories produced
some results taat were in excess of the individual dose
criterion of 10 mremAr. As discussed in Section 6.2, the
highest dose estimated was an annual TEDE of

9% mremAr for the Tonawanda case history. This dose
was estimated for Scenario No. 4 < Incinerator Operator,
The dose was esiimated using the average reporied con-
centration of **'Am in the ash and was delivered
through the inhalation pathway from sespended dust
The Royersford case history also produced several
scenario results that were 2 10 mremAr. These resulis do
not necessarily imply that the individual dose criterion
was exceeded because the scenarios account for expo-
SUres @t a constant (average ) concentration during a
year, and the concentrations reported for the case
histories may have heen of a shorter duration. However,
the results do indicate that doses in excess of 10 mres ~
were possible,

81

A second set of deterministic results was produced for
hypothetical discharges of 63 individual radionuchides at
the current maximum discharge lmits (as allowed by

1 CFR 200, The full list of the annual TEDE results for
all 11 generic seenarios is in Appendix B A review of
these results indicates that doses in excess of 10 mremAr
were possible for several radionuclides and scenanos.
To better estimate the real potential of this occurrence,
a review of curtently produced or used radionuclides
wits conducted. This review resulted in the identification
of a list of five eritical radionuclides that are produced
and used in significant quantities and have potential
doses (as shown in Appendix B) in excess of 10 mrem/yr.
The critical radionuclides were: *'Co, sy, 1770, %34y,
and “'Am. A teview of the tesults for these critical
radionuchdes, summarized in Table 6.2, reveals that the
calculated dose 1o @ limited population of municipal
woikers ot STPs could oxceed 10 mremyr if licensees
disposed of wastes in quantities approaching 1 Ciyr,
The highest of these caleulated doses was 360 mremyr
10 @ sludge processing operator (Scenario No, 2 - STP
Siudge Process Operator) from “'Co, The scenarios
producing the next highest caloulated doses were for
incinerator operators (Scenario No. 4 with 340 mremys
from “'Am) and truck drivers hauling incinerator ash
10 landfills (Scenario No. 6 with 210 mrem/yr from
o). External exposure 10 gamma-cmitiers and inhala-
tion exposure 10 alpha-emitiers were equally significant
for the top three scenarios,

The generic analysis contained two scenarios that
described the potential long-term exposures 1o indivi.
Juals who may reuse o municipal disposal site afler
disposal of ash from sludge incineration. For these
scenanos, & radioactive decay period of 5 years was
assumed 10 account for a nominal period of institutional
vontrol priot 10 reuse of the land. These scenarios pro-
duced caloulated doses that exceeded the 1O-mremyr
dose criterion for members of the public who do not
work at sewage treatment and disposal facilities, As
shown in Table 6.2, the doses from *'Co and ' V'Cs were
primarily from external exposure, whereas the doses
from ™$r and **' Am resulted primarily from ingestion.
However, because these scenarios rely on additional
assumprions regarding the decay period, ditution with
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Discussion

other municipal wastes, and the type of human activities
involved in future reuse of the land their results wre
Judged 10 be less likely than the results estimated for the
ather scenartos. The results may serve as hounding esti-
mates only.

The deterministic fesults for the maximum discharge
Himits (as allowed by 10 CFR 20) were next evaluated
with @ stochastic uncertainty and sensitivity analysis. The
uncertainty snalysis was conducted using Latin Hyper-
cube sampling fof the five critical radionuclides. The
analysis considered ranges of parameter values with
assigned distributions for the 11 scenarios so that a
distribution of potential results could be produced.
Many of the parametans used in the generic scenario
analysis arc difficult 10 guantify hecause little infor-
mation is avatlable ahoul the distribution of their values.
To permit a stochastic analysis, several parameters were
represented by uniform or log-uniform distributions and
judgment was used in establishing their reasonahle
ranges. A sample set of 100 was selected for the Latin
Hypercube anilysis 10 oblain enough data 10 adeguately
deseribe the resulting dose distributions for ¢ «ch critical
radionuchide and for each of the 11 scenarion.  atistical
results of the analysis are presented in Appendix C The
dose distribution results were plotted 1o provide u visual
indication of the potential range of results and a com.
parison with the deterministic (single value) results. The
uncertaiaty analysis showed that caloulated doses for a
given scenario and radionuchde typically vaned over

2 10 4 orders of magnitude. The v#*lation was less where
the scenarios and their parameters were well defined,
such as the scenarios describing work vonditions at the
sewage treatment and sludge disposal facilities. The
variation was wider for the scenarios that involved pub-
li: exposure over long periods of time, such as the land.
fill intrusion scenarios. The deterministic results for the
maximum discharge lmits for all scenarios generally fell
within the 50th to 97th percentile of the full range of
calculated doses. This range Is judged to be consistent
with the intent of the deterministic analysis (0 produce
prodently conservative (not worst-case ) results. The
scenarios that exceeded the 90th percentile were See-
nario No. 3 - STP Liquid Effteent and Scenario No. 11 -
Landfill Intrusior and Residence. Because these
scenarios rely on additional assumptions concerning the
dilution and environmental transport of the radioactive
materials, additional conservatism was used in the see-
nario analysis,

NUREG/CR S814

In addition to providing measures of the potential range
in the calculated doses, the stochastic analysis was used
10 produce o seisitivity analysis. In this analysis, an
eviluation was made of the relative contribution of
importance of esch of the input parameters to the calcu-
lated dose variations. The analysis ranked the impor.
tanue of each parameter by assigning numencal values,
The full results of the sensitivity analysis are presented
in Appendix C. The PROCs were also caloulated. (The
PROCs indicate how well a given input patameter is
correlated 10 the caleulated doses ) The PROCS were
then ranked 1o determine the relative contribution of
cach parameter 1o the uncertainty in the result for cach
eritical radionuclide and scenario. The three most sensi-
tive input parameters were developed for 29 posstble
scenanio/radionuclide combdinations. [n 21 of the

29 scenurio/radionuclide sample sets, the “inventory”
wiis the most sensitive input patametet. The inventory
corresponds 10 the basic assumption of the maximum
annual release rate, 1 Ciye for most radionuchdes, For
the remaining eight combinations, “river flow rate”
"Ch/Q," und "decay time” were found 1o be the most
important parameters. These parameters generally
account for eavitonmental dilution of the inventory for
use in scenarios that describe potential exposure condi-
tons for members of the public who do not work at sew-
age treatment of disposal facilities.

Finally, the results of the sensitivity analysis were used
to estimate the collective doses from the eritical radio
nuchides thit could result from discharges 1o sanitary
sewer systoms in the United States at the maximum
annual discharge limits, The collective doses are esti-
mated by multiplytng the arithmetic mean of the dose
values (determined in the uncertainty analysis) by the
totl number of individuals that potentially could be
exposed for each scenario. The arithmetic means of dose
estimates arce used for the collective daso estimates
because they are more representative of typical exposure
conditions than the prudently consorvative individual
doses, and they are more appropriate for use with non-
lincar parameter distributions. Best judgment was used
o estimate the pumber af individuals exposed annually
from discharges at the 1.Ciyr limit, Dose contributions
from Seenarios No. | through 9 were considered i the
analysis. Contributions from Scenarios No. 10 and 11
were not included, because they involved potential fu-
ture intrasion at Closed landfill sites and were judged 1o
be less likely than the other scemarios. The collective
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doses were summed over the nine scenanos for cach of
the eritical radionuclides, then they were summed over
all five radionuchides 10 provide an estimate of the total

collective dose across the United States. The mean indi-

vidi 1 goses for several of the scenarios were less than
0. 1-mremyr and were not included in this estimate. The
vollective doses for the vanous scenario/radionuclide
comhinations range from 0.4 person-rem for ''Cs in
Scenario No. § 10 420 person-rem for ' V'Cs in Scenario
No. 3, Eight of the twenty-two combinations listed have
collective doses greater than 100 person-rem. A first
approximation of the total collective dose from the
specific mixture of radionuclides and scenarios
described in Table 7.4 would be about 2100 person-rem.
It should be emphasized that the generic nature of this
study has precluded consideration of several key items,
such as the degree of partitioning of cach radionuchide
into the different products, the difference between
amounts of radionuclides produced annually ard

Discussion

amounts used (discharged) annually, mass balances, and
the potential for inclusion of mutually exclusive uses of
the contaminated materials.

The intent of this generic study was to examine the
potential radiological hazard 10 the public resulting
from exposure 10 radionuclides in sewage sludge during
its treatment and disposal following their release into
sanitary sewer systems at the limits specified in

10 CFR 20. This was accomplished using a prudently
conservative methodology to describe and estimate sce-
narios, assumptions, and parameter values used in deter.
ministic and stochastic dose caleulations for docu-
mented case histories and theoretical discharges at the
maximum discharge limits. Comparison was also made
with the individual and collective dose criteria. The
results of this study indicate that some doses resulting
from sewer disposal of radioactive materials may not be
trivial and further study is needed.
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Appendix A

Maodeling Input

This contains detatled information regarding
the tion of doses presented in this oocument, and
includes lists of input files, source terms and their
derivation, and s modified external dose factor table
used in some of the dose calculations.

Calculations for the scenarios were performed usiag the
GENII software package (Napier et al, 1988). For each
scenario, a GENI input file was created. The calcu-
lations were performed for cach adionuclide in the
source term, using the input file template. GENII input
files for the 11 scenarios are given in Tables A1 through
A14. (Separate input files were required to caleulate
inhalation from surface contamination for three cases
with customized external dose factors.) These standard
input files were used in calculating doses for both the
case studies and the deterministic unit releases.

The input for source term concentrations for the deter-
ministic cases ure given in Table A 15, Assumptions
regarding sewage treatment plant (STP) capacity and
sludge and ash production are given in Tuble A 16,

Tuble A 17 gives envitonmental concentrations ¢or-
responding to the GENILinput values in Table A 15,
Table A8 lists the radionuchde source term used in
case history dose caleulations for each applicable
scenario Table A 19 lists the source term for the
deterministic dose calculations based on theoretical
discharges for each scenano.

For three scenarios (Sewer System Inspector, Sewage
Treatment Platt Operator, and Incincraior Ash Dis.
posal Truck Driver), the EXTDF portion of GENII was
run 10 create dose factors for external exposure.
Assumptions concerning geometry for cach scenario are
summarized in Table A.20. The madified dose factor
litrary used in the three scenarios is given in Table A21.
The modified dose factors for the three scenarios were
incorporated into a dose fuctor libtary that normally
contains dose factors for waste buried at different
depths.

A listof the tables and their page locations is provided
10 help the reader turn directly 1o the tables of interest.

Tables

No. Title Page
Al GENII input file for Scenario No, 1 - STP Sewor System Inspector ..o : Ad
A2 GENII input file for Scenurio No 1 - §TP Sewer System

Inspector--Inhalation CACMAUON ... oo s AT
A3 GENII input file for Scenario No, 2 - STP &ludge Process

CIPOIIAY i« i ya'vn v e an annan o . Wi S EET |5 Pl A0
Ad GENII input file for Scenario No. 2 - STP Sludgc Process

Operator--Inhalation CalCUIEton . ... viauiiiiiaiaiiian oo, . Al3
AS GENII input file for Scenario No, 3 - STP 1 lqutd

Effluent . ' e o Alh
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: Tables

s A20 Geometry for cases requiring customized external dose factors ., .. g Lol T AS3

i A2l Modified dose factor library used in Scenarios No. 1, 2, and 6
e (Sewer Inspector, STP Workers, and Ash Truck Transport Driver) ... ... .. ASd
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Tuble AL GENILinput file for Scenario No. 1« STF Sewer System Inspector

NRC Sewnr Study - Eaposure Pethweyy
Titled 12 Sewsr Line Maintenance

C12.%hL  A3-hugeo

OPTIONStessnsnenuspessnrennssnes Defaultl sromsasessrasanesseafi Srutsiannuanes

1 Near-figld soenerio® tFar-fleldd  NEAR-FIELD: narrowly fecused

¥ P etion done? (Iretividusl) relesse, single site

¥ Acute reloase? (Phromic) FAR-FIELD: widerscoale relvase,

Maximum Individual date set used maltiple sitos

Complete Complete

TRANSPORY OPTIONSresateasrenss Mttm EXPOSURE PATHWAY OPYIONS=scns Section

F oAt Transpart Finite plume, sxternsl ]

£ Surface Water Transport 2 Infinite plume, externsl

F Biot'e Transport (near-field) 3,4
F waste form Degradetion (near) 3,4

REFORY OPTjONSssessspussiserssasesnns
T Report AEDE omly

F Repoert by radionuel ide

f Repart by exposure pathway

f Debug report on screen

]
Ground, externsl L
Recreation, saternal 5
Inhalation uptske S,
Drinking watet ingestion ?
Aguat ic foads ingestion Y
Terrestrinl foods ingestion 7
Animal proguct ingestion 7
Inagdvertent soil ingestion

- e 0o o

L

A0

- e e we e a ww w

INVENTORY RESBERYRIRREERERRERERUREETU BTN EREIRUR OO RS URGBEREDRRBE LR P RRR DR ERORY

“
0

TIME

Do D N e

Inventory input sotivity waite: (V-pti 2-uCi 3l &-01 SBY
Surtate soil souroe units (Y- M@ 2> m3 3 kyg)
Eguilibrium guestion goes here

sresRelanse Termy. -

& } .......... fasic cenn.ntr.‘|°"ﬁ ......... ;
Use when| transport selected

]

3

nenr-field scenatio, optionally {

...... D T A N R LS R |

.

-
.
»
»
L

.
»
0

.
.
-
“

»
.
.

.
.
*
‘

»

Reloose | Surfaie Buried Surface Deep Grourd Surhﬂs

Radios |Air Water  waste jAir $oil soil Water  Water |

nu:ndo Uvr Iyr /md (/3 Junit /m& ll i {
hE ’l Py SAMSENE sarvnselebdrane FRM AW » T .......:

mm S OE 08

-------- {=+Derived Concentrations -« |

Vse when| mwru values are known |

Release ;Nrr«. Animal  Drink  Aguatic|
Radio:  |[Plant  Product water food |
nuciide |/kg /kg L g i

Frnddnus BEECETE siBAASE wde saPd wasmwEs I
'

EREBEEBOLREEEOREN BB EEUCEINE RO URNYERERRBEECR LB R RBRNURE R ECUERRER EREREEE

Intake ends after (yr)

Dose cale, ends after (yr)

Release ends after (yr)

No. of yearg of air deposition prior to the (ntake per iod

Ne. of years of irrigation water deposition prior to the intake period

FAR-FIELD SUEMARIOS (1F POPULATION DOSE) WESRERAEEKSHEREERSERESNRENEBRERELENEY

G
0

Detinition option: 1-Use population grid in file POP,IN
2-Uge total entered on this line
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Tuble Al (Continued)

Appendix A

N = & B e e .| T B i e T T T o WS

NEAR FIELD SCENARIOS NENSREROEONDKRUNRERIBURTERENCEERENEEERREERENERERBUEREENIE

Priar to ohe beginning of the intake period: (yr)
When wes the inventory dispesed? (Fachege degratetion starts)
When was LOICY (Biotie transport starts)
fraction of roots in upper soil (top 15 om)
fraction of roots in deep soil
Manunl redistribution: deep soil/surface soll dilution factor
Source ares for external dose modificution factor (m2)

R R e

- oDOoOO

oo e OO C

esashll TRANSPORT sesencnsssnncsonseavnpncennsnnsetaeSECTION Yreeern

D-Calculote Pu H Release type (001
Optien: Y+Use chi/G or M vlue |F Stack release (1/6)
2:Select M1 dixt § dir {0 Stach height (m)
Y Specity Mi gist & dir D Stack flow (md/sec)
Chi/Q or PM value < Stack redius (m)
Ml sector index (125 10 1 luent temp, (L)
M distance from releese point (s (0 Bullding x-section (md)
Use jf data, (T/F) else chi/@ grig)l Burlding height (m)

sxasQURFACE WATER THANSHORTsaceesvanenasscvnnsnzeosceSECT JON Pruesy
Mixing ratio model: 0-use value, 1 tiver, 2-lakp
Hixing ratio, dimensioniess
Average river flow rete fori WINFLG=0 (mB/e), MIXFLG=1,2 (m/s),
Trangit time to (reigation withdrawl locetion (hr)
1f mixing ratio madel » 0
Rate of effluent discharge to receiving woter body (m3/s)
Longshore distance from release point to usage location (m)
Offshore distance to the water intake (m)
Average water depth in surfece wator body (m)
Average river width (m), MIXFLG=Y only
Depth of effluent discharge point to surface weter (m), lake only

seewASTE FORM AVAILABILITYsenaepocennusonnnswznnsecsGECTION ) 2
weste form/package helf Life, (yr)

waste thickness, (m)

Depth of soil overburden, m

»ouuBiOTIC TRANSPORY OF BUNIED SOURGEssserssescsunsus§ECTION Gennse
Consider during inventery decay/bulldup period (1/F)7

Consider during intake period (1/F)7 | VY<Arid non agriculturel
Pre-Intake site congdition. iyivorrsen vof EHumid non agricultural
| B-Agfieul turst

[XPOSURE MEERBRBERHCEHEEEERERGEERIRIRRLOUETREURNBIRECURORRECEUREERRREEVC RN YN

g

COoOCODOoO so

=2t XTERNAL EXPOSURE mesemsvsennzisupssessssasesnsssvSECTION Hensss

Exposure time: | kesidential Yrrigation:
Flume (hr) i 7 Cansider: (1/F)
Sotl conmtaminet lon (hr) ! Sourcer 1 ground water
Swimning (hr) i Snurface water
Bosting (hr) e Application rate {in/yr)
Shoreline activities (hr) | € Duration (ma/yr;

Shoreline type: (V- river, 2/1pke, 3-ocean, &-tida! basin)
Transit time tor relesse to reach aquatic recreation (hr)
Average fraction of time cubmersed in acute cloud (hr/person W)
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Tuble AL (Continuw o

0

0

0

6

0

0

£/

¥

f

USE

3 FO0D

T/F YYPE

¥ BEEY

FoOPOULTR

oMLK

FEGG
BEET
HiLK

wren | KHALAT IONsvEsovssinssnsssansetasstsassesnectentaSFCTION Sunnsn
Woury of exposure to contamination per year
0-No resus: 1 Use Mass Loading ¢-Use Anspaugh mode |

pons ion Mass loading facter (g/m3) Top seil pvellable (om0

sesa [NGESTION POPULAT [ONessevsusvessesecsasansessoncanfECT ION Toncen
Atmospheric production definition (select option):

U+se food-weighted chi/l, (food sec/ed), enter value on this line

1+Use population-weighted ohi/e

2-Use uniform production

3-Use ¢hi/Q ond production gride (PRODUCTION will be overridden)
Population ingesting aguatic foods, 0 defaults to total (oerson)
Population ingesting drinking water, U defaults to total (person)
Consider dose from food exported out of regian (default=f)

Note below: §% of Source: O-none, 1-ground water, 2-surface water
Y-Derived concentration emtered stiove
seze AQUATIC FOODE / DRINKING WATER INGESTIONssesennsaGECTION Beens

Salt water? (default s fresh)

ust TRAN:  PROD - CONSUMBET ION- |

2 FOOE  EIY UCTION  HOLDUP  RATE |

170 TYPE  he ¥p/yr  da kg/yr | DRINKING WATER

----------- sry P PR ey BE rawep :-.A...--...-........4....
Flaw 0.00 0.0£+00 00 0.0 Source (see above)

{ 0

i 1 Trostment? 1/F

10 Holdup/transitida)
|0 Consumption (L/yr)

§ 0

F. MOLLUS 0,00 0.06s00 000 ©.
FCRUSTA 0.00 0.06+00 0,00 0.
§F PLANTS 0.00 0.0E+00 @ 0,00 O,

i~ B~

e TERRESTRIAL FOOD INGESYIONsssesassnsssassessasnrseffCTION Possss

usk GROW - IRRIGATION: - PROD - ~ < CONSUMPTION - -
7 FOOD  YIME 5 RATE  TIME YIELD UCTION  MOLDUP  RATE

T/ 1TYPE  da * in/yr mo/yr  kgim@  kg/yr da Kg/yr
F LEAF VY 0.0 ¢ 0.0 0,0 0.0 0.08+00 0.0 0.0
F ROOTY 0,00 O 0.0 0.0 0.0 D0.06+00 0.0 0.0
f FRuir 000 0 €0 0.0 0.0 0.08+00 0.0 0.0
fGRAIN 0,00 O 0.0 0.0 0.0 0.08+00 0.0 0.0

seesANTMAL PRODUCTION CONSUMPY 1ONsessssasnxresesen: ~=SECTION 10sass

o MUMAN- <<+ TOTAL  DRIMK  =onsenesensse STORED FEED-- <« wonans
CONSUMPTION PROD- WATER DIET GROW - IRRIGATION-- S1oR-
RATE MOLDUP UCTION CONTAM FRAC- TIME S RATE TIME  YIELD AGE

ka/ye  da  kglyr FRACT. TION  da ¥ in/yr mo/yr kg/m3 da
0.0 0.0 OO0 0,00 0,00 0.0 O 0,0 0.00 0,00 0.0
0,0 0.0 0.00 000 0.00 0.0 0 0.0 0, 0.00 0.0
0.0 &0 0.00 0.00 000 0.0 O 0.0 0,00 0,00 0.0
2.0 0.0 008 000 000 0.0 0 0,0 0,00 0,00 0.6
sensassessnn s FRESN FORAGE~+««-- e e
0.00 0.0 ¢ 0.0 0,00 0,00 0.0
0.00 0,0 0 0.0 000 @00 0.0
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Tabie A2 (Continved)

4_—7___7_—-7_4,7_1—_-7,—_!.—4_—__
. 1

NEAR TIELD SCENARIDE BRSBEREESUROPERERTERERINRENEEREREVIRIVECEERRRELRERRRIORRY

Prior to the beginning of the intake periad: (yr)
when may the inventory disposed? (Package degradet ion starty)
when was LOICY (Biotic tronsport stafts)
Froction of roots in upper soil (top 15 em)
Fraction of roote in deep woil
Manual redistribution: deep soll/surfece soil &ilution fector
Source ares for external dose mod’ 'icatien fector (wd)

TRANEPOR T URERERBUSRAPREHRERORROUBERCUDERREURPRERCRERERN O RETERRERERREEC IRRRON

- oo

oo oc S0

oo o
-

]

szemAlR TRALSPORTssssssenrsuvssssonansusnsennrnnswoesSECT(ON Teosse

0-Celculate M Y Relesse type (U-3)
Option: 1<Use chi/@ of PM value | Stack release (1/§)
iSelect Ml dist & dir { Stack helght (m)
5:Specify M) aist & dir [0 Stack flow (m3/suc)
Chi/Q or MM value 0 Stack radius (m)
M| secror index (1=8) 10 Effluent temp, (0)
Nl distance from reiease point (m) |0 Butlding x-section (m2)
Use |1 dota, (T/F) elee chi/G grid)0 Builtding height (o)

=e2aBURFACE WATER TRANEPORTYRsdnsnsassssnssnsessnsaaueGECT JON Feoces
Mizing retio model: O-use value, V-river, 2-lake
Mizing retio, dimensioniess
Average river flow rete for: MIKFLGSD (ad/s), MIXFLOWY, 2 (m/s),
Transit time to irrigetion withdraw!l Location (hr)
1f mining ratio mode! > 0
Rate of effluent discharge to receiving water body (md/s)
Longshore distence from release point to usage location (m)
Oftshore distance to the water intake (@)
Average water depth in surface water body (m)
Aversge river wigth (m), MIXELG=Y only
Depth of effluent discharge point to surface water (m), lake only

pessWASTE FORM AVAILABILITYrmassevzensssasensevassonsSiCT ION Senses
waste form/packege half life, (yr)

weste thickness, (m)

Peprh of soil overburder, m

===2@|OTIC TRANSPORY OF BURIED SOURCE:=sezsssssransssfECTION 4sneos
Consider during inventory decay/buildup period (1/4)?
Congider during inteke period (1/F)7 | 1<Arid non agricultural
Fre-intake site condition. . oveviirse i ¢ Humid non agricultural

| 3Agricultural

EXPUSURE SURESTERERERRIBEEREREREREEEUREORENERRUNTEERAREBUBEGOYBUOUNOUENRRURG BV

DOoODIDO0O0OC

ss=2EXTERNAL EXPOSUREsssscasnrsasnanssssessssssnumnnaSECT |ON Senves

frposure time: |  Residential irrigetion;
Plume (hrd ' q Consider: (1/F)
Soil contamination (hr) | 0 Source: t-ground water
Swimming (hr) ! 2-syurface wster
Boating (hr) ;-0 Application rate (in/yr)
Shoreline activities (hry | © Suration tmosyr)

Shoreline type: (Yrriver, B-lake, 3-ocoan, é-tidal basin)
Transit time for release to reach aquatic recreation (hr)
Average fraction of time submersed in gcute cloud (hripersen hr)

NUREG/CR-5814
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A Appendix A

Tuble A2 (Continued)

snun [NKALAT [ONsosedsmunenunassnaannnsensoenanennevesoSECTION Guesnn
a0 Nours of eaposure 1o contemination per year
O:No resyue-  1-lse Mass Loeding 2-Usne Anspaugh macde |
0F-04 pons | on Hass lomding foctor (g/od)  Top soll aveilable (em)

seerINGEST ION POPULAT IONEs2ssssaressseresransesssanaeBECTION Torzer
Atmospheric production definition (select option):

(Use food weighted chi/Q, (food sec/m3), enter vilue on this Line

V:Use population-woighted chi/g

2:Use uniform proguct ion

3-une chijQ and production gfids (PRODUCTION will be overridden)
Popuiation ingesting aquatic foods, 0 defsults to total (person)
Population ingesting drinking water, O defaults to totel (persom)
Cormider dose from food experted out of region (default=t)

oD

R N
oo

Note below: 5% or Source: O-mone, V- growe weter, 2 surface water
3-Derived concentration ontered nbove
sars AQUATID FOODS 7 DRINKING WATER INGESYIONseseresceGECTION Bunss

¥ Salt woter? (defpult is fresh)

ust TRAN:  PROD - ~CONSUMP T TON-
T OFO0 ST UCTION  MOLGUP  RATE

T/ IYPF W tuyr di Kglyr mmnc. wu

CEE S L & E A

lourcc (m ma
Treatment? T/F

Hotdup/trans (tida)
Consumption (L/yr)

wnns TERRESTRIAL POO0 INGESTION=sssswsnsssssszanesnenefECTION Fomses

l
’ f o OFIBNM .00 Jomm U

f MOLLUS 0.00 O.0£+00 in.op
3 #  CRUSIA D.00 C.0F+0D .00
E F OPLANTS 0,00 ©,DEe00 0.00
!
!

— ., o e} .

L= = R~ T

- st GROW < 1RRIGAT 1ON- - PROD- - CONSUMPTION -
] % JOOD  TIME 8 RATE  TIME  YIELD UCTION  MOLDUP  RATE
- T/F "u da » wyr moiyr  kpime klivr de kg/yr

0.0 0.0 0.0 0, N‘W 0.0
00 0.0 0.0 D.08s00 0.0
0.0 0.0  0.0E00 0.0
0 0 0.0 0.0 Bb.0Ee00 0.0

oo
Q
B

ssecANIMAL PRODUCTION CONSUMPT|ONsssesscasssassrzoasipf T |ON V(0ssas

COMUMAN s TOTAL  DRINK oo rawn e BIDRED FEED =~ cxrrrraraies
. USE CONSUMPTION PROD: WATFR  DIET GROV - [KRIGATION:- STOR-
. 3 100D RATE WOLOUF UCTION CONTAM FRAC TIME & RATE TIME  YIELD AGE
3 ATV kgrye  ds  kg/yr FRACT, TION ds ¥ invyrmoyr ko/md da

AU NUREGCR 5814
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Table A3 GENIIinput file for Scepario No. 2 - STP Sludge Process Operator

s -_rw T

NRC Sewer Study - Exposure Pathways
Title: ? S$TP Worker - with Iohalation added
C2.1PL  03-0ct-90

OPT [ONSeseessasnanesssensunzanns Dpfaull sesazassccassrmsosssussesnasnagsssnns

T Near-field scenario? {far-field) NEAR-FIELD: nmarrowly-forused
F Popuiletion dose? (Individual) release, single site
¥ Acute release? (Chronic) FAR-FIELD: wide-scale release,
Maximum Ind'v ‘ual data set used multiple sites

Comoletr Complete
TRANGPORT OPTION =#: - «3zsx Section EXPOSURE PATHWAY O/ |{"NS=s=z=s Section
F Air Transport 1 F Fimte plume, external 5
F Surface Water Transport 2 F Infinite plune, external 5
F Biotic Transport (near-fileld) 3.4 T Ground, external 5
f Wwaste form Degradation (near) 3.4 F Recreation, external 5

T Inhaletion uptake 5,6

REPORT OPTIONS=zezessszaasssesassaasss F Drinking water ingestion 7.8
1 Report AEDE only F Aguatic foods ingestion 7.8
F Report by radionuclide f Terrestrial foods ingestion 7.9
F Report by exposure pathway F Animal product ingestion 7.10
F Debug report on screen F Inadvertent soil ingestion

INVENTORY HHERISBRAERRRERE D ERBUREL RN ERRERUBUBEBEUNN AR R AR R UR B RO CRER RS SY

4 Inventory input activity units: (1-pCi 2-uCi 3-mCi 4-Ci 5-By)
0 Surface soil source units (1-m2 2- m3 3- kg
Equilibrium question goes here

-------- {roe~Release Terms: - -+ -<s--<----faaic Concentrations-«------- |
Use when! transp~rt selected | near- hetd scenario, optionally |
srenraliGiinsansse canwoanindn VomWauSasd cntadsamaeninmes snednbndnidssi L] !
1 1 ! i
Release | Sui tace Buried | Surtace Deep Groursd Suriacc;
Radio- |Air Water Waste [Air Soil Soil water wWater |
el ide '/yr /yr /n\S HIB funit  /m3 /L i\ :
............... puwsews sussvsslusossngn Aurrner snrsanr SasErun sxesewwl
l o | 1
PUZ3Y 2.1E-04

swee=cextesasDorived Concentrationg-«««- :

Use when| measured values are known
........ l.......-..u....... «na

|
i
1
i
Reluu 'rerres Armimal Orink  aguatic)
Radio~ |Plant Product wWater Food |
nuclide |/kg /kg /L /kg i

Intake endds after (yr)
0 Dose calc. ends after (yr)
Release ends afrer {(yr)
No. of years of a\r deposition prior to the intake period
No. of years of irrigation weter deposition prior to the intake period

SO OV .-

FAR-FIELD SCENARIOS (IF POPULATION DOSE, SEENEsRssslsiesbiupesyssntardgasises

Definition option: 1-Use population grid in file POP.IN
2-Use total entered on this line

oo

R N e Rt [N T e .

NUREG/CR-5814
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P Table A3 (Continued)

=z [NHALATION=

Hours of exposure to contamination per year

U-No resus- 1-Use Mass Loading 2-Use Anspaugh model
pension Mass loading fector (g/m3)  Top &uil available (om)

“<GECTION ussss

0 -0

' szxc [NGESTION POPULAT|ONssssensesnccstassrstansssanas§ECT JON Faasas
| Atmospheric production definition (select option):

i O-Use food-weighted chis/Q, (food-sec/m3), enter velue on this Line
ks 1-Use popuiation-weighted chi/g
!

o0

2-Use uniform product fon
3-Use ¢hi/Q and production grids (PRODUCTION will be overridden)

{1} Population Ingesting squatic foods, 0 defaults te total (person)
. 0 Population ingesting drinking water, 0 defaults to total (person)
Consider dose from food exported out of region (defeultsF)
: Note below: 5* or Suurce; D-none, 1-ground water, 2-surface water
| 3-Derived concentration entered above
: cuae AQUATIC FOODS / DRINKING WAIER INGESTIONs=s=es=s=SELTION Bssxs
l F Salt water? (default is fresh)
:' JSE TRAN-  PROD-  -CONSUMPTION- |
' ? FOOD - SiT UCTION ~ HOLDUP  RATE |
| T/F TYPE  hr kg/yr  da kg/yr | DRINKING WATER
| mey Asweay SEeps Awessis  sdsaaw Sew W ; ......... rrE e R D |
7 FOFISH 0,00 0.06+00 ©0.00 0.0 !0 Source (see above)
fi F ~MOLLUS 0.00 0.08+00 0.00 00N Treatment? T/¥
l F  CRUSTA '0.00 0.08+00 0.00 2010 Ho'ldup/transiti{da)
: F- PLANTS 0.00 0,0g+00 0.00 0.0 10 Consumption (L/yr)
|
. ==z:TERRESTRIAL FOOD INGESYIONtszzsazsczsssssssssessaSECT|ON P=ss=z
E USE GROW -~ IRRIGATION-- PROD- - -CONSUMPTION- -
’ 7  FOOC TIME S RATE  TIME YIELD UCTION HOLDUP  RATE
L T/E TYPE da * in/yr mosyr  kg/m2  kglyr da kg/yr
A FLEAF Y 0.00 0. 0.0 0.0 0,0 0.08+00 0.0 0.0
| F ROOTV 0.00 0 0.0 0.0 0.0  0.08+00 0.0 0.0
F FRUIT 0,00 C 0.0 0.0 0.0 CO.0F+00 0.0 0.0
F GRAIN 0.00 0 0,0 0.0 0.0 D,0E+00 0.0 0.0
i sas=ANIMAL PRODUCTION CONSUMPY [ON===szzzsssaseszasaz=SECTION 10=s=s
!
! <o HUMAN: <<~ TOTAL  DRINK <= osooovonsos STORED FEED -~ --r~svsvrse-
USE CONSUMPTION PROD- WATER DIET GROW - IRRIGATION-- STOR -
7 FOOD  RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME  YIELD AGE
T/F TYPE  ko/yr da kp/yr FRACT. TION da * in/yr mo/vr kg/m3 da
F BEEV 0.0 0,0 0,00 0,00 0.00 0.0 0 0.0 0.00 0.00 0.0
) F o POULTR 0.0 0.0 0.00 000 0,00 0.0 0 0.0 0,00 0.00 0.0
F oMLK 0.0 0.0 0.00 0,00 0,00 0.0 0 0.0 0,00 0.00 ©.0
F EGG 0.0 0.0 0.00 0.00 C.00 €.0 0 0,0 D.0C 0.00 0.0
------------- FRESH FORAQGE -« <-vsvnrsas
BEEF 0,00 6.0 0 ¢.0 0,00 0.00 0.0
MILK 0,00 0,0 D 0.0 9.00 90.00 0.0

L I, S—
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Table A4 (Continued)

NEAR FIELD SUENAR 1OS RECRRBRSEERBREELN NORRERURBLEHREBTROHRERUNELERRANR AN ORIY

COoOO0

0.0
1250

Prior to the beginning of the intake period: (yr)
when was the inventory disposed? (Package degredation starts)
When wat LOIC? (Biotic transport starts)
Fraction of roots in upper soil (top 15 cm)
fraction ¢f roots in deep soil
Manuasl red.stribution: deep soil/surface soil dilution fector
Source area for external dose modification fac* r (m2)

TRANSPORT BESEEREREABERREENRERURRONBUESHURVURBECHRURNBINBGRED. YERBENGRURNEIEEY

DOoOOoOOOCO ooOO -0 00

ocooco

zzszA|R TRANSPORY=ssssswssescxcsonsnsecassrannnnssronsSt, (ON 1#2ses

O<Calculate PM H Release type (0-3)
Jption: Y-Use chi/G or PM value |F Stack release (Y/F)
2-Select M! dist & dir ) Stack height (m)
3-Specify Ml dist & dir |0 Stack flow (nm3/sec)
Chi/Q or P value {0 Stack radius (m)
Ml sectar index (1=8) ‘0 Effluent temp. (C)
ni distance from rilease point (m)|0 Building z-section (m2)
Use |f data, {T/F) else chi/Q grid|0 Building height (m)

a:::MFAC[ WATER lﬁmsmT:tt::ttat:llt;:aenun:uu's‘CT)m 2ssses
Mixing ratio model: O-use value, V-river, 2-lake
Mixing ratio, dimensionless
Average river flow rate for: MIXFLG=0 (m3/8), MIXFLG=1,2 (m/s),
Transit time to irrigation withdrawl locetion (hr)
1f mixing ratio model > 0:
Rate of effluent discharge to receiving water body (m3/s)
Longshore distance from release point to usage location (m)
Offshore distance to the water intake (m)
Average water depth in surface water body (m)
Average river width (m), M'XFLG=1 only
Depth of effluent discharge point to surface water (m), lake only

= =={ASTE FORM AVAILABILITYsse=ssssssseczssazsacczsazSECT ION 3=s==3
waste form/package half life, (yr)

waste thickness, (m)

Cepth of sofl overburden, m

====Bi0TIC TRANSPORT OF BURIED SOURCEsxsssszeszas=aszSECTION 4nssas
Consider during inventory decay/bulldup period (T/F)?
Consider during intake period (T/F)? | Y-Arid non agricul tural
Pre-Intake site condition. . ..cv.ovesas.| 2-Humid non agricul tural

| 3-Agricul tural

EXPOSURE BRESEEEREEBENENORS USROS R ORGSR R RUR G R R R URORRBE R SRUCREENEE

OO0 oOoO0CoOoO0D

cxu3EXTERNAL EXPOSURE=sszzsssssessussngsnsnssasansszeSECTION Sxsses

Exposure time: ! Residential irrigation:
Plume (hr) 1 Consider: (T/F)
o1l contamination ¢hr) e Source: 1-ground water

Swimming (hr) 2-surface water
Boating (hr) 0 Application rate (in/yr)
Shoreline activities (hr) 0 Duration (mo/yr)

Shoreline type: (1-river, 2-iake, 3-ccean, 4-tidal basin)
Transit time for release to reach aquatic recreatior (hr)
Average fraction of time submersed in acute cloud (hr/person hr)

NUREG/CR-5814
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L Appendix A

ble Ad (Continued)

o ) send [NHALAT IONes e3E P3e » =essxnecSECTION Sreoxs

| 300 Hours of exposure to contemination per year

i 1 D-No resus- 1-Use Mass apding 2<Use - . b model

= 1.0€-03 pens i on Mass loat. @ factor (g/md) Top /il  cailable (em)

. sze= |NGEST ION POPULAT [ONssesussesssassnsessssnosnasssSECTION Tasnasn !
” 0 Atmospheric production defirition (select option):

1 0 0-Use food-weighted chi/Q, (food-sec/n3), enter value on this [ine

4

1Use popuistion weighted chi/Q

2-Use uniform production

3<Use chifQ and production grids (PRODUCTION will be overridden)
Population ingesting aquatic foods, 0 defaults to total (person)
Populetion ingesting drinking water, 0 defaults to total (person)
Cons ider dose from food exported out of region (detayltsf)

-o0

Note below: 8% or Source: U-none, Y-ground water, 2-surface water
3-Derived concentration enterad above i
sxe= AQUATIC FOODS / DRINKING WATER INGESTION=sszeex=cGECTION Bosss

F Salt water? (default is fresh)

USE TRAN-  PROD- ~CONSUMPT 1ON -
§11 UCTION  HOLDUP  RATE
T/F TYPE  hr kg/yr de kg/yr
P OFISK 0.00 0,06+00 0.
F MOLLUS 0.0 ©.0g+00 0.00
F CRUSTA 0.60 0,08+00 0
F PLANTS 0.90 (.0€+00 0

DREINCING WATER
0 Source (sec above)
1 Treatment? T/
0 Koldup/transit{da) 1
0 Consumption (L/yr) :

R A —

-n—‘__--____.——.___
-3

=22 TERRESTRIAL FOOD INGEST |ONes=seszs=asseesesesssaSECTION Poozss

S s

GROW " IRRIGATION- - PROD - ~=CONSUMPTION- +
FooD TiME € RATE TINE YIELD UCTION HOLDLP RATE
TYPE da * infyr modyr  kg/m@  kelyr da kg/yr

L.
v o-

0
)
0

i e T e ]
~
™
>
-
-
o

0
sazsANIMAL PRODUCTION CONSUMPT |ONsrcesessssazaveranssSECTION 10w:ze

cooHUMAN- <<= TOTAL  DRINK  ~vsomsrascins STORED FEED: <~ ---vo oo ness
USE CONSUMPTION PROD-  WATER  DIET GROW - IRRIGATION-- STOR-
7 FOOD  RATE MOLDUP UCTION CONTAM FRAC: TIME S RATE TIME  YIELD AGe
T/F TYPE  kglyr da  kg/yr FRACT. TION * infyr mofyr  kg/m3 do

8

0.0 0,00 0.00

AlS NUREG/CR-5814
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b Table A5 GENII input file for Scenario No. 3 - STP Liquid EMuent
A
NRC Sewer Study - Exposure Pathways
'. Title: 1 WASTEWATER TO RIVER DOWNSTREAL Wi
. Cr.TPL  10-Aug-90
" OPTIOK§=ssusnasssnsrsunezansenas Defaylt —“suscespisesersesntnsanssnesupEsRpans
g I Near-field scenario? (Far-field) NEAR-FIELD: narrowly- focused |
- f Population dose? (Individual) release, singie &ite \
f ¥ Acute relesse? (Chronic) FAR-FIELD: wide-scale release, ‘
5 Marimum Individual data set used multiple sites |
Jir: Complete Complete
|- TRANSPORT OPTIONS===suzzssuses Section  EXPOSURE PATMWAY OFTIONS===== Section
! FAir Transport 1 F Finite plume, externs! 5 |
| T Surface Water Iransport 2 F infinite plume, external 5 i
f F Biotic Transport (near-field) 3 1 Ground, external 5
F Waste Form Degredation (near) & T Recreation, external 5
. T Inhalation uptake 6 :
REPORT OPYONS:=ssansicvssaszasssscnasn f Drinking water ingestion 7.8
T Report AEDE only T Aguatic foords ingestion 7.8
T Report by radionuclide 1 Terrestrial foods ingestion 7.9
1 Report by exposure pathwey T Animal product ingestion 7.\
F Debug report on screen F  Inadvertent soii ingestion
I ]
INVENTORY BEEMessiunt s st bt e e es Ui ue R u R AR R BN EC R YRR R R U E RO NGO Y
; 4 Inventory input activity units: (1-pCi 2-0Ci 3-mi &-C1 5-Bq)
- 0 Surface soil source units (1* m2 2- m3 3+ kg)
' Equilibrium question goes here
. sy s Sannle s s RELUGN0 RO > v e ] Funiybrmiais Basic Concentrations-«-« - =
' Use wheén| transport selected | near-field scenaric, optionally i
........ :-..-.----.¢~-..~---...-:-....-...-....-...-,.............-.....:
Release | Surface Buried | Sur face Deep Ground Surface)
Radios [Air Water  Waste (Air seil sotl Water Water |
nuclide |/yr fyr /m3 L funit /3 it il i
wonmusualoRRecier. o wnsae savesseviesessw BB PR - . e BN A » . v nbd iyt
1 '
'| pU239 1.0E+00
R e I R jre-<Derived Concentrations-- -+ {
F Use when, measured values are known |
susesns el ifuosenarbiisrniens ey N i
1 L] ]
[ Release |[Terres. Animal Orink Aquatic|
r Radic- |Plant Product Water Ffood |
} nuclide |/kg /kg /L k8 !
: ....... : ................ FseEe sses=em :
i
i -
i

Intake erdds atter (yr)
0 Dose cale. ends after (yr)
Release ends after (yr)
No. of years of air depasition prior to the intake period
No. of years of irrigation water deposition prior to the intake period

O AP e

FARCFIELD SCENARIOS (1F PUPULATION DOSE) #ACESREREdrsddssneadaneinetnsessnreny

Q Definition option: 1-lse population grid in file POP,IN
0 2-Use total entered on this line

NUREG/CR-5814 Alb
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Appendix A

Tuble A5 (Continued)

iy

e Rl

NEAR-FIELD SCENARIDS BEREEEBRESEERENERHERNEREOERINUDEERMEVENRDEDERUBERS S RE SR

Prior to the beginning of the intake period: (yr)
0 When was the inventory disposed? (Package degradation sterts)
o When was LOIC? (Biotic transport starts)
0 Fraction of roots in upper soil (tep 15 cm)
0 Fraction of roots in deep sofl
] Manual redistribution: deep soil/surface aoil dilution factor

TRANSPORT WENEREERIARREERUTHENREECUR RO UEUR AR RE R UR R RN EREGNRUREBAROA R AU LD

sxzshlk TRANSPORT=sssexsassssasrsasvsanrrssessrvssanndf” " |ON lssssce
O-Calcuince PM

1 Option: 1-Use chi/@ or PM value

2-Select Ml dist & dir

3:Specify MI dist § dir

¥ Stack release (T/F)
¢ Stack height (m)

0 Stock flow (m3/sec
0
0

¢] Chi/Q or PM value Stack radius <m)
0 Ml sector index (1:=§) Etfluent temp. (C)
0 Ml distance from release point (m)
1 Use joint frequency date, otherwise chifad grid

=x=xGURFACE WATER TRANSPORTsazsssssscssesesscussccaeeSECT JON 2ussss
0 Mixing retio model: O-use velue, t-river, 2-loke, 3-river flow
1.0 Mixing ratio, dimensfonless
100. Average river flow rate for: MIXFLG=0,3 (m3/s), MIXFLG=1,2 (nv/s),
0.0 Traneit time to irrigation withdrawl logation (hr)

1f mixing ratic model > 0:
0 Rate of effluent discharge to receiving water body (m3/s)
Q Longshore distance from release point to usege location (m)
o Offshare dictance to th~ water inteke (m)
0 Average water depth in surface waler body (m)
Q Average river width (m), MIXFLG=! only
0 bepth of effluent discharge point to surface water (m), lake only

=xz=WASTE FORM AVAILABIL]ITYssa=s=sgusvazavassssncenss§ECTION 3x2ses

G waste form/package half Life, (yr)
0 wWaste thickness, (m)
0 Depth of suil overburden, m
en=sBI0OTIC TRANSPORT OF BURIED SOURCEss=zszssaxsazussSECTION 4soess
b Consider during inventory decay/buildup period (T/F)?
T Consider during intake period (T/F3? | 1-Arid non agricultural
0 Pre-intake site condition. ...oveowen.s <1 2°Wumid non agricultural
'
| §

24
3-Agricultural

snzsEXTERNAL EXPOSUREx2azexxessxsasssassessasorseanan§ECTJON Szase=

Exposure time: i Residential irrigation:
Plume (hr) ] Consider: (T/F)

1800.0 Soil contamination (hr) £ e Source: 1-ground Water
10.0 Swimming (hr) ! 2-surface water
5.0 Boating (hr) i 30,0 Application rate (in/yr)
17. Shoreline sctivities (hr) | 6.0 Duratfon {(mo/yr)

Shoreline type: (1-river, 2-lake, 3-ocean, 4~tidal basin}
1.0 Transit time for release 1o reach aquatic recreation (hr)
g Average fraction of time submersed in acute cloud (hr/person hr)

AT NUREG/CR-5814
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Table A5 (Conti~ved)

Rt~ 1~}

sxar ] NHALAT |ONuesesssssnansnssosessesssesssasanns ex2SECTYION freses
Hours of expasure to contamination per year
0-No resus- 1-Use Mass Loading 2-Use Anspaugh mode |

pens i on Mass loading facter (g/m3) Top sofl available tem)

saze INGESTION WAI]munlassliuc:n-auls:ust:lza:ts&cl]m Jessze
Atmospheric production definition (select option):

0-Use food-weighted chi/Q, (food-sec/m3), enter value an this ine

1-Use population-weighted chi/g

2-Use uniform production

3-Use chi/Q and productior rids (PRODUCTION will be overridden)
Population ingesting aguatic foods, 0 defaults to total (pzrson)
Population ingesting drinking water, 0 defaults to total (person)
Consider dose from food exported out of region (defaultsr)

Note below: S* or Source: D-none, 1-ground water, 2-surface weter
3-Derived concentration entered above
#=2= AQUATIC FOODS / DRINKING WATER INGESYION=ssr=ssrsGECT|ON Baces

Salt water? (default is frash)

USE TRAN-  PROD- ~CONSUMPTION- |

T FOOD  SIT UCTION  HOLDUP  RATE |

T/F TYPE hr ka/yr oa kgsyr | DRINKING WATER

AES PREsEs ARRAR BRATENE  swem N e ; .........................
T  FisH 0.00 0,0e+00 1.00 692 Source {see above)
F MOLLUS 0.00 0,0E+00 0.00 0.0 Treatment? 1/f

f CRUSTA 0.00 O0,08+03 0.00 0.0 ! 1.0 Holdup/transit(da)
F- PLANTS §.00 0,08+00 0.00 0.0 | 0.0 Consumption (L/yr)

=== TERRESRIAL FOOD INGESTION=s2suessoaassasusssaecsSECTION Przzas

USE GROW - IRRIGATION- - PROD - =~ CONSUMPT 1 ON- -
? FOOD YIME S RATE  TIME YIELD UCTION  HOLDUP  RATE

T/F TYPE  da *infyr mo/yr  kg/m@  kglyr da ka/yr
T LEAF V 90,00 2 35.0 6.0 1.5 0,08+00 5.0 .9
T ROOT V 90.00 2 40,0 6.0 4.0 0,08+00 14.0 45.%
! FRUIT 90.00 2 35.0 8.0 2.0 0.08+00 14.9 21.0
T° GRAIN SC.00 2 0.0 0.0 0.8 0,08+00 180.C 23.%

s=zANIMAL FPRODUCTION Cmm]‘]m::::xnxxtnsastcuzxtSECllm 10z==s

~--HUMAN- - <~ TOTAL
usE CONSUMFTION  PROD-
7 FOOD  RATE WOLDUP UCTION CONTAM FRAL-

DRINK  -eve

WATER  DIET

T/F TYPE  kg/yr da kg/yr FRACT. TION

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

........

sewe s STORED FEED-------<-- vees

GROW - IRRIGATION: - STOR-
TIME S RATE TIME YIELD AGE
de ¥ in/yr mefyr kg/nd de

T SERE A mmes s hasw

T BEEF 47.5 20,0 0,00 1.00 0.25 90.0 2 35.0 6.00 0.80 180.0
F PQULTR 0.0 34.0 0,00 1.00 1.00 90.0 2 0.0 0.00 0.80 180.0
T MLk §5.0 2.0 0.00 1.00 0.25 4.0 2 47.0 6.00 2.00 100.0
f EGG 0.0 8.0 0.00 1.00 .00 9.0 2 0.0 0.00 0,80 180.0
............ fR!s” {mﬁf....-...>.<>

BEEF 0.75 45.0 2 47.0 6.00 2.00 100.0
MILK 0,75 30,0 2 47.0 &.00 1.5 0.0

NUREG/CR-5814
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Appendix A

Table A6 GENII input file for Scenario No. 4 - STP Incinerator Operator

NRC Sewer Study - Fxposure Pathways
Titlie: 3 INCINCRATOR OPERATOR
C3.7TPL  10+Aug-90

OPT |ONSesessarrensesnansznsrssar Jofayult ssressusssrssnspuetceseasRseasLnea s

; 1 Near-field scenario? (Far-field) NEAR-FIELD: narrowly- focused
f Population dose? (Individual) relesse, single site
¢ Acute release? {Chronic) FAR-FIELD: wide scale release,

Maximum Individual date set used multiple sites

3 Complete Complete
TRANKSPORT OFTIONS#ssszsssszss Section EXPOSURE PATHWAY OPTIONS===»: Section
F Air Transport 1 F Finite plume, external - 3
F Surface Water Transport P F Infinite plune, external 5
F Biotic Transport (near-field) 3 T Ground, external 5

' F Waste form Degradation (near) & F Recreation, external 5

‘ T Inhalation uptake &
REPORT OPT|ONS=szsssasesswacsuasazess  F Drinking water ingestion 7.8
T Report AEDE only F Aguatic foods ingestion 7.8
T Report by radionuclide F Terrestrisl foods ingestion 7,9
T Report by exposure pathway F Animsl product ingestion 7,10
f Debug report an screen F  inadvertent scil ingestion

INVENTORY Seduamupurssuiessn sust uginecantoteeueasusenuncennusunigeensnsossns

' &  Inveritory input sctivity units: (V1opCi 2-uCi 3mCi &-Ci 5-8q)
3 Surtace soil source units (1 m2 2- m3 3- kg)
Equilibrium question goes here

T

-------- {**<-Release Termy:- -«
Use when! transport selected

TIME

i
Release | Surface Buried Surface Deep Ground Surface|
Radio- [Air wWater Waste |Air Soil Soil Water  Water |
ruclide |/yr Iyt /m3 L Junit  /m3 it /L :
........ Lawsipvw rnawpnws wensteanfoesinnns wasirve srrenss Esssewe aves o |
! i '
: PU239 2.0e-06
e T e i =7+ Derived Concentrations:- -~ i
: Use when! messured values are known |
........ loaerssvsansenssharsarvomunns sanel
1 |
IA Release [Terres. Animal DOripk  Agquatic)
| Ractic- [Plant Product water Ffood |
| miclide |/kg /kg /L /ey !
. sebstmn sl hrnisin e wdraany mem s
4
l

,' 1 Intake ends after (yr)
50 Dose calc. ends after (yr)

£ 1 Release ends afrer (yr)

3 0 No. of years of air deposition prior to the intake period

| 0 No, of years of irrigation water deposition pricr to the intake period

ii FAR-FLELD SCENARIOS (1F POPULATION DOSE) WeSESERASERENEREIREELERENERERENNBLENE

¢ Pefinition option: 1-use population grid in fite POP.IN
0 2-Use total enterad on this line

Al9 NUREG/CR-5814






Appendix A

Table A6 (Continued)

&00.
L0m

oo

""eo

USE
.
T/F

Al REEEes wAdesY Arder ARVEes Nasemsw p———

F

F
)
F

F00D
TYPE

BEEF
POULTR
MK
EGG

BEEF
MiLK

seazNHALAY [ONezssszssssssssnseruessrsssnsssarsanenesdSECTION bsmnes

Nours of exposure to contamination per year

O-No resus-  1-Use Mass Loading 2-Use Anspaugh mode!l
pension Mass loading factor (g/m3) Top soil available (cm)

exes INGESTION POPULAT |ON=mes=2: ssazscisssessensencunsSELT|ON 7zsss=
Atmospheric production definition (select option):

O-Use food-waighted chi/@, (food-sec/m3), enter value on this line

1<Use population-weighted chi/Q

2-Use uniform production

3-Use chi/Q and production grids (PRODUCTION will be overridden)
Fpulation ingesting aquatic foods, 0 defaults to total (person)
Population ingesting drinking weter, 0 defeults to total (person)
Consider dose from food exported out of reqion (default=F)

Note below: $* or Source: O-none, 1-ground water, 2-surface water
3-Derived concentration entered above
=zz= AQUATIC FOODS / DRINKING WATER INGEST!ONzzszs=z==a§ECTION Bas==

Salt water? (default is fresh)

USE TRAN- PROD- ~CONSUMBTION- |
2 FOO0 61T  UCTION HOLDUP  RATE |
T/¥ YYPE  hr kg/yr  da xg/ye | DRINKING WATER
syE masasy mdane - EAAwess  BERARNY ‘weegw B 5 Bt i b 8 30 N R A
P - Fi80 0.00 0O,0e+00 0 2 Source (see above)
fMOLLUS 0.00 C(.0£+00 0, T Treatment? T/F

F CRUSTA 0.00 0.Ge+00 Lo} 1.0 Holdup/transit(da)
F PLANTS 0.00 0.0e+00 0 0.0 Consumption (L/yr)

=zz=TERRESTRIAL FOOD INGESTION=s=s=srzzcssszussznzasSELTION Pss===

USE GROW «+[RRIGATION- - PROG - ~-CONSUMPTION- -
? FOO0 TIME RATE TIME YIELD UCTION HOLDUP  RATE
1/F TYPE  da infyr mo/yr kg/m@  kg/yr da kg/yr
35.0 6.0 1.5 0.0e+00
&0.0 6.0 &
35.0 6.0 s
0.0 0.0 0

* o

F LEAF y 90.00
FROOT V 90.00
FFRUIT 90.00
F  GRAIN 90.00

n RS Ae

0.0E+00 180.0 20,0
ss=oANIMAL PRODUCTION CONSUMP! |ON==sszssssessssszacssSECTION 10====

<--HUMAN---+ TOTAL DRINK  ~-ccsesesescs STORED FEED-==<<rs=-s=srn
CONSUMPTION PROD- WATER DIET GROW ~IRRIGATION-- STOR -
RATE WOLDUP UCTION CONTAM FRAC- TIME RATE TIME YiTlD AGE
kg/yr  da kg/yr FRACT. TION da infyr mo/yr kg/m3 da

-
-

NN M O O W
OOgOOOO

80,0 15,0 0.00 1
18.0 1 Q.00 19
2r.e 1, 0.90 1
30,6 1 0 1

Lt Rt
>
-

a3oene
3822828

-

oe

&

.

o=

o

o

oo
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Table A.7 GENI input file for Scenario No. § . Sludge Incinerator EMuent

NRC Sewer Study - Exposure Pathways
Title; “ INCINERATOR DOWNWIND
C4.TRL  Y0-Aug-90

OPTIONSsexsnsnsassessanesazeness DOfultl Sesseercr e nsssara R cuaETREIRRUSRRSS

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,
Maximun Individual data set used multiple sites

Complete Complete
TRANSFORT OF T lONSs=ses=szscas Section  EXPOSURE PATHWAY OPTIONS==zs= Section
T Air Transport 1 F Finite plume, external S
F Surface Water Transport 2 T Infinite plume, external §
F Biotic Transport (near-field) 3 T Ground, external ]
F Waste form Degradation (near) & F Recreation, external 5

T Inhalation uptake &

REPORY OPTIONSs==ssszssssxzssasassnss F Drinking water ingestion 7.5
T Report AEDE only F Aguetic foods ingestion 7.8
T Report by radionuc|ide T Terrestrial foods ingestion 7.9
T Report by exposure pathway T Animal product ingestion 7.0
F Debug reéport on screen F Inasdvertent soil ingestion

INVENTORY BEBREESEEEREURUEENS UG RO BN ERE AR EE RO U BN L AR U RN TR AR ANE R

4 inventory input activity units: (1-pCf 2-uCi 3-mCi 4-Ci S5-8Bq)
3 Surface soil source units (V- me 2- m3 3- kg)
Equilibrium question goes here

-------- t*"="Release Termg«=«+=~|c=-==es-s-Ragic Loncentrations-r-<+-+»s]
use uhen. transport selected | near-field scenario, optionally |
............................... '.....‘.................‘...... camaAne '
l ] ol |
Release | Surtace Buried | Surface Deep Ground Suruce:
Radio- |Air Vater Wwaste [Air Soil soil Water water |
niclide |/yr iyr /a3 M. Junit  /m3 /L L i
wt 2" )

b 1

sepimranlaasises snsssss Besen Ay AR AS SaGahE e eee ed em e

PUZ39 i & 0(*00
-------- {=++-Derived Concentrations-----|
Use uhen' measured values are known |
............ B L L L TR |
Release {terres. Animal Drink Aquntfci
Redio- |Plant Product Water Food
nuc| ide ,/kn kg it /kg

TIME BEEUSERRRRCER AR EEBURE U DGR UL BB LR URESRETUY BERRBEREER S 40 SR UBRREREE

Intake ends after (yr)
0 Dose calc, ends after (yr)
Release ends after (yr)
No. of years of air deposition prior to the intake period
No. of years of irrigation water deposition prior te the intake period

S0 N

FAR-FIELD SCENARIOS (IF POPULATION DOSE) #S#SSS8SSssrssssetassiesunssssuninitn

Definition option: 1-Use pomulation grid in file POP.IN

0
0 2-Use total entered on this line

NUREG/CR-5814









Appendix A

Table A8 GENII input file for Scenario No. 6 - Incinerator Ash Disposal Truck Driver

‘ NRC Sewer Study - Exposure Pathways '
Title: 10 Ash Trangport - Briver i
C10.TPL  13-Aug-90

a)’i]ms:n-uuaaal:a.n:::l:s:xa:t Default samrdssmrsicesnuissssnaASSRAETasSxITE

| Near-figid scenario? (Far-field) NEAR-FLELD: narrowly-focused |
¥ Fopulation dose? Uindividual) release, single site |
F Acute release? (Chronic) FAR-FIELD: wide-scale relgase, :
Maximan Individual data set used multipie sites |
Complete Compl et e |
TRANSPORT OPTONSs==s=xzzscas Section EXPOS JRE PATHWAY OPTIONS===== Section u
F Alr Transport 1 FFinite plume, external 5 -
F Surface water Transport 2 F Iminite plume, external 5
F Biotic Transport (near-tield) 3,4 T Ground, external 5
f Waste Form Degradation (neéar) 3,6 7 Recration, sxternsl - .
f irhalation uptake L.6
i: REPORT OPYIONSzeraxzszsssosasi ‘zasuss F Drinking water inges*ion 7.8
w. T Report AEDE only FAguatic ¥ ods ingestion 7.8 |
| F “eport by radionuclide £ Terrestrial ‘ocods ingestion 7.9 :
F Report by exposure pathway F Animal produ.t ingestion 7,10
f Debug report on screen F insdvertent soll ingestion

e e T

B e e e T e e

& Inventory input activity units: (1+pCi 2-uCi 3mCi 401 5By
0 Surface soil source units (1 m2 2- m3 3- k@) {
Equilibrium question goes here

smsavieis foveRelense Feoms:covn-
Use when! transport selected

........

----- <= ---Bosie Concentrations-y--:»--{
near-field scenario, optionally { :

............ TPV EIPSe nramEaR e eidie s vdn e '
‘ Release | Surface Buried Surface Deep Ground Surface)
Radio- |Air Mater  Waste (Alr Soil Sotl water  water |

nuclide |/vv /yr /md 1#m3 Junit  /nd £t 7L

R T I Ve Weesyes

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

R p—

i
|
i
s kaiesane auwnane * e wlf
1

1

B

PU239 3003
-------- {==<-Derived Concentrations---<-|
] Use when| measured values are known |
I

R T W e e | o S W S Y Sy
N = .
-

....................................... L}
t U |
ll Release [Terres. Animal Drink Aguatic| -
Radio- [Plant Product water Ffood | ‘

nuciide ;/kg /kg 73 ikg )
sattanintiwinaws Wedaen s vyETE Y Saeee .; ‘
5 ;
3 TImME :

Intake ends after (yr)
0 Dose calc. ends after (yr)
- Release ends after (yr)
h No., of years of alr depesition prisr te the intake period :
F" ; No. of years of irrigation weter deposition pricr to the intake period 1

00 G U

FAR-FIELD SCENARICS (IF POPULATION DOSE) SS#ES&Saaesburtidrsnsnussusonnsssany

0 Befinition aption: 1-Use population grid in file POP.IN
] 2-Use total entered on this Line
|
i, |
|
t A28 NUREG/CR:-3814



Tuble AKX (Continued)

NEAR FLELD SCENARIUS BRERNENESEOEEREEREEBENECHRRACEIRUVHBENRERRREREBORHBECR VLN

oo

0.0
1250

Prior to the beginning of the intake period: (yr)
when was the inventory disposed? (Package degradation starts)
When was LOICY (Biotic tremsport starts)
Fraction of roots in upper soil (top 15 cm)
Fraction of roots in deep soil
Manua! redistribution: deep soil/surface soil dilution factor
Source area for external dose modification facter (m2)

TRANSPORY SEGERERUSBHURRERIRRRNERRRNERRC TR R RS HAERERREPEREARER B ORR R Y

- -

DoooOo oooo

sozaAlR TRANSPORT=xseauzseasspssssussnciosnasssnsnnsnECTION 12 ¢

O-Caloulpte PM H Release type (0-3)
Option: 1-Use ¢hi/C or PM value |f Stack releane (1/%)
2-Select M1 dist & dir 10 Stack height (m)
3-Specity Ml dist & dir | Stack flow (m3/nec)
Chi/Q or PM value H Stack radius (m)
Ml sector index (1=5) ' Effluent temp. (C)
Ml distance from release point (m) |0 Bullding x-section (m2)
Use jf data, (1/F) else chi/Q grid0 Bullding height (m)

=2saSURFACE WATER ‘rwm1cuns:mnt:;-n:::uzuw::ﬁt![Qﬂ pLT ST
Mixing ratio model: O-uke value, V-river, 2-|ake
Mirning ratio, dimensionless
Average river flow rate for: MIXFLGS0 (a3/s), MIXFLG=Y,2 tmis),
Transit time to irrigation withdrawl location (hr)
1f mixing ratie modal » 0
Rote of effluent discharge to receiving weter bady (m3/s)
Longshore distance from release point to usage location (m)
Offshore distance to the water intake (m)
Average water depth fn surface water body (m)
Average river width (m), MINFLG=1 only
Depth of effluent discharge point to surfage water (m}, lake only

Sx=eyASTE FORM AVAILABIL|TYss=cssssasansesssusnsoaceaSEOT |ON Y2maas
waste form/package half life, (yr)

Waste thickness, (m)

Depth of soil overburden, m

=»#==BI0TIC TRANSPORT OF BURIED SOURCE2sscassassszsan=SECTION hsswes

Constder during inventory decay/bulldup period (1/F)?

Consider during intake pericd (T/F)7 | V- Arig non agricultural

Pre-intake site cONdition, ... ..... vvesss) 2-Humid non agricultural
3-Agrioulturst

1
1
1
i

EAPOSURE BESRERRENERB U EERULRRHEEBUBBRR LT B REEHRTRERRRRARERR RO NECRE RURRERY Y

g

DO OOoOD LD

=xecENTERNAL EXPOSURFsYsssnssoarsrasssssnannedornss «=SECTION S=zz2e2

Exposure time: | Residentiasl irrigetion:
Plume Chr) o Consider: (T/F)
Seil contamination (hr) {0 Source: 1:ground water
Swinming (hr) : 2-surface water
Boating (hr) ) Application rate {in/yr)
Shoreline activities (he) [ O Buration (mo/fyr)

Shoi eline type: (1-river, 2-lake, 3-ocesn, 4-tidal basir)
Ttansit time *or release to reach aguatic recrestion (hr)
Average fraction of rime submersed in acute cloud (hr7person hr)

NUREG/CR-5814
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Tuble A9 GENII input file for Scenario No. 6 - Incinerator Ash Disposal Trock Driver--

inhalation Calculaton

R Smmw W BN Te T

e T

NEC Sewer Study - Exposure Pathways
Title: 10 ASH TRANS * Inhalation Caloculastion
C30.TPL  0B-Dot-90

OPT{ONSescetassrassensaasszansass Default sesarsscossassssspupsgsavnossnansss ¢

1 Near-field scenario? (Far-field) NEAR-FIELD: nerrowly-focused
F Populstion dose? (Individual) release, single site
F Acyte release? (Chronicy FAR-FIELD: wide-scale release,
Maximum Individual deta set used multiple sites
Complete Complete
TRANSPORT OPTIONS=szezesszass Section EXPOSURE PATHWAY OPTIONS=s==== Section
FAir Transport 1 F Finite plume, external ]
F Surfece wWater Transport 2 f Infinite plume, external 5
F Biotic Trensport (near-field) 3.4 § Ground, external S
F waste Form Degradation (near) 3,4 F Recreation, external 5
T Inhalation uptake 5,6
REPORT OPT]ONSx=ss=ssssassssssenssnanse F oDrinking water ingestfon 7.8
T Report AEDE only F Aquatic foods ingestion 7,8
f  Report by radionuct ide f Terrestrisl foods ingestion 7.9
F Reaport by exposure pathway FoAnimal product ingestion 7.0
F Detug report on screen F  Inadvertent soil i1ngestion

INVENTORY WEERERENSHESRERNEENR RS RN RS R RGC AU U URBUBURR LR ROSEECHECOR AN B U TS

4 inventory input activity units: (1-pCi 2-uCi 3-mCi &-Ci 5:8q)
2 Surface soil source wnits (1- m@ 2- m83 3- kg)
fquilibs lum gquestion goes he. o

-------- jrrr-Release Terms:--<--s|---soc---Basic Concentrationg-—~-------|
Use when] transport selected | near-field scenario, optionally |
........ Jiamsninenssesmrva e sne fave i Se ¢d int i ene nwes b tisdsas s nathsasusy |
i 1 )
Releass | Surface Buried | Surface Deep Ground Surface!
Radio- (Air Water  Waste (Air Soil Sail wWater water |
ruclide |/Zyr Iyt /n8 1 im3 funit  /md /L 48 :
newE AmmE [waWNea s s ANATEY eun st a s LRSS RS SNE PR FE NS vE Hewsawe )
1 ]
PUZ3V 2.8 -03
sreexecels---Derived Concentrations.«--- H
Use when| measured values are known |
....... .!.<..-..<..—.....-...-..-..4-..-.:

Relesse [Terres. Animal Drink  Aguatic!
Radic- [Plant Product Water food |
nuclide |/kg /kg /L kg :
........ l..,..-. SEAAmea #eVawks .‘.4...:

R e e

intake ercls after (yr)
0 Dose cale. ends after (yr)
Release ends after (yr)
No. of years of air deposition prior to the intake perind
Ko. of years of irrigation water deposition prior to the intake period

DOV -

FAE-FIELD SCENARIOS (1F POPULATION DOSE) MENSBRSREsBusssonnusnntnestpussivety

Definition option: 1-Use population grid in file POP,IN
2-Use total entered on this [ine

oe

NUREG/CR-5814
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Appendix A

Table A9 (Continued)

NEAR FLELD SCENARIOS #8WSNEER|YEFENREESRETERERERRRBOECERERRVARULERRUCRERONUREY

Prior to the beginning of the intake period: (yr)

0 when was the inventory disposed? (Package degradation starts)
0 when was LOICY (Biotic transport starts)

0 Fraction af roots in upper soil (top 15 cm)

0 Fraction of roots in deep soil

0.0 Manual redistribution: deep soil/surfuie soil dilution factor
1250 Source area for external dose modification factor (e2)

TRANSPOR T SRUSEHREREERARUEERARRERDERUBREBUAGHEEU B R R EAUCRR SR URUNCRRE S G NRRY

sxxsAlR TRANSPORY==azzssasscsssmssvnsssszonsesseaensaSECTION Yessss
-Colcuiate PH 0 Retease type (0-3)
1 Option: Y-Use chi/C or PM value |F Stack release (1/F)

2-Select MI dist & dir 0

3-Specify Ml dist & dir |0
Ehi/Q or PM value ]
MI sector index (1:8) i0
Ml distance from release point (m)}0
use jf data, (T/F) else chifQ grigd|0

o o0

stack height (m)

Stack flow (m3/sc2)
Stack radius (m)
Effluent temp. (L}
Building x*section (md)
Building height (m)

xx==SURFACE WATER TRANSPOR]=2z:sscengescrasxsssussesrna§ECTION 2&=s2=
Mixing ratic model: U-use value, 1-river, 2-lake
Mixing ratic, dimensionless
Average river flow rate for: MIXFLG=0 (m3/s), MIXFLG=1,2 (m/s),
Transit time to irrigation withdrawl location (hr)
If mixing ratio model > O:
Rate of effluent discharge to receiving water body (m3/s)
Longshore distence from release point to usage location (m)
Offshore distance to the water intake (m)
Average water depth in surface water body (m)
Average river width (m), MIXFLG=1 only
Depth of effluent discharge point to surface water {m), lake only

Sooo

ooCDOoO D

ss2=WASTE FORM AVAILABILITYzszs=sszaczsssnasssnsazresSECT|ON 3=uzas
waste form/package half Life, (yr)

Waste thickness, (m)

Depth of soil overburden, m

oo

2z228J071C TRANSPORY NF BURIED SOURCE=z=azzsssaszzas=SELTION 4=azes
1 Consider during inventory decay/buildup pertod (1/F)?
1 Consider during intake period (T/F)? | 1-Arid nen agricultural
0 Pre-Intake site condition.,..iciv.qeuen| £-Humid non agricultural
| 3-Agricultural

EXPOSURE

2=a2EXTERNAL EXPOSURE xeezszssnsassrsssssenzsassssaz=a8ECTION Szezes

Exposure time: | Residential irrigation:
Flume (hr) 1 Consider: (1/F)
Soil ~ontamination (hr) ¢ Source: 1-ground woter
Swimming (hr) 2 surtace water
Boating (hr) 0 Appilication rate (infyr)
Shareline activities (hr) e Duration (ma/yr)

Shareline type: (1-river, 2-lake, 3-ocean, &-tidal basin)

Transit time for release to reach aquatic recreation (hr)

Average fraction of vime submersed in acute cloud (hr/person he)

=l -
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Tuble A.10 GENII input file for Scenario No. 7 - Sludge Application to Agricultural Soil

Appendix A

NRC Sewer Study - Exposure Pathways
Title: 9 SOIL APPLICATION AGRICULTURE
C9.7PL 10-Aug-90

OPTIONSs==2eryssssnmnszasensesser Defayull sssssezsssssresrasssnaasRsrsaTesaRaas

1 Near-field ncenario? (Fpr-field) NEAR-FIELD: narrowly- focused
¥ Population dose? (Individual) release, single site
F Acute release? (Chranic) FAR-FIELD; wide-scaie release,
Maximum Individual data se! used miltiple sites

Complete Complete
TRANSPORT OPT|ONSzesszscsvi=ss Section EX USURE PATH 2Y FTIONSe=z== Section
FAir Transport 1 i Finite plume, external 5
F Surfece Water Transport é 1T infinite plume, external L1
" Biotic Trensport (near-field) 3 T Ground, externsl &
F Waste Form Degradation (near) 4 F Recreation, external 5

T inhalation uptake &

REPORT OPT1ONSssz==zszsensesssasss=rs F Drinking weter ingestion 7.8
T Report AELE only b Aguatic foods ingestion 7.8
T Report by radionuclide T lerrestrial foods Ingestion 7.9
T Report by exposure pathway F Animal product ingestion 7,50
F Debug repart cn screen FInadvertent soil ingestion

INVENTORY Beussidnsanbauisustes MEpusaitudaupssRut bepRasespsaRpstungesnusnwsry

4  Inventory input pctivity unmits: (1-pCi 2-uCt 3-mCi &-Ci $-8aq)
1 Surface sofl source units (1- m2 2- m3 3+ kg)
Equilibriun question goes here

vavsesis fonsvROLOBSE TEPRE rer < i acbled Basic Loncentrations- - - 4
Use when| transport selected | near-field scenario, optionally i
........ renssnacageesnbnsnupumue Faemsn asd e Mangssbadehsdaveis s g ooy sngsbes i
] 1 i
Release | Surface Buried | Surface Oeep Grouxt £.7tace!
Radio- [Air water wWaste (Air Soil Sail water Mater |
nuclide |/yr ryr im3 HL Junit  /m3 i\ il :
dewrnats dasbviies Shdanie neassselusnavun searrhd Baeve b wma-m - I ami i
| ¢ i
PU23S 1.56-06
-------- {*r==Derived Concentrations-=---|

Use when| measured values are known |
........ N Sniies b SRR Wm 603w 0T 0 B ares i oa vl

I 1
Relepse |Terres., Animal Drink  Aquatic]
Radio- {Plant Product Water Food |
muciide |/kg kg /L kg :

- cnlemasuge Aws wasaas

TN B R R R ARG R AT R B R RSN SRR B BN AR RO AT UL O R R BE U AR OR ARG 2E

Intake ends after (yr)
0 Dose calc. ends 7 ter (yr)
Release ends after (yr)
No. of years of eir deposition prior to the intake period
Ko, of years of frrigation water deposition prior 1o the intake perind

D - AN

FAR-FIELD SCENARIOS (IF POPULATION DUSE) SRSSNSBEREREHTHURRESUNEEERERERBERRRT

0 Detinition option: 1-Use population grid in file POP. N
¢ 2-Use tota! entered on this Line

A3} NUREG/CR-5814



Tuble A.10 (Continved)

NEAR-FIELD SCENARIOS BOSUBSERENEINERERERIENEHBHOSERCEREUVERBURBUREEREEARENBN 24

oD Lo
-

Prior to the beginning of the intake periokd: (yr)
when was the inventory digposed? (Package degradation starts)
When was LOIC? (Biotic transport starts)

Fraction of roots in upper soil (top 15 em)

Fraction of roots in deep soil

Manual redistribution: deep soil/surface soil ditution facter

TRANSPOR T SEMBHEREELERNR. BUUBUERURESEUECIURUR TR ERELABEBIRRRERRECH R AR ERRELSU UG

o000 CcC OO o009 - =~ I~ ]

o0

a2=sAIR TRANSPORT=savzsssssussecnsassesssansencacosreSECTJON 1ssuss

O-Calculate M H

Option: 1-Use chi/C or PM value [f Stock release (1/F)
2-Selecty Ml dist & dir H Stack height (m)
3-Specify Ml dist & dir |0 Steck flow (m3/sec

Chi/Q ar PM value {0 Stack redius (m)

M sector index (1=§) {0 Effluent temp. (L)

Ml distance from release point (m)
Use joint frequency dats, ctherwise chijQ grid

ex=zQURFACE WATER TRANSPORT:szsassrszessssasseanveanz8BCT]ON 2sxsse
Mixing retio wodel: O-use value, T-river, 2-lake, 3-river flow
Mixing ratio, dimensionless
Average river flow rate for: MIXFLG=0,3 (nd/8), MINFLG=1,2 (m/s),
Transit time to irrigetion withdrawl location (hr)
1f mixing ratio model > 0
Rate of effluent discharge to receiving water body (m3/s)
Longshore distance from release point to usage location (m}
Offshore distance to the water inteke (m)
Average water depth in surface water body (m)
Average river width (m), MIXFLG=Y only
Depth of effluent discharge point te surface water (m), lake only

sezzWASTE FORM AVAILABIL]ITYssossessesssosnsaasecnsansSECTION Ssesus
waste form/package half (ife, (yr)

wWaste thickness, (m)

Depth of soil overburden, m

==2=B{OTIC TRANSPORT OF BURIED SOURCEssss=s=ssozsszzaQECTION 4s==:=
Consider during inventory decay/buiidup period (T/F)?

Consider during intake period (1/F)" i 1-Arid non agricultural
Pre-Intake site condition. .., cieviveva. ) 2-Humid non agricultural

{ 3<Agricultural

EXPOSURE SSSRESSNE. CESopus s s Br On B Rt RS RO SR ECR U ER OB G RURE RS CRENRCF SR SR ER G S

500.
500.

0D e

z=2ssEXTERNAL EXPOSURE ss=zmsessossssscsssss~enassueazsSPCT [ON Ssze=s
Exposure time: | Restdential irrigation:
Plume (hr) 1 F Consider: (T/F)
Seil contamination (hr) & - Source: 1-ground water
Swimming (hr) H 2-surface water
Boating (hr) { 40.0 Application rate (in/yr)
1

Shoreline activities (hr) | 6.0 Duration (mo/yr)
Shoreline type: (1-river, 2-lake, 3-ocean, &-tidal basin)
Transit time for release to reach aquatic recreation (hr)
Average fraction of time submersed in acute cloud (hr/persen hr)

NUREG/CR-5814
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Appendix A

Table A 10 (Continued )

-0 0

USE

1/F TYPE

F BEEF
POULTR
MILK
EGG

F
F
F

MILK

ssu ] NSALAT IONssvsenassnssrsesassusnsosssnnszesesnrsQECTION boeses
Hours of exposure to contamination per year
O-No resus- 1-Use Mass Loading 2-Use Anspaugh model

pens | on Mass loading factor (g/m3) Top soil available (cm)

wxex |NGESTION POPULAY jON=ssssscsasasussnssesusesnsxsaSECT |ON Yezzca
Atmospheric production definition (select aption):

O-Use food-weighted chi/Q, (food-sec/md), enter value on this line

1-Use population-weighted chi/e

2-Use uniform production

3-Use chi/Q and production grids (PRODUCTION will be overridden)
Population ingesting aquatic foods, 0 defaults 1o total (person)
Population ingesting drinking water, O defaults to total (person)
Consider dose from food exported out of region (default=F)

Note Gelow: §* or Source: O-none, 1-ground water, 2-surface water
3-Derivedt concentration entered above
zzas AQUATIC FOODS / DRINKING WATER INGEST|ONs=xssszasGECTION Bsnez

Salt water? (defauit s fresh)

use TRAN- PROD:  ~CONSUMPTION: |

7 FOOD  SIT  UCTION HOLDUP  RATE |

T/F TYPE  hr kg/yr da kg/vr | DRINKING WATER

Ses BMamuus SsemE  cemBEgr Sesams vy :.4 .......... P s
F o EISH 0.00 0.08+00 1.00  &0.0 | 2 Soaurce (see above)
F MOLLUS 0.00 0,06+00 0.0C 0.0 7 Treatment? T/F

F CRUSTA 0.00 0.0e+00 0.00 0.0 | 1.0 Holdup/transit{da)
F - PLANTS 0,00 0.08+00 0.00 0.0 ;6.0 Consumption (L/yr)

2=2sTERRESTRIAL FOOD INGESTIONr=zasssssxassssssnsesscSECTION Psswss

USE GROW ~~IRRIGATION- - PROD - + <CONSUMFT ION- -
? FOOD  TIME S RATE TIME YIELD  UCTION - HOLOUP  RATE

T/F TYPE  ds * infyr mofyr  kg/m@  kglyr da kG/yr
1 LEAF V90.00 2 35.0 6.0 1.5 0.0E+00 1.0 4.9
T ROOT Vv 90.00 2 &0.0 6.0 4.0 0,08+00 14.0 &5.5
1 FRUIT 90.00 2 35.0 6.0 2.0 G.0e+00 14.0 21.0
T GRAIN 90,00 2 0.0 0.0 0.8 0.06+00 180.0 23.%

22:=ANIMAL PRODUCT [ON CONSUMPTION:<2sszszazspezasnesaSECTION 10ssss

- HUMAN-*-+ TOTAL = DRINK  ~-wsenes <+~ "STORED FEED<: -« === :
CONSUMPTION PROD- WATER OIET GRON -IRRIGATION-- STOR
RATE HOLDUP UCTION CONTAM FRAC: TIME & RATE TIME YIELD AGE
kg/yr da kg/yr FRACT. TION da * infyr mofyr kg/m3 da

. e “n

3.0 0.00 1.00 0.25 90.0 2 35.0 6.00 0.80 180.0

34.0 0.00 1,00 1,00 9C.0 2 ©.0 0.00 0.80 180.0

4.0 2.00 1.00 0.25 45.0 2 47.0 6.00 2.00 100.D

18.0 0.00 1.00 1,00 90,0 2 0.0 D.00 0.80 180.0
------------ FRESH FORAGE ~»-=++ s nw-

0.7 45,0 2 47.0 6,00 2.00 100.0

0.7% 30.0 2 &7.0 6,00 150 0.0

=

B

|
E

i,

|

i

l

:
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s Tuble A.LL GENILinput file for Scenario No. 8 - Sludge Application to Non-Agricultural Soil
:f y NRC Sewer Study - Exposure Pathweys
: Titlie: 1 Soil Application - Non-Agricultural

& C11.1PL  13-Aug-90

OPT |ONSssnezszesnsasazessraressar Defaull =sfssssssssssssocssgsssranennpgascane

; ¢ Near-field scenario? (Far-tield) NEAR-FIELD: narrowly- focused

¥ Popuiletion dose? (Individual) relesse, single site
F Acute release? (Chronic) FAR-FIELD: wide-scale relesse,
' Marimam Individual data set used miltiple sites
'. Complete Complete
E TRANSPORT OPTIONS==ssssasaces Section EXPOSURE PATHWAY CPTIONS===== Section
- F Air Transport 1 F Finite plume, externa! 5
f  Surface Water Transport 2 T Infimite plume, external ]
, F Biotic Transport (near-field) 3 T Ground, external 5
] F Waste forr sgradation (near) & ¥ Recreation, external 5
' T Inhalation uptake é
; REPORY OPTIONS=sxssaussasassssnnsanes F Drinking water ingestion 7.2

T Report AEDE only ¥ Aguatic foods ingestion 7.8

T Report by radionuclide F Terrestrial foods ingestion 7.9

T Report by exposure pathway F Animal product ingestion 7.%0

F Debug report on screen F  Inadvertent soil ingestion

INVENTORY BREBERERRURESEREBERECHUREERERUE BB RO ERUNCELGCURA IR ARRH CR R CRUUR R 0N

4 Inventory inpui activity units: (1-pli 2-uCi 3-mCi &<Ci 5+Bg)
1 Surface soil source units (1- m@2 2- m3 3 kg)

i Equilibrium question goes here
I ceeemsnafect -RELOBSE TOPME- ¢ - ]acniiiiany Basic Loncentrationg:»«--«s- !
{ Use when| transport selected near-field scenario, optionally 1
. 1 -

§

|
'
§
t
............. Ansmanannpsdhngr v ) s nv s v ccssEr s s s e R s YA A e e )
| I
¥
'

Surface Deep Ground surface|

: Release | Surface Buried

! Radio~ |Air Water waste (Air Soil Soil water Water |

; nuclide !/yr 7yt /m3 ML Janit  m3 i /1 !
exwmcsans lagavmen e bur ......~:..,.... Seswimn ywEPERYE sesEmpe .......:
PUZ39 5.88-06
rarecss-ls- <Derived Concentrationg-««-- i

Use when| measured values are known |
........ lavevsepgausddnqgpionsnssnaviave ol
' l

Release [Terres. Animal Drink Aquatic!
Radio- |Plant Product Water Ffood |
nuclide |/kg 1kg /L kg !
.- '

'

.‘Q--q'-.--s~-0- Trvesas - A s rrrn

TIiME

Intake ends after (yr)
¢ Dose calc. erds after (yr)
Release ends after (yr)
No. of years of air deposition prior to the intake period
No, of years of irrigation water deposition prior to the intake period

S0 - -

FAR-FIELD SCEMARIOS (IF POPULATION DOSE) EHGH#ESREREERHERUTHREARRESRRUBNEENEGEY

; 0 Definiti.n option: 1-Use poputation grid in file POF.IN
' o] 2+Use total entered on this line

L
!
' NUREG/(CR-5814 A4
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Table A.11 (Continued)

oo

-o o

USE

T/¢

- YT WM .

FOOD
TYPE
BEEF
POULTR
MILK
EGG

BEEF
MiLK

zzes [NHALAYT [ON=sssaczsasnasesseaasasnsscanarnobarscesSECT [ON bossus
Hours of exposure to contamination per year
0-No resus:  1-Use Mass coading 2<Use Anspaugh mode |

pens | on Mass loading factor (g/m3) Top r il evailable (cm)

s>02 [NGESTION POPULAT ION=ss=ssaszasussassasnnsssaeassSECTION Passes
Atmospheric production definition (select option):

O-use food-weighted chi/Q, (food-sec/m3), enter value on this line

1-use population-weighted chi/e

2-Use uniform production

3-Use chi, 0 and production grigs (PRODUCTION will be overridden)
Population ingesting aguatic foods, 0 defaults to total (person)
Population ingesting drinking water, 0 defaults to tetal (person)
Consider dose from food exported out of region (default=f)

Note below: §* or Source: O-none, Y-ground water, 2-surface water
3-Derived concentration entered above
s=me AQUATIC FOODS / DRINKING WATER INGESTION=zs=z==zeSECTION Be===

Salt water? (oefault is fresh)

USE TRAN-  FROD- ~CONSUMPTION- |
2 fodm  SI7 UCTION  ®OLDUR  RATE |
T/F IYPE  hr kg/yr da kg/yr | DRINKING WATER

*h wabew A e B Ardass s wman :------qg..-----v--q- “war
F o FISH 0,00 0.0E+00 000 40.0 | 2 Source (see above)
F MOLLUS 0,00 0.0E+00 0.00 0.0 |1 Treatment? 1/F
F CRUSTA 0.00 0.0E~00 0.00 0.0 | 1.0 Holdup/transitida)
3 PLANTS 0,00 0.08+00 0.00 2.0 1 0.0 Consumpt ion (L/yr)

=azcTERRESTRIAL FOOD INGESTION=szsssszesramsszezsznssSECTION Onsz=z=

USE GROW -~ IRRIGATION-- PROD - < CONSUMPTION- -
? FOOD  TIME § RATE TIME YIELD UCTION HOLDUF  RATE

T/F TYPE  da *infyr molyr  kg/m?  kg/yr da kg/iyr
FLEAF V90,00 2 35.0 6.0 1.5 0.0E+00 1.0 30.0
F o ROOT V 90.00 2 40.6 5.0 4.0 0.0e+00 5.0 220.0
£ FRUIT 90,00 2 35.C 4.0 2.0  0.08+00 5.9 330.0
F o GRAIN 90,00 2 0.0 0.0 0.8 ©6.06+00 180.0 80.0

==avANIMAL PRODUCTION CONSUMPT]ON:==sszssesssszssac=zs=SECTION 10==s=

<< RUMAN=- - TOTAL DRINK -rocsieo-eoas STORED BEEU =n—svervreres
CONSUMPTION PROD- WATER DIET GROW -ISRIGATION-- STOR -
RATE  HOLDUP UCTION CONTAM FRAC- TIME S RAYE TIME YIELD AGE
kg/yr  da Agiyr FRACT. TiON da * infyr mofyr kg/m3 da

samaEAs waEe EAEE A smaweha e em e e AAUds Fesihie _edemn awsws

80.0 15.0 0.00 1.00 -0.25 90.0 2 35.0 &.00 0.80 182.0
8. 1.0 0,00 1.00 1.08 90.0 2 0.0 Q.00 0.80 180.0
270.60 . 1.0  0.0¢ 1.00 0.25 45.0 2 47.0 6.00 2.00 100.0
30.0° 1.0 D.00 1.0 1.00 %0.0 2 0.0 0.00 0.80 180.0
............. '“is“ 'W‘M<.‘....,....

0.75 45.0 2 47.0 6.00 2,00 100.0

0.75 30.0 2 47,0 6.00 1.50 2.0

NUREG/CR-5814
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Tuble AYY (Continued)

NEAR FIELD SUENAR I OS SRBIRENESEREREREDEONRRRESNINERDEERERENERRENERLRERERERNLEY

coooOoO

Prior to the beginning of the intake period: (vr)
wan wok the (nventory disposed: (Package degradat ion starts)
when was LOIC? (BMlotic transport gtarty)

Fraction of roeots 5 upper soll (top 15 ¢m)

froction ot roots 1n deep soil

Kenual redistribution; deep soll/surface soil @ilution festor

TRANSPOR | SRUERSERNERNERBURRERRECEREHEIEPREREEREEEREREO U IRRRRROEE S BURURERUENY

-oo o

SEae

ocoocoCco0O £ b

Doo

senshll TRANEPORTeesrcsesrspnaveatrasesasunupnsunnnnsSECT JON jensex
O-Caleulate ¥4 ]

|
Option: 1-Use chi/G o PM value |F Stack relesss (/1)
2-Select Ml gist & dir 0 Stack height (m)
S8pecity M| dist & dir 1D Stack flow (nd/sec
Chi/0 or MM value ) Stack roadius (m)
Ml secter index (19§) 10 Effluent tenp, (0)

Mi distarnce from relesse peint (m)
Use joimt freauency duts, otherwise ehi/0 grid

eexsSURFACE WATER TRANSPORTossskssvussnsvnmnnnzenasnsBECT ION Pornasn
Mixing ratio model: Druse value, T-river, 2 loke, 3-river flow
Mixing ratic, dimensioniess
Average river flow rate foar: MIXFLG=0, 3 (ad/s), MINFLG=Y, 2 (e,
Troneit time to irrigation withdraw! locetion (hr)
If mining ratic model » 0;
Rote of effiuent discharge te receiving witer body (+2,5)
Longshore digtence from relesse point 1o usage iocation (m)
Offshore @' stance to the water i(ntake (00
Average water depth in surface water body (in)
Average river width (m), MIXFLG=1 anly
Depth of efflusnt didcharge paint to surfece water (M), Lake only

wecaiASTF FORM AVALLABIL I TYeesesensnsneennnsancnasoesQE() |ON Sancss
waste fo./package half Llite, (yr)

waste thickness, (m)

Depth of soil overburden, =

==28=R10TIC TRANSPORT OF BURIED SOURCE=ssessssssmesens§iCTION {rness
Congider during inventory docay/bulldup perioed (Y/1)?
Consider during inteke period (1/F)7 | 1-Arid non sgricultural
Pre-intake site comdition. . . .. iviveans | 2-Mumid non agricultural

| B-Agricul tural

PRROSURE RRERREBERERIEEABERER SRR LECUNERUBRRE B UG R ERRENUBEERUREERERUMBERUNEE Y

30

o eoo0
o

eax=ENTERNAL EXPOSUREssesssanssanspesanreenersaseuzesGECT |ON Suscus
Exposure time; Rernidential trrigation:

1

i
Flume (hr) { ¥ Consider: (1/F)
$eil vontamination (hr) 12 $ource: 1-ground water
Swieming (hr) i ¢-aurface water
Bosting (hr) { 0. Applicetion =ate (injyr)
Shoreline activities ¢hey | 0 burat'on (me v )

Shorel ‘e type: (1-river, 2«lake, 3 ocean, & tidal biain)
Transit time for release to reach aguatic recrention (he)
Average fraction of time submersed in acute clowd (hr/pérson hr)

NUREG/CR-5814
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% Tuble ALY (Continued)

sz [NHALAT IONsonsssesnssscntensssenabrntsansuntassusaSiCTIQN bosene

100. Hours of exposure 1o contemingtio: per yest
1 O:Ne resus-  1-Use Mase Loading 2-Uke Anspaugh mode!
L0008 pons | on Moss londing factor (g/ed)  Top soll svellable (om)

wows INGESTION PORULATIONT sersesnnvenspnssrrnnsusrsncnffCTION Teesan

¢ Atmogpherie production definition (selecc option);
D O-Use foog woighted chi/g, (foud sec/m8), enter value on this (1re

T-Une population-weighted cni/g

2-use unitorm product ion

$-Use chi/0 ond production grids (PRODUCTION will be overt |dden)
Populetion ingesting sguetic foods, 0 defaults to total (person)
Population ingesting drinting water, 0 defaults to totsl (person)
Connider dbae from *uod exported out of region (defeult+f)

Note below: $* or Seurcet 0 none, Y-ground water, 2-surface woter
3-Derived concentration entered shove
eru AGUATIC FOODS 7/ DRINKING WATER INGESTION=sxsseseeSECTION Bovns

el piesomae d-ulle paildomm S S =t g
o - . . ]
oo

U Salt water? (default fu freah)
URE TRAN.  PROD - CONSLMPTION: |
EAN <+ (I T8 UCTION  HOLDUF  RATE |
TED PR e Kg/yr de kgoyr | DRINEING WATER
....... e mEsed b u A Sl Fas s LaN e N AP RN s s AR F PR s
PoOFISH 000 O.0F0C  0.00 400 | 2 Siource (see above)
, FoOMOLLUS 0,00 0.06s00 0,00 0.0 | 1 Trestment? 1/F
\, FOCRUSTA 0,00 0.08¢00 0.00 0.0 1 1.0 Holdup/2ransit(da)
; f  PLANTS (.00 O.0E+D0 0.00 0.0 | 0.0 Consumpt ion (L7yr)
sxesTERRESTRIAL FOOD INGEST)ONssensensnsspunsansseassGECT 1ON Qenuss
UsE GRON - TRRIGATION-- PROG - <= CONSUMPT JON -~
J T OFO0D  TIME 6 RATE  TIME YIELD  UCTION  HOLDUP  RATE
"- 1/' TYPE a- ¢ in/yr mo/yr  kg/md  kg/yr kglyr
‘& F LEAF ¥ 90 00 2 B0 6.0 1.5 0.0Es00 1.0 30.0
| F ROOYT V9000 2 0D 4.0 0 0.0E+00 $.0 220.0
‘: F  FRUIT R0.00 2 35.0 4.0 2.0 0.08+00 5.0 330.0
f GRAIN 90,00 2 0.0 0.0 0.8 0.0EsD0 180.0 80.0

|
! evesANIMAL PRODUCTION CONGUMET]NssasszsrasancrensrenSECT ION T0nass
|
|

[ o HUMAN: =+ TOTAL  DRINK ~ csovencricons STORBO FRED =3 s nomionair,
; usE coumnuu PROD-  WNATER  DIET GROW - IRRIGATION-- $TOR~
] Y FOOD RATE MNOLDUP UCTION CONTAM FRAC- TIME & RATE TIME  YIELD AGE

;ﬁ T/F TYPE  kg/yr  da ko/vyr nACY oy de * m/vr mlvr kg/md de

T R R - =y =T . e il B el o kb duawed 4 Shdn SRR ¢ RANER [HRRed S EvEy ey

tl ¥ OBEEF 80.0 15.0 0.00 100 0.2% 90.0 2 !50 soo r.80 180.0

[l fF o OPOULTR 8.0 1.0 0.00 1,00 1,00 90.0 2 0.0 000 ©0.80 0.0

f MILK 2700 1.0 0,00 1.00 0.25 &5.0 2 47.0 .00 2,00 100,0

\ ¥ EGG 30,0 1.0 0.00 .00 1,00 90.0 2 0.0 0.00 000 180.0

| SFRESH PORAGE - » s omrrns

BEEF 0.7% asu z 47.0 6.00 2.00 100.0

’ MILK 0.7 30,0 2 &7.0 600 150 0.0

’ BB ERERRE R ERTOER R LR UR R EREEOR VS ER B R EGUREEFR AR ERRBERERULHEEVER AR TR UEN
:
!
|
!
[
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Table A15 Calenlation of sonrce term (GENI inpuwt) for each scenario

Scenar 1o GENET
ok descript ion source term et Coloulation of GENIT ingest
1 Sewer System Jnspector varies Cifad Saste Water 071 x YOCFR20 Appersdin B, Table 3
2 STR Oper ator 2. 3-8 Ci/m3  wet Sludge T Ciryr 71.766 kg dry shdge x .3 (drpiwet) n 1.26+) wg/nd
3 ST2 Liguid €ffluent 106500 Cifyr to Riwver TCiryr &G W5
& Si*dge Incinerator Operator 2.0E-06 Ci/ky Ory Ash 1 Ci/S. 165 gty ash Y asS=.5C ™ .25C uo
5 Studge Incinerator Effluent S 0E-€3 Cifyr  to Air T Cifyr x OF 0.805 = §F with the following esxceptions:
SCiBHx 9 =45 Ci
8.75
9.1 B, S, I;
Q.81 i, Te, Wu
4 Incinerstor Ash Uispesal 2.BE-03 Ci/od et Ash 1 Ci/S. 155 kg Ash & 1800 kg/m3 n 0.9 {(dry/wet wt)
Track Driver
7 Sludge Agricultural Soil 8. BE-O7 Ci/m2 Sluigessoil Y Cifyr /7 1.TE%% kg Sludge = 15 Mog/ha » 1543 Rg/Mg = 1 hait8ed o2
Appl ication
8 Studge Nonagricultral Soil 5.8 -06 Ci/e2 Sludgessoit 1 Cigyr 7 1.TE%S ig Siudge = 00 Mg/ha x 15+3 kg/Mg x 1 hal18+4 o2
Appd ication
9 Landfscl Operator 1.82-07 Ci/xg Wet Ash T CI/S.1E5 kg & .V (dry fraction) » 0.7 () exceptions:
S5fis 1= SCi uS
1€l a2a035 =020 0K
10 Landfiil Intruston and 3.0E-08 Cim3  AshsSeil (B) T C1/5.96+5 kg ash x 1500 kg/m3 x 0.1 b)), fc)
Construction
11 Land¥ill Intrusion and 3.%-04 Ci/m3  msh/Sodt (o) T Ei/S5.1+5 ky ash x 00 kg/m3 x 9.7 (D), (D

Besidernce

(a) External Case: EXTDF caiculates dose factors; this is the sultiplier used in the subsequent caiculations
(b} Driution factor: 0.1 msttiplied by source term to account for non-dedicated landéill

(c) Manual redistribution 5% {cower to ash ratio) x .15 surface/ground conc. (a2/m3) = 09

{d) Manual redistribution §.59 x 67 (fraction in surface) a .15 surface/ground corc. = .0.05%

e i b N I -
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Appendix A

Tuble A.20 Geometry for cases requiring costomized external dose factors

Scenario . Selected
parameter vilue Comments
No, 1+ 1 STP Sewer System Inspector
Source geometry Rectangular
slab
Source volume BN (¢
Source length 600 om
Source height 200 ¢m
Source thickness S0em
Shield 1 water thickness 50 cm Shield 1 =source
Alr shield thickness 100 cm
Operator distance 1K) em I mfrom
source
No. 2 - STP Sludge Process Operator
Source geometry Infinite slab
Source dimension 100 ¢m
Concrete shield thickness 100 em
Air shicld thickness 200 em
Operator distance 200 ¢m 2 m from source
from'®

No. 6 - Incinersos A<h Disposal Truck Driver

Soutce geometry

Source volume

Source length

Source height

Source thickness

Shicld 1 concrete thickness
Shicld 2 iron thickness
Shield 3 air thickness
Shield 4 iron thickness
Shield § air thickness
Operator distance

HOOONK) ¢¢

200

100 cm
30 en
3K em
0.5 em

Sem

0.5 cm
94 em
106 ¢m

Rectangular
slah
S-1on truck™

1 m from source
front'®)

(@) With a 1 m source thickness, operator distance is 2 m from source front
and 3 m from farthest surface of source,

(b) From NUREG/CR-3585, p.3-10 (NRC, 1984)

(€) 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
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Tuble A.21 Modified dose fuctor library used in Seenarios No. 1, 2, and 6
(Sewer Inspecton, STP Worker, and Ash Truck Transport Driver)

DIFIED External Dose factors for GRIT Sv/yr per Ba/ed (8-Aug-90)
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fuble A21 (Continned)

Alr deter  Soil se ASH w ALl
sumersion Surtace Surfece 015 90 0.5 @ 1 0w ‘a
L) L Sl ws ml ot

POARY - P.20E-16 5.2B8-16 1L EGE-YE B.6GE19  0.00e00 4, 29¢17
POIOS T ONGEC0R  1.64E-08 2.896-12 2876412 3. THE-NC 1. TRE-12
AGYIOM 4. 910-06 4.608-06 2.710-00 3.7 9% 1.6% .10 ©.708-10
AGI1Y S, 07608 6.97E-00 2.706-1) 2.8VE<11 B.OSE-13 6,288-12
0309  1.CSE-08 1,82E-08 Y.BVE-Y3 T.AGE-13 0.0084D0 1.89¢:12
CONVISM 4. 10810 5.726:90 1.288-13 1. 26E-A8 1.33e-15 5.79E-N4
COAYSH & ATE-0B S5.5YE-08 Z.aTE-1Y 2.PTE-1Y 1868012 B.ebE-12
CO°15  S.7BE-O7 5.228-07 R.OVE-10 2.15(-10 6.896-12 4.65E-11
INVISH  3.0%6-07 &, 296°07 1. 656-10 V. 73670 5.07F-12 3.836 1)
INTAY BLB%E07 757607 28310 TSMEN0 4.BRE-12 6.878-11
INTAGM  2.076-07 3.006-07 110610 1176490 &.5BE-12 3.4vE-11
SNTIS 1. 93E-0B Z.75F-08 &, A3E-12 4. 59E.17 H.236-1% 3.088-12
INTABM & 25607 5.856-07 2. 09610 2.408-10 7.04E-12 £ 2511
SNTATM  1.726-07 2.368.07 6.856-11 6, 71E-90 B 2BE-VY 2.18E-11
SNIIOM 7956090 1.05¢0-08 5.36E-13 & BBE-13 619620 1,37E02
SK1ZIM O 00E«00 0.00E+00 ©Q.00E+0N 0.006+00 0.006+00 0,008¢00
SN1ZY  0.006400 0.00F+00 0.00E<00 0,00E+00 0..0F+00 0.008+00
SN123  V.GBF-0B 1. BSE-O8 T.9BE-12 M. BBE-12 452618 2.726-12
SN12S S .AOE-07 A.VRE-OT 3086410 B.49E-10 2.086<91 1.908410
SBIZS  B.LVECO7 1.206-06 4.606-10 4, 926410 1. 83§11 1.26E-10
TE125M 2.306-08 3.468-08 2.626-12 2.45812 2.65¢-15 &,006+12
SNIZE 4. 62F<0B 4.54E-08 1.566<11 1. 50E-11 1,289 6.316:92
SBIZAM 2. 90E-06 &, 20E-06 1.636-09 1. 7509 7,031 4. 69610
8126 4.Bou-0& 7.026-06 7.TSE-09 2.96E-09 .2%6-10 B.236-10
$8122 B.97E-07 1.326-06 S.12E-00 5.518-10 2.38E-% 1,696-10
§8126 3.5BE-0&6 4. 7BE-0¢ 1.926-0¢ 2.196-09% 1,310 7.28e-%0
S8127 V20606 1.88E-06 &6.620-10 TAPE-10 2.936-11 1,930
127 7.SP2E-09 1.00E-08 B.GO6E-13 T7.99E-13 3.4TE-15 1.308-12
TEV27 1 ABE-OB 1.56E<DB 5.B9E-12 6.27E-12 1.96F-1%  1.408-12
$B129  2.590-06 3.26F-06 1.420-09 1.596-09 A.84k-1  4.9%0-10
TETEOM 5.8B8E-08 8.696-08 3.106-1Y 331611 1376412 10368411
TE12¢  1.V1E-07 1.S526-07 5.826-1) 6.256+11 2,.24E8:17 1.53¢1)
1129  1.556-08 2,25€-08 1.65€-12 1.55-12 2.076-19 2.5/F-12
TE1ZIM  1.636-07 2.236-07 6.52F-11 &.40E-11 T7.B6E-13 2.05E:1)
TEVIIN 2.616-06 3,P96-06 Y,416-09 1,561 09 A.626-1% 4.936:10
TET3Y  7.33¢-07 9.738-07 B.87F-10 &4.206-10 1.BOE-Y11 Y.18E-1D
1131 6.6BE-07 S.316-07 3.64E-10 ¥ BEE-10 V.I0E-11 6.798-19
KETSIM 1.30¢-08 1,996-08 2.518-12 2.416-17 1.83¢-% 2.2%-12
TEVZZ  B.TSE-O7 S.1SE-07 1.76E-N0 1. TTE-Y0 3. T7E-1R 4.4TE-1Y
4. 16E-06 5.596-06 2.308-09 2.54¢-09

1132 1,296+10 7.746-10
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. Appendix A
Table A 21 (Continued )
: : : ) |
Air Veter  Soil &P ASH SEWER MATNT
f sutmersion Surface Surfoce  0.15 o) o.s:m‘mn ™ |
- s L - "l i nl |
' |
! PR2Z3  6.06E-0B 9.55¢-08 291011 2.9AE- 1% 6.B1E13 9.406-12 |
RA223 G BBE<07 6.65E-07 2.48610 2.56,10 7.556-12 6 40E-11 |
| U237  2.086-07 2.85€-07 ©.086-1) ©.04E-11 150612 2.656-1)
NPZAT  2.450-D8 3.44E-08 B, 7SE-12 B.50E-12 .5645%6 3.B1E-12
PAZSS  3.9BE-0F S.476-07 200610 2 1BE-10 6.01E-12 &.95E-11
l
| U 233 GATE10 S, 770 G.44E-Y3 1.39E-13 LLTOE-1S SLARE-Y
: 1229 1.016-07 1.396-07 & 90E-1 4,026-11 403618 1, 34g-19
' RAZ2S 1.300-08 1.836-08 2.20E-12 2,16-12 S.AZE-17 V.B&E-12
- ACZ2S & 49F-07 6.956-07 2.346-10 252610 ©.34F- %2 6.4381 ,
. U238 2.436-00 3.536-10 2.96E-%& 2,%46:%& 3.006-1% 1.226-13
|
' THE34  3.87¢-08 5.006-08 1.946-11 290611 B.BAE-1E 6576417 |
PAZYA JLGE<D8 G 45E-06 1.89¢-<0% Z2.09E-09 Y. 10E10 6406010 4
l PUZDS  3.29E-10 &.76E-N0 2.BIE-14 2.206-16 2.54E<19 1, 7SE-13
MI237  6.98E-0B 9.556-08 2.8€-10 Z,798-11 2,913 9.178-12
AM2G2M  1.086-09 1.4BE-09 1.76E-13 1,59F 13 1.54F 15 4426413
AM24D  2.086-D8 278608 B.1BE-1¢ E.00E-12 B.5Si-% 7.B4E-17
1 CM242  2.67E-00 3,908 10 3. 7AE-14 1.26E-%6 1.TRE-21 1.5%t.13
PUZGZ  2.ABE-10 3.9BE-10 1.556-14 1.1%6-14 1.976-2) 1.226-13
NP238  9.556-07 1.156+06 5.546-10 6.27E-10 3.58E11 1.916-10
PUSE  2.72E-10 S.97E-10 1 M7E-14 1.366-16 2.90E-21 1.53E-13
(M &b BASE-10 344890 V. SME4Y4 106614 1.768-2Y 1. 36E-13
. PLGh  1.82610 2.666-10 1.10€-14 7.636-15 6.536-26 1.05F-13
U 240 6.45E-07 9.106-07 B3.62¢-10 3.95€<10 1.89E-11 1.206-10 i
] PU2G0  2.626-%0 3. 83810 V.BGE-Ye 1.3BE-V6 2.53E-21 166813 [
| CN245  ©.5BE-08 1.316-07 3.956-11 3.B7E-1% . 31613 1,256-11 |
| PURMT  6.50E-16 9.56E-16 3.46£-20 2.196-20 0.006+00 3.936-19
, AMZ4Y  1.B7E-OB 2.636-08 6.24-12 4.088-12 2.15618 2.84E-12
CN266  2.096-10 B.056-10 1.24F-1% 8.40F 15 6.386-26 1,216-13 ,
: CM247  7.376-07 1.026-06 3.926-10 4. 99E-10 1.34E-1% 9.07€-11
r M43 1,926-07 2.626-07 B.7SE-11 8.736-11 1.SSE-12 2,426-1
I
| PU24T  2.40E-08 B3.366-08 O.88E<12 97412 B.74E-16 3.ATE-12
! AN263 4. Tck-0B 6.556-0B 1.56E-11 1. 516-1% 9Q.23E-15 &.37¢%¢
NPR39  2.628-07 X.58-07 1,206-10 1.206-90 219612 3.29€ 1)
PUZSO  1.826-10 258810 & ME-26 389616 & .45E-16 6.81F:14
G268  1,696-10 2.476-10 1.135-%4% B, 06E-15 117621 9.626-14
CH252  1.716-10 2.50E:10 1.266-%6 9416415 B.316:20 9.666-16 '

\8) Dose factors for Scenaric 2, STP Sludge Frocess Operator, are given under
the heading of 0.1% m burial depth,
(b)  Dose factors for Scenario & Incinerator Ash Disposal Truek Driver, are |
given under the hesding of 0.5 m burial depth, :
" (¢) Dose factors for Scenario 1, Sewer System Inspector, are given under the
huﬁir! of 1.0 m burial depth.
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calculations described in Appendix A, Potential

doses from the case histories described in Sec

tion 2 are given in Tables B.1 through B S, Poten.
[- tal doses from theoretical discharges of radio-
, nuclides are presented for each scenario in Tables
I
f

|
This appendix presents detailed tesults of the
l

B.6 through B.16. Decay of the source term, from
the time contaminants enter the sewer system un-
'il exposure ocours, is caleulated and applied in

| B
| B2
l B3
| Ba

B.5b
B

Appendix B

Results of Deterministic Dose Calculations

Tables
Title

A list of the tables and their page locations is
provided so the reader can turn directly 10 the
table(s) of inteiest

Potent_1 doses from contanination at Tonawanda -
Potentia; doses from comamination st Grand Island
Poten ial doses from contamination at Roversford
Potential doses from contamination at Oak Ridge

Potential doses from contumination at Blue Plains

Potential doses from contamination at Blue Plains . .

Deterministic doses caleulated for theoretical
discharges for Scenario No. 1 - 8TP Sewer System
A i 4 4

Deterministic doses caleulated for theoretical

discharges for Scenario No, 2 - STP Operator . ..

Deterministic doses calculated for theorctical
dis¢® - 1es for Scenario No. 3 - STP Liguid

LT e e L | T R T I

B.1

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

.....

a post-processing step and is shown in Tables B.6 :
through B.16 under the heading of "Fraction Re- :
maining.” Blank spaces indicate that cither no |
data are available or the pathway did not apply 10
the given scenatio.

Y R R R R

BA
B4
B.S
B8
B9

B.12

B.19
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Table B.1 Potential doses from contamination st Tonawanda

Appendix B

Scenario

10 -

11

- Incinerator

- Landfill

STP Sludge AM24 1]
Process

Operator

Sludge
Incinerator
Operator

Sludge
Incinerator
Effluent

AM24]

AM241

AM24 1]
Ash Truck
Driver

Landfil)

Equipment
Operator

Landfill
Intrusion and
Construction

AM24]

AM24,

AMZ24]
Intrusion and
Residence

Radio-
nuclide

Fraction

1.00

........

4.BE+01

9.2E401

2.3t-0]

4.2€400

8.4£-0]

6.6L-0]

503E’°l

Dose to individual, mrem -------

Inhalation Ingestion External

1.4E400

1.5£-01

3.9t-03

6.5E£-07

3.20-02

3.5¢-02

1.3E+00 1.2€-01

§.3840]

2.41-0]

4.2E+00

8.7¢-01

6.9t-01

1,9£+00

NUREG/CR-5814
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Table B2 Putentinl doses from coniaiieation 8t Grand 'sland

Radio-  Fraction ---«---- Dose to individual, mrem «------

Scenario  nuclide Remaining Inhalation Incistion Jotal
2 - STP Sludge AM24 ] 1.00 3.26400 9.3E-02 3.30+00

Process

Operatur'®
Y « Landfil AM24] 1.00 1.7¢-01 6.4£-03 1.76-01

Equipment

Operator™
10 - Landfil AM241] 1.00 1.3.-01 7.06-03 1.4£-0)

Intrusion and

Constructiont®

11 - Landfil AM24] 1.00 1.1£-01 2.6E-01] 2.4E-02 3.8£-01

Intrusion and
Residence™

(a) Dose calculated as 1/15 of dose {rom Tonawanda.
(b) Dose calculated as 1/5 of dose from Tonawanda.

NUREG/CR-5814
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Appendix B
Tabie 8.1 Potential doves from contamination st Royersford

Radio- Fraction ««-v-e- - Dose to Individual, mrem -----.-
Scenario _  nuclide remaining Inhalation Ingestion Exterpal  Subtotal
1 - STP Sewer C060 1.00 9,3t-07 1.4E-01 1.4£-0]
Inspector INGE 1.00 3.4£-08 1.5£-02 1.58-02
(5137 1,00 S5.7E-08 1.28-02 1.28-02
(5334 1.00 ].5E-08 6.56-03 6,503
MNS4 1.00 2.55-03 2.5t-03
cos8 1.00 2.1£-03 2.1E-03
SR89 1.00 1.20-06 1.2E-06
U 233 1.00 4.6£-07 1.0£-08 4.7¢-07
U 235 1.00 5.4£-08 2.90-07 3.4E-07
SR90 1.00 1.6£-08 1.36-07 1.5¢£-07
U 238 1.00 1.2€-07 1.26-07
PuU239 1.00 4.3t-08 4 .4€-08
PUZ38 1.00 1.BE-08 -08

TOTAL 1.8-01

2 - STP Sludge CO60 1.00 5.4E-04 ¢.4E40] 2.4E+0]
Process INGS 0.99 2.1E-05 2.6£400 2.6E400
Operator (S137 1.00 2.0E-08 1.5£+00 1.5E£+400
MN54 0.99 2.0E-06 8.5€-0) 8.56-01
€058 0.97 1.2E-06 3.4L-01 3.4£-01

£S134 1.00 2.1E-06 2.96-01 2.9E-0]
U 234 1.00 3.6L-03 4.5(-06 3.6£-03
U 238 1.00 1,1E-03 6.3E-07 1.1E-03
U 235 1.00 1.4E-04 2.56-04 3.9(-04
SRa9 0.96 1.6E-07 2.0£-04 Z2.0E-04
PU238 1.00 1.9t-04 1.9£-04
PU239 1.00 1.4£-04 1.4E-04
SR90 1.00 1.3E-05 2.2E-05 3.56-05

TOTAL 3.0E£+01]

4 - STP Sludge Co60 1,00 8.4(-03 1.6E+01 1.6E401
Incinerator IN6S 0.99 3.0E-04 1.7€400 1.7%400
CS137 1.00 3.0£-04 1.0E400 1.0E400

MNS4 0.99 2.8E-05 5.8£-01 5.8£-01

058 0.97 1.7E-05 2.2t-01 2.2E-0}

5134 1.00 3.2E-0% 2.0£-01 2.08-01
U 234 1.00 5.6(-02 3.7€-06 b.6E-02
U 238 1.00 1.5E-02 5.6£-07 1.5E-02
PU238 1.00 2.8E-03 2.8E-03
U 235 1,00 2.0E-03 1.9£-04 2.2€-03
PU239 1.00 2.2¢-03 2.2E-03
5R90 1.00 2.0E-04 1.7E-08 2.1E-04
SRa9 0.96 2.5£-06 1.5€-04 1.5¢-04
TOTAL 2.0E+401
B.5 NUREG/ICR-SR14
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Appendix B
Table B.4 Potential doses from contaminution st Oak Ridge
Radio- Fraction -----v-- Dose to Individual, mrem «~-----
Scenario nuclide Remaining Innalation Ingestion External  Subtotal
2 - STP Sludge C060 1.00 1.26-03 5.5E401 5.5E401
Process
Operator
7 - Sludge Appli- CO060 1.00 4.8E-06 9.9(-03 4.6£-01 4.7E-01
cation to
Agricultural
Soil
8 - Sludge Appli- (060 1.00 7.8E-06 3.0E:00 ?,0E+00

cation to Non-
Agricultural
Soi)

NUREG/CR-5814
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Appendix B

Table B.&b Potential doses from contamination at Blue Plains(®

v

Radio- Fraction --v--v--- Dose to Individual, mrem -«-----
Scenario  nuclide Remaining Inhalation Ingestion External  Subtotal
1 - STP Sewer I 131 1.00 5.9t-05 5.9(-0)
Inspector 057 1.00 3.9E-05 3.9£-05
CR51 1.00 3.9£-05 3.9€-05
NA22 1 00 2.7€-05 2.76-05
1125 1.00 8.5£-06 8.56-06
P 32 1.00 5.3£-06 5.36-06
SET5 1.00 4.2£-06 4.2£-06
U 238 1.00 2.7€-07 2.8E-07
| C 14 1.00 7.4E-08
| CO58 1.00 7.1E-08
| TH228 1.00 7.1E-09
| CL36 1.00 2.7E-10
| TC99 1.00 5.5¢-12
| CA4S 1.00 3.8E-12
H 3 1.00 3,0F-
i TOTAL 2.0E-04
| 2 - STP Sludge C060 1.00 2.4E-06 1.0£-01 1.0£-01
| Process I 13] 0.77 6.4£-07 2.6E-02 2.6E-02
| Operator €G- 0.99 2.3E-02 2.3E-02
j CRS1 0.93 2.1E-02 2.1£-02
| NA22 1.00 1.3£-02 1.36-02
€S137 1.00 3.1£-03 3.1E-03
| P 32 0.86 1.3£-06 2.1£-03 2.1E-03
| SE75 0.98 2.1€-03 2.1E-03
| I 125 0.97 1.6E-06 6.4£-04 6.4F-04
; PB212 0.01 2.1€-07 4.4E-04 4.4£-04
| C058 .97 3.1€-05 3.1E-05
| C 14 1.00 2.2E-06 7.7E-06 9.9(-06
| TH228 1.00 8.7E-06 8.8E-06
; U 238 1.00 4.0£-06 4 JE-06
H 3 1.00 4.0F-07 4.0E-07
| CL36 1.00 9.3£-08
l €99 1.00 1.2£-09
| CA4S 0.99 6.7E-10
TOTAL 1.9€-01
|
I
|
i NUREG/CR-5814 B.12
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Appendix B

Table B.5b (Continued)

--------

Dose to Individual, mrem

-------

Scenario _  nuclide Remaining Inhalation Ingestion External  Subtotal

8 - Sludge Appli-
cation to Non-
Agricultural
Soil

(a) Data based on a 1985 unpublished study by the National Institute

of Health.

Radio- Fraction
060 1.00
"R51 0.74
NAZ? 0.99
].13) 0.36
CS137 1.00
SE?5 0.93
b 32 0.56
I 125 0.87
058 0.89
C 14 1.00
€057 0.97
TH228 0.99
U 238 1.00
CL36 1.00
H 3 1,00
1099 1.00
CA4S 0,95
pB212 0.00

7.7€-16

et L) s PO ONAD = YUY L B

.3E-03
AE-04
JTE-04
3E-04
.3E-04
.3E-CS
.1E-05
.9E-05
.2E-06
JE-07
.BE-07

6E-11

TOTAL

4.3E-03
7.4E-04
5.7£-04
5.3E-04
1.3£-04
9.3E-05
6.1€-05
2.9€-05
1.2E-06
3.8E-07
1.6E-07
4.5¢-08
1.8E-08
4.3E-09
1.8£-09
4.5E-11
2.6E-11
1.6E-11
6.4E-03

NUREG/CR-5814
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Table B.6 Deterministic doses calenlated for theoretical discharpes for Scenanio No. 1 - ST Sewer

Svstem Inspector (with a decay time of 0.2 hours and a reporting cutoff of 1.0 F-10 rem/yr
I f L
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Table B.6 (Continued)

e s a a

Radio- Fraction

U 238
P 33

TC99

SM15]
I 129
NP237
AM24]
S 35

PU240
PU239
CA45

PU238
€14

RA226
CS135
SR90

NI63

F3210
PB210
H 3

i e il e S SR S S S GRS S S —
- -

---Annual dose to individual, rem/yr---

lation Ingesti

B e e P ~ o

(oa)

et - Bt

(a) Dose less than 1.0E-10 rem/year not shown

.6E-08

JE-10
.BE-09

7E-08
.2E-08
2E-10
.9E-09
.9E-09
JE-10
.5£-09

.3E-10

.3E-10
.9E-10
.5E-10
.8E-10
2E-10

~

et e N LD TN B O D e

N e D) L) g

4
2
2
2
2
2
1
1
8
8.
7
7
3
2
1
1
1
4
4
1

7E-08
.9E-08
9E-08
.9E-08
2E-08
.0E-08
AE-08
.2E-08
.0E-09
0E-09
.BE-09

.6E-09
.5£-09

7E-09
.8E-09
.2E-09
1E-09
.5E-10
.OE-10
.2E-10

NUREG/CR-5814
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Appendix B
Table B.7 (Continued)

— T e i R e e i L e e e e e e

e - Radio- Fraction ---Annual dose to 1n?‘1’v16un. rem/yr - -
Nuciide Remaining Inhalation Ingestion'®’ External

SR89 0.96 2.2E-07 2.8E-04 2.8E-04
1129 1.00 6.1£-06 2.1E-04 2.2E-04
PB212 0.01 6.2£-08 1.4E-04 1.4E-04
BI210 0.66 5.2E-06 7.3E-05 7.8E-05
CL36 1.00 7.6E-08 3.4£-05 3.4E-05
SR90 1.00 B.3E-06 1.4E-05 2.26-05
NI5S 1.00 3.3€-08 3.3E-06 3.3E-06
FESS 1.00 4.9E-08 2.7E-06 2.7E-06
1C99 1.00 3.8€-07 1.8E-06 2.3E-06
TC99M 0.00 2.2E-06 2.2E-06
CA45 0.99 2.7E-07 1.4E-06 1.7E-06
SM151 1.00 1.2E-06 6.6£-08 1.3E-06
P23 0.92 2.1E-08 1.2E-06 1.2E-06
CS135 1.00 1.5E-07 5.5£-07 7.0E-07
S 35 0.98 9.7£-08 3.3E-07 4 .3E-07
C 14 1.00 2.1E-08 7.1F-08 9.2E-08
NI63 1.00 8.1E-08 6.6t-09 8.8£-08
: H3 1.00 1.8E-09 1.8£-09

(a) Ingestion does not apply for this scenario.

NUREG/CR-5814 B.18
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Appendix B

| Table B.8 Deterministic doses calculated for theoretical discharges for Scenurio <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>