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1. INTRODUCTION

The U.S. Nuclear Regulatory (ommission is curreantly considering
revision of rules 10 CFR 20 (USNRC, 1982) and 10 CFR 61 (USNRC, 1981),
which cover various methodologies for disposal of solid wastes,
including wastes conteining minimal activity quantities of
radionuclides. Wastes containing minimal activity levels are expected
to be disposed of without special attention to post-burial radionuclide
releases. Quantitative definition of minimal activity levels may be
included in a revision to the aforementioned rules.

In order to establish the maximum radionuclide concentrations
and/or amounts that low-level wastes may contain and still be considered
minimal activity, it is necessary to comsider the consequences of waste
disposal for example situations. An example situation is defined as the
combination of a8 well-characterized waste stream, a specific disposal
site and disposal mode, a sample set of site parameters which is usel to
simulate transport from the disposal site to at-risk population(s), and
a data base of exposure and health risk parameters which is used to
evaluate consequences to the population(s) of interest.

This document describes the evaluation of human exposures and
health risks for 48 e¢xample cases, These cases consist of the
combinations of four waste streams, four typcs of disposal areas, and
three different geographic locations. Each waste stream, described ir
Chapter 3, is specified as to the concentration of each of 23
radionuclides contained in it. Each waste stream is a generalized
industrial waste product. The streams considered in this study and
described in Chapter 3 are (1) dewatered pressurized water reactor (PWR)
ion exchange resins; (2) PWR compressible trask; (3) boiling water
reactor (BWR) compressible trash; and (4) institutional liquid
scintillation waste. The four types of disposal areas, described in
Chapter 4, are (1) burial at a (low-level) radionuclide waste disposal
facility; (2) burial at a reactor site; (3) burial at a municipal waste
disposal facility; and (4) dispersal into the general environment. The
geographic locations considered in this study are Barnwell, South

Carolina; West Valley, New York; and Beatty, Nevada. These locations



were chosen because site data were available. The sites are described
ia Chapter 4 and in Appendices A, R, and C.

The PRESTO methodology was chosen for evaluating radionuclide
transport and health effects. This methodology, described in Chanter 2,
was developed to assess radionuclide transport, emsuing exposure, and
bhealth impact to a static local population for a 1000-year period
following disposal. Pathways aud processes of transit from the trench
to exposed populations included groundwater transport, overland flow,
erosion, surface water dilution, resuspension, atmospheric transport,
deposition, inhalation, anc ingestion of contaminated beef, milk, crops,
and water. The PRESTO-EPA model (Little et al., 1981) was written for
the U.S. Environmental Prziection Agency #o evaluate the consequences
associated with burial of Jow—1level wastes., The PRESTO-II model,
implemented by the same authors (Fields et al., in preparation), is
based on the PRESTO-EPA model but provides rore realistic simulations of
infiltration through the trench cap, calculation of the trench water
balance, of vertical transport, and of transport through the aquifer-
to-stream pathway. A version of the PRESTO-II model is used for this
study.



2. DISCUSSION OF METHODOLOGY

A version of the PRESTO-II (Fields et al., in preparation)
methodology was chosen for the de minimis simulations. This code was
based on the PRESTO-EPA model. PRESTO-EPA (Prediction of Radiation
Exposures from Shallow Trench Operations) is a computer code developed
under U.S. Environmental Protection Agency fvanding to evaluate possible
health effects from radionuclide releases from skallow, radioactive-
waste disposal trenches and from associated areas contaminated by
operational spillage. This model is designed to simulate tramsport of
radionucl ides {rom the di:posal site and to predict radionuclide
exposures and cancer risks for the 1000-year period following the end of
burial operations. PRESTO-is a versatile methodology for calculating
risks to local and inptermediate-range populations resulting from
waterborne and airborne tramsport (Little et al., 1981 and Fields,
Little, and Emerson, 1981). The DARTAB code {Begovich et al., 1981) is
used by PRESTO as a subroutine to combine simulated radionuclide
exposure values with dose and health risk factors to produce tabulations
of dose and healta risk,

The computer code uvsed in these simulations is modular and
organized according to transport pathways. Figure 1 denotes the major
pathways of hydrologic transport considered in this model. Near-surface
transport meckanisms considered are trench cap failure, cap erosion,
farming or reclamation practices, human intrusion, chemical exchange
within an active so0il layer, contamination from tre-~ch overflow, and
dilution by surface streams. Subsurface processes include infiltration
and drainage into the trench, the ensuing dissolution of radionuclides,
and chemical exchange Letween trench water and buried solids.

Mechanisms leading to contaminated water outflow include trench overflow
and downward vertical percolstion., Jf the Jat’er outflow reaches an
aquifer, the model considers radiological exposure resulting from
drinking contaminated water and from irrigation and subsequent
ingestion,

Vind-driven human exposure pathways are schematized in Fig. 2.
Atmospheric transport of contaminant deposited in normal operations or

carried to the surface by trerch overflow is handled e¢ither by an
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Figure 1. Shown here are the major pathways of hydrologic routing
considered in ths PRESTO model. Sources of radionuclides are the trench
contents and the surrounding soil surface, assumed to be contaminated
during trench filling and covering operation- and by trench water over-

flow,
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Figure 2. Soil surface contaminant may be suspended by winds or
mechanical diaturbsnces and transported downwind. Human exposure may
result either by inhaling the suspended solids or by consuming food on
which the radionuclides have been deposited.



internal Gaussian plume approach based on the DWNWND model (Fields and
Miller, 1980) that considors exposed individuals to be located at the
population centroid, or by an externally computed and user input
exposure term. This exposure term should be calculated using the actual
population distribution,

The transport-related computations are simplified by several
assumptions. Firsi, daughter nuclide ingrowth resulting from
radioactive decay is not calculated because, for the most part, the
inventory of commercial low—level waste burisl grounds includes few
radionucl ides that yield long chains. VWe assume that for those
radionucl ides that do have significant daughter ingrowth, secular
equil ibrium has been attaimed by the time of site closure. Daughters,
if any, must be assumed to be present initially. Chemical reactions are
not considered explicitly., Instead, ther are parameterized using
element—specific chemical solubilities or chemical listribution
coefficients kd‘ Different values of exchange coefficient may be
specified for different physical regions (surface soil, trench,
subtrench soil, snd aquifer materisl)., Waste material in the tremch is
considered uncontained and homogeneous. Perhaps the most useful
simplification consists of expressing ss many mechanisms as possible in
"gnit response” form, so that s single submodel run yields results
applicable in each of the 1000 model iterations,

Simulation results must be regarded as estimates, We have proposed
to evaluate the uncertsinties associated with predictions of the PRESTO
model, as functions of tha precision with which input variables are
known. Determination of the sensitivity of model results to variations
in model input values would indicate which parameters nsed to be known

nost accurately.



3. CHARACTERIZATION OF WASTE STREANS

Radionuclide concentrations for four example waste streams used
in the de minimis study simulations were specified by the NRC. The
radionucl ide composition was based on previous NRC work in support of
rule 10 CFR 61 as described in an earlier report (USNRC, 1981). These
waste streams were characterized as (1) resins from PWR's with
condensate polishing systems (PIXRESIN); (2) PWR compactible trash
(PCOTRASH) ; (3) BWR compactible trash (BCOTRASH); and (4) institutional
liquid scintillation waste {(ILOSCNVL). Table 1 summarizes the
radionucl ide concentrations in these waste streams for 23 radionuclides.
Alsc provided by the NRC were expected yearly production volumes and
activities for a 1000-MWe plant for the first three waste streams.

A yearly volume and activity of ILQSCNVL was also provided, and this
volume corresponded to approximately 10 g of waste production for the
entire United States, collected and disposed of at a single disposal
site. These yearly values are for PIXRESIN, 9.06 m3 and 0.304 Ci; for
PCOTRASH, 215 »> and 4.9 Ci; for BCOTRASH, 221 m> and 5.2 Ci; and for
ILOSCNVL, 1.67 x 16* »> and 53.8 Ci. The radiomuclide volumes were used
to estimate the areas used for rauionuclide disposal, as described in
Chapter 4.

These four waste streams were assumed to be disposed of at the
example sites (see Chapter 4). Thus the simulated comsequences are
associated with each year of waste disposal, No radionuclide decay or
daughter ingrowth was assumed between the time of waste generation and
the time of disposal. In addition to the specified dispogal inventory,
we have assumed that an additional surface contamination results from
operationa]l spillage during normal operations, In the absence of actual
measurements of the amount of such spillage, we bave arbitrarily assumed

this amount to be 1 x 100 oI iie initial trench inventory.



Table 1. Radionuclide concentrations (pCi/cc) in example waste strecams.

—

Mo-lide PIXRESIN PCOTRASH BCOTRASH ISQSCNVL
B-3 2.66E-3 3.04E-4 6.75E-5 1.67E-3
C-14 9.74E-5 1.12E-§ 4.17E-6 8.37E-5
FE-55 2.34E-3 5.97E-3 6.01E-3 0.0
NI-59 2.79E-6 7.11E-6 6.21E-6 0.0
C0-60 4.53E-3 1.15E-2 1.01E-2 0.0
NI-63 8.61E-4 2.19E-3 1.36E-4 0.0
NB-94 8.84E-8 2.25E-7 1.96E-7 0.0
SR-90 1.94E-4 2.22E-5 1.27E-5 1.45E-3
TC-99 8.23E-7 9.42E-8 2.68E-7 0.0
1-129 2.44E-6 2.78E-17 7.14E-7 0.0
CS-134 8.23F-7 9.42E-8 2.68E-17 0.0
CS-137 2.19E-2 2.51E-3 7.14E-3 0.0
U-235 4.71E-8 7.89E-9 1.22E-9 0.0
U-238 3.71E-7 6.22E-8 9.60E-9 0.0
NP-237 9.06E-12 1.52E-12 2.35E-13 0.0
PU-238 2.60E-5 5.97E-6 2.30E-6 0.0
PU-239 1.82E-5 5.53E-6 1.16E-6 0.0
PU-241 7.94E-4 2.41E-4 5.63E-5 0.0
PU-242 3.99E-8 1.21E-8 2.53E-9 0.0
AM-241 1.87E-5 3,96E-6 9.67E-7 0.0
AM-243 1.26E-6 2.67E-17 6.52E-8 0.0
CH-243 9.92E-9 2.74E-9 1.93E-9 0.0

CH-244 1.38E-5 2,61E-6 1.49E-6 0.0
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4. CHARACTERIZATION OF DISPOSAL SITES AND CLIMATES

Sites chosen for simulations were located near Barnwell, South
Carolina; Beatty, Nevada; and West Valley, New York. The sites were
characterized as to location, meteorology, demography, soil
characteristics, and geography.

Site data for surface and subsurface environmental variables were
taken from U.S. Geological Survey data, site operator literature, and
other literature are discussed in Appendices A, B, and C. Table 2
summarizes the classes of disposal sites considered in this study and
will be described in detail in the following paragraphs.

The first class of disposal site to be discussed will be the low—
level waste disposal site. The site descriptions included in
Appendices A, B, and C describe the input data sets used for the low-
level waste disposal site characterization. Ome site was located in each
of the three geographical regions considered in this study. Low-level
waste disposal site input parameters were based on values described in
the PRESTO-II document (Fields et al., in preparation). As an aid to
interpretation of the valuwes provided in Appendices A, B, and C, Table 3
lists and defines model input parameters. For the low—1level waste
disposal site, the top of the water table was assumed to be located 2 m
below the bottom of the trench. The trench area (projected onto a
horizontal plane) was calcuvlated by dividing the yearly waste volume for
the waste stream being considered by 2 m (an approach consistent with an
a,sumed waste layer thickness of 2 m). The cross slope extent of the
spillage about the trench was assumed to be the square root of the trench
area. Distances to streams were chosen to agree with actual measured
values for the low-level waste disposal areas at these sites. For low-
level disposal simulations as well as for simulations for other modes of
disposal considered in this study, water usc¢ was assumed to be 50% taken
from a well drilled into an aquifer and 50% from surface waters., In
cases where calculated water use exceeded the volume of contaminated
water available at ths well, additional required water was assumed to be
taken from surface water supplies. Surface water supplies in this study
were a2ssumed to be contaminated by atmospheric deposition and runoff from

_ contam.nated aress. These areas were assumed to be contsninated by



Table 2. Classification of sites considered in de minimis study
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Assumptions for initial simulations
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Burial at low~levcl waste disposal site (L)

Burial at reactecr site (R)

Rurial at municipal site (M)

Disposal in general environment (G)
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Site—-specific climatological, geological, and demo-
graphic data are used. Low-level waste disposal sites
considered are Barnwell, South Carolina, Beatty,
Nevada, and West Valley, New York., The ground surface
is assumed contaminated by operational ggillage yresent
in an amount, per radionuclide, of 10 of thbo buried
amount. Water use for ingestion and farm use 1is 0.5
from well and 0.5 from stream. Ratio of trench cap to
undisturbed site infiltration is 0.S5.

Sit.: similar to type (L) site, except that reactor is
assumed near stream, and water table is 2.5 m below
land surface., Stream is assumed located 50 m downslape
of disposal area. For initial runs, well position is
same as for type (L),

Similar to type (L), except that well distance = 500 m
for all sites, Dilution of radionuclide wastes by non-
nuclear wastes accounted for by assuming large trench
area, Ratio of trench cap to undistnrbed site infil-
tration is assumed to be 1.0,

A stream dump of the waste stieam is assumed, Site
climate and demographics are identical to type (L), but
wvater use is assumed totally from stream.

ot
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Table 3. PRESTO-II environmer.a! and nuclide input Jata format
Carxd Format e _Varicbles
number Narwe Meaning
1 20A4 TITLE
2 20A4 LOCATE Burial site informavior
Code Coutrol Data 1
3 1515
15  MAXYR Length of simulation (y)
IS5 NONCLD Number of radionuclides
IS  LEAOPT Leaching option
IS NYR1 First year of cap failnre function
I5 NYR2 Last year of cap failure function
I5 J10PVWV Vertical water velocity option
I5 IOPSAT Saturation option
I5 JIPRT1 Yearly print out beginming (y)
IS IPRT2 Yearly print out ending (y)
I IDELT Print annual summary each IDELT years
I5 IRRES1 Mechanical suspension beginning year
IS IRRES2 Mechanical suspension ending year
I5 LIND Population indicator
I5 IAVGl First year of averaging window
IS JAVG2 Last year of averaging window
Code Control Data 2
4 315
IS5 IVAP Trench cap infiltration switch
IS5 IBSMT Basement calculation beginning year
I5 IAQSTR Aquifer to stream switch
Cap Integrity and Water Use Data
s 8F10.0
F10.0 PCT1 Fraction of cap failure at year NYR1
F10.0 PCT2 Fraction of cap failure at year NYR2
F10.0  WATL Fractional well water use for land
(1.0 if all land water comes
from well, 0.0 if none)
F10.0  WATA Fractionsl well water use for animals
(1.0 if all water comes from well,
0.0 if none)
F10.0  WATH Fractional well water use by humans
(1.0 if all human water used from
well, 0.0 if noue)
F10.0  SATIL Fractional surface water use for land

(1.0 if all land water comes frum
surface, 0.0 if none)
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Table 3. (continued)

Card Variables
ber Format - —_— ——— e -

nom Name Meaning
F10.0 SATA Fractional surface water use for animals

(1.0 if all animal water comes from
surface, 0.0 if nonme)

F10,0  SATH Fractional surface water used by bumans
(1.0 if all human water used comes
from surface, 0.0 if none)

Evapotranspiration Data

6 4F10.0
£10.0 PPN Average precipitation {(m/y)
f10.6 P Average barometric pressure (mbar)
£f10.0 XIRR Irrigation (m/y)
£f10.0 PHID Site latitude (degrees)
7-8 12F10.0 S(I1) Ratio of observed to maximum suv-.shine
twelve monthly values (Jan.-Dec.)
9-10 12F10.0 T(I) Average ambient temperature (°C)
twelve monthly values (Jan.-Dec.)
11-12 12F10.0 TD(I) Average dewpoint temperatare (°C)
twelve monthly values (Jan.-Dec.)
Trench Data
13 8F10.0 2
F10.0 TAREA Trench area (m”)
F10.0 TDEPTH Trench depth (m)
F10.0 OVER Cap thickness (m)
F10.0 PORT Trench porosity 3
F10.0 DENCON Density of waste materials (g/cm”)
F10.0 RELFAC Annual activity release fraction
F1C.0 FN Ratio of trench cap to watershed
infiltration
F10.0 SINFL Nontrench annual infiltration rate (m/y)
14 F10.0 PERMC Trench permeability (m/y)
Aguifer Data
15 8F10.0
F10.0 DTRAQ Trench to aquifer depthk (m)
F10.0 DWELL Trench to well distance (m)
F10.0 GWV Groundwater velocity (m/y)
F10.0 AQTHK Aquifer thickness (m)
F10.0  AQDISP Aquifer dispersion angle (radians)
F10,0 PORA Aquifer porosity
F10.0 PORV Subtrench porosity

F10.0 PERMV Subtrench permeability (m/y)
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Table 3. (continued)

Card - Variables
rom‘t ——————— .  — ——— Y A~ . - i G T~ P e . .
number

Name Meaning

Atmospheric Data 1

16 7F10.0
F10.0 H Atmospheric source height (m)
F10.0 VG Gravitational fall velocity (m/s)
F10.0 U Mean wind speed (m/s)
F10.0 VW Deposition velocity (m/s)
F10.0 X6 Source—to-receptor distance (m)
F10.0 HLID Atmospheric 1id height (m)
¥10.0 ROUGH Hosketr rouglness factor (m)
Atmospheric Data 2
17 7F10.0
F10.0 FIVWIND Fraction of time wind blows toward
population
F10.0 CHIQ User—specified x/Q for impacted
population
F10.0 RE1l Beginning coefficient in resuspension
equation
Fi0.0 RE2 Decay factor in resuspension equation
F10.0 RE3 Final coefficient in resuspension
equation., Values of RE1, RE2, and RE3
must include both the algebraic sign
and the magnitude.
F10.0 RR Resuspension rate (sec_l)
F10.0 FTMECH Fraction of year mechanical
disturbance occurs
Atmospheric Data 3
18 215
15 1T Type of stability class formulation
15 I8 Stability class
Universal Soil Loss Equation Factors
19 6F10.0
F10.0 RAINF Rainfall factor
F10.0  ERODF Erodibility factor
F10.0 STPLNG Slope steepness—length factor
F10.,0 COVER Cover factor
F10.0 CONTRL Erosion control factor
F10.0 SEDELR Sediment delivery factor
Surface Soil Data 1
20 5F10.0
F10.0 PORS Soil porosity (unitless)
F10.0  BDENS Soil pulk density (gm/cm”)

F10.0 STFLOW Stream flow rate (m"/y)
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Table 3. (continued)

——— - —— —_—

C':d Format __ _ —___VYariables =~ .
number Name Meaning
F10.0 EXTENT Cross slope extent of spillage (m}
F10.0  ADEPTH Depth of soil active region for

soluble contamination (m)

Surface Soil Data 2

21 2F10.0
F10.0 PD Average downslope distance to stream (m)
F10.0 RUNOFF Fraction of precipitation that ruans off
Air-Foodchain Data 1
22 6F10.0

F10.0 Y1 Productivity for grass (kg/n2 y)

F10.0 Y2 Productivity for vegetation (klln2 ¥)

F10.0 PP Surface density for .v0il (kg/m“)

F10.0 XAMBWE Weathering decay constant (h 1)

F10.0 TE1 Period pasture grass exposed dur-
ing growing season (h)

F10.0 TE2 Period crops/veg. exposed during
growing season (h)

Air-Foodchain Data 2
23 8F10.0

F10.0 TH1 Period between harves: of pasture
and ingestion by animal (h)

F10.0 TH2 Period between storage of feed and
ingestion by animal (h)

F10.0 TH3 Period between harvest of leafy
vegetation and ingestion by man
(h)

F10.0 (H4 Period between harvest of produce
and ingestion by man (h)

F10.0 THS Period between harvest of leafy
vegetable and ingestion by man
for general population exposure
(h)

F10.0 TH6 Period between harvest of produce
and ingestion by man for gerneral
population exposure (h)

F10.0 FP Fraction of year that animals
graze on pasture

F10.0 FS Fraction of daily feed that is

fresh grass, while apimals are on
pasture
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Table 3. (continued)

-—— — — .- ————— ————— ————— —— — - —————

Format - - —— v.ti_._h!e' —— -
Name Meaning
Air-Foodchain Data 3
7F10.0
F10.0 OFC Amount of feed consumed daily by
cattle (kg)
F10.0 @FG Amount of feed consumed daily by
goats (kg)
F10.0 TF1 Transport time feed-mill-receptor
for marimum individual exposure
(k)
F10.0 TF2 Transport time feed-mill-receptor
for general population exposure
(h)
F10.0 TS Time from slaughter of meat to
consumption (h)
F10.0 ABSH Absolute humjdity of the atmo-
sphere (g/m”)
F10.0 P14 Fractional equilibrium ratio for C-14
¥ater-Foodchain Data
5F10.0
F10.0 FI Fraction of year crogs are irrigated
F10.0  WIRATE Irrigation rate (1/p°~hr)
F10.0 QCW Amount of water consumed by cows (1/d)
F10.0 aGw Anount of water consumed by goats (1/d)
F10.0 QBW Amount of water consumed by beef
cattle (1/d)
Buman Intske Data
8F10.0
F10.0  ULEAFY Leafy vegetation (kg/y)
F10.0 UPROD Produce (kg/y)
F10.0 UOMILX Cow milk (1/y)
F10.0 UGMILK Goat milk (1/y)
F10.0  UMEAT Meat (kg/y)
F10.0  UWAT Drinking water (1l/y)
F10.0 UAIR Inhalation rate (m”/y)
F10.0 POP Population
Radionuclide Inventory Data
A8,2X,
6F10.0
A8,2X  NUCLID(I) Radionuclide name
F10.0  TRAM(I) Amount of NUCLID(I) in trench at

t=0 (Ci)
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Table 3. (continued)

Cari Variables
Format - SALLLL L2 L1 S ——
number Name Meaning
F10.0  SOAM(I) Amount of spillage on surface at
t=0 (Ci)
F10.0  STAM(I) Amount of radionuclide in stream
at t=0 (Ci)
F10.0  ATAN(I) Amount of radionuclide iz air

above treanch at 5?0 (Ci)
F10.0 DECAY(I) Decay constant (y ~)

F10.0 soL(I) Solubility (g/ml)
Chepical Exchaonge (kd) Dats
28 A8,2X,
4F10.0

A8.,2X NUCLID(I) ardionuclide name
F10.0 XKED(1.I) Surface k., (ml/g)
F10.0 XED(2,I1) Trench k, (ml/g)
F10.0 XKD(3,1) Suotrench vertical zone kd (ml/g)
F10.0 XKD(4,1) Aquifer kd (ml/g)

Radionuclide—-Specific Foodchain Data

29 A8,2X,
9F10.0
A8,2X NUCLID(I) Radionuclide name
F10.0 RA(I) Retention fraction for air
F10.0 RwW(I) Retention fraction for irrigation
F10.0 BV(I) Soil-to-plant uptake factor for
vegetative parts
F10.0  BR(I) Soil-to-plant uptake factor for
reproductive parts (grain) .
F10.0 FMC(I) Forage-to-milk transfer factor for
cows -
F10.0 FMG(1) Forage-to-milk transfer factor for
goats
F10.0 FF(I) Forage-to—beef transfer factor
30,33+ - same as card 27 for subsequent radionuclides -
31,34+ - same as card 28 for subsequent radionuclides -
32,35+ - same as card 29 for svbsequent radionmuclides -
Hourly Precipitation Data
- 2(12,1X),
24F3.0
12 0] Month of rainfal] event
I2  IDA Day of rainfall event
24F3.0 HP Hourly precipitation values for MO

and IDA (tenths of mm)
(one deta card for each day having
measurable precipitation)

(Iast card must have 99" in first
two columns)

——— = A — e ———— T v M A A e e e e A . - e e -
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operational spillage (¥ee Chapter 3) and by trench water overflow
(described in Chapter 2).

Simulations of consequences from burial at a reactor site were
consistent with location of a reactor in the same geographical region as
the low-level waste disposal site, but with location near a surface water
body (assumed to be a river). The distance to the stream was assumed to
be only 50 m (downslope) and the water table was assumed to be only 0.5 m
beneath the bottom of the trench.

Simulations of consequences from burial at s muonicipal site were
consistent with location of the municipal site in the same geographical
region as the low-level waste disposal site, but with the horizontal
distance from the prima:y water supply (well) to the point below the
disposal area set to 500 m for all runs. For the municipal site,
significant dilution of the radionuclide wastes by nonradioactive wastes
was assumed. The radionuclide waste thickness was assumed to be only
0.05 m, so the trench area was the yearly waste stream volume divided by
0.05 m,

Simulations of disposal of radionuclide waste streams in the general
environment were based on dumping the waste stream into surface waters.

Popul ations at risk from buried wastes are assumed to breathe air at
a distance corresponding to the location of the nearest existing
population center, Thus the distance from the radionu.!ide¢ burial ares
was chosen to be 8,000 m for the Barnwell site, 6,500 m for the West
Valley site, and 16,800 m for the Beatty site

Water for the Barnwell population was assumed taken from a well
located 914 m from the site boundary. We comsider this to be a very
conservative, although not 2 worst case, assumption,

The Barnwell site is characterized by a high annual rainfall rate
and highly permeable soils. As & result, the pathway of maximum risk is
expected to be water-mediated radionuclide migration downward to the
aquifier and subsequent horizontal transport to wells or surface scepage
points. This pathway becomes important for the Beatty site due to our
assumption that the site is irrigated; this pathway is not likely so
important for the West Valley site becausc of the possibility of surface

contamination from trench leachate overflow,



UNRESTRICTED DISPOSAL OF MINIMAL ACTIVITY LEVELS OF
RADIOGACTIVE WASTES: EXPOSURE AND RISK CALCULATIONS

D. E. Fields

C. J. Faerson

ABSTRACT

The U.S. Nuclear Regulatory Commission is currently considering
revision of rule 10 CFR part 20, which covers disposal of solid wastes
containing minimal radioactivity. In support of thesc revised rules,
we have evaluated the consequences of disposing of four waste streams
at four types of disposal srexs located in three different geographic
regions. Consequerces sre eypressed in terms of human exposures and
associated health effects. Each geographic region has its own climate
and geology. Example waste streams, waste disposal methods, and
geographic regions chosen for this study are clearly snecified.
Honetary consequences of minimal activity waste disposal are briefly
discussed. -

The PRESTO methodology was used to evaluate radionuclide
transport and health effects. This methodology was developed to
assess radiological impacts to a static local population for a 1000~
year period following disposal. Pathways and processes of transit
from the trench to exposed populations included the following
congiderations: groundwater transport, overland flow, erosion, surface
water dilution, resuspension, atmospheric transport, deposition,
inhalation, and ingestion of contaminated beef, milk, crops, and

water.

vii
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S. RESULTS AND DISCUSSION

Table 4 summarjzes the dose and health effects associated with
disposal of the PIXRESIN waste stream at the sites and using the disposal
methodologies described previously. The activity—specific values shown
in this table are based on the waste stream activities specified in
Chapter 3. The analogous tabulations for the PCOTRASH, BCOTRASH, and
ILQSCNVL waste strcams are presented as Tables §5, 6, and 7. These
simulatior results must be generally regarded as estimates based on the
assumptions about waste stream composition, disposal methodology., and
site geography. i

The simulation results presented in Tables 4-7 indicate ikat
relative human radiological! impacts for these waste streams scale
according to the relative gross radioactivity of the streams. For
example, the ILQASCNVL wastes specified by the NRC have the highest gross
radioactivity (higher than the highest activity value by a factor of ten)
and their impact is predicted to be correspondingly high. This
conclusion might be modified if account were taken of tne (unknown)
chemical composition of the waste streams - certain chemical
constituents, even when present in minor amounts, might radically alter
the effective chemical exchangc parameter for some elements.

It may be misleading, due to some of the arbitrary assumptions
describing release scenarios, to generalize about the relative
consequences of burying wastes in different geographic regions.
Nevertheless, one can hardly fail to note the lower consequences
predicted for the West Valley region, relative to the Barnwell and Beat*ty
regions. The wastes are, in the absence of water buildup and trench
overflow, bctter isolated from aguifers in the West Valley region.
Consequences for the Beatty region are predicted to be of the same order
of magnitude as for the Barnwcll region, but this conclusion results
largely from the assumption that these sites may eventually be unsed for
farm land, This assumption necessitates the specification of irrigation
for the Beatty site, If the Beatty site were not irrigated, predicted

consequences for this site would be considerably lcssened,
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Table 4. Summary of population doses and health effects associated with
disposal of PIXRESIN waste stream. The activity-specific vealues
are based on the waste stream activities spec1f1ed in Chapter 3.

Low level Reactor Hunicipal General

PIXRESIN population dose (person rem/y)

Barnwell 6.92E-05 6.93E-05 6.96E-05 1.03E+02
¥est Valley 5.58E-10 5.58E-10 5.59E-10 4 .72E+00
Beatty 4 .28E-05 4 .36E-05 9.66E-05 1.30E+00

PIXRESIN health effects (deaths/y)

Barnwell 6.10E-09 6.13E-09 6.21E-09 2.62E-02
West Valley 1.46E-13 1.46E-13 1.46E-13 1.25E-03
Beatty 4.78E-09 5.02E-09 1.11E-08 3.68E-02

PIXRESIN population dose per curie (person rem/Ci/y)

Barnwell 2.29E-04 2.29E-04 2.30E-04 3.40E+02
West Valley 1.84E-09 1.84E-09 1.84E-09 1.56E+01
Eeatty 1.41E-%54 1.44E-04 3.19E-04 4 .29E+02

PIX"ESIN health effects per curie (deaths/Ci/y)

Barnwell 2.0.E-08 2.02E-08 2.05E-08 8.66E-02
West Valley 4.83E-13 4.83E-13 4,.83E-13 4.12E-03
Beatty 1.58E-08 1.66E-08 3. 67E—08 1.21E-01
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Table 5. Summary of population doses and health effects associated with
disposal of PCOTRASH waste stream. The activity-specific values
are based on the waste stream activities specified in Chapter 3.

Low level Reactor Municipal General

PCOTRASH population dose (person rem/y)

Barnwell 1.88E-04 1.88E-04 1.89E-04 4.71E+02
West Valley 3.04E-09 3.04E-09 3.04E-09 2.09E+01
Beatty 1.16E-04 1.18E-04 2.64E-04 5.41E+02

PCOTRASH health effects (deaths/y)

Barnwell 1.66E-08 1.67E-08 1.69E-08 1.13E-01
¥West Valley 7.79E-13 7.79E-13 7.79E-13 5.27E-03
Beatty 1.29E-08 1.36E-08 3.05E-08 1.50E-01

PCOTRASH population dose per curie (persop rem/Ci/y)

Barnwell 3.83E-05 3.83E-05 3.85E-05 9.61E+01

¥West Valley 6.20E-10 6.20E-10 6.20E-10 4.26E+00
Beatty 2.36E-05 2 .40E-05 5.38E-05 1.10E+02

PCOTRASH health effects per curie (deaths/Ci/y)

Barnwell 3.38E-09 3.40E-09 3.45E-09 2.31E-02
West Valley 1.59E-13 1.59E-13 1.59E-13 1,08E-03
Beatty 2.64E-09 2.77E~-09 6.23E-09 3.06E-02

— - A ———— - — P —— e ———  — —r— e ——
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lele 6. Summary of population doses and health effects associated with
disposal of BCOTRASH waste stream. The activity—specific values
are based on the waste stream activities specified in Chapter 3.

. e - —— . —————  — ———— i ———— A ———— ——— — . S—— — ————— ——— ] —

Low level Reactor Municipal General

——— e ———  ——— et - e . A ————— —— —— T — ————— — — ———— —— ——— o ——

BCOTRASH population dose (person rem/y)

Barnwell 4.03E-04 4 ,03E-04 4.03E-04 7 .94E+02
¥est Valley 4.82E-09 4 ,82E-09 4.82E-09 3.79E+01
Eeatty 2.25E-04 2.25E-04 5.04E-04 1.13E+03

BCOTRASH health effects (deaths/y)

Barnwell 1.64E-08 1.64E-08 1.65E-08 2.26E-01
¥est Valley 1.38E-12 1.38E-12 1.38E-12 1.09E-02
EBeatty 1.04E-08 1.06E-08 2 .48E-08 3.28E-01

BCOTRASH population dose per curie (person rem/Ci/y)

Barnwell 7.74E-05 7.74E-05 7.75E-05 1.53E+02
Vest Valley 9.27E-10 9.27E-10 9.27E-10 7.28E+00
Beatty 4.32E-05 4,33E-05 9.68E-05 2.16E+02

BCOTRASH health effects per curie (deaths/Ci/y)

Barnwell 3.15E-09 3.15E-09 3.17E-09 4 ,34E-02

West Valley 2.65E-13 2.65E-13 2.65E-13 2.09E-03

Beatty 2.00E-09 2.03E-09 4.77E-09 6 .30E-02
{t‘
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Table 7. Summary of population doses and health effects associated with
disposal of ISQSCNVL waste stream. The activity-specific values
are based on the wuste stream i tivities specified in Chapter 3.

- ———— ———— —— . — ——— - ———————— - —— e ——— —————— = ——— - = -

Low level Reactor municipal General

——— e . —— ——— - —— e - O—— —— ——— ————— — ———————— - —— — — o — ——— -

ILQSCNVL populstion dose (person rem/y)

Barnwell 2.40E-02 2.42E-02 2.47E-02 1.19E+04
West Valley 2.67E-07 2.67E-07 2.59E-07 6.86E+02
Eeatty 2.00E-02 2.10E-02 4.95E-02 8.75E+03

ILQS"NVL heslth effects (destbs/y)

Barnwell 7.10E-06 7.14E-06 7.28E-06 4 .47E+00
West Valley 6.26E-11 6.26E-11 6.07E-11 1.61E-01
Eeatty 5.92E-06 6.21E-06 1.45E-05 2.05E+00

ILQSCNVL populetion dose per curie (person rem/Ci/y)

Barnwell 4.46E-04 4 .49E-04 4.57E-04 3.53E+02

¥est Valley 4.95E-09 4.95E-09 4 .80E-09 1.27E+01
Beatty 3.72E-9%4 3,90E-04 9.19E-04 1.62E+02

ILQSCNVL health effects per curie (deaths/Ci/y)

Barnwell 1.32E-07 1,33E-07 1.35E-07 8.29E-02
Vest Valley 1.16E-12 1,16E-12 1.13E-12 2,99E-03
Beatty 1.10E-07 1,15E-07 2.70E-07 3.80E-02
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The influence of the disposal methodology is also reflected in the
results shown in Tables 4-7. In order of increasing adverse
consequences, these methodologies may be ranked as follows: burial at a
low—level waste disposal site; burial at a reactor site; burisl at a
municipal site; and dispersal in the general enviromment. Indeed,
choosing the last methodology of disposal (general 2nviropmental
dispersal) is expected to result in consequences higher by about four to
ten orders of magnitude than choosing one of the other disposal
methodologies.

The proposed NRC radiation protection standard 10 CFR part 20
(USNRC, 1982) defines de minimis wastes as being those which will result
in members of the public receiving individual doses of no more than
0.1 wrem/year from ionizing radiation. Simulated individual doses for
the representative waste streaws considered ir this study summarized in
Table 8 were less than this amount for all disposal scenmarios, except for
dispersion into the general (aquatic) environment. However, for no case
of dispersal into the general environment did the predicted dose fali
below the proposed limit for dc minimis wastes.

The predicted relative differences between consequences of disposal
using one of the first three methodologies are insignificant within a
single geographical region, This somewhat surprising result arises
because for most simulations, greater than 98% of the radiological impact
was duoe to isotopes C-14 and I-129. Both of these radionuclides have
very low chemical exchange coefficients in soils with low concentrations
of organic material (Baes et al., 1982), and both are predicted to
migrate at close to hydrologic velocities.‘ Therefore little difference
is seen between different burial disposal methodologies for the same
waste siream and same geography. When comparing the impact of different
disposal methodologies, one must, however, regard the municipal site as a
less secure area than either the low-level waste disposal site or the

reactor site. The municipal site is probably more likely in the short

® It has been shown that for many soils, the exchange coefficient of
iodine may be large (Kocher, 1982).
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Table 8. Summary of average individual doses to the public for the example
waste strecams. These values may be compared to the proposed limit
for the de minimis wastes (see text).

Low level Reactor Municipal General

PIXRESIN average individual dose (rem/y)

Barnwell 9.48E-09 9.86E-09 9.90E-09 1.46E-02
West Valley 5.58E-14 5.58E-14 5.59E-14 4.72E-04
Beatty 2.14E-08 2.18E-08 4 .83E-08 6.50E-02

PCOTRASH average individual dose (rem/y)

Barnwell 2.67E-08 2.67E-08 2.68E-08 6.70E-02

West Valley 3.04E-13 3.04E-13 3.04E-13 2.09E-03

Beatty 5.77E-08 5.88-086 1.32E-07 2.17E-01
BCOTRASH average individual dose (rem/y)

maluWell 5.73L-08 5.73L-08 5.73E-08 1.13E-01

West Valley 4.82E-13 4,82E-13 4.82E-13 3.79E-03

Beatty 1.12E-07 1.13E-07 2.52E-07 5.63E-01
ILQSCNVL average individual dose (rem/y)

Barnwell 3.42E-06 3.44E-06 3.51E-06 2.71E+00

West Valley 2.67E-11 2.67E-11 2.59E-11 6.86E-02

Beatty 1.00E-05 1.05E-05 2 .48E-0S5 4 .38E+00
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term to suffer neglect and to be visited by "recyclers” or "scavengers”
than the other two classes of burial disposal sites. Results of
disturbance of municipal sites by intruders or dispersal of wastes buried
there during future construction operations were not considered in these
simulations. The possible consequences of such future exposure modes
should be carefully considered before burial at mumicipal sites is
allowed. A disturbed municipal site may correspond closely to dispersal
into the general enviromment, which is & disposal mode with higher
radiological impact. Local storage of water has the attendant advantage
of avoiding hazards associated with accidental release of the wastes
during transport.

One must also considsr the effects of combining de minimis wastes.
A waste stream composed of several waste streams, each defimed to be
de minimis according to gross radioactivity rather than according to
coucentration, might no longer be considered de minimis waste.
Futhermore, the term ”"de minimis” might best be defined, for each
disposal situation being considered, on the basis of fractional health
risk increase for exposed populations. This approach would require
comparing expected radiological consequences to anticipated consequences
from other activities (background risk levels). Waste dispossl might be
considered acceptable if the radionuclide-rssociated risk could be shown
to have a high probability of being only a small fraction of the
background risk,

For example, the sum of all radiological impacts from exposure of
the local pdpnlation of 7033 persons to contaminants contained in the
specific quantity of ILQSCNVL wastes in & low-level waste disposal area
near Barnwell is 7.1 x 10~6 deaths/year (Table 7). By comparison, the
current annual death rate due to cancer for the United States population
is 183.5 per 100,000 persons (Lane, 1981), so the expected annual death
rate from cancer for a representative population of 7033 would be 13
persons, The waste disposal-associated death rate is less than the
background cancer death rate by a factor of 5.5 x 1077,

To consider the results of an alternative disposal methodology —- if
the -ame waste stresm were disposed of at this site by release into the

general environment, the waste disposal-associated death rate, using the
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values given in Table 7, would be less than the background cancer death
rate by a factor of 0.35.

Relative monetary savings associated with disposal of low-activity—
level wastes in loca: land fills instead of sending such wastes to
licensed burial sites can be considerable. An unpublished Edison
Electric Institute survey resplted in estimates by ten utilities that,
after initial setup costs, from 0.67 to 14 k*!l3 might be saved. The
mean estimated annual saving was 4.7 (standard deviation 3.8) kiln3. The
mean estimated net annual sgvings by these ten utilities was, excluding
setup costs, 120 (standard deviation 170) k8. The activity levels of the
wastes that these utilities considered for alternative disposal varied
among utilities, These monetary savings arise from lowered pscking and
transportation costs associated with local disposal, togetber with lower
site costs than those associeted with special radioactive waste disposal
fecilities.

In a recent paper (Dunn and Vance, 1983), the cost for disposing of
dry active wastes was estimated to be 962 S/ns. Of the total disposal
cost, 24% was estimated to be for transportation for a representative
distance of 1600 km. Another 63% of the cost is associated with site
costs and special containers. Local disposal of de minimis wastes would
yield a saving of about 87%, or 836 ‘/ms. This value is toward the lower
end of the range of utility savings estimated above, but wastes
considered in the paper by Dunn and Vance were considered 50% compactible
with a volume reduction factor of 1.7. De minimis wastes buried locally
might not be compacted, and this would result in an additional savings.

We may conclude that burial of de minimis wastes at a local low-
level waste disposal facility rather than a 1600-km distant facility
would result in monetary savings to the waste generator of 230 ’/m3. If
the local facility were a municipal disposal facility, an sdditional
monetary savings to the waste generator of 0.3-4 k31m3 would result.

In conclusion, 2 de minimis designation for low-level waste may
result in significant monetary savings in cascs where minimal additional
adverse radiological impacts would result. Our results suggest that
there would be little difference in the health impacts associated in
burying these wastes in a low-level disposal area, or in burying them at

a reactor site. Municipasl sites, if long~term security can be
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guaranteed, might also be acceptable,

Local disposal would have several

advantages. General envirommental dispersal would likely not be

acceptable.
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A.1 GENERAL DESCRIPTION OF THE SITE®

A.1.1 Location aud climate

The Barnwell low—level radiosctive waste disposal facility is
located 8 Im west of the town of Barnwell, South Carolina, in Barnwell
County. The 95-acre site is leased from the state of South Carolina by
Chem—Nuclear Systems, Inc. (CNSI), which operates the facility. The
site is adjacent to the Allied General Nuclear Services Barnwell Fuel
Facility on tke west and is only 0.3 km from the eastern boundary of the
Savannah River Plant.

The Barnwell site is in a largely rural setting, with much of the
land in the region used for farming or growing timber. Primary farm
products are soybeans, corn, cotton, and dairying. The population of
the county in 1970 was slightly above 17,000,

The climate near Barnwell is relatively mild. The monthly mean
temperatures range from 8°C to 27°C for January and Jely, respectively.
Precipitation occurs mostly in the summer with a mean annual total of
1.13 m. For the 20-year period before 1972, the mean precipitation
ranged from 0.75 m (1954) to 1.87 m (1964). Snowfall occurs only rarely
in Barowell County, as do damaging winds or ice storms. The relatively
long growing season ranges from 230-270 days.

The atmosphere around the site would be considered relatively
stable. The mean wind speed at the Savannah River Plant is only 0.4 m
per second and inversion or neutral conditions occur more than 75% of

the time.

A.1.2 Geology and soils

The Barnwell site is locasted on the Atlantic Coast Plain
physiographic province near the eastern edge of the Aiken Plateau
portion of that province. The topography of the site is gently rolling
with grade elevation averaging 74—-80 m above mean sea level. The area

is underlain by about 300 m of flat-lying, loose to poorly consolidated

® Unless otherwise stated, information in this appendix was found in
Cbhem—Nuclear Systems, Inc. (1980).
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sediments of upper cretaceoms, tertiary, and quaternary ages. Surface—
quaternary soils include loose to medium dense fine sand and silty sand
to depths of 0.6-2.1 m below grade. Below the surface soils is found
4.3-9.1 m of the smbedded sandy clay and clayey fine sand of the Miocenme
Hawthorn formation. The Hawthorn is underlain by 11.6-18 = of the
Barnwell formation (late Eocene) and 14.6-35 » of the McB.an formation
(early Eocene). The Ellenton and Tuscaloosa formations include sand and
gravel with some clay and cretaceous sediments underlying tertiary sands
and clays.

Topsoil of the regiom is generally fuguay loamy sand of the family
loamy siliceous thermic. According to Olson, FEmerson, and Nungessser
(1980), Barnwell County encompasses the following soil orders and
suborders: Order Ultisols, suborders Paleudults and Hapludults (gently
sloping), svborders Ochraguults, Paleudults, Hapludults, and Quartzip-
samments (gently sloping) and order Entisols, suborder Quartzipsamments
(gently sloping). Suborders Paleudults and Hapludults comprise about
70% of the county soils.

Portions of the soil layer just below the topsoil to a depth of
about 2.1 m are very firm, tan and purple, and slightly micaceous. This

soi]l layer is generally slightly clayey fine to coarse sand.

A.1.3 Hydrology

The Barnwell site is located betweeﬁ the Savannah River on the west
and the Salkehatchie River on the east. The Salkehatchie is the nearest
river at some 4.1 km, but the surface drainage of the site is to Lower
Three Runs Creek, a tributary of the Savannah River. There are no
flowing streams on the site and Mary’s Creek is a tributary of Lower
Three Runs Creek, Flow rates in Lower Three Runs Creek varied from
0.14-14 m3/s during the eleven-year period }rom July 1958-August 1969 at
Patterson’s Hill Bridge.

Surface water from precipitation is collected for evaporation by
Chem~Nuclear. In the event of a heavy rainfall, water above a
predetermined level in the collection pond is pumped to another pond for
further evaporation, This system was devised to prevent recharge of the

ground water near the trenches and thereby reduce the likelihood of
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contamination of surface water. MNore details on surface water flows are
to be found on pages 93-95 of CNSI (1980).

The Hawtkorn formation contains the highest water table on the site
and extends within 9.1 m of the surface. The Barnwell formation
underlies the Hawthorn with a thickness of about 12 m. The Barawell is
slightly more permeable than the Hawthorn and has beer used for a few
small wells in the area.

The McBean and Congaree formations underlie the Barnwell formation
to some 90 m below the surface. The Congaree is fairly permeable and
the municipal wells for the town of Barnwell, the nearest municipal
user, yield about 1400 liters per minute. Benesth the McBean/Congaree
formations sre the Elleaton and Tuscaloosa formations. Although
geologically differentiable, groundwater is free to move between them
and they are considered a single aquifer. The Tuscalooss is the
principal aquifer for the site area :2d extends to more than 300 m below
the surface.

The water table depth at the site gradually decreases as it nears
the Savannah River. Fluctuations in the water table depth are a
function of the locally varying permeabilities and the inclination of
the piezometric surface, It is, therefore, not unusual to find
significant differences in fluctuation patterns within relative small
areass. The water table at the site generally occurs at depths of 9.1 to
18 m with 2 mean of about 12.2 m, Normal fluctuations between the high
in late spring or summer and the low in fall or winter is about 2 m,

The groundwater moves under the site to the west and south toward
Mary's Creek, 914 m away, The velocity is estimated to be S x i0—3 m/d
as shown by CNSI (1980)., More detail about groundwater movement and
composition at the site can be found in CNSI (1980) pages 10-14, 89-91,
snd 95-98.
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A.2 INPUT VARIABLES FOR THE LOW-LEVEL WASTE
DISPOSAL SITE SIMULATIONS

A;2.1 Options or control variables

Most of the input variables on the first four cards are for code

control or option selection (see Table A.1).

A.2.,2 Sijte—description variables that are well-known

Some of the input data describing the site are very well known and
not likely to change drastically. The previous statement assumes that
none of the following variables will be arbitrarily varied for the
purposes of a sensitivity snalysis to determine the effect of a given
parameter on code predictions,

Noncontrol variables which are considered well known include the
following (refer to Table A.1): TDEPTH (trench depth), OVER
(overburden), DWFLL (distance to nearest well), all variables on cards
15 and 17, BDENS (soil bulk density), STFLOW (stream flow), PD (site
boundary to nearest stream), SAREA (area of contaminated surface soil),
and the radiological decay rate., References or notes on calculation are

given for each of these in Table A.1,

A.2.3 Radionuclide-independent variables that are poorly known

A number of the input variables listed in Table A.1 are poorly
known; that is to say, there may be a large amount of variation
associated with the value listed in Table A.1. This is in spite of the
fact ihat the values listed have been taken from referencable sources.
This section will briefly describe the variation or source of variation
expected in each of these variables as listed in Table A.1.

WATL. Fraction of total irrigation water taken from well., The
referenced value is a state average of groundwater use as a fraction of
total water use for 1970, Value mey vary over time and across state.
The national range of value is from 0.01 (West Virginia) to 0.83
(Kansas). Most common United States range is 0.10-0.25.
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Table A.1. JYnput data for Barnwell, SC; refer to Table 3
for formats and definitions of variables,

Card
number ~~ Variable Value Reference or note
1 TITLE User option
2 LOCATE Barnwell SC User option
3 MAXYR 1000 User option
NONCLD 40 Must be 40 or less
LEAOPT 2 User option
NYR1 100 Personal Communication,
C. Y. Hung to J. Rroadway,
March 18, 1983
NYR2 200 Personal Communication,
C. Y. Hung to J. Broadway,
March 18, 1983
IOPVYY 1 User option
IOPSAT | User option
s IPRT1 0 User option
’ IPRT2 1000 User option
IDELT 100 User option
IRRES1 0 User option
IRRES2 0 User option
LIND 1 User option
IAVG] 1 User option
IAVG2 1000 User option
4 IVAP 0 User option
IBSMT 0 User option
IAQSTR 0 User option
5 PCT1 0.01 Personal Communication,
’ C. Y. Hung to J. Broadway,
March 18, 1983
PCT2 0.1 Personal Communication,
C. Y. Bung to J. Broadway,
March 18, 1983
WATL 1.0 User option
WATA 1.0 User option
WATH 1.0 User option
SATL 0.0 User option
SATA 0.0 User option
SATH 0.0 llser option
6 PPN 1.130 Ruf foer (1978)
P 1002.3 Ruf fner (1978)
XIRR 0.0 Ruffner (1978)
PHID 33.2 Ruf fner (1978)
7 S 0.56 Roffner (1978)
0.60 Ruf fner (1978)
0.64 Ruffner (1978)
0.70 Ruf fner (1978)
0.68 Ruffner (1978)
0.65 Ruf fner (1978)
0.65 Ruffner (1978)
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Table A.1. Input data for Barnwefl, SC; refer to Table 3
for "formats and definitions of variables (cont.).

Card
number Vnriak}s_ Value Rg{ggence or note

Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffoer (1978)
Ruffner (1978)
Ruffoer (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffnsr (1978)
Ruffner (1978)
Ruffner (1978)
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Table A.1. Input data for Burnwell, SC; refer to Table 3
for formats and definitions of variables (comt.).
Carxd
number Yariable Value Reference or note
13 TAREA 9150 ONSI (1980) p. 48
TDEPTH 6.7 CNSI (1980) p. 48
OVER 1.5 CNSI (1980) p. 47
PORT 0.4 Sediment porosity;
CNSI(1980) p. %0
DENCON 2.0 Assumed
RELFAC 0 User option
FN 1.0
XINFL 0.09 Calculated
14 PERMC 43.3
15 DTRAQ 2.4 Lowest water table depth
less TDEPTH, (NSI, p. 88
DWELL 914 Site boundary to nearest
spring; ONSI, p. 9
GWV 83 Personal Communication,
C. Y. Bung to T. Broadway,
Mar:h 18, 1983
AQTHK 25 Juferred from discussion
CNSI(1980) pp. 80-90
AQDISP 0.3 Assumed
PORA 0.4 ONSI (1980) p. 90
PORV 0.4 CNSI (1980) p. 90
PERMV 43.3 CNSI (1980)
16 H 1.0 Assumed
VG 0.01 Calculated from particle
sizes
U 0.4 Savannah River Lab, meteor.;
National Climatic Center
vD 0.01 Generic value
X6 8000 Distance to town of Barnwell, SC
BLID 300 C. F. Baes III (personal
communication)
ROUGH 0.01 Generic value
17 FIWIND 0.49 Savannah River meteorology
CBIQ 7.7E~% Compnted uvsing AIRDOS~EPA,
Mcore et al. (1979)
RE1 1.0E-6 Assumed lower than Nevada,
Anspaugh et al, (1975)
RE2 -0.15 Seme as Anspaugh et al. (1975)
RE3 1.0E-11 Assumed lower than Nevada,
Anspaugh et al. (1975)
RR 0 User option
FTMECH 0 User option
18 IT / 1 User option
IS 2 Savannah River meteorology
19 RAINF 250 McElroy et al. (1976)

pg 44, Fig. 3.2
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Table A.1. TInput data for Barnwell, SC; refer to Table 3
for formals and definitions of variables {(cont.).

Card
number Variable Value Reference or note
ERODF 0.23 McElroy et al. (1976)
p. 46; see Table 3.5
STPLNG 0.27 McElroy et al. (1976)
‘ Fig. 3.8
COVER 0.30 McElroy et al. (1976)
CONTRL 0.30 McElroy et al. (1976)
Table 3.3
SEDELR 1.0 Assumed; see McElroy et al.
(1976); p. 60-68
20 PORS 0.4 Set equal to sediment
porosity; CNSI p. 90
BDENS 1.6 CNSI (1980) p. 87
STFLOW 5300 CNSI (1980) p. 9.2
EXTENT 30S User option; this value =
trench length, CNSI p. 48
ADEPTH 0.01 Assumed
21 PD 914 Site boundary to nearest
stream, CNSI p.91
RUNOFF 0.29 Calculated from Geraghty
et al. (1973)
22 Y1 0.19 Shor, Baes, and Sherp (1982);
Appendix C
Y2 0.53 Shor, Baes, and Sharp (1982};
Appendix B
PP 240 Assumes 15 cm plow depth
XAMBVE 0.0021  AIRDOS-EPA (1979)
TA 4380.
TE1 720 Generic; AIRDOS-EPA (1979)

Table E-15
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Table A.1. Input data for Barnwell, SC; refer to Table 3
for formats and definitions of variables (cont.).

Card
number Variable Value Reference or note
TE2 1440 Generic; AIRDOS-EPA (1979)
23 TH1 4] Generic; AIRDOS-EPA (1979)
Table E-15
TH2 2160 Generic; AIRDOS-EPA (1979)
Table E-15
TH3 24 Generic; AIRDOS~EPA (1979)
Table E-15
TH4 1440 Generic; AIRDOS-EPA (1979)
Table E-15
THS 336 Generic; AIRDOS-EPA (1979)
Table E-15
TH6 336 Generic; AIRDOS-EPA (1979)
Table E-i5
FP 0.77 Shor, Baes, and Sharp (1982)
FS 0.94 Shor, Baes, and Sharp (1982)
24 QFC 50 Generic; AIRDOS-EPA (1979)
Table E-15
QFG 6 Generic; AIRDOS-EPA (1979)
Table E-15
TF1 48 Generic; AIRDOS-EPA (1979)
Table E-15
TF2 96 Generic, AIRDOS-EPA (1979)
Table E-15
TS 480 Generic; AIRDOS-EPA (1979)
Table E-15
ASH 9.9 State average; Etnier (1980)
P14 1.0 Assymed
™ 6408
25 FI 0.73 Growing season length/8760
WIRATE .015 Calculated from Olson, Emerson

and Nungesser (1980)
QcCw 60 Generic; AIRDOS-EPA (1979)
QGW 8 Generic; AIRDOS-EPA (1979)
QBVW 50 Generic; AIRDOS-EPA (1979)
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Input dats for Barnwell, SC; refer to Table 3
for formats and definitions of variables (cont.).

Card
nomber Variable Value Reference or note
26 ULEAFY 190 Generic, AIRDOS-EPA (1979)

UPROD 190 Gencric, AIRDOS-EPA (1979)
UCHILK 110 Ceneric, AIRDOS-EPA (1979)
UGKILK 0 Generic, AIRDOS-EPA (1979)
UMEAT 95 Generic, AIRDOS-EPA (1979)
UWAT 370 Generic, AIRDOS-EPA (1979)
UAIR 8000 Generic., AIRDOS-EPA (1979)
POP 7033 1980 Census; Durfee

27+

sce Table A.2

(personal comm.)
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SINFL.. Nontrench annual rate of infiltration (m/y). County-wide
valne calculated by referenced worke-;. Site—specific differences in
permeability, compaction, etc., may greatly reduce infiltratior rate and
increase runoff,

PORA, PORT, PORS. Porosity of aquifer, trench, and surface region.
In Table A.1, these valuves are equal to the reference surface porosity.
This is likely incorrect for PORA, the porosity unsed within the trench.
Jf the total trench were tightly compacted, the valune could be much
lower. A more likely situation is that trench contents are variably
porous due to heterogeneouc« materials and voids. Value used for PORS is
probably withian 20% for surface soil users.

PERMY. Pemmeability of trench bottom., Referenced value is
probably reasonable for surface region, but the permeadbility inside
trench is probably extremely heterogeneous.

DENCON. Density of the trench contents. This number listed is
strictly an assumption., For waste materials such as cardboard,
clothing, gloves and soil, assuming few voids, the number may be
reasonable. However, given sizeable voids or large masses of highly
dense materiels, the value listed is probably too small and could range
as high as ten.

RELFAC. VUser-option annual release fraction for activity leaching
from trench., It has been estimated for at least three sites: Savannah
River Plant (10—8). Oak Ridge Nationmal Laboratory (10~6), and West
Valley (2.5 x 107%) (Dole and Fields, 1981).

GWV. Groundwater velocity. Referenced value from C. Y. Hung,
personal communication to Jon Broadway, March 18, 1983.

AQTHK. Thickness of the aquifer. Used for dilution calculations.
Foxr Barnw:11, depends on the aquifer and the location at which thickness
is measured. The value in Table A.J is based on the Barnwell formation,

AQDISP. Anglie of pollutant dispersion in the aquifers plume. The
value in Table A.1 is an assumption. Obviously a function of rate of
flow, porosity, and permeability.

Card 19, Factors for use in the Universal Soil Loss Equation.
Values listed in Table A.1 were calculated as prescribed by McElroy
et al, (1976). However, the methcds of McElroy et al. are generalized

for large sections of the country. More detailed methods might yield
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more precise value. Except for RAINF, all factors very only from 0-1.
RAINF ranges from 20 to 350 nationwide. The range in the area of
central Georgia-South Carolina appears to be about 200-270. The
sediment delivery ratio (SEDELR) was con.ervatively set 1.0,

ADEPTH. The active depth of the surface soil. Used to calculate
soil and wvater radionuclide concentratioms as a result of overflow,
Value in table is assumed. No reference for depth of suvbsurface runoff,
etc., to substanciate ADEPTH. It could reasonably be set to plow depth,
nominelly 15 cm. Jt is urlikely that ADEPTH woulé approach 1 m.

RUNOFF. Fraction of annual precipitation that rums off.

Referenced value is probably too large. Jack Robertson of USGS

(personal communication) estimates a range of 4-7%.

A.2.4 Radionuclide-specific parameters that are poorly koown

KD. Distribution coefficient, kd' Code allows a separate kd value
for each radionuclide and for each of four regions at the site: the
soil surface, the tremch, the subtrench region, and the aquifer. Values
vsed are median values of a range of kd measurements compiled by Baes
and Sharp (1982) for agricultural soils of pll 4.5 to 9.0. Even for that
limited sample of media, the range of reported kd values is extreme.
For example, the minimum kd range of any element considered was over an
order of magnitude for Cd (1.26-26.8). The mi.imum reported range of k
compiled by Baes and Sharp (1982) was for Mn (0.2 to 104). The kd of

d

most of the elements range over three or more orders of magnitude. One
might expect that variation of kd in agricultural soils of pll 4.5-9.0 to
be comparable to the variation of kd in other media such as addressed by
the code.

SOAM., The initial amount of spillage opnto the surface., Assumed
1x 10—6 of rsdionuclide activity (see Chapter 3). One would presume
that SOAM (1) varies between radionuclides and (2) is a small pumher at
a well-operatcd disposal facility.

BR, BV. Plant uptake factors for grsin or fruits (reproductive)
and grass (vegetative). The BV, BR values embody a certain amount of
uncertainty. Howeves, relative to the magnitude of uncertainty in many

of the other parameters, these data are fairly well known,
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FNC, FMG. Forage-to-milk transfer factors for cows and goats.
Most of the listed values are taken from AIRDOS—-EPA (Moore et al.,
1079). In a few cases, values were calculated from Ng et al. (1968).
Variation likeiy to be small compared to other parameters; also
difficuit to improve upon due to expense of deter-iﬁatioﬁ.

FF. Forage-to-beef transfer factors. Most of the listed values
are from AIRDOS-EPA (Moore et al., 1979), but some were calculated from
data in Ng et al. (1968). Variation probably small compared to otber

parameters.

A.3 ADDITIONAL SUPPORTING INFORMATION FOR INPUT DATA SET

Table A.2 lists the mean annuval wind direction frequencies and
true-averaged wind speeds for the Savannah River Plant, South Carolina.
These, or similar data, should be used to calculate CHIQ for input.

Table A.3 lists population determined by the 1980 census for a
polar grid surrounding the Barnwell site.

Table A.4 lists the bourly precipitation for one year for the

weather station at Augusta, Georgia.
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Table A.4. Hourly precipation data for Augusta, GA (cont.}

Rainfall during indicated hours of day (hundredths of inches;
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APPENDIX A

Input Data and Supporting Informetion for Example

Problem - Barnwell, South Carolina



APPENDIX B

Input Data and Supporting Information for Example

Problem - Beatty, Nevada
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B.1 GENERAL DESCRIPTION OF THE SITE.

B.1.1 Location and climate

The Beatty low-level waste site is located 16 km soath—southeast of
Beatty, Nevada, and 29 km northwest of Lathrop Wells, Nevada. The site
is in the Amargosa Desert and lies in the Basin and Range physiographic
province which is characterized by broad, open, relatively flat-floored
valleys separated by rugged mounntsin ranges. At the site, the valley
tends northwesterly.

The area surrounding the disposal site gently slopss towards the
south or southeast. The regional slope is about 6-8 m/km.

Precipitation in the area is very small, averaging about 17 cm per year.
Most of the annual precipitation comes in relatively high-intensity
short summer thunderstorms. The rainfall profile is very erratic with
little or no sustained rainfalls in the region. The relatively high
temperatures and low rainfall suggests that virtvoally all precipitation
is susceptible to a rupid return to atmosphere as water vapor.

The area neerby the site is virtually uninhabited. The villages of
Beatty and Lathrop Wells are the nearest populations, Las Vegas located

140 km southeast of the site is the nearest metropolitan areas.

B.3.2 Geology and soils

Unconsolidated deposits of gravel, sand, silt, and clay form the
valley floor in the Amargosa Desert. The thickness of this material has
been tested by drilling only at a few places, but the maximum thickness
is at least 175 m, A definite statement regarding the thicknes£ of the
valley fill cannot be made, but based on drilling at the Nevada Test
Site the relief on the bedrock surface may be rugged, snd consequently
abrupt changes in the depth to bedrock could be expectcd. Other types
of bedrock beneath the fill of the Amargosa Desert probably include
sandstone, siltstone, conglomerate, dolomite, limestone, shale,

phyllite, schist, and marble. The rocks have been cl:issified as the

g Unl:;s otherwise noted, information in this appenlix wes found in
Clebsch (1968).
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Nopah Formation, Stirling Quartzite, and Bonanza King Formation. Thin
dikes of brown or reddish brown rhyolite porphyry and dacite or
rhyodacite porphyry also may occur beneath the valley fill, but probably
to a lesser degree,

The most significant feature of the bedrock units is that although
they are dense, bard, and inherently impermeable, they do comtain
limestone, dolomite, and marble strats which may develop permeability by
solution. These rocks also have been fractured and faulted during
recent intensive tectomic activity. Test drilling on the Nevada Test
Site has shown that similar bedrock units transmit substantial
quantities of water through fractures and possibly solution channels,
and there is no reason to believe that the bedrock bemeath the Amargosa
Desert does not also transmit wster. However, water in the bedrock
beneath the Beatty site is at great depth and greatly confined.

The valley fill has been derived from the weathering of adjacent
hills and mountain ranges. Its lithologic composition, grain size, and
other physical characteristics are highly variable. Available
information on the alluvial fill at the site indicates that the
sediments are in general poorly sorted mixtures of fine and coarse
grained materials such as clay and boulders or clay and gravel, MNost of
the materia) is thus interpreted to be a fanglomerate, similar to the
material exposed on the surface. Two interesting intervals, however,
sre primarily clay or fresh-water limestone sltered to clay, indicating
deposition in still water, such as a lake. The clay layer from 81 to

99 m has considerable bhydrologic significance.

B.1.3 Hydrology

There are very few wells around the Beatty site and, therefore,
groundwater occurrence and behavior is poorly known. Prior to opening
of the site, only two wells in the saturated zone were known within
13 km of the site., Nevertheless, information derived while surveying
and opersting the site indicnte the sverage direction of flow io be
southeast from the site fur about 16 km. Following thLat, the flows are
more southerly. The two mesrcst producing wells down-gradient from the

proposed site are reposrted to be approximately 22 and 27 km east-
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southeast and south-southeast of the site. The nearer well is near the
site of Leeland, Nevada, and onters an aquifer about 45 m below the
surface. The well 27 km from the site is 170 m deep and is used for
irrigation,

There are no perennial streams or rivers within 16 km of the Beatty
site. The Amargosa River channel, although dry, is the principal
drainage channel. This river bed passes to within 3.5 km of the

disposal site.

R.2 INPUT VARIABLES FOR DE MINIMIS SIMULATIONS

B.2.1 Optioms or control variables

Most input variables onm the first four data cards are for code
control or option selection (see Table B.1). Variables are defined in
Table 3.

B.2.2 Site-description variables that are well-kunown

As with the Barnwell data set described in Appendix A, some input
data describing Beatty are well known and not likely to change grestly.

Noncontro]l variables which are considered well known include the
following (refer to Tabie B.1): TAREA (trench ares), 1DEPTH (trench
depth), OVER (overburden), DTRAQ (trench to aquifer depth), all
variables en cards 15 and 17, BDENS (soil bulk density), SAREA (area of
contaminated surface soil), and the radiological decay rate. References

or notes on calculation are given for each of these in Table B.1,

R.2.3 Radionuclide-independent varisbles that are poorly known

A number of the input varisbles listed in Tables 3 and B.] are
poorly known or taken from limited data; that is to say, there may be a
large amount of variation associited with .he value listed in Table B.1.
This is in spite of the fact that the values listed have been taken from
referencable sources., This section will briefly describe the variation
or sources of variation expected in each of these variables as listed in

Table B.1,



Table B.1 Input data for Beatty, Nevada; refer to Table 3
for formats snd definitions of varisbles
Card
number Variable Value Reference or mote
1 TITLE User option
2 LOCATE Bestty NV User option
3 MAXYR 1000 User option
NONCLD 40 Most be 40 or less
LEAOPT 2 User option
NYR1 100 Personal Communication,
C. Y. Hung to J. Broadway,
March 18, 1983
NYR2 200 Personal Communication,
C. Y. Hung to J. Broadway,
March 18, 1983
IOPVWY 1 User option
IOPSAT 1 User option
IPRT1 0 User option
IPRT2 1000 User option
IDELT 100 User option
IRRES1 0 User option
IRRES2 . 0 User option
LIND 1 User option
IAVG] 0 User option
IAVG2 1000 User option
4 IVAP 0 User option
IBSHT 0 User option
IAQSTR 0 User option
5 PCT1 0.01 Personsl Communication,
C. Y. Hung to J. Rroadway,
March 18, 1983
PCT2 0.1 Personal Communication,
C. Y. Hung to J. Broadway,
March 18, 1983
WATI, 1.0 User option
WATA 1.0 User option
WATH 1.0 User option
SATL 0.0 User option
SATA 0.0 User option
SATH 0.0 User option
6 PPN 0.171 Ruf fner (1978)
P £98.83 Ruf fner (1978)
XIRR .646 Ruffner (1978)
PHID 36.83 Ruffner (1978)
7 S 0.68 Ruffner (1978)
0.70 Ruf fner (1978)
0.72 Ruf fner (1978)
0.73 Ruffner (1978)
0.78 Ruffner (1978)
0.85 Ruffner (1978)
0.81 Ruffner (1978)
0.84 Ruf fner (1978)
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Table B.1 Input data for Beatty, Nevada (cont.)

———— - — - ————

Card
nurber Variable Value Reference or note
8 0.86 Ruffner (1973)
0.79 Ruffner (1978)
0370 Ruffner (1978)
0:70 Ruffner (1978)
9 T -0.6 Ruf fner (1978)
2.1 Ruffner (1978)
5.2 Ruffner (1978)
10.1 Ruffner (1978)
15.2 Ruffner (1978)
19.9 Ruffner (1978)
24.7 Ruffner (1978)
23.6 Ruf fner (1978)
10 18.9 Ruffner (1978)
12.3 Ruffner (1978)
5.1 Ruffner (1978)
0.6 Ruffner (1978)
11 TD -8.9 Ruffner (1978)
-6.9 Ruffner (1978)
-7.6 Ruffner (1978)
-4.6 Ruffner (1978)
-3.2 Ruffoer (1978)
-1.7 Ruffner (1978)
2.7 Ruffner (1978)
3.3 Ruf fner (1978)
12 -1.4 Ruffner (1978)
-3.4 Ruffner (1978)
-5.7 Ruffner (1978)
-7.2 Ruffner (1978)
13 TAREA 1.8E4 Mo-ton (1968)
TDEPTH 6.7 Morton (1968)
OVER 1.2 Morton (1968)
PORT 0.2 Clebsch (1968) p. 91; set
same as soil
DENCON 2.0 Assumed
RELFAC 0 User option
FN 0.5
XINFI. 0.41 Calculated
14 PERM(C 154
15 DTRAQ 84 Clebsch (1968) p. 87
UWELL 6700 Clebsch (1968) p. 88
Gwv 182 Personal Communication, C.
Y. Pung to J. Rroadway,
March 18, 1983
AQTHK 1.3 Clebsch (1968) p. 88
AQDISP 0.3 Assumed
PORA 0.2 Clebisch (1968)
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Table B.1 Input data for Beatty, Nevada (cont.)

Carxd
number Variable Value _Reference or mote
PORV 0.3 Clebisch (1968)
PERNY 154 Clebisch (1968)
16 H 1.0 Assumed
VG 0.027 Calculated from particle
sizes
U 4.48 Jackass Flats meteorology;
National Climatic Center
vD 0.027 Equal to VG
16 16,800 Clebsch (1968)
HLID 300 Assumed
ROUGH 0.01 Generic value
17 FIVIND 0.056 Jackass Flats meteorology;
National Climatic Center
CEIQ 7.0E-9 Computed with external code,
AIRDOS-EPA Moore, et. al.
(1979)
RE1 1.0E-4  Anspaugh, et. al. (1975)
RE2 -0.15 Anspaugh, et. al. (1975)
RE3 1.0E-2 Anspaugh, et. al. (1975)
RR 0 User option ()0 when farm—
ing)
FTMECH 0 User option ()0 when farm—
ing)
18 IT 1 User option
IS 4 Jackass Flats meteorology;
National Climatic Center
19 RAINF 20 McElroy et 2l. (1976) p. 44
Fig. 3.2
ERODF 0.5 McElroy et al. (1976) p. 46
Table C.2
STPLNG 0.26 McElroy et al. (1976) Fig
3.8
COVER 0.30 McElroy et 2l. (1976) Table
3.3
CONTRL 0.40 McElroy et al. (1976) Table
3.7
SEDELR 1.0 Assumed; see McElroy et al.
(1976) p. 60-68
20 PORS 0.1 Clebsch (1968) p. 90
BDENS 1.6 Assumed
STFLOW 2000 Clebsch (1968) p. 73
EXTENT 180 User option; set to trench
length x 10
ADEPTH 0.01 Assumed - user option
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Table B.1 Input data for Beatty. Nevada (cont.)

Card
number Varisble _Value _ Reference or mote
21 PD 3000 Clebsch (1968) p. 73
RUNOFF 0.05 Jack Rcbertson, USGS (per-
sonal comm.)
22 Y1 0.04 Shor, Baes, and Sharp Appee-
dix C (1982)
Y2 0.76 Shor, Baes, and Sharp Appen-—
dix B (1982)
PP 240 Assumed 15 cm plow depth
XAMBYVE 0.0021 USNRC (1977)
TA 4380.
TE1 720 Generic, USNRC (1977) Table
E-15
TE2 1440 Generic, USNRC (1977) Table
E-15
23 TH1 0 Generic, USNRC (1977) Table
E-15
TH2 2160 Generic, USNRC (1977) Table
E-15
TH3 24 Generic, USNRC (1977) Table
E-15
THS 1440 Ceneric, USNRC (1977) Table
F-15
THS 336 in 1
Generic, USNRC (1977) Table
E-15
TH6 336 Generic, USNRC (1977) Table
E-15%
FP 0.47 Shor, Baes, and Sharp (1982)
FS 1.0 Shor, Baes, and Sharp (1982)
24 QFC S0 Generic, JISNRC (1977) Table
E-15
QFG 6 Generic, USNRC (1977) Table
E-15
»F1 48 Generic, USNRC (1977) Table
E-15
TF2 96 Generic, USNRC (1977) Table
E-15
TS 480 Generic, USNKC (1977) Table
E-15
ABSH 4.4 State average; Etnier (1980)
P14 1.0 Assumed
™ 5688. Assumed
25 FI 0.65 Growing season length/8760
WIRATE 0.114 Estimated from Baes et. al.
(1982) and TV
Qcy 60 Generic, USNRC (1977)
QGw 8 Generic, USNRC (1°77)

QBw 50 Generic, USNRC (1977)
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Table B.1 Input data for Beatty, Nevada (cont.)

Card
number Variable Value Reference or mote
26 ULEAFY 190 Generic, USNRC (1%77)

U.'ROD 190 Generic, USNRC (1977)
UCMILK 110 Generic, USNRC (1977)
OGMILK 0 Generic, USNRC (1977)
UMEAT 95 Generic, USNRC (1977)
UWAT 370 Generic, USNRC (1977)
UAIR 8000 Generic, USNRC (1977)
POP 2000 1980 Census; Durfee (per—

27+

sonal comm.)
sce Table A.2
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WATL. Fraction of total irrigation water taken from well. The
referenced value is & state average of groundwater use as a fraction of
total water use for 1970. Value may vary over time and acrcss state.
The range in the United States is from 0.01 (West Virginia) to 0.83
(Eansas). The most common United Sta : range is 0.10-0.25,

SINFL.. Nontrench annual rate of infiltration (m/y). OCounty-wide
value calculated by referenced workers. Site—specific differences in
permeability, compaction, etc., may greatly reduce infiltration rate and
increase runoff.

PORA,PORT,PORS. Porosity of aquifer, trench, and surface region.
In Table B.1, these values are equal to each other. This is likecly
incorrect for PORT, the porosity used both within the treach. If total
trench were ti(htly compacted, the value could be much lower. A more
likely sitnation is that trench contents are variably porous due to
heterogeneouns materisls and voids. Clebsch (1968) states that "“the
porosity of 20 percent is a reasonable value for material of this type,
but it might be as low as 10%....” Nevertheless, it seems clear that
the aquifer porosity should be relatively low.

PERMV. Permeability of trench bottom, permeability of surface
region. Referenced value is probably reasonable for surface regicn, but
as with porosity, the permeability inside trench is probably extremely
heterogeneous.

DENCON. Density of the trench contents, The listed value is an
assumption., For waste materials such as cardboard, clothing, gloves,
and soil, assuming few voids, the number may be reasonable. However,
given sizeable voids or large masses of highly dense materisls, the
value listed is piobably too small. Jt could range as high as ten.

RELFAC. User-option annual release fraction for activity leaching
from trench, Jt *as been estimated (Dole and Fields, 1981) for at least
three sites: Savannah River Plant (10—8), Oak Ridge National Laboratory
(10_6), and West Valley (2.5 x 10—4). Probably not constant from
element to element,

DTRAQ, DWFLL. Depth from trench bottom to aquifer, distance from
trench to well. C(lebsch (1968) describes the locations of the two
nearest producing wells. The nearer well is 22 km distant and draws

water from an aquifer 240 m below surface. The farther well is 27 km
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away and pumps from a depth of 912 m. The listed value of DTRAQ is set
conservatively from these and other information in Clebsch (1968) as is
the value of DWELL.

GWW. Groundwater velocity. Referenced value from C. Y. Runmg,
personal communication to Jon Broadway, March 18, 1983.

AQTHK. Thickness of the aquifer. Used for dilution calculations.
For Beatty depends on the aquifer and the location at which thickness is
measured. Value in Table B.1 based on the discussion by Clebsch (1968)
which seems to indicate that aquifer thickness may vary from 4.3 to
10.4 m. A conservative value is listed.

AQDISP. Angle of pollutant dispersion in the aquifer plume. Value
in Table B.1 is an assumption, Obviously a function of rate of flow,
porosity, and permeasbility,

Card 19, Factors for use in the Universal Soil Loss Equation.
Values listed in Table B.1 were calculated as prescribed by McElroy
et al. (1976). However, the metbods of McElroy et al. are generalized
for large sections of the country. More detailed methods might yield a
wore precise value. Except for RAINF, all factors vary only from 0-1.
RAINF ranges from 20 to 350, nationwide. Range in the ares of southern
Nevada appears to be about 15 to 20. The sediment delivery ratio
(SEDELR) was -set 1.0 because it is intended for use around construction
sites, an assumption not justified after the trench has been closed and
reseeded.

ADEPTH. The active deptb of the surface soil. Used to calculate
soil and water racionuclide concentratiop as 8 result of overflow.
Values in table are assumed. We found no reference for depth of sub-
surface runoff, etc,, to substantiate ADEPTH. Could reascnably be set
to plow depth, nominally 15 cm. Unlikely that ADEPTH would apptouch
1m.

RUNOFF, Fractiop of annual precipitation that runs off.
Referenced value is probably too large Jack Robertson of USGS
(personal communication) estimates no runoff on tbe average., Listed

value i. set at 0.05.
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R.2.4 Radionuclide-specific parameters that are poorly kmown

TRAM. Initial inventory of ecach radionuclide. Values in Table B.3
for Beatty are simply the merger of the indicated values for Barnwell
and West Valley. If both Barnwell and West Vulley had an inventory of a
given radionuclide, the larger of the two was used for Beatty. ¥c know

of no referenceable radionuclide inventories for Beatty.

KD. See discussion in Appendix A.2.

SOAM. See discussion in Appendix A.2.

SOL.. See discussion in Appendix A.2.

BR, BV. See discussion in Appendix A.2.
FMC, FMG. See discussion in Appendix A.2.

FF. See discussion in Appendir A.2.
B.3 ADDITIONAL SUPPORTING INFORMATION FOR INPUT DATA SET

Table B.2 lists the mean annval wind direction frequencies and
true-averaged wind speeds for Jackass Flats, Nevada, These or similar
data should be used to calculate CHIQ for input.

Table B.3 1ists population determined by the 1980 Census for a
poler grid surrounding the Beatty site.

Table B.4 lists 1978 hourly precipitation for the Beatty, Nevada,
Site 260718.



Table B.2. Mean annual wind direction frequencies and true-average
wind speeds (Jackass Flats, NV)

Wind Wind speed for each stability class (m/s)
toward Frequency

A B C D E F G
N 0.124 2.95 3.85 4.58 4.47 2.94 1.72 1.23
NNW 0,056 2,95 3.85 4,58 4.48 2.89 1.72 1.23
NW 0.020 2.89 3.77 4.58 4.38 2.95 1.71 1.23
WNW 0.013 2.88 3.75 4.49 4.59 2.81 1.73 1.24
L] 0.036 2.92 3.758 4.57 4.43 2.90 1,78 1.21
wSw 0.065 2.97 3.86 4.55 4.50 2.94 1.81 1.22
S¥ 0.113 2.93 3.88 4,52 4.49 2,93 1.84 1.22
SSW 0.131 2.96 3.82 4.59 4.49 2.91 1.85 1.22
S 0.112 2.92 3.7 4.55 4.48 2.91 1.84 1.22
SSE 0.065 2.9%4 3.88 4.55 4.48 2,92 1.83 1.22
SE 0.033 2.72 4.04 4.58 4.46 2.92 1.77 1.21
ESE 0.012 2,78 3.78 4.49 4.54 2.81 1.73 1,24
E 0.013 2.78 5.55 4.51 4.42 2.84 1.59 1.25
ENE 0.036 2.93 3.85 4.63 4.49 2,81 1.66 1.20
NE 0.069 2.94 3.85 4.59 4.52 2.95 1.64 1.27
NNE 0.099 2.94 3.83 4.60 4.47 2.88 1.71 1.23

99
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Table B.4. Hourly precipitation caeta for Bestty, W [site 260718) *

Rainfall during indicated hours of day  hundreaths cf inches}
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C.1 GENERAL DESGRIPTION OF THE SITE®

C.1.1 Location and climate

The West Valley disposal ground is in Western Nev York
approximately 55 km south—southeast of Buffalo, New York, in Cattaraugus
County. The nearest village is Springville, about 2.5 km north of the
northern site boundary. The low—level waste disposal ground is part of
2 larger site known as the Western New York Nuclear Service Center
(WNYNSC) .

The WNYNSC is located on a relatively level plateau just south of
Cattaraugus Creek, Hills boond the site on all sides but the north.
Buttermilk Creek, s tributary of Cattaraugus Creek, has cut a valley
through the center of the plateau to & depth of about 30 m on the
castern boundary of the plant site. The valley walls of Buttermilk
Creek and its tributaries are steep and badly eroded in places. The
WNYNSC encompasses 1350 ha of which the low—level waste dispossl site
includes 10 ha.

The region surround.ng West Valley is humid and greastly influenced
by the presence of Lakes Erie aad Ontario within 80 km, Precipitation
(over 1.0 m per year) is evenly divided throughout the year, with heavy
snowfall associated with cold air passage over Lake Erie. Winds at the
site are generally from west and sonth and relatively strong (speeds of
4-8 m/s occur 59% of the time). The mean annual temperature of the site
is 7.2°C with July being the warmest month (23.2°C) and January the
coldest (-4.4°C).

The area around the disposal site has a8 low population density.

The 1976 estimated population of Cattaraugus County was 86,000.

C.1.2 Geology and soils

The West Valley site is in the Glaciated Allegheny portions of the
Appalachian Plateau physiographic province., The region is overlain by

variable thicknesses of glacial deposits above Paleozoic sedimentation
‘-ﬁ;f;ss otherwise noted, information in this section is from USDOE
(1978) or Giardina et al. (1977).
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rocks. These strata dip slightly to the south (4-8 m/km). The
combination of a tending northward erosion slope ard southward dip has
exposed several different formations in contiguous, irregular east—west
bands.

The bedrock of the region is generally overlain by unconsolidated
glacial and glacially related deposits consisting of till, sand, gravel,
silts, and clays. Till consists of ground rock fragments containing
cobbles and pebbles. At the WNYNSC, these deposits ramge in depth to
170 m. The mineralogy of the tills resembles that of the Paleozoic
rocks that were once cxposed to glacial action in the region. The clay
and silt fractions are dominated by quartz, mica, and chlorite; lesser
amounts of czxlcite and dolomite sre detectable in the silt fractionm.
Soils of the area may be described by three general descriptions: fill,
jointed-fractured weathered till, and unweathered till. Fill is silty,
moist, gray acd brown mottled, with firm to soft consistency. The
jointed-fractured weathered fill is tough, homogeneous brown with
scattered gr:vel bits, baving joints and fractures throughout.
Unweathered till is gray in color, plastic clay, with scattered gravel,
occasional buff-colored spots and some pebbles. Sand lenses nay be
encountered variously in places throughout the till,

Both USDOE (1978) and Giardirca et al. (1977) have much amore
detailed and scholarly descriptions of the geology and soils of the West

Valley region and site.

C.1.3 Hydro.ogy

The West Valley site is urderlain by three, or possibly four,
aquifers. The top aquifer ranges from 0-6 m thick and consists of
granular fluvial materials which are found on the surface of much of the
site. This aquifer is "probably charged by surface infiltration that is
prevented from further downward migration by the underlying,
impermeable, silty till” (USDOE, 1978). The aquifer crops out in marshy
areas and at the edges of erosion gullies from streams within the site
boundaries. Therefore, groundwater from the top aquifer is discharged

as surface drainage within the site boundary.



The second aquifer is a thin sand layer abont 5§ m below grade. It
is confined above and below by impermeable fill; water level is 1.5 to
5 m above the level of the aquifer. The third aquifer is confined in a
range of 31.4 to 37.8 m depth and consists of pebbly to silty sand. Tae
last aquifer occurs in a weathered and fractured zone at the top of the
shale bedrock. This aquifer may produce useable quantities of water
even though it has relatively low permeability. The deptb of this
aquifer varies greatly because of the buried bedrock valley that
underlies the site area.

The site is drained of surface water by Cattaraugus Creek and
Buttermilk Creek, its tributary. Cattaraugus Cresek flows generally
westerly and empties into Lake Erie sbont 65 km downstream. Buttermilk
Creek is the major surface drainage system of the West Valley site.
Although it origimates south of the WNYNSC, the lower portions of
Buttermilk Creek, including its confluence with Cattaraugus Creek, are
completely within the site boundary. The mean snnual flow of the
Cattaraugus Creek part of the site is about 3.1 x 108 m3/y of which
Butterm‘lk Creek contributes about 4.1 x 107 m3/y.

A more detailed description of the groundwater and surface

hydrology is given by both USDOE (1978) and Giardims et al. (1977).

C.2 INPUT VARIABLES FOR PRESTO-1I

C.2.1 Options or control variables

Most of the input variables on the first five data cards are for
code control or opticn selection (sece Table C.1). All code variables

are defined in Table 3.

C.2.2 Site-description variables that are well known

As with the Barnwcil and Beatty site data bases discussed earlier,
some of the input data describing the site are very well known and will

neither change greatly nor largely affect predictions.
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Table C.1 Input data for ¥West Valley, New York; refer to Table 3
for formats and definitions of variables

Card
number Variable Value Eeference or note
1 TITLE liser option
2 LOCATE West Valley, NY User option
3 MAXYR 1000 User option
NONCLD 40 Must be 40 or less
LEAOPT 2 User option
NYR1 100 Personal Communication,
C. Y. Hung to J. Broadway,
March 18, 1983
! NYR2 200 Personal Communication,
i C. Y. Hung to J. Broadway,
! March 18, 1983
| I0PYWV 1 User option
| IOPSAT 1 User option
: IPRTI 0 User option
i IPRT2 1000 User option
5 IDELT 100 User option
IRRES1 0 User option
IRRES2 0 User option
LIND - 1 liser optionp
IAVG] 1 User option
IAVG2 1000 User option
4 IVAP 0 User option
4 IBSMT 0 User option
4 IAQSTR 0 User option
5 PCT1 0.1 Personal Commupication,
C. Y. Hupg to J. Broadway,
March 18, 1983
PCT2 0.2 Personal Communication,
C. Y. Hung to J. Broadway,
March 18, 1983
WATL 1.0 User option
WATA 1.0 User option
WATH 1.0 User option
SATL 0.0 User option
SATA 0.0 liser option
SATH 0.0 User option
6 PPN 1.178 Ruffner (1978)
P 966.93 Ruffner (1978)
XIRR 0152 Ruffner (1978)
PHID 42 .25 Ruffner (1978)
7 S 0.35 Ruffner (1978)
| 0.40 Ruffner (1978)
0.47 Ruf fner (1978)
0.53 Ruf fner (1978)
0.58 Ruffner (1978)
0.66 Ruffner (1978)
0.68 Ruffner (1978)
0.65 Ruffner (1978)
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Table C.1 Input data for West Valley, New York (continued)

Card
number Vsriable V:lue_ Reference or note

pr— ——— . ——— s e -

8 0.59 Ruffner (1978)
0.51 Ruffner (1978)
0.30 Ruffner (1978)
0.28 Ruffner (1978)
- Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffoer (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruoffner (1978)
Ruffner (1978)
Ruffper (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffuer (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
Ruffner (1978)
13 TAREA 41500 Personal Communication,
C. Y. Hung to J. BRroadway.
March 18, 1983

0
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10

11 ™ -
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12

TDEPTH 6.7 Morton (1968)
OVER 2.4 Morton (1968)
PORT 0.25 Clebsch (168) p. 91; set
same as soil
DENQON 2.0 Assumed
RELFAC 0 User option
FN 0.1 lIser option
XINFIL 0.05 Calculated
14 PERMC 0.019 Personal Communicstion,
15 DTRAQ 31 Personal Communication,
C. Y. Hung to J. Rroadway,
March 18, 1983
DVELL 6500 Assumed
GwWY 0.03 Prudi~ (1981)

AQTHK 6.4 USDOE (1978) p. 2-10
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Table C.1 Input data for West Valley, New York (continued)
Card
number Variable  Value Reference or nmote
AQDISP 0.3 Assumed
PORA 0.25 Giardina et al. (1977) p. 100
PORV 0.25 Giardina et al. (1977) p. 100
Pk 0.019 Personal Communication,
C. Y. Bung to J. Broadway,
March 18, 1983
16 B i.0 Assumed
VG 0.01 Calculated from particle
sizes; Giardina et. at
(1977) p. 103
U 4.2 Buffalo, NY meteorology
VD 0.01 Equal to VG
iG 6500 Clebsch (1968)
HLID 300 Assumed
ROUGH 0.01 Gencric value
17 FTWIND 0.049 Buffalo, NY meteorology
CHIQ 7.9E-9 Computed with external code,
AIRDOS-EPA Moore, et. al.
(1979)
RE1 1.0E-6 Anspaugh, et. al. (1975)
RE2 -0.15 Assumed lower than Anspaugh,
et. al. (1975)
RE3 1.0E-10 Assumed lower than Anspaugh,
et. al. (1975)
RR 0 User option (>0 when farm—
ing)
FTMECH 0 User option (>0 when farm—
ing)
18 IT 1 User option
18 4 Buffalo, NY meteorology
19 RAINF 100 McElroy et al. (1976) p. 44
Fig. 3.2
ERODF 0.19 McElroy et sl. (1976) p. 46
Table C.2
STPLNG 0.42 McElroy et al. (1976) Fig
3.8
COVER 0.30 McElroy et al. (1976) Table
3.3
CONTRL 0.50 McElroy et sl. (1976) Table
3.7
SEDELR 1.0 Assumed; see McElroy et al.
(1976) p. 60-68
20 PORS 0.25 Giardina et at. (1977) p. 100
BDENS 1.6 Assumed
STFLOW 4.0E7 USDOE (1978) p. 2-10
EXTENT 244 Set to maximum trench length
ADEPTH 0.01 Assumed '



Table C.1

Input data for West Valley, New York (continued)

Card
number

Variable =

21

22

23

24

25

PD

RUNOFF

Y1

Y2

PP
XAMBWE

TH1

TH2

TH3

TH4

Ti6
FP
FS
QFC

QFG

TS

ABSH
P14

F1
WIRATE

acw
aGw
QB¥

Calculated from map in USDOE
Geraghty et. al. (1973) .
Shor, Baes, and Sharp Appen-
dix C (1982)
Shor, Baes, and Sharp Appen-
dix B (1982)
Assumed 15 cm plow depth
USNRC (1977)
Generic, USNRC (1977) Table
Generic, USNRC (1977) Table
Generic, USNRC (1977) Table
Generic, UUSNRC (1977) Table
Generic, USNRC (1977) Table
Generic, USNRC (1977) Table
Gerneric, USNRC (1977) Table
Generic, USNRC (1977) Tabdle
Shor, Baes, and Sharp (1982)
Shor, Baes, and Sharp (1982)
Generic, USNRC (1977) Table
Generic, USNRC (1977) Table
Generic, USNRC (1977) Table
Generic, USNRC (1977) Table
Generic, USNRC (1977) Table

State average; Ftnier (1980)

Growing season length/8760

Estimated from Baes et. al.
(1982) and TW

Generic, USNRC (1977)

Generic, USNRC (1977)

Value
380
(1978)
0.53
21
0.14
0.56
240
0.0021
4380.
720
E-15
1440
E-15
0
E-15
2160
E-15
24
E-15
1440
E-15
336
E-15
336
E-15
0.49
0.31
50
E-15
6
E-15
48
E-15
96
E-15
480
E-15
6.4
1.0 Assumed
4152, Assumed
0.47
0.042
60
8
50

Generic, USNRC (1977)
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Table C.1 Input data for West Valley, New York (continued)

Card
number Variable Value __Reference or note
26 ULEAFY 190 Generic, USNRC (1977)
UPROD 190 Generic, USNRC (1977)
UCMILK 110 Generic, USNRC (1977)
UGMILK 0 Generic, USNRC (1977)
UMEAT 95 Generic, USNRC (1977)
UWAT 370 Generic, USNRC (1977)
UAIR 8000 Generic, USNRC (1977)
POP 10,000 1980 Census; Durfee (per—
sonal comm.)
27+ see Table A.2

—— e —-—
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Noncontrol variables which are considerei well known include the
following (refer to Table C.1): TAREA (trenck area), TDEPTH (trench
depth), OVER (overburden), all variables on cards 15 and 17, BDENS (soil
bulk demsity), STFLOW (stream flow), SAREA (area of contaminated surface
soil), and the radiological decay rate. References or notes on

calculation are given for each of these in Table C.1.

C.2.3 Radionuclide-independent variables that are poorly known

A number of the input variables listed in Tsble 3 and C.1 may have
a large uncertainty associated with the value listed in Table C.1. This
section will briefly describe the variation or source of variation
expected in each of these variables as listed in Table C.1,

VATL. Fraction of total irrigation water taken from well. The
referenced value is a state average of groundwater use as a fraction of
total water use for 1970, Value may vary over time and across state.
The mixture and poor quality of aquifers existing near the West Valley
site would seem to make this parameter value even more uncertain. 2nae
United States range is from 0.01 (West Virginia) to 0.83 (Kansas). The
most common United States range' is 0.10-0.25,

SINFL.. Nontrench annual rate of infiltration (m/y). The listed
value is a countywide figure calculated by the referenced workers.
Site-specific differences in permeability, compaction, etc., may greatly
reduce inf:.ltration rete and increase runmoff.

PORA, PORT, PORS. Porosity of aguifer, tr>nch, and surface region.

PERMV. Permeability of trench bottom. The listed value in
Table C.1 is from C., Y. Rung (Personal communication to Jon Broadway,
March 18, 1983).

DENCON, Density of the trench contents. As with other sites, the
value listed is strictly an assumption. For waste materials such as
cerdboard, clothing, gloves, and soil, assuming few voids, the number
may be reasonable., However, given sizeable voids or large masses of
~highly dense materials, the value listed is probably too small and could
range as high as 10,
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RELFAC. User—option annual release faction for activity leaching
from trench has been estimated (Dole and Fields, 1981) for at least
three sites: Savannah River Plant (10_8). Oak Ridge National Laboratory
(10—6), and West Valley (2.5 x 10-4). These values are probably not
constant between elements.

DTRAQ. Trench bottom to aquifer depth. The listed value in
Table C.1 is from C. Y. Hung (Personal communication to Jon Broadway,
March 18, 1983).

GW. Groundwater velocity. The referenced value is from a series
of computer simulations of the West Valley site. For this site, the
value used for GWV is likely not very important due to the impermeable
strats that minimize infiltration. )

AQTHK. Thickness of the aquifer, used for dilution calculsations.
For West Valley, depends on the aquifer chosen for transport and the
location at which thickness is measured. The value in Table C.1 is
based on the second aquifer described by USDOE (1978).

AQDISP. Angle of pollutant dispersion in the aquifer plume. The
value ir Table C.1 is strictly an assumption since AQDISP is very much a
function of rate of fiow, porosity, and permeability, Because of slow
flow rates, the value is probably larger for West Valley than for other
sites,

Card 19. Factors for use in the Universal Soil Loss Equation.
Values listed in Table C.1 were calculated as prescribed by McElroy
et al. (1976). However, the methods of McElroy et al. are generalized
for large sections of the country. More detailed methods might yield
more precise valuves. Except for RAINF, all factors vary only from 0-1.
RAINF ranges from 20-350, nationwide, The value of RAINF in western New
York is roughly 90-100. The sediment delivery ratio (SEDELR) was set to
1.0 because it is iatended t> be used around large comstruction sites,
an assumption that is not justified after the trench has been closed und
reseeded.

ADEPTH. The active depth of the surface soil used to calculate
soil and water radionuclide concentrations as a result of overflow from
trench. Value in table is assumed. The value of ADEPTR rould
rzasonahly be set tu plow depth, nominally 15 cm. Tt is unlikely that

ADEPTH would approach 1 m, At West Vaulley, the impermeabl. soils may
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smaller active region ex.:pt for the shallow water table aquifer which

leads to surface discharge.

C.2.4 Radionuclide-specific parameters that are poorly known

TRAM, Ipitial inventory of each radionuclide. Values in Table C.3
for West Valley ere better than values for Beatty, i.e., better records
were kept for the West Valley site. Nevertheless, the West Valley
inventory data are probably incorrect because they are based on broadly
classed groups of r.41jonuclides and not actual measurements of materials
received. Ry examining the shippers/generators of the waste materials
in detail, the West Valley inventory estimate could be improved but not

perfected.

KD. See discussion in Appendix A.2.

SOAM. See discussion in Appendix A.2.
SOL.. See discussion in Appendix A.2.

BRR, BV. See discussion in Appendix A.2.
FMC, FMG. See discussion in Appendix A.2.

FF, See discussion in Appendix A.2.

C.3 ADDITIONAL. SUPPORTING INFORMATION FOR INPUT DATA SET

Table C.2 lists the mean annual wind direction frequencies and
true-averaged wind speeds for the metropolitan Buffalo, New York,
sirport., These or similar data should be vsed to calculate CHIC for
input.

Table C.3 lists population determined by the 1980 census for a polar
grid surrounding the West Valley site,

Table C.4 lists 1978 hourly precipitation for tbhe weatbher station at

Salamanca, New York.
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Table C.&. Howrly precipation data for Salamenca, WY (site 307398) *

Ratafall during indicated hours of day (hundredths of imches)
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Table C.4. Hourly precipation data for Salamenca, WY (comt.)
fainfall during indicated howrs of ‘day (mmdredihs of inches)
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APPENDIX C

Input Dats and Supporting Information for Example

Problem - West Valley, New York
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