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APPENDIX R

ASSESSMENT OF 1ONG-TERM PERFORMANCE OF WASTE DISPOSAL SYSTEMS

Impacts on public health and safety in the post-disposal period were assessed in support
of Chapter 5 of this EIS., This assessment identified and evaluated p1ausib1ernatura1 and
human~induced events that could affect‘the performance of the disposal systems and result in
the release of radionuclides, Supporting information for the analyses presented in this
appendix is given in Appendix F on dose calculation methods, Appendix ¥ on the performance of
the protective barrier and marker system, Appendix N on radiclogical health effects, Appen-
dix P on release models and radionuclide inventories for subsurface sourcés,-Appendix Q on
application of geohydrologic models to the scenarios of this appendix, and Appendix U on
analysis of hazardous chemical transport by géoundwater;

Key findings of the analyses reported in this appendix are as follows:

e The major pathway for transport of radionuclides and chemicals to the_affected

environment is via groundwater.

e For wastes disposed of near the surface on the Hanford Site, the consequences to
the offsite population would be negligible compared with. consequencas from natu-
rally cccurring radiatien sources. This holds true fer all scenarios for any of
the disposal alternatives and also for no disposal action.

e With a protective harrier in place and with perfect performance, the mechanish
reasonably postulated for moving radionuclides to groundwater involves diffusion
of the waste te a zone beyond the barrier. Advection would then dominate the
transport'process. This pfecess would require several thousand yedrs for nuclides
to move to the groundwater.

e Scenarios involving contact with or intrusion into waste, developed for the case
in which only passive institutional controls exist for the disposal alternatives .
and no institutional controls for the no disposal action {continued storage} after
the year 2150, predict significant adverse or fatal consequences to those ignoring
warnings and intruding into the wastes. Probability of intrusion is highest in
the no disposal action case.

e Some events, such as catastrophic floods associated with glaciation, would in
themselves create such overwhelming environmental impact as to obliterate or
obscure any impact from released defense waste. o

Although no significant releases of either radionuclides or toxic chemicals are expected
from waste disposed of by either the geologic disposal alternative, the in-place stabiliza-
tion and disposal alternative, or the reference (combination) alternative during planned
operation of these disposal systems, it is necessary to examine all reasonably postulated
events that might cause releases and possibly affect health and safety. Thus this appendix
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describes bostdisposal impacts, performance of waste disposal systems, and postulated natural

and human-induced events that could potentially disrupt such disposal systems. These events

are listed in Table R.1. Scenarios for events where a reasonable risk of release of nuclides

to the biesphere exists are discussed in detaiT.

TABLE R.1. Events_InVestigated for Potential Impact on Waste Disposal Systenms

Irrigation
Onsite
Offsite

Falling Objects
Meteorites
Airplane Crashes
Space Debris

Brilling
Resource Exploration
Water Well
Excavation
Major, Large Scale’
Minor

Glacial Flooding

Other Surface Flooding

100-Year Flood
Standard Project
Probable Maximum
Dam Failure

Rise in Sea. Level

Wind Erosion
Prevailing Winds
Tornados

Magmatic Activity
Basalt Flows
Volcanism

Flood
Flood

- Igneous Intrustion

Resettlement/Farming/Gardening

Residential/Home Garden

Seismic Activity

Post Drilling/Excavation Habitation

Contaminated Water Supply Well

Criticality

Biotic Transport/Habitation

Climate State
Current
Drier
Wetter

Diffusion
Terrorism

Warfare

Of the 1ist of possible events in Table R.l that might affect the. waste, eight were
judged to have sufficient probability and/or consequence to warrant further detailed

analysis:

Climatic State
Irrigation

Impact Cratef (airp1ane
Drilling Intrusion
Majoﬁ Excavation
Residential/Home Garden
Biotic Transport
Postdriliing/Excavation

The consequences of the potential
individua1s'and population groups
-Appendix F. '

Section R.1,1
Section R.1.2
Section R.2.2
Section R.3

.Sectioh R.4

Section R.5.1
Section R.5.2

crash)

Habitation

relecases were then developed, including
as appropriate according to the methods

R.2

Section R.5.3

calculated doses to
described in




A summary of the waste classes, disposal alternatives and no disposal action (cqntiﬁued
storage) for which each exposure scenario is app]icable(a) is provided in the appropriate
section. Maximum annual radiation doses to individuals aré provided for all evaluated sce-
narios. For scenarios potentially having an impact on more than.a few individuais, popula-
tion doses are given as well. Because the year in which these scenarios might occur cannot
be predicted, impacts are given for 100, 400, 1,000, and 10,000 years after disposal for
those cases for which these times could apply.

R.1 WASTE MIGRATION THROUGH GROUNDWATER RECHARGE

If precipitat{on were to percolate though the overburden and into a waste site,'it could
cause the radionucltides to ﬁove sTowly from the waste site, through the vadose zoné; into the
‘groundwater, and eventually to the biosphere. The quantity of water available for percola-
tion is dependent on the climate or on the'amount of land irrigated in the immediate
vicinity. ' .

R.1.1 Climatic Considerations

Predictions of future ¢limate are generally projected from data for past climatic
states. The Pasco Basin is believed to have been cooler and wetter 13,000 to 10,000 years

ago than it is today and to have changed to a warmer, drier climate about 8,000 years ago
(Nickmann and Leopold 1985). (See also Chapter 4.}

Because warm intergiacial climates such as the present are typical of only about 10% of
the climatic record for the past one million years (Bull 1979), it seems likely that the most
probable change will -be toward a cooler climate. Because of the uncertainties in predicting
what will happen over the next 10,000 years, climate is considered under three different
states, including an assumed change toward a cooler and wetter state:

e existing climate remaining
e climate becoming more arid

e climate becoming wetter and leading to additional recharge to the groundwater
system,

Existing conditions and change to a more arid climate are discussed briefly because these

states are Tess 1ikely to supply a mechanism for transporting waste than.are conditions that
increase water available to the land surface. o

Estimates of groundwater recharge (i.e., the amount of water trickling threugh the upper
soil to the water table) for the Pasco Basin and the Hanford -Site under present conditions
vary with location and soil characteristics. In the area of principal interest, 200 West and

{a) "Bpplicability" means physically possible. The probability of an event may be
substantially different between two alternatives, yet the event is applicable for
analytical purposes., For example, the drilling scenario is applicable to in-place
stabilization and disposal and to the no disposal action (continued storage) alterna-

tive, but the estimated probability of occurrence differs by a factor of 100 or more
between the two alternatives.

R.3
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200 East Areas, little groundwater'recharge is expected from present Tevels of precipitation.
Under-a wetter climate a higher recharge rate would be expected. A range for average annual
recharge of 0.5 to 5 em/yr has been used jin. this EIS. '

A more arid climaté rathér than wetter is not conSidered so Tikely to affect the dis-
posal systems adversely, A drier and windier climate could increase wind erosion over unpro-
tected sites, but with the présent Tow groundwater recharge rates and existing arid cI1mate,

a change to more arid conditions would not be expected to disturb waste sites.

R.1.2 Irrigation Considerations

Irrigation is considered a credible event for affect1ng wastes on]y at unprotected waste.
sites in the event of no d1sposa1 action (contTnued storage) if 1nst1tutiona1 control were
ab5ent. It is assumed that sites covernd with 2 protect1ve barrier, des1gned to preclude the
deep ~-root-crop pathway, and marked and recorded wou1d together with continued federal
ownership, make large- scale 1rr1gatjon over waste sites extremely unlikely. Potential
effects on the water table from offsite irrigation are discussed in Appendix Q.

R.1.3 ”Migration'Analysis

. For-analysis of m1grat10n, three scenarios are considered:
e no 1nf11trat1on(a) ' .
¢ a recharge of 0.5 cm/yr (assumed to be representat1ve of current c11mat1c
conditions)
e a recharge of 5 ¢mfyr. -
Hater infiltration associated with these scenarios s postulated to cause portions of the
radionuclide inventory in the waste to-gradually dissolve and move,downward to the water
table, where it might be intercepted by wells or would eventually reach the Columbia River.
These scenarios are intended to provide a basis for estimating radlo1og1ca1 impacts "associ-
ated with non-zero infiltration rates. ' ' '

The time required for the recharge water to travel froﬁ the 1ocation of the wastes to
the water table depehds on the amount of water available, the depth to'groundwater, and -the.
soil types. Six samples hdve been taken from the major soil horizons visible in the 15-m-
deep 241-AP Han%ord tank farm excavotion; Laboratory analyses of these samples were' per-
formed for particle size, saturated hydraulic conductivity, and water retention characteris-
tics. The soil layers deeper than those sampled appear to be Similar to the soils evaluated.
By modeling the unsaturated flow through the layéred soils; travel times to the water table
for recharge rates of 0.5 cm/yr and 5 cm/yr were obtained  (Appendix 0). The travel time for
0.5-cm/yt recharge ranges from 800 to 1,100 years. For 5-cm/yr recharge, the travel times

~ are estimated to be between 100 and 150 years.

A protective barrier system can effectire1y”prevent water migration directly through the
waste (see Appendix M), but water will still perco1ate through soil beyond the edges of the
barrier. Since a residual quantity of water will remain in the soil beneath the barr:er,
there is st111 the potential for slow diffusion of the waste components. These components

{a) Where the recharge to groundwater is zero there is no driving force for nuclide movement
and radiological impacts from scenarfos presented in this section would be zero.

R.4




ey
oF

e g

gy

may, over long periods, move to the edge of the barrier and be intercepted by the downward
flowing moisture and carried to the groundwater. A discussion of this mechanism is provided
in Appendix P. Doses resulting from this mechanism are addressed in this appendix, R, where
applicable. '

Detail on the models and flow rates used in this analysis can be found in Appendices {
and P, Results of modeling fndividual cases are summarized in Appendix Q.

R.1.4 Dosimetric Analysis

People do not receive immediate radiation doses once the radionuclides have bagun to
migrate through the soil. There is a delay while the nuclides are transported through the
unsaturated zone and the groundwater before they finally arrive at a point where people can
be exposed. The Tocation of the point of exposure is also dependent on future act1ons. It
may be that a domestic well penetrates to contaminated plume, or the contaminated groundwater
may eventualiy reach the Columbia River, For this analysis, wells have been assumed at a
distance of 5 km down-gradient from the 200 Areas. The nuclides are also assumed to reach
the Columbia River, where they may affect the downstream population. Radiation doses to
individuals drinking water and irrigating from the 5-km well have been calculated. (The 5-km
distance is a calculatfonal convenience--the calculated water concentrations change rela-
tively little from the point of contaminant entry to downstream locations. The value at 5 km
is representative of distances 0 to 10 km or more from the waste.) The total infegrated
population dose to all people living along the Columbia River for the next 10,000 years has
also been calculated. These doses are addressed in the following sections.

R.}.4.1 Drinking Well Water

A measure of the level of contamination of groundwater is the radiation dose caused only
by drinking the water. Annual and Tifetime doses to individuals drinking water from a well
lacated 5 km downstream of each waste site for each disposal alternative and for no disposal
action are given in Tables R.2 through R.21.

The source of the time-dependent radionuclide inventories in groundwater used in the
dose calculations is thé analysis summarized in Appendix Q. The cross-reference indicators
in Tables R.2Z through R.21, {labeled as referances to the "Transport Assessment Table") and
the fo11owing tables, are to the summaries provided in Appendix Q Tables 0.2 through Q.16.
Because both the doses and the groundwater resylts are time functions including multiple
radionuclides, peak times reported in Appendix Q may not exactly correspond to the. peak dose.
rates in this appendik. Total-body doses and critical-organ doses {the dose to the organ -
receiving the highest dose) are summarized in the tables, along with the time the dose occurs
and the radionuclide that contributes most to the dose (the "Dominant Nuclide"). Internal
organs generally receive doses that exceed the average total-body dose. The ratio of
critical-organ dose to total-bady dose is given in Table R.22 for those nuclides from the
wastes found to result in the highest doses.

R.3
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_TABLE R.2,

{barriers remain effective)

0.5 cm/yr Recharge

Geologic Disposal Altermative—-Individual Maximum Potential 1-Year Radiation Doses from Drinking Well Water

5 cm/yr Recharge

. Total- Critical~" Time, Tolal- Critical-  Time, T
Transport Body Organ Years Transport Body Organ Years
Assessment  Dose, Critica’  Dose, After Dominant Assessment  Dose, Critical Dose, After Jominant
Waste Form Table - __rem Organ rem Nisposal Muclide Table rem. Organ__rem Bisposal Muclide
200 East Area Wastes
Single-5hell Tanks i
Tank Residuals 0.2 3% 10‘2 Thyrold 1 x 10:2 5,100 i;gl 0.6 1x m'g Tayroid 1 x 10“3 5,000 }ggl
Grouted Process Residuals Q.2 6 x 1077 Thyroid 7 x 10 5,500 I Q.9 1x 107 Thyroid 1 x 107 5,200 1 l
Existing Double-Shell Tanks 7 : -5 99 . ‘g ’ -8 9
Tank Residuals 0.2 1 x 1077 GI-LLY 1 x 10 5,000 Tc 0.6 3x 107 GI-LLI 9x 10 5,700 - Tc
Grouted Process Residuajs(a’ - -- -- -- -- -- - -- - - -- --
Fufur;: Doudle-Shell Tanks _ _
Tank Residuals 0.2 3x 1023 Thyroid 4 x 107 5,500 A 0.6 a5 10710 “Thyroid  7x 1wl 500 12 l
Grouted Process Residuals 0.2 1x 10 Thyroid 4 x 107 5,000 e | 0.6 3x 107 Thyroid 1 x 107 5,200 1
SF/Cs- Capsuleé(b)- - -t - .- - -- -- -- -- - -- --
TRU-Contaminated So‘i]-(b) -- an - - -- -- - -- - -- -- -
pre-1970 TRu(b} - -- - -- - -- -- -- - -- - -
rsuale) trulb} - - - - - - - - -- -- - -
200 Hest Area Yastes
£
Singte-Shell Tanks . -
Tank Residuals 0.2 6x 107" Tnyroid  6x 107% 5,200 129 0.6 3% 1078 Thyrota 2 107% 5,000 1291
Existing Double-Snail Tanks C g 5 129 . 5
Tank Residuals o 0.2 45 1077 Thyroid 4 x 107° 5,100 1 0.6 1x 10" .Thyroid 1'x 107° 5,000 129¢
Grouted Process, Residuals(d) -- - - - -- -- -- - -- .-

TRU-Contaminated Soil {b)
Pre-i970 TRU(P}
Rs/NG Tru(0}

300 frea Burial Sites(®:e}

300 Wye Site(d)

Existing DST grout is included
This waste form does not apply
RS/NG = retrievably stored and

in the 557 grout calculatiom.

to- . the. geotogic disposal alternative.

newly geperated.

Al1l grouts are assumed to be in the 200 East Area. -

A recently completed study (DOE 1986a), which examined records o

(618-1 and 518-2) each contained 1.0 g of plutonium, rather than the previously listed 1000 g (Rockwell 1985).
both sites are now designated as low-level waste sites (Rockwell 1987).

f inactive .waste diépusa] locations on the Hanford Site, showed that two 518 Sites

As a result of this lower -guantity,
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300 Area Burial sites(bse)
300 Wye site(b)

a) Existing DST grout is included in the SST grout calculation.
b} This waste form does not apply to the geolagic disposal a1ternat1ve.

c) RS/NG =

retrievably stored and newly generated.

d} A1l grouts are assumed to-be in the 200 East Area.-

A recently completed study {DOE 1986a}, which examined records of inactive waste -disposal locations.on the Hanford

(618-1 and 618-2) each contained 1,0 g of plutonium, rather than the ;):revfouﬂy Tisted 1000 g.(Rockwell 1985},

both sites are now designated as 1ou-Tevel waste sites (Rockwel1 1987

TABLE R.3. Geologic D1sposa1 Alternative--Indi v1dua1 Maximum Potential 70-Year Radiation Doses from Drinki ng Well Water
- {barriers remain effective)
. 0.5 cmfyr Recharge . 5 em/yr Recharge
Total- Critical~ ime, Total-~ Criticat- Time,
Transport Body . : Organ Years Transport Body . . Organ Years
Assessment  Dose, Eritical Dose, After Dominant Assessment dose, Critical Dose, After Dominant
Waste Form . Table rem Organ . rem Disposal  HNuclide Table rem Organ rem Disposat Nuciide
Co a 200 East Area Wastes
Single-Shell Tanks
Tank Restduals Q.2 2x 1073 thyrotd 1x 107% 5,100 iggl (.6 1x 1075 Thyroid 1x 1073 5,000 iggx
Grouted Process Residuals Q.2 4 x 107" Thyroid 5 x 107 5,500 I 4.6 1x 107 Thyroid 1 x 107 5,200 I |
Existing Double-Shell Tanks o 99
Tank Residuals Q.2 1x10°% gretr 9x 1079 5,000 9y, 0.6 2« 107 Gl-lLr 6x 1078 5,700 Te
Grouted Process Residuals(a) - - -~ - - - - e - -n -- --
Future Double-5hell Tanks '
Tank Residuals 0.2 2 x 1077 Thyroid  3x 1077 5,900 {ggr 0.6 3 x 10'? Thyroid 6 x 1005 5,100 12 l
Grouted Process Res1duals Q.2 7 % 1077 Thyraid 3 x 107 5,000 1 0.6 2 x 107 Thyroid 7 x 107 5,000 1
Sr/Cs Capsules(P) - - - an - . . .- —— - - -
~ TRU-Contami nated soi1(b) - - -- - -- -- -- - -- . - -~
pre-1970 TRU(b) - - -- - . -- . - - - - .
rs/ngie} Trulb): - - - .- — — — - - - - -
200 West Area Wastes
Single-$hell Tanks e .
Tank Residuals 0.2 4 210" Thyrotd 4 x 1072 5,200 129 0.6 2 x 100%  Thyrold 2 x 107 5,000 129
Existing Double-She1) Tanks 5 3 2 129
Tank Residuals ) Q.2 3107 Tryroid 3 x 1070 5,100 129 .6 72105 Thyreid 7 x 107 5,000 1
Grouted Process Residuals - -- - -- — - — - - - -
TRU-Contaminated soi1(B) - - - am - - - -- - .- - —
Pre-1970" TRulb} - - . - - - - e - .- - -
rS/NG TRU(D) - - - -- .- - — - - . - -
600. Area Wastes

Site, shoviéd that two 618 Sites

As a result-of this lower quantity, l
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TABLE R.4., Geologic Disposal Alternative--Individual Maximum Potential 1-Year Radiation Dose from
Drinking Well Water--5-cm/yr Recharge with Disruptive Barr1er Failure {considered as
increments above normal performance)

- Transport . . . . . .
. Assessment Total-Bady Lritical. . Critical-Organ Timeé, Years After - Dominant
Waste Form ) Table Oose, rem Organ Dose, rem Barrier Failure HNuclide
200 East Area Wastes
Single-5hel] Tanks' . ] ) 20
Tank Residuals 0.7 1x 10'3 Bone 3Ix 10'1 9,800 lngu
Grouted Process Residuals 0.7 1 x 107 Thyroid 1x 18 1,000 . 1
Existing Double-5Shell Tanks ' 5 3 129 ]
Tank. Residuals : o.7 4 x W07 Thyroid 3 x 107 200 1
Grouted Process Res:duals(a) = - -- - -- -
Future Double-Shell Tanks 5 5 219
Tank Residuals Q.7 4 x 1078 Bone 9% 1073 3.800 e |
Grouted Process Residuals 0.7 ix 107 Thyraid 3 x 107 1,800 1
Sr‘/[fs Capsules(b) - -- - -— —u -- -
TRU-Contaminated Soi1lb) - - - - -
Pre-1970 TRH(D) - - . - — -
RSIN‘G(C) TRU{b) R - ae —- - -
' 200 West Area Wastes
Single-5hell Tanks 3 - Lo - 5 129
Tank Residuals d 0.7 1 x 107 Thyroid 410 200 ) I
Grouted Process Resmuals( ) - -- - - -— --
Existing Double-Shell Tanks ) A 3 179
Tank Residuals td) Q.7 1 x 107 Thyroid 7 x 107 200 ) I
Grouted Process Residuals - -- - . -- -
_TRU—Contammated 5011(P) - -- - - -- .-
Pre-1970 Trufb) - - - - - .-
“Rs/aG TRy() - . EEE . - -
. _ o 600 _Area Wastes
300 Area Burial Sites(®se) e - - _ — - —
300 Wye. site(B}. - - - - _ - -

{a} Existing DST grout is included in- the S5T grout calculation,

{b] -This waste form does not apply to the gealogic disposal a]ternatwe

c) RS/NG = retrieyably stered and newly generated.

{d) ATl grouts are assumed to be in the 200 East Area.

(e) A recently completed study (DOE 1986a), which examined recor‘ds of inactive waste dispesal locat1 ons on the Hanford
Site, showed that two 618 Sites {618-1 and 618-2) each contained 1,0 g of platonfum, rathar.than the previously
Tisted 1000 g (Rockwell 1985}, As & result of this lower quantity, both sites are now designated as Tow-level waste
sites {Rockwell 1987). :
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TABLE R.5.

Geologic Di’sposai Alternative--Individual Maximum Potential 70-Year Radiation Dose from

Drinking Well Water--5-cm/yr Recharge with Disruptive Barrier Faﬂure (considered as
mcrements above normal performance)

Grouted Process Res1dua1s( )

“TRU-Contaminated Soi1(P)
“Pre-1970 TRu(D)

rRs/NG TRU(D)

300 Ared Buiial Sites(bsel

300 wye Sitef2).

sites (Rockwell. 1987).

600 Area Wastes

)
b
{c) RS/NG = retrievably stored and newly generated.
Edg All grouts are assumed to be in-the 200 East Aréa.
a

- Existing ‘DST greut is included in the SST grout calculation.
This waste farm does not apply to the geologic disposal alternatwe.

Transport . o \ . )
. . Assessment Total-Body . Critical Critical-Organ Time,Years After Dominant
Waste Form Table Dose, .rem Organ Dose, rem Barrier Failure - Nuelide
: . 200 Fast Area Wastes
Single-Shelt Tanks : 239
Tank Residuals _ Q.7 8 x 1072 Bene 2 9,800 L3gP
Grouted Process- Residuals 0.7 8 x 107 Thyroid 8 1,000 [
Existing Double-Shall Tanks 1 1
Tank Residuals 0.7 3 x 1073 Thyroid 2 x 10 200 B |
Grouted Process Residuals(?) - - - -- -- --
Future Double-Shell Tanks 3 3
Tank .Residuals Q.7 25 1074 Bone 6 X 10‘l 9,800 fngu l
Grouted Process Residuals Q.7 7x 107% Thyroid 2 x 107 1,800 9
$r/Cs Capsu]es(b) - -- - o - --
TRU-Contaminated Soi1(P) - - - - - -
pre-1970 TRUH) -- - - - - --
RS/NG(C)' Tgu(b) - — - - - -
.- 200 Wast Area Wastes
“ Single-Shell Tanks :
Tank Residuals Q.7 1x 1071 Thyroid - 3 200 129
Grouted Process Res1dua]5( ) - - - - - -
Existing Double-Shell Tanks . L
Tank- Residuals q.7 8 x 1073 Thyroid 5 x 1071 200 129; ]

A recently completed study (DOE 1986a), which examined recnrds of inactive waste disposal locations. on. the Hanford
Site, showed that two 618 Sites (618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previcusly
listed 1000 g (Rockwell 1985)

As a result of this Tower quantity, both sites are now designated as low-level waste
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TABLE R.6, Geologic Disposal Alternative--Individual Maximum Potential 1-Year Radiation Dose from
Drinking Well Water--5-cm/yr Recharge with Functional Barrier Failure (considered as
increments above normal performance)

Transport . S . . .
. r Assessment Total-Body . Critical Critical-Organ Time, Years-After Rominant
‘Waste Form Table - Dose, rem Qrgan Dose, rem Barrier Failure Kuclide
) 200 East Area Wastes
Single-Shell Tanks cel § . : 129
Tank Residuals 0.8 6 x 107 Thyraid 7 x m-g 4,300 1o
Grouted Process Residuals Q.8 3 x 107 Thyroid 4 x 107 4,500 1

Existing Double-Shell Tanks 129
Tank Residuals . 0.8 1 x w6 Thyroid 1 x 17t 4,400 I
Grouted Process Residualsfa) -- - - - -

Future Double-Shell Tanks

Tank- Residuals 0.8 3 x 1077 Thyroid 4x 10"§ 4,500 129¢
Grouted Process Restduals 0.8 - 1xto® Thyroid 1.x 107 4,500 1291
S5r/Cs Capsules(®) ) - -- - - - -
TRU-Contaminated Soillb) -- - .- - - -
pre-1970 TRU(P} - - -- - -- -
RS/NQ(C) TRU.(h) ) — -— - _— - —
. . ) 200 West Area Wastes
Single-5hell Tanks 1 129
Tank Residuals 0.8 9 x10°%  Thyroid- . o 1 x 1072 4,300 1
Grouted Process Residuals(d) —— - - e - -
Existing Double-Shell Tanks 5 3 129
Tank Residuals ¢.8 7 %107 Thyroid 9 x 107 ) 4,400 1
Grouted Procass Residua'ls(d) - -- - - -- -
TRU-Contaminated 501‘1“’) - - -— -- - -
Pre-1070 Trulb) - - - - - --
Rs/ia TRulb} - - - - - -
600 Area Wastes
300 Area Burial Sites(Pr®) - - - - -- --
300 Wye Siteld) ' -- - - - -- .-

{a) 'Existing DST grout is included in the S5T grout calculation.

(4) This waste form does not apply to the geologic disposal alternative.

{c) RS/NG = retrievably stored and newly generated. .

{d} A1l grouts dre assumed to be in the 200 East Area. . .

{e} A recently compieted study {DDE 1986a), which examined records of inactive waste disposal locations on the Hanford
Site, showed that two 618 Sites ({618-1 and 618-2) sach contained 1.0 g of plutenium, rather than the previously
listed 1000 g (Rockwell 1985). As & result of this lower quantity, both sites are now designated as low-level waste
sites (Rockwell 1987),
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TABLE R.7. Geologic Bisposal Alternative--Individual Maximum Potential 70-Year Radiation Dose from
Drinking Well Water--5-cm/yr Recharge with Functional Barrier Failure {considered as
increments above normal performance}

Transport
) ) Assassment Tetal-Redy Critical Critical-Organ Time, Years After Dominant,
Waste Form ' Tahle Doge, rem Grgan Dose, rem Barrier Fatlure Nuctide
200 East Area Wastes

‘Single-Shell Tanks 1
Tank Residuals Q.8 4 % 1073 Thyroid 5 x 101 4,300 1291
Grouted Process Residuals 0.8 2 x 1072 Thyroid 3 4,500 91
Existing Nouble~Shell Tanks 129
Tank Residuals 0.8 1x 10%% Thyroid 1 x 1072 4,400 1
Grouted Process Residua1s(a) -- - - - - -

Future Double-Shell Tanks 12
Tank Residuals 0.8 . 2x10°% Thyroid 3 x m-g 4,500 1231
Grouted Process Residuals Q.8 1x 1073 Thyroid g x 107 4,600 1
$r/Cs Capsu]es(b) -~ - -- - : - -
TRU-Contaminated Sot1(h) - - -- - - -
Pre~1970 TRU(b) - -- . - - -
rsnalc) trylbl - - -- - -
200 Mest Area Wastes
Single-5hell Tanks 129
Tank Residuals 0.8 6 x 1072 Thyraid 8 4,300 I
irouted Process Residuals(d) -- - - . -- .
Existing Douhle-Shell Tanks 129
Tank Residuals Q.4 5 x 1073 Thyroid 6 x 1071 4,400 I
Grouted Process Residuals(d) -- - — - - e
TRU~Contaminated Soil(h). -- - e - -- --
Pre-1970 TRU(b) - - - - - -
2s/Ng TRy (R) e - -- ' - - --
600 Area Hastes

300 Area Burial Sitas(Pse) - - - -- - - -
300 Wye site(P) - - L - - -

{a) Existing DST grout s inciuded in the 55T groul calculation.

(b) This waste form does not apply to the geologic disposal alternative.

(c) RS/NG = retrievably stored and. newly geneérated.

(d) A1l grouts are assumed to be.in the 200 Fast Area.

(e} A recently completed study (DOE 1984a), which examined recards of inactive waste disposal lecations on the Hanford
Site, showed that two 618 Sites (618-1 and 618-2) each c¢ontained 1.0 g of plutonium, rather than the previously
Tisted 1000 g (Rockwell 1985). As a result of this lower gquantity, hoth sites are now designated as low-lavel waste
sites {Rockwel? 19873, .
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TABLE R.8.

Drinking Well Hater (bar'mers remain effectwe)

0.5 .cm/yr Recharge

In-Place Stab111zat1on and Disposal A]ternat1ve—-lndw1dua1 Maxmum Potent1a] 1-Year Radiation Dose from

5 em/yr Recharge

Total-

Totai- . Critical- - Time, ] Critical- T1me.,
Transport Body i Organ Years Transport Body Organ Years
. Assessment  Dose, {ritical Dose, After Dominant Assessment Dose, Critical Oose, After fominant
Waste Form Tahle rem Organ rém Disposal Nuclide Table rem Organ ram Disposal ‘Muctide
. . 200 East Area Wastes
Singie-Shell Tanks . N " 5 9
Tank Residuals 4.3 9 x 1076 GI-LL1 7 x 107 6,800 Tc .2 1x10°f  GI-LLI 9 x 107 5,000 Tc ]
Grouted Process Resmua]s(a) L e - - -- - - - - s - - --
Existing Ttouble-Shell Tanks : ) 7 5 . 99 o 8 g
Tank Residuals Q.2 1x 10—4 GE-L1 I 1x 10'2 5,000 1250 Q.6 I x 1(]"5 GI-LLI 9 x 10"3 5,700 9 19'c
Grouted Process Residuals 0.3 1x 10°% Thyreid -1 x 1072 5,000 Le3y Q.9 3x 167%  Thyreid 3 x 1073 5,000 123
Futur-er Doubte-Shell Tanks ) :
- Tank Residuats ) 0.2 3 x 10"; Thyroid 4 'x m-; 5,900 iz-"l 0.6 4 2 10710 Thyroid - 7 x 10-§ 5,190 _1231
- Growted Process Residuals 0.3 1 x 107 'Thyroid 3 'x 1073 5,500 291 0.9 6 x 107%  Thyreid 1 x107% 5,200 129p
Sr/Cs Capsules ; . s K (p) - —— -~ -- - - - == - --
TRU-Contaminated S6i1 = D NR - - = - - . - - - r
Pre-1970 U - . . - iR -- e - - - - - - - -
pealc) fy . ' —- W - - - - -- - - - - --
- 200 West Area Wastes
5ingle~5hell Tanks 5 . - 3 99 . 5 3 99
Tank Residuals Q.3 3 x 1077 GI-LI 3 x 107 3,300 Te G.% 3 x 167 GI-LLI 3z 107 6,300 Te
Existing Double- Sﬁéﬂ Tanks ' : .
Tank Residuals “mz 4 x0T Thyrold 4 x 1075 5,100 129 Q.6 1x 107 Thgroid 1 x 107 5,000 129
Grouted. Process Res1dua1s(d) - - -- - -= R -- - - - wa -
TRU-Contaminated S0t " S - R - - - - - - -- - -- -
Pre~1870-TRU . i CNR - - - - - -- - - - -
RS/NG TRU - : ' -- NR - -- - - - an - - - -
. . 600 Area HWastes
300 Area Burial Sites(esf) - - - - - T - - - - -~ -
300 Wye Site : 216 R . - s -- 0,16 MR - -- - -
{a) This waste form does not apply to the in-place stabilization and d15posa1 dlternativa,
{b} MR = no release calculated forat least 10,000 years.
{c} RS/NG = retrievably stored and newly generated.
{d}) A1l grouts are assumed to be in the 200 East Area. '
{e) Sites are so close o the Columbia River that no well is postulated
{f) A recentty completed study {DOE 1986a), which examined records of inactive waste disposal Incations-on the Hanford Site, showed that two 618 Sites

(618-1 and 618-2) each centained 1.0 g of plutonium, rather than the previously listed 1000 g (Rockwell 1985).
both sites are now des;gnated as low-level waste sites (Rockwell 1987).

As a r‘esu]t of this lower quantity,
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Drinking Well Water (barriers remain effective)

TABLE R.9. 1In-Place Stabilization énd Disposal Alternative--Individual Maximum Potentiail 70-Year Radiation Dose from

. . 0,5 cm/yr Recharge 5 cm/yr Recharge ) o
Co Total= Critical~- Time, Total- Crigical- Time,
Transport Body .. Organ Years Transport Body Organ Years
o Assessment - Dose, Critical Dose, After Dominant Assessmest Dose, Critical Dose, After Hominant
Waste Form Tabla rem Organ reim Disposal Nuclide Table rem Organ rem Disposal Nuclide
] P i 200 East Area Wastes
Sirgle~Shetl Tanks i
Tank Residuals 0.3 6 x 1078 GI-LLI 5 x 1072 6,800 97¢ 0.9 8x10°% GI-LLI 6 x 1073 5,000 9%r¢
Grouted Process Residua1s(a) - “a - . . - aa . - - -— -
Existing Dowble-Shell Tanks . ) : 9
Tank Residuals 0.2 1xi0°% GI-t1 9 x 1074 5,000 99;c. Q.6 2 x 1077 GI-LLI 6 x 1078 5,700 Fretd
Srouted Process Residwals 0.3 9% 1073 Thyroid 8 x 10°1 5,000 129 9.9 2 x 1673 Thyroid 2 x 107t 5,000 1
Future Double~Sheltl Tanks . . J 129
Tank Residuals 9.2 2 x 1077 Thyroid 3 x 1075 5 900 1294 0.6 3x 1078 Thyroid. 5 x 1078 5,100 1o
Grouted Process Residuals Q.3 9 x 1074 Thyroid 2 x 1071 5,500 12% 0.9 4 x 107t Thyroid 7 x 10-2 5,200 I
Sr/Cs Lapsules ' .- nr{b) -- - - .- - NR -- -- - --
TRU=Contaminatad Soil L - hR - - - - - [ - - - -
Pra-1970 TRU ) -- R - - - - - MR . - - -
rs/nafe) Ty . MR - - - - - MR - - - -
' ) 200 Mest Area Wastes
S$ingle-Shell Tanks ' 9 j 9
Tank Residuals 0.2 21073 GI-LL1 2 x 107} 8,300 97¢ Q.9 2x 1003 G-l 2z x 107t 6,300 Te
Existing Double-Shell Tanks
Tank Residuals - 0.2 3 %107 Thyroid 3 x 2073 5,100 129 0.6 7 x 107 Thyroid 7 x-10°% 5,000 129
Grouted Process Residuals(d) - - - - - . - - - - — -
TRU-Contaminated Soil - M - .- - - -- MR -- - - --
Pre-1970 TRU - ] - - - - - NR . . - -
RS/NG ¥RU - MR - - o - . NR - - -- --
600 Area Wastes
300 Area Burial Sites(®f) - . - - - = - -- -- - - -
00 Wy Site .16 NR -- -- - - 0.16 NR - - - --
{a) This waste form does'not_apply to the in-place stabilization and disposal alternative.
(b} WR = no release calculated for at least 10,000 years,
{c) RS/N& = retrievably stored and newly generated.
{d) A1l grouts are assumed to be in the 200 East Area.
{e) Sites are so close to the Columbia River that no well is postulated.
(f) A recently completad study (DOFE 1986a), which examined records of inactive waste disposal locations on the Hanford Site, showed that two 618 Sites

{618-1 and 618-2) sach contained 1.0 g of plutonium, rather than the previously Tisted 1000 g (Rockwell 1985),
both sites are now designated as low-lavel waste sites {Rockwell 1987),

As a result of this Tower quantity,
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TABLE R.10. In-Place Stabilization and Disposal Alternative--Individual Maximum Potential 1-Year Radiation Dose from
Drinking Hell Water—-5-cm/yr Recharge with Disruptive Barrier Failure (considered as increments above
normal performance)

Transport . . o .- :
. Assessment . Total-Body Critical Critical-Organ Time, Years After Dominant
Haste Form Table Nose, rem Organ Dose, rem Barrier Failure Nuclide
i - 200 East Area Wastes
Single-Shell Tanks | . ’ . 3 2 239
Tank Residuals .10 4 x 107 Bone 9 x 07 10,000 Pu
Grouted Process Residuals(a) - - - -— — -
Existing Double-Shell Tanks 5 N 129
Tank Restduals Q.7 4 x 10'3 Thyroid 3Ix 10'2 200 . 129[
Grouted Process Residuals .10 1 x 107 Thyroid .9 107 4,300 - 1
Futura Doublo-Shell Tanks 6 5 o 239
Tank Residuals 4.7 - 4 x IU'Z Bone 9 x 10"1 9,800 241Pu
Grouted Process Residuals .10 1 x 107 Bona 4 x 107 2,800 Am
Sr/Cs -Capsules - NR(b)_ - - . ) —— —
TRU-Contaminated Soil - R - - - - -
Pre-1970 TRU : _— HR - . - ; : - . -
s/nalc) Tay ‘ T AR - - : - -
o 200 West Area Wastes
™
[l Single-Shell Tanks :
- Tank Residuals Q.10 3 x 1072 Thyroid 1 _ 200 129y
Grouted Process Residua]s(") - - -— - — -
Existing Double<Shell Tanks ) : 3 129
Tank Residuals Q.7 1 x 104 Thyrotd 7 x 1073 _ 200 1
Groutad Prncess Resaduals(d) ’ - -- - - - e
TRU-Contammated Soil ) - NR L - - e
Pra-1970 TRY : S NR - : - ' - C e
TRS/NG TRU - . - R . - ) - .
’ ' ' . 500 Area Wastes ] . .
300 ‘Area Burial sites (8} Cam - - - - -
300 uWye Site ' o - NR - -~ - .

{a). This waste form does not apply to the in-place stabilization -and dispusa‘l ‘dlternative. 1
[b} HNR = no release calculated for at Teast 10,000 years. . . . : ’ . [
{c) ®S/NG = retrievdbly stored and newly gener‘ated. ' ' '

{d) ANl grouts are assumed to be in the 200 East Area.

{e) Sites are so.close to the Columbia River that no well is postulated.

{f) A recently completed study (DDE 1986a), which examined racords of inactive waste disposal 1ocat1ons on the Hanford
Site, showed that two 618 Sites (618-1 and 618-2} each contained 1.0 g of plutonium, rather than the previously
.listed 1000 g (Rockwell 1985) As a result of this lower quantity, both sites are now designated as Tow-level waste
“sites (Ruckwe]] 1987) o )
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TABLE R.11. In-Place Stabilization and Disposal Alternative--Individual Maximum Potential 70-Year Radiation Dose from
Drinking Well Water--5-cm/yr Recharge with Disruptive Barrier Failure (considered as increments above
normal performance) ' :

'Transﬁort . : . . S :
L . - Assassment. Total-Body Critical Critical=-Organ Time, Years After ominant
Waste Form - Table . Dose, rem Organ Dose, rem Barrier Failure Nuclide
' : 200 East Area Hastes
Single-Shell Tanks : 23
Tank Residuals - Q.10 v 3 x 1071 ‘Bone 6 10,009 9Pu
Grouted Pracess Residuals{a) - - - - - -
Existing Double-Shell Tanks . 126
Tank Residuals : Q.7 3x m'g, Thyrold z x 1071 200 Zol
Grouted Process Residuals Q.10 1x 1071 Thyroid 6 4,300 129
Future Double-Shell Tanks _ 239
Tank Rasiduals 0.7 3% 107 Bone § x 1073 9,800 oaPu
‘Grouted Process Residuals .10 1 Rone 3 x 10! 2,800 Ant
Sr/Cs Capsules - nrib) R - - -
TRY-Contaminated Sotl - MR - - - -
Pre-170 TRU - - - e - -
rs/ate) oy - "R - - -

200 West Area Wastes
Single-Shéll Tanks

Tank, Residuals 0.10 2 Thyroid 1 x 102 200 129
Grouted Pracess Residuals(a) - - Coa- . : - -
Existing Double-Shell Tanks 1 129
Tank Residuals Q.7 g x 1073 Thyroid 5 x 10 200 I
Grouted Process Residuals(d} e - - - ’ _— -
TRU-Contaminatad So11 - HR - - - -
Pre-1970 TRU . R - - - —
RS/NG TRU. - - MR a’ - - L
' _.4 . ) 600 Area Wastes _
300 Aréa. Buriat Sites(®f) - - - - - =
300 wWye Site. ' . — NR - - -- .

{a) This waste form does not apply to the in-place stabilization and disposal alternative.

{b} NR = no release calculated for at least 10,000 years.

(c} RS/NG = retrievably stored and nevly generated. )

(d) A1l grouts are assumed to he in the 200 Cast Area. -

{e) Sites are so close to the Columbia River that no well fs postulated.

(F} A recently completed study (DOE 1986a), which examined records of inactive waste disposal locations on the Hanferd
Site, showed that two 618 Sites (618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previously .

. Tisted 1000.g {Rockwell 1985}, As a result of this lowar quantity, both sites are now designated as low-level waste
sites (Rockwell 1987).
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TABLE R.12.

In-Place Stabilization and Disposal Atternative—-Individual Maximum Potential 1-Year Radiation Dose from
Drinking Well Water--5-cm/fyr Recharge with Functional Barrier Failure {considered as fincrements above
normal. per‘for'mance)

Transpart ' : .. . . . ) L
- ~ Assessment Total-Body Critical Critical-Organ Tine, Years After Dominant
Waste Form - -Tahle Dose, ‘rem Organ Dose, rem Barrier Failure Nuclide

'E)usttng Double-Shell Tanks

200 East Area Wastes

Stngle-Shelt Tanks . S o _ - -
Tank ftesiduals Q.11 ix 107 - Thyroid 1 x 107 4,600 1
Grouted Process Residuals(?) - -- - - - .

Tank Residuals 0.8 1x 10'g Thyroid 1x m'; 4,300 129,
Grauted Process Residuals 0.11 4% 10° Fhyroid 4 x 10” 4,500 129;
Future Doubte-Shell Tanks 7 129
Tank Resfduals 0.8 3 x 1077 Thyroid 4 x - g 4,500 29)
 Grouted Process Residuals 0.11 6 x 107 Thyroid 1 x 107 4,500 129y
Sr/Cs Capsules - wRr(b) - -- -- --
TRU-Contaminated Soil - KR -- - -- -
Pre-1970 TRU T - MR - - : - -
Rspna(ed tu - -- A - - - -
. 200 West Area Wastes
Single~Shell- Tanks ) s 90
Tank Residuals : Q.11 3 x 1073 GI-LEE 3x 0Lt 5,400 Tc
Grouted Process Residuals{®) - - - - — -
Existing Double-Shell Tanks - 3 : 129
Tank Residuals 0.8 7 x 107 Thyroid 9 x 107 4,400 I
Grouted Process Residuals(d) - - e . - -
TRU-Contaminatad Soil - MR - - -- C -
Pre~1970 TRU _ _ - R - - - -
RS/NG TRU _ - - i - - S
h 600 Area Mastes
300 Area Burial S1t:t=_-5(e ). R S - - - s - -
330 N_ye S1te o - NR - . - - -

{a} This waste form does not apply to the in-place stabilization and disposal alternative.

{b) MR = no release calculated for at least 10,000 years.

(c) RS/NG& = retrievably stored and pewly generated. .

(d} ATT grouts are assumed to bé in.the 200 East Area. ’

(e} Sites are so close to the Columbia River that no'wells are postulated. :

(f} A recently completed study (DOE-1986a), which examined records of inactive waste d1sposa1 1ocat1ons on- the Hanford
Site, showed that two 618 Sites (618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previously
lTisted 1300 g {Rockwell 1985). As a result of this Tower quantity, both sites are now dasigrated as low-level waste
sites (Rockwell 1987). -
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TABLE R.13. In-Piace Stabilization and Di‘sposa] Aiternaﬁve—-lndfvidua] Maximum Potential 70-Year Radiation Dosé from.
Brinking Well Water--5-cm/yr Recharge with Functional Barrier Failure (considered as increments above
nermal performanca)

Trangport
. : -Assessment Total-Bady Critical Critical-drgan Time, Years After Dominant
- Waste Farm _Table - Dose, rem Organ Dase, rem Barrier Failure Nuclide
] : ‘ 200 East Arsa Mastes )
" Stngle-Shell Tanks S ) : ’ 129
Tank Residuals R AN 1x 12 Thyretd 9 x 107} 4,600 1
Srouted Pracess Residuals(®) -- - - L= - -

-Existing Double-Shell Tanks

Tank Residuals 0.8 1x 107 Thyrold 1x 1072 4,400 lgg[
Grouted Process Re51duals Q.11 3 x 1072 Thyroid 3 4,500 129
Future. Bouble-$hell Tanks 3 ’ . - 129
Tank Residuals 0.3 2 x m-g Thyroid 3 x 1073 - 4,500 2o
Grouted Process Residuals .11 4 x 107 Thyraid .8 x 107 4,500 ’ I
Sr/Cs Capsules : - MDY e o ) ’ i -
" TRU-Contaminated Soil _ - . W - wn . —
Pra-1970 R4 - . BR - e - -
Rs/Na(c) TRy - W - : - -
7 . . 200 West ﬁrea Wastes
Single-Shell Tanks : o .'99 )
Tank Residuats T 2 x 1071 GI-LLT Zx 1wl 5,400 _ Té
Grauted Process Residuals(d) - - - - - -
Existing Double~Shell Tanks : 3 L ’ 129
Tank Residuals 0.8 5% 107 Thyroid 6 x 10} 4,440 I
Grouted Process Residuals(d) - - - . - . — -
TRU-Contaminated Soi1 : - NR _ - — - -
Pre-1970 TR - w — - - -
RS/NG TRU o . W - - - -
: : 600 Area Mastes )
300 Area Birial Sites(e £} - _— - - - -
300 Wye Site ‘ - MR - - - -

(a) This waste form does not apply to the in-place stabﬂizaﬂon and di spos.ﬂ alternative.

{b) MR = no release calculated for at least 10,000 years. .

(c) RS/NG = retrievably stored and newly g_enerated. )

{d} A1l grouts are assumed to be in the 200-East Area.’

ge) Sites are so close to the Columbia River that no wells are postulated,

f} A recently completed study (DOE 1986a}, which examined recaords of iractive waste disposal 10cat10ns on the Hanford
Site, showed that two 618 Sites {618-1 and 618-2) each contained 1,0 g of plutoniem, rather than the previously
Visted 1000 g (Rockwell 1985). As a result of this:lower quantity, both sites. are now designated as tow-level waste
sites (Rockwetl 1987}, . o
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TABLE R.14. Reference Alternative—-Individua® Maximum Potential 1-Year Rad1at1on Dose from Drinking Well Water (barriers
remain effect1ve)

0.5 cmfyr Recharge : 5 cm/yr Recharge
~ Total- . Critical- Time,. Total- . Criticai- Time,
Transport Bady : Organ Years Transport Body Organ Years
Assessment  Dose, Critical lNose, After Dominant Assessment Dose, Critical Dose, After Dominant
Waste Ferm - Table rem Organ rem Disposal  Nuclide Table rem Organ rem Disposal  Ruclide
- - 200 East Area Mastes
Single-Shell Tanks . " s "
Tank Residuals 0.3 9 x 1076 gr-lt1 7 x 107 6,800 Te 0.9 1x 106 Gr-lr 9 x 107 5,000 e
Grouted Process Residuats(®) - - -- - - . - -- -- -- - -
Existing Double-Shell Tanks. . 99 99
Tank Resicduals 0.2 1x 10"1 GI-LLI 1 x 102 5,000 . Ie 0.6 3x 10'2 GI-LLI 9 x 1078 5700 . i
Grouted Pracess Residuals 0.4 1x 107% Thyroid 1 x 1072 5,000 0.12 3x 10°%  Thyroid 3 x 1077 5,100 12
Future Doubie-5hell Tanks
Tank Residuals _ 0.2 3 x 1079 Thyroid 4 x 10"; 5,900 129¢ 0.6 4 x 0'1O Thyrold 7 x lofg 5,100 1%31
Grouted Process Residuals 0.4 2 x 107% Thyroid 4 x 107% 5,500 129; 0.12 6 x 1078 Thyraid 1 x 10°9 5,200 r
Sr/Cs Capsales : -- R (h) - - 5,000 - - -- -- -- - --
TRU-Contaminated Soil - - HR - - o - -- - - .- -- -
Pre-1970 TRU - NR -- - - e - L= - - - --
rs/mg{e) au : - MR - - -- -- - - - -- -- --
’ 200 West fArea Wastes
Single-Shell Tanks ’ 5 . 99 3 g
Tank Residuals 0.3 3% 1075 GI-LLI 3 x 107% 7 8,300 Te 0.9 3% 107% GI-LLI 3 x 1073 6,300 3¢ [
Existing Double-Shell Tanks 5 P : 5 129
Tank Residuals 0.2 2 x 1077 Thyroid 4 x 1072 35,100 9 0.6 1 x 1077 Thyroid 1 x 107> 5,000 I |
Grouted Process Revndua]s(d) -- -- -- -- -— - - - - - -- -
TRU-Contaminated Soil - NR -- - - -- - -- -- P - -
Pre-1970 TRU - NR - -- - -- - -- -- - - --
RS/NG TRU T e MR -- - -- -- -- -- -- - -- -
. 600 Area Wastes
300 Area Burial Sites(d.e) - - .- - T T -- -- -- - -
300 Wye Site(®) - -- - -- R . - .- - - - -

{a) This waste farm does not apply to the reference alternative.

(b} MR = no release calculated for at least 10,000 years,

{c) RS/HG = retrievably stored and newly generated.

{d) A1l grouts are assumed to be in .the 200 East Area. ’

{e}) A recently completed study (DOE 1986a), which examined records of Inactive waste disposal locations on the Hanfard Site, showed that two 618 Sites
(618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previousiy listed 1000 g (Rockwell 1985). As a result of this Tower quantity,
both sites are now designated as low-level waste sites ({Rockwell 1987).
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TABLE R.15.

0.5 cm/yr Recha r.ge

5 cm/yr Recharge

Reference Alternative--Individual Maximum Potential 70-Year Radiation Dose from Drinking Well Water (barriers
remain effective)}

617

Total- Critical- Time, Total~ Critical- Time,
Transpert Rody Organ Years Transport Body (rgan Years
Assessment  Dosa, Critical Bose, After Dominant Assessment Dose, Critical Bose, After Dominant
Haste Form Table rem Organ | remn Disposal Nuclide Table rem Organ rem Dispesal Nuclide
200 East Area Wastes
5ingle~Shell Tanks g
Tank Residuals 0.3 6 x107% &=Ll 5 x 102 5,800 99¢ 0.9 8 x 1079 GI-LL] 6 x 1073 5,000 Tc i
Grouted Process Residuals(d) -- - - - - -- - - - - - - [
Existing Double-Shell Tanks 5 99 .
Tank Residuals 0.2 1x10°% g1-ll1 9 x10% 5,000 I 0.6 2 x 0! GI-lkl 6 x 1008 5,700 ?ggc |
Grauted Process Residuals 0.4 8 x 1073 Thyroid 8 x 1071 5,000 129 0.12 2 x 1073 Thyroid 2 x 101 5,100 1
Future boub]e-SheH Tanks 129
Tank Residuals o 0.2 2 x 1077 Thyroid 3 x 1675 5,000 129, 0.6 3x 108 Thyroid 5 x 10'2 5,100 1o I
Grouted Process Residuals .4 2 x 1073 Thyroid 3 x 10-1 5,500 129; q.12 5 x 1074 Thyreid 7 x 107 5,200 I
5r/Cs Capsules . L wR(b) — -- -- -~ -- NR -- - -- -
TRU-Contaminated Soil : - MR - - - -- - MR - - -- -
Pre-1970 TRU ) L KR - - -- -- -- WR - - - ——
rs/Nate) TRy : . NR - - - - - NR - - - -
200 West Area Wastes
Single-Shell Tanks .
Tank Residuals 2.3 zx 1073 GI-Ll 2 x 100l 8,300 ESA 0.9 2 x 1073 Gr-lLr 2 x 1071 6,300 e
Existing Doubla-Shell Tanks 129
Tank Residuals 0.2 3% 10°% Thyroid 3 x 102 5,100 1291 0.6 7 x 1076 Thyroid 7 x 1074 5,000 1 |
Grouted Process Residuals(d) - - - - -- -- -- -- -- - -- -
TRU-Contaminated Soil ] MR -— -— - -- -- -- -- - = -
Pra-1970 TRU - NR - - -- - -- -- -- -- - --
RS/NG TRU - i - -— —— - - - - - _— —
600 Area Wastes
300 Area Burial Sites(®e) - -- - - T e - - -- - --
300 Yye sigefa) ) -- - - - . - - . o - [ -~

{a) This waste form does not apply to the reference alternative,

(b) MR = no release calculated for at least 10,000 years.

(¢} RS/NG = retrievably stored and newly generated.

(d}) Al grouts are assumed to be in the 200 East Area. .

(e} A recently ¢ompleted study (DOE 1986a), which examined.records of inactive waste disposal Iocatmns oh the Hanferd Site, showed that two 618 Sites
(618-1 and 618-2} each contalned 1.0 g of plutonium, rather than the previously 1isted 1000 g (Rockwell 1985%}.. As a result of this lower quantity,
both sites are now designated as Tow-level waste sites (Rockwell 1987).
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TABLE R.16, Reference Alternative--Individual Maximum Potential l—Year- Radiation Dose from Brinking Well Water--5-cmfyr
Recharge with Disruptive Barrier Failure (considered as increments above normal performance)

fransport

. . Assessment Total-Body .Crit.icai Crittcal-Organ . Time, Years After lDominant
Waste Form . Table Dose, rem Organ Dose, rem Barrier Fat#lure Nuclide
: 200 East Area Wastes )
Singte-Shell Tanks o S
Tank Residuals 0.10 4 x 1073 Bone 9 x 10-2 10,000 3%,
Grouted Process Residuals (2} - - : - - - R L
Existing Double~5hel} Tanks .
Tank Re.fndua‘l.r.ﬂgs 0.7 4% 1078 - Thyroid 3z lﬂ"g ' 200 129y
Grouted Process Residuals .13 1x 107 Thyroid g x 107 : S00 - 129] :
Futurg Double-Shel] Tanks ) L
Tank Residualst ] Q.7 4 x m-g - flone 9 x m'g .9,800 - 29,
Grouted Process Residuals n.13 1 x 107 Thyroid 3 x 107 1,800 129; .
.- SriCs Capsules : : - nrlc) - . - _— .
TRU-Contaminated Soit - R _ - - - -
Pre-1976 TRU . - R - - - .
rs/nG {2} TRy _ - MR -- -- y - -
. ) 200 West Ared Wastes
Single-Shell Tanks . 5 ) . -
Tank Residuals 9.10 3 x 107 Thyroid 1 200 1291
Grouted Process Residuals(®) - o - - : . .- -
Existing Double-Spell Tanks .
Tank Res1dualsﬂ;? L 1 x 104 Thyrmd 7 x 1073 200 129;
Grouted Process Rasiduals(®) - - - - . C e -
TRU-Contaminated Soi1 — R R - - -
 Pre-1070 TRU o o NR - - - .
. RS/NG TRU - - BR - - . - -
: : . 600 Area Wastes
300 Area Burial sites{af) - n— - - : - -
300 wye sitefd) - - _ — - S .

{a) This waste form does not apply to the reference a]ternatwe.-

(b) Onty sites with barriers installed are considered.

{c) MR = no release calculated for at least 18,000 years,

{d) RS5/NG = retrievably stored and newly generated. :

(e} A1l grouts are assumed to be in the 200 East Area.

f} A recently completed study (DOE 1986a), which examined records of inactive waste disposal locations on the Hanford
Site, showed that two 618 Sites (618~1 and 618-2) each contained .0 g of plutonium, rather than the previously
]1sted 1004 g (Rockweﬂ 1885). As a result of this lower quantity, both sites are now designated as low-tevel waste
sites (Rockwell 1987). | . R
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TABLE R.17. Reference Alternative--Individual Maximum Potential 70-Year Radiation Dose from Drinking Well

Recharge with Disruptive Barrier Fallure (considered as increments above normal performance)

Transport

: :  Assessment Total-Body Critfcal Critical-Organ
Waste Farm ‘Tahle Dose, reém Qrgan Dose, rem
' . o 200 East Area Wastes
Single-Shell Tanks 1
Tank Residuals 0.10 3y 107 Bone 6
Grouted Process Residuals(a} - . - -
Existing Double-Shell Tanks 3
Tank Residuals Q.7 3 x 1073 Thyroid 2 x 10‘%
Grouted Process Residuals Q.13 8 x 10” Thyroid 6 x 107
Future Doubte-Shell. Tanks 4 3
Tank Residuals 0.7 3 x 10"3 Bone 6 % 10'1
Grouted Process Residuals 0.13 1 x 107 Thyroid 2 % 107
Sr/Cs Capsules - NR(h) - -=
TRU-Contaminated Soil - NR .- wu
Pre~1970 TRU - NR . w
rs/na(c) oy - HR -- -
o 200 West Area Wastes
Single-Shelt Tanks : 2
Tank Residuals Q.10 2 Thyroid 1x 10
Grouted Procéss Residuals(?) - -- - an
Existing Double-Shell Tanks 1 1
Tank Residuals Q.7 8 x 107 Thyroid 5 x 107
Grquted Process Residuals(d) - - - -
TRU-Contaminated Soll - MR - -
Pre-1970 TRU - NR - -
- NR - -

RS/NG TRU

300 Rrea Burial Sites(a’e)

00 wye Site(?)

600 Area Wastes

This waste form does not apply to the reference alternative.

NR = no release calculated for at least 13,000 years,

A1l grouts are assumed to be in the 200 East Area.

(a)

{b) ele

Ec% RS/NG = retrievably stored and newly generated,
d

(e}

A recently completed study (DOE 19B6a), which examined
1004 ¢ (Rockwell 19853,

jRockwg11 1987).

 Dominant

Time, Yaars After
Barrier Failure Huclide
10,000 239,
129, |
200 1
- 500 129
239
9,800 pe |
1,800 129y
200 129,
200 129y

records of inractive waste disposal Incations on the Hanford
Site, showed that two 618 Sites (61B-1 and 618-2) each contained 1,0 g of plutonium, rather than the previously Jisted

As a resuit of this lower quantity, both sites are now designated as low-level waste sites

Water--b-cmfyr
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TABLE R.18. Reference Alternative--Individual Maximum Potential 1-Year Radiation Dose from Drinking Well Water--5-cm/yr

Recharge with Functional Barrier Failure (considered as increments ahove normal performance)

Transport : . .
Assessment Total-Body Critical Critical-Organ Time, Years After Dominant
Waste Form Table Dose, rem Organ Dose, rem Barrier Failure Nuclide
' 200 Fast Area Wastes
Single-Shell Tanks 9
Tank Residuals Q.11 1x 107 Thyraid 1 x 1072 4,600 129
Grouted Process Residua]s(") - - - - - —
Existing Double-Shell Tanks 6 12
Tank Residuals 0.8 1x 107 Thyroid 1x 1074 4,400 I
Grouted Process Residuals 0.14 4 x 1074 Thyroid 3 x 1072 4,500 129,
Future VDouh!e-ShelI Tanks . 179
Tank Residuals 0.8 3 x 107 Thyroid 4 x 1072 4,500 1
Grouted. Process Residuals n.14 6 x 1073 Thyroid 1x 1072 4,500 1291
SrfCs Capsules - wr(b) - - - -
TRU-Contamfnated Soil - R - - —— -
. Bre-1970 TRY . - w - - - -
rRsyneic) TRy - AR - -- - -
) ' . 200 West Area Wastes
Single=Shell Tanks 3 . . 99
Tank Residuals ¢.11 3x 107 GI-LLI: 1 x w0l 5,400 Tc
Grouted Process Residuais(2) - Q- - - _— —
Existing Nouble-Shell Tanks e 12
Tank Residuals 2.8 7 x 1075 Thyraid 9 x 10-3 4,400 1
Grouted Process Residuals (1) - — - - - —
TRU-Contaminated Soil -- NR - - - -
Pra-1570 TRU - KR - - - -
RS/NG TRU - R - — - —

(300 Area Burial Sites {a,e)

300 uye Sttefal

600 Area Wastes

{a} This waste form does not apply to the refarence alternative.

(b)

KR = no reTease calculated for at Teast 10,000 years.

. RS/NG = retrievably stored and. newly generated.

ATl grouts are assumed to be in the 200 East Area. i ’ :

A recently completed study (DOE 1986a), which éxamined records of inactive waste disposal locations on the Hanford -
Site, showed that two 618 Sites (618B-1 and 618-2} each contained 1.9 g of pTutonium, rather than the previously
listed 1000 g (Rockwell 1985}. As a result of this lower quantity, both sites are now designated as low-level waste
sites {Rockwell 1987},
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TABLE R.19. Reference Alternative—-Individual Maximum Potential 70-Year Radiation Dose from Drinking Well Water--5-cm/yr

Recharge with Functional Barrier Failure (considered as increments above normal performance)

300 Area Burial Sites(ase}

300 Wye Siteld)

{c) RS/NG = retrievably stored and newly geneérated.

{d) A1l grouts are assumed to be in the 200 East Area.

{e} A recently completed study (DOE 1986a}, which examined records of -inactive waste disposal lecaticns on the Hanford
Site, shawed that two 618 Sites (618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previouslty

listed 1000 g (Rockwell 1985).

sites (Rockwell 1947},

{a) This-waste form does not apply to the reference alternative.
{b) MR = no release calculated for at Teast 10,000 years.

' Transport
- - Assessment Total-Body Critical
Waste Form “Table : Dose, réem Organ
o 200 East: Area Yastes
Single-Shell Tanks -
Tank Residuals - Q.11 1% 1072 Thyroid
Grouted Process Residuals(2) - - P
Existing Double-Shell Tanks N
Tank Residuals : Q.8 I x 107 Thyrold
 Grouted Process Residuals 0.14 ix 1072 Thyraid
Future Doubte-Shell Tanks -
Tank Residuals . 0.8 2 x 10°8 Thyroid
Grouted Process Residuals. n.14 4% 1073 " Thyroid
SrfCs Capsules - ap (b} -
TRH-Contaminated Soil - W -
Pre-1970. TRU - AR e
" rs/ele) Ty . e -
.- 200 West Area Mastes
Single-5hell Tanks
Tank Residuals Q.11 2 x 1071 GI-LLE
Grouted Process Residuats(®) - - -
Existing Double~Shell Tanks 3
Tark Residuals .8 5 x 107 Thyroid -
Grouted Process Residuals(‘” ~ -~ -
TRU-Contaminated Soil - NR -
Pre-1970 TRU. - ' ﬂR -
RS/NG. TRU - HR -
600 Area Wastes

“Critical-Organ -
Bgse, rem

Time, Years After
Barrier Failure

Dominant
Ruclide

y x 101

1x 1072

3x W3

8 x 1071

2 x 10!

4,600

4,400

4,500

4,500
4,500

129;

129,
129

129
129;

As a result of this lower guantity, both sites are now -designated as low-level waste
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TABLE R.20. No Disposal Action (Continued Storage} Alternative--Individual Maximum Potential 1-Year Radiation Dose

Waste Form

from Brinking Well Water

0.5 cm}yr Recharge -~

5 cm/yr.Recharge

Single-Shell :Tanks

Tank Residuals

Growtsd Pracass Residuats(2)
Existing Doubie-Shell Tanks

Tank Residuals .

Grouted Process Residuais(a)
Future Double-5hell Tanks

Tank "Residuals .

Grouted Process Residua1s(a)
SrfCs Capsules
TRU-Contaminated Soil
Pre~-1970 TRU
rs/nG (<} Ty

Single-Shell Tanks
Tank Residuals

Existing Douhble-3hell Tanks
Tank Residuals .. . .
Growted Process Residuais(®]

TRU-Contaminitgd Soil

Pre-1970 TRY

RS/NG TRU

300 Area-Burfal Sites(d»e)
300 Wye Site.

Total-

Transport - Body
“Assessment . Dose,
‘Table rem
05 2 x 1672
0.5 4 x 11
0.5 3 x 1071
- na (B}
- N
- MR
- N
0.5 6 x 1072
0.5 4 x 107}
0.5 NR
9.5 3x 1074
0.5 4 x 1074
0.16 1x 1078

Totat-

Crittcal- Time,
Organ Years Transport Body
Critical Dosea, Aftar Dominant Assessment Dose, Critical
Organ rem Disposal Nuclide Table rem Organ
200 East Area Wastes
G111 1,300 Py 0.15 4 x 10! Bope
Thyeoid 3 x 10} 400 1294 Q.15 6 x 101 Bone
Bone 7 3,600 23%, 9.15 1x 162 Bene
— - - - Q.15 9 x 1678 Bone
- - - -- 0.15 MR- -
. - - - 0.15 1 x 1079 gone’
- 200 Mest Area Wastes
GI-LLT 6 1,400 9r¢ 0.15 3 % 10° Bone
Thyrotd 3 x 10l 400 128y .15 1 x 103 Bone
- - - - 0.15 3 x 1078 Bone
Bane 1x 103 1,300 14, Q.15 3 x 1074 Bone
Bone 3x 1073 13m0 g . 0.15, 1 x 1075 gane
603 Area Wastes
Bone 7 x 1078 1,000 p . 0.16 3 x 1072 Bone

(a) This waste form does not apply to the no disposal action alter

[b) NR ="ho reledse calcuTated for at Teast 10,000 years,
{c) RS/NG = retrievably stored and newly  generated.
(d) Sites are so ¢lose to the Columhia River that no well is postulated.
(e) A recently completed study (DOE 1986a), -which examined records of inactive waste disposal locations an the Hanford Site, showed that twa 618 Sites

(618-1 and 618-2) each contained 1.0 g of plutonium, rather tharn the previously listed 1000 g (Rockwell 1985).

native.

both sites are now designated as lowrlevel waste sites (Rockwell 1987},

Critical- ~ Time,

Organ Years

Dose, After Dominant
rem Disposal Nuclide

1 x 107 w0 Mg

1 x 10? w0 s

6 x 102 308 9t

3 x 1077 600~ 305y

7 x 1079 00 90gp

9 x 102 sop sy

4 x 108 ap g

1x w7 soo e

1x10% g0 Mgy

gx 1% a0 g

1 x 1071 400 903,

As a result of this lower quantity,
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TABLE R.21. Mo Disposal Action (Continued Storage)

Drinking Well Water

0.5 em/yr Recharge

Alternative--Individual Maximum Potential 70-Year Radiation Dose

5 emfyr Recharge

Jotal-

K Critical- Time,
- Transport . Body . Organ Years Transpert
. Assessmant Dose,-- Critical Dose, After Dominant Assessment
Waste Form Table rem Organ rem . Disposal MNuclide Tabie
) ) 200 East Area Wastes
Single-Shell Tanks : . 2 ’ 99 .
Tank Residuals . 0.5 1 GL-LLI 1 x 10 1,300 Tc Q.15
Grouted Process Residuals(d) - -- - . - - -
Existing Double-Shell Tanks ' 1 ) ) 3 - 129 .
Tank Residuals : 0.5 3z 10 Thyroid 2 x 10 500 I 0,15
Grouted Process Residuals(®) . - Coa- - - am -
Future Jousle-Shell Tanks . : , g o
Tank Raesjduals .5 2% 10 Bone 5 x 10¢ 3,600 P 3.15
Grouted Process Residua]s{‘?‘) —- .- - - - - -
Sr/Cs Capsules - mdy L - - - --

" TRU-Contaminated Soil. 0.5 M -- - -- - “R.16
fre-1970 TRU 0.5 MR - - - - 9,16
rs/ne e Ty 0.5 MR - -- - -- .15

. 200 Yest Area Wastes
Sdngle-Shell Tanks ' ’ 30 .
‘Tank Restduals Q.5 4 GI-iLtY 4 x 1 1,400 Tc Q.15
Existing Double<Shell Tanks : 1 3 129
Tank Residuals 0.5 310 Thyroid 2 x 10 400 [ n.15
Grouted Process Restdaualstd) - - - - - - S

- TRU-Contaminated Soil - R -- -- -- -— 9.15
Pre-1970 TRU 0.5 2 x 1072 fore 8x 1072 1,300 - ¢ 0.15
RS/NG TRY 0.5 3 x 1072 Bone 2 x 10l 1,300 e Q.15
o ' 60C Area Wastes
300 Area Burial Sites(fse) -- - - - - - .-
300 wpe Site - 016 1%100 gone 5 x1005 1,000 %5 0.16

{a) This waste form does not apply to the np disposal action aiternative.
(bY MR ="no release calculated for at least 10,000 years.

{c} RS/NG = ratrievahly stored and newly generated. - )

Ed; Sites are so close to the Columbia River that no well is postulated,
e

A recently completed study {DOE 1986a), which examined records of inactive waste disposal lacations on i

(618-1 and 618-2) each contained 1.0 gy of plutonfum, rather than the previously listed 1000 g (Rockwell 1985),

both sites are now designated as 'low—-leve'l_ waste sites {Rockwell 19_8_7).

Total- Critical-  Time,

Body Organ Years

Dose, Critical Dose, After Dominant
rem Organ rem Disposal HNuclide

3x10% pone 1x10% 30 905,

4 x10% ‘gone rxiot 300 Xy

1 x 104 Bone 4 x 10% 300 905
R " - - -

6x 100 gone 2w 10"% 600 905
R - - - --

1x 1077 Bone 5x 1077 600 905,

2 10" Bone 6 x 0% - a00 905, -

7 x 10% Bone 3 x 105 400 sy

2 x 10°8 gone 9 x 070 9oo 055

2 x 102 Bone 8 x 1072 700 L

121073 Bone 63x10°F 300 gy

2 Bone 7 a00’ 905

he Hanford Site, showed that two 618 Sites

As a result of this Jower guantity,

from
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TABLE R.22. 'Ratic of Critical-Organ Dose to Total-Body Dose
’ i for Selected Radionuclides

Radionuclide Critical Organ’ Ratiola)
¢ . Bone 4.9
790 Kidney 10,3
905 Bone 3.8
997¢ GI Tract 140
1291 - Thyroid 790
237Ny - Bone 22
239Pu _ Bone 21
281 gy Bone _ 25

{a) Based on 70-year lifetime accumulated dose,
ingestion rate assumed to be essentially
constant.

Tables R.2Z2 througth.Zl report doses anticipated if the disposal systems function as
designed. Also included aréldoses that could be expected if the barriers oGer the wastes
were to fail, As described in Appendix M, Section M.6, doses are projected for both a
serious disruptive fai1urg-scenario and for a lesser, functional failure scenario. For the
disruptive failure scenario, it is assumed that 15 cm/yr of precipitation infiltrates 10% of
the wastes, starting 500 years after waste disposal, caused by a major disruption of the
barrier, For the functidna] failure scenario, caused by substandard barrier performance
under conditions of 30-cm/yr precipitation, the precipitation infiltrates 50% of the wastes,
starting at the time of disposal.

The results reporfed in Tables R.2Z through R.22 are given in terms of the dose‘rate to
total-bedy and maximum organ at the time of highest dose in the next 10,000 years. The dose
rate as a function of time dépends of the release and transport rates of radionuclides from
the wastes. Wastes disposed of as-planned in the alternatives described in this EIS would
tend to be released slowly to the environment. This is illustrated in Figure R.1, which
shows the calculated water concentrations in a 5-km well from a representative barriered
waste form (200 West Areasingle-shell tanks).  The initial delay provided by. the barrier is
evident in Figure R.1, as well as the controlled, Tong-term nature of the potential release.
For all of the disposal alternatives there are no instances of groundwater contamination
within the first 4,500 years. MNonserbed radionuclides, such as 99Tc and 1291, arrive at the
same time as would a water front mo#ing_from the waste. Nuclides whose transport is
retarded, such as 239Pu, '
in the curves for the nonsorbed nuclides -is caused by the diffusion of the wastes beneath the
barrier; the wastes diffusing straight'down, and not transported by the récharge outside the

arrive later in time and reduced in concentration. The small hump

barrier, arrive at the groundwater in about 25,000 years.

Contrasted to Figure R.1 is Figure R.2, which gives the 5-km well water concentrations
for the same waste form, but without a barrier installed {i.e., for no disposal action

"R.26
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-FIGURE R.1. Concentration of Selected Radionuclides in Groundwater at a 5-km Well from

200 West Area Single-Shell Tanks, In-Place Stabilization and Dasposa1 or
- Reference A]ternat1ves, 5-cm/yr Recharge ’

followed by Toss of institutional control .

The percolating recharge water is assumed to

interact directly with the wastes, moﬁiﬂg the nonsorbéd nuclides directly to the water

table. This results in a sudden pulse re1ease at very hﬁgh concentrations. These high
concentratﬁoné'are of relatively short duration, lasting about as long as it takes the salt-
cake waste form to dissolve. The contaminated groundwater then washes the wastes further
down gradient. Sorbed nuclides again arrive later, and more épread'out'in time, but they too
are eventually washed. past the Tocation of the we]f.

R.27
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- FIGURE R.Z2. Concentrat1on of Selected Rad1onuc11des in Groundwater at a 5-km Well from

200 West Area Single—She]l Tanks, No Dlsposa1 Action: {cont1nued storage),
b 5—cm/yr Recharge .

Figure R,1 gives the groundwater concentration with fully funct1ona1 barriers. The two
scenarios of barrxer failure descr1bed above wouId 1ead to 1ntermed1ate cases. These are
illustrated in F1gure R.3. for the dtsrupt1ve fa11ure and 1n Figure R.4 for the. functional
failure. These two figures can be superlmposed on F1gure R.1 to obta1n the tota] release for
either case. '

The, pattern of the groundwater concentrat1on of rad1onuc11des is ref1ected in the poten-
tial radiation dose rate to 1nd1v1dua1s us1ng water from the well, Dose rates to individuals
drinking water from the well of F1gure R.1 are shown in F1gure R.5. Doses to the thyroid and
GI tract (10wer 1arge 1ntest1ne) can be seen to shadow. the clirves of 1291 and 99Tc, respac-
t1ve1y. The bone dose rate reflects contr1but1ons from the 14C 99Tc and 129y initially,
with a 1arger contr1but1on from 239Pu when it finaliy arr1ves. ‘The dese to the thyrofd is-
1argest in th1s case and it is essentially constant once the water is contaminated.

R:28




g e
10 [ |

T T T
hy——

I 987¢
it
- (]
B
10-7 i 1
: il
- .l
B 140 ’
=
&
e 1078 ¢
k= -
& L
= i
c
& -
o
o
5‘3 i i) 79g¢
% 10-% . 129 11
z 3 bl
[ | I 1
- I
i 11 232py,
B 11
1!
10-10 |~ b
o } 1 :
- 241Am
S ]
- ]
3 y |
. gl
10— [T il o |l il MRS T
. 100 1000 : 10,000 100,000

Time After Disposal, yr

FIGURE R.3. Goncentration of Selected Radionuclides in Groundwater at a,5—km-Well'fr§m“
200 West Area Single-Shell Tanks, In-Place Stabilization and Disposal or
Reference Alternative, Disruptive Barrier Failure at 500 Years

Doée rates from iﬁe uhbafrieréd waste site contaminating the water as illustrated in
Figure R;2 are shown in Figure R.6. The water contamination is not contjnuous; and so
neither is the potential radiation dose rate. There are eariy peaks corresponding to thei
passage of the nonsorbed nuclides, and later peaks corresponding to sorbed nuclides.

Dose rates from drinking water from sites with failed barriers are illustrated in
Figures R.7 and R.8. 'Figure R.7 corresponds to the water concentrations of Figure R.3
resulting from d1srupt1ve barrier failure. Figure R, 8'curresp6nds to the water cqncenF
trat1ons of Figure R.4 resuTt1ng from funct1ona1 barrier failure.

The dose rates reported in Tables R.2 through R.Z1 are summaries of ca]cu1at1ons that
trécked dose versus t!me in a manner Sijlar to that presented in F1gures R.3 and R.4. The
peak dose reported is the highest dose in the 10,000-year periad fo11owing waste'dispbsal,
Both total bedy, with contributing nuclide, and critical organ are given. For waste sites

R.29
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FIGURE R.4. Concentration of Selected Radionuclides’ in Groundwater at -a 5-km Well from the

200 ‘West Area. Single-Sheil-Tanks, In-Place Stabilization and DTSPOSQ] or
Reference Alternatives, Functional Barrier Failure

with barriers, the time given generally corresponds to the initial arﬁivai of the contamina-
tion at the well. For these barriered cases, the dose rate continues at about the same level
for-a long period after initiation. In a few instances, the peak corresponds to:.the arrdival
of a sorbed nuclide in addition to.the nonsorbed ones, following which-the dose rateis still
approximately constant, However, for unbarriered wastes, such-as those in the no disposal
action, the dose peaks reported are the.largest single one in the 10,000-year period. These
may or may not correspund-to,the highestractiﬁity calculations for radionuc]ideS'reported‘in
Appendix Q; the confro]11ng factor is fhé product of the radionuclide "dose factor"
(rem/curies ingested) and the water concentration. As a ru1e, the peaks in the 10 DOO-year
window are the largest over all time; the dose rate is not greater than that reported aven
through times over 100 000 years.

"R.30
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FIGURE R.5. Individual Dose Rates from Drinking Water from the 5-km Well Down
o _ ' Gradient of the 200 West Area Single-Shell Tanks., In-Place
Stabilization and Disposal or Reference Alternatives, 5-cm/yr

i Recharge

_ ‘In some instances, the dose ratés are higher to the individual from the 0.5-cm/yr
recharge rate than from the 5-cm/yr infiltration. While this appears counter to what might
be expected, since with the lower infiltration less waste is entering the groundwater per
year, it is a result of the shifting water table. With lower recharge, thare is also
decreased groundwater movement, resulting in Tess dilution of the transported wastes, In
several instances, the direction of groundwater flow is changed, Thus the postulated S5-km
well for the 0.5-cm/yr recharge can be in a .very different Tocation from the 5-km well for

R.31
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FIGURE R,6. Individual Dose Rates from Drinking Water from the 5-km Well
: Down Gradient of the 200 West Area Single-Shell Tanks No
Disposal Actien (continued storage), 5-cm/yr Recharge

the B-cm/yr recharge for the same waste forms. (@) Thus it is important to recognize that the
two cases are not directly comparable because the well would. be Tocated so as to intercept

the plume,

‘The doses presented in Tables R.2 threugh R.21 are not strictly additive: The mechanics
of groundwater flow essentially preserve independent contaminated plumes in the groundwater .
for each waste site. Only if one plume passed beneath another waste site would the two
pTumes mix. As can be seen from the figures of groundwater filow in Appendix @, this situa-:
tion is not likely for waste sites in the 200 West Area, because the fiow paths are generally

{a) 'In the 5-cm recharge case, contaminated groundwater moves to the north, west of Gable
Mountain, and on to the Columbia River. In the 0.5-cm recharge case, contaminated water
flows southeast from the 200 Areas and enters the river to the east and southeast. This
is illustrated in Appendix Q.
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FIGURE R,7, Individual Dose Rates from Drinking Water for the 5-km Well
R Down Gradient of the 200 West. Area Single-Shell Tanks,
In-Place Stabilization and D1sposa1 Alternat1ves D1srupt1ve
Barrier Failure

from west to east and the waste sites line up north to séuth. .There is more possibility for
mu!tipfe—site contamination -in the 200 East Area, but it is dffficu]t'to'ﬁredict because the
flow patterns change-radicaTiy with different assumptions . on-recharge. Because the radio-
nuclide inventories of the exiéting tank wastes are uncertain, the doses have been conserva-
tively estimated by assuming.that all the inventory is in both the single-shell and.the
double-sheil tanks. Therefore, . a reasonable'estimate of maximum dose from groundwater. for
the 200 East Area wastes, even assuming some plume mixing, is the Targest value reported in

the tab]es.:

The radiation dose rates from drinking water are quite tow for the disposal alternatives
with the protective barriers'operatjng according to design specifications. Af these dose
rates, no health effects would be observed. '
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R.1.4.2 Full-Garden Scenario for Well Water

Contaminated well water might bé used for irrigation and iivestbck‘water; as well as fér
human. drinking. water. Radiation ‘doses are estimated for the same well-water concentrations
as in Tables R.2 through R.21 but for a scenario in which an ndividual grows a large per-
‘centage- of his'food(a) usfng the well for -irrigation, as might occur on a small, 2-ha
(5-acre) family farm. In addition to drinking water, the individual-is exposed to radio-
nuclides deposited on the sofl and accumulated in crops and animal products. Doses to.
‘individuals are. given in Tables R.23 through R.32; these are given for each waste form. for ne
disposal .action and for each disposal alternative, both with barriers that function as

(2) Scenario assumes Hanford Maximum Indi#idual, see Table F.6,

R.34
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TABLE R.?3. Geologic Disposal Alternative--Individual Maximum Potential 70-Year Radiation Doses from the Full-Garden

Scenario (barriers remain effective)

0.5 em/yr Recharge 5 cm/yr Recharge
’ Total- -~ Critfcal- Time, Total- Critical- [ine,
Transpori Body Organ Years Transport Body Organ Years
. Assessment  Dose, Lritical  Dose, After Nominant Assessment Dose, Critical Dose, After Dominant
Waste Form Table rem Grgan rem Disposal MNuclide Tahle rem Organ rem Disposal Nuclide
) 200 East Area Wastes

Single-Shell Tanks

Tank Resjduals R 4% 1073 GI-LLI 8 x 10 5,100 129, 0.6 5 x 107 Thyroid 8 x 1073 5,100 P ,

Grouted Process Residual 0.2 2 x 107} Thyroid 4 5,500 129; Q.6 6 x 1072 Thyroid 1 5,200 9
Existing Double-Shell Tanks B 9 6 3 99

Tank Residuals Q.2 2 x 10 Gl-LI 1 x 1072 6,000 Te 0.6 4 x107% gl 1 x 107 9,700 e |

Grouted Process Residuals(3). -- - . - - e - - . - - -
Future Double-Shell Tanks : 6 129

Tank Residuals 0.2 1 x 10°% Thyroid 2 x 10°% 6,000 129, 0.6 2 x 1075 Thyroid 3 x 10°% 5,100 1oL

Grouted Process Residuals 0.2 6 x 10" Thyroid 2 5,000 129; 0.6 3x 107¢ Thyreid 5 x 1071 5,000 I
Sr/Cs Capsu!es(b] B - -- - - -- - - - - -- -
TRU~Contaminated Sat1(b) - - - -— - - - - -- - - - ==
Pre-1970 TRu(P) - - an - - - - - - - - -
rs/nalc) TRulb) .- - - -- - - -- - - R --

200 West Area Wastes

Single~Shell Tanks )

Tank Residuals . 0.2 2 x 10°2 Thyroid 3 x 1071 5,200 129, Q.6 9 x 107% Gi-LL1 2 x 107t 5,100 Pye |
Existing Double-Shell Tanks ) 9 4 : 99

Tank Residuals Q.2 5 x B4 BI-lLE 3 x 1002 7,400 e . 6.6 1x w0 G-I 9 x10°F 6,0 T |

Grouted Process Residuals(d) - e - - - - - - | - - -
TRU-Contaminated Soi1(b) - - - - -- -- - - -- -- - --
ore-1970 TRU(P). R . - - - - - - - - “- -
RS/NG TRU (D -- - - - - - - -- - - - -

) ) 600 Area Mastes

300 Area Burial SitesiPs2) i — -- - - - - - - - - -
300 Wye site(b) ' - - - - - - e - i -

{a) Existing DST grout is included in the SST grout calculation.

(b} This waste Torm does nat apply to the gaologic dizposal aiternative.

(c) RS/NG = retrievably stored and newly generated.

(d) A11.grouts are assumed to bé in the 200 East Area. C

(e} A recently completed study (DOE 1986a), which examined records of inactive waste disposal locations on the Hanford Site, showed that two 618 Sites
(618-1 and 618-2) each contained 1.0 g of plutorifum, rather than the previously listed 1000 g (Rockwell 1988). As a result of this lower guantity,
both sites are now designated as ltow-level waste sites (Rockwell 1987).
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TABLE R.24. Geologic Disposal Alternative--Individual Maximum Potential 70-Year Radiation Doses from the Full-Garden
Scenario--5-cm/yr Recharge with Disruptive Barr'i_er Fatlure (considered as increments above normal

performance}
Tran'spoft
. . . .Assessment Total~Bady Critical Criticai~Grgan Time, Years After Oaminant
Haste Form © 1. Tahle dose, rem . Organ Dosa, rem Barrier Failure . Nuclide
i : 200 East Area Wastes )
Single-Sheli Tanks . 239
Tank Residuals Q.7 3x 107 Bone 6 9,800 1290t
Grouted Process Residuals 0.7 4 Thyraid 6 x 10 1,800 I

Exisfing’ Nouhle-Shell Tanks ! R ' 99
Tank Residuals Q.7 3y 172 61-LLT z 200 Te |
.Grouted Process Residuals(d) - -- - - -- - :

Future Double-Shell Tanks

Tank Residuals 0.7 1 1073 Rone 2 x 1072 9,400 239, I

Grouted Process Rasiduals 0.7 9 x 1072 Thyroid 1 1,900 129y
Sr/Cs Cabsn]es(h) - e - - - - -
TRU—Cantamir;ated sai1{b) .- - ‘ - s o —-
Pre-t076 TROD) . e -- - - . -

s /uale) TRulb) - B - - ~ . -

200 Yest Area Yastés

Single-Shell -Tanks . - - |
Tank Residuals 0.7 0.8 Kidney B 2,500 . Sa |
Grouted Process Re_siduals{d) - - -- - S -

Fxisting Double-Shell Tanks

Tank Residuals 0.7 8% 1072 gr-l1 5 200 -9 |
.. Grouted Process Restaualsid) -_— - - - - -
TRU-Contaminated Soil(P) S - - - : S -
Pre-1370 TRy (b} - - - -- - o -

RS/NG TRU(B) - : - -- - -- -- --

: 600 Area Wastes
300 Area Rurizl sites(Pe) - - o= - - -

300 Wye Site(®) - - - - ' -- oo -

{a) Existing DST grout is included -in the SST grout calculation.

{h) This waste form does not apply to the geologic disposal alternative.

{c) RS/NG = retrievably stored and newly generated.

(d} Al1 grouts are assumed to be n the 200 East Area.

{e) A recently completed study {DOE 1986a), which examinad records of inactive waste disposal locations en the Hanford
Site, showed that two 618 Sites (618-1 and 618-2) each centained 1.0 g of plutonium, rather than the previously
Tisted 1000 g (Rockwell 1985). As a result of this lower quantity, both sites are now designated as Jow-level waste
sites (Rockwell 1987). : ’
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TABLE R.25. Geologic Disposal Alternative--Individual Maximum Potential 70-Year Radiation Dose from Full-Garden
Scenario--5-cm/yr Recharge with Functional Barrier Failure (considered as increments above normal

performance) i :
Transport 7 .
_ . Assessment Total=-Body Critical Critical-Organ Time, Years After Dominant
Waste Form Tahle Dose, rem Organ Dose, rem Barrfer Failure Nuclide

200 East Area Wastes

Single-Shell Tanks b
Tank Rasiduals 0.8 5 x 1072 GI-LLL
0.8

_ 3,800 Ny
Grouted Process Residuzls 2 x 1071 Thyroid

x 101 © 4,000 1294

w e

Existing Double-Shall Tanks . ' ' g
Tank Residuals 0.8 2% 1073 al-LLI 1x 1071 2,900 e
Grouted Process Residualsi®) - - - : -

Futuf-e Double~Shell Tanks

Tank Residuals - 0.8 2 ¥ 1074 Thyrofd 3x 1072 4,000 129,
Grouted Process Residuals 0.8 1 x 1072 Thyroid 7 x 1071 4,000 129;
sr/Cs Capsu]es(b) Lo - -- - -- -
TRU-Contaminated Soil (P} - -- - ' - - -
Pre~1970 TRU(D) .- - - - -- --
Rs/NR{c) TRyib} - " - . - -

200 West Area Wastes
Single-Shell Tanks

Tank Residuals - - ) 0.8 1x 102 GI-tLE i . 3,800 997¢
Grouted Process Residuals (9 -- - -- -- - -
Existing Deuble-5hell Tanks 9
Tank Residuals 0.8 7 x 1072 GI-LLi 7 3,900 ¢
Arouted Process Res1dua15(d) m - - - -— -
TRU-Contaminated Soit(b) - - == .- - -
Pre-1970 TRU(b) . - - - - -

Rs/nG TRU(D) -- - - - - -

600 Area Wastes
400 Area Burial Sites{Pse} - - - - - -

300 Wye Sitelt) - — - o .. .

) Existinrg DST grout is included in the SST grout calculation.

) This waste form does not apply to the geclogic disposal alternative,

) R$/NG = retrievably stored and newly generated.

} A1l grouts are assumed to be in the 200 East Area,

) A recently completed study (DOE 1986a), which examined records of inactive waste disposal locations on the Hanford
Site, showed that two 618 Sites (618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previously
listed 1000 g (Rockwell 1988), As a result of this lower quantity, both sites are now designated as low-level waste
sites {Rockwell 1987). . . . .
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TABLE R.26 In-Place Stabilization and Disposal Alternative--Individual Maximum Potential 70-Year Radiation Doses from the

Full-Garden Scenario (barriers remain effective)

0.5 cm/yr Recharge . ) 5 em/yr Recharge
i . Total- Critical- Time, Total- Critical- Tiwe,
Transport Body . Organ Years - Transport Body Organ Years
. . Assessment . Dose, Critical- Doseé, After Dominant Assessment Dose, Critical Dose, After Dominant
Waste Form Table ram Qrgan ram Disposal Nuclide Table rem Organ rem Disposal Nuclide

200 East Area Wastes

Single-5hell Tanks 09 9
Tank Residuals 0.3 4 x 1072 gl-LL1 9 x 1071 7100 Tc 0.9 6 x 1003 GI-LLI 1 x 1071 5100 T |
Grouted Process Residualsi?) - - - - _— - -

Existing Double-5hell Tanks

Tank Residuals . 0.2 2 x 10"1‘ Gl-LLI 1 x 10%% 6,000 A 0.6 4 x 10"2 Gi-llt 1 x10°% 9,700 e

Grouted Process Residuals 0.3 1x 10! Gl 8 5,100 9y¢ 0.9 2x 107 GI-LLT 2 5,100 997¢
Future Double-Shell Tanks

Tank Residuals . 0.2 1x 10“3 Thyroid 2 x 10°% 4,000 iggl Q.6 2 x 10'2 Thyroid 3 x 10°% 5100 iggl

Grouted Process Residuals 9.3 8 x 107° Thyrotd 1 5,500 9 0.9 3 x 10°° Thyroid 5 x 1t 5,200 1
Sr/Cs Capsules — wib) - - - - MR - - - -
TRU-Contamirated Soil - —-— NR -- - - -- - NR T == - - -
Pre-1970 TRU - MR - - -- -- - WR -- - -- --
rssual{c) TRy - NR -- .. - - - NR e . -

200 West Area Wastes-

Single-Shell Tanks

Tank Residuals .3 1x 107! Gl 3 8,300 Pre 0.9 1x 107t g1-lt1 3 6,300 997 l
Extsting Double-Shell Tanks 4 2 - - ' 0

Tank Residuals 4 0.2 5 10°% GI-LLI 3 x 1072 7,400 Te . 0.6 Lx107% Gr-ir 9 x 073 6,100 s 08 [

Srauted Process Residuals(d) -- - - - - -- - L= -- - s B
TRU-Contaminated 5ol . - NR -- -- -- -- - NR - - e -
Pre-1970 TRI S S R - - - -- - MR - - -- -
RS/NG TRU : : - R - -- -- -- - MR - - - -

: ) 600 Area Wastes )

300 Area Rurial Siteste»T) - - - - - - -- - - - -- -
300 Wye Site e s NR' - - -- - 0.16 WR - - - --

{a) This waste Torm does hot apply to the in-place stabilization and disposal alternative.

{b) MR = no release calculated for at least 10,000 years.

{¢) RS/NG = retrievably stored. and newly generated. :

(d) AIl grouts are assumed- to be in the 200 East Area..

{e) Sites are so close to the- Columbia River that no well is postulated.

(f) A recently completed study (DOE 1986a), which examined records of inactive waste disposal Tocations on the Hanford Site, showed that two 618 Sites
{618-1 and 618-2) sach contained 1.0 g of plutonium, rather than the previously listed 1000 g (Rockwell 1985}, As a result of this lower quantity,
both sites are now designated as Tow-level waste sites (Rockwell 1987),
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In-Place Stabilization and Disposal Alternative--Individual Maximum Potential 70-Year Radiation Doses from the

TABLE R.27.
‘ ~ Full-Garden Scenario--5-cm/yr Recharge with Disruptive Barrier Failure (considered as increments above normal

6¢°d

performance}

: Transport S : . . _
) : Assessment Total-Body Critical Critical-Organ Time, Years After Dominant
Was_te Form Table Dose, rem Organ Dose, rem Barrier Failure Ruclide
; ’ 200 East Area MWastes
Single-Shell Tanks o ’ 2
Tank Residuals 0.10 3 Kidney 3 x 10! 1,500 Se |
Grouted Process Residua!s(") — - - - - -
Existing Double-Shell Tanks
Tank Residuals. . 0.7 3x 1072 GI-LLI 2 200 gch l
firguted Process Residuals 0.10 2 GI-LLI 6 x 10! 4,500 Te
Future Double-Shell Tanks 3 2 234
Tank Residuals 0.7 1x 1(]'1 Bone 2 x 107 9,400 2,,“Pu
Grouted Process Residuals Q.10 1 x 1% Rone g x 10! 3,200 Am
.8r/Cs . Capsules - wrib) - - - -
TRll—Contaminated So -— NR - - ae -—
Pre-1970 TRY - R - - - .
rs/mGte) TR - AR - - - -
o 200 West Area Mastes
Single-Shell Tanks 49
Tank Residuals 0.19 2%l Thyroid 8 x 102 700 Te |
Srauted Process Residualstd) - - - - - -
Em;‘.tmg Double-Shetl Tanks 2 %
Tank Residuals 0.7 8 x 10° GI-1LY 5 200 Tc
Grouted Process Res1dua}s{‘” - - - - - -
TRU-Contaninated Sofl s MR - . - -
Pra-1970 TRU - MR — -— - ——
RS/NG TRE - NR - . —— -
603 Area Wastes
300 Arex Rurial Sites(e.f) - - i - - -
300 Wye Site — R - - - -

(a) This waste form does not apply to the in-place stabilization and dispasal dlternative.

(b} MR ="no reTease calculated for at least 10,000 years.
{c}) RS/NG = retrievably stored and newly generated.

{d) A1} grouts are assumed to be fn the 200 East Area.

(e} Sites are so.close to the Columbia River that no well is postulated.
(f) A recantly completed study (DOE 1986a),

Site,

1isted 1080 g (Rockwell 1985).

sites {Rockwell 1987).

which examined -records of inactive waste disposal 1ocat1uns on the Hanford

showed that two 618 Sites (618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previousiy
As a result. of this lower guantity, hoth sites are now desigrated as low-Tevel waste
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TABLE R.28.

In-Place Stabilization and Dispasal Alternative--Individual Maximum Potential 70-Year Radiation Dose from
Full-Garden Scenario--5-cm/yr Recharge with Functional Barrier Failures {considered as increments above

normal performance}

(a)} This waste form does not apply to the in-place stabilization and disposal’

(bY MR = no release calculated for at least 10,000 years.
{c} RS/NG = retrievably stored and newly generated.
(A} 11 grouts are assumed to be in the 200 East Area.
(e} Sites are so 'close to the Columbia River that no well is postulated.
(f) A recently completed study (NOF- 1986a), which examinec
Site, showed that twe 618 Sites (618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previously

listed 1000 g (Rockwell 1985). As a result of this lower quantity, both sites are now designated as lTow-tevel waste

sites (Rockwell 1987). .

alternative.

Transport.- L . . : . : .
Assessment Total-Body Critical Critical-Organ Tine, Years After Daminant
Haste Form Table Nose, rem Organ flase, rem Rarrier Failure Nuclide
200 East Area Mastes
Single-Shell Tanks ' 1 i 99
Tank Residuals ; 0.11 2 x 107 GI-LLT 2x 10 4,100 Tc
Grouted Pracess Residualsa) - - - - —— -
Existing Dpuhle-Shell Tanks ) : . a9
Tank flestduals Q.8 - 2 x 1073 GI-LLT 1 x 1071 3,900 Te
Grouted Pracess Residuals 9.11 1 x 107! GI-LLT 3x 10 4,000 99r¢
Future Douhte-Shell Tanks 4 1
Tank Residuals 0.8 2 x 1073 Thyroid 3 x 1072 4,000 297
Grouted Process Residuals Q.11 6 x 10° Thyraid 7 4,000 129;
$r/Cs Capsules - nribl - - . -
TRU-Contaminated Soil -- KR - -- o -=
- Pre-1970 TRY - NR - -- -- --
rs/nalc) TRU - NR - -- - --
200 Uest Area Wastes
Single-5hel1l Tanks
Tank Residuals Q.11 2 GI-LLI 1x 102 4,900 997c
Srouted Process Residualsia) - -- - - -- -
Existing Double-Shell Tanks 99
Tank Residuals - 0.8 7 x 10'2 GI-LLI 7 3,500 Tc
Grouted Process Res‘idua'is(d) - - - - - -
TRU-Contaminated Soil - W - - - -
Pre-1970 TRU - NR - -- - --
RS/NG TRU - HR - -- . -
. 600 Area Wastes
300 Arez Rurial Sites(®sT) - -- - - -- .-
300 uye Site ‘ - R - - - -

ned records of inactive waste disposal locations on the Hanford
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TABLE R.29. Reference Alternative--Individual Maximum Potential 70-Year Radiation Doses from the Full-Garden Scenario
(barriers remain effective)

0.5 cn/yr Recharge ) : 5 cm/yr Recharge

Total- © Critical-  Time, . . Total- Critical=- Time,
Transport Rody Organ Years Transport - Body Organ Years
Assessment  Dose, | Critical - Dose, After Dodiinant  Assessment BDose,. Critical Dose, After Deminant

Maste Form _ Table rem Organ rem Bisposal  Nuclide Table rem Organ __rea Disposal MHuclide
C - ) 200 Fast Area Wastes

Single-Shell Tanks . ' . ' R .
Tank Residuals . 0.3 4 x 162 G-l 9 x 107t 7,100 1 0.9 6 x 1003 GI-Ltl 1 x 107 5,100 Wy |
Grouted Process Residua]s(a_) - - - .- . - - ) - e — - -

Existing Double-Shell Tanks

Tank Residuals Q.2 2 x w04 gratr 1 x10% 6,000 HBre Qe 4 x 1078 Gr-lLr . 1 x 1070 9,700 gch I
Grouted Process Residuals 0.4 1x 107l Gralr 8 6,200 7 0,12 4 % 1072 gI-LLr 2 5,200 e

Future Double~Shell Tanks ) : : 5 5 129

- Tank Residuals -~ - . - 0.2 1x 108 Thyroid 2 x20°% 6,000 129y 0.6 2 x 100 Thyroid 3 x 1072 5,100 L
Grouted Process Residuals 0.4 2 x 1072 Thyroid 2 5,000 129 M1z 3 x 1072 Thyroid § x 1071 5,200 I

Sr/Cs Capsules - nr(b) - - - e — MW -~ -- -- -

TRU-Contaminated Sofl ~ - —- m - - - - - R - - - .

Pra-1970 TRU o - WR e - - - m g - - -

rs/NGiE) Tay : Caa NR - - - - R R - T -

200 West Area Wastes )

Single-Shell Tanks . a ) ] ) . "
Tank Residuals _ 0.3 1x 1l s 3 8,300 ¢ 0.9 Tx 1wl gi-ur 3 6,300 Tc

Existing Double-Shell Tanks o . : ' . 3 9
Tank Residuals 0.2 5 x 107 GI-LLY 3 x 10°% 7,400 e 0.6 1x 10" Gr-LLl 9 x 10°F 5,100 Tc [
Grouted Process Res1dua]5{d) " - - - - - - . - - -— - .

TRU-Contaminated Soil . - w -- - - - - R - -- - -

Pre-1970 TRU - -- KR . s S e - - “NR R — . — -

RS/NG TRU : - R .- B . — MR - - - -

600 Area Wastes

300 Area Burial Sites(?:e) R - - -— ) - . - - - - B -

300 Wye Sitel(d) ‘ D - - - - - -- R - . -

(a) This waste form dogs not apply to the reference alternative.

{b} NR = no release calculated for at least 10,000 years.

{c) RS/NG = retrievably stored and newly generated,

(d) A1 grouts are assumed to bz in the 200 East Area,

(e) A recently completed study {DOE 1986a), which examined records of mactwe waste dispesal locations on the Hanford Site, showed that two 618 Sites

(618-1 and 618-2) each contained 1.0 g of piutenium, rather than the previously Tisted 1000 g (Rockwell 1985). As a result of this lower quantity,
both sites are now designated as low-level waste sites {Rockwell 1987).
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Reference Alternative--Individual Maximum Potential 70-Year Radiation Dose from Full-Garden Scenario--5-cm/yr

TABLE R.30.
Recharge with Disruptive Barrier Failure (considered as increments above normal performance)

FATR|

RS/NG TRU

300 Area Burial.Sites{ase)
300 uye Site(d)

600 Area Wastes

This waste form does not apply to the reference alternative.
NR = no release calculated for at least 10,000 years.

A1 greuts are assumed to be in the 200 East Area.

(a)
(h)
sc) RS/NG = retrievably stored and newly generated,
d}
{e)

Transport .
. Assassment Total-Body Critical Critical-0rgan Time, Years After Dominant
Waste Form Tahle -Dose, rem Organ Dose, rem Rarrier Failure Nuclide
200 East Area Wastes .
Single-Shell Tanks 79
Tank Residuals 0.10 3 Kidney 3 x 10 1,500 Se |
Grouted Process Residuals(d) . — ] - - - -
Existing Neuble-Shell Tanks . . . : - . "
Tank Residuals Q.7 - 3 1072 GI-LLI 2 200 37
Grouted Process Residuals n.13 1 x 10°! GI-LLI & 1,800 ' BOre
Future Double-Shell Tanks : ) 2
Tank Residuals Q.7 x 10‘% Bone 2 x 1072 9,400 gPu
‘Grouted Procass Rasiduals 0.13 9 x 10° Thyroid 1 1,900 1291
5r/Cs G@psules - KR i) -~ - - -
TRU-CO‘:‘taminated Seil - NR - - - -
Pre~1970 TRU ' - "y - .- - -
" rsmeie) Ty - TR -- - --
200 Hest Area Wastes
Single-Shell Tanks 99
Tank Residuals Q.10 2 ¢ 10! Thyroid 8 x 108 7490 Te
Grouted Process Resmuals(a) - - - - - -
Existing Double-Shell Tamks " 99
© Tank Residuals d 0.7 8 x 1072 &l -LLT 5 230 Tc
Grouted Process Resmua]s( ) “- - - -- - -
TRU-Contaminated Soil - N - - - -
Pre-1970 TRU - AR -- - - -
- HR - - - -

A recently compteted study (DOE 1986a), which examined records of inactive waste dispasal locations on the Hanfurd
Site, showed that two 618 Sites (618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previously

11sted 1000 g (Rockwell 1985},

sites (Rockwell 1987},

As & result of this lower quantity, both sites are now designatad as low-Tevel waste
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TABLE R.31.  Reference Alternative--Individual Maximum Potential 70-Year Radiation Dose from Full-Garden Scenario--5-cm/yr
-Recharge with Functional Barrier Failure (considered as increments above normal performance)

Trﬁnsport .
. . Assessment Total-Body Critical Critical-Organ Time, Years After Deminant
Waste Form Table Dose, rem Organ Dose, rem Barrier Failure Nuclide

200 East Area Wastes

Single-Shell Tanks 99
Tank Residuals Q.11 2 x 171 GI-LLI 2 x 10l 4,100 Tc
Grouted Process Residuals(®) -- - .- - -

Existing Double-Shell Tanks

Tank Residuals .8 2 x 10-3 GI-LLI 1x 10;1 3,900 gch
Grouted Process Resfduals Q.14 4 x 1071 GT-LL1 I x 1 4,000 Tc
Future Double-Shell Tanks 129
Tank Residuals ) © 0.8 2 x 10‘; Thyroid -3 x 107? 4,000 129[
Grouted Process Residuals Q.14 4 x 107 Thyroid 7 4,000 4
Sr/Cs Capsules - Nr (b} . - : . -
TRU—Cuntaminated_ Soil - NR w— -— - .
Pre-1970 TRY - . NR - - —— -—
as/nale) TRy - MR - - - -

200 West Area Wastes

Single-$hell Tanks 99
Tank Residuals Q.11 2 GI-LLI 1x 102 4,900 Tc
Grouted ProceSS'Res‘lduals(a) - - -

Existing Nouble-Shell Tanks

Tank Residuals 0.8 7 x 1078 GI-LLI 7 3,900 997
Grouted Process Residua]s(d) - - . - : - : -
TRU-Contamiated Soil . - NR - - —n -~
Pre-1%70 TRY - NR - - -_— -~
RS/NG TRU - MR - -- - —
600 Area Wastes ‘ :
300 Area Burial Sites{2:8) - - - - - R
300 Wye Siteld) - - - _ - - -

(a) This waste form does not apply to the reference alternative,

(b}- MR = no release calculated for at least 10,000 years.

{c) RS/NG = retrievably stored and newly generated. .

(d) A1l grouts are assumed to be in the 200 Fast: Area. - .

{e) A recently completed study (DOF 1986a), which examined records of inactive waste disposal Tocatioens on the Hanford
Site, showed that two 618 Sites (618-1 and 618-2) each contained 1,0 g of plutonium, rather than the previously
Tisted 1000 g (Rockwell 1985), A§ a result of this.lower quantity, both sites are now designated as low-level waste
sites (Rockwell 1987), .
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TABLE R.32. No Disposal Action (continued storage) Alternative--Individual Maximum Potential 70-Year Rad1atmn Dose from the
' Full-Garden Scenario

0.5 cmfyr Recharge . ) 5 ¢mfyr. Recharge

Tota1—. Criticai~ Time, Total- : Critical-" Time,.~
Transport Body -+ - . Organ - Years . Transport Body . (rgan - Years
: Assessment -~ Dose,  Critical Dose, . After  Dominant Assessment  Dose, Critical = Dose, After  Gominant
Waste Form Tabie rem Grgan " .rem Disposal Nuclide " Tahle rem _ _Organ rem - ‘Disposal  MNuclide
. ’ S ] 200 East Area Wastes :

Sinigte-Shell Tanks . . o g : s " 000
TFank Residuals 2.5 2 x 10V GI-LLE 2 x 103 1,300 . 1c - 0.15 4 x 10 Bone 2 % 10 Jog Sr
Grouted Pracess Res1dua1s(a) - -— - - C - - - - - -- .

Existing Double-Shell Tanks . . " ) 99 _'5 6 ’ "
Tank Residwals . 0.5 3 x 102 Gl-LLI 2% 10 400 Te Q.15 | & x 10 8ane 2 x 10 o0 g

) Grouted Frocess Res1dua15(a} EER - -- - -- -— -— - -- - - -~

Future Double-Shell Tanks ) 3 . ‘239 6 6 90
© Tank Residuals Q.5 1 x 102 Bone 2.x 19 4,200 . - Pu Q.16 1 x 16¥ - Bone 5 x 10 300 sr
Grouted Process Resmuals(ﬂ} - - - - S - - - - - -- o

Sr/fCs Capsules o C - -~ wib) -- — e -- -- T -- - - -

. TRU-Contaminated Soil - - 5 - oW = - - - s g x 107" Bone 3 x 1073 600 905y

Pre-1970 TRU o .5 W - e . 9.15 © W e - -

2s/mele? rrufa) © 0.5 R - - - - 9.15 2x 10 Bone  6x 1077 - 600 0.
' _ . 200 West Area Wastes . .

Sifigte-Shell Tanks . : do ' . 6 - 90
Tank Residuals R sx1ol er-lr 7 x ¥ 1,400 Te 9.15 2x10% 7 Bone  &x 100 400 R

Existing Double-Shell Tanks ' ) - : 99 : 6 o7 90
Tank Residuzls © Q5 3% 102 G-kl 2 x 104 400 Oy Q.15 9 x 105  Bone 3 % w7 00 sr
Grouted Process Residua]s(a) - - - - : - - -- - - - - -

TRU-Cantaminated Soil - NR - - - - 9.15  3x 0% Boe  1x103 g . s

Pre-1970 TRY, : Q.5 1x 107l Bone - 7 x 17l 1,300 lag - 0.15 ik 1070 Bone 7Txo107l oo . %5

RS/NG TRU s 3x 107l pone v 13m0 - M4 Q18 321071 Bone 1 ) Hsr

300 Area Burial Sitestds®) . _. . - - - = i w - -- --

300 Wye STte S - - - - - - - - - - - -

(a ) This waste form dees not apply to the no disposat action.
(B} MR = no release catculated for at least 10,000 years.
(c) RS/NG.S retrievably stored and newly generated. -
(d} Sites are so close to the Columbia River that no we'l'l is postulated, : : :
{e) A recently compteted study (DOE 1986a), which examined records of .inactive waste disposal locations on the Hanford Site, showed that two 618 Sites
(618-1 and 618-2) each contained 1.0 g of plutenium, rather than the previously listed 1000 g (Rockwell 1985). As a result of this lower quant1ty.
. hoth sites are now designated as lTow-level waste sites (Rockwell 1987). - : .




designed or, for the higher recharge case, with barriers experiencing either the disruptive
or functional failure as described in Section R.1.4.1. Only lifetime doses are presented in -
this set of tables.

The radiation doses the individual might receive from the full-garden scenario are
increased from those he could receive by water alone. For nuclides that are not readily
taken up by plants, the increase in dose is generally less than a factor of 10, -as can be
seen in comparing the results for 239, or 14C in Tables R.2 through R.21 with the cor-
responding entrfes in Tables R.23 threugh R.32. For nuclides readily taken up hy pTants,

QOSr,

such as the increase in dose can be as much as a factor of 100,

In general, the radiation dose rate to individuais, as a function of time after waste
disposal, will follow the same pattern as the groundwater concentrations described for drink-
ing water in Section R. 1 4.1, There is some additional contribution from radionuctides being
redistributed in the soil by irrigation, but over many years it is not as significant as the .
contribution from the water directly. The caveats pertaining to the drinking water pathway
{Section R.1.4.1) apply also to the garden scenabio. ‘

R.1.4,3 Radionuclide Migration to the Columbia River

Radionuclides and other contaminants Teached into the groundwater would Jikely reach the
Columbia River eventually. The rate at which nuclides enter the river depends on the rate at
which they enter the groundwater, their radioactive decay, their chemical characteristics, '
and the flow of the aquifer and distance fo the river. The highly mobile radionuclides (140;
gch) could reach the Columbia within a few hundred years after the #nitiation of waste . ‘
leaching if no barriers to migration intervene. The less mobile nuclides (13705,‘241Am) may
entirely decay before ever reaching the water table. The relative rates and proportions of
radionuclides eventually reaching the river are functions of the initial inventories (given
in Appendix @ and Chapter 3) and the flow rate of the transporting water, if any.

The Columbia River is now .used for drinking, irrigation, and recreation by many people
lfving downstream of Hanford. These uses can only be assumed to increase in the future.
Presently, only a small fraction of the river's flow below Hanford is used for irrigation or
drinking. (Water for the large irrigation prejects in the area is primarily derived from the
Cotumbia River upstream of Hanford.) Within 80 km of Harford, only 2000 people are estimated
to eat only food grown with irrigation water from the Columbia, 70,000 people drink water
from the r{ver,'and about 125,000 people swim or hoat in the river (McCormack et éT. 1984).
Te conservatively account for all people Tiving downstream along the Columbia between Hanford
and the river's mouth, a population growing to nearly 5,000,000 affected individuals is |
assumed over the next 10,000 years. For this many people to be affected, a very large
increase in the amount of irrigated land in both Washington aﬁd Oregon would be required,
concurrent with a Targe increase in dveré1l popuTatidn. The total number-of peoble thus
assumed to Tive along the CoTumb1a River over the 10 OOD-year per1od is about 410 million.
The total dose a group this s1ze would rece1ve from natura11y occurring background sources is

R.45
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nearly 3 billion man-rem. As a subset of this pbpulation the;?@wobﬂ péople currently using
the Columbia for drinking water, if held cohstant-overuthe next ‘10,000 years, would receive a
natural background dose of about 70 mitlion man-rem.

Persons Tiving along the Columbia River downstream from the waste entering by postulated
groundwater recharge would be subject to time~dependent radiation doses. The gradual release

‘of contaminants to the river would. cause a. sTow -increase in dose rate to a peak,- followed by -

a gradual decline. There could be more than one peak, separated in time from the others,
caused-by,different'radionuclides. The total dose to all people 1iv1ng over the next

10,000 years depends mostly on the total activity of each nuclide {curies) released, but the
rate of release controls the dose rate to any one 1nd1v1dua1. Th15 is analogous to the con-
s1derat10ns described in Section R.1.4.1 for the groundwater well. The population dose to
all residents downstream is 111ustrated in Figure R.9 fqr,the waste form used as an example
in Section R.1,4.1 (SST wastes in the 200 West Area, with and without barriers).” The popula-
tion dose shown for the case without barriers indicates that most_impact'is due to the eaf]y
arrival of the nonsorbed nuclides., The nuclides would reach the Eiver'in'pu1se§; much like
those shown in Figure R.2. The later arrivals of the sorbed nuclides are at much lower rates
than the arrivals of early nonsorbed nuclides, and. add on1y incrementa11y‘to fhe total dose.
For the wastes with barriers, the slow release results in greatly reduced popu]ation doses.
Because the models used assume that all nondecayed nuclides would eventual1y be re1eased the
total population.dose predicted would asymptotically approach the one.calculated Tor the
no=barrier example, but it would take several million years to get there,

The maximum 1ifetime dose to an average individual Tiving downstream of Hanfbrd.a1ong
the Columbia River is given in Tables R.33 through R.46 for each disposal alternative and for
the no disposal action, for each poétu1ated rate of groundwater recharge, with. and without
functional barriers., As described in Appendix M. and Section R.1.4.1, doses are also pro-
jected both for a serious disruptive barrier failure scenario and for a lesser, functional
barrier failure scenario. The percentage contr1but1on to the total dose provided by drinking
water only is provided, as analogous to ‘the dr1nk1ng water well of Section R.l.4.1.

" The Tifetime doses to average 1nd1v1dua1s from any of the disposa? alternatives are very
small; the largest is equivalent to the dose received in'3 or & hr from natural background.
The total 10,000-year 1ntegrated popuTatron doses. are. 11kew1se smatl, There js- véry 1ittTe
difference between the dose estimates; for the 0.5-cm and 5=cm recharge’rates the tota1 popu-
lation doses are directly dependent only on the tota] gquantity of each rad1onuc11de ulti=-
mately released to the river, which is -nearly the same in each case. This is caused by the
slow release from the waste provided by the protective'bafrier,‘which is 4n turn independent
of the recharge rate assumed (the'iﬂe!ease being‘dri‘ven'by -diffusion', not IEaching') '

© Also, wh11e the 1n1t1a1 1nventor1es of most’ ftss1cn products and transuran1cs d1sposed
of near surface differ for the in-place dlsposa1 and reference alternatives, the nonsorbed
nuc11des 140, 99Tc, and 1291 are -the same for these two alternatives, and therefore S0 are
the -final doses. ({This generalization, of course, is ‘not true for the cases 1 which the
barriers are assumed to fail.) The total number of health effects that might result in the
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FIGURE R.S. Integrated Population Dose from Releases of Radionuclides from
200 West Area Single-Shell Tanks, With and Without Barriers

downriver population {of about 410 million people) can be estimated from the total pepulation
dose from all waste forms. As described in Section R.1.4.2, the doses for ‘the existing tank
wastes have been baséd on the assumption that most of the radionuciide 1nventbry-is both in
single- and in double-shell tanks. Thus, to get a realistic maximum, the Targest reported
doses from these waste forms shou?d be considered représentative. - '

PreVious studies have investigated the potential for population dose resulting from
refeases from wastes in the Hanford 200 Areas., The most applicable is that by Murthy et al.
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TABLE R.33.

Recharge (barmers remain effective)

“Average Downriver lndividual,

Lifetime Dgse, During Peak Release Period

10,000-Yr Integr‘ated

Population Dose

" TRU-Contaminated Soi1(C)

Pre-1970 TRUC)

rs/nG TRULCY

300 Area Burial Sites(6-T)

300 Wye Sitelc)

‘dose from all sources (1rr1gat1on, etc.).
(9) Existing DST grout is included in SST grout calculations,
{¢) This waste form does not apply to the geologic disposal alternative.

{d) RS/NG =

retrievably stored and newly generated,
{e) A1l grouts are assumed to be in the 200 East Area.

Total- Drinking- Critical- ime,
Transport Body Water Organ Years
. : - Assessment Nose, Contamzn?tion Critical Dose, After
Waste Form Table rem A Organ rem Disposal
200 East Area Wastes
$ingle-Shelt Tanks 2
_ Tank Residuals 0.2 6 x m-;ﬁ 9 Thyroid 5 x 1070 9,700
Grouted Process Residuals 0.2 4 x 107 14 Thyroid @ 1 x 107 2,660
gExisting Double-Shell Tanks ’ 12 1
. Tank Residuals Q.2 4 x 10" 7 BI-1LT 4 x 10-10 9,900
" Grouted Process Residuats(b} - - - - - --
Future Doubta-Shell Tanks 1 ) 1
", Tank Residuals 0.2 2 x 10712 7 Thyroid 3x 107 9,700
Grouted Process Residuals 0.2 1.x 1079 9 Thyroid 5 x 1077 9,400
“Srfts Capsules(©) - - - - -- -
TRU-Contaminated Soi1{¢) - - - - - -
- pre-1870 TRu(c) -- - - - -- -
rsyng(d} maylc) - - - - -- -
c : . 200 Mest Area Wastes
‘Singie-Shell Tanks o
Tank Residuals 0.2 9 x 10710 9 GI-LLI 7 x 10” 9,900
Existing Double-Shell Tanks s
Tank Residuals Q.2 1x 107t 7 GI-LLI 1 x 10-10 9,400
Grouted Process Residuals(e! - - - .- - -

600 Area Wastes

(a) Doses from drinking water contamnatmn are based on the maximum water concentr‘ation, which usially occurs

Total-

Dominant Ruclide Body

Total- Critical- Dosa, Dominant

Body Organ man-rem Nuclide
62% T 99y 1291 2 x 1071 573 ¥ I
673 ¢ oo 1 1 723 g
iy e 09w Wre 1x 10 8lp Yrc |
67% gggc 993 1297 4 5 w0t saz 995c
71y 12 60% 4y 107t 50y !
63 P1c 9 Prc 3 x 0t sey P |
88 P1c 093 Pre 3xut s Mo |

spmewhat earlier than the maximum

(f) A recently completed study (DOE 1986a), which examined records of inactive waste disposa] locations on the Hanford Site, showed-that two 618 Sites
(618-1 and 618-2) ‘each contained 1.0 %
hath gites are now des‘ignated as low-

of plutonium, rather than the
evel waste sites (Rockwell 1987

grevmus'ly Yisted 1000 g {Rockwell 1985). As a result of this lower quantity,

Geologic Disposal Alternatwe—-Pubhc Doses from Contaminant H'I gration to the CoTumbm River for 0.5- -cm/yr
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TABLE R.34. &Geologic Disposal Aliéernative—-Public Doses from Contaminant Migration to the Columbia River for 5-cm/yr
Recharge (bar‘ﬂer“s remain effective)

_ . . Lo 10,000-Yr Integ'rated
Average Downriver Individual, Lifetime Dose, During Peak Reledse Period '+ Population Pose

Total~ Drinking- Critical- Time, Total-
Transport Body Water Organ Years Dominant Nuclide Body
- Assessment Dose, Contamz‘n%tian Critical Dose, Aftar Tatal- Critical- Dose, - Dominant -
Waste Form Table . rem a

Drgan ren Disposal Body . _Organ map-rem Nuclide

. 200 East Area Wastes S
Single=Shell Tanks ) ' . . ‘

Tank Residuals 0.6 3 x 1079 9 Thyroid 51028 9000 7aw Mse oo 1291 g x 107t 7an Tise
Grouted Process Residials 0.6 5 x 1078 15 © Tayroid - 1 x 107 10,500 91% "9%e 90x 1291 2 4 190 903 79se

Existing Douhle-Shell Tanks : o
Tank Residuals 0.6 8 x 1012 7 GL-Li1 5x 10710 10,000 49% e ooy Ve 2 x 1073 aex Ve i
Gr‘outpd Process Res1dua'|s(b} - an - - o - - - R, .

Futire -Double-Shell Tanks . . - . ' 3
Tank Residuals 0.6 1 x 1071l 7 Thyroid . 2 x 10710 9,700 a8 795e 993 12% 4 ¢ 107 omm 7’35e *
Grouted Process Residuals 0.6 1 x 1078 0 Thyreid 5 x 1077 9,700 - 96% 79Se 993 129 g 993 M95¢ ]

SriCs Cap_s‘uies(c) ) ) - - - - - . - - - R ) -

TRU-Contaminated Soi1(¢) . - - - - - o em — -

pre-1970 TRole) . - - - - - - - - - -

rs/aald) Tryled : - - - . - R - - - -
260 West Ares Nast_:es .

Single-Shell Tanks ’ . '

Tank Residuals N 5 x 1079 9 GI-L1 8 x 1078 9,600 - 81% "9se 94y ¥ 778 195 !

Existing Double-Shall Tanks . - : o '

Tank Residuals 0.6 2zx 10712 7 G1-LL] 1-x 1-10 9,700 413 e 9om Pre 6 x w07t arg Ve !
Grouted Process Residuals (@) - - - - - ) “- - -— - -

TRU~Contaminated Soi1 (€} -- - - - - — . - -

Pre-1970 TRy(E) : - - - - - - - - - -

asm Trufcl _ - - . - - - - -

. . 500 Area Wastes ) )
300 Area Burial Sites(€sT) - -- S - - - - - - -
300 Wye Sitefc) - - S - - — . - - ",

{(a) Doses from drinking water contamination are based on the max?rnum water concentration, which usually occurs somewhat earlier than the maximum -
lose from all sources (1fr'1gatfon, etc. ). ’ : : : .

{b) Existing DST grout is included in S5T grout calculations.

{c) This waste form does not apply to the geologic disposal alternative.

(d) RS/NG = retrievably stered and newly generated, .

{e) AN grouts are assumed to be in the 200 East Area. ’

(f} A recently completed study (DOE 1986a), which examined records of inactive waste disposal locations on the Hanford Site, showed that tiwo 618 Sites
(618-1 and 618- -2} each contained 1.0.g of plutonium, rather than the prevmus]y listed 1000 g (Rﬂckweﬂ 1985) As a.result-of this tower quantity,
both sites are naw deSJgnated as 1ow 1eveI waste sites (Rockwell 1987}, . o .
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TABLE R.35. Geologic Disposal Alternative--Public Doses from Contaminant Migration to the Columbia River for 5-cmfyr

Recharge with Disruptive Barrier Failure (considered as increments above normal performance }.
C . 10,000-Yr Integrated

Average Downriver Individual, Lifetime Dose, Buring Peak Release Period Population Dose
Total- Brinking- Critical- Time, Total-
Transport Body Water Organ Years Dominant Nuclide Body
Assessmant Dose, Cnntamz‘n?tion Critical Dose, After Total- Critical- Dose, Dominant
Yaste Form Table ren i Organ rem Disposal Rody Organ man~rem  Nuclide

200. East Area Wastes

Single-Shell Tanks 70 19 1 238
Tank Residuals 0.7 6 x 1077 16 Kidney 8 x m'g 2,300 973 19sa  9on Tee 1 x 20, 49y S8
Grouted Process Residuals 0.7 3 x 1077 21 Thyrold _ 5 x 107 9,900 91% T9se 99y 1897 1 x 10 892 79se

Existing Douhle-Shell Tanks . '

Tank Residuals N Q.7 7 x 1079 9 GI-LLT 4 x 1077 600 agg Pre 99w Yo 4 x 1072 71z 2an }
firouted Process Residuals () -- - -- e -- - -- - - --

Future Doubie-Shell Tanks 9 a 7 79 2 79
Tank Residuals q.7 6 x 1073 7 Kidney § x 1078 2,400 99% Mse 991 TIse 2z x 1077 951 Mise
Grouted Pracess Residuals 9.7 6 x 10~ 13 Kidney 6 x 107 9,900 96z 795e oy T9sa 3 ¢ 10t 958 TY9se

Sr/Cs Caps_u]es(c) - -- -- -- - == ) - -- - ==

TRU-Contaminated Soit{®) -- -- -- . - -- -- - -- -

ora-1970 TRU'E) - -- -- -- -- - - - -- -

ks i) Tryled - - - - -- - - - - --

200 Yest Area Wastes

Singla-Shall Tanks
Tank Residuals 0.7 7 x 1077 36 Kidney 8 x 1078 3,300 99% ¥se g9z s 4 593 7Yse [

Existing Noubla~-Shell Tanks N N
Tank Residuals 0.7 7 x 1079 7 GI-LLI 8y 1077 00 86% 9Tc o9z Pre 7 x w0 79y e |
Grouted Process Residuals(®) - - -- -- -- -- — -- - -

TRU-Gontaminated So11%6) - - - - - - - - -- -

pre-1970 TRulc) . - — - -- - - -- -- - -

rRs/ng TRU(E) _ B - - - - T - - S

. . 600 Area Wastes
300 Area Burial Sites(C.f) -- e -- - . - .- -- - --
300 Wye sitelc) -- - -- .- - - -- - -- -

{a) Doses from drinking water contamination are based on the maximum water concentration, which usually occurs somewhat earlier than the waximum -
dose from all sources {irrigation, etc.). i :
Existing ST grout is inciuded in SST grout calculations.
Only wastes with barriers are considered. :
- RS/NG = retrievahly stored and newly generated.
A1l grouts are assumed to be in the 200 East Area.
A rocently compieted study (DOE 1986a), which examined records of inactive waste disposal locations on the Hanford.Site, showed that two 618 Sites
{618-1 and 618-2) each contained 1.0 g of plutenium, rather than the previously iisted 1000 g (Rockwell 1985}, As a result of this lower gquantity,
both sites are now designated as Tow-level waste sites (Rockwell 1987). B -
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JTABLE R.36. Geologic Disposal Alternative--Public Doses from Contaminant Migration to the Columbia River for 5-cmfyr
Recharge with Functional Barrier Failure (considered as increments above normal performance)

10,000-Yr Integrated

Average Downriver Indivicual, l1fet1me Dose, During Peak Release Period Population Dose
Totatl- - Drinking- : Critical- Time, Total-
Transport Body Water Organ Years Dominant Nuclide Body
Assessmant Dase, Cuntamin?tion- Critical Dosa, After Total- Criticat- Dosa, fominant
Waste Form Table rem gl Organ rem_ Disposal Body Organ man-rem Nuclide

200 East Area Wastes

Single~Shell Tanks

Tank Residuals 0.8 5 x 1077 6 GI-LLI 6 x 10°5 4,300 san Py g9y gggc 3 50% 99Tc l

Grouted Process Residuals 0.8 1x 1077 15 Thyraid 3 x 1079 10, 000 663 1% gop ! Ayl 7l
Existing Double-Shell Tanks

Tank Residuals 0.8 2 x 1078 8 GI-LLT 2 x 1076 4,300 563 MTc om My g x 1072 ssy g |

Grouted Process Residuals(b) - -— -— . - an e e -— -
Future Bouble-Shell Tanks .

Tank Residuals 0.8 2% 10-3 7 Thyroid 3 x 1077 4,500 6an Yrc  avx 1291 1 51072 eax ¢

Grouted Process Residuals . 0.8 6 x 107 16 Thyroid 6 x 1077 9,500 7y 1 99y 129 2 768 8¢
Sr/is Capsu]estc) o h - - o : - o - - o
TRU-Cantaminated Soi1(S) - - - - - » . - - .-
Pre-1970 TRU{C) - - - - - i -- -- - --
Rs/natd) TRylc) - - - . - — - .- - -

) 200 Yest Area Wastes

Single-Shall Tanks

Tank Residuals Q.8 8 x 1077 6 GlI-LLI 1 x 107 4,300 833 e o9r Pre 6 483 e |
Existing Dou.b1e Shell Tanks .

Tank Residuals 0.8 . zxwd - 7 GI-LLI 2 x 1077 4,400 gy P97 991 Mre 3 x 1072 s1m 129p [

Grouted Process Residuals(®) - -— - - - - — - — s :
TRU~Contaminated Soi1(€) - - - - - - -- -- - -
Pre-1970 TRU(E) -- -- -- -- - -- -- -- -- --
s/ Trulc? -- - -- -- -- -- -- -- -- --

. 600 Area Wastes

300 Area Buriat Sites(cﬁf) - - — - — o — - . .
300 Yye Sitelc) -- - - - - - - - -

} Doses from drinking water contamination are based on the maximum water concentration, .which usually eceurs somewhat earlier than the
maximim dose from all sources (irrigation, etc.).

} Existing DST grout is included #n SST grout calculations. -

} This waste form does not apply to the geologic disposal alternative.

) RS/NG = retrievably stored and newly generated.

] A1l grouts are assumed to be in the 200 East Area.

) A recently completed study {DOE- 1986a), which examined records of inactive waste disposal locations on the Hanford Site, showed that two 618 Sites
{618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previéusly listed 1000 g {Rockwell 1985). . As a result of this lower quantity,
both sites are now designated as 10w-1eve1 waste sites (Rockwell 1987). : . :
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TABLE R.37. In-Place Stabilization and Disposal Alternative--Public Doses from Contaminant Mi gratwn to the Columbia River
for O. 5—cm/_yr Recharge (barmers remain effectwe)

18,000-Yr Integrated

Average Nownriver Individual, Lifetime-Dose, During Peak Release Period Popuiation Dose
) Total- Brinking- Critical- Time, } Total-
Transport Rody Water ) Organ Years Dominant Muglide Body
Assessment Dose, Contamin?tim, Eritical Dose, After Total- Critical- Dose, Dominant
Waste Form Table rem &

Orgadn redt Tisposal Body Oroan man-rem  °_ Nuclide

200 East Area Mastes

- Single-Shell Tanks . o .
Tank Residuals 0.3 5 x 1079 7 " BI-LLI 5 x 1077 9,800 845 P1c 9oy Pre ) g1z 997 '
Grouted Pracess Residuais(a) -- - e -- - -- - - - -

Existing Double-Shell Tanks

Tank Residyals Q.2 4 x 10712 7 oGl-ll. 4x 1070 . 99qp 84 99Tc 993 991 1 %1073 8l 99Tc [
Grouted Process Residuals 0.3 - 2x 108 ¢ GI-LLT 2 x 1078 5,400 663 Mrc  99% Prc 6 61%
Fu%ggi 32‘:?355??“ Tanks . 9.2 2 % 10712 7 Thyroid 3 x 1010 9,700 672 97 09% 1291 551074 863 997c
Grouted Procass. Residuals Q.3 4y 107? 7 Thyroid 5 x 1077 9,400 69% 997c 9oy 1291 3 - 662 7 l
Srits Capsules ) —- tRr{b] - - S e= =- : - - - -
'i'RU-Contaminated Soil Ca- NR - R - . .- B R
Pre-1970 TRU 7 - " - - - - - - - - --
rs/nac) TRy S m - - — . - - - -
) 7 200 West Area Wasies _ .
Slatk Restduate 7 0.3 6xl0? 7 ez 7x1077 o500 Lo P ooy B 2 mig Pre |
Pk Rospduate TS Q.2 1x w2 Ty Gr-atl 1x 1070 9400 7er Fre g Pre o3 xci07t 7ms B |
Grouted Process Restduats(d) - I -- - -- : - - - -- ——
TRU—Contaminated Soil - Mo - -- - S - . - - . - -
Pre 1970 TRU : L. NR - - —-- : e - - . -- .
RS/HG TRU ' . T - e -- . - R - . --
' ' ) . . ) G600 Area Wastes -
300 Area Burtal Sites‘€) .16 NR P - — - - - - — ——
300 uye Site : Q.16 M- - e - Ces - — i o

(a) This waste form dees not apply to the in- p]ace stabﬂlzatfon and disposal alternative.
{b) MR = no release calculated for at Teast 10,000 years. : S .
{c) RS/NG = retrievably stored and newly generated.
(d} A1l grouts are assumed to be in the 200 East Area.
} A recently codpleted. study. (DOE .1986a), which examined records of inactive waste disposal locations on the Hanford Site, showed. that two 618 Sites
(618-1 and 618-2) each contained 1.0 g of plutonium, rather than. the prevmusly Tisted 1000 g {Rockwell 1985) . As a resylt-of this lower quantity,.
both sites are now designated as -low-level waste sites (Rockwell 1987), : . C
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" for S-cmfyr Recharge (harriers remain effective)

. 10,000-Yr Integrated
Average Downriver Individual, Lifetime Daose, During Peak Release Periad Papulation ose

] Taotal~ Drinking~ . Critical- Time, Total-

Transport Bady Water ’ Organ Years Deminant Muclide Body

Assessment Dose, Contamln?tion Critical Dose, After Total- Critical- Dose, Deminant
Waste Form Table rem a Organ rem Disposal Rody Organ man-ram Kuclide

200 East Area Wastes

Single-Shell Tanks 7 7 99 7
Tank Residuals 0.9 3.x 1078 7 BI-LL1 6 % 10° 10,000 812 "%e 963 e 9 81% 95e
Grouted Process Residualsid) .- - - - - aa - . - --

Existing Double-Shell Tanks

TABLE R.38. In-~Place Stabilization and Disposal Alternative--Public Doses from Contaminant Migration to the Columbm River

Tank Residuals 0.6 8 x 1012 7 G1-LLI 5x 1070 19,000 49% B1c 993 Bre 2 x 103 a6y Ve |
Grouted Process Residuals 0.9 3x 1078 9 8l-LLl 2 x 1070 9,900 453 997c 99y e g a2y P9r¢
i it Q.6 1xall g Thyreid 7 x 10719 o700 8g% Yse 99% 1291 a4 x w3 esy T9se '
Grouted Process Residuals 8.9 3 x 15°8 7 Thyroid 5 x 1077 9,700 . 88% 795 ooz 1291 g 87% 795e
- 3r/Cs Capsules - tr (b) -- - -- -- -- -- - -
TRU-Contaminated Soil - MR - - - -— - - - .
Pre-~1970 TRU -- MR -- - -- - - -- -- -
rs/ne{c) TRU — " - - - - - - - -
. . . 200 West Area Wastes
ST?E;:—gzgéuLa:ks 0.9 4% 1078 7 BT-LLT 8 x 107 9,600 823 9se 903 ¢ 1 x 10! son ¥se
5*%33&"362?33;?3“9" Tanks Q.6 2 % 10712 7 GI-LLI 1x 1000 o700 ars B9re g9 1 6 x 107% T ayy Oc
Grouted Process Residualsid) - - -- - - - - - -- .-
TRU—C{_}rftalriinated Soil - NR - -- -- - -- - - -
Spe-1970 TRU - MR - - - - - - . -
RS/NG TRU - - NR: . - - - - - — - R
. ) 500 Area Mastas
300 Area Burial Sitas(e) 216 M — -- - - - - -
" 300 Wye -Site . B 5% 1 NR - - - -- - -= - -

(a) This waste form does not apply to the in-place stabilization and disposal a'lter'natwe.

(b) MR = no release calculated for at least™ 10,000 years.

(¢} RS/NG = retrievably stored and newly generated.

(d) A1l grouts are assumed to be in the 280 East Area.

(e} A recently completed study (DOE 1986a}, which examined records of inactive waste disposal locations on the Hanford Site, showed that two 618 Sites

(618-1 and 618-2) each contained:1.0 g of plutonium, rather than the previously listed 1000 g (Rockweﬂ 1885), As a result of this lower quantity,

_ both sites are now des1gnated as 1ow-1eve1 waste sites. {Rockwell 1987).
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TABLE R.39. In-Place Stabilization and Disposal Alternative--Public Doses from Contaminant Migration to the Columbia River
for 5-cm/yr Recharge with Disruptive Barrier Failure (considered as increments above normal performance)

18,000-Yr Integrated

Average Downriver Individual, Lifetime Dose, During Peak Release Period Population Dose
- Total~ Brinking- Criticaf- Time, Tatal-
Transport Bady " Water ) Organ Years Dominant MNuclide Body
Assessment Dose, Contamln?tion Critical Nose, After Tetal- Critical~ Dose, Daminant
Waste Form Table . remn gl Organ rem . Disposal Body Organ man-rem Nuclide

200 East Area Wastes

Single-Shell Tanks )
Tank Residuals Q.16 1 x 1078 18 Kidney 1 x 1074 5,200 99% 79se  ouz 795 1y 102 agy 21 I
Grouted Progess Residuals("’), - - - - -

Existing Doubie-Shell Tanks

Tank Residuals . 0.7 7 x m:g ' 9 GI-LLI 4 x 10:2 600 442 gg;c 995, ggn 43 mI2 1% gg‘}nm
Grouted Protess Residuals . 0.10 2 x 10 6 GI-LLI 5 x 18 9,900 63% Np  97% “7Tc & x 10 39% Np
Mk Eg‘sﬂﬁ;?:en T?nks 0.7 6x 1072 7 © Kidney 6 x 1078 2,000 9o e  99x T 2 x 1072 gng T
Grouted Process Residuals Q.1 5 x 10 9 Bone 3 x 107° 4,200 98% Am 9_9% A 4 x 10 84% Am
Sr/Cs Capsules -- nrib) -~ -- L -- - - -- -
TRU-Contaminated Soil - R -- - -- ) - - - - -
Pre-1970 TRU - NR _ - - - - - -- - --
Rs/NG(E) TRy - - " - —- - . - - - R
- o I ZUU'Nest Area Wastes
5‘?35'3235&?2"‘ 0.10 1x10°5 .. 3 Kidney 1x 1074 3,300 2% 795e  99x 95e 1 x 102 673 Mse |
Ex;gﬁgngeﬁ!gsg??hm ranks 0.7 Txw? 7 GI-LLI 8 x 1077 70 esy Yt '. 992 ¥91c ¢ 7k 107 7oy Yre | ‘
Grouted Process. Residua]s‘d) -- - - -- - - - - -- - -
TRU=Contaminated Soil : — NR - - o - -- -— . . -
Pre-1970 TRU - - MR- - e Lo R — e g --
RS/HG TRU . - NR e R - - - - ) . - --
L ) 600 Area Wastes . . . . . .
300 Area Burial Sites(e) - KR - : _— - - - - - .
300 Wye Site | - m -- - -z - -- . -

{a) This waste form does moi apply to the in-place stabilization and disposal alternative..

{b) WNR.s no release calculated for at least 10,000 years.. ' o :

{cy RS/NG = retrievably stored and newly generated.

{d)} A1 .grouts are assumed:to: be.in the 200 East Area. :

(e} A recently completed study (DOE 1986a), which examined records of inactive waste disposal locatians on the Hanford $ite, showed thar two 618 Sites
{618-1 and 618-2) each contained 1.0 g of plutonium, rather than- the previously listed 1000 g (Rockwell 1985). As a result of -this- lower guantity,
both sites are now designated as Tow-level waste sites (Rockwell 1087}, o o : S ’ .
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TABLE R.40. _In-Place Stabilizatien and Disposal Alternative--Public Doses from Contaminant Migration to the Columbia

River for 5-cm/yr Recharge with Functional Barrier Failure (considered as increments -above ‘normal

TRU-Contaminated Soil e NR
Pre-1970 TRY : - W
RS/NG TRIS - MR
300 Area Burial Sites(®) - MR
300 Yye Site LN NR

This waste form does not apply to the in-place stabilization and disposal alternative.
Nk = no release calculated for at teast 10,000 years.

(2)

(k)

{c} RS/NG = retrievably stored and newly generated.
Edg A1l grouts are assumed to be in the 200 East Area,

performance) : _ :
) 10,000=Yr Integrated °
Average Downriver Individual, Lifetime Dose, During Peak Release Period Population Dose
S v Total- Orinking-- - Critical- Time, - Total-
Transport Body - Water Organ Years Dominant Ruclide Body
: Assessment Dose, Contamln?tion Critical Dose, After Total- Critical= Dose, Cominant
Waste Form Table ram sla Organ rem Disposal Body Organ man-rem Nuc]lide
- 200 East Area Mastes
Single~Shall Tanks
Tank Residuals : Q.11 g x 1077 6 I-LLI 1x w? 5,200 85% 991c 9oy Fre 7 x wl 51y Prc |
Grouted Process Residualst?) _ - - - - R - - C - - PR
Existing Double-Shall Tanks . 6 : 99 %9 2 C 99
Tank Residuals 0.8 2 x 18 8 GI-LLI 2 x 10"5 4,300 55% 9 Te  99% gch 8 x 107 55% gch
Grouted Process Residuals: .1t 3 x 1077 9 GI-LLI 2 x 10° 10,000 66 99T 99 Prc 9 x 10l 612 nc
future. Double-Shell Tanks 7 99 129 2 gy
Tank Residuals : " 0.8 2 x Iﬂ‘g 7 Thyroid 7x 10'6 4,500 64% “7Tc:  99% 1 Iz 10'1' - 64% 9ch
Grouted Process Residuats t.1% 4 x 10™ 7 Thyroid 6 x 107 _10,000 708 997¢ 993 %%t 2 x 10 59% “"Tc
Sr/Cs Capsules - nr(b) - - - - - - - -
TRU=Contaminated Soil - NR - n— e - - - - -
- Pre-1970 TRU - NR _— - - _ - - - -
rs/na{e) TRy - NR - - - -- - - - -
. 200 west Area .lrlastes
Single-Shall Tanks g
Tank Residuals 0.11 1% 196 7 BI-LLI 1x 1074 5,800 2% Yre 993 9%c 1 x 10?2 853 Ve
Existing Douhle=Shell Tanks ’ . g9 2 179
Tank Residuals 0.8 2 x 109 7 1-LL1 2 x 1077 4,400 80% 97c  99% 9Brc 3 x 1077 sy 129
Grouted Process Residua]s(d) -- - L - - - w— -n - --

A recently complated study {DOE 1986a), which examined records of fnactive waste disposal locations on the Hanford Site, showed that twe 618 Sites
{61821 and 618-2) each contained 1,0 g of plutonium, rather than the previously listed 1000 g (Rockwell 1985). . As a.resuit of this lower. quantity,
both sites are now designated ds low-Tevel waste sites (Rockwell 1387}, ' : s ) o
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TABLE R.41. Reference Alternative--Public Deses fmm Contammant Migration to the Co]umb1a River for 0. 5—cm/yr Recharge

“ (barriers remain effective)

1(),(]{)0—‘!;' Integraéed

Average Downriver Individual, Lifetime Dose, During Peak Reiease Period Population Dose

-

95"y

(b} WR =
fc) RS/NG =

(a} This waste form does not apply to the reference alternative.
no release calculated for at least 10,000 years.
retrievably stored and newly generated,
{d} A1l grouts are assumed to be in the 200 East Area.
(e} A recently completed study {DOC 1986a), which examined records of inactive waste disposal locations on the Hanford

{618=1 and 618-2) each contained 1.0 g of plutonium, rather than the previously 1isted IDDD g (Reckwell 1985)
buth 51tes are now desi gnated as low level waste sftes (Rackwel1 1987).

- Totatl- DOrinking- Critical- Time, Total~
Transport Bady Water Organ Years Dominant Nuclide Bedy
: : Assessment Dose, Cuntamin?tion Critical Nose, After Total- Critical~ Dose, Dominant
Waste Form Tabte rem 3la Organ rem Disposal Body Organ man-rem Nuclide
200 East Area Wastes
Single-Skell Tanks S :
Tank Residuals 0.3 5 x 10-% 7 GI-LLI 5 x 1077 9,800 8% e g0y M1y 1 813 e l
-Grouted Process Residuats(2) s - -— - - a - - an -
‘Existing Double-Shell Tanks :
Tank Residuals 0.2 4 x 10712 7 -l 4x 10710 9000 s 99Tc 99% e 1 x 107 81z B
Grouted Process Residuais Q.4 2% 107 9 GI-LLT 2 x 107 9,400 665 997¢ 998 %%rc 6 51% 997¢
Future Doubhlé-Shell Tanks ;
Tank Residuals 0.2 2 x 10712 7 Thyroid 3 x 10'10 9,700 59z 297c 9oy 1591 5 x 100 sy Pre
Grouted Pracess Residuals G.4 4 x 107 7 Thyroid 5 x 1077 9,440 70% 99y 129y 66% I97¢
- Sr/Cs Capsules (@) - (b} - - - -- -~ - - -
TRU-Contaminated Sait - NR - - - -~ -- - - --
Pre=1970 TRU - NR - - .- - - - - -
“Rs/NGL) TRy . MR - - .- - - -- - -
200 West Area MWastes
Single-Shell Tanks . ) l
Tank Residuals 0.3 6 x 1079 7 GI-1L] 7 x 1077 9,500 8% P7c¢ g9y e 2 81% 9%1c
Existing Double-Shell- Tanks : X X ; _
Tank Residuals 0.2 1 x 1012 7 BI-LLY 1x 10710 9,400 78 P 093 %%c 3 x 107t 753 9% |
Grouted Process- Remdua'ls(d) - - - - . - - — . _
TRU=Coutaminated Soil -— NR - -- - -= - - -- --
Pre~1970 TRU - NR - -- - -- - - -— --
RS/NG TRU - MR - - - -- - - - -
C 00 Area Wastes
300 Area Burial Sites(®.8) - R - - - - - — - -
300 uye sitela) - NR - - = - as - .- -

Site, showed that two 618 Sites

As a result of this lower quantity,
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TABLE R,42, Reference A]ternatwa-—Pubhc Doses from. Contammant M1grat1on to the Co]umbia Rwer for 5-cm/yr Recharge
(bar-mers remain: effectwe)

o . . 16,000-Yr Integrated
Average Downr"sver' Individual, Lifetime Dose, During Peak Reélease Period Population Dase

Jotal="~ Urinking~ Critical- Time, Total-
Transport Body Water Organ Years Dominant Nuclide Boady
Assessment Nose, Contam}nition Critical Dose, After Total- Critical- Dose, Domtnant
Waste Form Tahle rem $.8 Organ rem Disposal Bady Organ man-rem Nuclide

200 East Area MWastes

Single-Shell Tanks . 7
Tank -Residuals 0.9 3 x 1078 7 GI-LLI 6 x 1077 10,000 812 7950 963 7c 9 81% "9se
Grouted Process Res1dua]5(a) -- - C . - - - -- -- - -
Existing ﬂouhle—sheﬂ Tanks
“Tank Residuals . 0.6 8 x 19712 7 GI-LL1 5 x 10710 10,000 a9% 99Tc 9% 99Tc 2 x 1073 46y 99Tc
- firouted Process Residuals 0.1z 3 x 1078 9 GI-LLI 2 x 1076 9,900 459 2 9% 9%7¢ 9 42% e
Future Souble-Shall Tanks . . ) . .
Tank Residuals: 0.6 1 x 1071l 7 Thyroid 2 x 10-10 9,700 693 9975 997 1291 5 5 w0 sen. gch
Grouted Process Residuals n.12 3 x 108 7 Thyroid 5 x 1077 9,700 833 9% ooy M9 9 87% T9se
Sr/6s Capsules(a) o - e b) - - - ) - . - - .
TRU-Cantaminated Soil - R . - - - - e - - --
Pre-1970 TRU - NR - -- - - . .- - -
rsae{c) tu o - W - — - - - o - -
. 200 West Area Wastes
Single-Shel) Tanks . : Lo
Tank Residuals 0.9 i x 1073 7 GL-LLI 8 x -7 9,600 g2y M9s¢ 991 P¥1c 1 x 10l som % I
Existing. Nouble~Shell Tanks . ' : : : :
Tark. Residuals 0.6 2 x 10712 7 GI-LL] 1x 10710 9,700 47% 7c¢ 99 e 6 w107t arm ¥y I
Growted Process Remduais(d} ’ - P - . — - . i . - R . -
TRU-Contaminated Soil -- TR : — - . - - I - —
Pre-1970 TRE - NR -- e - . ” - -
RS/NG TRU . . - - KR - - - : - — - - -
. 600 Area Wastes
300 Area Burial Sites!d.2) -- -- — i Tl - - — - u
300 wye Sitelad g -- - — - - - -

) This waste.form does not apply to the reference alternative.

) MR = na release calculated for at least 10,000 years,

) RS/NG = retrievably stored and newly generated,

)} A1l grouts ére assumed to be in the 200 East Area.-

} A recently completed study {DOE 1986a), which examined records of inactive waste disposal jocations on the Hanford Site, showed that two 618 Sites =
{618-1 and i18-2) pach contained 1,0.¢ 6f plutonium, rather than the previously Tisted 1000 g (RockweH 1985),  As a result of this lower quantity,
hoth s1tes are naw des1gnated as Tow=level waste sites (Rockwell 1987). . : . I L
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TABLE R.43. Reference Aliernative--Public Doses from Contaminant Migration to the Columbia River for 5—cmlyr Rechar'ge with
‘ BDisruptive Barrier Failure (cons1dered as 1ncrements ahove norma] per‘for-mance)

10,000-Ys Integrated

Average Bownriver Individual, lifetime Dose, During Peak Release Period Population Daose
Total- Orinking- Critical- ine, Total-
Transport Body Hater Organ Years Domipant Nuclide Body
) Assessment Dose, Contam}n?tion Critical Dose, After Total- Critical- Dose, Dominant
Waste Form Tahle rem $ld _Organ rem Disposal Body Organ man-rem - Nuclide

200 East Area Mastes

Single-Shell Tanks _ .
Tank Restduals Q.10 1x 1073 13 Kidney 1x 104 5,200 99% "5e 993 7% 1 x 102 383 241y
Grouted Process Restdua]s(a) - - - - - - - - - _—

Existing Double-Shell Tanks

Tank Residuals Q.7 7 x 10'3 g GE-LLI 4 x 1077 500 243 P91 993 991"c 4 x 1072 713 2y
Grouted Procass Residuals 0.8 8 x 10” 12 Gi-LLI 5 x 1076 9,800 45% P1c o9y Ve 4 10t A
Fut-.nr'e ﬂoub]e—Sheﬁ Taﬁké . ’ : . )
Tank Residuals . Q.7 6 x 10'3 7 Kidney 6 x 1078 2,400 99% "9se  09% 793& 2 x 1072 957 T95e
Grouted Process Residuals 0.8 7 x 107 8 Thyroid 1 x 106 9,900 88% 7959 9oy 12 3 x 10! 8e
- Sr/fCs ﬁapsu}es(a) - nr (b - - - -~ -- -~ = --
TRU-Contaminated Soil - R -- - -- . -- - -
Pre-1970 TRU -- NR -- -- - - - - - - -
rs/46(C) TRY - NR - -- — -- - -- - -

200 Mest Area Wastes

Single~-5hell Tanks

Tank Residuals _ 0.10 x 1079 30 Kidney 1 x 1074 3,300 99% ¥ 992 Ise 1 x 102 673 9se I

=

Existing Double-Shell Tanks . ’ : .
Tank Residuals. Q.7 7 x 1079 7 GIALLI 8 x 1077 700 861 1e g9y P1c 7 x 1073 - Yoy 991 I :
Grouted Process Restdualsi®) -- -- -- == -- - - -- - -

TRU-Contaminated Soil - NR - - -- - - - - -
Pre-1970 TRU - m -- -- -- - - - --

RS/NG TRU -- NR - -- -- - - - - -

600 Area Wastes
300 Area Burial Sites(3-e) —— - - - - .- - — - -

300 Wye Sitefd) _ - - - — e - -- - - -

{a) This waste form.does not apply to the reference alternative.

(b} NR = no release calculated for at least 10,000 years.

{c) RS/NG = retrievably stored and newly generated.

{d) AN grouts are assumed to be in the 200 East Area, .

(e) A recently completed study (DOE 1986a), which examined records of inactive waste disposal locations .on the Hanford Site, showed that two 618 Sites
(618-1 and 618-2} each contained 1.0 g of plutonium, rather than the previously 1fsted 1000 g (Rockwe]] 1985}, . As a resalt of this lower quantity;
hoth sites are now deSIgnated as’ low-level waste sites (Rockwell 1987). ’ :
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TABLE R.44. Reference Alternative--Public Doses from Centaminant Migration to the Columbia River for 5-cm/yr
o Recharge with Fanctional Barrier Failure (considered as_1increments above normal performance)

10,000-Yr Integrated
Population Dose

Average -Downriver Individual, Lifetime Dose, During Peak Release Period
otal=- * t i

- - Drinking- Critical- Time, Total-
Transport Bady Waier Organ Years Dominant Nuclide Body
Assessment Dose, Cnntam}n?tion Critical Dose, After Total- Critfcal~ Dose, Dominant
Waste Form Tapte rem $ia Grgan rem Disposal -~ Body Organ man-rem Nuclide
200 East Area MWastes '
Single-Shell Tanks : )
Tank Residuals .11 9 x 1077 6 GI-LLI 1 x 107% 5,200 gss Pre 99z Pve 7 r10l s1n Ppe
Grouted Process Residualstd) - - - -- - - . - - -
Existing Double-Shell Tanks : 09 2 99
Tank Residuals 0.8 2 x 1078 8 GI-LLI 2 x 106 4,300 561 P g9y e 1078 5% Hre
Grouted Process Residuals 2.13 3 x 1077 9 GI-LLI 2x 100 50,000 67 ¥r¢ 99x 9%c 9 x 1ol ger Y9
Future Double-Shell Tanks .
Tank Residuals 0.8 2 x m'g 7 Thyroid 7 x 1077 4,506 64% 97c 993 1331 1x 10;2 64% P7¢
Grouted Process Residuals 1,13 4 x 107 7 Thyrold 6 x 1078 10,000 70% %%re 99 291 1y 10 67% 997¢
Sr/fCs Capsules - wR{b) - ' - - - - - - -
TRU=Contaminated Soil ia KR - . - — : - — _— - -
Pre-1970 TRY - AR - — - - - - -
rs/Nale) TRy - NR .- - - - . - -
200 West Area Wastes
Single-Shel? Tanks . )
Tank Residuals Q.11 tx 1076 7 GI-LL 1 x 1974 5,800 8% e 99 e 1 x 102 ssy Ve
Existing Double-Shell Tanks : o . : '
Tank Residuals 0.8 2 x 1079 7 GI-LLI 2 x 1077 4,400 805 P 991 e . 3 x 1072 s13 129 |
Gronted Process Residua1s{d) e NR -- - . - - - _ - -
TRU-Contaminated Soil : - R - e - ’ . . - - -
Pre-1970 TRY : - 1R - - - - - - -
RS/NG TRU . - w - - e - - - - -
- 600 Area Wastes )
300 Area Rurial Sites{2:8) - - - - - - — - - -
300 wye S'ite(a_) . - - - - - - - -2 - .

-y

{a) This waste form does not apply to the in-place stabilization and disposal alternative,
{b) MR = no release caleuTated for- at least 10,000 years.

{c} RS/NG = retrievably stored and newly generated,

gd; A1l grouts are assumed to be 1n the 200 East Area,

A recently completed .study {00E 1986a}, which examined records of inactive waste disposal locations on the Hanford

Site, showed that twe 618 Sites

(618-1 and¢ 618-2) each contained 1.0 g of plutonium, rather than the previcusly listed 1300 g (Rockwell 1485}, As a result of this lower quantity,

both sites are now designated as low<level waste sites (Rockwell 1987),
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TABLE R.45. No Disposal Action (continued storage) AlternatWe——Pubhc Doses from Contaminant Migration to the COlumma

‘River for 0 5-cm/yr Recharge

10,000-Yr Integrated

Average Downriver Tndividual, Lifetime Dose, During Peak Releasg Periad Population Jose
: T Total- Orinking- : Critical- Time, Total=-
“Transport Body Water Organ Years Dominant Nuclide Sody |
Assessment Dose, Contamin?tiun Critical Dose, After - Total- Criticai- Dose, Dominant
Waste Form Table ren gla Organ rei Bisposal Bady Organ man-rem Nuciide

200 East Area Wastes

Single-Shell Tanks

Tank Residuals 9.5 . Lx1078 7 Bone z x 1074 9,700 99 23%y g9y 239Pu 2 x % gsy 23y
“Brouted Process Residualsfa) - - - - - -- - - -
Existing Double-Shell Tanks ) g . 5 : )

Tank Residuals 0.5 4 x 107 9 Kidney 3 x 107 6,700 75% Pse 99t Pse 8 x 102 sy T%se

Grouted Process Res1dua15(a) - -— : -— -— - - ~- - - -
Future Double-Shell Tanks : : R . i '

Tank-Res{duals 0.5 7 x 1075 76 Bone 1¢10%3 - 5,300 100% 23%y 100% P3%py 2 x 10% - 0oy 23%py

Grouted Process Re51dua1s{a) - - - - - -~ == - - . --
Sr/Cé Capsules - nrib) - — - - - - e .
TRU-Contaminated Soil : - e ae T a - - - - - --
Pro-197¢ TRU - MR - - - - - “ -

gs/alc) TRy e LW - - - — . - —
o . : - : 200 West Area Wastes
Single-Shell Tanks

Tank Restduals : 0.5 1k 1070 73 Bone - 2x 107 9700 99% %y 991 By 2 x 108 o1 2%y
Exfsting Doubie-Shall Tanks i - . S i P

Tank ‘Residuals a.5 2 x 1076 9 - GI-lr- 1 x 107 700 433 9% 99y ¢ 1 x 107 a0y 23y

Grouted Process Residua]s(a) -— - — - - — - - —
TRU-Contaminated Soi1 ~. - NR - - - - el . -
Pre-1970 TRU o - KR - -- - - - - - -
RS/NG TRU = : 0.15 2 x 1078 12 Borie t x 1077 600 1002 Moo o100 Moo 7 w072 o0k ¢

: - . ) 690 Area Yastes . )

300 Area Burial Sttes{d) 0.16 7 x 1071 10 Bore ~ 3'x 10718 700 1002 s 1008 Osr 1 x 10°% 1003 Wsr
00 Wye Site T 2 x 10716 1 Bone g x 1018 1300 1008 Psr 1008 P 7 x 10710 1008 W5

(a} Tnis waste form does not apply to the no di sposa‘l action a'Iternatwe.

{b}) MR = no release calculated Tor at Teast 10,000 years.

{c} RS/NG = retrievably stored and newly generated.

{d} A recently completed study (DOE 19863? which examined records of inactive waste disposal locations on the Hanford Site, showed that two 618 Sites
{618-1 and 618~2) each contajned 1,0 g of plutonium, rather than the previously listed 1000 g {Rockwe]E 1985) As a result of this 10wer‘ quantity,
both sites are now designated as low-level waste sites (Rockwell 198?)
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TABLE R.46. No Disposal Action (continued storage) Alternative--Public Doses from Contaminant Migration to the Columbia
River for 5-cm/yr Recharge : :

10,000-Yr Integrated

Average Downriver Individual, Lifetime Bose, Dyri ng Peak Release Period Population Dose
Total- Drinking- Critical- Time, Total-
Transport Body Water Organ Years Bominant Nuclide Body
Assessment  Dose, Contamznzition Critical Dose, After Total- Critical- Bose, Dominant
Waste Form Table rem zla

Organ rem Disposal Body Organ man-rem Nuclide

200 Fast Area Wastes

Single-Shell Tanks ) ) ) a o
Tank Residuals Q.16 1 1 Bone 5 a0 o9 Usr 99x Mg g x 105 p3x Psy
Grouted Process Residuals(®) - -- - .- - - - -- - -

Existing Double-Shell Tanks

Tank Residuals® Q.15 1 i Bone 4 300 995 s gox Wsp 7y 105 9oy 905
Grouted Process Residuals(d) - - - - - . an - - - -
Future Double-Shell Tanks ) : 6 9
Tank Residuals - ; 0.15 3 1 Bone . 1 x 101 300 99x Msp 99y Mg 2 4 306 gax Wse
Grouted Process Residuals(2) - — - - - -~ — - - .-
5r/Cs Capsules 7 - tr (&) - -- -— C e C=- - - -
TRU-Contaminated Sait 0.15 4 x 10710 1 Bone 2y 1079 700 100% 50 1008 Mse 7 x 1w07% 100y 9se
Pre-1970 TRU 0.15 7 x.10°19 1 Rone 3 x 1079 700 100% Mse 1004 0sr g w1070 T w6y Wsr
2 x 107 100% 905,

rs/nGte} TRy n.15 zx 1071l Rone 6 x 10711 700 100% %9sr 3002 90s.

200 West Area Wastes

Single-Shell Tanks : : . ' . '
Tank Residuals 0.15 4 x 10%1 1 Bone 1 400 99% sp 9oy Wsp 34105 w1y sy

Existing Doubie-Shell Tanks . . . 90 "
Tank Restduals Q.18 8 x 1072 1 Bene 3x 1071 400 “99% Dsp 9oy gy

x 0% g9y Mo
Grouted Process Residua]s(a)

o

TRU-Cohtami nated Safl .15 1 x 110 1 Rone 5 x in-10 800 too% Ysr 100% Psr 3« 107 2003 W
Pre-1970 TRU - MR- - -- - - - . - - -
RS/NG TRU 0.15 8 x 10°8 3 Bone 3 x 1077 700 woz MVse 1008 Psr 2 x 1071 78y s
. . 600 Area Yastes
300 Area Burial Sites(d) 0.16 6 x 1076 37 - Bone 1x 10"." 6,800 gggpu g%w 3 x 102 % .
300 Uye Site Q.16 1 x 1078 1 Bone 4 x 1076 s 1008 e 1003 9sr 4 100% Hse

{a) This waste form does not apply to the ne disposal action alternative,

{b) MR = no release calculated for at least 10,000 years.,

{c) RS/N& = retrievably stored and newly generated. .

(4} A recestly completed study (DOE 1986a), which examined records of nactive waste disposal locations on the Hanford Site, showed that twa 618 sites-
(638-1 and 618-2) each contained 1.8 g of plutonium, rather than the previously listed 1000 g (Rockwell 1985). As a result of this lawer quantity,
both sites .are now designated as Taw-level waste sites {Rockwell 19873 . ) N




| . (1983). This study investigated the impacts of Teaks of Tiquids from single-shell tanks,. .
which corresponds to the no disposal action alternative described in this EIS. -Murthy et al.

concluded that, for offsite population doses:

The controlling radionuclidas that contribute to these doses.are technetium-99 and -
jodine-129 both of which are available only in small quantities. Other radio-

" nuclides of potential concern (cesium-137, strontium-90, neptunium-237) were also
analyzed. Hydro1og1ca1 modeling jndicated that although cesium=137 and strontium--
90 are available in greater quantities, they will never reach the accessible envi-
ronment before decay due to their relatively short half-lives and soil sorption.

" The trace amounts of neptunium-237 available have a very long half-life, but are
not expected fo reach the ground water due primarily to the Tack of sufficient
driving liquids and soil sorption (Murthy et al. 1983, p.1.11},

The analyses performed for this EIS support the above conclusion.

Health effects based on the doses reported 1n'this section are given in Table R.47. The
projection of health effects, based on the range given in ‘Appendix N, is from zero to 4000
effects over the 10,000-year period in. the entire popu1at10n.

Dol

r TABLE R.47. Incremental Radiation Dose to the Maximum Average Individual in the
| Down-River Population, as a Fraction of MNatural Background, and the
R Total Number of Postulated Health Effects Resulting from Each Waste
{ Disposal Alternative for Assumed 5-cm/yr Groundwater Recharge '

5 Average Individual Total Postulated
@ o S Alternative (% of Background) Health Effects
. Geologic _ 0.000001 0-1

- In-Place Stabilization 0.000001 0-1

- gnd Disposal
. Reference 0.0000005 0-1
T No Disposal Action 70 400-4000(2)

(Continued Storage)

SR

{a) Based on a range of 100-1000 health effects per 106 man—rem;:'
Other factors are sometimes used that do not exclude zero -as a
AR 7 _ possibility. See Appendix N for details. .

The doses presented in this section incorporate a factor of dilution of the radio- :
nuciides released from ghoundwatér into the Columbia River. This factor is based on the
approximately 100 km3/yr {120,000 f{3/sec) flow of water past Hanford. Additional dilution
caused by influx of water from downstream tributaries is not corisidered, The flow of the
Columbia below the confluences of the Yakima, Snake, and Walla Na]la rivers is about '

i 215 km3/yr (260,000 ft3/sec); below the Willamette River, about 242 km3/yr (290,000 ft3/sec).

This: additional dilution would tend to Tower the reported doses.

Another measure of ‘the impact of the d1sposa1 a]ternat1ves on the Columbia River is the
total quantity of each radionuclide released to the river dVei the 10,000-year period. Th1s
quantity, calculated as a sum of the deterministic evaluations presented in Appendix 0,
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Tabtes Q.2 through Q.10, is given in Table R.48. The effects of double-counting of certain
inventories for dose calculations, described above and in Appendix P, Section P.3, have been
eliminated from'this table. It is not necessary to double count inventories when caTcuTat1ng
inputs at the Columbia R1ver, for these are not sensitive to spec1f1c source 1ocations,

Thus, the pred1ct1ons of total quant1t1es released to the river presented in Tab1e R.48 are
the best estimate of the total source term for each aiternat1ve.

© TABLE R.48. Cumulative Rad1onuc11de Releases. to the Columbia River from A1l
’ Waste Forms, curies (harriers remaTn effective) -

Disposal Aiternat1ve

In-Place : o
_ Stabilization and Reference - No. Disposal
Radionuciide Geologic Disposal Disposal Alternative : A;tion

0.5 cm/lf Recharge

14¢ . 10 17 17 . 3,900
63N.i ) ' I — —_—— -
90

Sr _ - - _ — -
997¢ _ 19 350 350 . 136,000 -
129; . 0.42 0.43 0.43 56
151, B - » -
238y <0.1 <0,1 0.1 ' 5.6
237Np ) _— ’ -— - _—
239,240, . - -- 7,200
241, N . a .

5 cm/yr Recharge

14C . ’ i3 20 ) 20 N : 4,900
63y

N - - -
95e o 6 .8 8 L 900
90 '

S - — - _ 84,000
997, 22 520 520 37,000
1294 0.52 0.75 0.75 56

Sm - _ - - -
238U . .<0.1 ) <9,1 <0.1 o 39 .
237y, o - - 110
239,240p, . | - - 30,000
2415 - - ' - 930
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R.2 FALLING OBJECTS

R.2.1 Meteorites

Based on data on terrestrial cratebing fates (Grieve and Roberfson 1979) and various
conf1gurat1ons of waste sites, the annua1 probab111ty of a meteorite excavat1ng a Hanford
waste site or group of waste sites has been estimated to be on the order of 10"9 to
10-10 yr -1, Hence, over 16,000 years, the probab1]1ty of a meteorite event is on the order
of 1075 to 1076,

The impact of a small mﬂteor1te (a few meters 1n d1ameter) coutd re]eaée waste from
near-surface s1tes, but not. affect waste dlsposed of in a deep geologic repository. On the

other hand, a meteorite capable of_expavat1ng to a deep geologic repository would easily

: exhume all waste disposed of near the surface. Wallace et al. (1980) determined that the
i frequency of major disruptive events is not significantly different from that of minor

| events; i.e., the chance of a large group of tanks being enveloped by a large meteorite

: crater is nearly the same as the chance of one or more tanks being disrupted by a small

g ~ cratering event. Because of the low probability.of the event in either case and the fact
sy that waste would be a small factor in the devastation from-a giant meteorite, meteorite
“impacts are not considered an important discriminator in the selection of a waste disposal
i e system. Meteorite TmpaCtS are, therefore, dismissed as plausible release events for the
— 10,000-year time frame.

[ R.2.2 Airplanes .

q It is assumed that impacts of large aircraft (over 5000 kg) can cause enough.damage to
release radicactivity. The closest airport to the Hanford Site that can accpmmodate'iarge'
alrcraft is in Pasco, 29 km away. However, present flight paths do allow aircraft to pass
over Hanford waste sites.

Consequences of an aircraft impact can-be increased by fire after the accident. A large

sy . .
aircraft has a maximum fuel capacity of between 11,000 and 190,000 L, with a mean value of
38,000 L. It dis possible that 38,000 L of fuel could affect an area of 2,300 mz.' It has
. been estimated that about 50% of large aircraft accidents result in fire (NSC 1978).

“TefT

Previous studies (Unruh 1968; NSC 1978; Wallace et al. 1980) have investigated the
effects of various types of violent impact on stored or disposed of waste, including crashes
of large jet airplanes inta single-shell tanks containing salt cake and sludge, and through
double-shell tanks containing residual Tiquids. This type of impact could also affect the
other-waste classes if they were not protected by barriers. A1l of the six waste classes
would be suscept{b1e to airplane crashes in the event that the no disposél-action (continued
storage) alternative were implemented; however, any type of disposal action further reduces
the consequences of this scenar10.

Calcu1ated potential rad1at1on doses for this scenar10 to a maximum individual and to
the popu]at1on in an 80-km area around Hanford are g1ven in Table R.49. For this scenario
the crash 15 assumed to be followed by a fire, which was taken into account in developing the
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TABLE R.49. Potent1a1 Tntai—Body Radi t}un Doses ResultIng from Imp&ct Crater

{airplane crash) Scenario‘?/ (NSC 1978)
Maximum Individual ~ Population 70-yr

Waste Class 70-yr Dose Commitment, . rem Dose Commitment, man-rem
Single-Shell Tanks . . ' "

Total Body o 2 x 1073 _ : 0.3

Bone 8 x 1073 1

Lung _ _ 3 x 1073 0.6
Double-~Shell Tanks _ _

Total Body 2 x 1073 . 0.3

Bone x 1073 1

x 10=3 0.5

Lung 3

(a) Radiation doses are given for -dmpact on tanks.only. Doses for other waste
classes would be significantly lower because of their smaller inventories.

release source terms. The doses reported are taken from NSC 1978, and incTude contributions
from submersion in contaminated air as well as inhalation of resuspended particulate
material. :

R.3 DRILLING

Drifling into a waste storage or disposal site means penestration of the waste site from
the Tand surface with actual removal of waste and soil material to the Tand surface. DriTl-
ing on the Hanford Site is considered in the case of loss of active institutional control
106 years after disposal. Monuments, barriers, and markers may reduce the likelihood of
dritiing, but thay cannot preciude fit. ' '

Two distinct types of drilling scenarigs are postulated. Because each has different
drilling objectives and different size drill holes, different volumes of waste and soil mate-
rial are brought to the surface: ) i

1. A resource exploration well of large diameter, intended to be a deep (300 mor
more) exploration test

2. A water well drilled for domestic water Supply, which is comparat1ve1y sha]?ow
(100 m or less).

Drilling, either for water wells or for mineral exploration, is a potential mechanism
for moving buried waste directly to the eérth's surface with Tittle indication that the waste
has been'ehcountefed. “Any disposal alternative that results in'the wastefs reﬁaﬁnfng néar
the surface creates the potential for the waste to be sfruck during drilling, even for rela~ )

Ctively -shallow wells {(as for domestic water‘supplies). Only in instances where the waste is

totally removed to a repositery is intrusion by drilling a shaliow well impossible.
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-In-the drilling scenario, a well 30 cm in diameter is bored through waste of_each

category. Doses from larger or smaller drill, holes scale in proportion to the cross-
sectional area (except for doses from strontium/cesium capsules}.

Dritling through the waste form Ttself is assumed to take 1 hr, During this time, the

driiler breathes suspended material with a mass loading of 1 x 10-4 g/m3 of air, For thé

calculation of external exposure, the exhumed waste is assumed to be spread over-a 100-m

area.

2

To estimate the maximum activity that might reasonably be transported to the surface,

maximum concentration sites are assumed. The waste sites used as a basis for the inventories

assumed for the calculation are listed in Table R.50. Inventories from these sites are taken

from Rockwell (1985).

TABLE R-50.

Existing Tank Waste
DST Liguids
Grouts
Geologic SST/DST (blend of
existing and future)
Future DST In-Place
Future DST Reference .
Existing .SST/DST In-Place
“Existing SST/DST Reference
Sr Capsules '
Cs Capsules

TRU Soil Sites

Pre-1970 TRY
rs/NG(d) TRY

Source of Inventory for Drilling Scenario

Example Waste Site Source
of Inventory (Rockwell 1985)

Method of
Calculating Release

105-C
1 of 14 future DST

Projected grout concentration
Projected grout concentration
Projected grout concentration
Projected grout concentration
Projected grout cencentration
1 canister

1 canister

216-Z-1A with a peak to
average of 10 :

218-W-4B caissons

218-W-4C with a peak to
average of 10

Area ratio(@) (412 m2)

Area ratio (412'm2)

3-m thickness(b)

3-m thickness
3-m thickness
3-m thickness
3-m thickness

N/A{C)

_ N/A(C)

Area ratio {1,200 m?)
Area ratio (4.5‘m2}

Area ratio {4,900 m2)

(a) Ratio of drill hole aréa to contaminated area used as a fraction of fotal

site inventory.

{b) - Thickness of grout through which drill penetrates.
{¢). Entire inventory of a strontium or cesium canister-in the. drywell field.
{d) RS/NG = retrievably stored and newly generated.
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The drillers are assumed to spend 40 hr working in the immediate vicinity of the exhumed
waste. (The maximum annual dose includes that from external radiation received during drill-
ing, plus the longer-term dose that would result from inhalation of nuclides in resuspended
contaminated drilling ﬁuds.)

Maximum annual total-body radiation. doses to members of a drill crew as a resuylt of
drilling through the waste-are presented in Tables R.51 through R.54 for the various waste

disposal alternatives. The doses are dominated by the external exposure contribution, gen-

erally from 13785 at early times and 241Am in the Tonger time periods. Only for drilling
through a capsule of 137¢ within the first two centuries after disposal would fatalities to
drillters be expected. This is because of the concentrated nature of the waste in the cap-
sﬁ]es and the decay of 137¢4 over two centuries to Tess hazardous levels. For the geologic
disposal and the reference alternatives, the high-activity (and high-hazard) capsules are
removed to a geologic repository, reducing the potential for radiation effects to drillers.

Parsons living beyond the immediate vicinity of the contaminated area would be exposed
to much Tower concentrations of radionuclides. Atmospheric dispersion and dilution of resus-
pended contaminants would greatly reduce the individual doses. Radiation doses to individ-
uals outside the immediate area of the drilling would be caused by long-term resuspension of
the drilling muds spread about on the soil surface. Because these would be the same for
driiling and for the postdrilling habitation scenario (Section R.5.3), which results in the
disturbance of the drilling scenario inventory, doses to the population surrounding the drili
hole will be listed in Tables R.83 through R.66 later in this appendix.

R.4 MAJOR EXCAVATION

Several plausible excavation events can be postulated that represent major ground dis-
turbance, These include construction projects required for highway or canal building, or, on
a smaller scale, for basements in buildings. 1In these cases, workers operating heavy machin-
ery can be assumed to be in a "hole in the ground,“ essentially surrounded by contaminated
soit. The hole could range from relatively small {for a basement) to quite large {(for a
canal), but the direct exposure source and the resuspended air concentration would be about
the same in either case. The workers in the hole would be exposed to direct radiation from
radionuclides in the soil and to resuspended dust from the construction activity. Minor
excavation or digging is consfdered simitar to a drilling intrusion event {Section R.3)
because of the amount of material removed and the similar processes of exposure.

Records and federal ownership would reduce the likelihood of major excavation (see
Appendix M), but if records and controls have been lost or ignored, it cannot be prevénted.
Such a systematic intrusiph is considered to be credible only in the no disposal actidn
alternative. The barrier and marker system is assumed to preclude excavation; the excavator
is assumed to be alerted to the danger by the markers internal to the barrier. Waste in
tanks or capsules may be in a recdgnfzab]e form that would alert the intruder to the hazard,
but for the purposes of this analysis, such recognition is not assumed.
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TABLE R.51. Potential Doses Resulting from the Well-Drilling Scenario for the Geologic Disposal Alternative

Waste Form

Existing Double-Shell

Future Double-Shell

Single-Shell Tanks Tanks Tanks .
~ Grouted Grouted Grouted TRY- 603 Argat?)
I . Tank Process Tank Process Tank Process . Sr/is Contaminated Sites and
Time, yr . Organ Residuals - Residuals Residuals Residuals Residuals Residuais - Capsules Soil Pre-1970 TRU ~ Rs/Na(P) TRy
) Tndividual Maximum Annual Doses, rem/yr

100 Total Body 2 x 10'3 4x 100 5« 107 (¢y . 3x10°% 3« 10'3 (d) (dy (d) {d)
Bone 2x 1072 4x109 5 x oo e 3% 1073 3% 1073 - - 4

Lung 2x 1075 4x 10 Bx 107} . - 3x 1073 3x 1073 - - - -

Thyroid 22102 a4yt 5 x10m - 3x 1073 3 %107 — - - -

LLT 2x 107 ax107t s5x07t - 3x 107 3x1073 -- - -- .-

400 Total Body . 1x 1077 5 x 1077 - 5 x 1077 - 4x 1070 2 x 1078 - - - -
Bone 1.x 10"2 5% 1077 . 5y 1077 -- 4% 10® 4y 108 - - - -

Lung 1x 107 6 x 107 5x 1077 - 4 x108 4108 -- - - -

- Thyrotd . tx 1074 s5x107  5x 1077 - ix 108 g4y 10® - - - -

_ LUl 1xw? sx1w0? 5x1077 - 4x1076 441076 -- - - =
1,000 Total Body 3 x.100% 7 x10°% 5x10% . 5x 1077 2 x 107 -- - - -
" Bone 3x107 7x10® 5 xg0°8 .- 5x10°7  zx1077 - -- - —
Lung cax107 Bx10® s5x1e8 - 5x 100 3.x 1077 .- -- .- .-

Thyroid 3x107% 7x108 5x108 — 5% 1077 2% 1077 - - - -

LLI 3x 108 7x10® sx10% 5x 1077 2 x 1077 - - - -

10,000 .Total Body 3 x 1076 5 x 1078 34 1078 -- 3% 10710 1 x 1078 - -- - -
- Bone 3% 1078 5x10® 3108 - 2x 1079 1y 108 - i - --
Lung 5x10® 5x1w0% 3x109 . - 5% 1072 2% 1078 - - - L.

Thyrold. 3x 100 sx10® 3108 - 3x 10019 §x 108 -- - —~ -

LLI 35100 5x108  3x10" _— 3x 10710 1 41078 - -- - -

{618-1 and 618-2} each contained 1.0 g of -plutonium, rather than the previously listed 1000 g (Rockwell 1985).
both sites are now designated as low-level waste sites (Rockwell 1987),

(b)  RS/NG = retrievably stored and newly generated. .

{c) Existing DST grout is included in ST grout calculation,

{d}" This waste form does not apply to the geologic disposal alternative.

{a} A recently completed study (DOE 1986a}, wnich examined records of inactive waste disposal lecations on the Hanford Site, showed that two 618 Sites

fs a result of this -lower quantity,
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TABLE R.52. Potential Doses Resulting from the Well-Drilling Scenario for the In-Place Stabilization and
"~ Disposal Alternative

Waste Form
Lxisting DoubTe<Shell Future DoubTe-Shell
Single-Shell Tanks Tanks Tanks
Brouted Grouted Grouted TRU- 600 Areala)
Tank Process Tank Process Tank Process Sr/Cs_Capsules Contaminated Sites and
Time, yr Organ_ - Residuals Residuals Residuals Residuals Residuals Residyals Sr Cs Sei1 Pre-1970 TRU RS/NG(b) TRU
Individual Maximum Annual Doses, rem/yr

100 Total Bedy 3 x 107} {c) 5x 104 1x100l 35108 74102 s 12103 9 107t 2 x 1071 2 x 1074
Bone - 3 x 107! - 5x107  1x107l 3,107 74102 1x103 1x10°3 2 x 107} 4 x 1078
Lung 3 x 1071 - 5x 1000 1x100l 3x1008 74102 & 1x 100 2y 1073 z x 1071 4 x 1074
Thyraid 3 x 107} - 5x 107 1 x107l 3,103 0 7107 g 1x103 oy 1p-d 2 x 101 4 x 107
LLY 3 x 107! — sx107% 1xwl 341000 7y100 ¢ 1x10® 9y 107t 2'x 107 4 x 1074
400 Total Body 2 x 10-3 .- 5x1077  2x10% 441070 6 x10%  axi0? 6 x 1074 6 x 1074 5 x 1077
Bone 2 x 10-3 - 5x 1007 2x 10 44100 gy 10t 44108 3 7 x 1074 7 x 10°% 5 x 107
Lung 2 x 1073 -- 5x 1077 2x 107 ax1w06  §x10% 4 x103 | 1 x 10-3 1x 1073 6 x 10°7
Thyroid 2 x 1073 - 5% 1077 2x 107t 4y 10 - gy 0% 4y 10 5 x 1074 6 x 1076 5 x 1077
LLI 2 x 1073 - 5x 1077 2x10% 43106 5y 10 4xi03 ] 6 x 1074 6 x 10=4 5 x 1077
1,000 Total Sody 6 x 1074 - 5x10% 25100 55107 25107 24 107 24 196 2 x 1074 2 x 1074 7 x 1078
Bona 6 x 1078 - 5x 1078 245100 551077 2x10"  2y109 3 106 3 x 1074 2 x 1074 7 x 19-8
Lung 7 x 104 - 5x 108 2x10% 5y107 2yt 241070 5 x 1076 7 4 1074 5x 1074 8 x 1078
Thyroid 6 x 1074 -- 5x1008  2x10% 5x107  2%x10% 24100 5% 10-6 2 x 107 2 x 1074 7 x 108
LLI 6 x 1074 - Bx10% - 2x100% 55107  2xi07% 24109 » x 108 2y 1074 2 x 1074 7 x 1078
10,000  Total Bedy 5 x 10~3 - 3x10008 75100 310710 2y 1077 o 0 9 x 10-6 3 x 1073 5 x 1078
Bone 6 x 105 - 3x108  7yx10% 251009 Gx 107 o 0 1x 1074 8 x 1079 5 x 1078
Lung 1x 107% -- 3x1008 7y 1% 5,109 .17 o 0 4 x 1074 3 x 107" 5 x 10°8
Thyroid 5 x 1073 - 3x10% 74100 3410710 Txi107 o 0 7% 1076 3 x 10'2 5 x 10‘3

LI 5 x 1072 -- 3x 1078 7,510 3510710 1307 g 0 7 x 1076 3% 10 5% 107

() A recently compteted study (DOE 1986a),.which examined records of fnactive waste disposal locations on the Hanford Site, showed that two 618 sites
(618-1 and 618-2) pach contained 1,0 G of plutonium, rather than the previously Tisted 1000 g {(Rockwell 1985), As a result of this tower quantity,
both sttes are now desigrated as Tow-level waste sites (Rockwell 1987), : ’

(b) RS/NG = retrievably stored and newly generated, . :

(¢) This waste form does not apply to the in-place stabilization and disposal alternative.
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TABLE R.53. Potential Doses Resulting from the Well-DPrilling Scenario for the Reference Alternative

) Waste Form
Existing Double-5hell Future Double-SheT]
5ingle-Shell Tanks - Tanks Tanks
Grouted Grouted Grouted TRU= 600 Area(a)
Tank Process Tank Process Tank Process Sr/Cs Contaminated Sites and
Time, yr Organ Residuals ~ Residuals Residuals Residuals Residvals Residuals Capsules Sail Pre-1970 TRU RS/NG(b) TRU
" Individual Maximum Annual Doses, rem/yr .

100, Total Body 3 x 1071 (¢ 51t c1x107t 3x100? 75 1072 (c) 9 x 107 2% 1wt {c})

- Bone 3 x 1071 t sx10% 1xwl 3% 7xuwl - 1x 1073 2 x 107t -

Lung 3 x 1071 - Fx 107t 1x10! 3c100d 7k 102 - 2 x 1073 2 x 1071 --

Thyreid 3 x 1070 - Sx 10t 1 x1wl 35103 711072 - 9 x 1074 2 x 1071 --

LY 3x 107! - s5x 10" 1x10! o 3x100Y 7 x 1072 — 9 x 1074 2 x 107} --

400 - Total Body 2 x 1073 - 5x 1077 2'x 107 4x10® 9x 1078 -- 6 x 1074 6 x 107 -
Bone 2 x 10‘3 - 5x 1077 2x 107 4 107 9 x 1079 - 7 x 1074 7 x 107° --

Lung 2 % 107 -- 5x 1070 2x100p 4x 1078 9 x 1079 - 1x 1073 1x 1073 -

Thyrold. 2 x 1073 -- Sx w7l 2x1070 4x 1008 9 x 107} - 6 x 107 6 x 1078 -

LL 2R 1T - 5x 1077 2 x10mt 4y 107 g9 x 107 - 6 x 107 6 x 107 -

1,000 . Total Body 6 x 10'1 - 5 x 1078 2 x lofg 5 x 10-3 g x 1076 - 2 x 1078 zx 100 -
.- Bone 6'x 107, - "B x 10‘3 2x 1070 - 5x 077 8 x 10-6 - 3 x 10“3 2 x 1070 -

Lung 71077 — 5 x 107 2x 0% sx10l sx 10-2 -- 7 x 107 5x 1074 --

Thyraid 6 x 107 - Sx 1008 zx 1070 sx107) T8 x 107 -- 2 x 107 2 x 1073 -

ur 6 x 107 .- 5% 108 2z x 10" 5% 1077 8x 107 - S 2Zx 107 2% 107 -

10,000 ~ Total Bedy 5 x 1072 . 3x1w08 g9x107 3x10°10 7 %108 - 9 x 1076 3 x 1070 -
Bone 6 x‘10‘2 - 3x10% 9.x 10'; L2 x 1079 1% 107 — 1x 1074 8x 107 -

Lung 1x 107} - 3x108 9xwl sx10?%  2x107 - 4% 1074 3.x 1074 -

Thyroid 5 x 107 - 3x1e8 9x107 3x1010 By 1078 - 7 x 10768 3x 1072 -

LLl 5 x 1073 - 3x108% 0k 3x 10710 g 108 - 7 x 1078 3 x 1073 -

10~7

(618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previously tisted 1000 g (Rockwell 1985).
both sites are now designated as tow-level waste sites (Rockwell 1987).°

RS/NG = retrievably stored and newly generated.

This waste form does not apply to the reference alternative.

{a) A recently completed study (DOE 1986a}, which. examined records of inactive waste disposal locations on the Hanford Site, showed that two 618 sites

As a result of this lower quantity,
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TABLE R.54. Potential Doses Resulting from the Well-Drilling Scenario for the No Disposal Action
(continued storage) : _

. Haste Form
PR ) S S Existing Double-SheTl Future DoubTe-Shell
L ) Single-Shell Tanks Tanks Tanks

_ Grouted — Grouted . — Grouted © " TRU- 800 Areal®)
_ Tank Process “Tank . Process Tank Process Sr/ls Capsules Contaminated Sites and
Time, yr . Organ Residuals Residuals Residuals Residuals Residuals = Residuals sr - (s ~ Soil Pre~1970 TRU RS/NG(b) TRY
Individual Maximum Annual Doses, rem/yr

100 Total Body 3 x 1o-1 {c) 1 {c) 5 (c) 6 1x103 9y r07? 2% 107 4 x 1074
Bone - 3 x 1071 bt 1 -- 5 - 6 1x108 1x10°3 2 % 1071 4% 1074

Lung 3 x 1071 . 1 - 5 - 6 1x 103 2y 1073 2 x 107} g4 x.107%

Thyroid 3 x 1071 - 1 - 5 - 6 1x w3  9yi107¢ 2% 107k 4 x 107}

WL 3 x 101 - 1 — 5 - 6 1x 103 gy 107t 2 x 1071 4 x 10-%

400 Total Body 2 x.1073 - 1 x 1073 -- 8 %1073 — 4x 103 1 6 x 10-4 6 x 1074 5 x 107/

" Bone 2 x 1073 - 1x 1073 - 8 x 10°3 - 4% 1073 ] 7 x t0-2 7 x 1074 5 x 1077
Lung 2 x 1073 - 1 %1073 - 8 x 1073 - 451073 1 1x 1073 1x 103 6 x 1077

Thyroid z x 1073 - 1 x 1073 - g x 1073 o ax 1073 1 6 x 1074 6% 1070 5 x 1077

L1 2 x 1073 - 1 x 1073 - g8 x 1073 - 4% 1073 1 6 x 1074 6 x 1074 5 x 1077
1,000 Total Bady 6 x 1073 - Ix 1074 - 1 x107% - 2y 1072 25108 241074 2 x 1078 7 % 1078
. Bone - 6 x 1073 - 1 x 1074 - 1 x 10-3 -- 2x1009 2 x10°6 3% 10'3 2 x 10-3 7 x 10“3
Lung 7 x 0% - 1 x 1074 - 1x 1073 -- 2x107Y 2x107F: 7y 167 5 x 1073 8 x 1073

Thyroid ~ 6 x 1077 - 1x 1074 - 1 x 1073 - 2x 107 2z x10% 2107t 2 x 107 7 x 107
LLr 6 x 107% - 1x 1074 - 1 x 1073 - 2x 1079 2x 106 z2x 10 2 % 1079 7 x 1078
10,000 '~ Total Body 5 x 1073 - 5x 1079 . L 6 x 1077 - 0 0 9 x 1078 3x 1072 5 x 1078
Bone 6 x 107% - 5 x 1073 - 3x 1070 - 0 0 1x 1074 8 x 1079 5 x 1078
Lung 1x 1074 - 5 x 10°9 - lx 1078 - 0 0 4 1078 3 x 104 5 x 1078
Thyrotd 5x 1079 -- 5x 100 - 6 x 1077 - 0 0 7 x 106 3x 1078 5 x 1078
L1 5 x 1078 .- 5 x 1079 - 6 x 10~7 - 0 0 7 x 1076 3 x 1075 5 x 108

{(a) A recently completed study (DOE., 1986a), which exemined records of ipactive waste disposal locations ¢n the Hanford Site, showed that two 618 sites
{618-1 and 618-2) each” contained 1.0 g of plutonium, rather than the previously listed 1000 g (Rockwell 1985). As a result of this lower quantity,
both sites are now designated as low-level waste sites (Rockwell 1987), - .

{b) RS/NG = retrievably stored -and newly - generated. :

(c) This wiste form does not apply to the ne disposal action altermative.
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An individual operating heavy equipment fs assumed fo_work in a contaminated area for
80 hr. A mass loading of 1 x 1072 g/m3'qf air is assumed. Density of the material is
1.7 Q/cm3. Waste is assumed to be uniformly mixed with soi1. Source of inventory and the
assUmed total volume for determining concentration are listed in Table R.56.

TABLE R.55. Source of Inventory Used for Excavation Scenario

Example Waste Site .
Source of Inventory Volume of Waste

Waste Type (Rockwe]l 1985) Containing Inventory, m>
Existing Tank Waste  105-C 2,000
DST Liquids Projected Inventory i wyala)
Sr/Cs Capsules Canister Drywell Field  yalb)
TRU-Contaminated $oil 216-2-1A ' : | 8,300
' Pre-1970 Buried TRU 218-4-2 a 23,000
Retrievably Stored & 218-W-4C o 4,900

Newly Generated TRU

(a) Because of the d¢ifficulty of excavating a liquid, the excavator is
assumed to simply expose the wastes by breaking through the tank dome.

(b} The contents of both Sr and Cs canisters are assumed to be evenly
distributed over the area of the. drywell storage facility by the
excavation equipment.

Calculated maximum annual total-body radiation doses to workers as a result -of excava-
ting the waste at various future times are presented in Table R.56 for only the no disposal
action alternative. People excavating buried capsules any time during the first century
after'dfsposa] would probably receive fatal doses. After about the first century, doses to
excavators would probably not significantly affect their health.

Persons living beydnd the immediate vicinity of the contaminated area wou}d be exposed
to much lower concentrations of radionuclides than the excavators would. Atmospheric disper-
sion and dilution of resuspended contam1nants wou1d reduce the doses. '

Because it is assumed that the excavat10n is caused by people who have moved onto the
Hanford Site and who are working in the vicinity of abandoned waste sites, a uniform popu-
lation density is assumed for the Site {see.Section R,5). A population of 250 peop1e/km
(640/m11e2), compatible with the residential home-garden scenar1o, is used. Materials dis-
tributed on the surface would be available for resuspénsion by wind. A resuspension rate of
10710 gpc-l (3 x 10-3 yr'%) is assumed {compatible with the air loading of 10°4 g/m3 used in
the residential scenario), ‘The radicactive materials are assumed to be distributed by
200 Area annual average meteorology. Assuming the materials from the excavation are not
covered, the wastes would remain a source of release for many years. Lifetime doses to the
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TABLE R.56. Potential Doses Resulting from the Excavation Scenaric for the No Di%@qéa] Action
(continued storage) Alternative - ' .

: Waste Form
ExTsting DeubTe~Shell Future Double-Shell
Singie~Sheil Tanks Tanks Tanks
’ Grouted Grouted : Grouted . TRU=~ 600 Argala)
: Tank Process - Tank . Process Tank Process 5r/Cs Contaminated Sites and
Time, yr Organ Residuals  Residuals: Residuals .- Residuals Residuals  Residuals Capsules Soi Pre-~1970 TRU RS/NG(b} TRU

Onsite Individual Maximum_Annua1 Doses, rem/yr

100 Total Body 5 » 105 (c) 1 x 10'} {¢)  5x 10'% (c) 2 x.103 & x 1011 3 x 1071 o
Bone - 1 x 103 - Lxloh - 5 x 10° - 2x 100 1x 10! 7 8 x 10y
Lung 3 x 102 - 1y 107 -- 5 x 10‘% -- 2x 100 4 l0f 3 x 0%, 3 x 102
Thyroid 5x 107 - 1 x 10'} - 5 x 1071 - 2x 10} 1x1072 8 x 1072 9 x 107
LLI 5 x 10 - 1x 107 - 5 x 107 - 2 x 10 2 x 10 1x 107 1
400 Total Body 2 '1' - 6 x 1073 - 9 x 10'2 - R 10% 4 x 1071 -1 x 1071 3
Bone 5 x 102 - 6 x 10"5 -- 9 x 107 -- 2 % 101 9 6. 1 6 x 102
Lung 2 x 102 -- §x 107 - 9 x 1074 - 2 % 10 4 x 10! 3 %10l 2 x 102,
Thyroid 3 x 107 us 6 x 1073 -- 9 x 1074 . 2x 10t 7x10d. 5 » 2 x 10-2
LL1 3 x 107 - 6 x 108 - 9 x 1974 — oz xd 2 x 1072 tx 107 7 x 1072
1,000 . Total Body 1 - 1x 1058 - 1x 1074 - 2x 1070 4. 197t o2 x 1071 2 i
Bone 3 x 10} - 1 x 1075 - I x 10'2 - 2x 107 g . 5 5 x 107
Lung 1x 1@21 - "1x 1075 - 1.x 107 - 2x 1000 3,10 2.x 10 2 x 102,
Thyrold L x 1071 - 1 x.1078 - 1x 10-3 - 2 x10°% 3 1073 2 x 10”3 7% 1073
LLI 1x 107 o I.x 1070 - 1x 107 - 2x10°% "1 x 1072 7% 107 6 x 107"
10,000  Total Body - .5 x 1071 -- 6 x 107 L. 6x 1078 - 0 2x10l 2yl 2
_ Bone 1x 10% - 6x100 5 x 1078 -- 0 5 4 4.%.10}
Lung 5 x 10 - 6 x 1078 -- -6 x.1078 -- 0 2 x 10} Zx 10 5 1 x 10 "
Thyroid 1 x 1072 -- #x 1076 -, _6x1078 - a 9 x ;o'g 8x 1073 7% 1073
Ll 2 x 102 -- 6 x 1075 - 6x 108 - 0 5 x 107 & x 107 4 x 1072
) ) Offsite Indfvidual Lifetine Doses, rem .
100 Total Body 9 x 10! {e) (dy e (<) {e) 6 x 102 3 2 2% 10!
400 “Total Body L x 10} - .- - - - am ax 107t 2 2 2 x 10!
1,000 Total Body 1 x 1ot - -- - . - 3x 107 2 2 2 x 10!
16,000 - Total Body 3 -- - - - - - 2 9 x 1071 1x 10}
. Cumulative Popu]ation‘Lifetimg Doses; man=rem
100 - Total Body 1 x 104 - {c) C{d) (c) (dy ) ex 1t 5 x 108 4 x.10% 4y 109
400 Total body 2 x 103 - -- - - -- 7x 10! 4 x 102 4 x102 4 x 103
1,000 - "Total Body 2 x 163 - - - - 5x 1070 4 x 10? 4x 102 ax0d
10,000  Total Body & x 107 R - - - 4 x 102 1 x 16 2 x 10°

{(a}: A recently completed study (DOE 1986a), which examined records of inactive-waste disposal tocations on the Hanford Site, showed that two 618 sites
(618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previously listed 1000 g (Rockwelt 1985). As a result of this lower quantity,
both sites-are now designated as Tow-level waste sites {Rockwell 1987}, : ’ --

{b) RS/NG = retrievably stored .and newly generated. The radionuclide distributions of newly generdted TRU resemble those of existing retrievably
Stored TRU,

(c) This waste form does not apply to the continued storage alternative.

(d} Major excavation is not credible for tank liquids; individual doses are for 1 hr of direct expesure to the liguids.




assumed population within 80 km (50 miles) are presented in Table R,56, Doses to individuals
near the Site would be higher than to those farther away. Doses to a single person {in rem}
a distance of 0.8 km (0.5 mile) from the initial excavat1on would be iess than about a factor
of 107 -4 the magnitude of those shown in Table R(56 for the population. For even the worst-

. case excavation into stront1um capsules at 100 years, the dose to such an individual would

not be large enough to cause radiation-induced immediate effects.

R.5 RESETTLEMENT/FARHIHGIGARDENING

For purposes of analysis, the resettlement or reoccupation of the Hanford Site is

assumed after its hypothetical abandonment. Though not an expected event, this case is ana-

lyzed to provide a basis of one aspect of radiologic impacts in the long term for unprotected

waste sites.

It is be1ieved that hypothetical reseftlement would occur first along parts of the
Hanford Site relatively close to the Columbia River because of the availability of water from
both the river and groundwater at .shallow depths. However, for the sake of conservatism,
potent1a1 future occupancy is also assumed near or at locations of waste for the various
disposal alternatives. For waste sites in the 200 Areas plateau, this type of resettlement

" is believed to be applicable only to a few indlviduals {rather than a systematic settlement).

However, resettlement could occur near the river with nejther knowledge nor consideration of
the wastes located in the 200 Areas.,

Resettlement could lead to the f0110w1nq types of plaus1b1e scenarios related to small
farm/garden act1v1t1es that could furnish exposure pathways to the individuals involved:

1. A home garden with exposure com1ng from consuming crops or garden produce grown,
over a shallow, unbarriered waste site. The mechanism would be p1ént uptaké by
roots growing into waste or -contaminated soil, This scenario is described in
detail in Section R.5,.1. '

2. A home garden where waste has been brought to the surface from an unbarriered
waste site by plants, animals, and insects, resulting in surface contamination
'by biotic transport. ' The primary exposure pathways to individuals would be
through direct exposure, inhalation of resuspended materlal, and ingestion -of
crops grown at the location. A detailed scenario for this event is described in
Section R.5.2,

3. A home garden at the site of former drilling or excavation activity. This
drilling has resulted in a higher level of radioactivity at the land surface
where individuals carry out their activities. Direct exposure, resuspension,
and ingestion of food products grbwn in contaminated soil are the primary
exposure pathways to the inhabitants; This scenario is detailed in
Section R.5.3. - -

4, ‘A small garden/iivestock operation where the exposure pathway is by use of water
from a domestic well that intgrcepts water from a contaminated aquifer., The
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aquifer is assumed to have been contaminated by waste leached through the
unsaturated zone and into the groundwater. Because of the existing uncertain-
ties in the groundwater Teaching and transport, this scenario was described in
detail for individuals separately in Section R,1, This scenario has the poten-
tial to impact a larger number ¢f families. The possibilities of population
expostre via this scenaric are discussed in Section R,5.4, '

R.5.1 Residential/Home Garden

Without active institutional controls, and with disregard of passive institutional con-
trols such as permanent markers and pubiic records, waste disposal areas could possibly be
used aventually Tor residential purposes. People couid build homes over buried waste sites
and conduct routine activities. Food crops, for either domestic or animal consumption, could
be grown over the waste site. The resident would consequently be exposed to Tow levels of
direct radiation from the buried material and also to ingestion of radionué!ides via crops
grown in the site. Crop contamination would be a function of the depth of waste burial, the
integrity of the waste container, the overall surface ares used for gar&ening, and other
considerations that affect the fraction of p]ant‘roots that contact the waste.

The fraction of rdots in the contaminated zone is given in Table R;ST. These fractions

" include the effects of depth of burial versus time {allowing surface erosion}; package

integrity (decay of strontfum/cesium canisters, decomposition of yrout product, loss of tank
integrity); surface area; and waste~form toxicity {nitrates in tanks), as described by Napier
(1982} . '

TABLE R.57, Fraction of Roots in Deeply Buried Kaste as a Function of Time
{derived from Napier 1982) : ' :

: Fraction of Roots in Waste at Time, yr
Waste Type 100 400 1,000 . 10,000

Tank Waste 4y 1976 4 x 1078 4 x 104 9 x 107%
TRU-Contaminated Soil 0.3 0.3 G.35 : 0.7
600 Area Sites and 0.3 0.3 0,35 0.7

Pre-1970 Buried TRU

Retrievably Stored and 0.3 0.3 0.35 0.7
Newly Generated TRU

Sources of waste inventories and concentrations used in the calculations are given in
Table R.58.

The protective barrier and marker system (Appendices B and M} to be applied to the waste
site can be designed, amang other things, to prevent penetration of roots to the waste and to
discourage farming there. Removal of waste to a deep geclogic repository makes any farming
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TABLE R.58. Source of Inventery Used for Farmer Scemario

Example Waste Site Voluie or Area for
Waste Type Source of Inventory Concentration of Waste
' Tank Waste . 105-C . ' 2,000 3 -
© TRU-Contaminated Soil 216-7-1 8,3QO,m3
Pre-1970 Buried TRU 218-1-2 - - 23,000 m _
" Retrievably- Stored and 218-U-4C 590 %

Newly Generated TRU

harmless in terms of radioactive contamination. Thus, 0n1y for no d1sposa1 act1on Ccontinued
storage) followed by loss of site control is this scenario app11cab1e.

omenein” T

Calcu]ated potent1a1 total-hody radiation doses to resident individuals. are g1ven in !
Table R.59 for the various waste forms. People dre assumed to live on the 1and and to grow '
much of their total food in gardens. The dominant exposure pathway is 1ngéstion:of'con¥
taminated food crops. The dominant radionuclide for the early time periods is 30sp, After
long periods, the contr0111ng nuctides would be 239Py and 2*1pm. The high concentration of
fission products at some of the waste sites (QOSr, 137Cs) leads to relatively large dose
rates for times less than 400 years in the future for this scenario {although the stront1um/
cesium capsules do not contribute because of assumed capsule integrity}. No fatalities would
be expected from doses of the magnitude given in Table R.59. A

gy

The effects of this scenarioc on pepu]ations depend d1rect1y on the number . of peop1e
1nvo1ved, if a family of five were to reside over the unprotected waste site as postu]ated
for this scenario, each would receive the dose indicated.

R.5.2 Biotic Transport o ' ' . ' . . .

Transport of buried radicactive waste to the soll surface by 1nd1genous plants and
animals is a very s}ow process, but, continued over long pericds, it may resq1t in sub-
stantial exposure to humans from unprotected waste sites. At Hanford biotic transport has
resulted in "ruisance" contamination from past practices. The overall processes of waste-
form .degradation, followed by plant or animal uptake, are relatively poorly understood, but
are continuing to be researched. A preliminary model of biotic transport pro:eéses:has
recently been deve1oped (McKenzie et al. 1982a,b). This model indicates that, for sites
without barr1ers to prevent intrusion by plants and animals, the gquantity of radionuclides
transported to the soil surface can be significant. However, rad1onuc11des cou1d be trans-
ported to the surface on}y under the no disposal action (cpnt1nuad storage), followed by loss:
of maintenance and controls. Any positive action to dispose of the waste greatly reduces or
eliminates the poténtia1 exposure,'be;aUSE the barrier is designed to preclude this pathway.
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TABLE R.59. Potential Doses Resulting from the Residential/Mome Garden Scenario for the No Disposal
Action {continued storage) Atternative

: Waste Form
. Existing DoubTe-Shell Future DoubTe-Sheil
Single-Shall Tanks Tanks Tanks
’ Grouted Grouted Grouted TRU- 600 Area(a)
" Tank Process Tank Process Tank Process Sr/Cs Contaminated Sites and
Time, yr Organ Residyals Residuals Residuals Residuals Residvals  Residuals Capsules Soil Pre-~1970 TRU RS/NG(b)'TRU
Individual Maximum Annual Poses, rem/yr
109 Total Body 6 x 107 fc) - (d) fe) {d) {c) (e} 5 x 1072 4% 1072 6 x 10}
Bone 2 - -- -- - - - 1 8 x 1071 2 x 102
Lung 5% 1073 - - -- - - - 8 x 1077 1 x 1076 1x 1072
Thyroid 5 x 10'3 - - -- - - - 5 x 1077 2x 10-8 6 x 1075
LL] 8 x 10° -- “- - - -- - 2 x 107} 1x 107! -
400 Total Body 6 x 1072 -- - - -- - -- a4 x 1072 3x 1072 3 x 107!
Bone 3 x 1073 -- - “- -- - -- 9 x 1071 7 x 107} 5
Lung 7 x 1078 -- - - - -- - 2 x 1079 1 x 1078 1 x 1075
Thyroid 3x 1078 -- -- -- - - - 2 x 1079 9 x 1079 I x 10°7
LLI 3 x 107% -- - - - - -- 1 x 1073 1 x 107} 9 x 107}
1,000  Total Bedy 1 x 1072 - -- - - -- - - 4 x 1072 3x 1072 2 x 107!
Bone 7 x 1072 -- - - - -- - g x 1071 6 x 10°1 5
Lung 3% 1072 - - -- -- -- - 2% 1077 9 x 1979 5 x 1078
Thyroid 2 x 1073 __ - - - -- - 2 x 1079 9 x 1079 5 x 1078
LLT 2 x 1072 - -- - -- - -- 1x 107! 1 x 1072 9 x 101
10,000  Total Body 1 x 10-2 - - -- -- -- - 5 x 1072 4 x 1072 3 x 1071
Bone 5 x 1072 -- - -- i - - 1 7 x 107} 7 8
Lung 7% 1073 - -- - - .- -- 2 x 1079 9 x 1077 5 x 107
Thyroid 5 % 1073 - - - - - -- 2% 1079 9 x 1077 5 x 1078
- LLI 4y 1972 - - - -- - -- 2 x 1071 1 x i

(a) A recently completed study {DOE. 1986a}, which examined records of inactive waste disposal locations on the Hanford Site, showed that two 6138 sites
(618-1 and 618-2) each contaired 1.0 g of plutonium, rather than the previously listed 1000 g (Reckwell 1985). As a result of this lower quantity,
both ‘sites are now designated as low-Teve] waste sites (Rockwell 1987). . .

(b} RS/NG = retrievably stored and newly generated.

{c} This waste form does not apply to the continued storage alternative.

{d) This scenarfo s not credible for tank Tiguids. : . D

(e) CapsuTes have sufficient integrity to prevent plant uptake until the contents have decayed.




Maintenance and vegetation control are assumed for unprotected sites for 100 years, thus
preventing the accumulation of nuclides at the surface before institutional control is
assumed to be Tost. Following Toss of site control, a plant and animal community repre-
sentative of arid, western sites is assumed to-estab1ish.it5eif over the wastes. The
description of the biotic community is taken from McKenzie et al. 1982b. The animal com-
munity is summarized in Table R,60 and the plant community in Table R.6l. The plant com-
munity is assumed to be established after loss of site contrel, with the ipitial distribution
shown in Table R.61 changing as larger plants becbme dominant in the final community in
100 years, '

The nuctiide inventories used in the calculations are the same as those used irn the
farming scenario (Table R.58), Estimated potential radiation doses to individuals Iiving
near the waste are given in Table R.62 for the waste classes that could be affected {grout
forms, always assumed to have barriers installed, are not affected, and residual moisture
would drain away before tanks were sufficiently degraded to allow plant and animal pene-

- tration). An individual is assumed to Tive on the land and grow gardens in the soil. The

individual residing on the site contaminated under the biotic transport scenaric is exposed
by inhalation of resuspended dusts, ingestion of crops grown in the soil, ‘and direct expo-
sure, Initially, the radionuclides prefarentia11y moved by the biotic transport are those
readily taken up by piants. The dominant radionuclide, 9DSr, is usually considered to be
environmentally mobile. At jonger times, the doses tend to come from the Tess mobile but

239Pu, through resuspension. No doses are given for times of

longer-lived nuclides, such as
100 years or less, because institutional control up to that time would prevent biotic

transport.

Only 10c&112ed_toncentrations of radionuclides would be expected near the waste sites;
once the material is brought to the surface, normal erosional processes would tend to dis-
perse it. The effects of this scenario on populations also depend directly on the number of
people involved.

R.5.3 Postdrilling/Excavation Habitation

The doses to persons contacting wastes presented in Sectioms R.3 and R.4 represent only
a portion of the impact of intrusion into waste, Drilling or excavation results inm waste
being physically disturbed and distributed in the Tocal environment, These wastes could
represent a source of radiation exposure to people living on or near the site of the original

'disturbanqe Tong after the original redistribution. As in the example of the residential/

home-garden scenario (Section R.5.1), people who 1ive on-or near the waste would be exposed
to direct radiation from it in the soil, to inhalation of resuspended material, and to
ingestion of garden-grown -foods.

The prdtective barrier and marker system planned for the waste sites {with the disposal
alterndtives) "is designed to discourage human use of that land. Hence this scenario is most
Tikely if the waste is left with ne remedial actions. It 1s effectively prevented by remov-
ing the waste to a geologic repository, or made less Tikely by installing barriers, since the
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TABLE R.60. " Burrowing Habits of Potential Animal Intruders at an Unprotected Waste Burial Site (McKenzie 1982b)

Estimated Vol.  Proportion

% Distribution of Burrow System Selow ’ of Soil Brought of New
. __Ground Depth Interval, m Density animals/ha Burrow Vol,, m° Surface 3" First  Burrow .

Animals 0-6,5 0,5-1,0 1,0-1,5 1.5-7.0 >Z,0 Range Average Range . Average ¥r, m’/ha Systems/Yr
Ground Squir‘rms(a) 50 30 15 5 0 5.7 -74 25 0.008 - 0,077 0.020 0.500 0.50 « 1
Pocket Mice and 50 40 ‘5 5 0 0.8 - 180 25 0,003 - 0.103 3.014 0.350 0.75 - 1

Xangaroo Rats ()

Pocket Gophers (8] 85 15 a 0 0 2-124 - 0.510 - 81.518{b) 8 300() 8.300 0,75 -1
Prairie Dogs(2) 2 20 20 3.5-31.90¢)  10(c) 120 - 0.3%  0.19 1,960 0,02
Badgers 70 15 5 b B - - G.170 t.211 1,00
Ants 70 10 10 5 5 - sofd) - . o,002te) 0.100 0.10

{a) Represents several species.

{b) Estimate of volume of $o0il excavated per hectare.
Ec) Represents density in an indivivdual colony.

d) Colonies per hectare.

{e} - Represents average burrow volume per colony,




[EUETY

Ut

s
L5

TABLE R.61. Plant Community Composition for the Waste Burial Site (McKenzie 1982b)

Percent Vegetation Cover

Annual Annuai Perennial Perennial
- Grass Forb Grass Forb Shrub Total
Initial Plant Community(a)
Percent Cover(P) 20,0 13,0 0.1 0.6 5.5  39.2
Reéativ?cgercent 51.0 - 33.2 _ 0.3 1.5 14,0 100.0
aver
Final Plant Community(d)
Percent Cover 3,0 1.0 9.0 1.0 18.0  113.0
Relative Percent 2.6 0.9 79.6 0.9 15.9  99.9

Cover

{a) Average for ten south-central Washington {Hanford Site) low-level waste burial grounds
(Fitzner et al. 1979, Table 3).

(b) Percent ground area covered.

(c) Percent composition of plant community {by area covered}.

{d) Data for Benton County, south-central Washington.

" barriers. result in an inhospitable environment even after an intrusive event. For the pur-

poses .of analysis, the drilling event is assumed to occur regardless of the presente of bar-

riers and markers.

Waste brought to the surface by the drilling scenario (Section R.3) is assumed fo be
spread uniformly throughout a 15-cm piow layer in.a garden 2,5004m2 in area. Twenty-
five pehceﬁt'of the individual's vegetable intake is assumed to come from this garden. The
individual §s assumed to spend 2000 hr/yr outside, exposed to re5qspended dust and to surface

contamination.

CaTéuTated'maximum annual total-body doses to individuals Tiving on the site of an
intrusive'event at various future times are presented in Tables R.63 through R.66 for the
various disposai alternatives. The doses given in the table are for habitation of the site
following contamination by the drilling scenario. Doses from the 137¢s capsules are con-
trolled- by external direct radiation. Doses from the TRU-contaminated soils, pre-1970 buried
TRU sites, and the tank waste have major contributions from inhalation of resuspended mate-
rial. Fata1itjes.cou]d be expected from habitation on a contaminated drilling site any time
during the first century from existing tank waste and from strontium and cesium capsules, and
for nearly 10;000 years for pre-1970, buried TRU solid waste, and retrievably stored and
newly generated TRU waste. The differences among waste classes in terms of fatalities are
due prihdipal]y to the concentration of nué1ides in the waste.

Pefgons Tiving beyond the immediate vicinity of the contaminated area would be exposed
to much lower concentrations of radionuclides than would the residents. Atmospheric disper-
sion and dilution of resuspended contaminants would reduce the doses (Healy 1980). The
residents of the farm are assumed regularly to resuspend the contaminated soil by plowing or

R.80
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TABLE R.6Z. Potential Doses Résu?ting from the Biotic Transport Scenario for the No Disposal Action {continued storage)

Alternative
N - Waste Form
) Extsting Double-Shell Future Double-Shell -
$ingle-Shell Tanks Tanks . Tanks
Groutad Groutad Groated TRU- 600 Areala)
. Tank Process Tank Process Tank Process Sr/fCs Contaminated Sites and
Time, yr Organ Residuals ~ Residuals “Residuals Residuals Residuals Residuals  Capsules Sofl Pre-1970 TRU - RS/NG(b) TRU
Individual Maximum Annual Doses, rem/yr
100 . Total Body (c) {d) {e) (d) (e) {d) (f) (¢) {c) {¢)
. Bone - - -- - -- - - = - e
Lunhg - - -- - -- - -- - - --
Thyroid - - -- -- - - -- - - -
wr . - . - - - _— - -- - -
400 - Total Body 7 x 1073 - - - - - - 2 x 102 1 x 10-2 tx 102
Bone 3x 1072 - .- - - - -- 2 x 1071 6 x 1071 1 x 1071
Lung a4y 10m4 -- -- -- .- - -- 2 x 1072 2% 1072 2 % 1072
Thyrodd 3 x 1074 - -- - - - - 1x1073 - 5y 1673 7 x 1072
LLY 1x 1073 -- - - - - - 6 x 10°3 3 x 10°2 5 x 1073
1,000 Total Body 8 x 1073 - -- - - - - 2 x 1072 6 x 1072 1 x 1072
Bone 8 x 1072 - .- - - .- - 3 x 107] 2 3 x 107t
Lung 2 x 1072 - - - - - - 3 x 1073 3y 107} 6 x 1072
Thyroid 3 x 1072 - -- - - - - i x 1073 6 x 1072 5.x 1079
LLY & x 1071 - - - . - - 1x 1072 9 x 1072 1x 1072
10,000 Total Body 1 x 10-1 - .- - - -- -- 5 x 1072 2 x 107! 7'x 1077
Bone 6 x 107 - w— - - - - o1 9 1 1
lung 1 - - -- - - -- 3 x 1071 2 4 x 1071,
Thyrold 5 x 107} -- -- - -— - -- 3 x 1072 1y 1973 2 x 1074
1 x 10t - -- - - - - 6 x 1072 3 x 107t 7 x 1072

LLI

(a} A recently completed study (DOE 1986a), which examined records of inactive waste disposal locations on the Hanford Site, showed that two 618 sites
(618=1 and 618~2) each contained 1.0 g-of plutonium, rather than the previousTy Tisted 1000 g (Rockwell 1985). As a result of this lower quantity,
both sites are now designated as Tow-level waste sites {Rockwell. 1987), . ) - - ) .

(b) RS/NG = retrievably stored and newly generated, .

{c} Institutional controls are assumed to be available to mitigate biotic transport until such controls are Tost:®

{d) This waste form does not apply to the continued storage aTternative.

(e} This scenario 1s not credible for tank tfquids, - : )

(f) Capsules have sufficient integrity to prevenmt biotic transport until the contents have decayed.
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TABLE R.63. Potential Doses Resulting from the Postdrilling Scenario for the Geologic Dispesal Alternative

Waste Fornm
Existing DoubTe-Shell Future Double-~Shell
Single~Shell Tanks . Tanks Tanks
] Grouted Grouted Grouted TRU- 600 Area
Tank Process Tank Process Tank Process Sr/Cs Contaminated Sites and
Time, yr _ Organ Residuals Residuals Residuals Residuals Residuals Residuals Capsules Spil Pre-1970 TRU  Rs/Ng2) TRU
' Onsite Individual Maxinum Annual Doses, rem/yr
100 Total Body 5 . 2 x 10'§ 3x 10'% o 1% 10‘} 5 x 10'% (c} {c) {c) {e)
Bone Ix 10 9 x 10'3 1x 10'3 -- 3 x 10'2 2 x 10'2 - - — .
Lung 5x 1002 2% 1073 3x1073 -- 1x1072 1x 1078 - - - -
Thyroid 5x 1072 2 x 07 3x W73 - 1x 1072 1x 1077 - - - -
Ll 1 5 x 107 5 x 10° -- 2 x 107 2 x 107 -- - - -
400 Total Body 5x 1073 5 x 107} 3x 1073 - 5x 1075 4 x 1072 - -- - -
Bone 5 x 10‘% 2x 1070 1x107% - 5x 1077 2x 107} - - - -
Lung 1x 10"4 1 x 10'4 1 x 10"6 - 2 x 10'5 8 x 10"4_ . - — -
Thyraid 5 x 10—3 2 x 10_4 5 x 10'5 -- Z2x 10“5 3x 10'4 - - - -
LUl 4 x 107 3 % 107 3 x 10° - 3x 107° 3100 - -- - -
1,000  Total Body 3 x 1073 4« 10"2 5 % 10‘g -- 1x 10'3 4y 10'3 - -- — -
Bone 3% W2 2y 072 4107 - 2 x W07 2 x 107 - - - -
Lung 5x 1073 §x 107 4x107¢ - 5x 1072 3x 107, . -- - -
Thyrofd 4.x-10“§ 2x 107, 3x1002 -- 4x 1070 2 x 107, - - - -
L1l 3 x 10 3 x 10° 3% 107 -- 1x l0° 3x 107 - - - -
10,000  Total Body 1 x 3073 1 x 10'3 2 x 10‘2 - 5 x 10"2 1x 10‘1 - -- - -
2ane 1x 102 7% w7 1x 107 - 1x 100 7 x 107 - -- - -
Lung ?x 1003 3y wy  3x1f - 3x 107 1x107; - - - -
Thyroid 3x 0 2x107y 3x 107 - 1 x 107 2 x 107 - - - —
11 2 %103 1 x10” 3 x 167 -- 5x 1070 1x 107 - - -- -
Offsite Individual Lifetime Doses, rem
100 Total Body 4 x 1073  1x 107 1x 1079 (%) 6x 1075 3x100° () {c) {e) {c)
400  Total Body 6 x 107 7 x 1077 6 x 1077 - 1'x 1079 5 x 100 _— - -- -
1,000 Total Body 4 x 1070 3 x 1077 2 x 1077 - 4x 108 3% 10% - - - -
10,000  Total Body 2 x 1074 2 x 1077 6 x 1077 - 3x 1077 1 x 1078 - - - -
Cumﬁ]ative Population Lifetime Dbses, man=ram
100 Total Body 7 x 107}  2x 107 2y 107 () 9'x 073 5 x 1073 te) (c) fc) (c)
400 Total Body 9 x 1072 1 x 107t 9 x 1078 - 2x 103 9x107 -- -- - -
1,000  Total Body 7 x 3072 5 x 107 4 x 1070 - 7x 107 5 x 107t - - .- -
10,000  Total Body 4 x 102 4 x 1075 9 x 1077 - 5x 107 2 x 10°t . - - -

{a) RS/NG = retrievably stored and newly generated. The radionuclide distributions of newly generated TRU resemble those of
stored TRU.

(b} Included in existing SST grout.

(¢) This waste form dees not apply to the geelogic disposal alternative.

axisting retrievably
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TABLE. R.64. Potential Doses Resulting from the Postdrilling/Excavation Scenario for the In-Place Stabilization and
Disposal Alternative .

Waste Form
Existing Double-Shell Future Double-SheTl
Single~Shell Tanks Tanks Tanks
Grouted Grouted Grouted TRU- 500 Areatd)
’ Tank Process Tank Process Tank Process Sr/Cs Capsules Contaminrated Sites and
Time, yr _ Organ Residuals Residuals Residuals Residuals Residuals . Residuals SF Ts Soil Pre-1970 TRU - Rs/nG(P) TRy

Onsite Individyal Maximum Annual Doses, rem/yr

100 Total Bady 1 x 103 (¢} 3 x 10'? 5 . 1x 10! 3y 10% 3x 1wt 5y 103 7 x 1072 8 . 1
Bone 5 x 10 -- Lx 1070 2xlob. 3« 10“; 1x 102 1x W2 5 x 10% 1 3% 10 7
Lung 1 -- 3% 10 & x 10 1'x 107 3x 107 3x 100 5x10 4 x 107! 9 x 1071 2
Thyroid 1 ) - 3 x 10'g 6 x 1071 1 10'% 3x107l 2x1wd 5x10d 4 x 1073 7 x w1 1 x 107}
LLI 2x10 - 5 x 10° 1 2 x 107 4 4% 160 5 x 103 1x 1072 2 3 x 107}
400  Total Body 1 x 107! - 3 x 10'3 6 x 10'3 5 x 10'2 2x 102 2410 s 6 x 10-2 5 x 1072 2 x 1071
Bone 1 . - 1x 107 3x 1072 5 x 107 2x 1003 sx1l 5 1 g x 10"% 3
Lung 2 x 1071 - 1x 10'2 3% 107 2x 100 By 10'§ 2 x 10 5 4 x 1071 3 x 10° 1 ;
Thyroid 1x 107 - 5 x 10° 1x 10“3 2 x 10'2 3 x 10” 2 x 1077 5 2 x 1073 2 x 1073 2 x 1073
LLI 7 x 102 -- 3x107% 9% 107 3 x 107 7 x 1073 3 5 8 x 1073 7 % 1973 2 x 107
1,000  Total Body 5 x 10'§ - 5 x 10'2 bx 103 1yx10 3'x_10'g Co1x 10'2 5x 106 5y 102 4 x 10'§ 2 x 1071
Bone 5 x 10 - 4x 1077 1x 10'§ 2 x 107t 6 x10° 4 %1070 55100 1 8 x-107 3
Lung 1 x 1071 - 8x10°%  1x10w 5x100% 2102 gx 19 5x10% 3,10 2'x 107} 1
Thyroid 7 x 1073 - 3 x 10‘2 7 x 1o-g 43106 1% 10"§ 7x 1072 s5x10°f " 9 x 10% 7 x 10“§ 1x 10-;
LLT 5 x 107 -- 3x100% 8y 107 1x 168 3k 107 1x 106 5106 gy 103 5 x 107 2 x 10”
19,ﬂOOAAAAIGtalfBDdyugngxgiﬂi%ggngAf--4444444L4v493fl—445A*A%Q:QAAAAEAxAEO“g 3x10"2 g 0 —ax 107k 3 x'lo"f 1 x 1071
Bone 2x 107l T L 1x W3 2k 107 1x1w0% 4510 0 0 £ 8 x 107 5 x 1071 2 .
Lung 4 x 1072 - Ix 1otk 7 x 1% 3x10% 1y 10'2 0 0 2 x 10'% 2 x 107, 7 x 1072
Thyroid 5 x 1073 - 3x 1008 7x1077  1x 1078 4y 09 0 3 x 1073 1 x 1073 1 x 107}
LL1 4 % 10 - 3 % 10° 7 x 10° 5 x 107 2 x 107 0 0 4 x 107 3 x 107 1x 10"
0ffsite Individual Lifetime Doses, rem '
100  Total Body 8 x 1072 (c) 1x107° 3x190% gx10% . z2x10? 1x1w! 1 4 x 1072 3y 1072 1x 1071
400  Total Body 1 x 1072 -- 6x3077  2x10* 1x10% 3x1008 9x100d 1x1073 3k 10 2 x 1077 1 x 107!
1,000 Total Boty 9 x 1073 . 2x107 8% 10%  ax10% 1x10% 4x107? 1x100  3x1072 2 % 1072 1 x 107}
10,000  Total Body 3 x 1073 - 6x107%  2x10 35107 1x10? - -- 2 x 10°? 1 x 1072 7 x 1078
Cumulative Population Lifetime Doses, man-rem
100 Total Body 1 x 101 {c) 2x10°% s5x10! 9yx1e? 3 2x 105 2x108 7 5 2 x 10!
400 Total Body 2 - - 9x10° 4x1w0?  2x100%  sx107l g 2x10l s 5 2 x 10!
1,000  Total Body 1 - 4x 10 1x1007 7x10? z2x10l 7xw7 2x1077 s 4 2 x 10
10,000  Total Sody 5 x 1071 — “ox 1’ 4x107% 5y 100 2 x 1072 -- -- 3 2 1 x 10t

{a) A recently completed study (DOE 1986a}, which examined records of inactive waste disposal Tocations on the Hanford Site, showed that two 618 sites

(618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previously listed 1000 g (Rockwell 1985). As a result of this Tower quantity,

both sites are now designated as low-level waste sites (Rockwell 1987). . )

b} R$/NG = retrievably stored and newly generated,  The radionuclide distributions of newly generated TRU resemble those of existing rétrievably stored TRU,
) This waste form does not apply to the in-place stabilization and disposal.alternative.
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TABLE R.65. Potential Doses Resulting from the Postdrilling Scenario for the Reference Alternative

Waste Form

] Existing Double-Shell Future Double-Shell
Single-Shell Tanks . Tanks FTanks
' Grouted _ Grouted _ Grouted _TRU= 600 Areald)
Tank Process Tank- Process Tank Process Sr/fls Contaminated Sites and-
Time, yr Organ Residuals Residuals Residuals Residuals Residuals Residuals Capsules Spil - Pre-1970 TRU RS/NG(b) TRU

Onsite Individual Maximum Annual Doses, rem/yr

100 Total Body 1 x 103 (c) 3 x 10"? 1 1x 10‘} 1 () 7xw02 g . (c)
Bone 5 x 10 -- 1x100 3 'S R - 1 3% 10 --

Lung 1 -- 3Ix 107 6x 1071 1x 1077 3y 10-% - 4 x lo-é “9x 107l -

Thyroid 1 -- 3 x 10 6 x 10 1 x 10° 3% 107 - 4 x 107 7% 107} R

Ll 2 x w0l -- 5x 103 7x10l 2x 1072 4y 107l - 1x 1072 2 : -

400 . Total Body 1 x 107} -- 3 x 10*2 2x10°% 5 x107% 1y 10'% - 5 x 107%. 5. x 10~2 -

- Bone 1 - 1% 107 9 x 1073 sx 10'3 - 9x 1073 - 1 9 x 107! -

Lung 2 x 10'; - 1x 10‘2 B x 10"3 x0T 2 x 1072 e 4% 10'% 3 x 1071 -

. Thyroid 1 x-107 Rl 5 x 10'5 1 x 10‘3 2 x 107 8 x 10'3 —— 2 x 10’3 2 % lo'g --

LLI ) 7 x 10'2 - 3x lﬂ"_ 9 x 107 3 X 1073 2 x 107 e §-x 107 7ox 107 -

1,000  Total Body 5 x 10‘% - 5 x 10‘2 1x 10‘3 1 x 10‘3 3 x 10‘3 - 5 % 1072 4 x 1072 -
2 Bone 5 x 107} -- 4x107%  6x103 2x07] ax0d - 1 ) 8 x lﬂfi -
Lung. 1 x 10'3 -- 4 x 10“‘6 1x 10'4 5'x_10—6 9 x 10‘4 - 3 x 10'4 2 x 10'4 -

Thyroid 7 x 1073 - "3x 1078 6x100}  axw0® 2107 - 9 x 1072 7 x 1072 --

LLI - 5 x 107 -— 3x 1077 B x 107 1 x 107 2 x 107" - 6 x 107 5 x 107 -

10,000  Total Body mef - meﬁ 5xm§ 5xm% 9xmf-_ - 4x1r§ 3 x 1072 -
Bone 2 x 107, - 1x 1072 2x 107} 1x308 07 x 1072 - 8 x 10" 5 x 1071 —

Lung 4 x 1078 - 3x107) 3x103 3« 10“2 1x 107, - 2 x 10'% 2 x 1071 -

Thyroid 5 x 10'2 = 3 x 10'5 6 x 10'3 1x 1[]'6 4 x 10'3 - 3 x 10‘3 1 x 10'3 -

AL 4 x 10° -- 3% 107 7 x 10° 5 x 10 2 x 10" - 4 % 10° 1% 107 --

0Offsite Individual Lifetime Doses, rem
160 Total Body 8 x 1072 {c) 1x10® ax10% 6x:10%  7x10% (o) 4 x 1072 3 x 1072 (c}
400 Total Boey 1 x.1072 -- 6x1077  2x107% 1x107® 1x107 - 1 x 1072 2 x 1072 -
1,000 Total Body v £ 1073 - zx 107 8x10% 4x10% 7x10% - © 3% 1072 2 x 1072 -
10,000 - Total Body 3 x 1073 - sx100? 3x107 3x1007  1x1070 -- 2 x 1072 2 x 1071 -
Cumulative Population Lifetime Doses, man-rem

100 Total Body 1 x 10 (c) 2x w3 7x10? 9w 1x107l (e) 7 5 ()
‘500 Total Body 2 - -- 9x107% 4x10% . 2 x103 2yt - 5 4 --
1,000 Total Body 1 - - 1x10°%  1x10? 7wt 1x102 - 5 4 .-
10,000  Total Body 5 x 107% - 91077 5x10™% 5x107% 2% 1073 - 4 2 -

{a) A recently completed study (DOE 1986a), which examined records of inactive waste disposal locations on the Hanford Site, showed that two 618 sites
{618-1 and 618-2) each contained 1.0 g of plutonium, rather than the previously listed 1000 g {Rockwell 1988). As a result of this Tower quantity,
both sites aré now designated as low-level waste -sites [Rdckwell 1987). . _ S .

{b)  RS/NG = ‘retrievably storéd and newly generated. The radionuclide distributions of newly generated TRU resemble those of existing retrievabiy
stored TRU. .

(¢} This waste form does not apply to the reference alternative.
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TABLE R.66. Potential Doses Resulting from the Postdrilling Scenario for the No Disposal Action Alternative

Waste Form
j Existing DoubTe-Shell Future DoubTe-SheTl
Single=5Shell Tanks Tanks Tanks
_ Grouted Grouted Grouted ' _ TRU- 609 Area(d)
’ . Tank Process Tank Process Tank Process Sr/Cs Capsules Contaminated Sites and -
Time, yr- Organ Residuals Residuals Residuals Residuals Residuals Residuals Sr Cs Soil Pre-1970 TRU RS/NG(b) TRU

1,

10,

1,
10,

1,

Onsite Individual Maximum Annual Déses, rem/yr

100 Total Body 1 x 102 (e) 5 x 10} (c) 2 x 10 (¢) 3xt0! sx103 7 x 10 8 1
2 e 2 4 2 ¢ 5 3 1
Bone 5% 10 2 x 10 - 6 x 102 - 1x10° 5 x 103 1 ) 3x10 7
Lung 1 - 5 -- 2 x 10] -- 3x 101 5 x 103 4 x 1073 9 x 10‘} 2
Thyroid 1 - 5 . - 2 x 10 - 2x10 5 x 10 4 x 107 7 x 107 1 x
LL 2 x 10 - 1x 10! - 1% 10! - 3x108 5x 108 1x L1072 2 3 x
400 Total Body 1 x 107! - 5 x 1072 - 1x 107! - 2x il s 6 x 10~2 § x 1672 Zx
Bane 1 ] - 2 x 1071 - 1 - gx 1ol 5 1 9 x 1071 3
Lung 2 x 107, - 2 x 10-5 -- 3% 10*; - 2 x 10“3 5 4 x 10'% 3y 10'% 1
Thyroid 1x 107 - 1x 107 -- 3x 10° - 2x10°% 5 ? x 10° 2 x 107 2 x
LLI 7 x 1072 - 6 x 10-2 - 6 x 10-2 -- 3 5 g x 1073 7 x 10°3 2 x
000  Total Body 5 x 10‘% - 1x 10'2 - 2 x 10”% s 1x10° s§x108  5yx102 4 x 1077 Zx
Sone 5 x 1071 - 7 x 1078 -- 4 x 10° - 4 x 07 5y 10“2 1 8 x 1071 3
#gng 1x 107 -- 7 x 1073 -- 1x 10'; - 8 x 10‘3 5x 1070 3 x 10"% 2 x,1o“é 1
yroid 7 x 107 - 6 x 107 -- 7 x 10" -- 7 x 107 5 x 107 9 x 167 7 %107 1x
LLT - bk 10°? - 5 x 102 -- 2 x 1072 - 1x107® 5% 1076 6 x 1073 5 x 1073 2 x
000  Total Body 2 x 1072 - 4 -3 - -3 - 4 x 1077 o2 1
Bone 0 2 x 10° - 2 x }3,2 - é X i3-3 .~ g g 8 x io*l g X io-l 2"
Lung 4 x 1072 - 5 x 10-4 -- 6 x 1073 - 0 0 2 x 107! 2 x 107t 7 x
Thyroid 5 x 10“2 - 5 x 10"3 - 2 x 10-3 — 0 0 3 x 10‘2 1 x 10-§ 1x
LLY 4 x 107 -- 5 % 10" -- 1 x 107 - 0 0 4 x 107 3 x 10 1x
Offsite Individual Lifetime Doses; rem
100 Total Body 8 x 1072 {c) e {c). 1x 10! 1 4 x 107 3y 1072 1x
400 Total Bady. 1 x.1072 - - -- 9x1073 1x10Y  3x10? 2 x 107% I x
000 Total Body 9 x 1073 - - - 141077 15100 341077 z x 1072 1x
000 Total Body 3 x 1073 - , - -- - - 2 x 1072 1x 1072 7 x
Cuemulative Population Lifetime Doses, man-rem
100 Total Body 1 x 10} {¢) {c) {e) 2 x 103 2'x 102 7 5 2 x
400 Total Body 2 ' i - -- w1 2x10} 5 4 7 x
000  Total Body 1 - — ' - 7x107 2xw? s 4 2 x
10,000 Total Body 5 x 1070 - - T ' -- - -- 4 2 1x

(a)

(b}
(c)

A recently completed study (DOE 1986a), which examined records of inactive waste disposa1'1ocations on the Hanford Site, showed that two 618 sites
(618=1 and 618-2) each contained 1.0 g of plutonium, rather than the previously 1isted 1000 g (Rockwell 1985). As a result of this Tower quantity,
both sites are now designated as low-level waste sites- {Rockwell 1987), :

-1
10
10-1

107!

-3
10
1072

RS/NG = retrievably stored and newly generated. The radfonuclide distributions of newly generated TRU resemble tiose of existing retrievably stored TRU.

This waste. form does not apply to the continued storage alternative, .




otherwise working it. Becauses it is assumed that other people have also moved onto the
Hanford Site and Tive in the vicinity of the waste sites, a uniform population density of
250 persons/km2 (640/mi1e2) is assumed {see Section R.4). A resuspension rate of 10710 sec-1
(3 x 10'3 '1) is used, compatible with the assumed mass loading of 1074 g/m3. The radio-
active materials are assumed to be distributed by winds descr1bed by - 200 Area annual average
meteoroiogy. Because the drilled wastes could remain a source of release for many. years
under this scenario, lifetime doses to the projected population within 80 km {50 mi} are
presented in Tables R.63 through R.65 for the various alternatives. Doses to individuals in
this population wouid be higher at close distances than those to individuals far away. UDose
to a single person, in rem, at a distance.of only 0.8 km (0.5 mi) from the site of the dr{j]-
ing would be about a factor of -4 of the magnitude of those shown in Tables R.63 through
R.66 for the population.

R.5.4 Mu]tlple Small Farms

The water-well scenarios presented in Section R.1 were developed to describe the poten-
t1a1 impact on individuals. It is 1ikely that, should such an event occur, it would affect
more than one person. A simple analysis of the fiow of groundwater provides "an estimate of
the total population that could be supported in this irrigated homestead scenario. |

Infiltration at a rate of 0.5 cm/yr results in a low water table with gradients sloping
gently to the east. Integration of the flow across a north-south line connecting Gable Moun-
tain.and Rattlesnake Mountain east of the 200 East Area (see Figure Q.1) provides a conserva-
tive estimate of the total amount of water that could possibly become contaminated. The .
quantity of available groundwater in the unconfined aquifer can thus be estimated to be about
2 x 10° w3/yr (1,600 acre-ft/yr).

The scenario with a B-cm/yr infiltration rate results in a changed water table with flow
beneath the 200 Areas funneling northward through the gap between Gable Mountain and Gable

Butte (see Figure Q.3)., The total flow northward through this gap for the 5-cm/yr infiltra-

tion scenario is about 1 x 107 m3/yr {9,500 acre-ft/yr). The most conservative assumption
would be to assume that all the water is uniformly contaminated, '

The individual farms described in Section R.1.4.2 are postulated to be about 2 ha
(5 acres), each providing food for a family of four persons. Present irrigation practices in

~ the Columbia Basin area include use of about 6 x 10 m3 of water per ha (about 5 écre-ft/yr

per acre) for typical crops. For a 2-ha farm, about 3 x 10 m3/yr of water {256 acre-ft/yr)
are required. The flow of potentially contaminated water beneath the 200 Areas plateau is
therefore sufficient to supply the requirements of only 65 family farms in the 0,5-cm/yr
recharge case. This implies an affected population of about 260 people at any one time. (It
may be assumed that rad10nuc11des brought to the surface by the wells would eventua11y erode
to the Columbia River, and thus the total population deses downstream would remain about -as
presented in Section R.1.4.3.}) As illustrated in Figure R.3, the water could become con-
taminated about 5,000 years from the time of disposal, and essentially remain constantly

" R.86
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contaminated from then on. “Assuming the area s continuously populated and that the
groundwater is uniformty contaminated at the highest levels of Section R.1.4.2, the
cumulative population doses could be as shown in Table R.67.

TABLE R.67. Potential Integrated Population Doses from the Multiple-Small-Farm Scenario
for the Waste Dispnsal Alternatives

: 0.5-¢cm/yr Recharge 5-cmfyr Recharge

. Disposal Option Dose, man-rem Health Effects Dose, man -re Health Effects
Geologic Disposal 4 x 103 0-4 1 x 103 0-1
In-Place ‘Stabilization 2 x 103 02 2 x 103 o 0-2

and Disposal '
Reference Alternative 2 x 10° 0-2 2 x 10° 0-2

The populatfon doses presented in Table R.67 for the various disposal alternatives are
slightly lower in the 5-cm/yr recharge case, in which the contamination is more dilute
because of the higher flow rate. The somewhat higher results for the genlogic disposal
alternative result from.7939 removed from existing single-shell tanks and placed in grout, in
which it is not as well retained.

The impacts of this scenario are-more difficult to quantify for the no dispesal action
(continued storage) alternative. The water contamination would be sporadic, as described -in
Section R.1.4,2, with periods of high contamination: interspersed with periods of relatively
c¢lean water. This phenomenon was i?]ustréted for 200 West Area single-shell tanks'in Fig-
ure R.2, here repeated:as Figure R.10. The other waste forms would contribute similar bursts
of centamihation, resulting in an irreqgular sequence of periods of high water contamination.
Radiation doses to individuals at any time would be dependent on the quantity of contamina-
tion; the 1argest individual doses. resu1t1ng from each waste form are reported in Table R.68.
It can be sesn from this table that the major sources of potential contamination are the

waste tank farms.

The largest doses to individuals farming with water contaminated by the releases postu-
lated for the no disposal action alternative could occur within about 300 %o 400 years after .
the assumed loss of institutional control over the site, for either 0.5 or 5 cm/yr recharge.
Projected individual doses for the 5 cm/yr case are very large, and would result in acute
lethality. Doses projected for the 0.5 cm/yr case are smailer, but could still lead to sig-
nificant tife shortening and chronic health deterioration. :

Potential numbers of health effects for this scenario are reported in Table R.69. The
number of health effects shown for the 0.5-cm/yr recharge case represent a range of presumed
health- effects based on dose to health effects ratios given in Appendix N. The number of
health effects shown for the 5-cm/yr recharge case are based on fatality from a very large
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FIGURE R.10. Water Concentration of Selected Radionuclides in Well from 200 West
Area Single-Shell Tanks, No Disposal Action {continued storage),
5-cm/yr Recharge :

acute dose, the effects of which are much more certain. Because the potential exists for
this scenario to occur more than once, the results are given on the basis of disruption of

one community.

R.6 GLACIAL FLOODING

A study performed at Kent State University has examined the pdtentia1 for ice-ége flood-
ing affectihg_the Hanford Site as a result of climatic changes in the next 10,000 years.(a)
The study focuses on evidence. for ice-dammed lakes created during various past glacial
stages, particularly on the catastrophic releases of impounded water from Lake Missoula, the
1argest of these lakes. There is considerable documented evidence

{a) Craig, R. G. 1983. "Analysis of Ice-Age Flooding from Lake Missoula."” Unpublished
report, Kent State University, Kent, COhig,
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TABLE R.68. No D'isposal Action Alternative--Individual Maximum Potential Lifetime Dose for the
o Mu]tip'le—SmaH—Farm Scenario

. 0.5 cm/yr Recharge 5 cn/yr Recharge
Total- Critical Time, Tetal~ Critical  Time,
Transport Body Organ Years Transport Body Grgan Years
. Assessment Dose, Critical . Dose, . After Dominant Assessment  Dose, Critical Dose, After Dominant
Waste Form Table rem Organ rem _ Disposal Nuclide Tabla rem Organ rein Disposal, Nuclide

200 East Area Wastes
S5inglé-Shell Tanks ’

Tank Residuals ws  2xwl oer-ir zx103 1,300  Prc 015 4x10% Bome 2x 106 3 s
Grouted Process Residuals(®) .2 - - - - - - . - - — —
Existing Double-Shell Tanks 5 p ”
~ Tank Resfduals Q.5 3x 102 @I-lll 2 x 104 q00 e Q.15 5 x 107 Bone 2x 10 300 5r
Grouted Process Restduals(a) - — - -- - - - - - - - -
Future Double-~Shell Tanks
Tank Residuals 0.5 1 x 102 Bone 2 x 103 4,200 239y 0.15 1x 105  Bone 5%x10% 300 805
Grouted Process Res1duals(a) - - - — - - — - - _— - -
sr/ts Capsules - b} - - - - - - - - a .
TRU=Contaminated Soil -— NR - - -- - - - fan - —— -—
Pre-1970 TRU - MR - - - - - - - - - -
rs/na{e) TRy -- HR - - - -- - - - -- - -
200 West Area Wasies
Single-Shell Tanks . . . 99 ‘6 6 a0
Tank Residuals @.5°  5x 10" GI-LLT 5 x 103 1,400 Te 0.15 2 x 10  Bone 8 x 10 300 Sr
Existing Double-Shell Tanks . 99 . 6 7 a0
Tank Residuals ¢.5 3 x 102 GL-LLT 2 x 104 400 Tc Q.15 9 x 10 Bone 3 x10 400 Sr
Grouted Process Residua]s(a) - - - e -_ - - - - - - -
TRU-Contaminated Soil - R - -~ - - -- - - - - -
Pra~1970 TRY - NR -- . E - - -— - - - -—
RS/NG TRU - NR - -- - -- -- - -- - - -
) 600_Area Wastes
300 Area Burial Sites(d) - - - - - - - - - - - -
300. Wye Site(d) — - - - - - -- - -- - - -

{a} This waste form does not apply te the no disposal action alternative.

(b} NR =-no release cafculated for at teast 10,008 years,

{c] RS/HG = retrievably stored and newly generated.

(d} Sites are not on the 200 Area plateau and do. ot contribute to the multiple farm scenario.
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TABLE R.69. Potential Radiolcgical Health Effects from the Multiple-
Smail-Farm Scenario for No Disposal Action Followed by
lLoss of Institutional Control of the Site

0.5 cm/yr Recharge 5 ¢m/yr Recharge
10-100 300

for effects -of these floods in the Pasco Basin, where it has been estimated that as much as
2,000 km3.of'water flowed thrqugh in a period of a few weeks. s '

The Kent State study is based on a link between climatic variability and variations in
the orbifal parameters of the earth. The global volume of ice is related to orbital vari-
ability through various modeling techniques.

Based on current modeling techniques and current data, the Kent State study predicts
three major continental glaciations within the next 100,000 years. None of ‘these, however,
is within the next 10,000-year period. The first major continental glaciation is not pre-
dicted to begin for about 15,000 years and is not expected to be of sufficient magnitude. and
duration to significantly affect the Hanford Site by catastrophic flooding from & recurrence
of glacial Lake Missoula. Glacial flooding is not, tharefore, considered in this EIS as a
release event for the disposal alternatives within the next 10,000 years.

During previous ice ages, fce dams on upper tributaries of the Columbia River have
formed and, when the dams broke, resulted in floods almost unimaginably large--about
2,000 kmS
annual flow of the Columbia River of about 100 kmS/yr. Studies conducted in support of this

of water in a period of a few weeks (Baker 1973) compared to the present average

EIS effort suggest that recurrence of the advance and retreat of ifce flows sufficient to
result in catastrophic floods of this magnitude might arise 40,000 to 50,000 years from now.

In the 40,000 to 50,000 years time frame (Craig and Hanson 1985) predicted for recur-
rence of these glacial floods, the total inventory of wastes included in this EIS le1'have
decaved to a hazard index about one-fifth of the hazard index of the uranfum ore from which
the wastes originaily came. While the radioactive decay has reduced the hazard from these
wastes markedly by the time of the postulated giacial flood, a study was initiated to
determine whether the fate of the waste following such a flood can be estimated. Resuylts of
this study (Craig and Hanson 1985) indicate that the first wave of such a flood could
reasonably scour out the waste sites to a considerable depth; and, as flood waters backed up
at Wallula Gap and the water ve1oc1ty'decreased markedly, the sediments and wastes would
probab]y'be reworked, and then be redeposited within the Pasco Basin. '

If all of 239Pu (the radionuclide of principal interest at 40,000 years after disposal)
in the scope of this EIS were entrained uniformly in just the upper 4 m of the sediments of
the 6 Km by 13 km waste disposal area, the resulting concentration of 239Pu would be about
0.05 nCi/g. The lifetime dose one might receive if residing on such sediments once the
waters had receded would be about 0.3 rem. This may be compared to 7 rem the individual
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would have received from natural background. If Targer areas of scour and reworking of
sediments were involved, as they reasonably might be, this cencentration would be further
reduced. Because of the low.residual hazard index of the wastes and the 1cw'concentrations
of plutonium, the radiolegical consequences of a Q]acia] flood would not appear important in
contrast to the effects of the flood itself.

R.7 OTHER SURFACE FLOODING

~ Three statistical floods described in a Corps of Engineers publication (1969a) have been
considered along with three catastrophic floods due to failure of Grand Coulee Dam (ERDA
1976). One of the Grand Coulee floods is due to earthquake damage; the other two result.from
nuclear detonations on the dam. The peak flows resulting from each of these flood typesxare
summarized in Table R.70. ' S

TABLE R.70. Summary of Peak Flow Rgtes for Various Types of Floods

¢ty

b T at the Hanford Area, m’/sec
P, Fiood Type Regulated Fiow Unregulated Flow
P Columbia River:
- 100-Year Flood 13,000 -
Standard Project Flood 21,000-40,320 -
S Probable Maximum Flood © 41,000 _ 88,480
g 25% Grand Coultee Failure - 150,000
' " 50% Grand Coulee Failure - 227,000
s Yakima River:
o 100-Year Flood(®) . 1,600
Probable Maximum Flood C 45,000
- Cold Creek:
e 100-Year Flood(P) 580

Probable Maiimum FTood(b) . 2300

{a} Seatt]é'District Corps of Engineers.
{b) Skaggs and Waiters 1981,

Based on a review of available literature and correspondence from the Corps of Engineers
(1969b) concerning Columbia River floods, the following discussion addresses three possible -
events: 1) the 100-year flood; 2) the standard project flood (SPF); and 3) the probabTé
maximum flood (PMF). ) :

The 100-year fTood_was developed based on historical annual peak-flow data that were
used to compute a peak-flow frequency curve of 13,000 m3/sec with an averagé recurrence
interval of 100 years. The flow includes adjustments to reflect regulation by projects
completed by 1975 and a 1985 level of irrigation development {Corps of Engineers 1969b),
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Both the SPF and PMF are similar to the annual spring floods of the Columbia River, caused
primarily by snow melt,  The SPF derivation combines the most severe conditions reasonably
characteristic of the Columbia River Basir. The PMF derivation considers the most severe
conditions thought reasonably possible. The following basic -assumptions were included in
both derivations: 1) exceptionally cold and wet weather occurs during the 7-month season of
snow accumulation from October to April; 2) nearly all precipitation falls as snow and
remains in natural storage until sgring melting; 3) unusually rapid melt rates occur during
May and June over the entire basin; and 4) two basin-wide. rainstorms occur during the snow-
melt period--one in mid<May and the other in early June {Corps of Engineers 1969a). The _
flood data were. developed for the lower -Columbia River, and hydrographs were predicted for
upstream stations. Only the PMF with an unregu]ated&peak flow of 88,480 m3/sec and a
regulated flow of 41,000 m3/sec was determined for .the Hanford area (Corps of Enginéers 19693
and ERDA 1976).

An SPF flow of 21,000 m3/sec,for the Columbia River near Hanford was obtained from a
Corps. of Engineers report (1969a} on the then-proposed Ben Franklin Dam. This is a requlated
flow with a return period of one in 500 to 1000 years. '

Catastrophic flooding for downstream communities would result if. Grand Coulee Dam
faiied. The ERDA (1976) report hypothesizes three conditions under which Grand Coulee Dam
might fail: i) earthquake damage to the dam; 2) a 25% Tailure of the dam due to & nuclear
detonation in time of ‘war; and 3) a 50% failure of the dam due to nuclear'detonation in time

~of war. (Effects of the detonation of nuclear weapons would be éxpected to have additional

far-reaching effects,)

Earthquake damage is not believed to result in sufficient failure to cause flooding as
sevare as from a 25% breach caused by a nuclear detonation. It has aiso been noted that. for
flooding with réspect to dam failure, earthquakes represent historically the smallest .
percentage of failures (Leonhart 1980). Floods due to breachés in Grand Coulee caused hy a

“nuclear detonation are attributed to instantanecus vaporization of the dam's center section,

The destruction of 25% of the section would result in a flow of about 150,000 m3/sec at the
100 Areas; a 50% destruction would result in a flow of 227,000 m3/sec. i

The locations and elevations of the disposal areas were determined using U.5. Geological
Survey {USGS) topographic maps. Backwater prbfiTes for each flood event were plotted versus
river mile. Stage-discharge rating curves were developed at selected cross-section locations
near the present waste areas. The competent flow velocity near the channel bed was then
estinated and compared with the velocity necessary to erode a particular area. The various
flood events were compared in terms of river-water ‘'surface profiles and ground elevations of
Hanford sites. It was determined that the 200 Areas are at sufficient elevations to be safe
from even the 50% breach of Grand Coulee Dam.

Flooding by a rise in sea level is not considered a plausible event for the Hanford
Site. Rise and fall of worldwide sea level has been well documented aver the paSt 2 miltion
years. These changes have occurred generally with the advance and retreat of the world's ice
sheets and ice caps and have a general time.span ‘of 105 yr, with sed ‘Tevel changes of up to
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t100 m {Scott et al. 1979). Present sea level has been essentially stable for the last 3,000
to 5,000 years, following a rise after the ebb of the Wisconsin glacial stage, about

17,000 years ago. The present time is generally considered interglacial; if a sea-level
change occurs in the future, it will most Tikely bhe a decrease as ice builds up again on
land. It has been estimated (John 1979) that if the Antarctic and Green]and'ice sheets
melted, worldwide sea level would rise approximately 75 m. This would pose no threat from
surface flooding to the 200 Areas plateau or to the Hanford Site in general, which is 150 m
or more above present sea level. Flooding of the 618-11 and 618-1 and 2 sites would occur,
however [see footnote {a) in Table R.66].

Lands along the southernmost houndary of the Hanford Site near Horn Rapids on the Yakima
River could be subject to flooding by a 100-year flood on the Yakima River. However, these
flood waters would not reach to the 200 Areas where defense wastes would be disposed of under
the alternatives in this EIS. The Yakima River upstream from Horn Rapids is physically
separated from the Hanford Site by Rattlesnake Mountain. This tepographic barrier prevents
potential floods of the Yakima River from reaching the 200 Areas.

The 200 Areas 1ie within the Cold Creek watershed, The drainage system within the
watershed may be described as.ephermeral and discontinuous. This means that the stream flows
only in direct response to precipitation events {i.e., it receives no contribution from
discharging groundwater or sustained snowmelt runoff). Further, for most runoff events, the
water within the channel infiitrates within a given distance of the flow. Coid Creek,
trending northwest to southeast, is the only defined channel within the southeastern portion
of. the watershed. This channel passes within about 2 mi of the southwest corner of the
200 West Area. The potential for flash f1oods.aiong €old Creek, southwest of the 200 West
Area is identified in the BWIP Environmental Assessment (DOE 1986b). The peak of the
probable maximum flood is identified as flooding a small portion of the southwestern corner
of the 200 West Area. This area has not been specified for permanent disposal of defense
wastes in this EIS. '

Because of the iocation of the waste within the scope of this study, flooding other than
that associated with glacial melt is not considered a plausible release event for any of the
three disposal alternatives or for the no disposal action (continued storage) alternative.

Surface streams are a means of moving surface material; however, stream erosion in gen-
eral is not considered a disruptive process for the Hanford Site. No perennial streams occur
in the area, and even with a climatic change of two to three times the present annual pre-
cipitatfon, the area is not likely to develop an integrated drainage system. or to support
perennial streams. The generally unconsolidated soil material and depth of the water table
over most of the Hanford Site are believed to prevent the formation of streams. The poten-
tial for surface stream formation is discussed in Appendix Q.

R.8 WIND EROSION

Both erosion and deposition of soils occur on the Hanford Site as a result of wind. On
sites considered for waste disposal, erosion of surface covering is sTight. Even when the
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rate of wind erosion is temporarily high during windstorms, the amount of fine-grained mate-
rial removed is 1imited by the formation of lagy concentrates from coarser material. .This
"armoring effect" is quite stable and tends.to préVent further wind erosion unless the sur-
face is disturbed, after which another armored surface begihs to form.  Wind action can also
fill depressions and deposit material as effectively as it removes it.

Denudation is the teotal of all processes, including continuous wind and water action,
that reduce land surface relief.  Rates of denudation are generally estimated by sediment
sampling from rivers in a given drainage basin. Tubbs (in Scott et al. 1979) cites eviderice
of a total denudation raie for a drainage basin tributary'to the Columbia River in the Pasco
Basin of about-0.25 cm/100 vears (0.025 mm/yr) and suggests that a small drainage basin
tributary to-the Columbia River in the Pasco Basin might have a denudation rate of about -
0.5 cm/100 years (0,05 mm/yr).

There are no definitive estimates to separate effects of wind erosion from these esti-
mated denudation rateé. Because they include the effects of stream erosion, and becayse '
erosion is not an effective process on the Hanford Site, 0.025 mm/yr is used for an estimated
rate for wind erosion. Assuming this rate were to continue for 104 yr, the land surface
would be lowered by only 25 cm.

The Hanford record of tornados occurring in this area indicates they are rére'events,

~and those observed have been small with 1ittle effect on soil surface. A tornado touched

down near the east end of Rattlesnake Hills on June 16, 1948 (Stone et al, 1983}, Funnel
clouds were also observed in 1961 to the south-southeast and in 1370 to the south-southwest
of Rattlesnake Mountain. So-called dust devils are frequently seen over plowed fields and
burned-over areas in the region but would not be significant in terms of wind erosion in thie
200 Areas. '

Because of the estimated Tow rate of wind erosion and rather large depth to waste hori-
zons, tornados are not considered a plausible release event for any of the disposal alter-
natives. Even for no disposal action (continued storage), where additional protective
measures are not implemented, nc release can reasonably be postulated. The disposal
alternatives provide additional barriers and further assurance against releases; waste in a
geologic repository would be unaffected. Wind erosion is not seen as a discriminator for
choice among the waste disposal alternatives. However, because there is ne quantitative
measure of erosion rates at the area of interest, additional research on selection of soils,
rock armoring and vegetative cover s needed and planned under the protective barrieb

development plan {see Section M.7).

R.9 MAGMATIC ACTIVITY

Magma is mobile molten rock genebated within the earth, and it méy be intruded into
other rock or extruded onto the surface of the earth, Magmatic activity resulting from this
mobility is discussed for the following three cases. '

1. Basalt Flows. The Hanford Site is located in the north-central part of one of the’
Targest known continental accumutations of basaltic lava flows. The flows are
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plateau-type features and are believed to have been emitted between 14 and 18 mil-
lion years ago, with -the mesi recent about 6 milTlion years ago (Caggiano and
Duncan 1983}, If future basalt flows of a similar type were to occur, they would
bé more likely te further isolate the waste than form a. release mechanism, unless
the Tissures open in the Pasco Basin instead of farther east as in the past.

YoTcanism, A differemt type of magmatic activity s the more violent, and some- -
times explosive, activity that produces volcanic peaks or cones, A number of
these volcanes exist in the Cascade Mountains, a few hundred kilometers west of

. the Hanford Site. The molten rock associated with this activity is often more

viscous, allowing pressure to build up and release in a spectacular and explosive:
way . as demonstrated by the 1980 eruption of Mt. St. Helens.

Voicahos; generally forméd'by a more locally restricted conduit than the
linear fissures that yield floed bésa?ts, can cause considerable destruction to
nearby areas. Eruptions hay scatter ash and rock particles over a wide area.
Volcanoes are generally associated with growing mountain ranges; island arcs. along
crustal plate margins, or Targe faults that extend to molten-rock reservoirs.

The Cascade Range volcanos closest to the Hanford Site are Mount Adéms,
160 km west-southwest, and Mt. St. Helens, 220 km west-southwest. A major
eruption of St. Helens on May 18, 1980, resulted in about 1 mm of ash fall at the
Hanford Site over_a'Q-hﬁ period. The main ash dispersal plume was to the north;
as Hanford was near the southern edge 6f the plume, it did not recejve the maximum
effect of ash fallout. (It has been estimated that if the axis of the main down-
wind thickness had been centered over Hanford, the thickness of ash would have

been 2.5 to 5 cm.

Major-volcanic effects such as mudfiows, ava]jnchés, pyrdc]astic rock flows,
lava flows, and shock waves are generally confined to a relatively Tocal area

volcanos, the only potential hazard to Hanford is believed to be an ash fall from :
a major eruption of one of these volcanos. Ash falls are not expected to have any

significant effect on long-term waste disposal.

Igneous Intrusion, A third type of molten. rock movement, generally described as
igneous intrusion, moves magma from depths toward the earfh's surface but without
reaching the surface. No igneous intrusions are known to exist within the Hanford
Site or its vicinity. This event is not, thefefore, considered as a potential
waste release mechanism. ' '

None of these types of magmatic activity is believed to lead to plausible release

scenarios. In addition, lava flows and volcanism, should they occur, might be beneficial
creating additional cover over waste sites.
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R.10 SELSMIC EVENTS

Seismic activity is not believed to be a plausible event for directly.releasing waste,
except in the case of continued storage of tanked waste near the end of tank life, Maste
disposed of near-surface is expected to respond to vibratory motion as part of the subsur-
face. A discussion of seismic activity is provided for completeness (see also Section 4.3).

Seismicity in the Cotumbia Plateau is attributed to a north-south-oriented compressional
stress regime that has resulted in thrust or reverse dip-slip faulting that occurs in east-
west-oriented zones {Scott et al. 1979; Smith 1979}, The USGS and the-University of .
Washington have monitored earthquake activity in the Hanford region since 1969, Earthquakes
recorded at the Hanford Site generally have Richter magnitudes with intensities . less than
four. These observations are consistent with the histerical record of large earthquakes
knowh to have occurred in the Pacific Northwest since 1872. These data indicate that his-
torically most large earthquakes have occurred at distances greater than 200 km from the
Pasco Basin. ‘ - .

Work performed to establish seismic design criteria for nuciear reactors of Hanford
(B1ume‘and Associates 1971; NRC 1982) provides conservative estimates of the maximum credible
earthquake associated with a known geologic structure on the Site. -Blume and Associates
{1981). estimated that a reasonably conservative design basis earthquake would be an earth-
quake located at the northwest end of the Rattlesnake-Wallula zone of deformation, with a
Richter magnitude of 6.8 and which wouid résu]t in a.0.25—g'acce1érat10n_on the Hanford
Site. For a similar earthquake, a'magnitude of 6.5 was estimated (NRC 1982), The largest
earthquake not associated with a fault structure is estimated to be a replicate of the 1936
Milton-Freewater earthquake and of magnitude 5.75 (NRC 1982). This event, designated as the
Hanford Regional Historic Eafthquake, had a peak horizontal ground acceleration of 0.10
{Blume and Associates 1981) and is assumed to be able to occur in the vicinity of the Site.
Wight (Scott et al. 1979) calculated that the annual probability of the maximum ground '
acceleration exceeding 0.20 g in the area is 10'4. Over a 100-year period from the year
2000, the probability of sites, tanks, or'repositories being subjected to vibratory motion
is 1072, - | ’ ' *

Blume and Associates (1978) performed a seismic analysis of the 241-AX tank étnuctures,
using a 0.25-g maximum horizontal ground surface acceleration. This level of acceleration
corresponds to the Hanford Site Shutdown Earthquake (SSE). The analyses reported the com-
bined effect of dead, thermal, hydrostatic and seismic loads and indicate that the tanks can

‘withstand the SSE with the existing 2.1 m (7 ft) of soil cover (DeFigh-Pride 1982), Dahlke

and DeFigh-Price (1983) examined expected failure modes for the waste tanks. They concluded
that the tanks were found to have an adequate margin'of saféty against failure, given present
and planned future operating limits plus the SSE, but suggested that large soil overburdens,
or excessive heat together with the occurrence of the SSE, might lead to structural failure.
The low probability of SSE-type ground accelerations together with the addition of dome fill,
to mitigate subsidence or collapse, suggest that seismic activity in itself is not a plaus-
ible scenario for the direct release of waste,
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Reservoir-induced seismicity (earthquake activity caused by loading of the land surface
with water and sediment in the pool behind a dam) is not yet a widely accepted concept. It
has, however, been examined for the Priest Rapids Dam and Reservoir as the nearest fmpound-
ment to Hanford that might be capable of triggering seismic activity.

In general, observations have shown that reservoir-induced seismicity (RIS) appears only
with deep and/or large reserv01rs, although at many Targe or deep reservoirs ne significant
changes in seismic activity have been noted-{lLeonhart 1980). Priest Rapids Dam and Reservoir
are significantly smaller than those reported to have RIS. Partly because of a tack of
historical baseline data for Priest Rapids, RIS eéffects cannot be ruled out completely. How-
ever, from comparison with case studies reported in the Titerature, it seens‘that the proba-
bitity of any associated significant seismic activity, as well as any event of s1gn1f1cant '
magnitude, is lTow (Leonhart 1980}

Historical observations and instrument recordings indicate that the Hanford S1te is an
area of re]at1ve1y Tow sefsmicity compared to the rest of eastern washangton. Seismicity in
the Central Columbia Plateau, which includes the Pasco Basin and the Hanford.Site, is gener-
ally confined to a'thin 28-km crust. It is characterized by temporally and spatially limited
swarms of Tow magnitude {less than 3.5), shallow (less than 6-km depth) earthquakes (Caggiano
and Duncan 1983). . Deep earthquakes (greater than 6-km depth) do not appear to be re]atéd to
shaliow events and. genera]ly occur as single events. Earthquakes in the central Columbia
Plateau are currently not asseciated with known faults, nor does their alignment suggest
unmapped faults.

Other seismic related phenomena such as 1iquefact10n, fault rupture and subsidence have
been investigated at épecific sites over much of the Hanford Site. NRC {1582), in their
Safety Evaluation Report on the WPPSS No. 2 plant, found "noc areas of actual or potential
substrface uplift, subsidence, or collapse,...or structyral weakness that could adverseiy‘
affect’p]aht.safety" and “that the foundation soils are not potentially liquefiable."
Bechtel (1970) found that “the underlying dense sand" (beneath FFTF)} would "make a very suit-
able foundation for supporting heavy foundation loads" as "evident from the excellent per-
formance of structures founded on the glaciofluvial materials elsewhere at Hanford." They
also found that "the high reTative density combined with the great depth to the groundwater
table eliminates the possibility of liquefaction.” Thus, seismic-related phenomena are also
not cons1dered plausible release scenarios for the waste.

R.11 CRITICALITY

Because of relatively Targe quéﬁtities of plutonium in some wastes, the possfbjTity of a
criticality event was investigated. However, there appears to be ne credible basis for a
criticality evenit among wastes dfsposed of in accordance with alternatives addressed in this
EIS (Wallace et al, 1980). '
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APPENDIX S

PROBABILITY AND CONSEQUENCE ANALYSIS OF RABDIONUCLIDE
RELEASE AND TRANSPORT AFTER DISPOSAL

The methods and results of the probability and consequence analysis performed for-this
EIS are presented in this appendix. The purpose of this analysis is to evaluate the compara-
tive risks of the proposed aiternatives on the basis of risk assessment methods used by the
U.5. Environmental Protection Agency (EPA) in 40 CFR 191. There is insufficient information
to make any absolute risk analysis and comparison with EPA Tevels in this document. The only
purpose for comparing the relative risk of this analysis with EPA tevels is to provide per-
spective on the levels derived from the very rough assumptions used. The basic advantage of
a probabiifstic approach is that the probabilities of events occurring and their consequences
are taken into account together and thus give a broader perspective of the performance
assessment than a consequence analysis by itself. In general, the larger conseguences have a
Tower probability of occurrence; hence, a large consequence will not necessarily constitute a
significant risk {where risk is defined as the product of the consequence and its probabil-
ity). A range of events and ﬁhefr consequences.ié considered in this appendix a1dng with a
treatment of variability in important parameters. . .

In this appendix a preliminary analysis is made of the three disposal alternatives and
the no disposal action alternative with respect to the EPA’s standard for disposal systems
(40 CFR 191). The preferred alternative presented in this EIS adopts the reference alterna-
tive for double-shell tank Waste,'encapsu1ated strontfum and cesihm, retfievab1y stored TRU

waste and thé 618-11 site, and will elect waste disposal action within the range of the ref-

erence or geologic disposal alternatives for the remaining waste classes following additional
development and evaiuation. Therefore, a probability and consequence analysis for the pre-
ferred alternative would yield results that would fall between those of the reference and
geologic disposal alternatives. Since no confirmed statistical basis is available for such
key parameters as retardation coefficients for nuclide transport in soils and barrier per-
formance parameters, it is necesséry to assume such values in order to perform the probabil-
ity and consequence analysis called for in 40 CFR 191 (EPA 1985), -

The analysis performed here assumes that all of the waste classes included in this EIS
are subject to the release provisions of the EPA standard, While this is not the case, this
approach permits comparison of the impacts of near-surface disposal activities of each of the
alternatives. Until more experimenta]'daté are available, such calculations as those shown
in Appendix 5 are useful for ¥1lustration of the relative features of each disposal altérna-
tive. They are not intended, however, to be used to demonstrate compliance, or lack thereof,
with the EPA standard. o

The analysis compares the disposal alternatives and the no disposal action {continued
storage) alternative (see Chapter 3 for descriptions of alternatives) by calculating a
release-consequence/probability curve for each alternative, and is essentially that called
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for in EPA's standard for protection of the environment from disposal of high-level and TRU
waste (Subpart B of 40 CFR 191). A1l waste classes are included in the analysis as though
the standard applied to them. Only those wastes that are disposed of near surface are con-
sidered; hence, any wastes sent to a geologic repository or WIPP are not inciuded in the
analysis (see Section 5.1.4 for a discussion of repository disposal). This analysis calcu-
lates the radionuclide release-ratio comsequences {over a 10,000-year time period) as called
for by the EPA's 40 CFR 191.13 containment standard, which is described in Section S.i..  The
variability of the consequences as a function of-thé variability of assumed parameter values
is included. In some cases (such as barrier performance) no experimental data are available
at this time. Assumptions are made on the distributions of parameter values. The limits of .
the assumed distributions are based on engineering judgment,

Two mechanisms for radionuclide release and transport to the accessible environment were
considered: 1) release of radionuciides through diffusion and/or leaching (with and without
failure of the protective barrier) followed by their advection through the unsaturated zone
to the groundwater, and 2) exploratory driiling that brings the radionuclides to the land
surface, The scenarios are described in Section S.2. The corresponding matheméticai models
for calculating the amount of radionuclides re]eased to the accessible environment for each
release mechanism are described in Sections S$.3 and S.4, The probabilistic and statistical
methods are described in these same sections. The geohydro]ogié models for release by both
Jeaching and diffusion are described in detail in Appendices P and G. A hypothetical failure
of the protective barrier described in Appendix M is also included in the analysis.

The results of the probability and conseqﬁencé analysis are displayed and discussed in
Section S.5; and the results of a sensitivity analysis are presented in Section S.6.
Although more data would be required to develop probability density functions for the key
parameters, the preliminary probability density functions (as well as the postulated scenar-~
ios and models) are the same for ail the disposal alternatives; hence, the results of this '
analysis shou]d provide a valid relative comparison of the d1sposa1 alternatives.

In summary, this preliminary analysis shows that both the reference alternative and the
in-place stabilization and disposal alternative would meet EPA standard 40 CFR 191.13 under
the assﬁmed conditﬁons, even when the protective barrier failure scenarios are considered.
The geologic disposal alternative can meet the EPA standard 40 CFR 191,13 with the release-
limit allocation allowed in Note 4 to Table 1 of 40 CFR 191, even if the postulated barrier
failures are included. Table S.7 gives the summary results numer1ca11y, and Figure $.10
shows the results graphically,

The EPA standard clearly is not applicable to the no disposal action alternative;
however, it is 11iustrat1ve when comparing the no disposal action alternative to the three
disposal alternatives. The no disposal action alternative does not meet EPA standard
40 CFR 191.13 under any of the assumed conditions or'scenarios.
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S.1  RELEASE-RATIO CONSEQUENCE

The. release ratio for each radienuclide in a disposal system fs its activity (expressed
in curies) postulated to reach the accessible environment over the next 10,000 years divided
by the activity (expressed in curies) estab1ished by the 10,000~year cumulative release Timit
in EPA standard 40 CFR 191.13. The release-ratio consequence is ther the sum of all individ-
ual radionuclide release ratios. The conseguence guideline in the EPA standard requires that
the release-ratio consequence should not exceed a value of 1 with a probability of more than
0.1 (the 90th percentile} and should not exceed a value of 10 with a probabi?i%y of more than
0.001 (the 99.9 percentile, the low-probability part of EPA standard 40 CFR 191.13).

The release-ratio consequence, CA’ far each disposal alternative A (A = alternative
index) is expressed mathematically by: '

N _ , '
Cy = nél RQ, A7RE, A | | ©(5.1)

where RQn,A is the accumultated activity in curies of radionuclide n reaching the accessible
environment over the next 10,000 years (see Section 5.3 for detaijls) and RLh,A is the nth
radionuclide’s release 1imit in curies for alternative A. N is the total number of radio-
nuclides in the waste that are modeled, Eleven radionuclides were uysed for this analysis

(N = 11). The selection of the eleven radionuciides was based primariTy on the inventory of
each radionuciide divided by its release Timit (i.é., the invehtory—to-re]éase-?imit

ratio). The radicnuclides correspending to the ten largest inventory-to-release-limit ratios
were selected, and 1291 yas also included because it is highly soluble and transportable.

The eleven radionuclides therefore are 90555 137(:5, 1Slsm, 239"240Pu, 241Ah, 63Ni, 140,

238U, 932r, 99Tc, and 1291, The radionuclides that were omitted from this analysis are not
expected to contribute significantly to the rélease-ratio consequence over the next

10,000 years. This expectation is based on the assumption that af least one of the following
statements is true: the inventories of the remaining radionuclides are small relative to
their allowed release limits; their high retardation factors cause their travel times to the
groundwatef to be'greater than 10,000 years; or their radicactive decay half-lives are short
compared to their travel times, '

The release 1imits for the reprocessed irradiated fuel throughput used in this EIS are.
based on approximately 94,000 metric tons of heavy metal (MTHM), before processing, repre-
sented in existing waste and 12,000 MTHM prcjected_for future waste. Release Timits in
curies are calculated for each radienuclide based on Table 1 of EPA standard‘40 CFR 191, the
fuel throughputs, the fuel burnup, and the amount of radionuclide inventory that is disposed
of near surface on site for each disposal alternative.

For the refersnce and the geologic disposal alternatives, the majority of the radfonu-
clide inventories are disposed of in a geologic repository. The EPA release 1imits for the
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radionuclides disposed of near surface in these two disposal alternatives are lower thanp for
the other alternatives when the release Timits are proportigned by the amount of inventory

disposed of on site.

The release limit, RLn As for each radionucliide, n, for each alternative, A, is calcu-

lated by the f011owing equation:

where TB1

Bu
kMTHMe
kMTHMf

eFRAC, o

where eQn’A.=

eTQn =

fFRACn’A =

RL

n,A = TBL X Bu x (kMTHM . x eFRAC, , + KMTHM, x fFRACn’A] : (5.2)

= the release limit from Table 1 of 40 CFR 191 for each radionuclide n
per 1,000 MTHM of fuel throughput

= burnup correction factor = 5,000 MWd/30,000 MWd = 1/6
(see Note 3 of 40 CFR 191; 5000 MWd is the designated burnup for
Tow-burnup fuels)

= number of thousand MTHM already processed and existing (e) as waste

~ at Hanford

= 94 i.,e, 94,000 MTHM in existing waste

= number of thousand MTHM projected to be processed in the future (f)
at Hanford '

= 12; i.,e., 12,000 MTHM in future waste

= existing inventory of radionuclide n disposed of by alternative A
(Tables P.19 to P.22) divided by the total existing inventory of
radionuciide n before disposal {Table P,18); i,e., the fraction of
existing waste that will be disposed of near surface on site by
disposal alternative A (see Equation S$.3}. '

A - (s.3)

existing inventory {Ci) of radionuclide n disposed of by disposal
a1térnative A '
total existing inventory {Ci) of radionuciide n before dispesal
projected future inventory of radionuclide n to be disposed of by
alternative A (Tables P.19 to P.22) divided by the total future
inﬁentory of radiohuclide n before disposal (Table P,18); i.e., the
fraction of future waste remaining on site by disposal

alternative A (see Equation S.4).
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. where fQﬂ A
f1Q, = total future inventory {Ci) of radionuctide n before disposal.

future inventory -{Ci) of radionuclide n disposed of by alternative A

Both the existing and future inventory-remaining fractions defined. above are all equal
te 1 for fhe no disposai-actfcn and the in-place stabilization and disposal alternatives.
For these alternatives all radionuclide jnventories remain near surface on site. Hence,
these alternatives use the "total® release Timits, which are not "partitioned.” The radio-
nuclide inventory fractions for the geologic disposal and reference alternatives are shown fin
Table S.1. The radionuclide inventory-remaining fractions shown in Table S.I are used in
Equation (5.2) to calculate the "partitioned" release }imits for sach radionuclide in the
geologic disposal and reference alternatives. The inventory-remaining fraction of each
radionuclide is directly proportional to the "partitioned" release Timit for each. The
partitioned release limits were motivated by Note 4 of the 40 CFR 191, which states that a

& different release Timit allocation scheme may be used. The calculated release limits for
£ each radionucltide for each alternative are shown in Table S.2.
oy
R TABLE S.1. Fractions of Existing and Future Radionuclide Inveniories Disposed of
- Near Surface for Geologic Disposal and Reference Alternatives
'_ Reference
e , , Geciogic Disposal {combination djsposal)
N 0 Radionuclide EFRAC, »_y TFRAC, ,1 @FRAC ., TFRAC, 45
5 ;
1 sy 0.029 0.006 0.53 0.034
o 2 137¢s 0.010 0.03 0.29 8,081
e 3 15gy, 0.045 0.006 0.81 . 9,031
4 239-240p,  g,017 0.009 0.72 0.02
5 24y 0.029 0.009 0.72 0.048
R 6 63y5 0.051 0,001 0.93 0.001
7 14¢ 1.0 1.0 1.0 1.0
8 238, 0.046 0.75 1.0 0.75
9 937p 0,053 0.032 1.0 0.075
10 PB1c 0.037 0.034 1.0 1.0
11 1297 1.0 1.0 1.0 1.0

The burnup correction factor (Bu= 1/6) effectively reduces the axisting fuel throughput
from 94,000 MTHM to about 16,000 equivalent MTHM (eMTHM), and the future fuel throughput from
12,000 MTHM to 2,000 eMTHM {i.e., 18,000 eMTHM in total) for calculating the EPA release
limits. The burnup correction factor used here is based on 5,000 MWd, the value permitted by
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TABLE 5.2. 40 CFR 191 Table 1 Values and Partitioned Release Limits (Fquation S.2) for -
Each Radionuclide Disposed of Near Surface for Each Alternative, Ci

N In-Place
Reference Stabiliza-
_ o Geologic (combination tion and = No Disposal
- e ‘ 40 .CFR 191 Disposal disposal) Disposal Action
n - Radionuclide TBL, R, ael R por RL, 73 R, ped
1 s - 1,000 470 8,300 18,000 18,000
2 137¢s 1,900 210 4,750 © . 18,000 18,000
3 olgy 1,000 720 12,500 18,000 18,000
4 239-240p,, 100 28 1,100 1,800 1,800
5 Wlpg 100 47 11,100 1,800 1,800
6 By . 1,000 800 (14,500 18,000 18,000
7 e 100 1,800 1,800 1,800 1,800
8 238y 100 220 1,700 1,800 1,800
9 B 1,000 900 15,800 | 18,000 - . 18,000
10 997 10,000 © 6,500 180,000 . 180,000 180,000
un 129 - 100 1,800 1,800 1,800 1,800

the EPA in Note 3 of 40 CFR 191 for 10w¥burnup fuels. - Note however, that for assigning eMTHM
for purposes of estimating the amount of commercial geologic repository capacity that would

" be needéd for Hanford defense waste, the typical estimated bqrnup factors should be used.

The result is an estimate of 3,100 eMTHM of existing, future and capsule wastes from Hanford
to be disposed of in the commercial geologic repository (DOE 1987).

S.2 RADIONUCLIDE RELEASES TO ACCESSIBLE ENVIRONMENT

Based on EPA standard 40 CFR 191, events and processes occurring over the next
10,000 years with probabilities Tess than 0.0001 are not included in this appendix. Based on
Appendix M, the protective barrier and marker system is expected to reduce the probability of

‘large-scale excavatﬁon‘tp less than 0.0001 qveh the next 10,000 years; hence, excavation

scenarios .were not analyzed here.:'0n1y two major release mechanisms were identified by which
radionuclides would be transported to the accessible envifonment. The first of'these_is the
dissolution of the waste souirce followed by transpert to the groundwater. - The second is an
intrusive one by which theé radioactive materials are brought to the surface by drilling.

Two sets of scenarios were chosen for the anrnual recharge  (infiltration) to the ground-
water, ‘One set of Scenarios assumed that the current climate would remain about the same for
the next 10,000 years, and the second set of scenarios assumed that the c11mate would change
to a wetter climate for the next 10,000 years. Because of the expected orbital changes of
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the earth, a significant change in the climate (i.e., a Q]acier) is. not expected for the next|
10,000 years.(a) However, for "what-if" purposes,. a change to a wetter climate by the year
2500 was assumed for some scenarios.

For this analysis, the annual recharge under the 200 Area soils with no vegetation; with
the current climate, was assumed to have a median value of 1,5 cm. A log-normal probability
density function (pdf) was assumed for the current climate's annual recharge under’ unvege—
tated soils, with an assumed median value of 1.5 cm and an assumed range of 0.0 to 5 cm. In-
effect, the assumed pdf gives the current climate annual recharge some variability, which can
be a result of the variability in rainfall and in soil/vegetation conditions. '

According to Fayer, Gee, and Jones (1986, Table B.2 and B.3), the recharge rates can
approach zero in the 200 Area if the sbiT surface is vegetated and can approach 1.3 cm/yr it
the soil is not vegetated. However, the annual recharge can approach 12 cn/yr (Fayer et al.’
1986, App. A) for unvegetated gravel-covered soil sites at the tank farms. Hence, the s1mu-'
ations performed here do not use conservative annual -recharges for the tank waste under the
no action alternative, but do use conservative recharge values for other waste classes and
for the disposal alternatives. The pdf for annual recharge assumes that the curreﬁt_c]imate
and the current soil/vegetation conditions with their existing variability will stay about
the same for the next 10,000 years. The wetter climate's average annual recharge under the
same soil/vegetation conditions was. given a much higher assumed median value of 5 cim and a-
higher assumed range of 1.5 cm to 15 cm. The sampled values from the current climate's
annual recharge pdf are shown in Figure S. 1 as the sampled pdf. The sampled values from the’
wetter c11mate s annual recharge pdf are shown in Figure 5.2 as the sampled pdf. '

0.20-
£ 015k
Q
~
s 0.10F
a
0.05
ool 4 1 17 | 0.00 T~
00 10 20 30 40 50 80 0.0 15 5.0 10.0 150 
Recharge, cm ‘ Recharge, cm .

FIGURE S.1 Assumed Probability Density FIGURE S.Z. Assumed Probability Density
Function of Annual Ground- ..- Function of -Annual Ground-
water Recharge of Current water Recharge of Wetter

© Climate for the Next ' Climate. for the Next

10,000 years 10,000 years

{a) R. G. Craig. 1983, ‘“Analysis of Ice-Age FTooding from Lake Missoula.® Unpublished
report, Kent State Un1vers1ty, Kent, Ohio, cited in this chapter as Craig 1983.
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For the no disposal action (no barrier), and in the assumed absence of active institu-
tionat- control (an assumption employed to permit parallel analysis with the disposal 3
alternatives), waste storage sites would be monitored and the projected releases- to the
accessible environment would occur. The radionuclides are postulated-te begin Teaching out
of the disposal sites in the year 2150. Although tanks are expected to feméin_suﬁstantia11y
intact for several centuries; they are assumed in this ana}ysis.to'admit water freely by the

year 2150 if no protective barrier s used.

In the case of the other alternatives, .which all have the protective barrier, two sets
of scenarios are hypothesized. The first set of scenarios assumes that water never pené-
trates the protective barrier; i.e., the protective barrier is assumed to preclude infiltra-
tion of water to the waste. For the scenarios with perfect barrier perforﬁance, the waste is
assumed to diffuse out to the edge of the protective barrier and then to be transported.to
the groundwater by advection. The second set of scenarios‘concerhing barrier performance
assumes that'the'hrctective_barrier fails in the year 2500G. The hypothetical barrier.faiiure
model has two probébi]ity density functicns; one pdf is for the annual recharge under the
area where the barrier fails and the other pdf is for the fraction of the waste area affected .
by the barrier failure. ‘

Although -no data are available on barrier performance, it was assumed to fail +n the
simulations for both the current climate and the wetter climate. A bimodal pdf was con-
structed that Has two uniform sections whose argas represent the probabilities of ‘the ‘barrier
failures that allow infi]ﬁration of water.  The two barrier failure modes described in’
Appendix M were modeled here with variability. A functional barrier failure with the current
climate {represented by tha lower section of the two-step pdf) has a median recharge value of
0.05 em/yr and an_fntegrated probability of 0.95. The disruptive barrier failure (repre-
sented by the high section of the pdf) has a median recharge of 7.5 cm/yr with an integrated
probab111ty of 0.05. Under wetter climate conditions the medians are increased to 0.1 and 15
ém/yr for the functional and disruptive failures, respectively; the integrated. probab111t1es
of barrier fa1iures with a wetter climate were assumed to be the same as those of the current. |-

c¢limate.

. The pdf (which completes the barrier failure model) for the fraction of the waste area

dffected by the Barrier failure is described in the next section along with the mathematical
model. In brief, a log-normal pdf was assumed for the waste area fraction with a range from
0.0 to 1.0 and.a median.value of 0.08. ' - ' '

The second mechanism-considered for releases (to be combined with. those above) is human
intrusion. Representative human intrusion events include drilling boreholes and excavations.
The marker system is assumed to. prevent any systematic -intrusion, ‘excavation or habltat1on.

If the mitigating effect of the marker system is assumed (Append1x M), then the probability.

of a major excavation occurring over the waste over the next 10,000 years is less than o
0.0001, The 40 CFR 191 guidelines do not require inclusion of events. with probab1]1t1es Tess l
than 107 -4 over 10,000 years so major excavation was not considered in the probabilistic.
analysis here. : :
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For the human intrasion mechanism, the accessible environment is the land surface and
atmosphere -above the waste sites. Of the human fntrusion events that could be postulated to
occur over the next 10,000 years, the borehole event is considered representative of the more:
probable events (events with probability of occurrence, over a 10,000-year period, greater
than 0.001} and is set forth in the 40 CFR 191 standard. Furthermore, no credit wés taken in
this analysis for the marker system reducing the praobabilities of boreholes {see Appendix M.

for discussion of reduced numerical values).

Three potentially disruptive scenarios associated with borehole drilling were modeled.
DrilTing is postulated to occur 100, 400, and 1,000 years after dispesal {in the year 2050).
The 100-year borehole scenario (2150) is assumed to be very unlikely, with a probability less
"than 0.0001, and is not directly incorporated into the composite release analysis; the
160-year scenario is used in Section S.5 to. illustrate the relatively smailer releases from
dritting boreholes compared to the releases from dissolution,

To summarize the scenarios described above, an event tree or probabilistic scenario tree
s shown in Figure S.3. The tree shows eight scenarios (S; to 58) for the thres disposal

alternatives. The eight scenarios are generated by listing all of the combinations of the

£ current or wettér climates, barrier failure or no barrier failure, and 400-year intrusion or

N 1,000-year intrusion, Each branching point or node requires a conditional probability for
P each branch segment; the probabilities of all branches from each node {(branching point)
s should add to one. The assumed probabilities for the branch segment are displayed in the
-  parentheses by each branch segment in Figure 5.3. These are conditional probabilities since
) each branch-segment in this event tree is conditional on the event represented by the
H preceding branch segment,
N _ The currant climate recharge under unvegetated soil (Figure S.1)} was assumed to be nine |

times more 1ikely over the next 10,000 years than the wetter climate (Figure S.2); hence, the |
probabi]ity'yalues for the current and wetter climates become 0.9 and 0.1, respectively. As
| ' stated earlier, based on the earth's expected orbital changes {Crafg 1983), a significant
P change in the climate is not expected for the next 10,000 years. For simulation purposes,
however, it was assumed that climate had a 10% chance to get wetfer by the year 2500 and to
stay that way for an additional 9,500 years. For sensitivity analysis purposes in Section
S.6, the wetter climate was_given a 90% chance of occurring by the year 2500,

5y

fat

The barrier failure was assumed to have just as great a probability as no barrier fail-
ure. Likewise, the 400-year and 1,000-year intrusions were assumed to be just as Tikely. .
Hence, the probability value for each of these latter branch segments is 0.5 (see
Figure S.3). .

The probability of each scenario S, that is, P(SS), is obtained by multiplying all the
conditional probabilities of all of the branch segments making up a total branch or sce-
nario. These scenario probabilities are shown to the right of each scenario or total branch
and will be used later when the release-ratio curves of the scenarios are combined into a
single composite release-ratio curve in Section S.5. '
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FIGURE S.3. Probabilistic Scenario Tree

S.3 MATHEHATICAL MODEL OF NATURAL RELEASE CONSEQUENCES AND UNCERTAINTY

A Monte Carle simulation was performed to calcu!ate the d1str1but10n of release- -ratio
consequences due to the natural release and transport of the radionuclides. MWith. this
approach, many values of variable or uncertain input parameters are obtained by sampling from
the .appropriate probability density functions, and the consequences of each set of sampled
values of input parameters are realized or calculated by summary performance assessment
models. Simplified models are used in lieu of long-running sophisticated models, since -many.
realizations or runs {2,000 for this analysis) are desired to adequately sampie the entire. .
parameter space. '

Conservative values were used for the parameters whose values are well known and for
those parameters not contributing significantly to consequences in each of the 2,000 runs
(see Figure S.4). In some instances, parameter values were fixed for all 2,000 runs, e.g.,
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the Ky values (set at zero} for 14C, gch, and 1291 The output of the Monte Carlo simula-
tion is a set of consequence values from which a pdf can be generated. From this pdf, a com-
plementary cumulative distribution function (CCDF} or release-ratio curve can be generated.-
The main steps discussed above are shown in Figure $.4. ‘These steps are explained in more
detail later fn this appendix.

Radionuclide inventories in the Hanford Site 200 Eaét_and 200 West Areas Were'suﬁméd'for
each waste class for each alternative. The radionuclide inventories for eqch of the waste

- ¢classes were then modeled as one radicactive source term for each éiteﬁhatfve. As discussed
( in Appendix 0, the released radionuclides from all the waste sites were assumed to travel

nominaily 64 m to groundwater. The groundwater. (aguifer)} was considered to be the accessible
environment for this model. The nuciide transport time in the groundwater from the waste
disposal site to a distance of 5 km (the location of accessible environment as specified in
EPA standard 40 CFR 191} is not considered in this analysis since the groundwater travel time
is small in comparison to the travel time from the waste site through the vadose zone to" the
groundwater. Because the travel time within the aquifer is not included, this analysis is
slightly more conservative than the ana]yéﬁs that appears in Appendix'Q. As discussed in.




:

Appendix Q, the radionuclide release time and the travel time in the vadose zone are the con-
trolling delays in the arrival of radionuclides to the accessible environment.

In lieu of precise data on soil/water/radionuctide interactions in the unsaturated zone,
the following equations based on movement in-the saturated zone were used to calculate as a
first approximation the radionuclide travel time in the unsaturated zone, The équation used
for the radionuclide travel time from the waste sites to the Qroundwater is:

e - o | 5.5

where Tw is the travel time for water from the waste site to groundwater and R is the’
retardation factor given hy: '

R, =1+ (B/0) » (K, (5.6)
where (Kd)n is the distribution coefficient for nuclide n (in mL/g, see Appendix P}, B is the
soil bulk density (1.8 g/mL); and & is the soil moisture content fraction {conservatively

taken to be 0.33).

The water travel time (Tw) was calculated bynlinearly interpolating the annual recharge/
water travel time pairs shown in Table S.3. The values of T, in Table 5.3 were based on
layered soils at the AP tank farm construction site in the 200 East Area {see Appendix Q),
with more. conservative (i.e., smaller) water travel times used here for the recharges greater

YABLE S.3. Annual Recharge and Water Travel Times

Annual Recharge, Water Travel Time,

q,_cm/yr Ty» ¥°
0.1 . 4,200
0.5 925
1.3 500
2.5 - 220
3.8 ' 140
5.0 100
6.5 92
7.5 85
10.0 | 67
15.0 50

20.0 15
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than 5 cm/yr. - Accumilated releases are not sensitive to the water travel times (see Sec-
tion S.6). Shorter water travel times can be effectively achieved by increasing the annual
recharge-in the simulations.

S.3.1 Dissolution-Controlled Release

The dissolution-controlled release process (linear-release model) s used for calculat-
ing the release of radionuclides from existing and future grout waste for postulated protec-
tive barrier fajlures and subsequent infittration of water. The linear release model assumes
that infiltrating water directly contacts the waste form, becomes saturated with the
dissolving chemicals and radicnuciides in the waste, and carries the entire solution
vertically downward. The number of curies of nuclide n reaching the groundwater per year,
Qn‘, is given for grout by the following equation (see Appendix P):

Q' = Qo Lexpln, « £) /T (S.7)
for TLOw <t < THIGH
where Ap = the radioactive decay constant, 0.693/half-1ife, yr'l of the nth radionuclide
Qon = the initial inventory of nuciide n, Ci

TLOW = minimum of Tn + TH and 10,000 years = initial arrival time of radionuclide n to -
groundwater
Tyrgy = minimum of T+ Ty + 7, and 10,000 years {for grout, 10,000 years is_a]ways_the
_ minimum) = final arrival time
Ty = the holdup time before leaching starts (taken as 505 years from the year 1995
for barrier failure cases) :
T = the nuclide travel time from waste site to groundwater, -year (see
Equation S5.5) : '
T = the time required to dissolve (leach} all of the radionuclides from the waste
form, year {14,000 vears wés derived in Appendix P for grout waste).

Integrating the release rate {Equation $.7) over time from the initial radionuclide
arrival time at the groundwater, TLOM? to the time of final radionuclide arrival, THIGH’
yields the following expression for the number of curies of nuclide n accumulated in the
groundwater under. the waste sites over the next 10,000 years:

RQ, (Dissolution) = Gy, * exp(-xn . TLON) « [1- exp(-kn - ) I/(T|- An) (5.8}

n

where T0 = Tyren-Tygy- If T = 0, then RQ, = 0. Equation {S.8) is used for only the grout

waste for scenarios with a barrier fajlure.
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$.3.2 Diffusion-Controlled Release

'_The.ana1ysis-here summarizes the- diffusion model results of Appendix P.. The simp]ified:
model includes only the most transportable radionuclides, 140, gch, 1291, and 23% {
given a zero Ky value for analysis of movement under the barrier for the diffusion model).
These are the on]y radtonuc11des calculated to diffuse to the barr1er S edge in less than

10,000 years (see Appendix P)

In the simplified diffusion model a fract1on of the waste, FR, is assumed to d1ffuse
out at a constant rate (ignoring radioactive decay) over a time period, TP. This per1od
starts from the time the diffusion rate to the barrier's edge is non-zero, which is about
4,800 years (for zero Ky} after the year 2150 [see Appendix P, T, defined after .
Equation (P.24)]. In other words, the rate at which the most transportable radionuclides:
reach the groundwater (considering radicactive decay) is the following:

in = FR . Q * exp(-r » t)/TP (5.9)

“for T <t < 10,000

LLOWD
where TLUWD =T, + Ty + 4,800 years and the exponent1a1 function is the radioactive decay
term.

The fraction FR is 0.03 and.time period TP is 6,000 years for the tank waste (single-
shell tank, double-shell tank, future doub]e shell tank). The fraction and time period for
grout waste were equa1 to 0.05 and 19,000 years respectively.

Equat1on (5.9) is 1ntegrated from Ty gup years (the initial arrival time of rad1onuc11des
to the groundwater) to 10,000 years. The grout waste values of FR (0.05) and TP (19,000) are
substituted into the integrated result, yielding the following equation for release of
nuclides from grout waste by diffusion:

RQ, {grout diffusion) = 0.05 » Qon cexp(n, c Tgn) © {$.10)

{1 - exp[—}\n » (10,000 - 19,000 » )

Substituting appropriate values for tank waste for the parameters FR (0.0?) and TP'(G,OGO)
into Equation (S5.10) yields the following equation for release of nuclides from tank waste by
diffusion: .

RQn (tank diffusion) = 0.03 « on " ©XP (-k . TLOND) - _ (5.11)
{1 - éxp [—hn « {10,000 - LOWD ]} / (6,000 « » )

$.3.3 Solubility-Controlled Release

The so1ubi1ity-contr011ed release model {derived in Appendix P) is used hére to model
the radionuclide release from the single-shell tank waste and the doub1e-she11_tank waste
residuals to the groundwater. The solubility-controlled release assumes that the solute

5.14
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{radionuclide) concentration remains constant {except for radionuclide decay) in the waste
form. The activity in curies of radionuclide n reaching the groundwater per year,_Qn‘; for
the solubility-controlled release is given by the following equation:

Qn‘ =AgeqeC v 10 exp (-An - t) (5.12)

for T1 <t < TZ

where Aw = surface area of waste for waste class W, m2

-q = annual recharge infiltrating waste and reaching groundwater, cm/yr

C, = fixed concentration of radionuclide n in tank waste, see Appendix P for values,
Ci/L here

18 = conversion factor (10 liters = 1 mzcm), L/mzcm

A, = radioactive decay constant, 1/yr .

T; = initial arrival time to groundwater = minimum of T, * Ty and 10,000 years

TH = holdup time before Teaching starts (taken as 505 years for barrier failure--the
year 2500, and 155 years for no barrier--the year 2150)

"
= To = minimum of T; + Tp and 10,000 years = final arrival time to groundwater
o Tp = time duration 0f,§6?6biTity-control1ed release, vear, see Equation (S.13) below:
w - A . 10) + 1 5.13

| Tp = 108 [Qgy = &P (g« Ty) / (Ay e q e €= 10) + 1A (s.13)
- where log, is the natural logarithm (see Appendix P).
o Integrating radionuclide n's arrival rate to the groundwater (Equation S.12) from the

' initial arrivai time, Ty, to the final arrival time, Ty, yields the following accumulated
Teos release: '
. RQn (solubil1ty}.= Aw s q Cn « 10« exp (-xn . Tl) | (5.14)
. . [1 - exp ('7\-“ . (Tz - Tl)] / 7\n
i If T =T, (i;e., if the initial arrival time 1s equal to the final arrival time), then
RQ,, = 0. '

5.3.4 Adsorption-Controlied Release

The adsorption-controlied release model (derived in Appendix P) is used here to model
the radionuclide release from the double-shell tank wastes for the no action alternative.
The adseorption-controlled release assumes that infiltrating water comes into contact with the
waste form and carries the solute (radionuclides) vertically downward. The concentration of
the solute is varying with time even if the réﬁioactive decay is negligible. The double-
shell tank wastes under the no action alternative are the only wastes in liquid form; the
adsorption-controtled release model is most appropriate for the 1iqﬁid waste form. The
numbér of curies of radionuclide n reaching the groundwater per year, Qh" for the

- adsorption-controlled release is given by the following equation:

S.15
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described by the diffusion-release model.  Such a model ignores any interaction or coupling
of the two parts which requires a much more complicated model. The simple combined release

G =2, e @

" . exp [?hn -t - M * (t - TH f Tn)} : _" (S.15)

_Oﬂ
for T_ <t < 10,000

where

ALp = leach rate parameter, 1/yr {S.16) i

=q+0.01/ (Ry -8+ h) |
q = annual recharge infiltrating waste and feaching groundwater, cm/yr -

8.0 = unit conversion factor, m/cm - . o

R, = retardation factor for radionuclide n, see Equation (S.6)

.6 = s0il moisture content fraction {(0.078 for the wetter climate,
0.064 for the current climate)

h = effective waste class thickness_{taken as 64 m for doubje-shell
tank waste and 1 m for double-shell tank residuals, Appendix P}

T, = initial arrival time of radionuclide n. to groundwater = minimum of
Tyt T, (holdup time plus nuclide travel time) and 10,000 years.

Ty = holdup time before leaching starts {taken as 155 years from 1995 for no
barrier cases). : g

3

Integrating Equation (S.15) from the initial arrival time, Ta’ to the final arrival time
of 10,000 years yields the fo1low1ng accumulated release:

RQn (adsgrpt‘ion.) = ALI‘I » QOH . exp (-_-)\n .o Ta) . {1 - exp [-(Kn + 7\.Ln)' (S..]J)
» (10,000 -- Ta)J} / (J\.n. * ?\LI’I)

If T, = 10,000, then RQ, = 0.

S.3.5 Combination Releases

For the scenarios with postulated. barrier failtures (for the thres disposal alterna-
tives), a combination of two release medels is required because the barrier failure is
modeied to affact only a fraction, FL, of the waste class. This fraction, Fy, requires a !
non-diffusive or leaching release model and the complementary part of this waste, 1-F .
requires the diffusion-release model. F; is a random variable assumed to have a tog-normal
distribution with median value of 0.08 and a standard deviation of 0.25. '

The two parts are modeled by dividing the waste classes into two parts, one part with
fraction F|, described by the leaching-release models, and the other with fraction I-F;,

model described here should be considered as a first-order approximation to more complicated
combination releases. The combined accumulated release from the waste to the groundwater for

radionucTide n for the barrier failure scenarios is

RQn {tank waste) =-FL . RQh {solubility) + (l-FL) . RQn (tank diffusion) {5.18)

5.16




for the tank waste classes with a barrier {see Iquations S.11 and S.14}, and
RQn (grout) = FL - RQn (dissolution) + (1—FL) . RQn {grout diffusion) {5.19)

for the grout waste classes with a barrier {see Eguations S$.8 and S.13). For the no barrier
failure scenarios, F| is set to 0 and only diffusion occurs. '

For the no disposal action alternative, the accumulated release to the groundwater is
just RQ, (adsorption), Equation (.17}, for double-shell tank wastes, and RQ, (sotlubiTity),
Equation (S.14), for the single-shell tank waste. '

The other waste classes (like the TRU sites) contribute very little to the accumulated
releases over 10,000 years because the Kd values for Pu and Am are much higher in the TRY
waste classes than in the tank and grout waste classes, and the other radionuclides existing
in the TRU waste classes have small inventories relative to single-shell tank and grout
wastes. '

S.3.6 Parameter Values

The initial inventories of each fadionuclide in each waste class for each alternative
are Tisted in Tables P.19 through P.22. The inventory of 240Pu, small in comparison to
2-39Pu, was added to that of 23%y, since their transport and release properties are expécted
to be the same; both have long radicactive half-lives and are often taken together for
dosimetry calculations. The longer half-life of 23%y was used for this study.

The Ky values used here were obtained primarily from Appendix P. Fixed single-valued K,
values were used for grout waste and TRU wastes., For the single-shell and double-shell tank
waste, this analysis used these values for all the radionuclides except plutonium, americium;
uranium, strontium and nickel where pdfs were used, Log-normal pdfs of Ky values were used -
for plutonium, americium, strontium and nickel, and a uniform pdf was used for uranium.
Adopting a range or distribution of K; values permits a realistic analysis that includes
provision for uncertainty. Representative Tog-normal pdfs {after sampiing) are shown in: ..
Figures S.5, S.6, and 5.7, for Ky values of each of the radionuclides, 239'240Pu; 241Am, QQSP
and 93i. The minimum K, values in the pdfs used here are the Ky values listed in Appendix P
for concentrated and complexed nuclides. The maximum sampled K& values in the pdfs were
chosen to be the ditute noncomplexed values of soils reported by Delegard and Barney '

(1983) N1cke1 63 was assumed to have the same K4 values as 905r and 93Zr was assumed . to
have a Kd value of 20 mL/g. The median K4 values were chosen to approximate the dilute _
comp]exed va1ues reported in De]egard and Barney (1983) except for plutonium in the no action

'a]ternat1ve where a median value closer to the concentrated complexed value was used. The

238U, a uniform pdf of K4 vaTues

p]uton1um Kq value is very important (see Section S.6). For
was used for all waste classes with a Tow K4 value of O and high Ky value of 16lmL/g. The K4

pdfs for single-shell and double-shell tank waste are summarized in Table S.4.
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— TABLE S.4. Summarj of Probability Pensity Functions and Corresponding Parameters
_ Parametric Values
_ . Standard
g Parameter {Units) pdf Type = Median Low: -High Deviation
o
. 1. Current Climate Recharge log-normal 1.5 0 5 0.9
P {em/yr) '-
- 2. ‘Wetter Climate Recharge (cm/yr} Tlog-normal 5.0 1,5 i5 2.5
. 3. Current Climate Recharge Under bimodal {0.95) 0.05 0 0.1 '
Barrier Failure (cm/yr) uniform (0.05) 7.5 5 10 1,7
- 4, Wetter Climate Recharge Under bimodal (0.95) g.1 4] 0.2
e Barrier Failure (cm/yr) ~uniform {0.05) 15 10 20 3.3
5a. Plutonium K, for Disposal log-normal 26.0 0.63 71 17.0
Alternatives {mL/g) _ _
5b. Plutonium Ky for No Action Tog-normal 6.0 0.63 1 10.7
Alternative - {mL/g) . o : _ .
6. Americium K4 {mL/g} ’ " 1og-normal 15.5 5.6 130 -15.0
7. Uranium K, {mL/g} uniform 8.0 0 16 4,6
8.  Strontium, Nickel Ky {mL/g) Tog=normali 1.5 g.02 21 3.0
9. Waste Fraction Under log-normal 0.08 = 0O 1.0 0,25

Barrier Failure
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ATl the input parameters that are descnibéd by a pdf are shown in Table S.4 with the
assumed pdfs. The biqual‘unifann,(tw0¥s;ep) pdfs for the barrier failure recharges have a
probability for the functicnal barrier faiture of 0.95 {i.e., the area under the uniform
section with the Tower recharge values of the pdf is 0.95) and a probability of the disrup-
tive barrier failure of 0.05 (i.e., thé area under the uniform section with the nigher
recharge values of the pdf is 0.05).

S.4 MATHEMATICAL MODEL OF CONSEQUENCES RELATED T0 HUMAN INTRUSiON '

A mathematical model s used to caicuTate the amount of each fadionuc1ide that s
brought to the surface (to accessible environment) by human intrusion. Estimates of annual
frequencies or yearly probabilities for barehole drilling on each of the waste classes are

given in Table 5.5. The annual probab111t1es(a) were derived by multiplying the annual bore-|

hole frequency per square kilometer, 0, lekmz/yr, by the surface area occupied by each wastie
class, The drilling frequency per unit area varied from 0.0002/km2/yr to ﬂ.OlZ/ka/yr in
Little (1980); a value of D.Ol/kmzlyr was chosen for this study. This number is more than
three times‘hfgher‘than the number recommended in EPA standard 40 CFR 191, The chosen value
of 0, OljkmE/yr does not include any reduction for the probability that the protective barrier
and marker system will discourage drilling {see Appendix M).

These annual frequencies were used with the Poisson dlstribut1on to generate 10,000-year
probabilities. The Poisson distribution’ is well suited for calculat1ng the probability of an
event occlirring randomly within a period of m years if the annual probability of the event,
ps, is known. The probability of i events occurring over m years is:

P(1) = exp(-L) « Li/41 (5.20)

where L =m « p (m = 10,000 years here and p, the annual probability is shown in Table S.5)
and i is an integer. The probability of more than i events occurring is:

P(i>1) = 020 | exp(-L) RV | | {s.21)
jEiel '

Equation {5.20) was used fo calculate the prbbabi]ity of zero, one, two, etc., boreh01es
for each waste class shown in Tables S.5 and $.6. Equation {(S.21)} was used to determine how"
many borehoies should be counted in the analysis. The maximum number of boreholes included
in the analysis was the value of i for which P{j»i} is less than 0.0001. This maximum nun-
per, the 99.99 percentile value of the number of borehcles, and other percentile values of
the number of borehoies for each waste class are shown in Table S.6.

{a} "Annual probability" as used here is the probability per year of a borehole intercepting
a given class of waste.
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TABLE $.5. Annual Probabilities of Boreholes in Waste Classes and Waste-Class Surface Areas

Annual '
Index . Probabitity, . ) 2
W . ‘Waste Class Intrusions/yr Surface Area, Ay, km©
1 Single~-Shell Tanks 5.5 x 107% 0.055
2 Double-~Shell Tanks 5.8 x 1070 0.0058
C 3a Grout of Existing Waste 5.8 x 1074 0.058
{ISD and Reference)
3b Grout of Existing Waste 2.5 x 10-3 0.25
(Geologic) .
4 Future Double-Shell ° 5.8 x 107° 0.0058
Tanks
5 Grout of Future Waste - . 3.3 x 10'4 : 0.033
6a pusF (2) /905, canisters 1.0 x 1076 0.00010
6b owsF/137¢s Canisters 2.4 x 1070 - 0,00024
{In-Place Stabilization .
and Disposal)
6c owsF/137cs canisters 1.3 x 10 .+ 0,00013
. (No Disposal Action) : o
7 TRU-Contaminated Soil 1.2 x 1074 0.012
8 Pre-1970 Buried TRU 7.5 x 1074 0.075
9 Retrievable TRU 2.5 x 1074 . 0,025
10 Future TRU 1.7 x 1074 : 6.017

(a) Drywell storage facility.

Even though the drilling of boreholes {s wot expected to be random but somewhat clus-
tered in time,. the random-based Poisson distribytion is still adequate here, The Poisson
distributien is adequate chiefly because the c1u$fering effects from the -past are included in
the annual borehole probabilities (Table S.5). -After the various pefcentile numbers of bore-
holes that could intefcept each waste class over the next 10,000‘years was determined, it was
assumed that all the boreholes occur in one year. . The year of drilling was. chosen for three
different times; 100, 400, and 1,000 years after dispdsa]. Disposal was assumed to be com-
pleted in the year 2050. Having all the boreholes eccurring in one year is extreme cluster-
1ng'ih time. Furthermore, only the rather early years {100, 400, and 1,000) of the '
10,000-year period were chosen as the drilling years;‘this is_conservative because the
mitigating effects of radfoactive decay are minimized in these early years.
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TABLE S5.6. Percentile Values of the Number of. Boreholes (1n a 10 OOO-year periad) 1n
tach Waste Class . ’

Number of Boreholes, Iw(y)
o . Tly=50)  (y=90) (y=93.9) (y=299.99)
Index 50th a0th - 99.9th 99,99th

W -Waste Class ) Percentile . Percent11e .Percentile Percentile
1 Single=Shell Tanks S5 0 14 16
2 Double-Shell Tanks 0 -2 . 14 . 15

3a Grout of Existing Waste 6 9 14 17
{In-Place Stabilization : .
and Disposal & Reference)

3b Grout of Existing Waste 25 3 a1 - .45
(Geologic)

4 Future DST -0 2 S 5

5 Grout - of Future Waste 3 I 10 S

62 DwsF{8)/%sp canisters 0 0 0 1

éb owsF/137¢cs Canisters D S d B 1 2

(In-Place Stabilization
and Disposal)

6 DWSF/Y37¢cs canisters 0 0 1 2
(No Disposal Action} . : o

7 TRU-Contaminated Soil 1 3 6 7

8 Pre-1970 Buried TRU 7 1 Y 19

9 Retrieyable TRU 2 5 9 10

10 'Future TRU 2 ‘ 3 _ 7 ‘ 8

(a) Drywell storage facility.

The source terms {inventories) per borehale were calculated for each waste class listed
in Table S$.5 by dividing the waste c1ass'inVentor&_(for:eath alternative) per radionuclide by
fhe waste class surface area, and then multiplying this inventory areal density By the area’
of a 30-cm-dia borehole, 7 x 1078 kn? {0. D7Im2) " The resulting product is the 1n1tfa1: '
inventory per borehdle for each radionuclide in‘ each waste class for each d1sposa! ‘alterna-
tive. The following equation was used for calculating the' yth percent11e value of the accu-
mulated release of radionuclide n from waste class W to the land surface due to dr1111ng.

Ry Dyl = D = xp(hg - TbRILL)laN} Cht o G2
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where = initial inventory (Ci) of radionuclide n in waste class W; W = 1 to 10 (see
.- Table S.5)
ToriLL = time of drilling (year) after the year 1995; TDRILL has three values in this
_ study: 155 years, 455 years, and 1,055 years(a)
A = surface area of waste class U (kmz) (see Table S.5)
Apy = area of borehole (kmz) =7 x 1078 km?

'Iw(y) = the yth percentile value of the number of boreholes in waste class W where

QOH

0 <y < 99,99 (see Table 3.6 for I, values at percentile values of y = 50, 90,
99,9, and 99.99). '

Iw(y) must satisfy the following relationship with the probabilities for 1 boreholes in
waste class W, P(i), {Equation S.20):

Iy)-1 1,0
§P(i) <0.01 ey < 7§ P() (s.23)
i=0 i=0

which says that the yth percentile value of the number of boreholes in waste class W, Iw(y),
is the first integer number which causes the sum of probabilities for each borehole to exceed
the probability value 0.01 1. y. The 0.01 factor converts percentile values into probabitity
values, '

The yth percentile value of the release-ratio consequence for waste class W for each
alternative A {each alternative has a different set of waste classes) due to drilling
boreholes 1s:

Cyly) = E RQ, [ (WRL, , (5.24)

The yth percentile value of the release-ratioc consequence for all waste classes was calcu-
lated by the following equation:

Cly) = % Culy) ' (5.25)

Equation (5.25) assumes that the yth percénti]e consequence value of each waste c¢lass can
simply be added to obtain the total consequence value at the yth percentile. This total
distribution of consequence values, Equation (S.25), is not the same as the total distribu-
tion found by adding Poisson distributions. In general, the yth percentile value of the
distribution of the sum of random variables is not equal to the sum of the yth percentile

value of the distribution of each random variable. The distribution defined by

{a) The 55 years included in the drilling time is the time between the used inventory year,
1395, and the year of disposal, 2050, and accounts for radiocactive decay for that time
period.
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Equation ($.28) is conservative in.the sense that C(y) is greater than or equal to the yth. -
percentile value of the distribution found from the sum of random variables,

The compTementary cumulative distribution function of the yth percentile consequence
value, CCDF[C(y)1, is defined by the f0110w1ng equatIOn T

can[c(y)] =1.0-0.01 .y ' S {s.26)

Since the consequences due to drilling are discrete (depending on the'integer number of
boreholes in Equation $.22), the corresponding CCDF will be a step function indicating the
discrete nature of the borehole model.

A special note needs to be made about Equation (S.22) and the drywell storage facility
(DWSF)} waste ¢lass (W = 6a, 6b, 6¢) of strontium and cesium canisters. This is the only"
waste. class that has a target waste area smaller than the borehole area. Each canister is
about 6 cm in diameter, and the borehole is assumed to have a 30-cm dia. Hence, a Targer
area for the canisters was calculated based on Figure S.8 for use in Equation {S.22) and on.
the annual probabilities of a borehole hitting a canister {Table $.5). The calculated canis-
ter area for the drilling model is 3.4 x 1077 km@ based on a 33-cm radius. If e”bprehe1e' _
intercepts anywhere within this 33-cm-radius Eirc1e, as shown in Figuyre S.8, then the canﬁse
ter is at least graied by the borehole and is conservatively assumed to release all its
inventory to the accessible environment. That is, the borehole area, Agn» is set to 3.4 x
1077 kn? (0. 34 m2) for the DWSF canisters instead of 7 X 1078 kn? (0.07 mz) The area for
the DWSF canisters, Aw, in Table S. 5 is the calculated larger area, ABH {Figure 5.8), times
the number of canisters. For all other waste classes, the area of the borehole is negligible
compared to the target waste area and hence does not show up in the waste class areas.

Borehole '

" FIGURE_S.8. Drywell Storage Facility Cenister Area for_ Borehole Model
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5.5 RESULTS

The results of 2,000 calculations made by the PROBCON (probability and consequences)
systems code(a) for the scenario of the current climate, no barrier failure, and 400-year
intrusion for all three disposal alternatives, and the current climate, 400-year intrusion.
scenario for the no disposal action alternative are shown graphically in Figure S.9. The
CCDF 1s shown in Figure S.9 for each alternative. In discussing this curve it will be
referred to as the release curve. The CCDF of C is the probability that the.conéequénce is
greater than or equal to the cgnsaqﬂence value €. The 90th pércentile conéeduente value hhs
an ordinate {y~axis) value of 0.1. In other words, if a horizontal line is dréﬂn ac?oss the
graph at the eordinate value of 0.1, each intersection of the CCDF curve with that 11ne w11I
have an abcissa (x ~axis) value which is the 90th percentile consequence value af the release-
ratio consequence. The ordinate value of 0.001 corresponds to the 99,9th percent11e_conse-_
quence value. If a release-ratio curve for an alternative has a 90th percentile cansequence
value less than 1 and a 99.9th percentile consequence value less than 10, then that alterna-
tive meets EPA standard 40 CFR 191.13, which is represented by the far left boundary of the
hatched area on Figure $.9. The hatched area on Figure 5.9 represents the conditions under

- which the EPA retease standard would noi: be met,

1.0 : - - ©
40 -CFR 191.13 259/
EPA Standard > ;
{/.\Jl In-Place
® 0.1 ‘(-Stablllzatlon
2 and Digposal
w 9 :
a3z ' ‘No Disposal - 7% o
© fn; Action =
g é 0.01 8
85 %277/
= g‘ —a—— Geologic % . /
= ; '
£ 0001 77 ALl 999
£
Reference
00001 | l-lll' ] | | IIJI!I- i i1 I III.II 11 l 1L 9999
‘0.01. 0.1 1.0 10.0 100.0

RM@%RHMmemmm&C.

FIGURE S.9. Release Curves for A]ternatwes for the Scenario of (2urrent Chmate,
’ No Barrier Failure, and 400-year Intrusion

(a) M. G. Piepho, Pacific Northwest Laboratory. Document 1n preparation.
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As shown in Figure 5.9, all three disposa1 alternatives for the scenario of current
ciimate, no barrier failure, and_400-year intrusion meet the EPA standard. The no disposal
action alternative for the scenario of current climate and 400-year intrusion does not meet

- the EPA standard at either the 90th percentile (the high-probability part of the standard) or

the 99.9th percentile {the low-probabitity part of the standard).

Each scenahfo‘has its own release-ratio curve or CCOF, The release ratio curves shown
in Figure 5.9 are for one of the most probable scenarios (see Figure 5.3 for scenario proba-
bilities). ‘After calculating a release curve for each scenario, the next step is to con-
struct a composite release curve which is a composite of all the individual scenario CCDFs
and their probability weighting factors. The scenario waighting factor for scenario S5 is
its_scenario probability, P(SS), as shown in Figure S5.3. Mathematically, the composite CCDF

can be calculated by ‘the following:

Composite CCDF(C)";'Z'P(SS) « CCDF(C/S,). o (5.27)
’ S
and § P(S ) = 1.0 | 4 (5.28)

where P(Ss) is the probability of scenario S occurring in 10,000 years, CGDF(C/SS) is the
re]ease~ratfo/probabi1Tty curve for scehario‘SS (i.e., the CCDF is conditional on the assump-
tions of scenario'Ss); and s is the secenarfo index (s = 1 to 8 as shown in Figure 5.3).

The composite reTease}ratfo/probébiIity curves for the alternatives, based on the eight
scenarios shbwn'ih'Figure S.3.and the models described.in Sections S.3 and S.4, are shown in
Figure $.10, - The numerical results for the 90th and 99.9th percentile .values are shown in
Table S.7. Two composite CCDFs are shown in Figure S.10 for each of the geologic and
reference disposa1'a1tern§tiVes. The two curves Tabeled with an A are calculated with the
"partitioned" release limits defined and calculated in Section 5.1 and shown in Table S.2.
The allocation method for this partitioning is based on the fraction of radionuclide activity
{see Table S.1) disposed'of'near surface. The two curves labeled with a B are calculated
with the "total" release limits: that is, the release limits for the B curves aﬁe based on
the total fuel equivalent (burnup corrected) of about 18,000 eMTHM. If there are zero
releases from the'deep repositories (geologic repository and WIPP), then the "“total" nuciide
release Timits based on the total inventory cén be allocated to the waste disposed of near
surface {see Note 4 of 40 CFR 191). The B curves represent the limiting case of release
1imit allocation where zero release limit is allocated to each radionuclide sent to a geo-
logic repository or WIPP and the total release 1imits are allocated to the radionuclides
disposed of .on site. The B curve for the reference alternative is essentially the same
{s1ightly smaller due to fewer boreholes causing releases to the enviﬁonment) as the in-place
stabilization and disposal alternative.

The composite release-ratio/probability curves (Figure 5.10) show that under the assumed
conditions the in-place stabilization and disposal alternative and the reference alternative
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FIGURE S.10.

- Release Ratio Consequence, C

for Wastes Disposed of Near Surface

Preliminary Composite CCDFs for A1l Alternatives Based on All Scenarios

TABLE S.7.

(Ratio greater than 1.0 shows standard is met,)

EPA{90th percentile)/
C(90th percentile)

Alternative

EPA{99.9th paprcentile)/
£(99.9th- percentile)

Numerical Comparison {ratios) of Calculated Consequences w1th EPA Standard

1sD 4,3 1.9
Reference-A 4.3 1.4
Reference-B 4.3 1.9
Geologic=-A . 4.0 0.4
Geologic-B 5.5 9.0
No Action 0.07 0.4

A - Results for a]térnative are based on partitionad release limits.
B - Results for alternative are based on total release limits.

meet the EPA standard at the 99,9 percentile (this represents the low probabflity, 0.001,
referred’ to in the standard) The geologic disposal alternative {curve B) can meet the Tow-
probability (0,001} part of the EPA standard with the allocation allowed in Note 4 to Table 1

of 40 CFR 191, The no disposal action alternative does not meet the standard for either
disposal probability Tevel. Figures S.2 {no-barrier failure) and S.10 (with barrier failure)
together show the fmportance of the protective barrier's performance, '

If only the "partitioned” release limits defined in Section S.1 were to be used for
allocation, the geologic disposal alternative's release curve (curve A) would be greater than
the EPA standard at the 99,9th percentile value, which is the low-probability (one chance in
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1,000} part of the standard. However, the EPA standard makes provisions for assigning a
release limit 1arger‘than the small "partitioned" release 1imits shown in Table S.2 for the
geologic alternative inrparticular. As a result, there is a broad range of allowable alloca-
tions through which thé-geoiogic disposal alternative would meet the EPA standard.

The reason that the upper bound shown for the geologic alternative CCDF (curve A} is
larger than the others is that the release curves are based on the release-ratio coﬁsequence,
which depends on both the allowed release limit for each radionuclide (RL,) and the amount of .
waste reaching the accessible enviromment (RQ,), as shown in Equation S.1. The geologic
disposal alternative has the lowest inventories of residual radionuclides disposed of near
surface and, therefore, has the Towest release Timits. With the partitioning used in curve
A, the release 1imit for near-surface residual plutonium in the geologic disposal alternative
is only 28 Ci {see Table 5.3), and the single-shell tank 5% residual inventory alone is
1,400 Ci, which is large compared to only 28 Ci, Furthermore, the 5% single-shell tank
residual waste in the geologic disposal alternative is assumed to contain plutonium in highly
transportable form (i.e., Tow Ky values for concentrated and complexed plutonium; see Fig-
ure S5.4) compared to that assumed for the plutonium in the TRU sites (waste classes 7 to 10,
Table 5.5}, Hence, the accumulated release of plutonium to the groundwater for the geologic
disposal alternative is about 5% of the release for the other disposal alternatives under
wetter climate and disruptive barrfer failure scenarios, but the partitioned release Timit
for plutonium for the geologic disposal alternative is only about 1.5% of the in-place
stabilization and disposal alternative. In summary, removing the TRU waste sites substan-
tially lowers the plutonium (n=4) release limit, RL,;, but does not Tower the accumulated
release, RQy, in the same proportion for the geologic disposal alternative. As a result, the
plutonium release-ratio consequence, RQ4/RLy, is very high (greater than 10). This happens
when both the'plutonium'Kd value 7s small and the postulated barrier failure recharge s
high; these are low-probability events (less than one chance in ten over 10,000 years}.

For both curve A and curve B of the geologic disposal alternative, the expected number
of health effects (an abéo]ute measure) is the same, is calculated to be very Tow, and is the
lowest of all the alternatives (see Chapter 5). In 40 CFR 191, specific provisions are made
for allocating release limit multipliers in cases where more than one disposal system is
employed. By using these'provisioné, releases from residuals disposed of near surface in the
geologic disposal alternative would comply, based on the preliminary analysis here, with the

EPA containment standard.

The actual releases of each radionuclide, in curies at variocus percentile values {50th,
90th, 99.9th) for the groundwater transport part of the scenarios are shown in Tables S.8,
5.9, and $.10 for each alternative for each dissolution scenario.

The releases resulting from the drilling intrusion were included in the release ratio
curves, The drilling releases were also analyzed separately, as were the reieases resulting
from dissolution mechanisms, for comparative burposes. The releases from the drilling were
very small compared to releases from dissolution mechanisms. The 100-year intrusion releases
are shown in Table S.1l1. Thé 400-year and 1,000-year intrusion releases are smaller than the
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TABLE $.8. Accumulated Radionuclide Releases {Ci) to the Accessible Environment Over
10,000 Years for Scenarios with No Barrier Failure :

10,000-yr Releases, Ci

_ 50th 90%h 99.9th

Scenario Alternative Radionuclide Percentile Percentile Percentile
Current Climate and Geolegic 14C 26.3 28.2 28.9
No Barrier Failure 238 0.0 0.3 1.0
991 . 23.5 24,8 25.3
1231 0.71 0.75 0.77
Others 0.0 0.0 0.0
In-Place 4o 38.8 1.6 42,7
Stabilization 238, 0.0 3.6 1.2
and Disposal gch 580.0 612.0 624.0
129; 0.96 1.0 1.0
Others 0.0 0.0 0.0
L Reference 140 38.8 41.5 42.7
T 238y 0.0 3.6 1.2
7¢ 5800 612.0 624,0
- - 1291 0.96 1.0 1.0
W@T Others 0.0 0.0 0.9
. Wetter Climate Geologic 14, 29.8 30.0 30.2
o and No Barrier 238 0.03 0.48 0.6
e Failure ' 997¢ 25.3 25.5 25.6
128; 0.77 0.77 0.77
g Others 0.0 0.0 0.9
o In-Place e 42.7 43.0 43.3
L Stabilization 238 0.52 9.4 11.6
o and Disposal 97¢ 624.0 628.0 631.0
1291 1.0 1.0 1.1
- Others 0.0 0.0 0.0
s _ Reference 14¢ 427 43.0 43.3
- 238y 0.54 9.8 12.1
. | . $1¢ 624.0 628.0 631.0
S 129 1.0 1.0 1.1
Others 0.0 0.0 0.0

100-year intrusion releases and are not shown. At early times, strontium and cesium would
dominate the postulated drilling releases; however, by 400 years after disposal, strontium
and cesium would be about one ten-thousandth of initial quantities, and releases via drilling
would éohtribute negligibly compared to the releases caused by dissolutien mechanisms
(diffusion and Teaching).

5.6 SENSITIVITY ANALYSIS

A sensitivity analysis was performed to determine the most important parameters in both
the dissolution release and human intrusion release models. The principal parameters
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TABLE S.9. Accumulated Radionuclide Releases {Ci) to the Accessible Environment Over
- 10,000 Years for Scenar1os with Current Cl1mate and Barrier Fa11ure

10 OOO-yr Re]eases Ci

o . - 50th 50th 59.9%h

Scenario Alternative Radionuclide Percéntile Percentile Percentile

Current Climate In-Place *90g. 0.0 0.0 0.7

and Barrier Failure Stabilization 137¢¢ 0.0 0.0 0.0’

: and Disposal 151g, : 0.0 0.0 0.0

239-240py -~ 0.0 0.0 8,230.0

241 0.0 0.0 23.7

633 0.0 0.0 591.0

140 87.5 505.0 3,280.0

238 0.0 3.5 43.9

9Bzp 0.0 0.0 3,870,0

e 2,070.6  12,500.0  25,700.0

1291 3.1 18.7 42,5

o " Reference 90gp, 0.0 0.0 0.7

B ' 137¢¢ 0.0 0.0 0.0

: : 161g, 0.0 0.0 0.0

s : 233-240p,, 0.0 0.0 8,230.0

, - 2y 0.0 0.0 23.7

wr : 63y 0.0 0.0 591.0

14. 87.5 505.0 3,280.0

e ' 238y 0.0 3.4 40,8

' 937 0.0 0.0 3,780.,0

i ¢ 2,070,0  12,500,0  25,700.0

- ' - 129 3.1 18.7 42,5
Geologic 90gp. 0.0 0.0 0.04

ooy, : 1370 0.0 0.0 0.0

- 1blg, 0.0 0.0 0.0

S ' 239- 240pu, 0.0 0.0 610.0

281py 0.0 0.0 1.3

- . ' o B3y 0.0 0.0 29.8

A . 14¢ 84.6 482.0  1,870.0

e : . 238y 0.0 0.4 29.6

N - 93y 0.0 0.0 196.0

e _ ' ' 997¢ 97.0 571.0 1,010.0

_ 1291 2.3 12.5 34,7

Current Climate No Disposal 90sp 0.0 0.0 2,970.0
and No Barrier - Action 137¢s 0.0 0.0 0.0

: 151, 0.0 0.0 0.0

239~ 24°Pu- 0.0  14,100.0  27,400.0

281 an 0.0 0.0 - 34,2

63y - 0.0 66.0  15,700.0

14, 4,680.0 4,930.0 5,040.0

238y 0.0 51.9 73.6

937p ‘ 0.0 0.0 0.0

997¢ 34,700.0  34,800.0  34,800.0

1291 58.0 58,0 58.0

5.30




by

m;
AL
. MPJW'

TABLE S.10. ~Accumalated Radionuclide Releases (Ci) to the Accessible Environment Over

10,000 Years for Scenmarios with Wetter Climate and Barrier Failure

Scenario - Alternative

10,000-yr Releases, Ci

50th

90th

99.9th-

Radionuclide Percentile Percentile Percentile

Wetter Climate and In-Place
Barrier Failure Stabilization
and Disposal

Reference

Geglogic

Wetter Climate and No Disposal
No Barrier Action

14

90
1397
151,
239-240p,
241,
83

14¢

234,

937p

997,

129;

90

1370,
151,
239-240p,,
241,
63y

14¢

238,

93,

99

128

90

Sr
137CS
151Sm
239—240Pu
241Am
63y
14¢
238
932r
9ch

90sp.
137
151,
239-240p,,.
281p,
&3

99
z
129;
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TABLE S.11. 'Rédionu¢1ide Releases {Ci)} to the Agcessip]e Environment for 100-Year

Intrusion Scenario

50th

90th

99.9th
Scenario. Alternative Radionuclide Percentile Percentile Percentile
Human Intrusion: Geologic QOSR he 0.42 0.76 l.2-
Boreholes 137¢¢ . 0.42 0.82 1.3
100 yr After 151ey 0,08 0.15 0.23
Disposal 239-240p, ~  g,012 . 0.022 0.034
2815 0.024 0,049 0.080 ¥
= 0.037 0,065 0.099
140 - 0.039 0.050 0.068
238y 0.0004 0.0008 0.0012
937 © 3.0020 0.0036 0.0056
99r¢ 0,009 0.015 0.022
11297 0,0004 0.0006 0.0082
In-Place - 90, 15.0 27.9 430.0
Stabilization 137¢s 5,2 8.8 5,320,0
and Disposal 151q, . 2.6 4,7 7.5
239-240p, ‘g4 1.6 3.0
2410 2.1 4.0 6.7
834 0.74 1.3 2.0
14, . 0.036 0.060 0.096
238y 0.004 0.007 0.011
93z 0.043 0,079 0.13
e 0.24 0.41 0,65
1297 . 0.0004 0.0007 0.0011
Reference 905r 1.1 12.8 20.0
1376 5,2 8.8 13,9
151, 1.4 2.5 4.0
239-240p, 0.43 0.84 1.4
24lan 0.30 0,56 0.91
63y " 0.67 1.2 1.9
14¢ 0,036 0.061 0.095 -
233 0.004 0,007 0.011
937y 0.030 0.054 0,085
99t 0.24 0.41 0.65
1291 - 0.0004 0.0007 0.0011
No Disposal ?g r 6.8 42,8 3,460.0
Action Cs 2.1 48.0 5,29%0.0
- 1513g 1.4 6.9 1040
239-240p, - 0,80 1.7 2.4
241pm 2.4 7.2 11.0
gzNi 0.66 1.4 2,0
. 0.020 0,092 0.13
233 0.0035 0.008 - 0.01
937, 0,028 0.11 0.15.
995c 0.11 0.66 0.96
1297 00002 0.0011 0.0017

analyzed in each model. were the radionuclide inventories plus all the additional parameters
of recharge (equivalently, the water travel time--see Table 5.3), radionuclide Kd
coefficients, and barrier failure parameters, which are all itemized in Table S.4. In
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addition to these model parameters, the probabilities of scemario occurrence were also
varied. The model parameters were in general varied by small amounts {a differential
sensitivity analysis), and the probabilities of scenario occurrence were varied by large
amounts. ’

For- the scenarios with no barrier failure, the l4¢ inventory was found to be the domi-
nant parameter (based on the consequence changes due to small changes in the parameteh) for
each of the three disposal alternatives.. Carbon-14 is responsible for about 60% to 70% of
the release-ratio consequence at the higher percentiles iQU and 99.9). for the three disposal
alternatives, with 238U contributing about 15% to 20%, gch contributing about 10% to 15%,
and 1291 contributing Tess than 2%.

Cumulative-release results for the scenarios with no barrier failure are not sensitive
to the recharge value {or water travel times), provided it is not zero. This is because 146,
gch, and 1291 have been modeTed to always reach the groundwater once they have diffused out
from under the protective barrier, regardiess of the non-zero amount of recharge. However,
for releases other than cumulative re1eases,_e.g., concentrations, the recharge. value (or

water travel ‘time) may be very important. .

For the scenarios: with barrier failure, the Ky coefficient (br equivalently, the
retardation coefficient Ry) for plutonium is the most important parameter for the cumulative
release-ratio consequence calculation. The plutonium Kyq coefficient is important since the

difference between -the plutonium travel time and the water travel time to the groundwater'is
approximately proportional to its‘Kd vaTue'(see Equation S5.6). If the Ky value is large
enough, plutonium will not reach the groundwater in 10,000 years. If the Kq value is small
enough, plutonium will reach the groundwater within 10,000 years, Sufficientjy small Kd
values cause the reledse-ratio consequence to exceed 10 for the geologic disposal alternative
{curve A with partitiohed retease limits) at a Tow probabiifty of occurrence {one chance in
1,000), Plutonium is reeponsib}e for about 74% to 93% of the release-ratic consequence {with
partitioned release limits) at the 99.9th percentile for barrier-failure scenarios. The Kd
values of most radionuciides are potentially fmportant, particularly if the values are close
to zero. The recharge under a barriar failure and the waste fraction affected by the barrier
failure are also important parameters. As.Figuhes 5.9 and S.10 together have already pointed
out, the barrier performance is important to the.cumuiative-reiease calculations.

For the human intrusion release model, only the radionuclide inventories were included
in the sensitivity amalysis. The importance of each radionuclide depends on the time of

drilling (because of radioactive decay effects) and the alternative (because of the different

waste classes}. For the geologic disposal alternative, 137Cs 905r and 239-240p,, dominate
the 100 years after d1sposa1 dr1111ng time scenario, and 239- 240Pu and 241Am dominate the
400-year and 1,000-year scenarios. For the in- pTace stab111zat10n and disposal and reference
disposal alternatives, and for the no d1sposa] action a1ternat1ve, 13765 90Sr ~and Z4lpy
dom1nate the 100-year dr1111ng scenar1o, and 241Am and 239~ 249Pu dominate the 400-year and
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1,000-year -scenarios. Again, as stated earlier, the releases from drilling are-small (less

than 1%) compared to the releases from the dissolution (diffusion/]eaching) mechanisms,

If the wetter climate is assumed to have a 90% chance of occurring, instead of a 10%
chance, by the year 2500, then the reference disposal alternative, in addition to the geo-

- logic disposal alternative (for residuals), does not meet the EPA containment standard using

the partitionéd release 1imits.. The compos1te release-ratio curves of the three d1sposa1
alternatives with-the 90% chance of a wetter climate are shown in Figure S.11,

Furthermore, if it is also assumed that the barrier has a 100% chance of failure by the
year 2500 in addition to the 90% chance of a wetter climate (i.e., P($1) = P{Sz)_='P(55) =

- P(sg) = 0, P(S3) = P(Sy) = 0.45, and P(Sy} = P(Sg) = 0.05 in Figure $.3), then the cumelative
release results shown in Figure 5.12 are obtained. . The figure shows that the in-place stabi-

Tization and disposal alternative would still meet the EPA standard under the conditions

assumed here.

1.0
' E 40 CFR 191.13
— EPA Standard
o 01—
x| =
8 :— . .
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& = ) , \ 4
32 — Basedon g
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2 . Release Limits in-Place _ \
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- {Residuals) \ _
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0.01 N 0.1 - 1.0 10.0 1000

Release Ratio Consed'uence, C

FIGURE S.11. Preliminary Composite CCDFs with 90% Chance of Wetter
Climate and 50% Chance of Barrier Failure

On the other hand, if the base assuhpt1on of a 10% chance of a wetter climate’ (90%
chance of the current climate) is used which is believed to be conservative, and the 100%
chance of barrier failure is used, then both the reference and in-place stabilization and
disﬁosa] alternatives meet the EPA standard as shown in.Figure S.13. For these composite
CCDFs, the scenario probabilities in Figure 5.3 were ehangedzto P(Sy) = P(S3) = P(Sg) =
P(sg) = 0.0, P{S3) = P(S4) = 0.05, and P(S7) =”P(58) = 0,45,
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APPENDIX T

METHOD FOR ESTIMATING NONRADIOLOGICAL AIR-QUALITY IMPACTS

. Nonradiological air-quality impacts reported in Chapter 5 were calculated for each dis-
posal alternative using the Environmental Protection Agency's (EPA) Industrial Source Complex
Dispersion Model. The model's receptor grid was set up to examine pollutant cdncentrations
at areas of public access within Hanford and along the Hanford Site boundaries.  Pollutants
examined were CO, NO,, SO, and total suspended particulates. Using five years'of meteoro~
logical data and estimates of maximum pollutant emission rates, maximum air concentrations of
each pollutant were calculated for selected averaging periods. Model results indicate that
project activities will not violate federal, state or local ambient air-quality standards.

T.1 AIR-QUALITY GUIDELINES AND AMBIENT AIR-QUALITY STANDARDS

Under the authority of the Clean Air Act 1970 (amended 1977), the EPA established
National Ambient Air Quality Standards (NAAQS) to protect the public health (primary stan-
dards) and the public welfare {secondary standards). At the state and local 1e0e1, final
Ambient Air Quality Standards (AAQS) are set. These final AAQS are equal to or more
stringent than the NAAQS. Each standard specifies a concentration Timit for a specific
pollutant for a time period ranging from 1 hr to 1 year. The nonradiological pollutants that
are_governéd by current AAQS and that would be emitted in significant quantities"by_Hanford
defense waste activities are sulfur dioxide (SDX), total suspended particulates (TSP), carbon
monoxide (CO), and nitrogen dioxide (NOy ).

Current AAQS and maximum background pollutant concentrations are présented in. Table T.1,
Background measurements were made in the vicinity of the Hanford Site, and maximum values may
be inflated by the proximity of local sources of poliution (NRC 1982, pp. 4-165 to 4-168).
Many of these maximum values were also recorded .during a period in which regional emissions
were higher than their current Tevel. Maximum ambient concentrations of pollutants may
therefore be somewhat lower than indicated by the background measurements in Table T.l.

In this study, the Industrial Source Complex Dispersion Model (ISC) was used to simulate
the nonradiclogical air-quality impacts of Hanford defense waste activities. The model
empioys EPA-approved methods (EPA 1977 and 1979) to determine short-term and annual average
air-quality concentrations of pollutants for which AAQS have been established. Work with the
ISC model was performed befere final estimates of the maximum emission rates for each
pollutant were available. The model was therefore run using a unit release rate for each
pollutant. The pollutant concentrations produced by the model were interpreted as normalized
concentrations and were later multiplied by maximum emission rates to obtain maximum
pollutant concentrations. ' '
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TABLE T.1. Ambient Air-Quality Standards and Maximum'Measused Background: Concentrat1ons for

- Hanford (Washington State, Benton County), pg/m®

E Supplementary Max imum
Primary Secondary State Background
. _ - Standard Standard Standards . Concentrations .
Sulfur Dioxide LSGX) e : e o .
Annual arithmetic. - ' S g0 80 : 52 . 0.5
24-hr maximm(® 365 365 260 6.
3-hr maximuil@) o ' - 1,300 i ' -- 20
1-hr maximum(a) : o T T 1,040 49
1-hr maximunt® : . - 650 - - 49
Total Suspended Part1cu1ates (TSP) - - - . C
Annual geometric mean 75ic) 60(c)  40+background 56
24-hr maximumtd) ' 260(¢)  150{¢)  120+background 353
Carbon Monoxide (CO) ' _ . a
8-hr maximumid) 10,000 10,000 . . e . 6,500
. 1-hr maximum(2) o 80,000 . - 40,000 - . 11,800
Nitrogen Dioxide (NO,) _ o _ _ L
Annual arithmetic mean 100 100 - R 36

{(a) Not to be exceedad more than once per year. -

{b) Mot to be exceeded more than two times in any consecut1ve ? days. -

{(c)  Because concentrations may exceed standards due to rural fugitive dust, the pr1mary :
and secondary standards are replaced by the supp]ementary Washington State st&ndards.

T.2. AIR-QUALITY ANALYSIS PROCEDURES

ISC fs a steady-state Gaussian plume model that pred1cts ground-level air. concentrations .

of pollutants emitted from point, area,-and volume-sources. It is most appropriate for eval-
uating air-quality impacts from industrial complexes at which the cumulative. mpact from mul-

tiple sources must be .considered {as in this study).

Hanford defense waste activities would involve the operation of numerous mobile sources
of pollution (such as diesel-powered construction equipment). Rather than attempt to. isolate
each source, it was assumed for this analysis. that the cumulative emissions from all  sources
constitute a single volume source within the Hanford Site. This approach is conservative
because rarely, 1f ever, would all possible sources be emitting poliutants simultaneously.
The 200 East Area was chosen to represent the source of the emissions. A volume source was .

spec1f1ed ‘encompassing the 200 East Area, with an effective emission height of 3.m.. Initial .

lateral and vertical diffusion coefficients (qy ‘and. o, } were specified according:.to the ISC -
User's Guide (EPA 1979) criteria for evaluating emissions from.a volume source..

For all model caleulations a receptor grid was specified that included points along the -

Hanford Site boundary, Highway 240, and in other areas within the Hanford Site to which the
public might have access. Specific receptor locations were selected to coincide with
available meteorological data. In the meteorological data used in this study, wind direction
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is given in terms of 16 sectors. The first of these 22.5°-wide sectors is for winds coming
from the north and is centered at 0°, The second sector is for winds from the north-
northeast and is centered at 22.3°. The remaining sectors follow in the same pattern, ending

. with the sixteenth sector; which is for winds coming from the north-northwest (centered at

337.5°). An - 1SC "preprocessor" computer code can randomly redistribute the winds within each
22.5°-w1de sector to approximate natural variability. This option was not used because it is
less conservative than orienting the winds along their sector centerlines. Grid points along
the Hanford Site boundary were specified on the sector centerlines and on the dividfng‘1iﬁes
between the 16 sectors. A1l but four of the remaining grid points were alsc specified on
either sector centerlines or dividing Tines. Receptor Tocations are listed in Tables T.2

and T.3.:

Preliminary modeling of Hanford defense waste emissions showed that the maximum envi-
ronmental impact at publicly accessible Tocations would always occur within the Hanford Site
or at its boundary. Because of the distances involved, ground-level pollutant cdncentratfoné
will always be decreasing as project emissions are advected past the Hanford fenceline.

.Therefore it was not necessary to perform detailed modelfng of the air quality beyond the

Site boundary to determine maximum impacts. -

The 1SC model can produce average pollutant concentrations for periods of 1, 2, 3, 4, 6,
8, 12, and 24 hr. Annual average concentrations can also be computed. Concentrations for -
each averaging period can be tabulated so that highest and second-highest values are easily
determined. ' . .

In computing the air concentration of particulates, the mode! considers gravitational
settling and the resuspension of dust. Settling velocities, resuspension factors, and
particle-size distributions are fnput by the user. In this study,-sett]ing‘veiocities and
resuspension factors were determined following the recommendations provided in the ISC User's
Guide (EPA 1379), Particle-size distributions were based on data reported by PEDCoc (1978).

"T.3 METEOROLOGICAL INPUT

Hourly observations of wind speed, wind direction, temperaturg, mixing height and sta-

‘bility are required to compute hourly concentrations of pollutants. Five years of meteoro-

Togical data were used-in the analysis. The data were from the years 1960 through 1964, a
pariod chosen because it is representative of Hanford's meteorclogy and because upper atmos-
pheric measurements are available for this period, Detailed upper atmospheric data are not-
available for Tater years. Onsite metéoroTogica] data were collected and archived at the
Hanford Meteorology Station (HMS), which is located between the 200 East and 200 West Areas.
Hourly observations of wind speed, wind direction, and temperature were obtained from meas=-
urements made at several levels on the station's 125-m instrumented tower. Stability ciasses
were determined from hourly values of the vertical temperature lapse rate {AT/AZ} following
the recommendations in EPA (1979) and NRC (1974). The lapse rate was computed from
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TABLE T.2. ISC Recebtors Out1ining the Hanford.Site(a)

~ Receptor Range, km Direction,"degrees(b)

1 27.3 360,0
2 28.5 11.3

3 28.5 22.5
4. 26,9 '33.8
5 23,1 45,0

6 21.1 '56.3

7 18.8 67.5
8 17.7 78.8

9 20.9 90.0
10. 21.8 101.3
11 23,9 112.5
12 26.5 123.8
13 28.9 135.0
14 26.9 146.3
15 20,9 157.5
16 21.6 168.8
17 20.9 180,0
18 20.1 191.3
19 - 18,1 202.5
20 17.4 213.8
21 .21.5 225.0
22 23.7 . 236.3
23 . 21.9 247.5
24 20.9 258.8
25 20.5 270.0
26 21,0 281.3
27 24,2 292.5
28 22.5 303.8
29 22.2 315.0
30 22.3 326.3
31 22,4 337.5
32 2.6 348,8

‘{a} The position of each receptor is given
' in ‘polar coordinates, with range (km)
from the origin .of the grid and direc-
tion in degrees from true north. The
o origin of the grid is located within the
. 200 tast Area.
(b) Measured clockwise irom true north,
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TABLE T.3. ISC Receptors at Selected Locations of Interest(a)

Receptor Rarige, km Direction, degrees(b)
3 29:3 100 paids
34 22.3  152.0
35 14,5  157.5
36 S T 168.8
37 9.2 180.0
38 7.8 202.5
39 : 7.7 - 225.0  Highway 240
40 ©10.4 247.5
a1 12.1 270.0 _
82 15,1 281.3  Yakima Barricade
_ | 43 16,5 292.5
e 44 18.6 303.8
45 17.3 315.0
e ' 6 21,2 348,8 .
- a7 20.7 360.0  Highway 240
48 21.0 11,3
- 49 22.4 22.5
o~ : ' 50 29.5 45.0°
e 51 13,6 123.8 Wye Barricade
52 - 18,1 19,0 WNP 2
P, : 53 i5.1 135,0  Mye Barricade to Highway 240
" 54 18,2 135.0 :
55 18.0 - 146.3  Fast Flux Test Facility (FFTF)
e 856 5,5 285.5 Hanford Meteorological Station

_ {a) The position of each receptor is given in polar coordinates,
A ' : .~ with range (km) from the origin of the ¢grid and direction in
) degrees from ftrue north. . The origin of the grid is located
within the 200 East Area.
{b} Measured clockwise from true north.

temperature measurements made at the 15-m and 76-m levels on the tower. The lapse-rate sta-
bility classes used in this analysis are defined in Table T.4.

Mixing—height(a) data were estimated froh measurements made at. the Spokane International
Airport (Spokane, Washington). Spokane_is the station nearest to Hanford for which

(a) Mixing depths may be defined as the vertical extent of the atmosphere through which pol-
lutants can disperse freely. Mixing hefghts are usually specified according to the
height of the capping inversion that separates the air near the surface from the atmos-
phere above the inversion. Typical mixing depths can range from under a hundred meters
at night to a few thousand meters during the day. _
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TABLE T.4, Lapse-Rate Stability Classes

Stability Class AT/AZ, °C/100 m %
1. Very unstable O AT/az < -1.9
2. Unstable 1.9 < AT/AZ < -1.7
3. Slightly unstable -1,7_5_AT/AZ < -1.5 i
4, Neutral -1.5 < AT/AZ < -0.5 ?
5. Slightly stable. -0.5 < AT/AZ < 41,5
6. Stable +1.6 < AT/A7Z

radiosonde measurements of mixing height were available for a five-year period.(a) Spokane
mixing heights were reported twice per day; hourly values were estimated by interpolations
following the procedurss used in the ISC preprocessor as recommended by the EPA, One
adjustment to this procedure was made for this study. The preprocessor computes both an
"urban" and a "rural" set of hourly mixing heights for a given day. Inspection of these
values and comparison with Timited data on mixing depth from HMS indicated that the urban
mixing depths derived from the Spokane data were more realistic for application to the
Hanford Site than were the estimated rural mixing héfghts. Urban mixing heights for all ISC
runs were retained, although the model itself was run in a “rural" mode. This permitted the
mode] to use atmospheric-stability classes E and F {AEC 1968}, which frequently occur at the
Hanford Site but which cannot be accounted for §f ISC dis executedlin the "urbén“ mode.' 

T.4 SOURCE-DATA INPUT

In a support document by Rockwe]1 Hanford 0perat1ons (1985) (wnich was used in this
analysis}, pollutant emission levels are estimated for the major tasks that comprise each
disposal alternative. The starting year and the anticipated durétion of most of the major
tasks are also estimated. Annual emission levels of NOX, SOX, CO, and TSP foﬁ each task were
computed using these data from Rockwell (1985). In the sizable number of instances in which
there was uncertainty in the scheduling of a task, the highest poss1ble annual emission level
for each pollutant was assumed to occur during all the years the task cou]d be performed.

This resulted in the overestimatjon of annual emission leve]s, however, this approach was '
deemed the best way to ensure that annual emission levels would never be underestimated. '

The total emission of each pollutant that would be genarated during each year's activi-
ties was determined by surmming the annual emission Tevels for each task. Both construction
and operating emissions were summed to obtain this figure., The largest of these annual
values are presented for each alternative in Table T.5. '

{a) Data. for. Spokane were obtained from the arch1ves of’ the National Climatic Data Center in
Ashville, North Carolina.’ . . ,
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TABLE T.5. Maximum Annual Emissions (kg/yr) and Emission Rates (g/s) for
Pertinent Time Periods

Disposal Alternatives No Disposal
] In-Place . Action
- Gaolegic Stabilization Reference Continued
Time Disposal and Disposal {Combination) Storage
Pollutant Period kg/yr g/s kg/yr a/s kag/yr a/s _kg/yr q/s
co Annual 248,000 7.9 207,000 6.6 219,000 6.9 28,000 0.89
' 1-hr - a3 - 28 - 29 - 3.7
8-hr - 33 - 28 —— 29 - 3.7
NDx _ Annual 172,000 5.5 155,000 4.9 160,000 5.1 6,700 0.21
SOX Annual 173,000 6.5 280,000 8.9 137,000 4.3 20;000 0.63
I-hr 2 - 23 - 37 -- 18 - 2.7
3-hr .
24-hr -- 7.7 -- 12 - 6.0 - 0.88
TSP Annual 325,000 10 1,380,000 44 1,178,000 37 '7,400 0.23
- 2&«hr -— 14 -— 62 - 52 - 0.32

The 24-hr emission rate is (365/260)(a) x maximum annual emission rate,

The 8<hr emission rate is 3 times the 24-hr emission rate.(b)

The 1- and 3-hr emission rates equal the 8-hr emission rate.

{a) This factor accounts for the 260 work days in a year of 365 days.
(b) Assumes all the emissions in a given day occur in an 8-hr period.

Maximum emission rates {mass per unit time) for each pollutant were compﬁted by dividing
the emission Tevels in Table 7.5 by a work schedule that would be typical of Hanford con-
struction and operation activities. An 8-hr workday, 5 days a week, 52 weeks a year was
sefected. The maximum emission rates for each pollutant and each alternative are: presented
in Table T.5. '

T.5 AIR-QUALITY IMPACT CALCULATIONS AND RESULTS

The ISC model was run using hourly metéoro1ogica1 data and unit release rates for the
various pollutants. Model output was in the form of normalized pollutant concentrations.
For each pollutant and time period for which an AAQS exists, the highest or second-highest
normalized concentration {depending on EPA guidelines) occurring on the receptor grid was
identified. These values are presented in Table T.6. '

Maximum applicable pollutant concentrations are obtained by multiplying the highest or
second-highest normalized concentrations by their correspbnding maximum emission rates (from
Table T.5). These pollutant concentrations are presented for each alternative in Table T.6,
along with the governing AAQS. The receptor Tocations corresponding to these values are also
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TABLE T.S, Maximum Ambient Air-Quality Impacts for Fach Aitefnative(é)'.

. - Air Concentration, ug/m3 : No Disposal: ‘ :
Normalized In-Place : _ Action
) _Concengrat1gn, Location  Gewlogic Stabilization Reference Continued ;AAQS3
Pollutant - x';Of s/m” - km . degrees Disposal and Disposal  (combination) Storage - rg/m
l-hr - :16.8 - R B S 225 . 556 464 ) 490 62 . <L LA0,080
8-hr 5.2 . 9,2 180 172 _ 142 : 151 . 26 . . 10,000
Nox . : T : . , ‘. ' . . : T
Annual 0.23 15 135 1.3 _ ‘1.1 1.2~ 0.05. e 100 i
S0, . . : o
1<hp o 16.8 1.7 225 389 . 627 308 ; 45 # 1,040
3-hr 11.2 Y 225 : 259 418 205 30 . e 1,300
24-hr 2.1 ‘7.8 202 i6 25 13 1.9 S 260
Annual 0.23 - 15 135 1.3 2.1 1 0.14 52
Tsp . . :
24-hr o 0.49 12 . 270 6.9. 32 2.5 0.2 120+background
Annual 0.03 15 135 0.3 1.3 1.6 0,01 40+background

(a) In accordance with AAQS, maximum annual average concentrations are reported for 30, TSP and NO,

emissions. A1l short-term impacts (SO TSP, and CO) are second-highest®estimated concentrat1ons, as
specified by the EPA.

presented in Table T.6. WNote that all these locations represent points well within the Han-
ford Site; none of the maximum concentrations occur at the receptor Tocations on the Slte
boundary.

Maximum--pellutant concentrations due to project emissions do not exceed any of the _
AAQS. - In fact, most of the maximum pollutant concentrations are more than an ordér of
magnitude below their standard. When maximum pollutant concentrations are added to the
available measurements of maximum background. concentrations (from Table T.1), total p011utént
concentrations are still well below AAQS. In all cases, AAQS are met, even though conserva-
tive assumptions were made in the determination of maximum emission rates, transport direc-
tion, background concentrations and the Tocations at which the AAQS apply. If ﬁhe estimates
of annual emission Tevels and the work schedules obtained from the working draft of Rockwell
(1985) are not substantially changed the nonrad1010g1ca1 1mpacts of project - em1ss1ons shou]d
not violate current federa], state or local AAQS
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APPENDIX U

PRELIMINARY ANALYSIS OF THE FUTURE GROUNDWATER TRANSPORT
- OF - CHEMICALS RELEASED

U.1 INTRODUCTION

This appendix provides the results obtained in a preliminary analysis that illustrates
the 1ong-term transport of nonradioactive chemicals that might be disposed of near- the sur-
face at Hanford. Beéause they contain the highest known inventory of chemicals. for waste
classes in this EIS,'sing1e—she1I tanks are analyzed for the release of chemicals. However,
the fluoride in the future double-shell slturry shows.a greater inventory and was also consid-
ered.  Specific chemical compounds and their bulk quantities included in the inventory of
Hanford single-shell tanks are given in Téb]e U.l. Of the chemicals listed, only nitrite and
nitrate ions, chromium, cédmium, mercury; and Tluoride were analyzed because they represent
key chemicals of concern and the éna1ysis therefore provides insight into the potential for
groundwater contamination by the chemicals called out in 40 CFR 141,

Urganic compounds were not analysed in this EIS. The 200 tons of organic carbon shown
in the inventory table for the.sing1e-$heTl tanks are primarily the chelating agents, EDTA,
HEDTA, citric acid, and hydroxyacetic acid (ERDA 1975). These major organic components and
their degradation products are not on the Tists of Acutely Dangerous Chemical Products,
Moderataly Dangerous Chemical Products, or Dangerous Waste Constituents. of the Washington:
Administrative Code {WAC 1984). There is 1little information on actual concentrations, solu-
bilities, and adsorption reactions for organics, which makes the deveTopment and application
of a conservative model difficult. There is also a lack of available information on the dis-
tribution of organic carbons already discharged to cribs and trenches at Hahford. These dis-
posed wastes may contain higher quantities and more hazardous organics than éhelating agents
such that an analysis of the organics in single-shell tanks in all likelihood underestimate
the environmental impacts. One objective of the current Hanford Compfehensive Emergency
Response, Compensation and Liability Act {CERCLA) Coordination Program is to determine the
disposition of hazardous organic compounds in the Hanford waste disposed of to ground.

Additional efforts to further characterize chemicals in all waste classes are planned
under ongoing programs and as a part of the deve1bpment and.eva?uafion work.identified under
the preferred aiternative discussed in Volume 1, Section 3.3.5. Hazardous-chemical disposal
is discussed with respeét to the preferred alternative and the RCRA and CERCLA regulations in
Volume 1, Section 3.3.5.7 {which would be typical of chemical disposal in the other disposal
alternatives as well). '

U.2 THE SOURCE TERM

The release of each of the six chemicals is based on the solution concentration of each
in water and on the assumption that water can freely enter and leave the single-shell tanks.
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TABLE U.1, Estimated Mass of Chemical Components of Ex?s?ing Single-Shell
Tank Wastes After Completion of Jet Pumping'?

S : Total BuTk Total Bulk Nonpumpable
Chemicatl Sludge, © Salt Cake, t Liquid, t
Inert Chemicals '
NahO3 20,000 - 110,000 2,500
NaNo, 3,000 . 2,300 1,900
Na,C0sq 1,700 730 70
NaOH 4,200 2,000 740
NaA10, - 950 1,900 1,500
Na, S0, 740 1,700
Na3PO, | 12,500 2,100 280
Cancrinite‘b) 2,700
A1{0H)4 2,300
Ce(OH)4 320
Cr{0H); - 190
cd(0H), ' 5
Fe(OH)3 _ 1,200
Sr{0H), 50
BiPO, 380
Cac0y 320
1™ 40
roo 800 5
Mgt 0.9 '
MnOs o 190
NigFe(CN}g 500
Po0ge 24H05+ 44H,0 20
Zr0;e 2H,0 430
Organic Carbon 200
Ho0 26,000 14,000 4,800
Totals 79,000 135,000 12,000

{a} Reproduced from Table 2,5, Rockwell 1985.

{b) Xnown silica additions are assumed to have reacted
with aluminates and hydroxides to form cancrinite
(assumed to be 2NaA1Si0 » 0.52NaNOj + 0.68H,0).

Two scenarios are studied: a protective barrier over the tank farms and no barrier over the
tank farms; and each is analyzed for two annual average recharge rates: 0.5 cm/yr and -
5 cm/yr, chosen to represent condjticns under a current or wetter cTimate.
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U.2.1 The Source Mithout a Barrier

If the protective barrier and marker system is not placed over the sing1e-sﬁe11 tanks,
it is postulated in this analysis that, by the year 2150, infiltrating water would be able to
freely enter and leave the tanks and therefore carry away solutions of the specified chemi-
cals. A simple dissolution medel is .applied, with the period of release defined by the mass
of chemical, its characteristic solution concentration (e.g., solubility limit} in water, the
infiltration rate, and the surface area of the storage facility. The calculations utilize
the maximum observed solution concentration data in Schulz {1980) to determine the release
characteristics of each chemical except for cadmium and fluoride. The limiting solution.con-
centration for cadmium is extrapolated from work by Rai et a]; (1984)., The cadmium concen-
tration was extrapolated from the equilibrium relationship between alkaline carbonite-rich
waters native to Hanford and the cadmium carbonate mineral otavite. The Timiting concentra-
tion for fluoride comes from Lindsay (1979) and represents equilibrium with fluorite. The
surface area of single-shell tanks in the 200 East and 200 West Areas are 2.7 x 10% m? and
; 3.4 x 10% mz, respectively. The remaining data are given in Table U.2.

4

oy :
_— TABLE U.2. Parameters and Data for the Source Model of Selected Chemicals in
& Single-Shell Tanks
— : Characteristic
Solution Mass, g Annual
R - Concentration, . 200 East 200 West  Infiltration
: Chemical g/mL . Total Area Area Rate, cm/yr
Nitrate (N03) 3.0 x 107 1.3 x 1011 3.6 x 1010 6.1 x 1010 0.5
P, 5.0
s Cadmium (Cd)  1.1x 108 3.8 x 105 1.4 x10% 2.4 x 10° 0.5
5.0
Rhae Chromium (Cr) 1.1 x 10672 9.6 x 107 3.5 x 10/ = 6.1 x 107 0.5
- 5,0
Mercury (Hg) 3.2x 1074 9,0x10° 3.3x10% 5.7x10° 0.5
T 5.0
Nitrite (N0,) 1.4 x 1070 2.8x 10° 1.8 x 10° 3.0x 10° 0.5
5.0
Fluoride (F7) 1.9 x 10°% 8,0 x 168 3.0 x 108 5.0 x 108 0.5
5.0

‘The chromium and mercury species in the tank are unknown, and given the high pH and high
fonic étrength of the tank contents it is possible that highly soluble species are prevalent.
Because speciation is unknown and highly soluble species do exisf for these two elements, the
solution concentration shown in Table U.2 are used in this preliminary analysis. Experience
has shown that these elements do not move far in the natural environment and this might Jjus-
tify Tess conservative concentration values. Recorded experience, however, may not apply to
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sglutions found in the s1ngle-she11 tanks. The high fonic strength of the tank contents and
the existence of organtc chelating agents contr1buted to the decision to use the experimen-
tally determ1ned concentrations of tank contents.

U.2.2 The Source with a Barrzer

When a protective barrier is in place over the tanks, the chemicals are assumed. to be
released from the tank at the characteristic solution concentration shown in Table U.2 for . .
transport hy diffusion in the sediments under: the barrier until an advection-cantrolled ‘zone
is reached. It is assumed that vapor pressure-differences existing between soil and waste-
would cause water to entér the single-shell tanks through existing openings (i.e., sampling
ports, supply pipeline openings), failed welds, and corroded surfaces. Once inside; it is
assumed that tHe water would become saturated with chemical constituents and then somehow
eventually drain into the soil beneath or surrounding the tank. It is postu1ated that pore
water sgthrated with chemical constituents would cause very slow transﬁoﬁt to oceur by diffu-
sion. This transport mechanism would conduct the chemicals over long periods of time from
the tank to the edge of the barrier, presently designed to be at least 10 m distant (Appen-
dix M), and then downward via advection and diffusion to the water tab!e; At this peoint,
infiltrating water would conduct the chemicals down through the unsaturated soil profile and
into the unconfined aqutfer.

The conceptual and mathemat1ca1 models for th1s ana1y51s are descr1bed in Append1ces P
and 0 of this EIS. These are entitled “D1ffus1on-ControI]ed Release Model™ and "Unit Hydrau-
1i¢ Gradient Model" in Appendtx 0 and "Diffusion-Controlled Re]ease Beneath a Protective
Barrier" in Append1x-P . The solution concentrations of chemical elements studied in the pro-
tective barrier case are given in Table U,2.

U.3 ATTENUATION

The Tlinear distribution coefficient (Kd) model of attehuation could be employed in the
transport analysis of chemicals. Due, however, to the high fonic-strength of the 'solution
and the existence of organic chelating agents in the solution, it was assumed that the
chemicals would be as mobile as the water to ensure a conservative simulation of chémica]
migration. This conservative assumption is used since speciation and adsorpt1on data for
nonradioactive chémicals under conditions at Hanford are not available.

If a non-zero Kd were used, values at the 10w end of the Kd range for each chemica}
w0u1d be used. Common1y used is an effective Kd that is an average of high values 1nd1cat1ve
of relatively immobile species of the element and low values indicative of relatively mobile
species of the element. Adsorption is 2 process by which ions compete'for éorption sites on
the solid. 1In'a high fonic- strength solution there would be an abundance of ions that could
be more fead11y adsorbed than the key chemicals selected for analysis in this EIS. "The axis~
tence of organic chelating agents ihtrodu;es the possibility that the chemicals of .concern
will be complexed with the organiccompounds and unavailable for adsorption. Because of the
high-ionic-strength solution and organic thelating agents, ‘low Kq valles must be considered™:
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indicative of the more mobile spécies of the element. To be conservative in the estimate of
chemical transport, K, values of zero have been used throughout this analysis.

U.4 RESULTS

The subsurface transport of chemicals was modeled using the same hydrolégic and trans-
port codes applied to radionuclide transport (see Appendices 0 and Q}. The Variable Thick-
ness Transient Groundwater Flow Model (VTT} {Reisenauer 1979) has been used to simulate flow -
via streamtubes in the unconfined aquifer, and the TRANSS code (see Appendix 0) has been used
to similate transport through the vadese zone and the unconfined aquifef. -Tables U.3 through

V.6 show the migration results for the 5-cm/yr recharge rate and the 0.5-cm/yr recharge rate,

in both cases with and without the barrier in place.

These tables show the input chemical, its inventory and the retardation factor to be
consistent with a K;=0. The results are the time it takes to release the inventofy {release
time) at the chemical solubility Timit in the water available, the arrival of the peak con-
centration at the b-km well, and the time and peak rate of release from the groundwater to
the Columbia River.

The ana]ysis conducted with a protective barrier over the tank farm is based on the.
assumption that release is controlled by limiting the influx of water and the diffusive path-
way. Diffusion moves chemicals from the tank toward the barrier edge and downward to the
water table. The mass diffused toward the barrier edge 5 picked up by the vertically down-
ward flow of infiitrating water and is advected to the water table. Mass diffused directly
to the water table beneath the barrier and mass carried by the advective .flow in the vadose
zone are integrated and form the source for transport in the aquifer.

The only chemical species among the six considered that is in larger amounts. (1,200 t
versus 800 t for single-shell tanks) in the future tank wastes js fluoride. Cons1der1ng the
solubility-1imiting release it can be shown that peak: concentrations at the 5-km well w111 be
the same as those in Tab]es U.4 and U.6 regardless of the inventory. '

U.5 CONSERVATISM

Conservatism in modeling the release of chemicals results from the use of relatively
high maximum solution concentration values and the use of Kd values of zerc. The former
assumption leads to high concentrations and the latter leads to simultaneous travel with the
water. Note thaf when the peak arrival event occurs is of less concern than the impacts_'
associated with the mass released. Therefore the solution concentration data are of central
importanée and relatively high values have been used throughout this anaiysis.

If the release from Sing]e-she1l tanks_were modeled mdre realistically, a time distribu-
tion of tank corrosion and failure would be included, and more detailed analyses would be
used to determine moisture movement into and out of the tanks. It is possible that water
will not be able to supply chemicals at assumed characteristic solution concentrations out-
side the tank structure in sufficient quantity to satisfy the diffusive flux. In the
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TABLE U.3. Chemica1'Transport from Salt and S]udge'in SinQ]e;Shell Tanks--Mith Protective Barrier--
5-cmfyr Average Annual Recharge .
5-km Well Columbia River.Boundary
- Peak Peak .
. Arrival, Peak Arrival,
Inventory Retardation Release Years After Concentration, Years After Peak Rate,
Chemical Released, g Factor Time, yr Disposal g/l. Disposal g/yr
' 200 East -

cr 3.5 x 10/ 1 2.4 x 105 4,900 1.2 x 1077 4,920 1.4 x 10

Cd 1.4 x 108 1 9.9 x 108 4,900 3.4 x 10712 4,920 3.0 x 1073
Hg 3.3 x 10° 1 2.4 x 10° 4,900 1.1 x 1079 4,920 1.3
NO3 3.6 x 1010 1 2.5 x 108 4,900 1.8 x 107° 4,920 3.1 x 10*
NOR 1.8 x 10° 1 2.4 x 10°%. 4,900 5.5 x 1070 4,920 6.8 x 10°
F- 3.0 x 108 1 1.2 x 109 4,900 6.0 x 10710 4,920 5.2 x 107!
_ 200 West

cr 6.1 x 10’ 1 2.5 x 108 4,950 2.4 x 1076 5,000 2.1 x 102

cd 2.4 x 108 2 1.3 x 107 4,950 4.4 x 10710 5,000 2.7 x 1073
Hg 5.7 x 10° 1 2.5 x 10° 14,950 2.2 x 1078 5,000 2.0

NO3 6.1 x 1010 1 2.7 x 106 4,950 3.8 x 1074 " 5,000 4.1 x 10%
NO; 3.0 x 10 1 2.5 x 10 4,950 - 9.4 x 107 5,000 9.1 x 10°
F- 5.0 x 10° 1.6 x 10° 4,950 2.5 x 1079 © 5,000 x 1071
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TABLE U.4. <Chemical Transport from Salt and Sludge in Single-Shell Tanks--No Barrier--5-cm/yr Average Annual! Recharge

b-km Well L Columbia River Boundary
Peak - Peak
_ Arrival, Peak Arrival, oo
Inventory Retardation Release Years After Concentration, Years After Peak Rate,
Chemicat Released, g Factor Time, yr Disposal g/L Disposal g/yr
200 East
Cr 3.5 x 107 1 2.4 270 9.2 x 1073 280 7.7 x 108
cd 1.4 x 108 1 9.4 x 10 270 1.7 x 1078 280 1.5 x 10l
Hg 3.3 x 10° 1 7.7 x 107} 270 1.4 x 1074 280 1.1 x 10°
NO3 3.6 x 1010 1 8.8 x 10! 270 4.7 x 107} 280 4.1 x 108
NO, 1.8 x 109 1 1.0 x 10! 270 2.2 x 107 280 1.9 x 108
F- 3.0 x 108 1 1.2 x 10% 270 3.0 x 1070 280 2.6 x 10°
200 West |
cr 6.1 x 107 1 3.3 320 5.9 x 1072 340 6.9 x 106
cd 2.4 x 108 1 1.3 x 10° - 320 2.2 x 1077 _ 340 1.9 x 10l
Hg 5.7.x 109 1 . 320 S 7ax 107t 340 9.4 x 10
NO3 6.1 x 1010 1 1.2 x 102 320 6.0 30 5.1 x 108
N0} 3.0 x 10° 1 1.3 x 10t 320 1.6 340 1.6 x 10°

F- 5.0 x 108 1 1.6 x 100 320 3.8 x 1070 340 3.2 x 103
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TABLE U.5. Chemical Transport from Salt and Sludge in Single-Shell Tanks--With Protective Barrier--
~  0.5-cm/yr Average Annual Recharge '

5-km Well Columbia River Boundary
Peak , Peak
) . Arrival, Peak Arrival,
Inventory Retardation Release Years After Concentration, Years After Peak Rate,
Chemical Released, g Factor “Time, yr Disposal g/L : Disposal g/yr
_ _ 200 East _
cr 3,5 x 107 1 2.4 x 106 5,000 1.4 x 1070 5,500 1.4 x 102
cd 1.4 x 10° 1 1.2 x 109 5,000 3.0 x 10°H 5,500 2.5 x 1073
H 3.3 x 10° 1 2.4 x 10 5,000 1.3 x 1078 5,500 1.3
NO3 3.6 x 1010 1 2.6 x 10° 5,000 3.1 x 107 5,500 2.7 x 104
- NOg 1.8 x 10° 1 2.4 x 100 5,000 9.1 x 107 5,500 6.2 x 10°
F- 3.0 x 10° 1 1.5 x 10° 5,000 4.2 x 1077 5,500 4.3 x 107!
' 200 West _
Cr 6.1 x 107 1 2.5 x 10° 5,100 6.0 x 1075 5,300 2.2 x 102
Cd 2.4 x 108 1 1.6 x 10° 5,100 8.6 x 10711 5,300 3.1 x 1073
Hg 5.7 x-10° 1. 2.5 x 100 5,100 5.6 x 1078 5,300 2.0
N0 . 6.1 x 1010 1 2.9 x 108 5,100 1.0 x 1073 5,300 3.6 x 10
NO% 3.0 x 10° 1 2.5 x 108 5,100 2.3 x 1074 5,300 8.2 x 103

o 5.0 x 108 1 2.0 x 10° 5,100 1.5 x 1079 5,300 5.3 x 107}
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TABLE U.6. Chemical Transport from Salt and Sludge in Single-Shell Tanks4¥No Bérrier—f0.5-cm[yr Average Annual Recharge

B-km Well ~ Columbia R1Ver Boundary
Peak . - Peak
Arrival, Peak - . Arrival,
Inventory Retardation Release Years After Concentration, Years After Peak Rate,
Chemical Released, g Factor Time, yr Disposal 9/L Disposal __glyr
200 East -
Cr 3.5 x 107 1 2.4 x 10 1,200 5.2 x 1073 1,500 2.0 x 10°
Cd 1.4 x 100 1 9.4 x 10° 1,200 1.5 x 1078 1,500 1.5
Hg 3.3 x 10° 1 7.7 1,200 7.0 x 1078 1,500 1.1 x 104
NO3 3.6 x 1010 1 8.8 x 107 1,200 4.0 x 1071 1,500 4.1 x 107
N} 1.8 x 10° 1 1.0 x 107 1,200 © o 1.9.x 107 1,500 1.2 x 105
F- 3.0 x 108 1 1.2 x 108 1,200 2.5 x 1070 ©1,500 0 ¢ 2.6 x 102
200 West
cr 6.1 x 107 1 3.3 x 10 1,300 2.5 x 1072 1,400 1.2 x 108
Cd 2.4 x 106 1 1.3 x 100 1,300 5.3 x 1078 1,400 1.9
Hg 5.7 x 105 1 1.1 x 101 1,300 C L4 x 107t 1,400  t.2x10%
NO3 6.1 x 1010 1 1.2 x 103 1,300 4 1,400 5.1 x 107
NO; 3.0 x 167 1 1.3 x 102 1,300 6.7 x 107! 1,400 2.4 x 107

Fr s.0x108 1 1ex108 1,300 9.2 x 1070 1,400 . 3.2 x 102
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absence, however, of detailed studies of the tank as a source, it was assumed that the vapor-
pressure gradient would supply the force necessary to move soil water into the degraded tank

structure.
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APPENDIX V

SITE-MONITORING EXPERIENCE

V.1 INTRODUCTION

Since the initial processing of irradiated nuclear fuels at the Hanford Site in the
early 1940s, Tiquid wastes containing low Tevels of radionuclides have been discharged to the
ground, and monitorfng'has-been done to determine dispoéition and concentration of the radio-
contaminants in the ground and groundwater. There have been approximately 200 disposal
facilities constructed in the 200 Areas'{Graham et al. 1981). The following types of facil-
ities have been utilized for 1iquid waste disposal at Hanford.

e cribs - liquid dispersal systems, usad for disposal of'process, condensate and lab
wastes

s trenches - unlined excavations, generally used for short periods on ‘a specific
retention basis for the dispesal of high-salt waste or wasie containing complexed
radionucTlides '

e French drains - covered or buried gravel-filled encasements with open bottoms,
used for the disposal of small volumes of low-Tevel waste

e reverse wells - buried or covered, encased, drilled holes with the lower end per-
forated or open, used for the disposal of process waste.

The large volumes of cooling water and steam condensates generated by chemical process-
ing facilities and the evaporator-crystallizers are discharged to surface ponds and ditches.
Normally, the radionuciide concentrations in these ponds and ditches remain below concentra-
tion guides, but occasionally, nonroutine releases of higher-level wastes do occur (Graham
et al, 1981)., Ponds are natural or diked surface depressions which allow the Tiguid effluent
to percolate into the underlying sediment. Ditches are unlined excavations used for convey-
ing the Tow~level 1iquid waste to the ponds. In several cases, the designation of “ditch®
has been given to sites used to dispose of liquids father than fo convey liquids {e.g.,
216-5-10 and 216-U-14 ditches). ' '

Over 2,900 wells have been constructed on the Hanford Site from pre-~Hanford operations
to the present. About 1,100 of these wells were drilled to the groundwater table (McGhan,
Mitchell and Argo 1985). The network of wells, constructed mainly in support of the waste
disposal activities, provides means for monitoring waste disposal sites both within the
vadose zone and below the water table and for monitoring groundwater QUa1ity away from the
disposal sites. In addition, the wells provide information on geohydrology and aguifer
characteristics.

Far more than 35 years, a comprehensive program has heen in effect for monitoring the
movement, distribution and concentration of radiocontaminants (from waste disposal activi-
ties) in the unconfined aquifer on the Hanford S$ite. Groundwater samples are obtained
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routinely from wells throughout the Site, During 1984, 339 wells in the Hanford Site network
were sampled. In addition, 127 wells in the Separations Area ‘monitoring network located pre-
dominantly in the 200 Areas weré sampled (Law et al., 1986), Figure V.l shows the location
and distribution of wells currently used in the far field mon1tor1ng program during CY 1984
to assess water quality and measure groundwater ievels in the Hanford Site unconf1ned aqii-
fer. A total of 1,510 well-water samples were taken to provide 4,434 analytical results for
evaluating the effects of site operations on the groundwater (Cline, Rieger and Raymond
1985), ' ' '

The 1nformat10n provided by the w911 network and the resu!tant geohydro1og1c 1nvest1ga-
tions and groundwater manitoring programs ha"e prov1ded unprecedented empirical data on geo?-
ogy, hydrology and subsurface’ radiocontaminant behavior for the Hanford Site, These data
provide an extensive qualitative to semiquahtitative understanding of Hanford geohydrology
and have supported development of a numerical model, known as the Variéb1e Thickness Tran-
sient (VTT) model, of the unconfined aquifer flow system (Kipp et al. 1976; Reisenaueb 1979)..
Originally designed and implemented to model the Hanford Site (Kipp et al. 1976}, the VIT
code has been updated twice (Reisenauer 1979; Bond, Newbill, and Gutknecht 1981) and appiied
to a variety of aquifer systems. Standards of code documentation, e.g., NUREG-0856 {Siliing
1983), adopted since publication of the series of documents by Reisenauer (1979a,b,c) are not
specifically addressed in more recent documentation. However, the code itself is well docu-
mented, and its app11cat10n to the unconf1ned aqu1fer underlying the Hanford Site is .a matter
of record, Attempts to model transport of contaminants within that flow system have met with
Timited success and then only for conservative constituents(a) such ‘as tritium (Ahlstrom

et al. 1977).
Iodine-129, because of its long half-1ife (16 million years) and its biological signi-
ficance, is recognized as d@ contaminant of potential concern in the groundwater. An inter-

contractor working group was formed in 1986 to gather, summarize, and evaluate information on

1291 44 groundwater (Westinghouse 1987}, Findings of this group include the following:

1)} Above=~background levels of 1297 have been measured on site in the confined aquifer
system to a depth of 1,500 ft. :

2) The amount of quantffiab?e 1291 ynformation is insufficient to draw definite con-
clusions about its origin or its movement in the confined aquifer.

3) A1l recent onsite 1291 measurements are below the DOE Derived Concentration Guide
(DCG} of SOONbCi/L and all recent offsite measurements are well below the EPA
Orinking water Standard of 1 pCi/L,

4} The concentrat1ons of 1291 in well water samp1es from east of the Co]umbia R1ver

are comparable to surface and groundwater measurements from 1ocat1ons 50 to )
200 miles from the Hanford Site, and may be attributed to "ra1nout/fa1lout" mecha-

nisms rather than aquifer transport.

(a) i.e., conservative ions, which can move through the geohydrolog1c system unchanged by
chemical processes,
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Use of the empirical gechydrologic and contaminant data for predicting future groundwa-
ter movement and contaminant transport is Timited to conditions that relate closely to pres-
ent and historical hydrolegic conditions and obéérvations. Likewise, the numerical models,
though'more flexible as predictive tools, must be used with care if hydrologic conditions
vary greatly from those under which the modéls were developed.

Under Waste Management-Programs at Hanford, selected retired facilities have been char-
acterized to some extent. These characterizations are limited to field measurements of
radionuclide distributions in the sediments surrounding, the facilities. A review of these
contaminant distributions provides insight into the behavior of radionuclides in the Hanford
subsurface environment and, therefore, a-qua]ifativé check on the model predictions in this
document. These data cannot be used to determine if or how much natural recharge throhgh the
unsaturated zone has occurred. Because the discharge of radionuclides from waste management
operations was not done as a “contro]]ed-eXperiment,“‘the data cannot be ihterpreted for more
than:théy are worth.

Characterization data for. c¢ribs, a trench, a French drain, a reverse well, and a dis-
posal pond and ditch system are summarized below. In addition, data collected on the inves-
tigations of a leak in a high—]evé] waste storage tank and of uranium contamination. of
groundwater near.an inactive crib are reviewed.

v.2. CRIBS

Characterization studies have been conducted on four cribs: 216-A-24 (Klepper et al.
1979), 216-z-12 (Kasper 198la,b, 1982), 216-Z-1A (Price and Ames -1975; Price et al. 1979;
Kasper et al. 1979); and 216-S-1 and S-2 {Haney and Linderoth 1959; Raymond and McGhan 1967;
Yan Luik and Smith 1982). The results of these investigations are summarized from the above-
mentioned references. Uranium contamination‘qf the groundwater underlying the inactive
216-U-1 and 216-U-2" cribs ié-described briefly, while characterization activities are cur-
rently under way. These ¢cribs are described in an effort to provide all available informa-

tion on the cribs.
216-A-24 Crib

The 216-A-24 crib, built in 1957, is located east of the 200 East Area outside the
exclusion fence. Between May 1958, and January 1966, the crib received condensates from the
boiling waste storage'tanks-in the 241-A and 241-AX Tank Farms. As of December 1974, the.
crib still contained an estimated 385 €i of 137Cs and 27 Ci of 90Sr (Table V.1). o 3

The structure of the crib is shown in Figure V.2. It consists of four sections, each
350 ft long. Condensates from the tank farm were delivered to the head of the crib and
drained into a gravel drainfield through perforations in a l3-in.-dia pipe. ;The'deptH of
this perforated pipe from finished grade varies from about 15 ft at the upper end of each-
crib section to about 8 ft at the lower end of each section. The pipe is covered first with
graVel and then with a polyethylene sheet. The sheet prevents sand from the overlying back-
fill material from sifting into the gravel bed.
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TABLE V.1, Rad10act1v1ty Remaining in the 216-A-24 Crib as of
- December 31, 1974 (Anderson 1975)

.Remaining
_ Ci
Beta 795
90g. 27.0
. 106g, 0,069
B3¢ 385
60co . 0.093

Soil excavat1ons and measurements were made dur1ng the characterization of the crib
(Klepper et al. 1979). The grave] appeared to retain significant amounts of 13705 A ganmma
scan of a sample of the soil-from this Tayer showed traces of 134Cs and 40K, no significant
5000, and-0.0259 nC% 9[}Sr"]g. Soil above the gravel 1ayers was not contam1nated, although
there were detectable levels of ;37Cs in the rabbitbrush roots which grew through that soil.
Cesium-137 was detectable in the upper cm of soil and in the Titter, especialiy beneath cano-
pies of pTanté with high levels of 137¢s 4n their leaves. However, at the 15-cm depth,
137¢ was not detectable in the soil. The characterization document on the 216-A-24 crib
contained no data on the horizontal distributibn of contaminants or data on the presence of
contamination below the gravel layers. Therefore, the behavior of contaminants. migrating
from this disposal facility cannot be completely characterized.

216-Z-12 Crib

The 216-7Z-12 crib is located in the 200 West Area, Tmmediately south of the 7 Plant
exclusion area. From March 1959 through May 1973, the crib received approx1maté1y
2.8 % 108 L of agueous "low-salt! wastes, (2) derived from the Z Plant complex, containing an
estimated plutonium inventory of 25.1 kg. Amer1c1um activity was derived from the in-situ
decay of 241Pu, not from a separate waste source. No otiier transuranic elements were dis-
charged to the crib in any significant amount. Before discharge, the solution was collected
in holding tanks and neutralized to a pH of 8. The crib was retired in May 1973.

The design of the 216-Z-12 crib is typical of a crib for aqueous waste as described in
ERDA~1538 (Energy Research and Development Administration 1975), and is shown in Figure V.3.
The crib was constructed by digging a ditch 110 m long and approximately 6.1 m deep, placing
a 1.5-m-thick layer of gravel along the bottom, lining the ditch with a plastic sheet, and
backfil1ing to the original grade. A perforated pipe, placed in the gravel layer. and running
the Tength. of the crib, was designed to distribute the liquid over the bottom of the crib,
thus permitting the waste to percolate into the éediments beneath the crib.

(a) Low-salt waste is a dilute (approximately 0.1 M) solution of sodium,'fluoride, and
nitrate.
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Crib 216-A-24

Marker Post Gage Wells Marker Post _
J I-i—-— Crib Section #1 />| |<v\— Crib Section #2 —->| y==—-Crib Section #3—*—! '
e e AN =
Test Well Station 6283 Test Well Station 10+83 Test Well Station 14 83

Crib Section Bottom (Typical)
Typical Longitudinal Section

Waste Distribution Line
Corrugated Pipe (Typical)

1\ ;r.____
Bottom of Crib (Typical) ey {f
; ; Tumi Profile Station 6+08 to 22+83 {End) |
Excavation Line (Typical v |
_ (Typical {Not to Scale) | S _
Liquid-Level Gage and : Finished Grade _
Monitoring Well 1 / e

~

Polyethylene Barrier
_ Clean Sand

~_ mli  /
___________ /
. & '

Crib Bottom

S . e e 2

/

Typical Cross Section

FIGURE V.2, Structural Details of the 216-A-24 Crib -

The 216-Z-12 crib-was characterized in 1979 (Kasper 198la,b, 1982), The distribution of
plutonium and americium was determined by drilling wells in and around the 216-Z-12 ¢rib and
by using specialized techniques and procedures for obtaining samples of radiocactively contam-
inated sediment. Samples from each well were analyzed to determine sediment type, moisture
content, and plutonium and americium concentrations. Results of the study showed that the
highest concentration of plutonium {approximately 6 x 108 pCi/g) occurred in the sediment
immediately below the crib bottom, Plutorium concentrations decrease rapidly with distance
-away from the bottom of the crib. No plutonium activity greater than 1 pCi/g was detected .
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from 12 to 30 m below the crib bottom. However, a low level of plutonium and americium
activity was detected from 30 to 36 m below the crib, the maximum depth sampled. The
activity was associated with a silt layer at that depth and was probably related to the
greater sorption capacity of the silt unit (Figure V.4). Results from groundwater monitoring

beneath the 216-Z-12 crib indicate that breakthrough of measurable concentrations of
plutonium to the groundwater did not occur.
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216-2-1A Crib

The 216-Z-1A crib, constructed in 1949, is located in the 200 West Area immediately
south of the Z Plant exclusion area. The crib was used between 1949 and 1959 to receive the
overflow of liquid waste from the 216-Z-1, 216-7Z-2, and 216-Z-3 cribs. The waste stream con-
sisted of process waste and analytical and development laboratory waste from Z Plant via the
241-7-361 settling tank. The use of all four facilities (three cribs and settling tank) was
interrupted at the end of this ten-year time period (1949 to 1959). During this time, the
216-Z-1A crib received about 50 g of plutonium. Starting in 1964, waste was routed directly
to the 216-Z-1A crib. During the next five years the facility received, from the Plutonium
Reclamation Facility located in Z Plant, approximately 6.2 x 106 L of acidic liquid waste
containing an estimated cumulative plutonium inventory of 57 kg. Over one-half (30 kg) of
this plutonium inventory was added to the crib between June 1964 and May 1966. The acidic
waste discharged from this facility was a concentrated solution of aluminum, calcium, magne-
sium and sodium nitrates. In addition to the aqueous phase, organic liquid was also dis-
charged to the crib. The organics consisted mainly of carbon tetrachloride and tributyl
phosphate, with a minor amount of triolein and organic degradation products. The 216-Z-1A
crib was permanently retired from service in 1969,

The 216-Z-1A crib was constructed as a rectangular excavation having surface dimensions
of approximately 60 by 110 m. The floor of the excavation was covered by a l1.2-m-thick cob-
ble layer, and a herringbone pattern of 20-cm-dia clay pipe was placed on this cobble layer.
The 30-m by 79-m rectangular area covered by the piping system was then overlain with 15 cm
of cobbles and 1.5 m of sand and gravel. Before reactivation of the 216-Z-1A crib in 1964,

a sheet of polyethelene covered by 30 cm of sand and gravel was also added to the facility.
This modification was made as a precautionary measure to prevent the upward migration of the
liquid waste. In May 1966, the crib was divided into three sections ("a," "b," and "c") and
the distribution point was moved from the head of the "a" section to the "b" section. In
1967, the discharge point was moved to the "c" section. Of the total inventory of plutonium,

section "a" received approximately 50%, section "b" received approximately 30%, and section

c¢" received approximately 20%.

During the initial characterization of the 216-Z-1A crib, one well was drilled into the
facility (Price and Ames 1975). This test well was located adjacent to the initial point of
distribution of the waste. Samples from the test well were characterized geologically, and
representative samples were homogenized and proportioned into either 25- or 500-mL containers
for nondestructive analysis. Later, in a more detailed characterization, 16 shallow wells
web® drilled in the unsaturated sediments underlying the facility using specialized, totally
contained drilling techniques (Price et al. 1979; Kasper et al. 1979). Samples from each
well were analyzed to obtain profiles of both sediment type and plutonium and americium con-
centrations as a function of depth beneath the facility.

The results of the study show that the highest concentration of 239,240p, (4 x 104 nCi/g
of sediment) and 2410, (2.4 x 103 nCi/g) occurs within the first 3 m of sediment beneath the
central distribution pipe. The concentration of actinides in sediments generally decreases
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with depth beneath the waste distribution system, with the exception of silt-enriched hori-
zons and boundary areas between major sedimentary units. Figure V.5 illustrates the general
pattern of waste distribution beneath the central distributor pipe. Detailed vertical dis-
tributions of transuranic activity are shown in Figures V.6 and V.7. The maximum vertical
penetration of actinide contamination (defined by the 1 x 10-2 nCi/g isopleth) is located
approximately 30 m below the bottom of the crib, or approximately 30 m above the water table.
The estimated lateral extent of contamination is Tocated within a 10-m-wide zone that encom-
passes the perimeter of the crib, as outlined on the plan view of the facility, also shown in
Figure V.5,

The pattern of waste distributed beneath the 216-Z-1A crib is attributed to both physi-
cal and chemical mechanisms. Proposed mechanisms include: 1) the filtering of disposed plu-
tonium oxide particles from the waste liquid by sediments located immediately beneath the
crib, 2) the effect of unsaturated flow within the sediments, 3) a change in pH produced by
silicate hydrolysis reactions between acidic waste liquid and the sediments, and 4) a change
in pH produced by neutralization of the acidic waste 1iquid by calcium carbonate found in the
sediments. A change in pH, resulting from either of these last two processes, causes an
increase in the sorption and a decrease in the solubility of plutonium.

216-5-1 and 2 Crib

The 216-S-1 and 2 crib was constructed in 1950 and 1951. The crib is located about
430 m northwest of the Redox building in 200 West Area. From 1952 to 1956, the 216-S-1 and
2 crib received waste from the cell drainage collection tank, D-1, and the condensate
receiver tank, D-2, Tocated in the Redox building. In January 1955, one of the three origi-
nal crib monitoring wells was deepened from 45 m to 93 m and the bottom 30 m were per-
forated. This was done to provide a groundwater monitoring well for the crib. In June 1955,
the well was found to contain liquid waste within 15 m of the ground surface. Waste had
flowed to the bottom of the well and into the saturated sediments through the perforations in
the casing. This indicated that the well casing had failed near the bottom of the crib.
Early in August 1955, the well was filled with sand, and within 6 months the crib was removed
from service. The radionuclide inventory for the waste streams discharged to the crib is
given in Table V.2. The average pH of wastes from D-1 and D-2 was 2.1. Waste was discharged
to the crib in batches of about 19,000 L and at an average rate of 10 batches per day.

The design of the 216-S-1 and 2 crib differs from those previously described in that
buried wooden boxes were used to distribute the wastes. The bottom of the excavation is
approximately 10 m below grade and has bottom dimensions of 12.2 by 27.4 m with 45° side
slopes. The bottom 3 m of the crib were filled with screened, crushed stone that was greater
than 1.3 cm in diameter. Two open-bottomed, square, wooden crib boxes, 3.7 m long by 2.9 m
high, were placed 1.8 m into the gravel layer. The crib boxes were constructed with 15-cm by
20~-cm timbers and cross braces. The two crib boxes were connected in series with overflow
from the'S-1 box flowing into the S-2 box via a pipeline.

The first major study of the 216-S-1 and 2 crib, conducted by Haney and Linderoth
(1959), began in 1956 after the crib had been removed from service. The purpose of the study
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was to determine the spatial distribution of radionuclides in the sediments beneath the
crib. The study used ten groundwater monitoring wells consisting of two wells drilled in
1955, two existing wells deepened from 45 m to just more than 90 m, and six new wells.
Sediment samples were collected every 0.7 m and analyzed for 90Sr, 13705, and total beta
activity. Conclusions drawn from this study deal with the distributions of 2°Sr and 137Cs
beneath the crib. Haney and Linderoth (1959) concluded that 137cs was confined to the upper
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strata immediately under the crib site while 9051 had reached the groundwater encompassing an
area of about 10,000 ftz, which was one-eighth of the area to which the waste had spread
before reaching the water table.

Another field study of the 216-5-1 and 2 crib was conducted in 1966 as part of an evalu-
ation of the impact of the proposed Ben Franklin Dam on radionuclides stored in the vadose
zone and on Hanford waste management techniques practiced at that time (Raymond and McGhan
1967). Five additional wells were drilled, four of which were located in the crib facility
and penetrated the water table. In the 1966 study, it was indicated that some sediments near
the water table contained 20Sr up to 1.2 x 103 uCi/g. The average 90sr concentration in the
groundwater beneath the crib in 1966 was 5 x 1073 pCi/mL. The 1966 study concluded that
"most of the long-lived isotopes are confined within 100 feet of the ground surface." The
distributions of radionuclides determined in the 1956 and 1966 studies are presented in Fig-
ure V.8. Subsequent investigations concerning radionuclide sorption from waste discharged to
the 216-S-1 and 2 crib conclude that 90% of the 137Cs was adsorbed by the soil while less
than 10% of the 905r was adsorbed (Rhodes 1956). Rhodes determined that this poor sorption
was due to the low pH of the waste solution and the high salt concentrations of the D-1 tank
waste. Modifications were made in the waste disposal procedure, and the waste was discharged
to a new crib (216-S-7).
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TABLE V.2. Radionuclide Inventory of Waste Discharged to the 216-S-1 and -2 crib(a)

Year Volume, L Beta, Ci s ci 137cs, ci 106y, i 60co, i Pu,g 238y yq
1952 1.43 x 107 5.56 x 102 2.00 x 10° 2.00 x 100 2.00 x 10° e 8.00 x 100 1,50 x 10!
1953 4.69 x 107 4.53 x 10% 1.81 x 10 1.51 x 10° 1.81 x 102 6.00 x 1071 4.90 x 10! 9.30 x 10}
1954 4,92 x 107 3,08 x 10° 1.23 x 103 1.03 x 103 1.23 x 103 4.10 x 100 4.44 x 102 8.39 x 102
1955 4,96 x 107 3.96 x 10° 1.58 x 103 1.32 x 103 1.59 x 103 5.30 x 10° 6.97 x 102 1.32 x 103
1956  2.60 x 10% 1.16 x 102 1.00 x 10° - 1.00 x 10! - 2.00 x 10° 4.00 x 10°
Sum 1.60 x 108 7.50 x 10° 3.00 x 103 2.50 x 103 3.00 x 103 1.00 x 10} 1.20 x 103 2.27 x 102
?iﬁ;{) 1.60 x 108 <6.03 x 10* 1.58 x 103 1.37 x 103 5.15 x 10°% 3.24 x 1071 1.20 x 103 2.27 x 103

(a) Hanson et

al. 1973.
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Borehole scintillation and gamma spectroscopic profiles of monitoring wells in and
around the crib were obtained during the characterization study by Van Luik and Smith (1982).
The results of the study confirm findings of previous studies with respect to the location
and stability of radionuclides in the crib sediments. They found that most of the 137¢4
activity is generally restricted to a 10-m zone beneath the crib bottom (Figure V.9).
Cesium-137 migrated deepest beneath the S-2 portion of the crib. Historically, 905r was
widespread beneath the crib, but its distribution in the unsaturated sediments was not deter=-

mined in this characterization study because in-situ measurement of 903r was not possible.
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FIGURE V.9. Cesium-137 Distribution (nCi/g) Beneath the 216-5-1 and -2 Crib, B to B'
(Van Luik and Smith 1982)
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However, the presence of QOSr and. total beta activity in the saturated sediments beneath the
crib were determined by analyzing sediment samples co]]ected when monltor1ng wells were
deepened, ' '

Strontium-90 was detected below the water table in two localized areas beneath the crib.
One of these areas is associated with a zone of contamination caused by the casing failure of
a groundwater monitoring well within the crib in 1955. A similar cause is suspected;'bﬂt
could not be confirmed, for the other area. 4

'In‘summary, 90s, was more mobile than 137Cs in the sediments underlying the 216-S-1 and
=2 ¢rib. The poor sorption of 903k was attributed to the chemistry of the waste stream. The
strontium migrated to the water table, due in part to a failed well casing. Most of the
137¢s act1v1ty was generally restricted to a 10-m zone beneath the crib bettom.

216-U-1 and -2 Cribs

The 216-U-1 and -2 crzbs, located 800 ft west of U Plant, received wastes from the plant
between 195! and 1967. The cribs were deactivated in 1967. Approximately 4,000 kg of ura-
nium were disposed of fo the cr1bs, however, this radiocactive waste is categorized as a Tow-
level waste and is therefore outside the scope of the HDW-EES. '

In January 1985, uranium contamination of the groundwater near the 216-4-1 and -2 cribs
was discovered by routine sampling from two monitering wells. Uranium concentration was weil
above DOE guidelines. Eight wells surrounding the cribs were sampled subsequently andjshowed
low concentrations or concentrations in agreement with historical results,

Although the 216-U~1 and -2 cribs are currently inactive (i.e., no waste fs being dis-
charged to the cribs) it is 1ikely that vertical movement of water from a nearby active crib,
216-U-16, has heen diverted by a caliche layer. The water is belfevéd to have.moved. horizon-
tally to existfng wells that provided the pathway for uranium to enter the groundwater near .
the 216-U-1 and =2 cribs. These wells were ungrouied, and it is probable that water diverted
by the caliche layer traveled in the annulus between the well casing and the porous medium in
one and possibly two of the wells. The acidic nature of the waste disposed to the 216-U-1
and =2 cribs is a poséible contributor to the mobilization of the uranium,

Further investigation and characterization efforts are currently under way to determine
the exact source and the extent of the uranium contamination.

While the inventory of uranium in this instance is not included in the HDW-EIS, this
recent experience has Ted to a reexamination of uranium inventories within the scope of the
HDW-~EIS. Previous studies of uranium migration have employed substantially higher distribu-
tion coefficient values than employed in the 216-U-1 and -2 crib release; therefore, the
basis of assumptions concerning chemical speciation and sorption characteristics -of uranium
in EIS waste forms s also being revisited.

V.3 TRENCHES

One Hanford waste-disposal trench, the 216-Z-2 trench, has been characterized (Smith
1973; Price and Ames 1975). The 216-Z-9 trench was mined for plutonium from 1976 through:
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1978 (Ludowise 1978). The Ludowise document also contains characterization data that are
pertinent to this summary.

: The 216-7Z-9 trench is located 152 m east of the Z-Plant Exclusion Area in the 200 West
Area {Ludowise 1978}. The rench, completed-in 1955, was used to recefve 11qu1d wastes from
plutonium processing operations (the Recup]ex P]uton1um Scrap Recovery Facal1ty) in the 234 5
Z Plant between July 1955 and Aprii 1962, The waste solutions were partially neutralized
salt wastes {pH approx. 2.5), which at times coﬁtained'organic materials and undissolved sol-
ids. The Recuplex process was a solvent extractidn system that recovered plutonium from many
different types of scrap or wastes. The Recuplex waste solutions consisted of aluminum, mag-
nesium, calcium, and other metal nitrate salt wastes, degraded solvents (15% tributyl phos-
phate [TBP] or dibutyibutyl phosphate [DBBP] in carbon tetrachloride}, other organics. such as
those from solvent washing, fabrication 011 (a mixture of lard oil and 75% carbon tetrachlo-
ride), and other waste materials from hood and equipment flushes. ' ‘

The waste solutions were collected in three tanks, each having a 950-L capacity. After
determining the plutonium content, the waste solution was drained by gravity through a 3.8-cm
underground stainless steel pipe to the 216-1-9 trench. A waste tank was drained about once
every 8 hr. During the.seven-year 1ife of the trench, the faéi]ity-recefved approximately '
4 x 108 L of 1iquﬁd'wastes ¢ontaining approximately 100 kg of Pu, Because of critica1ity
concerns, a 0.07 M sofution of cadmium nitrate (a neutron absorber) was sprayed on the soil
in the trench. A total of 11 kg of cadmium was used. ’

The 216-Z-9 trench is an underground excavation with floor dimensfons of 9.1 m by 18.3 m
and is Tocated 7 m beneath the top of a 23-cm-thick concrete slab (2.7 by 3.7 m) that is sup-
portéd by six concrete columns. The enclosed trench was provided with two 3.8-cm stainless
steel inlet pipes; one served as a spare. Figure V.10 shows a genera11zed geologic cross -
section of the undisturbed sediments underlying tnis fac111ty. '

' Dur1ng the initial characterization of the 216-7Z-9 trench (Sm1th 1973), the first 60 cm
of sediments under]yrng the floor of the trench were samp]ed The upper few centimeters of
the trench revealed the highest concentration of plutonium (20 g of plutonium per 1tter of
sediments). This study indicated that the highest surficial accumulation of p1uton{um
occurred near the center of the trench floor. Subsequent-analysis of the sediments collected
during this initial characterization revealed that at least two forms of plutonium were pres-
ent {Ames 1974). The most abundant type was an.oxide (up’ to 10 pm in diameter) that was
60 wt% plutonium exide. These particies occurred near the top of one .core, but. extended down
nearly to the bottom of a second core (~60 cm). This difference in distribution was thought
to be the result of a layer of sludge over the area where the first core was taken that acted
as a filtering media to remove and concentrate the plutonium particles. The second form of
plutonium occurred in lesser concentrations (less than- 0.4 wt¥% plutonium oxide), but was’
found throughout the lengths of both ceres. This distribution was associated with silicate

hydrolysis.

Additional samples- from the site were subsequently obtained from one test well drilled
to an-initial depth of 9 m (Price and Ames 1975). The location of this test well is shown. in
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Figure V.10. Core samples acquired by driliing this test well were contained within a solid,

‘B-cm {outside diameter) brass insert that was pre-cut into four 15-cm segments. Contents of

the 15-¢m inserts, later nondestructively analyzed for actinides, were removed and
characterized geologically. Representative portions of these segments were then homogenized
and measured into euther 25- or 500-mk containers for nondestructive analysis of 23%y and
241Am. The results of th!S analysis are listed in Table V,3. - In general the actinide con-
centrat1on, h?ghest just below the bottom of the facility, drops off within the f1rst 2 m of
the underly1ng sediment column, Two types of plutonium were responsibie for the observed N
distribution, the "particulate” and the "nonparticulate.”
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FIGURE V.10.  Construction and Geology of the 216-Z-9 Trench
{Price and Ames 1975)
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TABLE V.3. Actinide Concentrations at Selected Depths Below the 216-Z-9 Trenches
{determined by gamma energy. analysis)

Actinide Concentration,
puli/L of Sediment

Depth Below

Trench Floor 23%p, 2hlam
5 cm ~1 x 108 ~1 x 100
50 cm ~5 x 103 ~5 x 102
2m ~1 x 10° ~1 x 10°
4,5 m ~5 x 102 ~5 x 101
9m a1 x 10 A1 x 100

The "particulate” mode consisted of discrete plutonium particles 2 to 25 pm in diameter.
The occurrence of these particles, restricted to the top portions of the sediment column,
accounts for the high concentration of Pu/L of sediment observed just below the points of
release of the waste liquids. Plutonium detected deeper within the sediment profile was
probabﬁy contained in the original waste liquids as Pu(lIV) in soTution. Examination of
selected sediment samples revealed that this “"nonparticulate" Pu was partially removed by
adsorption or precipitation in conjunction with silicate hydrolysis reactions that occurred
when the acidic waste solutions came in contact with portions of the sand- to silt-sized rock
fragments. '

V.4  FRENCH DRAINS _

One French drain, 216-Z-8, on the Hanford Site has been characterized (Marratt, Van Luik
and Kasper 1985). The 216-I-8 French drain is located about 40 m west of the Z Plarnt perime~
ter fence in 200 West Area. The French drain disposal system, cdnsisting of a 58,500-L-
capacity settling tank and French drain (Figure Q.ll), received liguid waste from the

: 234—52,Bu11ding from 1955 until 1962. The wastes were discharged in relatively small batches

and were routed through a large settling tank called the "silica storage tank." Overflow
from the tank went to the French drain.. Waste was first discharged to the 216-Z-8 French
drain facility in July 1955. Measurements taken of the liquid Tevel in the silica storage
tank indicated that a constant level of 2.18 m, the designated overfiow level, was attained
in October 1957. From October 1957 to April 1962, when the facility was retired, it is esti-
mated that 9,590 L of 1iquid waste containing an estimated 48,2 g of plutonium overflowed
from the silica storage tank to the 216-Z-8 French drain,

A single weI] was .drilled south of and adjacent to the 216-Z-8 French drain. Selected
sediment samples collected during the drilling were analyzed for 238Pu, 239Pu and 2am,
Plutonium and americium activity attributed to the waste discharged to the French drain was
encountered in a zone extending approximately 6 m from the bottom of the French drain. Ana-
lytical results were used to construct a cross section through the French drain showing an
interpretation of the concentration distribution of 239y and Z*lam. To draw the isopleths,
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the concentration of the radionuclides was assumed to be symmetrical away from the French
drain, with the activity generally decreasing radially away from the bottom of the drain.
The estimated distributicons of plutonium and americium are shown in Figures V.12 and V.13,
respectively. This interpretation did not take into account varfations in distributions due
to the layered nature of the sediments.
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FIGURE ¥.12. Plutonium-239 Concentrations (in pCi/g) Beneath the 216-Z-8 French Drain
{Marratt, Van Luik and Kasper 1985)
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FIGURE V.13, 'Americium-zfll Concentrations {(in pCi/g) Beneath the 216-7Z-8 French Drain
(Marratt, Van Luik and Kasper 1985) '
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V.5 REVERSE WELLS (Injection Wells)

Ung reverse well, 216-B-5, has been characterized {Smith 1980, 1981), The 216-B-5
reverse well is 1ocated_approx1mate1y 370 m northeast of the 221-B (B-Plant) buiiding in
200 £ast Area. de-sa]t, alkaline, radioactive tiquid wastes from cell washings were dis-
charged to the 21i6-B~5 reverse well via the 241-B-361 settling tank. The reverse well was
used from April 1945 to September 1947. The wastes were discharged to the settling-tank and
overflowed to the reverse well, The system was designed to remove particulate material from
the waste before dischargé to the reverse well and thus reduce the chance of plugging the.
well. The estimated waste inventory discharged to the 241-B-361 settiing tank and 216-B-5
reverse well is reported in Table V.4, ' ‘ o _ '

TABLE V.4. Estimated Waste Inventory Released to the ?41-B-361 Settling
Tank and 216-B-5 Reverse Well (Hanson et al. 1973)

Amount_Discharged o Total Amount Total Amount

1945 _ 1946 1947 ~  Discharged ° Decayed (1979)
Volume, L 9.18 x 105 1,22 x 107 9.18 x 10° 3.06 x 107 3.06 x 107 "
Pu, g 1.28 x 103 1.7t x 103 1.28 x 10° 8.27 x 108 - 4,27 x 103 f
Beta, Ci  1.14 x 103 1,52 x 105  1.14 x 10> 3.80 x 10 <1.39 x 10
90sr., ci 2.27 x 10t 3.02x 100 2,27 x 100 7.6 x 100 - 3,32 x 10!
765, ci 242 x 100 323 x 100 2.42 x 10t 8.07 x 10! 3.73 x 10!
106py, ¢ 4,83 x 100 6.51 x 100 4.88.x 19 1.63 x 102 1.72 x 1078

The 216-B-5 reverse well was removed from service in September 1947.when a water sample
from a well located 655 m north of the. reverse well indicated the presence of alpha contami-
nation in the groundwater. Two days later, the waste that was being discharged to the
reverse well was rerouted to other waste disposal facilities. The monitoring well was resam-
pled, and the results of this aﬁdiysis.indicated that the first analysis was incorrect and
the groundwater in that area was not contaminateﬁ with radifonuclides. Analyses of additional
samples supported the results of the second water analysis. :

A diagram of the 216-B-5 reverse ﬁe]l is shown in‘Figuré V.14, The reverse well was
drilled using a telescoping casing technique; 40-cm-dia casing was installed to 4 m,
30-cm-dia casing to 31 m, 25-cm-dia casing to 74 'm, and 20-cm-dia casing to 92 m. The
20-cm-dia casing was perforated from the 74-m level to the bottom of the well, providing the
means for diétributing waste solutions into the surrounding sediments. Waste enterad the
reverse well. at approximately 3.7 m below ground surface. A 1.3-cm-dia pipe {gageline)
extended from the ground surface to within 15 m from the bottom of the well for the purpose
of 1iquid-level measurements. The gageline served as a warning system to indicate that the
reverse well was filling with liquid waste. - : = : i
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Drilling logs from other wells drilled near the reverse well indicated that the water
table at the 216-B-5 reverse well was approximately 90 m, which indicated that the reverse
well penetrated the water table and radioactive liquid wastes were discharged directly into
the saturated sediments below the water table. These findings provided the impetus for a
full-scale groundwater contamination investigation of the 216-B-5 reverse well from 1947 to

1950 (Brown and Ruppert 1948, 1950).

The major objectives of the study were to determine the spatial distribution of radio-
nuclide contamination in the groundwater and to predict the direction that contamination
would migrate if it moved at all. Eleven wells were drilled from November 1947 to May

B-PLANT

SURVEILLANCE WELL DRILLING RIG

WASTE DISTRIBUTION LINE

216-B-5
REVERSE WELL
INOT TO SCALE)

241-8-381 TELESCOPING
SETTLING CASING
TANK

PERFORATIONS

GAGELINE

TELESCOPING CASING

WATER TABLE (86.56m)

20em DIA. < 18m
PERFORATED WELL SECTION

FIGURE V.14. 216-B-5 Reverse Well Disposal System (Smith 1981)
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1948. The wells were drilled 9 m into the saturated zone below the water table. Sediment
and ground-water samples were collected at the time of drilling and were analyzed for alpha
and total beta-gamma contamination.

No radioactive contaminants were detected in any of the sediment samples collected from
the 11 wells, but analyses of groundwater samples indicated the presence of beta-gamma and
alpha activity in the groundwater. Groundwater contamination plumes as functions of time for
total fission product activity (beta-gamma) and total alpha activity from November 1947 to
July 1949 are shown in Figure V.15. The total fission product radionuclides were thought to
contain short-lived isotopes, thus accounting for the decrease in size of the fission product
contamination plume with time. Uranium was thought to be the predominant alpha-emitting

contaminant.

Fission Products Contamination

216-B-5

®E28-8 ®E28-6
January 1, 1948 July 1, 1949

July 1. 1948

November 1, 1947

0 100 200 300 400 500
ik L I . J -

Meters l]

Contour interval as indicated activity measured in
pCi fission products per liter of water, and in
dis/min/liter for uranium. Significant level of
activity chosen at 20 pCiiliter and 10 dis min
liter for fission products and uranium respectively

Alpha Contamination

Explanation

® Wells to Water

®E28-6 ®E28-6
November 1, 1947 July 1, 1949

FIGURE V.15. Radionuclide Distributions in the 216-B-5 Reverse Well
(Brown and Ruppert 1950)
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A subsequent characterization study of the 216-B-5 reverse well was conducted to deter-
mine the distribution of radionuclides sorbed on the sediments (Smith 1980, 1981). Five
wells were drilled, and one well was deepened as part of this study. At the time of drill-
ing, sediment samples were collected throughout the entire length of each well. These sam-
ples were then analyzed and used to develop geologic cross sections, moisture profiles, and

radionuclide distributions.

The distribution of 137Cs is presented in Figure V.16, The distribution was influenced
by the silt layer 78 m below ground surface and by the 1948 water table at approximately
90 m. The highest 137¢s concentration, 51.3 nCi/g, was detected in well 299-E28-23 at
86.6 m. The 0.1-nCi/g isopleth indicates that 137Cs may have accumulated on the basalt sur-
face (at the bottom of the unconfined aquifer) and spread laterally along this boundary.
This trend is indicated in both the upgradient and downgradient directions.

The 239'240% distribution is presented in Figure V.17. The plutonium distribution also
shows evidence of the influence of the 1948 water table and the direction of groundwater
flow. The highest level of plutonium detected, 191 nCi/g, was located at a depth of 98.5 m
in well 299-E28-23. This was the approximate depth to the water table in 1948. Plutonium
contamination above 10 nCi/g was limited to a distance less than 6 m from the reverse well.

Figure V.18 shows the distribution of 90sr, This distribution is similar to the other
distributions in that it also shows the influence of the 1948 water table and direction of
groundwater flow. The limited distribution of 90g;. compared to 137¢5 was partially attrib-
uted to settling of 908r in the 241-B-361 settling tank. Therefore, a larger portion of the
137¢4 inventory overflowed to the reverse well than the 905r inventory.

In summary, although plutonium was introduced directly to the aquifer, Tittle migration
has been observed. The 90Sr‘ and 137Cs are more widespread due to their increased mobility.
However, the zone of contamination around the 216-B-5 reverse well appears to be stable, with
no apparent further migration of radionuclides.

V.6 DISPOSAL PONDS

The 216-U-10 (U) Pond and associated ditches (U-Pond system) were characterized in 1979
and 1980 to determine the distribution of radionuclides beneath and adjacent to the disposal
system (Last 1983). The U-Pond disposal system (Figure V.19) was constructed in 1943 to
receive large volumes of very low-level contaminated waste water from 200 West Area facili-
ties. The 216-U-10 Pond and 216-Z-19 ditch were retired and stabilized by early 1984, The
large volumes of low-level waste water and occasional isolated releases of considerably
higher-level, nonroutine discharges have resulted in the accumulation of transuranic, fission
product and activation product inventories. A total of 1.3 x 1011 L of 1iquid had been dis-
charged to the system through 1982, with a radionuclide inventory estimated to include 8.2 kg
plutonium, 1.5 x 103 kg uranium, 15.3 ¢i 137Cs, and 22.6 ci 90sr,
charge sources and the operational service dates of the U-Pond system components complicated

The large number of dis=

attempts to derive total inventories for the individual U-Pond components.
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LONG TERM TRANSURANIC DEFENSE WASTE PROGRAM
SITE CHARACTERIZATION STUDIES: 216-U-10 POND AND 216-2-19 DITCH SYSTEM
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FIGURE V.19. Location of the U-Pond Disposal System and its Various Components

The discharges of principal interest in the Last study were to the 216-Z-19 ditch and
its predecessors, the 216-Z-1 and Z-11 ditches. Of a total 8.2 kg plutonium released to the
U-Pond system, all but negligible amounts were released to these ditches. A comparison of
the annual plutonium discharges and the service dates of the Z ditches indicates that the
216-7-1 ditch received 138.5 g, the 216-7Z-11 ditch received 8,074.7 g, and the 216-Z-19 ditch
received 143.0 g.

Over the last 40 years, the U-Pond system has undergone numerous physical modifications.
The majority of the modifications resulted from changes in discharge sources and waste vol-
umes released to the U-Pond system. These discharge sources include the Plutonium Processing
and Reclamation Facilities (231-Z and 234-5Z), laundry and mask-cleaning facilities (2724-W
and 2723-W), uranium recovery facilities (221-U and 224-U), a powerhouse and water treatment

plant (284-W), and an evaporator-crystallizer plant (242-S).
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Surface samples and near-surface core samples (30 cm) were collected throughout the
U-Pond system. Over 700 surface and near-surface samples were taken. Two monitoring wells
were drilled to a depth of approximately 25 m; another monitoring well was drilled near
U Pond to a depth of 75 m for groundwater monitoring purposes; and seventeen shallow wells
(approximately 4 m) were drilled. From these wells, 322 subsurface samples were collected.
These field samples were analyzed in the laboratory for gamma-emitting radionuclides, pluto-
nium, americium, 9OSr, uranium, moisture content, and texture. Neutron well logging and
in-situ gamma-energy analyses were also conducted.

The vertical distribution of cesium was known best around the perimeter of U Pond. In
the delta area, near-surface core samples indicated that 137¢cs contamination was generally
concentrated in the top 18 cm of soil. Cesium-137 concentrations less than 400 pCi/g were
observed to a depth of 1.5 m, with much Tower concentrations extending to 30 m. The 90gp.
concentrations were slightly higher in some of these deeper samples.

Plutonium and americium were found to be concentrated in the 216-Z-19 ditch (and its
predecessors), although variable concentrations of these isotopes were observed in the pond.
The plutonium was concentrated in the top 50 cm of the ditches, where concentrations were as
high as 100,000 pCi/g. Detectable 239,240py was found to a depth of 14 m beneath the
Z ditches.

In summary, the strontium and cesium have migrated deeper in the soil profile than has
plutonium. Strontium and cesium were found at depths of 30 m, whereas plutonium was detected
at a maximum depth of 14 m.

V.7 241-T-106 TANK LEAK

In June 1973, the 241-T-106 tank, located in the 200 West Area, was confirmed as leak-
ing. Approximately 4.35 x 10% L of 1iquid containing 40,000 Ci of 37cs, 14,000 Ci of 9sr,
6 Ci of plutonium and americium, and 297,000 Ci of various fission products (with half-lives
less than five years) were released to the sediments surrounding the tank.

Subsequent to the leak, studies were conducted to monitor and assess the potential for
migration of the contaminants (ARHCO Staff 1973; Routson et al. 1979; Brown et al. 1979).

The 2.02 x 106-L-capacity 241-T-106 tank is one of 12 identical steel-lined tanks con-
structed in 1943 and 1944 in the T tank farm. The 241-T-106 tank was the first one used for
1liquid storage in 1944, A drawing of the 241-T-106 tank showing important structural details
is given in Figure V.20. The 241-T-106 tank is approximately 23 m in dia and 10 m high. The
top of the tank is approximately 2 m below the surface of the ground, and the bottom of the
tank is 49.4 m above the water table.

For the initial characterization of the leak, 16 drywells were drilled (ARHCO Staff
1973). The initial evaluation was based on the in-well total-gamma profiles and laboratory
gamma-energy analysis (GEA) of sediment samples from various depths of these drywells. In
the original 1973 assessment, radioactivity was found at a maximum depth of 27 m, which is
35 m above the water table. The assessment of the movement of radionuclides was based on
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FIGURE V.20. Structural Details of 24;-T-106 Tank (Routsom et al., 1979) -

ptan-and section views of the concentration distributions of 105Ru 14483 and 13763. These
thrée radionuclides were chosen fof evaluation because they span much of the rad1onuc11de
mobilfty range exhibited in the 241- T-106 tank leak system. A composite of the p1an and secw
tion views of the 1973 {shortiy after the leak) 1-yCi/L cancentration Isopleths for 106p and
13705 is provided in Fiqure V.21, Contamination in the vicinity of the 241-T-103 tank
resulted from a failed grout seal in a spare fill entry line (ARHCO Staff 1973). -

Following the 1973 investigation, 47 additional drywells were driT]éd around the
241-T-106 tank (Routson et al. 1979). Pian and section views of the 1-uCi/L concentration

_isop?eths for 198y and 137¢s were constructed for November 1977 and’ ‘May 1978 (F1gures V. 22
and V. 23) and compared with those constructed -using 1973 data. It was concluded that the

vo?ume of s0il enclosed by the 1978 106p,, . ‘1-uCi/L isopleth was oniy sYightly greater than
that enciosed by the 1973 fsopleth. Routson et al. (1979} concluded that essentially all”

detectab]e IOSRU movement occurred between 1973 and 1974, 1In 1978, 105Ru concentrations’
"above 1 MC1/L were found at a maximum depth of 33 m or 29 m above the water table.. For --

137?5, the votume of sediment enclosed by the 1978 137¢ 1-4Ci/L isopleth was greater than
that enclosed by the 1973 isopieth. As with the losRu, a large portion of the 137cs movement
was thbught'ﬁa have‘occufred during 1973 and 1974,  Plutonium and americium were meastred
around the tank using a foil activation technique. Low Jevels of plutonfum were detectable
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near the bottom of the 241-T-106 tank and in the wells nearest the teak. The maximum pluto-
nium concentration was found at the 9,2-m depth of one well adjacent to the tank.

V.8 SUMMARY AND CONCLUSIONS

From field observations of the distribution of contaminants in the sediments surrounding
waste-management facilities at Hanford, a number of genaral conclusions can be drawn. The
migration of ‘radionuctides is greatly influenced by the Tlocal stratigraphy. That'is, the
Jayering of sediments with differing hydraulic properties and geochemical propertieé affects
the horizontal and vertical movement of radionuélides. The chemistry ‘of the waste, and the
geochemical jnteractions of the waste and the sediments, is also a principal factor influenc-
ing the distribution. of contaminants, as sbserved at the 216-Z-1A crib. Geochemical factors

become more important. for the higher'-water-f‘iux cases associated with crib discharges
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and tank leaks. ATso, the mannerlin which the radionuclides were origina!?y dispersed influ-
-ences the observed pattern of contamfnatfcﬁ. Lastly, thé contaminants were added to the sub-
“surface at Hanford in relatively large volumes. The initial redistribution of water (and
radionuclides) in the unsaturated zone as the system re-equilibrates seemé to control the
observed distribution of contaminants (as in the 241-T-106 tank leak}. Subseduent movement
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of long-lived radionuciides in the Hanford subsurface appears to be limited. Plufonium
appears to be adsorbed or precipitated closer to the source than gither strontium or
cesium. Strontium appears to be more mobile than cesium, particularly in acidic waste
streams (as in the 216-5-1 and 2 crib). '

The conclusions that can be drawn from empirical observations of crib discharges and
tank Teaks are necessarily general. Sampling the distribution of radionuclides via soil
analysis alone and subsequent monitoring of the unconfined aquifer do not provide adequate
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information from which to differentiate the various controiling physical and chemical mecha-
nisms. Although useful in a confirmatory sensa, such Timited Field data should not be relied
upon for the development of predictive models.
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solidification D.3.5
nis Hanford formation 42
Hanford Meteorology Station _ 4.5
Hanford Waste Vitrification Plant (HWVP) 3.3,'B.1.2.2, Appendix C, D.1, D,3.1
hazard index ' ' Chapter 1
Hazardous Waste Management Plan _ 3.2.7.2
health effects o N.1
high-Tevel waste . 6.5, A.2.1
hydrautic |
conductivity R | _ e
head See models, numerical
gradient model . 0.4.1.1
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hydrology ‘ . 4.4

Idaho National Engineering lLaboratory (INEL) E.l

ilinesses Appendix G, L.2.2, L.5
impacts 3.2.2, 3.4.1, Chapter 5
long-term 3.4.2, 5.2.4, 5.3.4, 5.4.4, 5,5,4, 5,6.4
nonradiological 3.4.1, 5.1.4.2, 5.2.2.3, 5.3.2.3, 5.4.2.3,
5.5.2.3, 5.6.2.3
radiological 3.4,1,1, 5.1.4.1, 5.,1.4.2, 5,2.2.1, 5.3.2.1,
' 5.4,2.1, 5.5.2.1, 5.6,2.1
incidence rates _Appendix G
Indians : : - ‘ 3.4.4, 4.8.4, 6.10
infiitration _ M.3.1, M5
! in-place stabilization Chapter 1, 3.3.2
. &5 -
5 in-place stabilization and disposal ‘
gy alternative _ 5.3, B.1.4, B,2.2, H,1, H.4, L.3
; e institutional control (loss of) 3.3
o interim storage Chapter 1
: intrusion Chapter 1, 3.4.2.3, 5.2.4.3, 5.3.4.,3, 5.4.4.3,
QT S 5.5.4.3, 5.6.4.3, M.3.3, M.3.4, M.4, 5.4
T ' irrigation : S 44
- Yo
P Tand use : 8.7, 5.2.7, 5.3.7, 5.4.7, 5.6.7"
S 1inear hypothesis -Appehdix N
L ' Tinear release ' See dissolution
. Jongitudinal dispersion 0.3.3
low-level waste - 3.2.4, A.2.2, B.1L1,3
lysimeter . M.3, P.2.3.1
magmatic activity - R.9
Manhattan Project : Chapter 1
manpower See construction of faciiities, also
- Bppendix G, L.2.2 '
markers ) Seg barriers
maximum pollutant ccncen%fatibﬁs _ . . T.B
mechanical retrieval ‘ B.1l.1

Ind.6




W

¢ onnee

mechanical strength
medical services
meteoriogical data
wicrebioTogical effects
migration

model calibration
modeling

models, numerical
moTecular diffusion
monitoring

muitilayer cover

N Reactor
National Academy of Sciences
Nationai Environmental Policy Act (NEPA)
neptunium
newly generated tank waste
nitfcgen dioxide (NOx)
no disposal action alternative
nonradiological |
emissions
impacts
Northwest Citizens Forum

Muciear Regulatory Commission {NRC)

Occupational Safety and Health
Administration {0OSHA}

off gas
organic complexants

other disposal alternatives

packaging
parks/recreation

Pasco Basin

C.4

See community

7.3

0.2

R.1.3

Chapter 1

Intro to Apps, F.2, J.l1
0.4, P.1, P.2, 0.3, Q.4
P.2.1

Chapter 1

See bharriers

Chapter 1, Chapter 2, 3.1, A.2.2, A.2,2.3, D.4

Chapter 1
Chapter 1, Chapter 2
Chapter 1
See tank, tank waste

T.1

Chapter 1, 3.3.4, 5.5, B.2.4, H.1, H.7, L.5

Appendix G, L.2.1, L.4.1
C.8, D.6, E.6, 1.6

1.3, I.6

Chapter 1

6.11

Appendix G
B.1.2.1, C.3
See chemicais, hazardous

3.3.7

See transportation, Appendix G

See community

4.2
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performance assessmant R.1

plants )
cover M.5.2.4
intrusion M.3.3
plutonium Chapter 1, 3.1, C.4
Plutonium Finishing Plant (PFP} 3.1.6, A.2,2.3, C.5
Plutonium Uranium Extraction (PUREX) _ 3.1,&,'4.1, A.1.5, A2, C.5 D,2, D.4
pollutants 5.2.2.3, 5.3.2.3, 5.4,2.3, 5.5,2,3, 5.6.2.3,
6.3, Appendix G, L.2.1, L.3, L.5, T.1
ponds ' A, V6
popuTation distributions o See community, F.3.2.1
pore water velocity ©0.3.3
precipitation : M.5.2.2
e pre-1970 buried suspect TRU-contaminated - .
. solid waste _ See transuranic waste (TRU), 3.3.2.6, 3.3,3.6,
i : - 3.3.4.5 ' : _
s g precipitation " Chapter 1, 4.5.3
— preferred alternative " Chapter 1, 3.3.5, 5.6, B.1.2.3, 8.1.3, B.2.5,
C . H.6
j probabilistic risk analysis (PRA) - s.1
i * probabie maximum flood 4,4.1
A Process Experimental Processing Plant E.l
B protective barrier See barrier
e public doses {population dose) : F.1.,1.2, F.3,2.1, F.3.2.3, K.5
g et Public Law 97-90 Chapter 1, Chapter 2, 3.3.4
e, pumping Chapter 1
purpose {of EIS) _ Chapter 2
_ fadio1ogica]
emissions c.7, E.b
impacts : - D7, 1.3.1, 1.5
radionuciide _
concentration of B.1.2.1
inventories E.5, H.2,2
movement of _ A.d
recharge _ ~ Intro to Apps
artifieial - P ] “4,4,2, 1.4
Record of Decision ' ' * Chapter 1
recovery - : ) " See retrieval
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i

LY

een

REDOX

reference alternative

regulatory compliance

releases
models

resource commitment
resgurce requirements

Resource Conservation and Recovery Act
of 1976 (RCRA)

retrievably stored and newly generated TRU
retrieval
and processing
transfer of Tiguid
transfer stuicers/pumps
reverse wells
Ringold formation

riprap, basalt

risks
reduction factors

S Plant
saltcake
saturated zone
sceparios
drilling/excavation
failing objects
full garden
irrigation
post-drilling
seismicity
sensitivity analysis
Shippingport Naval Reactor
single-shell tank(s)
simulation
sTlagging pyrolysis incinerator

sTudge

slurry
double-shell slurry (DSS}):

3.1.3

Chapter 1, 3.3.3, 5.4, B.1.2.1, B,1.2.3,
B.1.3, B.2.3, H.1, H.5, L.4

See compliance, regulatory

Intro to Apps, B.Z
P.1, P.2

5.2.2.5, 5.3.2.5, 5.4.2.5, 5.5. 2.5, 5.6.2,5

C.6, D.5, E.4, Appendix G, L.2.3, L.4.3"

Chapter 1, 3.3.6, 3.4.7.1, 6.7
See transyranic waste (TRU)
Chapter 1, B.1,1

Appendix J

A.l.4

B.1.1.1, B.1.,1.2

A.4, B.1.1.5, V.5

4,2, 4.4.2

M.2

B.l.1.1, M.4, Appendix N
M.4 .

D.2
A.l.4, B.1.1.1, B.1.,2.1, P.2.1
0.2, 0.3.2

M.8, R,1
3.4.2.3, R.3, R.4
.2
.1.4.2, R.5
.8, 0.9, R.1.2
5.3

i Foan I o I v

4.3, M.6, R.10
5.6
Chapter 2, 3.1
KSee tanks, tank waste
See model
~ B.1.2.3, H.l
A2,1.2, B,1,1.1, B.1.2,1, B.l.2.2,

A.l.4,
P.2.1
B.1.1.1, B,1.2.1, B,1,2,2, D.1
€.5, D.2, D.4 _
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socioeconomics 3.4.1. 6, 4.8, 5.2,3, 5.3.3, 5.4,3, 5.5.3,
5.6.3, Append1x K

salid waste ‘B.1.1.3, B.1.2.3

s0lubiTity-controlled ' _ P.2.2, 5.3

solute transport | ~4.5, Q.6

solvent extraction ‘ C.5.1

Special Handling and Packaging Facility E.l

spent fuel Chapter 1, 3.1

storage Chapter 1

Stored Waste Examination Pilot Plant £.1

stratigraphy S 0.1

streamlines Q.4

streamtube | See contaminant transport
strontium/cesium capsuies ' Chapter 1, Chapter 2, 3.2.3, 3.3.1.3, 3.3.2.3,

3.3.3.3, 3.3, 4.3, 3.3,5.3, A.3, B.1.2.1,
B.1.3, C.4, D.4, H.3.3, H.4.3, H.5.3

subsidence " Chapter 1, 3.3.2, 3.3.4, B.1.4

sulfur dioxide (50x) T.1

superfund Chapter 1

supernatant liquids - D.4

T Plant - b2

tanks, tank waste . : .2, P.2.1, P.2.2, P.3
double-shell tank(s) ' Chapter 1, Chapter 2, 3.2.1, A.l.l.2, B. 1.1.1,
existing tank waste ' | .gh;péeﬁ 1, Chapter 2, 3.2,1, 3.3.1,1, 3.3.2.1,

3.3.3.1, 3 3, 4.1, 3.3.5.1, 6 5, A, 1 TH.3.0,
H.4.1, H.5.1

fill material Appendix G

future tank waste Chapter 1, Chapter 2, 3.2.2, 3.3.1.2, 3.3.2.2,
3.3.3.2, 3.3, 4.2, 3.3.5.2, 3.4.3, 6,5, A.2,
H.3.2, H.4.2, H.5.2

integrity “Intro to Apps
Teachability ' c.4
newly generated tank waste Chapter 2, 3.3.4.4
nonpumpabie 1liquids A.l.4
pumpable liquids A.l.4
sampling/sample A.1.3
settling tank(s) A.4
simulation/model/modeling A.1.3, Intro. to Apps. o
single-shell tank(s} (SST) Chapter 1, Chapter 2, 3.2.1, 3.3.5.1, A.1.l.1,
8.1.1.1, B.1i.4.1 '
tanks contents 3.1.9
thermal emissions D.6
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thermal stability L _ C.t

thorex 3.1.5
transpiration See evapotranspiration
Transportable Grout Equipment (TGE) D.1
Transportable Grout Facility (TGF) 3.3.,1.2, I.1,1.1
transportation Appendix G, Appendix J, L.2,1
Department of Transportation (DOT) I.1
local transportation K.3.2
packaging 1.1.1.1
regulations, transportation I.1
routing ) I.1.1.3
shipping casks 1.2
Type A packaging I.1.1.1
Type B packaging I.1.1.1, 1.4,1
transportation services See community
- transuranic waste {TRU) E.1, P.2.4, P.2.5
4 contamination A.4, B,1.1,3, B.1.1,5, B,1.2.1, H,3.4, H.4.4,
H.5.4
Ll contact-handled (CH} A.6, E.1
EPA standards for 6.5
e newly generated A.6
' pre-1970 A.5, H.3.5, H,4.5, H.5.5
. pra-1970 buried suspect TRU-contaminated
waste : Chapter 1, Chapter 2, 3.2.6, 3.3.1.6, 3,3.5.6
. remate-handied : A.6, E.1 :
] removal A.2.2.1
- retrievably stored and newly. generated Chapter 1, Chapter 2, 3.2.4, 3.3.1.4, 3.3.3.4,
s 3.3.4.4, 3.3.5.4, A.6, H.3.2, H.3.6, H.4.6,
H.5.6
P, - transpartation of 5.1.4.3, 6.5
: TRU-bearing sludge 0.2 :
ey TRU-contaminated so0il sites Chapter 1, Chapter 2, 3,2.5, 3.3.1,5, 3.3.2.5,
3.3.3.5, 3.3.4.5, 3.3.5.5
' Treaty of 1855 4.8,4
" trench(es) 3.3.1.1, A.4, A5, A6, D.1
i TRUEX 3.3.1.1, B.1.2.1
TRUPACT transport container _ E.3.5, 1.2, 1.4.3
unsaturated water Tlow _ 0.3.1, 9.3
U.S. Geological Survey Chapter 1
uranium 3.1, 3.2.2
vadose zone ’ See contaminant transport
vapor diffusion ’ P.2.1
vaults  Chapter 1, 3.3.1.1, D.1, D.3.4.5, D.6, D.7
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T

i

C e,

HHL

vitrification

Washington Public Power Supply System

waste acceptance criteria (WAC)
waste feedstreams
waste fractionation plant

Waste Encapsulation and
Storage Facility (WESF)

_Waste Isplation Pilot Plant (WIPP)

waste pretreatment

Waste Receiving and PFocessing
Facility (WRAP)

waste site descriptions
waste site inventories
water quality standards
water/séwage services

windstorms

West Valley Demonstration Project (WVDP)

Yakima River

Z Plant

Chapter 1, 3.3, Appendix C

Chapter 1
E.l

C.5, D.4
3.1.7

3.1.8, B,1.3

Chapter 2, 3.3.1, B.1.2.3, E.1, Appendix J,
L.2 ‘ _ ‘

C.5.1

.Chépter 1, B.1.3.3, Appendix E,
Appeﬁdix A |

K.l; Rppendix A, Intro to Apps
5.2 |

See commuﬁity

4,5,1

.1, c.4
4,4.1, 0.4

D.2
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