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ABSTRACT

Wllie J. Lee, Aternatives to Shallow Land Burial for the Management of Low

Level Radioactive Waste (Under the direction of James E. Watson, Jr., Ph.D
and Linda W Little, Ph.D.)

The nanagenent,of | ow| evel radioactive waste involves 1) determning
vol ume and radioactivity content of waste generated, 2) review ng methods
of mnimzing waste %eneratlon, 3) asseSS|n%,current di sposal practices,
whi ch happen™to be shallow land burial at this time, and 4) proposing new
and better nethods of waste disposal. Problems have been identified
regardlng the use of shallow |and burial in the disposal of [owlevel
radioactive waste. Thus, it is prudent to study alternative nmethods of
waste disposal. Five alternatives to shallowland burial have been
identified and are analyzed in detail in this report.
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1.0 | NTRCDUCTI ON

The use of radioactive material in industry, research institutions, and
academ c institutions, and the generation of electric power by nuclear reactors
unf ort unat e,IY ﬁroduces wast e re%m ring special handling and disposal. Since
the 1940's it has been evident that the peaceful use of radioactive materia

combined with its use for defense would necessitate the inplementation of some
means of radioactive waste disposal.

The first nmethod of |owlevel radioactive waste disposal was ocean dunping.
st es were packaged in steel druns, ME|?hted w th concrete, and dunped. in deep
water (usually at depths of at |east 1,000 fathons?. At that time the
alternative to ocean dunping was considered to be shallow land burial. It
consi sted of burying packaged waste in shallow trenches. Trenches. of

greference were those |ocated in soils with [ow perneability and high
bsorption properties.

Qcean dunping was expensive In conparison to shallow land burial. In 1960 the
former Atom'c Energy Commi ssion, since divided into the Nucl ear Regulator
Commi ssion and Department of Energy, opened government-owned |and di sposa
sites to all generators of |owlevel radioactive waste. That, combined with
the Atomc Energy Conm ssion's decision not to issue any new |icenses for ocean
di sposal, repositioned shallow |and burial into the forefront. Existing
| i censes |ssued for ocean dunylng were not cancelled at that time; therefore,
ocean dunping continued until 197

\When federal Iy owned | and disposal sites were opened for use in Tennessee and
| daho, they were to be made available until comercial, regional disposal sites
coul d be established. These regional sites were to be operated on either
federal or state-owned |and and coul d be operated by Iicensea contractors.

In 1962 the first commercial |owlevel radioactive waste disposal site, usin
shal | ow | and burial techniques, was established at BeattK, Nevada. A secon
site was opened at Maxey Flats, Kentucky in 1963. Wth the establishment of
the first two commercial sites, the Atomc¢ Eneﬂgy_CDnn1SS|on st opped acceptlng
| ow| evel radioactive waste at government-owned sites. Those gover nment - owne
sites are now operated by the U S. Department of Energy. From 1963 to 1971
four more comercial sités were opened, those being Vst Valley, New York in
1963 Richland, Wshington in 1965 Sheffreld, I1Tinois in 1967;" and Barnuel |,

ina'in

Shal low l'and burial of |owlevel radioactive waste was performed in a manner

simlar to the disposal of municipal waste in a sanitary landfill. Criteria

for siting and pack%%[ng did not exist in the early days. As a result, those

earky practices, conpined with uncertainties in soil geology and hydrol ogy,
uc

h
[o ed(P%?P,ens for sg%llow | and burial which exi st oday. Probl ems

ncount ere be di scuss In nore detail 1n Section

Efforts are now underway to develop and Inplenent alternatives to shallow |and
burial of |owlevel radioactive waste, even though regul ations have been
established to set criteria for land disposal to protect the general population

fromrel eases of rad'oact|V|t¥. Tge feasibility of aLterna | ves %tha3|2|ng
greater confinement of |owlevel radioactive wastes I €1 ng asSesse
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1.1 Purpose of  Report

The uron ﬁe of this report Is to reviewthe ¢ r ent status, of shallow |and
P I Towle eI ra oactrve wast e vrrthan a spacdonrestrrctrons

uture use. aso wastedeneratrorh ention an YO uneO[e duct 1 on arg
out rndd an Pe (a ternat ves to shallo and burral are discussed an
conpared to sha and buri

The ultimte goal of the report Is to outling the present systemfor the
managenent of Ig E1evex rad oa&rve waste and to dascusspfutur tyrengs.

1.2 Definition of LowLevel Radioactive Waste
Radi oactive vvaste rs materral cont am nat ed with smll, but potentrally

hazar dous, amount radi oactivi Such. wast es range fro paper
g?as rc, lq ass, c oohr ng anda scar)ded equi pment to wet sl udges an aqueouspand

The term' Iovrrl evel radioactive waste" has been defr ned as radi oactrve vvaste

not clas? red as hr h | evel radi.oactive ste suranr
nuclear uel | roduct nat rra as de] ectron o
Inc EnerdP{ 195A The rnrtron een nt er r he U
Nuc ear. Reg atory mns ion [o mean those | ow-Ievel oactrve Yva r
contal nr ng sodrce dgpecr nuc ar or y product naterra accep ra
drsosa ™ a land Hsal acr rhthr co ce mnd oer
wasefanbecaegorrze In vvovvas é rve d g Ve
enera 0€s not drcatetht the are |

ax of the presen efrnrl]ron n e
ion | grlevel radr oactrve Wast e. ncenL at|on
radl a e 1.1

pncent d on
oactive waste are presented in T

r{ern.tla_ or s ort ved IovrL evel

TABLE 1.1

SHORT- LI VED LOW LEVEL RADI CACTI VE WASTE
(BY RADI ONUCLI DE AND CONCENTRATI ON)

Radi onucl i de Concentration (Curles/m)

Total of all radionuclides

with less than 5-years

hal f-life * No stated |imt
Hydrogen 3 * No stated |imt
Cobalt 60 * No stated limt
Ni ckel 63 700
Ni ckel 63 I n activated netal 7000
Stronti um 90 7000
Cesi um 137 4600

* No limts have been established for these radionuclides.


NEATPAGEINFO:id=F5160FC4-A152-495F-B6AD-6FFEBF48E82D


Practical considerations such as the effect of external radiation and Internal
heat generat|on or r%%platoQ¥EJ|n1tsngovern|ng transportation will [imt the

concentration of these stes
The following is.a table of long-lived radionuclides and concentration limts
OP Towlevel grad| oactive waste ?geq 9):

TABLE 1.2

LONG- LI VED LOW LEVEL RADI CACTI VE WASTE
(BY RADI ONUCLI DE AND CONCENTRATI ON)

Radi onucl i des Concentration (C/m)
Carbon - 14 8
Carbon - 14 in activated netal 80
Ni ckel 59 in activated netal 220
Ni obium 94 in activated netal 0.2
Technl ti um 99 3
| odi ne 129 0. 08

Radi um and al pha emtting
Transur ani ¢ radi onucl i des

with half-lives greater than

five years 100 Nanocurl es/ gm
Pl ut oni um 241 3,500 Nanocuries/gm
CQurium 242 20, 000 Nanocurl es/ gm

\ist es contajning radionuclides in concentrations exceeding those listed in
Table 1.1 and 1.2 may not be disposed of in a manner simlar to other |owleve
radi oactive wastes. This creates an internediate category of waste which is
neither high-level or lowlevel, by definition. This was once an officia
category of radioactive waste in the United States, but this category has been
abandoned ip recent years, leaving a conponent of |owlevel radioactive waste

assi

Since some |owlevel waste presents poth a chemcal and radiol ogical hazard,
work has been undertaken to classity waste by total hazard (Ref. 9). The
yltimte disposal of lowlevel radioactive waSte depends upon how waste is

efin and assified.
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2.0 LOW LEVEL RADI OACTI VE WASTE GENERATI ON

A determnation of the amount of |owlevel radioactive waste generated In North
Carolina and the Nation has been desired for several years. Not until 1982 was
this undertaken. The Conference of Radiation Control ProgramDirectors, an arm
of the Agreement States Program Initiated a survey designed to document the
generation of |owlevel radioactive waste. Forty-one states were persuaded to
Eart|0|pate In the distribution of guestionnaires to waste generators in their
tates.” North Carolina was Included'in that survey.

Questionnaires were sent to faC|||t|es thought to be generators of |owleve
radi oactive waste, such as those hold % rad|oact|ve material |icenses, The
survey requested 1 nformation such as total volume generated, radioactivity
content and the phy5|cal propert|es of waste forms. The accuracy of the

figures generated greatl ePende upon each facility's ab|||ty to doclnent the
actual voOlunme and radioaCtivity content generated at "their facility.

A second attenpt Is now underway by the Conference to determne the volume and

characteristics of |owlevel radioactive waste generation. This survey will

attenpt to deterntne the |npact of treatment technol ogies on | owlevel” waste
eneration and gosa It will also attenpt to determne the waste form
otal vol une and radi oactivity content of Incinerated waste.

2.1 Vol ume and Radioactivity Content

Tﬁble 2.1 sho H Iune of lowlevel ra d act|ve nashe %ener ted and
e a5300|ate radl content nb h Carolina and the United States
. should be ha5|ze at t e Unlted States fiqures are for
tates on . I'n ad |t|? , an proximately 7,000,000 cubic feet (200,000 ublg
meters) of uran|um ml 1ngs, containing approximately 1,000 curies o
radioactivity, is included in the United States f lina's

ude I 1 e |
ggnerat|dn constituted approximtely 4 perce wast e gener at ed

ks donn wast e n St acil ity syhcat
&é e wast e vdfune gen% Nort h P%I|na In 8% 88 ergen
S a resul the fuel cyc O O?ft'V'ty Penerate 68 ercent
Was rep orte to be a result”or operatjons In the ned|ca comunity, 1t s ould
be not ed th the 68 per en adloa Vity co Aen WE 8a€ conmuni t
ront|nterV|ene be in c urate a probab resu te ronterror
the naste ener ted. For

appears |
made |n docu ntlngathe acﬁual radi o act|V| Ynefntm' aste generated, Fol
zl|n|cal purposes The

ner
rate
th

exa e, SOHE oSpI ISt |r entire

ntg [ist t unt u ased, byt not use
atter is a nnre appropr ate formof docunmentatio h

Table 3 || rotect|0ns of fyture waste generat| in North ro||na based
e 198 eBencg surveg Ret 1 gp rted that t Progectlﬁns

e nere actua ased upon be shi ppe to connerC|a sItes rather
an anounts en rated. Efrors nere de In |Rte{ 5 g q tp|s section of the

ed waste generation

digactivit conLent

it i

ques | onnai re. F|gure 2.1 prOV|des a bar grap

n
ec
Table 2.4 and 2,5 give an |on of nd ra
f e et 00 i 2 T (155 W

2-12
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va 4) . The f| r(?g arsfgg sed 0%|the re ort t hat cen

o
enerdtea.Ln Spose co rCI [ e MﬁPa
e e e e 3 AT s %'Of i

TABLE 2.1

1982 WASTE GENERATI ON SUMVARY

Vol une Radi oactivity Content
&Jnhed § es 27946058119;1“;\ 4,499 x 10° Quries
North Carolina 1%@}” 1.525 x 10" Curies
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TABLE 2. 2

1982 WASTE GENERATI ON SUMVARY (N. C.)
BY FACI LI TY SUBCATEGORY

Fuel Cycle

Nucl ear Power Pl ant
Fuel Fabri cator
Nucl ear Power Pl ant Lab

Medi cal

Hospltal /Clinic

Resear ch
Private Ofice

Laboratory

I ndustri al

Research & Devel opnent
Manuf act ur er

Non- Destructive Testing
Devi ces and Gauges

Academ c

Resear ch
Educati on

CGover nnment

St at e

Feder al

Ci ty-Mini ci pal
County

* Note: E + 03 1s equivalent to 1 x 10~

to other simlar

Cubi ¢ Feet/Cubic Meters

Gener at ed

160, 471/ 4, 585
192, 330/ 5, 495
105/ 3

11, 611/ 332
7,697/ 220
8/0.2

168/ 4.8

4,559/ 130
28/0.8
5/0. 14
0.1/0.003

1,172/ 34
19/0.5

361/ 10

983/ 28
1/0.03
7/0.2

379, 420/ 10, 840

nunbers al so.

Curi es
Gener at ed

*4. 090E+03
3. 153E+01
5. 600E- 03

. 043E+04
. 335E+01
. OCCE- 10
.501E-01

N — O R

. 302E+02
. 262E+01
. 260E+02
. O00OE- 03

W PR R

5. 248E-01
1. 900E+D1

. 173E- 02
. 119E+00
. O00E- 09
. 000E- 07

ON B~ N

1. 525E+04

This termnol ogy applies
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TABLE 2. 3

STATE OF NORTH CARCLI NA PRQJECTED
FUTURE CGENERATION IN CUBI C FEET/ CUBI C METERS

TYPE OF FACILITY 1983 1984 1985 1986 1987
Fuel Cycle 145,297/ 4,151 105, 150/ 3,004 110, 150/ 3, 147 108,550/ 3,101 130, 200/ 3, 720
Medi cal 21,589/ 617 22,915/ 655 23,924/ 684 25, 060/ 716 26, 335/ 752

I ndustri al 4,876/ 139 5, 470/ 156 5,997/ 171 6, 635/ 190 7,214/ 206
Acadeni c 1,145/ 33 1,295/ 37 1,450/ 41 1,611/ 46 1,767/ 51
Gover nrent 1,135/ 32 1,235/ 35 1,335/ 38 1,335/ 38 1,335/ 38
TOTAL 174,042/ 4,972 136, 065/ 3, 887 142, 856/ 4, 081 143,191/ 4, 091 166, 851/ 4, 767

Figure 2.1: | LLUSTRATI ON OF PRQJECTED FUTURE GENERATI ON OF

LOWN LEVEL RADI OACTI VE WASTE | N NORTH CARCLINA (1983-1987, by Vol une)

5000
J 4000
" 3000

> 2000-
Ll
c*  1000-

1983 1984 1985 1986 1987
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TABLE 2. 4
PAST PRQIECTI ON OF THE GENERATI ON OF LOW LEVEL

WASTE | N NORTH CARCLI NA AND THE UNI TED STATES,
BASED UPON E. G &G DATA ON COMVERCI AL DI SPOSAL

19790 1980 1981

North Carolina 452,690 ft™ 788 200 ftA 399,700 ftA
12,934 m 22,520 m* 11,420 md
United States 822.095 ftA Q114 245 ft7 7,493 500 ftA
194, 9 17 m* 260,407 m* 214,100 mt

TABLE 2.5

PAST PRQIECTI ON OF THE GENERATI ON OF RADI OACTI VI TY
BASED UPON E. G &G DATA ON COMVERCI AL DI SPOSAL

1979 1980 198 1L

North Carolina 12,511 Curies 22,356 Curies 21,286 Curies
United States 1.326E+06 Curies 9.246E+05 Curies 7. 774E+05 Curies

2.2 Wast e Form

Typjcal radioactive wastes generated can be summarized, by category, in the

Oow ng nmanne

Fuel Cycle

- Conpacted trash or solids

- Dry activated waste

- Dewatered ion exchange resins
- Contam nated plant hardware

- Depl eted Urani um MyF2
- Absorbed liquids and slurries
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Academ c

Liquid scintillation wastes
Compacted trash or solids
Institutional |ab or biologlcal waste

Absorbed |iquids
Ani mal car casses

Medi cal

Liquid scintillation wastes
Conpacted trash or solids

Ani nal carcasses

I nstitutional | ab or biological waste
Absorbed |iquids

I ndustri al

- Conpacted trash or solids

- Contam nated pl ant hardware
- Absorbed liquids

- Liquid scintillation wastes

Gover nnent

- Conpacted trash or solids
- Cont am nat ed har dwar e

- Liquid sclntillatlon wastes
- Absorbed liquids

The waste forms |isted represent a ge

Uni t ed nd No

al overview of waste generated In the
Jtates a r pl|n . |
contarned in Towl evel radi oactive was

e 2-6 lists typical radionuclides

TABLE 2.6

TYPI CAL RADI ONUCLI DES CONTAI NED
IN LOMLEVEL WASTES, BY SECTOR

React or s Academ c Medi cal | ndustri al Gover nnent
58¢0 5lcr 32p 32p 32p
90sr lggir 57co 60co 5lcr

s 35s I e 58co
1§Lé§ 125i 5lcr 238U 60co
Zn 32p 99nile 125 3h

| ,\C 3h /\Il‘
60co 90sr 226&@
%0 125
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3.0 CURRENT COWMMERCI AL DI SPOSAL PRACTI CES

sof &nt QJi posal, of Ohrlevelc{adhoactrve wast e rnvolves the ﬁhr q& nt o

fie I\’\%Slds Sturries an er solid waste t OaCOYTTTEl’g ge shaY[

[ 2di gact | ye te nanagenent site. At this time the site wou
and urial facl

Cpnnercral | sposal | nvolv s the rans ortation qf has N
shO\ rt)wﬁ and b acrl P tthose tn res ?o%
shrn ton, e tt . va a, and arn Sou ro
pers e are rre t wast e I'n accordance h e ree
zar a h S| ca p Mt ers re als requrre to r pa
o m whi ¢ sl a es nnng her things) the waste clas r | Cat ron
ra oactrvrty conten

Taples 3,5 SRef

VO

recgrn\?edofromtLng?]tlatrea%lf ﬂr%t Vi ty content

assocrate radi oac

Tables 3.1 (Ref. N 3 4, a d5 a 3 2 R 1,2, 3 4 and 5) ang Figure
present the to ol u ha ra | 0ac vrt content received at "t he
hree existing, shal|ow | an tr e pr egent t tal's for the
nited States’for the e ro u 1 I 3 nd provide a
[1sting, by percentage o th e ata g r les
2, 3, 4. a d

S%e am? 6 and Fr ure 3 2 9rve the total

TABLE 3.1

LOW LEVEL RADI QACTI VE WASTE RECEI VED AT
OPERATI NG COMMERCI AL SI TES FOR UNI TED STATES
(1979 - 1983, by Vol une)

Disposal Site Location 1979 1980 1981 1982 1983
Barnvel |, South Carolina 2,220,505 ft* 2 422,700 1,529,710 1,217, 265 1,229, 620
443 nf 69, 229 43, 706 34,779 35, 132
Beatty, Nevada 227,185 fth 445, 095 117, 285 52, 675 38, 885
6 491 12,717 3, 351 1,505 1,111
R chl and, Washi ngton 349 300 ftA 868,665 1,425,620 1,386,210 1 416, 030
0 nm 24,819 40, 732 36, 606 40, 458
TOTALS 2,796,990 ft" 3 736,810 3,072,615 2. 656, 185 2,684, 570
79 914 m 106, 766 87, 789 75, 891 76, 702
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TABLE 3.2

LOW LEVEL RADI OACTI VE WASTE RECEI VED AT
COWMMERCI AL SI TES FOR UNI TED STATES

(1979 - 1983, by Radioactivity)

Di sposal Site Location

Bamwel |, South Carolina

Beatty, Nevada

R chl and, Washington

TOTALS

1979 1980

319,942 Curies 143, 502

8,932 Qrles 148, 312

153,563 Curi es 41,031

477,437 Curies 332, 845
TABLE 3.3

1981

183, 744
52,214
43,905

279, 863

1982

273, 962
80, 929
59, 007

413, 898

PERCENTAGE OF LOW LEVEL RADI OACTI VE WASTE RECEl VED

Di sposal

Bamwel |,
Beatty,
R chl and,

Tot al

AT OPERATI NG COWERCI AL SI TES FOR UNI TED STATES
(1979 - 1983, by Vol une)

Site Location 1979
South Carolina 79
Nevada 8
Washi ngt on 13
100

Per cent age

1980

65

12

23

100

1981 1982
50 46

4 2

46 52
100 100

1983

46

53

100

1983

383, 450
1, 356
120, 534

505, 340
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TABLE 3. 4

PERCENTAGE OF LOVJ- LEVEL RADI OACTI VE WASTE RECEI VED
AT OPERATI NG COMMERCI AL SI TES FROM DNI TED STATES
(1979 - 1983, by Radioactivity)

Di sposal Site Location 1979 1980 1981 1982 1983

Barnwel |, South Carolina 66 43 65 66 76

Beatty, Nevada 2 45 19 20 <1

Ri chl and, Washi ngton 32 12 16 14 24

Tot al Percentage 100 100 100 100 100
TABLE 3.5

LOW LEVEL RADI OACTI VE WASTE RECEI VED AT
OPERATI NG COMMERCI AL SI TES FROM NORTH CARCLI NA

(by Vol une and Radi oactivity)

Cat egory 1979 1980 1981 1982 1983

T g oS R e £ e o, S

Radi oacti vity 4504 Qurigs 8,048 Quies 7,663 Quries 5,450 Quries 6,160 Curies
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TABLE 3.6

PERCENTAGE OF LOW LEVEL RADI CACTI VE WASTE SH PPED FROM
NORTH CARCLI NA TO OPERATI NG COMVERCI AL DI SPOSAL SI TES

(by Vol une)
Di sposal Site Location 1979 1980 1981 1982 1983
Barnwel |, South Carolina 97 88 92 69 79
Beatty, Nevada 0 9 0 0 0
Ri chl and, Washi ngton 3 3 8 31 21
Total Percentage 100 100 100 100 100

FiRg\ure 3.1 PERCENTACE OF LOWLEVEL RAD CT E V\AS RECEI VED
AT CPERATING COWERCI AL SI TES FROM UNI'TED STATES (1979 - 1983, by Vol une)

100 r

------- Bar nwel |
------- Ri chl and
80
s e Beatty
A 60
uJ
O 40
Ccr
LU
Q
20

1979 1080 1981 1082 1983
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Figure 3.2: PERCENTAGE OF LOW LEVEL RADI QACTI VE WASTE RECEI VED
AT OPERATI NG COMMERCI AL SI TES FROM NORTH CARCLI NA (1979 - 1983, by Vol une)
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4.0 CURRENT STATUS OF SHALLOW LAND BURI AL OF LOW LEVEL RADI QACTI VE WASTE

Various forms of shallow land burial are being practiced at the three operating
comrerci al disposal sites. ldeally, sites are selected in areas with
substantial |ayers of |oam dust, clay and congl onerates. Areas containing
| arge amounts of gravel or coarse-grained sand are not suitable. The
continuous water table should be at a m ninal deBth of 5 meters below the
surface of the terrain and soil permeability should be within the range of 10
to 10" neters per second. Conditions such as these represent a sufficient
unsaturated |ayer where precipitation and groundwater cannot intermningle.
Areas receiving limted rainfall are favorable al so.

Basi c shallow | and burial consists of the excavation of a trench into which
| ow-| evel radioactive waste |Is placed and covered. Trench di nensions depend on
the formand vol ume of waste disposed. Transport and handling equi pment Is
installed on the periphery of the trench or travels across it. In the forner
case, the width of the trench should be such as to allow the armof the filling
crane to reach easily beyond the |ongitudinal axis of the trench. The
transverse parameters of the trench depend on the soil |oad-bearing ability and

on the stability of the banks of the trench to secure safe transport, handling
and operation.

The dinmensions of the trench nust be optimzed. Relatively narrow trenches
have a hI?h proportion of unused space. Broad trenches do not al |l ow adequate
control or deposited materials in the mddle part of the trench. The depth of
the trench is governed by 1?_the necessary_helght of the trench bed above the
water table, 2) the possibility of deﬁ95| ing mterials in layers, and 3) the
econom ¢ utilization of filling machinery and handling efficiency. Trench
wdthis governed by 1) the reach of the filling equipment” and 2) theefficient

use of trench space.

Waste in 55 qallon druns or special containers is placed in the trench. The
trench is filled gradually with each |ayer of deposited waste so as to fill the
whol e of the storage space. Upon conpletion, the deposited material is covered
with earth and the earthfl|| is conpacted and graded. The earthflll may also
be covered with a layer of Insulating material, such as clay, and capped with a

thin layer of earth and planted with turf. An underdraln or peripheral
drai nage” system nay al so be used.

4.1 Siting Restrictions

As inplied previously in this section, the siting of a shallow |and buri al
facility involves the selection of a location with suitable characteristics for

g@ﬁ%ﬁrgggggig[.Sghose characteristics can be summarized in the fol | ow ng

- Geography
- Met eor ol ogy

- Hydrol ogy
- Ceol ogy
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SJuMvr L nn

4.1.1 Ceography

Terrains located at altitudes between 200 and 600 neters above sea |evel are
very suitable. Terrains at altitudes of up to 200 neters above sea level w |I
be generally suitable In so far as the locality I's not In t elPrommtn%

medi'um si zed or powerful water courses or water reservoir, which_usuall ans
that there Is a lowland aluvlitmwith a high water table. Terrai ns W th
al titudes between 600 and 800 neters are Iess suitable as they abound in steep
sl op es aI ong rivulets and streams wth extensive groundwater circulation.

t|tg reater than 800 meters combined with areas wth a gradient of nore
percent are excluded.

4.1.2 Meteorol ogy

Met eorol ogi cal factors are very inportant in selecting a suitable site.
Suitable climtic condltlons and anount of precipitation falling in a
prospectlve area are crucl al

Climtic paraneters include the avera e annual terrperature maxi num and m ni num
tenperature deviations, u er o ays Per annum wi th SBQW cover, and Ve
nunber of dayS per annum nBera ure drogs bel 0 Less sui table
areas are those wth lar ete eratur fluctuatjo (?r e number of da S per
annum wi th tenperatures 61 oW 0° C and |arge nunber o ' days per annumw th snow

Concerning precipitation, the [ower the |evel of prec:|p|tat|on in anK
Frospectlve area, the nore suitable it is for waste disposal. Areas wit

g\\//eellss rlmefshatveartloob% g\g%ggsegf precipitation per year are desired, but higher

4. 1.3 Hydrol ogy

Prospective sites in close proximty to drinking water reservoirs, and rivers
are unsuitable. The absence of surface water-bearing conditions is desired,
Areas with exten5|ve circulatjon of groundwater and a high permeability of
rocks are unsmtabl The velocity of the flow of groundvxater IS closely

lI<<ed to tbe Qerneabmty of rocks. A slow flow of groundwater indicates |ow

! per meabi

CGeol ogical formatjons of a sjte Inmpact significantly on the ability to prevent

the mgration of radloact|ve material “into areas surroundl the site.
Suitabi'e materials for that purpose are 1d clays for thelr sor o t|o
roperties, 2) .chernozemc soil SOMe acj s0i | s, and 4) weat here
ock. Les su1‘ab| are p udogleylc S0l | bromn SOIJ d ollc apd
I Iner|zed soi[s. Sands, 'slates; gravel, cal'careous soils a nns a
gneous rockKs are unsuita le.

4.2 Probl enrs Encountered

o

(S)‘ the six established comercial shallow land hurial sites In the Un t ed
ate

tates, three have been closed The site at Shefkleld ||||n0|s W%S Sﬁ
when a license amendment request to open new trenches was not granted and the

4-2
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%ﬂst of condu |ona| dro eok oql ¢ |nvest hecane h tive.
e SI es a re ea Vaxe ats e tuck P ey 0 \\er e
bot h c ose en radioactive materials vver ound on Ltrface of these
sites. This contamnation resulted fromthe follow ng processes

- the trenches had been constructed over inpervious strata;
- tphee”gé)brlrsatructron of the trenches caused the surface to becone

- stormwater infiltrated into the trenches;

- water accumrl ated in the trenches and becarre cont ami nat ed by the waste;

- vertjcal mgaratron of the contamnated water carried the contanination
to the surf

- Iateral mogjrat |don of the contam nated water carried the contam nation

0 areas t he

As a resul ese conditians dial actions.were necessary to reduce the
potentral or othsrte mgration of mheradroactrvr vt

tnese sites now K gurr cor e ve Teasur s de deconnrssronrng to some extent.
e plan tor such dctivities involves the tollowng steps:

- the ater |'s punped fromthe trenches to reduce the potential for
- the vnge Strs Brocessed with evaporators to reduce the quantities that
- the goncentrate and sludge are solidified and buried in another
gernanent drarnaqe 3y ystemwit h ||ned channel s is being constructed to
convey surface wat omthe sit
plastic nenbranes are being used to cover the trenches to reduce
rnfrltratron and the quantity of water that must be removed fromthe

- after punmping, the trenches will be allowed to stabilize; and
- pgrimnent intrusion barriers will be installed after the trenches

IS obv o at | es canno contin e 0 meet design objecti e e cos

| that f t_cont t d bj ectjves, th

of custodi c re nin a rpetual care w'l| be

er er en e i { sha ow an urr ac res na es it nrse o e J er

alternat| e 1 Sposa srca s ate of wast

| npr ov e the e opnen and r Ie ron of new fe era ons
e, 0 r o rcal to assu t o
encount ered | n n uc can b repeated at e |tes ver
|1 nust be s ate that he ro ens ocunen ted were site s ic and woul d not
e nec essarr y applic ab other s

e el B Rl S

e e IS e R SRR
Htaflohwﬁ erurrYa\? rfsr nebd fo gucethern rlnP ron?dg b fﬁ
P e%ch gltrehcvma A fl uoP Qr nggts all?ow | arna |bounrurcalI nake use oF

concrete ||ners Int ace Of ast| | Ners.
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4.3. Future Capacity

Prior to outlining the estimted future capacity of the three operat|nP shal | ow
land burial facilities. It Is Inportant_to review the total volune and
radi oactivity content burled to-date. Table 4.1 QR f. 13) provides an
account i ng of the total volume of waste burial at the three operating shal | ow
land burral facilities through 1984. Table 4.2 (Ref. 13 %|ves the total
radioactivity content burial at"the three commercial sites thro

TABLE 4.1

TOTAL VOLOME OF LOWLEVEL RADI OACTI VE WASTE BURI ED
AT THE THREE OPERATI NG COMVERCI AL DI SPOSAL Sl TES
CDMDLATI VE THROUGH 1984

Site Total Vol une First Year of Operation

Barnwel |, South Carolin?44965%g.436E-K)6 ftn 1971

Beatty, Nevada 3, 437E+06 ftn 1962
(9. 83E+04

Ri chl and, washlngt?9285&§§+06 ft"N 1965
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TABLE 4. 2

TOTAL RADI OACTI VI TY CONTENT OF LOMLEVEL RADI QACTI VE WASTE
BDRI ED AT THE THREE OPERATI NG COMMERCI AL DI SPOSAL SI TES
CDMVDLATI VE THROUGH 1984

Speci al
Nucl ear Sour ce
Site Mat eri al Mat eri al O her
Barnwel |, South Carolina 4028. 74 | bs 12.53E-K) 6 | bs 2. 91E+06 Curi es
(2014. 37 kgq) (5. 695E+06 kg)
Beatty, Nevada 497.596 |bs” 1. 71E406 | bs 0. 45E+06 Curi es
(226. 18 kg) (7. 77E+05 kg)
Rl chl and, Washi ngton 297.33 1 bs® 9. 80E-K) 6 | bs 1. 41E+06 Curi es
(135. 15 kg) (4. 455E+06 Kg)

A) No Pl utonium
B) Includes Pl utonium

As | cg ted, Farnmell has received and burled the w% ority of the waste volune

ndi
?ﬂg Eﬁg}t C géty ontentto- date, despite the fact that it has been operating
;l-ﬁytehrllee3 o(plgerfatl ng s !’:l}llegw dtha ?amP saval |abl e capacity at tuo of
TABLE 4. 3

PRQJIECTED FDTDRE AVAI LABLE CAPACI TY OP
COMMVERCI AL DI SPOSAL SI TES FROM 1985

- Fut ur e
Site Avai | abl e Capacity
Barnwel |, South Carolina Eé }&08 ft/\
Beatty, Nevada 2.5-3.0E+06 ft-
(7.14-8.57E+04 )
R chl and, Washington I nformati on not avail abl e
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tse the émcr}ber of years.it wll take to exr ust

h 1S verg fficult to es
rohe ted ca Clt Ite. andén |t|c factors a? as
e
d.
t

t
Cont atjon , coﬁ orce ea r? closin ition site longevit
IS a Phnctlon e rate at which was S burl Ptahas been estimated tha

te
al] existin moalma tme erating comercial sites w|l
exdau ted tﬂ ﬁ13 1990' % R 11 ) Th |% pro eCtion IS %ased ugon a falr?
signi |cant |ncrease in waste generation over th next several year

4. 4 Cost

cost of cons ruct| and operat|n a shalJow land burial facility i

0 S an be on e end on a er,0 actors su h a 1) geogra

ocation of t e SI 0 pert va ues 3 UI [ cOsts, an
ead|n enerate one gd[es 0S

ano
S|n fe 'S he total ¢
gbw desbur|a| andexpectltt evalidlIn U|ta|ear as of t

e my Sta fe o} Nalne conduct ed a st d Jo determ % the cost o a sml
ow | an bur|aI ac in the area, |c |v%% an I ndication
e anount of doIIa[F needed f Qe%% |c need 0 cubic Teet,
naX|nun1capaC|ty annual 'y for a per|od 0 years)

Costs were divided into four basic categories as folloms.

1) pre-constructlon,
2) construction,

3) operation, and
4) site closure.

Pre-construct|on cost was estimted to be betdeen 4,0 and 4.9 n1|||on dol | ars.

Thi's Incl.uded such th|ngs as the costs of site selection, site characteriza-
IIOH envi ronment al | Mpa t statement and |cenS|ng

Construction cost was estimted to be between 724 and 898 thousand dol | ars.
This primrily I'ncluded facility construction.

8per ating cost das es J mat ed to be betmee a naxinuqd 1.57 and 2,33 mlion
0 Iare ann al | ncl aho al

d hi s h ud e suc I ngs as [ aqd enV|ronnenH
moni torin ncl ded In the oye ra otaI was an estinate of an addjtional 4
|||on ollars for the use of tech l%Hes to P aven t radionuclide maqration,

ese techniques include grouting and multilayered capping of the trenches.

JhFF§r§°de%%dsr\q“%ft%Eﬁa| o e Pacth gaé’p”r"n”caﬂ%' ot s 8
a faci| e larger the bur|al cap aedty Preﬁter he eons ructlon
operation a aNd site o Dsure cost dreate e overall cost to an

Fable %a éf%f 12 n%ﬁa r|ée2

curren €S 0

d CO [
[Om 1

eratl

s 0 of t nunbe{ of dollars per cgb|c
g |na My e Tigures as o posed 1

d
g
ng cormercla
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TABLE 4.4

COVPARI SON OF ACTUAL AND PRQIECTED CCST TO
CENERATORS FOR THE DI SPOSAL OF LOW LEVEL
RADI OACTI VE WASTE BT SHALLOW LAND BDRI AL

(by Vol une)
Site Cost
Barnwel |, South Carolina $24.90 per cubic foot
Beatty, Nevada $17.85 per cubic foot
R chl and, Washi ngton $21.76 per cubic foot
Mai ne (Ref. 12) $44.00 per cubic foot

Th se fi ures reRresent ba3|c c arges, which do not include addhtlonal taﬁes
aﬂ sur es t an ra lodct | it ﬂ content. [t can be theorized

f F et we ro ected lg re (Mine), an actual CoSt S, occur
becaus t e re uctlo over C p% | ”g

ty t the rotecte S|t
gose oper at |ng sites an the en t t he opera |Qg 8
X t stence. Lawer pre- con ry ?t on g UFE uct | n 0sts Were |ncurre

f
ree operattng I'tes were placed 1n service.
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5.0 MN'M ZATI ON OF LOW LEVEL RADI OACTI VE WASTE

Wien considering the overal | problems and controversy surrounding the fina

disposition of |'owlevel radioactive waste, the application of volune reduction
techni ques prior to disposal becones more and nore Inportant. It |s desirable
to decrease the volume of |owlevel waste requiring disposal to a level as |ow

as ﬁossible. The information presented in this section describes how that goa
m ght be acconpli shed.

5.1 Prevention

The vol ume of |owlevel radioactive waste requiring disposal can be reduced by
(a) decreasing the rate of generation, and (b) réducing the volume of waste
after generatjon. Prevention™falls within the Confines of the first approach.
The four basic concepts of prevention can be summarized in the follow ng

5.1.1 Design and Engi neering

The design and engineering features of use areas should be considered early in
the conceptualization and planning phases of radioisotope utilization.
Significant reduction In waste generation can be realized by deS|gn|n?
facilities and purchasing equipnent ained at isolating contam nated, ye
reusable, itenms. Also, the operation of equipnent according to specifications
and the identification of aging or out-of-date facilities and equi pment can

1
ead to v!/aste r ction.
5.1.2 Qperation and Mi ntenance

Day to day operating and maintenance procedures can dictate the generation of
| ow| evel “radioactive waste in many Instances. Adequate training prograns and
nonradi oactive "mockups" help perSonnel feel nore confident when pérform ng
tasks, thereby helping to prevent accidents and waste generation. Routing
Prevent|ve mai ntenance s a | ogical method to reduce unexpected equi pment

ilure while working with radiodctive material and it helps to extendcihe life
of the equi pment.

5.1. 3 Decont an nati on

Wien requjred, the proper selectjon and use of decontam nation methods can he
reduce the generation of |owlevel waste by mnimzin the(Pr%Fuctlon 0
I

secondary waste and all owi ng reuse of contam nated equi pment |%§QS&| a
nonradi oact1ve waste. Pronpt 1dentification, collection and isolation o
contamnated material s and equi pment can reduce the spread of contampation to
other areas. Decontam nation agents shoul d be selected on the basis of maxinum
radi oactive material renoved per volune of agent used.

5.1.4 Admi ni s t ratlve

reduce volume. Strjct

The doc nentatloa of a QqPrenen3|¥F waste prevention
study the ?roce ures . which have been inplemented t

enfor.cement of admnistrative con\rols |'S necessary in order }0 M| m.ze
ben%fl d}s romthe volume yeduction plan. The correct %plwaﬂong prevention
met hods requl res continuous managenment overview, n addition, the

(Plan al | ows personpel. to
[

5-1
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5.2 Vol une Reducti on

AR 0L A Lk 0 A gt e qnertion can b

g Pre-treatment (segregation, sortrng, shreddi ng)

Treat frlraron evapor at | conpactlon, . Incineration, Size
8ucron |Jregcé3| p brjrzatro soardrflc on)

n
reuatlon ofr mnrmsg | evel

d% Storage for-decay

Incineration is discussed in detail in Section 6 of this report.

5.2.1 Pre-Treat ment

General. | ow|evel radioactive te consists of many materials, bo
conbustrb e an noncon%ustrble Cvr\rlan%l#]strble soﬁrds con sryst 0& avarlety
|temssc ras astrcseetrnvge protectr Ioh . glov
rubbers % ndfr e cartridges, aﬁ Some partia g ontiust |
tens suc i clency particul a earr fllt { ecFe

r anes. Tenonco usrbe ort| ncnsrstsllypr al | nefa, glassvvare
80nstruct|on and |nsu ating mfer ?s net al -encased HE 'térs, spall

|

|

I scard equr pnent oI , |Ite s and ot her nechani cal devr ces. Pre-

treatment o s c or chem Rrocgsses necessar tﬂ
1, clu eration

Ste, the
repare wastevfﬁor [ r re rr§ [ drsoa uc
S egregatr on, SOI’pI ng, )z/;\n Sﬁ re gl ng. 10hese VPES]T are out |ned dS P F
5.2.1.1 Segregation

Se regat on |s acco ||shed rrnerrlyb the esr natron of specr |c ste
rnes 0r Speci at eqor| ste. er 0 at
| me of wa ene |on ntalners can ahe edr acc ance
nonconbd n\J |de shor Oncqnenlr\r/:% radi onucl |des CO le or

toxicrty. Steg(reegzsl:tl|aoSnS n%y enconpass any or al Phh?e a ovse ate, an Chem cal

'[rhﬁ sern |oneof noofnraqroac (\e/ gro(r)nth radrr%a%nﬁeoe ! ngs oflg\nsn |s%

3prpsc ee/nrn tu I eer ne \hhalc\h %nenlts alrgpra “ ve

h reno ro |a rarar e |on me |o h as

er I\/hel er surve nstruments, can her nor e

orternsrune onrsasoa ale or us T| screenr S

nn |MIe COﬂ nae t ene ercbeaa amraem N

[ d| ohuc) e, e re atron Créening ca done nua e c s
ol J.arqe, generators, a mechani ca eV| ceé can be put 0 use
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5.2.1.2 Sorting

IS the sinplest method of segregating mxed waste |nto onents that ar
amenabl e to treatnent by a part cular technol ogy.. Hand so ting is used to
assure separatlon of conpact|bl'e from nonconpactible or combustible from
nonconbust| bl e, as well as material deleterjous to the operation of volune
reductjon equipnment. It is also used to iden |f¥ remove hazardous
materials (e.d., pyrophoric or explosive substances) fromthe waste stream

It is generall desirable to segrePate and sort solid waste Into conpustible
and nonconbust bIe fractions. Folow ng suitable retreatnent combusti bl e
waste can be conbusted, decontannated, conpacted or packaged. Simlarly,
nonconbust | bl e waste nay be treated using methods whi ch will be discussed later
Inthis report. The categories Into which wastes are sorted wll be determned
by whatever primary treatment options are avall abl e for use.

The separation of solid fromwet waste Is also an inportant sorting process.

Wet waste consists mainly of aqueous solutions and slurries, €vaporator
concentrates, spent den nerallzer resins, f||ter sl udges and organi ¢ chemcal s,
ol |s and solvents. Treatment options for wet waste range fromsinple

filtration to high tenperature drying techniques.

Sorting is con3|dered to be the a;gltcatlon of waste segre atton Hand sortin

5.2.1.3 Shredding

Potentially combustible waste materials can_be shredded to produce sm

for subsequent treatment or disposal. The principal types of shre
equi pent _are knife cutters, hamernills, and varjatiors or conbina
g W

thereof . These devices have the capacity of crushing or shred?|n

gegggetggh(nkthe:;eqU|red obj ective. Vol ume”reduction factors of

5.2.2 Treat nent

The treatment of |ow|evel radioactive waste has evolved with the Increased

utilization of radioactive material in science, nedicine and Industry.
Treatment is de3|qned to vol unetrlcal 'y reduce waste and | nprove the waste form

Lo restrict nobi Ly during transport fo a final disposal site. The most
comon treat ment rmde are outlined as fol

5.2.2.1 Filtration

F||trat|on IS the most commonly used nethod for the rennval of radioactjve

Parttcu ates fromliquid waste. In fuel cg e acilities, filtration
echniques are a very | ortant conponent ot overal maste treat ment (Ref 2).

ttI clency_parficulate filters can be used as SI ¢ vin
a?ttculates ytﬁ ttltereg partlculates are then ?nc?udecFE ﬁt the PDIteg
dia as so | d EtF lon exch an e and reverse osposis are exanmples of nore
advanced forns of filtration. |on exchange Invo ves the renmoval . of |on|c

speﬁles pr|n0|pally |nor$hn|c fro aquous ste. The process consists of an

xchan ons het ween a sqlid matrix conponent conéatptng
ond Seepo ar groups. The exc angers can be regenerated or di$pose
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Reyerse osnosis | nvolve. remving a || |d tion by passing th
sol ution through a devrcen? nbrane [ hen} nh h re wy ethe got 8

Nn
) onents Inc udrn% drssplved solrds he ext pore size used
¢ arates th | eg Lom basj ¢ filtr tron ntrol of pressure,
erature, an e used to enhance s ep atron

5.2.2.2 Evaporation

Evapora ?n IS considered to be the npst W d?Ly used t echp npe for reduchn the

vol'ume of liquid radioactive waste in fuel cy clg acllities

oration, FO ut|on or S urr |s concentrateg y porr% I ng y

so ent, normally water. eva Aor consi sts bas ca} of a evr e

transter heat to the sol ution an evrce 1o separate the vap r an | T qui

8 ase. \a ||qurd separation s the nns |np rt p or Int ppera | on
an eva orator vaporators can separate wate fronrso | ds very ectrve Z
and entantgatron actor of 10 t'o 10 can b e expected fronta | ngl e phas

opera I on

5.2.2.3 Conpaction

Cb action consrsts of ¢ npressrng surtable ry nast e |ni SR IIer volu s. A
actor Includes a hydraulic of mech anrc | drive, a g te ase p ate

str ctural supports, runrposrtronrng\p ormand & control pane Vste 1S

paded Into a drumand the unit I's activated by br ngr ng.t he l.aten down onfo
the waste | the drum The platen |s rarsed, the drumis re ||Ied and he

Rr cess IS then repea ted, Th rcally 8 %r?ssg es ran 8 from30 to 15R
ependr feductro tors re urre e ense 1.tens, suc

Core e sub tances and stes containing free-

XP1 QS|
are not SUIFE& or conpact 1 on.

stgarqgr ng i th

Fb ?ctron IS an Inportant co o ent of volume reduction in non- tueJ cycle
acl I 1ties. Conpaction In 55- ndruns Is éhe most conmon appl i cation
| oug s erconpactors are n w erng ronot e Hperconpactors co %
ca tonnage co to ﬁ are’s stens whi ch process wast e by

pressure c actron tg a ? er net vol une reduct i on. Conpactron orc S
Qf several hundre S o ons t ho san S o fons nay p

S erconpa oS cap QUC% hp vol une 8 E act p
a roxrnate gRe hey have e n used in Euro or agproxrnate y
: fth”t‘e GaLS, a2 : oL e1e) "o ety S“hg'sttr Tﬁeseéo aht’a“ a
&esel ? nﬁfer Servr ce n%tfl eﬁb%f ?tre rnan and abrtag

e ot B0 ol 1T et b

sprtals Xnd researc

The }500 on r ting of both machines was deternrnpd as a result of research and
deve opnent ef orts desrgne to 0 trntze ress forces refative to the vol une
reduction achjeved for the type o ste processed. The GNS "FAKIR
superponpactor B bernP TR eted Inth e Un; t ed ates by represent tives based
in Atlanta. Stock ment npany grrn Chlo, Is licensed to
manufacture and marke the Font|jne superconpactor in the United States.
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The Fontljne superconpactor, showed In Figure 5.1, has been specifically
desi gned to conpact 55-gallon D.O T. 17H druns containing dry active waste.
Desi gn and construction of the conmpaction press allows for It to be operated In
an enclosure with renote controls. The principle of design Is for a 40 year
[ife with m ni mum nmai ntenance requirenents. The follow ng basic conmponents are
requi red for the operation of the superconpactor

1) Press - Wl ded base
Wel ded crown with main cylinder
Wel ded press nold with guides
Wel ded pl unger-construction with guides
Gui de columms for the nold and pl unger

2) Hydraulic system - Hydralic fluid reservoir

Punmp and not or
G|l cool er

3) Press | oader

4) Drum piercing system
5) Drum unl oader

6) | nfeed conveyor

The main cylinder is nounted in the crown of the press. The total cycle for
conpaction of a drumtakes about two minutes. The drumis conpacted within a
nold, fitted with an Interchangeable Iining. The press nold is mounted to the
crown of the press and actuated by two doubl e-acting cylinders. Wien the press
mold is lowered around the drum it seats over a round hardened pressplate
which is mounted to the base of the press. This fornms a cl osed chanber for
conpacting the drum The waste is then pressed into pellets which can be
packaged into 83 gallon druns. The dinmensions of the press are as follows:

Press capacity 1500 tons

Thr oughput capacity 30 druns per hour
Press stroke 39 inches

Hei ght 236 i nches

Base di nensi ons 6 feet by 6 feet
Wi ght 40 tons

During operations, the conmpacting process can be perforned under negative
pressure, with the effluent air being vented through high efficiency
particulate filters or inpregnated charcoal filters. The prevention of the

rel ease of radioactive particulates is the major concern. The possibility of
rel eases should be m ni nmal .
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Figure 5.1

Mechani cal Conponents of a Fontlgne Superconpact or

Mai n Cylinder

Auxiliary Cylinder O

Mai n Cyli nder

L2J
Primary Piston ¢«—

CGui de Colum -

Waste Drum "

Press Base*-
S ¢

Sour ce: Proceedi ngs on Incineration of Low Level Radioactive Wast e,
Ari zona, March 1985

Tucson,
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5.2.2.4 Size Reduction

Mechani cal di sassenbly of contam nated equi pment is the main constituent of
size reduction of |owlevel radioactive waste. Dismantling reduces the vol ume

of waste and sinplifies handling. Shearing, cutting, and torching can be
vi abl e means of size reduction.

Si ze reduction operations are applied to equipment too large to transport

directlg. These operations tend to be time-consumng and costly. Typically,
size reduction is used only when required.

5.2.2.5 Melting/Casting

Mel t down and casting of contam nated equi pment, after decontamination or size
reduction, are treatment options not tully devel oped. Like size reduction,
these operations are costly and are not S|?n|f|gant_contr|butors to the overal
vol ume reduction effort In the mayjority of facilities. The process of melting
Incorporates the radioactive material into the mtrix of the metal where it is
| mobi i zed. The process is considered to be an Inportant element in future
decommi ssioning of large fuel-cycle facilities.

5.2.2.6 Inmmobilization/Solidification

The objective of waste inmmobilization/solidificationis to convert general or
pretreated liquid waste or incinerator ash into a stable formto mnimze the
potential for release of radioactive material to the environnent durln%
storage, transport and final disposal. Imobilizing or absorption nedia, suc

as vermcul lte or dl atomaceous earth, have been used to stabilize |iquid waste

Solidification agents, such as cement or pol yners, have been used to contain
other waste in a solid, stable form The solidification of waste requires a
certain amount of tinme for the solidification agent to harden after the
introduction of the liquid waste to the solidification nmedia. Commercial
di sposal facilities require a certain amunt of inmmobilization or
solidification of liquid waste prior to accepting it for final disposal

5.2.3 Deregulation or de mnims Levels

Various concentrations of waste generated in non-fuel cycle facilities (e.qg.
institutional) have been deregul ated or exenpted from disposal requirenents.
In the medical commnity, excreta from patients undergoing treatments that
require the admnistration of radioactivity is exenpted from di sposa
regul ations. Also, hospital l|aboratories utilizing certain radioactive
materials manufactured and distributed for in vitro testing purposes, wthin a
guantlt specified by state and federal regulations, are exenpted from waste
i sposal requirements. In institutions Involved in nedical or bloresearch
there is now an exenption for liquid scintillation media and ani mal carcasses
containing 0.05 mcrocurle or less of C14, H3, and 1-125 per gramof media.
This material can be disposed of without regard to Its radioactivity provided
the generator I's able to measure and docunent that the waste does not exceed
the maxi mum concentration [imts. The U.S. Nuclear Regulatory Comm ssion has
amended 10 CFR 20 "Standards for Protection Against Radiation" to allow
licensees the ability to apply for, and obtain, NRC approval to dispose of
residual thoriumor uranium(as natural ores or without daughters present) at
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specific concentration lints in a manner specified by 10 CFR 20.302. Finally,
state and federal regulations allowthe release of small quantities of specific

radi onuclides to the“air and sewer.

Der egul ati on has not been advocated as a principal neans of |owlevel
radi oactive waste volune reduction. It has been debated whether or not the

introduction of the deregulated radionuclides into the environment poses a risk
to the general popul ation.

5.2.4 Storage-For-Decay

At institutions, particularly medical, using short-lived radionuclides, the
waste can be held at the facility until radiation |evels reach background.
Short-lived radionuclides are considered to be those which have a half-life of
| ess than 60 days. Once it has been determ ned that waste has reached
background radiation levels, the waste can be di sposed of as municipal trash.
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6. O | NCI NERATI ON

Incineration has been devel oped and used over a number of years as a means of
treatment for various types of waste material. Only in recent years has
incineration been applied as a process to reduce the volune of radioactive
waste. For the purposes of this report, an incinerator is considered to be any
engi neered device used to thermally deconpose | ow|evel radioactive waste

mat eri al .

Nurrer ous types of furnaces are used for Incineration. They range from single-
chamber systens to conplex multi-chanber units. They are classified according
to shape (open pit or nultiple chamber), the amount of air used (controlled air
or excess air) and to noving parts (rotary or moving grate). The exanples
given are jUSt an illustration of incinerator classification. They do not
represent a conplete list of all the incinerator technol ogies avail able.

The necessary conditions for achieving conplete combustion in any incinerator
are 1) adequate residence time; 2) adequate tenperature (to pronote conplete
conbustion); 3) turbulence (to pronote good mixing); and 4) sufficient oxygen

Probl em areas have included warping of construction materials. |nconplete
combustion (leading to excess carbon in the ash which creates problens for the
of f-gas clean-up systen, clogging, fires outside the conbustion chanber.
| nadequat e ash handling and corrosion Sparticularly i f sulfur or hal ogen-
cont ai ni ng conmpounds are part of the waste).

6.1 Application

A description of waste forns suitable for incineration can be summarized as

foll ows:

a) Non-fuel cycle, solid waste

- Biological (animl carcasses, excreta, bedding, tissue, etc.)
- Dry (syringes, tubes, paper, gloves, etc.)

b) Non-fuel cycle, liquid waste

- Liquid scintillation (fluids and vials)
- Oganic (alcohols, ketones, acids)

c) Fuel cycle, solid waste
Dry (cloth, paper, plastic, rubber, wood, filters)

d) Fuel cycle, liquid waste

- Aqueous (solutions, slurries, concentrates, sludges)
- Organic (chemcals, oils, solvents, dem nerallzer resins).

Sel ection of a particular incinerator technol ogy depends on the type of waste
to be Incinerated. Newer technologies tend to Include additional special
requirenents for scintillation and aqueous waste with such nodifications as

I|qU|d |nlect|on and special refractories. Typical fuels are fuel-oil and

di esel


NEATPAGEINFO:id=490B72B3-28EB-443E-A46B-B40A9294FD6B


6.2 Technol ogy Devel opnent

The primary processes of incineration are (a) waste preparation and feed, (D)
conbustion, and (c) off-gas treatnent and clean-up. Secondary Brocesses are
(a) ash generation, (b) secondary waste generation &e.g. scrubber/ quenchi ng
liquid, filtration devices) and, (c) off-?as effluent generation. Technol ogy
devel opnent is dePendenj upon the_type of conbustion chanber or conbustion
process used. The following is a briet description of the various technol ogies
considered to be applicable to the incineration of |owlevel radioactive waste.

6.2.1 Acid-Digestion

Shredded solid wastes %mﬁth the exception of teflon and HEPA filters) and
liquid waste (except hL% |y volatile liquids) are fed onto a shall ow tray where
they come in contact with nitric acid and recirculating sulfuric acid which is
air-lifted froma heated reservoir. Conbustible wastes are converted to
9aseous grgducls (Clo, Hh, HC Fnd sul faf reSI8PFS by digestion In H2S0" gt

30.t0 250° Cin the presence oy ANCB oxi dant. .(Ff-0as |tre tnent s fequired.

Residue 1s in the formof a dry salt cake, primarily Inorganic sulfates and
oxi des. Gaseous effluents contain NaCl and small anpbunts of nitrate and

sul fate conpounds. Operating capacity has been rated at 5 kilogranms/hr.

6.2.2 Agitated Hearth

An agitated hearth Incinerator devel oped by Environtech, Inc., San Mateo,
California has been tested in a pilot programw th non-radioactive waste (Ref.
7%. The plant processed approximately 4 Kilograms/hr of waste, primarily from
the nuclear Industry. A Iar?er unit, with a capacity of 70 kg/hr, is planned
by Environtech. The unit will be designed to treat m xed radioactive waste.
This formof incinerator technology is proposed to be used at Rocky Flats to
process |ow acthvity waste containing |ess than 0.02 gramof plutonlum per gram

of waste nmterial.

The Rocky Flats agitated hearth Is a stationary, refractory |ined steel
circular vessel 2.6 neters in dianmeter by 4.6 meters high with rotating 'rabble
arnms (Ref. 7). The rabble arms tunble the waste through the conbustion zone
and push the ‘accumul ated ash to the output port.

Wastes are processed through the Incinerator on a batch basis using a sem -
continuous feed, The Incinerator is oil-fired and is operated at a tenperature
of 600 to 800° C. CGases and fly ash are conbusted In an after burner, operated
at 1,000° C. Process effluents are combustion gases and spent al kaline scrub

sol uti on.

6.2.3 Controlled-Air

Controlled-alr incinerators use the concept of nultiple chanber burning to
achi eve conpl ete conbustion of solid waste. Waste 1s fed into the first
chamber where it is burned in the presence of substolchionetrlc quantities of
air. The products of partial oxidation and volatization flowinto a,secondarr
combustion chanber where excess air provides conplete conbustion. This node o

operation produces a nonturbul ent combustion environnment In the first chanber
and mnimzes the entralnment of fly ash into the second chanber.
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Thi s technolo?y Is a popul ar one hecause of flexibility in accepting a wde
range of waste conpositions, ease of combustion rdate control, m ninum
particulate emssion due to |ow turbul ence in the primry conmbustion chanber
abi ity to tolerate relatlve|¥_h|gh level's of nonconbustibles, and the use of
of f-the-shel f technology resulting”in a relatively | ow cost system

The prjmary chamer i rate 00 to 800° C. The secondary chanber is
nor fl qﬁerate at,i,888 to ? §60§,8.,fhe Los Al anos Rbt|ona Eagorator
ngﬁatf 0 gﬂof the first controlled air incinerators. It has a capacity of 4

CIf-%Fs treatnent may be utilized. Effluents are combustion gases and
neutralized off-gas scrdbber sol ution.

6.2.4 Cyclone Drum

The c¢yclone drumincinerator burns waste in a vertical chanber with air formng
a SW rllnp motion in the burning chanber. The swirling air cools the outer
wal | s of the incinerator and provides intimte contact with the waste. The
conbustible materials may be hand |oaded into a stainless steel burning
chanber, or alternately a pre-loaded drummay be used as the burning chanber.
Thi's system provides effective conbustion, basic design, and |ow caprtal cost:

however , part|cuh?tes are normal |y present in the off-gas and waste is not
conpl etel y oxi di zed.

acity has peen rated at 14 to 19 kg/hr when operating on a batch basis usin
g?ﬁns Xd 31 ngﬁr when operating as g conxpnuou process. ’

?ﬁ%‘é’é‘ﬁnb& Il c}pré?z;t%rsma?f 19530%& and effluents consist of conbustion gases.

6.2.5 Fluidi zed- Bed

The fluidized-bed Incinerator is a vertical cylinder made of stainless stee

plates with a vee pbottom Two air distribution plates formthe sides of the
vee with a screw discharge conveyer formng the bottomof the vee. Shredded
waste i s introduced beneath the sirface of a fluldlzed bed of sodium carbonate
by a screw conpression feeder. The heated conbustion air Introduced at the
bottomof the bed agitates and causes the sodiiimcarbonate to act Iike a fluid.
This action | nprovés mxing and conbustion of the feed materjal. The salt bed
material helps stabilize'the tenperature pecause of its heat dissipation
properties and mass. It alsg provides in situ neutralization of the acidic
ggggppggts of the effluent. Thi's sinplifies the off-gas treatment system when

Design capacity is 80 kg/hr.

Resi due consist? of inert dry oxide aﬁr with dry salt powder. Effluents
gonsi st of acid-free conbustion gases. The compustor operates at 525 to 600°
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6.2.5 Molten-Salt

The conbustor Is an alumina brick-lined, cylindrical salt incinerator. The
nolten salt, sodiijmcarbonate, serves as a heat transfer nmediumand as a

neutralizing agent for acidic gases such as HCO and SO2 formed during
conbusti on. lten sodiumsulfate s al so added to the nolten bath and is used

to catal yze the conbustion reactions and to mninize the evolution of carbon
nonoxi de and vol atil e hydrocarbons. The conbusti ble wastes are burned with air

in this nmolten bath. I norganic products such as netallic oxides, ash, sodium
chl ori de and radi oactive naterial are retained in the nelt.

The off-gas clean up problens in the nolten salt process are considerably
sinplified due to the in-sltu neutralization of HO. A suppl enmental heat
source is required to maintain salt in nolten condition during short shutdowns.
Sodium chloride solid waste is generated with incinerator ash. Ash is
approxi mately 20 percent of the waste residue. Practically all radioactive
materials remain in the salt; however, there is a possibility of sone
radi oactive nmaterial mgration into the conbustor refractory lining

Conbusti on has been denonstrated in a pilot plant with a capacity feed of 50
ki | ograms per hour (Ref. 6).

Process effluents are nonacldl ¢ conbustion gases. Operating tenperature ranges
from 800 to 880° C

6.2.6 Pyrolysis (Controlled-Air)

A pilot nodel was built at the Savannah River Plant for test incineration of
wast es containing high specific activity contam nati on whi ch poses a serious
hazard (Ref. 7). A ceramic primary chanber is heated by electric heaters
located in the top of a chanber. The chanber has a "starved air" atnosphere.

The of f-gases then pass into an oxygen rich secondary chamber for conplete
conbusti on.

Primary and secondary combustion chanbers operate at 1,000° C
I nput capacity is 0.5 kil ograns per hour.

This incinerator is considered to be a conbination of the controll ed-air and
pyrol ysis process. Pyrolysis is the thermal deconposition of organic material
into solid, liquid and gaseous constituents, the amounts of each dependi ng upon
the conposition of waste and Incinerator operating conditions. Pyrolysis units
are simlar to controlled-air Incinerators, with the exception that in the

primary chanber the air supply is 25 to 35 percent of stoichionmetric, versus
75-plus percent for controlled air units.

Low anmounts of particulates are produced in the off-gas. There is a | onger
resi dence time for the burning of the off-gas in the secondary chanber. There

is a possibility of radioactivity mgration into the conbustor refractory
l'ining.
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6.2.7 Rotary-Kiln

The rotary-kiln incinerator is an inclined, horizontal cylindrical kiln (1,8
meters in dianmeter by 4.6 meters in length) rotating on its longitudinal axis
about 1 to 2 revolutions per mnute. The waste materials are fed by a ram
feeder to the upper end of the kiln. The rotary action of the kiln exposes
unburned material for combustion and causes the waste to move slowy in a
cascadi ng manner through the kiln. The combustion chanber operates on a two
chanber process. The primary chamber operates at 600 to 800° C at a residence
time of apprOX|nater one hour, The secondary chanmber operates at 1,000° C

with a residence tine of 5 seconds.

Capacity has been rated at about 40 kilograns per hour (Ref. 7). Ash is
cont|nuousH% removed fromthe system thereby n1n|n12|n?_rad|oaqt|V|ty
Inventory. The rotary kiln results in a shorter (efractory ife. It is also
vul nerabl'e to radioactivity mgration and build-up in the refractory |inings.

6.2.8 Slagging Pyrolysis

This incinerator is designed with a conical primary chanber. A burner is
directed downward fromthe apex of the cone. Waste material is fed froma ring
colum confined by an outer shel|. Plows attached to the outer shell force the
waste toward the center of the furnace floor. A hole in the floor provides an
outlet for the off-gases as well as the nolten slag. As the waste Is burned
and melted, a conbustion chanber is forned by the waste Itself. The slag
residue coats the entire combustion chanber and then drips into the quenching
pool below the hole In the floor. Added air is fed along the sides through the
waste for conbustion in the bottom chanmber. Between the slagged waste surface
and the waste supply are zones of pyrolysis and oxidation

ThenBrinary chamber operates at 1,500 to 1,600° C. The secondary (slagb
chamber operates at 1,100 to 1,200° C. Capacity has been rated at 1

kil ogranms per hour

This technol ogy was devel oped primarily for the incineration of waste
containing |arge anounts of glass and metal. Radioactive material is

Phy3|cally,or chemcally bonded in the glass or metal slag. Some control of
he waste ‘'m x nmust be maintained to ensure efficient conbustion.

Process effluents include corrosive off-gases.

6.3 Controlled-Air Incineration

Controlled-alr incinerators are of particular Interest because of their current
popul arity and high flexibility of Incinerating varying mxes of waste
material . Removing nonconbust!|bles (glass and metal) is optional. The read
availability of controlled-alr incinerator technology and conponents nake i

the most widely used technology, to date, for the incineration of |owlevel

radi oactive waste. The existinq technology is easily nodified for the
incineration of liquid waste as welT.

Thi s techgology Is currently used at academ c, nedical and research

institutions.
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Figure 6.1 gives a flowchart representation of the controlled-alr Incineration

process.

Figure 6.1
CONTROLLED - Al R I NCI NERATI ON FLOWNCHART
ATMOSPHERE
COVBUSTI BLE LOW OFF- GAS
LEVEL RADI QACTI VE ---> I NCI NERATI ON -> OFF- GAS
WASTE CLEAN- UP

ASH
SCRUB SOLUTI ON
ASH M
PACKAG NG
SCRUB
SOLUTI ON
RECYCLI NG

LOW LEVEL RADI OACTI VE
WASTE DI SPOSAL

LI QUI D WASTE
HOLDI NG TANK

6.3.1 Engi neering Concepts

The controlled-alr.Incineration(Froqess can be divided into five subsystens:
1? waste preparation and introduction, 2) actual incineration, %} of f %as
cfean up, 4) pneumatic ash transfer and 5) scrub solution recycle. Figure b.2
provi des an englneerlng schematic of this process. The primry process
consists of a two-staged, refractory-lined, natural gas-fired incinerator
conbined with a high-energy aqueous scrub solution and HEPA filter banks. An

i nduced-draft conflgyratlon mai ntai ns negative Internal pressure to Insure
radi oi sot ope cont al nirent .

Waste is prepared for incineration typically by placenent in cardboard boxes.

S Introduced into the incinerator by an enclosed ramfeeder. The top door

he feeder and the Inner door to the Incinerator are Interlocked to prevent
e flashback if both were opened at the same tine.
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The incinerator combustion unit design allows for a retention time of

approxi mately three hours in the primary chanber for conplete conbustion. A
| arge secondary combustion chanber provides extended retention for flue-gases.

Addrtional air mxing nozzles my be added in the secondary chanber to ensure
conpl ete combustion of flue-gases:

Exhaust fromthe incinerator secondary (upper) chamber, containing mnera
acids and a smal| anount of particulates, can be forced to pass through a
quench colum, venturl scrubber, packed col um and HEPA filters before rel ease
to the environnent, If _so desired. In the quench col um, exhaust gases are
cool ed from2,000 to 200° F by direct spray contact wth recycled scrub
sol ution. The cool ed gases then pass through a variable-throat venturl
desi gned to provide high turbul ence n1X|n? of the gas stream and provide
liqurd droplet control” with the scrub solution to renove nost remaining
particul ates. Residual mneral acids are removed fromthe gases by counter-
current contact with recycle scrub solution. A packed col um condenser removes
the bulk of the water vapor fromthe scrubbed gas stream Reheaters raise the
Eas tenperature to avoi d condensation and clogglng of the filtration system
inally the gas streamis passed through roughing and HEPA filters for fina
removal of par Jgglates and through inpregnated charcoal filters for removal of

t
radi oacti ve i odi

In a dry ash handlin ?%sten1 the ash is renoved by a pneumatic transfer system

whi ch gushes the ash through an outlet directly Into a drumor hopper to be
prepared for final disposal.

The use of scrub solutions is a wet nethod of obtaining off gas filtration.
Scrub solutions can consist of water or specially prepared chemcal solutions.
Fl ue-gases are mxed with atomzed water droplets. The water droplets collect
particul ates and dissolved gases. Caustic addition to scrub solution is an
effective method for acid gas neutralization. The scrub solution is
recirculated or recycled to mnimze the anount of solution needed for wet
filtration. This i's inportant because the scrub solution will absorb
radi oactive contamnants fromthe gas streamand nust be treated as |iquid
radi oactive waste. Scrub solution al'so cools the off gas effluent.

6.3.2 Effectiveness

Mass reduction and vol une reduction ratios of 10:1 and 40:1, reifectlvely Vier e
realized for incineration of a simulated design basis feed (35 percent
cel | ul osics, 23 percent polxethylene, 12 percent "PVC and 30 percent rupber
(Ref. 5). This nonradioactive test was cohducted at the Los Alanps Nationa
Laboratory (LANL) In 1979, prior to the Incineration of transuranlic waste.
Consequently, the LANL control led-alr Incinerator has operated at a desjgn feed
rate of 45 kqghr with good agreement between the nonradioactive and actua
radi oactive burns. To date, conmmercial controlled air incinerators for

radi oactive waste vol ume reduction are based on the technol ogy devel oped at
LANL. Thus, it can be assumed that the volume and mass reductions docunent ed

at LANL are being realized at other facilities using simlar technology,
assumng sirm Iar ste characteristics.
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6.3.3 Environnental | npact

For the purposes of this report the term "environmental inpact" is confined to
H % ogy | npact nan fr nrthe rel ease of radioactive materials
through the fluents 0 contro ed- Ir I nci nerators.

There |s significant data base regarding the rel ease of radioactive
mat eri al s e efivironment fromcontrol'ed air” Incinerators. There I's not a

conplete i | t of all incinerators in use inthe United States and abroad.
Consrderrng the of f-the-shelf avarlabrlrty of controlled-alr Incrnerator

technol ogy,” a strong case can be nape for assumn that the majority of t
Incineratdr's in use are of the controlled- aIr vari et

The federal government and medical /acaden ¢ |n?t|tut|ons ha%e been in the

forefront in using Incrneratron as a treatnen technology or |owlevel
radroactrve ste.” A study ssrone g the U.S. Department of Energ
attenpted to determne the types ncrnerat [S 1N use tht% medi cal / academ

the environnent
echnol ogi es were not
ve matefia

|
connunrty d the amount of radi oactivity being reIea?
|
y nonitor the

(Ref. 8). The study was not successful.”Incinerator
identified. I'n addition, actual releases of radioact
assessed. Mbst facilities included in the survey did not actua
amount of radjoactivity released. Instead they were able to demonstrate
conpliance wth state and federal maxinum permssible concentration [imts by
calculating concentration limts based upon everything incinerated, or
portion thereof, being released through the effluent Stack.

Idealhy é esrrable to have gperators of all anrnerators IncIudrn
control'l e calculate a radiation dose to humans In neares

unrestricted area and report it to applicable state or federal agencies for
anal ysi s, These results could then be collected and used to estimte the
radi ol ogical |mpact of the incineration of |owlevel radr oactrve wast e on
humans. “Cal cul ations woul d Involve 1) the determnation of the actrvrty

each radionuclide released to the environment and 2) the conversion of that
actjvity to a concentration and total dose at a certain distance fromthe

etafcerz(lztrstycanwbtehnsat(rirtaoree)grogsee(esrtorpnatae?ona calculation of radiological health

.—o-o—

\hen consi dering doses fromroutine releases of radioactivity such as those
tronrrncrnerators It 1S assumed that doses are sufficiently |ow that the only
heal th cts [ qurrrn consi deration are the stochastic effects q ?
sonatrc an hereditary effects). The most Inportant somat|c effect he

|nduct|on of cancer sone tine after exposure to radiation. This canoe( m tor
somatic

na% ﬂot dave a_fatal out cone A rrsg stimte oL i %5 x 10 cancgr% 0
(alrjr”err]etrescrlea]rty} pey ve]mdoge %tea h y exposure has been proposed based upon
an illustration, one acrlrty |ncrnerat|ng | ow| evel radioactive waste in
hbrth Carolina cal culate |nunr ecte 9 dose o% 0. 050 rent r. to
unrestricted areas surroun |ng acr & Ref. 14). This calculation was
based upon a worse case scenario ere the radi onuclides I'icensed to be
i ncinergted were combusted and the tot a1 radroa |vrty el eased through t he
st ack. Thrs IS a conservative approac and Intormtion IS now avail abl e
suggesting that varyrng percentages of radionuclides are retained in the

6-9
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I nci nerator chanber. Using the conversion factor stated in the previous
paragraph, it mght be assuned that the stated dose could represent an inpact
of eight additional cancers 8er mllion individuals exposed per year. However

i f the maxi mum dose is 0.050 remyr, the average dose to one mllion exposed
woul d be nuch |l ess than the maxi mum dose, resulting in a health effect
significantly less than eight cancers per mllion individuals exposed. Mre
recently, this facility cal culated a maxi num whol e body dose based upon
radi onucl i des actually incinerated for 1984 and 1985. Results indicated totals
of 0.033 and 0.074 mlliremrespectively. These doses were projected to occur
within 0.5 kilometer of the incinerator. Cbviously these actual figures
represent much |less of a health effect than the worst case scenario.

6. 3.4 Licensing

In general, the licensing of incinerators is governed by 10 CFR Parts 20 and
61, or equivalent state regulations. Part 20.101 establishes radiation dose
standards for individuals in restricted areas. Part 20.103 establishes
limtations on the concentration of radioactive material that individuals in
restricted areas may inhale and/or absorb through the skin. Part 20.105
addresses permssible levels of radiation in unrestricted areas. Part 20.106
establishes limtations on the radioactivity levels in effluents to
unrestricted areas. Part 61 establishes criteria for waste form radioactivity
content and waste classification of ash and nonconbust| bl es requiring disposal

Recently, efforts have been directed towards providing nore specific criteria
regarding the licensing of incinerators. For instance. North Carolina has
adopted regul ations regarding the |icensing of certain incinerator facilities,
specifically those used as part of a radioactive waste processing facility.
The main topics required to be addressed are as fol |l ows:

- description of the applicant

- description of the site

- incinerator design

- facility design

- managenent and staffing

- description of waste

- treatnment of waste to be shipped off-site

- prellcensing and operational public information program
- method of maintaining doses as |ow as reasonably achi evabl e
- off-site inpact assessment for routine operations

- nonitoring prograns and systens

- other regul ations, standards and permts

- acci dent anal ysis

- energency response plan

- decont am nation and deconmi ssi oni ng.

No effort will be made to el aborate on the specific details of the categories
mentioned above. Instead, the reader is urged to consult Supplement No. 5 of
the North Carolina "Regul ations for Protection Against Radiation", issued by
the Radiation Protection Section, North Carolina Department of Human Resources.

I ncinerators which are not a part of a waste processing facility are not
directly subject to all requirenments outlined in the North Carolina
Regul ations, although some requirenents may apply. Al the requirenents
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outlined in 10 CFR Part 20 and most of Part 61, pronulgated by the U S. Nuclear
Regul atory Conmi ssion, are enbedded in the North Carolina Regulations. These
requirements are applicable to all incinerators, including controlled-air

I ncl nerators.

6. 3.5 Cost

Cost of lowlevel radioactive waste incineration depends upon 1) the initia

cost of the incinerator plus accessories and 2) operating cost after the
i nci nerator has been set up for operation

The cost of an Incinerator, plus accessories, depends upon the Intended use
(e.g. commercial versus private). Non-commercial incinerators are usually |ess
expensi ve because they are usually smaller in Capacity and do not utilize
costly accessories such as sophisticated off-gas treatment and filtration
systems. The purchase price of controlled air incinerators can range from
approxi mately 200 thousand dollars for non-comrercial units to approxi mately
1.5to 2 mlilion dollars for comercial units, depending upon volune capacity.

Operating costs depend upon the nunber of burns per tinme Interval and the
overhead costs thereof. Overhead costs Include fuel (oil, natural gas, etc.),
waste containers, |abor, and ash disposal if applicable.
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7.0 COVPARI SON OF SUPERCOMPACTI ON AND | NCI NERATI ON AS A TREATMENT METHOD FOR
LOW LEVEL RADI OACTI VE WASTE

It is currently being debated whether or not superconpactlon is a safer and
nore effective neans of treatnent of | owl evel radioactive waste than

incineration. There is no clear-cut answer to this question. The answer

depends upon what conparative criteria are nost inportant. For the purposes of
this report, five categories were identified. They are:

1) Acceptable Waste Form
2) Final WAste Product

3) Vol ume Reducti on

4) Environnental | npact
5) Cost

7.1 Acceptable Waste Form

Waste form can be expanded to detail specific types of waste in the overal
waste stream It is then desirable to determ ne which types of wastes are
anmenabl e to superconpactlon and incineration. The following is a presentation
of what types of waste are considered:

Waste Type Super conpact | on I nci neration
Absor bed Li qui ds Not Probabl e Yes
Ani mal Car casses Not Probabl e Yes
Aqueous or Organic Liquids No Yes
Cont am nated Trash or Soli ds Yes Yes
Cont am nat ed Pl ant Har dwar e Pr obabl e No
Dem nerali zers Yes Yes
Depl eted Urani um No No
Dewat ered Filter Medi a Yes Yes
Dewat er ed | on Exchange Resins Yes Yes
Gaseous Sour ces No No
Spent Medi cal Generators Yes Yes
Liquid Scintillation Waste No Yes
Radi oacti ve Devi ces or Gauges Not Pr obabl e No
Concrete Solidified Waste Yes No
Bi tumen or Polyner Solidified Waste Yes Yes

The nost significant difference may be the inability of superconpactors to

handl e liquid scintillation waste and ani nmal carcasses, which are a large part
of institutional and bionedi cal waste.

7.2 Final Waste Product

Super conpact | on produces a stable waste form primarily consisting of organic
materials. After burial, the possibility of generation of gases such as CH,
C®2, and CH3T (tritiated nethane) exist (Ref. 5). These gases could then

di ffuse fromburial trenches, spreading radioactive contam nation
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The incineration of |owlevel radioactive waste will result in an organically
inert waste form thereby elimnating the possibility of organic gas
producti on. However, there nust be solidification of the incinerator ash in
order to obtain a stable waste formsimlar to that of superconpaction

7.3 Vol une Reducti on

Vol une reduction ratios for superconpaction vary from source to source. Vol une
reducti on by superconpaction, with preconpaction, was reported to be 14:1 (Ref.
1). Wth no preconpaction, a ratio of 15:1 was reported (Ref. 1). However,
preconpaction is desirable in order to avoid voids. O her reports indicate
vol unme reduction ratios of 7:1 (Ref. 3), 8:1 (Ref. 2) and 8.3:1 (Ref. 3).
Overall volune reduction rati os are dependent upon waste conposition and
conpressive capacity of the superconpactor

Reported vol une reduction ratios for Incineration range from10:1 (Ref. 3),
20:1 (Ref. 1) to 30:1 (Ref. 2). Overall volune reduction of |owlevel
radi oacti ve waste i s dependent upon waste conposition, conbustive capacity of
the Incinerator and the extent of ash solidification. It is generally accepted
that incineration affords better volune reduction than superconpaction

7.4 Environnental | npact

Wth superconpaction there is little possibility of effluent rel eases due to
t he conpaction process. Particul ates (radi oactive, chem cal or otherw se) are

the prinme concern and can be filtered efficiently under proper operating
condi ti ons.

Wth incineration, particulates can be filtered out but the rel ease of
contam nat ed conbusti on gases is probable, even with the use of wet and dry
filtration systens. Therefore, there |Is a possibility of the rel ease of
certain radionuclides to the environnment due to incineration. The magnitude of
such rel eases may be within acceptable limts.

7.5 Cost

Capital costs for superconpaction range fromone nmillion dollars (Ref. 4) to 5
mllion dollars (Ref. 2). Costs for conmercial Incineration range from4
mllion dollars (Ref. 4) to 33 nmillion dollars (Ref. 2). The range of costs
reflects the differences in engineering designs and variability in
construction, operation and nmai nt enance costs.
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8. 0 ALTERNATI VES TO SHALLOW LAND BURI AL

Efforts are now underway to determne the feasibility of designing, building
and operating facilities aimed at greater confinenment of |owlevel radioactive
wast e. Techni ques for engi neered disposal other than traditional shallow |and
burial are likely to be introduced to the NRG or Agreenent states for |icensing
consideration in the near future. Many feel that any new pernanent di sposa
facility would be nore acceptable to the public if it provided greater
confinement capabilities; however. It is also understood that such facilities
woul d carry a higher construction cost than traditional shallow | and buri al
Bennett, et” al. (Ref. 1) have prepared an excellent docunent on alternative
di sposal nethods, on which the discussion belowrelies in large part.

Concepts in use, or under consideration at this time, are (1) bel ow ground
engi neered vaults, (2) above ground engi neered vaults, (3) earth nounded
concrete bunkers, (A) mned cavities and (5) augered holes. Each of these
di sposal techniques has either been proposed as an alternative to shallow I and
burial or is currently being used or considered for use in other countries.

8.1 Ceneral Application

Shal | ow bel ow ground vaults are currently being used for storage of |owleve
radi oactive waste in Ganada and for storage of transuranlc wastes at QGak Ridge
Nati onal Laboratory in Tennessee (Ref. 1). Deep below ground vaults in hard

crystalline rock are being studied in Canada for final disposal of |owlevel
radi oacti ve waste.

Above ground vaults are being used in Canada for storage of |owl evel
radi oacti ve waste and have been pronoted by a private firmlnvolved in waste
di sposal technol ogy for disposal of |owlevel radioactive waste at the Maxey
Flats site in Kentucky (Ref. 1). Above ground vaults are al so being pronoted
by others in the United States.

Earth nounded concrete bunkers are being used in France for disposal of |ow and
Intermedi ate | evel radioactive waste (Ref. 1). In Canada, rectangular concrete
trenches and cylindrical concrete chanbers with renpvabl e covers are used for
| ow | evel radi oactive waste storage and these are consi dered as variations of
t he bunker concept.

M ned cavities have been used in Wst Germany for disposal of |ow and high-
| evel radioactive waste as well as hazardous waste (Ref. 1). In Sweden, a
400, 000 m underground repository for | ow and intermnedi ate | evel radioactive
waste is under construction. The U S. Departnent of Energy and the Tennessee
Vall ey Authority have studied the feasibility of mned cavity disposal of both
| ow and hi gh-level radioactive waste.

Augered hol e disposal is also being studied by the U S. Departnent of Energy
(Ref. 1). In Canada, variations of augered holes (called tile holes) are used
for storage of ion exchange resins and filter canisters (Ref. 1). Oak Ridge
Nati onal Laboratory uses augered holes for |owlevel radioactive waste storage,
and in West Gernmany a di sposal concept of bore holes In the floor of a salt
nm ne at Gorel bon is under consideration (Ref. 1).
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8.2 Technol ogy Devel opnent

Several |owlevel radioactive waste managenent technol ogi es which are currently
under devel opnent are described bel ow.

8.2.1 Belowground Vaults

Bel owground vaults are any engineered structures constructed bel ow the earth's
surface. These vaults are visually unobtrusive and physically secure to
purposeful Intrusion because of their siting below the ground surface. Access
to the foundation elevation may be directly fromthe earth's surface or from
the entrance of an existing cavity. Figure 8.1 shows a conceptual view of a
bel ow ground vaul t.

The vault structure can be built from masonry bl ocks, reinforced formed or
SErayed concrete, fabricated metal, or plastic or fluid nedia nolded into solid
shapes. The configuration of a vault may or may not have a floor constructed
of man-made materials but will be laterally bounded by constructed walls and
provided with a roof structure. The architectural design may be a function of
construction materials used and stability desired. Designs range from
rectilinear, to arched enclosures to sem -spherlcal dome-like structures. As a
rule the vault has limted access to its interior space, acconplished by a
doorway, portal or hatch opening. Design and construction of the vaults could
be standardi zed. Standardi zation could lead to better waste handling
procedures and | ess radiation exposure to workers, since this allows sufficient
tinme to desdign safety procedures.

An appropriately designed vault should remain Intact and seal ed through al

reasonably foreseeable or projected neterological and earth novenent events.
The vault units should be easy to locate and re-enter In case it becones
necessary to retrieve the waste. Design and construction efforts should verify
that the foundation and abutment geol ogical structure is conpetent to support

the structure. Soil and ground-water chemstry nust be checked to avoid soils
that could corrode the structure.

The vault structure should provide lateral confinement and overhead cover, and
shoul d not depend on its contents for structural stability. The vault shoul d
be designed to safely support all dead |oads, including the vault cap, the
earth cover and all operating | oads necessary for placenment of the waste and

earth cover.

Desi gn shoul d Include provisions for tenporary closure during operation and
permanent closure afterwards. Features of the vault and surroundings nust
al | ow for continuous environmental radiation nmonitoring during all phases of

facility life. The facility nust be reasonably self-sustaining after any
Institutional control period ends.

Interfaces between construction stages nust |ncorporate prevention of
radi onucl i de escape and intrusion by biota and groundwater. The construction

of a bel owground vault nust be acconpanied by a rigorous quality control
programto assure that all performance objectives are net.
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8. 2.2 Above-ground Vaul ts

The above-ground vault |Is an engi neered structure or building with fl oors,
wal I's, roof and linmted access openings with its foundation at or very near the
ground surface. The vault fabrication could be simlar to that of bel ow ground
vaults. Unless design criteria are explicitly established no constraints woul d
be placed on naterial selection or shape of the vault as long as it can be
shown that perfornmance objectives can be net. Figure 8.2 and 8.3 presents
possi bl e engi neeri ng approaches for above-ground vaults.

Above-ground vaults are readily visible on the | andscape. That characteristic
may or nay not be a detrinment regarding the public's acceptance of this
technol ogy as a viabl e disposal alternative.

In the design of above-ground vaults, considerable architectural freedomis
avai | abl e because this technology Is totally man-made and does not depend on
geol ogi cal formations for waste isolation. Current engineering and structural
desi gns al |l ow above-ground vaults to be built to withstand a | arge range of
nat ural hazards, including erosion and | and slides. Above-ground vaults are

|l ess vul nerable to flooding, which allows nore freedomin siting such
facilities.

Physi cal security can be engineered into the design. Appropriate designs
shoul d render the entries as secure as the entire structure itself.

The visibility of above-ground vaults is an advantage in preventing inadvertent
human intrusion; however, sone consider above-ground vaults a means of interim
storage, not a nmechanismfor final disposal of |owlevel radioactive waste.

I nterfaces between construction nmaterials can be sealed, as well as the
structure itself, to inpede radionuclide mgration. However, there are no

secondary barriers to prevent radionuclide releases should the integrity of
wast e contai ners and the structure itself fall.

Venting or retrieval of waste material can be designed Into the original

structure. Monitoring of above-ground vaults is enhanced by their
accessibility.

Acti ve nai nt enance requirenents could be nobre extensive than other
alternatives. The institutional control period would be much | onger than for
any subsurface disposal nmethod. Also, as with bel owground vaults, exposure of
workers to radiation hazards from high activity waste coul d be hi gher than

desired because of the difficulty in adapting renote handling equi pment for use
in limted access facilities.

A wide variety of above-ground vaults have been built and successfully used for
war ehousi ng manuf actured goods, raw nmaterials, neat and produce. They have
been shown to be econonical, durable and versatile. Above-ground vaults are
used in Canada for storage of |owlevel radioactive waste (Ref. 1). The New
Brunswi ck El ectric Power Conmi ssion has built storage vaults on bedrock at its
Pt. Leprau site conpletely above-ground (Ref. 1). An above-ground storage
facility is also being used at Ontario Hydro's Bruce site (Ref. 1).
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Figure 8.2: CONCEPTUAL SKETCH OF CELLULAR ABOVE- GROUND VAULTS FOR
DI SPOSAL OF LOW LEVEL RADI OACTI VE WASTE
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The separate cells of the overall disposal vault structure could be
constructed and used progressively as needed. The construction
depicted here is primarily of reinforced concrete, cast in-place to
mnimze | eakage-prone joints. As a cell is filled to capacity it is
seal ed permanent|y, while neighboring cells are in operation.
Cel lular disposal reduces quantities of |eakage in the case of a
single cell failure. Truck unloading docks are included as part of

the foundation. Cellular vaults are inherently feasible for waste
requiring strict segregation.

Sour ce: U'S. Nuclear Regulatory Commission, NUREG CR-3774, Volume 1, 1984,
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Figure 8. 3. CONCEPTUAL SKETCH OF PYRIM DAL, DOME AND RECTANGULAR ABOVE- CROUND
VAULTS FCR DI SPOSAL OF LOW LEVEL RADI OACTI VE WASTE

a. The mast durable structural alternative of an abov”tDuid
vault Would be a pyranidal formnnde of thidc oomlthlcally
poured reinforced concreta The expense of such cotBttuct!lon
woul d be higher per unit of capacity than other alternatives

but I't would be nost durable In the face of catastrophic
hazard.

b. Alternative conflguratiorB for aboveground vaults include
i AN dome snapes made by sHtcrete shells sprayed on Inflatable
| remvable foniB. Clusterlrg of units erhances segregatloiv
i solation, and progressive construction sequences. The
portal assenblies shown could he moveable and reusable after

utlt closura

Conventlotal rectilinear aboveground vaults woul d
acconodat e comon war ehouse operations as presently
practical lhe structures could be formed fromrelrforced
concrete Iresrporatirg buttressed walls for protection of the
di sposed waste as well as ertianilrg structural durability.

Metal lic or masonry corstructlon would be Irherertly less
stable and offer |ess |eakage prevertton than cotrrete

Source: U S. Nuclear Regulatory Commi ssion, NUREG CR-3774, Volume 1, 1984.
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8.2.3 Earth Mounded Concrete Bunkers

Earth mounded concrete bunkers were first put Into use In France In the 1960's.
Their basic design requires segregation of waste according to the |evel of
radi oactivity. Internediate |evel wastes are enbedded in concrete nonoliths
bel ow-ground; and | ow1level or internmediate | evel wastes, with appropriate
packagi ng, are stored above-ground in earthen nmounds over the concrete
monoliths. Figure 8.4 provides a view of the earth-nounded bunker concept.

A wide trench is first excavated above the water table. The sides of the
trench are shaped to formtenporarily stable side-slopes and the bottom of the
trench is covered with a reinforced concrete pad. A drainage systemis
provi ded around the concrete pad to collect any run off or construction debris.
The trench |I's sub-divided Into conpartnents according to | evel of
radi oactivity. After each layer within a conpartnent is conpleted, It Is
backfilled with concrete. Wen the last |ayer of waste has been placed In a
conpartment, reinforcing steel is placed on the top of the layer and the

conpﬁrtgent I's completely back filled with concrete, creating a large concrete
nonol i t h.

To reduce the external hazard of high activity wastes, the narrow void between
nonoliths is tenporarily covered by a concrete slab in the interimbetween
pl acement of wastes. Then the void between nonoliths is filled wi th high

activity waste and covered with concrete, creating a smaller concrete nonolith
surrounded by two | arger ones.

The construction sequence of creating nonoliths side by side Is continued unti
the bunker Is filled. Once the last nmonolith is conpleted, the bunker is
wat erproofed with a |layer of asphalt. |npervious back-fill material is placed
on the trench slopes to the top level of the monoliths, and another drainage
systemls Installed for monitoring and filtration purposes after the site is
closed. Druns of lowlevel and solidified internediate |evel wastes are then
pl aced on top of the nmonolith creating mounds. The concrete bl ocks containing
Internedi ate | evel wastes provide a structural framework for the nounds. Meta
drunms, containing |owlevel waste, are placed between the rows of concrete
bl ocks. Periodically during the placenent of netal drums, coheslonless
backfill material (such as sand) |Is added to the voids between the druns to
I nsure nound stability.

The entire mound I's then covered with a thick |ayer of |nperneable clay, which
Is in turn covered with a |ayer of topsoil. The structure, which now forns an
earthen nound, is surrounded by a final drainage system designed to collect and
channel rainwater flow ng over the nound area. The bunker is conpleted by
planting the newy forned tunulus with native vegetation to stabilize the
surface soil and encourage drying.

The earth nounded concrete bunker technol ogy invol ves above-ground and bel ow
ground construction, encapsulation and backfilling with earth, concrete or any
variation thereof. During cold or rainy weather,It has been proposed that an
air supported weather shield be Installed over the bunkers during construction
and operation. Such a concept has potential application in the construction of
above and bel owground vaults as well, but woul d increase the overall cost.
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I MPERNVEABLE CLAY

Figure 8. 4: PERSPECTI VE VI EW OF AN EARTH MOUNDED CONCRETE BUNKER
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The perspective view of an Earth Munded Concrete Bunker depicts the
approxi nate | ocati ons of wastes which are separated according to
l evel of activity. Internedi ate-| evel wastes are enbedded in
concrete nonoliths bel owground: | ow | evel wastes, or internediate-
| evel wastes with appropriate packagi ng, are stored aboveground in
eart hen nounds over the concrete nonoliths. A drainage network is
provi ded within and around the structure to prevent contact of water
with the wastes and to provide collection and nonitoring
capabilities.

Sour ce: U S. Nuclear Regulatory Conmm ssion, NUREG CR-3774, Volune 1, 1984,
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Thi s technol ogy has been applied successfully in France as evidenced by the
storage of over 170,000 m of waste between 1969 and 1982 at the Centre de la
Manche facilities (Ref. 1). This represents about one-half the capacity of the
facility. The performance objectives of waste confinenment, protection from
i nadvertent Intrusion and protection of Individuals during operation appear to
have been satisfactorily net. Public acceptance is considered to be
satisfactory. The institutional control period has been projected to be 200 to
300 years after site closure

8.2.4 Mned Cavities

The use of mned cavities for the disposal of |owlevel radioactive waste
i ncl ude under-ground cavities devel oped as a result of the renoval of natural
resources. Mst underground cavities or mnes were developed in the United
States as a consequence of the recovery of coal, linmestone, salt (halite or
gypsun), copper, iron, lead or zinc. Coal mning produces the |argest volune
of underground space in the United States, Although space is available in coa

m nes, they are generally not suitable for disposal of |owlevel radioactive
wast e because of poor roof stability, the presence of acidic drai nage water,

and the probl em of explosions and/or fires from methane given off. Figure 8.5
provides a view of the mned cavity concept.

M nes devel oped fromthe exploitation of netallic mneral deposits cover
extensi ve areas, but are generally irregular in layout. The direction of
mning is changed frequently to follow the areas of richest mneralization. In
addition, the major nmetal mining operations in the United States are perfornmed
in areas of sulfide mneralization. Drainage fromnetal sulfide mnes is
usual ly corrosive and would affect steel druns or concrete - based solidified
wastes, thus naking this type of mne unsuitable for |owlevel radioactive
wast e di sposal

Li mestone m nes are generally very regular in layout with uniformy spaced
cavities and pillars since all the material excavated is equally val uable.

Drai nage fromlinestone mnes is slightly al kaline and does not significantly
accel erate corrosion of steel or concrete. Dry, stable |inestone m nes have
been used in the United States for storage of nanufactured products. In 1975

the Kansas City area had 13 nmillion square neters of m ned space being used at
13 commercial sites in the netropolitan area. No major instability or safety
probl ens have occured. Depleted |inestone ni nes have been proposed but never
used for storage or disposal of hazardous or |ow | evel radioactive waste.

Salt deposits occur in the United States as bedded units or diapiric (Intruded)
units. Diapiric salt deposits are those that have been forced upward into or
t hrough overlyi ng geol ogic formati ons. Expl osi ve nmet hane production is a
problemin diapiric mnes. Bedded salt mines are simlar in many respects to
limestone mnes. Since all the material is equally valuable, the cavities are
laid out in a uniform mmanner. Drainage water is corrosive to steel drums but
dry salt presents no special problens for storage of steel drunms or concrete-
encased waste. The Asse Salt Mne in the Federal Republic of Gernany has been
used for |Iow and high-1evel radioactive waste disposal and is currently being
used as a research facility (Ref. 1). The best disposal sites within the m ne
are those units that contain high purity halite (over 98% NaC . No mgajor
operational or corrosion problens have been observed. Salt cavities are
limted to specific areas of the country.
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Figure 8.5: KLUED CAVITY CONCEPT FOR DI SPCSAL OF RADI OACTI VE WASTE
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Source: U S. Nuclear Regulatory Conm ssion, NUREG CR-3774, Volume 1, 1984.
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8.2.5 Augered Hol es

The production of augered holes basically Involves the boring of holes through
soi|l or rock at any depth and dianeter achievable. There are practical depth
and dianeter contraints placed on the devel opment of augered hol es. Lar?e
dianeter augers slow the drilling process. Auger rigs also work best in sort
to firmconsistency cohesive soils. At the Nevada Test Site, the U S
DePartnent of Energy |s_currentjy.evaluat]ng the use of large dianmeter augered
hol es for disposal of high specific activity |owlevel radioactive waste ?Ref.
2). The Department of Energy Geater Confinenent Disposal Test, which began in
1981, calls for a central waste shaft surrounded by smaller holes for placenent
of Instrumentation. The central waste shaft is 10 feet in dianeter and 120

feet deep with a waste |ayer of 40 feet. Figure 8.6 provides a view of
bor ehol e desi gn.

The Canadi ans have been using a version of augered holes for several years
(Ref. 3). "Tileholes" or concrete pipes set vertically on concrete foundations
with the entrance port positioned at the ground surface have been used for
storage of ion exchaqge resins and filter canisters at Ontario Hydro's Bruce
Station and at Chalk River National Laboratory, Ontario, Canada. The tileholes
are a considerabl e distance above the watertable and an underdral nage system
was Installed to provide for a controlled and nonitorabl e discharge.

At Cak Ridge National Laboratory in Tennessee, transuranlc wastes are being
stored in shallow holes at Solid Waste Storage Area No. 6 (Ref. 5). The
average hole depth is 21 feet with a mninumof 2 feet of undisturbed shale
mai nt ai ned between the bottomof the hole and the water table. Wien waste and
backfill reach to within 4 feet of the ground surface, the hole is topped of f
with loosely placed backfill to within 1 - 1/2 feet of the surface. Six inches
of concrete is poured into the hole, allowed to set, and the hole is then
MWHHwtomemeewwsmLLMnmmmnmofamMOfm%eMM&

a surface treatnent is applied.
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Figure 8-6: ADGERED HOLE DESI GN FOR DI SPOSAL OF RADI OACTI VE WASTE
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Source: U 'S. Nuclear Regulatory Comm ssion, NUREG CR-3774, Volume 1, 1984.
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8.3 Suitability of Alternative Mthods

The suitability of each alternative discussed is based upon Its ability to neet
basi ¢ performance objectives. These objectives include 1) sinplicity and
feasibility of design and operation, 2) greater confinenent capability, 3) ease
of site monitoring, 4) period of institutional control after site closure, 5)
reduction of radiation hazard, and 6) resource exploitation. Each of the
net hods exhi bit both positive and negative characteristics in neeting the

per formance objectives. The following is a brief summary of the favorable and
unf avorabl e characteristics of each alternative:

8. 3.1 Bel ow ground Vaul t
Advant ages

a) Bel owground vault design and construction can be standardized for
safe, efficient operations. The vaults are visually unobtrusive and
structurally stable. They are not susceptible to danage or exposure

of the waste packages from erosion, weathering, surface disturbances
or soil settlenent.

b) They provide an effective barrier to i nadvertent human intrusion,
groundwater infiltration and radi onuclide nmigration. They al so
provide an effective extra barrier to plant or animal intrusion.

c) Long-term active mai ntenance shoul d be m nimal.

d) Site selection is |ess dependent upon neterol ogical conditions.

e) They are anenable to the use of renote handling equi pment for high
activity waste which would reduce occupational radiation exposure.

Dl sadvant ages

a) Bel ow ground vaults nust be protected agai nst rai nwater and
groundwat er intrusion during construction and operation. They nust be
protected fromstructure degradation caused by corrosive soils and are
not amenable to visual Inspection after site closure.

b) They are not easy to nmonitor for radionuclide mgration within the disposa
cell after closure.

8. 3.2 Above-ground Vaults

Advant ages

a) Above-ground vault design and construction could be standardi zed for
safe, efficient operations. These vaults are structurally stable and
do not depend on geol ogical materials for waste isolation. They can
be designed and constructed to resist damage or degradation from nost
foreseeabl e hazards and can be easily Inspected

b) They provide an effective barrier to inadvertent human and ani nal
intrusion, groundwater infiltration and radionuclide mgration
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c)

b)

c)

Above-ground vaults may prove to be nore easily nonitored than bel ow
ground vaults due to increased accessablllty to the disposal cells.

Pi sadvant ages

Active maintenance requirenents are likely to be nore extensive than
for other nethods because of their exposure to the elenents, thus
adding to the overall cost.

They are not anenable to the use of renote handling equi pnent due to
the presence of a roof prior to waste enplacenent, which could result
in high occupational radiati on exposure unl ess tenporary shields are
used. In addition, they possess no secondary barrier for the
preventi on of radionuclide release. Insufficient tine nay be

avai |l abl e for renedi al actions should radi onuclides be inadvertently
rel eased.

The institutional control period is likely to be substantially |onger
than for other options.

d) They are considered to be nechanisns of interimstorage and not a

means of final disposal

8. 3.3 Eart h- Mounded Concrete Bunkers

b)

c)
d)

b)

Advant ages

The feasibility of the earth-nmounded concrete bunker concept is proven
by several years of successful experience in France. The bunkers are

structurally stable and provide effective barriers against intrusion
and water infiltration.

They are anenable to the use of renmpte handling equi pnent for high
activity waste which woul d reduce occupational radiation exposure.

Long-term acti ve nmi ntenance should be m ninal.
Site selection is not dependent upon geol ogi cal conditions.
Dl sadvant ages

Eart h- nbunded concrete bunkers nmust be protected agai nst rai nwater and
groundwat er intrusion during construction and operation. Strict
packagi ng requirements and waste di sposal sequencing requirenments mnust
be foll owed during operations. They are not anenable to visual
I nspection after site closure.

Monitoring for radionuclide migration within disposal cells Is not
easily acconplished

8.3.4 Mned Cavities

Advant ages
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a)

b)

a)

b)

c)

d)

Suitable, dry mned cavities are structurally stable. Use of mned
cavities produces no new inpact and presents |ess of an |npact on
resources than that which has already occurred from nining operations.
The cavities provide a protective barrier against intrusion and water

infiltration. Surface devel opments are not likely to adversely inpact
per f or mance.

M ned cavities offer the possibility of suitable | ong-termwaste
isolation and limted radi onuclide mgration

Dl sadvant ages

Little can be done to enhance performance capabilities of marginally
sui table existing mines. Construction of new mnes solely for the
pur pose of the disposal of |owlevel radioactive waste would be
expensi ve.

Siting would be limted to existing cavities, primarily |located in the
WIliston, Permian and Appal achi an basins, along with the Gulf Coast
Enbaynment. They are not suitable for |ow volunes because of the
effort and expense of nodifying cavities and placing waste.

Mned cavity disposal (as presented in this report) is not anenable to
the use of renote handling equi pnment, thereby increasing occupationa
radi ati on exposure.

Monitoring is conplicated by renote |ocations and limted access.

8. 3.5 Augered Hol es

b)

Advant ages

Structurally stabilized augered hol es offer good potential for |ong
termisolation of waste. The operating period for individual holes is
relatively short, thus minimzing the possibility of rainwater

Intrusion. Cosure of Individual holes does not adversely affect the
formati on of new hol es.

Human, plant and animal intrusion is unlikely.

The use of renote handling equiprment is feasible in order to reduce
occupational radiation exposure. Augered holes are suitable for |ow
vol unme operati ons.

Pi sadvant ages

The creation of voids and surface slunmping may occur If conpaction and
backfilling of holes are not properly perforned.

The disposal site cannot be fully utilized because of the |ow vol une

capacity of the holes as conpared to the higher volume capacity of the
unused surroundi ng property.
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c) Mnitoring of the holes is conplicated because of hole depth.
8. 4 Radi ol ogi cal | npact

The rel ease of radioactivity froma conpartnent at a waste di sposal site

I nvol ves a series of mechanisms, such as |eaching, diffusion, dissolution and

lon exchange. It is believed that the shift toward alternatives to shallow

| and burial devel oped as a result of leaching and mgration problems described

in Section 4 of this report. Site selection and design, alon% with the
e

introduction of mgration barriers, is an attenpt to slow or stop the novenent
of radi oactive contani nants.

The dose to the general public is a consequence of such rel eases of
radi onuclides and generally will be a decreasing function of distance fromthe
site. For distances far renoved fromthe site, the individual doses (in all
probability) woul d be insignificant as compared to natural background
radiation. A'cut-off distance of 80 kilometers (50 mles) has been established

for assessment of radiological inpacts fromthe operation of nuclear power
plants (Ref. 4).

The entire process can then be expressed in quantitative ternms by the
I mpl enentation of the follow ng generic formula:

Equation 8.1

D(x,y,t) =IMOE)i] X(EOQ]] x (GRM x (RY)jj x §
Fadi onuel 1 des (1)

where the summation is over all pathways (i) and radionuclides ﬁj) and where S
are the radionuclide concentrations; Ris the rate of release of a radionuclide
fromthe waste field Lthe region defined by the boundaries of the trench, hole
or structure in which the waste is placed) or the Intensity of the emtted
ganma radiation at the waste field boundary; CIs the concentration of
radionuclides in food, water, air or ground at a point of exposure; Eis the
exposure rate (picocuries/year of inhaled or ingested radionuclides for
internal exposure or nRiyear for external exposure; and D(x,y,t) is the dose
rate to the whole body or organ of an exposed individual at a location X,y
relative to the site at the time t. Acute exposure is based upon the 50 year
dose-equival ent commtnent (i.e., the dose received during 50 years as a
consequence of the exposure received during the first year). Chronic exposure
i's based on the dose-equivalent for the dose received during the 50th year of
an exposure period |asting 50 years. The ratios, DE, E/C, R and RS are
the transfer factors for different radionuclides and pathways. They are
det er m ned by_the various mechani sms that control mgration and transport of
the radionuclides through the different pathways fromsource to organ, and are

functions of the paraneters that characterize the facility, environment and
bi ol ogi cal processes (Ref. 4).

In order to rank the alternatives based upon a generic analysis of public and
occupational radiation exposure, it is necessary to carry out a pathway
anal ysi s based upon: (1) identifying the source terns; (2) Ident|fy|n% the
pat hways by which exposure can occur; (3) identifying the scenarios that affect
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the rel ease rate and likelihood of exposure; (A) estinmating the transfer
factors; and (5) using Equation 8.1 to calculate and/or estimate occupationa
and public exposure. The U.S. Nucl ear Regul atory Conm ssion has instituted

such an analysis (Ref. 4). Mich of the following infornation is taken from
Ref erence A

8. A. 1 Source Terns

The paraneters that characterize the source terminclude the total |nventory of
radi onuclides in the waste, the di nensions of the waste field, the
radi onucl i des present and their distribution, and the physical and chenica

formof the nmaterial present in the waste. Radi onuclide concentrations in
wast e streans that have been identified as candi date waste for greater
confinement disposal are presented in Table 8.1. The radionuclides |listed are
those Included in the environnental inmpact statenment prepared in support of 10
CFR 61 regul ati ons governing conmmrercial |owlevel radioactive waste di sposa

(Ref. A). They are considered to be representative in the sense that other
radi onuclides are either unlikely to be present in sufficiently high
concentration to nerit disposal in a greater confinenent facility or unlikely
to affect the ranking because the radiol ogi cal and chem cal properties do not
differ significantly fromthe correspondi ng properties of the listed
radi onucl i des which exist in greater concentrations.

Three representative waste streans are identified for use in the NRC anal ysi s:

(1) a high-activity lowlevel waste stream (2) an internediate-activity | ow
| evel waste stream for conmercial waste, and (3) an internediate-activity
liquid | ow1level waste stream The high-activity | owlevel waste streamis
based on data for Departnent of Energy defense waste. The internedi ate-
activity lowlevel waste streamis based on data from conmercial waste. Waste
was identified by selecting, for each radionuclide in Table 8.2, the waste
streamw th the highest average concentrati on of that radi onuclide. Maxi num
radi onucl i de concentrations, under normal conditions, would not exceed those
specified In 10 CFR 61 as Cass A B, or C waste

8. A, 2 Pat hway Di agr ans

The terrestrial, aquatic and atnospheric pathways fromthe waste streamto the
radi ati on exposure of the general popul ation are conplex. A schematic
representation of the various elenents that nmust be taken into account in a
pat hway analysis is shown in Figure 8.7. Each connecting line in the di agram
corresponds to a transfer factor. Each box in the diagramrepresents a conpl ex
system that nmay be broken down into snmaller conponents. This leads to a
repl acement of each transfer factor in the pathway anal ysis (which corresponds
to a line connecting two boxes In the diagran) by a sum of products
representing the entire source-to-dose anal ysis. The overall radi ol ogica

i npacts that result frommgration of radi onuclides through this network are
thus given by Equation 8.1. A sinplified pathway diagram on which the NRC
dose analysis is based, is shown in Figure 8.8. It is sinply a different
representation of information outlined in Figure 8.7.

The structure of a specific pathway di agram depends upon the category of the
exposed individuals. For exanple, different pathway structures are needed for
an off-site resident, an occupation worker or an on-site |ntruder
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TABLE 8. 1

RADI ONUCLI DES | NCLUDED | N CANDI DATE GREATER CONFI NEMENT DI SPCSAL WASTE

Radi oacti ve Prl nci pal

Radl o- Half-life Radi ati on Decay Means of

Nucl i de (years) Emtted Pr oduct s Pr oducti on

C 14 5730 P - N 14(n, 82

Fe- 55 2. 60 X-rays - Fe- 54(n, -

Co- 60 5. 26 P. v - Co-59(n, ")

Ni - 59 80, 000 X-rays - Ni -58(n,Y)

Ni - 63 92 P - Ni -62(n,Y)

Sr-90 28. 1 P Y-90 Fi ssi on

Nb- 94 20, 000 P. v - Nb-93(n, Y)

To-9 9 2.12 X 107 P - Fi ssion; M-98(n, YO
Mb- 99 <p-)

1-129 ].. 17 X lOI\ P. v - Fi ssi on

Cs- 135 3.0 X 10° P - Fi ssi on, daughter Xe-135

Cs- 137 30.0 P. vy Ba- 137m Fi ssi on

U- 235 7.1 X |q a. Y Th- 23H Nat ur a

U- 238 4.51 X | 0 a. Y Th- 230+ Nat ur al

Np- 237 2.14 X 10° o, Y Pa- 233+ U-238(n, 2n)- W 237(B-)

Pu- 238 86. 4 a, Y Th- 234+ Np- 237(n, Y)- NP-238(p-)
daught er Cm 242

Pu- 239 24, 000 a. v U 235+ U-238(n,Y)- U 239(p-)-
Np- 239(p-)

Pu- 240 6, 580 Y U- 236+ Mul tiple n-capture

Pu- 241 13.2 a. P. Y Am 241+ Mil tiple n-capture

Pu- 242 2.79 X 107 a U- 238+ Mul tiple n-capture;
daught er Am 242

Am 241 458 a. vy Np- 237+ Daught er Pu-241

Am 243 7, 950 o. v Np- 239+ Mul tiple n-capture

Cm 243 32 a. v PU- 239+ Mul tiple n-capture

Cm 244 17.6 a. v PU- 240+ Mul tiple n-capture

A "-" indicates a stable decay product. A "+" follow ng the synbol for

the first radi oactive decay product indicates that one or nore of the
subsequent decay products are al so radioactive.

Pu-239 and Pu-240 are treated as a single radionuclide in the anal yses

because they generally cannot be radi ochem cally distinguished. The
activity of Pu-240 is added to that of Pu-239

Source: WIld et al. (1981—Fable 8.2), as cited in T. L. Glbert, C Luner,

Alternatives for Greater Confinement Disposal of Low Level Radioactive
Waste, Final Report, Novenmber, 1985)
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TABLE 8. 2

RADI ONUCLI DE CONCENTRATI ONS FOR A REPRESENTATI VE COMVERCI AL
| NTERMEDI ATE- ACTI VI TY LOW LEVEL RADI OACTI VE WASTE STREAM

Radi onucl i de Aver age Concentrati on
(Curies/ Cubic Meter)

r—a— ——— -—— = =
- 14 7z .35 >x< 1O ™
— e — = 1 = ==
NI - 59 2..68 X 10" "™
< —«<«< >» — < > = === ==
[ | | — < 1 = _ >
A — - > A - - =
b_ i Il/\
-84 1.38 £ 18-%5
i 1795 55 UL X Q%
C o= — A = A & _ [ ==

TOTAL 1, 370

Source: T. L. Glbert, C Luner, Alternatives for Geater Confinenent Disposal
of Low Level Radioactive Waste, Final Report, Novenber, 1985.
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Figure 8.7. SCHEMATI C REPRESENTATI ON OF ELEMENTS | NVOLVED
I N THE SOURCE- TO- DOSK ANALYSI S FOR EMFLACED WASTE
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Sour ce: T. L Glbert, C Luner, Aternatives for Geater Confinenent Disposal

of Low Level Radioactive Waste, Final Report, Novenber, 1985.


NEATPAGEINFO:id=ACE78332-4516-4055-A0E0-D88A6EE1D19B


Figure 8,8:
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8.4.3 Scenari os

The radi onuclide rel eases and hunan exposure that determ ne the doses received
by exposed individuals are critically dependent on human activities (e.g. use
of the site for industrial, conmercial or agricultural purposes). Popul ation
distributions in the vicinity of a waste di sposal facility and acci dent
scenarios are to be considered also. In general, four types of scenarios are
to be considered. They include (1) accident scenarios, (2) occupationa

scenarios, (3) intruder scenarios, and (A) popul ati on scenarios. Accident
scenari os were exam ned, but are not a significant part of the Nucl ear
Regul at ory Conmi ssi on anal ysis because it was determ ned that the public doses
from acci dent scenarios were orders of nmagnitude snaller than intruder doses
(Ref. 4). For the purposes of this analysis, occupational dose contributions
wer e excluded. The results of the analysis to be presented are prinmarily based
on Intruder and popul ation scenari os. The scenarios in use are thus separated
into seven conponents which are identified in Table 8.3. Intruder doses are
desi gnhat ed as being construction or agriculture related. Popul ati on exposures
are considered to be a result of l|eaching, mgration, surface water runoff or
at nospheric transport. Accidental doses are a result of off-site atnospheric
transport, which differs from popul ati on atnospheric transport, in that the
popul ati on atnmospheric transport conponent includes a dose contribution from
f ood contanmi nated from airborne radi onuclides. The acci dent conmponent does
not. A nore detail ed discussion of the scenarios and pat hways nay be found in

t he Environnental |npact Statenment, U S. Nucl ear Regul atory Conm ssion 10 CFR
61.

8.4.4 Transfer Factors

Transfer factors are mat hemati cal expressions designed to link radiation
exposure, exposure pathway and exposure scenario in order to determ ne a
radi ati on dose. Transfer factors were constructed for the Nucl ear Regul atory
Commi ssi on anal ysis which resulted from conponents given in Equation 8.1. In
order to rank the alternatives to shallow | and burial, based upon radiol ogica
Inpact, it is necessary to express Equation 8.1 In a formthat will allow the
factoring in of technology specific barriers to the migration of radionuclides.
Equation 8.1 can thus be expressed as foll ows:

Equation 8.2

H= Z (f, fd f~f3) C POCF-N

where the summtion is over all radl onnuclides and pathways (N). H Is
equivalent to D(x,y,t) in Equation 8.1, andis the 50 year effective whole body
dose equivalent  commitnent inmlllrem The components DIE, EEC and CR in
Equation 8.1 conbine to yield the pathway dose conversion factors (PDCF-N) in
Equation 8.2 S, in Equation 81 is equi valent " o C'.) which is the
radi onucl i de concentrati on. RIS in Equation 8.1 is equivalent to (f Ij § f "
fg), whichis expressed as | in the Nuclear Regulatory Conmission Analysis. In
other words, the product of (f* f* f~f") is equal to the release rate per unit
source termandis equal to I. | is an "interaction factor" which attenpts to

characterize the various barriers to the mgration of waste from the source to
bi ota access | ocations as foll ows:

fr = time-delay barrier factor: a factor that accounts for all the
control mechani sms  that increase the time period between


NEATPAGEINFO:id=C26575A7-D7F8-407F-8A82-086FEECE7649


termnation of waste disposal at the site and the Initiation of
contact between the transport agent and the waste.

f J = slte-deslgn barrier factor: a factor that includes the effects of
any engi neered barriers designed into the waste disposal facility,
plus any site operational practices that may reduce transport.

—h
1

wast e—form and package barrier factor: a factor that accounts for
t he physical and chemical characteristics of the waste at the tine
of the initiation of the rel ease/transport scenari o, which nmay
inhibit contamnant transfer to the transport agent.

-
Il

site-selection barrier factor: a factor that includes the effects
of the natural site environnent, which contributes to reducing
radi oactivity concentrations at the biota access |ocation

These formfactors may be used to represent the control nechanisns. They are
not the barrier criteria thenselves, but may be used to help determni ne the
barrier criteria. Use of these factors nay be acconpli shed by either

speci fying the value required for a given barrier factor, or by defining the
characteristics of the barrier needed to achieve the desired effect.

The deternination of appropriate values for the barrier factors for the
different alternatives is the heart of the analysis. In the Nucl ear Regul atory
Commi ssion analysis, these are related to sets of indices called (1) waste-
form (2) waste-processing, and (3) disposal-technology Indices. Differences
in radiological inpact are prinarily determ ned by the disposal -technol ogy

Indices. Utimately, the barrier factors are expresed as unity or fractions
t her eof .

The di sposal technol ogy indices used in the Nucl ear Regul atory Conm ssi on
anal ysis for assessing the effect of different facility designs and operating
practices are sunmarized in Table 8.4. The significance of the given val ues
for these paraneters is given in Table 8.5. The reader should consult with
i ndi viduals naned in reference no. A for Information on the use of paraneter
val ues used in Equation 8.2.

The alternatives described in this report rely on two nmechani snms of waste
i solation. First, aboveground vaults, bel owground vaults, and earth-nounded
bunkers rely on engi neered structures for waste isolation. The sel ection of
materials and thickness of materials is inportant. Criteria used in selecting
a material to construct an aboveground vault or to |line and cap bel owground
vaul ts and earth-nmounded bunkers | nclude the expected service |life and
associ ated costs. Past experience indicates that synthetic nenbranes, in
general, have an expected |ife of around 25 years (Ref. 7). Although the
menbranes nmay provide a tenporary solution to the contai nnent of radioactive
wast e, they do not appear to provide opti mnum contai nnent (Ref. 7). In
addition, they are costly. Mich nore experience is associated with the use of
concrete and asphalt. Asphalt appears to be nore cost effective In retaining
radi oactive waste than is concrete (Ref. 7). The |ife expectancy of exposed
asphalt is only on the order of 20 years. Concrete has a |ife expectancy of
approxi mately 40 years. Major di sadvant ages associated with the use of
asphalt, as opposed to concrete, as a cap or liner Include the possible

degradati on of asphalt by organic conpounds In the waste and cracking if it is
exposed to differential settl enent.
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M ned cavities and angered holes would rely on soil or salt conpounds for waste
Isolation. At present, soil barriers appear to offer the nbst economc
solution for a given waste containnent tine (Ref. 7). Unlike man-nmade

materials that deteriorate with time, soils are considered to be extrenely
st abl e.

Leachi ng of radioactive contami nants froma site by groundwater is considered
to be the nore probabl e neans of radiati on exposure to the popul ation. First
and forenost, an effective groundwater nanagenent and nonitoring programis
essential. Mgration barriers such as natural or artificial materials can be
considered to be a second |ine of defense against radionuclide nmigration. The
selection of certain soils can provide the sane degree of retardance as nan-
made materials. This is why sone individuals still believe that traditiona

shal |l ow- 1 and burial is the best neans of disposing of |owlevel radioactive
wast e. However, public perception of traditional shallow |l and burial does not
appear to be favorable at this tine.

Intrusion into an abandoned di sposal site is the nore probabl e neans of
radi ati on exposure to an individual froman accident scenario.

Using Equation 8.2 as a base, the U S. Departnment of Energy has published dose
estimates for different waste disposal options (Ref. 4). The technol ogy i ndex
val ues that were used In the analysis for estinating the doses for the
different alternatives are given in Table 8.6. Refer to Table 8.5 for an
expl anation of index val ues.

8.A. 5 Dose Cal cul ati ons

The algorithnms used In the Nucl ear Regul atory Conmm ssion codes for cal cul ati ng
doses conbine in conplex ways that are not readily understood. Unl ess one has
been intimately involved in developing the algorithnms and witing such codes,

it is difficult to gain the kind of famliarity with the logic and construction
t hat enabl es one to judge when the results of a particular calculation are
useful or when they are not. No attenpt will be nmade to descri be the
calculations in full detail. Various codes, which set forth indices and
paraneters for the scenari os previously described were used. Maxi mum
i ndi vidual dose estinmates, (both on-site and off-site) for the alternatives are
given in Table 8.7. It should be noted that these are generic nunbers and are
subject to a high degree of variability, dependi ng upon site design and
location. In addition, these figures are based on enpl acenent of 10,000 m of

Internedi ate | ow | evel radioactive waste and 100 m of high activity | owl evel

radi oactive waste. Al so, the maxi mum i ndi vidual on-site dose estimates are
based upon the Nucl ear Regul atory Conmm ssion intruder computer nodel, which
I ncludes Intruder construction and Intruder-agriculture scenarios. Of-site
doses were constructed from groundwater mgration codes

I ntruder-construction includes: (1) inhalation of contam nated dust and direct

gamma exposure froma contani nated dust cloud, (2) conmsunptlon of food grown
near by upon which the airborne contam nation I's assuned to settle, and (3)
direct gamma exposure fromthe waste during excavation
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TABLE 8. 3

SCENARI S AND UPTAKE PATHWAYS USED | N THE NRC PATHWAY ANALYSI S

Bf ot a Access PCCF
Scenart o Locat i on _Uptal ce Pat hways Synbol t*

InhaTatfon (soil)
Di rect Radii at ion (irej|
Acci dent \ Ofsite aTF Irect Radiatlon (air]

PDCF- |
(Acute) I nhaTatfon fair)

Direct Radiation (air)

I nhal ation (air)

I nt ruder - }<10irect Radiation (air) POCF- 2
Construction | Onsite Soil / ood fair)
(Acute) Direct Radiation (volure)  PDCF-5

Inhal ation fair)

I nt ruder - Air kCO'rect Radiation (air) ' pocr.3
Agriculture i Onsite SoTT Food (air,! ]
(Chronic) Food (soil) P -4

Direct Radiation (volurr®)»  PQCF-5

Inhal ation fsoil)

Leaching S A | <rOrect Radiation (area)-
Mgration [ Vell Water" \Direct Radiation (air) PDCE- 6
(Chronic) Food fwater)
Inhal ation fsoil)
Leaching S Soil I*Qirect Radj.ation fare'a
Mgration | Qpen Water \8I’GCE %% la<ition alrl) .
(Chronic) Food fwater) PDCE-7
[I ngestion (fish)
I nhal ation fsoil)
Surf ace | *COirect Radiation (area)
Vter Runoff | Open Wat"ef" \Direct Radiation (air)
i POCF- 7
(Chronic) . Food fwater)
A ngestion (fishy
6nhalat|03 f50|l)
' < Qrect Radiation' (armd u—
FQREB'&?{'C (Cffsite Air }\Orect Radi ati on Eair
(Chronic) . POCF-8

I nhal ation fair)
Direct Radiation (air)
Food (air)

Sour ce: U.S. Nuclear Regulatory Conimsslon,  NUREG 0945,  November,  1982.
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Sour ce

TABLE 8.4

DI SPOSAL - TECHNOLOGY | NDEX DESCRI PTI ONS
Property I ndex Description
Desi gn ID "RvD options are considered: regular trenches and the so-called
"concrete-wal | ed" trenches.
Cover 1 < I hree options for the cover between the waste and the atnosphere
are consi dered: regul ar, thick, and intruder barrier.
St abi li zati on I X Three options for the stabilization progran applied to disposa

Enpl acenent | E

Segregation IS

|l ayering | L

Grouti ng 1 G
Hot waste 1 H
facility

Qosure I ndex 1Q
Care | evel 1 GL
I ndex

Post operat | onal | PO

period (years)

Institutional 11C

control period
(years)

cell's, which may contain structurally unstable wastes, are
consi dered: regul ar, noderate, and extensive

Three options for the enplacenent of the waste are considered
randan, stacked, and randan conbined with decontainerized
di sposal for conpressible [owactivity wastes.

Option for s”regatlng and separately disposing of wastes that
are coribustible/conpresslble and those that could contain
cai 5)l exing agents

Option for separating and putting selected vraste streams (usually
with higher external radiation levels) at the botton of the
di sposal cell

Option for filling the interstitial spaces between the wastes
with grouting material

Option for having a special area within the disposal facility
with special procedures to handle high-activity wastes

Indicates the activities during the closure period (regular or
extensive).

Indicates the care level anticipated during the active
institutional control period (Iow, noderate, and high).

[ Xiratlon of the period between the cessation of active disposa
and the transfer of title fron site operator to site owner

Riration between transfer of title to site owner and assuned tine
for loss of Institutional controls over the site

U S. Nuclear Regulatory Camiisslon, NUREG 0945, Novenmber, 1982
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TABLE 8.5

DI SPCSAL - TECHNOLOGY | NDEX VALUES

Opti onal
Vari abl e di arret er Val ues Expl anat i on
ID DESI O | Regul ar shallow|and burial trenches
"Qsicreterwal | ed" trenches
Ic COVER 1 Regul ar cover

2 "TMck"™ cover
3 "Intruder barrier" cover

I X STABI LI ZATI CN 1 No special procedxires
M derately extensive procedures
Very extensive procedures

w N

I E MFI ACEMEOT Random

St acked

Decont al neri zed

Random wi t h sand backfill

St acked with sand backfill

a s wWwN R

1S SEGREGATI ON

o

No segregation
Segregation of unstable waste and waste containing
cheni cal agents

[EEN

I L LAYERI NG 0O No | ayeri ng
1 Layering of waste streans

G GROUTDG 0 No grouting
1 Gouting of interstices betireen disposed waste packages

I'H Hyr WASTE 0 Nd special disposal of high-activity waste
FACILITY 1 Special disposal operatlcns for high-activity waste
la * CARELEVEL 11 2-year nodest closure with |ew care |evel

12 2-year nodest closure with nmoderate care |evel

13 2-year nodest closure with high care Ievel

21 47ear conjlete site restabilization with |ew care |evel

22 4-year conplete site restabilization with nDderate care |evel
23 4-year cotiplete site restabilization with high care |evel

2 . . .
I K POSTOHERA- 2-99 Nuriber of years betvreen cessation of disposal of xraste and
TI ONAL PERI OD transfer of title to site owner
lie iNSTrnjnoNAL — (0-999 Nunber of years between transfer of title to site owner
OONI RCL PERI OD and the asstnmed | oss of institutional controls

Sour ce: U S. Nuclear Regulatory ConmissiOli, MREG 0945, Novenber, 1982
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Al ternati ves

Tradi ti onal
Buri al

DI SPCSAL -
USED

ID 1IC

Shal | ow Land
Facility 1 1

I X 1E

TABLE 8. 6

IS |IL

1 G

TECHNOLOGY | NDEX VALUES
FOR DOSE ESTI MATES FOR ALTERNATI VES

I H

I CL

13

Bel owgr ound Vaul t

Aboveground Vaul t

Ear t h- Mounded Concrete
Bunker

M ned Cavities
Auger ed Hol

Not e:

es 1

val ues presented in this table.

T. L. Luner,
of Low- Level

Sour ce:

G Gl bert,
Radi oacti ve Wast e,

Fi nal

13

1 1 1 0 13

Report, Novenber,

I PO

1 C

98

98

98

Refer to Table 8.5 for an explanation of the disposal-technol ogy index

Al ternatives for Geater Confinenment D sposal
1985.
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Intruder-agriculture includes: (1) inhalation of contam nated dust suspended
due to tilling activities as well as natural suspension, (2) direct gamm
exposure fromstanding In the contam nated cloud, (3) consunption of food
contam nated by fallout, (4) consunption of food grown in contam nated soil
and (5) direct ganma exposure fromthe disposal waste vol une.

In order to generate the estimtes presented in Table 8.7 it was necessary to
express the variabl es P|ven in Equation 8.1 in a different manner. The 50 year
dose commitnent in mlllrem formerly D(x,y,t) was changed to Hin the Nuclear
Regul at ory Comm ssion code. The intruder-construction dose is given by the

terns:

Equation 8.3

H=1i (fo~d"wfs>i" % POCF-2 + | (fA fA fA £3)pg C, PDCF-5

where the summation is over all radionuclides. The interaction factors (f fj

ff % and pat hway dose conversion factor (PDCF-5) are as previously described

inthis report, and where the subscript DCrefers to "direct gamm" exposure.
th on e concentratioA-in the waste, indicated earlier in this

section. Nunerical values given to the interaction factors and pathway dose
conversion factors are presented in the environmental |npact statement for 10
CFR Part 61, Aa?endices G Q It should be noted that whol e body doses are
consi dered for 23 separate radionuclides assuned to be present in the waste
stream The intruder-agriculture dose is given by the ternmns:

Equation 8.4

C* PDCF-3 + | (fo fd fwfshfoon Ay ACAAA 4
X (fo fd fwfs)DG G, PDCF-5

The individual conponents presented in the previous equations represent a
summation of the separate conponents by which radiation exposure can occur

The dose for the groundwater scenario is given by the follow ng single sum

Equation 8.5: H=1 (f~ fj f* fg™w P*CF-N

where N =6 for a well access location and N= 7 for a surface water access
| ocation, and the summation is over all radionuclides.

As can be seen from Table 8.7, shallowland burial has the greatest ﬁotentia
for individual radiation exposure. Anong the alternatives, augered holes are
shown to posses the |east potential for i1ndividual radiation exposure. Bel ow

ground vaults fall in the mddle. Aboveground vaults, mned cavities and earth
mounded bunkers were not considered in the study.
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TABLE 8.7

NMAXI MUM | NDI VI DUAL DOSE ESTI MATES FOR ALTERNATI VES
AND TRADI TI ONAL SHALLOW LAND BURI AL ( SLB)

Maxi mum | ndi vi dual Dose (nmRemyr)” '

I nt er medi at e- H gh-Activity
Activity LLRWAA

Facility Type an-siteD of-site On-sltern Of-site
Traditional SLBMA 20, 000 30 10-
Bel owgr ound Vaul t 0. 0007 0. 003 12 0. 0007
Abovegr ound Vaul t
M ned Cavi ty
Augered Hol es® - A 5 X 10 ° 0.05 0.9 0.01

Eart h- Mounded Concrete
Bunker s

A. Estimted maxi nrum annual dose that would be incurred by an inadvertent

intruder on-site or by an individual residing off-site as a consequence of
nornal releases to the environnent.

B. Based on 10,000 mof internediate-activity |owlevel radioactive waste
(LLRW.

C. Based on 100 mt of high-activity LLRW

D. For intrusion Inediately follow ng cessation of active institutional
controls, assumed to be 100 years after site closure.

E. Ei ght neter deep trench.

F. Sout heast region.

Source: T. L. Glbert, C Luner, Alternatives for Geater Confinenent Disposal
of Low Level Radioactive Waste, Final Report, Novenber, 1985.
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8.5 Licensing

Li censing of disposal alternatives described In this section is governed by
Title 10 Code of Federal Regulations, Part 61, pronulgated by the U S. Nucl ear

Regul at ory Conmi ssion, or by equival ent state Regul ations. The regulations In
Part 61 establish (for land disposal of radioactive waste) the procedures,
criteria, and conditions upon which licenses are issued for the disposal of
radi oacti ve waste containing by-product, source or special nuclear nmateri al
recei ved fromother persons. These regulations were originally drafted for the
licensing of shallow land burial facilities but have been determ ned to be

applicable to the alternative method previously outlined in this section (Ref.
1).

CGeneral requirenents for |lcensure can be sumrmarized in certain performance
objectives which are: 1) protection of the general population fromreleases of
radi oactivity, 2) protection of individuals frominadvertent intrusion, 3)
protection of individuals during operations at the site and A) stability of the

di sposal site after closure. Mre specific technical requirenents are as
foll ows:

site geol ogi cal and hydrol oglcal suitability;

- site design which is conpatible with |and di sposal

- di sposal facility operating and site closure procedures;

- environmental nonitoring at the site and in surrounding areas;
accept abl e waste characteristics and waste classification;

- proper |abeling of waste containers received; and

- long range plans for institutional control of the site.

Each alternative is currently assessed on a case-by-case basis to deternine if
the criteria presented in 10 CFR 61 can be applied or if additional
requi rements, not outlined in Part 61, are needed. The Arny Corps of Engineers
wi 1 1 soon be conpl etlng a study for the Nuclear Regul atory Conmi ssion which
eval uates the applicability of the criteria in Part 61 on an alternative
specific basis. It should be noted that all the requirenents for |lcensure may
not be binding in States that have entered into an agreenent with the NRCto
regul ate the use and di sposal of radioactive material within their own borders;
however, the requirements in such states nust be conpatible with 10 CFR 61 as
it relates to performance objectives

8.6 Cost Conparison

A cost conparison of alternatives to shallow | and burial of |owleve

radi oactive waste requires a benefit-cost-risk analysis. This type of
conprehensi ve anal ysis has not been undertaken to date.
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For commercial disposal facilities, a generic fornmula for total cost may be
expressed as foll ows:

*ATOTAL ~ APC "*" "ACT "M AQP "N ASC
wher e.
ATOTAL ~ Total facility costs
C-pr = Total pre-constructlon costs
*NCT ~ Total construction costs

Cgp = Total operational costs

Ccr

Total site closure costs

Anot her paraneter of interest Is the total cost per unit volune of waste
di sposed, which is expressed as:

Acpz ~ '“Motal /Mdzv

wher e.

Cpp7 = Total  cost per unit volune
ADZv -~ Disposal zone vol ume

ATOTAT AMA ACVT “mvary fromalternative to alternative and are functions of
total capacity desired. Cost conparison figures are not available for the
alternatives |In question

In addition, actual costs Incurred by those who have already utilized either of
the alternatives discussed is not conplete. In Sweden, the governnent has
constructed a waste repository in a mned cavity, basically crystalline rock
(Ref. 3). Cost estimates average $40.00 United States dollars per cubic foot.
It should be noted that the repository was not placed in an existing cavity,
but a cavity was created. It has not been ascertai ned whet her or not the
excavation of a new cavity is simlar in cost to the nodification of an
existing cavity. Costs are based upon a 1982 price level. Al so, Reynolds
El ectrical and Engi neeri ng Conpany has estinmated a cost of $55.00 per cubic
foot when applied to the use of augered holes. This work was done for the U S
Department of Energy at 1984 price levels (Ref. 2). Wrk perforned by ERG
I daho for the U S. Departnment of Energy has provided generic estinates of cost
for sonme of the alternatives discussed in this report (Table 8.8).
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Sour ce:

T.

TABLE 8. 8

GENERI C COST COWPARI SON OF ALTERNATI VESMA

Facility Type Cost ($10")

Tradi ti onal shall ow | and

—> w1 n— [ = 1 =
Bel ovwgr ound wvault 22
Aboveground vaul t

NM med cavi ti es R —

Auger ed hol es 17

Eart h- nounded bunkers —

L. Glbert, C Luner, Alternatives for
Confinement Disposal of Low Level Radioactive Waste, Final
Report,  November,  1985.

G eat er

Fromthe information presented, it is obvious that shallow | and buri al
nmore economnical. Anong the alternatives, augered holes are the nore

econom cal .

is the
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9. 0 RECOMVVENDATI ONS FOR FURTHER STUDY

A final overall conparison of alternatives to shallow | and burial should be
made to deternine if one seens nore preferable than another. Each alternative

shoul d be conpared to shallow | and burial based upon the suitability criteria
outlined in Sub-section 8.3 of this report. Stated criteria should be expanded
to provide nore detail, as follows:
A. Sinplicity and Feasibility of Design and Operation
A-1 State of technol ogi cal devel opnent
A-2 Ease of waste handling and pl acenent
A-3 Lack of conplexity
A-4 Flexibility in acceptance of waste forns
A-5 Mai ntenance requirenents
A-6 Weat her vulnerability
A-7 Visually unobtrusive
B. Greater Confinenent Capability
B-1 Confinenment ability
C. Ease of Site Mnitoring
C-1 Ease of performance assessnent

D. Period of Institutional Control After Site C osure

D-1 Long terminstitutional care

D-2 Potential need of corrective neasures

D- 3 Decommi ssi oni ng

E. Reducti on of Radi ati on Hazard

E-1 Ability to handle and shield packages of waste possessing a high

ext er nal hazard.

F. Resource Exploitation

F-1 Cost

F-2 Flexibility In siting requirenents

Ideal ly, the conparison of shallow |l and burial to those alternatives nentioned
previously in this report (based upon the criteria nentioned above) would be
expressed in nunerical terns. The objective of such quantification would be to

assign each criterion a relative nunber of Inportance, normalized to unity, for
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each alternative. The inplenentation of this quantification technique wll
pose probl ems because the assignment of such weighting factors is purely
subj ective and is dependent upon the attitudes of persons or groups which
attenpt to inplement such a procedure. Thus, the quantification of such
criteriais likely to vary fromperson to person or group to group

In this report, no attenpt was made to quantify alternatives since no
standardi zed et hod exists and devel opnment of such a nmethod is beyond the scope
of this report. It Is up to each individual body which has the responsibility
of deci ding what nmanagenent technique is nost desirable to decide what figures
of nmerit should be assigned to each criterion. A final decision can be nmade
based upon this process.

The devel opment of a standardi zed nethod of quantifying criteria related to the
sel ection of a particular technology for the disposal of |owlevel radioactive
waste will certainly prove to be a valuable tool for those assigned the
responsibility of providing for the paper managenent of such wastes.
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