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FIGURE 1.1 High-level wastes from Tight-water reactors (LWR).

FERERE OHABRARNIE, BEBLERENE TNV =V L 2fEOHT, €W
ZEBFECE > TRE LI SFAs TR LY Z v T b =7 2 2[HIIT 5,
BHERESBERYEBBO NV 2T LE2FATHWE, —HFERBOBEFAEEND

— 55—



N851-80-01

Btk Lic@RAFMEHCH LT, 74 ) #ERFREAEEARE LTOEL, Z0RHEER
» B FE LB A BERYE T F =9 413 SFPs BEAKEESATL S,
B, T U ARGHEMEEES LT3 OTESS (Panel ) i SFPs % Rikils ©
e OEMED 1 -EEZ A EIT L,

B, EEACVLAEAEAE TS BEORSEERY (B DOE Wastes & iIh
TNE) BRELTHY |, ChOEERAHE, 27 » Y, BLU salt cake CERHR)
OFETE Y JIIFRINTOVE, T Y ABPEEFOREYMOFNEAFTTS L
SEEABET 201, BEEVHBAUBICEETHESS, SOICHEF,ORET 3
THAIWEARECEZEY IS HOTERE L D bLEMESE L B3TH5 5 (B
BE@BOEETOWLULETCIICRBTHEALD),

WO LERROBSEEENONEE, BRATHERHELEBL» S LAKLSE
BICRERTERVTHSD, BENd, KAkOEENIESAORMBETHD |
ZORED SRE LS CEEMEMECEATO A DL THIDETH D, BRI 4 7
LMOBEEQORME D BHEBSOCLUEELAME LCRE LA HLLW i Bibs 5 %54
5%, XEEAOEEYED OB O OBEHEFERT AEE LS5,

@ BERmPOER

FHA, REARTFE» 5% LA kHEEEyE TLIwED 20 L SFPs
EUTEELTOA, T4 Y #TIE 265000 m O HLLWAAEHRAF Y LR 4 ¥ 7 ICk
BEhTWhd, INbD2» o3, KEETEKRS0007” STOHAICHIE, chbdz
YIRFROVA L (AYT = B, v Fln— TALRT +=0) KRBESHTE
H, EERATOURERECREZEME LTAMICETF ENAESDTHE, 2OF4 + N
DOEEE, (EE —Kaza L 0RERR (2E8K) — & UTOEKEZEY 1,480
AT 5 &, MEOEREROHLLW OB&sHE e 3,

(FE1) HAERKEEETHELCOSS SO (BAE, ¥Kr, 3H, UC) i1, BHELB IR T 2R E
% OV 5 XL U R SNETHED D, ChOOBERAER S CASH ICHE Shb
PRELSDRDERENE3TES I, FLO7TowR{L, COMELNETILHEIREH
TELLBERRZDHOUTRHATHB(ERDA 1976 b BE),

(ZF2) DOE Wastes —RICEHEER LTV A0+ OBEASE LTV A 2B) .



N851-80—01

TABLE 1.1

Total Inventory of Spent Fuel and Migh-Level Wastes in the United States

DOE - Commercial
Amount Activity 6 Amount Activity 6
{curies X 10°) {curies X 10°)

a [o4
High-Level Liquid Wastes in Tanks 265,000 m>™  450% 2,300 o¥ nd

Unreprocessed Spent Fuel 2,268 tonsS 3,400%

(2,000 o)L
High-Level Solidified Wastes 1,480m% 51,88

2 About half of this volume is in the form of salt cake and sludge
{u.S. DOE 1978).

‘ Q-Quantity of 90Sr and 13705 (F.P. Baranowski, U.S. Energy Research and
Development Administration, personal communication to M. Willrich,
Massachusetts Institute of Technology Energy Laboratory, October 27, 1978).

£ Maste is estimated to by 5 percent sludge, by volume (U.S. NRC 1976).
9 quantity of 9%r and 137cs as of 1973 (U.5. HRC 1976).
€ Alexander et al. (1977).

f Projected amount of HLLW produced from reprocessing current inventory of
commercial SFPs. Based on an estimate of 850 liters/MTU (U.S. ERDA 1976b).

4 These wastes are in the form of calcine (U.S. ERDA 1977b).

R FRALOLE OFKMICER SN T2 REHAOFEHERHBES K OAFBIL 1977
F£8 AEAET 2268 MT 12725, BEDOHK CAEEN37251F 2,000 O HLLWED
AHRETRIEEBEAS, BEREMAD SFAs O2KEHERIL, DOE Waste 28
WTW3, L L, SFAs ODELSHEBEBRICH > TEHFFE,ORD BEATWHE, Th
LOBBELVANVEIEHICEET 3 THASD (I, 11EF, LWR AHESEKOHEH),
IhEDSFASICMATHEROEAZFRE OBLEICLS, »IOAHBOHLLW (Table
L1IBRB) H=a—3 -0 xR bL —CBERBRSh TS,

Table L1 KRT &I, BEFRSA TV I2EHEENORIHERENORLITS

(E3) HLLWH Purex BAED D 50008,/ MTU BET B EFHRINTVLES, BENERIIC
600 ~ 1,000£ /MTU iBP T2 CTH%5I (U.S. ERDA 1976 b),
2,000 n? (BIED SFPs 4 ¥ <Y b —nd) & 52,0007 ( 199544 ¥ b Y =) O,
850 £,/ MTU OEREICE S $DTHB,
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52,000 DHLLWHAE L2 LI 5H, COBERBEOEEREMR & hE+ ik
RLITMETH B, BLhL, TOLIICAEE NIBEERDIEFREEDCL~, &
HOHEE T O RAER B AE o & BRI LTEM T MU b5 Lo,

3 BEtaBoEH
HLLW OELEEH B W% 750 LA Hic | MEHEEEATE ~ Ml 3R
GEROBICBELBLDORENERTS 5, BILEEUMEEARESOHMICH
AR VBRI AR B B2 S NEB SN2 THS S BT o« 2 OREEN & L
TEESND, MIHRRERMOBHEEBOH LADO 1BELOL2BIEL13 60
<®%, —
Figl 2 & Table 1 2 KT 2 B O3 Uik & BILEBEMHE ORE £ HRNICR T
Pigl 2 5D55 &5, EMCERYTE S oS K bl OB 55 ¢ /o s )
¥ —GIAR, BEYD YT FORENNER S ARER — 10k o THDNT LB,

Primary

Secondary

— Container

FIGURE 1.2 The solid waste form showing three levels of containment:
(1) a primary phase, which contains the radionuclides at the atomic
and molecular level; (2) a secondary phase, which binds the primary
phase particles in a matrix of a second material {see Figure 10.1 for
an actual example); and (3) a tertiary level, the container.
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TABLE 1.2

Solid Form Containment Options

Primary Secondary Centainer
Ceramic materials Metals Mild steel
Supercalcine
Low-temperature Cement Stainless steel
ceramics
High-temperature Glass Titanium
ceramics
Fuel pellets Copper
Glass Concrete

Alumina or other
ceramics

@ £ 2&E LAY
RESNEEEUBEOLTTEIHEVAET OES B 1RYLADHEL 2 KYE
(FiglL2ZBR)O= M) v 7 2ARICH UiAD 2 HAYHELZELY, 2O Y v 72 EL
THERABSE (), BREAESE (F2v), av /) — I\ hHEZOND, < F Y »
720, MEDSBHEREICET 5 0£HHE T 3HRITE O LILSI <) Y 2REET 5
SBHO 2 INHHE IR TN 5 OBBICEENA 2 YEARDANS L LB FATETH S,
X, {0 2 RIGHHEICB VT, BEDA F v EDRIEPIRDANS C EHTETH S
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A. Geographic |solation and
Physical Removal in Mines.

B. Rock Formation

C. Overpack
D. Container

E. Solid Waste Form

A. The outermost protection is provided by geographic isolation and physical
.removal in mines or excavated vaults.

B. The rock formation will, in most cases, react chemically and physically
with the waste to form the long-term container.

C. The waste is separated from the rock by an optional overpack, which
can be a metallic cylinder or a mineral powder that adsorbs radionuclides.

D. The container provides protection, particularly during shipping and
during the retrievable phase after emplacement.

E. The solid waste form is a major barrier during transportation, after
emplacement, and also after reaction with the host rock.

FIGURE 1.3 Multiple barrier concept for disposal of nuclear wastes.
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FIGURE 3.1 The radioactive waste management system.
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FIGURE 3.2 The radioactive waste management system showing options at each stage.
(1) selecting the amount of time that the waste will be stored at different stages in the system, and (2)
selecting among the various options for reprocessing, solidificatfon, and emplacement,
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TABLE 3.1

System Demands on the Solid Waste Form

Processing

Transportation

Emplacement

Retrievable

Honretrievabte

Objectives

Properties of Solid
or Process Charac-
teristics

Demand on 301id
Properties

Minimize hazard
to worker

Minimize haczard
during storage

Process should bhe
simple, adaptable
for remote opera-
tion

Sa1i{d not too dis-
persible

Solid propertiss
unimportant

Minimize hazard
during transpor-
tation

Low solubility, low
dispersibility,
gond thermal con-
ductivity, good
mechanical proper-
ties agalnst acei-
dent, minimized
volume

Maximum demand on
snlid properties

Maximize stability
in canister for
possible retrie~
vabiifty

Maximize stability
versus rock and
groundwater attack

Low solubility, good
thermal conductivity,
Jow reactivity with
rack and water

Container properties
important; knowledge
of thermal properties
significant

Maximize stability in
equilibrium with
host rock

Yields phases with minimum
golubility in equilibrium
with host rock

Physicai properties
ne longer important;
ingolubility of post
reaction phases
important

10-08-T148N
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FIGURE 3.3 Tri-component management system showing the system's reliance on
isolation, surveillance, and immobilization. Initially, protection is provided
by isolation and surveillance of the HLLW. Immobilization is greatly increased
by solidifying the HLLW. Emplacement of HLSW greatly increases the reliance on
isolation and decreases the need for surveillance.
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Mior~<n t#O2 X F OB TREZERMSTHONZDIEHELGNTHE, TOLE— b
DIRITICL B &, ABNITERE T 2 ORARUEREREEICE L3 0HIC, 28
BORBINEHZZ BT T3,

WS oh OB AR ATRERIRER 2 RET 20, B4 ORBBRITHAT
WA ENDLMLETHED I,

AT ORI S o LB O LT3 0L METE 3, < OREAERES
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MEATEDIEE, a2 PO 6L, high — volume SRR HHE T Lohd L
nist,

TABLE 3.2

Rates of Heat Generation from Radicactive
Decay of Typical LWR Spent Fuell

Time Out of Reactor kKW/MTU
160 days 18.5
1 year 8.2
10 years 0.86

8 The values shown are for fuel irradiated
at 35 MW/MTU to a total burn up of
25,000 M{d/MTU.

Source: U.S. ERDA (1876b}.
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KRT, BAA27EIEEBRY 2 CET IFMIEETELR/NENETH L) 2R
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TABLE 3.3

Cost and Risk Data for Several Padicactive YWaste Disposal Plans at the Hanford Reservation and the Savannah River Plant

o T T T T T e s e Total Cost Integrated
Site an Plan Description {million Population Dose Risk,
Number 1976 dollars) (man-rem)
2
Hanford 4 Glass w/RR* in Canisters Lisposed of fn Off-site Geologic 1,500 2 x 10
Repasitory and Eulk Decontaminated Salt Cisposed of in
Nn-site Surface Trench.
-2
Hanford 6 Conerete w/RRY in Canisters Disposed of in (n-site Seclonic 1,400 Z2x 10
Repository anmd Bulk Decontaminated Salt DMsposed of in
On-site Surtace Trench,
3
Hanford 17 Clay wo/RP* in Canisters Disposed of in Cff-site Geologic 6,000 3x10
Repuesitory.
2
SRP 1 Glass Dispused of in Off-site Gealogic Storage and Canned 2,700 9 x 10
Becantamineted Salt Cake Stored in Qutside Surface
Sterane Facility,
2
SRP 2 Concrete Disposed of in Off-site Geologic Storage and 2,400 % x10
Canned Decontaminated Salt Cake Stored in On-site Surface
-Storage Facility,
: 2
spp 12 Concrete Stored in Off-site Surface Storage Facility and 3,000 7.3 x 10
Canned Decontaminated Salt Cake Stored in On-site Surface
Storage Facility.
2
SRP 14 Dry Powder Disposed of in Qff-site Geologic Storage and 2,300 9.3.x 10
Canned Decontaminated Salt Cake Stored in On-site Surface
Storage Facility.
4
SRP - 22 Unprocessed Waste Slurry Disposed of in SRP Bedrock. 180 6.2 x 10

NOTE: It 1s assumed (ERDA 1977¢c) that the SRP plans listed above will dispose of 60 million gallons (230,000 m3)

of reconstituted wastes having an average activity level of 5 curfes per gallon {1,300 curies per cubic meter),

It is also assumed {ERDA 1977a) that the Hanford plans listed above will dispose of: 25 million gallons (95,000 m3)
of damp salt cake, containing 7 million curies of radioactive fission products; 11 million ga11ons (42,000 mé) of
siudge contairing about 50 millisn curies of fission products; and 11 million gallens (42,000 m3) of residual
Tiquids containing 20 million curies of fission products. .

* w/RR means with radionuclide reomoval.
+ wo/RR means without radionuclide removal.
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TABLE 3.4

Relative Desirability of Solid Waste Forms During Processing, Transportation, and
Emplacerent and Relative Costs of Processing®

DOE: Category A Commercial: Categories B & C
Processing Supersludge/Cement Matrix SFps (?)
{simplicity, Supersludge/Ceramic Supercalecine/Metal Matrix (cold)

efficiency, and
reliability of
process)

Transportation

Emplacerent
A. Retrievzble

BE. Permanernt
(differen:
ordering iu
different
rock formations)

Process (osts

{Estimates tased
on complexity)

Supercalcine/Metal Matrix (cold)
Supercaleine/Cement Matrix
Supercalcine/Ceramic
Supercalcine/Metal Matrix (hot)
Glass

Supercalcine/Glass

Glass/Metal Matrix (hot)

Metal Matrix
Ceramic (high temp)
Glass

Cement Matrix
Supercalcine

No differences in form.
Containers of titanium, copper
to be studied.

Ceramic (low temp)
Ceramic (high temp)
Ceramic/Metal Matrix
Cement Matrix

Glass

Supersludge/Cement-grouted
("Super Grout")

Supersludge/Cement in containers

Ceranic (low temp)

Supercalcine/Ceramic

Glass

Supercalcine/Glass

Metal Matrix

Supercalcine/Metal Matrix (hot)
Supercalcine/Ceramic
Supercalcine/Cement Matrix (?)
Glass

Supercalcine/Glass (?7)
GClass/Metal Matrix (hot)

Metal Matrix
Ceramic (high temp)
Cement Matrix (?)
Glass

SFPs

Supercalcine

Metal Matrix, Ceramic, Glass,
Cement, 5FPs, Supercalcine,
Supersludge/Cement

Ceramic (low temp)

Ceramic (high temp)

Ceramic/Metal Matrix

Glass/Metal Matrix

Cement Matrix (7)

Glass

$FPs (especially in presence of
02)

SFPs (7}
Supercalcine/Glass
Glass
Supercalcine/Ceramic
Metal Matrix

NOTE:

{?) designates insufficient data.

4 The order of the forms within any box implies a qualitative ranking (top-best,

bottom-werst).

However, the resolution is such that not too

be ettached to minor differences in ranking.

much weight should
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TABLE 3.4 (continued)

Legend

Supersludge/Cement Matrix: A mixture of tank sludge with clays, zeolites,
and inorganic gels (supersiudge}, bound
together with cement. This could be grouted
or cast into containers or caverns.

Supersludge/Ceramic: Supersludge fired to a Tow-temperature ceramic.

Supercalcine/Metal Matrix (co]d):‘SupercaItine granules dispersed in a cold
pressed titanium or similar monolithic biilet.

Supercalcine/Cement Matrix: Supercalcine bound together in cement.
Supercalcine/Ceramic: Supercalcine sintered to a h1gh—tenperature
ceramic.

Supercaicine/Metal Matrix (hot): Supercalcine embedded as granules in molten

metal.
Supercalcine/Glass: Glass made by adding glassification components
{nto liquid stream. ‘ _
Glass/Metal Matrix {hot): Glass beads embedded in molten metal. i
Ceramic/Metal Matrix: Ceramic granules embedded in metal.
Ceramic {low temp): ' Ceramic forms made by low temperature processes.

Includes supersludge/ceramic, aqueous silicate,
ceramic sponge {see Chapter 7).

Ceramic {high temp): Ceramic fcrms made by high temperatufe Drocesses
Includes supercalcine/ceramic, fusion cast
ceramic, glass ceramic (see Chapter 7).

Ceramic: A1 ceramic forms.

Metal Matrix: A1l metal matrix forms intluding supercalcine/
metal matrix, glass/metal matrix, ceram*c/meta‘
matrix,

Cement Matrix: A1l cement matrix forms including supérsiudge/

cement matrix, supercaicine/cement matrix.

@8 o=z rEELIEE
Table 3 4KTT 52 v/ 2B A S Ko TCEELSME - EENEM T ok
DEHEX L, BREREYER L IERERIE ~ ONERTLEERTES 12T TR
WESWIAIRTH D, BEBLUCEBO IR MIFEOUASFEHICIKEST 20T, Fh
5 DERIT RN o1, | |
HLUERDADT— 2 DL o 3 ERL OBERRETH LT 5, FlAE INEL
TOWE (U.S. ERDA 1977 1) TRAZAT MY v JRANEET 232 NIH S5 2+
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TABLE 4.1

Major Conferences Involving Nuclear Waste Management

First United MHations International Conference on the Peaceful Uses of Atomic
Energy. Held in Geneva, Switzerland, 1955, Geneva: United Nations.

Report of Working Meeting on Fixation of Radiocactivity in Stable Solid Media
at the John Hopkins University, June 19-21, 1957,

Second United Nations International Conference on the Peaceful Uses of
Atomic Energy, held in Geneva, Switzerland, 1958. Geneva: United Nations.

Report of Second Horking Meeting on Fixation of Radicactivity in Stable,
Solid Media at Idaho Falls, Idaho, September 27-29, 1960.

Proceedings of the Symposium on Treatment and Storage of High Level Radio-
active Wastes held by the IAEA in Vienna, October 8-12, 1962.

Third United Nations International Lonference on the Peaceful Uses of Atomic
Energy held in Geneva, Switzerland, 1964. Geneva: United Nations.

Proceedings of the Symposium on the Solidification and Long Term Storage of
Highly Radicactive Wastes, February 14-18, 1966. Richland, Washington.

Fourth United Nations International Conference on the Peaceful Uses of
Atomic Energy, Jointly sponsored by IAEA,. held.in. Geneva,- Switzerland, 1971.
Geneva: United Nations.

Symposium on the Management of Radioactive Wastes from Fuel Reprocessing,
OECD/IAEA, Paris, November 18972.

Symposium on the Management of Radioactive Wastes from the Nuclear Fuel
Cycle, IAEA/OECD, Vienna, 22-26 March, 1976.

Proceedings of the International Symposium on the Management of Wastes from
the LWR Fuel Cycle, Denver, Colorade, July 11-16, 1976.

Proceedings of the First Pacific Basin Conference on Nuclear Power Development
and the Fuel Cycle, Honolulu, Hawaii, October 11-14, 1976 {edited by Ruth
Farmakes, ANS, Hinsdale, 111.).

IAEA Conference on Nuclear Power and Its Fuel Cycle, Salzburg, Austria, May
1977.
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TABLE 4.2

Departmgnt of Energy R&D Expenditures {in Thousands of Dollars) on Waste Solidification
Categorized According to Waste Form

GLASS  CALCINE  CEMENT  ceramic cLay  ADYANCED  qorpy

1955-56 200 600 800
1957-58 200 600 800
1959-60 300 1,530 100 20 1,950
1961-62 270 1,400 100 40 1,810
1963-64 440 970 100 500 10 2,020
1965-66 1,620 2,530 100 200 350 4,800
1967-68 2,800 4,400 200 200 700 8,300
1969-70 2,650 4,400 200 360 700 8,310
1971-72 660 1,000 200 90 130 2,080
1973-74 2,480 1,670 1,090 90 290 5,620
1975-76 6,190 3,700 2,320 550 890 13,650
1977-78 41,350 5,620 _ 830 1,220 1,280 50,300
TOTAL: 59,160 28,420 5,240 3,210 4,410 100,440

a .
=~ Includes metal-matrix, supercalcine.
Source: Data provided by the Savannah River Plant, the Hanford Reservation, the

Idaho National Engineering Laboratory, the Oak Ridge National Laboratory, and the
Division of Basic Energy Sciences.
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FIGURE 4.1 Department of Energy R&D expenditures on waste solidification
categorized according to waste form.

Source: Data taken from Table 4.2.
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Source: Data taken from Table 4.2.

FIGURE 4.2 Breakdown of R&D expenditures for different waste forms.
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TABLE 6.1 (INELCRIBE VLV ~VERKEKOEEHT)

eight Percent Composition of High-Level Waste Calcine Produced at the
Idaho National Engineering Laboratory, Idaho Falls2

Oxide Wt% Aluminum Waste Wt% Zirconium Haste
(Nonfluoride Waste) (Fluoride Waste)

Zr0, - 21

A1,04 89 22

Caf, - 54

N,Og § 2

H20 2 1

NaZO 2 -

HgO 3 -

Fission Product Oxides 0.6 ?

o' (0:015 cizg) (00044 Ci/g)
B3 cue 8525 cue

84as of January 1974, 42,500 ft3 (approximately 1,600 metric tons).
Source: Slansky (1976).
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TABLE 6.2 (MEFAMHEAELE LICE L~ vEER OREEARDEEHEO)

Weight Percent Compositions of Potential Commercial Reprocessing High-Level
Waste Calcines

Oxide PW-4b (Clean)d PW-7a (Dirty)'2
Nazo = 9.1
P0g 1.6 8.3
RE,04 3.8 30.5
rg, 12.1 6.5
Mo0, 12.6 6.8
Tc,0, 3.2 1.7
Ru0, 7.3 3.9
PdC 3.6 2.0
Cs,0 7.0 3.8
Rb,0 0.9 0.5
Sro 2.6 1.4
Bal 3.8 2.1
U504 2.9 15.4
Pul, 0.2 0.1
Others 10.4 7.9

8 J.E. Mendel, Pacific Northwest Laboratories, personal communication. Several
tons of PWY-4b-1ike calcine were produced (as an-intermediate step to glass or
phosphate ceramic products) during the period 1966-1970 at Hanford, Wash. as
part of the Waste Solidification Engineering Prototypes program (Blasewitz et
al. 1973). PW = Purex Process MWaste; "Clean": fission products, residual U
and P and some equipment and fuel pin assembly corrosion products (Fe, Ni, Cr).

B-Adapted from McElroy (1975). "Dirty": a waste to which high sodium and phesphate

intermediate-level waste has been added to the HLW; PW-7a is typical of the
projected Allied General Nuclear Ssrvices, Barnwell, S.C. flow sheet.
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~ TABLE 6.3

(# 7 2 P& E ORIERME & LT OMREER)

Calcine as a Precursor for Glass and Composites

Product

Process

Site

Borosilicdate Glass

Borosilicate Glass

Borosilicate Glass

Borosilicate Glass

Phosphate Glass
(beads in metal
matrix)

Calcine/Glass
Composite

Calcine/Ceramic
Composite

Calcine/Metal
Composite

Rotary-kiln calcination
Glass production {Metallic melter)

Spray calcination
Glass production (In-can melting)

Spray calcination
Glass production (Metallic melter)

Pot calcination
Glass production (In-can melting)

Fluidized-bed calcinationd
Glass production (Metallic melter)
Metal matrix production {casting)

Press and fire blocks of calcine-
glass mix

Hot press calcine/crystalline
ceramic mix

Granulate or pelletize calcine,
cast in metal matrix

Marcoule (van Geel and
Eschrich 1975)

Pacific Northwest
Laboratory (U.S. ERDA
1376a), Larson and
Bonner 1976)

Karlsruhe (Blasewitz
et al. 1973)

Windscale {Clelland
1873)

Mol (Clelland et al.
1976)

Idaho National Engi-
neering Laboratory
(Berreth et al. 1975)

Pennsylvania State
University (McCarthy
and Davidsor 1976)

Mol (van Geel and
Eschrich 1975, Clelland
et al. 1976)

Idaho National Engineer-
ing Laboratory (Cielland
et al. 1976}

2Ys0 uses direct feed of slurry into melter as an alternative to calcining.
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2. mioIRK

7 RAEMEEZ ORBBEMKR T EROELET 7 v MIREBET v R (8BEER) @A
LTEYD, BB LTRE7 0 R E—RIU 7042 ELo5TIVE, INEL CHEBED v
PV OERET 2 ANARENSLIFLIEIsE VR LI, 77 v RiFeLs —AT, F
ASEH WAV ~T T, $FAYT 5~ FO4 Ty b5 T 1966 4Eh 5 1970 £
B ZE L ~VROSL 0y b7 50 FLNATHRUICETLT LS, BE DES,
BRI R DEWM A, 79 REMPICEBERREAREB AT ITICL>TEDICLEL, —K
INELTE, BEREAHEG, WEZ v JCEE7 o - LT3, 207 ot L4 D HE
MR Lo DB T TS AR ICERTE 2 EAEM LI, = -0k 2T, MR
ORHEhE 7 T AELOBICEIAT 20, FREEN~ P v 7REBLRABEC &b LT
7. Table 6. 4 I{UEMEICET 2HREF L B,

TABLE 6.4 (XEEEDR & DODOER)

Status of R&D on Calcine

Site and Process Lab-Scale Pilot Plant Routine Storage
Research Cold Hot Production

Idaho National Engineering

{Laboratory - Fluidized Bed
Defense HLW X X X X X
Commercial HLW X X

Pacific Northwest
Laboratory - Spray Calcfnation X X X

Pacific Northwest
Laboratory - Fluidized Bed

Marcoule - Rotary Kiln
Windscale - Pot Calcination
Karlsruhe - Spray Calcination

Eurochemic - Stirred Bed

o - S S . .
o S . T -

Eurochemic - LOTES
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1) 7EERIIDIT
T AN THE 4 ORUBEENRGEIC SO THRFHESS CTbhTE i, 2 2O
SEMREEROICEN, ATV -FRERBKRRETH S, lHEbBEHERELS
TEY, Fig 6.1 ICENETT, MEBPRICIES 2 1 >EAMICHBERLALD 5, TIHAE

SPRAY CALCINATION
HULW
PLUS ADDITIVES ATMIZING AIR
IF REQUIRED B > OFF GAS
. SINTERED STAINLESS STEEL FILTERS
o LOWN BACK PERIODICALLY FLIBDIZEDDED CALCINATION
70050
BAFFLE > OGS
CANISTER FURNACE CYCLONE
FOR I TRATE BAKEGUT
50rog HLLW, PLUS ADDITFVES
R D
STORAGE CANISTER IF REQUIRED ™,
ATOMIZING ALR __
CXYGEN CANISTER FLRNACE

KEROSEMS : ‘-'E ST FURAACE
FUIDIZINGAIR  —€ m poar
> STORAGE CANISTER

POT CALCINATION
M LS OFF GAS STIRRED BED toL)
ADDITIVES (
1F REQUIRED } 1 = LIQUID tevEL = VAPORS
PROCESSING AND
} FINAL STORAGE CAN SELF CLEANING CYCLONE
= OFF -GAS LINE
3 2 BOILING LIQUID
) £EEC AND LHOUID LEVEL
ZONED FURNACE } ADDIT|VES OR PRESSURE FLUIDIZED CR STIRRED
PG CALCINE SCALE 9ED CALCINZR
{ EMERGENCY VENT
v
OFF GAS
DETAIL OF CANISTER CONNECTOR
ROTARY KILN CALCIRATION
U, GFFGAS 33 S{OPE —o GRAPHITE SIAL
PLUS ADDITIVES . -
IF REQUIRED
TER FURRACE
ORIVE GEAR Cﬂfgulmm
0 o SARIOUT

LOOSE BAR 10
BREAK UP S0LIDS

&TONE

RESISTANCE FURNACE ;[ Y

Source: U.S. ERDA (1976a), van Gee) et al. (1976).
FIGURE 6.1 Five calcination processes.
(52D o+ 2)
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MOEE AR ES ERELE OMERENEZGNEETHS, E1rdx—mF 1y
7 TRAR SN CERREEBR, X7V —REXBORBHMCHBCENTE S (Fig
6.188F), 621 20RBEFE, Ry MUBRHBESBEOFHOACKFERSNEENLE
e oy F 7 u X THb, Z4IET7T 4V H (U.S. ERDA 1976b) DEZIMDHE
Thich, LA DFEWLAF YR (Clelland 1973 ) E» FRF 7 BT o & 2 DY
BB Icd X754y, ERDA (1976b) i3, BEDT AV H D2 DREFuL2ET7 7
vZOOE —-Z— —FArF o RICHO0THBEICEESTDR LTS S,

O 27—

BRERY  BREET, BEAFONTHER 2mb 55 um TH 3,

7atRIC2T  HLLWIE 700C (BER) iCm#l N7 v — (REEERE A L
WER YT o 7a8N, BEEBRSEINI/ XAhblEEaNs, BEIOhING GBE
T0pmLITOE) BEROAKEBLIMICERIUEBEIN S, &7 4 XD OBEHT
BT LT 40 d —TCHEESh 3,

JCFRTTRE LY | MREBR O L BERCL > TRIEBICELAENTE 53 ~NT
DOKMEDEEY (Hg 2BRAT 3) v 7 THETIRELEEDLHBEIRTH S, 2K
EDONa #EURENT SHBICRETSE 5,

BEFRIRIL . PNL TIO7ueR % 15 ERICEDHRT TH 5, BREPERIERAR Y
o/ 246 (WSEP) Tid, 13EICHIAE50MT>DOHy b R4 —LTODRTFL—
REAEITofce A7V —REBENTBEIAEH TS Z2RETHAHN, BEEREZESTIS
£/ hr T1000 LI EORB TR I NI, BETHHBEFORE LIRS DR 1
A EER Y AAICAKHEORBEEENHER TS 3,

@ JRERIRE

B#AERY : 05mhs 05mOAS S OH LHEORAMT 40 L/ MTU Sk
ETFonicbDTH S, COEFPREFEOCRICRENL (B - B NTETHD,
TSRS T RERF A~ ORBREGE E LTESTH 3,

TR RCHOVT ! BEEYEIAEERAH OFREIRPICEZ S, HBREE%. 500
CTHho 600CICHIB LIENSIFERPTRIET 5, THAMBIMAZE TERHIHD, #HB
ELTERYICIIREREEE D SBRET~SHENKBEA LM EANE TN 3, BT
e NIRBEERBDEF +r =X ZICFFEFRETH O, L RIREKRIIBOREEDEE
BIZuE, IR, 2202 ) v IR, BRENITRET Ly 7)) KELTX 3,

BHARESEEREY | HLLW, HLLWE ILLW OE&Y, BR 7 v R THRE LB
HHE, BRE» L OFBERRES »& U EK

BRI 2 -V FOS A o v P77 bTR 24/ hr DBBEEIC R 2070 —
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®

{2)

v— b AKE LTI, $HRALEINR 0 2 EEBROBIEEOEEL, ERDAEE
WAFEHLUTEE 4002, hr 5 500 £ hr DMBHET, J2T7—nODF v b L
AUPTHORTHE, CAESMTU day” 7 ¥ 5O FERD 2 ~ 3 fFiCLT
B, COBOAEHE CTUBEINERSEEAREL SO OTEREIHERT v 3
BN 2 =Y L TH D, HLLWIIFEICFP OFBERTH %,

o— &) —F R

BHRAERY LB E 6 &6 LicHile OR(LY

Z R 2CDWNT L —4 ) —F 0 Y REE DY O E O EIERE ST
(500C) 3607, EMIHBEOHLLWAEANS L, THOHLHETL 2ETEL
BE, BRICEMENS, —ADOHMBIE (loose bar) M UEEAEE B HICHE =,
BEM IR T 2 DABILT B, MEB L TEAWMHNTERETEAILT 7 T 24KEEL
TEY, K EA>TL S HLLW ERELTEBRL TV S, K IIHEBEROS
RAERET 2AICHMESNS,

BRATEMEEYD  ZRERL U GBI OBRMMICEZONS (HgF kR )
Bk, TAh N EBOBERIIA A v PHBRL SOFEREA 4 v & @A LFRED
TAHRICLDHEEIHLENETH S, . _

BRI . 77 V2 CL10EMICEYD HLLWEESESH 7AEBEL 02Tl O7 o+ R
OERRESTOhTE I, ABSRIEABREE TRERESEMA NI, BHEBEIC
BLTEZIEHTHhTHEL, (U.S. ERDA 1976b)

REEORA LER
RE7 o RTEXCEIBBELAEZ VO 20IBT 5,

© REDCHBRESRT A7 o 20 0RGEE (500 ~1000C) BLETH

By BARH AN -2ZEDI -0y XOMFERTE, REOFICFEC L LTV
F i Vo THBEEZT>TWS,

@ $iCCs, RuDHFIEIBANUMETHS, Cs DEROERIE, ¥y MIUBORA

D12TH2h, 1A VPHBREOLIVLEREA L VE2HREMTIETHZ TSI,
{RBERT OHLL W DEAS i (4 FHER IS ORBE OB & [E#k i Ru DS MBS & H
~RATOL HiElErS 2, ICBELZERE CHATERuDERLZROTHNTSE
3, BEEANACHEH L TRENB0CEEAZ LV IREFRENREEBTTRAS
NITEROERE I ERAFENSET S, Gray (1976) (3, BEOHEMRME O
Btk (PW—4b) 2B 47EETI2HEMA L CTERERLAIE L.

800 C - 0.5wt % 1100°C oo 70wt %

1000 C - 28wt %. 1200 °C -+ 12.8wt %
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FREREMEIECs, Ru, Rb, Mo &Te TH o7,

@ BREITE, NaBEOROCHEBERLRBRTRET 5EXELbol, LWIDRE
BEMR L)Y LOFBNECRTHL, Ml T, EBAF V2R L TOKE
BT ANRENS o/, BETHIOMBEBEEIN TS TSHY, INEL(Slansky
1977) & PNL (Bjorkland 1976) #iNa BEOE WV “dirty " XHLL WOHRER
BRI LT 3, CCTHUEAZFRAb o THME LT ENT OMEL B
T 5,

@ 27V —{BEOERINBRNTTHEE, 2 T7HRDT7 40 E -~ ZEELRENTSDH
%o PNLIZ 15 EMHT L THER T YL 274 VA OPIREERTE 1208, £D7 4
N BB ABREES 0L BT THS, SWAIRRDT a9 —oNy JEGHT 404
%1587 % (Bonher et al. 1976)

3. REOHRORKIL
(' Standard Calcine
BIEZICH 8O DBROMHELSH LWMREHDRBRIC>LTITbhTafo—7F, REC
DNT DEAMNIHE LEF~NZHNEEBICBIC S0, #HRELUTHEREAEZEBRLTH
L8 4 OO PEECHBRMSRITI TS, 5610, €7 v 7 OSF TR ICELR A
HLDO, REEZEIRELNAEZHR T IENER-oT 3,
(2 Supercalcines |
C CHEM Supercalcines DS OEAH 5T Supercalcines (20T £ KO
BB bI, BREEZ L EABLS L, UTIRIEBR~3E 70— 7P 3EELE MDD
B, BRRICERA—OBEEEL LTS,
@ Pennsylvania State University./Battele Pacific Northwest Labor-
atories.

McCarthy £Z®7 v —~7 (Chapman 1976) S X D =Y v v~ =7 Wi
K¥T Supercalcine K20TH bRMBANSEL SN, BAICEANL SR
FICESOT, VEMLLE OB R LB RTS8 GRS R DR A% A7,
Supercalcine ZHEK T BHIC, TOLD BHAERT 3REOHENCEMMANAT
SEOUREBET ZHSMSBETH D, I 120%HE LTINS OHEATEICH A
FOFHEPICFACADTEALENS S, 2555 30 OERMART, OBRIMEHD
HAPRELHLEETE S0, BEOA T LEOBHANOHM TS 3,

PSU/PNL " clean , KU dirty , SHLL W (Table. 6.2 2/R) 2 #EH T
Mt 52ty DA & BN ERICHIL T2 3R SRICELT 29BN FEOBRICRIL:,
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TABLE 6.5 Supercalcine M"OF L HLWOBHEZEL & A 74

Primary Containment Phases for Principal HLW Radionuclides in Supercalcine

Constituent Fixation Phase Structure Type
Cs,Rb (Cs,Rb)A151206 Pollucite
Sr,Na,Mo (Ca,Sr), [NaA1S10,) ¢ (Mo0y) Sodalite
Sr,Ba,Mo | (Ca,Sr,Ba)Mo0, Scheelite
- . REPO4 Monazite
sr,RE* [PO,] 4
L (ca,sr),Reg bi0, 0,  Apatite
Ce,U,Zr Fluorite
(Zr.Ce)Oz
(Fe,Ni)(Fe,Cr)ZO4 Spinel
Fe,Ni,Cr
(Fe,Cr),0, ' , Corundum
Ru Ru0, Rutile

*RE=rare earths, particularly La, Pr, Nd, Sm, Gd (and probably Am; Cm).

Table 6.5 2 & 15 OFF « O & Wi 2T o 48 DY A IR BEREHAA X CE b
W HMET B, CalAl OWEBKE Y ) HOBER Y Y A HLLW KENT 5,
CDRMICL > TOEDHLLW REEHAD 20~ 40wt BHFHR S W5, REZT, 27
L —{RHT Suprcalcine &£ BT 3 THMEOETREH 3 H PNL TH b,
Supercalcine EXHMMICEREETHY , RBUOESHICHET 2 412950CH L
L LUDOEMEAT 24 E8HNHD, ERDA (1976 ) I0&k 3 &, s LEMRMBEA T
VMRBEAABERA DILIE & LCRS 505 Bhicis b, HHEEEY DS 0%
Y & R A W TX 3 Supercalcine OEAHEIEIC 7 0 — v — b KHASNIT
HAHI] ERNGNTVS, COBE 7ot 20BESORERABHLLALDOTHD,
© a2—v¥yIvy

a—mryy s TR SN LOTES OT#7 0+ 213, HLLW € »BA A iz

HREEHE LTERY vREDLBROY BT A FHERENE, CHICLo>TE

COBEA A VOBERMEDEL, BIHOREEC R 56 Yoood B %
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(3)

ZHRT B (Geel 1976), HOATAFEMICTHLIATNIENE, 014 »HEDH
LEEMND B OPHBETHO, L LERBN PSUT R v 20 #NAN¥EERE L
foRAHE LTYES 7z Supercalcine TH IR ETWAETEH 5,

HIALIE & LT D Supercalcine

(FIREHFIZAET I v 7ICHLT)

Supercalcine OB SEFIRICHETE THLIF L, < DRBEERLS T 7 RE O
BB E LTEZ SN TWVAAIC, 4% OEE/LEMIT, BWY478 Supercalcine %, #
TR, H7AX€7 v, BRARKEOESE L7 I v /FUBEEERITEHETHS,

ORI BRI 1978 EPSU/PNLICTPNLOEREFIv 7 A2 %
ALCASFETHS (Chapman 1976), DHIEIEH S 2B 7 0 € 2 1B EBEEA
B3, EOIDIRTY v FORMALY, BELH S REEBICEENNE D EOKFELR
mHTH b,

(€7 3y 2028 LT

McCarthy @7 nv—7iCL > TREZ T LA T M OAR A ILBEAY OH 4 H
B AHEICHof. TOMEEMEAL, BT LR, B, S LLEHMOT oI TLY
REBETFT I v JRICLTLEIETRAICKRBTELIYTHS, ZOT LR TELET
MEE TERENALROGEERHRNFNCLENEERENZEE LTS, (TEER)

(BB LT)

[Tk Super calcine BT 3 BED LN S DR & D ABKERME & LT »
ol DRSEEML, &, AV, HTRADE~ LY » 2 R LAHBEICH
BABLTW, PSU/PNL © Supercalcine i PNL TR OF AL ERFED
BEEMEEDOEZEK T 5. Eurochemic”LOTES ® Supercalcine PHilZ £ B~ +
Yy 7 AR LADENT, CO2HOOERMAERDIEIIEL 10 EICFHMCTRLTHS,

(Supersludge oxf L)

Hanford & Savannah River D4 ¥ 7 KB I N TV B EXRIEDODQOE OBE#E T O
BEHEBIREICS v 7 OEDRK “ Sludge "HICEENT WS, 4 v /b bz 0HE
AWt UTRET 51003 & O Sludges FEZMET 35T/ 5,

Hanford (Wodrich 1976) TZ D Sludge PAE & LTHEEICHMORT ) — LD
TniFv)h (Table 6.5 88) 2HMNT 5 LV IREL DT OLUANSTol, T OH
SROBHEBERES I vy 72E5FTHolte LML DRBEDHKIRA T Y — i3 Super -
calcine 7o X DREHELCOETHULTWL B, #iL o7+ %2 BN
LTLBERIZHABARETHD (ChiZH3BEXIALT3) ZORKOKR, BREIE
ERBELCRTEBD OBMBBONE, COFEJHORT ) —Z2ERLTHEHEINE
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fRIZLIC " Supersludge " &%, S LEIGEMELTOEA Y v 42, BEERHH
" Supergrout” & LT, dLEE—T 0y JEFSRIHERL T 5 LT ML, Sludge
EHEBEHITOBECERIFE LG, —F, BRERBENET v 7 TN
HME7o200ETHE (TEEM) , D Supersludge 122 3 DILORSEZYE
EOFILEMETHH 3,

CYRN SR 300t ,

{REEMER & Supercalcine DR = ZSHBIKRIEZTOFEMIIH DT COMBE <Ly
POHBICELT AEAMETEIITHRDLA TR, A+ Y SOMEE 2L » MOEE(LT 3
HEMELTR A7 1y I PEEOHF TCHRAEILEIN TS, Lo LEBSEET, K
BEOBRKBARZET ECERAHH L FEEHOERMNBREET CORIENHELW 7
1 AT AR T 3 SOPEIPELO, —F—RE73disc pelletizer (12 DREE
TRl 5EEHMHY, PNL & INEL (Slansky 1977 ) (3 DEICDWTIT¥ M550
hZaTr>Tl 5. Garrett (1976) & Z 05 Tdisc pelletizer % RT A1 O
fFasi LT3, ,

FEIRINEE 2 )V ¥ 4 XOMNEERT 2ICHEETETHIBTIMEB R LAT
SIBETHLY, RELTE>TOAMER "R " & L IRARFESS#R 4 g
T 2BTHB, ~VF—DELDL—OF Iy I TIHHBFEEBLRBL, T3 7
STOBOREEZLFNICHE LT " REE " BARLERT 53HMNTE, TOLOTESD
L2V o4 50T, van Geel et al. (1976) WKl L TH B,

"HLWIBRICEREA & YR EEE LAFUBOBBRA TS UBRT VI F L o Lt
ICIRINY 5 EBMEBMIIBHOBERRS O 30wt %2 38T 5, 150CH S 500CI0E
KA SN/ EE S DBERT AV 3 FA20AFEE L TH BRI, BEKIZA 7L — X
No, BUSRESPHLWEROBSREIC—BED, MWEF P Y AH2EBE500C
PIECm#T 5BENH D, ~HFPUOBAGEEBNEEOREETL L, EHRH4TH,
WHORBREIFULOEBOEKE T —~— 7 0 - TERONBRESNITE TS v A&
NT 5, BORE SR ORBERYEBIFNTE, MEHEE4REE T 2HICL
STHOAESE3mMs 15micEABESTE 12, "

4. R&DorgEM
1) 7 otxOlE
—RREVICHE DIREEE DBREARET 20 & D OB - BfE TOHEIEE A ETbh
TWEDERTH 5, fibDiC, Thnb i EICER U7 Superealcine OB ICIREA DT
NTOMTERRE OB AN SNTEF TS, —BNE T 0 e ROKHAT TIE, MliEms
B0 BB ANRIVBEDORENE LS H OV I HEHABRT IBICHEELHITH
52, Thid, Reynen & Bastins (1976) OX oy v O/INETEHED, BHEEIEE, <A 7



N851-80-01

@

(8)

@

o EmEAERH D, COT o RIHETE 31T ERTHEIMNAE 3 WHEESD S,
Supercalcine O#%H
Supercalcine DEXRKFRLIZTNTORKE L7 I v JRECHERBICAARTH 5, B
ETCHTERORBMIIARS UF vy THDH 5, @QF « DEEEEPOE/4 Y (01%H5 10
FBLLLETFET ) HEadnd&E, OFAF VEEIET L AIAERBAHELICCW) 48
DOEEE, BECOVOTIEIMceCarthy 7A—7 IC K o THIEEMED SN, BERL T — 258

NS BETHBICE 65, COT 205 MEMEZER T BT 07 LD L1713,

e DUUT B LML ARSEAEBD 3055 40 DRHEEEOI A v 22ET 5 2.3
DERBRENIAEDT AL — Y R P EIESONEE LI, #AHEOHLLWICHL T, &
BTN EET LOMHOESREZERT 2810, Fins BEIRICIE2 EHWHET
Holl, CREFFEBEHELUNEOKRICEDNSY, BRILDOERBEICAZT VY ETEE
UEICHLRADS EVOIMENLERMASIBAD—B OB UAEMELTEZLLNIIL,
ZOWEE, G, BIKG, KT 2 VG, &G, R, T+ X6, REH, 25 v ¥4
P, 230RNHA b, Bh, HV—FRDEIRTAIF V) HOBETH D, BERM
RAZZBBENS BB, WHLHOBSYERKERY & LTS BRI OH
Y CRET AENTE S, ML DREBERDICKR « LEEOA A V2B EZ2EN
TEB0T, BEULWVHETRE LN BL S LEAKERINTI2EMNTE I,

Supercalcine & Supersludge DEE&? _

Supercalcine &% Superslndge & « L EHMHEBEICT 2HIL, FhitEaxEo 10
MEMNTEILICEZED, TA) HhPMOBERER T, COHBEMNT -5 &3
bh T, a7 )—tr= b ) v 72588, B~ M) » 7 24848, graphite —
REENHD, BROZHEEBERREGEROHHENBEMBETESA TSN, FEIC
BRICADNS, gromtiREDI> 7Y - F~v b+ » 7 X Supersludge 3, BEXERVE
AR EILRY 2 (CRMBIED H 2 REYHETH S, COMEEIET LVHEOS
Ry ORE EZ DHEFHECEANDTLENT S,

Supersludge D&

§ TiZ Supercalcine TES NAEHB DGHMIL Supersluge (K2 THEMHEN
ENETHD, BEAL Oy -7 — HREOKL, ¥4 574 b, EREKEBEOr v —
AT ORREESBE VO TR L TERICEELSERMEERICHERTE 3, T
NG PNBEREERTARENELCNIRERE TR & DICHTILENH B,

) 1. EBEEOD" Super "9 TOMEHEERE MK O S ARiEdE OB IIEE LR TADA
UHICERS 2F L ERYERAERT S,
2. EETHQHQEQWO%t”&4m5%#Hmﬁmﬁ§¥%#5ﬁ%3ﬂto%Dﬂmfu
7' AT 10% B LTV, UL L3500 OF 8k 240 S ICALE QT B,
{NRC 1978)
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1.

2

€71y IRERTHERSNAERESBHHELERESINT S, FEFTH (27127
EVITBEAOEAIIN T R LERIL LA LTS EBUHBRIEE SONEICRET 3,
5 OEBHO S A 7 RHBCHRED DA THABAREIRMER E THIEND,
€7 Iy 73, BEHAIVEE Y P RICKS (BEREZETHALEETVELN
52) . FEHTOBMAGLE>HO T ot Ak > THERS N B, 7o e 24 f
FWFIC L BHFRHOHRDY , HEORSICE 2 IHEVIBME B oTRY, BEATH
BOHMENTH S, k7 o€ RiE, —BICEHBHEHERT D LOECRE TT DS
btﬁof%ﬁ@@ﬁé@ﬁﬂ%ﬁ@k%mﬁmmﬁwgngo

CETY e zdE, BE BT e RIS L o THEREN S S ERENSUMEE LG
HARELNLA XD, BLEEE 2 o —A LTOLARICERIZERL, KIGT 3, 0

TR RICKBERMICE, AT ATEPEBTIRICB I ABEMBEOH A, = APk

FROBKERR (boules ), BLUMBNICHA 72 - 273107 b&%h3,

731y 73, AOFENCESEELRF V-~ (primary) OFABEEABENICH -
TWNWADT, MEEMEFKED L >& LTERIICKRFENTETWVS, ¥5 1 v 713, £
7ot D primary " HEREDEACEELD bE LV SAVEEBESICY LTI OERMENS
D, BRAHBVACZEE RBELMEEATR L, RN DOREVEFRBERRKICTE 3, 5K
7o ld, HFALERBRNOERESOTXE LEFNINAESETFHMUE LHLED
ETHWA T EICX T, VL5 EOERSBEOREL bEMICHER TS EATET
Hb, DD, FEOHBMIEEZET,, HEVEH LVLLIOVEZ L0HEE2E S D
Eﬁ&%&@fﬂéié%l?%#ﬁm%%%?éc&ﬁﬁééo%b%@&ﬁ@ﬁtou
TT — 40T THNEZEN S OFUIEE (Rl BMEEY , BHBRREICHT 3
BEWRE) COVTTNOOMEM ISR L, 3HMET 3 LHTE 3,
t7\/7&%7\/77thkmﬁﬁ%ﬁmkomfv<0m®Kﬁ#%é in 7
Uf2®twﬁﬁ®% DLW & a komfﬁ%#%% Tok R BICERRE DDV
$ybfvxﬁﬁ¢®ﬁ¢®:vrn—w&ﬁAmmkwE7Dtx%ﬁﬁm%mmbfm
Bo $htT v HERHRICEETS S, |

ﬁmﬁ%ﬁ&@ﬁﬁ
%ﬁ%fﬁ&bf@%mﬁt7\/ﬁ®ﬂﬁkd ﬁ7z@mﬁmgzentﬁﬁ%%®

I BT (EELL 0L ~1%) LB THREN, COBBEHEREIBELLHT
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AFHET Ok ZARELDET I v JERT o2 IDEHETHRLELPTOLEDNS
CrILLBALDTHDD, LA LESETRNBIIIE, #7 AR 7 a3 ZTNEHOD
BHSEE LTS, SORERMORER ISV TOMENH 5,

BHARNTH A &S PAFEHRERREINTETEY, HLWO+ T 1 » 7H50VHEAN
52473y 7ETHE ~ONBICH L TORBIEEEETORTE TN, €7 1 v
LT AMEDOENE Table 7. 1R T o

TABLE 7.1
BLNVEEHOET I v 7EILE ORI
Product Site Reference o

Fusion-Cast

Ceramic PNL (WSEP) Mendel and McElroy (1972)

Ceramic Sponge IASL, Sweden Christenson et al. (1964)
and Hultgren (1977}

Low-Temperature PNL, INEL, SRP U.S. NRC (1976)

Silicate
Stable Hot Pressed Penn State McCarthy {(1973) and

Ceramic McCarthy and Davidson (1978)
Sintered Calcine- PNL & INEL Ross (1975) and

Glass Perreth et al. (1977)
Glass-Ceramic HMI ({Berlin) De et al. (1976)

Titanate Ceramic SLA Schwoekel {1975}

() HEisEEE7 iv 7
REREETE €53 » 713, WSEP ( Waste Solidification Engineering Prototypes) T
S hieE L~ VEEHELGEDO 1 2 Thol, HREEL 7 1 v 7 FHEER A~V
MY VRIS S DT AEEYMA AN S EIREDIE SN, SR 800CETICHREILICE
SN Uz, KBICB 3 Z0ORHEBIZE L VvEED T S4B 77 2D 10 ~1000
Ehp FEATHBIEMSRBP LI, LHL, TR WSEP KBV TE@ = 725y
HOELDHVE LA VEEHEE TH oz, REEEZRDETELIILDICET 1 /M
BAEELT AR, EEMEETHILEDNEN, £LESNBPILLITHS,
@ ®Fiv7ARrvFatkR
5 3p ARV YT ORRATH , BV NVERESILEORE M LEKICBRAS

3
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A, DLVTHEMEE L, 1200 ~1300°C TS, BoMICHEEE LT 7 2 LS EE VY ~VE
HYBHEEET 5, oz -7 7T AREMER (LASL) OFIEIZL2EH T, 4
ﬂ$®Pu®imﬁ%ﬁ§#otﬁCsﬁ%ﬁﬁyﬂﬂotoCs&&@@ﬂﬁdﬁﬁ
o, 7 1w 2 ARV UICET AMER LASLICEWT 1960 ERFMRICTTbN L. &
NMUBHE SN S EREh oo, REBVAWVEEY 0SS 4 LRI —F Y
DOEE thBE HE I B &S (PRAV), KEWTHBURD LT LN T 513 THS,
Ay s —-F BT ATu s 7 LOBME, BEMERE, /08 2T Ce,SrYEREOE
WT7F /A, 2R ROIBRET 28B4 R EPEREZER T ETH B,
MB7 o258 T BERIBEL LTI I v /PN I ZAPBEIEZLZELEDTEDZ A4V
TMYBEORRENTHORT VDS, ERILEFEGOT 7 F / 4 FORRNAES S, BER
Fese 0 B RER 72 b I A B RMARS & 12 VN AEN T 5 L EDTRETH 5, R
HDA4 A YRIBPEIL, ¥4 T4 (BREDTYABRTVI =T LK), X4 7 4
P (LR A 70 —WERAFED Y YEE) BLU T2 VIR ISEMTHEE R
ZElE S OBEOLBRIETH S, BELRHMBPIEE L ~VEEYLTRE I HLLD7 02X
3, BHEBTEEHICED>3€I v/ ToextEILNTINS,
(8) {KIR 7 A4 BRig
EZONBBGEOERT 0201 >ORRER, B4 OLHTHELINTIE, 201
DHKE T 41 B (aqueous silicate) Thd, ZOWMSDERLELT, BV ~VER
DAF vZETABEOREGHICBEI LI BOMND S COREGHIINEL, HIEOTEY
DI & o DKM B L ORMAKME LR T 3, NaBEOS L DOE EEHE iz,
ODHFETHRINL, #itéEd 74 FOREH%* DOEEBEDTOL & v kBILR 5 »
¥ (oxy- hydroxide sludges) ¢BATAIELAETHE, TOLIXLTELNL
BAEHEFHEOL I ICL, BE (500 CfhE) TRIBREEBZZEMARETHE, O
JMREE T, SR ORE LEREOBINICHE LTEA S L LIEBETH A D,
ER USSR TEREN 2T 2 v 713, HEHICRE ShEBERST AT 0L
N, ERELZAUTHC b IDOOTHRIEERBZL(MDOET I v IREDS O
GERILEEILRHTH S, ThoOHBEIEE TSR T 7 X0k » PP L 2B EH
o7 I JICHB UTHERICAFTHAIM, LhLlEFIvizaRrvozhbéid
BEETHA I,

(1 FEE): DOEEFEH: 74 YV HOEBHEIC & - Tl UiciiEEEY ., hboEEy
DREBAMT, kB Y L Thfmah, BREHOF 325, PORAHE
LTEEISh TS,
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@ BN SDETF I v

R—rS—HAHA B2 DTt 5 Ly 2k, ChETIREAERRE I hol, A~
= ANt A VZEF B s THILRE (PSU) OEABRERRI, R——Hda v
%7 3 v 7B —{& (ceramic monolith) #C 4 ~5 ODEFEREZ 2B NENICEE
BEAKIS  BIMBAENATICR y PALVRAROUBERT B L EICk o TEBEIEE &
THh o',

RBEED B NER— =B AL VEBDMD3IS>DERY, v PP L 2ENfcET Iy
=Y o IR, BEHENIREER—H IR, HTR2-&F 1 » 7d, BrvUEEYR
ek — ChiZgE  MREENRE THEN — 2BEFHLFIZLLLEF I » /<
Dy 720ICHUADEIOXERIEERI L EILLoTHET AL 2FZSF ek T v
JARYSEBPLTOS, ERPOETHNIEH 7 2{LidEGheRES R S-HICHL
515,

Fy bPPLRAEFIv I Y v RERYDP TR, P30 % OE LR REEYRE
BRLRERRESBOERHEN 727 ) » PEBEAESH, 1100 ~ 1200°C, 2000 ~
4000psi TH» PV REND, ABEOCREEMEFOH 7 X EHEKT 3 LERKIL, [
BEOSHELRTH, BNEEERLOARS O, ZREREOTHN  2—1FD, L
LZ O35 ARD 7 Y — VEEY (PW-4b) 2R LT 1975 EilfTbhic, hld
FORREAHBEENIID oI, HEIES | EHAHRRET OBENLE » 17 L2 OER
BERTTEREIELOAIINLETHS,

ek SRR — 4 7 REREMIT | EERE TR 7Y v b BBZ0EHN T RATESN
EEORAMEE Y ~NVEEGEEEEK (50 ~T0 Vi)Y EDRGYMTH S, LITOBIH
i, TAVF-—FEBERT (ERDA) DO o 2AFHAFIC L o/

MREEEIL 7 7 » 7 ABLUEBEOKEA (KTHHHE) LBEGEN3, b
LA S IEAREIR HSHEL SIE (B CHTH IR HEE S (disk) IKREY
ZEATZ, B LLONEERL v bEERT Z20EE5  BIRESLVEIAH —IC
it T 5, RESNREAYIT, WICARY LEHFLES S5 10DMBATITE
MENKET, RKERFRAIJCEEING, BHE, 71 27 TSR ICE
EEHEAETEAI, vy PET M) v 7 2BRBETHY, a-F 473N
5THH%. |

COToRRICETET AL HREILTERER (INEL) ORI Fig 7. LICRBELI
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FEEK EH 5 2 L0EGICL>TEBONLEREREOWN SPERESNTEY,
Table 7.2 ICFE &,

TABLE 7.2

RBER -7 7 ARIBIC & o TB S Wi iERE

PW-4b + Zinc Borosilicate PW-7 + Ba-Zn-Ti-
Glass (PNL) Aluminosilicate (INEL)

[ (Ce,RE,2r)0, x1 {RE,Zr ;07 ]

[ {Sr.,Ba,Ca)MoO, ] [(Fez0,]

{ (Ni,2Zn,Mg,Co) (Fe,Cr) 204 ] (Ce0, }

[ REBSiOg ] [Gd,03]

[ Gd.F903 ]

) REEBHLEHNFA YERT,

INELAE  BERSNB—(a%E LTIDb & LOBRIHAE ORMERET
LG LORE LTERASE~NETH3, ERHDIEIHBENETE L, ERETHEVS TV 7
ABH I RAOBHEOREDBEEAR Uiz, T4 Y AKBOTIR, BV ~VEEMICHT S
LS (o 21 PYROCERAM) 7 2€ 3 3 » 7R Zh L LERshEh o1,
ZOFEE, B4 Y, TE LT~ YOHahn-Meitner Institute (HMI) (CEBNT
BHOCHERTH D, THA Y HOERDA (1976h) T, 207 oeRERTOL il
~NTWLA

(3 L~ VEERIRBE <4, B Lich 5 2B EM &L KB s h 3, B#
IR ERT 0 v 2 HB0VRIRREEEENS, ZoD7 0 v JZREILHT 7
RERICE DT, ABIEBH L, Wicay bo - EShicBREER &Rt
AR XA HIc, MBI 077 L ERTBAERT 5, 70 v 7 IESHE
KEARERON, FOMBICHSVAZELE I H2BENM s TS, |

AHEEER SO MLEVTRRETTO3 v o - Sl WRSB{LICER S NI
(T, #FLTHF R EABREOHBHEAR/R THE AN 7RI I v 73N 7LD
BMNTHHI ] LB LTS,

HMI ©3— F OREREEEOE L~ VEESEMT 5 22 5 » 7 IEERIEIRE MR &
N, BT ZOEERTY & b LT,

o o REBEIT, BREH 1100 ~1400°C, BRI 530 ~700°C, &&FH(kid 630
~960°C

o EBEMHENRIE, PW-Ta EELTH5,
PW-T7a : TAhY B30 ETHhY LEOYABRTAI=VLIBRDOH R
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o Bulk leachability (&, L OHF 7 2 & H bERERMBOHHE L HTh
REL,
o EHENEE (Jo& A1 YSr, ¥Cs )i, ¥R (host phase) HIC R T
5o | o
CHMIZ v =7, @ v - VEEHH I AT 1y 7 E2EL L OMPOEBRIE R v 4

b (pollucite ) i Cs % Cs Al Sie Qs L LTHET A ETH o7z LI b’CL‘go Z
OEEMSZFQOIN —TE, BLrABRT A =Y 28826 &I UcERELARE LT
B, WOOBEETE, EFRENC LD A1 ORI (Z LTARORE
H7ABOCs BB —H UL E)ERA LTINS, oy PERACBTSRE—
BEMI78 Cs (X Rb2MEDOE LAVEA F ) OfF# (host)TH 3, ThidE L ~vEE
MER UL D UEETEERAIC L > THES DL S WHEBMP DRELT 20T, HRK
T 4 io T DREAISZRIEC 5T OIRA S 2T i, 2RUEKAD Cs ORIICH L
TEWEREHAH YD (Barrer and McCallum 1951) , F/0d {Mic#BZEwEEE T
'3 (Gallagher et al. 1976 ), (R4 1 + ORERLFE, HOBENE, # ik, 8%
EMOREHIEAER PSULBNTETHTH S, ) SEOEICIE-EBEYEE,
FTHhEH IR - vy FEVBIELT Iy IBIPR—rt—hatg VIZENT | &£
WA MY Cs- BEBTHAMIE, AoldoxD LTI,

HI72A€7 310 JOMRICETZ 1 H>OMBEAR, AYUTRETEIAERLLLT S
REFEBIZHIE B:Os DX IUBMBAE T ABT N 1= sL&EWICTRM LIS RTS8
W ETHD, INEMZHTEICED, FRILLALHECEIH T 21, BRI
DEHETVBROZ WA T RELD, NV IDOBREEBEOFN I ZAIDEEI K 2TLE
Do WRILENICA4 A Y (Cs, S %) ORHBEEBEINATHILA, CThSRKFF X
2EP L ORIBICHNFFEELE DL ~LTHSH I,

HMI# 72 €73y 7 JoeR ZMREFAE T2 - FEFy FORHOEELZT L,
BTfro bosfuy bR5 —WVEETHS,

6 FHUBELT v

FEVBIEET I v JEVANVREYHEL, vy T4 TELT o RICBT Bk 2 b
PV AEERITH B, DL DVERIT 04 2 FEE LOEEHIC->OTERENTH
%, ERDA (1976b) iz, RREZEHO/-DDFu X2 LU TOLIICRNTIS (Fig 7.2
ZR)

(& L~ VB % NaOH T pH=1.0 T L, EL05BEIC & D BERD 5
ThE, QEEENTERE, F2 BT YA (ST EH WA 4 VALK
DIZEAEREEBREENSE, (MEEBHRARTELT /74157 1 107°Ci/me , K



NaOH o CLEANUP REAGENTIS)

& ' ' ¥
NEUTRALIZATION| 5} CENTRIFUGE [_,| SODIUM TITANATE L p| ZEOLITE BED CLEANUP OF Tc EVAPORATOR
el > = - .
HLLW TO pH = ~1 AND WASH | 10N EXCHANGE BED | ~ |FOR CESIUM | | Ru AND NONIONICS DRVER
8 N v é ' %
SUSPENDED LOADED ST
SOLIDS I éggaﬁg CLEANUP SOLIDS  LOW LEVEL SODIUM
TODISPOSAL  SALY SOLIDS TO
bl SLURRY MIXER [trmmemed DISPOSAL
4 “ —~ e
PAN F1LTER DRIER SECONDARY WASTES
OFF GAS < \ T UNIQUE TO THIS PROCESS
CONSOLIDATION
BY PRESSURE - CANISTERIZATION
SINTERING ~ 11009C, ~ 140 Kglcm?

Source: U.S. ERDA (1976b}.
FIGURE 7.2 # v F4THE({LF oA

10-08-168N



N 851-80-01

WaRrENF=T L, €YU LEFIFFOL, afUHBRIZ10°C, m THEE
EMEEINI,) BTy ILEEL T4 baR 44 V3L OBE
S, T =Y Lpst—F 7374 (pertechnetate) 4 # v D &k H LB H%
HBEEYRT =24 vy LHEYBECBOBERICL > ThEan2, THROKT L
STREZX 74 MIRZ )& LTWROE S, BRSERETREENIRS
J—EoLrilENd, TOX7 Y -DREHEEKESH, 74048 —T
HREN, COT o R TH—DERBRTHIMEBH CIVELEN S, ]
Ty MTPVASNAEFIVEBE T 1 v VERYEEXER TH B, 10474 MEAE
NE3LEOTNIF - Y BETAREBRMPORILICEZLE Dy 4 ZDHDFEEE
BTH5, ERYOHEHDEHETIOTH S, YA ZEEVETBHSAHET A1
DIEEIMENT . SOE DI LTS  DESMIRA LIS (Mo, Pd, Rh £ 5% 6  Te
EFe)di , 7oh Y FHERIHIBRELBERLICICD (MAHRD) 52 vEBELK
KT %, T OREBREICE DT, BILhic Ty Y (Cs, Pb, Na) &2 v BEHSHEEL &
AT EMBERENICH, CNORMRHBPAZERICZ LD, 2h®i €454 b
LHEEMNBEMEN, BRELTELY A PPAD Cs &R DEIEMIT Oz, Ok
1t# (CeO:z , UOesx , Ce0p) @ T X =T LHEA LIS, INOKMDEEET, B
SEFREN EFAIGEERELH LT, AEL O LERS I, ,
HEALTILHMONTWABRBEL LT S E, FEVEE®RT 1 v 735 V~NILVEEYR
FIRETHODUERR (LEZEFH SN v+ =22) BT, BA¥NEEREC
DILODFENEDITHD, LipULEMNER—rv— At v i HA Lk 5 R EE (Com-
positional design) &, T DAL (Composition) Z&#E{LT 37K EBL T TN
T, PSURIoTHBLNLT —2E2HODHLE, COBERTDTTALR, 2 Y
= —FYTE, TOHFRE~OHENR LEDSSN T3, il 2 DM —Ti0., ¥4 VB,
FABTAI =Y 6, BILVHLESE — EHO,MILEST 2,
NYT x = FICTDOE BEZICH LTHY v F 4 TEML 7o RA&ERAT 51D
o7 7 LDBIEEDLENRTVS,

5. BERNLBE
MABARFEHIIE VN VEEHECOIDDE LD F 3 » 7 7 o0& REORENEAL
REE Ui, WEMLKBREVEDL, BB (host structures) ERA—-TH 3, Aushiz7
o ROFH ST, BIFELOCICERYOR/U EEXICELT S, €71 v 7R o2
OFEM 4 Table 7.3 KR T,
BEZTOMARRE, BEHEBE LN TV AL DOMHEEATR L L L, 20



TABLE 7.3

7o REERDT ) v IR

Fasion Glass STntering Aot Adsorption
Casting Ceramics Low Temperature High Temperafure Pressing Reaction
A. Process Parameters
Complexity Slurry/Particu- Slurry/Partfculates Mix super- Particulates to Particulates Inorganic exchange
lates to Melter; to Melter; compo~ sludge as Consolidation to to Densifi- reaction relatively
composition and -sitfon and temper- slurry; Sinter-Densifi- cation; com- simple for Cs, Sr,
temperature con- ature control can’ as catidn; composi- position and Fluid to solid;
tro! blocks; tion and temper- temperature 1
completeness of
sinter ature control control reaction; composi-
tion and tempera-
ture control
Maximum Temper- =1,400°C but ¥1,400°C 500- < e N :
ature composition 1.000%¢C 1,200°¢ 1,000°C 1,000°C
dependent
Characteristics Difficult: high Difficult: high Simp1 : i
of Remote potential for potential for scEa; D;:;Zigl:-ste . Difficult: Relatively Tess
- ps; mold longevity; diffi
Operation malfunction; malfunction; potential high scrap equipment fcult process
refractories refractories potential maifﬁnction control
Tongevity longevity
ngtzﬂg:.{tion Considerable Cons{derable Considerable  High Hiqgin Eonsiderabla
B. Property
Characteristics
Leachabd 11ty Low 1f micro- Very )ow "Low Potentially low Extremely low Marginally higher
cracks and pore {because of
clusters con- residual porosity)
tained
Thermal High Can be high; Low High for fully High Lower because of
Conductivity depends on dens? residual porosfty
phase content
Thermal Good Good Fair Very jood Very good Lower
Stability {>1,000*¢) {>1.000° C) (»1,%00°C} (»1,000°C) £500°C)
Dispersibility Potentially Good Fair Good Good Poorer
Resistance good

- —

10-08-T1S8 N
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DECEFEFEINTEIITH S,

7 I v JEEEOHEEEoTNED, TNLEMEBTEILOD 7 4 -4 07 4 —
ZHMTEIDICLD —BORGDMVBETHD, LEATDOFMMSHFRMUAETF LIEL
Th, 7ot 233X+ EHBRIEFBICHT S VI RIBERSNALOLILELDTERE N
9%,

B33 vy - 2Rvy | REBRM Vot 2 2B 4 ~R&ThHb, BEHLZAED
EHEMBT, “HTHORENEIMEET ENETH D,

ToERELODBHBICHOBAEEALIOBRECL, HALSHEHEOFSGER LT 21D
D7 o ROYRNELMBINENETH 2, MIIIEEOHHEA b IRIE 0T 2 -
FZ, R EZFRE LENBHOL KIIHE OHRICH LTI SN <& THE, DL
Kdhid, EAEFTOREN T o223 v b —WBBRBETIRLHNETHD S, foEz2id
HBEFUSABY T AMBIE BRBEH 1400 C 2R ELT B, Lo LAHS  BTHE
THNTEDIHTHERDO DTS, hy P UV 2ARHL, BEHEMEERIERICLD
#2000 psi, T00 COBROEENLOREB T LI EMNTE S,

E
EB b= v 7 2HEARPORIEE, REHOE 20 LALKETSS (103 B8R),
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1.

Ni
pA!

8 ﬁ jJ“

EERRUCBE

ASTMICE B &, A7 2ARFRDEIICERBINT LS, TH7 R EEFERLT A LML
I, BERES DBRELMHECANT A LOTE2EBEROMETH S, |
COBHREBBEHUHVEEIPBEEZNTEOSL LD S, EBETH U LEEDEE

ZRETTAICEEEROTH S,

75 AR b0, CHERED b 5T B EESRE SR HRE T I b ARBE

ESbhAC LN LEBESRECE A ETHELLDOTSH S, HAEOEGENTSE S
o, HIANTEEPRRLALHEOMBETH S, LI OE, MEHNERT 2RE (K
HEEE) KL s  BEOD o TOARBEMKRIERN LB 5000, BHEER

FHCES TSR0, BT 2 2L LIS, TOMELIIZT 10¥ R4 X (BB H
MY ICE UL S, IBDTH 7 AOERBRIEEIN S, #EIT UL, FREREMNEERL
BHEN0T, ChULECHOCBHIRBERERTE(LE L0 T EICN 5,

Lirl, #5 RRIERSRILE D AICHE LT AACEERREC S &) < &ARH
LT MBREND S, 77 22 RHEBEEL T TEBHLULOREICRIFEBREI S L, 1o
XEZhPEOESM~OELPELIOEIEE XCRONIHERTH S, TOE(ITLAER
BELTHONT WS, BERH T RCHoTH , RBEFFIALBCEREMLSHBTOARTA~E

ETT S, (CNEEABELOFA PELTHLS(METHS, ) [BDOK IENEOR

L ERBOG SISV, RIBRRS P, BRSO & D SiE&EE O EY%E
AUHFRATE, HRILEZORENSEES, bL, ThoDORNET &I HHL
Sh, BSESET 5L 5BEMICE o/, BBREZE/CDT 5 &, SRLIEHRELL
MO, #7R3HMERBTOSHANTRET L » 2ICILB1EAD, 1, LI DK
{LARVBEAEZRFTH oD, FEZSEGH LTS & | BRACEIERBEMAERL (A
BTOPBBEROFRELZD , BELKOBMHBEZRB ORBRICNEE1ZSH 5,

H7 RAEBEEREERBILOHICES L OBINIIERAET LTS, BEH 7 i3
EAFTRTOLEBRILYICESTHRFDOBBETHZ, CO LR, #7 RBEMNERTE
RaEhadlds, TORENBESNICOOTHRIBELLVIN I 2REEEZHF LTS
LWL oTVA, B, "ABIEHN 7 A0—BIEEE LT, WBHKLECHETE WY
BABFLTWABLENETONG, COBBRIAZ/BREDIKTHEBEOEE,LS &
T3, 2L 3MOEA A~ bHENICHERED MEHRT 5L O UBELLZ0T,
BHLUIC(CRE, 1ROBA 4 v IBERESGEZ LTVLALEEZNLWLD, Cho DA &
*HEROVBAATHIBEOBHRICL > T, B ORE TIKICK S HEEI PO FHIRX
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N5, TOFME LCOBEMBACTMINT ETLEEL0EH 20, BBEOLH
RRT 7 ADVHERRABULTOESABRST 7 A0 ENLTERARTEMERL TS,
BLiClEoT, BE LTOEARAN 7 ALMEZENTREL DS, B LARETETI L
TEREVIEPYoTEf, (FE, RR Y 147 2AMBEHFEOBBNOIEFRE X
NTWED — FIZEERETH T, KBEETIEER) T4, #5752 E2FES
L/ VR—FRICTESL, TOTEICKD | E\EUBTHEEDLLB TS, Bz8HA L L,
LEMIIBRENIAABEB/NCTES, 7 AUEBRRUEMEEBONThICT LTS
HBHRETERAEAET S, T LT, ~)ve (aRBICLR) 7 41BIEN 5 2 Ok
MEEEPEZEREE RT3 EMTE B,

Lir L, EEICH 7 RTEEYHEEDOLHICE, W H2hDOREDB LTS, & IEE
THHEILOHEELNE ILBEMNEETTAC EEFIR N, H 7 A OBEICKRERSEA
TukR FICRERE TS, BIC, BEESEREAEAL, B AL 0 OMERL L, &
y FOBERICRET AN REEZR L IV 0T AL EPohWBEETH 3,

L, LFENHAMZHE UL EBAE, #7 20ICHE UiAs S 3 EEHOEE TH|E
Shbd, HlA 7 2T, BEEREEY (Si0:, AlaOs, B.0: ) DEHEN 70 % 22153
CEREFTEV, Ld, ChoBHohTY Si0, ARG 25D 5, HME RIS
DEBROEWY 7 22 MAT 5 &, LENMALOEEEC, 1 SO DAEEH 50
BLUTOH 7 AEEEBICTERTH D, FIL, #7AEGAGECHEICL oTHR S
TLEDI, ChEBARICL T 7 v 72ET BRI LIS, 1, AEERIISEOY
Lo g &, |

2. ARESBRKIAE
BHERERY D=3 — v Y B L TEE SN2 §EOFHE (IAEA 19765 U.S. ERDA
1976b, 1976¢) KL B &, WO DATHRANM I v V4 2HBBEh-25 53, =7
HLLWEHELE N2 & THYD |, 2 UTH 7 AEERIPRHEALBLETHZ LS K
THb, US.S.R HIDREOHGEATH S, ; VECBIHAR D, BHAEREULHTO
ﬁ—?x@ﬂ%«ﬁ%&gﬂtfnf%AT%%&bi%Eﬁﬁéﬂfb%oWEBBMQ
U.S. Nuclear Regulatory Commission, personal communication, 1977 )
7ayia4¥Uzﬁ%émﬁazu§mfm%o;@®HLWEmW@%§ﬁ@mW&
LTOERNICHS, RERENET 3EIREOY 7 2 BB Marcoule T 1977 4
B, BRICABTFETH S (10784 6 ARBMLL - REE), fOE £ TIER & LT,
WCOPOREBEMEEARF LTWEY, 0T XTOFEEA L LOLENY 7 RE
LR DOIHICBINTE L, HBEBRIONA TV B, OKERE LT, #7 AhickEsE
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MEBELTEEVIESE, TOXINBNEEBCCEN, TRE(ORBELBTEL
DT, 20MEcE LTERNSHTEAMAS LR VRIS B OBESICH B,
DI BMFELETEILDOTHERD, BEEHEINTWEH 7 287 osr 70
ERZRAETLIEOHBEL, T, BEY~F UV IGFEBIE21a=7—v
2 VRIPHEDBOVAT, BRESACAATE S, LAL, COBRITEE LTHESHES,
CBERERLAACEEFD | BROFMEATEARSINTVEL, KNRFAMMEATHEST
BLOIREE o TVBIED, HiE V2T LOBYREROLDIHELTEXERS
EZAZBE, COEMPEMORELIER LE O DOTHS, Lo L, BhicEliRitick -
T, LELIEEEALRERALBBIENEEZONTOIBAEBD THOEBET 2~ Fy
tTIEZOGNDEVWDIBELERNILNENDD, ALEBA»S, RBURBz =T v/
i oT, ZOLohY) LEEABS I rhHOFEBEORTICEWTERT A LMD
DHI>20TH5, '
10 77 vROEMHE
Marcoule i BT, MU HEICAZEEN 7 AL 702X (AVM) (1959 FiC
BEolES U7 LORETHE, COT T MIIEHENYD 304 O HLLWAAET
XBLICHEEENTVDE, COUBEEE, * Sicral G" BE % 1 ton Hr OFEE THEML
LIt EXICRET I REEEYORICENT 3, ,
H7RAEEBIZ1IEHLEDH430keT, CNOEERSOm, &S 100 m DL BRFED
iy —MEhB, SOKIUEE 10ANKBIBRICRT SNALRTF —LRED DBE
MCEAETONS, BEDLECS, BYIO 10 FRHOBRETRETIELITET S+
SITHOEy + (220) BEHFENT S, TASOEy FAERICEZETICNE, B0
FEAMTETVLBREAI, b L, €T, BBz ) TEILESEEZLBNALN
%o
HI72ABERT 7Y PDOASV -V sV F4 T 7% Fig8 1iRT, HLLWO B
BEUBEHAIEIHNI00~50C D —2 ) —F L YBOREFICLIHTHAS, BRICH
BTE34 Y8 —F AN -PEFRBCHBRINCEEBGE LWL IHrEETHE
B%9 5. BEMOBRMANCLD | BBEEZBELTNEICHETE 3, HSHAKDON 7
27y rHMEBFEOHLOMET, OO EGRICH - THESENICHB IR B, 7
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FIGURE 8.1 Diagram of operations at the Marcoule Vitrification Facility (AVM).
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TABLE 8.1

Frit and Solid Waste Compositions

Chemical Frit Solid Waste
Component (wt2) (wt%)
$i0p 57.5 48.8
8203 25 14.2
Nap0 ' 17.5 15.0
Al,04 7 8.4
F6203 2.6
Mg0 6.3
Ni/Cr 0.2
Fission '

products 4.5

Source: Bonnijaud et al. (1976).
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Source: IAEA (1977).
FIGURE 8.2 Simplified flowsheet and illustration of refractory-lined melter (VEhA).
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TARBLE. 8. 2

Frit Composition

Chemical Frit
Component (wt%)
sio, 51.87
Tio, 8.82
21,04 _ 1. 31
B,O4 14.02
CaO 2.62
Na,0 21.36

Source: Personal communication from R.E. Blanco, Oak Ridge
National Laboratory, to D.E. Fergusun, 1977.
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HL, BLOT A — 2 —ZEZICHML LT RE, KUEKEK EH 7 ROMBELE
Bl d ECHERKATRERTERNENI I EESITERASTELEIEE LN
T&t, COMMILIIEKEENLEMT A LTICEDNIFRTH S, ; b, EH
KOHAEFERULRE, BICEREKCEE LTTI)ZRBBENK I CEDNS, 55
BERIIHEAZEAT, SOFOAALBRITOLNTHAS, (Mendel et al, 1977)

BEEOBEEESEY <~ -2+ O7 s 7L TTH, BREEOKERDOEETT
(AL, SukEBET), I ZAOREUEZFMLL I LT E3FEHITIREAERINTIEIL,
R, $OEEEELOND "LREN "MKONF 7 2ATT5H, #3300°C, 1 Kbar DR
BBICE &, HIBTRAKEETELOIBERTHNARTIIE VLS, M UERETTS,
gl Lich 7 R OB IR EEV, (Hawkins and Roy 1963 )

EERONBEHAEZIAE, BULHACE DT LD, BRTHE2ENE S o fcRE
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BEOVRIDZITH S, #7 R cBEEYN, BLASBIC, SkRBICRESH
3LV ERTHICHRIDIBZELTH D, #TFH 1004 — P OUSE, BEEZEL
HB(1 74— 1+%D 1pside ZLT, AHOEROACLRREICEELZI LN, B
DEACRAPEZERELTRESEITHD D, KIHEPEORBHRICELT 5T &8
EZLNBL, KEETTS, T KORBE Lo THE LB Z>TRATEMb L
NS, BUKKIEED & & T, MIRON 7 2ATT OBV BOMRABELEER DKM OE
At~ EEEICENT B, Charles (1958) (FERE 0.1 4 ¥ F DV —~FRKN 7 A%

260 COMAKES CHRURET 2 EELKHLT I ExRB0 fo, COHROMIZ,
+PY Y LADOKRBAEAN YD LO—EITRE (KICHABELRREZ E>TH T ANOEBK
ahicboEEZ LGNS,

BABREIN TV ARMEEENBILT 7 XORENL O, TIROY —FAKHT 7
R L THBOREETCHADT, b LAKKETEELNDIEINSDH 7 ZEEEL
LI ABBEREREZT 5, 20EEE UCHEORNEIERET25'0Xid 100
COBETHIACHLTTR PUABHELBERELE S bORBETHSH, BEELE
HI72E, bELOHIREFLEL B HBREELb2KMUL GEkf T #&EHE
DEAEKICKDBDEEILND, LD &T, bLBEKIERAZI B ERETS &,
BEMAEN S AELLTS, BEDE2 4 Y PHCHLADRESICHLTES DT
EAEIRNENIT LIS,

REMABET S5 7 AAMIE, BEZUV A THLIBKEBAERICANTERET 2
CELHETH D, BMULHEKAESE  KOZHIEREST THLIR2EL 1 OB
RHEZED, COEBEPAA Y 2EETIRLUERTLICT I L EELS LAK
Vo # 7 ABELEEAT AL 2BERFEBICES 3,

BLE» SBEB~DA 2 v OBEEE T, BE, E, pHRUEMNA ~7 v 7o —
APILE o TARELEREEND, L, THED T 4 —4 —ZBABICLIIVED | KO
IONBHBERAELToTHZDOERELR->TLE I, FNHIC [RHE | LHIHEBIC
BT R ADHEBEALUTOLINLLDOTH S, L BHELE, FRBIGERST 3 TH
AOZMBICEF LI LEBELIVERELLE |, 050, RRICEREINAREN
REEMEREZNBFIEENET TR, RRAETZODOICHKIER, &5, Al O
AALEMGEOHEERL VS LERNERINTMIVNETH S,

COBERGEDIBE VAT LN STRHEEN T 7 74 —-Th 3, KRUEAEFEE
PEILEORIGICL o TER LS, 504 & OB, BEREEOSHE LD
HADIERDDH A/ N7 2 -4 —L11D,

HEkDOBRESINLBREIEEN > — VA v MBI 2MEAR U —IEEICH LTE
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KHEATHELEEZONS, AIZWE, BUENFERICOHERNOFERICL T, D
HAETLTCLEoBEARET 2 &, O 3 TORRNIEHEMEIIEEY DM
HECE L TIWRERLIEEKSE 5, BEMELEEDSHBELS Y 1 HCEGT O A
RETE, BETODOU TV IRHFBMEIZIZLEAEEERDLNBDICNE S, VAFLDT
OBRFEICHE LICF M O 5 0ilid, RIEREEY 2 OMEERIC L > TER L

TREAERE (BEEEZEDT) B LRI BoT W AMBEABY ST 20T
TR,

B BUHKRTONFEO7 4 W FFRA ML 1958FICRE — b Lic, #FRITBHDFT
Y4 ATFAEP Y —RORP A3 15% OARALTETL S, ChLOHFAD
O e fR, U a—F —F =T L) TROBRLECE AN, HE Uz PSr A o
EZS TN, TORER, BHEEIENORE CAMIZETL, 0ELRICRATE S L
ILEFT B &MY a7z, '
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9F v iprUars)—rREW

i F

BHECEBSEMICERSATHEa Y 7Y — MY, B, BRI, BRELA, H50, ROK
EBPOLRoTEY , Kty EXRTHREICEILATVS, choZBAL, ALK
BEETBL, oL dhlik&E &P, BREHBACEOHELSRBANESNS,

—H Ay iMKHMIERBE, 37— e BAOBRAE LRFOHMEILY
BotAvbR—R}PEavs)-—rtORLERNWIENFE G, TOEERFEYE WA
(KB, eEmBECE L), Mk, LT, BEMNCEE (ETROER) THHLE
5,

B MR EN S A IS AME L LT, BRETHLa 7 ) - t OEEQREER, HLEX
it BETHY, BHE, ANETERRCMCHEE, JUIRZEE TS5, RERRER, &
STCHY, ZOHEREWRIR, FLBEFOIOEHLTTH S, FROKERIIONTH,
EH0YF 4 AAREDTEIVD, (BENKESTITIE) NEB77 v IHELD,
& oT, BMEOHRY, RNKROBMMMET 2HAMERD S, (FEOXREEIE) LEL
LEDTH B, €AV =2}, avs)—rOHEVEE, FiZiF, BE, WA, BE,
IHEES, 22 Y =R bD= } ) » F BT ZEARICEURELTEY, £hid,
%@fmtxmcufﬁﬁéném®ﬁumﬁbfhét%%iéoC®K®§H,ﬁ%
water — to — cement b (w./¢c) ERBEh T3, —BNEC, Bw./ cid, SRED
Bohd,

2. EELES
_mﬁtxbeQﬁmotzﬁﬁmﬁEm,%@mfﬂ%ﬁ,—&@ﬁﬁmﬁ?évbu
v JRELTHWAEMNUE, ThAblid, TRAPS Y AV N, [A4THIF]ES
v IMNTH D,

R bz FEA VG

BbZ v PtV rid, CasSi0Os, BCaz28104, CaszAl:06, CaAlz0: CaFe20:4
OEEHEOEBYMELEH LTS, CHOoMEMOHLE, BRICKD HA2WEAAKCIY
TS0, FRKERASELT VB AV vA—d, BEHONIZEH (CaSO
2H.0) DR & &b ah, ASVRER (HAE35000d./F) LEH>TES
YR AT B,

74U AMEERES (ASTM) &, il s, ToliEglEs» 55 >OFIIL, R
WESY AV IESBLTW, B4 ORMG (BFIZZ, fly—ash, BEFR 5 v o)
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ERAY BIAE, KR, EEBEROLAY) 55, BR QR b A T LM - RS 4
BEZ 37 MEN S, Table .11, FN SV FeA v 2R A T ARBHNELE
2avy Y — b MIETERENSETH S,

TABLE 9.1
Typical Concrete Propertiesn‘

Densi ty 2,200 - 2,300 kg/m3
Compressive Strength 150 - 1,000 kg/cm2
Tensile Strength 15 - 100 kg/om?
Modulus of Elasticity 250,000 - 400,000 kg/cm?
Average Thermal Coefficient of Expansion '_1
Cement paste 06.000013 {OC :
Limestone aggregate  0.000006 oc ”]
Quartz aggregate 0.000097 °C)".'
Concrete 0.0000056-0.0000104 )"
Thermal Conductivity 1.2- 1.6 " keal/m hrOC
Drying Shrinkage 0.06 - 0.08% over
l-year period for
w/c = 0.45

& AN values are dependent on the materials and proportions used, and upon the
conditions under which concrete was made and has hardened.

NATHIFESA Y}

NATHIF A VE, FiZCaAl: O BRE LTS, KB & 3010 ORI T
DHMERRZEICONT, B4 b7 Y Fe2 v POBEBRRELIDL, LO0BLHOTH B, B
K, BREBBRE, STAHVEBICL37 3 AT 20 22t L, €4 ¥ FAE AR
TR ORIC, TELTHRBENTHEE0TH B,

BEOHELRETIZ, £/ 2KM# (products of hydration) (3, BREL HL
Vb, TVI=U LKA THS, 25CRERY, BRET, 20BEM21 ¢/ c0lllTF
o, 254/ allBINT 20T, TOHEE LT, ReBKIMICEREIh S, < OTq
B, My 7 RORMEAOBMAR X &Y, BRBEOEMAE->TED 3, F
MHMEORD &, RBREKICHT 3WREDOED, LT, oBEAIC->0TE, BRI
ﬁﬁ5oﬁw/cm,m%%ﬁﬁmﬁbfﬁﬁént@®ﬁé%ﬁﬁ,£wb§yFt%
YACBOWT, EE LV HDTH B,
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avsy— rESH (Aggregates)

%ﬁ,ﬁﬁ,%%%%*ﬁio,Q%E,AﬁE®§<®ﬂ4ﬁﬁt%ybmﬁmén,
:VﬁU-b%ﬁ%ﬁbfb%o%E@%Luuwwbm:7§u—bﬁéﬂﬁ,ﬁ%ﬁ%,
%Wﬂﬁﬁﬁﬁéﬂéﬁﬁ%mﬁb,%ib“%@t%b%ﬂfb%oéf@HL&Nﬂ
HicihnT, 759 b (grout) 28LEEEDE, BOMELTEHTATHS D,
i DEEEHMAFIRICEVLT, BEME, =¥ 70— FEBYXIE, Y4 uE LTRRYT S
B N30 SEIEL, |

3. HmBEERLOBE
EEEEA Y P72 XOBNTVEEAELSIC, CORENHRICE Y SEEN,
s b TARRELTIN G, EHLAORMTHE, €4 Y MH@URMENSS EEDNTHSD
$(%&W7bhﬂzﬁgﬁ?Z&&ﬁbf)®é%%Ebf,¢VNN%®€®th%i
EATVAER, BiZ, FEMERLSDTH D,
1) 7Y AEREORA
@ BETIHBERGLV VEED

B, ARETEET A OBERA RN, Nuclear Fuel Service &=
n—a~7MWmtVamymf%ybfﬁ%énfﬁb,C®%$%%@m75tb
DREAERSNT5(U S, ERDA 19765, U, S. NRC 1976) T, 4 ¥ b & =
Loy —  ARVDLONSEESD, VA VP EBREOEHENOLER, @HZE~O
BREA, By a—ntd Y THD, CHOZEMOST, ERAE, NFSTA F,
HIHAT OREF XL, FOmMA TSNS THS I,

vyl — PR} CDTukR(F, AT v & EEBHE (supernote) HETE
LA s LB, 2T 0 Dld, A Y MCRAME LTEKRICRE ONDRNIC, iR,
pes & THRICHS ., Slldr= 24 —ICAN DN, EOSHD 508 S DR,
CsAMDEBIc®, 14 vABLENTHONE, Cs FMB LA YRPEL 74 b
H,%ﬁ2599tﬁﬁﬁﬂﬁéén,t%yb7bUwﬁZEKﬂ%ﬂéoﬁ$tb
T 279y, Rik¥4 74 ik, #IRLEEINIp AN, TOTEE,
DOE OHFIEZEYcH T 3FIAEE LT, HEREZEHEED T 5,

Shale fracturing ; COFHEE, BRE7 > 7EEUMPOHES 77 (grout)
ﬁ,fﬂyht,@mﬁm%@ﬁé%?ﬁéén,#ﬁuﬁyffﬁTb,E%®EK
REEh3:D0THb, ABlE, ITLEOKTEAZMUTHBEN, £IT, B
TOWBIBIC ST VAEAT B, 77 v 7 3EBTADT, THICHNT T Y Pos
759 JAEI LTV, BEREEET 777 ME, ERENICEASN, BRICE
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I BAETRIONASG, FABKKE T/ 7Y MIEMLL, HEROHEODORILE o
AV —try— T, BEEREREIAACEEENS, FAOKRE LTHEN
B, BRMCEALICH» DT TER 74 — P EBIC v — MRICEAT BETH 3,
HEAEMBRFEIR, Fig. 91 KRLT WS, EEBRICE 2IRERHIT, MBHZE D

WELL-INJECTION

,//MUUW'

INJECTION WELL

_>.(wm CASING

INJECTION TUBE

ASTE CEMENT SLURRY

A"— WELL CASING StOT

SHEETS OF WASTE-GROUT

Source: U.S. KRC (1976).
FIGURE 9.1 Shale fracturing and grout concept.

ILW (Vv BESEMIERIYD) DARAMSIZEIL, Oak Ridge National Laboratoy
THEASN, BESASCEIILTH S,

VINRFVIEI DT ORI, EEMBEOMEYNTHE, e eriI, B
ROEEDOEETT b, Conasauga BEE*ACEREOENHEBED L A v b &
WABEEYIER SN IV IERNT S, 2759 ME, FIAFIKEYFICLDAR
S5NZ I TEILT 5. D F 7 A EEIHKE LATRRIRETITE SN S, BE, Hit
Y ER, FRZRBROLTITHOITVET0LRTHSB, REDE 2L, ThEIEA
HdHY, MERSHS (Table 9.28M), £LT, 4k, HARAEESELLTHL
So

Savannah River Plant DEERHLW ORBHMERIC > T ONRICET 25T
TENIHREET (U. S.ERAD 1977¢), 23HORKEON, IBEDOT 5 vis, BEE
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TABLE 9.2

Advanteges, Disadvantages, and Status for NFS Waste Management Alternatfves Based on U.S. ERDA Procasses

Alternative

Advantages

Disadvantages

Current
Technological Status

Conversion to
-Cement

Low=1eaching solid product
Good retrievability
Easily transported

Difficult to change to alternative
form if necessary

Technology has not been
demonstrated

Need to store Targe volume of
residual salt

Potential for container to
pressurize

Salt product would contain signifi-
cant quantities of water
(up to 20 percent)

Process is under
active laboratory
development, and
conceptual design
of facilities for
application to
U.S. ERDA neutra-
1{zed high-T1evel
radfoactive wastes

10-08—-1S8N
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M=) 7R LTav7 ) —tOERZERBLCHHENTI S, (Savannah River
Plant 5 OHL W OFEERI{LZFEEEKE Table 9. 3ICRLTS, ) $BOATICE T,
AV, CsEdI4 b, BBRI vold, K&, 2V 70— 1249 -TREAEN,

BEZZ74—F BE1074—F ORFBPER I =22 -ICFEASNRE, BIE, BE, B
HIxhickr=24—13, TOMKHE S TR DOASHIRTUSFENZ, &F v =2
Z—{f, 200 Hordars)—t+ &, 2097 v FOFEAELMLD 36.4 KCiD?Sr—YCs
ERRL TS, COREHELT 0 2DBEIL, Fig 921IKR780 3,

TABLE 9.3
Average Chemical Composition of Fresh SRP High-Level Waste

Constituent Molar concentration
NaNO0 3 3.3
NaNO 2 <o0.2
NaA1(OH) 4 0.5
NaOH 1
NazC03 0.1
Nap504 0.3
Fe(OH) 3 0.07
Mn02 0.02
Hg(OK) 0.002
Other Solids 0.1

2 pssuming an average molecular weight of 60,

Source: U.S. ERDA (1977¢).
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| Water

Fresh Water

| = ChEmIcals

Sludge and
Salt Shurry

Salt Solution Ion

"\ Exchange

Bies- Salt
Zeolite Solution

Recycle
Water

Formation or EV“""S""’-
Cementation ggn
Canning
High Level WosfeD Cans Salt Cans
D000 0o
Sr,” Pu, Cs :

Source: U.S. ERDA (1977c).

Water

FIGURE 9.2 Conceptual waste solidification process.

@ Qak Ridge National Laboratory

2 ORMEEEMEN 7 o0& X, ORNL TENIN TS, WHEWE 7o+
2 (QF7LEFHROIHOREY LY FEE (R. A, Robinson, ORNL , BEE#E/L
DseF I R—s— 1977, Weeren ©, 1976) TH 5, ILWOLHIEARK I I,
BEUHELTOSHLWAOHBACEZE o0 EEdE ALY, HEMH 7ot
2%, AFICER S Nicred shale BOKEA LBMWPr, BENESETELA V1S
7y FOFEA, ELUTHTRITCOS 77 DAL OK>TU S, < DERIE Waste &
EOMEMFRACLOMENRETEITHAIERBRTAHEID, ORNLICL-oTREiZHh
TIWN, 759 ME, R£EWIC, BRAMF v FeA v b, ILWEK, BLUE 2 DE
N#aholosTind, CORBMLEEELT, RN, fly—ash, Attapulgite —
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150 (a palygorskite —type it THHE), Grundite (a illite — type ¥t
THWME) THO, o, 4 v POBELATETMS 42 DIWERREMTH Y, O
HMAEHBARETH D, COBEBINAVOLATOIAECEONT, HAEEREIR,
S ORHEEOCERECIAB1IOEEHICERE s, TOEBREHEE L~ MY v 7
ZAESEN TS, [AEAFEZRAVG &, MEE, ILWZ7Y 1 (Doerr et al,
1974, Moove et al. 1975) (LB LTELMIhY &y 4 B 7 RICHAATI I BER
MEBZETH b, CsicBT 2EMBEIT, Grundite, BEXIE, 779 FIET 5 Cor -
asauga Shale ZWMTA2FIC LD, KENICEHAL SEON S, BAEOSriZi>0T
DR BRI B B REHRD L, BEHICHT SRES XL Ca (FIAEF, HLHORE
ELT) ZEMTA2FICLYD, FRTES, KBI7I7vINEREBLTCSSr £ECs D
B, Lo "RE"ICKEFLTV? (MHBEOCE VB ETELENA TS
SEEDBELD) bOT, EhiL, M, BLHEEICKE LT3 2 0REHIEX,

REEEOEBICRELTED, BB KPSRLEVEEZEZ5bDTHS, ( Moore
1976)

FE#D7r5y ML, FILERICHFEEEEZSCREVATR T 3 CDICERTRT
HB, COTURZZHMAICHIMTH 20, FRRAD, BAEBIBICIZ3EHAERD
Tk 55 HTH 5, |

BeDavHEBRIELES, BEHEShIEATIOEAV T Y Fid v PEABORIIIC
B3 amseid, bL, CO:ZBMA LALEEKICLY, 202 0—1thba v RORBHEIIS
95 NCo BAEICKAEE NS ELTHENMNENELZRL TS, avEREDS
VLB ANDEBIIRBCR SBLONSDTH B, KOBSHBRDE L 7 RERMIT, B
TN T, (].G. Moore, Oak Ridge National Laboratory, Personal
Communication, 1977)

® Idaho National Engineering Laboratory

BEOEFIFH,»5M5 [daho Chemical Processing Plant (ICPP) OEEH
B hicsdd 8% s, INELTHESh TV, BEICLZAEED >, ICPP
REEA%A, AV YT L — T 2T b — k2t Y b Ex—2ELIiay ) ) — MCEE
EERDIETHD, W30 ~60wt BORBEEEEL a7 )~ Fid, 3000 psi KLk
OEEEZRLTVS, NabCrORSBHELDT WM Y ORNELRD & 5720 D&TE
MOEIP ORIV EENT D, Na OEBRIE, CaCl: XIIWEMASZEFICLD
HFEICHEDTIRE T H B, N T FEA Y EFERL, 30W. sec/ wDORBEF (Zh
%, REEKSOwt HTHAH) 2MEL, 02 ]k m- sec DAREELT5 &,
NATNIFav ) - bPRANEETHHERLSNBERE (250T) LD dFRAIC
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BOBOCICHLNRERBNL S LETREN G, BENL Tt AFHEOBRIIEI N TBD,
ICPPE#EHE Y7 ) —RIKRKEIRHBZ L, EEBNEEDNS,
® Brookhaven National Laboratory

HAEEENEFERSEEZ1DHOa V) —MEAZEUHEEOFRII YW TORKRIE,
Brookhaven National Laboratory (Colombo and Neilson 1977a, 1977b)
KEoTHESNTN S,

Y, Mibary2) — b+ 2 I7BELV~UEEY (LLW) BicEohiz, chidl
B E TR AR L bDTH S, EiL, B& r 2R EEMIT,
BUVEPF Y FEAVE, WN=31Fa2F4 b, BEBVESLXT Y —OFET, @iz vy
J—rkeR7ICEBEN S,

Wi, BB SRPEEYDOHERAREIC LIt A Y L ORBENFHREINTLE, &
OEEIIL, BEYDORF vy, RV TV FEA VM, NATAHIFEA Y}, ¥F
74 POHEEGEHOBEOLNT S, IAEARMERBRITEZEELTHLY, Sr&Cs®
NN OREBORBEH 1073~ 105 ¢ it/ day THE3EAE,

RUEKOURIT, LAASBRERENAL, BBREAKICL>T, &4 ¥} EEFEHO
BRICEBEAK LT 2FICLDEONE, R v—EAKOIY 7Y —MNPIC) 2EE

I HEEBEEETIT Eh T3 (Clifton and Frohnsdorff 1976), Mana -
wuyt%oﬁﬂ%(1W2~1ws)m,ﬁéﬂﬁ%%tz+uy%/v—t;5so~
TOCM#ALESEK, R, AEMCRE, MAE, RUGLENT £ v 7 ER HERE
NIEBCHBSNILARBHDOEHMTHEEEZR LTS, FIZAIE, Cs £SrD/su
BRI, 24 -4~ 151077~ 1078 ¢ /of /dayfiic, ZORHEEMNEEIH
T3, RYI=—EE&EA Y PERBICRT 2EEEEVOtL7 e ~54 T 277 A
% Fig 9.3 IR LT3,

—RES R IS waste KT A a2 — M EBMR Y v —EARLE LI HIF
i1, TRBLICEBEREhTHRE L, T/ —-0FA, B£{ES (AR WIZHRHE
ME) OMRZFZBICL, RET S LEABEa Y7 ) — PEMLIKSDWTT £ O
MENEEN S, (U.S. ERDA 1976b)

Brookhaven ®H&iZ, £+ MEHOFRZEESER LT AHELEFLTCH
B, (Manowitz 5, 1972~1975), MEET XL, RHEEDHET, 4 Y &
B4IC, NaNO: % 30wt B THAEEHT10%rads ("Co D 7 HMAEFERALTLS)
ORHTREEE Mo,
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CEMENT

AQUEOUS
WASTE

MIXER

SOLID
WASTE

Source: Columbo and Neflson (1977a).

< MONOMER SOAK

MONOMER
CURE

l

PIC TO STORAGE

MONOMER
STORAGE

INPREGNATION

;

MIXER ¢~ CATALYST

FIGURE 9.3 Process flow diagram for the fixation of radicactive wastes in poiymer°1mbregnated

concrete (PIC).
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® Savannah River Laboratory

Savannah River Plant S 3HFMHL WIS, B4 O&BOKEBRLSE S B&
s (R7v2) &, NaNO; ORISR EOEN SR > T 3KBERESFEEATNS,
NG ZEULFPORERER T v P EEALTL S, L LS, ¥Cs i, EBS
W TRENICEET 3, ChDOEENELS v F_—2 MCAN B TREEE 5 125
i, BitEE, St HRSRE, ROBOWEOHENSTHNL T S, (Stone 1975,
1977 ; Wallace et al. 1973), LWERKFME2 R ' THAH, SRPEEN & Ok
MRk E, BREECHEAROBOSHEISOEANS, £ 4 ¥ MERYHFE
BICEEHIhTL A,

40 DB SN icwaste LA v b= ORERIT, 44 OEHEEHS 2000~
3000 psi THEEARLTIS, 2000~ 5000 psi DEEIL, 3> 7 ) — rAFE~—
ATHATACHADI N EDTH D, "M TLIFEA Y ME, BL T FeA VB
CEENORAMIDBEENCESVEEEZET LT3, 100CTOMEAL, E550
2V MR LT HEEBCHT 5REITD 0, ODICHNIRIC, "M TAr Ittty
POMEIR, SAEBOKERE LT, MAKMAERT 2 LHRENELTE, Kr i s
¥ FeA YT, 300CEF THEBEAZITRIOWELHNLTNE, LELIEME, 500
CTEMBFBRENS & 75 BOBERD ELS,

RS, IZEAEOEE Y ) — NI, rRBUICIEEISHG, KLY FeR Y
PO ANTVARETFFOERKEEL, 3 X108 5 FTRELABTY, EMBER
50% ULET LTWEW,

SV EB DN AHOMEOKEMIREHARTHE, SroRitittic-u0T, 102 ¢/
e Aay THo12H OH3, 6B TL0¢ /ot day oL LTI 2EAZRLTUL S (Stone
1975), Wallace 5 (1973) ik 2 &, AIEHREEA SR 2 v F ORIEE, B
EELEAVIOENLD S, EEMENSDTHEE LTS, MnO: 12 Sr OB
HLELTEEXLDOBHBTEMRENI, ~MTHIFLAVME, ELrT oAb
0D, SrORBEBBEBNELRLTOS, Sr OBHEE, rRESICL O —BHIC
BOdOEE3, Ce DREENE, BHIOD 107 ¢/ 0i daym 5 107° ¢ /e /day D ER T
H%, PuoRiilid, 2TOHEKE>T, MWIRICED (FN08107* ¢/t gy T,
12;8f#% T 107 ¢ edQay 1278 5)

—MREC, SRLICLKDBONLT — 4, ChiEESREMEEEICLTOEN, o
T—BTEANATNIF A VIEBEN TV FEAVIERBETZaY 7Y — &
DABHTOBELTVARTHS, 37 ) — POEBMELTOELFF ¥ Fa
AV M, ng:"é'&@%\’sﬂu%@)?&ﬁﬁfnx 50, CNEEFHRD SIO LT EHIC
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£0Ca (OH): THEP S, REMLUBL TV 2, ChoDEMA LI v /) —

POFARMMEE, 7TX10" ¢ al /day TH D, T OMIT 119 AHIC, 26 X 10°¢/
o/ day BT T 5,

B s hE LS W B EED SRR RS 3T LD RET 3/ 22, £25
NEHTR, TORBEFBPMICEAHAW->oTH T AETH B, Thit, §HEEME
ELTEN> T 2EREYHE (BEIHERESRZEL Y 1Y » 2 R) I2id, “Cod
T, MCm D AROBHELTHILZ, ThoOKER, ; BEFPR5 » 92484
AU, EREBEEAEUN—IF=2F4 b, LT, e ABHE LcHEY S YEMNTE
EBUEL 0 —XTHD, rBOBBRSRICE SaNice s v VEEBRECS>OT
WHAKGRHEL, 6~7 psi L, FREEMEICEELTVS, Bohi7 44
EICLTLED, BEAETLWCHESH, EREEBELZ IR OETHS (Bibler
1976, Bibler, Ovebaugh 1977 ),

#1200 EA OXEMICI S o« ST, 10° EHEEOKESEIE 1600 psi F2EI
785 LEIRENTL S (Bibler 1976, Bibler and Orebough 1977), BEZR5EiZ
300 psi iCEFT L THAI, L LUMS, BHOKHEER, 27 Y ~ FNCSRPE
EMEMALERES TORRMARIC L 5EN LREENLDTH S, HE DIz,
CNLOFERRKE - GREE r BEESCHE LTIRZLES O,

® Atlantic Richfield Hanford Company

A PEMLT e RSB AR DS, (3 & A E Savannah River & Brookhaven
TIoHh, TOEBET - 2 MBEN T A28, Atlantic Richfield Hanford
Company THRESNLKRT —2 DEMHELNAT B, £2 ¥ b/ av s )~
CHESESFIL S Hanford BEMOBEEI, BEICEOTZOELEMTED
bOTHo/z (D.R. Gustovson and W. W. Schulz, Atlantic Richfield Han-
ford Co., personal Communication to Panel on Waste Solidification,
1977 ),

@ Portland Cement Association

Battelle Pacific Northwest Laboratories EOE#T, Portland Cement
Association(d, i, 177C, 232 CiZF} 3 Hanford 27 ) — MESHK O
o, SHECEHE AR LT B, 4 DI BEE, FRICHTIREEES, Z1LTC,
ARMOIFBHM TS 3, 7 — 2 — 2, MR, BT v/ v, BESCERLTEK
HENTLE (Abrams 1975) 4 ¥ 2 ) — MEEEKDAN » F B8y F~DEALD
72, X, dBRMWHAE NI EDS, F— 21X BT T,

MR ERT » v Y WEBE ER L HICRDT 3, —BEIC, KRB LI-ESHOD

—108-



N851-80-01

(2

Gtk @M, =B (21C) TH042Xx10°kg Jod, 177CTH0.28 X 10° kg o,
232CT, #0155 X105 ke /cd & 50T 5, MRICS S sh3RIOKAISFHRRIE
ZORBICHBLEZIS, —BEIC, W (ERAS) GEELRICHVEMRRS HE
mLTW3,
Pennsyl vania State University
ERPEG, Benica U TAEES) (AEE LI TOREHE) &, 4 Y EFPD
HEAIHOWTOMBOFREIC>VWTHEHLN TS (Roy and Gouda 1974),
SATLIFEAVEERNV I VRV FPOBEATS o T, BROEEBSEREE

BO1005 50 BICHWTHAMEHBICLABE L EZEREIT->TWE, COFKET, 8

TEANBREFEECTEEORE (280052944 /cl) ZAEE LTS, TLT,

ZOBEEHT, @AV T M)y 7RACHEFICHSIE ST, OEId o TREERESN

A Y PR—ZAPVYVE—DRLELTHEDD, LIZQERET BRI <Ly MR

KdAh, BRHROEAKELTEA VI v 7 ANRINTEPD32THB, %

S BIFHMHERMNAATAIF LAY FTEBONATVEN, HHDEA VY FDELT I’

MR EE (oA Y VEEYOFETIE, 750 CFTERE), BAKICHT 2RHHEZ

LT, EBICEEMNDHD (1400~ 4200kg/ed) LOIRBEEFE TS,

AT DU 7

TR EES < Y » 7R ELTODEAY b ar sy — COERICKRG EEER
R ONIHBOAD, BATIERINTH S, é\%&lﬁ%a ~ 0y RNT, 27
- FAKHLWAHASEAFHAEVEEMENTHEEREZLSNTVIEL, RFD
REBE75 POKHEB Y — L FIZHLTEI Y7 Y- DR T30, EEOEREN
Myicar 7 ) — v AFERATEI3EATRTBHDRIENTH S,

VHETE, €4 Y MR- F O—EORTLLWOASBicEbh T3, UL,
AV PDORES, BE, BESMLEZT, BENTRILEWLE LTS (Belitzky 1977),

AV ) - MALILWE ILWOREILE, & F4 Y TERIh T3 (1. Odler,
Technical University, Clausthal —Zellerfeld, West Germany, Personal
Commnication, 1977), BEEHE, TERBEERBIC/ 79 I O THBEAELE LT
3, Cho OEEHOFHRE LICo0TEREE A TN,

BESE v MERHORME L hOBFEHICOVWTORSNIEERDYS, BE (W\E5,
1975, A5 1977), 1247 (Lazzarini & Tognon 1967), 77 X ( Bonniaud
& Cohen 1960) Z L THOEATETINWTINS, FF4 Y ERBIC, ChOOREEIR
Ay bEaVI) - RO HLWELOREZRER > TG0,
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4. # x> bR &DDFEH

Al L7 ZHBFSE O# R T, #%1C, Oak Ridge, INEL, SRP, Brookhaven, # L
T, Pennsylvania State University F2TH, HLSWHAICHELT, 2 ¥ + &
BeLroRay VO, GATHY, BETHY, RBRTNEBRO1>THB ERRLTL
B, BlF, COREVEEIACPSEZITANRONAKRICE ofchs, XTHHEATOIL
—RHINCERESN TS, TEHEORBEHEASUREMEEE LTOa Y 7Y — FOFRIAE,
@ELTo 2 hBEERETH2 O HELERHE v 20METHS QFEFhi-t
HICEAMBETHS @42 FEREMORAMIE, £BXE v 7 ) - FERRICAR
BEMNAETHS @22 FPBEVENIETHD,

L LIEDis, FRIIEEAGH S, P2, SOBERERINSENLELE, 2V 7Y -+ O
BEE, 350~S500CLITICRFFLBTIIFHSIED, X5KFD L, H3HRETTIEa Y
70— FORBEENMOBEYEECE~NTOEOIETH S, BHIAMLEIR, BARE
O LOTHNTORNETHED a7 Y — FHICEET 3 KOBSEESRTHS (12
BEHM) 0, Burns (1971) OfRFRIZL 2 ¢, ZhBEARMBMETRLEVE LTV,
Karlsruhe ®#Q0ak Ridge THERB LTV A MMM E SO ORREAREIT IS
i$, A PEEBLTARSMIL, CHUDLOHLSWIEICHEECTH  TEELE>H
21 B,

vy M AR ORBIEL, 5 R<EBNENLDEREE T 5 T, R L
REOKXTFHREMICENT 52 THD3, HBEEE 2 v 7 ) —  OEREHEF,
OEL OEEREL O b/ EFHEN B,

av 7V - bPOBREER, TLAYOHRELEBLA —FTHD, BEHEELHL,
a7 — POKMEABE DI S, KMERMOH 2 b0ODN, LREEABZ 2REICH
2P LHENITG, COFEENEDE, BEALFBREMICZ V74 AL OTEDOY, B
SHNCHRERDIC2 05 b bRy, COREERRE, Sz T250CORERR
WA BFIRZIBVEBRDN 0T, EREPREEOESEY (P2F, ERXEHKE) ©
fbDb, TOOH BELEDIILNTHS I,

avy ) -+ OEER, BETOAENI )V F 4 ALTHY, ZOBREROES OB
REZEBLLTNEHOE L, R~ —2RBIHEEVEROASL I v 7 Y — M2
MEZEL, MENERINEMN, FHICHIZBDEELBNETHD, IVFFADS
7= bt:/\ﬂ%h?‘:%%%@fﬁ&{iﬁlﬁ (£LT, #&2l) 3, AEB =hLDavF
FXE, OEKREBEREE SFILLOBRAETHS, av /) — FEEHO< Y v
7 2DEERE, EEOBRTHBEZZIZbDERLENE, LOLEMNS, avsy—
PRICA0~ 50 %BDR T » SRIRBEHEZHA SN, 2ERBEY 7 2B LtksH 3 103 A
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=t v ) REFEREEILS,
BEULLA Y  OERYNBER T V7 FCEBIN BN LT, RESHRICLZH A%
HEDIDDREFAREININETHE, av7FOHKEMHERBEORIEICET 220
IRPARENDENETH DB, 3V 27 ) — MIMT 2 HEHEDRA RHHICHE T 2 H0EH
b5, TORER, 2, B, BIR, 25ME, HHBO2 47, Bz i LE —2~7
FT LA, wockER, XY MNEEMOF AT, FLTHBREORIERORALER
TNETHB,

FIREIS A v P ERBICET SEEL S0 R EHHEDT Y v 2 X{E, Table 9.4 TH

A3,

TABLE 9.4

Process-Property Matrix &

Parameters

Grouting

Cast Concrete

Pelletization

Process Parameters

Complexity

Mixing-Transport/

Mixing-Transport-

Mixing-Pelletization-

Injection Curing; Possibly Transport; Possible
impregnation by impregnation and/or
polymer, etc. transport in metal

containers
Maximum Temperature:-  Ambient Ambient or Steam Ambient
Curing (150-
200°c§
Fase of Remote High High Medium
Operation
Property Parameters
Leachabilityg-g- Medium Potentially Jow Potentially low
Thermal Conductivity Low Low Low
Thermal Stability Very good up to approximately 300°C;
complete loss of .strength between
500-9000C
Yispersibility Medium to Tow Low Low

Lt Comparisons are relative to glass.

E-Depe_nds on the density of cement product (w/c ratio, polymer
impregnation, etc.).

L Some difference between portland and high-alumina cements.
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ZxDOREREGICEAL, LEHBEKREBEEL~ME, 22327 ) - D>
FY oy 7 AOBLEES N BEHSRRICISELER LTS, €4 ¥ MCEASNB~
EREEDE, 4 VKO FTHEERE L, KEGEREOBEREEZ 280 kxS S
BERT HNETHL,

AT M) vy S RFEIET SEEHHEKN T, FEBEXEOLULIABETRLEER
WOWTHRAET 2MENH B, T LT, HFICES Lok v FEEYONTHEX G, MK
YTDPMERLE S | BEGRTAHICREDERINYOBEREAT O MBEND 5, TORERK
R, E¥hse/ Y F2a30LBEXE, BEIC, av~ 7 F TEEE, RU, ARBUE
B (b, BEM200CIEHASITNE) 2WEETATES I, €AY -2 b /3
»7 U — t OfFEANE LB SR ESEORB ORBEAES 3B 3 BNES M OHES
i, MR ENE~ETHE, |

Hohil, £2{OMEENIL, EREVORERANREBHOBAICKRI ZEENI 4+ v 4
Iy TTABEMAMTE 0T, €4 Y FOBRET TS, BRI~ LY v 2 X2
EOBREWYIC DO TOM L ESEFT SN RIS, BBRIEDR -9~ it v X
3,270/t b= ) o 72T, RAOBECUMHECAERA LSO E WD ETICHITH
Do MEHREFEHE (L D/cdOE A Y b2 vy ) — NOAESEH, Table 9.5 ICHikE
ThTLv3,

GE) 1. “Hydraulic ” &, KO TIHRE £8MT 2028k 5, & OBMEEMmME, B,
KRR DCO; & DREITHERE LT,

2. “Curing "3, AIAEERE, FA, LT, S0REEE %0 2/ Lok Sk TR T 5
ZEABHKLTVE,

3. HEEENXE, WBEOUEE, Mr(Rbn, BREILYY LKBILHOEETDS, £
S+ v ORENE DS,

4 Y2 - MERYBBCELT, b S hieF v z—s—hiyd v BERXLER
HEHICRE LIBL 25 » SONY OBEDRH 0SB0 EHRY, TLT, ~A T+,
Bb 7y Fed v M, BAMELTHEING, JO=R—2 M, K& Y) vay— X3,
WETBLRMRIZSF Y b & LTEATAENAETH B,
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TABLE 9.5

Possibilities of Uéing Concrete for Radiocactive Waste Solidification

Type of Concrete
Products

Examples of
Possible Use

Cement Slurries,
Grouts,
or Gunite

Concrete Casks,
Tanks or other
Storage Vessels
(with or without
reinforcement,
special radiation-
shielding
aggregates and/or
polymer impregna-
tion)

Bulk Concrete (with
or without metal
“honeycomb" rein-
forcement to
increase therma!l
conductivity)

Petletized Cement
Paste (Cold or Hot
Pressing)

Fixation of waste in fractured shale

‘Storage in concrete and/or other

vessels

Storage of cement slurry-embedded
wastes

Storage of solidified powdered or
pelletized as-is waste

Storage of waste in the form of glass,
calcine, etc.

Storage of spent fuel pins

Deposition and shielding of used
equipment, spent fuel pins

Retrievable or irretrievable
concrete blocks for geological
and/or deep-sea deposition of
solidified as-is waste

As above but use of other waste
as "aggregate"

Storage in concrete or other vessels
{metal)

Encapsulation of pellets in concrete
on other media
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1-

10F HE~M) » 7 2BERELBHEESSR

52

HLWOLMCE S LcBEEEE LEE3AZ 0D, B 1RkE CADEE-1-
ERTRBEENBH 72— 28R (BAWVEI 7774 MHFR) v b ) v 7R ICHATZ ¢
EILE>TRLONEEDNHE, ZOLI3CLTEALAETAEEDES KT — D PG

BB 5. ¢ OSBES RN ORI ATRCEE & i I

LR G th L N E S K AT 5 & 4AB > T3, (Berrath et al, 1975, 1976
: Dan and Williams 1976 @ Heimerl et al. 1976a : Rhodes 1969: Sump
1976 1 U. S. ERDA 1876 b ! Geel and Eschrich 1975 : J. C. Malaro.
U. S. NRC. personal communication, July 1976),&Eit, @k~ Y »
7 ZMETHY  ELOMRBTEHODNTETVEDT, ABETHChLENRBETE, ~
ME DA T s T ORI IR b AEENT R TS0, BESE~ | 1
77 AT0ERAEMBATHS, (Van Geel and Eschrich 1975, Heimerl et
al, 1976 hl, CeTDT aER({F%4 0 » PREBEOLOTHDH, H TR e =44
SPAMELA 7 o% 2, 8 LRBHETHS X~ ~ (K %21E5 LOTES Vo € 2 2442
Tind (6EEBR) .

AIAC=ZBLIU R =N H 4 Y FBNGEETRORNCEH CTNLERT VL A
#HICANSNE (Dan and Williams 1976 . Heimer! et al. 1976 b : U. S,
ERDA 1976 b ! van Geel and Eschrich 19875 | J.C. Malaro, U. S. NRC
personal commumic‘-ation; July 1976), #WHOERERECIIREREH 42
7Ry 7 REDFMEFTE o742 (Van Geel and Eschrich 1975. Rhodes 1969,
Berreth et al. 1975) #3, MR HEMRBEERCE~TRFTHE E OBREBE THREDH
i, EELTHIREMUERET b » 7 RELEESHDIN TS (Van Geel
and Eschrich 1975, Berreth et al. 1976), = b U » 7 R EME OR R I2HEL
(Berreth et al, 1975, 1976 : Sump 1976 : van Geel and Eschrich
1975) &8 (Berreth et al. 1975,1976 : Rhodes 1969 : Sump 1976 :
Van Geel and Eschrich 1975) ORI = dEH T b, 70t RDOPEN & 45
PMORBEHIUHES Fig 101 CRT,

B M) v 7 RFBCLIHL LWOBENOE 1 0F &L, MESENELKERN
BRICHE (HITRALHENTHIVERFTHE), COMBEIIT L (24FkED) Kt
BERY Ok LB TR S EIC B B EAROBREH 74 ~2 T hh 2,
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Continugous
Vitrihication
to Beads

Melt

“, ™\ Phosphate Granules
Glass
Additive

Furnece

+ o e Glass Besds

Dispersion into
Matal Matrix

fMolten Matal Alloy
Granules

E

Furnace

Recoivar

HSREOE — F
Vitreous Beads in
a Lead-Antimony-
Tin Alloy

Calcine Granules
in a Lead-Antimony-
Tin Alloy

73,7 OBEE
Ceramic Phosphate
Granules in an
Aluminum Alloy

Ceramic Phosphate
Granules in a
Graphite Matrix

Source: van Geel! et al. (1976),

FIGURE 10.1 Eurochemic metal-matrix process and cross section of resulting

products.

BOFED, MREEREE S LEEHERESHESNIATHE . REEOLELE
BACEE, BEER, Met, 752 (53 IEEEK) LOEAME, BE. BILCE
LTCOEREEBMBZEYE, BLU 7Y ~7PBEOL YUBEENRTHE, BREWNS oE
2,85 4 ~ A EBMORER, v MY » 7 AMOSERF O, 3% b, BEELE OB
55 LTANIHEORENBETHBC L, BIUHERTH S,
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INCOHEDEITELEE - MY » 72 (H2 0T OFEDEEY) LT 24
BCERIAIBEUEL DEATI. £C T, £O0DERICOZIHicHT 50D, B¢
o, INoDHEFENEE, FABHRBELZEE~ M) » /2 CEBESET 2161
LBETETHEAIME, COTTRRCDNT HHBICE~RZC Licd 5,

AETIR, @B M » 7 2BER T n k2 &, BERINKLERE, RIEKXIIN S 2485
TE&B7 L) 72, EAEAMEHE (55 VERHELE) 28RTA4E~ 11 » 7
2, BEXUNHER L LTOSBOEUELC VT TRERT BT LT 3,

9 ﬁgvru/oz%mfutz;g'

REFTCORROEC B 1) » ) 2 -EEBEEEL, KDZ-DT 0 €205 50—
orﬁﬁbagtof@oam—ougﬁm@mxégWﬁm(@am@uA1fm Zn
DEEDHE) THE, COT O EATRLBIMBNTEMIATED , F = — 74545

ﬁ(mﬁkénﬁvzt—zﬁvx—n—ﬁ%mmap,bmAr#¢UTaﬁMﬁﬂ
| GBECHEASNG, © - XHEH FCRBEBAS LR LSR5, 07« 1h
SRR LB E - SROBENE SBOKERR 55 - VL LiBAORROBETHE
iiﬁﬁ%/ifﬂAb fmﬁA%égi/&EiTP@7befn%ﬂﬁﬁ<®ﬂﬁfﬁ#
5gf¢aﬁ&faa #£= @ﬁ&u@iotﬂmgouﬂxmﬁAsn@m-%%Eﬁ%ﬁfﬁ#
;gjjé%Qf%é _@%A7ngﬁbwﬁﬁﬁﬁﬁiﬂ ﬁ&fhbnt%mhﬁﬁbfm
f? m@@<m5®m%%f&5o'_ U
| %%ém$0ﬁﬁﬁéntéﬁ%mﬁgﬁ@A&$®%¥%®e%ﬁ$%w~méﬁC

TEHLLTHB, bLEBOBUTHEZTRES BLUBAEN 2EBE LEF LT o

ETBE, COBMARTIEAPCKST X5, BRAEL 20~40% L8A 3 L 55
DEFBESEEL, 202 OB CENSEET AUHEENE G L4 BEEEOED (theo
ries of comnectivity) (Gurland 1968) Z;RL T3,
ZLOBODBHEIEENICHBE LTRSS, TOBROEEE (F) - HEEE) 35
BHEENEGOBBRNERELIORFTH S0, ~BITETTATHEASIC L4, Rhines -
(1956 ) OFERMERIRLTNS, FHEDOHE~ F ) v 7 20T %MEHE &,
TOBRBAMEIHBNLSBROEE L SEEEH 05 2EEDTH 20 BOSEMORE
NCDREBICR >TERAENT S, $70, FEBASEREL TS0, REEEEZ< MY »
7 2AECPHEINIERBHEL 0 b, CLANRMAOBRUAB CHSEALTTTH5 S,
REBO7 My 7Rk oTEZ 5 BIRERYE SR HEE OS5 K ICERTS 1
NDOBREOBERIEL 20BFCRBONETH S, LoOLENG, SEHOHE LS AR
CHERTBHERTODT. MEEONEEE T LG AETHES S,
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PEk, £ OMFILT T 0 2D A2 SBEEBIUBRECEDBLTE 2, L
DLUEBLIHSDOFEREI 2D LIEREEFHE->TWVWE, L AFTHCERINLGE
BZBWLTE, ERTRAEINCEATORZL, FRSBLEBLIUHBLORE, BX
R EHOBLAEMOEIARI NS L TREARUELL T IBRENBREZELTL
B, BT oI, BREICSTIEELSH 5@ 2427 3 B ERESE ), FHEEE
B LB RBROEE L+ B ANKABELREERITET IO, ROUKRAEZET SLOK
RbH D,

ZhoDFEKhbb->oTHIADH 5 HEIL cold and hot isostatic compaction
(Gessinger and Bomford 1974, Johansson and Isaksson 1970) T&H 5, T
T, ZOLEEHOHIIHENBEFON, TOFRIBETHEZINTAr Frv/v-0
FICBLNE. TLTAr 2 100~200 MPalCEfE T3 EICLDZDRHRCENEMA 5,
#HMEM (Hot compaction) !2#EFAAD 05~09 fFOEE TR 2 H, TOREDR
MEAWAERAILLEDEDS,

HEICEHET S 7 vt R (isostatic compaction process) @ —D2ODM&E, £
Bl o TARRKEEA2ARE{TE22LTHY, TOBEIIZ100BERELCIESE, Z25H0OF
AMREEBLZO LA THEELOBHETEACETHY, EROT v £ AFMOLEN
HBEPTOEHAICEREB LB CLTE S, &I — 23 0REBE -ICRELN BT
ETHD, BEETHLNZ LI BFBEHEORPENFTHEBALNITNT ETHE, I HIC
TERBARDBT R THADT, EEDHERMROENEBIETHIDNELEETHA
Do

HMBE—-TH L7V FHESSDCHREEEZH L CHBEENIELF (Sweden
Now 1977) ERMRICAY = —F VT, BEMET VI THREDEGYEERA—ICH
ST A FENERINAC L, BETNECLTHE, RO, HET 0L HY
B —RARZEL>TBLZE FI/HROBREDN 20EIHIFSHETHES I,

B BTl —H#EHE (the cold isostatic compaction method) EFFEMnHS,
BEOBEBTHEINSIRI—IVIA VINb LLOFETHE LI ENG, BEHI oL
FOBRRBIZLINAZEFRLTILNTHAI, 2hwwz, CsP RuDEROIME,
WHEBOREOME, 2 LTHEOMESICEROBELENRICELEDHLNETHS
Ho F1, BEOT 0L PBMBBETHILTERLOELSE, N FREFHFELCBOTS
HEMZILETTACELIEHTOTH A,
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3 ®EOHM
7y 7 RRHBACEHRELTETONE W20 DLEDOHES Table 10.1 ZF

TABLE 10.1

Some Characteristics of Metals for Waste Containment

Metal Al Pb Ti Sponge
Cost per kg $1.05 $0.69 $4.42 $2.21
Cost per cc 0.28¢ 0.77¢ 2.00¢ 1.00¢

Strategic Availability Abundant Limited Abundant

Thermal J_ 220 35 79 to 99
Conductivity ¥ms

Corrosion Resistance Poor Excellent Excellent
with .06 Cu (possible
problem with
crevice corro-
sion, hydride

embrittlement)
Impact Resistance
(Charpy V-notch J) High (not 14 (20°C) 15 (-15°C)
standardly 34 ( 90°C)
cited)
Creep Rate
{min. temp. for strain rate o o
=10-6s5-1 at 260°C 20°¢C 550°¢C
=10-5x shear
modulus)
Melting Point 660°C 327°¢C 1820°C
Temperature Below
Which Oxidation Rate
is Logarithmic (thin 200°C 150°C 300°c
film limited) (rate greatly (film 0.44um

accelerated in 200 yr
in presence 14pm in
of ozone, 200,000 yr
water vapor)

Source of Data:

Cost: Al, Pb, current American Metals Market; Ti, (F. Malone, Co1t-Industrié;
Crucible, personal communication, May 1977). '

Strategic Avaflability: National Commission on Materfals Policy (1973).

General Data: American Soclety on Metals (19

Creep: Al, Pb, Mukherjee et al. (1969); Ti, Paton and Mahoney (1976).

Corrosion: Fontana and Green (1977).

Oxidation data: Kubaschewsk! and Hopkins (1962) and J. Eldridge, IBM, San Jose,
Calif., personal communication, May 1977.
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T, ERRBERINTEthDE&BEEL, WEEHEY (Fontana and Green 1977) (8,
) COHEHANIBBLOBRE LTAET 3 HESENEE WAITHESE) (Nat—
ional Commission on Material Policy 1973) &t OEBHO D ERRTIIER LT
TS U,

BAMENC LD SREN AL, BEHNV v M BRAETEC LB BENTEIH
HELITLITERZNAEESRIBHANVRTLNIEELTHE, SETREALFEEELZL DEL
o, TRANZBHTIITHEHOWKBFLRITI2EBEF IV ThS, 72 VEIBANS
WhH T VRATEBEBEIRBLELNRILTH A,

1)

HAE 006 B SUMESITIEZ7 M) » 7RE100°C DKHEWIZEKICEFEL
TH 10 ERICE >T B2 4 Chnifi s RITHS 5. L1202 THE ORE
B (B OFF2BLU L7 12708 1048 LT ChMERY, Si0:&DER
B, £ LTHNERH D OBMIMEL O bR NEWVIBEEL >TINE, L LIahs
SO OPOERBRALFE oTNA,

FEH 1, BERLVOBFESOLAEENRDOTHY , B EEX O 0ililk L b HBHAL
BRLYODEBOERGLBOSGEHETHS,

B2ORAE, HE LOBRTHINDO AR 2000 FE ETIEBELEThEILEZONS
D ERIDRERY A I LVEHEAE >TLTE IR PEREELEAILVSTE
T#H5 (National Commission on Materials Policy 1973}, %3 DR &,
HEBENCEDOREEEORBICLAMLMBOBRRELIT 71 -l L 28RO %R
EINBCAARENABZ L ETHS, RICRMERCHTE LT E S & BN ICRIE
HELATHAD,

BERICHETERIREVOT, faneBLl LitHhxE LFRAETHS Ghid 7 BE~HNT
EBL0HRERIETNREDL) ,

2 Tni=gntFir

Twi=uAIBAREHR-OOIR IORATEGEETHD, BELEETHD . §
Chi-BzE8E -RERELE->TED, 2000ETO7 YV —-7TBRAEE-THE 0, B
HEDOHE (Kofstad 1966) WHEIHEN 7 ABIURBEERDOSERENLBOBEET
EBETHDPI, PEBELEOIK TLITELEERTI2ERIIBIELICETIDTHS
2, EOBOES L 200~3004 Y7 R b0~ LiBOhibDOTHBRS S,

B MY o 2 ANKBEBLIUCEKSLISINRNVES, TROENMEETNE
KB DBRENLUBEEZBLET256EF, Trizvagt< o I2E LTES
CERBEROMERBIRENLATHA D, LD LENS, IMEENBEINITSE, 7
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VI=T LT )y 7 AEMEESES, SHENEL L, TORREPKEEET ST
HAHD,

FEYRETAI =7 LDMEFLTHRABA TS, BAMTERLIEL, 70— 71
A LEBMIERSK E 0, 2F 8 v idTEtEsL < (Fink and Boyd 1970 ;
Fontana and Green 1977 ; H. Bomberger: Reactive Metals Industries
Niles.Ohio. personal communication, April 1977), 150CE COEET
BUEBLUEEEBES S VEEKICXSENTH 100004F Eirot - 2 THEECHL
THETH S, T2V, KORBHBIBTELEKENEELCEVDEICL >TDHE
CaKEMPOERICKD, TE 272205 F4 Vi3l iBThTHEITEN
BEAE ZT 5, FAVORAQIIZA MEBNC EET T RAOERBICRF TINEET
Ho5:TDTORRAIERE -RETRLZAVICEDNUETHEKL A, FE2VOHF R
EDORGEEREEERME ORRICESHTI TL I =22 A0REBE ERTHETHS 5,
L LIE8ie F2 Y OEE TN B EZE 2T LI =9 L tniitE-T, AEEDOR
#2 ST oy QEBIEE LTOA C & ERERERICE T ABEIC BT -
Tivs (F.Malone, Colt Industries. Pittsburgh, pemnsylvania. person—
al communication, May 1977). 2E Y CFF V2B L= b » 7 X (FEILE
BOHRERGZERTAA YL A3N, BGEEORLLIVRIIRLS) & LTEHERA VS
No, TLTZTREBRTFT Z YLD T, Table LOLIWRT LS T, BUBKH O
DIBIEIMERMLE C SOTHEHEA D,

4 UBEHIORBEFESIVFSRABOLEY MY v &R

FEODITICE ST, BENICHBREZTFZ v OERIC, 2B M) » 7B & L
TTW I =T bhEN~-RL LA M EboTHWAFENLIDB VLD L LTEE S
s, MPEOCHBECHELTRLZLLT -2, HEHEOBERRGICETI LDTHE,
50C~500C EBWELNOCDOREDRENLETHE, —F, BEAGIC BT, B
HKBCHNRTEL DT -2 0FATES, COBDFITETE —BOFENTHESE N5,

5 BBNMESHROEET MY VIR
LD ELBAILERT, - WEHIM L FE Y EERLUSEEYE T TL I =T A
FEABEMHESKLBEESSATEB M) v 7 2L LTERATH S diEldb 5, O
EIRFETOELLVHLADLE, BUARBTA-DCREEROETC LRESCRET
HAI,
1} 2BIWMES
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E1ETRIH, £BEHEET I v ) OEENINBTERIBEhORELLD R
EhICI BN EDE 2445, CCTRNEF -2 COLIUNNESERIRT S
B LB 6NTHS, RMASHEE LTREINACELSOEIRT Y V28, KE,
FLTLHANNEITIB, TA»F* Ll THS (G. Wranglen: Royal Institute
of Technology: Stockholm:. personal communication to R. L. Davies.
1977 3 R, L. Davies: The Gold Institute. personal communication to
the Committee on Radioactive Waste Management, March 1977),

INENEBIEITRTRHALCLORANDD, bLE0C~150CDEKIEEETS
BEBICX5IN3RGE, A -R7 4 RRAF YL AFREABRINICHBICITS L
A5, 7254 bRAFY LR T LMy 10FREE L RNNERRRER
ZELTWa, (Fink and Boyd 1970}, — /& €D DIEERTELDT, &7 »+
Lz o— 74 Y/ NRBETREADIE VBT RZ2UBHAELRI CEBTEE, bLE
A~F 4 EA SHhDRETIBESHE D, Tt RENKBCAAEENSE DRIH)
L BEEREH S DN —F (7 Y FY Y IR BH N2 oE, &7 > 1318
BERETIHEEZLTLEDY, KBOOHEBRIBLAZWSY - FELTERZ LT,
BLOWRELHABEBATRBCL A5, 36, SRERNSLZBEPRILEET,
BLUBBHBRABORRE LTETIRATTHERETLITHS D, IHSERERETS
ANEDOTHEZTFLABEGTZ S DT HH S,

FEABOWTHELTHEMIENTHA, BT L L TR IOANALEGR DT
HBAHI, FLYIMEEYLE 7Y -FEREOCOIBRBRMEFESHELTHL L L b, BER
HoM&EE s &< . $emIE (FHubbEEE) b, fHEF2 Y 2HAEHERR
m@%%&tﬂﬁfﬁﬁém.ﬁo&%%%ﬁ%ﬁ%ﬁo%b@ﬁéﬂt&bfﬁ,cm
HMERTRES v FREF T LR OBRIELROTHA I, BEELE, REKED
B OCRERRSEEEOHEE L, DRODERICETF A V2087505 ThH5,
B FE VT, REELELTELZSATVE TiIB: H3VEEALLILEF I v 7 a—
F4VIEDYs, RE-NVIBEOITF o3V I REIDAN-ALBEBEB I FHTHI
B ELPRNTHAD,

6 FEeETPUY I REBMESF
H72EM7 77 74 F (Bumell 1974) L oicELB~ ) » 72348~ 1Y
59 A0 bFoTHBOHL L3 TEEY, BEETRNLLILH T 2w + IV » 7 212,
W7 AOBEHEREIB UL LRGEH S, BERICH 7 2ALFAT 2EAICIT glass
monolith production 7ot X & D bEEILH D, 57 74 et v 720F
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BIC IR LR RGOSR, 29 — K ONEL b5 E13 (Bunnel 1974) L,
BETZOBMOPLNGMBEELLLETHALI, A—-Kv= by 7Rz, b LER (1000°C
~ 1300 C)DRIGIC LD I RILBETIESNAZ L SF, BABRRATHAI L, ~3000
CTRIBELEBEB LTI 77 71 PRETREBESLIUEEL OREBETHA I,
75774 VOREERBLC /) - T ERAKHT AERRABLASETHE 0, BHRE
W, HoeTs, BEEROSATESBICE >TW3 (Bunnell 1974),

Zz~FVOHETRLBOROEEy b PV AOHHBEEATLIF » 3V FFIC
DINTREBE LTV, TAHIFRBEAKBLTEZBRUAOHOOILI L0 B oH
WEMTHS0, LriIL—FTCHARTHS LECHALLERE Y ~vTi201L7 0k
zm@ﬁmﬂ%c&ﬁbmofm%a

(1) FHHETREE (60~75%8FHTHR) Vcﬁﬁkbfcﬁﬁv FY e 2 AEMEGEBRB THT hT
W%ﬁmﬁgébfl—ﬂ#5wﬂ;fﬂtxf%b6ﬂfh%o

(E2) TNTOBRERCEHEOCT A b KES{ . RHEORARR IHEIRARRNUHFEICL D
(BABMASICELT) BRINATNTOEBL DWW TTEbRE~NETH5o

(@3) aavy” LT s VAR B R EE BT ¢ Ak L% LB F & Y O—DOHBET
Bho AMVIUEIEHNMT (ARMALE e 220 L h6mbANE<3mTH2) L LTHHE
hao

GE4) 26Cr—1Mo 7 =71 b RAT v ARG HEMOES 625 LHBETES. £LT100
T3 TOBREQEKPL hTid, #—AFF M+ RAF VALY I HEWEREE
(passive current densities) %56, Beh2EalEHE (BB VS, &
B Kn T FRTE 2RAIISE (FEVEIDLRM o $ATD 7251 VRAT VA
FERT8mI ) 3T HEE ROMTENERRCH LT a22b, +—AT774 FRA

T YVALD AEEOEMTRER TS 5o
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118 HFHERBMES K

1 B

FEEERHOBLELERT 2 BEOKRFRER, HBITERT (geologic reposit —
ory) PHREEERICREITNIFTESCERYEELILT, BEFFHLSMO LSO/ ER
BHBREAZELTESHEEZRLTVDS, ERBKBREESEOMER « (LFH « BUBRER
i, BLE - HLWO LD RN S oy, BAEEYHEL LTERBERBESELE
B322LT, HEEN2E4OMED, REMNICIERZEAIETRTL0MNEXTH 3,

COETH, BRASEELE LTOTERICSVWTOHENLEAERMES KoK R
N, NS OESEOHER LBEE LITEBENTTHEC>LWTH LS, ERERNESED
MERFEICOWOTH, BHRICERLTE,

2 &xkF (LWR) #¥EsH0HA
1) MEHEHR
RKFE (LWR) o RO B3N EREREESEE, M Y2 FToz Yy FE-2
(end pieces) EW PDDORAR-HERETHSESL, BAFENEIF2F (cluster)i
B LEAzI=» ' THb, BEKEEFFE (BWR) EMEKERTE (PWRIORE
EAERRZELCBUE>TWLED, ThThERERERB LY THE, WTFholl e
by 7 Y XR_BY S Y- b= L BEHOBE L » PEFEL, @ikE
HLiROEBHEDOETHS,
BWR R PWR MK ES HORERNTE L O L Table 11.11ICRT,
BEEMKES LTERERBESKRLEZ 2154, TOENEEEE LTI, 2&0X
EXELEBOOTH S, RENVUBWREARESIKID, MiiofH 13.9X139m, £5 447
em, EE 275K TH3 ., 1000MWe OBWR DiF&, M, EWREEAKOAKG
175 Hil O Hah b REHL PWRBRESK (Fig 111) 3, HEH 21.4x 214
om, &5 406cn, ER 658K THD , 1000MWe OPWRT, FEMchd0EAHOH
60 RN HIZNS,
@ LWRARORENEAH
PWR & BWREH 7 7 VAR OBRE T 2 B&H%E Table 1L2ICTER LTINS,
E&BAE2FHHAT 475 (17.3) MWOBWR (PWR) TRH U, 2R & EM73
1062 (B880)BBICAKI AWM tBd, ¢ DK, BAEldIZi20.69 (0.84) wt % DY
7Y (PU) £1.57 (432) KD PudsEhTinid, COFRAFRERICE, BassE
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Table 11.1

Physical Characteristics of Typfcal Unirradiated Light-Water Reactor Fuel
Assembiies

BWR PHR
Overall assembly Tength (m) 4.470 4.059
Cross section (cm) 13.9 x 13.9 2.4 x 21.4
Fuel Pin length (m) 4.064 3.851
Active fuel height {m) 3.759 3.658
Fuel pin 0.D. (cm) 1.252 0.950
Fuel pin array 8x8 17 x 17
Fuel pins per assembly 63 264
Assembly total weight (kg) 275.7 657.9
Uranium per assembly (kg) 183.3 461.4
Uranium dioxide per assemﬁ]y {kg) 208.0 523.4
Zircaloy per assembly (kg) , 56.9% 108,42
Hardware per assembly (kg) 9,775 26.19
Total structural metal per assembly (kg) 67.7 134.5

£ Includes Zircaloy fuel pin spacers.

b Includes Zircaloy control-rod guide thimbles.

£ Includes Stainless Steel tie-plaies and Inconel springs.
Q:Includes Stainless Steel nozzles and Inconel-718 grids.

Source: BWR, Gereral Electric Company (1972); PR, Westinghouse Corporation (1975}).
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Pellet Pin Subassembly

I

i

Source: U.S. ERDA {1976a) AL )li“,f}'i
Al

FIGURE 11.1 Structure and size of 1ight-water reactor fuel assemblies.

The diagram shows the internal structure of the fuel assembly, It consists of a geometric cluster of fuel pins

held together by end pfeces and element spacers. The pins themselves are made up of small ceramic pe
inside a long section of zircaloy tubing.

The photograph gives some fdea of the size of typical fuel assemblfes,
Source: U.S. ERDA (1976a); photograph courtesy of Westinghouse Corporation.

1lets stacked
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Table 11. 2
Typical Irradiation Parameters of Light-Water Reactor Fuels, Equilibrium Core

Parameter BWR PWR

Uranium per assembly, kg

Initial 183.3 461.4
Discharge 176.3 440.7
Enrichment, wtx 235U
Initial 2.75 3.20
Discharge 0.69 0.84
Plutonium per assembly at
discharge, kg 1.57 4.32
Average power, MW/assembly 4.75 17.3
Average specific power, 25.9 37.5
kW/kg initial uranium
Average discharge burnup, 27,500 33,000
MWd/tonne 1nitial
uranium
Irradiation duration, 1,062 880

full-power days

B (FP) 74 Y b—7T%5Np, Am, CmbEIhT3, FEAXREOMEC
DWT, BICHMEEREZ U TICRT,
@) LWREHEBRHESEK DK

BWRE LU PWRMBMHESCUKOHEE TH T A lc, LXDAHT -2 28HLT
ORIGEN = - F (19734 Bell TH&) KL OHEETIL o1,

ERABEARBLE LWR BB OB GHEE T 3 =083, Blih s e L REE
B85 4 — 2 L MBHES G ER OB ENERIEE (B (potential hazard in-
dex) THbd, Z2OFERHMBELERTEI2 A7) —iz, HEEPLS Y » FrR—-H 11
EOBKEH, TI2F /4 FEEDMERMEICE B,

BWR & PWREFOEAFMRHESKCHNT, BB LESHEDOENETFiglle,
1L3IERL TS,
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FIGURE 11.2 Thermal power of power-water reactor and boiling-water
reactor spent fuel assemblies. The shaded area indicates that between
the first and tenth year after discharge, the thermal power of spent
light-water reactor fuel decreases by an order of magnitude.
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FIGURE 11.3 Activities of power-water reactor and boiling-water
reactor spent fuel assumblies. The shaded area indicates that between

- the first and tenth year after discharge, the activity of spent light-
water reactor fuel decreased by an order of magnitude.
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REHE AR DBREH 2, 2FERMCH L TARDORHECESKROSHEICEEA
EREE LRV, BoHEERYE, BEHE 100 FLUTOEHTR=>0ts ¥R $ 2 83,
B0 ELLOERITHNTIRT 75 /4 FieToOBEATE T2, 1004E, S 300 £
OREMHE T, BARESMET 7 F/ 4 FOUABACEL2EOHERICES LT3,
Fig 112, 113 i, BEEDHEL L TERIWIFHERNESEEOBREEA
TWa, AEXBEREEMERICR,FABTBEESRKOFERAGRICDVTIHRINT
WIS, ECTFRig 114 KZOMBA I T 7 4 AVIRLTVE, 2T, FHRED
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reprocessed spent fuel showing that while they are essentially equal up to 100
years, thereafter the spent fuel assembilies are relatively more hazardous by

FIGURE 11.4 Comparison of the characteristic parameters of unreprocessed and
a factor of about 20,

100
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PWRIRKIES K OFKHA, BUBLTULPu% 99.5% BOBRIERELLESID, C
DESCEKZBUBLTRET SHLWLBENBEYORELLHB LTINS, BWRER
EREOEAOHEIL, Fig 114 CRTPWR DLOEELAFRUTHD, BOPT
CTAHIHICEB LTINS,

FRABEREEZELELROCESGCRECA=208ME /7 4 -2 0BXRIT, 100ELTO
BOBREHABTcRAEL, TOBME, HAHEBRMOXLEERFERE L HLW Ol E
KROTEMTHACLEEBRLTWS, L USHs, GABERBESKOENE Y5 4 —
23, EHMRTHLWO 10~30fER&{ioTW 3, BHFEENHIT, BEPICEIH
HANRKENIETHY, ZOENHWBHBHRTCOREREENASOBNBEARET 3FE
REHEELILL, TOHRCSVTIE, BTEELLR~NTHE,

Fig 112, 113, 114 3% 35 LT~ - o bD%, BWR, PWR OM& K
DT Appendix D WRLTW3, BHEHEBRE <L » tOHEILENHF®IZ, 1069F
Robertson i LD +HICHEAINTEY, #O8EEIT, BEERARICEBT 3EEELE
UFEEL, Xe PKr OB AHEMRST X DL, Cs ORLMOKSHERY O 5 H
1L EDBMBERRICES,

3 = ]

1) HfWkEOHE
FERERNESERLABROBEEEMLELT LEE, ITHEPLS T I0IICREAR
(heat gereration rate) 2B €3/, BE 77— (water—filled storage
basins ) THEMEB T 3 L FET 20MELETH L. MAE, Fig 11.2, 113%2R 3
E, 10ETEOHEEBIFLULEBRBRLLTVS, 2H0REEHERB VAT LORITOFT,
HBIFR T CHREEERICERERE AT 2 LEIORERHBAEZRD 2 KE N D
b, UL, BB -2 TOEMERIE, WFEMTRETSDLEMNTEETHY,
ERARBHREOEGCE, RIPHEERT S CEMSELALFRTHD 9, TOL IR
Bld, BRABWHEAZE BRI PHERITEREROLEMBEA/NELFBIENTES,
OB, HBASFIOMBESEKICERENZ3ABER/NRICRLILILHD,
BRT&34L2UEPuoE (B MBARBEICLEVWLIRS2IETH S, ZDOEEB
ELT, BEECYyERET A LEFFILIBVTAED, ERBERH OFBRIIANTOR
T"NEDPLUTCHBEBLTBLRIAT, EEBOREIEZFEL T 51D EEHS (end
fittings) #MOEB I LBHEYTH S 5. BiL, BEECELERITMMLSICKEIL o
THR L EBMONDUBETR D) ETHFBELTELSLEND S,
ZBREOERRE, vilodMirRE OF HEMHESEEROTE > DIHRYL>, —2H
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DFEFUL, BAEZLZ LTULPuZERT 2053 I BHRAFICEFT InETET S
FTHFR 7 — VISR MEEFE LT, Z2B0FERIZ, "S5 50F~1004F & LT
T Eol, EORPBRACERST SN HEREHERLEF LEET 2L, =2HOD
ERT, FR7 -V THEIFE Lk, BLZ2 2 FHOBERE LEEZHo kL 5 IC&Zst &
NIERBITERCEARELRET S, COBRIT, LEHPEEMSCHT 34BORE
CEOFTENBTHS >, EREEDHEL LTOEBEMIESROER, B
NIHLWZFEHT 2hEOHEBLEOVL 2RO DORELERLTETL L I,

FRAFBEESEKITTICEARTH I N ES, REL LTRED ICIE, Thh$Pdb
5, BB TEEIh2EEICIHRZI 34200, HAIERER LV s IELRETS
BN Y —44BEETETHD I, COXINBBEVD Fr=v s "$RET~B%
DICEE OB T, MEEAKD 10 FRICHYT 3 BARE TIMETL oo (W.R.
Gambill, ORNL, personal communication, May 1977 ) C ORDEEI240C
(450°F) & L7, CORER, BEECUYMFATREY 2EREE (425 C) ICHE
LT, BROY LAELSETERCER T2 BEETH S, BWR BREEAKDOEAR
Eid, PWREAEICE~NTREE, BB INI Y, BEGBEOEIHEETE S, B
BEMBS, COXDIHBELTMIITERSE (granite) PHEHE (shale) O & 5 /i Db
BEEBECHBIYILOL, BROB UL R E BER ICHBEILLO, =p R LgNOL U
GICXTT A LD OMBREZEC, BEESHKEANIBERICHAZCHKTENT, EBRSEE
OX SRR ZEDAEEZAND LB, BOKUESBAERT 2 LEFHAARTOELRD
PR ILIC# S 2h, — AT, LBROMBLZHETH SGMEsbocLTLE S,

BEAEEYHESL LTERBRHESCKZFRHIICLICIOBEZNAholE A%
LIFicwmd, |

L MEEREZ, RoFRLGOAE S BEMEHEA B S8 2Z ESHRELET RES
HoTi 3,

2 FRBBEBRESLry MI, FrOWMO B SNRKICIIBBNIIE S 5 » 7 0RE L
TEY, Z0—BaIEBRNICSE (RE) T 20 8kMENS 5,

3. HHAEREL, BRBICIODRETSIHLWLD AEEGHEETHZ Pui 100
BELEATVE, COBEMBSE TR LICHTBRANTORMICEABANGR
EHPRAEL RS (EAIETNE,

4 PuPUDCFEXLY, FMEADPKOEALLIDBONILLEEEINRBE OMEND
HHOAREELA R -oTW A7), BOoREMBEABYBEEEBELTEL,

S AEBRENL, ML LT=Z>20F 842 E >Th5,

1. fHOBELODEMmTH S,
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2. MOMEBCHNTHETOLARRDEL TES, YEBREZDE L,

3 BWADE - BHUSUEENOLBLAY F) Y7 ORERITNCETH D,

E ST E O TR
EREEDEEL LTOFAERBESKORNIHEBNLE DIEETH of-, LivL
uh, EREMRHESROMBNTICET 2 DOEEEMBHELEHR (OWI) XY=
—7YDASEA ABHOLORUERFRHESKOEB OO FEEEHELEET
FR R (SURFF) B9 53 277 = (RIC) DLOIEDNTIE, ZOEHBEHN
BEBIN& L5 5,

OWI DBIIE, LB BT~ OEAFIRE S kDN L BIRO i LTHSEED
MLEORETHS, THRERTHE, TABBEORSCHT E2RBHOB A &5
(maximum heat loading) 2 HLW TEI4& L@ 150KW,/ 2 —h —h 5 60 KW~
T—A—ICBOEHEHENHELEAERLTI S, (DOETIR, FHAEBRICHNT
66~99KW, /T —7—, BUEZZ Y OO HLWIIZ DT 100~150KW,~ = — % —
BT Ll LT3) CORPAER, SAFBRPICETIATL B PuEd, HLW
KEINTOWERBLVEVWHEERBOREKHETIENS bHMETH S, (EHELWR
MEEAKROREDHESR) & LEABKMMEAEEFIO M LA SRECHET 3 &
FThT, BRBEFGFERIO~36KW/ T —h—iCRHOTHEND B, C ORDMEIL
ERBERHESREITBIN TAS AL LK 25 EMERTE3 L5 10 LTHEL
ICHTHbL,

OWI THREL ZDMBOFHRIERCDOLTFRICRT,

L EABRRRESEKOBEIEE LT,

2 BEEFEARAOC1ErS 100E~OERD, FRERHOESEEL 2048 M ¢

BDHTH B,
3 HHEANESHMADIFTHRLELT, PNREAK 1 ABWREAK 2RRAETE 2,

REHELUTCHEZ DD LEED 14 4 VY F EHTFMIATLS,
4. 2000 - H-DEHIFEMAIC, 2000 S CURET IGABREESKLLT

RMNT BT EBTEETH A,

OWI 7a 7' 7 nid, RERBRPTHO, 1978 EFEhICIE, FRFREESGONEIC
DOVTHIEE oT, BEMCRBE I N2 ZTOY R T LB BTROAETES I,

AV =x—7YDASEA AB #TH, FRBRHZINBECSBEBEH LAY, &
B 50em, BEES3n OB TAIFEBREANZ 0 REWR LI, —HICH o1
i, TVIFAN—Tvr—n LT, EHEEEE—EIT B,

DO EREE LT, 1985 FFCIUMRIFRERLESTIEMT, FAKEEL
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HRTFFRHEROEREL ) vF 7Y FOO v 792 d Y2 ~F ¥ 2+ LT, ERDAT
HIESNIET OIS Mck o TEDERTINS, ZTOHER, BhE AV (Passive)
ERFROLEFERL, WHERE LTI 257 1 — MEBICER L7z 0#T (wells)
AT 5 LT, ZORRIETHMEHBTHRIN TV 3, GRRBREEAKE 1453
WIHEZ OfARICREBE Lk, REEFALLERIE UCHRE (shielding) 2772 95,
AL DICH LTPWREAKT 14K, BWNREAKT2HIFETE 3,

ERDA 7’87 7 L TH, BERE4ENT 5 LRAKICHKHBERREDAETOCT LA BEL
Tméoﬁ%@%—&%thf,Eﬁﬁﬁéwiﬁétb,ﬁﬁm%ﬁ%mmﬁ?%éﬁ
BMNEGREEBATEIEE ), COMEE, £4&EY4 PATH LA LRELT,
REGIH, BENEBES 2 0IEH LAY (containment ) DEAICH LT, YAREHE
MBBBETHELIPRET B0DICfTHhh b,

SEHRO7 075 43, REDOZLUAFRMTE BT TIHELRBE LTI,

4 BHEDRKRRLERE&DDATREM D B
A9z =T VYTDIELST, T2 ) AITOEELUTOFERERRE CYORRN ICET
SEBRERETUE oLMER, 2, 3ORGDHEENBLIL, HAOHEEIZ, ¥—0ms
NIHETHS,
ch%@%bbf%ﬁ%m%ﬁﬁ,%ﬁﬂ%ﬁ@ﬁ%%%%%&bt%i%%é,ﬁﬁﬁ
BHEGEGBELTNAE L EERLTWS, LHLEKNE, FRO ML GRS &KL
BB LEAGROTMREORECHBEFEOHREICIE, 4BOMECRBNSBETHS .
LTOMER, BAREKEELSTNEL 2 L ~UICREASFIES LT O EERE o
RMBEREWET 2ICHBNBABETHE A,
1L MR LOBHME, TIF /4 FOBRSEERG O EIH UiAsd K@ TS8O
ﬁﬁ,ﬁﬁﬁmﬂ¢KﬁKﬁEb1m%ﬁé@éﬂﬁmﬁﬁﬁééo
2 HFEACORBVWERRCL, BoReUEEH 2 - CFABRHESCKELREE
BEANICEHBEE LWEBDOREZDT, Cho OEBORMME LY, HELET
O NLIE S,
3. FALBAMOFREMNBH Y ERBOBRICHONONAT LITRETHZ, Thb
OHE D5 FITF (molecular engineering) 2, BB I3 THA I,
4. FEHBFEBHEC 20 Th, MOREYHELHENORHYE, £, BENLESR
EOMAEREV SHARERBE LI T UIR ST THA I,
TSR L hE, EEREFRTHEE 3N 3 BB 36 BRE oS LY 200~300 4
BEPSHMHINE LB HLW OBEDFBFAETL O FF RTINS D,
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MaFEE LTEREBRE OFELRER, ORAFEAAEIEL, QIFEFNCESED
Pu lUsGATHEIHRIICE sTEAENGERYE (potential hazard) »#XkdT 53,
@ET AW o 1B AICERICHL 2 ARk 25 3,

FRERD, ERABERE LB L > TRET IAREYOELE/NRICH & 2 5
T, WE22 1 THY, QENNORLUEEASEEC LTHE, $5, BAD LLW D
ILWERBT A EPMOBEHICE L L,

fERESE OB ECHBEL S ICODOT OW] TEFLILAE v s 7 L LHERERR
WEE02 79 20D707 7 LE3HEINETHAI, LT, TRNLOFE s 7 A
Dfemm O ICHBM ENEF S,

&, 1) ERHAGIS - FTitle 10, part 20 KHAZRSWTLALDIC, GHKEH
T & 5FE CERMKERRT 5 OICHESKOBRE
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128 W o ® © B %

BHEEEHRLSETI2OKA VLS BLE~ORAROZEBICE L TEDHIHERC
NFETITRHLH T LG, FEBRETEILIILEZOTFEEICODOLDTHEHLEZTRLTNS,
2T, Z2003B 2 OBENEK~DERHABROREOWERL T DIWTEHMT L T &8
BETHE, BLEOHBTARHBLALVTRIZZALOEBOLINEZLLNZ DTN
(T, BbtkasilE, &%, BEOBRICRRTI500 3 HEECELORBBRICONTE
DEBLERANLENETH A,

1 EL20B{LEORERICRETHIROEE

BHERZEDO - RBLUZRE LAOLBEZRRT 2B CERT ~SEELANL, #
UCAHTWIEEDLORBET IBABROEFZBH FCBY 2 20FEUTHL, Bl L
2, RS R, BREOTEEL, hitolMk, MEABEOETICHT2ERIEE
Y5,

— B 24 TOBLE OHENEE ICRITHRHR OEBCDWTOAFMOKED I
BicFEL (VE=2-& LTBillington and Crawford (1960) &) , # 7 RiT>n
TORIAOHFE (Hall et al. 1976, Mendel et al. 1976, Primak 1977)Tid, %
B EENFETCOERBROBEMBEOFA A VY a VIL DWW TORELAT T 3,

BRRARERGEECHETH 2 iR, BEYS (EREABOET) FHLROH
ahick, ROV ERTH S, ROO 10 ERE4LBAT 2 EROBNGL, 2HHERBO
HYEEELRsMCcOBBiciEc 3T itk 5,

AEMNBENEBEORER LN A2DEHERLREB LA VICET IR ~OREILS, D
B OEE (high—flux) BB OBENBGHERSCEDIINWTSHA I &3 T EHH
EMTHB, BPO 10 FFOEBFF LA MHARMOFE IV 2RERYOREERET
BUAZARBHTH, ZOLIUEMOEBIBE _MICENTEB 426D THS EF
BEhd, Thil, BOO 10 EBICHIBARICTT 2EBRBHBR SEETHY, &
DEPBACE S TORFESEEEETIEAL,

Be2i23d, BRHABOF A FELHBERTON 7 AOfEERCETIBEOHEICHDNT
EZl, HLWEBWT, BaRERYBERTHOBANKHABRE CH 2, TI/F = F
(Pu, AmBLUCm) OFEIL, BARERYU—RICT 7 F= FIDEOWERETHE
TEDT, bolHETHBNEERHEZML T, 2, Th7T, BlhEKiIROrBBLU 88
ReE, TI/F=FPoDXOBENafFIHAAT LNTERHTRINSITL, B2 470D
BEBORRCODWTIRAAICERIATNS,
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1) 7 BUHSR B LU 8 e

THEBEBLICPBHEBRECRTPI4 v aBHT A LIl oCHE ERBET 5,
CCTERBEBEIEMLENTSH S, AL, LHFLZSOWH (F7 2B TER LR
BMMICFET30THSEE), KFEOEY (relocation) 2 5 OH™ B LU H0 2H&,
SBA A Y DORFMEN, ZRIEFAZLIENO; OLIUARKESFTA4 VORIBTH 5,
PIZE TR VGRS P T b VLEBER oy VDL 53 b 3HEICE
WTi, 44V LENBRPER OB TRIEEE &£ 23, Bl b2 FAE (vacancies)
©, FLEERVME~OBA (interstitials), B~ 0BWRETE T 2 2 hd DK
R ERPLORERR & | NEBRMEME (TLrHY O o FREF, #4
F, 30 E oy Y HREFLRE) 25 LB, riBl3av 7y oREFD
BATERTA L, ARUEIBECHEETROEOEBERTICIABTFETOBRARE T
To LML, COEED " fofcdtl L (knock-on) " 7 u & 2 (0833 AWEE I 55D
MNEDDT, Z20S TP ARICERT 2EBEEBHEDRIZB LAEHETEL L,

@2 a W F

a i FEHEERPTHEECHECBRIIBSOTEIOL A4 F 449 (10%m) , a0
DRI F T EDNEZTNES, $58E (1~2%) IEABOBGKDEEE
BUFERELCL, ThiICk o TEBHESE (displacement cascades) B4 3,
AL, @RICL s -k, IR, ZRE®C IV FEFsBHRIN G, SRS 0EKICE
FEBTRMEOERTHY , HA2 VL ali FORBERTON 7 2IC 1 2 F{HREB OB
% (s, XEBHOUME SO MOBEDCHE) THE, HEICL o712 —RDOEET
100~ 1000 DEHRHEC O, HREBEBEL CEBNERLEC oTh, aWFCH>TE
REOZAERARFHTFHEND, aiFEHMET 2 BEFH SEBICIEEAB 3£
LT TEMTE B, |

BUEI N -HERBERHEZEDCHL, BEBEERTO 100 EEIC 1aidin 2 x 108
atlF (Mendel 1975) TH 0, BHUDI10FERICZ DI EOH LATHELFHEXH
Td, LT, aff FRECEEZNIGEHTE VT, EEHLSEBRIBHIC (3N HE
REBOBRNHTEEINE L, EX0hAB4OREMHEICHT I ERICHOTIZLLT
DEFELIt 7Y s v ThR~E,

SET My 72RO a N FREOBEZFIRI 2R GEERRTRBL T 7/ F= ¥
DEEOHTATTHB. e BARTFERBEARNFORSIL0AE LB, 2HE,
b UEEYOIEEN T OREORICEE LT HIIT, KiIBHOBREBEI akBas
RAHTOBRIERICHIRIN 2, (RBEKTETTE R E L, BREBEICL T
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2

—BEBIADPTV, L L, aBBsEFRCEEGHCHE L TN ELE KT
fAohOBELAZFAIEAD, CORBORZXIE, EHELr rF-DRBLSoHLED
1772808 A0) - BETHATLNBBLLIINTLE (Mendel 1975)
Fie N S EAR I N HEREENCHTET 5, bLRULEOEREABE
VIS I A LT A EFNERF v =R —thitABENhE, TOES, afiTFIEEVYA
KEHULAHS GNRTNADT, BBCYyofficidaBBEIRCLRNTHAS I, L L,
BELER (LN TRIOBEREEIBEARELETHAH, BE, BHBHOAXTIETE
ThEABBEOABABRINEITHS I,

@ o # F

SEMEFREY 7 Y TROBRESRY (o, 1) RIBIKXOVERT 5 EHBRIKE
bhTinad, L LuEss BEZESBOHEGREHTHEL, (o, 1) RIGOEEmEH
INEWEWIHAEADL L, COREFELSOPETFRIBETE 5,

B aic, cBEICHZEEHECEKOTHLAR N TROEELHNHAROEBIMER
BOTHHAENTHY , BORERSL SHEINEERD 8 BHBE LU 7 BAHRI
EELTWAT I THSL,

BiLiEiSE~0RE  EEZEPRELCHTIBENRTE

(1) BEAFEHRER

FlCiR s k HICEHMKSRIT, 2 TESS FA 4 ¥ ORBFEH TR (RHERD88)
DEEEEE, 5D EHEL—BALLEOI H.0OL0H ORETHD, TnFERE
DZEs (interstices) ~DOEFRAKE (H) BRBOERER S, £D/NhEEH A4 X
DHICHRIFEALSOHEABBEICEH LAMOB FHBICHU 2{, ehnBEEfkIhn
BRLBBEOHEHERY » 1 HINFHAKBIE H LLTTHB, RICRLILIIE
T HY B AL HEABEOTALH ) ZHEER v Y vitI K HRSEEEC
L, BOL~LroRRICE oTEBHFO20 4 FROBBIUREOEREE T A,

OB HONATHAFIIREALT Y THD, CHITHBHELENIIRAEETHS, B
HEREBOGETT NOy BBEVNREEXRREHLICHRT 2, CORBEOWHRS B
FokRit, BVVEBEBECHIESAREVOBSGIKHROERETHSLE, TIHINIR
HES@RoEB Iz ) v/ ORRAELRY, BRIBGCIEREREECHEARECA
Mz ELE5Z 5, CHOOEBEHOVWTRERNIKED SHLTIEWLEL, 270~}
BT AKRERGFCETIHEOMENC OMBERRTITHAILHE/FIN TS,

@ BEBICTEEL

BEOEEGEIRMELHENCEENEE TRR IS0 LOLEHLOT, THITH
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HBROBELETHLLEZNTNER S, BEEZ 2O DH 7Y —oEINE, (1)
BFOHRARORIBICEE L-ER I ZEFR - L ORAI LA BEEIDH 5 2
OHREMOBRICLZ L0, QXA FOTARDOERIC LS &0,

RMEICE o THEU 2RI EE LT, BHRORFABICHEETOA4 Y ORICASE
APBICL DI T 5, Henderson & Bowen (1971) i3l TS Lic= 7% v 480
CCBOTREAEA/BEBAY, YO0OBEIWINTELVIDE O K EANEN,T
HLEZEELTWE, ChoOESEIT, REMOSESHEKBFEMTHDEA —ZF
DEMEDOEC 5 AN 1 o BHAIT 5, S10:0k 5 BHERERACENT,
RADETHOTOMMIEE (dilatation) IBERTFHELIREC LEBELH 5 2K
HMELEE, BERZOEICEE (specific volume) DEIMMAMLES, Lo Lo
NGB ULARRNLT-RTHoT, BEMHEBIKERIN -7 v v 2R EOBEE D
o UCEA M T I+ AE S EHR T,

A FRERBTFELOAHICLIORT 2, aliFPBRTOEETFTCIRCALEL Fi
N T LPKEERROETERT S, COBRISHETFFADERSSADE AT 2
TV YIHBELTHEET S, —F, Chod7 o wxpilc 27 VL v R IZEEME/L
E= b 27 2B VTFRESNB L0 EMHOE L, L LUNE , RHSIMMROSHK
(HL(L,Noem)@%ﬁm;of$éﬂH@%nEﬁVrUyﬁzﬁaibécﬁ
uiofzzuyf@ﬁ%Kﬁf<c&%éétmﬁ:a%%z%néo%Emm,%@
FORER/DPORBBROBE D, BEMOMSK, BEEUELGOBE S8 s hi- ks
B O S BBIKET 3 5DTHS, CNSORTOLTFM LR U< 15 L MBS
GIEBVTOHERIIERSMBEE LI EMTFRINS,

@ EFEBzFILF-DIEC OB BEEEKSY

BADOHA, EFBIUVHLD +7 » 7, BLULFHLOUE, 2 TagEEPH 5 =
DODNBMI AN F - AWM 5, COMMBERZ AL FE - L= hbA TG, 5 LR
ETOMABICLI)BLALORTFRIEGROBING, ZHIZRALHEESL, BT &
LB PF o T OHNBEST S, choBE D v #MeE LTEDLDALIERT 7L ¥
~DORBEESTEC S, LEROEHE L 7 vF ~pR OB ERE TR S hiZRE
DEBMBIE IS,

ABMBHEBICEI X INEBEB T ALF - DB R =T ¢ d b ot BB T7 74 b
THHO, 2000Ty+ —7HREHBE~ 7 ERT, W 204EH, ¥4 YIsr —LDFERTE
BEeERFOREEL L L0}, Hoh it - 2ItBNTOAEOERT # L F —
Y ~THRELEE - OBRENRTH of, REBRIFLALF—HE <7 + LO#
H, I5HHR I b OHBTO Y » — 7MW — 7 5548825 &1 SHETHLEEE
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ZABe (FOWEBRRI PVRARY A 70O 3BEICHTIBEAEE FREY ) O
MIFNF-THE, ) H7RAPBELAEDET I v 7 ICHLTIE, COHBRLT +
BRONT, 202 v F~FHEBEWBEEMICO oTXDE—IAHE LTINS, £
NT, ERIALF-HHEOERELA 3 Y o — LT R EELSRI, SEE2 00
TWAEEYBELEKIZE >sTIRHBCSRNTHSES EBhbN b,
@ & S i L ERGE B L UE R
B BE#EE) BIUEFHBICHT IRHABRREBIIOAB A vF-BEHLH
B2OT, ALFERISHEBLUERE (RER) o TEihid, T0L3 MBSV
TORSHLRERIIREAERNTINES, HHE YR FLEBWTIRIZ ORGEHICER
TRETHDB,
L LIEhs, SEXAVF~DOREZI0STE4 (Hifi2sRoct) , BEEHOR
BTRECOZINVAGOFEHGHEBRATEEZ JICRA 5,
6) & £ #H
BOHERDOBRHERBICL2MOERIT, BU T FERHLTI2MMOTE~DOHK
ERTH2, CHOREBILOEESHE CAFTNATOLERIBEBOTREETH oK
DNABETH-1DT D, —FH, THIOIEEBEHIAT I VAL E>TEERL D
ELTEHDNRLE WD, €7 1 » THOLEUPLHEELHRBRLTEL S LAROENIRIE
ERALHCERARTHSE, B ST 3RBLT "YWWEDLLN, CHITREET, B
W 6dihr OEFHTHE LTEENR “Zr &L, TOLIUSrTIOHZENT,
ST EDAREAH P Sr OFF (28 F) OHfEoMI P Zr KBEXBRHATHA I,
X, BkH20E " Cs 5" Ba (ZE) ~OXEM 0ECHETHE, Hr—+4
P (CsAl Siz06) OEEHICLE >TOC ORBEORKR, L Y CsDBEEITHT 2%
FERAIEEHE, KOO TRHEXBH LA TR, ChS2D20BE (PZr BLU “"By)
ZORBERMIEEERB THYD ZWERC DO TR T OELEEVTNAE S, 208
B OBEN LENEBIC L >TEIN/ILE 7 I v ITHERLEERRT AL LAKE L, 8
T, TOLOINBHERTIZMFNEENOLRIBEELERZ L TIPS TR
Wi, TORBEIDNELIBHABRBEORELAEEKEETCHIDT, ZOBOME
FEICEEBCHE DT LS 1,

3 EEEEYERLECHTIRFBOZEORR
1) R——HhnH4rBLOREK
BH S THRNRRERFTE, BHROBEIEXNEREZLLLINTHAD &
Bhbhd, ThikBABBN THREECZ LLOVBETHIOT, ai TOHRICILE
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BIIBKEELUAICTFREINIEREOR T #TH o CTHEATEHIINWTHA D, BRIIE
W ~DREICRET DS, FHRNTFHLO/NSRIZEERELZTHAHIH . KAHAPO
EBDADIISLBAA VOBRFHEOEABLOT =AY I UANVOHER, H2MMTLL
PNUEIEE LA LVF - DEBIEBONETHA I, BELALOPHIKBLWT, ERMOHS
WE L ORELFENIROFEIII00CL LOEE~OMAILL o THOBONESL DT,
i+t =27 -ATTHINZERE CLRICIOBHBOZEEIBR/NMLEINETH
A, BB LIS Th, ERzAVF - EBEATRRINTHAH, EUEBEML I TN
BEFICHLS eV, BRTCHEELRIIIRFRICHTIMMNESL 05%LRET S L8
BrsrF—32~3 /' THEETEENE, ER AV -BENELLETHL
BEFiCLLAHBTORBIEAA I EZEDEHNTEREXRELEN, 22T, BRI
BO2BMER A0 —ZBEALOMBECHLTI0d s 28 2B VWETFTH B

(L& L, Roberts et al 1976 BR), ELALDEE, BRIEHI LRRETER
XNE0T, 20E[ANVF-DORIFCDEIDHNIBEEGICRIEELZLND, £
T, IHEA”HERE (triggered) ” SN THEEEBLEINACEORWEETH
ADo

@ &+ vrESK

af FOBRBEEDEIHICT 7 F = FOE —IRE LADHERITHHELTHANMTIL S,
bL, R=—AndfvPE7 1y JHORFUEENICRBE]THD, TORE S
e FHEICENTARE T, HENRBIEBELEINWTHEA D, ZOAEH—HAITT
7F= PG HLTOTE, SHEEYREMLERIEARNERL o ZILNETE
Ehd, BEMRBER, TICAX (M) DE3E7"RE (filler)” RFBLURBREEKH
BORTTRELALIL, BR1ZOEBEELECTTHAH, ABFDary 7 - rT
THHERLOT, FAZEAEOCRBREOEARUKEREELE LAV RTICOBRIFR LS,
aﬁ?ﬁ;%%@%%d,%E,¢éﬁﬁ@&bf®?bﬂw72$«®AU¢A®ﬂ@
ABTHE, BOFBEETE~Yvalzarv i) — = ) v 7 AEBBICHERT 2
ETBEN S, AILEXRTANECHEMIBI NI THA,

BHORBICIEI HO PHhoFFRA 4+ YOoRBEENIBHEEH, B+ VE
ODETFMEACIVDERR F7 v 7ENCEFRILbRKRICE TS, RELKLTOBE
id, TRROBMHABSBEBRM THAKAILLIARIG AN L 2EEOBEERE, C
DD T ADLOFRRARKREIAMAMSTFHINTL, EFz A vF - BRERICE T
BEITRNEB LN E, LrL, 5 /2T bOWFEE (Sakharov et al, 1967,
Spitsyn et al.1967)iCk oT, KOBRBIC LD E L BHBSHT 2, &LV
720 - bAVLNNEREELZRTTHEAILEBRIN TS, KFEFIav 7V - h
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ST AT, + +=RAL~NTOH, Dt 7 v THELCBREDOETHEZ, av 71
- rOBHEBRIBOBEICET I ELROERIE, TOHEKNEONALFICHKHETHS,
MAEHOE ~ s T aff FILBHINLB NI Y7 ) - 27 7RAREHR I NLKEDE
i3, oS LTEMT 20 BL REHRE BB TS TS S,

LT, RERETTCOaY 70 - tOBFYHHIERCREFTHAC Latifizh 3
NETH. NPOEFFEOLEBERDOIZLAEZIT Y7 )~ PCLBBBETHY, T
SETFIIERE LTRENTH S, CORBRBLTIY I ) -+ 75 7 ORBERTR
WAYMROTH O, AR OH 2RV ECE T 2250 ERMcTHIAE L0 EUED
BENBEINTVWEENWICLBIEETHS,

a7 - PMIBEVAABIUORHUVSVDOEREDICH LB INLNEEMEETH S
L, BEERCOERENODIELNBREZTHEDT, 2v 7 ) - FASTOWEBEDORK
HBROBORBROIXNUREB ENE, NOF 1 2 Y EHBHOALETHD T Bk D&
B 2RENY BREBLICERBIY) WHBEshd, 370 - PROEA FZER]
BRBEOREEANETLLTFHEINGY, FEEGHTTORENOKHEEOEK L LT
D NO;j BHBRSBOEECHDWTOERAFTMENT LI ONILENSZBRESHTH
%o

@ # 7 =R _

BEBIREBEB T, 7 RFEFLALFORHUBELERITLZ0T, BEFR7y—2TO
TIFZFOREHaIarI) - b NT LD —BRCAISLTHL, FNWHTF A< b
)y 7 R TaBENRBAD NG, BERFIZVEFNCHNEETO, B4DOT 7 0¥ —
OB FEZRAVIINE TOHFRE (Hall et al, 1976, Mendel et al. 1975,
Mendel et al. 1976, Primak 1975) T, B4 DO BHEHICEBT AELMREN
TWd, CNODEEOHBERT 7 RERCBRTHS. BLBEREIIEOHGANERS
hTnd, FEhy ) WRZRCERE FICRH S 3 BN 4 BITHET S,

HOFBIOW{SHbOHARTE 702 DAS SICIRET S EMEBE I TS
(Primak 1975), BlH, v ) WRBEOSHBLUSHTRIENEC 3, O
WEREL Yy — b A7 RABTOSi0MEEKD L D WRFREFITHZ, QLIEOKLE
ELTOHZADRRFG (H4DEEEI~NVY L) BERORELLO, ThidH 2857
7 RARA ORRE LA THE, ELOFFRE~N) v LiCH L BBEENHZ 08, T
AN HBNIT AN L & VEECEMIAT U LOLBHEEEZE L §EHZ, C
HSLT, AR S aiTFERHEIN LIV Y I LEET 7 ACRERNTENTSHE L,
RIROEEDL ai FTORPRFICO>VWTELETFEREINEG, BEYTOT 7F = Fick &g
2afi FRAOTFRINGERIT, $57 7 2@KTHE ' CmBLY **Pu OLO1EHE
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FEHAO aBEBORMICE >TREINTHWS (Hall et al. 1976, Mendel et al,
1976) o EILChoBEBOERAEI o XOMESEC LTW5, EEEE SIEDOR
HHBEEINTED, 2000F Kbk THEINH LW SHRET 20 & S0 B
L, 260/ FRRRAIERB I A LF -NEHINTE, B F o MEERICET S
Brixr¥F-oBRz0RBFREINCEELr FOEEERDH S C Eaibh 512,
BOCHANETNLLETEBINAY Y T RCHDNTHRHER T £~ O 28 s
NIZd oz,

BHUHMB LU r MABRICERT 2EHT, ati FTREIC >N TERBICH 7 288
ELOEBEEZLTENTEE, LbL—F, CHITOMEOKRTIIER ) Hic
MAFGHTED , K2OBNICE o TN THWEETHIATSULET L THE, B
B2 AESEEFREDUMICK oTH 7 ROPEKABIEE L SN LB O BIC,
LADEMBLUARKRO 7 | - 7FRENE, LhlLcodicmdoh T 3L
HEDLL, WREBRIE (555200 FHE (dangling covalent bond))T b5
2 TEINLBEFBITCEAELGBAAF YLD AABDA4 Y, BleTLH ) 2RBA A
YOBEEEIN, THOOLENEELNBTOEEL RS IHE, BEORIOZ

CEBCBOTHELHICC DR ICEE LT AEEAPrimak (1975) Ik T8 E X
e, WRBTFHEEROVANALH 7 AMAROEZT TR O/MNEEZBE Lz, 2hok
Hid, AHBROXEEZZTUBEBLTLI " BX U Na®t MBS~ LR L LTE
HETHER UL Li08L0 (£7/203) Na:O OFBEIC LI HOTHE, BB HEE
TTNOHRBUTE S, EHICMATRFERY, ZOMENRLERL &L EDICHKE
DEIBRILASHLTIEHITN,

A7 RSN EREDICE o THLANBEMETHEAIEWVWI T LA LICRETEH A
203, WEBOBITEHT A LFN, BRY, EROZEkC L To@mEIE, 75 2%
"HRT%5 (comfortable) "REIRY L LTHEDEDURLICFH LS DI TIRE
Vo BHR, BROFGTTHETIRECHYTEASVWEHEETOHN 7 REEHIC O
TRAGHM SN TN, £I0IEHEI, BEHEME S LTOH 7 R EROEE M
RESNAAMCHELLETHESL I, HRORHTTHEINZ OLARERAGR OEE
MG XNLT T LS B, IV IFEIBN A NAIERS 2538 2 (LS2H 28 H
ELTMHY, CFNBELCEZELRITZTr&LALL, BEBREE 02201,
N7 2OREICEELEZ 2L, BVEFRIATALTAE L, CORCETEERN
T AR EAENC, CFNRERAZBFHEE D7 0 £ 0B MY, BESH LN
RICBE L EOREZDEEGEEMT 2 E NI LLAMOHEIEE boTRNGATVIL,
Thifl, BRHBROEEBORE Lro, BEMELMEE LTOY S 202 LS RESE
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THbd. LDL, cnbmw%éfwk%éwibﬁm®+ﬁﬁﬁémum+ﬁﬁmﬁﬁ
Bioadzhllgd, ALARITFRIALTOCENREATLE,
4 £B~tY 177.

BHBROEBCEL, COEEDVEIBESFHEESL, BEYRIE - BYE AR
NTVEDT, @BEBI 3 AkBHNEHROEBILVL, BRBEGEDRELNLET
HHD 1dZ, BELEOOLRODERNEL o~E LTh, 2BIEFTAKHERTE 542
F+HICERELBHE EHFTEATNS,

B) T Iv IR

BICRESNWcE 73 v VEEVELGKICE > T, BORBSBIUT 75 = FHEE
RO AZTNIBEDLFNREHEOATTCNLBE LR VBATAL L, aliFiC
HET 2B TFEE (metamicitization)iZH I AR BT LEREET 2 » 7 RicHB
THPROKREV, BRUEFALLTOKZIZET 15 p0aMERELELTL, AHH
DRBTRAAL b, AEIN, VFALEETIESB6ES BB THE (Crawford
and Wittels 1956), Lo LiEns, ZhoDEELr~LEbEhicthiEF 7o v
Z>10%em® WY Lic, RIERLALES, BHO+ERCTFEINZ aliF 741 v
AFHETPILEX10 7 THAED, CCTHOSBOBENEZRTEIATHAI, I35
brfhOREVELKICHELETIHECEE CRBRFRESALARICL oTHIBERD Y
BT ELERNITNCLERDT, CHOoDBEIELTIL, LMo TE&OO+EHTOE
KEBREFISMHNTHES ), MR LEBEDCTHREAMN L5 2 TELC LItk »
THYBERICHIET A LERAETHI LB, LbL, $BLIHIZZHED
B, ZAEBELIEZORETT, HEOLF : v /BB DVTREIW LT HIT A

ERAGAN
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138 BERYEAEEALOMENEH

—B, BEYELAsERERCE OO, BEEYELEE ZOBBOER & OB
HEERXFLET 2THENS S, HAHECBOTHT OB SHEERLSRNESOT
HH50, X, HHEECESONTIZT ORSHEERE, BEH LAt THBETE 3,
108~ 10 DM &, 200~800C DRETVL SHDOKMEET ZRETTH, B25<
BULAESREZEBICEZ OGN 3T NTOBEI, RAINAETHDL D, FORRELTIE, BE
EYELE, ERKER, BEOEAD3I»OBERBOEENHEER LA,

COMEERERIAZCENTERNLOT, FE, BA2+2ER L-BEYELEKALERT 2
Bricid, COREYM-K-SCOHEEROXEEL, REVBLEAOEELSLFOBEL DT
NTHOBLEDLRICH LTERERITHL G, REDBLGEEFHEOELGEOMEIERA®
B Fig 131 WRLTH 5, '

Surface
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FIGURE 13.1 Thermal effects of solid waste on host rock. Emplacement
of (a) waste canisters and (b) grout are shown.
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1 HEMNEEERA
BEEY / ALOREEOE - 3HENDEI, REHORBA»SELTL 3 (Fig
1314288, CORMALELGORLERICL T, REVOXAEE, S6HEFOEE
AZMETEE, T ORBIE, HAOHY, BENER IRETLELN L HFNRIEHITK
STHREN2., EEHIEAHOHALRLALENT, REOHEBELBT B2+ v+ =2
2 —DHBIEBEZRETEETHH ). COMBIIUETERINTLS,

2 {t=mEEER
Bk s EGEDHEERORIZTEENLFENEERZ COECEY 2R « OBRROBEL
HCTHb, Fig 132 RU Fig 133 Rch o oL ch ThERN, RUBEAHNCRR
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FIGURE 13.2 Chemical effects of waste-rock interaction on a
macroscopic level.
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Salt Shale Basalt Granite
Supercalcine Very high Moderate Moderate Moderate
(Se1f- (Self- (self-
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tion) tion}
Glass Yery high Very high Moderate Moderate
(5000 C? _
High
(3000 ¢}
Ceramics High Yery Tow Yery Tow Very low
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Very, very
Tow at LT
Metal Matrix Forms Depends on dispersed phase - Matrix nucleate
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Cement Matrix Forms Substantial Low - Very Low - Very
at HT (5000¢C) Tow low
Low - Very

Tow (300°C)

HT
LT

high temperature
low temperature
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ENETH, ETCHKBERETED, EUVAVEEHOLR, BB L FLSIC20THE
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TABLE A.l
Summary of Cost and Risk for 27 Alternative Radioactive Waste Disposal Plans at Hanford with
Numerical Ranking®

Plan

Huimber Plan Descriptiun

Total Cost,

million 1976 dollars

Discounted Cost,
million dollars

Integrated Population
Dose Risk, man-rem

L

2

10

1}

Storage and Disposal of Salt Cake, Sludge, and Res{dual
Liquor in Existing Maste Tanks,

Glass w/RR in Canisters Dispased of in Onsite Engineered
Surface,Facil1ty and Bulk Decontaminated Salt Disposed of
in Onsite Surface Trench,

Glass w/RR 1n Canisters Disposed of in Onsite Geologic
Repository and Bulk Decontaminated Salt Disposed of in
Onsite Surface Trench.

Glass w/RR in Canisters Disposed of in Offsite Geologic
Repository and Bulk Decontaminated Salt Disposed of in
OUnsite Surface Trench.

Concrete w/RR 1n Canisters Disposed of in Onsite Engineered

Surface Facility and Bulk Decontaminated Satt Disposed of in
Onsite Surface Trench.

Concrete w/RR in Canisters Disposed of in Onsite Geologic
Repository and Bulk Decontaminated Selt Disposed of in
Onsite Surface Trench.

Concrete w/RR in Canisters Disposed of in Offsite Geologic
Repository and Bulk Decontaminated Salt Disposed of in
Onsite Surface Trench.

Powder w/RR 1n Canisters Disposed of in Onsite Engineered

Surface Facility and Bulk Decontaminated Salt Disposed of
in Onsite Surface Trench.

Powder w/RR in Canisteprs Disposed of in Onsite.Geologic
Reposftory and Bulk Decontaminated Salt Disposed of
in Onsite Surface Trench.

Pouder w/RR 1n Canisters Msposed of 1n 0ffeite Geologic
Repository and Bulk Decontaminated Salt Disposed of in
Onsite Surface Trench.

Powder w/RR 1n Bulk Containers Disposed of in Onsite

Geologic Repository and Bulk Decontaminated Salt Disposed
of in Onsite Surface Trench. '

500

1,300

1,400

1,500

1,300

1.400

1,500

1,100

1,100

(mk

(6)
(8}

()

(6)
(8)
(n)
(2)
(4)
{4)

(2y

60

n

260 (10)

250

260

250

240

250

200

200

200

190

(7)

(10}

(7)

(6}

(7)

(3)

(3}

(3)

(2)

1 x13107?

7 x107?

7 x107?

2 x 10?

2 x107?

2z 1072

3 x 10?

1x10°?

1x1072

9 x 19!

1z 1072

(1)
{(10)

(10)

(17}

(8)

(8)

(18)

(2)

(2)

(36)

(2)

10-08-T68N
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TABLE A.1 (continued)

Plan Total Cost, Discounted Cost, Integrated Population
Humber Plan Descriptiun million 1976 dollars million dollars Dose Risk, man-rem
12 Glass wo/RR 1n Canisters Disposed of in Onsite Engineered 2,700 (12) 490 (15) 7Tx107 (10)

Surface Facility.
13  Glass wo/RR in Canisters Disposed of 1n Onsite Geologic 2,900 (14) 400 (13) 7x107* (10)
Reposftory.
14 Glass wo/RR in Canisters Disposed of in Offzite Geologic 3,700 {16) 490 (15) 1 x 10 (19)
Repository.
1§ Clay wo/RR fn Canisters Disposed of fn Onsfte Engineered 3,900 (18) 730 (20) 7x16° (10)
Surface Facility.
16 Clay wo/RR in Canisters Disposed of in Onsite Geologic 4,200 (19) 540 {17) 7x10° (10)
Repository,
17 Clay wo/RR in Canisters Disposed of in Offsite Geologic 6,000 (21) 730 {21) Ix10® (21)
Repesitory. .
18  Powder wo/RR in Canisters Disposed of in Onsite Engineered 3,500 (15) 660 (18) Y x 107 (2)
Surface Facility.
19 Powder wo/RR 1n Canisters Disposed of in Onsite Geologic 3.800 (17} 480 {14} 121077 ({2)
. Rgpository.
20 Powder wo/8R {n Canisters Disposed of in Offsite Geologic 5,500 (20) - 660 (18) Iax 107 (20)
Repository. ' '
21  Powder wo/RR in Bulk Contatners Disposed of in Onsite 2,800 (13) 260 (10) 12102 (2)
‘ Geo1ogfc Repository.
22 Capsules Packaged in Overpacked Canisters Disposed of in 43 {b) 5 {a) 72107 (b)
Onsite Engineered Surface Facility.
23 Capsuies Packaged 1n Canisters Disposed of in Onsite 26 (a) 5 (a) 22107 (a)
Geologic Repository. :
24  Capsules Packaged in Canisters Disposed of in Offsite 41  (¢) 10 (c) 1 x 10! {e)
Geologic Repository.
25 Capsules Converted to Glass in Overpacked Canisters 76 (e) 10 {c) 12107 (c)
Disposed of in Onsite Engineered Surface Facility.
26  Capsules Converted to Glass in Canisters Disposed of in 89 {d) 15 (e) T2 1077 (c)
Onsite Geologic Repository.
27 Capsules Converted to Glass in Canisters Disposed of in 79 {f) 20 (f) 1 x 10t (f)

Dffsite Geologic Repository.

%Totals have been rounded.
“Parentheses indicaie numerical ranking.

Source: U.S., ERDA (1977a),
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@ HNVFYN—FTF VR

YNV FYN—FTF VT, 82000 OHLWHERERT » 9, ¥ -V by —F &
UBRBROETHTOXF -2 v 7IZEFBEN TS, (DOE 1978)

1985 i, EFF OREMELET 2 EHETHIL, 130002 DiHEE L~ D, B
MR oI H5iR 230,000 P A SNBSS, ChbOERY
DERPAEREMHICOVT, 23 ORERH SRPXE (U.S. ERDA 1877¢) T, &
ENTEL, ~NY 7+ - FXELRRE, ChOoORBREE 1 KBRS Y1 OB
EICROIDOFERBLEDOERTH 3,

1L 27 PETR O

2 SRP¥4 ' TORERBEN~OBEHRELEY R 5 J — DMLY
3. SRPTOI¥HHiEEH~OELEHEYOUS

4. A M OEFRET BT~ OE{LEEE Y DML 5

CNOD4H>OERUGREEE, 23 ORBEERIEIEMA 7 v 2 vIiCiT, EE
Yot LT, EREEES EREShIEICT 30010, HHBEBOBRENA LA
BINEID, BREZEYORE (FIR, av sV — b, SEHRITEME) BRI

B DE — Feoreeenns FiZiE, SRPERAERE ~OHLWOMSG — 7L ENEEn 3,
Table A 2 IZiF, ZBE L 28 DRBELIZHVT, FMHLicaz b EDRI7E2F EH
A '
TABLE A.2

Summary of Costs and Risks for 23 Alternative Radiocactive Waste Disposal
Plans at the Savannah River Plant

Population Fotal
Budgatary Cost, Doee Risk, Effective Cost, Imorenantal

Plan billion 1976 thoua::g billion 197¢ Coat/Risk,
Fmler  Description dollarsd man-p dollars® 8 /man-perd

1 Glass Disposed of in Offsite Geologic
Storage and Canned Decontaminated
Salt Cahe Stored in Outside Surface

Storage Facility 2.7 .90 2.7 41,000

2 Concrete Disposed of in Offsite Geo-
logic Storage and Canned Decontaminated
Salt Cake Stored in Onsite Surface

Storoge Facility 2.4 .90 2.4 36,000

3 Concrete Disposed of in Offsite Geo-
Jogic Storage and Decontaminated
Salt Cake Stored in Onsite Under-

ground Waste Tanks 1.2 .90 1.2 17,000
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TABLE A.2 (continued)

FPlan
Rumber  Deseription

Budgetary Cost,
billion 1876
dollars?

Population
Dose Rigk,
thouen
FRgn-1

Total
Effsctive Coet,
Milion 1976
dollars®

Inepemental
Coat/Riek,
§/man~r

4 Concrete and Canned Decontaminated
Salt Cake Disposed of in Offsite
Geologic Storage

5 Glass and Canned Decontaminated
Salt Cake Stored in Onsite Surface
Storage Facility

6 Concrete z2nd Canned Decontaminsted
Salt Ceke Stored in Onsite Surface
Storage Facility

? Concrete Stored in Onsite Surface
Storage Facility end Decontaminated
Salt Cake Returned to Onsite Waste
Tanks

8 Glase: and Canned Decontaminoted
Salt Cake Disposed of in SRP Bedrock

9 Concrete and Canned Decontaminated
Selt Cake Disposed of in SRP
Bedrock

10 Comcrete and Decontaninated Salt
Sojution Disposed of in SRP
Bedrock

1] Glass Stored in Offsite Surface
Storage Facllity and Decontaminated
Canned Sslt Cske Stored in Onsite
Surface Storage Facllity

12 Concrete Stored in Offsite Surface
Storage Facility and Canned Decon-
taminated Salt Cake Stored in
Onsite Surface Storesge Facility

13 Concrete and Decontaminated
Salt Cake Stored in Offsite
Surface Storage Facility

14 Ory Powder Disposed of in Offsite
Geologic Storage and Canned Decontam
inated Saelt Ceke Stored in Onsite
Surface Storage Facility

15 bPry Powder and Canned Deconteminated
Sz21t Ceke Stored in Onsite Surface
Storage Facility

16 Dry Powder and Cenned Decontaminpted
Salt Cake Disposed of in SRP Bedrock

17 Dry Powder Stored in Offsite Surface
Storage Facility end Cenned Decon-
teminated Salt Cake Stored in Onsite
Storage Facility

18 Fused Salt Disposed of in Offsite
Geologic Storage - No Separation
of Radicactivity

19 Fuged Salt Stored in Onsite Surface
Storage Facility - No Separation of
Radioactivity

20 Fused Sslt Disposed of in Bedrock -
No Separstion of Radioactivity

1.9

2.9

2.8

1.7

2.0

1.8

1.3

3.0

3.0

2.3

2.5

1.8

2.6

1.1

3.0
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90

22

.22

.22

.34

.34

.83

.73

.93

.38

8.6

1.0

.22

1.9

1.7

2.0

1.8

1.3

3.0

3.0

3.4

2,3

2.5

1.8

2.6

1.1

3.0

85

28,000

44,000

42,000

25,000

30,000

26,000

18,000

46,000

46,000

§3,000

35,000

38,000

30,000

40,000

15,000

46,000

14,000
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TABLE A.2 (continued)

Population Total .
etary Cost, Dose Fiek, Effective Cost, Inoremevtal

hllion 1876 thousa billion 1876 Coat/Rigk,

:::gcr Deseription dollare? man-re:g dollars? §/man-r
21 Fused Splt Stered inm Offaite

Surface Storage Facllity - Ko

Seporation of Radiocactivity 3.5 1.0 3.8 54,000
"2 Unprocessed Waste Slurry Disposed

of in SRP Bedrock .18 62 .24 Base
23 Storage of Waste as Sludge and

Damp Salt Cake in Onsite Waste
Tanks (Present SRP Waste Man-
sgement Technique) .24¢ 1.4 -24 1,000

a, Undiscounted.

b. Integrated for 300 years. Assumes populetion grows by a factor of § by 2140, then remeins constant. No
corrective action.

¢. Radiation doses were evalusted at $1000/man-rem.

d. Cost per man-rem reduction in risk, using the least expensive slrernative plon es o base [Plan 22,
Unprocessed Waste Slurry Stored in Bedrock).

e. Includes undiscounted costs for one generstion of new tanks, starting ebout year 2040. This investment
is more than that required to creste 2 trust fund to rebulld tanks into the indefinite future. Such a
trust fund would require new tegislation for its creation,

Source: U.S. ERDA (1977c).

@ T4 A FELTERKER _

NS T = FIREREHCH NV F U AN —T 7 v PR ENTOAEE L~VvEER L
FILY, INEL CREEZEHEIEENICHUREKICERINL, HTORF 1225 —Hl
DEVICHEEINS, ChOOEEHORMEEICOVT, INELXETH, 130K
ENBEALLNTHRTEY (U.S. ERDA 1977b) | ThIFEEMR (REE<L v b, &
Bty 72 BEHFITZX, €73 7R) &, B (BRY M UL ERBHE
&, BB KLoTHlonTd, I 1208MA 7y s v ld, T4F /4 F
oE UTHARBR N ET A LThH3, BotBEMIT, 41 FATHEEINS T
HHI, TableA. 31, EELILISORIESOVTIHBE LA 22 E Y 25T L Hich
DTH5B,
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TABLE A.3

Summary of Costs and Risks for Alternative Radfoactive Waste Disposal Plans
at INEL (1977 dollars)

Total Budgetary (@)
Cost Above Base, Total Population () Risk Valus, 7Total Effective

Alternative $ million Doze Risk, man~ream § million Cozt, $ million
Calcine at ICPP Bage 0.01 Nagligible Rogligible
Pellet, SGC, M—at 140 (@) 140 (4)

INEL 190 (e} 190 (e)
375 (f) 140 0.15 375 ()
Remove Actinides ) 290 {d) 290 (&) {
Pellet, SC, Md——at 340 (@ 3o fe) "
INEL 525 (f) 780 0.8 sa5{f) .
Pellets, SGC, M4~-Ship 3158} s
By Rail to Federal 335(e) ssle)
Reposi tory 550 (£) 820 0.8 550 (£)
Pellets, SAC, M¥—sShip 315(d) 320 @)
By Truck to Federal 335(e) 340 (@ ¢
Reposi tory 550 () 4,900 4.9 555 (£)

(a) Capital plus 10-yr operating costs.
{b) Costs for shipment of actinides to and deposition at a federal repository are included,

(¢) Comparable 10-yr dose, frum natural backgrowrd, is 200,000 man-rem for 120,000 population
within 80 ¥m (50 mi) of INEL,

{d} Pellets,
(e) SQC-sintered gless ceramic ,
(f) M4-metal matrix,

Source: U.S. ERDA (1977b).

iE
1) BEV OB L BRI, B ofc V= Fr—4%BR LD, BERNIVIORT 2%
R7 N =T B 0hil, TOERMEDNTHES. Sh3 &FEET 3,
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Table 12 ITRT LI, MBEL LTV ABABEZELHAT SHICE, €5 1 v 748
FERBABHOEENET, ~MBERLILODOTHS, 230, 2——dinvH4 v, K
BEX7I v /72, GRE®T I vy 72ARUBE <Ly FThH3, ~V7T +— FigEHREH
THBH O SrFe & CsClERTE, Thodd~TadohiEalEd & B tmiEoR
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TABLE D.1

Decay Characteristics of Spent BWR Fuel

Time elapsed after spent fuel digcharge

Parsmeter 2Y Y 10Y 0y 100Y 1000Y 10%Y 10y
Thermal pover, watts/sssembly
Structural materislo 1.79E401%  1.12B401  3,.56B+00  4.02B-01  1.462-02  2,51E~03  2,312-03 1.072-03
Actinidesn .
Spent fuel 31.52E401 3.11E+401 3.28E401 J.548401 3.112401 9.198400 2.362400 1,72E-D1
Lesa (U + Pu)b 1.66E401 1,01E+01 8.66E400 5,00E4H00 1.838400 4.418-01 7.818-02 9.19E-0)
Flonion producte 8.22E402 2,70E+402 1.478402 7.48E4+01 1.45E401 3.06E-03 2.918-03 1.932-03
Total
Spent fuel 8.75E+02 3.128402 1,85E402 1.11E402 4.36E401 9.20E400 2,37B+00 1.73E-01
Spent fuel less (U + Pu)b 8.57EH02 2,91E402 1.61E402 8,02E401 1.63E401 4,47E-0]1 8.33E-02 1.228-02
Aetivity, curies/sssemhly
Structural materials 2.50E403 1,23EH)3 5.182+02 7.45E401 3.04E401 4.698-01 4.06E-01 2.08E-01
Actinides
Spent fuel 1.94E404 1.69E+04 1.36E+04 3.94E+403 1.122403 2.878402 7.71E401  &.40E400
Lena 11 + Pub 5.67E402 3.78E+02 3.19E402 1,73E+02 6.01E401 1,56E+01 J.44E400  3,89E-01
Figaion products 1.88E+05 T.37EH04 4. 87E4+04 2.79E+04 5.34EH03 3.51E+00 3.32E+00  2.60B+00
Total
Spent fuel 2, 10E+05 9.18E404 6.28E+04 3,39E404 6.49E403 2.91E402 B.08B+01  9.21E4+00
Spent fuel less (U + Pu)b 1.91EH)5 7.53EH04G 4,95E4+04 2.81E+04 5.432403  1.96E401 7.172400 J3.207400
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Potential Hazard Index® m3 water/assembly

Structural materials
Actiniden

- Spent fuel

Lese (U + Pu)b
Fiscion productn
Total

Spent fuel

Spent fuel less (U + Pu)h

1.33E408

2,62E408
5.91EH07
4,37E+10

4.61E410
4.59E+10

2.86EH07

2.58EH)8
4.76EH07
3.67E+10

3.70E+10
3.68E410

1.308407

2.602408
4.17E407
1.158+10

3.18E+10.

3.16E+10

2. 4BEH06

2.58E+408
2.64E407
1.91E+10

1.94E410
1.91E+10

1.03E406

2.20E+08
1.272407
3.41E409

3.638409
A.42EH09

3.17E40)

6.43E407
3.21E+06
1.88E+04

6.43E407
3.232406

1.89B403

1.39E+07
5.51F4+08
1. B2E+04

1.59e+07
5.712+0%

§.07E+02

7.572406
2452405
1.532404

7.39E4+06
2.61E405%

®Read as 1,79 % 10%

b99.52 removal of uranium and plutonium aasumed.

¢
Sum of the amount of water required to dilute each isotope to the point that ft ia acceptable

for unrestricted consumption ss specified In Title 10, Part 20 of the Code of Federal Regulations.
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TARLE D.2

Decay Characteristics of Spent PWR Fuel

Time elepsed after gpent fuel diecharge

Perameter 2y 5¢ 107 loy 100Y 1000Y 10y 1o’y
Thermal power, watto/assembly
Btructural materials 1.005+01%  4.86E400 1.98e400 2.06E-01 7.442-02 1.88E-02 1.598-02 5.08e-03
Aetinides
Spent fuel 1.06E+02 9.14E+01 9.57E+01 1.028402 8.89E+01 2.56E401 6.372400 §.89E-01
Less (U + Pu)b 5.30E+01 3.15E+401 2,67E401 1.49E401 4. T4E4H00 1.12E+00 2,268-01 2.80F-02
Fisaion products 2.47e+0) 8.65E402 4. 548402 2,39E+02 4. 448401 9.10E-03 B.68E-03 3.738-03
Total
Spent fuel 2.,5%E403 9.61E402 5.32E402 3.412402 1,33e402 2.56E401 6.398400 5.002-01
'Spenc fuel lesa (U + Pu)b 2.5JE403 9.01E402 4.83E4+02 2.548402 4,928401 1.15E+00 2,512-01 3.888-02
Activity, curies/nasembly
Structural materials 4,08E401 1.728403 6.82E4+02 2.44E4+02 1.41E402 2.728400 2.208400 8.66E-01
Actiniden
Spent fuel 3.668404 4,91E4+04 3.95E404 1.72E404 J.21E403 7.988402 2.08E+02 1.83E401
Less (U + l’u)h 1.77EH03 1,15E403 9,.866E+02 3.15E+02 1.547402 4.04E401 9.98EHD 1.188+00
Flesion products 6.11E405 2.27E403 1.47E405 B.45E+04 1.622+04 1.03e401 9.94E+400 7.178400
Total I
Spent fuel 6.72E+03 2.7BE+05 1,.87E+08 1.02E+03 1.96E+04 8.11E+02 2.208402 2.69E+01
Spent fuel leas (U 4+ Pu)b 6.178405 1.49E+03 8.33B+04 1. 656404 5.36E+01 2,21E401 9.82E400

2.30E405

10-08-1S8 N
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Potentfal Hazard IndexC m3 water/assembly

Structural materiale 2,46E408
Actiniden
Spent fuel 7.66E+08
Leas (U + Pu)b 1.82E+)8
Flosion products 1.44E+11
Total
Spent fuel 1.452411
Spent fuel less (U + Pu)® 1.44E411

2.85E407

7.48E408
1.44E+08
1.14E+11

1.15E+11
1.14E+11

1.298407

7.53E408
1,25E408
9.73E+10

9.81E+10
9. JLEHLD

B.30E+06

7.43E+08
71.56E+07
5.91B+10

5.992+10
5.92e+10

4 878406

6.29E+08
1.21EH07
1.05E+10

1.11E+10
1.05E+10

2.178408

1.80F+08
8.10E+06
4,.4502404

1.B0E4+08
8.36E+H06

1.532405

6.33E+07
1.38E+06
3.86B404

4.35407
1.778H06

1.038+04

2.27E407
7.36B403
3.008+04

2.278407
7.76E408

®Read 1.0 x 10!
b99.51 removal of uranium end plutonium gasumed.

€Sum of the amount of waate required to dilute each isotope to the point that it is acceptahle

for unreatricted consumption as specified in Title 10, Part 20 of the Code of Federal Regulation.
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BWR
ErDA
HIW
HLLW
HLSW
HMI
IAEA
ICpP
ILLW
Iw
INEL
KW
LASYL
LLIW
LIW
LOTES
LWR
MCi
MW
Mwd
NF'S
PNL
PSU
PWR
RED
SFA
SFP
SRL
SRP
38Pp
WSEP

"LIST OF ACRONYMS

Boiling-Water Reactor

Energy Research and Development Administration
High-Level Wastes

High-Level Liquid Wastes

High-Level Solid Wastes

Hans Meitner Institute

International Atomic Energy Agency
Idaho Chemical Processing Plant
Intermediate Level Liquid Wastes
Intermediate level Wastes

Idaho National Engineering Laboratory
Kilowatt

Ios Alamos Scientific Laboratory
Low-Ievel Ligquid Wastes

Low-Level Wastes

Low-Temperature Solidification
Light-Water Reactor

Million Curies

Megawatt

Megawatt-days

Nuclear Fuel Services :
Battelle Pacific Northwest Laboratories
Pennsylvania State University
Dressurized-Water Reactor

Research and Development

Spent Fuel Assembly

Spent Fuel Pin

Savannah River ILaboratory

Savannah River Plant

Sandia Sclidification Process

Waste Solidification Engineering Prototypes
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