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1. INTRODUCTION

1.1 Objectives (L. F. Landon)¥*

This Preliminary Technical Data Summary (PTDS No. 3) presents
an update on the best information presently available for the pur-
pose of establishing the basis for the design of a Defense Waste
Processing Facility (DWPF). The objective of this project is to
provide a facility to fix the radionuclides present in Savannah
River Plant (SRP) high~level liquid waste in a high-integrity form
(glass). The issue of this document is to be considered prelim-
inary since the research and development effort will be an ongoing
activity during the early stages of plant design. The document
will continue to be updated as new information is obtained.

Additional basic data evolved from the continuing research
and development programs and flowsheet optimization studies will
supersede the data presently contained in this document. As indi-
vidual data packages are formalized, the Technical Information
Service of the Savannah River Laboratory will issue revisions to
each individual assigned a copy of Preliminary Technical Data
Summary No. 3. Additional Technical Data Summaries will be issued
when deemed appropriate.

The major changes in this issue relative to PTDS No. 2
(DPSTD-77-13-2, June 1979) are as follows:

1. Material balance flowsheets have been updated based on the
following revised process data:

® The three-wash sludge washing scheme has been changed to a
dewatering step followed by two washes.

e The water content of the centrifuge sludge cake has been
reduced from 6.2 to 3.0 lb Hy0/1b of solids.

e Solids recovery for each centrifuge pass has been increased
from 97 to 98%.

e Solids recovery for the gravity settling operation has been
increased from 98 to 99%.

* Contributor. Questions concerning material in this Preliminary
Technical Data Summary should be addressed to contributor whose
name appears after a heading.
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e Total solids content of spray-dryer feed has been increased
from about 6% to 17 wt %.

2. Volumetric underflow recycle for the gravity settling opera-
tion has been decreased from 10 to 7%.

3. The parallel-train concept of ion exchange columns for cesium
and strontium recovery has been reduced to a single-train con-
cept consisting of two cesium ion exchange columns and one
strontium ion exchange column, all in series.

4, The clarified supernate fraction of the waste following treat-
ment by ion exchange will be incorporated into concrete and
stored onsite as large monoliths in an intermediate-depth land
burial site.

‘5. The canister overpack and associated equipment and offsite
shipping facilities are eliminated from the scope of this
document.

6. The capacity of the glass-waste interim-storage facility has
been increased to 6500 canisters.

7. The canisters will undergo a two-step decontamination proce-
dure in Mechanical Cells A and B. A nitric acid-sodium
fluoride solution will be used in the first step followed by
an oxalic acid cleaning step.

8. Sludge settling rate in Gravity Settler increased from 10 to
20 inches/hour.

Additional alternatives to the technical bases presented here will
continue to be evaluated as potentially valuable contributions
toward improved operability and/or reduced cost of the facility.
These alternatives will be handled on an individual basis if and
when a clear-cut advantage becomes apparent.

1.2 Background (L. F. Landon)

Since 1953, the Savannah River Plant (SRP), near Aiken,
South Carolina, has been producing special nuclear materials,
primarily plutonium and tritium, for defense purposes. The SRP
facilities were constructed and operated by the Du Pont Company
initially for the Atomic Energy Commission (AEC), now the Depart-
ment of Energy (DOE). The SRP site occupies an area of about 300
square miles along the Savannah River, about 25 miles downstream
from Augusta, Georgia. SRP includes a nuclear fuel fabrication
plant, three production reactors, two fuel reprocessing plants,
and a facility for producing heavy water.
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The SRP operations produce high-level radioactive waste in
the chemical processing of fuel and target elements after irra-
diation in the SRP nuclear reactors. This waste is stored in
large underground tanks as an alkaline liquid with a precipitated
sludge until the decay heating has abated appreciably. Then the
supernatant liquid is evaporated and returned to the tanks to form
a salt cake to reduce volume and mobility.

In 1971, the Division of Waste Management and Transportation
was formed in the AEC and published initial plans for the long-
term management of defense waste. For SRP, the plan was storage
of liquid waste in a deep-mined cavern under the SRP site. In
November 1972, the AEC deferred further study of that storage
option in favor of an investigation of the conversion of SRP waste
to a high-integrity solid. The status of the technology, technical
data base, proposed design criteria, and estimated risks for the
deep-mined cavern were summarized in a Technical Assessment [1].

As a first step in evaluating waste forms for Savannah River
waste, a survey was made of all pertinent forms and processes, and
the applicability of these waste forms and processes to SR waste
was evaluated [2]. One of the principal conclusions of this eval-
uation was that the presence of the soluble salts (NaNO3, NajCO3,
etc.) presented significant difficulties if these salts had to be
incorporated into a high-integrity form such as glass or concrete.
A process for segregating the soluble salts from the radionuclides
was suggested based on physical separation of the insoluble sludge
and supernate via centrifugation and filtration and separation of
soluble radionuclides in the supernate (principally Cs=137) by ion
exchange.

Subsequent laboratory studies showed that the separation of
nuclides from soluble salts was feasible [3], that concrete was an
acceptable waste form [4], but that glass had the highest integ-
rity (principally greater leach resistance in water and absence of
off-gassing when heated [5].

Concurrent with initial small-scale research in the Savannah
River Laboratory (SRL), conceptual studies were carried out as a
joint effort between SRL, SRP, and the Du Pont Engineering Depart-
ment to evaluate the feasibility and cost of selected options.
These studies included evaluation of basic parameters such as
waste form, disposal mode for the solid radioactive waste form
and the decontaminated salts, processing rates, etc.

During this same period, SRL also made an overall evaluation
of the costs and risks of all options for long-term management of
Savannah River waste. This overall evaluation included options
such as onsite bedrock storage and continued tank storage as well
as solidification [6].
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In 1977, the following reference process was chosen:

e Incorporation of radionuclides in glass and offsite shibment to
a Federal repository.

® Return of the decontaminated supernate as damp salt cake to
onsite bulk storage.

® Processing all >5-year-old waste.

In August 1978, a Preliminary Technical Data Summary (PTDS
No. 1) was issued which presented the best information that was
currently available for the purpose of establishing the basis for
design of a Defense Waste Processing Facility [7]. This document
was updated and reissued in June 1979 (DPSTD-77-13-~2). The
current reference process flowsheet is shown schematically in
Figure 1.1.

1.3 Design Criteria and Basic Assumptions (L. F. Landon)

1. The waste processing facility will be located at a new site
(200-S Area) on the SRP site in reasonable proximity to the
F and H-Area Interim Waste Storage Facilities.

2. The waste processing facility is designed for an average
attained rate of 9 gpm equivalent feed on a reconstituted
basis.

3. The aged waste will be separated into two fractions, a super-
nate fraction and a sludge-slurry fraction, for feed to the
DWPF. The supernate fraction is composed of decanted super-
nate and redissolved salt cake. The sludge-slurry fraction
is prepared by slurrying the in-tank, settled-sludge.

4, The waste will be processed to obtain a borosilicate glass
(containing essentially all the radioactivity) and a concrete-
salt matrix (containing very low concentrations of radio-
activity).

5. The chemical composition of the waste feed to the DWPF is
based on past analyses of supernate and sludge samples ob-
tained from existing waste storage tanks. For planning
purposes perfect blending of the two waste fractions at the
time of plant startup is assumed in calculating material
balances.
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10.

11.

12.

Clarified supernate following ion exchange, will be incor-
porated into concrete and stored as a concrete matrix in a
new intermediate-depth land burial facility. The clarified
supernate fraction of the waste feed will be sufficiently
decontaminated such that the radionuclide content of the
saltcrete will conform to the projected NRC waste classifi-
cation C.

The radionuclide composition of the waste is based on the
following:

e Reactor operation for the late 1980's.
e Irradiated fuel is cooled for 180 days before processing.

e The high-heat and low-heat waste streams generated during
fuel reprocessing are blended in the proportion they are
generated.

The only current regulatory requirement for the glass waste
form is that it be a solid. Possible future criteria and
regulations regarding the uniformity of the glass, maximum
heat output, leachability limits, chemical composition, etc.,
may alter the scope of the project.

The glassform will be stored onsite in an air-cooled vault.

The radioactive borosilicate glass will be contained in a
2-ft-diameter, 10-ft-long steel canister. Approximately 3260
1bs of glass will be loaded into each canister filling it to
approximately 80%.

Selection of materials of construction, particularly for
items that would be very difficult to replace (such as
embedded piping) should assume the DWPF will eventually be
decontaminated with nitric acid.

This document does not address the technical bases for prep-
aration of the feed to the DWPF (sludge slurrying, salt cake
dissolution, waste tank cleaning, and excess oxalic acid
digestion).
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2, FEED DESCRIPTION

2.1 General

The high- and low-heat acidic waste generated from the
separations processes (Appendix 13.1) are neutralized with sodium
hydroxide prior to transfer to interim storage. Neutralization
of the wastes causes precipitation of insoluble compounds (sludge)
of stable and radioactive fission products, actinide elements,
and elements added in the processes, primarily Fe, Mn, Al, and Hg.
The neutralized wastes are transferred to selected underground
waste tanks, according to their heat contents. After the wastes
have aged (during which the insoluble fraction of the waste settles
out) [1,2], the supernates are transferred to an evaporator for
dewatering. The concentrate from the evaporator is transferred
to cooled waste tanks where the cooling causes the salt to crystal-
lize. Fresh neutralized waste has been added to the sludge heel
in some tanks, and there has been some mixing of high~ and low-heat
waste sludges. In other cases sludge has been removed from several
tanks and transferred to others. Tanks from which sludge has been
removed have been used to retain salt from the concentration of
supernate. Thus, sludge composition and characteristics are
variable and are not only a function of sludge source and age,
but are affected by waste management practices. Variations can
occur not only from tank to tank but also within a tank as a func-
tion of location and depth.

2.2 TFeed Composition

2.2.1 Chemical Composition (A. J. Hill, J. R. Wiley)

Table 2.1 summarizes the chemical composition of the soluble
and insoluble fractions of the two waste streams that comprise
the feed to the processing facility. The detailed bases for
calculating these compositions are presented in Chapter 4 and
Appendix 13.2.

2.2.2 Radionuclide Composition (J. R. Chandler)

The concentration of radionuclides in the supernate and
sludge-slurry feed streams for 5 and l5-year-old waste are tabu-
lated in Tables 2.3 through 2.10. The distribution of radionuclides
between gravity-settled, in-tank sludge and supernate are tabulated
in Table 2.11., The bases for radionuclide composition calculations
are outlined in detail in Chapter 7.
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2.3 Sludge Description (A. J. Hill, J. A. Stone)

2.3.1 Generall

Insoluble solids represent 7.3 volume percent of the
neutralized wastes transferred from the Separation Facilities
to the waste tank farm. During aging, the sludge settles to
the bottom of the waste tank. About three-fourths of the settled
sludge is compacted into a sticky, dark brown, gelatinous mass.
The remainder is loosely settled, finely divided material of
essentially the same composition., Sludge, as sampled, is a
mixture of water soluble salts, insoluble solids, and interstitial
liquid. Following centrifugation and drying, approximately 70-80%
of the sludge is a complex mixture of oxides and hydroxides of
manganese, iron, and aluminum, plus uranium, mixed fission products,
and actinides.

2.3.2 Characteristic Types of Sludge

The plant feed represents a weighted average or composite
composition based on individual tamk analyses. It is iImportant
to recognize that this composition assumes perfect blending of
the sludge in storage in both areas and that reported sludge
analyses from a given tank approximate the composition of the
entire tank.

2.3.3 Chemical Components of Sludge

The representative elemental composition of SRP sludge is
listed in Table 2.12. More detailed analyses for sludges from
several SRP tanks are shown in Appendix 13.3 and Reference 3.

2.3.4 Physical Properties

2.3.4.1 Density

A density of 1.369 g/cc for in-tank settled sludge was used
in calculating the reference feed.

2.3.4.2 Viscosity

The viscosity of sludge suspensions in supernate have been
measured as a function of the volume ratio of sludge to supernate.
For these tests synthetic supernate and synthetic sludge were
used to represent the characteristics of early samples of sludge
from Tanks 12 and 14. The results are shown in Figure 2.1.
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Viscosity data on actual sludge are summarized in Table 2.13.
Apparently, viscosities of 1:1 mixtures of centrifuged sludge and
supernate may vary from 10 to 100 cp depending on the sludge type.

2.3.4,3 Settling Velocity

In early studies of the properties of sludge [5], a sample
from Tank 12H was slurried with supernate (specific gravity = 1.25)
and allowed to settle. The observed settling rate for the major
portion of the sludge was 6 in./hr while that of the finer material
was 1 in./hr. The settled volume of sludge was 25% of the total
mixture and the volume of sludge after centrifugation was about
half the settled volume [5]. Settling rates in dilute sodium
hydroxide for early samples of sludge from Tanks 2 and 9 are shown
in Figure 2.2, The as-received sludge was stirred vigorously in a
graduated cylinder and allowed to settle. The sludges settled with
a very sharp interface between sludge and supernate, with no tail
of fines extending into the interface [4]. However, this sharp
interface was not observed following sludge transfer from Tank 11H
to 13H (Figure 2.3). The settling behavior will be dependent on
the specific gravity of the supernate. The data in Figure 2.2
should be applied only to settling behavior in wash water or in
dilute tank rinses.

In recent settling tests with washed Tank 16H sludge, repeti-
tive tests showed good reproducibility of sludge settling rates.
The sludge settled fairly rapidly at first, but the settling rate
diminished with time. The initial volume ratio of water/sludge
was 9:1. Average settling rates were about 15 in./hr for the
first 10 minutes, about 4 in./hr for the first hour, and about
0.3 in./hr for 16 hours. No significant change in the volume of
settled sludge was observed after 16 hours.

2.4 Supernate Description (R. S. Ondrejcin)

2.4.1 General -

Supernate solution from about half of the waste tanks at SRP
has been sampled and characterized [6,7]. Table 2.14 lists the
concentration of major components of the supernate. Detailed
analyses for major chemical components in supernate samples taken
since 1972 are shown in Appendix 13.4 Minor ions which have also
been identified in the supernate are PO, , Cl-, Cr042‘, and NH4+.
Trace metals in the supernate are Fe, Hg, Ag, Pb, and U. Analyses
of trace elements are available in Reference 6.
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2.4.2 Density

A density of 1.242 g/cc for in-tank supernate was used for
calculating reference feed. See Appendix 13.1 for a detailed
description for calculating the density of supernate.

2.4,3 Viscosity

The viscosity of the reference waste tank supernate is
about 2 cp.
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TABLE 2.1

Chemical Composition of Soluble and Insoluble Fraction
of DWPF Feed (Dry Basis)

1b/hr
Solubles Insolubles

Sludge-Slurry Feed? 144.2 103.1
Supernate FeedP 1975 1.302
Soluble Solids, wt 7 Insoluble Solids, wt 7%
NaNO3 4.69+01° Fe (OH) 3 3.85+01
NaNO, 1.80+01 UO, (OH) » 2.91
NaAlOs 9.71 CaCo3 3.82
NaOH 7.24 Ni(OH), 442
NapC03 7.54 Nay0 1.93
Na)S0y, 1.01+01 NaNO3 1.14
Na2C204d 1.23-01 Na5S0, 6.15-01
NaCl 3.05-01 MnO, 7.58
NaF 1.99-02 Hg (OH) 2 1.16
Na[HgO(OH) ] 6.08-02 NaCl 1.23

NaF 1.29-01

C 1.31

A1(OH)3 3.44+01

Si02p 5.62-01

Hgl, 3.13-01

a. Actual sludge contains 1.95 1lb suspended solids per gallon
with a specific gravity of 1.37. Dissolved salts are
present at V297 by weight, exclusive of suspended solids.
Sludge-slurry feed is prepared by slurrying with water such
that the resulting volume is twice the sludge volume.

b. Supernate feed is constituted to 29 wt % salt solution by
dissolving the salt cake in the tank with recycle water.

c. Modified scientific notation used throughout this report.
For example, 4.69+01 is equivalent to 4.69 x 101; i.e., 46.9.

d. Not accounted for in supernate fraction of sludge-slurry feed.
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Table 2.2 (Deleted)
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ISOTOPIC CONTENT (g/gal)l OF SUPERNATE
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MD143
ND1 44
ND145
ND1 46
ND148
NC159
FMle7
PM1 48
PML 48M
SM147
SM148
SM149

CCACENTRATICN

1.99912€E-23
5.71033E-21
1.96634F-04
5. 42254F 58
1. 19455 -54
7.11931E-04
8.15235E-05
2.40421F- )4
4.71463E-02
1. 04453F-05
5.86463z-03
3.39772E-02
1. T4157E-43
1.51652F-04
1. 6291 0F -02
5.340)TE-09
5.09188¢-02
1.137675-03
1.12136E-03
5.30388E-55
1.05488E-u3
1.11708F-09
1. 35132€-93
4.713565-14
2.35673F-16
3. 7134952 -06
1.25493-)3
1.28665€-13
€. S3789F ~us
5.63026€C~24
3.25682F =04
1.20493F =24
4.92240€-06
2.677717~48
2.9862 3 ~46
2.87026F-04
4.937945 -5
1.92622F~u5

ISOTCPF

CCNCEANTRATION

2.T3170E-04
2.27904E-G5
S« 85S78E-05
1.75028E~-05
1.72727TE -6
2.00383E-C8
3.36439€E-05
1.67<11E-06
3.94298E-07
5.42166€-C7
1. €3081E-131
5.73507€E-17
5.16646E-10
1. 20444 -06
4.05300€-05
209262 2E -05
1.41040€-03
2.14318E~-12
2.04586E-C5
1.69760E-11
4.93512E-46
6.€1539%€-05
1.86551E-04
3.20%13E -G5S
8.,4725TE- Q¢
2.54194E06
1.01151E-05
2.T4T742E-14
2.29T96E9
4.701226-C8
5.56478E-12
1. 37435E-10
2.23€59€-(CS
6.282)1E-11
2. 8CE20E-12
1.14488F-14
2.61396F-16
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TABLE 2.5

ISOTOPIC CONTENT (Ci/gal} OF SUPERNATE
FEED STREAM — 5 YEARS

1SPTLPE CONCENTFATICN ISCTGPF CCNCENTRATICN 1sCcTapr CCACENTRATION ISCTGPE CCNCENTRATION
o3 E.ESPTI5:-T4 SN123 TOSECEF-07 CElas 2.61808F~)2 J236 1.8S:TTF-CS
e 51 6.626052-22 $N126 4.01010F-0¢ PR143 3.17835F~40 U238 4,74015€E-11
o 6. 2.789942 -4 $8124 1.9UN6SE-123 PR144 2.618185~)2 NP 22¢ 2. R2232:-14
ST 79 1.215338-06 581z% 24 24€4¢E-23 PR144¥ 3.14175%~04 rP237 1.4418 2E-08
FE 87 1.57274:-11 58126 5.61413€-99 ND144 1. 276695 ~15 PL236 1.Nn257)3z -07
SP 9% 8.851282-11 $8126M 4.01vlCE-~)8 NO147 3.368R8"~50 U227 10435645 -18
SR 9y 5.33323:-92 TElzEMm 1l.47€64<-)12 PM14T 6, 4156402 Fu238 1.22526E-03
Y 9 5.3%%61:-22 TE127 6.454T0E-)7 pM148 1.84578%~16 PL23S 1. 15564E -05
Y 91 1.€33522~-.S TEl2T™m €.SECT<E-DT pPMl 4B 2.67633%~15 L1240 T.2951TE-C6
% 93 2.958603-05 TEL129 1. €3CBSE-17 SM147 5. 0709 ~12 Fu241 1.36979E-03
% S5 1.€149528 TEL12S WM 2.56R647-17 SM148 1.49283%~-17 PuUc4az S. TI113E-C9
MR 95 3.,48201c-)3 112 S5.G41E¢FE-0CE SM1 49 4.,62734F~-18 AM24] 1.76289£-05
NA 9L M 2.05968:-19 C€5134 1,915918-11 SM1€1 €.25860~,4 AM242 2.32537£-38
TC Qe 2.81817c =G4 CS135 6.761645-06 EUl52 6.13836F -y 6 AM242M 2.23703k-C¢
RUL I3 1.3)4983-12 <512 1.18827F-42 EUL154 1.01653¢~-03 Ak243 9.39112¢F-09
FUl & 1.744372-11 CS137 3.61259F W EU1ES5 E.G4ETET~ 24 CM242 . 137706 -{8
CH1N2ZM z.€1233:-12 IA136HM 2, €¢717E-43 EUL56 8,57235%~38 Cv243 9.04578FE-C9
RHL Jo 1.70437:-91 3A137¥ 3.41751F 0C TB1€0 2.670R3=~12 Cr244 2.65262E-u7
PND137 €.02159:-)8 dAley “,28737€-41 TLZ208 7.R98755~49 CM245 1.08222:-11
AGLYY 9445210:-05 LAl40 1. 14E526-42 U232 8. 39298€-99 CN246 R.63840E-13
(Nilsm €.B84483:-15 Cilsl G.53168E-17 U224 T.5221-05-,9 CMN247 1.76192E-18
SN121M B, eQ6145-428 Cfl4az 2.53263%-11 u21s 8.75922k~-11 CMm248 1.10894F-18

TOTAL ACTIVITY 8.00 00 Ci/gat TOTAL HEAT GENERATION, watts/gal
Primary  6.22-03
Gamma  1.60-02
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TABLE 2.6

ISOTOPIC CONTENT (Ci/gal) OF SUPERNATE
FEED STREAM — 15 YEARS

1877TCPs COMCENTRAT IGN ISOTUPE CONCENTRATION ISCTCP= CCNCENTRATION ISCTCPE CCNCENTRATION
o3 2,238)6.-14 SNl 21w 1.569T2E-VE PR1 44 3.56394F -3¢ NP213& 2.82315F-14
€0 60 T.46279:-05 3N123 ze11¢61E-1°5 PR144™ %, 27665 -08 rE237 l.44181%-)8
€79 e M15222-06 3N 26 4,910 6F-08 NDl 44 1.286325-15 PU22é 6.C182%-(S
P8 A7 1.572742-11 5R124 1.C2436F-31 PM14T 4.56652E-)3 PU23T7 5.95T66E-42
SF 84 €.346992-32 $8125 1.7734€E-04 PM148 4,40181%-42 pL238 1.13223)F -03
Sk Gt 4. 1643933-52 38126 5.614)SE-09 Frlegm 6.382437-42 PU23s 1.156315-05
Y Q0 414501292 SBlzeM 4,01CCE-J8 SM147 €.53185F-12 FL240 7.28746F-06
Y S 2.81926:-23 TF12%¥ l.167328-04 SM148 1.49283%-17 PL24] 3, 480 TE -U4
IF a3 2. G5858%-4}¢ TZ127 5.27987F-11 SM1 49 4.62734%-18 PU242 Q.70102E-CS
P 9s 2.64080:-25 T=leT™ €.3902¢5-11 SM1el 5. 8088 ) -04 Ar24]1 3.47174E-05
LR 95 5.65385:-25 TEL 29 1.963:CE-5¢ FU152 3.62958%-J6 AM242 2.22171£-(C8
NB Q5% 2.35379=-217 TZ1zZ9M 2.C€173E-5C EulSe 4.53783E-)4 AM242M 2.23285€E-08
TC 99 2.81808=-04% 1129 £.9418€E-08 EU155 1. 89€915~ 14 LAM243 9.38229849
PULN3 ?2.23902:-4) CSl3s 1.35371F-y 2 TR1e9 1.84166%-27 CM242 1.84276E-C8
kUL D 1.78591:-94 cs12s €. T€1E1T-D¢€ TL208 1.688T74%-u8 Cr243 T.09283E-09
RH1J)3M 4.483564-4) €S137 2.86S52F (0 U222 1.113215-28 CM244 1. EYSO4E -C7
RH116 1. 785917 -04 3AL3TM™ 2.T71456E 90 U234 7.52178=-J9 CM245 1.08132e-11
POL )7 €.82159=-03 CZ1l4l 1.51€85¢-50 uz2s €. 759227 -11 Cr246 8.625T4c-13
AG11. 44 (9665Z-.9 Czl42 2.53263E-11 U236 1.892777-09 CM247 1.N61925-18
CNL15M 1.521913-39 CIl44 Z.5€281€E-0¢ U238 4, T4)I15F-10 Cr248 1.10894E-18

TOTAL ACTIVITY 569 00 Ci/gal TOTAL HEAT GENERATION, watts/gal
Primary  3.30-03
Gamma  9.71-03




TABLE 2.7
1ISOTOPIC CONTENT (g/gal) OF SLUDGE-SLURRY
FEED STREAM — 5 YEARS

ISCTEPE

I1°¢

1SCTuPE COUNCENTRAT 4N CCNCENTPATICN ISLTOPE CONCZNTRATICON 1sSCTOPe CCACENTRATICN
H 3 PD1C4 4, E2295F-)3 TEL 20 6.93722¥-23 SM148 1.22578€-02
CR 51 PD1J5 2.81124%-92 TEL29M 1.507297-20 £h1 4G 4.78161F-03
ca €& Se 650353 -5 pnLI6 2.43112E-)2 TF130 6.310347 -2 S¥1°50 6. T81126-02
SE 77 2.77692:-04 PD107 1.17445E-02 1127 T.2250997-)3 SM151 6.09551€E-03
SF Ta PDL OB 6.86257E-3 1129 2.01749F -2 b3.0 $-¥ 2.447573-32
SE 79 °oN11e 2.3366SE-)72 1131 4.2329077C-71 SM154 4.24485%-C3
SE 8y AGLCS 2.82117€-013 cs1332 1. 893625-02 (375 83 2.57273F-04
Sc 8¢ AGL LY 1.777T:9FG6 €51324 1.21367%-)4 EL1E2 1.3827VE -05
RR 85 Co1l1C 2. 212CEE-D4 CS135 2.35553C-03 Eul1s53 1.26162E-02
RB A7 <Ol11 1.5€271E-32 C5126 £a27902F -48 FL154 1.52231g-03
SR 8% cnli2 1.07828€-03 CS137 1.672572 -92 ELU15% €. T6S56E-04
SR 89 cnil3 7. 382207-25 BAl 34 5.82338F 04 clil 56 6.30229E-40
SR 9 CClle 1.7590*4E~)3 BAl326 €. NS10RE-U5 18156 1.34586E 04
Y 89 CD115M 2.38115€6-17 BAl36M 5450966255 TBl160 6.53043% - 14
Y 90 Chlle 8. 12€74E-04 BA127 3.103027-03 TL208 2.37766E-15
Y Si SNp 16 1.61754€E-14 BAL27M™ £+ 548555-,9 L2222 1. SEQTLE -Q7
R 9 3N117 €. 277455-04 Al 38 2.04515¢-22 U234 4.87471E-04
R 91 1.656433-01 SN118 9.00120F-04 RAL40 2, 25992 -46 U235 1.64031e-92
IR G2 1. 66955 SNl 1° 8.7421vE-J)4 LA139 2.82413:-21 u22¢ 1.18642%-92
IR 95 2.95415% SWlz0 CoCECHEC~04 LAL 40 5. 120792 =46 uyz23e 5.70811E-01
2R 94 = SN 214 3.,64787€-)7 CE14Y) Z. 7183645 -)1 NP236 8.6T431F-1)
Ik 95 3. 11164510 SN122 1.01355¢€-33 CEl4l 8,29613¢-19 NP2237 P,27994E-03
% 9t 1.89417:-01 5N123 €« 12750E-0E CE142 2. 61861F-01 Fu23e6 T.81415E-08
NB SS 2.5¢5182-11) 3N124 1.5185CE-)2 CEl44 2.02713=-)13 PL27 2,492825-19
hB 95M 2.17798c-13 $N125 1.2271CE-61 PR141 2.61977F-91 PU238 2.89741E-02
MO 95 1.92667:-01 $N126 3.5028:E-072 PR143 1.17266z-42 FU23s T.55218E-02
MO 96 1.820462-4 38121 0.4223GE-)4 PR144 R.595T8c-y8 PUZ4U 1. 29854E-02
MO 97 1.84184:-01 SRiz? 1. 1625CE-03 PR] 44M 4.29781% -190 FU24l 5 .49478E-03
M0 98 1.85918.:-01 S8l 24 2.69530F~-15 ND142 5. 271572~ )4 PL242 1.02877E-03
MO10y €eU22TT2 =41 SB8125 5.319)8F-04 ND143 3.11523%-91 AM241] 2.078722-02
TC 9¢ 1.02264c-21 3Blz6 1.6€€40F~11 NG 144 2.67712F -ul AN242 1.16381€-11
fULG. Ce28294:~04 S8l 26¥ 1.2665C%-13 ND145 1.72225-1:1 AN242M 9. 7341027
RULIL P ECL3T3-L2 Tz1z2 «278CIE-O5 NDl 46 1.39754Z-J1 AM243 1.90445E-05
RUL I T.76770:-92 T:I124 €.4c42€E-0¢ ND1 47 1.034)9%-52 Cr242 6.97572E49
kUIN3 <.54546=~-16 T=125 1.46704F-)3 NCl48 8.084655-)2 CM24: 7.093715-08
FHl )4 2.83520:-02 TZ125M 1. 2714 EE-36 ND1S0O 3.239347 )2 Cv244 1.3272BE~-06
RUL J¢ T<126 6.37R0TE-)5 PM14T 1. 716722-)2 CM245 2.5445N=-~08
PHLD3 7127 2.16624F-11 PMl 48 2.TRT275-19 CM246 1.13819%€-0S
&HLO3M 2 z TI127M €.1876%E-05S PM14aM 3.10821£-17 w247 4.63352€~12
RH1 )6 24S4315:~1J TS126 1.74291&-92 SM147 £.EI5TE-)2 CMz4g 1.05791z-13




TABLE 2.8
ISOTOPIC CONTENT (g/gal) OF SLUDGE-SLURRY
FEED STREAM — 15 YEARS

21

1S0T0P= CONCENTRATICN ISOTOPE CCNCENTRATION 1SOTOPF CONCFNTRATION 150 TOPE CCNCENTRATICN
H 3 9.6P593:-39 RHLC3V Bo48265E-47 TE127 1.77197€-21 Sr150 6.78112E-02
CR 51 1. 79543264 RH196 3.08284F-13 TELZTM 5.J614TE~19 svl1sl 5.€5743E-03
o 6V 2.661625-0°¢ PDLG4 4. 8326°€-03 TE128 1.74291€-02 S¥152 2.44157=-C2
SE 77 2407692204 PDIOS 2.81124E-02 TE129 €. 350092 -56 SM1c4 4.34485€-03
sr 18 5.2314625-14 PD196 2.48TuSE-D2 TE129M 9.)3615%-53 EL151 6.59C52E~-94
St 75 1.29)29%-02 D107 1.1744%€E-02 TE130 6.31034F-02 EU1S2 8.10982%-06
SF 80 3.07531<-03 PD108 6.86257E-23 1127 7. 226095 -3 FL153 1.36162E-22
Se R2 €4 207192 =43 ©d11n 2.3366SF-)13 1129 3.01739E-)2 EULS4 €.T79564=-04
kB 85 2.T67992-02 AGLCS Z.8:117F-02 €S133 1. 89362E-92 EU155 1.59578%-04%
kKR €7 €, 795297 =12 AGL1L T.702)7E-11 CS134 4.195365-16 TB1ES 1.34586C -04
Sk 8¢ S.8E327- -2 D11 2,22¢7¢E-04 CS135 2.35552E-)3 Tel1s60 4.04830F~-29
SP 8% 8.5036ix-34 Co111 1.5¢271€-92 cs137 1. 228545 -02 TL2C8 5.0834J)g-15
Sk Se l.1817.-1 co112 1.07828F-)3 BAl34 6.995D0 15 -0 4 L2322 2.CSC95-C7
Y RS 1.319)52-J1 cbD1l1z2 7.2822(F-05 BAl136 6. 0910R8F )5 U234 4.BT45TE-04
Y <0 2.88357:-U5 CDl1s 1.75904€- 3 BAlZ7 €. £4329%-)3 L235 1.64"31Z-)2
Y 91 4. 25242230 CD115M 5.29438E-42 BA137TM 2.)2434F-)9 L236 1.18429F-02
IR 9y 5.18864:~-02 Col1le E.12E14E-04 BA1:28 24 04515C~-02 L238 5.708113-91
R 91 1. 656132=1 SN1le 1.61754£-34 LA129 2482413-91 ANP236 B.€7378E-10
Ik 9z 1.699552-)1 SNil7 €.2774SF-04 CEL14 2.78364%2-01 NF237 8.27592E-92
P 92 2.65432:-ul SN11s €.Q012CE-I4 CEl4l 1.316627-52 FL236 6.87045€—+-9
1k G4 1. BR7L,82 -1 SNLIS 8.74210EU4 CEL42 2.61F61F-01 PU227 1.€€7326-43
Ik 95 5.08821:-27 3N120 G. CES4EE-04 CEl44 2. 77391T-07 PU238 2.6TT356-02
JAN ] 1.89417:-01 3NL21M 3.1753¢€F-7 PR141 2. €I97T2~-v1 PU23s 7.55%0 ) -02
NR 95 £.878%1:-27 SN122 1.01358€-03 PRl44 1.17708%-11 PL240 1.28717E-22
MB 95M 3.5 147:-2) 5N123 €.280273%-11 PR144M 5. 85031F-14 Fu241 3.42898£-03
¥3 95 1.92667:=1 SN124 1.5185VE-53 NDl4z S.27157c-J4 PL242Z 1.C2876E-03
MG 9¢ T.820462-L4 3N126 2.8035¢E-33 ND1 43 3.115236-01 AM24] 4.09271E-02
MG 97 1.841843-21 58121 C.4228€2-04 ND144 2., €ST495-)1 A¥242 1.111925-11
MO Q& 1.85918:-u1 $8123 1.192528-03 ND1 45 1.72225F-u1 AM242M S. 30018 -C7
vni 0 2.02377=-01 SB8124 l.4¢€RZE-33 ND1l 46 1.39764E-31 BK243 1.90265E-05
Y€ 99 1.02260:-01 5R12¢ 4.19¢178-05 ND148 €.38465%-)2 CM242 2.25215%-09
FHL )y Ga 282945 ~u4 38126 1l.6663CF-11 AD150 2.23934F-y2 CM2413 5.562215-08
fUl)1 £.864372-32 SR126M 1.2¢6¢45E-12 PM147 1.22193E-u3 Cr244 9.05181c-27
FLLYZ T 76770 =42 T=122 1.3780TF~:5 FM14R E.EATNOF - 46 CM245 2.542425-C8
FUL1)3 4.2G9R855-144 TEL24 €. 4242€E~)E PML4RM T.41264T5-44 Crv246 1.13€52F-C9
RUL 0% Z.83520#-v2 TZ125 1.94£2ZE-02 SM147 7.12509%-02 Cr247 4.63352€-12
PLL Y6 2,28R22:-71 TE125W 5.T7404SE~17 SM148 1.22578F-)2 CM248 1.05791E-13
RE123 B.216223-04 Telz6 €.28C41F-0°% SM149 4.781l617-03




TABLE 2.9
1SOTOPIC CONTENT (Ci/gal) OF SLUDGE-SLURRY
FEED STREAM — 5 YEARS

N

187TOP: COUNCENTRATICN ISUTorF CCNCENTRATION 1SOTNoE CCNCENTRATION 1sUTOPE CCACEATRATION
H 3 1.647842-03 SN1le2 1. 1€ ZCEE-24 CElas €. 4G907E J0 U236 7.66034E-7
Cr 51 5.873123-2) 5N1 26 9.954585-16 PR143 7.88989F-38 u23e 1.518415-C7
Co 6 1.12613:-91 358124 4.T18232-11 PRl 44 6.4993)T 00 NF236 1.142645-11
SE 71¢ 8.€9955E-05 58125 5.57T€57€E-)1 PR144M 7. 79902802 MP237 5.83525E-4L6
R® 87 5. 6513989 S$Bl126 1.39364F-)6 NP1 44 3.169)2--13 PUZ2¢ 4.1511 TE-05
Sk A9 3434940308 58126M €. SE45SE-0¢ ND147 B8.36285z-48 Fu23rt 3.00922E-15
SF SV Z2.03679: 01 T2125¥ 1.31062¥-91 PM14T 1. 59260 11 Pu238 4.,95881F 01
v o 2007323 61 TE127 5.72125€-05 DMi 4B 4.58192F-14 PU23S 4,69324%-03
Y 91 6.18139=-07 TEL2TM €. E4(GSF-0F PM} 48M 6. 64359F-13 FU240 2.9524TE-03
1f S3 1.197392 -3 77129 1.44557€-15 SM147 1.25859F -6 pLZ4L 5. 54374E-01
IR 95 «€35343-C¢ TE126M 2.276T¢€E-1S5 SM148 3.73577%~15 PU242 3.52620E-06
NR 95 1.40922E05 112 £.26€65F-0¢ SM149 1.14868E-15 AN24] T.13468E-03
NR 9&M £.3)062:-48 CS8134 1.57282€-)1 SM151 1.55362F-71 AM242 S« 4111 4E-C6
TC Qs 1.73371:-03 €s1z¢ 2.7158(<-0¢ culs52 2.50452€-03 AM242M 9.45832E-06
RULO2 8.02813z-12 Cs13e 4.€4052F-43 EUL54 40114077 -0l AM243 3.89U73E-06
RUlY6 1. 04851% 1J cs13v 1.45Q09SF 20 EU155 3.25673F~)1 CM242 2.33999E-05
RELO3M 1.60720c~-11 BAlZEM 1. 4€4S€F~43 EUlse 3. 472295 ~35 Cv243 3.66097E-06
RH1 )6 1.(4851= v) BAL3TW 1.37264€ (O TBléu 7.37471¥ 10 CM244 1.07355€ G4
prINT €. JLE406Z-1)6 34140 1.72201€-41 TL2J8 T.00123c~07 CM245 4,37590E~-C9
AGl1u 8.37811:5-03 L Al40 z.8511CE~40 uz222 3.396785~06 Cr246 3.49609€-10
Chllom €.067452-13 CElal 2.36612F-14 ‘U234 3.0442T7E~y6 CM2647 4,281TTE-16
SN121M 2.15871:-05 CEl42 €. 2EE54E-0¢ u23s 3. 54499€E~-)8 Cr248 4.48806E-16

TOTAL ACTIVITY 7.70 01 Ci/gal TOTAL HEAT GENERATION, watts/gal
Primary 2.21-01
Gamma  1.62-02
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TABLE 2.10
ISOTOPIC CONTENT (Ci/gal) OF SLUDGE-SLURRY
FEED STREAM — 15 YEARS

1SOT(PE CONCENTRATION ISOTUFE CUNCENTRATICN I1SCTGPF CCNCENTRATION ISCTOPE CCNCEATRATION
H 3 €. 363091 4 SN121M 1. E7SISE-u ¢ PR144 8.847055-04 NF226 1.142575-11
€0 60 3.02231:-02 3N123 £.28427E-]12 PR144M 1. 36163 -05 NF237 5.83523F-06
<E TI¢ £.€6859% ~-5 SN126 9.95450E-06 NDl44 3.19313-13 PUZ2¢ 32, €4C84E-C6
rRB 87 5.951393-G9 SB1lc4 2. S€T1ZE-25 PM14T 1.13358F J0 . FU237 2.41115E-39
SP 89 2.40173:-29 $B125 4.40244F-02 PM148 1. y927IE -4 pL238 4.58217¢-01
Sk St 1.568107 )1 SB126 1.39362€-06 PML4B W 1.584368-39 PL213S 4.€5189-03
Y 9 1.56851: Jl SBlzom C.5E452E-0¢ SM147 1. 62146€-09 FU240 2.94935E-03
Y 91 1.7%6684:-25 TEi25h 1.03468F-)2 Sm148 2.7CSTTE-15 PL241 3.45953£ -C1
P 93 1.19738:z-93 =127 4,6TS92€E-15 SM149 1.148685-15 FU242 2.52615E-0¢
IR 95 1.06377:-22 TT127M 4. 11T7ETE-15 SM1€1 1. 44196%-01 AP24]1 1.475)75-02
NR 95 2. 3G439E-22 TZ129 1.73598E-48 EU152 1.468955-93 AM242 8.55159€-06
NB QEM 1.357332-24 TElzoM 2. T4C4¢€E-48 EUl54 1.83653F-01 © Bw242M 9.03668E-06
TC 9¢ 1.73366:-03 1129 E.2E¢€ESF-06 EUlES T. 6TTO6E-D2 Ap243 3.79716Z =06
RU113 1. 277802 =35 CS134 C.43714E-03 TR1€)D 4.5T169E-25 CM242 T.45T94E-0¢
FuUlde 1.098672-03 €S13¢ ‘e T1ETS=-0¢ TL208 l. 45685 -06 (r243 2.87058E-06
FH1J3M 2.7583¢:-33 CS137 1.15254F 90 u222 4.4G329F-)6 CM24&4 1. 221458 -05
RH1NG 1.098072-u12 3A137M 1.0S93CFE 20 U234 3.34418%-06 Cr245 4.3T7€22E-CS
PL107 €.04645E-06 CZ141 2.75061F-48 U235 3. 54499 -08 Cr246 3.49997€E-19
AGl1le 3. 631165 ~u7 CEl4z 6.28694F-09 U236 T.66034%-y7 CM247 4.2577TTE-16
CC1154 1.348198=-237 CZ1l44 €. E4ETAE-04 U238 1. 91841507 (V248 4 .48805E-16

TOTAL ACTIVITY 361 01 Ci/gal TOTAL HEAT GENERATION, watts/gal
Primary 1.23-01
Gamma 5.88-03




TABLE 2.11

Percent of Radionuclides in Gravity—Settled In-Tank Sludge?

Group Ident. Radionuclides % o
I \ Cs-Ba 6.8
11 Tc, Ru-Rh 52.8
III Ag, Cd, I, Cr, Se, 94.2
Pd, Te, T1
v La, Ce-Pr, Pm, N4, 97.8
Sm, Sn-Sb, Tb
\Y Sr-Y, Rb, Mo 98.6
VI U, Pu, Am, Cm, Np, 98,7

Co, Zr-Nb, Eu

a. See Appendix 13.9.

TABLE 2.12

Representative Elemental Composition of SRP Reference Sludge

Element Wt % Element Wt %
Fe 20.1 Na 2.50
Al 11.9 Si 0.26
Mn 4.792 NO3~ 0.83
U 2.28 - 5042~ 0.42
Ca 1.53 Cl 0.75
Ni 2.80 F 0.058
Hg 1.13 1.31

a. Includes the manganese used during digestion of the
sodium oxalate generated during tank cleaning.
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TABLE 2.13 @

Viscosity of SRP Sludge

Condition n, cp Temp, °C
Sample from Tank 12H Settling Tests 10 25
Sample from Tank 12H, Centrifuged and 70 25

Mixed with Equal Volume Supernate4

Sample from Bottom of Tank 14H, Centrifuged i5 -
and Mixed with Equal Volume Supernated '

TABLE 2.14

Concentration of Major Chemical Components
in Reference SRP Supernate

Component Molarity

NaOH 0.75
NaNO3 2.2
NaNO»y 1.1
NaAlOj 0.5
NapCO3 0.3
NaSO4 0.3
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3. PRODUéT DESCRIPTION

3.1 Glass

The purpose of this section 1is to describe the composition
and properties of SRP high level waste glass. As currently
planned, the waste glass product will be produced by melting
composite dried sludge and glass frit in a Joule-heated ceramic
melter. The molten glass will be poured into a 2 x 10 ft can-
ister. This section addresses only the properties of the vitri-
fied product and not those of the entire package. The subjects
discussed herein are glass composition and general properties,
sulfate phase separation, thermal stability, leachability, and
radiation stability.

3.1.1 Composition and General Properties

3.1.1.1 Chemical Composition (M. J. Plodinec)

Table 3.1 lists the major components in the glass waste form
based on a composite feed. The composition of the reference glass
frit, Frit 131, is listed in Table 3.2.

3.1.1.2 Radionuclide Composition (J. R. Chandler)

The isotopic content and total heat generation rate for the
reference waste glass are tabulated in Tables 3.3 and 3.4. The
effect of storage period is shown in Figures 3.1 and 3.2. Based
on 3260 lbs of waste glass per reference canister, the total
activity and heat generation per canister are 1.84 x 10° Ci and
541 watts for 5-year aged waste and 1.04 x 10° Ci and 310 watts
for 15-year aged waste.

3.1.1.3 Physical Properties (M. J. Plodinec)

3.1.1.3.1 Solidified Glass

Several important physical properties of the solid glass
waste form are compiled in Table 3.5. For most of these, no
experimental value has been determined for glasses containing
SRP waste. Thus, reasonable values for similar systems reported
in the literature have been included. Mechanical properties of
glass have been reviewed in Reference 2.
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3.1.1.3.2- Models of Physical Properties of SRP waste Glass?

Models were developed to enable prediction of the thermal
conductivity, specific heat, density, coefficient of expansion,
refractive index, and viscosity of SRP waste glass as functioms
temperature. Physical properties for the reference glass product
of containing composite sludge are summarized in this sectionm.
Details of the development of these models are summarized in
Appendix 13.5.

Thermal Conductivity

The calculated effective thermal conductivity, as a function
of temperature, is shown in Table 3.6.

Heat Capacity

Table 3.7 summarizes the calculated mean and true heat capac-
ity of glass containing calcined composite sludge as a function of
temperature.

Densitz

The calculated density of glass containing calcined composite
sludge as a function of temperature is summarized in Table 3.8.
The strain point temperature is defined as the temperature at
which the viscosity of glass is about 3.2 x 108 poises.

Coefficient of Expansion

The coefficient of expansion (Bp) calculated for composite
glass containing 27.5 wt % sludge at 20°C to 90°C is 2.54 x 1072 1/°C.
The coefficient of expansion increases slowly and is nearly con-
stant from 25°C to just below the strain point temperature (596°C).
A rapid and large increase in the coefficient occurs, starting
just below the strain point temperature. The calculated mean
cubic expansion coefficient from above the strain point temper-
ature to the melting temperature is 7.62 x 1075 1/°C.

a. Data reported in this section and in Tables 3.6, 3.7, 3.8, and
3.9 were calculated based on Frit 21. Physical properties
will be recalculated using the revised waste glass composition
containing Frit 131. g
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Refractive Index

The refractive index (np) calculated for composite glass
containing 27.5 wt % sludge with Frit No. 21 is 1.585 at 25°C.
Changes in the refractive index of glass caused by temperature,
are small up to the annealing point (temperature at which the
viscosity is about 1013 poises) of the glass.

Viscosity

The viscosity (n) calculated for composite glass containing
25 wt % sludge in Frit No. 21 is tabulated in Table 3.9 over a
temperature range of 850°C to 1225°C.

3.1.1.4 Microstructure (M. J. Plodinec)

The vitrified product will contain several phases. The
amount of each phase will vary with sludge type, but all will
probably be present to some extent.

e The glassy phase is the most important and present by far in

the largest amount. This phase acts as the host matrix for the

other phases and will determine most of the properties of the
final waste form.

e Often nepheline (NaAlSiO;) or other alkali aluminosilicate
phases will be present, especially for sludges high in alumi-
num. These phases result from devitrification of glasses and
are easily formed. This may reduce the impact strength of the
glass and make it more leachable.

e Also present will be insoluble metal oxides of the formula
MN,04 where M is a bivalent cation (such as FeZ*, Mn2*, Nil*)
and N is a trivalent one (such as Fe3*, Mn3*). These mate-
rials, called spinels, are of limited solubility in the glassy
phase and will probably concentrate toward the bottom of the
canister [5,6]). Spinels are usually less leachable than the
glassy phase, but can cause the glass to crack if subjected to
severe thermal gradients. As the aluminum content of the
sludge increases the amount of spinel crystals decreases.

e One other phase may be present as well. RuO, has limited
solubility in borosilicate glasses and may form microcrystals

in the product [5]. The presence or absence of this phase will

"be determined mainly by the homogeneity of the feed to the
glass melter [7].
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3.1.2 Thermal Stability (M. J. Plodinec)

In this section, the thermal stability of the glass waste form
is described. Varied thermzl treatments can cause devitrification
and/or thermal shock. The influence of both on the integrity of
the reference glass waste form are considered. In addition, the
affects of varied waste composition in the glass form on devitrifi-
cation are described. It is important to recognize that there has
been no waste glass form quality criteria established by the NRC at
this time. Consequently, the significance of devitrification and
thermal shock cannot be properly evaluated.

3.1.2.1 Devitrification

During cooling of glass melts below the liquidus,* crystals
may form depending on the composition of sludge mixed with the
glass frit and the rate of cooldown. This process of crystal for-
mation is called devitrification. The presence of these crystals
can alter the glass waste form's chemical [8) and mechanical be-
havior and consequently have an impact on the integrity of the
glass waste form. The crystalline phase will likely have a higher
leachability than the original glass [9-11]. Also, the residual
glass phase, through removal of a network former by crystalliza-
tion, will result in a glass waste form that is mechanically weaker
and consequently subject to more extensive fracture in the event of
a mechanical accident {11,12}.

The rate of devitrification will depend on the composition of
the sludge mixed with glass frit. Previous studies have shown that
sludges high in aluminum devitrify more quickly but the presence of
uranium and nickel inhibits devitrification [13,14]. Table 3.10
summarizes the temperature at which maximum devitrification occurs
in glass samples containing a variety of single major sludge com-
ponents [14].

Nepheline (NaAlSiO4) and other alkali aluminosilicates are
always expected to be present [l4]. For sludges high in iron, the
spinel phase (insoluble metal oxides of the formula MN9O,;, where
M 1is a bivalent cation and N is a trivalent cation) will always
form in the melt [15]. To minimize the formation of either phase,
blending the "high aluminum" sludges (the basis for calculating
the composite feed) is advantageous in that the aluminum appar~
ently hinders formation of the spinel phase and the iron reduces
the rate of nepheline formarion.

* The lowest temperature at which no crystals exist.
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Minimizing the length of time that the waste glass form 1s 1in
the temperature range of 500°C to 900°C will minimize devitrifica-
tion. At temperatures near the melting temperature the viscosity
of the glass 1s so low and the solubility of most crystalline
material is so high that no crystal formation or growth occurs
(spinels formed during melting, however, will still be present).
At about 900°C however, the rate of solution of crystals has
decreased so much that devitrification may begin [15]. As the
glass 1s cooled below 900°C, the rate of devitrification increases
to a maximum between 550 and 900°C. Further cooling results in
viscosities too high for effective material transport and conse-
quently a decrease in the rate of devitrification results. During
interim and terminal storage, the rate of devitrification will be
extremely low and can be ignored.

3.1.2.2 Thermal Shock

The maximum temperature gradient the waste glass form can
withstand without fracturing from thermal shock is about 100°C.
This estimate is based on a formula derived by Everett [16].

ATmax = M
aoE
where P = tensile strength
E = Young's modulus
S = Poisson's ratio
a = Thermal expansion coefficient

During the presently expected cooldown rate, thermal shock
will effect a tenfold increase in surface area of the glass.
Stresses may occur during cooling at the glass-filled canister
interface; however, this is not expected to be a problem. Even if
the stress in the canister reaches the yield point, the canister
would compensate by yielding since it is a malleable material.

3.1.3 Leachability (M. J. Plodinec)

Leachability is one of the parameters that is used to evalu~
ate the integrity of a particular waste form. It is usually
expressed as the quantity of waste form that dissolves per unit
area into a surrounding medium per unit time (g/cm?-day). By
assuming that radionuclides are uniformly distributed throughout
the waste form, leachability data allow calculation of the quan-
tity of radionuclides that could be released into the surrounding
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medium over a period of time. To date, no criteria for leach-
ability of waste glass has been established by any governmental
agency. However, leachabilities of most vitreous products are

1072 to 10'7 g/cmz—day and these values are used as a guideline

to determine acceptable leach resistance of a waste form [17].

The glass used in the leachability tests described in the following
two sections utilized either Frit 18 or 21, neither at which 1is

the current reference frit.

3.1.3.1 Leachability of Glass Containing Simulated Sludge

Extensive laboratory investigations have been conducted at
SRL to evaluate the effect of simulated SRP sludge components on
the distilled water leachability of borosilicate glass [17,18].
The majority of these tests utilized glass frit 18.

Figure 3.3 summarizes that portion of data where Frit 21 was
used [18]. Glass samples containing U308, NiO, MnOj, or Ca0 all
had higher leachabilities than glass without these components. At
low concentrations, Fep03 and Al703 increased leachability but at
higher concentrations (about 12 wt %), the leachability of glasses
containing Fep03 and Al703 was comparable to that of Frit
2] alone. The substitution of 4 wt % LiO7 (to 1 the lower
viscosity) for Naj0O had no effect on leachability of the glass.

Brine leaching of glass containing simulated waste is also
being studied to evaluate the durability of the glasses under
possible salt bed storage conditioms. Leaching at 20-25°C and
90°C has been studied thus far.

Glass containing Cs-137 tracer was leached for 67 days in
brine at ambient temperatures. The cumulative leachabilities
clearly differ with glass composition as shown in Figure 3.4. The
glasses made with high Fe sludge leached more rapidly than those
made with high Al sludge. Glasses containing composite sludge
with an intermediate composition have intermediate leachabilities.

Glass leach rates in 90°C brine decrease with time as do
those for room temperature tests. The leachabilities are, how-
ever, a factor of approximately 5 greater at 90°C. Testing at
90°C also revealed that distilled water is a more severe leachant
than brine.
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3.1.3.2 Leachability of Glass Containing Actual Sludge

Leach rate data are shown in Tables 3.11, 3.12, and 3.13.
Tests of the effect of pH on leaching were begun and have con-
tinued >200 days. Cumulative fractions leached based on Sr-90
analysis are shown in Figures 3.5 and 3.6 of this report. 1In
pH = 4 buffer, the leach rate increased after about 50 days,
the whereas in the other solutions the leach rate remained nearly
constant. The increased leaching may be caused by the acetate ion
in the pH = 4 buffer rather than an actual pH effect [1]. Cs-137
and Pu activity in the buffered solutions are being measured to
determine glass leaching based on these isotopes.

3.1.4 Sulfate Phase Separation (J. R. Wiley)

Sulfate is the only constituent of SRP waste which is present
in significant amounts that is not compatible with borosilicate
glass. 1If the sulfate solubility limit (about 1 wt %) is exceeded,
alkali metal sulfates segregate into a separate phase on the sur-
face of the glass during melting. This is undesirable because the
sulfate phase 1s water-soluble and rich in radiocactive cesium.

Laboratory tests included measurement of the solubility of
sulfates in glass made with simulated sludge in Frit 21 [17,20].
Solubilities ranged to 1.25 wt % for Na,S0, in Frit 21. For glass
loaded with 35 wt % sludge, the sulfate level in the sludge itself
could be about 2.8 wt % before a sulfate phase would segregate.
Typical, washed, SRP sludges contain only about 0.5 wt % sulfate
[19].

Washed sludges from seven SRP tanks were successfully incor-
porated with Frit No. 21 glass without sulfate segregation [20,21].

3.1.5 Radiation Stability (N. E. Bibler)

During long term storage, the glass waste form will be con-
tinuously irradiated by beta-gamma emissions from fission products
and by alpha emissions from transuranic nuclides. Properties of
the glass that may potentially be affected by these radiatioms are
leachability, stored energy, density and microstructure. The
accumulation of helium in the glass from neutralization of alpha
particles 1s of additional concern in that helium accumulation in
the glass network may cause stresses and/or diffused helium may
result-in pressure buildup in the canister freeboard.

_3.7..




The estimated dose received during long-term storage (2 z 103
years) 1s calculated to be 4.8 x 1010 rads from beta~gamma and
7.4 x 1010 rads from alpha radiation. Results of radiolysis
studies with Co-60 gamma, Cm-244 alpha, and Pu~238 alpha radia-
tions on glass and simulated wastes indicate that these radiationms
will have minimal and insignificant effects on the leachability
and stored energy of the glass.

The maximum expansion of glass during storage 1s expected to
be less than 1.0% due to alpha irradiation. Tests have not been
performed to determine if beta and gamma radiation will cause
positive expansion of the glass. However, ac identical doses, the
effect of beta-gamma irradiation would be less than that due to
alpha emissions.

After 2 x 105 years storage, agproximately 0.09 cm3 He (STP)
will have been produced for each ecm” of glass. Assuming the helium
diffuses through the glass, the gas pressure in the free volume of
the canister could be about 6 psi assuming a 207% freeboard.

A more detailed summary of the specific effects of radiation
on glass is in Appendix 13.6.

3.1.6 Canister Specifications (J. P. Howell, W. N. Rankin)

3.1.6.1 Reference Requirements

Regulatory requirements for the permanent storage of defense-
generated waste have not been established. The DW glassform will
be stored on-site in an interim storage facilirty.

Even though provisions are being made for long-term storage
on-site, the design of the canister should not preclude the
possibility of its shipment to a geologic repository at a later
date,

Several draft documents are being written as criteria for
Commercial Nuclear Waste. Among these documents are: "Interim
Waste Package Performance and Acceptance Criteria," ONWI-33(4),
"Rockwell Hanford Operations Commercial Waste and Spent Fuel
Packaging Program Package Design Criteria, RHO~CD-772, "Interim
Report: Commercial Waste Packaging Studies,' RHO-ST-10. These
documents along with "The Cask Designers Guide,'" Federal Shipping
Regulations, CFR-Title 10-Part 71.42 NRC-NUREG 0274, "Determina-
tion of Performance Criteria for High-Level Solidified Nuclear
Waste," and NRC Regulatory Guide 7.6, "Stress Allowables for the
Design of Shipping Cask Containment Vessels," can be used for:
guidelines in the design of the container but should not be con-
strued as given regulations at this time.
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The package should be designed in accordance with the American
Society of Mechanical Engineers (ASME Boiler and Pressure Vessel
[BPV] Code, Division I, Section III, Class 3). Exceptions should
be obtained fecr pressue testing, x-ray inspection, and other sec-
tions of this code which placed undue and unnecessary restraints
on the design.

3.1.6.2 Canister

The reference design canister, shown in Figure 3.7 is made of
Tyvpe 304L stainless steel with a wall thickness of about 3/8 inch;
it weighs about 1100 pounds. Although 304L stainless steel is the
reference material at this time, the use of a refined grade of low
carbon steel such as calcium treated, ASTM-A516 (Grade 65-70)
(plate) and ASTM-A707 (flanges) should not be precluded.

The objectives of the canister are to provide:
e a form for solidifying the waste glass
e containment during Interim Storage
e a surface for decontamination
e a means for handling the glass form

The reversed dished head at the canister bottom allows the can-
ister to be set down on flat surfaces. The double flanged nozzle
atop the glass canister is intended to facilitate attachment to
the continuous glass melter for containment of molten glass vapors
and particulate contamination. The top flange is intended to be
the electrical grounding surface for the five inch resistance plug
weld which seals the throat opening and insures that the canister
1s leaktight from liquid entry during decontamination. The weld
must also be leaktight to prevent the escape of plutonium or other
radioactive particulate matter from the container into the canyon
or interim storage facility,

The entire canister surface finish should be specified as a
2B finish as defined by ASTM Specification A-480, "General Require-
ment for Flat Roll Stainless and Heat Resisting Steel Plate, Sheet,
and Strip Steel." This surface finish is necessary prior to heat-
ing to insure uniformity in decontaminating the container after
processing.
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3.1.6.3 Materials of Construction Compatibility (W. N. Rankin)

Type 304L stainless steel is the recommended canister alloy
for cast-.vitrified waste [22]. This recommendation is based on
long-term heating tests for up to 20,000 hours (2.3 years) at tem-—
peratures that bracket the temperature expected during interim
storage [25]. In these tests the lifetime of canisters of cast
vitrified waste stored in air was predicted. The thickness of
reactions observed between vitrified waste/canister alloy, and
canister alloy/environment similar to that expected during interim
storage was extrapolated to estimate the time required for
penetration of the reference design (3/8-inch thick) canister.

Data from tests up to 20,000 hours (2.3 years) indicate that
oxidation would penetrate a 3/8-inch-thick low carbon steel can-
ister in about 200 years of storage in a surface facility, and its
strength would be reduced in a much shorter period. A 3/8-inch-
thick canister of Type 304L stainless steel would not be pene-
trated for more than 8000 years in a surface facility.

Differences in canister lifetime, predicted from the data fro
these tests, are attributable to the difference in corrosion resis-
tance of the candidate alloys. Both Type 304L stainless steel and-
low carbon steel reacted similarly with vitrified waste. But, Type
304L stainless steel is much more resistant to atmospheric corro-
sion in a radiation field than low carbon steel. The lifetime of
canisters constructed from other compositions of austenitic stain-
less steels would be expected to be similar. Past experience indi-
cates that other compositions of austenitic stainless steels have
similar compatibility with molten vitrified waste, which is a much
more severe condition [27].

3.1.7 Heat Generation Rate and Temperature Profile

3.1.7.1 Heat Generation Rate (J. R. Chandler)

Tables 3.3 and 3.4 summarize the heat generation data for the
reference glass waste form. For 5 and 15 year aged waste feed,
the total heat generation rate in a glass-filled canister is 541
and 310 watts, respectively.

3.1.7.2 Temperature Profile (M. H. Tennant)

Heat transfer models were developed to predict glass tempera-
ture profiles during the glass melt pour, canister cooling, helium
leak testing and encapsulation [31]. Based on these models, the
following overall process characteristics were determined.
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Bases:2 Melt Temperature at Pour - 1150°C
Radiocactive Decay Heat - 1 kw/canister
Fill Rate - about 183 1b/hr (based on design capacity
of melter-2.2T/d)
‘Canister Glass Capacity at Fill - about 3260 lbs

e At the end of the fill period (about 17 hours), the maximum
glass temperature will remain in excess of 800°C. Figure 3.8
describes the temperature distribution of the glass at the end
of fill.

o Subsequently, 11-15 additional hours are required to reduce the
glass temperature to below the devitrification temperature
(about 500°C). Figure 3.9 shows the maximum glass centerline
temperature and the maximum canister surface temperature as a
function of elapsed time after fill for three cooling modes
(natural air convection, forced air convection and water
cooling).

o Helium leak testing and canister encapsulation processes will
raise the temperature of the glass near the canister surface
but will have little effect upon the glass centerline tempera-
ture as depicted in Figure 3.10. ’

e Equilibrium temperatures (radiocactive decay heat controlling)
will be 120°C glass centerline and 60°C at canister surface.
See Figure 3.1l for the temperature profile throughout the
canister at steady state.

Additional thermal analysis data for canister processing are
described in Reference 3l.

3.1.8 Regulatory Aspects of Solidified Glass (E. J. Hennelly)

Currently, there are no Federal regulations that specify the
required properties of solidified high-level waste and its con-
tainer. NRC has studies under way and expects to have preliminary
drafts of proposed regulations available for review and comment in
1979. Section 11 provides a broader view of regulatory matters
and indicates some of the items that may require measurement or
control in order to meet possible regulationms.

a. This analysis assumes a radionuclide heat generation rate of
1000 watts. Although this rate is no longer applicable
(Section 3.1.7.1), the temperature data in Figures 3.8 and 3.9
are still valid since the sensible heat content is controlling.
However, the temperature data in Figure 3.11 ("steady state")
are no longer applicable, being high by approximately 1.5.
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3.2 Saltcrete

3.2.1 Composition and General Properties

3.2.1.1 General

Following treatment by ion exchange resin to remove cesium,
strontium, and plutonium, the water-soluble portion of SRP waste
(supernate) will be solidified in concrete to reduce the leach-
ability of the salt. The concrete would then be buried in soil
trenches below the ground surface. The solidified product
(saltcrete) can be characterized by its chemical properties and
its residual radioactivity.

3.2.1.2 Chemical Properties (J. R. Wiley)

Chemical properties of saltcrete will be determined by its
major components (Table 3.14) [28]. *Many other ions are present
in trace concentrations [29]. Those which have been identified
include PO43', Cr042", and NH4*. Trace metals include Fe, Hg,
Ag, Pb, and U. Trace components do not contribute to chemical
behavior of the bulk salt. However, some are biological hazards.

3.2.1.3 Residual Radioactivity (J. R. Chandler)

The isotopic content and associated decay heat in 5 and 15
year saltcrete are tabulated in Tables 3.15 and 3.16.

3.2.2 Radiation Stability (N. E. Bibler)

During long-term storage, saltcrete will be continuously
irradiated from decay of the residual radionuclides. The only
significant effect of this irradiation will be to produce gases.
Because of the small yields of these gases and the small amounts
of radioactivity present, the amount of gases produced will be
insignificant.
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TABLE 3.1

Chemical Composition of Reference Glass Waste Form

Oxide Source*  Amount, wt %

Li,0 F 4.08

B,03 F 10.5

TiOg F 0.718

Ca0 F +5S 0.843

Na,0 F+5S 13.7

$i0p F+8 42,2

Fep03 s 11.8

Al503 s 2.38

MnOj S 3.39

U30g s 1.09

NiO S 1.45

Zeolite S 2.60

MgO F 1.43

Z2r0g F 0.357

Laj03 F 0.357

0 Solids F+8 3.03

NR Salt S 0.0984

Density" 2.37 g/ce @ 1100°C
2,5 g/cc @ 120°C

* F = Frit; S = composite

TABLE 3.2

sludge;

Chemical Composition of Glass Frit 131

8109
Naj0
TiOg
Bo30
Lig0
MgO
Zr0g
Laq03

wt %

57.
17.

1.
14,

. . .
W U O O v

5
2
0.
0
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TABLE 3.3
ISOTOPIC CONTENT (Ci/tb) OF WASTE GLASS — 5 YEARS

1 SCTIOPE CONCENTRATICGN 1SCTGPE CCNCENTRATICN ISOTOPE COCNCENTRATION 1S0T0PE CGNCENTRATION
CR 51 2.81671E-20 Sh1z6 4.788C4E-C¢ PR144 3.12610€ 00 uz238 9.233C8E-0¢&
Ca 60 5.43439E-02 SEL24 2426942E-11 PR144N 3.151245€~02 NP236 5.49941E-12
SE 19 4.316C8E-05 SB1&S 2.68227E-C1 ND144 1.52427€~13 NP237 2.80845E-0¢
RB 87 2.86411E~-09 SB126 £€.70327€-C7 ND147 4.02244E—-48 PL236 1.99990&-05
SR 89 1.61515€E~-08 SEL1Z6M 4.788C6E-CO PH14T 1.66028E 00 PU2317 1.44979E-15
SR 90 9.67TT21E 00 TEL25V £.28557€E~-(C2 PM148 2.20386E~-14 PU238 2.3885¢8€E-01
Y 90 9.67T973E 00 TEL127 2.74384E-C5 PH148M 3.195%0€~-13 PuU239 2.261C5¢€-03
¥y 91 2 .98080E~-07 TEL2TM 2.80127E~(5 SM147 6.053€66E-10 PU240 1.42241€-03
IR 93 5.76293€E-04 TEL29 €.53271SE-16 SM148 1.78244E-15 PU241 2.67080E-01
IR 95 3.14568E-06 TEL29M 1.09151€E-15 SM149 «525C4E-16 PL242 1.89152E~-0Q¢
NB 95 6.78244E-06 Csl24 1.09924E (C SK151 T.472715€-02 AM241 3.43384E-03
NB 95M 3.99501&E-00 Ccs13¢ 1.8S€CTE~(S EUls2 1.20540€-03 AM242 4.52941E-06
1C 99 7.80997€-04 CS1i3s 2.24324E-42 EUlS54 1.580(6E~-01 AM242M 4.55217E-06
RU103 3.61542E-12 csin 1.01410€ (1 EULSS 1.56743€-01 . AM24) 1.82925¢-0¢
RU106 4.72190E-01 EALIGM 1.03784€E~-42 EULS56 1.67113€-35 CM242 t.11177€E-05
RHLO3M 1.23793E-12 BAL3IN $.59333€E (O ¥B160 3.54716E-10 CN243 1.761S8E-0¢
RH106 4.72192E-01 BAL4C 1.20352E~-40 1L208 3.357115607 CH244 5.16650E-05
pClo7 2.89985E-06 LAL4O 1.37135€~-40 U232 1.634836-06 CM245 2.10759E-CS
AG110 4.01810€E~-03 CEl41 1.138C8E-14 L234 1 .46518€E-06 CM246 . 1.68263E~1C
CCLI5NM 2.90972E-13 CEl42 3.02396E-CS u23s 1.7C617E-08 CM247 2.06847E-16
SN121M 1.03832E-05 CElas 3.12558E (O U236 3.686E4E-CT CM248 2.16006E~1¢
SNn123 8.42735E-05 PRI4D 3.79456E-28
TOTAL ACTIVITY 5.64 01 Ci/ib HEAT GENERATION, watts/ib

Primary 1.17-01
Gamma 4.89-02




TABLE 3.4
ISOTOPIC CONTENT (Ci/ilb) OF WASTE GLASS — 15 YEARS

- §T'¢g -

153 T0PE CONCENTRA TICN 150TOPE CCNCEMNT RATICN ISOTOPE CONCENTRATION 1SOTOPE CONCENTRA TION
CO 60 1. 45364E-02 SN1 23 2.52730€-13 ND1A44 -« £3586E-13 NP237 2.80844E -06
SE 19 4.315626-05 SN1 26 4.76800E-06 PML1 AT S.45243E-01 PU236 1.75838E-06
RB 87 2.86411€-09 SB124 1.2350%€-2S PM] 48 5. 255T6E ~41 PU237 1.1616 4E~-39
SR 89 1.15817E-29 SB8125 2.11752E-02 PM148BM 7.62063E~40 pPUZ38 2. 20753 -01
SR 90 T. 561T4E 09 SB12¢6 6.70223E-07 $ML 4T T.79902E-10 PU239 2.26040€E-03
Y 90 7.56371¢ 00 $B8126M 4.78B02E-O¢ SM148 1. 78244E~15 FU240 1.42090E-03
Y 91 5.14453E-26 TEL25V £.96217E-03 SM149 5.525045-16 PU241 1.66669% -01
IR 93 5.76288E-04 TEL27 2. 24443€E-15 SM151 6.93570E-02 PU242 1.89150E-06
IR 95 5.14387E-23 TEL27M 2.29140E-15 EUl52 T7.9698TE-J4 AM24] 6.76243E-03
Ne 95 1.109J8E-22 T£129 8.3886€EE-49 EUl 54 8.83902E~02 AM242 4.32755E-06
NB 95M 6.5327T1E-25 TEL29M 1.22120F-4¢€ EUL5S 3. 69488E-02 AN242M 4.34925E-06
TC 99 T. 80973204 CS5134 3.80004E-02 TB8160 2.19894E-25 AM242 1. 82753k -06
RU123 6. 204822-40 ¢S135 1.8980¢E-D5 TL208 7.17880E-07 CM242 3.589426-06
PUL1 06 4. 94TB2E-04% €5137 8.05%512€ 00 uz222 2.16253E ~06 Cr243 1.38158E-06
RH103M 1.24218c-39 BAL3TM 7.62006€ 00 U234 1.46513E-96 CM244 3.52373-05
RH1 06 4 .94782€-04 CElsl 1. 61 €S52E-4E uz23s 1. 7061 TE-08 CM245 2.10627E-09
poLOT 2.89984£-06 CEl142 3.0239¢E-09 u23e 3. 68684E-)7 CM246 1.68N17E-10
AGl10 1.T4149€-07 CEl 44 4.25520E-94 U238 9.23308E-)8 CM247 2.0684TE-16
CO115M 6.46960E-38 PR144 4.25%32€E-04 NP236 S« 49907E-12 Cr248 2.16005E-16
SN121M S. 0382 6E-06 PRL 44 M 5.10632E-06

TOTAL ACTIVITY 3.20 01 Ci/tb HEAT GENERATION, watts/tb
Primary 6.70-02

Gamma 2.82-02




TABLE 3.5?

Physical Properties of Glass Waste Forms

Property Value Reference
Thermal Conductivity 0.55 pcu/hr-ft=-°C Table 3.6
at 100°C

Heat Capacity at 100°C 0.22 pcu/1b=-°C Table 3.7
Fractional Thermal 1.1 x 1072°K d
Expansion

Young's Modulus? 9 x 108 psi 1

Tensile Strength 9 x 103 1
Compressive Strength 1 x 103 psi 4
Poisson's RatioP 0.2 1

Density at 100°C 2.49 g/cc Table 3.8
Softening Point 500 to 550°C d

a. Young's modulus, or the modulus of elasticity, measures

the stiffness of the material, e.g., carbon steel 1is

about 30 x 106 psi.

Poisson's ratio can be thought of as the ratio of equa-
torial to axial strain, under an applied axial stress.

Experimentally determined. Range is 2.35 to 3.25.

Experimentally determined.
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TABLE 3.6

Calculated Effective Thermal Conductivity of the
Reference Glass Waste Form

. Keffs keff,
Temp, °C pcu/hr-ft-°C Temp, °C pcu/hr-£t=-°C

0 0.54 750 0.81
100 0.55 800 0.95
200 0.56 850 1.11
300 0.58 900 1.29
400 0.59 950 1.50
500 0.60 1000 1.73
600 0.61 | 1050 1.99
655 0.62 1100 2.26
700 0.69 1150 2.55

TABLE 3.7

Calculated True and Mean Heat Capacity of the
Reference Glass Waste Form

Heat Capacity, pcu/1b=°C
Temp, °C Cm(Mean)* Cp(True)

0 0.177 0.177
100 0.200 0.220
200 0.218 0.250
300 0.232 0.271
400 0.244 0.286
500 0.253 0.298
600 0.262 0.307
700 0.269 0.314
800 0.275 0.320
900 0.280 0.324

1000 0.285 0.328
1100 0.289 0.332
1200 0.292 0.334

* Reference temperature - 0°C.
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TABLE 3.8 @

Calculated Density of the Reference Glass Waste Form

Density, Density,

Temp., ‘C  gm/cc Temp., ‘C  gm/cc
25 2.495 700 2.440
100 2.490 800 2.421
200 2.484 800 2.403
300 2.478 1000 2.385
400 2.471 1100 2.367

- 500 2.465 1150 2.358
596 2.459% 1200 2.349
600 2.458 1300 2.330

* Density of glass at strain point temperature.

TABLE 3.9

Calculated Viscosity of the Reference Glass Waste Form

Temp., °C n, poise Temp., °C n, poise

850 - 1930 1050 92.6
875 1080 1075 74 .4
900 656 1100 61.0
925 425 1125 50.9
950 291 1150 43.0
975 208 1175 36.9
1000 154 1200 32.0
1025 118 1225 28.1
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TABLE 3.10

Effect of Sludge Components on Devitrification of Waste Glass [14]

Heated One Month at 600°C

Relative :
Component, Amount of Phase
wt % Tp,C Devitrification?d Formed
None 623 ) b
ca0 (1.2) 632 S b
Ni0 (2.4) 645 S b
U308 (5.5) c s b
MnOy (6.6) 608 S-M Mn30,9
Al,03 (21.1) = 576 XL NaAlSiOy
Feg03 (19.3) 620 L Fe30,d

a. S = Small; M = Moderate; L = Large; XL = Essentially
complete.

b. Too little to detect by x-ray diffraction.
c. None observed at T <850°C.

d. Though listed as C304 (C = Fe or Mn) they probably
contain Ti, Na, and Li, in a spinel structure.
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TABLE 3.1

Glass Leach Rates Based on Cs-~137

a Leach Rate (g/cmz—day)b
Glass Type 1 2 4 14 21 35 50 74 100 {days)
21-35-4.6 3.7-07° 8.8-07 7.5-08 6-08 3.1-08 9.5-08 7.7-08 1.5-08 1.0-07 9.4-09
21-35-5A 2.2-07 2.0-07 3.0-07 0-07 1.3-07 1.0-07 5.2-08 1.4-08 2.2-08 3.6~08
21-35-58 3.8-07 3.8-07 1.1-06 .1-07 2.9-06 - 1.8-07 4.1-08 1.8-08 6.5-09
21-35-13A 3.3-07 2.4-07 6.3-07 .1-07 1.5-07 3.0-06 1.1-07 - 1.5-08 3.5-08
21-35-138 2.9-07 1.4-07 2.7-07 .5-07 2.8-05 3.6-06 5.7-07 2.7-07 1.1-07 9.4-08
21-35-13cC 1.6-07 1.3-08 1.2-07 .2-07 1.2-07 2.4-04 2.7-06 7.2-08 3.1-08 3.2-08
21-35-15 3.8-07 2.6-07 3.5-07 .9-07 9.6-07 1.6-06 1.6-07 3.9-08 1.2-07 6.6-08
21-35-16 5.2-06 8.0-07 1.6-06 .0-07 6.2-07 9.5-06 4.8-07 1.7-07 4.2-07 2.1-07

a. Glass is designated by: Frit number - wt % sludge - SRP waste storage farm sludge source (Tank).

b. Leach rate = grams of waste form/cml-day.
c. Leach rates are given in exponential form, i.e., 3.7-07 = 3.7 x 1077,
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TABLE 3.12

Glass Leach Rates Based on Pu

Leach Rate (g/cmz—day)b

Glass Type® 1 7 % 7 1% 71 35 50 74 100 (days)
21-35-4.6 2.2-08°  2.9-07  5.2-07  1.5-08  4.4-09  1.4-08  4.8-09  4.8-09  2.1-09  1.9-09
21-35-5A 3.7-06 3.4-07  1.8-06  4.2-07  9.7-08  8.2-08  3.6-08  2.4-08  4.2-08  1.6-08
21-35-5B 7.8-07 2.8-07  4.0-07  7.7-07  9.6-08 - 1.9-07  4.0-08  1.9-08  1.5-08
21-35-13A 6.4-07 1.4-06  7.3-06  1.2-06  5.5-07 - 5.4-07 - 2.7-07  4.8-08
21-35-138 2.5-06 2.2-06 1.8-06  2.8-06  1.3-06  8.9-07  5.1-07  6.1-07  8.6-08  9.2-08
21-35-13¢C 3.5-07 - 3.1-07  1.9-07  2.0-07  8.5-07 1.5-07  1.1-07  3.2-09  9.2-09
21-35-15 3.6-06 1.4-06  6.4-07  7.3-07  7.8-07  6.9-07  5.9-07  3.7-07  2.6-07  4.6-08
21-35-16 1.2-06 3.5-07  5.0-07  1.9-07  1.4-07  2.5-07  9.0-08  9.2-08  7.4-08  1.2-08

a. Glass
b. Leach
c. Leach

'is designated by:
rate = grams of waste form/cmZ-day.
rates are given in exponential form, i.e., 2.2-08 = 2.2 x 1078,

Frit number - wt % sludge ~ SRP waste storage farm sludge source (Tank).
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TABLE 3.13

Glass Leach Rates Based on Sr-90

a Leach Rate ggjcmz—day)b
Glass Type 1 2 4 14 21 35 50 74 100 (days)
21-35-4.6 7.6-07° 2.8-07 1.2-07 6-08 1.7-08  8.6-09 5.5-09 5.4-09 3.5-09 1.0-08
21-35-5A 9.7-07 1.3-06 1.5-06 1-06 7.4-07 3.4-07 1.1-07 6.9-08  8.3-08 1.1-07
21-35-5B 8.2-07 1.7-06 1.4-06 8-06 1.3-06 - 1.9-07 7.2-08  4.3-08 1.6-07
21-35-13A 2.1-06 2.2-06 2.9-06 9-06 1.3-06  8.6-07  4.5-07 - 1.6-07 1.4-07
21-35-13B 2.7-07 4.0-07 1.7-06 6-06 9.1-07 6.7-07 3.5-07 3.3-07 2.1-07 2.2-07
21-35-13C 1.7-07 2.2-07 3.5-07 4-07 1.6-07 2.8-07  8.9-08 6.5-08  4.2-08 5.6-08
21-35-15 7.7-07 4.4-07 5.8-07 9-07  4.0-07 2.3-07 8.1-08 5.3-08 3.8-08 1.1-07
21-35-16 3.1-07 1.9-07 1.5-07 4-07 1.0-07 8.8-08 5.3-08 5.1-08  4.1-08  4.4-08

a. Glass is designated by: Frit number - wt % sludge - SRP waste storage farm sludge source (Tank).

b. Leach rate = grams of waste form/cmz—day.
c. Leach rates are given in exponential form, i.e., 7.6-07 = 7.6 x 1077,




TABLE 3.14

Major Chemical Constituents of Saltcrete

Compound wt %
NaNO3 5.89
NaNO, 2.10
NaOH 3.07
NaAlOj 1.29
NaoCO3 1.40
Na;80y 1.18
NaoCoOy .0169
NaCl .0419
NaF .00274
Na[HgO(OH)] .00837
Hp0 29.2
Cement 55.8
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TABLE 3.15
ISOTOPIC CONTENT (nCi/g) OF SALTCRETE? — 5 YEARS

ISOTOPE  CONCENTRATION 1SOTOPE  CCNCENTRATICN 1SOTOPE  CONCENTRATION ISOTOPE  CONCENTRATION
M3 €.346543 01 SN126 1.99701E-03 PRI44 b v21s 6.95S11E-07
CR 51 6.11867E~17 $8124 S 46534E-09 PR144M I U236 1.50939E-05
€O 60 <2.00000E-02 $8125 1.11872€ 32 ND144 6. 357396 -11 L238 3.83333E-(6
SE 79 9. 3THT2E-02 58126 2.79581E-04 NDL4T 1.67768€-45 NP236 2.28348E-10
RB 87 2.37934£-07 $8126M 1.55701€~03 PHL4T 3.20975E 01¢ NP237 1.16117€-04
SR 89 1.337962-09 TEL25M 1.36555E 02 PM148 9.19177e-12 PU236 9.23283e-C6
SR 90 5.37767-01°¢ TE127 5.9610 2F-02 PHL4BM 1.33278€-10 PU237 6.T3794E-16
Y 90 5.379J28-01¢ TEL2TM €.08577E-02 SM14T 2. 52488E-07 PU238 1.10919E-01
v 91 2.46923-08 TEL29 1.50616E-12 SM148 7.43413E-13 PU239 1.04390E-03
R 93 2.392902-02 TE129M 2.37217E-12 SM149 2.30439E-13 PU240 6.59680E~04
IR 95 b 1129 9.77107€-02 SM151 2. 116758 01 PU241 1.26046E 1
NB 95 b CS134 b EUL52 5.00512€E-02 PU242 8.78971E-07
NR 95M 1.65802E-06 CS135 7.56C9€EE-05 EUl 54 b Av241 1.42495E-01
TC 99 2.70189z 01€ CS136 1.3603CE—41 EV155 €.50833% 00 AM242 1. 88064E ~04
RU103 1. 49206E-07 CS137 2.67939€ 31¢ EUL 56 6.93890E-34 AM2420 1.89008E-04
RUL 06 1.94871E 04 BAL36M 4.3529€€~42 18160 1. 47945607 Ar243 7.59553EG5
RH1034 1. 493543 -07 BAL3TH 2.53469E )1¢ TL206 3.12841E-18 CM242 4.6162 % ~04
RHL 06 1.948712 04 BA140 5. 047B2E-40 TL207 4.64359E-08 CM243 7.316156-05
PD107 6.299272-03 LAL40 S.7196 1E~38 TL208 7. 245582 -04 CH244 2.14544E 03
AGL 10 b CE141 4.74673E-12 T1209 2.95168F-12 CM245 8.75294E-08
COL15M 6.32073E-10 CEl42 1.26122F-06 v232 6. T4560F ~05 Cr246 6.98671E-09
SN121M 4.330613-03 CE144% b u233 7.992845-)9 CM247 8. S8880E ~15
SN123 3.514865-G2 PR143 1. 58280E-35 U234 2.10680E-0% Cr248 8.96900E-15

a. The isotopic concentrations were computed by a computer madel which simulates the flow of isotopes through the reference process.
Unless otherwise noted, no credit was taken for decontamination by the ion exchange flowsheet except for cesium, plutonium, and
strontium.

b. Based on chemical analyses (see footnote c) the total contribution from these isotopes is <0.5 n Cijg.
c. These values were determined analytically after actual SRP waste supernate was clarified and treated by the reference ion exchange

process fsee ‘‘Reference Process for Disposal of SRP Waste Salt.” Internal memorandum, B. W. Benjamin—P. L. Roggenkamp to
8 WNirshak, November 16, 1979). Coancentrations computed by the computer model are documented in appendix 13.7.
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TABLE 3.16

ISOTOPIC CONTENT (nCi/g) OF SALTCRETE? — 15 YEARS

1 SGYOPE

ShN121M

CONCENTRAYION

1S0T0PE

CONCENTRAT JuN

3.60612E 01

<2.00000E-020

9.37572€E-02
2.37934E-07
9,.59367E-31
4.20208E-01°¢
4,293 186-01€
4.260160€6-27
2.39288F-02
b

b
2.71253€-2)
2.7T01 196 01f
2.56069t-35
2.04154E 0L
2.56323E-35
2.06196€ 01}
6.29927€-03

b
1.40539€-34
3.769666-03

SMh123
SKhL26
SBl24
sezs
setae
SBl2em
TEL25M
TEL27
TEL2TM
TE129
TEL29M
1129
€CS5134
Cs13s
csi3y
2A13TN
Ctial
CEl42
CEloea
PR14G
PR144M

t.0%408t- 1y
1.99699E~V3
S5.15LL58-27
8.83177€ 00
24 TYHT9E- 04
1.990996-03
1.07803E vl
4.87605€-12
4.97807Tk-12
1.61291k~-45
2.85529t-45
S.TT092€-02

b
T.90093t-35
2.12826E i€
2.ul333E QIF
71.52416k-40
l.201c3E-006

b

b

b

1SQTUPE

CUNCENTRATION

1SOT0PE

6.40575€E~11
2.28463E 00C
2.19205€-38
1.17844€-317
1.25283€-07
1.43413E~-13
2.30439E-13
2.89275E Ol
2.93561E-02

b
1.53421€ 00
S5.1712¢€~23
1.04528E-16
1.27675E~-07
L+54548E-03
L.34413€E-11
8.92189€E-0%5
1.30598E-08
4.00362E-04
6.95911E-07
1.51114E-05

u2is
NP236
NP237
PU236
PU23T
PU238
PUY239
PU240
Pu24al
PUZ42
AMZ241
AM242
AMZ242M
AMZ24)
CM242
CM24a3
CM244
CM245
CM246
CM247
CM248

CONCENTHATION

3.83333E-0¢
2.28334€-10
1.16648E-04
8.11777:-01
5.39863E-40
1.02446€-01
1.04360E-03
6.589R0E-04
T.741026-02
8.789€6E-01
2.80618E-01
1.79681E-04
1.80502€-04
71.58838E-05
1.49034E-04
5.73662E-05
L. 46315€~-03
8.74515€6-C¢
6.97646E-09
8.58880E~-15
8.969C0E-15

a. The isotopic concentrations were computed by a computer model which simulates the flow of isotopes through the reference process.
Unless otherwise noted, no credit was taken for decontamination by the ion exchange flowsheet except for cesium, plutonium, and

strantium.

b. Based on chemical analyses (see footnote c) the total contribution from these isotopes is <0.5 n Cijg.

c. These values were determined analytically after actual SRP waste supernate was clarified and treated by the reference ion exchange

process {see “Reference Process for Disposal of SRP Waste Salt.” Internal memorandum, B. W. Benjamin—P. L. Roggenkamp to

8. Mirshak, November 16, 1979). Concentrations computed by the computer model are documented in appendix 13.7.
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4, PROCESS DESCRIPTION

4.1 General (L. F. Landon)

High-level liquid wastes are separated into two fractions in
the 241-F and the 241-H waste tank storage facilities prior to
transfer to the DWPF. The first fraction, designated the super-
nate feed stream, is a blend of appropriately aged supernate and
redissolved salt cake. The other fraction, designated as the
sludge-slurry feed stream, is a blend of the in-tank settled
insolubles.

The aluminum content of the sludge~slurry is reduced by
caustic dissolution. Soluble salts are then separated from the
sludge by washing and centrifugation.

The insoluble solids fraction of the supernate feed stream
is separated by gravity settling and filtration. Cesium, pluto-
nium, and strontium are removed from the clarified supernate using
ion exchange resins. The clarified supernate is solidified in
concrete and buried in soil trenches.

Cesium and plutonium eluted from the ion exchange resin are
separated from the elutriant by fixation on zeolite. The zeolite
slurry, concentrated strontium .eluate, and washed sludge are dried
and melted with additives to form a borosilicate glass. The glass
is poured into stainless steel canisters where it hardens upon
cooling. Lids are welded on the canisters. Each canister is in-
spected, leak checked, decontaminated and shipped to an on-site
interim storage facility.

4.2 Facility Capacity (L. F.'Landon)

The facility is to be capable of processing waste at an
average attained rate of 9 gpm equlvalent feed on a reconstituted
basis. This rate is a 'good compromise between low cost and rapid
waste 1nventory reduction. Smaller, sl1ght1y lower—-cost plants
would requlre excessively long proces51ng ‘periods .and would be
unresponsive to the need ‘for. prompt -action on waste disposal.
Larger plants,: although process1ng ‘waste faster, ‘would be more
expensive and would "catch up'" with SRP waste generation after a
few years of operation, thereafter requiring inefficient operation
at a reduced rate and imposing an additional cost penalty. Addi-
tional information concerning the selection of the reference
capacity is detailed in DPST-78-582.

\ [N [
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4.3 Flow Diagram (L. F. Landon)

Figure 4.1 is a block flow diagram for the defense waste
processing facility.

4.4 TFlowsheets and Material Balances (G. W. Becker; J. R. Chandler,
L. F. Landon)

This section describes in detail the bases used to develop
flowsheets and material balances for each process module. Only
main process lines are illustrated and parallel operations are
combined into a single representative operation. Streams that are
inconsistent in terms of chemical makeup and solids content (such
as lab waste, stack condensate and sand filter condensate) were
considered in terms of total flow only. The material balances
were prepared using the Du Pont Engineering Department's Chemical
Process Evaluation System (CPES) computer program. Unless other-
wise specified, process streams are assumed to be at 38°C for
material balance purposes.

Table 4.1 was prepared to assist in locating flowsheet/
material balance information quickly. Listed are (1) the various
process modules which comprise the defense waste processing facil-
ity; (2) the flowsheet identification numbers, (3) the flowsheet
figure number, (4) the material balance identification numbers,
and (5) the material balance table number. The basis used to
develop each module's material balance is presented below. More
comprehensive discussions of each module are in Section 4.5.

4.4.1 Nonradioactive Constituents

4.4.1.1 Sludge and Supernate Feed Stream Preparation

The purpose of these operations is to feed the DWPF two feed
streams — a supernate stream and a sludge-slurry stream. The
flowsheet (FS-2) is shown in Figure 4.2, The material balance
(MB-2) is tabulated in Table 4.2. The material balance bases
assumed are:

e F~- and H-Area sludges and supernates are blended.

e Sludge is slurried and removed from storage tanks with recycle
water. The original compacted sludge volume is slurried with
a volume of water such that the resultant volume is twice the
original sludge volume. The sludge-slurry is then transferred
to aluminum dissolving.

e Redissolved salt cake and aged decanted supernate are removed
from storage tanks and sent to gravity settling. One gallon of
salt cake makes four gallons of supernate.

k AN
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e The detailed bases for the compositions and quantities used in
preparing these feed streams are detailed in Appendix 13.2.

e The equivalent of 130 1lb/hr recycle water is used to flush the

sludge-slurry transfer line. This is equivalent to a 9360 1lb
water flush following a transfer made every three days.

4.4.1.2 Aluminum Dissolution

The purpose of these facilities is to remove aluminum from
the sludge by boiling the sludge in a caustic solution. The
flowsheet (FS-3) is shown in Figure 4.3. The material balance
(MB-3) is tabulated in Table 4.3. The material balance bases
are:

o Sludge is in a water-sludge slurry produced by slurrying the
original settled volume of the sludge with a volume of water
such that the resultant volume is twice that of the original
sludge volume. :

e Sodium hydroxide is added to the sludge as a 50 wt % solution
so that there are 16 moles of added NaOH per mole of undis-
solved aluminum.

o The solution is adjusted to 5M NaOH at the beginning of the
batch.

e Forty-five percent of the water fed is boiled at total reflux
for at least 30 min. For material balance purposes, 75% of the
aluminum is assumed to be dissolved according to the reaction:

A1203-3H20

+ AHZO

X
(s) + 2NaOH(aq) 2NaAlO2

(aq)
x = 75%

e Gravity settler bottoms and waste sand/coal are blended in the
dissolver after aluminum dissolution is complete.

4.4.1.3 Sludge Washing

The purpose of this operation is to wash salts .from the sludge
in order to maintain sgray dryer feed (Figure 4.5) with 5% Na*,
<10% NO3™, and <3% SO04%~ on a dry weight bases. The flowsheet (FS-4)
is shown in Figure 4.4. The material balance (MB~4) is tabulated
in Table 4.4. The material balance bases are:
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e Washed sludge contains 2.0 wt % soluble salts on a dry weight
basis.

e Sludge is batch washed by dilution with water.

o Three centrifuge passes per batch of feed. The first pass is a
sludge dewatering step followed by two wash passes.

e Solids recovery - 98% in each centrifuge pass.

e Fill basket to 90% volume in first centrifuge pass.
e Skim to cake surface in each pass.

e Three (3.0) lbs Hp0/1lb solids in cake.

e Addition of spray water following the third centrifuge pass to
provide a washed sludge slurry containing 17 wt % total solids.

e Use an equal volume of spray water in each centrifuge pass.

e Use an equal volume of wash water plus spray water in each
centrifuge pass.

e Centrifuge bowl volume - 120 galloms.

4.4.1.4 Spray Drying and Vitrification

The purpose of spray drying is to convert the sludge slurry
feed into a powder for feed to the melter. The purpose of the
continuous joule-heated melter is to melt borosilicate glass frit
and dryer product into a homogeneous molten glass to be poured
into canisters. The flowsheet (FS-5) is shown in Figure 4.5. The
material balance (MB-5) is tabulated in Table 4.5. Bases used in
developing the material balance are:

e The spray nozzles are operated with four pounds of atomizing air
per gallon of dryer feed slurry.

e Total average filter blowback air is 85 SCFH.

e 65 1b of frit added/35 1b of solids and salt in spray dryer feed
(dry basis).

e Air inleakage rate assumed at 20 lb/hr.
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Entrained frit air has the same volume as frit.

2% free Hp0 in spray dryer product.

Glass melt temperature - 1150°C.

Of f-gas temperature - 350°C (at sintered metal filters).

For material balance purposes, the spray dryer/melter stoichiom-
etry is as follows: )

Hg(s) - He(v)

HgO(s) ~ Hg(v) * 1/2 0z,

Hg(OH)z(S) -~ HgO(g) *+ Hy0(y)

Cl™ + Na* -+ NaCl(y)

F~ + Na* - NaF(g)

2NaF (g) + HpO(y) —2— 2HF(y) + Nag0(y) x = 3.8%
217 + Hg(y) = Hgla(y)

Hglg(v) —=— Hg(y) *+ I2(v) x = 12 (@ 350°C)
2A1(0H)3 » Alz03. ) * 3HpO

2Fe(OH)3 = Fez03(.) + 3H20

NapCO3 - NagO(g) + COQ(V)

CaCO3 = CaO(g) *+ COz(,,

2Na,CjoH) 208Ny + 2203 - 20C02(.y + 4NO(y) + 12H20(y) + 4Nag0(s)
2Na* + 8042”7 - NazS04(

2NaNO3 ) - Nag0(g) + 2NO(v) *+ 3/2 Oz,

INaOH(yy = NepO(s) + BoOryy

2NaNOp () -= 'Nazots) + 2NO(y) '+ 1/2 02y

Ni(OH)g - NiO(s) + Hq0(v)

ZNaAlOz(g) — NagO(s) + Al203(s)

3U02(OH)2(S) - U308 + 3H20(y) + 1/2 02(v)

CoH1005(y + 602(,y = SH20(y) + 6COz(
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4.4,1.5 Off-Gas Treatment

The purpose of these facilities is to decontaminate gaseous
effluents such that they meet state and federal regulatioms.

The flowsheet (FS-6) is shown in Figure 4.6. The material
balance (MB-6) is shown in Table 4.6. Material balance bases are
as follows: '

£~

.4.1.5.1 Spray Dryer/Melter 0ff-Gas

e Temperature of vapor leaving spray dryer filters - 350°C.

e The ejector/venturi scrubber liquid cooled to 40°C vapor
temperature.

e Off-gas temperature reduced to 50°C in ejector/venturi.

e Water and mercury vapor concentrations in the vapor effluent
from the off-gas condensate tank and the secondary deep bed
filter are the saturation concentrations at the vapor

temperature.

® Mercury is separated as 100%Z mercury liquid.

e HF is totally soluble in the off-gas condensate.

e Hgl; vapor and the volatile species of cesium, technetium,
selenium, tellurium, rubidium, and molybdenum condense and
coalesce in the ejector/venturi to form submicron particu-
lates with a nominal diameter of 0.3 um.

e Washed deep bed filter lower spray — 2 gpm; upper spray - 40
gpm.

e Atomizing air to deep bed filter lower spray nozzle - 5 scfm/gpm.

® Secondary deep bed scrubber liquid cooled to a temperature such
that the vapor temperature is reduced to 10°C.

e Temperature of vapor feed to Ru adsorber - 10°C above its dew
point.

e Temperature of vapor feed to I, guard bed - 150°C.
e Temperature of vapor feed to exhauster - 50°C.

e Assumed DF's are as follows:

- 4.6 -



Solids

Vapors (particulates)
Spray Dryer Filters 1 103
E/V Scrubber 1 2.5
Deep Bed Filter (each) 20 on Ru 50

1 on others
Ru Adsorber (each) 100 on Ru 2

1 on others
I, Guard Bed 100 on I, 2

1 on others

4.4.1.5.2 Process Vessel Vent Systems

e Purge Rate - 50 scfm (inlet)/vessel
e Inlet Conditions - 35°C DB, 25.6°C WB
e Outlet Conditions - 35°C DB, 29.4°C WB

e Process Vessel Vent Filter DF - Particulates - 103
Volatiles - 1

e HEPA Filter DF - Particulates - 103
Volatiles - 1

e Preheater Capacity - raise temperature 10°C above dew point.

£~

.4.1.5.3 Canyon Air

e DB - 35°C
WB - 25.6°C

e Flow - 356,400 acfm

4.4.1.6 Mercury Recovery

Approximately 1.2 1b of metallic mercury will be condensed
each hour from the off-gas vapor stream and accumulate in the
off-gas condensate tank. The mercury will most likely be as a
sludge and will require further cleaning before it is of a purity
suitable for reuse in the separations process and/or storage. The
flowsheet (FS-6A) is shown in Figure 4.6A.
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The mercury that accumulates will be intermittently pumped
to a mercury receipt tank and subsequently pumped through a back-
washable filter to remove the majority of solids occluded to the
mercury. Periodically, the filter cake will be dislodged from the
filter and pumped to the off-gas condensate tank for recycle into
the process.

The filtered mercury, on a batch basis, will be pumped to
the top of a column containing 10% HNO3. The formed droplets will
fall by gravity through the acid and overflow a barometric leg to
an oxidizing tank. Particulates, not removed by the initial fil-
tration step, that are soluble will be removed from the mercury.
Periodically, the nitric acid will be pumped to the backwash hold
tank and replaced with fresh acid.

To remove contaminants such as iron and aluminum, the acid-
washed mercury will be air sparged at room temperature to oxidize
the contaminants. After sparging is complete, the mercury is
filtered through another backwashable filter to remove the formed
oxides. Final cleanup of the mercury is achieved by vacuum
distilling the mercury and bottling the condensed overheads.

4.4.1.7 Recycle Evaporation

The purpose of this operation is to (1) remove excess water
from dilute recycle streams to maintain the salt concentration in
the gravity settler feed at 30 wt Z, (2) to reduce supernate
processing equipment size, and (3) provide the first stage of
decontamination for process water. The flowsheet (FS~7) is shown
in Figure 4.7. The material balance (MB-7) is tabulated in
Table 4.7. Material balance bases are:

e Recycle concentrator bottoms are concentrated (to about 35 wt %
salt) so that the gravity settler feed contains 30 wt % salt
supernate,

e Recycle evaporator condensate is sent to the general purpose
evaporator for another stage of evaporation.

e HF in off-gas condensate reacts with excess NaOH in the recycle
evaporator feed tank to form soluble NaF.

e The ratio of the concentration of salt in the concentrate to
the concentration of salt in the condensate is 109.
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A fraction of the Hgl; collected in E/V and deep bed filter
scrubber liquid reacts in the Recycle Evaporator Feed Tank as
follows:

9

Hglz(s) + NaOH(pg) *  2NaI(pg) *+ Hg(OH)y. , x =8

4,4,1.8 Settling and Filtration

The purpose of this operation is to clarify the supernate

feed to ion exchange. The flowsheet (FS-8) is shown in Figure 4.8.
The material balance (MB-8) is tabulated by Table 4.8. Material
balance bases are:

Feed concentration ~ 30 wt % salt. Feed temperature = 40°C.

99% of the solids fed to the gravity settler (GS) are recovered
for recycle to sludge washing. 93 vol 7 of the GS feed is sent
to sand filtration and 7 vol % is recycled to sludge wash1ng
via the aluminum dissolver.

0.0005 gal of 8 wt.Z starch dispersion/gal GS feed Starch
follows the insoluble fraction.

Decanted supernate is cooled to £25°C before feeding to sand
filters.

Sand filter No. 1 removes 907 of its feed solids. Sand filter
feed consists of 1.15 gpm/ft2? supernate and 0.05 gpm/ft2
polyelectrolyte solution (IN NaOH and trace polyelectrolyte).

Sand filter No. 2 removes 80X of its feed solids. This unit's
feed also consists of 1.15 gpm/ft2 of filtrate and 0.05 gpm/ft2
of polyelectrolyte solution.

Each f11ter is backwashed with clarified supernate at a rate of
15 gpm/ft? for 5 min each day.

Used sand and ¢oal are rec&cléd via the aluminum dissolver.
Beds are assumed to be dumped every three months. Beds are
fluidized with 15 gpm/ft of 1IN NaOH for 10 min and are jetted
out, ’

For purposes of preparing a material balance, the following
filter bed details are assumed.

Bed
Density, No. 1 Filter No. 2 Filter Diameter,
1b/ft3 Height, in. Height, in, ft
Coal 85 8 3
Sand 100 24 18
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4.4.1.9 Cesium Ion Exchange

The purpose of this operation is to remove cesium and pluto-
nium from clarified supernate. There are two ion exchange columms,
in series, each containing 1525 gallons (50% voidage) of Duolite®
(Diamond Shamrock) ARC-359 resin. Each columm will have at least
75% freeboard above the resin for expansion during backwashing.

The flowsheet (FS$-9) is shown in Figure 4.9. The material balance
is tabulated in Table 4.9. Material balance bases are:

e Assumed resin stoichiometry is:

b moles
Na‘t/gal
Load: RNa + Cs* > RCs + Na* -
lst Rinse: NaOH(bound)————e-gNaOH(aq) : 0.002
Elution: NaOH (hound ) — NaOH(,q) 0.008
RNa + NH;OH —> RNH,; + NaOH 0.01
RCs + NH4OH —— RNH, + CsOH -
Regeneration: NaOH(gq)— NaOH(}pound) 0.01 ,
RNH; + NaOH ——3 RNa + NH,OH 0.01 6

e Note that bound sodium is different from sodium in the intersti-
tial liquid. . Displacement of interstitial liquids is assumed
to be by plug flow.

e Cesium and plutonium decontamination factors assumed for pre-
paring the material balance are 104 and 165, respectively.

e Resin capacity - 20 gal liquid feed/gal resin.

e The steps for a complete cycle are:

Time,

hr CV/hr* CV. Direction Stream
Load 12 1.67 20 Down Supernate
lst Rinse 3 1.67 5 Down Water
Elution 8.33 1.2 10 Up 2M NH4OH,

2M(NH ) 2CO03

2nd Rinse 2.5 1.2 3 Up Water
Regeneration 4.17 1.2 5 Up 2M NaOH
Standby 1

-

Total 31 @

% CV = column volume.




e Resin is replaced annually.

e Material balance rates are average rates based on the 3l-hour
cycle.

e Maximum temperature of feed streams to columns - 30°C.

4,4.1.10 Strontium Jon Exchange

The purpose of this operation is to remove strontium from
clarified supernate. The Sr ion exchange column contains 762
gallons (with 50% voidage) of Amberlite® (Rohm and Haas) IRC-718
resin. This column is provided with a freeboard allowing at least
a 75% expansion of the resin. The flowsheet (FS-10) is shown in
Figure 4.10. The material balance (MB~10) is tabulated in Table
4.10. Material balance bases are:

e Elution and regeneration take place simultaneously. Simplified
resin exchange reactions are,

Load: RzNa2 + Sr2+—-—) RZSr + 2Na+

Elution/Regeneration:

R,Sr + CZHQNZ(CHZCOO)ANaA——)_RzNaZ + CZHANZ(CHZCOO)ANaZSr

o The decontamination factor for both soluble and insoluble stron-
tium is 103.
® Resin capacity: 40 gal liquid feed/gal resin,

e The steps for a complete cycle are:

Time,
_ hr CV/hr* CV Direction Stream

Cs Column Effluent

Supernate 12 3.33 40 Down Supernate

lst Rinse o3 03,33 10 Down’ Water
lst Rinse " 0.45  3.33 1.5 Down Water
Elution/Regeneration 6 <1 6 Up - 0.01M Alk. EDTA

0.001M NaOH
2nd Rinse 3 1 3 Up Water
St andby 6.55
Total 31
- 4.11 -
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e The maximum temperature of feed streams to the column - 30°C.

e The eluate/regenerate effluent goes to the strontium concentra-
tor. The strontium concentrator produces a 1.0M alkaline EDTA
concentrate.

e Resin is replaced annually.

e The ratio of the concentration of salt in concentrate to the

concentration of salt in condensate is 10°,

4.4.1.11 Cesium Elutriant Recovery and Cesium Concentration

The purpose of these facilities is to remove ammonia  and
carbon dioxide from the eluate and to concentrate the cesium
eluate to a 2.0M NayCO3 + Cs2C03 solution. The flowsheet (FS-11)
is shown in Figure 4.11, The material balance (MB-11l) is tabu-
lated in Table 4.11. Material balance bases are:

e NH4OH and (NH4)9CO3 are decomposed and ‘the NaOH/CsOH in the
eluate is converted to NazC03/Cs7C03 in the steam stripper.

e Cooled (38°C) concentrate is 2M (NayCO3 + Cs2C03). Purge
condensate is sent to the recycle evaporator.

e Stripper condensate is at 6M NHj.
® All the NH3 in the spent regenerant along with some water

(0.2 1b H90/1b of NH3) is evolved to the cesium vent scrubber.
Other vent scrubber feeds are based on:

NH328  CO,@
Tank vents 1 2
Stripper vent 1 7
Vent Scrubber Off-gas 0.1 Net of (NH4)2CO3

a. As percent of feed.

e The vent scrubber bottoms contain 2M (NH4)2CO3 and is
recycled to the Cs concentration feed.

e Make-up CO7 is introduced into the cesium elutriant makeup
tank as a gas and ammonia as an 8M NH4O0H solutionm.

e DF for entrainment across the stripping section =~ 106.

e The ratio of the concentration of salt in concentrate to the
concentration of salt in purge condenser condensate is >10%.

o 99.95% of the NH3 entering-in the feed to the cesium concen-
trator is stripped as overhead products.
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e 0.05% of the NH3 entering in the feed to the cesium
concentrator is removed with the purge condensate. The purge
condenser will be run hot to ensure that NH3 flashes to the
vent scrubber.

e Stripper is assumed to operate at 100% efficiency.

4.4.1.12 Cesium Fixation on Zeolite

The purpose of these facilities is to remove the NajsCO3 from
the feed to spray drying and melting by fixation of Cs and Pu on

zeolite (Linde® AW-500 or Ionsiv IE-95). The flowsheet (FS-12) is

shown in Figure 4.12. The material balance (MB-12) is tabulated
on Table 4.12, Material balance bases are:

o There is one zeolite bed which is changed out every 60 days.
Other column size variables are zeolite bulk density (45.4
1b/£ft3) and design loading (50 gallons of Cs concentrate to
one gallon of zeolite). The column is 20 ft high and contains
a 1494-gallion zeolite bed (11 ft high). Column liquid holdup
(1969 gallons) is made up of freeboard and 50% bed voidage.

e Column operation consists of accumulating. concentrate for three
days and processing downflow at 1 5 gpm/ft . The column is
flushed (downflow at 1.5 gpm/ft ) with 2 bed volumes of water
(2988 gallons) of which 2648 gallons are retained and circu-
lated for cooling purposes. The effluent from the column
depleted in cesium by a factor averaging at least 100, is
recycled to the sand filter feed tank.

o Loaded beds are removed in a water slurry with a total volume

6 times the bed volume. Four bed volumes of water are decanted

and sent to recycle evaporation. The remaining 2-bed=-volume
zeolite~water slurry is sent to spray drying/melting.

e Fresh zeolite is introduced from cold feed in a 4-bed-volume
slurry. Water in excess of 2648 gallons is sent to recycle
evaporation.

o Between loading cycles, water is circulated through the bed to
maintain the zeolite at 50°C or less.

4,.4,1.13 Genefal-PurpoSe‘Evaporation

The purpose of this operation is to provide a final stage
of evaporation (decontamination) on miscellaneous. evaporator
condensate prior to purging to the enviromnment. The flowsheet
(Fs-13) is shown in Figure 4.13. The material balance (MB-13)
is tabulated in Table &4.13. Material balance base is:

e The weight ratioc of cooled bottoms to feed is 1 to 10.

e The ratio of the concentration of salt in the concentrate to
the concentration of salt in the condensate is 10°,
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4.4.1.14 Solidification of Product Salt Solution in Concrete

The purpose of these facilities 1is to solidify clarified
supernate from ion exchange in concrete and bury the concrete
in soil trenches. The flowsheet (FS-14) is shown in Figure 4.14.
The material balance (MB-14) is tabulated in Table 4.14. Bases
for developing the material balance are as follows:
o Descaling flow - 20% of evaporator vapor rate.
e Evaporator concentrate - 35 wt % salt.

® Rework return and flush constant at 240 1b/hr water and 40
lb/hr concrete.

e Concrete plant water flush constant at 14.8 lb/hr.

e Saltcrete composition = 29.2 wt % H90, 15.0 wt % salrt,
55.8 wt Z cement.

® Source of flush water is the Product Salt Evaporator condensate.-
The balance sent to the Recycle Water Tank.

4.4.1.15 Mechanical Cell A

Following sealing and leak checking of the canister, the can-
ister undergoes the first of two, two-step surface decontamination
processes (the second is carried out in Mechanical Cell B). The
canister is initially etched in a 3.5M HNO3 - 0.4M NaF solution.
Following rinsing, the canister is cleaned in an oxalic acid solu-
tion (100 g CoH904/L). These solutions are initially used in
Mechanical Cell B. Spent oxalic acid is digested prior to blend-
ing with the spent etching solution. The flowsheet (FS-15) is
shown in Figure 4.15. The material balance is tabulated in
Table 4.15. Bases used to develop the material balance are as
follows:

e Decontamination solutions are introduced as cold feeds in
Mechanical Cell B and reused in Mechanical Cell A.

o Etching agent - 3.5M HNO3 - 0.4M NaF at 350 gal/canister.
e Cleaning agent - 100 g/L CoH204; at 350 gal/canister.
e Rinsing agent - Hp0 at 100 gal/canister.

® Etch cycle - 1 hour.
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) Cleaniﬁg cycle = 1 hour.

e Etching rate - 0.3 mil SS/hour (assumed to be Fe).
Fe(g) + 4HNO3 - Fe(NO3)3(pg) *+ NO(y) + 2H20

e Canister surface area - 69 ft2,

e Etching solutions maintained at <50°C.

e Spent cleaning solution is digested in 1.0M HNO3 - 0.01M Mn(NO3),
at v95°C for 2 hours. Digestion reaction:

X =
3CoH;0, + 2HNO3 X 6C0, . + ZNO(y) * 4Hp0 x = 95%

e Spent etching solution is blended with the digested cleaning
solution and neutralized with 10%Z excess 50%Z NaOH. The follow-
ing reactions are assumed for material balance purposes.

DS)

HNO; + NaOH - NaNO3( + Hy0

DS)

Mn(N03)2 + 2NaOH + 1/4 0, - MnO-OH(y + 1/2 B,0 + 2NaN03(DS)

Fe(NO3)3 + 3NaOH - Fe(OH)3( y * 3NaN03(DS)
s

e 98%Z of the fluoride upon neutralization forms the soluble salt
of sodium and upon recycle to the Recycle Evaporator Feed Tank
remains soluble, ultimately being carried through ion exchange.
The remaining fluoride.is associated with the insoluble frac-
tion of the neutralized spent decontamination solutions and
ultimately will be part.of the feed to the spray dryer.

4.4.1.16 .Mechanical Cell B

The function;of this facility' is to ccarry out the second of
the two-step canister decontamination processes (See Section
4.4.1.15). The etching solution (3.5M HNO3 = 0.4M NaF) and the
cleaning solution (100 g/L CZH204)1are introduced into this cell as
cold feeds. The canister surface . 1s ‘to be decontaminated to <220
d/min/dm? alpha -and <2200 d/min/dm? beta-gamma before transfer
to Mechanical Cell C. :The flowsheet (FS-16) is shown in Figure
4.16. The material balance (MB-16) is tabulated in Table 4.16.
Bases used to develop the material balance are as follows:
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e Etching agent - 3.5M HNOj3 - 0.4M NaF at 350 gal/canister.
e Cleaning agent - 100 g/L CoHp04 at 350 gal/canister.

e Rinsing agent - H,0 at 100 gal/canister.

e Etch cycle - 1 hour.

e Cleaning cycle - 1 hour.

e Etching rate - 0.3 mil SS/hr (assumed to be Fe).

Fe(s) + 4HNO3 - Fe(NO3) + NO(V) + 2H20

3(ps)
e Canister surface area - 69 ft2.

e Etching solution maintained <50°C.

4.4.1.17 " Mechanical Cell C

The function of this facility is to (1) perform a contamina-
tion survey of the exterior surface of the canister, (2) make
temperature and radiation profile on the canister, and (3) perform
spot electropolishing if the contamination survey dictates. The
flowsheet (FS~17) is shown in Figure 4.17 and the material balance
(MB-17) is tabulated in Table 4.17.

4.4.2 Radionuclide Constituents (J. R. Chandler)

4.4.2.1 General

A model has been written and placed on SRL's IBM-360 computer
which calculates the concentration (and corresponding heat genera-

tion rates) in every process stream for >160 specific radionuclides.

Isotopic content of the two reference feed streams, glass product,
saltcrete product, and gaseous/aqueous effluents are tabulated in
Tables 2.3-2.10, 3.3-3.4, 3.15-3.16, and 8.2-8.10, respectively.
The concentration of a specific radionuclide in any process stream
may be obtained from the microfiches in Appendix 13.7.

4.4.2.2 Feed Stream Composition

The radionuclide composition of the two reference feed streams
to the DWPF (see Tables 2.3-2.10) were calculated from the 200 Area
waste blend (see Section 7). This waste blend is computed from a
knowledge of reactor operating parameters, 200 Area processing
rates and waste generating factors (Section 7). Using the radio-
nuclide composition of the waste blend, the radionuclide inventory

= 4.16 -
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is distributed between the supernate and sludge-slurry feed streams
based on the insoluble fraction of each stream and the distribu-
tion of each radionuclide between the supernate fraction of the
reference waste blend and the in-tank settled in-soluble fraction.
The resulting percent distribution of these radionuclides between
the reference feed streams, as well as between the soluble and
insoluble fractions of each stream, are tabulated in Table 4.18.

4.4,2.3 Curie Balance Bases

4.4.2.3.1 Aqueous Process Streams

e Soluble fraction of each isotope (exclusive of tritium) follows
the salt.

e Insoluble fraction of each isotope follows the insoluble solids.
e Tritium follows the water throughout the process.

e Behavior of isotopes during vitrification and off-gas treatment
is detailed in Section 4.5.6.3.

e Eight (8) percent of the iodine recycled from the off-gas con-
densate tank as unsoluble Hgl, is converted to soluble Nal.

e The radionuclides associated with the insoluble fraction in the

sludge-slurry feed stream remain with the solid fraction across
aluminum dissolving.

4.4.2,.3.2 Gaseous Process Streams

e Calciner 0ff-Gas Treatment

See Section 4.5.6.3.

e Process Vessel Vapdr SbaceIPurgel

Inlet Flow - 50 scfm (dry air) at 95°F dry bulb and 78°F wet bulb
Outlet Flow - 95°F dry ‘bulb, 85°F wet bulb

Entrainment ->10'9,ga1/ft3

e Canyon Air
Flow - 356,400 acfm (dry bulb - 95°F, wet bulb - 78°F)

Radionuclide Content - 2.25 times that calculated in the filtered
Process Vessel Vent System. This is based on measured contribu-
tion of the filtered process vessel vent system and canyon air
(unfiltered) system non-volatile beta radicactivity in the 221-F
and -H Area facilities over the period of 1/78 through 12/79.
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4,5 Process Details

4.5.1 Sludge and Supernate Feed Preparation

4.5.1.1 General

The purpose of these operations is to prepare two feed
streams - a supernate stream and a sludge-water slurry stream
for transfer to the DWPF. The generalized flowsheet, material
balance, and calculational bases were described in Section 4.4.1.1
and Appendix 13.2. The technical bases upon which waste removal
equipment and blending procedures were developed are outside the
scope of this document and will be presented in a separate basic
data report,

4.5.2 Aluminum Dissolution (C. T. Randall)

4.5.2.1 General

The purpose of this section is to present the process
details and technical data bases for reducing the aluminum content

of the sludge. Advantages of this process step are:

e The amount of glass required to contain SRP waste is reduced
by 20%.

® Glass melt viscosities are reduced for improved glass quality.

e Requirements for blending high-aluminum sludges with other
sludges are relaxed.

4.5.2.2 Process Description

Batches of 1:1 sludge slurry are adjusted to an OH./Al3+ molar
ratio* of 16 and an initial NaOH concentration of 5M. The slurry is
boiled at total reflux for a minimum of 30 minutes. The aluminum-
rich liquid phase and the aluminum depleted solid phase are
subsequently transferred to the sludge washing module (FS-4)
where solid phase separation and washing is performed. A flow-
sheet (FS-3) is shown in Figure 4.3 and the material balance
(MB-3) in Table 4.3.

4.5,2.3 Technical Data

This section summarizes experience and technology in
dissolving aluminum from SRP sludges. Initial investigation
concluded that boiling 5M NaOH removed >757% of the aluminum

* Moles of NaOH added per mole of undissolved aluminum.
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in washed, dried sludge from Tank 16. Subsequent studies that
used as-received (raw) sludge from Tanks 11, 15, and 21 showed
that 70-78% of the solid phase aluminum is removed from the high-
alumina sludges from Tanks 11 and 15, and 45-507% from the low-
alumina sludge from Tank 21.

The two crystalline forms of hydrated aluminum likely to
be found in SRP sludges are the trihydrate, gibbsite (A1(OH),),
and the monohydrate, boehmite (A1OOH). Freshly precipitated
aluminum in SRP sludges is an amorphous material that crystallizes
to gibbsite. Dissolution of the amorphous or gibbsite form is
rapid. The aluminum industry typically obtains 997 solubility
of gibbsite in 20-30 minutes using "3M caustic at 150°C.

In caustic mixtures, gibbsite begins converting to boehmite
at significant rates at about 140°C, a temperature that has
probably been reached in several SRP sludges. Boehmite is harder
to dissolve than gibbsite - dissolution temperatures around 230°C
are used industrially. Solubilities of gibbsite and boehmite
in caustic solutions are shown in Figures 4.18 and 4.19 [3].

Also plotted in Figure 4.18 are the compositions of six
aluminum-bearing supernate solutions that have been stable at
20°C for over 2 months. Synthetic gravity settler feed solutions
were spiked with A1(NO3)3, seeded with A1(OH)3 crystals, and
observed over a period of 2 months. No precipitation of gibbsite
occurred.  Apparently, other ioms in solution (Nat, NO3~, NO2~,
CO32', S04“7) increase the solubility of aluminum in caustic
solution and, in addition, dramatically reduce the effect of
temperature on solubility. This conclusion is supported by the
data of Barney.

SRL experience dissolving aluminum in actual SRP waste
sludges is summarized in Table 4.19. These results show that
a large fraction of the aluminum in SRP sludges can be removed
by boiling NaOH solution in 30 minutes to 1 hour.

For dissolution in 5M NaOH the final Al1/OH molar ratio in
the supernate was typically 0.04 (OH/Al ratio = 25). This is
well below the solubility line at T=100°C in Figure 4.18 and also
below the T=100°C line in Figure 4.19. "Therefore, it may be
possible to decrease the initial OH/Al ratio significantly and
still allow good aluminum removal. -

Table 4.20 shows how Al dissolution changes the composition
of Tank 15 sludge. . The percent of -each metal ion in the sludge
after Al dissolution is still well within the overall variation
of SRP sludges. Aluminum removal will therefore not create
any new problems associated with sludge composition. Tank 15
sludge, before Al removal, has a relatively high Al/Fe ratio,
but is otherwise typical of most SRP sludges.
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For convenience of operation the laboratory tests used 5 g
of dry sludge (or 5 mL of as-received sludge) and 100 mL of
caustic, although data in Figures 4.18 and 4.19 show that lower
caustic concentrations should be acceptable. Because they have
been demonstrated to give good aluminum dissolution, reaction
conditions chosen for preliminary process design are those that
yielded 76% dissolution of Tank 16 sludge (see Table 4.19):

OH/Al molar ratio = 16 to 1
[OHT] = 5M
Temperature = boiling (105°C)

Time = 30 minutes to an hour
No major incompatibilities with other parts "of the solidification
process have been identified as resulting from the additional NaOH.

Boiling caustic should be used for best aluminum recovery.
Higher temperatures would ensure removing essentially all aluminum
from SRP sludge. Lower temperatures would greatly slow the
dissolution rate and increase the chance that aluminum in the
boehmite form would not be adequately removed. Residence times
of 30 minutes to 1 hour in boiling caustic should be used.

Sludge bottoms from the gravity settlers and spent filter
media (sand and coal) from the sand filters are blended with
the dissolver bottoms (after aluminum dissolution is completed).
The volumes of sludge recycle and spent filter media added are
controlled to maintain a relatively uniform process feed comp051—
tion for sludge washing.
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4.5.3 Sludge Washing (D. W. Jones)
4.5.3.1 General

The objective of the sludge washing step is to remove most
of the soluble salt from the sludge waste prior to vitrification.
This 1is necessary in order to meet sulfate, sodium, and nitrate
salt concentration criteria for waste vitrification and to reduce
the volume of vitrified product. Without washing, the glass
volume and therefore the cost of product handling and storage
would be increased severalfold. Washing also removes caustic
and dissolved aluminum added to the sludge during aluminum dis-
solution.

The sludge waste is received from the aluminum dissolver and
batch washed with water in two parallel processing units. Each
unit contains- an agitated wash tank to mix the gelatinous sludge
solids and wash water, a solid-wall basket centrifuge to separate
the sludge and liquid phases after contacting, and a centrate tank
to hold the centrifuge liquid effluent. The centrifuge has
48-inch~diameter by 30-inch-high bowl with a 120-gallon fill
capacity and generates 1300 g's maximum separating force at 1400
rpm. :

A simple three-step dilution washing process is employed con-
sisting of an initial sludge dewatering step followed by two wash
steps. These operations reduce sludge salt content from 88% to 2%
on a dry weight basis. The 2% concentration is nearly optimum for
the process and is more than sufficient to meet individual product
specifications for sulfate, sodium, and nitrate salts in the washed
sludge. These specifications are <3%, 8042', <5% Na*, and <10%
NO3™ dry weight basis.® The final washed sludge is slurried
with water to produce a slurry containing 17 wt % total solids. The
design processing rate for the two sludge washing units is 85 1lb/hr
of insoluble solids, and about 40 pounds of wash water are used per
pound of solids washed.

4,5.3.2 Process Description

A process flow diagram is shown in Figure 4.4, material
balance data are listed in Table 4.4, and an estimated operating
cycle for the process is described below and in Table 4.21.

a. Bases for these limits are as follows:

e
SO4

Na* - Glass leachability

- See Section 3.1.4

NOS - Ruthenium volatility. L
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Sludge feed for the washing process is received batchwise
in the sludge feed tank from the aluminum dissolver at the end of
each dissolving cycle. This feed includes sludge bottoms from the
supernate gravity settlers and spent sand and coal from the sand
filters which are combined with the digested sludge in the dis-
solver in fixed proportions in order to maintain a uniform feed
composition for the washing process. This composition is moni-
tored by periodic sampling and analysis of sludge feed tank con-
tents for volume % solids and weight % solids, salt, and water.

Fixed volume batches of feed are pumped from the sludge feed
tank to the two wash tanks at the start of each batch washing
cycle. Batch volume is controlled so that the centrifuge bowl is
filled to 90% of capacity with sludge (108 gallons) during the
dewatering step. If this volume is exceeded, heavy overflow of
solids in the centrifuge effluent will result. Both the batch
volume and wash water addition are ad justed to compensate for
changes in feed composition.

The undiluted sludge feed is initially centrifuged in the
dewatering step to remove as much of the salt-rich liquid as
possible before washing. Use of the dewatering step before
washing minimizes water usage and is the most efficient processing
scheme. The centrifuge bowl is accelerated to full speed and the
bowl filled at a 30 gpm rate. A centrifuge feed rate of 5.0 gpm
is used during dewatering to meet the design basis of 987 solids
recovery for each centrifuge pass. The feed rate for the wash
steps is 12.0 gpm. A lower centrifuge throughput is necessary in
the dewatering step to compensate for lower solids separation due
to the smaller density difference between the sludge and liquid
phases.

The centrifuge effluent containing salt removed from the
sludge and the unrecovered sludge fines drains by gravity into the
centrate tank. At the end of each centrifuge cycle the centrate
is pumped to the centrate hold tank where centrate from both wash-
ing units is combined. The centrate is then transferred to the
recycle evaporation system for concentration by evaporation. The
evaporator bottoms containing the concentrated salt and sludge
fines are added to the plant supernate feed stream and fed to the
gravity settlers where the fines are agglomerated and removed from
the salt solution by gravity settling. The bottoms from the set-
tling units are then recycled to the aluminum dissolver.
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A constant centrifuge feed rate is maintained during dewater-
ing until the wash tank is empty. The centrifuge is then operated
at full speed (1400 rpm) for five minutes to further compact the
sludge cake. This step reduces cake volume by about 10%. A l-gpm
water feed must be maintained during the compaction spin to pre-
vent standing waves from forming on the pool surface in the bowl
which can cause bowl imbalance. The excess liquid left on the cake
surface after compaction is skimmed off, and the bowl is braked by
the drive motor to a speed of 50 rpm for sludge unloading. A
vertical knife~edged plow is then activated to scrape the sludge
from the bowl wall. The cake falls through the open bottom of the
centrifuge and through a chute into the wash tank below. Dis-
charge is assisted by high pressure water sprays which are
directed on the cake to help disperse the cake and clean the bowl.

An estimated operatlng cycle for the centrifuge is given in
Table 4.22.

During sludge compaction and discharge, wash water for the
first wash is added to the wash tank, and the sludge and water are
well mixed. During mixing, the salt ions diffuse rapidly from the
interstitial liquid in the sludge particles to the bulk liquid
phase. Concentration equilibrium is achieved within a matter of
minutes. After discharge is completed, the centrifuge bowl is
accelerated to full speed and the bowl is filled with the diluted
sludge from the wash tank at a 30 gpm rate. This rate is con-
trolled so that the bowl is filled to capacity (120 gallons)
between a speed of 400 rpm, the minimum speed needed to support
liquid in the bowl, and 1400 rpm. At full speed, the feed is
reduced to a 12 gpm rate, and this rate is maintained throughout
the feed step. When the wash tank is emptied, feed is stopped and
centrifuge spin, skim, deceleration, and discharge operations are
repeated to complete the first wash cycle.

Operating steps and timing for the second wash are very
similar to those in the first wash. However, an on-line measure-
ment of centrate conductivity i's made during the second wash to
determine whether the washed sludge batch meets the product speci-
fication of <2 dry wt %.salt.  If the conductivity reading indi-
cates less than 0.68 wt % salt in the centrate liquid on a solids
free basis, product specifications have been met and sludge washing
is complete. Otherwise, . additional washing will be necessary. The
washed sludge is discharged from:the centrifuge into the wash tank
and slurrled using only .the discharge spray water. The amount of
spray water is controlled to obtain 17 wt % total solids (insoluble
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plus dissolved solids) which is the maximum solids content for
satisfactory slurry transfer and storage. The same amount of
spray water is used in the dewatering and first wash steps. The
washed sludge is then transferred from the wash tank to the washed
sludge run tank where it is combined with slurry from the other
washing unit. The washed sludge in the run tank is sampled and
analyzed for wt % total solids, dry wt % salt, and dry wt %

8042’, Na*, and NO3™, and then transferred batchwise to the slurry
mix tank prior to spray drying and vitrification.

4.5.3.3 Dilution Model

Sludge washing studies show that washing follows a simple
dilution model described by the equation:

S
s = £ (1)

n <wf+m> (W+RI> <W+RI> ...<W+RI>
RI RI RI RI
d » 1 2 n

where

d = dewatering step

I = mass of insoluble solids in centrifuged sludge

n = number of washes
R = mass ratio of water to insoluble solids in centrifuged
sludge '

S¢ = mass of salt in unwashed sludge feed
Sp = mass of salt in washed sludge

W = mass of wash water and spray water added to centrifuged
sludge

Wg = mass of water in unwashed sludge feed.
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The values of I and R are essentially constant for each step of
the DWPF washing process, and an equal amount of wash water is
added in each wash. Thus, Equation 1 can be simplified to give

g
§ = £ (2)

n Wf + RI W+ r\®
RI RT
where average values of I and R are used. These equations de-
scribe the relationship between salt removal and major process

parameters of solids throughput, wash water addition, sludge cake
water content, and number of wash steps.

4.5.3.4 Large-Scale TNX Test Results

Large scale tests of the washing process and equipment are
being conducted at TNX using a nonradioactive, synthetic sludge
waste. The test equipment is shown in Figure 4.23 and includes a
1200-gallon agitated wash tank, 48-inch batch basket centrifuge, a
250-gallon sludge slurrying tank, and a large centrate tank (not
shown) . '

The sludge washing centrifuge is one of the more complex
pieces of mechanical equipment to be operated in the DWPF canyon,
and therefore considerable attention is being given to its devel-
opment and design. Figure 4.24 is a cutaway drawing of the large
scale centrifuge now being tested at TNX. This unit was procured
from DeLaval Separator Company of Poughkeepsie, New York, and is a
vertical, solid-wall, batch basket centrifuge which generates 1300
g's force at the basket wall and 900 g's at the liquid pool sur-
face when operating at maximum operating speed of 1380 rpm. The
bowl is unbaffled. The centrifuge is made of 304L stainless steel
and weighs 7300 pounds with the bowl empty. The static load on
the spindle bearings with an empty bowl is 3400 1b, and the machine
is rated for a maximum sludge loading of 1500 lb based on a sludge
bulk density of 94 1b/ft3. Bowl dimensions are 48 inches in
diameter by 30 inches high by 7-1/4 inches deep and fill capacity
is 120 gallons. Bowl wall thickness is 1.04 inches.

The motor and drive, bowl, and curb housing are all rigidly
connected and the entire assembly is suspended by three stands on
steel rods or links. The links have ball and socket end joints,
and any load imbalance in the machine is accommodated for by
displacement of the entire assembly on these links. The bowl is
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.supported from the curb cover and is driven by a top-mounted,
variable-speed, 75-hp hydraulic motor. The drive delivers 300-ft-1b
torque and can provide full drive torque during plowing. The
hydraulic drive also provides regenerative braking for bowl de-
cleration. The centrifuge is fed through & bottom rotating feed
accelerator which brings the feed up to the angular velocity of the
bowl before it enters the liquid pool or settling zone. This min-
imizes turbulence due to feed entry and thereby substantially
improves solids separation. The separated sludge is discharged
from the basket at approximately 50 rpm by single, air-driven,
scraper-type plow which advances to the bowl wall during discharge
and then is retracted from the wall during the remainder of the
centrifuge operating cycle. A single, air-driven, linear skimming
device is also provided to remove excess liquid from the cake sur-
face prior to discharge. The centrifuge can be operated in either
a fully automatic or manual mode.

The synthetic sludge waste used in the large scale test pro-
gram simulates the slurry feed entering the washing process as
characterized in Table 4.23. The sludge waste contains only the
Fe, Al, Mr, Ca, and Ni cations; other major metal constituents, Hg
and U, were omitted for health and environmental control reasons.
Based on a comparison of the sludge properties and small scale test
results obtained so far, the synthetic sludge waste appears to be
less.dense, more gelatinous, and have a higher water content than
actual wastes. Consequently, test results with synthetic waste
should provide a conservative basis for plant design.

Figure 4.25 shows sludge recovery in the 48-inch centrifuge
as a function of feed rate and liquid density, the two major param- -
eters affecting sludge separation. As expected from sedimentation
theory, recovery declines with increasing throughput and liquid
density. Sludge separation is directly proportional to the den-
sity difference between the sludge and liquid phases and therefore
varies inversely with liquid density at constant throughput. Feed
rate affects separation by altering the residence time for sludge
settling in the centrifuge bowl. Based on preliminary recovery
data in Figure 4.25, the design basis of 98% sludge recovery can
be achieved with a throughput of up to 5 gpm in the dewatering
step and at least 12 gpm in the first and second wash steps where
the estimated liquid densities are 1.21, 1.00, and 0.993 g/mL,
respectively.
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A typical plot of sludge recovery versus time is shown in
Figure 4.26. Recovery remains nearly constant until the bowl is
filled with sludge and then drops abruptly as solids overflow in
the effluent begins. Figure 4.27 shows the bowl fully loaded with
a uniform, standup cake. The photograph was taken after the
machine was shut down after solids overflow had started but without
the normal five minute cake compaction spin. Other tests have
shown that cake volume is reduced by about 10% in the compaction
step. Analysis of the cake reveals that the dense, dry solids
settle at the bowl bottom and outer wall while the light, more
gelatinous solids collect in the inner, upper portion of the bowl.
Cake density in the dewatering step ranges from 1.3 to 1.7 g/mL.

The effect of feed acceleration on separating per formance was
also studied in the large TNX centrifuge. Complete acceleration
of the feed before entry into the liquid pool is normally provided
by the rotating feed pump and distributor located at the bottom of
the centrifuge (see Figure 4.24). The centrifuge is also fitted
with a l-inch-diameter, top-entering, stationary feed pipe which
discharges the feed directly onto the pool surface near the bowl
floor and provides essentially no acceleration. Figure 4.28 com—
pares centrifuge separation with and without feed acceleration and
indicates that complete or nearly complete feed acceleration is
necessary to achieve 98% sludge recovery at the desired feed rates.
Based on this data, the simpler stationary feed pipe does not
appear suitable for the DWPF centrifuge.

An alternate means of skim liquid removal has been success-
fully tested in the small and large TNX centrifuges in which the
liquid on the cake surface is allowed to drain into the wash or
slurry tank below as the centrifuge bowl is decelerated for sludge
discharge. The liquid is then pumped from the tank before plow-~
ing. This method of liquid removal would simplify centrifuge
design by eliminating the skimming device but would require an
additional pump or transfer jet in the wash tank.

The TNX small-scale washing tests indicated that slurrying of
the centrifuge cake with water in the wash tank might be diffi-
cult. Lumps of sludge tended to adhere to the tank wall and floor
and often plugged the centrifuge feed line. However, tests with
the large-scale TNX slurry-tank have shown that satisfactory cake
dispersion can be obtained-with a'-cylindrical tank using & con-
‘ventional 'turbine agitator, and ‘that ‘a specialized, high-shear
mixing device is notrequired. The slurry tank is shown in
Figure 4.29 and 'is equipped with a'dual-impeller, 45° pitched-
turbine agitator driven by .a 5-hp, SCR-controlled, variable-speed
DC motor. The impeller to tank diameter ratio is 0.6 and maximum
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impeller speed is 125 rpm. The lower portion of the tank is un-
baffled and usually only the bottom impeller is submerged during
operation. In a typical slurring test, 50 gallons of sludge cake
are discharged from the centrifuge into 30 gallons of water in the
slurry tank with the agitator operating at maximum speed. Under
these conditons, the sludge is fully dispersed within eight
minutes of the start of discharge which takes five minutes. Agi-
tation conditions can best be described as strong with surface
splashing, a deep center vortex, and good batch circulation. No
problem has been experienced with sludge holdup or buildup in the
discharge chute which enters the slurry tank at a 60° angle and
converges in area by about 60%. Undiluted sludge cake has been
mixed in the slurry tank, although the batch circulation rate is
low and a stagnant zone 4 to 5 inches wide exists along the tank
wall. To avoid the possibility of agitator stallout which has
occurred with undiluted sludge, the agitator should be operated
during discharge and some water present in the tank prior to dis-
charge.

4.5.3.5 8Small-Scale TNX Test Results

Washing tests at roughly 1/100 of plant scale have been
per formed at TNX using synthetic sludge waste. The test equipment
is shown in Figure 4.30 and consists of an agitated wash tank,
bench model basket centrifuge, and a centrate collector. The
centrifuge contains a 12-inch-diameter by 5.5-inch-high
imper forate bowl and was procured from Delaval Separator Company
of Poughkeepsie, New York. Bowl cap height is 2 inches and fill
capacity 1.5 gallons. Unless otherwise noted, all tests were
conducted at 1300 g's force (2775 rpm) measured at the bowl wall
(900 g's at the pool surface). Feed is introduced near the center
of the solid bottom of the baffled bowl and is accelerated to bowl
speed before it enters the liquid pool.

Table 4.24 summarizes centrifuge separating per formance,
sludge capacity, and cake water content as a function of feed
throughput for undiluted sludge slurry. This data shows that
throughput has a substantial effect on sludge recovery and capac-
ity but appears to have little effect on cake water content. The
process design criteria of a 90% basket f£ill and 3.0 1lb cake
water/lb solids were selected primarily on the basis of this data.
Additional results not included in this report demonstrate that
the cake water to solids ratio remains essentially constant
throughout the washing process. Figure 4.31 is a typical plot of
centrifuge sludge recovery versus time showing that recovery is
nearly constant up to basket capacity and then drops abruptly as
in for the large TNX centrifuge.
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Centrifuge scaleup was also investigated. The Z method
described by Amblerl was found to be an effective means of scale
up of centrifuge throughput from small scale test results. Using
this method, a feed flow scaleup factor of 23 was estimated for
the TNX small and large scale centrifuges, where

. gpm Feed in Large Centrifuge
gpm Feed in Small Centrifuge

Feed Flow Factor

As shown in Table 4.25, the measured factor for the TNX centri-
fuges is in close agreement with the predicted value. The scaleup
factor for sludge loading capacity is simply the ratio of basket
fill volume in the large centrifuge to that of the small centri-
fuge. This factor equals 80 for the TNX centrifuges. After being
tested at TNX with synthetic waste, the sigma technique will be
used to scale up results of HLC small scale centrifuge tests with
actual wastes.

Numerous small scale tests have been performed with synthetic
waste which demonstrate the basic feasibility of the dilution
washing process. Figure 4.32 shows salt removal in a typical test
in which 8 liters of sludge slurry were washed three times with 29
liters of water using the test equipment shown in Figure 4.30.
This data shows that removal of the soluble 8042‘,'Na*, and NO3~
salts closely follows the dilution model. ' Most of the salt
remaining in the washed sludge appears to be effectively insol-
uble. However, even with this residual insoluble material,
product quality criteria for the washed sludge were easily met
as shown in Table 4.26.

The rheology of washed sludge slurry was evaluated to deter-
mine the maximum solids content for satisfactory slurry handling
and transport. Washed sludge cake from the small centrifuge was
mixed with different amounts of water.and slurry rheology analyzed
using a Haake Model RV-3 rotational viscometer (Haake, Inc.,
Saddlebrook, New Jersey).  Figure 4.33 is a typical slurry rheo-
gram or shear stress—-shear rate diagram obtained with the Haake
instrument. The slurries were found to be Bingham plastic fluids
displaying definite yield stress and consistency properties. The
rheology of a Bingham plastic is described by the equation

/T = Ty + nY
where T and Ty are the fluid shear stress and yield stress,
respectively, in dynes/cm2, n is. the fluid consistency in centi-
poise, and Y is ‘the shear rate in reciprocal seconds. Slurry
yield stress and consistency properties were calculated from the
rheograms and are plotted as -a function of slurry .total solids
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content (insoluble plus dissolved solids) in Figures 4.34 and 4.35.
A qualitative description of slurry fluidity is also given on
these plots. Based on this data, a conservative design basis of
17 wt % total solids was selected for the washed sludge slurry.
Large-scale slurry transport tests are now being performed and may
show that a higher solids loading is feasible. The rheology of
the washed sludge slurry did not show any significant time-
dependency.
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4.5.4 Spray Drying (M. H. Tennant)

4.5.4,1 General

The purpose of this section is to present a description and
available technical data bases of the process to convert the feed
slurry from the sludge washing and ion-exchange modules into a dry
powder suitable for feed to a melter.

Spray drying of simulated SRP waste has been demonstrated at
Battelle-Pacific Northwest Laboratories (PNL). Simulated SRP waste
was initially dryed in a 21-inch-ID developmental spray dryer at
PNL. Feed rates ranged from 15 to 55 L/hr and no problems were
encountered [6].

More-recent runs were made in PNL's 36-inch-ID spray dryer
to determine dryer capacity and to evaluate off-gas sintered metal
filter performance. The dryer was successfully operated at feed
rates up to 300 L/hr.

4.5.4.2 Process Description

The flowsheet (FS-5) and material balance (MB-5) for the
spray drying system is shown in Figure 4.5 and Table 4.5, respec-
tively. 1In the reference process, the washed sludge cake from the
washed sludge run tank is slurried with the cesium-zeolite slurry
and the Sr concentrate to produce a feed containing 17 to 18 wt %
total solids. The slurry is sampled for sludge content, conveyed
to a hold tank, and subsequently transferred to the spray dryer
feed tank. This slurry is then fed at a controlled rate to the
dryer at a pressure of 1 to 4 atm. The slurry is pneumatically
atomized in an internal mix nozzle and sprayed into top center of
a cylindrical spray dryer chamber. The ratio of atomizing air and
slurry feed is controlled ‘at approximately 4.00 1lb/gal. The atom-
ized slurry in the form of fine droplets is sequentially evapo-
rated, dried, and partially calcined as it falls through the spray
dryer chamber.

The dryer walls are heated to a temperature between 800 and
950°C. 1Inside the chamber heat is transferred to the droplets by
a combination of.radiation .and convection .to produce a powder con-
taining less than 2°wt %' moisture.. Fouling of the drying chamber
heat transfer surface is minimized by the periodic operation of
wall-mounted vibrators. The dryer off-gases, which consist pri-
marily of superheated steam.and air, may. entrain as much as 507%
of the particles. The entrained particles are removed by passing
the off-gas through sintered metal filters. Less than 0.1% of the
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particulates are expected to penetrate the filters. The off-gas
exits the filters and is routed to an off-gas system for radio-
nuclide abatement and mercury recovery. For the purpose of de-
signing the sintered metal filters and off-gas treatment system,
the off-gases are assumed to be at 350°C. The powder collected on
the filters is periodically removed by a pulse of blowback air.
The total average quantity of blowback air is estimated to be

85 acfm. The dry sludge powder from the filters drops into the
cone below the dryer along with that which falls directly from the
chamber and is combined with glass-forming frit. Frit is fed into
the cone to provide a 35:65 ratio by weight of centrifuged sludge
(on a dry basis) and glass frit. The frit addition rate is set
based on a determination of the sludge content of the waste slurry
and the dryer feed rate. No special care is provided to mechani-
cally ensure good mixing of the calcine and frit. However, the
size of the frit particles should be as near to that of the dryer
product, consistent with reliable transport to the dryer cone.

The dried sludge and frit mixture are then discharged to the
continuous ceramic melter by gravity flow,

4.5.4.3 Technical Data

4.5.4.3.1 Spray Dryer Stoichiometry

The primary reaction that occurs in the spray dryer is the
loss of water. Additional reactions assumed for material balance
purposes were detailed in Section 4.4.1.4.

A thermodynamics study of the spray dryer/melter off-gas
has raised several unresolved questions. These are briefly high-
lighted below.

e Chlorine and fluorine which vaporize from the melt surface may
reflux between the melter and spray dryer filters as sodium,
cesium, and lithium halides. These elements form gaseous
products at melter temperatures and form solids at the filter.

® Sodium hydroxide, which melts at 318°C, will form if Na,yCO3

is left on the filters when sludge feed to the spray dryer is
stopped.

e LiCl and CsCl may accumulate on the sintered metal filters. A

LiCl-CsCl eutectic (60% LiCl) melts at 306°C and could possibly
blind the filters if allowed to accumulate.
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Until appropriate experimental programs are carried out to
resolve the previously outlined questions, the bases in Section
4.4.1.4 should serve as a design bases. :

4.5.4.3.2 Characteristics of Spray Drver Product

Physical I

Tables 4.27 through 4.29 summarize measured physical char-
acteristics of the powder produced in the PNL 36-inch spray dryer
with simulated SRP waste feed for constant chamber wall tempera-
ture. Experience with the powder shows that it dusts readily and
is hydroscopic. Bin storing, conveying, or transporting of the
powder is therefore not recommended.

Chemical

Table 4.30 summarizes the concentration of the major compo-
nents in the powder produced during the 3rd run in the 36-~inch PNL
spray dryer as a function of feed rate. Also included is weight
loss data at 200°C and 800°C. These data were provided by PNL.

Additional chemical characterization of the powder is under
way at the Savannah River Laboratory. The following paragraphs
summarize the observations and findings to date. The powder in
these analyses was produced during operation of the PNL 2l-inch
spray dryer.

o Scanning electron microprobe analyses indicate (1) higher
concentrations of sodium than anticipated, (2) sodium exists
primarily on the surface of the particle and (3) ironm,
manganese, nickel, calcium, and residual sodium and aluminum
were generally uniformly distributed throughout the powder
(some areas indicated less abundant manganese - these areas
were more abundant in iron and nickel).

e X-Ray Diffraction Analysis (XRD) showed both amporphous and
crystalline material., ' The crystalline phase was identified
as a spinel-type oxide with a cubic structure similar to
NiFe904. .XRD analysis of the water soluble fraction of the
powder -(after crystallization by evaporation) showed Al(OH)j
and Na3H(CO3)j. '
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e Elemental and ionic analyses of the powder following dissolu-
tion in HCl are summarized in Table 4.31. These data indicate
that approximately 95% of the sodium, 90%Z of the nitrate, and
607% of the aluminum are present as a water-soluble form. Solu-
bility data for sodium and aluminum indicate NaAlO;. The
remainder of the aluminum and essentially all the ironm,
manganese, nickel, and calcium are present in water-insoluble
forms. The insoluble aluminum species is probably aluminum
oxide, possibly hydrated carbonate and nitrate exist primarily
in a water-soluble form.

o Thermogravimetric Analysis (TGA) and Differential Thermal
Analysis (DTA) data are summarized in Table 4.32., These data
indicate that the powder may contain as much as 137 water,
probably in hydrous oxides. Transitions above 500°C are likely
thermal decompositions yielding COs or oxygen.

e Mossbauer spectrometry of the powder leads to the following
initial observations:

1. All iron is in the ferric state ( FeOOH or as Fej03
with particle size <10 um).

2. None of the following iron species are present (in
detectable quantities) - Fep03 (particle size >10 um),
Feq04, FeOOH, FeOOH, or FeOOH.

4.5.4.3.3 PNL Experience

As noted earlier in this section, several spray dryer runs
have been performed at PNL using simulated SRP waste. Table 4.33
summarizes the first four runs. The first two runs were made in
. PNL's 21-inch I.D. spray dryer and the latter two in their 36-~inch
I.D. spray dryer.
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4.5.5 Vitrification (T. A. Willis, M. J. Plodinec)

4.5.5.1 General

Vitrification in a Joule~heated continuous melter is the
current reference process for incorporating SRP high-level liquid
waste into a solid matrix. Experience has been limited to large-
scale tests at Battelle-Pacific Northwest Laboratories and small-
scale tests at the Savannah River Laboratory using simulated SRP
waste.

4.5.5.2 Process Description

The reference process is comprised of four basic steps.
First, the product from the spray dryer is combined with glass-
forming additives (frit) and delivered onto the melt surface.
Secondly, the spray dryer product and frit are incorporated into
the molten glass at 1150°C. Thirdly, the melt undergoes homogeni-
zation and finally, the glass melt is poured into steel canisters.
The reference flowsheet (FS-5) and material balance (MB-5) are
found on Figure 4.5 and Table 4.5, respectively.

4.5.5.3 Technical Data

4.5.5.3.1 Basic Theory

Molten glass is an electrolytic conductor at high tempera-
tures due to its low resistivity (about 10 ohm=-cm). Thus, an
electric current can pass through the glass and heat it by the
Joule effect. The heat generated, q, as the current passes
through a glass will be

q = I2rk

where I is the current, r is the resistivity, and k is a constant
which depends on the geometry of the melter.

4,5.5.3.2 Rheologz

The rheological (fluid) ‘behavior -of molten glass is the most
important single property in the pouring phase [7]. The maximum
viscosity .of the molten glass -in the melter and tank riser should
be limited to 50 poise or ‘less. This -assures an acceptable rate
of dissolution of calcine :and frit.  -However, to}minimize refrac-
tory corrosion and assure ‘sufficient -power is dissipated in the
glass, the viscosity should not be less than 10 poise. For smooth
pouring from the pour spout and adequate flow of melt in the can-
ister, the viscosity of the glass leaving the pour spout should
not exceed about 200 poise.

§ (AR I
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The reference glass melt is considered a Newtonian fluid.
Viscosities of simulated SRP waste glassforms have been measured
as functioms of temperature, composition, and shear rate. The
viscosities of Newtonian melts were modeled as a function of
temperature by least-squares fit of the data to Fulcher's equation
[8]. Results for the reference glass waste form are tabulated in
Table 3.9, Section 3.

If the glass melt contains > 35 wt 7 sludge, the melt will
contain an increasing percentage of crystals. Consequently, the
melt behaves as a non-Newtonian fluid and does not have a constant
viscosity. However, a reasonably good agreement with experimental
results was obtained by fitting the data to [9]:

T = mSAH

(T = shear stress in dyne cm, S = rate of shear in sec™l). values
-of m and ‘n were determined at several temperatures for the non-
Newtonian melts by the method of least squares. The values listed
in Table 4.34 are probably accurate to 20%.

4.5.5.3.3 Resistivitz

In the melter, the amount of energy produced for melting is
controlled by the resistivity of the melt, which is dependent on
the composition, the viscosity, and the temperature [10].

The resistivity of the molten glass has been discussed in
detail elsewhere [11]. The resistivity of composite sludge with
Frit 21 is shown in Figure 4.36. As the percent of sludge in
glass increases, the resistivity increases. This can be thought
of as simply a dilution of the alkali content, which should in-
crease the resistivity. The resistivities have been fitted to
the empirical equation:

log o = ag + a)/T + ap/T?
where p = resistivity, ohm cm; aj are regression coefficients;
and T is the temperature, °K. Each of the regression coefficients
(aj) was assumed to be a linear function of the wt % of each
principal sludge and frit component in a melt.
aj = bg (8i) + by (Na) + b3 (Li) + by (Fe) + bs (Al)
where the terms in parentheses are the concentrations of the ele-

ment in the glass, as wt Z. The values of the bj's are listed in
Table 4.35.
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For stable melter operation, the temperature dependence of
the resistivity, dp/dT, 1s just as important as the resistivity
itself. In an actual melter, there will not be perfect thermal
equilibrium. Hot areas will have lower resistivities, hence pass
more current, thanm cooler regions. Thus, the hotter areas will
tend to become even hotter, and the cooler ones even cooler. This
"self-deregulating" effect is governed by dp/dT at whatever melt-
ing temperature is chosen [10,12,13].

Borel [13] and others have pointed out that the ideal condi-
tion for controlling electric melting is dp/dT <7 x 103 ohm cm/K,
but that control was still possible up to about twice this value.
Using the calculated regression coefficients (see Table 4.35) and
implicitly solving the empirical resistivity equation for dp/T,
one can calculate the approximate minimum operating temperatures.

4.5.5.3.4 Process Details

Feed Blendigg

Glassforming additives (frit) are introduced into the bottom
of the spray dryer and combined with the calcine. Care must be
taken not to exceed the softening temperature of the frit (about
400°C) before the frit enters the melter to preclude plugging the
‘dryer/melter transition piece. Frit feed rate is proportional to
the sludge. feed rate to the spray dryer.

The present dryer/melter concept assumes the natural mixing
that will take place in the bottom of the dryer is adequate. Lab-
oratory studies with a small-scale melter indicate that the degree
of mixing has a significant effect on the waste dissolution rate,
foam persistence, and slag formation. Results of these tests are
summarized in Tables 4.36 and 4.37.

The data demonstrates that waste can be vitrified up to 60
times faster if the frit-and waste are well mixed (this assumes
that no segregation of frit and waste occurs during processing -
see subsequent section). -In addition, premixing virtually
eliminates formation of persistent foam and slags.

Spray Dryer Product/Frit Particle Size

Laboratory studies .indicate-that if the .particle size of the
frit and the dried waste differ:markedly, .the benefits attained by
premixing are somewhat negated due-to frit and waste segregation
in the melter. Table 4.38 summarizes these data.
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Feeds containing the largest frit size (1.7 mm) separated on
the melt surface, forming islands of calcine nearly free of glass-~
former. Analysis of these islands showed that they contained
ferrite-spinel crystals. As the frit particle size decreased, the
number and size of the islands decreased until none was observed
in tests that used the smallest frit size (0.15 mm). This trend
was reversed when frit particles of less than 0.15 mm diameter
were used. This is attributed to the greater amount of water ab-
sorbed by the finer particle during handling. These data suggest
that the waste dissolution rate, the depression of slag formation,
and foam persistence can be optimized by feeding a dry frit the
same size as the median particle diameter of the spray dryer
product.

Melting

The melter is assumed to operate at 1150°C. The composition
of the melt corresponds to 65 wt Z Frit 131 and 35 wt % dried waste
solids. After the waste is dried, the melt composition is 71.1 wt
% frit, 28.9 waste oxides, for composite sludge. The resistivity
is about 2 ohm-cm, the viscosity is about 12 poise, and 1150°C is
well above the minimum operating temperature. Thus, on the basis
of the physical criteria, good-quality glass can be produced as
long as concentration fluctuations are not too severe.

Homogenization

After the melting process, the glass is homogenized [14]. 1In
the glass industry, a glass is considered homogeneous when no dif-
ference in the properties of the glass can be measured. The degree
of homogeneity will be determined by the thermal history of the
glass, its composition, the degree of mixing of the glass compo-
nents, and the presence of convection current in the melt. At a
given temperature, the glass will increase its homogeneity quickly
in the first few hours, then more slowing thereafter [15,16].

The single most important way to ensure homogeneity is to mix
the batch well. This means that the particles should be as small
as possible and their distribution of sizes as narrow as possible
[17]. The time required for mixing will then be short, separation
of the batch constituents minimal, and homogeneity ensured [18,19].

Material flow through the melter is to be balanced so that a

constant level is maintained in the melter (amount added from the
calciner equals the amount poured into the canister). A mean
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residence time Zor the melt of about 25 hours will assure the
molten glass will be as homogeneous as possible. The minimum
residence time required to homogenize the glass depends on the
composition and degree of uniformity of the feed (size and compo-
sition) and the temperature of the melt.

Pouring

After melting and homogenization, the molten glass flows
through the throat and is allowed to cool slightly. A heater in
the pouring section maintains the glass at about 1000°C. The
glass overflows into steel canisters. Based on a heat transfer
model developed to predict glass temperatures during canister fill
and subsequent cooling (see Section 3.1.7.3), approximately 11 to
15 hours will be required for the glass to cool below 500°C.
Consequently, some devitrification may be expected to occur.

4.5.5.4 Summary of Vitrification Experience with SRP Waste

Based on large-scale tests at Battelle-Pacific Northwest Lab-
oratories (PNL) and small-scale tests at SRL, using simulated SRP
waste, four potential problems have been identified.

e TFormation of a slag at the bottom of the melter.

e Formation of a persistent foam at the melt/batch interface.

e Formation of a foam when the melter is heated after extended
low-temperature idling (Reboil).

e Electrode destruction by molten glass.

4.5.5.4.1 SlagﬁFormation '

" Slag formation has been discussed in detail elsewhere [20].
The slag observed in both the small-scale and the PNL melter has
been identified as ferrite-spinel crystals in a glassy matrix.
The data indicate that slag forms as a result of exceeding the
solub111ty of ‘this . crystalllne phase ‘in molten glass. Slag forma-
tion is ‘enhanced by sludges high in-iron, low melter temperature,
and lack of unlformlty (partlcle s1ze and comp051t10n) of the
feed. For a given composition thére is a residence time which
minimizes slag accumulation on the melter bottom. This residence
time is determined by throughput, settling of the slag through the
melt, and dissolution of 'the slag.
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4.5.5.4.2 Formation of Persistent Foam

Tests in both the PNL and SRL melters have demonstrated that
the batch may produce a persistent foam as it melts [21]. This
results in a reduced melting rate. The foam persistence is ap-
parently determined by the effective viscosity of the molten
material. Thus, sludges high in aluminum or which form large
amounts of ferrite-spinels will produce persistent foam. In both
cases, good mixing of frit and calcine, higher melt temperatures,
and decreased TiOp content of the frit, will reduce foam per-
sistence.

4.5.5.4.3 Reboil

When the melter is cooled from 1150°C to a lower temperature
(such as 900°C) for extended periods, the glass in the melter
reaches a new equilibrium state, where gases (especially 07) are
absorbed. Transition metal ions, such as iron or manganese, shift
to higher oxidation states (i.e., Fel* to Fe3*, Mn2* to Mn3*, etc.).
Ferrite—spinels collect on the relatively cool floor of the melter.
When the glass is reheated, oxygen solubility decreases. The slag
on the melter bottom starts to dissolve. In the region of the
dissolving slag, the iron equilibrium shifts more toward the lower
oxidation state, reducing the amount of oxygen required to main-
tain electroneutrality, and thus further increasing the super-
saturation of oxygen in the glass. The dissolving slag rapidly
nucleates bubbles which can form a stable foam. If there is in-
sufficient distance between the molten surface and the top of the
melter, this foam can clog feed lines and stop melter operation.

There are three ways to prevent this from occurring.

(1) Design the melter so that any reboil foam will not cause
melter failure.

(2) Operate the melter in such a manner that slag cannot form,
either by reducing the proportion of waste in the glass, or
by flushing the melter with pure frit before reducing the
temperature.

(3) Never reduce the melter temperature.?

Items (1) and (2) will not prevent reboil, but they will prevent
it from being a significant operational problem.

a. The melt temperature may be raised 75°C (max) without experi-
encing a serious foaming problem when not- feeding. If raised
>100°C, foaming is a problem whether the melter is being fed
or not.
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4.5.5.4.4 Electrode Destruction

During small-scale tests at SRL, three electrodes have been

- destroyed during the glass melting process. In all three cases,
the current density on the electrode destroyed was greater than

7 A/in.2, and the electrode was hotter than its partner. In

each case, gas evolution was observed from the electrode that was
eventually lost. In each case, the electrode was partially recov-
ered as spheres of metal, indicating that at least part of the
electrode had melted.

The mechanism for this destruction is not understood, but the
cause is probably excessive current density on the electrode. The
gas evolved (probably 07) could be due to electrolysis of the
glass at the electrode, which is symptomatic of excessive current
density [22]. Obviously, this points out the need to design the
electrodes so that high current densities are unnecessary to gen—
erate sufficient power to melt glass.

4.5.6 Off-Gas Treatment (E. L. Wilhite, G. B. Woolsey)

4.5.6.1 General

There are three primary sources of airborne radioactive
releases to the environment from the DWPF: 1) off-gas generated
during spray drying and vitrification, 2) vapor space purge of
process vessels, and 3) the canyon atmosphere.

During spray drying and vitrification, a vapor stream is
evolved that contains both nonradiocactive and radioactive pollu-
tants. The vapor stream is composed mostly of steam and the
inerts used to atomize the feed slurry into the spray dryer
chamber. Several radiocactive volatile species will be generated
during melting such as ruthenium-and cesium. To a lesser degree,
varying amounts- of iodine, 'technetium, selenium, tellurium,
rubidium, and molybdenum will be evolved. Corrosive species such
as the alkali -borates and halides will also be present. The
principal nonradioactive constituents will be mercury vapor and
mercury iodide. Various'vabatement systems are employed to reduce
the radioactive emissions .to within-existing SRP guidelines.

Each canyon process vessel will '‘be purged with ‘50 scfm of
canyon air .to maintain the wvapor :space::slightly. negative with
respect to the ‘canyon atmosphere '‘pressure. These purges are com
bined and drawn through a-process vessel vent filter prior to
release to the sand filter. The vents from the product salt hold
tanks, cesium vent scrubber and the general purpose evaporation
module vessels are combined, super heated and vented to the
atmosphere through HEPA filters. The vents from the saltcrete
facility are handled similarly.
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The canyon air atmosphere is combined with the treated spray
dryer off-gas and the filtered vessel vent air and filtered
through a deep-bed sand filter before being discharged to the
atmosphere via a stack. Appropriate online instrumentation and
stack air sampling facilities must be provided to monitor and
audit the airborne radionuclide discharges to the environment.

4.5.6.2 Process Description

The off~gas treatment flowsheet (FS-6) and the material
balance (MB-6) are shown in Figure 4.6 and Table 4.6, respec-
tively.

4.5.6.2.1 Spray Drying/Vitrification

The temperature of the vapor stream leaving the spray dryer
sintered metal filters is expected to be in the range of 300-350°C.

The material balance flowsheet is based on 350°C. A DF of 1000

for particulates is assumed to be attained across the sintered
metal filters (recent tests with the type of sintered metal filter
element to be used on the spray dryer that will be installed at
TNX indicates that a coated filter may provide DF's as high as
5000).

The off-gas stream, composed principally of steam and inerts,
enters an ejector/venturi where it is cooled to 50°C by contacting
cooled, circulating off-gas condensate (40°C). The vapor and
condensate discharge into a collecting tank.

Exiting the collection tank, the vapor stream is drawn suc-
cessively through two, washable, deep-bed filters to reduce the

‘particulate loading by at least 99.96%. An overall DF for vola-

tile ruthenium of 400 is assumed for material balance purposes.
No DF is taken for I,. The first deep-bed filter is operated at
50°C. The latter is operated at 10°C to reduce mercury vapor
emissions to about 50 g/day. Mercury that is condensed at the
ejector/venturi and the second deep-bed filter is accumulated and
periodically drawn off for purification and recovery (see Section
4,5,7). Contents of the off-gas condensate tank are purged at a
rate equal to the rate at which steam is condensed from the off-
gas stream leaving the spray dryer. This purge is accumulated in
a hold tank (recycle collection tank) and periodically transferred
for subsequent evaporation in the recycle evaporator and recovery
of imsolubles in the settling and filtration module.
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Exiting the latter deep-bed filter, the vapor stream is heated
to 10°C above its dew point and then drawn through two silica gel
beds in series to adsorb the volatile species of ruthenium. A DF
of 100/bed is assumed for material balance purposes.

The vapor effluent from the second silica gel bed is heated
to 150°C and drawn through a silver mordenite (Ag®Z) bed to reduce
the iodine concentration in the vapor stream. A DF of 100 is
assumed for material balance purposes.

The vapor effluent from the iodine adsorber bed is cooled to
<50°C prior to being combined with canyon air and filtered vessel
vent air. Effluent from the sand filter is discharged to the
atmosphere via a 200-ft stack.

4.5.6.2.2 Vessel Vent System

The vapor space in each canyon process vessel is maintained
slightly negative with respect to the canyon atmosphere by drawing
approximately 50 scfm (dry basis) of canyon air through the vessel
overflow pipe. The purge from each vessel is combined and drawn
through a deep-bed canyon filter. A DF of 1000 is assumed for
entrained -activity across the process vessel vent filter.

4.5.6.2.3 Canyon Air

The atmosphere in the process building canyon is maintained
negative with respect to less-contaminated areas of the building
by continuously purging the canyon air to the sand filter. Canyon
air is combined with filtered vessel vent air and off-gas from the
spray dryer/vitrification module prior to the sand filter. After
being drawn through the sand filter, the filtered air is dis-
charged to the atmosphere through a 200 ft stack. A DF for par-
ticulates of 1000 is assumed across the sand filter.

4.5.6.3 Technical Data

4.5.6.3.1 Spray Dryer/Melter

The composition of the vapor stream leaving the sintered
metal filters has not been fully defined. '~ Thermodynamic studies
performed by the Engineering Services Division demonstrate that
the composition of ‘the off-gas is very 'sénsitive to spray dryer
feed composition and the temperature .of the off-gas at the point
of equilibria (currently assumed to ‘be ‘at the sintered metal
filters). Results of these studies are summarized below [23].
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o Iodine is present mostly as I or I at equilibria tempera- :%
tures »627°C and as an increasing percentage of HgIyo(v) as
the equilibria temperature falls below 627°C (at 327°C, the
iodine exists essentially all as HgIp). Since the fate of
iodine is so temperature sensitive and dependent upon the
presence of mercury, the off-gas system must be able to handle
all predictable species of iodine. High temperature excursions
and/or the absence of mercury will greatly increase the rate of
silver mordenite depletion. Material balance calculations are
based on 1.0% Hgly disassociation (350°C).

e Mercury in excess of the iodine will be present as Hg(v) and
trace amounts of HgO.

® Boron is present as H3BO3(v) at 627°C and cooler. At about
175°C, it will condense.

The following DF's are assumed for preparation of the material
balance and the curie balance across the spray dryer off-gas
treatment systems.

Sintered Metal Filters Silica Gel Bed
Particulates - 103 Particulate -2
Volatiles -1 Volatile Ruthenium - 102

Iodine - 1

Ejector/Venturi

Silver Mordenite Bed
Particulates - 2.5
Iodine -1 Particulates - 2
Volatile Ruthenium - 1 Volatile Ruthenium - 1}
Iodine - 102

Deep-Bed Filter
Particulates - 50
Volatile Ruthenium - 20
Iodine -1

With the exception of HF, Ip, and the volatile specie of
ruthenium (RuO4), all volatiles condense as particulates across
the wet scrubbing portion of the off-gas system. Consequently the
stated DF's for particulates are applicable.

4.5.6.3.2 Process Vessel Vent

For purposes of material balance calculations, the vapor
space of each canyon process vessel is purged with 50 scfm of
canyon air. The canyon air enters the vessel at a dry bulb
temperature of 35°C and a wet bulb temperature of 25.6°C. The
exit purge is assumed to have a dry bulb temperature of 35°C and
a wet bulb temperature of 29.4°C.
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- To compute the degree of entrainment in a vessel vent, an
entrainment of 1079 gal/ft3 was used. This factor was based on
observed entrainment in the vapor sweep exiting a fresh alkaline
waste receiver (Waste Tank No. 35) in the 241-H tank farm. Ob-
served entrainment was increased 200 fold to account for agitated
vessels. Where the amount of entrainment is known to be signifi-
cantly higher, as with the centrifuges, it is assumed that ade-
quate de-entrainment systems will be provided to reduce entrain-
ment to design bases or less.

The combined vessel vents are to be heated to assure the
vapor temperature is at least 10°C above the dew point to prevent
condensation in the process vessel vent filter. A DF of 103 is
assumed for particulates across the filter.

4.5.6.3.3 Volatile Components in Spray Dryer Off-Gas

Ruthenium

Volatilization of ruthenium is not expected to be a problem
in the spray dryer. However, it is anticipated that ruthenium
volatility will be significant at the expected temperature (about
1150°C) in the melter. Based on experiments completed at SRL, it
is assumed that 10% of the ruthenium in the waste feed will vola-
tilize.

Cesium

The cesium entering the melter is expected to volatilize as
Csp0 and CsCl (the degree of volatilization is based on the
reference surface area of the glass melt). Although a thermo-
dynamics study indicates the Cs90 and CsCl will exist as
particulates at the sintered metal filter temperature (350°C) and
experience a DF of 103 across the filters, the curie balance
assumes no DF. Design volatilization '- .05% of the cesium
entering the melter.

Mercurz

Mercury occurs in SRP waste from the use of ng+ catalyst
during dissolution of aluminum-clad fuel in H Area. It is assumed
that the mercury exists as H,0 in the neutralized wastes. Some
mercury is soluble and .exists as Na[HgO(OH)]. All the mercury
that enters the spray dryer/melter is wvolatilized as Hg. A frac-
tion of the mercury will react with iodine depending upon the
equilibria temperature (Design bases - 99.0% of the iodine reacts
with Hg to form HgIp(v)).
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Mercury halides condense as particulates in the ejector/ ‘;;
venturi and are recycled back to the recycle evaporator.

Fluorides and Chlorides

Chloride and fluoride volatilize from glass melts as HCl and
HF in the presence of water vapor. Laboratory studies (with the
melter decoupled from the spray dryer) indicate that 50% of the
fluoride and less than 10% of the chloride volatilize. However,
as indicated by thermodynamic studies, no HC! and only 3.8% of
the fluoride (as HF) will leave in the spray dryer off-gas. The
chloride and majority of the fluoride react preferentially with
sodium and are solids at the sintered metal filter temperature
(350°C).

Sodium and Boron

Sodium and boron volatilize from sodium borosilicate glass
melts as sodium metaborate. The sodium metaborate subsequently -
hydolyzes to form H3BO3(y) and NajsO(g) at the reference sintered
metal filter temperature (350°C). The reference process assumes a
NaBOy vaporization rate of 2.4 x 1072 Ib/hr.

Iodine

The reference flowsheet shows an insoluble iodine feed rate
to the DWPF of about 0.23 lb/hr. Of this amount, only about 10%
is attributed to fission product iodine (I-127, I-129). Greater
than 90% of the iodine inventory is attributed to the I-127 used
by plutonium reduction processes from 1953 to 1963. Once the
process works off the current waste inventory, the iodine content
in the feed will be that of fission product iodine only.

Iodine may exist in the spray dryer/melter off-gas as a
mixture of Hgly, Iy, or I depending upon the spray dryer
temperature and the amount of mercury. At the reference waste
composition to the spray dryer and an equilibria temperature of
350°C, 1% of the iodine will exist as I9 or I.
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Other Radionuclides

Other radionuclides that .may volatilize include rubidium,
molybdenum, tellurium, technetium, and selenium. Of these, Tc-99
and Se~79 are of particular interest because of their long half-
lives (2.1 x 10° yr and 6.5 x 104 yr, respectively). Essentially
no data exists on the volatility of these radionuclides during the
vitrification of SRP defense waste. It is assumed for material
and curie balance purposes that 5% of each volatilize from the
glass melter and enter the off-gas system. It is further assumed
that these volatile species will condense as submicron particu-
lates in the ejector/venturi.

4.5.6.3.4 Particulate Characterization of 0ff-Gas Stream

Preliminary results from efficiency tests of the sintered
metal filter to be used in the SRP spray dryer indicate a removal
efficiency (based on 0.7-micrometer-diameter particles) of 99.98%.
This collection efficiency is based on the filter element being
loaded as would be the case immediately prior to filter blowback.
Based on PNL observations, a significant increase in total par-
ticle loading downstream of the filters occurs immediately follow-
ing blowback of the filter elements. For material balance pur-
poses, the filters are assumed to remove 99.9% of the particu-
lates generated during spray drying of the reference waste.

During the first run of simulated SRP waste at PNL, particle
size analyses were completed on the spray dryer off-gas. The
analysis was done on the vapor stream immediately downsteam of the
sintered stainless steel filters. Table 4.39 summarizes the total
particle and mass loading per actual cubic foot of off-gas vapor
for four particle size ranges. The PNL spray dryer filters have a
nominal (98%) particle removal rating of 65 micrometers.

The tests indicate that a large portion of the particles
passed the filter immediately following the blowback and vibrator
operation. A sample taken during no blowback or vibrator opera-
tion indicated that only one-third of the particles observed dur-
ing normal operation passed the filters. In addition, it was
found that essentially no particles greater than 0.5 micrometer
in diameter passed the filters when there were no filter blowback
vibrator operations. -
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4.5.7 Mercury Recovery Facility (L. F. Landon)

4,5.7.1 General

. Approximately 1,2 1b of metallic mercury will be condensed
each hour from the off-gas vapor stream and accumulate .in the off-
gas condensate collection tank. The mercury will most likely be
as a sludge and will require further cleaning before it is of a
purity suitable for reuse in the separations process and/or stor-
age.

4.5.7.2 Process Description

Figure 4.6A is a schematic drawing of a conceptual mercury
recovery process. The mercury that accumulates in the off-gas
condensate tank will be intermittently pumped to a mercury hold
tank through a backwashable filter to remove the majority of
solids occluded to the mercury. Periodically, the filter cake
will be dislodged from the filter and pumped back to the recycle
evaporator via the off-gas condensate tank for recycle to the
process.

The filtered mercury, on a batch basis, will be pumped to the
top of a column containing 10% HNO3. The formed droplets will
fall by gravity through the acid and overflow a barometric leg to
a sparge tank. Particulates, not removed by the initial filtra-
tion step, that are soluble will be removed from the mercury.
Periodically, the nitric acid will be pumped from the column,
neutralized, and recycled back to the off-gas condensate collec-
tion tank.

In order to remove contaminants such as iron and aluminum,
the acid-washed mercury will be sparged gently at room temperature
to oxidize the contaminants. After sparging is complete, the mer-
cury is filtered through another backwashable filter to remove the
formed oxides. Final cleanup of the mercury is achieved by vacuum
distilling the mercury and bottling the condensed overheads.

4,5.7.3 Physical Properties of Mercury

Density 13.59 g/cm3

356.66°C at 760 torr

Boiling Point

Viscosity 1.407 cp at 50°C

Vapor Pressure - See Figure 4.37
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4.5.7.4 SRL Experience

Mercury that is used in laboratories throughout the SRP that
is no longer of suitable purity is sent to the Apparatus and
Glassblowing Shop in 773-A for reclaiming. The mercury reclaiming
facility is housed in a ventilated glass hood approximately 2 ft
deep x 4 ft wide x 5 ft high. Recovery rate averages about 6 1lb
Hg/hr.

The mercury is first filtered through filter paper shaped
into a cone with several 0.5-mm holes punched in the bottom. The
filtered mercury is then poured into a separatory funnel which
disperses the mercury into an acid wash column containing 10%
HNO3.

After acid washing, the mercury is transferred to an oxifier
in which air is bubbled through the mercury for 1 hour. After
oxification, the filtration step is repeated. The solids removed
during this filtration step are subsequently treated with HNOj
for mercury recovery.

The filtered mercury is then introduced into a vacuum distil-
lation apparatus (see Figure 4.38). The still operates at a pres-
sure of about 5 x 10~2 torr (Hg b.p. - 192° + 2°C). The recovered
mercury is stored in l-liter bottles (about 10 1b of Hg/bottle).

4.5.8 Recycle Concentration

4.5.8.1 General

An evaporation step is included in the reference flowsheet to
(1) remove excess water from dilute recycle streams to maintain
the salt concentration in the gravity settler feed at about 30 wt
%, (2) to reduce the size of supernate processing equipment, and
(3) provide the .first stage of decontamination of process water.
The flowsheet (FS-7) and material balance (MB-7) are shown in
Figure 4.7 and Table 4.7, respectively.

4.5.8.2 Process Description

Process streams that are presently candidates for evaporation
are combined in the evaporator feed tank. These streams include:

e Condensate purge from the cesium concentrator
e Centrate from the sludge-washing centrifuges

e Off-gas condensate
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e Aluminum dissolver coundensate

e Ion exchange transfer water

e Canyon sump contents

e Sand filter and stack condensate
e Laboratory waste

e Contents of the cesium regenerant catch tank (spent cesium ion
exchange regenerant after NHj removal)

e Excess water from the cesium fixation module
e Bottoms from the general-purpose evaporator
e Deionizer purge

e Spent canister decontamination solutions and water rinses from
Mechanical Cell A '

The feed will be concentrated to about 35 wt %Z salt. Evapo~
rator concentrate is transferred to the gravity settler feed tank
for recovery of the solids. Overheads are transferred to the gen-
eral-purpose evaporator feed tank for additional decontamination.
A DF of 106 is assumed across the evaporator/de~entrainer (con-
centration in the evaporator concentrate/the concentration in the
evaporator condensate).

4.5.9 Settling and Filtration (E. J. Weber)

4.5.9.1 General

The purpose of this section is to present the process details
and technical data bases for reducing the suspended matter in feed
to ion exchange to 1 ppm or less. It is estimated that feed to
this module will nominally contain 6000 to 7000 ppm of sludge.
Essentially complete sludge removal is desired to provide:

e Operation of the ion exchange columns for cesium, plutonium,
and strontium removal without pluggage or fouling.

e Removal of the highly insoluble Sr-90 to produce an acceptable
clarified supernate for subsequent incorporation into concrete.
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4.5.9.2 Process Description

The supernate stream from the waste tanks is blended with
recycled evaporator concentrate and sand-filter backwash to form
the feed to gravity settlers. The decanted supernate is blended
with zeolite raffinate and fed successively through a primary,
No. 1, sand filter, and (3) a polish, or No. 2, sand filter to
reduce the concentration of sludge to ! ppm or less. A flow
diagram (FS-8) is shown in Figure 4.8, and a material balance
(MB-8) is shown in Table 4.8.

Blended feed is heated, then transferred to one of two
gravity settler (GS) tanks. A small quantity of coagulant is
added to agglomerate the colloidal particles into larger, faster-
setting masses. After periods of high speed, moderate, then
gentle mixing, agitation is stopped and the agglomerates allowed
to settle. The clear top layer, representing most of the feed
volume, is then decanted. The bottom sludge layer is left for
resettling with the next feed batch. After several batches of
feed slurry are received, settled, and decanted, the accumulated
sludge is agitated: and transferred to the gravity settler bottoms
tank.

Decanted supernate from the GS is cooled to less than 25°C.
Zeolite raffinate is blended with the decanted supernate. Poly-
electrolyte solution at 0.05 gpm/ft2 is added to the cooled
supernate via a mixing tee just before the supernate reaches the
No. 1 sand filter. Total flow to the filter is 1.2 gpm/ft2,
Filtrate is collected in the first filtrate tank.

When the No. 1 sand filter loads up with suspended matter
(3 psi AP max), the sand filter is backflushed with filtrate from
the filtrate hold tank. The backwash is transferred to the
gravity settler feed tank via the filter backwash tank for treat-
ment in the gravity settler.

Polyelectrolyte is added to the No. 1 sand filter filtrate as
above, just before it reaches the No.. 2 sand filter. Filtrate
from sand filter No. 2 is collected in the second filtrate tank
and sampled for vol % suspended matter. ~If it is 1 ppm or less,
the filtrate is transferred to the filtrate hold tank for ion-
exchange feed. ‘Out-of-spec filtrate is recycled to the sand
filter feed tank. When required, the No. 2' filter is backflushed
the same as No. 1 filter.
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4.5.9.3 Technical Data

4.5.9.3.1 Gravity Settling

The objective of gravity settling is to serve as a pretreat-
ment for sand filtration to reduce the load of sludge that must be
removed in the sand filters. Without gravity settling, the filters
would be abruptly clogged, terminating the filter rumn., In addi-
tion, prohibitive quantities of backwash requiring recycle would
be produced. The gravity settling treatment must remove suspended
matter in supernate to 50 ppm or less to obtain an acceptable sand
filter operating cycle (224 hrs) without prohibitive backwashing
requirements and thus produce acceptable recycle quantities in the
sand filter backwashes. This is seen in the 4-inch diameter sand
filter results of Figure 4.39. With 40 ppm of sludge in the grav-
ity settler product, the filter can produce acceptable filtrate
product for almost 48 hr before a rapid rise in filter pressure
drop concludes the run. With 150 ppm of sludge in the GS product,
only about 12 hrs of filtrate production is obtained before exces-
sive pressure drop dictates backwashing. The same quantity of -
filter backwash is required in both cases, so that the better
quality GS product results in about one-fourth the recycle volume.
50 ppm of sludge has therefore been selected as the desired upper
limit in GS product.

Glassware Studies

Destabilization of the colloidal hydrous oxides suspended in
settled or centrifuged supernate is essential to accomplish the
settling in reasonably-sized vessels. According to Kolthoff and
Sandell [26], coagulation of suspensions of colloidal hydrous
ferric oxide and especially the agglomeration of primary particles,
is greatly accelerated by raising the temperature of the solution.
This was confirmed in glassware studies. Agglomeration is accom-
plished by heating the centrate to temperatures of 60 to 100°C
using very gentle agitation. When the centrate reaches 60 to
65°C, particles large enough to observe with the unaided eye (80
to 100 micrometers) become visible. Agglomeration reaches its
maximum after 20 to 30 minutes without mechanical agitation, but
with the required gentle agitation supplied by thermal convection
generated at the higher temperatures. At this point, cooling to
temperatures below 45°C reduces thermal currents and allows more
rapid settling of the agglomerates.

Figure 4.40 shows that heat alone agglomerates suspended
matter to produce a faster settling rate. Bnth Samples "A" and
"B" were taken from the same centrate batch which contained 0.70
vol %, or 7000 ppm, of suspended matter. The agglomerates that
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mostly settled out, and relatively clear supernate is seen in the
heated sample after 16 to 25 minutes. It took the unheated con-
trol 12 times as long to settle to the same quantity of suspended
matter in supernate [27].

Using Flojel® 60 (National Starch and Chemical Corp.) corn-
starch derivative as a coagulant proved to be a second method of
destabilizing the colloidal suspension. Starch was tested after
SRL learned of its use in the chemically similar Bayer process for
destabilizing colloidal red mud, with subsequent removal of these
impurities from caustic sodium aluminate solution. The red mud
consists of hydrous oxides of iron, silicon, and titanium which
must be separated for recovery of pure alumina from bauxite.
Similar to defense waste supernate, the impurities are suspended
in a highly conductive solution containing several percent free
sodium hydroxide and several molar sodium ion. A number of poly-
electrolytes, normally effective in agglomerating impurities from
raw water, were tried without success on the supernate.

With both heat and the starch coagulant, larger and tougher
agglomerates are produced than with heat alone. Figure 4.41
illustrates the destabilization of suspended matter in composite
centrate using heat and coagulant. The two samples shown were
from the same centrate batch which contained 2000 ppm (0.20 vol %)
suspended matter. 50 ppm of Flojel® 60 was added to the treated
sample prior to heating it for 1l hr to 80°C with gentle agitation.
It was removed from the heat and allowed to settle for about one
minute when the photo was made. The unheated control sample was
agitated and had beeén settling for 1 hr at the time.

Figure 4.42 shows quantitative effects of heat and coagulant
addition on supernate quality. Using composite centrate contain-
ing 2000 ppm suspended matter in 4-liter containers, samples were
taken 4 in. beneath the liquid surface at designated times and
treatment conditions. With neither heat nor starch, there is
little settling in 1 hr, as. the samples show no change from the
feed concentration., With. heat alone, visual agglomeration is con-
firmed by the decrease to less than 300 ppm suspended matter in 1
hr. With-addition of ‘as little-as 5 ppm of starch, suspended
matter in the samples was reduced to about 100 ppm in 10 minutes.
Concentrations of 'starch up to 200 ppm did not change the settling
rate 51gn1f1cant1y.

Mini-scale glassware tests showed that the GS operations are
best performed batchwise in .a 'single vessel to minimize pumping
and flows that fracture the -agglomerates. ‘Continuous gravity set-
tling produces smaller and slower settling agglomerates, results.
in poorer quality supernate; and introduces a sludge layer control
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problem in the continuous settler. Detection and control of the
sludge layer would be very difficult in the remotely operated
canyon. On the other hand, all batch tank operations of agglomer-
ation, settling, decanting, and sludge removal have been performed
for years in routine F and H canyon operations.

700-Gallon Semiworks Studies

Following these glassware studies, seven 700-gallon test runs
were made using salt compositions specified in the PTDS No. 1
flowsheet. This earlier flowsheet did not include aluminum
dissolution and consequently contained less free caustic (see
Table 4.40 for salt concentrations). Semiworks Tank A-6, 5-ft
diameter x 6-ft high was used in this study of GS variables. The
A-6 tank is about 1/15 the size of the anticipated GS plant vessel.

Feed batch volumes were 715 to 740 gallons of "average'" or
“"composite' centrate containing 4000 to 8500 ppm of suspended
matter. Test procedure was to add the starch in a pre-mixed 8%
aqueous dispersion to the agitated tank contents. The slurry was
heated with steam to the tank coils during the mixing period.
After mixing periods of up to one hour, the agglomerating par-
ticles were allowed to settle over the mext 3 to 8 hours with
cooling water to the tank coils. The clear supernate was then
decanted via a 3/4-inch suction pipe and exterior pump to stain-
less drums. Decanting was completed when the liquid level was
reduced to the height of the upturned weir of the suction pipe.
At this time, the settled sludge on the tank bottom was covered
with an undecanted layer of clear supernate some 4 to 8 inches
high. The agitation was turned on and the resulting slurry, with
10 to 15% of the starting feed volume and 98% of its sludge, was
pumped to waste. The decanted supernate product was subsequently
treated in the 4-inch diamter sand filter studies as described
later.

The test data are shown in Table 4.4]1. Runs 1 to 3 were made
by first adding starch to the cold centrate, then heating. Be-
cause of the desire to avoid heating in a cooled and jacketed
plant settler (whereby heat would be added in an upstream tank),
Runs 4, 5, and 7 were made by first heating with agitation, then
shutting off steam and adding starch with 1 hr of agitation. The
agglomerating particles were then settled and the run continued in
normal fashion. Run 6 was made as above, except without any heat
addition.

Further 700-gallon test Runs, 8 and 9, were made using a
high-caustic flowsheet as a consequence of changing the reference
process to include aluminum dissolution of waste tank sludge.
Glassware studies indicated higher temperatures were essential

- 4.54 -




C

for acceptable settling in the high—caustic supernate. Conse-
quent ly, the large-scale followup tests made in Tank A-6 were
conducted at maximum temperatures between 90 and 100°C, as shown
in Table 4.42.

Figure 4.43 relates supernate quality and settling time for
all the 700-gallon runs. Results indicate the desired maximum of
50 ppm or less of sludge in supernate feed to sand filters is
attained at a settling time equivalent to a 10 in./hr rate. The
latter appears to be optimum because allowing longer settling
times, or shorter equivalent settling rates, produces smaller
quality improvement. No difference is noted in product quality
attained in the higher caustic supernate.

Figure 4.44 is a photograph of samples obtained from the
initial 700~gallon GS run. The sample at the left is the decanted
supernate which contains about 150 ppm, or 0.015 vol % suspended
matter. The middle sample is the feed centrate containing 4000
ppm suspended matter. The sludge sample at the right contains 2.5
vol % suspended matter. All suspended matter determinations were
made by centrifuging at 10,000 g for 3 minutes.

Large—Scale Studies

Large-scale GS studies were continued in Semiworks Tank W-2,
a.nominal 6000-gallon capacity flat-bottomed unit, 10-ft OD by
11-ft high flat bottom. The tank is equipped with a variable-
speed agitator, baffles, and coils. A 2~in.~diameter standpipe,
10 in. high is mounted on the tank bottom for decanting the clear
supernatant liquid with the W-2 pump to the filter feed tank. The
semiworks W-2 vessel is approximately one-half the size of the
anticipated plant GS tank. Length-to-diameter ratios of the
filled test and plant units are both about equal to unity. Figure
4.45 is a scaled drawing of the W-2 GS tank.

Ten large ‘scale GS runs were made. The procedure was similar
to the 700 gallon study except: .

e Product decant'fatevwith the W-2 ﬁuﬁp was -125-130 gpm or some
12 times greater than the 700-gallon scale.

e High caustic (see Table 4.40) and intermediate caustic flow-
sheets were used. Intermediate flowsheet concentrations of
caustic (0.99:M), sodium aluminate, (0.48 M) and total sodium
ion (5.3 M) represent minimal addition of caustic in the
Al-dissolving process.
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e Variable mixing speeds using flat paddles were employed, as
compared with single-speed, high shear agitation using a
propeller-type mixer in the 700-gallon work. An effective
combination of mixing speeds in the baffled W-2 tank was
20 minutes of high-intensity agitation (50 rpm), during which
8% starch was added to the preheated slurry, followed by
10 minutes at 30 rpm, and 60 minutes at 6 rpm. The agitator
was then turned off to allow agglomerates to settle.

e Several of the runs were made using the technique of leaving
the undecanted sludge for reslurrying and resettling with the
next feed batch. In the 700-gallon runs, the sludge layer was
removed before the next feed batch was introduced. When reslur-
ring, starch was added for the new sludge only, since the
reslurried sludge had already received starch. ‘

Objective of the latter tests was to demonstrate a decrease in
GS bottoms volume recycled to sludge washing. By thickening the
undecanted layer with sludge from additional feed batches, volume
recycled to the washers should be reduced below the nominal 10%
obtainable when recycling a single sludge batch. It is assumed
that the height of clear supernate in the undecanted layer is the
same as for a single sludge batch and that the decant pump orifice
is raised to accommodate multiple sludge batches. A second feature
is that salt is displaced by sludge in the thickened recycle. Both
features improve feed characteristics to sludge washing where salt
removal is the objective.

Results of these large-scale tests, Table 4.43, show cleaner
decanted product is obtained at faster settling and with less
bottoms recycle than earlier small-scale results. Use of reduced
temperatures evidently reduces sludge in decanted product, probably
because of water evaporation, supersaturation, then post precipita-
tion occurring at higher temperatures. At 35-45°C, less than 25 ppm
sludge is found in decanted supernate. Corresponding settling
times are equivalent to 20-25 in./hr settling rates. Demonstrated
recycle volume with the sludge reslurrying and resettling technique
(Runs 1-3) is 7.9%. Use of this technique has no apparent ill
effects on product quality or settling rate. In fact, results
indicate the increased sludge quantity present may produce a
scavenging effect on the particles most difficult to settle.
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4.5.9.3.2 Sand Filtration

The objective of sand filtration.is to remove the small quan-
tity of suspended matter (50 ppm or less) remaining in supernate
after GS treatment via deep-bed filtering. Sand filtration is a
part of the conceptual process because of the successful results
obtained in small-scale studies performed at the semiworks and in
the high-level caves. In the latter tests already referred to,
actual plant waste supernates and sludges were blended, then sepa-
rated in a series of two centrifuge runs, followed by sand filter
clarification. Centrate feeds containing 500 to 2000 ppm of sus-
pended matter were clarified to less than 100 ppm of suspended
matter [24]. The sand-filtered supernate was subsequently proc-
essed in ion exchange columns, producing a final clarified super-
nate with about two nanocuries or less of Sr-90 per gram of damp
salt cake [25].

4=-Inch-Diameter Filter Studies

The sand filters are fed downflow and backwashed upflow in
a dual-media (anthracite/sand) bed. In depth filtration, larger
particles are arrested first, followed by removal of the smaller
particles in the deeper portions of the. filter media. As the fil-
ter loads with suspended matter, filtration resistance increases,
and the filter must eventually be backwashed to remove the parti-
culates and recycle them for treatment in GS. Figure 4.47 shows
photographs taken during the various operations. At left, the GS
supernate product (50 ppm.suspended matter) can be seen flowing
downward through the layers of anthracite/sand at a rate of 1.2
gpm/ftz, equivalent to a superficial velocity of 2 in./min.
Fluidization of the filter media during backwash is shown in the
middle picture. An air-water mix of about 2 cfm~5 gpm per £t2,
respectively, is being- used to free the arrested particulate from
the filter media and ‘float it out the ‘top of the column. The
picture at right in Figure 4.47 was taken about 5 minutes after
backwashing was:completed. The sharpness of the anthracite/sand
interface that ‘occurs on resettling can be observed in this pic-
ture.

The reference process is to filter GS .supernate product
through a-primary-(or:No. 1) bed of .anthracite (700-micrometer
average diameter) :and 25- to:40-mesh sand (490 micrometer average
diameter), and ‘then refilter the ptimary filtrate through a pol-
ishing bed- of anthracite (400-micrometer average diameter) and 40-
to 60-mesh sand-(270-micrometer:average diameter). By comparison,
high-level cave sand filtration was performed directly on second-
ary centrate (no GS treatment) in a series of two 4-in.-diameter
columns, each-containing 24 in. of 25- to 40-mesh sand and 8 in.
of 20- to 30-mesh, 700-micrometer average diameter, anthracite
[24].
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Table 4.44 summarizes performance at the semiworks with the
4-in.-diameter (roughly 1/200-plant scale) filter, using composite
GS product from the initial low-caustic flowsheet. The data pre-
sented in Table 4.44 is an average for the feed cycle over several
backwash cycles. Conditions for feeding and backwashing include
addition of (1) high-molecular weight anionic polyelectrolyte in
feed to the filters and, (2) air in the backwash cycle used to
clean the filters. The GS supernate was reduced from 50 to 5 ppm
of suspended matter across 24 in. of sand and 8 in. of anthracite
in the primary filter. In the polishing unit, refiltration across
18 in. and 3 in., respectively, of the finer sand and anthracite
produced filtrate containing 1 ppm of suspended matter. Thus,
design basis for filtrate quality is met in the polish sand filter
product when processing the synthetic supernate from "composite"
slurry.

The GS composite supernate from the high caustic flowsheet
runs were also tested in the 4-in.-diameter primary sand filter.
No filtration problems were indicated. Performance was essen-

_tially the same as that obtained with the lower caustic flowsheet.
Figure 4.48 shows (1) the increase in AP, and (2) color migratiom
down the 24 in. of sand, both with increasing volumes of feed
slurry containing 40 ppm of sludge. The brownish-red color front,
caused by the arrested sludge particles, was visually observed
through the glass column walls, and this movement was plotted in
Figure 4.48. 1In all cases, volume % sludge in filtrate was less
than 3 ppm. Presumably, sludge breakthrough would occur when the
color had migrated the entire 24-in. sand depth. It appears under
the conditions tested that excessive AP would conclude the filter
run before such a depth of color migration was reached.

Based on results shown in Table 4.44 and Figure 4.48, AP in-
crease across the primary sand filter will approximate 1 psi for
24 hours of filtrate production with feed of 50 ppm sludge or less
for GS. An upper limit for the AP rise of 1 to 3 psi is consist-
ent with industrial water purification practice where a maximum
AP rise of 3.5 psi is used to avoid penetration of arrested matter
through the filter media and into the effluent [28].

Filtrate production of 24 hours through the primary bed re-
sults in a backwash volume of about 5% of the feed volume. This
recycle rate has been arbitrarily selected as a satisfactory goal
that is within indicated capabilities of GS processing. Because
the polishing filter removes a fraction of the sludge removed by
the primary unit, the AP rise, backwash frequency, and recycle
volume should be even smaller through the polishing unit. For
flowsheet calculations, the 5% recycle rate was used for each of
the two filters.
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Large-Scale Sand Filter Studies

A one-eighth-scale sand filtration facility, Figure 4.49,
featuring 17.25-in. 1.D. columns was built to process large-scale
GS products. Filtration through coarse, then fine media (same bed
depths and particle sizes as before) was started after receipt of
the initially decanted GS batch in the sand filter feed tank.
Filtration was continued until all GS product was depleted. .

Four GS-sand filter runs were made. Sand filter feed cycle
results, presented in Table 4.45, confirm earlier small-scale work
in that acceptable filtrate quality and pressure drops were demon-
strated. Solids in final filtrate averaged about 1 ppm or less
according to analysis of hourly samples from the four runs by the
Coulter Counter. Spot checks for centrifugable sludge (10,000 g/s
for 3 min) revealed ]l ppm when the two filters were operated in
series and each received the Versa TL® 700 polymer (Runs 3 and 4).
Under these conditions, turbidities of 0.07 JTU also showed good
duplication of small-scale work.

In Run 4, filtrate quality was maintained during an interrup-
tion that will routinely occur in plant operation. After 31.7
hours of continuous feed, the primary column was backwashed.
Following this backwash, feed addition was resumed and polishing
column product continued well below 1 ppm, despite upset of the
primary column caused by the backwashing. An important design
function of the second bed is to maintain product quality during
such temporary upsets of the first bed.

Pressure drop in the primary bed while feeding during Run &
is shown in Figure 4.50. The filtration of an average 35 ppm
sludge required about 32 hr at 1.38 gpm/ft2 to reach a AP rise
of 1.2 psi (vs 3.0 psi plant max). At a design feedrate of 1.2
gpm/ft2, a feed cycle of 36.4 hours is calculated, a satisfactory
margin over design basis feed cycle of 24 hours. AP rise across
the polishing bed was less than 0.5 psi during the 32-hour feed
period. o

Three sand filter backwash runs were made following the
corresponding GS-sand filter feed runms. 1In this initial large-
scale test work, objective of backwashing was to determine
relative quantities of sludge arrested in the two beds. The
results from Table 4.46, Run 1 (which was made with parallel feeds
to the two columns), show a 74/26 split in primary/polishing
filters. This 1is about as expected because the respective ratio
of clean bed AP's is 0.8/2.2, and most flow should go through the
primary bed with smaller AP. Average for Runs 2 and 3, fed in
series to primary then polish filters, shows 90% of the sludge was
arrested in the primary column. This is also about as expected
from small-scale experience.
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To demonstrate efficient large-scale backwashing and minimize
recycle, three full-sized Roto-Scour® (Grover Water Conditioning
Co., Union, N. J.) air distributors have been installed on each of
the two columns. Testing is under way. The reference backwashing
cycle consists of these steps:

1. Drain excess supernate 5 minutes
2. Air sparge at &4 scfm/ft2 10 minutes
3. Resettle filter bed 5 minutes
4. Backwash with polishing bed

filtrate at 15 gpm/ft2 5 minutes
5. Resettle filter bed 5 minutes

6. Restart filter feed ——

Filter Media Service Life

The eventual disposal of the filter media will be required
because of (a) the gradual dissolution of the media and resultant
loss of particulate removal efficiency, (b) irreversible radio-
nuclide or other particulate adsorption, or (c) failure for any
reason to backwash to initial clean AP or adsorption efficiency.
Facilities will be provided for jetting the media to sludge wash-
ing after a final backwash to GS, then 1M NaOH fluidization to
'enable the jet transfer to take place. Facilities to acid wash
the media will also be provided for decontamination of excessive
radioactivity, mudball dissolution, or clean AP restoration as
necessary.

At temperatures below 25°C, use of the same primary sand
filter media in the 4-in.-diameter column over a period of 6
months' submergence (about 15% operating time) has shown no de-
tectable loss in particulate removal efficiency. Recovery of the
initial clean-bed AP has been complete after each backwash (this
assumes that air is used for backwashing and polyelectrolyte has
been added with the feed). 1In studies to determine solubility of
sand in both the low-caustic and high- caustic supernates, no
detectable Si (<1 ppm) was found in the filtrate at operating
temperatures below 30°C. In low-caustic supernate at 60°C, 26
parts Si0O; per million parts supernate dissolved in 15 minutes,
the average bed contact time. Tests with high-caustic supernate
showed no detectable Si0j dissolution at temperatures below 30 to
40°C. Facilities should therefore be provided to maintain sand
filter feed temperatures below 25°C.
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Stock Solution Viscositiles

Viscosities of the polymer stock solutions for GS as well as
sand filter treatment are included in Table 4.47., Viscosities
were measured at several spindle speeds with a Brookfield Model
RVT viscometer at temperatures of the stock solutions as indi-
cated. The 8% starch solution was dispersed in 1M NaOH, and the
0.1% Versa TL® 700 was made up in distilled water.
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4.5.10 Supernate Decontamination

4.5.10.1 Cesium and Plutonioum (P. K. Baumgarten, R. M. Wallace,
J. R. Wiley, D. A. Whitehurst)

4.,5.10.1.1 General

Cesium and plutonium will be removed from clarified super-
nate by ion exchange by Duolite® (Trademark of Diamond Shamrock
Corporation, Redwood City, CA) ARC-359 resin, using countercurrent
elution and regeneration. The resin is a strong-acid cation ex-
changer, of the phenol-formaldehyde type with sulfonic and pheno-
lic functionality. It is selective to cesium at high pH. The
Savannah River Laboratory has demonstrated cesium removal from SRP
plant wastes obtaining decontamination factors up to 100,000.
Plutonium was removed at DF's = 30 to 300.

4.5.10.1.2 Process Description

As shown in flowsheet ¥S-~9 (Figure 4.9) filtrate from the
sand filters (FS-8-20) is pumped through two ion exchange columns
in series containing Duolite® ARC-359 resin. After the loading
step, the columns are rinsed with water.. Both the loading and
first rinse steps are downflow. The effluents continue on to
strontium ion exchange (FS-10). Cesium and plutonium decontamina-
tion factors assumed for material balance purposes are 10* and 165,
respectively.

The cesium and plutonium are eluted countercurrently from the
columns using 2M NH,OH - 2M (NH4),CO3 followed by a water rinse.
Eluate and water rinse effluent pass on to elutriant recovery and
cesium concentration (FS-11). The columns are then countercur-
rently regenerated with 2M NaOH; the effluent goes to a heated
catch tank to separate residual ammonia.

4.5.10.1.3 Cycle Schedule

The proposed ion exchange cycle schedule is shown in Table
4.48.
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The ion exchange equipment will consist of two columns in
series. (Note that 1 column volume as used in the table above is
based on the volume of a single column.) Ge(Li) gamma detectors
will continuously monitor Cs-137 in the effluent of the first col-
umns where DF's as low as 3 to 30 may be acceptable. The second
column will remove the remaining cesium. The second column efflu-
ent will also be monitored. The usual second column effluent con-
centrations may be too low to be detectable against background
radiation.

To compensate for varying feed composition, the feed volume
and cycle length can be increased or decreased to maintain the
desired overall DF. Periodically, probably every 2 months, the
resin is backwashed in upflow to remove fines and accumulated
miscellaneous solids, correct possible channeling, and regrade
the particles. Ultimately, the resin is removed by slurrying and
transferring the slurry. Fresh resin is similarly transferred
into the columns. If residual radioactivity content is low
enough, the resin is checked for residual activity. Spent resin
can be buried. Otherwise, the resin will be dewatered, dried, and
incinerated in a dedicated incinerator tied into the melter off-
gas system.

The proposed cycle schedule is based on countercurrent elution
and regeneration. . Countercurrent operation is far more efficient
than cocurrent [32]. Table 4.49 is a listing of recommended oper-
ating techniques for successful countercurrent operation. Between
steps the liquid in the freeboard above the resin will be lowered
to a level just above the resin to permit proper displacement in
the subsequent step.

To achieve maximum advantage with countercurent ion exchange,
a few rules must be observed. Most of these relate to the need to
maintain a piston-like zone movement of ion exchange in the resin
column. To draw the analogy with a distillation column, the
"theoretical plate height" must be kept to a minimum.

4.5.10.1.4 Resin Description and Physical Properties

The ion exchange follows the following simplified equations:

Load:  'RNa + Cs* & RCs + Na* ' (1)
Eluate: RCs + NH4* S RNH, + Cs* . (2)
Regenerate: RNH; + Na* & RNa + NH,* : (3)
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where R represents the resin. A simplified structural formula of
Na* form "Duolite'" ARC-359 resin, with both sulfonic and phenolic
groups sodium-equilibrated 1is:

ONg ONo
P -
-CH, @ ~CH,SO;Ng
CH,SOyNa CH,
e —n
CH, CH,
ONa

At near-neutral pH only the sulfonic acid groups convert to the Na
form. As pH increases, more and more of the phenolic groups
exchange and convert to the Nat or Cs* form.

Diamond-Shamrock produces the resin by sulfite-treating
crushed, cross-linked phenol-formaldehyde polymer [33}. The
standard resin is called "C-3," and is refined and fully regener-
ated to make "ARC-359." The NH4* form is obtained by treating the
Na* form with an (NH4)2CO3 solution to which NH4OH has been added
to improve solution stability. This is the elution step. The
resin 1s regenerated with 2M NaOH.

Physical properties are tabulated in Table 4.50. Particle
size of the commercial resin is mainly in the 16 to 40-mesh range,
but specifications may be set in the future calling for a more
closely graded, finer size distribution. The bed expansion data
shows that 8 to 12 gpm/ft2 water flow is required for the recom-
mended backwash expansion of 50%. Table 4.51 gives swelling data,
weight and volume increase when the resin is immersed in different
strength Na and NH, solutions [34]. The resin swells the least
in (NH4)9CO3 solution, more in NaNO3 (or another sodium salt),
and most in NaOH. Both particle and bulk density increase in the
same order since in each case the weight increase is more than the
volume increase, and void fraction remains approximately constant.
As observed in a glass column, resin swelling is greater in the
supernate than in 24 NaOH in upflow, but less when the flow direc—
tions are those of the reference process (supernate downflow, 2M
NaOH upflow).

The pressure drop through the bed in downflow will depend on
the resin size distribution. A calculated figure is 0.1 to 0.2
psi/ft at 1.12 gpm/ft2. 1In upflow, a pressure drop of 0.54 psi/ft
is calculated based on an average resin and liquid density of 1.24
This should increase only slightly as velocity increases.
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4.5.10.1.5 Resin Capacity

Ion exchange capacity for sodium was determined from static
experiments and is given in Table 4.52. The capacity increases
considerably with NaOH concentration (i.e., pH) as already dis-
cussed. Since the supernate is expected to be 0.5M in OH™, a Na
capacity of about 2.49 + 3.77 = 6.26 eq/kg dry resin is expected.
This is approximately equal to 2.28 g-eq/L or 0.019 lb-eq/gal wet
resin.

Cesium capacity can be correlated in terms of the distribu-
tion coefficient Ky = [Cs1/[Cs*]. Here [Cs] is the equilibrium
concentration of cesium on the resin, with units of g-eq/Kg
Nat-form resin, and [Cs*] is the equilibrium concentration of Cs
in the 'liquid, with units of g—-eq/L of liquid. The value of this
coefficient for a range of Na* and OH™ concentrations in batch equi-
librium measurements is shown in Table 4.53 and Figure 4.51. These
data were obtained before many of the problems. associated with such
measurements were fully appreciated; the results must therefore be
considered only approximately. They do, however, show qualita-
tlvely the general behavior of the resin in which the Kj increases
with increasing OH™ concentration and decreases with increasing Na*
concentration.

+

More recent data have shown that the Kq is a very sensitive
function of the cesium concentration. Table 4.54 shows the varia-
tion of Kq with Cs* concentration for Duolite® ARC-359 in equi-
librium with solutions containing 4.75M NaNO3-~1.0M NaOH.

If only a single equilibrium were involved, the ion exchange
reaction could be written:

Na + Cs* s + Na*t (4)

=71 [Na1 - v + ' + .
_ s Na] - [Nat] Kd< [Na*] ) (5

s [Na] [Gs] 4 [Na] ~d\Ex - [Cs]

where [Cs] and [Na] are the respectlve concentrations of Cs and

Na in the resin, [Cs*] and [Na*] “are thelr respective concentrations
in solution, Ex is the total- exchange capacity of the resin and Ks
is the equilibrium constant for reaction (4) also known as the
selectivity coefficient.

Equation (5) can be rearranged as follows:
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Ks
[Na']

=~
L]

(Ex - [E;])

or
+
- Ex (Es/[Na D _ D)
1 + [Cs ] (Ks/[Na D]

These equations did not give a satisfactory representation of the
data in Table 4.54 or other similar data for solutions of differ-
ent compositions. If, however, the resin is assumed to contain
two different types of sites that act independently of each other
so that the resin behaves as a mixture of two different resins
each with its own capacity (Ex] and Exg) and its own selectivity
coefficient (Kg, and KSZ) the following equation is obtained.

51
Ex1 (Ks /{Na+]) Ex2 (Ks /[Na+])
1 2
K, = - < + < T (8)
1 + [Cs ] (Ks/[Na]) 1 + [Cs ] (Ks /[Na 1) '
2

Equation (8) is able to fit the data on Table 4.54 reasonably well

as shown by the comparison of observed values of K4 with those cal-
culated from parameters (shown at the bottom of the table) obtained
by a least squares fit of the data.

The values of Ky shown in the table are only valid for the
particular batch of resin for which the measurements were made.
Preliminary studies with other batches of resin show that the K4
curves may vary significantly from one batch of resin to the next.

4.5.10.1.6 Ion Exchange Kinetics

The ion exchange kinetics over Duolite® ARC 359 are extremely
complicated because the distribution coefficient Ky varies with
cesium concentration and because both resin and fluid phase re-
sistances affect mass transfer rates. A computer code for the
loading cycle has been developed (by R. M. Wallace) assuming dif-
fusion through spherical particles. Liquid film resistance and
preloaded (i.e., not completely eluted) resin will be included in
further development. The computer program divides both particles
and the column itself into discrete space elements. It has now
been modified for variable Kj.
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Diffusion coefficients have been measured for various resin
types supplied by Diamond Shamrock. A fairly strong negative
correlation (-0.804) was obtained between diffusion coefficients
and cesium capacity.* Measured resin phase diffusivities were in
the range of 0.5 to 3 x 10-8 cmz/sec, considerably less than for
other ion exchange resins. One would therefore expect resin phase
diffusion to control. On the other hand, some column data indi-
cate that increased column height at constant volumetric through-
put improves performance. This may be due to either liquid film
influence or more surface area exposure at higher superficial
velocity.

Two simplified approaches to predicting ion exchange per-
formance may be used. Breakthrough C/Cpy may be plotted against
throughput in column volumes on log-probability paper. This gives
a straight line above C/Cp > 1%. The steepness of the line is pro-
portional to the kinetic rate, while the left~to-right position
measures the equilibrium.

A somewhat more complicated approach is to use the J-function*#¥
chart, Figure 16-20 in the Chemical Engineer's Handbook. Here C/Cy
is plotted against NT with N as parameter where

N = number of mass transfer units

60 D 1

p
d d 2 ° (CV/hr)

P

'\;Wp K

4.5.10.1.7 Savannah River Laboratory Demonstrations

Removal of Cs—137 from simulated and actual plant wastes
was demonstrated in a series of laboratory tests using Duolite®
ARC-359 [35, 36, 37]. Figure 4.52 shows the general scheme used
in the final tests [36]. Two 22-in.-long by 3-in.~dia stainless
steel columns in series contained the Duolite®. They were fol-
lowed by a third similar column using 'Chélex'"-100tf iminodiacetic

*  DPST-80-257

*% A two-argument function originally derived for recuperative
" heat transfer. R » _

1 Product of Bio-Rad Labofatqfies.
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acid resin for strontium removal. The supernate feed was pre-
pared to simulate closely the reference salt composition and con-
tain the expected radioactive components. Supernate at least 10
years old from H- and F-Area waste tanks was adjusted to the ref-
erence composition (2.2M NaNO3, 1.1M NaNO,, 0.75M NaOH, 0.5M NaAlO,,
0.3M NapS04), slurried with waste sludge to regain equilibrium

in waste components, and separated from the sludge by centrifuga-
tion and filtration. In the tests, about 775 liters of waste

were decontaminated in 9 trials during a 3-month campaign.

Results are shown in Figure 4.53 and Table 4.55. For 40
column volumes throughput, DF's averaged 4 x 10° for Cs-137. For
Test 5, first-column effluent showed Cs DF's from 60 (at 25 CV's)
to 5 (at 40 CV's). This indicated that the critical cleanup
occurred in the second column. Flow rate was 0.67 gal/min-ft2 in
this test which is 2/5 of the gpm/ft2 expected in the reference
process. Plutonium removal was also adequate. DF's averaged 35 for
40 CV's throughput and reached 60 to 20 CV's. In a similar test,
but with the supernate saturated with Pu-238 (6.8 Ci/mL vs about
0.014 Ci/mL in most other tests) the DF was 300.

Preliminary tests in 25-mL, 1.3-in.-dia columns showed the
effect of process variables [41]. 1In tracer tests at constant
CV/hr and constant diameter, DF improved with longer columns and
higher linear flow rate [38] in the range of 0.077 to 0.26 gpm/ft2.
This was probably due to reduced end effects (distributor, dead
zones) and better liquid-solid mass transfer at higher linear flow
rate. At constant CV/hr and constant linear flow rate (i.e., con-
stant bed height) limited data showed that DF improved with larger
diameter [39] probably due to reduced wall effects.

Small-scale tests with actual plant waste (Fig. 4.54) showed
that a DF = 104 could be obtained at 15 column volumes or higher for
Na* concentrations of 4 and 9M. The blended DWPF liquid waste will
be about 6M in Na*. Tank 24 supernate which had the lowest Nat
concentration gave the highest DF. This result agrees with pre-
dicted feed concentration effects.

4.5,10.1.8 TNX Semiworks Studies

An experimental study is under way at TNX semiworks to
demonstrate the proposed process and investigate process vari-
ables. Two 3-in.~diameter by 40-in.-tall glass ion exchange
columns, each with its own 3-in.-diameter backwash column, are
installed in a temperature-controlled cabinet. Separate metering
pumps feed the upflow and downflow streams from appropriate tank-
age. The supernate feed is obtained from the centrifuging arnd
filtration steps carried out at TNX, and is dosed with "cold"
Cs-133. Product samples are obtained in a clean glovebox and
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analyzed by isotope dilution mass spectrometrg. This method can
determine Cs concentrations as low as 1 x 107°M. Two 8-ft tall
columns are currently in operation at the same volumetric (CV/hr)
and linear feed rates as the plant columns. A 1/13 scale column,
4 ft high x 2 ft diameter, is expected to become operational in
1981.

Results from the TNX studies show:

1) Sodium capacity of the resin at the high pH of the feed 1is
much larger than that indicated by the manufacturer, namely
0.020 vs 0.010 1b mol/gal. The sodium cannot be effectively
removed by water even up to 6 CV's of first rinse, and would
overload the glass melter if not removed otherwise. A step
to fix cesium on zeolite was therefore inserted in the process
after eluate concentration/cesium recovery.

2) Electrical conductivity is an effective indication of the
regeneration end point, as shown in Figure 4.55. It is at-
least as good as pH for this purpose. 1If the feed is started
before the resin is fully regenerated, aluminum hydroxide will
precipitate in the bed, plug it up, and ruin its performance.

3) Some A1(OH)3 precipitant has been observed in eluate follow-
ing 3 CV rinses indicating a longer water first rinse is
required. A 5-CV first rinse has been recommended to com-
pletely remove the sodium aluminate from the column. An ex-
periment was conducted in which equal volumes of first rinse
effluent (3, 4, and 5 CV's) and elutriant were mixed and the
resulting solution analyzed for suspended solids by centri-
fugation. The solutions had 150, 30, and 15 ppm of solids for
the 3, 4, and 5~CV effluent-mixtures, respectively. The 3 and
4-CV samples had white and brown solids while the 5-CV sample
had only brown solids. The white solids are representative of
the A1(OH)3 precipitant while the brown solids were probably
introduced by somewhat dirty glassware. A typical set of Al(OH),~
analyses during a rinse step are presented in Figure 4.56 from
which it can be seen that 5 CV of first rinse removes essen-
tially all of the A1(OH)4~ from the column.

4) The volume of a given weight of resin depends on the chemical
state, the previous resin history, and on whether flow is up
or down (see Section 4.5.10.1.4). The columns should there-
fore be loaded in the ammonia form (which has the smallest
volume) to permit the most resin to be loaded. As the bed
cycles it tends to-shrink, and more resin should be loaded
after two or three weeks of operation. Ability to gage
the resin level is essential to avoid excessive dead space
between the resin and upper distributor.
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5)

6)

7)

8)

During elution the resin shrinks and the particles tend to
fluidize near the top of the column.. Some actual gaps in the
bed have been noted in the 3-in. columns during this step.
This problem may not affect overall performance, but should
be kept in mind during further development efforts.

The eluate analyses show that the cesium peak occurs @ & CV
(Figure 4.57) with 97% of the cesium having been removed from
the column after 8 CV's. Note that the feed cycle for this
run was 60 CV's instead of 20 CV's. The sodium is removed
somewhat earlier than the cesium, and the Na concentration
decreases more rapidly.

Elutriant spiked with cesium to a level corresponding to a
decontamination factor of 4,000 (based on concentrator feed)
in the elutriant recovery process appears to have no detect=-
able detrimental effects on the cesium column performance.
However, the TNX process is limited to a detection limit of
1 ngCs/mL corresponding to a DF = 3 x 104 for 2.4 x 1074M Cs
feed. The effect of elutriant below this level may be sig-
nificant but cannot be observed at TNX. Therefore a reduc-
tion in the decontamination factor of 108 for the elutri-
ant recovery equipment cannot be recommended at this time if
the possible higher DF's obtained in the high level caves
studies DF = 10° - 10% are to be taken advantage of and less
than 10 nCi Cs/mL salt product produced.

Large variations in column performance have been observed
with different resin batches. Three resin batches have been
used at TNX:

a. Duolite® ARC-359, Lot #512-17E, a resin manufactured in
1977.

b. Duolite® ARC-359, Lot #512-43K, a resin manufactured in
1973 and used in the high level caves tests (HLC).

c. Duolite® ARC-359N, Lot #512-28G, Lab #1463~113, a resin
manufactured in 1978.

Figure 4.58 shows that the cesium capacity of the 1977 and
1973 resin were quite similar (19-20 CV to C/Co = 0.5) and
considerably lower than that for the 1978 resin. It should
be noted that the 1973 resin 'lost' more than 50% of its
original capacity when used in the HLC tests. This suggests
that for design purposes, the TNX data on 1977 and 1973 resin
are to be regarded as degraded resin prior to removal. Pro-
grams at SRL are under development to ensure the delivery of
a resin with a capacity equal to or greater than that of the
1978 resin Lot 512-28G. '
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9) The effect of feed composition is also presented in Figure
4.58. The capacity of the 1973 resin increased by about 70%
with the increased hydroxide concentration (due to aluminum
dissolution). Thus the number of CV to reach 50-55% break-
through (C/C, x 100) for the first column effluent increased
from about 19.6 CV to about 28 CV (extrapolated) with the
addition of the aluminum dissolution process. Thus the per-
formance of ion exchange is primarily dependent on feed
([Na*] and [OH"]) and resin batch. The effect of feed com
position will be determined for a particular resin batch in
order to set the acceptable limits of feed composition.

10) Figure 4.59 shows that DF 2}04 were obtained from both
columns for at least 60 CV. The effluent from between the
two columns began to "break through'" at 20-40 increasing to
50% breakthrough at 60-65 CV. It should be noted that for a
feed with [Cg*]) = 2 x 1074M, a DF = 2.6 x 10% is the most that
can be shown using the present method of analysis. The col-
umn may be performing considerably better than the 7.5 x 1079
product suggested from Figure 4.58. The differences between
1 and 3 CV/hr feed rate should be considered only qualita-.
tive, since relatively large variations occurred with the
same flow rates .and because the differences observed may have
been due to variation in [OH™] or an effect due to time
(resin history).

11) Figure 4.60 presents the effect of feed concentration on the
"degraded" 1973 resin. It may be seen that for feeds 3-4
times higher than the expected 2.4 x 1074M cesium concentra-
tion acceptable breakthrough from the second column is still
obtained. Note that the DF =~ 10° for Co = 7.7 x 1074M corre-
sponds to the same effluent as DF ~ 3 x 104 for Co = 2 x 107%M
The canyon process will probably not run the first colummn to
near the 50% breakthrough required to achieve DF = 10% after

20 CV in order to prevent the possible contamination of the
product salt.

12) The relatively minor effect of flow rate is presented in
Figure 4.61 for the '"degraded" resin. Again both of these
flow rates achieved the desired goal of DF = 104 but only
just barely. The effect of flow rate is most pronounced at
low concentrations where the breakthrough curves begin to
deviate from linearity (log-probability coordinates).

13) Correlation between the C/Co's of the two columns will be
depended upon to help control plant. operation. The correla-
tion may vary with feed composition and resin condition.
Further data will be obtained during. the course of this pro-
gram.
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4.5.10.1.9 Hanford Experience

Duolite® ARC-359 resin has been used extensively in Atlantic-
Richfield-Hanford's B Plant* to remove about 95% of radiocesium
from alkaline Purex and Redox supernates. Original experience was
with synthetic zeolite, "Linde" AW-500 [40}, [41], which, however,
was not stable when exposed to high alkalinity for a long time.

It was therefore replaced by Duolite® ARC~359 [42], [43].

Atlantic-Richfield used the refined-grade ARC-359 instead of
the standard C-3 grade, since they wanted to be sure the resin
would work and it was simpler to have the supplier rather than
Atlantic-Richfield pretreat the resin.

The Hanford techniques are somewhat different from ours since
their purpose is different. They use a single 6-ft-diameter x
13-ft-tall column (with 10 to 12-ft-deep bed) and operate it in
downflow except for the regenerate step. The column is drained
between steps. The Hanford cycle includes a sodium elute step
after the load, using a 0.2M (NHg4)9C03-0.1M NH4OH scrub solution
to separate most of the sodium from the cesium prior to cesium
elution. This also removes potassium and rubidium ions from the
resin. This step was considered for the present DWPF process to
remove excess sodium from the eluate, but did not appear as
attractive as cesium fixation on zeolite. The scrub effluent is
butted with caustic and returned to the column as regenerant to
recover leaked cesium. Hanford practices backwashing only in the
form of a biweekly upflow water "fluff" within the ion exchange
column. They use an extra elute/regenerate cycle to correct poor
column per formance.

Periodically concentrated eluate is reworked to reduce the
Na/Cs ratio further. After NH3 and CO, are stripped off in elu-
triant recovery, the eluate contains chiefly cesium and sodium
carbonate and Fe and Al contaminants. It is reloaded onto the
column. Subsequent steps - Na scrub, elution, rinse, and regen-
eration - are similar to the primary processing.

The Duolite® resin is used for about one year before being
replaced [44]. The last batch was in use for 3 years (1975-78),
but had deteriorated significantly when it was replaced.
Atlantic-Richland-Hanford standard operating procedures are on
file, including SOP 11.28 "Cesium Ion Exchange PSS Processing,"
SOP 11.22 "Cesium Ion Exchange Product Rework Procedure,” and
Flowsheet ARH-F-106 (1977). Analytical procedures, '"Cesium
Absorption Cs-1," "Determination of Particle Size -~ Wet Sieve
Method - Zy-24a," and '"Determination of Moisture Retention
Capacity-— 0.7," are also available.

* Currently operated by Rockwell International.
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4.5,10.1.9.1 Resin Aging and Decay

Duolite® ARC-359 degradation under the influence of high pH
and high radiation flux is slow. The Hanford experience has been
favorable. One batch of 435 ft3 processed 1.8 million gallons of
Purex waste (17 Ci/gal) between March 1973 and May 1975. When a
fresh batch of 442 ft3 was substituted, bed capacity increased 33%.
The second batch processed 1.5 million gallons between May 1975
and February 1976, at which time load sizes had decreased 10%.

Some of the reduced resin performance may have been due to chan-
neling, which would have been corrected by backwashing.

Hanford monitors resin capacity by taking a sample from the
bed measuring moisture retention and cesium capacity. For
instance, the first batch of resin described above increased from
50 to 78% moisture retention between March 1973 and October 1974.
Radioactive cesium capacity is measured by shaking 0.5 g resin
with 5-ml cesim-spiked liquid for an hour, decanting the super-
nate, and measuring gamma-activity of the separated resin. The
liquid Na*, OH™, and Cs™ concentrations should be at specified
levels for the test.

Hanford also monitors bed height, and found a column decrease
(7.6%) in the first campaign cited and a very slight increase (4%)
in the second. The conclusion, therefore, is that fines are only
occasionally produced, and that the main result of degradation is
increased porosity. SRP waste did not chemically degrade Duolite®
ARC-359 resin by prolonged contact, and the radiation stability
was also good [42].

Diamond Shamrock recommends a maximum resin service tempera-
ture of 40°C in caustic service. Above this temperature, the

resin degrades by de-crosslinking. Hanford maintains its feed
streams at 20-25°C.

4.5.10.1.10 Heat Effects

Heat development via radloactlve decay should not be a prob-
lem except in the extreme case of 20. CV's of supernate containing
Cs-137/Ba~137 being sorbed on the .resin, .and no flowthrough of
liquid. Even 'in:that. case ‘a temperature rise of only 0.087°C/hr
is calcualted for the’case.of lxquld remalnlng in the column, and
0.25°C/hr for the .case “of a-drained -column. Heat load was calcu-
lated to be 929 Btu/hr for 20 column volumes of 15-year aged waste
supernate sorbed on the resin.

- 4.73 -




4,5.10.1.11 Detailed Description of Unit Operation

Resin Preparation and Column Loading

The Duolite® resin is prepared on the cold side of the canyon
by slurrying it with water. The resin slurry is then gravity-fed
or pumped into the ion exchange columns. Excess water is collected
in the spent resin catch tank. The columns are then backwashed
and settled 3 times to remove fines and grade the resin. Accord-
ing to Diamond Shamrock, 95% of resin fines can be removed in this
step. Following backwashing, the resin is subjected to two elution-
regeneration cycles. Each column is checked to make sure it is
full. A velocity of 3 to 5 ft/sec in the connecting piping is
recommended for hydraulic conveying. Compressed air may be used
to assist the conveying and break plugs.

Load (Feed) Cycle

Filtered supernate will be fed downflow through each set of
series columns. A flow rate of 1.67 CV/hr, or 1.67 gpm/ft2 is
planned. Temperature of the feed is not to exceed 30°C. A feed
density of 1.24 g/cc can be used for design purposes. 20 to 30
column volumes of feed can be processed with 20 CV's being used
as design basis.

The make-effluent is routed to intermediate tankage ('bounce
tanks") for feed to the strontium ion-exchange columns.

First Rinse Cycle

Water for the first rinse cycle is obtained from recycle water.
The rinse has two purposes. It will keep elutriant from mixing
with feed retained in the column voids which would cause Al(OH)j,
Al,503, and/or aluminum basic carbonate to precipitate and plug the
columns. After pushing the supernate out of the column voids it
will also remove sodium from the resin, thereby minimizing the
amount reaching the cesium concentrator. The rinse follows the
feed to the strontium ion exchange column.

The bounce tanks should be kept relatively empty to take ad-~
vantage of the increasing feed purity as the rinse passes through
the cesium columns. Water purity is important to prevent elution
of cesium. Its pH should be in the range 7 to 9, and total cation
concentration (including NH;*) should be less than 0.02M. The flow
rate is to be the same as for the feed. The design-basis first
rinse volume is 5 column volumes. Temperature is not to exceed
30°c.
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Elution Cycle

The elutriant will be 2M NH4OH - 2M (NH4)9CO3 and is obtained
from the elutriant recovery area. Make-up CO; and NH3 are obtained
from the cold side. Elutriant composition may be allowed to vary
+107% and radioisotope concentration should not exceed the desired
Toad-effluent concentration (i.e., 1078M). Flow will be upflow
at a rate of 1.2 CV/hr, with a total volume of 10 column volumes.
Temperature is not to exceed 30°C. Effluent will be routed to a
catch tank, for subsequent concentration and stripping in the elu-
triant recovery area.

Second Rinse Cycle

The second water rinse, upflow, follows the eluate into the
eluate catch tank. This rinse prevents buildup in the recycle
water system. Flow rate will be 1.2 CV/hr, with a total volume
of 3 column volumes (may be ad justed downward). Temperature and
water quality are the same as for the first water rinse except for
any limitation on NH3 concentration.

Regeneration Cycle

The resin, now in the NH4* form, will be regenerated with 2M NaOH

in upflow. Regenerant composition may be allowed to vary +10% and
radioisotope concentration should not exceed 10~2 times the desired
load-effluent concentration. Flow rate will be ! CV/hr, with a
total volume of 5 column volumes. The regeneration endpoint will
be determined by electrical conductivity >100,000 pymho/cm. Tem-—
perature is not to exceed 30°C. Effluent will be routed to a
regenerant catch tank, which is heated and stirred in such a man-
ner as to drive off eluted NH3 to the cesium vent scrubber.

Backwash

About every two months the resin may require backwashing.
This is done with water in upflow to remove fines and miscella-
neous deposits, correct channeling, and regrade the bed hydrauli-
cally. Need for backwashing is signaled by reduced decontamina-
tion factors and increased bed pressure drop. An expansion of 50
to 75% is desired in the backwash, so the required flow rate can
vary, according to Table 4.50, from 4 to 10 gpm/ft2 depending on
the ionic form, water temperature and particle size. During each
4-hr backwash period, recycle water is recirculated through the
ion exchange column to expand the bed into the available free-
board space. Degraded resin flushed into the fines are sent
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resin catch tank, where it remains for disposal. After backwash-
ing, the resin settles back into the ion exchange column. Two or
three separate backwash periods, with settling in between, are
suggested. The introduction of air should be meticulously
avoided. The ion exchange column is then level-gaged and fresh
resin added, if necessary.

Since the backwash procedure mixes the resin bed, the bed is
then eluted and regenerated at least twice to make sure the bottom
zone is clean enough to produce low-contaminant make-effluent.
Elution time could be extended to double the usual period if it is
suspected that excessive Cs or Pu remains on the resin.

Spent Resin Removal

The time for resin removal is signaled by reduced DF's even
after backwash, and by increased resin moisture absorption and
reduced Cs capacity in thieved samples. The resin is removed from
the columns by slurrying it with water fed in through the bottom
distributor. Additional water may be introduced from the top of
the column. A water velocity of 3 to 5 ft/sec will be required in
the up-legs of the transfer lines. The use of compressed air to
break plugs and facilitate conveying is recommended.

Resin Disposal

Spent resin is checked for residual alpha, beta, and gamma
activity, interstitual water is drained, and the resin is packaged
in 10-50 1b batches. Packaging the resin puts it in a form suit-
able for burial or incineration. If total activity is less than
10 nCi/g, burial as a low-level waste should be considered. 1In
the high-level cave tests, residual radioactivity did not build up
after 320 column volumes of actual plant waste had been processed.
Hanford presently buries its spent Duolite® resin.

If activity is greater than 10 nCi/g incineration in equip~
ment with proper smoke and fly-ash control is preferred. A small
(50-100 1b/hr) incinerator could be installed in the S canyon ion
exchange area. The incinerator off-gas would be routed to the
melter off-gas system.
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4.5.10.2 Strontium Ion Exchange

4,5.10.2.1 General

Strontium is removed from clarified supernate by ion exchange
on "Amberlite" IRC-718% resin. This resin contains a chelating
functionality which results in a strong selectivity for transition
metals. The Savannah River Laboratory has shown that strontium is
selectively sorbed onto the resin from simulated waste supernates.
Small-scale column tests led to the conclusion that plant scale
columns should perform well with the "Amberlite'" resin [45].
Decontamination factors approaching 1000 were obtained with a
single column. Based on this DF, the reference flowsheet fore-
casts the Sr-90 activity in the saltcrete will be less than 2 nCi
Sr/g [46].

4.5.10.2.2 Process Description

The effluent from the Cs columns is pumped downflow through
the ion exchange column containing "Amberlite" IRC-718 resin.
After the loading step, the column is first rinsed downflow with
the effluent from the cesium first rinse and then rinsed downflow
with water. The strontium is eluted upflow using a 0.01M solution
of ethylene diamine tetrasodium acetate (EDTNaA at pH = 11). The
column is finally rinsed upflow with water to remove residual
EDTNa. The cycle schedule is summarized in Table 4.56.

Because the cesium ion exchange process will be monitored to
maintain acceptable DF's, the actual feed times may vary for the
strontium cycle. The ion exchange operation will be counter-
current to ensure that high DF's are obtained.

A flow diagram (FS-10) is shown in Figure 4.10 and a material
balance (MB-10) in Table 4.10.

4.5.10.2.3 Resin Properties

"Amberlite'" IRC-718 is a crosslinked macroreticular cation
exchange resin. It has a styrene divinyl benzene matrix with a
chelating functionality like ethylene diamine tetra-acetic acid
(EDTA). This functionality consists of cation active sites which
coordinate with the .transition ‘metal ion-and therefore have a high
selectivity toward them [47].

* Trademark of Rohm and Haas.
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Sorption experiments with various resins indicated that
"Amberlite" IRC-718 has one of the most favorable equilibria
for strontium sorption. The distribution coefficients (Sr on
resin)/(Sr in supernate) for the resins tested are presented
in Table 4.57.

"Amberlite'" IRC~718, while having a favorable distribution
coefficient for strontium (kg = 1040 to 3250), is also selective
to other metal ions such as Hg, Ca, and the lanthanides. A selec-
tivity series for IRC-718 is presented in Table 4.58 for an ideal-
ized supernate solution. The competing ions are present in concen-
trations much higher than that of strontium. Column tests using
strontium tracers are to begin shortly to determine the effect of
competing ions under dynamic conditions.

The highly crosslinked macroeticular structure of "Amberlite"
IRC-718 prevents the excessive swelling and contracting which frag-
ments and degrades gelular chelating resins [47] such as "Chelex"
100. Since IRC-718 particles are considerably larger than '"Chelex"
100 particles, column pressure drop is less and the possibility of
losing fines through screen distributors is reduced. "Amberlite'"’
is a spherical resin which typically has a 20-50 mesh particle size
range. The maximum swelling is 40% when converting from H* to Na*
form [48]. The swelling expected in the strontium columns is less
than 10% since elution will be with alkaline EDTA instead of acid.

Pressure drop data for downflow operation is presented in
Figure 4.62 [49].

4.5.10.2.4 Detailed Description of Unit Operations

Resin Preparation and Column Loading

Each new shipment of resin is washed initially to remove any
fines that have accumulated during handling and shipment. After
characterizing each batch as to particle size range and preliminary
strontium absorption capacity, the "Amberlite" resin is slurried
with dilute caustic and gravity fed into the ion exchange column.
Gravity feeding is used to prevent destruction of the fragile
spherical particles. The resin is then backwashed at least 3 times
to remove any additional fines which may have accumulated during
handling and to classify the resin according to particle diameter.
Finally, the column is eluted and regenerated twice to prepare the
resin for actual use.
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Feed

The effluent from cesium ion exchange will be fed downflow
into the column prepared for loading. The flow rate presently
proposed is 1.67 gpm/ftz. The feed temperature is not to exceed
30°C. Because the strontium feed comes directly from cesium ion
exchange, the proposed 12-hour feed time is subject to the varia-
tions in cesium feed time which might occur because of changes in
supernate composition. Thus the strontium column is to be suffi-
ciently overdesigned so that any increased feed times for cesium
ion exchange do not cause strontium DF's to fall below an accept-
able level.

Although the volumetric flow rate to the strontium column will
remain the same as for cesium (2542 gph while being fed), the flow
rate on a column volume basis will be twice as high (3.33 CV/hr),
since the strontium column resin capacity is one-half that of the
cesium column(s). Also since there is only one Sr column, but two
Cs columns, the relative throughput (volume solution/volume resin)
will be 4 times larger for Sr than Cs. The column will be loaded
for 40 CV's (20 hrs) with cesium column effluent, where a column
volume is based on the Sr resin bed volume (762 gal). The effluent
from strontium ion exchange will be transferred to the product salt
hold tank.

Breakthrough behavior for strontium ion exchange using
"amberlite" resin is shown in Figure 4.63 [45].

Cs Rinse

The first rinse from the cesium column will be passed down-
flow through the strontium column. This rinse should be kept
separate from the Cs make (feed) effluent to properly rinse the
Sr columns. Most of the strontium remaining in the holdup volume
of the cesium column will be flushed out by this rinse step and
sorbed onto the "Amberlite" resin. The flow rate is to be the
same as the feed (1.67 gpm/ftz, 3.33 ¢cv/hr for 3 hrs), and the
temperature is not to exceed 30°C.

Sr First Rinse

The Sr first rinse will be used primarily to push the remain-
ing sodium and -nitrates out of the column voids to reduce the load
on the spray dryer and melter.  Water purity should be such that
leakage of strontium is held to-an acceptable level. Experimenta-
tion will be done to determine the maximum allowable levels of
EDTA in the water. The flow rate is to be the same as for the
feed (1.67 gpm/ft2, 3.33 CV/hr for 0.45 hr), and temperature is
not to exceed 30°C.
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Elution

The elutriant will be EDTA and caustic. The concentrations
proposed are 0.01 M EDTA and 0.001 M NaOH. The pH should be 11
or greater to keep the EDTA in the tetra sodium form. Elution
with 0.01 M EDTA will keep the resin in the sodium form, which
will eliminate large volume changes and reduce the osmotic shock.
Laboratory tests were run using 0.01 M EDTA as an elutriant for
both "Amberlite" and "Chelex" resins. TFigure 4.64 shows that
elution with EDTA is very effective in removing strontium from
the resin.

"The elutriant will be made in the Sr elutriant make-up
tank, sampled and tested for EDTA and pH. The eluate from Sr
ion exchange will be sent to an evaporator where it will be con-
centrated to a 1.0M alkaline EDTA concentration in order to reduce
the water load on calcination.

The proposed flow rate for the elutriant is 0.5 gpm/ft2
(1 cV/hr) for a total volume of 6 CV (4572 gal). The temperature
is not to exceed 30°C. The maximum permissible level of Sr in the
elutriant is being studied,.

Sr Second Rinse

The purpose of the second rinse is to wash the EDTA remaining
in the voids out of the column. This will prevent the strontium
in the next feed step from possibly being chelated by remaining
EDTA. The effluent will be mixed with the eluate before entering
the Sr concentrator.

The proposed flow rate is the same as for the elutriant
(0.5 gpm/ft2d, 1 CV/hr). A total volume of 3.0 CV (2286 gal)
of rinse water shall be used. Temperature is not to exceed 30°C.

Backwash

About every two months the resin may require backwashing.
This is done with water in upflow to remove fines and deposits,
correct channeling, and regrade the bed hydraulically. Need for
backwashing is signaled by reduced decontamination factors or
increased pressure drop. An expansion of 50 to 75% is desired in
the backwash, so the required flow rate can vary, from 3 to 6
gpm/ft2 depending on the particle diameter and water temperature.
Figure 4.65 presents expansion data for backwash operation [49].
During the 2~hr backwash period, recycle water is recirculated
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through the ion exchange column to expand the bed. Degraded resin
fines are flushed into the spent resin tank for disposal. Two or
three separate backwashes with settling in between are suggested.
The ion exchange column is then level-gaged and fresh resin added
if necessary. In that case, a second backwash is required to
regrade the whole bed.

Since the backwash procedure mixes the resin bed, the bed is
then eluted/regenerated with 0.01M EDTA at pH=11 at least twice to
make sure the bottom zone is clean enough to produce low-contaminant
make-effluent,

Spent Resin Removal and Disposal

Spent resin is checked for residual alpha, beta, and gamma
activity, interstitial water is drained, and the resin is packaged
in 10-50 1b batches. Packaging the resin puts it in a form suit-
able for burial or incineration. If total activity is less than
10 nCi/g, burial as a low-level waste should be considered. In the
HLC tests residual radioactivity did not build up after 320 column
volumes of actual plant waste had been processed. Hanford presently
buries its spent Duolite® resin.

If activity is greater than 10 nCi/g, incineration in equip-
ment with proper smoke and fly-ash control is preferred. A small
(50-100 1b/hr) incinerator could be installed in the § Canyon ion
exchange area. The incinerator off-gas would be routed to the
melter off-gas system.

4.5.10.2.5 Resin Aging

"Amberlite'" IRC-718 resin degrades mainly because of osmotic
shock. The radiation level from cesium-free supernate (<5 x 103
watt-hr/g) is not expected to significantly degrade the resin [50].
The structural properties of "Amberlite" IRC-718 are considerably
better from a resin aging standpoint than the resin formerly sug-
gest ("Chelex" 100). A service life of at least one year is to be
expected for the "Amberlite" resin.

Aging effects will be noticed by a reduction in the decon-
tamination factors obtained. Since continuous monitoring of Sr-90
is not practical, samples of the column effluent .are to be taken
each cycle. As the performance of the resin degrades, the amount
of supernate fed to the cesium column will have to be adjusted
accordingly in order to obtain a salt cake with acceptable levels
of Sr-90,
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4.5,10.2.6 Process Control

Strontium Feed Bounce Tank

Function
Feed cesium ion exchange column effluent to the strontium
column at 1.67 gpm/ft2 +10%.
Control
(1) Monitor flow to ion exchange columns.

(2) Monitor discharge pressure of pump.

Sr Ion Exchange Column

Function

Provide a DF of greater than 1000 for strontium.

Control

(1) Hold the temperature of the feed to <30°C.

(2) Monitor AP across the columnms.

(3) Resin level indicator.

(4) Monitor flow during loading, rinse, elution, and regeneration.

(5) Resin level indicator for the backwashing process.

4.5.11 Cesium Elutriant Recovery/Eluate Concentration
(B. E. Murphree)

4.5.11.1 General

The cesium ion exchange column eluate is processed through
this module to concentrate the eluate to 2.0M (NapCO3 + CsCO3)
and recover NH3-COs. Greater than 99.99% of the NH3 and COp is
driven from the cesium eluate during this process. The flowsheet
(FS-11) is shown in Figure 4.11 and the material balance (MB-11)
in Table 4.11.
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4.5.11.2 Process Description

Cesium eluate collects in the cesium concentrator feed tank
and is fed continuously to the top of the steam stripper. The
steam stripper is a packed bed which contacts cesium eluate
countercurrently with steam from the cesium concentrator.
(NH4)7C03 and NH4OH break down in the steam by the reactions:

+ 2-
2NH4 + co3 @ 2NH3 + 002 + H20 (1)
and
+ -
NH4 + OH m NH3 H20 (2)

Removing NH3 and COy in the steam stripper prevents foaming in

the cesium concentrator. The NH3-CO9-water vapor overheads pass
through a de-entrainment section which removes entrained non-
volatile radioactivity with a DF of_2106. The vapor stream 1s con-
densed to produce an (NH,),2CO3”NH4OH solution by the reverse
reactions of (1) and (2):

. ., .
2NH3(g) + C02(g) m 2NH, " + CO, (3)
and
+ -
NH3(g) + H20 E;;IE:E NH4 + OH 4)

The solution flows to the cesium elutriant makeup tank via
the stripper condensate tank. The concentration of the elutriant
is adjusted to 2M(NH,)9C03-2M NH,OH +10% by sparging appropriate
amounts of COy and by adding aqueous ammonia and process water.

The elutriant is then ready for reuse in elution of cesium from the
Duolite® resin,

NH3 and CO9, which escape from the various process vessels,
are combined and drawn through a packed bed absorber (cesium vent
scrubber). Chilled water countercurrently contacts the NH3-CO; con-
taining gas stream. NH3 and CO; are absorbed by the liquid phase
and returned to the cesium concentrator feed tank. The depleted
gas stream is- vented to the regulated facility vessel vent system.
The concentrated NayC03-Cs9C03 '(2.0M) solution is pumped
from the cesium concentrator to‘the Cs concentrator bottoms tank
for subsequent processing through-a zeolite column.

- 4.83 -




A purge condenser condenses a steam sidestream from the
cesium concentrator. This removes water introduced by ion
exchange rinse steps, jet dilution, and vent scrubber bottoms.
The purge condensate is transferred to the recycle evaporator
feed tank for subsequent decontamination.

4.5.11.3 Hanford Pilot Plant Study

Hanford runs an elutriant recovery/eluate concentration
system which performs exactly the same function as that proposed
for the DWPF process. Two major problems have appeared occasion-
ally: (1) foaming in the evaporator and (2) (NH4),C03 pluggage
in the condenser. Reference 70 describes a pilot plant study per-
formed to solve these problems at Battelle-Northwest Laboratories.
The feed composition used (about 7M NH4+ and about 3M CO32') was
similar to the DWPF cesium-loaded elutriant (about 6M NH;* and
2M €0327).

Steam stripping the feed in a packed bed effectively pre-
vented foaming in the evaporator. The stripping operation removed
>997% of the NH3 and CO, from the liquid entering the evaporator.
Heats of vaporization for (NH4)2C03 and NH4OH at 25°C are 51.2
and 18.8 kcal/mole, respectively. Overall heat transfer coeffi-
cient in the steam-heated tube bundle reboiler leg was about 500
Btu/ft2-hr °F. A mist eliminator pad effectively disengaged en-
trained feed from the vapor stream exiting the stripper. Decon-
tamination factors as high as 2 x 104 were demonstrated.

Downdraft condensation prevented pluggage in the condenser.
Overall heat transfer coefficients of about 100 Btu/ft2-hr-°C were
calculated for the condenser. 987% recovery of NH3 and COy were
demonstrated by the downdraft condenser. Significant losses of
NH3 and COp occurred at condensate temperatures above 60 and 20°c,
respectively.

4.5.12 Cesium Fixation on Zeolite

4.5.12.1 General

Concentrated eluate from the cesium concentrator/steam
stripper is processed through this module to separate the cesium
from the Na;CO3 solution by adsorption of the cesium on zeolite.
The cesium-loaded zeolite 1s hydraulically slurried and trans-—
ferred to the slurry hold tank for subsequent processing through
the spray dryer with washed sludge and strontium eluate concen-
trate. The flowsheet (FS-12) is shown in Figure 4.12 and the
material balance (MB-12) in Table 4.12.
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4.5.12.2 Process Description

Feed to this step is the 2.0M (NayCO3 + Cs9CO03) cesium concen-
trator bottoms solution. The cesium content is about 0.001M Cs,COj3.
Feed is pumped downflow through a 5 ft diameter x 11 ft bed of
sodium-form Ionsiv® IE-95 (formerly Linde® AW-500)*. Effluent from
the column depleted in cesium by a factor averaging at least 100
is recycled to the sand filter feed tank. The column is run
intermittently for about 2.5 hours every 3 days during the loading
step in order to maintain a superficial velocity of 0.2 ft/min in
the bed. A 2-bed-volume water wash flushes the bed to remove
interstitial salt each time the feed is terminated. Residual
rinse water circulates through the bed for cooling while it is
idle. Cesium breakthrough occurs at >50 bed volumes of feed and
is signaled by an online gamma detector. The column is sized such
that breakthrough occurs at a minimum of every 60 days.

Following breakthrough, the bed is rinsed with 7 CV's of
water to remove sodium. The bed is then backflow-expanded to
150-175% of its settled height. A steam jet empties the expanded
bed into a separate tank where it is dewatered to a 1:1 water
slurry using a profile wire screen separator. Cesium content of
the slurry is determined analytically. The slurry is sent in con-
trolled batches to be mixed with the sludge slurry to the spray
dryer/melter for incorporation in glass.

The empty column is refilled with a slurry of fresh sodium-
form zeolite from cold feed.** The bed is back-flow expanded to
150~175% of its settled height and backwashed for about 1 hour.
It is then allowed to settle for about 30 minutes. This step is
repeated twice more and thus classifies the bed according to size
and rounds the corners of the granular zeolite particles. This
promotes even distribution to the bed.

4.5.12.3 Zeolite Properties

Zeolite was chosen as the ion exchanger on the basis of
radiation and chemical stability and cesium capacity. Zeolites
(natural and synthetic) are a class of hydrated crystalline alkali
metal aluminosilicate minerals which exhibit cation exchange pro-
perties. Their crystal structure is composed of Al04~ and SiOy

* The zeolite now manufacturgd'as’L;ndevAWfSOO does not have the
desirable cesium selectivity properties, and Linde IE-95 must be
specified. - D o

*% The fresh zeolite must be pretreated in cold feed with 4MNaNO3
to prevent Ca9CO3 formation.
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tetrahedra sharing common oxygen atoms. The bond lengths and
strengths are such that the crystal lattice is both open and
rigid. This produces a structure with a fixed negative charge

at each Al site. Mobile cations present within the voids of the
crystal balance this charge. The fixed negative charges therefore
serve as cation exchange sites [51].

"Ionsiv" IE-95 (formerly Linde AW~500) was chosen as the
zeolite best suited for cesium fixation. It has been used suc-
cessfully in similar service at Hanford [53]. It is a naturally
occurring chabazite which is mined, sized, and refined by Union
Carbide. It is mixed with clay binder, fired, and crushed prior
to marketing [52}, as a 20~50 mesh solid, and has a formula of
(Nat, ca**), m**) (SijAl0g)9 - Hp0. Bulk densities are given in
Table 4.59. Water content is 1-10% as shipped and 12-~17% hydrated
[54]. Figure 4.66 shows experimental pressure drop data with
water. Figure 4.67 gives experimental backwash expansion data
[55].

Total ion exchange capacity of "Linde Ionsiv" IE-95 is 2.2-2.5
meq/gm (anyhydrous) [54].  Figure 4.68 shows the effect of sodium
ion on cesium loading for "Linde'" AW-500 [57]. Reference 58 gives
detailed information on the thermodynamics and kinetics of cesium-
sodium ion exchange on chabazite.

4.5.12.4 Savannah River Laboratory Studies

SRL ion exchange studies with both tracer level synthetic
eluate and adjusted composition plant waste demonstrated the
feasibility of fixing cesium on zeolite from concentrated ion
exchange eluate [59], [60].

Tracer level column tests were run as follows. To ensure
conversion to Na* form, 25 ml (19.5 g) of "Linde" AW-500, 20-~50
mesh zeolite was washed with 3M NaNO3. The resin was rinsed with
water and transferred to a l.3-cm~ID column. 2M Na9C03-0.007M CsNO3
(with 1.7 x 103 dis/min-ml Cs-137) was pumped downflow through the
column at 1 CV/hr at ambient temperature. 27 breakthrough (Cs in
column effluent = 2% Cs in feed) occurred after 70 CV; 20% break-
through occurred after 76 CV.

These results show that it will be possible to sorb at least
70 CV of concentrated "Duolite'" column eluate on one zeolite
column. After an initial water wash, further contact with water
will not leach Cs~137 appreciably from zeolite [59].

- 4.86 -




The eluate of "Duolite" ion exchange from actual plant waste
was concentrated by boiling to remove NH3, COy, and Hy0. This con-
centrated eluate was used to test Cs-137 sorption onto columns
containing four solid sorbents. Effluents from the sorbent
columns was monitored by on-line gamma counting [59]. Plutonium
and 8r-90 could not be counted with the on-line system. Their
sorption onto 'Linde' AW-500 was shown previously [61].

As shown in Table 4.60 "Linde'" AW-500 and "Zeolon" 900
(trademark of Norton Chemical Company) zeolites sorbed Cs-137
equally well. Each column held 100 ml of zeolite. Including
concentration of Cs-137 by the "Duolite" columns and by eluate
evaporation, each zeolite bed sorbed Cs-137 from about 150 liters
of SRP supernate. The Cs-137 concentration factor was about 1500.
(Sorption of Cs~137 from supernate directly onto zeolite gives a
concentration factor of only 37 [59]. After being loaded with
Cs-137, the "Linde'" AW-500 and the '"Zeolon" 900 columns each
emitted gamma radiation >4000 rad/hr at 3 in. "Zeolon" 500 and
"Vermiculite" (trademark of Zonolite Company, Travelers Rest, SC)
were not acceptable sorbents for 137-Cs in these tests [60]. '

4.5.12.5 Hanford Experience

In 1967, Hanford started its fission product separation
operation in B-plant. The Cs-137 separation step consisted of
removing this isotope from alkaline liquid waste solution by
ion exchange on "Linde" AW-500. The loaded resin was eluted
with (NH4)9CO3 - NH,OH solution. The eluate was boiled down
to a concentrated NapCO3 solution containing the Cs-137 [62].
This solution was later loaded on zeolite to reduce the Na/Cs
ratio. This rework step is very similar to the Cs fixation step
proposed for the DWPF [63, 64]. Reference 62 describes intended
operation prior to startup and contains a concise summary of
development data.

4.5.13 General Purpose Evaporation

4.5.13.1 General

A second evaporation step is included to perform a final
‘decontamination step on excess water that must be purged to the
environment. The flowsheet (FS-13) and material balance (MB-13)
are shown in Figure 4.13 and Table 4.13, respectively.
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4.5.13.2 Process Description

Process streams that comprise the feed to the GPE include:
® Recycle evaporator condensate
# Strontium concentrator condensate
® Product salt solution evaporator condensate

A boildown ratio of 10:1 was assumed for material balance pur-
poses. Overheads, after accounting for the radionuclide inven-
tory, are discharged if within limits to a plant surface stream.
Evaporator bottoms are sent to the recycle evaporator feed tank.
Concentration of salt in concentrate/concentration of salt in
condensate = 10°.

4.5.14 Solidification of Product Supernate in Concrete
(H. W. Bledsoe)

4.5.14.1 General

Clarified supernate, following treatment through ion
exchange, is evaporated to 35 wt % salt and subsequently incorpo-
rated into concrete. The concrete mix is pumped into excavated
trenches located at least 10 ft above the maximum recorded water
table level and surrounded by 5 ft of highly impermeable soil.

The concrete monolith is backfilled with 5 ft of highly imper-
meable soil followed by at least 28 ft of backfill. The flowsheet
(FS~14) and material balance (MB-14) are shown in Figure 4.14 and
Table 4.14, respectively.

4.5.14.2 Process Description

The effluent from the strontium ion exchange module, follow-
ing storage in Product Salt Hold Tanks in § Area, is transferred
to a product salt solution storage tank located in an area adja~
cent to the to-be-selected concrete disposal site (selected to
meet both NRC and EPA requirements). From this tank, the decon-
taminated supernate will be dewatered to a salt content of 50-55
wt %. Concentration of salt in the concentrate/concentration of

salt in the condensate = 106,

The concentrated salt solution will be mixed with cement at a
central batch plant. The concrete mixture will contain 55.8 wt %
cement, 15.0 wt % salt and 29.2 wt % water., The concrete/salt
slurry is then pumped from the batch concrete plant to the
disposal site

- 4.88 -




for placement. The concrete/salt mixture will be placed in
trenches approximately 20' wide x 25' deep to a depth of 20 feet
and then backfilled with a minimum of 5 ft of 10~/ cm/s perme-
ability material. As trenches are filled, they will have a mini-
mum of 33 ft of soil overlying the top of the concrete monoliths.

4.5.15 Glass Packaging, Leak Testing, Canister Decontaminationm,
and Interim Storage (J. P. ‘Howell and W. N. Rankin)

4.5.15.1 General

The purpose of this section is to present the process details
and technical data bases for the processes designed to prepare
quality-assured packages of waste glass for shipment to the
on-site interim storage facility. These processes will be per-
formed in three cells. Overall function of each cell is outlined
below:

Mechanical Cell A

(1) Weld a plug on the canister
(2) Helium leak check the canister plug
(3) Decontaminate the canister surface

(4) Perform contamination survey of canister surface

Mechanical Cell B

(1) Decontaminate the canister surface

(2) Perform contamination survey of canister surface

Mechanical Cell C

(1) Perform a contamination survey of the exterior surface of the
canister ' :

(2) Perform spot. electropolishing if the contamination survey
dictates

(3) Perform a temperature and radiation profile of the canister
The flowsheets (FS-15, 16, and 17) are shown in Figures 4.15,
4.16, and 4.17. Material balances (MB-15, 16, and 17) are tabu-

lated in Tables 4.16, 4.17, and 4.18. Each canister will contain
about 3260 lbs of waste glass.
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The flowsheets, described below, were developed to supply
a single, quality-assured, storage container using minimum pro-
duction operations, particularly in the glass melt cell [68].
Canisters are filled with molten glass, and after solidification
and cooling to an equilibrium temperature, a plug is welded in
place. After helium leak checking to ensure leaktight integrity,
the primary canister is decontaminated, surveyed, and transferred
to a cleaner cell where further decontamination can be done as
necessary. After decontamination in Cell A and Cell B, the can-
ister is transferred to the final Cell C where radiation and
temperature profiles are recorded for the individual canister.
The canister under goes a final smear test for contamination and
can be further spot decontaminated as required before shipment to
the interim storage facility.

The estimated probable transferable contamination levels, in
dis/min/dm2, assumed possible to be maintained in the production
facility, will be about 107 in the spray dryer/melter area,

105 in “A" cell, 102 in “B" cell, and <10 in "C" cell.

The SRP Equipment Engineering Department (EED) is developing
the required resistance welding methods, repair welding techniques,
helium leak test techniques, and ultrasonic inspection techniques
which may, but is not at this time, an absolute requirement. These
requirements are all related to primary canister closure and intege-
rity. This development program is leading toward full-scale dem-
onstration of these processes at the TNX-Container Development
Facility. This facility has been approved and construction should
begin in early 1980.

4.5.15.2 Process Description

4.5.15.2.1 Mechanical Cell "A"

General

NDT examination of the glassform structure after cooling may
be required on canisters to verify glass analysis and structure.
As an aid to process control, canister surface temperatures will
be measured before canister welding.
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Canister Closure

The reference closure process for the canister is electrical
resistance-upset welding. Joint preparation is required prior to
welding. These techniques, along with the resistance plug welding
techniques are being developed on a laboratory scale welder capable
of welding up to 5-in.-diameter plugs into the canister fill open-
ing. A full scale demonstration welder capable of welding up to
8-in.-diameter stainless steel plugs is being designed and fabri-
cated by Newcor, Inc. It is expected to be available in the latter
part of.1980.

Process parameter optimization continues on the laboratory
welder with stainless steel, low carbon steel, and other oxidation
and corrosion resistant alloys. For the 5-in. diameter plug weld,
70,000 1bs of force, at 230,000 amps for 2 seconds are required to
make the weld.

Leak Testing

A technique (using helium) is being developed to leak check
the remote resistance weld prior to canister decontamination. The
maximum allowable leak at the weld is 10~7 atm cm3/sec helium as
defined by ANSI Standard N14.5, "Proposed American National Standard
Leakage Tests on-Packages for Shipment of Radiocactive Materials."
Tasks are in progress to determine the surface condition, outgassing
effect, helium concentration requirements, and helium injection
techniques for remote canyon-type leak test facilities.

The 10~7 atm-cm3/sec leak rate criteria is conservative for
establishing watertight integrity and for containment of solid
particulate radioactive nuclides as they are immobilized by the glass
matrix. This has been set as the maximum criteria but will be reduced
to a level of 10__4 to 1077 atm—cm3/sec if the higher permissible
leak rate can be shown not to release radioactive contamination to
the interim storage facility. The same test equipment and tech-
niques will be required for the whole range of sensitivity levels,
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A fusible plug concept has been selected as the reference
concept for helium injection into the seal canister. In this
concept a pressurized helium reservoir is sealed with a low
melting point alloy. The reservoir is attached to the closure
plug which is subsequently welded into the canister fill opening.
At the desired time a resistance heater is applied to the top of
the closure plug and the heat is transferred to the reservoir
fusible plug. When the fusible plug reaches its melting point,
(which can range from 360°F to 600°F depending on the alloy)
melting takes place and the plug is blown out by the pressurized
helium. Vibration as well as acoustical monitors can be used to
verify helium injection.

Canister Decontamination

The exterior surfaces of canisters will be decontaminated to
minimize transfer of particulate contamination from cell "A" to
cell "B" by producing a DF of >103 of the transferable surface con-
tamination (alpha, beta, or gamma). The contamination level in
"A" cell is assumed to be maintained at about 10° dis/min/dm2 alpha
and 106 d/m/dm? beta-gamma. During filling and cooling, canister
exterior surfaces will reach a maximum temperature of approximately
600°C. A #2B surface finish (ASTM-A-480-75) is specified for the
outside surface of the as-fabricated canister to ensure that a
uniform oxide film will form when the canister is being filled
with glass. This specification is necessary to ensure consistency
in decontaminating the finished waste form. The oxide films pro
duced will be removed, along with included particulate contamina-
tion, in a HNO3-NaF etch solution with a temperature-controlled
recirculating solution system. After canisters are rinsed, they
will be cleaned in an oxalic acid solution, also with a temperature-
controlled recirculating solution system, to remove additional
sur face contamination. After the final rinse, canisters will air-
dry by self-heat and surveyed before transfer to Mechanical Cell
"B." Process solutions for decontamination in Mechanical Cell "A"
will come from Mechanical Cell "B," a cleaner cell, where they were
used previously.

Oxalic Acid Digestion

Spent oxalic acid must be digested prior to neutralization to
avoid accumulation of NajCy0, between the washing and the settling/
filtration modules. The spent oxalic acid is digested in 1M
HNO3~0.01M Mn* solution. Digestion liquor is combined with the
spent etching solution and neutralized with 10% excess 50 wt %
NaOH. The neutralized spent cleaning solutions are transferred to
the recycle collection tank along with canister water rinses.
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4.5.15.2.2 Mechanical Cell "B"

General

The second of the two-step canister decontamination proesses
are carried out in Mechanical Cell "B". The decontamination
equipment in this cell will be identical to that in Cell "A," but
the overall contamination level will be lower in Cell "B" which
should permit a lower level of canister decontamination prior to
shipment to Cell "C."

Final Canister Decontamination

The exterior surfaces of canisters will be decontaminated of
transferable radioactive particulates to a level acceptable for
transfer to cell "C" and final product qualification.  The system
will be similar to that described for Mechanica Cell "A" and pro-
duce a similar DF of 103. Process solutions from final canister
decontamination in Mechanical Cell "B" will be transferred to
Mechanical Cell "A" where they will be used again. The transferr-
able contamination level in "C" cell is assumed to be maintained
at less than 10 d/min/dm? alpha and 102 dis/min/dm? beta-gamma.

4.5.15.2.3 Mechanical Cell "C"

Smear, Radiation, and Temperature Measurements

The exterior surfaces of the canister will be dry smeared,
and temperature and radiation profiles of the waste form will be
measured in '"C" cell to qualify the product canister and contents
prior to interim storage on plant. Contamination levels on equip-
ment surfaces in '"C" cell should be maintained a at less than
10 dis/min/dm? alpha and less than 100 dis/min/dm? beta-gamma.

Limits for surface contamination of the canister are
<220 d/min/dm? alpha and <2200 d]miﬁ/dmz beta-gamma. These
maximum limits are based on U.S., Department of Transportation
specifications for maximum smearable contamination for air, rails,
highway, and water shipment [71]. This specification is the same
that is presently required for off plant: shipment of material from
SRP [72]. This was established -as the maximum limits for SRP
interim storage criteria because if this could be met, there was
an excellent chance that the contamination level of the interim
storage facility would not become a problem in future years of
storage. Any greater levels of surface contamination could lead
to interim storage contamination with the large numbers of canis-
ters involved and require more expensive interim storage ventila-
tion and filtration systems.
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Interim Storage

Reference design storage canisters, filled with waste glass,
will be placed in retrievable surface storage at SRP. Outside air
will flow by natural convection through the building to remove
decay heat. In the event surveillance systems (airborne radio-
activity detectors) indicate airborne radioactivity, a forced
ventilation system must come online to route the ventilation
through a bank of HEPA filters.
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TABLE 4.1

Defense Waste Processing Facility
Material Balance and Flowsheet Identification

Flowsheet Material Balance

Ident. Figure No. Ident. Table No.

Sludge and Supernate

Feed Preparation FS~2 4.2 MB~2 4.2
 Alumimm Dissolution -3 4.3 MB-3 4.3
Sludge Washing . FS—4 4.4 MB—% 4.4
Spray Drying/Vitrification Fs-5 4.5 MB-5 4.5
Off-Gas Treatment FS-6 4.6 MB-6 4.6
Mercury Recovery FS—6A 4,64 MB-GA* 4, 6A%
Recycle Evaporation Fs-7 4.7 MB-7 4.7
Settling and Filtration FS-8 4.8 MB~8 4.8
Cesium Ion Exchange Fs-9 4.9 MB-9 4.9
Strontium Ion Exchange Fs-10 - 4.10 MB-10 4.10
Cesium Elﬁtriant Recovery , |
and Cesium Concentration Fs-11 4,11 MB-11 4.11
Cesium Fixation on Zeolite Fs-12 4,12 MB-12 4,12
General Purpose Evaporation FS-13 4.13 MB-13  4.13

Product Salt Solution
Concentration and

Solidification in Concrete Fs-14 4.4 MB-14 414
Mechanical Cell "a" RIS 405 MB-15  4.15
Mechanical Cell "B F-16 . 416 © . MB-l6 416
Mechanical Cell "C" Bl 407 w17 417
* To be issued.
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TABLE 42 B i 2 3 4 [ ] 7 8
SLUDGE AND SUPERNATE PREPARATION (MB-2)
PROCESS MATEOTAL = H20 SLUDGE LINE SLUDGE WATER DECON DISS  SALT
FLUSH  SLUPRY FLUSH FEED SOLN SALT FEED
A+  FLOW, LBS</+OUR - AVE, = a3 1036 130 1166, 4126 6858 6P58,
] FLOW, LBS./HOUR - MAX, z
c » FLOwW, GP¥™ - AVE. = 0864 0.259 2+02 823 i 11.1
D * FLOW, GP¥ - MAX, H
€ * FLOW, CF™ - AVE, =
F & FLOW, CFM - MAX, :
6 *+ OPCRAVING TfMPERATURE, DEGFEES C = 364G 38,0
H ¢ OPERAVING PRESSURE, PSIG, OR MG RS = 4,99 4,99
#  AVERAGE STRtAM PMYSICAL PRCPERTIES =-=-- “ mceeee cecece wemses cccmee cccecee esemce accca-
J SPLCIFIC GRAVITY : 1.1 1.22
L) DENSITY, LRS./CU. FT,, OPER, COND, = 1.6 T6eb
Loe VISCOSITY, CENTIPOISE, OPER. COND, =
M oe SPEC. HT., PCU/LB~Cy, CPER. COND.s = +638 . 184
N & NORMAL BCILING POINT, DEGREES C H 1C3. 102,
[ FREEZING POINT, DEGREFS C z
P * FLASH POINT, DEGREES C :
C * LATENT HEAT, PCU/LB OPER. COND. = a75, uys,
R o AVE. MOLICULAR WEIGHT = 21.8 23.1
* COMPOSITION, LB./HR, - AVE, FLOW = ===a- . meesee ccomes smeres cecaes cmccce ccrcee cese-s
1 HZO0 = ;3 789 130 918, 4128 206 4892 4ng2,
2 . NANOZ < 8%.7 926,
3o NANO2 H 2646 355.
ye NAALOZ B 14,4 191.
S NAOH = 10.5 jul,
6 NA2CO3 H 11.1 148,
Te NA2SOW = 14,9 199.
Be osaLt = «STGY 1G.C¢
9s ELINAA
TOTAL SALTS = 144 144 197 1975 1975
10 FEOMT H 39.8 «5NC
11+ ALOMS = 35,49 98¢
12+ ¥NO2 = B.15 $10C
13+ uc20M2 = 2.99 L0800
fus NIOWH2 H 8,54 «C6"0
15 CACO = 3.92 0499
i6e HGOH2 = 1.20 .c2ne
17 H6l2 = « 390
18+ 0s0L 1D H 6.70b .080ct
19« EOLTE B :
2C» s102 H
TOTAL SOLIDS 103 103 13 13
1) o
s Na@) - 0.45 b Na,0 - 187 c Ne,C,0, - 1242 d. N0 - 00213
Fef - 0.029 NsND, - 1.10 NaCi - 6.00 NaNO, - 0.0126 ot
Na{HyO(OH)) - 0090 Ne,50, — 0.595 NoF - 0392 N2,50, - 0.0068
NaCt - L8 NalHgO(OM)) -1.20 NaCl - 0.0136
NaF  — 0125 NaF - 0.00142
c - C - 00
S0, - 0544 S0, - 0.00622
.- Hgl, - 0.00346

)
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TABLE 4.3

ALUMINUM DISSOLUTION (MB-3) - : t ? 3 " S & Y 8 9 10 " 12
PROCESS MATERIAL T SLUCGBE DSLVER 50% MAKEUP OSLYER GRYSET WASTE BOTTYS SLG It DSLVER CNDNSR CNOSTE
FEED  FEFD CAUSTC WATE® vAPOR BOTTMS SAND  TRNSFR TK VNT cunere  veNT TR UNT
A FLOW, LES./+OUR ~ AVE, = 1let. llko. S82. 111, “94, 719. 197 2599, 2070 247.2 2472
B *  FLOW, LBS./HOUR - MAX, :
C « FLCw, GP¥ - AVE, = 2,02 2.02 4820 .22% 1.18  N366  w.2w
T *  FLOW, GP¥ - MAX, =
[ FLOw, CF™ - AVl z 269, 58.5 58.5 58 5
F *  SLOW, CF™ - “ax, H ’
5 %  OJPERAVING Te“PERATURE, DEGFEES C T 38.3  3".0 19,0 39.%  1L3. .0 3e.) 38.0 35O 350
H OFERAVTING PLESSURE, .  PSIf, 0F MG AR = 9,99 4,99 0,99 .99 20000 999 9,99 499
. AVERASE STRULAK.PHYSICAL PPRPERTIES cmecte cecsce ecccsme cseuce seeces cecten mecoees cemmes smacee — e o ————
J .. SPECIFIC GRAVIFY ERE S 1 loel®  1.85 988 L8456 1,25 1.07  1.22
v CENSITY, LBS./CU. FTay NPER, CONGe =  T1.6  71.6  90.6 61,7 L0368 78,0 67,8 76,3
[ V-ISCOSITY, CENVIPOISE, OPER. COND, =
" 8 SPEC. HT., PCU/LB-C, OPER, CONCue =  o+£38 <839  ,656 ,998 .48l 770 .876  ,.189
NS NOFMAL RCILING POINT, DFGEEFS C T 1L2. 1900 11°. 100, 109, 192, 1c0. 173,
0 * FRLEZING PGINT, DEGFEFS C B .
LR FLASH PONT, " DEGEEES € =
_C s “LATENT HEAT, PCU/LB OPER. CONDe = 475, 475, w1d. 570, S39. %36, SC8. 4SS,
R e . AVE., MOLLCULAR WEIGHT = 21e& 2146 28.8  1R.] 18,0 23.8 22,1  22.5
. COMPOSITION ,.LBe/HR. ~ AVE, FLOW mmeeme mceces cccecs ceesee cemese weceee cecwee ceeeee seemee - — s e — e e
i+ wie i . . = 918.  91ls.  291. 111, 598, 495, 16.6 1846,
i MNOY = 6.7 65.7 88,3 15w,
3 NANO Y I 2t.6 2646 1.5 58,2
ue NAALDZ T e 19,4 19.3 61.7
Se NEOM z 12.% .8  291. w).n ,6%8 329,
te NA2CO3 = 11.1 1.1 13,9 2541
Te NA2SOu T 145 149 17.7 32,6
pe 0SALY T W570 510 1.03 1.60
98 EDTNAA H toaced «00002 «00032
Lo FEOM? Z 35.6  39.6 1,28 42,9
11 ALOHS T 35,4 35,8 1.C3 9.89
12 . MNO2 = B.5  8.1% 1.CS 929
139 uc20M2 2 2499 2499 0229 3.21
Nuse NIOMZ I W.S8 4,58 «347 4,89
15 caCes T 3.92 3,92 .297 4,21
1ee HEOM 2 T 1,28 1428 2088 1.52
17+ HG12Z T W39L et90 s.80 4.27
19 0sS0L 1D T &JTC 6.17 1.U5 <807 8,20
19+ EOLTE =
275 $102 : 125 2,00  2.13

L TI70 Wt % My, 2261 wt % 05, 1.26 we % A, 0.0489 wt % CD,, 2.34 wt % H,0 (This distribution hotds for ol

process vessel vents except those on MB-9 and MB-11 that vent to the cesium vent scrubber).

b. <1075 /.
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TABLE 4.4 . ' :

SLUDGE WASHING (MB_4) : ! - ! . 5 ¢ ’ s M 1 1
PROLESS MATERfAL T BOTIMS SLURKRY CNTFGE CNIRYE FIQSY FIRST CAKE < FIRST FIRSY CNIFGE CNTRTE
TRNSFR TOWASH FTFED SKIm SPRAY SPRAY WASH WASH FEED

A e FLOW, LBS./+0UR = AVE, 2599, 2S59)7. iS99. 2170, 93,9 158, s19, 1481, 1l88t. 21CI. 1672
R » FLOW, LBS./MDUR -~ MAX,

"o

[ FLOW, GP¥ - AVE. H 4,24 LRy %24 3.59 0732 34T 1.00 2499 299 3.99 3.26

0 » FLOwW, GP™ - MAX, H

£ » FLOW, CF™ ~ AVE. =

[ FLOW, CF™ - MAX, H

G = JPERATING TEMPERATURE, DEGREES C = 3E,0L 37,0 8.3 38.0 38.0 38.0 38.C 39.5% 39.5 38.0 318.0

LA OPERATING PHESSURE, PSIG, 0 HG AR = 4.99 4,99 9,99 .NOJOD .00COD $S00. .0CC00 4,99 8.99 4.99 .CNOCO
» AVEPASE STRUAM PHYSICAL PROPERYICS S ee secers sccnes femcs- evmten cnccce ccenes erence wceces accmes mecees

J SPECIFIC GRAVITY H 1.22 1.22 1.22 1.19 1.19 989 1.22 +9819 988 1.00 t.02

LI DENSITY, L8S./CUs F1,, OPER. CONDe = Tee3 753 T6.3 78,8 Th,.8 61.7 T6e5 617 61.7 6S5.% 53.8

L s VISCOSITY, CENTVIPOISE, COPER. COND., =

L SPEC. HT ., PCY/sLB-C, OPER. CONDe = 709 o739 « 799 +999 «819 *998 o177 «998 «998 «933 «?64

oo aoaa crrrecamann s cemm—a crecscscccrcra e wman - CErree SLECen Rceere TAEALEE CATCCY SERCDRE EEREEE AcEEEe EeEAEE AAecee e ----

N NOKMAL BOILING POINT, DTGREES C H 103, 103, 133, 123, 103, 10G. 1C1, 1920, 100. 110, 139,
0 . FREEZING POINT, DEGPEES C K
P e FLASH POINT, DEGREES C =
Q. LATENT HEAT, PCU/LS CPER. CONDe =  ®ES, 4tS5, 855, 488, 469, Shy, nuw, 573, S717,  S$33. 552,
Q * AVE, “OLLCULAR WEIGHT = 22.5  22.% 2245  21.9 1.8 19.C 23%.1 18,7  18.0 19.2 18,6
& COMPOSITION, LB /MR, - AVE., FLOw Semmess smeces cocecn ccmene cacmcs ccecee mcecee mmeces ecmeea eme-ce csemce-
1 Hie = 1Pus, 18496, iB45, 1547, 12,3 168, 035, 1es), 1sal. 1916. 1591,
2. NANO3 = 146, 1S4, 159, 129 2.70 2242 22,2 18,4
3 NANOZ H SEea2 5842 5842 48,3  1.02 8.39 8.39 6.97
LRd NAALN2 = 61e7 61.7 61.7 51.7 1,78 8,89 3.89 7.%8
S NAOH H 329, 329, 329, 275, S.76 ", 7.8 39,3
) NA2CO3 z 2.1 25,1 25.1 21.9 .80 1.61 3.61 3.00
Te NA2SO% H 2.6 32.¢ 32,6  2Tew o573 11 4,71 3.91
8e 0SALY B 1.60 Le6T  1ebC  1e38  ,N281 231 231 «192
9 ECTNAA T LGOLC2 +00022 «C03%2 30032 TRACE TRACE 00205 00075 ,0070% .00J04
15e FEOHY T 8249 2.9 82,9 859 82,1 92,1 '882
11e ALOM3 B 9.89 9,89 9.R9 o197 9.70 9.70 199
12+ ¥NO 2 T 9422 9,20 9.23  .19% 9,01 9.01 .180
13 up 2012 H 3,21 3.21 3.21 L0683 T.15 3.15 063D
I NIOH2 4 4,88 Y,u8 L I9LY «+0977 s,78 3.78 <0987
15« CACO3 H 0,21 6,21 821 +CO%) .13 “.13 ."826
16« HEOH2 = 1.52 152 1452 +03CH 1.49 1.49 <0298
170 612 H 4,27 N,27 9,27 ,085% .19 919 .N838
18+ 0s0L 1D H Bs20  Be2C 8420 o160 ’ 8,04 8.4 +160
19+ LoLTE =
20 $102 : 2.13 2433 2413 L0826 2.09 2,09 ,0e18
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TABLE 44 CONT'D

SLUDGE WASHING (MB-4) B 12 13 14 15 16 17 19 19 23 21 22 23 29
PPOCESS MATLRIAL = SECOND SECOND CAKE ¢ SECOND SECONU CNYFGE CNTRTE THIPD THIRD CAKF * waSHED SLURRY CNTRTE
SH M SERAY SPRAY WASH WASH FEtD SHim SPRAY SPRAY SLUDGE TRNSFQ TRNSFR
A FLOW, LE/rR - AVE = 67.4 163 . £29. 14R). 1881, 2911, 1591, T7.8 1698, s11. Sil. S11. 5%57.
B FLOW, LB/HR - MRx T
C FLOW, GPRm - AVE = «131 340 39 2699 2.99 Y.92 3.19 «155 «380 920 «92) «920 10,3
0O FLOw, GPM - MAX = .
€ FLOW, CFM - AVE =
F  FLOW, (FP» < MAx =
G OPER ¥emP, DEGOFE € = 18,0 8,r 38,0 39.5 394 18,0 38.0 39.2 318.0 3840 38.0 39.0 13,0
H  OPER PRES; PSIG,MGAB> +ICUCS 2T, $37COC 9,99 9.9% 4,99 L0C02C .n3CLYD StD. 73000 4,99 3,99 4,99
PHYSICAL PROPERIIES A =--<s= —ccccs reccce cevcen cce-or vevece cesecs cccess cneces sseces meceme -meswes cocceo
J SPECIFIC GRAVI VY H 1.02 989 1.12 988 .9P6 1.032 994 998 «989 1.10 1.19 1.17 1.07
L} DENSITY, LE/CU FT . = 63.7 tle? Teed2 61.7 617 [T} 62.0 62.9 617 69,2 69.2 69.2 67.0
L visC. cp .= .
H SPEC. HT,.PCuU/IB-C = 960 «99R 854 «998 «99€E «960 993 993 «998 POT 867 867 913
N EOIL, P, CEGFEE C= 100 12ue. 1C0. icc,. 1CC. 1CG. 199, 1C00. 1C0. 10G. 1C7%. 130. 10t.
6 FRESZE P1, DEGLEE C: . :
[4 FLASH PY, DEGHEE CZ .
< LAY, mY, PCU/LY b4 5953, PLL Y wen, STee ST 548, 69, 568 Sun, 491, w91, 491, 524,
R AVE, MOLL, wT, z 18+6 %.n 21.2 18.C 18 ie.7 18.1 ir.0 16,0 0.9 20.9 20.9 19.5
CLMP, LB/HR=BVE FLOW oceceac —ceaae occcos cceaa R ceme emwmes ccmmes eceeec wemcee Mevece cacese mmeccwo
1 H20 K 2 642 168 . 929, Juel., le81l. 191). 1578, 16.9 168, “26, 424, 824, 8891,
2 NANO3 < «Tuy 3.94 1.02 249 121 +808 008 « %08 153,
3 NANOC N 201 1.34 1.19 o944 L0967 «152 o152 «152 $8.0
4 NASLOZ H »<98 1.21 1.21 120 0887 «162 «162 o162 61,5
5 NAOH z 1.%9 b.08% ten® 5.33 +259 863 «863 863 328,
[ 3 NA2CC3 = o121 4ol 92 «806 .J198 +36%9 L7659 L0659 25.0
7 NAZSO4 z «156 o681 o641 «530 <0288 «Jf58 L0858 ,09%8 32.6
] OSALTY T NI 318 «t 315 LJ260 .CO1G7 «00%22 ,L,00422 ,N0N22 1.60
9 CDINAA = TRaACE TRACE «OUCLS +CCU25 CLO006 50005 TRACE TRACE TRACE TRACE .0D0012
| RN FEOH? N 4142 1.2 «82% 4N,.n 40.4 40. 8 2.52
11 ALOMY H 953 5e53 «190 9.31 9.31 9.31 «582
12 “MND 2 H 8.83 6.87 «176 8,695 RebS 8,65 «50])
13 uo2uml = .09 3.09 JC618 3.C2 3.02 3.02 +189
14 NI0H2 4 .69 4,69 093¢ 4,59 “.59 4,59 «287
15 CACO? H q,7% “, 05 7810 3.96 3.96 3,96 «208
16 HOOM2 2 1.%¢ 1ot 1292 1463 1a83 1.4 .0896
| 4 HG1Z N St “el .TB21 8402 “,02 “,C2 251
18 0soLIC z 1.88 T.8R «157 T.72 T.72 Te72 «4R2
19 ZEILTE 5
25 $S10¢ = rEyl] 208 0809 2.0L0 2.00 2.0C «12%

T e T e et e L R A L L T L L R L T L b T Y L L T
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TABLE 4.4 CONT'D o .
SLUDGE WASHING (MB-4) = 2¢ 26 ras 2¢ 29 A¥ 31

PROCESS MATERIAL = CNTRTE SLG FD wSH Tx CNTRFG 1.6 &N CTK TH CNT HD
! YO RC  T¥ VNT  VENY VENT TK ¥NT  VENT  TX YNT
A FLOw, LE/HQ? - AVE 594 4 504.4b 2472 2472 247.2
B fFLOW, LB/HR - MAX

[T
w
w
w
-
.
3
~
N

585 59.5 58.5

.|

~
(2]
<
-

fa)
-
x
[

»
<
~

LU B B

o
-
=
-~
&
=
3
-

& OPER TEMP, DEGRFE C 38.C 350 350 350 35.0 35.0 35.0
H  OPER PPES, PSIG,HGAB 4.99
PHYSICAL FROPERTIES eeeees ecccse mccene crcsnn “ssec- wtesew ameoe -
J SPECIFIC GRAV]I VY i.07
LS UENSITY, Lb/CU F1T 67.C
L
"

visC. CP
SPEC. HT, PCU/LR-C 913
BOIL P1, DEGHEE C iot.
FREEZE PT, DEGFEE C
FLASH PT, DEGFEE C
LAT, HT, PCU/LF 524,
AVE. MOLE, wT, 19.5
COMP, LB/HWR-AVE FLOW =~=-=== cecccm ccccee eerecee secece =creec cmaeae

VDovwo 2z

RIS

1 HZO0 T w891,
2 NANO3 H 153,
3 NANDO2 z 58.C
4 NARLOL = 61.5
S NAOH = 328,
.3 NAZCOS = 250
7 NAZSO4 = 2.6
L] OSALY = 10.¢0
9 EDTNAR T +20012
ic FEOH] = 2052
1t ALOHS = «SF2
12 “ND2 H 591
13 Uo20He H «189
1% NIOH2 < 2 2R7 . -
15 CACGS 4 +248
16 HGIM2 I <2898
17 HG612 b 251
18 0SJL1C = '4P2
19 ZEJLTE =
20 S10¢ = 125

..... B T b L T L. L L L T B R L e T R R LI L 2 et R L Lt L R e LDl e DL LD L bt L

s. Two wasth tanks
b. Two centrifuges.
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TABLE 45 .
CALCINATION AND VITRIFICATION {MB-5) < 1 2 3 L} S 6 7 8
PROCESS MATERIAL = SACCNC WASTE SLURRY SLURRY CAL TK CAL FN CAL FD CALCIN
. BOTI™S ZEQOLVE VTRNSFR TO WLD FEED TK DIS 1Twn QY ER FED
A » FLO®, LBS./FOUR - AVE, = 24e3 2C . 511, $S6. §56. 22574, 22017, 556.
[ FLCW, LES./HOUR -~ maX, =z

C.* FLOW, GPF - AvVE, = WC4l4e  LC3u9 P20 G992 992 40,9  W0.0  ,992
D FLOW, GPm - MAX, H
L FLOW, CFMm - AVE. =
V_-Q FLOW , CF¥™ - MAX, =
G ¢ OPERATING TLMPERATURE, DEGPEES ( B 6.0 3.0 8.0  38B.C 38,0 38.0 38.0  38.C
H s  OPERATING PFESSURE, PSIE. 0% H5 AR = 899 4,79 4S9 4,99 4,99  4.99 8,99  %,99
- AVERASE STREAM PHYSICAL PROPERTIES Tememe mraccn scetme cEemce GEmcAte SEcRcen mcem== See—-=
J s SPECIFIC GRAVITY H 1.17 1,32 lelC 1.11 1.118 1.11 1.11 1.1
LI CENSITY, LPS./CU, F1,, CPER. COND. = 73.2 B82.6 69.2 69.8 69.8 69,8 69.8 9.8
Lo VISCOSITY, CENTIPOISE, OFER. COND. =
"o SPEC,, HT ., PCU/LB-C, COPER, COND, = 697 P37 867 <867 867 867 .867 o867
N o NOFMAL RULILING POINT; DEGREES C H 1o, 103, 132, 17C, 100, 100, 160, 110,
[ FREEZING ;POINT, DEGPEES C H
p* . FLASH POINT, . DEGFEES C H R
[ LATENT HEAT, PCU/LE . OPER. CONDe = &L9, 389, 491, w86, 486. %86, 86, 486,
R.* -AVE. "MOLECULAR MEIGHT H 2242  2¢42  20.9 211 21.1 21,1 21,1 2.1
. ¢ COMPOSITION, LB./HR. = AVE. FLOMW emccme cecmec cseces comccs mvswss eesees ace-es secnceo
1 HZO | . = 194 13.8 624, 4ST7, &%7, 18906, 1BuaA, 8s7,
2. NANO Y B 4Ty 4G uny 16,7 1803 80N
L L NANOZ. H 152 L1182 152 6431 8.16 #1852
ue NAALO2. H o162 162 «162 6.69  £,52 162
5e . NAGH T JNa9? 863 4913 .13 37,7 36e7 713
be NAZCO3 4 JN659 40659 D659 2,72 2.65 U859
T - NAZSO8 H «LB58 0858 ,0858 3,54 3.45 ,0858
(1] osaLt H 0872 70822 30422 el 7% 170 00822
9 EDTNAR = 6.87 TRACS *,87 4.87 201, 196 .87
10 FEOM3 = “l.h 40,0 40s% 1670 1629, ulen
11+ ALOMY H 9.1 9,31 9.31 XN 315, 9.31
12+ mo2 H 2,65 8465 8.6% 387, 340, 8465
13+ Ug20M2 H 1,02 3.02 3.232 125, 122. 3,32
19 NIOHZ = 8.59 8,59 8,59 199, 185, 4459
15« cACO3 B 3.56 3,96 1,98 163, 159, 3.96
16e HGOH2 = 1.43 1e43 1.3  S9.2 S7.7 1e93
11 MG 1z = 872 402 6.02 166, 162, %.22
18+ osoL1p B Te72 T.12 .72 318, 111, 1.72
19+ EOLTE = 661 5,63  6.63 213, 26Ts 6463
20 $s102 H 2.7 200 2400 82,9 8G.9 2,00
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TABLE 45 CONT'D
CALCINATION AND VITRIFICATION {MB-5)

= 9 10 11 12 13 14 1 16 1? is
PROCESS MATERIAL T ATOMIZ BLOWBA FRIT AIR IN E-v GA wASTE CANIS- SL MIX SL MLL CAL FO
NG AIR CX AIR LEAK S FEED GLASS TERS TH OUNT Th WNT TH VAT
A ®  FLOW, LBS./HOUR - AVE, = 238, 6.85 183. 2r.0  7eB, 255, 1.8777 247.2 247.2 504,40
B ¢  FLOW, LBS,/HOUR ~ MAX, 3
C* FLOW, GPM - AVE. E ’
D * FLOW, GPM - MAX. =
[ FLOW, CFM - AVE ., H 12.8 «739 452 S18. 58.5 58.5 117
F » FLOW, CFM ~ MAX, H
G * OPERATING TEMPERATURE, DEGREES C = ugl.0  300. 35.0 2%.0 3uwu, 10%Q. 35.0  35.0 35.0
M %  OPERATING PRESSURE, PSIG. UR HG AR = 53,2 47,9 .000C0 ,0COCT HWG70', .DONGE
*  AVERAGE STREAM PHYSICAL PROPERTIES memmee cecece cceccn mce-- e eceece crmmas mceeee o- mee eceeee mccae-
J e SPECIFIC GRAVITY = 3,88 1.99 $912  L297
Ko+ DENSITY, LBS./7CU. FT,, OPERs COND., = ,309 160 .C7%6 ,N24Q
Lo VISCOSITY, CENTIPOISE, OPER. COND, - .CiB4 ,0296 0177 0251
M e SPEC. MT,, PCU/LB-C, OPERe COND. =  ,243 <256  .2%®  .242 449 39,4
No* NORMAL BOTLING POINT, DEGRLES C = -195. =195, -195. -187,
[ FREEZING POINT, DEGREES C E
') FLASH POINT, DEGREES € -
Q * LATENT HEAT, PCU/LB OPER. COND. = -3,24 <58,2 0812 231,
R AVE, MOLECULAR WEIGHT = 28.8 2.8 S9.9 - 28,82 21.0 17,0
*  COMPOSITION, LB./HP, ~ AVE. FLOW mmemee eermmee me-ao - weeeoe seecac memcas ceccen ccmces csseon moeeo -
1e HZ0 = w13,
2 FE203 H L0302 30.1
3 AL 203 = 00608 £.08
ue uto0e = L0279 2.79
Se N1O : .0037¢ 3,70
[ cao = 200222 2.15
Te co2 H 7.19
8 HG6 b4 1e2%
9 02 T 55,1 1.586 40996 4.6% 57,6
10¢ NA20 = 32.3 00289 34.8
11 12 H 0224
12¢ NO H .9u8
130 s102 B 105.7 .00200 107.7
19 NRSLDS = 20230 23,0
15 NRSALY = .00025  .251
16+ N2 = 183, 5426  +329 1%.3 203,
17+ HG12 = 3.98
10+ 8203 B 20.8 : 26.8
19 T H = 1.83 1.83
20e Li20 = 10.4 10.4
21+ Mg0 3.65 3.65
. 22* Zr0, 0.913 0.913
23 1220, 0.913 0.913

a. Canister per day.
b. Two-feed tank.
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TABLE 4.6 .
OFF-GAS TREATMENT (MB-6) = 1 2 3 [} s 6 7 8 9 10 1
PROCESS MATERIAL T €~V GA E~v CL €~V CL OP 9ED DP BED ATMZING OP BED OP BED DP BED DP BED ATMING
S FEED £ FDO O FD 1 FO 1 LSP AJR 1 1 USP 1 LID 2 FDD 2 LSP AIR 2
A ¢  FLOW, LBS./+OUR - AVE. = T4R. BBLYS. AECIS, 298, 999, “B.2 19891, 20886, 33%. 1Cn8. .9
B . FLGW y, LES/Z7HOUR ~ MAX, =
C . FLOW, GPM - AVE. H 171, 176, 2.0 4.0 81,9 2.00
D e FLCw, GP¥ - MaXN, 2
E * FLOW, CF™ -~ AVE, H 18, 1646 TeT0 95.0 T.84
F » FLOW, CFM = MAY, H
G e OPERATING ‘TtMPERATURE, DEGPEES C b4 3uu, [ 308 ) "1, 83,9 43,9 25.0 3,9 3,9 01,2 10.0 25.0
H o» OPERATING PFESSUPE, PSIG. OR MG AB = HGT(3, 8,99 8,99 HET03, .99 6452 8,99 HGT03. HG692, 5.00 6.02
. AVERAGE STREAM PHYSICAL FROPERTIES mmmmee ecetee tctmne cocrmes eemman cmecre seeces Aenece ceemen ececee meecee
J o+ SPECIFIC GRAVITY : . B 297 993 995 776 993 1,28 993 993 e 769 1 .00 1,28
" oe - DERSITY, LBS./CUs FT,y NPER, COND, = +024C 61.9  62.1 0626 61.9 «1U3  El1e9 62,7 .CH21 62.8 103
L. VISCOSITY;, CENFTIPOISE, NPER.-COND, = :
L) ©SFEC. MY PCU/LB-C, OFER: COND. = 489 1..C 1.5 263 1.070 242 1.00 1.0C «25% 997 282
N e NORMAL BCILING POINT ;- DFGREES C T -13. 563 €6¢3 19w, S0.3 =194, 5Ge3 $1.2 =198, 2C.5 =198,
[ FREEZING POINT, DEGREES ( T
[ FLASH POINT;,- ~"DEGREES C 5
G ¢ LATENT MEAT, PCU/LB ' OPER, CONDs = 21, 562, 568, 32.5 S62. <0772 562, 563, 28.5 593, L0172
R e AVEs “OLLCULAR WEIGHT ' = 2140 18,1 18.1 28,1 1€.1 28 .9 18.1 1801 281 19.0 20,8
» COMPOSITION, LBo/HR, = AVE. FLOM meesme= sfeece eimcsca ecemes csucen ctcece ceccse mcmeanm mmenece meme-e seeee=
I Lt MO . H 673, 87191, 87191, 17.6 985, 19790, 2C68S. 17.9 1009,
2e- FE20Y T <0302 .6C S«6C +0120 oN633 t.26 1.3% 00024 L0356
3 AL203 B J Y. ] 1.12 1.12 00203 .N127 »25%5 27 L000J3% ,00316
he . vloe T .CC279 «S1E «518 ,C0111 .Gnses <117 +12% L,0O0CO02 00188
te NoO = WIN3T0 636 «6P6 COLNE 30776 .188 168 ,00002 ,00192
6 CAO T «NC222 o812 %12 JCGIBE .00%6S «7931 L0987 L0000t .COD1IS
Te {4 H T.19 31.5 31,5 6,97 «3%8 7.2 Tewl T.73 693
.1 HE EH 1.24 TQACE TRACE TRACE T®ACE
9 0z = S$7.¢ 2% .8 2548 57.3 291 11.2 S.83 6.08 68,6 AL, 11.3
10+ NA20 = JUC24E LTS 461 4N0099 00521} «109 «110 ,00031 .00120
11» 1 T oC22% THACE Tcacet «0228 TRACE TRACE TRACE «022% TOACE
12» NC = eS80 LI¥50  LC3%( 988 L3CG39 «GPT792 4608} <988 .00071
13+ s102 = +302NC 372 «372 70080 .0N@2D «08%0 ,9289C .00001 .00103
1ue NRSLDS EN o 5 14 Ue26 8426 70920 L0882 964 1.02 .COU1B L0139
15¢ NESALT S L0025 WL%6T  JTHET L7001 L000S2 0108 L0111 TRACE .0001%
16+ NG H 23, 35,7 35.7 2973, 808 37.7 A.C8 8,36 240, *586 37.8%
11+ vG12 H 1.9¢ AR NS 737, 1.59 .33 166, 176+ +0318 2.0%
18+ 2703 E
19+ 1102 z
20 L120 =
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TABLE 4.6 CONT'D
OFF-GAS TREATMENT (MB-6) =

PROCESS MATERIAL z

2 USP 7 LGD X OVRF  VAPOR FEEC FCEDY  FEED FEED FEED FEFD EXMAST AIR PVY

A FLIw, LB /MR - AVE < 2ul6%. 1189, 151 320, 369 . 389, 369, 369. 369 369, 369+ 1505917 14,835
8  FLOW, LR/HR - MAX =

C FLOM, GPM - AVE = 45,8 “2.0 .C298

D FLOW, GPM - MAX =

€ FLOW, CFHM - AVE = T6.9 92.9 $2e9 112, 164, 2C4, 159. 109, 356400 350
F FLOW, CFM - MAX = ' ’

G OPER TEMP, DEGRtE C = tc.C 10,5 1oe2 1".5 270 0.2 2C.0 15C. 149, SN.G 120, 350 350
M QOPER PRES, PSIG,HGAB: 2+.0C HFL92, HGE92. HGOPL, HGHTY. HGETY, HG556. HGS86. HGE39, HGWIC, 176

PHYSICAL FQOPERTIES meemes eccecs ceamme cmemse tmeccs cmcres wcemrs ccmmee cewees mmeme= creces mee--e ecescen

J SPECIFIC GRAVI Y = 1.7¢ 122 1.00 «B8¢0 82, 220 «679 462 «372 17 «699

K VENSITY, LB/CU F¥ = 6.8 €2.8 628 0L JPELE L1662 L0598 L0373 ,0302 .CIPS  .0OS6%

L visC. CP z

] SPEC. HT, PCU/IB-C = «957 997 997 e2863 243 2643 283 « 280 250 245 249

N E0IL Pi, JEGFEE C= 29.5% 2.5 2%+% =194, ~194, ~1%. ~194, ~194., ~}94, ~]9%G, ~196,

0 FOEEZ2E PI, DEGREE C=

4 FLASH PT, DEGFEE C:=

[ LATe MY, PCU/LE H 8. S84, S84 . 1C.1 T.13 Ted? Told -23,2 =-23.2 0269 -16.3

R AVE., MCLE. w7, = 18.0 1r.C 18.0 28.9 28.8 «Bet 8.8 2% .8 28.9 28,8 28.8

COMPy LB/HR-AVE FLOW =~--=ce ~cecece scecre crcemce cecres mmrmee wesses corece ccaces acmene =ecenc cecsce m—mee=

1 H20 T 25C89. <1178, 15.C 2eY8 2.%4 ie98 2499 2698 2.9% 2.9% 298

H FE203 H «313 «329 L+uCL2S TOACF TRACE TRACE TRACE TRACE T1PACE TRACE

3 AL203 2 «2632 <Lbb% CCODe TRACE TRACE TRACE TPACE TRACE TRACE TRACE

“ uloe T «G290 +.305 LOCCO& TPACE TRACE TRACE TRACE TRACE TRACE TRACE

S NIO T #T384  LLBON L,0DCD2 TRACE TRACE TRACE TRACE TRACE TRACE TRACE

3 CAQ 2 230 0242 L23u01) TRACE TRACE TAACE TRACE TRACE TPACE TRACE

7 co2 = 13.8 19.5 .C118 Tet2 Tel2 T.02 132 T.02 7.72 T.32 T2

8 HG T TRACE TEACE TRACE TRACE TPACE TPACE TRACE TRACE TRACE TRACE TRACE

9 02 - 8.80 925 +CO6ST 68.6 80, . =e *0.C 80.0 8C.C an.o 8J.0

12 NAZ20 T #0257 L2701 LLOLD) TRACE TRACE TRACE TRACE TRACE TOACE TRACE

11 12 = TRACE 1OACE  TRACE WLI24 L7228 7228 L022% 00022 .NI0D22 .00322

12 NO T <0183 ,Lul51 LCOULOL e 9ul AN »948 948 +948 988 948 « 948

13 $102 T +CilT +0L219 oCCUn1 TRACE TRACE TRACE TRACE TRACE TRACE TQACE

14 NRSLDS z +238 #2530 +03G)17 TRACE TRACE TRACE TRACE TRACE TRACE TRACE

15 NRSALT 2 eu0261 ,7C27% TRACE TRACE TRACS TRPACE TRACE TPACE TRACE TRPACE TRACE

te N2 H 11.7 12.3 .C087S 28C. 27e. <78, 21,8, 278. 278. 278. 218,

17 MGLS H 9.0 43,1 LC30e «CCIK3 LNLO6Y 00097 00De7 ,5OCZ3 .NUD2Y ,000°)

18 5203 = )

19 102 =
20 Liz2o =

CP BED DF BED CIRC 7

1%

17 18 19

<0 21 22

23 24

L R e D Y i e L L T ToT A PP PR cecece=- -

MSTAR2 Quy BED RU PED 12 HTR 12 RED 12 CLR BLOWER BLOWER CANYON UNFTRD
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TABLE 46 CONT'D
OFF-GAS TREATMENT (MB-6) =

PKOCESS MATERIAL =

B L kT T P, -——-

FLOW, LB/HR ~ AVE =
FLOW, LB /MR - Max =

FLOW, GPM -~ AVE =
FLOW, GPM EETY
FLOW, CFHW -~ AVE =
FLOW, CFM - vax =

BOVOZ

N L A

..... mrescccrane camm-

OPER TEMP, DEGALE C =
OPER PRES, PSIG,4GABZ
PHYSICAL FPROPERTIELS

SPECIFIC GRAVIIY =
DENSLTY, LBsCY FY .=
vISC. CP - -
SPEC. MT, PCU/LI-C =

BOIL PV, DEGOEE C2
FREEZ2E PI, OEGFEE C=
FLASH PI, 'DEGREC €=
LAT: WT, PCU/LE
AVE. MOLE, Wi, '~
COMP, LB /HR=AVE FLOW

H2O - . ’

FE203

AL203

u3lds

N19-

cAd
coz

U T O T B BTN T I T I Y]

FILTRD STACK SOLID SOLID
PVV L L} JASTE WwASTE

14,835 1521.07¢ 0059 0.2218

3510 360,000 199806 7.51205

ceeecs comams cmmmce c—me- -

»O 350

tenreea woccos srecer mcmmman

11 12 =
12 NO =
13 $192 =
1 NRSLCS =
13 NRSALTY b4
16 N2 =
17 HGI2 =
18 8223 <
19 1192 <
2C L1120 2

RECVED OGC TK
"G OVFL

1.24 ava,

250018 954

43.y u3,9
4?9 4.?9
13.3 .99
834, 61.9

« 0329 1.57

387, 5003

72.1 CR2.
237, 18,1
4T,

102
«Cib6d2
CL271?
€37

.,’Q
«TL2uP
TR2CE

+GO0LY
«£1232
237
«CIN2%
#1973

3.97
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TABLE 4.6 CONT'D
OFF-GAS TREATMENT (MB-6)

PROCESS YATEQIAL

A » FLOW, LBS./MOUR - AVE,
B » FLOW, LBS./HOUR - MAX,

C » FLOW, GPM -~ AVE,
0 FLOwW, GPw™ ~ MAX,
L FLOwW, CF™ - AVE,
F @ FLOW, CF™ - MAX,

OPERATING TeMPERATURE, DEGPEES C
OPERATING PRESSURE, PSIGe 00 HG AR
AVERASE SIREAM PHYSICAL PPOPERTIES
SPECIFIC GRAVITY
DENSITY, LBS./CU. FT,, OPER. COND,
VISCOSITY, CENVIPOISE, OPER. COMD.
SPEC. HY,., PCU/LB~C, OPER. COND.
hd NOFMAL BCILING POINT, DTGREES €
* FREEZING POINT, DEGPEES C
- FLASH POINT, DEGPEES C
hd LATENTY HEAT, PCuU/LB CPER, COND,
-
-

* » B 5P

AVL, MOLECULAR WEIGHT
COMPOSITION, LB4/HR, - AVE.
1 WO
Fa NANOQ Y
e NANG?
LEJ NAALOZ2
Se NAOH
6o NA2CO3
Te NA2SOu
Be osaLt
9w ECINAA
1Ge FEOMS
11 ALOMS
12¢ HND 2
13= Uo20M2
l1ae NIOH2
cacos
HGOHZ
HG12z
0SOLID
ZE0LTE
s102

FLOW

"o

[T TN

[T TITINT]

L L T T I I I A TR ST TR TR T I 1

MECH A
DET%NZR

« 100

3.l
89,99
+ 989
41,7
« 706
2598

100,

$11.
16,0

EAST
SUNFS

WASTE

8.2
8.99
«989
617
«136
«998

132,

ST1.
19.0

STH*SHN CNSTER IE TRAN IE 19N FM CcOL
wATER 7K VNT

coND

27.6

G587

38,9
4.99
»789
61.7
« 708
- 998

100.

571,
18,2

DECON
Bus,

1.59

318.0
5.90
1.2%
6604
«721
«92%

icd.

Se2,
19.5

WNATER

LT

cmwmm-

1672, 2472

SLeC 276, 27.% T6l. 1585,
7.3 77.0
3.73 3.73
1.77 1.77
257 0257

409

«809

D e D D Dl L L LT T I

«O778

3.97
o137

....... R T .---------.----------_---------------------------.---.--------------------..-—----~----—------------------__----.




TABLE 4.7 = 1 2 2 . H 6 7 8 ° 10
RECYCLE EVAPORATION (MB-7)
PROCESS MATERIAL = CNTRTE AL DIS SPENT GPE FM MLY Z2EOLTE 7EOLTE WwEST  RCEVAP RCEVAP
TO RE  COND CAUSTC BOTTMS CND TK FLUSH TRNSFR SUMPS  FEED ROTTMS
A+ FLOVW, LBS./HOUR - AVE, = 5587, 2115. 1069. 1672, 36,9 31.2 12579, 2281,
B ¢ FLOW, LBS./HOUR - MAX, =
¢ & FLOW, GPM AVE, T 10.) .32 2.1%5 3,25 .0Tet  .C63C 20,3 3,86
0D FLOW, GPM MAX . =
€ * FLOW, CFM - AVE. =
F » FLOW, CFM - MAX. B
G ¢ OPERATVING TEMPERATURE, DEGREES C = 3840 85.0 38,0 38.0 38.0  38.C 38.GC 105,
H OPERATING PRESSURE, PSIG. OR HG AB = “,99 4,99 4,99 8,99 4,99 4,99 9,99 .00000
*  AVERAGE STREAM PHYSICAL PROPERTIES mmemee mmeeee - seme emmeme meea semese ea-- e meccen eceeee meeme-
J e SPECIFIC GRAVITY T 1.07 W77 .989  1.02  .989  .989 1.03  1.17
LI DENSITY, LBSe/CU. F¥o, OPERs CONDs = 6740 60,9 61,7 63,9 61.7 ¢l,.7 . 9.5 73,5
Lo VISCOSITY, CENTIPOISE, OPER. COND. =
"o . SPECe Mis, PCU/ZLB-C,. OPER. CONO. =  .913 2981 4998  .960  .998  .998 2952 L7468
[ N e NORMAL BOILING POINT, DEGREES C = 101. 130.  99.9 100, 100. 100, 1co0. 108,
0+ FREEZING POINT, DEGREES C =
N ) FLASH POINY, - DEGREES € =
— 0 LATENT HEAT, PCU/LB.. OPER. COND. =  S28, 5§39, S7l1., Se7, ST1., S71. ses.  alf.
- R e AVE. MOLECULAR WEIGHT . z 195 18.2 18.C 18.7 18.C 18.0 18,8 23.6
» +  COMPOSITION, LB./HP, = AVE, FLOW mecems cemece mmmmes aecesme ceccem cesnes —esce- ccco- - mmecme eeee-o
1* 20 - : T 4891, 2063, 1069, 1%85, 3¢,9 31,2 11772, 1875,
' 20 NANOJ T 183, 17.0 237, 23¢C.
3 NANOZ . z 5840 $6.C 58.0
“e NAALOD2 : bleS ) 61.5  61.5
S NAOH = 328, $2.% 3.73 384, 3864,
6 NA2CO3 T 25.0 25.0 25,0
Te NA2S04 T 32.6 32.6 32,6
8 oSALT :  1.80 1.77 3.60 3.60
9 EDTNAR : .00010 .00028 .J0038 .00038
10+ FEOHY : 2.%2 .2%7 2.786 2,18
11+ ALOHS = .502 .58z  .582
12+ "No 2 B YT | 409 «95C  .950
13+ Yo20M2 = .189 .189  .189
1ve NIOW2 L2871 .287  .287
154 caCos S .2%8 2298 ,248
16+ HGOH2 = .089% «260 L2064
170 HGI2 = .25l 3,97 3.%9 3,89
18¢ 0SOLID = .e83 150 633,633
19¢ ZEOLTE H
20+ $102 B ¥4 125,125

REVAP
80TIMS

T.6C
.0n03e
2.78
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TABLE 4.7
RECYCLE EVAPORATION (MB-7) (Contd)

12 13 1u 15 1¢ 17 18
PROCESS MATERIAL = RCEVAP CNDSTE CSCONC EVP FD EVD PHM EVP CN CNDNSR
CNDSTE TPNSFR  PURGE TK VNT TH wNT Tk VNT TK VNT
A FLOW, LB/HR - AVE T 10297. 10297, 2096. 247.2 247.2 247.2 247.2
B FLOW, LB/WR - MAX =
C FLOW, GPM™ - AVE = 2ueT ar.7 4,23
0 FLOW, GPM - Max =
E FLOW, CFM - AVE = 58.5 58.5 58.5 58.5
F FLOW, CFM - Max =
G OPER TEMP, DEGREE C = 38.C 30,0 .2 35.0 35.0 35.0 35.0
H  OPER PRES, PSIG,HGABT LOJCD 4,99 4,99
PHYSTCAL PROPERTILS  =-=--= ccccre ccvaca aa-n mmm meeere ccceoe
J SPECIFIC GRAVITY H «989 989 +989
[ DENSETY, LB/CU FI = 61.7 61.7 617
L visC. CP =
M SPEC. KT, PCU/LB-C = .998 958 998
N 601t PT, DEGREE C:= 100, 1Ty, 1CD.
0 FREEZE PV, DEGREE C=
[ FLASH PT, DEGREE C=
0 LAT. HT, PCU/LB H S11. S71. 571,
] AVE. MOLE. WT, = i8.C 1e.n 18,3
COMP,y LB/HR-AVE FLOW ~==cce —cea- - memece ceeo = eeeeee eeee -
1 H20 = 10297. 1C297. 2096,
2 NANO3 z
3 NANO2 H
. NARLD2 H
5 NAOH -
6 NAZ2CO3 H
b NA2SOW H
[] 0SALT =
9 EDTNAA = TRACE TRACE
10 FEOMS =
11 ALOHS H
12 MNO2 =
13 uo20mM2 H
1% N1OM2 H
15 CACO3 H
16 HEOH2 H
17 HGI2 H
18 osSoL1D =z
19 ZEOLTE H
2¢ $102 =
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TABLE 48
SETTLING AND FILTRATION (MB-8)

A+ FLOwW, LES./+OUR - AVE.

fos  FLCW, LES./HOUR =~ MAX,

C * FLCw, GP¥ - AVE.

0 *  FLOwW, GP™ - MAX,

E s FLOW, CF™ - AVE.

F *» FLOW, CF™ -~ MAX.

G ¢+ OPERATING TEMPERATURE, DEGCEES €

M+ OPERATING PHESSUPE, PSIC. OR WG A9
*  AVERAGE STRLAP PHYSICAL ‘PROPERTIES

J . 'SPLCIFIC GRAVITY + .

LI - DENSITY, LBS,./CU. FT,, CPERS COND.

L v1SCOSITY, CENVTIPOISE, OPER, CONU,

" OPER. COND.

SPEC. HT., PCU/LE-C,

N e . NOKMAL PCILING POINT, DFGREES €
0 s FREEZING POINT, OEGFEES C
P o FLASH POINT, . - DEGREES €
0 ¢ UATENT MERT, PCU/LB OPER. CONG.
Q. AVES MOULCULAP WEIGHT -

®  COMPOSITION, LB+/HR, ~ AVE, FLOW
1. "o

2 " NANOS .
3 NANO?
' . NAALO2
Se NAOH
be NA2CT3
T NAZSOu
8 OSALT
9e ECTNAA
10 FLoMs
11 ALOHS
12+ Moz
13 Vo20H2
1u» NiOH2
15 cacos
16+ HGOH2
17+ Hwele
169 0s0L 1D
19 2LoLTE
20» si1o¢

B L L R L L L T T T A N T e L L L L DT T P

= 1 « M 4 < 6 1 8 9 14 it
T SALT SALT REVAP G2VYSET STARCH GRVSET GRVSET GRVSET SPNATE SFILTP PELECT
FEF) TPNSFD RuTI¥S FEED SOLN BOTTMS BOTTHS SPNATE TANSFR 1FEED SOLN

T ¢Bt8, 68%8. .78t, 17122. 4,08 T19. T19. 9427. 9837, 10293, 365 .
H 1.1 11.1 3.%3 17.% ,27858 1s10 1.1% 15.1 15.1 16.6 « 719
H Joel 33,0 3s." 952 38,3 38,.n 38,0 38.N 18,72 25.0 36.0
H 4,99 4,99 8,79 9,99 8,99 4,99 8.99 9.99 8,99 ..99 4,99
H 1.22 1.22 1.29 1.15% 1.0% 1.2% .25 1.23 1.23 1.23 1.21
= Teob 6.6 LI T 12.3 65.0 78.0 718.0 1M.2 T71.2 7.1 63.3
= o 7RG o708 T84S 778 « 916 717 +17C 778 «178 790 «971
z 112, in2, 19, 12z, 169, 122, 132, 1%2. 122. 172. 10M.
N 843, 4ag3, 633, 422, 5&2. 436, 836, wh2, Ny2, asu, 558,
H 23.1 23%.1 23.6 23,2 19.6 238 ?23.5 23.1 23%.1 22.0 1848
T 48¢2. w882. 915, 7076, 3.96 495, 498, 65886. 6S5B&6. 77377, 151,
= 9i5. 926, 237, 3262, 88.3% RE.3 1173, 117%. 1173,

= 1%, 355, S8.2 %50. 31.% 31.% 419, §19. 419,

z 198, 191. [ %] 276, 19.3 19.3 256 256. 256,

= 163, lo3, 380, s, o181 80,0 “0en 537, $37. 537, 19.3
H 1uR, 1uz, 2%.2 198, 13.9 13.9 184, 1849, 278.

H 159, 199, 32.% 252, 17.7 17.7 235, 235, 235,

H 1ve” 157 3.6C 10,8 1els 1.03 13.7 13.7 13.7

H ¢ .0332 70038 +J0202 .0N002 +N3232 .COLIE 402932

H «SNC 5.0 2,78 3.31 3.28 v.28 .0%31 L.D3%1 .333t

= «450 «053 592 1eGo 1.C3 1.0 <0124 .,2i%¢ ,310%

H o100 «1.C «953 1.06 1,35 1.05 0136 «GiNe .3106

T W00 LJ0CC 139 231 0229 «229 J002351 4u0231 27323)

T «C6CC o760 «297 «3%1% o347 «387 L0035 00850 ,0Q3I5"

= L4999 0899 248 »3C1 297 «297 L,CO3J1 00371 00301

T WU e82130 «2549 286 280 e28% LUG296 1.C286 02266

H 3.99 3.92 3.88 3.88 LU392 .T392 L0392

= WJCEnn LJRCD 6206 <710 «3%8 1.2% 1.5 0105 .2176¢ .0126

H 125 0126 o12% «12% ,N0126 ,20126 .0J126
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TABLE 48 CONT'D

SETTLING AND FILTRATION {MB-B)

13 14 1% 16 17 18 iv 20 21 22 23 24
PROCESS ™A TLRIAL T FEED + #1 FL® SFILTR PELECTY FEFD ¢ #7 FLY FLTIRTE I/E S1 FLR 12 FLR ¥L FLA a7 FL? RACK
43 FLIRTE 2FEED SoLt 43 FLIRTI TRNSFR FEED RUASH P4ASH BWASH OawWASH WASH
A FLOwW, L3 /Ho ~ AVE = 13263P, 17658, 1365A, 361s 1.293. 11099, 13756, 100%s. LE.F Y 499, “pZ. w99, 982,
B8 FLOW, LB /KR - WMAX =
C FLOW, GPM ~ AVE = 17.3 i7.3 17.8 «Tug 16.3 187 160 15.4% «130 «R1l8 +19) <R19 1.62
D FLOw, GPM - MAX =
E FLOw, CFM™ - AVE =
F FLOW, CF™ - MAX =
G OPCR TE“P, DEGARLE C = 25.5 256U 2545 3r,0 37.2 aSe 3 ?5.G 2%.7 25.C 25.0 25.0 252 38.0
W OFER FRES, PSIGHGABT  #.59 o7(N30 4.99 9.99 9,97 0,007 #.99 9,59 8,99 8,99 ,2N379 .79T37 4,99
PHYSICAL FROPERTIES eeeeme emeece ceceme mcemen cmeea + seeeme cecccon cmcscme mmmece cecmeee mmevee mmmees ceeeee
J SPECIFIC GRAVI Y H 022 1622 1.22 1.1 1622 1.21 1.21 1.2] 1.21 1.21 1.2 t.21 1.20
" JENSITY, LB/CU FT = 8.6 76.6 TEet 63.3 T6ec 16,1 Te.d T6.1 7641 78.1 T6.1 76.1 71542
t visC. CP =
] SPEC. WT, FCY/LB-C = « 156 196 <798 971 90 PN =892 .02 892 «R{.2 2572 -hH «803
N 80IL PT, DEGHEE C= 132, 102, 1c2. 100, 132, 102. 102, 102, 102. 102, 122. 172. 1922.
0 FOEEZE PY, CEGFEE C=
P FLASH PT, DEGFEE C:
] LAT. HT, PCU/LY = 457, 458, w57, 556 849, 462, “5t. 461, L13 I L 1.5 1% ubl. 252, 4356,
L} AVE. “MOLE. WY, = 2246 €26 228 1R.4 22.0 <28 22.4 2748 2248 228 2244 22 .4 2244
COYP, LB/HR=AVE FLOW cevcme mcaccs meccne semmrmen cocemn coceee Sereer erecme scaccs Ceremes Sneree mecmae ~ooee-
1 H20 T 1128, 7728, 7728, 366, 1377. B(94, 1378, 7374, 3153, 356, IsY. 386, T20.
b4 NANOD = 1T 1173. M1T3. 117% 1473, 1769, 1369, St 53.1 $1.3 53.1 128,
3 NANOZ = “)9, 419, 419, 99, 419, 3181, 351, 1r.3 12,9 18.3 18.9 31.3
4 NARLO?2 H 256, 56 256, 256, <56 23s, 2%y, 11.2 11,6 1.2 1.6 22.8
S NAOH = 551, <S)e 551, 18,9 €37, 566, 516, S16. 2%.? 2546 24.7 25.6 STe4
6 NA2CO) z 278, T8 270, 218, 8. 259, 254, 12.1 12.¢4 12.1 12.6 2%.8
7 NA2SO H 23%. 235 23S. 235, 335, 219, 21n, 1Te2 10.6 10.2 17.6 29.9
8 oOSALY H 13.7 13.7 13.7 13.7 1%.7 129 12.5 «603 o628 «693 624 1.22
? EQTNAR T L0012 LT0032 .0OG32 +LOC32 (C..UY2 LL203C .COP3IN ,L,TOTOY 0001 .0JCCY L,NI0%) 00072
10 FEOHS T L7371 LT0331 .0C3Y) <0331 .0L06G +07060 IGO0 00002 .AONOS  .C298 00268 L7325
11 ALOMS T «Z21C8 470108 JGO124 «J1C4 L6522 7018 L0001 TRACE TPACE 00939 ,0508% 0172
12 MNO2 T WJ0ICs TJlu% 00106 «01N6 <0421 «Crot9 70019 TRACE TRACE 00955 400085 L0104
13 U02aH2 T 00211 7023 LC0C23 «MC231 LNL308 JOCLOw ,N0CCH TRACE TRACE .00278 «7GOLP .00227
14 NIOHC S «Q0350 funN3sS 00235 «IN3IS. +CL0J7 23006 ,007G6 TRACE TRACE 430316 .23728 ,003u4
15 CACC3 T L0301 LTL0IC LCOVY) «Z03C1 +CT.706 +O7035 .CO0N0S TRACE TRACE .DC271 2002 .00295
16 MGIH2 S «035206 47L02P LJ0028 eCN296 NU0JS »CICIS NODCS TRACE TPACE .00258 .0032Y .00281
37 MGl12 T J0392 «T(392 D032 «0392 .0LNTP LJP3T] LNONT) LUOC?3 LNI003 L0353 L20317 L0385
10 osaLlio S W0106 JAT106 L0000 0106 o0 021 L0N019 LFIN19 TRACE  TRACE «IN963 L,I0086 NI9%
17 ZEDLITE 4
206 S$132 2 LUNIJ6 LTLO1? 80012 «GO126 JGC0N3? I7032 ,"02062 TRACE TRACE ,0011% ,n0717 .,00124
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TABLE 4.8 CONT'D

SETTLING AND FILTRATION (MB-8) 2¢ 2o ar H 27 w 3 32 n 34 3s 36 37
PHOCESS ™MATEPIAL = SAMD MOTIVE EAST SAND MOTIvVI SAND WASTE SANO + %1 FLR MNOS 42 FLR SEND + HNO3
: FLYUSH STEA% SUMPS  FLUSH STEAM TPNSFE SAND CoAL FLUSH FLUSH FLUSH COAL FLUSH
A FLOW, LB/HE = AVE = 9,P1 298 9e32 o277 467 1947 4436 AL3G 8,4  2.38
B FLOwW, LE/HR - uax =
C FLOW, GFPM - AVE = .C179 0177 «: 191 3368 ,"CT19 L0160 «016% 047D
D FLOW, GFM - Max =
€ FLOw, CFM - AVE = <142 €133
F  FLOW, CF» - MAX =
G OPER FEMP, DEGRIE € = 38,0 185, 39.C  J8%.  178. YE.0  38.C  38,D 38.0  38.0
H  OPER POES, -PSIG MGAB= +C0UCO0  153. 200CL0 150, 4499 4,99 .0IN0D) .99 .99 ,r1337
PHYSICAL FROPERTIES semese Lccmcc eemecn cccres ceeece c-ecee ceecce eccece secccs accsce cceece ccceee mome-o-
J  SPECIFIC GRAVIIY = 1,79  4.26 Bei7 8426 1402 177 leZl 101 1,91 .22
K DENSITY, LB/CU FT = 68.2 L lun 66,8 LU 2.5 ET.8 75,6 63,3 63.3 16,3
L VISC. CP N ’
M SPEC. HT, PCU/LB-C = .65 ° .e87 SRSD GNEBT L8948 LBTE  LTID .97} 971 L7199
N BOIL - PT; DEGFEE C=  1oOf. 102, 1ICL, 10T, 172, 10%. 1fC. 100, 10n. 100,
0 FREEZE PY, CEGUEE C= ‘ :
F FLASH ©PT, DEGHEE C=
€ LAT, Hi. PCUZLE Tz w9e. A2, S17. wE2. wRT, SCB, 427. 558, ssR. w28,
R AVE. “OLt. WTo . = 7.6 IA.T 19,2 18..  19.%  2C.1  2%.3  18.s 18,8 2%.2
CUMPy, LB/HR=BVE FLOW <—-=f== mecc-c cocroo ccccec ceceee cocese comecs secces ecemes cesmese smecss ceeas-c scooo-
1 "zo0 : T RLCY L294 6ell  2I7Y 429 16k 2,78 B.71 2.71 1,82
P NANO3 H
3 NANO2 =
L] HARLOZ 2
s NAOH T e327 367 $T27  L65% L1013 G327 +327 L2786 .
] NA2CC3 z
7 NAZS04 :
) osaLY =
9 EDTNAR H
13 FEOM? =
1n ALIHY :
12 MND2 z
13 uo2012 z
19 NIdHS z
15 cacos :
1o HGOHE H
17 HG12 :
18 0SIL 1D T .32% o121 2121 LueT L3325 .121
19 ZEOLTE =
22 S102 I R O «8e0 +B6)  2.00 1.1% +860
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TABLE 48 CONTD
SETTLING AND FILTRATION (MB-8) 3¢ 3y

DO TOZT

PFROCESS “MATERIAL I

Le /mR -
LB /KR -

oo

»
<
™
ek 19

OPER TEMP, DEGLE C =
OPER PQELS, PSIG,MGAB=
PHYSICAL FROPEQVIES

SPECIFIC GRAV]I Y 2
DENSITY, LB/CU FY =
VISC. CP =
SPEC. HT, PCU/LB-C =

BOIL P1,
FREEZE PT, DEGHEE C=
FLASH PT, DEGYEE C=
LAT. KT, PCU/sLE 2
AVE. “OLt. wT, =
COMP, LB /MR=-AVE FLOW

CEGHEE C=

NA2CO3 SSR Tk
QCYCLE  VENT

1.65

58.5

350

t2r.
19.7

GSF Th GS TAK GSS Tm SFF TH GS® TN SF)1 YK RFT Tk SF2 TH FBu TK WS TNK 2FT Tx FN TNK

VENT

2472

58.5

350

VENT

494 .42

N1

35.0

vENT VENT

2472 247.2

585 585

350

35.0

VENT

247.2

50.5

350

VENT
247.2

58.5

T

350

VENT VENT

247.2 247.2

58.5 58.5

35.0 350

VENT
247.2

58.5

350

VENT VENT VENT

24712 247.2 247.2

|} H20 H 791,
2 NANO) B

3 NANOZ z

4 NAALOZ -

S NADH =

[ NAZ2COS = 9%,C
7 NAZS504 H

8 osaLy z

9 FDINAA H

17 FEOR H

11 ALOHS H

12 MNO 2 H

13 uo20HZ z

14 NIOH2 H

15 cacos H

16 HGOHZ H

17 HG12 H

18 0SOL 10 z

19 ZEOLTE H
2C $10¢ H

Two gravity settlers.
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TABLE 49 - .
CESIUM 10N EXCHANGE (MB-9) = 1 1 3 “ S ] 7 8 9 1y 11
PROCESS MATERIAL Bl A CS CoL CS COL ANS 10 PNS FR CS COL. ELY TO ELY FR TO ELT ANS TO RNS FR
FEEC FEED EXIT €S COL CS COL ELTRNT CS COL CS COL CTM Tx €S COL €S COL

A . FLOW, LBS./1OUR =~ AVE,
B e FLOW, LBS./HOUR = MAX,

1LT%6. 1C056. 52€3. 2059, 2299. B469, a%S8. S108, 5C98. 1230. 1266,

C * FLCW o GP™ - AvVE. z Tton 16,4 1501 4,11 9.12 Beb3 8,61 Peb9 967 2.496 2.48

D * FLGw, GP™ - MAX, =

€ FLCW, CFM - AvE. H

F « FLOW, CF* - MAX, H

G * .OPERATING T MPERATURF, DEGFEES ¢ H 2¢.C 2%5.0C 2%.0 25.C 2540 25.0 25.0 25.C 29.C 25.0 25.0

H - OPERATING PEESSURE, PSICG. 0° HG AD = 4,99 4.9 4,99 268.9 4,99 4.99 24.9 4,99 9,99 20,9 8,99
. AVERACE STREAM PHYSICAL PROFERTIES ceeces cacren eccccn ccvecs wmmeae meeecs estmes mceces accmes ceccoe ecemeas

J . SPECIFIC GRAVITY H 1.21 1.21 1.2C 796 1.11 | TV 1.0% 1.0% 1.0% 1996 1.01

K * DENSEITY, LBS./CU, FT,y, CFER. CONL. = Toel 76.1 75.% 62.2 £9.% 66,7 66.0 657 6Seb 62,2 63.5

L - vISCOSITY, CENTIPOISE, OFPER. CONDe = .

[ SPECe HT ., PCU/LB-C, GPER. COND. = otC2 PC2 »8N9 «998 «685 «851 +B8%3 PLER] «879 «998 47

B T R L Y Y PR ERecns CEeclen CcEcce CCABEE mmmeRe ECEeEes SemeemE AEmEaee fetremr Emmmnee mmew e

v NORMAL B(ILING POINT, DECREES € = 162, 172, 132, I"C. 101, 102. 1G2. 191. 1ot. 1io00. 100,
0+ FREEZING. POINT, DEGPEES C :
L ] FLASH PDINT, DEGPEES C H
C e LATENT MEAT, PCU/LB  CPER. COND. =  46l.  ®EC, 466, 575,  S1l.  ®T5. 878, 495, %96, 575. 562,
F e AVE. YOLICULAR WEIGHT T 2ie6 2208 72,2 18.0 2.3 2108 20.7 23,9 20,9 18,0 19.1
* . COrPOSITION, LB./HR. = AVE. FLOW Sseses mrocee ceeces coedil mcscee cotcen ceeeer emcees coccms ecne o
1a w0 T 7378, T3Te. 6@3N, 20Se. 196S. 3392, 3I93. N113. a1Q%. 1230. 1159,
2+ MNOY T 1T¢9. 1369, 931, 137,
3 NANO 2 = 38l 351, 132, 89.2
e NAALOZ : 2. 23w, 203, 10,1
iSe NAOH T fi6.  Sle. w82, ) 7.9 10,9
6o NAZCO3 z 25w, 254, 22t 12,1
7 NA2SON T 74, 2le. 186, 216
ee 0sALT 3 12,5 12.%5 10.9 1.61
9s MU OH : 287, 290, 227,  129. 29.0
lue NH8CO3 = 189, 1713, 696, 682, 7.3
1+ N3 :
12¢ o2 :
13e ELTNAN T LORL3C 66O3N LOAC2s .00C03
1%e ZEOLTE =
15+ o3 : ‘
16¢ N =
17» 0c <
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TABLE 4.9 CONT'D o s

CESIUM 10N EXCHANGE (MB-9) = 12 13 i 1e 16 17 13 19 20 21 22 23 HL)
PrOCESS “&TEP1SL = PNS TO SPENT €S COL RGN FR SPENT  CAUSTC X FO CS FD €S ELT CS RGY CS ELT FRESH FRESH
C¥H Th CLTONT RGNRYT S CCL 9GNRAT TO PE Tk YNT BTKVNT BIKVNT CTH TX CTH TK RESIN RESIN
FLOW, LB /MR - AVE T 126€, £33, 223%. 21'%, 213%. 2115, 2472 219, 221, 229, 221,
a FL?W, LE /MR - MAX =
C FLOW, GP™ - AVE = 2.88 1203 8,22 8,0 8,20 u,.32 1,525% 1,525°
r° FLOW, GPM - MAX =
£ FLOW, CFw - AVE = 585 31944 39.7  67.2  S3.1
F FLOM, CF™m - MAX =
G OPER TEMP, DEGRIE € = 25.0 38,6 25.C 25.0 25.3 t5.C 350 38,0 38.0 85.9 38.2
H  OPER PRES, PSIG HGAB: 8,99 4,99 4,99  4.59 8,99  4.99 .99 8,99 ,00000 30000
PHYSICAL PROPERTIES mmteres cemcmen cEserr TTEeeAr SCeSReAe RRAres SetTERe AELARES LESESS SAAERAR AESere SEcaeT eomeo=
J  SPECIFIC GRAVITY = 1.01 1.0} 1.9 1.01 1.01 917 Lely 1.14 «7GS «857
K DENS1TY, LB/CU FT = 6345 64,3 55,3 63,8 63,4 60.9 «0927 ,09271 0569 L0869}
L visC. CP =
" SPEC. HT, PCU/LB~C = 997 U8 Y 976 976 .981 259 +2%% 276 0255
N BOIL PT, DEGHEE C= 10€C. 171, 100, 10¢. 10¢. 100, -194, =194, ~-193, ~198, ’
0 FOEEZE P1, DEGREE €=
P FLASH PT, DEGFEE €=
C LAY, HT, PCU/LE = 582, €0Je 553, Shu, S64, s39, 22.0  22.9 3145 22.6
R AVE., MOLE, WT, = 19.1 20.5 18.7 18,4 18, 18,2 .2 28,2 2647 28,2
COMP, LB/HR-AVE FLOW Setemce cccmese coamcrs Toases CRAMAcA CRCRCE AESANT EEAARR SasSne ScKsen Sacens esccene accoce
1 H20 = 1159, =276, 2049, 20u8. 204R. 2063, 1.C8 1.08 10.% 1.179
Fd NANOS 4
3 NANO2 H
4 NARLO2 H
5 NAOH H 10.9 len, 2.5 5245 5245
6 NAZ2COS H
1 NAZS50% H
8 osaLt B
9 NHY OH T 29.2 261, In.S 34,5
17 NHYCO? z 7.3 Tou,
i1 NH3 H 3,57 4,19 16,7 3.95
12 co2 = 6.37 7,23 6.9%
13 EDTNAR B
14 2E0LTE H
15 MNO 2 H
16 N2 H 155, 155, 155, 155.
17 c2 H N6.9 86,8 6.8 8648
. .

a. Gaflons per yesr.
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TABLE 4.9 CONTD .
CESIUM tON EXCHANGE (MB-9) = 25

PHOCESS MATERIAL = RESIN
. BCKWSH

A FLOW, LB/ZHR = AVE =
B FLOW, LB/MR - MAX =

,

-

Q

L 4

-

a

-

x

t

»

<

~
W

G OPER TEMP, DEGREE C
H  OPER PRES, PSIG,MGAB
PHYSICAL PROPERVIES  ~e-=-e
SPECIF1C GRAVLTY
DENS1TY, LB/CU FT
visc. CP . .
SPEC: HT, PCUZLB-C
BOIL - PI, DEGREE C=
FREEZE PV, DEGFEE €=
FLASH PT, DEGREE C:=
LAT, HT, PCU/LE
AVE. MOLE. wl. =
COMP; LB /HR-AVE FLOW =-==ea

s
[N UNTINT)

DOV NI X

"o

¢S SP1
RESIN

27

sA SPTY
RESIN

760°

c—menme

28

SPENT
RESTIN

29

DECANY
RESIN

o

B i o = o B " B B = " s B e R 0 B P = B = e = e e e = = - -

SPE Tx
VENT

e e " B - -

3,8102

2472

58.5

350

. ———-

1 H20 =
2 NANO? =
3 NANOZ H
" NAALO2 H
5 NAOH H

-
Zz
»
~
w
t-Q
£

(DR UNTINT]

iC NHuCO3 4
11 - NH3 =
12 €02 =
13 EOTNAR H
1 ZEOLTE =
15 HND 3 H
16 N2 H
17 02 =
. .

. a. Galtons per yesr. .
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TABLE 4.10 _
SR ION EXCHANGE + CONCENTRATION (MB-10)

PROCESS MATERIAL

A * FLOW, LES./HOUR -~ AVE.

8 » FLOW, LBS+/7FOUR =~ MAX,

C * FLOw, GP™ - AVE.

D e FLOW , GPM - MAX,

€ = FLCOwn, CF¥ - AVE,.

F o FLOW, CF™ - MAX,

G * OPERATING TEMPERATURE, OEGOLES C

H * OPERATING PRESSURE, PSIG, OR HG AB

* AVERAGE STREAM PHYSICAL PROPERTIES

J » SPECEFIC GRAVITY

K * DENSITY, LBS./CU. FY,, CPER. COND.
Lo vVISCOSITY, CENTIPOISE, CPER. COND,
L SPEC. HT ., PCU/LE-C, OPER. CONG.
LI ] NORYAL BCILING POINT, DFGREES C

0 FREEZING POINT, DEGREES C

P o FLASH POINT, DEGPEES €

C * LATENT HEAT, PCU/LB OPER, COND.
R * AVE. MOLTCULAR WEIGHT

* COMPOSETION, LB./HR, = AVE. FLOW

1+ HO

2» NANOS

3 NANO S

4 NAALO2

e NLOH

[ 34 NA2CO3

Te NAZ2SON

8 OSALY

9 NG OH

10e NHBCO3
11 M3

12+ ce

13 ECTINAA
jae 2t OL FE

15 HNO S
1¢e NS
17 [+

H 1 ¢ 3 L} s [ 14 8 9 114 i
T 10 SR SR COL RAS FR RNS FR RNS TO RNS FR PRSALT SR COL ELT FR RNS TD RNS FR

TRTIRTINT]

I R R R B L T A T T BT RN TR E AT

FO Tw  EXIT CS COt S COL S% COL SR COL TRNSFR ELTRNT SR COL SR COL SR COL
9273, ©099b. :299. 2806, . 238, 117067, 1232, 1338, 615, 815,
15.1 1v.8 4,12 9,42 15 810 19.% 2048 2466 1.23 1.23
25.0 25.C 255 25.) 25.0 25.0 38.0 25.? 25.0 2%.97 25.0
8,99 %.99 4,99 4,99 18.0 8,99 8,99 4.99 8,99 is.C¢ 8,99
1.2C 1.29 .11 1+13 2996 « 996 1.47 «999 999 <996 «997
75.9% 75.3 69.5 70.6 62.2 62.2 73.1 62.% 62.3 62.2 62.2
+tC9 +812 823 «371 998 «998 628 «99% «99¢ <998 «998
1c2. 1c2. 101. 171. 100. 100. 102. i00. 100, 100. 100.
“eb, 8617, €11, 502, S76. 511, "71. 575, $7S. 576 ST7.
2262 22.2 2043 206 18.0 18.C 2147 18.0 18.% i8.0 18.0
6838, 6709, 1985, 207C. (7. 204. 8988, 1227, 1330. 615. 61s,
931, 898, 137, 170. 1069,
132, I2ue. 49.2 61,5 381,
203, 1%, 33.1 3.7 238,
LLr X as7. The 89.2 557, 0092 ,0068]) .00810
221, 213. 32.7 9,8 256,
166, 179. 276 Ju.% 21n,
1ue® 10,9 1.61 2402 12.5
«CCLZ6 JCOCSB o LCOT3 JNOOCS «G0C30 N.87 LEL R4 406
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TABLE 4.10 CONT'D

SR ION EXCHANGE + CONCENTRATION (MB-10)

A

8 FLOW, LB/HR - MAX
C FLOW, GPM - ave
D FLOW, GPM - uax
€ FLOW, CF¥ - AvE
F FLOW, C(F¥™ - MAX

6 OPER TEFMP, DEGRIE C
H  OPER PPES, PSIG,HGAB
PHYSICAL FRCPERTIES
SPECIFIC GRAVITY
DENSITY, LB/CU FY
visc, cP

SPEC. HT, PCU/LB-C

DEGFEE C
FPEE2E PY, DEGFEE C
PY, DEGHEE C
HT. PCU/LB
MCLL. Wi,
LE/HR-AVE FLOW

FLASH
LAT,.
AVE .
coMP,
H290
NANC!
NANOZ
NARLCZ

J
L}
L
“
N BOIL P,
[}
[
<
R

te NHSCO3
11 wHy

12 €02

13 EOTAAR
1s  ZEJLTE
15 Huwo3
1€ w2

17 02

a. Gaflons per year.
b, Three product salt hold tanks.

= SRCONC SPCONC 30T IMS SRCONC

TRINIED

TR R R R AR TR T T I TR TR AR BT T IR TN T

2 13 14
FEED BNITMS TRNSFR
8.3 24.3

3.52

L8437 LCuly

8.0
8.99
«9°1
61.8

AN2. 8.0
«"LCS0 4,99
.11 1.17
690 13.2

«9°8

12C.

oBul «883

17, 1Co.

Ssc'
18.0

194%,

436, LIS N
222 2242

19.4 19.%

CNDSTL FPESH
TRNSF RESIN

RESIN
CNDSTE ACKWSH
192%.

3.88

e cmens ccwmaw

3r.0
«C00LC
«9E9
61.7

36.0
“.99
«989
6147

«998

99,9 99.9
571, $ST1.
1e.¢C 1840

1925, 192°%.

SPENT
RESIN

760%

.-

SRFB
TR VNY

685

350

cnwm—-

SREP
K UNT

247.2

58.5

350

PSH TX SRE Tk SRCd

VENT
78160

17569

350

VENT

2472

585

35.0

TR VNT

247.2

eTUOZ L8492  JLu92

N,E7 4.87 u,.87

+COrue COO%S
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TABLE 4.10 CONTD

SR 10N EXCHANGE + CONCENTRATION (MB-10)
2%

PROCESS MATERIAL =

A FLOW, LP /MR - AVE =
B FLOW, LB /KR ~ Mayx

€ FLOW, GFM - AVE =
0. FLOW, GP™ ~ MAX =
E FLOw, CF™ - AVE =
F FLOW, CFM - MAX =
6 OPER TEMP, DEGRLE C =
H OPER PRES, PSIG ,HGABZ

PHYSICAL PPOPERIIES
SPECIFIC GRAVITY
DENSITY, LB/CY F1T
visC, CP
SPEC. HT, PCU/LB-C
®OIL Pi, DEGFEE C=
FREEZE PY, DEGFEE C=
FLASH PT, DEGFEE C:
LAT. HT, PCU/LE
AVE. MOLE. WT,

COMP, LB /MR~AVE FLOW

VOTOZTH+XMMXRG

"o

1 H290 4
2 NANDOS H
3 NANOZ =
9 NAALOZ b4
5 NADW =
6 NA2CO3 =
1 NA2SON z
[} osSALY H
9 NHYOH =
1c NHNCO3 H
11 NH3 =
12 co2 B
13 EDTNARA H
14 ZEOLTE H
15 HND 3 b
16 N2 H
117 02 3

58.5

cemom-

%0

————

P L L L T PR S e e R L LD L L L L S R LDt
PRI I PR IPIpI IR RpIEpIIpEpryEpEpEpE Suppa AP A GRS § 4 3 S8 ittt it Al ol et ittt ke didddidnd -
T L L e e L T T L S P PP R SRR R bttt D L T recscee
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TABLE 4.11

CS ELUTRIANT RECOVERY + CONCENTRATION {MB-11)

LI FLOW, LBS./HOUR =~ AVE.

LI FLCw, LBS,/HOUR =~ “AX,

[ FLOw, GPM - AVE.

D * FLOw, GP™ - MAX.

E *  FLOW/CF™ © = AVE.

F * FLOw, CF™ - MAX,

G ¢« OPERATING TIMPERATURE, DEGOLES ¢

H »  OPERATING PPESSUPE, PSIG. 09 MG AR

¢ AVERASE STREAM PHYSICAL PROPERTIES

J ¢ SPECIFIC GRAVITY

L DENSITY, LES./CUs FT,, OPER, COND,
Lo VISCOSITY, CENTIPOISE, OPER. COND.
L SPEC, HT ., PCU/LB=C, '~ OFER. COND.
N o+ NORMAL BCILING POINT, OFGRECS C
[ FREEZING POINT, DEGOEES C

Po» FLASH POIVT, DEGUEES C

o » LATENT HEAT, PCU/LE NPER . CONDW
() CAVES MOLECULAR VEIGMT

*  COMPOSITION, LB./HR, = AVE. FLOW

e Hz0 :

Fa) NANOS

3o NANO 2

4 NARLOZ

Se NAOH

X NAZCOS

T NAZSOY

Be osaLt

9% NHO OH
170e NHOCO3
11 NH3
12+ €62
13» CCTNAA
14 ZEOLTE

15 HND 3
16¢ [}
17« 0c

T 1 i M “ S 6 7 8 A4 10 11
= SPENT  CSCONC CSCONC CSCONC CSCONC RCYRD MAKEUP MANEUP ELTRNT ELTANT CHILLD
ELYRNT  FEED @OTT™S PURGE CNDSTE ELTRNT NHAOHW co2 TRNSFR TO I/F WATER
T 63t3, TITT, 528, 2096. 4453, 8GuQ, 9?15 49,6 waBl. 9469, 588,
= 123 13.7 «989 Fe5% 845% ,00182 9.59 8.3 1.16
< 948, 5.1
H 3E.C 3e.0 102. 10G. 8.0 8.0 36.0 38.n 36.0 2540 5.00
= 8,99 4,99 ».00°C 00009 .00C00 4499 4,99 $.99 4,99 4,99 9,99
s 1.0} 1.4% 1e76 856 1.7} 1e43 1.00 1.80 1430 1.0% 1.00
< 64,3 64,3 66+5 <0369 64,9 64,8 62.5 olus 65,0 66.0 62.9
< bl 902 «BE9 +88) 872 AT 972 «223 «86% «BS1 «998
< 111, 171, 13C. 170, 1€2. 102, 1cl, -88.5 1J2. 102. 100.
< 50, 497, ase, 539, 71, 472, =529, 47.9 468, LR AT 588,
= 205 2749 21.1 19.9 21.7 21.7 19.9 48,9 21.8 21.8 18.9
$276. S9U3. 434, 2094. 3366. 3368, 812 3391. 3392, 5688,
Tie$ 17.9

R TR B B T N T TN T BT RN I TR T I T

2cle.
T4,

263,
13-

3s8.
r2T.

36U,
713,

103

288,
9CS.

287
799,

B L T e L L L Lt T T L L L T L Ty g

49.6
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TABLE 4.11 CONTD

€S ELUTRIANT RECOVERY + CONCENTRATION (MB-11)

i2 13 14 15 1¢ 17 1 19 23 21 22 23 24
PHOCESS MATERIAL = PURGE $reA8s BOTIYS FEEDTH CSCB CNU T¥ “u TK  CSEF FC TNK CSCONC CS RGFY CS ELTYT CS FD
CNDSTE  PUCGE TRNSFA  VENT  Th YN veNT VENT T VNT  VENT VENT CTH TK CTH IM BTKVNT
A FLOW, LB /HR - AVE = 2796, 1664 528 222, 2472 220, 221. 221. 2094 239. 229, 220, 219.
3 FLOW, L& /KO - MAX =
C FLOwW, GP™ - AVE = 4.23 1eu} «93u
0 FLOw, LPM - MAX =
€ FLOw, CFP - AVE = S3eu 585 Y2 53,3 $%.3 50.4 56.0 6.2 53,1 39 .4
F FLOW, CFH - MAX =
G OPER TEMP, DEGRIE C = '8.C 5039 3805 38 ,.n 350 kL% 38.0 38.32 8.0 3R.7 8%.) 38.0 38.12
H  OPER PSES, PSIG,HGABS 4,99 499 “,99 .N00L0 «JZI7 J07C9C .fONCT «20000 L30000 03007 4.99
PHYSICAL PROPERTIES erreces mecmee ceeccas Seecsss Secars SEArES AEASwS SCESee Somces Cesees aseane SE-SSS Ssssss
J SPECIFIC GRAVITY = «989 1.07 1.12 P57 «85% «857 857 +887 175 <857 1,14
® DENSITY, LEB/CU F1I < 51,7 th.8 Tl « (652 s B9 D691 <3691 «J710  +N569 5691 N927
L visC. CP H
] SPEC. MT, PCU/IB-C = «998 «859 «B69 *28S «25% 0255 «25S «253 «276 «25% 254
N BOIL P, DEGLEE C= 99.9 101. 100. =-19%94, -199, ~199, ~-l9u, ~193, =-193. ~198, -194,
0 FREEZE PI, DEGREE C=
4 FLASH PY, DEGHEE C=
] LAY, HT,. PCU/ILE H ST, 499, 436, 23.3 <3 23.1 23.C 25.% 31.5 22.6 22.9
r AVE., MOLEL. WT, = 18.0 2.1 211 28,2 wBe2 2842 2P .2 29.0 2607 28.2 28.2
COMP, LB/hR=AVE FLOM ©~eo=mec-e wcecre cscces mccess sosccs mrccws eseoes —SE6cSs SUoCee SSeSeR SSSSOSS SSSSes SSsseme
1 H20 = 2T9¢. 625, ain, TeL9 7.08 71.08 Te.08 Te07 10.4 .09 7.n8
2 NANO? H
3 NAND2 H
L} NAALDZ =
S NADH =
[] NAZCO3 H 4,0
7 NA2S504 =
e 0sAaL?Y H
9 NHYOH =
10 NH4CO2 z 181,
11 NHY = 40} LIPS 4.28 4,23 4036 1647 3,9¢% 3.57
12 coz2 H 8.11 tabb T.%2 T.37 250 6495 6.37
13 EDTINAA z
1. ZEOLTE H
15 HND 3 = .
16 N2 H 155, 1%5, 158, 155, 1%%, 155, 188, 15S.
17 02 H 4¢ .8 46ed LYY ] 46.8 4b.8 6.8 46.8

460



- Lty -

TABLE 4.11 CONTD :
CS ELUTRIANT RECOVERY + CONCENTRATION (MB-11)

2" 26

FEOCESS “ATERIAL T €S ELT Covs
SINVYMT VENT

A FLOW, Lb/hR - AVE = 221s OO0,
B FLOwW, LB/MR - MAR =

1947 “3le

-

~

(=]

r

-

[a)

-

x.

'

»

<

™
(DTN

6 OPER TEMP, DEGRELE C = '8.0 5.LC
H  OPER PRES, PSIG,HGAB=: 8,99 LCLD0N - ‘

PHYSICAL PROPERTIES  s-o=-s <<vaee

J SPECIFIC GRAVIVY . 1.9 976

K UENSITY, LB/CU FI° L9271 .iT88

L vIsC. CP - . i
*  SPEC. WT; PCU/LB-C 02%5  -a282
N eOIL P, DEGFEE €=  ~t9a, -19%,
0 FREEZL PT, CEGLEE C=

P FLASH PT, DEGHEE €=
¢
R

(RTINS

LAT. HT. PCUZLY 22.9  1.92
AVE, MOLES WV, ° 28.2  28.8

CCMP, Lb/HR-AVE FLOW =ee=ce occcoe
H20 : 7.68 10,9
NANO3 ‘
NANO{
NAALCQ
NADH

N BN

[} NA2CO3
7 NA2SOu
8 osaLt
9 NHUOMH
12 NHOCOS
11 NH3

12 o2

13 €E0INAR
19 ZEJLTE
15 HNG 3
16 N2

17 02

“.19 ..50%
7T.23 Q.6

P L L T R T 2 L T e Rttt el h Rl d P

15%: 1:i56.
§6.8 468,

TR EIERLEN E  R  R  TE B DN TR T TN )
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TABLE 4.12

CS FIXATION ON ZEOLITE (MB-12)

1 2 3 4 H 6

14

9

10 11

BOTIMS 2L CoL ZL COL YO RCY PINSE RNS TO PNS FR TO RCY

NA2CO3 FLUSH 2E0LTE

TENSFR  FEEU EYIT HLOD TX WATER 2t COL 7L COL wWLD Tk RCYCLE WATER FLUSH
L FLOW, LBS./+O0UR =~ AVE, < SR, 529 %&%. 560 3s7. 357. 124, 324. 88sS, 49,0 5S.7
B » FLOW, LBS./HOUR - “Ax, =
C # FLCW, GF™ - AvE. < et 34 « 234 1716 1.G¢ « 725 « 120 587 «587 1.65 .0997 101
0 » FLGW , GFPV - MAX, =
€ » FLOW, CFM - AVE., <
F » FLOW, CF™ - MAX, =
6 * JPERATING TLMPERATURE, DEGOEES C H Ir.l 3e,.r 38.0 39.3 5C.0 38.0 18,0 38.0 38.0 5C.0 3T.0
H o QPERATING PLESSUPE, PSIC. 0% MG AR = 4,99 15.9 15.2 4,99 4,99 15.72 15.0 “.99 4,99 8.99 00000
L AVERAGE STREAM PHYSICAL PROFERTIES cmeres mcesos cemecaa Seecee mssmece smemess wcecne sesenms coeceme o= - See—ea
J o+ SPECEIFIC GRAVITY H 1.00 982 =989 1.10 1.7 1.7¢ «982 1.09
L O€ELSITY, LBS./CU, FT,, CPER, COND, = 6S. 4 63.3 61.7 68.9 62,9 66,6 61.3 68.1
L o* VISCOSITY, CENTIPOISE, CPER. CONDe = 718 577 o706 729 «729 « 122 241 « 725
L SPEC., HT,, PCU/LB-C, OPER. COND. = «939 «998 <998 «889 +889 «921 998 «939
N o* NORMAL BUILING POINT, OFGRLES C H 170. 1ce. 99.9 100. 1i”3J. 19, 123, 100.
0 * FREEZING POINT, ODEGPLES C =
L] FLASH POINT, QEGOEES C B
C e LATINT HLAT, PCU/LS CPERs COND. = LX-1 985, S31, $32. Seb. $7Ge. 498, 499, 520, S6a, 505.
LA AVE ., MOLICULAP WEIGHTY H 21.1 21.1 19.3 19.3 t8.0 18.9 235 23.5 19.7 18.0 23.3
hd COMPOSIVION, LBe/HRe =~ AVE. FLOW memess Smcccs Sesses ssmeAm SACEeE AMENSS SCAREE® SSRRRs Sscece escoss Seeoee
1 HO = 638, 434, S15. 515 157. 357. 27%. 275. 791, 49.n 49.0
2 NANO 3 H
3 NANO 2 H
4e NAALO2 4
Se NAOH H
b NA2CO3 z 98,1 94.0 45.3 45,3 4846 48.6 98,0
Te NA2SON =
Re oSALTY H
9 NHU QY H
1Ce NHGCO3 H
(S R NHS -
12 co2 H
13 EDINAR H
lus ZEOLTE H 6,63
15 HNO S =
16» N2 H
17 0« z
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TAB

12
13
is

LE 4.12 CONT'D

€02
EDINAA
ZEOLTE
HND3

beb}

be62

6.63

o
CS FIXATION ON ZEOLITE (MB-12) 12 13 14 1€ 16 17 18 1e 20 21
PLOCESS MATERIAL T MOTIVE 2EGLTE WASTE DECANT MAKEUP TRANSFQ ZFB TR ZRS TK ZRH TH 2S5 TNK
STEAM TRNSFR ZJEOLVE WATE® ZEOLTE WATE® VENT VENT VENT  VENT
A FLOW, LB/WR AWVE = 1,67  5T.4  2uL,u 16,9 7.3 31.2 2472 247.2 2472 2472
] FLOW, LB /HR MAX = -
C FLOW, GPHM AVE = <110 L0309 G745 LT653 L 637
D FLOW, GPHM MAX =
€ FLOW, CFM AYE = .0079 $8.5 58.5 58.5 58.5
FFLOM, CFM yAx =
G OPER VEnP, CEGRIE C = 18%, 138, 38.C 38.C 2245 m," 350 350 350 350
M OFER PRES, PSIG,MGAB= . 1ST. 4,79 4,99 8,99 LnOBCL 4,99
PHYSICAL PROPERTIES seocce cechces cocece ccccnc mevecs smceee mccess ecncece cocces ecmces
J  SPECIFIC GRAVITY - =% 18,26 . 1.0 .32 0e9 tel5 <589
K DENSITY, tB/CU FT = L1 68,5 82.6 61.7 7243 1.7
LoovISC. cPe o T SZ189  .259 729 LT(6  .949  L706
M SPEC. MT, PCU/LB-C = 987 941 L8317 ,958.  .911  ,99%
N 8O0IL  PT, DEGHEE €=  1GC. IT0., 99.9  99.9 120, 59,9
0 FREEZE PI, DEGFEE C= . '
P FLASH Pl,: DEGHEE €= ) '
0 LAT, WY PCU/LE z 482, 472, 389, 571, usC, 11,
] AVE. “OLE. W H 186 27e2 2642 18.0 21.¢ 18,5
COMP, LB/HR-AVE FLOW e=<c== ~ccmce ccnccs wccecn ccmcce accren ~mceve weeces eceves coeeee
t H20 - 1.67 SC.7 13.8 36.9 31,2 M.2
Fd NANG3 H
3 NANO2 =
q NAALOGZ H
S NAOM H
3 NA2CO3 H
17 NA2S0% H .
8 osaLt H
9 NHYOH =
| 14 NHWCO3 =
11 NH3 H
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TABLE 4.13

GPE EVAPORATION (MB-13) = ] 2 1 4 3 6 7 (] 9 ic 11
PROCESS MATERIAL = RCEVAP GPEF SRCINC RECYL GPEVAP GPEVAP ROTIMS GPEVAP CND TO PREVAP TO TNK
CANDSTE TK VNT CNDSTE H20 Tk FEED BOTTMS YO RE CNOSTE DITCH CONSTE FARM
A * FLOW, LES./HOUR - AVE, S 15297. 247.2 .92%, 6398. 16692, 1069, 1069, 9623, 9623. 110%1. 4ASu,
R * FLOW, LBS./HOUR - MAX, =
C * FLOW, GPM - AVE, = 20.7 3.F8 13,2 218 2.23 2.15 19, i9.4 22.% 9,8y
D e FLOW, GPM - MAX, H
€ FLOw, CFM - avE . H 58.5
F * FLOW, CFM -~ MAX, =
G * OPERATING TEMPERATURE ; DEGREES C H 18.0 35.0 38.0 6201 46.3 103, 38.0 3n.0 8.0 62.1 u6.3
H OPERATING PRESSURE, PSIG. CR MG AR = 4,99 4,99 ,00000 .CLOCCC .CGOCO 4,99 L0000 %.99 00000 .00000C
* AVERAGE STREAM PHMYSICAL PROPERYVIES & ~===== semene cmeace cesmce cmmees meseer see-ns mmseme sssmess cosmces coeea-
J ¢ SPECIFIC GRAVITY z 989 <909 «978 e90% «95% +989 <989 .989 976 «984
LI CENSITY, LES./CU. FT., OPEK, COND. = 6l.7 61.7 6r.9 61.4 £9.8 6l1.7 6l.7 €le7 ¢0.9 1.4
L » VISCOSItY, CENTIPOISE, OPER. COND. =
L] SPEC. HT,, PCU/ZLB-C, OPER, COND. = «998 998 .998 «998 998 «998 298 998 998 .998
N » NORMAL BOILING POINT, DEGRLES C H 99.9 99.9 1To. 1€C, NG, 99.9 90.9 99,9 100, 16C.
0 » FREEZING PUINT, DEGREES C 2
L ] FLASH POINT, DEGRLES C =
C » LATENT HEAT, PCU/LS CPER, CONG. = S7i. 571, 5¢8. se7, €9, €71, 571, ST, $58. 567,
L AVE. MOLECULAR WELIGMT = 18.0 18.0 18,7 18.0 19.0 1e.C LR 18,2 18,0 18.0
. COMPOSIVTION, LB./HR, ~ AVE, FLOW = =--=--- - #eceee ccme-- sreses cceea- ssomes coce- - mmemew mecco- emm=e mm----
| R4 W0 = 10297, 1925, #398. 1C692. 1069, 1C69, 9623, 9623. J1C1i. unSu,
2 NANOS = ’
3 NANO2 =4
s NAALOD2 H
Se NAOWH b
be NAZ2CO3 4
T NAZSON -
as 0SALT =
9 NHYOM H
10 NH&CO3 H
1t NH3 -
12+ co2 H
13e EDTNAR T TRACE +00QuB .00028 ,C0M28 .0GOC28 .00012
19 ZEOLTE N
15+ HNO 3 =
les N2 =
17 02 <
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TABLE 4.13 CONTD . .
GPE EVAPORATION (MB-13) = 12 13 e 1s 1¢ 17 e 19 2n 21 22 23 24
PROCESS MATERTAL = T0 AL FIRST SECOND MAKEUP €S COC SR COC RINSE FLUSH RINSF RINSE RINSE RINSE Pw TNK
- CSLVRE  waSH whSH H20 BCKWSH BCHWSH WATEP WwATER WATEP WATER WATEP wWATfR VENT
A FLOW, LE/MR - = 1il. 14Pl, ual. 3157, uw9.r 2rse. 123G, 157, 61S. 247.2
B FLOV, LE/HR - =
C FLOW, GPN - T 226 3..0 Y,00 ¢TS5 LICC 8.20 2.51 .628 1.25
D FLOW, GPM - =
€ FLOW, CFM - E 58.5
F FLOW, CFm - =
6 OPER TEMP, DEGPEE € = &be3 6.3 46,3 62.1  62.1 62.1 62.1 2.1 ©2.1 35.0
M OPER PRES, PSIG,MGAB: .J0U0O .CONLD .0NOOC «10600 00000 .GCOCC ,000NOC .GPOMD LDON0N
PHYSICAL PROPERTIES .  somco= ccocnme mcceme coceee coeas - eeses- cecrec cecnan cmeccn e;mece accesme ceceee memeano
J  SPECIFIC GRAVIITY = 7 ,9A4  .98%  ,984 976 .9T¢  L9T¢ 976  .9T6  .976
X DENSITY, LB/CU FT = blew  bl.8  6l.4 609 609 €C.9 €0.9  €G.9 67,9
L ovisCo P S o
M SPEC. MY, PCU/LB-C =  ,998 .958 .998 0998 998  .998  .998  .598  .998
N BoIL  PT, DEGREE €= 1(C. 10y, 16O, 160, 100, 1T, 100, 1C".  17C.
0  FREEZEL PT, DEGREE (=
P FLASH PY, DEGREE C=
Q  LAT. MT, PCU/LD = S67. 567. S67T. ssA,  s%8, €SF., 558, S%P,  5%8,
R AVE. MOLE, wl. T 18.0  18.0  16.0 18.C 18,C 18.C 12,0 12.03 18,0
COMP, LB/MR-AVE FLOM ~moc~= cocmau- B L A B R cesmes emeo-a L ettt
1 H20 = 111. 1881, lsel. 357, w9, 20%4, 123L.  30T.  61S,
2 NANO S =
3 NANO2 =
L] NARLOZ =
s NAOM =
6 NA2CO3 H
1 NA2504 =
8 osaLY =
9 NHOOH =
10 NH&CO3 =
11 NH3 H
12 €02 =
13 EDTNAR = TRACE  ,00PC3 00003
s Z2EOLTE =
15 HNO 3 =
1¢ N2 =
17 02 H
.
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TABLE 4.13 CONT'D

GPE EVAPORATION (MB-13) B 2¢ 20 27 28 29
PROCESS MATERIAL = GPEC PSSST  PSSST  GPEC VNT TO
TK YNT VENT VENT VENT ATM

A FLOW, LB/HR ~ AVE = 247.2 247.2 247.2 247.2 3,919
B FLOW, LE/MR - MAR =

C FLOW, GPM - AVE =
0 FtLow, GPH - WAK =
£ FLOW, CFM - AVE = 58.5 58.5 58.5 58.5 920.6
¥ FLOW, CFM - MAX =
OPER TEMP, DEGREE C 35 35 35 35 35

6

W OPER PRES, PSIG,MGAB
PHYSICAL PROPERTIES  -===o= ==--=c =-c-o-

J  SPECIFIC GRAVITY

K DENSITY, LB/CU FT

L VISC. CP

M SPEC. WT, PCU/LB-C

N 6OIL P, DEGREL C=
0 FREEZE PT, DEGREE C=
4 FLASH PT, DEGREE C=
[{] LAT, HT, PCU/ZLD <
R AVE. MOLE. V. z
COMP, LB/HR=-AVE FLON ~-===== =-=c-- m————
1 H20 =
2 NANOS H
3 NANO2 H
L] NAALOZ2 b4
b NAOH =
6 NA2CO3 =
7 NAZSOU =
8 oSALY =
9 NHOQOH 4
10 NHECO3 H
11 NHY =
12 co2 =
13 EGINAA =
1e ZEOLTE H
15 HNO 3 =
16 N2 5
17 02 z
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TABLE 4.14 .
SALTCRETE PREPARATION (MB-14) - 1 2 T " « 6 7 ) 9 10 11
PROCESS MATERIAL = PRDCT PEVAP  PSE PEVAP TOREYL PFVAP JET S  PSCT PSCT  PSALT CEMENT
SaLy FEEL  VAPOR LSCALE H20 Tk BOTTOM STEAM  FEED FLUSH TO SCP 10SCP
A+ FLOW; LES./MOUR - AVE, S 11708, 1176, 494§C, 982, 1ICI1., 7779, 233. egl2. 8C12. 10115,
B # FLOW, LES./HOUR =~ waXx, =
C® FLOW, GPM - 8VE, H 19.9 19.9 1.99 22,5 17.3 497 13.8 13.8
D+ FLOW, GFM - »AX, =
€ *  FLOW, CFw - AvVE. = 2221,
F » FLOW, CFM - MAX, =
6 * OPERATING TEMPERATURE, DEGPEES C = 38.0 3e.C  toc, W8.C 621 115, 132. 1ts. 115, $0.0
H *  OPERATING PRESSURE, PSIG, UR MG AB =  4.99 4,99 .0OCCO .0O0PD3 .0OCEO .GOCOC 24.9 .03MQO0 .C60C0  %.00
*  AVERAGE .STREAM PHYSICAL PROPERTIES & ==---= meesme cctems cereee ceeane meeee e oo cmemes eecmee eae B s
. SPECIFIC GRAVITY H 1.17 1.17 ute .984 976 1.186 97 1.1¢ 1.15
. DENSETY, tESe/CUs FTo, CPER. CUND. = 73.1 7301 0368 61,4 6C.9 12,8 58,5 1.9 71.9
. VISCGSTITY, CENVIPOISE, OPFk. COND. =
. SPEC. HTes PCU/ZLB-C, OPER. CONG. = .828 oB28 upl .998 996 S 743 .998 751 o751 .163
. = NORMAL BOILING .,POINT, DEGPLES C = 1c2. 102. 150, 1cC. 1cr. 103, 16C., 103, 103.
. FREEZING POINT, DEGREES ¢ =
. , FLASH POINT, DEGREES C H
. LATENT HEBTL, PCU/LE OPfR. CONGs = 471, w7, 539, Seb. €58, 3196, 520, “rg. (Y18
. . AVE, POLECULAR WEIGHT = 217 217 18,0 1R,.0 18.06 24,3 18.C 20,9 24.0 100,
. COMPOSITION, LBo/HP, =~ AVE, FLOW = =ccc-ee cmcecc macna - memses cmacse coccee cceaa - memmeee eceeaeo mevens mmecce-
1e H20. S 8984, 8984, 91T, 9e2. 11011, %CSe. 233, S2n9, €289,
20 NANO3 = 1069, 1369, 1069, 1L69. 1069.
3 NANOG2 = 381. 3el. 1], 3R], 381.
4 NAALO2 | = 23, 234, 2%4, 2%4, 234,
Se NaOH = 557, 557, s€7. 5817, 557,
be NA2CO3 H 5., FAL %4, 2%u, 254,
Te NA250% = 21w, 214, 214, 214, 214,
8 0sSAaLY H 12.% 12.% 12.5 12.% 12.%
9= EDTNAA =
10+ FEOHY =
11 ALOHS =
12 MNO 2 :
13¢ U020H2 :
tue NIOM2 H
159 CACQY. =
16+ HEOH2 =
17 HG12 H
18 osoLlD = 10115,
199 2Eo0LTE =
20+ $102 H
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TABLE 4.14 CONT'D
SALTCRETE PREPARATION (MB-14)

PROCESS MATERIAL T SLTYCTE

FLUSH

A FLOW, LE/HR - 8vE = 14.8
8 FLOW, LB/HR - MAX =

C FLOW, G¢M - AVE = «03n3
0 FLOW, GPM - Max =
€ FLOW, CFM - AVE =
F FLOW, CFM - MAX =

6 OPER TEMP, CEGREE C = 8iel
H  OPER PRLS, PSIG,HGAB= .00L0O
PHYSTICAL PROPERYIES  ~-==--~

J SPECIFIC GRAVITY

K OENSLITY, LEB/CU FI
L visc. CP

L SPEC. WY, PCU/LS-C

N 801IL PT, DEGRE: C:
4] FREFZE PT, DEGREL C:=
4 FLASH PT, DEGREL C:=
(1] LAY, MY, PCU/LB H
R AVE. MOLE. WT, =
COMP, LB/HR-AVE FLOW ~--===-
1 H2O =
2 NANO3 =
3 NAND2 2
L[] NARLOZ H
S NAOH =
6 NA2CO3 H
7 NA2S0% =
8 osaLY =
9 EDTINAA H
10 FEOMS H
11 ALOWS =
12 MNO2 =
13 Uv0o20Me z
10 NiOH2 =
15 cacol =
16 HGOM2Z H
17 HG12 H
18 0S0L i =
19 ZEOLTL =
20 si1c2 z

REFWORK REWORK

sse.
16.U

14.8

tscpsl  PSEC VENT

coONDSTYT VENT 710 ATM

197, 1,487

58.5 351

T6.0 35.0 35.0



TABLE 4.15

Mechanical Cell A (MB-15)

Flow, lb/hr
Flow, gph
SpG

Temp. °C

Comp. 1b/hr

HZO

HNO3

CZHZO4
Fe(N03)3

NO
Mn(NO3)2

NaOH

NaZCZO4

NaNO3

MnO-0OH
NaF

CO2

Fe(OH)3

Cans/Day

1

2

1.877

1.877

- 4,135 -

ol

1.877

1.877

1.877

1.877



TABLE 4.15 (Contd) @

9 10 11 12 13 14 15 16
Flow, 1b/hr 256.42  256.35 0.036% 238.07 238.07
Flow, gph 27.58  27.58 27.59  27.59
SpG 1.115  1.115 1.035  1.035
Temp. °C 38 50 50 38 38
Comp. 1b/hr
H,.O .
2 201.84  201.79 215.07  215.07
HNO 50.43  50.12
CoH 0, 23.00  23.00
Fe(NO4) 4 0.291  0.582
NO 0.036
Mn(NO3)2
NaOH
N32C204
NaNO3
MnO+*OH ‘
NaF 3.86 3.86
co,
Fe(OH)3
Cans/Day 1.877 1.877 1.877

* Does not include the tank vapor space purge (25 scfm air).
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TABLE 4.15 (Contd)

17 18 19 20 21 22 23 2

Flow, 1b/hr  244.35 32.05  0.455  26.23% 81.86  583.00 64.76  64.76
Flow, gph 27.81  2.94 6.44 64.16  7.82 7.82
SpG 1.054  1.310 1.525  1.090  0.993  0.993
Temp. °C 38 38 38 38 38 38
Comp. lb/hr

H,0 236.91  16.03 40.93  496.13  64.76  64.76

HNO, 5.83 16.03

CoHo0, 1.15

Fe(NO3)3

NO 4.76

Ma(NO3), 4 45 0.455

NaOH 40.93  3.72

Na,C,0, 1.715

NaNO, 76.91

MnO*OH 0.415

NaF 3.86

€0, 21.37

Fe(OH)3 0.256
Cans/Day

* Does not include the tank vapor space purge (25 scfm air).
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TABLE 4.15 (Contd)

25 26

27

28

29

Flow, 1b/hr 64.76 64.76
Flow, gph 7.82 7.82
SpG 0.993 0.993

Temp. °C 38 38

Comp. 1b/hr

H,0 64.76  64.76

HNO3

CZH204

Fe(NO3)3

NO

Mn(No3)2

NaOH

NaZCZO4

NaNO3

MnO-OH
NaF

CO2

Fe(OH)3

Cans/Day

129.52
15.64
0.993

38

129.52

- 4,138 -

100.0
12,07
0.993

38

100.0

100.0

12.07

0.993

38

100.0

30 31 32

2.08 129.52  842.04

0.25 15.64  95.28

0.993  0.993  1.060

38 38 38

2.08 129.52  55.17 .
3.72
1.715
76.91
0.415
3.86
0.256



TABLE 4.16

Mechanical Cell B (MB-16)

Flow, 1lb/hr

Flow, gph
SpG

Temp. °C

Comp. 1lb/hr

H,O
HNO

C2H204

Fe(N03)3

NO
Mn(NO3)2

NaOH

Na2C204

NaNO

MnO-OH
NaF

002

Fe(OH)3

Cans/Day

1 2 3 4 5 6 7 8
0.036*  256.47 256.42
27.59 27.59
1.115 1.115
38 50
201.88 201.84
50.73 50.43
0.291
0.036
3.86 3.86

1.877 1.877 1.877 1.877 1.877

* Does not include the tank vapor space purge (25 scfm air).
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TABLE 4.16 (Contd) ’ @

9 10 11 S 12 13 14 15

Flow, lb/hr 238.07 238.07 64.76  64.76  64.76  64.76  129.52
Flow, gph 27.59  27.59  7.82 7.82 7.82 7.82 15.64
SpG 1,035  1.035  0.993  0.993  0.993  0.993  0.993

Temp. °C 38 38 38 38 38 38 38

Comp. 1lb/hr

HZO 215.07 215.07 64.76 64.76 64.76 64.76 129.52

HNO

C,H,0, 23.00  23.00

Fe(NO3)3

NO
Mn(NO3)2

NaOH

Na2C204

NaNO

MnO-0OH
NaF

co,
Fe(OH)3

Cans/Day

- 4.140 - Gi;



TABLE 4.17

Mechanical Cell C (MB-17)

Process

Stream Units/Day

1 1.877 canisters

2 1.877 canisters

3 1.877 canisters

4 1.877 canisters

5 1.877 canisters

6

7

8 40 Clean Smears

9 40 Smears
(Individually wrapped)

10

11

- 4.141 -




TABLE 4.18

Percent Distribution of Radionuclide Groups Between the Soluble
and Insoluble Fractions of the DWPF Feed Streams@

Percent in Feed to DWPF-Percent Distribution
Radionuclide In-Tank Gravity Supernate (FS-2-8) Sludge/Slurry (FS-2-4)
GroupP Settled Sludge  Soluble Insoluble Soluble Imsoluble
I 6.8 93.20 0 6.80 0
II 52.8 , 46.60 0.63 3.40 49.37
111 94,2 4.66 1,19 0.34 93.81
Iv 97.8 0.93 1.24 0.07 97.76
\% 98.6 0.19 1.25 0.01 98.55
V1 98.7 0.09 1.25 0.01 98.65

o

The tritium composition of the feed streams to the DWPF are detailed below.

Sludge-Slurry Stream (FS-2-4)

Insoluble - 0, Ci/hr

Soluble - 48.97 (Ci/gal T in Ref. Waste Blend ) +
67.37 (Ci/gal T in FS-13-11)

Supernate Stream (FS-2-8)

Insoluble - 0, Ci/hr

Soluble = 75.52 (Ci/gal T in Ref. Waste Blend) +
515.27 (Ci/gal T in FS-13-11)

a. See Appendix 13.9.
b. See Table 2.11,
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TABLE 4.19

Summary of Aluminum Dissolving Tests

Sludge Tyvpe

(Tank #) Wt % Al® Treatment

16 17.8 30 min in 1M NaOH at 50°C
30 min in 5M NaOH at 50°C
30 min in 1M NaOH, boiling
30 min in 5M NaOH, boiling

11 44 30 min in 5M NaOH, boiling
1 hr in 5M NaOH, boiling

15 29 30 min in 5M NaOH,boiling
1 hr in 5M NaOH, boiling

21 8.4

30 min in 5M NaOH, boiling

1 hr in 5M NaOH, boiling

a. Based on washed, dried sludge.

- 4.143 -

% Al

Removed

30
36
54
76

70
78

77
72

49
45




TABLE 4.20

Effect of Aluminum Dissolving on Sludge Composition

Tank 15H Composition, Wt 7

Metal I}efore.Ala %fter Al Overall Range i?c
Ion Dissolving Dissolving" SRP_Sludges, wt %
Al 29.0 7.3 2~44
Fe 3.1 10.5 3-33
Mn 2.3 7.8 2-11
Na 1.2 4.1 : -

Hg 0.9 3.1 -

U 0.9 | 3.1 0-15
Ni 0.5 1.7 0-6
Ca . 0.2 0.7 0-3

a. Measured in actual washed, dried sludge, Ref. 4.
b. Calculated assuming removal of 757 of the initial aluminum.

¢. From Ref. 5. Note that Al dissolution will greatly decrease
in this range of Al concentrations.
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TABLE 4.21

Batch Washing Cycle

Volume, Rate, Time,

Operation gallons  gpm minutes
Transfer unwashed sludge feed

to wash tank 693.9 75 9.3
Dewater sludge feed by

centrifugation 693.9 5 129.5
Add water for first wash 489.3 75 6.5
Centrifuge first wash slurry 653.0 12 59.2
Add water for second wash 489.3 75 6.5
Centrifuge second wash slurry 641.5 12 58.2
Slurry washed sludge cake 150.6 0 5.0
Transfer washed sludge slurry

to washed sludge run tank 150.6 75 2.0
Total cycle time 276.2

TABLE 4.22

Centrifuge Cycle

Dewatering Step

First Wash

Second Wash

- Feed Time ~~ Feed Feed

Speed, ~ Rate, Required, Rate, Time, Rate, Time,
Ope;ation _rpm gpm minutes gpm minutes gpm  minutes
Acceleration 50-400 0 0.8 0 0.8 0 0.8
Fill basket . 400-1400 30 4.0 30 4.0 30 4.0
Feed 1400 5 114.7 12 44 .4 12 43.4
Cake compaction 1400 1 5.0 1 5.0 1 5.0
Skim and decelerate 1400-50 0 3.0 0 3.0 0 3.0
Unload cake 50 0 2.0 0 2.0 0 2.0
Total Time 129.5 59.2 58.2
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TABLE 4.23

Description of Synthetic Sludge Waste¥*

Composition
Waste Slurry

Washed, Dried Sludge

3.8 wt % solids
25.3 wt 7 salt

70.9 wt % water

35.2 wt % Fed*
1.5 wt % a13+
10.6 wt % Mn3*
2.9 wt % ca2*
5.3 wt % NiZ*
0.8 wt % Na*t

43.7 wt % other

Liquid

5.9 M Na*
3.7 M OH™
0.44 M Al04™
1.1 M NO3~
0.46 M NOo~
0.13 M S042

0.12 M €032~

* Suspended solids = 12 vol % as measured by centrifugation
at 5000 g's for 3 minutes

Density =~ 1.27 g/mL at 20°C

Particle Size = Near logarithmically declining fractional
population/particle diameter distribution;
bimodal fractional volume/particle diameter
distribution with mean diameters of 2.5 um
and 10 ym and lo values of 1.2 um and 2.3 um,

respectively.

Rheology - Newtonian fluid with 6 cp viscosity at 20°C
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TABLE 4.24

Small Scale TNX Centrifuge Performance
With Undiluted Slurry Feed

Cake Water
Sludge Capacity, Content,
GPM % Sludge % Basket Fill at 1lb water/lb
Feed Recovery  Solids Overflow* solids

0.1 99.6 104 2.8
0.25 97.1 93 2.8
0.5 92.1 88 2.9

* Based on average cake thickness as measured after the
five-minute cake compaction spin.

TABLE 4.25

Centrifuge Scaleup

' Feed Rate in gpm
% Sludge 12-Inch TNX - 48~Inch TNX Feed Flow

Recovery Centrifuge Cen;rifuge Factor
88.9 1.1 23 21
96.4 0.75 16 21
97.2 0.72 16 22
98.9 0.46 ‘ 10 22
99.6 0.46 ' 11 - 24
99.7 0.44 11 25

Average 23
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TABLE 4.26

+

Na , NOB-’ and 8042- Concentrations in Washed Sludge
Dry wt %
Measured Specification

Na*¥ 1.1 <5

NO3™ 1.4 <10

5042 0.5 <3

TABLE 4.27

Spray Dryer Product Bulk Density?

Feedrate, Pour Density, Vibrated Density,

L/hr g/mL g/mL
175 0.52 0.77
250 0. 64 0.83
300 0. 66 0.79

a. A skeletal density of 3.18 g/cc was determined
at the Du Pont Engineering Test Center on product
produced during a 21" spray dryer run at PNL.
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TABLE 4.28

Particle Size Distribution of Powder Produced with
Simulated SRP Feed in the PNL 36~Inch Spray Dryer

Particle Size

Cumulative Amount Smaller Than Stated Size, Vol %

Microns 175 L/hr 250 L/hr 280 L/hr 300 L/hr
2 0.20 0.00 0.00 0.00
6 8.20 0.50 0.00 0.00
10 17.6 1.50 0.10 0.10
20 48.4 6.50 1.00 0.80
30 58.0 13.0 4.90 3.00
40 69.4 41.0 14.4 .6.70
50 1008 67.6 31.1 15.2
60 80.2 46.3 28.6
70 100.0 62.0 48.2
80 75.6 67.9
90 91.3 91.7
100 100.0 100.0

as

1007% less than 44 microns.
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TABLE 4.29

Median Particle Diameter of Spray Dryer Product

Median Particle Diameter, um
175 L/hr 250 L/hr 280 L/hr 300 L/hr

Volume 7% 25.8 45.7 63.1 70.1
Number 7% 3.67 9.05 32.6 31.9
TABLE 4.30

Spray Dryer Product Composition, wt %

Feedrate, L/hr

Component 175 250 300

Na 12.0 10.5 13.0
Fe 16.1 14.5 17.8
Al 17.8 21.6 14.2
Mn 7.1 6.3 7.6
Ca 1.2 1.9 1.6
C032~ 2.6 3.5 6.5

Wt. loss @ 200°C 0.07 0.22 1.0

Wt. loss @ 800°C 3.8 5.5 7.6
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TABLE

TABLE 4,31

Elemental and Ionic Analyses of Spray Dryer Product

Element or Wt % in Wt %

Ion Calcine® Insoluble
Fe 23.5 >95.0

Na "13.9 5.7

Al 8.4 40.0
Mn 5.5 "100.0

Ni 3.2 >96.0

Ca 1.9 >97.0
Carbonate 5.2 b
Nitrate 1.2 12.5

a. Percentages do not total 100Z because oxide, water,

and sulfate contents are not available.

b. Carbonate was calculated from total carbon analysis.

4.32

. TGA Analysis and DTA Analyses of Spray Dryer Product

| Weight
Region vape Reagtion-y Loss; % Comments
20 ; 90°C Eﬁdotherﬁic 7 Loss of adsorbed species
90 - 500°C Endother#ic ' 6 Loss of adsorbed water
500 - 620°C”‘ Exothermic 4 Decomposition
620 - 1150°C (Small exotherm Decomposition and/or

at 770°)

Total

|-

vaporization

18
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TABLE 4,33

Summary of PNL Spray Dryer Tests Using Simulated SRP Waste Feed

Spray Wall Feed Rate,
Test No. Chamber Feed Type Temp, °C L/hr
Firsta 21-in Avg. Comp. V700~-725 15-50b
TNX Prepared ’
Second® 21=in Avg. Comp. 700-725 30-55P
TNX Prepared
PNL Washed
Third¢ 36-in 50/50 Mixture "800 175-3004

Avg. & Composite
TNX Prepared

Fourth® 36-in Composite 800 200

b.

Ce

d.

PNL Prepared
Vendor Chemicals

The principal objectives of this test was to (1) demonstrate

feasibility of drying an SRP-type waste, (2) determine dryer
capacity, (3) evaluate sintered metal filter performance and
(4) evaluate dryer wall scaling.

Feed rate was limited by furnace output.

The primary objective of this rum was to obtain capacity data
for use in sizing the SRP prototype spray dryer.

Feed pump limited.

The primary objective of this test was to evaluate the effect
of long-term operation on sintered-metal filter performance and
dryer wall scaling.
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TABLE 4.34

Rheology of Non-Newtonian Melts

Amount,

Sludge wt, % T, °C m n

Average 35 1200 877 0.69
1150 1550 0.60
1100 2320 0.52
1050 3090 0.53
1000 4460 0.52

Average 45 1200 3140 0.56
1100 7720 0.46

TABLE 4.35

Composition Dependence of Coefficients

a, = bo + bl (8i) + b, (Na) + b, (Li) + b, (Fe) + b5 (A1)

5 D% ! b By % 5

s <2357 +L.8s 27.235  +109.851  +0.5047 +0.2884
a 481029 ~5008 471821 289822 -140 864,65
a, -5.57x10 +3.24x10 ~457x10 +1.85x10% +1.02x10° +6.4x10°
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TABLE 4.36

Effect of Mixing Frit and Waste on Dissolution Rate

Frit Waste Mixed Rate (g/in.2 hr)
21 Composite No 4.47
Yes 51.3
High Aluminum No 0.57
Yes 34.0
TABLE 4.37

Mixing and Homogenization of Glass Melts

Melt¥ Minimum Residence Time¥**
21-A1-35/Mixed 6-8 hours
21~A1-35/Unmixed >2 days

21~Fe-35/Mixed 4-6 hours
21-Fe=-35/Unmixed >2 days (slag)
4]1]1-Fe=-35/Mixed 1 hour

411-Fe-35/Unmixed >2 days (slag)

*  Melt composition is frit number (21 or 411) -
sludge type - amount of sludge (wt %).

*% Time required to produce a homogeneous melt,
Tests lasted up to 48 hours. There was no
discernible difference among samples heated
longer than 10 hours.
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TABLE 4.38

Effect of Frit Particle Size on MeltingrBehavior of Sludge Feed

Waste Dissolving Foam

Frit Particle Size (mm) Rate (g/in.z-hr) Factor?
22b 0.30-1.7 29.0 0.40
1.7 32.0 0.35
0.15-0.30 48.8 0.15
<0.15 21.4 0.40
411¢ 0.30-1.7 19.4 0.40
0.15-0.30 37.8 0.10
<0.15 26.0 0.30
21d {1.7 22.8 0.20
<0.3 ’ 51.2 0.05

a. Measure of foam stability. Surface clearing time normalized
to unit weight of the batch added to the melter.

b. Feed contained 75 wt % Frit 22, 22.5 wt % composite sludge,
2.5 wt % AW-500 zeolite. Melt temperature 1150°C.

c. Feed contained 75 wt % Frit 411, 25 wt % composite sludge.
Melt temperature 1050°C.

d. Feed contained 75 wt % Frit 21, 25 wt Z composite sludge.
Melt temperature 1150°C. '
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TABLE 4.39 Q

Total Particle and Mass Loading in Spray Dryer Off-Gas Stream

Particle Size Range, micrometer
0.32~0.755 0.50-2.75 1.10-12.25 2.0-20.0

Total Particle Loading,
particles/acf 7.74+07 4.44+05 6.4+04 5.9+03

Mass Laoding, g/acf@ 6.08=-06 8.18-07 4.3-07 4.0-07

a. Assumes a particle density of 4 g/cc.

TABLE 4.40

Composition of Supernate Used in 700-Gallon GS Tests

High-Caustic Initial
Flowsheet Flowsheet
(PTDS No. 2) (PTDS No. 1)

Molarity of: NaOH 1.8 _ 0.71
NaNO3 1.8 2.2
NaNO» 0.83 0.93
NapCO3 . 0.23 0.25
Na,S0y 0.23 0.25
NaAlOy 0.43 0.42
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TABLE 4.41

700~Gallon GS Results (PTDS No. 1 Flowsheet)

Run No.
1 2 3 4 5 6 7
Type Centrate Avg Comp Comp Comp Comp Comp Comp
Feed: Liquid level, in. 61 62 63 62 62.5 63 63
Volume, gal 715 725 735 725 730 735 740
Sludge content, ppm 4000 8500 5000 7300 4000 8000 7000
Starch Added, 1b/T suspended matter 25 12 20 14 12_ 8 9
Maximum Temperature, °C 65 71 70 70 65 32 60
Average Settling Rate, in./hr 16.0 12.9 10.2 10.0 7.8 | 10.5 14.0
Product; Volume, 7% of feed 83.2 ‘83.4 87.8 86.2 89.0 88.4 88.4
Sludge content, ppm 150 80 50 30 25 30 16
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TABLE 4.42

700=Gallon GS Results - (PTDS No. 2 Flowsheet)

Type Centrate
Feed: Liquid level, in.
Volume, gal

Sludge content, ppm

Starch Added, 1b/T suspended matter
Maximum Temperature, °C

Average Settling Rate, in./hr
Product; Volume, % of feed

Sludge content, ppm

- 4.158 -

Run No.

8 9
Comp Comp
63 64
740 745
3500 4000
13.0 11.6
94 98
10.8 11.2
88.5 90.6
40 50
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TABLE 4.43

Large—Scale GS Results

Flowsheet, M NaOH

Feed: 1liquid level, in.

volumé, gal

sludge content, ppm* .

Starch Added,
1b/T sludge**

Temperature, °C

Average Settling Rate,
in./hr

Decanted Product, gal

Sludge content, ppmtt

15

Run No.
1 2 3 4 5 6 7 8 9 10
1.8 1.8 1.8 1.8 1.8 1.8 1.0 1.0 1.0 1.0
- 52.5 56.7 56.7 114 110 108 95 95 88 89
2550 2750 2750 5500 5350 5250 4600 4600 4250 4300
5750 13500 19300 6000 8500 9000 4500 9500 5300 13300
8.7 8.6 9.0 11.5 12.9 16.6 12.8 12.4 15.5 15.0
65 65 65 65 65 35 65 45 40 40
11.7 11.9 11.9 12.2 12.5 21.6 27.1 25.6 25.1 22.0
1975t 2200%t 2200¢% 4925% 700 990 1000 1030 1010 1010
80 40 30 45 40 10 50 10 10

* Undecanted layer with settled sludge reslurried and resettled following Runs 1, 2, 4, 5, 7, and 9.

** Total starch added to old and new feed sludge.

1 Decanted product fed to sand filters via 1150-gal-capacity sand filter feed tank.

tt Analyses of samples in sand filter feed tank from first decant at indicated settling rate.




TABLE 4.44

4-In.-Diameter Sand Filter‘Performance

Sand Average Particle Size, um

Sand Height, in.

Anthracite Average Particle Size, um
Anthracite Height, in.

Sludge Content in Feed, ppm
Clean-Bed AP at 1.2 gpm/ft2, psi

AP Rise, psi/100 Bed Volumes

Sludge Content in Product, ppm
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Filter

No. 1 No. 2
Primary Polishing
490 270
24 18
700 400

8 3

50 5

0.8 2.5
<1 <0.5
5 1
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TABLE 4.45

Large-Scale Sand Filter Feed Results

GS and Sand Filter Run No.

T* 7% Fhak | fRkH
Supernate Feed Rate, gal/min-ft2 1.0 0.98 0.96 1.34
Polymert Add Rate, gal/min-ft2 0.015 0.015 0.07 0.04
Time of Feed, hr 20.3 8.0, 14.3tt 23.8 31.7, 6.4%
Avg Feed Sludge Content, ppm | 54 31 25 35
Filtrate Quality
Avg Hourly Coulter Solids, ppm 0.33 1.129% 0.22 0.15
Spof Checks: Centrifugable Sludge, ppm 2 2.5 1 1
Turbidity, JTU 0.10  0.16 0.07 0.07
P?iméry Column AP Rise, psi/100 bed volumes <0.5 0.3 0.3 0.4

* Feed, polymer going to both columns in parallel for 18 hours before switch to

series operation.

** Feed in series to primary, then polish filter. Polymer to primary filter only.

*%% Feed in series to primary, then polish filter. Polymer to both filters.

t Versa TL® 700. (Trademark, National Starch and Chemical Corp., Bridgewater, N. J.)

t1 Debris in feed pump caused failure in 8 hr. Shutdown 6 hr before restarting.

Pump dismantled and cleaned before Run No. 3.
1 Run interrupted 5 hr to backwash primary column.

1Y Hourly samples during last 14 hr only.




TABLE 4.46

Large-Scale Sand Filter Backwash Results

(Backwash Liquid - 2M NaOH)

GS and Sand Filter Run No.

1 2 3
Total Sludge Feed, 1b 1.06 0.673  0.545
Lb Sludge Removed, 75 gal/ft2 per wash
Primary Filter: Wash #1 0.710 0.469 0.350
Wash #2 0.054 0.048 0.139
Wash #3 0.051
Polishing Filter: Wash #1 0.216 0.056 0.023
Wash #2 0.058 0.029 0.014
%Z of Sludge Removed 98 89 106
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TABLE 4.47

Viscosities of Stock Solutions for Settling/Filtration

Brookfield RVT

Viscosity of 0.1% Viscosity of 8%
Versa TL® 700 at

Temperature of

Flojel 60® at
Temperature of

Spindle Speed, rpm  20.2°C, cp. 18.8°C, cp. )
100 38 88

50 35 73

20 29 65

10 30 65

5 - 70

TABLE 4.48

Proposed Cesium Ion Exchange Cycle Schedule

Stream Volume Flow Rate Time, Flow

CV¥  Gallons CV/hr  gpm/ftZ Hours Direction
Load (Feed) 20 30,500 1.67 1.67 12 Down
First Rinse¥* 5 7,625 1.67 1.67 3 Down
Elutet 10 15,250 1.2 1.2 8.33 Up
Second Rinse*%* 3 4,575 1.2 1.2 2.5 Up
Regeneratett 5 7,625 1.2 1.2 4.16 Up
Standby - - - - 1 -
Total - - - - 31 -

* 1 CV =1 column vblumeA= 1525

Diameter - 68 in.

** HyO0.

t 2M NH4OH - 2M (NH4)2CO3.

t1 2M NaOH.

gal = 204 f£e3. Height = 8 ft.
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TABLE 4.49

Requirements for Optimum Results in
Countercurrent lon Exchange [32]

1.

During upflow service or regeneration, movement of resin
particles must be held to a minimum. The bed should remain
packed. Even slight bed fluidization tends to destroy the
flat ionic interface and can result in increased leakage or
premature breakthrough.

If and when the bed is backwashed and resin expansion is
allowed, the amount of regenerant should be at least twice
the amount used in previous cycles. Since fluidization
upsets the regular arrangement of ions in the column, the
effluent end must be thoroughly regenerated to restore the
full advantage of the countercurrent effect.

Uniform distribution is essential in both upflow and downflow
to minimize channeling. Conventional laterals may not be
adequate, especially for the bottom distributor. European
equipment designers have exerted considerable effort to assure
good distribution on upflow. One such concept involves the
use of a double-layer porous disc made from fused quartz sand
and pebbles in the upper and lower layers, respectively.

Care must be exercised to exclude air in both downflow and
upflow operations. Any bubble formation in the resin bed will
disturb the piston-like effect required.

The service run must be stopped at very nearly the same efflu-
ent level each time to achieve consistency. Preferably the
cutoff point should be somewhat lower than the specified or
required effluent level (be it sodium, silica, conductivity,
or other parameter).

Decationized (or acidified) water should be used for rinsing
cation exchangers and deionized water for rinsing anion ex-
changers. If raw water is used, the first part of the service
run may be discarded to avoid contamination of the product
water. Such practice is necessary only when very high-purity
effluents are required. '
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TABLE 4.50

"Physical Properties of Duolite ARC-359 lon Exchange Resin®

Physieal Characteristics
16-50 mesh, black granular, macroporous, received as
water-saturated Na* form, 4§-55% moisture
Bulk Demsity, Wet Resin
Na* form  0.70 g/cc
NH,* form 0.72 g/cc

Speeific Gravity

H* form 1.37 g/ml - dry

Ne;* form 1.60 g/mL - dry, 1.17 g/mlL water - wet
~Na* form 1.53 g/mL - dry

NH.™ form 1.56 g/mL - dry, L.17 g/mL water - wet

Typical Wet Sereem Analyses - Hydroger. Form
Percent Retained

Screen Numbers 1 2 3
10-16 6.7 17.0 22.8°
16-20 52.3 33.5 40,4
20-30 28.3 27.3 28.8
30-40 11.0 16.3 3.0
40-50 1.5 4.1 3.9
Pan 0.2 1.8 1.2

Mazimum Service Temperature
40°C

Swelling
See Table 4.51

Bed Ezpansion in Uoflow

(Duolite Bulletin TS-7719, June 21, 1977)
Wet Screen Analysis = Batch 1, Section 4 above

Bed Expansion, %

Flow Rate NH, Iomic Form
ft/sec gom/fit 13°C 24°C 38°C
0.0051 4.1 26 15 12
0.0137 6.1 47 34 28
0.0182 8.2 68 54 43
0.0228 10.2 - 72 L8
0.0268 12.0 - - 72
Na, Ionie Farme
0.009]) 4.1 21 11 -
0.0137 6.1 39 25 14
0.0182 8.2 87 39 26
0.0228 10.2 75 53 39
0.0268 12.0 . .- 66 50

Pressure Drop in Dowmflcw
0.1 to 0.2 psi/ft -at 1.12 gpm/ft® (calculated)

Manufacturer's information, unless otherwise indicated.
Information on Juolite C-3 resin is presented where it
is not available for ARC-359.

Determined at SRL - SED, 12/22/77.
NaOH regenerated.

5]

O

0o
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TABLE 4.51
"Duolite'" ARC-359 Densitv and Swelling Data [70] Q

Basis of 1 g Air-Dried Resin

Equilibrated Particle Weight of Volume of Bulk Volume Bulk
with Solution Density, Swollen Swollen of Swollen Density,
Sodium Form g/mL Resin, g Particles, mL Resin, mlL g/mL
Water 1.17 1.580 1.348 2.257 0.700
0.01M NaOH - 1.617 - - -
0.05 1.20 1.776 1.480 2.500 0.710
0.1 1.20 1.986 1.655 2.550 0.778
0.5 1.24 2.067 1.667 2.747 0.752
1.0 1.23 2.088 1.698 2.950 0.708
2.0 1.24 2.122 1.711 3.000 0.707
5.0 1.29 2.085 1.616 2.747 0.759
0.01¥ NaNO, 1.398

0.05 1.375

0.1 1.414

0.5 1.360

1.0 1.366

5.0 ’ 1.486

2™ (NH4)2C03 1.526

Ammonium Form

Water 1.17 1.68 l.44 - -
(NHA)ZCOB’
'0.05M - 1.688 - - -
0.1M 1.15 1.681 1.46 2.353 0.714
0.5M - 1.687 - 2.353 0.717
1.0M 1.16 1.680 1.45 2.353 0.714
2.0M 1.17 1.690 1.44 2.252 0.714

Swelling Data from Glass Column Observations

Relative Swelling
: Reference Flowsheet

All Upflow Direction
2¥ NaOH 1 1 Up
After water rinse 1 -
Filtered Supernate (composite) 1.11 0.96 Dowmn
After water rinse 1.05 0.98 Down
24 (NH,),CO, - 24 NH,OH 0.89 0.94 Up

After watér rinse 0.94 0.93 Up
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TABLE 4.52

Ion Exchange Capacity of "Duolite' ARC~-359 Resin
(Sulfonic acid exchange capacity - 2.49 g eq/kg air-dry resin)

Total Na+ Capacity

NaOH Concentration, Excess- Nat Capacity g eq/kg g eg/L 1b eq/gal
moles/liter g eq/kg dry resin dry resin wet resin wet resin
0.0047 0.776 3.266 1.445 0.0120
0.0114 1.58 4.07 1.732 0.0144
0.0492 2.02 4,51 1.804 0.0150
0.0987 2.59 5.08 1.992 0.0166
0.1926 3.13 5.62 2,153 0.0180
0.497 3.77 6.26 2.276 0.0190
0.964 4,46 6.95 2.356 0.0196
1.975 5.31 7.80 2.600 0.0217
4.979 7.97 10.46 3.804 0.0317

a. Excess above sulfonic acid exchange capacity.

TABLE 4.53

Effects of Feed Na+ and OH on Cs+ Sorption
by "Duolite" ARC-359 Resin

Na , M OB , M K,
1 0.5 343
2 0.5 142
3 0.5 78
4 0.5 57
5 0.5 40
1 1.0 462
2 1.0 199
3 1.0 100
4 1.0 70
5 1.0 45
2 2.0 371
3 2.0 176
4 2.0 110
5 5.0 347
6 5.0 205
7 5.0 132
8 5.0 90
9 5.0 66
10 5.0 48
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TABLE 4.54

Effect of Cs+ Concentration on the Sorption of
cs* by "Duolite” ARC-359 Resin from 4.75M NaNO3~-1.0M NaOH

[Cs+], M Kd(obs) Kd (cale)
0.0976 6.35 5.81
0.0443 8.0l 9.68
0.00922 15.4 17.4
0.00402 19.3 20.1
0.000779 30.3 24.9
0.0000572 50.7 54.6
0.0 (Tracer) 101 98.18

Two-site Equation Perameters

st/[ua"j = 27.7 Ex, = 0.773

=
KSE/[Na ] = 23262 Exy = 0.00333

TABLE 4,55

Removal of %7Cs and Plutonium by Duolite ARC-359 Resm
(Feed **7Cs = 2.0 to 2.2 Ci/gal)

Principal ernate Plutonium
Test Catione in  Volume, Flow Rate Feed,
No. Sludge cv CV/hr gal/min~ft? 137Cg DF uCi/gal DF
1 None 20 1 0.22 3.7x10° 5 60
2 Fe,Al,Mn,U 20 1 0.22 8.0x10% 27
3 Fe,Al,Mn,U 30 2 0.45 4.2x10% 17
4 Fe,U,Mn,Na 40 2 0.45 3.9x10° 65 38
5 Fe,U,Na,Al 60 3 0.67 3.7x10%¢ p -
6 Al,U,Fe,Hg 40 1 0.22 4.2x10° b -
7 Al,U,Fe,Ca 40 2 0.44 3.7x10% 51 30
8 Al,Fe,Ca,Mn 40 1 0.22 6.1x10° 51 42
9 None 20 1 0.22 2.9x10%  25,600° 300

a. Average over first 40 column volumes. Others averaged over entire
test.

b. Feed composition uncertain. Product composition 3.4 (in Test 5)
and 2.6 (in Test 6) wCi/gal.

e. Saturated with 2%®py,
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TABLE &4.56

Scrontium lon Exchange Cycle Schedule

~ Throughput Average Flow Rate Time Flow
Stream CV*¥  Gallons CV/hr  gpm/ft< Hours Direction
Feed 40 30,500 3,33 1.67 12 Down
Cs First Rinse 10 7,625 3.33 1.67 3 " Down
Sr First Rinse 1.5 1,143 3.33 1.67 0.45 Down
Elute 6 4,572 1 0.5 6 Up
Sr 2nd Rinse 3.0 2,286 1 0.5 3 Up
Stand by 6.55
Total 31

* Column volume; the strontium ion exchange column will have a resin
bed of 762 gallons with a sufficient freeboard to allow at least a

75% expansion of the bed during backwash.

TABLE 4.57

Sr Distribution Coefficients for Various lon Exchange Resins

Distribution
Resin Coefficient

"Amberlite" IRC-50 31
"Amberlite" IRC-84 17
"Amberlite" IRC-718 384

"Chelex'" 100* 215
"Dowex" Al 162
"Dowex'" CCR-2 20
"Dowex' XFS=-4132%* 306
"Duolite" C-464 40
"Duolite' ES=467 440

* "Chelex" 100 is an analytical'grade ofi"Dowex" Al.

- ** "Dowex' XFS-4132 is a macroporous version of '"Dowex' Al.
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TABLE &4.58

Selectivity Series for "Amberlite" IRC-718
Distribution.Coefficients Ky for Metal Ions
in 1.0M NaOH - &4.75M NaNOj

Kq
meq/g dry resin per
Ion meq/ml liquid
Sr 3250
Hg 840
Yb 674
Ca 293
Ba 176
Ag 89
Cr 53
Cu 38
Pb 28

Strontium Kq's in Other Solutions

2M NaOH, 3.75M NaNOj 1205
IM NaOH, 4.15M NaNO3, 0.3M NaySO 1040
1M NaOH, &4.15M NaNO3, 0.3M NapSO, 2360
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TABLE 4.59

Bulk Density of "

Ionsiv" IE-95

TNX Manufacturers
Data-> Dat a>%
(1by/£t3)  (1bp/£e3)

Dry 46.8 40

Hydrated 56.7 46

"Linde Ionsiv" IE-95 is marketed as an acid resistant molec-
Zeolites are also known for stability at higher

ular sieve [534]. -
pH's (<K12).

reduction, and ionizing radiation.

shock nor are they fouled by organics [56].

TABLE 4.60

Fixation of Cs=-l13

7 on Zeolites

They are resistant to high temperature, oxidation/
They do not exhibit osmotic

Absorbent Composition Size Cs-137 Sorption¥*
"Linde" AW-500 Chabazite 20 to 50 Mesh 100% retention
for 70 CV
60% retention
for 80 CV
"Zeolon" 900 Synthetic 20 to 50 Mesh 100% retention
Mordenite for 70 CV
60% retention
‘ for 80 CV
"Zeolon" 500 80% Chabazite 1/16 in. No retention
20% Erionite Pellets after 8 CV
"Vermiculite" 20 to 50 Mesh No retention

after 2 CV

* Each column volume (100 ml) of concentrate contained Cs-137
from about 2 liters of SRP waste supernate.
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FIGURE 4.1 DWPF Overall Reference Flowsheet
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FIGURE 4.3 Aluminum Dissolution Flowsheet (FS-3)
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FIGURE 4.4 Sludge Washing Flowsheet (FS-4)
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FIGURE 4.6 . Off-Gas Treatment Flowsheet (FS-6)
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FIGURE 4.12 Cesium Fixation on Zeolite Flowsheet (FS-12)
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FIGURE 4,18 Solubility of Gibbsite in Caustic.
Total OH = O~ + Al3* in solutionm.
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FIGURE 4.19 Solubility of Boehmite in Caustic.

Total OH- = A13* in solution.
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FIGURE 4.20 (Deleted)
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FIGURE 4.21 (Deleted)
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FIGURE 4.22 (Deleted)
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FIGURE 4.25 Sludge Separation in Large~Scale TNX Centrifuge
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FIGURE 4.26 Sludge Recovery Versus Time in
Large-Scale TNX Centrifuge
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FIGURE 4.27 Sludge Cake in Large-Scale TNX Centrifuge
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FIGURE 4.30 Small-Scale TNX Test Equipment



% Sludge Recovery

60

100 l T I T o]
o

975 |— —
85 e

925 p— —
90 ! | 1 | |

0 10 20 30 40 50
Minutes

FIGURE 4.31 Sludge Recovery Versus Time in
Small~Scale TNX Centrifuge

- 4,203 -



1000

Lt d

100

Sludge
Lol

in

10

Grams

O B A Measured Dissolved Content
OO0 A Measured Total Content
Dissolved Content Predicted by Dilution Model

: | | 1
3

1 2

BRI

o

Wash Step

FIGURE 4.32 Na*, NO3~, and S042~ Contents in Sludge
During Washing

- 4.204 -




Yield Stress in Dynes/cm?

~700

600

500

400

300

200

100

FIGURE 4.33 Yield Stress of Washed Sludge Slurry

| | | !
Nonflowing
— 40°C Semisolid -
’_ anad
— Slow Flowing —
Semisolid
- Thick But Pourable Slurry._]
| | !

10

15 20 25

Weight % Total Solids

- 4.205 -

30

35



Consistency in Centipoise

80

Non-
flowing

40°C Semisolid

l

Slow Flowing
Semisolid

S
o
|

N
o

Thick But Pourable
Slurry

=4

Thin Slurry

L l

0 =
0 10 20 30 40
Weight % Total Solids
FIGURE 4.34 Consistency of Washed Sludge Slurry

- 4.206 -




120

100

Shear Stress, dyne/cm?

[+ ]
o

n
o

»H
O

20

40°C

16.9 Wt% Total Solids.

150

FIGURE 4.35

L
300

|
450 600

Shear Rate, sec’

Washed Sludge Slurry Rheogram

- 4,207 -

750



Resistivity, ohm-cm

1000

100

10

LI § ll"l‘

ll'llll

L O Experimental
- - Predicted ‘
- °7
| ! ! ] ! ]
600 700 800 900 1000 1100

Temperature, °C

FIGURE 4.36 Resistivity of Melt Containing Frit 21-25
wt % "Composite Sludge"

- 4.208 -



Vapor Pressure, mm Hg

0.1

E L L L L 3
.001 : __:E-:—
. 0001 i 'l [ I T | -—

Temperature, °C

FIGURE 4.37 Vapor Pressure of Mercury

- 4,209 -




ill

iver Laboratory Mercury St

.38 Savannah R

FIGURE 4

- 4.210 -




AP Across Bed, psi

1.0

0.8

0.6

0.4

0.2

150 ppm sludge

40 ppm sludge

I—24 hr plant operation
l | I |

||

30

60 90 120 150 180 210

Bed Volumes of Feed

FIGURE 4.39 Effect of GS Product Sludge on Sand Bed AP

- 4,211 -




ey

Elapsed Time - 16 minutes d. Elapsed Time - 25 minutes

FIGURE 4.40 Effect of Heating on the Settling Rate of Sludge

- 4.212 -




- eIy -

FIGURE 4.41

Destabilization of Colloidal Suspensions
with Heat and Starch




Sludge in Supernate, ppm

i | ] T | 1 ]

2500 | \% _
- No Heat, No Starch ]

2000 - OO O————0—0 ]
1500 No Starch =
1000 :. Heat + _
5 %ﬁ/ 5 ppm Starch ]

: - Heat + -

500 200 ppm Starch —
oL —0 — —Cy - ]

0 10 20 30 40 50 60

Settling Time, min

FIGURE 4.42 Effect of Heat and Starch on Agglomeration

and Settlin

g Rates

4.214 -




Quality of Decanted Supernate, ppm sludge

| l ! l B l i
150 —

O - PTDS No. 1 Flowsheet
A - PTDS No. 2 Flowsheet

125
100 |—
75

50 |—

4 6 8 10 12 14
Allowable Settling Rate, in/hr

FIGURE 4.43 Allowable Settling Rates - Large-Scale
GS Tests

- 4.215 -




4000 ppm  [EEHNEE Scttled Solids
Suspended Matter BUNWRSIE 2.5 Vol %
B Suspended Matter -

FLIGURE 4.44 GS Samples Irom rilrst Large-bScale Run

- 4,216 -



- -l

]

OOOOOOOOW

Tt

s s

1ft

FIGURE 4.45 Semiworks GS Tank W-2

-.4.217 -



Settled Sludge,* % of Feed Height

12

10

| [ I f [ l

o S5-ft diameter GS tank

a 10-ft diameter GS tank / -

*Sludge Settled for
3 to 8 hours.

| | | ] | 1 ! ] |

2 4 6 8 10 12 14 16 18
103 ppm Sludge in Feed

FIGURE 4.46 Effect of GS Feed Sludge on Settled

Sludge Height

- 4.218 -



TR
AR

; y " LT
ok N L3 5
Sty ACE SUPPLY
S Atigs

Downflow Feed Upflow Backwash Resettled Bed

FIGURE 4.47 Sand Filtration - 1/200th Plant Scale

- 4.219 -




Color Migration Down Bed, inches

20

18

16

14 |-

12
10

o N b

| 1 ! 1 | 1 |

Filter Feed - GS Decanted Supernate -
40 ppm suspended matter
(high caustic flowsheet)

Filled Media - Sand, 25 x 40 mesh

24 hr. plant operation
1 | i ll | | Il

30 60 90 120 150 180 210
Bed Volumes of Slurry Feed

FIGURE 4.48 Sand Filter Performance

- 4.220 -

1.0

{0.8

0.6

0.4

0.2

Increase in AP Across Bed, psi




ility

ilter Fac

49 TNX Sand F

FIGURE 4

4.221



Increase in AP Across Bed, psi

—y
D

-—
N

o
o

©
r'S

o
o

| L l | | | | |

0 4 8 12 16 20 24 28 32

Hours Fed at 1.38 gpm/ft? (35 ppm sludge)

FIGURE 4.50 AP Rise in Large-Scale Primary Sand Bed

- 4.222 -




S 1000

300

100

J 1 i | 1 1.3 1 '
| 2 3 5 : 10
Na* Concentration, M

30

FIGURE 4.51 Cesium =~ "Duolite“ Distribution Coeffficient

- 4.223 -



Water 2M NaOH
Feed Wosh Wash
0] @ ®
) o ® Elutriant
, =~ 2M NH40OH
Gammo Duolite Duolite 2M (N H4 )5CO
. _ Detection ARC - 359 ARC-359 4’2--3
Loop (2.5 liters) (2.5 liters)
- Etfluent T% R \ o
| Eluate Collection or ~emove!
Collection Gammaoa
Detection
Loop

FIGURE 4.52 Apparatus for Ion Exchange Column Tests

- 4.224 - @



g2 02&7
1Qg o3 s
5 Columns 1 and 2
4
=]
O’i3-
o
)
2 -
1 |-
Column 1 only
0 ] | 1
20 30 40 50 ‘ 60

70
Throughput, column volumes

FIGURE 4.53 C(Cs-137 Decontamination as a Function of
Throughput

- 4.225 -



108

Fryrrn
P 1141

T

1

o
»

] lll]ll
Ll

T

o
r S

lllllll

Cesium Decontamination .Factors
¥

RN

1

1 | ] } ! ! :
.'032 4 3 8 10 12 14 16

Column Volumes

FIGURE 4.54 Cesium Decontamination Factors for SRP Waste
Supernate

- 4,226 -



Conductivity, pmho/cm

200,000

100,000

50,000

20,000

10,000

5,000

2,000

- Proposed End Point —————e
—

-

0 1 2 3 4 5

Column Volumes Regenerant

FIGURE 4.55 Electrical Conductivity Versus
Regenerant Requirement

- 4.227 -



in Column Efftuent

-log AKOH4) Conc.

o 1 1 1 | |

o) 1 2 3 4 5
Column Volumes First Rinse

FIGURE 4.56 - Removal of Al1(OHg,)~ During First Rinse
on 3" x 40" Column

- 4,228 ~




2.5

2.0

—
o

Sodium In Eluate, molarity
o

0.5

0.005

l I l | | I | I |
: Na :
B — 0.004
! Cs :
\ -
T — 0.003
\ i
\ _
\ E
\ — 0.002
\ i
\ _
x comad
\ — 0.001
i~y
oA b A~
5 6 8 9 10

Column Volumes Elution

FIGURE 4.57 ICV/HR Elution Following a 60 CV Feed Step,

Co = 1.87 x 1074y

- 4.229 -

Cs, on 3" x 40" Column

Cesium In Eluate, molarity




% Breakthrough, C/C, x 100

Column Volumes (CV), throughput

Nat O NOT NOT €037 02T Alos

Feed Type 1 - 5.3 1.0 2.06 1.13 0.27 0.21 0.41
Feed Type 2 - 5.6 1.60 1.65 0.78 0.42 0.20 0.42

FIGURE 4.58 Effect of Resin Batch Feed Type on First
Column 1 Performance: C, = 2 x 107

- 4,230 -

40 60 80 100



% Breakthrough, C/C, x 100

60

40

20

(82}

co o
— N =

0.01

0.001

| I o ] I
-
Column 1 -
Effluent —
3 CV/hr ]
1 CV/hr
Cesium Feed Concentration —
=2 x 10°*M
Feed Type 2 —]
Column 2
Detection Limit Effluent
for Co = 2 x 10~"M 1 & 3 CV/hF]
| L1 1 1 11
2 4 6 8 10 20 40 60 80 100

Column Volumes (CV), throughput

FIGURE 4.59 Typical Breakthrough Curves for 1978 Resin,

Using 3" x 40" Columns

- 4,231 -




% Breakthrough, 100 C/C,

30 1 1 T 71711 T 1 T 171711
50 b— —
- . - —
Co- 7.7 x 107 M
]O . CO = 2 x ]0-“ _M_ —
5 Column 1 Breakthrough
— T CV/hr / ]
/
2 | —
1= —
- Duolite ARC-35%9 |
Lot 512-43K
0.1 p— —
Column 2 Breakthrough
" 1 CV/hr
/
L — Y JP PR ﬁ’/ ]
o —--—-
0.001 J Detection L1m1ts<
Co=7.7x 107" M
0.0001 ke | L1 111t R
1 2 3 5 1 2 3 4 5 678 910

Throughput, column volumes
FIGURE 4.60 TNX Cesium Breakthrough Curves - Effect of Cesium

Feed Concentration Using 3" x 40" Column with Feed
Feed Type 1

- 4.232 -




90

50
UO
~
(&

g 1
=
=4
e
=
-
-
3
S

e 1
R

0.1

0.01 |
0.001
0.0001

R RN

Column 1 Breakthrough

3 CV/hr, C0 = 1.67 x 107" M

Duolite ARC-359
Lot 512-43K

3 CVv/hr

1 CV/hr
/ Detection Limit

— Column 2 Breakthrough -
| | Lt I I
1 2 3 4 5 -1 2 3 4 5 6 78910

Throughput, cp1umn'vo1umes

FIGURE 4.61 TNX Breakthrough Curves - Effect of Feed Rate

- 4.233 -




30

25

~ny
o

—
(8]

—_
o

Pressure Drop, in H,0/ft of Resin

0 J

0 1.0 : 2.0
Superficial Velocity, ft/min

FIGURE 4.62 Downflow Pressure Drop of ™Amberlite" IRC-718

- 4.234 -

3.0




Sr in Effluent

Sr in Feed

[ l | ! 1 -
1072 — —

— "Amberlite" XE-318 =
1073 |~ —

[ Flow - 1 CV/hr _
10-4 l I I l | |

30 40 50 60 - 70 : 80 90
Column Volumes Processed

FIGURE 4.63 Column Test of "Aberlite” XE-318

(Presently manufactured as Amberlite
(IRC-718)

- 4,235 -




Fraction 855r Eluted

,] -,O"’ A

i
!
g

b

0.8

A "Amberlite" XE-318 Eluted

0.4 : with 0.01M EDTA pH=1]
0.2}-
| ] | J
0 2 4 6 8

Column Volumes of Elutriant

FIGURE 4.64 Elution of "Amberlite" XE-318 with EDTA
(Presently manufactured as IRC-718)

- 4.236 -



Bed Expansion, %

180

160

140

120

100

80

60

40

20

| | | | | | | |

0.1

0.2 0.3 0.4°0.5 0.6 0.7 0.8 0.9 1.0 1
Superficial Velocity, ft/min

FIGURE 4.65  -Upflow Expansion of "Amberlite' IRC-718

- 4.237 -

i D




Pressure Drop, in. H,0/ft

30

20

10

T IR R
= o ::
= Water —
[ > i
- -
| —
N T T Y I I O O U U SO T O T
0 1.0 2.0 3.0

Superficial Velocity, ft/min

FIGURE 4.66 Downflow Pressure Drop in "Linde" AW-500
(Presently manufactured as Ionsiv IE-95)

- 4,238 -




% Bed Expansion

100

90

80

70

60

50

40

30

20

10

1.0

FIGURE 4.67

2.0
Superficial Velocity, ft/min

Upflow Expansion of '"Linde" AW-500

- 4.239 -

3.0




Equivalent Fraction on Zeolite

Meq Cs
meq (Cs + Na)

1.0 T T S ™TTT T ™ TTTT =TT
] |

T

Zeolon

0.1
Linde AW-500

0.01
0.001 I} H .linn 4 . .l|1||t 1 n 1]114:' i -l JiJJ‘A
0.00001 0.0001 0.001 0.01 0.1

mea (s
meo (Ls + Na)

Equivalent Fraction in Equilibrium Solution

FIGURE 4.68 The Effect of Sodium on the Equilibrium Cesium
Loading of "Linde'" AW-500 and Norton "Zeolon"

- 4.240 -




5. fROCBSS~EQUI§MEST'REQUIREMENTSV
5.1 Generai ) 5.1‘ o
- 5.2 Process Equié§e§£ "5;i
5.2.1» Aluﬁigumrﬁissalu;iqn“'”5;1
| 5;2.1i1 General 5.1 .
,5.2.1.2  EéuipmeﬁtvSpécifi;éfions "5;1
os.2.1.2.1 ;Sludge ieceipt¥Tank  5.1
5.2.1.2.2 Alunimm Diéso}ﬁer: 5.2
5.5.1{2.3.tDiQsolver,Coqdensate fﬁnki _5.2
5.2.1.3ﬁvPrépess Cont:o1  j5;2 ' |
5.2.1;3;1',slngelkecgipt;rank.' 5.2
5.2.1.3.2 Aigg;num bisgolﬁgr‘ 5.3
5;2;2  éludge‘Waghing ' 5;4"' | |
5.2{2,1 anerél, 5.4
5.2.2.2 Equipmgng;specifiﬁa;iong,‘55,47,
ls;zfz.;,lv.siudéngggd Tank ‘s.a.:‘
5.2.2.2.2 ?ésb_f&nk 54
: '5;2.2.2.3;:%éﬁtra;effank ;5.4.; . .
5.2:2.2.4 %énﬁ:;éengo;é"rank~__5;5'4
;,;5.2.2.2.5';§%séedESlhdgefﬁunfTa£k7i 3.5 ..

5.2;2;2.6ff@gsh Cghtrifugé '“5;5

- 5.4 -




5.2.3 Spray Drying 5.5
5.2.3.1 Gemeral 5.5
5.2.3.2 Equipment Specificatioms 5.6
5.2.3.2.1 -Slurry Mix Tank 5.6
. 5.2.3.2.2  Slurry BHold Tank 5.6
5.2.3.2.3  Spray Dryer Feed Systém -5:6
‘5.2}3.2;4 Spray Drying Chambgr '5.8

5.2.3.2.5 Off-Gas Filters 5.10'

5.2.3.2.6 Glass Frit Addition System 5.10

5.2.4 Vitrificatiom 5.11

5.2.4.1 General 5.1

. 5.2.4.2 Equipment Specifications 5.11

5.2.4.2.1 Melting Tank Section . 5.11 -

S.Z.Q.éﬁz',Throat‘Section 5.11
v5;2.4;2.3'.Riser Seétioh~ 5,12
5.2.4.2.4 Electrodes 5.12°

5.2.4.2.5 Refractories 5.13
5.2;4.2,6"/Meltér Pour Mechanism - 5.13

5.2.4.2.7 _SEutdown!Drain 5.14

5.2.4.3. Instrumentation and Control 5_14

,5,2.5‘ 0ff-Gas Treatment Systeﬁ 5.14
5.2.5.1 General >5;14
5.2.5.1.1 ,Spray\nyer/Melter '5;14
5.2.5.1.2 Procesg Vessel Vent Filter

5.2.5.1.3 Sand Filter 5.15

- 5.ii -

5.15




5.2.5.2 - ﬁduipment.Specificationg‘i'S.IS

/

.2.5.2.1 Spray Dryer Off-Gas Duct 5.15

ur

5.215.272"Ejectpr/?enfu:i 15,15 .
,5f2.5;2;3;'Pgmp-QéenchfStrg;m : 5}16
45:545.2.4 ' Ejector-Venturi Cpoier,‘-5.16
5f2.5.2.5 0ff-Gas Cbndgnsate:Purge Valve - 5.16
5.2.5.2.6 Off-GaS‘Condensate*TaAk 5.17
5.2.5.5}7 Pump-Mercury Transfer | 5.17
5.2.5.2.8 Pump-Scrub Flow to the DBF No.l 5.18
'5;2;5;2.9 Déep;Bed.Filter No; 1 ls,ls,
©5.2.5.2.10 Deep-Bed Filter No. 2  5.19
512;5.:.113f11;er Pump Tank‘ -5,19
5.24S;Z;lzgggtheniumgAdsorber:P:eﬁeétér 5.19
.5}2;5m2;l3*2iimaryvkuthenium*Aasorber‘«r5,20'i
5,2;5;2.14 Seﬁondéry.ﬁuthéniumtAdéorbgf< 5.20
5.2.5.2.15 Iodine Adsorber Preheater 5,20
5.2,5.2.16 Todine Adsorber . 5.21
5.2.5.2.17 Of-Gas Cooler 5.2
5.2.5.2.18 0ff-Gas Exhauster . 5.21. .
v'3.2,5.2;19;R§§yc1e‘wa£ef~;aﬁk 55,22 .
_"f5{2;5,2;20*??pces;’VéssglfVeh# ?;lﬁef‘f 5:22
'~7§{2.5.2,zif%;hd Filter = 5.22 f SR
wS;2.5.2;22:€%ntilaéioﬁ éxﬁ§us; Stack f,s;z3,
e

o

iy

- 5.iii -




5.2.6 Mercury Recovery Facility  5.24 ‘ ’ ‘ @
5.2.6.1 Gemeral 5.24 | u :
5.2.6.2 Mercury Receipt Tank ) 5.25
5.2.6.3 Pump/Mercury Filter N§. 1 .5.25
5.2.6.4 Acid Wash Feed Tamk  5.25
5.2.6.5 Pump/acid Wash  5.25
5.2.6.6 Acid VWash Column 5.26
5.2.6.7 Backwash Hold Tank  5.26
5.2.6.8 6xi§ation.fahk-'>5.26 |
5.2.6.9 Pﬁmp1Mér¢ury FiltergNo. 2 5.27
,5.2.6.15 Mercuryv?ilter No. : 2 5:27 '

"5.2.6.11 Mercury Still Feed Tank - 5.27
5.2.6.12 Mercury Vacuum Still/Condenser 5.28

5.2.6.13 Mercury Still Product Tank 5.28
5.2.7 Recycle Conceﬁtration: 5.28‘»
'5.2.7.1 General 5.28
5.2.7.2 Récycle'Eﬁapo:ator Feed,T#nk»; 5.28 
- 5.2.7.3 Recycle Evapofator 5.29 ’
5.2.7.3.1 General . 5.29 -
- 5.2.7.3,2 Specifications 5.29I
5.2.7.3.3 Services  5.29
5.2.7L3:4 Control System '5.29 o ,
5.2.f.4 RecyclévaaporatofTBdttoms Tank '5.30
5;2.7.5 'Recycle Evaporator Condensate Tank 5.30
‘ 5.2:8 Settling and Filtrati§h- 0 5.30

5.2.8.1 "General " 5.30




I

5.2.8.2 Salt-Solution Receipt Taniv 5.30

5,2.8,3 Gra&ity'Settler;Feed Tank,v5-30

5.2.8.4 G‘aVIt} Settlers (6s) 5.31

5.2,8;5: Grav1ty Settler Supe nate Tank 5.32.
5.2.8.6 Gravity Sectler Bottoms 'Tank 5.32

5.2.8.7 Sand Filter Feed Tank 5.32

5,2.8.8 Sand Filter No. 1 5.33

‘5,2,8,9"First Filtrate Eank 5.34

5.2.8.10 Sand Filter No. 2 5. 3

‘ 5.2;8;11 Second Filtrate Tank 5. 35

5;2.8.12 Flltrate Hold Tank S 35
5}2l8}13 Fllrer Backwash Tank 5 35 .

5.2.8.14 Waste Sand Tank 5 35

.5.2.8.15 Preparation of Polyelectrolyte for .

L Addltlon to The Gravity Settler 5.36

. 5.2.8.16 Preparation of Polyelectrolyte for

Addltlon to Sand .Filters '.5.36.

.2.9 Clarlfled Supernate Decontaminatlon 5.37
5.2.9.1 General =:5;37-‘
- 2 9, 2 Ce51um Ion Exchange ’:5;37

5 2.9.2. lsz Ion Exchange Columns .5.37

5.2.9 2 2 Ion Exchange Feed Tank 5.37

Us.2.0.2. 3 Ces;um Feed Bounce Tank 5, 38
'-5;2;9,2 4 Ces;um Elute Bounce Tank 5 38 -

, S.2.§ 2. 5 Cesmum Eluate Tank 5 38

.5;2¢2 2. 6 Ces;um Regenerant Catch Tank 5.38

-5;2.9{2.74.Spenc Resin Tank 5.39

: S.v -




5.2

ur
.

o
\0

W
(3]

.2.8 Resin Packaging Faciliry = 5.39

.2.9 Colq Feed ?;tilities 5.3¢9

Strontium lon Exchange 5.39

3.1 Ioﬁ Exchange Column 5.3%

.3.2 Strbntium Teed Bounce Tank' 5.40

.9.

502.9.

5.2.9.

5.2.9.

5.2.9

3.3 Product Salt Hold Tanks 5.40
3.4 Strontium Elute Bounce Tank 35.40
3.5 Strontium Eluate Tank 5.40

3.6 - Strontium Concentrator 5.41

.3.7 Strontium Concentrafor Bottoms Tamk 5.41

5.2.9.3.8 Strontium Concentrator -Condensate Tank .5.41

.10~ Cesium Elutriant Recovery/Eluate Concentration 5.42 -

.5.2.10.1 - General - - 5.42

_HS;Z.IO,Z-VCesium Con;entrétor Feed, Tank ~ 5.42

'

5
5
s
s

3.

5.

.2.10.
.2.10.
.2.10.
.2.10.
.2.10.
2.10.

2.10.

3

4

5

8

9

' S;éam S;ripper _5.42

Cesium Concentrétor‘ 5.42
Downdraft4Conéqnser 5,42
Strippe:ACondenSate»Tank:‘5.43

- Cesium Elutriant Makeup Tank 5.437-
Cesium Elutriant Feed Tank 5..43'

Cesium Vent Scrubber 15.43

.2.10.10 Purge Condenéer' 5.44

.2.10.11 Purge Condensate Tank 5.44

/

- 5.ovi -




U
L% [N
o

U
|8}

5.2,

5.2.12 GeneralFPurpose.Evaporation' 5.45_

.2.11.1
J11.20
J11.3
1.4
.1-1.5'
:11.6

11.7-

-Zecllte Teed Bounce Tank 5. 45 i

.2.11 Cesium Fixation on Zeolite 5.44

General 5.44

ACesium Concentrator Bottoms Tank 5.&4

Zeollte Column 5 44

Zeollte Raf lnate Bounce Tank 5.45

Zeolite Rafflnate Hold Tank 5.45.

Zeolite Slurry Tank 5.45

'5,2 12 l General 5. 45

‘5;2 12.2. General-Purpose Evaporator Feed Tank 5.46

5.2.12. 3 General-Purpose Evaporator 5.46 '

5.2.12.3.1 ,General 5.46

5.2.12l3;22‘Specifications' 5.46

'5.2.12.3 '3'~'-se'r=&'ices 5’ 46

"5 2.12.3.4 Control System - 5. 46

2

5.2,

5.2

5.2,
's 2.

12, 4

12 .'.,5'

12,6
12.7

12 ‘s

General-Purpose Evaporator Bottoms Tank 5.46

General-Puroose Evaporator Condensate

-Tanks 5. 47

y

.Regulated Facility Vessel Vent Filter Heater 5.47

rngh-Efflciency Alr Filter (HEPA) S 47

Regulated Fac;llty Vessel Vent Exhauster 5.47

. 5. 2 13 Product Salt Sclution Concentratlou/
‘ Solldlrlcatlon An Concrete ‘B5UET7 '

2 l3 l General ‘5.474

. 5 2. 13 2 Feed Prenaratlon 5148

- S.vii -




5.2.13.2.1 General 5.48 - N GEE

wn
N
'J
w
N
o

" Product Salt Solution Storage Tank 5.48
§.2.13.2.3 Product Salt Evaporator 5.48 |
5.2.13.2.4<.P:oduét-SaIt'évaporapo: Condenser 5.50

-5,2.13.2.5f roduct Salt.Evépbrator Cond;ngate(Tank 5.50
5.2.13.2.6 Product Salt\ccncgntéaté’rank‘ 5.50 /

‘ 5l2.l3.3 Saitcreﬁe Preparation’\S.SI
5.2.13.3.1 General 5.51-
5.2°l3;3.2 -Piant‘Capaciﬁy' 5.51 .
5.2.13.3.3 Facility Descriptionm 551

5.2.13.4 Reference Disposal Siﬁe 5.52
5.2.13.4.1 General Design Criteria 5.52
5.2.13.4.2 Concrete Monoliths '5.52

0 5.2.13.4.3 Disposal Fé;iiity Design 5.52

. 5.2.14 Product Packaging/Testing/Decontamination/
Interim Storage - 5.54 .

' 5.2.14.1 General Equipment and Cell Considerations - 5.54
5.2,14.2 Mechanical Cell A -35.54 |
5;2,14.2,1 ,Canisﬁer Clqsu:e and}Testing 5.54

5.2.14.2.2: Preliminaty>Canister=Decontamination
.~ and Transfer 5.55 )

5.2.14.3 Mechanical Cell B 5,57
5:2.14.3.1 Gemeral 5.5
5.2.14.3.2 Etch Tank 5.57
5.2.14.3.3 Cleaning Tank 5.57

5.2.14.3.4 Spray Tank 5.58



‘5.2;14;5.5 Spray‘Hold*Tank 5.58

 $.2.14}3.6‘ Capstic Scrubber . 5.58

5.2;14.4 Mechanical Cell C 5.38.
 »5.2;15 | Interiﬁistorage 5.59

5.3 'References . 5;78

- 5.ix -

o e —




5. PROCESS EQUIPMENT REQUIREMENTS

5.1 General

High levels of radicactivity require that the equipment be
located behind heavy shielding walls. Controls should be provided
for remote operation. Remote maintenance is required. Equipment
is to have high reliability, low need for maintenance, and capable
of remote replacement. Egquipment is to be designed with provision
for flushing in place and for decontamination and limited contact
maintenance after remote removal.

Services (including cold feeds) for all process equipment
are shown in tabular form in Tables 5.1 and 5.2.

All cooling coils will be pressurized by an independent water

source. Heating coils are pressurized by condensate and air
. pressure.

5.2 Process Equipment

5.2.1 Aluminum Dissolution (C. T. Randall)

5.2.1.1 General

In this process module, solid aluminum hydroxides in sludge
slurry feed are dissolved using NaOH as described in Section 4.5.2.
The aluminum~-rich liquid phase and the aluminum-depleted insoluble
phase are transferred as a slurry to sludge washing where the
insoluble phase is separated and washed.

5.2.1.2 Equipment Specifications

5.2.1.2.1 Sludge Receipt Tank

An agitated hold tank receives batch transfers of 1:1 sludge
slurry from blend tanks in the H~Area waste tank farm.- The tank
should be cooled -and requires liquid level, specific gravity, and
temperature instrumentation as-well as sampling capability. This
tank should be capable of accommodatiug 3-5 days feed.
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5.2.1:2.2 Aluminum Dissolver

A dissolver which operates at near atmospheric pressure
receives batch transfers of analyzed sludge slurry from the
sludge receipt tank, 50% NaOH from cold feed, and recycle water
to achieve operating conditions specified in Section 4.5.2.

The dissolver also receives gravity settler bottoms and waste
filter media (sand/coal) after the dissolving step is completed
for blending before being transferred to the sludge feed tank.
The dissolver consists of an agitated, steam heated tank and a
condenser. The capability to reflux condensate or divert it to
the dissolver condensate tank should be provided. The condenser
should be sized to accommodate the maximum heat duty deliverable
by the steam coils. The off-gas system should be air-purged to
prevent possible explosive concentrations of ammonia which may

be released during dissolving. As an additional safety feature,
the dissolver should be vented to relieve excess pressure oOr
overflow to the canyon cell. The dissolver must be cooled and

be equipped with a transfer device to transfer the slurry product
to the sludge feed tank. Liquid level, specific gravity, tempera-
ture, and pressure instrumentation as well as sampling capability
are required.

5.2.1.2.3 Dissolver Condensate Tank

A tank should be provided to accommodate drawing off
dissolver overheads if required to make concentration adjustments
in the dissolver. The tank should be equipped with liquid level,
specific gravity, and temperature instrumentation as well as
sampling capability. A transfer device is required to transfer
the condensate to the recycle evaporator feed tank.

5.2.1.3 Process Control

5.2.1.3.1 Sludge Receipt Tank

Function

e Hold sludge feed slurry for S-Canyon processing.
® Provide a sludge slurry sample point.

Controls

e Liquid level.

e Sample.
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Transfers of sludge slurry from H-Area blend tanks are
controlled by monitoring liquid level in this tank. Analyses
of tank contents for volume percent suspended matter, density
of suspended matter, weight percent aluminum in suspended matter
and [OH ] are made tc determine the amount of caustic and/or
water to add to the dissolver.

5.2.1.3.2 Aluminum Dissolver

Function

e Dissolve insoluble aluminum hydroxides in the sludge slurry feed.
e Cool product slurry before transfer to the sludge feed tank.

e Blend recycled gravity settler bottoms and waste sand/coal
with sludge after aluminum dissolution is complete.

Controls

e Liquid level.

e Dissolver pot pressure.
e Pot temperature.

e Automatic steam shut-off actuated by high pot or
condenser cooling water temperature or high pot pressure.

e Condenser water/steam interlock.

Calculated quantities of sludge slurry from the sludge hold
tank, 507 caustic from cold feed, and water are batched to the
dissolver. For dissolution, the caustic concentration is to be
increased to 5M while the molar ratio of OH /unsoluble aluminum
in the sludge is to be 16. Quantities of slurry, caustic, and
water are calculated based on analyses of the sludge slurry feed
and maximum operating level in the dissolver.

Boiling is required for optimum dissolution of the aluminum
hydroxides in the sludge. In operation, the boilup rate should
be controlled to. prevent overpressurizing the dissolver pot.

A pot pressure indicator with high pressure alarm should be
provided. ' Dissolution at.the boiling point will be carried out
for a specific length of time (30 minutes - 1 hour).
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5.2.2 Sludge Washing (D. W. Jones)

5.2.2.1 General

Two parallel batch washing units are to be provided which
consist of a wash tank, centrifuge, and centrate tank. In addi-
tion, two tanks are required for interim storage of the sludge
feed and product. All tanks should be provided with suitable
sampling equipment, agitation, and instrumentation for liquid level,
specific gravity, and temperature. Tank heating equipment is not
required. Cooling coils required only in the sludge feed tank.

5.2.2.2 Equipment Specifications

5.2.2.2.1 Sludge Feed Tank

A large, well-agitated tank is required to receive blended
sludge from the aluminum dissolver composed of digested sludge,
gravity-settler bottoms, and spent filter media. Sludge content
in the slurry is about 12% by volume. Agitation must be sufficient
to provide good mixing and maintain sludge, sand, and coal solids
in suspension. Two pumps must be provided to transfer a controlled
volume of feed rapidly to the two wash tanks at the start of each
batch washing cycle.

5.2.2.2.2 Wash Tank

Two agitated tanks of at least 1,000 gallons capacity must be
provided to receive and mix the sludge and wash water, supply feed
to the centrifuge, and slurry the final washed sludge cake.
Sufficient agitation must be provided for rapid cake dispersion
and good solids/liquid mixing. Large lumps of cake may enter
the wash tank during centrifuge discharge and must not be
permitted to settle or collect on tank walls or enter the centri-
fuge feed system and obstruct feed flow. The mixing volume will
range from 150 gallons during washed sludge slurrying to 700 gallons
during sludge and wash water contacting. A variable speed pump
is required to control centrifuge feed flow over a range of 1-30 gpm,
and another pump is required to transfer the washed sludge slurry
to the washed sludge run tank at the end of each washing cycle.

5.2.2.2.3 Centrate Tank

Two well-agitated tanks having approvimately the same capacity
as a wash tank is required to hold the centrate from the centrifuges.
Instrumentation must be provided to permit on-line analysis of
effluent conductivity during the final wash. The centrate will
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contain some sludge (<1 vol %), and sufficient agitation must be
provided to prevent solids settling. A pump is required to
transfer the centrate to the centrate hold tank after each centrate
pass.

5.2.2.2.4 Centrate Hold Tank

A well-agitated tank is required to hold centrate from each
centrate tank. A pump is required to transfer the centrate to
the recycle evaporator feed tank.

5.2.2.2.5 Washed Sludge Run Tank

This tank receives and blends washed sludge slurry from the
two washing units. Tank agitation must be sufficient to maintain
sludge solids in suspension and provide good mixing. A pump is
required to transfer the slurry to the slurry mix tank. The
slurry will contain 45 vol 7 sludge and is a Bingham plastic fluid
having a yield stress of 60 dynes/cm2 and consistency of 8 centi-
poise at 40°C. Special care must be exercised in design of mixing,
transfer, and storage equipment for this slurry.

5.2.2.2.6 Wash Centrifuge

Large vertical, solid-wall, batch basket centrifuges are
required for sludge dewatering in each of the processing steps.
These machines are tc be driven from the top and discharged
through the bottom by a mechanical plow with water spray assist.
Technical specifications for the wash centrifuge are listed in
Table 5.3. The present design basis is for a 48-in. diameter x
30-in. high basket size with a 120-gallon capacity.

5.2.3 Spray Drying (M. H. Tennant)

5.2.3.1 General

The current concept is that the feed for spray drying will be
split to parallel spray dryer, melter, .and off-gas systems. The
function of the equipment: in thismpodule-iS'to convert the sludge
slurry to a powder suitable for blending with glass frit prior to
vitrification. This-section provides the basic data for designing
. the equipment required to carry out the process (described in
Section 4.5.5).
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5.2.3.2 Equipment Specificatioms

5.2.3.2.1 Slurrv Mix Tank

A tank is required to combine washed sludge from the washed
sludge run tank with the cesium-zeolite slurry and the strontium
concentrate. The tank must be equipped with an agitator and
suitable devices to monitor liquid level, temperature, and specific
gravity. Cooling coils will be required. Suitable tramnsfer
devices are required to transfer the slurry (about 17 wt % total
solids) to a slurry hold tank.

5.2.3.2.2 Slurry Hold Tank

A well-agitated tank is required for inventory and quality
control of spray dryer feed before transfer to the calciner
feed tank. The tank must be equipped with an agitator, sampler,
cooling coils, and suitable devices to monitor liquid level,
specific gravity, and temperature. A transfer device is required
to recycle out-of-spec feed to the sludge feed tank. A second
transfer device is required to transfer in-spec feed to either of
two calciner feed tanks.

5.2.3.2.3 Spray Dryer Feed System

General

The feed system is comprised of a feed tank, a recirculation
loop, and a feed drawoff metering system designed to deliver feed
at a relatively low flow rate (~1.0 gpm) to the spray dryer
atomizing nozzle at pressures ranging from 1 to 2 atm. The con-
centrated slurry and low flow rates pose potential line, flow
metering device, and nozzle blockage problems.

Calciner Feed Tank

A well-agitated vessel is required to receive in-spec batches
of sludge slurry from the slurry hold tank for each calciner. The
tank must be equipped with an agitator, sampler, and appropriate
devices to monitor specific gravity, liquid level, and temperature.
Cooling coils are required to maintain the feed slurry at 40°C or
less [1]. A transfer pump is required to circulate the feed slurry
about the recirculation loop at velocities no less than 5 ft/sec.
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Feed Circulation Loop

Since the actual feed rate to the spray dryer nozzle is rela-
tively low, a direct transfer from the feed tank to the spray
nozzle would result in failure to maintain the solids in suspension,
therefore posing potential problems of pluggage. Consequently,
the nozzle feed line should branch off a feed loop that circulates
the slurry through the loop back to the feed tank. The pressure
in the loop must be controllable and continuously monitored. The
drawoff line to the spray dryer feed nozzle, containing a flowmeter
and a control valve, must be as short as possible to avoid pluggage.
The circulation loop and feed drawoff line must have provisions
for flushing to prevent pluggage problems when the feed system is
shut down.

Atomizing Nozzle

The key to successful spray drying is proper atomization of
the sludge slurry as it is sprayed into the heated chamber. The
air rate to the nozzle requires a system that maintains the air
flow such that a ratio of air to slurry feed is maintained at
approximately 4.00 lb-air/gal feed. The slurry should be dis-
persed into droplets small enough to dry before striking the
heated wall. 1If the particles do not dry, they will stick to
the wall producing a scale that reduces heat transfer into the
chamber. A droplet mass median diameter of about 70 micrometers
is adequate for successful operation of the spray dryer based on
work carried out at PNL [1].

An internal-mix atomizing nozzle designed to handle the
anticipated slurry feed rate should be used to atomize the waste.
A Spraying System Co. Setup No. 84 nozzle was determined by PNL
to provide satisfactory performance at flow rates from 20 to 80
gal/hr. Both the fluid orifice and air cap orifice in this nozzle
are 1/4 inch in diameter (see Figure 5.1). Larger orifices, up
to 1/2 inch in diameter, are currently being tested and evaluated.
 To minimize orifice wear by abrasion and corrosion, and therefore,
extend service life, the nozzle air cap was fabricated from 96%
alumina [1].

The 1nternal-mix nozzle will require a pressurized feed
system. To assure that sludge slurry is not pumped through the
atomizing air lines to areas .outside -the canyon cell, pressure
sensors tied in with the. slurry feed -pump should be located in
the air and 'slurry lines. .In addition,:-a radiation detector
should be positioned at the location.where the air line penetrates
the cell wall.
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The atomizing nozzle should be incorporated into a remotely
replaceable assembly to facilitate nozzle changeout. This Gii
assembly may include a remotely operated cleanout needle for
removing obstructions from the liquid and air cap orifices;
however, 1/4-inch or 1/2-inch orifices have not plugged when
flush water has been introduced at the end of each shutdownm.

An external-mix nozzle is being tested at PNL as a potential
replacement for the internal-mix nozzle. Advantages of the
external-mix nozzle are: (1) it does not require a pressurized
slurry feed system, and (2) it is not subject to rapid wear
because the slurry and atomizing air mix after leaving the nozzle.
However, problems were experienced in earlier work with nonuniform
droplet sizes and poor atomization caused by spray dryer chamber
pressure variations resulting from filter blowback. Proper nozzle
design is expected to eliminate these problems.

5.2.3.2.4 Spray Drying Chamber

The spray drying chamber is a large externally heated vertical
tube into which the atomized sludge slurry is sprayed at the top
center (Figure 5.2). A furnace surrounds the chamber and supplies
the process heat load. The chamber wall temperature is to be
maintained between 550°C and 800°C. However, for maximum capacity
the chamber should be run at the highest temperature consistent
with the dryer product melting point, equipment life, and existing
heater technology. The furnace power output is to be controlled
by temperature sensing elements located on the exterior spray
chamber wall.

Sludge slurry enters the dryer as small droplets in a stream
traveling at very high speed and hence, induces a high degree of
turbulence in the chamber. The combination of radiant heat
transfer coupled with this violent convective heat transfer allows
evaporation and drying at a high rate. Important data relating
spray dryer size, slurry feed rate, wall temperature, and power
input are listed in Table 5.4.

" A scale which reduces dryer capacity, may deposit on the
interior spray chamber walls due to this violent convective heat
transfer. A side-mounted vibrator is required to keep this wall
scale to an inconsequential amount. Two vibrators situated at
the chamber midpoint and located 180° apart are recommended for
a 3-0 ft diameter chamber. Larger chambers will most likely
require additional vibrators. The vibrators are to be designed
for remote replacement without requiring dryer shutdown.
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The powder produced in the spray chamber falls into the cone
below and mixes with powder that is periodically discharged from
the filters. Experience both at PNL and at Karlsruhe, Germany
has shown that the filters should be as close to the spray drying
chamber as possible. All surfaces should be sloped at least 60°
from horizontal to prevent powder accumulation. Further assurance
of transport is provided by the mild vibration of the lower portion
of the spray dryer caused by the spray chamber vibrator.

The spray dryer chamber and associated piping and hardware
should be constructed of materials that are resistant to corrosive
and erosive attack by the sludge slurry and are unaffected by the
elevated operating temperatures. Incoloy® 800E (Huntington
Alloys, Inc.) and Hastelloy® C (Cabot Corp.) are recommended
materials of construction for these elevated operating temperatures
in presence of halides.

Although it is not likely to be needed during normal opera-
tion, a pressure/vacuum relief device should be provided to vent
the spray dryer to the off-gas system in the event pressure limits
are exceeded.
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5.2.3.2.5 O0ff-Gas Filters

Because of the small particle size of the spray-dried sludge,
up to 50% of the sludge may be entrained in the spray dryer off-
gas. DBased on early experiments with various types of dust removal
equipment conducted by PNL, sintered metal filters are recommended
for primary effluent decontamination. The filter adopted by PNL
is shown in Figure 5.3.

During operation entrained sludge particles removed from
the off-gas are retained on the filter surface. With time the
sludge layer thickness increases, producing a corresponding
increase in filter pressure drop. Excessive pressure drop is to
be prevented by use of a pulse of air to dislodge the cake. A
recommended blowback system is shown in Figure 5.3. The use of
a venturi is intended to increase entrainment of filtered off-gas
by the blowback air jet, thereby decreasing the amount of extermal
air required.

The filter blowback operation should be designed to minimize
dryer chamber pressure surges. Variables which affect these
surges are blowback pulse duration, blowback pressure, off-gas
line flow resistance, and the number of filters that are pulsed
simultaneously.

Since some powder is smaller than the pore size of the
filter, some particles penetrate the filter and become lodged
inside. Penetration is greatest at the surface but is rapidly
reduced by larger particles which bridge over the pores and act
as a filter precoat. During filter blowback the precoat is
partially removed and some particles are again free to enter the
filter. Unfortunately, not all particles are removed during
blowback resulting in a slow accumulation. The rate of accumu-
lation can be minimized and thus, filter life maximized by
designing for a filter face velocity of 4 ft/min.

The filter design should be sufficiently rugged to prevent
accidental breakage during handling and installation and to with-
stand normal operating conditions. Vibration isolation techniques
are recommended to provide resistance to vibration-induced filter
failure caused by the spray chamber vibrators. Filter material
must be resistant to chloride and fluoride corrosion.

5.2.3.2.6 Glass Frit Addition System

The glass forming frit should be rate fed to the spray dryer
cone based on the sludge slurry feed to the atomizing nozzle.
Equipmerit and instrumentation is needed for transporting and
controlling this frit addition. The control system should permit
operation over a range of feed/frit ratios.
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5.2.4 Vitrification (T. A. Willis)

5.2.4.1 General

The function of the melter is to heat the spray dryer product
and glass frit to the reference vitrification temperature (1150°C).
Two concepts to achieve vitrification have been demonstrated. The
first, a continuous, Joule-heated melter, is the reference concept.
An alternative vitrification process is in-can melting. Figure 5.4
is a conceptual drawing of a continuous glass melter [5].

5.2.4.2 Equipment Specifications

5.2.4.2.1 Melting Tank Section

This is the section of the continuous glass melter where
the dried sludge and glass frit are heated to the reference
vitrification temperature (1150°C). The glass in this section
must be heated to the reference molten glass temperature and
achieve a viscosity of no more than 50 poise. Heating is supplied
by the Joule heating effect of passing alternating current (AC)
through opposing pairs of electrodes.

The melter tank horizontal surface area shall be 12 to 14
square feet. This is based upon a design capacity of 2.2 tons/day
of glass production and on data from glass production of SRP simu-
lated sludge and glass chemicals at Battelle-Pacific Northwest
Laboratories [2].

The depth of the melter tank shall be approximately 2-1/2
feet to permit a residence time of at least 12 hours for molten
glass at the reference vitrification temperature. There shall
be an additional freeboard of 2-1/2 feet above this depth to
accommodate the cold cap or possible foam generation. This total
depth of 5 feet in the tank.is to be refractory lined and have
Joule electrodes over the total 5-foot depth.

5.2,4.2.2 Throat Section

This section connects the melting tank with the riser section
at the lowermost elevation. The riser shall be lined with the
specified molten glass .contact refractory. The throat shall be
designed with the maximum cross sectional area for glass flow
practicable in order to minimize refractory erosion: the slower
the molten glass velocity, the lower the resulting erosion of the
refractory. The glass temperature in the throat shall be main-
tained as close to the reference vitrification temperature (1150°C)
as possible. Joule electrodes firing through the throat may be
necessary to maintain this temperature.
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The throat area is probably the most vulnerable area for
refractory failure and will probably be the design feature which
limits the melter operating lifetime. Precautions should be
taken in design to minimize erosion (low velocities), corrosion
(minimum refractory temperature to permit glass flow), and 'upward
drilling" (refractory corrosion on the throat ceiling probably
caused by gases accelerating corrosion). Upward drilling may be
minimized by making the refractory surface on the "ceiling" of
the throat as smooth as possible, by adequate cooling, and by
sloping the ceiling of the throat up in the direction of the
glass flow by a minimum of 15° from the horizontal.

5.2.4.2.3 Riser Section

Glass rises from the throat (a bottom underflow area) to the
pour spout. The riser section will be heated independently of the
Joule electrodes in the melter tank section. The molten glass
temperature will be maintained as close as possible to the
reference molten glass temperature of 1150°C, so that the vis-
cosity will be maintained less than 200 poise.

5.2.4.2.4 Electrodes

Joule heating electrodes will be fabricated of Inconel® 690
(Huntington Alloys, Inc.). The electrical flux on the electrodes
will be as uniform as possible over the surface and will not
exceed 2 amps/ing during operation_at steady state. The
electrical flux limit of 2 amps/in® may be exceeded on startup or
some limited tramsients, but should be held to the minimum
practicable above this value.

The electrode temperature will be held to 1050°C or less.
If internal cooling of the electrodes is necessary to maintain
this 1050°C temperature limit, air cooling is preferred. Opera-
tion of the "Inconel" 690 electrodes above 1050°C can result in
distortion of the electrode shape and in the metal strength.
The melting point of "Inconel" 690 is 1343 to 1376°C.

The electrodes shall extend to the top of the melter tank

above the "metal line" ("metal line'" is the term for molten glass
liquid line). Electrical connections from the power supply to
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the electrodes shall be at the top of the electrode. In no
case shall the electrode penetrate through the refractory wall
of the tank.

5.2.4.2.5 Refractories

The melter tank, throat, and riser shall be lined with
Monofrax® (The Carborundum Company) K-3 DCL refractory in
contact with the molten glass. The refractory shall be at
least 6 inches thick. In no portion of the melter shall
molten glass be in contact with opposing sides of a refrac-
tory. Such contact would cause the refractory brick to be
operated at approximately molten glass temperature throughout
to cause refractory corrosion.

Cooling shall be applied to the exterior of the refractory.
The coolant will be forced through metal jackets surrounding the
refractory. The objective of this cooling is to extend the
refractory life (particularly the throat section) in order to
achieve a melter life of at least two years. The preferable
coolant is air as discussed in cooling of electrodes.

There are to be no penetrations through the refractory in
the tank, throat, and riser sections below the pour spout level
except for one bottom drain freeze valve. The purpose of this
requirement is to minimize the risk of accidental dumping of
molten glass. This type design is not typical of glass industry
designs which have many electrode penetrations of melter walls
and floor. Such glass industry designs have led to numerous
large (multiton) spills of molten glass onto plant floors.

5.2.4.2.6 Melter Pour Mechanism

The filling of canisters with molten glass from a continuous
Joule~heated melter requires a means of starting and stopping the
flow of molten glass. The flow of glass must be started to each
empty canister and then stopped:when the canister is full. The
glass flow must remain stopped while the full canister of waste
glass is removed and another empty container is moved into posi~
tion. This operation of filling canisters from the melter is
called pouring.

The reference means-.of -pouring is -called tilt-pour. The
tilt-pour method requires that .-the entire Joule-heated melter
be tilted up to 4 degrees forward to start the pour and then be
tilted back to stop the pour. The 'tilt-pour method is used on the
experimental prototype Joule-heated melter at PNL. The connections
to the melter must all be flexible connections to accommodate the
4° of melter movement on either side of vertical. The connection
between the canister and the spout must be designed such that the
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volatile products evolved from the glass do not vent to the canyon
ventilation system.

An alternative pour technique, involving close-coupling of

the pour spout and canister and varying the pressure in the
canisters, is under investigation.

5.2.4.2.7 Shutdown Drain

A freeze valve is required in the bottom of the melter to
dump the contents of the melter into a ditch can in the event
power is to be interrupted of such a duration to result in the
melt solidifying. The drain consists of a closure plate, an
opening-and-closing mechanism, and a resistance heater. The
heater is used to melt the frozen glass in the drain tube before
discharging the contents of the melter to the ditch can. The
connection between the drain and ditch can should be designed
such that the volatile products evolved from the glass melt
do not enter the canyon atmosphere.

5.2.4.3 Instrumentation and Control

The power to the electrodes will be controlled by approp-
riate current and temperature sensing devices. Joule-heating
electrodes will be air cooled. Cooling air rate will be con-
trolled by appropriate temperature sensors on the electrodes.
The electrode temperature is not to exceed 1050°C. A device
is required to monitor the level of the glass melt. Melt level
should be maintained as near constant as possible during pouring.
Suitable temperature sensors are required throughout the melter
to maintain surveillance of the glass-melt temperature, the
electrode temperature, and the temperature drop across the
refractory. Emergency power is required in the event normal
power is lost.

5.2.5 O0ff-Gas Treatment System (L. F. Landon)

5.2.5.1 General

5.2.5.1.1 Spray Dryer/Melter

A DF of 1000 for particulates generated in the spray dryer
is assumed across the sintered metal filters for material balance
purposes. However, the design of the scrubbing system should be
such that in the event of total bypass of the filters, the scrub
system should perform satisfactory at the higher solids load to
permit an orderly shutdown of the spray dryer.
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Analyses of sludge currently stored in the waste farm
indicate significant quantities of chloride and fluoride to be
present. Although a thermodynamics study of the melter/spray
dryer off-gas system suggests that no HCl and only 3.8% of
the fluoride (as HF) will pass the sintered metal filters,
materials selection for the part of the off-gas system that
contact the scrub solution should assume all these halides
enter the scrub as HCl and HF. Suggested materials of con-
struction are discussed in Section 10.

5.2.5.1.2 Process Vessel Vent Filter

Each canyon process vessel 1s assumed to have a 50 scfm
(dry air) vapor sweep drawn from the canyon atmosphere through
the tank vapor space via the overflow pipe. All vessel vents
are combined into a single header and drawn through a heater and
deep bed filter prior to being combined with the canyon air
exhaust. It was assumed for curie balance purposes than the
vessel vent air purge entered the vessel at a dry bulb temperature
of 35°C and a wet bulb temperature of 25.6°C. At discharge, the
dry bulb temperature is unchanged but the wet bulb temperature
increased to 29.4°C.

5.2.5.1.3 Sand Filter
The canyon atmosphere is combined with the treated spray

dryer off-gas and the vessel vent filter effluent and drawn
through a sand filter prior to discharge to the atmosphere.

5.2.5.2 Equipment Specifications

5.2.5.2.1 Spray Dryer 0ff-Gas Duct

The temperature of the vapof duct between the spray dryer
and ejector/venturi is to be maintained between 250 and 400°C.

5.2.5.2.2 Ejector/Venturi

e Function: To_cool“the‘spfay dryer off-gas vapor to 50°C
and achieve condensation, solids.formation, and coalescing.
Design for a inlet vapér temperature of 650°C.

. Operating~Cthitions: Co-current contacting of the vapor

stream with a cooled (40°C) circulating scrub stream.
Estimated AP across the ejector - 15 in. H»O.
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e Details: The backpressure across the ejector/venturi should
be sufficient to route a slip stream (equivalent to the
off-gas condensate rate) of the recirculation quench to the GE;
recycle collection tank. The ejector/venturies discharge to
a common column that routes the condensables and noncon-
densables into the off-gas condensate tank.

5.2.5.2.3 Pump~Quench Stream

e Function: To circulate a portion of the contents of the
off-gas condensate tank through a cooler and to each ejector/
venturi.

e Operating Conditions: Flooded suction, 50°C.

o Details: The pump capacity will be about 200 gpm based on
a AT of 10°C across the cooler. The pump should be spared
and on emergency power. Discharge pressure and flow must
be monitored.

5.2.5.2.4 Ejector-Venturi Cooler

e Function: To cool liquid circulating from the off-gas
condensate tank from 50°C to 40°C.

e Operating Conditions: Process side — 50°C to 40°C
Available Inlet Cooling Water
Temp — 32°C

e Instrumentation and Control: . The temperature of the process
stream and cooling water stream should be monitored at the
inlet and discharge of the cooler. Cooling water flow to be
automatically controlled to maintain the quench stream
entering the ejector/venturies. at 40°C. The shell side
cooling water pressure is to be at least 15 psig greater than
the quench stream pressure.

5.2.5.2.5 0ff-Gas Condensate Purge Valve

o Function: To route a portion of the recirculation quench
stream (equivalent to the rate at which water vapor is con-
densed from the spray dryer off-gas stream) to the recycle
collection tank.

e Details: The nominal purge rate is about 1.0 gpm. During
normal operation, this stream will contain about 0.85 wt %.
suspended solids. Total failure of the spray dryer filters
could result in a suspended solids concentration of 16 wt %.
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e Instrumentation and Control: Suitable liquid level sensors
in the off-gas condensate tank must control the purge valve
opening such that the liquid level in the off-gas condensate
tank remains essentially constant. Because of the low purge
rate, the valve should operate intermittently to allow a
larger valve opening and consequently minimize the risk of
valve pluggage.

5.2.5.2.6 0Off-Gas Condensate Tank

o Function: Provide a collection reservoir for the condensables
and the source of scrub sclution for the first deep bed wash-
able filter and ejector/venturi quench.

e Operating Conditions: Temperature — 50°C.

e Details: - The tank bottom must be adequately sloped to allow
mercury to drain freely to the mercury collection sump.
Sump capacity — 2 liters.

e Instrumentation and Control: This tank requires suitable
detection devices to monitor temperature, specific gravity,
conductivity, and liquid level of its contents. The tank
must be well-agitated to maintain particulates in suspension.
A sampling device is required. Suitable high level and low
level mercury sensors in the sump will control operation of
the mercury pump.  The conductivity of the tank contents
should be continuocusly monitored.

5.2.5.2.7 Pump-Mercury Transfer

o Function: To transfer the condensed mercury from the off-

gas condensate tank mercury collection sump to the mercury
recovery facility.

e Operating Conditions: Flooded suction — 50°C.

e Details: Pump will be handling approximately 1.0 liter of

- mercury per day. Pump capacity — 25 mL/min over a discharge
pressure range of 5-30 psig. The pump will operate
intermittently. - '

e Instrumentation and Control: Suitable high level and low level
mercury sensors, monitoring the level of mercury collection
sump, will control the:operation-of the pump. A transfer of
mercury should be stopped :before all the mercury is discharged
so as to prevent transfer of the scrub solution to the mercury
recovery facility. '
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5.2.5.2.8 Pump-Scrub Flow to the DBF No. 1

Function: To deliver the appropriate amount of scrub
solution from the off-gas condensate tank to the spray
nozzles in the DBF unit.

Operating Conditions: Flooded suction — 50°C.

Details: The pump discharge is split appropriately to the
spray nozzle over the top of the de-entrainer pad and to

the nozzle that atomizes the scrub onto the underside of

the deep-bed filter pad. Design flow to the lower nozzle is

2 gpm and to the upper nozzle 40 gpm. Air is introduced

(5 scfm/gpm) into the scrub flow to the lower nozzle to obtain
proper atomization. The pump should be on emergency power.
Instrumentation and Control: Suitable devices to monitor
scrub flow and pressure to each spray nozzle are required.

5.2.5.2.9 Deep-Bed Filter No. 1

Function: Scrub at least 95% of the particulates from the
vapor s tream.

Operating Conditions: Temperature — 50°C
Inlet vapor flow —77 acfm (703 mmHg)
Solids load in scrub —0.85wt % (nominal)
AP = 6 in. Hy0 (assumed for calcu-
lating effluent vapor flow)
Particle diameter — 0.3 micrometer nominal
Superficial face velocity — 50-100 ft/min

Details: The filter should not experience a buildup in
pressure drop for a maximum solids content in the recircu-
lating scrub of £1.0 wt %. The fiber material and/or binder
should be sufficiently resistant to radiation to provide a
useful life of at least two years in the scrub environment.

Instrumentation and Control: A suitable device to continu~
ously monitor pressure drop across the filter is required.
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5.2.5.2.10 Deep-Bed Filter No. 2

Function: Scrub at least 95% of the particulates entering
the unit in the vapor stream and reduce the vapor tempera-
ture to 10°C to condense out mercury vapor.

Operating Conditions: Temperature — 10°C
Inlet vapor flow — 90 acfm (692 mm Hg)
Solids load in scrub— "0.20 wt % (nominal)
AP — 6 in. H0 (assumed for calcu-
lating effluent vapor flow)
Superficial face velocity — 50-100 ft/min

Details: Same as 5.2.5.2.8 and 5.2.5.2.9.

Instrumentation and Control: Same as 5.2.5.2.8 and 5.2.5.2.9.

5.2.5.2.11 Filter Pump Tank

Function: To provide a source of refrigerated scrub solution
for the DBF #2 such that the temperature of the vapor leaving
the filter is at 10°C.

Operating Conditions: Tank is to contain cooling coils through
which brine is circulated from an external refrigeration
machine. The mercury and water that is condensed in the

DBF #2 is purged to the off-gas condensate tank.

Instrumentation and Control: The flow of refrigerant to the
circulation tank coils is controlled such that the vapor
temperature leaving the DBWF #2 is 10°C. The temperature

of the vapor exiting the filter and the temperature of the
scrub should be monitored. Liquid level monitoring is required.

5.2.5.2.12 Ruthenium Adsorber Pre—Heater

Function: To raise the temperature of the vapor stream 10°C
above its dew point.

Operating Conditions: AP —.about 2 in. of water
"-Inlet flow conditions —
12.6 lb-mole/hr noncondensables,
- 0.16 1b-mole/hr water vapor

Instrumentation and Control: The steam flow to the heater is

controlled such that the vapor effluent is 10°C above its dew
point. : ‘

- 5.19 -




5.2.5.2.13 Primary Ruthenium Adsorber

o Function: Teo adsorb volatile ruthenium from the vapor stream. ‘;B

® Details:

Adsorbent: Davidson Chemicals Grade 40 ~ Silica Gel,
6~12 mesh

Adsorbent Capacity: 136 g ruthenium/ft3
Bed Depth: 52 in.

Superficial Face Velocity: 0.4 ft/sec (max).

Pressure Drop: 0.6 in. H20/in. of bed at design face velocity

Efficiency: 99% for volatile ruthenium, 507% for particulates

e Instrumentation and Control: The pressure drop across the bed
should be monitored. The concentration of Ru-106 should be
intermittently monitored in the effluent to detect bed break-
through. The temperature of the adsorbent should be monitored
throughout the bed.

5.2.5.2.14 Secondary Ruthenium Adsorber

e Function: To adsorb volatile ruthenium from the vapor stream.

® Details:

- Adsorbent: Davidson Chemicals Grade 40 - Silica Gel,
6~12 mesh

Adsorbent Capacity: 136 g/ft3
Bed Depth: 52 in.

Superficial Face Velocity: 0.4 ft/sec (max)

Pressure Drop: 0.6 in. H30/in. of bed at design face velocity

Efficiency: 99% for volatile ruthenium, 50% for particulates

® Instrumentation and Control: Same as 5.2.5.2.13.

5.2.5.2.15 Todine Adsorber Preheater

e Function: To raise the temperature of the vapor stream to
150°C.

® Operating Conditions: AP — 2 in. of water
Inlet flow conditions —
12.6 lb~mole/hr noncondensables,
0.16 lb-mole/hr water vapor

- 5,20 - ‘E;



e Instrumentation and Control: The steam flow to the heater
is controlled to maintain the vapor at a temperature of 150°C
entering the iodine adsorber.

5.2.5.2.16 Iodine Adsorber

e Function: To adsorb Iy from the off-gas stream,

e Operating Conditions: Temperature — 150°C
: Superficial velocity — <0.4 ft/sec

e Details:

- adsorbent: Ag®Z (silver-exchanged mordenite)

Capacity: 100 mg I;/g of adsorbent
Bulk Density: 49.2 1b/ft3
Collection Efficiency: 997% for 15, 50% for particulates

Pressure Drop: - 0.5 in. Hp0/in. bed

Gas Residence Time: >2 seconds

5.2.5.2.17 0Off-Gas Cooler

e TFunction: Reduce the temperature of the vapor leaving the
iodine adsorber to <50°C.

e Operating Conditions: AP — 2 in. H90
Inlet flow -
12.6 1lb-mole/hr noncondensables,
0.16 lb-mole/hr water vapor
Inlet gas temperature — 150°C

5.2.5.2.18 O0Off-Gas Exhauster

e Function: To draw the»pff—gases-generated in the spray dryer/
melter through the various ' off-gas treatment subsystems while
maintaining a negative pressure of 10 inches of water in the
spray dryer.

e Inlet Conditioms: 159 acfm at.0.56 atm vacuum. Temp - 50°C.

e Details: Exhauster should be spared and on emergency power.
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Instrumentation and Control: Suitable devices to monitor
vapor temperature and pressure at both the inlet and outlet
of the exhauster are required. The spare exhauster must come
online automatically if the other exhauster fails. Failure
of both exhausters should automatically shut off feed to the
spray dryer.

5.2.5.2.19 Recycle Collection Tank

Function: To accumulate one day's volume of miscellaneous
water streams (see Figure 4.6).

Instrumentation and Control: Suitable devices to monitor
liquid level and temperature are required. An agitator is
required to keep solids in suspension. A transfer device is
required to transfer to the recycle evaporator feed tank.

5.2.5.2.20 Process Vessel Vent Filter

Function: Provide high efficiency filtration of particulate
radionuclides entrained into the process vessel vents.

Operating Conditions: Inlet flow — ~3510 acfm
Inlet vapor temperature — >10°C above
the dew point

Details: The vapor entering the filter is assumed to be
saturated with water vapor and consequently should have its
temperature raised at least 10°C above its dew point to

avoid condensation in the filter. It is assumed a collection
efficiency of at least 99.97 may be attained by the filter.
The vessel vent exhaust fans should be spared and on emergency
power.,

Instrumentation and Control: Instrument facilities are
required to control the temperature of the vapor entering
the filter and to monitor the pressure drop across the
filter. Exhaust flow from the filter need be monitored.

5,2,5.2.21 Sand Filter

Function: Provide the final stage high-efficiency filtration
for removal of radioactive particulates before discharging
the canyon, vessel vent and spray dryer off-gas streams to
the environment

Operating Conditions: Inlet flow — About 3.6 x 10° acfm
Face velocity — 5 to 6 ft/min
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Details: Condensate collection facilities are required for
the sand filter and the tunnels leading to the sand filter.
Condensate will be pumped back to the recycle collection
tank. The sand filter and associated fanhouse are to be
maximum resistance facilities. Exhaust fans should be spared
and on emergency power. The sand filter is assumed to be
99.97% efficient for particles of 0.3 micrometer in diameter.

Instrumentation and Controls: Instrumentation for monitoring
and controlling the liquid levels in the sumps and for
measuring ventilation flow is required. The pressure drop
across the sand filter must be continuously monitored.

.2.5.2.22 Ventilation Exhaust Stackv

Function: To disperse the exhaust air from the sand filter
to the atmosphere.

Details: Stack height ~ 2-1/2 times the height of the adja-
cent buildings. A stainless steel-lined sump is required in
the stack foundation for collection of condensate which is
returned to the recycle collection tank.. The stack

should be at a distance from the adjacent buildings of at
least 3 times the height of the adjacent buildings or
structures.

Instrumentation and Control: A system to continuously
inventory the quantity of radioactivity being discharged
to the enviromnment is required.. Details of this system
are as follows:

Sampling Point ~ at least eight (8) stack duct inside
diameters downstream from the last change of stream
direction or side stream entry point into the main
exhaust stream, and two (2) stack duct diameters below
the point of discharge

Sampler - isokinetic sampler follbwing ANSI Standard
N13.1 criteria

Sample Collection -:aﬁpfimary éamﬁle collection system,
plus a backup will be required per proposed appendix to
10CFR50 for chemical reprocessing plants

- Filter paper collectors for particulates

— Charcoal or other suitable media for radioiodine,
radioruthenium, etc. (may require development of
improved collection system)
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In-situ Stack Monitoring

- Gross beta-gamma detection (minimum) - if individual
radionuclides must be identified, a Ge-Li system would
be required for gamma emitters. Some development work
would be required.

- Alpha detectors (minimum) - if individual TRU radio-
nuclides must be identified, alpha PHA or other
detection system development would be required.

After-the~Fact Stack Monitoring - collection media would
be analyzed routinely and individual radionuclides

quantified.

Alarms and Readout

- Audiovisual alarms from gross beta-gamma and alpha
detectors should be provided at the stack, central
control room, and Health Protection monitoring comsole
(computer-based)

- Gross-count readout should be at the stack and at the
Health Protection monitoring console

- Specific radionuclide data readout, if required, should
be at the stack and Health Protection monitoring console

General

- Emergency power is required for all system components

- Calibration and source check facilities should be
provided at the stack

5.2.6 Mercury Recovery Facility (L. F. Landon)

5.2.6.1 General

The reference flowsheet shows that about 1.2 1b/hr of
mercury will condense and accumulate in the off-gas condensate
tank. This mercury will most likely be as a sludge and will
require decontamination before being placed in storage. Because
of the low capacity of this facility and the need for several
valving operations, a shielded facility served by master-
slave manipulators is recommended.
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5.2.6.2 Mercury Receipt Tank

Function: To accumulate condensed mercury from the off-gas
condensate tank.

Capacity: One days accumulation of mercury

Details: A suitable device to continuously inventory the
contents. ‘

5.2.6.3 Pump/Mercury Filter #1

Function: To remove the majority of particulates that have
occluded to the mercury.

Details: The filter is to be located on the discharge side
of the mercury pump. The filter media should have a nominal
particle removal rating of 40 microns. The filter should

be backwashable so that when pressure drop dictates, the
solids may be flushed to rhe backwash hold tank. Pumping
capacity - 25-50 mL/min. flooded suction, positive displace-
ment diaphragm pump. '

Instrumentation and Control: The pressure drop across the
filter should be continuously monitored.

5.2.6.4 Acid Wash Feed Tank

Function: To accumulate filtered mercury.

Instrumentation: A suitable device is required to inventory
the contents of the tank.

5.2.6.5 Pump/Acid Wash

Function: To meter mercury 'to the top of the acid wash
column.

Operating Conditiomns: .Flooded suction, positive displacement
diaphragm pump. '

Pumping Capacity: 10 mL/min.

Instrumentation and.Control:  Suitable devices required to
vary and monitor the flow rate.
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5.9.6.6 Acid Wash Column

Function: To dissolve contaminants occluded to the mercury
not removed by the primary filter.

Operating Conditions: Temperature - ambient
Solvent - 10% HNO3
Contact time -~ 3 seconds

Details: The mercury must be discharged into the top of the
acid column in droplets. The column length is to be selected
to allow a 3-second contact with the acid as the droplets

fall through the mercury column. Inward projections on 90°
spacing are required every 1 in. of column height. Each ring
of projections should be rotated such that the mercury droplets
cannot fall uninterrupted the entire length of the column.
Washed mercury overflows a barometric leg into an air sparge

" tank.

Material of Construction: The column is to be constructed of
glass in order that the operator may observe the mercury
droplets.

Solvent Replacement: The acid must be replaced when the acid
concentration falls below 1M. The ability to sample the contents
of the column periodically is required. Provisions to drain the
acid from the column into the backwash hold tank is required.

5.2.6.7 Backwash Hold Tank

Function: To accumulate depleted acid from the wash column,
filter backflush and acid flushes of the mercury still. Caustic
service to this tank is required to neutralize the waste prior
to transfer back to the off-gas condensate tank. Cooling coils
are required to remove heat of neutralization. A sampler is
required.

Details: A transfer device is required to periodically recycle
neutralized wastes back to the off-gas condensate tank.

Instrumentation and Control: Suitable devices are required to
monitor temperature and liquid level.

5.2.6.8 Oxidation Tank

Function: To oxidize residual contaminants, such as iron and
aluminum, to facilitate their removal from the mercury by
filtration.
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Operating Conditions: Temperature — ambient
Sparge gas — air
Coentact period — 8 hours

Details: Air sparge should be through a fritted plate to
achieve good mercury/air contact.

Instrumentation and Control: Suitable devices are required
to monitor air flow to the tank and the liquid level in the
tank.

5.2.6.9 Pump Mercury Filter {2

Function: To pump the mercury through mercury filter #2

Operating Conditions: Flooded suction, positive displacement
diaphragm pump.

Details: Pumping capacity will be of the order of 25-50 mL/min.

Instrumentation and Control: The pumping rate and discharge
pressure should be monitored.

5.2.6.10 Mercury Filter #2 -

Function: To filter out the contaminant oxides formed during
air oxidation.

Operating Conditions: Temperature — ambient.
Details: Particle removal rating - nominal — 40 microns.

The filter should be backwashable to facilitate flushing
the solids into the backwash tank.

Instrumentation and Control: The pressure drop across the
filter should be continucusly monitored.

5.2.6.11 Mercury Still Feed’Tgnk

Function: To supply filtered feed at a controlled rate to
the still

Instrumentation: Liquid Level
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5.2.6.12 Mercury Vacuum Still/Condenser

e TFunction: To provide a final decontamination step.

e Operating Conditions: System pressure — about 5 x 10-2 torr
Pot temperature — about 195°C
Rate — 10 1lb/hr

e Details: The condensed mercury is to be received in the
mercury still product tank.

e Instrumentation and Control: Suitable devices are required

to monitor the pot temperature, vacuum, condensate temperature,
power to heaters, and cooling water flow to the condenser.

5,2.6.13 Mercury Still Product Tank

e TFunction: To accumulate condensate from the vacuum still.

e Instrumentation: Suitable device required to monitor
temperature and liquid level.

5.2.7 Rég§éle Concentration (L. F. Landon)

5.2.7.1 General

The function of this module is to dewater miscellaneous
internally generated waste streams for recycle to the gravity
settling/filtration module. The design of the continuous
evaporators presently used for 221 Canyon service should serve
as the design basis for the recycle evaporator. Present design
features and specifications of the evaporators presently in
service are shown on the following drawings:

D 111221 D 118284 D 137553 §5-2-2095
D 111222 D 118285 D 137599 §5-2-5894
D 118282 D 118286 D 137815
D 118283 D 118287 D 164001

5.2.7.2 Recycle Evaporator Feed Tank

A vessel is to be provided to combine miscellaneous waste
streams and provide feed to the evaporator at a controlled rate.
The tank is to be equipped with an agitator, sampler, and
instrumentation to monitor liquid level, specific gravity, and
temperature. A rate pump is required to control the feed rate
to the evaporator.
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5.2.7.3 Recycle Evaporator

5.2.7.3.1 General

for the recycle evaporator.

Figure 5.5 is a drawing of the continuous waste evaporator
currently in canyon service and should serve as a design basis
The de-~entrainment bubble cap trays
must be replaced with wire-mesh separators to attain the desired

overall decontamination factor (106).

5.2.7.3.2 Specifications

Capacity: 12,578 1b/hr (feed)
Feed: Specific gravity —- 1.03
Solids content — 6.3 wt % (soluble)
— 0.079 wt % (insoluble)

Decontamination Factor: 106
Boiloff Rate: 10,297 lb/hr
Concentrate: Specific gravity — 1.17

Temperature — 104°C

Solids content — 34.8 wt % (solgble)

— 0.44 wt % (insoluble)

Steam Pressure: 25 psig maximum

Steam Consumption: 1.15 1b steam/lb overheads

Pot Pressure: About 1-4 in. H20

.2.7.3.3 Services

See Figure 5.6.

5.2.7.3.4 Control System

parameter.,

‘The desired specific gravity is ‘the primary operating
Control philosophy will be as used in the present
continuous canyon waste évapofator(,gSteam flow is set to
achieve the.desired boilup rate. -Feed flow is continuous to
achieve the desired specific gravity and is controlled and

- monitored by a Hackman hat controller.
the reboiler, concentrate"overflows the weir to the bottoms

tank, thus maintaining constant specific gravity and liquid level.
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5.2.7.4 Recycle Evaporator Bottoms Tank

A tank is to be provided to receive the evaporator concen-
trate. The tank is to be equipped with an agitator, sampler,
cooling coils, and suitable instrumentation to monitor liquid
level, specific gravity, and temperature. A transfer device
is to be provided to transfer contents to the gravity settler
feed tank.

5.2.7.5 Recycle Evaporator Condensate Tank

A tank must be provided to collect the overheads from the
evaporator condenser. The tank must be equipped with cooling
coils, agitator, sampler, and suitable instrumentation to monitor
temperature, specific gravity, and liquid level. A transfer pump
is required to transfer condensate to the general-purpose
evaporator feed tank for additional decontamination.

5.2.8 Settling and Filtration (E. J. Weber)

5.2.8.1 General

The function of the equipment in this module is to reduce
the suspended matter in feed to the ion exchange beds to 1 ppm
or less. This section provides the basic data for designing the
equipment necessary to carry out the process (described in detail
in Section 4.5).

5.2.8.2 Salt Solution Receipt Tank

A tank is required to accumulate the supernate feed from the
tank farm. The tank is to be equipped with a sampler, agitator,
and suitable devices to monitor temperature, liquid level, and
specific gravity. A transfer device is required to transfer
contents to the gravity settler feed tank.

5.2.8.3 Gravity Settler Feed Tank

A tank is required to accumulate and blend recycle evaporator
bottoms, waste tank supernate, and:-sand filter backwash. The tank
contents may have to be heated as high as 95°C prior to transfer to
the gravity settlers. The tamk is to be equipped with a sampler,
agitator, and suitable devices to monitor temperature, liquid level,
and specific gravity. A system of pumps is required to transfer
heated slurry to any gravity settler.
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5.2.8.4 Gravity Settlers (GS)

The number of gravity settlers réquired is primarily
dependent on the design maximum solids settling rate of 20 inches

per hour (1.66 ft/hr). In addition, the total
include the addition and mixing of starch, the
slurry feed, rate of transfer of supernate and
needed to resuspend the sludge. Miscellaneous
supernate requiring rework, sampling, awaiting
etc., should also be considered. Heating will

time cycle must
rate of receipt of
sludge, and time
items, such as
sample results,

be done in an

upstream tank. Cooling with a water jacket should be adequate to
reduce temperature of supermnate to 25-30°C over the settling period.

Additional specifications include:

GS bottoms recycle - 7%.
Cold feed service for receipt of starch solution.
Standard canyon - flat bottom tank.

Internal surfaces (other than the tank itself) must not slope
more than 30° with the vertical to prevent accumulation of
solids.

Variable speed agitation and baffles similar to those of the
TNX W-2 tank design, but slope of the top blades is no more
than 30° (to prevent accumulation of solids)

For top supernate removal, a pump is preferred. C(Clear super-
nate above the pump orifice should provide at least 8 hours of
filter feed (V120 inches). -Distance below the pump orifice
should accommodate several sludge batches (30 inches).

1 molar caustic rinse of decant pump and its suction pipe.
This assumes a "U'"-tube decant pipe and will reduce the solids
carryover in the supernate.

Samplers spaced at 5-inch and 10-inch levels below the decant
pump orifice. Sampler effluent is recycled to gravity settler

feed tank.

A transfer device for sludge-removal with suction orifice
about 2 to 4 inches above tank bottom..

Routine specific gravity and liquid level measurements.
However, before- the settling phase is initiated, any air used
is turned off to..the dip legs of .these instruments to prevent
air bubbles from disturbing isettling. Temperatures are to be
measured and recorded at.these locations:

- In sludge layef
- In supernate near decant pump orifice

-~ Approximately 2 ft beneath liquid level
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Further design consideration includes knowledge of the
sludge height in the settler. In the plant, samples will be
taken from each slurry batch to monitor the sludge height and
assure clean separation of supernate product from the sludge.
The sludge concentration is analyzed by centrifuging the slurry
feed in a lab unit at 10,000 g's for 3 minutes. Corresponding
height of the sludge layer after 3 to 8 hours settling is shown
in Figure 4.46. For example, if analysis shows 6000 ppm sludge,
a settled sludge height of some 3.9 inches would be expected for
100 inches of slurry feed. Consequently, the decant pump orifice
should be located about 10 inches above the tank bottom to
provide 6 inches of clear supernate above a single sludge batch.
For three batches, the decant orifice would be raised te about
18 inches. Samples obtained from 5 to 10 inches beneath the
decant orifice will confirm supernate clarity before product
decanting is started.

5.2.8.5 Gravity Settler Supernate Tank

This tank receives the decanted supernate from the gravity
settler units. It should be equipped with a sampler, agitator, and
detection devices to monitor liquid level, temperature, and specific
gravity. A transfer device is required to recycle off-spec super-
nate back to the gravity settler feed tank. A second transfer
device is required to transfer acceptable supernate to the sand
filter feed tank.

5.2.8.6 Gravity Settler Bottoms Tank

This tank receives the sludge layer that is jetted from each
GS unit. It should be equipped with a sampler, agitator, and
detection devices to monitor liquid level, temperature, and specific
gravity. A transfer device is required to transfer tank contents
to the aluminum dissolver.

5.2.8.7 Sand Filter Feed Tank

This tank receives gravity settler filtrate that meets speci-~
fications (<50 ppm suspended matter) from the gravity settler
supernate tank and zeolite column raffinate. The tank should
be equipped with an agitator, sampler, and detection devices to
monitor liquid level, temperature, and specific gravity. A rate
pump is required to feed the No. 1 sand filter at a flow of
1.15 gpm/ft2 of filter area. The tank must be equipped with
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cooling coils and chilled water to control the feed temperature
at <25°C. Anionic polyelectrolyte solution (see Section 5.2.8.16)
is delivered from Cold Feed and blended with the supernate just
before entering the sand filter at a rate of 0.05 gpm/ftz.

5.2.8.8 Sand Filter No. 1

The function of this unit is to reduce the suspended matter in
supernate to about 5 ppm. Specifications are as follows:

® Downflow feed rate - 1.2 gpm/ft2
® Top layer - 8 in. anthracite coal, 20-30 mesh
Bottom layer =--24 in. sand, 25~40 mesh
e Freeboard above filter - >60%
® Backflush rate - 15 gpm/ft2 (liquid), 4 scfm/ft2 (air)

(Expected backwash frequency - 24 to 48 hours)

Provision for occasional nitric acid (3-4M) flushing of the
sand filter is required to dissolve mudballs or other formationms
which will plug the units. It may also be necessary to dissolve
excessive radioactive deposits in the filter which could reduce
adsorption efficiency by destruction of polyelectrolyte. If it
is determined acid flushing is required after normal backflushings,
the supernate is drained, and the filter backflushed with 1M NaOH
to remove most of the Al and minimize its possible precipitation
in the bed. After draining the NaOH solution, process water is
used to backwash residual caustic from the column. Adequate filter
venting is necessary during careful acid addition and reaction.
When mudballs or other deposits have been dissolved, the column
is drained, given a water rinse, followed by a 1M NaOH rinse before
resuming routine operations. Acidic backwashes are transferred to
the filter backwash tank and made alkaline prior to recycle to GS.

Startup following the nitric acid flush may indicate replace-
ment of filter media is required if AP or residual radioactivity
remains too high, or adsorption efficiency (filtrate quality) is
too low. Provision is therefore required for transfer of
anthracite/sand to a suitable storage.vessel. From storage, the
contents are proportionally blended into the aluminum dissolving
facilities. All transfers require fluidizing the media with 1M
NaOH solution before jetting. Proper grades of anthracite/sand
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are needed as replacement to the appropriate filter unit. The
new media is also slurried and transferred in 1M NaOH solution,
since low pH in the sand filter may precipitate alumina, thus
creating excessive AP.

Instrumentation requirements associated with the No. 1 sand
filter are as follows:

e AP.

e Temperature of feed and effluent streams.

e Gamma monitoring just above the anthracite/sand interface
external to the filter (to prevent the accumulation of radio-

activity that might degrade the polyelectrolyte).

5.2.8.9 First Filtrate Tank

This tank receives the filtrate from sand filter No. 1 and
feeds sand filter No. 2. It must be equipped with a sampler,
agitator, and detection devices to monitor liquid level, tempera-
ture, and specific gravity. Cooling coils and chilled water are
required to maintain sand filter feed <25°C. A rate pump feeds
the No. 2 sand filter at 1.15 gpm/ftz. Provisions are required
to introduce anionic polyelectrolyte solution into the feed to
the No. 2 sand filter just before the inlet to the filter.
Polyelectrolyte feed rate is 0.05 gpm/ftz.

5.2.8.10 Sand Filter No. 2

The function of. this unit is to reduce the suspended matter
in supernate to 1 ppm or less. Specifications are as follows:

¢ Downflow feed rate - 1.2 gpm/ft2
e Top layer - 3 in. anthracite coal, 30-50 mesh
Bottom layer - 18 in. sand, 40-60 mesh
e TFreeboard above filter - >140%
@ Backflush rate = 15 gpm/ft2 (liquid), 4 scfm/ft? (air)

Additional specifications are as in Section 5.2.8.8.
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5.2.8.11 Second Filtrate Tank

This tank receives the filtrate from-the No. 2 sand filter.
It must be equipped with a sampler, agitator, and detection devices
to monitor liquid lewvel, temperature, and specific gravity. A
transfer device is required to transfer off-spec filtrate to
the sand filter feed tank. A second transfer device is required
to transfer acceptable filtrate to the filtrate hold tank.

5.2.8.12 Filtrate Hold Tank

This tank accumulates acceptable filtrate for subsequent
treatment in the ion exchange module. It also serves as the
_source of solution for backwashing the No. 1 and No. 2 sand filters.
The vessel must accommodate an agitator, sampler, and suitable
devices to monitor liquid level, temperature, and specific gravity.
Two transfer devices are required: .

e To backwash the sand filters.

e To transfer acceptable filtrate to the ion exchange
feed tank.

5.2.8.13 Filter Backwash Tank

This tank receives backwash slurry from the Sand Filter
No. 1 and the Sand Filter No. 2. Contents are periodically
transferred to the gravity settler feed tank for subsequent
treatment in Gravity Settlers, The tank must contain an agitator,
sampler, and suitable devices to monitor liquid level, tempera-
ture, and specific gravity. This tank may also receive an
occasional nitric acid flush from either sand filter. Consequently,
the backwash tank will require caustic cold feed service for neu-
tralization purposes and cooling capability.

5.2.8.14 Waste Sand Tank

This tank receives depleted filter media for subsequent
transfer to the aluminum dissolver. The vessel must accommodate
an agitator, sampler, and suitable devices to monitor liquid
level, temperature and specific gravity. A transfer device is
required for slurry transfers to the aluminum dissolver.
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5.2.8.15 Preparation of Polyelectrolvte for Addition to
the Gravity Settlers

The Flojel-60® (National Starch Corp.) coagulant aid is made
up in the Cold Feed Prep Area as an 8% dispersion in 1M NaOH. To
a gently stirred 1M NaOH solution, sufficient solid Flojel—60® is
slowly sieved in to make the 87 dispersion. After all large lumps
are broken and a smooth paste is formed, heat is applied. On
heating to 65-70°C for 10-15 minutes, the starch polymer swells
(but does not dissolve), and the mixture clarifies sufficiently
that objects can be clearly seen through 6 to 8 inches of dis-
persion. After this clarity is reached and maintained 2 to 4
minutes, the mixture is cooled to room temperature. It should be
used within the next two days. When properly prepared, the cooled
starch has a pale green to tan translucence. Overheating or heating
with large lumps causes the starch to "burn" to opaque brown or
black. A sufficient quantity of 8% starch dispersion is added to
each GS feed batch to produce 8 to 16 1lbs of starch solids per ton
of sludge as analyzed by lab centrifuge. A sludge density of 1.3
‘g/cc is assumed. For 8,000 gallons of feed containing 6,000 ppm
of sludge, 3 to 6 gallons of starch dispersion is added.

5.2.8.16 Preparation of Polyelectrolyte for Addition to Sand
Filters

Anionic polyelectrolyte stock solution is made up in the
Cold Feed Prep Area to a 0.17% strength solution in distilled
water. A sufficient weight of the white solid Versa TL® 700, or
equivalent, is sieved into cold water with gentle stirring to
produce the clear, viscous stock solution. Sufficient stock is
subsequently added to 1M NaOH solution in a Cold Feed Tank so that
a flow equivalent to 0.05 gpm/ft2 produces total sand bed feed
containing 0.05 ppm of solid polyelectrolyte.

The 0.1% stock solution should be used within 4 days of
makeup. Stock solution should not be added to the Cold Feed
Tank until ready for operation. Cold Feed Tank solution should
run out after 24-36 hours of operation.
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5.2.9 Clarified Supernate Decontamination (P. K. Baumgarten and
D. A. Whitehurst)

5.2.9.1 General

All tanks should be constructed of stainless steel and
include agitators and heating and cooling coils. These tanks
should provide for temperature, liquid level, and specific
gravity measurement. Sampling lines from the tanks are required.
All vent lines containing NH3 must maintain a wall temperature
>70°C.

5.2.9.2 Cesium Ion Exchange

5.2.9.2.1 Cs Ion Exchange Columns

Provide two stainless steel ion exchange columns to hold

1525 gallons of "Duolite'" ARC-359 resin each. Each column should
have a freeboard space above the resin which will allow at least

a 75% expansion of the resin bed. Equip each column with liquid
distributors both at the top and bottom of the resin bed. Provide
unobstructed transfer lines for adding resin to or removing it
from the columns. A Ge(lLi) gamma-ray detector is mounted between
the columns to monitor the Cs concentration. A similar detector
after the second column is used to serve as an operating alarm.

Each I/E column is to have a nozzle for liquid level gaging,
resin sampling, solids level gaging, and temperature sensing.
A means of gaging the solids level in the column during backwashing
or a means of monitoring the solids content of the backwash effluent
is required. A variable speed pump is used to pump filtered super-
nate and first water rinse downflow at a rate of 42 gpm. The
upflow steps, elution, second rinse, and regenerant are to use a
variable speed pump which has a nominal rate of 30 gpm. A pump
for backwashing the resin is to allow for variable linear velocity
between 4-10 gpm/ft A system to flush depleted resin to the
cesium resin catch tank is requlred :

5.2.9.2.2 Ion Exchange Feed Tank

This tank is to receive clarified supernate from the filtrate
hold tank. The tank should be equipped with cooling coils. A
suitable transfer device is: required to transfer feed to the
cesium feed bounce tank. :
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5.2.9.2.3 Cesium Feed Bounce Tank

This tank, with three suitable transfer devices, is used
to (1) transfer downflow through the columns consecutively 20
column volumes of feed and 5 column volumes of water, and
(2) receive and transfer consecutively 10 column volumes of
eluate, 3 column volumes of water, and 5 column volumes of
regenerant. The eluate and water rinse is pumped to the cesium
eluate tank. The regenerant is transferred to the cesium
regenerant catch tank. This tank is vented to the cesium vent
scrubber. '

5.2.9.2.4 Cesium Elute Bounce Tank

This tank, with two suitable transfer devices, is used to
(1) consecutively receive 20 column volumes of feed and 3 column
volumes of water, and (2) to transfer (upflow) consecutively 10
column volumes of elutriant, 3 column volumes .of water, and 5
column volumes of regenerant through the ion exchange columns.
The received effluent from downflow operations is transferred on
to the strontium ion exchange feed bounce tank. This tank is
vented to the cesium vent scrubber.

5.2.9.2.5 Cesium Eluate Tank

Provide a tank to combine the column eluate and columm
upflow water rinse. A suitable transfer device is required to
transfer the tank contents to the cesium concentrator feed tank.
This tank should be vented to the cesium vent scrubber.

5.2.9.2.6 Cesium Regenerant Catch Tank

Provide a tank to receive the regenerant effluent. A
suitable transfer device is required to transfer the solution
to the recycle evaporator feed tank. The tank should be vented
to the cesium vent scrubber. This tank should be equipped with
steam coils and an agitator.
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5.2.9.2.7 Spent Resin Tank

Provide a catch tank to receive depleted resin from the
strontium ion exchange column and the cesium ion exchange columns.
The tank must be provided with an agitator, sampler, and suitable
devices to monitor temperature, liquid level, and specific
gravity. The tank requires a transfer device to transfer resin
slurry to the resin packaging facility. Provisions to decant
to the recycle collection tank must be provided.

5.2.9.2.8 Resin Packaging Facility

Resin packaging facility is to include a dewatering tank,
a dryer, and means to package resin in 10-50 1b containers.
Moisture in the packaged resin should be less than 10%. Temp-
eratures above 100°C are to be avoided. Drying air should be
filtered after use.

5.2.9.2.9 Cold Feed Facilities

Provide tank for preparing a water slurry of "Duolite"
ARC-359 resin, with a final volume of 1525 gal. Provide equip-
ment for transferring this slurry to the appropriate I/E column.
Allow for makeup of smaller batches to periodically replenish
resin lost during backwashing.

Provide facilities to prepare (1) water for column rinses
and (2) caustic regenerant (2M NaOH) for regenerating the I/E
columns. Suitable transfer devices are required to transfer
these cold feeds to the appropriate bounce tanks.

5.2.9.3 Strontium Ion Exchange

5.2.9.3.1 1Ion Exchange Column

Following the two cesium columns, a stainless steel ion
exchange column with a 760-gallon resin batch and sufficient
freeboard to allow at least 75% expansion of the resin is to
be used to remove strontium. ' Provide resin transfer lines for
moving the resin in-and out of the columns. Provisions should
be made t6 detect ‘resin level during backwash and prevent loss
of the resin via operator error. Instrumentation to measure
bed temperature, bed and distributor pressure drop, and resin
level are required.
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Provide for removal of samples of the resin. Normal down-
flow and upflow rates shall be 1.7 and 0.5 gpm/ft2, respectively. }
Flow rate measurements in both directions are required. Design ‘i}
backup systems to provide both recycle water and 2M NaOH through
the columns in the event of the failure of the primary transfer
systems., Plan for valveless operation. Placement and design of
the columns should keep the external radiation from exceeding
5 x 1073 watts-hr/g, to keep radiation-induced resin degradation
minimal.

5.2.9.3.2 Sfrontium Feed Bounce Tank

Provide a bounce tank with two pumps to (1) receive
supernate and rinse from the cesium elute bounce tank
and transfer to the Sr column and (2) receive Sr column eluate
and water rinse and transfer to the strontium concentrator feed
tank. Provide appropriate transfer devices. This tank is vented .
to the process vessel vent system.

5.2.9.3.3 Product Salt Hold Tanks

Provide 3 tanks to receive clarified supernate and water
rinses from the strontium elute bounce tank. The tanks are
vented to the regulated facility vessel vent system.

5.2.9.3.4 Strontium Elute Bounce Tank

Provide a bounce tank with suitable transfer devices to
(1) transfer decontaminated supernate from the Sr ion exchange
column to the product salt hold tanks and (2) transfer
elutriant/regenerant solution (alkaline EDTA) and water rinses
to the Sr ion exchange column. This tank is vented to the
process vessel vent system.

5.2.9.3.5 Strontium Eluate Tank

Provide a tank to accumulate eluate and water rinses for
feeding the strontium concentrator. . Provide the appropriate
capacity transfer device for feeding the strontium concentrator.
This tank is vented to the process vessel vent system.
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5.2.9.3.6 Strontium Concentrator

General
Provide an evaporator to reduce the water content in order

to minimize the water load during spray drying. For material
balance purposes, the feed is concentrated to 1.0M alkaline EDTA.

Specifications

e Capacity: 1950 1b/hr (feed)
e TFeed: Specific gravity — 0.991
Solids content — 0.25 wt % (soluble)
— 0.00 wt % (insoluble)

e Decontamination Factor: 106
e Boiloff Rate: 1925 lb/hr
e Concentrate: Specific gravity — 1.110

Temperature — about 102°C

Solids content — 20.2 wt % (soluble)

— 0.00 wt % (insoluble)

‘# Steam Pressure: 25 psig

e Steam Consumption: 1.15 1b steam/lb overheads

e Pot Pressure: 1-4 in. H90

5.2.9.3.7 Strontium Concentrator Bottoms Tank

Provide a tank to receive bottoms from the strontium concen-
trator. Tank should be equipped with cooling coils. Provide a
suitable transfer device to transfer concentrate to the slurry
mix tank in the spray dryer/melter module. This tank is vented
to the process -vessel vent system. ,

5.2.9.3.8 Strontium,Concentrato; Condensate Tank

Provide a tank to receive .overheads from the strontium
concentrator. Tank should be equipped with cooling coils.
Provide a suitable transfer device -to transfer condensate to
the recycle evaporator feed itank. This tank is vented to the
process vessel vent system.
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5.2.10 Cesium Elutriant Recovery/Eluate Concentration
(B. R. Murphree)

5.2.10.1 General

The function of this module is to (1) strip the cesium
eluate of NH; and CO,, (2) recover the NH; and COp for
elutriant makeup, and (3) concentrate the cesium eluate to
about 2.0M (Na2C03 + Cs5C04).

NOTE: All tanks which contain ammonia are vented through the
Cs vent scrubber. All vent lines containing NH3 must
maintain a wall temperature >70°C.

5.2.10.2 Cesium Concentrator Feed Tank

A tank is required to deliver cesium eluate at a controlled
rate to the steam stripper. The tank is to be equipped with an
agitator, cooling coils, sampler, and suitable devices to monitor
temperature, liquid level, and specific gravity.

5.2.10.3 Steam Stripper

Provide countercurrent packed stripping section to remove
99.997% of the CO2 and NH3 from the cesium eluate. Steam to the
stripper comes from the thermosiphon evaporator. The pressure
drop across the stripper must be monitored. Vapor from the
stripper must pass through a de-entrainment section en route to
a downdraft condenser. The de-entrainer must reduce non-volatile
radioactivity by a factor of 106. The pressure drop across the
de-entrainer should be monitored. Suitable temperature sensors
must be incorporated in the packed bed at several levels.

5.2.10.4 Cesium Concentrator

A thermosiphon evaporator is required to concentrate cesium
eluate to about 2.0M (NapCO3 + Cs2C03). The evaporator is steam
heated. Suitable devices should monitor evaporator pot pressure,
temperature, specific gravity, and liquid level. Provide heating
steam pressure control based on produced specific gravity. Design
on basis of supplying elutriant makeup water in overheads to steam
stripper.

5.2.10.5 Downdraft Condenser

A downdraft condenser for the vapor stream from the steam
stripper de-entrainer is required. Temperature at the inlet and
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outlet cooling water stream and the condensate stream must be
.measured. The pressure drop across the condenser must be moni-
tored. An online gamma monitor to survey for cesium carryover
from the steam stripper is required. Provide condensate flow
rate measurement. The condenser should vent to the cesium vent
scrubber.

5.2.10.6 Stripper Condensate Tank

Provide a tank to receive condensate from the downdraft
condenser. The tank is to be equipped with an agitator, sampler,
cooling coils (to maintain contents <20°C) and suitable systems
to monitor liquid level, temperature, specific gravity, electrical
conductivity, and pH. An online gamma monitor is required to
monitor for cesium carryover into the condensate. The tank
should vent to the cesium vent scrubber.

5.2.10.7 Cesium Elutriant Makeup Tank

Provide a tank to receive condensate from the downdraft
condenser. The tank should be sized to hold at least one cycle
volume of elutriant. The tank is to be equipped with an agitator,
sampler, cooling coils (to maintain contents <20°C), and suitable
systems to monitor liquid level, temperature, specific gravity,
electrical conductivity, and pH. Provide aqueous ammonia from
cold feed. Provide system for sparging tank contents with COjp
with maximum absorption and minimum disengagement. Tank should
be vented to the cesium vent scrubber. Provide pump to transfer
adjusted elutriant to the elutriant feed tank.

5.2.10.8 Cesium Elutriant Feed Tank

Provide a tank with a suitable transfer device to transfer
adjusted elutriant to the cesium eluate pump tank. The tank should

should be vented to the cesium vent scrubber.

5.2.10.9 Cesium Vent Scrubber

Provide a packed bed scrubber to remove >99.9% of the NH3 by
the vent scrubber feed. Provide chilled water downflow in the
packed bed. Vent scrubber to the regulated facility vessel vent
system. Measure bed temperature: Route liquid effluent to the
cesium concentrator feed tank.
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5.2.10.10 Purge Condenser

A condenser is required to condense a steam sidestream from
the cesium concentrator. Provide temperature measurement for
cooling water inlet and outlet and condensate outlet. The pressure
drop across the condenser must be monitored. Provide condensate
flow rate measurement. Provide online gamma monitor on the
condensate stream.

5.2.10.11 Purge Condensate Tank

Provide a tank to receive condensate from the cesium concen-
trator purge condenser. The tank should contain an agitator,
sampler, cooling coils, and suitable instrumentation to monitor
temperature, liquid level, and specific gravity. A suitable
transfer device is required to transfer the condensate to the
recycle evaporator feed tank.

5.2.11 Cesium Fixation on Zeolite

5.2.11.1 General

The function of this module is to (1) load cesium in the
cesium concentrator bottoms onto zeolite, (2) transfer cesium-
loaded zeolite to be mixed with washed cludge, and (3) recycle
the cesium-depleted cesium concentrator bottoms to sand fil-
tration. All tanks are to be equipped with samplers and
instrumentation to monitor temperature, liquid level, and specific
gravity.

5.2.11.2 Cesium Concentrator Bottoms Tank

Provide a tank equipped with both heating and cooling coils
to receive the concentrate from the thermosiphon evaporator.
The tank is to be equipped with an agitator, sampler, and suitable
devices to monitor temperature, liquid level, and specific gravity.
A transfer jet should transfer concentrate to the zeolite feed
bounce tank.

5.2.11.3 Zeolite Column

Provide a 4.8 ft diameter by 20 ft high stainless steel iom
exchange column. It will hold an 11 ft deep bed of Linde Ionsiv®
(Union Carbide Co.) IE-95. Column should be designed to withstand
50 psig. Provide pressure drop measurement across the bed and
temperature measurement at several points vertically in the bed.
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Provide inlet port at top of column for fresh zeolite slurry.
Provide outlet port at bottom of column for removing loaded
zeolite. Both ports will be blanked off when not in use. Provide
steam jet to transfer zeolite slurry from column to cesium zeolite
tank.

5.2.11.4 Zeolite Feed Bounce Tank

Provide a stainless steel bounce tank similar to those used
in cesium and strontium ion exchange. Provide a pump to downflow
feed the zeolite column. The pump must freewheel for reverse
flow. Provide coils for cooling and heating. Provide temperature
and level measurement.

5.2.11.5 Zeolite Raffinate Bounce Tank

Provide a stainless steel bounce tank similar to the zeolite
feed bounce tank. Provide a pump to upflow water through the-
column. Pump must freewheel in reverse flow. Provide coils for
heating and cooling. :

5.2.11.6 Zeolite Raffinate Hold Tank

Provide a tank to receive the zeolite column effluent and
column rise. Provide a suitable transfer device to transfer
the contents to the sand filter feed tank in the filtration
module.

5.2.11.7 Zeolite Slurry Tank

Provide a stainless steel tank to receive and dewater
cesium~loaded zeolite slurry. Profile wire screen is desirable
on the dewatering inlet. Provide gamma, temperature, and level
measurement. Provide agitator and coils for cooling.

5.2.12 General-Purpose Evaporation (L. F. Landon)

5.2.12.1 General

The function of this module is to decontaminate miscellaneous
internally ‘generated waste streams for release to the environment.
The design of the evaporator will be identical to the recycle
evaporator.
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5.2.12.2 General-Purpose Evaporator Feed Tank

See Section 5.2.7.2.

5.2.12.3 General-Purpose Evaporator

5.2.12.3.1 General

See Section 5.2.7.3.1.

5.2.12.3.2 Specifications

e (Capacity: 10,692 1b/hr (feed)

® TFeed: Specific gravity — 0.984
Solids content — <0.1 wt %

e Decontamination Factor: 106

e Boiloff Rate: 9,263 1b/hr

e Concentrate: Specific gravity — 0.955
Solids content — <1.0 wt %
Temperature — about 100°C

e Steam Pressure: 25 psig maximum

e Steam Consumption: 1.15 1lb steam/1lb overhead

e Pot Pressure: 1-4 in. H20

5.2.12.3.3 Services

See Figure 5.5.

5.2.12.3.4 Control System

See Section 5.2.7.3.4

5.2.12.4 General-Purpose Evaporator Bottoms Tank

A tank is to be provided to receive the evaporator concen-
trate. The tank is to be equipped with an agitator, sampler,
cooling coils, and suitable instrumentation to monitor liquid
level, specific gravity, and temperature. A transfer device
is required to transfer contents to the recycle evaporator
feed tank.
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5.2.12.5 General-Purpose Evaporator Condensate Tanks

Two tanks are to be provided to receive evaporator overheads.
Each tank is to be equipped with an agitator, sampler, cooling
coils, and suitable instrumentation to monitor liquid level,
specific gravity, and temperature. Two transfer devices are to
be provided per tank. One is for transferring the condensate
to a surface stream. The other is for recycling off-spec con-
densate back to the feed tank.

These tanks are accountability tanks at which the radioactive
and nonradioactive contaminants are accurately inventoried before
discharging the .condensate to the environment. While one tank
is receiving overheads from the evaporator, the contents of the
other tank are sampled for accountability analyses.

5.2.12.6 Regulated Facility Vessel Vent Filter Heater

The vapor effluents from the cesium vent scrubber and the
product hold tanks are coupled with the vent purge from each
vessel in the General Purpose Evaporation Module. The heater
is required to raise the temperature of the vapor at least 10°C
above its dew point to prevent condensation in the HEPA filter.

5.2.12.7 High Efficiency Particulate Air (HEPA) Filter

A single, 24" x 24" HEPA filter is required to filter the
vapor prior to the release to the atmosphere. A DF of 1000 is
assumed for particulates, The pressure drop across the filter
should be continuously monitored.

5.2.12.8 Regulated Facility Vessel Vent Exhauster

An exhauster is required to draw the vessel vent tﬁrough
the HEPA filter and discharge to the atmosphere. '

5.2.13 Product Salt Solution Concentration/Solidification in
Concrete (H.W. Bledsoe)

5.2.13.1 General

The purpose of these facilities is to stabilize the
clarified supernate from-ion exchange by incorporating it in
concrete and burying the saltcrete in excavated trenches at
least 10 feet above the water table and beneath at least 33
feet of soil overburden. The burial site must be constructed
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and engineered to meet both NRC and EPA requirements for
disposal of radioactive and chemical waste materials. Ground
water and leachate monitoring systems must be installed and
maintained.

5.2.13.2 Feed Preparation

5.2.13.2.1 General

This section describes the facilities required to prepare
a 50 wt % salt solution for feed to the saltcrete plant. The
flowsheet (FS-14) and material balance (MB-14) are shown on
Figure 4.14 and Table 4.14 respectively.

Each process vessel is assumed to have a vapor space purge
drawn from the building atmosphere. All vessel vents, as well
as other potentially contaminated ventilation, are combined,
heated to above its dew point and drawn through a high efficiency.
particulate filter before being discharged to the atmosphere.

5.2.13.2.2 Product Salt Solution Storage Tank

A tank is required to accumulate unevaporated decontaminated
salt solution from the S-Canyon ion exchange module at the Saltcrete
Plant Facility. . The tank should accommodate sufficient lag storage
between the DWPF and the Saltcrete Facility to minimize influence
on canyon attainment. The vessel should have a sampler and appro-
priate systems to monitor liquid level, specific gravity, and
temperature. A suitable transfer device is required to feed the
product salt evaporator at a controlled rate.

5.2.13.2.3 Product Salt Evaporator

General
For purposes of this PTDS, it is assumed that the evaporator

will be of the bent-tube type, currently used to dewater waste in
the interim waste storage facilities.
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Specifications

e C(Capacity: 11,707 1lb/hr feed

e Feed: Specific Gravity - 1.17
Total solids content -~ 23 wt 7%

e DF: 10%

e Boiloff rate: 4910 1b/hr

® Concentrate: Specific Gravity - 1.16
Temperature - 115 to 120°C
Total Solids Content - 35.0 wt 7

Services

See Figure 5.6.

Control System

The desired specific gravity is the primary operating
parameter. Control philosophy will be as currently used in the
existing waste farm evaporators.

Feed-Rate Control — A remote air operator in the control
house is used to adjust a throttling valve which regulates the
feed flow to the evaporator.

Liquid-Level Control — The liquid level in the evaporator
is controlled by varying the bottoms withdrawal rate with a steam
1ift. This is an automatic control that controls the flow of
steam to the steam lift.

a. To achieve this decontamination factor, the evaporator pot
should have at least 66 in. of freeboard and the bubble cap
trays (see Figure 5.6) must be replaced with wire mesh
separators (or a wire mesh pad added downstream of the
bubble caps).
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Bottoms Concentration Control — Evaporator pot specific
gravity (or temperature) is used to monitor concentration. A
panel-mounted temperature recorder-controller varies the steam
flow.to the evaporator tube bundle by varying a control valve
on the steam supply.

Foam Level — Foam level is to be monitored by a differential
pressure device. This device is connected to steam-purged dip
tubes in the vapor space.

5.2.13.2.4 Product Salt Evaporator Condenser

A shell and tube condenser is required to reduce the vapor
temperature to <50°C. Cooling water to the condenser should be at
a pressure 15 psig greater than the condensate.

5.2.13.2.5 Product Salt Evaporator Condensate Tank

Sufficient tank capacity is required to receive the over-
heads from the product salt evaporator. Tank should be
equipped with samplers and appropriate instrumentation to monitor
liquid level, specific gravity, and temperature. Four transfer
devices are required to transfer condensate to (1) the recycle
water tank, (2) the saltcrete plant, (3) the product salt con-
centrate tank and (4) the product salt evaporator for descaling.

5.2.13.2.6 Product Salt Concentrate Tank

The bottoms from the product salt evaporator are steam lifted
to a tank sized to accommodate 1 week's concrete production. The
tank should be equipped with appropriate instrumentation of monitor
liquid level, specific gravity, and temperature. The concentrate
temperature will be maintained by a heater (on a circulating loop)
high enough to prevent salt crystallization. The tank should have
an agitator and a sampler. A suitable transfer device is required
to transfer the concentrate to the saltcrete plant. The vapor
space should be vented through a condenser with the condensate
being recycled back into the tank.
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5.2.13.3 Saltcrete Preparation

5.2.13.3.1 General

The concentrated salt solution will be mixed with cement
to produce a mixture containing 56.5 wt % cement, 15.2 wt % salt,
and 28.3 wt 7 water. The mixture will be pumped to the disposal
trenches from the concrete plant. The consistency of the
concrete is critical. Pumped concrete must be well-mixed before
feeding into the pump and occasionally remixing is required in
the hopper by means of stirrers. The set-time of the saltcrete
should be significantly long to preclude the premature set-up
of the mixture during pumping operations. All equipment must
have water flush service. The concrete plant should be centrally
located to the disposal site.

5.2.13.3.2 Plant Capacity

The concrete plant3sh0uld be capable of producing and
pumping a nominal 70 yd~ of concrete per hour. This would
easily satisfy the desired disposal rate oflOOOyd3 of saltcrete/
week. Ready-mix plants of the type required for this type of
operation are available in numerous designs with capacities
ranging from 10 to 300 yd3/hr. Piston pumps with 9-inch pipes
may deliver on the order of 70 yd3 per hour-over horizontal
distances up to 1500 feet. Pumping is economical only if

.it can be used over long uninterrupted periods because at

the beginning of each pump cycle the pipes have to be lubri-
cated with mortar and at the end of the cycle considerable
effort is required to clean the pipes. Consequently, a nominal
transfer frequency of twice per week is planned. A pipe
cleaning "pig" is required to clean transfer pipes.

5.2.13.3.3 Facility Description

The building to contain the evaporator and concrete plant
equipment will be of normal construction. Thick walls for
biological shielding are not necéssary because the radiation
level from 15 year aged clarified supernate from ion exchange
is very low. - Evaporation, mixing “and pumping operations must
be sufficiently remotable -and ‘within controlled ventilation zones
to ensure that operating personnel are not exposed to body exposure
rates in excess of 0.5.mrem/hr or are they required to wear
respiratory protection.during normal operation.
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Required services for this facility include steam, cooling
water, flush water, electrical and normal lighting.

5.2.13.4 Reference Disposal Site

5.2.13.4.1 General Design Criteria

e The initial disposal site size should be scoped based on
the waste inventory on hand at startup of the DWPF.

o The disposal site will require a water table depth below
grade of approximately 60 feet (this may require mounding
with backfill).

e The site must be constructed and engineered to meet both
NRC and EPA requirements for disposal of radiocactive waste
and hazardous (chemical) waste materials.

o Trenches must have a 5-foot impermeable blanket of soil
(10'7 cm/sec) on the bottom and top. A similar blanket is
required on the sides of the site. '

e Disposal site must have a minimum of 33 feet of soil over-
lying the top of the saltcrete monoliths.

5.2.13.4.2 Concrete Monoliths

The trenches are to be designed to accommodate approximately
one weeks production of saltcrete,

5.2.13.4.3 Disposal Facility Design

Pit Excavation and Construction

Assuming that the sediments underlying the reference disposal
site do not meet the Resource Conservation and Recovery Act proposed
10-7 cm/s permeability requirement for use as a natural inplace
liner, a conceptual excavation and construction plan to fulfill
this requirement is outlined below.

® The entire disposal site is excavated. Sides are sloped at
approximately 1-1/2:1.
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e A minimum 5-ft-thick liner of selected material (510'7 cm/s
permeability) is placed across the bottom of the entire
excavation and up the sides.

e (Overlying this impermeable blanket, a minimum 12-inch-thick
permeable leachant drainage and collecting system is con-
structed. This system will consist of a graded sand and
gravel drainage blanket which slopes a minimum of 1% toward
collecting sumps and wells that provide accumulation and
removal of leachate.

e Controlled placement of the selected backfill (_<_lO"7 em/s)
is continued for an additional 25 ft above the drainage
system (actually must backfill >25 ft so not to disturb
leachate collection system when trenches are later excavated).

¢ The remainder of the pit above the impermeable material is
backfilled with non-selective site material.

Trench Excavation

The site will be re-excavated to the top of the impermeable
backfill and individual trenches excavated for placement of the
concrete/salt mixture. The conceptual development of the disposal
trenches include:

e Excavation of a pit 25-ft deep with side slopes of approxi-
mately 1-1/2:1, depending on soil stability.

e Excavation of a series of trenches (length to be determined)
approximately 20 ft wide x 25 ft deep within the bottom of
the pit. :

e Saltcrete poured to a depth of 20 ft in a trench.

e After the saltcrete in a gingle trench has set, it will be
covered with 5 ft of <10~/ cm/s permeability material.

e As trqnches?are complétgdnahdAfilied with saltcrete, portions
of the completed site are backfilled, providing the 33 ft of

design overburden.

Figure 5.7 is a conceptual sectional view of the disposal site.
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5.2.14 Product Packaging/Testing/Decontamination/Interim
Storage (J. P. Howell and W. N. Rankin)

5.2.14.1 General Equipment and Cell Considerations

The cell arrangement of "A", "B'", and "C'" mechanical cells
should be isolated from the rest of the canyon processing cells
to eliminate contamination transfer. A separate ventilation
system, crane, and equipment maintenance facility are required
for the mechanical cells. Access to the cells from "clean' areas
is required for introduction of canisters, welding accessories,
machine tools, sample removal, dry smear transfer, etc. Storage
space should be allocated in "A" cell for glass-filled canisters
based on cell design, process equipment, and glass—pour mode of
operation.

Low amounts of transferable contamination in the mechanical
cells can be maintained by providing contamination barriers
(distance, physical barriers, differential pressure operation)
in the spray dryer melter area. The spray dryer will likely be
the main contributor of transferable contamination into the rela-
tively "clean'" mechanical cells.

The mechanical cells and equipment should be designed, if
possible, for remote operation and contact maintenance. "B" and
"C" cells should be designed for scheduled personnel entry to
decontaminate the equipment and cells.

Cell viewing windows, closed circuit television (CCTV), and
master-slave manipulator through-tubes should be installed at
strategic locations to assist processing and maintenance require-
" ments. Manipulators should be positioned in those locations as
specified by equipment design.

5.2.14.2 Mechanical Cell A

5.2.14.2.1 Canister Closure and Testing

A portable surface pyrometer should be provided for measuring
canister surface temperatures before and after joint preparation
and welding operations. The instrument range should be 0 to 500°C
with remote readout. Viewing windows and manipulators should be
positioned to facilitate these measurements.

Provide space for possible ultrasonic NDT examination of the
glassform structure through the canister wall.
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To verify weld integrity, SRP-EED is developing nondestructive
test equipment. Process parameter control will be the primary
verification technique for use with the solid state resistance
upset weld. However, in the event that criteria is set forth that
cannot be met by process parameter control, SRP-EED is developing
an ultrasonic delta-scan technique for weld verification. Such an
inspection criteria is not the.reference process. However, it may
be required in conjunction with the helium leak test or at some
time prior to any future canister removal from the interim storage
facility.

Equipment and techniques are being developed to helium leak
test the canister prior to decontamination. This leak test will
supplement process parameter control as a means of verifying the
weld integrity and will ensure that a leaktight weld was attained.
Watertight integrity of the weld is required to prevent inleakage
of liquid during decontamination. Leaktight integrity of the weld
is also required to prevent the escape of radiocactivity in Mechanical
Cell A to rework canisters that fail to meet leak specifications.

SRP-EED is developing the criteria, equipment, and instru-
mentation for canister closure preparation, closure method, and
closure weld testing [5,6]. The design basis process for -the

closure is a solid-state resistance weld of a plug in a 4 to
6-inch~diameter opening. The welder is capable of exerting

75,000 pounds of force on a plug while simultaneously delivering
about 200,000 amps for about 1-1/2 seconds. The welding parameters
to be recorded remotely are force, motion, current, and weld time.
CCTV should be supplied for viewing the welding operations [6].

5.2.14.2.2 Preliminary Canister Decontamination and Transfer

General

The initial canister decontamination should produce a DF
of lO2 to 103 of the transferable contamination before transfer
into Mechanical Cell B, Decontamination solutions are circulated
about the canister during each etch and cleaning cvcle. Residence
time for each decontamination cycle is one hour. Decontamination
solution for ‘this initial decontamination come from the final
decontamination operation i Mechanical Cell B where they were
initially used.- e
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Etch Tank

Provide a tank to accommodate a canister about which HNO3-NaF ‘;;
may be circulated. Appropriate cooling and heating systems are
required to maintain the temperature of the etch solution at 50°C.
A transfer device is required to transfer the spent etch solution
to the neutralizer tank. The tank should be vented through a
caustic scrubber.

Cleaning Tank

Provide a tank, similar to the etch tank, to accommodate a
canister about which oxalic acid may be circulated. Appropriate
cooling and heating systems are required to vary the temperature
of the cleaning solution between 35°C and 90°C. A transfer
device is required to transfer the spent cleaning solution to
the digestor tank. :

Spray Tank (2)

Following each decontamination step, the canister is trans-
ferred to its respective spray tank in which the canister is
rinsed. Suitable transfer devices are required to transfer the
rinse water to the spray hold tank.

Spray Hold Tank

Provide a tank to accommodate the canister rinse waste from
each spray tank. The tank is to be equipped with a suitable
liquid level device. A transfer device is required to transfer
rinses to the spent decon solution pump tank.

Digester

A tank, equipped with heating and cooling coils, is re-

, quired in which the spent cleaning solution can be digested to
destroy the oxalic acid. Nitric acid and manganese nitrate
service to this tank are required. A condenser is required to
condense and recycle the condensables evolved during digestion.
A transfer device is required to transfer the digested solution
to the neutralizer tank. The tank should be equipped with
suitable devices for monitoring liquid level, specific gravity
and temperatures. A sampler is required.
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Neutralizer

Provide a tank with cooling coils in which the spent
etching solution and digested cleaning solution may be neutral-
ized. A transfer device is required to transfer the neutralized
solution to the spent decon solution pump tank. The tank must
be equipped with appropriate devices to measure liquid level,
specific gravity and temperature . A sampler and agitator are
required.

Spent Decon Solution Pump Tank

Provide a pump tank by which the spent decon solutions and

rinse water may be transferred to the recycle collection tank
for dewatering in the Recycle Evaporator.

5.2.14.3 Mechanical Cell B
5.2.14.3.1 General

Final canister decontamination is designed to produce an
additional DF of 102 to 103 of the remaining canister trans-
ferable surface contamination.  Process decon solutions used in
this cell are transferred to Mechanical Cell A where they are
used for preliminary decontaminating of another canister. Canisters
should air dry by their own self-heating in a relatively clean
area before dry smearing the surface and transfer into Mechanical
Cell C.

5.2.14.3.2 Etch Tank

Size and function of the tank the same as in Mechanical
Cell A. Tank is vented to a caustic scrubber. A suitable transfer

device is required to transfer the spent etch solution to
Mechanical Cell A. '

5.2.14.3.3 -Cleaning‘Tank
Size 'and function 6f this tank the same as in Mechanical

Cell A. A suitable transfer -device is required to transfer the
spent cleaning solution’to Mechanical Cell A.
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5.2.14.3.4 Spray Tank (2)

Size and function of these tanks the same as in Mechanical
Cell A.

5.2.14.3.5 Spray Hold Tank

Provide a tank to hold the spray water from the spray tanks.
Tank should be equipped with an agitator, sampler and suitable
devices to measure liquid level, specific gravity and temperature.
A transfer device is required to transfer contents to the spent
decon solution pump tank.

5.2.14.3.6 Caustic Scrubber

The etch tanks (Mechanical Cell A & B) should be vented to
a caustic scrubber to prevent hydrogen fluoride from entering
the process vessel vent system. HF and HNO, in air over etch
tank contents assuming saturation at 50°C is as follows

Partial Concentration, ppm
Pressure, mmHg Volume Weight
HF 0.06 80 57
HNO4 0.06 80 180
H,0 80 100,000 69,500
Air Balance Balance Balance

5.2.14.4 Mechanical Cell C

Provide remote equipment to measure canister radiation
levels, surface temperature, and surface transferable contami-
nation. Remote readout is required on the radiation meters and
the surface pyrometers. Provide ability for introducing 'clean"
smear papers into '"C" cell and removing ''dirty" smear paper from
the cell for counting. The radiation monitor should be equipped
with a gamma detector for canister radiation profile survey one
foot from the surface. The surface temperature measuring equipment
should have a range of 0-500°C and be capable of measurements at
the canister quarterpoints along its length.
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5.2.15 Interim Storage

Provide reinforced concrete facilities to store 6500 canisters
that encapsulate the glass waste. The facilities should be designed
to withstand natural catastrophes such as earthquakes, flooding,
and tornadoes. Provide for removal of fission product decay heat
by natural convection air cooling around containers. The maximum
glass temperature is 500°C to avoid devitrification. Filtration
of the cooling air exhausted from the building is not required.

A system is required to divert the building air to a HEPA filter
bank automatically in the event of airborne contamination. Also,
the normal building exhaust should be blocked in this emergency
mode. Provision should be made for remote transfer of canister
from "C" cell to the storage facility. Provide air samplers to
continuously monitor exhaust air for airborne activity.
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TABLE 5.1. DWPF Services and Equipment

SERVICES

PROCESS EQUIPMENT

Aluminum Dissolving (FS-3)

Sludge Receipt Tank X x x x x x

Aluminum Dissolver X X} x X x x x x
Dissolver Cond. Tank x x x x x

Dissolver Condenser x x

Settliny and Filtration (FS-8)

Salt Solution Receipt Tank

x X b x x
Fllter Backwash Tank x x x x
Gravity Settler Feed Tank x x x x x

b,c d
Gravity Settler x x x2 x x{x "’ x
Gravity Settler Supernate Tank x x x x x
Sand Filter Feed Tank x x x x x o

Sand Filter-(SF) No. 1 x x L

First Filtrate Tank x x x x x x
Gravity Settler Bottoms Tank x X x X] x
Sand Filter (SF) No. 2 x X x€
Waste Sand Tank x x x X
a ~ Recirculated to GS feed tank during settling period d - Sludge layer
b - Sludge layer e - In backwash to filter bottom

¢ - Supernate layer




TABLE 5.1. DWPF Services and Equipment (Contd)

SERVICES

- )
PROCESS EQUII’MENT
Second Flitra.te‘ Tank - - - ox x x| x| x
Filtrate Hold Tank X x x x x‘ x
Sludge Washing . (FS-4)-
[ Sludge Feed Tank _ . o e x x x x x| x
w Wash Tank - .- - . ] x B x x x| x
.O\ Wash ‘C'etitri‘fuée . ‘ X x
- Ceni:raté Tani{ L . . . x x Xt x
' Centrate Hold Tank x x x| x]x
Washed Sluﬁge Run Tank- x x x x| x
Recycle Evaporation (FS-7)
. Recycle Evap Feed Tank x x x x x
Recycle Evaporator (RE) x| x x x | x®
RE Bottoms Tank x x x X x| x
RE Condenser x X
RE Condensate Tank x x x x x| x

a - Spraydown of de-entrainer.
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TABLE 5.1. DWPF Services and Equipment (Contd)

SERVICES

9
0
-
YQ
PROCESS EQUIPMENT
Supernate Decontamination (F5-9,10)
Ion Exchange Feed Tank x x x x x x
Cs_Feed Bounce Tank x x x| x
Cs Eluate Tank x | x x | x| x
Cs Regenerant Catch Tank x | x x x x| x| x
Cs Ion Exchange Columns A&B x
Cs Elute Bounce Tank x x x2 x
Sr Feed Bounce Tank x x x x
Sr lon Exchange Columm x
Sr Elute Bounce Tank x
St Fluate Tank x x
Strontium Concentrator x x x x
gg;znt ium Toncentrator Bottoms | x x x x x x
Sr Conc. Condensate Tank x |x x x x| x
Spent Resin Tank x x | x x x
Product Salt Hold Tank x x Dl x| x

a. These tanks vent to the Regulated Faclility Vessel Vent System via the Cesium Vent Scrubber
b. Vents into the Regulated Facility Vessel Vent System

)
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TABLE 5.1. ODWPF Services and Equipment (Contd)

SERVICES

9
L)
o
SN <

PROCESS EQUIPMENT @ - -

Cs Elut. Rec/Cs Cé}lc. (FS-11)

Purge Condensate Tank x x x x®| x x
Cesium Vent Scrubber : x? x

- Strl‘ppér Condenger - i R x*

VCs Elut:lént ﬁakeup Tank ix x x x| x
Stripper Cor‘\dehsa’te Tank | Sl ox x x x| x x
Cs Concentrator : x x 2 x x
Purge Condenser . x
Cs Concentiator Feed Tank - ] ox x |. x x x?

" Cesium Vent Scrubber Tank - | x x x x
Steaﬁx Stripper
Cs Elutriant Feed Tank 1 x |x x x =] x
Cs Conc. Bottoms Tank x x x X x | x

Cesium- Fixation on Zeolite (FS-12)
Zeolite Feed Bounce Tank x x x x| x
Zeolite Column x x
Zeolite Raffinate Bounce Tank x x x x| x x
Zeolite Slurry Tank x x x x| x x
Zeolite Raffinate Hold Tank x x x x| x x

a. These tanks vent to the Regulated Facility Vessel Vent System via the Cesium Vent Scrubber.
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TABLE 5.1. DWPF Services and Equipment (Contd)

SERVICES

g
>
-
YQ
PROCESS EQUIPMENT
Sump System
Sump Collectfon Tank x x x x x x
General Purpose Evaporation (FS-13)
GPE Feed Tank x x x 2} x
GP Evaporator X x x xb
GPE Condenser . ‘x x2! x
GPE Bottoms Tank x x x 2 x{x
GPE Condensate Run Tanks x X x X! x
Recycle Water Tank x x2
Decontaminated Salt Solution
Fvaporation and_ Solldification In
Concrete (FS-14)
P;ggucr Salt Solution Storage x x x x| x
Product Salt Evaporator (PSE) x x x¢ x }D X
PSE Concentrate Tank x x x| x x| x| x x
PSE Condensate Tank x x x x€! x|} x
Saltcrete Plant x© x
Concrete Flush Hold Tank x x x x¢ x x
Heater x 1. x

a. These tanks vent to Regulated Facility Vessel Vent System
b. Spraydown of de-entrainer
c. These facilities vent to a separate vent system (see FS-14)
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TABLE 5.1. DWPF Services and Equipment (Contd)

SERVICES

PROCESS EQUIPMENT

Spray Drying/Vitrification (FS-5)

‘Slurry Mix Tank . x

® o[

Slurry Hoid Tank ] x

L]

Calciner Feed Tank S x

Calciner

»

xB

xa

Cal@lne Filters

xb

Vibtators

- Melter

Dryer Off-Gas Treatment (FS-6)

Qff-Gas Vapor Duct

Of[-Gas Condensate Tank x

Hg Collection Sump

Primacy Deep Bed Filter

Secondary Deep Bed Filter

x€

Filter Pump Tank : X

xd

Recycle Collection Tank x| x

x x x

-~ Atomizing air

- Sintered metal filter blowback air

-~ Scrub transfer to DBF #1 and to cooler
- Scrub transfer to DBF #2

W T

=W

Spraydown of pads
To cool electrodes

To cool calciner chamber induction heater coils

To cool melter shell
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TABLE 5.1. DWPF Services and Equipment (Contd)

SERVICES

PROCESS EQUIPMENT

Ruthenium Adsorber Preheater x

lodine Adsorber Preheater x

Stack Discharge x

Ejector Venturi Cooler

0ff-Gas Cboler

Mercury Recovery (FS-6A)

Mercury Receipt Tank x x

Mercury Filter #1 x x

Oxidation Tank x

Mercury Filter #2 . x x

Mercury Still Feed Tank x | x

Mercury Vacuum Still . x

Mercury Still Condenser x

Mercury Still Product Tank x X

Backwash Hold Tank x x x x x

Acid Wash Feed Tank x x

Acid Wash Column x

Mechanical Cell A (FS-15)

Etch Tank x2 1 x x xb

Cleaning Tank x x X

Transfer Lock

Wl o= iR |
E]

Digester x x x

2 ~ Agitation by solution circulation : !
b - Vents to the Caustic Scrubber
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TABLE 5.1. DWPF Services and Equipment (Contd)

PROCESS EQUIPMENT

Digestor lCondehser x

x
Neutrallzer X X X X x
Spray Tank x x x x
Spra'y. Hold Tank - x x x x
Spent Decon Sol'n Pump Tank x x x| x

Mechanical Cell B (FS-16)

Etch Tank %] x x 2| x
Cleaning Tank < x| x x x| x
Spray Tank x x x| x
Spray Hold Tank x x x x

a - Agitation by solutfon circulation
b - Vents to Caustic Scrubber




TABLE 5.2

Cold Feed Services

Module

Aluminum Dissolution

Settling/Filtration

Cesium and Strontium
Ion Exchange

Cs Elutriant Recovery/
Cs Concentration

Spray Calcination/
Vitrification

Mercury Recovery

Mechanical Cell A

Mechanical Cell B

Mechanical Cell C

Cs Fixation on Zeolite
Sludge Washing

Product Salt Solution
Concentration and

Selidification in Concrete

Vessel

Aluminum Dissolver
Gravity Settler

Sand Filter No. 1

Sand Filter No. 2

Cs IE Columns A and B
Sr IE Column
Cs Elute Bounce Tank

Sr Elute Bounce Tank
Cs Elutriant Makeup
Tank

Cs Vent Scrubber
Caleciner

Acid Wash Column
Backwash Hold Tank
Digester

Neutralizer

Spray Tanks
Smear Station

Etch Tank
Caustic Scrubber
Cleaning Tank

Spray Hold Tank
Spray Tanks
Smear Station

Spot Electropolishing
Smear Station

Zeolite Column
Centrifuge

Saltcrete Plant

~ 5.68 -

Service

50% NaOH
Anti-foam

Starch Dispersion (Floje1®-60)
8% dispersion in 1M NaOH

M NaOH

3-4M HNOj3

Sand, 25~40 mesh
Anthracite, 20-30 mesh

Polyelectrolyte (Versa ®700) -
0.1% in distilled water

1M NaOH

3-4M HNO3

Sand, 40-60 mesh
Anthracite, 30-50 mesh

Polyelectrolyte (Versa T® 700) -
0.1% in distilled water

Duolite ARC-358 Resin

Amberlite IRC-718 Resin
2M NaOH

0.0IM NaEDTA - 0.001M NaOH

8M NH,OH (aqueous)
Carbon Dioxide (gas)

Chilled Water

Frit

3M HNO4
50% NaOH

50% HNO3
Mn (NO3) 2

50% NaOH
Spray Water
Paper Smears

3.5M HN03 =~ 0.4M NaF
NaOH
100 g/L C2H2°a

50% NaOH
Spray Water
Paper Smears

HNO3
Papér Smears

Zeolite
Water

Spray Water

Cement




TABLE 5.3

Technical Specifications for Wash Centrifuge

Type

Basket Size

Speed

Centrifugal Force

Separation

Drive

Discharger

Skimmer

Feed System

Cake Density

Top-driven, bottom-unloaded, solid-
wall batch basket centrifuge

Minimum basket size of 48 inches in
diameter by 30 inches high with
120 gallon capacity

Maximum bowl speed when plowing — 100 rpm

900 g's minimum at liquid pool
surface

987 minimum solids recovery over each of
the dewatering steps and two wash steps

300 ft-1b minimum torque requlred
at discharge speed

Single, knife-edge, scraping-type plow
with high pressure hydraulic spray system

Single linear skimming device
Complete or nearly complete
acceleration of feed required before

entry into basket

100 lb/ft3 maximum bulk density of
wet cake in basket
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TABLE 5.4

PNL Spray Dryer Basic Data

Spray

Dryer Waste Feed Rate, Wall Power

Size, in. Type gal/hr Temp., °C®  Input, kW

218 SRP 3.96 1700-750 45

21 SRP 7.93 n700-750 50

21 SRP 13,2 ~700-750 68

21 SRP 14.5 n700-750 71

21 LWR 19.8 700 B¢

36P LWR 55.5 800 2254

36 SRP 79.3 770 284

36 SRP 66.1 790 262

36 SRP 46,2 810 211

a. 21-in.-~diameter x 6 ft 6-in.-long chamber; 35.7 ft2
heat transfer area.

b. 36-in.~diameter x 10 ft O-in.-long chamber; 94.3 ft2
heat transfer area.

¢. Maximum heater output. Wall temperature could not
be maintained above 19.8 gal/hr feed rate.

d. Maximum output of heaters rated at 390 kW.

e. Estimated wall temperature based on furnace temperature

and PNL experience.
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FIGURE 5.2 Conceptual Developmental Spr?ay Dr"yé’r
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FIGURE 5.3  Spray-Dryer Filter Assembly
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C

6. PROCESS CONTROL

6.1 General

The radioactive nature of defense waste requires that pro-
cessing be achieved with minimum exposure of operating personnel
to radiation and protection of the environment. Conducting this
process in a remotely operated facility is an integral part of
this philosophy, but makes instrumentation and control of the
process difficult.

Analytical support to monitor and control the process will
be provided by on-line instrumentation wherever practical. 1If
the critical analyses can not be done on-line, sufficient hold-up
capacity is required to facilitate off-line analysis to be
performed.

In addition to providing support for on-line process control
analyses and critical off-line analyses, analytical facilities
will be required to provide a multitude of analyses required to
characterize feed streams, to perform material balances, inventory
discharges to the environment, etc.

Tables 6.1 and 6.2 summarize the type of on-line and off-line
analyses currently considered required to control and audit the
process. Estimates of the concentration of radioactivity in
process streams are available in Appendix 13.7. Estimates of other
measurements are available from the appropriate material balance
flowsheet in Section 4. Solution temperatures will range from
ambient to 100 unless specifically noted.

Where steam jets are used for solution transfer, steam flow and
pressure should be monitored,a,Whére transfer pumps are used,
amperage, voltage and power.should.be monitored. The amperage,
voltage, power and rpm should be monitored for all tank agitators.
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TABLE 6.1

DWPF On-Line Process Control Measurementsa

Process
Module

Aluminum
Dissolving

Sludge
Washing

Spray Drying/

Vitrification

"3

Process Stream or Vessel

On-Line Measurement

Sludge Receipt Tank
Aluminum Dissolver
Dissolver Condensate Tank
Condenser Cooling Water
Steam to Dissolver Coils

Sludge Feed Tank
Centrifuge

Centrifuge Feed (FS-4-3, 10, 17)
Centrate (FS-4~4, 11, 18)

Wash Tank

Spray Water

Washed Sludge Run Tank

Centrate Tank

Centrate Hold Tank

Centrifuge Skimmer

Centrifuge Discharger

Slurry Mix Tank
Slurry Hold Tank
Calciner Feed Tank
Feed Loop

Calciner Feed (FS-5-8)
Atomizing Air (FS5-5-9)
0ff-Gas (FS-5-13)

Frit Feed (FS5-5~11)

Liquid Level
Specific Gravity
Temperature
Pressure

Flow

Amperage
Voltage
Power
Vibration
Conductivity

Oo<Em>

i

Final Wash

4 lbs atomizing air/gal feed élurry
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1L, Sp G, T
1L, Sp g, T(105-107°C), P
1L, Sp G, T

Tin’ Tout’ F
F,

L, Sp G, T :
T (Spindel Bearing). RPM (50-1400)
A, E, W, % Cake Loading, V

F (1-60 gpm, 7.4 gpm nominal

cb (500~20,000 umho/cm) Tu (5000 ppm)
Sp G, LL, T

F, P

1L, Sp G,
LL, Sp G,
1L, Sp G,
Position
Position

H 3

1L, Sp G, T
1L, Sp G, T

L, Sp G, T

F (>5 ft/sec), P

F (2.38 x 101b/hr)%, P, T

P, T (as measured at filters)
F (1.83 x 102 1b/hr)

Turbidity
Elapsed Time
Foam Level
Weight

]

=g

65 1b frit/35 1b of solids and salts in feed on a dry basis



TABLE 6.1, (Contd)

Process

Module Process Stream or Vessel On-Line Measurement
Sintered Metal Filters T, AP (about 15" Hy0)
‘Spray Dryer Chamber T (profile, 600-900°C), P(-15"H;0)
Filter Air Blowback T, P, ET
Spray Dryer Cone T (profile, 300-400°C)
Spray Dryer Heaters A, E, W
Melter P and T (vapor space)
Melt T (1150°C), LL, FL
Melter Electrodes A, E, W, T (1050°C)
Electrode Cooling Air F, T, P (in), T (out)
Melter Shell Cooling Water F, T, P (in), T (out)
Riser Heater E, W, T (1050°C)
Riser Melt T (1000°C)
Tilt Pour Position
Canister T (300-950°C), W
Canister Contents LL, W

0ff-Gas Vapor Duct T (about 350°C)

Treatment Off-Gas Condensate Tank LL, Sp G, T (scrub), T (vapor), C

Mercury Sump
Quench Stream Pump
Quench Stream (FS-6-2)
Quench -Stream (FS-6-3)
Cooling Water to Cooler
Recycle Collection Tank
DBF #1 Scrub Pump
Scrub to DBF #1 Atomizing
Nozzle
Atomizing Air to DBF
#1 Atomizing Nozzle
Scrub to DBF #1
Spray Nozzle
DBF #1
Filter Pump Tank
DBF #2 Scrub Pump
Scrub to DBF #2
Atomizing Nozzle
Atomizing Air to DBF
#2 Atomizing Nozzle
Scrub to DBF #2
~ Spray Nozzle
DBF #2
Brine to Filter
Pump Tank Coils
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LL (high and low)
A, E, W

T, P, F (177 gpm)
F, P,

AP (5-10" HZO)
1L, Sp G, T, C
A, E,
F, P

W
> T

AP (5-10" H,0)
¥, T, P




TABLE 6.1, (Contd)

Process
Module Process Stream or Vessel On-Line Measurement
Vapor from DBF #2 (FS-6-15) T
Ruthenium Adsorber Preheater AP (2" H20)
Steam to Ruthenium Adsorber P, T, F
Preheater
Vapor from Heater (FS-6-16) T
Primary Ru Adsorber AP (30" H,0) T (ist 6" of adsorbent)
Vapor from Primary Ru T, Ru -
Adsorber (FS-6-17)
Secondary Ru Adsorber AP (30" HZO)
Vapor from Secondary Ru T
Adsorber (FS-6-18)
Iodine Adsorber Preheater ap (2" HZO)
Steam to Heater : T, F, P
Vapor from Heater (FS-6-19) T (150°C)
Jodine Adsorber AP (48" H,O)
Vapor from I, Adsorber T (150°0); I,
(FS=6-20)
0ff-Gas Cooler T
Exhausters A, E, W
Exhauster Effluent (FS-6-22) F, P, Hg, T
Canyon Air F, T
Process Vessel Vent Filter AP
Vessel Vent (FS-6~24) T
Vessel Vent (FS~6-25) F
Sand Filter AP
Stack Effluent (FS-6-26) F, Iz, Ru, a, B~y
Mercury Mercury Receipt Tank LL
Recovery 1lst Mercury Pump A, E, P
Inlet Stream to Hg Filter No. 1 F, P
Mercury Filter No. 1 AP
Acid Wash Feed Tank LL, P (vapor)
Acid Wash Pump A, E, P
Inlet Stream to Acid Wash Column F
Oxidation Tank LL, P (vapor)
2nd Mercury Pump A, E, W
Inlet Stream to Hg Filter No. 2 F, P
Mercury Filter No. 2 AP
Mercury Still Feed Tank LL, P (vapor)
Mercury Still L, T, P
Still Heater A, E, W
Cooling Water to Condenser F, T, P
Backwash Hold Tank LL, T, Sp G
Filter Backwash F, P
Mercury Still Product Tank L, T
Air Flow to Oxidation Tank F
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TABLE 6.1 (Contd)

Process
Module Process Stream of Vessel On-Line Measurement
Recycle Recycle Evaporation Feed Tank LL, Sp G, T
Evaporation Evaporator Feed (FS-7-9) F
Recycle Evaporator 1L, Sp G, T, P (vapor)
De-entrainer AP
Cooling Water to Condenser F, T, P
RE Condensate Tank LL, Sp G, T
RE Bottoms Tank LL, Sp G, T
Steam to Evaporator F, T, P
Settling and Salt Solution Receipt Tank LL, Sp G, T
Filtration GS Feed Tank LL, Sp G, T
GS Feed (F5-8-4) F, T

Gravity Settler

Starch (FS5-8-5)

GS Bottoms Tank

Steam to GS Feed HX
Cooling Water to GS

GS Supernate Tank

Sand Filter Feed Tank
Sand Filter Feed (FS-8-10)
Polyelectrolyte (FS~8-11)
Sand Filter No. 1

First Filtrate Tank

Sand Filter Feed (FS-8-14)

Polyelectrolyte Feed (FS-8-15)

Sand Filter No. 2

Second Filtrate Tank

Filtrate Hold Tank

Filter Backwash Tank

Filter Air Blowback

Filter Filtrate Backwash
(F5-8-20, 21)

Waste Sand Tank

Ion Exchange Feed Tank

Feed to Cesium Feed Bounce
Tank

Cs Feed Bounce Tank

Cesium Ion Exchange ‘Columns

Primary. and Secondary Column
Effluents (during load cycle)

Water Rinse (FS-9-4)

Cs Elute Bounce Tank

Elutriant (FS-9-6)

Eluate (FPS-9-9) .

Water Rinse (FS-9-10)

Cesium Ion
Exchange
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1L, T, Sludge/Supernate Interface
F, T

L, Sp G, T

F, P, T

F, T

L, Sp G, T

1L, Sp G, T

F, P, T

F, P, T -
AP, Gamma Llevel

1L, Sp G, T

= N ]

AP, Gamma Level
LL, Sp G, T
1L, SpG, T
SpG, T

LL, Sp G
A§7 T, Resin Level
1 Cs

_F, T, P

LL, Sp G
F, T, P
13704

F, T, P




TABLE 6.1 (Contd)

Process
Module Process Stream of Vessel On~Line Measurement
Regenerant (FS-9-14) F, T, P
Regenerant (FS§-5-15) c
Column Backwash (FS-9-25) F, P
Column Backwash (Effluent) Suspended Solids
Cs Eluate Tank LL, Sp G, T
Cooling Water to Cs ET F, T
Cs Regenerant Catch Tank LL, Sp G, T
Spent Resin Tank 1L, Sp G, T
Strontium Ion Sr Feed Bounce Tank LL, Sp, T
Exchange Feed to Ion Exchange F, P, T
(F§-10-1, 3) N
Sr Ion Exchange Column AP
Water Rinse (FS-10-5) F, T, P
Sr Elute Bounce Tank LL, Sp G
Elutriant (FS-10-8) F, P, T
Water Rinse (FS-10-10) F, P, T
Product Salt Hold LL, Sp G, T
Tanks
Sr Eluate Tank LL, Sp G, T
Feed to Concentrator (F$-10-12) F
Sr Concentrator ‘1L, Sp, T, P (vapor) -
Steam to Concentrator F, T, P
Cooling Water to Condenser F, P, T
Sr Concentrator Bottoms Tank LL, SpG, T
Sr Concentrator Condensate 1L, Sp G, T
Tank
Column Backwash (FS$-10-18) F,P
Column Backwash (Effluent) Suspended Solids
Cs Elutriant Cs Concentrator Feed Tank 1L, Sp G, T
Recovery/Cs fEvaporator Feed (FS~11-2) F
Concentration Cs Concentrator LL, Sp G, T, P
Steam to Concentrator F, T, P
Cooling Water to Purge
Condenser F, T, P
Purge Condensate Tank LL, Sp G, T
Condensate (FS-11-4) l37Cs
Stripper Condenser AP, T
Cooling Water to Stripper Cond. F, T, P
Stripper Condensate (FS-11-3) 157Cs
Stripper Condensate Tank LL, Sp G, T
Cs Elutriant Makeup Tank L, Sp G, T
Agqueous Ammonia (FS-11-7) F



TABLE 6.1 (Contd)

Process
Module

Cs Fixation
on Zeolite

General
Purpose
Evaporator

Product Salt
Solution
Concentration
and Solidifi-
cation in
Concrete

Process Stream or Vessel

On-~Line Measurement

Cs Concentrator Bottoms Tank

Cooling Water to Cs CBT

Carbon Dioxide (FS-11-8)

Cs Elutriant Feed Tank

Cs Vent Scrubber Tank

Cesium Vent Scrubber

Chilled Water to Vent Scrubber
(FS-11-11)

Scrubber Vapor Effluent
(FS-11-V26)

Zeolite Feed Bounce Tank

Feed to Zeolite Column (FS-12-2)

Zeolite Column

Cooling Water to Column

Zeolite Column Effluent
(FS-12-3)

Column Water Rinse (FS-12-5)

Zeolite Raffinate Bounce Tank

Column Backwash (FS-12-10)

Zeolite Slurry Tank

Cooling Water to ZST

Zeolite Raffinate Hold Tank

General Purpose Evaporator
Feed Tank

Evaporator Feed (FS-13-5)

General Purpose Evaporator

De~entrainer

Steam to Evaporator

Cooling Water to Condenser

GPE Bottoms Tank

GPE Condensate Tanks

Heater

Steam to Heater

HEPA |

Flow from HEPA (FS-13-V29)

Product Salt Solution Storage
Tank
Product Salt Evaporator (PSE)
Feed to Product Salt Evapora-
tor (FS=-14-2) :
Steam to Evaporator
De-entrainer
Cooling Water to Condenser
PSE Condensate Tank
PSE Concentrate
Tank
Feed to SCP (FS-14-10)
Steam to Lift
Concrete Flush Hold Tank

Steam to Heater

HEPA
Flow from HEPA (FS-14-V22)

- 6.7 -

LL, T, Sp G
F, P, T

F, P, T

LL, S5p G, T
1L, Sp G, T
AP

F, T, P

F, T, NH3, COZ

LL, Sp G, T

F, T, P

AP, T (vertical profile)
F, T, (in and out), P
137¢cs, T

F, P

LL, Sp G, T

F, P

L, spG, T, Pcs

F, P, T(in and out)
1L, Sp G, T

LL, Sp G, T

F

LL, Sp G, T, P (vapor)
AP

F, T, P

F, T, (in and out), P
LL, Sp G, T

LL, Sp G, T

T

F, P

AP, gamma

F

1L, Sp G, T

1L, Sp G, T, P (vapor)
F

F, P, T

AP

¥, P, T, (in and out)
L, Sp G, T

LL, Sp G, T

F

F, P

LL, Sp G, T

F, P

AP, gamma

F




TABLE 6.1 (Contd)

Process
Module

Mechanical
Cell A

Mechanical
Cell B

Mechanical
Cell C

Interim
Storage
Facility

Process Stream or Vessel

Leak Test Station
Etch Tank
Cleaning Tank
Deionizer
Deionizer Prefilter
Deionizer Effuent (FS~15-28)
Deionizer Feed (FS-15-29)
Digester
Steam to Digester Coils
Cooling Water to

Digester and Condenser
Spray Water
Spray Hold Tank
Neutralizer
Spent Decon Solution

Pump Tank
Cooling Water to Neutralizer
Deionizer Purge

Spray Water

Etch Tank
Cleaning Tank
Spray Hold Tank
HF Scrubber Scrub

Canister

Ventilation

a. Of the particulate air sampler filter paper.
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On-Line Measurement

Helium

1L, Sp G, T
LL, Sp G, T
AP

AP

c’ B‘Y

F’ P, T, B—Y
LL, Sp G, T
F, P, T

F, T, P

F, P

1L, Sp G, T
LL, Sp G, T
LL, Sp G, T
F, P, T

F

F, P

LL, Sp G, T
LL, Sp G, T
LL, Sp G, T
F

T (profile), Gamma
(profile

F s B-Ya




TABLE 6.2

DWPF Off-Line Analyses (Unless otherwise specified, the desired uncertainty is + 10%

Suspended Solids
Na*
I
NO}
NO7
Al02™
2=
0032-
S0,

1000 ppm (Vol.)
4.6 M
1076 M
2.0 M
1.0 M
0.5 X
0.25 ¥

0.30 M

Approximate Sample
Module Process Stream Sampling Location Analyses Concentration Frequency
Waste Blending Sludge-Slurryb Intrarea Blend OH™ 0.25 M 1 yr
(FS-2-4) . Fe 20 wt 7

Al (insoluble) 12 wt %

Al (soluble) 3.3 wt %

Mn 5.0 wt %

i 2.3 wt 2

Ca 1.5 wt %

Hg (inscluble) 1.2 wt %

Hg (soluble) 0.05 wt %

Ni 2.8 wt %

4 1.3 wt %

Si 0.25 wt %

I 0.21 wt %

NO.~ (insoluble) 0.78 wt %

N03° (soluble) 33.3 wt %

Noz‘_(soluble) 10.0 wtr %

5042_(insolub1e) 0.39 wt 2

50,27 (soluble) 7.0 wr % -

€1~ (insoluble) 0.70 wr %

€1~ (soluble) 0.19 wt % -

F_ (imsoluble) 0.055 wt %

F  (soluble) 0.009 wt Z

Cgﬁ-(insoluble) 2.2 wt %

CC£™ (soluble) 4.4 wt %

Na (Insoluble) 2.3 wt %

Na (soluble) 32.3 wt %

Solids 50 Vol. %

Insolubles 9wt 2

Fission Products Tables 2.7-2.10

Actinides Tables 2.7-2.10

Tritium Tables 2.7-2.10

Sp G 1.14

Heat Content Table 2.7-2.10
Waste Blending Interarea Blend OH~ 0.7 M 1/80d




Table 6.2 (Contd)

Approximate Sample
Module Process Stream Sampling Location Analyses Concentration Frequency
€042 0.003 M
c1 0.02 M
F~ 0.002 M
Hg 1073 M
Fission Products Tables 2.3-2.6
Actinides Tables 2.3-2.6
Tritium Tables 2.3-2.6
Sp G 1.22
Heat Content Table 2.3-2.6
137¢ 2 x 10%d/m/ul
Total Cesium 9 x 10~2 g/gal
90gy 3 x 107d/m/mL
Total Pu 3 x 10'9g/ga1
K Trace
Rb 2.5 x 1O'Ag/gal
Fe Trace
Ni Trace
Al Dissolving Sludge-Slurry Sludge Receipt Tank OH™ 0.3 g-moles/l 1/3d
Slurry sludge
(FS-4-23) Al (insoluble) 0.5 g-mole/l
sludge
Dissolvent Al Dissolver Al (insoluble) 0.07 g mol/1-* 1/34
sludge?
Sludge Washing Centrifuge Feed Sludge Feed Tank Water Content 60-80 wt % 1/4
(Fs-4-3, 10, 17) Dissolved Salt 15-30 wt %
Sludge 10-20 Vol. %
Washed Sludge washed Sludge Na'l 0.1-10 wt % 1/d
Slurry Run Tank 50,2 0.1-5 wt %
(FS-4-23) _a
NO4 0.1-10 wt %
Water Content 83 wt %
Dissolved Salt 0.4 wt %
Spray Drying/ Spray Dryer Slurry Hold Tank Solids V7wt %o+ 1% 1/batch
vitrification Feed (FS-5-5) (Accountability Fission Products See Appendix 13.7
sample) Actinides See Appendix 13.7
Na ~owt % :
Fe 20 w
Al 3.5 wt %
Ca 1.5 ey %
Mn 5.5 wt %
Ni 3.0 wt X
v 2.5 wt 2

*Prior to addition of GS Bottoms and Waste Filter Media.
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Table 6.2 (Contd,

Module

Off-Gas System

Process Stream

Sampling Location

Analvses

Frit (Cold Feed)

(FS=5~11)

Condensate
(FS-6-30)

Spray nyer
Off-Gas
(FS~6-1)

Inlet to PRA
(FS~6~ 16)

PRA Effluent
(FS-6-17)

Inlet to IA
(FS~6-19)

1A Effluent
(F$«6-20)

Exhauster Effluent

(FS=6~22)

Vessel Vent-
Filtered

Canyon Air-
Unfiltered

Stack Effluent

Cold Feed

0ff-Gas Condensate
Collection Tanks

Stream FS-6-16

Stream FS-6~17

Stream FS§5-~6-19

Stream FS5-6-20

Stream FS-6-22

F§-6-25

FS~6-23

FS=-6~26
(Accountability)
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Si

9

Hg

I-

Cl

-

Heat Content

si0

Na,b

2
8203
Ca0
Li50

TiO2

Conductivity

pH

Dissolved Salts
Solids

c1”

-

Beta~gamma

Beta-gamma
106z,

Total Ru

106g,,
Total Ru

129I

Total I

Total I
1294

Beta-gamma
Hg

Beta-gamma
Beta-gamma

Alpha

Beta-gamms
Fission Products
Actinides
Tritium

Approximate
Concentration

Sample
Frequencv

See Appendix 13.7

53 wt %+ 2%
19 wt % ¥ 2%
10 wt 7 + 2%
5wt %+ 2%
4wt % T 2%
10 wt % + 2%

10°-10% 1mho/cm
4-6

< .01 wt %

0.8 wt %

Trace

5 % 1074 wt %

3 3

10° uci/ft

10 uci/fe>
6 uci/fr3
1 pg/ft

0.5 uci/fed

0.01 ng/ft3

0.96 uCi £e3
10° g/ft

8 ug/ft3

6 x 1072 3

uci/fe

0.05 uci/fe>
12 ppm

7 x 1075 uci/fe3

1.7 x 1078

10‘:0 uci/fe>

107" uci/ft

See Appendix 13.7
See Appendix 13.7
See Appendix 13.7

uci/ft3

1/batech

1/2 d

1/wk

1/wk

1/wk

1/wk

1/wk

1/wk

1/wk

1/wk

1/d




Table 6.2 (Contd)

Module

Recycle
Evaporation

Gravity Settling/

Filtration

B ————

Process Stream

Sampling Location

Analvyses

Evaporator Feed

Evaporator
3ottoms
{F§-7-11)

Evaporator
Condensate
(F§-7-13)

GS Feed
(FS-8~4)

Starch
(F$-8-5)

GS Supernate
(FS-8-8)

Polyelectrolyte
(F§-8-11)

Sand Filter

Filtrate
(F$-8-13, 17)

NaOH

Backwash
Slurry

Filter Media

RE Feed Tank

RE Bottoms Tank

RE Condensate
Tank

GS Feed Tank

Cold Feed

GS Supernate Tank

Cold Feed

lst and 2nd Filtrate

Tanks

Cold Feed

Filter Backwash
Tank

Cold Feed

*Stock solution before dilution in 1.0 M OH
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Total salts
OH
Beta-gamma
Sg G

Solids

Total Salts
Solids

OH~
Beta-gamma
Sp G

pH
Beta-gamma

Centrifuged Solids

86
Sr
Total Pu

OH™
Viscosity

Centrifuged Solids

Viscosity
Solids
%

Sr

Total Pu
Si

OH™

Solids

Particle Size

Approximate Sample

Concentration Frequency

7.0 wt % 1/d

0.8 M

6 x 108d/m/mL

1.03

0.08 wt %

35 wt % 1/d

0.5 wt %

5.0 M

4 x 10%/m/mL

1.17

7- 1/d

10°d/m/mL

5000 ppm 3/d

1.7 M

10%4/m/mL

1072 g/gal

1M 1/d

70 cp

50 ppm 3/d

1.8 M+ 5%

107d/m/mL

8.4 x 1074 g/gal

1.0 M 1/4

35 cp*

1-5 ppm 3/d

l.g M+ 5%

107d/m/mL

1074 g/gal

<5 ppm

1.0 M + 5% 3/d

1200 ppm 1/4

Anthracite, 1/3 mo
20-50 mesh

Sand, 25-60 mesh




Table 6.2 (Contd)

Module

Cesium Ion
Exchange

Column Effluent
(F$-9-3)

Elutriant
(FS-9~6)

Water Rinse
(FS-9-4, 10)

Eluate
(FS$~9-9)

Regenerant (Feed)
(F§=9-14)

NaOH
Regenerant

(Effluent)
FS=9-15

Cs Elute Bounce
Tank

Cs Elutriant
Makeup Tank

Recycle Water Tank

Cs Eluate Tank

Cold Feed

Cold Feed

Cs Regenerant
Catch Tank
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Process Stream Sampling Location Analvses

Column Feed 1E Feed Tank 137Cs
(F§-9-2) Total Cs
Total Pu

Dissolved Salts
Al

Na

K

OH™

Rb

Fission Products

5h
9 Sr

137Cs
K
Total Pu

Fission Products
Rb

NH, OH
(¥,) 5005
Alpha
Beta-gamma

pH

Conductivity

Alpha

Beta—-gamma
37cq

Total Cesium

137Cs

Total Pu

Na

Al

NHj

Organic

K

Rb

on”
Total Cesium

on”

15
Cs
Conductivity

Total Pu
N,

Approximate Sample
Concentration Frequency
109d/m/?L 3/80 d
7 x 1074 g/gal

107" g/gal

27 wt %+ 2%

0.7 M + 5%

4.5 M+ 2% 1/wk
Trace 2/mo
1.6 M 1/wk
1075 g/gal 2/mo
See Appendix 13.7

Trace 3/80d
3 x 10 d/m/mL

2 x 10°d/m/mL 1/d
Trace -7 2/mo
2 x 10 ' g/gal 1/d
See Appendix 13.7 1/2d
Trace 2/mo
2N 1/d

2 M

104d/m/nL

10%a/m/mL

7-9 1/d
10 pmho/cm

<1 d/m/mL

<1 d/m/mL

<1 ¢/m/mL

10-1 g/gal

2 x 10°d/m/mL 2/mo
2.4 x 1072 g/gal

0.4M 2/mo
<0.01 M 1/wk
5wt % 1/4
0.1 wt % 1/wk
Trace 2/mo
10719 gn1 2/mo
2 M+ 5% 2/a
Trace

19 M 1/batch
10-14 2/d
Trace 1/mo
107 umho/cm 2/d
Trace 1/mo
0.8 wt % 1/d




Table 6.2 (Contd)

Approximate Sample
Module Process Stream Sampling Location Analyses Concentration Frequency
Fresh Resin Cold Feed Cesium Capacity K, = 50-200 (dry) 2/batch
Particle Size 20-80 mesh
Moisture Re- 50%
tention
Dynamic Test *
Degraded Resin Cs IX Colummns Moisture Re- >50% 1/80d
tention
Al <1%
Kd
Strontium Ion Column Feed Sr Feed Bounce 9OSr 3 x 106d/m/!ﬂL 1/wk
Exchange (F§-10-1) Tank or Cs Fe Trace 2/mo
Elute Bounce Ni Trace
Tank Hg Trace
EDTA 1074 M
Column Effluent  Product Salt Hold  Tgtal Pu 1.8 x 107/ 1/tankful
(F$-10-2) Tank sy 3 x 103d/m/mL
Fe Trace 2/mo
Ni Trace
Hg Trace 1/tankful
Beta-gamma 1084 /m/mL
137¢s 2 x 103d/m/mL

Elutriant/ Cold Feed EDTA 107% M + 5% 1/batch
Regenerant OH 0.1 M+ 5%

Sr Concentrator . Sr Eluate Tank 90gy 107D/m/mL 2/d
Feed Dissolved Salts 0.25 wt % 1/4
(FS$-10-12) Sp G 0.99

Sr Concentrator Sr Concentrator Dissolved Salts 20 wt % 1/d
Bottom Bottom Tank Sp G 1.1
(FS-10-13)

Sr Concentrator Sr Conmcentrator 905: 103d/m mL 1/d
Condensate Condensate Tank Beta-gamma 2 x_10°d/m/mL
(F$S=10-15) EDTA 1075 M

Resin (Fresh) Cold Feed Sr Capacity = 200 2/batch

Particle Size 20 - 50 mesh
Moisture Re- 65%
tention
Dynamic Test 4/batch
Degraded Resin Sr IX Column Sr Capacity 1/4mo
Water Rinse Recycle Water EDTA 107 ¥ 1/d

(F$=10~5, 10)

Tank

*Lab test of resin performance with tracers. Cs DF > 104
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Table 6.2 (Contd)

Module

Cesium Elutriant
Recovery/
Cesium
Concentration

Cesium Fixation

General Purpose
Evaporation

Process Stream Sampling Location Analyses
137
Purge Condensate PC Tank Cs
(FS-11-4) pH
Beta-gamma
N3
137
Downdraft Cs Condensate Cs
Condenser Run Tank NHA+
Condensate co2~
(FS=11-5) 3
Beta-gamma
Scrubber Vent FS-11-22 NH3

Column Feed
(F§-12-2)

Column Effluent
(F$~12-3)

Fresh Zeolite
Zeclite Raffinate
(F$-12-9)

Evaporator Fee&
(FS-13-5)

Evaporator Bottoms
(FS-13-6)

Evaporator
Condensate
(F$-13-8)

Cs Concentrator
Bottoms Tank

Zeolite Raffinate
Bounce Tank

Cold Feed
Zeolite Raffinate
Hold Tank

GPE Feed Tank

GPE Bottoms
Tank

GPE Condensate
Tanks (Account-
ability Sample)
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Dissolved Salts
N, ¥
7=
CO3
137cs

Total Pu
o+

Na
137CS
Total Pu

Pagticle Size
13 Cs Capacity

137Cs

Total Salts
pH
Beta-gamma
Conductivity
Sp G

Total Salts
Sp G
Beta-gamma

pH

Alpha

Beta-gamma
Solids

Dissolved Salts
Figsion Products
Actinides
Tritium

Hg

Approximate
Concentration

Sample.
Frequency

; x 107d/m/mL

107d/m/mL
Trace

2 x 10°d/m/nL
6 M

2 M
4 x 10°d/m/mL

2 ppm

18 wt %
1074 M
2 M

3 x lolod/m/ml
3 x 1074 g/gal
4 M

108¢/m/mL
107°%g/gal

20-50 mesh
8
107d/m/mL

<0.1 wt %

9~10

10°d/m/mL
100-200 umho/cm
1.0

<0.1 wt %
1.03
104d/m/mL

7-8

<1l d/m/mL
<10d/m/mL

<0.01 wt %

Trace

See Appendix 13.7
See Appendix 13.7
See Appendix 13.7

<1 ppm

1/d

3/d

3/4
1/d

1/d

1/2 mo

1/4

1/4

1/d

1/batch




Table 6.2 (Contd)

Process Stream

Sampling location

Analvyses

Module

Product Salt
Solution Con~
centration/
Solidification
in Concrete

Evaporator Feed

Evaporator Con-
densate (F$-14-3)

Mechanical
Cell A

Spent Cleaning
Sol'n after HNO
and Mn adjustmefnt

Digested Oxalic
acid (FS-15-17)

Blend of Spent
Decon Solutions
(FS-15-13, 17)

Neutralized Spent
Decon Sol'n
(FS=-15-22)

Deionizer Feed
and Effluent
(F$-15-28, 29)

Mechanical Cell A
Spent Decon Wash
(FS§~15-32)

Canister Smears

Product Salt Solu-
tion Storage Tank

PSE Condensate
Tank

Digester Tank

Digester Tank

Neutralizer Tank

Neutralizer Tank

F§-15-28, 29

Spent Decon Sol'm

Pump Tank

Canister Surface

- 6.16 =~

Digsolved Salts
OH™

Sp G

Fission Products
Actinides

Heat Content

Hg

Na

A107”

NO3

_ NO,"

9=
50,
C204

-

cl
Tritium

Beta-Gamma
pH
+

i 24

OH~

Beta-gamma
Conductivity
Turbidity

OH
Dissolved Salts
Solids

Alpha
Beta-gamma

Approximate
Concentration

Sample
Frequency

23 wt 7

1.4 M

1.2

See Appendix 13.7
See Appendix 13.7
See Appendix 13.7
1074 M

2.5 M

0.3 M

1.3 M

0.6 M
0.15 M

0.002 M

0.001 M
0.01 M
See Appendix 13.7

2.0M

0.17 M

0.10 M
10 wt %
0.9 wt %

10§d/m/dm§
103d/m/dm

1/wk

2/wk

1/run .

1/run

1/batch

1/batch

2/wk

1/batch

1/canister



Table 6.2 (Contd)

Module

Mechaniral
Cell B

Mechanical
Cell C

Interim
Storage

Process Stream

Sampling Location

Analvses

Etch Solution
(FS-16~7)

Cleaning Solution
(FS-16-7)

Scrub Solution

Canister Smears

Canister Smears

Air Exhaust

Cold Feed

Cold Feed

Scrubber Pump
Tank

Canister Surface

Canister Surface

Building Exhaust

i
F

H2C20A

OH™
Alpha
Beta~-gamma

Alpha
Beta-gamma

Beta-gammac

Approximate Sample
Concentration Frequency
3.5 M 1/batch
0.4 M

1.0 M 1/batch

2 M 1/day
<10d/m/dm2 1l/canister
<100d/m/dm

<10d/m/dm2 1/canister
<100d/m/dm

Trace Daily

a. To avoid repetition, sample frequency is given only when it differs from that
for the analysis described on the previous line.

b. Concentrations are on a dry basis.

. Analysis of particulate air filter.
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7. RADIONUCLIDE CONTENT, ACTIVITIES, AND HEAT GENERATION
(J. R. Chandler)

7.1 Gencral

The radionuclide concentrations of each process stream must
be known in order to specify biological shielding requirements,
 process cooling requirements, and environmental releases. The
concentrations have been computed for each process stream of the
reference flowsheet by using a computer model of the flowsheet.

7.2 Calculational Basis

The radionuclide calculations assume the following:
o Both SRP and non-SRP reactor fuels will be processed.

e Five SRP assemblies will be processed: Mark 16B, Mark 22,
Mark 31A, Mark 31B, Mark 53A. ‘

e Non-SRP reactor fuels (RBOF fuels) are two years old when
processed. . They have a plutonium content: equal to 0.32% of
their U-235 content. Non-SRP fuels have the same relative
radionuclide composition as a Mark 16B assembly that has been
irradiated 330 MWD, and the fission product activity at proc-
essing is 60 Ci/gallon. Liquid waste is generated at 808
gallons/kg of U-235 processed, and the fractions of isotopes
lost to waste are the same as for the Mark 16B fuel.

e Pu-238 scrap will be processed. The plutonium distribution of
the Pu-238 scrap is the same as the plutonium distribution in a
Mark 53A. The Pu-238 waste generation factors are 0.17%Z plu-
tonium lost to waste and 1500 gallons/kg of scrap processed.

e Pu-239 scrap will be processed. The plutonium distribution in
Pu-239 scrap is the same as for a Mark 3lA. The Pu-239 waste
generation factors are 0.02% plutonium lost to waste and 475
gallons/kg of scrap processed.

o The waste géneration rates are based on the average of produc-
tion schedules for FY-1988, 1989, and 1990.
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7.3 Reference Waste Composition

Radionuclide concentrations in spent SRP assemblies were
determined.with reactor production-depletion calculations [1].
Typical irradiation conditions (Table 7.1) were assumed. Radio-
nuclide concentrations were calculated for SRP assemblies that
have cooled 180 days following irradiation. Separation factors
(Table 7.2) were applied to the radionuclide concentrations in
cooled assemblies to determine the radionuclide concentrations in
liquid waste. The radionuclide content of plutonium scrap and
non-SRP fuels was based on the assumptions in Section 7.2.

The design basis waste blend is a blend of liquid wastes
generated during reprocessing of the various spent fuels. The
relative amount of each type of waste in a unit volume of waste
blend is proportional to the volume of waste generated from each
fuel assembly (Table 7.3). Waste blend factors in Table 7.3 are
based on the estimated waste volumes for FY-1988, 1989, and 1990.

Tables 7.4 through 7.39 list the radionuclide concentrations
in the reference waste blend and individual assembly wastes for
five and fifteen-year ages. Results for activity, decay heat, and
radiation source spectra are provided in Appendix 13.7.

7.4 Curie Balance

A computer model of the reference flowsheet was developed by
using the SHIELD [1] system. The computer model simulates the
flow of radionuclides through the DWPF. The activity, decay heat,
and radiation source spectra of each process stream were calcu-
lated from the radionuclide concentrations (see Appendix 13.7).
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TABLE 7.1

Calculational Bases (Beyond FY-1988)

Mark 16B Mark 22 Mark 3l1A Mark 31B Mark 53A

U-235 (kg/assy) 3.360 3.200 0.671 0.456 -
U-238 (kg/assy) 0.767 0.480 332.85 225.95 -
U-234 (kg/assy) 0.087 0.065 - - -
U-236 (kg/assy) 1.680 0.960 - - , -
Power (MW/assy) 6.0 5.1 2.0-3.1% 2,0-3.1% Varies
Fission Exposure

(MWD/assy) 1188 ~v1005 1126 106 G Lxk
Days Irradiated 198 197 55 44
Days Cooledt 180 180 180 180 180
Liquid Waste/Assy

(gal/assy)

High-heat 330 220 27 18

Low-heat 234 156 231 157 588

Total 564 376 258 175 588

* The power increases in Mark 31 assemblies during a subcycle.
*% Time when 80% plutonium content is Pu~238,

t Elapsed time between the end of the assembly irradiation and
processing of the assembly into its product and waste fractionms.
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TABLE 7.2

Fraction of Radioactivity in Spent SRP Fuel Lost to
High-Level Waste During Fuel Reprocessing

Percent Loss to Waste

Element Mark 16B  Mark 22 Mark 31A Mark 31B Mark 53A
Tritium 28 28 28 28 28

Noble Gases 0 0 0 0 0

Other F.P, - 100 100 100 100 100
Uranium 0.15% 0.15% 0.02%* 0.02%* 100
Neptunium 3.5 3.5 6.0 6.0 0.10
Plutonium 100 100 0.22%% 0.22%* 0.17

Am, Cm, etc. 100 100 100 100 100

* Average of analyses on waste for calendar years 1976 and 1977.
The majority of analyses were less than the minimum detectable
concentration. Consequently, this fraction is conservative.

** Average of analyses on waste for calendar years 1976 and 1977.
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TABLE 7.3

Volume Proportion of Wastes

Assembly Fraction
Mark 16B : 0.2153
Mark 22 0.1453
Mark 31A 0.2894
Mark 31B 0.0652
Mark 53A 0.0212
RBOF 0.2213
Pu-238 Scrap 0.0114
Pu-239 Scrap 0.0309
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TABLE 7.4
1SOTOPIC CONTENT (g/gal) OF THE REFERENCE
DWPF WASTE BLEND — &6 YEARS

1SOTOPE  CUNCENTRATIUN ISUTCPE  CONCENTRATICN ISOTUPE  CCNCENTRATION 1SUTOPE  CONCENFRATICN
TR } 4.26019€-07 PDICS B.64C T4E~Ca XELIZ 2.35813E-20 GELSS 1.3075CE-04
HE 3 2.32451€-07 PULOS 6.81407E-C3 C5133 “.68165E-02 60156 6.5045CE-04
v 51 6.79024t-06 PUIGCE 4.34656E~C3 CS134 3.004276-04 GOLS7 «.87581E-0¢
CR 51 1.14100E-25 pCiCT 2.C9STTE-C) CSlss 5.831C9E-03 GUl58 1.588026-04
€0 60 L.69 7 76E-05 POLOB 1.226956-C3 c5130 1.55427€-47 60160 1.037746-0¢%
NI 60 1.586T7€-05 .  PDI10 4.183CSE-C4 csi37 4. 14043E-02 18159 2.31577€-05
GE T2 3.452456~07 AGLUY €.B84510E-C4 dA134 1.44157€-03 18160 1.12366E-14
GE 73 1.19943E-00 AGl10 3.117226-C7 BAL36 1.507€4E-04 LY160 1.1365C€E-C1
GE 14 3.00133€~06 ccino 5.5215TE-CY BAL36M 1.36352é-54 DYi6l 3.908406-0¢
GE 76 1.99902E-05 cciil 2.79512E~-C4 BAL3T 1.681%1E~03 0vie2 2.3282EE-0¢
AS 75 6.700685€-06 ccii2 1.92783t-C% BALITH 6.30852€-09 TL208 4.25GSSE- L€
SE 77 3.71328BE-05 tc113 1.319856-CS uAL3B $.06214£-02 Pz08 L.oarrE-1c
SE. 78 9.35315¢-05 cDLl4 3.14496€-Cé BAL40 5.841S0E-46 #8212 2.5077CE-13
SE 19 2.30 1136~ 04 CoLISM 4.257226~-18 LAL39 4.85928E-02 8212 2.31837E-14
SE 80 5.49820£-06 CCtle 1.453326~-C4 LAL4Y B.8LLI4E-07 PO216 1.00098E-18
SE B2.  1.10977€-03 INLLS 1.17909E~C4 CEL40 4.789 1CE-02 /N220 3.7719GCE-1¢
HR 81 9.33773€-04 INLISM 1.61756€~24 CElal 1.42920€~19 RAZ24 2.18837€6-12
KR ‘82 3.98934E-44 SN1Le 2.78324E-C5 Cele2 4.505 15¢-02 TH228 4.26125€-10
RO 85 4.T2724E-03 ST 1.44149E-Co CEles 3.50521€E-04 u232 2.69707E-CE
/e at 1.16053€-02 sAll8 1.54881E-Cé PRI4L 4.490%4E-02 U234 8.31739€-05
SR AR 1.6R2T7E-02 -+ SAILY 1.50422€-C4 PR143 2.0L1176€-43 uz3s 2.79875E-0)
SR B9 2.025306-13 Sh120 1.56054E~C4 PRI4% 1.479(5€-08 u23e 2.02066€-03
SR 90 .. 2.42200E-02 © ° SAI2INM 6.216156—-CH PRIGAM 1.39509€-11 u238 9.73937€-02
Y 89 2.25211€-02  sMM22 1.74399E-C4 ND162 1.59533E-06 NP236 1.48004E-1C
Y 9 6.30234E-06 SN123 3.66071E-C9 NO143 5.360i5€-02 NP231 1.41215E-03
v o9l 4.50688€-12 ShN124 i.61283E-C4 NUL&S 4.60641E-02 . PU236 1.333286-08
IR 90 1.55124€~03 SAL2S 2.111436-€2 NDLl4> 2.96361€E-02 PY237 4.25334E-2C
IR 91 2.82557€-02 ShN126 6.02840E-C4 ND146 2.40488E-02 PUZ38 4.94366€-03
IR 92 - 2.RA9983E-02 ° 58121 1.62120E-C4 NolLad 1.779226~53 PUZ39 1.26858€6-02
R 93 5.04046E-02 se123 2.051506-C4 NO148 1.391 JUE-02 PL240 2.21561€-03
IR 94 3.21919€-02 $8124 4.63770E~ 16 NULSO 5.57380€-03 PUZ4L 9.375356-04
R 95 5.30919€-11 $BL2S 9.15235€6-C5 PHEST 2.95350€-03 PLZ42 1.755326~04
R 96 3.23190¢-02 sBl26 2.867326-12 PM148 4.79556€~20 AN241 3.54677€-04
NB 95 6.13422E-11 SBI26M 2.17922E-14 PHL4BN $.34815€-18 AMZ42 1.98571k-12
NB ‘95H 3. 7tolet-14 TE122 2.46383E-C6 SMLaT 9.51622E-03 AMZ42H 1.66C8T1E-01
MO 95 3.29041E-02 TEL124 1.14658E-Co SMi4d 2.10916E-03 AM24) 3.24943E-0¢
MO 9 1.33560E-04 1E12s 2.622088E-C4 SH149 8.22154E-06 CM242 1. 19022€-0$
MO 97 3.16555€-02 TEL125M 1.3V0C6E-Co SML50 1.16680E-02 CM243 1.2103%€-0¢
MG 98 3.17515€-02 €126 1.14032E~C5 SHI51 1.048E3E-03 CH244 2.26464¢-01
MO100 3.45624E-02 TEL27 3,01258E-12 SM152 4.21144€-03 CM245 4.34151E-09
1C 99 3.26185€-02 TEL27M 1.10€28E-CY SML54 1.476(3€-04 CMZ4b 1.94202€-1¢
AUL00 2.96093€-04 TE128 3.11610E-C3 €ui51 4.38967¢-05 CH247 7.90585€-13
RULOL 2.92142€-02 TE129 1.24029€-23 EUl52 2.359i1€-06 CM248 1.80504E-14
RU102 2.47762€-02 TE129M 1.34220€-20 EUL5) 2.32324€-03 BK249 1.933826-18
RU103 7.99150E-17 1E130 1.12822€-02 EULS4 2.59142€-04 CF249 1.0€S6TE~1¢€
RU104 1.22329C-02 12y 1.291926-03 EULSS L.155C5E-04 CF250 1.60688E~117
RULOS 1.00094€-04 1129 5.39474E-C3 EVlS6 1.01522E-40 CE251 %.67546E- 18
RH103 2.51 T4BE-04 1nn 7.72500€-12 GOL52 3.669¢€3E-07 CF252 3.49008E-1%
RHIOIM E.5TL04E-1Y XE12] 3,2715806-10 GDI54 1.361 12E-04 CF253 3.2591726-52

RHL06 9.38730E-11
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TABLE 7.6
1SOTOPIC CONTENT (g/gel} OF THE REFERENCE
DWPF WASTE BLEND ~ 15 YEARS

1SUTOPE  CUNCENTRATFON 1SOTQPE  CCACENTRATICN ISOTOPE  CGNCENTRATIGN 1SOTOPE  CGNCENFRATICN
H 3 Z.420656-07 Rh1O3 2.6174PE-Cé a2t 1.29152¢-03 GE1ST? 4.67801E~-0¢
HE 3 4.16406E-07 RH103M 2.65654E-41 1129 5.39474€-03 60158 1.50802t-0%
v st 6.190246-06 RHLCH $.83639E-14 XE1 3.21580E-10 GCl60 1.03774¢~05
cRr 51 3.21021E-65 POL04 8.64014E-C4 XEL32 2.35813E~20 18159 Z.315T7E-C*
Cu 60 4.54134E-06 POICS 6.81407€-C3 (S IVT %.68165E-02 18160 6.96593E-3C
NI 60 2.02A31E-05 PLL06 4.44€S4E-C) CSise 1.038%6E~05 0vi60 1.136506-07
GE 72, 3.452456-07 POLCT 2.C9917€-C3 Csi3s 5.831C7€~0) ovlet 3.90848E-0¢
Ge 13 1.19943E-06 POICH 1.22655E~(3 cs137 3.288 19€-02 ovle2 2.328286-0¢
GE 14 3.00133E-06 POL IO 4.18309E-04 BAL3A 1.731€16-0) TL2ce 9.00850E-16
GE T6 1.999026-05 AG10Y ¢.84970E-C4 BAL3S 1.5C7€4E-04 - PB208 $.95923€E-1C
45 75 6.90685€-06 Ac110 1.371CSE- 1L BALST 1.619 19€-02 PB212 5.361 19613
SE. 17 3.T1328E-05, 1o 5.95324E-C5 BALITH 5.011246-09 Bl1212 5.CB68SE-14
SE.-T8 9.353156-05 @ 2.19512k- (4 8A138 5.C6214E-02 POZ16, 2.13913k-18
SE 79 2.306886-04 12 1.92783E~C4 LAL3Y 4.85920€-02 RN220 8.07565E-1¢
SE 80 5.49428E~ 04 - i3 1.31985€-C5 CEL40 4.18%106-02 RA2Z24 4.676626-12
SE 82 1.109 77603 cClig 3. 14456E=C(4a CEléad 2.26560€-5) TH228 9.C89336-1C
B8R, A1 9.33773€04 cLiism S.46610E-43 CEL42 4.5057156-02 u232 3.56764£-08
LY 3.98934E-%4 e 1.45332E-C4 Chlss 4.17144E~08 u234 B.3LT16E-OF
RE.85 4.12724-03 intts L. ET9C9E-C4 PR141L 4.49054E-02 u235 2.19815¢-02
R8 AT . 160536~02 INLISM 3.59672E-49 PRI 2.01323€-12 u23e 2.02066€-03
SR 88, 1.682776-02 Shlte 2.78324E-C5 PRL44M 1.G06€S5E-14 v238 5.73937€-02
SR.89. - 1.45232€-34 LYY 1.44149E-C4 NO142 1.59533E-04 NP236 L.4T995€~1C
SR .90 1.89256€-02 SALLY 1.54881E~-C4 NULSD 5.36025€-02 NP2317 1.41214€-03
Y 89 2.25271€-02 . A9 1.50422€6~C4 NUL44 4.6414TE-02 PU236 1.172266-05
Y 90 4.92463€-06 SM 20 1.56054E-C4 NDL4S 2.56341E-02 Puz3l 3. 40E0IE-44
T 7.43381E-31 SALZAN 5.46312€-C8 NOL46 2.40488E-C2 PuU23E 4.56819€-03
IR 90 B.853016-03 SAL22 1.74399E-C4 NDL48 1.39110£-02 Pu239 1.28821E-02
IR 9 2.92557€-02 Sh123 1.09 T84E-17 ND150 9.573ECE-0) PU24C 2.21326£-0)
R 92 2.89983€-02 ShiZ4 2.61283E-C4 PHLGT 2.102%3E-04 PU241 5.85064E-04
IR 93 5.060426~02 SME26 6.C2836E-C4 PHL4Y 1.14379€~46 PUZA2 1.7553CE-04
IR 9% 3.219 79602 sB121 1.62135€-C4 PH14EN 1.27549E-44¢ AMZ41 6.98483E-04
R 95 8.68186E-28 se123 2.05193E-C4 SHiaT 1.22559€-02 AMZ42 1.89721E-12
1 9% 3.231906-02 se12e 2.52358E~34 SHL48 2.10916€-03 AMZ42M 1.58683E-07
NE 95 1.003 1HE=27 se125 7.22%36€-C6 SM149 8.22154E-04 AN243 3.24637E-0¢
NB 95M 6.0706846-31 s8lz6 2.86729E-12 SHL50 1.16680E-02 CM242 3.84269E-1C
¥O 95 3.29041€-02 SE126M 2.17920E-14 SH151 9.73650€~-04 CHZ4) 9.49041€~0%
MO 96 1.33560E~04 16122 2.46383E-06 SH152 4.21144E-03 CH24% 1.54445€-07
N0 97 3.14555€-02 1E124 1.14858E-(6 SM154 7.4T6C3E-04 CN245S 4,337 1E~05
MO 98 3.17515€-02 16125 2.47783¢-C4 EULSL 1.192156-04 CMZ46 1.939176-1¢
MO100 3.45624E-02 TEL25M 1.026336-C7 EULS2 1.383712E-06 CH24T 7.90585€-12
1C 99 3.261756-02 €126 1.14074E-C5 Eul53 2.323:4€-03 Ch248 1.80504E~14
RUL00 2.96093E-04 TE127 3.16811E-22 EULS& L. 15949E-04 K26 6.09242€-22
RULOL 2.821426-02 1E127M $.04946E-20 EUL5S 2.12219€-05 CE245 1.08134€-1¢
RY102’ 2.477626-02 TE128 3.1161C€-03 60152 3.669¢3E-07 CF250 9.45814E-18
RUL03 1.3715TE-44 16129 1.49298E-56 G154 2.799C2€-04 CF251 §.63951E-1¢
RUL04 1.22729€-02 TE129M 1.61564€-53 GDLYS 2.19027€-04 CF252 2.528C1€-2C

RUL06 1.04883-07 TE130 1.12822€-C2 Golse €.50450t-04
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TABLE 7.7
1ISOTOPIC CONTENT (Ci/gal) OF THE REFERENCE
DWPF WASTE BLEND — 15 YEARS

1SOT0PE CONCENTRATICN 1SCTCPE CCNCENTRATICN
H 3 2.33957E-03 Shiz6 1.7T12€4E-C6
CO 60 5.15334E~-03 sel24 4.41834€-30
SE 719 1.60084€-05 s8125 7.571513¢E-C3
RB 87 1.01639€~-09 sBl2e 2.39197€-C7
SR 89 4.10187€-30 sBlz6M 1.712084E-C6
SR 90 2.61005€ 00 TEL25M 1.84988E-C3
Y Y0 2.6731«E 00 TE127 8.36729€-16
Y 91 . 1.82202E-26 TEL2TM 8.54241E-16
IR 93 2.04301€-04 TEL29 3.11105E~45
IR 95 1.823626-23 TEL29M 4.89908E~-4S
NB 95 3.93193E-2) 1129 Se%1620L-C7
NB 95M 2.31599E-25 CSk3a L.36596E~-C2
TC 99 5.52915E-04 CsE25 €.72293€e-C6
RULO 4.39488E-40 cs137 2.85310€ CC
RU106 3.50439€~-04 EALDTHM 2.69%03¢t 00
RHI10IM 8.79840E-40 CEl4] £.45350E-49
RHL106 3.50439€-04 Ctln2 1.00177€-CS
Por07 1.08103E-06 CEl44 1.52224E-C4
AGLlLO 6.49212€-08 PR144 1.52229E-C4
cDlLI5M 2.41191€-386 PRI4AAN 1.82671E-C6
iINLLS T.34195€-16 NOL&4 5.49430C-14
INLLSM 2.179089E-42 Pris&t 1.55052€-C1
SN12tM 3.23329€E-06 pML4E 1.88024€E-41
SNi2) 9.041 1IE-14 PrI4EN 2.72628€-40

I50TOPE

COCNCENTRATIGN

1sotare

CUNCENTRATICN

SMisT
SM148
SM149
SM151
EUlS52 .
EULSs
EV155
Go152
18160
TL208
|4 Y ¥4
BlZie
PO216
RNZ20
RA224
TH228
u2ie
U234
uz23s
uz2ie
U238
NP236
NP231T

2.78558k-10
©+37639E- 16
1.57650t-16
2.461146-02
2.50636€-04
3.133¢56-02
1.3C9€96-02
1.855¢36-18
1.866%¢3E-26
2.67619€-C7
7.44834€-07
1.44823E-07
1.44848€-07
1.44848E~07
7.44648E~07
7-449€2€~07
1.66644E-GT
5.194C8E-07
6.C4BETE-CS
1.307¢3t-07
3.273:6€-C0
1.94949E-12
$.95626E-07

TOTAL ACTIVITY 1,13 01 Ci/gst

HEAT GENERATION, watts/gal

Primary
Gamma

237 -02
999 -03

PU23E
PuU231
PU238
PU239
PUZ240
PLLAL
PU242
AN241}
AN242
AMZ42M
AMZ43
CH242
CM242
CHM244
CN24S
CH246
(M2417
CM248
K249
CF249
CF250
CF251
CF252

6.2274SE-01
4.11414E-4C
7.81826E-02
8.00545E-04
5.03227€~-04
5.90217€-02
©.69893E~-017
2.397376-03
1.53417€-06
1.54107€6-0¢
6.47883E-07
1.27250€-06
4.897187€-01
1.24921E-05
T.467C2E-1C
5.95641E~11
7.33299&-11
T-657T¢65E-11
1.00717€E-18
4.45146E-1¢
1.0330CE~15
T7.35642E-10
1.35907€-117



- I1°L

TABLE 7.8
1ISOTOPIC CONTENT (g/assembly) OF A MARK 168
FUEL ASSEMBLY — 5 YEARS

1SNTOPE CONCENTRATION iscrcee CUNCENTRATILN 1501GPE CUNCENITRATILN 1sutoPE CUNCENTRATICN
H 3 3.41125€E-04 HHICGE 6.23782E-(C6 Xel3l ¢ 149¢E1E-07 GECL54 1.626445E-01
He 1.45913E-04 PD104 5.03037:-CL Xel3e 1.524S56E-17 GO15%5 6.676456-02
v Sl 71.34124E-03 PDIOS 5.18080E Cv €513} 4.268(%¢ 01 Go156 5.79364E-01
R 51 1.23359€~22 POR06 2.58399€ CO CSL34 3.695%4E-01 GOLS7 9.03857E-04
CO 60 1.83544:-02 POt 1.19834E CO 5135 4.97482¢ 00 sh1l58 1.C7S719€~01
N1 60 L.713286-02 POlLOB 6.14540€-C) CS513s 1.53274€E~-45 (] X 1] Y.21368E-013
GE 12 2.33137€-04 PDL110 2.13602€-C1 Csi37 3.832¢8€ 01 18159 1.27421€-02
GE 13 9.520 12€-04 AGlO9 2.83570E-Ct bAL3G 1.73123E 00 18le0 1.C9468E-11
GE 14 2.551 14C-03 AGLIV 3.00148E-C4 BAl36 1.211€1€E-01 ovieo 7.069676-04
GvE 76 1.81883E-02 ctiio 5.56179E~-C2 BAL3I6M 6.609 171E-52 oviel 1.30395%5€-03
AS 15 6.02024E-0) (R0 L.5T658E-C1 DALY 7.90823€ 00 Dvie2 9.1908¢E-04
SE 1T 3.39531€-02 2 1. 14911E-¢CL vAl3 5.840C0E~-06 L2088 6.312126-13
SE 78 4.564606-02 @ts 2.06861E-03 BAlL38 4.71080E 01 . PpBe2Ge 1.4451¢€-01
SE 19 2.12387t-01 ity 2.05647E~-C1 8A140 4.40520€-4) pa2l2 3.72360E-1C
SE 90 S.i1361E-0t COLLISM 1.84516€E-1% LAL39 4.505 10€ O} Bl212 3.53155E-11
SE 82 1.03647t 00 CClile $-d4944E-C2 LAL40 6.644 14E-44 PO216 L.48637E-1°
AR 8L R.06R67E~-01 INLDS 6.16389E-C2 CEl140 §.454%9€ 01 RN220 5.61153€-13
KR A2 3.44110E-41 INLLSH 7.01082€E-22 CElsl 1.25T7€0€~16 RA224 3.24956€-0S
r8 AS 4.465531C 09 Shi 1o 2.865208E-C2 CEl4q2 4.19318E 01 TH228 6.330¢%E-01
RP 871 1.10355k 01 SMLLT? S.61687€-C2 CEles 3.60226€-01 u232 4. 15349€-05
SR 13 1.60027t 01 saila 1.07912¢-ClI PR141 4.15610€ 01 U234 1.05835€-01
SR B9 2.06277c-10 SNIL9 1.032C7e-Cl PRi4e3 1.569(88~40 uz2i%5 2.827137€ OC
SR 90 2.32048E 01 SN 20 1.08121e-CL PRIiSGS 1.54521&-05 uzZie 2.081254€ 00
Y 39 2.14466E O1 SNL21IM 3.02937E-C5 PR14 &N T.72642€-08 u23e 1.10435€ 0C
Y 90 6.03911¢-0C3 Sh122 1.21555€-ClL NULl42 2.11T55€-01 NP237 1.93946E 0C
Y 9t . 481 730t-09 ShL23 2.€3425€-Co NOL«3 5.15381€E Ol PU2 306 2. 11594E-05
IR 90 3.26435E 00 MLY P4 1.92459E-Cl NJ &4 4.51439E 01 PU238 7.C8519¢ oC
IR 91 2.68096E 01 LY P4 T.68363E-6C NUL4S T 2.729128 01 PL239 1.58095¢€ Ol
IR 92 2.14062¢ 01 5hZ6 4.72867€-C1 Nulée 2.28485€ 01 PU240 3.17580¢ 00
IR 93 3.79035L vl setat L. 128 10E-CL LDITRS © 1e29171E-50 Pu241l 1.3021%E o0C
IR 94 3.02229¢€ 01 sei2? 1.45841E-C1 NUL4d 1.277165€ vl PL242 2.55154€-01
IR 95 5.32241E-00 sBl2e ©.98540E-13 NDL1SO 4.94913€ OU AM241 3.53736E-01
IR 96 3.01005€ 01 SBl2s 6.763715€-C2 PMLaT 2.47T6C3E 00 AM242 1.84354€-09
NB 95 6.14954€-08 58126 2.24912€-C9 PAL4B 5.24L€9E-17 AN242M 1.54194¢-04
NB- 95M 3.72540-11 581260 L.70938E-11 PMLIsAN 5.84520E~-15 AMZ24) B8.42214E-03
MO 95 3.06633E O1 18122 2.63E66E-C) SHler T1.313¢3€ 00 CM242 1.28017€-0¢
MO 96 1.71165E-01 TEL24 1.22%31€-0C) SM148 Z.51137e uo CM243 1.56304¢-05
MO 97 2.91000E ot T1EL2S 1.dT640E-01L 54149 4.5271T€-01 CM244 5.87070E-04
MG 93 2.93191C 01 TEL25M 9.607€5€E-C4 S¥150 l.176¢4E 01 CM245 1.12333€-05
MC100 3.17857€ Ot Ttl26 9.029C7E-C3 SMISL 5.10421€-01L CM246 5.028166-017
1€ 99 2.99326¢ 01 TEl27 3.19C33¢-C9 SM152 3.85L70€ QO . CM247 2.04227€-CS
RULOO J.16417€-01 TE12TM 9.11252¢-C17 SMIS4 6.051$3E-01 CM248 4.654008€-11
rRulot 2.5T133€ oL Tel2s 2.671286E 00 Eulsl 1.56459€E-02 BK249 5.06532€-145
RU102 2.23489% ol TE129 9.25151€-21 (37287 1.648(9€-03 CF249 2.856422€E-12
RUL0Y 6.23528E-14 TEL29M 1.00102E-17 ELIS] 2.261€8E 0C CF250 4.20935E-14
RUL04 1.014082L 01 tel3o 1.00461E C1 Eui54 3.14912E-01 CFa51 1.22478€-14
RU106 6.65124E-02 nair 1.03573¢ €0 EU155 8.154€2€6-02 CF252 9.16571€-1¢
RH10) 2.94227€-01 1129 4.653C4E CC Eulse 71.049C2€-38 CH253 +S3IFLEE-4S

RHI03IM 1.22597E-16 [RER| $5.065 TOE-69 GU15<2 4.31826E-04
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TABLE 7.9
ISOTOPIC CONTENT (Ci/assembly) OF A MARK 168
FUEL ASSEMBLY — 5 YEARS

150T0OPE CUNCENTRATION 1SCTOPE CUNCENTRATIGN isuvoPe LUNCENTRATICN ESOICPE - CGNCENTRATICN
H 3 3.35%555E 00 SB124 8.72128€-C9 NO a7 1.04949€3E-45 u238 3.71157E-01
CR 51 t.13525€E-17 sB125 7.09119€ Ci PMLAT 2.497€2€ 03 NP237 1.36683E-03
C0 60 2.0821719¢ 01 sel2s 1.88058E-C4 PML4Y d.616€¢7E-12 PL23b 1.15554€-02
SE 79 1.48221€6-02 SBl2eM 1.34356E-C3 PMl4BM 1.24936E-10 Pu2is 1.21260€ 02
RB o7 9.66485€-07 TELZ25M 1.73170€ Cl SMisT L.678CLE-OQ7 PU239 9.82467E-01
SR 89 5.82602E-006 TELL2T 8.42556€-03 SMlad T.592226-13 PU240 1.22079€-C1
SR 90 3.28358E 03 TEL2TM 8.60230€-C3 SM149 1.C8756€E-1) PU24l 1.313715€ 02

Y 90 3.20443E 03 TEL29 1.92907€-13 SMiL5L 1.30073¢ 01 ’ PU242 9.13711E~-04
Y 91 1.082 14€-04 TEL29M 3.03828€-13 EVUl52 2.98521E~01 AM241 1.21411€ 0C
IR 93 1.53632E-01 1129 8.12160E-C4 Evi54 3.951054E 0Ol AM242 1.49078E-013
IR 95 t.11797E-03 (S134 4.78938¢ 02 tulss 3.923C6E 01 AM242ZM 1.49825€-03
NB 95 2.41040€-03 €S13s 5.73574€-C) Eulse 3.883¢0€-3) AM243 1.680826-01
NB 95M 1.41981€-05 CS13e6 5.567C8E-40 G052 S.244 13E-15 CM242 4,23925€-012
1C o9 5.08106t-01 [ 31.32494€ 03 ftlev 1.23621E-07 CH243 B.066L4E-04
RUL03 t.39755L-09 3Al136M 1. T8L46E-40 TL208 1.858€6E-04 CM244 4.74845E-02
RUL06 2.22234¢ 02 eAL3TH 3.14%39E C3 PB2l2 5.17323E-04 CM245 1.93361E-0¢
RH103M 3. 19962¢-09 BAL40 3.21443E-38 el212 5.173C0E~-04 CM246 1.%4446E-01
RH106 2.22234E 02 LAL4D 3.69925€-38 PL216 5.17559€~-0G4 CM247 1.8942S€E-13
eniov 6.16947€-04 CEls&l 3.58305€~-12 RNZ220 5.17560E-04 CM248 1.97443E~-1)
AGL1O 1.41505F 00 CEl42 1.00687E~-C6 RA224 5.175¢0€-04 BK249 8.45605E-12
CDL1I5M 4,701 36E-11 CElsa 1.16838E C) TH228 5.19516E-04 CF249 1.16849€-12
1N11S 3.A3912€6~-12 PRI4) 1.05571€-35 U232 8.92523E~04 CF250 4.60066E-12
INLLSM 4.264708E- 15 Pkl44 1.16842E C3 u2ie 6.6C945€E-04 CF251 1.94202€-14
SN121M 2.971625E~-03 PRI&4M 1.402CT7E C1 Ja3s 6.11U43E-006 CFe252 4.92754€E~-11
SN123 2.16945E-02 ND144 5.34387E- 11 ylie 1.01Y25€E-04 CF253 2441233644
SNL26 1.34356E~-03

TOTAL ACTIVITY 1.9% 04 Ci/assy HEAT GENERATION, watts/sssy
Primary 423 0
Gemma 174 0Ot
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TABLE 7.10
1SOTOPIC CONTENT {g/assembly) OF A MARK 168
FUEL ASSEMBLY — 15 YEARS

ISOTOPE  CUNCENTRATION ISUTOPE  CCNCENTRATICA I1SGTUPE  CONCENIRATION I1SOTGPE  CUNCENTRATICN
W3 1.97237€6-04 kK10 ) 2.04227¢-C1 Te130 1.004¢1t 01 60155 1.45C88E-C1
HE 3 2.95801E-04% RMLOIM 2.10395E- 44 nar 1.03573E 00 60156 5. 78364E-01
V.St 7.34124€-03 RHIC6 €.53627€- 11 1129y %.653C4E 00 GD157 9.030576-04
CR S1 3.47012E-062 PCICSK 5.03637E-C1 XEL31 2.149¢E1E-CT 60158 1.C19756-01
€C 60 4.90960E-03 PO1GS £.18880€ €O XE132 1.52656E-17 GOleo 5.21368E-03
NI 60 .  1.05767E-02 PU106 3.05043E C0 Csi3) 4.266C9E 01} 18159 1.274216-07
GE 72 2.33137E-04 PolCT 1.19834€ €0 CSlie 1.277¢2¢-02 18160 6.78623€~-21
GF. 13 9.52012€-04 polCS &.164540E-Ck C5135 4«.574¢82€ 00 DY160 1.0656TE-04
GE T4 2.55114€-03 PCltO 2.13602E-C1 CSi37 3.044 34E O} oviel 1.30355E-03
GE 76 1.81983€-02 AGICY 2:83570E-(1 8AL3e. 2.088¢6t 9C Uvie2 $.19C8¢E-C4
AS 75 6.02024€-03 At to 1.3008€E-CO 8A136 t.2tLele-ol ey 1.42267€-12
SE IT1 . 3.39587€-02 o 5.59111E~-€2 BAL3T 1.57916E 01 pPB2C8 1.518C5E-0¢
SE 78 8.56460E-02 .oce 1.57¢58E~C1 BALITM 4.638 16E-00 PB212 €.39214E-1C
SE 19 2.123¢5€-01 (4R B ¥ 1.14910¢E~C1 UA LS8 4.71080¢ 01 Bi212 1.95961E-11
SE 80. S.U1361E-01 coie? 2.068€1E-C3 LAL3Y 4.50%70€ ©1 P0216 3.34849E~15
. SE w2 . 1.03647€ 00 e 2.C5647E~-C1 CEla0 4.454%8E 01 AN220 1.264166-12
BR AL . 8.6646Tt-01 CCLISM 4.10279E-40 CElel L.593E5E-50 RA224 1.3205¢-CS
KR 92 3.44110E-41 cclle $.84944E-C2 CELe2 4.19320€ o1 TH228 1.42282¢-06
"B 45 4.46953E 00 . INLLS €.16309€-C2 CElas 4.58521€-05 L232 5.597T15€-05
RB 97 1.10355¢ 01 INLSN 1.55889E-46 PRSI 4.1561CE 01 U234 1.05813E-01
SR 88 . 1.60027€ 01 Shile 2.869208E~-C2 PRLI44 2.103%4€-09 V239 2.82737€ oC
SR 89 1.47919E-31 SAELT S.6160TE-C2 PRLE4SH 1.05035¢e-11 u2ie 2.81254k OC
SR 90 1.801322€ 01 LYRE 1.C79128-C1 NU142 2.117%5€6-01 L236 1.10435¢ 0OC
v. 89 2.14%66E:01 . Sh9 1.C32076-¢1 NOL4) S.4S3EIE Ot NP23T 1.93946E 0C
V.90 . 4.718206-0)3 SM 20 1.08121¢€~01 ND144 4.551C0€ 01 PU236 1. 913 16€-06
vy 9 7.62394E-28 SM2IM 4.37709€-C5 ND14S 2.12912¢ o1 PU23Y 6.5870%t 0C
IR 90 8.33815€ 00 Sh122 1.21555€-C1 NOL46 2.28BE5€ 01 PU239 1.58049E 01
9 2.680560€ 01 sA12) 1.90018E-15 NOL48 1.2T7745€ oL PU240 3.17246E OC
IR 92 2.740062€ 01 SA124 1.92459€~C1 NOLSV 4.949 13k 00 PU241 8.12597€-01
R 93 3.79032€ 0} SAL26 4.728¢26-C1 LIy 1.162406-01 PL242 2.53152€-01
IR 9% 3.02229€ 01 Se121 t.a2117e-C1 PHL4D 1.250 10E~43 AMZ4t 8.334556-01
IR 95 8.70356E-25- . se123 1.45843t-C1 PHI4EBM 1.394C4E-41 AM242 1.761356-09
IR 96 3.01005€¢ 01 sBL2e 2.T1325E-21 SMis? 9.67345€ 00 AN242M 16732104
NB 95 1.00561€-24 SEL2S 5.33967€-03 SM148 2.51127€ Q0 ANM243 8.41623¢-0)
NB .95M 6.09202E-28 seL2e 2.269108-C9 SM149 4.52711c-01 CN242 3.56754-01
MO 95 3.06633¢ 01 SBL26M 1.70936E- 11 SM150 1.17664€ 01 CM243 1.22559€-0%
MO 9% 1. 71 165E-01 16122 2.63866E-C) SHISL 4.73655€-01 CH244 4.003726-0¢4
Mo 97 2.91080€ 01 TEL24 1.22%31E-C3 SML52 3.85110€ 00 CH245 1.12241€-09
MO 99 2.93191€ ot ©OIEL2S 2.50822E-01 SM1S4 6.05153E-01 CM246 5.02G80E-01
Mctoo 3.17857¢ 01 TEL25M 1.58481E~C5 EUlSL 5.632¢3E-02 CM241 2.04221€-G5%
TC 99 2.99816E 01 1E126 9.032336-C3 €u152 5.666226-04 cH248 4.654C6E-11
RU100 3.76417€-01 €27 2.60970E-19 EULs) 2.26188E 00 BK249 1.59581E- 1€
Rutol 2.5T133€ 01 TEL2m 1.45440€~17 EULSe 1.40517¢-01 CF249 2.84810€6-13
RUL02 2.23489€ 01 TEL28 2.61286E 00 EVISS 1.92249e-02 CF250 2.47781c-14
aylo3 1.07016E-41 V€129 b.11436E-%3 GOLs2 ©.31836E-04 CE251 1.2153¢E-14

RULO4 1.01482€ 01 TEL29M 1.20592€-%0 o154 3.3677ee-01 CF252 6.6223T76-11
RULO6 6.96945€-05 -
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YABLE 7.11
1SOTOPIC CONTENT (Cifassembly) OF A MARK 168
FUEL ASSEMBLY — 16 YEARS

[ SOTUPE CONCENTRATIUN (SCICPE CCNCENTRATICN ISUTOPE CONCENTRATICN 1SUTCPE CCONCENTRATICN
H 3 t.90663t 00 SAt23 6.50611E-11 PMHLCE 2.054$9E-38 NP237 . 1.36682E-03
CO 60 5.5T124E 00 SN126 1.343556-C3 PNL4OM 2.97966E-37 PU23G 1.01634€-02
SE 19 L.48105E-02 SEL124 4.74566E-217 SMIsT 2.201286-07 PU238 1.12050€ 02
RB 87 9.66465E-07 s8L2s 5.59818€ 00 SM148 1.59222¢~13 PUZ39 $.82184E-01
SR 89 4 1TTT6E-27 S8126 1.88CSTE-CH SML49 1.C8756E~13 PL240 T.213156-01
SR 90 2.56578E 03 Sel12e6M 1.34355€E-C3 SM151 1.20725¢ 01 PL241 8.19838¢ 01}
Y 90 2.56645E 03 TEL25M L.36T10E CO EUl»2 1.750¢8€E-01 PU242 $.737159€-C4
Y 9t 1.86973E-23 Te127 €.89246E-13 Eulde 3.79912¢ 01 AN241 2.860€4E 0C
IR 93 1.53631t-01 TELZTM 1.03672E-13 EUissS §.24T€0E 00 AM242 1.642432€-0)
IR 95 1.02817€-20 TEL129 2.3220S€-46 60152 9.244913€-15 AN242M 1.431466-02
NB 95 3.94174E-20 VEL29M 3.65727E-46 Tate0 1.663¢2€-22 AMZ43 1.67924€E-0)
N8 95M 2.32176E-22 129 8.12159E~-C4 TL208 4.18918E-04% CMZ42 1.181386-03
1C 99 . 5.082689€E-01L C5114 1.65566E C1 rPB212 1.165%3E-0) CM243 6.325CBE-04
RUL03 3.42906E-37 Cs13s 5.73572€6-C3 Bl2i2 1.165%36-03 CM244 3.23836E6-02
RUL06 2.32866E-01 csi137 2.64103€ 03 PU216 1.16555€-03 CH2e5 1.93203E-0¢
RHL1O3M 6.86486E~37 BAL3TM £.49842€ (3 RN220 1.16555€-0) CM246 1.54220€-01
RH106 2.)2867€-01 CElLalL 5.6T9S1E-46 RA224 1.16595€-03 CM2a7 1.89429¢-13
pD1O7 6.16946E~04 CEla2 1.006€TE-Co tHa268 L. 16615€E-03 CH248 1.97442E-13
AGLIO 6.13302E-05 CE144 1.59044E-C1 uzi2 1.20276€E-03 BK249 2.66431E-15
COLISM 1.04537€-35 PR144 1.5%050¢€-C1L u23a 6.6052TE-04 CF249 1.16599€-12
INLLS 3.83802€-1) PR144M 1.90856€E-C3 u23s 6.11043€E-06 Cr2%0 2.T0814E~12
INLLSH 9.44302t-40 NDL4s 5.38722€-11 yz2ie L.81924E-04 CF251 1.92709E-14
SNE2LM 2.59073t-03 Pria? 1.634%8E C2 uzia J.Nire-C7 CF252 3.56U24E-14

TOTAL ACTIVITY  1.07 04 Ci/fsssy HEAT GENERATION, watts/assy
Primsry 239 01
Gamma 936 00




= ST°L

TABLE 7.12
ISOTOPIC CONTENT ({g/assembly) OF A MARK 22
ASSEMBLY .- 5 YEARS

1 SovTarc CONCENTRATION 15CTGPE CUNCENTRATILN L>UTuUPE CUNCENTRATILN isSutcPt CONCENTRATICN
" o3 2.93815€-04 RH106 5.44518€-C8 11 €.319520-6% EL156 5.93123€6-3¢
HE 3 1.23504E-04 PU104 1.54543F CO XEL31 L.031€9¢E-07 GO1%52 3.95244E-C4
v 51 4.64962€-03 POLOS 4.55923€ Q0 XE132 1.295226-141 GUL5% 1.50725€-01
cR 51 1.47699e-2) POL0G 2.58601E 0O €513 3.74358E ol 60155 8.49207E-C2
€0 &0 1:11256€E-02 PD107 1.05443€ €O €513 3.56049E-01 60156 5.01326E-01
NT 60 1.03851E-02 POICS 5.3e7376-C1 cstis5 5.084 24E 0O 60157 8.70051E-04
GE 12 2.17811E-04 POL10 1.85587€-Cl ¢slle T 036 1TE-4 GU158 9.45481E-C2
GE I3 8.874CTE-04 AGLO9 2.45935E~C1 €s137 3.37726€ ol 60160 4.6245E€-02
GE. T4 2.35901E-03 ~  AGLIO 2.90866E-06 BAL34 1.67258E 0U 18159 1.12894E-02
GE T 1.64387€-02 ¢C1i0 £.42639E-C2 8alle 1. 117 14E-01 18160 1.07740E-11
as 15 5:46009E-03 coiit 1.40140E-C1 UAL36M 4261 19€-52 UVi60 7.05377€-04
SE 17 3.06616€-02 - COLL2 1.03414E-CL waL3r 5.5C836E G BYlet 1.15911E-C3
seE.n 7.121676-02 co11) 2,15073€-C3 SALIIN 5.146 20E~06 oviez 7.901C9t~04
SE 719 1.A8195€-01 cCila 1.85380€6-CL vAL38 4. 1SUESE 01 TL2ce 3.12517-13
SE 80 -6.52518E-01 COLLSH 1.61951€-15 BAL40 3.15357E~4) PB2CE 7.2171356-0¢
SE. 82 9.13960€-01 coile 8.94893E-C2 LA139 3.572¢0E 01 P8212 1.84358E-1C
BR 81 “1.65163E~01 NS 5.38401E-C2 LAL4o 5.66130E-44 e1212 1.74845E-11
KR.82 . " 3.13463E-41 INLESH 6.15345E-22 CEL4O 3.523689E 01 PUZL6 1.35914E-1¢
- RB.85 3.94U19€ 00 shlle 2.80514€-02 CElsL 1.078C6E~16 an220 2.778256-1)
.RB 87 9.72928€ 00 SALLT e.70131€-02 LER42 3.69384E 01 HA2Z4 1.6084 7E-0S
SR 88 1.41184€ 0L sh118 S.77493E-C2 CElas 3.207¢3€-01 Th228 3.13825€-07
SR 89 1. 17553€<10 SNL19 9.36124€-C2 PR141L 3.66849E 01 v232 2.05328€-0%
SR 90 2.04504€ 01 SAL20 9.79969€-02 PR143 1.338€0E-40 u234 1.71155€6-02
Y. a9 1.89077¢ 0l SN1ZIM 4.53210€-C5 Pules 1.3534TE~0% y235 2.83326E 0OC
Y- 90 ~5.32142€-03 sai22 1.100€1€E-01 PR1G4H ©.16725E-CE uz3s 1.72995€ 0C
AR 3.80753€-09 SN123 2.34331€-Co NOLe2 1.828306-01 uz3e 6.83413E-01
IR 90 2.88566¢ 00 SN124 1. 737 1HE-CL ND143 3.695S1E 01 NP2 36 3.82992€-01
I 91 2.36327€ ot SAE2S 6.56024€-60 NOL4e 3.872%2€ 0L NP237 1.45100€ 00
1R 92 2.41649¢ 01 ShL26 42455 PE-CL NBLGS 2.395%3€ 0l PU236 1.C75¢4E~0¢
R 93 5.18810E 01 58121 1.01075€~Cl NDL4o 1.530%2€ 01 Pu237 1.10066€E-1¢€
n 94 2.66%22E 0L se123 1.31788E-Cl NDieT 1.100 2d€-50 PU234 5.61043E OC
1R 95 4.59453E-08 $B124 4.95120E-13 NOL4B 1.126€4€ 01 PUZ39 1.27884E Gl
9% 2.65309€ 0l $B125 6.0T16LE~C2 ND150 4.363128 00 | PUZ40 2.31312€ 0C
N8. 95 5.30850€-08 $B126 2.02143E-C9 PHLST 2.09935¢ 00 P24l 1.10576€ GC
NB 95M 3,21591€-11 SB126M 1.53633E-11 PHICE 4,584 S9E-17 PuZe2 2.00201€-01
Ma 95 2.10191€ 01 TE122 2.65881€-C3 PHICBM S.SLISAE-15 Anzal 3.009726-01
MO 96 1.66396€-01 1€L24 1.24152E-C3 SM147 6.26752€ 00 AMZ42 1.69227€~CS
Mo 97 2.56643E Ol ©TEL2S 1.68946€E-C1 SHL48 2.289%4E 00 AMZ42N 1.41542E-04
MO 98 2.58569% 01 TELZ5M 8.624506-Cé SH149 4.21347€-01 AMZ43 7.49903E-05
M0100 2.80152€ 0L 1€126 €.C1984E-C3 SM130 1.06648€ 01 ChZ42 1.102746-0¢
C 99 2.64213E 01 TE127 2.812646-C9 SMLSL 4.989 126-01 CHZ43 1.42457E-0¢
RU100 3.19915€-01 1E127M 8.034C9€-CT SM152 3.24242€ 00 CHZes 5.883C4E-C¢
rULOL 2.26531€ 01 TE1Z8 2.38520€ €O SHISe 5,329 10€-01 CHZ45 1.36821€-017
RULOZ 1.97641€ 01 16129 1.57010€-21 EULSE 1.523%8E-02 CHZ46 5.83114E-05
RUL03 5.3380TE~ L4 TEL29M 8.626496€~18 EULS2 1.482¢76-03 cn24t 2.838556-11
RULOG 8.95785€ 00 TE130 8.89542€ €0 £U153 2.05031E 00 CM248 1.35239€-13
RUL06 5.80605E-02 127 9.27)19€-C1 LULS4 ¢ .91 TEOE-O1 8K249 4.99911E-1%
’RH103 1.14843E-01 1129 4.137S6E CO £Ul5S 7.974€8E~02 CF249 2.745CSE-11

RHLO3M 1.06949E~-16
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TABLE 7.13
ISOTOPIC CONTENT (Ci/assembly) OF A MARK 22
ASSEMBLY — 5 YEARS

1SOTOPE CONCENTRAI TGN 1SCIOPE CLANCENTRATICN 1SuTuPe CUNCENTRATION 1S0TCPE CUNCENTRATICN

3 2.84022¢ 00 SAL26 1.2C754€E-C3 NDi&4& 4.584C7E-11 uz23e 1.11869€E-04
CR 51 6.88094E-18 S8l24 8.66726€~-09 LDITY ) 9.689056E~46 y23is 2.297C¢E-01
€0 60 1.26249 01 sB12% €.36954E (1 PRLGT 1.94757E 03 NP236 5.04510E~GS
SE 79 1.31248£-02 SEL26 1.69056E-C4 PMLs8 €.12027€-12 NP237 1.02259€E-013
RB 87 8.52090€-07 SBL26M 1.20754E-C3 PMLABM 1.17857€-10 PU236 5.7141SE-C2
SR 89 5.014T4E-06 TEL25M 1.55449€ C1 SML4T 1.42639€-07 PuU2317 1.32870€-12
SR 90 2.89382€ 03 TeEw2? T1.42645€-03 SM148 6.92169E-13 PU238 9.60202€ 01

Y 90 2.3994517€ 03 1E12TM 1.58392€-C) SML49 1.01219€-13 PU239 1.94724E-01

Y 9 9.33274E-05 TEL29 1.66080€-13 sH151 1.271¢3E 0L PU240 5.25932€-01
IR 93 2.10286E-01 TEL29M 2.61515¢-13 Evis52 2.68541£-01 Pu24l 1.11561E 02
IR 95 9.650713E-04 1129 1.22256E~-C4 EulS54 7.88529¢ ol PU242 T1.64045E-04
NB 95 2.08080€-03 CS134 4.61436E€ C2 EULS5S J.836€0€ 01 AMZ41 1.03301€ 0C
NB 95N - 1.22564€-05 csiads 5.86203E-03 Evl56 3.26116E-33 AN242 1.360846€-03
¢ 99 4.47929E-01 cSi3e 5.27359€-40 G152 B.461CeE-15 AM242M 1.37532€~-02
RUL103 1.71049€-09 csiyy 2.92993E C) 14160 1.21610E-07 AM24) 1.49659€E-05
RULO6 1.93955E 02 BAL3IGM 1.68768€~-40 ¥L200 9.202 20E-CS (M242 3.651716-01
RH103M 3.42434E-09 BAL3TNV Z2.77111E C3 rve2l2 2.56129E~-04 CM24) 7.352C1E-04
RHLOG 1.93995€ 02 BAl40 2.73B94E-38 8iz2l2 2.561 J18E~04 CM244 4.75943E-04
potO7 5.42703€~-04 LAL4AO 3.15204€E-238 PO216 2.56246E-04 CM242 2.35512€-C¢€
AGl110 1.37129€ 00 CELs1 3.CT1CLE-12 RN220 2.56246E-04 CM246 L.79LL1E-0OS
CotiIsSH 4.1264LE-11 CEl42 €.86839€-C7 RA224 2.56246€-04 CH247 2.63290€-15
INLLS 3.35251€-13 CElsas 1.02333€ (3 THZ28 2.57211€-04 CM240 3.11915€-15
INILSH 3.72945€E-15 PR143 9.00622E-136 u232 4.41225E-04 BX249 8.34633E-1¢
SN121M 2.68257€-0) PRL4S 1.02337€ ¢C3 u2le 4.0815€68E~-04 CF249 1.12302€E-1¢
SN123 1.929081€~-02 PR144N 1.229C2€ C1 uz23s 6.12316E-06

TOTAL ACTIVITY  1.68 04 Ci/assy HEAT GENERATION, watts/assy
Primery 369 01




A

TABLE 7.14
ISOTOPIC CONTENT (g/assembly) OF A MARK 22
ASSEMBLY — 15 YEARS

ISOTOPE  CUNCENTRATLON ISUTCPE  COUNCENTRATICN 1SUTUPE  COACENITRATION ISUTCPE  CCNCENTRATICN
TR} 1.66946E-06 RLICE 6.08384€E~C5 TELI29M 1.038:0E-5¢C GUL54 3.0225¢E-C)
HE ) 2.50373E-04 RH1G3 1.74843€~-C1 Tel3o0 8.89542¢ 00 GOL5S 1.458731E-01
v s1 4.469626-0) AKELO3IM 1.80023E-44 (R0} 9.27019¢-01 GO156 5.01326€-01
CR St © 2.103666~-62 RK10€ 5.7C570€-11 1129 4.137%6€ 00 GO1S1? 8.70057E-04
o o 2.97558E-03 PDICY 1.54%43E CU XELSL 1.831€9€-07 GO158 9.454€E1L-C2
N1 60 1.5 342E-02 PD10OS 4.55923E 00 XEL3IZ 1.295226-11 GCl60 4.62458€-013
GE T2 2.1T811E-04 POICE 2.64401E €O CSi33 3.743%8¢ Cl 18159 1.12894E-02
GE T3 8.87407€-04 PolIOT 1.05413E €O Csi3e 1.230€4E-02 18160 6.679136-27
GE 14 2.35901€-03 poiICS 5.38737€-0G1 C€s135 5.084 38k 00 ovieo 1.053176~C4
GE 76 © 1.64387€-02 © POLLO 1.89587€-Cl (Y EY] 2.68286E 01 ovliel 1.15917E-03
CAs 15 5.46009€-03 AG109 2.45935¢-C1 8Al3a 2.00622¢ 00 ov162 1.901C5c~04
SE 17 3.06616€-02 AsLlO 1.26065€6-(8 sAl36 1.117 14€-01 1L2ce T.C3304t-112
SE. T8 T.12167€-02 “ccio $.45538E-C2 vALST 1.245¢1E €1 PB208 1.51329€-01
SE 79 1.884 14E~01 (911 1.40140E-C1 yALITN 4.C8TE7L-06 pe2i2 4.14865E-16
SE-.B0 4.52518E-01 (¥ ¥ 1.C3414E-¢C1 B8A138 4.150€4E C1 81212 3.93488E— 11
SE 82 9.13960Ex01 cci13 2.15073¢-C3 LAL39 3.5T2¢0E 0L PO216 1.€5534E-15
_BR 8L, 1.651636-01 cCila 1.85380L-C1 CEL40 3.92389€ 01 RNZZC €.24935€-12
KR'82 " 3.13463E241 COLISM 2.601C3€E-40 CELal 1.1CUS5E-50 RA224 3.61495E-05
RO 85, 3.9¢019€ 00 cclte 8.948S3E~C2 Cele2 3.65384t OL 1H228 1.03317e-01
RB 87 9.72928E 00 INLLS 5.38401€-C2 CELles 4.36623E-C5 Lv232 Z.16652E~C"
SR @A - l.6ltBst 0L INLISM 1.3€824E-46 PR141 3.66849€ 01 u2da T.71L33€-02
SR A9 1.27321€-31 ShLLe 2.80514E-C2 PRI44 1.84240E~09 u23s5 2.43326€ OC
SR 90 t.59199€ oi SNLE? t.7CTILE-C2 PRIG &M 9.20184E-12 u23e 172955 CC
Y89 1.89077€ 01 Sh118 S.T14S3E-C2 ND142 1.82820€-01 u23e 6.83473E-01
Y 90 4.15813€-03 SALLY 9.36124€-C2 ND14J 3.695%1c Ol NP236 3.82974t-01
_¥ 91 6.5T1956~28 SNLZO S.19969E-C2 ND1G44 3.90449E 01 NP237 1.49509%t CC
IR 90 1.35716€ OV SAL2IN 3.$4590E-C5 ND14S 2.399%3E 01 PU236 9.45740€E-01
IR 91 2.36327¢ ol SN122 1.10061E~-CL ND146 1.930%52€ 0Ol PLLIT 8.01914E-41
IR 92 2.41649€ 01 SNL23 1.027526-15 ND14B L.126€4E 01 PU238 5.18430t 0C
IR 93 5.18805¢ 01 Sh124 1.73710E~-CH NO150 4.36312€ 0V PL239 1.27841€ 01
I 94 2.66422€ 01 SNL26 §.249946-01 PHL4T 1.494 28E-01 PU240 2.31068€ OC
R 95 1.51325C-25 se121 1.01C8LE-C1 PMH148 1.17924E-4) Pu24l 6.90041E-01
IR 96 2.65309€ 0L 58123 1.317SVE-CL PHL4BM 1.315C2k~41 PLZA2 2.00158t-01
NB 95 9.68081E-2% SEL24 2.65459E-21 SM1s4T 8.21T€4E 0O AM241 7.C¢8335E-G1
NG 95M $.25886E-206 SBl2% 4.79327€-C3 SML48 2.285%¢k 00 AM242 1.61683¢-0§
MO 95 2.70191t 01 $8126 2.02142¢-09 SML4Y 4.21347€-01 AM242M 1.352326-04
MG 96 1.66398E-01 $B12¢M 1.53632E=11 SM150 1.0664bE Ut AMZ43 7.49197t-0¢
MO 97 2.56643E 01 TEL22 2.69861€-03 sMLSL 4.630%8E-01 CN242 3.27481¢-01
MG 98 2.58589¢ Ol TEL124 1.24152€-03 $M152 3.24242€ 00 T CM243 bo117C1E-0%
MO100 2.80152€ O} TEL25 2.256€3E-C1 SMES54 5.329 10t-ul LM244 4.01213€-0¢
TC 99 2.66204E 01 TELZSM ¢.808ESE~CH EULSL 5.%50957t-02 CM24S 1.361G9€-017
LUTT 3.19915€-01 1E126 8.02279E-C3 EULS2 8.695%3E-04 CM246 5.82255E-CS
aulot 2.26531E O} TEL27 2.30015€-19 EULS3 2.35021€ 00 CM24T7 2.8385€€~11
RU102 1.97641E 01 TEL2TM 6.571G1E- 17 EULSe 1.302%1-04 LM248 1.352226-13
RY103 9.16184E-42 Te128 2.38%520€ CO EUL55 1.8719$2€~-GC2 BK 245 1.57495E-22

RUL04 B.95745E 00 TE129 9.59386E-24 60152 3.55244E-04 CF249 2.1404TE-117
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TABLE 7.15
ISOTOPIC CONTENT (Ci/assembly) OF A MARK 22
ASSEMBLY — 15 YEARS

15010PE CONCENTRATICN I1SCTCPE CUNCENTRATICN ISUTUPE CCACENTRATION ISOTCPE CGNCENTRATICN

- 3 1.61382E 00 SA12) S.T78T44E-11 FML48 L.5318¢1E~38 NP216 5.04480E-CS
Cu 60 3.37T703E 00 ShL 26 1.20754£-03 PMLI4OM 2.61017t-317 NP23T 1.0225€E-03
SE 19 1.31234€-02 sBlza 4.T1695E-27 SM147 1.87013€E-07 PU236 5.02401E-04
RB 87 8.52090E-07 $8125% 5.02%31E €O SMLl48 652169613 Pu2317 L.064¢64-38
SR 89 3.5960LE-27 s8i26 1.65055E-04 SM149 1.012 19E-1) pPu238 8.87273¢ 01
SR 90 2.26122€ 03 SBL26M 1.20754E-C3 SMLISL 1.18024€ 01 Pu239 T.94495¢-01

Y 90 2.2618lE 03 TE125M 1.22720€ CO Evis52 1.575C4t-01 PUZ40 5.25376E-01

Y 9l L.61077C-2) T1E127 6.07650E-13 EULS4 3.520C5€ - 01 PU241L 6.9619CE 0}
IR 93 2.10285E~01 TEL2TM 6.20368E-13 EVL5S 9.043S$9€ 00 PU242 1.64035€-04
R 95 1.57815€-20 TEL2Y 1.99916E-46 GDI52 B.461C4E~15 ANZal 2.43118E 0OC
NB 95 3.402606L-20 TEL29M 3.148066E-46 18160 1.542¢6€-2) AM242 1.30745t-0)
NG I5M 2.00626E-22 12% 1.222955E-C4 TL208 2.GTUS3E-04 AM242M 1.31408E-062
tc 99 4.471915€-01 CS5134 1.59516E 01} PB212 5.763€1E~04 AM243 1.49518€-05
RULO) 2.93569€-37 Cs135 5.86202E~C3 8i212 5.7163E0E-04 (M242 1.008444€-02
RUL06 2.03276€-01 csi3? 2432127 C3 PO216 5.763S3E-04 CM243 5. 16474E-04
RHLIOIM 5.87715E-37 BALITM 2.20160€ C3 RN220 5.763$3E-04 CM244 3.24516€-04
RH106 2.03276€-01 CElal 4.86821E-46 RA224 5.763S3€E-04 LM245 2.35320e-0¢8
poto? 5.42T03€E-04 Ctla2 €.E6839E-C1 TH228 5.7164E8E-04 CM240 1.7884SE0S
AGLLO 5.94335€~-05 CElaa 1.39300€-Ct uai2 5.54579E-C4 CM247 ’ 2.6329CE-15
CO1I3M 7.17525E-36 PRI44 1.393GC5€6-C1 J2is 4.81574E-04 (K248 3. 11909€E-15
IN1LS 3.35251¢-1) PRI&GN 1.67063k-0) uz2is 6.123168-06 #K24$ 2.62948E-1S
INLLISH 8.29258E-40 ND144 4.62204t-01 v23e L. LLES9E-04 CF249 1.12192¢~-16
SNIZIM 2.33509E-03 PrLAT 1.38¢24E C2 u23e 2.297C6E~C7

TOTAL ACTIVITY 944 03 Ci/assy HEAT GENERATION, watts/sssy
Primary 207 01
Gamme..._8.25._00




TABLE 7.16
ISOTOPIC CONTENT (g/assembly) OF A MARK 31A
ASSEMBLY — 5§ YEARS

- 61°L

1SOTOPE CONCENTRATIUN ISUTUPE  CONCENTRATICN ISUTUPE  CUNCENTRATIUN ESUTGPE  CUNCENTRATICN
H ) 3.64403E-05 RELO3M 4.912C3€-17 1129 1.840(9E-01 ELLYS . 1555 4E-C2
HE 3 1.94957€-0% RH1C6 3.17259€-CH 1131 2.8LL%E-069 Eulbe 4.000088E-3E
v st 1.80J39€-03 POLO4 2.518C4€6-C2 XEL3L 1.19224c-01 GuUts2 1.75018€-05
CR 51 3.02531€-23 POLOS L.478¢0€ CO XEL32 .62444E-18 GU154 5.17793¢-02
€0 60 4.50139€-03 PDICG 1.18954€ €0 CS133 S<2BLS1E 00 60155 2.9325€E-02
NI 60 4.20180E-03 PD107 1.21074¢-C1 CSlia 6.38561E-0) 60156 1.20495€-01
GE .72 9.25965C-05 POICH “.837CHE-CL [AYEE] 5.90742E-01 GulsST 2.509C9E~02
_GE.T3 2.18633€-04 POLLO 1.62057€-Cl CSi36 6.850206-45 GLl58 4.46584E-02
GE T4 4.40341E-06 AGLO9 3.C7350€6-CI cst3z 4.59243€ 00 vCleo 4.07892€6-02
GE Te 2.21161E~-03 AGL1O €.32754E-C5 UBAL3e 3.13244€~-02 18159 5.36916€-C2
AS 75 9.33919€-04% Lcilo 1.03570€-€2 LY ET 3.30615€-02 18160 2.12157e-12
SE 77 3.90755C-03 it €.831026~C2 BAl3o6M €. OLUETE-52 VY 1¢0 5.661CBE~0S
SE 78 1.00851E~02 coir2 €.39183E-C2 BA137 6.53621E-01L oviel 1.95500€-01
SE'T9. 2.50379¢-02 [AARE 7.02305€-C3 BAL3IM 6.957¢4E-07 VY162 1.10911E-01
. SE 80 . 9.64404E-02 colle §.25052€E-C2 BAL3Y 5.252E1€E 0OC TL2068 8.38584E-16
SE B2 1.12441E-01 COLI5M 2.13931€-15 BAL140 1.8%9%1E-43 P8208 9.212C7E-113
BR AL 9.68.138L-02 ccile 3.95666E-C2 LAL39 5.114%5€ 00 PB212 4.94€653E-1¢
KR 82 9.A9991E-42 INL12S 4.2444TE-C2 LAL4Y 2.804¢€2E-44 BI212 4 691 4E-11
RB 85 4.29481:-01 INLESNM 8.12051€E-22 Ctlay 5.01340E 00 PG216 1.51265E-21
‘R AT . 1.0&173E .00 Shite 3.34758E6-C3 Crial 3.722026-117 AN220 1.44865€-15
SR A8 . 1<50T15E .00 SNELLT 4.C3945€-(2 CEl42 4.0048 126 00 RA224 4.31342€~-15
SR 89" 3.87131E~11 SALL8 4.02414E-C2 CElas 4.60023E-02 14228 4. 35955€-113
‘SR 90 2.16483t 00 SALLY9 4.01L59E-C2 PHI4L 4.T4043E 00 u232 1.55524E-11
AL 2.00451E 00 Shi20 $.092$5€-C2 PRI14) 6.18920€~41 U234 1.42444E-11
v 90 5.63311E-04 SALZLM 1.1T056E-CS PRL44 L.941 14E-C6 L2355 1.20018E-01
Sy an #.06968E-10 SN122 4.52921E-C2 PRI4GM $.70551€-09 u236 3.737¢4€-03
IR 90 2.91041E-01 SA123 1.25431E-C6 NOLl42 2.421C6€E~0) u23s 7.02615¢ 01
R 91 2.51611E 00 HYPL 6.06533E-C2 NG163 6.154%2€ 00 NP231 1.21204E-02
IR 92 2.78376 00 SA12% 1.05614E-59 NOL4~ 4.25113E 00 PU2 36 8591 340E-12
IR 93 3.064086E 00 SN126 1.199376-Ct NUL&YS 3.14643E 0V Pu238 1.261%3E~04
IR 94 3.15703€ 00 se121 ©.251T6E-02 NOL46 2.537¢6E 00 Pu239 7.96113€-01
IR 95 1.05536€-09 se123 S.119808€6-C2 NOlaT 5901 ¢VE-51 PuU240 4.585C9E-02
R 96 3.32827€ 00 sBl2s 6.0B0 T4k~ 14 NULGd 1.55822€ 00 PLZ4&L 5.12023€-03
NB 95 1.21736€-08 ser2s 2.39017€-€2 ND150 1.370¢5€-01 Pu242 2.13365E-04
N8 95M T.38690€-12 Stl2e 5. 7C46CE- 10 PHLaT ¢.81671E~0L AM241 1.33668€-0¢
MO 95 3.35109¢ 00 SBL26M 4.33560€E-12 PHL4E t.64TT1E-18 AM242 4.185476-1C
MC 96 S h.611172€-03 1€122 2.06319E-C4 PML4OM T.41318€-16 AM242M 4.002566-0%
MO 97 3.35843€ 00 TEL124 $.87409€-C5 SMl4T 1.33410€ 00 ANZA3 4.04810E-0¢
MO 98 3.44525€ 00 TE125 6.18577€-02 SMl4d 1.53457€-02 CH242 2.09258E-01
MO100 3.83255¢ 00 TEL25M 3.39514E-Ce SM1e9 1.71816€-01 CM243 4.89169€-01
1c 99 3.59495€ 00 1€l26 2.225126-C) $M150 1.0L1€ 00 CM244 6.52966E~-08
RULOO 9.07126£-03 TE127 1.10461€6-C9 SML5 1L 2.58828€6-01 CM245 3.72061E-1C
RU101 3.30128€ 00 TEL2TM 3.15523€-C7 SM152 9.T149C4E-01 CM246 3.51380€- 12
rRULO2 3.06317¢ 00 1EL20 4.66552E-Cl SHLS4 1.362%7¢-01 CM2al 3.66001E-15
RUL0D3 2.49946E- 14 TEL29 4.CTI571E-21 EVISL S.SL142E~C3 CM248 1.92565€~11
RULO4 2.094 48E 00 TEL29M 4.41C50E-18 tuls5e 4.84575€-04 BK249 1.05654€-22
RUL06 3.38285E-02 1€130 1.46UB7E CO EULS3 2 621 TE-OL CF249 5.80164E-22
RH103 8.10332€-02 (N¥3} 2.39626€-C1 EJE54 1.031$7E-U2
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TABLE 7.7
1SOTOPIC CONTENT (Ci/assembly) OF A MARK 31A
ASSEMBLY — 6 YEARS

Iscroee CONCENTRATION 1501CPE CGACENTRAT ILN I50TUPE CUACENTRATICN 1501GPtE CCMCENTRATILN

H 3 3.56124E-01 Sh126 3.40176E-C4 PRI44&M L.76121E 00 U214 8.89565E-2¢C
crR 51 2.7R4 15€-18 sB124 1.06446t-C9 Nulés 5.03256E~12 u23s 2.59380E-07
C0 60 5.t0803E 00 sates 2.50588E C1L NutLal 4.17124CE-40 u23e 2.41163E-017
SE 79 1.75314E-0) 58126 4.77J86E-CS PAlat 4. 468406 02 U238 2.36140E-0%
RB 87 9.123446-08 S8LZ26M 3.40776E-C4 PML48 1.09280E-12 NP2237 8.5418CE-0¢
SR A9 1.09340C-06 TEL25M €. 11948E€ GO PM14BM l.%86%1L-11 PU236 4.25101E-0%
SR 90 3.06332€ 02 TEL27 2.91737€-03 SMiae7 3.03601E-08 PuU238 2.15905€E-03

Y 90 3.06412c 02 TELZTM 2.97843E~G3 SM148 2.2TTE4E~14 PU23S 4.94175€6-Ce

Y 9l 1.97T774E-05 TEL29 8.49292t~ 14 SML149 4.12754E-14 PuU240 1.04251E-02
IR 93 1.23578€~02 TELZ29M L1.337636-1) SML5L 6.55746E OO0 PU241 5.16586E-01
IR 95 2.216 T6E-04 1125 1.36749E-C4 EUL52 8.717120€-02 PU242 8.14299€-017
NB 95 4.717T957TE-04 CS134 L.C8678E C1 Eul54 2.788S1E 00 AM241 2.51814E-01
NB 95M 2.81527E-06 C5135 6.81096E-04 €ULS5S 1.32%¢5¢ 01 AM242 3.96977€E-04
1C 99 6.094065E~-02 (3§ 1) 5.06264€-40 EulSe 2.204E5E-33 AM242M 3.88917e-04
RU103 8.00574€E-10 csi3y 3.584C3€ ¢2 wois2 3.74750E~16 AM243 e.078856-G1?
RUl 06 1.13029¢ 02 fAl3oN 1.62005E-40 1Bl6V 2.395€6E-CH CHM242 6.92952E~C4
RHIOIM 1.602172€-09 FJALITM 3.76889€ C2 TL208 2.46928E-10 CM243 2.52454E-0°%
RH106 1.13029€ 02 dAl40 1.35687€-30 PB2i2 €.87224€-10 CM244 5.281456~0¢
epl107 3.74323€-06 LAL4O 1.56152E-38 81212 6.87246E-10 CM245 6.4043¢E-11
AGl10 2.90332¢€-01 CEl41 1.06031E-12 PU2l6 6.870C0E-10 CM246 1.07931€-12
COLLSM 5.645008E-11 CEle2 1.12090E-C7 RN220 6.870C0€-10 CM2a1 3.39481E-15
INEIS 2464255€~1)3 CELss 1.46165E C2 RA224 6.8T0C0E-}0 CMZ248 8.17016€E-2C
INLISM 4.92650E-15 PR143 4.16427E-306 228 6.85149E-10 8K249 1.76356E-20
SNI121tM 6.92705t-04 PRL44 L.46770€ C2 U232 3.34202E-10 CF249 2.371513€E-21
SN123 1.03297€-02

TOTAL ACTIVITY 243 03 Ci/assy HEAT GENERATION, watts/assy
Primary 483 00
Gamma 179 00
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TABLE 7.18
1SOTOPIC CONTENT (g/assembly) OF A MARK 31A
ASSEMBLY — 15 YEARS

1 SOT0PE CONCENTRATICN 1SCTOPE CONCENTRATICN 150T0PE CONCENIRATION 150TCPtE CONCENTRATICN
H ) 2.09327€-05 RLICS 21.54470E-CS Telzom 5.30915¢-51 GolLs5e2 1.715078€-0%
HE 1 3.13933E-05 RH10) E.108332€-C2 TELIO 1.46CETt 00 GO154 1.CU9CBE~02
v 51 1.60039E-03 RH103N d.43046E-45 1y 2.396:6L-01 GO155 5.03856€-02
CR 51 8.50178E-63 RE106 2.32439E-11 129 T.846(9€E-01 GOl1%6 1.204SSE-C1
CU 60 1.204C8E-03 PO104 2. 18C4E-C2 XEL31 1.19224t-07 Go157 2.5U9C9E-02
NE 60 1.49890E-03 PD1OS l.47€67€ CO Xei3e . B.62444E-18 Go158 4.46584E-02
GE 12 9.25505€E-05 PO106 1.22323E €O C€s13)3 5.281%51t Ov GOlsC 4.076892€-02
GE! 13 2.10633€E-0¢ POICT. 1.21CT2E-C1 CSlis 2.858E8L-04 18159 8.36576£-02
Gt T4 4.40341E-0¢ pOLCSE 6. BITCHE-CL €£s135 $.90742¢~01 Telso 1.31%22¢-27
GE" 76 2.21161€-0) POLIO 1.62C87E-C1 csuy? 3.647€0E€ 00 ovlieo S.663C8E-0¢
AS- 75 9.339179¢-04 AG109 3.C1350E-C1L BAL3s4 4.54159E-02 oviel 1.95500€-03
SELT? 3.90755&E-03 AGLloO 2.74262E-09 BAL36 3.30615c-02 ovie2 1.10981E-03
SE- 78, 1.00851E-02 cciio 1.042C1€E-C2 B8A137 1.55823€ 00 TLzed 9-.46195€-1$
SE 19 2.51353E-C2 i S.831C26-C2 8ALITM 5.55820t-07 PB2CE 1.64601E-142
SE--80 5.644 06k-02 o2 6.39183E-C2 - BAl38 5.252€E1E 00 PB212 3.e2193E-1¢
SE 82 1.124416-01 cot13 1.C23C5€-C3 LALYY 5.11655¢ 00 8lz212 3.C558%€E-17
aR at-- 9.68938E-02 (428 L) $.250%2€~(2 CEL40 5.01340€ 00 PG216 1.20554€-21
KR 82 9.99891E-42 CLLIS5M 4.7568T7E-40 Ctlel 5.90036E~51 RN220 4.65325E-1S
R® 85 4.29481t~01 elie 3.9506¢6E-C2 CEla2 4.668712€ 00 RA224 2.81048E-15
RO .87 - 1.041 73E 00O INLLS 4.2444TE-C2 CElss 6.26217E-06 1h228 5.46153k-13
SR #8 1.50715€ 00 INLASH 1.80741€E-46 PRle1 4.74043€ 00 u232 2-Ct4Z4t-11]
SR 89 2.77606E-32 ShLl6 3.34750€E-(3 PR14s 2.64235E-10 U234 L.424416-11
SR° 90 1.69160E 00 SALLT 4.03945E-C2 PR144N 1-.32115¢k-12 L2135 £.20018€-01
Y 89 2.0045LE 00 shile 4.C2414E-C2 NDL142 2.421C6E-03 V236 3.137¢4E-0)
‘Y 90 4.40170E-04 SALL9 4.01159E-C2 NDLA) 6.154%2E 00 v238 7.02615¢ 01
Y 9 1.39260€-20 hi20 4.09295E-C2 LUE T 4.29113€ 00 NP23I 1.212C4€-02
IR 90 T.6%384E-01 ShN121M 1.01893¢E-¢5 ANOl45 3.14643€ 0O PU236 T.04584E-13
IR 91 2.57611E 00 sh22 4.52521k-C2 NDL46 2.531¢6€ 00 PL230 1.18066E-04
LR 92 2.71837€ 00 JLY P &) J.761683E-15 ND148 1.55832€ 00 PU239 T.95944E-01
IR 93 - 3.04345€ 00 ShNL24 €.06%33E-C2 NO150 1.376€5€-01 Pu24C 4.50023E-02
IR 94 3.15703¢ 00 Shi26 1.19936€-01 PHIAT 3.42044E-02 Pu2slL 3.19525€-01
IR 95 1.725719E-25 se121 “.25191E-€2 PHl4O L.58542E-44 PLL242 2.13612E-04
IR 96 3.32027€ 00 58123 £.12000€-C2 PAL48M LeT6TSTE-42 ANZAL T.4107¢€E-02
NB 95. 1.99396€-25 Sel24 3.30933€-32 SML4T 1.7814SE 00 AN242 4.57TZ211E-1C
NB 95M 1.20795E-28 s8l2s 1.88694E-C) SH148 T.93457E-02 AM242M 3.82414E-05
MO 95 3.35309¢ 00 StLee 5.70456E- 10 SM149 1.71816E-01 AN24) 4.04428€-0¢8
MO 96 1.40172k-03 sel26M 4.3)558E-12 SMiS0 1.011¢7€ 00 CM242 $.26063E-0¢
MO 97 3.350843¢ 00 1et22 2.06219€~-Cs SMI51 2.40226E-01 CM243 3.835608-017
MO 98 3.44525¢€ 00 LIZFL] S.87409¢-CS SM152 5.749C4€-01 CH24es 4.45311€-0¢€
MOtoo 3.83255¢E 00 1E125 8.41851E~-C2 SMIv4 1.302¢7€-01 CM24% 3. N157e-1¢
1C 99 3.59484E 00 TEL25M 2.68CI2€-C5 €EUlsl 2.85236E-02 CM246 3.50666E~-12
RULVO 9.07126E-03 TE126 2.22595E-C3 EVis52 2.84211E-0% CM247 3.66001€E-15
RUL01 3.30128€ 00 VE1217 $.C3573€-20 EULSI 2.62147-01 CM248 1.92581€-11
RUL02 3.06317E 00 TEL2TM 2.58CS9€- 17 EULSS 4.60613t-03 8K249 3.32859¢€-21
RU10) 4.20809E-42 L1289 4.66552E-C1 tUl5S 6.495¢4E-0) CE249 5.79186E-22

RULO4 2.09898E 00 TEL29 4.906C4E-t4
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TABLE 7.19
1SOTOPIC CONTENT (Ci/assembly} OF A MARK 31A
ASSEMBLY — 15 YEARS

1 SOTUPE CONCENTRATIUN 1SUTOPE CCACENTRATILN ISUTOPE COCNCENIRATION {SOTGPE CONCENTRATICN

H ) 2.02350E-01 Sh123 3.C9785€-11 PHLAT 3J.i180¢7¢ G u23e 2.417€3E-07
0 60 t.36634t 00 Sh126 3.640773L~-04 PML48 2.60622E-39 V236 2.36140€E-05
SE 79 1.75295€-03 SBlzs 5.79312E~-28 PMLABM 3.771851¢E-38 NP237 B8.54117E-0¢
RrRB A7 9.12344E-08 SE1Z5 1.97228E CO SMi47 4.05413¢E-08€ PuZ36 J.14290161C
SR 89 71.840¢3E-28 s8lz2e6 4.T7082E-CS5 SMi48 2.2TTE4E-14 PL238 2.020¢56~01
SR 90 2.393067€ 02 Se126M 3.6407173E-CH SM149 A 127%4E-14 PU239 %.94632€-02

Y 90 2.39430E 02 TEE25M 4.83105€~-C1 SM151L 6.12313¢ 00 Py240 1.04140E-02

Yy 9 3.41345E-24 TER27 Z.38E42E-13 EUls52 5.147S8E-02 PL241 3.22312¢-01
IR 9) 1.235T7€-02 TEL2TM 2.43637E-13 EULS4 1.244508€ 00 PU242 8.15457E-07
ZR 95 3.62498L-21 TEL29 1.02232E~-46 EVLSS 3.12455€ 00 AM24) 2.543576-01
NB 95 7.81566E-21 TEi29M 1.61014E—46 60152 3.7475CE-16 AM242 3.69726€-04
NB 95M 4.60370E-2)3 1129 1. 306949E-C4 10160 1.48546E-23 AM242M 3.7150CE-04
1c 99 6.09446E-02 (%31 3.75692€-C1 TL208 1.60622¢-10 AM24) 8.0T7T226E-07
RULI0)} T 1.37402€-37 Csie 6.81CS3E-Ch Pd212 44762610 CH242 3.06663E-04
RUL06 1.18437€-01 C€Si37 J.LEA56E €2 8i212 4.47626k-10 CM24) 1.97950€-05%
RHIO0IM 2,715073€-37 BAL13TM 2.993617E C2 PO216 4.47626E-10 LH244 3.601€¢E-0¢
RH106 1.18437€E-01 CElsi 1.68COLE-%6 RN220 4.47626E-10 CM245 €.39912€-11
po107 3.743228~-04 CEls2 1.12690€-C? RA224 4.47626E-10 CM246 1.017736-12
AGL10 1.29301E~05 CEles 1.95702€~-C2 TH228 4.471628¢t-10 CH241 3.394061E-1%
COLISM 1.21202€-3% PRI4S 1.55789€-(C2 U232 4.47543€E-10 CM248 8.17000€-20
INLLS 2.64295E-13 PRIS4NM 2.39743E-C4 U234 8.89544E-20 K249 5.55729E-24
INLLISM 1.09543E-39 ND144& 5.C8T41E-12 U235 2.59380E~-C7 CF249 2.37113€-21
SNL2IM 6.02978E-04

TOTAL ACTIVITY  1.14 03 Ci/assy HEAT GENERATION, watts/sssy
Primary 196 00
Gamms .10 00
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TABLE 7.20

1SOTOPIC CONTENT (g/assembly} OF A MARK 318

ASSEMBLY — 6 YEARS

1SUTOPE

NB 95M

MO100
1C 99
RUL00
RuUlOL
RUL02
RU103
RUL04
RULO6
RH103

CUNCENTRAT 1UN
3.09 125605
1.301926-05
6.1053TE-04
1.02592E-23
1.52633€-03
1.624T46-03
5.539 136-05

137 T13E-0V%

2.98963E-04
1.55584E-03
6.315826-04
-2.79837€-03
7.31296E-03
1.835366-02
-4.19684E- 02
8.284 15€-02
1.16440€6-02
- 9.27800C~2
3.21904€-01
1.830766-01
1.132566° 00

3.11481E-11

1.63334E 00
1.30845€ 00
. 4.250106-04
6.43038E-10
2.18760E-01
1.93399& 00
2.03504E 00
2.27691E 00
2.36145€ 00
8.27053E-09
2.47302€ 00
T 9.55576E-09
5.78891E~12
2.49325€ 00
8.66615E-04
2.48665E 00
2.54 135€ 00
2.83398E 00
2.65499€ 00
6.159T9E-03
2.641T15€ 00
2.22317€ 00
1.95203E-14
1.49244€ 00
2.39144E-02
6.39353€-02

1SUTOPE
RHL10Q3M
RH106
POLOS
POL0S
PDLIGE
voLcr
PCICH
POLIC
AGI09
AGllo
ctiio
ctii
coli2
ccil
cClia
COL1I5M
cDtle
INLDS
INLESA
Shlte
ShLLT
ShiLB
SN11S
ShL20
ShLZiN
SN122
5N123
Sh124
SNL25
ShL 26
sB121
se123
SBl124
se12s
SEL26
SBL26M
Te122
TELZ24
VELZS
TEL25M
fEl26
TeLes
TEL2TM
TELZ8
TEL29
TE129M
Tello
1127

CONCENTRATICN

ISUTOPE

CONCENTRATIUN

3.837TLE~ 17T
2.264280E~(8
1.40449E-C2
1.01725¢ ¢¢C
€.659526-C1
5.11851E-01
3.4C648E-C1
1.10862€6-C1L
2.15690E-C1
3.652826~(5
5.923B4E-(3
6.49711E-C2
4.02728€-C2
3.82119€-C3
5.80CC8E-C2
1.39619€-15
2.62121E-C2
2.55121E-C2
5.30491E-22
1.6915LE-03
2.41253E-C2
2.48050E~CZ
2.466856-C2
2.523026~C2
8.45357E-06
2.794536~C2
8.05CS9E-CT
3.81732€-C2
8.85006E-¢0
1.99308€-C2
2.63023E-C2
3.18614E-C2
3.56239E- 14
1.54922€-C2
3.80179€6- 10
2.89944€E-12
1.C4059E-C4
5.56248E-C5
3.93839€-02
2.20059€-C4
1.56420E-C3
7.84919E-10
2.24205€-C7
3.204¢56-CL
3.19250€-Z1
3.45481E-18

1.057C8E 00

1.65043E-C1

1129
i3l
X131
XEL32
L5133
CSlie
CSL35
Cslio
cs137
VAl S
vAile
BALl36M
vAL3?
BAL3IN
8Aai3e
BA140
LALI9
LAL4O
LEL40
tlal
Ctlal
CLl44
Prilal
PRIG)
PR14S
PR144M
Nulse2
NOL43
NU1s %
NO 145
N2 l46
NOLe?
NU 148
NO1S50
PML4T
PMISE
PMI4AM
SML4T
SM148
SM149
$H150
SMiL
SH152
SMl54
Euls i
Eulse
EULS53
EUlye

9.602(8E-01
2.55644E~069
1.084C6E~-07
B.15389E-18
J.90628E 00
5.012%4E~-03
3.19443E~-01
S, 17510E-45
3.399CLE VO
2.222%0E-C2
2.36872E-02
5.C68C2E-52
4.78556€-01
S.1717219€-01
3.9C447E CO
1.653¢€08E-43
3.719213€ 00
2494 16E-44
3,721k 0OV
3.039106-17
3.47329€ OV
3.472:5E-02
3.518(6E 0V
5.49750E-41
1.465 13E-Ub
1.325%2€-09
1.57319¢-03
4.8CTCYE 00
3.16922€ vu
2.330¢E5€ 00
1.867S2E 00
5.27623E-51
1.14059¢ 00
5.30014E~01
3.6208178€-01
3.655¢86€-18
4.CT6E1E-16
$.5908 106-01
4.16278E-02
1.3C961e-01
T.14523€-01
L.75855¢-01
4.,27318E-01
.79 56E~-02
6.72476E-C3
3.T71325E~-04
1.43820E-01
6.83725€-03

1SDTCPE
EUL5S
€uls5e
GUisS2
G154
60155
60156
GD157
GUl58
GC160
18159
16160
UY160
oYlsl
dvi62Z
Teace
P8208
PB212
81212
PG216
AN22C
RA224
ThH226
v232
U234
uz3s
u236
uz3s
NP237
PUZ36
PL238
PU239
PU240
PL24L
PL242
AMZ4d
AM242
AMZ242M
AM243
CM262
CM243
CH244
CM245
CM266
Cm2s?
CH248
B8K249
CF249

CUNCENTRATICN
1.804E7€-C2
3.32066E-3¢
1.05567€-05
3.42201E-C2
1.98195€-02
8.58418E-02
1.84508£-03
3.09479t-02
2.80003€-G2
5.78015€-02
f.21225e~-12
5.3575¢E-CS
1.33534€-02
7.431%53E-04
$.82037¢~-1°¢
1.07880E-0E
5.T92726-12
5.49436€-112
2.31050¢-117
B.T22E7E-1¢5
5.0%130E-11
$.10957E-05
1.82129¢€~-01
9.7050S€E-1¢E
T.24615€-02
2.715355€-02
4.77112€E 01
1.46641E-03
9.30422€-08
6.68201E-05
5.58907€-01
3.41355€-02
3.23854€E-02
1.69294€E-04
€.56437E-0¢
2.42053E-10
2.02454E-0¢
2.292083E-0¢
1.08512E-01
2.20290E-01
3.05940€-08
1.36912€-1C
L.41484€E-12
L. k4004E-15
5.02299E-1¢
2.83531E-24
1.55691€-2¢2
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TABLE 7.21
ISOTOPIC CONTENT (Ci/assembly) OF A MARK 318
ASSEMBLY — § YEARS

1S0T0PE CONCENTRATION ISOYOPE CUNCENTRATICN 15ufuPt CUNCENTRATION ISOTOPE CONCENTRATICN
H 3 2.99401€-01 ShN126 2.271CBE-Co PRI4GM 1.32933€ 00 U234 6.06082€~-2C
cr oS5l 9.44130€-19 SB124 6.23612E-10 NUL44 3.751%3€6-12 uzis 1.71742€-01
CO &0 1.73202¢ 00 s8i25 1.62621E Q1 NoLaeT 4.26657E-40 u23e 1.78112€-07
SE 79 1.27999t-03 sB12¢6 3.17S51E-C5 PHL4T 3.36642€ 02 uz23is 1.60350E-05
RrRB €7 6.85816E-08 S8126M 2.2T1CBE-04 PMLsY 6.00516€E~-13 NP237 5.26192E-06
SR 89 0.79738€E-07 TEL25M 3.56639E €O PML4BM 6.T1390E~-12 PU23¢ 4.508525€E-0¢%
SR %0 2.31123€ 02 Te1217 2.073C4E-03 SHLeT 2.27540€~-009 PU238 1.14374E-03

¥ 90 2.31183E 02 TEL2TM 2.116436-03 SM16d L.25049E~14 PUZ23s 3.47325E-02

Y a9l 1.57617€-05 TEL129 6.65249E-14 SML49 3146 9E-14 PU240 T«16134E-03
IR 93 9.22889€E-03 TEL29M 1.04776€-13 SML51 4.48227€ 00 PL241 3.26739€-01
IR 95 1.73721E-06 1129 S.7I811E-05 Eul52 6.83454€-02 PY242 5.697636-07
NB 95 3.74562E-04 CS136 b6.49620E CO EUiS54 1.84780E 00 AM24] 1.56660E-01
ND 95M 2.20625E-06 C€Sias 3.68301€-C4 Euils5S 8.STLSTE 00 AMZ42 1.957316-04
1C 99 . 4.50109E~-02 Cslde 4.26853E-40 Evl5e 1.82949&-33 AMZ42M 1.96718€—-04
RU103 6.25479€E-10 Cs137 2.94812€ €2 60152 24299 E9E-16 AM243 4.575€3e-01
RUL06 7.99039€ ol BALl36M 1.365%3E-40 19160 1.36850E-08 CN242 3.59335€-04
RH103M 1.25219€-09 BAL3M 2.T8949E 02 TL208 2.891€¢9€E-C6 CN243 1.13689€-0¢
RH106 7.99039¢ 01 BA140 1.206¢£8E-308 Pu2il2 €.C4TE6E-06 CM244 2.47456E-06
Po10OT 2.63518E-04 LAL4O 1.30868E-238 sle2i2 E.C481LE-0O6 CM245 2.35668E-11
AGLLO i.72213€-01 Ctlsl €.65736E-13 PO216 8.C4523€-06 CM246 4.34565€6-13
COL115M 3.55740€-11 CEl142 8.33808E-C8 RN220 €.04523E-06 CM2417 1.05743E-15%
ENLES 1.61723E~-13 CElasg L.10775€E €2 RAZ24 8.04523E~-06 CH248 2.13094€-2C
TALISM 3.21518E-1% PR14} 3.699C9E-26 TH229 8.02355€E-06 BK249 4.73372E-21
SNL2LM 5.002 84€-04% PRLIG 1.107719€ 02 U232 1.513146-06 CF249 6.37384E-22
SNiE23 6.63031E-03

TOTAL ACTIVATY 180 03 Ci/assy HEAT GENERATION, watts/assy
Primary 358 00
Gsvma 127 00
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TABLE 7.22
1SOTOPIC CONTENT (g/assembly) OF A MARK 318
ASSEMBLY — 15 YEARS

1scvort CONCENTRATION ISCVLPE CUNCENTRATICN 1surgre CONCEMNIRATICN tsujcee CONCENTRATICN
H ) - 1-75986€-05 RLICG 2.50585€E-(5 TEL29M 4.158¢4t-51 G0152 1.05567€E-08%
HE 3 2.63931E-05 RH103 6.39353€-C2 Teido 1.057C8E 00 Golsa T.20791€-03
v sl 6.10537E-04 REEOQZM 6.58662E-45 127 1.65043E-01 GO155 3.q0721t-02
CR 51 2.886644€-6) RHICE 2.35010€E-11 1129 5.602(8t-01 GOL56 8.58¢18E-02
CO 60 4.08278E-04 POLOS 1.40449€-C2 Xelal 1.GB84C6E-07 GULST L.845C8E-0)
Nl 60 2.54272€6-03 PUOLLCS 1.01725¢ CcC XEL32 8.153€E9¢-18 GO158 3.G9419€E-02
GE 12 5.53973E-05 POL06 2.89840E-Cl €S5133 3.906é8¢ Q0 GOLeG 2.40003E-03
GE 13 1.37713E-04 pPolO7 5.11850€-C1 CS13e L. T3I2E1E-04 1815S 5.7801%-03
GE T4 2.88803E-04 pDLOE 3.40648E-C} C$135 3.19441€-01 T8le60 7.515088-2¢8
GE T6 1.55504£-03 0110 1.10862€-Cl CSii? 2.6SSETE 00 DYi60 5.35156£~-05
AS 15 6.315682L~-04 AGLOS 2.15650E-C1 BAl3s 2.70641t-02 vrlel 1.33534€-02
SE- 17 2.79837E~-03 AGilO 1.56318E-CY BAL36 2.36872t-02 Dvlel 7.4)193€-04
SE 18 7.31296E-03 cLio 5.96025E-C3 BAL3? 1.177¢9¢ 00 Tzcse b.396326—-15
SE- 79 1.83515€-02 ERAAE Y] €.49711E-C2 BALITM 4.113€9¢-C7 PB2ce 1.90417€-08
SE 8O 4.19684E-02 cii2 4.02728E-Ce 6Al38 3.506447¢ 00 Po212 J.11310€E~-42
St 82 8.284 15€-02 s 3.82149€-C3 LAL39 3. 19213€ 00 81212 3.57e66E-11
BR 81 1.164406~02 CClis 5.80CC8E-C2 CET4Y 3.721 76t 00 PG216 1.50545E-11
KR a2 9.2TB00E<-42 CCLISN 3.10448E~40 CElsl 4.817¢3¢-51 RN220 5.60352€-15
RH 85 - 3.21904E-01 ccrte 2.42721E-C2 CEL142 3.41329€ 00 RA224 3.291235€~11)
RB BT . 71.83076L-01 iNLLS 2.59721€-C2 CEL44 4.72655t-00 TH228 6.39581E-0S
SR @8- 1.13250€ 00 INERSM L.17957E-46 PR141 3.51806t 0O u232 2.441136-017
SR 89 2.23360E-32 - Shlle 1.69151€E-C3 PR14G4 1.994 40E-10 L234 9.70417E~18
SR 90 1.27628€ 00 SAK7 2.4729%3F-C2 PR1GAM $.ST1I9E-1) u23s 71-94615€-02
Y a9 1.50945t 00 Shi18 2.48050c-02 NO142 1.57319¢-03 u236 2.15359€-0)
Y 90 3.321026-04 ShEL9 2.46585€E-C2 NOL43 4.8C7C9E VO uz238 “.77112€ 01
Y 91 1.109085€-28" ShL20 2.52302€-C2 NOl44 3.20353€ 00 NP237 T.46638¢-03
IR 90 5.75897E~01 SAL21M 7.35891E-Co NDL14S 2.330¢E5€ 00 PYL236 8.25CS1E-CS
IR 7 1.93399¢ GO Sh122 2.79453€-C2 ND 146 1.86752E 00 PU238 6.251C9E-05
IR 92 2.03504¢ 00 SN123 2.64144T7E-15 ND 148 1.14CS9€ oC PL229 5.98747t-01
IR 93 2.27689€ 00 SN124 3.81732€-c2 NDL150 5.30014E-01 PU240 3.4C993E~-02
IR 94 2436 145E 00 ShL26 1.993C3¢€-C2 PMLsT 2.58290£-02 PU24l 2.02059€-0)
IR 95 1.35245€6-25 sa1z2i 2.63033€-C2 PMl48 G.TLHETE~4S PU242 1.49446€-04
IR. 96 2.647302€ 00 Se123 3.18622€~-C2 PML48M 9.722¢€1€-41) AM241 4.61244E-02
NB 95 1.562 62€6-25 S8124 1.93877e-32 SM147 1.336%2¢ 00 AM242 2.31263€-1C
NB 95M 9.46640E-29 se12s 1.22303¢E-C3 SM148 4.16210€-02 AMZ42M 1.53429E-0%
MO 95 2.49325€ 00 SB1<6 3.80176€-10 SM149 1.3¢9%1k-01 AM243 2.29067E-0¢
MO 96 8.66615E-04 splz2em <.08942E-12 SM150 1.14523E-01 CM242 4.604136-08
HO 97 2.48665€E 00 1€122 1.04059E-04 SM1S1 1.632 19€-01 CM243 172730601
MG 76 2.54T35€ 00 TEL 24 5.56248E-(C5 SM152 4.27318E-01 CH244 2.C864LE-08
MCloo 2.83398E OV TEL2S 5.43555€6~(C2 SM154 S.796 56£-02 CM245 1.3600CE-1C
1C 99 2.656490€ 00 TEL25M 1.73727E-C5 EVLS1 1.936234E-02 CM246 l.4121¢€-12¢
RUIL00 6.735979t-03 TEL26 1.56477€-C3 EUl52 2.213CT7E-04 CM2417 1.14004E-1¢
RULOL 2.4L T15€ 00 1et27 6.42065E6-20 EV15) 1.83920€-04 Mz48 5.0228€EE-1 €
RUl02 2.223117€E 00 TEL2TH k.83401E-17 EUlS4 3.052:1E-0) 0K249 8.93252¢€-28
RUI10) 3.35024E~42 TEL128 2.20846656-01 EULS5S 4.356C4E-03 CF249 1.55429€-22

RU104 L.49244€ 0O €129 3.84291E-%4
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TABLE 7.23
ISOTOPIC CONTENT (Ci/assembly} OF A MARK 318
ASSEMBLY — 15 YEARS

ISCTOPE CONCENTRATION LSLYCPE CCACENTRATIGN 150TOPE CCNCENTRATICON 1S0TCPE CONCENTRATICN

H 3 1.70120€-01 SN123 1.58841€-11 PHL4T 2-39 16E 01 U236 1.780112k-013
CO 60 4.63299€E-01 ShNI26 2.271C6t~-04 PMIGE 1.43327E-39 U238 1.60350E-05
SE 19 1.27985t-03 SBl24 3.3938%9&-~20 PML4BM 2.07818€E-30 NP237 5.26151€E-08
RB 87 6.05916E-08 s8les 1.28224€ 00 pLILR) 3.04242E-08 PU236 4.38320€~-06
SR 89 6.30049€E-28 $B126 3.17948€E-CS SM148 1.25849€~14 PuU238 1.06585€6-03
SR 90 1.80599E 02 sgl2eN 2.27106€E~04 SMiey 3.146019E-14 PL239 3.47229¢-02

Y % 1.80646€ 02 TEL25M 3.13128E-CL SMi51 4.16014€ 00 PU240 T.15313€-01

vy 91 2.72037€-24 Te127 1.65576E~-1) Euls2 4.C08%9€-02 PU241 2.03900€-01
IR 93 9.22883€-03 TEL2TM 1.73125€-13 EVIS4 8.248¢3E-01 PU242 5.70345¢E-07
IR 95 2.84079€-21 TEL129 8.00781€-47 EUlSS 2.11486E 00 AM241 1.58310€-01
NB 95 6.12507€-21 TEL29M 1.26122E-46 GDIse2 2.255E5E-16 AM242 1.870L1E-04
N8 95M 3.60780E-23 1629 C.TIB1OE-CS 1Bl6d 8.4086£7E-24 - AN242M 1.87949%9E-04
TC 9 %.50094E-~02 CS134 2.24570E-CL TL208 1.8834SE~06 AM243 4.57133E-07
RUl03 1.07350€-37 CSL35 3.68I00E-Cs pB2l2 5.242C0E-06 CM242 1.55104E-04
RUL0G 8.37268€-02 €si13r 2.34220€ C2 Bi2L2 5+242C0E-06 CM243 8.91437t-06
RH103M 2.14911€-37 EAL3TIN 2.215%2¢ (2 PO216 5.242C1E~-08 CM244 1.68761E-08
RH106 8.37268€-02 CEl41 1.37238E-46 RN220 5.242C1E-00 CM245 2.3547¢6-11)
potO? 2.63518€-04 CEl42 €.338088E-(8 RA224 5.242C0¢-06 CN246 4.33948E~123
AGl1tO 1.46393€E-06 CEles 1.50792€-C2 TH228 5.24203E-06 CM247 1.05743¢E-15§
CoLISM T.91004E-36 PHRI44 1.5C757E-C2 J232 5.245712E-06 CM248 2.13C856-2¢C
INIDS 1.61723E-13 PRIAAM 1.8CS53€E- (4 U234 6.060¢5€E-20 BK249 L.49134E-24
INLL5M T.14909€-40 ND144 3.79263k-12 u23s L.T1742¢-01 CF249 6.36311E-22
SNILZ21LM 4.35482E-04

TOTAL ACTIVITY 861 02 Ci/assy HEAT GENERATION, watts/assy
Primary  1.47 00
Gamma B.02-~01
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TABLE 7.24
ISOTOPIC CONTENT (g/sssembly) OF A MARK 53A
ASSEMBLY — 5 YEARS

tSOTOPE CONCENTRATION 150T0PE CUNCENTRATICN LSUYUPE CONCENIRATICH [SOTUPE CONCENTRATIECN
H 1.19812€-05 RH10Q3M 1.CO05¢SE~-17 1129 L.77310€-01 EUlSS 5.12962E-03
HE 3 5.03626E-06 fRH106 1.22713c-Ca 1131 3.579%2¢~-170 EulSe 1.25583E-3¢€
v 51 5.91770E-04 POLO4 c.12183E-C2 XEL3L 1.68722E-CH D152 3.6980€62E-0¢
CR 51 9.94399E-24 POICS 4.463C3€-Cl XEL32 L.176€4€~-18 G154 3.05118€-02
CO 60 t.49330€E-03 POLOG 5.07983€-C1 (278 ] B.43070¢-01 [11] &3] 5.44151-013
Nt 60 1.39391E-03 POLCT 3.26035€~-01 5134 2.80489€-03 GD156 5.32181€-C2
GE 72 8.499 11€-06 POLII8 2.30050E-C1 CS135 5.191€¢%€-02 60157 3.509¢€4E-G4
GE 73 . 2.40152€E-05 PCLiO 6.66022E-C2 Csl3e 2.0T2C4E-45 GulS5d 1.83622E-02
GE 74 5.294 18E-05 Agl09 1.40620E-C1 L5137 7.660¢3E-01 obieg i-7404CE-02
GE 7o 2.41330€-04 | AGL10 6.91632E-C5 BAl36 1.264€2E-02 1859 3.53148¢E-02
&S 75-.. 1.10291&E-04 cciio 1.173089€-C2 8Al36 1.61245€-02 foleo 1.62084E-12
SE. 17 4.37450E<0% [A2]9] 3.C7670E~-C2 HALl36M 1.818)10E-52 uYleo 8.23055€-0¢%
SE. 19 1.63294E-03 ccl12 1.332713¢e-C2 BAL3T 1.12519¢-01 Dviel 71.36751E-04
SE. 19 .. 3.47100€-0) - CtL13 3.64766E-Co BAL3IN 1.16748E-07 Dvle62 4.85025E-04
St 80 8.17805E-03 = CClle 1.54645E-C2 BAL38 T.564%1E~-01 TLzo8 9.26604E-11
SE 02 1.18706€E-02 CCL1I5M 1.94211E-16 BA 140 2,190$TE-44 PB20B , 3.35550€-07
B8R 81 1.25396€-02 CClle 4.52957E-03 LAL39 T.44l¢6E-01 PB212 5.405STE-1C
KR 82 - 2.32258E-42 INLS 4.11638¢6-03 LAL&Y 3.306%3E-45 8l212 5.18421E~-11
R3 23 . 3.69314E-02 INLESM 1.37919¢€-23 CEL140 1.386069€-01 PG2le 2.18117€-15
RO 37 - 8.09498E-02 MY Y ) 1.224CBE-C4 CELsl 4.74621E-18 RAN22C B.234¢3E-12
SR 88 1.15962€E-01 ShLLT 4.53824E-C3 CEls2 6.70818E-01 RA224 4.76824E-0S
SR 89 2.55384E-12. b1y R Y ] 4.57619E~-C3 CEle4 5.996€4E-02 TH228 $.271640E-01
SR 90 - 1.61472E-01 ShEL9 4.65C24E-C) PR141 7.401E5E-01 u23z 4.24738E-0%
Y 89 1.47215€E-01 SAL20 4.75213e-0) PRL43 6.60189E~42 U234 b, 79245615
Y 90 6.2016TE-05 " SA21IM 5.01360E-06 PR144 2.361€2€-07 ueis 6.C4868E-1¢
v 9t . 6.14652E~ L1 SN122 5.23823E-0) © PR144&M 1.18019€-09 u2ie 1.156815¢-14
IR 90 2.17074€-02 SA123 1.36€75€E-C7 NDL4&2 1.391i4&E-03 ve2s 1.GT235E~14
IR 9 2.16888E-01 SAL 24 7.62041€-C3 NU143 T.468¢8E-01 NP23T 8.8293¢E-01L
IR 92 2.63633¢-01 SN125 1.47702E-¢C NOl4s 5.651 72e-01 PuZie 2.00153E-017
IR 93 3.413T71E-01 . ShL26 2.41851€E-C2 NU 145 &.137¢4E-01 PUZ38 3.99255€E-01
IR 94 3.92160E-01 serzi 4.9C1SBE-C2 ANDL4o 3.513¢5¢E~-01 PU239 7.23507€~-02
{R 95 1.256407€-09 58123 6.C6400E-C3 NOL&7? 6.8T7T23E-52 PU240 1.31625€-02
IR 9% 4.59669€~01 sl 24 1.58851€-14 ND148 2.39809€E-01 PU24l 3.67090¢k-02
NB 95 1.4%095€-09 58128 4.J5130E-C3 NO150 1.41425€E-01 PU242 S.83519€E-04
NS ISM 8.17TT01€E-1) S8126 1.15033€E-10 PMIAT 6.582 12E~-02 AM241L 5.20523¢€~-02
MO 95 - 4.39167€-01 - SBiz2eM 8.74272€-13 PMLeB 6.15125€~-19 AM242 1.49995E-2)
MO 96 " 7.488 18E-04 TEl22 4.50246E-C5 PML4EM 6.85957€-17 AMZ242M 1.25460E-)18
MO 97 5.07585¢€-01 TEL24 3.019)14E-CS SM147 1.64223€-01 AM243 9.99303E-15
MO 98 5.49387€-01 TE125 1.14200E-C2 SML48 1.582€8€E-02 CM242 2.3B034E-2¢C
NOLOO 6.51562E-01 Te125M 6.18084E~-CS SM149 1.693€2€-02 CM243 5.711077€~-1S
1c 99 5.68561E-01 TEl26 T.52161E-C4 SM150 1.775C0E-01 CM244 2.91132€-15
RU100 %.10559€-03 TE127 2.457065€~-10 SMISE 2.583:36-02 CM245 €.01655€E~-17
RULOL 5.6T7T67€E~-01 TE12TM 7.13502¢€-C8 SM152 1.51234€-01 CM246 L.45991€-117
RLLEO2 5.87450€-01 1eL 26 1.00912¢€-C1 SML154 4.085E4E-02 CM247 9.73762€-2C
RUL03 F.11536E-15 TEL129 1.71482E-22 EVLsl S.861¢6£-04 CM244 3.94054E-21
RUL04 5.88273E-01 TEL29M 8.34869€E-19 EUl52 1.706¢7€E~05 BK249 2.108224E-21
RUL06 1.30846€-02 1€130 3.01252€-01 EULS5) 6.929¢TE-02 CF249 1.19029€-2¢

RHL03 1.67546€-02 (R ¥24 5.871357€-C2 EULSe 6.03739€-03
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TABLE 7.25
1SOTOPIC CONTENT (Ci/assembly) OF A MARK 53A
ASSEMBLY — $ YEARS

1 SOTOPE CUNCENTRATION 1S0V0PE CCACENTRATICN 1soiorPe CUNCENTRAFION ISOVOPE: CUNCENTRATICN

H 3 1.158108€E-01 Shi2e 6.87172E-C5 PR14 &M 2.142128-01 U234 5.49CSLE- 1
cr 51 9.15129€E-19 SBi24 2.78015€-10 ND 144 €.69016E-13 uz3s 1.30722E-2¢C
€0 60 1.69454€ 00 sei2s 4.56194E 00 NDL&7 5.561L15E-47 u23eé T49127E-15S
SE 179 2.42071E-04 SB126 $.62041E-C6 PM1&T 6.10625€ 01 U238 3.60399€6-21
R a7 7.08959¢€-09 SBi126M €.87172E-CS PM148 1.001 #9E-~1) NP237 6.22241E-04
SR 89 7.21298E-08 TEL125M 1.11405E €O PM148BM 1.46618E-12 PU236 1.0632%E-04
SR 90 2.20490€ 01 Te127 £.59717E-C4 SMEIAT - 4.19225€-09 PU238 6.14€851E 0OC

Y 90 2.208549E Ol YEL2TM 6.T3524E-C4 SM148 4.78533E-15 PU239 4.49618E-02

Y 9 1.50659E-06 TEL129 1.6076LE-14 SM149 4.068%7€-15 PU240 3.12918€E-013
IR 93 1.30366E-03 TEL29N 2.53198E~-14 SM151 6.58413€E-01 PU24L 3.09027E-01)
IR 95 2.63415€E~-05 a9 3.095089E-C5 Evi52 3.23618E-03 PU242 2.22694E-0¢
NB 95 5.67952€E-05 CS134 3.63512E 0O EVisSe 1.631¢1E 00 AM241 1.814C2€E-01
NB 95M 3.34536E-07 CS5135 5.98571E-CS EULSS 2.46718E 00 AMZ42 1.212916-11
.1C 99 9.63900€-03 Csi3e6 1.53135€-40 Eul56 6.918E9E-34 AMNZ42M 1.219GSE~11
RUL03 1.63910E-10 csi137 b.84577€ (€1 GD152 8.30726€~-117 AM243 1.97436E-15
RUL06 . 4.37107€ o1 BAL3IGNH 4.90030E~41 18160 1.83717e-08 CM242 T.882426-17
RH103M 3.28142E-10 BAL3TM 6.286089E C1 TL208 2.72846E-04 CM243 2.95125€-11
RH106 4.37188E 01 BA140 1.598713E-29 po212 T.59381E-04 CH244 2.35479¢-12
POLOT 1.67854E-04 LAl«O 1.839086€E~-39 Bizla 1.59382E-04 .CM245 1.37990€-117
AGLlO 3.26071E-01 CEl4l 1.35203¢E-13 PU2l6 T.594E9E~-04 CM246 4.498440E-18
CO115M 4.94838E-12 CEla2 1.62069€E-C8 RN220 T.554€E9E~04 CM267 9.03204E-24
IN11S 2.56319E-14 CEl4s 1.78557¢ C1 RA224 1.594E9E~-04 CM240 1.68865E-23
INLISM 4.4T234E-16 PRI4)Y 4.495T1E-27 TH228 T.60292E-04 BK249 3.64338E~24
SN12LM 2.96691E-04 PRL&S 1.78563€ O ua232 S.12713c-04 CF249 4.90573€E-25
SN12) 1.12557€-03

TOTAL ACTIVITY 382 02 Ci/assy HEAT GENERATION, watts/assy
Primary 9.89 -0t
Gamma  3.64 -01
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TABLE 7.26
1SOTOPIC CONTENT (g/assembly) OF A MARK 63A
ASSEMBLY — 15 YEARS

1SD10PE  CONCENTRATION ISOTCPE  CUNCENTRATILN ISOTOPE  CCACENTRATICN ISOTGPE  CONCENTRATICN
H o) 6.80773€-06 . RLICG 1.371C6E-CS FELZ9K 1.Co4t6E~51 66152 3.680626-0¢
HE ) 1.02097€-05 RH103 1.67546E-C2 TE130 3.012¢26-01 60154 6.39401€-03
v sl 5.91 7 T4E-04 RE10 3K 1.726G5€-45 1azr1 5.87387E-02 GDLS5S 9.36758L-03
cr 51 2.197756-63 KHL06 1.2€584E- 11 1129 1.77310e-01 G0156 5.32101€-02
CO 60 3.99443E-04 PO104 2.12183€-C2 XELsL 1.68742E~C8 6o157 3.585€64E~04
Y 2.48T69€-03 PO105 4.463C3E-CL Xt 132 1.176E4E-18 G058 1.83622€-02
GE 12 0.699TLE-06 PL106 £.210576-C1 €513) €.43070E-C1 GUl6U 1.140406~02
GE 13 2.40152€E-05 POLO? 3.260356-C1L CSt3e 9.696 27E-05 18159 3.5314€E-01
GE T4 5,294 18E-05 PO1C8 2.30650E-C1 Cs135 5.191¢56-02 T8160 1.00852E-21
GE 76 2,41330E-06 POLLO 6.66822E-C2 Csia? 6.08451E-01 DY160 8.23055¢-05
AS 75 1.10291E-04 AGICY 1.40¢26€-CL BA13e 1.535¢1€-02 D¥lel  + 7.367516-04
SE 17 ©.37450E- 064 AGl10 £.99762E-C9 BALI6 1.61245c-02 ovie2 4.85029E-04
SE T8 1.63294E—-03 TR 1.18079€-C2 #AL3Tl 2.70148€-01 ace 1.C37CCE-12
SE 19 3.47065E-03 coitl 3.C767CE-C2 BALITM 9.271€1£-08 PB20E 1.56387€-0¢
SE 60 8.17A05E-0) cote2 1.332136-(2 BAL3S 7.58%41¢~01 PB212 6. 11 710€-1¢
st 82 1.18706t-02 CEil3 3.64766E-Co LAL39 7.441E6E-01 B1212 5.80186E-11
BR 8L 1.25)96t-02 co114 1.54€456-C2 CEL40 7.386€9E-01 PL216 2.44066€-1%
KA 82 2.32258E-42 COL15M 4.31836E-41 CELal 7.523156-52 RN220 $.214206-13
LLE: 3.693166-02 CClie 4.92957€-C) CEl42 6.708706~-C1 RAZ24 5.33584E-CS
/e 87 8.09498€=02 INLLS 4.11638E~C3 CElds 1.616¢7E-07 1H220 1.03678€-06
"SR 80 . 1.159626-01 INLASK 1.64079€-47 PR14L 7.101E56-01 u232 3.87278E-05
SR 89 1.631326-33 SN116 1.224CBE-C4 PR14¢ 3.21613E-11 U234 8.79219€-15
SR 90 1,26 1T4E-0L SALLT 4.53824E-C) PRL& &M 1.60733k-13 u235 6.04860€-1¢
v 89 1.6T215E-01 SALLY 4.57T619€-03 NOL42 1.39114€-03 Lzl 1.1568156-1+4
Y 90 3.203186~05 SN119 4.69024E-C3 ND143 1.46828t-01 v238 1.67235E-1+%
Y 9L 1.06085E~29 SN120 4. 15213E-C3 NDL44 5.707¢7€-01 NP231 ¥.82936E-01
IR 90 5.1701 35€-02 SA21N 4.36416E-Co NDL4S 4.137¢4E-01 PUZ36 1.7598 1E-0¢
R 91 2.16888E~01 SN122 £.23823E-C) NOL46 3.513¢65¢k-01 PU238 3.31968€6-01
ir 92 2.63633L-01 SNL23 4.05884E-16 NO L4 2.39809E-01 PU239 1.23299€-02
n 93 3.41360€-01 SA124 1.62041€-C) ND150 1.41425E-01 PLZ40 1.37480€-G2
IR 96 3.92160€-01 Sh126 2.41E5CE-C2 PHIAT 4.685C3E-03 PUZAL 1.916386-02
R 95 2.050 13€-26 5812l 4.902606-C3 PHL4E 1. 46TCRE-45 PU242 5.835CBE-04
R 96 4.59669€-01 $8123 6.06420t-C3 PHLGBN 1.63554E—43 AM241 5.3155€6-02
ND 95 2.36961E-206 $8124 8.€45156-33 SM14T 2.4535SE-01 AM242 1.43313€-2)3
NB 95M L.43540E-29 SB12S © 3.43515E-C4 SM148 1.58268E~02 AM242M 1. 198676~ L€
MO 95 %.39167€~01 $8126 1.15032€-10 SM149 1.693¢26-02 AN243 9.88369€-15
MO 96 1.48818E-04 Se126M 8.74268t-13 SM150 1.175¢0L-01 Chee2 2.90273t-21
MO 97 5.07585€-01 1€122 4.50246E-CY SM151 2.397¢8£-02 CM243 4.4T784E-1%
NG 98 5.49187E-01L TE124 3.C1916E-C5 SM152 1.51234€-01 LH24s 1.9854 €15
MOL0O 6.51562t-01 TE128 1.54846E-C2 SMiS4 4.085€E4E-02 CH245 9.009996-11
TC 99 5.68543E-01 TEL125M 4 BTS49E-Co EUls L 2.842€9€-03 CH24¢ 1.45783E~17
RULOO 4.18559€-03 VEL26 7.52320E-C4 EULS52 1.048C9¢t~05 CH241 9.73762t-20
rULOL 5.67167E-0L Te127 2.04220L-20 EUL53 6.529¢T1E-02 CMZ48 3.948045€-21
RUIO2 5.87450E-01 TELZTN 5.83¢47€-18 €Ulde 2.695 11€-G3 8K249 ©.81505€-31
RULO3 0. 77944€-43 Te128 1.00912€-C1 EULSS 1.20920£~03 CF249 1.19628€-25

RU104 5.88213€-01 TE129 9.28659€-55




TABLE 7.27
ISOTOPIC CONTENT (Ci/assembly} OF A MARK 53A
ASSEMBLY - 15 YEARS

1 SOTOPE CONCENTRATIUN ISGTOPE CONCENTRATICN iSUICPE COMCENTRATION LSOVOPE. CUNCENTRATICN
v 3 6.58082€-02 Sh123 3.371556E-12 PULGT 4.34622¢t OO uz23e T.49121€~-15
0 60 4.53273k-01 Sh126 6.07167E-CS PMl48 2.41159t-40 u2is 3.60399¢E-21
SE 19 2.42045E-04 58124 1.51337€-20 PH148M 3.49671E-39 NP2 3T 6.22245E-04
/B 87 71.08959€-09 sB12S 2,60144E-C1 pLIEY 5.583€3-09 PU236 9.34817€-0¢
SR 09 5.17233€~29 selze $.62034E-C6 SMi4b 4.78523L-15 PU238 5.68151€ 00
SR 90 1.78541E 01 SBl26M 6.8T167TE-CH SM169 4.0685TE-15 PUZ3I9 4.49485€E-02
Y 90 1:78588E 01 TELEEN 8.79489€-C2 SMISIL 6.11094E-01 PUZAO 3.12587€-03

Y 9l 2.60028t-25 Ter21 5.39651E~ 14 EVULS52 1.89843¢€-03 PU241L 1.93346€-01
IR 93 1.38365€-03 TEL2THM 5.50945E- 14 EUl54 7.28355€-01 PU242 2.22690E-0¢
IR 95 4.30753€-22 TE129 1.93513E-47 EVLSS 5.817¢9L-01 AM241 1.82644E-01
N8 95 ?.20751€E-22 TEL129M 3.047082€-417 G152 8.30726E-17 AM242 1.1589CE-11?
N8 95M 5.47054€E-24 1129 3.05589€-C5 1L T 1.13851E-23 ANZ242M 1.16471E-117
1c 99 9.63868E-03 C5134 1.25¢64E-C1 TL2ys 3.053%)€-04 AM24) 1.97250€~-15
RU1O} 2.81316€E-39 Cs135 5.78569E-C5 pPozi2 8.498%4E-04 CM242 S.61230E-1¢
RYL06 4.5810%E-02 csiat £.276880€ (1 8t212 8.49655€-04 CM24) 2.31095¢-17
RHI0IM 5.631086E-38 BALITM 4.99375€ C1 PU216 8.4%843L-04 CH2446 1.60593E-13
RH106 4.58105€-02 CEN41 €.16327E-41 RN220 8.49843E-04 CM245 L.378T7e-11
PD10O7 1.67854E-04 CEl42 1.61069€E~-C8 RA224 8.49843E-04 CM246 4.477191€E-1¢
AGL10 1.41323€-05 Cklas 4.43059E-C3 TH228 8.497%1E-04 CM247 - 9.03204E-24
CDULISM 1.10029€-36 PR144 2.43C67€-C3 J23z2 8.32217E—0% (K248 1.68065E-23
INLIS 2.56319E-14 PRLI4AN 2.91615€-C5 u23e 5.490156-L7 BK249 1.164783E-27
INLISM .94445L-41 NDi44 6.75640E-13 U235 1.30722E-20 . LF249 4.897478E-22
SN121M 2.58260E-04

TOTAL ACTIVITY 162 02 Ci/assy HEAT GENERATION, watts/assy
Primary 3.73 -00
Gamma 191 -01




TABLE 7.28
ISOTOPIC CONTENT (g/kg U-235) OF AN OFFSITE
FUEL ASSEMBLY — 5 YEARS

1€°L

ISCTOPE CONCENTRATION 1 S0 ToPE CCNCENTPATE LN 1s0T0PE CONCENTRATICN 1SOTOPE CONCENTRATION

H 3 4. €2655¢ -04 PD1OS 3.71585€ Qv XEL32 2.891)5€E-68 ELLSG . 21210E-4S
[ 3.89209Z-04 PD1CE 1.9456(E JC CS1M 3. 17906k 01 €r1s2 9.37293E-05
AL O 3. 864286 04 PO1YT? 1.92129¢-01 €S134 3, 19353F -v2 60154 3.161726-C2
GE T2 1. T2TE4E-04 PDICO 3.88417E-21 C5135 4.32189C 00 [91] &3 8.88420C-02
GE 73 T.16360E-04 ?pllo 1.38805C-01 Cs136 1.55467E-57 GC156 2.44156E-01
GE T4 1. 8710853-uv3 AGLY9 1.88v15€-01 cs1137 2.65693E, 01 GD157 2. 45260E -03
GE To 1.3237v€-02 AGllo 1.33€37€-05 BAl 34 3.05785F-)1 cC158 6.83228€-02
A% 15 4.42453E-03 con110 1.01027E-02 8Al36 S. 42933k ~u2 COl6u 3.35415¢-93
SE 77 2. 51175€ -v2 col1li 1.08229€E-01 BAL 36M 1.36419F-¢4 TB15% E.2%E1 %€ -0}
SE T8 6.17116€-02 [54:) § ¥4 1.64621€-02 8AL127 5. 90926€ 0O TRL6O 1.57974E-14
SE T9 1.526423-01 co113 8.26298E-0 2 BAL2TM 4.04845€-26 DvYieD 1.45579E -04
Z 80 3. 66694E-01 CDl1s 1.40298F-01 BAl 38 3.37005¢ 01 cvlel B8.9€403E~04
SE 02 T.43035€-01 CO115M S<5105¢E~16 BA140 1.15296E-55% nyY162 4.87975E-0¢
BR 81 €.25577:-01 COol1le T7.14269€-0 2 LAl39 3.23695t vl TL2C8 €.33766€ ~-14
he 85 3.274918 0) INL1S t. E52]1 EE~02 LAL4O 1.73895E-506 pr20e 3.11562E-08
RB 87 T.922138 » INLLSM i.0927¢€€-2° CEL40 3, 173668 V1 £B212 5.03642E~11
SR 88 1. 16874 ¢l SNl le 5.9440¢E-02 CElal 1.78679¢-21 Alz1z 4.77€71E-12
SR 89 1.89763€-13 SN117 €.57471C-02 CE142 3. 00082 )1 Fc216 2.01023E-16
SR 90 -1.612562 01 SN116 T.60134E-92 CElas E.D4158E-C2 RN227 7.508926€ ~14
Y 89 1. 535965 U1 SN11S T.4T151E-02 FRL 41 2.996715T 01 PA224 4,29484E~-10
Y 90. 4.19606E-03 SN120 7.8240:6-02 PR143 2.31798E-52 TH228 8.56397E-00
Y91 8. 784853-12 SNL21M 3.50167€E-0S PR1 44 3.39319E-06 L2122 $. 130340-C6
IR 90 2.87438: 09 3NL22 €. EC(SEE~02 PR144M 1.6965TE-08 U234 4.227108-02
RN 1.9284 7€ 01 $N122 1.27742F-07 ND142 1. T1373E-)2 U235 1.69999F o0
IR 92 1. 96477 ul ShL 24 1.39222€-01 NDL 43 3.96881F vl U22e €.50496€-01
IR 92 4.23763% 01 3N126 2.2923(¢-01 ND1& & 2. 88292 01 uz23s 3.88085€-01
IR 94 2. 165112 01 56121 8.25284E-02 ND14S 2. J1935F 1 AP237 2.06775€~01
IR 95 1.59721E-1) $8123 1.0613%E-01 ND1 46 1.56857E 01 PU226 2.£04AT6C -06
IR 96 2.155908 01 $8124 . EESBEE-LE ND1 4T 2. 61183E-65 U238 1.60467E~01
ND 55 2.30757€-1) $8125 3.46900E-G2 NOL 4R 9.127T16E 0O FL239 . 5TSLVE LO
NB 95M 1.39794E-1) SB126 1. ¢134¢5-0¢ ND1 50 3.53604C 00 FU24y 1.40564E-01
»C 95 2.20957€ ua 38Ll26M l.22625E-11 PML1AT 1. 89T06E w0 FL241 1.82783€-02
MO 96 T. 26410¢ -03 TEL 22 5.17799E-04 PML 48 5.06884E-21 PU24c €. 99831 -04
Mo 97 2.08639¢ 01 TE124 €. 5CCSEE-04 PMLARM 5. 64915E-19 AP241 6.56A10€-0)
MO 98 2.09321E 01 TEL25 1.4865RE-0 1 SM147 e, 176206 ¢ AN242 3.43946E-12
MOl v 2.27251€ 01 TEL25M 4.92769F-) 4 SH14B 6.02892E-01 AM242M 2.87678E-07
TC 99 2.16175E 01 TEL26 €.394%5E-02 SM1 49 8, 94427z -01 Ar243 2.51186E-00
RUL0L S. 81 652€-u2 Tel 27 1.01230€-10 SM150 6.01607¢ 02 Cr242 1. 10226E-10
/U101 1.85493 01 TZR2TM 2. 8S15¢E-0 ¢ sMl 51 1.11152F W) Cr243 3.22441E-C9
RL102 1.57795¢ 01 TEL28 1.5127$E 00 SmMis2 . 677662 OV Cr244 3.94696E-12
PULD3 €. 45462818 TEL 2% 1.75000€-25% SM154 4€.29244E~)1 CMZ4S 2.54420E~-12
RUL 0% T.17T008 30 TELZ29M 1.8527SE-22 EULtl 5.58289F 02 (r246 2.08001E-14
RUL 0¢ 1.80363€-02 TEL30 T.171927€ DO EU152 " 1o T247TE~u) Cr247 2.24043E-17
RH1O3 2.11411E-05 1127 7.51751£-01 EV1 53 1.10433€ )0 CM248 1.05€5TE-19
RHL JIM 1.26899E~-29 1129 2.32745¢E JC EUl 34 4.539612-02 AK249 1.92995E-2¢6
RH1%% 1. 691528 ~08 AE131 1.30641€-27 U155 5.66492F-u2 CF249 . €0 T54E-24
PL1O4 1.48218€-01
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TABLE 7.29
ISOTOPIC CONTENT (Ci/kg U-235) OF AN OFFSITE
FUEL ASSEMBLY — 6 YEARS

ISOTOPE CONCENTRA TION 1s07CPe CCNCENTRATI CN 150TCPE CCNCENTRAT ICN 1S0ToPE CONCENTRATION
H 3 4.47083% 03 $N1 26 S.463852E-04 pMl40 8,32750E~16 L22¢ 5. 15594E-05
SE 19 1.06314¢-02 $B124 4. 602728-12 PHL4BN 1. 20764 TR ~1 4 uz23e 1.30430C-07
RB 87 6.93819e-07 $8125 3.637)2E 01 $M147 1.$9719E~)7 NP237 1.45T24E ~04
SR 89 5. 359616 -09 $B126 1.34935€-04 SM1 40 1.82265F~13 PU236 1.42¢25-0)
SR 90 2.20184€ 03 SBL26M G.E38%4E-04 SHL 49 2.148609E~13 fu23e 2.75632E 00
Y 9% 2.28244E U3 TEL2GM 8.08175¢€ DO SM1%1 2.€3305¢ 91 pL22S 1. 6002 8¢ ~01
Y 91 2.1%328:-017 TE1E7 e 6135EE-04 EuUls52 3.12411€~01 PU240 3.19599€~02
iR 93 1.7T17625-01 TEL2TM 2. T2S54E-04 [ R-1} 1.22684E 01 FL241 1.84412E CO
r 95 4.19510E-u6 T€129 3.64664E-18 €Y155 . T2530F 91 PL242 2. 6T121E~C6
NB 95 9.04511€-06 TE129M 2. T42644E-1 80 EV156 4.5T949E-44 ANZ4] 2.25434€E-02
NB 95M 5.32776¢-08 1129 5.89013€-D4 6D1%2 2.C647F 15 AM2&2 2.78133E-~06
1€ 99 3. 664906 ~-01 C 5134 4.91638E 21 78169 1.78398E~10 AP242M 2.79%827E-~06
/Ul 93 -~ 2.068228-1) cs112% 4.9€291€-02 L2080 2. 51398E -¢5 AP243 5.01299E-09
AUl e ¢€.02635¢ 01 cs137 2.30494€ N1 PR212 6.99715€~35 Cr242 2. 55058E ~C6
RH103M 4.14051E~-12 34137TH 7.16047E 03 efz212 6.99691E-05 Cr243 1.6¢40TE~O7
RHL 06 6.02636€ 01 CEl4l 5.0042°€-11 PO216 6.$9968E-053 Cr244 3.19245€-08
PD107 4.078)5¢ ~04 CEl142 1.20459€-07 RN2 2V €.99968F -y 5 CM24¢ 4.37538E~1)
ACl 10 6.30036:-02 CEl44 2. 5€¢5¢€ 02 RR224 6.99969€-05 (M246 6.38901E~15
CDLLISM 1. 40406814 PRL 43 1.55956€-47 TH228 1.020685-05 Crasl 2.07808€ ~21
IN1LS 3. 66894 ~-1) PRIA4 2.56561€ 02 U232 1. 10 245€-04 CM248 4,49C85%-~22
IML5HM 1.26899¢-18 PR1T44M 2.0786€EE 00 U234 2. 63983E-04 B8K249 3.,22210E~23
SNL21IM 2.072208-03 NDL 44 3.412638-11 v22% 1. 241T4E-96 CF24S 1.47¢90€-23
N1 23 1.13437%€-03 PMLAT 1. 1599CE 03

TOTAL ACTIVITY 118 04 Cikg U235 HEAY GENERATION, watts/kg U-236
Primmy 211 OV
Gsmms 852 00
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TABLE 7.30 )
ISOTOPIC CONTENT {g/kg U-235) OF AN OFFSITE
FUEL ASSEMBLY — 15 YEARS

1SUTOPE  CENCENTRATICN ISOTOPE  CCNCENTRATION ISOTOPE  CONCENTRATION 1SCTCPE  COMCENTRATION
K o3 2.627926-04 RHLCH 1.172446-11 1127 7. SLT48E-01 €r154 5.67480E-02
HE 3 5.88996% -u4 POLO4 1.48218€-0 1 1129 2. 274586 00 GO155 1.321365 -vi
M 3.84420% 04 PD105 3.71585E 00 XF131 1.30641E-27 €0156 2.461562-01
GE 72 1.72764E~04 P D106 1.5636:€ OC X€132 3. 89105E-68 60157 2.49260E-03
GE 13 1. 14361€~C4 PD1GT 7.92128€-01 CS13)3 3.17926€ 01 G018 €. 833296~ 02
GF T4 1.870852-03 POLCH 3. 8E417E-01 cS134 1.31140€-03 ccle0 31,3541 5603
GE 76 1.32370€-02 PO110 1.2086056-01 CS135 4, 221868 20 18159 8.25821E-03
AS 15 4. 924552 ~u3 AG105 1.88015€-01 €s137 2.11042€ 01 TR1e0 S. 75306E - 30
SE 77 2.511758 =02 AGLIO €. ISISEE-1C BA134 3. 42¢08E-01 tv160 1.45579E-04
SE 78 6.17115:-02 colie 1.0116GE-02 AA136 5. 42933 ~02 oviel 8.96486E -06
SE Ts - 1. 22426201 €011l 1.08229€-01 BAL37 1.13742€ 01 ov162 4.8T9756-06
SE 80 - 3.66994E-01 co112 1.94515F-02 BALITH 3. 21572806 11208 1.75668E-13
SE 82 - . T.43034€-01 © - (D113 8.26300€-03 PAL 30 337005 J1 P8206 2.031626-07
er 81 €.25579E<¢1 COL14 1. 4025%E-01 LA139 3.23695E 3l £0212 1.037426-10
RB. 85, 3.2T491E 00 . COL15M 1.2222%-42 CE140 3. 173676 01 rI212 $.83959E-12
RE 087 7.922132 00 Ccol16 T.1427CE-)2 CE141 2.82912E-55 PO216 4.135358-16
§R'8B | 1.14874E O IN11S $.852216-02 CEL42 3. 00083€ 01 nN220 1.56273E-13
SR 89 .- . .1.360725-34 INLISW 4.65543E-50 CE144 1. 054656 -05 RA226 9.04957€ -10
SR 90 . 1.260u%E-CL . SNll6 5. 94404E-03 PRI4L 2.9967%5¢ 01 T+228 1.750856-07
Y 89 7 1.53996E: 01 - SNL1T €.$T465E-02 PR144 4.618935-10 U232 6.91109E-06
¥ 9. . 3.27879E-C3. .- SNL18 7.8V 131E-22 PR] 64N 2.209426-12 U214 4. 22€98E-02
Y9l . 1.51616-30 SN119 1. 4711526-02 ND1 42 1.71373E-02 U235 1.50000¢ 00
IR 90 - 6.400282 00 . SN120 1.82403€-02 ND143 3.%8881¢ 01 uz3e 8.9048SE-UL
i 9L 1.9244¢8 91 SKL21M 3.048106-D5 ADL 44 2.89096E 01 v2?8 3,06085€-ul
IR 92 . 1.964TTE 01 SN122 €. €010(E-02 ND14S 2. 01935 01 NE23T 2.06774€-01
IR 93 4, 237608 Ot 323 4.13083E-16 ND146 - 1.%685TE Ul PLZ36 2.3605 38 -07
IR 94 2.165113 01 SN126 1.392238-01 ND1 46 9.12715€ 00 pU238 1.48276E~01
IR 95 3.26587E-27 SN126 2.39227-01 ND) %0 3. 536048 00 PU2 39 2.5T7437F (0
IR 9% 2.155906 €1 s8121 8.25331€-72 PMIAT 1.350296-01 PY240 1. 4041 6601
NB 95 3.77338E-27 $8122 1. C613F-01 PML 48 1.20010E-67 PUZ4L 1.16065€-02
NB 95M 2.205932-30 . $B124 1.431226~34 PM] 4N 1. 247216 -45 PL242 6.99920€~24
HO 95 2.20957€ 01 $8125 2.73868E-03 SHL4T 1.05382E 01 AM241 1.3276%-02
MO 96 1.244126-03 $8126 1.612486-0% SHL4B 6. 02092£-01 Ar242 3.28614E-12
Mo 97 2.008639E oL SBI26M 1.22628%-11 SM149 8.564428E-01 AN242M 2. 78854E-07
MO 98 2.79321 01 TEl22 5.17799€-0 4 $ML 50 6.01607E 00 Av24) 2.50551€-08
(1 00 2.27251€ 01 TEL24 2.£009 EE-04 sMiel 1. 03164E 00 Cr2e2 6.65593E-10
1 99 2.161685 01 TE125 1.81U63F-01 SM152 2.47766€ 20 CM24) 2.5262TE-0%
PUL00 $.81650E-02 TEL25M 2, ES01EE-08 SMLS4 4.29244E-01 244 2.69176E-10
RULOL 1.85493¢ 01 TE126 €.351366-0) €v1 sl 1. 35N 2501 Cr245 2.54211E-12
RU1D2 1. ST195€ ul TEL27 8.28053E-21 €V152 1.01161€-03 CH24¢ 2.0769TE- 14
RU103 1.10775e~45 TE12MM 2.3€527E-18 EULl %) 1.10433¢ 00 cr247 2.24043E-17
RL104 T ATTWE Ul TEL28 1.91579€ 00 EUlse 2.02649-02 cr248 1.05855E-19
RU196 1.88991C-0% TE129 701064 26-5 ¢ EV1S5 1.33539€-02 oK 249 6.08021E-20
RHLO3 2.11411€-0% TEL29M Z.iT94SE-5¢ 60152 9. 372972 -05 CF249 3.55588E-24

RH103IM 2.1TTBOGE -4 TE130 T7.179217€ 30
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TABLE 7.31

ISOTOPIC CONTENT (Ci/kg U-235) OF AN OFFSITE
FUEL ASSEMBLY — 15 YEARS

1S3 TOPE

14
IR
NB
NB
Tc

95
95 M
99

Av103
RFUL 06
RH103M
RH1 06
pPD1 07
AGl10
CD115M
IN1]S
INLISM
SN 21M

CONCENTRATION
2.54034€ 00
1.063032-02
©.93918€-07
3.843176-3)
1.76303¢ 02
1.79349€ 03
3.716315-26
1.T1761E-01
6.659908-23
1. 4790 % -22
8.T71204£-25
3. E64708€~C1
3.%549526-61
6.316465E-02
T. 106V1E 41
6.31465E-02
4.07R04E-04
2. 730642 -G6
3.12186E~3%
3.66896€-1)
2.821546-43
1.80379€-03

1SOTOPE
SN123
SN126
$8124
$8125
SBl1z6
SA126M
TEL125¥
TE127
TEL2TM
1129
CS1:24
€s5135
cS137
BAL3ITHM
CEL142
CEl44
PRL 44
PRI §4M
NOL 44
PHL4T
PM148

CONCERNTRATICM

3.40190€-12
S.63D46E-04
€-50%42E-30
2.8712%F 0C
1. 3493 PE-04
S. L3R4 CEE-04
T-01173€-01
2« 1EESTE-14
2.232T4E-14
5.89013E-04
1.6555¢E 00
4.98290E-03
1. 83C84F 03
1. T219¢€E 03
T1.20460E-07
32,4522 €-02
3.49239€-02
4.19079€E-04
2.4221%-11
1.2526¢€ 02
1. SES9LE-A2

ISCTNPE
PM148M
Sklat
SML48
SMia9
SMI51
FuUL%2
EUl 54
EUL55
60152
18160
TL208
PRZ12
81212
PO216
aN220
RA224
TH228
u232
U234
U225
u23e6

CGNCENTRATION

2. BT956E-41
2.2981 BE-U7
1. 82265€-13
2. 1486813
2.62944% 01
1.683235¢-01
5.47661€ 0O
6. 42434F 00
2.0064085-15
1.10592€-25
5.17859€ -05
1. 44130E-04
1.44133€-04
1. 44133E-04
1.44133E-04
1.44133E-04
1. 44156 -4
1.48511E-04
2. 63975E-04
3,24175€-06
5.759945-05

TOTAL ACTIVITY

7.31 03 Cikg U238

HEAT GENERATION, watty/kg U-235

Primery
Gamma

140 01
6.18 00

150 TOPE

CONCENTRA TION

1.30430E-07
1.45723%-04
1.25400F-04
2.53173 OO
1.5998 26-01
3.19262€-02
1.15081E 00
2.6T1LTE-06
4.55684E -02
2.65735€E-06
2.6T06TE-06
5.0J€2 TE~LS
2.20409€-06
1.3048JE-(7
2-17T720E-CH
4.3757T9E-1)
6.3796TE-15
2.07808E-21
4 .49076E-22
1.0151 3E-26
1.45575€-23



TABLE 7.32

1ISOTOPIC CONTENT (g/kg Pu) OF PLUTONIUM- 238

SCRAP ~ 5 YEARS

1SOTOPE CONCENTRATION 1SOUTCPE CONCENTRATICN 1SOTOPE COCNCENTRAT ION 1SCTCPE CONCENTRATILLN
TL208 1.3B175€E~-14 FL216 3.25376E-17 wli2 9.14524E-C7 PL24C 1.18815E-01
PB208 3.06683E~09 RN220 1.22840E-14 PU236 4. 78242€E-07 PU24l 5.38794E-02
PB212 B.15111E-12 RB224 T.11348E~11 PJ238 1.12523E CC PU242 3.04226£-02
8l212 7.73070€-13 Th22e 1.387¢4E~CB Pu239 3.22272e-01 AM24 1) 1247115602
TABLE 7.33
ISOTOPIC CONTENT (Ci/kg Pu) OF PLUTONIUM.238
SCRAP ~ § YEARS
I1SCTOPE CONCENTRATIUN 1SOTCPE CUNCENTRATICN ISCTLPE COCNCENTRATILN 1S0TOPE CUNCENTRATICA
TL208 4,06867E-06 RN220 1.13297€-C5 PU236 2.54561£-04 PL241L $.43594£F CC
pa21l2 l.13244E-C5 RA224 1.13297£-(5 Pu23e 1.92578€ Cl PU242 1.16104E-04
81212 1.13239E-05 TH228 1.13721€~C5 PuU23s 2.C0C294E8-02 AM241 4.36290E~02
PO216 1.13297€-05 L23z 1.9€523E-CS PU240 2.7C14SE-C2
TOTAL ACTIVITY 248 01 Cikg Pu HEAT GENERATION, watu/kg Pu
Primary  6.40~01
Gamma  1.86-04
TABLE 7.34
ISOTOPIC CONTENT (g/kg Pu) OF PLUTONIUM -238
SCRAP ~ 15 YEARS
1 SCTOPE CONCENTRATION ISCTCPE CONCENTRATICN I1SOTOPE CONCENIRATION ISCICPE CONCENTRATICN
TL208 3.132564E~14 PLZ16 1.37267e-17 u232 1.232%2E-C6 PL24C 1.186506-C1
pB208 3.32856E-08 RN22O EeTBASLE~ L4 Pu2se 4.213€6E-08 PU24&L 3.362296-02
PR2l12 L84 T7ESE~11 RAL24 L.61190E~1C PU238 1.036%7€ CO Pu242 3.042¢1E-C2
81212 1.75261E~12 Th228 3.132878~C¢ PU23s 3.221 ECE-QL AM241 3.259176-02
TABLE 7.35
ISOTOPIC CONTENT (Ci/kg Pu) OF PLUTONIUM-238
SCRAP — 15 YEARS
1SCTOPE CONCENTRATION ISCTCPE CCNCENTRATIICN 150T0PE CONCENIRATICN 1SCTCPE CONCENTRATICN
Te2ce 9.22403E~06 RNZZ0 Z.56728E-(5 Puzle. 2.23845€-C5 PL241) 3.39227€ OC
pB21L2 2.56123t-05 RA2Z4 2.56T28BE-CS PU238 L.779%2E€ Ol PU242 1.16102E~04
Bl2l2 2.56722E-05 ¥y 2+567T7LE~CS PuUzZ3e 2.002 )6€E-C2 AM241 1.118€2E-01
PL21s 2.56 728805 Lz22 2e648E4E-(S PU240 2698¢4£-02
TOTAL ACTIVITY  2.13 01 Ci/kg Pu - HEAT GENERATION, wetis/kg Pu
| Primery 5.94~01
Gamms  1.82-04
TABLE 7.36
ISOTOPIC CONTENT (g/kg Pu} OF PLUTON!UMZ39
SCRAP — 6§ YEARS
15CGTOPE CONCENTRATION 1S0T0PE CCNCENTRATICA I'SOTLPE COUNCENIRATION 150TCPE CONCENTRATICN
TL208 1.54557€~20 . PL 16 B.QQCQEE-ZJ uz2iz2 leC2323E~12 PU240 111248602
PB208 3.431328-15 RA220 1.37436E-20 PuU23e 5.362ClE~-13 PU241 l.14603E~03
pB212 9.11990E~18 RAZ24 1.958S4E-17 PJ238 1.561 1TE~C6 PU242 5.01366€~0¢
8121z 8.64953E~19 Th228 «SE256E~ 14 PU239 1.875(6E~C1 AM24]) é+T0376E~C4
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TABLE 7.37
ISOTOPIC CONTENT (Ci/kg Pu) OF PLUTONIUM-239
SCRAP ~ § YEARS

1SOT0PE CONCENTRATION 1SCTCPE CUNCENTRATICN 1SuToPE CONCENTRATICN 18CICPE CUNCEMTRATICA
TL208 4.55225E~12 KAN220 1.26762E~11 Pu2le Z.E4BECE~LC PUZ4] 1e15624£~Cl
PB212 1.267048~11 RA224 1.26763E~11 PJ238 20671 EBE=-05 PuU242 1.91353€~C7
8l2le 1.26698E-11 The2e 1.27248E-11 PU239 1.1€5246~02 AM241] $.280C0E=04
PO21le 1.26762E-11) L2232 2.16880E-11 PU240 2452944E~03

STEP 1 EXECUTED AS SPECIFIED

TOTAL ACTIVITY  1.3%1=01 Ci/kg Py HEAT GENERATION, wans/kg Pu
Primary 4,75 -04
Gammas  2.82-07

TABLE 7.38
ISOTOPIC CONTENT {g/kg Pu) OF PLUTONIUM.239

SCRAP — 15 YEARS :
[SCTOPE  CONCENTRATION ISCTCPE  CONCENTRATICA ISOTUPE  CCNCENTRATION ISUTCPE  CONCENTRATICN

TL208 3.504866-20 Flile £E024524E-23 232 1.379¢Cie~12 PL24C 1.11131€-0C2

PE208 3.72418t=14 RN220 3,11435E-20 . PU236 4.T71440E-14 PuL24l T+ 15165E-04

PR212 2.06747E-17 RAZZ4 1.8034TE-1¢ PU238 L.e42:9E=06 PU242 5.013896—0¢

BI212 1.96092E-18 1228 2,50823E-14 PU239 1.87452E-G1 aNM24] 6.93233E-04

TABLE 7.39

ISOTOPIC CONTENT (Cifkg Pu) OF PLUTONIUM-238

SCRAP — 15 YEARS @
ISOTOPE  CONCENTRATICN ISCTCPE  CCNCENTRATICN ISUTOPE  CUNCENTRATICN ISUTCPE  CUNCENTRATICN
TL208 1.032038-11 RA220 2.87241E-11 PuU230 2.50449E~11 PL241 7.21543¢-C2

PB212 2.872356-11 RAZZ4 2.67241E-11 PU238 2.468$4E-C5 PU262 1.913506~C1

B1212 2.87235E-11 The28 2.87289E-11 PU239 1.164S1E-02 aM241 2.3793¢E-C3

PC216 2.87241E-11 L232 - Z2.96333E-11 PU240 2.52617E-C3

STEP 1 EXECLTED AS SPECIFIEC

TOTAL ACTIVITY  8.87 ~02 Ci/kg Pu MEAT GENERATION, wars/kg Pu
Primary 5.22 ~04
Gamma  4.81 07
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8. EFFLUENT CONTROL AND ESTIMATED RELEASES TO THE
ENVIRONMENT (W. L. Marter)

8.1 Effluent Control

8.1.1 General

Defense waste processing must be designed and operated in
such a manner that liquid and gaseous effluents meet established
standards for releases of radioactivity to the environment. 1In
adapting these standards for a specific aspect of operatioms, such
as waste solidification, it must be recognized that releases of
radioactivity will continue from other operational activities at
SRP, i.e., the release of radioactive materials must be appor-
tioned to all existing sources on the plant site. These include
the normal releases from operating areas as well as migratory
losses from existing seepage basins and burial grounds, and pos-
sibly the release involved in decommissioning production facil-
ities.

8.1.2 Regulatory Aspects

See Section 11.

8.1.3 SRP Operating Standards

The Savannah River Plant currently operates under a Technical
Standard for release of radioactivity from the plant site. This
standard does not specify amounts of radiocactive nuclides that can
be released in gaseous or liquid effluents, but rather, limits
releases such that the annual exposure to an offsite individual
will not exceed the limits shown in Table 8.1.

Again, these dose -limits .apply to all releases from all oper-
ations at SRP and only -a portion of the-limits could be assigned
to a waste processing facility. No simple formula can be provided
that enables .the direct.calculation: of the amounts of individual
radionuclides that can be released .and yet remain within the tech-
nical standard. It is necessary to..determine .the identity of
nuclides .to -be released, the -amount.-of release, .and the mode of
release, 1i.e., gaseous or liquid. :From this information, environ-
mental dose commitments .can be calculated -and .2 judgment made as
to acceptability .of the releases. .  This analysis provides the
contribution to environmental dose from each radionuclide by each
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mode of release and thus would serve as guidance in determining
those aspects of effluent control that might require improved
performance. '

~

8.1.4 Seepage Basin Criteria

Current DOE policy [2] states that establishment of new
seepage basins is to be avoided to avoid accumulation of radio-
activity in soil, unless the radioactivity (1) is retrievable,
or (2) does not build up above an acceptable level. Fission
products in basins currently in use at SRP are not reasonably
retrievable because of dispersion through large amounts of soil.
The "acceptable level" for buildup of radiocactivity in soil has
already been exceeded in many basins from the standpoint that
basin sites cannot be released for unrestricted use at time of
seepage basin decommissioning.

The current criteria for use of seepage basins require
that the release of fission products, activation products, ura-
nium, and thorium be limited to the lowest practical level con-
sistent with sound waste management practices. Transuranic re-
lease limits are set as low as practicable. At most, releases
must be lower than values listed in Reference 3 to avoid buildup
of radionuclides in the soil. Except in seepage basins already
exceeding the reference values, the intention of the limit in
transuranic concentrations in soil is to avoid the need for soil
removal upon decommissioning of seepage basins.

The seepage basin criteria were used as the basis for reacti-
vating the P and C Areas seepage basins in 1979. Consequently,
the reference process assumes that the activity levels in -aqueous
effluents will be reduced to the lowest practical level and to
‘levels well below those concentrations prescribed for release to
uncontrolled. areas [4].

8.2 Estimated Releases to the Environment

The annual discharge of radiocactive contaminants to the
atmosphere and plant streams was estimated. Tables 8.2 through
8.10 summarize these data for 5- and 15-year-aged feed to the
DWPF. Table 8.11 compares these estimated releases to 1978 SRP
releases. Offsite dose calculations from the estimated DWPF
releases were not completed at the time this document was issued.
However, for comparison purposes, the offsite dose from the pre-
viously estimated DWPF releases (DPSTD-77-2), which are greater
than the current estimate, is compared to the offsite dose from
SRP 1978 releases in the following two paragraphs.

- 8.2 -
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Offsite dose from 1978 SRP atmospheric releases was 112 man-
rem (calculated with NRC GASPAR code for the 80-km population).*
Approximately 92% of this population dose was from tritium. Par-
ticulates only accounted for 0.86% of the dose. The offsite dose
for the estimated DWPF releases was 0.124 man-rem with approxi-
mately 75% from tritium and 25% from particulates. This dose 1is
only 0.11% of the dose from normal SRP releases and is judged
acceptable.

Offsite dose from 1978 SRP aqueous releases was 16 man-rem
downstream from SRP (calculated with NRC LADTAP code).* Tritium
accounted for 78% of this dose. Although DWPF releases would cause
a population dose of 4.7 man-rem, a 29% increase of the dose from
normal SRP releases, the population dose would still be only 0.02%
of the dose from natural sources to the population groups consid-
ered. Dose to an individual from consuming 2 liters of river water
per day would be 0.13 mrem from DWPF releases and 0.35 mrem from
SRP 1978 releases, a total of 0.48 mrem, well within the 4 mrem
limit specified by the EPA** for public drinking water supplies.
The anticipated DWPF releases to liquid effluents are therefore
judged acceptable.

TABLE 8.1

Savannah River Plant Annual Exposure Operating Guides

Dose Limit,

Type of Exposure mrem/yr
Whole Body . 10
Gonads ' 10
Bone Marrow -~ 10
Gastrointestinal Tract 30
Bone ' r ’ 30
Thyroid ' o 30
All Other Organs » 30

* Doses previously published in PTDS #2 were calculated with SRL
computer codes-and will differ slightly from these doses cal-
culated with NRC computer codes.

** National Interim Primary Drinking Water Regulations, 40 CFR l4l.
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TABLE 8.2

ESTIMATED ANNUAL AQUEOUS RELEASES TO THE ENVIRONMENT — 5 YEARS

I1SOTOPE

+ 3
sy
[ I]
SE 19
Ry A7
SRk n9
SR a0

Yy

Y 91
N 3
TR 9%
NY 949
Nt 994
' (‘ “9
RLLOS
PULOO
RET103M
RHLVG
petor
AGLLY
COLLSM
SANL2E

CURIES

B9 8TTL GZ
BobNH IGAF-260
Lol TCCO-0T
LAY Y B KV
LoV avwli~14
Ge Ll 2~
J3.MILAF=US
3 02320-0%
L.201090-1¢
1502 73E-109
B.202¢10-12
L76 }STE~- 11
Lodal 730~-13
L0339 T4E -0
S 1LIGE-1T
T.785560L-10
5.7 TC3E-17
T, 7RuS5TE-Vo
8.91239€E-12
L23509F-C
A.94776L~-1"
2.79319¢-11

TEL2Z29¥
1129
CSl3a
Cs135
Cs127
EALITH
Ctlal
ctla2
Citan
Pkla3
PFlas
PRL4AM

2.26TGHC~— LY
l.covVat -1l
OelUaSoE—L7(
Te2lY0iE~-07
| IV RS TR P
Ledsbuai~Li
J.3718ue—-917
feal191E~-10
lebue 2L~V
3. Tavuoe-¢i
De8ulalt-21
Led5cd3t~v9
T.0%122t-00
1.2175%4k-1v
Go2VOUIE—IY
S.193176L-0>
Y. Ul vok-2V
BetsaTit—-15
B.au923E-vu
L.0208dE— 3
d.4UYSak-Jo
L.bLuylsc-97

ISOTOPE

NUL4G4
PMlal
PMlad
PMi&BA
sMlal
SM148
SMlag
SM151L
Eylse
EUlS4
EUlys
Lulse
Tdloe0
TL2Ve
TLz2o7
TLzJ8
TL209
U232
U233
U234
uz23s
U236

TOTAL ESTIMATED RELEASES (Ci)

Tritium

Fission Products

Uranium
Transuranics

9.95 02
2.67-04
187-11
1.34-06

CURIES

4.10044€-19
2 .06069€E-05
95.9286LE~20
8.59623c-19
L.62850E-15
4,79495E-21
1.49629E-21
2.01025¢E-¢17
3.14318€E-09
S5.1631€E-07
4.08720€E-07
4,35T61E-4&1
9.54227E-16
4.42904C-27
6.57499E~-}7
1.02994E-12
4.,171939¢t-21
4.23619E-12
% .02004€E-106
1.3230%€E~-11
4.3T02TE-14
9.,47892€6-13

1ISOTOPE

u238
NP23s
Np237
PU236
PU237
PU238
PU239
PUZ240
PU241L
PL242
AM241
AM242
AMZ242M
AM243
CM242
CM243
CM244
CM245
CM246
CMZ24T7
(M248

CURIES

2.40729€-12
1.43401E-17
7.292106-12
5.169826-11
3.77283g-21
6.21026E-07
5.84519E-05
3.65382€-0%
6.94581€-07
4.921T0E-12
8.94853€-09
1.18103E~11
1.18695E~11
4.7T6992E-12

© 2.89898E-11

4.59448E-12
1.34731E-1C
5.49678€E-15
4.32160E-16
5.3937T1E-22
5.63252€E-22



TABLE 8.3

- g°g -

ESTIMATED ANNUAL AQUEQUS RELEASES TO THE ENVIRONMENT — 15 YEARS
1SOTOPE CURIES ISOTOPE CURIES ISOTOPE CURIES ISOTOPE CURIES
2B 5.65630F 02 ShEZz3 6.19870L-19 PMLaT? 1.46676E~00 NP236 1.43393E~-17
CuU 6o A.790436-08 SAhL26 1. 288U3E~11L SMiL4t 2.G9802€E~-1% NP237 Te32546E~-12
St 79 2.3150%6-10 SALZ24 363224235 SM149 4.79495€6-21 PUZ36 4.54546E~-12
RC 27 1.40452E~1« SELZS Se09038E-08 SM149 1.40629E-21 PU238 5.1396CE~Q7
SF a9 40069 I8E-3Y SEi2e ledu3gac~12 SM151 1.86578E-07 PU239 5.84351E~-0S
SR 0 3.06947E-05 SElseM ledbuO3e-11 Euls2 1.843526-09 PL240 3.68991E-09
Y 90 3.067206F=05 TLLZ2SM Zevol93L-y8 Eul54 2.30484E-07 PU241 4.334486-017
Y 91 2.07T3%95t-31 Te127 1.20401E-20 EUlLS S.034726-CH PU242 4.921¢€4€E-12
IR -3 1.502716=49 Tlt2Tm lele921t~20 18160 S.915376-31 AM241 1.76225E-0¢
AN 1e3al3gU-248 1129 1.2%221~-4Y L2006 1.4800%€E-2% AM242 1.12838E~-1})
NU .95 2.R9201L-28 Ctila 2.4375%0c~97 TL207 1.80782€~16 AM242M 1.13404E-11
Ni} 95M 1.70345F~30 - Cstis leciThal-10 TL208 cel9396E~12 AM243 4.76543E-12
1< 99. L 089 T0E-0u cStar Y. loT0be=-0> TL209 1+90320€-20 CM242 9.35914€~12
RULLD6 Ro1%304L~09 C1AL3TM 4.4880100c~uY U232 5.60292k-12 CM24) 3.60254E-12
RO 8.153046-9% ctia2 Y & Y AN O u233 8.20140€E-106 CM244 9.18841€-11
PoLOT F.919310~12 Ctlas Leld4oye~Jy ulia 3.01663t-11 CM245 $5.4922RE~15%
AGl10 5.3%50481:~-13 PRl1Aa lel44T3c-u> u23s 437927k~ 14 LM246 4.30118E-16
CCLISM 1.9~ 43 PRl4a4M LeoT305L~1L1 [FPETY S.48986€-13 CM247 5.39371€-22
SN121IM 233 0391-11 NDL4aa 4.131063L-19 v238 2.,40129L~-13 CMZ248 5.63250€E-22

TOTAL ESTIMATED RELEASES (Ci)

Tritium

Fission Products

Uranium

Transuranics

5.66 02
1.64-04
370-1
1.04-06
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TABEL 8.4
ESTIMATED ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT — 5 YEARS
SOURCE — SAND FILTER STACK

ISOTOPS CURIES ISOTOPE CURIES ISOTOPE CURIES ISOTOPE CURIES
o3 2.812%1E 01 Sh126 2.23395-10 PR L4 4M 1.78639E-06 u236 1.73383€-11
CRrR 51 1:.3644722F=-24 sr124a Leutedbak-1> NDl44% 1.27C93E-18 L2i3g 4.40329€E-12
ctu 67 2.572020L-0¢ seta2s 1.27948t-0> PMLAT 3.65404E-04 NP236 2.62302€E-16
SF 19 L.23722i-07 58120 3.197%4E-11 PM148 1.051276—-1¢8 NP2137 1.333836-1¢C
re 07 602820 ~12 SBI20M 2:2d390L~-1y PMiaBM 1.52629E-17 PU236 9.47801E~-10
S aq T.7065%k~13 TEL2S¥ 1.51u52L~va SMLa7 2.88167E-14 PU237 6.91689€E-20
SE 9 4.6 138F~04 TE127 6.59387E-08 SMl48 8.50243E-20 PU238 1.13895E~C5
Y ) 4e6l 159E~-0n TL12T4 G731 8u-J8 S5M149 2.63551E-20 PU239 1.07162E-01
Y 9l 1.4222060-11" 16129 L.660U0E- LY SMLS51 3.56460E-06 PU240 6.T7T2C1E-0F
R 93 2.74%71E-0R TE129# 2.02402E-1u Euls52 5.74Y33€-08 PU241 1.27340E-05
IR 95 1.5 )3RE-10 : 1129 €.42640-V3 EULS54 $.44420E-06 PyY242 9.02314E-11
N3 95 1234 99E-10 CS134 F.09b41:-0) EUl5YS 7.4T609E-06 AM241 1.63682€E-01
Nf 95M 1.70544E~12 Cf13s | - B RVDY SV EULS0 T.57072E-40 AM242 . 2.16027€E~-10
1¢ 99 1.3 7246~-00 cs131 8.39371L-va 18160 1.69204E-14 AM242M 2.1TL10€E-10
Ryto?d q.127112¢6~-13 LAL3TM T.94043E-V9 TL200 €.B7286E-26 AM243 8.72489E-11
RULO6 539399 F~-02 2A140 9e901lv4E~-45 TL207 1.02015€E-15 CM242 5430266E-1C
PHEIOIM 403 T1E-13 tat4o 6.541506~-45 TL208 1.59180E-11 CM243 B.40397E-11
RH100 5.39100€E-02 Ctlal S«42877t-19 TL209 6.48456E-20 CM244 2.46443€E-09
pPyto? 1.3P237°0€-1v CElal lewb4la6E-13 U232 T1.74863E-11 CM245 1.00544E-13
AGLLO LI T56E-07 CEla4 leadll3L-va U233 9.18239€E-15 CM246 8.02550E~15
critsu L.38860L-11 PR143 Cleblucat-42 U234 2.42006E~-10 CM241 9.86591E-21
SAE2IM 4,35291E-19 PR144 1.4911%~V4 U235 1.99308E-13 CM248 1.03027e-20
SNi23 4.00 1940 -09
TOTAL ESTIMATED RELEASES (Ci)
Tritium 2.81 01
Fission Products  1.18-01
Uranium 3.41-10

Transuranics 2.45-05




TABLE 8.5
ESTIMATED ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT — 16 YEARS
SOURCE — SAND FILTER STACK

-L‘g-

ISOTOPE CURIES ISOTOPE CURIES ISOTOPE CURIES ISOTOPE CURIES !
[ 1.598C8E Ot SNiZ3 1.209556-47 PM148 2.5CTOCE- 45 NP 236 2.622€TE-1¢
cC 60 6.9333066-07 SNL26 2.2839ak-19Q PN1oaM 3.63513k-44 NP237 133993€~1¢C
SF 719 L.03711E-u7 SH124 SeB8YLlslbt— 24 SMia7 3.72023E-14 PU236 8.3333¢6E-11
ne w7 6.882820-12 Sties 1.vl0U%t-vu SM148 8,50243E-20 PL2]T 5.5420LE~44
SR 17 5.52008E- 34 SHli26 Jeh9YTH2L~-11L SM149 2.63551E~-20 PUZ2 3R 1.052C8E-05
se M 360 39E-04 stlcemM 2¢28395c-10V SMAIS1L 3.30841LE-06 PL239 1.07131E-01
Y 7 J;GUNQGQ-QQ TELZ25M Le19249L-0> EULS2 3,371208€-08 PU240 6.7648¢EE-0O8
Yy 71 2.45%66F-230 TELZ27 5.39371e~-138 EulS4 4.,21591€E~-0Q6 PU24lL T.94656E-0¢
IR 93 ?.?ﬁdb“tidu TEL2TM 5.90059t- 14 EV155 1.76233E-06 PU242 9.02304E-11
Lk 95 L2153 448-217 TH2Y 6.42630k-yJ3 18160 1.C4892¢-29 AM241 3.22342E-07
N3 9% i;ZF?"lErIV [ R] J.l4d3dk=-vs TL206 2.29639E~24 AM242 2.06357E~1C
N 9ISM J.1seri=29 Ce13y [N FRVE TN I 121 2.80493E-15 AM242M 2.07432E-1¢C
FC. 99 L LBTTHOE~0G ce13r [ RN QY P TRV T 1L208 3.40407€E-11 AM24) R,7T166SE~11
Rp101 7.0R%02t741 Baj3Tm Oe3ullve~vuae 11209 2.95294£-19 CM242 1.711S2€E-10
RULOG 3.64991F-0% - Cl142 l.44cqob-13 U232 1.02486€-10 CM243 6.58557E~11
RE1DWM T.09101F-41 "CEl44 2.UcY Tt~ yb uylill 1.50016€6-14 CM244 1.6806SE-0S
RE106 5.04391E-05 PR144% 2.02YB4E-Vu U234 5.517T86E-10 CM245 1.00462€-13
i kg 1.38390E-10 PR144M 2443%77t-1V [VPEL 1.99388E-13 CM246 8.01383€E-15
AGL10O B3.310906-12 NNL44 1.3c006E~18 U23e 1.73584E~11 CM24T7 9.86550€E-21
CoLisM 1.08790¢-42 Priat 2.60UTE~UY 238 4.,40329€-12 CM248 1.03021€-2C
SNLZ21IM 4.3 1361-10
TOTAL ESTIMATED RELEASES (Ci)
Tritium 1.60 01
Fission Products  8.55-03
Uranium 6.76-10

Transuranics 1.90-05
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TABLE 8.8
ESTIMATED ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT — 5 YEARS
SOURCE — REGULATED FACILITY VESSEL VENT

- g'g -

1SOTOPE CURIES ISOTOPE CURIES 1SOTOPE CURIES ISOTOPE CURIES

3 1.9658LF D0 Sh122 leoTos -1 NDl44a 3.03568E-20 v23e 1.831€¢€E~-15
[ | 2.9215kt-26 SN126 F.H 3560013 PULa4T 1.52560E-06 NP236 1.09122€-19
[ IR L.O7233E-01) St 12a 9L Tui-1Y PML48 4.38913€E-21 NP237 5.54497E~14
St 19 44771911 sel2s 5034197k~ ul PMLaBM 6.36410E-20 PU236 4.74948E-15
f3 ol Lol3asit-1n S#126 Le33v0de-13 SM1La7 1.205%64L-16 PU23T l.466C8E-2%
SR 19 1063518 SB126M S.H3oulk~-1s 3Ml48 3.94584E-22 PU238 5.7053¢€E-11
St ) 640193~ 10 TEIZEM C.veulle~vd SMlsq 1.10036€E-22 PU239 5.36995€E-1)

Yo nes}3IOI-10 o2 Z.b4usut-11 SM15t L.488206E-C8 PU240 3.39349€-13

Y 91 L.97tvat-11 TFL12TM 2evUvual-1t1 EulS2 Z2.39183E-11 PU24L 6.38LC8E-11
GEME] 1.1435t-11 tez9 T.191%0c-d¢ EUL54 3.92856E-09 PU242 4.52153E~-16
70 26163014 TeEl29m l.b3200t—-21 EULSS 3.11C19E-09 AM24) 6.80950E~11
N2 9% L-345020-1% 1lég 4.000619E-11 EJlSu 3.31596€-43 AM242 A.98710E-14
N3 25 T.92718e-16 Csl2a 2.24199L~-uy T8l60 7.06449E—-17 AM242M 9.03225E-14
1TC 99 .53%450-CH CsSt3y 3.88l02k-14 TL2v6 1.49373E-27 AM243 3.62973E-14
RYIDI Tl249010F-01 CSiaT 2.uTs581T-v8 TL2071 22170 7E~17 CM242 2.,20600€-13
RUL0O6 7. 30443F-00 eAE3TN l-%0lduve—vy TL208 3.459%7E-13 CM243 3.49622E-14
RHIOIM T.1301138-17 Ct lal 2.4609YE-2)L TL2u9 1.40934E-21 CM244 1.0252%€~12
PG 9,.304484F-00 CElL42 6elccaidt=le u2iz 3.22356E-14 CM245 4.18284E-11
rCrar 3.00714E~12 CFlay 0a22009e-97 U233 3.820076-18 CM246 3.33€79€-1¢
A1) 406759 ~99 PEL14] 15975 7L-4Y uliae 1.00679€-13 CM247 4.10439E~-24
CisH ERR R A g ] PFl4a Ge2eYbre-Ul Jeis 3.32560E~16€ CM248 4.28611E-24
SN121n 20 TR ~12 FRlaam T.4T0L93L-VY uz23o 7.2130%~15

TOTAL ESTIMATED RELEASES (Ci)

Tritium

Fission Products

Ursnium
Tvanwtm_lcs

3.97 00
2.16-05
142-13
192-10




TABLE. 8.7 S
ESTIMATED ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT — 156 YEARS
SOURCE — REGULATED FACILITY VESSEL VENT

ISOTOPE = CURIES ISOTOPE

-6'8¢

CURIES ISOTOPE CURIES ISOTOPE CURIES

WA 2.25331€ 00 SALZIN 1 8UVUsE-Le PMLaAT i.cas89E-C7 NPZ36 1.091t6E-15
C0 060 2.33441E-}0 ShL123 5.U3330L-20 SidlaT 1.55324E-16 NP231 5.57436E~14
SE 19 4.4T611E-11 SA12¢6 $.93573L-13 SML4H 3.54984E-22 PU236 4.11588E-16
RE o7 1.13691F-16 - $2L24 2.4%970c- 30 54149 1.10036E-22 pU238 5.,27203E~11
Sk o9 1.6061820=40 P12y 4.21T220-99 SM151 1.38130E-CR PL239 5.36840E-13
Si9p 3.00744+=10 sel2o 1.23%01L-13 EULS2 1.4028GE-11 PU240 3.389896-13

v 0 S0 315E-10 S8l 26M Y.535T4c—1> TS 1.15389¢-09 pL24L 3.98207€-11

Y 91 J.4033951.236 TELZM 5.14738L-09 EULSS 1.313166E-10 Py242 4.52148E-1¢
IR 93 L-14350k-11 IR P4 2.32822E-21 18160 4.371934E-32 AM241L 1,3410LE-1C
17 S5 1.020631=30 wierm 2.300931-21 TL2006 4.99092€-26 AM242 8.586%3€E-14
oy 5 . 2.200709t-30 1124 40000t~ LL TL2cT €.0961L7€-17 AM242M 8.62959E~14
W5 1.29526F-32 CSL24 1.77120L-11 TL208 1.358326-13 AM243 3.62621E-14
0w 9 1.539491-08 CSE3y 3.uulole-ls 1L209 6.4LT85E-21 CM242 7.12198€-14
RULY 1.222064t-q4 cst3r t.¢4730c-08 V232 4.26359E-14 CM243 2.1414CE- 14
RULOG 2, 1695TE=-09 CALITH 1.99833c~ub U233 €.2409%E-18 CM244 6.99204E-1)
I RET] 1.22 4858-44 CEL42 6.02243L~1o U234 2.29594E-13 CM24s 4.17942€6-11
RH100 I 14950 -09 CL l44 .9labol-11d u23s 3.32560€E-16 CM246 3.33309F-1¢@
on1ne 3.007 12012 PF L4 J.4l6vlt-1i U236 71.22138E-15 LM247 4.10439€E-24
LY B D) 1.090628-13 Phlq4i 1.0te97k-1e V230 1.831806E-1% CM248 4.28610E-24

NDL44 s.usbI8E=2V

CrAls

6.71033k-na

TOTAL ESTIMATED RELEASES {Ci)

Tritium

Fission Products

Uranium
Transuranics

2.25 00
2.00-07
281-13
2.28-10
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TABLE 8.8

ESTIMATED ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT — 6 YEARS
SOURCE — PRODUCT SALT CONCENTRATION/SOLIDIFICATION VESSEL VENT

ISOTOPE

+ 3
R 51
1 50
SE 79
R AT
SR 39
SRy

Y 10

v 91
I 0}y
IR 95
N} 95
NY 4SM
T¢ 99
RULDS3
RULLDO
HELOIM
RH106
Pt
AGLED
CIISM
SNiZ2imM

CURIES

T.70 208 OO
626 006RE~21
230457604
9.57TH52e-11
2.4%003AF-16
1.360646E-18
JARTAIRE-T1OQ
J.189300-10
2.521836-17
2.4 3R9F-11
1.33400E-13
2.97625F-113
1.69416E~-15
3.29)3179e-08
1.52 3R6E-16
1.99023E-05
1.525360-16
L.7M7923¢-35
6.433526~12
B.9La4LF-09
6.6556420-19
4.47 289012

ISOTOPE

CURIES

3.50%7ot-11
2.03995¢c-b¢
S.0uubY%9t—148
LolaldYoe—-07
ZebbHiBE-L>
f.039506L~-12
1e394065:-07
6.08803k-11L
6.21545%E-11
l.%3825c~-21
2.422721-21
a9 T19¢0b-11
4, 106756~y
8el2002L-14
G, 3440l E-08
4.1lU%43L-00b
hebal85E-21
1.2881lvc~ 1Y
1.33157t-00
levibbY3t-94
t.33102L-0V6
1.9791E-us

ISOTOPE

NUla4
PML4T
PML48
PM148M
SML4T
SML48
SMl49
SM1S1
tulse
EUlS4
EUL5S
EVLIS56
ToleO
TL200
1207
TL208
1209
U232
U233
U4
u23s
uzio

TOTAL ESTIMATED RELEASES (Ci)

Tritium

Fission Products

Uranium
Transuranics

17100
4.62-05
3.03-13
391-10

CURIES

€.45203E-20
3.26301E-06
S5.38764Lt-21
L.36118E-19
2.571867E-16
1.59253€E-22
2.35349E-22
3.18316E-C8
S.11177€~11
8,39648E-C9
6.64701E-09
1.08677E~-43
1.51098E~-16
3.195C6L-27
4.74251E-17
7.3999%6E~-13
3,.01458E-21
6.88931E-14
8.16415E~-18
2.15169E-13
7.10739E-16
1.541506E~14

ISOTOPE

uzas
NP236
NP237
PU236
PU237
Py238
PL239
PU240
PULZ4L
PL242
AM241
AM242
AM242M
AM243
CM242
CM243
CM244
CM245
CM246
CM247
CM248

CURIES

3.51500€-1°¢
2.33214E-15
1.18591€~113
9.42956E-15
6.8815CE~2¢%
1.13273€-10
1.06614E-12
6.73737€-13
1.26689E-10
8.97699€-16
1.45531E-1C
1.92072€-13
1.93035€-13
T.757T37€-14

4.T1461E-13

T.4T72C5E-14
2.19115€E-12
8.93944E-17
T.13551E-18
B.77180E-24
9.16017E-24



TABLE 8.9
ESTIMATED ANNUAL ATMOSPHERIC RELEASES TO THE ENVIRONMENT — 16 YEARS
SOURCE — PRODUCT SALT CONCENTRATION/SOLIDIFICATION VESSEL VENT

ISOTOPE CUR!ES

ISOTOPE CURIES

1SOTOPE CURIES ISOTOPE CURIES

- 11°8 -

+ 3 4.3R321€ 00 ShNL2M 3.84968L~12 PM147 2.32254€-07 NP23¢ 2.3320CE-1$
€ 6o 6.164649€-10 SA1213 1.07v5%0—19 SMLIGT 3.32214E-106 NP237 1.19134E~13
SE 1Y 9575690 -11 SNL26 2.03954E-12 SML4B 1.59253€-22 PU236 8.29CT3E~1¢
FP a7 ?.43)03F- 16 Sn124 5.20091L~36 SM149 2.35349€-22 PUZ38 1.0467CE-10
Sp 19 Q.T9839L-40 SH126 5.01995L~09 SMIS ) 2.95439€E-08 PU239 1.06583E-12
SR -0 6+39.7426-10 SEl26 2.85530k-13 EUls2 2.99815E-11 PU240 6-13024€E-113

Y yo 0910~ 10 SE126M 2.U3954L-12 EUlsa 3.74837€-09 PUZAL T7.90556E-11

Y 7 4.35241E-30 TRE25M L. lvivVE-0s ELLSS 1.56690€~-09 PL242 8.97690E-16
mn 93 dona3RTE-LL TEL27 197999t —21 Tdl60 9.30669€-32 AM241 2.86597€-10
IR 95 2.13138F=30 TEL2T™ S.UB4Lac-21 TL206 1.,007T55€~25 AM242 1.83510€6-13
N3 S 4.713706E~30 1129 9.91909k~11 TL207 1.303906E-16 AM242M 1.844306-13
NI 95M 2.779330-32 CS134 l.62179t-10 TLzon 1.5d249€-12 AM241 7.750C8€~14
1C .52 DL T PN [ 1 CS135 3.13002L-14 1L 209 1.37277€-20 CM242 1.52209€-13
RLIN3 2.61525k-44 Csi3v 3.,45050e-04 u232 S 11203614 CM24) 5.85804E-14
rulue 2508545C~-08 BAL3TH 2,206416E-vs L233 1.33380€-17 CM244 1.49432E~-12
PEL)IIN 2.l TRGL-44 ctaz l.28810u~15 uz2ia 4 .90598E~-112 CM245 8.932156-11
PHLIG 2.0054%-08 CEla4 1.b6l123c-1v u23y 1.10739E~16 CM24¢ 7.125106~-18
PCior 6.43351F-12 PRI4YG leblzoar—1v u236 1.54334E-14 CM241 B.TTL80E-24
AGLIO .36 360E-13 PHL4SGM 2.01513c-12 U238 3.91500€~15 CMZ48 9. 16014E-24
CCtism 1.43533E-43 LI EY beballal-2y

TOTAL ESTIMATED RELEASES (Ci)

Tritium 4.38 00
Fission Products  4.31-07
Uranium 6.01-13
Transuranics 475-10




TABLE 8.10

Estimated Total Annual Releases (Ci) to the Environment

Point of Release

Atmosphere Agqueous
Isotopic Group 5-Yr 15-Yr 5=-Yr 15-Yr
Tritium 3.98+01 2.26401 9.95+02° 5.65+02
Fission Products 1.18-01 8.55-03 2.67-04 1.64-04
Uranium 3.41-10 6.77-10 1.87-11  3.70-11
Transuranics 2.45-05 1.90~05 1.34-06 1.04-06
TABLE 8.11
Comparison of Annual Radioactive Releases (Ci) SRP vs. DWPF

Point oflRelease

Atmosphere Aqueous

DWPF DWPF
Isotopic Group SRP* 5-Yr 15-Yr SRP* 5-Yr 15~Yr
Tritium 3.8 +05 3.98+401 2.26+01 4.0+04 9,95+02 5.65+02
Fission Products¥** 1.11401 1.18-01 8.55-03 7.7-01 2.67-04 1.64-04
Uranium 3.1 -03 3.41-10 6.77-10 5.6-02 1.87-11 3.70-11
Transuranics 8.5 =03 2.45-05 1.90~05 5.8=-03 1.34=-06 1.04-06

* 1978 Releases.
** Does not include

noble gases

.
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9, SAFETY ANALYSIS (M. W. Lee)

9.1 Nuclear and Process Safety

Potential incidents from trivial to major accidents, that
could adversely affect the nuclear and process safety of the DWPF
and/or could contaminate onsite or offsite populations have been
identified. The possible causes of each incident, its conse-
quence, the expected frequency of the occurrence and applicable
safety features have been identified [1-6]. These incidents were
abstracted from a literature review of related nuclear facilities
and from historical records of similar unit operations at the
Savannah River Plant. A more detailed analysis of possible causes
and consequences using fault tree and cause-consequence techniques
will be made during the preparation of the Safety Analysis Report
for the DWPF prior to plant startup.

Engineered safety features were selected to either reduce the
frequency of the postulated event or to mitigate its consequence.
Safety features which reduce the frequency of events include modi-
fications of process equipment, suggested administrative controls,
warning alarms, interlock systems, and negative feedback controls.
Examples of mitigating safety features are fire suppression system
emergency cooling and power systems, explosion limiting devices,
and redundant equipment with alarms.

A list of potential incidents, the areas where they may
occur, and the identified applicable engineered safety features to
mitigate or prevent the incidents are summarized in Tables 9.1
through 9.3.

- 9.1 ~




9.2 Hazards Analysis¥*

9.2.1 Potential Effects from Normal Operations

S

9.2,1.1 Occupational Radiation Exposures

Most of the operations necessary to implement the DWPF plans
will result in small amounts of radiation exposure to the involved
personnel. DOE places restrictions on radiation exposures of
workers. The DOE radiation protection standard is 5 rems to the
whole body each year and/or 3 rems each calendar quarter [7].
Extensive efforts are made, beyond those required to ensure com~
pliance, with the objective of reducing worker exposure to amounts
that are as low as reasonably achievable (ALARA). These efforts
include detailed planning of work, which involves radiation expo-
sure potential, to reduce exposure time and to provide adequate
shielding. The execution of such work is carried out under writ-
ten procedures that are approved by health physics specialists.
These procedures specify the time limits for the work and the
protective clothing and equipment for the work. Depending on the
radiation and contamination potential, the work -may be continu-
ously monitored by health physicists.

Experience with operation of the Savannah River Plant indi-
cates that actual personnel exposures can be expected to be
considerably less than the DOE standards as a result of the ALARA
policy. For example, a summary of SRP occupational dose for 1965
to 1975 is shown in Table 9.4. The annual average dose per moni-
tored employee ranged from 2.7 to 3.7 rems, with the exception of
a single apparent dose of 24.8 rems to an employee in 1971 that
was not substantiated in follow—up investigations.

Work done in the irradiated fuel reprocessing areas at SRP is
similar in many important aspects to work that would be done in
conjunction with waste processing. Table 9.5 gives exposure
experience for workers involved in the reprocessing activities,
excluding those whose jobs involve no potential occupational expo-
sure. As can be seen by comparing Tables 9.4 and 9.5, there is
little difference in the exposure received by the average plant
employee and those involved specifically with processing opera-
tions. The radiation exposures of workers in new waste management
facilities should be expected to be even lower than workers in
present SRP processing buildings because of the greater shielding
and improved equipment for handling radiocactive material.

* This chapter is an excerpt from the Draft Programmatic Environ-
mental Impact Statement for Management of Defense High-Level
Radioactive Waste, Savannah River Plant, issued in March 1978.

- 9.2 -
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Table 9.6 gives results of estimating the occupational expo-
sures by two different techniques: the assumption was made that
individual doses would be the same as the average SRP experience
for 1965.-to 1975 and it was assumed that individual doses would be
equal to- the DOE standards discussed above. The latter is a very
conservative assumption because, even if the potential for such
exposures existed, it would be impractical, and undesirable, to
rotate and schedule all employees so that everyone received expo-
sure up to the DOE limit.

9.2.1.2 Non-Nuclear Occupational Risks

Some non-nuclear risk of injuries, and death exists during
construction of new facilities and during the operating campaign.
(For minor injuries, only first aid is required and no days are
lost from work; major injuries involve one or more lost workdays.)
Experience with many construction activities at SRP and from 26
years of operation has shown that these risks can be low in magni-
tude and below those experienced in many other industrial activi-
ties. Tables 9.8 and 9.9 give the results of estimating the
number of occupational casualties during construction of new
facilities and for the operating phases, respectively.

9.2.1.3 Offsite Radiation Exposures

All facilities will be designed and operated such that radio-
active releases from normal operations will be within the overall
EPA criteria for such releases and within specific DOE and NRC
standards. The current DOE standards for offsite radiation expo-
sures are shown in Table 9.10 [7].

Although the facilities must be operated to fall within the
limits discussed above, they will also be operated with the ob-
jective of keeping exposures as low as reasonably achievable. 1In
all likelihood, -this will result in extremely low, if not zero,
exposures from ‘the long-term storage or disposal facilities, and
offsite exposures from-.the handling and processing operations that
are comparable .to those currently .experienced from similar activi-
ties .at SRP. ‘In 1976, these exposures .to a hypothetical maximum
individual®* were- below ‘] mrem from.all SRP activities and included
contrlbutlonslfrcm the .reactors.. and from isotopes such as H-3,
Kr-85, Ar-41, and Xe-133,135 .that would not be .released in slgnlf-
icant quantities in the waste handllng and process1ng operations.
Routine releases from SRP are discussed more fully in Reference 8.

* Maximum individuals are assumed to be at the site boundary under
conditions of maximum probable exposure.
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9.2.1.4 Nonradioactive Pollutants

No mechanisms have been identified for chemical releases
under normal conditions for the storage or disposal modes and,
therefore, the following discussion is concentrated on processing
operations.

. When the waste is fixed in glass, there will be releases from
the processing operations to the atmosphere and to the onsite
streams of chemicals such as Hg, NO,, NH3, CO;, NaOH,

NaNO3, and heated water. These releases, when combined with

those from other activities at SRP, must be within emission
standards set by South Carolina and Georgia and the Federal
Government [9,10]. Some of the more important standards are shown
in Table 9.11. 1In addition to the limits imposed by the above
standards, SRP operates under National Pollutant Discharge Elimi-
nation System (NPDES) permits that limit the discharge of pollu-
tants to tributaries of the Savannah River [1l1].

Waste management policy at SRP is to limit releases of poten-
tially polluting chemicals to levels that are lower than those
required by the standards and permits, to the extent that is
reasonably achievable. This policy is implemented by operating
controls and by appropriate engineered systems. The extent to
which these systems are needed and the releases to the environment
that are to be expected will be determined as the research and
development program proceeds and detailed design studies are made.
Operation of similar processes and pollution abatement devices at
SRP is described in detail in Reference 8, where it is shown that
SRP emissions to the atmosphere have been far below the standards
shown in Table 9.11, with the exception of particulates from some
of the coal-burning power plants. Electrostatic precipitators
have been installed on the largest power plants, and prototype
improvements are being tested on other plants to ensure conformity
with South Carolina emission standards for particulates.

Water that discharges from the SRP creeks to the Savannah
River now meets Federal and South Carolina regulations. However,
a project has been submitted to DOE for FY-1978 funding [12] that
would bring most discharges from individual operating sites into
compliance with NPDES Permit No. SC 0000175 before those dis-
charges enter the creeks. Most of the water covered in the
project is runoff from coal piles and ash basins, and is of low pH
and has high suspended solids.

- 9.4 -




In addition to the emissions to water and air described
above, there will be low levels of occupational exposure to non-
radiocactive pollutants of some workers. Such exposures would
occur during processing operations, but-not during transportation,
storage, or disposal. Reference 13 specifies limits and controls
required for exposure to chemicals as legislated by the Occupa-~
tional Health and Safety Act. Concentrations in air of chemicals
to which the worker is exposed will normally be maintained by
engineering controls such as ventilation at less than the action
level values specified in Subpart Z of Reference 13. Potential
exposure of the worker is limited because the chemicals are nor-
mally introduced into the process within ventilated enclosures
designed to contain radicactivity. Exposures may occur in storage
areas, during transport of chemicals from the storage areas, and
during preparation of the chemicals for the processes. When con-
centrations are above an action level, routine monitoring is
required rather than audit monitoring. When threshold limit
values are exceeded, workers will wear personal protective equip-
ment including respiratory protection as prescribed in Subpart I
of Reference 13. Engineering controls would be added or modified
to reduce transient high concentrations to less than threshold
limit values. Records are required for each worker exposed to
chemicals at concentrations greater than threshold limit values.

9.2.2 Potential Effects from Abnormal Events
9,2.2.1 General

Details of consequences and probabilities of a wide range of
abnormal events will be published in the Safety Analysis Report
dealing with all aspects of the DWPF. Such analyses must await
detailed system design based on results of the research and

development program. One of the primary purposes of the program
is to influence the design of various parts of the facility to

ensure a high degree of confidence in acceptable safety regarding
abnormal events.

Preliminary analyses -have, -however, been reported in Ref-
erence 8 for risks from-unusual events .that might occur in all
operations involved. Events considered were major process inci-
dents,_naturalxevents;Such;as.tornadaes,and.earthquakes, sabotage,
airplane crash, -and -abandonment. ‘The magnitudes were chosen to be
upper bounds of credible occurrences. This approach provides a
sound physical basis to obtain -release fractions, to follow envi-
ronmental .pathways, and to.calculate -radiation exposures. Detail-
ed results from Reference -8 are reviewed in the discussion below.
In general,  they show that .consequences alone, without regard for
probabilities, do not pose any disaster potential for the offsite
populations. Individual doses that occur are comparable to back-
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ground doses in most cases. It is expected that when formal
analyses are made of all systems, the results will show much lower
risks.
A
Some -of the important physical reasons why the hazards asso-
ciated with the waste are limited include:

e Very large amounts of energy are required to create waste

- particles small enough to be widely distributed through the
airborne pathway. This is true on a per curie basis for the
salt cake and sludge currently stored in tanks as well as for
the high-integrity forms like glass.

e There are no inherent internal sources of high energy in the
waste management systems. Energy required to release
radiocactive particles would have to be introduced externally
and in some abnormal manner.

e There are no radioactive noble gases or significant amounts of
easily volatilized radiocactive elements in the waste that could
contribute to potential doses from the airborne pathway.

e High-integrity waste forms and engineered surface storage
facilities can impose major barriers against waste migration.

e Liquid releases from SRP would be absorbed in the soil or
diluted many orders of magnitude by the onsite creeks and
swamps and by the Savannah River before reaching drinking water
users. Even if diversion systems fail and no corrective
actions are taken, no large individual doses can occur.

¢ The SRP waste facilities are within a"large exclusion area
surrounded by land of low population density.

An added level of accident protection to both workers and
offsite population is provided by the design of waste management
facilities. The construction methods and materials that meet
routine radiation shielding requirements and that ensure adequate
resistance to earthquakes and tornadoes also provide resistance
and containment for other unlikely incidents.

8,2.2.2 Occupational Radiation Exposures

All the very low probability events that have some potential
for releasing radioactive materials offsite also have the poten-
tial for exposing working personnel to high radiation exposures.
These events include major process incidents, tornadoes and earth-
quakes of incredible magnitude, sabotage, and airplane crash. The
distribution of radiation effects among the personnel at the site
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is impossible to predict because it would depend upon precise
details of location of the personnel and corrective actions rela-
tive to the chain of events under way. This is in contrast to the
predictability of offsite effects, where the major determinants
are amount of activity released and meteorology or water flow
patterns. Furthermore, the radiation would probably be a small
contributor to the worker casualties in these unlikely events;
most of the casualties would be from explosive forces, falling
buildings, tornado-driven missiles, fire, saboteur gunfire, etc.

Even though consequences mentioned above are possible, their
occurrence is extermely unlikely. This fact is generally illus-
trated by formal safety analyses of existing and designed nuclear
systems, and by the experience of the commercial and defense
nuclear enterprises over the past thirty years. When this low
probability of occurrence is considered, the resulting occupa-
tional risk (the product of comsequence times probability) from
radiation exposure is negligible.

9.2.2.3 Non-Nuclear Occupational Risks

The non-nuclear risks to onsite workers from abnormal events
are in the same.category as the risks discussed above for radia-
tion exposures,. in the sense that casualties are possible but the
likelihood of occurrence is .so small that the risks are negligi~-
ble. The number of casualties possible for each abnormal event is
difficult or impossible to estimate because of the mitigating
effects of forewarning, corrective action, etc. However, there
has been no mechanism identified that would increase the non-
nuclear risks above those normally experienced in any large
industrial operation. In practice, the unusually heavy construc-
tion of the waste management facilities would probably provide
greater worker protection against abnormal events than that af-
forded by most other industrial facilities.

9.2.2.4 Offsite Radiation Egposures

Analyses have previously been reported (Reference 14) which
make estimates, using pessimistic. assumptions ‘where necessary, of
the offsite.radiation . exposures that might occur for a variety of
abnormal -events. .. The -events.-considered were ‘major process inci-
dents; 'natural -occurrences.such as-tornadoes, earthquakes, floods,
and meteorite impact; sabotage, airplane crash; and abandonment.
The analyses considered the four major modules: removal from
tanks, processing, transportation, and storage. The results are
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given as consequences (measured by radiation dose commitment)* to
maximum offsite individuals and to the offsite population within
150 km. The consequences were then multiplied by an estimate of
annual probability of occurrence to obtain annual risk. Finally,
the annual risk was integrated for 300 years, accounting for
radioactive decay and population growth, to obtain total risk for
the period. (After 300 years of decay, individual doses that
could occur from any of the events analyzed are negligible.) These
data are given in Table 9.12. They show that there is no disaster
potential to the offsite population from abnormal events. Al-
though some of the maximum individual doses are of concern, they
could occur to only a limited number of people and are calculated
assuming no corrective actions are taken. Doses to average indi-
viduals in the nearby population would be thousands to tens of
thousands of times lower, depending upon pathways, and therefore

would be inconsequential compared to even the variation in natural

background in the local area.

9.2.2.5 O0Offsite Land Contamination

Levels of radionuclide deposition that would require evacua-
tion of people and restrictions on farming and milk production are
discussed in more detail in Reference 14 and are given below in
- Table 9.13. The deposition limits were derived from the dose
criteria given in Table 9.14 which are also discussed in Refer-
ence l4.

Only two operational modules have potential for causing off-
site land contamination for any of the abnormal events considered.
These two are sabotage during removal of waste from tanks and
sabotage during processing waste to glass. The consequences, if
each of these events did occur, are given in Tables 9.15 and 9.16,
respectively, in terms of land contaminated and people evacuated.

9.2.2.6 Nonradioactive Pollutants

There will be no unusually large stores of chemicals required
for implementation of any of the alternmative plans. Therefore,
there is little potential for pollutant release to the environment
for the abnormal events considered. Furthermore, mitigating fea-
tures such as sand filters and liquid diversion systems would be
expected to retain most accidental releases. Operations have been

* Table IV-6 in the Draft Programmatic Environmental Impact State-
ment for Management of Defense High-Level Radioactive Waste,
Savannah River Plant, issued March 1978.
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conducted over the past 27 years at SRP using large quantities of
such chemicals as nitric acid and hydrogen sulfide with no adverse
effect on the environment, as discussed in Reference 8. ' Similar
experience for releases attributable to abnormal events is ex-
pected to ‘apply to any future waste management operations.

When the high—activity fraction is separated from the waste
and subsequently processed to glass, there will remain about 19
million gallons of decontaminated salt cake. This salt could be
stored in decontaminated waste tanks existing after processing,
and would be subject to occurrence of the abnormal events dis-
cussed previously. The worst of these would be abandonment, with
subsequent filling of the tanks with rainwater and runoff to the
Savannah River. This scenario was analyzed in Reference 14, and
the consequences are given in Table 9.17. Not only is this event
considered very unlikely, but also the river would not be polluted
above drinking water standards even if no corrective actions were
taken.
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TABLE 9.1

Operational Areas in the DWPF

Operational Area Incidents
General 1-27
 Waste Removal and Blending ' 28=49
Evaporation and Salt Solidification 50-62
Aluminum Dissolving 63-66
Centrifugation 67-71
Sand Filtration 72-76

Supernate Decontamination (Ion Exchange) 77-83

Elutriant Recovery (NH3 and CO32) 84-90
Recycle Concentration 91
Spray Drying 94-105
Glass Melting 106-109
Mechanical Cell 111
Crane Operation 112-119 .
Electric Power Supply 120-122
Water Supply 123-129
Steam Generation and Distribution 130-132
Sampling 133-139
Ventilation System \ 140-147
Gang Valve Operation 148-150
Compressed Air and Gas Systems 151-152
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TABLE 9.2

Potential Incidents

Incident Applicable Engineered
‘Number Incidents Safety Features

(General)
1 Earthquake greater than safe shutdown 1, 216
2 Meteorite impact *
3 Hurricane or tornado 1, 216
4 Flood 2
5 Large aircraft impact *
6 Sabotage 3
7 Total loss of cooling capability 1, &4
8 Loss of electric power 5, 11, 166, 167, 168, 169
9 Adverse effects of lightning 5, 7, 48 ‘
10 Adverse winter operating conditions 6, 8
11 Fire 9, 10, 60
12 Criticality 12, 38
13 Transfer error 13, 14, 15, 16
14 Vessel overflow 17, 18, 19, 20, 21, 52, 200
15 Transfer line pluggage 19, 20, 21, 22, 23, 53, 54,

113, 114, 115, 116, 117, 118

16 Vessel and line leakage 18, 20, 21, 25, 42, 200
17 Suckback 26, 27, 28, 29, 30, 31
18 Siphening 32 )
19 Coil failure 17, 33, 34, 35
20 Vessel or piping rupture from impact 19, 20, 21, 36, 61, 62

of dropped equipment
21 Chemical addition error 13, 14, 37, 200
22 Uncontrolled chemical reaction 13, 14, 17, 18, 20, 38, 39,

: 43, 44, 200

23 Instrument line pluggage 41, 42
24 Release during equipment removal 35, 34
25 Loss of instrument.or process 11, 46, 47, 52

compressed air
26 Temperature excursibnfin'solidé 40

- (Sludge) settling out of feed streams

27 ' Leakage through cell or canyon:wall 20, 21, 25, 49, 50, 51
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TABLE 9.2, Contd
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Incident Applicable Engineered
Number Incidents Safetv Features
(Waste Removal and Blending)
28 Overflow of pump pit 17, 19, 20, 59
29 Overflow of waste tank 17, 18, 35, 55, 39
30 Waste tank explosion 5, 56, 57, 58, 59
31 Overflow of diversion box 19, 20, 35, 59, 63
32 Boiling waste tank 65, 66
33 Activity bypasses waste tank filter 60, 67, 68
34 Failure of seal between waste *
removal platform and tank
35 Increased air activity in waste *
tanks from slurrying activity
36 Overstressing of waste tank components 69
37 Potential for high personnel exposure 45, 70, 71, 72, 73
during installation, removal, and
maintenance of sludge pumps
38 Loss of tank ventilation 5, 57, 58
39 Underground equipment crushed by 12, 74, 75, 76
heavy vehicles
40 Below ground leaks from waste tanks 20
41 Pump tank explosion 5, 56, 59, 64
42 Above ground release from process line:- 35, 59, 77, 78
43 Release from segregated water *
44 Airborne release from diversion box *
45 Contamination spread from localized 59
spill
46 Tank damage from vortex formation *
47 Rapid corrosion of carbon steel tanks 38
48 Failure of support structure for tank *
sludge pumps
49 Opening of self-heated cracks in tank 68, 79, 89




TABLE 9.2, Contd

Incident Applicable Engineered
Number Incidents Safety Features
(Evaporation and Salt Solidification)
50 Overflow of evaporator cell 59
51 Leak through evaporator cell *
52 Evaporator explosion 38, 40, 52, 82, 83
53 Chemical Oxidation of ruthenium to *
volatile ruthenium tetraoxide
54 Evaporator eructation. 17, 52
53 Evaporator leak 19, 20, 21
56 Overflow of CTS pit 20, 59, 63
57 CTS tank explosion 40, 53, 59, 81
58 Spill from CTS cleanout port *
59 Erronous transfer of evaporator 14
materials
60 Collapse of salt cake storage tank .
61 Release of activity from segregated *
water
62 Ma jor liquid release from waste tank 17, 59
riser
(Aluminum Dissolving)
63 Explosion in the off-gas system 81
64 Pressurization of the dissolver 52, 84, 85
65 Dissolver pot coils not submerged 17, 86
during shutdown
66 High liquid level in dissolver 17, 18
(Centrifugation)-
67 Severe vibration of centrifuge 87, 88
68 Centrifuge missile 87,88
69 Excessive cake. compaction 89
70 Failure of centrifuge .suspension . 87, 88
system :
71 Centrifuge plow breaks 89,90
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TABLE 9.2, Contd

A

Incident Applicable Engineered
Number Incidents Safetv Features
(Sand Filtratiom)
72 Overflow of sand filter 17, 18
73 Fire in or around sand filter *
74 Hydraulic surge *
75 Failure of backflush system to operate 18
76 Introduction of nitric acid into 13, 38
caustic and ammonia bearing streams
(Supernate Decontamination)
77 Cs breaktrhough of Duolite® column 22, 23, 24, 38
78 Precipitation in ion exchange column 18, 35, 91
79 Overheating of zeolite column 39, 40, 92
80 High temperature ion exchange column 39, 40
81 Line and sampler pluggage by resin 42
82 Uncontrolled reaction of resin 19, 40, 93
83 Improper resin level *
(Elutriant Recovery)
84 Farming in elutriant recovery 23, 35, 94
concentrator reboiler
85 Pluggage of elutriant recovery 53, 95
condenser
86 Contamination of Cs elutriant 53, 96
makeup by Cs
87 Ammonia compounds 13
88 Overheat of concentrator reboiler 17, 40, 54, 82
89 Overpressurization of concentrator 52, 97
90 Pluggage of elutriant recovery vent 40, 98
system
(Recycle Concentration)
91 Accumulation of ion exchange resin *
in evaporator
92 Evaporator leakage 99
93 Explosion in evaporator 38, 40, 52, 82, 83
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TABLE 9.2, Contd
A
Incident . Applicable Engineered
Number Incidents Safety Features
(Spray Drying)
84 High temperature breach of the Spray 40, 100, 101, 102, 103, 104,
drver 105
95 Spray dryer breach from internal 40, 106
corrosion
96 Spray dryer breach from thermal shock 40, 53, 107, 108, 109
87 Spray dryer breach from pressurization 42, 110, 111, 145, 146,
147, 148
98 Spray dryer breach from impact 1
99 Bypass or failure of sintered metal 53, 149, 150
filters
100 HEPA filter system breached 151, 152, 153
(not applicable) '
101 Energetic airborne release 40, 100, 101, 102, 103,
: 104
102 High ruthenium adsorber bed temperature 154, 155
103 Increased volatilization of RuO4 and 40, 102, 103, 104
localized RuD; depositon
104 Excessive solvent oxidation in spray 38
dryer
105 Abnormal nitrate and/or water in 40, 100, 101, 102, 103,
spray dryer 104
(Vitrification)
106 Steam explosion 135, 136, 137, 156, 157
107 Refractory collapse.or spalling 123, 138, 139, 140, 141,
) . 142, 143, 144
108 Electrical shorting 124, 125, 126, 127, 128, 141
109 Ma jor glass spill 112, 129, 130, 131, 132, 133
134, 144
110 Release of airborne activity ‘to’ cell or 112, 119, 129, 130, 131,
ventilation system 132, 133, 134, 144
(Mechanical Cell)
111 Failure of high level waste canister 99, 120, 121, 122




TABLE 9.2, Contd

Incident S Applicable Engineered
Number lncidents Safety Features
(Crane Operatins)
112 Personnel exposure in crane cab 158, 159
113 Contamination of crane extermal to 160
the cab
114 Contamination of work areas by crane *
mishandling
115 Disengagement from crane hook *
lle Damage to equipment by mishandling of *
crane
117 Crane cable failure 161, 162
118 Failure of crane movement control 163, 164
119 Optical system failure in hot crane 165
(Electric Power Supply)
120 Failure to supply power to a motor 170, 171
controcl center
121 Failure to supply power to operating 6, 170, 172, 173, 174,
equipment 175, 176, 177, 178, 179
122 Failure of emergency diesel generator 180, 181, 182, 183, 184,
system 185, 186, 187, 188, 189
(Water Supply)
123 Failure of well pump 190, 191, 192, 193
124 Cooling tower system failure *
125 Failure of cooling water supply header 52, 194
126 Failure of heat exchanger *
127 Failure of recirculating cooling water 190
return pump
128 Closed-loop cooling water contamination 33, 195, 196
129 Radiocactive leakage to the environment 38, 197
through cooling water
(Steam Generation and Distribution)
130 Leak in steam or cooling coil within 33, 195, 197, 198
process vessel
131 High steam pressure in process 82
equipment
132 Failure of steam supply
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TABLE 9.2, Contd
Incident Applicable Engineered
Number Incidents Safety Features
(Sampling)
133 Broken sample vial 201
134 Failure to survey person or material 202
prior to removal from sample aisle .
135 Air reversal 53, 204, 205, 215
136 Failure to obtain sample or analysis *
or delayed -analysis
137 Sample spill 204
138 Sampler pressurization 42, 52, 204
139 Failure of radiation monitoring devices 5, 206
(Ventilation System)
140 Loss of stack condensate to environment 68, 207
141 Sand filter depression 208, 209, 210
142 Water accumulation in the sand filter 19, 68
143 Fan failure 5, 211
144 Circuit breaker switch failure in vent 212
system
145 Vacuum loss in process vessel vent 6, 52, 82, 213
system
146 Damper failure 214, 215
147 HEPA Filter failure (not applicable) 53, 60
(Gang Valve Operation)
148 Severe potential radiation exposure to 27, 29
personnel in the gang valve corridors .
149 Failure of gang valve ' 203
150 Failure to survey:person or material 202

prior to removal . from gang valve
corridor
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TABLE 9.2, Contd

Incident Applicable Engineered
Humber Incidents Safety Features
(Compressed Air and Gas System)
151 Compressed air system faiure 113, 217, 218
152 Breathing air system failure material 38, 113, 218, 219, 220, 221

* Incidents which have no safety feature listed are 2, 5, 34, 35, 43, &4, 46, 48,
51, 53, 58, 60, 6l, 73, 74, 83, 91, 114, 115, 116, 124, 126, and 136. Most of

these can be prevented by administrative control.
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TABLE 9.3

N

Engineered Safetv Features

Number Safety Features Applicable Incidents
1 Canyon processing areas to conform to 1, 3, 7, 98
maximum design criteria as defined by
Building Specification 7096
2 Site selection free from flooding 4
3 Restricted and guarded area for all 6
facilities ’
4 Capability for temporary emergency 7
supply of cooling water to canyon .
vessels
5 Automatically started emergency 8, 9, 30, 38, 41, 139,
diesel power for critical equipment 143
6 ‘Lightning protection in electrie 9, 121, 144
circuitry
Lightning rods on elevated equipment 9
8 Steam tracing or thermal insulation 10
on liquid bearing lines exposed to
weather
9 Fire suppression system 11
10 Temperature sensing fire detectors in 11
cells
11 Automatic restarter on critica: 8, 25
equipment
12 Neutron monitor to detect buildur of 12, 39 ;
fissile materials
13 Dedicated piping for nitric acic and 13, 21, 22, 76, 87 ‘
ammonia cold feed lines
14 All valves clearly labeled and 13, 21, 22, 5%
identified I o '
15 Key lock transfer switches 13
16 Remotely controlled valves 13
17 Liquid .level instrumentation with 14, 19, 22, 28&, 29
fault indicate light 54, €2, 65, 66, 72, 88
18 High liquid level ;alarm 14, 22, 29, 66, 72, 75, 78
19 Stainless steel lined .sump 14, 15, 16, 20, 28, 31, 55,
' ’ 82, 142
20 Radiation alarms to detect leaks 14,.15, 16, 20, 22, 27, 28,

or spills
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TABLE 9.3, Contd

N

Number Saferv Features Applicable Incidents
21 Separation of sump alarms from sump 14, 15, 16, 20, 27, 55
pump control circuitry
22 Liquid flow meter 15, 77
23 Liquid flow rate control 15, 77, 84
24 Alarm for excessive flow 77
25 Avoidance of expansion joints where 16, 27
possible
26 Pneumatic-electric interfaces located 17
in areas normally not occupied by
personnel
27 Gang valves located as high as possible 17, 148
above vessel level
28 Seal pots on cold chemical addition 17
lines
29 Automatic air blow of gang valves if 17, 148
steam supply fails
30 Double containment of gang valves and 17
lines
31 Shielded lines from gang valves to 17
process vessel
32 Siphon breaker on discharge piping 18
33 "Cash” coil presure regulator 18, 128, 130
34 Closed loop cooling system on cooling 19
coils only
35 Gamma radiation monitor 19, 24, 29, 31, 42, 77, 84
36 Protection of piping from dropped loads 20
37 Color coding of cold chemical systems 21
38 Sampling and analysis capability 12, 22, 47, 52, 76, 77, 93,
104, 129, 152
39 High temperature alamm 22, 79, 80
40 Temperature instrumentation 26, 52, 57, 79, 80, 82, 88,
90, 93, 94, 95, 96, 101, 103,
105, 132
41 Diversity in control instruments 23
42 lowdown capability for plugged 16, 23, 81, 136, 138

instruments and samplers
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TABLE 9.3, Contd

A

Nunber Safetv Features Applicable Incidents
43 Agitator 22
44 Antifoam addition line on reboilers 22
45 Carriers for contaminated vessels and 24, 37
equipment
46 Emergency pcrtable air compressor 25
47 Pneumatic valves designed to fail in 25

safe position

48 On critical equipment, design 9
electrical controls to be fail safe
from the effects of lightning

49 Stainless steel lining on lower 27
18 inches of cell walls and floor
50 Leak collection and detection system 27
beneath canyon floor
51 Corrosion resistant material 27
52 Pressure instrumentation 14, 25, 52, 54, 64, 89, 93,
97, 125, 132, 138, 145
53 LP instrumentation 15, 57, 85, 86, 96, 99,
135, 147
54 Specific gravity instrumentation 15, 88
55 Conductivity probe on end of reel tape 29
56 Purge air system with fault alarm to 30, 41
protect against accumulation of hydrogen
57 Spare purge air blower with spark- 30, 38
proof electrical system
58 . Continuous hydrogen monitors and 30, 38
alarms
59 Storm water diversion system with 28, 29, 30, 31, 41, 42, 45

automatic diversion feature activated 50, 56, 57, 62
by redundant monitors. ~(Monitors .
should not be subject to pluggage

by sand). ) .

60 Parallel HEPA filters in tank exhaust 11, 33, 147
ventilation o

61 Self-sealing concrete cover over 20

diversion box

62 Safety latch on crane hooks . 20
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TABLE 9.3, Contd

Number Safety Features Applicable Incidents
63 Stainless steel lined diversion box 31, 56
cell
64 Continuous monitoring of purge air 41
flow from pump tank
65 Cooling water flow alarms for waste 32
tanks
66 Reflux condensers on waste tanks 32
67 Continuous radicactive monitors and 33
alarms of tank ventilation exhaust :
68 Dehumidifier in tank ventilation 33, 49, 140, 142
exhaust
69 Vibration measuring equipment for 36
tanks during sludge slurrying
70 Spray ring for decontamination of 37
slurry pumps during removal
71 Shielded crane for slurry pump removal 37
72 Streamlined housing and connection 37
design for slurry pumps
73 Remote, shielded decontamination and 37
maintenance facility for slurry pumps
74 Minimize pipe lines under roadways 39
75 Provide adequate protection for buried 39
lines in immediate area of tanks,
diversion boxes, etc. from heavy
equipment loads
76 Specifv 2nd post load bearing 39
capacities near vital equipment
77 Flush water system pressure higher 42
than process system pressure
78 Double containment of flush water 42
lines from process to control valves
79 Availability of pump~out equipment 49
for waste tank and annular space
81 Air purge maintained 57, 63
82 Pressure relief valve 52, 88, 93, 131, 145
83 Interiock steam supply with 52, 93

temperature and pressule controls

- 9.22 -



TABLE 9.3,

Contd

Nunber Safety Features Applicable Incidents

84 Interlock operation control with 64
condenser cooling water

85 Vent dissolver off-gas condenser to 64
canyon

86 Vent dissolver to vessel vent system 65

87 Automatic centrifuge braking if 67, 68, 70
vibration is severe

88 Vibration frequency and amplitude 67, 68, 70
readout

89 High pressure spray in centrifuge 69, 71

90 Interlock to prevent plowing at high 71
speed in centrifuge

91 Conductivity meter on spent regenerated 78
solution on Cs column

92 Circulated cooling water through 79
zeolite column

93 Keep resin submerged in liquid 82

94 Stean stripper 84

95 Down draft condenser on elutriant 85
recovery

96 Demister at vapor stream exit om 86
stripper

97 Pressure relief through purge 89
condenser

98 Heat tracing 90

99 100% weld inspection , 92, 111

100 High temperature shut offs.provided 94, 101, 105

101 Temperature monitor for waste 1nput 94, 101, 105
stream of spray dryer

102 Current and voltage are monitored for 94, 101, 103, 105
spray -dryer heaters

103 Coolant flow is. monltored for -spray 94, 101, 103, 105
dryer heaters

104 Automatic system shutdown for 'spray 84, 101, 103, 105

dryer heaters when malfunction occurs
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TABLE 9.3, Contd

Number Safetv Features Applicable Incidents

105 Sloped surfaces of cone (60° from 94
horizontal) to reduce calcine
accumulation on chamber surface

106 Corrosive resistant materials 95
("Incoloy™ 800H or "Hastelloy C") for
spray dryer construction to minimize
corrosion ’

107 Temperature instrumentation and 96
controls on cooling water flow to
induction heater coil

108 Differential pressure measurement 96
across feed nozzle

109 Remotely operated cleanout needle for 96
nix nozzle

110 Design resistance to pressurization 97

111 Pressure monitors with shutdown inter-~ 97
locks for high spray dryer pressure

112 No uncontained penetration through 109, 110
refractory or containment shell below
melt line

113 Redundant compressed air with auto- 15, 151, 152
matic starter

114 Molten glass level control devices with 15
backup thermocouple level sensors

115 Alarms to indicate power loss, com 15
pressed air loss, low vacuum, and
instrument faults in the glass melting
process

116 Use of current control or electrodes 15
to maintain uniform condition

117 Aluminum dissolving 15

118 Adequate canyon exhaust filtration 15

119 Cell flush system designed to prevent 110
splashing of water on hot equipment
and to prevent accumulation. of water
on the floor

120 Radiation monitors for airborne con- 111
tamination

121 Weld inspection and testing 111

122 Q/A comstructed overpack 111
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TABLE 9.3, Contd

Number ‘safety Features Applicable Incidents
123 Cylindrical design minimizes proba- 107
bility of refractory collapse
124 Grounding of melter shell and floating 108
electrodes
125 Use of insulated power cables rather 108
than bus bars
126 Electrical isolation of instruments 108
127 Use of fixed resistance heater in 108
pour spout rather than retractable
electrodes
128 Monitoring of ground circuit on _ 108
melter shell for possible detection
of arcing
129 Top entering electrodes 108, 110
130 External level detection device such 109, 110

as sonic instrument

131 Failsafe tilt mechanism such that 109, 110
power loss will result in melter
returning to vertical position

132 Automatic shutoff of feed should 109, 110
power loss or pressurization occur

133 Retrievable catch pan beneath melter 109, 110
and canister

134 Dump canisters beneath bottom freeze 109, 110
plug. Combined volume of dump canister
should be larger than melter vclume

135 Two dump canisters with total volume 106
greater than that of the melter.and
with shroud to protect against entrance

of water

136 Use 'of air cooling for electrodes 106

137 Engineered controls for minimizing 106
glass spills, such as level and weight
control ) o

138 .Strategically-placed;thermécouples on 107

melter .outer 'surface 'to detect erosion
or corrosion of the liner, -especially
in throat area

139 . Low glass velocities ‘ ' 106
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TABLE 9.3, €ontd

Number Safetv Features Applicable Incidents
140 Redundancy in power supply to reduce 107
thermal shock from repeated recoveries
from loss of power
141 Avoidance of startup using liquid 107, 108
sodium hydroxide for normal operation
142 Refractory specifications include use 107
of void-free and dense refractory
special block finishes involving
diamond truing and grinding, joints
made as thin as possible, and
optimized block size
143 Maximum voltage less than 300 to 107
reduce amount of current carried
by refractory
144 Water cooled steel shell provides 107, 109, 110
secondary jacket for glass containment
so that failure of refractory will not
result in loss of glass
145 Pressure relief device, such as seal 97
pot, provided
146 Filter blowback sequenced to avoid 97
pressurizing spray dryer
147 Of f-gas blower spared 97
148 Interlock to shutdown feed and filter 97
blowback for exhauster failure
149 Online particulate analyzer 99
150 Of f-gas system designed to handle 99
total filter failure
151 Sequential filter units 100
152 Sand filter for calcining filter 100
system
153 Fire resistant filter housings 100
154 Tenperature instrumentation and alarms 102
155 Gamma monitor with alarm downstream 102
of adsorber
156 Sloped flooring to enhance rapid water 106

drainage and removal to remotely
located sump
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TABLE 9.3, Contd

Number Safetv Features Applicable Incidents

157 Stainless steel lining on cell floor 106

158 Double filters in series on the crane 112
cab air conditioner

159 Install controlled access to the crane 112
cab

160 Provide emergency exit on the crane cab 113

161 Crane cable overload devices 117

162 Provide dead man control on the crane 117

163 Redundant design for the crane brake 118

164 Provide spare impact wrench 118

165 Redundant optical system on the crane 119
cab

166 Multiple source of electrical genera- 8
tion (onplant as well as offplant)

167 " Electric power taken from a loop with 8
power conming from either direction on
the loop

168 Redundant transformers each capable of 8
carrying the entire area electrical load

169 Automatic tie-in of double ended area 8
loop

170 Redundant, vital equipment auto- 120, 121
matically supplied power from separate
motor control centers

171 Uninterruptable instrument power 120
supplies

172 Safety related electrical{equipment, 121
including conduit switchgear and motor
control centers, shall be designed.to
meet seismic criteria and environmental
conditions

173 Redundant routings of”power-ahd;con;rol 121
cables, for safety related circuits,
shall ‘be run separately

174 121

Control and power cables shall tm Tun
separately
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TABLE 9.3, Contd

Number Safety Features : Applicable Incidents

175 The electrical power systems important 121
to safety shall be designed to include
the capability for periodically testing
the operability and functional perfor-
mance of those system components and the
operability of the system as a whole

176 Concrete that encases buried concuit 121
for power distribution is dyed red to
indicate contents

177 Cable encasements for safety related 121
funcrions are maximum resistance ’
construction

178 Proximity of liquid-bearing lines 121

above motor control center should be
avoided where possible

179 Proximity of electrical equipment to 121
thermally hot process equipment should
be avoided where possible

180 Two separate maxinum resistance ©o122
emergency power system

181 Primary oil supply tanks (day tanks) 122
for diesels are maximum resistance
construction

182 Either diesel is sized to carry full 122

area emergency load with capabilitv
for manual switch-over when one fails

183 Install emergency generator operating 122
indication
184 Autotransfer to emergency power, not 122

responsive to momentary surges,
sequential loading, automatic reset

185 Provided battery charger 122

186 Diesel generator room is heated to 122
maintain temperatures above freezing

187 All emergency electric equipment 122
should be located to protect against
steam, water or process fluid leaks
which could cause ambient temperatures
or humidity to rise to a level causing
electrical equipment malfunction
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TABLE 9.3, Contd

Nunber Safety Features Applicable Incidents

188 Emergency electrical equipment should 122
be protected from potential accident-
generated flooding

189 Fire within one electrical enclosure 122
should not spread to redundant electric
equipment

190 Install redundant backup pump with 123, 127
automatic start

191 Install diesel power or steam driven 123
pump backup

192 Sufficient inventory of water in 123
cooling tower to achieve safe shutdown

193 Design pump for cold weather condition 123

194 Pressure sensor and alarms. 125

195 Water diversion to retention basin 128,130

196 Activity monitor for closed-=loop 128
cooling water

197 Activity monitor and alarms in steam 130
condensate discharge -

199 Design pressure reducing station for 132
winter conditions

200 Dikes or curbing to contain vessel 14, 16, 21, 22
contents

201 Redesign of vial retainer of sample 133
vial

202 Sensitive monitoring equipment at exits 134, 150
to unregulated areas

203 Alternative pumpout equipment in case 149
of gang valve failure

204 Use of shielded sample cell i~ 135, 136, 137, 138

205 Pressure differenrial alarm 135

206 Redundant air mohitors-powered by 139
separate electrical -source

207 Stack with acid resistant brick liner 140

208 141

Depression gauge and -alarm for sand
filter o
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TABLE 9.3,

Contd

Number Safety Features Applicable Incidents

209 Stainless steel sand bed support over 141
lateral ducts

210 Roof and sides of sand filter sealed 141
to prevent water from leaking into
-sand

211 Parallel for system with automatic 143
start

212 Circuit breaker switch in weather 144
proof box

213 Redundant vacuum system with bypass 145
valving capability

214 Automatic and manual control 146
capability on dampers

215 Air reversal warning system 135, 146

216 Stack located far .enough from 1, 3
important structures so that it would
not cause significant damage if it fell

217 Automatic isolation of system if 151
loss of compressed air occurs

218 Instrumentation and alarms for system 151, 152
pressure and compressor operability

219 Filtration system for removal of oil 152
and other impurities from breathing air

220 Redesign of breathing air connections 152
to prevent against accidental
connection of other gases

221 Kink-resistant breathing air hoses 152
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TABLE 9.4

SRP Whole Body Occupational Dose

- 9.31 -

Number of Total Average Dose Maximum
Employees Dose, per Monitored  Individual
Year Monitored rem Employee, rem Exposure, rem
1965 4977 2340 0.47 2.9
1966 5032 2074 0.41 3.4
1967 5041 2604 0.52 3.0
1968 4875 2412 0.49 3.3
1969 4705 2758 0.59 - 3.2
1970 4626 2353 0.51 3.7
1971 4836 2401 0.50 3.3 (24.8)
1972 5210 1711 0.33 3.4
- 1973 5005 1488 0.30 2.7
1974 5138 1367 0.27 3.1
1975 5263 1161 0.22 2.7
Average Over Period 0.42
TABLE 9.5
SRP Reprocessing Area Whole Body Occupational Dose
Number of Total Average Dose Maximum
Employees Dose, per Monitored Individual
Monitored rem Employee, rem Exposure, rem
Year
1965 1501 916 0.61 2.8
1966 1497 928 0.62 3.1
1967 1489 980 0.66 3.0
1968 1454 829 0.57 2.9
1969 1441 994 0.69 2.9
1970 1378 868 - 0.63 2,6
1971 1567 815 0.52 2.8
1872 1756 685 0.39 2.9
1973 1613 . 742 0.46 2.7
1974 1674 720 0.43 2.9
1975 1781 570 0.32 2.7
Average Over Period 0.54



TABLE 9.6

Occupational Radiation Exposure

Basis: Process to Glass; Ship to Offsite Geologic Disposal

Rem/Year in Maximum Year

Operational Module SRP Experience DOE Standards
Removal from tanks 4.2 5.0 x 101
Processing 2.31 x 102 2.75 x 103
Transportation 1.40 x 102 1.40 x 102
Storage 0 0
Total/max.yr (rem) 3.75 x 102 2.9 x 103
Total for campaign (rem)?@ 3.75 x 103 2.94 x 103

a. See Table 9.7 for campaign times.

TABLE 9.7

Manpower and Time Requirements

No. of
Operation Employees? Time Required
Reconstitute, transfer from 6 6 months
old to new tank
Decontaminate old tank 6 6 months
Remove 60 million gallons from 10 10 years
present tanks, transfer to new
processing building '
Process 60 million gallons to 550 10 years
glass, 10-year time
Transport glass offsite Use DWD 10 years
treatment

a. Includes supervision and overhead.
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TABLE 9.8

Non-Nuclear Occupational Casualties During Construction of New Facilities

~

Construction of Processing Facilities

Events/Year

Ma jor
Injuries Deaths

Fabrication of Transportation Casks

and Vehicles

Construction of Storage Facilities

Total for Campaign

TABLE 9.9

460 5
39 0.5

_28 0:4
530 5.9

Non—-Nuclear Occupational Casualties During the Operational Campaign

Removal from Tanks
Processing
Transportation
Storage

Total per Year

Total for Campaign

TABLE 9.10

Events/Year
Minor Ma jor
Injuries Injuries Deaths
1.5 0.0013 0.00016
8G.5 0.078 0.0089
- 1.6 0.052
0.58 0.0051 0.00006
83 1.7 0.061
990 16 0.63

DOE Radiation Exposure Limits to Offsite Individuals, mrem

‘Maximum Average
Individual- . . Population
Type of Exposure Dose? Dose
Whole Body 500 170
Gonads 500 170
Bone Marrow >500 170
G. 1. Tract 1500 500
Bone 1500 500
. Thyroid 1500 500
Other Organs . 1500 500

a. These individuals are assumed to be at the site
boundary under conditions of maximum probable

exposure.
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TABLE 9.11

Typical State and Federal Air and Water Quality Standards? [9,10]

Limiting
Pollutant Concentrations Comment
S04 80 g/m3 Ambient air, SC
S0, 43 g/m3 Ambient air, GA
$07 1300 g/m3 One-hour, air, SC
509 715 g/m3 One-hour, air, GA
o 3.5 1b/10% Btu  Air emission, SC

Particulates (Fly Ash)
NOy

HsS

Nonmethane Hydrocarbons
Sulfate

Chloride

Nitrate

Barium

Iron

Boron

Zinc

Chromium

Manganese

Arsenic

Mercury

Copper

Phenob

0.6 1b/106 Btu
100 g/m3

10 ppm, 8 hr
130 g/m3
250 ppm

250 ppm

10 ppm

1 ppm

0.3 ppm

1 ppm

5 ppm

0.05

0.05 ppm
0.05 ppm
0.002 ppm

1 ppm

0.001 ppm

Air emission, SC

Ambient air, SC and GA
Air, detectable effectsl
Three-hour, air, SC

Drinking water standard, Federal

Drinking water standard, Federal
Drinking water standard, Federal
Drinking water standard, Federal
Drinking water standard, Federal
Drinking water standard, Federal
Drinking water standard, Federal
Drinking water standard, Federal
Drinking water standard, Federal
Drinking water standard, Federal
Drinking water standard, Federal
Drinking water standard, Federal

Drinking water standard, Federal

a. The above listing is not meant to imply that all the chemicals would be
released from the waste management facilities.
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TABLE 9.12 N

Summary of Risks for Processing Waste to Glass (glass stored in offsite geologic storage)

Maximum Population Dose
Individual for Maximum Year, Probability Maximum Risk

Event Dose, rem@ man-rein Events/Year man-rem/Year
Removal from Tanks

Routine Releases Negligible 1.4 1.0 1.4

Sludge Spill 5.0x 1074 1.5 x 10} 5.0x 1002 7.5 x 107}

Spill at Inlet 1.2 x 1073 3.7 x 10} 5.0 x 1072 1.9

Tornado 2.0 x 1073 5.4 x 10! 6.0 x 107 3.2 x 10°

spill 2.0%x 107 1.1 x 10° 5.0 x 1073 5.4

Explosion 7.8 3.0 x 10% 1.0 1of4 3.0

Sabotage 1.2 x 102 3.5 x 10° 1.0x 107> 3.5

Below-Ground Leaks 1.5 x 10-1 1.7 x 105 1.0 10‘5 1.7
Processing

Routine Releases 2.2 x 10-5 3.0 1.0 3.0

Process Incidents  <1.0 x 107> 4.2 x 107 1.0 4.2 x 107}

Sabotage 4.2 x 10% 8.9 x 10 1.0 x 10™° 8.9 x 107}

Airplane Crash 1.s x 1070 3.1 x 107 7.0 x 1078 2.2 x 1077
Transportation

Routine Exposures 5.0 x 10-3 6;3 x 101 1.0 6.3 x 10l

Accidents 6.9 x 1070 1.2 x 10° 1.3 x 107% 1.5 x 1072
Storage

Expected Releases Negligible 1.3 x 107 1.0 1.3 x 10°
Time~Integrated Risk, 9.0 x 102

man—-rem

a. Equivalent whole body dose, rem.

b. Annual populatlon risk integrated for- 300 vears, accounting for radioactive decay
and population growth by a factor of 5.
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TABLE 9.13
Radionuclide Deposition Limits for Evacuation and Restrictions on Farming, Ci/m2
Evacuation
Direct . Restrictions on Farming
Isotope Radiation Inhalation First Year Longer
Sr-90 - 2 x 107 4 x 107 2.x 107
Cs-137 3x 1000 1x107 2x107° 8 x 107
Pu-238, 239 - 1x 1077 - -
TABLE 9.14
Radiation Dose Criteria
Evacuation Limits
External Irradiation 10 rem to whole body in 30 years
Inhalation 75 rem to critical organ in 50 years
Farming Restrictions
(Short Term)
Sr-90 4 rem to bone marrow in first yeara
Cs-137 5 rem to whole body in first yeara
Farming Restrictions
(>1 year)
Sr=90 (5 rem to bone marrow in 50 years)/year
Cs=137 (1 rem to whole body in 50 years)/year

a. The 50-year dose commitments due to these exposures in the
first year are about 25 rem to the bone marrow from Sr-90
and 5 rem to the whole body from Cs-137. (Almost all the
dose from Cs-~137 is received in the year in which it is
ingested.)
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TABLE 9.15

Contamination Effects from Sabotage During Removal
of Waste from Tanks

Distance from

Acres

Release, km Decontaminated People Moved
15-20 8.5 x 10° 2.2 x 10°
20-25 1.1 x 10 3.2 x 10°
25-30 1.3 x 10 0

30-35 1.6 x 10 0

35-40 1.8 x 10 0

40-45 2.1 x 10° 0

45-50 2.3 x 10° 0

50-55 2.5 x 10° 0

55-60 0 0

Total Offsite 1.3 x 10° 2.5 x 10°

Table 9.16

Contamination Effects from Sabotage During Waste Processing

Distance from Acres People
Release, km Decontaminated Moved
15-20 8.5 x 10° 0
20-25 0 0
Total Offsite 8.5 x 107 0

TABLE 9.17

Consequences of Runoff from Abandoned Salt Tanks
Reaching the Savannah River

Component

River Water

EPA Drinking

Concentration ‘Water Standard
Cs-137 1.1 % 1073 nci/L <8 x 1073 nCi/L
Sr-90 2;5 x 107 nei/L 8 x 107> nCi/L
Pu (total) 6.2% 1074 nCi/L 1.5 x 1072 nci/L
U 5.8 %10 % mg/t 5.0 x 107! mg/L
Hg 1.4 x 1074 mg/L 2.0 x 1072 mg/L
No, + N0, 2.0 x 107! mg/L >1.0 mg/L
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10. MATERIALS OF CONSTRUCTION (G. G. Wicks)

10.1 General Considerations -

The basic material of comstruction that will be used in
the DWPF will be 304L stainless steel, which has good corrosion
resistance to high-level waste at most of the anticipated working
temperatures. In addition, Type 304L stainless steel is a ductile
material with good fatigue properties, low sensitization during
welding which means good resistance toward stress—corrosion
cracking, and is 2 material of good strength that is cost-effective.
Type 304L stainless steel has been used extensively at Savannah
River with good experience. Although Type 304L stainless steel,
as well as Types 316 or 316L stainless steel, can be used in many
areas of the solidification operation, there are certain areas
that will require special materials. For example, in areas sub-
jected to halides and their acid solutions, especially at elevated
temperatures, nickel-based alloys such as "Hastelloy'", "Inconel”,
or "Incoloy" will be desirable.

Areas of interest include external piping, tanks, separation
facilities, salt-handling operations, spray dryer, off-gas systen,
the ceramic melter, and glass-waste canisters. Materials selection
will be determined by material specifications, working experience
at Savannah River and Battelle Northwest Laboratories, and in
several instances, by current exverimental programs.

For solutions containing nitric acid, Types 304L, 321, and
347 stainless steels can be used for processing these solutions
over a wide range of temperatures and concentrations. Stainless
steels or higher nickel alloys with relatively high chrome
content (Types 308, 310, and 20Cr-29Ni) would provide better
resistance to corrosion by nitric.acid containing chloride ions.

10.2 External Pipigg

Coaxial -pipes will be used to transport the feed streams
from the diversion box into the Waste Processing Facility. The
inner pipe or pipes, which will be-.in:..contact .with the waste,
should be constructed-from Type 304L stainless steel. The outer
jacket may be constructed from'a mild steel. This coaxial pipe
arrangement is currently being-.used for transferring waste into
and out of storage tanks.
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10.3 Internal Piping

Piping to be used inside the Waste Processing Facility will
be constructed of Type 304L stainless steel.

10.4 Separation Facilities

Piping, valves, and joints will be made primarily of
Type 304L stainless steel. Equipment, such as commercially
available parts of the centrifuge and other components, can
also be constructed of either Types 316 or 316L stainless steel.
These alloys offer better corrosion resistance as well as being
less susceptible to pitting, compared to Type 304L stainless
steel.

10.5 Spray Dryer

The leading materials candidates for comstructing the spray
dryer are the nickel-based alloys "Hastelloy" Cc-4* and "Incoloy"
800H ("Incoloy" 800H has been selected by Wilmington Engineering
for constructing the TNX calciner).

The present conditions for materials of comstruction of the
SRP spray dryer are: (1) a maximum wall temperature of 950°c,
(2) internal working temperatures in the range of 250-600°C, and
(3) compatibility with chlorides and fluorides. An additional
limitation is that the spray dryer material should also be
compatible with nitric acid.

In general, superalloys which exhibit good to excellent
corrosion resistance toward chlorides, fluorides, and nitric
acid include “Hastelloy" C-276, "Hastelloy" C-4, "Hastelloy" X,
"Inconel" 617, "Inconel" 625, "Incoloy" 800H, and "Incoloy" 825.
The "Hastelloy" alloys are especially suited to HCl and HF
environments. i

A recent analysis at SRL indicates that significant quantities
of chlorides and fluorides along with water vapor will be present
in drying and melting operations. In addition, small amounts of

* "Hastelloy'" C~4 is no longer a candidate alloy because tests
have demonstrated that this alloy has very low resistance to
penetration by molten glass and possibly vapors from glass
melt [1].
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HC1 and HF acids could also form from chemical reactions within
the dryer and condense from temperature changes during shutdown
and startup. However, since operating temperatures will be above
the dew point, large quantities of the acids would not be antici-
pated and their effects should be minimal. Assessments of
"Incoloy'" 800H and the benefits of using higher corrosion-
resistant but more expensive alloys for plant use, such as
"Hastelloy" C-4, will continue to be investigated.

"Hastelloy" C-4 is a nickel-chromium~molybdenum alloy that
is characterized by outstanding high-temperature stability,
corrosion resistance, ductility, and resistance to stress—corrosion
cracking. In addition, this alloy has good resistance to HCl and
HF acids, although it is more expensive than some nickel-based
alloys. :

"Incoloy'" 800H is a nickel-iron-chromium alloy with good
corrosion, oxidation, and strength properties at elevated tempera-
tures. In addition, it also has good resistance against scaling,
stress-corrosion cracking and has been used within Du Pont for
many years. It is not as resistant to HCl and HF as "Hastelloy"
C~4. '"Incoloy" 800H is one of the less expensive nickel-based
alloys and is readily available.

Spray dryers have been constructed and operated successfully
at other sites. In general, these materials of construction were
subjected to .significantly lower processing temperatures and
different environments than those considered for drying of SRP
waste. For example, at Battelle-Pacific Northwest Laboratory, a
spray dryer was constructed from Type 310 stainless steel (25Cr-
20Ni) for use with simulated glass-waste compositions that were
chlorine deficient. No detectable corrosion of the 3/8-in.-thick
wall was observed after 552 hours of feed calcining with six
associated heating and cooling cycles. The calciner vessel used
at the Idaho Chemical Processing Plant in the high-level Waste
Calcining Facility (WCF) ‘was constructed of Type 347 stainless
steel. This material was used:in-conjunction with a fluidized
bed and showed no severe-corrosion after 13 years of operation.
Baffle plates were made from Type 310 .stainless steel. In the
new WCF, Type 347 stainless steél .(18Cr-10Ni) has been selected
for the vessel, baffle platese and other internal parts.

10.6. 0ff-Gas Systémv“

Equipment-at‘the-beginning~df~the;off-gas system could experience
significant corrosion, so-the leading materials of construction are
high corrosion-resistant:alloys, such as the nickel-based materials
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"Incoloy' 800H, "Inconel' 625, '"Hastelloy" B and C-4. These
alloys generally provide good protection against halides at
temperatures lower than those in the spray dryer and would be
used in the wet scrubber system, including the ejector venturi,
deep-bed washable filters, pumps, heat exchanger, and off-gas
condensate collection tank.

"Incoloy" 800H or "Hastelloy' C-4 could be used in the first
parts of the off-gas system where moderate temperatures and halogens
are potentially anticipated. For areas near the ejector venturi
where HCl1 or HF can form (temperatures below the dew point),
"Hastelloy'" B or "Inconel" 625 are recommended. Due to fabrica-
tion considerations, "Inconel" 600 is the reference material for
the sintered filters.

Beyond wet scrubbing, 304L stainless steel can be used if
relatively low temperatures and halide content are produced.
However, if the Cl~ content is greater than 250 ppm, 300 series
stainless steel should not be used (Engineering Department Standard
No. 5992) due to possible stress~corrosion cracking. In this case,
either the high-nickel alloys used earlier should be employed or
the pH of the solution should be increased. For example, for a
molar ratio of NO3~/Cl™ >1, no cracking is observed at 260°C if
the pH is over 10 [2].

In the Idaho Chemical Processing Plant solidification process,
Type 304L stainless steel is used extensively in the off-gas
system. For equipment exposed to the highest erosion and corrosion
effects, such as the quench tower and related pumps, higher-.
integrity materials of Type 347 stainless steel and Carpentef®20
(trademark of Carpenter Technology Corp.) are used. A nickel-
chromium alloy, ARMCO Nitronic®50 (trademark of Armco Steel Corp.),
is being considered for future scrubber pump construction at the
facility. '

10.7 Melter System

10.7.1 Joule~-Heated Ceramic Melter

The corrosion/erosion resistance of electrode and refractory
materials to be used in the ceramic melter are currently being
evaluated at SRL. These components comprise the principal elements
of a Joule-heated continuous ceramic melter, the reference melting
concept for incorporation and solidification of waste into a glass
matrix. This selection will depend on corrosion/erosion resistance
and the associated lifetime of the materials, as well as electrical
resistivity, thermal shock resistance, thermal expansion and
conductivity, and cost and availability of the material. The wear
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of electrode and refractory materials will most likely determine
the lifetime of the melters. The leading refractory candidate
is "Monofrax" K-3 and the leading electrode candidate is
~"Inconel” 690.

N

10.7.2 Melter Materials Experimental Program

The corrosion/erosion resistance of electrode and refractory
materials will be studied by two basic techniques. First, a
crucible or finger test is being used that is a modification of
a standard ASTM test for "Static Corrosion of Refractories by
Molten Glass" [3]. These tests provide a good relative comparison
of the corrosion resistance for materials of interest over the
temperature range of concern.

_ A second experimental technique will evaluate the attack of
molten glass under simulated service conditions for the leading
refractory and electrode materials determined from the previous
finger tests. This is accomplished by constructing a mini-melter
which will subject the refractory to molten glass only on one side
while maintaining a temperature gradient through the refractory.
These experiments are a modification of the ASTM "Simulated Service
Test for Corrosion Resistance of Refractories to Molten Glass" [4].

Additional -erosion studies will be made by suspending refrac-

tory and electrode samples on rods and rotating them in the molten
glass.

10.8 Canister Materials Experimental Program

Long~-term materials compatibility tests between candidate
canister metals and simulated glass-waste compositions have been
in progress since 1974. <Canister metals in this study included
304L stainless steel, Cor-Ten® A (trademark of U.S. Steel),
"Inconel” 600, and AISI 1020 low carbon steel. Supplementary
studies will use simulated wastes of average, high iron and high
aluminum. content with Type 21 frit, and additional canister candi~
date materials. The leading material for canisters to be used in
the ceramic melting process is Type 304L. stainless steel.

10.9 Mechanical Cells A_andiB B

The etch tank and‘assoéiated”ﬁiping in each cell will be
exposed to 3.5M HNO3 - 0.4M NaF solutions (or vapors) at nominally
50°C. Several candidate materials of construction to adequately
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resist attack from these solutions and vapors have been identified.
In decreasing order of preference they are "Inconel"* 671, 690,
"Haynes"** 25, "Ferralium'***, and "Incomel" 625.
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11. REGULATORY REQUIREMENTS (E. J. Hennelly)

11.1 General

The regulatory aspects of the DWPF are complex because the
completed facility must comply with the pertinent regulations at
the time of startup, which is still about a decade away, and
because many of the regulations that will be in effect then are
yet to be issued. Therefore, a key requirement of the regulatory
effort associated with the solidification program will be to an-
ticipate and prepare for the regulatory situation at startup. A
successful regulatory effort will reduce the delays and costs that
would result from retrofitting to meet unanticipated controls.

Regulations pertaining to nonradiocactive releases can. be
forecast with some confidence because Congress has established
long lead times for implementation. For example, limits for dis-
charges to streams in the mid-1980s are now being proposed by EPA.
In addition, criteria and regulations for long-term disposal of
radioactive waste being formulated by EPA and NRC (e.g., 10 CFR 60),
and many of these regulations will be applicable when the DWPF
operations begin.

A major uncertainty involves the future licensing authority
of NRC for DOE solidification facilities. NRC does not now have
this authority. NRC-DOE-Du Pont information exchanges will miti-
gate the impact of this possible extension of NRC jurisdiction.

11.2 Current Regulations

11.2.1 Nonradioactive Releases

The major environmental laws pertaining to nonradioactive
releases from a waste processing facility are the Federal Water
Pollution Control Act and Clean Air Act. These Acts established
the bases for the EPA water regulations and the South -Carolina air
quality standards. .The. Acts established national long-term goals
for air and water release.

In addition, 'EPA and SC DHEC are giving increased attention
to the effects on ground-water quality of solid waste disposal
practices because of -the provisions of the Resource Conservation
and Recovery Act (RCRA) of 1976. Use of seepage basins and land-
fills for disposal of nonradioactive liquid and solid wastes may
be restricted by future SC DHEC regulations, to be published in
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1980, that will implement RCRA. Incorporation of ion exchange
effluent into concrete with subsequent disposal on the Savannah
River Plant will also be conducted in accordance with these regu-
lations as well as with regulations covering disposal of radio-
active waste, if applicable.

N

11.2.2 Radiocactive Releases

Limits on radiocactive releases are now controlled primarily
by DOE Manual Chapter 0524. The EPA regulations (40 CFR 190) that
pertain only to releases from commercial nuclear cycle facilities
provide recent guidance on acceptable limits for public exposure.
The EPA guidelines represent the future trend, and should be care-
fully considered in estzblishing release guides for the waste
processing facility. The offsite dose from SRP operations is sub-
stantially below the EPA limit. The contribution from the waste
processing operations should result in minimal offsite dose to
allow the SRP total to continue to remain well within the EPA
limits.

11.2.3 Occupational Radiation Exposure

Exposure guides for plant wastes are given in DOE Manual
Chapter 0524, A more restrictive limit (1 rem/yr for planned ex-
posures) is included in the DOE criteria for new plutonium facili-
ties. The limit of 1! rem/yr for planned exposures, although not
now required for a waste processing facility, represents the most
current DOE position on personnel exposure and a likely require-
ment for the future.

11.2.4 Product and Shipping Container Specifications

The only current regulatory requirement for the product is
that it be a solid. EPA is now preparing criteria and NRC is in
the process of preparing regulations that will give more specific
guidance for acceptable commercial waste forms. Preliminary guid-
ance from these agencies indicates the following properties may be
important for all solidified high-level waste:
¢ uniformity of solid
e heat output limit
e radiation level limit
e chemical composition of solid
e fissile content accountability

e leachability limit
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Each property may require some means of verifying that it is
within prescribed limits.

The recent NRC Regulation 10 CFR 71 requires an NRC license
for shipment of DOE waste. To obtain a license, DOE will need an
NRC-approved quality assurance plan for manufacture of shipping
containers.

NRC Regulation 10 CFR 71.42, "Special Requirements for Plu-
tonium Shipments After June 17, 1978," requires a double barrier
to accidental release of radioactivity. Both barriers must meet
requirements of Regulatory Guide 7.6, "Stress Allowables for the
Design of Shipping Cask Containment Vessels.”

11.3 Future Related Regulations

Recently NRC and EPA have become very active in the prepara-
tion of Federal regulations regarding the permanent disposal of
high-level radioactive waste. NRC is expected to issue for com-
ment a draft Regulation 10 CFR 60, "Disposal of High-Level Radio-
active Waste,” in February 1980. .The draft has already received
some preliminary review by DOE and their subcontractors. The
final regulation (probably due in 1981) will prescribe all of the
Federal regulations for licensing a high-level waste repository.
EPA recently (November 1979) presented their latest draft criteria
for high-level waste disposal. The NRC regulations must be com-
patible with the EPA criteria. Each of these two documents would
apply to a defense waste repository. Currently it is believed
that the glass waste form that is proposed to be made in the DWPF
will be acceptable in.a licensed repository and that a salt repos—
itory will also, in combination with appropriate overpack mate-
rial, meet any of the proposed EPA criteria and NRC regulationms.
It is for these reasons that the DWPF construction and operations
are currently believed to be decoupled from the proposed NRC and
EPA mandated regulatory requirements. It will be necessary to
follow the development of these criteria and regulations during:
1980 and 1981 to reaffirm the decoupling and to adjust, as neces-
sary, any current or proposed  SRP~DWPF operations to meet future
regulatory requirements. Frequent DOE-NRC information exchanges
would be helpful in planning for the future regulatory situations.
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12. SOLID WASTE HANDLING (H. E. Hootman)

12.1 General

Solid wastes will arise from normal process operations and
from the repair, replacement, or retirement of process equipment.
Processing of these wastes will be determined primarily by the
composition of the material, its size, and the degree and type
of radiocactive contamination associated with the waste. Facili-
ties for "hot" and "warm'" canyon maintenance as well as decontami-
nation will be integrated into the DWPF design and will serve the
same function as that of similar operations in present SRP fuel
reprocessing canyons (e.g. repair or decontamination of process
vessels and equipment).

Process waste will be primarily contaminated with fission
product B-Y emitters. TRU contamination will be present in some
of the waste; however, an assay of the TRU contamination will be
hindered by the extremely high B-y fission product emitter back-
ground radiation. A continuation of present waste management
practices is proposed for these wastes (e.g. encapsulation and
storage in a monitored burial ground facility).

12,2 Solid Waste Description

Normal contaminated operating solid wastes generated in the
DWPF will include such materials as maintenance, job control and
decontamination resides as cellulosic wipes, plastic sheets,
gloves, protective clothing, and contaminated small tools. On a
less regular basis, failed process tanks, jumpers, filters, and
adsorbent beds will have to be removed from the process and
prepared for storage. The most infrequent types of waste to be
considered might result from process upsets where a process vessel
such as a glass.melter would fail.containing a full charge of
vitrified HLW. The treatment of such waste will require provision
for the separation of the. contaminated process equipment from the
vitrified HLW waste and separate. disposition of the residues.

A more detailed Breakdowﬁ‘pf;anticipated solid waste arisings
is shown in Table 12.1..
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12.3 Waste Treatment Processes

Processing contaminated DWPF wastes consists mainly of
containerizing the wastes for shipment to an onsite storage
(burial ground area). The amount of mechanical disassembly or
decontamination emploved on the noncombustible wastes will vary
with the type of material involved.

12.3.1 Process Equipment

Failed tools and process equipment are usually decontaminated
to remove as much of the surface contamination as possible before
the equipment leaves the building. Decontamination involves the
removal of radiocactive contamination by either mechanical or
chemical means. This can be accomplished with high pressure
sprays, detergent and acid or alkaline washes applied both inter-
nally and externally.

12.3.2 Contained Process Wastes

Absorber columns and resin beds, if they cannot be regener-
ated, should be simply sealed in their containers, decontaminated
on the container surfaces and shipped to a burial ground.

12.3.3 Job Control Wastes

Both combustible and noncombustible job control wastes are
shipped untreated in standard cardboard radiocactive waste cartons
to the burial ground for trench burial. Contaminated scrap,
welding slag, fluxes and rod tips and other process created wastes
are shipped in appropriate containers to a burial ground in a
shielded cask car.

12.3.4 Process Upset Wastes

During the course of normal operation very little residue of
the HLW will be associated with materials removed from the DWPF
and present SRP reprocessing canyon techniques can be employed.
However, because of the vitrification process used in the DWPF,
it is possible that occasions may arise where the molten glass
and HLW mixture solidifies in the glass melter, is dumped from
the melter to an emergency receiver or spills outside of a glass
canister. In these cases, the equipment will be packaged and
shipped to a repository under specified regulations.
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12.4 Waste Treatment Facilities

The solid waste handling facilities are to be closely
coupled with the process functions of the DWPF. Design of
process equipment, cranes, hot and warm maintenance cells, and
decontamination facilities should provide the dual function of
process maintenance and waste management operations. Provisions
should be made for shipping the largest process equipment (i.e.
12 ft x 12 ft x 20 ft spray dryer) and the heaviest (30-ton
glass melter) process equipment to the burial ground by rail-
road car. Smaller equipment may be transported in a shielded
cask car. Much of the job control waste may be shipped by
regulated truck because of its relatively low level of radio-
activity.

TABLE 12.1

DWPF Solid Waste Generation

Volumes, ft3

Waste Type Unit Annual?d

A. Normal Process

1. Combustible 20,000
2. Noncombustible

a. Job control 5,000

b. Miscellaneous 5,000
3. Resin beds 488
4, Adsorber columms

a. Silica gel 1

b. Zeolite 40
5. Filters

a. Deep Bed Washable Filter 4 16

b. Sintered metal 34 68

B. Process Equipment

1. Spray Dryer 2880 576
2. - Glass melter 138 69
3. Centrifuge 75 38
4. Pumps . 20
5. Valves 5
6. Jumpers 0.5 25
7. Vessels 10 20
8. Vessel vents 960 144

a. Assumes 20-year DWPF operatiom.
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13.1 BUILDINGS 221-F AND 221-H WASTE VOLUMES AND COMPOSITIONS

Waste volumes and compositions for 221-F and-H canyon
operations' were requested for predicting waste produced during the
late 1980"s. These volume and composition data were primarily
required for computing the radionuclide inventory of the
reference feed to the DWPF. However, the data also allow deter-
mination of the range in chemical composition of DWPF feed in the
event that feed is not blended or if a decision is made to process
either F- or H-Area waste separately. Sections 13.1.1 and 13.1.2
are essentially reproductions of reports prepared by the Separations
Tezknology Department [1,2].

13.1.1 Building 221-F Waste Volumes and Compositioms:

13.1.1.1 Summary

High-heat and low-heat wastes transferred from Building 221-F
to Building 241-F were assayed and the volumes and compositions
tabulated. Compositions are tabulated on the basis of processing
one metric ton of uranium (MIU). Purex wastes from HAW and LAW
evaporator concentrates were tabulated in an earlier letter ({3].
This appendix discusses those wastes and also all others going
into high-heat waste and low-heat waste storage in Building 241-F
from Buildings 221-F, 211-F, and A-Line.

13.1.1.2 Discussion

Figures 13.1-1 through 13.1-4 show the flowsheets for high-
heat and low-heat waste transferred to Building 241-F. The
compositions of some of the individual streams vary widely,
especially those of low-heat waste streams. For this reason,
compositions of some minor streams are now shown. However,
typical compositions for the major streams are shown in Tables
13.1-1 and 13.1-2. The total waste coming directly from Purex
is also included in the‘tablés: The total volume of high-heat
waste is 249 L/MIU at 'a density of '1.25 g/mL. The total volume
of low-heat waste is 1696 L/MTU at a density of 1.22 g/mL.
Typical uranium throughput.was 100”MTU/mcnth.

Tables 13.1~1 and 13.1-2 .are based on.using Mark 31A targets.
For Mark 31B targets, only ‘the coating waste is different from
that of Mark 31A. Coatlng ‘waste comp051t10n for Mark 31B targets
is shown in Table ' 13 1-2. '
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Tne larger quantity of coating waste from Mark 31B targets
causes the total low-heat waste to be greater than Mark 31A
low-heat waste by a factor of 1.15.

Table 13.1-3 shows the percentage of high- and low-heat
waste generated directly from Purex operation. HAW evaporator
concentrate was 72.97 of total high-heat waste. LAW evaporator
concentrate was 15.47% of the total low-heat waste transferred to
Building 241-F.

13.1.2 Building 221-H Waste Volumes and Compositions

13.1.2.1 Summary

Waste volumes and composition data for H~Area canyon opera-
tions have been requested for predicting waste generation during
the late 1980's. Current HM and frame waste genmeration rates are
expected to be applicable to future operations when properly ad-
justed for changes in fuel or target designs and flowsheet im-
provements. Aluminum is the waste-controlling constituent in the
HM process where 61 L of waste per kilogram of aluminum is cal-
culated as compared with 59 L/kg Al received for waste storage
(Table 13.1-4).

The flowsheet for processing Pu-238 shows 8020 L of low-heat
waste for each kilogram of Pu-238 as compared with receipts of
9300 L/kg Pu-238 for waste storage (Table 13.1-4).

Composition and the streams contributing to the wastes for
HM and Pu-238 processing are presented in Tables 13.1-5 through
13.1-8.

13.1.2.2 Discussion

HM waste calculations are based on current solvent extraction
flowsheets {1] for Mark 16B and Mark 22 fuels. Since HM processing
is aluminum-limited, forecasts can be adjusted for changes in fuel
types on the basis of aluminum ratio. This study used 10.5 kg
aluminum per Mark 16B or Mark 22 fuel tube.

The 1AW stream carries the aluminum and nitric acid and is
the main contributor to the high-heat waste (Table 13.1-5). When
that stream is concentrated, the next largest contributor is the
caustic required to neutralize excess acid, convert aluminum to
the soluble aluminate ion, and provide 1.2M NaOH excess for corro-
sion protection of the waste tanks. Since 4 moles of caustic are
required for each mole of aluminum, any factor influencing aluminum
has a corresponding effect on the volume and concentration of
high-heat waste.
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The principal contributor to low-heat waste is the 2AW
stream, but spent solvent washes and waste from decontamination
make significant contributions (Table 13.1-6). Low-activity
waste feeds contain less salts than do high-activity waste feeds
and hence, permit greater volume reduction - 4.12 vs. 1.83 -
prior to discharge to waste storage.

Another contributor to low~heat waste is frame operations
to recover Pu-238 and Np-237. Actual waste generation by the
frame process is about 9300 L/kg Pu-238 recovered as compared to
the flowsheet amount of 8020 L/kg Pu-238. The flowsheet volume
does not include dissolver heel or sump material processing,
extra decontamination washes, or product recycles which occur
occasionally. The waste generated relates best to resin column
runs. Plutonium recovery per column run depends primarily upon
target design, the amount of plutonium scrap processed, and the
amount of plutonium recycled from waste recovery. Recent experi-
ence shows 280 grams of Pu-238 recovered per Column RC-1 run
(initial resin column for decontamination) and is the basis for
the frame waste flowsheet (Figure 13.1-5 and Table 13.1-7).
Current operation processes Mark 53A targets, and waste volume
should remain unchanged if new targets contain similar amounts
of actinides and aluminum.

The ratio of neptunium to Pu-238 in process feed has varied
widely, averaging 3.45 in the past three years. If that ratio
applies, low-heat wastes generated .from frame processing total
2700 L/kg neptunium recovered.

Frame waste composition, Table 13.1-8, was developed from
the flowsheet (Table 13.1-7) and is currently the best estimate of
the actual wastes. Components present in the low-heat waste were
converted to the ionic state and the metallic cations were
balanced with hydroxyl anions. The major component in frame
waste is sodium nitrate, resulting from neutralization of large
amounts of nitric acid.
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TABLE 13.1-1

High-Heat Waste Flowsheet?

Stream Descrlption

1st Cycle Waste (1AW)

Miscellaneous ?urex HHW
Neutralized HAWC (Figure 13.1-1)

Misceilaneous HHW. from Tank 15.4

2nd U Cycle Waste (IDW)

b

Head End-Cake Wash

Total High-Heat Waste

a.

b.

Basis: 1 MTU.

Includes: Frame Waste Recycle (6.6), Hot-Canyon Sumps 820 and 805,

column feed, 507 Caustic.

Stream Composition, 1b

HNO3
1317
522

59

Al(NO3)3  NaNOj

40 21

107

19

126.5

15

ferrous sulfamate adjustment

Fe(S03NH7) 2 NaOH Fe(OH)y NaAlQ2 NaS804  H20 Total

11,516 12,892

7,103 7,640

73 686 834

14 10 17 20 332 500

100 119

66 66.5

14 10 17 20 498 685.5

for plutonium recovery
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TABLE 13.1-2

Low-Heat Waste Flowsheet?

Stream Compositiom, 1b

"Stream Description HNO3
2nd Pu Cycle Waste (2AW) 1566
Miscellaneous Purex LHWb 31

Neutralized LAWC (Figure 13.1-3)
B-Line Qaste

Coating Waste®

Decontamination Solution 37
Waste from Tank 5.2

Lab Waste Evaporator (18.6E)

General -Purpose Evaporator (710)

Total l.ow-Heat Waste

a. Basis: 1 MTU.

Na2504

43

86

86

NaNO3

7

18

75

182

307

146

2517

788

NaOH  Fe(OH)3 MNaAlOz NaNOp  AL(NO3)3
38

8 32

33 16

59 170 41

68 170 41 16

63 32 170 41 16

b. 1Includes: B-Line Waste, Acid Solvent Washes, Alkaline Solvent Washes, 50% Caustic.

c. For Mark 31A targets; Mark 3IB target coating waste contains:

ib/MTU
NaNO3 388
NaOH 125
NaAl0, 370
H,0 1614

Total 2584

HAS

45

45

45

170
6542
2864
499
310
756

800

1877

328

603

3307

Total
8198
2933
703
434
1208
882
2524
474
860

4561



TABLE 13.1-3

Purex Waste vs. Total Waste

S

High-Heat Waste

Purex Waste (HAWC) 500 1b/MTU
Total High-Heat Waste (Table 13.1-1) 685.5 1b/MTU
Contribution of Purex Waste to

Total High-Heat Waste 72.9%

Low-Heat Waste .

Purex Waste (LAWC) 703 1b/MTU
Total Low-Heat Waste (Table 13.1-2) 4561 1b/MTU

Contribution of Purex Waste to
Total Low-Heat Waste 15.4%

TABLE 13.1-4

Waste Volumes

L/kg Aluminum
Plant
Flowsheet Experience

High-Heat Waste

HM Process

1AW 33.5 -
Head End 0.1 -
33.6 39.62
Low-Heat Waste
HM Process
Low~Activity Waste 22.2
Solvent Washes 4.3 -
Decontamination Waste 1.1 -
General-Purpose  Evaporator - 3.7b
i 27.6 20.52

L/kg Pu-238

. ; Plant
Flowsheet Experience
Frames . .
‘Frame Waste :Recovery h 6150 7050
Resin Digestion . 1870 2250

8020 9300°

a. See Reference 4.
11/77 to 10/78.

c. 1975 to 10/78; volume adjusted to same salt content.
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TABLE 13.1-5

HM High-Heat Waste?

Composition, kg
Volume, Total
Streal® liters Sp Gr Mass 20 HNO3 A1(NO3j)3 HgNO3 NaNOp Fe(NO3)3 Fe2(S04)) NaN03 Gelatin MnOz NaOH HgO Fe(OH)3 FS© NaAlO2 Na2504

1 30.42 1.237 37.6 26.72 2.69 7.89 0.174 0.152

2 0.25 1.206 0.297 0.21 0.089

3 19.05 1.38 26.36 15.55 2.61 7.89 0.174 0.049 0.082 0.005 ) 0.087
4 0.133 1.05 0.14 0.125 0.001 0.0006 0.013

5 12.26 1.52 18.642 9.12 9.32

6 33.64 1.344 45.23 26.09 13.119 0.0006 0.013 1.62 0.116 0.065 3.04 0.174

a. Basis: 1 kg Al fed to 1st cycle. Streams are indicated here:

o MH—_’ HAW & M-‘S—'————D Neutralized ’
(2) 30% NaNO2 System (4) Head End Cake Neutralizer HAWC ®)
e —_—
(5) 50% NaOH -

b. Evolved gaseous products not showm.

c¢. FS i1s ferrous sulfamate, Fe(NHz-SO;)z.
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TABLE 13.1-6

HM Low-Heat. Waste?

Composition, kg ® .
Volume, Total
Stream liters Sp Gr Mass  H20 HNO3 NaNO; Fe(NO3)2 Fe2(S04)3 NaNOj NaOH  Fe(OH)3 FSC NaS0; NaC03 KMnO4 HAS NaHSO4 MnO2
1 76.17 1.112 84.74 59.18 16.35 0.648
2 15.80  1.038. 16.4. 15.74 0.656
3 4.1 1,651 &;305 6.05. 0.082 0.031 0.06 0.117
4 2.0 1.206 - 2.4 1.68 0.72
S 23.40 1.24 ‘“23.5 15.98 6.18 0.211 0.348 1.282 0.371 0.005 0.022
6 7.34 1.52 1i.15 5.58 5.58
7 27.67 l.Zbé 34.56 20.f9 11.42 1.34 0.279 0.742 0.005 0.022
a. Basis: 1 kg Al fed to lst cycle. Streams are indicated here.
(1) 2aw 2
(2) Mb LAW (5) __LA;_“L____- Neutralized
(3) Decon ’ System (6) 50X NaOH Neutralizer LAWC ’ N
(4) 30% NaNO2

b. Evolved gaseous products not showm.

c. FS is ferrous sulfamate, Fe(Ni2.503)2.
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TABLE 13.1-7

Frame Waste Flowsheet®

Stream No.

and Description
Waste

Waste

Waste

Waste

Waste

Cold Feed
Column Feed

Cold Feed

W B N D W N

Product

[
=]

Waste

[
-

Adjustment

-
N

Fvaporator Feed

Overheads

-
s W

Bot tom
Caust ic
Neutralized Waste

- e
~ >

Resin
Cold Feed
Digested Resin

-
e @

20 Low-Heat Waste

Composition, kg

Actinide

0.5
0.2

0.04

0.94

0.94

[ = A - ]

(=]

FS is ferrous sulfamate.

c. “2“& is hydrazine mononitrate.
d. Neutralized evaporator bottoms Sp Gr ~l.35.

e. lIncludes 137 kg of gaseous products.

f. bDigested resin solution Sp Gr 1.23.

AL

65

65

Hg(NO3) 2
1.9

1.9

7.6

4089
3825
2764
243
461
3675
15057
1275
214
16118
938
17057
14535
2522
1679
3788
509

1511
5299

Fsb

42
41
k)8

115

229

229

229

229

229

229

Ascorbic,

Nalis€  Oxalic Acid  NaNO2
13 - -

7 - -

- 1.6 -
63 - -
83 1.6 -
83 1.6 -

- - 404
83 1.6 404
83 1.6 404
83 1.6 406
83 1.6 404

a. Basis: 1 kg Pu-238 recovered; one column RC-1 yields 280 grams of Pu-238 and 965 grams of neptunium.

NaOH

1679
1679

335
3135
2014

Resin

59

59
59

- 7471

- 6066

- 3759

- 256

- 782

- 7460

- 25775
- 1879

- 247

- 27407
- 1343

- 28750
- 23255
- 5495

- 3358

- 8440d,e
- 917

43 1380
43 2297f
43 10737¢
(Volume, 8020 L)



TABLE 13.1-8

Frame Waste Composition (Low-Heat Waste)a

Moles kg We %
Nog 40,158 2,490 23.5
Nat 56,205 1,293 12.2
b
OH™ 20.759 353 3.3
soZ' 1,850 178 1.7
-+
a1’ 2,401 65 0.6
-+
Feo 925 52 0.5
MnO2 270 23.5 0.2
K" 403 15.8 0.2
F 131 2.5 0.02
24
Hg 5.9 1.2 0.01
Hy0°® 340,333 6,126  57.8
10,600 100
(Volume,
8020 L)

Basis: 1 kg Pu-238 recovered. »
Moles required to balance ionic charges.

c. Weight by difference.
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1st Cycle Waste (1AW) ——

2nd U Cycle Waste (1DW
n ycle Waste (1DW) it PR
Frame Waste Recycle (6.6) ——puu
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13.2 BASES FOR DETERMINING DWPF FEED STREAM COMPOSITION

13.2.1 General

This appendix summarizes the bases used to prepare the DWPF
reference feed compositions.

13.2.2 Tank Cleaning

Tank cleaning was assumed to use 120 kgal of 4 wt 7% oxalic
acid for dissolving/slurrying residual sludge left in tanks after
hydraulic cleaning. Tank 16H oxalic acid was assumed to be
neutralized with 107 excess NaOH, clarified, evaporated, and
stored with salt cake. Prior to DWPF startup, oxalic acid from
23 tanks was assumed to be digested (described below), neutralized,
clarified, evaporated, and stored with salt cake. After startup,
oxalic acid from 15 tanks was assumed to be digested, neutralized,
clarified, and used to help dissolve salt cake for DWPF supermate
feed preparation.

Digestion consists of adding 50 wt % HNO3 with Mn(NO3)2 to
make up a IM HNO3 and 0.01M Mn?t solution. It was assumed 95% of
the oxalic acid was digested by the reaction

X
3H2C204 + ZHNO3 e 6C02(g) + 4H20 + 2NO x = 95%

Neutralization was assumed to be accomplished by adding 10 wt %
excess NaOH in a 50 wt % solution. The following reactions
were assumed to occur

+ 2 H,0

H,C,0, + 2 NaOH > Na,C,0, 1,

27274 272

HNO3 + NaOH -~ NaNO3 + HZQ

2 NaOH +ﬁMn‘N03)2 + ;/Q_Oz(g) - MnO-OH(s> + 1/2.H20 + 2 NaNO3

The following quantifies were incorporated in the feed
description of salt cake and salt cake diluent.
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Prior to DWPF, During DWPF, @

in Salt Cake, as Diluent,
klb klb
NaNO3 2,215 1,490
Na2C20y 129 45
NaOH 112 71
H20 - 16,821
Total 2,456 18,427

A total of 23.2 klb of Mn from tank cleaning was accounted
for in the composite sludge composition estimation.

13.2.3 Forecast Quantities

The following series of bases and assumptions were used to
develop quantities used in preparing DWPF feed. :

e 4.730 Mgal of reconstituted waste are to be processed
each year.

e Forecast volumes for waste quantities on hand at startup
are,

Equivalent Sludge 4,314 Mgal
Equivalent Salt Cake 13.622 Mgal

The forecast production rate for fresh waste is 1.473 Mgal/yr.

e Salt cake density is 1.8 g/cm3 and contains 78 wt % salt on
a dry basis. Four gallons of supernate makes one gallon of
salt cake.

» Fresh waste and reconstituted waste contain 0.145 1b of
solids per gal. Supernate and redissolved salt cake contain
1000 ppm of volume of sludge.

o The wt % of salts in fresh waste supernate, reconstituted
supernate, and in the interstitial supernate of settled
sludge are all identical.

e The density of the solids is 3 g/cm3 and the density of
supernate is given by the following equations:
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13.2.4 Compositions

Salt compositions are based on liquid waste having the same
relative compositions as reference supernate.

Reference Supernate Molarities

NaNO03 2.2 Na,S0, 0.3
NaNO»p 1.1 NaCl 0.022
NaAl0z 0.5 NaF 0.002
NaOH 0.75 Na[HgO(OH)] 0.001
Na2CO3 0.3

Solids compositions were based upon the following elemental
analysis which was derived from analyses of actual waste tank
sludge samples.

Element Wt 7 Element Wt %

Fe 20.1 Hg 0.994
ve 2.28 c1 0.900
ca 1.53 F 0.070d
Ni 2.80 c 1.58d
Na 3.00P Al 11.9
NO3 1.00°  si 0.316
503" 0.50°  HgI, 0.3768
Mn S.OOC "Other Balance

a. Low-heat sludge assumed to contain no signifi-
cant uranium.

b. Estimated average value, A. J. Hill1l, Jr.,
private communication,. October 12, 1978.

¢. Includes contribution forecast from waste.
tank decontamination. ’

d. E. J. Lukosius, private communication, March 6, 1978.

e. Based on 23,180 1b of I-127 releésed to waste from
B-Line operatiomns. ‘
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o, G,t) = p(8) # [1 = (1-p (£) + 2)x] x<x*

0.9757 + 0.9813x - 0.0007 t X>x¥*

oz(x,t>

Where x = wt fraction of salt in supernate

t = temperature, C
3

pw(t) water's density at temperature t, g/cm
x* = wt fraction when pl(x*,t) = oz(x*,t)

On the basis of the assumptions listed above, the quantities
of sludge, salt cake, and liquid waste on hand at startup are

Volume, Density, Salt, Solids, Water, Total

Mgal o/cm3 Mlb Mlb M1lb Mlb
Sludge 4.314 1.369 11.77  8.42 29.11  49.30
Salt Cake 13.622 1.8 159.49 0.1064 45.02  204.62

The time period required to process the waste inventory is
12.43 yr. The quantities of salt cake and sludge that will be
consumed at the 12-gpm reconstituted basis and the 12.88-gpm DWPF
feed basis instantaneous rates are given below assuming 75%
attainment on all tank farm operations.

Instantaneous Rates

DWPF Feed
Basis, Reconstituted
gal/hr Basis, gal/hr
Sludge 52,8 52.8
Slurry HZO 51.8
Total 105.6 52.8
Salt Cake 166.8 166.8
Water 494 .4 494 .4
Tank Cleaning Liquid 26.1 26.1
Total Supernate 667.2 667.2
Total Feed 772.8 720.0
(12.88 gpm) (12.00 gpm)
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13.3 DETAILED SLUDGE ANALYSES

13.3.1 General

Development of a process to convert Savannah River Plant
waste to a high-integrity solid required chemical and radiometric
characterization of the insoluble fraction of the waste. For the
past several years, sludges have been sampled and analyzed at the
Savannah River Laboratory. This appendix summarizes the chemical
and radiometric analyses that have been performed to date.

13.3.2 Sludge Analyses

13.3.2.1 1Initial Sampling Program (J. A. Stone)

In 1975, twelve 3-liter samples (essentially a surface-type
of sample) were collected from four Savannah River Plant waste
tanks with a hydraulically operated sampler. Each sludge sample
was washed and dried to yield a powdered product that was subse-
quently characterized by chemical and radiometric analyses [1].
Tables 13.3-1 through 13.3-4 list the chemical composition of
sludge from each waste tank sampled. Tables 13.3-5 and 13.3-6
list the residual leachable components and the concentraticn
of radionuclides, respectively, for each sludge sample.

13.3.2.2 Sludge/Supernate Separation Studies (J. A. Stone)

Approximately one year following the initial sludge sampling
program, additional sludge samples were obtained from the same
four tanks plus four additional tanks. These samples were obtained
to prepare a reference waste composition for demonstration of the
initial conceptual process. for separating the sludge fraction from
the supernate fraction [2]. Table 13.3-7 lists the principal
components in the washed, dried sludge. The principal radionuclides
are tabulated in Table 13.3-8.

13.3.2.3 Chemical Dissolving of Sludge from a
High-Level Waste Tank
(A. J. Hill)

A reseérchtand'development effort has been under way at the
Savannah River Laboratory to develop a method to chemically
dissolve the sludge not anticipated to be removed during hydraulic
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slurrying and removal of Tank 16H sludge [3,4]. Tables 13.3-9
and 13.3-10 list, respectively, the principal chemical constit-
uents and‘radionuclide constituents of washed, dried Tank 16H

sludge.

13.3.2.4 Future Analyses (J. R. Fowler)

In January 1979, an extensive sludge sampling program

was initiated to obtain large (25-liter) subsurface sludge samples
from Waste Tanks 4, 7, 8, 18, 11, 12, 13, 15, and 32. These
samples will be used in sludge washing and vitrification studies
using bench-scale equipment in the SRL High-Level Caves [5]. As
of this writing, Tank 15H has been sampled. Each sample will be
thoroughly characterized both chemically and radiometrically [6,7].
As analytical results become available, this section will be up-
dated and ultimately the reference feed composition to the DWPF

will be altered as required.
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TABLE 13.3-1

Chemical Composition of VWashed, Dried Tank 5 Sludge

Element = Wt % Mole %2
Fe 27.5 39.6
U 15.4 5.2
Mn 10.8  15.9
Na 6.1 21.6
Ni 5.1 7.1
Al 1.5 4.6
Ca 0.6 1.3
NdP 0.5 0.3
Si <0.4  <1.2
ZrP 0.4 0.4
crP 0.3 0.5
Rub 0.3 0.2
Ba 0.25  0.15
ceP 0.2 0.1
K 0.14 0.
cib 0. 0.
srP 0. 0.09
Hg 0. 0.04
Lab 0.09  0.05
PrP 0.09 0.05
sb 0.08 0.2

a. Calculated from

O, N, or C.

Element Wt .7 Mole %2
pP 0.07 0.2
ZnP 0.07 0.09
Th 0.07 0.02
Mg 0.06 0.21
CcuP 0.06 0.07
NbP 0.05 0.05
b 0.04  0.03
AgP 0.04 0.03
PmP 0.04 0.02
Pbb 0.04 0.02
Tib 0.04 0.06
SmP <0.04  <0.02
Eub 0.02 0.01
yb 0.01 0.02
RhP 0.01 0.01
MoP <0.01  <0.01
Pub <0.01 <0.005
Np?P <0.008 <0.002
Fb 0.007 0.03
Bb <0.003 <0.02

sum of the elements shown, without

b. From spark-source mass spectrometry (factor of 2
uncertainty); all other values from elemental analyses.




TABLE 13.3-2 _ @

Chemical Composition of Washed, Dried Tamk 7 Sludge

Element ﬁt % Mole %2 Element We 7 Mole %a
c 16.8  65.3 cuP 0.15 0.11
Fe 8.9 7.4 SrP 0.15  0.08
U 3.3 0.7 LaP 0.15 0.05
- 3.2 5.3 prb 0.15 0.05
Na 2.8 5.7 Ba 0.13 0.04
Al 2.5 4.3 NbP <0.1 <0.05
Mn 2.2 1.9 Mg 0.08 0.15
Ni 2.1 1.6 csP 0.06 0.02
cib 2.0 2.6 HgP 0.06 0.01
NdP 1.0 0.3 yb 0.05 0.03
Ca 0.83 1.0 Smb 0.05 0.02
sb 0.5 0.7 RhP 0.05 0.02
znP 0. 0.4 b <0.05  <0.21
zrb 0. 0.3 caP <0.05  <0.02
RuP 0.5 0.2 pb 0.03 0.05
crb 0.45 0.4 p4b '0.03 0.01
kP 0.3 0.4 MoP <0.014 <0.007
AgP 0. 0.1 EuP 0.013  0.004
ceb 0.25 0.08 Cob <0.013 <0.010
PbP 0.25  0.06 Th 0.007  0.001
FP 0.15  0.37 vb <0.005  <0.005

a. Calculated from sum of the elements shown, without
0 or N.

b. From spark-source mass spectrometry (factor of 2
uncertainty); all other values from elemental analyses.
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TABLE 13.3-3

Chemical Composition of Washed, Dried Tank 13 Sludge

Element Wt % Mole %2 Element Wt 7% Mole %2
Fe 27.9  39.9 znb <0.2 <0.3
Mn 8.8 12.8 PrP 0.2 0.1
Al 7.1 21.0 Ba 0.15 0.09
U 4.0 1.3 Th 0.11 0.04
Na 3.1 10.7 TP <0.1 <0.2
Ca 2.3 4.7 NbP <0.1 <0.09
Hg 2.1 0.8 Agb <0.1 <0.07
c1b 1.0 2.3 cr 0.09 0.13
ceP 1.0 0.6 KD 0.08 0.2
Nd <0.6  <0.3 csb <0.06 <0.04
Ni 0.5 0.7 YP 0.05 0.05
PbP 0.5 0.2 sb <0.04 <0.1
si <0.4  <1.1 cub 0.03 0.04
zrb 0.4 0.4 Vb <0.007 <0.01
Mgb 0.3 1.0 BD 0.005  0.04
pb 0.3 0.8 Fb <0.005 <0.02
LaP 0.3 0.2

a. Calculated from sum of elements shown, without
0, N, or C.

b. From spark-source mass spectrometry (factor of 3
uncertainty); all other values from elemental analyses.
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TABLE 13.3-4

Chemical Composition of Washed, Dried Tank 15 Sludge

N

Element Wt Z Mole %2 Element Wt % Mole %2
Al 33.5  86.2 prb 0.04 0.02
Fe 3.1 3.9 Lab 0.04 0.02
Mn 2.3 2.9 BP 0.03 0.20
Nab 1.2 3.6 pb 0.03 0.07
Hg 0.92 0.32 Rub 0.03 0.02

U 0.91  0.26 Tib <0.02  <0.03
Ni 0.51 0.60 Nbb <0.02 <0.01
Ndb 0.30  0.15 sb <0.02  <0.05
sib 0.22 0.55 K 0.015 0.03
Ca 0.21 0.38 crb 0.01 0.02
Th 0.18 0.06 . yb 0.01 0.01
Mg 0.14  0.39 Smb 0.01 0.007
zrb 0.11  0.08 PbP 0.01 0.005
Ba 0.10 0.05 RhP 0.007 0.005
ceb 0.05  0.02 Pub <0.005 <0.001
Cub 0.04  0.05 Fb 0.002  0.009
SrP 0.04  0.03 yb <0.0007 <0.0007
2P <0.04 <0.04

a. Calculated from sum of elements shown, without
0, N, or C.

b. From spark-source mass spectrometry (factor of 3
uncertainty); all other values from elemental analyses.



TABLE 13.3-5

Residual leachable Components

Tank 5 Tank 7 Tank 13 Tank 15
Total, Leachable, Tc=21, Leachable, Total, Leachable, Total, Leachable,
Component wt % wt 7 wt 7 wt 7% wt % wt % wt % wt 7
Nat 6.1 0.8 2.8 1.9 3.1 1.0 1. 0.4
NO4~ 3.0 0.6 1.2 1.2 0.5 0.3 5.0 0.3
NO2™ 0.06 0.004 0.09 0.03 0.03 0.02 0.04 0.04
50,%" 5.5 0.8 19.58 3.7 2.7 0.8 5.7 0.9

a. Total sulfate values may be high by a factor of 5 to 10; results of analyses by

_ different methods gave poor agreement,

TABLE 13.3-6

Specific Activity of Radionuclides

Specific Activity, mCi/g

Isotope Tank 5 Tank 7 Tank 13 Tank 15
Co-60 - - 0.01 -
Sr-90 74,68 27.03 15.49 25.61
Zr-95 <0.03 <0.01 <0.01 <0.01
Nb-95 <0.03 <0.01 0.02 <0.02
Ru-103 <0.02 <0.01 <0.01 <0.01
Ru-106 2.73 1.41 0.40 1.74
Sb-125 0.43 - 0.12 1.27
Cs-134 <0.02 0.01 <0.01 0.03
Cs-137 1.29 1.30 0.30 0.07
Ce-144 477 0.21 2.01 16.89
Eu-154 0.47 <0.01 0.30 1.18
Gross o 0.10 0.06 0.28 0.14
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TABLE 13.3-7

Principal Components of Washed, Dried Sludge

Tanks 4F,6F Tank 5F Tank 12H Tank 13H Tank 15H Tank 16H
Principal Metal
Cations, wt % .
Fe 32.77 28.90 4,49 25.57 5.29 13.91
Al 2.28 1.57 30.16 8.70 18.75 16.61
Mn 1.99 5.83 1.69 7.85 2.45 2.59
U 9,22 10.81 a 4,18 3.77 4,49
Na 2.95 5.66 1.03 2.58 2.45 2.19
sr 1.70P 1.29P c 3.50° 1.80b c
Ca 2.28 0.90 2.13 1.76 0.52 2.87
Hg 0.65 0.12 1.12 2.32 2,51 2.80
Ni 6.29 6.34 0.46 0.45 0.73 0.30
Principal
Anions, wt 7%
NO3~ 0.12 1.16 0.42 0.31 0.19 0.32
NO2™ 0.02 0.12 0.17 0.01 0.16 0.15
5042~ <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
PO, 3~ 0.69° 0.320 c 2.15P 2.87P c
a. Not detectable.
b. Sr3(P04); carrier added.
c. Not determined. .
TABLE 13.3-8
Principal Radionuclides in Washed, Dried Sludge, mCi/g
Isotope Tanks 4F, 6F Tank S5F Tank 12H Tank 13H Tank 15H Tank 16H
Sr-80 123.0 177.5 41.4 30.1 55.0 53.6
Ce~144 30.5 1.5 17.4 0.3 5.4 0.6
Ru-106 11.4 1.3 1.7 0.08 1.0 0.2
Cs-137 0.7 0.9 0.05 0.3 0.1 0.2
Eu-154 0.7 0.6 0.5 0.08 0.4 0.1
Sb-125 1.4 0.9 0.3 0.06 0.3 0.04
Co-60 1.1 1.1 <0.01 0.01 0.06 0.02
Gross @ 0.1 0.7 0.2 0.1 0.15

0.4
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TABLE 13.3-9

Calculated Principal Constituents of Washed
and Dried Tank 16 Sludge

Constituent We %
Al0,” 16
Fe3+ 40
MnO, 16
Nat 20
80,2~ 1.1
si4t 2.0
Baz'+ 1.0
Ca2+ 1.0
cedt 1.0
Hg2+ 2.5
voZ” 0.4

a. Calculated from data for washed and
unwashed dried sludge. Estimated
relative precision. within *30 to 40%.
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TABLE 13.3-10

Mzjor Radionuclides in Tank 16H Sludge

Residual Activity in Removed by
Centrifuged, Washed, Two Washes,

Nuclide Dried Sludge, mCi/g %

Co-60 50.0 Nil

Sr-90 8.6 Nil

Y-90 8.6 Nil

Nb-95 0.55 Nil

Ru-106 13.6 Nil

Rh~106 13.6 Nil

Cs-134 0.40 94

Cs-137 7.3 90

Ba-137 7.3 90

Ce-144 45.5 Nil

Pr-144 45.5 Nil

Pm-147 a a

Eu-154 17.3 Nil

PuP 0.42 Nil

a. Not determined.

b. Total plutonium alpha activity.
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13.4 DETAILED SUPERNATE ANALYSES (R. S. Ondrejcin)

13.4.1 General

Since 1972, a program has been conducted at SRL to charac-
terize the soluble fraction (supernate) of the waste in storage
in the 200-Area Waste Tank Farms. Supernate samples were
analyzed for the major cations, anions, and radionuclides [1].

13.4.2 Supernate Analyses

Tables 13.4-1 and 13.4-2 summarize the results from chemical
and radiometric analyses of supernate samples from selected waste
tanks in F Area. Similarly, the results on samples from H-Area
tanks are summarized in Tables 13.4-3 and 13.4-4.

13.4.3 References
1. R. S. Ondrejcin. - Chemical Compositions of Supernate Stored
in SRP High-Level Waste Tanks. USAEC Report DP-1347, E. I.

du Pont de Nemours and Co., Savannah River Laboratory,
Aiken, SC (August 1974).
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TABLE 13.4-1

F-Area Waste Tank Supernate Analyses

Tank Date

Ion Concentration, Ma

No.  Sampled Na*  NO3.  Nog.  AL(OW),  OH co3®  so, %" PO 0T 1
1 2/21/73 10.1 1.6 2.4 0.8 6.3 <0.1 0.02 0.08 0.06
1 8/5/74 11.7 1.9 3.4 0.8 7.6 0.13 0.007 0.06 -
1 3/12/75 13.7 1.5 2.7 0.6 9.1 0.11 0.007 0.08 -
2 2/20/73 9.3 2.4 2.9 0.7 4.5 <0.1 0.02 0.04 0.06
2 8/27/74 13 1.5 2.6 0.9 9.4 0% 0.008 0.07 -
4 6/23/72 ¢ - 2.4 3.1 0.5 2.8 .2 0.03 0.04 0.03
5 3/1/73 9.4 2.4 3.1 0.7 4.4 <0.1 0.02 0.04 0.06
6 3/1/73 5.0 1.6 1.1 0.4 1.7 0.1 0.14 0.02 0.04
8 3/8/73 4.0 1.7 0.5 0.4 1.1 <0.1 0.18 0.02 0.03
18 9/7/72 12,5 2.5 2.6 0.7 3.4 0.3 0.02 0.03 0.11
34 1/12/76 11,4 2.4 2.6 0.4 5.9 0 0,008 0.04 -
a. Dash indicates "not requested."
TABLE 13.4-2
F-Area Waste Tank Supernate Radionuclide Analyses
Activity, dis/min/ml®
Tank Date Cs-137 Sr-90 Ru-106  Total Pu Gross,a
No.  Sampled x100% x107° x 1076 x 1074 x 10~
1 2/21/73 14 5 140 0.04 <0.05
1 8/5/74 10 20 70 - 8.0
1 3/12/75 15 30 - 2 140
2 2/20/73 8 1 140 <0.01 <0.05
2 8/24/74 13 1.8 20 - 0.4
4 6/23/72 11 - - 0.5 -
5 3/1/73 23 9 25 0.02 1
6 3/1/73 4 200 0.03
8 3/8/73 26 12 670 0.02 0.9
18 9/7/72 11 - 30 0.4 -
34 1/12/76 8 4.4 10 4.7 280

a. Dash indicates

"not requested."
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TABL

E 13.4-3

H-Area Waste Tank Supernate Analyses

lon Concentration, M2

Tank Date
No.  Sampled Ne* N0y~ NopT  AL(OH),” oM co3®”  s0.%” ot 1T
9 1/11/73 12.5 1.9 3.2 1.6 3.8 0.1 0.02 0.05 0.029
10 1/5/73 9.1 4.5 1.8 1.0 1.9 <0.1 0.08 0.02 0.020
10 8/27/74 8.9 3.1 2.1 1.2 3.6 0.18 0.02 <0.01 -
11 7/11/72 - 3.7 0.6 0.9 0.8 0.1 0.03 0.00% 0.005
12 7/11/72 - 3.3 1.1 0.7 1.0 0.2 0.03  0.009 0.005
13 12/18/72 5.7 3.6 0.5 0.4 1.1 0.1 0.08 0.02 0.018
14 1/3/72 8.9 2.8 2.0 1.1 2,5 <0.1 0.04 0.01 0.019
15 12/19/72 6.2 3.6 1.1 1.0 1.0 0.1 0.05 <0.01 0.016
15 10/9/75 7.1 3.4 1.2 0.53 1.4 0.1 0.04 - -
15 12/18/75 7.1 3.3 1.2 0.54 1.6 0.04 0.04 - -
21 5/4/72 - 6.4 0.2 1.2 2.6 0.3 0.06 0.009 0.015
21 6/19/72 - 5.3 1.5 1.0 2.6 0.1 0.05 0.009 0.020
24 2/6/73 9.4 2.6 1.7 0.9 4.3 <0.1 0.02 <0.02 0.040
24 8/27/74 4.1 1.5 0.5 0.2 2.6 0.13 0.01 0.02 -
a. Dash indicates ''mot requested."

TABLE 13.4-4

H-Area Waste Supernate Radionuclide Analyses

_ Activity, dis/min/m1?

Tank  Date Cs-137 Sr-S0 Ru-106 Total Pu Gross a

No.  Sampled x 1009 x107° x 1076 x 1074 x 1074

9 1/11/73 4 4 3 40

10 1/5/73 8 0.4 4 14 25

10 8/27/74 4.5 0.9 10 - 20

11 7/11/72 - - - 0.2 -

12 7/11/72 - - - 0.001 -

13 12/19/72 1 - 0.2 3 0.8 3

14 1/3/73 2 18 0.9 6 8

15 12/19/72 5 21 2 0.2 0.5

15 10/9/75 2 30 0.3 0.6 0.8

15 12/18/75 2 26 - 1 65

21 5/4/72 - - - 0.5 -

21 6/19/72 - - - 0.5 -

26 2/6/73 - 23 - - 1

24 8/27/74 0.7 0.6 0.1 - 5

a. Dash indicates "not requested."”
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13.7 ISOTOPIC CONTENT OF DWPF PROCESS STREAMS (J. R. Chandler)

13.7.1 General

This appendix provides detailed technical information about
the radionuclide composition of the DWPF reference feed, process
streams, and waste products. Because the data from the radio-
nuclide balance is quite lengthy, data are recorded on the
microfiche cards found at the end of this appendix.

13.7.2 Radionuclide Composition of Spent Fuel Assemblies,
Assembly Wastes and Reference Was;e Blend

The calculational bases fbf-computing the radionuclide
composition of the reference waste feed to the DWPF is described
in Chapter 7 of this document.

Radionuclide concentrations for irradiated assemblies are
calculated in two steps. First, a GLASS computer calculation
provides neutron fluxes and spectrum-averaged cross sections
at various times during the irradiation, Second, the fluxes
and cross sections from GLASS are used by the FPCALCG module of
the SHIELD system to compute the isotopic inventory [1]. The
first step is necessary since actinide isotopic inventories are
sensitive to detailed neutron flux spectrum effects.

The GLASS-FPCALCG calculation computes most of the radio-
nuclides within each assembly at the end of irradiation. The
major exceptions are H-3, Eu-154, Cr-51, and Co-60.

Tritium is produced in ternary fission. The tritium
content is computed from the equation

Exposure/assembly .
Energy/fission

3H/assembly-= 3H/fission.

The following assumptioﬁé are made:
e One 3HAé;om prodgcea p'_eAr‘IO4 fissions
e 195 MeV per fission

e Assembly exposures listed in Table 7.1.
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152Eu is produced by neutron capture in stable 151Eu, the

‘daughter of 151sm., The 131Eu concentration in an irradiated
assembly was determined using the equation

T

Cone (F2%Eu) = osT 4@ S5 () Ay ar dt

where Sp(t) is the time-gependent concentration of l%&Sm, Asm is
the decay constant for lgy (decaying to 1 1Eu), o(t) is_the

. . 1
neutron flux, ¢ is the neutron capture cross section for SlEu,
and T is the period of irradiation.

51Cr and 6Cho are produced from the activation of impurities

in the fuel assemblies. The activation of a given isotope, J,
after a period of irradiation and decay can be calculated by
the formula

) -A t -kBtD
AB = ¢OJ+BNJ (1 -e ) e

2
neutron flux, neut/em -sec,

o
]

o = cross section (barms) for a neutron reaction with
isotope J leading to. an activated nucleus, B,

N. = atom density in atoms/b-cm of isotope J,
A, = decay constant for the activated nucleus, B,

b (. = 0.693/T, , where T, is the half-life of the
ac%ivated nucleus),

rt
[}

irradiation period.

rt
L]

decay time after the irradiation was ended, and

AB = number of disintegrations per second of isotope B
per cubic centimeter,

This formula accounts for the buildup and decay of isotope B from
neutron capture in isotope J and assumes that the loss of isotope
B to neutron reactions is negligible.

The Cr impurity was assumed to be 0.27% of aluminum. The
50¢yr isotope is 4.357% of natural chromium and has a neutron
capture cross section of 15.9 barms to produce the metastable
isotope, Cr.




The ©0co activity is due to neutron activation of 59¢o and
60N impurities in the aluminum of the assemblies. The Co
impurity was assumed to be 0.0017%7 of aluminum. The 59¢o isotope
is 100% of natural cobalt and has a neutron capture cross section
of 37 barns to produce 60co. The Ni impurity of zluminum was
assumed to be 1%. ©ONi is 26% of natural nickel and has an
(n,p) cross section of 9.25 barns to produce  Co.

Radionuclide concentrations for each assembly are listed at
0 and 180 days following reactor irradiation. Following the
180-day cooling period, separation factors (Table 7.2) are
applied and concentrations are tabulated for ages up to 100
yvears. The reference waste blend is computed from the assembly
concentrations and volume proportions of Table 7.3. The radio-
nuclide concentrations in the reference blend are tabulated for
ages 0.5 to 100 years.

13.7.3 Radionuclide Composition of Process Streams

A computer model of the DWPF reference flowsheet has been
developed with the PROCESS module of the SHIELD system. The
radionuclides are separated into soluble and insoluble radio-
nuclides (Appendix 13.9). The components of each group are
tabulated in Table 4.18., The steady state solutions from the
soluble and insoluble cases are combined for final results.
Results are listed for processing waste feed that is 5 years old
and waste feed that is 15 years old.

13.7.4 Radionuclide Concentrations in Glass and Saltcrete

The radionuclide composition of glass and saltcrete has
been computed for the solidification of wastes of ages 5, 10,
15, 20, 25, 30, 35, 40, 45, and 50 years. For the 5 and l5-year
cases, the glass and saltcrete components are listed for decay
periods up to 1000 years.

13.7.5 Use of Microfiche

The results of the radionuclide calculations are listed on
the microfiche. Concentrations are listed in units of curies,

grams, watts, and photons/second per volume. The table have
headings with the form:

Shield. DWPF. ? . Composit. ? .

The first variable name refers to the flowsheet which contains
this stream. The last name is the stream name. Reference
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flowsheet stream names have the form FS-i-j, where i is the
flowsheet number and j is the stream number.

The times listed in each table are the times since reactor
shutdown. Five and fifteen years are listed for the reference
DWPF flowsheet.

13.7.6 Cases on Microfiche

Radionuclide concentrations in DWPF process streams have
been calculated for three cases. The first case assumes sludge
and supernate are 5 years old when vitrified. The second case
assumes sludge and supernate are 15 years old when processed.
In the third case, the sludge feed is 5 years old and the
supernate is 15 years old.

13.7.7 References

1. D. R. Finch, J. R. Chandler and J. P. Church, The SHIELD
System, Transactions of the American Nuclear Society,
Volume 32, American Nuclear Society, Lagrange Park, IL
(November 1979).
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13.9 BASIS FOR DETERMINING RADIONUCLIDES IN SLUDGE AND SUPERNATE
FEEDS

13.9.1 General
This appendix summarizes the basis used to determine the

proportionment of radionuclides between the sludge and supernate
feeds.

13.9.2 Tank Farm Inventories

The quantities of solids and salt at startup are (see Appendix
13.2).

Salt, Mlb Solids, Mlb

Sludge 11.77 8.42
Salt Cake 159.49 0.1064

Tank Cleaning 1.606

The time required to process this waste inventory is 12.43 years.

13.9.3 Feed Distribution

Feed rates for the quantities in Section 13.9.2 are

Salt, 1lb/hr Solids, 1b/hr

Sludge~Slurry 144,2 - 103.1
Supernate 1975 Lo 1.302

Totals 2119.2 . 104.4

These feed rates assume 75% attainment on all tank farm operations.

- Radionuclides in ‘the waste blend .are assumed to have the
following solubilities.
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Percent of Radionuclides that are Soluble in
the Waste Blend &

Group ldent. Radionuclides % Soluble
I Cs-Ba 100

II Tc, Ru-Rh 50,0

IIT Ag, Cd, I, Cr, 5.0

Se, Pd, Te, Tl
IV La, Ce-Pr, Pm, 1.0
- Nd, Sm, Tb, Sn-Sb
v Sr-Y, Rb, Mo 0.2
VI Co, Zr-Nb, Eu, 0.1

Np, U, Pu, Am, Cm

The radionuclide distributions can be described by:
% of radionuclide in salt of supernate =

(1b/hr salt in supernate) (solubility'fraction)
(1b/hr salt in feed)

% of radionuclide in solids of supernate =

(1b/hr solids in supernate) (l-solubility fraction)
(1b/hr solids in feed)

% of radionuclide in salt of sludge =

(1b/hr salt in sludge) (solubility fraction)
(1b/hr salt in feed)

% of radionuclide in solids of sludge =

(1b/hr solids in sludge) (l-solubility fraction)
A (1b/hr solids in feed)
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Results for each of the radionuclides are listed below,

Percent Distribution

Supernate Sludge=~Slurry

Group Soluble Insoluble Soluble Insoluble
1 93.20 0 6.80 0

"II 46,60 0.63 3,40 49,37

III  4.66 1.19 0.34 93.81

v 0.93 1.24 0.07 97.76

\Y 0.19 1.25 0.01 98.55

VI 0.09 1.25 0.01 98.65
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