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HIGH-LEVEL WASTE ,PROCESSING AT THE SAVANNAH RIVER SITE: AN 
UPDATE (U) 

J.E. Marra, W.M. Bennett, H.H. Elder, E.D. Lee, S.L. Marra and P.L. Rutland 
Westinghouse Savannah River Company, Aiken, SC 29808 

ABSTRACT 
The Defense Waste Processing Facility @WPF) at the Savannah River Site (SRS) in Aiken, SC 
began immobilizing high-level radioactive waste in borosilicate glass in 1996. Currently, the 
radioactive glass is being produced as a "sludge-only" composition by combining washed high- 
level waste sludge with glass frit. The glass is poured into stainless steel canisters which will 
eventually be disposed of in a permanent, geological repository. To date, DWPF has produced 
about 100 canisters of vitrified waste. Future processing operations will be based on a "coupled" 
feed of washed high-level waste sludge, precipitated cesium, and glass frit. This paper provides an 
update of the processing activities completed to date, operationdflowsheet problems encountered, 
and programs underway to increase production rates. 

INTRODUCTION 
, Approximately 130 million liters of high-level radioactive waste, currently stored in underground 

carbon steel tanks at the Savannah River Site (SRS), will be immobilized in stable borosilicate 
glass in the Defense Waste Processing Facility (DWPF). The glass is poured into stainless steel 
canisters for eventual disposal in a geologic repository. 

Following completion of an extensive Startup Test Program, the DWPF initiated radioactive 
operations in 1996. The start-up program included the production of seventy-one canisters of 
simulated waste glass 
Product Specifications Successful completion of the qualification program was 
instrumental in obtaini al from the Secretary of the Department of Energy to initiate 
radioactive operations. Initial operations in the DWPF are based on a "sludge-only" glass 
composition where high-level waste sludge is mixed with glass frit and appropriate chemicals to 
produced the vitrified waste form. To date, over 100 canisters of radioactive glass have been 
produced in the DWPF. 

Efforts are also underway to decontaminate high-level waste salt solutions by precipitation of Cs- 
137 using sodium tetraphenylborate (NaTPB). Plant operations in this area began in late-1995 and 
a significant decontamination factor (DF) was achieved (Cs DF40,OOO). Progress in this area has 
been slowed by issues associated with the degradation of the tetraphenylborate (TPB-) precipitating 
agent to form benzene. Extensive facility modifications are underway to addtess the issues 
associated with formation and release of benzene. In addition, a thorough laboratory test program 
has been initiated to better understand the mechanism(s) and catalysts for TPB- degradation. 

PROCESS/PR-ODUCT OVERVIEW 
The radioactive waste in the SRS Tank Farms has been separated into a water soluble salt solution 
and saltcake, and an insoluble sludge of metal hydroxides and oxides. The salt solution and 

the DWPF's ability to comply with the Waste Amptance 
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waste by removing the 
wn as In-Tank Precipitation (l”). 

waste into decontaminated salt solution (DSS) 
for treatment at downstream facilities. The ITP 

utilizes three underground waste tanks to separate the radioactive constituents itom the remainder of 
the liquid waste in a co6bination of adsorptio 

Liquid waste, in the form of a salt solution matrix, is transfend via underground lines to the ITP 
reaction vessel (Tank 48). The Na+ molarity of the salt can vary from about 6-18 M. Once inside 
Tank 48, this volume of waste (approximately 2.4 million liters) is diluted to about 5 M Na+. 
Sodium Tetraphenylbrate (STPB) is added to precipitate the 137Cs and K+. Mono-sodium 

tation, and filtration techniques. 
\ 

The sludge alb contai 
alumina&, and sodi 

sodium nitrate, sodium carbonate, sodium 

is washed to remove the soluble salts. 

salts (i.e., NaOH and NaNO2) must be added along with the whshwater. 

The allowable salt content of the sludge is limited by the DWPF feed design base 
design bases ensures the molten glass has a satisfactory rheology (Le., by control 
meets the limits on glass insolubles and corrosive species (e.g. 

also ensures that D W F  meets the air emiss ., NO2-,NO3-, OH-). 

- allowable salt content is affec present in the sludge that 
contribute to the total sodium co 



. .  

by the extent that the sludge is allowed to settle for the 
s too high, then the slurry's rheology could make it 

difficult to pump to the DWF. As the wt% solids decreases, then the DWPF requires additional 
time to process the same amount of solids (Le., more boiling is required to remove excess water). 
The washing operation is .accomplished by adding water inhibited with NaOH and N a N e  to the 

ng is accomplished using four long-shaft slurry pumps. The wash watef (containing 
salts) is transferred out of the tank and fresh water brought in. The wasbing-decant 

operation is continued until the concentration of soluble salts in the sludge meets the criteria 
established by DWPF. 

Thus, the radioactive m the SRS Tank Fanns is transferred to the DWPF in two forms: . The waste is then processed and blended in the DWPF before 
aced in interim storage. Figure 1 provides a 
process. 

* 

TANKFARM 

Figure 1 - Schematic of nt and vitrification process. 

The sludge is transferred directly into the S tment Tank (SRAT) while the 

material. The tetraphenylborate compounds in the precipitate react in the presence of formic acid 
and copper @) catalyst. The products of this &on are aromatic organic compounds (benzene, 

precipitate must fmt be processed in the D to remove most of the organic - 
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phenol, and minor amounts of higher boiling aromatics) and an aqueous phase known as 
Recipitate Hydrolysis Aqueous (PHA). The PHA contains the Cesium, soluble formate salts, 
boric acid and excess formic acid. 

The sludge is neutralized with nitric acid in the SRAT. The PHA is then added to the sludge (at 
g). The excess formic acid in the PHA reduces the mercuric oxide in the sludge to elemental 

fbm the SRAT into a holding tank from 
and sludge are blended and processed 
Mix Evaporator (SSME) where a 

borosilicate glass frit is added and the slurry isconcentrated to produce melter feed. The amount of 
sludge and PHA to be blended in the S 
blended in the SME is determined by the 
PCCS is a computer program that uses gl 
blending strategies and to determi 
the melter. The PCCS uses lab an 
volumes to determine an appropriate tank blending region. It chooses a target that minimizes the 
amount of frit to be added in the SME. However, any point in the acceptable blending region can 
be, chosen by D W F  engineers as the blending target. PCCS is also used to 
SME compositions based on existing tank compositions, tank transfers, and 
associated with sampling and processing. These predicted compositions €or 
can be used to diagnose processing problems. 

The SME is the hold point in 
samples from the SME are us 
Once the melter feed material 

In-Tank Precipitation (ITP) 
Initial operation of the TIT facility began on September 2,19 
Tank 48. Between September 2 and S 
added to Tank 48. On September 30, 
pumps were operated and the tank w 
The decontamination was successful. The resulting Cs-137 
nCi/g. 

first addition of STPB to 

to verify the decon n of the salt solution. 

, I  
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liters of 0.59 M STPB was added to Tank 48 to precipitate the (3-137 that had built back into the 
system due to lack of TPB‘ in solution and radiolytic decomposition of the solid precipitate. The 
Cs was successfully recovered and remained at levels that would have allowed the DSS to be 
processed in the saltstone facility. In addition, by controlling teinperature and the concentration of 
TPB- in solution, only small amounts of benzene were formed in Tank 48. This testing was 
completed in December 1996. 

Extended Sludge Processing (ESP) 
As discussed above, HLW sludge is prepared for vitrification in the DWPF using the Extended 
Sludge Processing (ESP). This first batch of sludge was washed five times to remove the soluble 
salts. 

Sludge Butch la= The first sludge sent to the DWPF, Batch la, consists primarily of 23 year old 
aged PITREX-LAW (Low Activity Waste) [approx. 93 wt%] from processing target assemblies in 
the F-atea separations facilities and 33 year old aged HM-LAW waste (approx. 7 wt%) from the 
processing of fuel assemblies in H-Modified separations facilities in H-area 

In 1987, the waste was transferred from their respective tanks to Tank 51, an ESP tank. Sludge 
washing began in 1987 and continued during 1988. During the 1988 washes, contaminated water 
from the slurry pumps’ bearing water h k e d  on to the tank top resulting in the spread of 
contamination. Sludge washing was 
containment could be designed and installed around the portion of the slurry pumps which exfends 
above the tank top. 

In 1993, one additional wash cycle was completed. During the 1993 wash campaign, two of the 
slurry pumps deteriorated to such extent that they could no longer be operated and the remaining 
two slurry pumps were restricted to operate at r e d u d  speeds. In 1994 and 1995 two of the four 
slurry pumps that failed during the 1993 wash were replaced. The final wash for the sludge was 
performed during the last quarter of 1995. 

between 1988 and 1993 SO that additional 

g were the mechanical problems with the tank‘s 
difficult service partially a result of t 

udge concentration (approx. 35 
ng rates (> 16,000 literdmi 
test facility, a number of unforeseen 
for the first time in the waste tank. 

Examination of one of the failed pumps as well as examination of disassembled replacement 
pumps, after pumping tests, revealed manufacturing and design deficiencies. The primary problem 
was identified to be dynamic hydraulic imbalance resulting in excessive deflection of the impeller 
and pump shaft. These problems have now largely been resolved by requiring extreme1 
machining tolerances for the pumps’ impellers and providing additional modifications 

modified pumps. These replacement pumps appear to be operating satisfactorily. 

FinaZ SZudge Composition: The composition of the final washed slurry for Batch la is shown in 
Table 1. 

. the pumps’ long shafts. Now, three out of the four original slurry pumps have been replaced with 
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Table 1 Finat Shdge Batch la, Major Components (> 1 wt%) 

Species Unit Result 

Fe wt% dried solids 24.6 
Na wt% dried solids 8.74 
Al wt% dried solids 6.39 
U wt% dried solids 3.42 

Mn wt% dried solids 2.53 
ca wt% dried solids 2.38 

I M g  I wt%driedsolids I 1.16 
Insoluble Solids wt% of slurry 12.8 
Total Solids wt% of slurry 16.8 

Sluny DWPF: washed sludge are pedormed in batches of 
aPP*x liters through a jacketed underground transfer h e .  The transfer is in two 
steps. First the sludge in the wmte tank is slurried using four slurry pumps. Then the sluny is 
pumped using a long shafted centrifugal pump to an intermediate transfer tank-, approximately 950 
meters from the waste tank. The transfer line has a minimal slope toward the intermediate transfer 
tank, Because of the sluny’s high consistency (viscosity), the slurry does not drain fmm the line 
once the transfer ary to flush the transfer line with inhibited 

From the intermediate transfer tank the 
slurry is pump an additio 

Waste Vitrification in the DWPF 
Due to SRS Tank Farm processing and blending strategies, the DWPF began radioactive 
operations with a “sludge-only” (no PHA) process. A frit composition higher in alkali, to 

for the initial first radioactive sludge operations. 
added to the SRAT in place of the PHA. 

the precipitate waste stream, some other source of formic 
of certain metals to the correct oxidation state (principally, 

lic state, for removal). The dilute formic acid was close enough 
to the aqueous stream, that not much development work was needed to use it. Since this was 
adding water (which is later recycled to the waste storage), useof concentrated formic acid was 
desirable. After the necessary development work, the flowsheet was modified to use concentrated 
formic acid with sludge. 

operations several different campaigns were 
process. Cold Chemical Runs were performed to 
ng a blended simulant to represent a composite of SRS tank 

farm waste. Waste Qualification Runs were performed using simulated feed types representing thk 
range of sludge compositians which would-be fed to the DWPF? The compositional models used 
to predict glass properties were verified over this range. 



Afw this testing, additional material simulating initial radioactive feed was processed to establish 
d to increase our staff proficiency. Based on 

appmved full radioactive operations of the DWPF 
ries in the DWPF tanks to this ini 

s testing the Department of Energy 
in March 1996. 

Radioactive Operations: The first transfer from 
sludge into a receiving tank containing 14,000 liters of simulated sludge. This material was 
subsequently transferred to the SRAT for nitric acid addition and then to the SMEi for frit addition 

P to the LPPP of approximately 3,200 liters of 

7-10 days. Through March 1997, 
hundred fourteen canisters filled. 
of operations. These included melter 

SME due to erosion. 

In vessels containing radioactive slurry level and density measurements are determined ushg 

the sensor. There 

block the flow of gl 
contact of the glass s 
knife edge. 
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Several strategies have been employed to work around this problem while a searching for a * 
solution. These have included studying the vacuum control loop to improve the response time to 
pressure transients in the melter pour spout, using a tele-robotic manipulator to physically remove 
any glass buiIdup in the spout and bellows, and applying heat to the lower pour spout and 
bellows in an effort to t glass sticking to the metal. Au of these have had 
in that they allowe4glass pouring to continue, however, they have not solved the problem. A 
pour spout insert is currently in development to alter the pour spout geometry in an effort to 
improve the pouring characteristics of the glass stream, and studies have been undertaken to 
determine the most likely causes of the wicking behavior and identify solutions. 

FUTURE PROCESS OPERATIONS 

Future ITP Operations 
The research on the damposition reactions is continuing. Preliminary indications suggest that 
temperatme, TPB solids concentration, oxygen, and copper are important factors in determining the 
rate of formation of ben &e ITP facility and downstream processes. n e  Safety Analysis 
Report is being revised t the new understanding of tetraphenylborak chemistry. Facility 
modifications which include a'keismic inerting system for Tanks 48 and 49 are scheduled for 

success 

' 

t 1997. The I" facility is scheduled for restart in October 1997. 

completed during restart to verify mass transfer coefficients, reaction rate 
for long range 

restart in order to provide additional margi 
A phased approach will be used during 

90% washed. The sludge consists of 3 1 year 
activity waste), and 24 year old 
tivity wkte (LAW), the HM- 
HM-HAW sludge contains high 

ning with the sludge 
um dissolution in the HAW waste un 

concentrations o 
results from insolu 

ximately 50 % of the HM-HAW sludge volume 
). By heating the sludge in a highcaustic 

dissolved (approx. 75%). ,By performing 
is required to be produced 
wer frit to sludge ratio requ 

DWG. There is le= sludge 
needing to be process 
aluminum sludge. 

In 1997, one additional wash of the batch lb  sludge in Tank 42 is planned. Then the sludge will 
be blended with the sludge remaining in batch la. The combmed sludge will have a lowered 
concentration of sodium than the present batch. The lower sodium sludge is expected to improve 
conversion rates in the DWPF. 

Future DWPF Operations 
DWPF is processing only the insoluble sludge (from ESP) at this time. The current sludge batch 

redicted to supply DWPF for approximately 3 years. As discussed above, additional sludge 
preparation is underway in ESP to provide sludge for future DWPF operations. Full operation, 
with coupled sludge (from ESP) and precipitate (from IT€') feed is expected to begin in early 1999. 
In addition, work is underway to address the problems encountered during process operations to date 
and to enhance production capability, 

melting &e lower m% 

- 
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CONCLUSIONS 
The DWPF has demonstrated the capability to safely and efficiently immobilize high-level waste 

shipment to a geolo 
uced using a feed 

repository. To date, over 100 canisters of vitrified 
ng of washed HLW sludge. While certain 

arisen, these problems are no different than those encountered during 
start-up of any complex chemical process. Efforts are underway to improve production capability. 
Future operations will be based on a "coupled" feed of washed high-level waste sludge, precipitated 
cesium, and glass frit. 
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Tests were scheduled for the ITP startup that were focused on measuring the mixing characteristics. 
Sodium tetraphenylborate when 
benzene. This benzene presents a 
ITP reaction tank (48) and precipitate storage tank (49) are operated under a slight negative pressure 
with a nitrogen purge so that during normal operation the oxygen concentration is maintained at 
approximately 5 volume percent. The tests were a part of a program to reduce uncertainties 

' associated with calculations for composite lower flammability limit (CLFL) conditions in the lTP 
tanks. Two vapor space sampling poles were installed >in the vapor space on opposite sides of 
Tank 48 to sample for benzene, hydrogen, and oxygen. These poles were able to sample at 8 
different levels in the tank. 

other factors will decompose to form 
the tanks where STPB is stored. The 

ng October and early November the slurry was filtered down to approximately 610,000 liters. 
Tests were conducted during and following the concentration. During these tests the slurry pumps 
were operated for several days while the Tank monitored for benzene. In all of 
these tests, more benzene than could be a m  generation mechanisms and 
rates of formation was evolved into t loss of ventilation tests were 
completed in Tank 48 with the liquid p 40 "C and approximately 52 
O C .  These tests were completed in late 

5 all four slurry p 
for approximately 3. 

operated in order to pull a sample of Tank 48. 
. During this time a sharp rise in the vaporspace 

previously during Batch 1 operations. The increase in the benzene concentration resulted in a halt 
to operations at ITP while the benzene generation questions are resolved. A sample of the tank 
pulled on December 18 indicated that over 95 % of the excess STF'B (1 1,012 kg) added to Tank 48 

(2000 ppm) was observed and far exceeded the values that had been seen 

haddecomposed 

A program was develop 
theslurrypumps. This 
approximately 8,500 kg of benzene were removed from Tank 48. 

Tank 48 by controlled operation of 
of 1996. During this time 

research to investigate the unexpected 
liminary results of this investigation indicate that the 
t of related reactions. The initial reaction of TPB' ion decomposition reaction 

borinic acid (DPBA). The DPBA 
s to benzene or phenol. Copper 
rate for decomposition of TPB- is a known catalyst 

In May the Defense Nwlear Facilities Safety Board (DNFSB) issued Recommendation 96-1.3 
This recommendation requires that prior to resuming normal operations at the ITP facility, a 
thorough understanding of the decomposition reaction s be reached. A Response Plan to 
this recommendation was developed and has been .4 The response plan includes 
research and development, plant modifications, flow-sheet modifications, and in-plant testing. 

One major milestone of the response plan was recently completed. A Process Verification Test 
CpVT) was completed that demonstrated with low amounts of excess STPB the salt solution can be 
decontaminated long enough to allow operation of downstream facilities. Approximately 1,200 


