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SELEGTION OF AN INIERIM UPGRADE S?IRAnGY 
FOR THE PROCESS WASTE TREATMoENT PLANT 

AT OAK RIDGE NATIONAL LABORATORY 

T. E. Kent, J. E;. Villiers-Fisher, and F. E. Harrington 

The principal aim of current changes in the liquid waste handling systcms 
at the Oak Ridge National Laboratory (ORNL) is to reduce liquid low-lcvel 
waste (LLLW) volumes and to meet increasingly stringent 
regulations. Proposed improvements at thc facility’s Process Waste Treatment 
Plant (PWTP) will havc a significant impact on the amount of LLLW 
generated at ORNL. These improvements will also bc important For ensuring 
that thc plant operates under the reduced discharge limits for radionuclides 
imposed by Department of Energy (DOE) Order 5400.5. Construction of a 
new PWTP that will completely decouple the proccss waste and LLLW 
systcms is being proposed. Because of thc time required to fund and 
construct a new PWTP, thc existing plant must be irnprroved to rcducc wastc 
generation, to expand capacity, and to amply with thc lowcr discharge limits. 

luation performed in this study guided the decision t o  
by improving the existing sof teni~~iut i -e~change sys tcms 

for 90Sr removal and adding a zeolite system for 1 3 7 ~  removal.  his strategy 
will rcduce LLLW produced at the P W  by as much as 70% and increasc 
the amount of solid waste produced by a b u t  30%. Disposal costs arc 
expected to decrcase by over 50%. 

1. 

The principal aim of current changes in the waste handling systcms at Oak liidgc 

National Laboratorgr (ORNL) is to minimize liquid low-level waste (LLLW) volumes and to 

meet increasingly stringent discharge regulations. Improvements at the Process Waste 

Treatment Plant (PWP) will rcsult in a reduction in the amounts of secondary LLLW 

generated at thc plant. These improvements will also be important for ensuring that thc plant 

operatcs under the new discharge limits for 137Cs and ?3r imposed by US. Department o f  

Energy (DOE) Order 5400.5. 
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The innprovcments, funded by General Plant Projects (GPP), are dcsigned to provide 

effective treatment of OliNL process wastewaters until funding is available for a complete 

upgrade or repdacernent of the plant. Extensive: studies have been performed prior to this 

work to determine the best option for the PWTP upgrade to meet short- and long-term 

 objective^.'^^^.^ The results indicate that the exkting P W "  eventually should be replaced with 

a new zeolite, ion-exchange system. The zeolite system will simplify plant operation and 

produce only one waste strearn-qent zeolite. The amount of waste and cost of disposal will 

be reduced significantly. The construction of the zeolite system, however, will require line- 

item capital funding and it will not be in operation for 8 to 10 years, ;In the short term, the 

existing plant may be modified and improved using onc of two chosen strategies, neither of 

which will radically change the existing operati~ns. The improved plant must reduce LELW 

gcneration, increase process waste feed capacity, and increase 13'Cs removal capacity. This 

report summarizes the activities that led to the selection of the interim upgrade strategy. 

PWTP operation has changed as a result of operational difficultics and changes in 

disposal practices. Since 1975, the QMNE P R "  has used organic ion-exchange resins to 

remove radioactive contaminants from process wastewater. From 1976 until 1981, Duolite 

CS-lOO@ weak acid cation-exchange resin (Rohm and Haas) was used to remove "Sr and 

'37Cs from process waste. The CS-100 resin contains a phenolic group that will remove 

cesium whcn activated at pH 11.9. A water softener was used ahead of the ion-exchange 

resin columns to remove calcium and magnesium, which otherwise would have reduced the 

resin's capacity to remove the radionuclides, Once the resin was exhausted, it was 

regenerated by eluting with a solution of nitric acid. The ion-exchange eluate was 

concentrated by evapoaation and disposcd nf as LLLW. '1%~ process was known as thc 

Scavcnging Precipitation Ion &change (SPIX) proces~ .~  The water softener used in the 

SPHX system produced a radioactive sludge composed of precipitated calcium carbonate and 

magnesium hydroxide contaminated with '%r, 137Ck, and other radionuclides. Storage space 

for this sludge at Solid Waste Storage k e a  No. 5 (§WSA 5 )  eventually became limited. In 

addition, resin degradalion problems an operational problenis were experienced with use of 
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thc CS-100 resins. In 1981, the water softener was removed from service, and the 

ion-exchange resin was replaced with Dowex HCR-S strong acid cation-exchange rcsin (Dow 

Chemical Co.), a product that is more resistant to degradation, is easier to use, and has ;t 

higher capacity for %Sr. Since 137Cs was entering the plant at concentrations lower than the 

discharge limit, a process to remove it was not needed at that time. Without the softcncr to 

remove hardness compounds, the resin became exhausted quickly with calcium and 

magnesium, which compete with %Sr. As a result, the resin had to be regenerated frequently, 

producing far greater quantities of nitric acid eluate LLLW. The eluate was cost-erfectively 

treated by evaporation and disposed of in the ORNL LLLW system using the hydrofracture 

process. However, the use of the hydrofracture process was discontinued in 1984, and i iwr-  

term disposal of LLLW became impossible. Consequently, the water softener prcviously uscd 

in the SPIX system was put back into service to reduce the amount of LLLW elua~c 

produced by regeneration of the ion-exchange columns. In addition, a filter press was added 

to dewater and reduce the volume of the softener sludge. The sludge is currcntly stored in 

55-gal drums at the Oak Ridge K-25 Site. 

Due to an upsct in the LLLW evaporator in 1986, abnormally high concentrations o f  "Sr 

and 137Cs were added to the process wastcwater. To deal with the upset, a temporary flow- 

through column containing inorganic zeolite was added to pretreat the PWTI) feed; it 

rcmoved most of the 90Sr and 137Cs prior to normal processing. This system has remained in 

place to deal with possible future upscts and to provide extra feed capacity for the plant in 

the event of" abnormally high feedwater flow rates. A flow diagram of the PWTF systcrn as 

of February 1989, is shown in Fig. 1. 

Although the quantities of LLLW generate at PWTP were reduccd significantly whcn 

continues to be 3 protilem the softener and filter press were added, the disposal of L 

because of the limited storagc capacity QE the Meltan Valley Storage Tanks (MVST) used to 

store LLLW evaporator concentrate. Ths: LLLW system at ORNL collects liquid-waste 

streams from all areas of the plant and reduces the collected volume of waste by evaporation. 

Thc evaporator overheads are directed to ID for further processing, and the botiorns 

@Tradernark of Rohm and Haas 
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(concentrate) are stored at the MVST. Options for further waste treatment and disposal of 

the MVST waste are being developed. An interim solidification procedure was recently used 

to process 176,438 L (46,615 gal) of LLLW stored in these tanks! This provided additional 

storage capacity, but the tanks are expected to be filled to capacity within 3 years at thc 

present generation rate. The ORNL PWTP generates both concentrated and dilute LLLW. 

The dilute portion is evaporated in the LLLW evaporator, and the concentrate is combined 

with LLLW evaporator concentrate before transfer to MVST. PWTP upgrades include 

cquipment that will reduce the volume of PWTP wastes added to the LLLW systcm. 

Not only must secondary LLLW be reduced because of the present limited storage and 

the treatment problems, but also DOE Order 5400.5 requires that the current discharge of 

many radionuclides be reduced. This will newsitate upgrading the PWTP's capability to 

remove radionuclides. PWTP is designed to remove radioactive contaminants typically 

prcsent in process wastewater and groundwater at ORNL. The principal contaminants arc 

90Sr and 137Cs. The current PW"P discharge limits for these contaminants arc 11 Bq/L and 

740 Bq/L, respectively. DOE Order 5400.5 requires that these limits to be changed to 37 

B q L  for %3r and 111. Bq/L for 137Cs. "he limit has been increased slightly and will not 

affect PuI1p operation. Because the typical 137Cs concentration in the process waste feed 

is about 200 BqL, the new limit of 111 B q L  necessitates changes to increase PWTP's 137Cs 

removal capacity. 

Initial studies addressing a PWTP upgrade 1923i4 determined that two upgradc options 

could be used for short-term improvements to the plant. For either of the options, the basic 

Row sheet of the plant remains the same while improvements are made in specific areas. One 

option involves continuing the current use of HCR-S strong acid cation-cxchange resin for 

removal of wSr combined with improved 137Cs removal using zeolites. The second option 

involves replacing the HCR-S resin with a CS-100 weak acid cation-exchange resin that can 

remove both wSr and 137Cs. A feasibility study was performed to compare the two options 

and to determine the best strategy for the PWTP upgrade. The study included an order-of- 

magnitude cost comparison as well as an evaluation of the operating advantagcs of each 

system. In addition, particular attention was focused on the operation of the PW7'P nitric 

acid recovery system and on options for completely eliminating the production of LLLW from 

this source. The results of the study are summarized below. 
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Because both of the upgrade options spwify the use of much of thc existing PWTP 

equipment, the existing equipment had to be evaluated to determine its potential for 

continued me for the next 10 years. The replacement of Fkpalization Basin 35'24 (EB 3524) 

with the Bethcl Valley Storage Tanks (BVST) for storage of process waste was also 

considered with regards to the impact the new storage system will have on P W P  operation. 

Equipment was chosen that might be necded to prevent potential BVST problems. Aftcr 

researchers evaluated the existing equipment and the BVST impacts, the needs of the 

individual upgrade options werc determined, and the systems were compared from operational 

and economic standpoints. 

A two-phased approach was necessary for the study because of funding constraints that 

became a factor after the initial upgrade evaluation. In the initial phase, the flow sheets were 

developed and compared with little emphasis on costs. In the second phase, further flow 

sheet development was necessary to reduce costs to GPP funding limits. The flow sheets 

were compared once again after the second phase of study. 

As a basis for the study, the two potential upgrade flow shccts were designed to remove 

both ?3r  and 137Cs to the new limits set by DOE Order 54W.5 at an average flow rate of 9.5 

L/s (150 gal/niin) and a maximum flow rate of 19 L/s (300 gal/min). The process was assumed 

to continue operations for 10 years. 'Kc current system was examined to dctermine the 

equipment that would need to be replaced or added €or either of the upgrade options. The 

effects of the BVST system, soon to be replacing EB 3524, also were taken into consideration 

as equipment needs were developed. 

3.1.1 Solids Removal Fguipmcmt and F d  Pump 

The BVST will repIace EB 3524 for storage of proccss wastewater and transfer of feed 

to PWTP. One of the principal impacts of the use of the t a n h  will be the manner in which 

suspended solids and precipitates are distributed in the system. A considerable amount of 
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solid material has settled in EB 3524 because of the recycle of filter backwash water and the 

addition of water from the PWTP sump. The filter backwash water contains large amounts 

of suspended solids and the high pW of the sump water causes localized precipitation of 

calcium and magnesium from the wastewater. When the BVST system is placed in service, 

all solids will be recirculated in the PMlTp system with the softener acting as the principal 

settling and removal point. The solids could potentiaiIy accumulate in the bottom of the 

BVST tanks, reducing their usable volume and creating hot spots. To keep solids from 

accumulating in BVST, a 75,700-L (20,000-gal) settling tank was recommended as an 

additional point for solids removal. This tank would accumulate backwash water, neutralized 

column rinse water, and sump water from PWTP, allowing solids to settle prior to recycling 

thc water back into BVST. The solids collected in the bottom of the settling tank would be 

transferred to the existing softener sludge holding tank, L6, which feeds the filter press. 

The recirculating solids could also create problems at the softener. Large objects could 

potentially plug underflow lines and interfere with moving parts. To ensure the removal of 

large objects from the waste stream, the addition of two sand filters was recsmmendcd 

upstream of the softener. 

3.12 Softener Replacement 

Over the years, the existing softener, L1, has proven to be difficult to operate and 

inconsistent in reducing total hardness concentrations in the effluent. Because of the design 

of the unit and the processing flow rates, the wastewater is not allowed sufficient sludge 

blanket contact and retention time for optimum precipitation of calcium and magnesium. A 

drawing of the existing unit is shown in Fig. 2. The flow pattern through the sludge blanket 

is unstable and channeling of wastewater through the blankct is a common occurrence. The 

resulting high-hardness feed to the ion-exchange columns has produced large amounts of ion- 

exchange eluate that ultimately is transferred to the LLLW system. 

Replacement of the existing softener is necessary in either system upgrade to incrcasc 

the P The softener is  a critical 

component of the system because of ils impact on the amount of secondary LLLW that is 

generated. ?be calcium and magnesium ions in the softcner effluent occupy sites on the ion- 

f ed  capacity and to reduce LLLW generation. 
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exchange resin that otherwise would be available €or removal of the radionuclides. Lower 

concentrations of calcium and magnesium in the softener effluent extend the life of the ion- 

exchange columns, reduce the frequency of column regeneration, and thcreby reduce thc 

amount of ion-exchange eluate LLLW. The maximum design flow rate for the softener is 11 

L/s (175 gal/min). With the chevron tube settler installed in the softener, the maximum flow 

rate achievable is 15 L/s (240 gal/min). The chevrons are not used, however, due to 

maintcnance difficulties and the need to visually monitor the sludge blanket. In current 

practice, the softener can be run sucGessfully at flow rates up to 10 L/s (160 gal/min). At 

rates greater than this, total hardness of the effluent increases drastically. 

When flow rates greater than 10 Us (160 gal/min) are required, treatment of the process 

waste bccomes more complex and costlyy. In periods of heavy rain, it is sometimes necessary 

to process the waste at a feed flow of 12.6 L/s (200 gal/min). The existing plant can only 

process a maximum of 10 L/s (160 gal/min) because of the softener, so the temporary zeolite 

column is used to treat additional wastewater flows up to 5.7 L/s (90 gal/min) in parallel with 

the plant. The zeolite column will remove both %r and 137Cs from the wastewater; 

however, the temporary system (due to funding and space limitations) could not be designed 

for optimum zeolite efficiency. A column in the temporary system will last no longer than 

two weeks. Zeolite is a nongenerative material, and the columns are designed to act as 

disposable containers. The inefficient use of the zeolite and the disposable columns becomes 

very expensive. 

A sketch of a solids-contact softener of the type proposed for the upgrade is shown 

in Fig. 3. The softener must be designed to handle a maximum flow ratc of 19 L/s (300 

gal/rnin) and to provide adequate residence time in the sludge blanket for optimum 

precipitation of water hardness. In addition, channeling of wastewater through the sludgc 

blanket must be curtailed by mainlaining a uniform underflow of sludge by positive 

mechanical means such as the sludge rake shown in the sketch. 

Because of the increased flow rate and the increased pressure requirements duc to 

additional sand filters, the PWTB feed pumps at BVST are recommended to be upgradcd or 

replaced. 
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3.13 Ion-Ejrchange column Monitom 

The continued use of the existing ionexchange resin columns is recommended in both 

of the upgrade options, though an improvement in flow monitoring capability is needed for 

this system. At pre.sent, the throughput of each ionexchange column cannot be measured 

and is assumed to be equal when two columns flow in parallel. When the columns are run 

in parallel, the actual flow through each column will not be the same because of unavoidable 

differences in the column flow characteristics. It is therefore impossible to determine the 

working capacity of the resin in a particular column. For this upgrade installation of flow- 

measuring and recording instrumentation for each individual column is recommended, This 

instrumentation will improve the efficiency of resin usage and the ability to identify problems 

in individual columns. 

3.1.4 Resin Dewatering 

In both of the proposed flow sheets, there is a sizeable increase in thc amount o f  solid 

ion-exchange waste generated. In the CS-100 system, a considerable amount of (23-100 resin 

waste is produced and the HCR-Slzeolite system produces spent zeolite waste. In either case, 

the resin waste must be dewatered before disposal. Resin dewatering is likely to be timc- 

consuming and should be performed as a separate operation elsewhere in the PWTP or 

ORNE facility. The equipment necessary for this operation will probably include air blowers, 

air hcaters, coolers, and condensers for vaporizing water from the resin and recovering the 

water for disposal. A dewatering system was recommcnded for both of the upgrade options. 

Several improvements were identified for the PWTP nitric acid recovery evaporator 

system and were evaluated for use in the flow sheets. These options could minimize or 

eliminate all secondary LLLW generated by PWTP. A description of the evaporator 

operation, the proposed improvements, and the benefits are summarized below. 
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Trnc P%TP evaporator is used to recover a portion of the nitric acid used to regenerate 

thc ion-exchange resins and also to reduce the volume of EELW. A flow diagram of the ion- 

exchange regeneration and nitric acid recovery system is shown in Fig. 4. Currently, 4542 L 

(1290 gal) of nitric acid at a concentration of 2.7 r\r is used to regenerate the ion-exchange 

resin in one column.. The resulting eluate solution contains calcium, magnesium, cesium, and 

strontium salts with an excess of nitric acid. The unreacted portion of the nitric acid is 

recovered by evaporation. The nitrate salts are concentrated in the evaporator and 

transferred to the LLLW system for disposal. 

After proaxsing thrce batches (3600 gal) of the eluate in the evaporator, 946 L (250 gal) 

of concentrated nitrate salts are gcnerated; 11,355 L (3OOO gal) of dilute nitric acid are 

recovered in the makeup acid tank L7; and 1324 L (350 gal) are left unproccssed in thc 

evaporator fced tank L9. ?'he existing one-stage evaporator is not designed to recover 

enough of the nitric acid for total recycle; conscquently, the evaporator condensate is too 

dilute to use as regenerant. Fresh concentrated nitric acid must be added to tank L7 and 

mixed with the condensate, which is then used as ion-exchange regenerant solution. Excess 

eluate is left in the evaporator feed tank L9 so that fresh nitric acid can be added to L7 

without exceeding the 4542 L (12 gal) batch size, Because there is no place to store the 

extra 1325 L (350 gal) of eluate left in L9, it is currently neutralized with sodium hydroxide 

and transferred to the LLLW evaporator feed tank. Here it is combined with less- 

concentrated LLLW from other processes at ORNL, evaporated, and stored. The nitrate salt 

concentrate from thc PWTP evaporator is transferred to the LLLW concentrate storage tank. 

The addition of an extra condensatc storage tank with a metering pump at the PWTP 

evaporator system will significantly ieducg, LLLW generation. With the addition of this 

equipment, the extra eluate that collccts in L9 can bc procgssed in the PWTP evaporator and 

the surplus con ensate stored and recycled into the process waste flow stream ahead of the 

softener. The metering rate of the condensate to the softener must be adjusted is maintain 

the concentration of nitrates in the PWTP c€fluent to less than 10 ppm. The relatively small 
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amount of additional concentratcd eluate from evaporator processing d l  be transferred to 

the LLLW system* 

A significant reduction in the amount of cancentrated LLLW sent to MYST is expected 

with the addition of the extra condensate holding tank at PWTP. Most of the feed to the 

LELW system from other sourws at QRNL is very dilute with specific gravities close to 1.0. 

The LELW evaporator coilcentrates the feed to a s ifie gravity of 1.2. Thc specific gravity 

of the excess eluate from B W P  is usually greater than 1.1; therefore, the LLLW evaporator 

does not reduce the BWTP eluate volume by a substantial amount (estimated 25% volume 

red~ct ion) .~ The PWTP evaporator is capable sf a 13-to-1 volume reduction. If the excess 

eluate were processed in the PWlT evaporator, the volume of concentrated LLLW 

contributed by P could be reduce by over 50% for either of the proposed upgrade 

strategies. Figure 5 shows a diagram of the P W P  column regeneration and evaporator 

system with the proposed condensate hol ing tank. Other potential evaporator system 

improvements, also shown in Fig. 5, are described below. 

As discussed in Sect, 3.2.1, the PWTP ion-cxchangb-: columns are regenerated with a 

solution of nitric acid. This acid is partially recovered by collecting the S'WTI-P evaporator 

condensate. Additional fractionation of the ion-exchange eluatc: would eliminate the nccd 

for the coi~dcnsate storage tank discussed in Sect. 3.22 and could result in complete recovery 

of unreacted nitric acid. In addition, removal of the excess acid from the eluate concentratc 

could produrn a product that might be solidified at PWTP and thereby eliminate the 

production of LLLW. 

Laboratory-scale scouting tests were performed to reduce the. volume of and to solidify 

the PWlT evaporator bottoms in The volume of the present evaporator bottoms was 

reduced 41% by additional evaporation followed by lime addition to neutralize the small 

quantity of acid left in the concentrate, 'The matcrial solidified at 45°C at 60% of the 

original volume. The resulting product, however, was a mixed waste due to the chromium 

concentration. 

Additional research and development is needed to determine the leachability of thc 

solidified evaporator bottoms and to test stabilization techniques. The logical location for 
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the solidification equipment would he in the evaporator room of Bldg. 3544, but space is 

currently very limited. A separate facility would need to be constructed for solidification 

operations adjacent to Bldg. 3544. 

A discussion of the economics and the time constraints involved in adding a fractionator 

and solidification system to PWTP is includ Sect. 3.6.2. Since limitations in funding and 

the shoat time frame for equipment use make fractionation and solidification upgradcs 

unfavorable, the condensate holding tank discussed in Sect. 3.2.2 was recommended for the 

proposed flow sheets. 

3.3 P Y 

A list summarizing the initial estimate of equipment needs at PWTP for both the CS-100 

aiid HCR-%/z@olitc upgrade options is given below: 

settling tank 

sand filters (2)  

PWTP feed punips (2) 

solids-contact softener 

condensate storage tank 

flow meters (4) and recorder for ion-exchange columns 

resin dewatering equipment 

3.4 ~-1oolL;&owswEET 

'l'he CS-180 upgrade would iiivolve installing the equipment listed in Sect. 3.3 in addition 

to replacing the HCR-S resin with the CS-100 resin. The flow sheet for this system is 

shown in Fig. 6. The SPIX system was operated at PWTP Srom April 1976 to Septcmbcr 

1981 using CS-100 resin with the existing softener. Extensive rescarch and development was 

performed for the SPIX system in 1963' and in 19 "J' to optimize systcm operation and to 

determine the limitations of the process. Actual plant operating data and information from 

the research reports were used as a basis for evaluating the GS-100 flow shect. 
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The CS-100 system would be relatively easy to implement; ho-rvevcr, the plant would be 

far more complex to operate than the current p roms or the past SPIX process. The existing 

ion-exchange columns could be reloaded imme iately with CS-100 resin using normal plant 

procedures and both I3?Cs and %3r could be removed from the wastewater to comply with 

DOE Order 5400.5 limits. However, there are additional proccssing steps that are now 

necessary that were not being performed in the past, In the former SPIX operation, the filter 

press was not available for softener sludge processing. The sludge was simply pumped to a 

holding pond at SWSA 5. Currcnt operation of the CS-180 system would require the added 

use of the. filter press, which involves prcxoating the press, uinloading processed filter cake 

into drums, ckaning the press, and handling the drums. These operations are performed 

usually two times per shift in addition to the extra maintenance involved with the sludge 

pumps and filtcm: press hydraulics. Compared to current operation at the plant, the frequency 

of column regcneratisns and eluate evaporations would be more than doubled with CS-100 

use. The additional operation of replacing resin in the ion-cxchange columns would be 

nemssary cvcry 38 to 40 days compared to fewer than once per year for current operations. 

With all these additional tasks, routine operation may require extra personnel, and control 

of the system may bc morc difficult when equipment problems arise. 

The longevity of the CS-100 resin was determined in several pilot-plant and laboratory 

studies performed for the SPIX process? The reports indicatc that breakthrough of 137Cs can 

be expected after a coluinn throughput of 2000 bed volumes using new resin. The resin is 

expected to last no more than 20 loadinghegcneration cycles before its capacity is significantly 

reduccd due to degradation. The degradation is caused by the nitric acid and sodium 

hydroxide uscd to regenerats: the 

The results of the above studies were used to estimate the resin usage and the number 

of waste containers needed to store the waste resin for thc CS-I00 system. It was assumed 

for the purpose of the comparison that the CS-100 columns would be regenerated every 2000 

bed volumes and that the resin would be replaced every ten regenerations to preserve the 
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resin capacity and to avoid excessive amounts of ion-exchange eluate LLLW. The resin 

would need replacing ten times per year, generating close to 14.2 m3 (500 ft3) of resin waste. 

It also was estimated that four 3.442 ( 120-ft3) high-integrity containers (HICs) would be 

needed Lo dispose of this resin. 

An estimation of LLLW generation was made for the CS-I00 system based on SPIX 

operating procedures and on the expected operational improvements of the evaporator system 

that should result from adding the extra evaporator eondensate tank. To regenerate the CS- 

100 resin, 6434 L (1700 gal) of 0.5 nitric acid would be used. The resin would then be 

converted to the sodium form by flushing with 20 bed volumes of 0.1 M sodium hydroxide, 

which is recycled to the plant feed via the plant sump. For every three evaporator runs, 

which total 19,300 L (5100 gal) of eluate, an estimated 1060 L (280 gal) of LLLW 

concentrate will be generated. If 110 regenerations are performed per year, then 3236 L (855 

gal) of LLLW concentrate will be produced per month. 

The chemical requirements €or softening, coagulation, resin regeneration, and pH 

adjustment were calculated rather than using SPIX plant records, which were not rcadily 

available. The usage of sodium hydroxide was calculated from the stoichionietric 

requirements for precipitating average amounts of hardness from the process waste stream 

added to the amount used in the 0.1 M sodium hydroxide used to regenerate the resin each 

year. The nitric acid requirement was calculated based on the expected yearly vol\ume of 0.5 

- M nitric acid to be used for column regenerations. The amount of sulfuric acid used to 

neutralize the process waste prior to discharge was Calculated bascd on the pH of the ion- 

exchange effluent. The current dose rates of polymer and ferric sulfate coagulants in the 

existing softener were used as a basis for calculating the yearly requircmcnts of these 

materials. 

Like the CS-100 systcm, this upgradc would also require installation. of thc equipment 

listed in Sect. 3.3. The existing HCR-S ion-exchange system would remain unchanged for this 

upgradc; however, a pH adjustment station would be added ahead of the columns to lower 

the pH from 11.5 to 8. The ternporasy zeolite column and sand filter currently installed 

ahead of the softener would be removed, and a new zeolite system composed of thrce 
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columns would be constructed downstream of Clear Well L5 (Fig. 7). The entire flow sheet 

for the HCR-Sheolite system is shown in Fig. 8. 

35.1 pH Adjustment 

An additional pH adjustment system will k added to reduce LLLW generated from 

premature ion-exchange regenerations. Durin current operation, the pressure drop in the 

existing HCR-S ion-exchange columns increases during processing and sometimes 

necessitatcs premature regeneration to eliminate the plugging deposits. The plugging i s  

causcd by post-precipitation of calcium and magnesium from the softener effluent at a pH of 

11.5. A pH adjustment station, added upstream of the isn-exchange columns to lower the 

pH, will stop the precipitation reaction and eliminate the plugging problem. 

35.2 New Zeolite System 

In thc existing PWTP system, the WCR-S ion-exchange resin removes %Sr and a 

temporary zeolite column is used to removc 137Cs when 137Cs feed concentrations are 

unusually high. Because the discharge limit for 137Cs will be reduced by DOE Order 5400.5, 

the *37Cs removal capacity at PWT€' must be increased. For this flow sheet, the temporary 

zeolitc column will he replaced with a permanent system of three columns in parallel to triple 

the current 137Cs capacity. The proposcd columns will be installed in a permanent concrete 

diked area and piped into thc system downstream of Clear Well LS. Column feed pumps will 

be necessary to deliver up to 180 gal/min niaxirnum to each of the three columns. 

Support systems will be necessary for loading and dewatering the zeolite columns. 

Loading thc columns will involve the use of an overhead hoist for loading bulk quantities of 

zeolite into the top of the column, followed by filling and flushing the column with water to 

remove Leolite fines. This operation may be performed in a separate building with a storage 

area, dust ventilation, and climate control. 
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3253 Operating the HCRSrzoolite System 

The advantages of the HCR-Sizeolite upgrade are the reduced frequency of ion-exchange 

column regenerations and the corresponding reduction in LLLW produced at the plant. 

Operational procedures for the HCR-S/mlite upgrade would not be significantly different 

from current operations, although the zeolite system and ion-exchange pH adjustment station 

would require additional monitoring and maintaining. The amount of sollid low-level waste 

generated is increased because of the production of spent zeolite. 

The zeolite system will require several additional infrequent operations that will have a 

small impact on operator work load. The columns will need to be filled with fresh zeolite and 

flushed to remove zeolite fines prior to placement on-line. Once a column is spent, it must 

be removed from the system and taken to a location where dewatering of the zeolite can bc 

performed. These two operations should take place no more than once every 2 months. 

Monitoring and backwashing the columns are a familiar duty at the plant and should not 

significantly impose on other operations. With the reduced frequency of HCR-S resin 

regcneration, the operator should have more freedom to handle zeolite operations. 

3.5.4 Waste Generation and Chemical Requirements 

The amount of LLLW generated at the plant for the HCR-S/zeolite process was 

estimated assuming significant reductions in volume resulting from addition of the new 

softener and the evaporator condensate storage tank. Plant experience indicates that the run 

time of an HCR-S resin column is directly related to the levcl of hardness in the column feed. 

When the resin is loaded with calcium and magnesium, which compete directly with ?3r, the 

column is removcd from service for regeneration. The replacement of the existing softener 

is expected to reduce the level of hardness in the ion-exchange column feed by one-half, 

which will double the capacity of the resin for %Sr removal. As a rcsult, thc freyucncy of ion- 

exchange column regenerations will be reduced by one-half as will the volume of L I L W  

eluate. In 1988, an avcrage of one regeneration per week was performed giving an avemgc 

column throughput of 3400 bed volumes. With the upgrade, the capacity oC the ion-exchange 

columns should be increased to 6800 bed volumes before regeneration is neccssary. The 

addition of the condensate holding tank in the evaporator system will eliminate dilutc ion- 
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exchange eluate transfer to the LLLW system. The amount of LLL waste generated for 

every three eluate batches processed by the P evaporator should be 1060 k (280 gal) of 

eluate concenteate only. At an average of slightly over two regcncsations per month, the 

average volume of LLLW concenteate generated per month should be 734 L (194 gal). 

The amount of organic ion-exchange resin waste generated using this system is relatively 

small. The HCR-S resin is very stable and not significantly degraded during acid regeneration. 

For the purpose of this study, however, it is asumed that the r a i n  will be replaced every 30 

loading/rcgeneration cycles. 1 % ~  replacement will generatc an avcrage of 0.94 m3 (33 ft3) of 

resin waste per year. 

The chcrnical requirements for the I-ICR-S/zeolite system were calculated based on 

expected operating parameters, Sodium hydroxide usage was calculated based on  pM 

requirement and stoichiometric requirement for removal of average amounts of hardness in 

the softener. Usage of nitric acid was based on an estimate of the amount of 2.7 W_ nitric acid 

presently used to regenerate resin. The amount of sulfuric acid needed to neutralize the 

softener effluent was also calculated. "lie yearly quantities of polymer and ferric sulfate 

coagulants were calculated based on current dose rates in the softener. 

The quantity of spent zeolite and the number of disposable columns generated per year 

were calculated based on the expected capacity of zeolite for 137Cs. The operation of the 

zeolite system will involve feeding pracess waste from Clear Well L5 downstream of the ion- 

exchange columns to onc or more of three zeolite columns installed in parallel, each with a 

capacity of 6.3-L/s (lW-gal/min) flow. The columns should be capable of treating at least 

15,000 bed volumes (146M gal) for removal of 137Cs.2 It is estimated that 23 m3/year (808 

ft3/year) of spent zeolite will be genceated, which results in the disposal of six columns per 

year. 

The initial order-of-magnitude cost study For the upgrade was perforancd with emphasis 

on comparing the two systems rather than on the actual dollar amounts necessary for each 

upgrade. 'Ihc infarmation in Sects. 3.3 through 3.5 was used to determine operating and 

disposal costs for the two systems. The capital investment for the two systems was cictermined 

using a standard estimating procedure and equipment costs acquired from several industry 



sources.""213 The details and results of the initial cost study are described in the following 

sections. 

3.6.1 Cust+stimating Methods and Results 

The procedure for estimating the total fixed-capital investment for the flow sheets 

involved determining equipment costs and applying ratio factors to the total equipment cost 

to estimate other costs such as installation, electrical, piping, engineering, supem"sion, etc.12 

The equipment costs for both upgrade options were determined using several standard 

s o u r ~ e s * ~ ~ ~ * ' ~  along with plant cost indices" to scale up to 1988 costs. Recommended ratin 

factors12 of 47% for instaliation, 66% for piping, and 11% for electrical were increased to 

75%, 106%, and 15% respectively to allow for increased cost of performing work on 

contaminated systems. The factor for instrumentationf2 was increased from 18% to 20% and 

$so00 was added for flow indicators and a recorder for the existing ion-exchange columns. 

The engineering and supervision factor" of 33% and the contingency factor of 10% (of total 

indirect and direct casts) were increased to 50% and 15% respectively to allow for increased 

cost of approval and documentation requirements. 

Operating and disposal costs were determined from the information discussed in Sects. 

3.4 and 3.5 and based on the foollowing additional considerations: 

1. The amount of softener sludge generated per year will be the same as what is 

currently generated, or about 110 m3 (3900 €t3) €or both upgrade options; 

however, the addition of the Sludge Volume Reduction Facility, which is 

expected to remove excess water from the sludge, will reduce the volume by 

SO%. 

The cost of solid low-level waste disposal is $1412/m3 ($40/ft3), and thc cost of 

liquid waste disposal in the LLLW system is $13.2/L ($50/gal), based on 

information provided by the HazardousAXadioactive Waste Operations group of 

the Environment and Health Protection Division.'6 

Labor, analytical, and utility costs are assumed to be the same Cor both upgrade 

options. 

Future costs are calculated based on a 5% annual inflation rate. 

2. 

3. 

4. 
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Table 1 shows the comparative costs of the two flow sheet options. The study shows that 

though the capital investment for the 1I-PCR-S/zeolite upgrade is  $43913 higher than thc 

investment for the CS-100 upgrade, the extra mt of operating and disposal for the CS-100 

causes it to be far more expensive in t e r m  of the total 10-year costs. In fact, the 

additional capital for the HCR-Slmlite upgrade could bc rertc-Pvered in less than 2 years from 

the savings in total yearly operating cc>sts. However, the cost of the HCR-Slzeolite system 

is beyond the $1.2 M limit for GPP fun 

The feasibility of additional. PWIT evaporator system upgrades discussed in Sect. 3.2 was 

evaluated to determine the potential cost benefits. The advantages of eluate fractionation 

and solidification include the cost savings of recovering a greater percentage of the nitric acid, 

eliminating the cost of PWTP LLLW production, and virtually eliminating nitrate discharge 

from the plant. 

While the reduction in nitric acid costs is low, the elimination of LLLW results in 

significant cost impact. The savings expected by recovery of the nitric acid will be about 

$4Wycar in fresh nitric acid purchases. The cost savings expected by eliminating LL'I,W 

generation are based on Tablc 1 current generation of 14,800 L (4700 gal) of evaporator 

waste per year and an LLLW disposal cost of $13.2/L ($5Q/gal>.* If the technical problems 

associated with chromium stabilization in the solidified cluate can be solved, it will be possible 

to eliminate LLLW disposal costs of $230Wyear. 

Processing and disposal costs must be evaluated to estimate the actual cost savings 

expected by solidifying the waste. The costs associated with solidification processing were 

difficult to estimate, however, because of the wide range of available cost information. An  

approximate cost of s~lidification processing of $4746/m3 ($138/ft3) was determincd from 

thc solidification of MVST LLLW in concrete6 This cost ($87Q,oOO) is based solely on costs 

of solidification scrvices for 17, gal) of waste. The project took place in 

December 1988 and January 1989. This solidification project, however, was not considered 

a good example for estimating the costs because of the experimental nature of the work. The 

US. Nuclear Regulatory Commission (NRC) cost-estimating guidelir~es,'~ provided the 

information that was used to calculate an estimated cost of $459/m3 ($13/ft3). Tlie NRC 
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Table 1. Initial cost evaluation: 
RCP-S/%eolite vs Cs-laa systems 

Direct costs: 

HCR-S/ zeolite 

Item 
Softener 
Feed pumps (2) 
Sand filters (2) 
Settler w/pumps 
Condensate tank 
Resin drying station 

Booster pump 
Zeolite loading sta. 
Zeolite columns (3) 
p H  adjustment tank 
A c i d  metering pump 

Installation 
Instruments & controls 
Piping 
Electrical 
Buildings & yard 

T o t a l  direct costs 

capital costs 

cs-100 

cost I $MI Item Cost [$Mr 
$90,000 Softener $90,000 

20,000 Sand f i l ters  (2) 20,000 
6,400 Feed pumps (2) 6,400 

32,600 Settler w/pumps 32, G O O  
25,000 Condensate tank 25,000 
16,000 Resin drying sta. 16,000 

$190,000 
2,500 

31,300 
43,500 
3,900 

28,800 
$274,000 

% of purchase HCR-S/ 
costs zeolite cs -. 10 0 

75,000 $206,000 $143,000 
20 f $8,000' 63,000 46,000 
106,000 291,000 201,000 

41,000 29,000 15 I 000 
35 I 000 96,000 66,000 

$697,000 $485,000 

$971,000 $ 6 7 5 , 0 0 0  

Indirect costs: 
B of purchase HCR-S/ 

costs zeolite -I_ CS-100 

Engineering & supv. 
Construction expenses 
Total indirect costs 

50, O O b  $137,000 $95,000 
34 I 000 93,000 65 I 0 0 0  

$ 2 3 0 , 0 0 0  $160,000 

~ o t a l  direct and indirect costs $1,2Q1,000 $835.,  000 

contractor's fee (5% D & I )  
Contingency (15% D&I) 

60,000 42,000 
180,000 125,000 

Total fixed-capital investment $1,441,000 $1,002 i )  0 0 0  



le I. (continued) 

Labor 1 operator 3- 1 OperatQr -k 
0.5 supv. $400,000 0.5 supv. $400,000 

NaOH 24,800 gal 24 I 800 44,550 gal 44 , 600 
Chemicals: 

HNO, 4,180 gal 2 I 60Q 6 , 3 3 0  gal 3 , 900  
6 , 7 8 8  gal 3 , 5 0 0  1 7 , 0 4 0  gal 8 , 900 H2S0, 
1,400 gal 1,300 1,400 gal  1,300 Ferri floe 

Polymer 40 gal 500 4 0  gal 5 0 0  

IX Material: --- --- HCR-S 33 ft3 2 8 00Q 
cs-100 --- --- 4 9 5  ft3 104 , 000 
zeolite 808 ft3 42 I 800 --- --- 

Utilities $50 8 600 $ 5 0  , 0 0 0  

Analytical $200 O O Q  $200,000 

Tatal operating costs/ $4728fOO0 
year 

$813,8QO 

HCR-S/zeolite cs-100 
Rate Quantitv/vear $M/vear Quantitv/vear SM/year 

LLLW 
Solid waste $59/gal 2,350 gal $118,000 10,270 gal $514,000 
Softener S L  
(dried) $40/ft3 1,900 f t3  76,000 1,900 ft3 76 , 000 

Subtotal & 2,541 ft’ $b09,300 2,395 f ts  $ 96,000 

IX resin $4 O/ f t3 3 3  f t 3  1,300 495 f t 3  20,000 
Zeolite 40 f t 3  808 ft3 32,000 - - 

Containers: 
$87 , 000 - - Zeolite $14,50O/ea. 6 ea. 

H I C S  $ 7,400/ea. 3 ea. 2 9 0-00 4 ea 30,000 
Subtotal $89,000 $30,000 

$3 16 r‘ 000 $640,000 
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T a b l e  1. (continued) 

Capital costs 

Yearly costs: 
Operating costs 
Disposal costs 

Cost summary 

HCR-S/Zeolite -~ cs-100 

$1,441,000 

$728,000 
317. OOQ 

$1,002,000 

$813 I 000 
640,000 

T o t a l  yearly costs $1,045,000 $1,453,000 

Future costs 

PCR-S/Zeolite cs-100 
10-year operating & disposal 
costs (5% inflation rate) $13,558,000 $18,852,000 

10-year future value of capital 
(5% inflation rate) $2,376,000 $1,652 I 0 0 0  

T o t a l  10 year cost 815,900,000 $20'500,000 

a$8,000 added fo r  IX column flow instruments. 
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guidelines produced a low estimate because of the large size of the processing plants (nuclear 

power plant scale) that were evaluated and because depreciation casts were not taken into 

account. To obtain a rough estimate of the proassing cost for PWTEP, the NRC estimatc was 

doubled to account for a smaller-scale plant and the additional depreciation costs, giving an 

estimate of $918/m3 ($26/ft3). The disposal cost of the solidified waste product was estimated 

to be $23K/~ear,~ which when added to the processing costs gives a total cost of $54Wyear. 

A net savings of $1176wy@ar would result cornpard to the existing proeessing procedures. 

This estimate does not include the associated costs of additional research, development, and 

engineering. 

An important consideration for feasibility of this system is  the period of time the 

equipment will be used. The time required for the additional experimental studies, cost 

estimating, engineering design, and construction would be at least 3 years, which leaves only 

about 5 years of operation before the equipment would bc placed out of setvice due to 

startup of the new PWTP. It is doubtful that the research, engineering, and capital costs 

could be recovered in this short t ine period. 

The initial cost estimate discusscd in the previous section indicates that the limit for GPP 

funding will be exceeded without the costs of these additional upgrades. For this reason and 

because of the short equipment life discussed previously, additional fractionation and 

solidification of the PWW evaporator bottoms were not considered for the interim upgradc. 

Because the GPP funding limitation, an ainenddd, second phase cost study was performed 

to reduce costs to within the GPP limit and to stay within the GPP funding time frame. The 

initial proposed upgrades were reviewed to determine equipment that could be eliminated 

with the least impact on plant opcration and waste minimization. The final upgrade option 

was chosen after revising both upgrade flow sheets to reflect equipment modifications and 

after reevaluating system casts and operations. 
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4.1 UPGRADE EQUIPMENT MODIFICATION 

After discussions with Waste Operations personnel, BVST were Ldtermined to be 

adequately equipped with mixing capability to keep solids from settling and accumulating in 

the tanks. The settler tank was therefore removed from the upgrade plans. The sand filters 

were also removed from the €low sheets because the likelihood of obstructing the rakes of 

the softener is lessened with the use of ISVST, where grass and larger materials are less likely 

to enter the system than with the existing EB 3524. Without the sand filters, which add 

pressure drop to the system, the BVST feed pumps will be adequately sized to provide the 

higher flow rates anticipated for the future. New PWTP feed pumps were thereforc removed 

from the plans. 

A surplus tank is available that could be used Tor holding condensate in the PWTP 

evaporator system. The cost of this tank was deducted from the purchased-equipment costs. 

However, its cost was included when using the ratio factors for estimating other dircct costs 

for the tank such as installation, etc. 

In the original flow sheets, funds were allocated €or resin-drying equipment. Dewatcring 

resins and other materials that require transportation and disposal are common throughout 

ORNL; therefore, a separate GPB or service contract should be implemented to address their 

disposal. The funds for a drying facility, therefore, were deducted from the purchased- 

equipment costs. 

Table 2 shows the results of the second and final cost estimate. The final flow shccts for 

the two systems reflecting the equipment changes are shown in Figs. 9 and 10. The 

comparative results are similar to those obtained in the first estimate. The capital cost of thc 

HCR-S/zeoiite system is $456K more than the cost for the CS-100 system; however, the total 

8-year cost of the CS-100 system exceeds the HCR-Wzeolite system by $3.4 M. 

The original 10-year costs wcre reduced to 8-ycar costs to more accurately reflect thc 

estimated time frame for operation of the interim upgraded plant. The interim upgradc is 

a 1990 GPP scheduled for construction completion in early 1991, and the new plant should 

be functional by 1999 if it is a 1991 line-item project. 



0 ab le 2. ~ i n a l  coat evaluation: 
m x - B / z e o l i t e  va (38-100 aystems 

-I_- __ 
Capital costs 

Direct costs: 

HCR-S/zeolite cs-100 

Item cast ($MI I t e m  Cost (SM) 

Softener $90,000 Softener $90,000 
Condensate tank (25 I 000') Condensate tank (25, O O O a )  
Zeolite feed pumps (2) 5,000 Total 
Zeolite loading sta. 31,300 
Zeolite columns (3) 43 I 500 
pH adjustment tank 3 , 900 
Acid metering pump 2.800 

Total  $177,006 [ 2 0 2 , 0 0 0 ]  

% of purchase 
costs 

Enstallation 75,000 
Instruments & controls 20 + $~,ooo' 
Piping 1U6,OOO 
Electrical 15,000 
Buildings & yard 35,000 
Total 

Total direct costs 

Indirect costs: 
% of purchase 

costs ___. 

Engineerhg & supv. 50 , 000 
Construction expenses 34 , 000 

Total indirect costs 

Total. direct and indirect costs 

Contractor8s fee (5% D & I )  
Contingency (15% D&I) 

Total fixed-capital investment 

HCR-S/ 
zeolite 

$152,000 
4 8 , 0 0 0  

214 , OQO 
30,000 
71.000 

$692,000 

HCR-S/ 
zeolite 

$104 , 000 
69,000 

$173,000 

$865, 0630 

43 , 000 

$i ,036,oao 

128, Q O O  

90,000 
[ $115,000 J 

cs-100 

$86,000 
3 1 , 0 0 0  

17 , 000 
40 ,m 
122 , 000 

$296, ooa 

$386,000 

cs-100 

$58 000 
39,000 

$97 ,oao 

$483,000 

24,000 
73,000 

$580,000 
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Tabla 2.  (continued) 

Operating costs 

HCR-S/zeolite cs-100 
Quantitv/veag SM/vear puantitv/vear =year 

Labor 1 operator + 1 operator + 
Chemicals: 

0.5 supv. $400,000 0.5 supv. $400,000 

NaOH 24,800 gal 24,800 44,550 gal 44,600 
HN03 4,180 gal 2,600 6,330 gal 3,900 

1,400 gal 1,300 1,400 gal 1,300 Ferrif loc 
6,780 gal 3 I 500 17,040 gal 8,900 HZSO, 

Polymer 40 gal 500 40 gal 500 

HCR-S 3 3  €t3 2,000 --- --_ 
Zeolite 808 ft3 42 I BOO --- --- 

IX material: 

495 ft3 104,000 cs-100 --- 

uti1 ities $SO I 000 $50,000 

Analytical $200,000 $200,000 

Total operating costs/ $728,000 
year 

$813,000 

Disposal costs 

HCR-S/zeolite cs -7.0 0 
Rate Quantitvhear $M/vear Quantitv/vear $M/vear 

LLLW 
S o l i d  waste $SO/gal 2,350 gal $118,00Q 10,270 gal $514,000 
Softener SL 
(dried) $40/ft3 1,900 ft5 76 000 1,900 Et3 76,000 
IX Resin $40/ f t3 3 3  ft3 1,300 495 ft3 20,000 

Subtotal $ 4 0 / f t  2,741 ft3 $109,300 2,395 ftr $ 96,000 
Zeolite $4 0 / f t; 808 Et3 32,000 - - 

Containers: 
Zeolite $14,50O/ea. 6 ea. $87,000 I I 

HICs $ 7,40O/ea. 3 ea. 2,000 4 ea 30,000 
Subtotal $89,000 $30,000 

Total disposal costs/year $316c000 $640 I 000 
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Capital costs 

Yearly costs: 
Operating costs/year 
Disposal. costs,/year 

Total yearly costa 

HCTi-S/zeolite cs-100 

$1,036,000 $580 000 

$ 7 2 8 , 0 0 0  $813 , 000 
317,000 640,000 

!$1,045#000 $1,453,008 

Future costs 

KCR-S/ zeolite - - ~  CS-PO0 
8-year operat ing .& disposal 
costs (5% inflation rate) $P0,279,000 $14,292,000 

8-year future value of capital 
(5% inflation rate) $1,546,000 $865, O Q O  

a This item is not included in total purchase costs, however it i s  
added in to estimate the installed costs. 

8K added far IX column flaw instruments. 
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The difference in the disposal costs is the key factor in the comparison. Thc cost of 

disposing of the much larger amounts of LLLW produced in the Gs-100 systeiii result in a 

$324K&ear difference between the two options. The second estimate also indicates that the 

HCR-Slzeolite option can be implemented for $1.036 M, which is  less than the upper limit 

for GPP funding. 

43  m w  s 

The benefits of the CS-1 upgrade option include the law capital expense and the 

relative ease of replacing the r a i n  in t 

material. Long-term costs, operating casts, and disposal costs, howcver, Eavor the HGR- 

S/zeolite system. e decrease in frequency of ion-exchange column regenc rations and 

cvaporator opcrations will make coordination of tasks and maintenance less difficult with the 

HCK-$/zeolite system than it would be with the CS-10 system. Based on both operating 

and cost evaluations, thc MCR-S/zeolite system was recommended for the PWTY interim 

upgrade. 

@xisting ion-exchange columns with the CS-1 

5. SUMMARY QF FINAL UPGRADE FEOW SHEET 

Compared with the current PWTP operation, the proposed HCRS/zeolite interim 

upgrade (Fig. 9) will decrease disposal costs, increase process wastewater feed capacity, and 

increase 137Cs removal capacity significantly- A new softener, a pK adjustment station, a 

higher-capacity zeolite systcm, and an additional evaporator condensate holding tank will bc 

included in the upgrade. The maximum-feed-flow capacity of the plant will increase from the 

current 10 Ws 4160 gal/min) to 19 L/s (3 gal/min). The new zeolite system will triplc the 

plant's capacity for removing 137Cs and will reduce the discharge levels to well below the new 

limits set by DOE Order 5400.5. Addition of the new softener will decrease the amount of 

ion-exchange eluate by 50%, and the added condensate holding tank will eliminate the 

trarnsfcr OF hnnproccssed eluate to the LLLW system for a total 70% reduction in P 

LLLW production. The amount of soilid waste generation will incrcase by 30% due to the 
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generation of spent zeolite waste. As a whole, the cost of waste disposal at the plant will 

decrease by more than 50%. 

Using the operating and disposal costs that were the basis for this study, the capital costs 

for the HCR-Sheolite upgrade will be recovered in 5 years or less of operation. Although 

the addition of the zeolite system will make the process slightly more complex, the revised 

process should be less sensitive to upsets and should operate with a greater degree of 

reliability than the current system. 
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