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ABSTRACT 

As a means of reducing the quantity of radioactivity released 
to the environment by radioactive liquid waste discharges at 
ORNL, it is proposed that two 50,000-gal stainless steel storage 
tanks and a 600 gph stainless steel, submerged-coil evaporator 
be installed in the existing excavation for 2527 Building. The 
tanks, approximately 10 ft in diame_ter by 85 ft long, will be 
equipped with cooling coils attached to their outside surfaces 
for removal of a maximum of 300,000 Btu/hr of decay heat, and will 
be supported inside a concrete vault for containment. '!he evapo­
rator and a feed tank will be installed inside a cell shielded 
with 5 ft of concrete and will process mainly intermediate-level 
waste from the concrete tank farm, but will be able to evaporate 
high-level waste as well, if required. Two additional cells for 
the condenser and other off-gas equi:pment will be housed with 
the evaporator cell in a building with an operating area and 
sampling gallery. '!he capital cost of this installation 1s 
estimated to be $1,226,000. 

NOTICE 

This document contains information of a preliminary nature and was prepared 
primarily for internal use at the Oak Ridge National Laboratory. It is subject 
to revision or correctian and therefore does not represent a final report. The 
information is not to be abstracted, reprinted or otherwise given public dis­
semination without the approval of the ORNL patent branch, Legal and Infor· 
mation Control Department. 
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1.0 INTRODUCTION 

A study of the existing ORNL liquid radioactive waste system Ylas 

'Wldertaken vii th the objective of determining how the system should best 

be modified to reduce the quantity of radioactivity released to the 

environment while retaining the maximum flexibility consistent ,-lith safety 

and economy. It was postulated that this objective could best be achieved 

by providing new storage capacity for'segregation and contairunent of high­

level wastes, an evaporator for concentration of intermediate-level wastes, 

and a more efficient process than the present lime-soda treatment for 

decontaminating the low-level wastes. This report summarizes the considera­

tions and bases used in the conceptual design and preliminary cost estimate 

of the proposed high-level storage tanks and intermediate-level evaporator. 

The proposed modifications of the lOif-level "mste system are treated in a 

separate report. 

2 • ° 8ur,1MARY 

It is proposed that two 50,000-gallon stainless steel storage tanks 

and a 600 gph stainless steel submerged-coil evaporator be installed in 

the existing excavation for 2527 Building. The tanks, for containment of 

acidic high-level Haste solutions from the Laboratory's hot processing 

areas, vTould have dimensions approximately 10 ft in diameter by 05 ft long 

and will be contained inside a concrete vault. The alternate Of neutralizing 

the wastes and storing in mild steel tanks Ylas rejected because the larger 

storage volumes and more complex cooling system required for alkaline 

storage nullified the cost advantage of mild steel. 

The hiGh-level ,·;a.ste solutions will be collected from Buildings 3517 

and 3019 in existing tanks 8-324, and 1-1-19 or H-20, sampled, and routed either 

directly to the high-level waste tanks or to the evaporator feed tank for 

concentration before storage. A maximum of 300,000 BtU/hI' of decay heat 

can be removed from each storage tank by vTater cooling coils attached to 

their outside surfaces. Air spargers .. .fill be provided for agitation 

and radiolytic hydrogen dilution, and provisions 'fill be nU.-tde for access, 

sampling, and solution transfer between tanks. A vlater-cooled condenser 

wi th a heat duty of L~50, 000 BtU/hI' vTill be provided in the vessel off-gas 

line to be used in the event of a COOling system failure. 1he vessel 

off-gas will be processed by caustic scrubbing and filtraticln before 
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release to the 3039 vessel off-gas system. The vessel off-cas 

will be housed in a cell with inside dimensions about G ft x 1)1- ft X 

ft Cee;..>, shielded wi.th t,·ro feet of concrete. 

'ri1e evaporator, a vessel about 10 ft in diameter by 12 f't 

"lith internal steam coils, vIill serve to concentrate intermediate-

level alkaline vlastes from the existing concrete Vlaste tanks, but could 

be used to concentrate high-level vlastes if the occasion d.emanded.. s 

type evaporator VlaS selected in preference to either the extelnal tube 

cnest or the vapor compression types because of its greater simplicity and 

lower capital cost. It will be installed 'with an evaporator feed tank in 

a cell 14 ft x ft x 20 ft deep, shielded ,vi th 5 ft of concrete and ,vith 

removable roof for access. The vapor from the evaporator 'vIII be 

condensed, monitored, and sent to process vlaste. The condenser en,::;' catch 

tanl.;: vill be installed in a cell 8 ft x ll~ ft x 13 ft deep shielded. vith 

3 ft of conc::cete. The condenser cooling ivater will be circulated to an 

air-cooled heat outsid.e the shielded area for heat rerr.ova1. 'rhe 

eva.pora tor concentrate vill be returned to the concrete tank farrn for 

storace. The vessel off-gas vill be processed in the same equipnent used 

for the iVCl.ste tank off-gas. The cell off-gas 'I{ill be filt.ered 

before release to the 3039 cell ventilation off-gas system. 

A buildinG dimensions LiD ft x 65 ft x 20 ft high will be 

constructed over the cells and 'Inll contain a 20-ton overhead crane, an 

opero,tine; area, and a sampling gallery. 

'lYle capital cost of this installation is estimated to be ;;:1, 

and should require 0133,600/year operating cost. 

3.0 GENL1{AL CONSIDERA'l'IONS 

3.1 Flovrsheet mcd Phystcal Descl~iJ?tion 

A schematic flowsheet of the high and intermediate-level 1llaste 

collection system is ShO'ID in Fig. 1. vlaste is assmned to 

be acidic Vlastes containing 6-months-cooled fission products. A maximum 

specific acti vi ty of 2800 curies/gallon is assumed. for desiGn pD.l1Jones. 

'rhe high-level vlaste comes from Building 3517 via tank 8-324 or 1'1'0;11 

3019 via tanks W-19 or W-20. It is sent to the high-level vTaste 

tanks, either t'i.irectly or by vm..y of the evapm"ator feed tn:nk. 
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i3pecii'ic act:Lvity of be-b,ecn 10 and 10-5 curies/gallon) comes fro;il 'clle 

existil1f'; con',~r8te w::.,ste ta.nks and is fed to the evaporator, ei t11er 

directly or ttrough the evaporator feed tank. The concentrated bottoms 

arc 2'ct\.m:wd. '~o tile concrete storage tanl;:s; the overhead vapor is COl1-

densed, monitored, and. discharGed to process viaste. If tne specific 

activity of the conclensate is too high, the condensate can be sent bad;: 

to t~le evapore.tor. 

II. plot plan Silovlir..g the proposed location of the waste collection 

system and tile IJJ:ocess lines connecting this system to other points of 

the laboratory l:aste system is shOlm in Fig. 2. 

l:1ajor service requirements are for 5700 Ib/hr of steam for the 

evaporator and abO'J.t 25 gallons/.rnin of cooling water to each of' the 

,','aste tanks, r.L'i1e cooling lvater requirement could be as high as 100 gal/min 

if ,.;astes oi' t.le I:Jf'.ximat:l specific activity were stored. 

The shield:LnG requirement for the evaporator cell has been calculated 

to be 5 ft of concrete. This calculation is based on the assmuption tllat 

the talli;: is filled over a 2-1/2-year period vi til w'B.ste sol'J.tiol1 1-1ith an 

oric;inal specific activity of 2200 curies/gal. 'rhe sJ:lielding requirement 

for the condenser cell has been calculated to be 3 ft of concrete, based 
106 on the aSGUDIption that 10% of the Ru in the evaporator volatllizes 

during em evaporation. The shielding l'equix'ement 1'or the o;f'i'-gas cell 

has been calculated to be 2 ft of concrete, based on the s of' a 

20 cfm of'f-sac: flOi-l, a carry-over of 10 mg of liquid per CL'"bic Geter of 

off-gaD, and an emptying of the caustic scrub tanl" ever,;/ th,,'ee vcc~:s. 

A one-story cl1ml8e r00111 and an operating area 16 x 55 x i'c 
will be located on the south side of the evaporator cell. A S:11:1:91e 

gallery 12 x x 9 ft high will be located on the north si:J.e. '::~le 

cells will have roof slabs opening under a con"vaimnent cove:c 10 i'c ~1J.t;~1. 

This area ,\lill be provided vri th a 2O-ton gantry crane foI' re!~;ov:LnG l'oof 

sle"bs and equipment. An air-cooled heat exchanger for t~le 

coolinG wa. tel' ,'lill be located south of tile building. 

12,youtS of the "l11ste collection system are sholm L, 

5· 
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3,2 Higl1-Le~'ankage 

Since it is not possible to predict with assurance either the 

characteristics or rate of production of future high-level wastes at 

the Laboratory, decisions on such matters as tank capacity, material 

of construction, and cooling requirements must be based prir:l.ari1y 

on general considerations. It is expected that these wastes will be 

in the form of nitric acid solutions and can contain a thousand or more 

curies of mixed fission products, or the equivalent, per g~110n. Existing 

concrete tanks are limited to storage of only very modest amounts of 

activity because of their poor thermal characteristics. Jury1 has estimated 

that these tanks can effectively dissipate by conduction about 17,000 Btu/hr/ 

tank when all six tanks are full and their contents at their boiling point. 

This is equivalent to 0.1 Btu/hr/gal, or about 10 curies/gal of mixed 

fission products. The new tankage must contain all wastes of higher 

radiation levels than this. 

A decision of how much storage capacity to install based on predicted 

requirements at ORNL is difficult to make at present, but a choice based 

on an economic analysis of capacity vs cost per gallon provides a sound 

basis for selecting the minimum size tank that should be built. It was 

decided that two tanks should be installed to provide one empty standby 

at all times. Figure 6 shows the variation in the unit cost of installed 

stainless steel tanks in $/gal, with total tank capacity over the range 

000 to 100,000 gallons. Although the curve does not pass through a 

minimu'TI, it is apparent that the region of greatest economy is that 

for tanks of 50,000 capaci ty and greater. This can be seen even 

more clearly from a plot of the slope of this curve against capacity 

(Fig. 't). It was concluded that two tanks of 50,000 gallons capacity 

each I'Jere the smallest that could be built and yet be econornically 

justified. A summary of the cost factors used in this analysis is 

given in the AppendiX, Table A-I. 

Stainless steel (type 304~)has been specified as the material of 

construction for the waste tanks. The alternative of using mild steel 

tanks and neutralizing the wastes before storage was considered. but 

decided against. Neutralization of the wastes would result in a volurae 

increase of about 30%; mild steel tanks vTould therefore need to be larGer 
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,_-,.i.. l:iz::;,·;:,ion of 't;l.le -VlD.S'Ges \-iOu,ld result ill. the format:i.on 0 

t:l1e IJl'oblem OJ.' 

bLes cool. If mild steel tcnks 1-lere used, ·therefore., eit:ler 

"rould have to be inst.alled or the t:.se of 

'Llio w:::.s'ce -'canl;: facility '<[auld have co be restricted to \RJ.stes of (,1, lO,IeI' 

S:Sjl'ci.fic act~Lvity. It i·ras concluded t~lat t~le cost of' tile req'tl:Lreci, 

;:ldc.5~:i()~1C11 ca})!:1city and t:1e more complex cooling system I{Oclld nullil'y 

cost of mild steel. 

'i'hl"ee (.i.i.f':i.'crent design confiGurations were considered f'or the vlast.e 

L::t:nk.s: (1) ve:ctical cylinders wi til an approximate diameter of 30 ft and a 

of 10 ft encased in a concrete vault, (2) horizontal 

diameter of 10 ft and a of' 

stainless steel contain:nent jackets and ea:;."th shielding. 'rilese 

tions ar'€; Sil0'iv11 in Fig. 6. A prelimir:ary cost estimate Gave costs of 

oco, OCO and ;p268, 000, respect.i vely. 'The use of GouJl.e.cd e2.rti1 

can redu.ce the thickness of' side shieldinG required for ( 1) 

and cmel.. reduce these costs. A breakdown in these estimL',tes s 

i,n 'C~ie Appen<iix, il'able 1,-2. 'rhe configuration of horizontal c;J'lin6,ers in a 

con'::l'ete v:3,ult '<las C::lOsen for this design on the basis of' these esLim:ltes [;,nd 

other considerations. First) tl1e horizontal tanks can be 

ltlhich h: construction for this hazardous service is a defir,i-ce 

LLJe -vr::lste soll.-ltion can be more 

'(biln in vc:ctical tonks becau.se of their 

t~an the equivalent dimension of tlle vertical tanks, ther(1)y 

3·3 l~v'::l?~~ 

~he evaporator ,·rill have a design capacity of Gee 
OlJerated on a seT?li-b:),tch basis. '1';le main use of t{~e evapocatC':c \Jill lie 

to concentFdte in'cenilediate-level 'Hastes that a1'e current1y col1ec 

at the concrete tanl{ farm and subsequently being released to 'i:;he ,,'[,,:,n,e 

disposal trenches. These w'astes "Iill have a c activity or bc:Li,een 

5 curies/gal and 10-5 curies/ge,l. chemical cOJ:'lposition vrill Vetry but 
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is ex:pected to be approximately 0.3l:,! NaH03, 0.2l;! NaOH solution. lIigil­

level acidi~ waste solutions can also be concentrated in the evaporator 

U1) to 2<300 curies/gaL 

LD,.boratory boil-down tests have been made on botl1 actua.l and synthetic 

\~aste solutions. 'rhe tests on the actual waste solution indica ted that a 

volume reduction of ltO to 1 was obtainable. The tests on the synthetic 

waste solution indicated that a volume reduction of 20 to 1 could be 

acllievee., out that large quantities of solids would precipitate when the 

solution vms cooled; a volume reduction of 16 to 1 was recommended. 2 At 

this concentration the specific gravity of the solution is L 45, ti1e boiling 

pOint is 2311?F. The physical properties of tIli s solution measured over a 

range of concentrations is given in the Appendix. 

Since previous experience with this stream using the original ORNL 

waste evaporator shm'led that foaming was, at times, a severe problem, 3 a 

study \Vas mad.e by an MIT Practice School group on the rela ti ve sui tablli ty 

of two types of evaporators for use on intermediate-level '·Tastes. An 

evaporator with an internal coil and an evaporator with an external steam 

chest were the two types tested. A synthetic solution approximating the 

average analYSis of the waste solution was used for the evaporator feed . 

A volume reduction of 17 was achieved with the external steam chest type 

in an extended run with no indication that a further volume reduction 1([ould 

not be possible. Tr1e over-all heat transfer coefficient declined by 6010 
the course of the run. Over-all heat transfer coefficients 1(lith 

the internal coils ,,,ere about ti-lice those with the external tube chest. 

No foaminc; or scaling was observed ,·Ii th either evaporator type. 

Approximate evaporator prices were obtained from fabricators for 

three type s of evaporators: a vapor compre asion evapora tel', a natural 

circulation evaporator with an external tube bunc.t.:;,.e, and a natural 

circulation evaporator with an internal steam chest. 'l'he capacity in 

each caSe was about 1~0 gal/hr. Tne estimated costs were $77,000 for 

the vapor compression evaporator, 4122,500 for the evaporator with the 

external tube bundle, and ~)9, 000 for the evaporator with the internal 

steam chest. For concentratiUG ::;olutions 'VIi th a high boilinG point. rise, 

a vapor compression evaporator must either have an oversize compressor 

or be linli ted in the concentration obtainable. 'l'his factor 8J.ld t"'lle 
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11:1.cJl cost of the vapor compressor ty·pe of evaporator led to t:w droPlJinli 

of ·~:hts from consideration. The chief advantaGe of the evaporator 

",'it;l the external tube bundle is the greater accessibility of the !leating 

Thls advantage is a d.ubious one for tIllS applica-

tion, however, since mechanical descaling \-lould hardly be attemped on o_n 

evaporator handling highly radioactive solutions and since scaling does 

not seem to be a major problem with intermediate-level i;lastes cnywy. 

For these reasons, this type of evaporator was not considered furtllGl'. 

The evaporator with the internal steam chest suffers fror,l tIle disadvantage -

sJmred wi t11 the other two types - that the many welds required in the tube 

sheet ,.1.11 offer many opportunities for leaks to develop, and a single 

major leal;: will necessitate the replacement of -che evaporator. For this 

reason the evaporator with an internal steam chest was dropped from 

consideration in favor of an evaporator ,·lith several submerged coils. 

This type of evaporator would have a greater freedom from le[,lw them the 

other types considered and s~lould be little if any more expensive than the 

internal steam chest tYI)e. '.rb.e cost is estimated to be in the ;i,8,oco-. 
~Jl2, 000 rcnL;e, 

4. ° WASTE TANK DE'l'AILS 

1+. 1 Cooling 

Because tae corrosion of stainless steel by acidic waste solutions 

is an order of magnitude less rapid at environmental temperature s th:."J1 it 

is near ii.;s boiling pOint (several hundredths of a mil/month VB several 

tenths OJ.' a r,1il/1':lOnth) , it I·;ill be necessary to cool the tanks to 1,1aint,'1in 

ti.le walls at or below 1300 F. The primary cooling system "Till ccmsist of 

a set of stainless steel coils "\-relded to the outside of ti1e tt1,nl;:, '1'1.1(" 

secondary system will consist of a set of ti tanil.un coils inside tile 

tank and a standby condenser for emergency use if the primary system for 

either tanI,- Ghould fail. 

The expected maximum heat load of 116,000 Btu/hr occurs 1-I;1Cn t:::!C 

waste tank is filled with waste with a specific activity of 700 c"..1TiGs/Ca1 

''':l.en charged. 'l'his heat load can easily be removed with the extcrIlal 

cooling system only. At heat loads (up to aboLJ.t ):OO}COO Btu/:1r) 

the external cooling system will continue to lceep the "liJ.l1s of the tan};: 

below l30 0 F. IIeat transfer in the sludge at the bottom of the t<.ml~ is 

poor, hm.rever, c.ncl at these larger heat loads the heat e;enentted in the 
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ui.l1 not transfer to the i;alls rapiclly enoueh to prevent local 

\['nen thi s overheating becomes severe enouGh, 

ot'.Ll[;in[ c_nd syatterinLS of the w::lstes will result. 'E'1e function of the 

:Intclnal coolinG coil is to remove the excess heat generated in the 

tile re by preventing butlpinc; and spattering . Calculations indicate that 

witll both the internal and external cooling coils in use a maximum aeat 

10:~ld of ll.80, aGO Btu/hr can be handled. 

Tile primary cooling will consist of lengths of 1-1/2 in. 

welded to the outside of the tank. Because the pipes carrying the cooling 

,·rater do not come in direct contact with the waste solution no possibility 

of contandnation exists and a closed cycle cooling water system will not 

be necessary for containment. The cooling water pipes should be attached 

at approximately 12-in. intervals on the bottom of the tenl\. 'Where the heat 

load would be hi[;;1.1 because of precipitated fission products and heat transfer 

vrould be inhibited by any sludge that would be present. Along the sides 

of t:1e tank the pipes could be spaced at 18-in. intervals. A total of 

lengti1s of pipe ("'1900 ft) would be required, 9 lengths on the bottom and 

5 on eacll side (see . 9). 

The internal coils will consist of a staggered arrangement of 1-1/2-in. 

pipes at about 1 ft from t;le bottom of the tank and 1 ft apart. A total 

lcnGtll of about 650 ft is required. A maximum of about CO,OOO BtU/ill' 

of heat could be removed from a layer of sludge by these coils. Since ;chese 

coils \'rill not be needed unless unexpectedly hiGh heat loads 2.Te encountered, 

t:1;) coil ,-,ill not l,e initially connected. to a source of coolinG 1,[S. tIle 

outside the tank and ofT. 

Fa,ilure of t~l.e COOling "later service 'Till lead to a tempera.ture rise 

in the liGate tank of at most 10F/llr for a heat load of l+Co,COO 

'L'he actue_l ro_te of temperature rise vrill be reduced considerably by the 

amount of heat removed 1-lith the cell off-gas; at least four d.ays and 

probably many Dore will be required for the tank contents to reach t:Cle 

boiling point. Should bOiling occur before the cooling water system has 

been repaired, the vapors generated vrill be condensed in a stand-by reflux 

condenser and returned to the waste tank. 

Some consideration t'nw C;i ven to an alternate cooline; usinG 

lJentanc. In this several 

welded to t~le outside of the ,laste tank. These blisters vio:'I.1o. be: connecLec1 
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:::ig. 9. Arrangement of Internal and External Cooling Coils for High Level Waste Tanks. 
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to air-cooled condensers ab'Ove the tank and charged i'rith ::.;cntane. IIeat 

generated. by vw.ste solutim in the tank would be dissipated -Co the pent::me 

in the blisters, ry:lC pentane l{ould boil, be condensed :Ln the condenser 

above the tank, and returned to the blister. The temperc.ture of the 

system ,,[ould be :{ept at the boiling of pentane (970
1"); en increase 

in the quantity of heat generated ,vould increase the pentane boilup rate, 

but not the temperature. The pentane in the system "lOuld be replaced 

periodically (once a month) to prevent by-products of pentane irradiation 

from accumulating. The pentane system 11as the advantages of' high heat 

transfer coefficients and the ability to adjust automatically to varying 

heat loads. The system has not been used in any application dealing with 

radio::Lcti vi ty, hOwever, and there w'as considerable reluctance to depend. 

on 2.n untested system for service. The idea of the 1)entane 

syster.1 HilS accordingly dropped. 

h.2 Ts.nk l\texiliaries 

Spargers will be installed in each waste tallie at about 9-ft intervals 

for a total of about <) spargers per tank. These spargers will be sized 

to handle a flow of up to 10 cfrn per sparger. Under normal operatinG 

condi t:,-ons there will be a flmr of 2 cfrn into one sparger at each end of 

the il'Clste tank. 'rhis flow 'Hill be sufficient to dilute and sweep 'Out 

the radiolytic hydrogen from tile waste tank. 'fue off-gas .Till be ,d thdrmm 

from near the top of the access pipe. On those occasions '-Then access to 

the waste tanks is necessal"y-, a sweep of air do'wu the access will be 

required to prevent gas-borne acti vi ty from carried out. A floi'l 

of "'100 cfrn will be required. For -chis case, the flow ivill be down the 

pipe and out a large off-Gas line located on top of the waste tank near 

the access pipe. On those rare cccasions 'When cf the 

contents of a waste tank is necessary (because of transfer of its 

contents) a flow of 10 cfrn wlll be put through each 8parger simultar..eonsly" 

This larGe flow of off-gas vTill be wi thdra,m the off-gas 

line, with a small side flow through the access 

1mergency access to each .mste tank will be .-pipe 

riser from the middle of the top of each v,aste tank to a in the 

roof shield. A removable roof plug will be above the flange. 

A spray head will, be installed just inside the access 80 th~1t local 

contamination can be washed down just to tile hatch. 
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Jets and pipiXl8 .Till be installed so that ,,,aste Golution can be 

tr.'lnsferrccL directly from one waste tank to another. Also, soluJdon 

f'ror;t the sump of one "Taste tank pit can be tro.nsferred to the otl':.er 

'Vraste tanl;:. Extra jets and noz.zles will be installed on each waste 

tank for possible future need. 

Provision will be made to sample each waste tank and the sump of 

the ,mste tank pit. 

Instn7.Hentation will include level, density, temperature, and 

pressure measuring devices. 

5.0 1VAPORATOR DETAILS 

5.1 Evaporator and Evaporator Feed Tawe 

'l'11e intermediate-level waste evaporator and the evaporator feed tank 

vI11 occupy the same cell. l1'he probable inside cell dimensions will be 

lLI ft ,-lide, 36 ft long, and 20 ft deep. Shielding e qui valen t to 5 ft 

of concrete ,nll be provided. A stainless steel liner v1ill be installed 

on the bottom of the cell and will extend approximately )1· ft up the 

enouc;h to contain the contents of either the feed tank or the evaporator 

if a rupture should occur. 

It is expected that the evaporator cell will be installed in the 

excava tion oriGinally intended for Building 2527. The depth of this 

excavation is such ('" 17 ft in spots) that the evaporator cell ,.Jill be 

underGround; the bottom of the roof plUGS will be about Ground 

level. 'rhese roof plUGS .,ill be retlovable to al101'7 access to the cell 

for major 

'rho feed tan1;: will be apprOximately 10 ft in diameter by 12 ft high 

wi th a 6000-gallon opera tine; capaci ty. It 'dll serve both as a feed tank 

for the evaporator nnd as a diversion t.smk for distributing the hic(n-level 

vTaste solution bet"loen the t",O waste tc.nks. Since collection Jeanks for 

high-level waste solutions are alread.y in existence, transfers to t]1(; high-level 

\:aste system can be made in lo.r8e batches with long intervals betvlcen batches. 

These transfers can be made while the evaporator is shut d.ovm beti,een runs; 

hence there should be little conflict betvleen the ti-TO functions that the 

evaporator feed tank is designed to accomplish. Transfer froll the feed 

tank "rill be by means of steam jets. 
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A coil will be 'Yielded to the outside of the feed tank so that the 

tenperature of the waste solution in the tank can be kept suitably Ipw 

(,,-,120oF) and so the tanlt can be heated for decontamination. vlith the 

coils 'welded to the outside of the tank a leak in a coil will not provide 

a path for the escape of waste solution outside the cell; hence no 

cooling system will be needed. Ninety-thousand Btu/hr is the probable 

maximum heat level that have to be removed from the tank. zontal 

coils of 1-1/2-in. pipes spaced at 18-in. intervals vdll suffice. 

A sparger will be installed to perr.a.i t agitation of the tank prior to 

sampling or emptying. An air flow rate of 25 CLm will provide good 

tiona The system be sized to handle this flow rate although lesser 

flow rates will probably be adequate for most requirements. 

Instrumentation will include level and density measurements) pressure; 

and tempera -Cure. 

Other connections to the feed tank will include a vent connection to 

the vessel off-gas system and an addition line for reagent addition. 

The evaporator will be made of 304L iJtainless steel and • .fill be 

about 10 ft in diameter by 12 ft high. Internal steam coils wIth a heat 

transfer area of about 600 sq ft will be used, and a steam coil vTill be 

provided in the vapor to break foam. The evaporator will be 

on a semi-batch basis. At the beginning of a run the evaporator will be 

charged ,vi th about 2200 gallons of waste solution from the concrete tanks. 

DurinG the run fresh vTaste solution will be c..dded at the same rate as 

vapor is wi thdrav<'ll overhead. The solution in the bottom of the evaporator 

will therefore become more concentrated until the is 

reached at which further concentration is no longer feasible) 

at a concentration factor of bet'Vleen 10-to-l to 15-tc-1. At this 

the evaporator will be shut down and the concentrated vlG.ste solution Hill 

be cooled and then transferred either back to the cO!:'.crete vlaste tanks (if 

the specific is less than 5 curies/gal) ar to either of tlle -G'>1O 

stainless steel waste tanks (if the specific activity is th~l 

5 curies/gal). The length of a run will be about 40 hours. 

The concentrated evaporator bottoms will be transferred by a subIaerGed 

steam jet. A type of jet specifically designed to handle se.mge and s1uo..c;e 

will be used. It will be necessary to cool the concentrated evar:orator 

bottoms to about 1900 F prior to jettingj this will be done by 

cooling water thr01 .. tgh the steam coils. Tnere '\ri.ll be no bOttOJ~l opening 
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the evaporator, '1'he evaporator will not be designed for the removal 

of a coil in the event of a leak. There ,rill be six 

coils l)X'ovided so that in the event of a leak in one coil that 

:par-e} cular coil can be shut off without reducing the capacity 

of the 2Val)orator. If further leaks develop and other coils must be 

shut off', the entire evaporator vessel Vlill be replaced. 

A spar~;er vrill be installed to permit agitation of the tanl~ prior 

to or emptying. An air flow rate of 25 cfm Vlill provide good 

the system Vlill be sized to handle this flo\{ rate although 

lesser floyr rates Vlill probably be adequate for most requirements. 

'.'-'he evaporator heat load Vlill be approximately 6,000,000 Btu/hr. 

Instrur.1entattion will include level and density measurements, pressure 

and temperature. A device to indicate foam level will also be installed; 

1;11i8 d.evice ,.,rill probably be a multi-point conductivity probe, since suc~'l 

a device has ylOrked well in the past. 

5.2 Foam Breaker 

As a meo..ns of control of foaming in the evaporator, should it occur, 

a hi,gh-pressure steam coil will be provided within the vapor space above 

t:ne bO:ilinc liquid. It is expected that this coil ,dll be cf 

approximately Go ft of l-in. pipe bent in the form of a spiral (F:ig. 10). 

5.3 De-entrainer 

Tb.e function of the de-entrainer is to remove the large entrained. 

Uquid droglets, redudng the quantity of radioactive pa.cticles 

tha t reach the filter and simplifying maintenance on the tel' aEd 1'e l.ated 

equipment. 

'1'he de-entrainer will be mounted just above the evaporator and \1ill be 

of the impinGement (Fig. 11) Ref. 5). Vapor the eva.vo:cator 

,viII underGO tyro changes of dire:::!tio::1 at high velClcity;Gl.'"lis Hill 

remove entrained particles that are in diameter than o.,1:,':.>ut 6 microns. 

rme de~entrainer be about 36 inches in diameter. The expectei pres~:mre 

drop vill be 5 inches of 'VTa ter. 

5.l~ Filter 

Tne function of the f:i;~ter is to remove the micron and. submicl'on sized. 

entr.:;jned liquid droplets from the vapor stream. 'l'he filter 'viil'::" be mOl.lntecl 

outsid.e the evaporator cubicle and "rill consist (,f G. ·c~iiclc beet cf Yockmesh 

liJC).cle from 81'.18.11 diarneter vrire. It will be similar tO~;.le t':L1Lcr used. by 
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10'-0" Diameter 

UNCLASSIFIED 
ORNL-LR-DWG 57136 

Typical 

1" Sch. 40 
IPS Pipe 

Fig. 10. Steam Coil Foam Breaker for Evaporator. 
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;11;[ on~:H:il' Im·r-level 'l-raste evaporator. 'file :Li1ter bed '1-1111 be o.pIJroximately 

ft in C.ial.1cter and 3 ft thicle and made of stainless steel meGll. '.L'~lis mesh 

'Jil1 be I!lade of 0.00L:·5-in. ,-lire packed to a density of 1) Ib pel' cu ft. From 

results obt",ined ,'Iith the BNL filter} a filter decontarllination factol' of' 

:-:.PIJroximately 1000 is e:A,})ected. Heat losses from the filter assembly should 

be erea t enout:')l to condense a small f:caction (1 to 2%) of "ri.le vapor flo"ring 

through it} tl1.ereby providing a continuous washdown of the mesh and prevent­

ing any buildup of solids. The filter assembly will be designed for easy" 

Tcplacement of the mesh. The expected pressure drop is 15 in. of water. 

5.4 Condenser 

'rhe condenser will be sized for a heat load of 5 X 10
6 

Btu/hr. Such 

a beat load will reQuire a considerable Quantity of cooling vatel" and} 

:'a"tiler than overload the plant process ,.;rater system} a recirculating 

cooling 'later system will be used. 'rnis will consist of a '700-gal surge 

-canl,} a 350-Gal/min pump, with a spare} and an air-cooled heat exchanger. 

'r:le llea t exchanger will be approximately 12 it X 13 ft X 10 f't l1.igh. 'l"he 

recirculating system will not reQuire shielding. 

5. ):. Catch Tan::'\: 

Condensate from the condenser will be collected in the 300-gal catch 

tank and fron1there will nO.rmally drain to the process water drain. A 

monitor will measure the activity of the condensate going to the catch 

tank and) i.f ti1.is activity exceeds a pre-set value (10-5 curies/gal) will 

o.ctuo.:'ce an alarm and close a valve in the process 'VD.ter drain line. The 

catch tank vill then be drained back to the evaporator until the upset 

-Lhat caused t:le hiGh condensate acti vi ty level has been corrected. 

I'Then l1ig11-level waste is being evaporated) the condensate will contain 

too r:rUC~l acti vi ty to be di scharged to the process va tel' drain even 'J.nder 

tile best of conditions (a d. f. of 10'7). In this case the condensate will 

be jetted to the concrete waste tanks. 

6.0 OFF-GAS SYSTEiVj 

6.1 Vessel Off-gas System 

The vessel off-gas will normally consist of a 1 dIll flOll from the 

evaporator feed tank} a 1 cfm flow from the evaporator condenser} a 1 cfb 

flow i'rom the condensate catc11 tank} and a 4 cfm flow from each of the 
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"; .. ,'q'O ir'~(l;~; te tanks vlith a total pressure drop of 2L:- in. H2O. The flm'l" f'l'cm 

~l1e I-nlste tanks can be much higher upon occasion--up to a maximUl:1 of 100 cfm 

l"rolll one -~-ank \lith a L~ of about 5 in. H20, The off-c;as floi'TS fr'om these 

V1."r~Lous sources idll be combined and sent through a scrubbeI') a small heater 

(to recluce rela ti ve hwni di ty and prevent condensation in the I'il ter)' and a 

1003~ TIH absolute filter or equivalent efficiency deep-bed Hanford-type filter) 

ani discr.aTged into the plant off-gas system. 

'rhe condenser vill be sized to condense all vapol' from a '·I3.ste tank 

should a failure of the cooling system occur and the tank contents boil. 

'This load is assumed to be L~50,OOO Btu/hr, but i·vould probably be considerably 

less, Wi th a ,:::'T of 50 0 F and a U of 100, a surface area of "'100 ft2 vill be 

required. Since the condenser is intended for emergency use only, it vill 

not n0!111..ally be operated. 

The scrubber vill consist of a packed column '7 ft high and 12 i.n. in 

diameter vi th a counter-current flov of caustic solution. Tile licfJ.:id flcvl 

rate vould be 10 gal/min. A li'lUid storage tank of about :::"50 gal capacity 

would be :ce'luired. 

The heater vill be sized to heat the air leaving the scrllb":Jer about 

5°F and thereby reduce the relative hUlllidity to about 855b. A steal:l 

jacll:.et on a 3- ft length of pipe vill suffice. 

An absolute filter cal")able of handling 150 scfm vill be installed. In 

normal operation the filters vill be changed before the level of acti vi-(,y 

becomes high enough to malce direct maintenance infeasible. T'LJ.e fi.lte:cs 

will be installed behind shielding, hovever, in case a surge of aCl~i.vHy 

should occur and the fi.l tel's should become 'lui te hot. 

The vessel off-gas vEl. -be tied into the 3039 VOG system near Bu::"lding 

3505· 

6.2 Cell Off-Gas 

The cell ventilation eyJ1aust vrill be sent through absolute filters pre~ 

ceded by P.AF FG-25-50 prefilters to the off-gas header near Building 3505" 

T'ne approximate flO\-TS through the various cells vr1.11 be as follOl.JS~. 9CiU eI'm 

for the evaporator cell, 2600 cfm for the vTaste tank cell, 250 cfn for the 

condenser cell, and 250 cfm for the vessel off-gas treatment area. In general, 

flov w.i.ll be from non-radioactive to potentially radioactive to knolm radi.c .. 

active areas. The flovs vill be regulated to maintain "-'3/Lt.-in. of vtater 
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:Jegati.ve pressure in the cells and .....a.I-in, of water in the secondary 

(containment zone. This system mIl be tied in to the 3039 cell ventilation 

exhaust system near Building 3505, 

7.0 SAMPLING 

A 'l'horex sampler system, modified to provide mechanical movement 

of sample bottle, mll be installed in the sample gallery. This station 

will include positions for fifteen sampling points of which eleven mIl 

initially be connected. The carrier loading station will be designed 

to transfer the sample bottles to a shielded carrier using a viewing mndow 

and ball joint manipulator. 

8.0 COST ESTIMATE 

The capital cost of the evaporator and storage tank i.nstallation 

has been estimated as follmrs: 

Evaporator Cell and Building 
Services 
Equi.pment 
High-Level Storage Tanks w/E~uipment 
Off-gas System 

Subtotal 

Construction Overhead 
Engineering 
Contingency 

Total 

$172,000 
24,000 

140,000 
324,000 
90,000 

~~220, 000 
145,000 
lllJOOO 

$1,226,000 

The cost of evaporator and waste farm operation i.s estimated as 

f:)llows: 

Steam* (140,ooo Ibs/day, 300 days/yr) 
L~ MY Operators 

$ 33)600 
100,000 

45133,600 

*Based on 007b s-eeam effi.ciency, $0.80 per 1000 :Lbs of steam c(:st, 

HOW: JOB: WGS/nr 
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'I'a-ble A-L Installed Costs of High=level Hast.e Tanks of Various Capacities i.n Concret.e Cells 

Capacity Dimensions {ft2 Vol. Concrete Cost ~~l 

Tank1 Fixed2 (gal) d h (cu. yd) Concrete Total $/gal 

15,000 20 8 266 53,200 36,500 200,000 289,700 19·30 

25,000 25 8 344 68,800 52,500 200,000 321,300 12.80 

50,000 35 10 563 112,600 85,000 200,000 397,600 7·95 

75,000 35 14 639 137,800 113,000 200,000 450,800 6.00 

100,000 lj{) 12 714 142,800 138,000 200,000 480,800 4.81 

~sed on $85,000 estimate for a 50,000-gal stainless steel tank by Chicago Bridge and Iron, and 

assumes cost varies to 0.7 power with capacity. 

2Fixed costs for the purposes of this study include off-gas system, cooling system, emergency 
reflllX condenser, piping, sampling, instrumentation, and engineering. 

I 

~ 
I 
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Table A-2. Estimated Costs of Alternate Waste Tank Designs 

.;A.lternate 1 

Concrete; 1230 cu yds at $15/cu yd* 
and Pans; 2 at $67,000 each 

Alternate 2 

Concrete: 1226 cu yds at $lOO/cu yd 
Tanks: 2 at $50,000 each 
Stainless Steel Pan: 2572 ft2 at $8/ft2 

Alternate 3 

Taruts: 2 at $130,000 each 
Extra Backfill: 1538 cu yd at $5/cu yd 

$141,500 
134,000 

$275,500 

$122,600 
100,000 

20,000 

$242,600 

$260,000 
7,700 

*Higher concrete cost per cu yd because of longer roof span. 
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Table A-3. Evaporation of S;v:n;thetic Intermediate-Level \,taste-*2 

Vol. Reduction Specific Gravity at 

c.: Factor 95°C 70 0 C 26°c Room IV 

5 0.81 1.18 1.0357 

10 o. 1.27 1.011-13 

O. 1.21 1.0~J9 

0.84 1.17 1.0489 

J{.5 O. 1.21 1.0592 

2:1 O. 1.17 1.0734 

~,!.: 1 0.96 1. 41.~ 1. 
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20.1 2.70 

-X-This .Taste initially had the composition: 12.83 g/liter Na+, 0.4 
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O. g/liter C1-, and 3.4 g/liter OH- . 
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UNCLASSIFIED 
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DECAY TIME, (yrs) 

Fig. A-l. Variation in heat evolution with decay time for 
waste containing 6-month-decayed ftssion products. 
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