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AB STRACT 

This report documents the feasibi lity of de s i gn i ng ,  fabricat i ng ,  and 
testing a •obile acc ident response evaporator (ARE) that cou ld  be quickly 
and easi ly p l aced i nto operation at a nuc l ear fac i lity after an abnonmal 
event or accident has generated l iquid radioactive wastes. De s ign and 
develop�ent phase s of the ARE , using the recommended c limbing film design, 
are pre sented . 
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SUMMARY 

The acc ident at Three Mi l e  I s l and Un it  2 (TMI -2) fn March 1979 ha s 
shown that c leanup and decontamination operations of a nuc lear fac i l ity 
after an abnor.e l event or acc ident can generate l arge quant i t ies of 
cont .. i nated water and decontam inat ion solutions. S i nce it  may not be 
pract ica l to d i spose of some of the waste streams by ion exchange or direct 
sol i d ificat ion,  i t  i s  necessary to be abl e  to concentrate the rad ioact ive 
cont .. inants by evaporat ion. These concentrates cou l d  then be so l id ified 
for long-term storage or bur i a  1. 

The feas ibi l ity of des ign ing, fabr icat i ng, and testing a mobi le 
Acc ident Response Evaporator (ARE) that cou ld  be qu ick ly and eas i ly p l aced 
i nto operati on at a nuc lear fac i l ity a s  a decontam i nation support 
evaporator has been invest igated . As a resu l t  of th i s  investigat io n,  an 
ARE cou l d  be des i gned, fabricated, and tested , us ing a c l imb i ng f i lm 
evaporator concept . The c l imb i ng fi lm  evaporator concept , as  descri bed i n  
th i s  report , i s  recaa.ended s ince i t  best meets the des ign and operat iona l 
requ irements. The ARE wou l d  be abl e  to process nuc lear fac i l ity bu i ld i ng 
decont .. inat i on wastes and m i scel laneous l ow and med ium act ivity 
deconta. i nat ion solut ion s .  The feasibi l ity of proces s i ng th i s  waste wou ld 
be ascerta ined when the waste streams had been better characterized and 
tests perfor.ed. 

An ARE deve lopment wou ld be imp l emented i n  two phases.  The des ign 
phase , Phase I wou ld cover developaent of a pre l im inary des ign and 
test i ng .  The ARE equ ipment wou l d  be s ized and se l ected , and the 
prel i•inary l ayout determined . A prototype , fu l l-s ized evaporator wou ld 
then be fabr icated and tested with selected solut ions.  The procurement 
phase, Phase I I  (f i na l),  wou ld cover the fabricat ion of the evaporator and 
acceptance testing . F i na l  des ign and l ayout of the ARE wou ld be based on 
data obta ined from the waste stream test s .  The ARE wou ld then be 
fabricated and cold  acceptance tests run at the manufactur i ng p l ant . 
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The ARE would be operated at a nuclear faci lity by the facf lfty' s 
operat i ng personne l. The operating data wou ld be ana lyzed and any req uired 
•od if icat ions w ou ld be .. de t o  improve the ARE operation . 

Design,  fabr ication , and testing of the ARE wou ld take 2 year s ,  
. beginning with the preparation of the initial  design specification and 
conc lud i ng with the cold  acceptance test s. Afterwards,  the ARE would  be 
ready for operation at a nuclear faci lity. The estimated cost , in 1983 
do l lars ,  i s� 1 ,490 ,000. A nuc lear faci lity would require an estimated 
add it i ona1 � 440,000 for ARE site preparation and one year' s operation. 
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CONCEPTUAL DESIGN STUDY 
FOR AN 

ACC IDENT RESPONSE EVAPORATOR 

JUSTIFICATION FOR AN  ACC I DENT RESPONSE EVAP ORATOR 

An  acc ident or an unusua l occurrence at a nuc l ear fac i l ity can 
generate a l arge quant ity of rad ioact ive l iquid wastes that must be removed 
i n  order to return the fac i l ity to norma l  operation. The two preferred 
.. thods of re.av i ng rad ioactive contam i nants from the waste streams are ion 
exchange and evaporation. Al though both methods can sat i sfactori ly remove 
the contaai nants fro• most l iquid waste streams, an evaporator i s  better 
suited for stre .. s contai n i ng detergents or a h i gh concentrat ion of so l ids. 

Mo st nuc l ear fac i l ities have evaporators and dem inera l i zer s,  but they 
are des i gned for norma l p lant operat ions and genera l ly do not have the 
capabi l ity of hand l ing the add it iona l vo lumes of wastes that can be 
generated dur i ng an acc ident or an unusua l occurrence. Under these 
c ircu.stances, it wou ld be des irable to have an additiona l evaporator 
avai lab le  to the nuc lear faci l ity to c l ean the waste streams wh ich contain 
detergents or have a h igh concentrat ion of sol ids resu lting fro• 
decont .. inat ion. 

The Accident Response Evaporator (ARE) i s  a te.porary evaporator that 
cou ld process these radioact ive l iquid waste s. The ARE wou ld have the 
advantage of bei ng re latively .abi le, self-suffic ient , and easy to 
operate. By bei ng rel at ively mobi l e ,  the ARE cou l d  be quick ly and eas i ly 
sh i pped to any nuc l ear fac i l ity requir i ng  an evaporator on an emergency 
bas i s. If the ARE syste. was .aunted on trai l ers ,  it  wou l d  on ly be 
necessary to transport the syste� to its destinat ion. The trai ler s cou l d  
be p laced at a conven ient location at the faci l ity and the equ ipment on 
th .. interconnected and e l ectri ca l  power suppl ied. The system wou ld then 
be ready to be p laced into service. 

Hav i ng an ARE avai l ab l e  would avo id the delay assoc iated with the 
des i gn and fabr ication of a per.anent faci l ity s i nce it wou ld on ly requ ire 
a concrete pad and e lectr i ca l  power. S i nce it  wou ld be a ta.porary 
fac i l i ty,  the expenses assoc iated with se i sm ic qua l if icat ion wou l d  be 
• i n i•ized. L i cens ing delays wou ld  a l so be m i n im i zed s i nce the ARE cou l d  be 
operated under a nuc lear fac i l i ty's operat i ng l icense on a te.porary basts  
u nder 10 CFR 50.59, •changes, Tests , and Exper iments.• 

A per.anent evaporator wou l d  have to be assembled i n  a sei sm ica l ly 
q ua l ified bui ld ing at a f ixed l ocat ion at the fac i l ity and wou ld requ ire 
support fac i l i t ies in addit ion to the e l ectrica l power necessary to operate 
the evaporator. Based on th i s  and the fact that the need for the 
evaporator wou ld  be short l ived , a permanent evaporator may not be 
cost-efficient. 

A se lf-suff icient ARE cou ld be eas i ly set up at any nuc l ear fac i l ity 
wi th •1 n 1ma l  interference 1n  p l ant operat ions. The ARE wou ld not requ ire 





support ing uti lities such as steam , which m i ght not be available or easily 
access ible. In addition , the evaporator cou ld be set up at any convenient 
locat ion at the p l ant , e ither inside or outside , so that it wou ld not take 
up val uab le  space or be in the way of other operation s. An ARE would a l so 
be self-regu l at i ng to the greatest extent possible,  so that it wou l d  be 
easy to operate and woul d  requ ire little  operator train i ng. 

Fabricat ing a unit  wou ld verify the system design and operat ion under 
actua l operat ing cond itions. The system capabil ities wou l d  a l so be 
deter.ined since a w ide range of waste streams could be processed at the 
nuc lear facil i ty. The syste•• s deconta.ination factor , volume reduction, 
and concentration capabilities could be tested by proces sing 
decont .. ination solutions and other waste stream s. After processing the 
wastes and ana lyzing the data , the system wou ld be modified , if  necessary , 
to i�rove the ARE capabilit ies ,  and the ARE wou ld  then be avai l able for 
i.-ediate use at another nuc lear fac il ity. It  would also be possible to 
fabricate addit ional  ARE units based on the same design. 

Study Criter ia  

I n  order to for.ulate a syste• design description for an ARE ,  it was 
necessary to inve stigate current industr i al needs and contempl ate future 
need s. The fol lowing is  the result of that investigation and de scribes the 
capabil ities,  li•itations,  and require.ents of an optimum ARE. 

Syste. Scope 

The ARE wou ld be designed to process radioact ive waste solut ions at a 
nuc lear faci l ity and reduce the vo l u.e  requiri ng di sposition. The ARE 
wou ld have th e  equ f�nt necessary to provide a ca.plete evaporation 
syste., inc luding evaporator , separator , fnstruaentat fon , control panel , 
p� s ,  pip ing ,  and valves. In addition, there would be a distillate 
storage tank , a concentrates storage tank , a feed tank , and a stat ion wi th 
the capability to fil l container s with concentrates. Since the waste 
stre..s .. Y ca.e fro• a variety of l ocation s ,  it is assumed that the 
strea.s wou l d  be either sol i d  piped, or transported f n  dru•s or a tank 
truck to the feed tank. The ARE would a l so be des i gned so that the 
concentrates can be transferred directly to an adjacent sol idif ication 
syste. if ava i labl e. The syste. wou l d  be arranged on a •ini.u• number of 
trailers that can be transported and rapidly set up at a nuc l ear facility. 

waste Stre .. Characterization s 

For the purpose of thi s  study, the Three Mile I s l and Unit 2 (TMI-2) 
waste s treaas were used as a bast s  for characterization. There are three 
categori es of waste that can be considered for processing in an ARE. 
Although soae of the wa stes at TMI-2 have already been processed by 
EP ICOR I I  and the Sublerged Dem i neral fzer Systa. (SDS) , the various sources 
identified can for. a bast s for the des ign of an ARE app licable for other 
situations as well. 
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The three categor ies of wastes that shou ld  be con s idered for 
proces s i ng by the ARE ar� ( a )  low-tct iv ity so l utions such as bu i ld i ng 
decontam inat ion fl uids f( lQa Ct/c� ).  (b )  medtum-acttvtty so l utions such 
as reactor coolant system (RCS) decontam inat ion sol utions ( 10 to 10� :t/c� ) .  and ( c )  h i gh-activ i ty f lu ids (above 10� C i/c� ). 
The ltqutd-waste source s and vo fu.es can be broken down as fnd icated fn 
Table  1. 

I n  add i t ion, there are other ltqutd wastes, such as ant i-contam inat ion 
l aundry effl uent stre .. s ,  floor drain s,  and dem inera l izer regenerant 
sol ut ions,  that cou ld be processed by the ARE. The act iv i t ies and 
ca.postttons of these streams wou l d  have to be ana lyzed prior to be i ng 
processed by the ARE . 

The wastes l i sted i n  Tab le 1 are very conservat ive est imates of 
sources that coul d  potent i a l ly  be processed by an ARE. It may not be 
necessary for the ARE to process a l l  of the l iquid wastes s ince a lternat ive 
.. thods ,  such as a de� inera l izer syst .. , .. Y be used. The ARE cou l d  
process the l ow  act ivi ty bui lding decont .. inat ion sol ut ions s ince an 
evaporator is best suited for process i ng these waste stream s ,  espec i a l ly if 
they contain detergents or suspended d irt part ic l es. The process i ng of 
h igh-activity waste stre .. s w i th the ARE wou l d  not be recommended. 
However , when the bu lk  of the rad ioact ivity i s  re.aved from h i gh-activ i ty 
waste sources tn the Reactor Buil d i ng su.p , it shou ld  be poss i b l e  to 
process the res idual act ivi ty i n  ch .. ica l waste streams in  the ARE. 

The .. d i�act ivity RCS sol ut ions coul d  be processed through the ARE , 
however , they would need to be character ized further. In  genera l ,  the ARE 
i s  not suited for process i ng l arge volu.es of h i gh-act ivity wastes or waste 
stre .. s w i th apprec iab l e  a.ounts of f iss i le transurantc mater i a l. 

For radiolog ica l shie lding con s iderat ion s ,  a l im i t i ng factor 
pertain ing to the evaporat ion of l iquid wastes is the concentrat ion of the 
radioactive isotopes tn the concentrates. Based upon conservat ive 
calcu l ations,  and us ing approx imately 4 i n .  of lead sh ie lding with 2 i n .  of 
stee l p l ate , the rad ioact ivity in the concentrates shou l d  not exceed 
approx i .. tely 5� Ct/c� . Under th i s  assumption, normal  processi ng of 
low-act i v i ty wastes can be acca.p l ished. The .. dtu�acttvity wastes can be 
concentrated by a factor of approx i .. te ly 10 before they beg in to present a 
rad iolog ica l prob l em. A def i n i t ive characterizat ion of the wastes,  
equ i�nt s iz ing , and deta i led shie lding ca lcu l ations wou ld provide a 
better basts for sh ielding des i gn and a l lowab l e  concentrat ion factor s for 
each waste stre ... 

• 
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TABLE 1. EST IMATED L IQUI D-WASTE SOURCES AND VOLIJ4ESa 

Volulll (gal l on ) Curies 

Low act iv ity 

Reactor Bu i ld ing 
deconta. i nat ion solut ion 

Water-based 150 ,000 90 
Che�� ica l -based 40 ,000 10 

Aux i l iary and fuel hand l ing 7 ,000 60 
bui l d i ng che. ical decont .. i nat ion 
so lut i on 

Med iUII act iv ity 

RCS water 96 ,000 20, 000 

RCS deconta. inat ion so l ution 

Water-based 100,000 2 ,00Q-20,000 
Chatcal-based 500 ,000 2 ,000-20 ,000 

RCS flush and dra in  250 ,000 20 , 00Q- 100 ,000 

H igh act iv i ty 

Reactor Bu i l d ing su.p water 700 ,000 500, 000 

, 

a. E st i.ates are fro• the Three Mi le  I s l and Un it 2 Nuc lear P l ant. 

4 

4 C 1/cc 

0. 16  
0.07 

2.26 

55 

5 .28-52.8 
1.06- 10 .6  

2 1. 12- 105. 6 

188.6 
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�yst .. Regu ire .. nts 

The ARE wou l d  have to •eet severa l  criteria in order to prov ide 
opti.u. syst .. des ign .  S ince some of these criteria conflict w i th each 
other , each requ ire .. nt must be evaluated w i th respect to its 
sign ificance. ARE requireaents and their importance are as fol lows: 

o Reasonably pr i ced--It  is  desirab l e  to  minimize the capita l 
invest.ent in the design and fabrication of an ARE . A te�orary 
evaporator such as the ARE shoul d  be efficiently designed w ith 
si� l e  contro l s  for satisfactory operation. 

o Abi lity to process ant icipated waste vo l umes and decontam i nation 
sol utions--A w ide range of chemica l decontam i nation sol utions may 
need to be processed in  an ARE . There wou ld  a l so be a 
significant quantity of d irt partic les in some of the so l utions 
that m ust be considered in the system des ign. Many of the 
sol ut ions woul d  foam , and an ARE shou l d  be capab le  of handli ng 
the foa. i ng. I n  addition, adequate shie lding wou ld have to be 
provided for the anticipated concentration of radioactive 
solut i ons. The syst .. capac ity wou l d  have to be such that it 
cou l d  process potential waste vol umes withi n a reasonab l e  time .  

o H igh vo l ume  reduction capabi lity--A high vo l ume reduction would 
reduce the volume of concentrates that must be so l idified. 
However , pub lished reports have indicated that even 
evaporator/crystal l izers,  which can concentrate waste stream s 
which cootain as much as SO� solids , may have a des ign vol ume 

,.f/liCTO. reductio�of on ly 20 . Nor.a l volume reduction factors vary 
from 15 to 400, depending upon the waste stream . 

o s .. 1 1  s ize--A sma ll ARE wou l d  reduce the number of trai l ers 
required, as well as minimize the space required at a nuc l ear 
faci l ity. The ARE shou ld  be sma l l  so as not to exceed al lowab l e  
tra iler s fze and weight limitations. A ta l l  evaporator vessel ,  
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eve n  if set upr ight after transport. would prove more d ifficult 
to sh ie l d  than a short one , and wou l d  compl icate the setup of the 
evaporator. 

o Easy to assemb le and start--The ARE shou ld  not require an 
extensive effort or a l arge amount of time to assemble . A sma ll 
syste. with a m in i.u. nUiber of tra i lers and interfaces i s  
preferabl e .  Startup should not requ ire any externa l ut i l ities 
other than electri cal and should be capable of be ing accomp l i shed 
with i n  a short time. 

o Easy to operate--The ARE shou l d  be s imple to operate. Once the 
ARE has been started , it  shou l d  be self-regulat i ng and requ ire 
•in i.al attent ion. 

o Ea sy to •a inta in--The ARE •ust be des igned with rad i o l ogica l  
considerat ions i n  •ind . The ite.s contai n i ng high ly radioactive 
s o l ut ions •ust be segregated from each other and from other 
noncont .. i nated equipment. The equip.ent •ust not be laid out so 
that .a intenance i s  d ifficult to perform. 

o M i n i  .. l number of interfaces--The ARE shou l d  be as  
se lf- suff ic ient as  possible.  An  ARE that has numerous interface s 
would be d iff icu l t  to set up , due to added p ip i ng .  Further , any 
g ive n nuc lear fac il i ty .ay not have a ut i l ity such as steam 
avai l able , and cool i ng water .ay not be easy to obta in or di spose. 

o Mtn i  .. l sol ution volume--The amount of shield ing requ ired wou ld 
be le ssened by m i n im i zing the volume of solut ion in  the system , 
there by decreasing the s ize and weight of the system . In 
add i t ion , a s.al l vo l ume  of rad ioact ive solut ions wou l d  m i n imize 
the spread of contam i nation i n  the event of an acc ident. 

o Low syst .. pressure--It would be preferable to have the ARE 
operate at a vacuu•. so that any leakage wou l d  flow into the ARE 
and not spread contam i nat ion from the system out to the 
e nvironment. 
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o Fabri cated from sui table .. ter ials- -Al though the ARE would not be 
in  conti nuous serv ice , as wou l d  a permanent evaporator. the 
poss ibil i ty of stress corrosion should be avoi ded. Therefore • 

.. ter i a l s  such as I ncone l 625 shou l d  be used wherever appl icable. 

o Mu st i nterface w i th  a sol idificat ion syste�·S ince the ARE wou ld  
be a te.porary fac il ity that may not be l ocated near a 
sol idificat ion system , the capabil i ty of prov i d ing for portable 
so l id i f ication to immobil ize the evaporator concentrates should 
be con s i dered. 

o Should be capable of be ing eas ily licensed--In order to l icense 
an ARE. the United States Nuclear Regulatory Com. i s s ion (NRC ) 
would require evaporator operat i ng data and s i t ... spec i f ic 
rad ioactive release data. An evaporator de s i gn that i s  already 
i n  serv i ce at a nuclear p l ant .ay be eas ier to l icense than a new 
des i gn requ iring extens ive test i ng or ana lys i s .  

o Should •in1•1ze the use of i nsulation--Insulat ion .. kes a system 
bulk ier and .. intenance more d i ff icult . A vacuum evaporator tha t 
operates at 100 to 1300f does not requ ire the insulat ion of a 
pressur ized evaporator operati ng at elevated te.perature s. 

o Should  u se ca.merc ial parts when poss ible--Commerc ial parts wou ld 
.. ke f ie l d  ma intenance eas ier s i nce it may not be feas ible to 
store a l l  the necessary spec ial spare part s. Commerc ial parts 
that are eas ily available would m i n im ize downt ime for ma i ntenance 
and avo id a costly spare parts inventory . 

Syste• Selection 

Syst .. Design Selection 

There are .. ny types of evaporators on the market today which were 
eva l uated for ARE use (see Reference s 1 through 6). Many de s i gn s are used 
i n  nuclear plants. inc l ud i ng wiped f ilm. natural c ircu l at ion. forced 
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c ircu lat ion, and fa l l ing f i l• evaporators. Of these, operat ing exper ience 
has shown that the forced c irculat ion des i gn has the best operat i ng 
h i story. The c l i� ing f i lm evaporator , which has never been used i n  a 
nuc l ear appl ication, was eva l uated aga inst the others. 

Tests have shown that the c l i� i ng f i lm evaporator has the real 
potenti a l  to provide a rel iabl e  syst ... and wa s ,  therefore , con s idered for 
the ARE. The sol ut ions used in a test of the c l imb i ng  f i lm evaporator 
( see Appendix A )  indicated that the evaporator woul d  perfor. favorab ly i n  a 
nuc l ear radwaste appl icat ion. The evaporator sat i sfactor ily concentrated 
sol ids,  boron ,  and other .ater i a l s that wou ld  be encountered at a nuclear 
fac i l ity. Suspended sol ids could  be f i l tered out upstre .. of the 
evaporator and woul d  a l so be concentrated in  the heater. Any sol ids  
col lected i n  the heater cou l d  then be per iod ical ly recycled back to the 
concentrates tank. 

A l ternate evaporator des igns  have not performed wel l  for a vari ety of 
reasons. W iped f i l •  evaporators are compact and effic ient but do not 
function wel l with stre .. s contai n i ng suspended sol ids.  They are a l so 
sen s i t i ve to stre .. rates and pressure wh ich present contro l problem s. 
Fa ll i ng f i l• evaporator s are too tall to be feas ible  in  a portable  uni t ,  
wo u l d  requ ire more equ ipment and tra i l er s  than th e  cl imb i ng f ilm 
evaporator , and occas iona lly have fou led nozzles. W i ped f i lm and fall ing 
f i l •  evaporators a l so have a poor operat i ng h i story i n  the nuclear 
i ndustry. Based on the se d isadvantages, no further analy s i s  or compari son 
was perfor.ed. 

Both the forced c irculation and the cl imb ing f ilm evaporator des igns  
were eva l uated with respect  to  the des i gn requ irement s ,  and a summary of 
the pre l i• i nary evaluat ion i s  l i sted i n  Table  2. As can be seen by 
reviewi ng the table,  each system meets some des i gn req u irements better than 
the other des ign. Certa i n  des i gn requ irements, however , are more important 
than others ,  and th i s  weighted eva l uat ion ind icates the cl imb ing f ilm 
evaporator shou ld be se lected for the ARE. The s ign if icant advantages of 
the c l i� i ng f f l •  des i gn are that ft fs  smal l and compact,  f s  s imple  to 
operate, and would not requ ire externa l util it ies other than electr ic ity. 
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Th i s  would a l l ow the ARE to be p l aced a lmost anywhere at a nuclear 
fac i l ity. s i nce runni ng electrica l cab les wou l d  probab ly not be d ifficu l t. 
The c l i� ing f i l• evaporator would  a l so take up l ittle space, wh ich i s  
advantageous i f  there i s  l i•ited avai l able ground are a. Min imum sca l i ng i s  
i nherent i n  the des ign because of the l ow operat ing temperature. Due to 
its s .. 1 1  stze. the ..aunt of sh iel d i ng requ ired wou ld be m i n im i zed. and 
any l eakage i n  the event of an acc ident wou l d  be m i n i•tzed s ince the 
evaporator operates at a vacuum. Al though the cl imb i ng f i l m  des i gn has not 
been used in nuc lear app l icat ions,  pre l im inary test data i nd icate that i t  
can handl e  the expected serv ice. Test data for l icen s i ng approvals wou l d  
be obta i ned to show that the des ign can be mod if ied for nuc lear serv ice. 

The forced c ircul ation evaporator i s  an expens ive,  comp lex ,  and 
soph i st icated syste.. The initia l  cap ital and setup costs wou l d  be h i gh ,  
because of the h igh headroo• require.ents of the evaporator. Since setup 
cost would be incurred each t ime the ARE i s  moved and p l aced in  serv ice. 
and s ince the ARE would not be i n  continuou s use , it  wou l d  be most cost 
effic ient to procure an evaporator at the l owest possible cap ita l  and setup 
costs. For these reasons. i t  i s  recommended that the c l i.O i ng f i lm 
evaporator be se l ected for the ARE. The c l imb ing f i l• evaporator has a 
lower cap i ta l  and setup costs. and wou ld meet the syste• requirements. 

Process ing Rate 

The ARE should have a des ign capac ity of 3 to 5 gpm. Th i s  rate wou l d  
enable  the ARE to evaporate about 5 ,000 ga l of contam inated water per day, 
whi le  keep i ng the evaporator smal l  enough for easy transport and setup. 
Th i s  capac ity shou l d  be adequate for acc idents such as that wh ich occurred 
at TMI-2. even i f  the ARE does not operate at lO�ocapac ity. Since the ARE 
would be temporary , i t  is intended only to process excess quantities of 
con t .. inated solut ions. 

A 3- to 5-gpm ARE wou ld  be smal l enough to be mobi le and easy to 
transport. Larger capac ity un its wou l d  be corre spond i ngly l arger and not 
.abi le. The sma l l er 3- to 5-gpm s ize wou ld  a l so lessen the sh ield ing 

'requ ir..ants. 
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TABlE Z. PRELIMINARY EVAPORATOR EVALUAT ION 

De s isn Reguirement Ev aeorator Tlee 

Reasonably pr i ced 

Easy to operate 

S.. l l  

Easi ly set up and 
started 

M i n iu l ly 
i nsu lated 

Easy to mainta in  

Miniul  ut i l i ty 
interfaces 

Ca..ercia l parts 

Capabl e  of being 
licensed 

Contain •in iu l 
so l ution vol u11e 

Low syste11 
pressure 

Forced C irculat ion 

Expensive owing to s ize , 
soph i st ication,  and 
auta.at ion of sy st� 

Easy to operate , s i nce 
aut0111ted 

La�e syste. , requires 
hi overhead c learances 
and .uch equip.ent , and 
s ize presents decontami-
nation probl em 

Large syste. , severa l 
trai lers required; start 
up i s  easy 

I nsulation requ ired owi ng 
to e levated ta.peratures 

Although large , system 
has ma intenance experi-
ence i n  nuc l ear 
operat ions 

Requires electr ica l power 
and sma l l  amounts of 
coo l fng water 

Severa l cr i t ica l parts 
are special ly des igned 

M i n i ma l  d iff icu l ty owing 
to nuc lear operati ng 
experience 

Large vo l ume cont i nuously 
recircu lated 

Operates s l ight ly above 
atlospher1c pressure 
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C 1111b i ns F f l• 

Inex�ensive , owing to 
s i� ic ity of system 
des ign and operat ion 

Easy to operate, owing 
to simp le  system des ign 

Sma l l ,  compact system 
with low overhead c lear-
ance req u ireaents 

Smal l  syst�. expect on ly 
two trai lers requ ired; 
start up easy 

M in i  .. l ins u lation 
required ,  owi ng to low 
operat i ng temperatures 

Sma l l  system , to be care-
fu lly designed for 
ma i ntenance 

Requires e l ectr ical  power 
on ly 

Commerc i a l  parts used to 
maximum extent poss i bl e  

Test data required before 
licensing can be obta ined 

Sma l l  volume recircu l ated 

Operates at a vacuum 





TABLE Z. ( cont inued) 

Design Requir..ent 

Ab i l i ty to process 
waste streus 

I nterface w i th 
sol idif icat ion 
syst• 

Effect ive 
concentration 

Evaporator TYJ?e 

Forced Circu l at ion 

Proven exper i ence in 
nuc lear i ndustry 

Has experience transfer­
ring concentrates to a 
sol id if ication system 

Obtains a vo l ume  reduc­
t ion of 15  to 400 i n  
nuc lear service 

• 

1 1  

C l imbing F 1 1• 

Des ign succes sfu l ly used 
on severa l solut ions; 
pre l im inary tests w i th 
nonrad ioact ive l iqu ids 
conta i n i ng detergents 
have shown that i t  cou ld 
work with ant icipated 
so l ut ions 

Can be designed to inter­
face with a sol idif ica­
tion system 

Has obtai ned h i gh 
vo lume reduct ion as  
demonstrated in  non­
nuclear app l icat ions 





t 

Conceptua l Des ign 

The proposed conceptua l des ign i s  a comp lete ly packaged system , 
•ounted on trai ler s and ready for transport to an acc ident s ite . The 
proposed syste. is shown in Figure 1. 

Major CO!ponents 

The .. jor coaponents of the system are the c l imb ing f i lm 
evaporator/separator , feed tank, concentrate tank, contro l pane l ,  and 
d isti l l ate tank. These ca.ponents would  be pos itioned on trai lers such 
that they can be moved to a nuclear fac i l ity and the system set up , checked 
out, and placed into serv ice in •ini•ial  t i.e .  A typ ica l  arrangement of 
the equipment on the tra i l ers i s  shown i n  Figure 2. 

Operat ion 

Radioactive wastes wou ld  be introduced into the syste• at the feed 
tank e i ther by direct p i p i ng fro• a s i te source , by dru. s ,  or by tank 
trucks  e.ptying into the feed tank.  Propert ies of the feed wou ld  be 
.an itored and the pH contro l led as requ ired . 

The feed tank would be vented through a HEPA f i l ter and a 
radioact iv i ty monitor to ensure that gaseous effl uents did not exceed 
predeter. ined l i•its. The feed wou ld then be pumped to a concentrate tank. 

The operator would ma inta i n  the l eve l in  the concentrate tank as 
requ ired. Feed wea ld be drawn by the evaporator vacuum fro• the 
concentrate tank and cyc led through the c l imb i ng f i lm evaporator loop . The 
evaporator botto.s wou ld be pu.ped back i nto the concentrate tank, and the 
d i sti l late drawn in to the d i st i l l ate tanks by an eductor. Th i s  eductor , 
located i n  a c losed loop connected to the d i st i l l ate tank, wou l d  mainta in 
the vacu� with i n  the evaporator. The vacuum wou ld be monitored by a 
th�oup le connected to an a larm syste•, which wou ld s igna l  l oss of 
facuu•. The concentrate tank wou ld be mo n i tored , and when the bottom s have 
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been concentrated to the requ ired leve l ,  they would be removed for 
so l id ification. I t  wou ld  be poss ible to load the evaporator bottoms 
d irectly into drums at an enclosed drumm ing stat ion or to pump them 
directly to a sol idificat ion syste• l ocated adjacent to the ARE . 

The c l i� i ng f ilm evaporator y ields a pure d ist i llate wh ile operat i ng 
at 1 low syste. temperature and pressure. Th i s  tends to reduce sca l i ng and 
stress corros ion, which improves syst .. rel iab il i ty .  The c l imb ing f ilm 
evaporator does not requ ire the use of ant ifoam agents . 

The d i st i l late tank i s  a l so vented through the HEPA f ilter , where the 
gaseous effluents are .on itored.  A pump would be provided to transfer the 
d i st i l late e ither into a .on itor tank , 55-ga l drums, or d irectly to a 
storage location prov ided by the s ite fac i l ity .  

A control pane l ,  separated from high-activ i ty sources , would  be 
located on one of the trailers. Startup and shutdown contro l s ,  as wel l as  
the instru.entation to  .an itor the syste., would be  at  th i s  panel . 

When all wastes have been processed , and the syste. is  no longer 
needed , the external and internal surfaces would be decontam inated to the 
extent necessary to meet appropriate transportation regulat ions,  and the 
ARE would be prepared for transport. 

Syst .. I nterfaces 

Syst .. i nterfaces would  be •in i.al. The ARE would i nclude a f langed 
p iping connection for the feed i nput to the syst .. and the concentrate and 
d i st i l l ate d ischarges . The ARE wou ld have a motor contro l center near the 
contro l panel for electrica l power prov ided by the s ite facility .  An 
adequate area w ith easy access would have to be prov ided by the fac il ity 
for systa. setup and operat ion . A concrete pad would be req u i red for the . ' 
tra i lers and would serve as a backup to conta in any rad ioactive sp ills.  
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Syst .. Mobi l ity 

The syst .. would  be conta ined on a m inimum number of tra i lers and 
could  be transported to any location in the country . Tra i lers wou ld meet 
a l l  state and federa l regul at i ons with regard to s i ze and weight and be 
co.�Dn so that co..erc ia l ca.panies cou ld  tran sport them . 

Ut i l i ty Require.ents 

The only c on stant uti l ity requirement of the system would be 
electr i c i ty .  It is assu.ed that the nuc lear fac i l i ty would prov ide the 
necessary electr ical power . A smal l  volu.e of water would be needed for 
syst .. startup. 
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PROGRAM PLAN 

The desi gn ,  test i ng ,  and fabricat ion of the ARE would occur in two 
phases. I n  Phase I ,  a des ign spec if ication would call out the prel im i nary 
des ign and testing , in  wh i ch (a) equ ipment wou ld be selected , s ized , and 
l aid  out , (b) a prototype, ful l- s i zed evaporator w i thout aux i l iari es, would 
be tested us i ng specif ied solut ion s ,  and (c ) the d i st i llate and concentrate 
would  be analyzed. In Phase I I ,  a procurement spec if ication wou ld be 
released to fabr icate and test a complete ARE. The spec if ication wou ld 
spec ify the f inal des ign , which wou ld i ncorporate i nformat ion obta ined 
dur i ng testing of the evaporator i n  Phase I .  

Fo l low i ng fabricat ion of the ARE , there wou ld be an acceptance test at 
the manufacturer's plant , using nonradioact ive sample solut ions. The ARE 
would then be shipped to a nuclear fac i l i ty ,  set up , and operated by the 
owner s  of the fac i l ity .  Concurrent w i th the fabrication of the ARE , any 
necessary federa l  licen s ing docu.entat ion would be prepared and operat iona l 
approval wou ld be obtai ned .  

Phase I Des ign Spec if icat ion 

The des ign specif ication wou ld cover prel f•inary des ign and prototype 
test i ng of the ARE. 

Des ign by Subcontractor 

The subcontractor wou l d  des ign an ARE system fn accordance w ith the 
req u i ra.ents cal led out i n  the des i gn spec if ications. He wou ld s ize and 
select the equ i�nt , controls, and instrumentat ion, and lay out the 
equ i�nt on the tra i l er s .  

Conc urrent w i th the des ign ,  the subcontractor would subm it  a prototype 
test plan,  deta il i ng the test plan and spec ify i ng the equ ipment to be used 
for the prototype • 

• 
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De s ign Regu ire�ents 

The des i gn spec ificat ion wou l d  include the des ign requ irements 
d i scussed bel ow. 

I n stru .. ntation and Contro l .  An eas ily accessible contro l pane l would 
be located on one of the syste• tra i l er s ,  and i t  wou ld  be separated and 
shielded fro. areas of high-act iv i ty rad iation. The control panel would 
have the necessary startup , operat ing , and shutdown capab i l ities,  and it 
wou l d  be self-regu l ating to the greatest extent feasible. Instrumentation 
would be provided on the panel for co.plete system monitori ng. I t  would be 
poss i b l e  to take sa.p l es of the concentrate to mon i tor the system 
operat ions . 

Capacity. The syst .. capaci ty would be 3 to 5 gpm of d i st il l ate 
production . The des ign vo l u.e  reduction factor would be a m i n imum of 10 . 
D i sti l l ate carryover would be less than 1 ppm tota l d i ssolved sol ids and no 
suspended sol ids. The concentrate tank wou ld be large enough to provide an 
adequate surge capaci ty ,  •inim izing the frequency of the transfer of the 
concentrates. 

Mobil i ty. The syst .. wou ld be capable of being transported on a 
•in i.u. nUiber of tra i lers us i ng interstate h ighways from storage locat ions 
to potent ial operat ion s ites. State and federal regulat ions would be 
ca.p l ied w i th regardi ng s ize and weight l imitat ions .  Trailers  would  be 
ca.aon so that they can be moved by commerc ial companies. The trailer 
des i gn w i th  syst .. equ ip�ent i n  transport configurat ion would also comply 
w i th federal regu lation 10 CFR 71 , •Packag ing of Rad ioact ive Mater i a l  for 
Transport,• Subpart B. 

Accessibil i ty for Ma intenance.  Equ ipment would be located such that 
.a i ntenance and repa ir could be accompl i shed w i th m i n imum ob struction and 
rad iat ion hazard . Equip�ent that i s  expected to have a h igh rad i oactive 
content wou ld  be separated and sh ielded from other lower-act ivity item s .  
S lurry l ines would be prov ided with cleanouts. 
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Per sonne l Regu ire.ents . Personnel requ irements would be kept to a 
•ini.um and defined as  to number and spec i a l  tra ini ng. The nuc lear 
fac i l ity woul d  be respon s i b l e  for suppl y ing and tra ining the requ ired 
personnel .  

Radiolog ical Sh ielding. The system would  be adequate ly shielded to 
•in i•ize radioactive exposure to operati ng personne l .  Sh ield i ng object ives 
would  be i n  accordanc e with the objectives outl ined in  Table 3. 

The heater , lower separator region, and feed tank would  be des i gned 
for up to 4 i n. of l ead sh ielding .  Feed p ip ing and concentrate p ip i ng 
wou l d  have an a l lowance of 0.25 in. c irculferentially for shie l d i ng. The 
s ides of the concentrate tank would  be des igned with 4 in .  of lead 
shielding and 1 - i n. stee l  plate on each s ide of the lead . An add it ional 
4 i n .  of space wou l d  be a l lowed around the concentrate tank for add it ional 
shielding if act iv ity warrants it . Actua l sh ield ing wou ld  be determ ined 
follow i ng f inal equ i�nt s iz i ng and syst .. layout . 

Val ves . R�sea l valves by Fettero lf or an approved equa l woul d  be 
spec ified at location s  in the ARE where sol ids could col lect.  These valves 
wou l d  avo id the col lection of sol ids in  the valve seats .  

Contam ination Contro l s .  The system des i gn wou ld maxim ize defenses 
aga i nst spread of conta. ination , and would min im ize places where 
radioact ive .. ter i a l s  can collect. San itary fin i shes would  be prov i ded to 
reduce scale  and i�rove clean i ng and decontam inat ion capab il i ties where 
appropr iate. The syst .. des ign would  inc lude prov i s ions to purge l ines 
when the syst .. is shut down . Trai l ers wou l d  have a dri p-pan that would  
col l ect rad ioact ive conta•inants that are inadvertent ly sp illed or l eaked. 
Al l p fpfng connect ions wou l d  be flanged and located over the tra i l er 
dr ip-pan.  

Mater i a l s  of Construction .  Mater i a l s  of construct ion would be 
selected on ly after the .. ter i a l/solut ion stud ies were performed. Th i s  
wou ld .ax i•ize system rel iab il ity and l ongev ity yet be read i ly obta inab le 
� 
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TABLE 3. DESI GN OBJECTIVES FOR SH I ELDI NG FROM RADIOACTI V I TY IN AN  ACC IDENT 
RESPONSE EVAP ORATOR 

Cr i ter i a  

Cont inuous occupancy 

Control led occupancy (fre­
quent nonrout ine access )  

Control l ed acces s  ( i nfrequent 
nonroutine access)  

Rad iation 
L i•it 

(mR/h ) 

2 . 5 

25 

100 

20 

• 

Areas 

Areas outs ide the evaporator 
tra i lers; control console 

Areas adjacent to h ighly 
contam inated equ ipment such 
as the pUlp areas 

H igh ly conta. inated equip­
ment cub ic les such as  the 
feed tank 





for spare parts and repa ir to the greatest extent poss ible .  Industry 
exper ience has been to use I ncone l 625 wherever the req u irement ex i st s ,  to 
reduce poss ibi l ity of stres s  corros ion.  Equ ipment such as the heater and 
concentrate p i p i ng woul d  be I ncone l 625. Stain less stee l wou ld be used at 
a l l  locat ions not otherw i se specified .  

Syst .. Interfaces . Fl anged p ip i ng wou ld be prov ided at feed input and 
at concentrate and d i st i l l ate d i scharges. Pu•ps wou ld be prov ided for the 
concentrate and d ist i l late d i scharge with a m in imum capac ity of 10 gpm and 
a head of 75 ft. A breaker box wou ld be prov ided near the control pane l 
for e lectr ica l power i nput . 

Ut i l ity Requ ire .. nts .  Ut i l ity demands of the system wou ld be l im ited 
to e l ectr ical power . Syste• consu.ption wou ld be noted in quotat ion s .  

Setup and Takedown Ti... The syst .. des ign wou ld incorporate features 
to •in i•ize setup and takedown times. Setup ti  .. wou ld be 1 week max imum . 

Federa l Regu l ations and Industr i al Codes and Standard s .  The fol l ow i ng 
l ist  of regu lations ,  code s ,  and standards may apply and wou ld be fo l lowed 
as  appl icab le: 

o Federa l Regu lat ions, Codes, Standard s, and Gu ides 

10 CFR 20 

10 CFR 50 

10 CFR 190 

10 CFR 71 

•standards  for Protection Aga inst Rad i at ion• 

•eo.astic L icensing of Product ion and 
Ut i l ization Fac i l ities• 

• Env iron .. nta l Rad iat ion Protection 
Standards for Nuc lear Power Operations• 

•Packag ing of Rad ioactive Mater i a l s  for 
Tran sport• 
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Reg Gu ide 1.39 

Reg Guide 1.14 0 

Reg Gu ide 1. 143 

Reg Guide 8 .8 

o ANSI Standards 

ANSI -N 199 

ANSI-N5 12 

8 16.5 

8 31 . 1.0 

•Housekeep ing Requ irements for Wa ter-Coo led 
Nuc l ear Power P lants• 

•Des ign , Te st ing ,  and Ma intenance Cr i ter ia 
for Norma l  Venti lation Exhaust System A ir 
F i l tration and Absorpt ion of L ight Wa ter 
Power P lants• 

•De s ign Gu idance for Rad ioact ive Waste 
Manageaent Syst .. , Structures ,  and 
Co�nents Insta lled in  L ight-Water-Cool ed 
Nuc l ear Power P lants• 

• Infor.ation Re levant to Ensur i ng that 
Occupat ional Rad iation Exposure at Nuc l ear 
Power Stat ions wou l d  be as Low as Reasonably 
Achievabl e• 

•standard for L iquid Radioact ive Wa ste 
Proces s i ng System for Pressur ized Water 
Reactor P lants• 

•Protect ive Coati ngs (pa i nt) for the Nuc lear 
Industry• 

•stee l P ipe Fla nge s ,  Flanged Va lves,  and 
F1 tt ings• 

22 





o � ican Soc iety of Mechan i ca l  Engi neer s 
Boi l er and Pres sure Vesse l Code 

Section I I  •Mater i al Spec ificat ions• 

Section IV  • Nondestruct ive Exam inat ion• 

Section V I I I  • o i v i s ion 1 Pressure Vessel s• 

Section IX •We l d i ng and Braz i ng Qua l ificat ions• 

o �eri can We lding Soc iety Standards 

o I nstruaent Society of �rica Standards 

o Nat iona l  E lectr i ca l  Manufacturers Assoc iat ion Standards 

o Tubular Exchanger Manufacturers Assoc iation Standards 

Qual ity . The vendor's qua l ity assurance progr .. wou l d  meet the 
provi s ions of app l icab l e  federa l and industr i a l  codes. 

Environ.ent. The syste. woul d  be des igned to operate under 
envfron.ental condition s  as fol low s: 

0 Tea�pera ture 

0 Pressure Atmo spher i c ,  fro• sea level to 6000-ft 
e levation 

0 H111 fdity o to 1oo%. 
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PrototYpe Fabr icat ion and Te st ing 

A subcontractor would fabricate a prototype evaporator , which wou l d  be 
fu l l- s ized and used to test the evaporator conf iguration and sfze, us i ng 
col d  test sol utions. Al though the compl ete ARE system wou ld not be tested 
at th i s  ti .. , the prototype would i ncl ude the evaporator , concentrate , and 
d i st il l ate tanks, and enough instrumentat ion, contro l s, and aux i l iari es to 
ver ify the evaporator des ign and operat ion. 

Test sol utions wou ld be spec ified i n  the des ign spec if ication and 
processed in the evaporator. The test so lut ions cou l d  inc lude bu il d i ng 
decont .. ination sol ut ions ,  RCS ri nse solut ions,  and deconta•inat ion 
equip .. nt effluent wastes or wet vacuu• wastes .  The d i st i l l ate wou l d  be 
analyzed for pur i ty and carryover , and the concentrate would be eva luated 
for concentration and vo lu.e reduct ion . The test resu lts wou ld  be 
docu.ented and u sed in  the l icensing appl ica tion to show evi dence of ARE 
efficiency. 

Any des ign •od ifications ind icated by the testtng wou l d  be 
incorporated into the fina l  des i gn  spec ificat ion. 

I dent if ication of Test Waste Strea.s. There are several potential 
decont .. i nation solutions that should be tested in  the ARE . Table 4 l i sts  
l i sts decont .. ination solut ions that cou l d  be used dur ing decontaM inat ion 
of the pr i.ary system (see Table 4, Sol ut ions 1 through 5 ) . So lut ions 6 
and 7 )  cou l d  be used during deconta•i nation of reactor build i ng wal l s  and 
equ i�nt. I n  add i t ion , a strea• (Tabl e 4, So lut ion 8) conta in i ng boron , 
d i sso lved sol ids , and other •inera l s  could be tested as typ ica l floor dra i n  
fl uids .  

Test ing an ARE using decontam ination solut ions ident ified i n  Tabl e 4 
would fnd1cate evaporator l imitation s,  capab i l ities,  and des ign 
.ad i ffcat1ons that shou ld be i ncorporated pr for to fi na l assembly and 
operation of the ARE. These tests wou ld  a l so prov ide the data necessary 
for NRC l icens ing approval for ARE operation. 
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TABLE 4. POTENTIAL ARE TEST S(J.UTIONS 

So lut ion 

1. Oxa l ic-c itrate-perox ide 

2. Oxa l ic-perox ide-g lucon ic 
(Na2C2G4 )  

3 .  A lka l ine per.anganate­
c itrox process  

4.  Alkal ine per.anganate­
am.on ium c itrate 

5. Dow Chem ica l NS- 1  

6. Turco 4324 

7. Rad iac wash 

8. Unna•d 

Co���position 

0.4 mol ar (M) oxa l ic ac id 
0. 16 M ammon ium ci trate 
0.34 M hydrogen peroxide 
Adjusted to pH 4.0 with ammon ium hydrox ide 

0.025 M Hz Cz04 0. 5 M Hz02 
0. 013 M glucon ic  ac id  
0.045 M sodiu• g l uconate 
Adjusted to a pH of 4. 5 

A l ka l ine permanganate 
10 wt�oSod iu. hydrox ide 
4 wt�potass iu• per.anganate 
C i trox 
0.2 M oxa l ic ac id  
0.3 M c i tric  ac i d  
0.02 M corros ion i nh i b i tors 

10 �sodi um hydroxi de 
4 w�potas s i u. per.anganate 
Aaaon iu. c i trate 
0.4 M ...on ium c i trate 
0.01  M EDTA (ethy lene-d ia. i ne-tetra-acet ic  
aci d )  

Proprietary So lut ions 

Propr i etary So l utions  

Proprietary So lut ions 
0 2�sod iu. su lfate 

4000 ppm boron 
1000 ppm Na 
200 mg/L d i sso l ved ca l cium 
40 mg/L su spended ca lc ium 
10 �L di sso l ved iron 
200 mg/L suspended iron 
8000 mg/L organ i c  carbon 
2000 mg/L disso l ved phosphate 
400 •giL tota l suspended so l i ds 
40,000 mg/L tota l d i sso l ved sol ids 
pH 7 
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Pre l iminary Operat ion and Maintenance Manual. Concurrent with the 
�rototype, the subcontractor wou l d  prepare a prel im inary operation and 
.. intenance manual for the ARE . The manua l wou ld  tel l how to set up , start 
up ,  operate, and disassemble the ARE. Maintenance procedures wou l d  a l so be 
d i scussed. By reviewing these procedure s, i t  wou l d  be possible to ana lyze 
the systa. operation and equip .. nt l ayout to deter.ine if improvements are 
desired or nece ssary . 

Phase I I  Procurement Specification 

A fina l  procure�ent spec ification wou ld be wri tten fo l lowing prototype 
testing of the ARE. The specification wou ld be based on the pre l i•inary 
design and on the i nforaat ion obtained during prototype testi ng. The 
procure.ent specification wou ld  cover the final des ign ,  fabricat ion of the 
ARE ,  and acceptance testing at the manufacturi ng plant. 

The f inal  des ign wou ld e stabli sh f inal equipment se lection,  s izing, and 
p laca.ent. A l l  of the instruaentation and contro l s  wou l d  be specified and 
located i n  the syst•. The design require .. nts specif ied in the 
prel i• i nary des i gn wou l d  be fol lowed. The necessary shie ld i ng woul d  be 
deter. ined and inc l uded i n  the des ign ,  and a l l  e lectrical requirements 
woul d  be specif ied. 

The final design su� itted by the subcontractor would  inc l ude the 
subcontractor's  schedule  for fabrication , cold test i ng,  and project 
c011p letion. 

F i na l  Fabrication and Acceptance Testing 

Acceptance testi ng would consist of operating the ARE (complete with 
al l aux i liar i es and instru .. ntation ) ,  and using the cold test sol utions 
used during prototype testi ng. The test data wou ld  be analyzed for ARE 
effi c iency and overa l l  system operation. 
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Concurrent w i th the f inal des ign ,  a l icense app l ication shou l d  be .ade 
�o the Department of Tran sportation (DOT )  in accordance w i th 10 CFR 7 1 ,  so 
that the ARE can be transported before and after its use at a nuc lear 
fac i l ity. Th i s  is  necessary because it wou ld  not be possible  to complete ly 
deconta. inate the i nterior of the evaporator and its assoc iated equ ipment , 
though i t  woul d  be possible to decontam inate the exterior of the ARE. 

The ARE cou l d  be operated at a nuc lear fac i l ity under 10 CFR 50.59,  
•changes,  Tests, and Experiments.• 

Cost Estimate and Schedu le/De liverables 

The cost esti .. te given in  1983 dol lars i s  based on a 2-year period 
for des ign ,  test i ng ,  and fabricat ion of the evaporator. The evaporator 
wou l d  then be set up and te sted at a nuc lear fac i l ity, w i th the requ ired 
subcontractor support. An add it ional 6-month peri od  i s  assumed for initia l  
hot testi ng (see F igure 3} . AI 960 ,000 estimated cost in  1983 dol l ars is  
be l ieved reasonable  for des ign ,  test ing ,  and fabri cation of an ARE by a 

�ubcontractor . Add itiona l cost of approximateltf 528 ,000 wou l d  be inc urred 
to provi de project .anaga.ent , eng i neering , and cont ingency. 

The esti .. ted tota l cost for the project , starting with �e pre lim inary 
des ign and cont inuing through the hot acceptance test ing ,  ;s f 1 ,490 ,000 
(see Tab l e  5 for deta i led breakdown of the cost estimate ). Th i s  is based 
on the ARE be ing des igned, fabricated , and tested fn FY-84 and FY-85. I t  
is esti .. ted that the s ite preparat ion and operat ing costs wou ld  be an 
add itiona l # 440,000 for the f irst year. Th f s  cost wou ld be i ncurred by the 
owner of the nuc lear fac i l ity where the ARE i s  to be used • 

• 
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TABLE 5 .  ARE PR OORAM COST EST IMATE 

Prel i• i nary des ign and prototype test ing (FY-84 ) 

Engineering 
Prepare spec ification ,  3 �  8&n-hour s  
Review design, 580 MH atf 4�h 

Shiel ding ana lyses, 320 MH atl 41/h 
Cr itica l ity analyses,  280 MH \� 46/h 
Project unage��ent , 160 MH atR 53/h 
Ana lys i s  of so l ut ion,  320 MH atl 48/h 
Trave l ,  s ix tr i ps at . 1800/tr i p 
COIIpUter 
General and Adm ini strat ive Expenses 

Subcontract 
Pre 1 i• i nary des ign 
Fabrication 
Testing 

C ti 15 0/r­on ngency at 1c. 
Total 

(rti) at# 43/h 

Fina l des ign, fabrication, and acceptance test ing (FY-85 ) 

Eng ineeri ng I Analyze prototype test data, 120 MH at 48/h 
Prepare pr�cure.ent spec if icat ion and bid award , 
160 MH at • 48/h ; 
Fo l low design and acceptanc�� test , 140 MH ar' 48/h 

Project IBnag�nt , 160 MH a� SS/h 
Three tr ips a� 1 ,800/tr i p  
Reproduction 
DOT/NRC/PA• l icensing support , 960 MH at 48/h 
Reproduction/printing 
One tr i p  

General and Ad81nf strat 1 ve Expense s  
Subcontract to desf gn ,  fabri cate , and test 

Contingency at 15�0 
Tota l 

28 

Cost 
( 5) 

13 ,760 
24 ,940 
1 5 , 360 
12 ,880 
8 ,480 

1 5 , 360 
10 ,800 
2 ,400 

33,270 137,250 

120,000 
144 ,000 
96,000 

497,250 

74,590 
571,840 

5 , 760 
7 ,680 

6 , 720 
9 ,280 
5 ,400 
2 ,400 

46,080 
4 ,800 
1 18oo 

89,920 

78 ,983 
600,000 
768,903 

1 1 5,335 
884,238 





TABLE 5 .  ( cont inued) 

Project fol l owup (F'Y-86 ) 

Eng ineer i ng  to ana lyze data, 80 MH atj 54/h 
Engineer i ng to prepare report , 160 MH at1 S4/h 
Typing/reproduction 
Modifications to ARE 

Contingency at 15� 

Total project cost 

Esti .. ted uti l ity costs 

S i te preparation 1 Engineering ,  960 MH at 48/h II 
Operat ion ,  one 11an 24 h/day at 361» 
Ma intenance and support , 320 MH atl1 36/h 

Contingency at 15jb 

Tota l 

4 , 320 
8,640 
3 ,600 

12,000 28,560 
4,280 32,840 

1,488,9 18 

9 , 600 
46 ,080 

3 1 5 , 360 
1 1,520 382,560 
57,390 

439 , 950 

a .  Operat ion of the ARE in  Pennsylvania  i s  assumed for the purpose of the 
report . 
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E VAPORAT ION T E ST S OL U T ION 

And l ys i s  

( f e e d : l )  (d h t : 1 )  
6 6 1 44 6 6 1 45 

�.> I I  6 . 30 5 . 69 
c on<Ju( t I V  1 t y  ( umho / c m )  2 1 .  tOll 7 
t u t d l  s u spended so l i d s  (mg/ 1 )  4()6 < 1  
t u t d l  d i S so l v e d so l i d s  (mg/ 1 )  3 5 , 955 9 
d i s so l ved Jilo s ph a te (mg/ l P )  1 760 <0. 01 
boron (mg/ 1 )  1 926 0 . 60 
t o t a l  o rgdn i c  Cdrbon (mg/ 1 )  7 73 7 6 . 1  
n i tr o gen a s  mg/ 1 NH J - N  < (l . ?  0 . 3  

sod i um (m g/ 1 )  5080 < 1  
d i s so l ved c a l c i un. ( n•g/ 1 )  1 78 < 0 . 5 
s u spt-l l c led C d l c i um (mg / ) )  3 6  < 0 . 5  
d i s s  n 1 ved i r o n  ( 111 q / 1  ) 9 < 1  
su spendf· d  i ro n  (m g/ 1 )  287 < 1  

Samp l e  l d . . r • t  i f  i c a t i on 

f\ 6 1 4 4 :  
66 1 45 :  
6 6 1 46 :  

b d t CI I  lt l , 
ba t ch ci 1 ,  
b a t ch ti l , 

t eed to L I -CON e v ap�r a tor  5 / 28 / 80 
d i s t i l l d t e  5 / 2 8 / 80� 1 82 4 
<. oncer• tr a t e a t  s h u t down 5 / 28 / 80 � 1 9 1 4  

66 1 47 : 
6 6 1 48 :  
1)6 1 49 :  

L a t ch ft- 2 ,  
L a t ch Jf 2 ,  
t . a t ch 1$--2 .  

f eed  t o  L I -CON evap_Rr a t or 5 / 28/80� 1 920 
d i s t i l l a te � / 28 / 80 �  2048 
<. o r•c � n t r a t e  5 / 2 8 / BO � 2048 . 

(co nc : 1 )  
6 6 1 46 

6 . 22 
2 7 , 200 
438 
5 1 , 1 3 7 
2 4 40 
2 5 4 4  
9958 
< Cl . 2  

7600 
206 
52 
1 1  
2 05  

At tachment t o  Let ter dated 
Ju l y  7,  1 980 TM I - 1 1 -R-40004 

Sam� l e  

( feed : 2 )  ( d i s t : 2 ) (co nc : 2 ) 
6 6 1 47 6 6 1 48 6 6 1 49 

7 . 5 8  1 0 . 1 6  6 . 85 
3 0 , 700 1 8 4 48 , 1 0('1 
92 1 1 (17 ?  
5 0 , 1 6 7 1 2  !P l . 9 
236 0  0 . 01 4900 
2 500 3 . 93 4?65 
9 5 1 8  5 . ('1  1 9 . 20 
7(l(l 1 1 5  1 (l(l(' 

7350 < 1  1 4 , 960 
252 < Cl .  5 45 4 
6 < 0 . 5  88 
1 3  < 1  28 
1 9 7  < 1  5 2 2  





APPENDI X A 
ANALYSIS OF EVAPORATOR TEST SOLUTI ONS 
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