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CHAPTER X. AQtlEC,JS MAKE-UP 

A. DESCRIPl'ION OF ENGINEER Is FI.CM SKETCH 

The tunction ot the aqueous make-up system is the preparation and dis
tribution at "cold" aqueous. solutions to the TBP P1:ant (221-U Building), 
the U03 Plant (224-U Building), . the Waste Storage TSDk Farms (241 Areas), 
a.net the Solvent Treatment Area (276-U). · (See Figure X-1. ) 

The system is designed for an inst~eous pl.ant capacity at 10 
short tons of uranium per 24-hour day (13.1.25 tons/da-y for the 003 Pl.ant) . 
~ compositions ot regularly prepared solutions are: 

RA Column RC Column BO Column 
Scrub Extractaut Scrub 

Canpanente {BAS .stream l {Rex Stream} {ROS Stream} 

~,Wt."' ll.? o.()5 
M 2.0 0.01 

IJ&aS04: Wt. 'I, 5.0 
M 0.37 -

Pe(11!4)2.(S04.)2 -~o, Wt. i 1:.3 
! 0.05 

J1(~3h Wt. 1, 0.9 
H O.lO 

Specif'ic Gravity 1.078 1.00 1.04, 

Rav •terialcsr.ci!ications tor the canponents of these solutions are given 
1n lteterence 2 • 

Deminer&l.ized water is u.ee<l in the make-up of all "cold" aqueous sol
vent-extraction colunm teed. streoma in the Waste Metal Recovery Plant. The 
Demineralized Water Unit, a tvo-step ion-exchange vater deminerallzer fed 
tram the 200-West Area. filtered vater supply, is located on. the third :floor 
ot the Service Building, 271-U. The dAily . plant requirement tor dem1ner
al1zed vat er is approzimately 100, 000 gallons • This unit, Yi th a. max1 ,mm, 

instc.ntnneous capo.city of 120 $allons per minute or a sua~ined capacity 
ot 130,000 gallons per dc.y is adequate to moet this requirement. The 
specifications for deminerali zed vnter arc: 
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Canponent 

Total hardness · (as Cac03) 

Total cations 
Total anions 
Total dissolved solids 
(Exclusive of Si~) 

S1lica (as Si~) 

Maximum Concentration 

2 p.p.m. 
4 p.p.m. 
4 p.p.m. 
4~5 p.p.m. 

7.5 p.p.m. 
Free carbon dioxide ( as C°'2) · 
Hydrogen ion 

100 p.p.m. 
pH 5 (Minimum: pH 8). 

Demineralized water is collected in the 6>600-gallon Demineralized 
Water Head Tank, 341, on the roof of 271-U Building, and overflows to the 
two Demineralized Water Holdup Tanks, 31.;,2 (6,600-gallon capacity) , and 
343 (14,000-gal. capacity), connected in series in the Tank Farm (Buildill8 
211-U). A float-operated inlet valve on the Demineralized Water Head Tank, 
341, keeps the water level slightly above the overflov to the tvo holdup 
tanks. The three tanks when full provide a 6-hour plant supply of demin
erali.Zed water. The ?._I'~ Make-Up Tanks, 314 and 315, located in Building 
2ll-U, are supplied with water pumped tram TK-342. All other demineral
ized vater is distributed by gravity fl.ov from TIC-341. 

Chemical storage facilities provide for a 2-month supply of liquid 
chemicals and a 4-month euppl.7 of dry chemicals. The dailJ' chemical re
qU1rement of the plant 'Wlder ti..'Tml operating conditions (8 short tons or 
uranium per ·day) is: 

Material 

Demineralized vatet 
6~ DO) 
~ llaOH 
B(IIB'e803) 

Fe(llll4)2(S04)2•~0 
~04 (a.nb1droua) 

Daily Conaumption 

100,000 gallons 
14.,200 gallQDS 
7650 gallons 
1510 pounds 

3050 pounds 
2o4o pounds 

Sizty. per cent nitric acid 1• delivered to the 211-MJ Tank Farm b7 
railroad tank car or tank truck am. 1s pumped into any of nine 100.,000-
gaUon llitric Ac1d Stor88e Tanlal, 301 through 309. Nitric acid ia pumped 
tran these tanJta to the slurry removal sites via the 241-WR Diversian 
Station, and to the tollovina tanks: 

Functional. Name 

Nitric Acid Addition 
Tank 

RAS Make-Up Tanks 
Nitric Acid Head Tank 
'Wuh Solution Make-Up 

.., l ? and Head Tank .~,., 
lfumber 

OG-2 

314 & 315 
201 
203 

Location 
~ Building 

3rd 224..u 

Ground 
3rd 
3rd 

. 211-u 
271-U 
271-U 
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P'uty-per cent sodium hydroxido, with e. freezing point o~ 50~ . 

(1o•c.), is pumped·tran heated tank ce.rs into any of three steam-heated, 
14,000-gallon Caustic Storc.ge Ta.nks, TK-325 through TK•327, in the 211-U 
Tank Farm, or into any of the four 95,000-go.llon Caustic Storage Tanks, 
TK-321 through TIC-324; 1n the 211-AU Tank Farm. From these tank tarma 
the caustic is pumped. into the W&1sh Solution Mnke-Up Tank, 203, the~ 
Caustic Header, the :Dem1neralued Water Unit, end the Caustic Head 'l'ank, 
20,. . 

Ferrous annon1um sulto.te hemhydrnte, sul.f'amic c.cid, end sodium 
sultate are received a.a dry chemical.a am tll'8 stored in tbe 271-lT Building 
on the same floor as the mnko-up tonks in which they nre used ere located. 

The 276-U Solvent Aran ia supplied with 60 per cent nitric acid, ve.ah 
aolut1cms· from the We.sh Solution Make-Up and Read Tank, 203, and daildner&l
iz~ wa.ter:, by grovity flow ot these liquids fran a 4oo-gnllon weigh tonk, 
276-A., 1n tM 221-U Building operoting sa.llery •. 

B. SOW'l'IOR MAD;..UP PRCX;EIXJ~ 
. . 

l~ Geneml 

Dry chemicals for solution mke-up nre weighed on pl.Bttorm scales 
am. liquid valtiiae_a are meo.sured ey· weight to.ctor or liquid lrre·l instruments. 
BAS and BOO a:to prepc.red be.tchriee; Rex, ccm.tinuowsly. These solutiou are 
ted into their respective headers by grovity tlow trail the o aa4 tanks on 
the third floor ot the 27l•U Building. 

2. RAS -
RAS is uaede.t a re.to of 18,6,0 go,llo.Jia por do.y and 1a ma.de up <1lter

natel.y' in the two RAS Make-Up Tanks, 314 am 315, 1n 6,600-gallon batches. 
Thia volume ot solution vill satisfy plant requirements ·tor a., b.oura under 
normal operating conditions. Su.ltamic acid is dieeolved iu demineral1&ed 
vater (solubility: 21 gl"UII_ per 100 grams of_ water at 2o•c.) 1n the 
Sultamic Acid Make-Up Tank, 206, and ferrous ammonium sultate hezahydrate 
1a d1saolved 1n demineralized water {solubility: 18 ·and 100 gram per 
100 grams ot ve.ter at o and 75°C. respectively), in the J'erroua Anlnoniwn 
Sulte.te Make-Up Tank, 207. These two solutions are dropped to Tank 314 
or 31, _. am blended with dei;dneralized water o.nd. 60 per cent nitric acid 
-to man RAS .. · '!'be make-up tanlm ere steom•he&ted and agitated. After 
beiDS sampled, the RAS 11 pumped continuously into the RAS Jeed 'l'ank, · 
208, (530-gallcn cap40it7, ,o-minute holdup), vhere the licplid level 18 
maintained c01DSto.nt by- a veight-factor-~ctuated control valve. 

' . . 
BCX 1a made up 1n the a.gitc.ted RCX :Blud Tll11k,· 204, C,30-gallon 

cape.cit7, _10-minu.te holdup) b7 continuous blending of demineralized 
water and 60 per cent nitric acid vhich is metered into the tank by e 
proportion1ns pump. 'l'be blend to.nk ie kept t'ull by· an autcamtic, weight• 
tactor-actuated control vnlve 1n the vo.ter inlet line. '1'111a tank also 

;·· . . ~ ~ • .. =:i ·. DECLASSIFIED ... 



en 
c::, 
(Yi 
c:) 
:r en 
~ 
ii'.J -C'-,.1 
c:r:i 

f'unctions as the head tank to supply 75,000 gallons of RCX per day· to the 
colunms. 

4. ~ 

In the steam-heated, agitated, Sodium Sulfate Me.ko•Up Tank,- 220, 
sodium sulfate (or other solute to be used in the ROO) is dissolved in 
deinineralized vater in 2500-sllllon batches. Each batch supplies the ROS 
demand of the pl.o.nt for 13 hours under normal operating oonditions. This 
solution 1s pt1lliped intermittently to the ROS Head Tank, 202, (34o0-ge.Uon 
capacity, 17-hour holdup). 

5. We.sh Solutions 

Wash solutions e.re prepared in the steam-heated, agitflted, 7'.0•gaUon, 
Wash Solution Make-Up and Head Tank, 203, from 60 per cent nitri c acid, 50 
per cent caustic, or any desired dry chemical. These solutions are dis
tributed by gravity flow from this tank to the 224-U Building or to points 
in the 221-U Building via the We.sh Header. 
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CHAPl'Fa XI. SOLVENT TREATMENT 

A. INTRODUCTION 

The solvent . Wied in the TBP process tor the solvent-extraction of 
urwum f'ran underground stored uranium wastes is a solution ot tributyl 
phosphate (TBP) in a eydrocarbon diluent. The nominal ccapoaition of 
this extractant is· 12.5 per cent (by voJ.ume} -TBP am 87-.5 per· cent 
hydrocarbon, _diluent. Specifications for TBP and hydrocarbon diluent as 
received from the vendor are 118ted in the following tables. 

TBP Sp;.cifications . . (18) 

Reducing noma:llty -less than o.o.S 
Less than 0.01 ?formal 
Water· white . . 

Butanol 
Acidity 
Color 
Water 

Solids 

No turbidity llhen 1 v~ume is miXed with 
19 volumes- of· 6o0 · Ba,milr gasoline at 20°c. 
iero . 
b.973 to o.983 (20°"/20°c.) Specific- gravity , 

Hydrocarbon Diluent Spec1£1c~tiol1!,. ( 2) 

Specific gravity · · "a.a· or l~ss at 25°/4oC. 
Viscosi-cy 2.0 centipoises or less at 25°c. 
~'1. point · 140°F. or ·higher1 closed cup 

(Tag or Pensky.J.1artens) 
Ole:fiM . plus aranatics 2% by volume or lass . 

· '(A.s.t~. Test D-8?5-46T) 

TBP mq contain the following impurities introduced in the process 
of its manufactures 

Impurity 

Dibutyl phosphate (DBP) 
Monobutyl phOBt>hate (MBP) 
Phosphoric acia 
Butanol 

Chemical Formula 

Thes·e impurities are · -also ·farmed by hydro~ie of TBP in contact 
'With acid solutions, and i;:n the F,eaenee of light when in contact with 
neutral uraeyl nitrate solutions. DBP and MBP are particularly delete
rious to normal colUWl .operation,(fdversely affecting fission..product 
decont~t~on in the RA . Column 7 J, uranium stripping in tbe 
RC Column (1); and the throughput capacity of the RC Column (22). · 
Under the relatively Jllild conditions (ro~m temperature am 3 M or 
lower nitric acid concentration) of the BP process, hydroJ.ysis 
products are expected to be formed at a low rate, and the routine 
reconditioning treatment in the RO ColUJllll .should maintain thtl solvent 

.... . ·:-..-ii 
-r<'- . ~. • , ... ~ • • 
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sufficiently low in decomposition product content so that nomal. 
column operation is not adversely affected. Chapter IT contains a 
more ccwplete ·discussion of TBP hydrolysis products am. of the 
deleterious effects of TBP hydrolysis products on uranium decontam
ination and stripping. 

The presence of TBP decanposition products is revealed by' a 
routine uranium distribution ratio (E~) test perfomed on a sample 
or the recovered solvent (ROO) stream. The Ei test (see Chapter n 
for details) is a detenrd.nation of the uranium distribution between 
organic and aqueous phases under the conditions of the dilute end of 
the RC Column. It serves as a qualitative meas,µ-e of the' presence of 
hydrolysis products. Removal of theso hydroJ.ysis products nomalzy 
consists of batch-washi.."lg increments of solvent diverted for the 
purpose to the 276-U Building. Chemical washes which most effectively 
remove t.'ie decampositi-0n products are Na~4., Na2C03, and NaOH. In 
some cases a recUITence of the need for catch washing DlllY be avoided 
by changing.the RO Column scrub (ROS) composition or now rate. 

The organic inventory is depleted during operation through two 
mechanisms: (a) TBP loss due to it.s alight solubility 1n the aqueous 
phase; and (b) TBP and diluent loss due to entrainment in the aqueous 
phase. These inherent organic losses are discussed in Subsections C3 
and Dl of this chapter. 

B • PRETREAn©rr 

Fresh solvent is made up nnd pretreated batchwise according to 
the procedures outlined iri Subsection Dl of this chapter. After 
blending of the TBP and hydrocarbon diluent, nonnal pretraatment 
consists of waahing tho solvent with a sodimn cl'rbonate solution to 
remove traces of DBP and MBP and other acidic irnpuri ties. This 
carbonate wash., five to ten weight per cent (o.5 !1 to 1.04 ~ ?fa~03), 
neutralizes the remni.ning DBP and MBP to their corrasponding sodium 
salts_. which. are removed with the aqueous phase. Although TBP 
specifications (presontad in Section A, ebove) aro such that the pros
once of det.rimental concentrations 0£ DBP and ~mp in new TBP is 
unJ.ikeJ.y, semi-works practice · nt Hanford Works has shown cnrbonate 
wnshing to be a worthwhile precnutionary meesuro. The uranium distri
bution coefficients of raw solvent show a significant improvement 
after a two-hour., singls...stage wash with 5% Na2C03 (at an aqucous-to
orgnnic vol"llllle ratio of about 1:6 to 1:3). 

After the two-ho~ agit~tion pcriod1 the carbonate solution i:i 
decanted to the cribs. 

In addition to removing DIJY TBP decomposition products fran the 
solv,;nt, the carbonate wash saturates the organic solution with wnter. 
Solubility data for water in TBP., hydrocarbon diluent, &nd TBP .. 
hydrocarbon diluent solutions are presented in the following t~ble<22 )t 
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Solubility of, WatAr in TBP2 Hyd::2:!.arbon Diluent, 

and TBP-HYft!ocerbon ppuent EE,!;~i-o.ns at 25°c. 

Solvent 

TBP • 
Hydrocarbon Diluent 
5% TBP-Hydrocarbon Diluent 
lSib TBP..Hydrocarbon Diluent 
25% .TBP-Hydrocarbon Diluent 

c. OOLVENT R~ 

3ol ubility of Water 
:J.7£. _ : \tt. ! 

: 3 .. 7 
:i . 06 
J ~5h 
2.4 ,.8 

6.S 
<0.01 

0.01 
0.29 
o.69 

Processing o:t the solvent through the :l:) Goltlmll before recycl ing to 
the TBP process has a · t~old purpose: - (:,) t c, remove the decomposition 
products o:f TBP fran the solve.nt"i and {b) , o r •:nove residual: uranium 
snd fission products. 

l. · TBP' Decomposition Products 

1.1 Formation 

The ?BP b;ydrolysis mecballi.mB· mq be· dHscribed in terms of the 
follcndng sari.ea· of reactions { 20 J: 

:JI• 100 3. .J{ H?l> J . ~ Hlll.3 , . 
(C4,B9).J'Olt - ~ (C-l}f9}~ - • • . C;,Il9H#()4- - · ,-. H3P04+c4H9')11 

i.t .-.. (~l · ·· . (DBP) : ( i'IBP.) (Butanol) 

· • The controlling rate in . thia ~is ia t he TBP to DBP reaction. Data 
ah0111ng hydro11'191B rates. far · pm-e T.BP a-t; a l :l organic-to-aqueoua phase 
vol\lllla ratio_ are _presanted in the .tollowill!!. caoles. 

~ia ·_o( Tm' by- J! 100.3 a,:. 76 ,C., and 105°c. . 
- - ··• 

-~ ·Phase Vc,:.,_llll_e_Ra_t_:1....,o_•...,..1 ... 1 .. l..,.· ---= ---
& ,t 76cc: (2l) . _ · At 105°0~ c21> 

· Time• .. · , , % TBP · l'ime, % TBP 
a&a· · -Deccppoeed·. E!z!_ . Deo9osed 

. 8 . 0.<X) • 0 O .oo 

. . . . . ~-. 

9 . .. : ,. 0.07 : 6 o. 7 
16 ~ ··· · · · _ o;..28 · · •. a· • 1.3 . 
19 - · 0.4.9 -. 13 '. l.J 

. 25 . .. 0 ·74, 
- - · ~:,-. ,;,. , - ..,. . ·: ~~ .... ~ ; .. . ~r'. 
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Hydrolysis or TBP by 3!! IDI03 at 10,0 c,r 

Organic-to-Aqueous Phase Volume ~tio = 1:200(21) 

Tilne (Dazy) 

0 
6 

13 

% TBP Decomposed 

0 
60 
95 

Ari1it · .. . . ,. 

. Organic-to-aqu.eous phase volume ratios in the TBP Plant are expected 
to range from approximately 1:1 in the RC Column and i.67:1 in the · 
RA Column to 20:l in the RO Colwnn. The hydro~is rates under 
plant conditions should be lower than reported in the tables above, 
due to the following factors: . 

l. Temperatures are expected to be approximately 25°c. in the 
TBP Plant. (Wo eydro1yais rates have been determined 
experimentally below 76°c.) 

2. Organic-to-~queous phase volume ratios encountered in the 
plant are either approxir.ately 1:1 or even considerably 
higher. 

J. Dilution of TBP by a substantie.lly inert diluent to 12.5 
per cent (by volume) TBP is expected to reduce the rate by 
as much as a -factor of two or-more. 

In the course of & routine splvent-extraction cyc~e (involving no 
reworking o£ off-stnndard material.), the solvent incurs the following 
conditions: 

Estilllated 
Chemical Time of Contact, Approximate 

Column Environment Hours Te!!!Eeratur~ 

RA 2 to J li HN03 0.03 25 to 35°c. 
nc 0.01 to 0.1 !1 H?J03 0.01 25°c .. 
RO .o.4 !1 t.a2soh 0.03 25°c. 

The above table shows that the actual contact tiJ!le of organic 
with aqueous in the three columns is very small. The stability of 
TBP under normal oper~ting conditions hc!lS been danonstrated at the 
Oak Ridge National Laborctory by recycling the solvent without 
retreatment through ten continuous solvent-extraction cycles without 
a significant loss of perforn.ance. However, the conditions encountered 
during plant operation will determine the length of operation possible 
before batch treatment of the solvent becomes necessary. 

Concentration of aqueous solutions containing 3M nitric acid and 
0.5 per cent ' (by volume) TBP at lo5°c. h.ns been shown-to result in 
sixty per cent hydrolysis of the TBP in six deys and substantially 
complete hydrolysis in thirteen d£ys( 21). In semi-works experience 

DECLASSlf IED 

".'"¥. 



,....__ -N')• 
c::l 
::r 
0"'1· 
~ 
t.',J_ - · 

'· . ·· ·::~ ~>- ~., •. _. ~ ·~ -~·•; ~"" ·:•:· ~; -~~.':~:~~~;: ~:: t~~~✓j~~~---~·-':-='~·~· ..-i~·7--~:~:;~:;r.:·?:'~. :.? ~. ·;~~~'; ·:·. ·: :· ;.~·.~· ·=~-........ : .- :. :. . :' .: · ~.· . ~ ; 

·.ll~ . -DECLASSIFIED ~-191.hO .. . .. :- " 

at Hanford works it.was found that, in addition to decanpoaition of the 
dissolved TBP by cydro;Iysis, ' exposure of solvent-saturated aqueous proce&SS 
solutions to elevated.temperatures causes the formation of other decan
position products of unknown composition and unpredictable-behavior in the 
solvent-extraction process, Because of these .factors, off-standard wute 
or product streams will be reworked without concentration. ilthough 
washing aqueous sol.utions with h;ydrocarbon diluent has been found to be 
effective in removing small amowita of' TBP, equipnent is not provided in 
the TBP Plant for hydrocarbon waah:l.ng of aqueous solutions. 

1.2 E!'fect on solvent-extraction 

In 'the event that sane decanposition products do enter the system, 
it is expected that their ef.f'ect will be momentar,- since they will 

· normally be removed through the RAW, RCU I and R~-, streams. A variety 
of agents may be used to wash the solvent in the RO Column (12) (13) (16), 
where substantially all DBP and ?·IBP should be removed. Subsequent batch 
wuh treatments of possible off-standard organic e£nuent fran the 
RO Column mq be made with these same agents. Variows washing agents and 
their effects are diacussed in greater detail later in this chapt er 
(Subsections C2 and 3). · · 

(',..l 

en The following table indicates -the e.f1'ect of small concentrat ions of . 
DBP 1n the solvent on RA Column decontamination. These data were isecured 
at Hanford Works by simple multistage laboratory contacts., One batch 
contact was :wred to simulate the RA Column extraction section, and three 
batch contact.a ueing ~ BN03 pre-equilibrated with respect to UNH were 
used to simulate the scrub. section. The data show the magnitude of the 
effect o! DBP on decontanination, but should not be construed u showing 
the degree of decontani.nation to be expecuid in the TBP Plant since 
phosphate and aul.f'ate iona were not present in the feed and becaw,e. ot the 
great difference in fission-product analysis of this reed in c0D1parison 
with expected plant feed • 

. Ei'.f'ect 0£ DBP on Decontamination (17}-

0rganiQ: 12.5 volume% TBP in 0014;_ indicated DBP concentration 
IAFSs 0.2 !! mm, 3 ~ HN03 (prepared !ram 4So g./ton dis solver 

· solution, "cooled• l!iO days) 
Scrub: ) ! Hm3 pre-equil.1brated with r.Etapect to uranium 
Extractant:feed:sorub volume ratios lOt3s2 

. RA Column DF 
Vol.% DBP G./L.. DBP Gross Beta Gross OBJJ111a - I SF$ 

0 0 J.2 X lcP 8.7 X J.o4 
0.01 0.1 5.7 X lOJ 7&:J 
0.1 1.0 Bo B.7 
1.0 10.0 33 2,8 
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The above table shows that relatively small co~entrations of 
DBP in the soJ.vent had a pronounced effect upon fission-product 
removal. in the silllu1.ated RA Column, where beta decontamination factors 
were reduced 10,QOO...fold and gamma decontanination factors were 
reduced 30~QOO...fold as the DBP concentration increaaed from Oto 10 
g ./1. Analyses for specific- fission products indicated that the . 
distribution and scrub behcrvior of ceri'llm and rutheni1JI11 were unaf.!'ected 
by these concentrations o! DBP. At 0.01 and 0.1 per cent DBP, the 
activity not removed by: scrubbing was essentially all zirconium(ffl-e 
at 1.0 per cent DBP.,. some niobi1.lll1 also remained in the organic. 

The data in the following table show the detrimental e.f'fects of 
small amounts o:f DBP in the solvent on RC Column operation. 

. . . . 

Effect of DBP on Urani~ Distribution in the RC System (l3) 

Ei, Uranium 

Initial Aqueous . · Initial Organic 
Distribution Ratio, 

(G,f1. Or,&.)/(G.fk.Ag.) 

1 g./1. UNH 
1 g./1. UNH 
1 g./1 • . mm 

15% TBP in Deobase 
15% TBP in Deobase + 0.2 g./1. DBP 
15% TBP in Deobase ~ 1.0 g./1. DBP 

0.002 
o.Ll 

21 

The urani~ distribution coeff1~1ent, E~, in the dilute range is 
increased about l0100o...lold as the DBP concentration is increased from 
0- to l~O g./l., thus causing high uranium losses in the RC Column. 
For a .further- discussion or the. adVerse effects of DBP and also of 

.MBP on RA and RC Column. performance reference is made to Chapter IV. 

Solvent decaaposition products other than MBP and DBP 'lt'J&Y' be 
formed tran TBP under- severe ·conditions of exposure to heat and nitric 
acid. Decomposition products not fully identifi.i~d but belleyed)to 
consist, at least partly, of nitrated aromatic hydrocarbons llO were 
formed.lll "cold"· semi-works studies at Hanford in which solvent
saturated . RAW and RCU streans· were repeatedly concentrated by evapora
_tion~ combined-or separate:cy ,- for reuse· as RAFS, the concentration
r~e cycle _being repeated ten. times· or more.. These dec:omposi tion · 
products, whi~ mq be present 1n both aqueous and organic solutions, · 
result 1n increased .Ei values and thus higher RC Column losses • . Washi.Dg 
contaminated solve~t with water., lo% H_j04, 5:-' Na~o3., 8% H~4, . 
10%: and $j N8:25(>b;,.. acid-dichromate • or oxalic acid filled to reduce .ER
to·. lees than o.OS. . Consequ.ent:cy the sani-works solutions contaminated 
~ ' these decaaposition ~oducts we.re discarded. (The decomposition 

· products were: referred to as· "red. oil"' because oL their red or reddish-
brawn color.}. It. should be noted that the formation of these impurities 
took place . ucder more extreme conditions 0£ temperature and .nitric. acid 
concentration th.an~ are expected to be encountered in the TBP Plant. 

.·\:. 
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2. Remcr,ral of TBP Decomposition Products 

The removal of DBP and MBP from TBP--hydrocarbon diluent solut iomi of 
approxiJo,at~. RAX composition has been etudied in the laboratory · at Hanford 
Works. l21J The RAX was 15 volume per cent TBP 1n .Amsco 125-9<l'f hydrocarbon., 
spilced in one case with MBP to 1 g.-;J.. and in the• other with DBP t o l .g./l. 
Teat washings were made 'With equal volumee of aqueous wash and of spiked 
organic solutions followed by detemination of the urani\1Dl •Ei by .equili
bration with an equaJ. volume of' l g./1. UNH solution. The data a.re 
presented in the following table: 

Removal Efficiency of Various Aqueous SolutiQns 
For SePat;ation of MBP· apci D.BP From RAX (2lJ 

£S. (UNH at l g1/l,J after Scrubbipg, 
Scrubbip_g Agent 1 g,fl1 MBP Spilce 1 g.lJ.·1 DBP Spike 

10% NaOH o.0006 o.oooi · 
10% HJP(>4 . 0.0110 4.5 
l0% Na~04 0.0020 o.28 . 
lo% Na~03 - 0.0000· 

¥ 0.0030 o.55 
No Spilce 0.002 0.002 
lfo Scrub - 21 

Additional testing w1 th DBP alone eetablishe~ that 1D g .• /1. DBP was 
removed by one wash with 10 per cent Na~.3 or NaCL! and that 10 g./1. 
DBP plus 24 g./1. UNH was removed by one 1°'6 Na~03 wash. 

Teats carried out in the 'laboratory on semi-works contaminated 
solvent were not sucoess!ul in restoring solvent~ values to fresh 
solvent values (Eg ~ 0.001). Wash solutions used were Na~3, 1-JaOH, 
Na~r~7, Na~4, Na3ro4., Ua~L., NaH#()Ju H3P04, H2004, il(N0.3).3, and 
l003. N~~ washes were most effective In ~oving the Ei, but did not 
reduce the E8 ·value below approximately 0.02. However, aolvent treatment 
investigations during Purex studies using 30 volume per cent TBP indicated 
5 per cent Na2C0'3 solutions to be the most effective vaah. No reason for 
this difference nas bean established. 

Washing or solvent in 1500 to 2$00-gallon batches in the Hanford 
321 Building Send ... Works using wash solutions found to b~ most ef!ective in 
the laboratory was not successful. in reducing E~ values for contaminated 
solvent to less than o.oS. However, when new solutions., both aqueous. and 
organic.,. were made up and uaed with no recycling to the sy~tem of aey 
aaterial other· than Stoddard Solvent•washed RCU and Na~4-washed RCW, 
the Ei indicated no build.up of decomposition products • 

.3. RO Column 

Solvent from the extraction cycles (RCW streams) is continuously and 
counter-cuITently scrubbed 1n the RO Columns, one for each of the two 

:,--.: _ ... , ...... ,." .. 
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parallel solvent-extraction processing lines. The nominal ratio of 
scrub to solvent is one volume to twenty volumes. Semi-works 
practice has shown that solvent reconditioning is improved as the aqueous
to-organic now ratio is increased. However, a one-to-twenty ratio 
(aqueou.a to organic) is expected to be adequate for routine use. 
Subsection C2 shows that sodimn hydroxide, sodium sulfate, and sodium 
carbonate wash solutions effectively remove impurities from the 
sol.vent. or these1 sodium hydroxide is the most effective but has the 
undesirable property of precipitating uranium which ms;y cause plugging 
of the colu:nn. Consequently, sodium sulfate is used in the plant. 
Although sodium carbonate would react with slightly acidic RCW to 
evolve carbon dioxide, this would not be a .problem unless the gas 
volume became great enough to cause flooding of the column. Although 
the relative effectiveness of sodium sulfate and sodium carbonate 
is not clearly defined, semi-works experience indicated that sodium 
sulf'ate is apparently a better wash solution for the TBP process 
solvent and that sodium carbonate is better for the more concentrated 
Purex type solvent (30 volume per cent TBP) • 

When the plant operates at an instantaneous uranium processing 
rate of 10 tons/day (5 tons/q.ay in each recovery line), the RO 
Columns (twenty-two inch.es in diameter} are operated at a voll.Ulle 
velocity of approximately 800 gal./(hr.)(sq.ft.), sum of both phases. 
The actual flooding capacity of the RO Column has not been determined. 
However, based on the &SSUlJIPtio.n that RO and RC-type packed columns 
nood at appro.."'d.Jna't,·ly the same.. oP.,erating conditioru,, the above 
volume velocity is :.ess than fift~r · per cent of the flgQding oapaci ty 
of the column when packed with 1-inch Raschig rings.{1J Under these 
conditions H.T.U. values obtained during uranium extraction studies in 
the RO Column using various scrub solutio~ ~ay~

1
_be~ncfound to range 

from approximately four :reet to ten feet. \11) l.1.1J.) ll;;,) 

4. Retreatment 

During normal operation of the TBP Plant (no aqueous wastes being 
recycled), continuous treatment of the solvent in the RO Column is 
expected to give a recycled solvent sufficiently free of TBP decomposi
tion products, residual uranium, and fission products. Therefore, the 
solvent is normally returned to the RAX Feed Tanlc, 18..6 or 20...6, without 
further treatment. However, a routine sample of the solvent is taken and 
analyzed for per cent TBP and acidity, and the uranium distribution 
coefficient, E~, is determined.(9) If the routine analyses of the 
solvent indicate an accumulation of i.Jnpurities, retreatment is necessary 
before returning the solvent to the process, 

Organic(lQsses are estimated as the sum of the losses by two 
mechanisms. 4J 
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Iviechanism 

Solution in aqueous 
Entrained in aqueous 

· Total -

lllO 

. 
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Gallo,es R,,81: 10 Tons U 
!!E,_ Hydrocarboe 

Negligible 
210 
210 · 

Data indicating the sol~bUity o! TBP 1n aqueous solutions are presented 
in the following table: \22) -

A9E:80US Phase 
Solubility, 

G,/J.:. TBP at 2$oC1 

Water . o.24 
0.2 M UNH, 0.06 M. HN03 
0.3 JI HN03 - · 
2 M lYNH 
RA~ 

0.11 
0.11 
0.01 
0.0097 

*) RA1, composition: 2~6!,1 HNOj; 1._9ll NaN03, o.~ Na~4, 
0.2.!f Na3P04, 0.031:! UH!_!,No:;,, o.o~ .i!"'eCl3, o.~~ NH2'5<)tJH. 

Based on data b'om the above tables, the TBP concentration in the solvent 
requires. adjustment approximately f!Ver:, twenty d~s (an~ operation 
between the limits 12 • .5 ! 0.5%),. at which time the necessary butt can be 
made to the ROO Receivers, TK-18-1 a.cd 20-l., or the RAX Feed Tanks, · 
18-6 and 20-6; or the solvent can b~ diverted to the Organic Treatment 
Building (276..U) where the necessary TBP addition is made. 

Accumulation 0£ impurities 1n the solvent is indicated by a high 
urani'Ulll distribution ratio, E~. A value greater than 0.01 is indicative 
of poor solvent, and .the need for additional tre&tment. 13 indicated. 
Retreatment of off-atandard solvent is carried out in a batchwise operation 
1n the 01-ganic Treatment Building1 276-U, where washing is designed to 
remove the impurities and to improve the uranium distribution coeffi cient1 

Eg. Wash solutions tnat may be employed in -the retreatment of off .standard 
solvent are those that have been discussed in connection with the RO Column 
in Subsection C2, above. 

In the washing operations, adequate time and good agit~tion are both 
essential !or suf£icient contract of the solvent with the washing agent. 
Thirty to sixty-minute agitation periods provide thorough mixing of the 
two phases, after which the aqueous phase containing solvent impurit ies 
and residual uranium nnd fission products is decanted to the cribs. The 
solvent is sampled to detennine the effectiveness of the chemical treat
ment, thus indicating whether or not additional washing is necessary before 
returning the solvent to the process. 
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D. PROCEDURE5 

1. iforma1 Procedure 

l.l Pretreatment 

llll 
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Fresh solvent is added to the system 'When the normal solvent 
inventory- of approximately 20,000 gallons drops to approximately 
14,.000 gallons. Based. on the assumption that routine retreatment is 
not necessary and disregarding TBP concentration adjustment which 
must be made approximately eveey, twenty days, solvent losses to process 
wastes are expected to be approximately 250 gallons { 4o gallons 0£ 
TBP and 210 gallons of.diluent) per <iay(4) which drops the inventory 
to 14,000 gallons in approximately three weeks. Figure .X..l is an 
engineer's flow sketch of the organic. treatment i'acilities ,mere 
fresh solvent is added •. A batch of l.01 000 gallons of solvent is made 
up and pretreated according to the procedures described below, 
prior to its introduction to the system: 

(a) 8750 gallons o! hydrocarbon diluent is pumped into the RAX 
Blend Tanlc, 382 (working volume 13,000 gallons), from the . 
Diluent Storage Tank, 380 (working volume 25,ooo gallons), 

(b) l-J111le agitating the hydrocarbon diluent, 125o gallons of · 
TBP is added .frcm the TBP .Storage Tank, 381 (working volume 
4800 gallons). · 

(c) The solvent is agitated for two h:rurs to obtllin thorough 
mixing of the two components. 

(d) At the completion of the agitation period, the solvent is 
jetted into the Organic Treatment Tanlc, ,386 (working volume 
13,000 gallons), where it is agitated with 2000 gallons of 
five to ten per cent sodium carbonate solution for two hours. 

(e) Decantation is effected by pumpi.l'lg the solution through the 
Water Separator, SP-385, which directs the solvent to the 
RAX mend Tllllk., 382., and the wash solution to the Organic 
Treatment Sampler Taruc, 388 (working volume 2000 gallons) 
whence it is pumped to the 216-\JR Crib. ·' 

(f) A sample of the solvent is taken and ancl.yzed for per cent 
TBP, after which (provided the TBP concentration is within 
specii'icBtions) the solvent is suitable for uae in the TBP 
process. 

1.2 Solvent recovery 

A schematic diagrmn of the RO Solvent Washing Column System 
appears on the engineer's flow sketch in Chapter VI. Solvent from 
each solvent-e.xtraction column (i.e., RCW) flows at 33 gallons per 

-... .. . 
1IIF"' DECLASSIFIED --



('J 

·. ·: -:~-~~r••yf~~:~:'.~:/ ~;'~ ~it,•~1;~y~~::~<-\'.:~~~~e:•~~n'°/~~'.' l (":', ;:•' ::·-~~~:,;·~-~',-..::. '.'7.-'ff' •, ,.:\'.', c•~-~ -~~ ;, .. , · .· ,, ,'" : . . 

m2 . DECLASSIFIED Ifl•,~ 
minute into the bottom of each RO Column where it is contacted coW1ter
cUITently With the scrub solution., ROS. The scrub solution o£ 5 per 
cent (O.Lh) Ha~4 is fed to the top of the column at 1.6 galJ.ons per 
minute from the ROS Head Tank, 202 (holdup time 17 hours with both 
RO Columns operating) by gravity flow through a diaphragm valve. The 
aqueous efnuent, RGJ., leaves the bottc,n of the column through a dia
phragm-operated valve remotely controlled by the interface recorder
controller and nows to the Ra.-r Receiver., TIC.J.8-.3 (and 20-J)(working 
volume 1350 gallona). · Provisions are made tor sampling this tank, :.Crom 
which the solution :La pumped continuously into the Pooled RAW..RO'ti Receiver., 
TK.J.J-6. (working volume 12,000 gallons).. · 

The scrubbed organic, ROO, leaves the top of the RO Column and 
nows into the· ROO Recei v-er, TIC.J.8;.1 ( and 20,.J.) ( working volume 4500 
gaµ.ons). Nonnally~ a routine sample is taken of the solvent while it 
is in Tank 18.J. (and 2Q.l), £ran which it is pumped continuously into 
the RAX Feed Tanlc, 18-6 (and 20-6) (working volume 121 000 gallons). 

2. Remedy of Off-Standard Conditions 
I 

2.1 General 

c:r"J Two methods are provided routinely for detection of off-standard 
operating conditions: ~ determinations, and measurement of residual 
radioactivity.. Disengagement time determinations ere secured when column 
_operation {RA or RC) gives evidence of lowered flooding capacity., or 

. llh.t:;1 solids are present in the ROO. Remedial treatment should be con.. 
sidured when llmita indicated in the following table are exceededs 

· ~ (See Chapter XX) . 
Residual activity 
Disengagement times 

RA 
RC 

0.01 
200 counts/(min.)(ml.) 

So seconds 
70 seconds 

A radiation recorder is inatalled on the ROO Receiver, TK.J.8-l 
(~ 20..J.). Normally, the radiation level of the scrubbed solventt ROO, 
cannot be distinguished i'rcn "backgroWld11 (natural radiation .level}. 
However, in the event that radiation is detected., an investigation of 
the entire process should· be ude to determine the location nnd cause or 
improper operation. If the solvent contains a significant amount of 
radioactive rnateri,alst _i.e., more than 200 counta/(mi.n. )(ml.), it mey 
be washed 1n Bldg.· 27t>-U until the radioactive materi,ls are removed. 

In the case of solvent containing relative'.cy small amounts of radio
acti,rity., the solvent is jetted from the noo Receiver, TK..J.8-1 (and 20-1) 
to the Organic Receiver, 387 (working volume 13,000 gallons) in the 
Organic Treatment Building (276-U), where it undergoes batch chemical 
treatment as discussed in Subsection CJ, above • 
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In the extremely unlike~ event of obtaining RO Column organic 

effluent which is too high in fission-product radioactivit,y to allow 
processing in the Organic Treatnent Building (276..U), solvent treat
ment can be effected in the extraction battery. Thia necessitates 
interrupting the flow· of uranium feed solution, RAF, to the coltmll'lS for 
several hours du.ring which time the solvent can be purged of fission 
products by recycling through the system. If necessary, further 
treatment can b~ administered by shutting down the coluznn battery and 
washing the solvent in the RAX Feed Tanlc, 18..6 (and 20..6), ai"ter 
which the solvent (along with the wash solution) can be processed in 
the extraction columns for phase separation and additional scrubbing 
action. 

The second method for detection of off-stend.ard conditions involves 
the routine sampling and analyses o:f the recovered solvent as it passes 
through the ROO Receiver, 18-1 (and 20-1). Uonnally, the uranium 
distribution coeff.icient, Ei, and the per cent TBP are(djtermined once 
per day, and the acidity is detenr.ined twice per week. 9 When these 
analyses indicate an excessive accumulation of impurities, (see limits 
tabulated above) the solvent is retreated. Although euch a condition 
is extremely unlikely, sol.vent may be 'WlSatis!actory for use even 
after repeated retreatment; a condition 'Which would necessitate 
disposal o! the used solvent and replacement with fresh solvent. No 
.facilities are provided in the TBP Plant for the disposal of large 
quantities of solvent. However, pumping facilities are provided at the 
Organic Treatment Sampler Tanlc, 388, for the removal of used solvent to 
fifty-five gallon storage drums or other containers that may be 
provided for the purpose Wltil facilities for disposal (o.g., buryi...:ig 
or burning) could be .provided. · 

2.2 TBP concentration adju.stmel'¼,t 

Due to unequal losses .of TBP and of diluent in the process (dis
cussed in Subsection C4, above) the TBP concentration in the solvent 
will require periodic adjustment. Th$ frequency with which such · 
adjustments must bamade is a:i'unction of the TBP concentration limits 
within lilich satisfactory operation of the plant is found possible, as 
indicated in the following table: 

TBP Concentration L:iJnits, 
Vol, Per Cent 

12.5 t o.5 
12.5 ! 1.0 
12.5 t 2.0* 

Approx. Frequency of TBP 
~entration AdjJ.s~ 

tvery 20 days 
Every 4o days 
Every Bo days 

------------------....... -----......... * _________ . ____ . ___ 

*) Solvent. phase vol\lllle losses., due to entrainment, may reduce the 
plant inventory of solvent to an impractically low level before 
TBP concentration changes reach thcs6 limits. 
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The procedure described below applies to batchw:Lse adjuatment of 
the· TBP concentration in the Organic Treatment Building (276-U) combined 
with a sodium carbonate wash to ranove the ecid phosphates and other. acidic 
impurities !ram the freshTBP. (It is possible to reduce the frequency 
of such adjustments, or possibly even elj,Jninate them al together 4 by com.. 

,,. bin:ing the TBP concentration adjustment w.i. th fresh solvent make-up.) 

(a) The solvent is jetted fran the ROO Receivers, 18-1 and 20-l.., 
to the. Organic Receiver, J67, in: 10,000-ga:Uon batches. 
(Solvent ma;r be jetted from the R/.X Feed Tanks, 18-6 and 
2o-6., simultaneously, if desired.) 

(b) The solvent is sampled and then jetted to the Organic Treatment 
Taruc, .)86., and pumped !rein the Organic Treatment Tank to the 
RAX Blend Tank, J82, bypassing the Water Separator, SP-38.5. 

(c) The necessary amount of TBP 1$ added to the RAX Blend Tank, 
JB2, fr.an the TBP Storage Tank, 381, directly or through Weigh 
Tamk L.276.B, and the solution is agitated for thirty miriutes. 

(d) 2000 ga1lons of sodium carbonate· wash solution is added to the 
Organic Treatment Trulk, 386. 

(e) The solvent in the RAX Blend Tank., 382, is then jetted to the 
Organic Treatment Tanlc, 366, and agitated for thirty minutes. 

(f) ~paration of the _wash solution present is accanpll~~:ed by 
pumping the solvent through the Water Separator, SP .. .;35'., 
which directs the solvent to th~ RAX Blend Tanlc., 382, and 
the wash solution to the Organic Treatment Sampler Tanlc, 388. 

(g) Following the agitation period, the solvent is sampled and 
returned to the RAX Feed Tanks, 1n..6 am 20-6. 

2.J Batch chemical treatment 

The retreatment procedure described below applies to the .batch 
chemical treatment of off-standard RO Column .organic effluent. Reference 
should again be lllade to the schematic diagram of the <rganic treatment 
facilities on Figure L-1. · 

(a) 2000 gallons of wash solution (Na2C03, Na~lv or other) is 
added to the Organic Treatment Tank., JB.S. • 

(b) A batch of 10,000 gallons of solvent is jetted from the ROO 
Receivers, 18-1 and 20-l, to the Organic Receiver, 367. 

(c) The solvent is then jetted into the Organic Treatment Tanlc, 
386., where it is agitated with the wnsh solution for th:!rty 
minutes. 

OECUSS\f\t\l .. 



(d) 

(e) 

rs ••• 

-------

lllS DECLASSIFIED ..... 
Decantation is effected by pumping the solution through the 
Water Separator, SP-385, which directs the solvent to the 
RAX Blend Tanlc, 382, and the wash solution to the Organic 
Treatment Sampler Tanlc, J88, from where it is pumped to · 
the 216..\tJR Crib. 

A sample of the solvent is taken and the uranium distribution 
coefficient, E~, under dilute RC Column conditions, is deter
mined (by the method ~escribed. in Chapter XX). . An E~ value 
equal to or less than 0.01 is indicative of solvent suitable 
for w,e in the TBP process. 
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PART II: PROCESS, continued 

CRAP1'ER XII. WA&'TE TREATMENr AND DISPOSAL 
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CliAPl'E8 XII. WAe!'E TRF.A1!tlEN'l' AND DISPOSAL 

A. IMRODUCTION 

The radioactive wastes :rrom the Uranium Rectr1ery Plant ere t reated 
and disposed af. so that they do not cause a bazardous pollution of the en
virons or the Hanford Works. L1qu1d wastes which contain appreciable gum
tit1es of radioactivity are concentrated and stored in large underground 
tanks. Liquid wastes containing only trace quantities ot radioactivity are 
discarded into cribs :from which_ the water percolates into the ground with 
the accompseyillg adsorption o:r radioactive lll!teriala by the soil. Process 
cooling wter and steam condensate, which Bhould not be contamimted, ere 
routed through retention basins and monitored before beiDg disc.ba r ged to a 
ditch :from which it seeps into tbe ground or is evaporated. Gaseous wastes 
are treated to remove particulate matter and are disc.barged to the atmos
phere trom stacks. Since these :facilities were des18n,ed to handle on.ly 
aged material. (2-year-old or older, see Chapter I) f'rom which the rl31 
(8-da7 halt-lii"e) bas essentially completely decayed out, no measures ere 
required to control the discharge of that short-lived volatile fis sion pro
duct. (1131 is :present in negligible amounts even in mteriaI aged only 6 
months.) 

Tbe following table del:i.neates the problem ot liquid waste disposal, 
It is based on the recovery of' ten tons of' ure.nium. per day by the TBP Process 

• Chemical Flovsheet TBP-RW No. 4 and the conversion of 13-1/8 tons ot uranium. 
per day from the nitrate to the oxide. 

Liguid Wastes 
(Based on 10 Tons u/ii.y from Stored Waste) 

Volume. 
Source of We ste GJJl.~y 

Me.in Process: 
Neutrelized concen- 32,750 
trated RAW, ROW 

Condensates 129,500 

Sol.vent Treatment 
Cool.i?Jg water and 4,500,000 
steam condensate 

Miscellaneous Drainage: 
Regulated areas 
Non-regulated areas 
Sanitary wastes 

Approx. 
Radioe.cti'Vity Estimated 

!Bvel, Pu Content, 
ir Curiee@ly G./f!y 

6,ooo(a) to 20 
65 ,ooo(b) 
o,03(a) to 10-4 
o.ib) 

No normal :flow 
0 to l0-7 Trace 

No norlll!l flow 
No nornal flow 

~: (e) For 7-yeer-old 200-Mw.-day/ton waste. 

{b) For 2-year~old 4oo-Mw.-day/ton weste. 

Disposal 
Met hod 

Underground 
Storage 
2J.6-EB, 216-WR 
Condensate Cribs 
216-u Cribs 
Open Ditch via 
Retention Basin 

216-u Cri bs 
Open Ditch 

Septic Tanlc and 
Tile Field 
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Tbe radioactive wastes returned-t'rom- the TBP process to the undersround 
tanks tor storage occupy 75 to 100 per cent at the volume originall:r occupied 
by the stored l3iP04 process first extraction eycle uranium vastes, depending 
on the TBP flowaheet in use and on the freezing point to which the wastea may 
in. practic~ be concentrated. 

. _The. gaseous wa&tes f'rOlll .the Uren1m Recovery- Plant are itemized in the ' 
~ollowiDg table, together with pe_rt~nt iz,,f~tion concerning their diapoaal. 

Gaseous Wastes 
-(:Based on 10 Tons U ~'T f'rom Stored Waste) 

Approzimate EatiJllated 
Peak Rate, Badioectivit:,; 
Cu .Ft • ftUn ~ , Total Curies 

Source ot Wa ate S.T .P·. Per DBz(a) D1s22sal Method 

EquiP19nt Vents 

l. 203-U stol"llge Tanks, 
221-U . and 224-U ( C-2 

200 O~l 291·-u Ventilation Stack 

Tank only) Buildillg 
.- :veHe.J.e, 

2. 221-U Building 50 0.01 291_-U Ventilation Stack 
. condel'lSers 

3. 224-U Building 200 (b) - Boot Jet 
condensers 

4. 224-U 4~ BHOJ Absorber 200 (b) Root Jet 
5 • 224-U :Building wcuum 7'00 (b) . :ao~ -tan(d) 
6. 241-WR Diversion vault 0.5 0.002 291-U Ventil8t1on Stack 

( "hot II vessels) 
7 • 2,44-BD, CR, TXR, UR 335 0.1 291-BXR, CR, TXB, tl8 

Process Tank· Vault Ventilation StacaCc) 
. vessels 

Ventilation Air 

8. 221-U Building 39,400 <0.15 291-U Ventilation-Stack(e) 
. ( includes items 1, 

2, 6, 7) 
9. 224-U Building 57,750 (b) 9 root f'llna 

lo-. 241-WR D1 version 3400 0.002 291-U Ventilation Stack 
Vault ( ''hot" side) 
(includes item 6) 

10-6 11. 241-WR Divers-ion Vault 4150 291-WR Ventilation Stack 
( "cold" side) 

10-5 l2 • 244-BXR, CR, 'l'XR, UR 3300 291-BXB, ·CR, TXR, UR 
Process Tank Vaults. Ventilation Stacu(c) 
( includes item 7) 

Notes: (a) These activities are expressed as "countable" curies as 
defined in Chapter ll. They are be sad in the entrainment 
of one pound of process solution per 10 pounds of gas 
passing through tbat solution, or om potm.d or solution 

-.i,,1,;N! ... , · ' . . . ~ 
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peri -io.5 :potmds of gas pasai.Dg through a procese solut±cm 
end; a deentre i:ament co1uam. 

(b) The beta-ge1111DB radioactivity- from this so-urce ie inci
dental, the quantity of U93 dust in the effluent air 

6 bei.Dg the controlling f'Bctor. A concentration of 10-
poµnda ot U0_3 per cubic toot ot air is permiss ible tor 
prolc:,nged exposure • 

( c) Mter :t'Utration through Fiberglas. 

(d) After :t'iltration throust,. wool c1otb and Fiberglas. 

( e) After t'il.tration through sand. 

B. PROCESS LIQUID WASrES 

l. 111.gh-Activitz 'Wastes 
.. 

l.l.. Definition of the P£0blenl 

·Pertinent approzimate data :t'or- the higb...activity- liQuid west.ea frail th& 
uranium recovery process are listed below. 

High-Activity LiqUid Wastes 
I 

1-sie: 10 Tons TJ/rxJy trom S~ored Waste 
TBP-BW No. 4 Flowaheet 
2-Year-Old 200-Mw.-Doy/ron Material 

Row(e) 
Beut. 

RAW Wastes 

Volume, gel. /day 54,500 4700 66,200 
Speci:tic Gra'Vity @ 25•c • . l.21 l.05 1.12 
~talliza1:1on Temp., •c. (10· <10 14 
· (axclud.il_'.18 ~ure.nates am 

hydroxides) 
Appr,cxd.Date Activity 

Beta. curieaJ,:1~ 2~0 
l0-5 1.i 

Gemam curies gal. o.a o. 
Pu, gre.ms/411.7 20 0 20 
u, poundJJ /as y 200 200 400 

Components, pound.a per day 

~? 7930 
mr 4 52,030 50 

13,270 
NaNd· --
~4 

100,220 -- 170,760 
9710 ---

NafN04 (b) 2040 ll,940 
Fe NR~)fl,S04)~(b) 2210 ·-- --
Fe(OB:~ ) - 830 
~O (b} 1510 
NH40EI (b) llOO 

.. . ,, . ·~ ~Q-, " _._. .... .. OEClJSSlRED 

Cone. 
Wa stes 

32,750 
1.40 

30 

3.4 
1.2 

20 
400 

13,270 --170, 760 

. ll,940 

830 

,.. 
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..... , .. 
. R{M_(a) 

- Neu:t. Cone • 
:R-AW Wastes Wastes 

·x~. m,4oo 38,400 ~5,370 249,120 
NaCl "'40 . . 0 ""· 40 N4Q . . 

· ·T.BP ( 1n a.olution) - ' 45a . < ;.} ""loo N ,o 
TBP (entrained) .( 50 
Diluent (in solution) 
Diluent (entrained) ·· 

:C._0-5- . . - . <a.05-J <380 <l 
. ' , .. 

Notes: - (a} 

(b) 

< 3,0 < 30 

The R<Jl CCIIIPOSi tion is not.. certain. at the time r:,t 
-writ1Dg~ and ria,- alternatively ' contain carbonate, 
sul:tate, or phosphate ion., or combimtiona af these 
10118. . 

The conversion of :t'erroua ion to ·terric iontakaa 

_ .. , __ . .- · .-- .... "~ 

place slow~ prior to concentrat1on ·and rapi~ during 
concentration. The hydrolysie· of aultaate takit• place 
slowly prior to neutralization and ceases with .neutrali
zation • . For· simplicity-, the intermediate 1tepe • N not 
shown here. 

1.2 Technical end mcees· background 

_ The larp volumes or· aqueous waste• tr.om the uranium recoffry procea1 
contain conaidenble quantit1ee at.· radi~~irlt7 as descriiA•d abow. Since 
this redioactivity lDU8t be cont'ined ime~initely, economic cOnBideretiona 
require that the volume of suoh. westes be kept to a minimum. Concentration 
ot the waste solutions b,- e-vaporetion is used to attain this end. 

. .; : 

1.21 Sol-vent removal -from •ate• 
As indicated .under Bl.l, aboft, about, half' ot the TBP_and nearly .all 

of the diluent are steam stripped from the equeoue-waate during concen
t?"etion. The stripped TBP and diluent are routed to the cribs with -the 
condensates • This removal is incidental and is not requtre·d by proce•• or 
aaf'et7 considerations. The diluent and TBP are distilled with virt-gally 
no chemical change, and the TEP remaining with the concentrate4 waste 
umergoes only alight hyQrolyaia to d1butyl phosphate 1 monobutyl phosphate, 
and sodium phoe:pbate • ( 13} _ · · · _ 

1.22 Neutralization 

Prior to storego in the i.mderground tallks, the aqueous wastes ere 
Mutralized to a lit greater tban .. 9.5 to m1n1mhe corrosion af the Dl1ld 
steel tank liners. The neutralization ie accomplished by the addition · 
of ,~ sodium h1drox1de, eaoh volume of RAW requiriDg o.124 volume ot 
,a,, ?faCIH for neutralization to a iii o:t' 9.5 (soe Figure XII-1). As indi
cated under 1.23,. below,some ammonia 11 evolved dur1Jli conoentretion. 
Bence additional 5~ NaOS: is added ( 0.002 to o.oo4 volume 'for eech volume 
of waste)., to carry the pH to et least 11.0., thereby assuring that the 

.~ . . :~ "-~~
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pH after concentration 'Will be 9.5 or greater. The heat of neutralization 
totals about 640 B.i41.1. :per gellon ~ RAW, cO?Tesponding to a temi:,erature 
rise of about 65°F. ~ J Thia beet serves to preheat tlw · vaste solut:1.on 
prior to concentration. 

; 

The ml!ljor components at the BAW are :ceutl'!!llized according to the 
:following reections : 

(1) Hl'l03 + Baeii - Na.N03 + R20 

(2) Ne11S04 + NaCE - Na~4 + ~o 

(3) R:f()4 + 211!CH -Na~4 + ~O 

or 

(4) 11:,04 + 3lfaOH --+ Ne3P04 + ~ 

In the neutralization of phosphoric ecid the re.12tiw pre~lence at the 
reections ( 3) end (4) depends an the Ji[ of tbe solut'1cm, the neutraliza
tion proceeding entirely by reaction ( 3) et a iii at 1 end 5~ by reaction 
( 4) at a p{ or 9 (as 1Dd1ceted by the gentle breaks in the curve ill 
Figure XII-1). Any i"erroua ion reaohing the neutralizer is precipitated 
as ·a white flocculent or a black crystalline material accordil:Jg to tbe 
reactions: 

(5) Fe(NB:4)2(604)2 + 4NeOH -1e~C!l)2 ~ ~4 + 2!1114(Jf 

(6) 3B'e(CE)2 - Fe304 + B2 + ~o 
, ' 

However, the terroua ion ia p1rt:iall.y air-oxidized to ferric ion ill the 
RA system and subsequent stepe, the ferric ion being precipitated according . 
to the reaction: 

(7) J'e(lf03)3 + Hj><)4 + 3NeOH - ll'ePOJ+ + 31f~ + ~o 

The Fe304 is slovl:y air oxidized to the ferric. F9Cipitate by the reaction: 

(8) 4Fe304 + o2 + 12?faj>04 + l&Ii) __.. 12FeP04 + 36Near 
The aul:f'amic acid is neutralized to sodium aultam1te by the !Simple 

reaction: · 

(9) N!½SOjl + N80l! - ~S03Ne + B20 

Prior to ?Jeutraliza.tion, some of the sultemic acid 1s· hydrolyzed by the 
reection: 

This reaction ceases e.e the pl 1s raised above 7, and the acid sul:f'ate. 
is neutrelized by the reaction: 

.:· ,; 
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1.23 Concentration.. 

The waste ia concentrated to 1,11:Sn1m1 ze the volume whicl]. must be stored 
underground. The concentration is carried out continuous~ in Sections 9 
and 10 at 221-U BUilding. Aa indicated UZJder Bl.l., the wastes are con
centrated to about one halt the origiml volume ( in t!ie TBP-JlW No. 5 
Flowaheet, the waste is oQlCentreted to about one-third volume, the con
centrated material bavins about the same volume as the TBP .. HW No. 4 waste 
concentrate) • · · 

The degree of concentration attainable in ·pla.nt practice 11 determimd 
b7 the ~ical properties at the concentrate. These properties, in turn, 
are determined partially by the mui:l.m1lm te1'1)8reture at which the concen
trate is handled. Some ~rtine~t pbyaical,' propertie~ of TBP waste ooncen-
tretea are given below.(7)t9)(16) · · 

Cheracteristioa or Neutrel1zed-W8ste Solutions 

:Basie: m-BW No. 4 l!'lowsbe~t 

Volume Dens:l:t;y V<?lume .J, ot 
Suspended 
Solids at 

22•c. 

~ of · Jot 
Neut. Under~ 

Waate(a) .Storage b 

100 171 
77 . 131 
61 .lo4 

. 55 . 94 
48 82 
45 75 
43.5 74 
43 73.5 
42.5 72.5 

Boiling Satlll'9tion 
Point, 
•c. ( or J'reez~ j 

~ ·.nt1 •c. c 

102 15 
lo4 18 
lo.S ~6 
lo8 29 
uo., 34 

36 
112.5 ' ' . . 39 

60 
80 . 

G ./HI. at 
Freezing 

Point 

1.2.! 
1.24 
1 ~34-
1.34 -
1.36 
l.40 

~o 
23 2, 
28 
33 
50 
73 

!2.!!!: (e) Thia volume includes tbe ~. 

-· 

(b ). Thia -value is reffirred to the corresponding. volume ar 
biSlllUth phosphate uranium waste stored underground 
prior to the start ot urani\1111 recovery. 

( c) These veluee ere beaed on e11 original pH at 11.8 tor 
tbe. neutralized waste, e:i:cludi.Dg tbe- BOW • . Tripling 
the concentration of the aulte.te ion raises the 
saturetion point from 36• to 3B•c. at e. volume equi~
lent to 451> at the total neutre.lized waste. The ROW 
(TBP-RW No. 4 Flowaheet) will contribute aulf'ete ion 

. equivalent ' to about 13:t ot tbBt present . in tbe ·RAW. 
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Chemical chenges occ~illg during concentration ui,lude the oxida

tion of iron ( discussed under Bl.22) and the evolution of _ammonia. In 
the neutralized veste solution, ammonia is present in the °following set 
of states at equillbrium: 

At tbs low tempersture encountered prior to conce~tret~, the equi
librium is predcmii:mntly to the right, and the wpor pressur.e ot ammonia 
over the waste solution is low. During. concentretion, however, almost 
all or· the dissolved NH3 is wporized. The resulting sh1tt pf the equi
librium to the left strips the ammonia almost completely from the boiling 
solution. The· 8111110riia vapor, vith the veter wpor, Jl8S&es through the 
deentreinment· column· to the condenaer, where part of it condenses with 
the condenaate •. The guentity of ammonia escaping to the ~nt systom 
depends me.inly- upon the temperature of the condensate and the volume o~ 
air (from bubbler lines and leekl!!tge) leeVing the condenser. ln a ·reason
ably- tight eg?Jipnent insta-llation, nearly' e-11 at the ommonia "teaves the 

· system. in the condensnte. 

I.21p Dispoaal 

The concentreted weatea are ~ooled to ebout 180°F. to ·. pi,olong the 
lU'e 1,,,..•· subsequent pumps and .agitators. Additioml cooling at the con
centxe'ted 'WIBstee ia not deairebla since it increases pumping problems 
( slurry- ~ormation et telllpenturea below the seturetion point) or stOl'ftge 

· coats (decreesed solubility- neceeaitating leas concentre.tion or sub
sequent dilution to larger- volumes) • The cooled concentrete is pmped 
via' the Concentrated We·ate Receiver to the Waste Pump Tank, 241-WB-001. 
Th& waste is then routed to underground storege tanks through ~ grid 
~ buried pipe lines. . · 

, . 'l!ba s1urry- obtained by cool::µ:ig e concentrated wste below it• 111tu
ratton. "temperature teJJdet to plug a pipe transporting that slurry· i n 
n:acous--f'lov. ID turbul.on't" !low,. however" the slurry does -not settle 
ao zeadily,'.,, end it may- be :tOU?D f°Maible- to return the waste concentrete 
to tha UDdergiound. tank. term. as: a •lurl'l'. 

In the volme renge. r4' 7"1, to l~ o-r the original urenium waste 
vollat-, a slurry ~ 20 to 30 per cent aol.ida is obtained at 80°F. This 
seme system baa very little_ solids et 100°F. (See table under :Bl.23, 
abov$-;;,,) . '?he. proviaion ~ fac·ilittea t'or lmeping· the waste. cOJ:lCentrate 

~.- abcmr l009)t.. during transit. .. th1JB decreases either the. solids .co~nt at 
tie •ll.lr!T beillg tra~errect,. or the volume required to deliver · that . 
wate as a solution .. The. 11:Itererea pipe encasement 11 supplied with 
add1.t1om:l beet to. ccmpenaate 't~ losses to the ground by routing hot 

I' . 
. . . .. 

, 
I '• • 

... 
~ . . .: ; 

,. - . C. 

. :·· 

/ 

. ... 

. condensate to tblt'.200 llaat Area Crib,. 216-EH,. the, condensate being sub ... 
· · coolecl. as little. as- operaticmall.7 teeaible... Celculationa 1.Ddicete th.et· . . .::· . 
. · _ waate can be deliwred to tbe· 200 Bast Area .at temperatures above 110-ir.Clt.-l:_,y 
: .. . .,.. . ·<it• 

.~~ 
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1.25 Conditions in underground tanks 
j 

. ' . 

DECLASSIFIED 
Since radioactivity is being returned to the ground 1n essentiol.Jq 

the same volume with which it was- essociatod prior to urenim recow17, 
it is anticipated that the time-temperature curves for the tenk contents 
will be eaaentielly unchanged by the removal of the ureni\111. (See Chapter 
n tor further im'ornmtion.) As in the };lB&t, the concentration ot tisaian 
products 111 expected to be the highest in the first tank of' a cescede, tbe 
acawnging action or the uranium precipitate being repl8ced by the see~ 
action ot the ferric hydroxide in.-the. wste. 

1.26 Nitric acid ·recovery from RAW 

. A method at decreasing the volume at waste, to be stored by the re
covery of nitric acid from the RAW appeared attractive during TBP proceH 
developa1Bnt ~ye, end plans were origimlly mBde to recover nitric ecid. 
This proceasC5> conaiets briefly" at the following atepet 

(e.) _ Conoentretion ot the RAW to about 20 per cent of its original 
volume,. . with the _. vepori~tion ot e1Sentielly ell ot the nitric 
acid present. 

(b) Dilution~ the concentrate from step (o) to pormt :noutrali
zntion and storege by normal methods. 

(c) ~ctiomtion ot the vapors from step (a) to yield 601, nitric 
a :id tor re-use and water oondenaete ( lif > 2) for cribbing. 

Hc;,wover, tbe pre1ence of chloride ion, int~uced vi.th -the commerc:lsl 
~de- ceu:atic soda used in neutral.i~i?Jg the BiP04. process urani\111 ve1te, 
would lleve resulted in excessive corroeion in the concentrator end BlfO~ 
fractionating towor1 ~rticulArly tar stainleaa ateol equipment exposed 
to the vapor phase.\ 12) A review at the problem reveeled no demonstreted, 
teaaible method o'f removing the chloride ion.(8)(11) Materials of con
struction. cep!ble of with1tand1ng the coITOaivenesa of · the process mteriala 
( 1.e., tantalum or cel"emice.) were ezpeneive or 41.tticult to fabricete. 
Conaequentl.y, tbe BN03 recovery process was abendoned. In the event that 
long.term operation. of the TBP Plant in conjunction with tbe B1P04 proceea 
prows desirable, tho installation ~ this acid recovery proceas my prove 
jUBtUied. 

1.3· Undergrcnmd storage facilities 

The 1tol'lllgo tecilities currently containing uranium waste solutions 
w1l1 be used to contain the high-activity -wastes .f'ran the uranium recovery 
proceaa. Far a description of theee. tacili ties reference is ?119de to 
Clepter llII. 

2. Law-Activitz W'aatea 

2 .1 Def'ini tion of the problem 

The tollowillg teble liata pertinent intorumtion concerni11g the low 
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ectivity wastes anticipated· f'rom the operation crt the uren1ue1 recovery 
and celciMtion operations. 

Low-Activity Lig:u:1.d Wastes 

(l3esed on· 10 Tons U /Dey from Stored Woste end 3-1/8 
Tons U/Dey from Redo%; TBP-RW No. 4 Flowsheet) 

Sources 

Condensates 

Approx. 
Volume, 

Gal../Dey 

from cone.. of: 

Feed 26,000 

. Waste 28,4oo 

Pl'0l!uct 'Cll'lr ~,000 
Total 129,400 

Solvent washes 
Bldg. dra inBge 

221-U Bldg. 
224-U Bldg. 
291-UVentila-
tion Stack 

Estilmted 
::88dioecti V• 

1ty level, 
Curies/Gal. 

2 X 10-6 

2 X 10-6 

10-9 

Estimted 
Pu Content,. 
.....G./Gcl. 

2 x 10-3 

2 X 10-3 

10-5 

~o DOJ:'l:IBl flow 

No normal flow 
No nonzl flow 
No nortml flow 

. Inert 
Chemicals 
Per Doy 

< 15() lb. HN03 

550-11001b. 
NH4CE 

< 4oo lb • lD.'l03 

DilSposn.l 
Method 

216-ER, WR 
Condensate 
Cribs 
216-u Cribs 

216-u Cribs 
216-u Cribs 
216:-U Cribs 

241-WR Diver
sion Vnu1t 

No noroel flow Process vessels 

2.2 Technical "t::leekground 

For a discussion ot the technicel background involved in the cribbing 
of low-ectivity wasto, the reeder is referred to the Rode>% Technicel 
Manual, (10) Chapter X, Section 2.2. 

2 .21 Deontrn im:lent 

The concentrctor· units ere desigDed to dolivor condensete conteining 
no oore then one pound of concentrate per m.llion pounds of condensate, 
provided the OP9nlting rntes of the unite do not exceed those listed 
below.(2)(3)(15) As the operating reto exceeds these design values by a 
factor to be detomined in operation, the entrninmont mny be expected to 
increase as the gns velocities in the tower approach their loading rotes. 

The operoting rotes under which e deentreim:JOnt factor of 1o6 is 
e.nt1c1IJBted in the various units ere boeed on e superficial gas velocity 

~ . 
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of 1.5 feet per second in the deentroilmlent tower. This corresponds to 
the caJl8cit1ee noted belov. 

Operating csi:ecity for _f:. 
Designed Deen:treillment of' lll'"' 

Ureniuc 
Ton/D,J.y 

Deentraimilent Condensete, TBP-RW No. 4 
Concentretor Medium Lb/~. Flowaheet 

Feed Bubble-cap co~u:m: . 9350 10.3 
Waste . York wire .t:ll88h. · 9350 9.0 
TJN Bubble-cap column 10,600 

The Uranium Product Concentretors are noimlly operated at retes 
5

5<:Jf; 
higher than. thoee noted above &1d e deentraillment :ra.ctor of about 10 is 
ent1c1Plted .for these um.ts. ( i} This low.er deent:raimDent is acceptable 
since edeqimte docontamilmt1on with respect to fiSsion ;products end pluto
niUC1 hea been ostoblished prior to this concentration, and the uraniUCl 
tolerence in the condensate vill 'probebly be ·set at 0.01 to 1.0 g./1. 
( corresponding to e deentl'flinOen~ factor of 103 to 105). 

2.22 pR ·control. of condensate• 

The · condensates from the Feed ·concentrators ( soe Cbopter III) and the 
UN concentration (see Chapter VII} contein soce acid: 0.Ol Mor · loss. 
The conde!lSflte from the waste concentrator- Will contain up to l/8 M et1C10-
niUC1 hydroxide ( soe Bl .23 above) • While the. conbined condensntes leaving 

· the 241-WR Vault will no~uy· be sufti9icn~ly el;lmline {J;i! greater then ,? 
· ta prevent soil leaching end, consequent undet!liroble cllenneling ot the 
cribbed liquid, condonantes ~de during periods of inflcti'Vity of the Woste 
Concentrotore will be too acid for safe cribbing. 

The leaching of soils by acidic condensotos is prevented by routinely 
J;l&SSing t~ con~nsete through a bed of lmestone prior to cribbing. 
Allmline condensate pesaes through the C8C03 wcbnnged ( except·· for a very 
slight dissolution, of CnC03), while ncidic condenst1te reocts with the line
atone nccordiDg_ to the reaction: · 

The solubility or gaseous Iltlturo of oll the rooction products kee~ the 
surface of the undissolved licestone cl.etln for continuing reoction(l4). 
Tho . colciuc salts odd no nev ions .to the soil, simul:toneously protecting 
the soil :troc,. ncid leeching end frot1 the plugging ection of any inso1uble 
coopounda possibly deri-ved . froc. renction of ions 1n the condensate .with 
the soil. 

2.23 Miscellaneous wastes 

As noted in Chapter ~I, the pretreettient end retroetcent procedures , 
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for the sol.vent in the 276-U Building fccilities are subject to :tirmng
up 1n actual plD.nt operetion. Since wnstes fron the solvent treatoent, 
if' any, uey con:tain ions which tend to reduce the peroeability of the 
soil, crib facilities (216-U) are provided for these wstes separate f'roc 
the cribs dispersing the procesS' condensates. 

2.3 Disposal fnc1lities 

Lev-activity wastes ere disposed of at one of three crib l ocations, 
as follows ( see Cbspter XIII f'or plot plan): 

216-ER is located about 1000 ft. northwest or 221-B Bui+ding 

216-WR is locate~ about 1000 ft. south crt 224-U Building 

216-U is located about 800 ft. vest of 224-U Building 

The 216-EB and 216-WR Condensate Cribs are each -coapol!led of two 
stan&2rd Hanford cribs( 10) in series. A 9-f't. by 9-ft. tenk ( 270 
:Building) serves as a reaction chOt:lber f'or the lines1:one neutral izo.tion 
ot condensate, the woter flowing fron a pierced-pipe distributor upward 
through the lir:lestone and overfloving the vessel to the. crib. Building 
270-W is located about 1000 ft. north of the 216-WR Crib, and Building 
270-E is loceted abottt 300 :f't. south or the 216-ER Crib. It is antici
pated thtJt no solids -will be routed to these cribs, so tbet their cepocity 
should retmin essentielly constant throughout the :pe~·1.od of Uraniuo 
Recovery Plant operetion. The 216-U Crib facility is cocposed o't a con
crete 20-:ft. by 20-tt. tank, 241-U-361, end two standard Hanford Cribs(lO) 
in · series. The concrete tank serves as a settling point for any solids 1n 
the cribbed effluent. 

J. Negligibl.e-Activ1tz Wastes 

3.1 Definition of the problem 

The opere.tion of the uranium recovery unite creates large volumes of 
liquid i,,aetes which ere not radioactive. These wastes are discharged to 
en open ditch at essentially background. radioactivity. An epprox:1.mete 
tolerence limit for the open discbarge at these fluids is: 

Plutonium 

:aete emitters 

l x 10-4 microgrem/li ter .' 

0.5 microcurie/liter 

The enticil?flted volumes of these ,reates ere es follows: 

Source 

Cooling Weter and Condenee.tes: 

221-U and 224-u Buildings 
244 Process Tenk Vaults, each 

... 
,-

Volume, Ge.L /Dey 

4,500,000 
36,000 
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3.2 ·Description ·or the disposal tac1litiee- . 

The cooling vster and steam condensate are collected in vitreous clay 
sewers and delivered to the Retention Besin. The Retention Basin ia con
structed in two sections, each havillg a ca~city of 500,000 gallons. (See 
Chapter XIII for locetion (about 1600 f'eet vest of 221-U Building) and 
further detail.a.) The effluent trom the Retention Bnain enters a ditch 
about 8 feet wide and 800 feet long, fran which :it percolate·a into the soil 

. and/or evaporates. 

The cooling water trom the 244-TXR Process Tank Vault facilities flow• 
directly -to the above-'IDe!ltioned vitreous el.ey sewer, the 'In se-wer flowing 
under presaure to the vitreous clay sewer at the 231 :Building. Cooling 
water from the other 244 Process Tenk Vaults is diecoorged directly to 
local ditches • 

Chemical wastes and floor drainage from non-regulated areas of the 
U Arefl f'acil:1.tiee tlow directl.y: to the 800-:foot ditch and · percolote into 
the ground. - - - - ; 

Senitary- vaatos :f'rom U Area flow to e septic -tenk· end tile field 
about 600 feet vest of _the 221.u -Building. 

C. GASEOOS W>m'ES 

l. Definit101r of the Problem 

While no voJ.atile redioactive meteriole are enootmtel'ed in the metal 
recovery processes, activity does become eir-bonie tliroush entni'imnent. 
The confinement ot this cir-borne activity 11 based '41:)0n the m!intenanoe 
ot air movement from leae contemiDated to. more · contfl'Cll'IBted areas, and the 
adequate f'ilt:rotion of this cir prior to discharge to the atmosphere. The 
gaseous wastes involved ore tabulated in Seotion,,A. · 

2. Disposal Facilities · 

The t1ltrst1on ot the proceee gases 1e· ecc001plisbed with three difter
ent type media: - send~ 1'11:)e;rglas, and wool telt. In eech ceae, tiltretion 
depends on particulate settling, Brownian movement, end 1mp1nsement of the 
IJ9rticlea on the filtering med.i'l.ml es the gos :follows e tortuous path through 
the unit. The go.s disposal facilities are described ae:reretely below. . . ' . 

' 
2.1 g9l-U Ventilation Steck system 

The 291-U Ventilntion Ste_ck system hendJes all the geseous wastes 
trom. the 221-U Buildi.Dg, 203.u Storege Tanks, vessel C-2 in the 224-U 
B\li.lding, ond the "hot" side of the 241-w.B Diversion Vault. -

2 .U Gas flows 

Reference 1s ttmde to Chapter XIII tor e.n overell ventil8tion outline. 
The process vents from the 2O3-U Storese Tanks and vessel C-2 in the 224-U 
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Building are connec~ed 'to the mein ventilation air duct in the 221-U 
Building by a 24-in .. line. This air duct exhausts nearly 36,000 cu.rt./ 
min. of air f'rom the 221-U Building can:,on at about one inch at water neg
ative pressure. This :flow, together with about 3700 cu.ft./min . from 
other sources noted below, passes through a sand filter and 1& discharged . 
to the e.tmos~re through the 200-:f'oot Stack, 291-U. The prime mover for 
this stream consists of two electricQlly powered fans, manufactured by 
Buffalo- Forge and rated at 20,000 cu.1't./min. each at seven inches of 
water pressure d1:f'f'erential. A third tan (:for emergency use) is 1denti99l 
with. th& others but is driven at a higher speed by a steam turbine; it ts 
rated a-t 4o,OOO cu.:tt./min. at seven inches or water pressure dU:ferent:1,el, 
and starts automatically ii'. the others fail.. Reference is made to the 
Redox Technical Menua1{l0) for further details, since these :f'BilB are iden
tical with those provided at the 291-S Ventilation Steck Building in the 
Redox Plant • 

The vessels . in the 221-U Building are vented to a six-inch header 
which discharges into the 221-U Buildillg ventilation duct ate blower pit 
between the 221-U Bd.lding end the 291-U Ventilation Stack. The prime 
mover is en Aladdin f'en, rated at 200 cu.ft ./min. at 12 inches ot water 
pressure differential. 

The condensers in the 221-U Building are vented to a tour-inch header
which discharges into the 221--U Building ventilation air duct at the blower
pit between the 221--U !3uild1ng and the 291-U Ventilation Stack. The prime 
mover is a Spencer Turbine blower, rated et 50 cu.ft./min. at f'if'ty inches 
ot water pressure dit:ferent1al. 

The "hot II vessels in the 241-WR Di version Vault ere vented to the 
cell through two-inch return bend vents. The general 241-WR Diversion 
Vault "hot" cell area .is vented directly to the 221-U Building ventilation 
duct through a vent line with no tan or filter. 

2.12 Send filter 

The send filter at tho 291-U Ventilation Ste.ck is a replica of the 
Red.ox sand f'ilter, being altered only as reqUired to fit the U Area topog
raphy. Reference is me de to the Redox Technical Manual ( 10) for f urther 
details. 

2.2 224-U Building aptems 

Except f'or the geses containing urenium oxide dusts, ell waste gases 
from the 224-U Building are innocuous end ere discharged directly to the 
atmosphere. 

2.21 Gas flows 

Tho 224-U Building is ventilated by about 57,750 cu.ft./min . of sir, 
vhich is discharged directly to the atmosphere by nine roof fens. (See 
Chapter XIII.) Tho majority of this air is required for the removel of 
excess heat from the Calcine.tion Pots and auxiliaries. 
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Process sases ere ejected to the atmosphere by roof jets~ These geses 

are drUwn :frOUt the· Nitrogen Oxide Absorber, T-A-l (B.P.F. 2844), end the 
two Nitric Acid Frectiomtor Condensers·, E-B-3 and E-D-3. Approxim1!!1tely 
200 cu.ft ./min. or air is dischB:rged from the jet on T-A~l, the gea beiDg 
cleansed by its. passage through the bubble-cap · column end a token filtration . 
through 12 inohea of Type 304 stainless steel. York· tllCSh. Air from the ml>3 
f'l'flctionating column jets · 1s discharged direct~ to tho · atmosphere. · 

The -urenium oxide dusts created 1n the conversion facilities ere ·con
fined by e aveel) at air into the handling_ eguipnent end :filtere·d i'rcm the 
air by wool beg tilters. The ei-r flow 1n this system totals 7500 cu.tt.,lnin., 
the f'loy being_ meintained by en Aladdin. blower, X-13, re.tad st 7700 cu.:f't./ 
min. air at a· inchee at water pressure dU:f'erential. 

· 2 .22 ~g filter and nominal Fiberglas filters 
The 7500 cu.ft ./min. of dust-laden air is filtered through one of 

four ~rellol wool beg filters (X-11). These "Mikro" beg filters are . 
manufactured by tbe Pulverizi.ng Machinery Company and are rated to retnove 
particles abow one micron diameter. A traveling blower ring ·is provided 
tor _.cleaning -the tilter- by locally reversillg the direction of air flow 
through the vool cloth. 

· 'Backing -up the beg tilter is e Fiberglas :filter, X-12. This unit is 
· ·designed to ect es s stop-fJEp mi:,eaure in co.se one at the bflg filters rup

tures in -service; the dust tolerance in the ex!must air will probebly be 
·exceeded dUring the time required to divert tba ges .!"tow to the other beg 
filter, but mo1t of the dust will be contained. This unit is composed· at 
multiple, repleceeble, glees wool tilter fremes, 4 inohos thick and having 
o combined face area of 4000 sq .in. The filter tremcs wero supplied by 
American Air Filter Compsny. - · 

2.3 . 291-WR Ventilation Stack syatem 

The 291-WR Ventilation Stack facilities ventileto the "cold" side at 
the 241-WR Divorsion Vault. 

The vessels in the "cold" side of the 241-WR Diversion ·vault ere 
vented to the cell through two-inch rot-um bends.· Ventilation air is ex
hausted t'r0tn the cells bye Wea~rn blower, reted et 45So cu.tt.fedn. et 
two inches of water pressure di:t'terential. This air is ejected to the 
atmosphere without f'iltretion through a 50-foot stack, 291-WR, locoted 
about 25 feet north of the 241-WR Diversion Vault. 

2.4 Waste remo'Vel facilities, 244-BXR, CR, TXR, UR Process Tank Vaults 

The stored waste removal facilities (the 244 units end the tanks being 
operated) are vented to the etmosphere through local vent s;ysteu ( 291-BXR, 
CR, TXR, UR Ventilation Stacks}. 

2.41 Gas flows 

The vessels in each 244 Procees Tank Vault facility are vented through 
e r;berglca filter to the ventilation air for tbet :facility. The combined 
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air streams, toteling about 3300 cu.f't./min., ere filtered by a second 
Fiberglas tilter and eJected to the atmosphere furough a 50-:foot stack 
(291) by a S];lered Buffalo Forge fan, rated et 4200 cu.ft./min. at twelve 
inches of water pressure differential. 

The underground storage tanks to be emptied ere vented indi vidue lly 
through Fiberglas f'iltere. Portable vent units, composed· o'f a Bufi'elo 
Forge fan (rated at ll.0 cu.ft./min. at 2-1/2 inches of. weter) nnd e 28-
foot stack, are provided and vill be connected vith the tan.kB as needed. 

2 .42 Fibergl.es filters 

The filters provided tor the 244 Process Tank VAult facilities are 
of concrete cubicle construction, pecked with graded layers of' Fiberglas. 
Pertinent details of this pocking ore given below. 

Nominal 
P'ibergles Fiber Depth, Density, 

I.eyer Tm* Dillm.., In. Inches Lb./Cu.Ft. 

Cleanup AA 0.00003 to l 1.2 
0.00005 

3rd .55 0.00055 l2 3.0 
2Jld ll5K 0.00115 l2 3.0 
1st 115K 0.0011.5 18 1., 

*) Mnnutactured by Oweos-CorJliD8 Corporetion 

The vessel vent filter hfls s face Drefl of 36 sq.ft. and is designed to 
filter . 335 cu.ft./min. ot air et a pressure drop of about 1-1/2 inches 
of veter. The ventilntion air filter hes o face oroa of J.60 sg .ft. and 
is designed to filter 3300 cu.t't./min. et a pressure drop of about 5 
inches veter. 

The ce;uster-type tilter provided for eech underground storage tank 
to be emptied is contained in a carbon steel box. Pertiu~t deteils of 
the greded layers ot Fiberglas used ere given below. 

Nominal 
Fibergles Fiber Depth, Density, 

I.eyer Type* Diam. z In. Inches Lb.Leu.Ft. 

Cleanup AA 0.00003 to 1 1.2 
0.00005 

3rd 115K 0.00115 20 6.o 
2nd ll5K 0.00115 l2 3.0 
1st 115K 0.00115 l2 1.5 

*) Menufnctured by Owens-Corning Corporation 

Ee.ch unit has a face aree of 16-1/2 sg ,ft. and is designed to filter 165 
cu.ft./min. of air at a pressure tlrop of 2 inches of water. 

-
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i:~ · Normol Procedure 

Reference is tll8de to the engineer' a flow sketch 1n Chapter VI. The 
design of the Uranium Recovery Plant is based on the continuoua :t'lo\J at 
materials wherever possible. Batchwise · trensf'er of 'W8&tes is resorted to 

· only as required fol:" accountability reasons and to pemit escerteil:lmElnt 
that the red1oect1v1ty ota particular 'Waste is within the sete limits tor 
the dispoeel method contemplatod. 

l.l High-activity weetes 

The high activity wstes e.re· routed according to the following :f'low 
pattern: 

ve·ssel Neme 
(unit. cel)Bcity, gel.; hours holdup)* 

RAW and ROW Receivers 

Pooled Weste Receiver 
(12,000; 4.9) 

Pooled Waste Sempler Tanks 
(12,000; 4.9) 

Waste Neutralizer 
(l.2,000; 4.4) 

Waste Concentrator Feed Tanks 
(4500; 1.6) ' 

Waste Concentrators 

Waste Concentrete Coolers 
(350; 0.25) 

Cone. Waste . Receivers 
( 4500; 3. 3) 

Waste Pump Tank 
(50,000; 30) 

Vessel . Numbers 

To any Underground 
Storege Te:nk 

*) The holdup for each tank is based on process flows corresponding 
to 10 tons UT8n1um/day. 
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All. at the above transfers are eccomplished at su.tomaticelly con

trolled rates except the trenster of pooled waste to the sampler Tanks 
and the transfer or concentrated waste to the Tank Fe:rm8. The RAW end 
ROW Tank levels ere m1nteined et constant veight-f'ector values, the 
rates of pumping to the Pooled Waste Tank being determined by the volume 
rates of column operation. The• Samplers ere filled batchwise from the 
Pooled Waste Tank at a rate of' about 75 gel./mn. All of the waste trens
:t.er 're.tee between the Sampler Tanks ( only one is pumping to the flow 
series et e time) and the Pump Tank, 241-WR-00l, are controlled by the 
settt:og of the flow recorder-controller which controls the flov of waste 
to the. Concentrator. Tbe rate at flow into each vessel prior to the Weste 
Concentrator 1s controlled by its weight-factor instrument, and the rate 
of flow out ot each veseel after this point is controlled by its weight
factor instrument. 

Sampling is accomplished batchwiae on about 12 ,000-gellon increments 
of pooled waste, the batches being handled as outl.1ned above. F.ach 
Sampler Tank is on about a 19 .6-hour cycle, as follows: filling, 2. 7 hr.; 
sampling, snalyzing, and tree time, l2.0 hr.; emptying, 4.9 hr. I n the 
event that off-standard pooled weste is obtained, or column performance 
is suspected to be faulty, the vaste streams tm!Y be sampled indivi dually 
in their respective receivers. 

Waste neutralization is accomplished by turning on the pump t rans
ferring the contents at a Sampler Tank to the Neutralizer. The rate of 
50 per cen~ caustic sode addition to the Neutralizer is automl!lticall;y 
controlled tLt a rate proportional to the rete of waste flow into the 
Neutrelizer. The proportionalit:; factor is set by the operator on the 
basis of laboratory titrations on semples from. the Sampler Tank. As a 
further aid in the operation of the Neutralizer the pH of the Neutralizer 
contents is measured by a con.timaou.s- pR indiceitor mounted on the pinel 
board. However, tho 11.f'~ expectancy of this continuous p1l meter i s 
doubtful, end my be as . short es a few days. 

The control of the concentration step is tentatively based on the 
flov control of both the feed stream end the stecm to the Concentretor. 
The degree of concentrotion effected may be determined by the rati o of 
the flow retes of the condensete and concentrate (a volume balance mey 
be computed), or by reeding the boiling temperoture or specific grevity 
ot the concentl'ote, It is possible to control the steem tlow by the 
boiling point or by the specific gravity, if such operetionel cont rol 
proves des ire ble • 

1,2 Low-activity wastes 

The process condensetes, which comprise most o-r the low-activity 
wastes, flow continuously vie e gravity heeder from the condenser systems 
in 221-U end 224-U Buildings to each of the Condensate Tanit.s (241-WR-007, 
oo8, and 009) in turn. The temperature of these condensates is controlled 
at about 175°F. by controlling the water flow to the condensers. Some 
heat from these condensates will be used. to heat the intererea pipe 
trench. (S~e Bl.24, above.) 

- ,.._. 
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Sampling o:t:' the 221-U Buildillg condensetes is performed continuoualy 

in the sampler enclosure ot the reer of Section 5. The 22li.-u ·Bu1lding 
condensa-4;ns era lDCilitored for ~ only, In the evont one Jt these samples 
indicates 1:lSu..""ficient deentrcimllent, the off'endin8 concentrator unit ( or 
cnits) m::iy ~ identif'ied by t81d.ng a line smnple of. eech condensate. Sam
pl1Js of the 22J.-U Building condeneatos my be taken at the sampler enclosure 
at the roor of Section 5, while the 224-U Building condense to a 1111y be 
sampled at Cooler E-C-7. The Sempler Tanks, 241-WR-007, oo8, end 009, ere 
operated on about e 24-hocr cycle: filling, 8 hr.; sempl.ing end analyzing, 
8 hr.; pumping end free time, 8 hr. The condensate my be pumped to the 
215-ER Condensate Crib et about 30 8fJ.l,/mm., or t o the 216-WR Condenaete 
Crib at about 100 gel. /min., or simultsneously to both cribs et somewhat 
reduced retes. The vcl'lllte sent to each crib is metored end is controlled 
by valve sett1Il8B !.n the 241-WB D:!.veraion Vaul.t. 

Floor drain8ge is collected in Tank 5.6 in tbe 221-U B'Uildill8 end 
Tonk C.-2 1n the 224-U Building., It enal.yais indicate• cribbillg is e ea tie-

, tectory disposal me~od, the waste is jetted to Crib 216-U thro,Jgh Settling 
Tank 216-U-361. If' the woste is too :redioective tor cribbin&, 221-U 
Building mterial may be roi."'ted to Waste Utility Holdup 'l'ank 5-S (12,000 
gallons) tar concent:retion es o high-ecti vi ty wnste; 224-U Building meterifll 
may be routed either to the Product -Concentrator J'eed Storage Tank& 1 X-l 
or X-2, or the Feed Utility Holdup Tonk 4- 1 (12,000 gallons) for reprocess
ill8. 

ftey aqueous westea f'rom the orgnnic recovery operaticns 1n the 276-U 
Buildir~ ere routed to crib 216-u thro\lgh Settling Tenk 241-U-351. Any 
organic woates from the 27S.u Buildi?l{t ero berreled for ultiml!lte dieposel 
by burial or burning. 

Any drainoge tram the min Stsck, 291-U, flow• by srev1ty to the 
Woste Pump Tonk, 241-WB-00l, where it ia blended with the wastes being 
pumped to underB%'0',Uld etol"'f.lse. Since the vol'LIIIS ot this wste is antici
pated to be negligibly smell, the disposel method ws chosen on the basis 
of simplest construction. 

1.3 Negligible-activity wstoe 

The che!IU.cel wastes from the non-regulllted ("cold") zones at · the 
221-U and 224-U Buildings ore routed to the open ditch without check. 

Cooling weter ond ateem condensate ore routed thrOugh the Retention 
Basin to the ditch on e continuous bflsis. The two sections of the be sin 
ore operated 1n series, the first section holdill8 up e minimum amount 
necessary to operote the monitori ng devices, end the aecond section allow
ing a atre1ght-through flow l71th nomiD!llly zero holdup. 

2. Remedy or 01':f-Stenderd Conditions 

2.1 Excessive amounts of Ul"tlnium in the pooled waste 

Pooled waste ( combined RAW end R~) found high in uranium content 
may be routed to Feed Utili t, Holdup Tank 4-l (12,000 gallons ) • From 
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this point, it may be tra~erred to the SpElre Concentrator, concentrated, 
ond returned to the Feed Receiver, TK-3-6, :for a second pees through the 
extraction battery; or it mriy be returned to oither Feed Receiver , 3-1 
or 3-6, directly; or it may be routed to the· Weste Utility Holdup Tank, 
4-6 , for betch neutralization end loter concentration es a high-activity 
vaste, 

2.2 Excessiye redioectivity of wostes normally cribbed 

If the condensate in the 241-WR Di version Vaul.t ttlnks is found to be 
too radioactive to be cribbed, individual stream sel!lPles ere taken to 
identif'y the off'ending egui~nt . • It may be !)OSSible to correct the ex
cosei ve entreim:Jent by reducing the rate of boil-up in the offending unit. 
If this corrective meosure tails, the trouble probebly lies in a defective 
column (either deentreimnent or trectiouiting), and eguipcient mintenence 
is indicate. The off-specifice.tion condensete on hend may be returned 
to tho concentretors via the Waste Utility Holdup Tank, 4-6, for redis
tillation. 

2.3 Excessivo rodioactivity of Retention Basin contents 

This condition 'CIOY be detected by the continuous monitoring device 
in the first section of the Rotentfon Besin. When detected, the gates 
may be closed, impounding the voter, and a search sttirted for the isola
tion of the offending eguip:ient piece. If tho radiooctivity of the 
impounded weter is- found to be to~ high tor disposal by ditch, pcrteble 
equipnent oust be -prcvided to d.isctcrge the. veter to e crib. Operation 
ot the recovery facilities vould, of necessity, be suspended vithin a few 
hours until tho situetion could be rectified, but the probobilit y of this 
occurrence is judged to be so low thilt core elaborate provisions ere con
sidered unwarrented, 
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HW-19140 

Figure ·XII - I 

NEUTRALIZATION OF RAW WITH 50 % NaOH 
TBP-HW No. 4 . FLOW SHEET 

SOURCE OF DATA: HW-21273 
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PP.RT III: PLANT AND EQU!PMJ!.rJT 
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CHAPrER XIII• GENERAL DESCRIPTION · OF PLANT 

A. GENERAL LAYOUT OF PLANT DECLASSIAED 
l. !-zout of Hanford Worka Production Arey 

The production areBB of Hanford Works, shown 1n Figure .IIII-l., were 
origicaJJy set· up as independent, self-contained, parallel unite located 
in wide~ separated ·distri:cts. The wide separation o! the individual 
units was intended to prevent arr, accidents in one unit causing the 
spread of radioactive -contamination to .others. The entire plant would 
not have to be shut down if' llllY' single unit were danagad, since other 
identical units oould be operated. While for sane recent additions to the 
plant no identical parallel: racilitiea have been provided, continued oper
ation of the-plant despite -damage to 81':\V' one unit is still feasible, 
because- .of · tha availability of other facilities with the same function. 
Thus, the Biemuth Phosphate and Uranium Recover:, (TBP) Plants together 
pe.-allel the function of the Redox Plant . (recovery of plutonium and 
uranitun). . · · 

Production unite of the plant are located in three operating areas 
known ~ 't1he 100 , · 200, and 300 Areas.: . · · ; 

' . . . . . . . . . .. 
. . 

The .piles tor the production of plutonium are locGted 1n the 100 Areas. 
There are· tour 0£ these areas; cieei:gna ted 10();.B., 10().J), 100-P', and 100,.H. 
One pile· 1:s located 1n· each area with the excep~1.on of the 100..0 Area lfhich 
contains' both the "l)tt and "DR" Pile•• At. this w:-1.ting an additional pile, 
to be calJ.~· 11c• Pile, is' UDier construction in the 100 Area.a. The pro-
duct of trui 100 Areas- is the- raw material for the 200 Areas. · 

. The 300 Aree. is located 5 miles north of Richland. The uranium metal 
charged to tb.e 100 Area piles 1a prepared in the JOO Area. 

2. 200 Areae 

The 200 Areas; ·are located ·approximate:cy, 6 to· 10 miles from the 100 
Areas, and ccmpriso the, 200North, 200 East, and 200 West .Areas. 

The 200· North Area contains facilities for the underwater storage 
or uranium, atter its discharge f'rC111 the piles. In storage, irradiated 
slugs undergo -"coollng"· (decsy of radioactive fission products) prior to 
proceesing in -the separation plants. Three separate Metal Storage Baains, 
212-N, P, .and R, are prmded -1n the 200 North Area. 

The 200 East end West Ar~ are. approximately 2 to J miles :f'rom the 
200 North Area, · and ere about 4 miles fran each othor (see Figure XIII-1). 
Each of the:se areas is providoo with power and 'eervice facilities. 

Facilities f~r the separ~tion and concentration o£ plutonium by the 
BiPOh pre~ipitation process are located in both 200 Eaet (Buildings 221-B 
and 224-B) and 200 West Areas (Buildings 221-T and 224-T). A1so located 

· lfllll · " 
~ •:. •··· · 
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in the 200 Zast and \;est Areas are the uranium waste removal i'acil.ities 
which produce homogeneous feed solution for the TBP Plant from the 
stored uranium waste solutions of the 200 Area B and T Plants. The TBP 
Plant~ in viich a solvent-extr~ction process is used to separate 
urnniUill from rndioactive fission products and the U03 Plant, in which 
the concentrated UNH solution from the TBP and Redox Plo.nta is calcined 
to produce U03, are loc·ated in the 221-U and 224-,.U Buildings of the 200 
West Area. The U Plant was originally built to provide additional BiP04 
processing capacity, but it was never used, and has been converted to 
house the TBP and U03 Plants. In addition, the 200 West Area contcli.ns 
facilities for ~lutoniurn isolation (Building 231-U)f metal fabrication 
(Building 234-5), stack gas studies (Building 292-U J, and health inatru-
ment experimental work (Building 222-U). 

Directly south of, and adjacent to the 200 west Arca, is the 200 
South Area in which the Redox Plant (a new separations plant employing 
a solvent-extraction process for the separation of uraniUlil and plutonium 
from ea.ch other and decontamination ot both from radioactive fission 
products) and the 222-$ Laboratory- Building are loc.:i.ted. The 222-.<3 
Laboratory Building houses the equipment necessary for analytical sup
port of both the Uranium Recovery and Redox Plants. 

3. U£_ar.ium Recove;ry Plrult 

The uranium recovery facilities used to prepllI'c U03 product from 
the underground stored uranium have been subdiVi.dcd into .four gonercl. 
groups in the following discussion: 

(a) The urar.ium wostc storage and ramovtl facilities loc~rted at 
the seven EiS11ruth Phosphnte Plant ur~-'1.ium underground stored 
waste far.n:s in the 200 East and 200 West li.rces. Al.so 
included in th13 section are the various facilities (diversion 
boxes, storage vnults, inter-area piping) used for routing of 
the urar.ium solutiona into the 221-U Building. 

(b) The uranium reccvery (TBP Plant) facilities located in El.Ild 
around th6 221-U Building. 

{c) The ONH solution conccntr~tion and calcination facilities 
(U03 Plant) located 1n arxi around the 224-U Building. 

(d) The waste disposal facilities for the various rl!dioactivity 
level solutions am gnses produced during the uranium rocov
cry process. These facilities l:!l'C briefly mentior.ed 1n 
this chapter. For a more complete treatment see Chapter XII. 

A list of the buildings in each of the above groups is given in 
3.1 to 3.4 below, together with its location and s brief description 
of its function. Moro detailed doscriptiona of the removal, recovery, 
and calcinc:.tion facilitic;:; may be f ound in sections B, c, and D of this 
chapter,respectively. For a detailed functional description of the 
waste disposal facilities the render is referred to Chapter m. 

.. DECLASSIAED 
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J.lOl Tanlc Farms (241..B, me, BY, c, T, TX_,and U) 

At each of the seven tank !arms conta:ining underground stored 
wastes (2Ll-B1. BXt BY,and C in the 200 East Area; and 241-T, TI, mid U in 
the 200 West Aree.J facilities have been installed tor removing the 
wastes .t'ran the storage t~s. Abovo ench tank containing stored waste, 
Sluice P1ts1 Pump Pits, Heel Pits, Instrument and Electrical. Enclosures, 
and Vent Hatchwqs have been constructed. When the uranium wastes have 
been removed from the tanka they msy be refilled with TBP Plant "hot " 
wastes. The location of the various tank farms are shown on the 200 
East and 200 West Area plot plans (Figures nn.2 and XIII-3). 

J.102 PI:ocess Tanlc Vaults (241.+..mm, CR. TXR1 a.nd UR) 

The four Process Tank Vaults are located at the BX,- c, TX, and U 
Tanlc Farms. They contain the equipment necessary for pumping a high
pressure stream through the sluicing noszles in the storage tanks. 
Facilities are also included in the vauJ.ts for slurry dissolution and 
pumping or the dissolved solution to the 241..MIR Vault outside the 22l-U 
Building,. 

3.10) Cascade Diversion Boxes 

In the ~ Casca~.:- Diversion Boxes the individual tmks of a 3., 4, 
or 6-tank cascade may be connected with other tanks within the same 
cascade or to the appropriate Mmter Diversion Box. By proper alignment 
of jumpers within the Cascade Diversion BOJC S'1J>et"nate hanogenization of. 
the cascade may be aoccxnpllihed, and indivi~ tan:I,cs may- be select ed for 
sluicing operations. · 

3.1~ &eterl)iversion Boxes (2yl::Yb15l. 2lt1:4'XR-l511 gl+¥XR-1Sl.,,, ~ 
-~----1_, . ' 

Each of the four Master Diversion Boxes are connected to two or 
three Onscado Diversion Boxes and to a Process Tanlc Vault. By proper 
installation or jumpers the Vtll'ioua cascades serviced by ~ Process Tanlc 
Vault ma;y be selected for sluicing operations. From the Master Diversion 
Boxos supernate mq el.Bo be routed to the tempora1'1 homogenized.-supernate 
stor~ge tanks (241..TX-ll.5 in the \'lest Area., and ?41-BX-109 1n the East 
Area). 

3.10$ ~trol Houses (271..BXR, CR, Tm, and UR) 

The Control House is the nerve ce:nter of the removal area. It 
shelters the inatruments and motor controllers for operating the remov
al equipment. Also included in tha Control House are an instrument air 
ccmipreseor _and space !or locker~ toilet, lunchroom, air conditioning, 
and SWP facilities. 

J.106 piversion Station 241 .. :wR 

In the 241-WR Diversion Station at the northeast end of the 221-q. 

DECLASSIFIED · ... 
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Building uranium solution pumped from the Process Tank Vaults may be 
stored before entering the 221-U Building. AJ.so,in 241-WR,recovered 
mm3 is stored until it is needed for dissolution at the tank farms . 
and cribbable wastes are held•up until it has been determined that 
they meet cribbing tolerances. TBP Plant "hot u wastes are held 
temporarily in the vault until they are sent to underground storage. 

3.107 Interarea Pipe Encasement 

A six-line buried pipe encasement connects Diversion Box 241-UX-
154 {just outside the 221-U Building)with Diversion Box 241-ER-151 
(about 600 ft. southwest of 224-B Building). , Through these lines 
uranium solution is pumped frooi the 200 East Area to the 241-WR 
Vault (through 241-UX..J..54) and cribbable waste, recovered nitric acid, 
and TBP Plant waste are P'JIT!P8d fran the 241-\'ffi Diversion Station ( via 
241-UX..J...54) to the 200 Ea.st Area. 

J .108 Vent Station . ( 241 .. EW-151) 

The Vent Station (2Ll-EW-151) is located at the high point in the 
six-line East-West encasement roughly one mile from the eastern ter
minal (241..l!.'R-151). The encasement lines must be vented and drained 
to the tanks at either end of the encasement before jumper connections 
invol Vi.ng the tanks may be made. 

J.109 Diversior. Box 241-ER-151 

Diversion Box 241-ER-151 is the eastern terminal of the Interarea 
Pipe Encasement located approximately 600 rt. southwest of the 224-J3 
Building.. From this diversion box a five.J.i.ne encaser.ient connects 
with the 241-BXR Process Va.ult, a three-line encaeement connects with 
the 241-CR Process Vault, and a sL"lgle line connects with Cribs 
216-ER..J., 2, and .3. 

J.110 Diversion Box 241-UX-1,S!+ 

Diversion Box 241-UX..J.54 is the western termincl. of the Intersrea 
Pipe Encasement and is located approximately between the 221-U e.ni 
291-U Buildings. In addition to connecting the 241-WR Vault with the 
East Area .facilities the cox is used to oonnect the 241.J·m Vault with 
the west area tar.k farm facilities through Diversion Box 241-TX..J.55. 
Conder.sate may be routed from Diversion Box 241-UX-154 directly to 
Waste Cribs 216-rffi-l, 2, and 3, and 216-U-l and 2. 

J.lll Diversion Box 241-TX-155 

Diversion Box 241-TX-155, located approximately 800 feet e~~t of 
the 241-rTXR Process Vault., comiects the 241-1,m. Vault ( through Diver
sion Box 241-tr..C-!54) with the various West ,\rea tank farlils. Also 
routed through t his ~ox. are 11hot" BiP04 process wastes from tl'E T 
Plant. 

DECLASSIFIED ~ ,. 
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J.2 TBP Pl.ant . DECLASSIFIED 
3. 21 Processing Building 221-U 

This building contains all the equipment for: (a) the prepara. .. 
tion 0£ a suitable solvent-extraction aqueous feed solution frcm the 
hOJUOgeneous solution prepared at the tank farms; (b) the separation and 
decontamination of uranium; and (c) the neutralization and concentration 
of "hot11 waste solutions before routing them to underground · storage. 

' Building 271-U, adjacent to the operating-gallery aide of the 221-U 
Building, containS the. equipnent requir~d for the .make-up ot the various 
aqueous solutions used in the 221-0 Building. Some ch7 chemicals used 
1n making up the solutions are stored in the 271-U Building. Also 
hoU8ed within this building are the otfice1 locker room, lunch roan., 
water dernineraJ.ising., shop., small-scale laboratory., and air compressor 
facilities., 

3 .. 2.3 Organic Treatment and Storye B,tj Jding 276-U 

In the 276-U Building, a concrete vault adjacent to Section 20 of 
the 221..U Building, orgnnic solvents are stored and prepared for use 
within the 221..U Building. Also included in 276-U are .facilities f or th~ 
treatment of "off..standard" solvent .fran the 221-U ~u:HMng. 

3.24 Chemical Tank ·Ferms 211..U and 2ll-AU 

In the Chemical Tank Farms., 211-U and 211,..AU located just north of 
the 271-U Building and adj ncent to the 221-U Building,· aqueous bulk 
chemicals and water demineralized in the 271.-U Building are stored. 
Facilities are included in the tank farms for the make-up of RAS solution. 

3 • .3 U03 Plant 

3.31 £g_ncentra1a!.on end Calcination Building 224-U 

In the 224-U Building is . housed the equipment for concentratini the 
UNH solutions .fran the Redox and 'I'BP Plants and the equipient for calcin
ing the resulting concentrated urenilD!l solutions. In addition, .facilities 
ere 1.natalled for the recovery of nitric acid !ran the gases given off 
during calcination end for fractionating the nitric aoid recovered in the 
absorption and concentration operations. 

· 3.32 ~ Solution Storage Buildings 203-U and 203-UX 

The UNR solution !'ran the Redox and TBP Plante ie stored temporarily 
1n the 20.3-u Building (for location 0£ this building see Figure mI..J.B) 
while awaitj_ng processing in the 224-U Building. 

·· The 20,3-UX Building is used for special UUH solution storage 
functions, explained under D2.2, below. 

DECLASSIFIED 
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3.33 ~ Warehouse. Building 2714 DECLASSIFIED 

The U03 powder produced in the calcining pots of the 224 .. u 
Building is temporarily stored in the 2714 Building while awaiting 
"off-site11 shipment. Additional facilities may be built for ruidi
tional storage capacity. 

3.4. Waste disposal facilities 

The radioactive gaseous and liquid waates produced in the various 
phnses of the uranium recovery process are handled in several different 
wcys, depending upon the radioactivity and type of waste. The higher
rndioactivity-level aqueous wastes containing most of the fission 
products are returned to anpty underground storage tanks through the 
undergroWld pipe encaBement and diversion systems. Condenser and 

·· jacket cooling water and low-radioactivity condensates are sent to 
retention basins, ponds, and underground cribs, while radioactive 
gaaes are sent to the stccks enumerated below. (See Chapter XII for 
a detail.ad discussion o£ the waste .fncilities •. ) 

3.41 Waste Cribs 216..wR-l_, 2,,t,. .:nd J 
Low-radioltetivity-leval condensntes from the process vessels in 

the 221-U ruxi 224-U Buildings are normally ro-uted thro~h the 241 .. llR 
Vault facilities to the 216-l-ra.;1, 2, and 3 waste Cribs ( through 
Diversion Box 241-lJX-151). These cribs e~e located approxilTlately 
500 yards south of Diversion Box 241..UX-l5h. The construction of a 
typical Hanford Crib is shown on Figure X!II-34. (Seo Chepter !II 
for further crib discussion.) 

3.42 Wnste Cribs 216-U-l. and 2 

Floor drc:innge (not process cell) from the 221-U and 224-U 
Buildings and aqueous chemical wastes fran 276-U Building treat
ment operations are routed to the 216-U-l. and 2 Waste Cribs through 
the Settling Tanlc J61. These cribs are located approximately 300 
ytl'de wast of the 224-U Building. 

3.43 !Laste Cribs 216~-l., 2 9 and 1 
· \:nsto Cribs 216-ER-l, 2, and ,3, similar in function to _216-WR-l, 

2, nnd 3 ·weste Cribs, are used for the disposal of low-radioectivity
level condensates from procoss vessels L~ the 221-U znd 224-U Builcli.i,gs. 
These 200-East Area cribs, located approximately 400 y-ards north of 
Diversion Box 241-ER-151 are connected to the Interarea Pipe Encasement 
(and the 241~.E Veult) through Diversion Box 2hl-ER-151. 

J.44 Retention BasL~ 241-U 

Cooling water from the process vessels in the 221-U and 224-U 
Buildings is routed to the 241-U Retention Basin which is just east 
cf the 241-U Tanlc Farm. In the Retention Bns:L, the water is monitored 
for radioactivity before it is routed th!'ough a 24-in. line to an open 

fi.!D_)\,1 
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ditch at the low point of the U Area (see Figure XIII-3). 

3.1'5 Vent Stack and Fan Buildings (29l-BXR4 CR1 TBt, and UR) 

The Vent St.acks and Fans located at the BX, C, U, and TX Tanlc Farms 
remove t.~e radioactive gases and vapors produced in the Blend Tanks and 
Slurry Accumulator.i -of their respective Process Vaulte and dilute them 
prior to releasing them to the atmosphere. The gases are filtered by 
glaas wool tilters before passing to the stack. 

J.46 Portable (26-tt1 ) Stacks am Fans (2Lfl~) 

When removal operations are carried out in an underground,stored-
waate, tank-!arm cascade,each tw of the cascade is vented through a 
glass-wool filter installed in the tank condenser hatchwey to a port
able stack-t:an wtallation ( one for each tank in the cescnde) • Venti
lation air passing frcm the sluicing~ heel removal, and pUlllp pits into 
the_ storage taillcs is vented through 1.hese stacks • 

.3 .4 7 Buil(ij.ng 291-p 
.. 

~ - The 221-U Building Cal\V'On ventilation air 1S vented from the 
ventilation duct to the o.tmospbere through the aand filt~· - snd stack 
!acilities of the 291.-U Building. Also-vented thr0118h the 29l-U filter 
and stack system is the ventilation air £ran the 11hot"· tank side (Tanks 
WR..001 through WR-005 inclusive) of the 241-WR Vault. Process tllllks 
and condensers in .the221-U celli ere vented to the 291-U Stack but poss 
through sepnrate headers and a blower pit before they are discharged to 
the duct leading to the sand filter. ~iost vessels 1n the· 224-U, 203-U., 
and 20,3-.UX .8oiJd1ngs are vented indirectly to the 291-U facilities 
through a terracotta pipe leading to the 224-U ventilation duct. 
(For n detailed discussion see Cl.2.3, c2, and CJ, below.) 

3.48 Diversion Vault Stack and Fe; 291-WR 

The Nitric A.cid Pump Tanlc and the Aqueous Pump Tanks (Tnnks WR-006 
through l-R-009, inclusive) are vented to the atmosphere through the 
Diversion Vault Stack and Fan, 291-WR, located at the north corner of 
the 241-WR Diversion Vo.ult. The "hot11 tanks of the 241-WR Diversi on 
Vault cre vented directly into the 11hot11 side vault and are eventually 
discharged with the ''hot" side ventilation air to. the 291-U Stack ns 
discussed in 3.47 nbove. · 

3.S 200 Enst and West Area service facilities 

The 200 East and West Area survioo .fncilities lihich s.erve tho UraniUJll 
Removal Plant are lieted below. If the facility is locllted in only the 
East or o~ the \lest Aren the facility is indicated by the letter E or 
W. Facilities not so designated are provided in both areas. 

OECUSS\f\tO 
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217-U .'W Uranium Removal Mock-Up Shop 
2.305 .:... Fences and Guard Towers 

. 2501 - -Fence and Road System 
2503 - Electrical Distribution Syatem 
2505 - Fire Alarm System 
2~06 ...: Telephone System 
2508 W Re.covered..Metal Transfer Line 
2601 - · Railroad System 
2603 - Roads. and Walks 
2701 - Area Badge House 
2801 - Overhead Pipe Support System 
2802 - Steam Distribution System 
28o3 - Compressed.Air Distribution System 
2901 - Water Distribution System 
2903 - Sanitary Sewer System 
2904 - Process Sewer System 

~ B. URANIUM REMOVAL FACILITIF.S 
::t'""' 
en 
C"'l"j 1. General Description 
r:'-.J 

Waste ranoval facilitiee are inStalled at each of the seven tanlt 
farw, containing stored uranium waste from the ::,1smuth phosphate 
process. The tanks in each tank £arm have been arranged in cascades of 
31 4, or 6 tanks (see table below) so that waste overnowing the first 
tank passes into the f' ollowing tanks of the cascade. One or mo:..•q 
cascades in each tank farm have been (or will be) filled with waute as 
indicated belowi 

Cascade Diversion Box 
to 1t4hlch Tanks of 

Tank Farms Tanks in Cascade Cascade are Connected 

1. :a-101,m, a!1d 103 24]...BR-152 

l. ~101-,102,103 and· 2LJ.-BXR...i52 
. .BY-J.0l,102,103 and BIR-152 

2. BX..J.041 l05,lo6 and 241..BXR-15 3 
BY-104,l0S ,lo6 and BIR-153 

J. BY-ill(~ BI..J.12 241-BXR-J.54 
' BY-109 a 2LJ.-BXR-154 4. 

241-C 1. C-lol·,102, and 103 241-CR-152 
2. C-J.04,1051 and lo6 (b) 241-CR-153 
3. c-201,202,203, and 204 

1. T-101,102, and 103 241-TR-l.52 

1 • TX-1011 102,103, and 104 2Ll-TXR-l52 
2. . TX-lo5(1r,107, and 108 241-TXR-l.53 
3. TX-115 c 241-TX-153 

~ -:·•·-· ~ -... :"~~ 
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Tank Fm,n.s(Conttd) Tanks in Cascade 

Oascnde Diversion Box 
· to Which Tanks of 

Cascade are Connected 

1. U~Ol,1021 and 103 
2. U-104,105, and 106 
3. u.J.011108, and 109 . 

(a) Homogenised-eupernate temporary storage tank f'or 200 East Aran. 

(b) These are special · small tanks ( 20 ft. 1n diameter) of the 241-C 
Tank Farm 11hioh are connected directq to Maeter Diversion 
Box · 241-cR..J.51. For a description of these tanks see B2 below. 

(c) Homogenised.supernate temporary storage tank for 200 •est Area. 

Above each of the 75-!t • ..diaeter underground storage tanks three 
concrete pita have b&en constructed to house the equipment used during 
pumping, sluicing, am heel removal operations- 1n the' tar.k, The pits 
for the various tanks 1n a cascade are connected by an underground 
ooncreto pipe encaaement to a Cascade Diversion Box (see table· above). 
BT proper alignment of the j,mi:pers in these Cascade ;lliversion Boxes the 
vorioua tanks in a ooacade mq be oonnt>cted id th one another or to other 
removal facilities through a Master Diversion Box •. 

By proper alignment ot the jumpere in the Mnster Diversion Box, 
individual cascades mqbe selected for removal operations. The .,.ariows 
Master Diversion Boxes connect with other .facilities as ihdioated belo,n 

Cascade Diversion Other Process 
Master Boxes Connected to Facillties Connected 

Diversion Box Master· Di.v1 Box to ?-'!aster Div I Box 

2Ll..cR-J.5l 241-CR.J52 Process -Vault 241.,..CR 
241-CR-JS 3 Underground Storage Tanks 

· C-201,202,20~ M d ~ 
Diveraion Box -ER.J.Sl 

?bl-BXR.J.51 2liJ -BR.J.52 Process Vault ~h...BIR-l.51 
24l-BXR~52 Diversion Box 241-ER-151 
2111-BXR..J.53 
241...BXR-154 
241...mw.52 
241-BIR-J.53 

21':L-TXR-151 24l-TR..J.52(through Procesa Va.ult 244-TXR 
Booster Pump Pit Diversion Box 241..TX..J.53 
241-TR-.153) (routing of supernate 
241~52 for storage in TX-l.15) 
241-1'XR-l.53 Diversion Box 241-TX.J55 .. 

241-UR..J.51 24l..-UR.J.52 Procesis Vault 244-UR 
241.aR.J.5 3 Diversion·Box 241-TX.J.55 
241-UR..J.54 

I ~i ••~-~•# 
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Process Vaults are located at four tank farms. Each Process 

Vault processes the slurries produced in one or more tank .farms as 
i..-idic ated below: 

Process 
Tank Vuult 

Tank Farms Serviced 
By P'rocess Tant Vault 

241,.a, 241-BX, 241...BY 
241..C {Included are the four 
small tanks-201., 202, 203 
and 204-of the C Farm) 
241-T, 241-TX . 
2LJ...U 

Stack Handling Prqcess 
Taruc Vault Waste Gases 

291-BlR 
291..cR 

291-TXR 
291-tlR 

The homogenoous solution produced i'ram the slurries is pumped 
from the various Process Tank VauJ.ts to temporary storage in the ~ 
Vault outside the 221-U Building through a complex underground piping 
and diversion system. Wastes and recovered nitric acid fran the TBP 
am 003 Plants are also returned to the tank tarms £or use or storage 
'by the same underground piping and diversion. system. 

At each of the processing creas Control Houses (271-J3XR, 271-CR, 
271-TXR, and 271-UR) have been built. They house tank !arm instruments 
and motor controllers as well ns eir compressor, ventilation, locker, 
toilet, lunch roam, office, and SWP facilities. 

Plot plans for each of tiie tank farms are shom on Figures DII--5 
through 11. The undergrOWld piping system connecting tre tank f erme 
with the !'acilities in the 241-WR Vault has been shown on the area 
plot plans, Figures llII-2 and J. 

"Hot" equipment and jumper ch~es at the tank farm are accanplished 
through the use of a gantry crane. (See Chapter xvm.) 

2. Underground Storage Tnnks 

The BiP04 process wastes are stored in 3 different size tanks as 
deecribod below. All the 75-ft-diameter tanks are of reinforced 
concrete construction with a steol liner on the bottan and sides. 
These tanks rest on waterproof pads and are waterproofed on the sides 
and top with tar and gunnite concrete. 

The 75-!t.-dimr.eter tanl~ of the 2.l.&WR, CR, TR, and BlR Tank Farms 
store liquids to a depth of 16 ft. and hold approximately 530,000 gal. 
{see Figure XIII-12 for other dimensions). Above each of these tanks 
have been constructed concrete pump, sluice, and heel removal pits 
oriented aa indicatad on Figure XIIl-13. Over-ail dimensions of these 
pits are shown on Figure XIII-5. 

The 75-tt.-diameter tanks of the 241-TX arx3. 241-BY Tank Farms have 
an overnow 22 f't. from the bottom of the tank am normalJ.y hold 
approximately 759,000 gal.. of waste (see Figure llII-12 for dimensions). 

DECLASSIFIED -
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As indicated on .Figure XIII-1.31 the orientation of removaJ. equipment 
above the tanks is different .for these tanks than !or the .5301 000 gal. 
capacit7 tanks. There are two sluice pits on the 7591000-gal • . tanks 
and the sludge pump is placed in the center pit along with the heel 
removal jet. Over-all di.iiensions of' the pits are shown on Figure llll-13 
and on drawings in Chapter XVI. 

There- are four smaller 20-Ct .... diameter tanks filled with stored 
uranium waste in the 241-C Tank Fann.. These tanks have a storage capu
ity of 55,ooo gallons at a liquid depth of 24 ft. The 20.root tanks are 
not arranged in cascade and have no overflow outlets. 

Ear'.cy -in the development of the BiP04 process consideration was 
given to decontmninating the uranium waste solution by a seri£:is of 
scavenging precipitations thereby simplifying later recovery of the 
uranium. The 20-foot.-dimneter tanks were originally constructed to hold 
the highzy' rooioactive cake but were never used .for this originally 
intended purpose. 

As discuss~d in Chapter II, jets will be used to remove tho sluiced 
materials .from the 20-foot tanks 1n place of the sludge pumps used in the 
75 . ..foot tanks. Oi-ientation of the equipnant installed for the removal 
operations 1s shown on Figure mI-l.3 and on Figure IVIII..8. 

J. Process Tanlc Vaults . 

The 2/ih..JlXR.,. 2u4-cR, 244•TIR, and 24!.i..UR Process Tanlc Vaults are 
two-level concrete structures. As indicated on Figure XI!I-l.$ the upper 
level is divided into a series of pump pits (one f'ar · each tank) housing 
jumpers, process pipingt and electric motors; and a series o£ aaznpler 
pits (one for each tankJ housing sampling equipnent and instrument shafts. 
The lowor level of all· the Process Tank Vaults houses a Slurry Accumulator 
and two Blend Ta.plea. In -addition, the 2hli.J3XB a..-id 24~ Process Vaults 
house the Process Pump Tanks required for pumping the acidified uranium 
solution through the ~terarea Pipe Encaaament1 and tho 244-UR Process 
TMk Vault houses the Nitric Acid Tank. The Nitrio Acid Tanks (storing 
recovered. nitric acid) of the other processing areas (TXR, ·CR, and BIR) 
are located above ground on concrete pads near the Process Tanlc Vaults and 
now by gravity into the Blend Tanks. 

4. Diversion Boxes 

4.l Cascade Diversion Boxes 

The removal facility Cascade Diversion Boxes (for a drawing of a 
typical box see Figure XIII-14) depart greatly rrom the conventional 
diversion-box design used in previous Hanford installations. The jumpers 
i.u,ed within the boxes are of the wall-to-floor type rather than the wall.
to-wall type previously used.. and in some cases include bellows-seal 
ValTee operated by ~tension handles extending through the diversion box 
cover. Inlet connectors are on the walls of the box while outlets are on 
the noor. All connectors used in the removal facilities at the wa,9te tank 
'rarms are the Redox type described Md illustrated in the Redox Technical 

.......... ....... 

DECLASSIFIED 



----------------------·-- -- --

.. 1313 

DECLASSIFIED aill 
Manual (HW-J.8 700). 

Spr~s and drains are provided for wash...down .operations in case 
of spills or leaks. In some diversion boxes storage space for jumpers 
not in use is located at one end of the box. The concrete wall.s _and 
floors of the diversion boxes are protected with an Amercoat 55 
coating. 

The construction of the Cascade Diversion Boxes varies frClll 
cascade to cascade depending upon the number of tanks in the cat!lcade. 
The underground storage tanks serviced by the individual Cascade 
Diversion Boxes are listed in Bl above. For schematic diagrams 
shoH:i..ng the interconnection of the various diversion boxes, the reader 
is referred to prints SK-2-742 and SK-2-750 •. 

4.2 Master Diversion Boxes 

Although the functions of the Master Diversion Boxes are consider
ably different from those of the Cascade Diversion Boxes (see AJ.o4 
and Bl above)., the same general design features are incorporated in 
both types. The specific design features (e.g., number of connectors 
and tyJ)es of jumpers) of individual boxes vary depending upon the 
process functions perf'onned through the box and the geographic loca.. . 
tion o! the boxes with respect to the other units it connects. 

For a schematic drawing showing the interconnection of the diver~ 
sion boxes, reference should be made to sx.2-742 (West Area) or 
SK-2-750 (East Area). 

4.J Di.version Box 241-ER...l.51 
Diversion Box 241....ER..J.51, the East Area end of the Interarea Pipe 

EncasE111ent, is a concrete pit 39 f't. 1/2 1n. long, 6 feet wide and 
12 ft. deep with 2-ft.-thick concrete walls. At one end of the box, 
eeparated by · an 8-in.-thick concrete wall, is the 11-ft. 4-1/2 in,
long by 6-ft.-wide j\Wlper storage space. The box is covered with 2-ft.
thick concrete cover blocks,which may be removed by a motor crane. 

The rows of connectors on oppoei te sides of the box may be 
connected by jumpers. A1l feed solution passing to the West Area 
a."ld solutions returning to the East Area tank farms or cribs pass 
through this diversion box. 

4.4 Diversion Box 241-UX..1.54 

Diversion Box 241-U'A~54, the West Area end of the Interarea 
Pipe Encasement, is a concrete pit 52 ft. 4-1/2 in. long, 6 ft. wide., 
and ll ft. deep lined by 2-ft.-thick concrete walls, and covered by 
5-ft. 1-in.-thick cover blocks. At one end of the box,separated 
from the connector pit by a 1-1/2 in.-Wide concrete wall,i.s the 9-ft. 
10.1/2 in.-long connector storage space. 

D£ClASSlflED ....... .. 
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The row of J..6 inlet connectors and 9 outlet connectors mq be 
connected by j'lltnpers. The box is cor.nected by unclerground piping to the 
2LJ ... WR V~~t, the Interarea Pipe Encasement, Diversion Box 241-TX-J.55 
(Weat J..r.ea. tank farms)., the sump tanks in Section 5 of the 221-U Building, 
and D1verS1on Box Catch Tank 302. 

~ •. 5 Diversion Box 241-TX-155 

Diversion Box 241-TX-155, from "'11ch T· and ·U ~ Farms are coMected 
-to the processing areas., is a concrete pit 44 rt. 1/2 in. long, 6 f t . wide 
and 9 ft. 11 in. deep. At one end of the box is located a 9-ft. l.D-1/2 in.
long connector storage space separated from the connectors by a l~ft . 
2-in. concrete wall. The box is lined by · 2•ft.-thiak concrete walls and 
covered with 5-ft •. ll-in.-thick cover blocks. 

A total of 4.3 connectors line three walls or the box. In addit ion 
to the connectors originally used for filling the storage tanks with 
T Plant waate, the box is connected directly to 241-UX-l.54, ~, 
th~ nitric acid tank at the 244-TXR Process Vault and the West Area 
Master DiTersion B_oxes ( 24i-UR-l.51 arxi 241-TXR-l.51). The box drains to 
Catch Tank 302B. 

5 • . Vent Station 24¼...EW-151 
Vent Station 241JJ'..J.$1 is located adjacent to the East-liest encase-

. ment at the higbast point iri the encasement (roughly one mile frcxn the 
eastern termiziaJ.-,:..?f~l..ER-J;,51). The lines of the Ihterarea Encasement 
are vented to insure drainage of the line to the tanks at either end 
of the encasement before jumper change• arE: made. Each line is individu
ally'- vented to a tank ( vented in turn to the Inter area. Pipe Enceaement) 
installed in a concrete pit (16 rt. deep by 10 ft. long by 8 rt. wide) 
b;y opening an extension-handle-operated gate valve ( one in each line) • 

. I£ ''hot" solution should inadvertentzy be diBcharged into the vent tank., 
the tank overfiows into the Interarea Encasement. Solution in the tank 
(detected ey·portable conductivity instruments) may be jetted .in.to arr:, 
of the six encasement lines byi a jumper ·connection to a canpressed-air 
jet installed in the tank • 

. 6. Control Ho1.1.'3es (271..BXRz& CR 1 TXR1 and URl 
At each of the tank farm processing areas (BIR., CR, TIR., and UR) are 

con:,tructed ono story frame:: buildings from which the tank farm removal 
operations are controlled (see Figure llll..15). FrOlll the control ho1.1.'3es 
electrical and irultrument lines lead to the varioua tm:k farm facilities 
(e.g.,process vaults, process stacks~ portable stacks., pump pit31 sluice 
pits., instrument and electrical pitsJ. In addition to the control room 
equipnent, the buildings•~ontaio lunchrooms, locker rooms, toilets,arxi 
the air-compressor equipment wtu.ch supplies instrument and. process air 
to the tank farm facilities. 

7. Tank Farm Service Facilities 

7.l Rav water 

All the waste tank f nrm systems are ~,;.i@l\ water i"rom mains 
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through four-inch underground headers. From the 4-in •. headers a 
2--:in. line leads to the 27l Control House; two 3-in. branch lines 
lead to the 244 Process Vault Blend Tanks; and a 2-in. line services 
the tank farm cascade system. The latter 2.1n. line supplies the 
various 2-in. risers llhich are connected by hose connections to 
various tanlc- !arm facilities (e.g • ., pit sprqs., sluicing nozzle and 
pump jet ring sprays, etc.). The safety showers and the fire eydrant 
outside the bu11d1.nga are connected to the raw water line. 

The 271 Control House 2-in. line enters the mechanical equipa!:3llt 
roan llhere most of the raw water· is U8ed in the buil~ ventilation 
equipment and for air-canpressor and air.drying unit cooling. 

7.2 Sanitary water 

Sanitary water is supplied to the DXR, CR, TXR,and UR processing 
areal!! through 4-in. supply lines leading to the 271 Control Houses~ 
In all the 271 Control Houses the sanitary- water requirements coll8i8t 
of services to an electric hot water heater, an electric water cooler, 
lavatories, and showers. 

7.3 Steam -
Each tank farm (except C Fam which is supplied by a new 4-in. 

line) is aupplied by an existing 3-in. 225-lb. steam line from an 
area power hou:,e main. The supp~ lines lead to llO-lb. pressure.. 
reducing stat.ions wit."'.in each area. Above ground 3-in. steam lines 
supply the llO-lb. ste3111 to the 271 Buildinge, the 244 Process 
Vaults, and the Vllrious 2~1n. outlets located near the tanks con
tailling stored waste. The 2-in. outlets are connected by temporary
hose lines to heel .. j et gang valves as required. 

At the 271 Building llO-lb. steam is used to supply the instl"\211lant
air dryers during regeneration periods. Low..preasure steam for heat.. 
ing the 27l-Bu11ding is supplied by a pressure-reducing valve within 
the building. 

The process jets in the 244 Process Vaults are supplied by 
llO-lb. steam lines. A pressure-reducing valve near the process 
vaults provides low pressure steam for the air heating am humidi
fication equipnent 'Which supp~ the process vaults. 

Low-pressure steam is supplied to the heating and ventilation 
equipment for the Booster Pump Pit, 241-'l'R-l.53, from the T..farm J-in 11 , 

llO-lb. line through a local pressure-reducing station. 

7.4 Electric Eower 

The waste removal facilities at the various tank farms are 
supplied by overhead,lJ,800..volt feeder lines leading !ran the main 
251 Station. At each of the tank farms are substations (2.54 Buildings) 
which contain 13,800-volt/480-volt transformers .. Distribution of the · 
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48o-volt electricity is handled differently for the removal areas 
containing processing facilities (BXR, CR~ TXR, and UR) than for nor.
processing removal areas (ml., Bin, and TRJ. l-rom acy- one of "the ·2,~XR., 
CR, TXR, and UR tr8115fomer · stations,480-volt lines lead ,:,o two buses in 
the corresponding tank farm 271 Control House. From the buses under
ground lines lead to instrument and electrical enclosures in the vicinity 
of thc· prooess vaults, process stacks, and processing area waste tanks 
!or final distribution to process equiIJl18nt. 

From SIJY one of the 254-BR, BIR, and TR. __ Transformer Stations 1n 
non-processing tank farm areas, a 480..volt line leads to a bus in a 
motor control station. Prom this bus. lines lead to· the in.etrument and 
electrical enclosures above the storage tanks for final distribution to 
process ecrJipment. 

, In the T .Area eleotrici ty . is supplied the Booster Pump Pit and the 
aocomp~"ing vent-str.cl:: anc! evaporative-coolor fans !ran Instrumonte and 
Eleotriccl. Enclosure T-101 •. 

Electrical receptacles have been :Lnstallod at the pump and sluice 
pits for each tank containing stored trnSte within the tank farm:• areas. 
They are used for the operation of the scanning motors. Additional 
receptacles aro inatilled ct co.rrrenient locations in the re.-noval areas 
(usual~ at instrument and electrical enclosures) :for connection to the 
gantry crane. . 

Emergency powor is suppliod at each of the four tl?Jlk farm processing 
areas by an anergenc;r gaso::.ino-engine, 480..yolt., 75-kw. generator~ 11?-is 
generator is portable and is instlllled at the procossing area before 
removal operations are stort.:3d. It is connected during emergency periods 
by a bus-interlock system to a portion of the load normally carried by 

•··. ·, --·~ -

one of the 480-volt 271-Control House buses. Included in the emorgency 
load are emergency li~hting, tho . agitators for process vau1t vessels, and 
stack fans. Since the emergency-generator does not start up automatic~., 
power is not mrailable for a short time following interruption. 

Lighting for the 2n Control Houses and outside flooc!lighting is 
provided by transfomers in the contro1 houaes. · 

All eleotrical pumps ~d motors serviced by a process area may be 
operated from the 271 Control House. In addition, tho plllr.pS and motors 
in the TR, BYR, and B.1. Areas may also be operated nt the local mot or
control stctions,. · 

7.5 Compressed aj_r 

All the instrwnent and proooss air for the waste tank farms i s sup
plied from the 271 Control Houses. Installed in each control house are 
a three-inch air corr.prcsaor, a supply tank, two filter units, and two 
drying units. Both tho process and instrument air is submitted to the 
smne compressing, filtering, and drying procedure. The instrument air is 
supplied at 100-lb. pressure to n 1-in. header in the instrument and 
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electrical trench. Pressure-reducing valves, installed at each 
instrument, supply JO-lb~ air for the variow, instruments (e.g., 
recording ring balances, weight-factor 1.Mtr\Dnents, air alarm8). 
Process air, u:ied principally for the blowing o! process and sump 
jets, is supplied at 100-lb./sq.in. pressure by a 2..1.n. header. 

7 .6 S,ei tary sewer mtan . 

The .tank £am sanitary sewer syetem handles only 271 Control Heuse 
waste .. . For each Control Howse there are two systems, one draining 
through a 6-in. line to a septic tank am the other through a 6-in. 
line to a drainage ditch or crib (only TX drains to the exiating 
241,.TX Crib). The drainage system to the septic tank includes the 
floor drain in the locker roans; the noor drain, waste closet, and 
lavatory- in the toilet room; and the electric water cooler and sink 
drains in the lunch roelll. The drainage ditch services the mechanical 
equipnent room which includes two noor drains, two fu.Mel drains, 
am two noor clean outs •. 

7. 7 Process sewers . 

The cooling water discharged from the cooling coil.3 in the blend 
tanks 1s sent to an open ditch in the vicinity of the tank farm 
processing are& through a 6-in. line from the 244 Process Vault. One. 
exception to this is the TXR processing area £ran llbich _the Blend 
Tanlc cooling water ia diacharged· to the 231 Building ditch. 

8. . Uranium Ranoval Area Ventilation 

B.l Waste storage tank ventilation, 2ortable stack and fan 

'When removal operatiom are carried out in the individual storage 
tanks air 18 circulated through the pump and sluice pits to prevent the 
overheating of electrical motors. To insure a nonnal flow of- air from 
the pits into the storage tanks prior to sluicing operations portable 
fan and stack aasemblles are installed at the tank on concrete pads 
next to an existing ventilation hatchway. Air in passing into the 
tanks first enters the pib through cover block slots, then into the 
tanks through equipment-access risers. Air is exhausted from the tanks, 

. passing first through a glass-wool, canister-type filter installed in 
the ventilation hatchwa;y then thraugh the fan to the stack. Approxi
mately llO cu • .rt. of air/min. 1s discharged from the 26-f't.-high steel 
stacks {4-in. diam.). 

8.2 Process Tanlc Vault ventilation, 291 Vent Stacks 

The tank farm processing area 291 Vent Stacks and Fan.9 exhaust 
both the 244 Process Vault ventilation air used to remove the heat from 
the vault motors and the procees gases evolved in the Blend Tanks and 
Slurry Accumulator Taruc. 
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Ventilation air is supplied to the vault through a Jo.in. asbest os 
cement duct fran:, a preheater, filter, and aµ--w•her installation near 
the vault. In the summer the air· is cooled by the washer unit and ill 
the winter i.t is .heated slightly to prevent freezing of the tilters. 
From the main line, smaller branch lines supp~ the slurry accumulator 
pita, the blend tank pump pits, and, meze installed, the nitric· acid 
tank pit and the process pump tank pit. Air :tran the vault is exhauated 
through a glass-wool stack filter: and an 18-in.-diameter 50-ft.-high. 
stack aa discussed . in Chapter XII. The tanks thtilllSel"Yea are vented 
!irst through a glass-wool process-v~nt filter before thq. are sent to 
the stack filter. 

B.J 271 Control House ventilation 

The heating and· ventilating unit for the 271 Control Houaes is 
located in the· mechanical equipnent. room •. The blower, pre-heater; and 
re-heater coils are ·located i.naide the ·building while the evaporative 
cooler unit, used during the sumner months, is located outside the build
ing. Air is supplied to the various roams through sheet metal ductwork. 
During the winter a portion of the air is recirQulated (700 cu.ft./min.). 
An exhauat unit with a rated capacity o£ 1430 cu.ft./min. is located on 
the roof. 

_ 9.. Diversion Station 241,...WR 

The ~ - Diversion Station is a concrete vaul.t 128 ft. long and 
66 i't. wide containing nine permanently installed 50,000-gallon tanlcs. 
As indicated on Figure IDI-17, each of the t ·ankS is in a separate 24-ft.
square concrete pit with a row of five "hota tanks containing hiihly' 
radioactive .teed and waste solution (TK-WR..001 through TK..;w..oo,5) sepa
rated by a 3-tt. concrete wall frC1D .the row of four tanks containing 
slightly radioactive condensate and recovered nitric acid (TK..wR-006 
thrQU8h TIC~). Above the 11hot" tanks, running the length o! t he 
vault, 1s· the 1'hot0 pipe tunnel 'llhich connects with tm underground 
pipe trenchea. Above each of the "hot" tanks are equipment pits. ~mu
pler pits,. and inatr\llllent and sampler access shafts. 

The "hot" tank pumps and agitators are mounted in the equipment 
pits above the 11hot11 tanks and attached by. jumpers to wall connectors. 
The:,e pumps and agitators may be remotely replaced using a gantry- crane. 
Two-foot-thick stepped cover blocks above the equipnent pits protect 
operating personnel !ran radiation. , · 

On the top of the vault above each of the sampler pits are installed 
sampler shelters. In these shelters aampliµg equipment may be stored. 
The sampler shelters above the "hot" tanks J11USt be removed be.fore the 
gantry crane mq be maneuvered aaove the equipnent pita. 

A concrete wall separates the tour slight:q radioactive- tanks 
(WR-oo6 through WR-009) from the pump pit. The pumpi, at the bottan o.f 
the pit1 connected by lines to the low points o! the recovered nitric 
acid and condensate tanks, may be reached by a stairwq from the top of 
the vault. Conventional piping is used in the pump pits since contact 
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maintenance mq be made ~t controlled work conditions. From the pump 
pit., equipment am. valvee in the tank pits for tanks WR-oo6 through 
'WR-009 may be reached through access doors. 

"Hot" waste solution received in Tank WR-001 from the 221-U 
Building and the 291-U Stack drain mq be pumped to ultimate storage 
1n the tank farms of the East Area. through Diversion Box 241-UX..J.54 
or to tank farms of the West Area through Diversion Box 241-TX-l.55. 
All feed solution fran the dissolution facilities at both the East 
and West Area tank farms is received in Tanks 002, 003, 004, and 005 
through lines !rClll Diversion Box 241.JJX-J.54. The. tour feed tanks are 
inter-connected so that blending mq be accomplished in the vault. 
Feed mq be routed through pipe-trench lines to the feed receivers, 
TK-.3-1 and TX-3-S,. within the 221-U Building. 

Nitric acid, received in TK-oo6 from the recovery- facil1ties in 
the 224-U Building or from the storage tanks 1n the 2ll-U Tank Farm, 
may be routed to HN0.3 storage tanks at the tank tam processing vnul.ts 
through Diversion Box 241..UX..J.54 £or East Area proceesing vaults and 
Diversion Box 241-TX-155 !or West Area processing vaults. 

CondenB·ate is received 1n Tanks· WR..007., 008, and 009 from the 
221-U Building through a line from the 221-U Counting Box. After 
sempllng,the tanks may be discharged directly to the 216-'WR Crib, 
routed to the Wasta Utility Hold:111> • Tanlc 4-6 1n the 221-U Building 
for reworking, or sent to the East Area 21.6-.m Crib through Diversion 
Box 241-0LJ.$4. 

With the exception of Waste Tank WR-ool, all vault tanks are 
serviced by a cold chemical line £ran the 271-U Bu1Jding. 

9.l 24J.-WR Service facilities 

Raw water is supplied the 241-WR Vault through a 2-in. under
ground line from the 221-U Building. It is used as seal water to 
the pumps r or ?anks \i,R-oo6 through 009 and is supplied to the vault air 
conditioning and heating units and the safety showers. Piping is also 
installed within the .vault to permit the a-praying of equipment, sampJ.er1 
and tank pits in the vault.. Spray rings are also installed around the 
"hot" tank pWDps and agitators to permit decontamination as the equip.. 
ment piece is removed from the equipment pit. The lines leading to 
the various sprey nozzles are not permanently piped to the water supply 
but terminete above ground. wben sprqing is necessary, the proper 
line is connected by hose to a supply c;,utlet. 

Steam at 225-lb./sq.in. pressure is fed to the 241-l'JR Vault through 
a .3-in. line l eading from the 14-in. mr.in Redox-282..W Powerhouse line. 
A pressure-reducing station et the vault reduces the steam to 125 lb./aq. 
in. for distribution within the vault to the various sump jet gang 

_valves and tho WR-001 Waste Tank. At tho two vault air conditioning 
and heating units,locnl pressure-reducing valves supply low-pressure 
steam to the heating coils. 
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Process air is supplied at 100 lb./sq.in.ga. through a 1 .. 1n.- line 

.fran the 221-U Building (271..U Compressor). At the vault,air is 
distributed to the various gang valves by lines leading from al-in. 
lil'ie in the instrument and electrical trench. 

Dey- instrument~ is supplied to the vault through a -l/2-in. 
line leading from the 221..U Building (271..U Compressor) to the Instru
ment Enclosure at the vault. In the Instrument Enclosure the air is 
reduced to approximately 20-lb./sq.in.ga. pressure. A portion of the 
20-lb~ dry ai.r is distributed direetly to the various trarumitters while 
the rest is tnmddified, by bubbling through an Instrument Enclosure 
tank, for distribut.ion to the dip tubes in the tanlcs. 

Electricity is received at the 25~ Transformer Station adjacent 
to the north corner of 24l.-\rm through a 24.00-volt underground line from 
Substation 252-W-2. The 48o-volt electricity from the 2400/480-volt · 
transformer ia distributed f.rom a 25L.-,WR bus to the various vault pumps 
and motors through linea in the- instrument and electrical tren~h. Cur
rent £or vault lighting is supplied by- a 480/120-240 volt tr&M..former 
in the Inatrument Enclosure. Vaul.t motors may be operated frc:Q either 
the Instrmnent and Electrical EncJ.osure or from remote push-button 
stations at panel boards· nue-unn and graJili,c panel boards HAIi and "B" 
in Building 221.-U • . 

'nle gantry crane is connected to a 480-vol.t receptacle· loc.ated near 
the gantry crane rails .. 

9.2 241.,.J,JR ventilation 

The ventilation· of the 241-WR Vault is accomplished by means of two 
separate systsns: one servicing the side of the vault containing the five 
"hot11 tanks and the other servicing the 11cold11 side containing the recov
ered nitric acid and cribbeQ~e condensate tanks. 

A· heating and evaporative cooler instal1ation on the southeast 
side of the vault delivers a total o! approxilnately ,3000 cu.rt. of air/min. 
to an underground main duct supplying the "hot" side of the vault. From 
the main duct,air is distributed to. each equipment pit above the "hot" 
tanks. The air then passee around the PlDl'lP and agitator motors before 
passing through the air shafts into the tank pits. From the pits the 
ventilation air and the gases fran the tank vents (vented to ~ vault) 
pass into an exhaust mani!old which leads underground through. a JO-in. 
line to the 291-U Sand Filter for eventual discharge .t'rCl!l the 291-U 
Stack. 

The "cold" side of the -241-WR vault is supplied .3600 cu.ft. of air/min. 
from an air conditioning and ventilating unit located at the middle of 
the northwest side ot the vault. Air from the conditioner is discharged 
into the "cold" pump pit £ran wich it enters the pits for Tanks WR-006, 
007, 008, am 009. Air is discharged from each of the pits · into a mani
fold above the vault. Th.is manifold leads to a local exhaust fan and 
18-in.-dianeter stack (291..WR) for dispo:,al to the atmosphere. 

t· · '-~ 
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c. TBP PLANT 

1. TBP Processing Building, 221-U 

1.1 - General building 1.a,tout. 

. . , • .• •. 

The.- TBP Proceesing Building, 22l-U, ia a reinforced-concrete 
building or. rectangul~ ·construction 85 rt. long, and 68 rt. wide •. 
The building is _oriented on a nor.theu.t-southwel!lt axis aa indicated 
on Figure XIII..:LB. The building consists ma:i~ o£ the canyon, and 
four galleries {Operating, Pip&, Electrical,. and Crane Cab), running . 
most of the length o! the building. Included aa a part of the Can
yon are the "hot" pipe trench, ventilation duct, and cell drain 
lines which also ru."l most of the length or the building. For a 
typical cross section of the building see Figure llII-19. 

. In the cells. of the Canyon a:-e located the vessels which process 
the highly radioactive solutions entering tm TBP Plant from the 
241-WR Diversion Vault. These "hot" .facilities are separated fran 
the Canyon Service Area and the four "cold side" galleries by massive 
concrete shielding. Operation of the ·equipnent within the Ct1eyon colls 
is accanpllshed remotely from the· Operating Gallery while maintenance 
o! the equipment ia acccmplished using the remotely operated Canyon 
crane. 

Along the· northwest side 0£ the building are the 271-U Service 
Building, the 211-U and 2ll-AU Chemical Tanlc Farms, and the railroad 
entrance to the CaDl'on. Adjacent to the southwes~ end of the build.. 
ing is the Organic Treatmellt ar.d Storage Building., 276-U. 

1.2 Canyon 

The Can;yon consists or Lo equipnent cells (20 forty-foot sections) 
arranged in a single row running the length of the building. Heavy 
concrete shielding walls 10 ft. 10 in. thick separate the cells from 
the Electrical and Pipe Galleries. The Operating Gallery is separated 
from the Canyon Service Area by T ft. of concrete and the Crane Cab 
Gallery is protected by a 5-ft. concrete wall.. The cells are separated 
i'rom the Ca.ey-on Service .Area (except the concentrator cells which 
have 2-£1;. 6-:Ln.-thick blockS and the RA Column cells and Cell 4o which 
have speciall:y- designed blocks With a minimum thickness of 2 ft.) by 
6-.foot-thick concrete cover blocks which ll%'8 stepped on the sides to 
elilllinate a direct air path for radiation. Since additional piping 
has been included in the 1hot "pipe trench to accomodate the TBP process, 
it was necessary to reduce th~ thickness of the trench cover blocks 
to 2 ft. At tho northeut end of the Can,yon, entering the plant at 
Cell 3 is the Railroad Tunnel which is used for bringing equipment into 
and out of the building. 

1.21 Cells -
The standard ca.eyon cells are rooms 17 :rt. 8 in. long, 13 ft. wide 

and 22 feet high separated from one another by seven•foot concrete walls. 
f/li ,.:,., ' 
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All lineB which service the cells are buried in concrete and terminate 
in a row of connector fiange• on the cell walls 9 rt. below can,on deck 
level. Equi:pnent is placed on the cell f'loor .and held 1n poe1 tion by 
guides built into the cell, thus establishing a standard relationship 
between the connector fiangea and the vessels ldlioh makes pre!abricati on 
of the veaaels possible. The functions carried out 1n the various cells 
are listed in the tabla below. The· equipnant arrangements together 
with the services suppJ4ed by ,the vario,,m· connectors for Cella S through 
40 have been shown on Figures-III:I.:.20 ·through ml45. No arrangement 

· diagrams !or Cells l through 4 are included =,ince these cells are not 
used to house process equi.pnent~ • 

Cell Punct.iona 

Section Cell Function 

l 1 and 2 F.quipll8nt storage· 
2 3 Railroad tunnel 
2 4 &ipty cell (n~ w,ed 1n the 

BiP04 process for storage) 
S and 6 3- Feed receiving · 

4 7 -'. Feed utility holdup 
4 8 Waste utility holdup 
5 9 and 10 Sump and aqueous and organic 

sump ho1'hlp. 
6 am 7 u,12,lJ,· and lh Feed concentration 

8 lS· and 16 ~pare· concentration facilities 
9 and: lO 17,18,19, and 20 ~aste aoncentration 

11 21 Waste san:pl.ing 
ll 22 We.ete neutralizing 
12 23 - ttnd 24 ~ute sampling 
13 25 Waste sampling 
13 26 Waste surge storage (RAW..RCM) 
14 · 27 and 28 Feed elari!ication 
15 29 and JO Product. sampling 
16 .31 ar¥i 32 Product receiving 
17 J) RC Column facilities 
17 34 RA Column facilities 
18 35 RO Column ·facilities 
18 .36 RAX feed storage 
19 37 RC Column facilities 
19 38 RA Column facilities 
20 39 RO Column facilitie8 
20 4o RAX 1' eed storage 

Il. some i.11stances process lines now directly through the wall to t he 
adjacent cell in the seme section. Since there are expansion joints 
between sections of the building, there are .no direct through.the-wall 
ccMectj.ons from section to section, and transfer of process solutions to 
other se~tions within the building must be handled through the11hct"pipe 
tr~nch. 

t ··· . ·~ ... 
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Cells .34 and 38 have been remodeled to house the RA ColUtnnS. For 
hydraulic reasons (cascade now of RAU into the RC Column) the top of 
the RA Column has been placed .3 feet below canyon deck level and the 
cell design indicated on Figure XIII-31 was adopted to cover the 
column. To eliminate possible low points in the connectors leading 
fran the cell wall to the top of the column and to-permit drainage of 
cold process and instrument lines to the columns a new row of connectors 
were installed on the gallery side of Cells .34 and 38 approximately 
6.5/8 in. above the nomal canyon deck level. 

The cell drainage system is eimilar to that used in the B and T 
BiP04 Plants. Each cell slopes to a corner drain which drops into the 
24-in. tile sewer running. the length of the building and emptying into 
Tank 5-6 of "DAep Cell" 10. From Taruc 5-6 the cell drainage ia sent 
to the tanks of Cell 9 lihere the organic phase i.s separated fran the 
accumulated batch;and the aqueoua phase, after smnpling, is jetted to 
the 216-U-l and 2 Cr~bs. Organic cell drainage is sent to Tanlc 387 
in the 276-U Building where it is either treated for reuse or drummed 
out for disposal,.. 

1 • .3 Cs;on 2iping 

Most intra-cell solution tronsfers are .nade through pipe jumpers 
Within the cells. Some intr..section transfers are made through pipe8 
in the walls between cells of a section. All inter-section solution 
tra 1sf ers are mnde through the "hot" pipe trench lines. Connections 
bet.reen vessels in the cell.sand "ool.d-side" gallery tanks and instru.
ments are made through pipes buried in concrete which terminate in 
connectors on the cell walls. In many instances there were insufficient 
multiple inatnunent lines to service the instruments required in a cell. 
In these cases additional multiple instrument lines were installed 
in the existing 2-in. process lines. 

1.31 Trench piping 

All pipes in the trench are sloped to permit proper drainage. In 
some cases., because of space limitatioru, within the trench, a header 
system waa adopted. In cases where headers are used, now fran several 
tanks is directed through the header to a cCl'IU'llOn receiver. The various 
pipe trench headers together with their process functions are listed 
in the follmdng table: 

I ' 
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Header 

Condenser 
Vent 

11.eceives 
From Procees 

Vessels 

All cell tanks 
exc~t conden.
sers 

All ooncentra
tor condensers 

Du charges -
Into 

Blower Pit . 
(outside. 
building) 

Blower Pit 
(outside · 
building) 

Feed Cone. Feed Feed Utility 
Tanks 6..6 and Holdup 4-l 
7..6; Waste Sampler 
Tanks ll-l, 12-l, 
12-6. and iJ..l; 
RCU Sampler 
Tanks 15-l and 15-6; 
RAF Feed Tanks 
17-6 and 19-6 

Waste. Utility Aqueous Sump 
Tank_ 5-2; 

-Waste. Utility 
HoldUp 4,,.6 

RAW Header 

lt.(lrl Header 

Stemn Con.-
densate 

1.4 Galleries 

Spare Cone .. 
Receive!' 8-7J 
Waste Cone. Feed 
Tanka 9..6 and 
lo-6• ' . Neutralizer Tanlc 
11,.6 

RAW Receivers 
17•7 and 19-7 

RCW Receivers · 
lS..3 and 20-3 

All. :f'ive evapor-
atore 

Pooled RAW~ 
Receiv,er l..3-6 

Pooled RAW.ROW 
Receiver• 1.3-6 

24-in. Utility 
Header ( ouuside 
building) . to 
Retention Basin 

Sections From 
and to toJh:i.ch 

Size Header Eittends -
-6 1n. 20 to 1 

2 in. 10 to l 

4 in. 19 to 4 

3 in. · 11 to 4 

Jin. 19 to l J 

3 in. 20 to 13 

6 in. 6 to 10 

The Electrical, Pipe., Operating, and CrlUle Cab Galleries are located 
at progressively higner levels on the northwest side of the Cao;yon. The 
Operating and Pipe Galleries are 14 !eet wide and run the length of the 
building. The Electrical Galleey is also 14 feet wide but it extends only 
.fran Section 3 to Section 20. 

-
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The Operating Gallery is the control center for the cell equip.. 
ment. It contains the three graphic panel boards . from which all 
major process flows may be. controll~d, and local panel boards from 
which infrequent routiJJgs. or emergency routings are controllec;i. In 
addition the Operating Gallery contaiJls·we1gh t~ which receive 
solutions frcm the headers in the Pipe Gallery and discharge tneir 
solutions to the appropriate cell vessel connections- in the Pipe 
Gallery.. An 5l·JP and decontamination roan has been installed in the 
portion of the Operating Gallery from Cell l to Cell J. The equip... 
ment l~out for the Operating Gallery is. shown. on Figure IDI-26. 

. . 

. . 

All cell piping except proces? transfer lines is brought upto 
the Pipe Galle?"'J, teminating in connections on the wall. From the 
various chemical headers in the Pipe Gallery, connections are made to 
the weigh. tanks and control boards in the Operating Gallery. Remote 
maintenance is not required in the galleries so conventional piping 
methods nre _uaed and the piping is net buried in concrete. Electrical 
and stema. distribution lines are also located in the Pipe o·allery. 

The Electrical Gallery contains principally the main electrieal 
lines and the clectricnl distribution cent~r.s for -the building. The 
main stem line also enters the building through· this gallery. 

1 • .5 221-U Building serv1ce facilities 

1.51 Water -
Raw water is supplied to the 221-U Building through the feeder 

line (originaJJ.r installed for tho BiP04 .Plant)entel".ing _ the l;>uilding at 
Section 20. The main raw water header is located in the Operating 
Gallery- and a cell sprq header is located in the Pipe Gallery. The 
raw water is used for cooling coils and jackets on process tanks and 
condensers, and services the cell sprq 81'stem. 

The sanitary water line enters the- 221-U Building at Section 20 
1n the Electrical Gallery. The system provi:des water ·far safety 
showars. drinking r ·ountains, shower rooms, toilets, fire hydrants, and 
the demineralized water unit (~71..U Building). 

Demineralized ~ater is supplied fran the 271-U Building demineraliz
ing facilities to the variou.s scale tanks in the Operating Gallery 
through a header in the Pipe Gallo:cy. It i.9 used in all cases where 
water is introduce~ to process streams (e.g., chemical make-up and 
deentra:i.mrient column reflux). 

1.52 Steam ··-
The 221-U Building is served by- two 225-lb./eq.in.go. feeder lines 

from the · 282..W Powerhouse .. These lines meet south of the 221-U Building 
and a 10-in. -llne continues on to the Redox Area. The old 10-in. line 
capable of carrying 6o,OOO lb./hr., delivers 26,(X)() lb./hr. to 221-U- ~ 
and the remaining JL.,ooo·· 1b./hr. to the Redox Plant and the 241-U Tank 
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Farm. It enters the northwest .side· of the 221-U Building ·at Section 18. 
In addition to the 10-ih. line, a 14~. -line which passes along the 
southeast edge of the 221-224 ... U exclusion area on 1 ts way to the Redox 
Plant is - tapped by a line to Section 3 of 221-U, Of the l.67,000 
lb./hr. ·carried by the l.JJ-in. line., 57.,000 lb./hr .. are aTailable !or use 
in 221-U. The two lines, entering at Sections .3 and 18., are joined by a 
header passing -through the Pipe Gallery. '!he preasure with.in the header 
is reduced to 125-lb./sq.in.ga. steam by PRV stations at each end of the 
header. Local PRV stations serve to further reduce the steam to 15 -n,./ 
sq.in.ga. for those places in the BUilding where low-prese\lre stean ·is 
required.-

1.53 Electrical szstem1. 221-U BuilAA:96 

Two 13.8..KV feeder lines lead .frClll the 251 Station to an outdoor 
substation (252.Jri-2) · in the vicinity of the 221-U Building. The sub
station has two transformers, each large enough to carry- the load. of 
all· projects in the vicinity of the 221-U Building. From. the substation, 
two underground 2400-volt feeder lines lead to twc 2400-volt busee in 
the Electrical Galler;y, entering the building at Section 12. · 

The electrical system -inside the building :tran the 2400-volt busee· 
to the 480-vol t am llD/220-volt transfomers and distribution centere 
is almost identical with that originally _µjst_all_ed. Lin~ leading !rGlli 
the 221-U Building supply the _400.volt and 110..volt electricity used 
in the 271-U Building, 276-U Bo1Jd1ng, 211-U and 211,..AU Tank -Fama., and 
the Blower Pit. To irulure a compressed air supply at all tiJllee the power 
supp~ for the 125-hp., 2400-volt, 271-U Building air canpresaor we · 
m.tched £ran the normal 21,00-vol t · bus to the 24oo-volt. emergency -bus, 

. . 'Mhich receives power £ran the 282..W PowerhOW!le. Also supplied by ·tbs 
2400.volt emergency bus are the vent blower and the solenoid door-lock 
syetama. '!he original lightillg system is -used with extra lighting provided 
at the Operating Gallery graphic panels • . Lighting !or the new 211-AU 
ijuilding is provided fran exiat1ng Panel "E" (one of 10 paneJ.s, A through 
J). The -bu1Jd~ng also has a battery-operated E111ergency J.i8ht1ng system 
which turns on autanatically in the event of failure o! the -'regul.ar and 
emerge~cy power services. 

1.54 C5PPFesaed air 

Compressed air at 80 lb./sq.in.g-a. is supplied-for proceae use by the 
air compressors installed in the 271..U Building through t.he distribution 
header system originally installed in the building. This procesa air 
is used were air sparging iJJ required or mcare coils and· jackets require 
blowing before stemn or water is admitted. Gang valves are blown with. 
process air after process transters to prevent possible. euck-back of '!hot" 
liquids caused by steam condensation in the transfer line. 

. Ins~ent air at 1$ lb./sq.in.ga. is supplied through- the distribution 
and pressure-~educing system originally installed ·tram the ·air canpresaors 
installed in the 271-U Building. ·.Both humidi.f'ied and dry instrument 
aj.r is supplied. All purge ·lines leading tp process instrumentation in the 
cell vessels are supplied with humidified air to prevent crysta111zation 
and build-up of salts on dip tubes lmich are in contact with process liquids • 
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Panel board relays are supplied with dry air to minimize corrosion. 
Humidification of instrument air., where required., is accomplished in 
hUJllidi.fication tubes,located behind the panel boards in the Operating 
Gallery, by either percolating dry air through water or mixing dry air 
with low pressure steam. · · 

The compressor is supplied .from the 2!iOO""volt emergency bu8 in 
the 221-U Building. 

1.55 Sewers · 

Three dilt'erent sewage systems have been inStalled for the · 
221-U Building to handle the various wastes encountered. 

Cooling water £r011 process vessels and low- activity cell drain,. 
age are discharged into an existing 24-in. process sewer line running 
a1ong the southeast side of the building. ·This line leads to the . 
Retention Baain where it is monitored for radioactivity 'before dis
posal to an open ditch. 

The sanitary sewer system is used as origin~ inatalled. 
Drainage from sinks and toilets is carried via the sanitary sewer 
line on the northwest side of the building to a tile field west of the 
excluaion area. 

The· chemical sewer system- handl.es- the scale t~ k drnill88e · and 
gallery floor drains as, well as the •271 Building· tlc.,or drains. The 
.various acid-proof, stainless s-teel pipe, branch 'lines discharge into 
a . 12-in.,. tile line on ·the northwest side of the building. This tile 
line runs south along the building to join the line from the 222., 224, 
a.nd 222-U Buildings for eventual disposal in an open ditch, 

l.6 221-U Building ventilation 

The 221-U Building has two separate ventilation systems. One 
system ventilates the process equipment area., while tho other ventilates 
the operating areas. 

As indicated in the Ventilation Diagrmi on Figure IDI-29., 
ventilation or the process equipnent areas is accomplished through the 
use of ten separate air filtering and washing units (l.600 cu.ft,/mi.n. 
capacity-) distributed along the Operating Oalle:py proper. The fresh 
dust-free air is fed to the crane cabway from which it nows into the 
canyon proper.;. The air then nows past the cell cover blocks into 
either the cells or the pipe trench., then through 10-in. terracotta 
ducts £ran each cell or section of the pipe trench into the 4-rt. by 6- .. 
ft. ventilation duct llhich is connected to the 291-U Building facilities. 
In Sections 5, 17, 18, 19, and 20 which contain orga.nic solutions 
special provisions have been made to insure positive circulation from 
the top to the bottan o! the cell. A 1Stainl.ess .. steel header w1 th several 
small inlet ports ha., been installed at aell noor level. These hoaders 
connect to the 10-in. terra cottn ducts lending to the large ventilation 

-
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duct. In Cells 11, 13, 15., 17., and 19 piping has been i.nstnlled to 
allow pressure relief pot vnpors to discharge directly into the vent 
outlet. 

The exhaust ducts are adjusted to maintain the proper pres8Ul"9 
be.lance in the system and permit n minilnurn o.r 4., 8, and 6 air changes 
per hour for the pipe trench, orgrurl.c cell.a., .am. other cell&, respectively. 

" . 
The Operating Gallery ventilation is accomplished bT feeding f r esh 

dust.free air fran ten 45oo cu.tt./min. air filtering and washing units 
distribu.ted along the Operating Gallery proper as indicated in Figure 
XIII-JO. SOlne air is- also supplied to -the Operating Oalle1'1' from the 
adjoining 271-V Building. From .the Operating Galleey the air nows through 
gratings in the noor to the Pipe Oaller,y. Air is exhausted to the out
side from the Pipe Gallery by nine exhaust fans. The Electrical Gallery · 
recejfves am,ut, 50QQ cu.ft./~ •. of air- through. a dilct .from the 271-U 
Building ventilating ayatElll • . This air is exhauated f"ran the Electrical 
Gallery to the outside by· three exhaust fans. The·-atatie preaBUZ'~ in the 
Pipe and Operating Galleries is about 0.02 inchtaa above • atmospheric 
while in the Electrical Gallery it is 0.01 in. 

.. . 

At Sectione l and . 2 the Operating Gallery . has been partitioned · ott 
(and.grates connecting with the Pipe Gall.01'1' have ·been closed oft) to 
provide SWP and decontamination facilities. The duct lines 1"ran the. 
Section 1 45oc au.ft./min. blower have been divided so t.liat 1000 au.ft-./ 
min •. are supplied to- the Pipe Oalle17, . 1500 cu.ft./min. are supplied to 
the Operating Gallery, and 2000 ·· cu.tt·./mi.n. are supplied to the SWP acd 
decontamination !acilities (see Figure XIIL-29). The entire 2000 cu.ft./ 
min •. is exhausted frClll the f:JdP area through the exhaust fan tor tbe hood 
in ·the decontamination stntion •. 

The process vessels are vented to either th-e condenser vent header 
.(5o ou.ft./min., 40 in. H2o vacuum) or the v_esael Ta~~ h~ader (200 cu.ft./ 
m1n., 10 in •. H2') vacuum). The8e pipe-trench headers are connected to the 
new~ comtructed. blower pits leaving· the building at Call 6. The vent 
gues are. sent through entre.irment eliminators in the blower pits betore 
they are discharged into the main ventilation twmel by mechanical 
blowers. (For a description of the 291-U Stack facilities see Chapter 
llI.) . · . . 

2.. 211-U Builclip£ 

The 211-li· Building .. is a four-story concrete.-building approx::lmate:cy 
l.6o rt. long and 4S:·:t:t. wide attached to the 221-U Bull&g. It is 
used ror the preparation of the process chmnicals used in the 221-U 
Buildw and as adminiatrative headquarters. The la;yout ot the bu11 ding 
is shown on Figure XIII-27. 

The basement of the 271-U Duilding is used for the storage of acme 
solid chemicals {e.g~,N~04). It also oontai.na instrument ahops , 
maintenance shqpe, 271-U ventilation equipnent, and the compressed air 

. equipment which supplies the 221, 222, and 22lA,.U Buildings. · 
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On the first floor are change room facilities 7 offices, and 
additional solid chemical storage space. Included on the second floor 
are offices and the nerve center of the 221-U Bu:Udi.ng operation, the. 
dispatcher• s office.. The dispatcher ts office contains the communica.-
tion ~acilities for controlling the. movements of personnel and materiw 
in carrying out the operations- in the 221-U Building. From the dis
patcher's office all magnetically locked daors giving access to the 
canyon area- are controlled • 

. The third fioor of the 271-U Building contains facilities for 
the preparation of, and temporary storage of, solutions u.sed in the 
process. The third floor also houses water demineralizing equipment, 
solid -ferrous- SDJ1110nium sulfate and sulfaxnic acid bqs, and a small 
chemical. control laboratory. 

Qn, the roof of the 271-U Building is a large (10 ft. by 14 ft.) 
demineralized water storage tank. It ma;y be. filled directly frcm· the 
third floor. demineralizer or from the storage tanks in the 211-U Tank 
Farm. 

TBP,- delivered. to the 271-U loading dock 1n drums, is pumped 
from the drum to the storage tanks in the 276-U Building through the 
221-U' Pipe Gallery • 

.3. P:z Chemical Warehouse 275-UR 

Building 275-UR,- located adjacent to the 2714-U uo3 Warehouse, 
northwest · of the 271-U Building, is a .fr811le building mounted on a 
6o-£t. 6-in •. by· 5o-ft •. concrete slab •. · It 1a used as the receiving 
station and. bulk storage facility for dry chemicals (e.g • ., sodium 
sul:f ate, . sul:f' amic acid, ferrous ammonium sul.£ ate). 

4. 211-U and 211-AU Tanlc Farms 

The 211-U and 211...AU Tanlc Farms serve to store the bulk liquid 
chemicals received in tank cars (or trucks) until needed. There are . 
25, tanks in the farms. Included are ·three 6cf1, HN0.3 Sample Tanks 
and n:t.ne 6o% HN03 Storag!9 TanJcs capable of storing approximately 
1.,200,000 galloms, nine 50% NaOH Storage Tanks capable of storing 
approximately 450,000 gallons, two RAS. Storage Tanks capable of stor
ing approximately 8,200 gallons, and two Demineralized Water Storage 
Tanks . capable o:r storing approximately 25 1000 gal. 

Facilities are included in the . 2ll Tanlc Farm Area for unloading 
HN03, NaOH., and organic diluent tank ears. The acid and base are 
stored in the 2ll TMk Farm while the organic diluent is pumped 
through 221-U Pipe Gallery lines to "!;he 276-U Building for storage.,_. 

A schematic drawing showing the storage capacities of the tanka 
in 21.l-U' and 211-AU is included in Chapter X. 

' II tr ..... · .. : . ,, . ........ . . D£ClASStFIED 
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5. Solv•bt Storage and· Treatment Area 276..U 

The 276..U :Ru1Jding,located at the southwest end o:£ the 221-U Bu:Uci-
ing.,. is used !or the bulk TBP and diluent storage and for the make-up 

· and treatment of the organic solutions used in the solvent-extraction 
batteries• As indicated on Figure XIII .. 28 the various organic tonks are 
mounted in a 66-rt. 2-in. by 54-ft. 6-in. concrete baain built· to hold 
the contents of all tanks in cnse of rupture during ~ . emergency-. The 
bnsin containB no noor draiM. Leakage from the tanks nows to a StDDp 
f~om which. it mey- be returned to the tanks, to drum. out facilities, or 
to the 216-U Cribs. 

The tanks in the 276..U Building are connected with the 22l-t1 Build
ing_.. by the 11hot11 pipe trench and the Pipe Gallery. Organic solutioM 
requiring treatment are routed to the Organic iteceiver through the "hotn 
pipe trench from the 221-U Building RAX Feed, the· ROO Receiver, ond the 
Organic · Sump Holdup Tm:Jks. Organic make-up soluti9n from the TBP and 
Diluent.. Storage Taolcs and treated organic solutions are routed to the . 
221-U Building vessels containing organic solution througn Pipe (lallery 
headers. Also runnL,g through the Pipe Gallery are lines leading fran 
the Diluent and TBP Storage Tanks to the diluent car.unlooding facilities 
in the 2ll-U Tmµc Farm and the TBP drum-unloading facilities on the 
unloading ·dock of the 271-U Building. The TBP Stornge Tank, TK-381, and 
the Diluent Storage Tank, TX-380, are blaok iron truucs capable 0£ storing 
6,000 and 29,000 gallons, respective~.. _ 

· The 276-U Building facilities are serviced. by two Jcale tanks, 276-A 
and 27~ :).ocated in the Operating Gallery- at· the 276-U end o£ the 221-U 
Building~ · 'fhe. 276-1 tank measures the aqueous chemical.a used during 
organic treatment and 276-B measures , the amoll amounts of TBP used to 
butt-up or make up prooe~,- solvent. 

D. '~lPLJ\NT 
l. Concentration and Cal.cinntion e,11lping 224::u. . 

The 224..U Building, originally- bililt .to serve as a low-lGVel decon
tami.nation and product-concentration building for the bismuth phosphate 
proce~e, hae been altered to· h0'1.18e the decontaminated uranium solution 
concentration and oelcination equipment. Since the solutions processed 
in 224-U are relatively "cold", J112Ssive concrete .shielding is not required. 
Maintenance mey be carried out by normal procedures performed under core. 
fully regulated working conditions. 

The .building, 2QO i't. long and 66-l/2 .tt. wide1 contains silt cells 
(A, B,c., D, E, and F)·,an -9Perating Gallery, a Pipe Galler,-;; and space 
below the ;Mpe Gallery used for officee and storage. For n simplified 
224-U Building J.qout drawing see Chtlpter I., Figure I•7• Celle A, B, c, 
and. D have been separated from Cella E. am F by a removable partition 
extending from noor to ceiling._ A8 indioawd in the equipnent arrangement 
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draw:t.ng- (Figure llTI-32),Cells A, B, c, and D,- have been modified to 
house the equipnent requ.fred. :for concentrating the Redooc.· and 221-U 
Building Ullf solutions to produce a solution suitable for introduction ' 
to the calcining pots in Cells E and F. Also included in Cells A, 
B C and Dare the equipment for fractionating the nitric acid vapors , , . ..~ h evolved during concentration and the absorption equipnent, in.w,u.c 
the gases evolved during the calcining operations are converted to 
nitric acid. Cells E and F contain the equipment required for the 
ctlcinat1on of the concentrated UNH solutions to produce U03_ powder. 
The equ.ipnent required for packaging the U03 has been inSt41,lled in 
.the room (ori~ considered to be a portion of F Cell !'Ol' the 
bismuth phosphate procesa operations) 'Which housed the bismuth phos
phate process F-10. product cage. The caleinntion pot area (now 
designated E and F Cells) has been separated from the packaging area 
by a removable partition. 

As imicated on Figure mI-.33, the U03 exhausting equipnent and 
~cination pot air exhaus.ting- equipment are located ou.tside the 
221.i-U Bii1Jding. The · local. stack,. exhaust. fan, and glass wool filter 
aasanbly" (L..12 arxl X-lJ) which. filters and discharges air from Bag 
Filter I-1.J. ta the. atliiosphere- .a¢. the Pot Unloading Exhauster ~ are 
1.ocatad on. the roe£ o£ the. 224-U Building. 

In E.and F Cells the concrete floor level between the rows o£ 
c.alcination: pot.a has.. been. raised to· make the tops of the pots more 
accessible during uo3 removal;. operations. 

· ·Cell c;· is: built· an: two levels ldtlt the floor o£ b..alf' the cell 
bu:i.l.t. 19 ft.l~ thannorma1 cell .floor level (see Figure XIII-32). 
For the B1P04 proc~~ the cell was used to house the tanks receiving 
process. solut.ion frcim ~e .. 22l. Building. The lower floor level of the 
cell p.ermitted line drainage · to- the 22h-U Building. · 

- . . 

In-.·thelower portion. o£ the cell 1s the Sump Tank,, C-2., in which 
drainage fran Cells, A~ B,_ c, Md D.,. is- collected. The noo?'S of the 

· cells have been sloped to- :Lnsure.• dr.ai.nage o£ process leakage. 

-· The. Operating. and Pip-e..Galler.les. run along_ the. northwest side of 
the 224-U' lm1ld1~ from Cell .L ta Cell E inclusive (see Figure I-7). 
In the space- be1ov· the Pipe. Gal.lacy-,. office, storage, lunch room,. 
Tentilation blower_. and. ohallge room facilities have been i.nBtalled. 

The PipeGalleiy contains the chemical and service facility 
{ateam_ air., water), headera originaJ.4'- installed for the BiP04 
proces~. 5-e :ot . the original chemical headers whi.ch are connected 

. to th.a 211-ll 'rank: . .Fara and 27l-U aii1Jding facilities are used to 
-. ~-• .:~ _d~ecfwater~ nitrie acid., and wash. solution. , 

. . ~ . . . . 
.. . . ~ · ' .~ ·, . : _ (> - . , .- • • • _. . 

, , . .. ' . • • Operating Gallery- i,s: tJta ·control center for the equ!pilent 
;n- .A.P B.,.. CJI -ana D-: C'alla-., It. contdns the graphic panel board and · 

,. . . . .. ,:~'.~e scale tanks _llh1ch. receive solutions f'ran the Pipe Galle17 headers 
;. \>:· .• . \ ,,:,-_,:· -~ c;lbcharge ·1nte>., t.l:le Yesael.. comections 1n ~e Pipe Gallery. ~if f::::f:l:J:l:ii';;-,;i iif :· ;/ffci;;_;f )'t~ \/ i '. . , - . . . . . 
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On the second f loor. over F Cell and- the p·ackaging area are the 
electrical installations which service the calcination pots in the E and 
F Cells. There is no third floor over the F Cell end of the by.11~· 
{sea Figure I-7). 

l.l 224..U Building service· facilities 

l.ll Water -
Raw water is supplied to the 224-U :Building· at ' ll.O lb./sq.in. 

~·ese~e through an axis~ 6-in. · lina· · from an ex18ting-main !'ran the 
282..lol Building and an 8-±n. line extending: !'rm the Reciox-282..W 20.1n. 
main_ · B·oth lines enter the · building at the northeast end. Inside t he 
building an existing &.in. header is wsed.. Cooling water for the B and 
D Cell condensers is supplied by two 6-in. branch !leaders connected to 
t.'le new 8-in. line. 

Sanitary water is delivered to- the 224,.U Building at -lOO lb./sq.in. 
pressure by en existing u-ina line leading .from. the 283-1'1 Building. A 
shutoff valve is lo<Jated 1n office No. l where· the line enters the build
ing. D_istribution to the safety showers, drink1ng .t'ountaina,showar. 
rooms, toilets, and fire hydrants is accomplished using the originally 
installed piping • 

. Diatilled water is to be supplied as renux for the fractionating 
and absorption equipment. Sar..!:+.aey water- 18 not. used since harmful, 
extraneous (e.g,, 01-) ions woU: ~d be introduced. During early 224-U 
Building operations, when the building is processing on)J' Redox uranium, 
distilled water-' 18 supplied through tb.3 2.1n. Operating Gallery and 
Pipe Gallery headers·, ldrl.ch are supplied fr01n the distilled water 
facilities on the roof of the 224-U Building. When tho 224-U Building 
is operating on the more dilute TBP ·uranium solutions, the evaporator 
-averhead condensate collected in Tank c.5 is pumped to the distilled · 
water storage tank on the roo£. It then passes into the header system 

. discussed. above. Distilled water mq also be pumped directly !'rem 
Taruc C.$ to the fractionators. 

' In case the i'eod frcm· Tanks X..l and .x..2· to the evaporators is stopped, 
distilled water is automatically supplied to the evaporators to prevent 
caking of the evaporator tubes. 

1.12 Steam -. . . 

Toe . 224..U Building is.• served · by an .. e-ui. take-off line frOQl a new 
teeder line which extands ·!ran the 282.W Powerhouse to the Redox Area. 
The new steam feeder line, which ruriB along the southeast edge of the 
221-224-U exclusion area., carries about 110,000 lb./hr. at 225 lb./ s4.in.go.. 
at the po+z1t were the 224-U building · take-off line 1s con.,ectad. About 
55 ,ooo lb.;/hr. is S\.."Pl)lied to the 224-U Building through the 8-in. line• 
The ex:1.st1.ng 10-1.n •. main i'rOJn the powerhouse joins the Redox main : s outh 
of tb4i 224-U Building. If a break occurs in the 14-in., feeder line from 
282..W to ·. 224-U a l1m1 tad . amount of steun mcy be furnished the ·22~u Build.. 
ing by- back-now from the 10.1n. existing main • 

. . , .. · 
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Three 10,000 cu.ft./min. air washer and bl•wer units on the ro~. 
above F Cell discharge air through a duct system into the calcination 
pot rooms in the vicini cy: o! the pots. Air ia exhauated from the pot 
rooms through four roof ventilators of approximately .30,000 cu.rt./m1n. 
total capacity. 

1.22 Furnace hood ventilation 

As indicated on the engineers now sketch in Chapter VIII an 
exhaW!Jt fan -I-J.J ,discharges· approximately 7,00 cu.rt./min.* of 
filtered air to the atmosphere through a stack on the roo! of the 
224-U Building., The major portion of this air (approximately 
6800 cu.ft ./min •. ), passing throut;h bag filters X..ll and glass-wool 
filter X-12 on its• wq to the stack, canes from the calcination pot 
air ventilation header which sel"V'ices all pots. During the cooling 
part of the calcination pot cycle, air is drawn. beneath the pota. When 
pot cooling haa been canpleted and the pot is being emptied the air 
.flowing beneath the pots is diverted.by a damper arrangement so that 
air flows across the top of the pot thereby minimizing the spread of 
U03 into the room. 

1.23 Process vessel ven;t!p& . 

'With the exceptions of Tank C-3 and the absorber T-A-1 all A, B, 
c,and D process vessels are vented directly or by connection with 
other proce~s vessel.a to the ext.sting 24~1n. terracotta pipe lihich dis
charges into the main 221-U BuL. ling ventilation tunnel at the Cell 40 
end of the building. · The B and.) Cell evaporator seal pots, if blown, 
discharge gases through 8-in. lines through the roof. The A Call 
Absorber T-A-J. and Tank C-J are vented by a jet line through a local 
stack and filter on the roof of the 224,..U Building. 

2. mm Solution Storage Buildings 203::u and 00,HJX 

2.1 BuilAfpg 203-U 

Two 1001 000-gal.,25-ft. by 30-ft.tagitated stainless steel tanks 
have been installed in an B2-£t. by 47-f't. concrete baain (20,3-U) 
behind the 224-U Building (see Figure XIIl-18). These tanks, X-l 
and X..2, stare uranium solution from the TBP and Redox processes Wltil 
it is pumped to the concentrating equipment in the 224-U Building. 
The tanks are heated and the procMs lines leading !ram the building 
are steam traced (or electrically heated) to prevent cr:ystallization 
of the concentrated solution during cold weather. The building is 
serviced by the 224-U Buil.ding steam, vait, power, ~, and water 
.facilities .. The basin SUIJIP is connected to the existing l.0-in. line 
leading to the retention basin and the vent linea are connected to the 
existing 24-in. terr2 cotta line leading to the 221-U Building 
ventilation tunnel. 

*) Air nows are at standard temperature and pressure unless stated. 
Actual. air temperatures may- ·be appreciably above standard. -•-'!!! ... ·-.1 
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2.2 · Building 203::ux 

The 203.ux Building., adjacent: to the ,24-U Building D Cell; iB a 
.concrete- basin 18 ft,. 6 in.. long . and 13 f t , wide c·overed by a shed r.oof 
attached to the 224-U Building. The basi :: houses two tanks,- X-19 and 
X-20. Taruc X...J.9; 9 ft. by 9 ft., is used as a catch tank for Evaporator 
D-2, and as a pump tank for the UN loop hoader wh.~n b9th ~e 'l'BP and 
Red~ Plants are operating. {During the i r.i t i al period when Redox 
alone· is operating, Tank C-l Will supply the UN loop head.er.) Tank 
X..20, 4 ft. by ·5 ft.,. ;ts used for, storage cf off-standard .uranium solu. 
tion received from the calcination pots •. From X-20., solution 'fflI13 be 
sent to the 203-U storage tanks for 224.-U Euilding reworking or to 
Tank 4-1 (through TK~-2) in the 221-U Building for solvent-extraction 
process reworking. Air, ·steam, and electricity are supplied to the 
203-UX Building from the 224-U Building. fteam. condensate is routed 
to the existing 10..in. main leading to th E re t ention-basin and the 
vessels are vented to the 24-in:.· terra cc f.t,a main. 

3. U03 Wareh~e, Bui,J.ding 2714 

The 2m-tJ Building located northwE :11; o:£ the 27l-U Building, i s 
used for the storage of U03 prior to off • . :ii. t e shipment. The building .. is 
a frsme structure mounted on a 6o-ft. by' il7-ft. 7-3/4 in. concrete pad·; · 
Pallets holding four appraximately 1000..J b., UOJ druma are delivered from 
the 224-U Building by a fork truck and s1 ored J.n ba;ys until releaaed for 

· off.site shipment. The warepouse is capi b~o o:f storing approximately 

I · 

)JO drums with one drum lqer. The fork trucks: are used for car loading, 
paesing up a concrete ramp leading diroc1 4· into the_ rnilroad ctirs. 

m:ctASS\f\tO 
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FIGURE Jm-9 
PLOT PLAN,241-T TANK FARM 
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FIGURE m - 10 
PLOT PLAN. 241-TX TANK FARM 
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A. aElmRAL 

l. Geuenl Design Considerations 

The· engineering scope ot th& Uranium ReCOfl1"7 Plaut is illustrated 
in 11gures IIV-l tbrough1 nv-25. Tbeee drawitlP, Jmcw. a1 "Engineer111g 
J'lovD1agrems", - expend upon tl1e baaic :proceH tlmr depicted in the 
"l~ineer, 1 ll'lOV- Sketcbe1" included in Chapters II, VI, VII, VIII, IX, 

1
. . and X. The purpose ot the Engineering Fl.en, Diagrams, Ybich were pre

pared prior to the detailed design effort, we to present an accurat e 
picture ot the engineering teature1 ot the proceaa upcm which design 
vas tc be based. During the developwut ot these d.eeign basis plans, 
toremo•t cous1d.erot1on •• gi'feu. t~ (a) tbl) _utilization ot ezisting 
tacilities iu the most exped1tioua· J111m:1.er,(b} the radioectin properties 
at the mter1ale baud.led, (c) corrcainneH otthe solutions, and (cl} 
procesa coutinui't7. 

Since tbe existing 221-U and 224-u Buildinp are utilized in the 
Urauium.RecOflry Plant, equipnent desien and layout conforms t~ the 
pb;re1cal l.1mitat1ona 1.mpeaad b7 the proceasing area• ot tbe1e buildiiiga. 
Maalive aOIMn'ete ehieldwlls are -provided tor p!"Otection ot operatiJ:lg 
per101mel trcm the penetrating samma radiation. All equipaent that 
baD41.es redioaoti" naterial.8 1a placed.in cell1 1u the "hot", or 
caD1'0Q, zone and ia OJ)8rated remotel.7 ey meal18 of clinree inatnaentation. 
Since the equipnent 1a not readily decontaminated to allow proloaged 
personal contact, the caU70U eQuipnent was designed for remote metboda ot 
maintenanoe, replacamant, and eerv:lcing. The corroain properties of 
the chemicals used 1n the- proce•• neceHiteted tbe use ot etainleH steel 

. for tabr1cat1on at all tanks, piping, and auxiliariea e•eential to proces• 
\eout4.nu1ty. 

A most 1mportant factor that influenced the plant d.e1ign effort is 
the contiDU0U1S nature ot tbe urtuu:um recOflr;r proceH • Al though urenium 
remo'ftl from underground storage and acidii'ication, blending, a1l4 prep
.aretion of metal aoluti(m. prior to entrance into tbs 221-U Building ere 
batch procedures, moat process • treams through0ut tbs feed couceutration, 
aolvent-extreetion, waste treatment, organic recove1"7, end uren1um solu
tion product handling 9Y'Btema tlov continuously. Tank sidng and place
ment in tbe cells ves mede, therefore, to conform with good opereti onal 
control. 

Design Phase I ot Project c-362, removel ot urenium-conteiuing 
solutions and slurries from tbs TX-U-101, 102, 103 Cascede ot the 241-
U Tank Farm, inTolves new architecturel features ond new constructi on. 
Phase I is illustreted by 71gurea XIV-1 to XIV-4. Neither Pbese I I , 
fecilities tor remcvel ot uranium i'ran all other underground. storage 
tanks -, uor Pbese III, tbe croH-country pipeline system tor tro111port• 
ing radioactive aolutious between the 200-Jeat end 200-West Arecs, is 
illustrated. in l!!lgineerina • ncv Diagrom f'orm in the Uranium :Recovery 

.. , -.,:• 
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Teohn1ca1 Ml!lnuel, Pbsse tt bginewing lt1ow Dibpems. ar,e identical 1n 

. moe-t respects 1'1 tli· Phase, I. ·. Phaff·. tll is cleadribed in Chapter XIll. 
De,1gn. Pboee p,, «ol;Yesrt.:utractiou: am. re-laitecl -pl'OCed.UrEts, bps been 

. acot,&4: for· ex-iating structuret,. 22l•tr a-114 224-U :Baildings, and. is illus'-
treted by J'S:gures Xrf,;.'J ta Jl'V..-S3 •. :rigure• XIV~24 Elnd 25 1ll~trate the 
daioitmtion and . octc!· reeeft17 ~ions- of th& 224-U Buildiog, 'Uld al
thdugh. ttieikt op,:rtltions were oriaimllly defined under a dU1'ere~t project· 
(Pr'6Ject· lfo. C;.. 361), . tbq ere propei'l;y a ptrt ~ the Uren1Q1A Reo,ver,y ~~-- . ~ 

Some ~ tlJe at£Dd8ri sjmbols uae'd in- J'igQ?'ee .ttv-1 through 2'. ~e 
lieted in: o IIJ]llbol legend ·shOvn ou Figure llV-1. -. 

Some ol -t~ general· design requirements v.lth regard. to equi~nt 
ap!!r1og., pipiil&, and valving are- discueaed below. 

2. s2re EguiP!9nt and Line Policies 

With the exception of a spare concentl"Otion unit (:teed tank, con
centrator; fractiODfltor tower, cooler, and receiver tonk} vhich m7. be 
utilized for either teed or waste coucentrction, no spores ore insi:olled 
for mDjor equ1pnent pieces. that o:perilte either cotitinuousq ar batcmrise. 
Tbs designed CSlXlCity of the plant, which al.lows for 20 per cent dow,:i- . 
t:1:me, is considered. to include edequote spore production. CCJllCity in lie~ 
of 1nstolleci s:pare pt"Oeess equ.1IJ118nt. 

Because ot tbs . large volume ot dilute edlutions bonciled in the 
uranium recovery process, liquid transfer on all mD1n routings 1s e:ttec_ted 
by- pump to avt:iid further dilution. Generally; . pumps. are spared by jets. 
Jets ore elao used for alternative routings and in pl.D.ces where the trDrut• 
fer 111!1 not ot a routine ?l!ltui"e.. . . 

some spore lines. in concrete enst in the 221-U Building fi'om "cold" 
to "hot" er 11 b.ot 11

· to 1'hot11 zones by virtUB : of the ensting buildilll 
e_rchi tecture. The nuinber end potenti.Ell utility of these s:i;nre lines 
varies trcn cell to cell. 

3... Pipipg and. Val'ri.Dg 

Mfliu procese piping is· a~ ou Figures XIV-l to 25 1n becv.1 lines._ 
Utility piping and instrumentation lines . are shown by either dotted or 
light lines. Rovever, :figures XIV-5 to ro show spire piping in concrete 
by means . ot dotted linea. ·' 

}Tocees pipe a:l.zing hes been mod,e by conventioncl, flow•preHure drop 
cbflrt Ill8tbods tar, the peak onticipiteci loading conditions, the cDlculcted 
pipe sii;e then beiilg rounded to a l.D.rger, eonventioncl size. ( Since t~ 
2-in. pipe size is tb& 11iml.lest pipe size used - except os noted below-: 
this results in considerable overcaplc1 ty in 1!¥ley instonces.) In the . 
22l•U Building, pipe si~iDg is determined by the ex1st1?)8 pipe buried in 
concrete. Instrument arid sampler lines, in genercl.1 consist ot l/2-inch 
pipe in bundles ot 3 or 4. 
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.Proc&&a add1 tions are mde to canyon area tankti via beedu-1 :frail :teed 
tanb in tbs 271-U Building or iu the 0pU'flt1121 pllaz'1. A wsh solution 
beaa&r 1a provided.· by. 1111111na. ot 'lfhich wah aolut10n m1 be routed to teed 
toub and thence to tbe "bat" vessel. Stminere ere provided in proceaa 
addition lines. 

I . 

Tbs ~ wlvea utUized in the "bot" &ones ot tl:ls 221-lJ Buil.d.1og are 
·tlov control velws. In addition, bellovs-aealed plug wlves bave been 
eaployed in acne D1vers1011 Boz Jumpers. 

Table XIV,;.l lists tbs wn.oua pipe codes vbich appear on the lng1neer
ing l'lov Deagrams and 1micotea tba aerTice correapondiag to eoch code. 
Valves are deaipated oe to tn,e by pr9t1X letten: G, tor gate; GL, tor 
globe; c:v, tor control valve; am DO, tor ~-operated. 1'be number 

(Y') following tbe pretu letten de11.g!2Qtea the worldl:lg preHure, e.g. , 1.2-;;:. 
~ - 12' lb./1q·.1n. The second letter, S er F, deeigmtes whither the velve iB 
c:::1 screwed or fianged. Thu.a, GL 1., J 1a a flllnged. glow wlve- d.nigmtd tor 
~ 1,0 lb./aq·.1n. vorld.ag preasure. Vol"fe Spec1f1oot1on BW-34,0 abould be 
gJ referred to tor turthsr cleta1le. - · ('..! 
en 4-. Materil!lla ot Conatruction 

Process equipnent 1n tbs TBP ond 003 Plonta 11 oonil:tncted ot tn,e 
347 stoinleea steel ( or an equiwlent in tiie 300 Serie• stabilised towerd 
intergrenular 00rrosiou by virtue ot a Cb•Ta addit1Te or extra lov carbon 
content, B.L.C.) uul.eu it 1• subjected to the ooabimltiou ot elewted 
temperatures and contact with proceH aolutiom. In th:11 coae it 1e con
structed ot 17'Pe 3099 Cb stainless steel (except tor the Cclcination Pots, 
oa noted belov). Ccl:lpoaent psrta not subjected to veldi~ during tobrioc
tion ere constructed of Type 304 stcinl.e•e steel. (lfeitber Types 34-7 nor 
3098 Cb require annealing atter welding since both are columbium stabil-
ized.} · 

Tbs Slurry Accui:m.lator Tann are constructed of carbon steel s1nce 
they bisudl.e ~ on ol.lmline proceH solution or •1U1"17. 

Tbe urenyl nitrate Cclcincticu Pots (see J'igure nv-24) ore con
structed ot a special olloy, Kaeo 40-T, vhose canposition is approximote
l:y- ~ chromium, ~ nickel, and O .041- corb~. This aUo:, Ima been found 
to hove V'817 good corrosion reei1tonce under the operating conditions con
tec.pla ted. 

References (4), (5), and (6) are the 1:10st important reports on tbe 
corrosion resiatonce of mteriola ot conatruction to the IJrOCe1a matericla 
bond.led 1n the uranium recovery process. 

5. EQUiput Designation 

The oethods of deaignntiDg equi~nt involved in NJ:IOVOl of uraniuo 
tram underground storage ore· sham in Figures nv-l to 4. The ~tu · 
letter before the vessel number 1nd1cetea its location. Thus, as sbcwn 
on ll'igure XIV-4, Tonk wa.oo, is a Feed Receiver Tonk located 1u the 241-
w:R Diversion Station. 
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_ Equip:nent 1n the Tl3P Pl.out (221-U Build1t1g} is desigmted vith a 
prefix mmber denoting the section 1n which it is located. Vieved trcm 
tbe operating gallery, each section consist. of a left and o right cell .. 
Equip:nent in a. left cell is llUCbered clockV1se fl"an the farthest left
hnnd. corner: 1, 2, or· 3 for floor level equip:nent; 4 tor 1ntert:1Sdulte 
level, and 5· for top level. Equip:Jent in a right cell is mmbered clock
wise 1'roa tbs farthest left-band. corner: 6, 7, or 8 for tloor level 
equi~t. For 8%0:cple, TK-7-7 refers to o 221-U :Building ~nk located in 
tbe right cell of Section 7 and positioned es· the second clockwise tank 
:tra:i the farthest: left-bend ·corner in that eell. 

Equip:ient in the U°3 Pl.ont (224-U Bui!ding) is designated vith o 
prefix letter denoting the cell in vhich it 1s locoted. Equip:ient is 
numbered clockvise frail tbetarthest left•band corner of the cell when 
viewed tram the· opereting gallery. P'or emmple-, TK-C-4 desigmtes a 
224-u Building tank located in c cell and positioned as tbs fourth clock
wise tonk trom the farthest left-lmnd corner· of the cell. 

The Engineering Flow DitJgroms tor tbe TBP Pl.Dnt, (1'1gures XIV-5 to. 
1.9) indicate the lllycut of the cells in addition to proV1dd.ng a schemtic 
elevotion View ot the equipaent. Tbe di.Dgrams for the ureniUJ:1 remowl 
facilities and the ~ Pl.cut (Figurel!I· XIV-l to 4 and IIV•20 to 2') provide 
only a _schematic elevation viev of the equipnent. -

Uranium removal. froc underground storage hos been discussed previous
ly- in Chapter II, ond tbs acidification, blending, o.nd preparation of the 
solution tor entr;y into the TBP Plont htls been discussed in Chapter III. 

Engineering Flow Diagrams for P!losa I recoval :racillties are present
ed 1n J'igures XIV-1 to 4. As mentioned previously, Pbllse I includes the 
removal of uranium solution ond slurry :f'rOil the 241-U-lOJ., 102, and 103 
Cascade. Included as o part of the l'mlse I project is the construction of 
the 241-U Slurry Accumulotor, Blend Tonka, Nitric Acid Tank systes:l and the 
construction of the 241-WB Diversion V.Jult. Phase I, illustrated, differs 
from Pbose ll, not illustrcted, chiefly in thot Pbose II provides metal 
ret:10vo.l facilities tor ~ll other Cascades thon 241-0-101, 102, ond 103. 
Pbose II provides three edd1 tional uronium removal installations ( one eoch 
tor the 241-B, EX o!ld BY, the 241-T and TX, ond the 241-C Areos) each in
cluding o Slurry Accur.ul.otor, two Blend Tenlca, and a Nitric Acid Tonl!:. 
(See Chopter II.) · 

Each of the sludse pumps sbovn in Figure XIV-1 in each Underground 
Storage Tenk ht.a a COl,Xlcity of 600 gal./tlin. cgainst o heod of 125 ft. 
when handling i.¥:teriol with o specific gravity or 1.2. These pur;ipe will 
p:1ss eel.ids of ecy size tbl:lt can enter their suction openings. Each pump 
d.iscborgea through a 4-in. line. into the Slurry Accumulotor, TK-UR-001, 
!'1gure XIV-3. These puJ:1p8 ccy be raised or lowered on suspension eobles, 
by means of a vinch e~ngement, to follow the liquid level as the tonk 
is emptied. 
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Aa deacribed 111 Chapter II, slurry- is rec1rcul.ated through aluicizlg 

nozzles in tbs storage tcnka to slU1'1"f tbs sludge. Tbs 1lui:cizlg pmp 
. located 1n the 8lmT;r Aee111uln+.or ie· a 600 pJ../m1n. capeo1t7 ~ vhich 

produces i,o lb./sq.in. discharge preaaure when operating with a 1 . 2 
· specific grcvit7 11qu1d.. Tbe 1luic1ng nozzle• each have a l-3/8 in. tip 

'Which will puss ,~ tJJl./min. of 1.2 apecU1c gravi-q aolut1011 at o 
supply- pressure of· 100 lb ./sq .1n. Bach noazle 1s capable: ot reacte. 
ad,Justm.eut tor azimuth and elew.t1on. ProY18ion ia mde tor the ottoch
mem; ot· omotor opel'Ctor to the asiauth adJustmant mecboniam to cowre 
the nozzle. to "scan" slowly Vithin a predetermined included angle. 81UJ'Z'7 
removal operat1on.e trail the UDderground Storage Tanks m7 be obaerwd b7 
means . of a 2-1/2 paver periscope. . . 

A Jet 1s.·pron.ded for eoch Underground Storage Tonk for the purpose 
ot removiDg tbe bael lett 1n tbe tonk a:rter CQ:lplet1QU ot sluioills and 
pumping ·.operotione. Tba Jet ma a ccpicit7 ot 100 gcl./min •. ot 11\l~te 
egninllt a mz:bm.l:l head ~ 100· :rt. vbln supplied Yith ateQm at 100 lb./sq. 
in. 

·· Tba Ul'Qnium NCOV81'7 procesa. emplOT9 the D1 wraion Boz tecbnique for 
routing solutions between certain w •• ela before the solution enters the 
'!'BP Pl.ant. As 1Dd1oa.ted on 7igure• nv-1 and IIV-3, aupernote or alUITT 
IIIWlt be routed throup Divenion Bo.De 24l~tm•l'2 and 241-0B-1,1 before 
entering tba Blurry Accumul.8tor. Cmngea in routings my be made by 
remote cmnge• otD1'9U'aion Box jumpers. 'l'hia aubJect is diecuased in 
more detoU in Cbopter %III. 

Ae a genenil J)Olicy, all veaaels and equip11ent h.Bndling ureniuz:i• 
containing solution otter it bos been oc1d1t1ed in the Blend Tenka , 
TL002 and 003, J'1gure XIV-3, ere conatructed ot atcinlaaa steel. 
Veaaela and equip!lent· hcndl t:ng uranium slurry or solution before the 
oc1d1t1cat1on atep ore constructed ot ccrbon steel. 

c. !BP PfA11T(3) 

l. J'eed Conce11tret1on and ClerUioction 

The teed concentration end clerUication tacilitiea 1n tba '1'BP Pl.Dnt 
{221.-0 Building) are preeented 1D l'Dgineering nov Diagrom. tom in 1icure 
llV-5, 61 7, and 8. Figure nv-, above a acbm:lotic elewtiou ond loyout 
ot the Feed Receiver Tonks, Tlt-3-1 aud Tl-3-6, which receive acidified 
mm aolutiou troc,. tbe 241-'ll D1ven1on Vault. It m7 be noted tbct the 
P\JClP tronaterr112g solution too Ooncentl"t1tor Jeed Touk, TX-6-6 or TK-7·6, 
is apired by another pump in thia tnata~, Tanu 3-l ond 3-6 are re
presentative of tbe "bathtub" t7Pe of wasel tbot is trequen~ ueed 1D 
the 221·0 Build1JJS. Thia anuauol waeel sbope bB1 been cboeen 1D order 
to provide the z:11~ wsael capao1t:, pemitted by tbs architecture ot 
the cell, It bile been conaidered nece• sar:, to provide two ag1totora to 
attain ad.equote miX1ng in veHela ot thia abope. 

DECLASSIFIED .. 

··: -- ..... 



.. ' ~ ·- .•• , -~· ' .<: 
4,1 I +:( . .• Q_-0 '!14! 

DECLASSIFIED ---
Tanks 3-1 and 3-6 both. discharge to· either of tvo teed couoentration 

systems., · and, in ad.d.1 tion, the Feed Tanks are interconnected ( via Jet 
lines) such that either nay· d.tscberge (via Jet liue) to the Feed Utility 
Holdup Tank, TK-4-1, which is shown in Figure nv-l.8. 

Tbe syatem at duplicate processing tac1lit1es ens.ts throughout the 
221-U Building (except· for the waste sampling ond neutrellzing S'Ylltem). 
Eech processing line bas a designed mximum oopae1ty ot , tone ot uranium 
per dily at nominal tlowsheet operoting conditions. Connection between the 
lines, permitting the by-passing of ce~in equipr.ient, is possible at 
various points in the process • Genere.lly the components of only one ot 
the duplicate lines. are illustro.ted and: disc;:uased in this chapter, How
ever, duplicate facil::.,~ies (not illustrated) are referred to in the succeed
ing discussion. 

Although the duplicate :processing teoilities are tecbni0£1lly :referred 
to as Line A or Line .B, this distinction bas no important practical signif
icance sincemcny of· ths vessels ·within a· processing line are interconnect
ed ·with tbose a! tbe duplicoto line, and vessels and equipnent of the two 
lines are iutermi.Xed 1n their placement in tbs canyon ot the 221-U Build
ing. 

Dilute acidi.tied ursnium solution is· pumped from the Feed Receiver 
Tanks, TK-3-1 and 3-6 (working voltmie 12,000 gal. each, holdup time 
nominally about 10 'hours), to the feed concentration system located in 
Sections 6 ( illustrated by Ftsures XIV-6 and 7) or 7. Section 7 is not 
illustrsted since it is o duplicate of Section 6. Dilute feed enters the 
Concentrator Feed '?.Jnk, TK-6-6, which serves as a pump tank tor continu
ously feeding Concentrator E-6-1. An alternative routing for TK-6-6 
con.tents ia to the Feed Utility Holdup Tonk, TK-4-1 (Figure XIV-18). 
Vertical apac.e limitations in the Feed Concentrator Cell (Figure XIV-7) 
ere responsible tor the shallow s.b£1pe of the Feed Cooler Tank, TK-6-2, 
since it is gravity fed by the· concentrated Concentrator ~!fluent. Vapor 
from the Concentrator l)Bsses into a bubble-cap Column, T-6-4, wherein 
practically allot the nitric ncid is f're.otionoted downwrd and eventually 
issues from the bose , ot the Column and rejoins the concentrated feed solu
tion in TK-6-2. Essentially ao.id-free vapor overheads ere condensed in 
Condenser E-6-5 and eventually- enter the Condensate Receivor Tanke 1n the 
241-WR Diversion Voult. · 

l.l'eed solution is continuously pumped tram the Feed Cooler into the 
Concentro ted Feed Receiver, TK.-6-7. ( The pump is s1X1red by n Jet . ) 

Tha normal flow p:1ttern is such thot feed solution is continuously· 
ted to the Centri~e, G-14-l, from the Concentrated Feed Receiver. How
ever, Concentrated Foed Beceivers 6-7 (illustrated by Figure XIV-6) and 
7-7 (not illustrated) ore interconnected by jet. In addition, jet-out 
lines allow recycle from the Concentrated ~ed Receivers back to the 
Concentrator Feed T~nks. 

The Centrifuges, G-14-1 and G-14-6, and Centrti'uge Catch T ... nks .• TK-14 
-2 and TK-14-7, for both processing lines are illustrated by Figure XIV-8. 
Solution entering the Centrituge continuously overflows the lip of the 
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the bowl and-enters. the Cent.rUuge catch Tank-. Solution •Y be· pmped 
trca either Centrifuge Catch Tank to eitber Rttr-1eed Tank, TX-17-6 or 
TJC-19-6, and,. in. additim, jet lines - interc0DD8ct the Centrit'up Catch 
Tanks. 

Reterence -ia •de- to- Cbapter III tor a- man- complet·e deacr1pt1on at 
the- :reed preparation procedure. J'eed preparation equ1JID911't 1•- described 
in detail in Chapter XVI. 

2. Solvent-Brtraction 

The eolvent-eztractiontacilitie• O't. the uranium recovery proceas 
are presented in Engineering now-Diagram form in 71guree XIV-9,- 10, and 
13. The solvent-ntrection procedures are described 111 Chapter VI and 
the solvent-extraction equipnent in Chapters· XV and XVI. 

La70Ut and ecbematic elevation vievs ot the BAJ' l'eed Tank, Tlt-17-6, 
the BA Column, ET-17-8, and tbs RAW Receiwr, Tlt-17-7, are sbovn in. 
J'igure IIV-9. Tb& BA Pulse Column is contiDoual.7 pumP-ted .trom tbe RAF 
Jeed Tank (34oo-gal. work113g volume, holdup time naninell.7 about 4 boun). 
The aqueous e:ttluent f'rcn the RA Column enters the RAW Beceiver etter 
pasaing a tl.ooded jet (which can be wsed to empty- tbs RA Column when the 
need arise•) and the RAW control valve. An alternative rout1ns tor the 
solution 1n the RAJ' :reed Tank is via Jet to -the Feed Utility Holdup Tank. 
RAW solution is pumped to the -Pooled RAW-BOW Beceiver, Tlt-13-6,. (lPigure 
~-14) throggh a jet-spared line-. 

The organic e:ttluent, BAU, from the RA Columr:1 overflows· into t he RC 
Pulse Colmn., XT-17-2, located in tbe lett-band-cell of Section 17. Tbe 
equiP111Bnt in this cell is a.bown by JN.gure XIV-10-. Aa in the caae of the 
RA Column., the RC Column aqueous effluent, llCU; enters the BCU Pump-Out 
Tank, TX-l7-3, atter :paa8113g tbroug~ a nooded jet and the BCU control 
valve • The -organic effluent, RCW, f1"Clll tbs RC ColUllll Oflrtlovs into the 
RCW Receiver, TX-17-1. · 

Section. 19 (110t illuetrated) contains duplicate RA and RC solvent
ertraction facilities • 

RCW solution :trcm the BCW Receiver is pumped to Section l.8 (J'igure 
XIV-13), where 1t enters the BO Column, E-18-2. Aqueous ettluent from 
the RO Column enters the ROW Receiver, TK-18-3, atterpaseiag a tlooded 
jet and the ROW control valve. A pump-out Une (jet-spared) ill provided -
for transferring BOW·tothe ~led RAW-ROW Receiver. The ROO Receiver, 
TK-J.8-l, receive:e. · the wshed organic stream trca tbs RO Column and 
normally Pl,UIP8 it to the RAX :reed Tank, TB:-1.8-6, (a 1'bethtub" type vessel) 
which serves es a pump-feed tank for reeycli~ organic e.rtractaut as BAX 
to the RA Column. P.t'071sion is mde, however, tor Jet trauaterritlg the 
solution in the ROO Receiver to the 276-U Build1ng tor si-cial organic 
treatment it desired. Treated organic again enters the normal now cycle 
in the RAX Feed Tank. llt is also possible to jet from the RAX Feed Tonk 
to the 276-U Building. 
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Section.' 20 (not Uluetrated) . ie-a .duplicate. at Section 18. 

3,- Uranium. Product Handling·· 

The '!!BP Plant uranium product haudll:ag .facilities ot the uranium 
recovery pt:oceas are presented in EDgineeriDg Flow Diagram torm 1n 
Figures IIV-ll e.ud 12.. These drawiDg• . illustrate, in layout and schematic 
elevation . views, the two "bathtub" t,-pe BCO .Receivers, TK-16-l and TK-
16-6, end RCU Samplers~ ·T!t•l5•l and 'l'lt.-1,-6. All are , 12000-gal. working 
volume veasels having a naninal holdup time -ot about 7-l/2 hours. Eech 
of the two Beceiver-Sampler systems normal.17 serves one of the two 
duplicate processing lines. The two .Receivers are . intercomiected by jets. 
Normally_, however, RCU ie pumped to tbe Sampler Tank -by either of two 
duplicate pumps in eaoh :Receiver. :lither ot two duplicate pumps in each 
Sampler Tank normelly trans:ters the UNH solution to the 203-U Area. (See 
Section D, below.) However, it is possible to Jet tram either &mpler· 
Tank to the Feed Utility Holdup Tank for rework. 

4.. Weste Trectment 

The TBP-Plant -waste treatment facilities are presented in EDgineer
ing Flow Dicgram f'orm in Figures XIV-14, 15, 16, 17, and 19. Tbe "bath
tub" type Poqled MW-ROW Receiver, 'l'X-13-6, and Wcste Sompler Tank 13-l 
(oce .of tour identical Wtlete Scml)ler Tcnka) ere illustrated by.Figure 
XIV-14. Figure XIV-l, sb.ovs another of the Waste Srunplers (TX-ll•l) and 
tbe Waste Neutralizer, TX-U-6. Sempler Tanks 12-l end 12-6 are not 
.. Uuatreted. The Pooled RAW--ROW Receiver 1a provided with tour pumps 
which discherge into each of the four Sampler Tonks, In ad41tion, the 
pump to TK-13-1 1s sp:ired by Jet. The Smnpler Tanks are interconnected 
by Jet lines so thflt considerable fle.xibility is built into tbe system. 
It is possible to jet tran each Sampler Tank to the Feed Utility Holdup 
Tonk. Solution from aey o~ the Sampler Tonks ia normally transferred by 
pump to the Weste Neutralizer. The Poolecl RAW-ROW Receiver, the four 
Sompler Tanks, and the Weste Neutralizer arc all 12,000-gol. working 
volume v~saels Yith o 'QQ!li?Jal holdup ca:pocity of 5 hours (with the ex
ce::i;>tion of the Neutralizer, whose holdup ce.p:1city is about 4-1/2 hours). 
A notewortey feature ot · the Neutrclizer is the provision for adeqUQte 
I:dxing am-ing neutrellzot1ou. Two agitators and two rec1reul.ot1on jets 
are :provided. Neutralized waste cen be pumped to either of the two wste 
concentration Unes which, llonJllly serve the :i;o:ocess, or to the spire 
( woste or feed) concentrct1011 line. ( The sp:ire ooncentra tion line can 
serve either the feed or voste systet1 and is usutllly' c::illed the _ 
"s:pore eon.centretiou line".) 

One ot the auplicate wete ooneentrotion lines (locDted in Section 9) 
is illustrated by Figures XIV-16 and 17. Section 10 is not illustrated. 
The waste concentrct1on line is al::10st identiecl with the feed eoncentro
tton system describe-3. in C l above. The only icportcnt difference is thllt 
tbe feed concentration syster.:i embodies a bubble-ccp Coluz:m tor froct1ona
tion of nitric 6c1d t'roti Concentrator overbeods, vhile the wnste concen
trat~on system utilizes o :pecked ColUDn for deent%'$1Dment ot Conoentrt:Jtor 
overheads since trectionation is not required. Concentrated, neutrnlized 
weste b-om tbe Waste Receiver TDnk, TK-9-7 (4-500-gal. working volume, 

...... -~.J.:;.:. 
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5-1/2 hour naninal ho1dup· capcc.ity), is· pumped ( jet: spared) to the -ste 
Pump Tank, TX-WB-001 (50,000-gal. working vol.ume, 30-hours naniml holdup 
Cllplcit,-}, located in the 24-l-~ Divera1011'_ VBult end U1~:t;rated by Figure 
XIV-23. 

The 0%'gan1c, Deep-cell, and AQueoua- Sump Bold.up- Tnnks, TK-5-l, ,-e:, 
ond 5-2, respectively-, are. illuatroted: b;y' Figure XIV-19, . Organic vestes
are generally routed ( nc. Jet')_ to :tbe Organic Bece1 ver, ~ 387, 1n the 
276-u Building·. Aqueowt wstes m7 be routed (vill: Jet) either to cribs 
or to tbe Waste ut1lit7 Bold.up. Tonk, TX-4-.6. 

,. -Rework J'acilitiea 

Rework facilities are generally associated with the Jeed Utilit y 
Rold.up Tallk, TX-4-1, which permits either BCU or pooled BAW-R'1W wste to 
be back-c,-cled through the solvent"."extr8Ct1on system, or vi.th the Wcste 
Utility Holdup Tank, TJC-4-6, VhiQh permits waste solutions to be re07cled 
to one of tbs wste concentration units for odditioDfll concentration . 
Both of these vessels ore illustrated in ~i~ering P'lov Diagrem f o.rr:i by 
J':tgure nv-l.8. 

The spere concentration :tocilit7 (Section B, 221-U .Build:1.ng) which 
can be utilized either tor teed or- vaste concentro.tion., is served by . 
either TK-4-1 or 4-6. (This concentration f'acilit,-. is similor to tba.t 
illustro~ by :J'igurea XIV-6 and 7.) 

D. _!l23 :~(2) 

l. . mm Solution Stornge 

The tnm solution. storop tacilities located 1n the 203-U Area are 
illustrated in EtlgineeriZJg Flow Diagram :term by Figure XIV-20. Sto%'8ge 
Tan.ks X-1 end X-2 (100·,000-gal •. working vol.ul::le, 24-hour nociIJDl holdup 
capacity) ere p-ovided. for reoe1Ving the dilute llCU solution (about$ 
mm} frcm the TBP Pl.nut (221-U Building} end pirtielly concentroted 
3EU solution (about ~ Ullll) f'rom :the Redox Plant. The concentrated, 
mixed mm solutiou is received in Tonk ·. ~19, vhich serves es a :teed 
tonk for the loop moder by meons o:t which concentrated UlfB solution is 
fed to the URH Calcination Pots. Provision is mode, by the use ot Tank 
X-20, to rec,-cle dissolved mteriol from tbe Calcination Pots to ony of 
the three storoge tonks. Detailed operating procedures and equip:ient 
for the Ulffl solution storage systec. are described in Cbaptere VII and 
XVI, respectively. 

2. UDR ConcentrDtion and Nitric Acid P'rcctionation 

J'igurcs nv-21, 22, and 23 illustrD'.t,e the mm concentmt1on systeI:l 
and its related tac111ties in Rllg1neering Flow Diagrcn .f'om. Reference 
is mde to ChD.pter VII tor a detailed operoting pr:-ocedure for the syatec 
and tc Chapter XVI for a description of the equip:ient. Puz:ip feed troa 
Storage Tonk X-1 or X-2 pisses through J'eed Prebeoter lil-B-6 (not 
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illustrnted) before dividing into two portions ond enteriDg Concentrators 
E-B-1 and E-D-1. These duplicate Concentrators {together with their 
corresponding Frcctiomtors) ore shown in schel:lctic elevation only by 
71gur& XIV-21. Solution leaving E-B-l ond E-D-l collects in TK-C-1 
(Figure XIV-25) and frOJll there is puz:iped to Concentrator E-D-2 for final 
concentration. E-D-2 liquid effluent flows to Tank X-19, Soce ot the 
concentration ouxiliories are illustl'Qted in Figure XIV-22. Duplicate 
Condensers E-B-3 and E-D-3 both condense J'roctionator vapors and teed the 
condensote to Tank C-5.- Condenacte is con-cinuous~ pucped :f'roz:i Tonk C-5 
to TK-WR-007, 006,and 009 in the 241-WR Diversion Vault. (TheDe vessels 
sre illustrated by Figure XIV-23.) The liquid effluent trC'rl the Fraction
ator (6o;. B!i°3 nominally) enters the 6rJ1, BNOJ Beceiver, TX~c-4, and then 
is punped to TK-WB-006, Nitric Acid Pw:lp -Tonk, in the· 241-WE Diversion 
Vou:Lt. (See Figure XIV-2'3.) 

3. Cnlcination and. Acid Recovery 

Engineering Flow Diagrnos for the calc1wt1on and acid recovery 
operations in the 224-U Bui·lding are shown-by F~s XIV-24 and 2'• 
Re;terence is code to a detc1leddiacuss1on ct the procedures enployed 
in operoting these facilities given in Cbopters VIll and IX. Equip:.10nt 
is described in Chapters XVI and XVII, Figure llV-24. shows the Colcim* • , 
tion. Pot Boom with its eighteen, electric-turnace-beated calc1notion Pots •. 
The loop header, PS-E-25, which delivers highly ooncGntroted UNB solution 
to the .Pots is ~gged and heated to prevent ":treeziDg" of the solution. 
~ fume e%houst systl3m, PS-E-24, for the Pots delivers nitrcsen OXides 
evolved during U1ra dec,,c.position to Oes Cooler E-A-2 (J'igure XIV-2'). 
The dust exhllust system, PS-E-~ 1 discharges through Bog J'iltera and o 
gloss wool cepsule to reticve entrnined 003 powder. The product renowl 
systmn, PS•E-26, is designed to deliver 003 to unloading Cyclone x-, 
and thence through the solids handling aud ;pockoging syate::is. 

The nitric acid recover;r s;yetec is shown in Figure XIV-25. Gases tram 
UBR decot1position are routed to the Nitric Absorber, T-A-1, ot~er being 
cooled in Gas Cooler E-A- 2. To l!lQintoin :tnvorobly lov gos absorption 
temperetures (discussed in Chapter IX), cooliDg coils are proVided on 
sooe of the plates of the Absorber. 

'l'be ~ BN03 Cooler, TK•C-3, receives solution froa the Absorber. 
The solution is then nol'Dll~ pucped to Froctio00tor T-B•4 or T-D--4. An 
nlteniote routing (by- pupp ar jet) is to Storage Tonk X-1 or X-2. 

Tbs Suop Tank, TK-C-2, receives SUilp drainoge. The contents of TIC
C-2 my bo routed via jet {depending upon cooposition) to (c) Tonk X-l 
or X-2, (b) the Feed Utility R~ldup Tonk, TK-4-1, in the 22l•U l3uilding, 
or to ( c) the Retention Basin. 
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PIH: CODES AND SERVICE - FRQ.! SPECIFICATION BW-43141 Rev. 2 

~ 

P-12 

P-13 

P-6o 

P-76 

P-80 

P-90 

P-91 

P-93 

P-95 

p ... 100 

Service 

Stecm, Cc:apreased Air, Condensate oud Exposed 
Weter Lines--100 to 1.25 lb./sq ,in. ?:10%Ullltl 
working presaure. Carbon Steel. 

Stem:l ond Condenaate--15 lb ./sq .in, moxiwm 
vorking pressure. Carbon Steels ·. 

Inside Sanitary Sewer - maximum working pressure, 
gravity. Corbou Steel- -Gol'V'1nized. 

Nitrogen, MetbDne, Propane, Special Solvent-
,0 to. l.2' lb./aq.1n. r.oximurl workiDg preseure. 
Carbon Steel. 

Sodium Hydroxide Solution--100 lb . /sq.in. 
mxitnm vork1Dg pressure. Corban Steel. 

General Co.nyon Service--l,0:'. lb·./sq:.1u,. ·=.I:l0zil:nm 
working preuure. Strlinleee Steel Type 347 ( or 
Type 3096 ·a where sp ,citied) 

General Coeyon Service•-~ Nitric Acid--
Process and Utility--100 lb./sq.in. nDXil:nlrl 
working presaure. Stainless steel Type 347. 

Process--200 lb./sq.in. IJOlUI!lUJ.l working i;ressure. 
Carbon Steel. 

Indoor Chemical Weste Lines--Gravity Flow. 
Duriron. 

Del:linerolized Water--Distilled Weter--75 lb./sq.1n. 
mxicm:l working pr-assure. Alum.1nuo Alloy 615, 
61S-T6, 63s, or 38· 

Process PipiDg Liquid and Vapor--50 lb./sq.iu. 
and f'ull VQCUUD. Type 347 Stainless Steel 
(or 3998 Cb where specified). 
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A. INTBODUm'ION 

The solvent-extraction columns are the "hee.rt" of the Tm' Pl.Dnt . In 
view of their :functioml importance, a great amount of eXI)erimentel work 
wes .devoted to their <!evelopnent. Because or the simplicity of psolmd 
columns a•nd the ready availability ot pilot-plant packed columns et tren:t'ord 
Works, solvent-extraction contactor develoJ;:ment studies were initielly con
ducted with these units. On the basis of "cold" pilot-plant st\14iea at 
Rantord with 3-in., 8-in., and 16-in. diameter units, it was tound t hat 
heights of 50 ft. am 38 tt., reei,ectively, would be required tor ~eked 
RA and RC Columns. In order to permit the 1nstallation of the TBP Plant 
in the Risting 221-U Building, the height requi'remente at the ptckBd 
columns would have Mcessiteted up to 3,-ft. deep excavations to be mde 
in four· of. the existing 221-U l3uilding cells • It was realized that these 
excavations would be costly and might prove structurally hazardous. 
Accordingly en ertensi ve- further experimental progrem was undertaken 
with a view to develop'illg shorter columns. On the basis ot promising 
laboratory-scale results, "cold" pilot-plant studies in 3-in., 8-in. , 
and l6-1n-. diametar· pulse co°lumns· were conducted at Ranford Worke. Tbs 
success ot this devel011118nt program mde possible the use of the ex-
isting· 221-U Building cella• with no .. major structural chaJ188S. 

A-pulse column· 1s· e l1guid-ligu1d extraction column containing a 
seriea at horizontal, spaced perforeted plates, in which the liquid phases 
undergo en up-and-dmm pulsing motion superimposed on the net flow. 

The decontemimtion pertormence of the solvent-extraction columns ror 
the TBP ~oceas was studied in "hot" runs in 2-1n. end 3-in. diameter packed 
columns at Cele Ridge National Laboretory. Much of the O.R.N.L. Purex
process "hot" pilot-plant work 1n 2-in. to 4-in. diameter pulse columns is 
also applicable. The. mochanical design of tho pulee generators f'or the 
TBP Plant pulse columns 18 based largely on development work by Proportiocoera, 
Inc. 

The purpose c4 the present chapter 18 to present the salient design 
features of the TBP-Plant l)Ulse columns and their eseociated pulse genera
tors. l!'or a technical discussion ot the peri"ormance c4 the pulse col\llDZl.8 
reference is made to Cbepter V. 

B. CO!Ilffl DESIGN SPECIFICATIONS 

A sunmary of the more important spec1f1cetions for the RA and RC 
ColUIDllS is listed ill the table below. A more detailed description ~ the 
physical dimeneions of tha columns appeers 1n Section c, below, and 1n 
Figures XV'-1 end XV-2. 

~ f: ~ ""- ... .. 
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.tar·. l.503 

RA and RC Columns 

Column 
Ovor-All Net Height . Inside 

Diam., 
In. 

Tons U ffey Gal;(Hr. )(Sq.Ft.) (b) Height, o£' Plate 
Column Ft. Section, Ft. Min. · Max. Min. Mex. 

RA 22 3.3 (scrub 20 2 5 570 1430 
section) 

11.8 (ertn. 

RC 21 

Notes: 

section) 

ll.8 30 5 290 720 

(a) 

(b) 

(c) 

For each o'f two columns in parallel. 

Sum of both !)bases, Tm>-B'J. No. 4 Flowsheet 
conditions • 

The :pulse frequency in both the RA and RC 
Columns 11J!Y be varied from 25 to 90 cycles /min. 
The volume or liquid pulsod by the pulse genera
tors correspo:lds toe displacement (amplitude) 
c,f 1..28 in. L1 the RA Col.mm or 0.57 in. in the 
RC Column. 

The plate aectiona of both the RA and the BC ColtmmS contoin pierced 
stainless steel pletee with 1/8-inch diameter holes, 2'J{o f'reo area, end 
2-inch pl.Bte spaci:lg. 

C. COLUMN DETAILS 

1. BA Column · 

Figure XV-1 shows the principal physical dicensions ot the RA 
Column. Exact dimnsions and other deteiled data on any particular can
ponont ere available troci the vondor 1s (A.O. Smith) drawings. 

Materiel originelly specifiod for the ontire vessel was Type 347 
stainless steel. Duo to difi'iculties in procurement, it wes necossary 
to make a few of the less critical parts (f'or both the RA e.nd RC Columns) 
:from Typo 3o4 steinloss steel. 

1.1 Column diaonsions and construction 

The over-ell height of the RA Coltmms including the topnost connector 
is 22 feet. The extrection section of the colucin is constructed from 
1/4-in. plate rolled to a nominal 20-in. I.D. cylinder. The pl.eta 
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assemblies or "cartridge" (including both scrub and extrection sections) 
which ere within the- colt-mis have en over-all height of 16 :ft. 10 in. 
The horizontal dimensions of both the top. end bottoc. phBse-diaengegement . 
sections ere 4 :z: j teet. The top disengsgemnt section is 30 in. in height, 
the bottom section is 24 in. in height. Tho connectors ns shown 1n Figura 
XV-l er.e standard Hanford (Bismuth Phosphate Plzlnt type) 2, 3, end 4-in. 
connectors. The column is sup_ported on bre·ckets os indicated on Figure 
XV-1.. Two. lifting- bails are provided for use in. re'l!lOving the column with 
the . remotely ope:ratod crane . 

1.2 Cartridge geOl!letry 

There ere tvo sei;erete assemblies which comprise the plnte assembly 
or "cartridge" 1n the RA Column. The lower·, or e:z:trection, section is 
formed trom 71 plates 1/16 1n. thick by just under 20 in. in diemeter to 
allow .a 1/16 to 1/8-in. diametrical clearenco between the plates end the 
20-in. I.D. column. The perforated plctes ore spaced 2 in. epert, centcr
to-center. 

:Pour ateinless steel strips located et 90• to each other at the ed8es 
of the· plates l!lnd a 3/4-in. · rod through the center of the pl.otes tie the 
series at plates into a unit 12 f't. 2-1/16 in. long. Each plate is pierced 
vith 1/8-in. holes .loceted on 1/4-in. oquilllterel triangular canters , which 
provides en over~ll pleto "tree area" of about 2J!,. The ertrection sec
tion plo.te aartridge is secured in place by a continuous wold bet'Woen the 
top spider ring, (see Dctoil 3 on Figure XV-1) end the insid~ well of the 
column. 

. The
0 

upper (or scrub) section is ·t'omcd in en identical rmnner with 
. tbe lower section except ·tbBt the cantor hole in the plates is l.orgor 
(2-7/16 in. diatJeter), to allow- paseege at the pipe leading to the RAF 

:(teed) distributor. The scrub section contains 20 pierced plntes spaced 
·et 2-in. center-to-center 1ntennls. 

1.3 Connectors and distributors 

The connectors as shown in Figure XV-1 are all stendllrd Ranford 
(Bismuth Phos!)hate Plent type) remote connectors. The RAS, RAW, RAF, . 
vent, and jet steam inlet nozzles ere standard 2-in.-diameter nozzles; 
the RAU, RAX, and intertece controller nozzles ere 3 in. in diamter ; 
end the pulse generetor nozzle is 4 in. in diaootor. The bott0t:1 leg at 
the RAX inlet line is constructed at stendord 8-in. pipe in order t o 
minioize the ecceleretion pressure betvoen the pulse gemretor end t ho 
column. The 8-in • . pi-pe is reduced to a 4-in. dieoeter et the pulse gener
ator nozzle in order .to emble the use of e standard 4-in. connector . The 
connector which is labeled es the static pressure tep hes three "blind" 
1/2-in. openings and one l/2-in. pipe opening, leading to the bottoc o'l: 
the column. The steom inlet connector end steem. jet (although connected) 
are norr:ielly not used. Under norml operating conditions, the RAW i s 
displaced :f'rOCl the col't,rm by hydrostatic pressure within the column . When 
it 1s. necessary to drain the column, for mintenance or other reasons , the 
steam jet. is utilized tor that purpoee. 
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The RAF and RAS distributors are de-t-ailed in F:!.gure XV-l. The RAF 

distributor is a piece of 2-in. pipe curved to a doughnut she:pe 12 in. :1n 
dioneter with si.x 3/4-:- in· holes on top to distribute the .feed streao. 

The RAX stre8I:l does not have a special distributor. · RAX :flows down 
through the pul.se generator leg, across the top of the bottoc disengege
ment section, and into the RA Column. 

2 • RC ColUI:In 

2.1 Columi ditlensiona and construction 

The over-ell height ar the RC Colucn, including tho toinost co:nnector, 
is 21 feet. The stripping section is constructed f'rom 1/4-in. plate rolled 
to a n0t:1insl 30-in. I.D. cylinder. The pl.eta asseobly v.hich fits within 
the · colucm hes an over-all length of 12 :ft. 7-1/15 in. The horizontal . 

-dic.enaions at both the top and bott0t1 disengngeoent sections are 4 x 5 
feet. The top disengagecent section is 30 in •. high:, the bott0t1 section 
1s 2 ft. high. The cozmectors as shown in Figure XV-2 are standard Rcn:rord 
2, 3, and 4-in. (:Bisouth Phos]?hate Plant type) connectors. Tho collEll is 
supported on breckets as indiccted on Figure XV-2. Two lit'ting bails are 
provided for use in reaoving the col~ wi_th the reootely operated crane ·. 

2.2 Cnrtridge geocetry 

The plate cartridge tor the RC Colucn is COCIPOBed ·o-f 71 pl.etas, 
l./l.6 in. thick, with a diaoeter pem:ltting l,'16· to 1/8-in. diaootrical 
clearance between tbe pletes and the 30-in. (nooinnl) I.D. coluc:i. Tbs 
:perforated pllitea are speced 2 in. a:port, center-to-conter. Four stainless 
steel strips located at 90° to each other ot the edges of the plates and 
a 3/4-in. rod through the center of the pl.Dtes tie the series or' plates 
into a unit. Each plote is pierced with 1/8-in. · holes located on 1/4-in. 
eguilaterel triangular centers, which provides c ploto "free area" of 
about ·23%. The · bundle crt pl.ates is secured in pl.fl co by a continuous weld 
between the top spider r1Dg and the inside wll of tho colurm. 

2.3 Connectors Qnd distributors 

The connectors as shown on Figure XV-2 ere ell standard Ranf'ord 
(Bisouth Phospbflte Plant type) reoote connectors. The RCU, RCX, RCF, vent, 
and inlet stoao nozzles are atnndard 2-in. dil!loeter nozzles; the RCW, inter
face controller, and the nozzle lEbeled "blank", are 3 in. in diaccter; end 
the two nozzles which connect to t."'1.e pulse generetor ore 4 in. in dio1:1ater. 

The connector f :::ir the i,ulse generntor is mde fron two 4-in. nozzles, 
connected in parallel, in order to 'Clini:cizo the accel.el'fltion pressure 
between the pulse generator end the colucn. The stll'tic pressure top and 
the steaa inlet nozzles runction os described above for the RA Column. 

The two distributors ~or the RC Col.uon ere detailed in Figure XV-2 • 
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D. PULSE GENERATORS 

The nqueous and orgchic liquid pbeses 1n the TBP pulse colur.:ms are 
sqUii'ted elternntaly upwnrds and then downwards through the perforated 
plates in the colur:ms,. to couse intiUlte t!l:iXing of the phaees · and hence 
good extraction. This "pulsing" of ·the liquid contents of tho colucms ia 
done by reciproceting piston devices which are enlled puise generators. 
Ee.ch pulse gemrotor in the TBP Plant is cooprised of e. 16-in.-diaoeter 
reciproceting piston vhich is driven 1n a cylinder by n suitable drive 
oecbcnisn. Ql)ere.ting vith o fiXed stroke of 2 in. and a frequency which 
cnn be wried ~ron 25 to 90 cycles/ti.in., the piston displaces 400 cu.in. 
ot ecch down stroke or up stroke. This displacement is tnmsmitted by 
liquid to the liquid contents. of the .column through a cqnnectillg pipe or 
pulse leg. 

Figure .XV-3 shows a schematic arrangement of the RA Column, pu]Ae 
genere.tor, ~nd pulse leg. The arrangement for the RC Colu:m 18 similar, 
the mBJor d.if:t'erence (aside f'rOl!l the height of the ,pulse leg) being tlmt 
the organic f'eeq. atreeti (IiAX). enters the· pulse leg of the RA Column, -
whereas nc feed streal?l enters the pulse leg of the :RC Column. Aa shown on 
Figure: XV-3, RAX (orgenic pbese) fills the pulse leg of the RA Column and 
transtili ts th~ pul.ae from the pieton to the RA Colucm. The pulse leg or· 
the RC Colur:m is f1llod with aqueous ~se (Rctr), which trewmits tlle 
pulse froc the piston to the RC Colurm. 

The design bas~a and f'eetures . at ;..11e pulse genere.tore are discussed 
in the ·tallowing sections. · 

l, . Principles end Basis of Design 

1.1 Hydraulic considerations 

Under dymeic conditions, three torces act in the hydraulic aysteti 
forced by tho colucn, pulee leg, and reciproceting piaton. The ce¢tuae 
of these cotibined :forces d.etemines the. theoreticol horsepower required 
to pulse the fluid end def"ine the conditi'Oll8 af incipient cavitction.* 
The three forces ere (a) the force exerted by the static head ot :tluid . 
at a giwn point, (b) the :force reguirod to overcoco the fri'ctionol re
sistance of tho pulsed fluid to flow through tho pipi.ng -nnd perforated 
·:plates, and ( c) the force required to accelerate the fluid during e pulse 
cycle. A detailed Cllfllyeis of these forces as they apply to pulse. colutmS, 
and nethfg, tor detemining tho conditions of incipient ce~itation has b~en 
reported • The oexil::11.ll:l. hydre,µ.ic ];)O'Wer reguirecents for pulse generator 
eyeteoa beve also been analyzed ( l) end have been found to be e function of 
the pressUl'() under piston and the piston velocity. 

*) Carltation is defined as a condition which occurs when the absolute 
preesure et eny point in tbo syste'Cl is lass than .the vapor pressure of 
the fluid at that point. Under conditions of cev1tat1on, 'V'epor :pockets 
fo:rt1 in the pulsed fl~d which not only affect tho en~litude of pulsetion 
but I'?'od.uce seven vibretion and poUllding in the equipment. 
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1.2 Mechal'licnl consid.erat1ons 
\ ·. 

The bo bes1c factors which esteblish ond def'1ne a pulee Sy&teo .ere 
(a) the eoplitude of :pulsation or the unidirectional distenc!e which e 
voluce of solution contained in e vessel of constant cross section 1s 
displaced, end (b) thG pulse frequency or the nuober of dis:plececents 
occurring in e given t1oe. These two factors ere ioportant to pulse 
colucn perf'ort:18nce and ere specified by colucn des1~ consideffl:tibns .. 
Other factors vhich 1Ilf'luenced tho design besis for the TBP Pl.Mlt :pulse 
generetors wore: 

e. S~ce lL-dtntions. The :pu:l.se generator end col'l,ltln essenbl;t 
were required to f'"it into the existing 221 Building cells. 

b. 

c. 

d. 

Service life. A ?Jechanicel unit was desired which would oper
ete without the necessity for rei;lscooent for es long as the 
the rlant was operated. 

?l.echenicel know-how. To. the interest of saving ti.oe and ooney, 
· it was dosirablo that the l)Ulso generators be developed end 
~roof-tested in cooperetion with equip:Jent vendors who elreed'y 
possossed e bockground of' t:l.8che.nicel know-how for this type of 
eguipcent. 

Ieekege. All leelmge in the pulse-producing nechtlnim ves to 
be contained, to evoid spreediDg radioective contooinetion. 

Besed upon the consideretions listed above, a verticol reci:r,roccti.ng 
piston was selected to pul.Se the fluid. The piston !.a nountod et the 
upper end of a pulse leg e.t an elevation(2) vhich will n:in1ttize the static 
hood on tho l.ower face of the piston, and thus tlini::dze laolmge(3) of 
fluid ~st tho piston. A slider crenk (scotch yoke) directly connactod 
to the piston rod and driven by a voriable speed electric notor generetes 
e reciprocating notion at the piston. 

1.3 Process requireoe~ta 

The process require~nts were established so thnt one design of pulse 
ganeretor could be usod for either the RA or the RC Col.urm. Innsouch es 
c.oro !.lech.Dnical difficulties were eesociatod with n pulse generetor design 
which would allow onplitude adjustoent thlln were associated withe design 

.which would allow frequency adjustnent, the aoplitude or piston trnvel 
distance we f'tied. * T".Ja process reguirem>nts ere defined as follm.·s: · 

*) Difficulties nssocieted. with et3?litude adjustncnt were two-fold: (a) n 
reootely operated, c4libreted ed.j"..!Stnent, mchen1cnl device vould be 
neceasery to adjust the stroke, end (b) extended operation at a smll 
constant anpli tude night . weer the cylinder slig:itly and f om e ri<Jse 
at the extreoes of piston tre.vel. Subsequent incree.so in enpl.itude 
vould shatter the piston rings es they pissed over the ridges. 
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Colucn 

RA 
BC 

Column 
Displacecent, In. 

l.28 
0.57 

c_olumn 
Dianeter, In. 

20 
30 

Pulse .Frequency, 
Cycles/Min. 

2, to 90 
25 to 90 

These requirements allow the .selection of one pulse generator design tor 
both the RA and. RC Columns. · Since a minimum piston travel d1stance was 
desirable for minimum frictional wear on the piston rings and. 118%1mum 
dyn&mic rigidit7 ct the piston• and rod, the cylinder diameter was sel ected 
as the largest that could be. menu:tactin-ed without undue. dii"ficul.ty. Thus, 
the pulse generator •a designed with a cylinder diameter a£ 16 inches end 
a piston travel distance of 2 in., or the equivalent at a 402 cu.in. dis
placement vol'l.lme. 

2. Description 

The pulse generetor unit is discussed in two i;erta for ease at de
scription. The cylinder, piston, piston rod, and component itemB are con
sidered as ·one mejor ptrt, and the meohsnice.l assembly (motion box) with 
the electric driving motor is considered es the second major part. In addi

. t1on to the 1:Yo mejor l)Brts, the electrical system which !s designed to 
· pro~ide speed variation to the dri v1ng motor is considered eutticientl.y 

unique to be described separately-. (See 2.3, below.) ll'igure XV-4 shows 
the complete as.aembly of the pul.Se generator. Figure XV-5 show• the 
power ·supply in b: .ock diagram :to:n:i. · 

. 2.l Piston and cyl~r aeeembly 

· · 2 .ll Function 

The piston which 1a equipped with four spring-loaded segmental 
piston rings which torm a tight sliding tit vi th the cylinder wa.11 pro
duces by reciprocating moti.on an alternating pulse in the liquid colucm 
ot the pulse leg. 

2.12 Description 

CVlitlder: The c:ylind.er 1s centrifugally ce.st Type 304 stainl.888 
steel', honed to an inside diameter of 16.001/16~00'2 inches at the aurf'ace 
in contact vi th the piiton rin8s. The hone4 surface has a tinish ot 2 
microinches. The cylinder ia 27 in. long end bee a nominal wall thiclmeae 
of l/2 in. It is flanged at the lower end to o reducer which adapts the 
16-inch cylinder to the 8-in. pulse leg. The top of the cylinder ie 
tlenged to a cylinder heed which conteina a buahing of Graphiter 41 cen
tered concentricelly with the bore at the cylinder. The bushing, with a 
nominal bore of 3 inches provides a 4-mil diametriool cleerance with the 
piston rod end restricts leakage of vapor and 'll1ist from the cylinder. A 
two-inch. overflow line in the cylinder well, with a center line 8 in. 
below the cylinder fl.ange e.ll.o,,e aolutionvhich leaks peet •the piston to 
tlaw to the RCW Reooiver (BA Column) or to the RCU Receiver (RC Column). 
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Piston: The piston is Type 304 stainless steel with e nominal dian
eter of 16 inches and an actual dian.otor that is 20 :to 25 oils loss than 
the cylinder bore. The piston is rigidly fixod to a piston rod which 
extends 1.ipword through the cylinder bushing and is rigidly attached to 
tho yoke em of the ootion box. The piston is cup sh&l)ed with the bottom 
of the cup (1 inch in thi.c.lmess) acting os tho flot face of the piston. 
Webs inside the ctll) strengthen the piston wells. The piston cup is 
d:reinable through a 3/16-inch hole drilled 3/4-inch deep followed by a 
3/32-inch hole drill.ed through. This vented cons:truction also allows air 
trapped under the piston at stert up to bleed out from und£lr tho piston. 
A circular splesh guard 15-7/8 in. in dia::ieter fabricated fron l/16-inch 
Type 304- stainless steel is mounted on tho piston rod to forn e :cap over 
the o:i;:en top of the piston cup end prevent solution :f'r0t:1 jetting and 
splashing up to the vnpor bushing. Six circun:f'erentiel grooves _of rec
tangular cross section are provided on the outside diameter of the piston 
to retain the four segt10ntal piston rings and two segncntel rider rings. 
Tho rider ring grooves bflve a nooinsl width of l inch and ere located l/2 
inch fr0t1 eithe_r end of the piston. Tho piston ring grooves are equelly 
si:eced 0.63 inchoe epert neer tho lliddlo of the piston, end have :a notli.nal. 
width of 7/8 in. 

Piston r s end s: The four spring-loeded pistoµ rings 
ere designed to form. e ti it seal with tho cylinder wall end restrict 
leakage of pulsed fluid pest the piston. Tho rider rings are designed 
to guide the piston in the cylinder end prevent l.ate?'fll. covetwnt. l3oth . 
the ridor rings and the piston rings ere Gra~..itar ?Jo. 41 (U.S. Graphite 
Co.) • Each rider ring is sog?lan.ted into four egunl pieces which, when 
fittod together (f'l.ct-face butt joint) to fo:rn o circle, hevo en outsic.e 
diameter of 16.000/l; .997 inchos. This provides an evere.go dianetricel 
cloeronce of 3 Clils vith the cylinder bore. The ri?lgS with an ev.eroge 
inside dio::ieter of 14.7495 in. fit into aroovos in the piston wall. The 
bottoc of each groove hes en average diaceter of 14.7455 in. 

The piston riligs tire also cut into four equal segccnts and are fitted 
together to f'orn a ai.rcle by :::ieens of a stop Joint. The everoge outside 
di-ecotcr of t."le circle · fon::ed by the segcentad rings is 15.9995 in. 
:Each ring is becked bye split ring type expander, (0.125 in. thick and 
31/64 in. wide) which vhen conpressed to e truo circle exerts e diaoetral 
force of l2 to 17 :pounds. When cocipressed, tho eXIX1nder contains a · 
1/2-in. GOP between the spring ends. This gnp engages a 81:lBll pin in the 
piston well and :prevents rotation of the e:xrender ( and the rings) during 
o:peret1-,n. F.ach ~ndor is esseoblod on the piston 1n such a wy th:it 
the gep is diS!)lneed 90° for eech ring in order to bolt:.nco unequal ring 
lee.ding. . 

2.2 Motion box 

2 .21 _ Function 

The motion box reduces the speed of the variable-speed vertical drive 
shaft of the motor and converts the rot.cry motion of the drive shaft to 
reciproceting motion. 
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2.22 Despription 

Driving motor: · .Power ia supl)lied to -the 1110tion box by·:izieans or a 
vertically mounted, l5-horsep6wer, l.800-rev ./min_., 44Q-volt, 3-phase , __ 
60-cycle, totally encloa~d-fan cooled, 55•c.;.r1ae, induction motor having 
Class 11 insulation. The motqr will operete ove_r a speed range of approxi
mately l.800 to 497 re.v./m.in. from a smr1eble~f'req'-J$ncy motor-genel'l't~r 
set power suwl.Y. (see. 2.3, below) ~1th. consta~t· torque. ;t.oadillg. · · · 

. . ~. . . , . . . .. . 

. ~ar s~t: The vertically motmted dri~ motor is: directly co-cted 
·to ~ . worm shaft by means af a spline· joint-·· The ~r¢ened steel worm· sheft 
11 rigiq,ly mounted within . the 1119tion box on· bell .beeringS ·at" th~ top and 
bottom ~ .a 28 in·. long, ·nom1nei. 3-in. dia-,ter abef't • .. The VOl"Dl threads 
e:cgega a b~ze worm. gear hev~ ~ over-ell diameter of 20 in., and a re
ducti~ ratio of 18.:172 to 1. The worm gear is keyed ·to n noininel 4-1/4 
in. d18meter vorm gear shaft between two single~row roller~aringa. 

r-, Nomim.;L play 1n the gear set is. e%pe~ted to be about _1 m1·1 end play · of 
~ wo~, ,3 ·m:1:1s end play of' worm. gear, and ·T to J .• 5 mils back lash ,or p~y 
c:::J· between the.vorm end worm gear. The worm ~i-.• s~i"t ·1s provided vith an 
~ · overhanging stub, 3 in. in diameter, vhieh is eccentric · to the ahs:f't . The 
m dis:plecement of. the centerlines of the tlro shafts is 1.002/0.998 in. 
~ · 

Slide block oke assemb • : A barderied steel. slide bl ock 
is t~ed· .to the eccentric a ft of the vorm geer by means of lock nuts •. 
The · shef't TC>ta~e, f'reely 1n the ali~ blo~k on ,:t>ronze boeir~e. · .The slide 
block supports .on: 'its ttpIJer ~nd lower feces, e · cost iron yo~ ~hioh. i s 
tree to mo~ verticcl:cy up end do~ l.>ut is otherwise fixed in . position on 
s.te~;t guide-rods contailiiDg bronze bushings. Thus, eccentric movement of 
the shaft is tre~tted to the sl1de block which moves both l!ltorelly and 
.vertically. · The yqke whicll slides on tho all~ block ~Il: only move verti-

. ~a;lly,.· be:(ng restrained from lateral movement by the guide rods. · The total 
•, vertical yoke mow.,nt is equel to tvice the shoft eccentricity, or 2 
inches • Normally, the piston rod would extend through the bottot1 of the 
motion . bo:x ca.se, ~ •n oil seal, and be. rig:;_dly fixed tQ the 1Cke• 
In order to ·elimnato openings in tbe b9t~oc of the motion box cese t hrough 
which oil might ~~, the connection of the. piston rod to the yoke 111 mde 
thro~ the top of the ~ through yoke ems ond tie rqds • · · 

Lubrication: All moving i:e~s in the motion. box are lubricated by 
oil which is t\lrected, :through nozzles, to the gear set end moving,, I,8r:tl!I. 
The motion: box ct:sse is designed to contain 20 sals. of Texas Oil , Co • . 
Regal O;ll _ lC. ·. The oil is rocircullited tllr9ugh tpe nozzles by oeons of · s 
gear pump dr1 ven. f'rot:i the · vo:m gear shef't .• · Oil is chenged et re war 
intervals by introducing fresh oil to the t10tion bo:z:: case, thro\l{;ha re
mote, three pi·:pe, connector. Ono pipe carries oil to the cese. An over
flow line in tho t:1otion box ccse ell.o-,,s the waste oil to bo . flushed t o a 
waste oil container counted on the side of the tmit. 

~-3 Power supplz 

2~31 Function 

The function at tbe electric power supply- is to deliver e constant 
current ot variable .frequency to the comtant torque, \'8riable speed induc
tion motor which drives the pulse generator • 
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2.32 Description 

The elec.tricel power-supply system is .shown schemtically. dn· the . 
block diagram in FigUre XV~ • 

Variable-frequency elt_erneting c:urrent is supplied to the driving 
motor by means of a General Electric Company Type AT1-924,. four-pole, 
9.0/2.75-'E:VA, 1800/497-rev./min., 440/122-volt, 60/16.6._cycle, drip-proQf 
alternator directly connected to e GeD19ral. Electric Compeny ~ --.ACA-444, 
(brush shirting) 30/7.5~horsepower, 1800/450-re:v./min •. ,.: "°-volt, 3-pbe.se, 
60-cycle drip-proot· motor provided 'With a pilot motor which a~omatically 
sb.ti"ts the brushes ( and variea the BiJeed) 1n response to a sigll&l from &: 
remote station. An exciting current is supplied . t _o the field of' the 
alternator by means of a General Electric Cani:eny Type B-254, 3-K'w., 1750-
rev. /min., 125-volt, direct-current generator directly connected to . en 
1800-rev./min., 220/440-volt, 3-pbase, 60-cycle induc,t1on. motor. An in
dication est the pulse generator motor speed is obtained by meens ar a 
General Electric Ccmpeny Type DJ-13 frequency-sensitive speed indicator 
rated at 28 volts me:z:imum and operated through a 440/28-volt trans:tormer 
1n the 3-phase line to the pu].se generator motor. 

3. Operation end Performance 

The pulse generator is designed to operate at &Dy frequency between 
25 and 90 cycles per minute and will -produce en am:pl1tt'!.de of 0.57 inch 
1n •the RC Col1.lllll (1.28 inches in BA) provided that {a) leakage i;llst tbe 
piston on ee.ch strc ke 1s small compared to the volume pulsed, (b) cevi
tetion does not occur in the system, and (c) all trapJ;)ed air is bled 
from the system before operation. The system is designed to avoid cavi
tation. Air trapped under the piston during start-up periods should be 
given time {epprox1mstely 30 minutes} to bleed out through the vent hole 
in the piston. (This is also important in order to allow liquid to wet 
the cylinder end rings bef'ore operation.) Initially, the demonstrated 
lealmge peat the piston rings and through the vent hole of' a pulse gener
ator did not exceed 0.25 8J!Jl./min. with either aqueous or organic solution 
under a :positive stat1c heed of 3 to 4 feet of water. MBximum leakage 
occurred et low frequencies. The lealmge rate decreased es the frequency 
increased. At a :frequency or 60 cycl.es per minute, the :pulse generstor 
displaces 3 .5 gul./cycle or 210 gal./min. A leakage rate or 0.25 gel./min. 
1s only O .12 per cent of the total volume d1si,laced. 

The theoretical hydraulic horsepower required to pulse the fluid 
can be readily calcul.eted and is a function o~ the :pressure under the 
piston and tha strol:e frequency. At 90 cycles per minute tba calculated 
me.ximun theoretical hydreuJ.ic horsepower is only 2 .5. Additioil81 power 
is required to accelerate the rigid elements in the motion be% and to 
overcome meo.h8n:ical friction losses. 
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Im'ormation, TBP Plant Pulse Gemretor, September 20, 19,0. 
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A 3-in. outlet pipe is locoted" in the center of the bottom head. 
Top bead nozzles include seven process nozzles, a 16-in. mo.nway, and 
a 36-in. I.D. agitator mounting flange. To facilitate thief sompli-og, 
the manwy cover has a 5-in.-dicmeter hole with a Ve.rec -type (flome
arrester) cover. 

Internal design features inclu~e a coil, a sparger, wll baffles, 
and a. stilling cbnmber for the veight-foctor and density dip tubes ·. 
The coil consists of about 264 ft. (seven 12-ft.-d.iometer turns) o:f' 
2-in. piJ18. The eplrger is a 10-:f't.-diwneter perf'orated ring of l-in. 
pipe, located just above the dish of the bottom bend or opproximately 
2-1/2 ft. above the bottom heed low point. The four vertical wll 
baffles, at 90° spacing, extend radially 19 in. toward the vertical 
axis of the tank. 

The stilli~ chamber is a 4-in. pipe 15-1/2 ft. long, perforated 
by forty-three 1/2-in.-diameter holes at 4-in. spacing. This chamber 
is attocbed vertically to the tank shell by meons of brackets end is 
·located directly below a 3-in. head nozzle so tbnt weight-factor ond 
dens1 ty dip tubes wi;r be inserted therein. The bottom end of the 
chamber extends toverd tbf; dished bottom bead to a point about 1· ft. 
above the low point. 

The vessel is supported by a skirt mode of 5/16-in. carbon steel, 
Yelded to tho shell. Carbon steel support lugs for o grating ore attach- • 
ed to the vessel head near the i6•il! . mommy. 

I 

Other vessels , similar in design to TX-386, include the RAX Blend 
Tenk, TK-382, the organic Receiver, TK-387, ond the Organic Treatment 
Sampler Tenk, TK-388.(ll) The TBP Storage Tank, TK-381 , is also similar, 
except it mis a flat bottom head.(19) 

2.3 UNH Feed Storage Tonks, TK-X-1 and TK-z-2(1)(12} 

The UNlI Feed Storage Tanks, TK-X-1 and TK-X-2, loccted in the 203-U 
Building, are typical of severol "cold" storage vessels designed accord
ing to the A • .F.I •. Code for Oil Storage Vessels. ThElse tonks ore stoin
less steel, 25-ft, O.D. by 30-ft. tonks, bllving a noo.inel capacity of 
96 .. 000 gal. (104,000 gal. to ovcrflov). Construction details o~e shown 
in Figure XVI-5, On the floor of each tank is a 2-in. heflting coil 
approxilmtely 97 ft. long. The side-entering agitotor is inserted 
through a 30-in. agitator nozzle. The coniccl roof of the tank is 
supported by external steel channel roftors. 

C. HEAT EXCHANGERS 

l. Concentrators, E-6-1, E-7-1 1 E-8-l, E-9-l, E-10-1, E-B-1, E-D-1, 
:md E-D-2(15) 

Concentrators are provided for the volume reduction of the aqueous 
column feed solutions, aqueous column wste etreoms , end oa:ibined Redox 
and TBP Plant decontaminated uranium product solutious. Each of these 
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solutions i s routed to its respect ive. concentr~tor(s), w~re tbe desired 
amount ot conc.entration tokes plcco. The vopors from the top of the con
ccntrotors poss through o deentroinment or stripping column to re?love en
t rained droplets of liquid. and/or strip nitric ccid before the vapors are 
condensed. 

Aqueous column teed concentrotion: The uranium concentration ·o:t the 
dissolved slurry :from the underground tanks is ·increased, otter recei ~t ot 
the solution in the 221-U Building, by evoporation in the :reed Concentra
tor~ ,. E-6-l:, E-7-1, E-8-1 (sp:ire). (Additioncl infornation concerning the 
operation of these concentrators mDY be found in Chapter III ot this mDn
ucl.) 

A ueous colunm ws.te concentration: Aqueous colUtJn waste soluti ons 
(BOW and RAW ore. blended and neutralized vi th 50 per cent caustic i n the 
Neutralizer, TX-ll-6. These neutrnli~ed aqueous waste solutions ere con
tinuously concent~ted in the Waste Concentrators, E-9-l and E-10-l, 
prior to storage in underground tan.ks. (See Cb."Jpter XII for additio00l 
inform tion.) 

Product concentration: The dilute uranium solution received in the 
Uronium Storage Tanks, TK-X-l and TK-X-2, .tra:i the Red.ox Pl.cnt ond the 
221-U Building of the TBP Plant requires concentration before convers ion 
into U03. This· concentration is accotiplish.ed in tvo ~teps in the Product 
.Concentrators, E-B•l and E-~l, and .in the Fincl Product Concentrator, 
E-D-2. (S(:e Chapter VII for cddi tional in:tol'!lr.tion.) 

l.l Basic princ1Eles ot design 

All of the Uranium Recovery Plant concontrotors nrc vertical, l ong
tuba , steam-Jacketed units, selected as being oore suitable for conti nu
ous operation end less likely to collect s~t depos-its thlln the coil- in
pot type of concentrator used in the Rodox Plant~ Each concentrator 
ass8Iilbly includes a Peerless Miet SUperator tlO'Unted on top of the con
centrator and either a bubble-cap .or picked deentrninment colwr.n situa ted 
next to the concentrator, The use of the mist soplrators and of adjacent
ly loCDted doentroinment coluons minit11zos the total required eguipnent 
height, which is limited by the height. of the cells. A single-effect 
evaporator wcs specified because of the limited epoce, the deentrainmont 
specifications, the low vcpor tooperatures, and the remote mintenance 
requirecents. The foar.li.ng tendency of the solutions being concentrat ed 
and mechanicol simplicity required for remote a:iintenancc indicated t he 
choice of natural circulation over forced oircullltion. 

1,2 General description 

All the concentrators are similar in construction but differ in size. 
They are vertical, long-tube, single-effect, natural-circulation-type 
evaporators. Dicmeters vo.ry :f'rot1 38-l/2 in. to 17 in. while the heights 
range froo opproxim::tely 24 feet to about 14 ft. The tubes ore all l in. 
in dio.oeter but vn-ry in nuober according to tbe d.ioIJOter of the evoporc.
tor. The Feed and Waste Concentrators are Closs I vessels, while the 
Uroniun Product Concentrators are Class II vessels. 

• .. 
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1.3 Construction details 

The construction dctDils of the vorious concentrotors ore listed in 
the toll.owing tobulctions. Figure XVI-7 presents c drawing of o typical 
concentrator design, that of the Product Concentrators, E-B-l ar,,d E-D-1. 

Product Concentrators E-B-1 and E•D-1 

Tubes: 
NUl:lber 
Diameter 
Length 
Heat -eronsfer D.rec 

Height: 
OVer-all 
Deentraimnent section 
Vapor section 
Steam jacket 
Bottom enlarged section 

Diameter: ( O .D. ) 
Deentrainme.n:t section 
Vapor section 
Steam jacket 
Shell 

. Bottan enl,.arged section 
Dowcomer 

Tubes: 
Number 
Diameter 
Length 
Heat trenster area 

Height: 
over-all 
Deentraimnent section 
Vapor section 
Steam jacket 

Diameter: ( o.D.) 
Deentrainmentsoction 
Vapor section 
Steam jacket 
Shell 
.Downcomer 

75i 
· l in. (#12 B.W .G.) 
14 f't. ll-3/4 in. · 
2930 sq.rt. 

23 f't. 9 in. 
42 in. 
51 in. 
38- in. 
12 in. 

66-1/2 in. 
72 in. 
42-1/2 in. 
38-1/2 in. 
72 in. 
8-in. pipe 

55 
l in. (#12 B.W.G.) 
10 ft. 
143 sq.ft. 

13 ft. 14-1/16 in. 
13 in. 
l2 in. 
7-3/4 in. 

19-l/2 in. 
19-1/2 in. 
19-1/2 in. 
17 in • 
3-in. :pipe 
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Feed, Waste, and Spare Concentrators, 
E-6-1, E-7-12 E-8-1, E-9-11 end E-10•1 

Tubes: 
Nimiber 
Diameter 
Length 
.Heat transfer area 

Height: 
aver-all 
Deentraimnent section 
Vapor section 
Steam jacket 
Botten enlarged section 

Diameter: (O.D.) 
Deentraimraent _section 
Vapor section 
Steam jacket 
Shell 
Bottom enlarged section 
Downc0lZll9r : 

307 _ 
l in. (#12 B.W .G.) 
14 tt. 2-3/li. in. 
1197 sq .ft. 

21 :tt. 
32.3/16 in. 
37-1/16 in. 
35-1/2 in. 
12 in. 

54 in. 
54 in. 
29-1/2 in. 
25-1/2 in. 
54 in. 
8-in. pipe 

Located in · the va;,or shell above tbe tube sheet 1s a reverse-dished 
impingement plate which detlects the percolated liquid, thus effecting a 
separation of liquid and vapor. The deentraiment shell, directly above 
the vapor shell, contains the mist separator and spray nozzles. The mist 
separator, consisting ot "Z" baffles, removes the entrailled droplets of 
liquid from the vapors and returns the liquid to the deentraimnent section 
through a seal pot, which prevents vapors from by-pusing the impingement 
plate and traveling directly to the mist separator. On the two Product 
Conoentretors, E-B-l end E-D-l, a vapor inlet is provided into .the 
deetltrainment section for handling vapors from the Final Product Con
centrator, E-D--2, which is not provided with a dentrainment column. The 
downcomer connects the vapor shell with the bottom enlarged section t o 
allow for recirculation of the concentrated material. Semicircular 
baffles, acting as 'tube supports, are located in each evaporator, thus 
preventi?l8 channeling of the steam through the tube bundle. Expansion 
joints in both the evaporetor shells end downcomers minimize strain due 
to lerge temperature Cha?J8e&. 

2. Condensers, E-6-5, E-7-5, E-8-51 E-9-5, E-l0-5, E-B-3 1 end E-D-3 
Condensers are used in the Uranium Eecover;y Plant for condensing 

overhead vapors !ran concentratcbr decntrainment columns .• 

Figure XVI-8 presents the construction of a typical condenser. 
The following table gives the salient details of the two types of 
horizontal, multiple-pass, water-tube condensers used in the plant. 

' l,, .... 
. 
"' 
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Feed and Waste Condensers,E-6-5, E-7-5, 
E-8-5, E-9--5, and E-10-5 

Over-all length 
Outside diameter (shell) 
Number of tubes 
Number of tube passes 
Tube size 
Tube length 
Heat transfer area 
Design beat load 
Class of vessel 

Product Condensers, E-B-3 and E-D-3 

Over-all length 
Outside diameter 
Number of tubes 
Number ot tube passes 
Tube size 
Tube length 
Heat transfer area 
Design heat load 
Class ot vessel 

DECLASSIFIED 

11 ft. 4-3/4 in. 
30-3/4 in. 
342 
9 
1 in. (#12 B.W.G.) 
10 :tt. 
895 sq.ft. 
12,548, 000 B • t . u. /hr . 
I 

14 :tt. 10-3/4 in. 
33-3/4 in. 
425 
5 
l in. (#12 B.W .G.) 
12 ft. 
1335 sq.ft. 
19,100,000 B.t.u./hr. 
II 

An impi?lgement ba:ff;e, located directly- beneath the vapor shell, 
and seven segmental baffles spiced throughout tbs length of the con
denser distribute the vapor flow through the shell. One expansion 
joint in the condenser shell is provided to relieve stresses caused 
by shell. temperature changes. 

3. Feed Prebeeter, E-B-6 

Steam condensa't/:! 1s used to preheat the dilute uranium feed in the 
Feed Preheater, E-B-6, before it is routed to the 224-u Building Product 
Concentrators, E-B-1 and E-D-1, for concentration. 

The Feed Prebeater, E-B-6, is a horizontal: U-tubc heat exchanger 
with siXty-nino l-in. Wl2 B.W.G.) type 347 S.S. U-tubes. The dished 
head shell., l2 ft. 2 in. long and 2 ft. in diameter, is also constructed 
of tne 347 S.S. Seventeen 1/4-in. ba:ffles on 6-in. sI2cing ere inst.al.led 
in the center 8-tt. portion of the shell. It is built to Class II vessel. 
specifications. 

4. Gas Cooler, E-A-2( 21) 

Fumes fran the Calcining Pots, P-E-1 to P-E-18 ; are routed to the 
Gcs Cooler, E-A-2, a radial-finned wtor-tube· cooler, which is designed 
to condense the water vapor and cool the remaining gases to 120°F. tor 
efficient nitrogen oxide absorption in the Nitric Acid Absorber, T-A-l. 

The construction details of the horizontal, veter-tube, Cless II, 
Gas Cooler, E-A-2, Bho"Wll in Figure XVl-9, are tabuloted below. 

~ -. ; , 
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Over-all . length 
Diameter Otcuss1r1t0Ji ~!: H/8 in. 

Tubes: 
Number 
Diameter 
Length 

Heot transfer area: 
Gas side 
Weter side 

Heat transfer duty 

86 
1-in. (#12 B.W.G.} 
15 ft. 

2477 sq.ft. 
264 sq .ft. 

550,000 B.t.u./hr, 

In order to increase the ooat transfer area on the gas side, twenty 
radial fins ere attached to each tube. A go.s inlet box distributes the 
fumes as .they enter the coolcr,and mixing inside the cooler is promoted 
by three "A" type and two "B" typo baffles. The "A" baffles consist ot 
a ring around the tube 'bundle while "B" baffles are solid except for the 
holes through which the tubes poss. These holes are 1/16 in. larger 
tban the radial diameter of the fins. Eoch baffle is flat on the bottom 
to allow condensed vapors to flow to the condensate out1et ot the cooler. 

5, Liquid Coolers 

Rot concentrator effluent. streams, nitric acid effluent fro.~ tbe 
absorber, and solutions otter jet transfer require cooling, whic.i is 
accaa.plis.hed in tanks equipped vith va.ter coils and jackets. In llddi
tion to such tanks (which are described in Section B above) tbe Uranium 
Recovery Plant contains siX special liquid coolers: the Condensate 
Semple Cooler, . E-C-7; the 6Qlfo Nitric Acid Cooler, E-C-9; the Nitric Acid 
Absorber Reflux Cooler, E-00-3; and tbe Froctionator Plate Sample Coolers, 
E-B-4 and E-D-4 all of which are located in the 224-u Building plus the 
Condensote Sample Coo~er loc0ted in the OVerbead Condensete Instrument 
Pit east of 221-U Build.1-ng. Tbe Condensate Somple Cooler, E•C-7, cool s 
the condensate sample from the 224-u Building Product Concentrator Con
densers, E-B-3 and E-D-3, for continuous pH determinotion. The 6ot1, 
Nitric Acid Cooler, E-C-9, cools the offluent acid trom the Nitric Ac i d 
Fractionntors prior to holdup in the receiver. These two Class III 
vessels are similar in construction. :Both utilize .Tnie 347 stainless 
steel spiral coils in . a carbon steel shell. Salient details ore listed 
below: 

Height 
Diameter ( B .D. ) 

· Coil diameter 
Coil length 
Pipe size 

Condensate Sample 
Cooler, E-C-7 

18 in. 
28 in. 
12 in. 
48.8 ft. 
"i/2 in. 

~ Nitric Acid 
Cooler, E-C-9 

l8 in. 
40 in. 
12 in. 
42.5 ft, 
1 in. 

The Rit?"icAcid Absorber Reflux Cooler, E-00-3, cools the reflux es 
it flaws from the Distilled Water Tonk, TK•X-14, to the top of the 
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absorption colucn. This Clnss II vessel, ~ horizonta1, to~pess·, water
tube cooler 7 ft. 5-1/2 in. long and 12 in. in diameter, contains sixty
two 1/4-1n. stainless steel tubes ; making a total tube length. of 864 ft. 

\. 

The Fractionator Plate Sample Coolers, E-D-4 and E·B-4, are Class 
III, horizontal U-tube exchangers deaigned to cool samples taken from 
the lover eight pletes ot the Nitric Acid Fractionators, T-B~4 and 
T-D-4. TheU-tubes are constructed of 'fype 347 stainless steel and the 
shell is 8-in. Schedule 4o carbon steel pipe 7 ft. loDg. 

The Co:cdensete SalJlPle Cooler, E-6-A, cools samples ot condensate 
from the Feed and waste Concentrators for continuous pH determinations • 
This Class III vessel, a horizontal cooler, consists of five l/2-in. 
Type 347 stainless steel U-bends (one for each condensate stream) inside 
of a 7-tt. section ot 10-in. carbon steel pipe. Eech U-bend contains 
13 ft. 5 in. of pipe. 

D. BUBBIE-CAP PIATE COLUMNS 

l. Nitric Acid Frectionators1 T-B-4 and T-D-4(lS) 

The Nitric Acid P'ractionators, T-B-4 and T-D-4, located in Band 
D Cells of the 224-u Building, are utilized to convert 40 per cent nitric 
acid (recovered from the U03 conversion in the Nitric Acid Absorber, 
T-A-l) into 60 per cent nitric acid by :fractional distillation. In addi
tion, these frectiomtors receive the overhead vapors from the Product 
Concentrators E-B-1 and E-D-1 and strip nitric acid from them before the 
vapors are condensed and sent to the cribs .. : (For f'urther in.formation 
about the fmction and operation of the ~ctionators reference is made 
to Chapters VII and XIV.) 

l.l General description 

Tbe Nitric Acid Fractionators, T-B-4 and T-D-4, are Class II vessels 
fabricated in two sections with a total height of approximately 32 feet! 
16 feet for the lower column section with re boiler, and 16 feet ~or tbe 
upper column section. Diameters of the sections are as follows: the 
reboiler, 7 feet; the lower c~lumn section, 5 feet; and the upper column 
section, 8-l/2 feet. The upper section contains 9 plates while the lower 
section has 8 plates, all on 18-in. spacing. 

1.2 Construction details 

The construction details of a Nitric Acid FractioMtor, ahmm. in · 
Figure XVI-10, are listed in the table below. 

r -·· DECLASSIFIED 



- { -- · ·v. .. , . . .,. •'[ 
~ 

. .. ;, . ,•· ,·• I · 161&A$SIRED 
. . I . 

1. -.~ , _ •• ,J,. t. ··-'t. ,. -~, . 
'• .. . . - ... .· . - ' 

- ~ 

Reboiler: . . 
outside diameter 
Ov:er-all height 
Heating provision 
Heat transfer area 
Heat transfer duty 

Column: 
Lower ~ection: 

Outside diameter 
Over-aµ lleight 
Shell thickness 
Number of bubble-cap plates . 
Number of bubble caps per ·plate 
Number and size of slot• ~r cep 
lumber and size of downcaiers 

per plate 
Number and size of manholes 
Transition cones thickness 

Upper section: 
Outside diameter 

· OVer-all height 
Sbeli thickness . 
Number of bubble~cep plates 
Number of bubble caps . per plate 
Number and size of slots pe:r cap 
Number and. size of .downcaners 

per plate 
Number and size of manholes 
Reflux provision 
Re:tlux rate 

Description or Dimension 

t ft. 
4 ft. 8 in~ 

. 39 u~ bends · ( 480 tt. ot 2-.1n. pipe) 
299 sq .ft .• · . . 
3,100,000 B.t.u./br. 

' :tt. 11 ft. l-3/4 in. 
l/4 in. 
8 
78 

. 20 alotsl 3/16 in. by 9/16 in. 

Four,. 3-in. pipe 
Eight, 12-in. by 18-in. oval 
1/2 -in. 

8 ft.- 6 in. 
15 ft. 11-1/8 in. 
~./4 in. 
q 

20 slots, 3/16 in. by 9/16 in. 

Su, 3-in. pipe 
Ten, 12-in. by 1.8-in. oval 
1-1/2 in. pipe to top tray 
5 gal,./min. 

All tlie plates are formed from l/4-1n. stainless steel plate, 'With 
stiffener bars across the bottom, and are welded into the column secti ons 
on an 18-in. spacing. Inlet and outlet veirs with rectatlgUlar slots 
pra:aote even distribution ot liquid on each plate. 

. . 

· The tla~ed 14-in. standard pipe vapor inlet bolts to the tranaitioa 
cone between the upper and lover sections of tb.e column, and tbe 14-in. 
vapor exit line connects to the top of the column. 

Eighteen oval manholes, one above each plate and one in the transit ion 
cone between the lower column .section and. the reboiler, provide openings 
into the column •. Sampling nozzles are provided for each of the lower
section column plates. The reboiler side-entering tube bundle 1s welded 
to a 2-inch-thick tube sheet. This tube sheet end the steam chest are 
bolted to the flanged opening on the reboiler. 

An 8-in. by 10-{n. box is welded to the straight side of the reboil er 
section and is connected to the reboiler near the bottan and the top. 
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This box contains the liquid-level and control instrument elements. 

2. Nitric Acid Absorber, T-A-1( 22) 

The nitrogen oxides evolved 1n· the calcination process ere chemically 
absorbed in water in. the Nitric Acid Absorber, T-A-1, to form 40 per cent 
nitric acid. Further details of the reactions and design considerations 
involved are discussed in Chapter IX. 

2.1 General description 

The Nitric Acid Absorber, T-A-l, is a Class II vessel approximately 
37-1/2 ft. high and 4 .. 1/2 ft. in diameter. It is constructed in 13 
sections, which are flanged together. The absorber contains 20 bubble
cap plates, 9 o~ w'hich are provided -with. water cooling. coils. 

2 .2 Construction details-

The construction details of the Nitric Acid Absorber, T-A-1, shown 
in Figure XVI-11, are listed in the table 'belo1o1. 

Item 

Outside diameter 
Over-all height 
Shell thickness 
Number ot bubble-cap plates 
Number of bubble caps per plate 
Number and size of slots 
Number and size of dovncomers 
Number of plates with cooling coils 
Heat transfer area 
Heat transfer duty 
Reflux provision · 
Reflux rate 

Description or Dimension 

4 ft. 7 in. 
37 ft. 5 in. 
1/2 in. 
20 
36 
16 slots, O.l in. by 0.656 in. 
Three, 2-in. pipe 
9 . 
292 sq.ft. 
104,000 B.t.u./hr. 
l•l/2 in. pipe to top plate 
1.25 gel./min. 

The column is fabricated in 13 sections, 10 of which contain bubble
cap plates. The bottom plate in each section is welded in place, but 
the other plates in the section are supported by. rods which rest on the 
topeaf the bubble caps in the welded plate. Inl.et and outlet weirs with 
four rectangular slots l in. wide by 1/4 in.- deep produce an even distri
bution of liquid on each plate. 

Nine of the plates arc each provided with two separate cooling coils. 
These 1-in. pipe coils make either 10 or 20 return tube passes per plate 
( see tab~e below) and connect to the cooling water inlet end outlet head
ers. Pipe length 1s 32 _and 64 feet, respectively, . for the 10-pess and 
20-:pass coil.a. 

The sections vary in height and design as shown by the following 
table. 
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~ ;, ·;', ·1 Number of 
i,l'Nwnber~of ,, ~tes With 

Section No. Plates per Coils per ·· 
(Fram Top) Section Section 

l (Vapor outlet) 
2 3' 0 
3,4 4 l 
5,6 2 1 
7 1 l 
8,9,10,ll 1 l 

Number of Number of 
Coils per Passes 

· · · Plate per Coil 

--
·2 10 
2 10 
2 . 10. 
2 20 

Height of 
Section 

.l tt. 7 in. 
6' tt. 
6 ft. 
3 ft. 
l -tt. 6 in. 

. l 1't. 6 in. 
12,13 · (Vepor inlet and bott011l outlet) 

3. Feed Concentrator Stripping Columns 1 T-6-4, T-7-4, and T-8-4{l7 ) 

Va:pors from tbs Feed Concentrators, E-6-l, E-1-1; and E-8-1, are 
routed through the bubble-cap plate Feed Concentrator Stripp1Dg Columns, 
T;.6-4, T-7-4, and T~8-4, for removal of ni~ric acid and ·entrained· drop
lets ot liquid, which e,re ,re,noved by a reflux entering the top and travel
ing down through the column. Additional information concerning tbs 
operation of these columns is found in Chapter III. 

. ' 

3 •. 1 General description 

. Tbe ll'eed CC"."centrator Stripping Columns, T-6-4, T-7~4, and T-8-4, 
are Class ! vesse :.s and are approximately 12 ft. high and .8 tt. in 
diameter. Each column contains 12 plates, and each· plate contains 
168 bubble caps. 

3 .2 Construction details 

The construction details .of a Feed Concentrator Stripping Column, 
alwvn in Figure XVI-12~ are listed in the table below . 

Item -
Outside diameter 
OVer-all height 
Shell thickness 
Number of bubble-cap plates 

. Number of bubble caps per plate . 
Number and size of slots 
Number and size of downcomera 
Reflux provision 
Reflux rate 

Description or Dimension 

8 ft. 
12 ft. 
l/4 in. 
12 
168 . 
32 slots,0.1 in. by 0 .75 in. 
Four, 3-in. pipe 
Two, l/2-in. pipes 
3 gal./min. 

The column is flanged to the concentrator by means of the 14-in. 
inlet line and cannot be removed by remote-me intenance methods. However, 
the 14-in. top vapor outlet is equipped with a dowel pin and 3 remote- type 
nuts so the condenser m,,.y be removed remotely. The bubble-cap plates are 
formed from 1/4-in. stainless steel plate to a friction fit with the shell, 
and each is supported by tiienty-tbree 1-1/4 in.-diameter rods. Inlet and 
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outlet weirs ·produce an even distribution o:t:: liqu14 on eech plate, The 
vapor inlet ia connected to a seal pot designed to relieve at 10 inches 
water pressure and 48 inches of water vacu1.U11. The seal pot vents to the 
cell exhaust duct and drains to the column. 

E. ff..CKED COllJMNS 

L . RO Columns, ET-18-2 and ET-20-2 

Spent solvent (RCW) is conditioned for reuse in the RA ~lumna by 
contacting it countercurrently with an aqueous scrub stream (BOO) in · 
the RO Columns~ ET-18-2 and ET-20-2. The TBP decomposition prdducts, 
which are scrubbed from the organic solvent by the ROS, leave the bottom 
of the column With tbe aqueous effluent. (For further in:t'onmt1on about 
the function of this column see Chapter XI,.) 

The RO C'olumns are Class I vessels and stand approxmtely 17 tt. 
high, with a packed section 22-1/2 in. in diameter. The construction 
details of the RO Column, shown in Figure XVI-14, are listed !n the table 
below, 

Item 

Over-all height 
Diameter of packed section ( O.D.) 
Height of packed section 
Diameter of disengegi?lg sections, 

Upper 
Lower 

Height of dise?lgaging sections: 
Upper 
Lower 

Size of Baschig rings 

Description or Dimension 

17 ft. 4 in. 
1 i't. 10-1/2 in. 

11 ft. 6 in, 

4 :t't. 
2 1't. 6 in. 

3 ft. 5 in. 
l ft. ll in. 
l in. by l in. by 1/16 in. 

The organic feed is introduc-ed into the column through a 15-in.
diameter doughnut-type distributor made of 2-in. pipe with fourteen 
l/2-in. pipe nozzles welded to 1t. The aqueous effluent drains by gravity 
through an open-throat jet which may be used to empty the column to the 
BOW Receiver. 

2. waste Concentrator Deentreinmont Columns, T-9-4 end T-10-4( 17} 

The overhead vapors from the waste Concentrators, E-9-1 end E-1O-1, 
ere passed through the Waste Concentrator Deentreinment Columns, T-9-4 
and T-10-4, for the removal of entrained droplets of liquid, which collect 
on end ere washed :from the column packing by a small water reflux enter
ing the top of the column. (Additional information concel!?:dng the opera
tion of these columns is f.onnd. in Chapter XII.) 

2.1 Generel description 

The Waste Concentrator Deentrainment Columns ere Class I vessels and 
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are e.pprox:tm.tely. 12-· ft.~· high. and 8 ft. in diameter. Each column contains 
24 inches of Yo~k Mesh packitlg (see below) • . . 

2.2 Construction .details 

The construction details ot the Waste Concentrator Deentraimnent 
Column are shown on Figure XVI-13. The column bfls the same e.rternal 
d1%1lenaions and connections. es the Feed Concentrator ·str1pp1Jl8 Column 
(subsection D3, Figure XVI-12). However, the Waste Concentrator Deen
traimneut Column has a :pocked section rather than · bubble;.cep plates and 
a different reflu provision. The n,flu is . introduced through tvo 
l/2-in. lines to a spray ring made of 2-in •. pipe vit.h eight 172 .. 1n. 
nozzles to distribute the flov oTer an 80-in.-diameter distributor plate. 
T~ distributor consist.a of a conventional drip-type p;l.ate with. 151 drip 
points. 

·The packing used in the · column is York Mesh, a loosely knit Yi.re 
fabric which i~ :rolled around a Illl!lndrel to give a section ot pecking of 
a~ diamieter. The pe.okecl section contains l2 inches ot #676 York Mesh : 
(0.006-in.-diameter wire) on top of l2 1ncbes ot #l"'3 York Mesh (0.011-
in.-diameter Yi.re). The plCking rests on a grate with 4-in.-square open
ings and is held ·in place by a grate, which is welded to tbe column shell 
and has 8-in. openings. 

. . 

3. lfitzic Acid Bleacher, T-c-6( 22 ) 

Dissolved oxides 'ot nitrogen are removed f'ran the 40 per cent nitric 
a.cid leaving the Nitric Acid Absorber, T-A-l, and nitric .acid formed in 
the Gas Cooler, E-A-2, by introducing it into the top of the Nitric Acid 
Bleacher, T-c-6, where it is contacted with a countercurrent now of air. 
The f'unotion of the Nitric- Acid Bleacher is discussed in Chapter IX • 

. · The Nitric Acid Bleacher is a Class II ve.ssel standing 9-1/2 ft . 
high with. a diameter of 1-1/2 ft. and. is pecked with 1-in. Beschig r i ngs. 

Tbe construction details ot the Nitric Acid Bleacher, shown in Figure 
XVI-15·, a_re listed in the table below. 

Item -
Over-all height 
Outside diameter 
Height of pocking 
Size of Raschig rings 
Liquid .rate 
Gas l'8te 

t. CALCINING FOTS, P-E-1 to, P.:E-18(9) 

Description or Dimension 

9 :f't. 6 in. 
l ft. 6 in. 
6 tt. 1·1n. 
l in. by l in. by 3/32 in. 
1.5 gal./min. 
4o std.cu.:tt./min. 

:Batchwise conversion of uranyl nitrate hexabydrote (Ulm) to · uranium 
oxide (U03) is accomplished by evaporating and decomposing the UNR sol ution 
in electrically . heated, agitated pots. Eighteen qf these calcining pots 
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are locate.d in E Cell of the 224-U :Building. The process details of 
this operetion ere discussed in Chapter VIII. A sketch of e ci:l.lcinillg 
pot is presented in Figure XVI-16. · 

l. General Description 

The main components of each calcining pot ere (a) e c:,11ndr1cel, 
pot-type, electrically- heated furnace approximately 5 ft. in diameter 
and 4, ft. high; (b) the charge pot, 30 in. in diameter and 32 in. deep 
with a- hemisphereical bottom; and ( c) an tinchor-sbaped pot agitator 
driven by an electric motor and a speed reducer mounted on the turnace 
superetzucture. The furnace superstructure and agitator drive mechanism 
extend approximately 6 ft •. above the top of tbe turnace and, radially, 
4- :tt. from the f'urnace vertical axis. The entire unit is mounted on a 
foundation, but is not secured. 

Each turnece bas a pover rating of 55 kw. (57 .7 kw. design rating) 
and uses 220-volt,2-ph8se1 60-c:,cle alterneting current. The turDace is 
designed for a mximum chamber temperature of l6oO°F., measured 1/4 in. 
:f.'rom the .exterior sur1'8ce of the pot. 

The rated instantaneous caJl8city for each. pot is 600 pounds of U°3 c,oo lb •. U) per charge, with approx:tmotely 7-1/3 hours required for a 
complete ealcimtion cycle. 

2.. Construction Dete ils 

Tbs carbon steel furnace shell is of all-vel-ded construction except 
for the top plate, which is secured by machine bolts. Plate thickness 
for the bottom, side well, and top are l/2 in., 3/8 in., and 3/4 in., 
respectively. Exterior insulation, o 1-in. layer ot Fiberglas, is 
provided for the furnace cooling duct only. · 

Furnece-shell insulation, al-in. layer of mognesia and l-1/2 in. 
ot Johns-Manville SX insulating material {a silicioua material with an 
asbestos binder) 1s secured to the inside or the steel shell. This 1s 
protected by a 4-1/2 in.-thick layer ot Armstrong A-25 refractory brick 
(firebrick). Additional thickness of brick i8 provided under the top 
plate around the pot periphery. 

The heating element consists of tvo No. l gauge nichrome(~ nickel-
2<11, chromium) wire coils. Each coil extends half wy around the furnace 
and is mounted on eight 7•1/16 in.-vide by 30-in.-long "redient plates", 
which rest on end inside the refractory lining. The nichrome vire is 
wound on projections on the inside face of these plates. The plates are 
supported by H-sheped s:pecers attached to bolts which extend outward 
through tbs ret"rectory and insulating ooterial and ore secured to the 
she11 by either nuts or welding. Coil terminals and exterior wtring are 
enclosed in the steel terminal guard ring on the outside ot the furnace 
shell. 
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The :turn.ace chaLlber temperature is measured and controlled by a therm
ocouple vhich is inserted through D. pipe 1n the shell side. wall and extends 
through an opening in the rodiant plate. A s11:l.11.ar pipe and plate Ol)ening 
are provided '!or o :tuse of pure silver, which oelts aod breaks the 1'urrlcce 
heoting circuit at a cboJ!iber temperature of 1700 to 1750°F. 

The tuniace and pot are. cooled by an air sweep through the annul.or 
spece between the, retractory linixig and the outside. of the pot vall. A 
negative pressure in the 8-inch I.D. vent1.l.Dt1ng .duct drows room air in
to the furnace chamber -through the 10-inch I .D. opening :bi the center of · 
tbe shell bottom and out into the :turnflce cooling duct through six 4-inch 
I.D. openings near the top of the. ch.Dmber. FrOl:l the cooling duct the air 
!lows into the_ duct connection boX, which connects the ventilating duct to 
tb.e tunuice, and out ·ibrough the ventilating duct. · Air :tlow is controlled 
by Ill8an.s of tbe- furnace cooling dtlmper and the sliding cover over the 
furnace cooling air inlet. 

2.2 Pot - -
The cbnrge pot is 30 in. in d.1ameter and 32 in.· deep at the center· 

ot the hemispherical bottom. It is cast to Type 3098 Cb stainless steel 
and hos a llinimulll wnll thickness ot. 5/8 inch. Slightly more th.on half ot 
the pot. top. is covered by a fixed plate s~cured by studs and nuts. The 
:f'ilted cover serves as a mounting for the agitator s.bD:i't stui"i'ing box, the 
pot cl:Jarg1ng line, -the fume outlet line, and the dip tube for the high
liquid-level al.arm. To tacilitate rc.:.t.ing of these l_.ines to either side 
of the unit , a spare fume outlet conne•:tion. is provided. The remainder 
of the pot is covered by a removable pl.lite secured by four cl.t,u:ipq·. Pot 
cover material is 1/2-in.-thick Type 309S Cb stainless steel pl.flte. A 
l/2-in.-square-cross-section asbestos sasket 1s· provided to seal cover
to-cover and cover-~o-pot joints. 

2.3 Agitator 

The sveep-type pot agitator is designed to scrape solids awy from 
the pot wall up to a . height of 2l _incbes,or ll inches down tran the top 
of the pot. The outer blades conform to the pot well configuration ond 
hove a maximum well clearance of. 1/8 in. The 3-in.-diwneter hollow 
sboft hlls a 1-in.-diometer bore extending to l-1/2 inches from the 
bottom end. A thermocouple for measurement of -chllrge temperature is 
inserted in this opening. The sba:ft and blades are 1!¥lde of Type 309S 
Cb stainless steel. 

The agitator is driven at 37 rev~/min. by a 7.5-h.p. 440-volt mot or 
through a speed reducer. The speed reducer Qnd ogitotor shafts are con
nected by o rigid coupling. Below this coupling and oppr.OJtil:lotely- 10 
inches above the pot cover, o sho1't oligm:lent bearing is proVided. A 
stuffing box provides a· seal between the shaft and the fixed pot cover . 

Room air Dl3Y be drawn across the pot cover and- into · the ventilat
ing duct connectiou box through a rectangular opening in · the reducer 
support. This air flow is controlled by the ventilating daoper. Since 
the air above the pot cover wy contain corrosive process tumes, the 

-



, I • 1 , .. . 1 - ...,, .,.. , • .. 
·-:-:::-.- -.·--:;:;. _.., -· ..;.., \. _:~.+--··.-. ...... ,. ~~ -y:, :;-:,,,-;_;:-;-;;~~~--=:-:t~;¢--;:,..\:'·: :;.-~·;-;:i?·':..·':'~-.. :".'~.;~ ; ;· . - ::· ·, .. .. · . . .;., . 

' · ... 
reducer support (made of carbon steel) is prov:ided vith a stainless 
steel. sheet meta1 liner and liner cover. The liner cover· is spll t to 
allow installation of flanged pipes. The duct conne~tion box ·and the 
bearing support bar are also stainless steel. 

2.4 Transformer 

Eacn furnace is supplied vith 220-volt, 2-pbese alternating current 
by a 58 k.v.a. dry-tn,e transi'o:rmer rated for a 48~/46o/425-volts,3-pbas-e 
primary current. (For details ot the power service system, reference is 
made to Chapter XIII.) 

G. CEBTRIFOOE( B) ( 24) 

Centrifuges are used to clarify the concentrated uranium-bearing 
aqueous teed before 1t is processed 1n the solvent-e:z:traction columns. 
Two centrifuges., G-14-1 and G-14-6., are provided in Cell 14 ct the 22L-U 
Build1?J8. (For JII"OCeae details, reference is mde to Chapter III.) 

The centr~ea, Class I vessels manufactured by the Bird Machine 
Ccapany, are- of . the same desian and size as those presently insta~ed in 
the Biemutn Phosphate .and Redox Plants end utiHze certain modi;t'ica~ 
incorporated in. the Red.ox centrifuge. These modifications are . desigmd 
to reduce cell air contamination by minimizing the e~cape ot mist or · 
droplets tram the centrit'uge case... To supplement the description below., 
reference 1a made . to drevi?J8B of the centrif'uge in Chapter XVI of the 
Redox Technical Manual (:e.w-18700). ' · 

The solid bowl is 4o in. in inside diameter by 24 in·. deep. · It is 
driven by en overhead, vertically mounted 4o-h.p. motor at a s~ed of 
870 rev./m1n. ("slow") or 174o rev./min. ("fast"), thus produciIJg· a 
centri:tugal :rorce at the bowl wall equal to 43() or l 730 times the- ~orce: 
of gravity. The "inch" circuit an the motor mintains any set s.pft'd up 
to maximum. 

The upper lip ct the bowl e:z:tends-6 inches tOV8rd the -center anct 
provides ., 60-gallon holdup. Thi·s allows about 5 minutes :tu)ldup- tiJIMj st 
toe naniMl reed rate of 13 gal,/min. The inside wall of 'the bawl tilla 
three 1/2-in.-thick circumferential baffles spaced 5-5/8 !nr aprt (wl.l 
to vall} and ertending 6-l/2 in. towrd the center. The ... baffle• are·. 
notcbed at the bowl, permitting holdup reduction to . about 10 gallom,' by 
either of two single hydraulically operated skimmers. A '6avl spray is. 
provided for washing and slurrying the cake. 

. . .. 

Process nozzles: The cese is proVided with six 3-m•. pipe nozzle's 
for access to the bowl interior. These nozzles slant outward to c~ 
the motor. Five extend _ebout 4-1/2 rt. above the ceree top, ... vhile 'one.; 
which is blanked extends about one root. The t'ive exteuded. nocles etre 
used for chemical ad.di tion from the Chemical Addi tiou. Weigb,-Tank x-:i4A, 
reed inlet from the F.eed Concentrator Receiver Tank, vetgbt.~:ractor d1·p 
tubes, outlet jet to the Waste Utility Holdup Ten.k,. imd a- sampl-er .• . Tbe 
sampler n~zle terminates in a standard 3-in. I11Ble connector. Rovever, 
be~ .. ~ .. difficulties in jumper handling imposed by: the' slanted uo~zles, .. 



two-inch pipe dip leaa· are inserted in the · other four nozzles and extend 
to l/4 in,: frcm the. bottan 'Of the bowl. The 3-in. me.le c·ormectors on 
these nozzles · are circumferentially split., With the lower portion welded 
to the nozzle, and the upper welded to the- dip -leg. · A 11:t"ting bail
attached to the face of the upper connector portion permits remote han
dling of the dip leg. This bail fits inside of the f'emue coimector •· 
when the Jumper is · 1n place. No gasket is provided between the two por
tions:·. or the male · cormector. The case outlet terminates in e. 4-in. 

· standard. connector nozzle. 

Other cOlll'lectors: Five of the su connectors mounted on t~ cent-rl
fuge frame are used for motor electrical leads, h;vdraulic lines, bowl 
spray, lubrication and tachometer, and vibration meter. A' microphone at 
the end ot a separate cell jumper contacts the outside of the case. A 
seventh connector· on the ce.ee, attached. to a thermometer well, is not in 
use. 

Shroud 8!ld. t'ume cover: To reduce air · cont-m1m+.icm. 1n the cell, 
passage. of mist or droplets through the spindle opening in the case i s 
restricted. by a tume cover vith two baffle-type seals. In addition, t he 
~illdle tran the· tume ~over to the mator-mount is enclosed by an air• 

. pur~ed shroud. Air enters the stainless steel sheet-metal shroud tllrou8h 
a -1/2-in. pipe· and sweeps downward. through the fume cover see.ls into t he 
case, leaving the · case thraugh the process solution efi'1uent line. Each 
ot the tvo seal&. in the · :rume· cover consists- or tvo ;parts: (a) a stati on
ary· ring, atte:-hed t"O the fume cover assembly, concentric with the ep1Ddle; 
and (b) a sling!r disk, larger in diameter than· the tu.ed ring, rigidly 
attached to the sp1.ndle. This slinger disk is mounted below the fixed 

· ring With a vertical clearance of 1/64 inch between the tvo parts. 

·: Lubrication: A remotely operated Fe.rval grease metering system 
lubricates tho motor and spiDdle·bearings. This system is described 1n 
Chapter XVI or tho Redox Technical Manual (RW-18700). Waete grease i s 
collected 1n a -oan mounted on the side of the centr1f'Uge case. 

R. AUXILIARIES· · 

l. Ae;1tatore(3)(l4 )(23) 

1.1 Design basis 

The Uranium Recovery Plant agitators were designed to provide three 
types of agitation: mild, medium, and violent. ''Mild" agitation is dE!
f1ned ae that which produces a slight svirling effect on the surrace oD 
the ·liquid. "Medium': ag1~1:ion produces waves 1n the liquid without 
dist~b1ng surface continuit-y. -!!Violent" agitation 1B that which pro
duces· vaves, frothins, and splashing. Reference is ?18d.e to Table XVI-2 
at the end of this chapter for agitator claseii'ication as to type o~ 
mixing. · 
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1.2 Description 

1.21 itators used in uranium removal facilities 241-WR Diversion 
Vault and 2 Process Tank Vaults 

The location of the agitators in tbe 241-WR end 244 Vaults is 
sb.owu in Figures XIV-3 and 4. A typical agitator, A-WR-002, is shown 
on Figure· xv:r-17 with pertinent details of all agitators. used in these 
-vaults listed in Table XVI-2. The agitator shaft is connected tbroush 
a flexible coupling to the· output shB:rt of the speed reducer, vhich is 
directly, comiected to the motor shaft. The agitator shB:rt is fabricated 
in two sections for protection from damage dlµ-ing trensit. The upper 
portion of the shaft carries both thrust and radial bearing loads, 
while the lower portion, which is joined to the upper section with a 
rigid, flange-type coupling, carries the agitator blading. The upper 
section is sealed by a kerosene-lubricated Durametallic seal at the 
uppar end ot a. cylindrical torque tube welded in tho mounting f'l.aqge. 
The torque tube also contains a grease-lubricated guide bearing near its 
lower end to provide shaft support near the point of load application, 
Contact of process solutions with the guide bearing is prevented by means 
of positive air pressure introduced into the torque tube. Kerosene 
drippings from the Durametallic seal and air escape through the clear
ance between the agitator ahnft all,cl the love?". end of the torque tube. 

All agitators are ot stainless ste9l construction except the Sl~ 
Accumulator agitstor vh:tch 1s cast steel. ' · 

1.22 T.BP Pl.ant (211-U, 271-u, 276-u, and 221-U Building) agitators 
4 

Pertinent details o-r the agitators. employed in the 211-U Tank Ffll'Dl, 
271-U, 276-U, and 221-U Buildings of' the TBP Plant. are listed in Tabl~ 
XVI-2. The agitator shafts ere connected tbrougb, a rigid sleeve coupling 
iirectly to the motor shaft in th~ case o+ high--.speed agitators (114o ·. 
and 1150 rev./m.in.), and by a rigi'd sle_ew coupling to the output sba:t 
of a speed reducer, which is connected ' ·through a flexible coupling direct
+1 to the motor shaft, for the lower-speed agitators (70 to 188 rev./m1n.). 

Tbs high-speed agitator units employ one to three propeller-type 
1lllpellers, and the lower speed, gear-driven agitators use curved or 
straight-blade, turbine-type impellers. 

Agitators located 1n-- "cold" tanks more than six feet in depth employ 
a tripod step bearing vith a Graph1tor #41 bushing at the lower end of 
the shaft. "Hot" tank agitator sh9fts pass through a cylindrical tube 
welded in the mounting flange. This vertical tube contains a process
lubricated, Grephitar #41, sleeve-type bear1Dg at its lower end to pro
vide sba:f't support near the point of load application. A labyrinth-type 
seal c.ons1sting of alternate Graphita.r #2 rings and stainless steel 
spacers is located at the upper end of the tube to prevent leakage a.rollll4 
the agitator sbaf't. "Cold" tank agitators employ stuffing boxes with 
Greph1 tar #41 bushings. 
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1.23 OlVlr' Storaise Tank (20J-U Building) agitators 

Ag1tet1o~ in the UNR Storage ~anks, TK"."X-l and TK-X•2, is : ob.tcined b7 
meetis · .ot ,sg1~·tors · located · 1n the sides of the tanks Just. above the· tank 
bottazL. · 'l'he extremely' large size (approximatel.7 25 tt. b7 30 ft.) of 
these .tanlca .led to . the adoption o:f'. side .. entering agitators., thereby elim
i:mitiag tba design problems. asaociated With a'onormlly long agi-tat<?Z'. · : 
sbtl:fts, .-aat require.d by vertically mounted agit.atora. · · · 

The UllR Storage Tank agitator shaft is comJScted through a hlk Steel
tlex coupling cl.:l.reotli to the gear-reducer shaft. ·Tbe agitator sba:f't is 
F.()vj.~d wi:th tvo steel . :flanged-bearings to obs.orb thrust and rnd,ie~ lood
ing. · 'l'be impeller 1a a tbne. blade, left-band propeller, 24 in •. 1'11 di.Em
eter wit~ a 24-fu. pitch. 

Iti" order .to minim.Ue. proceas solution J.oelalge: around the agitator 
abDft, · the .sb8:ft _ is sealed with a water•lul?l'icated, pump-tYl;Je stuffing 

. box.. Stutt_ing coneist11· of rings ot Garlock ;riecking interspaced ,i:ith 
lantern rings • 

l.24 _!!)3 Pla.nt (224-U Building) agitetore 

Agi~t9rs employed in. the -UN Storage Tank, TX•C•l, and tbe Sumi,:!l'flnk, 
TIC-c-~1 are described in Section C of tbe Hanford Works Technical Manual 
(RW-!1~7'). . . . . . 

The Calcining Pot agitators are deacribed under F2.3, above. 

2. Sluicing Nozzles 

Sluicing nozzles are used in the underground storege tanks to break 
up and slurry the uranium-bearing slud6e 1n order tbat. it may be removed 

-by the sl~e pump. Tvo sluiciDg llQZzles, . pl.Clced diometrically opposite 
eech other, are located in each ot the 7!5-tt.-d18Jneter underground storage 
tanks. The 20-tt.-dimneter tanks ere equipped with. only one sluicing 

::llOzzle each. The locations of . the sluicing · nozzles ore shown in Figures 
'· XIV-1 and XVI-1. Construction detaiJ.s of the sluicing system ore present• 
. ed in Figure XVI-18. 

..... 

The sluicing nozzle is 1tistalled tbrou@h eitber n 12 or 42-in. riser 
1n tbe storage ta~. Tbe upper port of the nozzle assembly is housed in 
the sluice pit (or. pump pit) vith opereting rods extending through the pit 
shielding covers to an operating mocbrlnism above the cover. The nozzle is 
cap!lble of remote adjustment for az;muth and elevation 80 that its stream 
may be directed for .maximum sluicing efficiency. 

The nozzle can bo rotated through o 150° engle {from -45° to+ 105° 
from verticol) in the vertical plane by a rack-and•p1nion arrangement • 
The rack octunting rod, which 18 housed in a lead-tilled torque tube to 
provide shielding :from radiation, is operated manually by means of a 
noule positionillS lever located obove the cover block. The rack octUllt
ins rod, Yhich 1s a stoin:Less steel tube, is also filled with lead for 
shi:elding purposes. The torque tube is coDnected to tbe nozzle at the 
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lower end and to a turntable above the cover block. The nozzle is con
nected to the 4-in. supply line by means of two Chiksan rotating Joints 
ond a rubber hose. 

Nozzle rotation in the horizontal plane ls efi'ected by rotating the
turntable by means of a 1/2-h.!P• driving motor and one of two gear boze1 
through an adjustable drive 15n1mse. The ma:ximmlr angle of oscillation 
which can be obtained is 98 .5 , at speeds ot 1 cycle7min. and l cycle/ 
br., depending upon the gear box used. Through lever length edjwstmente 
of the driving linkage, the. 98.5° angle of oscilletion can be Jllflde avail
able over a range ot 240°. T'Vo Microni.tches, which· when contacted re
verse the rotation of the driving motor, limit the sluicing angle to 
120° on either side ot· a reference line. 

Sluicing nozzles used in the 75-:tt.-diameter tanks have a 1-3/8 in. 
tip, which will pass 516 gnl./min. of 1.2 specific gravity solution at e 
supply pressure ot 100 lb./sq.in. gauge. The 20-ft.-diruneter tanks util
ize nozzles with a 5/8-in. tip vhich will JXlSS 100 gsl./min. at 100 lb./ 
sq. in. gauge. Tbe sluicing nozzle is connected to e 14-in. section ot 
2-in. pipe by a standard threaded joint. The oross-sections ot both the 
nozzle and. the 2-in. pipe are divided into quadrants by four internal 
vanes located equidistantly from each other. Maximum sluicing efficiency 
is obtained by- setluring the nozzle in e. position such that all vanes are 
45° apart, 

Sinee the ligui<1 being handled is non-corrosive,. all sluicing nonle 
parts are coust~oted of carbon steel. 

3. Go.pg Valves(S) 

Two ty:pes of gang valves are used to operate the jets 1n tho TBP : 
Pl.ant~ (a) direct-opeirated gong 'VO.Ives such as are used in the Bismuth 
Phosphote Plants; and ~b:.). remote air-operated gong volves such as ere 
used in the Rcdox Plant,. 

The design principles for both types of valves are simil.!lr in that 
jet operc tion is effected through the a:1mul:taneous opening and clo8'.ng
ot spring-loaded valves. Redox-type sane; vnlves consist of four 
sequence-controlled, oir-operoted dir.pbrngm valves in the pipe gallery 
operated by means of a remote, mon\llll eir control.ler in the operating 
gallery. For a detailed exple?ltltion of the operation of this type of 
gong valve, reference is mde to the Redox Technical Manual (RW-18700). 

Tbe direct-operated gang valves consist of four sequence-controlled, 
spring-loaded volves which are mnuolly operated through a rack and pinion 
arrangement. An operoting diogrom ot this tYl)e of gong volve is present
ed in Figure XVI-19. Additional descriptive information may be found in
Section c of the Hanford works Technico.l Manual (RW-10475). 

4. ~mplers 

Remote snmplers are employed in the Uranium Recovery Plant to obtain 
SJDBll quo nti ties of rad.ioecti ve process :mDteriols for analysis. Samplers 
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in the TEP Plant (221-U Building) ore located in the cell valls in l ecd
sh1el~ pits approximately two ·feet below ®Ck level. Al.though the -003 
Plant (224-U Building) does not procesa any highly- radioactive mteriala, 
a shielded sampler located in the pipe galle17 is used tor convenience to 
sample tbe Sump Tank, TIC-C.-2. Scmpler pits located above the tanks pro
vide aampling. tacilltiea t"or _the ~44 Proceaa Tonk Vault.a used in uranium 
remowl ~Olll unaerground storcge. Swnplers for· tanks in the 241•\m Diver
sion. VOult are ~ocoteci direotl7, above -the tanks in sampling enclosures • 

·Au· remote samplers utUize an air Jet, which is operated in con
Junction with a.~ air lUt. The component parts ot a remote · sampler of 
the type uaed· in tbe TBP. Plant are shown in the schemltic sketch 1n 
Figure XVI-20. A detailed e.zplanation ot the operation of the· sampler 
Eippenrs 1n Section C ot the lilntord Works Tachnicnl ?enwil (RW-lo475 ) . 

Sanq,ler, · employed intbe 241-WR .and 244 Buildings differ :t':rall.-those 
used in the 221-U. Juilding in tbt:lt the air _ Uft is supplied vith com
pressed air. rather toon air at atmospheric pressure. Tbs height to which 
liquid J:!IWlt be raised in.· the 241-tm and 244 tcnka (30 to 40 ft.) neces
sitated tlµ.a ·d.eeign 1'.eviSion. 

Samples are collected by means o~ "bo~t" or "trombone" tn,e 
~et-s, depending upon tbe .rodioac-t;ivity- level of the solution. being 
sampled. Construction details of these samplers are shown in Figure 
XVI-21, end a description is- presented in Section C of the Hontord Works 
T~ch,uiccl Manual (BW-10475). The "bayonet" is placed in a portable shield 
tor tronster of the sample to the l.nboratory. A beavily•shield.ed smnple 
carrier known as a "Door Stop" is used tor tronsport:S.rig the "trombone" 
pipette containing the sample. 11Trombone" type samplors ore used on Qll 
wste somples and all uranium-bearing process samples from the teed tanks 
to the BC Column. The "bayonet"· type . S!lmpl.e is taken of waste occwnu.lll
tions in. Section 5, process streams. from the RC Column tot~ BCU tanks, 
and other orgon1c . and aqueous streams which are normally low in rodio
activi ey. 

The Waste Neutralizer Tcuk, Tl{-ll-6, is : prbvided v1th a pR scmpler. 
Its purpose is to Z!llinta1n _a continuous record of the pH ot tbs neutreliz
ed aqueous column w•tes (RAW and RQW streams·) prior to coucentrotion . 
This sompler 18 identical with the other 221-U Building samplers viththe 
exception tbot its sampler cup is provided vith Beckman electrodes by' · 
means of which the p!I of the solution is monitored. The p!I measurement 
is then tronsmitted through on electronic bridse circuit to the recorder 
in . tbs operating gallery. 

,. Strainers 

Bosket-type streimrs ere used in the aqueous make-up facilities t o 
remove any insoluble llXlterial which may enter the system in the dry 
chemicals. · 

In the standard basket-type strainer the streom enters a flonged 
inlet in the '.filtor, flove downwrd into the ·screen basket, through the 
screen, and qut through the f'l.onged outlet, whic;:h is in line -vi.th the 
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inlet. The screens used rtrnge from lO to 100-mesh. The cast stainless 
steel strainer body hos a bolted lid, which mllY be opened to permit the 
removal of the bcsket for elerining. 

6. Phase Se;eorctor,SP-38, 

In the 276-u Building o sepiretor, SP-385, is used to separate the 
aqueous phase from the orgonic phose atter treatment of the orgonie 
solvent in the Organic Treatment Tonk,· Tlt-386. 

Tb.El separstor is a Type 347 stainless steel, horizontal tank .. like 
vessel opproximctely 6-1/2 tt. long and 14 in. in dicmeter,with a ver
tica·l, 8-5/8 in. O.D. by 2-ft. droin leg at one end. The mixed phases · 
enter the seiOrator, JXlSS through a coalescing medium (wood excelsior), 
and then peas between nat, horizontal, pl?'8llel pl.ates (cbout l/4 in. 
apirt) to produce lo.minor flow. In the settling choc.ber beyond the 
plotes,.the aqueous phose drops into the vertical drain leg and is drown 
off through o. manually operated wlve at such o rete as to 00intain on 
interface in t~ vertical drain leg sight glc.ss. The orgonic phase 
leaves through the top outlet of the separator. 

·. ,_ .. 
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(1) Design Instruction Letter M-l, litlterinls of Construction tor Process 
EquiJlllSnt - Waste Metal Recove17 Plaut,. 7·12-50. 

(2) ·Design Instruction tetter M-2, _Process EqUipnsut - Waste Met.cl 
·BecoverJ Pl.Dnt, 7.20;..,o. · · 

(3} Design Iutruction Letter M-3, Botating J:quipneut - waste Meta l 
Becover;y Plllnt, ,-2.,0. · 

(4) Design Instruction Letter M-5, ·special Protective Cootings - Waste 
Metal Becover,- Plant, 6:..28-·,0. · · 

(5) . BW-3791 

(6) aw-4311 

(7) RW-4608 

. (8) RW-1047' 

(9) BH' 2874 

(10) m"2890 

(ll) BPJ' 2961 

(12) :BPJ' 3021 

(13) BPF 3023 

(14) BP!' 3102 

,1,) BPB' 3103 

(16) Bl'.F . 3103 

(17) BPI 3103 

(18) BPI' 3106 

(19) :SPF 3120 

(20) :BP!' 317'0 

·.,,:.,-

Deeign. D1vi1ion Standard $pec1t1ontion•S~ace Roughness 
Bev. 2. G. 11. Rill. 4-13-49. 

Ge!leral. Specit1cation ·:OZ':'. * 'terial' Procurement ·end Shop 
?obrication of: Cl.£Lse r, · II, a?Jd· Itt Vessels . -~ Job 15. 
The Xellex Corporotion. 10-25-50. 

General SpecUt~ons for Material Procurement and 
Erection otOutside Stonge Tonks · -- Job 1,~ The l'ellex 
Corporation. U-28-50 • 

B.E.W •. Teclmical lbnual, Section C. Ai.,.thor not stated. ,-1-44. Ceutrituge·i Pp. 515-518; GoJJS Valves Pp. 24.5, 
249, 2'0; Samplers Pp-.. 526-;.31. 

Calcining Pots. 

Slurry Accw:iulotor and 241-WR Diversion Vault Tonks. 

Conoentrate Receiver Tonks. 

UllH Storage Tonka • 

Organic Treatment Tank. 

7-l/2 :Hp. Agitators. 

Evaporators •. 

Concentrate Cooler Tanks. 

Bubblo•Cop Columns. 

Product Concentrator rractionctors. 

OrgQnio Treatment Sct1pler Tank. 

~P Store.get Tank 
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RE.l':ERE.NCES {continued) 

(21) BPF 3190 Condensers. 

(22) BPF 3191 BN03 Absorber, 

(23) BP.F 3272 25 and 40-Hp. Agitators . 

(24) BPF 71238 Centrifuges. 

(25) BPF 73550 Underground Storage Tanks. 
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Figure ~-3 

RA COLUMN AND PULSE GENERATOR 
-SCHEMATIC LAYOUT 
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Figure XV-4 

PULSE GENERATOR 

HW-19140 

NOTE : Lubrication And Electrlcol CoMeclon, And Waste Greoae And Oil Overflow 
Linea And Receiver Are On Th1 Motion Box Cose And Are Not Shown. 

Motion 8011 

/ .l .~ '- ~ ,_- , 
--··•. 

Pi1ton Stroll•: 2 11ft. fFixedl 
Pltbt Oilplocement : 402 Cu. In. 
Frequtflc:, : 2e To 90 C:,CIH/Mln. (Voriobte) 

' -

Push Rod 

Guide Rods 

DECLASSIFIED 

: .... 
0 



92 f 23!11iOY74 

TACHOMETER 

SPEED CONTROL 

Figure Xll-5 
PULSE GENERATOR 

ELECTRICAL SYSTEM 
PANEL BOARD --1~-----------------------r----t----if----L-- } 4 40 V, 3 PHASE, 

STOP-START 
CONTROL 

STARTING BOX 

TYPE ACA 

'-440/28 V 
TRANSFORMER 

440/122 V., 60/16.6 CYCLE 
3 PHASE CURRENT 

~ OTE · ALL MAJOR fLfCtRI CAL EOUi P\!ENT 
IS MANUFACTURED BY GENERAL 
ELECTRIC CO . 

TYPE 8·254 
3 KW, I25V. 
DC GENERAToR 

TYPE AT I 

9.0/2 .75 KVA 
18001497 RPM 
ALTERNATOR 

. . ... . 
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. · · . . 0 ·.· :: . ~ .. , 

: <) .-.-.' 

,,.'...::' C:.::O;..:Lc:::D_" -!:Z:.:.:O:.:.:N:..:::E:....-__J -_-;, ~ ·:_. : 

{\~b~J::;,,:; {(\' 
11
HOT
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INDUCT ION MOTOR 

15 HP, 1800/497 RPM 
INDUCTION MOTOR 
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PART III: PIANT AND EQtJllMENT, continued 

CI!AP.rER XVI. C11':HER P.ROCESS EQUI™ENT 

CONTENTS 

A. GENERAL DESIGN F.EATURES . OF P.ROCESS EQtJllMENT ••• , •••••• • ••• •·• l6o3 

B. 

c. 

D. 

1. Introduction •••••• , •• , • ••••••• , ••• , ••••••••••• , ••• , ••••• 
2. Claes I Vesse~~ ••••••• • • • ••• , ••••• .••••••••••••• , • , •••••• 

2.l Materials of construction •••••••••••••••••••••••••• 
2 .2 Heads ••••••••••• , ••••••• , ••••• • • • • • • • , • • • • • • • • • • •· • • 
2 .3 Shells •••••••••••••••.•• , •••• • ..................... .. 
2~4 Tenk coils and jackets., ••••••••••••••••••••••••••• 
2.5 Rez:iote mintetlllnce and handling features ••••••••••• 

3. Cl.nss. II and Class III Vessels• •• , •••••••••••••••••••••• 

TA!lKS • • • • • • • • • • • • • • • • • • • • • • • •,, • • •. • • • • • • • • • • • ••••• • • • •• • • • • • 

l. 

2. 

"Hot" 
1,1 
1.2 

Tanks ••••••••••• , 9! • , •• ~ •••• , •••••••••••• , ••••••••• 
Underground· 'W'uete Storoge Tonks •••••••••••••••••••• 
2-44 Process Tank Vault a~ 241-WR Diversion 
Vault Tanks ••••••••••••••••••• , •••••••••••••••••••• 

1.3 221-U 
1.31 
1.32 

Building cen~.rol\ vessels •••••••••••••••••••••• 
Vertical cylindricel tonks •••••••••••••••.•••• 
Owl -tonks ••••••• •••• •• •••••• •••••••••••••••• 

1.33 Deep Cell Sw:ip Tank,TK-5-6 ••••••••••••••••••• 
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CHAPrER XVI • . CYI'HEB ffiOCESS EQUllMENT 

A. G'ENE8A.L DESIGN FEATURES CF ffiOCESS EQUIFMENT 

1. Introdu~t1on(2) 

In the design of the process equipnent for the Uranium Recovery 
Pl.ant several factors in addition to the :tult1llment of tbe ·specif'ic 
process requirements had to be considered. These factors included: 
(a) the restrictions {1.e., size, shape, end ttllZDber) imposed by the 
use ot &"ftlil.able buildings existing at the -time of design ( the stand
b:y Bismuth Phospbete Plant Buildings 221-U and 224-U); (b) tbe neces
sary design features to allow for remote handling and maintenance ot 
a.ll "bot" equipnent(.(Le·.,- eguipnen.t used for highly radioeetive solu
tions);. ( c) tbe. standardization: of equipnent to allow tor 1iiterchange
ab111 ty; and (d) .the modifications- required to permit the UQe of spere 
Bismuth Phosphate Plant vessels that were on band • 

. , 

On th& basis of process and remote maintenance requirements, vessels 
have been claesi:f'ied as follows: 

Cle as I -- all "hoti~, stainless steel vessels designed tor remote 
maintenance and. band.I'i:ng; 

Class Ir -- all stainless s~eel vessels designed f< r contact main
tenance and used ~or "cold" or low-level radioactive so1utious; and 

Clasa III --"cold" vessels made of carbon steel. Vessels con
strue.tad of material other than carbon steel or stainless steel are 

· included 1n Class III-Special • 

. The vessels in the 241. Tank Farms, 244 Process Tank Vaults, and the 
241-WR Diversion Vault are not included in any of the above classitica
tions. 

2. Class I . Vessels ,. 

2.1 Materials of construction (l) 

Class I vessel.a are of al.1.-velded coIUS.truction fabricated. from either
Type 347 or 304 E.L.C. (extra low carbon) stainless steels except. for the 
tubes in CC?ncentrators. These tubes are Type 309S Cb stainless steel. 

•. 

·. , ~. 

2.2· !!!2·. :j}~ 
· Except. tor- condensers, bO't;h ·bottan and top heads of Class I vessels :··. · 

are the flanged, :flat . (not dished) type with a rounded inside· corner .. ~:,-; 
between· the head end the shell. · Bottan beecu, . of new vessels are level, - ·:--f·.' 
but the old bismuth phosphate process tanks adapted for use in the . rI~i 
Uranium. ~ecove:ey ~ut. h:av& a bottom-head sl.ope toward oue edge ot the :-.. '); 
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2.3 Shella 

Tank. shells are normally designed for an internal pressure range of 
-0.5 to+ 5 lb./sq.in. gaug~ at a temperature of 250°F. However, the 
range of design pressures and temperatures for concentration eguipnent . 
(evaporators, deentra1maent columns, condensers, and coolers) 1a greater. 
In general, design pressures are l•l/2 to 2-1/2 times the estimated work
ing pressure. 

2.4 Tank coils and jackets 

Tank coil.a are designed tor use . With 100-lb,/sq.in. gauge steam s t 
3370,. Fabrication is with as few welds as possible, and the coils are 
stress-relieved prior to installation in the te.nk . In general, coil 
nozzlea are a part ot the tpp bead nozzle pattern and are welded to this 
bead. Tank Jackets are _designed fore _ working Feasure of 40 lb./sq.1n 
gauge at 250°1. Jacket nozzles are attached to the top heed and upper 
shell but are not a part of. the . top- bead nozzle pettern. 

2.5 , Remotemaintemnce and bandl:i.ng features 

To fulfill remote maintenance and band.ling requirements, (see Chapter 
XVIII for discussion of procedures end ~scripticn of equipnent) vessel 
design features include tbe follortng: 

Connectors: All lines, including instrument, lubrication, and 
electrical lines are .connected· to vessels ond associated equi:pnent by 
means of remotely opernted connectors. Tank nozzles providing access to 
the vessel interior are located on the top heed, genernlly near the per1pb
ur'7, 1n a J:1Qttern approximating the head shape. On vessels ot~r than 
tenks,connectcrs are located vberever suitable to fulfill precess and re
mote mintenance requirements. Mounting braces· and kickplates ere provided 
where the ves-sel body or head does net serve these functions ot supporting 
the nozzle and loosening the jumper. 

Matipg equi:pnent: Mating equipnent pieces ore generally secured to 
their respective vessels by means of "captive" studs and remotely l!lflnip
ulated "free" uuts. When the equipnent is removed, the gasket bet,reen 
the flnnges is ret£lined by the piece which is removed first. On engage
ment of mting pieces, correct aligmnent is assured by means ot two doWel 
pins and compinion holes in the mating flanges. 

Lifting bails and trunnions: All vessels and removable auxiliaries 
are provided vi th lilting be ils or trunnions, which perm! t remote b.cndling 
by means of standard hocks or yokes. Structurally-, these boils er trun
nions ore strong enough to lift the empty vessel and all auxiliary equip
ment _and are so located that the vessel will balance vhen lifted.with the 
equ.ipnent removed. 

Dimensional toleronces: Close tolerances are mnintoined on vessel 
support and nozzle location dimensions, thus allowing the major portion 
of the over-all cell tolerance tor dimensional vnriotion in the cell 
jumpers. Except fer vessels in the concentrnticn cells, gasket faces tor 
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----- ----:;--- - ·- · ··· · - - • - • •• .,_ ~ ...;..... ·_ . - , . :-· .... _ .. ·,.;,:. ·· 7 ·• - •:.. .. ' · • •• ·,. •,:,,- - - .-_ .. ~- : ..... • :-·. :·' 
· · ··,;.-·· • -- ,, 

O")' 
r·, 
:::r
c::l 
=:ircn 
CY}· 
~ -( 'J 
en 

DECLASSIRED 
connectors and ouxillary eguipnent mounting flanges have a tolerance of 

t 1/64 in. :f.'rom a datum plane (usually the plane of a vessel support 
ped) • The tol.erance on connector nozzle and nange center lines is 

t 1/16 in. On concentrator cell equipnent, the toleronce on both the 
nozzle gasket face and the center lines is t 1/32 in., this tolerence 
being increased to t l/8 in. -where thermal exponsion· of the vessel imy 
have a significant effect. 

Vessel posi t1on1Dg; Vessels ore horizontolly positioned by means 
of V-block guides attached to the cell floor and positioning ams -which 
Eire bolted to lugs on the vessel shell. Vertical positioning is · · 
cgcomplished by the addition of shims and floor plates att&cbed to the 
vessel support pads. In-a concentration cell, the evaporator, deentrain
ment column, and condenser are mounted on a steel framework, end the 
framework is positioned in the cell by means of the guides end lugs 
mentioned above. 

Draining and flushing: All vessels can be completely droined or 
emptied and flushed. Generclly, there are no internal or external ligu1d
retention pockets. 

Finishes:(4)(5)( 6 ) The vessel interiors hove a stondord No. l mill 
finish, substantially unmorred by b.ammer morks or veld spotter. All 
velds ore ground smooth, end welds securing studs and dowels to equip
ment mounting f'latiges are flush with the porent metal. St!linless steel 
surtaces are cleaned, pickled, and pissivnted after fabrication of the 
vessel. Non-stainless steel perts ore coated with a chemical-resistant 
paint, Amercoat No. 23 to 55. 

3. Class II end Closs III Vessels 

Class ,II end Clasp III vessels differ in thot the former are made of 
stainless steel and the latter of .carbon steel. Vessels made to Class II 
or III specifications of moterials other than carbon steel or stoinless 
steel ore designated OS · Cl.Iles III-Special. All Cl.Das II ond Closs III 
( including Closs III-Spe c1Dl) vessels ere of all-welded construction and 
ore designed according to normal chemiccl pl.Dnt practice. 

Vessel bottom and top heeds , ItllY be any of the following three types 
of construction; (o) fl.llnged end flot (not dished); (b) flanged ond 
dished; or ( c) conicolly sh.oped ( tops only) • The flct botta;.s on some of 
the old bismuth phosphate process vessels odnpted for use in the Urani1Jl!1 
Recovery Plant are sloped towcrd. one edge. Nozzles mey be located in 
any part of the shell or head. 

Non-stoinless steel COI:lponcnts are PQinted. with AJ:lercoct No. 33 or 
55 • Mineral -wool or fiber gloss insulation ond ,reother•proof coo ting is 
provided -wherever necesaery to maintain the chemicals in o fluid condition 
in cold weother. 

· DECLASSIFIED .. 
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Tanks used in the O'rcnium Recovery Plont miiy be divided into t,,o 
groups: (a) "hot" tonks, designed . for remote maintenance and b.ondling; 
and (b) "cold'' tanks, used for "cold" or lov-ntdioactivity-level solutions 
and designed for contact mo1ntemince. "Rot" tanks include the Underground 
Woete Storage Tanks ( 241 Buildings), some vessels in the 244 Process. Tonk 
.Ve.ult end 241-lm Diversion vault Bu1ld1.nga, and Closs I vessels in the 
Tm> Plant (221-U Builclingconyon cells. 11 Cold" tanks includo vessels in 
the "cold" process solution moke-up facilities, the 221-U Buil.diDg operat
ing geller,y, 003 Plant (224-U Building), ond some vessels in tbe 244 
Process TQnk Vault and 241-WR Diversion Vault Buildings. The general 
principles ot design far these vessels are summorize::d in Section A. A 
tabul.ation of the salient design features of the Uninium Recover,y Plont 

c:::> tan.ks is presented in Table xvt-1. 
t;O 

2:i l. "Rot" Tllnks 
::r.-
~ 1.1 Undergr0Wld Waste Ste.rage tanks(25) 
C"-..J -('.J l .ll General 
~ 

Underground storage tanks are located in the 241-B, BX, BY, C, T, 
TX, TY (under construction at time ot writing), and U Tflnk Forms in the 
200-Eost and 200-West Areas. These tanks contain the bismuth pbospbl:tte 
process urani\D!l wstes, which constitute the rodiooctive .f'eed to the 
UnniumRecover,y Pltlnt and also serve as storage vessels tor "bot" wste 
from. the TBP Pltlnt. (Reference is made to Gbopters II, XII, and nv for 
process details.) There is a totel ot 108 underground storage vessels in 
the above tonk farms: (o) sixty 75-1t .-diameter tonks vith a cap0eity of 
530,000 gallons each; (b) thirty-six 75-tt.-diameter, 750,000-sallon 
tan.ks; and (c) twelve 20-tt.-diameter, 55~000-gollon tonks. Those frCG 
which uro.nium is to be recovered include twenty-seven type (a), :f'i:tteen 
type (b), and four type ( ( c). (See CbDpter II tor a complete 11st ot 
tanks f'rom which uronium is to be removed.) The tanks are all ot the 
vertical cyliDder type, made of concrete vith o carbon steel liner. 

1.12 TyJ)icel vessel 

A section-elevation drawing of' o typical underground storage tonk, 
1tl0luding the uraniuci removal equipnent, is presented in Figure XVI-1. 
This is one of the 7,0,000-gollon tonks located in the 241-TX and BY 
Buildings. 

The carbon steel liner forms a 75-ft.-dianeter storage bowl, 24 ft. 
deep at the ede;e and 25 ft. deep· ot the low point in the center. The 
rounded cornor between the bottoo and the well has a 4-tt. insi~ radius. 
The tanks are arranged in ooscodes ot three, four, or six vessels. The 
first tonk 1s provided with four 4-in. inlet pipes for receiving solution 
tram o diversion box. A 4-in. overflow pipe is provided, feeding into the 
succeeding tanks through a 421n. nozzle and allowing the cexirnm liquid 
level to be 2 ft. below the top of the steel liner. In1et pipes are not 
veldod to the vessel shell, but ore fitted in.to o sleeve to allow for 
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the:rmal exp:lnsion ond contraction. 

The top hend . (dooe) is provided Yi.th thirteen risers extending 
to grade level •. These include five 42-in,, three 12-in. , end five 4-in. 
-dimneter risers. As shovn in Figure XVI-1, SOJlle of these risers are 
used for uranium removal aquip:ient end are enclosed by concrete pits. 
In so doing, two of the 12-in. risers are blocked oft by the pit •side 
wll~. The sluicing nozzles, recirculating lines, and sl.urry pumJ? are 
installed on 42-in. risers • . In the putip pit, the heel jet is installed 
on o 12-in. riser, and the pit drain enters tbs vessel through. a 4-in. 
riser. Remote1y' operated connectors located on the pit wall and on the 
urDn1UC1 removal equip:ient fncilitote attachment of process piping. 
Remote mn±ntemnce nnd handling of equii:cent is occonplished by use of 
a gnntry crone (described in Clxlpter XVIII}. 

l.2 244 Process Tank Vault and 241-WR Diversion Voult Tonks(lO) 

Buildings 244-TXR and UR each contain three "hot" tonks: e Slurry 
Accuz::n.wltor and two Blend Tanks. However, the 244-BXB and CR Buildings 
contain. four "hot" tonks, the extro tonk being the Process Pump Tonk. 
The 241-WR Diversion vault Buil.ding contains five "hot" tanks: two 
Feed Receivers, TK-WR-003 and TK-WR-005; two Feed Scmplere, TK-WR-002 
end TK-WR-004; and a Wcste f\.ulp Trink, TK-WR-001. 

The Slurry AccUC1ulators are constructed of carbon steel and all 
other tonks in the voults are fabricated of stainless steel. All tonks 
are vertical, cylindrical to.nks vi.th dished heads. Sp:ruy rings_ are 
provided around all eguipnent nozzles far cleaning the egui:r;:ment os it 
is wi thdrD'Wil. frOJ:i the tonk. 

1.21 Slurry AccUDul.0tor TK-UR-001 

The Slurry Accumt.iµltor is a carbon steel, 20-ft. O.D. by 19-ft. 
2-in. tonk, having a cap:icity of 50,000 gol. Construction details n_re 
shovn in Figure XVI-2. Three large equip.Jent nozzles (18 in., 24 in4, 
and 50 in. O.D.) and 10 soeller 1nstr1ll'.lent and process nozzles are 
provided in the top head. Spe $1 :feo tures include spray rings around 
the large equi;aent nozzles Vi.th which the egitotor, puop, or jet ccy 
be rinsed as it is ren.oved. The siuice pucp fits into a "pw:ip boot" .so 
located that 28,000 gol. of solution is required for the puop to take 
suction. Three 1-in. holes in the bottoc of the boot allow it to droin 
whenever the tonk is eoptied. :Four 15-in.-wide bcff'les ore provided in 
the tank to il:lp:rove agitation of the slurry. The tank is supported by 
four legs which rest on stroin gauges. The gouges arc: used to detemine 
the weight of the tank contents. (See Chapter XIX for c discussion of 
the strain gauge • } 

1.22 Other •1hot11 tanks 

The Blend Tanks ~re stninless steel, 14-tt. O.D. by 12-ft. tonks, 
having a caJ;X).city of 15,000 gcllons. Ench is equipped with o.n agitator, 
:pucp, and cooling coils. Tr..e 2-concentric-ring coil (7 turns high) is 
code of 3-l./2 in. O.D. (0.203-in. wll) stainless steel tubing. Ten ..... DECLASSIAED .. 
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instruoent end process nozzles -1re provided in the top head. 

The Process Putlp Tanks ore stainless steel, 50,000-gol. tonks con
structed the saoe oa the Slurey Accunulctor except for the nur:iber at 
nozzles.. These tcnks · are eg.uipped w1 th c puop and 10 nozzles for 
instrw:ient and process lines. The Feed Sori.pler ond Feed Receiver Tanks 
in the 241-WR Diversion. Vault Building ere 50,000-gol., stainless steel 
tanks constructed id.enticol to each other. Except for nozzles and type 
of support, their construction. is the sooe Els the Slurry Accuculator. 
Three equiI,tlSnt nozzles contain an agitator and two puops·, and 9 other 
nozzles supply instrucent and process addition lines. An integral skirt 
bcse provides support tor the tanks. 

The Wnste Punp Tank is identical to the Feed Receiver and Saopler 
Tanks, except tbat it 16 equipped with a si;crger and has three nozzles 
to accODDOdate paps. 

1.3 221-U Buildipg canyon vessels . 

The 'l'BP-Plant ''hot" to.nks,· located in the 221-U Building canyon 
cells, are Class I veseeal des1.gned in accordcnce with the genenil 
specifications s'\.Ummrized in Section · A. Exce:pt for the Deep Cell Sump 
Tenk (Subsection Bl.33), these tanks are either of the vertical cylinder 
type, or of the vertical"owl" type. The "ovol" tenks have :parallel 
pl.cue sides and semi-cylindrical ends. 

1.31 Vertical cylindricnl tonks(ll) 

The Concentrated Feed Receiver, TK-6-7, is a typical vertical 
cylindrical tank, a drawing of which is presented in Figure XVI-3. 
Thie vessel is 8 ft. in diameter by 14 ft. high (not including top
head projections) with a working volume of 4500 gal. Tho flat, flanged 
top heed is provided with sixteen 3-in·. connector nozzles and separate 
flcnges tor mounting n pump oud an ag1totor. The bead is reintorced 
internally by four redial stiffening ribs. The coil is mode of 2-1n. 
pipe and is approxiztely 68 ft. long. It is supported at four points 
by cross members on vertical columns which are welded to the bottom 
head. The four vesael supports ere mode of 8-in. pipe, welded to the 
bottom head. Tbe slope of the plane of support conforms to the coll 
floor slope, so that the vessel is level. 

Other 8-f't. by 14-tt. tonks are identiccl in d~sign except tbot 
they are provided with a jacket in place of o coil. The jacket is mode 
of 3/16.-in. plate and encloses the entire shell (5/8 in. thick) except 
tor 12 in. at the bottom and the top. Between the jacket and shell, five 

· c1rcumf'orential botfles are provided, SiX!ced 2 ft. opcrt, welded to t he 
shell only. Each bc.ffle hes o 15° opening ct 180° orientation from open
ings in adjacent baffles. Near the top, the jcckct is vented to its out
let line through a l/8-in. pipe. Jcckct inlet end outlet nozzles ore 2 in. 
end 3 in. in d.icm.eter, respectively. 

Other vertical cylindrical tonks include sizes rcnging from 13.50 to 
4500 gallons working volume. These vessels ore similar in design to the 
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8-tt. by J.4-ft. tanks described above with the fellowing chief exceptions. 

(a) 

(b) 

A single mounting flange is provided for the pump and agitator 
assembly on the 5-1/2 -ft. and 7-tt.-diameter tanks. 

The number of proceaB nozzles is reduced to 9 end 10 tor 5-l/2 
ft.-d.1.ameter tanlls, and ll and·12 for 7-ft. tank. 

(c) The Centrif'uge Catch Tanks, TK-14-2 and TK-14-7, and tbe Aqueous 
and Organic Sump Holdup-Tanks, TK-5-1 and TK-5-2, are ~ii'ied 
Bismuth .Phosphste · l'lant vessels which have tbs bottom heads 
sloped 3/8 in-. per diametrical foot, conforming to the cell 
floor slope. Other design :teatur.es of these modified vessels 

. ,include interior vertical beffle plates attached to the vessel 
sbell, a short ja~ket (enclos.ing approximately the lower half 
ot the shell) on. Tt.;14-:-:2 etn.d · TK-14-7, and a special type of 
connector on TK-14-2 and TK-14-7 for the inlet line from the 
centrifuge. 

l.32 Oval tenks(l6) 

ot the oval tanks.the type most extensively used is 10 f't. wide by 
16 ft. long by 14 :f't. high (not including top head projections). with a 
working volume of 12,000 gal. A m-ewing of this type of vessel is present
ed in Figure XVI-4. The f'lat, flanged bottom head is reinforced by the 
vessel supl)l.,:-ts extending the entire width of the head. The siope the 
plane of sup1ort contorms to the cell f'loor slope, so that the vessel will 
be level. The shell and the top bead are reinforced by internal stiff
eners. The top head is provided with sixteen 3-in. connector nozzles and 
etx flanges for mounting two agitators and four pumps. The coil is-- made 
of 2-in. pipe and is approximately 245 ft. in length. 

A second type of owl tenk, the Waste Neutralizer, TK-11-6, is the 
same in over-all size and shape as the oval tank discussed above. How
ever, because of its unique process function, the following features-are 
included in its design: 

(a) 

(b) 

(o) 

! ~~ -~ 

Si.X of the nineteen connector nozzles discharge into a 6-in. 
pipe nenifold located inside the tank approximately 12 in. 
belov the top head. These nozzles are for acid waste and 
caustic addition. The manifold dischllrges into the intimate 
mixing zone of an agitator located near one end of the tank. 

The intimate mixing zone of the agitator referred to in (a} 
is surrounded by a double-row coil, fabricated :from 2-in. pipe, 
approximately 470 ft. long. Coils are 36 in. and 45.1/2 in. 
in diameter. 

Three interior baffle plates } 10-1/2 ft. high by 7-1/2 ft. wide 
are provided to preclude "short-circuiting" of liquid from the 
inlet end of the tank to the discl'wrge pumps. These baffles, 
spaced _21 in. ai:ert, are welded to the bottom head on the 7·1/2 
t't. edge and to the vessel -well on the 10-1/2 ft. edge. Alter
nate baff'.les are attached to opposite wells of the tank. 

. .. \ . '• 
· :1 ;\ :; ii 
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(d) Four mounting flanges for one -agitator ·and three pumps are 
loeated. near the end or the tank opposite the agitator re
ferred to in (a). 

The Feed and Waste Coolers, E-6-2, E-7-2, E-8-2, E-9-2, and E-10-2 
are oval tanks of a third type. These coolers are 3-l/4 :tt. wide by 7 i't. 
long by 4 ft • . high vi th a working volume of 4.50 gallou • Flat sections of 
the shell are 1/2 in. thick, end curved sections are 1/4 in. thick. The 
top and bottom heads are flat and flanged, the bottom being 3/8 in. thick 
and. the top l/2 in. thick. The top heed 1s provided with seven 3-in. 
connector nozzles and a single mounting flange tor the pump end agitat or 
assembly. A double-row coil is provided, .fabricated from 2-in. pipe, 
approximotely 390 tt. long. The coil is supported et six points by cross 

.members on columns welded to the bottom head. Coil ends pass through the 
shell, rather than through the top bead of ·the vessel, and inlet and dis
cberge nozzles ere· located outside o:t the head nozzle :patterns. The 
vessel is supported ot six. points by 6-in. pipe stubs welded to the 
'bottom head. 

1.33 Deep Cell Sump Tank, TK-5-6 

The Deep Cell Sump Tank, TX-.5-6, is a rectnngulflr open-top ~nk, ll 
ft. vide by 18 tt. long by 7 :t't. high with a working volume of 10,000 gal
lons • . It .is box-like in cotu!Jtruction, fabricated from 3/8-in.-thick plate 
with extensive interml reintorcing. 

2 • "Cold'1 Tanks 

2.l General 

"Cold" tan.ks are generally designed in accordance with the spec1f1-
C6tions for Class II; _III, and III-Special vessels given in Section A. 
The verticol-eylindor-type tank 1s used most extensively, with a height
to-diameter ratio varying from l to 2. The chief exceptions in this re
spect are the 9-ft.-diameter by 36-ft.-long horizontal storage tan.ks. 
Common design fectures for "cold" tanks include bottom outlets, side- . 
entering coils, overflows, top-he6d vents, and manwys. In addition, 
stilling chtlmbers for weight-factor and density dip tubes are attoched 
to the shells on agitated ton.ks. Flat, dished, or conical heads nre 
used. The conical sbcl.pe is employed for top head1;1 only, and these are 
externnll.y- reinforced. Vessels th.flt wore on hllnd :prior to plant design 
Qre used extensively. Some of these have sloping bottom heads and arE"J 
fitted with remote-maintenonce-tYl'e connectors, modified to permit direct 
mainte'DQnce. 

2.2 Organic Treo:tment Tenk TK-386( 13)( 19)(20) 

The Organic Treatment Tcnk, TK-386, located in the ~76-U Tnnk Farm, 
is a tyl)iccl Cl.Ilse II process vessel (see Figure XVI-5), This stainless 
steel vossel hos a 14-ft.-diometer by 14-ft.-high shell with 12-ft.
radius dished heads. The 3-in. overflow is located approximDtely one 
foot below the shell top, allowing on overf'low· volume of 16,6cc gallons. 
The over-all height of the vessel, including the mounting skirt, is 
21 feet. 
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PART III: PIANT AND ~UIPMB:NT, continued 

CHAPl'ER XVII • MATERIAL TRANSFER AND HANDLING 

CONTE?frS 

A, 

B. 

c. 

D. 

E. 

''Hor" SU1DGE FtMPS ........................................... 
1. 
2. 
3. 

Introduction . · ............................................ . 
Basis of Selection and Design ...................... 
Description ............................................... 

"Hor" BOOSTER PUMPS . ........................................ . 
l. Introduction ......... •·• .................................. . 
2. Basis of Selection . ..................................... . 
3. Description ..........•................................... . 
4. Performance .............................................. 

''liar" LIQUID .AND SllJRRY Ptl-0?S . .............................. . 
l. 
2. 
3, 

4. 
5. 

Introduction • e • • • t • a •• t •• I t • • t t t e • • t • t e e • t • • a • • t a • t • a e 4 t • 

Basia of" Selection and Design . .......................... . 
Deep-Wel.:: . T\II'bine Plllnp ••••••••••..•.•...•••.•.•••••••••.•. 
3.l Theory of operation ................................. 
3.2 Effect of process variables on P\J!l1ll charecteristics •• ...................................... Process Requirement 
Description of Production Units . ........................ . 

"corn" SERVICE POMPS . ....................................... . 
1. 
2. 
3. 
4. 
5. 

Introduction ............................................. 
Basis of Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Standard Horizontal Centrif'ugel Pumps ..... 
Self-Priming Centrtl'ugal Pum];,s ••••••••••••••••••••• 
Deep-Well Turbine Pump ............................. 

JETS . ........................................................ . 
l. 
2. 
3. 
4. 
5. 

Introduction ............................................. 
Heel Jets ..•............... . .................. . 
Sludge Jets ........................... ~ 
Vacuum Jets . . . . . . . . . . . . • • • • t • • • • • • e • • • • • • • t • • • • I • 

Process Jets •••••.••...•..••• . ..................... . 

1703 

1703 
1703 
1703 

17oS 

17o5 
17oS 
170.S 
1707 

17(1'{ 

1707 
l7o8 
17o8 
17o8 
1709 
1709 
1709 

1713 

171.3 
1713 
1713 
1714 
1715 

1716 

1716 
1716 
1717 
1717 
1718 

-~ .. .. ,." ... .. _ .... . OECLASSIRED .. 



"-J ·m 
. Ln 
: CJ. 

.:::r--
~ m 
~ -it'-..! 
er., 

·~ 

.. . 

· DECtASstFIED li(YZ oectt.,;rlED ..., 
CON!'ENrS ~ 

F. U03 P~ TRANSFER AND HANDLING l718 

l. Introd11ction . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . 1718 
2 • Ve cuum U03 Transfer System • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • l. 718 
3. Ha1111119r-Mill . • • • . • . . • • . • . . . • • • . • . • . • . • • • • . • . . • . • . • • . . • . • • • • • l 720 
4. Packaging Sya'tem • .. . . .. • . . .. . . . . . • • . . . . . • . . . . . . . . . . . . . . . . . . . . l ?21 
5. Vacuum Cleaning System • • • • • • • • • •. • • • • • • • • • • • • • • • • • • • • •. • • • • • • 1722 

~c:ES . •. . . . . . • . •. . . . • . . . . •. . . . •.. . •. • .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1723 

OECUSS\REl 
·, i ·11 :,~ :..-( .. ~.-: 

-· ...... , .. ....... 



I · •· "'7)· , 

m 
m 
in 
c:::J[ 
:::r-
en-
O":i 
~ -('.J 
er. 

·.: ,.,,~ ~'. '·":.-... t '?*tf:"'?• 2QO§@$ . ;: .• :· +. •.· , UQ2) t'f 

::r ... ' .. .... -~ 

1703 
·_ n~~i A~~FIED 
MATERIAL ~~lmG 

. -l!W~liW> -
. -~~-

l. Introduction 

Sludge pumps are used to remove supernete and a homogenized. slurry 
Of sludge and supermte :from the underground. waste storage tanlal i n the 
tank tarms- tor further proceasillg in the Uranium Recovery PlJSnt. 

2. Beais of Selection and Design 

The slud88 pump -wes designed to meet the tollcming requirements end 
limitations: 

(a) 

(b) 

(c) 

!Iead<-ca;i:ecity cheracterist1cs: A ce.pacit;y of 600 gal./min. 
is rag-uired e.t a heed of 126 tt • ~ pumped fluid. 

Internal P'S cleerences: The sludge pump bandles e slurry 
which contains 10 to 15~; by volume of 2oo~u1eah solids. Critical 
cleernnces which might be affected by erosion or abrasion and 
thus affect the pump capacity are undesirable. 

Isalmge: No leakage at the radiOBcti-ve sl'-'.rry is permissible, 
ezcept contained leakage which is com;,letely drained beck to 
the tank. 

(d) Mobility: Boceuse of the poor suction 11:rt cherecteristics of 
pumps which f'ultill the requirements listed above, vertical 
movement of the pump is required to compensate for the rise 
and tall of liquid level 1n the underground tanks • 

(e) Longth of service: It 1s expected that the pump will be in 
inta1~ttent service for a period or four to s1X months. 

A centr1f'ue&l pump of the t111ne-dewe.tering type -was chosen to meet 
the above roguirementa. This type of pl.Ill~ is e vertical, single-stage, 
centri:!Ut;Bl -pump, close-couplod to a driving motor. The motor-pump 
assembly is mounted on a pulley block and is reisod and lowered into the 
tank by means at a cable whfch pessea eround tho pulley and lThich is wound 
on e winch operated from ground level through e worm geer. 

3. Description 

A sketch of the sluc· ge pump is presented es Figure XVII-1. The 
severel component parts of the pump ere briefly described below. 

The pump, mnuf'ectured by the Nagle Pump Compeny, is 16 in. in 
diameter and hes a fully shrouded impeller, screwed to the lower end at 
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a verticeil shaft. Slurr,y enters the pump t'rom the bottom through a 6-in., 
anal, verticl!ll suction noz::le, passes through the impeller, and leaves 
the pump Cl!ISing tbro~ a · 5-in. vertical discbl!lrge line. Tbe suction 
nozzle is covered by 1/4-in. wire mesh made of steel wire, welded in place. 
The pump and impeller are made ot tll8118'1IIS&e steel. The external surf'acea 
01' the aasembled pump are painted with gray Amarcoat No. 23. A croBS
sect101lBl assembly o't the -pump is shown in Figure XVII-l. 

The pump is -deaipd. to dewlop a head 01'. 1.26, f't. at f'lu14 when pump-
1.Dg 500 gal./min .. at slurry. Figure XVII-2 shows the heed and horsepower 

_ ot the pump at "98rious capacities. 

3 .2 ~ft and bearings 

The vertical shaft drives, supports, and locates the rigidl:;r mounted 
impeller. Two bell bearings guide and, support the shaft. A mecbenical 
seal protects the lower bearing from liquid spray- and· splash in the tank. 

The nominal 4-in. diameter shef't is .S ft. loDg end is guided by 
sealed-tor-life ba·ll bearings", one at eech. end of a 12-in. d18meter bear
ing support tube. No 'beerillga ere loceted within the pump casing. The 
impeller is mounted on the manganese steel shaft three feet below the lower 
beerillg. An unlubriceted standard Dure seal with No. l carbon and Btellite 
seal faces is mounted just below the lower beering -for protection from 
_splashes occurring during pump operation. 

The standard steel. bell bearings ere not corrosion resist.ant and must 
not . be submerged in the pumped fluid. A conductance-type liquid level 
detector, located 2 ft. 6 in. above the pump suction port and 12· in. below 
the lower ball bearing, actuates en el.arm when covered ll1th liquid. 

3.3 Discharge line 

The pump discb!!rge line is flexible and extensible 1n order to allow 
vertical movement of the P'JZIIP assembly. 

The discharge piping consists ot a vertical section ot S-in. schedule 
40 steel pipe 28 in. 101)8, two ceet steel Chiksan, ball-bearing, flat-f'ece, 
swivel Joints, which allow rotation in one plane, and two sections of 4-in. 
I .D. rubber hose. The f"lu.id passes upward fran the pmp through the verti
cal steel pipe. A 90'" veld.ad elbow end e 90° Chiksan joint ere connected 
to e rubber hose which extends downward for 13 :ft. 5/8 in. The hose ·then 
makes a U-bend through e 180° Chiksen joint and extends upward for 21 ft. 
3•1/2 in. to the pump mounting f'liDge which is fitted with a 4-in. remote 
connector. 

As the PUl!lll is lowered, the lover U-bend ot the discharge line swings 
to one sfde and the Chiksen joints rotate, thus allowing the pump to be 
lowered to the bottom of the tenk. 

3.4 Motor 

The driving motor is 60-h.p. output (75-h.p. reted input), 44<>-volt, 
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3-phase, 1200-rev./min., vertical flang& mounted, totally enclosed , . fan 
cooled~ and · is equipped with sealed-for-life ball bearings. 

Actual horsepawer-ce:pecity tests with water indicate that the motor 
will be 20 to 3~ · overloaded when a solution having a specific gravity 
of 1.26 is being pumped at 600 gal./m.in. under these conditions the 
motor tll8nufacturer expects the motors to lest approxitllltely one .yea r 
based on an intermittent operating schedule of 12 hours running and l2 
hours idle. The bearings ere -pecked with Dow Corning silicone greese No. 
44,. to resist the heat developed tmder these conditions. 

A 40-ft. flexible power cable , . consisting o-r four conductors of 
number 2 wire, is led to the motor from a spring wmmd Reelite cable reel 
installed on the mol.mting flenge. 

3.5 Moimting 

LO ffi The pump assembly ie s".2Bpended from. a mountin8 flange which supports 
c::l the power cable reel, en instrument cable reel, a reel for the pump sus-
i}:;. pension cable, two electrical remote connectors, end the discharge con-
("r,I nector nozzle. The mounting flange is supplied with a lifting beil. 
N 

The mo1mting flange is positioned on en adapter flange with two 
dovele and · is retained with four free nuts. The adapter flange is welded 
to a 3-ft. diameter casing which extends downwrd from the bottom of e 
pump pit through the tank top and surroi.lllds the pump assembly when the 
mechanism is 1n its uppermost position . The casing is equippe~ vith a 
circumferential water spray tor flushing the assembly prior to Lts removal 
from the tank. 

3.5 Raising end lowering facilities 

A 30-in. d1at:1eter band ·wheel mounted on e pedestal above the pUZ!lp 
pit -cover turns a 3-1/2 in. diameter vertical shaft which teminBtes in 
e vorm at tho pump "ClOunting f'lenge. The worm engages a vorm geer on the 
12- in. diat:1eter cable reel. The reel holds 100 ft. of recte.nguler cross 
section (1/4 by 1-1/2 in.) support cable. The cable extends downwaTd 
through the counting flange, passes around e 15 -7 /8 in. diameter sheeve 
above tho pump, and is connected to a lug on the bottom. of the mounting 
flange. The pucip am motor e~sembly is slung on t'Wo 1- in. diameter support 
roes from a pull.ey block. ~e pucp suction nozzle mel be lowered to the 
botton of the tank by oanipuletion of the hend wheel. 

3.7 Process p~ping end control 

Routing of the pucp diecbarge is ecc0t:1plishod by jumpers in the· pucip 
pit. Approxin:ete flow reto· measurerient may be determined by the use o-r a 

*) Arter instelletion-of t::ie pump assembly, it wes found that severe1 men 
were required to turn the hand vheel which raises end lowers the pucp. 
A horizonta1 l~ve~ attached to the hand wheel was therefore installed 
to aid this operation. 

' ft . ..: ·• ~t .. .. .... ---· . 
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strain gauge which measures the weight of .the Slurry Accumulator to which 
the- sludge pump discharges. The gauge is described in Chapter XIX. 

B. "R<Y!'" B009.I'ER RMPS 

l. Introduction 

On1y one ureniµm removal installation ( described 1n Chapters XllI and 
XIV) has been provided for the T and TX Tank Farms. The illStallAt1on• is 
located at the '1'X laI"111. Booster pumps are required to aid the trenster of 
liguid. through approximately l/2 mile ot pipe connectiDg the two taI'1118. 
One booster pump aids trens:f'er ot slurry from the T cascades to the TX Farm 
Slurry Accumulator (TK-TIR-001). Another pump boosts the pressure ot the 
supernete returned from the Slurry Accumulator to the sluicing nozzles in the 
T Tank Farm. 

2. Basis of Selection · 

The tolloving speci:f'ications served .as a basis for selecting the two 
booster pumps. 

(a) Head-cepaci ty characteristics: The pl.lllpS are required to have 
·tfii same capacity as the sludge pump and the Slurry Accumulator 
pump (sluicing pump) which are boosted. The requirements are 
600 gal./min. at a head. o~ 119 tt. of pumped fluid. 

(b) Internal pump clearances: Small cleeranc~s which might be 
attected by erosion end abrasion and result in changes 1n the 
pump characteristics are undesirable. 

( c) Orientation of suction and discharge nozzles: The TX Tank Farm 
is et a h1gber elevation than the T Farm. In order .for the 
booster pumps to drein completely, the unit which pumps dc,wn-hill 
from the TX Farm to the T Farm should have i ta suction nozzle at 
a higher elevation then the discharge nozzle, and the unit which 
pumps up-hill should have its suction nozzle lover than the dis
charge nozzle • 

(d) Length of service: The :pumps are required to operate l2 hours 
every three days for a period of -two to three months. 

Beceuse of the very short service lite required and since only two 
Pl.]mps are necessary, standard centrifugal pumps were selected tor the re
quired service. Shaft-seal. leakage is coll.acted and returned to the vessel 
from which the lealmge came. 

3. Description 

A horizontal oentr1:f'lJ881 pump end a verticel-shBtt centr11'ugal pump 
were selected tor booster service. A cross-sectional view at both units 
is sh0'm 1n Figure XVII-3. 

-
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The aemi.-shroudod impeller in ee.ch pump is made of cest iron, and is 
keyed to the carbon steel shaft and fastened in plece with a lock nut. 
The cast iron, volute-type ceainga have 5-in. flanged, tangential. discharge 
nozzlea and 6-in. flansed, 8%1&1 suction nozzles. As- shown on Fi gure 
XVII-3, the slurry enters the vortical. pump from tho bottom, while slurry 
leaves the. horizontal pump through the horizontal, tangential discharge 
nozzle et the bottom •. 

3.2 13earings 

The horizontal pump has two grease lubricated, doubl.e-aealad , pillow
block ball bearings, mounted on a cast iron cradle. 

The -.ertical pump hes a greese•lubricated radial-thrust ball bearing 
mounted below the sheft coupling. A vater•lubricated bronze sleeve bear
ing above the impeller guides the lower ond of the sh8ft . Weter is supplied 
to the bearin8 through a 1/4-in. pipe t'rom the aeel water supply system. 

3 .3 Shaft seal 

Both :pumps have stend.erd double Dure Seels, with carbon and s-eelli te 
seal f'eces. T'.ne seels are lubricated with wter supplied from e special 
we.ter seol system, which c<mprises a :P1,J!:ll), tenks, end. regulators arranged 
to supply veter to the seel o't a pressure slightly higher than the dis
cbsrge pressure • 

3.4 Motor and coupli.ng 

The pumps ere driven ·oy 50-h.p., 1600-rev./min., 2·20/44o-volt, 3-
phnso, 60-cycle motors of totally-enclosod, fen-cooled constructi on. 
Motor controis are loceted on tho penal boo.rd 1n the 271 -TXR Building •. 

Tho pump shafts are driven through stand.Ord flGxiblc couplingS. 

4 . Per:f'ormance 

The· epecif'ications require tbDt those pumps booat the head of o 
500-gc.l./min. atream by at loflst ll.9- ft. 

C. ''RCY.r" LIQUID A?ID SII.JRRY POMPS ( 2) ( 3) 

. '.: ·. 

, • . ·: 
:· ·· 

l. Introduction 
. . . ~.:_; 

The majority of the ."hot" pumps for the Uranium Recovery Plant ere 
of one generel design end are of the deep-well t urbine type. These pumps 
ere used throughout the 221-U B~!lding ror pumping of radioactive liquids 
and slurries and 1n all other locetions where "hot" pumps ere r equired, · 
except for the sludge pumps and booster pumps. 

DECLASSIFIED 
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2. Basis of Selection and Desig!l 

The selection of pumpa ·for "hot" liquid end slurry service was besed 
on the following requirements: 

{a). 

{b) 

(c) 

(d) 

(e) 

( 1') 

Heed-caps.city cbarecteristics. P\m1p8 are required to meet a -
vide range .af heed and capacity conditions in the 221-0 Build~, 
the tank: farms:, and the diversion stations. Reads range 1'rGQ 20 
to 393 :rt. at :fluid· and flow rates range from 13 to 600 gel./min. 

Materials of construction: Construction materials must resist 
corrosion. by the process solutions and erosion due to the slurries 
which are pumpad.. 

Lite expecta£ A minimum 111"e expectancy af one year without 
contact mi nee is . desired. 

LealmS;: · No . leelmge of radioactive solution i'ran the pump is 
tolera le. · · 

J'lushi!?§ and draining: The pump must contain no pockets tbet 
are not tlushable from the discbarse line and must be completely 
dre inable through the suction port . 

Stre~: The pump must be strong. enoush to withstand impacts 
and. a 1n8 impoaeG. by the remote handling eguipnent. 

A multi-stage, vertical, deep-wall turbine P\lllP was selected for the 
''hot" liqUid and slurry pumps. 

3. Deep-Well Turbine ~ 

3 .l Theory ot operetion 

The pump fluid enters the suction port af a deep-veil pump uially 
at the bottan end passes directly into the eye of an impeller. The fluid 
is accelerated es 1 t passes between the impeller blades. This eccelere - . 
tion is termed en "impu1se" and is due to the difference in peripheral 
speeds betwean the inner end outer ends of the impeller blsdes • In general, 
the acceleration is proportional to the square of' tho impeller diameter, 
the sheft speeds being eqtml • 

. After leaving the impeller, the :fluid enters e diffuser which con
sists or a set 01' channels leading to the eye of the impeller in tile next 
stage. Since the fluid enters tho pump at the eeme rate as it leaves the 
pump, the increase in velocity heed gained by the fluid tis it passes 
through the impeller is converted to pres sure bae.d 1n tho diffuser. 

The heed developed by a mul.ti-stage pump is approx1metely eguel to 
the head developed in a single ete·ge times the number ot stages. 
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3.2 Effect of process variables on pump characteristics 

The head-cep!'lcity curve ot a pump is not affeotod by diff'erencos in 
density of the fluid pumped, but the· dischergo pressure. end the brake 
horsepower of' a pump et eey flow rete are directly proport10lllll t o the 
density of tho pumped flUid. Viacos1ties up to 25 contipoisee· do not sig
nUioently effect thEJ heed· developed et eey flow rate oa com:pered to the 
hend developed when pumping water. A more detailed discussion of the 
off'ect of density end viscos-ity on pump performance may be found in CbaJ?
ter %VII at the .Rcdox Technical M8nml', HW-18700·. 

4 •. Procoss Requirements 

In Z:!l-U Building, 62 pumps are used· for trensterring "hot" solutions 
end slurries. The 241-WR Diversion Station requires eight "hot" pumps. 
F01.1r pump veul ts in the var1o"Wr--weste storftge tnnlt farms require a tot.cl 
of 17 deep-well turb!De pucips, including two pumps instelled in under
ground 1n .. ,pernote holdup ten.ks (241-TXR-115 and 241-BI'-109). One pump in 
the Slurry Accumulator 1n etich of the pump vaults supplies solution under 
pressure to the sluicing nozzles 1n the waste storage tenks. Informetion 
defining eech "hot" deep-veil turbino pump 1s given 1n Table XVII-1. 

5 • Dea·cr1 ntiou o-r Production Uni ts 

The pumps used :for "hot" liquid ond slurry service in the TBP Plant 
ere vorticcl ehett, t!lUltistage, deep-well turbine pumps made by t he 
Johnston Pump Co., Loe Angelos, COli:t'ornia. A typical -pumr, 1s shown in 
F~uro XVII-4. F.ech pump is suPl)Orted ond fixed on the top of tho vossol 
to be servicod by t:1eans of' e mounting flnnge which rosts on a nozzle 
flange of the vossel. A ve::-tical colucn ortends downward from the mount
ing flange ond. conteins the pump stages os an integral p:irt of the column 
assembly. The colucm longth is determined by the height of the vessel, 
end the number of stE\gos by the desired heed-ooplcity characteristics of 
th.El pump. Solution enters the p,..:cnp axially at tho lower end of t he column 
and IX1Sses verticclly upward, f'rom stage to stage, through tho colUI:IIl. 
Tho r,,umped solution is discharged radi.ally through o side el"t!l at the top 
of the column section just above the mounting flonge. The drive shDft 
extends concentrically through the column and is guided by sleeve bocr1ngs 
lubricated by the pul'!l.ped solution. At eoch stage an i:ipello::: is fixed 
to the shof't. The drive sbeft is rigidly cou:pl.od. to the she.ft of a verti
Cfll electric motor mounted above the ll10unt1ng flongo. The weight of tho 
shaft end thrust devclo:ped during opcrotion ore ebsorbod by the tiotor 
boerings. A throttlo bushing is provided et the point where tho drive 
sbef't emerges fror.i tho column section. The close cleerence bet-we en she.ft 
end bush!.ng restricts the flov of soluti on. IsekDse ~st the throttle 
bushing is returnod to tlle vessel. 

5 • l Pi.lI:lpS 

Tho fully shrouded pump imr..ellers are cast, TY.Po 3o4 steinlose steol, 
except the iI:lpollers for pumps in the Slurry Accumulators, the Supernato · 
Holdup Tanks, and .. the Weste Receiver Tank in the 241-WR Diver81on Statio:i, 
whi ch are cast iron. The itlpallere aro locked to tho shaft with tllpered 

\\.-4ii· ,, ... 
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collets ot Type 3o4 stainless steel. 
stainless steel coll.eta.) 

(The cast iron pumps have Type 4J.S 

: The di:tfuser bowls which separate the impellers of tvo adjacent stages 
are . cast, Type 304 stainless steel or cast iron. The dift'users act as 
cham:lels to guide the discharge of one impeller into the auction or the 
impeller. One bawl iB bolted to the next with. eight studs. with setety 
wire~i;· nute. ~ch bowl section is registered ( tongue and: groove arrangement) 
to ~ure proper aligmlent with the adjacent bowl. All dttfueer bowls in 
any o;ce pump are similar. Bowls rang& in outside die.meter from. 6 to 10 
inches. A wear ring ot Grel¥]..itar No. 41 is shrunk fit into each bovl end 
provides e close running clearance with the outside ot the auction opening 
of the impeller. The wear ril:le restricts intrastage recirculation of 
liquid. Sleeve bearings in each bowl, above and bel:ow the impeller, guide 
the .Shaft end ·restrict interstage recirculetion of liquid. Table XVII-1 
lists the number and size of stages . in each pump. Figure XVII-5 presents 
typical head-capacity curves for pumps of eech size (bowl diam. end no. 
of etagee). 

5 .2 Column end abaft 
('J 
en, A column is used to support the pump stages, to protect the shaft, 

and to carry the discharge stream through the pump to the discharge 
nozzle. · 

A. 3-in. to 6.1n. i .. p.a. flanged pipe, fabricated from 'l'ype 347 stain
less Jteel or mild steel, rues the position at tvo stages at the bottom 
of the p-..tmp from the remainder ot the stages which are tued near the top 
ot the collml. other sections er col~ ot. the samo pipe size are welded 
to. the mountillg flange and suspend the e~tire pump assembly below the 
flange. The horizontal 2 to 6-in. 1.p~s.' discharge nozzle is welded to 
the column above the flange. The lengthS of the two sections of pipe 
column depend on the depth of the vessel. (Phase I and II pumps have 
all stages loceted at the bottom. end ot the column.) 

· The vertical pump shaft runs concentrically. within the column. 
Nominal shaft diameters are 3/4 in. ·to 1-1/?. in., with lengths which 
range f'rom 4 f't. 2 in. to 39 :rt. 4 in. 

Shet't aligcment is essentiel to the operation of any Pl.llllP and assumes 
particular importance 1n an assembly containing a long shaft gt.1.ided by 
several beerings. Extreme caution must be exercised· durillg remote handling 
of the pump to insure that thG column end shaf't are not bent or 11lis
al1gned. 

5 • 3 Beeringe 

Sleeve bearings are usod to guide the shaft. The motor bearings 
absorb thrust loeds and guide the upper end of the abaft. 
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One beering bushing is mounted in the dUf'user bQWl: at each s tage. 

In addition, a large bushillg, cnlled a "toot" bearing, is mounted in the 
_suction bell et the lower end of the shaft.. AdditioDel bearings are 
l:ocated in spiders (bearing retainers which allow solution to flow freely 
around them) et intervals elcmg the shaft, so that~-greetest l ength of 
unsupported sbaf't 1n any Pumt> is 7 ft. lO in. This arrangement provides 
e. sleeve bee.ring · above and below each pump impeller 'and adeqUFltely guides 
the shef't. · 

. . 
Two throttl.e bushings above the uppermost stage :rorm the shaf t sesl. 

end e:re not intended to guide the shaft. The upper .end of the shaft is 
guided by the motor boerings through a rigid coupling. The motor bearings 
also support the sbat't and absorb the u:i.belo.nced hydreul.ic thrust loed of 
the impellers. 

The Slurry Accumu,letor pUCJ.pe 1n the tank farms end the Wnste Receiver 
pumps 1n the 241-WR Diversion Stetion beva cest iron sleeve bcerings. 
Fifteen slurry pumps 1n the 221-U Building have boron carbide and Grephitor 
No. 41 beorings. The boron carbide, which bes demonst~ted a high re
sistance to abrasion in slurry service, is used et ea·lient points along 
the sheft, i.e., the foot beering, the column bee.rings, and the lower 
throttle bushing. · All other doo~-woll turbine pucps lmve Grephitar No. 41 
sleeve beerings throughout. 

The cast iron end Gra:phitar No. 41 bearings are- finished internally 
to 15 microinchos (:.. .'ll.s.) or better, and the boron ce.rbide bearings ere 
:finished to 5 t:licroirches (r.m.s.) or better. The boron carbide bearings 
ere provided with a dian,tricel shef't clearence of' 5 to . 7 oils and the 
Grephittlr No. 41 and cast iron bearings with 9 to lO mils d1aootr1cel 
cloorftnce. 

The boorings are end-lubricated vith process sol.ution. The Grephitar 
bearings hnve four axial lubricant distribution grooves in the bearing 
s~ace. The grooves are aettd-circulLlr in cross · soctton·, 1/8 in . wide. 
The cast iron end boron carbide bearings hnve no lubrication grooves. 

The 111.otor beeriDgs are standard anti-friction bell bearings , mounted 
within grease chambers in the motor. Lubrication is accomplished wi the 
Farval remote lubrication system end e waste greaae-- collection system, 
es described in Chapter XVI of the Bodox Technica·l Manuel, RW-18700. 

Journal bearings require constant lubrication for long life . The 
"hot" pumps must never be run without e flooded suct:!..on ~nlet. Dry opera
tion will quickly score e.nd wear the bee.rings and· shaf't Jotu-nels and ceuse 
rapid failure. 

5.4 She.ft seal 

A shet't senl, consisting of two throttle bushings', is provided at 
the point where the shaft emerges £rom the column at the mounting flange. 
The seai is designed to prevent leeke.ge of radioactive process chemicals 
into the cell and thus prevent the spread of contamination. 
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A abaft sleeve 1s loceted within the column neer the ul)pOr end at the 

shaft. The upper end of the sleeve is velded into the coll.mm below the 
rigid coupling, end. the lover end ot the sleeve is wolded into the stain
less or cast steel discberge cese which is locetod between tho upper st.ege 
and the upper column section. The upper end ot the sleeve and the lower 
end at the dilcbarge cese contain press-titted throttle bushings. The 
bore at the Graphitar No. 2 bushings is relieved with concentric grooves, 
3/16 in. wide, 3/32 1n. deep, and spaced l/4 in. apart. The boron carbide 
end :est iron throttle bushings do not bave relief grooves. 

The discharge case has two diametrically opposite vent or drain holes 
abciw the lower throttle bushing. Solution whiC;h leaks P1St the throttle 
bushing into the shaft sleeve is dre.ined through these holes back to the 
vessel. A slinger ring is mounted on the shaf't near the top at the vent 
holes. The slinger ring acts to deter solution rrom rising up into the 
ebafi sleeve. The upper throttle bushing serves as a labyrinth-type vapor 
seal to contain mists and vapors within the ·vessel. 

5 .5 Coupling a·nd motor 

· Couplil: An adjustable, cast iron, rigid, flanged coupling is used 
to connect e vertical motor shaft to the. pump abaft. The couplins con
sists ot three flanged parts. The upper and lower parts may slide verti
cally on. the two aha:f'ts, but are feathered to the shaft vi th sqmre keys. 
The third f'lans&d pert ilea between the other two and has a lip which 
f'ita into a concentric groove around the lower end ot the motor shaft and 
a threaded hole whicl:i engeges threads cut on the upper end of the pump 
shaft. The distance between shaf't ends may be altered by rotating this 
central flangfld pert 1n relation to the other two parts. The three tlallgEIB 
are bolted together with steel bolts end nuts. The coupling is painted 
vith Amercoat No. 55. 

· Motor: The vertical, flange-mounted motors used on the "hot II sub
mergedpumps are 1750-rev./min., 440-volt, 3Npbaae, squirrel case type 
induction motors. Motor ca sea are totally enclosed, fan cooled. Sizes 
range f':rom 2 to 125 horsepower. The external surfaces of the motor are 
painted with Amercoet No. 55. 

5.6 ~ounting 

All but fifteen of tbe pumps in the 221-U Building are supplied with 
1rregullrly shaped adapter flanges. The fifteen pumps not supplied with 
separate flanges are each mounted on a flange along with an agitator. The 
adapter flanges provide support ror the discharge pipe connector nozzle, 
the remote lubrication velve and connector nozzle, and the electrical 
supply Dille connector. 

The flanges are located on the tank nozzles by dowel pins e.ntt .tas
tened down vi th free nuts. A bail is provi~d for lifting the assembly. 

. ; - ~-~~ 
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1713' 

DECLASSIFIED 

Thirty-two p,.mps are used for non-radioactive solution transf'er in 
the Uran! um-Recovery Plant. The pumps are loce ted 1n the 221-U, 271-U, 
224-U, 211-U, 276-U, am 203-U Buildings. 

2. Basis ot Selection 

Each pump was selected to meet the followi:ng requirements: 

(a) Performance cbancteristics: A :pump with the proper bead
suction-capecity characteristics was selected for each 
application. 

(b) Corrosion resistance: The materials of construction of 
each pump vere specified to resist corrosion by the solution 
to be pumped. 

Three general types of. "cold" pumps were chosen for specific appli
cations. Standard, s1:ngle-stage centrUugel pumps are used for general 
transfer duty. Self-priming centrifugel pumps unload tank care in the 
211-U Cbemical. Tank Ferm. Deep-well turbine-type pumps, which e.re in
herently leekproot', are used to transfer 40f, and 60·~ n1 tric ecid in the 
224-U Building. 

3. Standard Horizontal Centrifugal Pumps ( 4) ( 5) ( 6 ) 

3.1 Reguirements 

Standard chemical transfer pumps range in operating heads from 30 
to 156 ft. af pumped fluid and in C8p!ci ty from 5 to 100 gal. /min . Table 
XVII-2 lists the spectl'ic opere~ing requirements for eech pump. 

3.2 Description 

Figure XVII-6 shows cross-section drawings of each type crX standard 
centrit'U89l pump. All pumps ere crX single-stage design. The' pumps were 
mede by the Worthington Pump and Machinery Corp., Harrison, N .J. 

The pumps fall essentially into two classes, shrouded impeller pumps 
vi th screwed suction and d1scberge nozzles, and semi-shrouded impeller 
pumps with flanged suction and discberse nozzles. Both types of pumps 
have cantilever impellers keyed to the shafts and fastened in place with 
nuts. All pl.11D,J;) ceses are vertically split. The ~.-terials of construction, 
type, end nozzle sizes of each pum~ are listed in Table XVII-2. 

Two pumps(6), P-X-l and P-X-2, -which transfer uranium s-olution from 
the feed tanks in the 203~U Area to eve:poretors in the 224-U Building, 
ba-ve Worthington Type EA mechanical see.ls. All other "cold" p-..nnps have 
i:ecking glands supplied vith lantern rings. The pumps with screwed 
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connections have internal bleeds for lubricatiJ::lg the glands with pumped 
solution. The flange-connected puc.ps have glands supplied with tapa tor 
water lubricetion. The ~ype of :p9cld.Dg used in each pucxp is li1ted in 
Table XVII-2 • . 

The pump sbBtta are guided and supported by two grease-lubricated 
ball bearillga aounted in a cast iron cradle between the couplln8 and the 
puap. The bearing on the coupling ~ of tbe cradle acts as a thrust 
beariDg. There are no beer~ within the pump ceaing. 

The pu111p1 are dri-v1tn tbrol.J8h pin and leather spicler .. type f'le:nble 
couplillgs by totally enclosed, tan-cooled t1otors. Motor apeeda and 
horsepowers are .Uated in Table XVII-2. 

3.3 . l>erf'or.1JBnce and operation 

Table XVII.-2 lists the actual heads . developed by each pump at process 
:t'lov rates and at no :t'low (blocked discharge). A typical .heed-capi1city 
curve my be constructed through the two points de:t'ined by this deus, it 
it should becODe necessary to· estimate the cepacity- of e pump at any other 
operat1Dg head. 

The pump 'llll!lnutacturer recommends that· the water used t ·o lubricate 
packing glands be supplied et pump suction pressure plus 10 lb./BQ .in. 

The grease recommended for bearing lubrication is No. 2, acid-trc"' 
bell-bearing grease, and should be replenished after each 1000 hours of 
operation. 

4. Self'-Pri'llling Centr1fyel Pumps(?) 

4.l Requirements 

Eight self-priming oentr11'ugal pumpa were selected to unloed tank 
cars in the 211-U Chemical Tank Farm.. The pumps have a capecity ~ 50 to 
150 gel. /uu.n. againet 75 to 136 ·ft. ct pumped fluid w1 th suction lifts of 
8 to 10 rt. of wter. 

4.2 Description 

A cut-efty d1'9wiDg ot a typical pump is shown in Figure XVII-6. The 
punps were mde by Nagle Pumps, Inc., Chicago Heights, Ill. 

Each pump bl!ls an open, cantilever-mounted impeller ,• screwed on the 
end ot the sh.aft. A large suction trap with a removeble top, containin8 
a coarse strainer, acts as e reservoir to retain sufficient liquid to 
re-prime the P'-':ll1P each time it is eto:pped. The pump casing is of verti
cally s:,lit construction. The vertical discharge line contains an air
aeperetion cho.mber. All p:01ps e:i:cept 211-U-P-351 and 2ll-U-P-354, which 
pump hydrocarbon diluent and 40~ HN03,respectively, have abaft sleeves 
vhich extend through the stuffing boxes and i::ecld.Dg gl.ends. Table XVII-2 
shows the eizee of the flanged auction and discharge nozzles e.nd the 
materials of construction of each pump. 

~ -. ~·-.,... 
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The shaft is sealed bye stuff~ box containing five rings of i:eck

ing, e lantern ring, and a i:ecking gland which is ftu-ther seeled t o the 
s.heft by two rings of pecking compressed by a ~eking gland i'oll.ower. 
The gland and gland follower are grease lubricated throlJ8h Alemite fit
tings. The pecking in each pump is described in Table XVII-2. 

The sbet't is guided by two grease-lubricated ball beari:lgs mounted 
in a cradle. The inboard bearing acts as a thrust 'bearing. The grease 
is retained by grease seals. 

The pumps ere driven by totally· enclosed, fan-cooled, 1800-rev./min. 
motors through fl.exi'ble couplings . Motor horsepowers are listed in Table 
XVII-2. 

Table XVII-2 lists the heads de.veloped by each pum:p at process flow 
retea and at no flow-. 

The pumps must be :primed through the removable top of the suction 
trap before they cen be operated the f'irst time. 

5. Deep-Well Turbine Ptunp( 8) 

5.1 Requirements 

Two tanks, TK-C~3 am TK-C~ located 1n a :pit in the t'loor ot the 
224-:-U Building beve no bottom outlets and are used to contain 40 tq ,;~ 
mro3. Deep-well turbine pumps which deliver 5 gal./min. egeinst 60 feet 
of pumped fluid are used for this service. Specific characteristics of 
the ·pump ere listed in Table XVII-2. 

5.2 Description 

Due to its leek;proof' characteristics, a deep-well turbine pumr,, 
similar to the "hot" pumps described in Section C~ vas chosen for this 
service. The pumps were mede by the Johnston Pump Co., Los Angeles 
58, C81. Figure XVII-4 presents a cross-section view of the pum:ps. :Ee.ch 
pump is 7 ft. 7 in. -long, bes four stages, a 3/4-in. (nomiml) shaft, and 
Grephiter No. 41 bearings. T!le pumps a.re driven by e 2-horsepower weather
proof motor. Materials of pump construction are listed in Table XVII-2. 

5.3 PerformBnce and operation 

Table XVII-2 lists the actual developed heads at process flow rates 
and et no flow. A heed-ca:PBcity c1.irve my. be constructed through these 
points it required. 

It is essentiel for long 'bearing lite that the pump be o-perated with 
a flooded s~ction. 

,i 
' I , 
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l. Introduction 

Steam jets are used in the Uranium. Recovery Plant tor dra:1nillg the 
heel :trom waste storage tanlu!, drawing vacum on &vaporator.e, stand-by tor 
11hot 11 P\lllP8, transferring· solutions, and draining •'UIIIP9• Water jet eductora 
are used to drain the 20 .. tt .~diameter w1seta storage tanks 1n the 241-CR 
Tank Farm.. 

2. Beel Jets 
. . 

2.l Requirement• 

After a sludge pump empties the 1lurr;y from a . waste storage 'bJnk, a 
~ . heel remains which mu.at be 1"9lll0Wd by a jet. A heel Jet, -which is designed 
u, tor remote handling and operation, is installed in the center ct each tank 
~ tor this purpose • .,...... 

· ~ 2 ,2 Description -
A heel jet consists ot a steam Jet eductorC9) suspended inaide the 

tenk,approxi:mately thirty feet below e mounting flange, one pipe which 
acts es the di.scharse pipe cf the jet. The jet baa a flexible auction 
lilUI appra,;:l.mately su feet long which rests on the bottom at the tank. 
A second pipe extonda davnwerd tran the mount14.1 tlange and carries steam 
to the jet, A sectiODl!ll view ot the heel jet e ,Jaemb~ 111 shown in l"igure 
XVII-7. . 

The Jet ta ot open-throat design, mde of oerbon steel., end equipped 
with screwed union nozzlo connections. The jet has a top discharge outlet, 
a bottom. suction inlet, end e bottom steam supply inlet • 

The jet ia mounted on the lower and of a 28-tt. section .at 3-in. 
Schedule 40 carbon steel pipe vhich acts es the discharge pipe'~ The 3-in. 
Schedule 4o carbon steel auction pipe conteinS e 4 .. tt. 4-in. Action of 
4-in .• I.D. flexible rubber hose end a suction streimr on its lower end. 
The. 2-in. Schedule 40 steam supply pipe between tbe "UJ.o'UUting f'lange and 
tlle jet contains 3-1/2 turns at eXl)ension loop arouDd the discharge pipe. 
A 10-in. Scbedule 40 pip, welded to the bottom o:r the mounting flange 
surrounds end protects the jet. end connectq· p:!.piDg. 

The mounting flenge is loceted on the floor 01' e concrete pit built 
around a nozzle over the center of the tank 1n the tank term. The f'loor 
o:r the pit contains e floor dre:1n end a flush water :pipe. The diacberge 
pipe end steam pipe 8N connected to the piping on the side · of' the pit 
by mans CJf rOt11ote jumpers • 

2.3 Pertornence and operet:!.on 

With a 90-lb./sq.in. 39. steam SUJ.Jl)lY :pressure, the jet delivers 
6000 ge.l./nr. age.inst a discherge heed of 55 ft. of 1.23 specific gravity 
slurry w1 th a· static suction l1f't of 7 ft . 3 in. er£ slurry. Tho steam 
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is controlled by imnually oporeted geng valves located on a bracket near 
the instrument shelter et each tank. 

3. Sludge Jets ( lO) 

3.1 Requirements 

Sludge Jets are used to pump slurried sludge and aupernate f rom the 
four 20-t't.-diameter underground waste storege tanks in the 241-CR 'Dank 
Farm. 

3.2 Description 

A typical unit cons1Sts ot a water jet eductor submerged in the tank 
and resting on the bottom ar the tank. Although a water-actuated-type 
jet is used, the openting fluid for the Jet is supernate, pumped :f'rom 
the Slurry Accumuletor by the Sluicing Pump, P-244-CR-001. The eupernete 
is supplied to the jet through a rubber hose extending downward f'r om a 
mounting flange which is located in the floor of a concrete pit above the 
tank. A second rubber hose carries the jet discharge up to the 111ounting 
flange. A sectional view of the tank with jet installed mey be seen in 
Figure XVII-8. 

The cast steel eductor assembly is 8 ft. 6 in. long, including super
nate inlet p1p1Dg. The unit is e!zed to pass through a l.2-in. 1.p .s. 
rieer. With the assembly in a vertical position, the supernate :IEBBes 
downward through a 4-in. rubber hose, and enters the eductor through a 3-
in. steel. pipe. · The eductor discherges upward through e 3-in. rubber hose. 
The sludge in the tank enters the· tapered, 21-5 /8 in. long discharge throet 
through two openings :l.n the side of the eductor. W".aen inStalled, the 
eductor lies on its side on the bottom of the tank. 

3.3 PerfoI"lll!nce 

The eductor is sized to pump 125 gal./min. of 1.26 spec1f'1c gravity 
slurry against a discharge head of 110 ft. of liquid when supplied with 
125 gel./min. of supernate under 140 lb ./sg .in. pressure. 

4. Vacuum .rets(ll) 

4.1 Requirements 

. . q . 

One stea111 jet is required to evacuate water-saturated air :from the 
Nitric Acid Fractionating Tower Condensers E-B-3 end E-D-3 in B end D Cells 
in the 224-U Building. This jet discberges to the local stack on t op of the 
224-U Building. 

4.2 Description 

The jet is of standard design. It is made of Type 347 sta1nles~ 
steel end has 4-in. flanged suction and discharge nozzlee and al-in , 
flanged steam nozzle. 

-
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4.3 · Performance and operation 

The jet bes e capacity of 6000 cu.tt./hr. of vapor with a suction 
pressure of 2.9 in. mercury absolute when supp.lied. with steam. under 90 
lb./sg.in •. ga. preaaure. The steam to the jet is conti-olled t"rom a valve 
located neer the graphic panel. board 1n the 224-U Bu1ld1ng Opereti:cg 
Gallery. 

5 . · Process Jets 

Ail process jets used 1n the 221-U Building are the original equip
ment of· the buildiJJg, purchased when the building was intended for use as 
a :Bismuth Phosp:iate Plant, but Wied in the T!3P Plant v1thout modification. 

5,l Requirements and opere.tion 

Forty-four jots have a cai;ecity of 75 gal. /1l1in. and thirty-nine have 
a capacity- at 25 gal./min. The Jets are used as stand-by ec;iU1pnent tor 
"hot" P\lllPB, solution trenster, and su:np dreinage. Six jets are used to 
drain the pulse colmna located. in the cells of 221-U Building. All Jets 
ere controlled by I11Bnml g&Dg \18.lvea which are described in Section C ot 
the Hanford Works Technical Manual, RW-10475, or by pneumatic Redox-ty:pe 
8Bll8 va,lves, as describod in the Redox Technical Manual, HW-18700. 

5.2 Description end l)ertormance 

A description of tl..e Schutte and Koerti:cg Jets my be :to\Dld in Section 
C ot the !lan:t'Ol'd Worlas Teclmicel Manual, RW-lo475. 

F. U03 POWDER TRANSFER AHD HANDLING 

1. Introduction 

Uranium trioxide is prepared 1n powder form 1n the ce.lcination pots 
1n 224-U Buildil:lg. A method is required for removing the powder frc.m the 
pots and lcadillg it into drums for further handling without croeting a 
dust hazerd~ A Vacuum Trena:ter and a Packaging System bas been installed 
for this purpose. A Vacut111 Cleaner System, for removillg any spillage from. 
the floors of the pot room., is also installed 1n 224-U Building. 

2 • vacuum U03 Transter System 

2-.l. Procesa requirements 

Powder .must be removed from the turmces at the rate of 3200 lb./hr., 
gro'l.Dld to a IIIBXimum particle size of 80 mesh, and tre.nsported to the 
peckagiJJg uystem Vi thout creating e dust hazard. 

2.2 Deacripticm at equipment 

The sy-stem consists of pipe end fittings, e. cyclone collector, a bag 
f'il ter and exba uster, a hopper, and a rotary valve. All ];)8rts at the system 

~• • .. . w..,._~/ 
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are located outside the bUilding except the pipes leeding from the pots~ 
Figure. VIII-1 shows a schematic diagram of the · system. Figire XVII-9 
shows a schemetic isometric view of the Vacuum Transfer System and the 
Furnace. Ventil.stion System. The ventilation system is described in 
Chapter XIII. . 

· Eighteen calcination pots ere located in 224-U BU1lding in two banks. 
F.ach bank or nine pots is serviced by five unl.oeding stations, two pots 
per station. The third and tllelfth pots (PE-3 and PE-12) are serviced by 
individml unl.oeding stetions.. A 4-ft. section of 2-in., Type 18-8 
stainless steel pipe acts es a pickup nozzle et each of the ten unlooding 
&tstions. The nozzle is provided with hand gripe for -ee.se of tnani?ula-
t1on. The nozzle ·1s co:nnected toe 10-ft. section of 2-in. flexi ble 
lightweight vacuum. hose mede of Type 18-8 stainless steel. A normal 
charge of 500 lb. of u03 can be unloaded frcm e pot in 10 to 20 minutes. 
A quick-opening slide gate velve at ecch stEltion shuts off the vacuum. to 
the nozzle when not in use. Before the vacuum. is shut off, the nozzle is 
inserted in a receptacle which ca-:;ches any dt:st which falls from the 
nozzle. CleEn-outs et the lowor end of vcrticel J?ipe risers in t he system 
consist of quick-opening g9te wlves similar to the valves at the 1.llllood
ing stations. Two hooders, one for esch benk of pots, . trensfer the powder 
from the unloading atntions to the cyclone separator. The transfer headers 
ere mede at 2-1/2 iJ;?.. Schedule 10, Tn,e 18-8 stainless steel pipe. The 
greatest length_ ot hooder is a~proximatol:7 130 ft. 

The cyclone collector, which rctnoves the U03 powder from the air 
com-1.ng from the .. pa.ts, has a 1m;1x:!.mum capacity of 050 cu.f't./min. of loaded 
air et 180°F. 

The !'e1Eratcd 1:,awd,er in the bottom of the cyclone is fed into a 
hopper and thence thro'l.lgh a rotary valve to e Mikro-Pul verizor h01:nner 
mill. The exbe.tU!t e'ir ·i:esses to a bog filter. All metal po~s of the 
collector in contnc1t with pow.dor are fabriceted from TT:?e 18-8 stainl.ess 
steel. 

The Hersey-type beg filter is designed to romove 99-~ of tho powder 
from the exhflust air leaving the cyclona colioctor. Tho oog is raade of 
wool and will remove ure.niUI:1 oxide particles of one oicron diameter or 
larger from the air. The filtered dust is autoce.ticelly blown from the 
bag by a motor-driven blow-ring-typo 'Clechonism.. The blow ring t10ve.s up 
end down the vertical, cylindrical beg, actti1ted by a motor-driven belt 
rimning on :pulleys. The motor is automatically started -when the pressure 
drop across the bag hos been 1ncree.sed to approxiIIl!tely 3-1/2 in. of wntcr 
by blinding of the bag, end automatically stoppod when the pressure drop 
returns tq no?'l!lfll, Le., approximately l-1/2 1n. of water. The filtered 
U03 is fed from the bottom of the bag to e stornge bin through a rotary 
air lock valve similar to the unit on the hopper. All metal parts of the 
blow ring mechanism end beg housing are made of Type J.8 .. a stainless steel. 

A 3500-rev./min. centrifugel exbeuster< 12 ), mode by the U.S. Hoff1D8n 
Machinery Co-:-p .• Model 4207-S, evacuates the eir from the system. The 
exha uster i s driven oy e 30-horsepower electric motor which is cont rolled 
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1'rola the pot room. The nomiml capacity of the exhauster is 750 cu.t"t, of 
air per min. et e· pressure differential of 10 in. o-t mercury. Thie is•~
ficient ca1)8c1ty to stippl:r two nozzles with a minimual'air pickup velocity 
at 9000 ft, /min. The discharge of the exhauster is fed into tbe furnace 
ventilation bag filters. This is· the only tie-in at the Vacuum Treuter 
with the J'urmce Vent1leti0Jl System. Tbe cbarecteristi<:B of the exhauster 
ere sbown ·tn FigUre XVII-10. 

The powdered U03 dr.opa. from the cyclone collector into a ,-cu.ft • 
. hopper which feeds the powder to a rotary velve. A high-lefll controller 
stop• the ezmn1Bter when the powder reaches e certain level 1n the hopper. 
The valve is utilized to supp~ the ;powder toe Mikro-Pulverizer hn111DBr 
mill at a rete ot throe tons :per hour end at the seme time act ae nn air 
lock to contain the vccuum within the transfer system. The valve is 
driven at 1.18 rev./m.in. by a l/2-h.p. gear-heed electric motor through 
a cbein end sproclmt drive. The wlve and hopper are mde of Tn,e 18-8 
steinle.as steel. · 

3 • Rammer Mill ( l3) 

3.1 Process reguir81D8nts 

A hDnner mill receives tbe dry, herd U03 111th e bulk density of 250 
lb./cu.:f't. from the rotary Wllve, grind.a it to poSB 80-mesh screen, and 
drops it into a storege bin. 

3.2 Description 

The mill ii a stcndnrd No. 2W Mikro-Pulverizer with top inlet end 
bottom outlet. A horizontal ehott~ guided by two self-t1lignin8, double
rov ball beorings, drives e hub within the grindi?lg chember. 'l'velve 
rows at light forged atirrup .. ty:pe hemmers 21re pivoted &%1ally to the hub 
end specod equally around t~- hub periphery. The hemmers ere surrounded 
by a cover on the top containing a 5-in. flenged inlet nnd e 8ellli
cyl1ndr1ccl pertoreted plate on the bottom, The pl.flte is of 15-gauge 
steinleae steel, perforated· with 1/8-in. round holes. Tho ground mterinl. 
fnl.18 through the :per-torcted plete ond through a - d.ischtlrge chute vith e 
12-in.-squnre bottom opening which is flanged· to the to:p of a storsge bin~ 

The mill is driven et 5100 rev.faun. through au V-belta. The 3450-
rev. /min. , 15-h. p, motor is controlled tram n :t"9nel 1n the pot room. 

All motol· ports at the Mikro-Pulverizor in contact with uo3 ore lllDde 
at Type 18-8 steinleae steel. · 

3.3 Notes on o;eerction 

A second screen, mDde of 20-gnuge stainless steel with l/1.S-in, 
rotm.d holes : is supplied vi th the mill in case the screen installed in 
the mill does not grind the materiel to. the proper specif'icetions, 
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Tba bearings are lubricated vith SAE No. 20 cylinder oil. The bear
ings should be flushed with· kerosene after 30 doys operation. 

The Mikro-Pulverizer menuf'ecturer reconmends that the unit be grounded 
to prevent ::;ieckins of the ground materiel due to undissipated static cher
ges. 

4. Peclmging System 

4.1 Process requirements 

The ~clm61ns system is designed to receive the groi.md uo~ f rom -phe 
Mikro-Pulverizer, measure it into drums et the nominel instantaneous rate 
cf 15.8 tons per day (corresponding to 13.125 tons U/dlly),andmove th.a 
drums out of 224-U Buil~ng to trucks for storage or shipment. 

4.2 Descripti on of equipment 

The gro'l:lld U03 drops from the bottom of the storage bin into a screw 
conveyor . The conveyor cer.-ies it to e drum !'i lling assembly, where , 
drums ere weighed, filled, reweighed, end carried by a gravity roller 
conveyor to a fork lift -truck, whi ch takes the drums to the 2714-W Ware-
house. -

· The Type 18-8 atoin:Lese steel storage pin hes e 500-cu.ft. ceIJBeity 
end will contein a thJ"ee-~ey supply of 250.;.lb./cu.ft. materiel. The 
powder is fed from the· M1ln·o-Pulver1zer into the. top of the bin a t the 
nominal instantaneous rate of 15 .8 tone/day. The bottom of the s t orage 
bin 1a wedge-she.pad with sides sloped .50° from the horizontal. The ma
teriel is fed into the screw convoyor from the bottom of the bin. The 
bin hes o high-level controller which stops the vacuum trensfer exhauster 
and a low-level controller which stops the screw conveyor motor. 

The 6-1n.-d1ameter screw conveyor, 15.5 ft. lons, carries na t ariel 
from the storage bin to the drum tilling mechanism located inside the 
building. The 18-8 sta inl.oss steel screw is driven at 20 rev. /min. by a 
3-h.p. Synchrogeer motor through a chElin end sprocket drive. The motor 
hos a starter located at the drum filling site. 

The psclmging mechanism is used to fill end weigh drums ond t o convey 
them to the truck loe.d1Dg erea. The screw conveyor discharges into a 
drum filling s::;,out. 'When a drum is placed on the roller conveyor under 
the spo~t, it is supported bye rough-weight-type scale which stops the 
screw conveyor when the drum hs s rece 1 ved 900 to 950 lb . of U03. The 
drum is moved in an upright posit i on down the gravity roll conveyor over 
another scale which automatically records the weight of each drum. Gross, 
net, and tere weights are stenciled on eech drum. Drums can be f illed at 
a rate of about 10 tbirty-gellon drUIIIS per hour. 

A carbon steel ventilation hood provides e 400-ft./uu,n. air sweep· 
up around the drums during the filling operation. A carbon steel duct 
carries the air to the pot ventilation bag filters. 

•• ......... DECLASSIRED 
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All parts of the packegi:cg system 1n contact with the U03 powder ere 

111Bde or Type 18-8 ataihl.eH steel. 

The 224-U Building bas store2· space for about· J.00 e1nI)ty ateinlese 
e-t.Jel dr1D8 or the equivalent of a three-day supply. · 

'rt..J drws ere maintained in ~ upright position durillg all stages of 
bandli.Dg end ere mowd by a fork lif't truck from 224-U ·Bu1 !c'l1 ng to . the 
2714-W W:1rehct•se on special wooden pallets. Four drums are atrepped to
gether C"l eech pellet and remain stored in thi1 ma:nner throughout railN 
road shi:i)lllent. · · 

The 2714-W Warehouse base· holdup capacity ot about 450 tw.l drums 
or the eguivelent of 15 aeys n0l'1Dllll operating capacity. S:i;:ece is also pro
vided in the warehouse for 3000 empty drtlms. 

5. Vacuum Cleaning System 

5 .1 ~cess requirements . 

The :function of the vacuUlll. cleaning srstem is to pick up spilled 
uranium oxide, dust, end dirt from the floors of 224-U Building end to 
collect the sweepings tor salwge or disposal. 

5 .2 Deacr:l.;e:tion at 4guipnent 

The equipnent conaists ot hose stations, a dust separator, ezbauater, 
and -ve·r1ous pipe.a and fittings. Figure ·vr:tI-l shows e simplitied eche
'llll!ttic viev a£ the system. 

There are tour hose stations distributed in 224-U Building es fol
lows: two in the pot roomJ one in the pacld.Dg room; and one outside 
the buildill8 near the bag filter. Eech atetion bes 50 tt. of l-1/2 in.
diameter f'le:Jtibla neoprene hose end 4 ft. of 8ppro%imBtely l-1/4 in. 
thin-wall tubillg to ect ea a pickup nozzle. Three tan-type floor sweep
ing nozzles ere provided et eech station, as well os a l'Elck for the hose 
when 1 t 1s not in use ... 

The dust separator consists ot e voel sock-type bes filter mounted 
integrally on top ot a cyclone seperetor. The dust, which is mnooll7 
shaken from the beg, drops into the cone ot the cyclone seperetor which 
empties freely into- o removcble bucket. Access openings nre provided in 
the beg house for the replacement of begs. 

The centrifugal ei1:tfp..syer is sized to provide 7000 ft./m'in, pickup 
velocity tor one 2-in. nozzle with air et 70°F. Tho exhauster is driven 
by a 3500-rev./min., 5-h.p . electric 1D0tor. A start-stop switch is pro
vided et eech hose stetion. The oxba.usted a i r is fed to the local stack 
~~ 224-U BuUdillg through the ftu-noce ventilation system beg filters. 

All pipe tlnd fitt~e in the vacuum cleaning syst0tn ere butt.welded 
or flonged carbon stee 7 Cleon-outs are provided et the 'bottom of t1ll 
vertical pipe risers. 

DECLASSIFIED .. 
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RDERE?TCES 
. SSIRED 

(1) BPF-2778 Sludge Pumps, Han:ford Works. 

(2) BPF-3362 ''Hot" Liquid end Slurry Pumps, Hanford Works. 

(3) BPF-33-59 "Hot" Liguid and Slurry Pumps, Hanford Works. 

(4) BPF-3oo6 "Cold" Pumps, Hanford Works. 

(5) BP.F-3007 "Cold" Pumps, Renford Works. 

(5) BPF-2873 "Cold" Pumps, Hanford Works. 

(7) :BP.F-3oSl Self' Priming "Cold" Pumps, Han:ford Works. 

(8) B.°F-3159 Deep-Well Turbine Type "Cold'' Pumps, Hanford Works. 

(9) BPF-2695 Heel Jet Eductors, Hanford Works. 

(10) BPF-3o60 Sludge Jets, Ronford Works. 

(11) BPF-3378 Vacuum Jet, Ranford Works. 

(12) BP.F -2679 Vacuum Trtlnsfer Ex.heustor, Hanford Works. 

(13) BP.F-2685 Hammer Mill, Benford Works, 

... 
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Figure xvo - 2 
SLUDGE PUMP CHARACTERlSTICS 

Speed 1180 Rev. /Min. 

NOTE: The curve I b II It • a eled Sp. Gr. 1.26 . 1s 

the calculated input horsepower, obtained 

by multiptyino the hors power required to 

pump water by 1.26. 

200 400 600 800 

Capacity, Gal./Min. 
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Figure xv11-5 
11 HOT" PUMP CHARACTERISTf CS 
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Curve No. of 0iom .• 

100 
NO Stages In 

90 I 6 6AXC 
80 2 4 6AXC 
70 3 6 6AC 

60 4 5 IOCC 
5 5 6AC 

50 6 13 I0CC 
7 10 6AC 

40 8 3 rec 
9 1!5 6AXC 

10 21 rec 
30 II 7 7BC 

12 13 6AC 
13 5 6CC 
14 !5 7BC 

20 15 7 6AC 

I 5 

10 
IO 20 30 40 !50 60 70 IOO 1!50 200 300 400 ~ 800 IOOO 
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NOTE : The letters following stage diameters ore Johnston Pump Co. $ymbol1 indicating 
shape of impellers B di ffuser bowls . 
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VACUUM TRANSFER SYSTEM 
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VACUUM TRANSFER"EXHAUSTER 

OPERATING CHARACTERISTICS 

U.S. HOFFMAN MACHINERY CORP. 
MODEL NO. 4207- S 
BAROMETRIC PRESSURE 2 9. 92 IN. Hg. 
TEMPERATURE 68 ° F. 
SPEED 3500 REV/ MIN. 

Capadty, Cu. Ft./ Mfn. 
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CIIAPI'lll . XVIn •. RPMOrE OPERATION AND MAINl'ElWfCB 

A • PRDICIPQS· 0¥ BIIMC7lB CPJ!:RATIClf Am> ·MAI!frENANC! -
· The ureni.\lll remo,el and TBP process equipment bas been deaigDlld. to 

gift trouble-tree aenice and to require a m1n1DDII ot maintenance end 
attention. Boveftr, it is recognized tbat it will be deairable or mces
sary .to l'9110'V'.9 and replaQe certain equi}lllllt pieces ·ar to reviH pipil:Jg. 
In order to accaaplish equipaent removal, replacement, or revision Vithout 
expoauig personnel to ndiation hazards, remote handling equiPD9nt baa been 
provided. A railway cnne., with a shielded control ~b equipped with peri
scopes, allows i.ncmnel to carry out a wriety at operat10ID8 1n tbe cella 
without clanger ot exceaaiff exposure to radiation. A gantry crane with 
mirror type viewing devices 18 provided tor use iD uranium removal trom 
underground storage. The crane• are equipped with trawlli.Dg hoi•ta, re
mote wrenches., and other spec1etized handling equipnent. 

' 
Process piping, · electrical conduit, and aux1l1ery lines are tend.

mtecl 1D each cell or diwraion box vitb male portioms ot remote_ connectors. 
Cmmecticm la •de to cell oquii-tnt or other 'p1p1JJ8 by 1D98D8 ot hiii0Wlble 
Jumpers, Which are equipped at each end with the temle portions ot ?'9110te 
connactore. Proceas equpnent is provided 1.ith male connector balwa vhich 
•te vitb the temale connector ha~ an om end ot the jumper. Each remote 
cmmecto:r my be t18htened or looeened by rotating a eillgle heJ:agoml nut 
vith an imlBct wrench opereted. froa the crane. F.ach jmper ha• a lUtiJlg 
bail or· eje po8itioaed at the: balance point. 'l'hu8 :mtrecell and d1ftr8icm 
boa: pipil:lg m7 b6 remoftd remotel;r by breaking two cmmectiou with .an 
impact wrench end 11:tting the piping trom positicm with a .crane hook. 

nem.nta ar proce•s equipaent are :rastened together with 1tuda and 
nuta that can be operated by an 1apaet wrench, Thus, elements of pi-oceae 
equipaent •Y be remcned independentl;r !rom each other, e.g., papa and 
agitators my·be remond ti:-aa proceaa vessels. In order to cbanae the 
routing ot warioua process streams vitbout ueing valve• and interconnected 
piping, diwnion bans (apecial cells or trenches) are employ8d. Proceea 
stne• which must be routed to ·wr1oua ·1ocetiOZ1S are transferred through 
pipe to a diwrsian box. The ends o:r the pipe terminate vith nale con
Dllctor balwa at the diverlian bc:m walls. Prefabricated, re..,_ble jump
ers are used to•• the desired pipe connections tor routing tbe procesa 
11trea111 to di:trerent locations • 

l'ized relatiomhipa between p1pil3g and process equip11ent are •1D· 
ta1Ded by the U80 ot positioning guidee and pinS. In addition, pipizlg· 
and process equip!l8nt are tabricated to spoc1:tic dimBnsions and checked 
tor •ligament in a Mock-up Shop (BU1141ng 2TI-U} be1'ore attempting in
stallation 1D the "hot" area • The Mock-up Shop duplicates the procesa 
equipaent positions in the cells. 

A liquid-tight cylindrical oeBillS, or "equipnent remowl thimble" , 
is used in the uraniun removal facilities areas to encase slurry' pump8 
and sluicing nozzle. unite When the equipment is moved from tank to tank, 
to p:rewnt the apreadiDg ar contamination. 

•-JP . ·· .. ·~ . DECLASSIRED .. 
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ContrestiDg colors are used to aid the crane operator in bandlil:Jg equip
ment remotel:y _- The color syston is the same as that used in the Redm: ancl 
biscuth phosphate processes. In general, all l.if'tina bails, cODDOctor 
nµts, dowel pins, etc., are po intod yellow. The cell wall.a and floors are 
.pein~d vhite~ Eguipco.nt pioces, jucpcrs, con!lectors, cell covers, etc., 
e.re . numbered in black. 

B. CBANES 

1. canyon Crenes 

1.1 75-ton c~(l.) (2} . . _ 

l .ll !"unction 

The 75-ton capacity canyon crane 1s used to lift cover blocks, inStell 
and remo-va equipment, and perform other remote maintenance operetions in 
the 221-U Building cBZlJ'On area • 

l.12 Deacription 

The 75-ton crane is similar (identical ~cept -£or min.or revisions) 
to the crenes used in the bismuth llhospbate process and is described and 
illustrated in the ·H.E.W. Technical Manual (RW-10475-C), pages 242-245.(l} 
The crane bas a 75-ton cepaci ty min hoiat for li:ttillg cell co-vers and 
heavy eguipant, a 10-tcm capacity secondary hoist, and two auxiliary 
hoiats- or 1/2 and 1-1/2 ton capacities on each of two trolleys for use 
with impact wrenches, grabbers, or other tools .. 

1.2 10-ton aUXiliery craneCl) 

1.21 Function 

The 10-ton capacity auxiliary canyon crane, in the 221-U Building, is 
used for maintemnce vork where rediation hazerda- are not present. 

l.22 Dascription 

The 10-ton auxiliary crane is e1mil.8r to those used 1n the 221-B end 
221-T Buildings and has no provisions ror shielding or ventilAtion. The 
crane utilizes the same railway and power supply as does the 7'-ton crene. 

2. Gantry crene(6) 

2 .l Function 

The gantry crane ia used 1n the uranium remowl tacilities tor in
stalling and removing ptups, slU1c1ng nozzles, and other equipment and tor 
mald?J8 Jumper changes 1n the diversion bOCEes. 

· .-DECLASSIFIED -. . . . (. ; • .. 
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2 .2· ·Description · 

i8~ ' 

· The· ··sentry. crane is a self-propelled · railway crane equipped' wi th two 
electric hoists (10-ton and l-ton capacities) and is designed to span d1-
ver81on baxea and punp, heel, and sluice i,its. The crane may be towed 
frcn one location to another by lowering rubber-tired wheels, which lift 
the crane tram its rails. Crene rails ere provided at eaoh diversi on box 
or pit. J'igure XVIII-l is a sketch at the gantry crene. 

2.21 Superstructure 

The superstructure of the gantry crane is a steel frame auppor.ted on 
aide members which are equipped with railway wheel.a that support and poli
tion the hoist 1D0noreil direct~ over the work.f.ng area. The 1D0noreil ifl 
an lB-in. I-beam 26 :rt. 7 in. long, positioned trausveraely 12 t"t . 9 ill. 
above the crane rails. One end ot the monorail overhangs the railway 8 
tt., and the other end overhangs 4 tt. 7 in. The aide. members allow a 
tnnaverae clearance at 12 1't. 8 in. 'l'be center-to-center distance between 
the 70-lb. rails is 14 ft. The sentry crane is al.Bo equipped with pneu
mtic rubber-tired auxiliary wheels which ere raised end lowered by 10-ton 
capscity Porta-Power (No. ~-159) hydreul.io re.ms. One pair at wheels 1a 
titted Vi th a towing bar and steering links -which permit a minimUm turm.ng 
radius or 19 :f't. 

2.22 Koolal and hoists 

'l'ha erene ia equipped with· two Yale and fowne Cam,peny- hoist• ct 10-
ton and 1 .. ton 011p1c1t1es. Pertinent dete concerning the hoiata are t.abu-
1.eted below. 

Mod.el 

~imum Clearance, 
Book !'ace to 1'op or Rails 

Total Lif't 

Hoist Speeda 

Trolley Speed.a 

2.23 Power systea 

Hoiat X.ta 

10-'l'on Hoist 

· D-lDC300.Z 

7 ft. 

30 tt. 

12 and 4 tt ./min. 

15 and 5 ft.feiin. 

l-Ton Hoist. 

PC-lC3&a~-

9 f't. 10 in. 

38 ft. 
15 and 1., ft./min. 

15 end , tt./min. 

'1'be required 480-volt, 3-pllcee electrical supply 1a brought to the 
cram. through a Bo. 4 four-conductor ceble which is carried cm en Appleton 
cable ~•l (Bo. OW-46) mounte,;l -at au corner at the 1uper1tructun . 1"ha 
crane is self -propelled on tbe . re 118 at speeds at . 4o and 3 tt.. /min. thrOup 
a gear and 1hatt 1yatem by •ans at tvo separate motors mounted on the 
super1tructure • 
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A portable puab.-button control panel 1s .provided tor operating the · 
crane • The con-trol leads are . oL. eutf'icient length to allow . the opel'lltor 
to be et lee et 30 rt. from either aide at the cr&M. 

2 .24 Lighting 

The crane work aree is lighted by au 7'0-watt, uo.:voit f'loocUight• 
(West1nghouse type AH-16, style No. 891 572), which are mounted on the 
crane superstructure in two banks ot three light• each. ·-· · · ~ 

2 .25 Optical system 

~ system or mirror• may be emplo19d to aHia.t the crane operator 1n 
carrying out remote operation. 

2.3 Optration 

The crane and hoists may be opreted f'rom any point within 30 tt . 
,of the crane through the use ot. the portable control.. panel. 

Jumper chanses end the removal end inatallat:ton at equipment are 
obaened with the 11lirror-type viewing system. 

The 10-ton capacity hoist 1e used tor btlndling cover block&. and 
equipnent, while the l-ton cal)acity hoist is used with an impact wrench 
for looseniJis and tightening remote connectors end eqUipnent hold-dovn 
nuts. 

C. lUIM<m!l CON?iEC'l<llS 

1. Function 

A remote connector is a device for remotely comiectiDg proceBB 
piping, eloctricel conduits, or auxiliary lines by means o-t an impect 
wrench operated trom a crane • 

2. Description 

Jach conne~or depends on throe hooks or latches, whi ch aro mounted 
on the teale portion at the connector and are actuated by the rotation 
of a hexago.aal operating nut, to grasp .or· roloeao the fixed, or male, 
portion of the connector. 'No. typos ot connectors are used. Tho con
nectors in tho canyon aroa aro Bismuth Phospbete Plant tJP., connectors 
which have tlat mating surfaces and flat gaskets. They are de1cribed 
and illustrated in the R .E.W. Technical Manuol, Sectiozi c, pagea 241 
to 244 (BW-1047'-C). The connectors in the weete storage ereea ·are ot 
the Redox Plant type Ellld have sphericelly ground moting taces. They are 
described end illustrated 1n the Redox Technical Mnnunl, chapter XVIII 
(RW-18700). The Redox.type cODDectors, when used with non-corroahe eolu
ticma, are fabricated trom carbon steel and are provided with stainless 
steel sting :tace• to reeist atmoepberic corrosion. When \18ed with 
corroehe tluida,· the meting eudecee and other perts in contact With 

11'.l"' ".--.(.;, . . ..• ·. .;.,4 
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the· tluid ·are· ~ •sta:inleES steel. Three-incll opereting nuts are uaed on 
tbs Bed.ax-type comectors so that the same impe.ct vrench IIIBY be ueed on 
both CODJleCtor types. 

D. SPECIAL TOOLS 

1 • . : Impact W~nch{2 ) 

1.1 Function 

_ Impact wrenches are used to malm and ·1reek the remote cmmectors and 
to rotate the remote hol.4-down nuts an: tanics ,. columns, am otber equipiimtl'! 

l.2 Description 

All electric&~ driven, reversible :~ct wrench is deaCl"'ibed and 
illustrated ~ the Bed.ox Tecbnical· Manual ~ Chapter XVIII (BW~l.8700) . -Die 
wrench.ea are ·8U8ptncli9d trcn auxiliary ho:ter~s ~-,hich are integral with ta. _ 
~ and gantry cranes. 

2. Grebber(2) 

a~,! 1unct1an 

A grabber 1a a clam-shell bucket de7i -:e &uspet!:'ed traa a 'crane hoist. 
and is used tor the remote handling ot llllftll lJieees --,,r equi}'lllllnt tba't can
not be easily- picll8d up vith a crane hoo:, . 

2.2 Description 

A grabber 1S delcribed in the Redoac 'r-achnical Manual, Chapter nT.tI 
(B.W-l.8700). . _ 

. . 

:a:. DIVIRSIOII' :aaos(l)(2)(3)(4)(5) 

l. J'unct1cm 

Diwra1an bona are provided to reduce duplication •ar piping am ·to 
allow desired changes 1D piping a~nts ·wtthOut the Wle ot valft&. 
lor enaple, the aame aqueoua waste 11De my be uHd to till 1everel , 
ca•cadeeot vaate tanJm by chazig1Dg Jmp,rs to the next cascade :teeder line 
as each caecede. 1• tilled. The use at diversi on bons is discussed 1n the 
:a.1.w. Tec!mical Manual, imse• 29~1. 905.911 (BW .. loll-7'-C) am the lledax 
Te~cel Manual, Chapter n (m, .u,700). · 

2. Deacrtption 

The di'V81'81on.baua are eonc~te-~ined pi~s With concrete cpver 
blocks. The ends at underground ~Dater 11.Ms, · titted vi.th •le counector 
balws, are imbedded in the walls and tl.oc,rs at the . bcxitea. Jumper J.iDea 
end.1ng vith female cODllector balvea are ue-ed to cODD11tc.t -the piping in the 

_ . dea1red arrangement·. · · 
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The diversion boxes bu:i,lt for use Vith the Bismuth Phosphate Plant 

beve all JDBle connector halves on one well end use the Bismuth Phosphate 
Plant t1P9 connectors. 

The diversion boxes built for the Waste Metal Recovery Plant ere 
simil8r in design; but beve both well and floor connectors al the Bedm 
Plant type: Where frequent Jumper ehenses would be necessary during 
routine operet1on, jumpers equipped with wlves ere used.. The wlve 
hepdlee extend through the diversion box cover blocks with labyrinth-type 
redietion shielding · around the valve handle ertension. Nordstrom lubri
cate~ plug wlves are ueed in Jumpers carrying allmllne solutions 
end bellows-sealed Y-wlvos are· used 1n acid 11De1. Storage space tor 
spare and contamiDated jumpers is provided. Each diversion box is equipped 
with spray :f'Jueb:Sng nozzles- and dreinS. 

1. Function 

The eqUipnent remowl thimble is used in the urania remiowl. facili
ties area to encase "hot" slurry pumps or sluicillg nozzle assemblies. The 
equipnent my then be moved to another tank or to the diapoeal area Vith
out apreadiDg contamimtion. 

2. Description 

The equipaent removal thimble consists of a cyli.Ddrical shell about 
7 ft. in diameter and about 40 tt. high. The upper end is closed and 
provided with a lifting bail. A ,-ton capacity air-operated winch equiP
ped with a eaf'ety hook i• located inside the shell at the upper end. 

The bottcm of the thimble is fitted with a neoprene gesketed closure 
pan, 'Which is held in place by air operated latches. '?he latches also 
have Dlln.ually-operated eccentric closing levers. The diameter at the 
pan is enlarged below the gasketed Joint to allow a liquid holdup cape.city 
ot several gallons. Thus, any drainage at proceaa solution i"rom encased 
equipaent is prevented fran submerging the Joint between the ptn and the 
thimble wben the assembly 1s transported in a horizontal po• i tion. A 
quick-open:l.Jlg velve and a short length ar rlexiblo tubing ere usod to 
drain the pan. 

Both ends ar the thimble aro oqUipped with trunnions that match 
trunnion supports on a special truck used to transport the thilnble. 'l'be 
thimble is transported 1n a horizontal position. · 

3. Operetion 

To remove a pump or sluicing nozzle tran a tenk the ·thimble is . , 
lowered with e Jib crane over the open pit. The hook of the air operated 

DECLASSIFIED 11111 

. . 



vinch 1a lowered and engaged with the 11fting be il at the equipnent to be 
removed. The eqUipnent piece 1s then 1'81sed by the wiDch into the thimble. 
The safety hook cloees when load is applied. 'l'his prewnta the hook from 
disengaging the lifting beil while the thimble 1a in transit. The thimble, 
containina the equipnent, ia next l.owered over the closure :pen, the air 
opereted latches are engase4, and the Dllnuslly-operated ecce11trics are 
tightened. The entire unit is mowd Oflr the trunnion aupporta ct the 
truck, the bottom trumuons are engaged, end the thimbl.e · 1e lowered to a 
horizontal position. 'l'he operet1on 111 rewrsed to inatall the aquipaaut 
at its nev l.ocetion. · 

General methods ct remote installation and removal. ot equipiaent ire 
discussed in the Redm. Technical Manual, Chapter XVIII (RW-18700). (2 

An S .W .P. area and a decontam1Dat1on room hava been provided at t.he 
northeast end at tbe operat1Dg gallery j_n Building 221-U. The S. W .P. area 
la V. ft. wide end 50 ft. long end 11117 be entered trom the operating 
gallery through a 3-:tt. by- 7-ft . doorway. The canyon my be entered at the 

· · deck level between cells 3 and · 4 trom the s .w .P. area thraush an air lock 
and a 1-tt. u-1/2 .. 1n. by S-tt. 9.1n. doorway. Tbe deconta111Mtian rooa 1• 
12 tt. by 14 tt. and is entered tran the S. w .P. aree through a doorw1 5 ft. 
wide and 7 1't. high. The decont'1minetion room 18 equipped Vith·a hooded 
sink. No ramote shop is provided in the 221-U BuildiDg. 

lfev equi111Snt 18 teated tor alignment 1n a Mock-up Shop (Build1Dg 
277-U}. Atter each equipmont piece 11 fabricated, it is aaHlllbled ill a 
d'UIIIIIY' cell and inspected tor proper tit and opei,tt1on betore inatallation 
1n e "hot" proceaa . cell. 
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A. I!f'mOOOCTICfi 

In the Uranium Becoveey- Plant, industrial instruments are used tor 
JDNauring, recording, and controlling the :pl'Oceaa variables to. maintain 
atee~ operat1?l8, to JD0111tor mechanical pertormnce, and to aid 111 deter
m.:1n1ng energy and material balances. . Continuous p:roce•ain&, which ia 
employed in extraction columns end in coucentretora, requires tbat auto
matic instr,,mentation assume J110at ot the control functions tor tlov rate, 
specUic gravity, weight factor, and. temperature otnUZlfl'Oua streams aud 
veaeels. The control tuncticma, performed autamatically by instrumenta
tion or manua~ b;y operating personnel, must also be detected by iudi
cat1ng or recording instruments, which, in ,JIIHl~ instances·, supply the 

LO only information available to the operator ot tba statue ot the equip-
[r;, ment and the·- proceaa. In add.1 tion to the instruments required by the 
~ proceu, iuetrumenta are used for numerous non-process applications, 
_.., as in tbe determ.1?18t1on ot redioactivity and in cletectin& abnorml 
m mecbanical coti41 ticns. 
ir,..,J -
~ - 'l'~• chapter is intended. to be supplemented by tbe Redoz Technical 

Manual,, the R.E.W. Technical Manual, eud by standa.rd re1'erence works on 
inatrumentation, such aa "Chemical -Engineers• Bandboolt'', bf J. ll, Perry, 
and "Industrial Inatrumenta for Meesurement and Control", by T. J. Rhodes. 

B. INSTBOMDT now DIAGBAMS (Figures XIX-l to XIX-9) 

'I'he- inatrumaut tlow diagntma show scbe,Btically, for each 1nstru-
. ment, (a) tbs locetion Yi.th respect to p:-coesa tunct1om and equipant, 

(b) the variable measured, and (c) the type ot instrument, i.e., indi• 
cati?lg, r~ng, troum:1.tth2g, or controilillg. ~7 al10 show 
achematicolly tbe instrument piping or vi.ring qste and the component · 
functional psrta of each instrument. The diagram.a ere eeeentiall7 
simplUied engineering now diagrams empbaeiziDS the instrumentation. 

The diagrmu are presented on several sheets, eech-be1ns des18ned 
to represent eguiP1911t 1n a singl.e cell or section. The loctition ot 
tbe equipneut ou the sheets is intended to follow o generelized pattern: 
(o) the 1natrumenta on the graphic penel boards are shown in tbs upper 
port1ona ot the sheet, (b) the instruments on local ~uel boorde and 
non-rndioo.ctive procesa lines ore shown in the middle ot the sheet, end 
( c) the eQUi11D&nt and 1uatru.ments vh1ch are in contact Vi.th "bot" 
solutions or which ere loceted in roc11ooct1Te oreoa of the plant ore 
Shown on the lower portion ot the sheet, which is achemDticolly separated 
trca the "cold" process oreos by a simulated voll section. 

The following intormtion appears in the legend ll&Qr the instrument 
aJ'Jll><)ls; (o) the equipnent piece desigootion, which indicotea both the 
t.ype ot instrument end 1 ts location; (b) the range through whiah the 
meaaure.d variable may '9017 vithout exceeding the useful ronge ot the 
instrument; and (c) tba number of the pertinent instrument dnto sheet, 
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which 1~ a 1"urther source of inf'orma-tion about the instrument. 

Since Jllltly ot the vessels in the plant are instrumented a ccording 
to the seme scheme, only typical instrument flow diagram ere s hown. 
The reader mey refer to the engineering t1ow· d.1agrams, presented in 
Chapter XIV, and determine v.bat instrumentation is provided on psrtic
ular vesaels.. This information mflY' then be used to compare instrument 
systems which are shown in tbe instrument flow diagram vi th those for 
which tbe diagrams have been omitted to avoid duplication. The 
instrument- tlow diagrams,_ showing typical instrument installations 
and details , are shown 1n Figures n:x-l tbr'.ough XIX-9. Instrument 
symbol legends .for th& instrument flow diagrams are presented on 
Figure XIX-9 and in Table .llI-l. 

C. INSTlUJMD'l' PANEL BOAROO 

Tbe reoording and indicating elements for instruments associated 
vith process 1\ulctione ere mounted on steel panel boards located either 
neer the cell or on centrally located graphic panel bcerds in the 
Operating Gallery. The local boards consist of standard 1X1nel sections 
containing we18ht factor. and specii"ic gravity instruments, either mElno
meters or ring-balance-type recorders, radiation dectection equipnent, 
purge-gas bubblers, cell pressure draft gauges, centrifuge end agitator 
motor controls, and jet controls. In addition to the local panel 
b00rds, :rour grcphic panels, shown in J'igures Xl:X-10 through Xll- 12, 
provide a centrally located control. station for · ;he continuous operotions 
of the process, viz., concentration, solvent-extraction, end dist illation • . 
These l)8nela contein (o) tempereture, weight factor, specific gravity, 
flow, pH, interface and static pressure recorders, -which are circular
chart, single- or .multiple-point recorders, located ot the bottom. of tbe 
panel boord, and (b) indicators and indicator-controllers for we i ght 
factor, pH, temperoture , flow, pressure, and interface, which ore placed 
either in silhouettes vhich represent tbe vessels or near the line re
presenting the streams wh1ch ore measured.. 

D. INSTRUMl!:NT DESCRIPl'ICl'lS 

Because the instrumentation in the Uranium Recovery Plcnt is 
similar to toot. used in the Red.ox Fl.ant , the reader is refened t o the 
Redox Tecbnical Mcnuol, BW-18700, Chapter Zll, for intormction concern
in« tbe theory, cp~llcation, ond description of instruments which ore 
cc:mnon to the tvo plonts. The information presented in this Chapter 
supplements the information presented in Chapter XIX of the Redox 
Technical .Mc.nULll by empbosizing and describing only those instruments in 
the Uranium Recovery Flont vhich differ from those used in the Redox · 
Plont. 

l. Radiation Instruments 

Ion cbcmber rcdiption detection instruments ore installed in t he 
process end operoting areas of tbe Urouium Recovery Plant to measure ond 
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record the intensity of goDIIIE rodiotion os oids -to process control ond 
beolth protection. The instruments are described in the Red.ox TecbniC'll 
lotlnuol , RW-18700, Cb:lpter XIX. 

2. Visual and Auditory Aids 

2·.i. Visu:.i.l aids 

Periscopes Dud mirrors are used to view around Opl(JUe ahieldi'Dg into 
l'tld1a1ctive area•. The 2'21-U ·Building (T.BP Plant) crone baa tvo· periscopes, 
vhich are described in the ir.3·.w. Tecbnicnl. ltlnucl, RW-1047', p:ige 1011. 
These periscopes my be adJueted to two mognU1ootiona and m7 be rotated. 
and traversed to view the entire canyon. 

Other optical devices are used in the 241 Tank rarma • A periscope 1a 
lowered into o steel and gloss Bheath in the underground storage ui.aks to 
inspect the sluc38e-removol operation. The gantrf crone operotor mokes use 
ot q.,,m:1.rror to viev rodiooctiva · areas :!ran behind sh1eld1Dg. 

2 .2 4ud1.toq aids 

·.· Microphones ere installed on the tvo contrUuges ond on all tonks 
equipped vi th• cgi totors and pumps • Souncl originoting in the · cell.a 
.actuiltes a microphone, and tbe sigml is tranandtted to o epecker on 
tbe 'panel boards. Fran the 4"'1lity ot the sound, operatillg ·personnel 
1lll:l7 detect irregular mechanical operati'Oll oe well ca monitor normal 
ope~tion .. 

· 3. · · now Measurement and Control Devices 

'TJle Redox Technical MD?lUDl, BW-l.8700, contains a detailed description 
ot t-ha bosic principles of tlov measurement and control es obtained by 
l:ISQD,8_ . ot rotcmeters, orifice meters, and metering pucpe. The Orcnium 
Rec~~l"1 Plo.nt employs the some types of :tlow measuring om controlling 
instrucents with few major exceptions. 

Tbe flow rate measurement ot controlled process streams 1s peri"Ol'tl8d 
by ceans ot rotameters and orUice cetera. Electrical tronm:dtting rota
meter11 ceaaure the tlov rate of oll the extroction column teed streoc.s. 
Tbs ranges ot the rotoatters and the speei:tic grovit;y of the J:1eCsured 
streams Dre listed in Table XIX-2. All other flow oeosuring devices for 
rodiooctive controlled streans, os well as for .strea:c and voter, are 
orifice meters. Doto pertinent to orifice meters which ore used to 
ceceure tbe flow rote ot rodiooctive pz-oceaa streal!lS coy also be found 
in ~ble Xll-2 • 

. ti ~ ;-_ 
The specific instrucents vhich are used 1n the uranium Recovery 

Plant and vhich have not been described in tho ~edox Technicol Manual, 
RW-18700, Chapter XIX, are: (a) a pneUDOtic tronsnitting rotaoetcr, 
which measures the tlow rote of BCX CC1ke-up voter; (b) m:mlll indicctor
controllers, which are located in the graphic plttern ot the grophic 
ponel boards; (c) pncunctic reloys, which convert the signDl tran en 
electrical tronsr:dtting rotol:leter into o pne'Ul!Kltic signal required to 
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DECLASSIFIED 
actbat& the. graphic pa-nel board indicating instruments; (d) a· flow 
ratio con~ller, which- proportions the flow of caustic soda solution 
to tbat of waste solution into the Waste Neutralizer; and (e) a turbine
type flow meter, which measures the volume of waste solution transferred 
to underground storage tanks·. These instruments are described below. 

3.1 Pneumatic. rotameter· 

A pneumatic transmitting rotameter is used to measure the flow 
rate- ot RCX.ma.ke-up water and to control the stroke length of a 
metering pump which feeds nitric acid into a blend tank 1n whichRCX 
is prepared.. The _ water flow rate, which 1s controlled to maintain a 
cons.taut· liquid level in tbe blend tank, determines the position of 
the rotameter floet •. The attraction between magnets, located in an 
extension on tbs: fioat and on a lever outside the tube in which the 
float extension. moves, causes the lever and an air relay to be 
positio11Sd according to the float position and the flow rate. A 
p!leumatic signal traa the relay- actuates a flow recorder and also 
controls the stroke length of the nitric acid meteritig pump. The 
s:troke ot the pump may be controlled either manually or automatically, 
according to the position o'f a valve in the air line 'between the rota
meter air relay or pressure control station, and the stroke control. 
This arrsDgement allows :trom 5.8 to 58 gal../min. of water to be acid-
11'1ed continuously- With trom 0.0 to 0.05 gal./min. of nitric acid. 

3.2 Manual-autOJll!tic cont:-ol station 

Small, easily read indicator controllers are used on the graphic 
panel board for nearly all automatic control ~parations. The instru
ments, which are Foxboro Consotrol controllers·> are 3-3/8 inches wide 
by 7-3/8 inches tall and are mounted. on the graphic ·penel ·board near 
the s,mbol of the equipnent which is operated. The instrument comprises 
two parts: a lower unit, which is equipped with a selector valve, a 
pressure regulating wlve and a pressure gauge, allows the selection of 
either manual or eutanatic control; and the UPJ;>er unit, which is equipped 
vi th an ind.ice ti"D6 pointer and a control set pointer on a vertical linear 
or square-root scale, provides, through bellows and relays, the control 
air signals necessary for autamtic control. 

With the selector valve set tor manual contl"ol, the controlled 
element is pneumeticolly loaded by manual adjustment of the preseure -
regulating valve. Under automatic control, however, the control set 
point is positioned either automatically- by e signal tram another con
troller or !JW3uually. The control station adjusts the air pressure to 
the controlled element (either a diapbrogm.motorvalve or another con
troller) ocoording to the dii"ference in scele reeding of the indicator 
pointer and the set pointer, until the indicated flow coincides with the 
desired flow. 

3.3 Electric-to-pneumatic converter 

The el.ectrical signal from induction-type rotameters is converted 
into an air signal. by an air rel.Dy connected through mechanical linkages 
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to the recorder pen. This air signal. actuates either an indicator· or an 
indicator-coutroJ.ler. The signal ·pressure varies linearl;y trcm 3 to 1, 
lb/sq.in.ga. as the cbert reading changes 1'ran O to 100 per cent. 

3.4 nav retio controller 

The aqueous wste solutions i'ran. the solvent-extraction col\111118 are 
neutralized Yith caustic soda solution semi-continuO\lel.7 in a neutl"alizer 
.tank. The tlov rates ot both the waste and the caustic soda solution are 
men sured by ori:tice meters and are controlled eut0111Btically-· b7 J'ozboro 
Conaotrol instruments. An intermediate instrument, the tlow•retio con
troller, um;r also be used to adjust · the set pointer ·ot the cauatic sode 
solution controller accorditlg to tbe now of wste solution. The tlov• 

. rotio controller, which is actuated b7 the same pneumatic signal that 
actuates the waste stream flaw controller, -transmits to the caustic 
solution flow controller a poetmetic signal that wries~ the actuat
ing signal by a ratio Yith which the ratio controller is manually. adjust
ed. In this .inner, the tyo tlov rates, into the Neutrolizer my be main
tnined in the proper ratio. 

3.5 Turbine-type tlov meter 

The flaw rate ot concent:rcted neutre1ized aqueous process wste 
solution is meosured oa tbs mterial ie pumped to undergroWld atore.ge 
tanks. The measuring instrument, vhioh is manutoctured by the Potter 
Aeronautical Ccapon;y, utilizes e stainless. steel rotor b&ving a mognetic 
core inside tbe pipeline to generate an alterontjng electric current in 
n pick-up· coil mounted in the pipe 111Elll. The rotor, which is especially 

. shaped to reduce thrust on the graph1.te-tet1on bearings, rotntes at o 
, &l)eed proportional to the velocit;r of the fluid in the pipe. The senor
. ated electric current, vhioh ms Q trcquenc;r proportioncl to the volu-

metric flaw rate ; is amplified, rectified, recorded, and integrated by QU 

electronic potentianeter. Thus a measure ot tbe rote ond of tbs total 
flow tbot l::IDa passed through tbs pipe is provided. 

The volumetric accuracy o:t . the system is :t l/2 per cent. Tbs 
measurement is esaeutioll1 independent of viscosity, temperature, and 
spec1:tic grovit7. The range ot these .instruments is :tran 3.5 to 90 
gal ./min. · 

4. Purge-Type Instruments 

As 1n the Redox Pl.ant, gos-purged pressure instruments are used in 
tbe Uranium Recovery Plant to measure interface level, wtaht tnctor, 
specific gravity, and static and differential pressures. Moat of the 
applications of purge-type instruments are similar in the two plants. 
The followiDg applicotions ; however, are specific for the Uranium Becoveey 
Pl.Dnt; 

(a) The ditf$%'entialpresaure sensed 'by veight :tactor dip tubes is 
transmitted to panel board recorders by a J'o.xboro d/p Cell as 
a 3 to 15-lb./sq.in.ga. air pressure signal. 

(b) Interface dip tubes have a six-inch span. 

.,.-- ·• .,. . ,it~~'t 
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to 30 inches o:f voter and is nearly the scce es the gouge pressure in the 
Coneentretor, is transmtted by a Foxboro d/p Cell to a diol pressure · 
indicator. The pressure thus indiccted may be used as a guide in opera·t .. 
ing both the Concentrator and the Nitric Acid Froctionfltor • 

.5. Pressure InstruDents 

Most of the pressure instruments in the Uranium Recovery Plant are 
stondard Bourdon•tubo diDl gouges. Two types ot controllers, however, 
are used: (a) The fi'octionntizlg tower condenser and the colcination pots 
ore aiintained under plrtiol vacuum .bY o steam jet awcuotor. Excesaiv~ 
negative pressures are prevented by bleeding air into the suction side of' 
the Jet. (b) In the vnpor recovery flash tank system, in which the con
densate from the RCU Concentrators is fleshed from high (approximately 
100-lb ./sq .in.) pressure to lover pressure and the vapors are compressed 
to controlled pressures (opproxialtely 30 and 100 lb ./sq .in.) by steoi: 
jets, the pressure is controlled by throttling the 225-lb./sq.in. motive 
steoti into the jets. The dischnrge pressure of each ·Jet cctuotes the 
indicator of a pressure indicator-controller, which then sends a control 
air signal ton d10pm,;qpn ootor vclve on the jet steam suPJ)l.y line, thus 
tbrottling the i:lotive steac and thereby controlling the jet discharge 
pressure. 

6. Temperoture Ihstl"Urilents 

The principles end applicotion of mercur:r and resistance tberm01.1Sters 
ere discussed in the Red.ex Technical Monuol, RW-18700, Cbopter XIX. These 
principles apply to m~ ot tbe Uroniua Recovery Plcnt instruments. The 
tollowing discussion describes some specific temperature instrument in
stallations in the Uranium Recover,' Plant which d1tfer tran those used in 
the Redox Plant. Theae instruments, described below, are (a) resistance 
thermometers with pieumatic transmitters and (b) thermocouples vith in• 
d1cating-controll113i pyrometers. 

6.l Res1atance thermometers nth pneumatic tranamitters 

The use of air-operated temperature indicators on tbe graphic panel 
board requires that in•~ inatruments the electrical measurement ot 
temperature be converted into an air signal. This is accomplished by a 
Foxboro Dynalog instrument, which measures the impedance ot a temperature• 
sensitive resistance element, records the temperature, and, through an 
air relay connected mecbaniaallyto the recording mechanism, transuu.ts 
an air signal (3 to 15 lb./sq.in.) to the receiving instrument (either an 
indicator or an indicator-controller). For a multipoint record, a six
point single-pen chart recorder 1s used. One recorder-converter may 
measure six different temperatures and indicate them on individual in.di• 
cators. 

6.2 Calcination f'urMce pyrometers 

The temperatures of the calcioation turnace pots and heeters are 
measured and controlled by thermocouples and indicetitig controlling 
pyrometers. F.ach celcination pot is heated and cooled through e cycle 
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( c) water 1s used as a purge. :tluid in measuriDg surUc preesure 

in the vopor· spoce ot the RCU Concentrators to prevent pl.ug
giDg ot the tube by crystals. Humidified air is used cs the 
purge gos in all other purged instruments. The low volatil
ity ond fl.mmnability of the solvent that is used renders it 
unnecessary to use en. inert-gas purge. 

4.l Weight factor iustruments 

. · In lllley 1ustallotions the weight factor signol is transmitted to 
tbe panel board recorders by a Foxboro d/p Cell. I! tbe weigJ:rt toctor 
si.smll is required to actunte tvo or more instruments (a p:u:isl bocn'd 
recorder and a controller, tor eznm.ple), it is necesso.ry to boost the 
signal, as measured in the dip tubes, by a transmitter which boosts the 
pressure in the lODg transmission lines to 3 to 15 lb./sq.1n.gc. In 
addition, since tbe out~t signal :trcm the transmitters has a standard 
ronge o:t 3 to 15 lb .• ysq.in.gn. pressure, the receiving el8Dents of the 
instruments have beon standardized_ to receive sf8nol.8 in this pre111sure 
range. 

Bing-balance-type instruments, which are in some instoll.ationa 
used tor re~ording weight tactor and specific gravity, ere JDOUnted on 
the locol ponel boards • This t:,pe of instrument is described in the 
11.E.W. Technical !itlnunl, Section c, aw-10475. 

4.2 Interface instruments 

Three dip tubes, spaced vertice.lly at 6-in. interval.8, are iz,,
stelled. in the top ot eech solvent-extraction column to :cieesure tbS 
position ot the intertoce £\nd. the specific gravity ot the organic 
phase obove tbe interface. The di.f':terential pressure between the top 
dip tube and the center dip tube is tl'ftnsmitted as a 3 to 15 .. 1b./sg.in.go. 
oir sig)lal, by a Republic Instrument CompollJ' tranSE!litter to a six-point 
recorder. The transmitter bas an input range ot 4.8 to 6.8 inches ot 
water pressure (equivalent too specific gravity rsnge of 0.80 to i:.13). 
Tbe diff'erential pressure between the center and bottom. dip tubes, vhich 
is proportioJ:l.Ql to tbe app:irent avel'Q6e ot the specilic gravities o'f 
the liquids between the dip tubes, 1s al.so transmitted by a Republic 
transmitter ond is recorded on the some chart thD.t records the speai!ic 
gravity- o:t the organic phase above the inter.face .(top polr- o:t dip tubes). 
In addition, the trnnsmitted signal :trom the lover dip tubes actuates 
the indicating pointer ot an intertoce controller. This controller~ o 
Foxboro Canp;u:iy Consotrol, controls the position of the column inter-
face by controlllIJ8 the stem position of the valve on the column aqueous 
et-fluent line. 

4.3 Water-purged static-pressure instrument 

Water instead of air is used as a purge fluid in the stctie pres-8'\lre 
tubes of the RCU Concentrators to prevent crystals f'rom ~ccuz:mJ.QtiDg and 
plugging the tubes. The purge line into the vcpor spice ot the RCU 
Concentrators is continuously flushed with :trom 20 to 200 ml./min. of 
wter. The gauge pressure of this wter, which is in the range of zero 

11!)?1 # DECLASSIFIED - -



- 1911 DECLASSIRED RW-1914o 

recorded on a Bristol Col::lp'.:ny single~point chort recorder. When the 
conductivity of the suop liquid reaches a specified value (to be deter
o1ned by "cold" operation), on olom is activated on the cnnunciotor 
boord. 

7.5 Alam cnnucictor 

A :f(lnel board in the 221-U Build,ing O:perating Gallery is equipped 
vith lights, horns, and drop t:1bs to cnnuncicte unusual conditions in 
process eguip:1ent to which it is connected by switches. The vari ous 
conditions which actuate the Panolam Compiny annunciator include the 
fellowing: high and low weight fcctors, high sUClp conductivity, ond 
low water flow rotes to concentrator cooler coils. 
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Inatrument or Eguip:-..ent Piece 

AH , • , • , .. • • • • .. • Alarm Horn 
.LI ••• , ....... ,. • .lmpere Indicator 
AMP ........... ., Amplifier 
CE••··••••••••·• Conductivity Instrument, Sensitive E:l.ement 
CR••••···•···••• Conductivity Recorder 
CV ........... ,., Control Valve 
lJ1 •••••••••••••• D1.splacfflent Meter 
DMC •••·••••··••• Displacement Meter with Volume Limit Control 
DPI ••··•·•··•••• DU'ferential Pressure Indicator 
DPM •••·••··•·••• D1.!ferential Pressure Transmitter 
EXlAS ............ Electrical Operability Alam SWitch 
FAL ••••••••••••• Flow Alarm Light 
FAS••••••••••••• Flow Alan, Switch 
FE •.••••••..•• , • Flov Sensing Element 
l'I • • . .. • • .. .. .. • Fl.av Indicator 
FIC ••••••••••·•• Flow Indicator Controller 
FIM ............. Indicating Flow Transmitter 
FM••·•·••···•••• Flow Transllitter 
ffi •• , ........ , .. Flow Recorder 
FRC ••••••••••••• Flow Recorder Controller 
FR(C) ........... Flow Recorder vith air 1ignal to Controller 
FR(I) ........... Flow Recorder vith air 1ignal to Indicator 
nu •.........•.. Flow Recorder Integrater 
Fr .............. l"lov Transllitter 
GO ............ ,. Gauge Glass 
II ..... , • ,. •• ., , Interface Indicator 
IM •••••••••••••• Interface Transaitter 
IR , ............. Interface Recorder 
IRC •••·•····•••• Interface Recorder Controller 
JC•••••••••••••• Jet Control 
LC .. .. • • • • • • • • • • LeTel Controller 
LI.I••••••·•••·•• Liquid LeTel Indicator 
MC , ........... •• Manual Autautic Control Station 
HI( •• , •• , , ... , • .. Microphone ( "Mlt • also refers to the Mark 

lllaber on the Instrument Data Sheet) 
MKS • •••. ·••. •••• Microphone Selector Switch 
ML ••••••••• ••••• Motor Light 
KS •••••••••••• •• Motor Switch 
I.C, ............ Nonaalq cloaed, air-to-open 
w.o. •••·••·•·••• Nonaally open, air-to-close 
p ••••••.•••••••• ~ 
¢U ............ , pH Allpli!ier 
pH AKI' ., .. , ,. • ,. pH Allpli!ier 
pHE , , •• , •••••• •, pH Electrode 
pHI ••••·•••••••• pH Indicator 

DECLASSIFIED 

Ins t rument or egui'C)lllf!nt Piece 

pH!\••·••·••••••·• pH Recorder 
PI ............... Pressure Indicator 
PIC ·•·••••••·•••· Pressure Indicator Controller 
PM ... ., .......... Pressure Transll\itter 
PR .. .. .. • .. .. • • • • Pressure Recorder 
PRV ••·•·•••·•·•·• Prossure Regulating Valve 
PS ............... Pressure Switch 
PSI•··••••••••·•• Pu::.se Speed Indicator 
R • , •.•••.• , , ••.•• Purge Ou Rotameter 
RA•·•·•··•·••··•• Radiation Amplit'ier 
RE ....... ., • ,. ... Ractiation Ion Ch1111ber 
RR••··••·••••·•·• Radiation Recorder 
RS ••·••·········· Radiation Selector Switch 
RS ..... ,. ,., ,. ... Reset Switch 
SC • ., ... •,., ... ,. Speed Control 
SE·•·•·•••••·•··· SpP.ed Instrument, Sensitive Eleaent 
SOI··•••········• Spoci!ic Gravity Indicator 
SGIC •·••·•••····· Specific Oraviey Indicator Controller 
SOM •••••••••••.•• Specific Gravity Transmitter 
SOR .............. Sp,1cific Gruiey Recorder 
SI .. .. .. • • • .. • • .. SJ>8ed Indicator 
SPI ...... ., • • • • • • Sp,,alcer 
SV ............... Safety Valve 
5V ., • ••• .• , •••.•• Se:i..ector ValTe 
TAL ............. , Tez:iperature ilana Light 
TAS , , ••••• , , • • • • • Teuperature ilann Svi tch 
TC • • • • • • • • • • • • • • • Temperature Controller 
TCV , ... , ......... Tenperature-Controlled Valve 
TE••••••••••···•• Tei:,perature-SensitiTe llenent 
TI •••• , •• , •• , ••• , Tei,q,erature Indicator 
TR , •• : ••••••••••• Tenperature Recorder 
TR(C) ..... •• ..... Temperature Recorder 'llith air •ienal to 

Controller 
VE••••••••••••••• Vibration-Sensiti•• .nement 
VE ,.,.,. ......... Electric.U,, Operated Valve 
VI••••••·••••·••• Vibration Indicator 
VOL,C. •• •.,. ••.,. Voluae Control 
Wi'AL ,. • ,. •• • ... ., Weiirht Factor Alana Light 
wTJ.S ............. Weight Factor Alarm Switch 
WFI , • , • , •• , , , , , •• Weight Factor Indicator 
WnA ••••••••••••• Weight Factor Indicator ilara 
WFIC •·••••••••••• Weight Factor Indicator Controller 
WP!1 •••••••••••·•• Wel.ibt Factor Translli.tter 
WFR ••••••••·••·•• ~etght Factor Recorder 
~C , ...... •.,,., Weight Factor Recorder Controller 

111111 
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R03 
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Desi1<nation of 
Rot8111eter 

FIM-17-8-2 
FII•:-l?- 5-2 

F!H-17-u-l 
FIM-19-11-1 

FM-17-h 
Fl'l-19..6 

.[,''IJ1-l 7-2 
FDl-19-2 

FIM-18-2 
FIM-20-?. 

Fi1-l7-l-l 
Flr.-17!""1-l 
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TABLE iCIX-2 

FL()i RATZ IXSTRUKufTS 

Approx. Ro tame t.er Range, 
Gal./ilin. 

10 to 70 

2 to 12 

S to 25 

8 to 40 

o.13 to 10 

10 to _ 70 

"HOT" PROCES;, ORIFICE HET.t"lt INSTALLATIONS 
(221-U Building) 

-~-l9l.J.aO 

Specitic 
Orni t;, at 7S°F 1 

0 . 82 

l.oO to 1.17 

1.38 t o 1.1+4 

l.O 

1.05 

0.82 

Desig~t.ion o! Approx. Ori!ice Meter Range, 5pec11'1f 
Grnitz a) Solution Orifice A.ssemb!l Gal./Min. 

Concentrated Feed Solution FE..6-2 7 to 30 1.36 (l25°r.) 
Dilute Feed Solution FE-6-6 . ll to 50 l.24 
Concentrated Feed Solution .PE-6-7 7 to 30 1 • .36 (l25°F.) 
Concentrated Feed Solution FE-7-2 7 to 30 l. 36 (l25°F.) 
Dilu t.e Feed Solution n:-7-6 ll to So 1.2h 
Concentrated Feed Jolution FF-7-7 7 to JO l.36 (125°F.) 
Conccn t.rated Feed or ~aate FE-13-2 7 to JO 1.38 (l50°F.) 
Dilute Feed or \iiuto l'E-1:l-6 11 to 50 1.25 (uo0 r.) 
Concentrated Feed Solution FE-8-7 7 to 30 1.38 (130°,.) 
Concentrated Neutralised Waste FE-9-2 8 to 30 1.40 (11s 0 r.) 
Dilute Neutralised Waste ~'E-9..6 13 to 50 1.25 (uoor.) 
Concenti-ated Neutralized Waate Fi-10-2 8 to 30 1.40 (l75°r.) 
Dilute Neutralized Waste Ft-lo.6 13 to 5o 1.25 (uoor.) 
Pooled Aqueoua wute FE-ll-l 15 to 60 1.20 
NaOH Jolution PE-ll-li 2 to 7 1.53 
Pooled Aqueous Waate FE-12-1 15 to 60 1.20 
Poolad Aqueoua wute FE-12..6 15 to 60 1.20 
Pooled Aqueous Waste FF-13-1 15 to 60 1.20 
RAX Pulse Leakage FE-17-1 l to 4 o.oo 
HAI Pul.se Leakage FE-19•1 l to 4 0.60 

!:2.!:!: (a) The valuea llited in t.be apecilic grffity col\llUl were uaed to calculate 
the orifice :sizes. Where te111pOrat.ure 1a not luted, the re!'erence 
temperature 1a 75°F. 
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PART IV: PROCESS COOTROL, continued 

CHAP1'ER XX. ANALYTICAL METHODS 

.., 

A. m'm.aIXJCrIO?f .............................. ·• ••••••••••• • • .... • • •- 2003 

B. 

l, • .General •••• ~ •••••••••••••••••••••••.••••••••••••••••.•••• 
2. Definition ot Terms ••••••••••••••••••••••••••••••••••••• 

PHYSICAL 

Time required per determination •••••••••••••••••••• 
Ac.curacy ( systematic error) •••••••••••••••••••••••• 
Recoveey ••••••••••••••••••••••••••••••••••••••••••• 
PI-ecie 1on •••••••••••••••••••••••••••••••••••••••••• 
Sample a 1ze ••••••• , •••••••••••••••••••••••••••••••• 

mOlD'.rm •••.........•.....•...•••...•••.•..•.•••... 

l. Cz7stallizetion Point ••••••••••••••••••••••••••••••••••• 
2. Completeness of Solution •••••••••••••••••••••••••••••••• 
3 • Dise'Dgl! gement T~ •••••••.•••••••••••••••••••••••••• . • ..... 
~. Distribution Ratio Test •••••••••••••••••••••••••• .••••••• 
5. Flash Point - Tag Closed Cup Method.,A,S.T.M • .o,6-36) •• 
6. Specific Gravity by P'allillg DrOP••···········~·········· 
7. Speci.fic ·Gravity by Pycnometer ••• : • ••••••••••• · •••••••••• 

2003 
2003 
2003 
. 2003 
2003 
2003 
2003 

2004 
2005 
2006 
2006 
2007 
2007 
2008 

C. cmr.MICAL DETEP.MIHATIClfS ••••••••••••••••• , , •••••••••••••••••• 2008 

1. 
2. 

3. 
4. ,. 
6. 
7. 
8. 
9. 

lO. 
ll. 
12. 
13. 
14. 
15. 
16. 
17. 

Aranatics and Ole!1ns (A.S.T.M. D875-46T) •• , •••••••••••• 
Ferrous Sul..famate -- Volumetric Determinotion as 
Ferrous Iron ond Sul.1'8mic Acid •••••••••••••••••••••••••• 
Hydrogen Ion by Fluoride Canplexing~·•••·•·••···••••·••• 
liy'drogen Ion by Omlate Can:plexing •••••.•••...•..••.•••• 
To~i Nitrate Ion ••••• , ......................... . ....... . 
pH Measurement by One-Drop Electrode ••••..•••••••••••••• 
Phosphate Ion -- Volumetric Method •••••.•••••••••.•.•••• 
Sodiuci Determined by the .J'lar:ie Spectrophotometer ••••••.• 
Spectrographic Assoy of Uraniuz:i ••••••••••••••• • ••••••••• 
Suli'ate Ion -- Volumetric Detarc1nat1on ••••••••••••••••• 
Tributyl .Phospbcto -- Hydrolysis Method ••••••••.•••••••• 
Tributyl Pbosphc.te -- Infrared Method •••••.••••••••••••• 
Uranium by ChroJ:10us Sulfate Titration •••••••.••••• . ••••• 
Qronil.m by Coulonetric Titration •••••••••••••••••••••••• 
Urcnium by the Fluoropbotooeter ••.•••••••••••••••••••••. 
t:Jrc.ni-w::i Isotopes by the Mass Spectrogrc.ph •.••••••••••••• 
Uronitll:1 by the X-Roy l'botODUter ••••••••••••••••••••••••• 
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2006 

2009 
2009 
2010 
2010 
2011 
2011 
2012 
2012 
2013 
2014 
2014 
2015 
2015 
2016 
2016 
2017 
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D. BAI>IOOHDIIC'.AL. ~Icms • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2018 

l. Cerium -- Omlate-Iodate Prec1pitot1on Method •••••••••••• 
2. Cesium -- Chloroplotinic Acid Method ••••••••••••••••••••• 
3 • Groaa Beta 'Dtt:mOi.:aouxrtar ••••••••••••••••• , ••••••• , •••••• 
4,. .Gross GolllilCl .by Shon1ul .Chotlber •••••••••••••••••••••••••••• 
5. Plutonium -- Direct Bvoporotion Method ••••••••••••••••••• 
6.. Plutonium .-- ll'luoricle Precipitation Method, •••••• , ••• , ••• 
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A. I?fl'RODUCTION 

l. General 

CHAPI'ER XX. ANAUTICAL ME'l'RODS 

Thia chapter brief'ly outlines the principel analytical methods now 
evail.eble (September~ 1951) for uae in. analyzing the ver1ou.s components 
normally expected -in Urenium Recovery Process--streams . . - The limitetions 
of each method are presented es en eid to operating personnel eo~hst 
t:!:ley cen intelligently interpret leboretory results end c8n request; deter
minations which vill produce meeningf'ul c18ta. For each enalyticel method 
the precision., accure cy, sample Size, time required for analysis, and 
impurities known to e:N'ect the method (11' eny) have been lieted together 
with a brief description of the method • . 

As time pssees, many o'f the methods described may be improved or 
replaced with new eDd better methods. Therefore, U the outlined method 
does not meet e perticular process requirement the Analytical Laboratory 
should be consul.tad. 

2. Def'inition or Terms 

2 .l Time required per determination illdicetes, unless otherwise noted, 
the total elapsed emlysis time required tor e single determinetion. It 
includes any method delays such as digestion, c :x>liDg, or agitation, but 
does not include the time required to get the Bttmple from the operating 
building to the la bore tory. · 

2 .2 Accuncy as presented in this chapter is stated in terms of the per
centage disagreement ot the average analysis :from the absolute or "true" 
ena~is. This disagreement is termed the "systematic error." 

2.3 Becoverz. In radiochemical determinations a portion ot the redio
ect1ve element concentration being determined is generally lost eDd not 
counted. To determine the percentage of the redioectiv-e element lost, 
a large quantity of an inactive isotope ( large in comparison with the 
radioactive element concentretion) is added end its cbemicsl yield (re
covery) is calculated. 

2.4 Precision is en indication of the reproducibility t>tthe method. In 
this chapter the precision f'iguree represent 99fo limits. In other words, 
in ninety-nine out of one hundred determinations statistical studies beve 
shown the reported velue does not very from the mean value by more then 
the stated precision. 

2 .5 Semple size is the volume of sample actually required 'by the analyti'
cel method for a single determination. For most Redox samples duplicate 
determinetions will be 1D8de tor each reQuested analysis so the total 
volume reqUired for a requested analysis will be twice the volume shown 
on the method tabuletiona. 
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l'or many- oft.be rad1ochemical methoda the sample volume requ1.red is 

del)&ndent upon the precision required ot tbs method and tbe concentration 
of the radioactive element. Stetiaticel studies have shown tmt tl:le 
tolloving countin6 precision may be e.xpacted f'ran tbe ASP (AlpbD-SimpNn 
Proportional) am BOO (Bete-G8ZZIIID-Offner) counters: 

·Prec1s1on ,m Limit•l 
Totel Bo. 
2' Counts* 

:.t l~ 66,000 

:.t ~ l.8,000 

:.t » 2,600 

:J: 1~ 700 

. :I: 2011, 170 

~ote: 'l'his is the total number ot counts counted tor the 
determination -- irrespective ot wbether they were 
counted in a abort time tor a aemple ~ high radio
activ1 ty-, or a longer time far c eample ot lover 
radice.ct1v1t:y-. 

The 1pecUic activity 'tor . one mic~m ot plutonium is ap~tely 
l.48 x 10, disintegrationa per minute (approximately 74,000 elphfl counts 
per minute on o ~ geanetry JtaP: ~ter). Therefore, it a five-minute 
count is to be r:nde nm one per cent countill8 precision is desired, the 
soa.ple aliquot used for a determimtion abould contain approximately-
0.2 microgram ot Pu. Siailtlrly;, tor a t11'8 minute counting period and 
20 per cent counting precision the sample sbould contaill epprozicDtely 
0 .000, microgram ot Pu. If ina~~icieut 80!:lpl.e 1a available to obtain 
tbe counting precision. deaire.d. during. o. short o.ounting period the count
ies precision. ODY 'be ·increnaed by lengtbening t.be counting period. 

· The sample sizes atipulllted tor tbe vnrious tiaaion pr-oduct deter• 
mimt1ona are based on the caaumption tmt the plent is processing e 
2•:,eer-aged wste. 

B. PBYSICAL :m<>PBBTIES 

1. 9mtalluct1on Point 

Application: Tho twthod cay be used tor all uranium recoveey process 
solutions, ~t it blls been developed tor uae priDCrily with "het11 

solutions such as concentrated MW. 

Description: The crystallization teaJ)erature ii obtoined as a pl.flteau 
on a cooling curve tor tbs sm:iple. 'l'he tm::ipere ture in the tree zing 
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point tube is measured by an iron-constantan thermocouple enclosed in a 
glass sleeve, end is recorded on a Brown Recording Potentiometer (Model 
153 XIIV-X-27,) 

Liquids which supercool tend to give low results. The supercool1Dg 
effect mey be overcome by- running several cooling curves. on the same · , 
sample, thereby establishing a crystal "memory" on the walls of the freez-
ing point tube. ·· · · · 

Time reguired ;eer determinetion: 90 minutea. (It is expected that with 
additional experience vi.th the method the time reqUired may be reduced to 
less then one ·bour withe· probable decrease in the precision attained~) · . .. ' 

Systematic error: Dependent upon the accuracy ot calibration o-r the 
measuring and recording system. In the range of- crystallization tempera
tures expected (0 to lOOoC.) the systematic eITor is between -0 .1 and 
+ 0.1°c-. ·. , · · · · · ·. 

Precision cm limits}: Between -0.2 and +o.2°c. 

SiUnpl:e size: Samples as smell as l ml, may be used. Since tbe caaposition 
of. tbe, sample; 1& DDt altered du:ritJg the determination, it may- be used 

. i:.ter t'o.t other ana:cyses. .. ·.. . . . : . ' 

2. Ccnpleteness of Solution 
• J,.. 4 . .. 

APi>lication-: . This . 1118thod : is used . to· determine the e:tfecti veneers of 
slurry dissolution at tbe- varioUS' tank farm· process vaults (e.g., Blend 

· Tank samples). In· tbose cases where dissolution has not been complete 
the appronmate amount o-r nitric acid reguire~ for canplete uranium 
diseoluti.on ia reported •. · · · · · 

Description:: · The sample is placed. fn a ~..;milliliter glass centrii"uge 
cone and centrifuged in an International Clinical Centrif'uge. . AnT 
tmdissolved uranium salts appear, upon visual euminat10il, as a yellow 
sed1:metrt"fn, the tip ~ the centrUuge cone. · · It undissolved uranium salt• 

·are -,preet!nt,:. -tlie·=sami,Ie u · tit.rated· vitb. ~ nitric acid until the sample 
appears· elear, and then· recentrituged.. When urard.um. sediment is no longer 
present, the sample is reported as "clear" and the sample is stored for 
si%' da;ra to d.etermil:le whether precipite forms on stalldi.ng. 

. ' .. 1 

.. ~-., 

. ' 
k,,. 

:t+~•w• 
-: A:~} 

':'.' '\Imol.ubl.e-'Ul'llttium. salts my be · differentiated t'rom other· u1 tric acid . ;:" · 
. 1naol.ub1e materials (a.g .. , eand, glass)' b;T the cmirecter1st1c yellow color y·~ 
·at the uranium sal.ts. . _ ·':_=_._i __ r,, ·:~_;•;, 

(: ,-:;7i •.:;rt ·,; j . ~- ~:-.,;- .:.: ·: : . -'..:- •'r!' :_ -1'.., . :· . .-.-_ • : l~! 
T1ma·!!91dred)1er determination: : 'l'o determine absence of solida--i5 min- . -:,~ ,}?. 
utes;,-'- tor '.· t:l.tration: prcscea.ure-6o··JDinutes. · •· · · · · · · . :_} :":: 

.. · :.:I:., .~.• .t~,.1>, .-.: ·~~:, . .. ~ ~ •. :,.; ·. ·.~~ : -·, :.: .:J.~ ·-, :~. ~- ·.-·: . ... .. :;.~ .:. . . ·,< ~ .,. --~~ -
. '.. 8,ptellllt:Ec error:-: Far. isamples ··eonta·1n!ng · insoluble uranium sislts, ·tbe . ~ .. 

·. ayst .. :tie-enor· at 'tJ::ie, method f's- 'considered to be negligible in COllplr- :;:• ;,-;; 
- . . • • • , ,, .. r, i;;> 

. . ··... ' 1.80ll -'•1:t:h . the eriiorf wlUch might be i'irtrodtlced in obtainitlg a re~sen:ta~ ' . -: ~ · 
{- · .. ~ ... <'~ · ~ -- 1'\ .. • . ... "'C .. b.--· ~ •,.: . . , \ . . ~ .. ..... . ~ . • · . .. ·, ~ - ~ .. ~ ~•"' ) 
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Precision (99f limits): Depen4ant upon the limit ot detection of solid.a, 
i;ii'obabl.y less . than O .1~ ot sample volume. 

Sample eise : l ml • 

. ·3. ~- D1senepment Time 

· APl)].ioation: The J11Stbod is used as an empericel test to determine the 
emulsification tendencies of TSP proces1 aolveut-eztraction column teed 
solutions. . It mar be used _in 1 ta PNHUt torm to determine tbe emw.ai
tication c~c:ter1st1ca of e sliglrtly' radioaotive req.cled or treeted 
s·olvent b7 using a "cold" •ta~rd solution prepared to e1mulate-- the 
eppz-ozimate egueous phase canpoaition in en M Column along with the -
solvent. Since a large amount of aqueous pbaee is required by 'the metbcd 
in its present. form tbs JDBtbod canm,t .be uaed to ewluate tbe emu.leUice
tion chDracteriatice ot "bot" 'MP •olutioii, thoughmod.1:ticatioaa of the 
method rendering it euitoble tor "bot" aolutiona could prob&bl.J' be · 
de'feloped. 

Descr1vt1on: Approz:lnlste~ 50 ml. ot solvent and itanderd ·equeoua aolut:lon 
et We: are pl.aced in a stoppered·, ,0-ml. graduated cylinder and rotated 
20 times at one NT ./sec:: At tbe ccmplotion ot the rote ting pericid. the 
time reQUired t~ the emw.aion to break (i.e., the t'VO-JP188 zone beccnee 
leH than O .l ml.} is :measured and reported IH tbs dieeDSSging time. 

The ratio ot aqueous to organic eolution in tbe 0711nder ia apeci
t1e4 'b7 the _per•on requeati131 the determination. (1'ormoll1' t.w relative 
volumes ore tboae of the tlovabeet being run through the 10lwnt--eztrec .. 

· t1ou· oolumu.) 

Time required per detemillDtion: Apraxinatel.7 1, minutee. 

Prec1aiou (99f Umits}: UDJmovn. (lCatimDted at about ~ 10 to s ~ 
ot the diaengcging time . ) . 

Sample aize: A totol ~ opproziimtel1' ,0 ml. at aqueoua plus orgamc 
is uaed tor each cSeterm.imtion. At 1W Do. 4 J'lovsbeet conditiona the 
organic to oqueoua ratio 1a cpprox1m!ltel.1' ,:3. 

~. Distribution Batio Teat 
' 

AJ>ilicatiou: Thia method m7 be· used to detect solvent unauitcble tor 
recycling in the 10lTent-extroctiou batte1"7. 

Deacriptiona One volume of soc.l'l,e is eucceaaiTely conto.oted (ahoken 
vigorously, allowed. to settle, ond eeparcted) vith one-mlt volume of 
standard BAJ' plus BAS (RAl /MB • 2) 11oluti011, three one-vol\11118 portions 
ot standllrd BCX solutiou, and one vol\D:18 at standard tnra stock solution 
COD.teinirig opprozimtel.y o.8 g.mra/1. The 1olutiona tre111 tbs tiDOl con
tact ere amlyzed by' the fluorophota:neter t~ mm and the distribution 
ratio, Ef, is calculated ond cazip1red with the value obtained using 
stetldard P.AX in.steed at tbe organic aotiple. The atend.Drd "cold" eolutiona 
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used are pre:pered trom C .P. cb.emicals with the RAX, RAF, RAS, and ~CX 
compositions corresponding to those ot the HV No. 4 Flowsheet shown in 
Chapter I,. 

Time re,uired tor detemination: Elapsed tioe -90 m.nuteS$ operator 
t:lI:Je- 5 Iilinutes. 

§Yet8Jl0tic error: The :fluorophot01!1eter results DDY 11 dritt11
• over enend- · 

ed operating periods. This effect is eventually detected. and the 
i11Strument reset so that there is veey close to zero systematic error . . 
It is felt that the drifting my be detected and con-ected by the ti.Cle 
it has amounted to a 10-per eent discrepancy. 

Precision {QZ' lil:!its): *inly dependent upon the precision of the 
fluorimeter method•-a~tely ± 3~. 

Semple size : 2 to , !!1l. 

5. l!'l.llsh Point--Tag Closed CUp Method (A.S.T .M. 1)56-36) 

APplication: The A.S.T.M. Tag Closed CUp flash point test is used as a 
measurement of the :flru:l:lability ot the diluent J;IUI'ChDsed tor use in the 
extractants of' the Uranium· Recoveey Plant. Purchase specificotions(l) 
have stated that the d1luent closed cup :tlosh point should not be less 
than 140°F. · · 

Description: The procedure and equip:ient· used in the detemination con• 
form to those specified in the stDndzlrd A.S.T.M. Llethod. Briefly, the 
temperature 01' a closed cup ot diluent is arnduolly increased (1°c. per 
rlin.) until a 4istinct flesh is produced in the cup when a carei'Ully 
reguloted teBt flm!i&-is introduced. 

Time required tor d.eterminotion: 30 minutes. 

Syste~tic error: Dependent upon the calibration ot the thermometers 
used in the . detenninatiou. (Usually opproximotely :I: 0 .2°!'.) 

Precision (m limits): ± 1° F~hrenheit. 

Sccple size: 50 mi. per analysis. 

6. Specific Gravity by Felling Drop 

ApPlicat1on: Since such a saill volur2e of sDtlple 18 required the method 
is well suited to deteroiniDg the specific gravity ot radioactive oqueows 
stream such es RAF and RAW. 

Description: Specific grQvity is dete:mined by r:i.easuriae;, at a caref'ul.l-7 
controlled tettperoture , the length of' tine required tor a carefully 
foroad smll. drop of sample to fell ( or rise) through a fixed distance 
in an iJ:mdscible liquid. Changes in composition of the i!!lll:lscible liqui.d 
are detected by Illflkiog periodic determinotions with standard samples • 

DECLASSIFIED 
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Til:18 reqµired :per determinetion: 20 m.nutes. 

Systemtic error: Minus o.02 to plus o.~ (i.e., 0.0002 g./ml.). 

Precision ( rt,11m1 ts) _; Better thon ± 0 .~ ( ± 0 .002 g. /cl.) tor · 
average ot !> ope • · · 

ao.ep;e size: As little as one drop (0 .. 005 cl. frCQ especial device 
which aikes stiill drope) my be used.. llowever, greater precision cen 
be. ob:tained b7 aild.llg several dateZ'Diriotions. (3 · to , drops generally 
uaed.) · 

7. Specific Gravitz by Pzcameter 

ApPlicetion: The specific grevit7 ot "cold" or slightly radioective 
organic end. equeoua samples is determined by this ?:Ulthod. For saaples such 
'.1l·• · BAJ' and RAW which contain appreciable OJ¥>unta of fission products· . 
the J'e~ Drop cethod should be used. 

De•cri;etion:. Tbe . weight o-r· o ·imown volume ·or socple at a,0 c. is com• 
peired . vith the weight of an eQUal volum o'L water et 4oC. 

Time required ptr determinotion: 2'· minutes. 

§lltematic error: Minus 0.02 to plus o.o~ (Le., 0.0002 g./ml.) • 

. Precision <m 11J:11ts): . ~-0-" !OJ • ogueoua accpl.es (app-oz. 
. .· 0.000, g./ml.), 

± O.l~ tor organic-· semples (approx. 0.001 g./mi.). 

Sample size: "Cold.11 11Jmples, .5 ml. 
Slight~ rediooct1ve sm:iples, 2 cl. 

C. CHEMICAL Ilml:BMillATIOllS 

l. Ara:iat1cs and Olefin& (A.S.T.M. ~75-461') 

A;epµection& Thia cetbod 1s used far tbs determ.notion _of the sum ot 
the olefin and aranotic concentrations in diluent purchased tor uee in 
tbe Urenium Recovery Pl.out. The allowoble sut1 of the olefin and 
arcaltie cori.centrt1tions in the purcbDsed diluent lJ is ~ b:y volUDe or 
less. 

Deacriytion: The procedure, solutions, and equiiatnt used in the 
d.etermnation con:torz:i to tboae apecUied in the ora:iatic portion ot 
A.S.T.M. Method DB75-~- Briefly, on accurotely censured socple 1s 
eulto'Dllted at a ecre1'ully controlled t81:lp8rature using o 7<:,fJ ll2604 ·-
3~ ¥, solution. Tbs voluce of olefins and ara:iatics present is 
celc.w.ated by subtrncting the voluae of socple reaiining otter eulfonc
t~ou ( pornt't1ns) plus the volume ot 11anple soluble in- tbe aqueous 
pboaa (osaur:ied) ~ the origin.el sempl.e volUDB. 
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