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. 'FOREWORD 

This report has _been wri~ for the information of new 
personnel associ a ted with the~ Fluorid_e ·Fuel. Preparation 
Facility located in Building 9201-3 of the Y~l2 Area. lt ~s 
not intended herein to cover the complete design,of _the fa­
cility nor to cover the m~ny 6hanges which h~ve b~en m~ae ~o 
bri.ng about the present m.ode of operation. . It . is hop~d .. tha t 
the material presented here will serve a~ a training atd.in _ 
future operations. · · · ·- ' · .·. · · " 

.. ; 

The )>asic research and devel~t of the process waS'' 
carried out by _the members of the, AN' Reactor.Chemistry · 
Section under W .. R. Grimes of the aterials Chemistry 

~
.i ision. · A group under the direction of G. J. Nessle of the 
NP React.or Chemistry, Section with the ~,pis~Q)......,JJ!embers · 

o ... the Experimental .Engineering Section of .t . . _ruj}§.f9]::::> 
was responsible for the design and installation of. tl~e facil-' 
i t.ies. For the past eight months the facil,ity has been op­
erated by Mr. Nessl~e.' s ~rouf to produce experimental lots of . 
f\lsed _salts~ AID! 15i:Yi§IO~ With increased demands for 
large quantit1es of fused salts, some members of the Pilot 
Plants .Section of the Materials Chemistry. Division are now 
as~isting with the operations. 

MiMIIL 

.. . .. . . . •• .. ... . .. . . . . . . . . . . . . . . 
30'9 . CC2 . . .. . . . . . . .. . . . . . ... . . . . . . . . . • . . . . . . 

·-· ... . ... . . .. . . . . 
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jEFREJ 1 

THE FLUORIDE. FUEL PREPARATION FACILITY 

Purpose 

The Fluoride Fuel ~reparation Facility in Building 9201-3 
is conc.erned mainly with the production of 250-pound units of 
the principal fluoride compositions (Compositions 30 31, 45, 
a!ld_ 43) 1 which are used in. variouse'1(rrcrirfl~ij'i)~ 

C!i"'Qiil'tes ts. These units are "ba tc~d'o'"wi:'i''"''"'lii'to"'''"smai~-
~~~*-"'~AJ?-~S!~~9E.~~~i~~ 
(!j,Yf-YiSJs.~~~nd-t,Q~,~f!GJ~~~~~c;:~~ 

Equipment 

The Facility consists of an arrangement of .three cubicles. 
Cubicle N9~ 1 contains equipment for the weighing and ~ixing 
of the loose fluoride salts. Cubicles 2 and 3 each contain.a 
reactor where t~~ mixture is t~~ated, and a receiver to which 
the purified melt is transferred for storage .. The· flow di­
agram .. of .the system is ·given.in Figure· 1. Controls for each 
are located.on central partel boards (see Figure 2). 

Procedure 

General operating procedure consists first of weighing 
the proper amounts of NaF, ZrF4 and UF4 , as required, in a 
tared hopper. The loose fluorides are transferred to a 
Patterson Kelly blender where they are allowed to mix for one 
hour until a uniform mixture is obtained. This fluoride salt 
mixture is transferred to a portable dolly and loaded·into 
the reactor vessel. The equipment is pressure tested with 
helium to insure a gas tight system. 

Heat is applied to the reactor, receiver, and transfer 
lines; and the system is evacuated to remove the excess air 
and oxygen. A helium flush is used to remove the last tr.aces 
of air. After the initial flus~ the system is pressurized 
.with HF to obtain an HF.atmosphere and is then placed under 
fiv~ inches cf vacuum and the salt mixture allowed to melt. 
The reactor is heate~ to 1500°F while the receiver and transfer 
lines are heated to 1300°F. After the mixture has melted it 

1. Composition 
NaF 
ZrF4 
UF4 

30 31 43 
50 M% 5.0 M% 66.66 
46 M% 50 M% 0 

4 M% 0 33.33 

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

.M% 

M% 

. 
. . . . 

45 
53 M% 
47 M% 

0 

970175 

~-j'- ~ 
i):.:}',;;p 
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is treated with hydrogen -for one hour and .then HF for one and 
one-half .hours. ·This treatment reduces and fluorinates the 
i-mpuriti.es in the melt . 

. The .system is then. flushed with hydrogen at a rate .of. 3 to 
5 liters per.Dinute ~ntil _the hydrogen fluoride.~ontent of the 
.effluent .gas is· 1 x l.Q--::--4 m.ols hydrogen -fluoride per .liter. 
During the -final Hz flush the impuri ti.es, Ni and .F~., are .re . ...; 
duced to t:P.e me-tal. and a~-e plated out on the walls of . the .re.:­
ac.tor. .After completion of th.e .hydrogen .flush the melt . is 
transf.erred to ~th.e -receiver. through a .sintered nic.k.el .fi-1 ter. 
The ~eceiver ·is allowed .t.o .cool .under a .helium atmosphere . 

. After ·the .recei-ver .has c-ooled ~ t is .. remov:ed .to .the stora:ge 
area and stored _under .a hel_ium _blanket. 

Th.e sainpl_e is ... remove.d ·from .the sampler and a portion ~s 
us.ed. for .chemJcal .analysis, -and the .r.ema_inder is .held· for 
ref.e.rence. If _the· chem_ical analysis ind:i.cat.es :that the batch 
wi 11 be acc:eptable the . rec_ei-ver is then assel)'lbled as _shown _in 

. ·Figure 3. -The salt mi~t.ure is .me-l ted and transferred into· 
t-he smaller _shipping c.on.taine-rs , .Samples are taken f.rom ~ach 
.contaip.er. .The ubatch.ing down!' operation is necessary 9 as 
the .users of the-fluoride .salt mixtures.do not have the .fac.il­
ities to handle the 250-poun.d containers. 

-D_iscussion 

ln .determining the l.ength of time .required to .complete a 
.single. bat-ch' -a summary _of runs 1 through 14 is given. in 
.Table -1. .This giv:es a fairly go_od .indication of .the type- .of 
·operation which .. can· be expected in .the -·future. -Th_e only l.m-­
portant trend: noted thus far .was :t.h.e inc:rease and l_eveling 
of.f .of . the .time and .quantity of· Hz f.lush .required after _·the 
hydrogen .. fluori-de .trea-tment. (:See .. Figure .4.) This variati-on 
can .be-st . .be explained by .assuming a gradual bui-ld:-up .of .m_etal:­
l.ic impuri-ties in the r_eac.-tor. .The .impuri.ties i-ncrease to a 
point where -they·. are not compl.ete:l.y .. fluorina_ted by- the hydro.­
gen fluor-ide treatment. -Af.ter _thi-s point. has be.e.n reac_hed a 

. fUr·th,er -increase in impuriti-es in th_e reac:tor does . not appre,... 
ciably increase the Hz . required. ..The .t.ime required .for. the 
Hz :flush s.eems .to· hav;e. l.ev.ele.d off .. at about 35 hours. 1 

-Diffic.ul t_ies that are encountered in :the ·various .runs are 
ge.nerally. due .to .plugs .in the syst.em.. ..-These plugs .. may _occ:ur 
in _the dip .l.eg_, transfer line, loadi.ng tube, .f_i-lter, or -Z_r·F4 
trap.. . Whenever a plug .occurs i.t is nec.essary to .flush the 
system .with hel_itim be-f.or.e .any. wor_k may .be .done on the .equip;-. 
ment. -The .h_elium ·f-lush means an -increas.e of .. 1 .to .3 h.ours on 
the time requi-red to complete. a batch. .The above • troubles .may 
be correc:t.ed without necessarily .. shutting .down .th,e unit .. 

399 ~007 .. . .. ... . . . . . . . . . . . . . . . . . . . . :- . . . . . . •\ . . .. .. . . .. . .. 
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Operation 

Melting 

Hz Treatment 

HF Treatment 

Hz Flush 

Transfer 

Cooling 

Total Time 
·Per Batch 

H2 Flush. (Volume 
in liters) 

Table l 

Time Requ"i·r·ed· for ·pr-·o·ces·s ing 

Cubicle No., 2 
Time Average 

.. Range Time 
(hours) (hours). 

l. 60 - 3.07 2.08 

l. 00 - l. 08 l. 02 

{).67 2.50 . l. 85 

12 .. 36 35.98 29-.0 

0.20 0.60 0.32 

4.00 4.00 

22.50 - 45.00 3 9. 6 9. 

2560 7975 _6530 

Cubicle 
Time 
Range 

(hours) 

l. 67 3.00 

l. 00 l. 67 

l. 50 2.00 

16.92-- 3-8.37 

0.25 - 0.33 

4.00 

26.00 - 73.00 

3915 - 8264 

Note: The above table is based on results obtained from runs l through 13. 

' No. 3 
Average. 

Time 
. (.hours) 

2.33 

1.13 

l. 75 

30.59 

0.28 0'- . 

4.00 

43.93 

6770 
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SEC I&~ 8 

Troubles .that enecessita.te the comp.lete s.h:~tdown .. of the 
unit .ar.e: 

. L .BreakiD:g· of·· the·· dip·· l.ine ... 

·. 2 o Breaking ... o:f--·t·h:e· ·tr-ansf.e.r 'l.ine o 

. 3 o .Pl:ugg·i·.ng··of.:filt.er···unit·; ·· 

.4 o .Leaks _in ·.transfe.r line_, f_i·l ter, .or sampler. 

5·. Leaks .in .. flan·g.e· -connections;··· 

6 o .Breaking· .of gas li·ne--··a;nd .. rec·ei ver-- gaug.e. lin.e. 

7. .Leaks in -w,elds of rise-r, ,especially on .. rec.·ei:v.er . 

.. Wh.en any. of th.e .troubles .pccur it is nec:essary . to .. cool 
.th.e r.eactor .and rec.e.iver -to .a t.empe.rature where i.t -w_ill b.e. '\.· 
poss.ibl.e .to .work on .the .equ_ipme.nt. .The reac.tor .-requ_ires 
,8' to .10 hours ,to .. c.ool to ea :tempe.rature .safe -f.or .. working .con~ 
di.ti·ons. and .1 to 2_ hours for .. heating and melting of :the 
mate-ri·al .after. the. repair job .is .completed .. 

-An increase in di.ff.iculties j.n the ·la.tes.t s.eeries o-f runs 
includes .the plugging a.nd .breaking .of 'the .cli-p· .lines w.htch _is 
.due t.o an increas.e in .the amount o:f .m,e.tallic ;impurities in 
.the z;i-rc.onium .:f.luoride .sal.ts .that pla:te o.u.t .on .the lines . 

.. The plu·gging ·.of the ,..zr.·F-4 .trap, -trans.f.er line; and .·fi-lters .is 

.c.aus;ed b.y .tne increase· ·in .th_e· -am.ount of .carbon .in :the zi·r.~ 
c:oni~m. f.luoride s.al.ts:. .High costs .-and .low .production o.:t .. the 
-pur.e .hafni-um ·free zir.c.oniu~Jl ~sa.l ts have .made .it nec.essar.y ·. to 

.. use the .. c.omm.erc.lal _grade sa.lt,s in .all .cas.es .exc.ept -f.Qr ·.those 
.in .wn.ich .. the fluor.id.e salts .w.i-11 .be ·.used w.i.th enr.iched 
uranium .. · 

,,., 
· ·ni 1·· · 399 '--"-
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I . ·DESCRIPTION .OF 'EQUlPMENT 

The equi-pm.ent .use.d .i.n .. the .pr-eparation of .the .fluoride 
.sal.t mi.xtures is d.i vided ~into ·,two .cat.egories: .Group _,I c.on:-.· 
.sis.ts .. of . the equi-PID~-n:t .. used in .the we.ighifig a.nd blending of 
.the .. salts, .and is .loca:t;ed .in CU·bi-cle I. .Group .. .I.I incl_u.des 
.the reac.tors' ·rec.e.i-v.ers' <tu.rnac;es:' a.nd. .,relat.ed .equipment' and 
.are .in-Cubicles II .and Ill... · 

-Cubicl.e I 

Scales 

D.uty: .Used in .the weighing of .th.e NaF4 . and ZrF4 salts. 

-N.o. :required: .one 

-Selection: 

Manufac~ture.r: .Toledo -Scale .. Company 

Mod.el: . g,z. Se;r.ial .. No. 8778 

-Accuracy: .± 100 grams 

. Type: .. PRINTWEIGHT . 

-Capaci t.y: .. s:oo Kg 

Weigh_ing hop.per built -on th.e. scale 

Scales 

Duty: Used _in .wei.ghing the UF4 :salts 

Number requ;i,-red: .. one 

Se lec.tion: 

Mfg: . Toledo .Scal.e Company 

Model: -.407S .C .Serial .No .. 91.5 

Type: .. · Gra_vit.ygram 

013 .. . .. .. . . . . . . 0 

0 . . . . .. 0 0 0 
0 0 0 0 0 
0 0 0 0 0 0 

0 .. . . . . . . . .. 0 00 



capaci,ty: 14 kil-ograms 

Ac.curac.y: + 1 .. 0 gram 

.Blende.r 

Duty: A device -for. mi-xing dr.y . salts.-··- ·:Should ... be :capable .of 
.producing a . un~·form .mixture in a sho;rt .m-ixing t:ime. 

·N.umber .requi'red: one · 

Selection: 

· :Mfg.: :Pa.tterso.n _Kelly .:Co. , Inc. 

Model: .Twin· shel.l dry _bl~nder 

.S.erial .No,: . 9992J-

.Capac.it-y: . 5 cu ·ft - ·100· lbs/cu f.ti 

-Ma.tert:al . of c.onstruction-: . 316 .. -s. S ~. 

Motor: 

Horsepower: 1 .hp ~ 60 cycie:, 3 phas.e 

·-IWM: :1800/20' 

Transportation Hopper 
i • . .': •. 

__ Duty:· A .hopper capable -of .handling .the· dry .mix.e.d sal.ts .from 
_the blencier; . also· .. u8.e-d _in .loading . the .reactor. 

H. umber .required: - . two 

.Selection: 

~--.· 

.Capacity: .300 lbs 

Material. of::cons.truction: 3l6s:;.s. 

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

· ,·Si'CPFI' 
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Hoists 

Duty: To transport the weighing hopper between the scale and 
blender, and between the blender and re~qtors. The 
hoist is to be used fo~ ~pving and replacing the re-
actrir and receiv~r. · 

Ntimber required: . two 

Selection: 

. Mfg: Manning, Maxwell and .Moor, Inc. 

Model: Load Lifter Junior Hoist 
' . 

. Capacity: 1000 lbs 

Volts, 440, cycle 60, phase 3 

Cubicles IJ and III 

Duty: 

~eactor 

Vessel for holding the m6lten fluoride salts while they 
are being treated with HF an~·H2 •· Vessei must be capable 
of withstanding a .pressure of 30 psi, a complete vacuum 
at a temperature of 1500°F, and capable of withstanding 
the corrosive action of HF and.H2 gas. 

Number.required: two 

Selection: 

Reactor 48 inches high by 13-1/2 inches in diameter, 
constructed of. 1/4" nick~l plate with top ~nd base of 
1/2" nickel piate. Connections on top of reactor in­
cl~de a 3-inch diameter pipe used for loading the 
fluoride salts~ A 1/2" Swagelok mounted on the pipe 
is used for connection of the ZrF4 trap. 

Thermocouple conneGtion is made through a 1/4-inch 
nickel tubing. A 1/2-inch nickel tubing is used for 
the ga\lge line, and a 3/8-:inch,· nickel tubi.ng' line is 
used for the dip leg. The dip leg is protected in­
side the reactor by being encased within a ·one...:.inch 

... ·~ nickel pipe. (See Figure 5 . .) 

'SJ!!CAE._ 

0 -~ 5 ~JL ... ' ..... . . . . . . . . . . . . . . . . . ... 
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Dut-y: 

14 

zi:rcon,iuin. :.Fluoride Trap 

.A .:gleans -of trappi-ng .the z_i-rconium . fluoride dus.t and 

.qarbon ·produc_ed in ,the .reactor .and .carrie.q out .by the 
purge gases. . The ·.trap _pre.vents .the .dust .from plugging 
.the lines. 

-Number required: . two in use 

·Sel.ec.tion: 

. _Duty: 

_Trap. 11 .inches .h_igh c.onst;ruc.t.ed .of 4,-·inch O.D o .nickel 
tubing. The .t.rap is packed .with copper shot. . A per­
fora.ted ·.nickel plate i-s plac.ed _two inches .above .the 
.base .-for .supportin:g ·t-he copper .:shot. Two 1/2-inc.h 
. Swagelok .c.onnections .ar~ locat.ed ... on .t·he trap; .qne i-s 
used .. for connectin,g .to .. the .rea.ctor and the .other is -an 
out,J,.et :for th.e pur.ge ·.gases. ·. A.l/4-inc.h copp.er line 
·mounted _in _the .bas.e -of. th.e .t-rap is used .for drai--n_iQ:g 
l_iquids . from . the ~trap .and .o.bta.ining . sampl~s . of . the 
purge gas. . -(See -Figure .6.) 

To r.ec.ei.ve and. hold th_e molten ·fluoride salts o .. yess_el 
should .. be capable . of. wi-thstanding. 30 psiB .pressure, .a 
.complete .vac_u.um .. at a t.empera.ture of .1.500 .. F, and wi.t·h.~ 
stand the -c:orros.i-v.e acti-on of .HF .. a,nd Hz _gas. 

Number required.; . :On.e per . batch 

. S~lecti-on: 

~aec.e.iver -23 .i-nches .h.igh .and 13 inches in diameter .side 
coristruc:ted of 1/4-inch i:li.ckel plate· with .top .and _l:;»as.e 
.of 1/2-inch n;i.-cke·l .plat,e. . Connec:tions on .top .of re­
ceiver i,nclude a. 3/~,-inch. nickel tubi-ng. for th~ dip, leg, 
.-wh;i.c.h. is used .in. ·tra'psferr-iilg· .the mixture .from. the re­
c.eiver; .a 3/S~inch .nickel ·tubing .as the .. transfer .l.ine 
c.onnecti-on; a 1/2.,-inch nickel P.i-pe connec:tion for the 
thermo.couple; and ,a ... 3/8.-inch nickei' tubing 1:~.ne . .for 
the connecti-on of a gauge. -A 1/2.-inch .n.ickel l_i.ne is 
.used for _the pur.ge gas. A _speci-al welding, .code is 
used on al,l -welds .so _that the.y. will .be -able .to .with:­
stand t-he cond_itions pres.ent in. the ·rec.eiver. .{ S.e.e 
.Figure 7 o) 

. • ... ' ·~,,-~ .. :Yt:.:~:-~:~ •. ·BF81$1 z::o 
. ~e 

. . . . . . . . . . . . . . . . . . . . . . . . . . ... 
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R.eceiver. Furnac.e 

.. D¥.-tY;._ ~, i· -~ .. f.~:r.n~~:e G.ap~b1~ of heating _th~ rece0_.~if~v.er: and fluori-de 
. . .sa~ts ... ~0.--1.300 .. F a~(j ~;mist be cap~J>le. c.ontinuo_us 

. ser·vic,e ~ . 

N;umber .r.equir.ed: .:Two 

.. Selec.tion: 

. Mfg : .. _.Heyi.70.uty 

. . . 
M~;>del: ·HD ... 123.6 

, . 'i'ype·: lie:v.i-~~uty. 

,Yoltage.-: . 230 .volts .. single phas.e 

Capacity: 23 .kil.owa.ts 

'~ize: 23-inch· o.n .. ' .60 inches tall 
. · ... 

· ... The ·furnae;e' is :ins.talled .so. that :it may '.be _.1.ower¢d. from 
:the. receiver _by the use of pulle.ys . and coun.ter.weights . 

Duty: 

. Reactor .. Furnace 

A furnace capable of heating .t-h_e recei-ver and .flu.oride 
sa·i ts to 15000F and capable of c.ontinuous s.ervice. 

-Number ·req.uir.ed: . Two 

.Selec t~.on: 

:M~g: ·Trent, :Inc .. 

. Voltage: 440 volts, .3 .phase 

C.apac._ity: . 5.0 . kilowa t:ts 

:S~ze: 40.-inch 0.-D .. , --7.8 inche~ ;tall; 

•o ~ • • •• •~ • ••• • •• • 
• • • • • • • • • • • v . . ~ . . . . . . .. . . . . . . ... . . . . . . . ~ . . . . . . . . . . . .. . ... . . .. .. . . . .. . 

~yen~ - .. 
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Fil:.ter 

· J:>,uty·: .... A .J~i:t: th~ough·. ~liich :.thEF ·mol.te.n: .sa its .c:an . be fi1.tered 
. _to ·.rem.o.v.e ~any . .s.al.t :c:rystals .or ·JP.etal .clJ,.i.ps .. that .m.ight 
· have·· .. be.e·n···:pres.e:n.t· ·±n·_'.the r.eactor. 

:~·um·ber requl;_r~d,: . On.e. per . rec.e,i-ver 

·.Sel.ec:ti.on: · 

. A .~:-inch d'i,am,eter .f:il t.er .unit.; inc:luded ·i,n .the· :unit _is 
.a. :1/8:-:J,.nch·. thi-ck .. .sin:te.red · N:i· ·:dis·c--l.~·5·l-6~inch .ciiaJil.e.ter .. 

. . The: nicltel .disc ;is·. s.upporte:d· -wit·h ··a· ·1/8.:- inch· .thick 
perf.orated -n.:i-ek_el .plate.. .,Filter .porqsi.ty -is 0 .--0.0.1.5 
inch .. · (See .Figure .8 .. f.or .de-tail .drawing.)_ 

.sampler 

. _puty.: ·::A unit to .collect. a. rel).res.enta:ti-ve. sample of :the .~.olt.en· 
.·:fi.uorid~ ~at·ts -~ · 

.• : 

-Number .required: One per .. b~tch 

.S.election: 

_D,uty: 

:Sampler .is. c:o.nstructed '.of a .. 2:-inc.h .leng.th .of 2~inch 
nic,kel .pipe.· .A. 3/8.--i.nch nickel tubing ex:te.nds appro.x-:­
imate.l.y· 1. ·i.nch into .tb.e sampler .. a.nd. acts as. an over·flow 
.W,eir. · A.f.ter :-t:he sam:Pl~r is .remo.v.ed i.t is-cut op.en with 
pipe. c.ut.t-er.s -~nq .the. sample is removed. (.S.ee · F:l.gure .9 

:for.detail$.) The sampler c~pacity is 200 grams . 

. Tran$:fer Lin.e 

A .-.line . .t~rough, wl:li-ch .the .mol ten .sal.t i-s .transferr.ed 
.from _thg reactor .to .t:h,e rec:e·i.ver. .Li-n~ to .be hea.ted 
to .1.300. F. 

Numpe.r .required: One pe-r unit 

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

. . . . . . . . . . ... . .. .. . . .. 
. .. . . . . . . . . . . ' . . .. 
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se.I.ection:. 

3/8-inch .ni-c:kel t~bing .that .is co.nnect.ed to the re~ 
ac:to.r. ·A .fi.l.te.r · and _s~mp:l,e.r .i-s. c.onn.ected bet.ween .the 
.transfe.~ line and .rece.i v:er. -The l_ine is .. beat.ed l>y two 
par.al.le-i .c:alr.od ·he.at:ers, B,;t.·x thermocouple .c,o.nn.ections 
are m~.,intained on the l.f.ne to .insure :tll,at th.e lin,e has 
.r.each_ed the proper t.emp.era t.u_re .before a transfer .is 
attempted. · · 

.pane 1 Board 

_ Dut.y: ... 'l'o provide a cen tr~l .. locat.i-o.n f.or .ail . tbe controls of 
.tbe reactor .and rec:ei:v~r. 

·Num:t>er .requ.ired.: . Two, one pe,r .unit . . ( S.e,e -Fi.gure 2 . ) 

. ~elec:tion,: 

:The Panel Board is constructed of Plexig.las s~ that 
.all .c.onn,ec:tions and .val:~es .may be se.en_ and .hydrogen · 
.fl.:uoride -leaks det:ected more .easil.y. :All .connec.t;i.ons 
·\Vi th. '.the .boa.rd are .made -w.ith 1/2.-inc:h .. :.copp.er tubing . 
. A;Ll .. valves are· 1/2:-·inc.h Fulton ... S.ylphon .brass be-llows 
.valv.es. . ·!l'o .pre.ve.nt the c;ande..nsat,ion 'of hydrogen .flu~ 
oride gas .in .th.e. lin_es .of .the. co.n.trol pane·l .it .is 
heated to .13.09F by .. the use .of .strip heaters. 

Pressure gauges-: . 'ren. req.ui-red per .. pane:l _board 

.. Dur.agauge .-~. b~onze tu,be, .nylon 

Capac_ity: 

; Pres.s.'!lr.e·: 3 0 ps i'g 

.vac;U:um: 30 inches 

. Cont.rol Ins.truments.: 
~ , . . . . . 

: F.urnac.e c:ontr.ols. ·~ tw.o .required. p.er .panel board 

Mfg.: .Leeds.-~N,ort.hrup .. company 

· Model.: Micromax c.ontrol1er 

.. ·Range.: : 0-200.0?F 

.... , ...... ~ · ..... 

. ... . . . .. . ..... . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . ... . ... . • . . . . . . . . ... . ... . . .. .. . . 
.. . . . . . . . . . . . . ... 
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Thermoc.oupl.e. Recorder: .One r-equired p.e.r ·.panel .board 

.Mfg: Minn_e~po_li~~Honey·~_ell.;R_eg. Co .. 

Mo.de1.: .Brown Pot:en-.tiomete~_ .. ~ 12~point 

R ·_o-.-zo~oo~.F , _a11ge: 

V:olt-age: 110 .:volts_, .60 ·cycle~ 0 .. 7.5 amps 

· Vacuum ·Pump 

_D.uty: .A 'pump _of. s.u:f_f_i.c_i.en.t capac;ity __ to,_e-vacuate_ .the reactor 
.and .reGei-ve-r to _20 inches .of -.v:ac.uum._ · 

-Nil-mb.er r.eq:u-~re..d: .Two, .one· . per un:;i.t . 

. · Se,lectio.n,-: 

Mfg.: . :B.eacl.i~Russ . C.o . 

. ·_Typ:e-: .High c.apa,c;i.ty .. rot!irY .:·vacuum. pump 

Model.: 4W .. 

. _Hors~po.wer: _ 3 -hp; .. :v;olts.: . i20/440; ,c:y,~l.es: -60 

Soda_-:-Linie -Traps 

. _Duty:: .:A .pro.tec:tion .unit to pre.v.en.t :hydrogen fluori-de gas 
.. from ge,tt:ing _into .. the v~cuum .. pumps .or __ into t-he atmos_~. 
phere . 

. Reac:t i-on : .. 

. NaOH .+ HF 

.Ca{ OH) z : + HF -~ CaFz :+ :2H~:O 

.-N,um:ber .req.u:ir.ed.: ... T-wo .per uni.t 

. ?-~ ~ ·. '!'t ~~;'f#, 

399 025 
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Selec.t~ion: 

. _Duty: 

. A ... rounded:-bottom .vessel 48 ·inches ... high .. .and 8 inches 
I_.·D .. , with.f.langed top, constructed of 316 S.·S. plate . 

. . T.11..~ hydr.og.en. fluoride gas. enters ._.through .the 1bo.ttom of 
the :v:esse~l .and .ei(i ts .throug.~ connec:tion on top .·fl.ange. 

···'l'he .yessel _is pacl,ted 'with five .c:artridge.s wh.ich con- . 
·tai·n.: soda. l_ime.~ .The .openings in th.e cartridg.es are . 
. stagg,ered. to. pre.vent channel.ing.; between· eac·h .ca.rtridge · 
. i-s a .perforate.d .nickel .plate .and a .copper .scree.n. .A 
. thin layer .of .soda-:-:-l.im_e is packed .on each.' plate and .the 
.e4ges . ar.e. seal.ed .. wi.th .soda .. l,_ime:; .this prevents .channel.­
·ing .of. th,e .hydrog.e.n .fl_uor-i.de ·gas. -The .flan_gerl .. top ~s 
seal.ed w.i.th ·.a .·Teflon .gasket... · 

.. Ac:tiva.ted Alumiiia. Drying Tube 

. To .prevent the -mois.tu-r.e fo.rm.ed .. in . .the .. soda .l.im.e traps 
from ge.t.ting int.o .tlie :vacuum pump. 

Number required: .One .per unit 

-·S.election.: 

4-inch .. d;i.amet.er glass. pipe 48 . inches long.. Fi-lled 
.w.i.th. activate.d alumina.. :The i.nlet si.de .of .the tube is 
packed .w;i.th .. c.opper. wool to .d.is.tribu.te .tbe. gas. · .To· 
pr.e.ve.nt c.hann.e·ling, .. tw.o sec.tions .. of .copper wool. are 
placed .in .. the· .tube.. .The .exit end of .. .the .tube is 

. pac:ked with glass wooL 

1.1 . .SAFETY .PROCEDURE 

The materials i·n. ~use at .the produc.tJori fac-il.Lties .are 
extre-mely .. poiso.nol!s and .h,_ighly .. c:or.ros.ive. .Car.e .must .be exer­
cised at all :ti·D1es ·and especial.ly _whenever it is . .nec.essar.y to 
wo:r;-k. with .or .. around .the chem;icals and equipment. · 

. General .sa.fe.ty ,instructions to .be us.ed at. the .Pr.o.duc:tion 
Facilities· are: · 

L .. Dust_ niaE!ks. must .be· worn whene.yer ·it is .necessary to. 
weigh, blend_, or .transp.ort any .dry ... ch.em.icals .(i.e. , 
.NaF , · ·ZrF 4 , .o.r .. UF 4 ) • 

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

5 ¥931!11 
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2. ·.-Rubber gloves are to _be /worn .when -working with .or 
.aro\,Jnd any .. line or _equipment that .may .or .. has c.on:­
. ·tai-ned· · hydr.ogen·::·f·l_uot-i~e -~ · 

. . 
.3. ·.Face shields and mas_~s are to .be used w·h.en it is .ne-­

cessary .. to .:br.e-a:k·int.o :the re.actor o_r discoiinec.ting 
any. l_ines tha_t ·may: contain hydr.ogen fluoride_, 
hydrogen :gas· -or zirc.oni·um .dus.t·. · · ·· · 

4. ·No smoking is t.o .be allowed around the hydrogen 
cylinders or in .the .cubicles. 

5. -All. s.tandard procedures and .precautions· must be ob­
s~rved while .wor~ing.aroun~·or using :hydrogen:flu~ 
oride gas.· · 

6. When.low~ring the ·receiver-furnace the heat shield 
is to _be.used to prevent heat burns. 

· 7. .. Tools and equipment are not. to be. placed .on the ·h.ot 
-furnaces . 

. I II. . OPERATING- PROCEDURE 

. . . 
The s.tandar.d .pJ"ocedure. :for the .ope:ratioil .of equipment _in 

_the/ti~oride Productio~_Faciiities in 9201~3.is given below: 

. A. -Pre.liminary Operation 

1. _The-receiver can must be weighed.as it.will.be 
shipped; that .is, with all .. blank connections on it. 
Record this weight as "Tare weight" in. the .record 
_book. Keep_all blank connections·with the proper 
receiver cans. 

2 . 

3 0 

4. 

After receiver has been -connected .to the apparatus 
ch.~ck to ~ee t~at .all-ZrF4 traps and filter~. have 
been cleaned. and the soda-lime traps ·.checked s.ince 
the last run. 

Make sure all valves and .lines in the control pane.l 
.are clear, especially the .emergency_ valve. 

Check the hydrogen -fluoride -~ylinder and .. line pres­
sures;. apply _h_eat. if .necessary to raise _the pressure 
to 10 pounds.· 

.. .. . . .. . . . . . . . . . . . . . . . . . . . . . .. .. . . .. . 
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5. Set the helium and hy~rogen<l,i-ne .pressures .at .10 
pounds. each: 

B .. ,Mixing Fluoride.Salts 
'1 ~~I . 

.~· 

1. Carefully. weigfi':~il .. sa1 ts in.to the . tared dolly. All 
weigh~s must.b~ -r~corded.~n.cards .and.in record book. 

2. . Transfer salts to :P+K blender. ·.Care must .. be .. used .to 
prevent dusting· and .. ~oss .<>:f ·.sal-ts . 

. ·3 . Allow .to mix one ( l') ·}lour i.n .ble~der. 
'j I 

.4. Transfer .salts .from: .blender :to p.or,ta:bJe doll.y,.. 

5. ·Move .dolly ·j,.nto · .. p.osit.~on -apove -reac;t9r .· 

.C. . .Loadi.ng :the ·Reactor Vessel 

. 1; 

2. 

3. •. 

4. 

5 . 

Make sure there ·i.s _no: pressure .in .. the .reactor . 

.~.emove .reactor loading .tube .cap. an9 .1.oad the .mixed 
fluoride salts irito the reactor vessel. 

After.all of the.mixed.fluoride salts have been 
lbaded ·into the- reactqr.vessel, check the gas exit 
line fr6m. the 16adirig tube to make sure it i~ not· 
'filled. with fl1.1oride salts.· Blow-heliuiP through-.: 
~il~es-2.and 3 tp help clear this lirie. 

Replace .the ·loading :t~be cap.and.fasten .securely. 

Pressure test the system once· more to make' sure the· 
~pparatus .is ga~ .~igh~ • 

. D. . Helium~· Flushing 

To remove the· excess . air or oxygen . from . the .sys teJD.- after 
loading the fuel into the reactorg ·and.to seal the-system: 

i. All valves closed. Turn calrods on to desired set-:­
ting. 

2. Open valve 3 and.leave open .. Open valve 7. 

3. · a. Open.valve 4 and. evacuate. 

b ... If trans:!~r.1ine is plugg~d, evacuate.receiver 
through valve.5 . 

.. .. . . . . .. .. ... . .. .. 399 C28 . . . . . . . . . . . . . . . . .. . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... . . .. . . . . .. . ... .. 
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4. a. Close valve 4~ open valve C and._(slowly) valve 1 
to -pressu.rize .system .with .helium .to 10 pounds . 

b. Under condition . {b) a.bove, .close valves "4 and 
5' op~n valve c .and. va~ves 1 and 2 . 

5. . a. -Close .valve 1? open .valve .4 slowly and .evacuate . 

b. Close va].ves l . .and .2, . and evacuate through 
val.ves 4 and . 5. 

6. Repeat steps 4 and. 5 twice. 

E. Melting .the Mixture 

Close valve C, open val~es.~ and~· 

7. Close val v;e 4 and pressurize with hydrogen. fhioride ~ 
by opening,valve 1 slowly. 

8 .. Close valve l•and evacuate by opening valve 4 slo~ly. 

9. Repeat .steps .7 and.8 .twice. 

10. Close valve 4 and pressurize with hyd~o~en.fluoride 
through valve 1 to zero pressure . 

. 11. Close valve 1 .. set reactor vessle micromax furnace 
control a:t 1500°F and receiver ves~elmicromax fur­
nace control at 13aO?F and .allow furnaces t6 heat. 
Bleed.off any_excess hydtogen.fluoride pressure de­
veloped through valve 4, keeping .reactor vessel at 
5 inches vacuum until the-melt temperature {thermo-
couple No.:l) .reads 1300°F~ · · 

Drain.the ZrF4 trap! 

F. H2 .Treatment 

cios~ valves-A and ?,.open valve B, set furnace control 
for-reactor at 1475°F. 

12 .. Close.valve 1, open,valve.4 and.evacuate to zero 
reading (atmospheric pressure) on gauge .. G .. 

13. Close valve 4; open .valve.l.slowl~ and pressurize 
system to 10 pounds on gauge~G. 

. .. . . . . 
. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ..... 
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··i4. -Repeat steps 12 and ~3 ·for 1 hou~ allowing hydrogen 
pressure to rema;in -in -reactor for about 30 seconds 
each time before evacuating .. Drain -ZrF4 trap at end 
of hydrogen treatment. ·: 

-G. HYdrogen Fluoride-Treatment 

Close.vaive.B, open-valve A. 

'15. ,Flush. with.:.hydrogen -fluoride as in steps 1.2 and 13 
for··l-1/2 hours. At tbe completion.of the hydrogen 
fluoride ·treat.mEmt, ip. or.der to clear the system of 
excess· hydrogen fluoride, .use· the following procedure: 

a. :. Shut.-.off hydr.·ogen -fluoride cylinder. 

b.· . With th.e. main hydrogen fluoride val.ves ·on contr.o.l 
panel .q~en~ evacuate system to at least 20 inches 

c. 

d. 

e. 

f'. 

g. 

· thr6tigh valves 4~ 3, and 1. 

When gauge A reads 20 inches of vacuum, close 
·valve A and mai.n hydr.ogen fluoride valve. 

Pressurize with helium. by closing valve 4 and 
bleeding .helium in slowly throug~ valve 1 to 
zero pressure on.gauge D . 

Close'~alve 1 and evacuate to 20 inches again 
through val.ve 4 . 

Pressurlze wi,th helium again as in (d) . 

Proceed with hydrogen flushing. 

H; Hydrogen Flushing 

~<;>: .. 

Ql6se'.valve A, open valve B. 

· 16 . Close. mafn vacuum valve between vacuum ta·nk and soda 
lime traps. 

· 17 . · Adjust the hydrogen flow through valves ·1 ~ . 3 , and . 4 ~ 
to abou~ 3 to 5 liters. per minute. The flow rate is 
never to exceed 5 ·liters per .minute aft~ shoul~ be 
kept around 4 liters per. minu_te. ·. Hydrogen flushing, 
will continue for a minimum of 12 hours with .frequerlt 
checks on flow rates and gas samples·taken at least 
every hour~ until the hydrogen ~luoride conterit .of 
the effluent gas:readhe~ l.OxlO- mols HF per liter . 

. 
5 f?i?W 
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18. Sampling Procedure 

Fill the sample bottle with 100 ml of 0.01 M H3 B0 3 • 

Place the bubbler in the sample bottle. Set the 
gas flow through the wet test meter t~ 0.3.- 0.8 

lliters per ~inute, Allow exactly two ~iters of gas 
to bubble through the sampler .. Record the total 
readings of the wet test meters. Remove the sample 
bottl~ ~n~ test the-conductivity_by the use of the 

·Solri·Bridge·conductance meter .. The value obta{ned 
on the meter .is ·converted .int.o:. m,o}s of hydrogen flu­
oride pe·r.· liter of samP,le by. the use of a graph. 
Mols of·hydrogen fluoride per liter is calculated 
from the value qbtained from the graph. These values 
will be-recorded ih the log book alon~ with informa­
tion·· ~egarding the time sample was obtained, size of 
sample 9 temperature of reactor, gas flow rate th:rough 
sampler, and the t·otal amount of gas through tbe re­
actor. 

I. Fuel--Transfer 

..... -~ _.' ~-· 

Calrod units - all points between ll00°F and 1300°F. 

Filter - 1300?F 

Receiver - 1300°F . 

Before preparing to transfer, the system should.be 
pressure checked to determine if leaks have developed 
during .operation .. To .do this, close valve 4 9 and 
pressurize to 10 pounds:·of helium through valve 1. 
Close valve 1 and allow the system to set for 
5 minutes, noting any pressure drop in gauges D and E 
and the reactor and receiver gauges. If the ·pressure 
shoul9 drop more than one pound within the s:·.minutes 
on any or all _of these gauges, a leak is present 
which should be located and repaired before trans­
ferring the melt from the ~eactor to the receiver. 
If .the leak cannot be repaired without shutting down 
the apparatus, do not attempt to transfer the ~elt 
unless the leak .is .known to be small, that the 'molten 
fluorides will not contact it, and no air will be 
drawn into the system through it. 

For example: 

A slight leak on the gauge line from. the reactor: 
still·per~its transfer of the melt as long.as the .re­
actor .·is .never allowed .to go under vacuum again until. 

C31 
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J. 

that batch .has been transferred, cool~d, and removed 
from the.syste~. On .the other hand,~ slight leak 
on tO.e-receiver gauge line must.be r~paired before 

:transfer is possible since the -receiver is u'nder 
vacuum during the transfer and .air will.be drawn 
into the system. 

19. Adjust system such that gauge G is reading zero or 
at a slight vacuum. 

20. Close all vaives except 3. Open .main vacuum valve. 

21. -Have a·heli~ pressure of 10 pounds .on.gauge c. 

22. Open:valve c. 

23. Open.valves 2 and.S slowly :and approximately at .the 
same time uritil they are wide open. 

24. ·.Fuel is transferred .when. gas can flow freely through 
.valves 2, 3,,.5 .. Turn off all heating units. Lower 
~eceiver. furnace from the receiver·. 

25. Allow gas to flow through continuously until discon­
necting procedure is complete. 

26. Shut off valves 4 and 5 and. keep system under slight 
positive pressure until receiver and sam~ler h~ye 

. been disconnect.ed. 

Disconnecting,theBeceive~ Can 

After the inside temperature {thermocouple No. 8) of."the 
loaded receiver can has dropped below 8500F, it is to .be 
disconnected in the following manner:(see Figure 10): 

· 1. Keep ·a positive helium pressure on the system .through 
valves 1 and .2 with_valvei 4 and 5 c16sed. 

2. The· first connect.ion to be broken is at .point .. "A" on 
, .Figure 10. Attach a copper line with a. valve to· 

tO.is point and make connections to.the helium:supply 
by.m¢ans .of plastic tubing. · 

3. With helium coming in through the-copper connection 
attached in etep 2 a.bove, the ne:;Kt disconnect poi.nt_ 

. :is.,:-!'B.":, the gas line connection. Cap :this pof11t -With 
the appropriate blank connection. 

. ... . . . .. .. . . . . . . . . .. . . . . . . . . . . ... . . . . . . . . . . . 
• ••c • ••• e • •~ •• 

. ... . . . . .. . . . . . .. . . . ... 
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K. 

4, Point "C" is ·tJ:ie next disconnect point on .t-he re­
·ceiver. . Cap with .the appropriate blank flange. The 
receiver is ~ow f~ee of the apparatus. 

5. Pressurize the .receiver with about ·10 pounds .of 
helium through the copper valve and test for any 
leaks. Close the copper valve with 10 pounqs pres­
sure on· the receiver and· .remove the .recei-ver to 
storage helium header area. Valves 1 and.2 and .A 
on the panel boa~d aie to be.shut .off. 

6. The last disconnect point. is "D'i which removes the 
sampl.er. After. the sampl~r . has .b~en removed, it 
should be cut open as soon.as possible and the sample 
removed for· chemica.!. analysis. · 

-20 · granis · chel!lical analysis glass· vial 

remainder held .for-reference glass _bottle 

7. ·.After the sampler has .been-removed a new_receiver 
and sampler should be attached as rapidly as possible 
f~r th~ next run. 

Co!Jlplete the -cheGk list. ( Se.e -Table 2.) 

. IV. - TROUBLE PROCEDURE · 

If; 

· A. The reactor vessel cannot be evacuated through valves 3 
and 4: 

1. Evacuate through emergency valve 8. 

B. there is an hydrogen fluoride leak in the coritrol.p~nel 
manifold: 

.1. · Close tbe hydrogen fluoride valve A and ev~cuate 
system to_ 5 inch.es _.vacuum. 

, 2. Open. helium valve C and fill system with heliJ.llll. 

. 3. Evacuate syste-m .again to -5 inc·hes of .vacuum. 

4. Repeat.steps 2 and 3 two more times. 

.£ n&i 
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Table 2, Cheek List 

Aftereach.completed run, the fol;I.owing.list will be checked .for 
each cubicle: 

Remove·& clean 
! .. copper shot 

-ZrF4 trap 
·Remove &·clean ,. 

2.sintered -Ni. 
-filte-r 

3.Check all lines 
. ·.for -clear flow 

-
·4.Complete all 

cards 
Check gas 

5.c.ylinders & 
replace empties 
Check that 

6.blanks· are in 
proper place 

-Are 4 completed 
?.samplers 

available 

8.Check dry 
ice supply 

9 .. check sleeves 
on.hoppers 
Check gas.ket on 

10: loading:·,c.hute· 
of reactor 

ll.Check wet 
test -met.ers 

12.Change H?O in 
wet test meters 
Check all Tygon 

13.tubing for lea~s 
& :decom_posftion 
Check valv:es .& 

14.oil level .on 
.vacuum pump 

--
15.Check Hz trap 

for dry ic~ 
Close valves on 

~6.~~'4 trap. All 
. . valtves leaciing 

. to W.T.M . 
.... ' 
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5. Finally With a slight positive pressure of helium·on 
.the .syste~, repair the leak. 

C. There ~s ·an Hz le~k in the control-panel manifold: 

1. -Follow the procedure given in nan replacing the 
hydrogen:with helium:before making repairs. 

D. -There i-s an HF.or an Hz leak in the receiver can: 

:·1. .Follow. the procedure given in.·nB'' . and. repair leak 
or replace receiverccan with a new_receiver .. If _the 
furnaces are hot -and the.mixture melted, the follow­
ing proc·eciure is to be used. for r·eplacing .the ,re­
ceiver . or breaking. the transfer lin.e connection: 

a. Lower the receiver furnac.e ,after. shuttin,g .it off, 
a,nd place transite plate over furnace· opening .to 
prevent .hea.t .from interfering -with the .repair 
operations. -'furn off calrod·heating.units on 
transfer line . 

. b. Use emergency valve 8 to .bleed off any exc;ess 
pressure in. reactbr.vessel. 

c. : ·Using· valve 2 (inlet· gas line) and 8 (exit :g·as 
line) keep the reactor .at atmospher-ic pressure 

.. · ait· al.l .times .during the· ··repair .work .. 

d. After the leak has .been repaired and all connec­
tions tight, normal .operating proc:edure can .be 
resumed . 

. E.. . There. is a .fuel .leak in. the r·eceiver. can: 

.1 .. stop transfer immediately and.reverse the gas flow. 
(Close valves . 2 and _5 and open valves 1 an:<i 4.) 

2. Turn off receiver furnace and cautiously lower 
furnace away from receiver, after the receiver can 
and furnace have 6ooled .to l000°F or less. 

3. In .all cases of a. fuel leak .in .the rec_eiver always 
lower the furnace away from the receive.r eno.ugh so 

·that the rec:eiver. will not stick to the furnace 
liner.when :the melt -soli-difies . 

. Shut down .the apparatus and when .everything .is co.ol 

. make the n_ecessary repa_irs to the .furnace liner, the 
receiver can, and .whatever else .has .come in -contact 
with ,the molten salt. 

. .. . . . .. . . ... . . . . 399 . . . . . . . . . . . (' . 36 . . . . . . . . .. . . . '-. . . . .. . . . . . . . . . . . . . . . . .. . ... . . .. . . . .. . 
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F .. There is an HF or Hz .leak in the transfer line: 

G. 

1. Follow the procedure given in "B". If the leak oc-
curs early enough in the treatment, rep lac~ the 
transfer line .and .continue the run. '' 

.. . -... ··. ~--- ~- ·• :· .. ~--~)~)~"..:~· ~ 
... ·.·. . ~ 

--~ ·-·-
-· ... -:-

' ' 

.The calrod heating units on the ,.transfer line burn out: 

1, Replace the calrod .. units as soon as possible without 
interrupting the run, taking.special .care not to 
damage the transfer line. 

H. Control .panel _valves plug or jam: 

. 1. ·Flush. system thoroughly with .. hel_ium, 

2,- Apply positive .helium pressure to system, .making 
sure the pressure.in the receiver.is always higher 
than the pressure in ~he ~eactor. 

3. -Replace or repair th,e faulty valve. 

I. The .vacuum pump ja~s or stops: 

1. Have vacuum pump repaired.or replaced i~ediately. 

2 .. Continue the operation as long as possible using the 
vacuum reservoir. 

3. Ifthe -vacuum pump cannot be repaired _in .time to 
finish the run the apparatus .. must .be -shut down -com­
pletely. 

J. The Z~F4 trap leaks: 

1 .. Drain .the trap and flush system thoroughly with 
. heliu~ as in the procedure .under. "B" .. · 

.2. Remove the-Zr.F4 trap and .. replace with .a spare. 

K. -The .connections on the reactor vessel .leak hydrogen or 
hydrogen fluoride: 

1. Flush . the .system with. helium.~ as under procedu:re · "B", 
and-make ~epairs if possible. 

2. If .. it .is .not -possible to repair. the leak during the 
ruri, shut down .the apparatus and wait until -system 
is cool. 

399 .. .. . . . . . . . : ·:.: . . . . . . . .. 
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L. -There is a fuel leak in th~ reactor vessel connections 
or any kind of leak .in .the reactor ves~el _itself:_ 

. 1 .. Shut down immediately and flush. thoroughly. with 
.helium _until . the system· is co.oled below the melting 
.point .of the molten salt. 

2. Repair the ~eak, if possible, or replace with.new 
.rea.ctor. after the .system is cool. enough to handle. 

M. .This procedure must .be adhered to strictly .. No changes 
are to be made in operation witho~t the express approval 

. of the engineer in.charge. 

V. GENERAL ,OPERATING -PROCEDURE .FOR .BATCHING DOWN ·OPERATIONS· 

Shipping.Container 

The container is to be weighed.with all proper connec­
tions as it wi-ll .be -shipped to the re-questor. (See Figure -11.} 

Flushing Procedure 

Attach the shipping £an .to the-transfer line as_shown in 
Figure 3, with the sp~rk plug .probe in place~ flush .the system 
with. helium _in .the .following manner: 

1. Ope.n .. valve .3 and leave open. 

2. . Sta_rt the. vacuum pump. 

3 .. Evacuate bo't;h- the transfer.can.and recei-ver.by open­
ing.valves.4 and 5. 

4. Close va).ves 4 and .5. and open. valves 1 .and .2 ·and 
hel.i-um. :valve -until gauges D, .I, . and .. E. read .approx­

. ima~ely .10· lbs pressure. 

5.. Repeat steps 3 and 4 twice. 

· 6. Close v~lve 1 .and open valve.5 to .bring-receiver 
. down .to 10. inches of .. vacuum. 

"''•",. 

. ... . . . 
: :. : . :· : : ·. ·. . . . . ... . . . . . . . . . . . . ... . ... . . .. .. 

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

§EGRET 

833 



Sfr:Atn 

•• ·,;.Jo, 

399 

36 

L3 
) 

---------

Valve 
"' .closed 

FI.GURE ,11: LOADED TRANSPORT CONTAINER 
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'. 



. 
' •. 

. 37 

Hea.ting 

7. Start tbe heat to tne recei vex• furnace, keeping 
10 l.bs helium.pressure on the shipping can and 
10 inches of vacuum .on the receiver. . Do _not hea.t 
the transfe~ ii~e: 

8. When .the receiver temperature {Thermocouple No. 8) 
reaches l0009f, .start the heat to th~ transfer line 
maintaining the .same pressure relat:i,on.as in Step 7. 

9. When the trans:f;er line has .. reached .. a .t.emperature be­
tw~en -ll00°F and-1300~F, ~as should. flow tnrou~h the 
t~ansfer .can to the ~eceiv~r.·throu~h .valve§ .2 and · 

.3 and,out of :valve 5, a distinct. bubbling"action 

.should .be appa,~ent in .t11e .recei-ver. 

10. .When .the receiver. has reached .a tempera.ture -of 
1400oF, attach ind;icator light .to the pre>be of the 

. shipping. can .. 

. Transfer 

.,'J<t~ • ,. 

:q.. . To .transfer, .cl.ose .val.ves .2 .and .. 5 and open .valves .1 
and 4 ma;king _sure .that the vacuum. in t,he s_hi,pp.in.g 
can does .not exceed .10 .. inc.hes .. of. vacuum. · · 

.12. ·When.t.he mel.t reaches the probe in .the .transfer can 
and .the ·11.ght. ind.icates, r~verse the flow .immediately 
;in .the following .manner: · 

a; Open valves 2 and 5 first. 

b. -Close ~alves.l and.4 . 

. c ... T~y not to cause a vigorous .bubbling acti.on .in. 
the receiver as .t.o .endanger the lines and con­
nections .from .. vibrat.ions. 

-·13. .Turn .off .the heat on .. the .transfer line. 

14 ... Shut 6ff the vacuum .pump .a.nd .after .diss.ipating the 
vacuum 9 place t-h.e system On -COntinUOUS flow through 
.valves 2, . 3, and .5 ·'at .a rate -of approximately 2 -liters 
l>er .minute. / 

15. .When .the t-ransfer .line .temperat-ures are 800°F or 
~ower and :the .shipping c:an is cool . enough .to .. be moved, 

. ... . . . .. .. . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . ... . ... . . .. .. . . 
. ... . . . . . . . . . . ... 399 
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close ~alve·2 ind open the Cubicle helium ~alve 
enougb-.·to·.maintain· 2 liters ··per minute·; 

16. . With Cubicle helium. valve ope.n, the ·.shipping .ca.n: 
and sampler .may. be disconnect.ed · .. and ~a ·:new· can and 
sampler installed . 

. 17. When installing a new ~hipping can, -flush .~t thor­
o.ughly with helium befol;"e making· th.e .final connec-
tion to the . transfer ·line. · 

18. After the ·new :can h:as .been .. installed, open .valve 2 
just .enough.~o ~aintain the set .rate ~f continuous 

. flow. Start heating tlie t-ransfer line. · · 

' ·<fi':l 

-:19. Close the· Cubicle helium ·valve and .the· small .be.llows 
valve connected to .the wet test ~eter. 

. . . . . . . . . .. 
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