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FOREWORD

It 48 recognized that the 350 plent operations are far from
standardiged and therefore any mamual will requirs continunal
revision to keer it up to date. ILven during the pericd of
writing this first edition, many changes occurred and were
incorporated in the mamal. Such revisions could delsy in-
definitely the izmance of the manual and 4t was folt that in
its present form it could be useful in the tralming of new plant
personel. The uncersigned was emgeged in extensive editing of
the manual wvhen it beceme epparent that all the revisions he
wonld like to make¢ would delay unduly even the issuving of this
first edition. I% is therefore released at this time solell
for use in connection with the training prograa.

Barnatt ¥, Dodge’
Technical Director
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MANGAL OF CGFERATIONS
THE FERCLEVE CCRPORATION
Section A, Geneiral Iaformation

1. The Furpose of the Irogess

The specific purpose of the process employed by the
Fercleve Corporation in the plant at Oak Bidge, Tennessee, is ond
of secret information and cannot be released hers. It can be
stated, however, that the plant operation imvolves the processing
of = chemical substance. This substance is not identifled in the
plant oT in the process but is referred %o only as "naterial®. Tts
code designation is $=5616. The process in generzl involves the
asparation of the rav material into constitueats with more desire
able properties. It iz not aoccessary %o kanow the name of the
maserial nor the exact naturs of the procees in order to carry out

the operations so this information will not ve given in this
Mamual.

Tae proble:m imvelved is $0 $ransport the material from
the contsinere in which it is receivsd by the plant into the
squipment set-up in the plani for carrying oué the operation,

%o remove the various products from the procsss cquipment and to
do cthor anxtilisry operations.

2. Tne Flan of the rroesss Building

The S-50 Ares conelists of one primcipal building, called
the process building with the following subsidiary duildings:

(1) Fump Housas

(2) vater Treatment Bailding

(3) rower House

(4) Leboratory Fe. 1

(5) laboratory No. 2

(6) Fercleve Administration Office

(7) Warechouse, Maint:nance and Machine Shop
(8) Time Office and Cafeteria

(9) Change House

Ades



A 2.

The process building containa 21 idsatical operating
anite called racks. Therefore, if one has an understaading of
the function and overation of one of thsese rasks with lis
2vxiliary equipment, he willi understend the vhole operation of
all of them. These 21 rackn are arranged in groups of 7 which
are designated by the texm sections. Each of the sections is
suprlied with stesm by a mawn steam line referred to s Sf.l,
Sk-2, and SF-3, The sections are mmbersd according to thia
designation. Thus racks 1.7 are supplied by $F-3, racks 8-1¥# are
suprlied by SF-2 apd racks 55-21 ave supplied by Sk-1. “he
gsecsions are identical in opsration but are morely arranged in
this manner %0 simplify the distribdutlon of sdeam to t2as racks.
The floor plan of the process duilding is shoun in Dwg., 9-1.

For each 2 racks where i{e a transfer Toom lozated on the
f£irst level zbove the £looz along the wast side of the building.
Since there ig an odd rumbs: of racks, rack 21 ig served by ons
$ronafer room. Tnis zack 40 considered %0 be an experimental

raok; it and i1%s $Tansfer and control rooms are under the direction
of the Technical Iiviaion,

Fer each pair of racics there is also one control room,
meking a total of 1l control rooms. These rooms ars located
next to the iransfar zooms on $ho mezzanine level.

Tho preeess build ing consists then rrimarily of these
racks, control and $ransfer rooms with the rest of the equipment
being used $0 suprly stesm, vater and air %o the systems. These
systems will be described in detail in other paris of this section,

3, Ilan of Matcrial System

Each ¢? tho racks in the process building consists of 102
columns arranged in rows of 5L columns cach. Fach of tho columns
ig 2imilar, in that it consists of concentric pipes through which is
passed steam, material and vatsr, Tae material is passed into the
second of the three concentris pipes. mhna. the material has steam

on one side of it in the center rire and water on the outside in
the outer pipe.

The material channels of the columns are then connected
togother with small diameter nickel tudbing ai the tottoms so that the
columns are essentially a series of standpipes in & line. The material
is passed from the scale tanks in the transfer room into the rack through
niclkkel tubes called conduits encased by a steam jacket. The storage
tanzs ave located on the second level in the ¢ransfer rooms. In the
trznsfeor room 2lso are located the shipping tanks in which the materisl
18 wrought into the plant and in vhich it is removed.
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e Medtinz Yoinid. The materizl subliasc {chonges dirzetly S-om
the 501id t0 ths gaseous ssate) =f S100, 4y comg

F 0. &L Limospuacslil TEsIsuTd.
Thus, if a2 %ubo 15 umeapred and the materizl cxrosed %0 the inos-
phore, it will vaporize. I %he tube i3 heajted with $he cap on
a0 a3 %0 develos pressure, 1% will meld at S4°C, wadar = prezssurs
of ome and one-nall atmosyiieres. Undar ths operatirz ypreassuro
used in the prosess, it meits at avout 7000, Thersfere, a2ll oints
in the procsss Iystam must e maintained st temperatures highoy

than 70°C, 20 $hay plugs of 8011dified materizl will not e formed.

e. Oritiesl Oenstanta ond S¢ate in thy froengs. The naterial has

a criticcl bemperatuzc oF gbomt 23200, ond o erdticel pressurc of
epprozimately 700 p.s.l. -he oporating temuperasure of She process
£1vid in $he columns 1is3 betwesn 270°9. o2 the hot side zau F09C.

on the cold sidsihowsvyer, becauss ¢f She high operatinzg pragstze, 1500
P.S.d., thore 18 no soparation of ths procsss f1uid Into $wo siates,
the zageous and liguid states. Un the hot sids tho desnsidy cf the
material is morc like that of a liquid than gas, yat ito compressidile
ity is much grenter than that of a parfest ges. On she cold rids, on
the oiher hsnd, both the densitr and somprossoidllity 2¢e charzcteristie
of the ilquid ztate. <ha process fluid, sherefore, c2n be visnallzed
cn the cold side of ths column as being = 1liguid vhicn gradualiy and
impercaptidbly takes on soms of 3he propertlios of gasea as Yhe not wall
13 ap;roached, tut shich never sorarates into two vhazes op states anfe
whore 4in the syetex 33 long =2e 3he righ uressurs of 1800 p.sc.i. 18
maintained.

The process £1vil in the esale sank is kopt normally ot $omier-
atures zbove the criiical jomperature (4he critical lemperature is
commonly daflinsl. as the Lemperature chovs which 4% 13 iapossidblo 20
1igqnefy a gas rezardless of the rressurel; vnder this cornditica and the
condition of high precsure % will sxpznd vepidly whon the rressure
is cuddenly released, and is to0 b2 rogarded, thorefore., 23 & 23 under
high yroesesure. ‘hen ths tsmporatare of %he scale tank ig redused
: beloyw the critieal $emisrature, thsrz will ba ne conionszticn 3f the
material o the Liquid cvave o0T 3pparation of She meberiszl ints a liquid
and gaseous rhate docsuzo of the algr opersting prescsure, 3In other
vords, Telow ithe eritlicszl jempsredurs no wveper ¢f %hs liquid czn exicsd
vecaunse the high rressure would immedictely compress it 3o the liquid
stele. The process fluild in $ho 2irculating systom 5 zlways <ept
at preszurss above the critical pressure, { tha eritical pressa: can

< & Ty - — ~ e . L, e N
be Ahought of as tho moxizus 7Rl TOSsurs 04 the ligmid.s

d. ZHescdlon with Water, Tho material reacts rapidly with water to
prodnes 2 hard, 7ollov, aoze.volatile colid. For this resson 1t 4
sxtremoly important $0 prsvent wsjer and air from coning iato contaet
with rrocess materlal. Fortunately, the hydvoiyeis producs 13 Jory

soludio in water vhick nakkee it sasily removed from grort link 2
and small egquipment. e Lines

B i an st
RN



Water must e kept ouit of She procsess sysitst o% all costa,
ag spall amounie nf vaser wwill resoct wldh the process fluid jrodvcing
plugs o7 lumps of solid majier vhica guickly zlug vp the narroy dlameter
1inic iines apd £493. thus complotely stepping cironlztion. This io the
reason Fhy slaborsio praocsutlions a¥e takon o 4ry completely all equip~
meni Dofore ingorducing maserizl into it. Ihe material will alco react
wish the moistura in 4he alr producinz s gharacterisilc donss, ususlly
whito fog and smoke. This smoks 43 usually svidence of a leai in the
syatem as very small lesks preduce grset curnbities ¢? smoke. <The amoke
will be notieced occasionally when opsratcrs are taking -omplea from the
columms. Since air containe moisture, 201id materisl ia cooled tils
ghould de sxposed 30 the air the minimum time necessery in cnznging
1lnk lines or Halking samplss.

6. Inflammsbility. =he materizl i3 nop-inflazamable, 6 will
impery a yellew eolor ~¢ a gas {lame, howsver, thll property is use-
2ul ia %es%zing for iosko., +he yollew color rosulds Zron 3he heating
of w0lid smoke rarziel:zs t9 lncandsscenss.

2. Chemieal Aetivitr. In nddision 3o ito affinity fer waler, the
process £luld zeacts with ovganic compounGs; hepce cil cnd gresge should
not be ailowsd o come 4ingo contacd ¥with the Lluid; otherwiss the
circulating system will plug z3 montioned zbove im the case of water.
A1l columns, gsuges cud link llnes aTe cleaned with a grease solvend
pefore use snd vacuum pumps, vhish contala oil, ace pretected from
matarisl’ funes by dry foo a2d charcoal §raps.

g. Renction with Metols, The material will react with moct aetals.
NMicrel 18 the mcat satisiactory from a corresiorn stanépeint and for
this reason most ¢f the equirmens in the pilant 18 mads o pure nickel,
Gopger i3 alzo falrly zood snd 1s used, The high pressure material
gauzes used in the plant are made in rart of beryllium-copper alloy.
Stasl shovdl de avoidsd since its corrcaion by the process fluid is
relatively zapid.

h. Stability. The material is a very ctabls compound. It can be kept

for long periods at high tempreratures in contaet wita nickzel without
decomposition,

1. Density., ™o density of solid material is 4.68 gfce.(292 1va/cu 2%.)
at 1ts molding roins. The liquid at the melting point has & density of
2,7 gf/oe. Thus thero 19 a voltms increasa of 35% in geing from the solid
%0 the liguid state, 3 chasgs in volume which 1s abaocimally high. This
fa0t mast be rememberad since i¢ has an important bearing on many operaiions.
Thus if ono has 2 tubs full of 0116 materizl and wishes to thaw theo
material with a Surner, the tube would have to be uneapred on one end and
heated very clowly at the vncapied end so that the maserial 2s it melis
wonld heve sufficient volums to expand into without creating excessive
pressurss, I£ 1% 4a being heated with stoam, $he heating must De begun
by starting very slowly with wern water, msklng surs shat ths materilal 1s
frze to expand ia both directions. Fallurse to ocbserve these precautions
hes coused scme serious agoidents in the plant. Thore are other important

e
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aprlicetions of this donsity property whichh aro diseuesed in enother
section,

Jo Y¥eror Izasutnzg. The veper rressurs ¢f the asterial & Toom
¢emporature is about 100 mm. of. mercury vhich ozplalra thoy £oilily
of %he materisl %o fume in ailr. I inexcases ¢o 760 nm. as 58T,

k. Safety. “he meterial ie poisomcus, dut doss nok have a igh
goxielty. Although he wetorizl 3teslf cr iis vapors guiskly
produce skin burns, ccpious guznditise of water promptly uppiied to
oxpossd arees can malte thiz hazard nsgligible. Haterial ‘rapors

or the emoike produced by reactiorn of She material 1a the moistura
shonld not be inheled; otherwics, lung ivritation may be producsd.

Ag the cquirment has beon designed and dullt $o withstand
the norral operating conditlons of hemperature_and rressuro, there
18 12631e nagard in working =beut (he racks. In ¢he transfer room
the operators, howaver, have 8 wozi more carefully and lule graater
1Tecantions beezvse ¢f %he Toletively lavrse volume of highly
comproesed process gas in the 2eale lenka, laterial hagards in
¢rznafer rooms asige only vhen the welight of muterial im sach fank
rizes avove U20 pounds.

1. Valvea. I¢ nas heon mentioned abeve 4that the naterisl ig very
eozrosive. This is onc reason why metal valven ars not uged for the
control of the maserial %a the aystex, Ievelopment wozit on the valve,
however, it being essried oud. In the prezant system valves ars formed
by f7cezing the uvrocess fluid ¢t the desirsd poiat, stas forming a plug
of colid magterial., This fyeesing ia accompliszhed by the uee of dry ice
at some pointa, azd Ty cooliag water flowing through plpes sdlésred %0
zhs nicksl lines ad othersa.

n. Fregsure-volune-teuperature raletions, The maberisl dehaves guits
1iko other zasss in these relsticaships. The gas demonstratss
oszensizlly ¢he ssme sbrnormalitles existing in other heavy gases rartic-
nlarly near the eritical point. Thus in this regliom thers are largo
wvolune changes £or very slight chenges in progsure ab constant bemper-
ature. Astached is & 3ot of corves 1llustrating the pressure-temperadure
relations at several constant volumes: A modified form of this shert i3
4n 211 of the tranzfer rooms for resdy reference 1n workiag with the
matorial., Dwg. S-3 chowe t¢he relatlonship botwsen steam rresgaure on the
acale tank and the material pressure dovelopad in an average size scals
tank of T7 liters volume.
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The weror vressars of ihs pure solii incoreases unilormly
with demperaturs as Lo 133 meliing zoint as o400, and the liqaid
oxer:a an increasing Tepor vroeccurs so the temperature ineraages.
A% 22290 in a cloaed system tho preasurs will bs sbout 760 —ounis
per squars ineh, Above that Ssmperature, the eatire 3sysitem becomas
a single fluid state 2ad o further rise ia temperabure cerely
inoreases tho uvressurs of the gystom, rovghly i conformity with
Charies® lav, If the velume of ths criginal cystem i3 no$ sufficient
+0 accommodsse all of She fluid as iP melis, ke contaiaer may fill
ontizely with liaquid due %0 the 35% oxpansioa ca melding. In this
case, incraase of femperature cruses further ligeid oxpenaion and

an incerease of prasgsure far greatar sthan thad due only to the vepor
rressure of 5hs material.

Fropersy of sxpansidility and rapid change of volums with
presgure has 2 iArect bearing ca plant operations. he material 4s
cherged %0 a Sank on a seales in weighed amcunts and heatedl with steam of
varying preosurs up $0 1000 p.s.i. If the uontainer is £illed with
420 pounds of materisl, the prsasura will reach $he reighborhsod of
2500 pourds par zquave inch whea Ghe fank is heated vith 1000 pounds
presstre of steam. Thds corresponds to a Gemperature of steam of SUSOP,
1f, howevsr, addilicaal material is pud in the scale tamk, ths pressurs
can ris? ¢o muoli high valuos vhzn heated with 1000 pcunds sveam.
Frespuras greater shaa 2500 rpournds per square inch zre act considered
1n the range of safo operating rressurss., -<no data for matorial

pressurs as a function of weights snd 3emperature are given in ths
Section on the 'ransfer Foom,

n. _Irovorsiss of "Fragh Adr”, Another material used in tho process
buildingz 42 i6eniified by Shs nzms 'rosh aiz’ which has the code
designajiicn G276, 35 13 used ia the condilloning process im vhiech
sguirneat is nsia ready for use dni it is nov actunally wused in ke
process,

Frosh air 4s suprlied %o the plant in large rickel cylinders
at a pressure ol aboud 40 pounds per sguare insh. I% has a very
distinciive ard renetrating odor and can be Goteetoed in small anounts.
The ¢ylinders ars painted grey with yellow bards, There are three
eylirders sioring the Lrech air placed outside of the process building -
on the west side. Zhe gas £8 pipsd in througn copper tudbing o the
varicus sranefs: rooms from which i¢ ean Ve distridbuted Ifurther.

Frosh air i3 very activo chemically, nore so even than the
process meterdal. it will comdbins with praciisally all materials vigore
ously. Oonsgquently, 4% 1s necassery 90 eliminate 21l lsake in the
fresh air piping syetsm. Lesks cen be tostsd for by holding & burner
shrovgh which Liluminasing gas 13 flowing but which 48 not ignited near
the roint in quostion. ZEven a 3mall lsalk will usually cause the burner

P
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%0 ignito opontangously. 2 cmall losk will zlio causs o Lighdsd burner
lezmo 9 appes’ blulrheviclet La colo®, Mlege, cines o gos 43 an aehlw
oxidiging cgend, claraidicdide cTeper can Be uesd zo 2 jest, 2nothor

3828 45 per¥ermed by Sringing oo sgueous zolution of asmordun hydroxliis
ingo the TAcinily cf Skhe cuspociad Leak, If flowih aix 18 vvesend, slowds
of white ¢moke wilil dsvelap.

Fresgk air produces 2»rrocive vurns on the skfn. The best
zemedy i3 ¢o apply ladgo guaniities of waser. I% will algoe affect
the respiratory oystem, dud 1% glvos dePizmite wefning of its presencs
by 4i%8 cdor. 3egause it raazsis with water, il or oxide surface
f4lme and besausz 1% forms an Lnery corrosicn reeisting 22lm omn the
sueface of niakel, 1t is uged %o pre-tsss or 3enditlon® cauvipment
before intzoduction of the process matsriel.

5, Ths Flaa of the Uagar Svanem

_ The water gsystem may b9 divided iado thrse ssparate systems:
{1) Ofroalating water Yor columns, (2) Froezs-sff water for inter-
column comnsctors and (3) Gland water Zor dsmaperhaater pUmDSa.

Cizendeding Snter Svatem, Cirenlaellng water &g cupplied $o
the jacke$s of =il colwmns at & temperaturs of sheus 150°F, In zemove
ing hest Prom uhe colwumas, i%s temperature zisss v abous 1E0°F, 4
sontinncug supply cf this water wilth aceurais “empefature condrol is
abeolusely sosontial to the cporation of ths pizat.

Two Paclfic eomdrifugal pamps, with o capzeisy of 310,000 g.p.m.
gach are provided for sach rack., They are =drvanged im gedups of Tour
pomes, located botween caeh peir 3% racks aad arranged wiih manifrld
gyctems, 50 that ¢he romps can be lnterchenged baevwesn zatls in cage of
dreckdowvn. These rumps Alscherge ingto & comnon aseded whiek in turn
. delivers wahor shrough o rubber hoge eonnsctor to the bottoa of the

vater jacked on the column. ‘ho discherge wador ITom the eslumn Jackess
pacses throvgh rubber hoee conrectors $0 2 dlscharge heador snd then
feturns 40 tho suction side of the ciroulating pump. 4% tre high poind

in the dlscharge line from sach columm & small vend line is connected
which oconnects ind%o 2 common header Zor the rack and then vents through
tho zoof of the duilding. The pressure on tho sucsion side of $hese

pumpe 45 normelly sbout 25 p.s.l. and on $he discharge side about I p.s.i.

Sinece the $emperature in a closed olrculaiing systen would
soon oxcsed she requiref uprer 1imis of 1609%, 44 As necesaary to add cold
meke-up water contiruously. This make.up water 4s supplled Dy the pump
honge wvhish comtains five Jaeifie vertieal pumps with a cavacity of
15,000 g.p.2. &ack. -She vater supply for the Timp ihouse 1d ia %urn oupplicd
by iower house pamps vwhich toke rav water from ihe ziver and deliver %o
a2 oxmp % the pump houas. This supply 48 so zdjusted thad oxcose water 4s
gontinuonsly flowing over a wolr on the outsifs of the pump house. Under
those conditions, dhe swup contains about 23,6 feet of water, which should
e sufficlens for approximately Y0 minm$es opevaztion, at full capacity
in case of water failure. O(opsiant vatch must b0 kopt over %he water supply.
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The dischargs from the 15,000 g.p.m. vsriical pumps goes into &
header which passes underground $o the process building ard then branches
22f %o the individual racke. The rew maikke-up vabter feeds through & control
valve on the suctlion side of the circulating water system. This control
valve is cperated by a temperature recorder aml controller just outside
the transfer room. The controller is set %o meintain a temperature in ths
suction side of the circulating water system of 150°F. If %2he temperature
riges, the valvse opens and admits mors meke-up water. If ¢he temperaturs
drops, the valve closes. Fressure of the meke-u) water is usually between
$0-80 pounds. Since make-up water is added contimuounsly, it is necessary
20 vent water from the system continuocusly. £ llne dbranches off the dis-

charge header at the top of the Tacks on the easy gide of the building and
conducts the wvater to the sewer,

The hose connecting individual columms to the inlet and outlet
headers have crused trouble in the past by slipring off ¢he pipe during
service. Since it is imperative to keep water in the oirculating system
at all costs, a speclal operating procedure is included in another ssction
%0 cover this emergency. In general, i¢ consistc in adjusiing the tempera~
ture controller so that the make~up water vzlve %8 wide open, thus supplying
adequate water to the rack in spite of the lesk st the hose connector.
After this, the ateam is shm$ off and after the rack has cocoled down, tho
eirculating pumrs are shut off and the fanlty hove replaced., If the rack
contains material; the columns should be frozen off at the bottom of the
rack befors lowering the water temperaturse.

If the supply of make-up wator fails, $he circulating water will
heat up to the boiling voint in about twa or three minutes and will turn
completely into steam if service is not resumed. Ia the columns there
are several silver-soldered joints in the copper tube. These jJoints are
sasceptible to failure due %0 annealing of the work herdened Joint when
heated by the 1000 pound steam vhich flowe throush the inner niekel pipe
and when subjected to process pressure sf 1500 p.s.i. 4lso the coprer
tabe 1tself will annesl and being under stress due to dilffsrential
expansion of the two metals, may fall.

A schematic dlagram of the circtlating water system is shown
in Dwg. 9.4

Frooze-off Water System, Water for t-s circulating system is
river water treated with Calgon. ZRiver water i%self is not satiefactory
for use as freecgze-off water since it contzina sediment which would plug
ur the small valves a2nd small diameter copper pipes soldered to the inter-
column connectors. Consequently, & separcte water system is unsed,
¥Yater is pumped from & well to the water treatment plani where it is given
& cosgulation and settling ¢reatment. This well water is considered to
be better than the raw river water for this purpcse. The water is then
pumped to a2 supply heacesr at the top of the process bdbuilding which providies
2 constant head for the freeze-off water linaes. The header is closed o
that a pressure at the bottom of the rack ia developed of about 80 poundr
per square inch by means of an eir pump. £4n auxiliary sup:ily coatrolled
by a float velve is available so that if the well water supply fails, the
head can be maintasined by the sutomatic introduction of city water into
the system., It is imperati ‘e that freess-o0ff water be available at all

times,
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Tho supply of water to ¢ e frecze-of? header is =djusted so
that there is o consianc overflow. Branches from this header lisad
to the individual racks, whers the again divids into a supply for
the $0p and boitom of the rack. T 'ree of the four water headers can
be controlled b7 a solenoid valve, operated by a timer or %ogsla
switches located in the control reom., The solenoid control is provided
in connection with the automasic removal of product. The water lines
may be operated by manually controlloed valves on the rack. The water,
after passing through the eeprer freeze=off lines goes to the sewer.

Gland Yater {or Dasuperheater Iumrs. Oland water iz reguired in
connection with the operation of the desurerheater rumps wihich are
descrided under the section on the ateam system. It was originslly
intended %0 take water from the water ¢reatment plant and pass it through
Fermutit filtratlon tanks before suprlying to the small gland pamps
which would in Jurn pumr water %o the glands of the desuperheater pumps.
The Fermutit tanks are the tanks located in the southwest cormer of theo
procoss buildinz. The system now in unse, however, takes condensate
from the ilow prassure steam and nses it as the gland water in the large pumrs.
This water then flows 0 = tank directly above th® dosuperheating pumps
where it flashes into steam, which i6 used as the low pressurs hecting
steam in the procoss building.

6. Ilan of the Steam Systom

Steam 48 supplied to the process buillding from the power
house through three 10" lines. Each line serves 7 racks and thess 7 racks
form 2 section. The steam comes f£rom the power hous~ at aboud 1325 pounds
per squars inch and 935%®, 1% 4s the duty of the sieam and power departe
ment %0 control the desuperkheating of this steam to our process requirement
vhich is 545°F. The pressure muat also bs reduced to 1000 p.s.i. as this
is approximately the saturation pressure of water at 54599,

Desupsrheating. Desuperheating is accomplished by the injection of
water condensate from the low p.s.i. steam used in thes columns intc the steam
at four different nozzles. One nozzle is located just outside the process
building, one just inside the building in the south end and one along the
wvest wall near Hack 21. These three nozzles are controlled by one controller
on the steam control board and constitute the initial desuperheating system

stage. The fourth noszle, which is located just beyond the steam control
board, constitutes the final desuperheater.

Water for the desupsrheating is injected into the steam from three
desuperheater pumps located at the south end of the building. These pumpe

suprly the condonsate for injection at a pressure in the neighborhood of
1500 pounds per squars inch.
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Tas $renzfer rocm operudor should be zhle o detocs quickly
abnerzmal flovwe o7 material {rom the scale Sank %o $he zack »y means
02 his scaln readings. de gan sonfirm tha condiiion of axcessive
condensate in the coluuns Ly comsuliing the circulating water tampera~
tare roscrder located outside ‘he transfer room., Novmally, 4“he ¢mpeora-
ture ¢ifferential on this recorder ig zbont 10°F., If the columas ere
$411s3d with condensato, Lest dransisr drops ¢f! z2nd the Sempersjure
iifferential dewsrsases. ’f ghis is the case, the operater should
notify his 2ack foreman who wlll arrange $0 drzin She zondonsate Trom the
columing very slowly, peraliting materisl %o flow back slowly iasc the
soals %anks. During this period {he operator should masko sare that the
solumiz are not icolaszed frorm $ho transfer rsom by means of freoze-off
connestions. If she temperadure dlffsrentiai hes not decreassd and 47
the ssz2le readinga on the igale tank contimie to drorp off rapidiy, an
interral leak in the system has nrobedly o~curred. <n this case the
Trang:ar Boom shonld be isolated from the Zask iy freesipg off.

SSeam up ¢ W00 p.o.i. pressure is slen uszed, for aceting
79408 i3 the ¢olla o2 the sgale tant im ¢he transfer Toom. Since
it is neceagely 0 Rave an aocurate coatrol of Phis sieam prossurs,
gach %ank 1s equipied with au air-loaded Reducirng velvo. %o increase
ths sjeam proseurd up 0 & jPedslernmincd valae aad 40 maintain 1%
zutomaticelly at this nTassure, 1t 4g mersly necoessary to Sat She air
preseurs in tne valve at the Jdesirad valwa. Adr ai 1000 pounds pressurs

is awailasle £or this purrpose, 1§ 48 supplisd from & small compressor
located iz comntrol Fo. 13,

uagrams of the high pressurs steas gystems sad condensete
ere given in Deg. =5 anc fwg. 9-5,

Loy Yresspre Shesm Svatema, Thres racifin desuperhsater
rumys are provided for injection of watar into tha superheated steam,
one for sech S.F. line. These pumps are designed ¢o take the high
Iresgnre condencate {Trom the racks snd uss & portiuvn of 1% as injootion
vater, Teturning ¢he surrlus 20 he power house. Inctead of jacklag
%he glands on ti:ess pum s, tho laakage through the gland is asaled
by vmmping celd water into i%.

The flashing high rressure condensate 2° it leaks Tast the
gland into 2 lovw pressure area, jlus the cold gland water, zroduces
125 pound steam. Since this itean containas droplsts of water, a
separator hae been installad over the dasuperhested pum;s o remove
this moisturs. The 125 round stwar. ie them used $0 neat ducts in tho
transter room and at the %0p and botiom of 2ach rack. After daing
discherged by a trap, tha cordemusate from the 125 pound system is

eollacted in the condensats samp %ank 4n vhe south apd of the tuilding and
pumped back to ths power houss,
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Condensate Trspg. A% pressnt many of the traps on she 125 pourd
systom &% well &3 on the hlgh prsssuro cystem are not operating correctly
g0 3% 13 nscesazry cccasicnally 2nd briefly %o dy-pass $he rape. Thease
tTers should bs dy-passed for the wnimmm time Toquized to have them
insgocied and repaired by the Mair .enanee Department, dincs frequently
condon3zts 18 loat when $raps ars \y-Dpassad. Tha impovtance of presqrving
211 condensate spylies equally to 1l other operations, as 3ho plant was
designed to return essentially ail of the condenaata to ths power house.
Efficient operation of the power homse is dependand upon .this faot%.

54 Steen, 125 pound steam 1s alse used to hoat the aigh tempera-
ture vide of %ho coanvector 10ops, Fart of the 125 pound steas is Feduced
to 5 pounds per square inch pressurs and used to heat the low pressure
convector tipes and the conduits leading from the transfer Toon ¢o the

rackes., OCondensete £rom the 5 pound system is collested with %he 125 pound
steam condengata.

7. Plen of the Ads System.

My 1o supplisd to the phant a. two different pressuree, namely
(1) ZLow pressure sir supplied &3 a pressure of dout 100 pounds per square
inch, 2nd {2) high pressure air ut o pressere of 1000 pounds.

Low Frasenrs £ix. The lov prossure air 1o supplied 3y & large
Gardner-Denver compressor locatol in the southeass cornsr of the main
tndlding., There is alao an emergeacy lngersoll-land comprassor located
in control room #131 along with tha high prossure comrreszors. ™me low
pressure gompreusors sre both connacted t0 the low pressurs header wilch
Tang along the %4op of the east side of the main building. Tue eir whick
ig £irst filtered at the sop of lack 21 pussas by & mersyid awitsh vhich
41a connsoted %o ths alarm drops ln the control rooms. 1£ the pressure
drope below 70 pounds per squars ineh, the signal is siven im the c~ntrol
room,

The main header runs the length of ths duilding on the wvavl
alde of the plant with seciionallising valves located between racks Nof
and Yo.8 and between racks No.ll and No.15. Taere are outlet vaives for
ench rack running %o the four air pipes on ezch rack. In some ¢f thess
rocits the air has been supplated by steam but the valves are surned
off manuvally zt %the header on thess racks, A% the north end of the

puilding the lins runs aerosa to the west side of the building to the
$ransfer room hezder,

A% the end of the bullding where the rumbering of racko begins
1s located the tramsfer room header 7alvs. The line shen raturns along
the megzanine Luvel withfour lines with valves leading to sach pair of
rackn., Another seotioning walve ia located dotwsen transfar rooms
fo.7 snd Yo.8. A4r 4s supplied to the laboratories 7rom @ line located
betwesn treansfer rooms No.3 and No.l. Also located noar Rack No.l is

an aiy line $o0 a lov pressura eteam reduser whieh fumishes low pressurs
ateam to the pland. :
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Of she ¥wo lines per rack a the sransfer room aezder, one Line
suprlies air 30 the femrerature cont oller, located on %he mezzanine level,
vhich con¥rols the melte-up water val ro snd the other line passes to the
Swarswout Float Sontrol valve which -sgulates the condensais level,

Ore sther use of the low j ressurs air is to reduce she 125 pound
stean 30 & variavle ciesm preossure i: the transfor room £or heasing the
transfer pots in trancfsrring material from the shipiing container to the
scaly tank,

Effense of an Mz Fallure, The air i3 quite important in the
continuléy of iroduciion in the plant. The sutomatic air-srerated valves
are all spring opening, air olesing ¢yps valves. In this vonnection, it
1s interesting %0 note that air failurs would affest the plant in the
following wayss .

(1) Tae desuperhoating water rognlators would opsn and flood
the steam lines which would >eswlt in a steam reomnmer.

(2) The demperaturs contzroller on the cireulating water inlet
would open and cool down any racks operating,

(3) The valve reducing the steam pressure $o 125 p.s.i.
wovld opsn, allowing steam at 1000 pounds pressurs to
flow into the low pressure steam system,

(4) The condensate return valves would open and blow
steam hack to the power house.

The Layout 0f the low pressure air gystem iz given ia Dwgs.
9.7 and =3,

High trogeurs Aty System. The high pressurz air is supplled
by one of iwo dorthington compressors located in control room Noll. The
air 1s passed shrough = water cooled unit into o reservoir and frum thence
it passes into the 1000 pound header %o the trgmsfer rooms, There are
two ssctionalliging vaives locztad on the header, one losated iz controel
room #8 and the other locatad in control room #3, There is also a valve
on an open line at the ond of ths header at the north end of the bunilding.
The 2ir is used %o-operzte the Foster valves which give varisble steam
yressures up to 1000 pounds per squars inch on the storago ianks,

Each transfer zoom hes o shut-off velve loeated in it %0 shut
the alr off Irom any given transfer room. They are located in the
transfer room execept in the following caseat

(1) The valve for transfer room No.7 is in control room No.7.

223 : "oom : * No,6®? ®° "  Bo.6/
a o ] non n 9

(z) 1 " " ] ] I;::g 2 » n ] g:: *

(5) % L] f L] ] I‘IO.-‘ 0 8 it " No.-s.

(6) ] -] L] [} " H°°2 a4 8 i} 5 Kb»l,
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Tiae uigh prespure aiy ig introducsd from dhe sransieyr raon
supply line ia%o the bowl of the Foster valvss vhare i3 vhen regalates
the amcunt ¢f steen permittoed to pass in%o iue atorags waax <cil by
means of & btalansing dlisphrazp.

The aigh preseure aly system is shovn sehemadleally dn
Tws, S=9 and 9=10.

€. Plon of the Blestrica) Svetom.

High Volinse Syatei. ISlestrieal sarrent is_supplied %o tlas
8-30 area Prom the swltch houss of “he puver pland. I8 i5 sopplied
at & 7oltage of 2700 volts to ¢he awitch houmse oz the arsa locatell
at the southwest corner of the bullding near the pump house, Carrent
1z uead at this voliage 40 eperats the four slrscieiing vaber punps
iz the pump heuss and is also fed 4hrough walsrground coniuwito lnte
$ha process bduilding, 4% panses 30 foar feeier toxes located along the
weat 21de of the Wilding. Trom one faeder »ox located farthent soutk,
lizes g0 %o she low pressurce JGardner-Denver ulr compressor, and 6 the
thros Silver Onesn desupcrheasing pumps. Frim 3ko other fesdar voxes
1inee go t0 %he groups of four circulating water pumps loanled detween
ozch peir of racks. Thisz makes a total of %0 pumps which operate on
2700 vol%s in the main process bwilding.

Low _Toltass Syatem. Most of the slesctrieal curcsxi in the
plant is used 'at a voltage of UY0 volts with, of course, the lighting
gyctem using only 110 volts. The m2in egunipmen3 operatinz on this
440 701% line ave duct Pane, the ventilaticn f=zue ia the Srsnafer room,
ths gland ceal water pumps and condznzate rejura pumvps together with
vurions gump pumps 2nd missellznsous pumps loeaged in the rlant. The
mein switch for the tuilding is located ascr the scuthwesi corner of
tha matn building.

Since the LU0 70lt system is = thros vhase eystem, She
1izhting system vhich i3 110 wol¢ single-phase system the cvrrent 1s
supplled £rom the eame source. The primary Tunstion of the low voltage
otpply is for lighting axd for the opsration of the vavricas - solenoid
veives in the plent. There ia also & 24 volt dattery system for
emorgency oreration of the solenoid system.

9. Zzchplena of Opevation.

A number of operational technigques are cmployed iz $he plant
wvhich are oxtremsoly important, in that they wust be known and performed
properly. <hese technigques are basic througaoui tha plant and ars swong
tha 7irst Shings that an operztor must be familiar with. Simple enough
in fheonselves, $hey sontribuie mush 8o the safety and production of the
plant. The following paragrophs sive a short diseussicn »f ceveral of
thess Sechniguos which sutline some general principies ¢o be Zollowed.
Tha only adcquate way for thom 30 be learned, however, io actunlly to
per?usn then vader the tutelage of a competsas lastrucyor.
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Froezing off Gempecsi gn.  Ons of She Zegr ecnma onsrTations
~is tho simple-apreaiing operztisn of Zreeging o¥f a lins o a 316 in ordor
%o chem ge coarsotions. 'The internal dlareber of zout uf he ubing

and opininge ia the material system i3 ia bhe rauge of 1/157 4n 37329,
this onall dianeter opening rermits thaformatioa of o plir of froszen
material %o :form vhich i3 of sufficient lenguh %o hold tis pporating
presgure of 1500 pounds. The oross seetlonal area of $he wlmg is suea
shet the Sotal force operating to blow the vimg oat of ar oppe %4t

is only about three ¢ four poands. “ails meens that thers 1o adeguate
protection 1n plug formation in the normal sperstion.

iy iz only if the plog 1s not properly formed or if Lhe plug
for scuic reason is porousg and not well packsdll, that the jiug hlows oul
wish rosultaut loss o zaterizl inte the aimosphers,

“he froeming off is done with ¢ry .ce and con e dsna simply
by starting wish tho Ay 4ce on thas emd of 4w 413 avey {rom the ocoluim,
lexving adbous one inch of uncoverod mesal Yotvoen the L2y ico and tho
thoeads of the tit. Thals exposed ineh of ssem 3o £8lt J7om time %0 tine
with the bare fingere until it is cooled %o room Gampeznfure. Thenm, the
block of 4ry i0s is gradually worked backwarc %oward he c olimn until
1% has been pushed back as far as 4t can go wad 93111 Fimain in good .
contsct with the tit. Thers 1s a tendency in the pians merely 5o place
a plage of Lce on the ti1t end leave it thers. Thia rrsctice is rzot
considered satisfaciory, sines the zze £ilu around the i nay reotard
tha freezing off operationy Tarthermors, tho ary ice his heen imown $o
fall off. 14 is elso important 30 note thay nmo frost should celleos
on the 33p of %he $it. Tis vill avoid gShe 02sibllity of pluszging tho
end of the %4t ia She hydrolyzsd masterial while muleing ¢he thangs.

A% thie point $he whole %4t will Bu £4llsd with a solid plug
of material of sufficient length to »revent 1% from dlowing eus. This
shoalld ve a perfeotly adequass method of Prevenving materinl Yreaks at
‘he point, unlezs, =3 in come cases, there is "frosh =1r" in the ti%
whlah xill not Jreexs with th2 consequent izelr of Cormagsion of a good
Plng.

Disconnecting the Pitsine. Im ordsy $5 mske sure that the
Plug i3 formed another point in which groat care is neccssary should
be no%ed carefully, In opening up = %ube whieh hms been “rosen off,
rarticularly one at the $op of the colurn which ass mory probadility of
containing Iroeh alr, one mmsd be extremely marefrl %6 nosa any ovidente
that the %1t might not be frosen off completely. 7o de tnis, tho
lantenneimsr aui mset first b3 "erackzed® or loossred Prom itz ceat while
#$5i1) holding the dry ice on the tit. The visht zngle cap or vhe link
1ir> wast then bs bent back and forth alightly %o bresk who ceat betwvaen
the ferrule and ¢the $3t. If Shere 1s sny frosh aily 4n tho tit 18 will
lesic oud around the aud. It will be notlceshle by 4te odov.



A «w
Th o=y (e

T2 4% 13 Zo2=d 30 o presIad, ome nag: ist 4% Lised oud
arcuand the m28 uatll Jha frech aly o materidl Zupes atoy soming out.
Thea this imlicats~ that he tit 13 foll of uolidifled muterial, sho
operator zen contiime %0 opex the csomesiion 3iswly by slternniloy
locseninz 3h3 nut znd Doving She farrule comeetiom 30 sapke snre
Ghat ony wueondensxi Zawvss wi .l leai cut Taiors gpealng the 313 to
%he atnosphere.

Bpeakine of o Ling bine vnon Grapziue Sonnegtlonse Iv can
o pointed ont thas the nieck: I $nblag fosmirg the link lines iz of
such strongti that 1Y cemnod De DYemt many Sinss $hrovgh z wids angis
wishout dreakiag. 0 LINZ LINE MAY IVIR I8 OJISTE ™0 zexovs 2% from
a $4%. The torgue pradused by Sha 4wistiag vill “rs=k 2 lizk Line
o?f in the ti$ in nearly all 2ases. Shwswld = link iime ¢r cap bdresk
off iz the L, it can freguently be zemoved by using a palr oF
elcctzicianln pliern. ALgain, do mof twiat “xp wudlag. Iy grasoing
the Lrokaea eud of vhe dubs waich 19 staekz i:to fhe 1% firmly aad
piling direeily owtvards, it Ls weually =sulble %o remcva 1%
relativoly ousily. 4% may Be aseoesary ic uss & verticel or
herdgontal vibraticz sovenent cf the pliess 40 fzeilisats Lha removal.

1343 important that a stosdy pudl vith a very sligat ap-and-
.Gown wmotica is much more affective than pulling vwith a wids-argie
bending ¢f 2ho liak 1line sectlion, If 3his vechnijuo is ast o¥Tactive,
the colwma mmas Be draised fron apother %1% zmd the 333 with the
broxer line ia it must be drilled out, Carc must bo sakem not o ruin
the ghreads 9¥ $he tit. If any comdach has toen nade with 3he thresds
go thet & Ittirg vill Lod serswy om onsily, the Mulntonanen Department
mand be ezlled on uvs rathresd thoe $it.

Coanzine tha Unanostion. <nother sxbrouely imporiant
tochinions i3 the simple procasz of piasing arother comneciion ¢ some
sord om the apen zul of any lire or $1% Fron-rhich o ecourszesion hag-baon
ranoved. It hos beew cstlmatsd ¢hat $he Sine dusine which & t43 is
open %0 the atmcsphers sheuld bs mo longer tkam 5 seecnde. xn other
words, tha comsnsebicn or line wanick 1 %0 ba abbzchsd mued dao ready
%0 be placed over ihe opeaing immediataly. Ihis &s neegscary to cut
down %he »ossibllif; of having a plug bluw ool snd alse $o prevent
vehsez fron hydrelysing Shis materisd in tha erd ¢f She 4% Lorming
& permanent plug. It 13 2lso good practizs vot to lot the end of
the 34t Zot Trosted u¥:lle ome is working ca ihe 33, since nolsture
condeneos oa the onc of z fresited $it. Mo s0llng of the 1% shonld
Pe congtinved with dry ize om tho back >Ff the U4t a8 all $imeu, but the
front end should Do cooled only $o & luke waem tcmperadure.

Beiare plecing :motazr comnession ik zay lins or $4%, the
i%8%ne shounld be examined ¢o make sure that the pet is not stripped end
that the ferazaic ic on properiy and im the rigat vlaes.
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Warming up a Ia"'g' e¢. The rsmaining step of making a shange in

a connection is the process of warming up the ii% aftsr the comnectlon
is changed. Usually 3t is considersd better %0 allow & connection to
thay out from the heat of the duct or surrcunding atmosphere in order

to avolid any sudden expansion. However, sometimes it is necessary to
speed up %the process which can be accomplished by the judiciocuns use of a
gas burner. The flaming process =2gain is a step that must ba earried out
very carefully, since the properties of the material ars sush that a
tremendous expansion takes place in the melting of the solid.

The important factor, then, is to have suffigient volume for
the liquid naterial to expand into =3 4% changes iia stete. In other
words, ALWATS FLAME ANY.LINE FROM A DIRECTION WHERE THE IIATEHILL IS
LIQUID OR FROM AN OFEN END. The operator mmst »e very careful {o note
that at no ¢time should the material be heated 2bave its melting point
without some space to expand into since it has been estimated that, if
the center of a closed tube full o5f so0lid material were nsated to 100°C,
without this expansion region, pressures vould be developed in excess of
10,000 pounde. This is in excess of the safety f:ctor in the plant.

Moistyre Testg, Another of the commonm procedurecs im the plent
is the process of determining whether or not a system or part of a system
is dry. One of the older methods was the drying of a system by pumping
it down to a high vacuum vhile hezting the system as hot as possibdle.
After drying as completely as possidle, a glass trap wes inserted in the
lines and the trap immersed in liquid nitrogen. Thi's was done ususlly
by hooking rubdber comnections to the trap and alloving the vacuum to be
rulled through the trap for several minutes. After equilibrium in the
tubing with respect to the water content was reached, liguid nitrogen
in & Dewar flash vas used to freese out on the walls of She trap the
wvater emerging fromthe system. The trap which had jreviously deen
tared could them be reweighed and the moisture determined. it was

unual%y exprossed as grams of water coliccted per honr under a vacmum
of 29 °

It was found that the evacuation of the system was ncé
adequate in drying out the metal properly and that iie moisture test
was often spoiled by humid air leaking into the evacmated system, 30
the plan was then adopted of dlowing dry nitrogen gas <'iough the systen
to sweep out the moisture. This moisture was then collzeted in the

same manuer as glven above by Ireeszing the moisture cat %.a aglass trap
by liquid nitzogen.

2 The method used at present for taick
qualitative tests on individual columns is & modifisztior of ths

flowing nitrogen test. In this test the nitrogsnis passed throush the
bottom of a2n individual column or pair of columns and a cne mimute test
is run with the liquid nitrogen and trap. £ visual dstermination ot the
water collected serves to eliminate any ¢byiously leaking columns, Tids
1s not satisfactory for small leaks of moisture into o system whose '
existente can only be definitely proved By a eareful cuantitative test

" lasting = half %o one hour,




n .

EganEitabiors toagn, Aoz Se3Rl s Tiacily zade oa & clrewd
o Targ of a. .,i: nld sgveor rroliavnury oavt hown “hewn icoor leaks %o
ne c.uue&..‘. The test ;f:‘.*'u\,z,e,c‘. Lo BLy gany iaang! =g the thex's exeony
ihat Lo nii;;‘ag»:zn o izdreduce! &y 2 woips ia fhn sizsuwis vhiore 135 has
%3 $ilow i hronztthe ;;':.ola Sirenid e ey o 1.9 rLrmaan Rsfors anborisg
tas :asting $Pep. i Lo :a:.amgazz soindoeinesd, for (samplo, afb ths

Jotyon of eolumn L, 1% {5 falktony oul and he molswara cellasetoed a2t Sho
z0p of coluun 25, Usunlly $he eirends i3 bvliawn cad 2o semn time
hefors tnmning the uest, then She Zrep osnenbly l" innaerbad L the liro
g% & ronveniond poind and ef‘}:,:.' zagslng she altrigen shrongt the 3rap
e room % mmam%ure foz ‘5 dauses, hc Sravr is lmrarced 1n ths ligrid
pitrozen. 'ngs Yot 1o -oual 11y sazried out for D miavsag. iz ino
vebsr collosetad 4.;; 1988 ~han $.0% 2. new rizemdd wr 30 wpwtes, she
gysteE is conaidercd Cry snomel 50 lasrodicz ihe Zoesh air ind. magerial
for the pTLcesl,. -
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1. General Descripsion of the Tramsfsr Room

The tremsifer room is located on ths meszzanine leval which
is along the west side of ths plant. The rooms ars sleven i1 numbar,
whioh means that sach room serves “wo racks, sxcspt traanster rcom
eleven which iz only used for Reck 21. &l1ll of Uhe double rooms are
gimilar in construction and layout, whersas transier room slsven
has ths same equipmsrt and dasign but only half ss mach as the other
rooms. 1Lhe double rovoma differ in that soms of tThe rooms are
reversed in their design from the others. In other words, in soms
of the rooms the valve system for the transfsr %anks is on the south
gside of the room and in others it is on the north side. The relative
layout of the rooms is the same except for this rveversal. S3se Dwg.
IIOO 9“110

However, cvefore dea:ribing the room, -he scals tank itself
will ba describad in ordsar to clarify the fimction of the wvarious
parts of squipmemt iz ths room.

The Scale Tank. I'he scals tank is essentizlly a tank
in vhich material can b= stored and frrm wvhich it can be plsced in
this columas of the reck, end from which the rack can repienish its
supply &8s the product is takenm off. The tanit itself consists of
three parts: The nickel pressure vessel containihg material, a
stesl jacket surrownéi z it and a high pressure steam coil in the
conter of ite The puraose of thisz arrangement is to allow the
materizl to be hsated % ith low prassure steam in order to melt it,
to be heated to hirh tempersature by 1000 pound asteam thus developing
the operating pressures. =d also to allow the “ank to be cooled
off by introductirm of coid water into the outer jacsket in order to
g0lidify the materisl, The other squipment in the transfer room iz
largely auxiliary %o the scale tank

(Dasoripticn of scale asnd mownting, also deseripition of
barricade will follow in revised oopy)




(oot ded o o e TR T e

.l\nl‘.l\f..l

e v e ————— e

-8 LR
nz g&% oz &23\.. '
\\QOA_W\ .\\U.\hh..a\n\\h. .“ :._ .

g = W\O.Q:\L\

Smaiy vy

NEATI N Ao AL LA =
o> P/ INTIH FHL

M0

~ .f..
DI AP ZZDIN) | : “

.nm

i

anr a.a_ a; =

m_

_L~J

i

_lrmw A

iﬁw

” \\\\‘r

=Y

o

e
(4 AAPED :
t

s ,_ :_ u__ Ao m.ﬂq
I : bagobg
| L_ 4_ ,_ m_ L_ T
q.ﬂ\u« A |
-yt . n,w.\\\u\. \m.‘nﬂamw\ \UN NQ\»!O
4 £ J .. Hl.
.rn
o
i .
I} A e _

: \&03\‘.@@ E\u.ﬂm:a\ Gh.\

” ’ . . H
N .

. . . . .
. L
- ——— ..l«LllicI-lll.Il..lll’L

vt
CRL
~
I
e
-
4
. -
e ‘
R
o
4 H
[
LY
LA
v
[
.
[
.
.




B=2

125 Pound £team. Probably the xost sxtensive zvstem in the
room is the 125 pound stsam system since it is used to facililats the
transfer of naterial snd slsc to heat up a number of linss. TIhere are
three steam lines entering the room. One of these is located behind
the main door of the room and enters near the ceiling. This line
enters and splits into two seotions. One of the lines passes through
a reducing valve which reduces it to a 5§ pound pressure, -fitted
with a by-pass and gauge on the downstream side of the valve, and
from there passes through one of the six valves into the jacket of
the soale tank. It is used for heating the material up slowly. The
other branch passes through a redusing valve and by-pass assembly
into the line which is used for heating the duct. The reduocing
valve is not adjusted to reduce the pressure aince it is necessary
to obtain as high & pressire of steam as possible to heat the duct
properly. The steam from this line, after passing through the duct,
goes to a condensate line which comtains another trap-by-pass
assembly and emptiss into the condensate retum lime.

Another line enters from the end of the transfer room
farther from the main door and goes to a pressure reducing valve
located near the west wall of the room close to the scals tank
vault. This pgoes through the reducing valve and gauge line to the
transfer pot where it is used to heat up the shipping tanis when
transforring material into the secale tank.

The condensate line from the transfer pot emtarsz a return

header and passes through a trap-bypass assembly inte the low pressure
sondensate returmn line.

5 Pound Steam. Another 125 pound steam line comes.down
from the top of the plant and passes through a pressure reducing
valve located just above the recof of the transfer room where it is
reduced to 5 pounds. It enters the tranafer room at a preasurs of
5 poundx at the end farthsr from the main door. It separates into
two branches with one branch going to the transfer conduit connecting
the trensfer pots and the terminal box in the duost. It is used for
heating this line and goea through the line into the usuel trap-
bypass wnit and thence to the low pressure condsnsate return line.
The other branch passes along oclose to the oeiling of the room to
the corner of the room by the scale tank vault where it goes into
the conduit and is used for heating the conduit. The condensate
return for this branch is on the rack at the other end of the conduit.

1000 Pound Steam. This steam line enters from the 1000
pound header outside the trensfer room and passes to the Fostar
pressure reducing velves. There is a 1000 pound steam gauge on
the omtrol board. The Fostser valve has an inlet for gteam on one
side of a diaphragm and an inlet for air on the other side.

!
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This steam pregsure is regulated by controlling the air supply by =
valve on the board, This valve regulates the air supply which in
tum regulates the amouwnt of steam which is permitted to pass through
the valve., All of the rooms have the Foster valves equipped with
upstroam end downstream ocut-off valves and by-p&sses and most of them
now have lines leading to gauges on the board which are loocated in
such & position as to show the pressure which is in the line even
shen the valve is on the by-pass. The steam pressure is registered

on the left of the two gauges attached to emch Foster valve line.
See Dwg. 9-10.

The ocontrolled steam pressure passes [rom the reducing
valve into the top of the scale tanks where it passes through the
00ils running through the cemter of the material chamber. It leaves
at the bottom through the trap-bypass asgembly and into the 1000
pound condensate return.

Water System. The water line enters the room in the corner
behind %the maim door. It then passes through & solenoid assembly
whioch is connected 4o the general freeze-off system on the racks.
These solenoid valves are bypassed and are usually operated with the
bypass open without relying om the solenoid system. This allows
more flexibility of operation when working with different tanks.

One branch of the water line goea to the header along the top of
the duots whioh fumrmishes water to freeze off the tits on the scale
tenks. There is a valve on each tank which permits the water to
flow through the copper coil which is in contaot with each tit on
the tank. They are all frozen off together at the presemnt time
but some experimental work is being dome to develop a method of
freezing them separately; particularly sinoce it is desirable to
know the pressure of the tank vhen the rest of the tits are frozen
off,

The other branch of the water line goes to the valves on
the side of the room near the scala tauks through which the water
goes to the outer jacket of the scale tanks. The assembly is arranged
so that water and ateam pass into a common pipe so that either water
or steam may be pmssed into any of the jackets to either thaw or
fresze that partiouiar tank. The water and steam pass into the
somdensate return 1ine through a rubber oconnection at the bottom of
the tank. Another watsr line goes to the sink in the cebinet in the
room. It drains to the gewer.

Air System. The 1000 pound air line enters near the 1000
powmd ateam Tine and goes to the header fwnishing air to the Foster

valves. There is algo a gSuge on this line located on the control
board. The aixr goea to one side of the diaphrapgm which controls the
gteam pressure. This pressurs is held until the air vent valve is
opened on the sontrol board which releases the eir pressure on the
valve and correspondingly lowers the ateam pressure.on the soals

tank.
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The right gaugs of ta:

z air for sach storagas tark is tae 2:r
e that is on 12 disphragm. The gauges showing stesm
€ z
<

[oV{e]

=]
and air pressure zhould Te wsry cloza tipgether iz
readings or the stress om the diaphragm ma-s s grsat sauough te

0
break the disphragm. 9Ses Dwp. 9-10.

9]

The Jlow prassurs &ir lime runs slon:; the west wall ci
tko reoem end has an outlet in the nsighvorhosd cf the transfer tot
pressure rsducing velva., Thals 1s ussd for blowirg out eqguipment and
Jor cleaning opsraticns involving the forcing of liquids throush
aguicmsnt acder pressure.

2, ¥aheds sof Conditioning Eaquipment.

The {wademental cbjeciive of scele tank conditi
rt, nickel o
el

is to obtain & clesn vessel free from <1

and rzherial desompositiicn gproducts. nless these !
nateriels ars compiletsly rsmoved, ilie sgorage crhamber srill
act as a source of plugging subssansss Thet will interfera
with prover osperation of the raci,

£
T
~
~
,
v

4

(1) Storage shambers should first be completely drisd.
Rough drying can be acuomplished by opening all
tits and Introducing twough The Ttop tit & stream
of air 7hile maintaining & powmd stesm on the outer
jacket axd 150 pownd sueewn cr the inper ccil. The
tits should alse be chaecked tc make eure that all
c? them will pass alr through them and are not
wolded shut. iemoval >f the tulk of the moisturs
c3n ve ohscked by holding a ¢old mirror next to
cns of the %its. All 3its crould then be capped
except one serving as 4 laad o the vacuum pump,

(2) Tas chamder should be svacusied through c »ubber
hose attached tc the tit wntil the pauge ras
snovm & vacuun cf 29" Tor at lsast ore hous,.

All tits should be flemed {rom time to time )
to guarantee that vwmter Lis rot sccumulated in
them. It is sssential that roisture be
tYhoroughly rsmoved bacausa iiter in the procedurs
when the meterial is introduced obnexious plugs
will form in the tits if the drying technigue has
not been sufficiently rigorous.




(8)

(4)

(5)

B45
L)

Connsstions ©o the chamber should be changed

%0 permit the intrcduction of fresh eir. 4

1ine should s rim ovetween the fresh air wvelve

to the chamber and commections to the vasuum

pump altered so that when fresh &ir is intreduced
the gas cun only coms in contact with an all-metal
system. The chamber should be then re-evacuated
o 29", the valve to the pump closed, and f{resh
air introduced into the chambter to a pressure ol
10 pesoi. The chamber should remain filled with
tha gas for an hour at which %time the pressure
cen be relieved to atmospheric conditions. The
comections to the fresh sir walve and to ths
vacuum system should be removed snd the tits
employed for this purpose should be cappsed.

The next step is a step that has been followed
throughout tha conditioning of nearly all of the
scale tanks. In conditioning the iast several
tanls that were conditioned the operators didy
howevar, oliminate this step with no apparently
bad results. This item is ¥o introduce into the
tank about 8 pounds of materiale The material
jtself is one of the best conditioning substances
there is so the principle was to lst the material
condition the metal in this step. Howsver, there
wag soms thought, that the fresh air would be
gatiafactory so it is possible that this step

agn be eliminated in the future.

During the introcduction of this material,
the central steam coil need not be heated and
the temperature of the outer jacket can be
maintained at a satisfaciory valus by heating
with 5 pound steam. The tit through whioh material
has been introduced should be frozem off and
aapped and the cemitral heating ocoil activated
mgi 1000 pound steam for at least 6 hours.

The material should then be removed. It iz
advisable to use some sort of a trap for
catohing the larger part of the material but,
while several traps have been developed, none

of them ia partieulsrly sabtisfactory for saving
an appreciably large quantity of the material.

It has beon necessary to blow the mterial out
into the duct and lose the major part of it.

This is not economically or healthfully advisable
but if & link line ig run soms distance up into
the duct apd the iaterial let out through that
line, it is possible to remove most of the material

without a oreat quantity coming out into the
rOOme
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Yhen the preassure in the tank has crooped to
avmospheris pressure, the remainder ¢f %hs vavor
shouid be thoroughly blowr cut by introducing
dry nitrogen throuch one tit while a seoond

is uncaspsd. The ni%wogen should be blown
through the chamber wmtil the outgoing gas no
longer shows any signa of material. All tits
ghould then be opened and flamed in order to et
a freo vassage of nitrogen through them. The
operator must romember all seven of the tits,
including the one in thse top and also The one in
the bottomy both bshind the armor plate in the
wault. If these tits are not froed of material
considerable difficulty will be experienced later
when water is introducsd, bscause the water will
form pluges with the materiasl,

(6) The storave chambers should be washed with water
to remove decomposition products. The wolums
of the vessels should be detsrmined by weighing
tem full of water. The water ghould be run cut
of all the tits until it is colorless and froe
of all decomposition products. The chamber should
then be drained throusgh the bottom tit recording
the weight of water ~emoved. The weight of the
water renoved should be the same ag the weight
fulls If these fizures do not check satisfactorily
the tank should be filled mgain and the volums and
woight detormmined.

(7) The tank should now be thoroughly dried. PFirst,
rourh dry the tank by blowing dry air through
i% while the chember is being heated as wes dene
in the first step of the conditioning, ough
drying should be followed by & ocareful puming
procedura in whioch the chamber is evacuated to a
vacuum of at least 29". Adr is introduoced into
the chamber pericdically to aid in flushing out
any residual wator vapor. At the end of S hours
dry nitrogen should bs admitted into the tank.
After several ninutea of flowing nitrogen
through the tenk by passing The nitrogen in
through the top tit and out the bottom, attach
a glass trap to the bottom tit and immerse the
¢yap in liquid nitropen in order to test for the
presence of moisture. Pass ths nitrogen: through
for & minutes and weizh to the nearest centigrem.
If the moisture test shows the presence of leas
than 0.04 pgrams of water, th» tank may be

congsidaored dry enough to £ill, Also make certain
that all the tits are dry.

I's
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{8) Tare chamoer tshould bs rewsvzoussad and frach
sir immediatsly introducsd to & positivs pressure
of 10 poundz per squars incr. The 5 pound gtoun
should 3 turned off the outer jzoket sxd 10C0
pound stoam rum through the central heating coil.
Fresh 2ir should remain in the chamber under
positive pressure until operators are prepared to
indrocducs process fluid.

(9) Fresh air cormections should be removed znd &
suitable jumper to permit the introducticn of
material should be connecstsde.

(10) With 1000 pound steam still on the immer coil eand
no {flow of fluid, stsam on the outer jacket. the

reading of ths scale of the storage chamber should
b3 tared to 23710,

(i1) Tae high pressure stsam should be cut off eand *he
cnhember w©ld at a temperaturs of 80°C. by imtroducing
a mizture of 5 pownd steam aad zo0ld water into ihe
outer jackst. When the outer jacket has been
fillad with this hot wator ths weight on the scales

should bs notede The reading will approximete 169
poundse.

At %his point the tank is roeady for the
intrcduction of material,

I, Pransfeorring Matszial

g, Filline Scals Tanks

The firast step is 4o make sure that the Scale Tank is
empty, the tits Dlaied out and froe =nd that the scale is
properly tared. Also ths. operator must make sure thet the
full %transfer pot is ready on tho platform scale in the
jeckst.

The steps to be followed ars outlined as follows:

(1) Conmsct inlet and outlet steam lines to the
transier pot jackst.

(2) Zemovs vaive cap from the trazsfer pot and put cn
the adapter, 1liske surs that the isad gasket in the
walve sep does aot stiock o valve plugging the line.
The adanior and gaskat should bs well flamed bafore
pusting oo the transfer pot vilvse

{3) Cormact trsasfer jumper to transfer pot valvs and
trenzfor ocndult Hite

—— i o e e
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(4) “onnect link line in iuct %o scele tank it ard
te traasfar oonduis £it, T2 sure Shat ths free:z
of:? '‘mater is rumming on the ssale Sank tits.

(8) Twm <%tsam om thas transfer pct throuzh the low
nrassire PV Shars witk £ vound stean to
mare che ot and to caeck the trepvs. Increase
glowly 2 half hour latar So z2bout 3C pounds
Prossure.

(6) Pus low o essura stesca on ths secals tank jacket
i) ‘.:-r:u"..: sha “omparetare o 100° C. neok the
trops e jee Y they ara opa'."atix:g properly.

{7) Opon vales on 2ot and flams “he whola line after
wlraszicy che seals sank tibs,

{8} Zyup asurate saeords of *he >rocess whils
sransgisrrinr sno materirls 71 no 3ase should
@ore thaa 420 rowmds M2 allemz2d in the scale tank.

{2) ‘“hen irvaasferving is Jiaiched cut “hs transfer
oat valvs off, discornsct ths link line {'rom the
geule tasiy, cap the scile tanz tit off and plug
ho link “ine end.

(10) adnit water into the soale tank jackst arter
turning the steam of{ «nd the tarik iz reudy for

operating.

b. Ewpbyinz 3onle Tanks into Donjeted Sanks {fcetylene Tanks)

(1) PCornect : new Link line to %hs scale tani: Tit
ana Lo the ampty depletion tualk.

(2) Pub high prassure steam on th? 3cale tank. arm
The tank up slewly ot first then increase pressure
sreduniliy. infresze ths seuls tan% tits.

{3) Stert tha transfer by hasting the lins with a
turner. open tha oyvlinder valve and continus
heating witil ths nmaturial moves freely into the
eylinder., Increase the steam pressure to 1070
powzds nsar the end of the S=msfer.

{4) Vhen amdty slow out remaindasr of mtarial into

ducts. This should not bo mors “hen s pound or
TW0. lako 2ertain the fen isg on.




(5) Have scales tared end the tark is ready for re-
filling.

Cemeral Instructions for doubine Operation

a. Starting ap Operatioas

With all the storege tanks full of material (420) -Hounds
and ecirouits of the racks £illsd with meterial, the transfer
room is now rsady to opsrate. After determining the
aonfiguration of the oircuits, the rack foreman will motify
the transfer rcom man whioch condults are to be used with each
oircuit. The conduits will be Qesignated by numbsr. The
conduits from the rack emerge ia the duct in the transfer
room and are numbered from left to righl.

This holds trus when thers are 36 condulits per racke
In some transfsr rooms where temporary cr replecemsat
conduits have been put in, the conduits are stamped or
tapgped with their respective mmbers. lhe tremsfer room
men will then complete the sircuits by comnecting the
aonduits to a storags tank by means of link lines.

b. Arrangemsnt of Circults

Tao circuits are 4o be connected 4o one storage
tank--this mpans that ths four circuits of the rack will
be served by two storage tanks and the third tank will be
held in reserve. It is praferebls that oircuit lo. 1 end
l'o. 2 be on one tank end circuits No. 3 and No. ¢ ba on
the other unless otherwise ordersd by ths rack foreman.

4 meterial or‘ss.:a.re sauzre must then be ettached to the
Pifth tit of the storage tank. It ia a good policy that
the conduitas be attached so that the lowest number conduit
he conngctad %o the top it of the storage chamber end the
other thres in ths liks memer. thus lsaving the bottom

" $it for the pressure gaugze.

6o Establishing Communication with Escl

The oircuite heving been complsted, the transfar room
je ready to communiczts with the rack. There are two
methods whish may e used in establishing communications

(1) when Circuits are Frozan off cn Zzch eng at
Bottom of Rack

The froeze~off watsr should be turned off of the
tanic ¥its and low pressure steam turned on at
the mixing valves to ths jacket of the storage
tank for warming w end celting the material,

DAMEINAY E ST RS T R ORI AL X ML B
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0 hish pressure steum chould te used urntil the
raterial has been completaiy melted. <-his can
be checked by meang of a thermemeter insertsd in
the well of the storege tank. It shouid read
80¥ C. before adding hirh vressure steam., If
there is no hurry, it is advisable to use low
pressure steam only until u mataerial temperaturs
of 100° C. is reached.

When the material is commletely melted, about

100 pound high pressure steam may be turned sa +the
coll of ths tank by proper .manipuiaticn o the
valves controlling the Foaster KAgulating ‘mlve

for this particular tank. Zhe jacket sceem
should now be turned off and only high preassure
steam used. Gradually buiid up the steam prassure
until the desired material pressure (1500 pounds/
in? unisss osherwise ordervd) is reached as
indicated by the matsrial pressure gauge atsushed
to the storage tank. The “ransfer rocm is now
ready for the rack to bs unfrozan.

(2) then Circuits are nct Frozin on Bottom of Rack
and 1i%s of Soale I&nKk Rame.in Frozen

Proceed as in (1) for warming w and turning o
nigh pressure steams At this time, sinvs the
gauge is algo frozen off; the necessary steam
oressure needed to obtain the raquired material
pregsure must be detarminec by use of. the rstarial
pressure~-stsam, pressurs«retari:l weight ohart
shown in Dwg. 9-3

Adjust the steam pressurs ecccordinmly ziving
adequate marpin for safety. Of oourse, if the
pressurae is toc low, when the rack is unfrozen

the reterial will flow back into the scale tank,
This can pozgibly make the rack pitch. Endeavor

to have the pressurs as clcse es possivle to the
pressurs in the rack to avcid a surging of material.

When the material pressure is judged to be sate
isfactory, the froeze-off water may be turnsd
off the tank tits.

d. Q(enaral Fotes and Precauticns

{1) "hers shall always be two operators in sach
sransfer roome
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(2)

(8)

(4)

(6)
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I3 deeliag with long link linmes in the Zduct,
ramember that they may 200l off when the duct
doors ars opened, thus sausingz the material to
solidify. Such link lines containing solidifizad
material conatituts & congiierable hazard, as
they might be accidentally neated im the aiddlo
of the _ength of solid matsrial by mearty zioam
pipes or by & Bunsen dburner fleme used in the
duct to heat other link lines. This intarmediate
heating can easily cause the 1ink line to buruss.
A material bresk in the transfer room is most
8arious.

Always use heavy walled tubing for link lines.

Be ocareful that they are not heatsd above 10G® C.
When the lines contain material wder hipgh
pressure, or heated at all, except carefully

at the open ends when oonteining solid material.

Never put more than 5 pound steam cr water
pressure on the storege tank jacket as the
rubber hose connection on the drsin may break
looae.

When changing & 1link line or material gauge
connection an & storsge tank:

(a) Freeze off tits by means of the water
fresze off system.

{(b) Fesl of tits with the finger to cake
sure that thsy are cold {(always chaok
a link line this wvay when you think
that it is frozen off.)

(o) Bring the high pressure steam on the
storare tank to zero pressure.

(d) FLOOD THE SCALE TANK JACRET WITH
COLD WATER. (Most of the bad breaks
in the transfer .rcom have been caused
by attempting to cave tims by elim-
inating this precsution. It is e
false economy.)

(e) When the temperature of the storare
4ank has fallen below 80° C, it is
permigsible to dicconnsct Lunkenheiusr
fittings from atorage tank tits.

(£) As a final seourity measure, before

starting uvp have snother ocperator check’
cormections before renewing operation.

vyt outiec oo ncanelie bl s ol S HAANIE ¢ et 277 £ 3 S SO o -2 - e i



(6)

(n

{8)

{9)

in the rare cass that ths conduit lines lsading
to the rack have been frozer off by flocding
the corduit jacket with water; the follocwing

procsdure shouid be used in thawing out the
conduit lines:

(a) Make sure that the storage tank or
tanks to whioh “he sonduits are connscted
are heated; thav the storape tank tita are
thawed out, that duct link iines are hote.
In other werds, thore should te fres
movement of process fluid from the oonduib
lines to the storsge tunks. Also, make
sure that the rack ducty ars hot amd that
circulation alonr link and convsstor lines
can take place.

(v) Turn down the coll watsr valve op ths
oconduit fresze-off systam, slcwiy open
the stoan valve ‘ard mix the two so that
the temperature of the water {lowing

through ths camduit pipe rissggraduslly
to 70-750 C,

() Take half an howr to bring the bemporaturs
up to 75° C.

(d) Check the temperature by measuring it
where the water {lows out of the end of
the drain pipe below the rack dact.

(¢) As the thawing of the sonduits is &n
extremaly delicats umdertaking it should
always be done under the direct super-
vision of the Teochnical Superintendent.

Hatsriel should be added to storage tanks up to
420 oounds. Hake certain that at no tims doss
the weight in the tanks exceed 440 pownds.
Operate a rack only {rom tanks containing a
maximum of 420 pownds.

Do not cperats more than 51 columms on one storage
tank at any one tims.

taintain the operating pressure of the materisl in
the rack at 1500 poumds. When milking raise the
preasure to 1700 pomads but sinoe the circuit
drops to sbout 1500 pounds while being milked, be
certain to drop the tank pressure to 1500 bafore
w{reezing again, This is to make sure that no
surge takes place from the tank :nto the raocko



(1C) It is strietly forbidden for any person to crawl
intc the storags tank vaulit, unless all the

storage tanks are cold and all the low and high
pressure atoam ig turned off.

(11) A large differential of steam and air pressures
should naver be allowed across the pressure
reducing valves. WHhen operating on the by-pass
of the steam reducing ‘valve, cslose the air valve
leading @0 the Foster walves so tho pressurs rsads
on tho steoam gaugs without goipng to the Foster
valva. Special valvsthave besn installed in soms
of the Transfer rooms to allow this to be done
without affecting the Foster -mlve.

(12) Never operats for any lemgth of time using the
condensate trep by-pass. Thig is dangerous in
that the high pressure steam may get through to
the condemsats line apd also the pressure of the
steam pushas the water into the condensate retum
tank and out over the roof,

(13) M1l transfer room operetors should kmow at sll
times which circuits on whish racks are being
operated from a particular storapge tank.

(14) :iny wexpected change in storsse tank weight
and material, steam or air pressures should te
noted as quickly =8 possible ty the operators
and reportzd toc the Rack Forsman, or if he
sannot be found, to the Assistant Technical
Superintendent, or the Technical Superintendent.

(15) It ic absolutaly necessary thet each transfsr
room cporator should know the location of all
valves and controls well enough so that each
one can be found by the operator Quiskly
without delay, in the darkness in case of an
elesctric light failure, or in & dense smoke in
case of a material break. :

(16) Vhenover stsam ia turned on, the steam trap
valves should be checksd ag to whether they are
open or closed.

(17) Yo chenge is %o be mada in the transfor room
operating procedures and no wvalvss are to bs
opened or clossd on ordsr of any people outside
the transiar room orew, exocept the Reck Forsman,
Chief Rack Foremsn or the Techniecai Superintendentse.
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(18) 7*n spe=s time, work on clamning vp the wrmsfer
poor end trapsferring metsriale It is & gzood
idea to label all spare eoulpment, link iines,
hoses, ats. and hanz; on the vmils.

S0 General Emerpgensy Instructions

In memeral, 25 in the case of all of “hese operating
‘ngtructions, emergencies urise when the operator Is ocareless or
attermting to be too hasty. The best emoergency procedure is to
follow the methods pgiven here with oare und the emerrencies will
not erise. In case of an acoident in the transfer room, the

foilowing steps should be aken, preferably in <he order in whioch
. they are listed:

a, Put on faoces maask, holding breath until adjustsd.

be Close duct doors.

s. Turn on duct fan snd ventileter fan in room.

d. Turn on all watar freeze-off line. (the water valvss should
be kept normelly in position so that ovening the one main
valve will start all the freeze-off water flowing.)

e Turn off high pressure steam on all storage tanks.

f. Flood all storage tanks with water.

go Send = messane to the rack to reeze off top and bottom
fresze off coils,

he The details of any accident, material brsak or leak as

wall ag all other cperarions should be fully described on
the rack chart and in the transfer room log book.




e ey e s

GC=a

Section G. The Colums and the Rack

1. Desoription of the Colurms and the Raocks

The vital process in the plant is brought about in the colum.
The operating procedurs, them, is to introducs the material into the
colums where the desired chanpe ocours. The remainder of the plant
funotions to bring about the conditions which allow the colurms to
funetion in the most officient msnner. A rack consists of 102 ocolums,

but since the colums are identical in construction a colum will be
desoribsd first.

The Colums Ry
—— it RO

The oolum consists of a nickel pipe about 48' long surrounded
by copper tubing. This tubing is then inserted into an irom jackst
melzing three concentric pipes. The intermal diameter of the oopper
and the extarnal diamster of the niokel are seleoted to.producs a
small annulay speoe batweem them and it iz in this annular space that
the material is introduced. Around the copper tubing is the galvanized
steel jacket. Steam at about 1000 pounds per square inch pressure
and 546° F. passes through the cemtral nickel pipe and provides the
necessary heat for the prooess. Water passes through the outer irom
jacket and provides the necessary coolinp. Ses DWg. 8«12. This water
enters the jacket at the bottom at 150° F. and leaves thes jacket at the
top at a temperature around.lE0%. having been heated up by the heat
from the steam pagsing through the fluid in the annular space. . There-
fore, we have & temperature differentisl of about .545-165 = 390° 7.
across ths oolumn over its entire length. This temperaturs differsntial
is essential to the process and camot be allowsd to varys The

equipment for controlling both steam and water is discussed in another
Section.

Construcstion of ths Colum

Tho 48* colurm is not made wp of single, continuous lengths
of nickel and copper. The niskel immer tube is made by welding 24¢
12¢ and 6' pieces together. Ths copper tubs is made by silwver soldering
24' lengths together. The silver solder joint is made by placing a
oopper sleeve over the lengths to Be joined tosether and inserting a
ring of silver solder in the recsss in the sleeve. Heat is applied,
the silver sgolder melts and is drawn by caplllary action into the
joint, thus sealing it. At each end of tlis column a short nicksl

_ gleeve is similarly silver=soldered to the copper so that the outer

tube projesting from the water jacket is niocksl, rather than coppsr.
This arrangement pemnits the use of copper in a large part of the
column and is desirable since copper is more sconomical tham niockel
and can be fabricated to close toleranoe with eases but it still allows
the nickel tits to be welded to nickel, This is important since the
tolermnce in the amnular spacs is probably the most oritical in the
entire system. The anmilar space is maintained by amall nickel buttons
vhich are spot welded to the inmer niokel pipe and sct as spacers.

BRSSO N NPy R '«“."""_‘-
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Copper is used on the cold sids and nickel om the hot, becausa the
high inside temperaturs would cause & slow annsaling of the cooper
with a oonsequent redustion in mechanical strength,

Gomeotims 3etween Colums

At the top and bottom of sach colum there are three small
nickel tubes which projesct from oolum. These communicate with the
snnular space in the colum and are used to introduce the matorial
into the colum and to remove it from the colurm. Ons of those tubss
or tits as they arc called is used to remove samples from the syatem
for analysis and is oapped off when the colum is in operation. Thw
two aro used to connect columns to one another. Colums are connested
by intsreolum commeotors (frequemtly referred 4o as ICC's) These
are small nickel lines (1/8" x $/32") equipped with Lunkenheimer fittings
so that they oan be attached to the niokel tita., To the niocksl link
lines are soldered copper tubes through which water can bs passed.
This is in effcot,y then, a valve botween individual oolumna since by
passing water through the copper tube the process fluid is conled
until it solidifies and a pluz of solid materisl formed, thus stopping
ths flow of fluid. On turning off the water the heat of the duct
cauges the plug to mel?, thus allowing material to flow. These
intsrcolumn comnectoras are uzed to asciiect adjacent solums or bhoth
the top and bottom of the rack.

The Conduit System

Alszo located at various regions of the rack are other nickel
tits which aro the ends of the nonduit lines through which the material
flows “rom the transfer room to the rask. Soms of tha racks hawe 36
oondult 1ines arranged in groups of six with 18 on esach side of the
ragk. In the groups of six the conduits on the ends of each group
are of & larper diamater than the other four in the groun. These
larger lines have an intemsl diamster of 3/527 while tha other four
in the group have an intamal diamater of 1/16". Where possible it is
advisable to uge the larger tubing. Several othar racks have only 18
conduits aerranged in groups of three with nine on each side of the
rack. The chmipze was made to the somllsr number in order ¢o have
only three lines in a single asteam jacket. This was necessitated
by the discovery that if any ome of the conduit lires breks inside
the conduit the meterial and its hydrolysis products cofroded the

oondult lines and plugged up the stemm jacket, A1l of ths lines in
these racks are large bore with en I. De of 3/32",

113118 latorial Circuit

The material itself flows to the rack through one of the
conduitse From there it passes through a nickel line or "lumper® to
one oend of the racke At this pbéint, the nickel line is introduosd

into the oenter of a coil of 3/8" copper tubing through which
water cen flow. :




This arrangement is used im order to be able o freeze the material
betwsen ths conduii and transfer rooms and the raok so thut in the
cags of an emergenocy both will not be emptisd. From the fresze-off
coil the material is introduced into the side tit of the end ocolum
of the rack. The material then passes from the first colurm in the
eirouit out through the nickel line in the intercolum conneotor and
into the side tit of the next colum and so on. The material thus
follows a circuit through the bottoms of all of the colums, filling
the colum which stands in the cirouit like a stendpipe. Placed in
series with this cirouit somewhere in the loop is a convector system
throurh vhich the material passes and “rom there it goes back into the
colums. After passing through the bottoms of 25 or 51 oolums it
passes through another freeze~off coil into another conduit through
which the material returns to the scale tank in the transfer room.
Such a system of conduits, convesctors, columms,.{reeze off coils and
jumpers through which the material ocan cirsulate is called a circuit.
Astual dotails on the building of a circuit and rules to be followed
are given in another part of this Seotion.

The Convsetor Looo

It was stated in the section on properties of the material
that one of the important properties from the standpoint of the plant
is the tremendous change in density with temperature. This is
important both in respsst to the fast that flaming of lines must be

done very carefully but also in the effect whioch is utilized in the
oirouit on the rack.

The temperature of gteam at 100 pounds pressure is
approximately 175° C. and the temperature of steam at 5§ pounds
pressyre is approximately 110° C. The density of the material at
175° C. is about 3.0 g/cs. The density st 110° C. is about 3.6 g/oc.
This difference is so0 great that use is made of it in the system. The
material is pasged through one tube which is heated by 100 1b. steam
and then through another vhich 1s heated by 5 lb. steame. The tubes
are looated in twelve pairs of pipes with six pairs on each side of
the rack. Since the density is less in the 100 1b. pipe than in the
5 1b. side, the material rises in the 100 Ib. line and falls in the
5 1b. line giving the pumping aoction necessary to have the circulation
desired. While tho whola system is at a pressure of 1500 pounds or
higher there is no differsntial in pressurs except that givem by this
convection ocurrent oscurring in the convectors. The total difference
in pressure is of the order of only throe or four pownds per squars
inoh »ut is sufficient in the system to keep the material {lowing
around tho circuit. Howaver, it 4is not sufficient to pugh any
material through the system if there is any type of material plug or
constriction in the circuit. For this reason, "plug-hunting" is one
of the most important parts in the operation of the plant. A
geparate soction is devoted to looking for trouble of this type.

Valves

The essential parts of the rack itself of interest to the
operator ere the colums and their connections, the convector systems

and the Ireese-off system. Seeﬁn s 5-13
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Ta addition To Thg posss of Interzgt in the naterial
: “uothe bovtozm 2
DAdT. These valys

D, [oAN
solurss inzida che Rack, ‘xother ast of wa

s 2bleh -ives whicn ure icratad under
Mma front of Sha row o) wiuwms. -his s smailey
steam line. OUn “op of tha colum is tho steam iniet ve
in vack of tha column o2md inside the rvack aed =lgo
sutlet valwve lazazing tco The upper vatsr hasder.

A% the Scp cf the weter outlsit =itow is anoiher Line running
¢ air went header. ~his is o ome-izch lLins Which permits the
air released from golubicn i frculsting water Dy She increass

in “emperature us it risss to -entsd 4o tha roof.  chis lins would
slso taks czare o an aIxcess of watar im caga T2 make~up -vatar valvs
should owen and .he syshom D3 mable t for he ~mcrpase o
waTar-  s388 wr. 314 2n oroat o ks “his hsadar is niped ss
that & rowed ston n weis

put zinoce

scurd he antroduscsa
P owmy found bhat the ish tevwooclurz ow

--»t_. . =
imamisl T ths abhbar

in the watzsr ., Thls n2s no3n iiscardsd.
Cther aspects of the mmck conshruetion such as the condensata
roturn system, T vstems for <he ccnvssiors snd condults and

t ” G }
the condeasate [loat scatrol are included Ir the description of tThe
h2em wad Fower Separtnsnb.

13

Then e £olnnis. conveostors and condui® ilass ars furpished
te thae overating porscundl. shey ure webt. Airty aud greasy. Such is

the great saemical activity of the proocess materisnl thet it will rsact

¢ a earceia exbtont with oracticslly all substanzss. Ssposially
violant =nd irrevsrsible is il rsaction with wutsr and oils. anong

the rauzction produsts srs ren-fluid, non-volatils meteriais which
Lepd to sceuwrmlee in vital spote In such & way as 1o impede or stop
the flow of the “.roesss material. A nusbs: of ths conznecting link
iinss possgsess an inside diemetsr of cnly 17158% wad it is vessible to
nluz *hese lines by ths actlon of as 1iv=le as s Jew millizrems of
wateor., From pas+s sxveriencs it has osen Fstziminad that if the opore

s«ting svatem is “reed ) moisture and raciaing subsuancss, no

i fficul®™, is exverisncad ir setting ecuipment in%o sablslactory
operation.

B

Princivis of Conditioning

The conditions of moisture removai must be particulariy
r‘ gorcus since there iz & stromg tondancy for ail the water in the
system to collect 2% a c0ld spot. These remarks lsad also to the
conaslusion that it is cssentlal that all comporoents ¢f the system
sa free cf weter laals,
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silver voidering ar
soluwma are alliowad te gtand wet whils axopogsd »

The following procedura, asocsoxdingly, ras for
%0 guaraatee that all veducing substances, weter and oxides cshell
removad comletely Zrom the syubans
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This und all other uperaticas *avwolwing tlz
passing of 1iquids and zsses san bte doms
conreniently by use ol menifolds made fwor. soppsre
tubing. Theseo menifoldés may 23 made by sulver
goldering ooppar tibing into unothsz long piccs
of otppare. The manifollds way 2o made up ‘u
wiatorer lengtha dsaived tut sro fraquent!

made ith eithar nins cr gevestesn ocutl=é: on
each =160s Tne ssventeon tit mmifsld is ialxly
satici’zotory sinos it cen be :oved only ®wise <o
sover one sidg of & ruok., The ouitlets sar¢ soldsrad
en slovsa inohog apars o copdoms o the cisztances

VAL W
bedsizan the center tils of Zho solirms. ‘o The
snd i She outlety a niokel Huhe is zoldered ovr
bhrased into the end of ths copper. This :iolel
tuboe iz made of pipe having an oubtside dirmater of
1/8" “so which is fastonsd & stendard Lunkrzheimer
conncation by which i% can be Pratoned %o the centear
€it ot ¥he colum. One snd of the mnifcid mey be
goldersd shut but the other end ususlly mss &
gtanderd 3/8" Lunkeaheizor or “aspared fitting vo £i%
the cutlat on the air line or on ths pressure tank
ez Ccreing liquids shreugh the sslumss

Deprease roughly wsing Setra-qnlor ethylere sclvent
or carben tetrachlorida.

CToing “hs manifold menticned ! +tho vrevices step
in ecunjimetion with o pressure tank, this can be
done raovher rapldly =nd easil;, Tho prescure tank
is o nicksl contvaizsr having <o openimgz with
gtandard fitbtings in the ton. One of the ~veniuzg
i3 1 pipc which go9s just Delgw ths surfacrs of Tue
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5.

The other cpening has attached o it 3 immger
nipz roaching %o the botien of Lhs tanks
Comzressed air is forced in one opening nd
when & liguid is contaized in the tank will
forze tha 1iguid out the gsecond opening ind
ug into ths columng. Usually the tank i3
fitted with 2 gauges for measuring the air
prossucse and a rolesase valve to let thes :rssaure
dowa vhen sui'ficient fluid has passed through
the golwm. Usvaily Ziowid is psssed through
the colume until it appears %o bs olear. Pass
the fluid I'rox the bvotteom tc the top. 1T is
usually satisfectory %o pass about one-nalf
pint through each of the 3 %op tite.

When rack is degrsased blow out the colums with
8ir throuch & manifold from the %op. Ouvon all
tits.

Tast all solueng in “he rack with 100C 15, stesame

- . The cifference hetween tha stoam and the

oirculating water temperaturz should e uboud
4009 F. The objsoct of *thie step is to subjest
the colums %to the stressss which they will
encounter during normal cperation.. Initilally
gome water will blow out the bottom tits in The
form of 8 mixturs of water and steam. However,
if this moisture continues to issue farthy the
colum is undoubtedly bad. Usually abous ome out
of every 100 colums has falled during the
application of %his %est. Shut steam off,

Hake a final and carsful solvent wash us:ng
olean golvent and passing fluid throush 11 %op
tits. Crack bottom %its until liquid is cleen.
Drain fluid teck into the tanks

Lttach manifold &t top snd tlow out solvunt with
alr Tor 10 minutes.’ '

Waghh the colums with dilute hydrochloriu acid.

This acid is made up in the approximats :atio of six
parts of water to one part cf oonosntratued acid.
This step is usually done vy foreing tha moid wp

ths ¢olumme with the pressurs tank end cvllooting
ths acid at the top of the rack. The us:al methed
of ccileoticn of the acid o7 othor liguic iz to
attush & short length of rutbher hose w0 ~he tit

and pass the fluid inte a milk btottle.
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10,

11.

This onablss one to determinas if the Iluld is
soming, through clean., The clesn aeid =s-r be
uged. again tut eny dirty acid should L cis-
carced,

Wagk the oolwmsz with wator wmtil the wa.or ig
clser following the -sams procedure as with tho
hydroshleoric acide

Blowr out water with air for five to ten i:inutes.
Opor nll tits to determine if they are orem to
ths passage of air,

If for any rosson conditioning procsdure: must

be interrupted at thisg point, the columar sheuld
be fiushed with nitrogen and capped. I goneral,
any interruption of the conditiorning prouvedure
should be avoided parmticularly between tile 4ime
wher She oolumm is first wet with solvenw and the
¥ime i3 ig filled with nitrogsn. Do not flun the
work ao that any of the oolums ave left moist
and with air in them for any appreciedlc longhh
of 4%ima, If the columms are left wet for as long
as sight hours, thay should bs reconditicred
starting with the aocid washing step.

To start the drying procedurs, attach a :steam
traced copper renifold to sach of the four
cirauits of +the rack.

See “hat ithe duct heating steam is on and thed
the 1000 1b. stesm iz turmsd on the ok, Close
the duct doors as far as possibless Adjust the
ciroulating vater Temperatura to 150° ¥, The
stsam traced manifoldsare 25 outlet momifolds
whioch have apother line soldsred to the uain
section of the menifold, This is conrmsceted +o

& low preasurs steam lino and is ussd to heat

tha manifold so that drying may bs facilitated,

Evacuata the gystem for cme howr with the %op
middla tit of sach colum left uncapped.

The purpose of leaving one tit uncempped sz %0
allow alir to atream through the colummas. thus
sweeping cut the gross amount of water and water
vapor left in the colums after the water washing
traetment.

Evacrate for two or move hours with 2ll ¢he
¢ivs capped off st a vacuuwm of 27 inches or more.




12.

13.

14,

156,

16.

17.

Gl

If slight leaks oxist in a cirouit, it is wm-
important at this time. Mo effort need to boe
made to looate minor leaks until the freghiair
treatment.

Discomme ot one gids of sach inteorcolwm oconnsotor
and cap off the tit and link line at both bottom
and ton of the rack. Rearove manifolds,

The purpose of this sitep is to isolate sach column.
This step is wnscessary if the intercolum
conneotors have not yet been installed.

Attech a connection from-a nitrogen gas cylinder
to the middle btottom tit of the first colum of
the oirocuit or to the tit from which the inter-
column cgonnector was rsmovad. &ttach to the top
middle tit of this first ocolum a rubber connecte
ion leading %o a glags trap immersed in liquid
nitrogen.

The trap must be attached before eny nitrogen gas
has been blown ¢through the column &8 the plan hers
is to be able to trap water or water wvapor which
has accumulated in the colum in order <o magnify
the test. The colums must have stood at least one
hour after bringing them up to atmospheric pressure
before making this moisture test.

Blow nitrogen gas at a pressurs cf 5 pounds on the
oyl inder gauge through the colum for precissly
one minute.

Inspect visumrlly ths moisture colleoted in the
glass trep during this ome minute test.

Rocord oxtent of froat formed or moisbure colleoted
giving a rourh estimate of the emount as far ag

poscible. Repeat the test for all the colum of
the circuit,

The outside surfase of the glass trap must be
wiped free of frogt with a dry cloth before
making this observation. '

Ococasionally, i% is satisfactory to do this test
using two oolummc in each test. If this seems to
be bad the test should be run on each of the colums.

Isolate any suspicious oolums by inst2lling by-
passes with water freeze-off 1line attached.
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18,

19,

20.

2l.

23,

b

In ocasge of doubtful oolumma, isolato these,
let stand for six hours and repeat the test.

Conest or re-connect intercolumn connsctors.

dake o moisture test on the colum ocirocuit
by the following nitrogen method for thirty
minutes.

For detaile of this teat see section on
Molsture Testso

While step No. 20 is in progress make & similar
roisture test by the flowing nitrogen method op
the convector and conduit system.

If the moisture teosis of the cirouit and of the
conduit and oonvector loov svstem show less
than 0.06 g. commect the two together and
evacuzte to 28 inchoes.

Fill the vwhole oeircuit with fresh air wmder
pressurs, test for leaks, ropair any bad
connsotions and by-pass top and bottom any
columns with leaks in the welded jeintu.

Fresh sir leaks may be tested for by one of
three msthods:

Testing for Leaks with Fresh Air

(a) Allow illuminating gas to strsam over
the commection from an unlighted Bumsen
burner. If fresh alr is present in
large enough gquantities, the gas will
be ignited.

(b) Tie a cloth rag to one end of a metal
or wooden rod, socak the oloth with
concentrated ammonie and probe about the
welded joints or Lunkerheimsr connections
with the rag. If the fresh air is laaking
out, white fumes should indicate it.

(e) Lay about the weld or connection a special
ohloride indicating “est papsr (obtained
from the chemical storsroom of Laboratory
No. 2) If fresh air is leaking out,
the paper will turn brown or brownish
blue. This test is particularly good
for locating the exact spot of a leak.
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In testing for leaks, bs sure that 8ll Luak-

enheimer donnections are tested as well as all
weldad joints, the later where the tits are

welded ¢o the colume and where the insids end
outside ococlums are welded together. B¢ 3ure
to test both top and bottom of & rack as vell
ea the conduit and scnvector locp oonmeaticns,

Y. Corduit Line Clesning

1, Conduit lines should be rough dried by blowing
air througn them.

2. Lines should be degreased using carbon tetra=
’ chloride or other solvent and the solvent re-
moved by passing dry nitrogen through the line
whila flaming the tits at the terminal boxes
cn both ends of the oconduit.

It is necessary that the conduit Le tesied with
6 pounds steam during this procedure.

3. Oonduit linez should then be capped on toth ends
and sllowed to stend for 24 hours with steam on
the line.

4, At the ernd of the 24 hours & test for leaks cen
be made by introducing dry nitrogen at ‘he
transfer room terminal box and running & moisture
test gqualitatively. Great care should be employed
in this step sinee & number of conduit iines havs
been found to possess watsr leaks.

Wher not in use all conduit lines should be lafi
wocapped.

o. GClesping of Convactor Lines

The procedurs used in cleaning the convectors ia
essentislly identical to that smployed for the oonduit
lines,

de Cleaning of Link Lines and Intsrcolumm Connsctors

1. Lines are degreased and {lov tested with greass
solvent..

2. The solvent should be blown out o the lines and
oonveotors snd placed in the hot cabinet in the
materisla ghop. <+he tempsvature of this box
should be maintained at & pinimum of 120° C.
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3. After remaining in the box for one hour the iines
should be blowm out with dry anitrogen and cappad.

3. Operating Ingtructions for Rack

8. Completing the Meterial Circuit

At this stare the various component parts of the reck have
been clesned ard dried. They should now be cenneoted togsther
with great care Deing taken that no moisture be permitted to gev
into the system. The connections up to the transfer rocm duot
and inoluding all links, intercoiumm cormectors and convactors
should be made with the Orientation being that desired for the
operation of the rack.

1. 7The oconduits should be chossen from among the list found
to be oven in the cleaning procedurs. The two ond conduits
on each terminal box should be used whers possible.

2. The link linss should bs cbtained from the ccnditioning
shop of the correct length to resoh from the tarminal
box to the ends of the circuit. It is customary to have
26 colums in a cirouit Lut thers are seversl special
oases whers thils is not followed throughout the plant.
This would make four oircuits per rack.

3. The frseze-off coils should be attached to one of ths end
columns. o€ the oircuit. On the otaer end %Lthe *resgo--off
coils should te sttachsd to the 100 1b. conveotor.

4. The conveator loops should be pleced at the snd ¢l the
ocircuit using lines numbers 2 amd 3 whenever poseidbls.
The convector loops should be sst up so that ths llow
proceeds Irom the low numbered colurms to the nigh
numbersd columms. For top.circuviation systeas the flow
should be from high numbered oolums to low numberad
columms along the top of the cirsuit.

5. BEvery cirouit should have & flow indicator equipped with
themometar wells and thermocouwlez wherever possible.

6. Provisions should be made for evecusting the systsm and
introducing fresh sir. The rack should be purped %o a
vasuum of 28" and fresh air passed into the systom to a
pressure of 10 1bs. The gas should be bled from all top

semter tits und at the terminal boxes both on the rask
and in the transfer room.
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If any delay is to bs encountered in setting the rack
into process operation the eqtupmmt should be left with
& positive fresh air pressure, It is highly desirable
to start process fluid flowing in immodiately after
fresh air treatment has been ocompleted.

b. Starting;up Procedure

1.

2,

Se

4.

Se

6o

7

8.

9.

10.
11.
12.

Cheok a1l valves. Be sure that all steam, water, and
air vent valves on the colums are cpen on all the
golumns which ars in the circuit. It is usual for the
steam to be turned off from colums out of service but
not the water walves.

Yake surs that the ciroulation water is flowing. This
ghould be done by the Steam and Sower Department but

the operators should always csheck to make certain that
it is i‘lo'ai:ngo

Have tho stesm turned on through the by-pass and bring
ciroulation vmter temperature up to 1500 F,

Have the min steam valve opened mad bring pressure to
1000 pounds.

At this point colums should be cloan, dry end full of
fresh aire.

Choolr to see that all tits of rll colunﬁxs have oconnectors

or caps on them and that those are tight and not
orogsthreadsd.

Check to see that the freeze=off water system is ocomplete.

Check to see that hook-up is complete and that it
oorresponds to diagrsm on rack sheet.

Check especially to see that oonveotors and condult lines
are correctly connected. A common mistake is to commect

€0 one line at ocne end and to soms other convector or
oonduit line at the other.

Check location of thermocouples.
Check duct temperature to ses that it is above BO° C.

Check convectors and condui‘b lines to see that they are
properly hot,.

The rack is then ready to be filled or ready for operation.
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4, Filling the Rack

s Filling from the Transfer Room

The original method of filling e rack with process material
has been largely supplanted by & more rapid msthod which requires
less manipulation of equipment. 3Soth msthods will be deseribed.
The first method which is that of filling the raok from the transe
for room is more fully desoribed in the Seotion on the Transfer
Room since it is essentially transfer room operation.

In following this procedure the rack has the complste circuits
hooked up with at least four gauges on the rack with two at the top
and two on the bottam. ‘he freeze~off water is not turned on the top
or the bottom of the rack. When the tramsfer room sterars tank
reaches a pressure of 1500 pounds materiel pressure, the storags -
tank tits are unfrozen and the material s allowed to flow through
one of the conduit lines into the rack. The cirouit beins filled
usually exhibits the phenomenocn of "pitohing™. The main problem
involved in the filling of & rack is to get the material into the
colurms as rapidly es possible to cub dovm the time which the
oircuit pitohes. This frequently takes place quite rapidly with
the oircuit £illing in an hour or less. However, it is often- the
case that because of improper conditionirng, a plug of hydrolized
material is formed in an intercolum connsctor vwhich prohibits the
material from {lowing any farther., Waizht-tim® readings should
be taken in the transfer room and when the weight stops falling
off it may be assumed that the cirouit is no longer being filled,
A circuit will usuelly take betwesn 9C and 100 pounds before
being pressured uw high enough to stop vitching.

Prossuring w & Cirocuit

If the weight stops dropping before this much hng coms
into the circuit, it is probable that a plug sxists. The
location may frequently be checksd by finding out where the
oirouit stops pitohing. If the material is being put into
the circuit from a given conduit lire end the sircuit
pitohing, ame for example, half way down the sirocuit it is
probeble that a plug us heen formsd in thet neighborhood.
The usual method of procedure in this case is Lo obtai: @
nicksl jumper &nd attach it from the senter tit of the
colum whioh is pitcohing and attach it %o the center tit
of another golumm which is farther down the circuit thus
by-passing the intercolum connector. %Thiz will frequently
allow the material to flow into the other part of the circuit
and complate the filling of the cirsuit setisfrotorily.

It is common praoctice to place a pgaugs on the conduit

line in the transfer room which is rot being used tc £ill
through and notica when the pressure is up 4o standard omn

that gauge,
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In other words, if a cirouit is being fillsd through one
conduit and the material flows around the cirsuit until it
pressures up the gauge ocn the other end of the cirocuit; it
may be assumed that the oirouit is full of material. It

may be necessary to raise the pressure to 1700 p.s.i. to

get enough pressure to stop ths pitching but it is very
desirable to have ommtact with the scals tank so that this
my be transmitted through the oircuit as soon as possibleo
The steam consumption of a circuit which is pitching is
usually about twice the steam consumption of circuit which is
not pitching. When the pitching stops, indicating that the
cirouit is filleds; the gauge may be discormected from the end
of the oonduit and the conduit may be hooked to the soule
tank with a nickel jumper. The freeze~off vmter should be

tumed on the top of the rack and tests for ecirculation mey
be begun.

b. Filling From the Floor of the Process Building

This method is used extensively since it is considerably more
rapid than is the other msthod: It consists in assemblying a
transfer pot containing a shipping tank on the floor of the
buildinge It is hooked up with a line which can be connected to
the 125 pound steam system on the rack. There is installed a
steam pressure gauge and valve on the upstream side of the transfer
pot and a line for condensate removal at the bottom of the regular
pot. This is fitted with a steam trap to build up the pressure
in the tank.

Transferring

It is oustomary to use large nickel tubing for the material
to flow from the transfer pot into the racks The tubing used
for this ususlly has en outside diameter of 1/4". This is
connaoted to any convenient colurm and the pressure turned on
into the tranafer pot. When beginning a transfer from a full
tank it is quite inadvisable to allow & steam pressure on
the tank of more than 15 pounda. This will permit the material
4o melt in the tank without any danger of reaching excessive
pressures.

After 20 or 30 pounds have been trmsferred into the
rack the steam pressure may be raised tv any value which
permits fairly rapid flow. After the rsmoval of seversl
pounds there is no danger of having anvthing but liquid
material in the tank so the only expansion that takes place
is that depending on the increase of vapor pressure with
the inorease in temperature.

Completing the Filling

Using this system it is possible to put 70 or 80 pounds
of material in the oirocuit in this memmer. It is not
usually possible to fill the rack completely in this way

3ince the temperature-is guch that some
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pressure is exerted in the backwards dirsction to ths flow.
Consequently, it is usually necessary %o presgsure the system
from the transfer room in mich the same way as the cther
mathod of £illing was finished. In this method the conduite
are not attached to the storags tank so when the materiml
stops coming over from the transfer pot om the flocor of the
plant the pot may be disconnected. When the pot is
disconnested, the comduits should then be attached %o the
scale tanks in the transfer room and the pressure raised in
the same mpnner as wus done when the original £illing was
done in that mapner. This method is more satisfactory
particularly beoause_the number of plugs formed seems to be
much leas than when ths other method is uged.

ce Filling From the Top of %the Rack

While this mothod hes not besen used, thers seems to be nou
good reeson why additional adventages gshould not acorus by
filling the rack from the top rather than from the bottom. VWhen
the rack is nearly full after filling from the botitom there is a
back pressure caused by ths height of the material column in the

rack which probably acoowmts for the fact that it is not completely
filled,

It would seem that This could Yo eliminated by wmoving the
installation from the floor to the top of the rack thus
eliminating the pressure forsing the matsrial back into the pote
It would be possible to make the same oonnections at the top
of the rack as at the bottcom and this msthod saems to have

goms possibility of development if a somplsete ciroult meeds to
be fillied.

5o Loocating =nd Eliminstinpg Plugs

Introdistion

By the work "plug" we mean any obstruction which prevents
the process fluid from flowing through its normal circulatory system.
In addition to this type of solid plug there may exist "partisl plugs”
whioch hinder the flow rather than stopping it entirely. The proof
that partial plugs exlst iz mmoh less dirsot and oonvincing than the
evidencs Tor domplete obstrusctions, but it is reasonable to suppose
that sediment may collect in spots, slowing the rate of oirculation,

or that solid plugs may form gradually erd constitute partisl plugs
bafore begcoming complste solid plugs.

The genersl problem of deteoting, locating and eliminating
plugs in process cirouits is one of the most important encountered in
plant operaticm, for unless a cirouit has many hours of good ciroulation
every day, it is not operating et peak efficiency.
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Formaticn of Plugs

Plugs may be formed by sny of ths following methods, but littls
oan be written at the prevent tims about the details of plug formetvion,
as the mechanism of the forming of plugs is in many cases obscurse.

(a) Chilling of Prooess Fluid Linss

As the process fluid solidifiss at approximately 70°% C.
at the operating mmterial pressures, it is obvious Thet if the
tomperature of any section of the fluid in the oirculating
syatem falls below this valus, the material will solidify,
thus forming e plug and stopping oirculation. This type of
plug is the most frequently encowntered and, fortunately, the
most easily remedied.

(v) Hydrolysis of Process Fluid

Liquid or gaseous process fluid coming in sontact with
13quid water or wmter vapor rapidly reacts with the water
liberating en acid and producing @ high melting solid which
forms usually an immovable piug. Because of the difficulty,
great diffiocvlity, in drying completely @ll the columms,
intercolum connectors and other component parts of the
ociroculating system, plugs of hydrolized material ugually
ocour chiefly in the initial filling of a ocirouit with
mterial, Once a wvircuit is in gocd operating condition with
no internal wAtér or steam leaks, né plugs can be formed as &
result of resction with whter except when the civcuit is
operisd to the atmosphere. Even in this csse thers is no
dangeér of a plup of hydrolyszed material forming if the proper
precautions are taken in preventing water from ocndoensging -in
the exposed opening.

(e} Acommulation of Sodimont

Dotaile and zeagons {or the formmtion of plugs LY the
acouwnulation of sodiment are little kmown at the present
time. mnasmuch &5 plugs have asparently formoed in certain
cages for no obvious oxtarnal rosgon, it is belioved thet
these plur~s must iwvs been built w by tho accumulation of
_sedimont. The naturs of the sedixu®t hus not Lsen dstormined.

(8) Reaction of Process Fluid With Or-anic Matter

Sedirmet snd nluzs formed from this sediment cap ocour
vhen the nrocess fluid reacts with orgsnac matter. In fact,
any chemical reantica of the materisl will fomm pluzs.

RSP A P
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(o) Welding Shut of Joints

In thse originel fabrication of welded Join%s or in the
later repair of such joints, the weldser has ooccasionally
welded suoh joints completely or nearly completely plugged
up with metal. The only ocure for such aceldents is a new
Joint made by a good welder.

Proof of Plug Existencs

(a) Pitohing Test

If pitching 3is ocourring throughout a cirouit at the same
time that the material pressure in the scale tank supplying the
ciroult is up to the normal operating value, then it is kmown
immediately that at lsast two plugs exist in the oircuit, that
both conduitz or their assocliated conneotlions are plunpged;
otherwise the high pressure of the material in the scals tank
would »s transmitted to the rack and the pitching stonped.

(b) Ciroculation Test

If circulation in & circuit stops; if there ars no open
oonneotionsy and if the convector loopss conduits and intere
colum connectors are up to temperature, the circuit is
plugged. As it is not always evident whether cirsulation has
really stopped or not, the mesthods for testing for the

presence or absence of ocirculation shall be discussed hers in
aoms details.

Observe the Hoffman Flow Indicator for indications of u
temperature dscreass aoroas the meter in the correct direotion
for flow. A%t the bottom of the oircuit the flow in the plant
is always from low to high column numbers and at the top in
the reverse direction. Inasmuch ag = slow surge of material
into or out of one ond of a plugged oircult may give rise to
an apparsnt {low in the correct direction for approximately
156 minutes, it is mecossary to watch the Flow Indicator over
a longer period of tims than this. If the temperature diff-
erence remaing steady in the correct direction, circulatiom
probably exists. If the temperature difference changes,
even going negdtive in many instances, surging, not real
flow, is occurring, or perhaps & surge superimposed upon &
weak flow. Thess surpes are particularly noticsable at the
mament of atarting up & cirouit.

Thers ray be arnother cause of miginterpretation of the
Flow Indicator readings. In certain cases ths thermometer
well of the Flow Incicator on the left may not ta located with
respeot to the tit to which it is attached in exactly the
same way as the thermometer well on the right, thus leading
to an agymmetry in hermal conductancs and a difference in the

temperature readings.
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Sucih as & T ig not only usuully low. but the tampsrasurs

itself iz also low nnd only alizhtly higher than the dueh

temperature.

When piishing or hemmering is ocourring in the columa
to which the ¥low Indicator is attacned, the thermal effects
of the ciroculating Zlow may be entirsly masked by virtue of
the rapid oscillation of hot process fluid throusgh the ¥low
Indicator. In this case the material pressure in ths oircuit
should be raized until the pitching a2nd hammsring stop. The
obsarvations for flow can then te maie,

In sumeary the criteria for circulation oan be iisted
as follows:

(1) »7 on Hoffrem Flow Indicator persisting in corrsct
diraction for half hour or wore.

(2) Centigrade temperatures on lowsr side 130° or higher.

(3) 4T equal to 30 to 50° C. waen lower tompseraturs is
in the neichbecrhood of 150° C.

{4) /5T oquel to 20 to 300 C, vnen luwer temperature is
in the neighborhood of 180-i80° .

(5) Hot side thermoocouple tempsraturas 350 to 400° ¥,

(6} Decrsase of ‘T to nearly zaro whin the ocircuit iz
frozen off end the circulation purpessly stopped.
IP no decreass oscurs in the )T when The circuit
is frozem off, the ecircuitv is delinibely plugged.

(¢} Elimination of Cold Spots

After it has becoms certein Ifiwm the sbove oriterim
that no circulation exlstsy the nex: sbten is to search for

and to eliminate any rslatively colc spobts in the circuite
Possible locations are as follows:

(1) Cold cucts, particularly at %he «nde which in cold
weathur should be shielded zrom drafts by tarpaulins.

(2) Cold spobs formed by drafts hroagh holes in duct
warks

{3) ~old ducts due to water dripping on them, shislg
ducts Ifrom the water or sion che water leak,

2 rog— - B
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{4) .Cold conduits. Cheok conduit steam pressure, valves
and ocndensgate drains.

{5) Cold ccavestor loops and cold jumpers betwsen loops.
Bigh temperature should be 170-180° C.; cold temp=-
erature 1065-110° G, Check steam pressures, valves
and traps. Flame jumpers.

(6) Link lines touching cold duct doors, or cold copper
freeze«~off lines. Chenge position of link line %o
free position.

(7) Coid link lines due to water dripping on them or to
steam blowinz on them. A bad steem leak into the dust
pAy seriously affect oirculation as a result of the
combination of expending steam tnd wet vapor.

{8) Coid duota, “ink iines or tits in Transfer Room. IHeat
link lines and tite with flams. Cheock stesm preasure,
valves and tirap or duot heating line.

(8) Intercolumm connectors or transfer room tits cooled
by freeze~off watoer leaking pust cloged valves, or
by watsr backing up common drainsg.

In flaming link lines care should be token to bvegin the

heating at an open end and then Yo work slowly along the length of
the line.

It is only arfter sliminating all of the above ocld spots in
a gircuit that a non-fusible plug oan be assumed to exist. The next
series of steps in plug elimination can then be taken,

Detection and Elimineticn of Plugs in Conduits and Conveotor Loops

The first step in loocating and eliminating plugs is to test:
the conduits, convector loops and associeted commeotions to maks sure
that they are plug-free bofore beginning the difficult cparation of
trying to locate and eliminate plugs in intercoclum occnneotors.
However, before any actusl work is done on ths rack ths history of
previous rack operations should be received inasmuch us hints as to
nogsible plug locatione might be obtained. For example, if the socals
‘tank on 4 oirocuit had just been changed befcore circulation atopped,
one would suspeot the plug to be located in the link lines, conduit
and socale tapk %its involved in the transfer. Attention should,
thefsfore, bps fooused first on this location and these link lines

and ti%s proved to be clear before working on other sesctionz of the
Taterial flow system.



{a) Frossure Variation Jlethcen

& methed of varying the vressas whick at the sams tims
sauges preeees fluid to surgs throagn the condulits gaems o
78 best focr not only loceting viug: Hub also pessizly

aliminating Them by flushing “hem >uc of the line.

Steps in this process with refzremcs ©o the cirsuit
jiagrem mzy be listed ag foilowms:
1. With the rmatsricl nrassure i1 ths rack at che normal
velue of 1500 pes.i. ¥reszy £ at points 1 and 2.

2, Raigs the material prossurs .n the scale tank o
1700 peseis

[\
.

Presze off at printe 3 and 2.

4s Trhaw point 1, If the sondiis snd conveotor system
leading to Colurm - is olexr, tho gauge reoading on
colurm i will irmediataly +ise U0 17C0 p.s.i,
“S5. " Tveeze 1 anl thew 3. The srassurs in colum 1 will
now drop to slightly sbove 1300 p.s.ie. and material
will flow or surge from ths -»aaveotor loop and
oolurm into the reat of tha sirouit.

8. Thaw 2., repeating at “he od)l:m 25 end of She circuit
by L% R
the process desaribsd sbovs,

7. Treeze 2 and thew 2.

8. Tinally check for Irasedom >f plugs avross ‘he zhols
bottom of the circuit dy tawwing at which :ver end
ig fres uvbserving chanse in zaugs pressurs.

Phe ebove desoribaed method has sevwaral adventagos; not only
doos it ssrve to lowate & plug, but the pressurs change causs a surge
¢f fluid wiich mey rvossibly sweep or flush a plug out of u conduit or
convactor Loop. Furthermors, it enebles the oosrator to chsck both
the conduits snd convestor loops system amd -k botteom of ths circuid
in a minimum numbsr of oporatioas.

(b} tabsrial Withdrawal Ysthod

Tn cese sither of the gauges ::3:d In the abovo discussed
tests fails o respond %o %he increisc in pressurs or dees
not zhow es rapid a chengs in orsisire as the gauze oa the
soale tank end if the plug 268 nos: Hesn flushed from the
circuit,sn stiempt sheuld bs made ¢ clear the line or ©o
looate more oxaotly this »iw: by shi following procsdure:
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Zoird near to the racks T2 uwp so 2 ;: S umoevads of rmterill ars lLUalned,
“he p.ug provably sxistz near the seals bani. I who oylinder 13 ¥illed
o (,..pac;.tyg wtoight of She raterial in the .riincer shous - nownda, there

ig no plug in the sirsuite

Althouzh previcus presaurs fests may have demongirated uhn
oxistanse of a 2lugs the sot of withdreawing the five powmds sometiucs
flushes 1he pluvg oub -3& the system. Tith the matoriel in ths soeale
tenk up to pressura, thore iz consideradly more forse available feor
disiodgirg the pluz thmn “have i3 during nor:al ciroulstion, or during
the surging. wasn making a prossue tasd,

P %ae plug 591l porsists after whe m2terisl w.ihdrawal Geat,
the following =tcpa ey b2 Sakms

{1) Repoes the material withdrawal attempts Yrom cthar
locationg in -the conduit or smduitescnvactclr syston.

{2) Replace romovable link lines with froshly scnditioned
l:nk linesg.

{(3) Il +“ho evidence points %o a :iugged $i% on ‘he soalo tanl,
the tank should ba coolsd dusn and the tit <rilled oub
by lieinterance.

{4) If aoms of the above overaticns is si‘fec ive in opeaing
wp the ei.rou:'-.{:, & new, f7esi.ly conditioned cepduit ur

sonvoahor shouid e resortsce to.

Lonztica cnd Bliminetion of Plups in Tatersoluan S0nnuotors

(a) Preisure Varisticn Maethod

An indisadlion o ow ths DEREREE zzrintion neth.od can be
I ore@gdeing plage inod coluzs Locunsotors nas lready

FOMRCINNEEERIMSTINTAR RIS



The m=tsrial pregsure pgauges should ts distributed aocrozi the
plucged circuit «u judiclously o3 possible: i.s., in placss such
that the subseqwnt pressurs test will show as siosely as
posgible ths acturl leomtion of the plup. Pressure z2uges on
oolumns at the Ttop of the ecirwiit oan also be read during the
test as there is, of course; cmly a siight diffoeremcs in pressurs
between the botior =nd top of a circuit, approximately £0-30
pounds. Howsver, becauss of the numercus places plugs osa

oscur in & cirouit of 35 colums, a singls pressure test camnot
hope 50 do more than %o point roughly %o the plug locatica.

Staps in the operaticn of carrying cut the pressure test
can ba lieted as follcws:

(1) Abtach gauges to selestsd colums, as rany as tima
and availability permit,

(2) Freese off both ends of the circuit.

(3) Lowsr or raise the material pressurc in the scale
tank wmtil it is 200 pes.ls, lowar or higher then the
pressure on the raocks.

(4) Read md record the pressure on the rack snd soale
tank gaugses.

(5) Using a flame, quickly thaw the {reeze-off ooil at one
end of the cirocuit.

(6) Immedintaly reed amd record all the pressure indicetlions.

(7) wWait two minutes end road and record “he rressures for
the second time,

(8) Thaw the freeze-off coil at the other ond of *he oirouit
and rapeat the pressure measuroment,

The next stev is to imbterpret the deta which should be done
immadiatsly vefore making any further tests. No'detailed
diroctions can be given on the data interpretation, which depends
more op cormon senge than anything olse, except to point out the
obvious faoct that if the pressure gauge on the rack shows a
pressure change within a minute, let us say, equal to that showm
by the pressure gauge in the soale tank, the circuit is open
betwesn the two gauges. If the pressure gauge chanrses slowly
on ths rack after thawing the end coil, the indicatioms ars that

a partial plug on restriction exists in tha line between the rack
gaugeo and socale taunk gauge.
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This first preesure variation Test will probably locate
the plug within 6 to 10 columms; by chemging the cosition of
the gauges, narrowing the distance betwean them, the location
of ths plug can bs more acowatsly determined. Eowever, it
takes guite a bit of time to ohangs gauges; furthormorc, esch
change raquirea the opening of the oircuit with resulting
danger of introducing moisture or of having a material break.
Another method of determining the location of the plug is to
make temperetur2 measuremsnis of the imterocolum connectors
as described below. If thermomster wella are already attached
to the intercolum conmsctors, it is an eagy mattsr to insgert
thermometers end make the necassary temperature measuremsnts.
Bowever, if thermomster wells are not alroady on the connectors,
thermometars would then havs to ba tapsd on, which might take
as much time, if not more, than making one or two chmnres of
the pressure gauge locations. 7The rack foreman or por-on
diresting the search for the plug will have %o use his judg-
ment in deciding which msthod will samble the plug to be
discovered in ‘the shortest ostimated time.

The temperature method will probably be quicker 4f the
looation of the plug is not kmown within 3 or 4-colums.

(b) Temorature Measurems nt Mathod

This method is based on the fact that a plugged inter-
colum connector will not allow material to flow through it
and as a conssquence cools off to a temperature near to that
of the dust. In the ocase of 2 oclear interoolum connector
thera will be enough back and ferth surging of the process
fluid to mrintain the temperature of the intercolumn comnectors
to 150-170° C., even in the absense of direct ciroulation.
(The temperature of the fluid coming out of the columns is in
ths neignborhood of 220-2300 C.) The temperatures of the
intercolum comnectors of a whole circuit osn easily be read
and rescorded in 10 to 20 minutes, moe the thermomsters havas
been installed end allowed to come to thermal equilibrium.
Thus the locating of the plug is done quickly and easily by

the temperature method.
The tsohniqus ig as followa:
(1) Instsll the thermometers, 3ither one to emch intore
colum counnector of the wh. le circult, or 6-12
thermomotars covering ¢he presumed plugged reglon.

(2) Close the duct doors.

(3) Wait 10 - 15 minutese

o % L 00 T e A S T T e tee 6 Temews e - - e e e e -
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(4) With ono person reading snd a seccnd person recording,

read and racord the temparatures of all the installed
thermomsters. :

(8) Stwly and interpret the data.

Ag it is in the case of the pressure variastion msthod,
the detection of the plug location by the temperature method
requires considerahle. personal judgment end common senss. As
an: example of the sort of templeratures’ obgervet and -the’
interpretation of the results, the following observations oen
bs given:

S

_-Intereolum Commsokor - - Temperature
Tormp., Setween Cola. Numbeved ~ 00, ik

1-2 170

2 -3 158

=4 166

4«5 145

- 8 130

’ %’ -7 121

T - 8 118

8«9 126

. 9 - 10 140

10 - 11 130

11 - 12 158

12 - 13 1556

Tho tomperature measuremsnts show & definite although
f1at minimm botween Colums 7 and 8« The plug may be in
this intercolumm .camnector. However, before conoluding thet
this is the case, the duot surrounding Colums 7 and 8
should be inspected carefully to mmke sure that the observed

lowsr temperaturez are not the result of cold spots, cold
air drafts, or dripping waters,

At this point it should bs mmerked that the "apit"
test for cold intercolumm oomnectors often onables one to
locate quiskly the oold spot in the oircuit; this is
partioularly true if pitching is ocourring in the cirouit,
inasmuch 88 in this case thers is a large difference in
temperature betwsen: a clear end a plugged intercolumm
connecter, , Howaver, the "spit” test..osnnot-show the fine
differer ces in temperature required to locats a plug by
the temperature measurement method described above.
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Temperatiuras indicated by the thermometers in Yhe
Noffmen Flow Indicator should also be observed, btaceuno
from these temperatures andi the change of the temperature
of the two onds of ths Indicator with tims one con tsll
whother the Indicator itself is plugged or not. If the
AT's ohange ia magnitude and alsc in zign with time, the
Flow Indiontor is olesrly not plugged. One can also cbiain
indications as to the location of a plug by noticing the
poricd of a surgs; a short period indicates & location of
the plug closer to the Flow Indicator tham does = long periode.

(o) TUse of Ey-Pass

Unfortwmntely neither the pressure variation wethod nor
the tempsrature msasurement mothed enables one %o locate ths
plupged Intercelum oonnsctor always beyond doubt; for final
proof the connector should be by-passed by a short link line
running from the middle tit of the column on cne ~ide of the
connector 4o the middle tit of the colum on the other side.
If circulation is started by virtus of materisl being able
%o flow through ths by-pass, the by-passed invercolumm
cormector is probably plugged. If ocirculation does not start,
the plug iz probably in another intercolum connestor. Other
possibilities are plugs in either of the two middle tits or ia
the temporary link line. Careful conditioning of the link
1line befors use will prevent the latter difficulty from
coourring. If a gauge had teen previously instailed on either

of the two middle tits and had been responding properly, that
partisuler Lit was free.

The use of temporary by~passes ia recommended beoause
sometimes it saves the operator £rom removing em iatsrcoolum
connector which is not plugged; it is a diffioult and dengerous
job chenging sn intercolurm connsctor and should not bs
attempted unless absolutely nscessary. Howsver, thers are
certain precautiona in ths use of temporary by-pssgses which
should be smphasized, namsly:

(1) A temporary by-pasas if left ocn the rack should be
wired to a gopper freezs-off line so that it @n
be frozen off whon the rest of the bottom circuit
is frogen off; otherwise intercolum oirsulation
will occur when the top circuit beoomes thawede.

(2) Before changing the intercolumn commestor the
temporary by-pags should be frozen off to see if
odrculation is stopped. If circulation oontinues,
the intercolum cennector is not plugged and need
not be changed. Scmbtimes plugs thought to ba in
intercolumn connootors either never really sxisted

or disappear due to pitching or for other unknown
raasoms.
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{(3) After normal operation has heoen established on &
rack, the rack should bs "clesned wp" by the
renovel of all temporary by-passes and the replace-

ment of the pluzged intercolumn comestors with
clean onesa

In case thers are several by-passes on & circuit in
whioh ciroulation has not been started and if it is desired
to remove soms of thess by-pagses, test of circulation
throwh the byepassed iptercolum connsckor can be mads by
measuring the temperstuza of the intercolumm comnector bafore
and after the by-pass is frozem off. If the Cemperature
rises on freezinr .off the by-pass, the connector is nct
pluggod (cars should be taken to allow temperature equil-
ibrium to be established in the duct before making +the
measuremsn o )

(d) Partiasl Pitching Method

Although nermally pitching i3 to be avoided at all costs
because of the disturbanos it causes %o good operating
conditions, nevertheless, & limitsd amount of 1t may be
resopted to for 10-15 minutes as a means of locating a
plug quiokly snd reliably in a partiocularly baffling plugged
oirouit without noticeable damage to other airouits on the
racke Time saved in clearing & circuit msy far outweigh
disadventages ocowrring from a few minutes of pitching.

Technique of carrying out the pitching test for 2 olug may
be summarized as follows:

(1) Freeze off the end of the circult neerest to the
suspected loocation of the plugs The material

pressure in the circuit should be between
1400-1600 Po8 ola

(2) Between the above two points withdraw a No. 31 capsule
of material.

(3) Observe the extent of ths pitching im the cirouit.
The plupged intsrcolum connector will be between
the end pitching column and the first colum
whose material is up to pressure.

(4) Immedistely thew the frozem end coil so that the
pltching can be stopped without delay.

Yot only is the pitching method extremely reliable, but
the pitching also sometimses helps to aweep out the plug
bocsuse of the congiderabls difference of pressurs existing
during pitching asoross the plug. Furthermore, the pitching
method may uncover the existence of two plugs when omly one

is suspected.
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If the pitching region is bounded by region of non-pitching
eoluma, at least Uwo plugs would be indicated.

If a convector loop oxists in the middle of a plugged
clrouit, it is a good ideu to withdraw material from both
ends of the top of the lcop into a No. 120 cylinder.

If sach cylinder is filled, the entire circuit mist be fres.
If a plug exists, the oircuit will pitoh from the convector
loop up 4o the loeation of the plug.

(o) Hatsrial Surge Method

Sometimes a plug can be flushed out by causing ths
meterial to surge back and forth in the ocircuit. This is
dene easily by the following series of opsraticas:

(1) Froeze off the far emd of the oircuit and build
up the pressure to 1700 p.s.i.

(2) Froeze off the near end.
(8) Lower the pressure in the sosle tank to 1400 p.s.i.
(4) Thew the far end of the cirocuit.

(8) If this treatment fails to dislodge the plug,
repeat reverging the direction of the surpge.

It has sometimoes been suggested that rapid surges in
circuits may stir up sedimsnt, thus causing plugs to form
where plurs nover had praviously existed. Whils this may
be trus, it is also possibls that sediment may be vmshed out
of a eircuit by repidly flowinpg material through it as in
the filling process of the Rack ¢ method of operation.

Plugs in Tits

(a) 1Indications of plugr~ed Tits

A plugped tit is supggeated by:

(1) Failure of the material to circulate through
a freshly conditioned intercolumn oconneotor.

(2) Vo fuming of material out of a “cracked”
Lunkenhoimer ocap or out of a "eracked”
Lunkenheimar connsotion 40 & frozan intere
colum connector.




(v) Hethods of Detecting end Eliminating

Attempt to withdraw material out of the susoscted tit
into a previously weighed amall size capsule, lo. 2 and No. 4.
I¢ an ounoce of material is not obtained, the tit is plugpged.

If the tit cannot be cleared by the withdrawal of meterisl,
it must be drilled out by .laintenance. In the mosantime another
tit on the columm can bs used.

In oconcluding this seotion on the looabion =and elimination
of pluga, it should be reemphesised that a clircuit should
never be opsnod to the atmosphere umless abgolutely necessary,
that all new equipment added to a oircuit such as link lines
and intercolumn connaectors should be cerefully cleaned, dricd
and shown to pass fresh air befors use, and that not only is
ciroulstion absolutely sssential, but that the cirsulatiom
should be the most rapid possible.

8. Procedure in the Event of a Plamned Shut-dowmn

%o Objestive

The objective sought in the evemt of a shutdown is to
guarantes that no damage shall rosul% to equipment either
during the shutdown or subsequent to it, Furthermore, it is
desired to guarantee that start-up.prosedure be made as
simple as possible by reason of the fact that proper steps
have been taken at ths tims of the shut-dowmm,

In any case of stoppage of operation it is always
necessury to isolate the transfer room from the rack. It
ig furthsr necessary to isolete all solums from each
other. If this practics iz followed starteup procedure
becomss very simple and the possibility of damaging
coliams dues %o excessive hydrostatic pressures of the
process fluid vanisheos.

b Steps in Shutting Down a Rack

(1) Froeze off freeze-off coils batween “erminal boxes
at the rack and colums. This will prohibit any
transfor of material from the rack to the transfer
room or vioce versa.

If an sxtroms emargency exists, the conduit lines

can be flooded Lut this should be done only on the
specific authority of the Teshnical Superintendent.
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(2) All colums should e isolated from each other
by freezing all intercolumn conneotors.

This may be done on goms rackas manuvally by cpening
the valves on ths standby water line o:r on other
racks by throwing the proper solenoid ewitches to
flood the lines leading to ths intercolumn comseoctors.
It must be noted that if only one ocircuit is being
frogsn off the walves leading back from the circuit
being frozen off should be closed before opsning
the standby water line valves. Otherwise, the
water will go back through the automatio valves

and flood all the lines in the rask. Thisg, of
‘courses need not be considered whem shutting the
wholé rack dovne.

(3) Onoce the isolation of all colummns from emch other
and the %transfer room has been accomplished, it
ie then permissible to cloaze the main 6" steam
valvs supplying steam to the raock.

(4) Ciroulsting pumps may bs turned off after stesnm
pressure has dropped to 25 1lbs,

(5) The steam on the conveotors and oonduits should not
be turned off wnless the rack is to be down for a
considerable. lengbh of time or unless asked for.by
the Steam Departmsnt. In this ocase, the steam
should be turmed off after the rest of the rack has
oooled down so that material will not be drawm

, into these lines by cooling them first. It is
congidered better to havs the material drawn out
of them by cooling the columms firat so there will
be no.probability of bresking thsem when starting wp.

(6) It is extremsly important that the responsibls
person operating the rack at the time of the shut-
down record in detail the procedures employed in
shutting dom. It is espeoially important that
any observations regarding flow of material in

or out of the rack as recorded by the transfer
roon scales be noted.

7. Procedure for Starting up a Rack After a Shut-domn

a. Check List Defore Starting Uo

While a rack is shit down for either maintenence or steam
diffioulties the rack orew has many things to check and to

repair before starting up the rack again. Some of these are
listed below:
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(1) Remove from each oireuit all colurms showing meterial
leaks at the top of the rack. Exzcepticns to this
are c¢olums having leaks at Lunkenheimer connections
which ceny of ocourse, bs chenped to better fitdings.

(2) Iaspect all intercolumn connestors %o make sure that
ths niockel link lines are well-soldered to tho copper
freezo~off lines. Replace any oonnectors whole niokal
lines have broken away from the copper. It is apperently
satisfastory to wirs these tubes togsthsr if necessary
but the wiring must be done in such 8 way as ¢n make

as long a contact as possible between the nicvkel and
‘the copper. -

(3) Check conduits to make sure that steam has Dbe=n kept
on them during the shut-down period. If they have
been allowed to cool and must bes thawsd out before
gtarting up the raok, consult with the Technical

Superintsndent on- duty hefore attemptine to thaw
out tho lines.

(4) Check all circuits for completeness of conneotions

and proper freeze-off coils. Also cheock with the
diagram on the rack chart.

(5) 1If the convector loops have been allowed to cool
during ths shut-down period, make sure that the
intercolumm connectors are hot along the bottom
and that the link lines are hot before attempting
to thaw out the oconveotor loops.

(6) Install new gauges wherever needed and when gaugec
ars available.

(7) Before attempting to start up a rack, chack all
the valves on the tops and bottormd of the columma,
mking surs that the steam and water valves ure
all open, excspt on the by~passed colurms, only
the water valves are opensd, check the air vent
valves in the water system, cheev all ducts, conduits
and convectors for proper tempexgture; in other words,
check the entire rack to maks sure it is ready for
operation. Do not assume that it has stood all
right and without change during the shut-dowa period.

(8) The finmal step in starting up the rack again is to
make sure sractly how the rack was shut-down. If
possible the operator should contact ths persom who
was in charge at the time of the shut~down. Pertinent

information should be in the log book of the rack at
the time of the shut-down,
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be Procedurs for Starting Up

The first stop to be taken in actually starting up iz to
make certain that the circulating water is flowing and that
the ciroculatiang pumps are functioning properly und showing
the proper discharge pressure (at lemst 30 lbs.) The duct
gystem should then be closed and heated.

Stoeam may be valved into ths system through the by-pass
around the main valve with the objective of heating the
ciroulating water up to 150° F, Pressure of fluid within
the rack should be hoted by means of pressure gauges at the
tops of the columns and under no oircumstancss should the
pressurs be allowed €6 exoeed 2500 ibs.

If proper 3teps were taken when freeging *the rack down
there should be no diffioculty in having excess pressure in
the columms. If no l&rge pressurses are observed it is then
possible to open the main valve gradually. This rmust be donse
fairly slowly, i.e. the pressurs should bs increesed from
50 %o 100 pounds over the cowrse of about 20 minutes.
At all ¥imes there should Yo operators on the top of the
rack observing fluid and steam pressure and there should also
be-an operator at the transfer room noting any changes in the
trensfer room. Operators need not be alarmed if fluid pressure
ag recorded by at least two gaures at the top of the colums
rises to 1800 1bs. llowaver, if the rate of inoreass is
rapid end the pressure shows signs of inoreasing beyond this
point, the steam flow into the rack should bs cut down until
the pressure situation 1s uwnder control. 1In this case, contact
my be made to the scale tank by unfreezirg the bottom inter-
columm connectors and the tits on the soale tank. This
should bas domne very carefully with close watoh being kept
on the weights anmd pressures in the transfer room.

Unless something is radically wrong such as plugged .
lines, plugged geuges or leaking colums or conduit lines,
it should be¢ possible to build the steam pressure up to
operating value of 1000 lbs and the gauges at ths storage
chamber and &t the top of the columms should coms to remain
the. same within the limits of the probable error of the
gauges, This may be :done in approzimtely 20 minutes
after determining that the rack is in satisfactory operating
condition with no excessive pressures being noted. If all

has bsen done properly, ths sirocuit should ciroulate very soon
after the system has been cpened up.

8. Svpeoinrnl Rack Proosdureg

The original method of operation which consisted of allowing
the circuit to circulate at all times across the bottom of the cirocuit
except when the colum wus teken from the top of the colum by some
suitable "milking" method has given way in several racks to a
modifiontion which is & grest deal easier and gives essentially us
satisfactory results.




Other nodifications are being tried at various times in an attempd

to increase smount of product being taken off and to make ths proocaess
sagior in its manipulation.

a. Top “irculation or "Pineapcle” Methed

This procedurs was first tried on Rack lo. 9 and conaists
of a system designed to circulate normally through the bottom
of the rack for part of the tims ard then, instead of taking
off the product desired on the top of the colums, to
airculate it into another reservoir at the top of the raok.
The principle of this is that if one stards within normal
matsrial- in the product container and sirculetes and miges
1t with enriched materisl, it will soon reach a higher
value intemmediats between the mataerial in the colurms and
its shbarting value. If then, the colums continue operaticn,
the concentration of the product on the top of the columm

inoresses further. Thiz iz followed by another pericd of
circulation across the top.

This intermittent ciroulation between the bottom and
thes top is continued until the reservoir reaches the
comoentration desired. It is then replaced by another
ocontainer and the prooess is repeated. The advantages of
the system sre in the fact that individual wilkings or
product withdrawals are not nedessary. The cylinder is
changed whenever necessary saving & great deal of tims in
rack cperation. The two methods saeem to give comparable
rogults with the top circulation method having posaibly
a slisht advantage. Details of the procedure are given
in the section on Product Withdrawal Methods.

Y. Intermitient Giroulation Method

Another variation on the standard procedure of raci
opdration is based on a possibiliby that the ciroulatiecn
process disturbs the action of the colum. It is a
modification of the normal msthod in that instead of
allowing the ocircuit to oirculate at all timss except
vhen product iz being withdrawnm, the cirouit is frozen
off approximately half the time.

The method comsists of merely freezing off the rack
after circulation has been established and letting ths
oolums operate. Intermittently, then, the cirouit is
allowed to circulats and bring fresh material into the
ocolunmg byt ¥hen is frozen off again. Thig hes been
tried but no evaluation of the mothod has yet been obtained.
There is evidence that whem & raclk is started up after a
shutedocwn it is well to start the circulation and then

freeze off tho circuit for several hours before attempting
to withdraw product.
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9, Generel Emarpency Instructions

FOR DETAILED EMERGENCY INSTRUCTIONS SEE SECTION G

Desim of Equipment

In deeigning ocolum tits and comnecting lines, cnme of the
prineipal consideratiocns has been to limit the flow which could occour
in the event of a defective commmotion or breaksge of a line. A
minimum size of orifice is required in order o psrmit proper oirsul-
ation in the various convective loops amd it is this faotor which
provents decrease in the size of the comnecting lines. As a resuld
of experience to date some estimstes oan be msde conserning the rats

a% which material can esozpe in the ovent of various breeks ocourring
on the raock.

One of the fagtors in the escape of the material is the
tzemendous compressibility of the materisl ab the conditions of
operation. At 1800 powmds pressurc ths process fluld is comprasssd
about three timee as much as a perfeot gas would be undor those
conditions. This meens tmt the tendanoy for the material to escepe
ig a great deal more.than even the pressure would zeem %o indicate.
For this resagson, a small break scems % be quite large.

Rate of Escape of Materiel

If a break vocours at the top of the rack with all intercolum
connectors frozen the loss will not exceed 4 lbs. 2 minute. If the
freezers aro open the rate of loss will not sxceed 8 lbs. a minute.
These figures, of course, refer to unrestricted flow throuch a colum
tit or through a 1/16" I.D. niakel line which has broken completely
in two. If the tit is partially capped, flow will be oconsiderably
less ard in most oages will not total more then 1/2 lb. psr minute.

In the event of a break at the bottom of the ruck the
quantity lost will depend on the location with respecst to incoming
oonduit lines, end also upen the diameter of the conduit lines being
employed. In the worst, case, namsly 4 break or an open ccnduit line
tit, the rate of loss will be in the neighborhood of 6 lbs. per minute.

For a partially capped opem the loss is probably of the order of 1/2 lbv.
per minute.

General Procsedure

In determining tha procedure Yo be employed in the sevent
of a material break much dopeads on an estimate of the rate at which
the material is ecoaping end its quality. During the initial pericd
of starsing up it is most importent to keep equipment in operation.

ot L. e~ i wmaeeor v



Therefors, when braaks ccour cperators should atiempt to disturb
other systems as 1ittls ae poseibles It is possible to shut the
gstoam off the rack but this does not usually even need to be
contemplated.

With oxperancss operators will gain the ability to estimate
the rate of loss whigh is ccourring in a break and will recopgnize
that a comparatively small amount of material produces a great desl
of smoke. In the event of mnat breaks partloularly those due to
incomplete capping of the tits the procedurs should be designed to
igolate the column or part that is leaking from the rest of the
systems This can be accomplishaed by freezing the intercolumn
connactors and coilss If the break should happen to be in the conduib,
then, the storape tanks should be frozen off and the break igclated.
It is possible to flood the oconduit but this procedure is not
considered advisable in any extent as it is almost certain to break
some of the lines in the condult whioh have material in them. Thisg
sffects the whole conduit system. Again, let it be e8ld that this is
to be done only on the express dirvection of ths Technical Superintendent.

It might be mdded thwt personal safeily is more important
than the material lost. In any case of an emergenoys the operator
should not expose himself unduly but the Safety Departmmmt¢ has made
adequate safeguards for the safety of the operator. By following
the procedures set up in this manwal and sdequately safoguarding
himself there should be no possibility of harm coming to an operatore.

10. Control Room and Control Devices

The control room is uged primarily as an office or headw
quarters for the rack orsw. It is well to kmnow what the various
devices ars for control purpuses, and what the iimi%s of operation
ere in their cperation. The following table lists the devices that
are checksd by the Oporations Department but does not include
numerous cont¥ol devices around the plant which are ihs responsibllity
of the other Departmenits of the organization:

Cantrol Device Limits of Normal Whom to Notify
. Operation of Abnormality
Gauges
5 pownd steam 5B pegei. Steam Dept.
125 pound ateam 90150 pessis Stean Dept.
Yake-up water 60-80 peseis Steam Dept.
Column discharpge temperature 31501600 F. Rack Foreman
1000 pound steam 960~1050 p+8eis Steam Depto.
Circ. water suctiom 10=20 p-Boio Steam Dapt.
Ciro. watsr discharge 15=30 pesoi. Steam Depto

Table continued on next page.



Coatrol Device Limits of Norzml Whom to Hotify
Operation of Abnormality

Raecordors

Thermocoup log 300-4500 F., Raok Foremsn

AT 40-100° P,

Overboard Water 0«150 gepem./10 Rack Foremsn

Mlow

Amunciators Drops (Buzzor sipnels)

Rack Pansl

Thres phase powerfailure

Lover lanifold pressure low
Top manifold temperature high
Lowsy manifold tempsrature low
Purge sir pressure low

Plant Panel
Make~up water pressure low
Frooss-off water low
Process steam failure

e
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Ses Dwg. Ho. 9-16

Te(!ha Supt.
Steam Jept.
Rack Foremen
Rack Foreman
Steam Depto

Steam Dept.
Steam Dept.
Steam Dept.

s A e S R SOt
A A ———

T TRt e e

Ay i e



[ el

’ ’ : ’ } I ! /
a . N N SO s 4
< |QCJ\_5—TIMQ il L."T/ 4 -t ‘ <7
< ) < . . "
Soa S S b Ice ke 2 R
T RIGEE BTN STEAN STELp TITARIA TSR (L.:-

PAAKE-CE WATER H.i2 STE a4

y; VA 7 g
! 0’1 S | ;‘\r oA 7

i PeTeNTIceTd

e .1

T

0000
AHERIR RN

ALNUICTATT

W TIAT

s e+ ot e e

i 1

————— e e - e e ama—— e med —a

— LT v N C A AP 88C0 G PO B GBT v ’
i o/ s LI - ¢
H F¢d 8¢l iédddidledad i iclisdidees. e~ - :
| VN P : g i BRows Y
! ———— | T ) i . :“": h
’ - i . — - t - ‘ -
7 W b TNMER N RV e N
A {(“\ \ ! ) N ‘M.‘ N SO
- ; i ! ; . e
P . [ N . :
tA B l : L e .
i \\___,—'/ ! L g
| | I L B
oVEQ = ol “
ovER oTexXC j,)qTF& [V ST Yo -2 LATESE. -
TRRITY - oeF FIefETS
) Thiii R0 Tl
A TORABT G T b
X or C1aER P jeair
F“"'} :f‘\s . !
e
i s .
] ! O3
Ly e -
SITRAN Rl R L

[ S FTOLE

2

.\
DO

RPNV

" -

o o te o v ot e —

PSS

THE F'E'.xf_‘,l_ave. c.oep

T3cr~ catl 'Dwn.h

I , S Appd

(A




jeetion D.  Jampling “ivgesiwsu

Intzoduction. ‘he parpose of sampliag 18 %0 %ake a saell amoant of
maberial cut £ the solumr or capsule ir. ordaer 3hat it aight “» send
to ¢the latoratory for the dstezmimation of the coneeniratlon of 3he
product at that time, It is essential thel Shs smpls be & H7us
representation of the conditions at the time 1% 1a taken and slso

a true represcnjation of the average concemtzatioa in the pars of

the systen being sampled. For $kis remzos, great cars rmmst de taken
to get = zood sample and at the samne time not intesrupt the operation
of %he rack. Somples may be ¢akea from the jops and dottems o £ culmusy,
olther throughk center tits of the columns or through %ees in “ho

fluid line. They may be ¢ak:s from 2aptalez and £rem the nealie tanks,
1, Sempling >f Columps

Yhiis shereo 18 soms variatien iz the techricues used jo
cbtain meteric) Lrom the bottoms and the teps of solumny, in zensral,

the following 2¢ups should be ¢alen vhen zampling columns of aa
operation clreuis

2. Z2aizc the fluid prossure un the system ¢¢ 1500 rounds.

B. Froezs off 43t t0 be famp..ed Ly applying dry ica as
explained in Seetion A, Faxt Q.

¢. Toosen Lunkenheimer cap ons-half o cne iurim.

4. ZTreak scal batwsen £srrula of ths esp and lhe Uiy by
svizting the 1/3® solid niskel spur. if & solidiy
frozen 1lug exists only & mmall amound of fumes u{‘.ll
ascops and that will diminich in ausntity to a roiat
vhere no ges is escaying.

£. tnile still meintaining fks dry lcs om Sie vl Lue cup
may be completely taken off and the sample ¢mbe Tastenatl
on. <+*he operator should exercize great cnre %0 4tha end
thate She 21¢ting 4t on smugly aud not erouc-thraadsiia

go The ti1% is nexs unlrezen LY applying o geatle Bun:en
myensr flame £iret or the end of the tib joward ils
column and gradvslly aions the ectirz length of tae
$1t axercising sare that he flame does ndt linger foz
any pericd of time om one spot. The cpsrator can
determine 1f materisl has flowed ints tho clean~out
$ube by feeling an increass in the temperature of the
tude or by feeiing ~he shock as the fludd guddenly f41ix

Ahha Avihan




2. The t1t shounld agein be frozsa off as above and the
sample tube carefully removed, The eap should be
replaced and warmed. The aporator should bo sure that
the tit has warmed up before he la2aves the vieinity in
ordar that he may be certain that no leak devolops at
the comnection. The sample tube should be examined to

sed 1f Xt containg meterial using a small wire ¢o detormine

if there is material in the tube. Occasionally, it 1s
found that either due $0 the rresencd of fresh air in Lhe

column or to improper technigue on the rart of the operator

there 15 no material in the tube. This leadse %o compli-
cations vhen tho eample goes %o the laboratory.

1. In all coses the sample with the sample record card
should immediately de taken to the Materials Seotion
for tranamiseion to the Laboratory,

2. 1in Aos,

Sempling through a *T" installed in the cireudt just before
or just after the conveetors has forits yurposs the obtaining of
sagples of the mterial in the storage tank before the rocess fiuid
bas had a chancs to gst mixed uwp with the material in the columns,

Iz these procedures the technique 18 essentially the came as for the
columns., The steps arc ss followss

a. vhen & sample io to be teken, freesze off the "I bveing
very caraful that it is adequately frosen off.

b. Attach a sample tude to the *T° Zolloving the procedure
ocutlined above.

8. Heal the samrle tude with the Bunsen Burmer carefully
to drive out some of the materisl imte it.

d. Cool the sample tube writh dry 2ece.
o. Carafully freeze off the "IV,

f. Disconnest the sample tube and ecap off the "2, Again
chec: to make sure a samplo vas obtained.

The technique of sampling this Sype of cirenit ip not
rarticalarly different from the techniques used on amy cireuit but there
are some generalirations that can be made as to the sehsdule of sagpling,

Ors top sample £rom ench 2nd of each cirenit pexr tuenty-four
hoers, beginning with the third day of oporation on sach rum, should
be eent %o ths Laboratory, These are im addition to the samples to be
teken just after the start of the first 3op circulation pericd.
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“hs sawples token from ‘Me -top anould be obtained furing
tho $iwe ghot sircelation ic pree :iding seross ths top and preferably
near the end of ths eirculation pariody similarly, the dottom gamples
choald be taken dvring the cirecul tion scross the bottom. In this
way 1% will b2 pocsibles to evaluasie sho average behavisy of the golumn
and eircwdating system,

The groetest precamtion shonld be axsrted %o Tevent A
material bresk durirg $he sempling perdod, pariicalarly when $aking
top samples.

The sampie would e more reprosentative ol the cirenlating
fiunid i€ the ¢it Zrom which the sampies are drawn is alternataly coocled
wlth dry ice and hsated a few times before saking the samplas

4, Sampiine of Capsnies,

When sampling a container also the ossontial tochnique
follews ¢the genecral plan ountlined above. Hovever, mere cars rmet be
taken 0 ingure that material is astually passed over into the sample
tube. Thie is pecossitated Dy the fzet that the pressurs in -the
colunn iz 1500 pounds per square ineh and that dovelcped. by heating..
the cepzule is much smaller than thie pressure. The yrocedurs iz the
sams except thet the containor smst be heated $o drive over the sample,
This is usvelly dons by immersing the eapsuls in hot Yator thus
liguefying the material and getting a mOre ropresentative sample. The

sauple tubes ave tested with a2 wire or welghed on 2 sensitive scales

to ascertain whethor or not a sample has pasced over,
5.

in this case agd n the dasic fechniqus used 12 the same as in
the other leees whero zamples are takem, The cmphasis, howvever, may
te different vhenr it comes to points which must be watched carefully,
In the.transfer room, sxtremely great cers mast be taken not $0 have

tho slightest possidility of having = material Lresk sinco the quantitiee
involved are .so large. : :

The sempling of a scale tenk 18 not an excoptionally common
accurrance since something of the same information may de gained by the
sampling through "I"s® properly placed im the circuis. It is sometimes
necegsary to semple a tank which is not in opsration. In such cases
Sho tank .1s raised $6 a material pressure of only s fov hundred pounds
and the sampls tube placed or the tit. Tha 5it ig carefully heated .
and the sample removed. . )

In some cases, where the tenk has 8%00d.for gome time and
11ttle is known shous the conditions of ghs tank, it might bs desiradble
%o flame out the tiis before warming the tark wup., Thiz should bo done
cerefelly with the jank cold. It can be flamed back nearly %o the . .
main body of material. The. tank can thea be capped off ard varmed up,
The samplo will then probably be more representative of the material
in the tank,
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L. IExipeiples of Yroduelh Withdrawsl

a. lvrroge of $he Etxoduct Sontrol Seeticn

%o schedule periodicel mdlking of sach cperating oizrcuil
in ovder %0 cbtain the msximun cutpud of preduch commonmurato
with assay specificatismse.

b. Ueneral Yroecedurs.

The genersl progedure of the ZCS iz %o cbtain tho essay
repoets frem the labovatories and prepare a milking schedulo
taking into accournt the following fagtorni ovrrent assays,
t$he goneral performance of that eircuig in past dsys, eiremladion,
depletion otege of Zeed materiel and iatornal disturdbances such
as oiiching, intercolumn cirenlation and other utcrr'm.,iom.
The next stop i3 $0 post on the "Rack Ferformenss Bscord® 1im
gach contTol room one zour bBelore nominal milkiaz time (2470
$imeo o day stagsered between ccd and svinm rumbercd voclks)

an "M? informing 4he foreman Shat the cirouit 13 eliglble Jor
milking. 12 the cironit is not remdy %ho apprepriads symool
18 inserted in the reeord givimg the reason for not milking.
The foremar will then make propsrations {or milking the allgible
eirenits, The foremanr will sxzereise his judgment, if for
opcratlon roasons, a delay in nilking tine is expsdient. The
actual milkting %ime 1s onterel on the performance record as
an ™" followed by the time. If there ia a large diflference

in tho schedvied $ime =zné the actunal 24imo $he discrepmcy 1s
noted.

The FProduct Control SuperTisors will check the rocords
periodically %o see that scheduied milkings ars accompiished
or that justification for not doimg 2¢ was ndequste. If aa
eligivle milkimg was missed becanse of opurating ircudble the
PCS =311 disecuss with the iAssistant Teehnical Superinteadent

and %he Foremen the advinability of doubl.e nilking 40 compensais
~ for the omission.

Faorformange records arce 30 He turned in to tho PCS who will
inspect them for cmissions, make nesensary corrsciions, and
prepare a summary lisging by racks tho couses of miliking omigelono,
Thisz summery and a compiete ssb of perfermamse records are sub-
mitted to the Works Mamager at 0800 each moraing.

¢. Irocedure for tha Ragl 9 Mathed.
Por these racke the FCS acgs as sampie expeditors oy listing
the outstanding pot samples f£rom the pot rerformance chart and

checking on their grioriiy rousing 40 maintain a Tunniag assay
rocord of zach pot in the operasions offilce.,

: . I
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The earichment trond of the pot is then plotted to geod the
over-all picture of the progress of the pot. On the basis of
the $rond so-estsblished, an estimate of completion of the pot
is made. The estimate ig revised with ecach subssquent assay
and a "progress rating” based on a seven day objective is
dotormined. This estimate 15 basged on a seven day schedule
80 4f five days is i1redicted ths pot is saild £0 ba two days

ahead 0 f 2chedule. This progress rating ie used as a check
on the bshavicer of sach pot.

Another function of the ¥0S i3 %0 =act as a liaison between
the supply of capsulas, tho capacity o? the laborzatory to
handle the samrles and the number of cirouits operating to

regulate the flow of product through tas vithdrawal and
shipping steps.

On the basis of the study of performemce characieristics
ag evidenced in asssy contzrol charts, product removal gummeriss,
milkor yield reogords amd produst indices the FCS alse mskas
recommendations $0 operation persomnel as $o minor adjustments
in nilking ratez such ag doudlo milking on oeccasion, skipping
a dally milking for “wvesk® cirecuits, installation of Mo. 31
capsules instesd of Fo, 23 capsules, and any modificetion of
the circuit systems. It is alae their reeponsibility 3o
follow up the effeet on the sgsay and quantity of produet

resuliing from such chenges as aroe adopted dy the Operations
Division,

d. Sumpary,

The Product Control Seotion, in consuitation -~rith the
- Superintendents, i3 responsible for scheduling of all product

remeval and expediting of all the factors incidenf o scheduling
and efficient removal of the product.

Mathods of Yrod Withdzraw
8. S Col Hi o

The oldest and simplest method of withdrawing product 19
that which 43 usnally called "single column milking®, since it
is just a withdraval of product from each of the columns that
are operating. This is usuelly done in a Fo. 9 capsuic since
1¢ is inadvisable to withdraw more than ¢his amount te arvecid
pitching. The method was uscd dofore a satisfaciory method was
devised for vwithdrawing across the top of a circuit end 1s 8till
ocoaslonally used vhen there ars numercus plugs that cannot
be located in the top of the circuit. I$ has largely hoen
supplanted by one of the other methods which are excecdingly
loss time-consuning than thie. 1% 4s uwsually more advantageous
to spend some time locating and clearing the circui$ oa top
than %0 us¢ this method.

RN Tl DA S I KPR



b. Mapual Mowerail Heghod

$his is & refinement of dhe previous msthed in that 1%
permits $he milking of 2he whole cirenit at one tima., 1% 1o
necessary, of course, that the top of the cirsuis be frees
from plugs since the only mathod of kanowing whslher or not
the circuil has been milked is 3he pressurs variation obteined
at the ends of the monorail or &op of the circmis,

The circuit is umually raised to o praessure of 1600 peunds
or higher as aoted by two gauges on the ands of She cirounit
on top. The eircuii 12 then frogen on the botiom and nafrozen
on ths top and a capsula is attachsd $o0 any colwmm im the
circuit dut preferably one near the senser of the group.

ter reeding and resording the presoure on the gauges on the

ends of %¢he edrcuit, the operator un'reezes the $it and ailows the
material $o flow into the capsule. 13 is £regquently advigable
te 1st the maSerial pass througa & reudrictor coil $o avoid
too sudden a drop in that column. Thi: i3 a length of nickel

tubing with fine nickel wire inserted s rasSrict the rate of
flov into the capsules.

Iz probably 43 not necessary $o usa the restrictor ocoil
when the mllking is done with o, 23 casules but it is
advissble $0 use such a coil befors =tt:mpting to nse any
container larger than ths No. 23, The mat2rial will usually
£ill the centalner in a2 few minntes afbor vhich the gaunges
should again be read end recorded. Therc rhould be a drop
in the neignborhsod of 100 pounds when the lo. 23 capsule
is used and a drop of abont 150 pounis whe: the No. 31 capsule
is used. The drop should Dz caual in emoun} and time in both
gausez, I one of the gauges does awl respond, the cireumit ia
probably plugzed detween the material ocontainer and that ond
of the circuit., The contalner 1s remnved by freezing the ti%.
The ocircuit is frogen oa the top and 1fter nuking certain that
the top is frozem the bottom 45 unfrcsem. It is of highest
imporiance in all millking proceduree “hat a clrouit may never
be unfrogen at the top and at the bottiom,

¢. Momorail Method Usinz Freegze-off (oilg.

The monorall method seems $0 be ozs of the Lost and reliadble
methods of getting the product withdrawn. It 48 best carried
out by the use of freeze-off colils and a large coitainer rathor
than by the individusl draw-off method outlinsed alsve. ZTha

advantages of the method lie in %he continuity of luvrformance
that can be secured. This is adapted 3o any of tho Zellowing
types of withdrawal: '

(1) Manual method

(2) Solenoid valve method

(3) Cem Timer methed.

Y
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The installation of the cquipment for his mothed will firot

be deseribad and then i%s oporation by the abovs menticned methods
will Be given.

(1) Instellation of Sotomatis Frodnet ¥ishdrawal Apparatue.

The ateps to be followed in this are given in tha follove
ing order. The parts and squipment may bde seen on the
accompanying diagram in Dug. 9-17 also see Dwg. .13 and also
their 7inal arrangement 1s shown:

(a) Prove cireniation across the top of the selected eireunit.
(v} Select o column near she middle of the circuis.

{e) Attash %o a Mo, 23 capsulo a copper YTeege-off coil consaln-
ing a resirictor and $o the oth~r snd of the capsuls another
coprer froege-off coil withous, however, having tuilt into it
the restrictor device. The reastristor coil is referred %o as

the Ho. ) coil and the socond coil is referred $0 o5 the No. 2
coil. .

(8) HMake sure that the capsule freezo-off coil systom hae been
well-conditioned and will pass fresh air freely.

(e) Lay the capeule with its froese-off coils along side one of
the 125 pound steam heating pives, near tho column to de milked.
The capsuls should have the ends bant g0 that the capsule i
resting on & 30° angle with the horigonsal.

(2) Attach 2he free ond of the coprer coil restrictor unit $o
the column selected for milking,

(g) Drill a amal) hole beSween these two ateam pipes inm the
bottom of the duct so that the stem of a Fo. 120 cylinder will
protrude through it when the cylinder is placed in a vertieal
poedtion inside its steam heating coil on the smell scales.

(n) Attach o the top end of the Fo. 120 capsule the fres end
of the second coppsr frosge~of? coil.

(1) Connect the upper spd of ths stesm coil o the 5 pound
steam line, using surglcal latex tubing for the £inal connesction
Dotween the coprer steam line and the stesm heating coll.

(3) ‘lake sure that the No. 120 capsule is free %o move im &
_wertical direction without rudding.

(k) Connect the water inlet of the first froeze-off coil
{coil Fo. 1) to the bottom of %he water 1linos. These 1lines ere

referrsd to in tho dlagram as WA.l, WA.2 and VA-3 and ¢the stand
by wvater line.
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The WA 1g used since it may furnish either water or air
depending on vhich solenold valve is open when these valyes
are being used. The top line of the four which formerly vas

a compressed alr line has been changed over a water lins which
ia not controlled by a solenoid velve. The second £rom the
top is lsbeled WA=l and s0 on %0 the bottom line which is WA.3.

(1) The oxit end of the water 1ins of coil No. 1 shounld de
connected $0 a pipe leading to 2 drain. The inlet end of

‘3011 Yo. 1 should also be connected through 2 *T% g0 line
Al

(m) The water inlet end of the water lime of coil No. 2
should be connected $0 WA.2 which is the second pipe from
%he bottem of the four pipe water-zir system.

(n) 3By means of She ®I* algo connect the inlet water pipe of
Coil Fo. 2 to the top of the air line.

(o) The water supply for the top intercolumn connectors

:houlgl bYe $aken from the highest of the three water pipes
HA=1) W

(p) 3By means of a "* algo connect the inlet water lina of
intercolumn connectors to the top atand by water line.

(2) _Operation of Mamuel Milling System with Froese-off
Coils,

The first captule must be drawn off with cars. Establish
the momorail with pressure st 1700 pounds. Xeop connsction
between coil o, 2 and the Fo. 120 capsule plugged with a
fitting, ook apparatus into monorail, unfreesze coil Fo. 1
leaving coil Yo, 2 frogen. After material has ontered the
syztem connect 0 the Mo, 120 and then freeze off coil No. 1.
Unfreeze coil No. 2 and distil over. Yhen material is in the
syetem, normal operation may begin but be sure and do nod
flezme coll No. 2 a8 it will not retain emough material to kee
& plag formed the next time the circuit is milited, :

The scheduls for normal operatlion may be followed
aprroximately as follows?

(a) Time O minutes: BEuild presgure up $o 1700 pounds, then
freeze botton.

(v) Time 10 minutes: Shut off water on top 1CC's on all of
the circuit by closing water valve on WA.l, Iurge with =2ir from
the alr line if it is available for 30 seconds, then shut of?
the air, This will allow ICC's to unfreezs quidkly.
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{e) Time 20 minutes; Turn water off ocoil No. 1 bty shutting
valve on #A. , lurgs with air for 70 gsconds if conveniecnt
and shu$ off air. (o1l Fo. 2 ghould have water floving
throvgh 4%.) Gavge will drop when the capsule £4lis. Ihis
may takxe as long as 15 minutes.

(d) Time 40 mimutes: Freess off coils Fo., 1 and top 1CC'a.
Ungreege dostom ICC's and re-establish eirenlation. Unfraasze

coil No., 2 by shutting off vater valve from WALZ. IMurge with
air: shut off the air.

(6] Time €0 minutess Materisl will dictill over in a fow
minutes afber coil Fo, 2 unfreezes tut 20 minutes is slicwed
{for beirg certain. ¥Freese coil He., 2

- If ac sample comes over checit the sonsitivity of the
seales. 12 the gange dropped on the end of the circuit (lop)
the material has coma over and thia ig the best jest to
aspersain that the contalner 4s full. 7Failure %o distili
over cr to £il1l the capsule doss not ususlly cecur when
adequate time is sllowed.

Make very certalm that tho operator records the resulis

- of ¢ach draw-off on the rack sheet. Take off the No. 120

capsule ezch day so that there will be no j;ossibility of

attemrting to milk into full capsule without knowing that
it is full. N

(3) Instrnotions for Operation of “utomatie Milkinz
Apparatus Using the Solenodd Valve Svetem

Yost of the racks can deo operated by necansof the toggle
switches which arse in the control room. They control the
30len0id valves at the top of the rack through vhich vater
or 2ir flov. The top line of the It water-zir system liaeo
as vas mentioned defore is = standdby water line,

(a) Freeze off the bottom of the rack {(unlsss otherwise
altered, the whole¢ rack is frozen off at ths bottom at
the sams %ime.) by turning the togzle switch, whiceh will
oause co0ld water to flow through Wi.2, that is, through
coil No. 2 and the bottom intercolumn comnectors.

(d) Thaw the top of all circuits by turning the joggle switch

on A.l 80 that air flows shrough the top of the intercolamn
~onnectors.

(e} Wait 20 mimmtes.

(d) Turn the togsle eswitch which will oause ailr %o pass
throuvgh YA-3, This thaws coll Fo. 1

(e) Wailt 20 mimutes.
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(2) Trip the tagslo swiiches on WA»1 99 that the 217 is shub
off and $hen ihe wager is surned om. This Zrgeses coil Fo.l
and the top intersolumn gonnecsors.

(@) Thaw %he boitom of the circuit by tripping the togslo
switches on VA2 which furns 0ff the cold water ani turna

on air through coll Fo. 2 and the bottom of the intercolumn
gonnectors,

{n) Shus off thes air flowing shrouvgh HA.2
(1) Vait 15 minutos.

(3) Cheeck %o ses vhether $ho scales on which ¢he Ho. 120
eyiinder raats has goined in weignt,

When the solenoid valves are in opevation the whole rack
can e frogen off by pressing she freeco-eff bution Jelow
the swijchses in 4he cont2ol room or ths frosss-off Huttons
on the top and bHodtom ends of the Peek.

In sane mamusl operation ig desired for a particular
cirendt, ologe all the valves on the lower thrse piies, YWA-1,
2, and 3 on ¢hat l00p, both top and bottom, and condrol the flow
of water through the intercolwmm connsedors froeze~off lines
by means of valves on the ®p vipe lims,

(4) Znogrucsions Zor Opsration of Autemstic Milkding
Apparztus using the Gam.Tlimer,

This 1s esgsentially 2 probiem whieh 48 worked out ia
coopsration with the Instrumont Department. This i3 simply
an a¥rangement of the cam-%timer deviee wvhieh amtomatically
swisches 3ne 20lonoid valves in tho order ziven for solonoid ~
operation. I3 consisie of & clock devies which goes through
a cyele of four hours and allovs a gertalm set of switches
t0 bte thrown for 2 certain part of the oycle and ¢ hen autow
nasically throws another sed for {he next step in the operation.

The eycle on which the timer cperetes 1is one which rune
for four hours. Che zctusl milking part of the cycle rums for
47 ninutes and i3 divided up as givea in the fellowing table.

% of Cycle Tine Part of lrocsss
Q 9. micutes Wator cn bottom, No. 2 coil
2-1/2 6 almtea Waser off top
2-1/2 -4 € 1 Alr on %op
i/ T-3/4 Aty off top

(contimmed on next pege)
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% o2 Cyecle Time Yart of progess
B-3f2 e0-1/2 Water off Mo.l coil
G371 21 Air on Fo. 1 coil
9-3/% 22 Mr off No. 1 eoil
i5-1/2 7 f4 Water on No, 1 coil
15-3/4 g—B/ b Water on top
11-1/¢ Water off Dottem Ho., 2 coil
17-1/2 - - w2 | Alr on dottom, coil
18-1/h 43 Ady off botiom, Fo. 2 o0oil




Erogcegure for Top Civculstion Hedhod

(1) Ereparation of Back Cirgnits

In tho Rack 9 method of operation the prodnct io colleqdod
in a high pressure shipping cylinder a¢ the top of the rack by a slov
process of olrenlation meross the top of the eircui? into and out of
the cylinder. '‘hen $he materizl in the milk can has beem brought
%0 the desired state, the can ia removed and shipped away.

A¢ $hs milkx cane have but ¢wo velves each, and-as orly two
eans per vack cen be installed in the armorecd comparfmenss, OF
Sdoghonses?, the 30p circulation systems of the rack must be divided
into two parts instead of four., Furthermore, convector loops,
normally fwo per circult, must be hooked into sach circuit in order
%0 provide the pumping prassul raguized %0 canse she yrocass fluid
86 Tlow across tho top of the colunns throngh the milk cen and back
again.

A Hoffzen Flow Indicator must be elso installed in esen
oircuit and Shezmocouples attached to a hot and cold ¢t so %thad
indication of oirculation can be observed and continvously recorded.

The dirsetion of eirculasion across the top of the rack
should be counter-curremé $o that at the bottom; as the flow ia all
of the bottom circuits is f£rom low column numbers %o high, the top
cireulation shouid be the reverse, i.e., from high fo low column
numbersa.,

An 1€esl olrouit srrangemen: is illustrated in Dwg. .18,
wyhere 1% cen De seen that the convecsor loope and flowmoters for the
top and bettom cireuids are installed ad separate onds of the circuls.
Although it may not always be possidle to reproduce this ocirouis
exactly, nevertheless the attempt chould de made, dYecause of the
following adventages:

(a) The milk c2n can be f£illed from the top of the colum
and the msterial transferred from the scale tank to the bottom of the
columns without the necessity of going through any convector loopse.
Thig means that the resistence to flow will be the lsast possible and
that the time required to #£411 the milk can the shortest possidlo,
something groatly to be desired.

() Thors are no convecter loops in the middls of the circult,

thus ascuring (theoretically) that the total resistance to flow in
£3114ng the top milk can will be the same irrespective of tho colum
up which the materisl flows, Hence an equal amound 6f Sluid should de
removed from each colum,

- — — e =
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{6) T™e flovmetars ars 2o arrenged that 1313 easy, vy
frecasing off 28 tho top between Columns 2 and 3 et the bolttom batwesn
Columns 49 and £0, to forcs all the £1luid vhich flows into the millk
can t0 pass through the flowmeters. 2y making readinge of velght
lost from ¢he neale tanks every minute ths rage of Fiow throagh the
flowmeter can be calculnted. By observins at the szme $ime the temperoe

tures indicated dy the mercury thermometsrs $he flowmotar can de
calibrated.

However, in case cirsulation in either of the top or bottom
circudt 48 inoufficient (the test of inadequate ciremlation ig doscrided
bolow), it may be mecessary to install a third conveotor loop in sach
oircuit. The extra convector loops £or the top and bottom circuits
shoudl bs gelected from the same group so that the leops will ba
bétwsen the gsams columna, Othorwise the total resistanss to flovw in
f1lling the milk cans vill de different ia dAifforcnt parss of the

circuld, Shoredy toking a diffarent amouns of materisl ous of
differont columns.

The ocuter conduits in each terminal box and convectors
numbered 2 and 3 should be used as ¢hey have larger ID's than the
others. The total registance to flow chould be reduced %o a minimum,.

(2) Ingts

(a) Steem Conpections. As special fittings are required,
the initial connsctions of the two steam hosss to cach millt can should
be mede by maintenance. The milk can should £irp$ be placed on the
swinging platforn, the nteam hoses sonneeted and then the can swung
into position,

As will vo reemphesized below, tho steam pressure on the
can should be held constant at 5 p.s.i. The Rack Foremen should
gatiefy ¢hemeelvas that the pressure reduncing valve, the stsam
pressure gzugs and the "pop-off® valve ars all in gocd working
condition. The rubber steem hose might blow eut or off if ¢he stoam
rressure were allowed to rise %o 150 p.s.i., dut much more sertous,
the milk cen migat, and undoubtedly would, exrlode if it had deen
filled with material at tha 5 p.s.i. steam rressure, The Rack Foreman
should alse make sure that the steam trap is not plugzed and he should
varn his crew members to guard continually ageinst the backing up of
cold vater into the steam Jacket of the milk can. A dengerous situation
would be oreated if the milk can were allowed to cool down while in
contact with ¢he rack, thus f£illing up with cxecess mstorial,

(v) Hoteris) Connootions. On emch milk can there are two
valvea, one naviced on the can near the base of the valvs with an
"L% and t he other with an "S", meaning long and short, respectively.
The can should be hocked up $0 ths raclkc 50 that materizl flows into the
can through the zhort valve and out the long valve, although this is
not & very important detail,




Each Rerotest valve has $0 have an adapter attached to it
and made tight using o copper washer. The adapters czhounld be
installed by Ballou's Dopartment. The rack crew, howersr, should
meke sure that the nickel threads on the adapter =re in good condifion.
Tho nickel threads on the malo ¢tits a$ the end of the conduitis isading
from the rack chould also be inspscted. An unnecessary smount of time
of many good men in ¢he plant has heen gspent struggling with peor
material fittines, struggles which might bs sliminated hy a 1lttle
preparation in edvanee. Before connesting the link ilnes to {he millk
can and sftert ke milk can has become hot crack each XKerotest valve
to make sure thet material fumss cam blow out; in other words, that
the valves are rpot plugzed. The valwves should Ye connested %0 the
condnits using the shortest standard leagth link lines. Rowever,
before cennectirg up the pot for the first time, circulation across
the top of the cireult shonld be proved by stiashing a jumper- betuwaen

the snds of the two comduits and obssrving the Hoffman flowmeter for
indiecationa of fNow,

In £ro02ing off tho conduits between the rack and the millk
cen $wo important comsiderations should be kept in mind:

(1) Water flowing through ome conduit might dack up through
ths common drain into the steam jacket of the other milk cam with
possidly disastrous resultis,

(2) Moisturc will condense or the condeits rumning down
onto the nickel $itg, covering the lumitenheimer Jointe with water.

To avoid both of thesa undesirable situations, allov water
to flow threuszh s conduif only just long eaocugh to freeze off. Then
shut off thes water. The material will stay frozenm, but the conduit
will warm uwp to0 the point where no moisture will condense; further-
more, as thore is no flow of water, thers will be no water prossure
causing waser ¢o back wp the common draldn into the stezm Jjacket of a
milk can.

{6) 4 thermometer should be strapred by means of friction
tape to ons of the handles of 2he milk cam or inserted into a
thermometer well.

(3) Zransfer Room Overstiong

The Racik 9 method opsration simplifiss Transfer Foom
procedures as i} requires that a scale tank be £illed with material
only once before complete depletion and empiying. At the start of
each run, the tank %0 Ve used on & circuit should bYe filled with

pounds of £resh material, of this approximately 70 pounds will
be used in £3illing the milk can, leawving 350 pounds as the working

wveight of material. It is important that fresh process fluid of
serc depletion e used.
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Vhen the material in the mili can has Been droaght up to par,
the 350 pounds in the scale tanlkt 18 nearly 300% depleted and shoumld
be rejootsd before starting another ren.

Daring the £illing of ths milk can a recozd of the weighd
ghould be made every mimute. As socn as the woight has becoms consdani,
the Rack Toreman should be notified vithout delay.

Otherwvise from the above detalls, the cperation of ghe
PTransfor Room does not differ from the usual progedurs. ’

(4)  Ei1linz the Milk Cag

(a) Thaw the bottom of the circuit and the £rosze-off coil
gonnected %0 the column nearest to the se¢ale tank, such ag Column 1 of
18“1'@ 1,

() Freege ths coil connected 30 column farthass from 3ho
scale tank,

(c) Thaw the condults $o Ghe milk can, but keep the Kerotess
valves closed. .

(@) Thaw the top of the sircuit

{e) Yhen the top iz complately thawed, crack the Kerotest.
veive vhich ig connected to tho column nearest ¢ the milk can.

(£) By means of the valve adjust the flow of material into
the czn to as high a value as posaidble vithout pitching.

(g) As szoen as flow stovs, guickly freeze off the top of
the circuit.

(h) Open both Kerotest valves sa far as possidlo.

(1) Record in the Log Book a datailed dsseription of the
£1lling procedurs, atating vhether or how long pitching has cocurred;
also record the length of time the top and dottom have deen
simitaneously thawed, vhether any leaks occurrsd, &tc.

(5) Sters of Overation

then the milk can has been f£i1lled from the tope of the
golumns, the average concentration of the desired component in ghe
milk can will be greater than the concentration st the tops of the
column; henece, $he £irst step should be to freess the top and
slloy circalation to procesd ascregs the bottom junst as soom as the
milk can becomes full. Circulation zcross the bottom shovid continue

2or 24 hours before dezinning the intormittent top and bottom
circulation oycle.

o tes L4 - Loy L. ¥ RO
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At the end of this 24 hour period circuletlon should them do started
aeross the %op, dut care should bo tzken to take samples Lor assay

a¢ the top ends of the circult after sbout 15 mimutes, of cirenlation
s0 that the inltiasl state of the fiuid in the millr ¢an will be known,

(6) & 1% ara Froe

A% the present time Rack 9 is belng cperated vsing the
automatic cam-timer mechanism to give al%ernate periods of top and
bYottom circmlstion. The cams are set so as 30 ive rougaly 55% of
4 neurs circulation at the top and 38% of 4 hours circmlation at the
vottom, Tha cptimum ratio of the $wo has not yet been dstermined, but
the latesnt rosuits seem to indicate that this ratioc is satiatactoryc
provided that the circulation rate is high enough.

The rate at which the desired componenmd, call it %, is

transferred to the high pressare milk csn depends direotly omr three
things:

{a) The rate at which x is brought 0 the bottom of the colux
(b) The rate at vhich the celumms tranaport = to the tep.

(6) The rato at vhich x 45 vashod out of the top inte tho
milk can,

Item (b) 1s a function of the column condition, and steam
condition. Item (a) ard (o) depend upon the rate of flow along the
botiom and top of the columns and on the difference in concentration
of she material betwsen the first and last column in the nireuls.

If this difference iz high, the circulation rate is low, while a more
rapid lovw will lower the differencs in concentraticn betwesn the
firet and last columns in the cirenit. Thus, by determining %the
dlfference in concentration of material between these firat and last
columns an inditation of the rate of flow can be obtained. On Rack 9
it was found that twe convsstor loops ia sha top and dottom of esmch
circult were not encusgh to kesp down the difference in conceatration,
80 a third convector loop in eech oircuit was instelled. Thie helped

%o reduce the difference in concentzation from adout 5 points %o 2
or 3.

" Yhen the difference in assay between the first and last

columns become greater than 2 or 3, the circulation rate should
be increased,

On Rack G steam has been nged inetead of air to purge the
water from the freeze-off lines in order that circulation esuld be
established as rapidly as possidle. Howgver, the stecam has a eool’
sffect on the intercolumn comnnectors once clrsulation has been
estsblished (lowering the temperature from abeut 150°C. te 120°C,),
thae deereasing the rate of flow.
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For thisp Teason the Back 9 crew has deen 4n the habit of turning off
the ntean by meang of %he toggle switches =8 soon as 3he thermocouvple
rocord indlsates a good ciroulation. The togsle suitch must de
turned on agein hefore the begianing of the next thawing psricd. The
use of steam dces not scem %o offor encugh advantage to make it worthe
whilo to install 4% on other racks.

Although the Rack § method rsquives less wark en the pexrt of
the crey members, it plzces on them a greater rosponsibilivy for
continnally vatching and maintalning the performance of the rack. 3%
eirenlstion stops. or is dsersased for any rezson, of if piiching oF
{ntereclumn cowmunication occura, not only will the celums not
"aeliver the geods®, but more sericus, the good materiel vhich has
been colleoted in the milk can may becoms lost. Tn this way several
past &ays® produet and performance may be ruined, in addition %o the
3ims required to redbuild the columns to & geod condlition.

The time requircd under optimum conditions %o build a
milk can wp to par, starting from seratch is zot yeb known hecause
of lack of suffisisnt information =t this time. However, an upper
1imit of 10 days cen be setg that ig, 4f s milkt crm om 2 cirsmit
cannot he brought up 0 par every ien daye, the rack is no¥ being
pansged properly. The mintmum time nay possidly be seven days, 2%
jleast seven days is the goal we should shoot at.

The dutles of the varioue crew members gan be divided as
followns

(a) Oontgol Room Map

(1) Keep consteat watch of gauges and continuous
rocords,

(2) Reep special watoh of thermocouple record to make
sure that circulation is proceeding satisfactorily,
and that oircuits are frozen on schedule.

(3) Keep watch of thermocouple temperature of therma-
couple attached %0 base of column., This Sempers-
ture indicates the constancy 7 the steam conditions.
12 tomperature is arratic, the Rack Foreman should

Be notified and steps taken to stadilize the
condansate level.

(b) Bottom Back Man

(1) Keep constant watch of steam condemsate level valve.
If sotion is sxraiis, have the antomatic mechanism
readjnsted by the instrument man.

(2) Keep watch of temperntures on flowmeters to make sure

that good circulation is maintained during the pericd
for bottom cirsulation.

R raatand
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(o)
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Bottom Rack Man - ngigmgg

(3} EKeop watoh of the freege-off water during the

'-

pericd for the bottom to be frozen off.

(4) Egep wateh of the material rressure gauges t0 make
gure that the pressurc, especielly during the period
of top circulation, is not dropping dangerously
close to the pitching lavel.

.{5) Onee per shift, during the top oirculation, resdings
of the material pressurs should ve made every
30 seconds over & 5 minute period in order %o check
the constancy of operating conditions. These read-
inge chould be recorded im the Log Book.

(6) A wateh for material leaks should be maintained.

(1) Keep vastch of dust and convestor steam temporatures
and cccasionally check performance of comvester and
duet ntsam Fraps.

Zop Baol Man

(1) vatch the temperature of ¢t he high pressure milk c.
I1¢ is most important that this doss not vary.

{2) vatoh and control the steam pressure on the milk can.

(3) IMoke sure that the pop-off valve is always in good
functioning condition.

{4) Make sure that the stezm trap o which the milk can
is attached is always hot.

(5) Watch for material leaks (occasionally leaks chould
be tested by using s Bunzen flame).

(6) Make gure thet the conduits to the milk can are
always hot, ard when necessary to freeze them off,
that no water backs up the common drain into the
stean jacket of cither pot.

(7) ZXoep a watch of temperature on flowmster %o make
sure that good circulation is mainteined during
thoe pericd of top circulation.

(8) Xesp watch of the freeze-off water during the period

for the tap to be frogen off.
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{7) Sampling Sonedw]:

e B 4 D

(a) Oas %op sample from omch ond of each cireulg per
2% hours, beginning with the third day of opsration on each rua,

gent t0 Leboratory Ho. 1. These ars in addision %0 the szmples

0 be tzken just after the start of the first top circulation
pericd.

(b) Any other spescial samples send 36 Laborasory Fo. 2.

.  The camples from the top chould be taken during the time
that circulation is proceeding across the top and proferadly ncar
tho and of tha oirculation period; similarly the Lotiom samples
should be %aken curiag circulation across the bottom, In this way

it will be poseidvls Go ovaluate the average behavior of the column
and circulatipg cysten.

The groatest precaution shouid de exerted %o prevent a
a material bresk during the sampling period, particularly when
taking top samples,

Tho sample would be more raepresentative cf ¢he circnlation
fluid if the ¢it from which the samples is drawn is alternatoly cooled
vith dry ice and heated a couple of times bsfors taking the sample.
(8) _Remowing MalE C

The steps in the procedure of removing the milk can may
be listed as followss

{a) Froezs of? %op of rack.
{») “loee Kerotest walves om milk can.
‘{a) Turn off 5¢ steam om stesm Jacket %o 3he milk can.

() Froeze condui$s from rack %o milk cenm by turning Creeze-off
watsr on conduits,

{e) After freeze-0ff water has cooled conduits to room fempera-
ture, turn off fresze-off water,

{2) With dry Lce freese off link lines and adapter hetween

conduits and milk can and disconnsct link linse from
adaptar,

() Cap both lipk lines and adapter.

(B) Swing cut mill can and dissonneot scteam lines. The milk
can i3 now ready for delivery o Ballou's Depariment.
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(9) Some lols and Ddonlis

(a) Unlese abesclutely necsssary, do not change the steam
pressure on the jacket of the milk can or the temperature of the milk
can under any circunshances.

(b) °F %he temperadurs of the milk can muat be changed,
change it during she $op circulation period with 2 constant vatah
on the matsrisl prsssure in the colummns, Do not allow the material
pressure %o fall beiow 1400 or %o rise above 1700 p.2.l.

(¢) In £11ling the top milk can keep the $op and bottom
circuits shaved t¢ho minimum amount of time.

(d) Meite surs that the tare weights of an empty milk can
are known befors installing the can on the rack.

(a) Crsw members should not turn eay freeze-off water or
steam valves without notifying the Back Foremen who chould check %o
see that She correct valves are being turned. & few mimutes spent
checkzing an operation of this kind may save days spent rying tu
recover lost ground,
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3ection F» Operation Records System

“
1. Rack Cirocuit Hscords

Re

ragter Circuit Diagrams

(1) Puroose of Diagrams

The purpose of the diapgrams is to provide all informatiom
pertinent to the condition of the colunms, convectors and
conduits, the arrmangement of oircuits and the disposition
of instruments on the rack for the use of the rack crew
in an intellipmt operation of the rack; and to provide a

pernmanent rocord of rack circuits and condition for management
end the Teohnical Division.

(2) Procedure in Use of Diagrams

A new master oirouit diarram should be drawn on the 0-8°
ghift on londay and it will be used as a guide for the rack
orew during the following weeke. At the end of The week ths
charts will be collected and filed as a permanent record.

The mster oirouit diagramg should contain the following
information:

(a) Condition of all columns in the rack indiocated by
the proper symbola,

(b) Condition of all convectors in the rack inocluding
information as Yo those that have bheen sonditioned,
those known to be bad, thoss that have been used and
subsequently taken ocut of service and those in use.

(o) Condition of all econduits, indieated by the proper
synmbols.

(d) Correct and complete circuit diagram, showing location
of all instruments, oconvectors, sonduits and colums in
use and hook-ups betwsen them. The location and type
of product removal equipment should also be shown.

These disgrems should be kept comstantly correct by changing
the charts whenever changes ococur on the rack. ihenever a

change is uade on the diagram, a note of the change should
also be rade in writing i3 the "notes" sootion of tho chart,

stating briefly the change mde, together with the dats and
time.
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Changes of rack circuits from one storags tank to another

should algo be noted in the sams place.

This information, and nothing else, should be ocontained
on the master olrouit diagrams.

Rack Performence Record (Automatic Milker Mathod cf Operation)

(1) Purpose of Record

To provide rack crews, management, and the Technical
Division with information concerning operation of the rack
used in determining the efficiency of rack operation, rate
at whioh product may be removed, and all other information
of interest in deily control of operation on the rack.

(2) Procedure in Use of Record

This record when completely filled out provides an
adequate daily record of the rack performancs. On the left
edge of the record a time sosle is provided, and all entries
on the record should be related to this tims scals. For eac..
oirouit on the ruck a gection of four colums is provided

and in these ocolumms the following information should be
reoorded :

(s) Lilkings

In the first column all actual milkings from the
oirocuit in question should be entared. 1If the
milkings are made with the regular automatis
milking errangement, the milking is indicated by
the letter "X with en exponential number to
indicate the muber of milkings that have been
tyansferred into the Xo. 120 capsule. For example,
¥ indicates that three milkings through the small
Yo. 23 or No. 31 capsule have transferred into the
larger container. If the milkings are made
manually into a small capsule, they should be
indicated by the letter "M" also but with no
exponential number and with a note ug to the capsule
number acoompanying the ™", When scheduled
milkings are missed for any reason this should also
be indicated by the proper symbol - "P" for
pitching "0" for operational difficulties, "C"for

lack of oirculation, "I" for intercolum oirculaticn,
or "X" for low assay.

W,



(v)

(o)

The time at which the largs ¥o. 120 capsule iz

- removed from the circuit, and the number of %the

capsule should be noted in this column and when
rack samples are taken they should also be
entered here, with the sample number and colum
number inoluded.

Produot Control Supervisors

The second column is for the product comtrol
supervisors., Here they will enter their
ingtructions concerning milkings. This is the
only colum on the record which is not the
regponsibility of the raok records man.

Hours of Circulation

In the fecurth colum space is provided for the
reporting of rack difficulties, sush as pitching,

" intercolumn oirculation, or losses. When

pitching or intercolumn circulation ocour, their
duration should be indicated, and in the oase of
pitching, the vioclence as shown by tre maximum
overboard water flow during the peak-:of ths
pitching, and the columas involved, should also
be shown. When losses ocoocur, the weight lost and
the location of the loss should be shomm. All
salvage drawn off in capsules, and all produoct
other than that obtained by regular milkings,
such as capsules removed {rom the top of the
rack in plug-humting, should be entered in this
columm. Finally, all storare chamber ohanges
should be shown here,

At the top of the page, spaos isg provided for
the reporting of the storage chamber in use and
the number of columns in operation in eash circuite

Aoross the bottom of the repcrt, space is provided
for the signatures o7 the rack foremen -on each
of the three shifts, indicating thut they have
ohocked the record and have found it to be correct.

This report is made in duplicate. The original

is gsent to the plant records off'ice for use in

dajly caloulations for control purposes. The oopy

is kept by the product comtrol supervisors for

their use in making decisions w product remowal,

and for the reference of the Technical Superintendents.
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8+ Operating Records (Rmck 9 System)

(1) Purposs of Record

To provide a daily report of progress and perfomanas
on racks operating by the Raok 9 system of top ocirculatioca
to be uged by managemsnt, the Technical Division end
Operatims.

Each daily form will provide a rescord of the operztion
of onoe racke It is divided into two sectiona headed
"front” and "back". "Front" refers to the low numbered
side of the rack or columns l-51 while the "back" refsrs
to colums 52-102. Therefore the record will provide data on
two high pressures pots.

At the top of each colurm headed "fromt™ or "tack"
is a section for data on storage chamber ir use, the high
pressure pot number, cirocuit numbers and total number
of colums in service on the side of the rack in question.
This information should bs £illed in daily so that any
changes will be apparent,

The same arrangement concerning ths circulstion bar
that is now in use on the oyole chart has been utilized
in this record. However, instead of marking top and
bottom oirculation in colors to differentiate between
them, it is asked that top ciroculation ve mwarked by
shading with diagonal lines, and bottom circulation be
showm by filling in with solid black,

On sach side of ths circulation bar is provided space
for recording incidents of rack operation. All samples
gshould be reported, giving the sample number and the
location from which the sample was taken. Losses should
be indicated showing the weight lost and the place from
which the loas coourred. Pitohing and intsrcolum
olroulation, when they occur, should be shown, together
with the length of time involved, and, in the case of
pitohing, the violencs should be indicated by the note
"light", "moderate”; or "violent" or any other note
whish the resords man may prefer.

A% the bottom of the page is provided space for a
daily total of ciroulation hours. Top oiroulation hours
should be rscorded on the top line and bottom ecirculation
on the bottom line. The oysle total of ciroulating hours
should algo be oarried in the space provided.
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The "percent cciapletion” space rsed not be filled
in by the rack crews, but will be filled in by the
product control sup3rvisors on the copies they recsive.
Ths "days since pol change” should be filled in howasver,
by the records man. indlocating the total days elapsed«-
whether operating 'r not-——sinoce the last product was
removed.

Space is provi-ed at the bottom of the pags for the
gignatures of the f: remen on the three shifts.

The record should be mada with two carbon copies.
The original will be kept by the rack crew as their
rocord of the prozress of the oycle. The two sarbons
vill be deliversd to the plant office at 2400 aach
day, as are the other milking records. One copy will
be kept there for the information of tre Technical
Supsrintendents. The other will be sent to the plant
rocords office, after the "perocent comgletion™ item
has been entered by the product control supervisors.

Yransfer 00m Records

P T e o B

a. Daily Operating Summary

B 3wl Tt e s T S T v P A »

(1) Purpose of Summary

(2)

To provide informtion concerning storage chamber
weight-pressure~temperature relationships, and material
transfers in and out of storage ciimmbers used in keeping
m2terial balenoes on the plant.

Progedure

(a) Operating Summary

Required in the "operating summary” section of
the report is a set of readings, taken at the begiming
end end of each eight hour shift, of steam pressure,
material pressure and storage chumber weights., A
fourth ocolum is provided in which the difference
between the initial weight and final woight is recorded,
vith the proper sign to show an increase or a deorsass,
To the right of this colum a spaocs is provided in
vhhich the reason for the change in storage ohamber
weirht should be noted. If it ig "normal®™ in view
of product removal and operating conditions on the rack
this oun be so indicated. If weight differences oxist
which ares not explainable in this way the operator
should inform his foreman of the difference and try
to acoount for it in some way.

o pmppr s I e o
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In addition, on the right adge of the sheet a column
is provided for readings every four hours on condenzate
temperatures on easch of the drain lines fiom the 10(0pound
gteam traps on the storare ochambers. These temperature
readings provide a chock against bad traps or open bye
pass valves which can rssult in serious losgs of steam,
High temperature readings should be the sigral for a
check-up on traps and by-passes.

(b) Transfer Summary

In the transfer summary section of this report all
mtberial transfer should be reportede This inocluded
all transfers of new materisl into storape charbers, and
all transfers of depleted materisl out of tThem. Exaat
irformation as to weights involved end se:risl numbers
and storage chamber numbers of the cylinders used is
required in every case. The operator who completes a

tranzfor is responsible for seeirg that it is entered onm
the shsete.

b Trangfer Room Charts

These lerge charts are used as a half-hourly check of operating
conditions in the transfer rooms. They are primarily for the use
of the transfer room orew, but are collscted and inspected
periodioa11¥o It is partioularly important that transfer room man
realize that the steam pressure- mterial pressure~ scale weight
relationship provides a oross check on any one of the factors ine
volved. For instance, it is poasible to obtain a fairly acocurate
waight if the steam pressure end material pressure are lmown--
likewise only one material rressure corresponds to a given storage
chamber weight and steam pressure. By using this reletionsghip
the accuracy of all the measuring instruments in the transfer roonm

can be checked, &nd inacourate gauges cf faulty scales mey bs
digscovered snd corrected.

6o Material Transfer Work Sheets.

These forms provide a way of keeping working information on
material transfers, and are for the use of the transfer room
orews. Readings should be teken every fifteen ninutes during
the progress of the transfer in order to keep a careful check
of material passing over. After transfer has been completed and
the sheets are used they should bs filed in manila folders in

the comtrol room files for use as a check by foremen and transfer
room men.
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Jo LOR Jooks

2, Rack Log Books

These log books are intcaded for ugs as supplements to the
other reck resords. Any es:antial data for operations should be
inoluded on the performance rscords but all suprlemeatal
informetion as to technique: employed or suggestions for further
work shouid bs included in cetail in {this book. Soms of the
bocks nlso inzlude colum records, maintenesnce records, material
taisnee on the trarsfer %anks and sany other informatlon whish
the shief rack foreman desirses. These books are esgspbial
for infornetion to be passed from e shift to anothsr and are
not considerad a&s having any formal value exocspt in %he
sovrdination of the work baing done om & given rack. !ake
certain that all statements made in ths book are signed by the
one malzingz the statemsnt or the person giving the order.

b. Transfer Boom Log Books

Thege loz books are also primarily intended for ths
information :ind correlation of work deing done in the transfer
rooms. They usunlly contain information rerarding tho weights
of transferrzd materiel including starting and finsl weights by
ahifte. They may contain information sbout maintermnce worlk
which is needed or dme or other pertinent facts about the
operatior of ths tremsfer room. IHere, as in the othrer log books,
ahould lilkewise he & signed statement as to what hes been done
on each shif%. Proper headings, including the dete. shift orow,
rack foremsn. eotce., should be ugsed for sach shift's emtry in
tho beols.

8. Superintindents and Assistants Log 3ooks

These ars surmarizing books of the operaticn on a given
ghift. They include deta and information on the pilanit as a
whole as, for example, the state of the steam supnly, or the
order of racvs starting up and shutting dovmn. This more or
1938 gurmari.ios the informetion carried om the wall chart for a
given shift soncerning circulatioa, millking and gencral plant
or secticn porformanos.

4, Summary

In rerersl, she system for keeping operational records may
be sumnarised as falling into four mein parts.
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Cirsuit and raok condition information is kept on the mastaer
rack charts. Daily performance information is obtained from two
sources, the psrformance record referring to raclk operation, snd
the transfer room operating summary referring to %transfer room
informmation, Detailed information for the transmitial of
specific information from one orew to the next is provided by
the loz books. 4Lll are neoessary to obtain a oomplete picvure of

plent performance, and every effort should be made to make 21l
necessary entries, and make them complete and correct.
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Section G. Flant Zmergency Instrueticans

1. Control Davices.
a. Temperature Contreller.

The variocus gaunges and control devices located in the control
room are summarized in Section C, Fart 10. Another very important
device which is essential to the operation of the rack and which is
very indicative of the way in vhich the rack is operating is the
vatexr temperature recorder locatad on the megzanine level cutside the
transfer room. This is a dual purpose instrument in that it not only
records the temperature of the water going into the rack and the
temperature of the water going out of the rack but alse is fitted
with a controller device which operates the make-up water valve to
allow more water %0 enter if the temperature rises and shuts off the
water if the temperatures lowers. This gives important information
as Togards the conditione in the rack. Thsre should be about 10
degrees F. difforence batween the in going and outgoing water. If
there is apprecisbly more than that then there is probably pitching
in the columns. The device is algo a good indicator &s to other
conditione that may be existing on the rack., The exact use that ¢an
be made of the instrument is given in the next part of this secticn.

b. Condengate level control.

This 18 a device located on the Yottom of the rack which
while not in the province of the Operations Department to adjust
or ¢o control should be made familiar to every operator. Frimarily
consisting of a sight glass and alr controlled valve the dovice
maintains the proper level of ‘eondanaate in the rack in order to
keep constant oteam conditions in the rack., The quallty of the
steam and the nature of the steam conditioas in the rack markedly
affect the temperature of the hot wall in the column so it is very
important to have the proper control on this factor. It ig not
particularly significant exaoctly vhere the condensate level 1s kept

but the lovel should remain as constant as it is possible for it to
be.

Ferticular care should be exercised 1f ths condenaste level
control chould cease t0 operate properly and allow the condensate -
to duild up in tho rack. This in itself is of m particular import-
ance but it 18 very important that the water level be lowered very
slovly. Yhen the watoer level rose, the columns cooled off to some
extent and pulled material over from the tank. When the vater level
drops the material must of course be returned to the tank. This must
be done .shrough the corduits so if the lines ars not largs enough
to accomodate the offlux of material, the pressure will rise quite
abnormally. The operstor should watch the msterial pressure gauges
closely vhen the condensate level i3 beirg controlled by hand or when
the Instrument Department is adjusting the controller.
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¢. Steam Flowmster.

Tals device has been installed on several of the racks and
probably will be installed throughout the plant. It 1s a sriple
merking recorder keeping a record of steam flow in pounds per hour,
ateam temrerature and steam jressure. This ¢¢ loecated on top of the
rack and ¢he operators should be instructed What the values should
be and to report any abmormalites.

2. Clagsified Accordig_g' to Type of Failure

a. Material Blow.off- Stress f£inding corresct loeation of lenk,
() of Co Gy

(a)

(v
(o)

(a)

(e)
(£)
(e

(B}

(1)

Attempt to isoclate column by turning on intersolumn

connegtor freezo-nff water on both top and vottom
of rack (ses Note 1).

Yarn on Duct Fan (see Fote 2).

If the flowing water has not succeeded in freesing
off the intercolumn connectors adjacent to the

. columns with the dreak (see lots 3), attemyt to

freege off the intercolumn connectors with dry ice.

Iry to stop or retard flow using Roberts®Wooden
Block, Tilp omergency plug or dry ice bloek,

Try to freege off ti%i with dry ice. (see note U)
Iry %o cep off with Lunkenheimer cap,

For a.blowout of an intercolumn comnector, try to
retard flow by pinching the link line immediately
back of -the Lunkenheimer with a pair of pliars
(see Nots 5). After flov rotorded. atiempt to
freeze Jf¥ with dry 4ce and cap off.

For a bad leak around a lunkenheimer connection
which cannot be stopped by tightening the comnection
or by freesing off with dry lce; a wst rag placed
around the Lunkenheimer may sometimee stop thes Llovw
by formation of solid hydrolized materisal.

If the above methods have not stopped the flow
within a minuto or two, turn the steam off the
coluan alosing both top stsam valve and bottom
condensate valve on the columns.

—
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Every offort should be made to avoid an accident like a material
break by always having at ieast one person as & helper $0 holld

the dry ice and by freezing off according {0 the approved methods
described in Note Y.,

(2) Lirk Line Break

{(2) Turn on water on intercolumn conisctors, freeze off coils,
and atorags tank tits.

(b) %Parz on duct fan,
(¢) Finch off link line with pliers 1o as to retard flow,

(d) Attempt to freeze off link line.
(3) Crancfer Room Bresk

(2) Close duect door.
(v) Purn on duct fan and open damper (puli chain).
() Turn on scals tank tit freeze-olf vater.
() Turn on wall fan.
(e) Turn off high rressure steam,
(2) Plood tank jacket with water.
(g) TFreeze off rack.
b. low Pressurs Air Faijurg
(1) Sgmptons
(a) Drop in circulating water temperaturs.

(v) Increase in overboard water flow as indicated on chart
in Control Room.

(c) Flov. of vater aover roof.

{2) Zmergency Irocedurs

(a) If the air failure is noted before the vater temperature has
falleon below 130%F., operate the gate valve by haxd as
dirscted by overboerd water chart in Control Hoom until air

pressurs 418 restored and automatic flow reguletion is
established.
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(1) Symptoms

()

(v)
(o)
(0
(e)

G <4

If the temperaturs has dropred below 130°F., the columms
in the rack have probably coocled off to the point where
they have gained materiel. In this case the temperature
of the circulating water must be drought back slowly and
cerefully to its normal operating value. This should de
dons by lowering the texperature control as far as it will

g0 and then gradnally raising it.
¢. Hjigh Fressure Alr Fai

Fall in air presscure gauges on stesm bdeard in Tranafer

Tall in steam pressure on Scale Tanks.

Fall in material pressurs in Scale Tanks and on racks.

iitehing on racks.

Gain in weights of Seale Tanks.

(2) Bmergency Frogedure

(a)

Trecze-off racks at freeze-off soils.

(b) Freeze-off Scole Tank tits.

(3) Alternstive Frocedurg for Operation {See Note 6)
(a)
(v)

(o)
()

Close valves on bosth sides of Foster Reducing Valve.

Close valve leading from by-pass to Foster valve bomnet
s0 that one side of the Foster reducing valve dlaphregs
vill not have a ‘housand pound steam yressure on one side
of it and no air pressure on the other side.

Open valve leading to stezn pressure gsuge.

thiomly open hy-pass and adjust until stesm pressure
at correct value.

d. High Fressurs Steam Foilure
(1) _Symptons_ '

(a)
(v)

(o)
(a)

Loss in weight of storage tanks.
Drop 4n material preseure on racks.

Drop in tam) sraturs of circulating vater

Drop in reading of i‘am pressure gauges at tor
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of rack in case these gouges exist there.

(e) Eigh pressure stean gauges inm transfer and control rooms
way alsg drop in case of = general steam fallurs.

2, _Bgergenqy Irocedure
(a) Fresze off recks all along bottom and top.
(b) Zreese off end coils.

(o) Treese off tite on storege tank.

(s) Stoppage of circulating water pumps.
(v) Rise in temperature of circulating water.
(o) Blight rise in material pressurs.
2. Hparency Frocedure |
(a) TFreese off bvottom and top of rack and at end oolls.
() Turn off high pressure stesa.

(¢) Another remedy is to connect in another water circulating
PeRpe. ’ L

Notess

1. During correct operstion of a rack ths freeze-off water should always
Ye flowing sither across the tep or bottom of a rack. Hence, in case
of 2 blcwof? it should be necessary to turn on only the water ciroults
on either the top or the bottom which ars not already ox.

2. If 1t is inadvissble to leave the scens of the bdresk, of if the break
can immedistely de stopped using some of the special plugging gaigets,
4t would be better to have another person, 1f any ars availedble, turn
on the duct fan. Usually vhen a brssk occurs, the cloud of smoke

gquickly attracts to the scsae of the acoident & mumber of operators
who are anxious $0 help.
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3, Sometimes the flow of the escaping process fluid is so rapid that it
cammot be cooled down quickly emough to s0lidify. The intercolum connectors
should de felt with the fingers in order to see whether the rrocess fluid
has been frozen off or nos. In fact 1t 1is always zdvisable to feel with the
finger say link line, intercolumn comnectors or tit that 13 thought to be
frozen off before assuming that the process fluid really has solidified.

4, There is & specizl technique for freezing off tits with dry ice, both
in the case of normal operation with no flov and inthe caso of rapid flow
resulting from a material break. JFor a normal freeogze-off operation, hold
with gloves on a plece of 4ry ice firmly against the tit about two inches
from the lanksnheimer comnection. Yeel the end of the tit with the finger
and as the nickel decomes cool slowly move the dry ice toward the coluzm
until its far ond rests against the column. In this way a material plug of
ths longest possidle length can be prepared, a plug which will never blow
out if the dry ice is alwesys held firmly on the $it against the column.

5. Many operztors carry with them large pliers with part of the wire
cutting edges purposely drilled so that the edges will pinch a link iine
together, but not cut through the link line.

6. It is not recommended that Seale Tanks de operated on the by-pass except
in cases vhere the valve systemis such that the stean connection to the
Foster valve bonnet can be closed while at the same time kept open to the
stean preseurs gaunge on the Transfer Room control board.
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3. Emergencies Clessifi in
What to Check to rind
ons fossidle Ceuse Ceuse of Difficulty

Drop in Circulating Water
Temperature { Control Room
Buszzer) .

Rise in circulating water
temperature (Control Room
anzer) °

Drop in high pressure air
gauge.

Drop in Transfer Hoom
steam geunge

Drop 4n Control Room high
pressore steam ganges

Overboard vater lncrease
(water over roof).

Overdosrd water decreases

Drop in low rressure air
{Control room bugzer).

Low Iressure Air Failure Check air supply gauge o

High pressure steam
fallure.

titehing on raek.

Foumps stoppsd

General lower Failure

Compressor fallure

cirenlating water meter,

Check steam gauge on
sontrol room board,

Check racks for pitehing
Stor as soon 28 possidl:
Check lights on pump
control boards.

Check other pumps

Check compressor

Broken dlaphragm on Foster Check all Foster Velve

Valve.

bovwls for leaks.

Transfor Boom header off Check in other Transfer

General Steam Fallure.

Fitching on rack.

Low izreuure air feil-~
ure.

Fump fallure

Conpressor air fallure

Stoppage of alr supply
to one rack

Booms and Control Room
high pressure steam gru
$0 see whether steam
failure is general or
linited,

Oneck other gauges and
with stezm department.

Checkk for pitching.

Check air supply gavge
on circulating water me

theck circulating water
tenperaturs and pumps.

Check other rack air
£auges.

Check velves to corree-
ponding rack.

{continued on next page).
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SMOEB

Tossible Couse

/
Gain in weight on Seale
Tank,

Loss in woight on Secole
Tank,

Loss in weight on Scale
Tank

Increass in material
prossure.

Daearease in materisal
proessure.

What to Check ¢o Find

Cauge of Diffieunlty

Eigh pressure air failure

Leak on rack,

Failure of Foster valive.
*Creeping” of Foster
valves,

Fallure of Foster
valves.

Leaks in esystexm.

Stean fallurs

High pressure air failure

[ L4 L

Cheek high pressure air

gauge on Transfer Room
board.

Cheekk for external lezks.
Check internal leaks by

freezing off circuits and

determining 1f loeus continue
96.

Check gzuges on aly and
stoam lines.

Check zauges
Check air and stezm govg

Treege off and check for
leaks.

Check steam gouges.

Check alr gnuges,

Contzol Beom duszer signal (the Technical Superintendent or his Assistant zmust
Yo notified after silencing the buczer, but defore

Rack @xa panel
1.
2.
3.
4,

5¢

Three phase pover failure.

Lowver manifold prsssurs low,

Top manifold adove 175°7,

Lover manifold below temperature.

Farge air pressure delow TO#.

the drop is replaced.

Gheck solencids for freeze off motor.
Cheek pumps.

Gieck circunlating water conmtroller,
Check cireunlating vater eontro'ner,

Check for lov pressurs air fallu.



What to Check to Find

~Symptoms Cause of Difficulty
Center busgzer panel

1. Make.up water pressure lovw ) Check with steam department.
2. TYreeze off wvater lovw Check top header for supply.
3. Erocess Steem failurs. Check with stesn department.
¥, I s _for $o

Material can irritate the eyes, the bronchial tubes and lungs and to less
extent the skin. FHowever, if the instructions given below are folloved, you
will not be injured by contact with the material.

a. Goneral

(1) If you have been working in an area in which material has leaked btut
have no pain and do not feel 111, no treatment is required.

(2) If you get enough material om your clothing that your clothing looks
dusty, you will take a shower immediately and change +0 a clean suit of coveralls

b. Zys Injuries
(1) If material gets in your eyes and your eyes pain, go to the nearest eye

Basin, immerse your face, and blink your eyes repeztedly under water. Contime -
vashing your eyes in this wvay for one minute. .

(2) After you finish washing the eyes report $o the murse at once.

(3) 1If the pain is relieved bty ths washing, report to the murse when
cagwonient, in 20 instance later than the end of the shift.

(4) If the pain is relieved by washing, but comes dack later, report to
the nurse when eonvenient.

(5) THE MOST IMFORTANT SINGLE PACTOR IN 1REVENTING INJURY TO THE EYXS
IS TO FLUSH THEM OUT IMMEDIATELY WITH WATER.

c. Burps of the sikin

(1) If the material gets on your skin, but no pain is felt wash your skin
with plain cool water {(do not use sosp) at your convenience. Washing 1s to be
contimed for one minute. Reporting to the nurse is not required.

(2) 1If material gets on the skin and the skin hurts, either at the time
the material got on or later, flush or scak the pathiful area in cool water for

five minutes and report to AUrSs.
continued on next page)
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(3) If material gets on the skin, and pain develops after ycu leave work,
soak the palnful area in cool water for two hours. If the pain has deen
relieved by sosking, report %o the murse at the start of your next shift.

d. Imhaled Materisl

{1) If you happen tc breathe material but have no pain afterwvard report
to the nurse when convenient, but in no case later then the end of the shift,

{2} 1If you happen to breathe materizl and afterward have pain in the nose
and throat, pain iz the chest, coughing, shortness of dreath, retchiag or
voniting, report %o the nurse at once.
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1. Conditioning Procedures

As gtated in the section on physical propertles ome of the
most importent aspects of the plant operation is that of preparing
equipment for use in the plant. It must be entirsly free from all
watsr, organic materials, dust and anything with which the material
might react. The Materials Seotion is primarily interested in two
phages of this problems One is to condition the equipment for use in
the plent and the other is to empty the product or depleted material
and recondition the equipment so it can be used again.

a. Conditioning Nickel Tubing

(1) Tubing is first degreused by running carbon tetrachloride
through it.

(2) The tubing is then blown dry with compressed dry nitrogen.

(3) The next step is to heat the line while evacuating to
drive off all the moisture. The tubing is capped off at
one end and the other is attached to the conditioning
manifold.  The evacuation is then started naking certain
that all of the joints are tight. The tubing is then
heated from the capped end toward the manifold until
the entire tube has been heated and is dry.

. (4) shut off the valve to the vacuum pump.

(6) Allow f£resh air %o pass into the tube while still under
vaouum. Make certain, howsver, that nome of the fresh
air ig allowed to pass into +the vacuum pump line as it is
very reactive with the oil in the pump and will easily ruin
a pump if the slightest trace is allowed to enter the pump.

(6) Turn the fresh air off and bleed the conditioned menifold
down t0 zerc gauge pressure.

(7) Detach the tubing from manifold und cap-—thec end being
careful not to screw the ocap any tighter then necessary

to obtain a good seal. This avoids misshaping the ferrule
on the tubing.

The tubing has then been degreassd, blown dry, evacuated,
heated dry ani charged with fresh air and is then ready for
use with process material.

bo Reconditioning Equipment

Used tubing and equipment containing process materisl can
be reconditioned in two ways:
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(1)

(2)

He2

Rapid Reconditioning Method

For immediate reconditioning smell equipment is fiamed
out in a hood. This is done by starting at ons open end
and heating with & burner and driving out the process
material. This is always done by heating from the open
end to the closed end cradually.

After the tube is empty, blow out with dry nitrogen.
Connsot tubing to a source of fresh air and run the
fresh air through the tube. The tube is then oapped
off on both ends and the tube is ready for use. The
method is only used in an emergenoy when tubing is
needed for immediate use.

Standard Resonditioning Procedurs

The method used whorever tims will pernit is to uncap
both snds and immerse the whole tubing in the hot water
cloaning bath. The heat of the bath will drive off all
material whish will be dlssolved in the water. The tubing
will be washed clean without any trace of materisl being
loft. Ciroculating water in the bath has been found to
give the best results. The method is very rapid and
tubing should not be kept in the bath any lomger than
necessarye The tubing is then treated as new and 13
conditioned in the same manner as other new tubing.

Conditioning Gauges

(1)

’

The procedures for,conditioning gauges has been some~

what inadequate in the »ast. A great deal of shoddy work
hes been carried on bec8ise of lack of material and lack of
time to.do proper work. It cannot be emphasized too greatly
that time saved by improper conditioning is a false eoccnomye.
The gruges partioularly must be conditicned exactly as out-
1ined below aince it is essential that the-exact conditions

of pressure on the rack and in the transfer tanks must be
¥nowm at all times.

Conditioning New Gaugos

(a) Removs the cap nut on the end of the Bourdon tube.
It is a soft solder and oan be done satisfactorily
without harming the gaupe.

il
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(o)

(o)
(4)
(o)
(£)

(g)
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Fill a pressure tank with ocarbon tetrachloride
and foree a strsam of solvent through the Bourdon
tube allowing the solvent to pass through until
tho solvent is clear.

Dry by passing compresaed eir through the tube.
Pass a stream of fresh air through the tube.
Replace the nut on %he end of the tube.

Attach the gauge to the vaouum pump, while heating
rently and pass in fresh air again.

Reassemble the pauge und calibrats with nitro-en;
louve capped with nitrogen.

Resonditioning Gauzes

(=)

(b)

(o)

(4)

(e)

(£)

Dismantle pauge keeping indicator mechanism with the
tube. If the gauge is not numbered, it should be
numbered and a file card should be made out for it
in order to keep an acourate record of each gauge.

Place tube in oil bath and drive off all of the
mterial.

If the material is driven out completely the gauge
may be fresh aired assembled and put back into service.
If the material is not drivemn out completely then the

gauge must be dismantled still further by taking the
Bourdon tube out of the socket.

The plu-~ged material should then be drilled out if
possible. This treatment is necessary particularly
when organic material as been left in ths tube.

. In very diffioult cases soaking for some tims in

ammonium oxalate solution will help to loosen up
the material. If the material does not come out
after rigorous treatment the plugrged mrt of the
gauge must be discarded, After the tube has been
ocleaned out-the cap nut should be removed if it hss

not already been detached and water passad through
until thoe water is clear.

Put the tubs inside the gauge case and attach a 10"
jumper which has bsen degreased.

Have the tubse and jumper heated while passing nitrogen
through the tube. Be cureful to heat the tube only
in the center and not a vigorous heating at any tims.

Do not apply heat to the ends of the tube where they
have been soldered.
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(g) Assemble the gauge and calibrate with nitroren.

(r) After the gaure has been calibrated record on its
f4ling card the date, and process used in conditioning
and the rame of the person hendling the gauge.

(1) Evacusts the gauge and cherge with either nitrogen
ar fresh air., Cap off and the gauge is conditioned
ready fec» Cperation to use.

3. Plugged Gauges

(a) Plurged tit

- l. Place a length of steel welding rod into the
electris drill and bore out the material,

2. If a hand plug iz not removed by the ubove
operation or if one forms at the weld, the tit
must be ocut off back of the weld and drilled
out with the welding rod as drill.

3. If the gauge has a 1/8" niokel tubing inside
the tit joining it to the gauge, this should
be removed by melting the silver solder.

4, Cowunterbore the stem with a 5/16" drill befors
ailver sgoldering.

(b) Plugzed tube

A tubs which cannot be cle@ned of raterial is
usually plugged where it joins the stem.

l. Heat the nut on the end of the tubs with a
flams. Do not apply the burner to the tube

but only to the nut. Care is essential in this
operation.

2. Heat the stem and fuse the solder at that geal
and wsorew the tube. Do not apply heat to the
tube. Tapping the tube is more ef{fsctive in
breaking it loose than is applying pressure.

8o Clean ths tube in hot water removing all traces
of materisl,

4. Clean the stem in hot watsr making sure all
material is cleaned from passages.

6« Buff all gurfaces which are to be soldered
with a wire brush.
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6o Assemble.the tubo into the steme The tube

must £it tightly; if not the tube is probably
not in the exact positionm.

7. S3erew the cap nut on Tollowing the same
instructions as for the socket.

8+ The tube should then be soft soldered end tested
under nitrocen pressurse.

9. The gauge is then assembled, calibrated and

oonditioned for use in the plant with evacuaf:ion,
gentle heating, and fresh air,

2. Material Transfer

General Instruotiona

Matcrial comes in from the plant in quantities from 1
ounoe to 70 pounds. All this material must be transferred into
suitable conteiners for shipment or storage. The containor into
whioh material is being trunsferred will always be kept cold
with either oirculating water or dry ice. The container from
which the matsrial is being transferred will be preheated until
it reaches the liquid stage. In all cases, material transfer will
be carried out by pouring the liquid material which rsans that
the container being emptied will elways be held above the
receiving container,

A, Emptying Cavsules

After making sure that all fittings are tight, place the
cansule in a hot water bath for prsheating. Indication that
the liquid stage has been reuched will be fownd by *ipping the
capsule from one gide to the other and fesling the liquid

. moving inside the capsule. Freezing off the stem at least
two inches in back of the fitting, remove the right angle

cap and attach to the short female jumper on the receiving
containser,

Shipping containers are .kept in a pot of dry ice slush
whioh is & mixture of dry ice and carbon tetrachloride.

Larger containers cooled with circulating water. Varm
the valve on the comtainer with a bumer and then open it.
Proceeding.from the valve, heat the material lines to the end
of the ospsule. After the initial heating it should not be
necessary to continue heating and precautions should be taken
not to heat the valve or jumper too hot.
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Material will flow as & liquid and oncs the flow has
started, all tat needs to be added is enough to makse
up for the loss by .radiation and loss by the materiasl
flow through the system. This heat loss due to material

flow lowers tho temperature and is the indication that
material is being transferred.

The time required for transfer varies, of course, with -
the weight and amowt of preheating. Onoce material flow is
started, an average of & pound & minuts will be approximately
the transfer rate. An experienced %ransfer man will be able
to tell by the sound of the capsule when it is rapped
approximately how much material has flowed out and how mich
is left behind. TVihsn the capsule is empty, the valve is
olosed and the capsule stem ig frozen off. Disoconneot the

ocapsule and replacs the plug after the usuel precautions
have besn taken.

Bo Erptying Largs Containers

Containers containing from 40 to 70 pounds of material
are preheated in a water bath or if they have steam jackets
are placed on steam for two hours or more. Conneotions is
made between valves of two conteiners with a large diameter
line usually ranging in diameter from 1/4" to 3/8".
Hoisting the preheatad container over the large cooled
sontainer, comnect the valves, Warm both valves and the
cormesting line with a burner and then open the valves. The
receiving container should be placedon scales so that the
amount of material flowing over may be meesured ahd so that
it willbs evident whon the container is empty. The rate of
material transfor will be very large and in most cases will
approach 10 pounds per minute.

Records Systems

Several types of records are kept in a routine faghion in
the Materials Sections. These records are extremsly important
both from a production standpoint to tell the status of material
which is being taken from the rack or being shipped, and from a
oontrol standpoint to tell what the condition of the plant
equipment is. Great care should be taken to be extremsly ascourate
and punctual in the kesping of all records in this Section,
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a, Sample Records

1. HMaterial Sample Record

All samples taken from capsules in the shop
or taken from the plant will be recorded on thisa
form. The assay colum is for the foreman's usae
only. All data on this fom will be recordsed an

the sample card. All samples on this form will be
gsent to Laboratory MNo. 1.

2+ Shipment Sémple Records

All samples taken f{rom shipping containers will
be recorded on this form. All data on this form will
be recorded on ths semple card with the word Shipment
written in. Depleted material samples, will also be
recorded on this form with the serial number of the
depleted tank recorded umder the Container ¥o. heading,

3o Rack Samle Records

All samples taken in the plant from the racks
will be recorded on this form. All special samples
will be recorded here also,

Each shift clerk will hand the sample record
forms into the offioce along with the material re-
moval record. If at the end of the shift all
samples ordered are not returmed, the forsmn
ghould leave the sampls record for the next shift

to commwlste. This should apply only to rack
samle recordse.

Ye Material Removal Record

(1) Tirite clearly the net weight of material from oach
capsule for rack and circuit. Do Not write the
letters designating pownds and ounces but merely

separate pounds from ounces by a dash. For example,
76 pounds and 15 owmces is writtsn us, 75¢16

(2) Below the net weight write in the capsule number,

(3) Opposite the net weight, indicate the mumber of
. milkings that went into the No. 120 capsule. <This
information will be obtained from the tap on the
capsule put there by the capsule changer.
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(4)

(5)

Enter net weights of salvage material under
salvage heading.

Obtain from the foreman the net weights, and rack
and circuit numbers, for below-par materiel end
enter on a regular material removal record. This
record will bs kept for twenty-four hours of each
dey and hended in at the end of esach day.

c. Equipment Reocrds

(1)

(2)

()

Rack Equipment

Operations personnel will sign out for all rack
equipment in the log book provided.

C ap sulea

Operations peréonnel will sign out capsules by
number in the rack equipment log book.

Gauges

Records clerk will sign gauges out to operations
personnel in the gauge log book. Instructions in
ths front of the book will be followed.




