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The fol lo-dng manual b.as been compiled at, the reqxest of the 3R.E 
Steering Cornittee to consolidate all pe~t inent  mechanical and. process 
& s i p  data considered relevant to tFe operation and maintenance of the 
EKE, a d -  t o  preserve a coherent record. of the evolution of the design. 
A similar manual has been issued (ORHL-10gk) in which the basis of desim 
for fnst:ruaentatfon and control of the ERE 1s described, These manuals 
necessarily overlap to some extent, but duplication of contents has been 
held to a minlmw consistent with c l a r i t y ,  Physical calculations per- 
taAnfng t o  the €ERE are not  dlscussed f n  Pa13 except where necessary to 
describe adequately an item or  system, nor are data FertalnPng to the 
chemistry of the fuel ~r COJZTOS~OR of materials of emstmctbon fupPy 
presented since it fs believed tha'c such infomation can. be more 
efrectfveljr presented by a separate m m i t a s c r i p t  

' 
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The H I E  may be cotltuol.led by o m  or all of several ways. A coot;rd 
plate immersed -in the reflector cl.osely zidjacenf; t o  the core t:_tsrlr pz*vv-ifies 
for small. fluctuations in rex LivLty. Sirni1arl.y constructed. safety p:i.a.tee 
with large surface area ol" boron containiqy materisl are poised In the 
vapor space directly over $Tie heayy water ready far immedfa'ce insertion + 

An evaporator in the dump tank system, '611th condensate storti&;!? t a n k s ,  m a y  
be used t o  vary the concentration of fuel sc1~Aion f o r  shirn cont ro l .  
Since the reflector is 3, fluid, conetderable chages  in r e sc t iv i ty  may 
be effected by changing its 1 . e ~ e l  relative to  {;he core tar&,  FinalLy, 
there is inherent con t ro l  of the reactor by the wry large nega.t.ive S,etn~;er- 
a twe coefficienk of reactivity, 

Pressure on the mup system is maiutalned hy a steam pressurizer. 
Sts&@mnt l iquid i s  kept a t  R temperatwe hi&er than the rest o f  the system, 
and transmits its vapor presswe hydrrtulica7.l.y to the soup. The ref lector  
is pressurized w i t t i  tieltun. 

Hydrogen and oxygen generated in the system by dissociation of the 
water mol.ecuLe from radiation absorption =-e recombined by wittable appa*al;zzs 
Cases lfbcrated in ",e s ~ u p  system are recombined I n  a apwk-ignited, kursser 
t y p ?  apparatus backed up by a catalytlc recromb5ner. Gases liberatecl jn  
the reflector system are combined cataLyt.ica..J.y, 

A l l .  of P;heae systems znd the associated a,pparatas are housed in R 

comp.rtrenlalized, high-denslty concrete shield,  the s'tructurc being 
built of prefabrlcated blocks. The overall thic'mess of concrete sur- 
ramding the reactor proper is seven f e e t  'Go reduce radiation in the process 
room to tolerable  lesrels, 

Figure L,lA presents a coiaplebe flow diagram of the ElRE showl,ng all 
equipment; ftems, process l i m s  md i n s t ~ m e n t a t i o n  i n  order t o  provide an 
ovcra~. picture  of t h e  reactor a d  reiation of equtp~eni; .  alis r " l0s. r  ahect 
may be cubdivicled into five major systaems, each os" which w i l l  be discusi~ed 
in burn, 

Figure 1,m I s  a pJ2rspect9V-e Izycaut of the IRE blAiM-Sng showing the 
reactor  shield, the N-safeeck~ I'eetl pump pit:;, the power generation 
eyu-ipwnt,, the stack arid fan) the chemicsl.. laboratory, the crane, the 
cantrol  room, the l*eactor core k i X k  a d  reflector vessel flange, and 
certain of the control. equipment on the north face of the shield, 
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Fig. 1.1C Pictorial Layout of Core Tank and Top Flange 
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Bottom Oat l e t  

As short a radfus as poazsible v a ~  iwed for the I/&'' pfpe 
o u t l e t  at the bottoia of the core tank t o  rninfisize %he amount 
os" l iqu id  reaaining in the pipe when the  bulk o f  !he line 
PfPSe with gae formed by radiation decomposition of the  aocqo 
Ninim%z%fng the lfqufd volume reduces the ef fec t  of t h i s  line 
on presswe OSLillatfons i n  m e  coreo 

--__PI___ 

Diameter: 18'' I O D O  sphere 



Operating pressure: PO00 p s i  
E W O  psf 
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me outside 3'I pipe assembly is  53 inches long, ,Uul is made 
of three pieces t o  simplify machining, assemblmg and welding 
operations. 
welded t o  the core tank top opening, ma a f la red  inside 2-9/16'' 
I .D.  l i p  located 9" above the core tcwk horizonta3 centerline 
which ac ts  a s  the circulat ing soup out le t .  
about: the r e f l ec to r  top flange closure the 3" pipe assembly 
is welded- t o  the pressurizer leg. 
(No, 1.11) is  weld& t o  the 3" pipe 12" nbovt the top flange 
closure. A vmed nose piece i s  welded inside the 3" adapter; 
i s  concentric w i t h  (md begins a t )  the outlet. opening; and 
has a 1/1+" diameter cent ra l  hole which forms the gas out le t .  

vanes, <and four 3-5/1.6~' long wings which are welded t o  the 
adapter sect ion of the 3" pipe assembly. A k7-7/8'' length 
of 1/8" schedule 80 pipe is welded to the vane end of the 
6-1/2" long nose piece to fom the complete gas ou t l e t  line. 
This pipe passes through an elbow welded t o  the l-3/4" tubing, 
and then has a 9Qo bend which passes through the 3" pipe wall 
62" abave the core tax& centerline t o  become l ine 104 as shown 
an drawing 3-8623. 

The bottom adapter piece has a f la red  end which i s  

A t  a poin t  13-1/2" 

A l /4"  soup i n l e t  l i n e  

nose piece has a spherical end. (1-5;/1@' radius), fou r  

A 1-3/4" O.D. x 41-3/16'' long tube i s  a l so  welded t o  the vane 
end of the nose piece, and an elbow welded t o  the top end of 
the tube passes through the 3'9 outer pipe wall 10'l above the 
top flange closure where it becomes l i n e  101 which is in the 
main soup c i rcu la t ing  loop, 
3-1/4" x 5/8" s l o t s  perforate the tube, and two supporting 
webs are welded between the tube a d  the 1/8" central  gas pipe. 

Sixteen 1-3/8*' x 1/2" and four 

Type 3h7 s t a in l e s s  steel was used throughout i n  fabr icat ing 
the core neck assembly. 

BASIS OF DESIGgr 

Out l e t  Adapter. 

The ou t l e t  opening was chosen as large as practicable t o  mini- 
mize the pressure drop across the core tank. A groove was 
machined in the l i p  t o  insure a fd.1 penetration weld, and two 
1/8" diameter holes w e r e  d r i l l e d  through t h i s  groove t o  permi t  
the escape of any gas which may accumulate i n  the groove. 

Vaned Hose. 

The spherical  end of the vaned nose piece was made as large 
as possible keeping i n  mind a reasonable an.nxiLus fo r  fluid 
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Fig. 2.1.38. Performance Curves-Model 11004 W. Pump 
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2.2.1. General Dcscriptinn of system Design 

1, The letdown v d v e  in line which follsws the: letdown 
heat exchanger (Item 12). 

In noma1 operation soup is 
dump tanks, ma for R const swlzar  level this 

to the care frm the: 

soup mst be bled. from the care back to the 
Changes in reactor psmr -tiill cause carresp 
changes in the pressurizer due ta elc-pmsion of the liquid 
ana to variations in gas formation. 
cause the contmroller to &just the thrott1f.W of the l e k -  
down vdve to compensate for them. 

These level chraszges 

2, %%e contra1 valve in line I25 a i c h  serves the pressurizer 
(Item 2) * 

The pressurizer c m  become gas-bound so the vapor pseasure 
does mt control the t o t a l  presswe. A t h b  vapor controlled 
region lies just above the sol.utbon sur face  when appreciable 
gas is present, ma a control va,.~ve. (1x1 line 125) is pro- 
vided to bleed off" this  gas With may be oxygen from the 
oxygenating system or decomposition gases Prom the soup 
solution, A thermocouple in the tap of the pressurizer 
senses the temperature, and through Instrument TaC-29 
used this tempertl%ure to bleed off the gas tJxmu@ the 
control valve In l i n e  125. This gar: In  t w n  flows to the 
soup gas condenser (Item 14) v i a  line 115$ and a t  this 
point jo8m the ef f luent  gas stream issuing from the l iqu id  
gas separator atop the i m r  dump tanks. 
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3. One hundred a;nsI twenky-f%ve liters of w a k s  me required 
to fill the p%per, or considerably more than the toZaL 
V O ~ ~  of the circthjlat- 3oup systen, 
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2.3.2 Reflector Vessel (Item 28 on E-8623) 

PURPOSE : 

This vessel is designed to contain heavy water under 1020 
psi pressure to provide a 10-inch thick spherical reflector 
for the RRE core. 

DESCRIPTION: 

The vessel is EL compa;cat;iveiy thick-walled apherical pres- 
sure tank of 19-1/2 in. inside radius blendfng by a 
gradual transition curve into a cylindrical neck of 12 in. 
inside radius. An external flange of diametral dimensions 
corresponding to the baslc ASA dimensions of a 24 In., 
1500 psi rating blind flange is formed to the top portion 
of the cylindrical neck for the purpose of attaching the 
top closure. 
3 in.; that of the cylindrical neck immediately under the 
flange is 5-l/b. in. 
shoulder rnachlned around the spherical shell with the 
finished support surface of the shoulder 14 in. below the 
center of the sphere. "he bearing width of the supporting 
surface thus formed is 4 in. 
shell is 62-3/4 in. with the finished top flange surface 
38 in. above the sphere centerline. 

The wall thickness of the spherical shell is 

The vessel is supported by an integral 

The overall height of the 

The reflector vessel (Item 18) also includes the top flange 
closure which basically is an ASA blind flange for a 24 in. 
pipe. The thickness of the flange is 10 in. to withstand a 
design pressure 2000 p i .  
for pip lng  and control mechanism to the reactor. 

16 contains aufficlent openinga 

The vessel and flange axe fabricated by a combined process 
of forging and machining to help improve W v  aiWlaa1~2al 
propcrtfe;8* The steel is forged in a manner to eliminate 
distortions due to possible grain misalignment. 

BASIS OF DESIGN: 

(a) The epherical reflector shell. 1950 edition of ASMI 
Boiler Construction Code - Section VIII - Rules for Con- 
'struction of' Unfired Pressure Veasele - Paragraphs UG-25 
and. UG-27. 

Design pressure 2000 psi (mx.) 
Design temperature 650°F (Max.) 
Factor of safety 
Design stress 7500 ??si 
Deaign thickness 2.670 in. 

8 (double that of 1950 ASME Code) 

Corrosion allowance 0.330 in. 
Total thickness 3.000 in. 

SECRET 
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2.3.4 Reflector Circiilatiag Pump .- (Item 17 an  E-8623) 

Aa shown on Figure 2.3.48 t h e r e  are no exdernsl shaft-seals, 
the pimp bring designed t o  operate in Lota l ly  enclosed sealed 
systems., TWrePore, since the motor bearfnga are water Iubri- 
cat&., the rotor cnv1tqy m u s t  be supplied w i t h  m t e s  free OP 
abrasives at all. times. The system pressure maat  be mintiained 
mater khan the water mLtara.tion plressure at the system temper- 
% m e  to prevent cavitation at the pump impeller. The a b s ~ l ~ t e  

i n l e t  pressure should be greatm- than 15 p i a  at a i l  times, to 
prevent l o c a l  'aolling in the srfng lubrication f2hs. Aay 
gas leaks which beccme ~~~~~~ 4 in the rotor cavfty a?hould be 
vented. Vent and drain tubes are provided. 

terials in contact; Wlth the water c i r c u i t  are a8 follows: 

The l&O circulating p 
Inside corner of t h e  QO cell 8s  shown on (Dwg. D-%28),  
Fig, 2.3. ?.A. 

j . ~  located fn the lower northwest, 
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The dunip tanks are fabricated froni 8 inch schedule 40 stainless 
steel pipe arranged on centers sppsoximately three times the dia- 
meter of the pipes such that the system will. he always safe if the 
fuel in the system accidentally becomes rniked with the reflector 
and the whole is then transferred to the dump tanka. 
are jacketed and the annul1 connected to the eniergency cooling 
system to dissipate the radioactlve decay energy in event of this 
occurrence. 

The tanks 

At the lower pressure i n  the dump tanks, the gases of dissocia- 
tion normally held in solution at 1020 psi will come off  and must 
be recombined at a commensurate rate to prevent the accmulatian 
of a potentially qangerous exploaive mixture. 
collected in the gas header and are conducted through three con- 
densers in parallel to condense out excess vapor,and hence t o  a 
catalytic recombiner containing 1/2 lb. of platinized alumina. The 
recombined D20 vapor is then condensed and returned to the system 
by the off-gas condenser. Eon-condenstble gases, which may contain 
radioactive material, are vented through two cold traps ta the ll$i 
charcoal adsorber. 

!These gases are 

The dump tanks are centrally located in the reactor shielding 
22 inches below finished floor level. Tkie remainder of the system 
:Ls in the a20 cell a5 shown in Figures 2.3.lB and 2.3.1C. 
is a detailed description of each i t e m  in the  Low pressure D20 
system. 

Following 

2.4.2 Reflector D u m ~  Valve (Valve 150 on E-8623) 

By interlocking the %O d.mp valve in line 150 with the 
nuclear control circuit, a scram signal w i l l  automatically 
open the valve and allow the reflector to flow from the se- 
flectar vessel to the dump tanks, thereby rendering the 
system sub-critical. 

DESCRIPTION: 

The valve is a 2-inch,Minneapolis-Honeywell,air actuated, 
solenoid controlled valve inserted in line 150 in the D20 
cell and so connected that it always fails open. The 
valve is welded into the system to minimize the chance of 
leakage. This valve does not control flow by throttling, 
but is designed to be in either the fully on or the fully 
off position. The valve trim is stellite to minimize the 
effect of wire drawing at 1000 psi pressure differential. 

SECRET 
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A i l  material i n  contact wfth heavy water - Tme 347 etainles8 
ateel  - cooling jacket material - cold ro l led  carbon steel 
sheet o 

Line 150 from the bottom drain connection of t he  r e f l ec to r  
pressure veawel f a  connected t o  the north end of the inlet 
header vf th  a 4 f n o  pipe nfppic. 
valve fnserdcd f n  l i n e  950 controls f l o w o  
dfac  by-passed around this valve provMeB %or  exec^^ pres- 
SUE p ~ ~ t ~ ~ t i o n ~  EaLyh amp tank C O K I ~ X - L B  to the i n l e t  header 
by B 2 ino Qa-keted p ipe  nipp1.e approximately 6-3/8 in.  long. 
~ c h  outlet pipe from the dump tanks connects i n t o  lime 181. 
~innc 161 condrscte 1sr2combined. hydrogen and oxygen gas  t o  the  
EI$~ of f  gas condensers and the POW preesure D20 recombiner. 

An aQru operatedsanp;le 
A 2000 p s i  rupture 

The D$ dump tankB are the outer  f fve  of seven horizontal. 
8 in. seheaule 40 ,jacketed. pfpas, centrally located ic 
the r aac to r  shielding and at an approximate elevation 828'-2*'. 
(22 ino below f l o o r  leueP) .  
concrete wallo 
shields the dump ta&e from the building space. 

Each tank %B separated by an 8 in. 
Approxeimtely 5@-0" o f  high densfty concrete 

(A)  -- Volme regufremente 

Net, volme in maim circulating system 

1. Full reflector (level 10 in0 over core tank) 472.0 liters 

18.9 l i ters  

20.0 l i t e r a  
1.3 liters 
10 0 l i t e r s  
1.35 l i t e rs  
4.7 l i t e rs  

47.3 IftcrES 

1 - 2  l f te rs  
5117.6 l i t e rs  
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Volume of dum tanke - inexudes 
connecting nipples to bottom of 

ou t l e t  header and 
dump tanks. 

1. VoPme of' tanks at 32!.k gals/tank 162 geLPlone 
2-  Volume of ex i t  headey 4 galloner 
3. Volume of connecting pipe nipples negligible 

TOltSl 166 gallons 

Miisnimum allowable working pressure - ASME Boiler 
Construction Code Seeto VfZLo Rules for CqnBtruction 
of unfired Presswe Vessels - 1.950. %ro U6-27. 

(C) 

Thickness of 8 Sn.ech. 40 pipe = 0.322 Ino 
Corrosion allowance (t/6 1 = O . o ~ l c  in. 
Thiekncss of shell exclusive 
of corrmion allowance = 0.268 tn. 
Maximum t%lloWabl@ working 
prt?ssuPe 97s Pa9 

(I)) Criticality of dump tank@, ft is conceivable tbt, QO 
a sudden rupture of the core tank the fuel  rolutfen 
may mix with the I$O* Calculation@, subatantfated by 
experimental evidence, show t ha t  an 8 fn. dfmeter 
pipe of fnfinfte Length and numounded 'by an in f in i t e  
water ref lector  ifflied with pure water can%afning pure 
V-235 r e p e e s  eight kalograms of U-235 per 12 ft 

. /  .length for critfcalft,yo This correspondla t o  a Bo-lution 
with 66 pama per l f t e r  of ~ - 2 3 5 .  
lo~~dlfng fe 40 grams per liter 
liters of sol la t fan~ If it is aaeru~~d t h a t  I rupture ole 
the  core allow this to mix with the refXector which 9s 
then -1;rarnef"erred to the dump tanks, the 1 a i n g  w i l l  be 
4 kgQ of U-235 in 665 l i t em of nixed fuel  eolutfon and 

. i  

The ac tua l  anticipated 
4 kg. of U-235 in 106 

+t%, or 6 gPgbma u-235 per liter af Irfx%an.e* 

VP;Q~)OR AEB mmsm.a~e Is3MofrG: 

Dump TeLnles - Details D-8633 

Inner Soup Dump Tanks ~-95% 
Ennergency Cooling System E-9066 
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(1) a t e  of evaporation 
(2) Heat requfred 
(3 ) 
(4) steam pressure 

( 6 )  ~acket  t-erature 
(7) Average temperettwe differcnee 
( 8 )  Requfrsd beat transfer area 
(9) 
(10) 

Overall heat tramfar coefficient 

, ( 5 )  Steam temperature 

Length 09 4 ino pipe Jacketed 
8~apor ve loc i ty  in 6 in.  pipe 

VENDOR AlOB XQEFERERCE DFUIWIH&: 

Fabricated mdi inatal l .& by ORm, Shop@ per drawings. 

Soup C e l l  Pfping Plan and Elevations D-9052 
*o EkrapoPator D-8625 

2.4.5 

PIWPBSE : 

I p O  &a Condenser ( I t e m  28$ a-B-c on E-8623) 

W&stm condensed on the  platinized alloetina pellets of 
the  catalytic recombiner has been found t o  deter the  
recombination of deuterium and oxygen. A gaa condeneer 
is, therefore,  fnetafled 9n the sys tea  between the 
recombiner and the dumptank heaaer for the pUrpOS@ 
of" ptwtfa l ly  dehwldffyfng the  inf luent  gas etrem. 

DE&XPTIOR : 

The condenser conefEtts of t h e e  parallel Beetions of 
1-1/2 in. 3 ~ c h o  40, Type 347 stainless eteeb scamless 
pfpe 1ou-9" longp each section Jacketed by a 2 ine9Schp 
80,black Iron pipe. Gas vapor mixture ie introduced 
i n t o  the bottom of each sect ion from a 2 in.~Sjch. 80 
header welded t,s t h e  condeneing sections by e~ ehort 
1-112 i n n .  ~uadltile nipple. The mSxtwe is directed i n  
an upmr& 8irectfon in to  the coirni5ela~;ycr body 'by a 1 in., 
S&. k0 elbow welded to the fnlet nipple. 
i a r  fmstroduced i n t o  the coolfne: Jacket PPOB fi S/8 in. pipe 
nipple welded t o  %he Jacket and comectedl to a 1/2 ine 
water supply aim. 
pipe eap which i i s s  flared i n t o  the Jacket for diBtr9bution. 

Cooling water 

The water enters ar 3 %n.,Sch. lbOn 



GraphfeaL Solution to Determine Area of %O Condenser 
I 

Point No. 1. 2 3 



<...-- 



LOCATION: 

BASIS OF DESIGN: 
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LOCATION : 

Temp. of mixture enter ing condenser 

Temp. of gas leaving condenser 

300°F 

100°F 

Cooling water flow rate 1-5 GPM 

Cooling water entrance temperature 80°F 

Overall heat transfer coeff ic ient  

Heat removed 4340 Btu/hr 

3 Btu/hr ft2-'F 

Calculated required cooling area 

Required length of l-l/?"Pn. fin 

17.4 mp f t ,  

tube a t  2.67 Ft2/ft of kertgth 6.5 ft. 

Installed length 10.0 ft. 

Factor of sa fe ty  1.5 

Calculated o r i f i c e  diameter t o  
l i m i t  helium off-gas flow t o  15 
CFM(STP) based on maxDpre6sure 
a i  400 p s i  0.037 inch 

The QO O f f - G a s  Condenser l e  i n s t a l l ed  i n  a v e r t i c a l  
posi t ion on the  north wall of the D 0 equipment c e l l  
between the  ca t a ly t i c  recombiner an% the  %O gas con- 
densere and a t  an elevation which places the  upper end 
of the  condenser j u s t  under the  ou t l e t  nozzlc'sf the 
ca ta ly t i c  recomb i n  e r  . 

Fabricated and installed. by ORNL per drawings: 

O T ~ - & S  Condenser - D-8620 
Reflector cel l  Piping - D-8628 

2.4.8 

2.4.9 

DQO Cold Wsps ( I t e m  84 a and b on E-8623) 

Described i n  Section 2.8 of t h i s  report .  

D20 Charcoal Absorber (Item 30 on E-8623) 

kakrfbed fA Seetion 2.2.13 Of' th i6  repopto 
(SEUR~ itern 16) 
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4) Meaning of Specification symbols i n  drawing D-7558. 

S - Type of element - Sulfanex f i l ter  element, 
porous both sides.  

e Mean pore diameter - 165 microns 
2 

26 - F i l t e r  area (Eo. of segments) - 1.98 f t  and 26. 

rn .. Epacerfr - l o  spacers. 

1 - Pipe a i z e  - 1 in.  plpe size. 

c - Shape of element - c i rcu lar  

3/4 - Diameter of i n t e rna l  passage - 3/4 in. 

0 -  Type; of binding - External 

E - Element container - Element only 

Located per drawing D-9589. In outer %O mleaiecder pito 

Fabricated and i n s t a l l ed  by OR?& per: 

Dssg. P-7558 - F l l t e r  Assembly and De%aiLe 
Dwg. P-94j89 - Ffping f o r  Soup and +O Fit 

2.4.11 The %O Return Feed Pump (Item 26 b ann& c on E- 

To pump D$ from $be dump tank in to  the high presswe D p O  
c i rcu la t ing  ayetern0 

DESCRIPTION: 

The %O r e t u r n  fee& p a p  i s  eseentially the same aa the 80n.q 

eystem feed pump (Item 6 )  of sect ion 2.1.5, however the &rive 
unf% i~ double act ing -- driving one diaphragm head om the 
farnard stroke and another head on the reverse etrske.  The 
two heads can be driven a t  the same t i m e  t o  give 8 ~~~~~ 

flow rate of two gallone, pes minute. 



* 

. . .  
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No. ID-8322 Revised Puleafeeder Head 

2.5 The Power SyaPtem 

2.5.1 General Description of System Design 

Tne Power Syatem will be covered in six ~ectiom EAB 

Each wfll be taken up individually fza %he OB"&CB" Ustea? below. 

A. 
B. 
c. 
D. 
E. 
P. 

A. 





I- 
* 
E 

z 

E 

3 +- 

01 
Q. 

aJ 
I- 

Entropy,  s 

Entropy, S 

122 Dwg. 16213 
Unclassified 

. 

Volume, v 

. HRE Power Cycle 



SOUP 

Dwg. 16214 
Secret Security Information 

POSlTtON PRESSURE TEMP. OF ENTHALPY ENfROPY SPECIFIC Vm. QLIALlfY 

z PStA BTWLB BTWT, LB. FT3/L8, 

f 0.982 101 0 14 69.10 0.1316 0.01614 

2 14.7 I U I .  I4 69.14 0.1316 0.01614 

3 2 2 8 . 0  101.s4 69 .75  0.1316 O . O l 6 1 4  

4 2 2 0 . 0  105.0 152.93 0 . 2 7 0 8  0.01614 

381 - 7 9  1189.93 1.5353 2 . 2 6 5  9 9 . 0  

$ 5 2 ,  I 1.5353 2 5 6 . 0  7 5 . 6  

5 200 - 0 
6 0.982 IQI .  14 
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Reactor power output i s  regulated by control l ing the steam 
temperature and pressure; and t h i s  is accomplished either 
by the  turbine governor o r  by the  th ro t t l i ng  valves by-passing 
the  turbine.  
sponding change i n  soup coaling i n  t h e  heat exchanger, there- 
f o r e  the  soup temperature w i l l  drop f o r  an increased steam 
demand or rise f o r  a. decreased demand. 
produces a change of k so the  power changes t o  meet the new 
demand, and the reactor  leve ls  off at t h e  new power and the 
same average temperature (a l l  other k controls having been 
fixed) . 

A change of steam demand will produce a corre- 

Tbis kenrperature change 

A suggested s ta r t -up  and shut-down procedure f o r  the turbine 
generator set  follows: 

(Assuming s ta r t -up  using building steam from building bol lers :  
6" main from X - 1 0  area can be used.) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9 .  

Check with 7500 building s h i f t  supervisor, and inform 
him of s tar t -up t i m e ,  run duration, e tc .  

open condensate drains  a t  turbine platform and boi le r  
steam main; drain w a t e r  and then close valves. 

Check with bo i l e r  operator and ge t  steam up t o  pressure 
a t  bo i l e r  room. 

Open main steam valve i n  bo i l e r  room and valve No. 324 
(from control  room) when steam is up t o  pressure. Trip- 
t h r o t t l e  valve a t  turbine s.hould be closed. 

S t a r t  condensate pump ( I t e m  43 control  room), keeping valve 
No. 347 closed. See tha t  cooling water t o  pmp seal i s  on. 
If leve l  ia too low, open the make-up water supply. It 
may be necessary t o  pump a supply of water t o  the outside 
feedwater tank (item 44) i f  t he  l eve l  w i l l  not hold. 
water c i rcu la t ing  and hotwell l eve l  constant. 

Keep 

Check exhaust manometer (P.I .  39) a t  turbine platform, 
and zero t h e  mercury column. 

S t a r t  the  vacuum pump (item 67 control  room), close 
supply of cooling water t o  pump, and open valves t o  
bearings only one turn  each. 
o i l  separator as indicated by the  s igh t  glass .  

Drain off any water i n  the 

Open the condenser cooling water valve and set the  flow 
meter reading t o  about 4. (345 gal/min = 10) 

See t h a t  t he  o i l  cooling water valve is closed. 

SECRET 
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11 0 

22 0 

13 0 

190 

20, 



b.  Take load off generator. 

2"  Tske generator off" of the ma syatam. 

3. cut of f  synchroscope. 

4. S t s p  turbine by closing the t r fp- t*hrot t le  value. 

'I. Stop the hot-well pump ( i t e m  43). 

10. C ~ Q W  valve No. 324 ( w i l l  be clodaed if operating 881. 

I-eaztar ateam) and close 316 A and Bo 

11. Cut off condenser water supply, 

If it 1s dea'*red t o  wwitch to reactor steam the fcrllowfng 
procedure may be used- 

. 



' .  

,.... i- ..... 





Dwg. 16216 
Restricted Security Information 

+ Y  
A 

+ x ?  
17. 

RECOMMENDED ANCHOR 
POSITION- Steam drum 

LBS. 

/ 24 '6  

ends free to move iongi- 
tudinally to  reduce maxi- + i  

4 8 9 6 5  PSI 

4-X--585 LBS. 

ct 

k 
'3, 



101 Reactor Veesel Soup Beat Xxch. 1-59 400 

102 12 3 300 

Stress  reduced t o  safe 
value by mod. of pump 
foundat fan 

Soup Heat k e h .  100 A haup 

ReP%.Vessel 

152 

Steam D m  

; 334 Heat &eh0 

426 

2) Hanging and Anchoring Pipe 



Figure! 2.4.le fs an isometric sketch 0% the w i n  steam 
pfpiw showing the deflectfons, hangerg supports stc.  
It was undesirable to hang the piping from the: builtling 
8_d;ru~twe, and therefore vRrIabPe! eppfng hangem of the 
Grimell Company type F w e r e  used* The main s t e m  l i n e  
run is below f loor  ItvcP9 and therefore eprfng cushion 
hangere (with pipe polls and protection saddle 1 supported 
from the pit walls were recogsaendeB. 









mugee and a gauge bo 
mesouring: 

8. 

9. 

10 D 

12 0 

of ffve gauges for 

a> ~ n ~ e t  steam preEisure 
b) First stage steam preeswe 
c )  @xhawt pressure 
tal mvernor oil preeeure 
e >  Smrfng o i l  pressure 

Hand operated generator and e x c l t e r  $felid rheostats were 
fwnlshed 0 

A 4" steam inlet opening, and a 20" exhauat opening were 
pPov ia~3  

A Rugent gravity type 091 f i l t e r  which IpemoveB water by t he  
use of ea @$earn coil and f f l t e r s  the  oil through a series of 
ffltesn bags. 

An o i l  cooler ia furnishedo This unit fs et $ tanma  Ross 
heat exchanger - Type SCF-603, and a 1-E/2" Cuno Auto-IUean 
f i l t e r ,  which uses the prfncfple  of edge fBltmti0g1, is 
used in lfne w i t h  the cooler. 

BASIS OF DESIGN 

Since the  m J o r f t y  of the  equipment 2s of stezndsrd eomercfal 
design, only the  turbine w i l l  be diecubseed i n  t h i s  section. 

The &&earn supplied to the  turbine will be of variable pressure 
m9 f l o w  rate a8 &own i n  Figure 2q502A0 
were a ~ r l v e d  at by assuming the  ratedl temperature f o r  reactor  
o p e ~ ~ t i o n ,  and wing a calculated heat transfer coefficient for  
the main heat; exchmger t o  arrive a t  the probable s t e m  pressure. 
A nominal deeign point of 200 pal ,  and 3p030 Ibs/hr vas cboaen; 
however, the.lanft w a ~  designed t o  Cover the spread of prce~sw~es 
and flow ratee as gjlven in the  table below and eta shown In 

Steam jBkh?BlBme 6Fj# abs0 11% rebs. 200# ab$. 250# abs. 290# a ? ~ .  
Steam S P ~ W  #/hy 6000 4500 3oQo 2100 1200 
S t e m  rate #/Kw-hap 21-42 'PO. 00 21.4.2 25030 60.00 
KW ioaa 280 225 140 83 20 
Power factor 0 893 .8 .8 .a 08 

These steam conditions 

Figme 2*5*Z?A. 

Note that no power can be develope4 from the g60# abs- o r  the 315# 
sbw, presswe conditlon as the flow i s  too ~ m a 3 2 . ~  

Steam quaEQty ie assumed to be: 9% for all presmreap and the 
txhauwk pressure for turbine is 2" H g -  abs. 
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m b l e  2. so2A isr a .te;bulatfon bf the t&& 
that the observed t e e t  Kw exceed+& the ealsplrced %Iop 8ad 
therefore  the turbine would excm3 the S t r a a F p n t d  p~f-8.  

The factory power-pressure t e e t  vaa not a soaplete test; &y 
any means; however, ssfnee adtlitioxletl t e e t i n g  time at the 
factory was at 8, premium and costly, it was decfded t o  eondlW 
perfopmer~lce t e s t a  after %he turblne-generator set wag inetaZZeQ 
in the 7500 bufldfag. T e i t i  were conducted by t h e  MIPI p rac t ice  
school at pressweer of 50, 100) 150, and 200 psi from no load 
up t o  the  capacity of the  BufSdfeg boilers. 
these tes ts  are given En EanT pructlce school report ~ ~ 6 ~ x 1 6 5 ~  
"P"exf'ortaabnee Tests Turbine-Generator f o r  Bullding 7400". 

WoPthfngtonPs guarantee& performance ratlagfir could not be 
checked during t he  t e s t s  beeauee of' the E f n i t  placed on the 
maxfmat;xsn flow rate by t h e  small capacity of the building bailerr- 
ehecbe on the iaanUfacturer'61 specfffcations at powera g~earter 
than 70 Kw w f l l  be cam%& out after the 6 in& steam l ine  
from the X-10 p lan t  t o  the 7500 building has been instekUd. 

~&i& -2- 

The reau1Q of 

LQCATIBEJ: 

AB shown on drawing D-8432 "Loc&tfon Plan and ArpeLngomtnt" 
the turbine generator set l e  mounted on a reinforced concrete 
faundett;fan n h h  irs located near the vest aide of t he  7400 
building a t  an elevatfon of 9 ft-4'fno above f loo r  lave1 
(830 

Wopthfngton Instructfon Wok SoO. BTumber 8571 %bine Bo. 
16041 Worthfngton Drawing D-43355 - Fom "S" Multirtage 
S t e m  Turbine Electric Machinery brlpg Company Isletruction 
Books : 

Electric Wehinery Company Infonoat ion Sheet for &xierator 
and Exciter (Sale Bo. D-1149) 



250 Kw - Turbine Generator Equipment and 

250 Kw - Turbine Generator Sections 

BfPl o f  Wter ia l s  
Twbfne kn.Foundation - Plan and Detwila 
% m a t % o n  Plan and Arsangement 
PDitParm at “Turbine-Generator Powdatlon 
Insuleation Schedule 

,Pfping Plan 

M i B C  0 Piping Details 



.. . 

I 

c . 

80 
90 
90" 

r i  0 
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radiation intencsity on the surface of the tuk am 
given by 

Aceording to Wende the activity llbsy approach ian upper 
l f m i t  dcflned as I(mx) = 12 Io L which becolecl 0.24-/8 br. 

Tpe condtnrer ia hung directly from the exhaust flange of 
the tiu”bfne. As shown on B-8647 t he  lower port9om of the 
hotwell is located in a pit below building f loo r  level, 
and the condensate or hotwell pump is mounted near tho mr#i 
west corner of the pit. 

REFEREBtCES : 

Worthfngton &neral Inetructions for owration and mrintc- 
Pld;nee of Stem Surface Conaensero and AwcfliarSee, mber 
W-2oQ-E3 Serial nuinber 1395854. ?- 

Wurthington drawing DY-l€@700-irc#> sqm ft - Surface can- 
demer - Elelration. 

Worthington 
mil Bullet in  V-305-EXCL 

Worthington Dwg0 EX-135624 -*rco Liquid Level Controller 

CNB-&oup 2 VoXute ‘pumps - h g .  SK-119283 

Worth2ngton Dwg. DR-97060 - Horizontal Auto. EWaust Relief 
Valve 

Located and installed &E) per drawings: 

D-8646 - 250 Kw Turbine &perator Equipment and 
FipingbPlano 

D-8647 - 250 Kw Turbine - &n6 Seetione* 

D-8432 - Location Plan shrmd Arrangemente 
11-8648 - MisCC ., * Pipfag %tail8 ’ 



To remove the air and non-condensable gase~ from the s t e m  
condenwer (Item 42 1 0  

DESCRIPTION: 



. ... 
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displacement is .03& HsPg 

h q i n g  epeed required for a gas flow of 2.20 cfm is 41.8 
cm (equivalent pumping spec&). 
seety factor 'of 90/4JU8 OF 2.15- 
of any mechlirnlctol vctcuuatpuap is reduced by the presence of 
excessive alpow%s of cosdenslable vapors euch as wakr or. 
hyd,rocarbQns, however, operation at a presrsure of 50 mn Hg. 
ahould not be peatly effected. !Phis partieulas pump ru 
use& 8bCe it wm ami1 
&ea and it had the  re 

The pump and motor are mounted on a common base plate, and 
the pump is equipped with an oil separator designed t o  
~ e p a ~ s t e  the oil and water front the exbw.at @see of the 

A t  t h i s  r8te the HOP. input 
~ O P  90 c F ~  ie 305 H*P* 

Therefore, we hawe a 
The pumping effec.tivenerrr 

as surplus equipment in the Y-l2 
d capacity for QW slystem. 

PVB@ d58~haPgeo 

T x ) ~ T I O H :  

As shown on drawing D-8646 the vacua pump is mounted at 
floor level adjacent to the north tmt corner of the turbine 
gmemtor platform. 

RI@E?EXCF;s: 

Icenney Bul l e t in  Noa -1 - Xinney Hi& Vacum PLtmps 

Kfntzey Bulletin on Directions for Setting tap and Operating 
Type D'tfD High Vacuum 

Kfnney W g l  Con~pany &awing number IlfOT, Sheet ihmber 26 
Outline drawfag of DVD Vacuum pump- 

Installed and laeated per O M L  drawings: 

11-8646 - 250 Kw Turbine - &n.Equ;tpment and Pipilsg Plan 
D-8647 - 250 KW *bine - en, - &cTtionsl 

the =in heat exchanger and 10 Kw boiler with 
for steam generationo 

Dmcxmfol: 

Two pumps are uti l ized for  feed water eerviee in the EREo 
One i e  a triplex power pu&rp, ea4 the other a two-stage 
twbfne type pump. Each will be taken up iadividually. 

SECRET 
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A t  the power end the frame, crosahead guides, and bear%aF 
Esupporte a r e  cat& i n t eg ra l  and made of grey iron. Forgr 
s t e e l  is used for the erankBhaft and connectlng r o b l  a d  
grey lron for the erosehesds. Lubrication is p r e s a n . ~  red 
ta crank pin and crosshead pin bearings through drilled 
ports i n  the crankshaft and connecting roda. An o i l  
delivers of1 t o  the crosehead guides and the m % n  be 
are flood lubricated.  

Tbfa unit f a  not recommended for handling a ~ m l n ~ ~ ~ l l z ~ a  
water sfnee? it has a forged msteel l i qu id  end; however 9% was 
chosen because the cost  of" an all-chrome ateel l i qu id  end 

del ivery time m e  36 weekss which %ma much too long. 
would be more than twice that of the unit chosen, and 

A l-l/zY: x 2 VTE pump of t h i s  t ype  i 8  capsRilc of Ctelivering 
19.26 g p m  at, a presdswe of 1200 psi, and operating a t  %Z@ 
rpm This capacity, howeverP would require  a $0 HOBo motor 
drive. 
6.5/1 r a t i o  is used with a Reeves unit to achieve a QEW~- 

able drive from b4,2 to 131 r y m .  

A 1/2" x 1" middle guide s i l e n t  chain drive with a 

Although the turbfne pump bead curve (as shown fn Figure 
2*gogA) seem t o  satisfy the bofler fee& water requirements,' 
the mnufactwer raeomeaded that we do a ~ t  sperate the 
pump continuously at p~eaerwee above 225 p~3%> therefore,  
s f m a  the bailer prsaglure rcquironents may $0 a@ hfgh a~ 
500-600 pat,  it @qg aectaea tQ install a triplex pump 
which can operate %emi1y a t  higher presaweae m i a  p 
%fa.@ also very etB@ful9 .  f a r  experimental testing during start 
up and checking teats- 





As ~ h o m  pn Drawing D-8647 the tank is located j u s t  outside 
the west face of the  reactor building and is mounted on an 
angle iron support frame with the bottom of the t ank  a t  an 
elevation 02 4 ft above ground leve l  (830 it). 

REFERENCES: 

The act6al tank purchased is made by the Nolan Company of 
ew3, Virgin%a. 

TO hold up e%eam flow POT the period of time required to 
wegregate the external steam system in the event of a 
leak in the  heat exchanger, and to act as a separator to 
PCPBOYF? any eSu@ of water earrfed over from %he main heat 
eX@h&Tlg@9.. 

Thias drum consiete of" et l6 ft length of 17'' T.D. x l/2" 
thick pipe capped et both enass. Steam enters the drum 
through a h-" B C ~ ,  $0 pipe nipple at one end and leaves 
by way of a 6'' x 4" reducer at the other ens. A l - l /2vf  
pipe opening i o  provided for heat up Bteam from the 40 Kw 
bofler, mdi a 1/2" pfpa nipple eomecta t o  a drain Line 
leading t o  %he bottom of the heat exchanger. 
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BASIS OF DESIG 

(E?re~sse~sae drops read from chart on page 517 of" W. A. 
Catalog Hoe 5009. 
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5. 40 Kw Boiler (Item 62) 

PURPOSE : 

auxiliary %ourcc of e t t &  to heat the reaeteg . 

This unit may also be wed t o  hest 
f l u i d  i n  the main heat exchanger for stapt-uys.armd for opeprt&xt 
at zero power and 250OC. 
various solut ions used i n  producing a plk'asive T i l n  
stafnlebg nateel su~facca! exposed t o  soup. ' I  

DESCRIPTIOW: . -  L .  

Pout", 10 Kw boilers are  bolted t o  a co;annctn head- to forathe 
40 Kw uhit. 
hangfag vertically; heater  terminals at the bottomo lhaf~idaal  
bo91er ohell& are made of 36'' long, 6" schedule, 120 pipe wifh 
a f la t  heat at one end, and a reducer and 13" O0 D. flange at 
the other. Tmaersion. heaters are @.3lv@r eoldsmd to the FQ- 
movable flange heat3 an& t he  elec.t;ricsf connectiuns to  the b&xr 

The header is horizontal with $he 16 Kw uni4m 

Pioaeed within Q tsrailinak cover 'box I&%& i m  attoehol 

The header ie &e of a 72,' long piece of ti" schedule 12Q pipe 
with welded f la t  heads and a return drain lint back to the  Woe 
of each 10 Kw unito 
of water carried over by the effluent steam, and f a  also uaad 
to meamme and control t he  water level i n  the boilerse 

Thie drain line is used ts return any slugr 



The following drawimgfs were use& t o  i n a t a l l  the bofler:  

To  upp ply steam to the pressurizer Jacket ( I t e m  2) which in 
tu rn  arupplica the heat t o  rafse the 
vapor prawsure of the mzap at operating tenperatare' (560 p s i )  
t o  bQQO palo 

eystem pressure from the 



. .  



. 



165 



SECBXT 
SECURITY INFORMATIOM 

EQUIPMENT LOCATIOM: 

(1) Jackets - surrounding dump tanks and D20 vapor 
header,. 

( 2 )  Finned Tubes - On the south, west and north faces 
of the shield nearthe shield top. 

(3 )  Surge Tank - On top  of the south east corner of the 
shielding structure. 

2.6.2 

Time after 
s hut down 

Rate of heat 
liberation 

Integrated 
heat after 
10 seconds 

Basis of Design 

(1) Heat after shutdown. The heat, given off by the 
fission products after 1000 KW operat'ion for infinite 
time is tabulated in Table 2.6.26. 

TABLE 2.6.2~ 

10 sec 1 min 1 hour 8 hours 1 clay 7 days 30 days 

40 Kw 28 Kw 12.4 Kw 8.0 Kw 6.6 Kw 4.4 Kw 3 .3  Kw 

0 0.5 kwh 16 kwh 81 kwh 193 kwh 915 hxh 2940 kwh 

(2) Reflector dumping time. 
above the core tank to bottom of the core is calculated 
to be approximately 22 sec. 

'To dump the ref lector  from 6 in. 

(31 Soup dumping time. 
for complete dump. 

Estimated time from 1 t o  2 minutes 

(4) System resistances 

2" pipe and equivalent length of fittings 78 ft 
1-1/2" finned tubes, 4 row6 in parallel, $0 ft each 200 ft 
1" plpe and equivalent length of fittings 12 ft 
3/4" pipe and equivalent length of fittings 36 ft' 
10-5/8*' jackets on 8" pipe, 6 in paralle1,i' ft each 42 ft 
10-5/8~' jacket on 8" pipe, 2 in parallel,l0 ft each 20 ft 

(5) Heat Transfer Area 

6 tanks in parallel 
2 tanks in parallel 

101.5 ft2 
45 it2 

SECRET 
SECURITY IlpFORpiIATIOII 
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(6) Heat transfer eoafficiente 

Heat ra t ing  of l - l /k  ino Ser$.es 38 fintuber 
Overall coeff. of heat tran$feP i n  dump ta&e 

Operating characteristics - Two conditione 02 operation have 
been assumed. 

a- The tanka act as L condeoerer for the 

931 BtUJhr-V 
100 Btu/W-Pt,'~%' 

(7) 

evaporatoro 

The coolfng system dissipates heat a f t e r  ehut- be 
down 

.-.... .... . .  

TABLE 2.6.233 

Treble of Operating CharactcriaticB 

Condition (a) Condition (b) 

Beat removal, Btu/hro 45, ooo 
Velocity in 2" pipe, ft/sec 0.506 
MSS f l o w  rate, # KD/~-F. 2620 
Temp. of Hot Leg,- 143 
TC~P. of eoia ~ c g ,  OF 126 
Average Temp., OF 134.5 

3480 
188 
160 

*RaBioseti.%te heat release 1 minute after ehutdown 
as based on a 1 minute soup dump time. 

TTEHDOR AIBD REFERENCE DRAWIBdS 

InetalPed by ORNL personnel pes drawings; 

Finned Tubes Franc Coo BuLletin DS-392 
Surge Tank Purehas ed 
Tank Cooling Jeket s  
a e r g e n c y  Cooling System h g d  E-9066 

Dwga D-8633 and 0-9592 

2.7 The Relium Presqmizer S p t e m  

PURPOSE :: 

Tbfs system provides a metans of maintaining a 1000 ps i  pressure 
fnr the pressure vessel, arhultaneouely balancing out the operat- 

creates fa vapor purge h cooling sttmospkorc f o r  the control  
pod artEve rseseablise. 

. ing internal pressure e core tanko The flow path aleo 

SECRET 
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5 .  One longitudinal finned pipe with 101-0" long fins, Fins 
are l/2" high x 00035" thi&.Q-pa 347 Stainless Stee 
on 1-1/2" S C ~  40 m e  3nC7 Stainless Steel pipe - 36 fins 
equispaced - purchased from Brown Fin Tube Company 

bonded 

6.  One inclined jacket head for complete drainage. 

7. One thennocouple w e l l  in the outlet gae stream as purchased 
from the !I%emo Electric Company. 

Item 89 - Fabrication ia afmilar to Item 84 with the exception of 
the length of finned tube which is % ' - O f f  long and the 3 in. Sch 
40 pipe housing which is 3'-6'l long. 
cooled f3iows fa the annulus over the finned tubes and the refriger- 

In both items, the gat3 being 

mt ~ ~ O W B  through the fimsa pipe. 

I t e m  85 - 
Type A, Serial 0. 477687, assembly conefating of: 

The Refrigerant Unit is a B r u n e r  Model #W2002 F1, 

1. One Freon 12 cornpreea~or - Model W5301. 
2. One oil eeparator Bimilar to Temprite Products Corporation 

Model #1&, 
3. One strainer - similar to Alco Valve Company Cat. #g20 - 
4. One drier - similar to Mueller Braas Company Streamline 

Deluxe Drier #A-13599, 1/2" fnlet and outlet. 
5, One liquid sub-cooler similar to Acme Industries Company 

Model #615, 1/2,? O.D. liquid, i-i/8" saction. 
6. One expansfon valve - similar t o  Alco Valve Company Cat. 

fi~LOOF, 3/8" solder inlet and 1/2" solder outletD 
T o  One solenofa valve - similar to Alco Valve Company Cat. 

As155 - 3%''  O.B. solde~ inlet m a  outlet. 

1/2 wlth l/Y O.B.S. 

This unit specified on Receiving Report WCX-A-23863-A as 
fOllQW@ 

A. 
B. 

D. 
E. 
P o  

c. 
H. 
I. 
9. 
K O  

eo  

Eprglporator Temp., - 4OoF 
Ewpomtor press. approx. 9-10 psia 

Compound compressor with liquid. sub-cooler between stages. 
Motor, 3 phaee 208 volt - approx. 3 HP" 
Drive, V-belt 

Recefver, charged with Freon - 12 
Receiveri", capacity, approxg. 3$-40# 
Control, dual. pressure 
Safety &vice, safety ana B high pressure cutout switch. 

&st load, 5000-6000 B-~u/~P 
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Line 952 tees i n t o  951 and lead8 t 6  $r. presswe 
the %o ceu. TMS gauge is meodifiea to mount 
f o m r  coil to set  &itp an electrical tranmnit;t@ro me 
pressme reaaings m e  tr8nsntitted t o  a recefvqr on %he 
W O A h  Face of the shfcldo 

Wfng operation of the ~esctor the valve in Pine 905 f r  
efobied, thereby sealing the leak detector system. f r n a  the 
atmosphereo 
will expand the air in the leak detector system and when 
a rteady state is reached, this w i l l  become the operating 
flzero " v 

SbouPd a leak occw the pressurn will rise ~ C C Q P & ~ Z I  

zPe6;fster by the receiver on the North Facee 

Upon start-up the heating of the exchanger 

A leak, which ettn occw on the soup or steam si&e of thie 
Lube aheet, can be detected %yy an inereafw or deerearare in 
the ~ ~ y s t a  pressureo 

By meam of the cap on.the upper leg and the valve In Lhe 
lower leg;, the eystem m y  be purged or washed down w h a  
requireda The lower leg amens by way of lfne 322 i n t o  
*e h o t  waste system. 

Several ereto o f  rfxqg joint flanges have! been installed i zs  
the high pressure eoup system t o  feeilltiate a;EliembLy eurd 
maintenance. One of each pair of flanges ie drilled md. 
tapped'for a leak detector connection. 
ensall hole drilled through it t o  connect the groove spaces 
of each flange pair.  

%ch ring has a 

A high preerlaure autoclave f i t t i n g  9s ~ c r  
and adap%ed t o  Q 1/8 fn& rstesfnless ~ t e  
ginlbsem'through the Bhteld to the fndf 
B Q U ~ ~ ~ C Z ~ C  on the Sort& Face of t h  rhfel&p and f r  wa9wed 
at %I&?@ point6 

into the fl,ange 
e o  %hfS $ube 

g aad detection 

All line8 from the flanges within the shield temfnate a t  
 on bet%d.er which is separated i n t o  two section# by a 
hand valve* 

2% header is connected to a reservoir which I s  in turn 
connect& to a helium pressure atatfon.  In operatfng con- 
dftiols the eygatem is fu l ly  ebebrgcd with ait3ttPled water at 
a pressure of l%OO to 1500 psi. 
by the hol lm atstion, ana gauges are  used to ld icca t t  the 

This pressure is mafn%afsled 

we. A l l ,  header valves (except @pares) ape 
a n  

SECRET 
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2.10 Handling Taole and General Acceesfbilfty of Equipment 

Tool Ha- T i t l e  

1 Banadling Rig To @uppox% large impact wrench and ita 
exten8 Pan 

2 Handling Rig To farcflftate removal 02 the control. 
Poa top fimgcs., 

10 J%n?.ELtwe Holder ve the control rod amatwe. 
p.- 

6- 
11 h i e  AIP IEQVX% TO loasen OP t igh ten  bol t  heads ma -- . 

Wrench nuts %n a ver t ica l  plane. 
i 

fn addltion to the too ls  already mentioned there  $8 also b large air 
Sapact wrench (Figure 2o 1Qe) (made by Ingersoll-Rand Company) which i s  
used t o  tighten and loseen the  large bolts which hold down the  ape- 
f l ec to r  vesml flange (See Figure? lolC); an extension handle pipe 
wrench (Figwe 2010D); two offset ra tche t  wrenches (E.H. and R.H.) 
a8 shown in Figure 2.10E; and an extension socket wrench wh3ch is 
used to unbolt flanges fn vertical piplng (See Figwe 2.10F). The 
latter tasl h m  a retrr!ner which facilitates removal and placement 
of baits ana n ~ t l ~ a ~  

The de5fgn sf' toole to aceompbiah the P" 
and/or removal of equipment itrom within 
incomplete, however, the react lat ,  and the final tool , 

deajtgns will be dependent on P 

te and semi-remote unbolting 
e shfe ld  of the ERE f a  

ion not yet available* 
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26'9" 

A-A 
END VIEW -RETAINER 

- -- -___ 

r R e t o i n e r  turns through 
90° ongle to hold bolt in  socket. 

I" Sch. 408.1. Pipe-Al l  sectlons 

(See ' ' lower  h a l f "  for  continuation) 

I 

(Cont inuat ion o f  

A 
.. t... 

per  h o l f " )  

B 9" 

, 

I 
UPPER 

I. I 
LOWER HALF -...-...I 

Fig, 2.10F Socket  Wrench and Extensions 
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' E X ~ E T P ~ E I C ~  OM Psamion i e ~ e ~ ~  reached i n  the SOUP, 

changer c e l l  mgy shov that, entry by craftsmen e m  be made if lead 
shielding is u t i l i z e d  to shield the items giving off" objectionable 
m o m t a .  In this mnner the cells m y  be compartmentalized tempo- 
rarily t o  provide asruf'ficicnt working time for several cratemen t o  
obtain Health Phyb~f~s allamble dorres, thereby completing 8 repair. 
Thus far PIQ usable itlea has been developed for providing remate re- 
moval o% airtacked black with in  the @F@dwalls~ ai the  rcaetar- 
t h i a  problem I s  being studled taward an eventual aolution. 

ana heat ex- 

a. steam 

b. Electr ic  Power 

c. Water 



t3sclKm 
a '  US!UllXTX ISKlIWPfOE 

-le+ 

A &1/2 in& l ine  dclive~s 250 pound oftam to the turbo- 
pnerrtar group for vur-up. 

oat bundrcrd pound atem ii rupplid to the raretor PPOB a 
prcrrure radming rtrtiob located In  the boiler POCG. 

R.crrure reducing station8 on the er r t  f8ce of the shield 
furpiah rtcor art required pmrrurer t o  the foUowhg ft+rr: 

a. &tip -*rator (Itere 9 )  uut Outer 'pllikr (Itmu 
61r U& ab). Fifty-five 8iJKty fr- 0 c m a  

. rdrrcar 2 

b. %O Mpontor  (Ben 24) 35-30 pounds- 

c .  Stcaners (Item8 93r md 93b) 5-10 pounds fkom inlfrilual 
maucerr. 

The #our) Catalytic Recorbfner (Item 88) mer 100 p a d  r t e u  
from titc header 8t the tart facer 

Tbc Hi-Pressure Catalytic Recombiner urea two hurQrel a d  
fifiy pound steam which enter8 the rhield at the east faceo 

The %O Catalytic Recombiner ure8 one hundred pound! steam 

The 100 pound main, which rupyller the reactor, alaio 
deliverr rterpa t o  the M I ~ C  evaporator. 

'phe condenrate 38 normally &&in4  to the warte .yrtcm, 
however, when the stmd-by bailers are used, it irrr pumped 
back t o  the boiler room. 

Line 316, carrylng warm-up rteam %o the turbo-generator, 
i r  controlled by 4 muzuslly operated air valve, andl sther 
rupply liner are provided with hand operated valvetli. 

Owway Coltprng trap8 are provided in a l l  candenrate: lines. 

D-7012 - Service Piping 
D-7715 - Boiler Room piping 
11-8910 - Service Piping plan 



The following semiees are delivered to %he building 
from the tranefomer rack: 
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2.13 

Etraporator Steam Coil - The evaporettop steam coil ies 
fabricated Prom type 309 Scbo, schedule 40 bstainEess 
steel pipe and fittings, as shown on drawing D-7586* 
The coil is pickled and paseivsted on both the internal 
and external surfaces. Two coils are used, consisting 
of 11 turn8 of 3 /b  inch IPS pipe on a 12 inch pitch 
dfameter inside 02 11 turns of an outer cofl wound on 
a 16 inch pitch diameter. 
surface &rea of the coils is 22$6 square feet. 

The total outside evaporative 

Ebaporator Feed Tank - The evaporator feed tank is 
fabricated from type 347 stainless steel all-welded 
construction as specified on drawings D-7587 and D-7588. 
The tank is a horizontal3.y mounted right circular 
cylinder of bo-6" diameter by g*-O" length capable of 
holding 1070 gallone of solutiono 

Condenser Catch Tank - The con&enser catch tank is 
fabricated from a ertainless steel, type 304, 50 gallon 
drum a8 specified on drawing D-7579. 

Samplers - Samplers are fabricated fron type 387 stain- 
less steel a~ arpee'ified on drawings a-7582, P-'7490, 
D-7591 and D-7592. 

Evaporator Condenser - This condeneer is tt modification 
of an existing condeneer lsecwed from atoek &LEI shown on 
drawing D-7583. 

Bctporator PipTng - All process and fn$trum@nt piping 
and drain lines are schedule 40, type 347 kstainless 
steel pipe with type 347 stainless steel welding fittings. 

Evaporator Shieldin& - The evaporator equipment ftewa 
are hoursed in 8 concrete structure with 3B-0" thick 
walls to shield Prom the Irad'ioactlve solutiono 

The Decontamination Systea 

PURPOSE : 

Development of ~IL   at is factory process for decsntamfnat2ng thoese 
parta Q%" the ERE that h@ve been in contact with uranyl sulfate 
solution under irradiation 1s of obvious importance. It mer% 
be possible to remove all adsorbed fission products, uranium, 
and surface film8 without seriously corroding the basic stain- 
less steel structure if the ERE is to be of practical m e  over 
an extended period of time. 

SECRET 
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CHAPTER 3 

THE WRE SHIELD DESIGN 

3.1 Purpose of the HRE Shield 

The biological shield fo r  the BRE is designed to accomplish the 
following: 

a. Reduce t o  instrument tolerance all radiations e?m&m&i% Ptun 
the reactor and auxiliary equipment. 

b. Campartmentalize equipment within the shield to improve 
accessibility for maintenance or replacement. 

PreLiminary estimates of the shield thickness indicate that 8even 
feet of high density concrete is adequate to serve function (a) for 
the reactor tank itself, with somewhat lesser thickness required for 
external components of the reactor. It is also estimated that ap- 
proximately one foot of high-density concrete is adequate protection 
agajnst induced activity in any of the component items of equipment 
after shutdown, provided the equipment is completely drained and 
decontaminated. Thus, function (b) will be served. 

General Description of Shield-ing Structure 

The general design of the shielding structure is illustrated by Fig. 
3.2A. 
a heterogeneous reactor in that there are sources of neutrons other 
than in the reactor proper. These extra neutrons result from i i s s j o n  
fragments clrculated in the external system with the soup. Therefore, 
extreme care must be observed in the placement of' the external piping 
and equipment items to avoid excessive radiation dosage at the shield 
surface. 

The RRE was conceived primarily as an experiment, hence, equipment 
items must be placed fo r  accessibility. 
ment attaches importance to the induced activity of the external 
hydraulic system and of the shield itself, therefore, it is de- 
siralle that the  activity after shutdown be of sufficiently low level 
to permit human access. 

3 . 2  

The problem of shielding the ERE: differs from that of shielding 

This accessibility reyuire- 

From these considerations it is obvious that the external soup system 
components must be placed in a compromise position which is far 
enough removed from the outside of the shield to attenuate the radi- 
ations t o  a tolerable level, and yet removed from t he  reactor itself 
a sufficient distance such that the induced activity resulting from 
thermal shield f lux  is at a safe value. Figure 3.2A shows how such 
a compromise arrangement is achieved. The reactor preasure vessel 

SECRET 
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f a  located in a central compartment with a compartment each for 
the soup processing equipment, the reflector items and the main 

' heat exchanger or steam compartment on the east, north and west 
sides of the shield respectively. Each compartment is sized to 
be comp~tible with the equipment it is to contain, and each com- 
$artment haw at least five feet of concrete between it and the 
outside face of the shield (except for the refleetor compai-h-ent 
which has 2 ft). A t o t a l  of seven feet of high-density concrete thus 
Bhields the reactor with two feet between the reactor and any cell. 

From Fig. 3.2B it may be observed that access to a l l  interior parts 
of.the shield is from above, except for the instrument tubes. The 
shield is constructed primarily from high-density concrete blocks 
with the outer two courses being mortared in place and the inner 
ones stacked., This construction pemfts erection of the supporting 
structures and the mounting of certain of the reactor components 
before proceeding vfth the rshield, and thus facilitates erection of 
the reactor by avoiding the necessity of having to Ifft items over 
the shield wa11. The removable top plugs are of precast concr4tC. 

In order to reduce induced activity in the shielB itself, the I 

inner &ree fee t  of concrete around the reactor contains colemanite 
ore in sufficient quantity to add at least 1$ of boron by weight 
to the concrete block aggregate. 

Concrete Black Speciffeations < i  

a. Size of block - 4 x 8 x 12 ino 
h. 
c o  Weight of block - 50 1b. 
do 
e. 
f. Analysis of concrete 

Density of block - 0.130 1b/in3 (3.6 gm]cm3) 

Strength of concrete - 3000 lb/in2 compressive str. after 28 days 
Thicknerss of mortared joints - 3/8 in. 

Portland cement 
Barytes aggregate, fine 3.4 ?arts by weightA- 
Barytes aggregate, large 4.5 parts by weight 
Water-cement ratio 

1 part by weight 

5-1/21 gals/bag of cement 

Q. Inner 3 ft. of concrete surrounding reactor shall have 1% by 
weight of boron added in the fohn of Colemanite ore. 

Radiation Sources , .. 

Table 3.4A - Abeolute Values of Eaeutron Flux from the RRE Reactor Core 

. . Thermal Flux Fast Flux 

core (maximum ') 3.37 x io13 6.39 1013 

Inside surface of pressure meee l  0.07 10~3 0.04 1013 
Core tank 0. q2 x lo13 2.25 1013 

Core (average ) 1.88 x io13 3.69 x 1013 

*Shield inside surface 0 2.0 . x  1011 

*Neutron ciurrents f n t o  shfeld. 

i 

i 

SECRET 
SECURITY INFORMATION 



' .  

The HRE Core as a Sourca,,of Cammas 

Power 1000 Kw 

Fisslone/sec 3 x 10l6 

&mas generated in the core: 

Number Bource 

15 x 10'' 

1.2 x l0l6 
16 6 x 10 

006 x 10l6 

photons /ea c 

photonslsec 

photons /Be c 

photons/rec 

MeV &lumnas a8 7.2 

j'z 

2- 5 . 
6 .  . $35 capture 

x Wozabine - Call 2 

6 b v .  

16 0.6 x io 

0 ~ 6  x io12 

8 MeY. l MeV* 2 MeV. 

Fiaeion wid capture IIIOWC~ 

Current interface care 

photons /se c 

refleetor photone/cm* aec 1 1013 

15 x 10l6 

Current interface reflector 
prersure veeeel photons/c& @ec 4 

7.2 x l0l6 

0.6 10~3 

10 7 I LO 

1.3 x 10 10 
Current interface preenwe ossael 
ehfeld photone/c& 8ec 

Current secondary gamma pressure 
vessel photons/& @@e 

Input to shield liIev/cm2 8ec 

1.3 x 10" 

1.3 x 10'' 

2.5 x 10 4 Input to shield R/hro 

3.4 x 1o1O 

7.3 x 10' 

T o t a l  gaemaer input to shield resulting from core 

R/hr 



Fast neutrons - QUI$ sf  COP^ B Q U ~ C ~  (delayed neutrona) 

Gnmaaa (2.5 Mev) - 20% of core m u r c e  (Fission products) 



... 

mns in the reactor 

B a%eorbed in heat exchanger tubes 

'Eaomte~E neutmn current Into heat exchanger 
tank fram t h e  irrsfde 



200 

0.2 0.4 0.6 0.8 
.Y 

1.0 

FIG, 3.6 
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(2amm.a a c t i v i t  factor8 - The biological dose rat,@ depends fa part 
on a fact&*Gk} which converts f:~m flux 1:7 pholons/cm* 6 B C  to 
m r / h r  and has the u r n ' i ~  ( m r  cm2 aec)/hr., and 0x1 A factor  Cn (te, ta) 
which is nondimensiond and colzt 
factors, 
fac tor ,  sn Gk for  the material  in  question. 

8 the time m d  relative absorption 
These two q u m t i t l e s  are combined t o  form a gamma ac t iv f ty  

Pig\we 3.6D shows the gamma a c t f v i t y  f ac to r s  fcr 
etx3el. ' 

F ' i g u r e  3 . a  showe the 
463. carbon steels. 

Figurn 3.6F sham the 

Gemmetrical fac tors  - This f a c t w  $8 based on the B O W C ~  configura%fon.. 
and the distance of the point. of rsbsenration from the sou~ee. 
~1011sce strength 5 s  Q photona/rsec and 28 concemmted a t  a point, the 
gamma flux at distance r cmtimetere is 

347 stainless 

a c t i v i t y  fwctclm f a ?  ASTM 2313B and SA-105- 

a c t f v i t y  factors f o r  ;Ba;tytea concmte. 

If the 

G? " " G Z  photons/cm2 sec. 

the geometrical feetor being 

when dsallng with more cunplicsted dietr ibut ions,  it is deei 
ham the g m m e L r S v a 1  Eactpr in'a form fo r  ready reference, 
been done for (1) epht'rical volume distribution, Figure 3.&$ (2) 
sTher2cal surface dfstribuTion, Figure 3 *&E, 'and (3) cgltnikelcal 
aupf'ace, distribution, Fig ire 3.6J. 

Self - Rhie 1.dinrr L- f P - Since moa+ induced a c t i v i t y  i s  due t o  the 

the ehiel?:::' :?f !Wm mterI@s to evalna-Ca the sffectfve SOUTCB 
strength.' S s X -  . . .!ng factors have Bean calculated for (1.) spherical 
source w i i h  vol t r i hg t ion  as shown by- Figure 3.&ir, (2) thin plates 
or  shells, +rn~ n t  on sane si& as n9utron a r ren t ,  Fig:are 3 , 6 ~ ,  
and ( 3 )  thin @plates or shells with .t;Ee gam& current oppoerzte the- nautmn 
current, F i w ~  3.6M. Case (2) 1'8 ilbrstmted by the a c t i v i t y  Lnhced 
i n  the piping bg FL th&mzal 3eutson c w r e n k  @err 

by the p5Le'fJ.m. w i t h  the obt-fQus p o e t  o f  observation uutside, ths I veseel. 

Accessibility - Th%se primIp1es have b s n  applied to the m a i i  comgonente 
of t'b' reactor.  {se* ORNL-925 fpr detailed cdculatfons)  and the results 
are t abubkea  in  %ble 3,&. 

eibaurptim of iI*-L in hemy iE.terials, It i s  necessary to  consider - 

%he shield. 
Caae (3 )  is iI.l.mt~.a-tad. hy the activl.t;y inwee  pressm mssel 

m m  
m m m  ImomTsoN 
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TABLE 3 * 6 A  

Infinite IrraditttSon, One my After Shutdm 

Neutron 18eute.Ab.e. 3iol.J)ort 
Component , Source n/sec Blrfhr R-k-#J 

' .  Core tank core ma 5.29 x 1019;. g8F A t  50' unrhielded 
Reflector lie. a concrete) 

A t  1' outliide pfeeaumt 
&ell 





The differential equation ~ Q P  the temperature distribution in a 
flat slab for reteady state heat flow is 

d2T - ~ J W  e-3081 x 
2 -  k 

TWO suceeaeive integrations of this equation yielde the erprtsstsfon 
for temperature distrf'butfon 

Two caeca were studied: 

Caoe 1. &suane! no cooling on inner f8ee of" the sh9eldo 
is to be removed by conductfon to the ~uter fates and 
hence by convection and radiatfon. 
equation for them b o a u d q  condittone indicates that 
without internal coulhg the concrete t@mpemtuPe m y  
taltbately beeoae exorbitantly higho 

All heat 

Solution of the 

Casre 2. Assume cooling air through the internal struciwe at a 
rate %IO malntsin the inner surface tempPatwe at lQo°Fo 
Solution of' the temperature equation for thfe boun&wy 
condition indicatoa t h a t  the $hi&ld temperosture may man 
at a maximma of approximately the boiling point of water 
at  atmospheric preeeuz-e at a distance of ant? foot from the 
Snner surface of the ehield. 

me KRE shield cooling system I s  ahown by Figure 3 . a .  
raq&ments for this syatea are khat it shall be capable of induclng 
at loset 1000 cptn of air through the internal ehielding structure at 
0.500 inches of negative 7 ~ &  

The minimum 

e differential between the  
and the imide of" Thus, If there is any leaItsge 
high prearsuye eoup system, mdioaetive f i tmion  pruducttr wfll 

not escape from the reactor &&?ld and cuntamfrmte the process building 
air, but rather wfll be &lacharged through the duct and Pan system 
along wtth rerdioactfve argon generated in the air.lsurromding the 
reactor, and, hence, out through a 100 ft stack to be dieseminated 
in .the upper afp &ratao 

A weighted-damper inlet duct is insrerted in the upper eaat wall of 
the A ~ P  I s  induced thraugh this duet and caulsed to flow 
dQwrmm3 thPoW the DzO ce l l ,  where it is distributed i n t o  the heat 
exchanges cell and the BO 1. These cells connext to the bottom 
of the reactor eel1 by me the channel# in tho concrete holding 

1 
4 

cell. 
8 '  
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the dl~ump tank@" Hence, the Bottom of the sfiiela structure under 
the reactor fmetfona as a plenum chamber from whfch t h e  emling 
air flow qnrard through the reactor cell and Wne &~sch%xgeu 
thrpugh a 12 x 16 fneh duet t o  the @tacko 
system eQuipment is dieserfbed ~ B I  f o l l o ~ :  

me A f e l d  cooling 

(I) Air-duct Snrrfde of shiel& Tbis auyt l a  rectangular 
in cr0~&0 eection and ie 12 inches in depth by 16 fachee 
wide d 

(2) Mafn air-duct Prom shield t o  fan. A transition from the ' 
12 x 16 inch reetaqplar duet 5% Eaertle to  16 i 
pipe leaving: the hshield. A 16 Inch i n t e g z  df 
Ih@Xtbe 8same pressure drop per foot & length 9 
diecharge as a 9%" x 16 inch 
inch 'pipe i~ barfed t o  a de 
level of the BuilBfng to eh 
from the reactor erhield. 

- 
tangulotr duet. This 16 
f 3 ' 4 "  untSe~ the flwr 
atpinat rdimetfve mgan 

(3'3 Ventilating f?me A Trme centrifugal ventilating fanp @ice 15, 
type BI, VSB used. ThiB fan is capable a i  discharging 2ok8 c f h  
of air at 7OoF and 29.92 inoBgl.at 2883 rpm against LZ e t a t i c  

at 1883 qm SLP kip.  he IUQ~DP fs 3 hp, 1740 rpmt 
3 phat~?, e o  V O i t B 9  60 C Y C ~ S ,  fnauc 
proof" and westher reeirptknt. 
motor wlth adjustable V - b e l t  pu2Peys. 
rotor 9% from l5OO ppm t o  2000 rpaoo 

preereure Of 3 inches of mter. The raft laad power yequire4 

n motas vhieh fe  splash 
The fan fe b e l t  drfven from the 

speed range of the fan 

(4) Dilglcbarge stacko Speeiffod as a 1 ft inside diameter rheet 
etecl pipe la0 f"t high- 
t o  20 ft above ground level. 

The baae of" the stack $a shielded 
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(5) Specific heat of a i r  

(6) &it temperature' of asr 208% 

(1) Interfor s h i e l d i s  structure. Air l a  assumed t o  Pluw a% Zoo0 
cfm through tbe interior abieldbg coapwbents to tba bah- 
of the struetrtms, hence upw;ard t h r o w  t% 1-inch 
sumoundLng the reactor 4% the J.2 x 16 inch out1 d, 

A h  0.0713 in %O 

(2) Entrance loss to main air duct 
I 

A b  sz 0.0175 in H& 

(3) &easyre roprs in main air dluct 

(4) Back pressure loss throw atads 

A h  t: 0*2220 in %O, 

Plotting the syetern pressure drop versus flow mU ataperimposing *he 
fan characteristic cuwetr a8 Bhoipn on Figure 3.8B, inUiGates that a 
17kO rpm'aotor belted &m t o  a speed of 1550 m p  at the fan, aha&$ 
will induce 1000 cFm of air thmugh the ergrstem againat a t o t a l  gres- 
a m  drop of 2:4 iaches of water. Since 0.391 inches are required 
for overcoming the duct and shield Internal paasage preaaruro drop, 
2 inches wfll be availabfe for pulUng air through t h  shield inlet. 
A t  2080 cf'm flow and a fan speed of 1988 rpm the fan w l 1 1  discharge 
w i n s t  a total static pressure of 3 inches of water- The preotlstlrt 
dmp through the eystem a% thiis flow is 8pprbxhately 1.02 inches 
of rrrter, leaving 1.98 inches EverSlabLe! 88 potential pressure dff- 
f m n t i a 2  O V ~ P  the Shield w a l l s  
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1.60 x lo6 cc with filler, the activity v i l S  be reduced to approxi- 
mtely 0.55 curies per 24 hourr. 
reactor campartment, the reactor m y  be expected t o  generate e 
total of 0,562 curlea per 24 how8 throughaut the entire rhloldin$ 
volume 0 

A t  202 curies per 24 haw day, the act vity in a 16 inch mchedula 
30 pipe is calculated to be 1.96 x lo-‘ curice per foot and tbe 
number of gmnasm emitted per cm of length per eccond 

% = 2-38 x 103 gatmaa/aee-cns. 

Therefore, With filler 4 the ’ 

With the duct buried to a depth of 3’-6’’ W&P the floor, $be 
resulting radiatfon intensity at 
over the duct tar 6.88 x 10-3 &v/ 
rate of 1.30 x la-’ r/hr. 

o l n t  an the f1oor$ireetAy 
-age result ing fn a d&@e 

I 
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CHAPTER 4 

THE HRE COWROL - PLATE SYSTEM 
e_ 

4.1 Purpose of Control Plates 

Safety Plate - The purpose of the safety plate is to introduce about 
the spherical core tank as much neutron absorbing material a8 practi- 
cal to reduce k, the neutron reproduction factor, on power surges of 
the reactor. To be effective,this must be accomplished within 0.2 
seconds after a power surge (scram signal). The neutron absorbing 
material must also be far enough removed from the core tank during 
normal operation so that it will not capture any appreciable amount 
of neutrons which would lower the reproduction factor k. 

Regulating Plate - The purpose of the regulating plate i~1 to vary the 
positdon of a neutron absorbing material relative to the core tank of 
the reactor to produce a fine adjustment of the power output. The 
variation in posltion of the neutron absorbing material produces a 
variation in k, the neutron reproduction factor. The movement of the 
regulating plate need not be fast acting because thi8 type of reactor 
is self regulating due to its large negative temperature coefficient. 

4.2 General Discussion of the Design of the Control Plates 

It was initially decided %hat all mechanism of the control plates was 
to be contained within thimbles or housings attached to the top flange 
closure. No control plate operating kechanism was to be allowed with- 
in the spherical. pressure vessel. 
would be the same pressure as Pn the spherlcal pressure vessel (1000 
psi), but the temperature would be reduced by cooling. 
is thus subjected to less radiation since it is contained within 
housings outside the spherical pressure vessel. 

The pressure within these housings 

The mechanism 

The 1000 psi pressure is maintained in the control rod housings and in 
the spherical pressure vessel with helium introduced at the top of each 
control plate housing (see Figure 4 . 2 A ) .  Deuterium and oxygen generated 
in the heavy water are purged from the control rod housings and the 
spherical pressure vessel by the flow of helium, thus reducing the 
possibility of an explosive mixture of these gases. 
which may enter the control. rod housing, is condensed by a cooling water 
jacket about the lower part of the control rod housing. The flow of 
helim,plus the jacket cooling water,should result In a safe control 
rod housing temperature. 

Heavy water vapor, 

The safety plates, which contain the neutron absorbing material to 
surround the core tank in the spherical pressure vessel, are connected 
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The control rods were deeiigned 80 t h a t  a l l  of" t h e f r  mechmim 
except the safkty plates and rod of the safety rot3 assembly 1. 

be essily removed for  maintenance without renovfng t h e  tap $LLI~S 
elosure from the tspherieal pressure vesselo 

Regulatfng Plate Assembly - 9 % ~  regulating p1~t .e  $e% contained in the 
center of" the le@ sector crf the core t ank  not occupied by the bszsfeey 
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Fig. 4 . 3 A .  Arrangement o f  Safety  and Regulating Plates. 
(Top View-See Fig. 4-38 for Section X-X Detail.)  
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Regulating Plate in 
Upper PosiPion. 
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The rod assembly f o r  the  safety rod assembly conerisths of a I-,&& 
fneh tube, a shield for rod, an amatma eomeetor, a gu%de 
plate, and an armature holder. 
as to eas i ly  connect and be welded to the  loafety plate amembly., 
The other end of" the  tube! is weldea t o  the arwttuee connector (see 
Feguroe 4,2A). The guide plate, with key@ wela@ in,- i s  keyed to 
the  b t u r e  connector and is held f h e d  by acrewing the amatluge 
holder onto the armature connector- The amture aaeenbly is ' 

fastened to the armatme holder by two &erew%~. 
has two slota in its outer edge whfch PUI). in gufbe r0ae of the 
guide assembly* The guide plate, be- keyed to the rod and guided 
by the gufde aseembly, prevents the rod and safety plate aseelnbafes 
f ~ o m  rotating during t h e i r  travel. A hex socket a e t  screw %%h eupe 
point (not shown fa BfglzPe 4 . a )  fa screwed i n t o  the aneatwe-holder 
through a clearance hole i n  the  armature assembly t o  seat fa a tspotted 
hole in the  w i d e  plate. 'ibis set screw WBP &ded a$ a lockfng Ctevicc 
to prevent the  armature holder from 'becoming unscrewd f m  the 
armature connector. 

The shield for the rod 2s an i ron plug 10 inches long witd-iin %he tubeo 
It is plug welded to the tube in such a poesition that it fills %he 
hole in the 10 inch thick top flange cloaure when the rod f a  est aid- 
travel. The purpose of' the tshieM for the rod i e  to reduce the rad%- 
ation fram the core tank fn the  eantrol rod housing* A spiral. groove 
i s  gmvided in the  shield far the kod and twa mall holes are drillbed 
art the lower end of the tube t o  allow any condensate! to drain frm 
%he tube. 

!The sad was designed, keeping mfnSi3iu.m w e i g h t  fn d n d ,  to w i t h  
the tensfle and bending stre@s caussed by the ehmk l m d  fn et 

safety plate assemblyo 
stainless steel except the rsheeld for%?!%@ ro8 which irii %ram. 

One end of the tube fhii slotted so 

!?!hk guide plate 

The bending strees fa the rod 98 csu8 by the ofif center Eoet e 
A l l  parts of the rod aesembly are =de of 

enably, armature holder, a d  gui&e plate are conetrmted 
be removed f'rua the rod by the -me 

P of the guide assembly $01- ~selvfrfng~ !lWe m.y be 
aceomplfafaed after the magnet assermblg, Blergnet suppart bsislsembly, cable 
assembly, and hold down and drive amexibly are removed from the how- 

rably with the blind flange at the top of the housing aee@ably. 
provfded on the top of the apanatwe assembly far the uere of 

from above the  reactor shieldingD 

long twfs to 

er  type wrencha Tools must be Pang enough to perfom this 
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The tube of the sod and the  safe ty  p l a t e  assembly way not be removed 
&Pt;er final i n s t a l l a t t o n  unless the  top  flange closure is  removed 
from the spherical  ~ P ~ S S U I Y  vessel. 

Guide Assembly - The purpose of the guide assembly is  t o  guide and 
support the  mzchanism of the  control rod assembly. 
eons-lsts of a lower and an upper guide. 
atandsrd pipe, which has two 1/4 inch square guide rods fastened on 
the  inside,  l.80" apar to  
adapter head f o r  connecting t o  the  upper guide and it contains graphftar 
bushings, r e t a ine r  rings,  and a col la r  with a dowel pin. The lower 
g n f d r  is close f i t t e d  wfthin the  hole of t he  top flange cloaure and 
it projacta 10 inches in to  the  spherical  pressure vessel from the under- 
aide of %he top flange closure. 
l ower  glmfde contains 8 graphitar bushing with B. acrewe& r e t a ine r  r ing ,  
through which t he  tube of the  rod assembly %rrtzveleo Bze upper and Lower 
guides are concentric and a r e  fastened togetheT with for= B e ~ e w s ~  The 
guide n8r.nembl.y seats on the  top flange p_losure and i s  poait.foned em 
t he  top flange closure by a dowel pin. The col la r  011 the  Power guide 
l a  provided g o  as t o  match d r i l l  Into the  top f lange  cloeure far t h e  
dowel pin. Grooves i n  the  underside of t he  collar in lfae with holes 
i n  the  1-1/2 inch plpe of the lower guide allow condensed heavy water 
vapor i n  %he control rod housing t o  re turn  t o  t he  spherical pressure 
vessel.> 
the  top flange closure t o  allow free passage o f  gas between control   TO^ 
hoiisiing and rrphericetl pressure vessel. 

The guide assembly 
'Rie upper guide ts a 4 inch 

me lower guide i s  a 1-1/2 pipe welded to an 

Each end of t he  1-1,h inch p t p  of the 

Holes are provided i n  t he  lower guide both abs~re and below 

A11 ma-tcrfal i n  the lower guide fs s t a in l e s s  s t e e l  347 except for the 
gmphi ta r  bushings. 
steel and the 1/4 inch square guide rods are braae. 
s t a in l e s s  s t e e l  w w  or ig ina l ly  specif ied fo r  the  1/4 inch aquare guide 
rods, but due t o  warpage i n  hardening, they vere made of" brass. The 
1/4 inch squaw guide rods s r e  coated w i t h  mlybdenm wax for lubr ica t iono  

The 4 inch pipe of the upper gi~fde i s  sea~less 
Hardened b l Q  

The pipe of the  upper guide contain8 78 one-inch diameter holes and a 
long slot. Four tapped holes a re  provided along the  long s la t  of the  
iqpez- guide for at taching t r i p  bracket@, which aye w e d  t o  actuate  the  
Xinit; swjtches* ?'he one inch diameter holes and the  Blot i n  the  pipe 
8 7 - e  provided t o  facflftate cfrculatfon of the  helium %or cooling and t o  
n ~ d u e e  the  cushioning e f f e c t  of the helium when the s a f e t y  rod is dropped. 
These hales and the s l o t  also provide a means of observing the operation 
0%" the control rod mechanism, when I t s  aperation i s  t e s t ed  pmi4imiiiary 
l,o its i n s t a l l a t i o n  wl thfn  the control rod housingo 

The safety rad mechanism can  be s e t  up r t ~ d  tested without the  housing 
ezasembly, since there is no connection between them, except for t h e  hold 
down s p r i n g  and e l e c t r i c a l  connections t.o the  b l ind  flange a t  the top  
OT the housing assembly. 
fastened to Lh? gufde aseembly, during testtng without the housing 
assembly, with screws i n  holes provided a t  the  top of the guide assembly. 

The hold do%n and dr ive assembly m;ly be 
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The safety rod assembly, l e s s  ita housfng sraseably, when set up 

work which w i l l .  take the place of the top flange. closure. 

The @me Guide assembly was or2gfiall.y used for Rp1 three corotrol 

a change i n  its p f d e  assembly- 

Shock Absorber Assembly - The purpose sf the shock abersrbsr amelably 
is t o  stop the safe ty  rod a t  the end of ita frll withau% bstmsefng 
the rod beyond fls elastic l imnf to  
kfnetfc energy must be absorbed to bring the safety rocl to a stop. 

A &QC& abear'bes was deerigned /see Figure 4.2A) using R stock of 
belLEevil3.a springs t o  stop the  rad i n  the  Erarat 1/16 inch of" Bta travel. 
Each spring used haor a deflection of 1/16 inch with a 1 4  63 615 
P Q W . I ~ B ~  
2 ft. Wfth 16 springs stacked upun each other a% fa the rho& 
absorber assembly, a load af" 9840 pounds, neglecting frlict%sn, is 
required f o r  a deflect ion of 1/r6 inch. 
the 16 sprfnge 1/16 h c h ,  neglecting friction, is approxiartcly 32 ito 

.for test, 8hQad be supported at t h t  lOFJEP @de by 3 rigid frame- 

but the redesign a9 the regulating rod a ~ s e m h l y  hats necersftrted 

Approximately 36 fto porpnrPs ob 

The energy required t o  deflect each spring 1s npprarprimattly 

The enerqy repuircl to deflect 

ptJundls 0 

When frictim between the  springs fss considered, the  P a d  t o  deflect 
them 1/16 Inch fe approxhiately 13,000 pounds, when a friction cwf- 
ficiewat of 0.3 1st etesumedo 
~ p ~ i n g a  1/16 inch approxfmately 36 to 38 fto pomdr when friction 
f8 cameaideredo !&e energy of the springs fa equal So or more! thm 
the eaesgy required to stop the  rodo 

The shoek eb8orber was desfgned so that the number of ac t ive  rpringie 
could be varied t o  obtain the 1/16 inch deflection. If fens than 16 
Bprfnge are required to absorb the energy of the  rod1 the mursed 
springs PFC to be placed belaw the absorber baly sa apacem. 

The shock etararber assembly consists of the 16 bcllefrflle oprfngBs, 
II retainer, an absorber body, 81 tube, and a was he^^ The r e t a ine r  
ffto over the top of' t h e  1-1/2 inch pipe of the guide amtembly and 
centers the belleville springs and the top of" the absorber h a y .  
The flange on the retainer stme8 BB the plunger far the &mek absorber. 
The undltreide of the flange of the retaener and the top of the absorber 

-arc Putehfned to match the conical contour 02 the aprfngs when they 

The energy required to aeflect the 16 

cmpressed 1/16 incho Z'hfsr allows a maximum deflection of 1/16 
inch in the eprings- The absorber bslcky is cormtructtd of w 3 inch 
astcel pipe with ee disk welded inside at each end. 
thxwugb both disks cancentrlic w P t h  the -pf.peO ThC hbles thrcaugh the 
disks which have cloare fit with the re tainer  tubeu center the  
absorber b d y  ab m e  
bottom si the absorber body and the top of tho steel wa&er w e  

A hole Pls provided 

the I-L/Z inch pipe of the guib a s s m ~ y .  
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machined to mteh the conical contour of a btllevillc spring. 
brafas tube centera the bottom of the abaorber body, the uslaher, and 
any- springB placed between the absorber body and the waahcr. 

The 

A hydraulic shock absorber using heavy water a8 the fluid was designed 
to atop the rod in the last inch of its fall. 
because of the possibility of losing the fluid by flashing when 8 

sudden. pressure drop occurs. The advantage of the hydraulic shock 
absorber over the spring type is that all of the energy of the rod is 
dissipated at the end of its travel. In the spring type shock absorberS 
the rod f a  brought to 2er0 velocity, but not all the energy is dissipated* 
The springn;, being deflected 1/16 inch have potential energy to klck 
back the red or cause bounce. Just how much the rod bounces should be 
determined by tea-ting, 

This design was rejected 

The safety rod €E: stressed when stopped at the end of its %all by the 
maximum load on the spring8- This load, however, is greater than the 
load causing maximum streas in the weakest section of the rod assembly- 
'I%e load at the weakest section, which is at the top of" the tube ~f 
the rod assembly, i$ approximately 78 percent of the m~xinnw. load on 
the springs or approximately 10,000 pounds. This loa31 causes a &B%R@BB 

of approximately 20,000 psi, which is within the elastic limit. The 
bending stress in the tube of the rod a~sembly, caused by the off 
center load a f  the safety plate assembly, earanst be accurately deter-  
mined. An estimate of the combined tension and bending stresses 
indicates the rod to be stressed close to its elastic limit. It w m  
decided k h a t  the rod be built and tested to find out If it would be 
permanently deformed When dropped repeatedlye 

No shock absorber assembly is required in the regulating sod assembly. 

Magnet Asaembly - The purpose of the magnet assembly is to provide a 
magnetic coupling between the rod assembly and the  drive or lifting 
mechanism, so that in the event of ti  cram, the eonriectfon my be 
very quickly broken to allow the rod and safety plate assemblies to 
fall. 0 

The magnet is required to l i f t  the weight of the rod and safety plate 
assemblies (23 pound8) plus the force of the aecelcratlng aprfng (104 
pounds) - a total of 127 poundso 
release the rad and safety plate ssaemblies wit'hfn 0.003 seconds. 

The magnet is also requfred ta 

Because of the over-a11 apace limitations of the control rod, the 
rmgnst was designed with a hole through ite center through which 
the push rod and lifting rod or drive acrcw may freely pass- The 
push rod is a. tube over the drive screw which fmpmta to the rod 
assembly the force of the accelerating spring located in the magnet 
support assemblyo The 6.Do of the magnet W ~ E I  made 3-3/8 inches so 
aa to elear the 1/k inch square guide rods of the guide assembly 
which are 3-1/2 inehee apart. The over-all length of the magnet 
assembly is 3-7/16 incheso 
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It is intended thk t  L e  magnet be t e s t ed  w i t , ,  the  armature t o  
determine the  load versus current cha rac t e r i s t i c s  and the  releaee 
t i m e .  The release time may be decpeased by increasing the  air  gap 
Thre air gap may be a l t e r ed  by grinding e i t h e r  of t he  pole faces of" 
the  magnet. The holding power of the  magnet may be,increase& if 
the i ron is not aa twated ,  by decreasing the outaide pole face areaa 
The area of the  outside pole face may be decreased by reducing; the 
c h a f e r  diameter of the  outer  pole face, 

No magnet assembly is  required i n  the  regulat ing roil asksembby. 

Amatwe Asmsembly - The purpose of the  amatwe rsboeembly is  to provide 
a mean8 by which the  rod assembly m y  be magnetically couple4 %o the 
magnet aeaembly. 
th ick  piece of armco iron which completes the magnetic cir@uP.k of 
the magnet when the  two a r e  engaged. 

.... 
The armature is a 3-3/8 inch diameter by @j/$ h c h  

The a m a t w e  assembly i s  faatened t o  the a m a t w e  holder of the PO& 
assembly by two 1/4 inch screw8. 
pea holesp a d  the m t i n g  halca I n  t he  E J . ~ % w ~  h 0 1 . d ~ ~  
meter with a 1/2" counterbore l/4" t l c e ~ .  These holew are provfded 
so  as t o  remove the armature and armature holaer front the  rad using 
a spanner type wrench. A 9/16 inch diameter bole through the center  
of the armatme allows clearance f o r  the  l i f t i n g  ~ o d  o r  dr ive BC~CW. 
The 9/16 inch diameter hole i s  counters 
on the .top face of the armature t o  provide a seat for the  push ma. 

" h e  amatme contains two l /b" tap- 
5/16. in &%- 

90' to 11/16 inch di 

The armature assembly was or ig ina l ly  laminated i n  the a3me manner a8 
the  magnet assembly, but was made so l id  s ince the  lamfnationss sl ipped 
i n  testing. The top face of the  armature was nickel plated,  when it 
vas found in t e s t i n g  tha t  i t s  rus t ing  was increasing the  air  gap 
between magnet and armature. 

A wmahb hole i s  provided through the  armature i n  l i n e  w l t h  8 hex 
socket set  crew i n  the  amatwe? holder. 
turned by a t o o l  through the hole i n  the  armature t o  lock the  
amatwe: holder t o  the  guide p l a t e  of the rod assembly+ 

Eo slvaoaitwe assembly i s  required i n  the  regulat ing rsdl azsseEbly. 

The set  screw m y  be 

Ngngt  Support ASSeirnbly - The ~ U T P O S ~  of the  m a s e t  Support asBeably 
j~ t o  r9eaBpend the magnet assembly from the  guided nut, which f a  vert%- 
eally translate8 by the ro t a t loa  of the  drive @ c r e w  of the  hold down 
and &rive assembly. I n  addi t ion t o  suspending the  magnet assembly, 
the m q p e t  support assembly contains the accelerat ing spring and 
prusdh rod, the  limit switch assembly, and a mercury swfteh mechaafesm 
for inaicrptiag magnet t o  amatme contact. (see Figure 
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A rnwiteh bracket with a mercury rsw$tch I s  fastened to the sisle of 
the ~uppoapt hauslag (the 2-1/2 Inch pipe).  A pin pratruders through 
a s l a t  i n  the  plpa from A. lever of the switch bracket t o  which the 
meroe- switch ia sttsehea. me lever i e r  heid down by w spring ma 
fn tbfs p ~ e l t l o r n  the contacts of the switch arc opene 
fi rsiee8 the cantacts of the switch elose. The swftch bracket is 
to be: adJu;Btcd SIQ tha t  the head af the pwh rod will raise the pin 
on the Iever md G ~ U M  the mercwgr slwiteh contacts to c lo re  when tPle 

The electrical leads on tbc s e r c ~ e y  
wwl%& BLS"~! soft mldered to wires of the cable amsenblyJP. 
apwi%clh fr used to indicate the engagement of' magnet and amatwee 

When the lever 

et engage. 

i 
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is remzxw3. The uypcr a d  lower switch i e ~ e r 5 ~  or b u % t e ~ f l l e s ,  
are designed so as not to interfere with %he t r i p  pins on the 
guide assembly when t.he above meatlcsned n.emovaP of assemblies 
is done. 

m e  e l e c t ~ l t a l  %erpsafnal,r of :Ale mercmy awitches are mfp-t; soldered 
to tliefr respc@t",re %filZ?ES 

cable as3serjibl.y is c3mm E:, each limit awltch and the indicating 
e3 wit clh n 

The limit switch assembly was origirially used in all three control 
m d  assemblies. 
necessitated a chmge in its limit switch assembly* 

Cable Assembly - The pilrposa of the cable assembly is to p~ov ide  
8 take up between. the scsgnet support assembly and the hold down 
an3 drive wimembly fa r  the six electrical w i p e s  which eerve the 

the cable assembly. One w f r e  of the 

The redesign of the re&ulatlng rod assenbly ha€! 

mw~~et BEPCU;~Y switches* 

The six e1ectrica.l wires are bundled and taped to a helical steel 
spring of 2-21,/2 inch Bean aiameter. 
inch dfweter music wire and it contain8 eight active coifs of 
1-3/16 inch pf%chz 
inthe8 with the six electri'caJ. w f ~ e 8  attached. The helical bundle 
of wfloea is ~ , x e r e d  vith a tiraeb ~spper braid shielding w M c h  holds 
the wfsas t4csget;hcr and proteeto tSs insulated wires frtm abrasion. 
Each end of the k:ellcal wire b w S e  is held in position 8% assembly 
by anchoring within a c m e d  tube ir both the mcagnet support aasernbfy 
and the hold dokm and drive asacmbLy. 

Two wires of the cable assembly connect the leads of'' the magnet to 
the spark plugs in the top blind flange of tke houeing assembly. 
The other P o w  %*res of the cable! assembly comest the 3.imft switches 
md the fadfca%fng swftch to kovar glam terminals in the top b l h d  
flange cf t h e  hciwing assembly. 
 ire t o  each of the three mercury switches. 
to be ~302% soldered when connected to their proper terminals at 
assPIe.raa37,y. All six wfres w e  polyethylene insulated. The two w%rea 
which cmmeet to the m a p e t  have a heavier in~ula.t;ior? and are larger 
i n  d%mete.r than the uther  f o u r  since they must have a voltage break- 
down of 10,OOQ or better. 

A similar cabh assembly wa.8 used i n  %fie regulat ing rod assembly 
consisting 3f three electrical wiresl 
with the re6eefgn of the  regulat-ing rod assembly. 

Bold Down and 2 f v e  Assembly - (see Figure 4.2A) 
of t h e  lifting rctd or drfve screwg a gear mo'torY et position indicating 
meChm:sray and a bd.d down mechanism. 
is to revolve the 

The spring is made of 0.075 

The spring my be ex%ende& os compress@& 6-3/16 

GLW ~f the four wires fts a C Q ~ W L ~  

AEP the w9re end@ are 

%is design has been change3 

This assembly consists 

The purpose of the gear motor 
screw so as tc raise or lower the rnekgnet and 
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magnet support assemblies with or without the  rod aserembly. 
The posi t ion indicat ing mechanism provides a means by which 
the posi t ion of the magnet and the posi t ion of the  sod mcsembly, 
when magnetically coupled t o  the  magnet, may be indicated within 
0.05 inch during travel-. 
which allows the  dr ive assembly t o  a l ign  i tself  i n  the guide 
aaacmbly and be connected t o  the  bl ind flange of the housfqg 
assembly. ?"he drive asiisernbly i s  held down by the force of a 
conqweaoed spring of the hold dam mechanism so t h a t  it w i l l .  
not be ra i sed  when t h e  accelerat ing spring l a  being compressedo 

The gear motor has a three phase, 220 vol t ,  1/20 hp motor wbasci! 
armature shaf t  ie i n  line with the  output shaft of" the  gear boxe 
The flange t ype  gear box is  v e r t i c a l l y  mounted wi th  output shaft 
down. The output  haft, del ivers  0-031 hp, 48 inch pounds torqtle 
a t  kl r p m .  
Company o f  Chicago, I l l i n o i s  Molybdenum lubricants  ca!, Xed 
Liqui-Moly grease and aoly wax st i r  i s  coated on the geara and 
bearingo of t he  gear motor t o  replace the o i l  sad grease w i t h  which 
it is  furnished. 

The hold down aechanim is  a device 

The gear motor i t l  purchased from Janette Nanufacturlng 

A three phase motor w a s  se lected because it could be fnstantmeoualy 
reversed and also because it has no commutator whose sparking would 
be undesirable.. T h i s  pa r t i cu la r  gear motor was select& because it 
could be contained withen a 6 inch pfpe and becauae it could be 
obtained with the desfred cha rac t e r i s t i c s  

!The flange o f  t h e  gear motor is  fastened t o  the  molos: and m q n e t  
Rupport, which seats  w i t h  a medium f i t  i n  the  top of the gufde 
etssetnb~y. m e  motor and magnet support i r s  a 4-7/8 inch diameter 
by 5-X/% inch long piece of s t a i n l e s s  s t ee l .  It -Es keyed t o  the 
guide aaeembly by the  l / 4  inch square guide rode of the guide 
assembly t o  prevent  r e l a t i v e  rotat ion.  
magnet suppor t ,  the output shaft o f  the  gear motor i s  coupled t o  
the Ifft ir ig rod (dr ive screw). The coupling, which %e keyed t o  
both tine gear m o t m r  shaf t  and lifting rod, is  called 8 cam, for it 
is also used t o  oscillate the posi t ion indicator  mechaniam. 
motor and magnet support contajne two gt-aphitar bearlrigs i n  which 
the lifting TO& rotateso Th.e bearing surface between t h r u s t  washers 
on the lifting rod and the end faces of the  graphftar bearing8 
support5 the  t h r u s t  sf the  l i f t i n g  rod i n  both d i rec t ionso  The 
Li f t ing  rod i s  threaded with a l / 2  - 10 acme thread, and, when 
driven 110 rpm by the  gear motor, will rafse 01- lower the magnet 
and magnet support aaaembliea a t  the  rate of 4 inches/minti-Leo 
The time required t o  r a i s e  t he  magnet assembly through i t s  1.2 inch 

Wdithin t h e  notox- and 

The 

travel i s  approxfanately 3 Elinutes. 

The e m ,  which couples the  gear motor t o  t he  l i f t i n g  rod, o s c i l l a t e s  
a magnet, support bracket whfch 15 gufded i n  slots i n  the  s % d e ~  of 
the  motor and magnet crupgort. The cam, whoa@ outer cy l ina r i ca l  
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surface is 3/32 inch eccentric with the  gear motor shaft, gives 
a 3/16 inch stroke t o  the magnet support bracket, 
w e t  is attached t o  each end of tbe braes, magnet hsuppopt bracket. 
The magnetgr when Oscillated will actuate metgnetie mercury swttehea 
outside the  control sod housing- 
actuated every half revolution of the dr ive  screw. The pdees  of 
the mercury switches may be w e d  to &etarpnlne the'pooPition of the 
magnet euppart asmmbly withfn 0.05 inchee, rime the lead OQ the 
drive @crew is 0.1 inch.' The magnetic mercury swPtcherr are feur- 
tened ta the  outside of the  housing aaaePeb3.y after in@talllatfon of 
the control rod, so ~ L B  t o  be properly poaitioned for actuetioa. by 
the  pewaaaaent =%nets. ~ 

The hold down mechanism consists of a hold down bracket, hold bwn 
~pring, hold down guide, and a beaping plate. The bolcl dawn bracket 
ie fastened to the  motor asd magnet rupport anit 3r dsuspendcot P1.0m 
the hold down guide above the  motor. is doweled 
and bolted, t o  the blind flange of t he  housing asaemUye The hold 
down spring exerts a farce of approximately 100 pouodrr on the top 
end of" the gear motor thro 
celerating spring, when be colarpresseU, fYcm lifting the drive 
aaeembly off the guide assemblyd 
housing aeae&ly is boLted b w m  aa ahawn i n  Figure 4*2A,  the  hold 
down guide m d  hdld down bracket are dieengyed from each other. 
The hold down bracket, when dieengaged from the hold d m  guide, fr  
allowed t o  s h l f t  laterally within I f 8  inch in any direction. 
drive assembly is also allowed this lateral movement rand BO is  free 
t o  align Itself with t he  guide assemblyo 
the  hawing eraeembly i ~ l  lifted, the hold dawn guide wfl l  lift the  
hold down breicket a d  the drrfve sasembly. 
tapered pins which prevent turning of tha hold down bracket- 
this design, the only connection between the h m s h g  assembly .an& 
the control rod mechanism within it, when the blind flange of the 
houering aasembly is bolted do-, fs the electrical wiring and the  
hold down spring. Since them are f l ex ib l e  connectionsp they w i l l  
allow the control rod m e h a n i m  t o  a l ign  itrelf in t?%e hole through 
the top flsnge closure of t he  spherfeal preaesure vearsel. 

The wires fram the  cable aassembly pass through u hole provided in 
the motor m d  magnet eupport and along the side of the gear aotor  
t o  connect t o  the terminal8 fa the bl ind flange of the housing 
assembly. 
are Boft soldered t o  their respective teminaPBsl in the bl%ndi fllapge. 

A permanent 

One of the mercury switches i a  

The hold down 

a bearing p l a t e  and prevents the ac- 

When the blind PlWe af the 

!&e 

When the blind flange of" 

The bola down..guide has 
With 

Them wires along w i t h  the lead wires of the gear motor 

The hold &own and dr ive  aeaemLly $8 wed on at2 three cantrol rods. 
Since the regulating rod m u a b l y  has been redeeipd,  &ow changes 
mary have been &e Sn f t s  hold down and drive m e c h a n i s m .  
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The kovar glaae tcnninala in the bllnd flange of the housing 
assembly leaked or were ehorted when tested. This difficulty 
was corrected by the use of threaded b'rase plugs with tapered 
seats which screw into the flange an& provide a pressure tight 
joint. Each plug contains a hole in which a kovar glass terminal 
i s  soldered. It is easier to solder the kovar glam terminals to 
the small brass pluga and make a good j o i n t  than to the large 
blind f langt e 

Another problem that w a ~  encountered was the leakage of the stain- 
less steel clad bora1 safety plates. The plates would rupture 
when the high presoure in which they were subjected waa suddenly 
reduced. 
plates BO that they would be leakproof. 
t o  the helium atmosphere of the spherical pressure vessel by a 
small tube which ~ U D B  up ineide the safety rod above the iron 
shielding plug. When the plates are vented, a sudijten preerhlwe 
release will not permit a large preseure differential between the 
inside and outside of the plates which would cause them to burgt. 

It was found to be practically impossible to weld the 
The plates were vented 
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10 Motpr - Gear Motor, Janette Wg. Company, Chicago 
I l l i n o i s ,  Type M l ,  Flange hunted, 1/20 H.P.  
3 phase, 220 volt ,  60 cycle; 40 RPM - 
+O3l HnP- - 48 i n  lbs. output 

2. Drive Screw ( l i f t i n g  rod) 

3-  Screw Speed 

4. Magnet and Magnet Support Speed (up o r  down) 

1/2" - 10 Acme 

40 rprn 

4 in./min. 

5. Magnet and Magnet Support Travel (up or down) 11-15/16 i n o  

6, Magnet Support m e r t r a v e l  (after magnet engages 
armature i n  down pos i t ion)  

7. 

8. Shock Pbsorber Deflection 

Time for Li f t ing  o r  Lowering Magnet 11-15/16 in.  

.... 9. Total Rod Travel (dropped from uppermost posi t ion and 
including shock absorber def lec t ion)  12 in. 

10. Rod Weight (weight of dropping body) 23 lbs. 

1l0 Accelerating Spring Force (compressed 3 inches) 104 lbe. 

12. 

13. 

14. Time fo r  Release oi Magnet ( i n i t i a l  assumption) O+OO3 Bec. 

15. Acceleration of Rod after 3 in. Travel 

16* Time from Release t o  3 in. Travel 0.0576 

17. Velocity at 3 in. Travel f ro@ Release 7.243 ft./sec. 

18. Time from Release t o  12 in .  'Ifravel 0.1449 Bee. 

5.525 g 

127 lbs .  + f r i c t i o n  

In i t i a l .  Acceleration of Rod (after magnet r e l ease )  

Holding Force of Magnet (Item 10 + I t e m  11 + f r i c t i o n )  

g 

19. Velocity at 11-15/16 in .  Travel from Release 10 ft /see. 

Rote: Item 16 thru 19 are calculated assuming t h a t  all res i s tances  t o  the 
fall of the rod are negl igible .  
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Tabulated Data on the Motion of the Safety Rod 
in Felling From I t s  UyrperPuoat Position 

. .  Fallfng 
Piatance VelQCitY Acceleration Time 
( fnehea) ( f t /8eC)  (ft/scc2) - (see) 

5 
6 
7 

9 
10 

a 

11 
11-15/16 
12 

The above data are eaieuiktea using 23 pounds 
weight and 104 psundlcu as the i n i t i a l  carprfrag force. 
frictional resistances to the fall 0% the Pod arc negli- 
gible  and are omitted from t he  ealeulations of" t h i s  d a h  

the rod 
All 

405 Eff@~tiV'eness QP" HRE Contr~ol P la tes  

The r e a c t i v i t y  controlled by t he  EiRE control p la t e s  in both heavy 
and natural water wags cal-eulated using two-group diffusion theory. 

Wiltbout considering the core veesel, the reactivity with 48-73 g 
df u~aniuani per kg. of %O and a heavy water r e f l ec to r  is, 

Kerf = I n Q 2 4 1 ' j '  

The presence of the s t e e l  core vessel lowers this reactivity 
approximately h$ and Bubtracting tbia fraction, the net  reactivity 
Becomels, 

' Imt r e a c t i v i t y  0% the reactor with the core completely surrounded 
by QL s h e l l  that abasrbar all thermal aeutrone but no fa& neutrons 

c 



. .  
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was calculated le t t ing the  fast f lux  go t o  zero a t  the reflector 
boundary and the  thermal Flux go t o  zero a t  the  core boundaqy 

= 0.89632 

q,, = 0.98417 - 0.89632 = 0 o 0 8 7 8 5  

The f ractfon of core surface blanketed by the  two safe ty  p la tes  
is -0428~ 
proportional t o  the  f rac t ion  of core surface area which they 
blanket, t h e i r  e f f ec t  is 

Assuming t h a t  t he  effectivenees of the  p la tes  l a  

= 0.328 x 0.308785 x 100 = 2.88 

f o r  both plates, o r  1.44% per plate .  

A similar calculat ion for the  na tura l  water re f lec ted  reactor  at 
52-90 g of uranium per kg of E20 (42 g / l )  gave the  result of 1.31s 
f c e y  per plate .  These results are i n  surpr is ingly close agreement. 

4.6 Heat &weration i n  the HRE Control Plates 

The absorption of a thermal neutron by the  bora1 i n  the  control 
p l a t e s  gives rise t o  3 Mev. of heat energy by the  reaction 53x0 
(n ,a )3  Li?. Assuming tha t  the neutron f lw d i s t r ibu t ion  is  not 
a l t e r ed  by the  presence of t h e  plates and that the p la tes  absorb 
a l l  incident neutrons, the  number of absorptions per  cn? - see. 
is approximately #/24 A t  1000 Kw, the  flux a t  the  core surface 
i s  1 x 1013 neuts/c&-sec., which' generates 2.4 w a t t s / c d  or 
7570 Btu/hr-ftZ of heat i n  the  p la tes .  

The t o t a l  heat generated in the p la tes  if they are dropped during 
shutdown was determined by numerical integrat ion of f l u  tfmes 
heRt generation per wit flux, over the  shutdown interval ,  t o  be 
about 0.81 caL/cm2. 
i f  no heat leaves the rods. 

A calculation t o  determine the maximum temperature develope& i n  
the  con%rol p l a t e  i n  its dowI) posi t ion and the reactor  at f u l l  
power (1000 Kw) was made. 
maximum temperature of 379% w i l l  be developed, which is xel.1 below 
the melting point of' boral- 

This r eeu l t s  in a temperature rise of' 46% 

This calculat ion indicates  that 8 

4.7 Ruclersr I n s t m e n t a t i o n  Thimbles 

The nuclear instrumentation cons is t s  basfcally of the  varfous 
chambers m d  a8sociated c i r c u i t s  for control l ing the resctolr proper 
and several  component, monitorse 
the shielding and r e f l ec to r  pressure vessel  in  order t o  insert 
instrumentation t o  determine neutron flux l eve l s+  The neutron 
flux level indicator@ are discussed i n  detail i n  report  O R N I , - l O ~ .  

Six thimbles are:  provided through 
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The six thimble8 enter  the r e f l ec to r  vesse, at an elevation of 
8 in. below the center l i ne  of the  sphere. 
elevation, the  thimble6 a r e  always covered by the re f lec tor ,  and, 
alao, t h i s  location does not interfere with the  control p la tes  and 
in te rna l  piping of the reactor.  
WRS selected t o  conform t o  the ASm Boiler  Code requirement f o r  
vessels subject t o  external  pressures of 2000 psi, but the need 
for minimizing thickness from the thermal neutron absorption view- 
point was a l so  considered. 
pressure vessel by a standard 3 in., 1500 p s i  flange welded t o  the  
thimbles and bolted t o  the pressure vessel. 

By entering a t  t h i s  

The wall thickness of the thimblee 

The thimbles are connected t o  the 
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C. AnaPjtical Requirements for Off-Gases. These requirements 
were not discussed i n  the aforementioned report, but, 
stations have been provided. far gas sampling as may later 
be cles-Hgnat,ed. by the Analytical Graup. 

In order to obtain the required samples, s t a t ions  a re  provided 
8.27 f O l l O W t 3 :  

(1) A hfgh presswe fuel solution s q l e r  is i n s t a l l ed  
acmss 1d.nes 101 and 103 t o  and Pmm the main heat 
exchanger. 'me operating s t a t i o n  i s  located on the 
top of tlhe shield just north o f  the reactor ce l l ,  

(4) Reflector orf-gas sampler statfans me located in l ines  
168 aiid 1.69 t o  and from the chax*coal adsorbers, 

( 5 )  A sampler s t a t i m  located a% t . 1 ~  %ms.t;e evaporator obtains 
samples frc33n &he feed-tank asad evaporator proper, 
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s z m m  mmTIoEJ 

- 2 5 s  

(6) Adsorption coeffZclent of lead f o r  1 Mev gam&18s 0,52 cm-1 

(7) Attenuation of garmma, rays follows the exponential 
B W  

Calculated thickness of' laad reqwked U. lnches 

The reactor fluid wUf 
ler. zhuria,g thZs 

I delayed nt3utrolas 
s present& may be 

serious, aa s h m  by ea.lcula.i;ions based on tibe following data and 
assumpt;ions, unless water or tihe egui-ent is used t o  supfieanent 
the lead s a d d i n g  plug, 

Total  volume of' soup An external system 

Vohme af sow 3.n sampler 

Total neutrons produced in reactor cor& 7.5 x lox6 neuts/sec 

Total delayed neutroas em;itted externally 7.5 x ~ $ 3  mutS/EK?c 

Fraction of external volume of soup 

23,lW ax3 

lob m 3  

system taken up by sampler o.oO435 

'Delayed neukaas emitted frm sarspler 3.25 x lo= neut;s/sec 

Fram bulk shieldstng data, the retlaxatfon distance for delapd 
neutrons through water is 3 a, 
plug to the approxfma%e mxW~k?d center of radfa t ion  I s  -30 inches 
(76 cm). 
the plug is 

The distance from the kop of the 

On f'irst flight, 'hTfthout; mte~, the neutron current Sram 
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Fig. 5.2L Sample Carrier for Soup 



5.3 

The sample mst then be removed from the sampler housbg, 
transferred t o  the i-;a,rrrier shfeld and transported to the 
Cheraic81 Laboratory, The saae equipneat w e d  3x1 the - -. 

hmd-l-% WoCeaWe and prepmation o f  equipments, Figures 
5,2B and 5,2C respectively, are used to effect this  
transfer, but i n  rou.@ly the reverse order, 

- 

- -_ -- 
Reflector Sampling S y s t m  

the memmxidwo report 2 0  Sampler w%th pE.ovision for Filling or 
-tying System from French to the ERE f i l e  dated November 7, 1951. 
The precise procedure w % l l  be a, modffied ~rs%onz of this as may 
be specified by the analytical group. 

Tentfitively, however, to obtain a simple it fs necessary t o  
attach the sample carrierp open its valves, then open the two 
valves on the ha& aBld l a w  pressure pump 1Pnes t o  &Pow circulatfon 
through the c m i e r ,  Al l .  valves w e  then closed a d  the sample 
a-enoved, REZKW&~. of larger quantities of %$ can be ma&? by 
extending the hi& presswe 1/8 inch 1Sne to a laPger shielded 
carrier, d t h  perhaps a ret= line t o  the low pressure 1/8 inch 
lbe, AddEtdxms to the sys- can be m a d e  cUrectly to the low 
pressure l ine ,  al%hcivlgb. ?It may be more expedetimw to  w e  the 
f i l l  l im 763 at the top of the condensers fn the D20 cell, 

Figure 5 * 3  PUwtrates one ty-pe of' carrier whPch may be wed for 
obtain%% a 10 cc smple of reflector flu%&, Comection o f  th i s  
carrier to the sample 1 b e s  i s  achfeved by use of a plug ad. socket 
qufek disconnect coupl4ng s i m i l a r  t o  those manufactured by the 
Hansen Manufactmtrig Cowany, %th plug & Rocket me proeded 

halves are sepmatei31, 
is  thus prevented, The carrier is valved in such a manner as to 
a l l o w  flow OS Ifquid from the high t o  IAe low pressme side, thus, 
f lusking the carrier ard Siasming a represeatat2-m sample, The 
carrier f s  shielaed 5tit;EZ tz m h E m  of 0-75 fnches oT lead which 
calculations have shows\ t o  be adeqrmte, 

Wlkh a bU5lt-h VdLVe Which aaak.tma%iCaXly C h 6 e S  &en the! C 0 ' L Q I . w  
Atmospherfc cont%mfnatAsn of the refleetor 
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HANSEPJ COUPLINGS 
(Socket with valve! 

See Ref lector  Cell  I 

For Continuati 

Fig. 5.3A. D20 Sampter (Schematic Drawing) 
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Fig. 5.38. Al ternate Sampl ing  Device 
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Fig. 5.3C. D20 Sampler Carrier 



Figwe 5.3B shows ;an altcrzi.,ale t-e of sampling device such as 
proposed for use on the G.R,E, The idea of an evacuated sampler 
botblc v%th 8 rubber cap which seals after pmcturing has proven 
successful i n  previous applicatlaus . 
varlous sfzes are evacuated by a hypodermic neeale and retain as 
much its 29 in, Hg 'vacuum for several hours, 
devfce as shown is t en ta t ive  only, but, i n  principle, may be 
made t o  fuaLc.t;Lort as a sampling device for 'cbe D20 as follows: 

Such scimple bo t t l e s  of 

The design of t h i s  

Thc -isolation chmbel-, which may be consfrueted Lo hold as mch 
fl-uid as may be specified by the eznalytrcal giioq, i s  connected 
by l/8 inch stainless steel p i p h g  between Ifnes 156 pad 158. 
This chmber ssld piping may be shielded such that when the pulsa- 
feeder p i t  shielding plug i s  removed, the operator Ids11 still be 
protected. 
eontalned wlbhfn FIE shi.eldc6 smple carrier m d  container 'Phe 
,vertical pipe %s merely a, gaide pipe wh%ca%2 termhates in a plat- 
fom j u s t  u d e r  the p i t  shieldfng pluge 
carrier may be placed on this platform fnto which the I) 0 sample 
may be withdrawn if  neeeseazy. !The cage wjth evacuated uottle 
is  qulcklx lowered through the guide pipe and held i n  posttion 
u d e r  pressure t o  opesate the sampling valve and puncture the 
&iapha@n i n  the sample b o t t l e ,  This b o t t l e  should m e d i a t e l y  
fill to any cles%rcd level as decreed by the mount of vacuum in 
the bo t t l e .  The bcltt,le is then quickly d_rPaim aapt~md, clostng 
the spring loaded valve andl tathdrrawhg the bypodermie needle 
from the self-sealing aiapiEaw, 

The cage for holding the bo2;tle is a part  o f  and 

A n  aaxlliary transport 

2. 

5.4 Of f -Gas Samplers 

Sampling staklons we provided t o  obtain sa~ples  of gas from the 
fi~el. solution system, the r e f h c t o r  system, the waste-evaporator 
system, and the hel5.t.m system, The apparatus md procedures for 
o b t a i n h g  a s,miple 9r.m aay o f  these system we: sbilar. Figure 
5.4A is a schematie d%agrrun 09 the method whereby 8 sample of gas 
from the Mgb-pressure hellzam, system i s  obtained. 
shows '6-m possible types of smple~ carriers, 
presented 8,s ty-pfeal of the techniques reeomended, 

Figure 5*4B 
!I%.Ls system 5s 

The camectiola of the ampler with the heL%um system is m d e  tba- 
quick disconnect couplings of the Barnsen t ; p .  These couplings were 
selected far tkir  ease sf operatton and, also, the valved socket 
prorides an additional block agasnst leakage. After the sampler i s  

a l lodag  the helSw to flow to line 150 and, hence into the dump t a 4 . c ~ .  
Upon completBon of %he purge, the bwnstream siae of the carrier Should 
be valved of% Eunit the sample brought up t o  the requjbred'pressure. 
valves are than closed and Vat-? e m l e r  removed, 

coupled 3.ntci the system it f s  pwgegf by open%ng the valves and 3 

All * . 
\ 
4 
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TYPE "A" 

NOTES: I .  A l l  valves Shown m a y  b e  b a r  stock 
Q P  diaphragm valves. 

2 . B r a z a  o r  h a r d  solder al l  threaded 
jo ints except gauge connection. 
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Fig. 5.49. Sample Carriers for  High Pressure Helium 
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The primary objectives of the IERE are as follows: 

1. Tn demonstrate the operational. feasibi l i ty  of a circulating 
fuel. reactm- a t  f a i r ly  high power level. 

To determine radiation decomposition a d  corrosion behavior 
at power densities similas t o  those required in  a large scale 
plutonium or  power-neutron producer. 

2. 

3.' To obtain operational experience i n  the handling of a eircu- 
latlng, homogeneous reactor fuel system, 

Ta produce useful e lectr ical  power. 4. 

Feasibility of circulating fuel  homogeneous reactors must be demon- 
strated by an experiment such as the HRE i n  order t o  justify proceeding 
wtth a large scale development program leading t o  construction of full 
scale homogeneous reactors for  the production o f  fissionable materia 
and/or p07lrt;r. 

6,2 Instrzunent Eolcs, Plugs and Thbbles 

1, Instrument - Boles and Thim'oles 

mTRPaSE. 

- 

To provide openings wlthin the reactor shield and reflector vessel 
i n  trhfch ioq and fission chambers can be placed for  control and 
safety ~ O S F ; \ S ,  

As shown 5.n Figure 6 . a  there ape six horizontdl instrument holes; 
two xwm9ng N apld S and four approaching the reactors with %heir 
centerlines a t  an an@? o f  22°-301 from the E-W centerline of the 
rea@ tor  

Each 3,iner i s  made of a section of 4" sche&uJ.e 40 pipe with a 
tapered eone Wert in  o m  end and a 2' - 9 3/4" long 5 1/4" 
OD x 3/16" w a l l  pipe section on the other, followed by a 12" 
square x 3/8" thick flange, All thimbles are ma& of a 16 11/32" 
long section of 3 3/4" OD x 0.350" wall boiler tube with a hemis- 
pherical head welded t o  one end and. a 3" - 1500 lb. ASA welding 
neck r ing  Joint flange on the other. 
at 3.5', and the flange i t s e l f  is  bolted to  the reflector vessel  
as shown in Figure 6,a. 

The flange neck is chamfered 
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I 
i 

Each plug or plugs, as the case may beS is adequately 
described in its respective &?awing as l i s t e d  in the 
references. 'The liners and plugs are numbered from 
one to six starting a t  the north end o f  the reactor 
slld praczeding clockwise when viewed f ~ o m  above. 

Essentially each plug e o r ~ s l s t s  o f  Barytes concrete 
canned in steel or rilumirzuln jackebs w3th pravbions 
for cable cowaect-iom from the reactors faces. 

~2gua.e 6 , 2 ~  shows the instrument plugs i n  their f u l l y  retracted 
noma,l opesating positton, and F i p e  6,213 is an Xmtrwnent 
H o l e  Assembly - flssiam chamber and plug- During start-up a d  
fmf.ti.al- t es t ing  the instrmezats can be moved C ~ Q S E T  t o  the core 
(except the 4" compmsated ion chambers vhich m e  too large to  
enter the thimble holes). 

LOCATION -- 
Each plug is specifically made to f i t  w i t h P y  a particular 
txistrunent hole as shown i n  Pigwe 6.2~. 
the i:nst;~unaent; hales me given in t'le preceding seetjon. 

The locations o f  

6 3 Corrosion study Faci li.ttes 

TWCI comaslon - eample rekainers will be inserted in tbe ends of the 
relntsvable elbow of the liae adjacent t o  the main heat exchanger. 
'ne rsckai.ner is cssentAalXy a split sleeve held together by two 
rings, one of w h k h  has a ccmieal spring section that i s  compressed 
by the ring-jofnt flange faces~t!, prevent Ylbration, 
and a typical sample ere  s h o m  in F f p e  6 . 3 .  

A sample holder 
I f  a velocity of 15 f.P;/sec 
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is assumed for noma3 flow, the increased flow rate due to the 
res t r ic t ion  in the line wj1.1 be approximately 23.6 ft /skc.  

Seven samples are to be inserted i n  each retainer. 
planr; ca l l  for two retainers wade of tyye 347 s ta idess  steel, 
and future plms c a l l  f o r  two made of titanium, Samples m e  
to be m a d s  of the fallowing materials: t y p s  316, 329, 347, 
and Carpenter 20 stainless steel, induction melted .zirconIm, 
.induction melted zirconiwa plus 5$ tin, ,and titanium. 

Wesent 

A special stainless s t e e l  flange, which i s  really a reworking 
of a standad 11/2" 2500 lb. rtng joint flange, has been 
designed ana is shown on OBRL Drawing B-10129. 
dianeter of this flange I s  enlwged t o  compensate for the drop 
due t o  the sample holder an& 5 t s  samples, thereby preventing 
.any increase in the flow velocity. 
fabricated using these flanges, if desired. 

The inside 

An elbow pkce  can be 
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Cut off ~ u m p  Cut Off Close Valves 3 1 6 ~  & 3 
Annunciate Magnet - Soup Stack Fan 321, 323, 309, 330 & 317 

rnC-25 
soup Oil X X X 

QBC-23 X X X 
Stem 

X 

Q ! G  -24 X X X X 
I320 Off-Gas 

QRC-26 X X X 
Condensate 

X 

QJ?c -68 X X X X 
Stack Gas 

A complete discussion of' the controls and interlocks i s  given 
in'ORHL Report 1094 entit led.  "A Manual of HEG3 Control and Instru- 
mentatlan. " 

7.3 Locations, Design Prcssees ,  and Venting of' Rupture Discs and Safety 
Valves tln. the  ERZ 

Rupture d4scs we principally used i n  the HRE because they can be 
kept leak tight, Since no safeky valve is absolutely leak t i g h t ,  
several. rapture discs  have been installed preceding safety valves 
i n  the HRE- 

A.11 rupture discs are standard products of Black, Sivalls and 
Bryson Znc, and are thoroughly described i n  their Rupture Disc 
@at alog a 

The foLlowing tables  surrrmmize the pertineat tnfomation regarding 
the rupture: d-lscs and safety valves. 
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Size 

E 
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I) 
D 
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D 
D 
D 
B 
D 
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E 
C 
D 
D 
D 
D 
c 
D 

E 
c 
D 
D 
E 
D 
D 
D 
D 
D 
D 
B 
C 
c 
13 
D 

- Remarks 
I___- 

Title 

Safety Rod heembly 
Regulating Rod Amemblg 
Magnet and ~~~~e Assembly; Amatwe AsYsembTy and Detail6 
Guide Assembly m d  Details 
Bousing Assembly and Details 
Magnet Support Assembly and Details 
Bold Down and Drive Assembly 
Cable Assembly and Miscellaneous Details 
Cable Assembly and Rod Assembly 
Plan Views of Control Rod 
Instrument Panel Platform 
spiral Inlet Pipe 
lnsltrumeat Console 
Inetrument Service Duct 
Assembly Soup Pump and $0 Pump Oil Cooling System 
Details Soup Pump and %O Pump O i l  Cooling System 
Limit Switch Assembly and Details 
Off-Gas Condenser Item 86 
Flange Drills for Leak Detector System 
Sylphon Valve Actuator Detail Assembly of Prototyp 

(Test o n u >  
Flowsheet 
Steam Drum Item 39 
B O  Evaporator,- Item 24 
Shielded Area General Layout 
Reflector Veahael Flange Piping Plan and Elevation 
Reflector Cell Piping Plan and Elevation 
Bump Tank Level Indicator Assembly 
Heat Exchanger Cell Piping Plan and Sectfon A-A 
Beat Exchanger Cell Pipfng Sections B-B and C-C 
Inner Dump Tanks and Emergency Cooling I320 
Inner Dugnp Tank Details 
Dmp Tank Level Indicator Betails 

d"on-&ro% Eadmmentz t ion  Tube In%taliatfon 
CoratroP ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ o ~  Duet Pns%abla%ion 
Pip%ag and Equipment on Shield face North Elevation 

Void (See D-86449 

viTI81 
I f 

Void 

Void (See D-8976) 
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Drawing 
a: Size - Title Remarks 

D 
C 
D 
D 
B 
C 
C 
C 
D 
C 
D 
D 
D 
I) 
B 
P .  
D 
A 
3 
B 
D 
D 
D 
B 

- c  
D 
F 
D 
B 
D 
38 
E 
B 

soup maporator Item 9 
Leak Detector for Heat Exchanger 
Reactor Cell Equipment arid Piping 
Source Tube 
Horizontal Surge Check Valve Assembly and Details 
Simplified Flow Diagram 
Reducer Welding Fittings 
Cold Trap Controls  
Reactor Tank Assembly 
Special Flange for Pulsafeeder Piping 
Female Flange 2000 psi Rupture Disc 
Preareurizer Item 2 
Pressurizer Details 
Steaales X t t m  93A and 9 3  
Revised Corn !Tank Assembly 
Soup Cooler I t e m  7 - 

B i l l  of Material f o r  PlRE Steam System 
Control Valve Liet T 

Void (See D-10113) 

Low h.es8ure Catalytic Recombiner for Soup &s System Item 88 8 
h, 
03 

Insulation Schedule 
High Preaeure Jet fo r  %O &s Circulation Item 97 
Revised Core Tank Assembly 
Core ~ a n k  Details Sheet jf-2 
Venturi for Recombiner G ~ B I  Flow Measurement 
Sampler Conntctfons from Item 3 
Liquid Level Contro l le r  
Template for Valve Position and Shutdown Alarm 
Surge Tank %or Line 110 
Oxygen Metering Station 
ACCWEUE~L~OP T ~ I C  ana ~e sif~ 
High BecsLsurc samp1ing L v e  . 

~~~~~~~~ of Wegdat5 
Void (See D-10346) 

~oeh - R O ~  ana PI embly and Miscell 
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B 
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Size 

D 
D 
D 
D 
D 
D 

C 
D 
D 
c 
C 
D 
D 

D 
D 

D 
D 

n 

Title Remarks 

Sampler Locator and Index Table Aaeernbly 
Details Sampler Locator and Index Table 
Soup Sampler Lifting Tool 
Soup Sampler Isolation Chamber Asseanbly "H" 
Soup Sampler Isolation Chamber Details 
Soup Sampler Light Assembly and Details "J" 
AdJurstable Mirror 
Window Void (See C-10137) 
Soup Sampler Experimental Valve 
Soup Sampler Window Shield and 1/8 Bf - Presslare Flanged Union 
Soup Sampler Packing Gland for Valve Rods 
Soup Sampler Valve Extension Randles Assembly and Details 
Soup Sampler Revised Chuck Assembly 
Modified PulBafeeder Discharge Check Valve (D20 and Soup 1 

Modified Bulsafeeder Suction Check Valve Assembly and Details 
Pulsafeeder Read Strainer and Pipe Line Strainer Assembly and 

Adjustable Mirror Details 
Liquid Level Controller 

"F" 

Assembly and Detaile 

Details 
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Stem 

6 
- 

7 

8 & 25 
9 

10 & 22 

:1 
12 
13 

14 & 15 

16 

17 
l a  

Item Title 

Soup Feed Pump 

Soup Cooler 

Soup & %O Filters 
Soup Evaporator 

Dump Tanks 

Condensate Tanks 
Soup Heat Exchanger 
Soup Flame Recombiner 

Soup Condensers 

Soup System 
Charcoal Adsorber 
Soup System Vacuum Pump 
Reflector Tank 

Dwg. No. 

0-8322 

D-7566 
D-10107 
D-7558 
D-8316 
D-9593 
0-9592 
D-8633 
D-8634 
D-9592 
D-8629 
D-9073 
D-9062 
D-8318 
D-8319 
B-8320 
D-8311 
D-8323 
D-9036 

D-8308 
D-9065 
D-9582 
D-9583 

Dmwing Title 

Revised Pulsafeeder Read 
Lapp Dwgs. #3719 - Type 5-200 Pulsafeeder Assembly 
Soup Cooler void (See D-10107) 
Soup Cooler 
Filter Assembly and Details 
Evaporator with added Reinforcement 
Soup Evaporator 
Inner Soup Dmp Tanks 
Inner Dump Tank Details 
Dump Tank Level Indicator Details 
Inner Soup Dumy Tanks 
Dump Tank Level Indicator Assembly 
Condensate Tanks 
Heat Exchanger 
Primary Flame Recombiner 
Flame Recombiner Head Details 
Experimental Burner Nozzel and Gasket 
Revised Tube Sheet for Ross Heat Exchanger 
Beat ExchanRer Heads 
Charcoal Adsorber Assembly 

#3829 - Remote Welded Head Assembly 

Void (See D-9593) 

Kinney Pump No. DVD-8810 
Spherical Pressure Vessel 
Top Flange Closure Spherical Vessel 
Reflector Vessel Distribution Liner 
Reactor Tank Assembly 
Bethlehem Steel Company - Drawing Numbers: 
180941 - Spherical Pressure Ve~sel and Details 
180940 - Spherical Pressure Vesecl Aesembly 

Remrks 
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Item Item Title - 

58 
59 
62 
63 
64 

65 

66 

67 

68 

69 
70 
72 
73 

15 

76 

Steam Calorimeter 
Steam Separator 
40 Xw Boiler 
10 Kw Boiler 
Outer Dump Tanks 

Feed Water Pump 

Waste Carrier from D20 
Evaporator (Item 24) 
Vacuum Pump for Steam 
Condenser (Item 17) 
Condenser for Outer 
Dump Tank 

Remote Operating Wrench 
Leak Detection System 
Sampling Connections 
Ventilation System 

mielding Structure 

StsuctLIral Support 

DW$.NO. 

D-8608 
D-8609 

D-8612 

D-8607 

D-8610 
D-8611 

D-8619 

D-8309 

D-8914 
n-8310 

11-8916 

D-8915 
11-8916 

c - 10116 
D-8917 
D-8918 
D-8920 
D-8626 
D-8436 
D-846c7 

C-7570 
D- 9070 

Drawina Title 

Houraing Assembly and Details 
Mgnet Support Assembly and Details 
Hold Down and Drive Assembly 
Cable Aasembljr and Miacellaneoua Details 
Cable Assembly and Rod Assembly 
Plan Views of Cantrol Rod 
Limit Switch Assembly and Detalls 
Ellison U-Path Type 
Wright Austin Drawing 5334 
40 Kw, 1500 psi Electric Steam Generator 
10 Kw, 1500 psi Electric Steam Generator 
Outer Dump Tanks Pian and Details 
Outer Eump Tanks Condenser Assembly 
Aurora Turbine Pump Co., Model G5T - 
Sheet No. 11-PC-2104 

See Reference of Section 2.5.4 of YANUAL 

Heat Ekchanger 
Condenser Aseembly 
Modifications on Ingersol Rand Wrench 
Leak Detector System 
Sampler Connections 
Exhauet Stack and Stack &ing Plan 
Bxhauet Stack Pad and Grounding Plans 
Brhauat Stack Underground Piping 
Shielded Area. General Layout 
Location Plan and Arrangement 
Steel Supports for Beat Exchanger and Circulating 

Equipment Support Platform 
Pipe Wench and Turbine Support 

Pumps 
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SECRET 
SECURITY ImFORE48TION 

I t a  - 

20 

8 85 25 

21 

86 

24 

D-7552 
E-7555 
3-7557 
D-7593 
D-83@ 
0-8303 
D-8308 
D-8315 
D-8617 
11-8618 
D-8620 
33-8623 
B-8625 
E-8627 

Title 

Sampler Locator and Index Table Aesembly 
Detafl~l Sampler Locator and Index Table 
Soup Sampler L t f t i n g  Tool 
Soup Sampler IIsolation Chamber Assenbly "H" 
Soup Sampler Isolation ehamber Details 
Soup Sampler L i g h t  Assembly and Details "J" 

Adgustable Mirror 
window (void See ~-10137) 
Soup Sampler Experimental Valve 
Soup Sampler Window Shieldt and 1/8 3i-Pkeeswe Flanged Union 
Soup Sampler Packing Gland for Valve Rods 
Soup Samples Valve Extension Bandles Assembly and Details 
Soup Sampler Revised Chuck Assembly 
Modified Igulsafeeder Diecharge Check Valve (%O and Soup) Assembly Se Details 
Modified Pulsafeeder Suction Check Valve Assembly and Betails 
Puleafeeder Head Strainer and Pipe Line Strafner Asaembly and Details 
Adjuetable Mirror Details 

'IF" 

I 
h3 Liquid Level Controller \D 

c$ 
REFLECTOR SYSTEM 

Bearing Revision on We@ 
Welded Assembly of Heat 
StelPite Bushing Weaskin 
Filter Assembly and Details Items 8 and 25 
Reflector Compartment Piping 
Emergency Cooling System 
Reflector Velseel Dietributfon Liner 
Reflector Tray and Inlet Detail 
Assembly Soup Dump and %O Pmp Oil Cooling SyBten: 
DetafPs soup Dmp and Q O  Pump Oil cooling System 
~ f f - ~ s  Condenser Item 86 
Flowsheat 
D20 fiaporator ften 2k 
Reflector Ve~sel  Flange Piping Plan and Elevation 
RefleetoI- C k l l  PSpfng Plan and Elevation 

Modkl 30 
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Drawing 
Item Humber - 

D-8647 
D-8648 

3 E-9584 
3-9585 
E-95% 
c: -9599 
A- 10109 
11-10135; 3 

73 

D-8432 
D-8433 
D-8434 
D-@+35; 

D-@+33 
9-8438 
D-8439 
D-8440 
D-8441 
D-8hh-2 
D-8443 
D-8444 

0-8436 

P-8445 
D-8446 
P-8447 
D-8448 
D-8449 
D-84 40 

D-9060 
D-8626 

E-8317 
D-8613 
E-8615 

T i t l e  

250 KW Generator Set-Up Sections 
250 Kw-Generator Set-Up WscefPaneou~ Piping Detalle 
Steam @enerator Item 3 (A. 0. Smith, MJ-7314) 
Steam Generator I t e m  3 Detail8 
Steam Generator Item 3 Details 
ReOucar Welding F i t t i n g s  
B i l l  of Material f o r  HRE Steam System 
Revised Flange f o r  A. 0. Smith Heat Exchanger Item 3 

SHIELDING OR BARRICADE AREA 

Location Plan and Arrangement 
Barricade Sub-structure Plan and De ta i l s  
Barr icade Sub-structure Sectiona and Details 
Barricade Sub-structure Miscellaneoua Details 
Control Room Plan and Details 
Pipe Trench and -bine Support 
Pre Cast Concrete Floor  Slabs Plan and Details 
Barricade St ruc tu re  Plan and Details 
Barricade S t ruc ture  Sect ions Sheet #1 
Barricade S t ruc ture  Sect ions Sheet #a 
Barricade S t ruc ture  Sect ions Sheet #3 
S t e e l  Framing f o r  Roof Plan and De t s i l e  
Roof Plug Details Sheet #1 
Roof Plug Details Sheet 
Roof Plug Details Sheet #3 
Steel Support8 f o r  Heat Exchanger and Circula t ing  Pumps 
Perfecope Sleeve Details 
Equipment Support Platform 
Plasonry Column -Layout 
Shielded Area General Layout 
General Piping and Equipment Layout f o r  Building 

INSTRWWATION 

Instrument Panels 
Instrument %ne1 PlaLfom 
IzarLn.mmt Console 



It41 - 

79 

T i t l e  - 
Instrumnt Bridge 
Control &Wm.zucntatfon Tube PnstflSatSon 
Control Pnmtrur;lenla%lon Duet In@tf1H;atfon 
HR-2) 
B-S IlooltaPuaeat Holes Liner Detail 
E-W Ino.t;meaC Holes Liner Detail 

HE-l %H-3 Plug Details 
HPP-1 and H14-3 Plug Details 
HE-6 Plug Betai lo  
HR-2 and'Elf-5 Plug Details 
fnetaugent Tbimble Detail 
Xnletrwent Holar Hos.$zontetl Scetlon 
HH-1, Elf-3 and E.K-4 General Awembly 
Control fnotrwrontation Conaolc Layout 
Control I n s t m e n t a t i o n  Tenplate for Valve Posi t ion  
Control I n s t m e n t a t i o n  Call Wall Junetfon 
ControP fnrtrtsgentatfon Valva Poeaition and Shatdom Alsm Iraiafcator 
EN-2 %nil Ha-5 General A~wemblgr 
file-6 Qe3norarl Alsoerbly 
Instrument &ne1 Layout 
InrstrumGnt Panel for &a1 Test Loop 
Control Roo& Instrument Tubing Layout 
InlEItrmst Mounting Diagram 

Cut-Out8 %OF Inrrtswientq on Lo €I. Console ?anels 
Venturi Recombiner &to Flow MasruPement 
Template for Valve &@ition and Shutdown Alarm 

an& raa-6 Outer Plug Detail 

HIi-4 P1w Wtotil 

J 
Ls 
0 r 

@Ut-OU%@ for IhQt;PWntri OR R m  H o  CORBOI.@ FWlalB 



SECRET 
SECURITY I N F O  

Drawing 
Mumber 

D-8608 
D-8609 

D-8611 
D-8612 
D-8619 
D-8644 
D-9055 
D-go56 
D-9057 
E-9066 
D-967 
E-10123 
I)- 10124 

D-10126 

c-10136 

D - 8 6 1 0  

1)-10125 

C - 10134 

T i t l e  

Magnet Support Assembly and Detai l8  
Bold Down and Drive Assembly 
Cable Assembly and Miscellaneous Deta i l s  
Cable Assembly and Rod Assembly 
Plan V i e w s  of Control Rod 
L i m i t  Switch Assembly and De ta i l s  
Magnet and Armature Assembly 
1/8” Angle Valve Actuator 
1 / 8 ’ I  Angle Valve Actuator Details 
1/8” Angle Valve Actuator Sylphon Aesembly 
Emergency Cooling Syaterr Plan and Elevat ion 
Control Rods Shock Absorber Asselcbly 
Revieed Assembly of Regulating Rod 
Regulating Rod 
Regulating Rod Guide Tube and Switch Assembly 
Regulating Rod L i m i t  Switch Details 
Al te rna te  Type Sandwich Safe ty  P la t e  
Alternate Safety P l a t e  - 16 ga. (.065) Tubing as Cast 

Rod and P l a t e  Aseembly and Miscellaneous De ta i l s  

ELECTRICAL 

11-8921 
D-8322 
D-8923 
E-894 
D-8925 

Under Floor  Conduit Plan 
Power Plan 
Sect ion and Details 
Wiring Diagrams and Equipment Schedule 
Equipment Schedule ( E l e c t r i c a l )  

GENERAL PIPING 

1)-8626 
E-8627 
~ - % 2 8  
D-8630 
D-8631 
D-8638 
11-8646 
D-8647 
D-8648 

Shielded Area General Layout 
Ref lec tor  Veseel Flange Piping 
Ref lec tor  Cell Piping Plan and Elevation 
Heat Exchanger Cell Piping Plan and Sect ion A-A 
Heat lkcbanger Cell Piping Sect ions B-B and C-C 
Piping and Equipment on Shield Face North Elevat ion 
Piping Plan 250 Kw Generator Set-U-p 
250 Kw Generator Set-Up Sect ions 
250 KW &neTZitOP Set-Up f4fi3Ce~PaneQU8 PfPiglg Details 

SECETET 
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sr;cmyr 
SECURITY IWORMATIOB 

Item 
Drawing 
Mmber 

D-7012 
D-7763 
D-7761 
B-7538 
D-7579 
D-7580 
D-7581 
D-7582 
D-7583 
D-7585 
D-75% 
D-7487 
D-7588 
D-7589 
D-7590 
0-7591 
D-7592 
D-7687 
D-7688 
D-7691 
D-7712 
D-7715 

D-7722 
D-7723 
~-7041 
D-7042 
D-7043 
D-7526 
B-7558 
D-8404 
D-8919 
D-8920 

CL-706D-159 

Title 

Service Piping 
AIC Control Room Plan and Details 
Service Piping Details 
Heating Plan 
Evaporator Piping  Plan 
Evaporator Piping Details 
Roof Drain Piping 
Evaporator samyler Deterills Sheet #3 
Evaporator Conaenser 
Evaporator Plan  Section and Details 
Evaporator Steam Coil 
Evaporator Feed Tank Sheet #1 
Evaporator Feed ~ a n k  Sheet #2 
Instrument Board 
Sampler Aeaembly 
Sampler Detail8 Sheet #1 
Sampler Details Sheet #Em 
Ventilation Hot Lab DuctwoPk 
Stem Piping Details 
Fuel Oil Storage Tank and Dike 

Boiler Room Piping Plan and Sections 
CL #5 Jet (1/2” IPS SoS) 
Demineralized Water Storage Tank 
Hood Exhawt Plan suld Elevations 
Water Line Details Sheet #1 
Water Line Details Sheet #k 
Water Line Detalle Sheet #3 
Water Line Detail8 Sheet ff’i 
HRE Equipment Filter Assembly and Details 
Service Piping to E ~ E ~ ~ Q I % ~ o P  
Outslde Equipment and Servieee 
93xhaus-L Stack Unaeqpmd Piping 

void 

t w e 



T i t l e  

(Structural 1 
P 

11-7238 Concrete Foundstion Plan 
9-7239 Foundation Sectiortla and Detaih 
D-3240 Ground Floor P h n  
D-7241 Section 1-1 and Misreellaneous Details 
D-7242 Elevations and Details Sheet #l 
D-7243 Elevations and Details Sheet #2 
D-'7244 Roof Plan and Detailat 
D-7245 Roof Framing Plan 
D-7246 
D-7247 
D-7240 
0-7249 Typical Wall Ijectiongl 
D-7277 Roof Wuse Details 
D-7278 Laboratory Equipment Elevationa 

m a  Baae &taziB D-7279 

D-7250 Building Electrical Service Rack and Mfsetllaneous DetaiJs 
D-7584 Evaporator Shielding Plan and Details 
D-7276 Miscellaneous B t ~ f l ~  
13-8769 Roof Frmfng Shop D e t e t i l B  

D-8772 
D-8773 
11-8917 
D-6910 

Crane Runway Framing an8 Ladder Detafla 
Stee l  Framing Elevations Sheet #l 
Stee l  Framing Elevatione Sheet #2 

8 D-7280 Hood Base Grating and Skin Plates w 

Y 

Plan and Detafls of Staf r  Sheet #1 
Plan and Detail8 of Stair Sheet #2 
Exhaust Stack and Stack Guying Plan Section and Details 
Exhaust Stack Pad an& Stack Groundting Planea Sections and Details 

E;-7557 
E-7562 
D-7563 
e-7570 
E-8304 
E-8305 
E-83312 

Stel l f te  Burshfng Welertfaeghwe 
Bearing Teetirlg Device HRE Experiment 
Bearing 'Peetirig DevPce ( A l t o  1 E3E Ekperiment 
Modifications t o  Socket on fngersal Rand Wrench 
ReRetor Aessembly Vertical Section A-A 
Tbe Homogeneous Reactor Experiment (Pictorial. 1 
Instrument Hole AseemUy Ffesfon Chamber and PPUB ('Report) 



Item - 

32 

Drawing 
Number 

C-8324 
c-8621 
C-8642 
E-8962 
C -897’2 
c-8973 
c-8975 
D-8976 
D-897’6 
D-897% 
B-8981 
D-9055 
D-go56 
C-9057 

D-907’5 
D-9578 
B-9579 
C-9581 
c-9594 
c-9598 
c-lo139 
D-10140 
D-10141 

D-9070 

T i t l e  

Detail Drain Line Connection on Control Valve i n  Line #IU 
Flange Drills f o r  Leak Detector Syatcm 
Orifice Plate  Detail for Item 3’1-53 i n  Line #446 
Bel lev i l le  Spring 
S i l i c a  Gel Regaerator Itern 32 
Special Valve 
Isometric Refrigerant Unit  
Sylphon Valve Actuator Assembly 
Sylphon Valve Actuator Detail Sheet #1 
Sylphon Valve Actuator Detail Sheet #2 
Bellows Assembly 
1/8” Angle YBlve Actuator 
1/8” Angle Valve Actuator Detai ls  
1/8” Angle Valve Actuator Sylphon Assembly 
Leak Detector System 
Bellows Valve Operator 
Report Drawfng on Fxperimental CatalyticaP Recombiner 
Schemtic  Diagram Proposed Leak Detector SysJtem 
Mercury Seal Pot for  Items 17 and 30 
Leak Detector f o r  Heat Exchanger 
Simplified Flow Dfagram 
A l t o  Exp. H. P. Piston !I’y-pe Feed Pump (Report) 
Soup Sampler Schematic Diagrams (Report) 
Alteration8 t o  Experimental Valve 
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1/2,, ss 40 soup gas Line 1Og 
bleed 

,/2,, w.1, 40 soup dry  t3hwe& 
O f f - g a s  AbS e 

Line 137 1/2" SS 40 " n 

Vdve in line. Located 8% high 
poi& in B & U  
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1 1/2" A-106 80 Boiler beat Eeat Ex&. 3 
1" ss 40 exeh. B l m  

dcmn to h& 
wasLe 

~ i g e  320 m p m  disc loo# 1 set  f9mg@s 
Reducing coupling 2" x PI' 
Sd. 80 to R u m e  Disc. 

Canilenser b2 ~uptuxe disc ilfjoftt, s d e t y  valve & 

323, €h 318. 

meek valve in line. Sch. 80 Lo 
S&&y. Come& Line 333, 345, 330, 

n o h e n  Control valve & 3 harid valves fn 
line. Connect 327, & 332. 1" from 
322 to 332; 1/2" from 332 t o  hot 
well , u 

w 

1 Extension vdve in l i n e  (Blow a 
Waste feed 33 
tank dawn> A-16 -to valve fma heat exah 

SS f r o m  valve to feed tarmk. 
Connect 321, & 335. Ion ehamgSer 
on line. 

Line 320 1-d- v ~ L v ~  

Line 316 1 con-brsl valve, uheck valve, 8e 
strainer in l ine  - connect 325, 
86 331. 
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3/8" ss 

w i r e  

w i r e  

Rod 

wire 

1/2" ss 

1/4" SS 

1/2?' S8 

40 

40 

40 

Ref'lecrbr pres. cell Inst . 
pressure Line 729 PRCA/D/~O 
PRCA/D/~O 

soup p s .  Pres. cell b 8 t  

PRCA/D/lO L ine  700 PRCA/B/lO 

Liq. level Brwm loa& Instr. 
soup aond, cell L I / 1 1  

Line 732 

D20 Liqo Line  729 FOXboI-0 
Level D/P cell 
m / x 2  

Fo&rorc, Line 736 
D/P cell  

I1 $1 

I t  Conneet l i n e  735 & 855. 11 Ref .  vessel 18 Degas  
m e  Cyuc le t  Changer 

l/4" .&g SS " (1 Degas Line 150 Valve w'ith ext. handle 
llhamber i n  line. 
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748 

749 

750 

751 

?52 

’753 

7% 

755 

?% 

753 

Rod 

Wire 

Wire 

WiX€? 

Wire 

wire 

Wire 

3/8” .035 ss 

3/01? .035 ss I1 11 D$ dump 22d Bot. of 
tanks weigh eell 
Liq. header 

PC/% Solenoid 0v-n 
pressure L i n e  913 

L1 1120 Wianctko Inst. Ll/15 
dump sell 
tanks 

Inst. 21/17 

- 30 - 



P
- 

f4
 
\
 

d 
p-. 
rl 
\
 

d 4 tn R 

IC 
rt 
'.4

. 

d d; 2 w
 



tc 
d
 
\
 

d ti d H 

4 

%
a 

k
 

4
 



-341- 



?sa Wire 

789 

790 

791 

792 

793 

794 

795 

7% 

W i % e  

Wim 

w i s e  

w i r e  

Wire 

Wiaru?: 

W*€? 

Temp. of Them- Iris%. 32/17 
D$ Off- ctouple on 

mld trap 
from l ine  84a 

mto m/17 

S.t;eam Line 775 Solenoid i n  
MOgitron line 724 
Irrte.sloQk 

Tmq. of charoosl 30 Inst. 39/17 

i n  tJkkamoal 
absorber 

0ff-w Absorber 

11 n I1 I t  30 I&. n/l? 
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8s W i r e  

l/4" .Oh9 cu 
5/16" .04g Al 

- I  835 W i r e  . -  
836 

842 W i r e :  

l/4" 0049 m 
5/16" .&g ~l 

V a l v e  in 
125 

PI-38 

PI-34; 

We-25 

valve in 
line XY~ 

Solenoid 
va.lve 

Line 493 

Line h36 

I t e m  5 

Solanoid 
valare out- 
side shield 

Val- in 
line U 4  

Staek 

TsansmfSter 

Line 316 

Line 316 

D.P. sell 
across 
orifice in 
line 732 

Al imbae shield 

Monitmn 

e 
T 
F- 

A l  inside shield. 

pzlonitron to stack 

Orifiae in line 316 

&cboclave surge check 
i n  line. 
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006 1/4" ss 80 Orifice in l i ne  w. 

887 

808 

W i 2 %  

Solenoid 
In line 
7 6  

chn*l 
valve i n  
l ine 424 

890 wire 

s so vent Solsnoid 
w v € ?  in 1-e 
Solenoid 8% 

895 ,/V' ss 80 
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Tasulatigg Schedule 

Reaetor equtpwent and piping has been fnsulated with the phfEoslcrphy 
thet no fnmlation shall  be provided fnsfde the reactor shield unless 

. neeao,sary 

(1) to prevent excessive loss of heat from the hi& temperature 
e ~ u p  or %O recirculating Bystela 

(2) to pretreat excessive e x i t  air teaperatwes from the cells 

(3)  to prevent condensation on water l inea and JacketE whem the 
diripipi3le; condensfa.t;e can cause trouble 

(k) to prevent undue loads on cold t rap  wid the ref'rfgeratfon 
eystem 

( 5 )  %o prevent injury to operating personnel. 

The following equipment and piping insulation specifications list 
only those item and lines which have been insulated to dateo 
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HRE EQUIFMENT INSULATION SPECIF'ICATIOIS 

A l l  surfaces of equipment t o  be insulated must be thoroughly clean and 
free of rust, dirt, grcaBe, etc. 

Where Items of equipment, similarly Insulated, are not f&r enough apart 
to permit individual. insulation, said items may be fnmlated as a whole. 
However all voids within insulation are to be f i l l e d  with inrsulation of the 
t ype  required per schedule. 

Insulation inwide shield and underground shall be bound. in place with 
aluminum w i r e  or eyelet strap and covered with glass cloth membrane. 
glezwe shall be used for cementing and protective coating. 

Water 

A l l  other insulation ahall be installed per manufacturer's specifications. 

As manufactured by Pittsburgh Corning Corporation, custom (factory) 
f f t t ed  insulation shall be used as provided. 

All other fneul.atfon shall be shaped and fitted by field using pipe, 
tube or lag aections where applicable. 

Ccsre shall be exercfsed to fill all voids with insulation as practicable. 

8546 MAirnSIA (PI) 

Johns- ManvilPe or equivalente \ 

Where standard sections of insulation cannot be used due to complex 
form of eqliipment "M" ty-pe cement shall be used thereon. 

Eagle-Picher Company o r  equivalento 

Shall be applied per manufaeturer*B specifications and finish coated 
wfth Eagle-Pfcber "lC6 '' finishing cemento 

CORK 

Mandet Cork Corporation OF equivalent* 

Shall be applied per mnufae lurer ' s  specifications. A l l  voids shall 
be filled. with Regranixlated Cork packed solid. 

SECRET 
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BRE E@.JI?MEXT IHSULATIOW SCHEDULE 

mt Ineulation Am' t - BO& PBIglt mick Shepe Size Req'd Reaarks - 

453 
64 

' 67 

8 4 .  
86 
80 
bs 

+O Recombiner M 

3 
3 
3 
3 ~ 2 p e  6 IPS 
3 Pipe 8 IPS 
2 Tube! 11 OD 22 ' 
3 

pipe 

1-1/2 Pipe 
2-112 IFS 32' 

1 4 2  Ips 3-4'  
3 c Cement 4w 

2 

2 

3 
8" IPS 3 '  

2 Cemont 3M 
* cz If" OD 22 

4 pfpt 3" rm 24 
1-112 Pire 3" 33% l0*5' 

3 .  
3 Pipe 3" IPS 7' 

Custom fit 
CUstoHI fit 
Cwtom fit - Head Only 

Cut en& cover13 from flat lag 3" thick 

Culsltom fit 
Verniculike 
Tank. 
Steam jacbet cut end covere from f l a t  
lag 3" thick 

Insulate outer Unit6 then center with 
segwnts required 
Vapor in and vapor hea&er out 
Build up insulation of E-P auper "66" 

& 
v? 
\o 

: I  or  equivalent 

Build up i n s b t i o n  of "H" type cement 

Use "M" type cement for flange insulation 

Custom fit 

Underground protection require& See epee, 

Build up insulation of "M" type cement on 
O i l  sepamtor only+ 
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ERE PIPING IPiSUIATIOBJ SPECIFICATTONS 

P i p f n g  insulation schedule shall be referred to for type, s i z r  1.' i 
location of insulation. 

All linea must test tight and be clean before application of iaaula- 
tion. 

Where two OF more insulated lines run parallel and are not far enough 
apart to allow individual insulation, said lines may be insulated as a whole 
using block insulation of" the maximum thickness required for the encloeed 
lines. Block insulation shall be used to fill spaces between pipese Where 
standard sections of pipe  Insulation can not be used due to interference or 
nos-standard bends, field shall lmprovise from bulk materials furnished. 

FOAMGLAS (FG) 

Foamglaa insulation manufactured by Pittsburgh Cornfng Corporation 
shall be used inside slnfeld at a11 loca%ione per Bchedule. 

Factory fftted insulation shall be used on all valves and flanges. 
Factory fitted insulation shall also be used on a l l  tees, ells and f i e l d  bendle 
0%" 1-1/2 in* OF larger pfpe. 

All j o i n t  surfaces ah11 be coated with water glass cement. Insulation 
Bhall be wired in place at not greater than 9 in. centers wing aluminum w f r e -  
Wires shall be embedded in insulation snd the twisted ends turned in. 

2 -  .4 

Insulation shall be covered with glass cloth membrane (blaafab by P-C?'oF 
equfv. ) cemented on w i t h  water glass" 

A protective coat. of water glass shall be applied over-all. 

85$ mcTNEsIA (M) 

Johns-Manville OP equivalent shall be used at. all locatfons per schedule. 

mere used within ehfeliP "M" t ype  inaulation shall be wiretd in place a% 
not less than  9 in .  centera using aluminum wire. Following which 8aiB. insu- 
lation shall be covered w i t h  glass cloth membrane cemented in place with 
water gla.ss. Finally a protective coat of mter glass shall be applied over-al1. 

All other "M" type insulation shall be installed per manufacturer' e 
specifications* 

CORK - 
Cork ;AB manufactured by the Mundet Cork Corporation OF equivalent shall. be 

used at a l l  locations per mAeduleo 

SECmT 
SECURITY Il%?OIIMATION 
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Insulation shall be wired in place st not greater than 6 i nc  centers 
using alwafnusn wire. Twisted ends of wires rPhall be turned in. 

Factory made Pitting covers sbXl be w e d  where required. 

Insulation shall be covered with glass cloth membrane cemented on with 

A prutective coat of mter glasrs shall. be applied over-all. 

AXTI-SWEAT (AS) 

J-M or equivalent of standard thicknee8 shall be used firt all. location~l 

Inadation shall be insta l led  per mmf'acturer's epecificationa. 

per sehedu3.e. 



Soup System 

Line 
MO - - 
101 
102 
103 
112 
115 
116 
142 

309 
310 
311 
312 
316 
317 
320 
324 
325 
327 
328 

331 
332 
334 
335 

Service 

soup 
soup 
soup 
soup 
Soup gas & vapor 
Soup gas 
Soup off -gas 

B. F. Water 

B.F. Water 

B. P. Water 
Steam 
Steam 
Blow down 
Steam 
Steam 
Condenmite 
Safety 

Steam 
Condensate 
Steam 
Condensate 

B.F. Water 

Length Insulat ion 
of Run* I.P.S. mi ckne s 8 Remarks 

3 1-1/2 FG 3 1 bend 
3 L1/2 FG 3 2 bend 
1.5 1-112 FG 3 
3.5 1 FS 1-112 

19 2 FG 3 
5 1 FG 3 
1.5 1 FG 3 

*Where l i n e  connects with pressure vesse l  assembly, 
length of run shown hereon is t o  l i n e  flange a t  
said vessel .  

Turbine Steam &stem 

7-  5 
36.5 
36.5 
53 
13 
11 
41+ 
8.5 
10 
11.5 

2 
5 
22 
19 

1 

1 
1 
1 
4 

2 
1-1/2 

2-112 
1-112 
1/2 

1/2 
112 

1/2 

6 

4 

Standard 

Standard 
Standard 
Standard 

2 

1 4 2  

1 4 2  
1-112 

14/2 
2 

Standard 
2 

Standard 
Standard 

3 
1 

SEChT 

3 flanges 
2 f langes 
I f langes 

1 o r i f i c e  

I 

F\3 
To face of sh ie ld  (1 chk valve, 3 valves) 

1 chk valve 1 valve 
To location of %O cooler 
From locat ion of L+O cooler 

1 flange B 

2 valves 
1 valve 

1 valve 
1 valve 

Insulat ion from elbow i n  trench t o  condenser 

I valve, 1 s t ra iner ,  1 trap 
InsuP. ineidc bldg. 8e 9' above ground 
outs ide 1 valve 

1 valve 
1 flange 
1 flange 

C 



426 

427 
4 30 
431 
434 
435 
4 36 
437 
448 
449 
4 58 
459 
460 
461 

. 462 
563 
464 
4 6  
477 

- 478 
479 
480 

Service 

Steam 

Condensate 

Steam 
Condensate 
Steam 
Condensate 
Stea l  
Condtneate 
Steam 
Condensate 
Ref r = Supply 
Refr. S ~ t n  
Ref r o Supply 
Refr. Suct. 
RefP- SUpPly 
RefPo Suet e 

Rtfr e Suct a 
S-tearn 
Steam 
Condensate 
Condensate 

Rcfr 0 Supply 

Service Piping lnside Shie ld  

Length 
of' RUI I o P I E -  

__I) 

Ill 8 ul at ion 
Thicknesse zB?E - 

M -  1 4 2  
FG 1-1/2 
FG 1 4 2  
M -  1-42 
FG 1- 112 
FG 14/2 

FF 1 4 2  
FG 1 4 2  
FG 1 4 2  
FG 1-1/2 

FG 1-1/2 

FG 1-1/2 

M Standard 
M -  Standard 

FG 2 

FF 2 

Cork Standard 
Cork Stmdard 
Cork Standard 
.Cork Standard 
See Remarks 
See Remarks 
See Remarks 
See Remarks 

Remarks 

In refl,. c e l l  only 
.Ttiru shield and to flange a t  pressure vessel 
Thru shield and t o  f l ange  a t  pressure vessel 
In re f lec tor  c e l l  only 

8 w 

7 

Insul./Eote 3d, Dwg. D-8910 - Buried in Floor 
Ineul./Note 3d, Dwg. D-8910 - B u r i e d  in Floor 
Tneulo/Hote 3&, W g .  D-8910 - Buyfed fn Floor 
InsuP./Note 3d, h g .  D-8910 - Burled I n  F loor  
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Line 
NO. - 

430 
435 
4 36 
448 
449 
4 57 
4 59 
461 
463 
465 
477 
480 

150 

a52 
153 

154 

Service 

Steam 
Condensate 
Steam 
Steam 
Condensate 
Refrig. Suct. 
Refrig. SuctD 
Refrig. Suct 
Refrig- Suct. 
Refrig. Suct- 
Steam 
Condensate 

D20 

Service Piping on Face of Shield 

Insulation 
Type Thickness - I. P o  s. 

3/4 
1/2 
1/2 
1/2 
1/2 

1-3/8 Tube 
1-1/8 Tube 
1-1/8 Tube 

7/8 Tube 
7 / 8  Tube 
1 
1/2 

As 
M 
M 
M 
M 
Cork 
Cork 
Cork 
Cork 
Cork 
M 
M 

Standard 
Standard 
Standard 
Standard 
Standard . 
Standard 
Standard 
Standard 
Standard 
Standard 
Standard 
Standard 

D20 system 

2 M 1 4 2  
See Rem. - 

2 FC 2 
1 M Standard 
1 M Standard 

M -  Standard 
1 FG 1 4 2  

Remarks 

Insulate  as bundle 
Insulate  as bundle 
Insulate  as bundle 
Insulate ap, bundle 

\ 

Insul.  exposed portion t o  dump valve 
J.M. Asbes. cement i n  shield 
Press. vessel  compartment 

1 flange 
1 flange 

In refl. c e l l  
Thru shield t o  flange a t  refl. vessel  

SECRET 
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A m = : :  E 

".. ,. Nuclear Constants of'the HRE 

The fo3lming ation o f  nuclear calculations was matie to 
deternine, or t o  p a check on, %he values of" the "nuclear 
conatmta" of the RRE and t o  esllmate the i r  limits of e ~ r o r ~  

An apprustimke raethd (dercr$hed in LA-524) was use8 to  uolve 
the tWO-gPoUa pPOblem 

In attempting to deternine the 1 l m n i . f ; ~  of error, particular 
attention f j ~ l ~ i  gfven t o  thewe facta: 

B. 

e* 

In 

Certain of the  two-group constants ape not accuratdy 
tmofyn;, in partlc I the ratio of' t he  Pa-st diffusion 
conB*antss POP he axxi€ I f @ t  wateP. 

Them is no clean-cut;, accurate method f o r  detenr9ning 
the overall effect of the steel eorc tanko 

Two-group theory is not otrfctly 
ayetern, the magnitude of the err0 WCt?rt&irr@ 

tabulating the results, the conditioals for which the caleu- 

A0 

made &&car on the r igh t  hsnd &de, Notation is asL Sallows: 

Fuel concentration, i n  grata@ wanfm/kilog.ra H20 

Effective sultiplica.t;ion constwt of reactor (K 1 for 
cr*icaXSty 1 

T = 230'C 
TR = 



2. Critical concentration: 

C (critical) = 43.0 2 6 s 1  @ h U / K & ~ O  T = 230°C 

= (35-4 2 5 gm-U/liter +o) TR 164'~ 

3. The density coefficient of reactivity at constant temperatumPe3, 
averaged from P = .a23 t o  P = -883: 

4.  The temperature coefficient of reactivity at constant density, 
averaged from T = 23OOC to T = 18OoC: 

5. The prompt neutron generation t i m e :  

TR = I 6 4 O C  
c = 43 $!no/ 

T = 230" 

TR = 1.64'C 

c = 43 e;m./Kgrtl. 

6 .  The mount o f  reactivity controlled by reflector (or reactivity 
change made by dumping reflector at operating temperature): 

* - -  - (24.5 3)$ 
K 

7. The reactivity controlled by Control Plates: 
(From CF 51-9-13) 

T = 2gO°C 
A R = 1.44$ per plate  TR = 175'C 

c = 48.7 @l./Kg?p. 

8. The reflector temperature coefficient of reactivity at constant 
core temperature, averaged from TR o 164OC to TR = 100°C: 



30 

4. 



7. The amount of reactivity controlled by Control Plates: 
(From CF 51-10-64) 

A K = 1.31s per plate 

4 
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APPEHDIX F 

Stainless Steel  Welding Specifieatione 

A report by S. E. Beall dated J u l y  23, 1951 covers the welding, 
fnepectfon, an& testing procedures employed in fibpicatirig the Rl3.E 
fuel. system. 
chemical and pbysicetE cbracter is t ica  a6 nearly 8s  posntfble lib the 

The goal of these procedures is to provide welds w f t h  

type $7 pamixlt metal. 

The following material has been extracled from the aforementioned 
Only the scope and references are gfven hereD reporto 

Schedule 40 1#2' through 3" 
Scheaule 80 1/4" through 2" 

or staidese steel components having a wall thfcluzests of OoIOgt7 
through 0.436 ''e 

A11 welding performe& by t h i s  procedure shaU be done by weldere 
qwlffied fi accordance with OperatoF'a Qualification T w t  Specs- 
f iea t ion  ESP-4*4-26. 
w i t h  th fe  procedure specification during the preceeiing k5-itay 
period he shall be required t o  pass tests in the 2f: and gG 
posftfoasr on pipe f n  efzes similar to that being etsed in con- 
struction before he will be eligible to perfom work in accordance 
wteth %hie procedureo 

If tbe operafor haer not welded i n  accosdanee 
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Operator ' 8  Qualification Test for Reliarc Welding of A. S. T.M. 347 
Stainless; Steel Bipe and Fittings for Fabrication of the Homogeneous 
Reactor Ewper iment (HRE Revision of K-25 Spec. ESP-4.4-267 

This specification covers the qualification of operators for 
approval to EIeliarc (Inert-Gas Shield Arc)  weld AaS.T .Me 347 
stainless steel pipe or tubing of a maximurn wall thickness o f  
0.436'' in accordance with ESP-4.3-26. 

C~CCCD-UBCC Engineering specification ESP-4.4-260 
C&CCD-'CPC&CC Engineering Standard ES-4.3-26. 
A.S.T.K A-213 

--- Outline of Testing Program f o r  Fabrication of" the Piping and Equipment 
Pieces for the Fuel System of the Homogeneous Reactor Experiment .---- 

Io Amlyeia of Welding Rod, Pipe, and Fittings 

I T o  Inspectian of Welding Process 

-- .!AI~ Nondestructive Testing of Finished Welds 

TWO Quality Control Samples 

APPENDIX G 

HHE Building and Site Plan 

The RRE wite is adequately described in section 1.5 of Chapter 1 
ST th1A reporto 

A se t  of wpeciffeations for the 7500 building were issued by the 
ORT% Engfneering Department, "Specifications For the Construction of 
Experimental Building No 7500" and "Water and Electric Power Supply 
O C M  Area" dated July 17, 1950. These apecificatione are complete and 
cover every phase of canstructlon regarding the 7500 bufl.dlng proper 
and its facilitieso Three addenda have been issued since the speciff- 
ca t ions  were written; the latest dated August 3, 1950; the the Invitation 
N u I A ~ ~ ~  of the specifications is 40151-1A0 

SECRET 
SECWIa'y INFORNATION 
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Welded 1/2 FS 

Welded 2 m 

Welded 1/2 MH 

Welded 1/2 FS 

Screw 1/8 FS 

Screw 1/8 FS 

Screw 1/2 MN 
108 

Welded 1/2 ME[ 

Screw 1" CS 

$crew 1-1/411 cs 

Screw 1" cs 

Flanged 4 CS 

Flanged 4" CS 

;;crew 1-1/2" HR 

F O X  

MH 

lu%fI 

Special 

MH 

ME 

m 

MN 

ME 

ME 

MH 

%4B 

m 

Leal ie  

m 

2 Bte l l i t e  on/off *a 

1/2 347 t o  on/of f D20 
410 

1/16 Stain- Fileedle g20 
lees Gas 

1/16 Stain- Needle %O 
le88 

1/16 Stain- Needle He 
lee8 

1/16 Stain- Needle Re 
lesn 

1/8 stainless  = $ 3e 
t o  S t e l l i t e  

Stainleas - e  q$ 

1-1/4 Stain- = $ %O 
l ess  

1/8 S t e l l i t e  Parabolic €$O 

4" S t e l l i t e  on/off Steam 

1-1/4" S.S. V-Port Steam 

Hc~ose Console 

- Moore Panel 
& Sol 

12 on i n e t  - 

- Wore Panel 

- Moore Panel 

See 270 See 270 - 

- See 150 - 
10 on i n s t  - 

23 63 Sol on in& - 
8 - air  

13 on inet  - 

13 on i n s t  - 
23 2 Moores Coneole 

& $03. 

Yea 

Ye e 

YE?€! 

Yet3 

NO 

NO 

MO 

NO 

Yes 

Yes 

Yes 

NO 

Yes 

No 

Ye B 

C 

0 

0 

c 

0 

0 

0 

C 

C 

C 

0 

c 

c 

C 

c 

in 

in 

in 

in 

in 

in 

on+ 

out 

i n  

out 

out 

out 

Out 

Out 

O U h  

Lower Left 
Cent 

Lower l e f t  

Lover l e f t  
cent 

Lower l e f t  

Middle l e f t  

Middle l e f t  

Upper left 

Upper l e f t  

i3 
I 

tower l e f t  

Upper r i g h t  

Upper right 

Upper right 

Upper r igh t  



cc/day B d y  Control Manual Location Location 
Valve VaJve Valve Connection Valve Trim I b t e r i a l  T r i m  Flcxing I n s t .  Control Moore Pos i t ion  Valve of Valve/ Location on 
Line # No. Leakage and Size Body Operator and Size Shape Medim No. Sta t ion  S t a t i o n  Ind ica to r  F a i l e  Shield Flow Sheet _._. 
321 321 600# Screw 3/4" FS MN 1/4" 8. s. = 9  H20 - Moore Panel Yes C i n  Upper r i g h t  

& Sol  cent  

323 323 600# Flanged 2'' CS Les l i e  2'' S t e l l i t e  = $  Steam - Moore Console Yea C Out Upper r i g h t  

- Moore Console 324 324 300# Flanged cs Climax 1-1/2" S.S. = $  Steam 
L - 1/2'* 

Yes C Out Upper r i g h t  

330 ~ O G #  Flanged 1" CS Les l i e  5/8" S te l l i t e  = $ S t e m  330 

347 

- See 323 See 323 Yes 

IJO 

C 

C 

Out Upper r f g h t  

347 Screw &IN m 1/2 Sta in l e s s  = .! ,' ?team - See 316 See 316 
B B 

Out Lower r i g h t  

407 

438 

71 407 Screw 3 m lyEi Bu t t e r f ly  : $ 

H2G 438 Screw MN 37's rn S t a i n l e s s  V - p x t  

(?!it Upper l e f t  Yes 

:rO . ?  

0 

0 on i n s t  6 - 3 u t  Upper r i g h t  
cent  

440 440 Screw 1/2 37'6 hfN S t a in l e s s  VZport E20 
or 3/4 

on i n s t  79  - n u t  Upper r i g h t  
cent  

Out Upper r i g h t  
cent  

I 
507 Screw MN 37's m S t a i n l e s  s V-port %O 9 on i n s t  - No 507 0 

7 1 2 ~  MN s. s. 02 Moore Panel 
& Sol 

Yes C in 

712 7 1 2 ~  m Special  Spec ia l  Og FRCA - on i n a t  
88 &. 
Sol 

Yes C i n  
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Induced Activity 
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375 
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376 
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This document contains restricted dat'i 81) daflard 
tn the Atomic Energy Act of 1 9 4 6  Its transm!!tal 
or the disclosure of its contents in any manner to 
an unauthorized person 1s prohibited. 
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3.0 M%nutern of Meetings (continued) 

WEThompson 

WEThompson 

wm’hompson 

mhomp son 

WEFhompson 

WEThoqson 

WIDhomrpson 

#EEhompon 

Wrnhogl-pbson 

Memo 

Memo 

Memo 

M a t 3  

MemQ 

Memo 

H e m  

Memo 

M@mo 

F i l e  

e 
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4 12 Gantrol System (Continued) 

RBE Control TAWeltan @Winter$ 

Dietrlbution 

JASwartout 

Rmven Distribution 

PMWosd 

sEBerla 

SEBea3.1 
WBrsnd 

CEbirintero 

SECU 
)Y i 



6-21-$2 

12-26-51 

, 2. 
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