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Final Report 

Feas ib i l i t y  of a Chemical Poison Loop System 

W, F. Ernes 
D, N* FUtonberg 

E. R.  Rosa1 
W. D. Fletcher 
J. J. Loving 

39 7 8 7  ABSTRACT 

The f i n a l  experiments performed with the Laboratory Version of the  
Chemical Poison Loop System ( C m S )  a re  described and the  results a re  
analyzed. 
t o  cont ro l  t h e  r e a c t i v i t y  of a rocket reac tor  i s  contained, wherein it 
i s  concluded t h a t  t he  system should be hydraulically and thermally 
f e a s i b l e ,  However, ce r t a in  chemical i n s t a b i l i t y  problems which were 
not resolved i n  the  work performed make overa l l  f e a s i b i l i t y  marginal- 

An overa l l  discussion of the  f e a s i b i l i t y  of using a CPLS 

1 
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I n  order t o  e s t ab l i sh  the f e a s i b i l i t y  of u t i l i z i n g  a Chemical Poison 
Loop System (CPLS) f o r  the r eac t iv i ty  control of a Tungsten-Water Modera- 
t e d  Rocket Reactor (TWMR), an  ana ly t ica l  and experinental  program of 
several  phases was undertaken by the Westinghouse Atonic Power Divi,i c: on 
(WAPD) f o r  the  NASA L e w i s  Research Center. 
the  Reference F l ight  System, test program plans, the r e s u l t s  of t h e  aani-  
fold-poison tube array design and tes t ing ,  and the  r e s u l t s  of the t e s t  
programs on poison solut ions and materials conpat ib i l i ty .  

Previous reports  have discussed 

The f i n a l  phase of t h e  program involved the  construction of a Laboratory 
Version of t he  CPLS Fl ight  System, w i t h  appropriate hydraulic simulations 
in t h e  case of ce r t a in  components. A se r i e s  of dynaaic tests was per- 
formed t o  simulate the required s tar tups and shutdowns of the  reactor,  
w i t h  ana ly t ica l  da ta  taken t o  evaluate system performance. 
performance was achieved i n  all instances. 

Sa t i s fac tory  

A s  t o  overa l l  system f e a s i b i l i t y ,  it i s  concluded t h a t  the design system 
requirements are  generally s a t i s f a c t o r i l y  Bet .  Because of problems w i t h  
t h e r m 1  s t a b i l i t y  of the  poison solution, t h e  performance under normal 
operation conditions must be considered marginal. 

2 



I. ImRODUCTIOM 
I 

A. Statement of Purpose 

Contract NAS3-5215 between Lewis  Research Center ,  NASA, and 
Westinghmse Elec t r ic  Corporation, Atomic Power Division, covers 
the investigation of the f e a s i b i l i t y  of a Chemical Poison Loop System 
( C a S )  t o  control the  reac t iv i ty  of a tungsten, water moderated reactor  
for  rocket application. This contract was subdivided in to  f ive  tasks  
(I-V) covering cer ta in  specific objectives. 
Task I (NASA-CR-54291) presented the design of the Referenee System. 
The Summary R e p o r t  on Task I1 (NASA-CR-54420) presented the  design of 
the  laboratory tests planned as a means of establishing f eas ib i l i t y .  
There were two ~ummary Reports issued covering the Task III work. 
Report NASA-CR-54994, presented the  work done on the  testing of the 
manifold-poison tube assembly and report  NASA-CR-54995 presented the  
evaluation of the  materials compatibility and acceptabi l i ty  with 
par t icu lar  emphasis on the poison solution s t ab i l i t y .  

The Sumary Report on 

This report  consti tutes the f i n a l  report on the program. It pre- 
sents the design and testing of the  CPLS Simulation Laboratory Version, 
Task IV,completes the  discussion of the ion exchange evaluation, which 
was pa r t i a l ly  covered i n  NASA-CR-54420 and provides a discussion of the  
overa l l  f e a s i b i l i t y  of the CPLS, Task V. 

B. Requirements fo r  Feas ib i l i ty  

I n  order t o  introdice properly the  discussions i n  t h i s  report, it 
i s  appropriate t o  review i n  b r i e f  the overal l  description of the CPLS 
and the more important design bases. 

The Chemical Poison Loop System i s  a closed f lu id  system containing 
a neutron absorbing material (poison) dissolved i n  water and circulated 
through appropriately arrayed tubes i n  a tungsten-water moderated rocket 
reactor  core. .Variation of the concentration of the poison solution 
i s  made i n  order t o  control the reac t iv i ty  of the reactor between shut- 
down and full p o w e r  conditions. 

The Chemical Poison Loop System i s  designed t o  maintain the desired 
steady-state concentration of poison i n  solution and t o  e f f ec t  changes 
i n  concentration from one steady s t a t e  concentration t o  another, as 
indicated i n  the following table:  

Poison Concentration, 
Steady Sta te  w3 ah ,  
Condition 90% Cd113 

A t  Shutdown 
A t  Hot C r i t i c a l  
A t  Xenon Override 

2.97 
1.65 
0.126 

Change Rates rsg/cc-sec 
From Shutdown t o  Hot 
Cr i t i ca l  o r  Xenon Override 

From Xenon Override o r  Hot 
Cr i t i ca l  t o  Shutdown - Fast 

- Slow 

0.0119 max 

0.0236 
0.0059 

. 
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The CPLS i s  required t o  change concentration as indicated f o r  
f i v e  reac tor  s t a r tups  from shutdown (one of these involving over- 
r id ing  xenon) and five reactor  shutdcwns. 
w i l l  be f o r  a t o t a l  of 10 hours. 

Operation a t  hot c r i t i c a l  

The rnaximurn delay between demand s igna l  and entrance of m d i f i e d  
poison concentration i n t o  the poison tubes i s  

Ion Exchange Effluent 0.3 see.  

Normal Poison Inse r t ion  0.2 sec. 

Fas t  Poison Inser t ion  0.2 see. 

During steady s t a t e  o r  t r ans i en t  operation of the system the  con- 
cent ra t ion  i n  the  poison tubes i n  the  reac tor  i s  the  sane within + - 546. 

I n  perforaing i t s  functiocs :,_e _(&  5 . L L  also be subjected t o  
specif ied environmental conditions. 

A schematic diagram of t h e  CPLS f l i g h t  system i s  shown i n  Figure 1. 





c 

a 

11. DESIGN AND FABRICATION OF THE CPLS LABORk'foFX VEBSION 

A. General 

Having established through t h e  open loop work on the manifold- 
poison tube model, reported i n  NASA-CR-54994, t h a t  t h e  poison could 
be introduced in to  the various poison tubes of t h e  core i n  a uniform 
manner within the  prescribed times, the  CPLS Simulation-Laboratory 
Version was u t i l i zed  t o  obtain closed loop data.  The concept was t o  
build and tes t  a closed loop, s imula t iw  as w e l l  as  possible the piping 
and components of the  CPLS f l i g h t  system and subs t i tu t ing  simple f l u i d  
devices f o r  the  manifold-poison tube assembly and f o r  tne neat excnanger 
Transient, closed loop da ta  thus obtained, i n  combination with t h e  
previous testing of the  manifold-poison tube assembly, would be used 
i n  perforplance evaluation. 

B. Design and Fabrication of CPLS Simulation Laboratory Version 

1. Mechanical Desian 

The CPLS Simulation Laboratory Version was designed t o  simulate 
as close as  possible  t h e  piping layout, components and instrumentation 
of the ac tua l  F l igh t  System i n  order t o  e s t ab l i sh  f e a s i b i l i t y  within 
t h e  scope of t h e  experimental progrsm. Detai ls  f o r  the design bas is  
and experirnental p r o g r a  were previously described i n  Task I1 Report 
(NASA-CR-54420, wCAP-2803)~ However, l a t e r  modifications were re- 
quired. 

All components i n  the system are  l i s t e d  i n  Table 1. Figures 2, 
3, and 4 show the  locat ion of t h e  major system components. 

A piping layout f o r  the Reference CPLS was made using as  guide 
l i n e s  NASA layout drawings of t he  rocket engine assembly. However, 
f o r  the  Laboratory Version it was necessary t o  aake the following 
modifications i n  the  piping and component layout: 

a. 

b. 

About 46 inches of addi t ional  2-1/2 inch pipe were added 
t o  the m i n  loop piping i n  order t o  allow f o r  the difference 
i n  s i z e  between the turbo-pump shown i n  the layout drawings 
and the motor driven pump and i t s  supporting s t ruc ture  being 
used i n  the  Laboratory Version. 

The length of the 1 inch purge l i n e  t9  the pressurizer,  and 
t h e  2-1/2 inch pipe connecting t h i s  component t o  the loop 
i s  21 inches longer. T h i s  was necessitated by the i n s t a l l a -  
t i o n  of a 3/4 inch gate  valve i n  the purge l ine ,  and the 2-1/2 
inch gate valve i n  the return l i n e  t o  the loop. These valves 
were needed i n  order t o  i s o l a t e  the  pressurizer  f ron  t h e  loop 
when sampling i t s  contents.  

6 
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CPLS - LABORATORY VERSION 
UPPER FRONT VIEW 
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FIGURE 3 
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CPLS LABORATORY VERSION 
UPPER REAR VIEW 
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FIGURE 4 

CPLS LABORATORY VERSION 
LOWER VIEW 
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c. Addition of a cooler i n  the  ion-exchange bypass l i n e  was 
necessary i n  order t o  cool the  poison solut ion f r o m  main 
loop f l u i d  temperature of 1600~ down t o  12OoF o r  less f o r  
proper operation of the ion-exchange resin.  
piping connections to this cooler, 46 inches of 1/2 inch 
pipe were added. 

Because of t he  

d. No auxi l iary pump was in s t a l l ed  s ince it was considered 
unnecessary t o  evaluate i t s  performance. Instead, the 
ex is t ing  main loop pump was operated a t  reduced flow rate8 
during the  determination of t i m e  constants.. 

e. Addition of cooling jackets  around t h e  Poison Tubes and 
Manifold Simulator v e r t i c a l  pipe sections. 

All main loop piping was fabricated by using b u t t  welded con- 
s t ruc t ion  except where flange jo in t s  were required. These exceptions 
were : 

a. The pump's suction and discharge connections 

b. Orif ice  p l a t e  housing, and 

c. 3 inch turbine flowmeter connections 

The main loop circulat ing pump was mounted on eight shock and 
vibration i so l a to r s  which i n  tu rn  were mounted on two 6 inch H-beam 
about 10 f e e t  above t h e  f l oo r  as shown i n  Figure 2 and 3. This was 
required because of t h e  piping arrangements. 

While the modificztions made would change t h e  absolute value of 
MW of t h e  system constants, e.g. system volume f o r  lab  system is 
32 gallons compared t o  22.5 f o r  t he  flight s y s t e m ,  it w a s  not felt  
t h a t  they would a f fec t  principles. Furthermore, t he  performance of 
the  Laboratory Version was  t o  be predicted using the  same analog 
models as f o r  t h e  reference system. 
sults with those of t h e  analog, t h e  accuracy of t h e  analog could be 
determined and predictions of f l i g h t  system performance could be made. 

. .  . 
By comparing experimental re- 

2. Instrumentation and Controls 

A revis ion t o  the f l o w  and instrumentation schematic of the 
Laboratory Version which was presented i n  the Task I1 Report 
(NASA CR 54420) i s  shown i n  Figure 5 .  
instrumentation and i t s  f'unctions' i s  given i n  Table 2. 
shows the  Instrument Panel. 
schematic while Table 3 describes the  panels' components. The re- 
vis ions i n  instrumentation and control were: 

A brief description of t h e  
Figure 6 

Figure 7 i s  t h i s  panel's e l e c t r i c a l  

12 
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FIGURE 6 

CPLS LABORATORY VERSION 
INSTRUMENT PANEL 
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TABU3 3 

.5n 
5v2 

5v4 

5v5 

5v3 

5v7 

CPLS Laboratory Version Control Component Identification 

- I20 Volt Coil Main Circ. Aunp Contactor 

- 120 Volt Instrument Power Switch 

- Low Pressure Bypass Switch 

- E - - A _ - -  ~ - a - - + a . . -  P - . . + ~ ~ I  Sv++,.h - ~ W A ~ U U  A U , , G ~ ~ ~ ~ ~  YV..rrv- - ..--_-- 

- Slow Poison Injection Control Switch 

- Ion Exchange C o l ~ ~ m u  Solenoids Control Switch 

- Horn Acknowledge Switch 

- CEC Loop Pressure Recorder 

- 
- 

Barber-Coleman Ion &change Temperature Indicator and Control 

4 -10 Control Relay, on Low Pressure Signal f r o m  PCAl - Trips 
F'ump, &leno$d Valves Wl and SV2 and lar Alarm Contact to  Horn 

- 2 Pole Control Relay, Operates Ion Exchange Solenoid 5v7 

Air Operated Solenoids fo r  Plenum I n l e t  and Outlet Block Valves -1 - 
- Fast Poison Injection Solenoid 

- Slow Poison Injection Solenoid 

- Ion Exchange Flow Solenoid 

- Ion Exchange Flow Solenoid Controlled by TCA2 



3. 

a. 

b. 

C. 

d.  

The cool i  water t o  t h e  Simulated Heat Excha er was 
not autoro%cally controlled.  It was r e g u l a t z  manually. 

A single Turbine Micro Flowmeter was used t o  measure 
f a s t  and slow poison in jec t ion  flow ra tes ,  ra ther  than 
one f o r  each of  the  two in j ec t ion  l i nes .  

The gas pressure t o  the poison reservoi r  was not con- 
t r o l l e d  3y a d i f f e r e n t i a l  pressure t r a n s a i t t e r  and 
control ler ,  but was performed manually. 

Turbine type flowrneters were used instead of t h e  magnetic 
type cox2onents. Because of t h e i r  bulkiness, t he  nagnetic 
type in te r fe r red  with piping and component loca t ion  i n  the 
out-of -core f l i g h t  system. 

Ion-Exchange Column Design and Testing 

a. Design 

A f u l l  s i z e  ion-exchange column was designed based on the 
r e s u l t s  obtained frorll the  reduced-scale model studies.  A 
general  assembly and detai led drawings of t h i s  component are 
shown i n  Figures 8 and 9. 
of 10 inch schedule 40, seamless pipe. 
i s  a 10 inch end cap, welded t o  the pipe. The cap contains a 
re ta in ing  johnson t y F  screen, used t o  prevent t h e  ion-exchange 
r e s i n  p a r t i c l e s  from coming out of t he  column during operation. 
a 1/2 inch schedule 40 pipe welded t o  the  end cap i s  used as  the 
c o l u m  o u t l e t .  The top of the co lum i s  made of a welded 300 l b .  
sl ip-on flange. The cover i s  a 300 l b .  bl ind flange, with a top  
re ta in ing  Johnson type screen and p is ton  assenbly, a center  guide 
post, and a spring. A 1/2 inch penetration w i t h  a nipple of 1/2 
inch schedule 40 pipe, i s  used as the  i n l e t .  
a re  fabr icated f ro3 316 s t a in l e s s  s teel  rllaterial w i t h  the exception 
of t h e  p i s ton ' s  Teflon, "0" rings.  
mounting i ron  flange, and the aluminun bracket, used t o  support 
the column during the G-loading and v ibra t ion  t e s t s .  

The column body consis ts  of 46 inches 
The bottom of the colunn 

A l l  these components 

Figure 8 a l so  shows the 

b. Testing 

P r io r  t o  the  i n s t a l l a t i o n  of the  ion-exchange column i n  
t h e  Laboratory Version t e s t ing  f a c i l i t y ,  it was subjected t o  
hydraulic, G-loading and v ibra t ion  tests. The sequence and 
r e s u l t s  from these  t e s t s  were as follows: 

1) Loading of t h e  co lum with 88.5 pounds of wet res in  
t o  a bed height of 36-3/4 inches. 

18 
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2) Flow compaction a t  flow r a t e s  of 8.8 and 20 gpm per 
f t 2  without the spring and p is ton  assembly. 
cant  bed compaction was observed. 

No s i g n i f i -  

3) Flow cornpaction a t  the same flows as i n  Item 2 w i t h  
the  spring and pis ton asse9bly in s t a l l ed  ins ide  the 
colurnn. 

Pressure drop measurements across t h e  column before G-  
loading and vibrat ion tests. These measurements were 
msdp during the f l o w  compaction tests. 

A bed compaction of about 1/2 inch was measured. 

4) 

5 )  G-loading and v ibra t ion  tests i n  the longi tudinal  d i -  
rection according t o  the  following procedure: 

a )  Three exploratory runs to determine a natural  
frequency o r  any s ign i f i can t  harmonics. 
runs consisted of:  

These 

Run No. 1 a t  1 - G  level w i t h  a sweep frorn 
10 to  2000 cps fo r  a period of 4.2 minutes. 

Run No. 2 a t  5-G l e v e l  w i t h  a sweep from 
14 t o  2000 cps, and 1/2 inch double 
amplitude from 10 t o  14 cps f o r  a t o t a l  
of 4.2 minutes. 

Run No.  3 a downward sweep a t  0.3 G-level 
from 1 5  t o  3 cps f o r  6.4 minutes. 

No natural  frequency o r  s ign i f icant  harmonics 
were found during these tests.  

b )  Two runs a t  the 1 0 - G  l eve l  a t  frequencies from 
l’j to  2000 cps f o r  a t o t a l  period of  22 minutes. 
Each run consisted of sweeping from 1 5  t o  2000 
and down t o  l 5  cps f o r  11 minutes. A bed con- 
paction of 1/8 inch was measured a f t e r  these 
t e s t s .  No l a t e r a l  G-loading and vibrat ion tes ts  
were performed because when the reduced sca le  
models were subjected t o  these t e s t s ,  they d i d  
not show any appreciable compaction. Figure 
10 i l l u s t r a t e s  the f a c i l i t y  used i n  these G-load- 
ing and vibrat ion tes ts .  

6 )  I n s t a l l a t i o n  of the  ion-exchange column i n  the  Laboratory 
Version testing f a c i l i t y .  T e s t  r e su l t s  obtained during 
the  operation of t h e  column as  p a r t  of t h i s  system are  
discussed i n  Section 111 B. 
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4. Shakedown Operation 

During the first shakedown runs the following problems were en- 
countered : 

a. The l i n e  bearing on the main c i r cu la t ing  pump burned a f t e r  
only a half  hour o f  operation. 
i n  operation a f t e r  changing t h i s  bearing twice and loosening 
the  f ron t  o i l  seal .  This seal w a s  thought t o  be the. cause 
of these f a i l u r e s  because it was too t i g h t  around the  pump 

fu r the r  prevent fu ture  f a i lu re s ,  cooling water was provided 
t o  the  o i l  ba th  housing and volute and the  mechanical s e a l  
was continuously purged with cooled loop f l u i a  passed through 
a small cooler (see Figure 3). 
t h e  pump ran  properly. 

The pump was placed back 

shaft creat ing excessive amounts of f r i c t i o n a l  heat. To I 

A f t e r  these modifications 

b. During the  i n i t i a l  shakedown runs, t he  main loop turbine 
flow meter l o s t  a l l  of i t s  turbine blades. The meter w a s  
repaired and recalibrated,  and put  back i n  operation. How- 
ever, the sane problem occurred again. The probable cause 
of these f a i lu re s  w a s  t he  impingement on the  blades f l u i d  
j e t  with a veloci ty  exceeding the maximum design ve loc i ty  
of 28 f t / s e c  a t  650 gpm f o r  t h i s  meter. 
contr ibut ing t o  formation of  t h i s  je t  was t h e  meter location, 
about 3-l/2 pipe diameters downstream from the o r i f i c e  
plate .  I n  addition, since the ins ide  diameter of the flow 
meter i s  equivalent t o  a 3 inch schedule 40 pipe, a t r a n s i t i o n  
f i t t i n g  w a s  made a t  t h e  i n l e t  f lange connection. The s i t ua -  
t i o n  could have been improved by loca t ing  t h e  flow meter 
a t  least  10 pipe diarneters downstream of t h e  t r a n s i t i o n  
piece, and using flow straighteners .  However, t h f s  was 
not done because it would have increased the  loop piping 
length, therefore  increasing the  loop volume, and it would 
have required major piping modifications. 
t o  remove the flow meter frorn the system and replace it 
with a 3-inch pipe spool of  the same length.  Then, t h e  
loop flows were s e t  by using t h e  c i rcu la t ing  pump ~anu.factur.ers'  
curve of Total  Developed Head vs. flow. Calibration da ta  
f o r  t h i s  curve was obtained i'rorn t h e  rnariufacturer for t h i s  
pa r t i cu la r  punp, and it was considered re l iab le ,  being c e r t i f i e d  
a t  + 14 accuracy. 

The loop temperature increased t o  236OF i n  about 45 minutes 
of running t i m e  due t o  heat induced by the  pump during t r i a l  
runs. There w a s  a lack of heat removal capacity area i n  
t h e  simulated heat exchanger w i t h  only water being circulated 
on t h e  tube side.  Therefore, cooling jackets  were welded 
around t h e  ve r t i ca l  5" pipe legs  of the poison tube-manifold 
simulator. The additional cooling provided by these jackets  

One of the  f ac to r s  

It was decided 

- 
c. 
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i n  conjunction w i t h  the  pump's volute, bearing housing and 
mechanical s e a l  coolers, and the  simulated hea t  exchanger, 
was suf f ic ien t  t o  l o w e r  the  loop f l u i d  temperature t o  a 
maximum of about 1509 during normal operation. 
the 150°F loop f lu id  temperature and the  maxinun operating 
temperature of 140°F f o r  t h e  ion-exchange resin,a cooler 
was ins ta l led  in the ion exchange column bypass l i n e  which 
lowered the f lu id  temperature of UO?F or  less 
l i n e  during extended system operation. 

Because of 

in t h a t  

8; Vnlv- sVl7 and 5v18 controll ing the fast  and slow poison 
inject ion flows were or ig ina l ly  1/4 inch valves (Whitey 
#O Series) with a "Vec" stern. 
of fe r  adequate flow control because with a s ingle  f u l l  
tu rn  of the handle 92$ of the  flow was obtained. 
these valves were replaced w i t h  valves having "micro-regulating" 
stems. However, the pressure drop across t h e  valves increased. 
This required tha t  the gas pressure of t h e  poison reservoir  
be raised t o  100 ps ig  above the loop operating pressure. 

This type of stem did not 

Therefore, 
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111. TEST PROGRAM AND RESULTS FOR THE CPLS LABORATORY VERSION 

The tes t  program performed on t h e  Laboratory Version was d i rec ted  toward 
obtaining as  much new information as possible  which could be used i n  determining 
the  f e a s i b i l i t y  of cont ro l l ing  the  TWMR by such a system. Sone o f  t h e  tes t  
object ives  have already been described i n  the  previous sect ion because they 
were performed during the system shakedown operations. The de ta i led  proposed 
program i s  l i s t e d  i n  Section I1 D of t he  Task I1 Report NASA-CR-54420 and w i l l  
not be repeated here. 

A. Tests of Poison 1n.iection Svsten 

The poison in j ec t ion  system was used t o  introduce concentrated 
cadmium s u l f a t e  so lu t ion  in to  t h e  main flow stream. 
and with what r epea tab i l i t y  t h i s  system was operating could be measured 
by : 

How cons is ten t ly  

1. measuring the in jec t ion  flowrate, 

2. 

3. 

measuring the main stream change of cadmium concentration w i t h  
t i ne ,  

measuring the  inject ion system pressure var ia t ions  as in j ec t ion  
was i n  progress. 

The poison concentrate solution could be injected in to  the  main flow 
stream through e i t h e r  one of t w o  paths. During the  shakedown phase of 
operation, one peth was set to  de l ive r  0.25 gpm w i t h  a 100 p s i  overpressure. 
The other path would de l ive r  one four th  of t h i s  o r  0.0625 gpm w i t h  the  
same 100 ps i  overpressure. These i n j ec t ion  r a t e s  are  referred t o  as t h e  
f a s t  rate and slow r a t e  respectively on the  chronological h i s tory  curves, 
Figures 11, a)  thru  c) .  
e s t ab l i sh  proper functioning of conductivity c e l l s  and recording equip- 
ment, f o r  conductivity c e l l  ca l ibra t ion  and t o  answer the  questions of 
the consistency and repea tab i l i ty  of the system. 

The i n i t i a l  s e r i e s  of inject ions was used t o  

These early in jec t ion  runs were a l so  used t o  obtain da t a  t o  evaluate 
t h e  performance of t h e  manifold-poison tube simulation of t h e  system. 
As previously indicated,  the  198 poison tube in-core array and two mani- 
fo lds  were simulated i n  the  Laboratory Version by a p a i r  of mixing 
chambers and a s ingle  5" I . D .  U-bend pipe. Certain of the da t a  taken 
were compared with da ta  f romthe operation of the Plexiglas model, re- 
ported i n  NAS -CR-54994. Specifically,  t n e  da ta  from In jec t ion  #8 of 
t h e  Laboratory Version was compared with the  da ta  from Run #25 of t h e  
Plexiglas nodel (see page 25, Figure IV-12, NASA-CR-54994). The point 
of comparison selected was the manifold o u t l e t  l eg  conductivity c e l l  
from both runs. This  point  was selected as t h a t  reference which would 
in6icate  most adequately the ove ra l l  mixing performance of both t h e  
Plexiglas model and t h e  poison tube-manifold simulator. The t r ace  of 
conductivity versus t i n e  f o r  t ha t  c e l l  a s  t ransferred from the  vis icorder  
t r ace  with proper cal ibrat ion da ta  i s  shown i n  Figure 12 and t h e  da ta  
comparison i s  disciixsed i n  Section IV-A. 
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The f b w  r a t e  measurements made during the various in jec t ions  ind i -  
cated that once the  i n i t i a l  flow r a t e s  were accc-ately set, ac t iva t ion  
of the solenoid valve i n  t h e  l i ne  would always r e s u l t  i n  the same in-  
jec t ion  r a t e .  
t o  reach i t s  predetermined value a f t e r  the  solenoid w a s  activa+,ed. 
There w a s  about t he  same time delay f o r  t h e  indicator  t o  drop t o  zero 
flow once the  solenoid was deactivated. 
flows w a s  codirmed by taking l i qu id  samples of the  loop contents period- 
i c a l l y  during some of t h e  longer i n j ec t ion  runs. 
cadmium concentration was consistent with the  loop volume; in jec t ion  t i m e  
and flow ra te ,  and the  concentration of the  solut ion i n  the  poison concentrate 
tank. 

It took a f rac t ion  of a second f o r  tl-e flow indicator  

The accuracy of the in jec t ion  

The change of system 

The pressure gauge in s t a l l ed  on the  poison concentrate tank w a s  
monitored during both short  and long in jec t ions .  
tank w a s  p rese t  t o  700 p s i  (100 p s i  above the loop pressure) before 
each inject ion,  by adjust ing the regulator  on the  argon gas cylinder 
connected t o  the  secondary side of t he  bladder i n  t h e  tank. The tank 
pressure d i d  not vary by more than 5 p s i  during any of the in jec t ions ,  
whether a t  the  slow or  f a s t  r a t e .  

The pressure i n  t h i s  

During most of the  injections,  a ca l ibra ted  d i r ec t  reading meter, 
connected t o  conductivity c e l l  #3, w a s  continuously monitored, W2en 
the  desired l e v e l  of cadmium concentration w a s  reached, tLe in jec t ion  
solenoid valve w a s  closed, 
t i o n  gradient exis ted i n  t h e  system. 
measuring point w a s  lower at  t h a t  ins tan t  of time than most of tbe  rest 
of the system, the  eventual equilibrium system concentration, indicated 
on the  meter, 
higher than a t  shutoff .  
t he  conductivity meter and shuting-off t h e  solenoid a few seconds before 
reaching the  desired l e v e l .  

A t  t h e  time of closing, h. cadmium concentra- 
Since the concentration a t  the 

ex i s t ing  a few seconds a f t e r  shutoff would be s l i g h t l y  
This w a s  p a r t i a l l y  avoided l a t e r  by an t ic ipa t ing  

B. Tests of t he  Ion Exchange System 

The ion exchange system must be capable of removing enougn cadmium 
from the loop solut ion t o  allow the TWMR t o  go from skutdown t o  :at 
c r i t i c a l  and from shutdown t o  a xenon override c r i t i c a l  t t e  desired 
number of times. During i t s  lifetime, it must be capable of wit:- 
standing v ibra t iona l  loads as w e l l  as longi tudinal  G-loads, i t s  
hydraulic charac te r i s t ics  ~ ~ 1 s t .  be predictable  and remain r e l a t ive ly  
unchanged, i t s  capacity t o  remove the poison salt from solutior, must 
be predictable  and adequate, and the t i m e  required t o  remove t k l s  sal t  
must be predictable  and consistent 

Before the CPLS ion exchange system w a s  designed, small scale t e a t s  
were required t o  determine the ion exchanger geometry, capacity, YLydraulic 
charac te r i s t ics ,  and behavior under vibrat ion and G-load conditiocs.  

c 

Bench scale  ion exchange t e s t s  were run ea r ly  i n  the  program t o  
determine the capacity of ion exchange r e s i n  f o r  cadmium as ttz su l f a t e  
under conditions s i m i l a r  t o  those ant ic ipated i n  tk>e CPLS. 
and r e s u l t s  were f u l l y  described i n  the  Task I1 report ,  KMA-i:R-5442OO 
Table 4 and Figure 13 have been taken from t h a t  report  i n  order t o  

Tte t e s t s  



* Table 4 

Conditions and Results of Bench-Scale Ion Exchange Evaluations 

Cadaim Gulfate 

I 4 msin 
2 I-X plow, gpla/rt 

I-X Weein WtiaI. voiune, cc 

I - X  Bed Size, diaan., in. 
Initial length, in 

Loop 8olution Chedstry 

lanlln8l co4dudivity, 
IV& pE 

*OS/cm 

Loop Solution Volume, cc 
~sdmium Concentmtione (deeignp 

uwimlll, lag ca/cc 

Hot Critical, mg ca/ca 

xenon override, d c c  

- Number of Startup Cycle# 

!h Hot ,Critical 
To Xenon Override 

Total Cd on Resin, mg 

. .  

mg Cd/cc Resin 
Find EIesfn Volume, cc 
Breakthrough Concentration 

a c a / C C  Resin 
Volume of Resin Required 
For CPLW(at breakthrough), 

liters - 

Teet Number I I1 I11 IV 
Eli%d-Bed Cation Bed Mixed-Bed Mixcd-Bcd 

Xe -150, E/OH 
0.0 

0.813 
i.76 

20 

Onadj- -4 

2 .‘r 
6.0 

620 

2.6 

1.87 
0.244 

4 

55.10 

138 

2 

32.4 

22 

34 

Xe-77, 
20.0 

176 
0.813 
20 

unadj- -4 
6.0 to 1.0 
2.7 to 3.5 

X e - 1 3 ,  H/OH 
15.8 
163 
0.813 
19.25 

Acidic CdSO4 
4.4 to 2.5 
2.7 t o  3.4 

910 800 

2.6 2 *97 
1.87 1.65 
0.244 0.126 

6 3 

12162 5024 

158 128 

2 1 

71.5 30.4 

60 15 

13 50 

xe- 19, R /or{ 
8.8 

3% 
0 097 
30.5 

unadj. CdSo4 
6.0 

2.5 

730 

2.97 
1.65 
0.126 

6 
2 

9128 

273 
23 09 

20 

37 

* 
Design values changed following the second test. 

5 Based on the requirement to  remove 7.45 x 10 mg Cd during 4 startups to 
hot cr i t i ca l  and 1 startup to xenon override, for a CPLS so lut ion volume 
of 24 gallons. 
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compare with CPLS Laboratory System r e s u l t s  which w i l l  be discussed 
l a t e r .  
the  backup poison, bor ic  acid solut ion,  are reported here i n  Table 5 and 
Figure 14 having not been previously reported. 

Additional t es t  r e s u l t s  t o  determine ion exchange capacity for 

Reduced sca le  tes ts  were a l so  described i n  the  Task I1 repor t .  They 
were run to  determine t h e  hydraulic cha rac t e r i s t i c s  of t h e  r e s i n  bed and 
support f i x t u r e s  and t h e  r e s i n  capacity, a d  how these  f a c t o r s  are 
affected by the  v ibra t ion  and G-load l eve l s  t o  be experienced i n  t h e  
f l i g h t  system. 
15 and 16. 
and 18. The r e s i n  from columns I1 and I11 were l a t e r  sieved, dr ied  
and weighed t o  determine p a r t i c l e  d i s t r ibu t ion .  The r e s u l t s  are shown 
i n  Table 7. 
i n  Table 8. 

The pressure drop da ta  is  shown i n  Table 6 and Figure 
The capacity and breakthrough da ta  i s  shown i n  Figures 17 

The v ib ra t ion  and G-load tes t  procedure followed i s  l i s t e d  

The Laboratory Version Ion Exchanger w a s  i n i t i a l l y  f i l l e d  with 
XE-150 (H-OH form) r e s i n  t o  a height o f  36-3/4" or a volune of 48.4 
l i t e rs .  It was vibrated and shaken following the  same procedure as 
l i s t e d  i n  Section 11, B, 3,b. The vesse l  was i n s t a l l e d  i n  the CPLS 
and used t o  remove t h e  cadmium s u l f a t e  f r o m  so lu t ion  during the  runs 
shown i n  the  chronological history,  Figure 11. 

Some o f  t h e  infomat ion  gathered during t h i s  por t ion  of the  tests 
included t h e  hydraulic cha rac t e r i s t i c s  of t h e  ion exchange system, t h e  
capacity of the r e s i n  f o r  cadmium, and t h e  t i m e  required t o  reduce the  
cadmium concentration i n  t h e  loop system f r o m  shutdown t o  hot c r i t i c a l  
and from shutdown t o  xenon override c r i t i c a l .  

S o m e  of t h e  pressure drop measurenents taken during various phases 
of t e s t i n g  a re  shown i n  Figure 19. The t o t a l  pressure drop of the  column 
as  f i l l e d  and with the  spring in s t a l l ed  was g rea t e r  than 10 p s i  and the  
da t a  were not included i n  Figure 19. It was considered t h a t  those da t a  
were i n  error, probably due t o  an inaccurate i n s t m e n t .  This w a s  con- 
sidered a reasonable assumption s ince later data poin ts  were i n  the  ex- 
pected range. 

The bed height measurenents are shown i n  Table 9. After i n s t a l l i n g  
t h e  spring, measurements were taken through a f i t t i n g  in t h e  top  flange. 
A rod w a s  inser ted and a measurement nade of i t s  pene t ra t ion  t o  t h e  top 
of t h e  screen on the  pis ton.  If the p is ton  followed the  r e s i n  bed sur- 
face  down as it shrinks, t he  measurement was an accurate r e f l ec t ion  of 
t h e  bed height. If, t h e  piston hung up, and d id  not follow t h e  res in ,  
the aeasurements were inaccurate. Two fac to r s  lead t o  the  conclusion 
t h a t  the measurements taken with the  spring were inaccurate. F i r s t  i s  
t h e  apparent drop o f 2  11/16"inbed height upon removing t h e  spring. 
i s  just not possible. Secondly, the spring appeared t o  have relaxed 
as  was evidenced by i t s  f a i l u r e  t o  spr ing back t o  i t s  o r i g i n a l  length 
afte-2 removal from the system. The length  from the top  flange t o  the 

This  
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I -  

I -  

In i t .  Bed Height 

Height mer 20 Min. 
@ 20 gpul/ft2 
R-4 -L+ A W - r  Chw4nn 
LcFi-LeYY -Y Y I I  -E&-- 

Insertion 
After X) gpn/zt2 
Apto* 8.8 gpm/ft2 
~ P - j p  8.8 

Height After Shake 
APtot 8.8 
APu*f 8.8 

Fkight After AP 
Height After Exhaust 

APtot Exhaust 
AF'UIV Exhmst 

Height After AP 
Height After Adding 
Additional Deplet. 
Resin 

@tot  8-8 A P ~ ~ ~  8.8 
Height After 0 
Height After 2nd Shake 

Height After hp 

mgCd/cc Resin at 
Breakthrough (based 
on p r e s w e n  volume) 

TABLE 6 

IXCEL Hydraulic Data 

40 

38-114 
w .  17-3!16 

37-1/16 
1.6 
0.37 

Not Appl . 
Not Appl . 
Not Appl. 

Not Appl. 

N o t  Appl. 
Not Appl . 
Not Appl . 
Not Appl . 
Not Appl . 

Not Appl . 
Not Appl. 

Not Appl . 
Not Appl .  

Not Appl . 
Not Appl . 
Not Appl . 
Mot Appl. 

38 

35-318 
34-7!8 

34-25/32 
1.4 
0.35 
32-9/16 
2.0 
0.58 
32-518 
29-112 

1.9 
0.62 
28-718 
Not Agpl.  

Not Appl. 
Not Appl . 
Not Appl. 
Not Appl. 
Not Appl. 
Not Appl. 

Not Appl . 
2 8  

41 

35-318 
3 5 4 4  

3548 
1.32 
0- 35 

1.8 
33-13/16 

0.54 
33-112 
29-718 
2.0 
0.67 
29-9/16 
35-112 

2- 9 
0.72 

35 -112 
35 -118 

w 3.6 
0.87 
35-118 

=30 
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Table 7 

Resu l t s  of Sieving of Resin 

Depleted, Unshaken Resin 

TrJ t a l s  f o r  Colum I1 
Top 14 inches 

14-30 inches 

Totals for Column I11 

Top 6 inches 

6-16 inches 

16-36 inches 

Weight  Percent Retained on Screens 

> 50 uesh 50-100 rnesh < 100 nesh 

99 96 

99.30 
98.79 
99.76 

9 .48 
98.78 
95.61 
99.74 

0.02 

0.36 
0.63 
0.13 

0.81 
0.82 

0.06 
2.43 

0.02 

0.34 
0.57 
0.14 

0.65 
9.39 
1.93 
0.13 



TABU 8 

G-Loading and Vibration T e s t  Procedures f o r  MCEL Columns 

A.  Unexhausted Resin 

L 1 ’  J I1- -L 0- --ln-=+n-r b-y-v- u--+J t . p ~ t >  et. a low g-level: from the  m i n i m u m  
possible  frequency up t o  2000 cps i n  t h e  longi tudinal  and 
lateral direct ions.  
t ud ina l  frequencies and (2) compact t h e  bed as a result of 
lateral and longi tudinal  loading. 

This test w i l l  (1) reveal c r i t i c a l  longi- 

Total  
test  
time 

If the  na tura l  frequency (first harmonic) occurs, run at  t h i s  
frequency f o r  10 minutes at  twice the  corresponding g- level  
(given f o r  Saturn V booster i n  RN-DR-0020, Design Specifications,  
Engine Rocket, Nuclear, Nerva Program). 

If other  c r i t i c a l  frequencies are s igni f icant ,  run the  highest  
frequency a t  twice t h e  corresponding g-level f o r  10 minutes. 
If only t he  na tura l  frequency occurs, then run a sweep at  10 g 
from 25-2000 cpsL 

B. Exhausted Resin 

1) For the exhausted res in ,  f i l l  column t o  same i n i t i a l  height as 
unexhausted r e s in .  

2 )  Repeat shake tests as described i n  A. 1-3 

3) C r i t i c a l  frequencies may not be the  same as f o r  unexhausted r e s in .  
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7 

TABLE 9 

C m S  Laboratory Version - Ix Column Bed Height Measurements 

Condition 

In i t ia l  Bed Height 

Height After Flow Packing 
New Height After Sucking Out 
Resin from Top 

Installed Spring Height 

Height After Shaking 
Height As Installed i n  CPLS 

Height After IX #5 
Height Af'ter X #13 
Height After lX #20 

Height After IX #22 

Height of Resin After 
and Rapping 

kmviag Spring and Piston 

36-3/4" 
36 -1/4" 
36-1/8" 
35 -13/16" 
35-3/4" 
35-11/16" 
35 -11/1611 
35-11/16" 

33" 
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piston screen w a s  only 5/16" longer than when in s t a l l ed  i n  t he  column 
and it should have grown about 8 inches when removed. 

The capacity of t he  resin f o r  cadmiurn i s  shown i n  Figure 20. The 
volume of r e s i n  used i n  the  calculat ion i s  t h e  48.4 l i t e r s ,  the as 
f i l l e d  and flow packed volume. 
e f f luent  were taken during the various runs t o  determine t h e  C/Co, A 
sample core of r e s i n  was removed from t h e  bed after deplet ion and was 
analyzed for i ts  cadmium content. Two analyses resul ted i n  a content 
of 37.6 and 39.3 mg cadmium per cc of res in .  This agrees qui te  c losely 
with the  material balance maintained during the  t e s t s ,  which indicated 
a t o t a l  capacity of 41.1 mg Cd/cc r e s i n  when t h e  t e s t ing  was completed. 
Breakthrough appeared t o  uefur a t  about 32 ag Cd/cc which agrees qui te  
adequately with t h e  reduced scale oolumn resu l t s .  (Figures 17 and' 18) 

Periodic  samples of the  ion exchange 

The t i m e  required t o  reduce the  loop system cadmium concentration 
For these tests, it 

With an ion 

from one point t o  any other  mst be predictable.  
was required t o  determine the time it would take t o  go f r o m  2.97 mg Cd 
per cc of solut ion t o  1.65 mg/cc and from 2.97 t o  0.126. 
exchange f l o w  rate of 4.8 gpm and a system voluae of 32 gallons. Cal- 
culat ions w e r e  within 7.5% of the ac tua l  time required t o  ion exchange. 
Th i s  is  shown i n  Table 10. 
time only increased when breakthrough began. The da ta  i s  also shown i n  
Figure 11. 

The spread between calculated t i m e  and ac tua l  

I n  addition, the  ion exchange e f f luen t  was per iodical ly  monitored 
t o  deterrnined so lu t ion  pH and conductivity. These r e s u l t s  a r e  shown 
i n  Table 11. 

C. Establishment of System T i m e  Constants 

There were s ix  conductivity c e l l s  i n s t a l l ed  i n  the system a t  the 
points  indicated i n  Figure 5.  
and 6 were continuously recorded on the  Visicorder. 
connected t o  a switch which would allow sending the s igna l  e i t h e r  t o  
t h e  Visicorder or t o  a conductivity a e t e r  which indicated but  did not 
record. 

The s igna ls  from c e l l s  nunber 1, 4, 5, 
Cells 2 and 3 were 

Short burst in jec t ions  from the poison concentrate tank in to  the  
primary loop w e r e  nade while the primary f l u i d  was flowing a t  various 
rates. The opening of t h e  solenoid valve i n  t h e  poison in jec t ion  l i n e  
was recorded on the vis icorder  cha r t  along with the s igna l  from c e l l s  
1, 4, 5 and 6. The time from i n i t i a t i o n  of in jec t ion  of poison u n t i l  
the  s igna l  from the  c e l l  changed, was measured f r o m  the char t  and tabu- 
la ted  i n  Table 12. The data  from cells 4 and 6 is  a l so  plot ted i n  
Figure 21. The t i m e  it takes to reach t h e  bottom of the  tubes appears 
t o  be i n  good agreement a t  t h e  higher flow ra t e s  w i t h  the r e s u l t s  ob- 
tained from t h e  Plexiglas model tests. A t  lower f l o w  r a t e s  the r e s u l t s  
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TABLE 11 

CPLS Laboratory Version - IX C o l m  E f f l u e n t  Chemistry 

IX No. 

1-4 
5 

&'i2 

- 

13 

14 

15 

16 

17 

la 

19 

20 

Time I n t o  10-5 Cd 
Conc 

Run, Secs. Cd Conc Cond pmhos p H L o o p  mgs Cd 

- - - No Samples 
No Samples 

6'!5.3 
795.3 
945.3 
1095 - 3 
1270.3 
25 
125 
225 
100 
200 
100 
400 
700 
1100 
100 
200 
100 

200 
26 
150 
300 
50 
150 
300 

32 
150 
300 

2.30 

5.08 
8.95 
10.67 
9.73 
1.98 
1.47 
1.39 

178 
37.6 
85- 3 
3.41 
3.96 
1.51 
9.18 
3.82 

6.92 
13- 3 
64.1' 

14.6 

0.530m-mhos 
0.50 m-mhos 

2.10 m-mhos 

1.92 ut-mhos 

1.75 m-mhos 
1.71 
1.81 

- 
6.02 
6.18 
6.22 
6-20 
6.36 
6.78 
6.38 
6.1.2 
9.48 
7.28 
6.45 
6-98 
6.51 
6.58 
6.38 
6.68 
7.39 
7.76 
9.08 
4.70 

3.09 
3.18 
2.55 
2.59 
2.80 
2.89 
2.93 

- 
0.63 
0.44 
0.32 
0.218 
0.142 
2.02 

1.67 

1.78 
2.22 
1.11 

0.55 
0.22 

2.16 
1.63 
2.20 
1.74 
2.84 
2.14 

2.17 

2.24 

1.52 
2.78 
2.29 

1.56 
1.38 
1.20 

1.71 

1.369 

5.691 
5 - 921 
6.067 
6.19 
6.281 
6.517 
7.305 
7.911 
8.697 
9.255 

io. 146 
11.491 
12.170 
12.570 
13.423 
13.993 

2 ; 879 

14.866 
15.423 
15.775 
16.623 
17.379 
17.969 
18.563 
19.2f56 
19.u9 
19.667 
19.885 

mg Cd 
cc Resin 

2.83 
5.95 
11.76 
12.23 
12.54 
12-79 
12.98 
13.46 
15-09 
16.34 
17-97 
13.12 
20.96 
23.74 
25.14 
25 * 97 
27.73 
28.91 
30.71 
31.87 
32.59 
34 34 
35.91 
37.13 
38.35 
39.81 
40.18 
40.63 
41.08 
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I . 
TAT3LE 12 

Time from Inject ion t o  Change of Conductivity Cell  Signal 

Inject ion Flow, In j .  Time Time t o  Record Change on Cond Cell, Sec. 
No. gpm Sec. #5 #I #sc f i  
29 
30 
ji 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 

200 

200 

300 

300 
400 
400 
500 

500 
600 
600 

600 
500 
400 

300 
200 

200 

300 

400 

500 
600 

2.13 

1.31 
i. 62 

1.48 
1.36 
2.23 

1.69 
1.51 
1.51 
1.55 
1.4 
1.4 
1.4 
1.2 

1.10 

1.50 
1.30 
1.50 
1.50 
1.58 

0.26 
0.25 

21.28 

0.23 
0.26 
0.28 

0.26 

0.25 
0.21 

0.22 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

0.91 
0.91 

0.85 
1.02 

0.90 
0.78 
0.76 
0.71 
0.68 
0.620 

0 - 775 
0.900 

0.875 
0.950 
0.970 
0.925 
0.875 
0.800 

0.575 

n R Q  
W . V U  

1.66 
1.59 

1.47 
1.45 
1.43 
1.21 

1.22 

1 E7 
A . / I  

1.16 
1.12 

1.275 
1.400 
1.650 
1.675 

1.775 
1.880 

1.650 
1.475 
1.275 

1- 725 
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show a level ing of f  of  t h e  curve of time versus flow ra te .  This i s  
due t o  the  increased forward diffusion of the concentration change i n  
the manifold-poison tube simulator due t o  t h e  l a rge  pipe s i z e  used as 
opposed t o  the  smaller tubing i n  the  Plexiglas  model. 

Some of the  ea r ly  in jec t ions  were a l so  of t he  shor t  bu r s t  va r i e ty  
i n  order t o  determine the rate a t  which various conductivity c e l l s  
changed. 
shown i n  Figure 22. 
j ec t ion  rate f o r  2.1 seconds. 
taken o f f  the  Visicorder C h a r t  and corrected, based upon t h e  individual 
cal ibrat ions.  
are  qui te  similar,  t h a t  of c e l l  3, i n  t h e  pressurizer ,  i s  of a lower 
slope i n i t i a l l y ,  but  then gradually increases.  
i n  the  next section. 

A t yp ica l  in jec t ion  i s  number 8, the r e s u l t s  of which are 

The curves shown i n  t h i s  f i g u r e  w e r e  

It can be s e e n  t h a t  while t h e  ramps of c e l l s  4 and 6 

The loop flow r a t e  w a s  620 gpm using the  slow in -  

This w i l l  be discussed 

D. Tests of the Pressurizer  

The pressurizer,  as  i t s  name implies, i s  used t o  maintain a r e l a t i v e l y  
constant system pressure despi te  changes of volume caused by temperature 
f luctuat ions or in jec t ion  of solution. It performed t h i s  function qu i t e  
adequately. 
t h a t  a constant loop pressure was always maintained, 
supply w a s  of t he  nature t h a t  a pressure was regulated before t e s t ing  
began and nei ther  gas addition or removal w a s  performed during subsequent 
operations of a given t e s t .  T h i s  worked out qu i te  w e l l ,  s ince the 
pressure f luctuat ions i n  the  system were kess than 5 p s i  even during soh- 
t i o n  in jec t ion .  - 

The o r ig ina l  in ten t  was t o  have a gas supply system such, 
However, the  gas 

The primary s ide  of  the  pressurizer was continually supplied with 
a purge flow of about 30 gpm, o r  about 5% of t h e  loop flow ra t e .  
was done t o  insure adequate mixing i n  the pressurizer  during ion-exchange 
or solut ion in jec t ion  operations. A typ ica l  delay i n  t h e  i n i t i a t i o n  
of mixing i n  t h e  pressurizer  and the  ramp of concentration change t h a t  
followed was shown i n  Figure 22 of the previous section. The change 
of concentration began with a f ixed delay from the  system change. The 
i n i t i a l  ramp of concentration change i n  the pressur izer  i s  considerably 
lower than t h a t  i n  t h e  loop system, but rapidly increases t o  a r a t e  such 
t h a t  w i t h i n  a f e w  loop time constants, it has reached steady s t a t e  con- 
cen t r a t  ion. 

T h i s  

E. Control of System Chemistry 

Some of t h e  items l i s t e d  on the Task I1 report  under t h i s  general 
heading, were performed as required i n  order t o  obtain meaningful test  
data.  T h i s  included careful  preparation of solutions,  use of proper loop 
f i l l ing procedure, and periodic chemical sampling t o  determine solut ion 
cadmium content. 
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. 
A calibration curve wa8 established, by w e t  chemical analyses, 

f o r  the  conductivity meter connected t o  C e l l  #3, during indection 
Runs 1 through 16 (see Figure 11). 
during subsequent runs as a check on the  calibration. 
gram progressed, 
solution, as evidenced by solution discoloration. This increase 
i n  corrosion products resulted i n  an increase i n  s y s t e m  conductivity 
without an increase i n  cadmium content. This was  manifested in  an 
apparent "drift" in the calibration. 
applying a correction factor t o  the  conductivity meter reading, 
determined fromthe w e t  chemistry results taken at the  end of each 

Further analyses were taken 
As t he  pro- 

corrosion product levels  increased i n  the  

This was compensated f o r  by 

Fa. 

The ion exchange bed was sampled in-s i tu  a f t e r  depletion. A 5/8" 
diameter tube, the lead end of which had been sharpened, was inserted 
in to  the bed and slowly rotated downward. 
t o  move as it was lawered through the bottom half of the bed, even 
though t h e  column was f i l l e d  w i t h  solution during the insertion. 
solution was drained with the tube s t i l l  inserted. The resin core 
sample appeared t o  be only a few inches long. 

The tube became very-d i f f icu l t  

The 

The column was again filled w i t h  solution a f t e r  first removing the 

The purpose was t o  loosen the  
sampling tube. 
the bottom port and up through the  bed. 
compacted bed. 

This  t i m e  the solution was very slowly pumped i n  through 

Another sample was taken i n  a different  position using the same 
technique. 
of  t h e  bed height. 
a possible 33 inches. This sample was then  analyzed for  cadmium. No 
attempt was made t o  determine cadmium distribution along the height. 
The results,  shown i n  Figure 20 agree w i t h  the resul ts  obtained from 
t h e  cadmium solution ca t e r i a l  balance. 
a t o t a l ly  representative bed sample probably accounts f o r  the low value 
as compared t o  the curve. 

Again the tube insertion was d i f f i c u l t  f o r  the bottom half 
This  t i m e  the sample was 23-l/2 inches long out of 

The d i f f icu l ty  i n  obtaining 

F. System Hydraulic Tests 

Many of these t e s t s  were performed during the system shakedown 
operations and are reported i n  t ha t  section of the report. However, 
i n  order t o  operate t h e  system a t  flow ra tes  below 500 gpm additional 
studies were required. The D-P c e l l  used-to measure the  head of t h e  
pump was not capable of measuring pump heads i n  the  desired low flow 
r a t e  range. Therefore, pressure drop measurements were made at  flow- 
ra tes  between 485 and 625 gpm. These resul ts  are shown i n  Table 13. 
There was good agreement between tne pump head, A€' 1-2 and the system 
pressure drop, the sum of AI? 2-3 and AF' 3-1. The sum of these two 
measurements, each of which was on scale a t  flow ra tes  as low as x)O 
gpm, was then used f o r  any t e s t  where lower-than-reference flow was re- 
quired. The positions of the pressure taps are shown i n  Figure 5. 
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T- 13 

CPLS Laboratory System Pressure Drops 

Psi 74 45 4.0 23 74.5 116 140 ”2-3 

AP + AP 197 i g i  185 187.5 ig8 206 209.5 211 
2-3 3-1 463 449 435 440.5 465.5 484 492 495.5 

Q (from APZm3 + 515 510 625 605 505 400 300 200 

AP3-l) g p  
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The power input t o  t h e  motor driving the  pump could be used as a 
measure of' t he  flowrate. 
e f f ic ienc ies  are shown i n  Table 14. 
it was  not used to control t h e  flow rates, However, the  good agreement 
between the two values of pump eff ic iency (Items 5 and 6) as calculated 
and measured, gave added confidence i n  the  va l id i ty  of t h e  AI? readings 
being used t o  measure flow. 

The p o w e r  measurements and t h e  respective 
Although t h i s  data was collected, 
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3. 

4. 

5. 

6. 

7. 

8. 

9- 

10. 

TABU 14 

Power Measurements to the  b o p  Circulating Pump 

plow Rate, gpm 

Brake Horsepower 
(Pump Test Data) 

Pump EfYiciency 
(3/4) 

Pump Efficiency 
(Pump T e s t  Data) 

Power Input, kw . 

&tor Efficiency 
(4/8) 

Overall Efficiency 
( 3 P )  

605 

187.5 

66.1 

92.0 

0.719 

0.733 

81. o 

108.8 

0.846 

0.609 

505 

is 
58.3 

81 

0.719 

0.731 

75.6 

101.4 

0.799 

0.575 

400 

206 

40.0 

71.0 

0.676 

0.685 

69.3 

92.9 

0.765 

0.517 

300 

269. j 

36.6 

63.0 

0.581 

0.581 

68.1 

91.3 

0.690 

0.401 

200 

-7 7 
L I I  

24.6 

55.0 

0.U7 

0.435 

65.4 

87.6 

0.628 

0.281 
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IV. ANALYSIS OF RESULTS AND CONCLUSIONS 

A.  Poison Inject ion S y s t e m  

As was mentioned e a r l i e r  the  poison in jec t ion  system performed 
s a t i s f a c t o r i l y  during the  testing. 
comparison of the laboratory version, 5" O.D< simulation of t h e  m a n i -  
fold-poison tube with the  Plexiglas  model of the ac tua l  198 tube array.  
D a t a  from In jec t ion  #@ was presented i n  Figure 12 ,  Data from Run #25 
of t he  Plexiglas  model program (NASA-CR- 54994) w a s  converted in to  
equivalent terms and t h e  results superimposed on Figure 23 following. 
The data  from Run #25 had t o  be converted since it had not u t i l i z e d  
the  same parameters. A comparison of test parameters is  given i n  t h e  
t ab le  beiow: 

One of t h e  r e s u l t s  w a s  data  f o r  

Run #25 - 
Plexiglas In jec t ion  8, 

rvbdel Lab, Version 

Flow, g p m  600 620 

In jec t ion  Rate, gpm .025 250 

Inject ion Concentration, mg/cc .250 300 

To e f f e c t  t h i s  conversion t h e  data  from Run #25, concentration 
change versus t i m e ,  w a s  multiplied by 600/620 t o  compensate f o r  t he  
difference i n  main loop flow, by .25O/.825 t o  compensate f o r  t he  
difference i n  in jec t ion  flow and by .300/.250 t o  compensate f o r  t he  
difference i n  in jec t ion  concentration, i n  the  process. The r e s u l t s  
are i n  fairly good agreement, showing however t h a t  the  simulation had 
a grea te r  mixing effectiveness than the Plexiglas model, This i s  un- 
doubtedly due t o  t h e  f a c t  t ha t  g rea te r  diffusion of t h e  concentration 
wave f ron t  occurred i n  the 5" 0 , D .  pipe of t he  simulation than i n  t h e  
s m a l l  poison tubes of the Plexiglas model, which should be expected. 
This grea te r  diffusion would a l s o  account f o r  the i n i t i a l  a r r i v a l  of 
poison a t  the  ou t l e t  c e l l  i n  the simulation being e a r l i e r  than In the  
Plexiglas  model. It w a s  therefore  concluded t h a t  t he  simulation w a s  
su f f i c i en t  and the  remaining t e s t i n g  proceeded. 

Performance of the  poison in j ec t ion  system w a s  a l so  evaluated by 
comparing the change i n  concentration with predict ions based on the  
mathematical analog developed and reported i n  the  Task I repor t .  
model constants were established based upon the  laboratory system 
ac tua l  dimensions, which, as  indicated i n  Section 11-B  were not 
i den t i ca l  t o  the CPLS-Flight System. Calculations were then made and 
t h e  curve of concentration change versus t i m e  were drawn and shown i n  
Figure 24. 
ride t o  cold shutdown should take  140 seconds. This compares very 
favorably with the  measured t i m e  of 149 seconds shown on Figure 11 
( in j ec t ion  Run #25 extrapolated t o  2 .97 mg/cc, f i n a l  value) 

New 

These show t h a t  a change i n  concentration from xenon over- 
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. 
A s  t o  overa l l  operation of t h e  poison in jec t ion  system, ce r t a in  

comments a r e  i n  order. Smal l  needle valves were used i n  the  two 
in jec t ion  l i n e s  t o  have f l e x i b i l i t y  i n  the Laboratory Version t o  set 
flow r a t e s .  
runs, causing a s m a l l  var ia t ion i n  flow, which w a s  detectable  but  d id  
not pa r t i cu la r ly  affect  overal l  performance, as it was random and var ied 
i n  both d i rec t ions .  Since the F l igh t  System would use f ixed o r i f i c e s  
f o r  flow r a t e  control, t h i s  d i f f i c u l t y  would not e x i s t .  Even i f  
control lable  flow might be desired, s a t i s f ac to ry  valves of higher 
qua l i ty  could be obtained which would not be subject t o  var ia t ion ,  

These valves showed some tendency t o  move s l i g h t l y  during 

Tne r e s u l t s  a l so  indicate  t h a t  it would not be necessary t o  have 
the elaborate control of pressure between the in jec t ion  system and the  
mainstream as  w a s  specif ied for  the  F l igh t  Systemo 
performed w e l l  with a f ixed i n i t i a l  hp between the main stream and the  
in jec t ion  system. 
in jec t ion  did not seem t o  a f fec t  the  flow r a t e  measurably. 

The Lab System 

The small (up t o  5 p s i )  drop which occurred during 

A s  t o  the  control  of in jec t ion  time so as t o  e f f e c t  proper ckanges 
i n  concentration without under- o r  overshoot, t n i s  can only be s e t t l e d  
when the  reac tor  control  system i s  f i n a l i z e d <  A s  i s  shown i n  Figure 22, 
t he  system concentration w i l l  tend t o  o s c i l l a t e  f o r  severa l  cycles after 
termination of an in jec t ion  (it usual ly  took about 5 cycles t o  damp out 
completely)u 
case i n  Figure 22, the maximum t o  minimum var ia t ion  w a s  about 0,038 mg/cc 
SdSO4, i n  about 0.5 seconds. 
normal operating concentration of 3.05 mg/cc C.dSO4. With a simple on-off 
system f o r  inject ion,  such f luctuat ions as demonstrated, w i l l  occur no 
matter w 5 s t  cont ro l  cl;anges may be made t o  compensate f o r  over- o r  under- 
shoot. Whether th i s  presents a problem i s  outside the scope of the  s tudies  
discussed here.  

The first cycle has the  grea tes t  amplitude and f o r  t he  

This would represent about 1.25$ of the  

B. Ion Exchange System 

Tke ion exchange system i n  e f f e c t  operates as  a cegatlve poison 
inject ior!  system, so t h a t  f r o m  a dynamic point of view much of the  
analysis  i s  tke  same as in  tke above 

A similar  comparison was made of the ion exccange (poison removal) 
system i n  comparison w i t h  a mathematical model p l o t ,  The ralculated 
curve of poison removal is shown i n  Figure 25, A comparison of t h i s  
curve shows good agreement w i t h  Figure 11, F&ms #6-12 and 15, from the 
experimental runs. 
shutdown t o  xenon override compares very favorzbly 

The shape is exponential and the  time from cold 

No pa r t i cu la r  problems were experienced i n  se t t i ng  and maintaining 
fiow. The importance of using degassed solut ions was shown during 
i n i t i a l  shakedown runs when f luctuat ion i n  flow occurred due t o  a high 
content of a i r  i n  the  system. Th i s  w a s  eliminated by r e f i l l m g  with de- 
gassed, demineralized solution. 
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The inherent expanential character is t ic  of t h e  poison removal system 
was demonstrated i n  the tests as is shown i n  Figure 11. 
however, an under o r  overshoot of poison concentrate l eve l  w i l l  occur 
as discussed under the poison inject ion syetem above with the same 
conclusions as t o  capacity of t h e  system. 

Once, again 

As to the e f f ec t  of t he  G-load environment, there seems to  be 
l i t t l e  of consequence. Actually the G-loads tend to add to bed com- 
pacting from other  sources. There seems t o  be no deleter ious e f f ec t  
on r e s i n  capacity. The binding of the  spring i n  t h e - f u l t  s ize  vessel  
used i n  the Lab System can be handled by a revision i n  the  design for 
the Fl ight  System. Mechanically the system seems adequate. 

C. Tests of the  Pressurizer 

The pressurizer evidenced essent ia l ly  perfect act ion during the 
testing. 
crease i n  system pressure was noted whenever t h e  poison in jec t ion  system 
was i n  operation. 
versus loop pressure was not used on the Laboratory Version, such a 
r i s e  was natural. 

Pressure was maintained as required. A s l i g h t  (e 5 ps i )  in-  

Since the specified control of in jec t ion  pressure 

The average r a t e  of change of poison concentration i n  t h e  pressurizer 
was essent ia l ly  t h e  same as experienced i n  the  overal l  system. 
change began t o  occur with a fixed delay from the overa l l  system change. 
Because of t h i s  delay, a t  t h e  end of a transient,  the  pressurizer con- 
centrat ion was e i the r  higher or lower than  the overal l  system average. 
Therefore, i n  the f e w  loop t ransient  times a f t e r  cutoff of inject ion o r  
removal, the s t ab i l i za t ion  of system concentration was influenced i n  a 
small w a y  by the pressurizer. 
a l l  over- o r  undershoot problem which should not present a problem. 

The 

This e f f ec t  i s  r ea l ly  a pa r t  of the over- 

D. System Time Constants 

The times required fo r  changes i n  solution concentration t o  reach 
various regions of the  ac tua l  manifold and tube assembly were well  
determined by the tests on the  Plexiglas model and are reported i n  
XASA CR-54994. 
ana the Plexiglas d e l  a t  various flows is given i n  Figure 21. ' A t  
600 gpm, the t i m e  t o  reach the bottom of the tube s i m l a t o r  is  .65 
seconds comDared t o  an average of .70 'seconds in the  Plexiglas. It 
takes 1 .2  seconds t o  reach the simulator ou t l e t  compared t o  1.67 seconds 
fQr the  Plexiglas. 

As was previously indicated, the difference i n  detai led behavior 
of the simulator appears t o  be due t o  the greater  diffusion o f t h e  
concentration wave f ront  i n  the simulator. The five-inch d i b t e r  
pipe which represents the sum of a l l  the 1/2 inch tubes allows t h i s  
difference. 
t ion.  
increase i n  time required t o  reach various points occurred. 
was decreased Arrther, the  r a t e  of increase of time became smaller. 

A comparii;on of the t ransient  times of the aimulator 

The low flow comparison i s  consistent with t h i s  explana- 
As f l o w  decreases from 600 to 400 gpm, an approximately l i n e a r  

As flow 
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A t  t h e  lower flows, mixing wai 80 effect ive i n  the five-inch diameter 
pipe tha t  the whole simulator started to ac t  as a f a i r l y  ideal plenum 
and the time for  the poison t o  arrive a t  a given point became pract ical ly  
independent of velocity. 
mixing as is indicated f r o m t h e  test resu l t s  shown on Figure 21. 

The Plexiglas model d id  not allow such effect ive 

E. Comparison with Analog Model 

As was shown in Sections N, A and B, t he  long time performance of 
t he  laboratory version i n  both injection and ion exchange modes of opera- 
t i on  was adequately calculated using the analog model. There are addi- 
t i ona l  areas of possible concern, the  first is the  a b i l i t y  of the model 
to  predict the overal l  behavior of the manifold and tube assembly. 

A comparison waa setup of the change i n  concentration a t  the exit of 
the manifold f o r  the analog, the Plexiglas and t he  laboratory syatem test 
results. 
centrations and are shown in leigure 26, 
curves agree fairly w e l l  with the analog rewts and both are displaced in 
the direct ion of longer time conatants. 

All the results were adjusted f o r  the same f law rates aad con- 
The shapes of both emr imen td .  * 

The more gradual i n i t i a l  change i n  concentration f o r  the  experimental 
r e su l t s  i s  probably due t o  forward diffusion i n  the piping leading t o  the 
manifold. Such mixing is  neglected i n  the analog. 

"he earlier arrival f o r  the analog is the r e su l t  of the assumption 
that the inlet and ou t l e t  plena have no pure time delays, i.e. the output 
concentration f r o m  the plena i e  the same as would occur w i t h  uniform mixing 
within the plena at  all tims. The s h i f t  i s  less f o r  the  laboratory systea~ 
than f o r  the Plexiglas becauee of the better mixing i n  the five-inch diameter 
tube .s i d a t o r .  

The analog can be'brought into bet er agreement w i t h  t he  t e s t  resu l t s  
f o r  the Plexiglas model by inserting a pure time delay into t h e  representa- 
t i on  of the two plena. 

of a pure t i m e  delay of about 0.25 sec nds. 

The total 01 s ch t i m e  delay should be about 
. 0.5 seconds. Better agreement wi th  t lab system would require insertion 

t 4 
A second area of concern is the a b j l i t y  of the analog t o  predict the 

overal l  behavior of the loop af te r  theltermination of injection o r  ion 
exchange as is indicated i n  Figure 22. As has been stated, there w i l l  
always be some gradient i n  the 'loop a t  such termination and the  magnitude 
and duration of the result ing o s c i l l a t h s  i n  core react ivi ty  may be 
important. 

A measure of the analogs ab i l i ty  to  predict  detailed loop behavior 
during the first f e w  cycles of poison fndection should be indicative of 
i t s  a b i l i t y  to  predict terminal oscil lations.  
aspect, one of the  ear ly  injection runs, used t o  evaluate the  performance 
of laboratorydystem( hn i fo ld -po i son-  tube simulation,was analyzed. 

I n  order t o  evaluate t h i s  
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Specif ical ly ,  t he  response of conductivity c e l l  #1 during run jf6 of  
about 5 seconds in jec t ion  t i m e  was studied, The response i s  plot ted i n  
Figure 27, curve #l. U s i n g  the analog model, the predicted response f o r  
t he  same point i n  the system, i.e. the entrance t o  t h e  poison tubes, was 
calculated, and is  a l so  shown on Figure 27, curve #2. 
made i n  the  analog constants. As can be seen, t h e  magnitude of the  con- 
cent ra t ion  osc i l l a t ions  is greater  than was experimentally detected, i .e .  
less mixing i s  predicted by the analog. Also, t h e  period of the o s c i l l a -  
t i o n  i s  shor te r  than i n  the experiment, i . e .  t he  pure time delay i n  t he  
analog is less. As was pointed out  i n  the  discussion of' Figure 26, the  
comparison i s  reasonable inasmuch as the  analog model assumed no mixing 
i n  the loop piping as well as no pure t i m e  delay i n  t h e  plena. 

No adjustments were 

Since the  experimental-analog comparisons give a reasonable means t o  
pred ic t  the added mixing and pure t i m e  delays which could not o r ig ina l ly  
be conveniently calculated,  such adjustments i n  the analog constants w e r e  
made. 
added t o  the mixing constant f o r  the i n l e t  plenum 74. To allow f o r  addi- 
t i o n a l  mixing i n  the  remaining piping, 0.433 seconds w a s  added t o  the  o u t l e t  
plenum, T . 
plenum 0.3 seconds was  added t o  the constant f o r  the i n l e t  piping. 
allow f o r  the addi t iona l  pure t i m e  delay i n  the o u t l e t  manifold and heat 
exchanger, 0.2 seconds was  added t o  the constant f o r  t h e  remaining system 
piping, T . A comparison of the constants used i n  p lo t t i ng  the  o r ig ina l  

To allow f o r  addi t ional  mixing i n  the i n l e t  piping, 0-2  seconds w a s  

To allow for the  addi t ional  pure time delay i n  the  inlet 
To 

analog a 2 the  modified i s  given below. 

Analog 
Constant 

1 

2 .  

7 

7 

73 

TT 

T4 

75 

Original 
(secs.  j 

.of35 

635 

-696 

1.516 

Mod i f  ied 
(sees, j 

185 

- 635 

.496 

1.216 

.434 

1.340 

2 34 

907 

The analog, w i t h  modified constants, was then used t o  calculate  a 
new response which i s  shown on Figure 27, curve #3. 
nodif icat ions serve t o  bring the calculated response in to  close agreement 
with the  experimental response. 

A s  can be seen the 
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From the  foregoing, ce r t a in  conclusions can be drawn. F i r s t ,  t he  
assumptions that no nixing occurs i n  piping and no pure t i m e  delays 
occur i n  plena r e s u l t  i n  t r ans i en t  predictions from the  analog which 
a re  more severe than w i l l  ac tua l ly  occur and are  therefore  conservative. 
Second, if experimental r e s u l t s  coupled with judgement thereof are 
u t i l i z e d  t o  modify t h e  analog constants, calculated t r a n s i e n t  r e s u l t s  
can be brought i n t o  much c loser  agreement w i t h  experinental  r e s u l t s .  
It can therefore  be expected t h a t  analogs of t h i s  type with constants  
modified through experimental r e s u l t s  can be expected t o  g ive  very 
good predictions of terminal concentration o s c i i i a t i o n s  i n  the 
Reference F l igh t  System, or l i k e  systems. 



. 
v. OVERALL CPLS FEASIBILITY 

A. Introduction 

With the  da ta  and analysis presented i n  Sections I-N of  t h i s  re- 
port, the  scope of work planned under t h e  contract  has been completed. 
It now remains t o  assess the overa l l  CPLS f e a s i b i l i t y  by comparing re- 
quirements with tes ted  performance, by out l in ing  a f i n a l  reference 
design and by indicat ing needs f o r  fu r the r  development work. 

B. System Design Requirements and Performance 

The CPLS design requirements were o r ig ina l ly  spelled out  i n  
Ar t ic le  IC1 of the  contract  and were f u r t h e r  interpreted and res ta ted  
i n  p a r t  i n  t h e  Task I report ,  NASA-CR-54291 (WCAP-2690). 

To assess performance i n  meeting these requirements, they w i l l  be 
quoted below as a "Requirement" and discussed immediately following 
under "Performance". 

1. Requirement: 

The Chemical Poison Loop System i s  designed t o  maintain the 
desired steady-state concentration of poison i n  solut ion and t o  
e f f e c t  changes i n  concentration from one steady s t a t e  concentra- 
t i o n  t o  another, as indicated i n  the following table:  

Steady Sta te  
Condition 

A t  Shutdown 
A t  Hot C i i t i c a l  
A t  Xenon Override 

Poison Concentration 
mg/cc Cd Enriched t o  

90% Cd113 

2.97 
1.65 
0.126 

Change Rates mg/cc -sec 

From Shutdown t o  Hot 
C r i t i c a l  or  Xenon Override 

From Xenon Override or Hot 
C r i t i c a l  t o  Shutdown - Fast 

- Slow 

0.0119 r n a ~  

0.0236 
0.0059 

The CPLS i s  required t o  change concentration as indicated f o r  
f i v e  reac tor  s tar tups f ron  shutdown (one of these involving 
overriding xenon) and f i v e  reac tor  shutdowns. Operation a t  
hot c r i t i c a l  w i l l  be f o r  a t o t a l  of 10 hours. 
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performance: 
Version (Section I11 of t h i s  repor t ) ,  t h e  system was maintained at  
steady s t a t e  concentrations without d i f f i c u l t y .  
instances in t he  test  apparatus where t h e  concentration experienced 
unscheduled changes, but these were general ly  accounted f o r  as the  
r e s u l t  of demineralized water addi t ion t o  makeup f o r  pump seal leakage. 

During the  performance of t e s t i n g  i n  the  CPLS Laboratory 

There w e r e  a f e w  

The r a t e s  of increase and decrease i n  poison concentration a s  shown on 
Figure 11, w e r e  i n  excel lent  agreement with those predicted by t h e  analog 
model, Figures 24 and 25. These rates were ac tua l ly  slower than t h e  
reference system requirements. Ynis is because tiie iiijection EGG i-eiiiGv& 
flow rates and main loop flow were establ ished at  the  reference system 
values but t he  laboratory system volume was grea te r  thus  increasing the  
time constant.  Since the analog model predicted the laboratory system 
rates, the  analog-predicted-rates f o r  t h e  reference design system with 
i t s  smaller volume should be achievable, 

2. Requirement : 

The CPLS i s  designed t o  d iss ipa te  t h e  heat generated within i t s  own 
system f l u i d  volume by exchange t o  t h e  hydrogen propellant or  w a t e r  
moderator. A t  power operat  ion, approximately 8 0 megawatts of heat 
must be so d i s s ipa t ed?  

Performance : 

This requirement was not evaluated as a pa r t  of the tes t  program but 
was t r ea t ed  by calculat ion as reported i n  the Task I Report. In tha t  
repor t  it was shown t h a t  t h e  8.0 megawatts could be d iss ipa ted  t o  t h e  
propel lant  or  moderator through t h e  provision of a heat exchanger on the 
o u t l e t  l e g  of the  CPLS through which about 148 of the hydrogen propellant 
would be passed. 

3 .  Requirement : 

The maximum delay between demand s igna l  and entrance of modified poison 
concentration in to  the  poison tubes i s  

Ion Exchange FZfluefit 0.3 see:  
Normal Poison Inser t ion  0.2 see.  
Fast  Toison Inser t ion 0.2 sec ,  

Performance: 
model t e s t i n g  reported i n  the Task 3A r epor t ,  NASA-CR-54994. Therein it was 
demonstrated t h a t  a modified poison concentration ( i n  t h a t  case an in jec t ion  

Meeting t h i s  requirement was demonstrated i n  the  manifold 



4. 

5 .  

of  concentrated s a l t )  would reach the tops of about 18% of the  
poison tubes within 0.2 seconds. 
the changed concentration are  a l l  those cen t r a l ly  located i n  
the core. Thus the  portion of the  core where poison i s  most 
e f fec t ive  would receive poisoning f i r s t  which i s  desirable .  

Those tubes f i rs t  receiving 

Re qui reme n t  : 

During steady 
concentration 
within + 5s. - 

s t a t e  or  t ransient  operation of the system the  
i n  the  poison tubes i n  the  reactor  i s  the  same 

Performance: 

During t h e  manifold model t e s t ing  it was shown that a time l a g  
exis ted between the passage of a poison concentration change 
through the  various poison tubes i n  the  core array. 
i n  a va r i a t ion  i n  poison concentration a t  t h e  extremes of the  
a r ray  a t  any given t i m e  i n  a t rans ien t .  
during t h e  f irst  pass of the poison through t h e  system when a 
given tube has undergone the change associated therewith, before 
another tube has seen any change. It was shown, however, t ha t ,  
under the  r a t e s  of change used i n  the CPLS, t h i s  difference 
could not exceed the specified + 5$, except i n  one instance.  
A t  Ysnon override concentration, 0.126 mg/cc, a fast  in j ec t ion  
of poison w i l l  cause a momentary s i tua t ion  where the va r i a t ion  
exceeds -t 5% of the bulk concentration, but t h i s  s i t u a t i o n  w i l l  
only 1asT f o r  a f e w  seconds u n t i l  the  loop concentration bui lds  
up and the  mixing i n  t h e  loop becomes e f fec t ive .  

T h i s  r e s u l t s  

The worst case e x i s t s  

Requirement : 

Within the pressure vessel, the  CPLS i s  exposed t o  the  i n l e t  
hydrogen gas a t  approximately -175OF around the d i s t r ibu t ion  
manifold and upper portion of the  poison tubes. 
of the poison tubes are immersed i n  the moderator a t  an average 
temperature of approximately 220°F. 
an ambient space environment ex i s t s  assuming no heat loss o r  i n -  
put t o  the CPLS, except i n  t he  neat exchanger where 14% of t h e  
i n l e t  hydrogen a t  approximately -1';15OF i s  bypassed through the  
tubes of the exchanger. 

The remainder 

Outside the pressure vessel ,  

Performance : 

Such environmental conditions were outs ide the scope of tes t ing .  
However, calculations were performed and were reported i n  t h e  
Task I Report. The need was indicated f o r  some rad ia t ion  shielding 
around the ion exchange column t o  prevent overheating during opera- 
t i o n  with no flow through t h e  column. 



6. Requirement: 

Pres sure s 

During operation, hydrogen gas a t  725 p s i  e x i s t s  i n  upper 
port ion of reactor  vessel. 
i s  maintained a t  600 ps i  nominal. 
pressure i s  0 psi. 

I n  the moderator region pressure 
Outside pressure vessel ,  

Performance : 

Such environmental conditions were outs ide the scope of testing. 
System pressure i n  the CPLS Lab. System t e s t i n g  was maintained 
a t  600 psi, however. 
i n t e r n a l  pressure regardless of the  ex terna l  pressurizat ion 
from the  hydrogen propellant. 

The system was designed t o  take 600 p s i  

7. Requirement : 

G -Forces 

For t he  booster portion of the f l i g h t  when the reactor  is  
not i n  operation, maxinum steady accelerat ive loads i n  the  
f l i g h t  a x i a l  d i rec t ion  w i l l  be + 5.0 g 's .  T h e r e  m a y  a l so  be 
- + 1.0 g load normal t o  the f l i g h t  axis .  Maximum vibratory 
loads w i l l  be 
boast phase loads are acting f o r  two f i v e  minute periods. 

5 g ' s  a t  frequencies up t o  2000 cps. A l l  

During reactor  operation, t h e  maximum steady accelerat ive 
load w i l l  be 2.0 g ' s  i n  t h e  f l i g h t  ax ia l  d i rec t ion  and + 1 
g normal t o  be f l i g h t  axis. 

- 

Performance: 

Testing performed on t h e  f u l l  scale  ion exchange vessel  showed 
t h a t  it could withstand the  simulated G-forces associated w i t h  
launch and operation, There was no deleter ious e f f e c t  on the  
ion exchange capacity. Zero-G t e s t i n g  was, of course, not 
performed, but t h e  ion  excnange system and other  zomponents were 
designed for such operation. 

8. Requirement: 

The poison solut ion w i l l  be c i rcu la ted  during shutdown a t  
such a r a t e  as  t o  safely d i s s ipa t e  hea t  generated i n  the  
f l u i d  by gamma heating. 



. 
Performance: 

While no heat d i s s ipa t ion  testing was included i n  t h e  scope, 
reduced flow (150 - 600 gpm) tests were performed on t h e  
manifold model program, Task 3.A report. These runs showed 
a t  flow d i s t r i b u t i o n  t o  the  core poison tubes was unaffected 
by lowered flow r a t e s  so t h a t  no problems of flow s t a rva t ion  
(overheating) i s  ant ic ipated for "off -design" low flow rates. 

9. Requirement: 

I n  the  event of a sudden system pressure drop, provision s h a l l  
be incorporated to  seal t h e  system and de-energize t h e  pump. 
The CPLS s h a l l  be "fail-safe", i.e. no accident s h a l l  r e s u l t  i n  
a fas t  decrease i n  poison t o  t h e  r eac to r  core. 

Performance : 

I n  t h e  tests performed on the  Laboratory Version, rupture 
d i s c s  were used t o  give a sudden pressure drop. The s top 
valves provided closed almost instantaneously, stopping a l l  
flow. 

10. Requirement: 

The poison so lu t ion  sha l l  f u l f i l l  cross  sec t ion  requirements 
within t h e  s o l u b i l i t y  l i m i t s .  It s h a l l  be compatible with o ther  
materials i n  t h e  system and s h a l l  be s t ab le  i n  t h e  environment. 

Performance: 

A t  normal operating temperature, t h e  reference poison solution, 
cadmium su l f a t e ,  appears t o  be marginal f o r  application t o  t h e  
CPLS. While no corrosion problems were found w i t h  any mater ia l  
tested, t h e  so lu t ion  evidenced thermal i n s t a b i l i t y  increasing 
with temperature, and seemingly influenced by heat flux and 
surface t o  volume ra t io .  More d e t a i l s  can be found i n  t h e  Task 
3B report ,  NASA-CR-54494. 

C. F ina l  Reference System 

I n  the  Task I Report (NASA-CR-54290) a Reference Design f o r  t h e  C&$ 
was presented. As a r e s u l t  of t h e  t e s t s  performed and reported on i n  
subsequent reports ,  it i s  nOw p0ssj.bl.e t o  assess the  Reference Design 
and t o  ind ica te  changes i f  any. 

I n  general  the  t e s t s  indicate  no changes i n  t h e  Reference Design which 
are mandatory. Certain optional changes a re  indicated and w i l l  be d i s -  
cussed below. 
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The Reference Design CPLS schematic presented as Figure 1 of t h i s  
report  remains unchanged. As t o  spec i f ic  system components, the follow- 
ing comments are i n  order:  

a .  Poison Reservoir Pressure 

The Reference Design inclildes a system f o r  maintaining a 
f ixed d i f f e r e n t i a l  pressure between t h e  reservoi r  and %he main 
loop. Such a system w a s  not used on t he  La'Soratory System, i . e .  
a f ixed reservoi r  pressure w a s  set, and t h e  results w e r e  excel lent .  
However, s ince it is  not necessm-ily e k s r  zt this time that the  
CPLS w i l l  always be at 600 p s i  when poison in jec t ion  is  required, 
it would seem advisable t o  leave the  pressure control  as a feature 
of the  reference design so t h a t  t he  desired dr iving head f o r  in- 
jec t ion  i s  insured. 

b .  Ion Ecchange Vessel 

"he t e a t  r e s u l t s  Ilzdicated excess capacity i n  tke  ion exchange 
system. However, a specif ic  reduc5ion i n  s i ze  i s  nclt recommended. 
Ebgineering judgement would indicai;e t h a t  some excess 2apacity be 
ava i lab lec  Some allowance would be i n  order t o  accommodate f o r  
s m a l l  adjustments which mi&t be made i n  concentration, so t h a t  a 
spec i f i c  sizing at  t h i s  stage i s  aTademfe 

Wl%h the Iapacity per volume measurements es ta3l ished i n  all t he  
t e s t k g ,  a spenifrc  sire foy t he  Lon exckange vessel  can be r ead i ly  
es tabl ished,  ba:;ed upon o-rerall control  Zonsideratioos and the  d i s -  
posit lor,  of SLC"_ f ac to r s  ti: 
t r a t i o n  ctmgea of,?ier than +,?-e foregoing, no otLer optional changes 
would appear t o  be In order based upon ??e t e s t s  performed. 

l f  over >?ooC," or nande~s?-cot'l on concen- 

%Le margical t h e r m a l  s t & i i i t y  demonatra'.ed by tne  CdSO4 a t  normal 
operating conditioss would indipate t h a t  addZtiona1 t e s t i n g  must be 
performed In tk:s &?ea hefo-6: m enterely ~onc1U;Ivr judgement of 
f e a s i b i l i t y  of t:-e referenoe debign can be jus+,zfled 
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