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A B S T R A C T 

T h i s r e p o r t p r e s e n t s r e s u l t s of t e s t s conduc ted a t the E n r i c o F e r m i 
r e a c t o r at p o w e r l e v e l s of 13 . 3, 20, and 110 Mwt for a p p r o a c h to p o w e r 
u n d e r c o n t r o l of the a u t o m a t i c load ing p r o g r a m m e r . The b a s i c o b j e c t i v e s 
of t h e t e s t s w e r e to c o n f i r m t h a t t he p r e s c r i b e d m a x i m u m r a t e of change 
of t e m p e r a t u r e i s now^here e x c e e d e d in the h e a t r e m o v a l s y s t e m d u r i n g a 
p r o g r a m m e d p o w e r i n c r e a s e o r d e c r e a s e , and tha t s t a b l e p e r f o r m a n c e is 
a c h i e v e d t h r o u g h o u t the p r o g r a m m e r o p e r a t i n g r a n g e . 

The h i g h e s t r a t e s of change of t e m p e r a t u r e ob ta ined w e r e 1. 3 F / m i n 
and 2. 4 F / m i n for the r e a c t o r ou t le t s o d i u m and the c o r e ou t le t sod ium, 
r e s p e c t i v e l y , -while the r a t e of change of pow^er w^as 1. 2 Mw^t/min. A p e r ­
cep t ib l e po^wer o s c i l l a t i o n , though w^ell d a m p e d , w a s o b s e r v e d on l eve l -o f f 
to 13 . 3 and 20 Mwt, but 1 10 Mwt w a s ob ta ined s m o o t h l y , wi thout osci l ] .a t ion. 

The t e s t s h a v e p r o v i d e d da ta t ha t c o n f i r m t h a t t e m p e r a t u r e t r a n s i e n t s 
w e r e wi th in e s t a b l i s h e d l i m i t s , and t h a t p r o g r a m m e r p e r f o r m a n c e w a s 
s a t i s f a c t o r y . 
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SUMMARY 

Tes ts were conducted on the Enr ico F e r m i reac to r to de termine 
per formance under control of the automatic loading p r o g r a m m e r . Auto­
mat ic approach to power was accomplished at power levels of 13. 3, 20, 
and 110 Mw t̂. In each case , an automatic dec rease in pow^er -was accom­
plished after the des i red pow^er level -was reached. In the tes t at 13. 3 Mwt, 
two coolant c i rcui t s were in use , while in the t e s t s at 20 and 110 Mwt, 
th ree coolant c i rcui t s v/ere in operat ion. The basic tes t p rocedure began 
after the reac tor had been brought to approximately 10 per cent of full power 
under manual control . The initial steps were to sw^itch to automatic control , 
set the loading p r o g r a m m e r t empe ra tu r e demand corresponding to the de­
s i red pow^er, and sw^itch to p rog rammer -con t ro l l ed operation. Feedw^ater 
flow was manual during the t es t . Reactor behavior was monitored during 
the subsequent pow^er inc rease and d e c r e a s e . 

Test resu l t s have provided data on ra t e s of change of power and 
t e m p e r a t u r e , as w^ell as general per formance cha rac t e r i s t i c s of the r e ­
actor and assoc ia ted heat t r anspo r t sys tem. These verify smooth pow^er 
inc rease and dec rea se . The resu l t s demonst ra te that the plant p a r a m e t e r s 
a r e -within establ ished l imits under automatic approach to power and on 
run-down, and that operation at the p rog rammed po-wer level is s table. 

Under p rog rammed operation,the maximum ra te of change of 
powerwas 1.2M-wt/min, -while that of t empera tu re was 1.3F/min for the r e ­
ac tor outlet sodium. The maximum ra te of change of core outlet sodium 
t empera tu re was about 2 .4 F / m i n . Though the p a r a m e t e r responses exhi­
bited a percept ible osci l la tory cha rac te r i s t i c on run-up and run-down in 
the 13. 3 - and 20-Mwt t e s t s , the responses in the 110-M-wt tes t had no 
oscil lat ion and exhibited, instead, a highly stable response for the plant. 

x i 



I. PURPOSE OF TESTS 

The purpose of the t e s t s was to demonst ra te that the automatic 
loading p r o g r a m m e r , operating in conjunction with the r eac to r automatic 
control sys tem, will i nc rease and dec rease the reac to r power level with 
t empera tu re r a t e s not exceeding 100 F / h r , and to confirm that per formance 
of the plant was sat isfactory over the pow^er ranges of the t e s t s . 

1 





II. GENERAL DESCRIPTION OF THE ENRICO FERMI REACTOR 

The F e r m i r eac to r and its associa ted s t ruc tu res a r e sho-wn in p e r ­
spective in Fig. 1. The reac tor is contained in a s ta inless s teel r eac to r 
vesse l sealed at the top by a rotating shield plug which supports the control 
mechanism, the fuel subassembly holddo-wn mechanism, and the fuel sub­
assembly handling mechanism. The r eac to r vesse l is surrounded by bora ted 
and plain graphite neutron shielding ma te r i a l \vhich is contained inside the 
p r i m a r y shield tank. The reac to r is of the f a s t -b reeder type, cooled by 
sodium and operated at essent ia l ly a tmospher ic p r e s s u r e . The maximum 
reac tor power obtainable with the f i rs t core loading (core A) is 200 M-wt. 

The core and blanket a r e located in the lo-wer r eac to r vesse l and 
consis t of 2. 65-in. - squa re subassembl ies containing the fuel pins and 
blanket rods . The core and blanket subassembl ies a r e a r ranged to approxi­
mate a cylinder about 80 in. in d iameter and 70 in. high. The co re , which 
is contained in the cent ra l port ion of the core subassembl ies , approximates 
a right cylinder 31 in. in d iameter and 31 in. high; it is axially and radial ly 
surrounded by the b r e e d e r b lankets . The fuel in the f i r s t core loading con­
s i s t s of z i rconium-clad pins containing U-10 -w/o molybdenum alloy -with 
the uranium enriched to 25. 6 w/o U-235. The blanket is depleted U-3 w/o 
molybdenum alloy. 

The r e a c t o r c r o s s section, sho-wn in Fig. 2, indicates the placement 
of individual components -within the lo-wer r eac to r vesse l . There is a total 
of 149 cent ra l la t t ice posit ions used for core and inner radia l blanket sub­
assembl ies and operating control and safety rods , all of which a r e supplied 
with sodium coolant flowing upwards from a plenum which is fed direct ly 
from the d ischarge of the p r i m a r y sodium pumps. Owing to the l a rge p r e s ­
sure drop ac ros s this region, through which flows about 90 per cent of the 
total sodium, the subassembl ies located in it r equ i re down-ward mechanical 
r e s t r a i n t in addition to thei r own -weights, to prevent ejection from the 
lower support p la tes . This res ta in t is supplied by the holddown mechan ism. 

The lat t ice posit ions surrounding the inner radial blanket compr i se 
the outer radia l blanket a rea and, when filled with outer radia l blanket sub­
a s s e m b l i e s , form an annular region whose top and bottom a r e at the same 
elevation as the top and bottom of the inner radial blanket. Surrounding the 
outer radia l blanket a r e la t t ice posit ions used for s teel subassembl ies which 
provide the rmal and neutron shielding. The lat t ice posit ions occupied by 
outer rad ia l blanket and shielding subassembl ies a r e supplied with sodium 
coolant from a l o w - p r e s s u r e plenum which is fed from the p r i m a r y sodium 
pumps through throt t le va lves . The force produced by the p r e s s u r e drop 
acting on these subassembl ies is l e s s than thei r weight so that no holddown 
is requi red . 
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0 
B 
D 

• 

• 
11 

QUANTITY 
Operating Control Rod 2 
Safety Rod 8 
Core Subassemblies 105 
Inner Radial Blanket 
Subassemblies 32 
Outer Radial Blanket 
Subassemblies 499 
Possible Storage for Core 
or Inner Radiol Blanket 
Subassemblies 24 
Thermal Shield in 
Form of Steel Bars 195 
Removable Thermal 
Shield Bars Used for 
Surveillance Tubes 3 
Neutron Source LocationN05N04 . 1 
Surveillance Subassembly 
Location POl P03 1̂  

Total Subassemblies 870 
Oscillator Rod Temporary 
Location P 0 3 P 0 0 

The Position Under the Center of the 
Rotating Plug is Vacant. 



Control of the r eac to r is accomplished by two operating control rods 
and seven safety rods . All the rods a r e of the poison type, containing boron 
carbide (B^C) in which the boron is enriched in B-10. One operating control 
rod is for regulating purposes and the other is for shimming; they have max i ­
mum react ivi ty inser t ion ra t e s of about 2/3 cen t / s ec and 1 cen t /min , r e s ­
pectively. Together , they provide a total of 92 cents of react ivi ty to compen­
sate for t empera tu re ove r r ide , burnup, and operating flexibility. The seven 
safety rods , w^hich a r e located around the core about 7 in. from its ver t ica l 
center l ine , provide a shutdo-wn react ivi ty of over 8 do l l a r s . During reac to r 
operat ion, the safety rods a r e poised just above the axial blanket section of 
the core so that they can be rapidly inser ted into the core if nece s sa ry for 
s c r a m , or driven in at the ra te of 10 f t /min. The safety rods provide the 
shutdown during refueling opera t ions . 

The plant is designed for manual approach to cr i t ica l i ty and low-power 
operation, and for ei ther manual or automatic plant loading in the power 
range . Plant loading is de termined by the r eac to r , not by sys tem demand. 

Heat produced in the r eac to r is removed by th ree p r i m a r y coolant 
loops contained within the reac to r building. Flow in the p r i m a r y coolant 
sys t em is up-wards through the core and blanket into a l a rge plenum region 
designated the upper r eac to r pool. Because the p r i m a r y sodium is r ad io ­
act ive , its heat is t r a n s f e r r e d by th ree in te rmedia te heat exchangers within 
the reac to r building to th ree nonradioactive secondary sodium loops, and, 
finally, to th ree once-through s team genera tors in the s team generator 
building. Here s team is produced to operate the turbine in the adjacent 
turbine house . 
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III. EXPERIMENTAL APPARATUS AND EQUIPMENT 

The understanding of r eac to r control and overa l l sys tem operat ion 
r equ i re s kno-wledge of plant ins t rumentat ion used to monitor the pr incipal 
plant p a r a m e t e r s . This section contains information on the detectors of 
main in te res t in this t e s t , the i r main functions, and a brief account of the 
signal-handling c i r cu i t ry employed to obtain the signal recording . The 
signal p a r a m e t e r s recorded during this t e s t a r e l is ted in Table 1. 

A. DETECTORS 

Brief descr ipt ions of the de tec tors of concern in this t es t and the i r 
physical locations and plant functions a r e presen ted below. Locations of 
the t empera tu re detec tors in the heat t r anspor t sys tem a r e i l lus t ra ted 
schematical ly in Fig . 3. 

1. Reactor Outlet Tempera tu re (TE-201) 

The t empera tu re detector used to sense reac to r outlet t e m p e r ­
a ture is a r e s i s t ance t he rmomete r which has a t ime constant of 6. 07 sec . 
One such detector is provided in each of the three 30-in. r eac to r outlet 
pipes; mounting is in a wel l- type a r rangement . These detectors a r e given 
the designation T E - 2 0 1 , foUo-wed by a number represent ing the coolant 
c i rcui t number . The TE-201 detectors a r e used in the r eac to r control 
sys tem, r eac to r setback sys tem, and the feedwater flow control sys tem. 
To avoid impair ing the normal control functions of the detector , connection 
of the s t r ip-char t r e c o r d e r was made at the demodiilator of the RTD signal 
amplif ier . 

The RTD ( res i s tance t empera tu re detector) compr i ses one of the 
elements of a br idge c i rcui t , the output of -which is a d-c voltage p ropor ­
tional to RTD re s i s t ance . The d-c voltage is modulated at a r a t e of 10 
kcps and amplified by an a-c amplif ier . The amplified a-c signal is con­
ver ted back to d-c by the demodulator . The demodulator provided a low 
source impedance and thereby prevented introduction of reading e r r o r s due 
to loading by the input c i rcui t of the r e c o r d e r . 

2. Core Outlet Tempera tu re (TE-115) 

Fifty-five thermocouples a r e provided in the F e r m i r eac to r to 
monitor the coolant outlet t empe ra tu r e s of the core subassembl ies . These 
thermocouples were manufactured with junctions grounded to the sheath 
(contact only, not welded) for fast r e sponse , which is about 1 sec . The 
junctions in severa l of the TE-115 thermocouples have become ungrounded 
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TABLE 1 - RECORDER SCALE SPANS USED DURING 
TEST OF AUTOMATIC APPROACH TO 
POWER AT 13.3 Mwt, 20 Mwt, 110 Mwt 

Recorder Span 
P a r a m e t e r 

Detector 

TE-115-9 
TE-201-1 
TE-201-2 
TE-201-3 
TE-209-2 
TE-209-3 
TE-308-2 
TE-308-3 
TE-301-1C 
TE-301-2D2 
TE-301-3C 
TE-601-2 
TE-601-3 
T , - T . 

13. 3 Mwt 

500 - 600 F 
500 - 550 F 

NR* 
500 - 550 F 

NR 
500 - 550 F 

NR 
500 - 550 F 

NR 
NR 

475 - 550 F 
NR 

500 - 550 F 
+ 10 F 

20 Mwt 

500 - 600 F 
NR 
NR 

500 - 550 F 
NR 

500 - 550 F 
NR 

500 - 550 F 
500 - 550 F 

NR 
NR 
NR 

500 - 550 F 
+ 10 F 

11 0 Mwt 

500 - 800 F 
NR 

500 - 700 F 
NR 

500 - 600 F 
NR 

500 - 700 F 
NR 
NR 

500 - 550 F 
NR 

500 - 700 F 
NR 

+ 5 F 

Regulator Rod: 
Posit ion 
Velocity 
Velocity Demand 

Shim Rod Posi t ion 
Neutron Flux: 

E lec t romete r 
Rate of Change 

Feedwater Flow 

- 1 to 8. 5 in. 
j ^ 11 in. /min 
j ^ 1 5 in. /min 

NR 

0-1 X 10-5 ajnp 
+ 5 Mwt/min 

NR 

- 1 to 8. 5 in. 
j ^ 11 in. /min 
4_ 1 5 in. /min 

NR 

0-1 X 10"^ amp 
+ 5 Mwt/min 

NR 

- 1 in. to 19 in. 
NR 
NR 

- 1 in. to 19 in. 

0-0. 5 X lO""* amp 
NR 

0-2 X 10^ Ib /h r 

Not recorded 
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in the course of normal operat ions because of a difference of coefficients of 
l inear expansion of the sheath and conductor m a t e r i a l s . The response of an 
ungrounded thermocouple could be of the o rder of 5 sec . The mounting in­
side the holddown finger is such that the thermocouple is close to the conical 
cavity which seats on the subassembly handling head. These sensors a re 
given the designation of TE-115 . 

The TE-115 detectors a r e used in the r eac to r safety sys tem and 
core t empe ra tu r e automatic scanner and a l a r m . Core outlet t empe ra tu r e 
signals from four TE-115 thermocouples control bistable mul t iv ibra tors 
which feed the 2-out-of-4 AND gate logic c i rcui t in the safety sys tem. 
The AND gate is connected in a manner that two "unsafe" signals must be 
p resen t before an "unsafe" signal is applied to the s c r a m logic OR gates , 
sc ramming the r eac to r . 

3. Steam Genera tor Sodium Inlet Tempera tu re (TE-308) 

A res i s t ance - type t empera tu re detector (RTD) mounted in a 
thermowel l in each 18-in. pipe of the inlet piping sys tem to the s team gener­
ator is used to monitor the s team genera tor sodium inlet t e m p e r a t u r e . The 
detector is located in the region of the " T " connection in the 18-in. pipe 
which splits the s team genera tor inlet sodium flo-w to the t-wo 12-in. inlet 
nozzles of the s team genera tor . The t ime constant of this sensor is about 
25 sec . The detectors a r e given the designation of TE-308. 

The TE-308 detec tors have no control functions, but provide infor­
mation to an indicator in the control room. A pneumatic r e t r ansmi t t e r is 
used to dr ive the indicator . To obtain a signal from the RTD, a separa te 
bridge c i rcui t was provided. A suitable scale factor was set up for the 
r e c o r d e r by means of the r e c o r d e r gain adjustment. 

4. Steam Genera tor Sodium Outlet Tempera tu re (TE-301) 

The s team genera tor sodium outlet t empera tu re is used as one of 
the bas ic signals in the feedwater control sys tem to establ ish a demand s ig­
nal for feedwater flow. Emergency feedwater flow also is controlled by the 
s team generator sodium outlet t e m p e r a t u r e . The detectors originally p r o ­
vided in the s team genera tor sodium outlet piping to monitor the t e m p e r a ­
tu re were r e s i s t ance t h e r m o m e t e r s located about 1-1/2 ft from the bottom 
of the s team genera tor vesse l . Response of the detec tors was es t imated to 
be 2. 5 sec . Ear ly in the r eac to r tes t p r o g r a m it was observed that flow-
channeling of re la t ively hot sodium along the walls of the s team generator 
sodium outlet piping was producing e r r a t i c and high readings of these de­
tec to r s because of poor mixing at this point. To obtain a bet ter t empera tu re 
signal, thermocouples were instal led in thermowells about 75 equivalent pipe 
d iamete rs do-wnstream from the original detector locat ions. The response 
of the bas ic thermocouple is about 1. 5 sec . 
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5. Reactor Inlet Tempera tu re (TE-209) 

The r eac to r inlet t empera tu re detector , designated TE-209 . is 
located at the bottom of a standpipe in the 6-in. pipe leading to the radial 
blajoket sodium inlet plenum. The detector is a r e s i s t ance t he rmomete r 
identical to the TE-201 detector which has a t ime constant of 6. 07 sec . 

6. Water -S team Tempera tu re (TE-601) 

Res is tance- type t empe ra tu r e detectors a r e mounted in a t h e r m o ­
well in the w^ater-steam outlet pipe of each s team genera tor . These detectors 
a r e designated TE-601 and they a r e the same type as TE-308 with a tiitie 
constant of 25 sec . The -water-steam t empera tu re signals a r e used in the 
r eac to r p r o g r a m control ler and the plant r e c o r d e r s and indica tors . 

7. Neutron Flux 

The neutron flux detector used for measur ing and monitoring 
reac to r po-wer during the tes t s -was a B-10-lined , compensated ion chamber 
(Reuter-Stokes, Inc. ); it -was designated NE-116. This detector was in­
stalled in neutron-counter tube No. 5, located as shown in Fig. 4 (see also 
Ref. 4). Output of the ion chamber is read on an e lec t romete r (Keithley 
Ins t ruments , Inc. Model 415) located in the control room. A coaxial cable 
approximately 250 ft long interconnects the ion chamber and the e l ec t rom­
e ter . The t ime constant of the neutron flux measur ing ins t rumentat ion is of 
the o rde r of 1 0 mi l l i seconds . 

B. SIGNAL CONDITIONING CIRCUITS AND ADJUNCTIVE APPARATUS 

Since a readi ly available signal was not existent in some cases to 
r ecord a plant p a r a m e t e r , a special bridge c i rcui t had to be provided for 
some RTD's to enable their operat ion and cal ibrat ion; the basic c i rcui t is 
shown in Fig. 5. Some detectors requi red special ca re to prevent upsetting 
the normal operat ion of the c i rcui t by r e c o r d e r loading or by an accidental 
short c i rcui t which could impai r or otherwise a l te r the detector output signal. 
Since the outputs of the TE-201 detectors have important control functions, 
the output of each TE-201 detector recorded was taken at the output of the 
demodulator where the c i rcui t impedance was lo-w. An available spare 
TE-301 detector a l ready in the sys tem was placed into use for the t e s t s . 
The TE-209 detector used was t empora r i ly diverted from its normal function 
in the safety rod withdrawal interlock c i rcui t . A signal from the TE-601 
detector was obtained from the re t ransmi t t ing s l idewire of the plant r e ­
corder into which the detector normal ly works . The TE-301 signal was 
obtained at the output of a load-isolat ing (low output impedance) amplif ier . 

F igures 6a, 6b and 6c show, in block d iagram form, the c i rcui ts of 
the res i s t ance t he rmomete r de tec to rs , and Fig. 6d shows the c i rcui t for the 
TE-301 thermocouples . 
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Adjunctive apparatus and equipment employed in this t es t consisted 
of the following major i t ems: 

• Eight-channel s t r ip-char t r e c o r d e r s having a min imum response 
of 50 cps , and containing suppress ion and span cal ibrat ing p r o ­
visions — used for recording the sys tem p a r a m e t e r s such as 
t e m p e r a t u r e s , regula tor rod position, and neutron flux 

• Millivolt box — used for simulating the output of a thermocouple 

• F o u r - a r m res i s t ance bridge c i r cu i t s , equipped with a ba t tery 
power supply for excitation of the bridge — used for simulating 
an RTD during r e c o r d e r cal ibrat ion, and to provide the requi red 
br idge c i rcu i t ry for operat ion of RTD's TE-209 and TE-308 
apar t from their respect ive plant r e c o r d e r s . 

C. AUTOMATIC LOADING PROGRAMMER 

The automatic loading p r o g r a m m e r functions to inc rease or dec rease 
reac to r power in accordance with an establ ished schedule of pow^er ve r sus 
t ime . The schedule is based on specific conditions of p r i m a r y and secondary 
sodium flow, number of coolant c i r cu i t s , feedw^ater t e m p e r a t u r e , s team 
genera tor p r e s s u r e , and IHX and s team generator efficiency, and l imi ts the 
ra te of r i s e of the sys tem t empera tu re to a specific maximum value. When 
operating on two coolant c i rcu i t s , the feedwater flow^ and power a r e at 2 /3 of 
thei r t h r e e - c i r c u i t va lues , but no change is made for the t empera tu re sca le . 
A schedule for t empera tu re and pow^er h i s to r i e s for 200-Mwt operat ion is 
given in Fig . 7. The output of the automatic loading p r o g r a m m e r is an 
instantaneous setpoint t empe ra tu r e signal fed to the input to the r eac to r 
automatic control sys tem. The ul t imate t empe ra tu r e setpoint is that to 
which the automatic loading p r o g r a m m e r br ings the reac tor for s teady-
state operation. The schedule of power - t ime h is tory for the Enrico F e r m i 
Atomic Power Plant r equ i res that the maximum ra te of change of t e m p e r a ­
tu re in any coolant sys tem be held to 100 F / h r or l e s s . Two p r o g r a m m e r 
speeds , slow ra te and fast r a t e , a r e einployed for th i s . The fast r a t e is 
used on power run-up to the s t a r t of superheat conditions in the s team 
gene ra to r s . As the water in the s team genera tors forms superheat , the 
s team outlet t empera tu re rapidly r i s e s toward the t empera tu re of the inlet 
sodium. To re ta in the r a t e of r i s e of t empera tu re at 100 F / h r , the 
p r o g r a m m e r drops the t e m p e r a t u r e setpoint r i s e to the slow^ r a t e . After 
s team conditions in the s team generator s tabi l ize, the p r o g r a m m e r r e s u m e s 
the fast r a t e and continues it yintil the outlet sodium t empera tu re of the 
r eac to r "reaches the ul t imate setpoint level . 
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IV. EXPERIMENTAL PROCEDURE AND PLANT CONDITIONS 

2 
The tes t , follow^ing a p resc r ibed procedure > began after the r eac to r 

was brought to a power level of approximately 8 Mwt by manual control . The 
initial steps were to switch the r eac to r to automatic control , place the 
automatic loading p r o g r a m m e r setpoint to the des i red t e m p e r a t u r e , and 
sw^itch to p r o g r a m m e r - c o n t r o l l e d operat ion. Feedwater control during each 
of the tes t runs was manual . The reac to r behavior then was monitored until 
the des i red reac to r power was reached. After a brief waiting per iod, the 
automatic loading p r o g r a m m e r was r e se t , to force the r eac to r po-wer to 
dec rease to its init ial value. In the llO-M^wt tes t , the s t eam generator 
outlet s t eam p r e s s u r e was held constant throughout the t es t , i. e. , p r e s s u r e 
ramp dow^n was not per formed. The feedwater t empera tu re was 340 F . In 
the 13. 3-Mw^t and 20-Mw^t t e s t s , al l plant conditions w^ere normal and no 
special l imitat ions had to be imposed ei ther for the control sys tem or the 
plant protect ion sys tem. In the 110-Mw^t tes t , the only special condition 
imposed was that of defeating the inter lock which prevents a p rog rammed 
reduction in power when the main s team line nonre turn valves (FSV-609) 
a r e open. This was requi red for flexibility to enable completion of the 
power dec rease port ion of the t es t . The interlock defeat was pe rmis s ib l e 
inasmuch as turbine operation -was not requi red in the t e s t . 
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V. EXPERIMENTAL RESULTS AND ANALYSIS 

The tes t at 13. 3 Mwt was per formed with the plant operating on two 
coolant c i r cu i t s , Nos. 1 and 3, while the 20-Mwt and 110-Mwt t es t s were 
conducted on three coolant c i r cu i t s . The c i rcui t flow^s a r e l is ted in Table 2. 

A. RESULTS 

Presen ted below a r e descr ipt ions of the p a r a m e t e r responses r e ­
corded during the t e s t s at 13. 3, 20, and 110 Mwt. The r eac to r response 
during the p rog rammed pow^er run-up and run-down, including duration of 
the change and hold at maximum po-wer, will be found in the discussion of 
the neutron flux recording . Since the responses of the other p a r a m e t e r s a r e 
direct ly re la ted to r eac to r po-wer, and since t r anspor t lags and t ime constants 
have been presented in another r epor t 3, only a brief descr ipt ion need be 
given for the plant p a r a m e t e r s . 

1. 13. 3-Mwt Test 

This t e s t was conducted -with plant operat ion on t-wo coolant c i r ­
cui t s . The inoperat ive c i rcui t -was No. 2. 

a. Neutron Tlux. 

Before s t a r t of the p rog rammed power inc rease to the nominal 
tes t level of 13. 3 M-wt, the r eac to r was manually brought to 10. 6 Mwt (an 
e l ec t romete r reading of 0. 37 x 10" amp). The demand t empera tu re was 
set , and the p r o g r a m m e r advanced the power level to 13. 8 Mwt in about 310 
sec with a smooth r i s e . After reaching 13. 8 Mwt (0.47 x 10"^ amp), the 
power dipped to 11. 6 Mwt (0.4 x 10"^ amp) and leveled-off at 12.4 M-wt 
(0. 42 X 10" amp) in about 20 min after s ta r t of the p rog rammed i n c r e a s e . 
The power was left at this level for about 15 min and the demand t empera tu re 
was set for run-do-wn to essent ia l ly the s tar t ing power level . The power 
dipped to 2. 9 M-wt (0. 12 x 10"^ amp) in about 400 sec, then increased to the 
level-off value of 8. 5 Mwt (0. 3 x 10"^ amp) about 20 min after s t a r t of the 
p rog rammed power d e c r e a s e . The maximum ra te of change of power 
measu red from the char ts during the tes t was approximately 1. 0 M-wt/min. 
Star t of the power r i s e occur red simultaneously with the setting of the 
command for power i n c r e a s e . 

b. Neutron Flux Rate-of-Change 

The indicated neutron signal of flux ra te of change rose to a 
maximum of about +1. 0 M-wt/min during power run-up, and a maximum of 
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TABLE 2 - SODIUM FLOW RATES IN THE PRIMARY AND 
SECONDARY HEAT TRANSPORT LOOPS DURING 
THE TEST ON AUTOMATIC APPROACH TO POWER 

Test 

13. 3 Mwt 

20 M-wt 

110 Mwt 

P r i m a r y Loop Sodium Flow, Ib /h r x 10 

Circuit No. 1 Circuit No. 2 Circuit No. 3 

14-in. Pipe 6-in. Pipe 

2.90 0.29 

2 .70 

2 . 7 0 

0 . 4 0 

0.419 

14-in. Pipe 6-in. Pipe 

-0 .45 0.24 

2.65 

2 . 7 5 

0.41 

0.419 

14-in. Pipe 6-in. Pipe 

2.40 0.29 

2. 50 

2. 80 

0. 395 

0 .420 

13. 3 Mwt 

20 M-wt 

110 Mwt 

18-in. Secondary Loop Sodium Flow, Ib /h r x 10 

Circuit No. 1 Circuit No. 2 Circuit No. 3 

3.00 

2.93 

3. 15 

2.93 

3. 1 

3. 05 

2 .93 

3 .2 



-1 .0 M-wt/min during power run-down, which is sat isfactor i ly consistent 
with the measu red maximum ra te of change of power. The ra te-of-change 
signal contained sharp noise pulses having a repeti t ion ra te of 120 sec and 
peak level of about 2 M-wt/min, with a duration es t imated to be l e s s than 
1 sec . 

c. Core Outlet Tempera tu re (TE-115) 

The reading of TE-115-9 was 524 F before power run-up . 
On po-wer ri in-up, the t empera tu re ro se to 559 F in about 320 sec . The 
maximum ra te of r i s e of t empera tu re -was about 2. 5 F / m i n . After r e ach ­
ing 559 F , the t empera tu re dipped to 553 F and rose to 555 F , at which 
point it leveled off. On power run-down, TE-115-9 dipped to 528 F and 
rose to 539 F -where it leveled off in 900 sec after s t a r t of the run-down. 
The maximum ra te of decay of t empera tu re during run-down was 2. 5 F / m i n . 

d. Reactor Outlet Tempera tu re (TE-201) 

The reading of TE-201-1 was 535 F up to the s t a r t of the t e s t . 
With run-up in po-wer, the t empera tu re ro se to a peak of 540 F , 480 sec 
after s t a r t of the power i n c r e a s e , -where it remained constant until the 
p rog rammed dec rea se in po-wer. On run-do-wn of power, the t empera tu re 
dipped to 525 F.then smoothly rose to the level-off value of 529 F about 20 
min after s t a r t of the run-down. The maximum ra te of change of t e m p e r ­
a ture measu red -was 0. 8 F / m i n , or 48 F / h r . 

Up to the s ta r t of the tes t , TE-201-3 read 540F. On power 
run-up , the t empera tu re ro se to a peak of 547 F about 450 sec after s t a r t of 
the run-up , then dropped to 545 F after 20 min, where it remained until 
s ta r t of the power run-down. On run-down, TE-201-3 dipped to 530 F , and 
•then rose to a level-off value somewhere above 535 F beyond 20 min, at 
which point the recording ended. The maximum ra te of change of t e m p e r a ­
tu re observed in the recording of TE-201-1 was 1. 5 F / m i n , or 90 F / h r . 

e. Steam Generator Sodium Inlet Tempera tu re (TE-308) 

The reading of TE-308-3 up to the s t a r t of the p rog rammed 
power run-up was 526 F . With the run-up in power the t empera tu re rose to 
531 F in about 550 sec , then decreased to 529 F at which point it held con­
stant iintil s t a r t of the power d e c r e a s e . On dec rease of power, TE-308-3 
dipped to 517 F , then rose to 525 F where it leveled off beyond 20 min, 
where the recording ended. The maximum ra te of change of t empe ra tu r e 
measu red approximately 0. 6 F / m i n . 
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f. R e a c t o r In le t Sod ium T e m p e r a t u r e ( T E - 2 0 9 ) 

B e f o r e the po-wer i n c r e a s e , T E - 2 0 9 - 3 r e a d 527 F . On r u n - u p 
of p o w e r , t h e t e m p e r a t u r e r o s e to 530 F abou t 600 s ec a f t e r s t a r t of the 
p o w e r i n c r e a s e . On r u n - d o w n , T E - 2 0 9 - 3 d ipped to about 522 F , t hen r o s e 
to about 526 F w h e r e i t l e v e l e d off some-where beyond the 2 0 - m i n poin t a t 
•which the r e c o r d i n g ended . 

g. S t e a m G e n e r a t o r Sod ium Out le t T e m p e r a t u r e (TE-301) 

B e f o r e p o w e r r u n - u p , the r e a d i n g of T E - 3 0 1 - 3 C w a s 534 F . 
On r u n - u p , t h e t e m p e r a t u r e r o s e to a p e a k of 537 F a f t e r about 600 s e c , t hen 
d r o p p e d off to 536 F -where i t h e l d un t i l the po-wer run-do-wn. On r u n - d o w n , 
t h e t e m p e r a t u r e d r o p p e d to 529 F , t h e n r o s e to the l eve l -o f f va lue of 533 F 
beyond the 2 0 - m i n po in t w h e r e the r e c o r d i n g ended . 

h . S t e a m G e n e r a t o r S t e a m and W a t e r T e m p e r a t u r e (TE-601) 

B e f o r e po-wer r u n - u p , t h e r e a d i n g of T E - 6 0 1 - 3 w a s a p p r o x i ­
m a t e l y 500 F . On r u n - u p of p o w e r , t he t e m p e r a t u r e r o s e to 510 F about 
500 s e c a f t e r s t a r t of t h e p o w e r r i s e . On r u n - d o w n , t h e r e a d i n g of T E - 6 0 1 - 3 
d e c r e a s e d to t h e l eve l -o f f v a l u e of 500 F . The r e c o r d e d t r a c e con ta ined 
a band of r a n d o m t e m p e r a t u r e f luc tua t ions hav ing a p e a k - t o - p e a k a m p l i t u d e 
of about 5 F . 

i . R e g u l a t o r Rod P o s i t i o n , V e l o c i t y , and Ve loc i t y D e m a n d 

A s a t i s f a c t o r y r e c o r d i n g of t h e r e g u l a t o r r o d p o s i t i o n w a s 
no t ob ta ined d u r i n g the t e s t b e c a u s e of diff icul ty wi th the r e c o r d e r . The 
v e l o c i t y and v e l o c i t y de raand s i g n a l s r e a c h e d m a x i m u m l e v e l s c o r r e s p o n d i n g 
to 0. 30 i n / m i n . 

j . T e m p e r a t u r e E r r o r ( T j - T ^ ) 

Th i s p a r a m e t e r r e p r e s e n t s t h e t e m p e r a t u r e d i f f e rence b e ­
t w e e n t h e a c t u a l t e m p e r a t u r e (T » ) a s r e a d by T E - 2 0 1 and the t e m p e r a t u r e 
s igna l f r o m t h e p r o g r a m m e r (Tj) supp l i ed to the r e a c t o r a u t o m a t i c c o n t r o l 
c i r c u i t . T h e t e m p e r a t u r e d e m a n d -was s e t t o 535 F , and t h e e r r o r s igna l 
f r o m the p r o g r a m m e r r o s e to a m a x i m u m of about +4 F in about 120 s e c , 
and d i m i n i s h e d to z e r o a s the r e a c t o r ou t le t t e m p e r a t u r e r e a c h e d the s e t 
l e v e l . In p o w e r r u n - d o w n , the e r r o r s i g n a l i n c r e a s e d to -4 F , t hen d e ­
c r e a s e d to z e r o a s t h e r e a c t o r ou t l e t t e m p e r a t u r e l e v e l e d off. 

2. 20 -Mwt T e s t 

T h i s t e s t w a s conduc t ed wi th the p l an t o p e r a t i n g on t h r e e coo lan t 
c i r c u i t s . 
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a. Neutron Flux 

Before s t a r t of the p rog rammed power inc rease to the nominal 
20-Mwt t e s t level . the r eac to r was manually brought to 8. 5 M-wt (0. 3 x 10"^ 
amp). The demand t empe ra tu r e was set and the p r o g r a m m e r advanced the 
power level to 21 M-wt (0. 7 x 10"^ amp) in about 650 sec . Start of the power 
r i s e occur red 70 sec after setting of the command for power i nc rea se . The 
maximum ra te of change of po-wer during the run-up was 1. 2 M-wt/min as 
measu red from the power c h a r t s . The power was held at 21 Mwt approxi­
mately 10 min. On run-down, the r eac to r was brought back to 8. 5 M-wt in 
about 620 sec . The maximum ra te of change of power on run-down was 
1. 2 M-wt/min. 

b . Neutron Flux Rate-of-Change 

The ra te of change of neutron flux, as recorded , had a max i ­
mum level of approximately +2. 0 M-wt/min during the po-wer run-up, and a 
maximum of - 2 . 0 Mwt/min during run-down. The recorded signal con­
tained noise such as that descr ibed in the 13. 3-M-wt tes t . 

c. Core Outlet Tempera tu re (TE-115) 

The reading of TE-115-9 was 526 F before power run-up . 
With power run-up, the t empe ra tu r e rose smoothly to 544 F in approxi­
mately 700 sec . The maximum ra te of change of t empera tu re was about 
2. 4 F / m i n . On power run-do-wn, the t empe ra tu r e dipped to 524 F , and 
then rose to 526 F after 900 sec . 

d. Reactor Outlet Tempera tu re (TE-201) 

The reading of TE-201-3 was 522 F up to the s t a r t of the 
t e s t . With run-up in power, the t empe ra tu r e ro se to 535 F , 940 sec 
after s ta r t of the po-wer i n c r e a s e . On run-do-wn, the power decreased to 
522 F and leveled-off at that value at the end of the tes t about 900 sec after 
s t a r t of the r-un-down. The maximum ra te of change of t empera tu re was 
1. 5 F / m i n , or 90 F / h r . 

e. Steam Genera tor Sodium Inlet Tempera tu re (TE-308) 

Up to the s t a r t of power run-up, the reading of TE-308-3 was 
512 F . On run-up , the reading rose to 521 F in about 940 sec . On power 
run-down, TE-308-3 dec reased smoothly and leveled off at 515 F about 900 
sec after s t a r t of the run-down. The maximum ra te of change of t e m p e r a ­
tu re measu red approximately 0 .4 F / m i n . 
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f. Reactor Inlet Sodium Tempera tu re (TE-209) 

Before s t a r t of the t es t , TE-209-3 read 513 F . On power 
run-up, the t empera tu re s ta r ted to r i s e about 600 sec after s t a r t of the 
power inc rease and rose to 514 F about 700 sec l a t e r . On run-down, the 
t empera tu re decreased to 513 F and leveled off at that value. 

g. Steam Genera tor Sodium Outlet Tempera tu re (TE-301) 

At the s t a r t of the tes t , the reading of TE-301- IC was 520 F . 
With the power inc rease , TE-301- IC rose to 525 F about 900 sec after 
s t a r t of the po-wer i nc rea se , and on run-down of power the t empera tu re r e ­
turned to 520 F,at -which point it leveled off. 

h. Steam Genera tor Steam and Water Tempera tu re (TE-601) 

Leading up to the t e s t , the reading of TE-601-3 was 535 F . 
During the power increase , the t empe ra tu r e read on TE-601-3 decreased 
to 531 F about 900 sec after s t a r t of the power inc rease and it remained 
at that level until run-down of power . After run-down, the t empe ra tu r e 
reached 534 F,-where it leveled off. 

i. Regulator Rod Posi t ion, Velocity, and Velocity Demand 

At the s t a r t of the tes t , the control rod position was 3. 76 in. 
During p r o g r a m m e r operation,the rod withdrew to 4. 74 in. on power run­
up, and then it moved back to the s tar t ing position at the end of the power 
run-do-wn. 

The velocity and velocity demand signals reached maximums 
of approximately 0. 31 in /min during the run-up and run-down. 

j . Tempera tu re E r r o r (Tj -T^) 

Upon setting the demand for 545 F , the e r r o r signal from 
the p r o g r a m m e r rose as a r amp function to a magnitude of +4 F in about 
220 sec , and diminished to zero as TE-201 reached the set level . On power 
run-down, the e r r o r signal inc reased to -4 F , then decreased to zero as 
the r eac to r po-wer reached the set t e m p e r a t u r e . 

3. 110-Mwt Test 

This tes t was conducted with the plant operating on three coolant 
c i r cu i t s . 
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a. Neutron Flux 

The power level before s ta r t of the power run-up was 10 Mwt 
(0. 35 X 10"-" amp). Over a period of 80 min the power rose to 110 Mwt 
(3. 27 X 10"^ amp), and was held the re for about l60 min. After the hold 
per iod, run-down was s ta r ted and power was reduced to essent ia l ly 10 M-wt 
over a per iod of 80 minutes . No plant instabil i ty was noted throughout the 
run-up, hold, and po-wer run-dow^n. The maximum ra te of change of po-wer 
-was 1.25 M-wt/min. 

b . Neutron Flux Rate-of-Change 

This p a r a m e t e r -was not r ecorded during the 110-Mwt tes t . 

c. Core Outlet Tempera tu re (TE-115) 

P r i o r to s t a r t of the po-wer run-up, TE-115-9 read 548 F . 
Simultaneously -with s t a r t of the po-wer i nc r e a s e , the reading of TE-115-9 
began to r i s e , reaching 746 F when the po-wer level corresponding to the 
demand t empera tu re -was reached. The maximum ra te of t empera tu re r i s e 
was 2. 5 F / m i n . After setting the t empera tu re for power run-down, the 
reading of TE-115-9 dec reased from 746 F to 515 F in 1 hr-17 min. 

d. Reactor Outlet Tempera tu re (TE-201) 

Before s t a r t of the tes t , , the s teady-s ta te reading of TE-201-2 
was 530F.Upon s t a r t of the p r o g r a m m e r for pow^er run-up, the t empera tu re 
r o s e in the manner of a smooth r amp function, reaching 659 F in about 80 
minu tes . The maximum ra te of change of t empera tu re observed during 
the power inc rease was 1. 7 F / m i n . On run-down, the t empera tu re de­
c r e a s e d with power until the level-off value of 518 F was reached in 80 min. 

e. Steam Genera tor Sodium Inlet Tempera tu re (TE-308) 

Before s t a r t of the power i nc r e a s e , TE-308-2 read about 
520 F . With the power i nc rea se , TE-308-2 rose smoothly along with r e ­
ac tor po-wer to 626 F . With the po-wer d e c r e a s e , the t empera tu re dropped 
off smoothly to the level-off value of 51 6 F . 

f. Reactor Inlet Sodium Tempera tu re (TE-209) 

Before s ta r t of the p rog rammed power i nc rea se , TE-209-2 
read 510 F . With the power i n c r e a s e , the reading rose smoothly to 536 F . 
With r e tu rn to low power, the t empera tu re dec reased to 508 F in a smooth 
r amp function uniformly with r eac to r po-wer. 
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g. s t e a m G e n e r a t o r Sod ium Out le t T e m p e r a t u r e ( T E - 3 0 1 ) 

B e f o r e s t a r t of t h e p o w e r r u n - u p , t h e r e a d i n g of T E - 3 0 1 - 2 D 2 
w a s about 515 F . The r e c o r d e d t r a c e w a s n o i s y , and had a wid th of abou t 
5 F . With the po-wer r u n - u p , the t e m p e r a t u r e r o s e to about 525 F , a t w^hich 
po in t t he f e e d w a t e r flow w a s i n c r e a s e d . Upon i n c r e a s e of f e e d w a t e r f low, 
T E - 3 0 1 - 2 D 2 d e c r e a s e d to 510 F -where i t r e m a i n e d t h r o u g h o u t the r e m a i n d e r 
of the t e s t . 

h . S t e a m G e n e r a t o r S t e a m and W a t e r T e m p e r a t u r e (TE-601) 

B e f o r e p o w e r r u n - u p , t h e r e a d i n g of T E - 6 0 1 - 2 w a s 518 F . 
With the i n c r e a s e in po-wer, t he t e m p e r a t u r e r o s e to about 540 F , the 
s a t u r a t i o n t e m p e r a t u r e for the s t e a m p r e s s u r e a t t he t i m e of the t e s t , w h e r e 
it r e m a i n e d un t i l po-wer run-do-wn. Af te r run-do-wn, T E - 6 0 1 - 2 d e c r e a s e d 
to 518 F , a t -which po in t the r e a c t o r -was shu t do-wn. T h r o u g h o u t the t e s t , 
t h e r e c o r d e d t r a c e -was s m o o t h and f r e e of f l u c t u a t i o n s . 

i . R e g u l a t o r Rod and S h i m Rod P o s i t i o n 

B e f o r e p o w e r r u n - u p , the r e g u l a t o r r o d p o s i t i o n w a s a t 6. 8 in . 
A s the po-wer r o s e t o w a r d the 110-M-wt l e v e l , t h e fol lowing a c t i o n s took p l a c e . 
T h e r e g u l a t o r r o d w i t h d r e w to the 9 - i n . p o s i t i o n , a t wh ich po in t t he p o w e r h a d 
r i s e n to abou t 53 M-wt. T h e r o d s p e e d w a s 0. 06 in . / m i n d u r i n g i t s t r a v e l . 
T h e n t h e s h i m r o d m o v e d o u t w a r d l y a d i s t a n c e of 3 . 4 in . a t 0. 31 in . / m i n , 
and the r e g u l a t o r r o d m o v e d i n w a r d l y to the 7 - in , p o s i t i o n . Whi le the s h i m 
r o d r e m a i n e d a t the 3 . 4 - i n . p o s i t i o n , the r e g u l a t o r r o d w i t h d r e w to t h e 9 - in . 
p o s i t i o n a t 0. 06 in . / m i n . The s h i m r o d then m o v e d out-wardly to a p p r o x i ­
m a t e l y the 6 - in . p o s i t i o n a t abou t 0. 31 in . / m i n . The r e g u l a t o r r o d m o v e d 
f r o m the 7 - in . p o s i t i o n to t h e 7 . 4 - i n . p o s i t i o n a t about 0. 06 in , / m i n a f t e r 
t h e p o w e r r e a c h e d t h e m a x i m u m l e v e l . The s h i m and r e g u l a t o r r o d s r e ­
m a i n e d in t h e i r r e s p e c t i v e p o s i t i o n s un t i l s t a r t of the p o w e r r u n - d o w n . On 
r u n - d o w n , t h e r e g u l a t o r r o d wen t to the 5- in . p o s i t i o n and the s h i m r o d 
m o v e d f r o m the 6 - in . p o s i t i o n to the 3 . 4 - i n . p o s i t i o n . The r e g u l a t o r r o d 
then m o v e d to the 7 - in . p o s i t i o n 6 m i n l a t e r , and t h e n to the 5- in . p o s i t i o n . 
The s h i m r o d wen t to the m i n u s 1-in. p o s i t i o n in a p p r o x i m a t e l y 7 m i n . 
The d e c r e a s e of p o w e r con t inued wi th m o v e m e n t of the r e g u l a t o r r o d to 
the 0 - i n c h p o s i t i o n . 

j . T e m p e r a t u r e E r r o r ( T j - T ^ ) 

The t e m p e r a t u r e e r r o r s i g n a l r o s e to +4 F wi th the se t t ing 
for t h e p o w e r r u n - u p . In the f i r s t 4 - i n . m o v e m e n t of the s h i m r o d the 
e r r o r d e c r e a s e d to about 2 F . Af te r the s h i m r o d a s s u m e d the new p o s i t i o n , 
t h e e r r o r r e t u r n e d to a p p r o x i m a t e l y 4 F . Dur ing r u n - d o w n of p o w e r , the 
t e m p e r a t u r e e r r o r b e c a m e - 4 F , and t h e n d i m i n i s h e d to z e r o a s t h e r e a c t o r 
r e t u r n e d to 10 Mw^t. 
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k. Feedwater Flow 

The feed^vater flo^v as measu red in c i rcui t No. 2 -was about 
0. 84 X lO-" Ib /h r before power run-up . At about the t ime the t empera tu re 
of the s team generator inlet sodium began to i nc r e a s e , the water flow ra te 
was ra i sed to 1. 5 x 10^ Ib /h r . After reduction of power, the water flow was 
reduced to 0. 3 x 10^ I b / h r . 

B. ANALYSIS 

The relat ionship of r eac to r po>ver and r eac to r outlet t empera tu re 
with t ime obtained during p rog rammed run-up to 110 M-wt, and a compar ison 
with the calculated schedules a r e shown in Fig . 8. The calculated schedules 
of power and t empera tu re of Fig. 8 were replot ted from the corresponding 
schedules of F ig . 7 which were obtained from Ref. 1, Vol. 2. Breakover 
of the power curve to the slow^ ra te at about 80 Mwt -was not obtained be ­
cause superheat conditions -were not recorded during the t e s t . It has thus 
been demonst ra ted that a fast plant loading p r o g r a m is achieved which is 
consistent with establ ished dynamic l imits for the t empe ra tu r e p a r a m e t e r s . 
P r o g r a m m e r operation at power levels as low as 8 Mwt was obtained with 
good sys tem stabili ty, although a smal l degree of sys tem oscil lat ion, but 
well damped, -was evident. System per formance under p r o g r a m m e r - c o n ­
trol led approach to 110 Mwt was sat isfactory, with level-off being non-
osci l la tory after reaching the tes t po-wer level . Measurement of recorded 
t r a c e s of the 13. 3 - and 20-Mwt t e s t s show the r a t e s of change of power and 
t empera tu re a lso to be Avithin the theore t ica l r a t e s . No spurious s c r a m s 
or other operating difficulties were experienced during the tes t runs . 
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FIG. 8 REACTOR POWER AND OUTLET TEMPERATURE SCHEDULES OBTAINED IN 
030269 PROGRAMMED RUN-UP TO 110 Mwt, AND COMPARISON WITH 

CALCULATED* SCHEDULES 
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VI. CONCLUSIONS 

The tes t of the Enr ico F e r m i r eac to r for approach to power by 
automatic control has been completed with sat isfactory r e s u l t s . Although 
a smal l but wel l -damped osci l la tory condition was evident in the p a r a m e t e r 
responses in the 13. 3 - and 20-M-wt t e s t s , r eac to r control was found highly 
stable in the 110-Mwt t e s t . The r a t e s of change of power and t e m p e r a t u r e 
were well in accordance with design va lues . 
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