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ABSTRACT

This report presents the reactor restart procedures and results
which verify that the reactor has been restarted and operated in

accordance with the Facility Technical Specifications.



Background and Introduction

The reactor was placed in the shutdown condition on February 22,
1975 and wot operated again unti! May 9, 1979. Repair work was initiated
on June 15, 1978 by Dr. David Ebert and Mr. Vindsor Dempsey. Or. Ebert
received a Senior Reactor Operators License(l) on January 17, 1979 and
the Reactor Operating License was extended for 3another 20 yeiars on March
(2)

12, 1979 . FRepair and necessary paperwork to verify and document

conformance to the new Technical Specifications was complet'd on May 8, ., ).

The re-ctor was restarted on May 9, 1979 following the approved
Reactor Rest: ‘'t Frocedures (approved by the Reactor Safety Committee)s3)
In the subsequent months following restart, 1) a power calibration, 2)
control rod calibrations, 3) measurement of kex and, k) verification of
shut down margins were performed and observed to be both consistent with
previously determined values and to confarm with the Technical Specifi-

(2)

cations. The reactor is now being operated on a routine basis.
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Details

A. Prestartup Maintenance and Surveillance

The following list presents the prestartup items which were checked

and verified to conform with the Technical Specifications.

1.
12.
13.
4.

(2)

Shield tank level test and calibration

Shield tank temperature test and calibration
Seismic disalacement test and calibration

Thermal column water level check

Emergency lighting check

Channel 1 count rate, nlateau, safety circuit calibration
Channel 2 level, period, safety circuit calibration
Channel 3 level, and safety circuit calibration
Visual inspection and leakage check

Control rod insertion énd scram timw calibration
Reactor scram from loss of electrical power
Radiation monitoring equipment calibration

Control rod drive inspection, lubrication

CUA Reactor Safety Committee review of the startup procedure
and the operating and emergency procedures

1129 317
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B. Reactor Restart Procedures and Results

|- REACTOR RESTART PROCEDURES

Verify that all the maintenance and tests are in conformance with the

Tech Specs. and have been carried out and documented.

Perform items 1-9a of the Prestartup Checkout Procedure, but leave the Cd

foil inserted in the glory hole position.

Undertake a 1/M plot as SR #1 is inserted, estimating the critical position

of each step.

Assuming that the reactor is still subcritical with the SR #1 inserted,
estimate the subcritical neutron multiplication constant (k) under the
conditions that all rods are out of the core (ARO) and the Cd foil inserted.
This k will be Kog = A‘ SEl where R, is the ratio of the neutron detactor

17Ky
readings of SR #1 out to inserted (R|< i 8 R, can be computed for each detector

and applied, and then avefaged and applied. 5(252‘ is the assumed reactivity

worth of SR #1 (A~ 0.0125).

Ko should be less than 0.9654. This number is obtained by

1.0 +hey - 3( g\ ~APpg = 1.0 +0.0045 ~ Z(0.0vzc)-aoorb
' 5(’9 l (J = 0.965%

This is the ARO shutdown k referenced to 20°C, assuming the Cd has no

negative reactivity worth. |If Ko is not <0.9654, step 6 should not be under-

taker until the discrepancy is resolved. Return to the ARO condition. Record

all three neutron detector readings. Withdraw the Cd foil in approximately
I inch increments, performing 1/M calculations at each step. Also, estimate

the reactivity worth of the change in Cd position using the relation.

A(’cé z (l-k,h(l-’\?‘s



where Ro

is the ratio of detector readings at the initial condition to the

present position of the Cd h.#Afdshould be less than approximately 0.9654

otherwise the estimates for SR and CR and/or ke are in error. |If this is
not the case, Step 7 should not be undertaken until the descrepancy is resolved.

From the above information, assuming that the Cd foil has been removed, estimate
a4
and verify a. that the shutdown margin (without Cd foil) is 2 2 % L/b_

with the most reactive rod inserted; b. that the estimated k_ _ is < 0.65% M"/&__
c; that the reactor wili be subcritical with the least reactive SR or CR wit!

Q). kgt = Ro+ APed

Veeily kstuh + 405 = 0.98 n kg 4 £0.967S
D). 1+ken 2 Bad + 3(80ce )

+ Aﬁrk
of kex = bonud -1 + 0.039)

Vef;g\/ Eex < 0.65 7% Ah/k

&).xL. 4. s soc(\s-c\el’%(\ev\ o). will be
SdLKS‘C\Qé \S; AGSEL
8.

-—

= o.00us Akfp

Provided that all the above conditions have been satisfied or discrepancies
resolved,

1/M measurements should be undertaken as the SR #1 and 2 are inserted.

After SR #1 has been inserted it should be scrammed according to Prestartup Check
9b.

Likewise, after SR #1 and 2 have been inserted they should be scrammed
according to Prestartup check 9c.

Criticality should be achieved at the lowest practical hower level since a power

calibration has not been undertaken foi § years (approximaialy 1mW).

As soon as practical after the initial criticality, the foliowing tests should

“ POOR ORIGINAL R
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Power Calibration
Control Rod Calibrations
Measurement of K
ex
Verify that:
" . Q? A& % 4 "
i. Shutdown margin 2, o—E;futh the most reactive rod inserted.

ii. The reactor would be subcritical with the least reactive CR or

SR removed.

™~
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II.

Reactor Restart Procedure Results

1. Refer to the operations log

283 See Appendix A for copies of the appropriate sections of tle
operations log. The pertinent data is put in tabular form in
Table | and plotted in Figure 1.

4. ko = 0.79

5. kg < 0.9654

6. See Table 1| and Figure 1.
bo g4 = 2.73% 8k/,
ko +8 4" 0.82 < 0.9654

7.a) kshut = 0.8173 < 0.9675

b) ke’ = e 0.1436 < 0.00065

c) Since b) is satisfied, so is ¢).

8. See Table 1 and Figure 1 and Appendix A

9. See Table 1 and ngure | and Appendix A. Criticality achieved at
approximateiy 1% mW power on May S, 1979.

10. a) Power Calibration Results:

Channel #1 = S84K cpm/100 mW
Channel #2 = 114% / 100 mW
Channel #3 = 4.°3 x 1072 Amps/100 mW

These facto~s are consistent with those obtained in the past
years of operation.

b) Control Rod Calibration Results:

The integral rod worth for the fine control rod is given in

Figure 2. The total worth of the fine control rod was determined

to be 0.142% Ak/k and the differential worth was measured to be

76 yp/cm in the linear region of the range. The differential rod

worth for the coarse control rod was determined to be 607 vup/cm.

The total worth of the coarse control rod was inferred to be

*
1.14% “k/k. These values are consistent with those chtained in

‘1

the past years of operation. §
{ L7
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c)

d)

k Talculation:
ex

The excess reactivity at 20°C which would result if all the

control and safety rods were inserted was determined to be

8/,

0.435% . This value is less than the Tech. Spec. lim't

Ak/k and is consistent with the value obtained in

of 0.652%
the past years of operation.
i. The shutdown mergin with the most reactive rod inserted

Ak/k. The choice of

at 20.5°C was determined to be -2.0%
20.5°C was chosen because this was the lowest temperature

at which the reactor was operated since May 9, 1979. This
particular Limiting Condition for Oper>tion (LCO) therefore
defines the minimum temperature for operation when the glory
hole is empty and the normal material in the Access Ports.
ii. The shut down mar3in with theleast reactive coarse or
safety rod removed and the other rods inserted was determined

Ak/

to be -0.712 k at 20.5°C. This value is within the limits

established by the Tech. Specs.
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TABLE 1

Inverse Multiplication Results

10."

ondition

. ARO, Cd In

. SR#1 In,Cd In
. ARO, Cd Out

. ARO, Cd In

. ARO, Cd Out

. SR#1 In,
Cd Out

« SRZ1 1 ¢ 2 In
Cd Out

. ARO, Cd In
. ARO, Cd Out

. SR#1 8 2 In
Cd Out

. SR#1 8 2 In
Cd Out, FR
at 15 cm

v. " & Ch at
5 cm

'S CR at
10 cm

R CR at
15 cm

& CR at
17.5 cm

11." & CR at
19.0

«." & CR at
20.0

Date & Page

5/2/79 560

5/7/79 562

5/9/79 565

Ch 1 Ch 2 Ch 3 Ave

cpn 1 /M : 1/M x10"'2 | /M 1/M
—allR
140 1.0 0.017 1.0 0.80 1.0 1.0
149 0.94 0.018 0.95 0.86 0.93 0.94
160 0.88 0.019 0.89 0.94 0.85 0.87
135 1.0 0.018 1.0 0.80 1.0 1.0
150 0.90 0.02 0.90 0.95 0.84 0.88
200 0.68 0.023 0.78 1.15 0.70 3.72
250 0.54 0.04 0.45 1.90 0.42 0.47
150 1.0 0.018 1.0 0.85 1.0 1.0
175 0.86 0.018 1.0 0.95 0.89 0.92
290 0.52 0.032 0.56 1.9 0.45 0.51
300 0.50 0.038 0.47 2.0 0.43 0.47
320 0.47 0.0k 0.45 2.4 0.35 0.42
360 0.42 0.045 0.40 2.7 0.31 0.38
430 0.31 0.073 0.25 4.2 0.20 0.25
300 0.17 0.12 0.15 7.0 0.12 0.15 :
1650 0.ca1 0.25 0.072 13.0 0.065 9.076
- critical — 0
1149 32
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Fig. 2 Fine Control Rod Inteqgral Worth Plot
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Reactor vperator é‘é Z-!‘-,nés".

Reason for Operation

Authorized Experiments

- Al -
fppendix A

Page # éi;c‘(

AGN-201: Serial /101 Run # —
Reactor Operations Log Date 2 ﬂ7/ 77
Senior Reactor Operator . ‘ =7
es'sv'W z/ﬂ CHETL
M« e ;S-z-mﬂf’ s 2N

Special Operating Limitations ,f/,r

5
u?jkﬁ‘/?ﬁiL_ﬁ_‘EM&jpﬂ"(§;Vhru“"*o*§-

" Shield Water Temperature /¢, ¢/ (°C) Estimated Excess Reactivity

(28Kk/1,

a. No temporary wiring installed g ~

Prestartup Checklist

’

All Reactor Neutron Detectors Working L~ b. Channel 1z
: i. High voltage #¥2 2’"" € (voc)
Radiati Survey J ii. Zero chc:c:k______;{_T
adiation Survey: :
" iii. Calibrate 200 (cpm)
Meter type and number f2fne,wé E-/7 iv. High level trip F (2fFs)
Calibration 2= 3~ 7% J/’”;""" . Low level trip so (%fs)
Max. survey reading 1éo‘/.qr 722 Jrtrte % Onerate e
Location “Lrrcrme 27 - P L2 (cpm)
c. Channel 2: K50
) i. Low level trip O.00/5(%fp)
Safety Feature Checks: " ii. High level trnp /oo (2fp)
Thermal column scal iii. Wigh Cal.
Manhole cover seal - MEE N
iv. ro check.oee, ./
Access pa't fillers s installed |£ .. fgw C;:Ie.’c _;/’ ke £0) p)
Cd in glory hole h‘/ faie Sop vi. Period scram___
Vater temp. switch in place & T " o f
Skirt area OK IV VA L T SV
] 9. Channel 3:
I . 3 R Zero check &
Area Radiation Monitor Check &~ i) Calibrat?om 0K L—
Alarm setpo:ntﬁ}%ggz_-_/k {ii. Low level trip /& (%7s)
- iv. High level trip 2.5 " (3fs)
Control Rod Drive Settings Check Z §,> V. Recorder 0K a
vi. Opcrate, g:@'r‘-—-a"‘.")
P Informed & ’
NERry Tersbns 55 — - 9. Rod Con:irol Interlocks ard Scrar
Checks:
4 i Pov 0
Koy i Consnie: AsS Piber n_Z a. Sequencze interlocks GK)__{
: ) b. Safety 1 Scram 04 L~
Instrument Calibration and Leve! Trip c. Safety | and 2 scram OK
Setpoints: 10

Cd Removed from the Glory Hole

Calculate

k
cxcess

Completed by W . D ‘rxx/’”-&u;

U

cviewed by ) Cﬂw\,\;,_____,_._____- -

Reacior Supervisor

POOR URIGINAL

Approved by_“Il;_

eror |

u)l.’

n«.« 3 /__L"’ 7j_

.)'

'R LR O AR R



e A2 «

Page # SC o

»

AGN-201; Serial 7101 Run # i
feactor Operatiors Log Date 5'[7.[77

Reactor Operator \Ww. DM.-,MJ Senior Reactor Operator D, é@e/\}’

Activity %AM/MWL_QWQ_ / Pas M&i‘m
P\.,“_wc-,_ &e‘m-(- ?noazﬁ«AM 7[{1 o ) M'WLO

DETAILS

TIME

w3 [ P | Azxd ch;g ca Aoy .
%30 ;
2030

9\0.- 3% 614,:40 Qe 0“-0./‘\4( Az aJ/} S &Zo oa

ﬂ.&lwcv(c 'OWVA Ay \lo . AUM
ad-

-1, Y ; DL R > 2K.

v
Q'.'07 V‘QA‘LA S’Zﬂl

21 12 92“’1 w_-;&é;,/ g calo 2 e
2133 ST M i & SCAM
21:3¢]  Pariseq

_24.'43 LUvZ—Z\c//z»f—w «‘) od . /M Calpe 2, J,”o]\
/k( Koo ﬁw\(/s
o A

ARe—cly Lo | 3 Anre
ARo Cd T, _ic\uih/ 1.ologo T Lol f{o / S
SR1Tw Cd1. 0.018 |04 0.86 |6.9% ;“o_;iﬁ ’
ARO_¢d ot | e ﬁ@ﬁ&ﬂiﬂ.&% &
b ,-_-dﬂ”«zfl“.“_,“_l“r:él:zml-"[\( /f'@l ,:4—55"(11 )
e % O .7_‘1_,_*m-

e 120 2 Crobo Y1 R, » W - 6. /j)Qr;__J Ay 3 73‘}"’“"/

bt B85 094 4 A AINI ¥ - mn —l



Reactor Operator W'\a(\sov T g4y .
Reason for Operation N
Authorized Experiments

Special Operating Limitotions

Shield VWater Temperature

- A3 -

AGN=-201:

Serial Fl10!

Poge # Sel

Run # —

Keactor Operations Loq

Date "l:‘ 1, 1479

. - >
_Senior Reactor Opera torw

14.5 (°c) Estimated

Excess Reactivity

a.
7

Prestartup Checklist

All Reactor Neutron Detectors Working v’

ee 543

t 120

Radiation Survey:
Meter type and number

Calibraticn H/3/73- (0 Kagrma

Max. survey reudsngg_a“__szjL___LHZEA__d

Locatiow ‘.

Safcty Feature Checks: _-
Thermal column seal‘\'”///
Manhole cover seal v/,
Access pot fillers installed

Cd in glory hole

Vater temp. switch in place -
Skirt area 0OV

Area Radiation Monitor Check V///
Alarm setpoint pUmr[M = ]K=/00

gl &

Control Rod Drive Settings Check /S.S

Nearby Persons Informed__:f/

Key in Console and Power On v//

Instrument Calibration and Llevel Trip
Setpoints:
No temporary wiring installed_

b

i'
ii
ii
v
vi
c.
i‘
ii
ii
v.
vi
d.
“%e
i
i
V.
vi

0O oW

10.
1.

iv.

. Low level trip (3fs)
. Oper:'ate_l}_S:__chmi

iv.

vi .

iv.

Channel 1:
High voltage 29¢v (vdC)

. Zlero check

i. Calibrate 3600 (cpm)

High lavel trip ‘13

(%fs)

: Ol
Channel 2: th VoLt el —

Low level tripD.0015(%fp)
. High level trip 70C (dp)

i. Migh Cal._/eD “(%fp)
Zero check.00a( (%fp)

Low Cal. ‘2 52! il,fp)

Period scram

i. Operate . OIR (5fp

Charnel 3:
Zero check

. Calibration check 0OKL—"

i. Low level trip_ /o (%fs)

High level trip q( __ (%fs)

Recorder OK

. Opera teo.&'/_[g‘z\’.-—"s&,vga.,a

Rod Control Interlocks and Scram

Checks:
Sequencé interlocksvng::f/’
A
e

Safety 1 Scram 0K
Cd Removed from the Glory Ho'le L~

ff oo

Safety | and 2 scram 0K

(R LA 1k AR

k
Calculate excess__

Cc*vpletey/ FZ J,ngfl_gl

Reviecwed by

Approved by Qﬂ,__p Q 3@4/‘&'

Senvor Reasctor Uperazo
e b . iL-,\ , Moy & 1979
Reactor Supervisor Date | /
190 724
1 Y Jd()

POOR ORIGINAL



Reactor Operator \W), ’)MAM..

- A4 -

Page # 56?,

Run { ===

Date Mq_..:j 14759
S;nlor Feactor Operator 9 D %Af'

AGN-201: Serial l;l(i

. Keactor Cperations Lon

Activity 'DAQACE&M*{'WL Lexzoar
TIME DETAILS
17: 46 ngMJ cokiol PO A A5y
€18 | Ve otreer SR¥1 clnA—ewo{ A(L\?[JQ-» Lba (L-l:,
DO0:6D | R, SRE1 L 2 j’mﬁvx ;ﬁdzjf;a-é\}“_*
A ALM‘ Qne%&_w'éev ré—‘f .
0038 Cenp - St w\r&&l b apnlad
20320 Wwidi dasom  CA w/ ARD
’/"'\ Rm.c&
@ ?C‘_K\B A
ARo (.t [ /sFo 1 loor 11 lbgs 111
1B |4 e 200 mcbr% elog7]iis s g
2053 RH42 wn (Am& 250 : o.s lige bS], 03

| '1

AU oD | moenk SRE 127 aud avie. o __AXEm J9
| Aot oo
1l QWSQ“‘Z 4&7 mfvi""{itfwj:. gl-\ [M»v-é

W 6«(312 A o’ﬁff/u"tto(\

R L A



e

- AS -

oy =

Page /.

AGN=201: Serial £101 Run # = =
G
Reactor Operations Loa Date ™ ;” q

Reactor Operator //f./&bé'mfgcﬁl Semor Reactor Opcrato:, :21, Q [~ Ken
Reason for Operation /4{//144/, " s T AT //A

Authorized Experiments sz £EN & COCN 1 To %’rmﬁfp LD e

Special Operating Lumtauons _)0 N~ Ej((fé'j@ /"A' %guc‘z

' Shoeld Vater Temperaturemf I"é) Estzmated Excess Reactivity . ygt;l_r;{ (2rk /)

vn"’\‘h? -
GS5E Prestartup Checklist

z?(,(,L(,lu\_&lb-\ / b

1. All Reactor Neutrof Detectors Working

. Channel 1:
i. High voltage_;zuoo (VDC)

' ‘ ii. Zero check.
2. Radiation Su-vey: 54273(“5“33
i éz iii. Calobratp_zb icprn)
:elte; e nd ;UT;‘” 7 m—ﬂ-—/}—p iv. High level trip g % (%fs)
sl e O ATEn v. low level trip

fe)
Max. survey reading e /S /il . )'A:a s
Location m™ oy nr  Aseor 7 vi. Operate /s (cpm

c. Channe! 2:

3. Safety Feature Checks: ) ' Low level trip_ cor L. (%fp)
Thermal column seal ti. High level trip , - (%fp)

Manhole cover seal iii. #igh cal. (7fr:5 toes Yo

Access pat leers ipstalled ¢~ v iv. Zero f:’ch [ (_ézfp).oao/ /6
Cd in glory hole (e i l.ow_c‘. —:Z;} cor S

- : vi. Period scram (sec)
‘ater temp. switch in place j - vii. Operate_ ¢~ (%fn) .a/é’%

Skirt area 0K L
d. Channel 3:

k. Area Radiation Monitolr/oh‘eck / 2 - S Ch“k—"i— /

Al setpoint ii. Calibration check 0K
A fn. Low level trip /& T1%7s)

‘

v, High level trigp (%fs)
5. Control Rod Drive Settings Check 'ZS C, V. Recorder 0K - L3
. vi. Operate_ |/~ (%is) ,H5k /O

6. Nearby Persons Informed L/

. 9. PRod Control Interlocks and Scrar
/ Checks:
7. Key in Console and Power On

. Sequence interlocks 0K /
Safety | Scram 0¥ .-~

8. Instrurent Calibration and Level rip . Safety 1 and 2 scram 0K o~

Set ts: ' '
vl o ' / 10. Cd Removed from the Glory Holc_L__/

] 2azCrary wiring installed
a. No tenzc y v q _ K //”
11. Calculate excess

f
rO"‘P]"t\,d by . %/ bL‘ mﬁg [:.7 Approved bY__Iq Q YM--_--¢-—

«nior Reactor Cperater

Reviewed by Q <‘7 ’\/*. s Q/\,{ q 1‘7 7()

Pﬂac'ur Suparvisar Patal

POOR CRIGINAL
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I. Initial Control Rod.Lower Limit Positions: 2.
Fiae contro! rod

Coarse control rod_po g 2 (em)

2-

- Af -

Occratinns Data

(em)

3. Channel Meter Readings from Neutron Source:

/ \,\ =
1/1‘1{75 Pumn
Powier Limit_ Instrument Readings:

tfn

—'ﬂ\

Channel l-.u\qcb (cpm)

Channel 2
Channel 3« A/O- \

(2fp)
(amp)

74

——

Channel All Rods Out Only Safety Rods In
#1_{cpm) ré 7wl 2e0
#2_(%fp) /L 23D~
#3 (amp)  GX 0T Le Qxto = !>
k. Approach to Criticality #2922 ‘-/ Criticality Attzined
Time ETime’
5. Power, Meter Readings, and Roed Positions:
Time Channe)l'l - Channel 2| Channel 3 Fine Control Rod Coarse Control Rod’
(cpm (% _power) (amp) (cm) (cm)
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6. Remarks:
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7. Shutdown Check List.
a. Manner MALudl~ e. Recordar standby/off .
b. All rods dewn /f. f'r:::'ole anc skirt docrs locked 1, 1 (_: 532."5
€. Console power off §. Reys returacd to SKRC i3
d. Cd _in glory hole
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