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ABSTRACT

The BSR is a pool-type reactor. It has the capabilities of con
tinuous operation at a power level of 2 MW or at any desired lower
power level. This manual presents descriptive and operational infor
mation. The reactor and its auxi1lary facilities are described from
physical and operational viewpoints. Detailed operating procedures
are included which are applicable from source-level startup to fu11
power operation. Also included are procedures relative to.the safety
of personnel and equipment in the areas of experiments, radiation and
contamination control, emergency actions, and general safety.

This manual supercedes all previous operating manuals for the
BSR.
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1. INTRODUCTION

Reactors and their operat.Lon may be pot.ent tally more hazardous

than many industrial enterprises. Gener.ally, this is due to the ever

present possibility of Budden, large power increases in the reactor

itself and the inability of human senses to detect the radiation

r e sul t Lng from. such an excursion. The pos s Lbi.Ltty of con t amf.nat.Lon of

a large area, as well as local contamination, is an added hazard that

might result from such all excursion.

To minimize the inherent hazards associated with operating a reac

tor, in adcl i t Lon to those common to any industrial plant, detailed pro-:

cedure s have been established. to serve as guides in the varf.ous phases

of reactor operations. These procedures are to be followed whenever

applicable. In cases where the operation is more complex or where

errors cannot be tolerated, the use of checklists ''''ill be incorporated

in that particular procedure.

Because revision and additions are expected frequently, copies of

the manual were printed in loose-leaf form. These copies, which are

easily revised, are distributed throughout the Reactor Operations

Section. One copy remains in the BSR control room for use by the

shift personnel (a copy is also mal nt.af.ned Ln the ORR control room).

Procedure changes or additions must be formally written and

app r cve.d by senior s t af f members as detai led in Section 13.1. A copy

of each change or addition is then pla.ced in each loose-leaf manual,

thus ensuring that up-to-date procedures aLe always on hand.

This procedure manual shall be reviewed (and updated as ue ce s-:

aryl once every two years as specified in the "Operations Division

Procedures." The Assistant Reactor Supervisor shall be responsible

for the review with help from appopriate staff members.
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Each biennial review shall be documented by issuing a one-page

revision to the manual to be inserted as page iv(a) immediately pre

ceding the table of contents, page v. The documentation shall include

a statement that the manual has been reviewed and updated, shall give

the date of the review, and shall be signed by the Reactor Supervisor

as well as by the staff members who normally sign procedure revisions.

The core of the ORNL Bulk Shielding Reactor (BSR) consists of an

assembly of t'ITR-type fuel elements. The core is located in a pool of

water 40 ft long, 20 ft wide, and 22 ft deep. The water serves as the

reactor coolant, moderator, shield, and reflector. The support at rue

ture for the core is attached to a movable bridge; this bridge is sup~

ported on steel rails located along the east and west walls of the pool.

An additlonal movable bridge, called the instrument bridge, is used for

a working platform and to provide space for special equipment. This

bridge is supported by the same pools ide rails used to support the

reactor bridge.

A forced-flow cooling system allows continuous operation at a

power level of 2 MW. In addition to the normal reactor control

instrumentation, a closed-circuit television monitoring system is pro

vided, with remote controls located at the ORR.
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2. REACTOR OPERATIONS

2.1. Startup

2.1.1. Responsibility

The most hazardous time of reactor operation is during a

startup. To avoid a situation in which some prestartup checks

are neglected or abnormal conditions are not noted because of

dual supervision, only one supervisor will be in charge during

a startup. The supervisor in charge will assure himself that

all checks have been made and that the reactor and experiments

are ready for operation. He must direct the startup from the

control room, giving instructions to personnel at other sta

tions, as needed, via the intercommunication and/or public

address system. ~he supervisor in charge when the startup

checks are made must follow through with the startup until the

desired power level is attained.

The minimum required personnel for a normal reactor

startup is a supervisor and a reactor operator. Occasionally,

an instrument mechanic and/or instrument engineer is needed

for standby service. Other personnel unnecessarily present

are superfluous and may indeed prove to be distracting to the

operating crew.

During each reactor startup, it shall be the responsibil

ity of the supervisor in charge to evaluate the number of per

sonnel required for the operation and to excuse interested

bystanders from the control room to the observation post outside

the control room window. There will be special occasions when

extra personnel (i.e., trainees, committees) will necessarily be

present. During such times, those observing should be instructed

to avoid confusing and/or interfering with the operation.
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2.1.2. Per.~.?_~.~_~.~ hazards d'!..E.~?.g__startup

Although every effort is made to ensure the safety of all

reactor facilities, the possibility of human error or equip

ment failure is a lway s present; therefore, the consequences of

radiation and contamination incidents should be well understood

by Reactor Operations personnel. Since reactor startups, in

general, are potentially hazardous, each should be approached

wi.th the same degree of caution. Any changes to reactor como.

ponen t s , process systems, experiments, or other equipment

should be given special consideration; and, whenever appli

cable, well-trained Health Physics personnel should be used

for monitoring and checking radiation levels during startups.

2.1.3. Mode of ~peration

1. Mode 1. The reactor core is cooled by natural con~

vection of the 130,000 gallons of pool wa t e r , A

flapper-type valve (see Figs. 2.1 and 2.2) on the

plenum at the Lower sect ion of the reactor grid is

open in this mode of operation; when t h Ls valve is

open, the flow path is as shown in Fig. 2.2 (with

the flapper valve fully open, interlocks prevent

s t a r t Lng the primary pump). The maximum s t ea dyesta t e

power level is 1000 kW nominal. (Reactor operation

in this mode is restricted. administratively, to

those occasions when the f orc.e d-if Low cooling system

is not us e d , )

2. Mode 2. The reactor core is cooled by the forced-

flow cooling system. The flapper valve is closed in

this mode of operation; the flow path is as shown in

Fig. 2.1. The maximum steady-state power level is

2000 k\v nomina 1.
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Fig. 2.1. Isometric drawing of the in-pool portion of the
forced convection cooling system for Hode-2 operation.
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Fig. 2.2. Restricted isometric view of the BSR showing the flow
path for natural~convectioncooling during Mode-l operation.
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2.1.4. General requirements - personnel and instrumentation

1. Personnel. The supervisor in charge during a reactor

startup should be assured of the proper operation of

all auxiliary system instrumentation and nuclear

instrumentation. He must initial each procedural

item on the startup checklist as required. He must

remain in the control room during the startup. After

it is established that all monitoring channels are

functioning properly and after the desired power

level is attained, the supervisor may leave the con

trol room.

The operator on duty during the startup is

responsible for assisting the supervisor in the per

formance of the startup checks. He will then perform

the startup under direct supervision, manipulating

the controls as necessary to attain the desired power

level. If local operation is intended, the operator

will remain in the control room until relieved.

If remote operation is intended, the ORR console

operator should be notified of the status of the reac

tor and the switch from local to remote operation

should be accomplished according to the procedure

specified in Section 2.2.4.2.

2. Instrumentation. Under normal conditions, the opera

tion of the reactor is monitored by the following

instrumentation connected to the reactor safety or

protective circuits.

a. Mode 1

(1) Flapper-valve position indicator



(2) Three power-d.eveI safety channels

(3) One log-N channel (including period instru-

mentation)

(4) One fission chamber channel

(5) One servo channel

(6) Under normal conditions, the following addi

tional instrumentation will be in operation:

(a) Three radiation monitors located in the

containment volume

(b) Three continuous air monitors located

in the containment volume

(c) One radiation monitor, located in the

reactor room, which is capable of acti

vating the building containment system

when a selected radiation level, not to

exceed 150 mr/h, occurs

b. Mode 2_ ....~~~~-

(1) Flapper-valve position indicator

(2) Three powerv-Leve L safety channels

(3) One Log-N channel (including period Ins t ru-

mentation)

(4) One fission chamber channel

(5) One servo channel

(6) One ~T channel

(7) One reactor primary-water flow channel

(8) One reactor ~p channel

(9) Under normal conditions, the following addi

tional instrumentation will be in ope:cation:

(a) Three radiation monitors located in the

containment volume
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(b) Three continuous air monitors located

in the contaInment volume

(c) One radiation monitor for reactor exit

water

(d) One radiation monitor for decay-tank

off-gas

(e) One radiation monitor t located in the

reactor room) which is capable of acti

vating the building containment system

when a selected radiation level, not to

exceed 150 mr/h, occurs.

2. 1. 5. Requirements .and proce~ures...!yr~.!.~_~.~uI?__~~.!~c::.<!~

1. Startup operation. Whether the reactor is subcr l t Lca I

or critical at zero power, at an intermediate level,

or in the power range and it is des ired to make the

reactor critical or to increase the reactor power

level, the minimum instrumentation shall be:

a. flapper-valve position indicator,

b. two level-safety channels t

c. one log-N period channel,

d. one neutron-level-detection channel (1og-N or

fission chamber) that is reliably detecting the

neutron level in the reactor,

e. one radiation monitor located in the reactor room,

f. one continuous air monitor located in the reactor

room,

g. one operating radiation-detection monitor which

provides information on radioactivity in the
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reactor cooling system, and

h. one instrument, located in the reactor room,

which will actuate the building containment sys

tem upon detection of a selected radiation level

not to exceed 150 mr/h.

It should be pointed out that the limitations

are set forth as an absolute minimum. In all cases

where practtcaI , a maximum complement of Lns t.rumeu

tation will be made available. The faIlure of a

particular channel is not necessarily a crucial sit

uation in itself if the mInimum complement of instru

mentation can be provided; however, repeated failures

of a single channel or simultaneous failures of more

than one channel would be cause for concern. Under

such conditions, an evaluation should be made at the

time. Operation of the reactor with minimum instru

mentation requirements shall be preceded by authori

zation from the reactor supervisor or his designated

representative. Should an occasion arise when the

minimum instrumentation cannot be met, the reactor

power must not be increased; and immediate action

must be taken to obtain necessary repairs.

2. Preparat~on for startup in Mode 1

a. Check of the Reactor Area. The reactor area

should be checked to ensure that this area is in

a safe condition for reactor operation. (These

checks should be made while completing Section A

of the checklist.)
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(1) Determine that the reactor loading and the

reactor position in the pool is proper.

(2) Determine that all core pieces are in place

and properly seated and that all experiment

rigs are in their proper locations and

secured.

(3) Ensure that the shim-rod drive units and the

fission-chamber drive units are in their

proper positions, that cable connections are

installed on the proper shim-rod drives, and

that these units are fastened to the hold-

down arms.

(4) Determine that all core work has been com

pleted and make a final inspection of the

core for foreign objects and for any abnor-

malities.

(5) Determine that the reactor carriage, reactor

bridge, and the instrument bridge are locked

in position.

b. Check of Experiment Facilities. The experiment

facilities should be checked to ensure that they

are in a safe condition for reactor operation.

(These checks should be made while completing

Section! of the startup checklist.)

(1) Determine that all changes to experiments

are completed.

(2) Determine that all experiment information

sheets are current.

(3) Determine that Experiment Safety-Check Sheets



have been completed by ins t.rume nr engineers

fot" all applicable exper.iments.

(4) Determine that Special Instruction Sheets for

all experiments are complete and current.

c. Startup of Water System. The wate r systems must

be put into ope r a t Lou and checked for proper

operation. (These checks should be made \"lhile

completing Section C of the startup check.l Ls t , )

(1) Determine that the pool is filled to the

proper level and that all pool-level alarms

have been cleared.

(2) Determine that the flapper valve is in the

fully open position (with the flapper valve

fully open, interlocks prevent starting the

primary pump).

(3) Determine that the jet-diffuser-system flow

is) or has been, properly established if the

reactor is to be operated above 100 kH.

(4) Determine that Elm" through the deml ne r a Lf.z e r

is, or has been, properly established.

(5) Determine that the water purity is adequate.

(6) Determine that the skimmer system is in oper

ation.

d. Instrumentation Checks. (These checks should be

made whf.Le completing Section E of the startup

checklist. )
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(1) Determine that local operation has been

selected.

(2) Determine that all utility services are in

order as specified by the startup checklist.

(3) Determine that all recorders, amplifiers,

etc., are turned on at least one-half hour

prior to operation of the reactor.

(4) Determine that the ionization chambers are

in their proper locations and at their p1:"oper

elevations. (Check the log hook for any

movement during the preceding shutdown.)

(5) Determine that the fission-chamber channel

is calibrated and operating properly.

(a) Set the log count-rate meter on

CALIBRATE and adjust until the log

count-rate recorder indicates 60

counts! s , Return the log couutv-rate

meter to USE.

(b) Withdraw the fission chamber until the

counting rate is observed to decrease.

The count-rate period recorder should

indicate a negative period. Then insert

the fission chamber until the counting

rate is observed to increase. The count

rate period recorder should indicate a

positive period. Finally, withdraw the

fission chamber to its withdraw limit.
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(c) \?hile comparing the counting rate of

the channel to the posted calibration

curve [for response to noise (alpha)

only], vary the pulse height setting

(PHS). Determine that the resulting

response curve for the channel is

essentially the same as that posted

[i.e., that the noise (alpha) response

has not shifted].

(d) While withdrawing one shim rod, insert

or withdraw the fission chamber inter

mittently. Rod withdrawal should be

inhibited as soon as the chamber is

moved.

(e) While withdrawing one shim rod, vary

the pulse height setting (PHS) to cause

a period indication of <25 s. Rod with

drawal should stop.

(f) With one rod off seat, vary the PHS to

cause a period indication of <7 s. A

reverse should occur, inserting the rod.

(g) Set the PHS and the gain on the pulse

amplifier at the posted startup value.

(h) Position the fission chamber to obtain

a counting rate >20 but <40 counts/so

(6) Determine that the log-N channel is adjusted

properly.
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(a) Determine that the log-N channel power

supply meters indicate that the positive

voltage and negative voltage applied to

the chamber are within +10% of the

posted values.

(b) Using the built-in "ground t "

"lo-calibrate t " and "hi-calibrate"

signals t calibrate the log-N amplifier

with the log-N recorder using the "Gnd

set t " "calibrate t " and "gain" poten

tiometers t respectively. Then return

the amplifier switch to the "OPERATE"

position.

(c) Determine that the chamber is connected

to the log-N amplifier by depressing

the negative voltage inhibit push but

ton and observe an upscale reading on

the log-N and log-N period recorders.

Then turn the amplifier switch to the

"GROUND" position.

(7) Determine that the servo channel is adjusted

properly.

(a) Determine that the servo channel power

supply meters indicate that the positive

voltage and negative voltage applied to

the chamber are within +10% of the posted

values.



(b) Push the mtc ronri.c roarnme t e r "zero" but

tOD t set the "power range" selector

switch* on 20 Wt and zero the micro

m:f.croammeter.

(c) Set the power range s,:.ritch on 20 kW and

determine that the chamber is connected

to the micromicroammeter by depressing

the negative voltage inhibit push but

ton and observing an upscale reading on

the mict'omic.roammeter. Return the range

switch to its previous position.

(8) Check the control-rod magnet currents for

gross deviations from a normal value of 0.5 A

(should be 0.5 + 0.1 A). (If the magnet cur

rent for any rod differs by more than :!.:.O.l A

from the normal value, contact the reactor

supervisor.)

(9) Calibrate the level-safety channels

(quarterly).

(10) Perform the rod-drive and rod-response test

following repositioning oft or any work ant

the drive units (also performed quarterly).

*The m:f.cromicroammeter range settIng defines the permissible

reactor operating power range; therefore t the micromicroammeter range

switch (or selector) is the "power range" switch (or selector).
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(11) Perform the scram checks. (These checks

involve raising all control rods about I-in.

and scramming them by the local manual but-

ton. remote mallual scram switch. log-N

amplifier period button, and each 1evel

safety Jordan button. in turn. This section

of the checklist is self-explanatory.)

Reset all flux trip lights on the dual

voltage comparators, and turn log-N to

OPERATE.

(12) Perform the check of the magnet pulse test

equipment.

(a) Raise all rods approximately I-in.

(b) Depress, in turn, each "pulse test"

push button on the three sigma bus con

verter modules and observe

(i) that there is a flash of each of

two neon lamps on the sigma bus

converter;

(ii) that the dual voltage comparator

flux trip amber light comes on;

and

(iii) that both shim rods associated

with the magnet control under

test remain withdrawn (no drops).

(13) DeteLmine that the sigma bus monitor (meter)

on each sigma hus converter module indicates

in the green NL band •



2-16

(14) Set the "power range" switch on the desired

range. Then set the servo~demand thumbwheel

for the desired fraction of that range.

(15) Determine that all air monitors and radiation

monitors (monitrons) are operating properly.

(16) Determine that all instrument channels are

working properly and the corresponding

recorde~s are tracking.

(17) If the annunciator panels are not cleared,

the reason for any alarm should be deter

mined and evaluated.

e. Other checks (These checks should be made while

completing Section! of the startup checklist.)

(1) Determine that the public-address system is

operating properly.

(2) Review the schedule for operation, including

power level changes and proposed run time.

(3) Announce the expected startup time over the

public-address system if requested by exper-

imentel's.

(4) Determine that the core-loading chart is up

to-date and properly approved following any

core changes.

(5) Determine that the containment system is in

the condition required for reactor startup.

(Refer to Sections 7.2.4 and 10.1 for the

proper operating conditions of the contain

ment sys t em, )
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(6) If the power level schedule indicates

extended periods of high-power operation,

the ventilating system for the pool area

must be functioning properly.

3. Startup in Mode 1 via operator start*

a. Since all checks listed in Section 2.1.5(2) must

have been satisfactorily completed, certain

required conditions should exist; however, these

conditions are restated below.

(1) Key switch 5-1 in the ON position.

(2) Preferred-rod selector switch 8-10 in the

desired position; i.e., to select rod 1, 2,

or 3.

(3) Raise-clutch mode switch S-3 in the RUN posi-

, tion.

(4) Individual "clutch actuate" switches S-12

through S-15 and 8-22 through 8-23 in the

HOLD position.

(5) Remote scram switch 8-11 in OPERATE and

scrams reset by pushing the scram-reset but

ton, PB-l. The local scram switch is a push

button, PB-2.

(6) No reverse request exists.

*Operator start (manual control) may be used for special startups

but is normally used only when the servo system is not functi.oning

properly.
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(7) Fission chamber positioned 50 that the

output of the count.v-rat;e channel is >2

counts/so (If it is desired to operate the

fission chamber in the automatic mode~ any

repositioning ~"ill be accomplished auto

matically.)

(8) If the desired operating power level is <400

(20% NF)~ omit step 9 below.

the desired operating power level is >400

(20% NF)~ the "power range" switeh must

on the 2-MT.'1 setting and the servo demand

must be at its lower limit (5% NF).
b. Move the "group~actuate" switch, S-4, to the

WITHDRAW position and hold the switch in that

position. If a 25-s period is detected by either

the count.rr a t e channel or the log-N channel, rod

withdrawal is inhibited until the period becomes

longer. (Until the log-N channel indicates a

power level of 0.01% NF and log-N confidence is

obtained, additional conditions of the count-rate

channel which inhibit rod TNithdrawal are: the

count-rate meter. not in OPERATE; the counting ra~e

les than 2 counts/s or greater than 8000 counts/s;

and the fission chamber in motion.)

c. During this stage, the proper "power range" swf.t ch

setting must be selected (even though the servo
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system is not on) or a reverse will be initiated.

The switch should have been set for the desired

operating range prior to the startup as required

by the Startup Checklist. (The other alternative

would require the operator to increase the range

switch setting as the power level increases;

however, this distraction of the operator is

undesirable when the reactor is under manual

control. )

d. If the desired operating power level is )400 kW

(20% NF), "run" must be obtained. To obtain

"run," the power level (as indicated by the log-N

channel) must be >1.5% NF and <10% NF, the "power

range" switch must be on the 2-MW setting, the

log-N period must be >100 s, and the servo demand

must be at its lower limit (5% NF), even though

the servo system is OFF. If these conditions

exist, the run mode is automatically obtained.

e. When the desired power level is obtained, the

positions of the shim rods should be adjusted so

that rods 1 through 4 are evenly withdrawn.

[Rods 5 and 6 should be evenly withdrawn to the

last recorded position required (usually 23.00 In.)

to make the heat power equal to the instrument

power.] This operation is performed so that shim

rods 5 and 6 and the neutron chambers are in approx

imately the same relationship; consequently, the

shadowing effect from rods 5 and 6 will be about

the same during power operation.

4. Startup in Mode 1 via instrument start

a. Since all checks listed in Section 2.1.5.2 must

have been satisfactorily completed, certain



required conditions should exist; however, these

conditions are restated below.

(1) Key switch 5-1 in the ON position.

(2) Preferred-rod selector switch 5-10 in the

desired position, i.e., to select rod 1, 2,

or 3.

(3) Raise-clutch mode switch 5-3 in the RUN posi

tion.

(4) Individual "clutch actuate" switches 5-12

through 5-15 and 5-22 through 5-23 in the

HOLD position.

(5) Remote scram switch 5-11 in OPERATE and

scrams reset by pushing the scram-reset but

ton, PB-1. The local scram switch is a

push button, PB-2.

(6) No reverse request exists.

(7) Fission chamber positioned so that the

output of the eount-rate channel is )20

counts/s but <40 counts/s; the fission

ehamber should be in the automatic mode,

Le., switch 8-19 should be in the AUTO

position.

(8) If the desired operating power level is <200

kW (10% NF), omit step 9, below.

(9) If the desired operating power level is )200

kW (10% NF), the "power range" switch must

be on the 2-~~ setting and the servo demand

must be at its lower limit (5% NF).
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b. Turn the instrument-start switch to the ON

position; this will initiate the startup sequence.

The following events will occur as demanded by

the status of the reactor system:

(1) The servo system will be activated.

(2) The rods will be withdrawn continuously. If

a 25-s period is detected by either the count

rate channel or the log-N channel, rod with-

drawal is inhibited until the period becomes

longer. (Until the log-N channel indicates

a power level of 0.01% NF and log-N confi

dence is obtained, several additional condi

tions of the count-rate channel which inhibit

rod withdrawal are: the count-rate meter

not in OPERATE, the counting rate less than

2 counts/s or greater than 8000 counts/s, and

the fission chamber in motion.)

c. When the servo system senses an "insert error,

the instrument (controlled) startup will be ter

minated. The servo will maintain the reactor

power level at the level demanded.

d. If the desired power level is >200 kW 00% NF),
"run" must be obtained. "Run" should be obtained

as soon as the servo system stabilizes the reac

tor power at the 100-kW (5% NF) level; i.e., the

required conditions should naturally result from



servo system actIon. The servo demand may then

be increased to the desired level by manipulating

the demand setpoint.

e. When the desired power level is obtained, the

positions of the shim rods should be adjusted so

that rods 1 through 4 are evenly withdraw'n.

[Rods 5 and 6 should be evenly withdrawn to the

last recorded position required (usually 23.00 in.)

to make the heat power equal to the instrument

power.] This operation is performed so that shim

rods 5 and 6 and the neutron chambers are in

approximately the same relationship; consequentlYt

the shadowing effect from rods 5 and 6 "Jill be

about the same during power operation.

5. Sta!:.tup in Mode 1 v~_<:._?J)erat~!.....s.tart wi~ll servo

a. Since all checks listed in Section 2.1.5.2 must

have been satisfactorily completed t certain

required conditions should exist; however, these

conditions are restated below'.

(1) Key switch S~1 in the ON position.

(2) Pr'e f e r r e d-vrcd selector switch 8-10 in the

desired position t i.e.) to select rod It 2,

or 3.

(3) Rai.se-clutch mode switch S-3 in the RUN posi

tion.

(4) Individual "clutch actuate" switehes 8-12
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through 8-15 and 5-22 through 5-23 in the

HOLD position.

Remote scram switch S-11 in OPERATE and

scrams reset by pushing the scram-reset but-

ton, PB-1. The local scram switch is a

push button, PB-2.

(6) No reverse request exists.

(7) Fission chamber positioned so that the

output of the count-rate channel is >2
counts/so (If it is desired to operate the

fission chamber in the automatic mode, any

repositioning will be accomplished automati

cally. )

(8) If the desired operating power level is not

>200 kW (10% NF), omit step 9, below.

(9) If the desired operating power level is )200

kW (10% NF), the "power range" switch must

be on the 2-MW setting and the servo demand

must be at its lower limit (5% NF).
b. Turn the servo switch, S-17, to the ON position

and then return it to the HOLD positi.on. The

servo system will be energized unless the regu

lating rod is at either the upper or lower limit

of the regulating-rod span.

c. Move the "group-actuate" switch. S-4, to the

WITHDRAW position and hold the switch in that

position. If a 25-8 period is detected by either
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the count-rate channel or the log-N channel, rod

withdrawal is inhihited until the period becomes

longer. (Until the log-N channel indicates a

power level of 0.01% NF and log-N confidence is

obtained, several additional conditions of the

count-rate channel ~lich inhibit rod withdrawal

are: the count-rate meter not in OPERATE; the

counting rate less than 2 countsls or greater than

8000 counts/s; and the fission chambe r in mo t Lon , )

d. \omen the servo system senses an "insert error,"

the servo will maintain the reactor power level

at the level demanded.

e. If the desired power level is >200 kW (10% NF),
"run" must be obtained. "Run" should be ohtained

as soon as the servo system stabilizes the reac

tor power at the lOO~kW (5% NF) level; i.e., the

required conditions should naturally result from

servo system action. The servo demand may then

be increased to the desired level by manipulating

the demand "enter setpoint" push button.

f. \-lhen the desired power level is obtained, the

positions of the shim rods should be adjusted so

that rods 1 through 4 are evenly withdrawn.

[Rods 5 and 6 should be evenly ~"ithdra~m to the

last recorded position required (u8ually 23.00 in.)

to make the heat pove r equal to the instrument

power.] This operation is performed so that shim

rods 5 and 6 and the neutron chambers are in

approximately the same relationship; consequently,

the shadowing effect from rods 5 and 6 will be

about the same during power operation.
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2.1.6. Requirements and procedures for startup in Mode 2

1. S~~tu~~yeration. Whethe~ the reactor is subcriti

calor critical at zero power, at an intermediate

level, or in the power range and it is desired to

make the reactor critical or to Lnc r eas e the r eac t.o r

power level, the minimum instrumentation shall be:

a. flapper-valve position indicator,

b. two level-sa fe t y channels,

c. one log-N period channel,

d. one neutron-level-detection channel (log-N or

fission chamber) that is reliably detecting the

neut ron level in the reactor,

e. one 6T channel,

f. one primary-coolant flow channel,

g. one core 6P channel,

h. one radiation monitor Locat ed in the reactor room,

1. one cant Lnuous air monitor located in the r eac t or

j. one operating radiation-detecti.on monitor associ

ated with the reactor cooling system, and

k. one instrument, located in the reactor room,

which will ac t ua t a the building containment sys

tem upon detect ion of a selected radiation level

not to exceed 150 mr/h.

2• Prel2.§I--E..c:.t.:..~<:-n_J..o...~y_t:.a-E..~':.e._i~_M_o_c!~_~

a. Cheek of the Reactor Area. The reactor area

should. be checked to ensure that this area is in

a safe conditlon for reactor operation. (These
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checks should be made while completing Section A

of the startup checklist.)

(1) Determine that the reactor loading and the

reactor position in the pool is proper.

(2) Determine that all core pieces are in place

and properly seated and that all experiment

rigs are in their proper locations and

secured.

(3) Ensure that the shtnr-rod drive units and the

f Ls s i.on-ichambe r drive units are in their

propel:' positions, that cable connections are

installed on the pr.oper shim-rod drives, and

that these units are fastened to the ho Ld-xlown

arms.

(If) Determine that all core t<!ork has been com

pLe ted and make a final Lns pe c t Lon of the

core for foreign objects and for any abnor ..

malitLes.

(5) Determine that the reactor carriage, reactor

bridge, and the instrument bridge are loc.ked

in position.

b. Check of Experiment Facilities. The experiment

facilities should be checked to ensure that they

are in a safe condition for reactor operation.

(These checks should be made while completing

Section Aof the startup checklist.)

(1) Determine that all changes to experiments

are completed.

(2) Determine that all experiment information

sheets arc current.
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(3) Determine that Experiment Safety-Check Sheets

have been completed by instrument engineers

for all applicable experiments.

(4) Determine that. Special Instruction Sheets for

all experiments are complete and current.

c. Startup of Water Systems. The water systems must

be put into operation and checked for proper

operation. (These checks should be made while

completing Section D of the startup checklist.)

(1) Determine that the pool is filled to the

proper Leve L and that all pooI-d.eveI alarms

have been cleared.

(2) Determine that the primary cooling system

has been filled and vented.

(3) Determine that the flapper valve is in the

fully closed position.

Determine that the primary-cooling-system

flow is, or has been, properly established.

Determine that flow through the demf.ne r a l Lze.r

is, or has been. properly established.

Determine that the water purity is adequate.

Determine that the secondary cooling system

is filled. treated, and ready for service.

Determine that both the exit water and the

decay-tank off-gas activity monitors ar.e

operating.

(9) Determine that the skimmer system is in oper-:

ation.



2-28

d. Instrumentation Checks. (These checks should be

made while completing Section E of the startup

checklist. )

(1) Determine that local operation has been

selected.

(2) Determine that all utility services are in

order as specified by the startup checklist.

(3) Determine that all recorders, amplifiers,

etc., are turned on at least one-half hour

prior to operation of the reactor.

(4) Determine that the ionization chambers are

in their proper locations and at their proper

elevations. (Check the log book for any

movement during the preceding shutdown.)

(5) Determine that the f Ls s Lon-ichambe r channel

is calibrated and operating properly.

(a) Set the log c.ount·-rate meter on

CALIBRATE and adjust until the log

count-rate recorder indicates 60

counts/so Return the log count-rate

meter to USE.

(b) \Hthdraw the fission chamber until the

counting rate is observed to decrease.

The count-rate period recorder should

indicate a negative period. Then insert

the fission chamber until the counting

rate is observed to increase. The count

rate period recorder should indicate a
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positive period. Finally~ withdraw the

fission chamber to its withdraw limit.

(c) While comparing the counting rate of

the channel to the posted calibration

curve [for response to noise (alpha)

only], vary the pulse height setting

(PHS). Determine that the resulting

response curve for the channel is

essentially the same as that posted

[i.e., that the noise (alpha) response

has not shifted}.

(d) While withdrawing one shim rod, insert

or withdraw the fission chamber inter

mittently. Rod withdrawal should be

inhibited as soon as the chamber is

moved.

(e) While withdrawing one shim rod, vary

the pulse height setting (PHS) to cause

a period indication of <25 s. Rod with

drawal should stop.

(f) With one rod off seat, vary the PHS to

cause a period indication of <7 s. A

reverse should occur, inserting the rod.

(g) Set the PHS and the gain on the pulse

amplifier at the posted startup value.

(h) Position the fission chamber to obtain

a counting rate >20 but <40 counts/so



(6) Determine that the log-N channel is adjusted

properly.

(a) Determine that the log-N channel power~

supply meters indicate that the positive

voltage and negative voltage applied to

the chamber are within +10% of the

posted values.

(b) Using the buf.Lt.-d.n "ground,"

"lo-calibrate," and "hi-calibrate"

signals, calibrate the log-N amplifier

with the log-N recorder using the "Gnd

set," "calibrate," and "gain" poten

tiometers, respectively. Then return

the amplifier switch to the OPERATE

position.

(c) Determine that the chamber is connected

to the log·-N amplifier by depressing

the negative voltage inhibit push but-

ton and observe an upscale reading on

the log-N and log-N period recorders.

Then turn the amplifier switch to the

GROUND position.

(n Determine that the servo channel is adjusted

properly.

(a) Det.ermtne that the servo channeL power

supply meters indicate that the positive

voltage and negative voltage applied to

the chamber are with +10% of the posted

values.
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(b) Push the micromicroammeter "zero" but

ton. set the "powe r range" selector

switch on 20 W. and zero the micro

mict"oammeter.

(c) Set the power range switch on 20 k~\f and

determine that the chambe-r is connected to

the mi.cromicroammeter. by depressing the

negative voltage inhibi.t push button and

observe an upscale reading on the micro

microammeter. Return the range switch to

its previous position.

(8) Check the control-rod magnet currents for

gross deviations from a normal va.lue of 0.5 A

(should be 0.5 + 0.1 A). (If the magnet cur>

rent for any rod differs by more than +0.1 A

from the normal value, contact the reactor

supervisor.)

(9) Calibrate the level-safety channels

(quarterly).

(10) Perform the rod-drive and rod-response test

£ollowingrepositioning of, or any work on.

the drive units (also performed quarterly).

(11) Perform the scram checks. (These checks

involve raising all control rods about I-in.

and scramming them by the local manual button,

remote manual scram switch, log-N amplifier

period button, and each level-safety Jordan

button, in turn. This section of the checklist

is self-explanatory.) Reset all flux trip lights

on the dual voltage comparators 9 and turn log-N

to OPERATE.
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(12) Perform the check of the magnet pulse test

equipment.

(a) Raise all rods approximately I-in.

(b) Depress, in turn, each "pulse test"

push button on the three sigma bus con

verter modules and observe

(i) that there is a flash of each of

two neon lamps on the sigma bus

converter;

(ii) that the dual voltage comparator

flux trip amber light comes on;

and

(iii) that both shim rods associated

with the bin under test remain

withdrawn (no drops).

(13) Determine that the sigma bus monitor (meter)

on each sigma bus converter module indicates

in the green NL band.

(14) Set the "power range" switch on the desired

range. Then set the servo-demand thumb

wheel for the desired fraction of that range.

(15) Determine that all radiation monitors are

operating properly.

(16) Determine that all instrument channels are

working properly and the corresponding

recorders are tracking.

(17) If the annunciator panels are not clear, the

reason for any alarm should he determined

and evaluated.
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e. Other checks (These checks should be made while

completing Section!. of the startup checklist.)

(1) Determine that the public-address system is

operating properly.

(2) Review the schedule for operation, including

power level changes and proposed run time.

(3) Announce the expected startup time over the

public-address system if requested by exper

imenters.

(4) Determine that the core-loading chart is up

to-date and properly approved following any

core cha.nges.

(5) Determine that the containment system is in

the condition required for reactor startup.

(Refer to Sections 7.2.4 and 10.1 for the

proper operating conditions of the contain

ment sys't.em, )

(6) If the power level schedule indicates

extended periods of high-power operation,

the ventilating system for the pool area must

be functioning properly.

3. Startup in. Mode 2 via operator start*

a. Since all checks listed in Section 2.1.6(2) must

*Operator start (manual control) may be used for special startups

but is normally used only when the servo system is not functioning

properly.



have been satisfactorily completed, certain

required conditions should exist; however, these

conditions are restated below.

(1) Key switch S-1 in the ON position.

(2) Preferred-rod selector switch g-10 in the

desired position; i.e., to select rod 1, 2,

or 3.

(3) Ra Ls e-rcLu t ch mode switeh S-3 in the RUN posi-

t Lon ,

(4) Individual "clutch actuate" switches 8-12

through S-~15 and 5-2.2 through S-23 in the

HOLD position.

(5) Remote scram switch S-ll in OPERATE and

scrams reset by pushing the scram-reset but~

tou) PB-I. The local scram switch is a

push button, PB-2.

(6) No reverse request exists.

(7) Fission chamber positioned so that the

output of the count~rate channel is >2

counts/so (If it is desired to operate the

fission chamber in the automatic mode, any

repositioning will be accomplished auto'

mat Lca l.Ly , )

(8) If the desired operating power level is <400

kW (20% NF), omit step 9, below.

(9) If the desired operating powe r level is >400

kW (20% NF), the "power range" switch must
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be on the 2-MW setting and the servo demand

must be at its lower limit (5% NF).
b. Move the "group-actuate" switch, 5-4, to the

WITHDRAW position and hold the switch in that

position. If a 25-s period is detected by either

the count-rate channel or the log-N channel, rod

withdrawal is inhibited until the period becomes

longer. (Until the log-N channel indicates a

power level of 0.01% NF and log-N confidence is

obtained, additional conditions of the count-rate

channel which inhibit rod withdrawal are: the

count-rate meter not in OPERATE; the counting rate

less than 2 counts/s or greater than 8000 counts/s;

and the fission chamber in motion.)

c. During this stage, the proper "power range" switch

setting must be selected (even though the servo

system is not on) or a reverse will be initiated.

The switch should have been set for the desired

operating range prior to the startup as required

by the startup checklist. (The other alternative

would require the operator to increase the range

switch setting as the power level increases;

however, this distraction of the operator is

undesirable when the reactor is under manual

controL)
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d. If the desired operating power level is >400 kW

(20% NF), "run" must be obtained. To obtain

"run," the power level (as indicated by the log-N

channel) must be >1. 5% NF and <10% NF, the "power

range" switch must be on the 2-MW setting, the

log-N period must be )100 s, and the servo demand

must be at its lower limit (5% NF), even though

the servo system is OFF. If these conditions

exist, the run mode is automatically obtained.

e. When the desired power level is obtained, the

positions of the shim rods should be adjusted so

that rods 1 through 4 are evenly withdrawn.

[Rods 5 and 6 should be evenly withdra\ID to the

last recorded position required (usually 23.00 in.)

to make the heat power equal to the instrument

power.] This operation is performed so that shim

rods 5 and 6 and the neutron chambers are in approx

imately the same relationship; consequently, the

shadowing effect from rods 5 and 6 will be about

the same during power operation.

4. Startup in Mode 2 via instrument start

a. Since all checks listed in Section 2.1.6.2 must

have been satisfactorily completed, certain

required conditions should exist; however, these

conditions are restated below.

(1) Key switch S-l in the ON position.

(2) Preferred-rod selector switch 8-10 in the

desired position; i.e., to select rod 1, 2,

or 3.

(3) Raise-clutch mode switch S-3 in the RUN posi

tion.

(4) Individual "clutch actuate" switches S-12
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throughS-15 and 8-22 through 8-23 in the

HOLD position.

(5) Remote scram switch 8-11 in OPERATE and

scrams reset by pushing the scram-reset but

ton, PB-1. The local scram switch is a

push button. PB-2.

(6) No reverse request exists.

(7) Fission chamber positioned so that the

output of the count-rate channel is >20

counts/s but <40 counts/s; the fission

chamber should be in the automatic mode,

i.e., switch 8-19 should be in the AUTO

position.

(8) If the desired operating power level is not

>200 kW (10% NF), omit step 9, below.

(9) If the desired operating power level is >200

kW 00% NF), the "power range" switch must

be on the 2-MW setting and the servo demand

must be at its lower limit (5% NF).
b. Turn the instrument-start switch to the ON

position; this will initiate the startup sequence.

The following events will occur as demanded by

the status of the reactor system:

(1) The servo system will be activated.

(2) The rods will be withdrawn continuously. If

a 25-8 period is detected by either the count-

rate channel or the log-N channel, rod with

drawal is inhibited until the period becomes
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longer. (Until the Logr-N channel indicates

a power level of 0.01% NF and log~N confi

dence is obtained, several additional condi

tions of the count~rate channel which inhibit

rod withdrawal are: the count-rra t e meter

not in OPERATE; the counting rate less than

2 counts/s or greater than 8000 counts/s; and

the fission chamber in motion.)

c. When the servo system senses an "insert error,

the instrument (controlled) startup wlll be t e r-:

mlnated. The servo will maintain the reactor

power level at the level demanded.

d. If the desired power level is >200 kW (10% NF),
"run" must be obtained. "Run" should be obtained

as soon as the servo system stabilizes the reac~

tor power at the lOO-kW (5% NF) level; 1. e., the

required conditions should naturally result from

servo system action. The servo demand may then

be increased to the desired level by manipulating

the demand setpoint.

e. When the desired power level is obtained, the

positions of the shim rods should be adjusted so

that rods 1 through LI are evenly Tl1ithdrawn.

[Rods 5 and 6 should be evenly Hlthdrawn to the

last recorded position required (usually 23.00 Ln, )

to make the heat power equal to the instrument

power.] This operation is performed so that shim

rods ') and 6 and the neutron chambers are in approx

imately the same relationship; consequently, the

shadowing effect from rods ') and 6 wi.ll be about

the same during power operation.
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5. Startup in Mode 2 via._operator start with servo

a. Since all checks listed in Section 2.1.6(2) must

have been satisfactorily completed, certain

required conditions should exist; however, these

conditions are restated below.

(1) Key switch 8-1 in the ON position.

(2) Preferred-rod selector switch 8-10 in the

desired position; i.e., to select rod 1, 2,

or 3.

(3) Raise-clutch mode switch 5-3 in the RUN posi-

tion.

(4) Individual "clutch actuate" switches 8-12

through $-15 and 8-22 through 8-23 in the

HOLD position.

(5) ,Remote scram switch 8-11 in OPERATE and

scrams reset by pushing the scram-reset but

ton, PH-I. The local scram switch is a

push button, PB-·Z.

(6) No reverse request exists.

(7) Fission chamber pas t.t Loned so that the

output of the couut-er-at;e channel is >2

counts/so (If it is desired to operate the

fission chamber in the automatic mode, any

repositioning will be accomplished automati

cally. )

(8) If the desired operating power level is not

>200 kW (10% NF), omit step 9, below.
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(9) If the desired operating power level is >200

kW (10% NF). the "powe r range" switc.h must

be on the 2-~1TJ setting and the servo demand

must be at its lower limit (5% N
F).

b. Turn the servo switch, 5-17, to the ON position

and then return it to the HOLD position. The

servo system will be energized unless the regu

lating rod is at either the upper or lower limit

of the regulating--rod span.

c. Move the "group-actuate" switch, S-4, to the

WITHDRAW position and hold the switch in that

position. If a 25-s period is detected by either

the count-rate channel or the log-N channel, rod

withdrawal is inhibited until the period becomes

longer. (Until the log-N channel indicates a

power level of 0.01% NF and log-N confidence is

obtained, additional conditions of the count-rate

channel whic.h inhibit withdrawal are: the count-

rate meter not in OPERATE; the counting rate less

than 2 counts/s or greater than 8000 counts/s; and

the fission chamber in motion.)

d. When the servo system senses an "insert error,"

the servo will maintain the reactor power level

at the level demanded.

e. If the desired power level is >200 kW (10% Np).
"run" must be obtained. "Run" should be obtained

as soon as the servo system stabilizes the reac

tor power at the 100-kW (5% NF) level; i.e., the
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required conditions should naturally result from

servo system action. The servo demand may then

be increased to the desired level by m..an l pul.a t Lng

the demand "enter setpoint" push button.

f. When the desired power level is obtained, the

positions of the shim rods should be adjusted so

that rods 1 through 4 are evenly withdrawn.

[Rods 5 and 6 should be evenly withdrawn to the

last recorded position required (usually 23.00 Ln, )

to make the heat power equal to the instrument

power , ] This operation is performed so that shim

rods 5 and 6 and the neutron chambers are in approx

imately the same relationship; consequently, the

shadowing effect from rods .5 and 6 will be about

the same during power operation.

2.1.7 Startup following a shutdown due to the dropping of one or more

shim rods

If one or more rods are dropped as a result of either a mechan

ical failure or a failure in the magnet control system, the reactor

will drop out of servo control and will be subcritical instantly. The

following actions should be taken:

1. Inform the shift engineer of the event immediately.

2. Note any alarms (annunciators) actuated and check the dual

voltage comparators for "trip" or "latch" lights. Record

all observations.

3. Since with this reactor there are usually no xenon problems

necessitating an expeditious return to power, do not further

withdraw the rods that have not dropped while the rod drives

are retrieving the rods that have dropped.

4. After the rod's magnet and armature engage, check and record

the magnet current. If the current is not normal, Le., is

not 0.5 + 0.1 A, then the reactor supervisor or his desig

nated alternate should be contacted. Variati.ons in magnet
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current indicate serious trouble in the magnet control sys'~

tem and most likely will require rather extensive study

and/or repairs.

5. I f the rod fails to make clutch or othe rwf.se performs in

an abnormal lIlanner~ and the c.ondition cannot be corrected

easily, complete the shutdown of the reactor and notify the

reactoL supervisor of the situation.

6. If the observations de s cr Lbed above indicate only a momen-:

tary failure of the magnet control system (mechanical or

instrumental), then the reactor may be returned to power as

follows:

ct. Determine that the servo demand is at the 5% setting

(it may be necessary to reposition the demand).

b. Obtain servo.

c. Raise the rodes) which dropped to a position equivalent

to "normal." 1. e , , 1 through !l ganged and 5 and 6

ganged. This will ensure that the reactor is not

operated at power wf.t.h an abnormal rod configuration.

d. Observe all the power and period recorder readouts as

the power level is raised. After servo takes control

at 100 k\·J and "run" has been obtained. raise the demand

to the former power Leve L, After the former power

level has been reached, re-establish the previous rod

positions. If any change is necessary due to an

increase in xenon concentration, this change should be

made by repositioning rods 1 through 4 evenly. (NOTE:

A qualified supervisor must he present dur.ing all reac

tor startups.)
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2.1.8 Return to full power following an ele~trical powe~ outage

1. Loss of electrical power to the BSRcomplex occurs quite

infrequently (four times per year, on the average),* and

therefore is not considered to be 8. major source of

trouble. The infrequency of such an event, however, serves

to make a written procedure even more valuable to the per

sonnel responsible for restarting the reactor following

such an electrical power olltage. The reader is reminded

that while a power outage is in effect, the diesel genera~

tor located at the ORR (Building 3042) will supply power to

the following:

a. all the control circuits and pilot lights,

b. all the process instrumentation,

c. all the recorders,

d. the rod-drive motors and position indicator~.

e. the fissi.on-chamber drive motor and position indicator,

f. the television monitoring system,

g. the facility radiation and contaminati.on alarm system,

h. the annunciators,

f , "reactor on" lights,

j. receptacles on the bridge, in the control room vertical

panels. and in cont r oI r oom panel H.

k. building public-address system, and

1. emergency lights in the control room and in the reactor

bay.

*Outages lasting more than a few seconds are quite uncommon ,

averaging less than one per year.
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2. After the TVA power. is restored, the following actions

should be taken:

a. Clear all scram conditions as needed.

b. If the power was off for any significant length of time

(more than 30 min), allow a 5-min warm-up time on the

safety system instrumentation.

c. Insert the fission chamber as required.

d. Recalibrate the log-N channel.

e. Perform the Jordon button checks on the sigma ampli

fiers.

f. Perform services to experimenters' equipment as

requested.

g. If the power failure affected the cooling system,

re-establish the flow if applicable.

h. Ensure that the building cell-ventilation system is in

service.

i. Obtain instrument start and return to power.

j. Stop the diesel generator operation and return the

control-selector switch to AUTOMATIC.

k. Reset the heating and ventilating units as needed.

3. Reiterating, the supervisor in charge must be present for

any withdrawal of rods.

2.1.9 Pri?rities in restarting the ORR and/or BSR

Frequently, the ORR and BSR will be operated simultaneously

from the same control room. Generally, when operating the BSR

from the remote console in the ORR control room, only one oper

ator will be involved in control-room work, with one shift

engineer directly responsible for the operations. (Specific
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procedures pertaining to remote operation are provided in the

ORR operating manual and the BSR operating manual Section

2';2.4.)

On occasion, a situation may arise in which both reactors

simultaneously encounter an unscheduled shutdown; e.g., because

of an electrical power outage. (Operating history indicates

that this occurs about four times each year.) To provide for

an orderly recovery from unscheduled shutdowns, it is necessary

to list the priorities to be used in restarting the reactors.

When an unscheduled shutdown of both reactors does occur,

the folloWing priorities should be exercised in restarting the

reactors. However, each facility should be checked to ensure

that it is in an acceptable shutdown condition before any

restart begins.

1. Priority number one - ORR. Since the ORR operates at

the highest neutron flux, the problem of xenon poison

ing is of prime importance. Consequently, following a

shutdown, the ORR .should be restarted as soon as possi

ble, consistent with established operating procedures

of the ORR operating manual and sound judgment, but

never sacrificing safety to minimize reactor downtime.

The BSR should remain in a secured condition until the

ORR has been returned to power unless individual reac

tor supervision is available. In the event that the

ORR has been poisoned with xenon and requires a refuel

ing, the BSR should be restarted as soon as possible

consistent with good operating philosophy and proce

dures. This should be performed prior to refueling the



ORR or concurrent ~·lith the reflwliag if an adequate

numbe r of qualified personnel is available.

2. Pri()E~t:x..~number two ~ BSR. The BSR should be res t ar t ed

following the established operating procedures as

detai.led in Section 2.1 of the BSR operating manual as

soon as the ORR has at tained fu.l.Lr-powe r operation and

conditions are normal.

2.1.10 Priori t~~.~....~.~...~a.-_king ope r a t Lona l dec.~_~.~_~~~

Section 2.1.9 outlines the standard priorities for decid

ing which reactor to start up first in case both are scrammed

s LmuLt aneousLy by a loss of electrical power. Other circum

stances might arise which could cause unusual operation at

either of the reactors hut still not shut either of them down.

For instance, an automatic power setback might occur, a con

trol system might suddenly require constant attention, or

radiation alarms might sound from several sources. Unusual

occurrences of this type also require that the operator and

the supervisor make a decision about what to do, and sometimes

the action to be taken must follow some priority order. Here

again, the general priority would be: ORR first, and BSR

second.

Furthermore, it should also be kept in mind that either

or both of the reactors may he shut down by the operator on

his own authority if he feels that too much is going on for

him to handle his responsibility properly.

It is possible that special circumstances requiring new

priorities might arise. For instance, an experiment at the
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BSR might be so important to the Laboratory that during the

term of the special exper Imerrt the BSR would be kept cpe.ra t Lng

or started up after an electrical power outage 10 preference

to the ORR. All likely circumstances usually cannot be anti

cipated; therefore) it is impossible to predict all of those

with a low probability for occurrence.

In emergencies such as these when normal priorities cannot

be used, it is expected that the supervisor on duty will use all

of the information at hand in deciding what course to take

instead of blindly following rules that have been se t up for

other situations.

2.2. Steady-State Operations

2.2.1. Requirements for continuous power operation

1. General Requirements. The other reactocs for which the

Operations Division is responsible are normally opera

ted at their full-power rating. H.owever, depending

upon the requirements of the various experimenters~ the

power level and duration of operation between shutdowns

at the BSR may vary considerably. When the reactor is

operating, numerous checks are to be made and pertinent

data recorded on a routine schedule. (Examples of the

data sheets to be filled out by the console operator

are given in Section 12.) Other miscellaneous duties

associated with operating the reactor are to be per

formed by the roving operator. (Examples of the shift

check sheets are also given in Section 12.)
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If the power level is to be varied during opera

tion of the reactor, a qualified supervisor and reactor

operator must be present in the control room. If the

shift supervisor plans on temporarily leaving the Imme

diate area, his whereabouts should be made known to the

operator to facilitate communication, if necessary.

2. Manning requirements

a. Security-Alarmed Area. The reactor bay is monitored

by signals sent to the Emergency Control Center.

When no member of Operations personnel is in

the ares, the reactor bay doors must be locked and

the security system monItor activated by placing the

key-operated "secure-access" switch in the SECURE

position and the red toggle switch in ON position.

If anyone enters the reactor bay, the Emergency

Control Center wlll receive an alarm (audio and

visual) and investigate.

~{hen a member of Operations personnel is in the

area, the security system monitor may be deactivated

by placing the key-operated switch in ACCESS and the

red toggle sw:Ltch in OFF. An amber access light at

the Emergency Control Center will remain on.

To activate the Alarm Service:

1. Call 4-6646, the Communications Officer.

Identify yourself and give your badge number.

State that YOH are activating the alarm.
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2. Wait until the alarm is in alarm condition,

walk around in the area, and then ask the

Communications Officer if he received an

alarm. If an alarm was received, the alarm is

in service.

3. State that you are leaving the area.

To deactivate the Alarm Service:

a. Call 4-6646, the Communications Officer.

Identify yourself and give your badge number.

State that you are going into the alarmed area.

b. Lay the phone down, enter area, and deactivate

the alarm.

c. Ask the Communications Officer if he received

an alarm. If an alarm was not received, call

4-7202, Security.

b. Reactor bay locked.* It is not necessary for Oper

ations personnel to be present in the area when the

reactor bay doors are locked and the Security

Monitoring SYstem is in SECURE. Personnel who have

been issued the proper key can, of course, enter

for routine or special checks or other jobs after

notifying the Emergency Control Center.

*Except for very unusual circumstances, i.e., local operation

with the reactor bay locked, the control room will be locked at all

times when the reactor bay is locked.
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If experiment or maintenance pe r sonne 1 must

enter the reactor bay when it Ls locked, they are

instructed by signs to request admittance from the

ORR-BSR operations shift supervisor, who yrill notify

the Emergency Control Center. When the experimenter

(or others) has access to the locked reactor bay

during "off shifts," he should contact the shift

supervisor hourly and inform the latter of his status.

If the experimenter or maintenence personnel must

work over the pool (e s g , , on the instrument bridge),

they are instructed by signs to contact the shift

supervisor; the latter should determine whether he

should furnish supervision or assistance and make

arrangements accordingly. At no time will any

individual be allowed to work over the pool \.rithout

the presence of another person in the reactor bay.

c. Reactor bay unlocked. During steady state opera

tions and/or routine activities, the reactor bay

may remain unlocked if a qualified reactor operator

or senior reactor operator is present. A member of

the operations supervisory staff (qualified as a

senior reactor operator) will be present to coordi

nate certain activities as listed in other parts of

the "BSR Operating Manual." It will sometimes be

necessary for him to go to the pump house, to the

cooling tower, or with maintenance personnel; how

ever, he should attempt to keep such absences from
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his primary station to an absolute minimum. (NOTE:

The above requirements are in effect whether or not

the reactor is in operation.)

On occasion t it will be desirable to operate

the reactor from the local console. During these

periods, the operator will remain at the local con

sole and will not leave the control room until pro

perly relieved by a qualified operator.

Except during the times when the reactor is

being operated 10callYt the control room will be

locked when a member of operations is not in the

immediate vicinity of the control room. (Operations

personnel who have been issued the proper key cant

of course, enter briefly when necessary.)

3. Minimum safety and control instrumentation required

during power operation in Mode 1:

a. Flapper-valve position indicator.

b. Two level-safety channels.

c. One operating radiation-detection monitor which

provides information on radioactivity in the

reactor cooling system.

d. One instrument, located in the reactor room,

which is capable of actuating the building

containment system when a selected radiation

level, not to exceed 150 mr/h, occurs.
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4. Minimum safety and control instrumentation requir~~.

during power operation in Mode 2:

a. Flapper-valve position indicator.

b. Two level~safety channels.

c. One 6T channel.

d. One core 6P channel.

e. One primary-coolant flow channel.

f. One operating radiation-detection monitor assoc.i~

ated with the reactor cooling system.

g. One instrument, located in the reactor room,

which is capable of activating the building

containment system when a selected radiation

level, not to exceed 150 ror/h, occurs.

2.2.2. Heat-power calculations

The primary standard for the power level of the reactor

is the calculated heat power. These calculations are based on

the heat gain in the primary-water system during Mode-2 oper

ation and are computed as follows:

0.1448 kW
Power (kW) = 6T(OF) x flow rate (gpm) x (1 gplll x 10F)'

This heat power is calculated and recorded three times

per shift and, as listed, is actually the accumulated energy

for one hour of operation (see Example 12.2). To compute the

total energy for the shift, assuming no variations in power

level, the three calculated values should be averaged and the

average multipled by eight.
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If the power level is varied between the times calcula

tions are made, the accumulated energy will have to be illus

trated in the following example:

From 2:40 to 3:10 p.m. the reactor power was

varied; preceding and following this interim,

the power level was 1500 kW (actually 1530 by

heat balance preceding the shutdown and 1510

kW after startup).

Assume that:

the accumulated energy from 2:00 to 3:00 p.m. was 1068

kWh (based on instrument power);

the accumulated energy from 3:00 to 4:00 p.m. was 1300

kWh (based on instrument power);

since: corrected heat energy, kWh = accumulated energy based
actual heat power;

on instrument power x instrument power

then, kWh for the seventh hour 1068 x 1530* (energy accumulated
1500

between the hours of 2:00 and 3:00 p.m., column 7); and

kWh for the eighth hour = 1300 x 1510** (energy accumulated
1500

between the hours of 3:00 and 4:00 p.m., column 8).

*In this case, the actual heat power calculated preceding the

shutdown should be used.

**In this case, the actual heat power obtained after returning to

power (and after the reactor has reached equilibrium) should be used.



Also, to calculate the accumulated energy for the f Lrs t six

hours, the remaining two routinely calculated values should be aver-:

aged and the average multiplied by six.

To ensure comparability between the dai 1y summaries of ins tru~

ment and heat energies, it is advantageous, during periods of

varied-power--level operation, to record the corrected heat energies

in the hourly columns when applicable. This wi.L'l facilitate summing

the energy generated during the shift since simple averaging would

not be applicable for periods of varied-power-level operation.

One of the primary uses for the data described in this section

is in the computation of fuel consumption. At present, 100 kW (and

above) is to be considered as an accountable powar level. However,

if the reactor is to be operated at a lower power level for an

ext en ded period of time, the power should be accounted for if it is

expected that more than 100 kWh will be accumulated. (It should be

noted that any period of time when the reactor is at a power level

of 100 kW or greater is to be reported as "operating time;" this is

consistent with the policy at the other reactors. In addition, if

the reactor is at a lower power level but is providing a planned and

useful irradiation of an experiment or a sample, the period involved

is to be reported as "operating time."

During Mode~l operation, there is no flow and 6T; consequently,

the power level and energy d3ta are based solely on instrument

values if accountability is applicable. To complete any data sheet

which requires heat-power information, record the instrument power

and "Mode I."
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2.2.3. Shim-rod positions

It is desirable to k~ep rods 1 through 4 evenly withdrawn.

[Rods 5 and 6 should be evenly withdrawn to the position

required (usually 23.00 in.) to make the heat power equal to

the instrument power.] Twice each shift~ rods 1 through 4

should be balanced at the local console by an operator. Rods

5 and 6 should not be repositioned unless the shift supervisor

determines that repositioning is required to make the heat

power equal the instrument power.

2.2.4. Remote control of the BSR- operating procedures

1. Introduction. The BSR remote~control instrumentation

(see Section 3.4) allows the operator at this console

to do the following:

a. Initiate an evacuation signal. silence the evac

uatton horn, and initiate building containment

(using the red, green, and black buttons, respec

tively. in the upper left corner).

b. Observe if a rod is seated (using the two square

indicator-light panels marked "1, 2, 3, 4, 5, and

6" in the upper right corner).

c. Observe when an annunciator alarms. (Both audible

and visual alarms are provided through the remote

annunciator panels. In addition, console lights

indicate whether the annunciator is located in

the nuclear group or in the process group.) The

BSR remote annunciator panels are located above

ORR relay cabinet fA' and consist of three banks

of 12 annunciators each. plus a fourth bank of
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four (experiment alarms). The arrangement of

annunciators in the four banks is shown in Fig.

2.3.

d. Observe if there is an increase in the radiation

level (using two meters near the upper left

corner: the left meter indicates the output of

the 5 Rlh monitor; the right meter indicates the

output of the high-bay monitron).

e. Observe the status of the reactor in regard to

the key-awl t ch position and to the remote-or

local control mode selection (using the "reactor

on" and the BSR or ORR indicator lights).

f. Scram the reactor (using red~colored switch).

This control is effective when in either local or

remote operation.

g. Lower the demand (manual setback).

h. Insert and (within limits) withdraw the preferred

rod.

i. Acknowledge and reset annunciator alarms.

j. Observe the power level as monitored by the No.1

level-safety channel (using the left meter at the

center of the console).

k. Operate the control-room television cameras.

1. Monitor the control room for abnormal sounds

(using the surveillance sound system).
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Fig. 2.3. BSR remote annunciator panels.
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2. Procedure for transfer~.~.Il.g....~.,?._r_e~~~,=-~._~.p'-~~~.~.i_'?..r:.. After

the BSR is started up and all the necessary checks

are made, the reactor nmy be operated remotely from

the remote console located in Building 3042. The

procedure for transferring control of the reactor is

as follows:

a. Have the remote operator verify proper audio and

video commnnt cat Lon , (If neither con t r oI room

television camera is operable, the reactor should

not be operated remotely.)

h. Turn the control-selector switch on the BSR con

trol panel clockwise until the "remote" light

comes on at the local console; the "ORR" light)

located on the remote panel~ should also come on.

c. Simulate an alarm conditiou* for the remote oper···

ator to observe, acknowledge, and reset; verify

that the remote operator can r epos ttLon the pre~

ferred rod.

d. Inform the remote operator of any pertinent infor

mation; then tell him to assume the responsibility

for operating the BSR.

e. Request all individuals in the local BSR control

room to leave; then lock all doors to the control

*It sometimes is convenient to stop the secondary flow monentarily

to initiate an alarm. "E" panel switches can also be used. if setbacks

and scrams are carefully avoided.
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room and control room annex. (NOT_~: If it is

necessary for any Reactor Operations Section per

sonnel to remain in the control room, they should

receive permission from the supervisor in charge.)

3. Procedure for remote operation

a. Routine operation at equilibrium conditions. As

a minimum. routine surveys using the control room

TV will be made on an hourly basis by scanning

the instrument pauel.s to observe for possible

changes in the operation of the sys tern. (The

surveillance sound system will be used to listen

for any abnormal sounds in the local control

r oom , ) Any indication of abnormal condit ions \-7i11

be investigated immediately by making detailed

close-range readings; and, if fu r t he r action is

needed, supervision should be contacted immedi

ately.

b. Data collection. Once per hour the readout of the

three. level-saf ety chaune Ls , the /\T reco r de r > and

the flow r eco r der should be recorded. At least

three times per shift, the positions of the shim

rods, the inlet tempera t.ur e , the outlet tempera

ture, the exit-water radioactivity, and the 10g~N

channel output should be recorded; in addition,

a heat balance should be calculated.

c. Power level adjustment. All startup and power

level adjustments will be made at the local con

sole. The remote console has no provisions for
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increasing the power level (demand increase);

however, a spring-loaded toggle switch can be

used from the remote console to lower the demand

(setback switch).

d. Regulating-rod posltion adjustment. It will be

neeessary from time to time to reposition the

preferred rod to maintain the regulating-rod limit

within the desired range (10-90%) with respect to

the limit switches. This is accomplished while

viewing the regulating-rod position recorder at

close range with the TV and then moving the pre

ferred rod a small increment.* Following each

movement of the preferred rod, a scan of the appro

priate instruments should be made to ensure that

the system is still in equilibrium. This procedure

should be repeated until the desired reading on the

regulating-rod position recorder is obtained.

e. Annunciator station. Should an annunciator be

actuated, the operator should immediately look at

the remote panel annunciator lights to determine

the nature of the alarm. After acknowledging the

*The remote meter for the No. 1 safety channel should also be

observed.
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alarm. he should observe the appropriate local

instrumentation with the TV to determine the

extent of any changes in the parameters. If

corrective action cannot be taken from the remote

controls, the supervisor should be notified

immediately. The supervisor will investigate and

take corrective action. (If the shift supervisor

cannot be located immediately. the operator has

authority to scram the reactor if he decides it

is advisable.)

f. Emergency actions

(1) TV failure. If a failure should occur in

both of the control room TV systems, the

reactor should be scrammed immediately-.

The shift supervisor should be informed of

this action immediately so that further

action can be taken. Operation of the BSR

may be resumed with personnel at the local

controls until the TV system has been

repaired and declared reliable.

(2) Servo failure. If the "servo off" annunci

ator alarms, or if the reactor operator's

observations lead him to believe that the

servo system is improperly controlling the

reactor, he should ~fDDlediatell scram the

reactor and notify the shift supervisor.
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(3) Evacuation alarms. If the bu tLd Lug-ee vacua

tion-alarm system is actuated by the instru

ments, the following action should be taken:

(a) Scram the reactor.

(b) Check the following instruments to aid

in evaluating conditions:

1) the two radiation-indicati.ng meters

on the remote console,

2) the local faci.lity radiation and

contamination alarm system at the

local control room (should be scanned

with the control~room television

system), and

3) the miscellaneous radiation recorder

at the local control room (should be

scanned with the control-room tele

vision system).

(e) The shift supervisor will direct activi

ties as prescribed by the emergency

procedures for the Reactor Operations

Section (Section 10.6).

2.3. Shutdowns

2.3.1. Shutti~!L.<!?wn_t}:_e H;actor

The reactor will usually be shut down at some time specified by

an experimenter as a requirement for his particular test. The reactor
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is usually shut down by scramming with the scram button on the local

console following the termination of any particular run. The following

action should be taken if the reactor is to remain down for any signi

ficant period of time (more than a fe'l>T minutes):

1. Be sure that all six seat lights are on.

Z. Lower the demand to the lower limit.

3. Place the range-selector switch on the lowest value practical,

without having the servo indicator drive full scale.

4. Note the performance of the log-N instrumentation. The log-N

amplifier mode switch should be set Ln the LOW CALIBRATE

position.

5. De-energize the secondary system as follows:

a. fans in OFF,

b. pump in OFF,

c. blow-down valves closed.

d. acid-addition system OFF,

e. chemical addition system OFF.

f. bypass valve on riser to basin OPEN (depending on outside

temperature), and

g. air-conditioning pump operating.

6. Check the primary pump for proper operation. The primary flow

should be stopped for shutdowns of long duration.

7. If the primary flow is stopped, close valve HCY-54 and open

valve HCY-3 to continue demineralizer operation while the pri

mary flow is off.

8. If primary flow is stopped. move the flapper valve to OPEN.

9. Insert the fission chamber to give about 20 counts/s and leave

the chamber drive in the AUTOMATIC mode.
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10. Place the key switch in OFF, remove the key, and place the key

in the lock-box located in the control room.

11. Inform the ORR console operator of the status of the reactor and

have him verify proper audio and video communication, if appli

cable.

2.3.2. Refueling shutdowns

Although the number of shutdowns required for refueling

the BSR will be relatively few, there will be occasions when

fuel burnup and possibly other decreases of excess reactivity

will require fuel changes.

All work to be performed during such shutdowns should be

governed by Section 4.

2.3.3. Unscheduled shutdowns

When an unscheduled shl1tdmffl occurs, the shift supervisor

or his designated representative should report immediately to

the local control room. If there are no unexplained abnor

malities, the reactor should be restarted.

2.3.4. Radiation control measures during shutdowns

The radiation control measures during shutdown of the

reactor vary according to the nature of the shutdown. If

water is to be drained from any part of the primary-water

system for possible removal of components or any other. main

tenance work, a Health Physicist should be requested to moni

tor the area to determine if a Radiation Work Permit (RWP)

might be required and to be sure that no areas are contaminated

by the primary water (see Section 6.1.7. for procedures and
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requirements for draining the primary-water system and Section

9 for safety procedures).

If the water is to be drained from a part or all of the

reactor pool. all radioactive materials must be removed or

isolated prior to the draining. After the pool or the portion

of the pool has been drained, entry to the pool is subject to

"contamination zone" and "radiation zone" regulations. These

regulations are as follows:

1. The pool and associated area must be established as a

contamination zone.

2. A valid radiation work permit must be on hand.

3. Personnel entering the pool should have on two pairs

ofC-zone clothing and carry two pencil meters, one

direct-reading pocket dosimeter. and a film badge.

4. Upon LeavLng the pool. each person shall be checked

for contamination, and his radiation-exposure record

shall be brought up-to-date by a reactor operator.

5. If an in-pool monitron is required, it should be

checked occasionally during each shift for· proper

operation.

It if the responsibility of the shift supervisor to ensure

that all regulations are followed.

2.3.5. Reporting shutdowns

Each shutdown should be reported .in the log book regard

less of the number of shutdowns that occur (see Section

2.2.2 for the definitions of "opera t Lng time" and of "shutdown

time").
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Followlng any unscheduled shutdown, a detailed description

of the shutdoTMn should be recorded in the current BSR log book

by the shift supervisor in eharge. Such reports will aid in

the determination of the source of trouble and should elearly

indicate (1) the cause of the shutdown, (2) what corrections

were made to permit restarting the reactor, and (3) what

further preventative steps should be taken.

The reactor supervisor or his designated representative

should also be made aware of the shutdown via telephone or

other commuuication as soon after the occurrence as conditions

permit, or as conditions dictate, whichever applies. If main

tenance '117ork (mechanical, electrical, or instrument) is

required during other than regular duty hours. then the reac.

tor supervisor or his designated representative should be

notified immediately.

2.4. Annunciator Procedur.es

2.4.1. Introduction

Ln general, annuncLa t or alarms indicate abnormal con

ditions in the process or nuclear systems. Their purpose is

to alert the operator to the abnormal condition so that

appropriate action may be taken.

2.4.2. Description

1. System

The BSR is equi.pped \'11 th both local and remote annun-:

c La t or banks. the details of which are described in
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the following sections and in Section 2.2.4. The

remote annunciators are actuated by relays in local

stations and are not in service when the reactor is

being operated in "local." With the reactor in

"remote," however, both local and remote annunciators

function and both may be acknowledged and reset from

either the local or remote console.

2. Individual station

An annunciator station consists of a signal can which

is mounted behind two translucent panels called "sta

tion sections." One section is colored* and the other

is white. All stations are connected to an audible

alarm. l~en the monitored parameter exceeds a prede

termined setpoint, both sections of the individual

annunciator will be lighted and the horn will sound.

An alarm is acknowledged by actuating a toggle

type electrical switch. When the switch is pushed to

the left, the white section of the alarmed annuncia

tor is darkened and the horn is silenced. The

colored section will remain lighted until the con

dition becomes normal; when the condition becomes

normal, the colored section will darken and the white

section will again be lighted. The annunciator may

*Local annunciators are red; remote annunciators are blue.



2-68

then be reset by pushing the switch to the right

causing the white section to darken. (As noted

above, when operating in the remote mode, two

acknowledge-reset switches, one local and one remote,

are effective in acknowledging and resetting both the

local and remote annunciators.)

2.4.3. Operator response

In the event of any alarm, the operator is to:

1. locate the source by identifying the lighted

annunciator or annunciators,

2. acknowledge the alarm,

3. make preliminary observations to help determine

the reason for the alarm and to see if any addi~

tional abnormalities result,

4. notify the supervisor of the status unless

instructed otherwise, and

5. make no attempt to withdraw rods to correct for

automatic reductions in the power level unless

the supervisor in charge is present.

2.4.4. Annunciators.::-~arameters.setpoints, and suggested actions

In this section the suggested course of action to be

taken following each of the various alarms is detailed. In

addition, whenever the power level of the reactor is lowered

automatically or manually, the condition requiring the action

should be investigated, understood, and corrected before

attempting to re-establish the initial reactor power level.

The supervisor in charge must be present whenever the reactor

is made critical or the power level is to be increased.
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It should also be recognized that a failure in the annunci

ator can itself will also initiate an alarm. If this is sus

pected, remove the malfunctioning unit and replace it with a

spare unit. Although malfunctioning instrumentation should

always be suspected, the preliminary investigation of any

annunciator alarm should be motivated by the assumption that

the alarm was due to a real cause.

1. Nuclear annunciators, right local panel. One of three

local annunciator groups is located on control-room

panel £ and appears as indicated in Fig. 2.4. Refer to

Fig. 2.3 for remote annunciator locations.

C-l

Log-N

Reverse

C-8

C-2

Two Safety

Troubles

C-9

C-3

Safety

Trouble

C-IO

C-4

20% NF
Not in Run

e-n

C-5

Exp.

No.1

C-12

C-6

Exp.

No.2

C-13

C-7

Exp.

No.3

C-14

Shim Servo Sigma Amp. Recorder

Request Off Line Monitor Power Off

Fut.

No.4

rue , Fut.

No. 5 No. 6

Figure 2.4. Annunciator right panel (local).

a. Log-N Reverse (C-l). This annunciator alarms if the

the power level, as indicated by the log-N recorder,

is 50% higher than the power level indicated on the
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power-rrange switch. The setpoints for the five

recorder switches that actuate this alarm are at 30 W

(0.0015% NF ) >> 300 H (0. 015% NF) >> 3 k~v (0.15% NIo')>> 30

kW (1.5% NF)' and 300 kW (15% NF). This alarm will

not be initiated if a negative period of 100 s or

faster occurs within 1. 5 s , This alarm is most

likely to occur iliaring a startup via operator start

(i.e., without use of the servo system) when the

range--selector swl t.ch could inadvertently be set on

the improper range. Primarily» however» the log~N

reverse circuit is provided to limit the results of a

failure of the servo system when the reaetor is being

oprated Ln one of the 100'I1er power ranges. Normally,

an alarm on this annunciator wlll occur simultaneously

with an alarm on the reverse annunciator and '.>71th an

actual reverse. This reverse will continue intermit-

tently until the log-N set point 18 no longer exceeded.

(Each time reverse action produces a negative period

of 100 s or faster, reverse will be temporarily

inhibited. )

If this alarm occurs at any time when the reactor

is supposed to be under servo control» the condition

of the servo channel and its associated control c1r~

cuits should be investigated before the reactor is

subsequently operated under servo control.

b. Two Safety Troubles (C-2). This annunciator alarms

1£ two level-safety channels are malfunctioning
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simultaneously. Sf.nce this type of difficulty will

initiate a reverse, no efforts to resume operating

the reactor should be made. In fact, if the reverse

is not initiated automatically, it should he performed

manually.

The operator should observe the nature of the

safety trouble, if possible, and report, to the super

visor in charge, which "abnormal" lights were lighted

on the composite amplifiers. Instrumentation and

Controls Division personnel should ensure that two

properly functioning level-safety channels are avail

able before starting up the reactor.

c. Safety Trouble (C-3). This annunciator alarms if

there is any malfunction of a level-safety channel or

of the period-safety channel.

The operator should observe which safety channel

initiated the alarm and what effect it had on the

reactor. If the remaining two safety channels are

operating satisfactorily, the safety initiating the

alarm may be disconnected from the sigma bus by the

supervisor in charge. NOTE: The electrical power to

the recorder should be turned off before disconnect-

ing the wiring to the sigma bus. (The safety trouble

annunciator will remain in this alarm condition. In

addition, if the failure was that of a level-safety

channel, failure of a second level-safety channel will

cause a reactor shutdown via a reverse. However, if the
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initial failure was that of the log-N channel, no

attempt to restart the reactor should be made follow

ing any subsequent power reduction.)

d. 20% NF - Not in Run (C-4). This annunciator alarms

when the reactor power level is 400 kW or greater (as

determined by the log-N recorder) and if the condi

tions for "run" have not been satisfied during a

startup or if the power-level selector switch position

was changed from the 2-t1\o1 setting after having

attained "run" and after the power level was greater

than 400 kW.

Positive period is greater than 100 s.

The 10g-N recorder indicates >1.5% NF and <10%

NF•

Either the servo system must not detect a with-

draw error or the reactor must not be under servo

control. (Remember, a reverse results in the

loss of servo control.)

(5)

Since this condition \vould initiate a reverse,

the power level will automatically be lowered to

clear the abnormal condition. To prevent this con

dition from recurring, the conditions for obtaining

"run" must be satisfied on the next attempt at

increasing the power level. These conditions are as

follows:

(l) Power-level selector switch is on 2 MI.;T.

(2) Demand is at 5%.

(3)

(4)



1 (C-5). See item ~t below.

2 (C-6). See item li' below.

3 (C-7) • This annunciator will alarm

switch for the particular experiment

...; .
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e. Experiment No.

f. Experiment No.

g. Experiment No.

if the E-panel

is in the NORMAL position when one of the s.etpoints

for the experiment is exceeded. In addition, this

annunciator will be in an alarm condition if the

E-panel switch is in the TEST or DISCONNECT position.

If the E-panel switch is in the NORMAL position,

a setback, reverse, or scram may accompany this

annunciator alarm. Check the experiment instrumenta

tion readout, refer to the experiment information

notebook for the status of the experiment, and con

tact the experimenter for instructions, if required.

NOTE: The experiment control room must be manned if

an alarm condition exists while the E-panel switch is

in the NORMAL position.

h. Shim Request (C-8). This annunciator alarms whenever

the regulating-rod upper-limit switch is actuated

while the reactor is in servo. This alarm is bypassed

if the reactor is not in servo. It is also bypassed

if the reactor is in the instrument-start request mode

or in the instrument-start mode and is also bypassed

whenever the servo demand is being raised.

As fuel is consumed, the regulating rod (No.4)

will be withdrawn by the servo system. During normal
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operation, if the regulating rod is not made to

insert with respect to the limit switches occa

sionally, the regulating rod will actuate its upper

limit switch and automatic withdrawal of the

regulati.ng rod will be inhibited. As a result, the

reactor will soon become subcritical and the power

will sag. From the remote console, the regulating

rod may be made to insert only by withdrawing the

preferred rod; from the local console, this may be

achieved by withdrawing any other control rod or by

withdrawing the limit switches with respect to the

regulating rod.

During normal operation, an operator should

balance rods 1 through 4 from the local console at

least twiee per shift and reposition the limit

switches with respect to the regulating rod. (If the

regulating rod has been continuously inserting, it

should be repositioned farther out with respect to

the limit switches than the midscale position and

vice versa. The portion of the span of the regu

lating rod recorder which should be used is 10-90%.)

i. Servo Off (C-9). This annunciator alarms if the

reactor is being operated remotely and if the reactor

is no longer under eontrol of the servo system. The

operator at the remote console should immediately

scram the reactor. The BSR should not be operated

remotely in manual control (see Section 2.2.4).
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j. Sigma Amp Line HonLto r (C-IO). This annunciator

alarms and a slow scram is init iated when the ac li.ne

voltage to the safety sigma amplifiers decreases to

below 105 V for a duration of 5 s , The reactor. will

remain scrammed until the voltage has increased to

108 V and the monitor is manua l Ly reset.

k , Recorder Power Off (C-ll). This annunciator alarms

if electrical power is turned off to anyone of the

following recorders: No. 1,2, or 3 safety level,

log-N, log-N period. count rate. count-rate period,

regulating-rod position, and servo.

The operator should try to determine which

recorder initiated the alarm; at the same time, the

supervisor should be notified. If one of the reeor

ders had been turned off, it should be turned on.

(NOTE: if the r eguLa t Lng e-rc d recorder has failed and

cannot be turned on, the st3tU8 of the reactor should

be considered to be the same as if the servo system

has fa Ll.ed , ) It should be realized that a failure of

a second recorder would not be annunciated, since the

annunciator would already be in the alarm condition.

1. Future No.4 (C-12). This annunciator will be used

for a future experiment tie-in.

tn , Future No. 5 (C-13). This annunc l a t or will be used

for a future experiment tie-in.

n , Future No. I) (G-14). This annunciator will be used

for a future experiment tie-in.



2. Nuclear annunc;}ator, left panel. The second group of

annunciators is located on control-room panel D and

appears as indicated in Fig. 2.5. Refer to Fig. 2.3

for remote annunciator locations •

.........._-------_.__._._._----
D-l

Flapper

D-2 D-3

RS&C Containment

D-5 D-6 D-7

Log-N Period Setback Slow

<7 s Scram

D-8 D-9 D-10 D-ll D-12 D-13 D-14

C.R. PeriodPool level

Low

Low

Flow

Jet

Off

Midrange

Lockout <7 s----- Reverse

Fast

Scram

Fig. 2.5. Annunciator left panel (local).

a. Flapper (D-I) • This annunciator alarms if the

flapper valve is not fully open or fully closed.

The alarm occurs routinely when the flapper

valve is repositioned to change from one mode of

operation to the other. (This repositioning is per

formed only when the reactor is shutdown and only

under the direction of supervision.) If the alarm

cannot be cleared, return the flapper valve to an

intermediate position, then return it to the desired
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position; it may not have seated properly on the

first attempt.

If the alarm occurs during normal operation, the

reactor should scram. If the reactor does not scram

while operating in Mode 2, observe the AP readout and

the console indicator "flapper open" or "flapper

closed" lights; the annunciator can may have malfunc

tioned. If the reactor did not scram while operating

in Mode 1, observe the console indicator lights and

then scram the reactor.

Low tP (D-2). This annunciator alarms when the dif

ferential pressure across the core decreases to the

pressure drop across the core corresponding to a pri

mary flow of ~850 gpm while the flapper is closed.

Observe the flow-rate recorder and the core tP

recorder to determine if a leak may have developed in

the in-pool piping. (If this alarm condition cannot

be cleared when establishing flow, check the status

of the swivel joint. This joint, which is located at

the east wall of the pool, may be loose. The flapper

valve should be visually inspected to be sure that i.t

is ~ompletely closed.)

c. RS&C System (D-3). This annunciator alarms if there

is an alarm initiated by one of the radiation moni

tors (monitrons) or continuous air monitors (CAMs) in

the facility radiation and contamination alarm

system. The caution alarms occur at 7.5 mr/h (on
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monitrons) and 1000 counts/min (on CAMs); the high

level alarms occur at 23 mr/h (on monitrons) and 4000

counts/min (on CAl1s); and the inoperative alarms

occur upon failure of a unit or its electrical power

supply.

The operator should observe the facility rad La-:

tion and contamination alarm system control panel to

see which unit initiated the alarm and any other per

tinent information.

If two monitrons or two continuous air monitors

initiate a high-level alarm simultaneously, the gas

operated evacuation horn will be automatically ener

gized. If this occurs, the reactoe should he

scrammed and there should be an immediate evacuation

of personnel from the building as instructed in

Section 10.6.

d. Containment Radiation High (n-4). This annunciator

alarms if the radiation level increases as indicated

at the following monitoring units:

(1) 110 mr/h at the high-bay radiation monitor, or

(2) 10 mr/h at the exit-duct at the south end of

Building 3010.

The operator should notify the supervisor in

charge immediately. If the radiat:i.on levels are

corroborated by more than one instrument, evacuat:l.on

procedures should be initIated.
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e. Log-N Period <7 s (D-5). This annunciator alarms if

the reactor period, as indicated by the log-N period

recorder, decreases to 7 s , (This alarm should be

accompanied by a reverse and a subsequent loss of

servo control.) The reactor supervisor should be

notified.

If the count-rate channel corroborated a posi

tive 7-8 period,it would appear that there was an

unexplained addition of positive reactivity to the

core. However, if the log-N channel is unreliable

and causes momentary upscale spikes on the recorder,

do not proceed with any startup which may be in

progress. Shut down the reactor and notify the reac

tor supervisor and Instrumentation and Controls Divi

sion personnel of the status.

f. Setback (D-6). This annunciator alarms when any of

the following conditions occur:

(1) Any experiment setback setpoint is exceeded and

the particular E-panel switch is in the NORMAL

position.

(2) The DT increases to 17°F.

(3) Any of the level-safety channels increase to read

>110%. NOTE: 110% corresponds to 1.1 MW when

the flapper valve is open (due to an increase in

the gain of the level-safety channels by a fac

tor of 2) and 2.2 MW when the flapper valve is

closed.

(4) "Run" mode has not been attained or has been lost



2-80

and the power-selector knob on the micromicro

meter is on the 2-MW setting.

During a normal reactor startup, this annuncia

tor will be in the alarm condition if the 2-MW power

range is selected. When the power level reaches 100

k~" (5% demand of 2000 kW), the servo system should

take control. At this time, "run" should be obtained

and the annunciator will clear. (Following a setback,

the demand setting should not be raised until the

supervisor has arrived and evaluated the condition.)

g. Slow Scram (D-7). This annunciator alarms and a slow

scram is initiated if anyone of the following con

ditions occurs:

(1) One of the manual scram switches is actuated.

(One at the local console, one at the remote

console, and seven throughout the building.

See Fig. 2.6 for the location of the seven

located throughout the building.)

(2) The flapper valve is neither fully open nor

fully closed.

(3) An experiment scram setpoint is exceeded while

the E-panel switch is in NORMAL.

(4) The flapper is closed and the flow rate decreases

to 750 gpm or the core 6P decreases to the pres

sure drop across the core corresponding to a

primary flow of ~750 gpm.

(5) The pool water level decreases 4 ft below the

normal operating level.
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(6) The ac line voltage to the safety sigma ampl L-:

fiers decreases to below 105 v.
After the condition intiating the alarm is cor

reeted. the reactor may be returned to the operaUng

power level under the supervision of the shift

supervisor.

h. Pool Level Low (n-8). This annunciator alarms when

the pool ~;rater level is lowered 2. ft. (The normal

operating level is at the 850~ft elevation.) The

reactor will be scrammed if the water level decreases

an additional 2 ft (to 4 ft below the normal level).

If the alarm occurs during reactor operation,

the pool level should be checked visually. In addi

tion, the flow rate, 6P, decay-tank level, and field

area should he checked. If a leak has developed, the

reactor should be shut down. Any time an alarm

occurs, the operating crew should follow applicable

radiation precautions.

i. Low Flm'l (D~-9). This annunciator alarms when the

primary flow rate is 850 gpm or less while the

flapper valve is closed (the alarm is not actuated if

the valve is open).

If the 6P and I\T instrument readouts have not

changed from their initial equilibrium values, a

malfunction of the flow-metering instrumentation may

be expected. If the flow has actually decreased dur

ing normal operation, the possible causes might be:



2-83

(1) failure of the primary pump,

(2) an obstruction atop the core,

(3) a rupture in the primary water line, or

(4) failure of HCV-3 (a hand-controlled, air-operated

valve on the exit water line).

If the flow rate continues to decrease, the reactor

will be scrammed automatically at 750 gpm. Under any

circumstances, it would not be advisable to continue

operating the re~ctor in Mode 2 with this annunciator

in the alarm condition.

j. Jet Off (D-lO). This annunciator alarms when the l6N

dispersion jets are not in service while the flapper

valve is open. If this annunciator alarms during

normal operation, the most likely cause would be due

to shutdown of the skimmer pump which supplies water

to the jets. This pump should be restarted if opera

tion above 100 kW is to continue.

k. Midrange Lockout (D-Il). This annunciator alarms

during reactor startup when the counting rate, as

indicated on the count-rate recorder, becomes greater

than 8000 counts/sbefore log-N confidence has been

attained at 0.01% NF on the log-N recorder. This

alarm is normal during startups and will clear when

the above conditions are satisfied.

1. Count-rate Period <7 s (D-12). This annunciator will

alarm when the reactor period, as indicated by the

count-rate-period recorder readout, decreases to 7 s~



2-84

If the power level is less than 20% NF (400 kW), this

alarm will be accompanied by a reverse and a sub

sequent loss of servo control.

The reactor supervisor should be notified of the

situation if the log-N channel corroborated a posi

tive 7-8 period. It would appear that there was an

unexplained addition of positive reactivity to the

core. If the count-rate channel is determined to be

unreliable, do not proceed with a startup unless

log-N confidence has been obtained.

m. Reverse (D-13). This annunciator alarms if any of

the followlng conditions develop:

(1) The power level, as indicated on the log-N

recorder is 50% higher than the power-level

range setting on the micromicrometer and if a

negative period of 100 s or faster does not

occur within 1.5 s. The log-N recorder setpoints

are at 30 W (0.0015% NF), 300 W (0.015% NF), 3

kW (0.15% NF)' 30 kW (1.5% NF), and 300 kW (15%

NF)·
(2) An experiment reverse setpoint is exceeded while

the E-panel sw:f.tch is in NORMAL and if a negative

period of 100 s or faster does not occur within

4 s ,

(3) Two level-safety channels are simultaneously

inoperable.

(4) The reactor period, as indicated on the log-N

period recorder, decreases to 7 s.
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(5) The reactor period, as indicated on the count

rate-period recorder, decreases to 7 s while

the reactor power level is below 20% NF (400 kW)

or while the fission chamber is not being

inserted.

(6) Any of the level-safety channels increase to

read >120%. NOTE: 120%corres ponds to 1.2 MW

when the flapper valve is open (due to an

increase in the gain of the level-safety channels

by a factor of 2) and 2.4 MW when the flapper

valve is closed.

(7) If the power level, as indicated on the log-N

recorder, is >20% NF with the power range switch

on the 2-MW setting and if "run" has not been

obtained.

Whenever a reverse is initiated, the cause

should be determined, understood, and corrected

before attempting to start up the reactor.

n , Fast Scram (D-14). This annunciator alarms if a fast

scram signal is initiated by any of the three level

safety channels (when the channels read 145) or by

the log-N channel (when the reactor is on a positive

I-s period). The sigma amplifiers should be observed

to note any "abnormal" lights. If there was only a

malfunction (spike) in one of the safety channels and

nota real increase in power, the shift supervisor may
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elect to turn the affected safety recorder off and

disconnect that channel from the sigma bus. (N~:

Failure of a second level-safety channel will ini

tiate a reverse.)

3. Process annunciators. This third group of annunciators

is located on control-room panel .~ and appears as indi

cated in Fig. 2.7. Refer to Fig. 2.3 for remote annunci

ator locations.

-_.......-..-

G-l G-2 G~3 G-l~ G-s G-6 G-7

Sec Tower Tower Log Gamma Decay

Coolant Basin Basin Radiation Decay Tank Tank Hi PCA Room

pH Hi......... ~. Lo ~emp Hi Temp Rig!: Hi/La Level Radiation Hi Temp
.~~

~.~......_...o<_._..-._.__ ~

G-8 G-9 G-IO G-ll G-12 G···13 c-is
Secondary Primary Reactor Cell

Resist-ivity XXX Coolant Inlet Pool Outlet Core Vent

Lo La Flow Hi Te~p Hi Radiation Hi !'IT Low Flow

Fig. 2.7. Annunciator center panel (local).

a. Secondary Coolant pH Hi-La (G-l). This annunciator

alarms if the pH of the secondary water, as indicated

on the recorder, is not within the prescribed range.

This pH range will normally be 1.0 to 1.5 but may be
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varied from time to tIme for special tests. (The pH

probe is located in BSR pump house just north of the

primary pump, )

If this annunciator alarms~ it would indicate

that adjustment: of the pH control system is necessary.

(This condition should be verified using the bench

instrument.) If adjustments are found to be neces

sary~ the acid-a4dition system should be checked;

also, check the acid supply (by visual inspection of

the supply tank).

b. Tower Basin Lo Temp (G-2). This annunciator alarms

when the temperature of the water in the tower basin

decreases to 65 o}~. This alarm may occur frequently

during the winter months if the reactor is not

operated, continuously.

c. Tower Basin Hi Temp (C-3). This annunciator alarms

if the temperature of the water in the tower basin

increases to 89°F. This alarm may be initiated if

the reactor is operating and the fans fail to operate

as designed. In this event. the condition of the

local electrical breakers and control switches should

be checked. If resetting the control breakers and

switches fails to correct the condition, notify the

shift electrician. In all probability, the condition

can be corrected before it would be necessary to cool

the basin water by other means (for example, by

replacing the process water).
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d. Log Gamma Radiation High (G-4). TIlls annunciator

alarms if the radiation level increases to 5 R/h at

the log gamm.a radiation monitor outside the control

room (east wall).

e. Decay Tank Hi/La Level (G-S). This annunciator

alarms if the water level in the decay tank inceeases

to 160 in. or decreases to 80 in. This alarm wi.l1

exist before the primary flow is established. (To

lower the water level in the tank, lower the flow

rate entering the decay tank by closing valve HCV-3.

To raise the water level in the tank, increase the

flow rate to the tank by opening valve HGV-3; HCV-3

is the hand-controlled air~operated valve on the exit

line from the pool.)

If this alarm occurs during reactor operation,

check the status of the primary pumps, piping and

associated equipment and observe the level-indicating

gauge. the flow-rate indicator, the liP indicator, and

the pool water level to help ascertain the cause of

the alarm. If the alarm cannot be cleared by manipu

lating the valves as indicated above, inform the

reactor supervisor of the condition. If a leak has

developed in the primary-water system. the reactor

should be shut down.

f. Decay Tank Hi Radiation (G-6). This annunciator

alarms if the radiation level in the off-gas line
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from the decay tank increases to the set point.* If

this alarm occurs during normal operation, observe

the readouts of the other radiation monitoring units

for corroborating evidence that the condition was

real and for the possible cause. If the condition is

determined to be real, check to be sure that the

valve to the off-gas system is open. (Remember: at

least one radiation-monitoring unit for the primary

water system must be reliable to allow operation of

the reac t o r , )

g. peA Room Hi Temp (G-7). This annunciator alarms when

the temperature in the PCA control room has increased

to 90°F. If the PCA control room air conditioner

cannot be restarted, the following PCA circuits

should be shut off: L-l (in the upper or "normal"

power panel) and L-18 and L-22 (in the lower oc

" clean" power panel) • NOTE: L-2, -4, -6, and -8 in

the upper or "normal" power panel should always be

shut off when the reactor is not attended.

h. Resistivity Lo (G-8). This annunciator alarms when

the resistivity of the demineralized water decreases

to about 300,000 ohm-em. The sensing element is

located in the exit line from the anion column.

*Variable set point, adjusted to approximately 2 times normal

level.
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If this alarm occurs during normal operation,

verify the condition using the bench instrument. If

low resistivity is confirmed, remove the deminera

lizer from service. (The demineralizer ion exchange

columns should be regenerated as described in Section

6.1.9.)

i. Annunciator (G-9). This annunciator is presently not

in use.

j. Secondary Coolant Lo Flo\" (G-IO). This annuncLa t or

alarms when the flow rate of the secondary water

system decreases to 300 g pm , The metering orifice is

located on the exit line of the heat exchanger.

If this alarm occurs during normal operation,

check the status of the secondary pump, the secondary

flow control valve, and the water valve in the tower

basin riser.

k. Primary Inlet Hi Temp (G-ll). This annunciator

alarms when the temperature of the water leaving the

primary side of the heat exchanger increases to about

I05°F. The sensing element is located at the heat

exchanger.

If this alarm occurs during normal operation,

check the following:

(1) the multipoint-recorder readouts (to verify an

increase in temperature),

(2) the Vrimary flow rate, and

(3) the condition of the secondary cooling system.
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L Pool Outlet Hi Radiation (G-12). This annunciator

alarms when the radiation level of the water leaving

the pool increases to a preset alarm point. The

sensing element is located near the exit water line

in the valve pit.

If this alarm occurs during normal operation~

observe the readout of the other radiation-monitoring

units for corroborative evidence and try to determine

the cause. If the condition is determined to be

real, the reactor should be shut down. (Remember, at

least one radiation-monitoring unit for the primary

water system must be reliable to allow operation of

the reactor.)

m. Reactor Core Hi LIT (C-13). This annunciator alarms

when the differential water temperature across the

reactor core increases to 17°F. (For a description

of the core 6T monitoring system, see Section

3.2.2.1.)

When this alarm occurs. a setback is also ini

tiated. The supervisor in eharge should be notified

immediately.

If this alarm occurs during normal operation,

suspect a decrease in flow rate or a leak in the pool

piping.

n. Cell Vent Low Flow (G-14). This annunciator alarms

when the cell-ventilation flow decreases to 3025 cfro.
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3. INSTRUMENTATION AND CONTROLS

3.1. Reactor Controls and Safety Systems

3.1.1. Introduction

The BSR controls consist, essentially, of fairly standard

ORNL circuitry and instrumentation and the related hardware.

These components serve to help the operator effect orderly

operation of the reactor throughout startup, steady-state, and

shutdown phases. The safety system, by contrast, serves to pro

tect against the results of errors or malfunctions by monitor

ing the reactor period and power level separately and by

providing scram signals should unsafe conditions be approached.

3.1.2. Nuclear-monitoring channels

The BSR nuclear instrumentation is comprised of standard

ORNL instrument channels as described briefly in Table 3.1.

The electronics chassis used throughout the nuclear

instrument channels are standard ORNL vacuum-tube types except

for the magnet control instruments which are solid state devi

ces mounted in NIM bins (Fig. 3.1).

3.1.3. The safety system

As the name implies. the safety system is intended to

safeguard the reactor rather than to provide instrumentation

primarily for operating the reactor; the safety system is in

the "fast" scram instrumentation. (If the current to the

electromagnets supporting the six rods is stopped or decreased

sufficiently, the rods are dropped into the core. This is the

quickest way that the reactor may be shut down - by scramming.)
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Table 3.1. Instrument channels, details

Function
----_. _ _--

Type
Chamber

--=-_.~._ .
Range

Covered
No. of

Channels
Type

Channel

Count rate 1 Source level
to NF

Fission cham~

ber
Start-up channel
provides perJod
interlocks for
control circuit

Log-N 1 Log-N confi
dence to

300 NL

Compensated
ionization

chamber

Intermediate
channel provides
period scram sig
nal for safety
system. and period
interlocks for
control circu:f.t

Servo 1 Approxi.mately
1 W (design)

to 2 MW

Compensated
ionization

chamber

Automatic control
of reac tor power
through limi ted
movement of the
regulating rod
(selected sh:l.JIl
rod)

Safety 3 Uncompensated
ionization

chamber

High-level scram
channel (fast
scram) recorder
switches provide
interlocks in
the setback and
reverse circuits
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ORNL-PHOTO 0171-71

Fig. 3.1. Magnet control instrumentation.



The "fast" scram 18 so named because the signal from

the safety-level channels and the period-safety channel is

transmitted electronically to the magnet controls and is not

subjected to time delays of electrical switches or relays

(approxImately 10 ms are r equ'i r ed for "fast" scrams and approx

imately five times this value is r equlred for "slow" scrams).

Fast scrams are effected independently by each individual

safety-level channel at a power level between 120 and 145% NF
or by the period-safety portion of the log-N channel if the

reactor power level is increasing on a period of one second

or less.

3.1.4. The control (or protective) system

Output signals from the nuclear-instrument channels also

function within the control system which, as the name implies,

serves to help control the reactor.

The functions and interactions of the control-system cir

cuits cannot be described completely in narrative form.

Therefore, to obtain a deta1led understanding of the control

system the following reference drawings should be studied:

No. Title
-'---

RC 15-1-4A Elementary Diagram ~ Sheet 1 of 5

RC 15-1-4:B Elementary Diagram ~ Sheet 2 of 5

RC 15-1-4C Elementary Diagram - Sheet 3

RC 15-1-4D Elementary Diagram - Sheet 4

RC 15-1-4E Elementary Diagram - Rods 5 & 6 - Sheet 5

However, to provide a quick reference, some of the impor-

tant features of the control system of the BSR are presented

in the following paragraphs.
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Instrument start. Initially, the following conditions must

exist: key switch ON, no "reverse" condition, all rods "clutched,"

reactor not in "run," no servo "insert error," no "log-N >setpoint"

condition, count-rate meter in OPERATE, and fission-chamber drive in

AUTOMATIC. When the "instrument start" switch is momentarily switched

to the ON position, an instrument-start request is obtained. This

will initiate insertion of the fi.ssion chamber to obtain a. counting

rate of 20 counts/s and will place the reactor under servo control;

the regulating rod will then be withdrawn to its upper limit since the

reactor power is below the servo-demand setpoint. This establishes

the "instrument start" condition. All shim-safety rods will begin

withdrawing at full speed until a 25-s positive period is detected by

the counting channel (or log-N channel), at which time withdrawal will

be inhibited.

Since the early 25-s periods are usually transient (caused by a

change in subcritical multiplication during rod movement), they will

usually increase to greater than 25 s and rod withdrawal will resume.

The process is repeated with ever-decreasing withdraw and ever

increasing withdraw-inhibit intervals until a stable positive period

of about 25 s is established. The power rise will usually continue

until a power level corresponding to 8000 count/s on the count-rate

meter is achieved. At that level two events occur. One, the fission

chamber will begin to withdraw until it detects a counting rate of

less than 100 counts/s; two, the control system is placed in the

"midrange lockout" condition which prevents rod withdrawal in the

INSTRUMENT START mode. None of these changes alter the control-rod

positions; so the reactor power level will continue to increase on

a 25-s period until, at 0.01% NF, log-N confidence is obtained, the
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"midrange lockout" is cleared, the period becomes longer than 25 s (as

determined by both the count rate and the 10g~N period channel), and

all rods will withdraw again as required bl re-establish a 25-8 period.

Finally, INSTRUMENT START is t e rmlna t ed TJhen the servo senses an

insert error or IAlhen RUN is ohta t.ned . (INSTRUMENT START is also ter-

minated instantly if a reverse occurs or if a rod drops.)

Automatic .p'.?.~_:':.~_~oning of the fission chamber. Automatic fission

chamber positioning is an essential part of the INSTRUMENT START mode.

In its automatic mode, the control system repositions the flssion

chamber as needed to keep the count-rate channel within its operating

range. If INSTRUMENT START is requested, the chamber will be inserted

(if a positive 25-8 period is not detected) when automatic positioning

is selected until at least 20 counts/s are detected. If a counting

rate of 8000 counts/s is detected and if automatic positioning is

selected, the chamber is \odthdrawn until less than 100 counts/s are

detected. Insertion of the chamber may be manually initiated, even if

the automatic mode is selected, provided that a positive period <25 s

does not exist; manual withdr.awal is blocked when the reactor is in

the INSTRUMENT START mode until log-N confidence is obtained. FoLl.ow

ing a reactor shutdown, the chamber will be inserted by the automatic

positioning circuit to maintain a counting rate of at least 2 counts/so

Raise-clutch mode. The RAISE-CLUTCH mode permits the shim-safety

rod drives to be wi-thdrmro for maintenance purposes without withdraw'-

ing the shim-safety poison rods. \fuen the master "raise-clutch" mode

switch is put in the RAISE-t\WDE position, a slow scram is initiated.

When individual rod-drive "raise-mode" st..ritches are placed in the

RAISE posi tion, the drives will withdraw \,,:ltho1.1t moving the poison
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rods. If any poison rod is lifted from its seat, withdrawal of that

rod drive is immediately stopped.

Servo control. With the SERVO-oN condition, a restricted portion

of the No. 4 rod is controlled by the servo system and is withdrawn

and inserted as needed to reach and maintain the desired reacto r power

level. The SERVO-ON condition should be obtained whenever the

INSTRUMENT-START-REQUEST condition is obtained. This system must be

on and must withdraw the regulating rod to its upper limit before the

INSTRUMENT START mode can be established. It cannot thereafter be

turned off without first going out of INSTRUMENT START.

When the servo system is stated to be on, it is implied that the

programmable controller is allowed to control a portion of the No. 4

rod as restricted by the regulating rod limit switches - to be worth

less than 0.5% 6k/k - and as restricted by the control system.

Normally, the servo amplifier is always on or operating; but, when the

control system is in MANUAL, the programmable controller is not

allowed to control the reactor. The servo could fail in such a way

that after withdrawing the regulating rod and placing the reactor on a

positive period the power level could continue to increase beyond the

servo-demand setpoint. If the operator does not discover this and

take corrective action, this action will be performed by the control

system with a reverse. The servo is turned off by the reverse and can

be turned back OIl only by the operator.

The conditions necessary to obtain servo control are as follows:

"key" switch ON, no reverse, all rods clutched, and the regulating rod

above the lower limit and below the upper limit. If these conditions

exist, servo control may be initiated by temporarily turning the
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"servo" switch to the ON position or by the instrument-start-request

circuit.

Run. During a reactor startup, if RUN has not been obtained, the

reactor power T,J:Ul be reversed when a level of 400 kW (20% NF), as

determined by the log-N channel, is reached. To obtain RUN, the

following conditions must be satisfied: power-range selector on the

2-MW range; servo demand at 5% (the combination of these first two

conditions results in a servo-demand setpoint of 5% NF or 100 kW);

positive period greater than 100 s; the log-N recorder readout >1.5%

NF and <10% NF; and either the reactor must be in ~~NUAL or a WITHDRAW

ERROR must no longer exist. If the conditions are satisfied, RUN is

obtained automatically, and the power level may be raised above 100 kW.

If the reactor is to be maintained in the RUN mode, two of the

above conditions must continue to exist. First, the power range

selector must remain on the 2-MYl range. Second, the power level as

determined by the log-N recorder must be maintained >0.5% NF•
Key Switch. The key switch is an aid to administration and is

used to prevent unauthorized manipulation of rod drives. ~.Jhen the

switch is off, the reactor is scrammed and withdraw-circuit control

power is disconnected. However, rod insertion circuits are not turned

off. The switch can be turned on only when the key is in its lock,

and, further, the key cannot be removed until the switch is turned

off. (The key is maintained in a locked key box when the slvitch Ls in

the OFF position.)

Setback. This circuit is devised so that the actuation of

instrument switches will result in lowering the demand setting

(setpoint) of the automatlc control system. This action continues
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until the cause is removed or until certain low-power interlocks are

actuated. Under these (setback) conditions, the control system will

attempt to maintain the nuclear power equal to the setpoint. Manual

setback can also be effected by turning the "demand" switch to the

LOWER position (the remote "demand" switch is activated when REMOTE

operation is selected; see Section 2.4.4 for additional information).

Reverse. Completion of the reverse circuit results in simulta

neous insertion of all the shim-control rods through rod-drive-motor.

action. Automatic control of the reactor is discontinued when the

reverse occurs (see Section 2.4.4 for further comments regarding the

reverse circuit).

Slow Scram. In this action, electrical circuits, employing

relays and other electrical or mechanical devices, cause a loss of

current to the electromagnets supporting the shim-control rods. Time

response of the system is approximately 250 ms. The complete inser

tion of all the shim-control rods should occur instantaneously (see

Section 2.4.4 for additional information).

Fast Scram. This circuit with a time response of (10 rns employs

electronic devices to vary the sigma bus voltage directly as the

nuclear power increases or as the rate of power rise increases. Sigma

bus voltage is, in turn, converted to a lower voltage which is fed to

bi-stable switches which switch off the shim-rod magnet current at the

scram level or when the rate of power increase is too great. Thus, the

shim-control rods are dropped immediately when unsafe conditions occur.
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3.2. Process Instrumentation

3.2.1. Introduction

The process instrumentation monitors the status of the

reactor primary wa.ter system~ secondary water system) building

ventilation system~ and off-gas system.- Some of the Olltput

signals from this instrumentat:l.on function in the reactor con

trol system; these signals are associated with the reactor

primary water system (low flow rate) low differential pressure

across the core) high differential pressure across the core)

low water level in the pool) and flapper valve in improper

position). The remaining output signals operate annunciators)

recorders) or indicators.

3.2.2. Primary-water-system instrumentation

Flow-rate instrumentation. The rate of flow of. the pri-·

mary water to the decay tank is monitored just upstream of the

decay tank by FE-lO which is a l/8-in.-thick orifice plate

with a 6.1086-in.-diam bore. The primary flow transmitter)

FT-IO, transmits an electrical signal to an ECr* recorder,

FR-IO~ and associated instrumentation in the reactor control

room. When the reactor is operating in Mode 2 (i.e.) with the

flapper valve closed), the associated instrumentation will

initiate an alarm if the flow rate decreases to 850 gpm or

less and will initiate a scram if the flow rate decreases to

-_ ~-----

*Foxboro Electronic Control Instrumentation
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750 gpm or less. In addition, a pneumatic flow transmitter,

FT-lOA transmits flow information to an indicating gauge,

FI-10A, at the pump house.

Differential-pressure instrumentation. TIle differential

pressure across the core is monitored by a system which

detects the differences between the static head in the pool at

the elevation of the plenum and the static head in the plenum

itself. (The difference which represents the dynamic head

loss across the core is transm1.tted from PdT-22 to an Eel

recorder, PdR-22, and associated instrumentation in the

control room.) When the reactor is operating in Mode 1 (with

flapper valve open), the sensitivity of the No.3 safety chan

nel is increased by a factor of 2. When the reactor is opera

ting in Mode 2 (with the flapper valve closed), the associated

instrumentation "1i11 initiate an alarm if the core !'Ip

decreases to a core tIP corresponding to a primary flow of <850

gpm and a scram if the indicated flow decreases to (750 gpm.

Flapper-valve-position swit_ches. The pos LtLon of the

flapper valve is monitored by switches which are installed at

the top of the flapper-valve actuator arm. If the valve is

fully open, this condition is sensed by LS-17 and LS-18 and is

transmitted to the control room. With the flapper valve fully

open, interlocks prevent starting the primary pump and

increases the sensitivity of the Nos. 1 and 2 safety channels

by a factor of 2. If the valve is fully closed, this condi

tion is sensed by LS-19 and LS-20 and is transmitted to the

control room. (In addition to the other functions of these

switches, they will initiate a slow scram if the flapper valve

is not fully open or fully closed.)
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Differential-temperature_instrumentation. The differen

tial temperature across the core during Mode 2 operation

(flapper closed and forced cooling flow) is monitored by a

matched set of resistance-bulb thermometers: one, TdE-l7A, in

the exit water line and one, TdE-17B, in an insulated line

which extends from a manifold located just above the top of

the core to the exit water line. (The manifold and the insu

lated line are sized so that the transit time of the water is

essentially the same as that for the water going to the exit

temperature-sensor bulb via the core.) The output of the

thermometers is transmitted to TdM-17 which generates the

differential temperature signal; this signal is in turn trans

mitted to an Eel recorder, TdR-l7, and associated instrumenta~

tion in the control room. This instrumentation will initiate

an alarm and a setback if the differential temperature

increases to l7°F. (This setback is not bypassed electrically

in Mode 1; however, the sensors are bypassed by the route of

the cooling flow.)

Pool~outlet radiation instrumentation. Two ORNL model

Q~3006 beta~gamma monitors, along with their associated GM

probes, are used to monitor the radiation levels near the pool

exit water line in the valve pit at the southeast corner of

the pool. One of the probes is located approximately 2 ft

above the pipe and is therefore above the lead shielding which

covers the line. The second probe is approximately 1 ft below

the line but is located in a slotted lead shield which reduees

the effects of scatter. This lower probe, however, "sees"

radiation coming directly from the exit line.
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The monitor connected to the lower probe indicates a

radiation level of approximately 600 mr/h when the reactor is

operating at a power level of 2 MW t while the upper monitor

indicates approximately 60 mr/h. Since each monitor covers a

range of 0-1000 mr/h, meaningful readout from the radiation

instrumentation is ensured to radiation levels corresponding

to a reactor power level a factor of 16 above normal.

Either monitor will initiate an alarm at approximately

1.5 times its 2-MW output.

Decay-tank-level instrumentation. TIle water level in the

decay tank is monitored by a bubble-type level sensor and the

output signal is transmitted to an indicating gauge, LI-4A,

and to pressure switches in the control room. An alarm will

be initiated (by LS-4A) if the water level increases to 160-1n.

H20 or (by L8-4B) if the water level decreases to 80 in. H20•

(With the primary flow system shutdown, the normal water-level

indication will be )300 in. H20.)
Reactor inlet-temperature instrumentation. The reactor

inlet-temperature sensor, TE-l6-1 t a l/l6-in.-diam stainless

steel sheathed Chrome1-Al1.lmel thermocouple t is supported in a

l/4-in.-OD aluminum tube which extends from the pool surface

to just above the top of the core. The lower end of the sup

port tube is inclined at a 45° angle with respect to the hori

zontal; also, in the lower. end four rows of l/8-ln.-diam holes

wer.e drilled to allow the water to contact the sheath of the

thermocouple. This sensor transmits temperature information

to the miscellaneous temperature recorder (TR-16) as point

TR-16-1.
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Reactor outlet-temperature instrl1mentat~_o..~~. The reactor

outlet-temperature sensor, TE-16-2. a 1/l6-in.-diam stainless

steel sheathed Chromel-Alumel thermocouple, is supported in a

1/4-in.-OD aluminum tube which extends from the pool surface

to the top portion of the reactor outlet wa t e r line just down-:

stream from the reactor outlet plenum. This sensor transmits

temperature information to the miscellaneous temperature

recorder (TR-16) as point TR--16-2.

poo~_...~pl~_t-temperature instrumentation. The pool-inlet

temperature is monitored at the exit of the heat exchanger by

a Chr ome L-Al.ume L thermocouple, TE-13. This thermocouple is

connected to an ECl recorder. TR-13, and to an Eel controller.

TE-13. via a temperature transmitter, TT-~l3> and to associated

instrumentation. The associated instrwnentation indicates an

alarm if the pool inlet temperature increases to lOSoF. The

recorder-controller, by repositioning the secondary-cooling

flow throttle valve. reV-13. maintains the pool-inlet tempera

ture at the desired temperatures (see Section 3.2.3 for

details of this control system).

H~_~~::..~xchanger inlet tempe:-_.::-_~.'!.E.~.~~} heat-~.?':~_1.1anger

outlet temperature instrum~ntation. The heat-exchanger

p r tmary-dn l.e t and the heat-exc.hanger primary-outlet temperatures

are monitored by Chromel-Alumel thermocouples TE-16-5 and

TE-16-6. respectively. These sensors transmit temperature

information to the misc.ellaneous temperature recorder (TR-16)

as points TR-16-5 and TR-16-6. respectively.
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Miscellaneous temperature instrumentation. Three po:tnts

on the miscellaneous temperature recorder (TR-16) are used to

indicate the temperature of miscellaneous items as shown in

Table 3.2.

Table 3.2. Temperature instrumentation

for miscellaneous items

Item Thermocouple Recorder point

------

Normal off-gas line TE 16-4A TR 16-4

Normal off-gas surge tank TE 16-3A TR 16-3

Degasser tank TE 16-10A TR 16-10



Pool-wat:er-temperature in8trllme_~~~~t:!-0r~: Six thermocouples

are installed all the south side of the dam jamb on the east side

of the reactor pool as shown in Table 3.3.

Table 3.3. Pool water temperature instrumentation

._---_ ~ .•._.__._-_.-------
Elevation
above pool
f Loo r (ft)

Thermocouple Recorder
point

1

4

7

10

13

16

TE 16-4 None

TE 16-3 None

TE 16-12 TR 16--12

TE 16-11 TR 16-11

TE 16~10 None

TE 16-9 TR 16-9
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Primary-cooling-pump-inhibit circuit. Valve HeV-54,

which is located at the discharge of the primary side of the

heat exchanger, is used as a throttling valve when establish

ing primary water flow. A switch, HS-S4, which is installed on

the housing of this valve functions in the primary-c.ooling

pump start circuit; the pump cannot be started unless HCV-54

is fully closed.

3.2.3. Secondary-water-system instrumentation

Flow-rate instrumentation. The rate of flow of the

secondary water to the cooling tower is monitored just down

stream from the heat exchanger by FE-11, which is a

1/8-in.-thick orifice plate with a 6.3343-in.-diam bore. The

secondary flow transmitter, FT-1l, transmits a pneumatic sig

nal to flow-indicator FI-ll at the pump house and to FR-ll,

TR-15 (a two pin, Foxboro pneumatic control recorder) located

in the control room. An associated pressure switch, FS-1IA,

will sound an annunciator if the flow decreases to <300 gpm.

The flow rate is controlled by the position of the throttling

valve, TCV-13; the position of this valve is adjusted by the

pool-inlet-temperature controller, TC-13.

In addition, the secondary flow rate is the parameter

which is used to control operation of the cooling tower fans.

The sequence of operation of this system is indicated in

Table 3.4.
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Table 3.4. Fan speed control

----_._- _. -~-_.__ .._------

Switch* Change of flow rate Fan speed

FS-llF Increase to 1200 gpm South 'in low

FS-llD Increase to 1250 gpm North in low

FS-llE Increase to 1400 gpm South in high

FS-llC Increase to 1450 gplll North in hlgh

FS-llC Deecease to 1250 gpm North in low

FS-llE Deer-ease to 1200 gpm South in low

FS-llD Decrease to 1050 gpm North off

FS-llF Decrease to 1000 gplll South off

*The8e are differential-type pressure switches \'lith an adjustable

low-pressure setpoint and with an adjustable span which is used to

determine the high-pressure setpoint.

If only one fan is selected for use or if only one fan is

available for use» the above switch setpoints and fan action

will apply for that fan. (The fan selector swftch at the pump

house has three positions: BOTH, SOUTH, or NORTH.)
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Tower basin temperature. The temperature of the basin

water is monitored by a gas-filled bulb, TE-15. This

1/2-in.-OD and 16-ft-long unit is housed in a 16-ft-long,

I-in. (schedule 10) stainless steel pipe which is penetrated

by four rows of 1/4-in.-diam holes. The pipe extends from the

top of the southeast corner of the basin sump to the bottom of

the northeast corner of the sump. The temperature transmitter,

TT-lS, which is adjacent to the top of the pipe, transmits a

pneumatic signal to temperature indicator TI-15 located in the

pump house and to FR-ll, TR-1S (a two-pen recorder) located in

the control room. Two associated pressure switches, TS-15A

and TS-15B, sound annunciators if the temperature increases to

89°F or if the temperature decreases to 60°F, respectively.

pH instrumentation. The pH probe (ApHE-14) is located at

the BSR pump house. Water is supplied to the probe from the

discharge of the air-conditioning pump; after passing over the

probe, the water is sent to the storm drain. The probe

transmits an electrical signal to the pH amplifier-indicator

(ApHT) which in turn transmits an electrical signal to the

recorder-controller (ApHR-14, ApHC-14) in the control room.

The controller transmits a variable current signal to the

motor controller, ApHCO-14, located at the pump house. The

motor controller transmits a proportional voltage signal to

the motor of the rninipump, which feeds acid to the cooling

tower basin. An adjustable alarm contact on the r.ecorder (ApH

R-l4) will sound an annunciator if the pH is not within the

prescribed range, 7.0 to 7.5.
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To\"er~fan~speed indica~_~.~_~_. Indicator lights in the con~

trol room display the speed of either or both cooling tower

fans as follows: SI-15A is illuminated if the north fan is in

high-speed operation; SI-15B is illuminated if the south fan

is in high-speed operation; SI-15C is illuminated if the north

fan is in low-speed operation; and SI-15D is illuminated if

the south fan is in low-speed operation.

Heat-exchanger inlet_~.~emperature and heat-exchang_~_~._outlet

temperature instrumentatior:. The heat-exchanger secondary

inlet and the heat-exchanger secondary-outlet temperatures are

monitored by Chromel-Alumel thermocouples TE-16-7 and TE-16-8,

respectively. These sensors transmit temperature information

to the miscellaneous temperature recorder (TR-16) as points

TR-16-7 and TR-16-8 t respectively.

3.2.4. Bu~lding-ventilationsyste~

The building ventilation system is equipped with a radia

tion monitor located in the exit duct. The only automatic

control action associated with this instrllmentation is that

the building is placed in the containment mode if the duct

monitor senses a radiation level of 10 mr/h or higher. (Refer

to Sections 7.2.4 and 10.1 for details of the building

ventilation system; this system is more commonly referred to

as the cell-ventilation system.)

3.2.5. Normal off-gas system

The instrumentation indicating the status of the normal

off-gas system at the BSR consists of a differential pressure

transmitter (connected to the off-gas surge tank) which

transmits a pneumatic signal to a vacuum gauge mounted in the

vertical control room panel (see Section 7.2.3 for details of

the normal off-gas system).
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3.3. The Local Console

Figure 3.2 illustrates the local BSR control room. All

the controls and indicating instruments are labeled to facili

tate complete comprehension of the operating procedures.

3.3.1. Left-hand side of console

The left-hand side of the console has the following

switches and readouts (excluding the recorders and annuncia

tors):

1. Above the synchro position indicators for control rods

1, 2, 3, and 4, the following information is displayed

by lighted indicators:

a. "LL" when the rod drive is at its Lower limit of

travel.

b. "s" ;when the rod is fully inserted into the core,

i.e., at seat.

c. "c" when the magnet and armature are not engaged,

i.e., not clutched.

d. nUL" when the rod drive is at its upper limit of

travel.

2. Below each synchro position indicator, a toggle-type

electrical switch is located. When in the UP posi

tion, individual rod withdrawal is requested. When

in the DOWN position, individual rod insertion is

requested.

3. Below the "insert and withdraw" switch for the No. 1

control rod, the red building-evacuation button and

the green horn-silence button are located. (The

functions of these switches are described in Section

3.5.)
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4. Below the building-evacuation button t the annunciator

"acknowledge reset" switch, a toggle-type electrical

switch. is located (see Section 2.4.2 for a descrip

tion of the functions of this switch).

5. Under the metal door, seven toggle-type electrical

switches are located. The switch on the right is the

master "raise-clutch" switch. The six switches on

the left are the individual "rod-drive" and "raise

clutch" switches. (The function of these switches is

described in Section 3.1.4.) Normally, the six

"rod-drive" switches are in the CENTER position and

the master "raise-clutch" switch is in the RUN posi

tion.

3.3.2. Right-hand side of console

The right-hand side of the console has the following

switches and readouts (excluding the recorders and annuncia

tors):

1. Synchro position indicators; "LL," "S," "e," and nUL"

indicators; and "insert and withdraw" switches for

control rods 5 and 6.

2. A selsyn indicator showing the position of the fis

sion chamber (0 to 50 in. of travel) and "LL" and

"UL" indicators. The manual control for the

fission-chamber-positioning mechanism is a toggle

type electrical switch located below the selsyn indi

cator. When the switch is in the UP position,

fission-chamber withdrawal is requested; when the

switch is in the DOWN position, fission-chamber

insertion is requested.
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Fig. 3.3).

The control for the demand (local vernier) is a

toggle-type electrical switch located below the slow

scram reset. When the switch is in the UP position~

raising of the demand is requested; when it is in the

DOWN position, lowering of the demand is requested.

There are nine indicator-light and/or sw:l.tch panels

on the right-hand side of the console. They appear

as shown below and their functions are as indicated.

a. The switch Ln the center _

of the panel allows one

to select rod I, 2~ or 3

as the preferred rod (see

3.

4.

Pref.
Rod

3

'-----_ _ --

Fig. 3.3.

b. The switch in the center

of the panel allows one

to selec t manual or aut.o-:

matic control of the

fission-chamber drive

(see Fig. 3.4).

Man. Auto

Fission
Chamber

Fig. 3.4.
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c. If the top section brightens,

the conditions required to

withdraw rods are satisfied.

If the lower left section

brightens, the regulating rod

is at its lower limit (1% of

travel). If the lower right

section brightens, the regu

lating rod is at its upper

limit (99% of travel) (see

Fig. 3.5).

,--------------

WDR Permit

Reg. Reg.
Rod Rod
L1, UL

Fig. 3.5.

_______--1. -'

d. The switch in the center of

the panel is the "group

actuate" switch. When the

switch is held in the clock

wise position, group withdraw

of all rods is requested.

When the switch is placed in.

the counterclockwise position,

group insertion of all rods is

requested. HOLD is the neutral

position (see Fig. 3.6).

Insert

Group
Act.

Hold

WDR

*

Fig. 3.6.

*The arrows indicate the direction of spring action.



e. The switch in the center of the panel is the

"servo-selector" switch. When the switch is

turned clockwise) servo is obtained (assuming

other conditions listed in Section 3.1.4 are

satisfied), and the ON section will brighten.

Unless the reactor is in ~ *
INSTRUMENT START when the

Servo On

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

switch is turned counter~

clockwise, servo is no

longer requested and the

OFF section brightens.

HOLD is the neutral posi

tion (see Fig. 3.7).

Off Hold

Fig. 3.7.

f. The switch in the center of the panel is the

"instrument-start" selector swi.tch. When the

On

Fig. 3.8.

Last.
Start

Off Hold

1-----!eJl--~.......j
fied). Once INSTRUMENT START

is obtained, the ON section

will brighten. ~fuen the

switch is turned counterclock-

switch is turned cLockwt.se , instrument-start

request is obtained (assum- ~

ing other conditions listed

in Section 3.1.4 are satis-

wise, instrument-start is no

longer requested and the OFF section brightens.

HOLD is the neutral position (see Fig. 3.8).

*The arrows indicate the direction of spring action.
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g. The top section of this

panel brightens when RUN

is obtained; the bottom

section brightens when

the conditions for RUN

are not satisfied (see

Fig. 3.9).

h. The top section of this

panel brightens when the

key switch is in the ON

position. The lower left

section of this panel

brightens when the flapper

valve is fully closed (see

Fig. 3.10).

In Run

Not in Run

Fig. 3.9.

Power On

Flap Flap
Open Closed

Fig. 3.10.
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i. The upper left section of this panel brightens if

the reactor is scrammed by the "make~up" scram

circuit. The upper right sectLon of this panel

brightens if the reactor is scrammed by the

"drop-out" scram circuit.

The lower section is always

brightened and simply iden-

t f.f Les the swi t ch Ln the MU DO

center of the panel. Tnis

switch must be depressed to

reset the slow scram circuits

(see Fig. 3.11).
Scram Reset

Fig. 3.11.

6. There are two other awi t ches on the right···hand side

of the console.

a. Key switch. Only with the key switch in the ON

position is electrical power supplied to the

reactor startup control circuits. In the OFF

position, the electrical power to the startup

control circuits is off; the electrical power to

the magnet bin Nos. 1, 2, and 3 magnet switches

is turned off, and the remote mode allows only

annunciator usage.

b. Scram button. Depressing the large, red-colored

button on the console wi.ll initiate a s l.ov scram.
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7. The following switches are located on panel !:
a. The "power-range" selector

dial. Seven positions are
Power Range

••::>:•••••-..

indicated (2 W*, 20 W, 200 2 kW
W, 2 kW, 20 kW, 200 kt~ , and 20

-:
\-1

2 MW); see Fig. 3.12 •
200 kW /> . . 20 \oJ

2 \oJ 2 W

Fig. 3.12.

b. The local/remote control switch is located above

the "power-range" selector dial. When this

switch is turned clockwise, remote operation is

selected. When this switch is turned counter

clockwise, local operation is selected. This

switch is spring actuated to return to the neutral

(or HOLD) position.

*Although this position is indicated, it is not available for use.
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3.4. The Remote Console

The instrumentation allowing remote control of the BSR is located

on the right of the ORR console (see Fig. 3.13).

3.4.1. Left-hand side of panel

1. Three emergency-control buttons are located in the

upper left-hand corner of the panel.

a. The r'ed-rcoLo r ed button will actuate the gas

operated evacuation horn at the BSR.

b. The green-colored button wi-II silence the horn as

long as the button is depressed.

c. The black-colored button Ttll11 place the BSR bul Ld-:

ing in containment.

NOTE: These switches are effective at all times.*

*Exeept for those switches indicated here, all remote-console

switches are only effective when remote operation is selected.
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ORNL-PHOTO 4270-82

Fig. 3.13. BSR remote control console.
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3.4.2. Upper ri~!:_~_-=_~and side_?f panel

1. Two indicator-light panels are located in the upper

right-hand corner. If the section labeled 1, 2, 3,

4, 5, or 6 brightens, the respective rod is seated in

the core. If the "pro" section brightens (on the

bottom section of the right-hand annunciator), a

process-system annunciator for the BSR is in the

ALARM condition and has not been acknowl.edged , If

the "nuc " section brightens, a nuc l earvsys t em annun-:

ciator in panel ~ or D at the BSR is in the ALARM

condition and has not been acknowledged.

2. Four meters are located directly below the two indi

cator-light panels listed above.

a. The top right-hand meter indicates the radiation

level as determined by the "high bay log gamma

monitor" (located west of the BSR local control

room); the meter scale reads from 0.1 to 105 R/h.

b. The top left-hand meter indicates the radiation

level as determined by the "high-bay monitor"

(located west of and above the BSR local control

room). The meter scale reads from a to 125 mr/h.

c. The lower left-hand meter (0- to ZOO-scale) indi-

cates the reactor power level as shown by the No.1

safety recorder.

d. The lower right-hand meter position is not in use.

3. To the left of the two indicator-light panels listed

above, a third indicator-light panel and a scram switch

are located.
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a. If the top section of the indicator-light panel,

"reactor on" is brightened~ no scram condition

exists. If the "BSR" section is brightened, local

control is selected; if the "ORR" section is

brightened, remote control has been selected.

b. Turning the scram switch in either direction off

the center position will scram the reactor. NOTE:

This switch is effective at all times, i.e., in

both local and remote modes.

4. To the left of these four meters, two toggle-type

electrical switches are located.

a. The right-hand switch is the lower demand adjust

ment switch.

b. The left-hand switch allows manipulation of the

preferred rod. In the UP position, rod with

drawal is requested; in the DOWN position, rod

insertion is requested. (Preferred-rod withdrawal

will not occur unless the reactor is under servo

control and unless the regulating rod is above its

midrange limit switch. Preferred-rod insertion

is allowed until the seat switch or the lower

limit switch for that rod is actuated even if the

reactor is not in servo control.) This switch

should be used to maintain the regulating-rod

position between 10 to 90% of its range as indi

cated on the local regulating-rod recorder •
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5. In the lower right-hand corner of the panel, the

annunciator acknowledge and reset push buttons (push

button-ootype electrical switches) are located. When

the reactor is in remote operation, the functions of

these switches are the same as that of the local ESK

annunciator "acknowledge-reset" switches (see Section

2.4.2 for functions of these switches).

6. To the left of the acknowledge and reset push buttons

are the controls for the high-bay and control-room

television cameras. The controls are labeled suffi

ciently well to allow one to manipulate this monitor

ing system.

a. When improved quality of the picture is desired,

zoom the lens in fully; i.e., untIl the objects

v Lewe d are as large as possible. (To zoom the

lens in, move the zoom switch to the far position;

to zoom the lens out, move the zoom switch to the

near position.) Adjust the lens focus for the

sharpest picture of the desired object. Focus

for that object will then remain while the lens

is zoomed in or out. If focusing on an object

at a different distance is desired, zoom the lens

in fully and adjust the lens focus again.

b. Operations Division personnel should not attempt

to adjust any television-system controls eKcept

the following console controls: focus, iris, and
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zoom; and receiver controls H hold (horizontal

hold), V hold (vertical hold), and brightness.

Adjustment of all other controls should be made

by Instrumentation and Controls Division person

nel. Abnormal conditions which Operations Divi

sion personnel may attempt to correct and the

procedures to be followed are as follows:

(1) If the picture "rolls" ver t LcaLl.y , the "V

hold" control should be adjusted.

(2) If the picture seems to move across the tube

or if the picture becomes a series of slanted

lines, the "1-1 hold" control should be

adjusted.

(3) If neither of the adjustments listed above

restores the picture, make no further adjust

ments and notify Instrumentation and Controls

Division personneL

(4) If the picture tube goes blank, adjust the

"brightness" control until the picture tube

is illuminated. If no picture is present,

make no further adjustments and notify

Instrumentation and Controls Division per

sonnel. (NOTE: Once the picture disappears,

it cannot be restored by the not'mal console

controls; Lve , , focus, iris, 200m, pan, and

tilt. No attempt should be made to adjust

these controls since this will probably
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result in ruining the motors operated by

these controls.)

c. During periods when the reactor is shutdown or is

being operated locally) the iris should be kept

sufficiently closed so that only a very faint,

but legible) picture is displayed. (This 'vill

prolong the camer a-rt ube life and will help pre-

vent image burn.) At no time should the camera

be left focused on any bright object for long

periods of time. (This would result in the image

being permanently impressed upon the face of the

camera tube.)

d. During periods when the reactor is being operated

remotely and when the vertical control panel is

not being scanned, the camera should be zoomed

out so that most of the nuclear-instrumentation

recorders can be observed. (Of these recorders,

the regulating-rod recorder is the least signi

ficant to watch constantly.) If, when the camera

is zoomed in on an object) it is desired to view

an object not immediately adjacent j zoom out until

the second object is in view or until the maximum

area is in view. Then move the camera to bring

the second object to the center of the picture

tube; finally) zoom in on the second object.

NOTE: If) during remote operation, only one of the

two television channels is available and if that

channel fails) the operator should inwediately

scram the reactor.
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3.5. Radiation and Contamination Monitors

3.5.1. The facility radiation and contamination alarm system (FRCAS)l

The facility radiation and contamination alarm system,

installed in the reactor facility, continuously and automati

cally monitors gamma radiation (by three gamma monitrons) and

air contamination (by three beta-gamma monitors).

These instruments and other components in the network

provide Health Physics monitoring information and sound local

alarms when abnormal conditions occur, and indicate abnormal

conditions on a central panel board in the control room. These

local alarms also sound the local "RS&C System" annunciator; this

is used to bring the situation to the attention of the remote

desk operator.

Operating personnel are first given warning when a

"caution level" is detected by a radiation monitron or an air

monitor. A second warning is given when a "high level" Is

detected.

The building evacuation and containment systems operate

automatically when two or more radiation monitrons in the

coincidence circuit detect a high level of radiation or when

two or more air monitors detect a high level of air con

tamination.

Radiation, contamination, and instrument-failure signals

from the local continuous air monitors and monitrons are

collected and processed at the radiation warning panel in the

IJ. A. Russell, Jr., and D. J. Knowles, Description of Facility

Radiation and Contamination Alarm Systems Installed in the Bulk

Shielding Facility, Building 3010, ORNL-TM-1874 , (August 22. 1967).
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control room. It is intended that the reactor operator moni

tor the radiation warning panel and report promptly to local

representatives of the Industrial Safety and Applied Health

Physics Division any abnormal condition that appears. The

Health Physics personnel are responsible for determining the

extent of any radiation or contamination hazard, according to

their procedures, and for establishing suitable safeguards.

They are also responsible for n~intaining the systeul and for

all operations on, aod routine surveillance of, the local con

tinuous air monitors andm.onitrons.

In monitoring the radiation warning panel, the reactor

operator is concerned with the following features:

Indicator modules. Alarm lights, normally gLowl ng dimly,

become bright to signal their respective alarm conditions:

white light for instrument failure; yellow light for inter

mediate level (7.5 mr/h for the radiation monitron and 1000

counts/min for the air monitors); and red light for high level

(23 mr/h for the radiation monitron and 4000 counts/min for

the air monitors). A reset button on each module dims the

alarm lights; they remain dimmed after release of the push but

ton provided the alarm condition no longer exists.

Buzzer modules. Any alarm condition signaled by an indi

cator module is called to the operator's attention by an

audible alarm. The audible alarm is acknowledged and silenced

by the push button on the buzzer module. (The "RS&C" annunciator

at the BSR control room will also alarm and must also be

acknowledged and silenced.)
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Evacuation-alarm modules. One evacuation-alarm module is

actuated by any two-of-three radiation-monitron high-radiation

signals and the other by any two air-monitor high-radiation

signals. A red light glows brightly on the module which is in

the alarm condition.

Evacuation system

1. Horn. The evacuation-alarm module in ALARM turns on

the evacuation horn which continues to sound for 3 or

4 min until its compressed-gas reservoir is

exhausted. After depletion t the reservoir must be

replaced and the solenoid trip valves manually reset

while the green "silence" button is being depressed

to keep the nitrogen cylinder from becoming depleted.

2. Beacons. The evacuation-alarm module in AI~RM turns

on the flashing beacons. They remain in operation

until the alarm condition is cl eared , Le., until

sufficient indicator modules have been reset so that

neither of the two evacuation-alarm modules remains

in the alarm condition.

3. Manual control for evacuation alarm. The three red

evacuation alarm push buttons (located on the local

console t on the remote console, and on a separate

module of the radiation panel) actuate the evacuation

horn and beacons; the beacons stop when the Manual

Evacuation Module Unit located on the local console

(FReAS panel) is reset.

System monitor and test features

1. Power supply. The "power supply" light (green) glows

brightly when the power supply is normal.



2. Horn trouble. The red light for the horn normally

glows dimly; the light glows brightly when the supply

pressure to the horn is abnormal.

3. Local instrument (i.e." radiation monitor or air

monltor) removal. All three lIghts on the associated

indicator module glow brightly when the local instru~

ment is disconnected. If the instrument is a part of

the evacuation system, its removal is equivalent to a

high-radiation alarm.

4. Normal-disable test switch. When in the DISABLE

position, the key-operated switch prevents the evacu

tion horns and beacons from operating when an

evacuation-alarm module is in the ALARt\f condition.

However, in the DISABLE position, the switch signals

an evacuation-alarm condition to the Emergency

Control Center; the center (4-6646) should, therefore,

be notified before the switch is operated.

3.5.2. Miscellaneous radiation monitors
'-'--

In addition to the facility radiation and contamination

alarm system, there are three radiation monitors of primary

concern. These are the high-bay radiation monitron (alarms at

110 mr/h) , the cell-ventilation-duct monitor (alarms at 10

mr/h), and the high-bay log gamma monitor (alarms at 5 R/h).

The instrumentation for these three units should be checked

occasionally, in addition to those checks required on the

checklist, to be sure the "power on"' lights are on. (The

first two of these three instruments will place the building

in containment when their alarm points are reached.)
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3.5.3. Procedure for checking the systems by Operations personnel

1. Once a week the 12 to 8 shift will make a performance

test on the evacuation horns and the radiation moni

tors as follows:

a. Notify the Emergency Control Center (4-6646) that

the evacuation horns at the BSR will be tested.

b. Station an operator at the local controls for the

horn and instruct him to close the valves on all

nitrogen tanks connected to the horn.

c. Announce over the public-address system that

there will be a test of the building evacuation

horns.

d. Depress one of the evacuation-horn buttons, i.e.,

check in rotation either the one on the console,

the one on the FRCAS panel, or the one .on the

remote console as determined by consulting the

log-book record. When the button is pushed,

the horn will sound a short blast, the building

beacon lights should start flashing, and the horn

trouble lights should brighten. Log the test

results in the log book (special section in back).

e. Reset the FReAS panel; have the operator reset

the horn solenoid valve manually and open the

nitrogen tank valves.

f. Announce over the public-address system that the

test is over.

g. Notify the Emergency Control Center that the test

is over •



h. Check to be sure that the nitrogen gas supply is

not depleted. (If depleted, the red-colored

"horn" light will brighten on the FReAS panel.)

2. Also, once a \.reek on the 12 to 8 shift, request a

Health Physicist to supply a radioactive source to

assist in checking the alarm levels for each rad i.a-:

tion monitoring unit. This cheek should be performed

as follows:

a. Announce over the pub l.Lc-raddr es s system that there

will be a test of the building radiation monitors.

b. As the CAUTION and HIGH U:VEL alarms are initi~

a t ed , announce over the pub Ld.c-raddr e s s system

which unit was actuated and the alarm level.

Reset the indicator m.odule for each uuit before

testing the next unit.

c. Log any abnormalities.

d. Announce over the public-address system that the

test is completed.

In addition to the checkouts described above,

there is a routine performance check made on radiation

monitors by a Health Physicist once each month.

3. On a bi-monthly basis) personnel from the Lns t rumerr

tattoo and Controls Division routinely check various

components of the FRGAS. The checkout procedure is

shown in Example 3.1.
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Facility Radiation and Contamination System Checkout Procedure

Test

1. Preliminary

a. Disable evacuation
portion of system

b. Check panel lamps

2. Facility Beta-Gamma
Contamination System

a. "Inoperative" alarm

b. "Caution" alarm

Purpose and Procedure

Prepare to test system

1. Contact Emergency Control
Center and notify dispatcher
of coming alarm

2. Obtain clearance from the
operator and have test
announced on public-address
system

3. Turn key switch to "Disable"
and close valves on N? tanks
for whistles ~

Examine all panel lamps

Test all monitors individually
(see checkout sheets for
locations)

1. Unplug instrument

2. Plug in instrument

1. Increase gamma count rate
with source to caution-alarm
level

Example 3.1.

Correct Operation

Disconnects evacuat1.on whistles and
beacon lights. Gives evacuation
alarm signal at Emergency Control
Center

All lamps are dim

Buzzer sounds and white lamp glows
brightly. Buzzer can be resett but
lamp cannot be reset

After I-min delay, white lamp will
reset

Buzzer sounds and yellow lamp glows
brightly. Buzzer can be reset t but
lamp cannot be reset

''''';

1
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Facility Radiation and Contamination System Checkout Procedure

Test

c. "High-Level" alarm

3. Facility Radiation System

a. "Inoperative" alarm

b. "Caution" alarm

c. "High Level" alarm

Purpose and Procedure

1. Increase count rate with
source to high-level alarm

2. Remove source; reset
instruments

Test all monitrous individually
(see checkout sheets for
locations)

1. Unplug instrument

2. Plug in instrument

1. Increase radiation level
with source to 7.5 mr/h

2. Remove source until radiation
level is less than 7.5 mr/h

1. Increase radiation level with
source to 23 mr/h

2. Remove source until radiation
level is less than 7.5 mr/h

Correct Operation

Buzzer sounds and yellow and red
lamps glow brightly. Buzzer can be
reset, but neither lamp can be
reset

Buzzer sounds and white lamp glows
brightly. Buzzer can be reset, but
lamp cannot be reset

After I-min delay, white lamp will
reset

Buzzer sounds and yellow lamp glows
brightly. Buzzer can be reset, but
lamp cannot be reset

Yellow lamp can be reset

Buzzer sounds and red and yellow
lamps glow brightly. Buzzer can be
reset, but neither lamp can be
reset

Red and yellow lamps can be reset

Co,)

I
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Exarnp I.e 3.1. (continued)



Facility Radiation and Contamination System Checkout Procedure

Test

d. Return system to normal

4. Evacuation System

a. Check for control output
from coincidence alarm

Purpose and Procedure

Turn key switch to "Normal"

Check all features of evacuation
system for correct operations

1. Turn key switch to "Disable"
after contacting Emergency
Control Center

2. Check evacuation modules for
radiation and contamination
alarm systems

a. Increase radiation at one
air monitor to high-alarm
level

Example 3.1. (continued)

Correct Operation

Permits beacon lights and Emergency
Control Center indicators to oper
ate on alarm condition. Emergency
Control Center alarms will reset

A coincidence of two high-level
alarms from Facility Contamination
System or Facility Radiation System
should operate the evacuation horn t

magenta lights outside bnilding
should flash t and Building 2500
should receive correct alarm light.
Key-switch lockout of horn and
lights) and gas tank pressure
switch should also be tested

Check Emergency Control Center. A
radiation and contamination alarm
should be noted there

A coincidence of two high-level
alarms from Facility Contamination
System or Facility Radiation System
should operate the appropriate
"Evacuation" module. Red lamps on
appropriate module should be bright

Red and yellow lamps on this module
and buzzer sounds. Red lamp on
evacuation module becomes bright.
Reset buzzer

V)

I
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Facility Radiation and Contamination System Checkout Procedure

Test

b. Check evacuation alarm
equipment

Purpose and Procedure

b. Increase radiation of second
air monitor in same system
to high-alarm level

c. Remove radiation sources

d. Different pairs of instruments
should be used each time this
t es t is mad e

e. Repeat procedure with pairs
of monitrons in the Facility
Radiation System

1. Close valve on all horn NZ
supply tanks (if not previously
done in Part 1)

2. Plug in horn trouble test box
at horn control box

3. Move key sw.lt ch from "Disable"
to "Normal"

4. Set two coincidence "High
Level" alarms on the Facility
Contamination System

Correct Operation

Red and yellow lamps become bright
on second module and buzzer sounds.
Red lamp on evacuation module
becomes bright. Reset buzzer

Alarm lamps and buzzer may be
reset. Evacuation alarm should
reset automatically when either
alarm is cleared

Same results as above except
Radiation Evacuation module
is tested

Alarm lights at Emergency C~ntrol

Center clear

Buzzer~ channel alarms~ and coin
cidence alarm noted on central
panel. Horns sound a short blast,
alarm should indicate at Emergency

W
I
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Example 3.1. (continued)



Facility Radiation and Contamination System Checkout Procedure

Test Purpose and Procedure

5. Reduce radiation levels to
normal and reset alarm
modules

6. Reset horn solenoid valves
manually; open tank valves
until low-pressure alarms
on test box clear

7. Test high-pressure alarm by
raising pressure regulator
setting in horn box to more
than 110 psi

Correct Operation

Control Center~ and flashing lights
outside building should start.
Horn trouble lights at central
panel become bright. Low-line
pressure and low-tank pressure
lights show on test box

All modules clear, Emergency Con
trol Center alarms clear, and
flashing beacons stop

Gas cylinder pressure gauges should
show >1000 psi on tank side of
regulator and between 80 and 100
psi on horn side. Neither high
pressure nor low-pressure alarms
should show on test box. Horn
trouble light becomes dim. All
alarms in all locations should be
clear

Horn trouble light should be on.
High-pressure alarm is indicated
by test box

W
I..,...

--.J

8. Close tank valves.
coincidence alarms
Radiation System

Set two
on Faci lity

Euzzer, channel alarms, and coin
cidence alarm noted on central
panel. Horns sound a short blast,
alarm should indicate at Emergency
Control Center, and flashing lights
outside building should start

Example 3.1. (continued)



Facility Radiation and Contamination System CheckoLlt Procedure

Test

c. Conclude test

Purpose and Procedure

9. Repeat Step 5

10. Repeat Step 6

11. Close valves on tanks and
push manual evacuation
button

12. Reset manual evacuation
button and repeat Step 6

Return all controls and instru
ments to normal condition

Correct Operation

Horn trouble lights at central
panel become bright. Low pressure
alarm lights on test box are
lighted

Same as Step 4, except no buzzer,
no channel alarms, and only a
radiation (red) light appears at
the central panel and at the
Emergency Control Center

End of test

Checklist

1. Key switch is in "normal"
position

2. No alarm lights on control panel
of Emergency Control Center

3. One gas tank at horn should have
valves open, one should have
valves closed. Regulator
should be adjustedcto 100 psi

4. Notify Emergency Control Center
and building personnel of end of
test period

w
I
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Example 3.1. (continued)
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FACILITY RADIATION AND CONTAMINATION AI.ARM SYSTEM CHECK SHEET

MONTHLY 0
QUARTERLY CJ
ANNUAL 0

BLDG:
----_.~~

CHECKED BY:--_._---
DATE:

ules.

r - "" -
Al"1MA RADIATION - ------. f-_._- -~~. .............~._.-- ._--~ ._.

r--M I
-

Pool East ---- _._-
M 2 Pool Northwest -

~- -
M 3 Pool Southwest ---'--

iCoincidence Module checked using station with all other mod

f--._..+-~:::==:rM 4 Pump House f----j

hONITO~·--L:CATION·IN~~IO-"\ACUATE\~O~Ai".. REMRK'

hAMC~NT~::~T~~: t cent;~ -=t::- - -- ---~==--=:-1
CAM 2 Pool Southwest __-----J.

CAM 3 Pool Northwest I
~oincidence module checked using s t a t Lon with all other m~d~J;;:I

-:j

*Manual evacuation checked: Local []
Remote 0

-_._._.-...__ ........._..,..-------_........

ALARM LIGHTS* GAUGE

PRESS.

~
-'-r

BEACON* LOCATION ~HORN LOCATION
1 Bldg. Corner SVl 1 Bay Area--
2 Bldg. Corner NVl

d
Bldg. Corner NE - --
Bldg. Corner SE ---
Bldg. Corner SSF -- --

ALARMS AT BLDG. 2500 - ImY SWITCH DISABLED: Radiation----
Contamination Buzzer

*Quarterly and annual cheeks only. Horn and containment to be
operated once by each coincidence module.

Example 3.1. (continued)
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3.6. Nuclear and Process Tnstrumentation

Checkout Procedures

The performance checks made on the nuclear and process instru

;nentatiol1 are outlined in the ORNL Reactor Controls Department main-

tenance schedules, maintenance procedures, and maintenance check

sheets, published as BSR instrumentation checkout procedures. The

completed check sheets are filed in the BSR control room.
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4. REACTOR COMPONENTS AND REACTIVITY CONTROL

4.1. Introduction

There are four principal areas of concern regarding the handling

of fuel and other reactor components at the BSR. The Eirstis the

necessity of maintaining the reactor itself within specified limits of

excess reactivity. The second involves maintaining a place of storage

outside the reactor that is safe by both criticality and radiation

standards. Third, fuel movements must be scheduled and performed to

minimize personnel radiation exposure. as well as to retain critica-

lity safety. Fourth. records must be maintained to indicate the loca

tion. amount, and condition of all fissionable material within the BSR

area.

The fuel elements described in Section 4 are the original BSF

standard fuel element and BSF control rod element. In recent years,

MTR-type fuel assemblies from shutdown reactors in the USA have been

adapted for use in the BSR lattice. Some of these elements have 200 g

of 235lJ distributed equally among. 19 fuel plates. New MTR-type fuel

assemblies have been constructed using 220 g of 235U distributed

equally among 18 fuel plates. Also, new control rod elements have

been constructed using 110 g 235U distributed equally among 9 fuel

plates.



4.2. General Precautions

1. All procedures involving the moving of fuel, experiments, or

the reactor wust be understood before attempting any of these

tasks.

2. Care must be taken not to subvert criticality safety by

suspending experiments containing fissionable material near

fuel storage racks; as a general rule, at least l2-1n. of

separation should be maintained.

3. The reactor must never be repositioned whl Le it is being oper

ated.

4. It should always be assumed that all materials stored in the

BSR pool are highly radioactive unless proven othe rw l s e ,

5. The lids on the fuel racks should be closed after fuel trans

fers are completed.

6. Any trouble or difficulty with reactor components or any

unplanned deviation from accepted procedure should be

reported to the reactor supervisor or his designated repre

sentative as soon as it is possible and details of such

events should be carefully recorded in the BSR log book.
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4.3. Fuel Units

4.3.1. References

M 20310 EJ 002, BSF Standard Fuel Element - Assembly

M 20310 EJ 003, BSF Standard Fuel Element - Detail Sheet 1

M 20310 EJ 004, BSF Standard Fuel Element - Detail Sheet 2

M 20310 EJ 005, BSF Control Rod Fuel Element - Assembly

M 20310 EJ 006, BSF Control Rod Fuel Element - Detail Sheet 1

M 20310 EJ 007, BSF Control Rod Fuel Element - Detail Sheet 2

M 20310 EJ 008, BSF Control Rod Fuel Element - Guide

4.3.2. Description

Regular fuel elements. The fuel elements used at the BSR

are l8-plate, MTR-type assemblies equipped with a cylindrical

end box at the bottom section and a handling bar at the top

section. Each n~w fuel element (standard) has approximately

190 g of 235U distributed equally among the 18 fuel plates

(see Fig. 4.1). Selected reference dimensions for BSR fuel

elements are given in Table 4.1.

Control-rod fuel elements. There are special fuel ele

ments for the five shim rods and the one shim-regulating rod.

These elements (see Fig. 4.2) are sometimes called "half" fuel

elements because the central nine fuel plates are omitted from

the assembly. Instead of the fuel plates) a shim-rod-guide

channel is located in the central portion of the element. As

might be readily inferred, the shim-rod-guide channel serves

as a housing and guide for the shim safety or shim regulating

rod. At the upper end of the assembled element is a flange to

which the lower section of the magnet guide tube is bolted, as
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Fig. 4.1. Standard BSR fuel element.
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Table 4.1. Selected reference dimensions

for standard BSR fuel elements

Unit

Element Assembly

Length

Width (through side plates)

Width (through outside fuel plates)

Plate spacing

Inside Fuel Plates

Thickness (overall)

Length (overall)

Clad thickness

Core (alloy) thickness

Core (alloy) length

Width (before bending)

Outside Fuel Plates

Thickness (overall)

Length (overall)

Clad thickness

Core (alloy) thickness

Core (alloy) length

Width (before bending)

Nominal
dimension (in.)

34 3/8

2.996

3.069

0.117

0.060

24 5/8

0.020

0.020

23 5/8

2.845

0.060

28 5/8

0.020

0.020

23 5/8

2.845
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Fig. 4.2. Special fuel element for control rod,
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shown in Fig. 4.2. Also shown are semi-circular inserts which

fasten to the flat sides of the element and which serve to con

trol shim rod vibration caused by turbulent water flow. Each new

element contains approximately 95 g of 235U and is 36 7/8 in. in

length.

4.3.3. Fuel storage - general requirements

Fuel storage is defined as the temporary retention of

fissionable material outside of the reactor core. The material

will normally be in the form of standard and "half" fuel units;

however, fissionable material belonging to research groups may

also be stored.

The methods of preventing and/or handling criticality

hazards outside of the reactor core must be approved by the

ORNL Criticality Review Committee. Th~ design of fuel-unit

storage racks and transfer casks is approved, in writing, by

the chairman of that committee. Design of storage racks for

BSR fuel is based on data obtained from critical-mass experi

ments. Approved underwater storage facilities at the BSR con

sist of:

1. two 30-place aluminum storage racks (see Fig. 4.3),

for irradiated fuel elements, which sit on the floor

of the north pool and are equipped with safety lids

that may be locked in the closed position; and

2. a work platform, designed to accommodate underwater

assembly or disassembly of shim-rod components, which

is equipped with two approved .storage spaces used

primarily to hold the shim-rod elements during main

tenance work.
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Fuel storage rack.
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Fuel elements presenting no radiation hazard (new, un

irradiated elements and some used elements) are stored in the

vault in the basement of Building 3042. Storage of heavy

water or ordinary water in this area is forbidden.

Storage of fissionable material belonging to research

groups is more flexible. Experiments are normally suspended

in the pool from the bridge or from the side of the pool.

Care must be taken not to subvert cr I t t caLt.ty safety by

suspending experiments containing fissionable material near

standard storage racks; as a general rule, at least 12 in. of

separation should be maintained. (Special problems associated

with a particular experiment are brought to the attention of

the BSR operating staff by the Technical Section, Operations

Division.)

4.3.4. Shipping fuel ele~ents from the ESa pool

Procedures and equipment for shipping irradiated fuel

elements from the BSR pool must be approved by the Criticality

Review Committee. Ordinarily, these elements are removed one

at a time in an LITR fuel carrier.

The carrier, supported from the crane, is lowered into

the water to a depth of approximately 10 ft. The carrier lid

is removed (normally with a rope); and the element, after

being identified, is transferred into the carrier. After the

lid is replaced and as the carrier is raised out of the water,

a Health Physicist must be present to monitor the radiation

level. He wi.ll record all pertinent information on the stan

dard radiation tag and tie this tag to the carrier. A plastic

bag is to be placed around the bottom section of the carrier

(see Section 9.2.6 for details on shipping irradiated

materials).
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Ifo4. Control Rods and Drives

4.4.1. References

RC 15-3-3A, Shim Regulating Rod

RC 15-3-3B, Shim-Safety Rod Drive - Assembly

RC lS-3-3C, Shim-Safety Rod Drive Deta.il - Sheet 1

RC 15~3~3D) Shim-Safety Rod Drive Detail - Sheet 2

RC lS-3-3E, Shim-Safety Rod Drive Detail - Sheet 3

RC lS-3-3F, Shim-Safety Rod Drive Detail - Sheet 4

RC lS-3-3G, Shim-Safety Rod Drive Detail - Sheet 5

RC lS-3-4A, Magnet Coil - Assembly and Details

RC 15-3-4B, Shim and Regulating Rod Guide Tube Access -- De tai L

Sheet 1

RC 15·-3-4C, Lift Tube and Drive Accessories - Details

RC 15-3-4D, Magnet Coil - Details

RC l5-3-4E, Universal Joint for ~~gnets - Assembly and Details

RC IS-3-4F, Shim and Regulating Rod Guide Tube and Accessories

Detail Sheet 2

RC IS-3-4G, Shim Rod and Guide Tube Assembly

RC lS-3-6A, Dual Synchro ~lount - Details

RC 15-3-6B, Dual Synchro Mount - Assembly and Details

M 1.1240 PF 001, Spare Parts for BSR Boron-Stainless Steel Shim

Rod - Details

M 20310 PF 002, Universal Joint for Magnet Keeper - Assembly

and Details
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4.4.2. Description

The BSR normally contains six control rods, each of which

contains a boron-stainless steel "neutron-poison" section.

The rods are oval in cross-section (see Fig. 4.4). They have

a 24-1n. vertical stroke within the control-rod fuel elements.

These elements are flanged to guide tubes that extend several

feet above the reactor bridge and are fastened to the bridge

structure by the hold-down arms (see Fig. 4.19). The guide

tubes serve a dual purpose in that they both guide the rod

drive and hold the special fuel element in place during

control-rod withdrawal. ~n in-line drive unit (consisting of

an electric motor, position transmitters, limit switches, etc.)

is attached to the top of each guide tube. (Details of the

rod-drive mechanism are shown in Fig. 4.5.) The motors drive

lead screws which are mechanically attached to the lift tubes

located within the guide tubes. The lower end of each guide

tube contains a shock-absorber cup (partially shown), a bottom

stop (or seat) for the top of the rod,and mechanical portions

of the seat switch assembly. The top of each shim rod is

equipped with a shim-rod extension, a magnet armature, and a

piston-and-spring assembly to provide shock-absorber action

(see Figs. 4.4 and 4.6). The lower end of each shim-rod-drive

lift tube is equipped with an electromagnet (see Fig. 4.7)

which, during reactor operation, is mated to the magnet arma

ture (attached to the top of the shim-rod extension).
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Fig. 4.4. BSR control rod with shock absorber,
shim-rod extension, and armature.
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Fig. 4.6. Shock absorber, shim-rod extension, and magnet
armature (shown prior to assembly).
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The integral reactivity worth of each rod in a typical

loading is as follows:

Rod No. % Ii k/k---
I 1.840

2 1.849

3 2.759

4 2.958

5 0.946

6 1.015

The regulating rod in the BSR consists of a restricted

amount of the stroke of the No. 4 shim rod; the servo system

is allowed to control the rod '<lithia this restricted amount of

stroke. All of the BSR shim-control rods have a motor~driven

withdrawal speed of about 0.1 in./s. Since the regulating rod

has a maximum differential 'North of slightly more than 0.2%

lIk/k per in., the maximum rate at which it can add reactivity

to the core is about 0.02% ~k/k per s. The total stroke of

the regulating rod is always limited to ~0.5% Lk/k; this limit

prevents failure of the servo system from causing the reactor

to be made prompt critical. (For detailed information on rod

worths. see Section 4,5.2.)
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4.5. Core Loadings

4.5.1. Introduction

Decisions to reload the BSR core and any changes intended

in the configuration of the core will originate with the reac

tor supervisor. This section covers those special procedures

that are required when such changes are to be made.

4.5.2. Reacti':.,.1.ty wor~~.-£.~!:.he C0l2.~r~ rod~

When preparing reactor loadings, the effect on rod worths

is always evaluated. In addition to the limits on maximum

excess reactivity and maximum worth of the core (with respect

to rod worth), a minimum shutdown margin is also included in

the evaluation. The minimum shutdown margin (50% of the worth

of the control rods) is always greater than the worth of the

experiment with the greatest reactivity effect.

Typical reactivity worths of the rods, as determined by

the period measurement technique, are shown in Figs. 4.8 through

4.16; from these values, reactivity worths of experiments have

been determined. 2

4.5.3. Refueling Procedures

In order to retain sufficient excess reactivity to permit

the desirable flexibility in meeting operating schedules, it

will on occasion be necessary to make changes in the fuel con

tent of the core by replacing low-weight fuel elements with

2W• H. Tabor, Bulk Shielding Facility Quarterly Report - January,

February, and March of 1967 (May 23, 1967) •
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elements containing more fueL The criterion exercised in

preparing for and obtaining satisfactory loadings for con

tinuity of operation is that the maximum excess reactivity in

the core does not exceed 50% of the shutdown capability of the

shim-control rods.

When a COre 1s to be reloaded extensively or a reactor

configuration assembled, records of previous reactor config

urations and cores should be reviewed to establish (if possi

ble) a reference or standard of comparison for the proposed

reactor configuration. The proposed core loading will be pre

pared by an engineer of the Operations Division and submitted

to the reactor supervisor on a special form (Example 4.1) or

specially prepared instructions for small core changes, such as

the addition of two new fuel el.emen t s , for his approvaL Addi

tional informati.on pertinent to the activities wLll be

supplied. The completed proposal must be signed by the BSR

supervisor and proper approvals must be obtained as outlined

in the following sections. The folloving information should

be included in the loading proposal fora change in core

configuration.

1. Fuel-element and shim-rod-element number.s, locations,

and wel gh t s ,

2. Shim-rod positions and shim-rod numbers.

3. Fission-chamber lattice position.

4. Experiment locations (and types, where important).

5. Location, type, and quantity of all other materials

or components in or near the core.

6. The order in which fuel elements (and other compon

ents) should be loaded.
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REPLACEMENT LOADING

PURPOSE: ; SCHEDULED RELOADING

UNSCHEDULED RELOADING BEGINNING C'YCLE

!FREPARE:J BY

I
!

lZ~-ECKED8Y

DATE:

CORE POSITION

ELEMEtHS REMOVEO

OR NUMBER I WEIGHT U 2 H
ChANGE IN

WEIGHT U23~

ELEMENTS INSERT EO

OR NUMBER WEIGHT U23~ LOCATION

-t--
SHIM RODS

SUBTOTAL

OTHER UNITS

-+
I

u c N-2l'4
d 2-67'

Example L, .1.
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7. Points during assembly atwhieh critical runs should

be made.

If the core to be loaded is significantly different from

all other previously assembled configurations. then the proce

dure described in Section 4.5.4, below, should be followed.

The movement of the fuel elements within the eore region

is performed under the supervision of a qualified BSR super

visor. Each fuel element is identified immediately before

insertion or after removal from the core and/or during its

relocation within the core. Specific instructions are given

by the supervisor for each fuel movement and he ensures that

movements comply with the written schedule. A Transfer Memo,

Example 4.5, is completed by the supervisor and transmitted to

the section accountability representative. This information

becomes a part of the permanent reeords.

4.5.4. Approach-to-critical procedure

This procedure is provided for those special occasions

when significant changes .ar-e made in the core configuration,

i.e., when a ,new or quite different core configuration is to

be assembled. Loadings requiring the use of the approach-to

critical technique will be designated by the reactor super

visor and approved detailed instructions of the activities

will be provided.

Unless specifically directed by an approved procedure.

the loading should proceed from the inner region to the outer

edges (any unloading should be performed by working inward

from the outer edges). With this method, no unoccupied posi

tion or "hole" will be created during the fuel handling. In
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addition, all requirements for handling fuel (listed in

Section 4.6.1) shall be fully satisfied.

1. Movement of fuel into the core

a. Personnel requirements

The approach-ta-critical procedure requir~s the

presence of at least three qualified individuals

including, but not limited to: (1) a supervisor,

usually the reactor supervIsor or his designated

representative; (2) a loading supervisor (usually

the day shift supervisor or the shift supervisor);

and (3) a fuel handler (usually an operator).

b. Duties of personnel

(1) Supervisor - The supervisor will select the

fuel unit to be placed in the core (his

choice must not violate the applicable

detailed procedure governing the particular

loading in progress). He will inform the

loading supervisor as to the unit iden

tification number and the receiving core

position. (Fuel transfer memos, Example

4.5, should be used whenever fuel elements

are moved from one location to another.)

The supervisor will verify that the control

rods are fully inserted. During the move

ment of the fuel uni t , the supervisor \I/ill

personally monitor the nuclear instrumenta

tion and determine if the unit may remain in

the core or must be removed. He will inform
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the loading supervisor of his decision.

During subsequent control-rod movement, he

must be present in the control room and must

monitor the nuclear instrumentation to

determine that the assembled loading is not

overly reactive.

(2) Loading Supervisor -The loading supervisor,

after receiving instructions from the super

visor, will determine the source (for

example, storage-rack position) of the unit.

Re will instruct the fuel handler to remove

the unit from its storage location; he will

personally verify that the identification

number on the unit is that of the desired

unit. When the unit is about to be moved

into the vicinity of the core region, he

will signal the supervisor that he is ready

to load. When the tmit is over the desired

grid position so that only vertical movement

(and minor horizontal movement) is required,

he will verify this and signal the super

visor that the unit is entering the core.

In addition to being alert to instructions

from the supervisor to remove the unit, he

will ensure that the fuel handler does not

unlatch the handling tool and he will verify

that the unit is seated properly. When

instructed by the supervisor, the loading



supervisor will have the fuel handler

unlatch. remove, and store the handling

too1. The loading supervisor wll1 then

clear t.he bridges of any personnel and

report to the control room for further

instructions.

(3) Fuel Handler ~ The fuel handler will make

the required fuel moves under the direct

supervision of the loading supervisor and

will assist in the location and identifica

tion of the various fuel elements. He will

take no action on his own initiative, how

ever, since he will usually be preoccupied

with the physical labor involved and. there

fore, may not be fully abreast of the

changes in progress.

c. Requirements

(1) Prior to any loading or test involving a

series of fuel additions, the BSR startup

checks shall be completed unless the test

follows a previous one for which these

checks 'l1ere completed and fo Ll.owl ng which

the key switch and all instrumentation has

remained on. (A qualified reactor super

visor of the Operations Division staff must

be present in the i@uediate vicinity of the

control room or in the adjacent office at

all times when the control switch is in the

ON position and the reactor is down.)
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(2) The minimum instrumentation required during

movement of fuel into the core is identical

to that required for startup of the reactor

in Mode 1 (listed in Section 2.1.5).

However, an additional fission-chamber chan

nel will be required during any criticality

test which immediately follows replacement

of the log-N chamber; 1. e.) any tea t which

precedes operation at power levels suffi

cient to allow the proper operation of the

log-N channel to be determined. This addi

tional fission channel shall provide infor

mation but not control action.

(3) Prior to each fuel addition, the control

rods will be fully inserted. (In most

situations fuel units which are part of

control-rod assemblies will be inserted into

the core region before any other fuel unit

is so inserted. If it becomes necessary to

relocate a control-rod assembly in an

already assembled array or partially

assembled array, sufficient fuel units will

be removed from the vicinity of the subject

control-rod assembly so that it can be

demonstrated that the reactor is Bubcritical

with all the control rods fully withdrawn.)

(4) Following any fuel addition, the effect of

the fuel addition wi.ll be determined by
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withdrawing the control rods. If the

assembly is subcrltical with the control

rods withdrawn to the limit, then a predic

tion of the critical mass will be made from

a plot of reciprocal count rate versus fuel

weight (mass of 235 U). If, due to some dif

ficulty (for example, instrument

malfunction), it is not possible or prudent

to withdraw the control rods and determine

the condition of the reactor, only two

alternatives are allowed.

(a) Remove the last fuel added (returning

to a core loading for which the condi

tion was previously determined) and

complete the shutdown checklist.

(b) Have the difficulty corrected and any

involved system checked out. (If this

alternative is selected, a qualified

supervisor must remain in the control

room or in the office* until the effect

of the fuel addition is determined.)

2. Movement of fuel out of the core. It may be necessary

during some tests to remove a fuel unit to adjust the

co r e reactivity. [This would normally be followed by

insertion of a unit con t a LnLng more (or less) fuel.]

--------_._-----
*Immediately adjacent to the control room.
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Therefore, fuel movement of this type (from the core)

wUI be performed by individuals approved to occupy

the positions indicated earlier. The procedure to be

followed will be essentially that outlined in pre

vious sections in which the duties of the individuals

were defined. Written instructions from the super

visor, using the atandard transfer memo form (Example

4.5) are first required. The loading supervisor and

the fuel handler will then remove the fuel unit to

the required storage location. The reactor super

visor or his alternate is not required to be present

in the control room during thiS type of move; however,

when the control switch will be in the ON position,

the control room must be attended by a qualified

member ot supervision.

4.6. Core Work - Specific Procedures

4.6.1. Requirements for fuel handling

Fuel handling at the BSR may be defined as the transfer

of an identified fuel unit from a specified location and plac

ing it in another specified location without subverting criti

cality safety and with minimum radiation exposure to personnel.

Certainly, no fuel element is ever to be moved to or from the

core with the reactor operating. No fuel unit should be mo~ed

unless specified by a written order from the reactor supervi

sor or his designated alternate.

Fuel handling is accomplished by the operating crew under

the direct supervision of the supervisor, and each fuel unit
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moved must be identified. The supervisor must personally

verify the core or storage-rack position receiving each previ

ously ident:i.fied unit. This procedure will require the super

visor's presence; however, identification of fuel units may be

made by an operator, provided the proper identity number is

unknown to him beforehand. A minimum of two persons shall be

participat:i.og in the movement of fuel elements; one of which

must be of supervisory rank.

The supervisor's responsibility, as outlined above, may

be delegated to no one except another qualified supervisor. A

supervisor trainee in final stages of training may be dele-

gated this responsibility if he is an acting supervisor (i.e.,

with the incumbent serving io caretaker status). At the com

pletion of fuel relocation, a transfer memorandum is prepared

by the person who supervised the transfer.

The information on the transfer memorandum should also be

recorded in the current BSR log book. The following precau

tions must be followed during fuel transfer.

1. Vertical movement of fuel units (except when in a

shipping carrier) must be performed manually.

2. Health Physics coverage is required when removing a

fuel unit shipping carrier from the pool. A crew

member or supervisor may monitor the radiation level

during fuel transfers within the pool.

3. Fuel units must be handled with tools specifically

designed for this work. Hooks without guards which

prevent the hook from hitting the fuel plates will

not be used except during transfer of depleted fuel

elements to the shipping carrier.
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4.6.2. Procedure for transferring fuel elements

1. Removal of a standard fuel element from the core

a. With one of the two tools provided (see Figs.

4.17 and 4.18), engage the handling bar of the

fuel element with the tool in the unlatched posi-

tion. (A knob near the top of the tool will,

when raised, unlock the latch mechanism.) When

the fuel element has been secured (check visually

and physically by rotating the tool), raise the

element from the grid plate seat.

b. Remove the element from the core and identify it.

Record all data as requested on the standard fuel

transfer sheet.

c. Transfer the element to its designated position

in the storage rack and disengage the tool by

raising the actuating knob and then lifting the

entire tool from the element.

2. Insertion of a standard fuel element into the core

a. Engage the handling bar Qf the fuel el~ment, as

described above, and remove the element from the

storage rack.

b. Identify the element to verify the numbers listed

in the loading schedule.

c. Insert the element into the designated core posi

tion and visually check to determine proper seat

ing of the end box into the grid plate. (The

convex side of the fuel plates faces toward the

control room.) If, during the insertion of an
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ORNL-PHOTO 92234

Bottom of fuel-handling tool.
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element, abnormal deviations of the counting rat.e

are indicated by the instrumentation, the element

should be immediately removed from the core. A.D.

evaluation should be made to determine the cause

of the deviation noted.

d. Disengage the tool and remove it from the ele

ment. Upon completion of the fuel transfer, all

fuel tools should be locked to the reactor bridge.

4.6.3. Procedure for transferring a shim-rod assembly

The shim-rod assembly includes the shim~rod drive unit,

guide tube, shim-rod, and shim-rod fuel element. Normally,

the transfer of a shim-rod assembly will be required only for

maintenance or operations such as: replacement of the seat

switch mechanical linkage; replacement of the shim-rod fuel

element; temporary removal of the poison rod for physical

checks or repairs; or transfer to a new core location. Due to

the design of the BSR sh:tm-rod assemblles. the same procedure

must be followed before any of these objectives can be

achieved. The appropriate section of the BSR Check Sheet for

Inspection of Shdra-Rod Drive, Shim-Rod, Guide Tube, and Seat

Switch Assemblies (Example 4.2) will be completed.

The term "shim-rod assembly" 1.s intended to describe all

parts from the drive motor and limit-switch subassembly to the

shim-rod fuel element.

The term "shim-rod drive unit" is intended to describe

all parts of the "drive assembly" except for the guide tube,

the control-rod element, and the control rod itself.

The appropriate part of "Procedure for Working a Shim-Rod

Assembly" wi11 be completed and filed with the shutdown folder.
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1. Removal and transfer of a shim-rod assembly

a. Sufficient fuel units must be removed from the

vicinity of the subject shim-rod assembly so that

it can be demonstrated that the reactor is sub

critical with all control rods fully withdrawn.

(If the subject control rod cannot itself be

withdrawn, the results of withdrawal of the other

five control rods should be used as a guide to

further action. The BSR supervisor should be

informed of this situation.)

b. Using the raise mode, withdraw the rod-drive unit

to the withdraw limit, i.e., with the reactor in

the scram condition.

c. Disconnect the signal~and-motor-leadconnector.

d. Attach a lifting jig to the assembly just below

the drive motor. This should be attached so as

not to damage the seat-switch lead. (NOTE: This

procedure describes the removal of the drive

assembly as a unit. However, in the majority of

cases it is desirable initially to remove and

store the drive motor and attached magnet before

removing the guide tubes and the attached fuel

element which contains the neutron-poison rod.

In this case, complete procedures 4.6.4 and

4.6.5.)

e. Position the overhead-crane hook over the top of
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the drive assembly at a height suitable for

attaching the cable being used.

f. Detach the drive assembly from its hold-·down arm.

(During this step, the drive assembly and any

other drLve assemblies fastened to the ho Ld-idown

arm must be held in plac.e manually.)

g. Station a man at the overhead crane breaker box.

(This step is required during all times when the

crane hook is to be raised or lowered with poten

tially highly radioactive components attached to

the hook , )

h. Manually lift the shim-rod assembly until it is

free of, and on top of, the grid plate.

i. Place the loose end of the lifting cable over the

crane hook.

j. Raise the crane hook until the choker is no

longer slack.

k. Move the assembly with the crane and with manual

guidance to the desired location which is usually

to another core position.

1. Install the shim-rod-assembly in the desired

location with manual guidance.

m. Remove the lifting jig and secure the shim-rod

assembly into position.

4.6.4. Procedure for working a shim-rod-drive unit

Normally, removal of the shim~rod-drive unit will not be

required except for replacement or re-adjustment of the clutch

switch. cleaning the magnet face, or replacement of the magnet

subassembly.
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1. Removal of a drive unit

a. Since the poison unit will not be removed, no

change in core loading will be required.

b. Using the raise mode, withdraw the rod-drive unit

to the withdraw limit, i.e., with the reactor in

the scram condition.

c. Disconnect the signal-and-motor-lead connector.

d. Disconnect the upper seat-switch-lead connector.

e. Remove the screws which attach the drive unit to

the upper guide tube.

f. Manually lift the drive unit until the motor

housing and the upper junction box are free of

the upper guide tube. Install the lifting jig

for the drive assembly.

g. Station a man at the overhead crane breaker box.

(This step is required during all times when the

crane hook is to be raised or lowered with poten

tially highly radioactive components attached to

the hook.)

h. Position the crane hook directly above the drive

to be removed, and place the lifting-jig cable

loop on the hook.

i. Raise the crane hook until the choker is no

longer slack.

j. Manually guf.de the dr I ve uni t (while at the same

time raising it with the crane) until it is free

of the upper guide tube. (Using rags, wipe the

wate r from the uni t as it is raised).
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k. Slowly move the unit to the location desired.

Surveillance by Health Physics personnel is

required for this step.

1. Perform work on the drive unit as required.

2. Insertion of a drive unit. This procedure i.8, in all

general details, the reverse of the procedure for

removal of a shim-rod-drive unit.

4.6.5. Procedure for.workLng a shim-rod assembly

1. Removal of a shim-rod assembly

a. Sufficient fuel units must be removed from the

vicinity of the subject shlm-vrod assembly so that

it can be demonstrated that the reactor is sub

critical with all control rods fully withdrawn.

(If the subject control rod cannot itself be

\"ithdrawn, the results of withdrawal of the other

five control rods should be used as a guide to

further action. The BSR supervisor should be

informed of this situation.)

b. Using the raise mode, withdraw the rod-sdrtve unl t

to the withdraw limit, i.e., with the reactor in

the scram condition.

c. Disconnect the signal-and'-motor-lead connector

and the seat-switch lead wires.

d. Remove the sh Lm-irod-rd r Lve unit as outlined in

Procedure 4.6.4.

e. Attach a choker assembly (bolt and choker) to the

upper guide tube utilizing two of the screw holes.

f. Position the overhead-crane hook over the top of
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the drive asembly at a height suitable for.

attaching the cable being used.

g. Detach the drive assembly from its hold-down arm.

(During this step, the drive assembly and any

other drive assemblies fastened to the hold-down

arm must be held in place manually.)

h. Station a man at the overhead crane breaker box.

(This step is required during all times when the

crane hook is to be raised or lowered with poten

tially highly radioactive components attached to

the hook , )

L, Manually lift the shim-rod assembly until it is

free of, and on top of, the grid plate.

J. Place the loose end of the lifting cable over the

crane hook.

k. Raise the crane hook until the choker is no

longer slack.

1. Move the assembly with the crane and with manual

guidance to the vicinity of the special storage

rack on the east wall of the pool.

m. Disconnect the hracket (mark location of bracket

before disconnecting) for the seat-swItch-actuator

rod and disconnect the cable-rod assembly from the

upper portion of the guide tube. Roll the cable

into a neat coil for ease of handling as the

assembly is raised in the next step.

n. With Health Physics survei1.1ance~ place the assem

bly into the special storage position in the work

platform.
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o. Unscrew the flange-retaining screws, and remove

the upper guide tube to storage.

p. \-lith the special magnet and power supply, remove

the poison rod from the control-rod element and

the lower guide tube. Attach the poison rod to

the poison-rod tool. [If the control-rod-drive

assembly was removed for physical checks of the

poison rod, these checks can be accomplished

without proceeding further with this specific

procedure (complete appropriate section of Sec

tion 4.6.5); otherwise. continue to the next step

for the replacement of a seat switch mechanical

linkage and/or replacement of a shim-rod fuel

element.]

q. Install a large hose clamp near the top of the

Lover guide tube to secure the seat-switch mecha

nical linkage.

r. Harking down through the lower guide tube, unscrew

the control-rod-element retaining scr ews , The

lower guide tube may then be removed from the

control-rod element. (Now, the remaining two pos

sible objectives, replacement of the seat switch

mechanical linkage or replacement of the control

rod fuel element, may be accomplished.)

2. Assembly __~~d :tnsertion of a dri~_~__~':l_~~<:..mbly. This

procedure is, in all general details, the reverse of

the procedure for removal and disassembly of a

control-rod drive assembly.
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4.6.6. Inspection of shim-rod drive, shim rod, guide tube, and seat

switch assemblies

Shim-rod drive assemblies and component parts will be

routinely inspected periodically as outlined in Example 4.2 in

the "BSR Operating Manual." The same inspection procedure is

to be used following any maintenance or changes on the assem

blies. Upon completion of an inspection. the inspection forms

will be filed in the "Shim Rod Maintenance and Inspection

Notebook" located at the BSR.



Date:

BSR CHECK SHEET FOR INSPECTION OF SHIH-,ROD DRIVE, SHIM ROD,
GUIDE TUBE, AND SEAT SWITCH ASSEMBLIES

Core Position: CP ~~.~__,_, No. Shim rod,

shim-rod fuel element No.

I. Shim-Rod Drive Assembly

Initials

A. Motor number

B. Motor operation

c. Clutch switch cleaned and inspected

Remarks
--~.--~'_'_"'...~---_.........•-,-------_._---_.....,.~.

.._--- _---- •.._---------

D. Clutch switch adjustment -in.

Remarks

-~._--_._~...-~--_._.....•._--_..... -'".._.~------_...~..._---
'"'"--_._ _---_.._--._--

E. Clutch switch lead wires inspected

Remarks
~~--_._._ _---_ -_.._---

-_...._....._-------_ ....-._----------

----...._.~-_._- .._---

F. Magnet number

G. Magnet cleaned and inpsected

Remarks
--~---_._-__--~_ _._---_ ........•_---------

Example 4.2.
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II. Shim-Rod Assembly

Initials

A.

B.

Shim-rod assigned number BS- _

Visual inspection (flat and edge sides)

NOTE: Identify each side

Numbered flat side

Remarks

BS---- TOP

,---------------

-----------------------,----

Non-numbered flat side

Remarks --------

TOP

------------,------

Example 4.2. (continued) .
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Initials

c. Straight edge inspection (edge sides)---

Numbered flat side up BS-----

_.__ D. Straight edge inspection (flat: sides)

-----------~~---,---

EDGE side up

E. Dimension check (flat and edge sides)---
Flat Side

TOP

Numbered side
TOP

Location
0.875
(in. )

Oversized
Gauge
(:In. )

Gauge
Size

(in. )

Feeler
Gauge
(in. )

Size of
Shim-rod

(in. )

Bottom

Hiddle

Top

-----_.....•_._---- __.._-_.__._ _-----
+

+

+
..._..._---_._._.__._---

Remarks

------------------_..._--------------

Example 4.2. (continued) .
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Edge Side

Location

Bottom

Middle

Top

2.250
(in. )

Remarks

+

+

+

Oversized
Gauge
(in. )

Gauge
Size

(in. )

Feeler
Gauge
(in. )

Size of
Shim-rod

(in. )

...:....... F. Armature cleaned and inspected---
Remarks

III. Guide Tube and Seat Switch Assembly

A. Seat switch assembly inspection

1. Seat switch spring -in. compressed---
2. Seat switch gap -in.

Remarks ------------------------

B. Guide tube brushed and flushed---
Remarks _

Example 4.2. (continued).



IV. Installation in Core Completed

Date Completed

BSR Supervisor

I&C Engineer

Maintenance
Personnel

---_._.-._-------

Operators

-_...._..._---------

Example 4.2. (continued).
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4.7. Moving the Reactor Assembly

4.7.1. Requirements

Prior to the movement of the reactor to a new location

(i.e., a position adjacent to. or in the proximity of. any

materials, other than light water, of which the exact magn:1.tude

of the reactivity effect is unknown), a procedure will be pre

pared for removing a sufficient number of fuel elements, exper

lments, and/or other components and materials and for reloading

these in an approach-to-criticality procedure (if required).

These procedures require the approval of the reactor supervisor

or his designated representative and, in some cases, approval

of the Technical Section. The reactor may be repositioned to a

previously used configuration under the direction of a qualified

supervisor. NOTE: The reactor must be in a shutdown state

prior to any repositioning (see Fig. 4.19 for details of the

reactor bridge).

4.7.2. Operational procedures

1. Check the following:

a. Proximity of the reactor to other fueled materials.

b. The condition of all experiments, in particular

any connections between the reactor and experi

ments other than those which are designed to be

moved as a consequence of movement of the reactor.

c. The mechanical "stops" on the bridge for possible

damage.

2. If the reactor is being moved to a position different

from any previously occupied, then the count-rate
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Fig. 4.19. Isometric drawing of the BSR.
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instrumentation should be watched throughout the

operation. This may be accomplished by observation

from the local panel, by use of the TV monitors at

the remote panel, or by audible means if available.

The person assigned to the job of observing the count

rate instrumentation would, of course, notify the

personnel moving the reactor of any observed change

in counting rate.

3. Loosen all the bolts on the swivel flange for the

exit water line. (TIlis step is not necessary if the

required movement is only in the east-west direction

and is less than 3-ft.)

4. Loosen the two securing bolts on each side of the

bridge (use the T-handle tool located on the bridge).

5. Unlock and remove the lock on the bridge-gear controls

(located at the west end of the bridge) and lock on

the carriage-gear controls (located at the east side

of the carriage).

6. To move the reactor in the north-south direction,

rotate the handle on the west siqe of the bridge as

needed.

7. To move the reactor in the east-west direction, place

the wheel-handle tool on the gear pin at the east

side of the carriage and rotate the handle as needed.

8. As the reactor is repositioned, the flexible piping

should be moved as needed to avoid damage to the pip

ing.

9. After the reactor has been repositioned, attach the

locks and secure the gear controls.

10. Tighten the securing bolts on both sides of the

bridge.

11. Tighten the bolts on the swivel flange.
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4.8.1. Introduction

The records that are maintained on fuel units (fuel ele-

ments or control-rod elements) are as follows:

1. Fuel-ac.countability ledger books are maintained with

individual fuel-unit ledger sheets filed in sectioos

according to unit location, i.e., core, vault, or

pool. These sheets contain the past and current

inventory of total uraniwn, 235U, and 236U• Each

section of the ledger has a master control sheet

showing the total inventory of uranium and 235U in

that location.

2. A fuel-inventory card file is also maintained. A

card for each fuel unit shows the past and current

235U inventory and is filed in sections according to

location, i.e., pool or core (Example 4.3). These

two sections are divided into subsections according

to the 235U inventory; e.g., all units containing

140 g of 235U would comprise one subsectiou.

3. Tags bearing individual unit·-identi ty number s are

kept on location-indication boards which graphically

display the core, pool storage racks, etc. (see Fig.

4.20).

4. A notebook is also maintained in the control room

containing all core configurations used in the past.

(The standard form is shown in Example 4,4.) The

most recent form is to be checked for possible changes

and for conformity with the identification tags on the

board at poolside prior to starting up the reactor.
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ORNL-PHOTO 93846

Fig. 4.20. BSR core configuration board.
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FUEL RECORD

REMARKSDATE

UCN-7453
13 4-88)

_____+----_----~ ~==__..__==__T_==__=~=A=+=E=.:.:=. 'is;, ..-- ... -- _._. _

------+---- ------------_._---

-------.--- ---f-------+--

-+---------- -------

----+------- --------_.-----

--_._-

--

----------------+------+---------- ------ I

--------------------_.----_...

I----=1-------+------ ----------
~_----I----

Example 4.3.



:~
"\

nooo
A E

BSR CORE

+:
!

\J1
\0

IN. W;THDRAWNROD NO,

UPC:F"TING '¥lASS

ROD POSiTIONS AT CRITICAL
(With Operating Mass;

C)I.": '0:. s s ;,i::- .,.::: T· .~.: T,

LQAi)INC

----_._----,

r»

6968

76

: 86

24

14

,65
'----r-~-~_____"'t

SA
---..---------

9

o c 1"-;;5 "4
13 -:'-18)

Example 4.4.
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5. Fuel transfer memos, Example 4.5, are used whenever

fuel elements are moved from one location to another

in the reactor pool.

4.8.2. Respollsibility a~~_._proc':..dure.J9..r:...~aintaining .fec?rds

Accountability records are maintained by t.he BSR sub-

balance area representative under the supervision of the

balance area representative for code 20, the balance area for

the Reactor Operations Section, Operations Division (the ORNL

Accountability Office is code 1).

Accountability records are maintai.ned in t.he following

manner:

L At the end of each month, the current inventories of

uranium and 235U are compiled and reported to the

balance area representative, who, in turn, f orwar-d s

this information to the ORNL Accountability Office

[forms UCN-2676 (Example 4.6) and UCN-3683 (Example

4.7)] in triplicate.

2. For transfers between balance areas or sub-balance

areas, form UCN-2681 (Example 4.8), in triplicate, is

us e d , (An exception to this procedure is that this

form is required for transfers from the ORR vault to

the BSR pool or core, even though all three locations

are in the same sub-balance area.)

3. For transfers within the BSR sub-balance area, form

UCN-1909A (Example !{. 5) is used. The form is filled

out by the shift engineer in charge of the actual

transfer and is sent to the sub-balance area repre

sentative. Information required for each unit trans-

fer is:
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····1'.--' :1";'·,

I TY"'c Ulil'Co .L_:'Jo. ul'J!r~s-TI---;F~,,~,.~c,,~v:cc:F_LI_II------------
._~-+ ._-.. ._--+..-- _--t I

_m___1m__mm! .• m= .•..Jm~===~;=-=---
......._ _J......... ......L

____.. __. I ----- .

I =--_·t·_···········_--+· ··_··············~-_·_··--f···········_--_· __······_·.._ __ .

-··r-_...·h h • i ·_.h""''''_hhm_.__•••

....+_ L _._-_ .

I

..·-1

l
I

.J.

Example 4.5.



MATERIAL BALANCE AREA REPRESENTATIVE

INVENTORIED BY

MONTHLY INVENTORY WORK SHEET fOR
b I MATERIAL BALANCE AREA CODE

c : DATE INVENTORIEO

a

d I CONTROL AREA

e I REPORTING UNITS

h I if ;, kITEM NO. CHEM. TAMPER 1 CONT NO
OR ?HY .' .

3ATCH NO. FORM: SEAL NO.

GROSS

WT.

m n 01 p, 0 I rNET ISOTOPE MEAS. SPECIFIC
5S NET WT. ASSAY METHOD i..OCATIONWT. WT.

CODE \ OF MATERIAL

REMARKS

-+------+-----+-

i I
_._--+-----\- I ------------1- I I

i I I I I

i 1 i

i, I I i \ \ I I I I i

1

i

+:

0'
N

OlSTR1 BUTION:

WHITE· Accoun rabuttv Office

CANARY. MBA Representative

BLUE Originator

MEASUREMENT METHOD CODES:

A • Ptece or container count; B - Wtilghed value;

C Supported by analytical measurements; 0 - Chock

Security Seal; E NDA EQuipment; F - Other _

Example 4.6.

ISIGNED

i
UCN-2676

13 3 79;
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CONSOLIDATED MONTHLY INVENTORY

FOR MATERIAL BALANCE AREA . __.. ........_ ASOF.
...._..

INV[NiOH Y PER MBA
INVENTORY coNTrOL INVEN1"ORY DIFFERF.::NCr::.S

(PER ~'\CCT, '=:tF;:ICI::I {+) ?UJS (·1 r~r.GATIVE

I II)

- -

MATERIAL

B Book S5 ae-r lSOTOP[ ::;5 NET ISOrOpf. 55 NET ISOTOPE

P Phys
---- . .....

DEPLETED URANIUM
-------- --- . ...

ENRICHED URANIUM , '--

<20% U235
-_. --

-> 20% U-235
- ----- ....

PLUTDNIUM-242
- - -- ,.._- ---- ._-

AMERICIUM ·2,11
-- +

AMERICIUM ·243 ._-------" - --------- --

CURIUM
------_ .. - --- - _.

BERKELIUM

CALlFOIlNIUM

PLUTONIUM
~_.-... ~-

L1THIUM·6 _.

URANIUM-233

NORMAL URANIUM
- _________ ••••••__.m_

NEPTUNIUM·237
---_.. ---

PLUTONIUM·238
---- ...._-. ... --- ..

OEUTERIUM·GAS
----_ .. -----0. ___ - --- ---

HtAVY WAI EH
----.J -

--- -.'

tUM

1-

EXPLANf-\TION OF DIFFff"lFNCf:S (PER Acel's. ':)fFICE)

DISTRIBUTION:
WHITE
CANARY

UCN.3683
13 :1-791

ACCOUNTABILITY OFFICE
MBA REPRESENTA nVE

Example 4.7.



EXPLANAT:DN 0' DIFFERENCES:
:PER ~BA}

I. Are all containers properly labeled as to: (a) Material type? YES ~O =-J (b) Drum, hex. nottta. or container number? YES r--; NO

(c) Gruss. tare, and nat weig:1ts? YES '~NO (c) SS net "eight and U233 or [;235'/ YES n NO {el Anaiy:icai data expressed in gig or rng/rnl? YESJ NO

(f) Date anatvzec ant; anaivtical date report number? YES (1 Nor"',

If any ol the above are Nu, explain Why _

2. Are laboratory reports and weighing data on file to SUPP0rt maasvrernant data ret-acted in The inventory method on reverse side and also in item "I above? YES J :'JO

Can items in Inventory be traced tnruuqh the records to this material balance report? YES~; NO' if NO, wnyf _

4. Does each individual possessmqSS materials havean iremized listing of ail materials in his possession? Y::S NO

.j::

!
()\

.c-

--_._--_._~-_.- ---~--".

Qesmbe exact methoc of Inventory if measurements other than analvsrs. wel~h~, or volume measurements were used. Explain why more prectse metbous were not used: ~ _

6. On Irradiated materials which may not be amenable to measurements, are up to date records or rnaterial quantities, container or bin number and storage facility layouts available? YES NO Ii Nfl.whv?

When wiil these materials be measured?

(SIgnature Reouiredt
INVENTORIED BY---------c---

INVENTORY ATTESTED:

(Signature of Supervisor Required)

Example 4.7. (continued).



':~~

.1:.'
I
0\
V1

2 1TRANSAC TION NO .

:~
• ; TRANSACTION TYP£:OATr::

1

ORNL NUCLEAR MATERIAlS INTRA·LABORATORY TRANSFER
...- -- - --_._----~.

"'BA ro","ou."" ,
MeA REPH. 5IG:-fATURE S NM MGMT. AUTHORIZ£.D s PURPOSf: Of Tf'tANSFER

I
FROM

!

: NM MGMT'. REVIEwED
I

TO I

I
i !, ,

'"I " " ra " ,
GROSS 1S[ "i " ": "iTEM !\iuM6EA

M!T I OWNER ?tECE COUNTRY 1 MATL cLUv;EN1 W"f.% :SOTOPc.:
LINE PROJECT NO. C!? CODE NO. OF ORIGiN! WT. (lbs.) ! NET 'NT. WEIGi-lT ISOTOPE WE-IGH7

FROM TO ! ! i

1 I I
I !

!
i it

2 I I: i i

3 : ! I J I !
4 i I
5 ! l i: ,

LINE i
ao i " "': Zl: :'.A! " ! ae

i "! ~. I "LIMITS OF E A ROB i DATE EXP.

I lie I
MEASuREMENT ! ANALY. ASSAY TAMPER

WPAS NO, TO RETURN SiC REPORT NO. REPOt-lT NO. SEAL :'\iO.
CONT. NO.

ELEMENT iSOTOPE DATE METH

1- !1 i i ! i:
~-

:2 i I ! j !
3 ! j
4 I i
5 i I I

PERTINENT COMMENTS 3U

LINE

1

±JI-------------
D1STR1BUTION: White - Accountectlltv Office

Canary ... Roceiver

Blue - Shipoer
UCN-2681
(3 3-7~)

Example 4.8.



a. Source - former location of unit.

b. Unit number - fuel-element, shim-rod, or fission~

chamber identity number.

c. Receiver - new location.

d. Remarks - additional Lnf orma t Lon as may be

requested such as condition of element, radia

tion level external to shipping casks, etc.

1+.8.3. Procedure f9_J:_._~_,:lculat i ng con.sumptio~...o.L._~r aniurn

Normally, 235U consumption by neutron absorption is not

considered for small items, e.g., fission chambers, foils,

etc. In fuel elements and control elements, the consumption

of 235U by neutron absorption is calculated due both to

fission (burnup) and neutron capture (236U formation).

Following any partial or complete reloading of the reac

tor, the number of kWh accumulated during the preceding period

of reactor operations is obtained from the BSR log book. With

this information, the number of grams of 235U consumed may be

computed as follows:

Grams 235U fissioned (kWh/24) x 1.07 g 235U/lOOO kWh-day

Since the consumption of 238U and 236U is negligible in BSR

fuel elements, the consumption of 235U due to fission is equal

to total loss of uranium.

Next, the fraction of the total uranium consumption

(burnup) is calculated for the individual element. This frac

tion is called the burnup factor (BF) and is defined as:

BF
Average flux in fuel unit

Average flux in core

235U in fuel unit

235U in core
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Following this, the burnup factors are multiplied by the pre

viously calculated burnup to determine the burnup per element

during the previous operating period. The current burnup is

then subtracted from the uranium content of the element at the

start of the operating period to obtain the current uranium

content. A new total burnup is computed by adding the current

burnup to the previous total burnups.

To calculate the current production of 236U, the current

burnup 1s used in the following formula:

Grams 236U produced = (0.183 g 236u/ g burnup) x grams burnup

The number thus obtained plus the current burnup is subtracted

from the 235U content of the element at the start of the oper

ating period to qbtain the current 235U content. To obtain

the new total 236U production, the new total burnup is used in

the above equation.

To calculate the burnup of the individual fuel elements

by hand is time consuming; therefore, the Laboratory's Compu

ting Center is utilized for calculating the burnup. The

necessary information is entered on form UCN-1474l (Example

4.9). The printout sheet from the computing center is usa11y

returned within the same day to the sub-balance area represen

tative.

The current burnup, new total burnup, uranium content,

235U content, and 236U production are recorded in the ledger

book.

It should be noted that numerous checks must be made by

the sub-balance area representative to prevent c\mulative-type

errors.
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5 • EXPERIMENTS

5.1. Introduction

Although the BSR was originally built to study radiation sh:teld

lng, its high degree of accessibility makes it ideal for performanee

of a wide variety of experiments. The experiment facilities currently

In use are described briefly in the following sections. The shift

supervisors and operators should become familiar with the services

required by each experiment.

An experiment is defined as an irradiation for the production of

data. A target or sample, by contrast, is a quantity of an element or

compound usually very carefully prepared, which will be irradiated to

produce a transmutation.



5.2. Experlment Facilities

5.2.1. Thermal-neutron-irradiation facility (East D20 tank)

1. References

a. Drawings:

SSD-D-1562-4A, NTU!BSR Irradiation Facility

Assembly

b. Reports:

C. E. Klabunde and B. C. Kelley, "Irradiation

Facilities in the Oak Ridge National Laboratory

Bulk Shielding Reac t or"; If.lternational Symposium

on Deve~.?p"~~':.~~s in Irradiation Capsule 'I'e chno Lr

ogy:.peld at Plea~.?_f.lt:(ln, Califor.f!:~.~L May 3-5,

1966, TID···4500 (CONF-660511), paper 8.7 (March

1967)

w. H. Tabor, "A D
2

0 Tank as an Irradiation Facil···

ity at the BSR," .£.?'."':X!,rence on ...!<:.~.~~.~.?r Opera

tions E~P'~.~!:.~}llCe, Oc~..~.....~:]~! 1969 , ...~~.~~_~yr

Operations Division American Nuclear Society

Transactions.

2. Purpose. The purpose of this fac.ility is to provide

readily available space for irradiating mate-ci.al in a

'.rell-thermalized neutron flux.

3. Brief description. Figure 5.1 shows the facility as

installed on the east side of the BSR. Figure 5.2

. and Table 5.1 illustrate the important dimensions of

the facility. Typical neutron flux data are given

in Table 5.2. The facility has sample tubes with

diameters of 3, 4 j

-1 ,. •anu IJ lll. Two sample tubes are
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ORNL-PHOTO 0559-82

Fig. 5.1. Thermal neutron irradiation facility.
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Table 5.1. Distance from the bottom of the East DZO

tank sample tubes to the reactor horizontal centerline.

Tube number Distance (in.)

D4-1 11

D4-2 11

D3-1 11

D3-2 31

D6-1 31

D6-Z 31

D6-3 31

D6-4 31

D6-5 31



Table 5.2. Neutron-flux and gamma data

measured in certain BSR irradiation facilities at 2 MW

Facility or sample
tube position

Liquid helium cryostat

Core-position-lS tube

Fast
neutron flux*

2 x lOll (5)

L 7 x 1012 (N)

Thermal
neutron flux

1.5 x 1012

1.3 x 1013

Gamma heat
(watts/g)

0.099

0.2

D4-1, D4-2

D3-l

D3-2

D6-1, D6-Z

Thermal Neutron Irradiation Facility (DZO Tank)
V1
I

Q'I

1.3 x 1012 8.9 x 10 12

1.2 x lOll 9.9 x 1012

2.3 x 10 9 1 x 10 12

1 x 10 9 8.1 x 1011

*Fast neutron detectors - (S) Sulfur and (N) Nickel
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dry tubes D3-1 and D3-2, and the remainlng tubes are

wet tubes because the top of each tube is open to the

pool. The upper portlons of the dry sample tubes are

offset from the bottom portlons of the tubes to elimi

nate direct radiation beams ft"om the reactor. Tubes

D4-1, D4-2, and D3-1 extend down only to the top of

the grid plate and the remaining tubes extend approxi

mately 20-in. below the top of the grid plate and the

bottom of the facility.

The walls of the facility tank are constructed

of liZ-in. thick 6061--T6 aluminum. The facility tank

is 30-in. wide, 45-in. long, and 32-1n. high. The

tank is positioned by two footpieces on its west end

which fit into a bracket fastened to the east edge of

the reactor grid plate; the tank is supported by t,<10

steel cables which are fastened to a rolling support

mechanism which is, in turn, supported by the reactor

bridge. The support mechanism 15 attached to the

reactor carrtage,and movement of the latter \<1111

cause an equal movement of the former; thus, the tank

is repositioned with the reactor.

The '<Tes t waLl. of the tank is about 1I 4-in. ens t

of the nearest edges of the reactor fuel elements.

Reactiv1ty measurements indicate that complete removal

of the tank would cause a change in reactivity of

-0.75% !'ok/k.
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4. Routine checks. A 1/2-in. alumInum tube extends from

the top of the tank between sample tubes D6-l and

D6-2 to above the pool water surface. A plastic tube

attached to this liZ-in. tube enters the top and

extends to the bottom of a heavy-walled polyethylene

bottle which conta:l.ns D20. This polyethylene bottle,

which provides an expansion volume for the tank is

located just cas!: of the east working platform. As

depicted in Fig. 5.3, an off-gas hood containing a

drierite-filled bottle is connected to the top of the

polyethylene bottle.

Once per shift, the level in the bottle ~,nll be

visually checked to determine that Lt is neither too

Low nor too high. Once per week the condition of the

drierite is checked.

5. Instrumentation. Although instrumented samples may

at t Lme s be installed in this facility, no instrumen

tation is associated with the facility itself.

6. Installation and removal p!:.~.~.:::.dures. ThLs facility

is intended to be a permanently installed feature of

the reactor. Installation or removal of this facil

ity constitutes a major operation and causes a signi···

ficant change in reactivity; therefore. a special

procedure would have to be written. TIlis procedure

would require review and approval as described in

Section 4.5.
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1. References

a. Drawings:

H 20310 KJ 009, Low Temperature Experiment - D20

Box

M 20310 EJ 010, Low Temperature Experiment - D20
Detail Sheet 1

M 20310 EJ all, Low Temperature Experiment ... D20
Detail Sheet 2

M 20310 EJ 012, Low Temperature Experiment - D20
Detail Sheet 3

M 20310 EJ 013, Low Temperature Experiment - D20
Detail Sheet II

b. Reports:

C. E. Klabunde and B. C. Kelley, "Irradiation

Facilities in the Oak Ridge National Laboratory

Bulk Shielding Reactor", International Symposium

o~...'p_~~}opments ...~.~. Irradiati?_~ ...~_:;t_JZsule Te~~~?_~

ogy, Held at Pleasonton, California, lfuy 3-5,

1966, T1D-4500 (CONF-660511), paper 8.7 (March

1967)

2. Purpose. The purpose of this facility is to provide

a thermalized neutron current at the west face of this

tank. The tank was originally designed and installed

for use in conjunction with the liquid-helium cryo

stat [Low-Temperature Irradiation Facility (LT1F).]
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3. Brief description. The tank was originally installed

on the reactor grid plate; the facility covered the

32 westernmost grid positions. The tank is 25-1n.

wide and 11 l5/16-1n. deep. The height of the tank

varies from 20 1/4-1n. at the southeast corner to

28 1/4-in. Rt the northwest corner. Five of the six

aluminum walls of the tank are 3/8-in. thick; the

west wall is 5/16-in. thick. Therefore, the tank

interposes a 11 3/8-in. slab of D20 between the reac

tor core and any associated experiment located adja

cent to the west wall of the tank.

The base plate is equipped with two foot pieces

which are almost identical to fuel element end boxes;

when used on the grid plate, these foot pieces posi

tIon the base plate in the reactor grid plate. In

addition, the base plate contains holes which line up

with the dowel pin associated with each reactor grid

plate position. Between the base plate and the tank

is a slide-plate with sliding ways and a screw

adjustment. This arrangement allows the tank posi

tion to be adjusted in the east-west direction using

a special tooL This adjustment allowed the water

gap (between the tank and the edges of the concave

sides of the adjacent fuel elements) to be changed

over a range from essentially zero to 1.135-in.

Changing the water gap changes the cadmium ratio of

the neutron current which emerges from the west wall

of the tank. Reactivity measurements indicate that,



5-12

with the tank initially closest to the core, complete

removal wou Ld cause a change of .~L 85/~ Lk/k; TNith the

tank initially at midposition, complete removal would

cause a change of -0.96% 6k/k; and, with the tank

initially at the farthest position, complete removal

W01.lld result in a change of --0.1+7% 6k/k. Movement of

this tank relative to the reactor core was not pe r-:

mitted duriug reactor operation.

Presently, the tank is mounted on a stand, thereby

giving the capability of using the tank between the

core (which is located at the west grid position) and

the liquid helium cryostat or placing the tank in

pool storage ~lich is just northwest of the liquid

helium cryostat.

4. Routine checks. A l/2-in. schedule-40, aluminum pipe

extends from the southeast corner of the top of the

tank to above the pool water surface. A plastic tube

attached to this 1/2-in. pipe enters the top and

extends to the bottom of a heavy-walled polyethylene

bottle whl ch contains D20. This polyethylene bottle,

~.rhieh provides an expansion volume for the tank, is

located just west of the LTIF '.;rorklng platform Ln an

aluminum holder attached to the west pool wall. This

facility is checked on an as-needed basis, depending

on the use of the LTI~.

5. Instrumentation. No instrumentation is associated

with this facility.

6. Installation an~_.E.~moval pro,::_~durt~". This facility

was intended to be a permanently installed feature of

the reactor. Installation or removal of the facility
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constitutes a major operation and causes a significant

change in reactivity; therefore, a special procedure

would have to be written eac.h time that tank is installed

orr'emoved. This procedure would require review and

approval as described in Section 4.5.

5.2.3. Liquid-helium cryostat

1. References

a. Drawings:

Q-2853-1, Low Temperature Irradiation Facility

Joule-Thomson Valve Safety - Front

and Rear of Panelboard and Location

Q-2853-2, Low Temper'ature Irradiation Facility

Joule-Thomson Valve Safety - Panel

Layout, Cutout and Detail

P-2853-3, Low Temperature Irradiation Facility

Joule-Thomson Valve Safety - Electri

cal Schematic and Wiring Diagrams

b. Reports:

c. E. Klabunde and B. C. Kelley, "Irradiation

Facilities in the Oak Ridge National Laboratory

Bulk Shielding Reactor", International Symposium

on Developments in Irradiation Capsule Technol

ogy, Held at Pleasonton, California, May 3-5,

1966, TI0-4500 (CONF-660511), paper 8.7 (March

1967)

2. Purpose. The purpose of this facility is to provide

the capability for irradiating materials in a well

thermalized neutron flux at liquid helium temperature.
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(Liquid helium temperatures are necessary to immobi

lize crystal lattice imperfections [damage] induced

in pure metals by reactor irradiation. Reactor fluxes

induce damage in metals not only by fast neutron col-

lisions, but also by recoils from the [S, y] reaction

upon capture of thermal neutrons. Since the latter

mechanism produces a relatively simple damage config

uration, it can be a valuable basic research tool if

properly isolated from fast-neutron damage.)

3. E~s~riptio~. The in-pool portion of this facility is

located in the southwest corner of the reactor pool.

Figure 5.4 depicts this facility with the reactor

positioned against it as viewed from the south. The

sample chamber is a l-in.-diam, 8-in.~long section at

the bottom of an l8-ft. tube. The chamber walls are

cooled by the liquid helium circulating in a closed

cycle refrigeration system. The sample chamber and

associated refrigerant-transfer lines and vacuum

jacketing are housed in a 6-in.-diam pipe which is

surrounded by a heavy~water~filled tank at the eleva

tion of the reactor core. Fast and thermal neutron

fluxes are given in Table 5.2. (For a description

of the out-of-pool portion of this facility, see the

referenced report.)

Reactivity measurements indicate that moving the

reactor so that the west DZO tank is against this

facility has no measurable effect. The reactivity

effect of this faciUty is of importance when the

west DZO tank has been removed from the core and the
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core shifted west four grId positions. In thIs con

figuration, the movement of the core against this

facility causes a reactivity change of +1.45% 6k/k.

4. Routine checks. Reaetor Operations Section personnel

have not been requested to make routine checks of

this facility except for the shift walk-through

checks.

5. Instrumentation. Although the liquid-helium cryostat

facility has elaborate instrumentation (primarily

temperature-monitoring instrumentation), only two

instrumentation systems are of concern to the Reactor

Operations Section personnel. These systems are the

boron thermopile, whf.ch is inserted in one of the

tank-access tubes and which monitors the neutron flux

(thermal range), and the Joule-Thomson (J.T.) valve

temperature monitor, which uses ca r bon-rre s Ls t ance

thermometers to measure the temperature of the liquid

helium jus t upstream from the Joule-Thomson f Low

control valve. (This valve controls the flow of

liquid helium through the coils surrounding the walls

of the sample chamber.)

The boron thermopile is of concern since it is

an accurate indicator of neutron flux leakage to the

facility. This parameter is an indicator of reactor

power level and: in particular, determines the length

of an irradiation at a desired exposure rate.

The J.T. valve temperature is of primary concern

since this parameter is used to initiate action by
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the reactor control (or protection) system. If the

E-panel switch (switeh No. 1) is :l.n the NORMAL posi

tion, the J.T. temperature-monitoring instrumentation

will initiate an alarm if the temperature inc.reases

to 3.9°K (-269.2S DC) and will initiate a setback if

the temperature increases to 4.5°K (-268.65 DC). In

this case, the E-panel switch tie-in is provIded for

the protection of experiment data; therefore. the

switch for this experiment 1s usually placed in the

NORMAL position durIng reactor operation only at the

request of the experimenter.

This situation is unusual when compared wIth

experiments installed in other reactors operated by

the Reactor Operations Section. More unusual.

however, is the fact that, if the reactor is not being

operated for some other experiment and even if the

reactor is not positioned against the liquid he l.Lum

cryostat, the E-panel switch may be left in the NORMAL

position. This situation may occur during the post

irr.adiation period when continued low--temperature

exposure of the sample :1.8 required. Normally. during

this period, the Laboratory Patrol, which 18 a func

tion of the Laboratory Facilities Section of the

Operations Division, checks the experiment laboratory

every four hours and monitors certain alarms from the

laboratory. These alarms may be relayed to the Waste

Monitoring Control Center, Building 3105, by opera

tion of a switch in the experiment laboratory.
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Installation and removal procedures. The in-pool

portion of the LTIF is rather permanently installed 1n

the southwest corner of the reactor pool. Samples to

be irradiated are installed and removed (using standard

procedures for handling radioactive materials) from this

facility while the reactor is -either shutdown. or \<rhile

the reactor is located away frum the cryostat.

The procedure for installing the facility adja

cent to the reactor. therefore, involves decreasing

the relative distance between the reactor and the

facility. Positioning the reactor against the faci

lity primarily involves following instructions given

in Section 4.7. After the final north-south reposi

tioning of the reactor bridge, the reactor carriage

is moved west until the reactor core is in contact

wIth the facility. The west 1)20 tank presently

mounted on a stand may become part of the facility by

positioning the tank to the east side of the Cryostat

Housing DZO Tank. The reactor carriage is then per

mitted to seek its final position and may move east

ward slightly.

The removal procedure requires only that the

reactor carriage be moved until the facility and the

reactor core are separated by a minimum of 3-ft (see

Section 4.7.).

Since the reactor carriage must be moved to

change the relative position of the reactor and the

facility, such changes are prohibited when the reac

tor is operating even though no reactivity effects

result.
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5.2.4. North-face facility

1. References

a. Drawings: Figure 5.5

b. Reports: None

2. Purpose. The purpose of this facility is to provide

readily available space for irradiating relatively

large cpasules on the north face of the reactor. In

addition, this facility maintains the capsules at a

constant and reproducible position.

3. Brief description. This facility is a 3 1/2-ln.-OD

aluminum tube with O.0625-in.-thick wallsQ TIle tube,

when installed, extends from the elevation of the

reactor grid plate to above the pool water surface

(see Fig. 5.S). At the bottom of this tube is a

base plate with foot pieces which fit into the holes

in the bracket attached to the north side of the

reactor grid plate. Three rows of 1/Z-in.-diam holes

(on 6-in. centers along the entire length of this
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tube) allow cooling by natural convection of the pool

water. When installed at the north face of the reac

tort an arm attached to the top of the tube is

clamped to one of the hold-down arms.

The removal procedure for the facility is essen

tially the reverse of the installation procedure.

5.2.5. Core-position-IS facility

1. References

a. Drawings: None

b. Reports: None

2. Purpose. Core position 15 normally contains only a

grid-plate plug. A simple irradiation facility was

constructed which could be installed in this core

position. When installed, this facility does not

prevent ,installation or use of any of the more com

monly used facilities; therefore t it is convenient

for irradiation of low priority samples requiring

relatively long exposure time.

3. Brief description. This facility 1s a 3-in.-OD alu

minum tube with O.0625-in.-thick walls. The tube t

when installed, extends from the elevation of the

reactor grid pla~e to above the pool water surface.

A spare grid-plate plug is welded to the bottom of

the tube and serves as a footpiece; four r.ows of

1!2-in.-diam holes (on 7-in. centers along the entire

21-ft length of the tube) allow cooling by natural

convection of the pool water. (The length given is

from the top of the tube to the top of the footpiece.)
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When installed in the reactor, a bracket attached to

the top of the tube is clamped to one of the rod-drive

support arms.

Measurements indicate that the reactivity effect

of the tube alone is negligible. Samples installed

in the tube, however, might have an appreciable reac

tivity effect and generally will require that a

measurement be made.

4. Routine checks. Routine checks of this facility are

not required except for the shift walk-through

checks during periods when this facility is installed

against the reactor.

5. Instrumentation. No instrumentation is associated

with this facility.

6. Installation and removal procedures. Before installa

tion of this facility, the grid-plate plug must be

removed from CP-l5 and stored on the pool floor. The

facility should then be lifted by hand from its pool

side storage position by an operator standing on the

instrument bridge. The instrument bridge should be

moved south until the facility foatpiece can be

inserted into CP·-lS. The arm at the top of the tube

can then be clamped to the support arm.

The removal procedure for this facility is

essentially the reverse of the installation procedure.
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5.2.6. Modified CP-15 facility

1. References

a. Drawings:

SSD D 1513 E

b. Reports:

Letter from R. R. Coltman to R. C. Weir, dated

November 4, 1969, Subject - "The Hodified CP-15

facility."

2. ~t:;.. The modified CP-15 facility provides an 1n

core location for radiation damage studies at near

ambient temperatures with some cooU.ng provided by

heat exchange with the pool water. The modified

facility, as shown in Fig. 5.6, is equipped with an

enclosed blower to circulate the coolant gas (usually

helium) thus increasing the heat removal capacity as

compared with a thermal convection cooling cycle.

Samples must be non-fissile and non-contaminating.

3. Brief description. The modified CP-15 facility is

essentially a hollow aluminum core insert fitted with

an access tube which extends above the surface of the

pool water. The access tube terminates at the top in

a rather large cylindrical chamber which serves as a

junction box for thermocouple and electrical leads

and as a container for a small blower used to recir

culate the coolant gases. A smaller central tube

extends from the very top of the assembly to near the

bottom. The central tube serves as sample holder and

as the inlet gas line when forced cooling is required.

Tests indicate that the installation of this facility

(replacing water) causes a loss of reactivity of

0.18% Lk/k.
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4. Routine checks. The pressure of coolant should be

checked once each shift, and any changes from the

posted normal should be reported to the experimenter

and to the reactor supervisor.

5. Instrumentation. The chamber. at the top of the faci

lity is equLpped with a pre s s ur'e gauge which indicates

the pressure of the coolant gas. A thermocouple con

nector was also butlt into the chamber to permit tem

perature measurements when the experlmenter requires

them.

6. Installation and. removal nrocedures._______ ,~_••oo~~~ _ Prior to

installation of the facility, the experimenter 1.o7i11

have placed the sample to be irradiated in the faet--

lily and will have established the proper gas mix~

ture inside t.he assembly. The modified CP-15

facility may be installed or removed only when the

reactor is shutdown. The facility usually can be

installed manually ~ i. e. j the c-rane or other mechanl-:

cal lifting device is ~o..~:_ necded , After the core

insert is seated in the grid, the top of the facility

is secured by clamping it to the CI'-15 support bracket

wh Lch , in turn, is supported from the upper reactor

structure. It is usually easier to raise the experi

ment above the core and then lower it into the lat-

tice from a position directly above CP-15. It is

possible, however, and sometimes easier) to install

the facility from the north side of the reactor) with

only mt.nor vertical movement; after centering it above

post t Lon CP-15.
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After the facility is installed in the reactor,

it will usually be necessary to:

a. energize the recirculating blower and determine

that it is running, and

b. determine that the exit line from the pr.e s s u r e

rupture discs is connected to the NOG and that

the NOG valve is open.

Experiment removal is accomplished by reversing

the installation procedure. The facility is replaced

by a grid-plate aluminum plug

Miscellaneous facilities

Because the north face of the reactor is readily acces-

sible, capsules containing materials to be irradiated can be

placed adjacent to this face of the core. If their effect on

the reaetivity of the reactor is immeasurably 10lf1. such sam

ples may be suspended from the reactor bridge by metal wire.

If their reactivity effect can be measured, some method of

preventing such samples from moving must be provided.

A mobile catwal~ bridge is available (refer to Section

11.5 for details).

The instrument bridge may also be used to accommodate

various experiment installations. This bridge may be moved

north or south by a gear arrangement similar to that provided

on the reactor bridge. (A qualified supervisor must be pre-

sent during movement of the instrument bridge.)
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5.3. Experiment Instrumentation

The "instruments used by experimenter8~ particularly those related

to the reactor control circuits, are carefully chosen for reliability

and performance. As noted in Section 1, "Introduction," the safety of

the reactor and its personnel is as dependent upon the experiment

instrumentation as it is upon the reactor instrumentation. For this

reason, all experiment variables which are considered safety problems

are dually monitored and doubly tracked. For example, in the case of

a temperature variable (measured with thermocouples) having safety

implications, two thermocouples would be supplied with a recorder for

each thermocouple; and each recorder would have one circuit to ini

tiate an alarm, one circuit for setback, one circuit for reverse, and

two circuits to scram the reactor.

Since the BSR is usually operated for only one experiment at a

time, experimenters are allowed the option of providing instrumentation

that initiates reactor power reductions to protect experiment data, i.e_,

where no safety implications are present. When data protection is the

only objective, the experimenter must decide for himself the degree of

redundancy and the method of power reduction required.
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To prevent extensive wiring changes each time an experi-

meat is inserted into, or removed from, the reac t o r flux, spc-"

cial three-position switches, or E-switches, are used to

effect the reactor "tie-in." These s'iritches are located on

vertical panel ~~:. (see Fig. 5.7) in the control room and are

key-operated. Their use is limited to the reactor supervisor

or, during shu t dovn , to instrument engineers directly in corr-:

tact with the supervisor. Each E-panel consists of a complex

of vtr t ng and relays which enables signals from the experiment

instrumentation to be converted to a specific action, i.e.,

alarm, setback, and/or scram.

5.4.1. Modes of E-Switches

The three sw:ltch positions are somewha t se Lf r-exp Lana t o r y ,

The NORM.o\L position is to be used when the expe r Lraen t is in

the reactor. In this mode, the experiment is connected to the

annunciator panel and, if applicable, to t he reactor control

circuits. An indicator light at the K-panel should be illumi··

nated indicating that power has been supplied to the E-panel.

The s~,;ri t ch is not to be turned from this mode while the exper·-'

iment is in the reactor unless special instructions are issued.

*J. T. DeLorenzo, G~_id~Jor ~~.Design oo?~_ Safety Instrumentation

for ~~'p'.eriments in the LITR an~._.o2.RR> ORNL-TM·~T7 (December 11, 1961).
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ORNL-PHOTO 92236

Fig. 5.7. E-panel switches.
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The TEST mode on the E-panel allows the experimenter to

simulate any desired condition (scram, setback, etc.) without

affecting the reactor. During tests, the feedback of infor

mation from the control room is the same as if the experiment

were connected to the reactor, except that the experimenter's

"tLe-dn" annunciator will be in the alarm condition. In the

TEST position, the control room annunciator station for the

experiment will also remain in the alarm condition. In addi

tion, the "power" indicator light at the E-panel will be

illuminated.

The DISCONNECT position completely severs the experiment

power from the E-panel. In this position, the "power" indica

tor light will not be illuminated. The "tie-in" annunciator

at the experiment control room and the experiment annunciator

station at the reactor control room will both be in the alarm

condition.

5.4.2. Experiment alarm

Contacts in recorders or other devices at the experiment

panel or apparatus serve to actuate local annunciators.

Auxililary contacts within the local annunciators open in the

event of an alarm and, in the E-panel, de-energize a relay (KI

series) to actuate the experiment annunciator in the control

room. Annunciators other than those associated wIth scrams,

reverses, or setbacks may be made to cause only local alarms

if the experiment is manned. (This may be accomplished by

bypassing the auxiliary contacts for those annunciators.)

5.4.3. Experiment setback or reverse

The signal for a setback comes from contacts (two per

instrument, one normally open and one normally closed) within
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the experiment instrumentation. The normally closed contacts

open the circuit to de-energize a relay (K2 series) in the

E-panel which, in turn, de-energizes relay K118 if the E-panel

is in the NORMAL mode. This results in a setback. The nor

mally open contacts, similarly, cause a setback by energizing

a relay (K3 series) in the E-panel which, in turn, energizes

relay K119 if the E-panel is in NORMAL. A reverse will occur

if the reactor instrumentation does not detect a negative

period <100 s (as displayed by the log-N period recorder)

within 4 s after either E-panel relay (K2 or K3 series) is

actuated.

5.4.4. Experiment scram

A scram is initiated by contacts (two per instrument, one

normally open and one normally closed) within the experiment's

recorders or oth~r devices. The normally-closed contacts open

the circuit to de-energize a relay (K4 series) in the E-panel

which, in turn, de-energizes relay Kl if the E-panel is in

NORMAL. This results in a slow scram. The normally-open

contacts, similarly, cause a slow scram by energizing a relay

(K5 series) in the E-panel which, in turn, energizes relay K2

if the E-panel is in NORMAL.

NOTE: Since power to each of the E-panels is supplied

from each of the experiment control room instrument power

supplies, loss of this power supply in an experiment will

automatically initiate a reverse and a "drop-out" scram. The

scram will normally obscure the fact that the reverse was also

initiated; however, if the scram circuit should fail, the

reverse action would provide the desired reactor shutdown.

This feature is included for all experiments even though nor

mal experiment safety action is restricted to an annunciator

alarm.
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5.5. .~ener01 Rule.~....~.?_r Review a~d Approval

Procedure for Experiments

5.5.1. Introduction

In order to discuss the review and approval procedure for

experiments, it is necessary to distinguish between repeat

experiments, near e r epea t experiments, and new experiments.

These are defined as follows~

1. Repeat experiments are those which are identical in

all respects to an experiment whleh was previously

r evLewed and approved and was subsequently irradiated

and then removed from the reactor successfully. For

an experiment to be judged as identical to a previous

experiment, the following criteria must be unchanged

from the previous irradiation:

a. Materials and internal construction, i.e., cherni..·

cal composition, physical form, and we Lght; ,

b. Containment features, i.e., type, size, and

material.

c. Irradiation facility.

d. Irradiation time.

e. Reactor power level.

2. Near-repeat experiments are those which are essen~

tially, but not exactly, identical in all respects to

an experiment whlch was previously reviewed and

approved and whLch was subsequently irradiated and

removed from the reactor successfully. Review of

near-repeat experiments is similar to review of new
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experiments; however. in certain specified ci reum~'

stances the reactor supervisor may approve the exper

iment. When approval of the Experiment Coordinator is

required, this approval may be given verbally to the

BSR supervisor.

3. New experiments are those which. in the opinion of

the Experiment Coordinator are significantly different

from any previous experiment. Written approval of the

Experiment Coordinator is required. (Des Lgn and instal

lation of a new exper Iment; facility must be approved in

the same manner as a new experiment.) When review of a

new experiment is made. the experimenter will be

requested to provide detailed information; and. depending

upon the complexity of the experiment, the ORNL Reactor

Experiment Review Committee may be asked to review it.

In such cases, the experimenter will be informed so that

appropriate documentation of the proposed experiment can.

be prepared.

Thus, each in-reactor experiment is subjected to compre

hensive reviews and hazards evaluations by the ORNL Reactor

Experiment Review Committee and/or by the Operations: Division.

In this way, an experiment is approved for operat:i.on within

safety limits applicable only to the specific experiment.

Appropriate limits are placed upon any materials, systems, or

components that may (for any credible reason) affect the reac

tor reactivity or reactor physical components in such a manner

or to such a degree that unsafe conditions could result.

S.S.2. General criteria

1. With respect to reactivity effects, experiments are con

sideredand approved as follows:
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a. An experiment is approved more or less routinely if

the maximum change in reactivity that can be caused by

the experiment is conservatively less than the total

amount of reactivity controlled hy the servo system

(less than 0.5% Dk/k).

b. Exper:l.ments having reactivity worths greater than that

in item~, above, are considered in more detail, par

ticularly if failure or malfunction of the experiments

may cause changes in these values. Considerations are

l,<iith respect to total worth, rates of change, and to

particular situations that may be associated with

these changes. Experiments are approved only if it is

found incredible that they could cause unacceptable

hazards. Review by the ORNL Reactor Experiment Review

Cornnittee is required.

c. No experiment will be approved which can cause a rapid

change in the reactor reactivity >1.6% ~k/k.

2. With respect to energy release, experiments are considered

and approved as follows:

a. Any explosive material or mixture of materials, such

as hydrogen and oxygen, to be placed in or near the

reactor will be limited to the equivalent of 1 g of

TNT (1.1 kcal).

b. The energy release which might result from the reaction

of any of the so-called reactive materials) such as

Na, Li. or K, with the reactor coolant or the experi

ment coolant by any credible mechanism shall be

limited to 100 kcal unless a monitored, double barrier

exists between the material and the coolant. Experi

ments of this type in which the potential energy

release is greater than 500 kcal will not be installed

without prior approval by the DOE.



5-35

5.6. Review, Approval, and Irradiation

of Repeat Experiments

5.6.1. Review and approval of repeat experiments

Requests for review of repeat experiments, as defined in

Section 5.5.1, are initially presented to the ESR day shift

supervisor. The BSR day shift supervisor compares the infor

mation presented in a completed "Experiment Information" sheet

(Example 5.1) with the experiment information sheet for refer-'

enced (i.e., previously approved) experiments. If the criteria

presented in Section 5.5.1 are not completely satisfled, the

request for review must be referred to the ESR supervisor;

however, if the criteria presented in Section 5.5.1 are

completely satisfied, the BSR day shift supervisor may approve

the experiment (by signing the "Experiment Information"

sheet), install the experiment, and perform the irradiation.

(If the day shift supervisor has any doubt as to the details

of the experiment or as to the interpretation of the criteria,

he should refer the experimenter to the BSR supervisor.) Once

daily, the BSR day supervisor should inform the ESR supervisor

of all experiments for which review has been requested, for

which approval has been granted by the day sh:l.ft supervisor,

or which have been irradiated. In return, the BSR supervisor

should inform the ESR day shift supervisor of the status of

all experiments for which review by the BSR supervisor or the

Experiment Coordinator has been requested.
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EXPER1MUH INFORMAlION
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Example 5.1.
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ANY ()TH.:.I~ INSTr,UCTION5
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------~--------~- --------------------- -~~~---------------------~~~
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Example 5.1. (continued) .



5.6.2. Irradiation of repe~~~~xperiillents

During irradiation in a reactor irradiation facility and

before removal of the experiment hardware from a "r'eac t or-if Lux"

position~ the experiment information sheet and all supplemen

tary information will be kept in a loose-leaf notebook labeled

"BSR Experiment," which is kept on the desk in the day shift

superv-isor's office adjacent to the control room. Following

irradiation in a reactor irradiation facility (either after

removal of the facility to a storage location or after removal

of the experiment hardware from a "reac t or-vf Lux' position) the

experiment information sheet and all supplemental information

wlll be kept at the BSR day shift supervisor's desk until the

experiment hardware is claimed (i.e., shipped) by the experi

menter. After the experiment hardware has been claimed, the

experi.ment information sheet and all supplementary informaton

will be placed in the experiment information notebook file.

5.6.3. ReporEing experime~~ activities an~/or trouble

Any activity related to the operation of an experiment~

other than that considered routine in nature, should be care

fully recorded in the appropriate portion of the daily log and

should be brought to the attention of the reactor supervisor

as promptly as the situation dictates. Experiment trouble of

sufficient severity to cause a change in the normal operating

conditions at either the experiment or the reactor should be

reported to the reactor supervisor as soon as possible.
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5.7. Review, Approval, and Irradiation

of Near-Repeat Experiments

5.7.1. Review and approval of near-repeat experiments

Requests for review of near-repeat experiments, as

defined in Section 5.5.1, should be presented initially to the

BSR supervisor. (If they are presented initially to the BSR

day shift supervisor, they should be forwarded to the RSR

supervisor.) The BSR supervisor should compare the infor

mation presented in a completed experiment information sheet

(complete except for the sections designating the "reactor"

and the "facility") with the experiment information sheet for

referenced (i.e., previously approved) experiments. The BSR

supervisor should then determine the availability of a desired

reactor facility and (using the criteria presented in Section

5.S.1) should carefully evaluate the effect of the differences

between the proposed experiment and the previously approV"ed

experiment. He must de t ermfne that the differences do not

result in exceeding previously established safety limits.

While making this determination, he should consider factors

such as, but not limited to, the following:

1. Compatibility of materials with one another and with

various environments.

2. Behavior and durability of materials during, and sub

sequent to, irradiation.

3. Temperature effects on materials.

4. Hea.t-production a.nd heat-dissipation mechanisms in

the irradiation facilities.
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5. Handling of r-ad Ioac t Lve. voat.e r La Ls ,

6. Corrosion.

1. Use and Lfmits t t on of the waste disposal systems for

radioactive liquids, gases, and solids.

8. Reactor power level and irradiation time.

If, after his review, the BSR supervisor determines that

previously established safety Lfrnft s '!TUI be exceeded or might

be exceeded, he should request review by the Experiment Coor-

dinator; subsequent approval by the Experiment Coordinator may

be given lTerbally to the BSR supervIsor. However, if, after

his r evLew , the BSR supervisor de t ermf.ne s that no previously

established safety limit will be exceeded, he should verbally

notify the Experiment Coordinator that he finds that the pro

posed experiment does not exceed previously established safety

limits (as established by the previously approved experiment).

Upon reque s t he will provide the Experiment Coordinator t,dth

information as to the difference between the proposed and the

previous experiment. If, in the opinion of the Experiment

Coordinator, no furthee review is required, the BSR supervisor

will approve the experiment.

When approval is granted, the BSR supervisor should sign

the experiment information sheet after filling in the "reactor"

and "facility" blanks; the HSR day shift supervisor should be

informed verbally.

If review by the Experiment Coordinator is required and

if the r evLew cannot he accomplished quickly (e1 ther because

previously established safety limits might be exceeded,

because more information is required, because another BSR
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facility is more suitable for the experi.ment. or because a

f acILfty in another reactor is more suitable) ~ the Experiment

Coordinator should inform the BSR superv Lso r and the experi

menter. If the Experiment Coordinator de t erml.nes that the

expeciment deviates from the definition of repeat experiments

sufficiently to constitute a new experiment, as defined in

Section 5.5.1. the procedure outlined in Section 5.8 applies.

5.7.2. Irradiation of near-repeat exp_~:'~Jments

This procedure is identical in all respects to that pre

sented in Section 5.6.2.

5.8. Review~ Approva~_. and Irradiation

of New ExperiJ!l3nt::.::::~

5.8. L Review __and approval of new exper Iments s

The procedures for handling of new research e)(perlments

from the time of initial contact hy the research personnel

with Operations personnel until the termination of the experi

ment operation are detailed in ORNL!TM-3308 (Oak Ridge National

Laboratory Research Reactor Experimenters' Guide). Refer to

this guide for the appropriate procedures.

*This procedure also applies to new irradiation faell1ties.



5.9. Changes in_Operating Experiments

From time to time. either due to malfunctioning instrumentation

or for various other reasons. an experimente r may ..rl sh to change the

status of his experiment. Usually, t lres e changes consist of altering

a monitored parameter's alarm setpoint or disconnecting the experiment

from the safety circuit (E-panel). Before any actual changes are

made, the experimenter must submit to the reactor supervisor an "Exper

iment Status Change Request" form (Example 5.2) indicating the changes

to be made. Both Operations (the reactor supervisor) and the Experi

menter must app r o ve the change as indicated on the request. Approval

of the Experiment Coordinator may also be requested by the reactor

supervisor.

Following the acquisition of approval signatures, the request is

f o rwa r ded to the proper group (P&E, I&C, Operations) so that the

change can be effected. In turn and upon completion of the work, the

form is f o rwa r ded to the supervisor in charge.

~"hen the supervisor in charge at the BSR receives the form, indi-

eating that the change is completed, he should check to see that it

has been signed and filled out properly. He will then place the form

in the proper section of the e.xperiment notebook located in the BSR

control room office.
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EXPERIMENT STATUS CHANGE REQUEST

---_ _-_._---------

------~.-__._ .

CHANG~:(5) Hl::<:lUESTEO

c)(~:OERIf>,~EN1 10~NT';--ICArlrjN

-----c."....."......--~ .

.--::--::--------_...._..•••.•.•....._------------------
REASON r=OR ,:HANGE-

--_ --_ .

.__..__._----~----_._ .
Pf<ECAUT0r.JS TO 8E TAKeN

----------_ _----
CHANGE(S) APP ROVED BY

OPERATI()N~

OTH~R

-----------_ __......•..•_ . ---~---_.._._---- _-_ _-
CHANGE(S) COMPLETED BY

NAME

UCN-2166
(3 2-67)

Example 5.2.



Introduction. The irradiation of targets or samples for

activation analysis, flux measu.rement~ or radioisotope produc-

tion is a rather important function at the BSR. Such samples,

however, are generally rat:heL small and of little influence

especially Tl'!hen irradiated in facilities somewhat separated

from the reactor core~ as are the varLous tubes in the D~O
.<-

tank, for example. Consequently, samples and irradiation

targets, for rev I e~v purposes, are handled dif ferently than

are the more complicated experiments or irradiation

facilities.

Guidelines for approval, handling, and irradiation of

such samples or irradiation targets are pre s en t ed in the

followIng procedures.

5.10.1. ~~~I?}-5~ sched~~_.~!:_~ ?-nd rec.,:?~.~_~_

The person presenting a sample for irradiation

(requester) must furnish a completed "Request for Sample

Lr r ad La t Lon" sheet (Example 5.3). Operatl.ons Division appro-:

val signature may be that of the day shift supervisor if the

sample is identical with one previously irradiated; if there

are any deviations, the BSR reactor supervisor must sign the

sheet; new samples must be approved by the ~.xpe~ime~_~. .~5!.?E~

dinator. A notehook of filed "Request for Sample Irradiation"

sheets will be maintained.

Upon receiving a sample to be irradiated for activation

analysis, flux measurements, or radioisotope production the

BSR day shift supervisor T;,!ill prepare a "Sample Schedule
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REUUEST FOR IRRADIATiION··BSR FACILITY

IjELOW.

R cQ lj E HE"'.i $I G" ~= ._. ..... :':":""====-:_.-.-_-_-_~~_=_~m _l~~'_~~~_-: -_-~-.·_·__·_·-_=
REQUEST fOR IRRADIATION (BY RE')UESHR)-_ -....... -- .•_-------_ _~--~----------------- -----_._---

SAMPLe: DE5CR1PTIr)N (SP~CIFv lSt)'fOPIC Cr::):\IT~~T, (H;;:l,1I ....:AL .,;r..D ~~~1Y$ICAL F'.)C<f\o', QjAN--l"fY,1

------ -----------------------------------------

MF.:THOiJ or ENC,!>'~SIjLA.TIGN

OTHER Pt:::tlTINt::r-lT O.<'\TA

_..__ _._._.tc,_w __~~ RE~~.t",T or 5AMP'.E

L~ ~REvrOUSL_Y APPFiO\/EO

__~ _r -A.;,.?.;,.?.;,.R:.:O-V-f,:.:L.:..:.FO.:..:.:R-I;,;.;RRA 01ATION:_1:;.8;.;Y_O::..;..P:;.E:;.R:;.A:.:T;.;IO;.;N.;,.S:.:.I --,- _

[] N EA ~ - REP f:A r SAMPLE .~ i)f") ROVJI L 'EY i'lcA:':TCH !>U P f.!lVI SU R C ii n TECH. A 5'31S r,r..NCE Gr::P r.

$1 GN F 0

o NEW SAMPl.=: ,"'.PF"RC:VU; r3Y TE_C~. ASSI::;rA'J'::E OEPT.

-.--------- moo 1
0

.,\ T!':"

........_ L.
31 GN E::D

---- ---._.-

--------1- ------------------------

.. ['_E _
ADD! n !JrJAL SAM f")1... [5 IDEr~ TI c.A.. L TO TH IS SAM PL Ell, RF. H :::RE8Y APPROVfD ~r.) R I RR~, A TI c v.

SIG~n::D

Rr,::A,CTOR ,-:.oPR. ~lJ~A".:"R ASSIG~1EO T0 SAMPL_F.

uc r~ ~. 2191

(3 9 -76)

Example 5.3,
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Sheet" (Example 5.!.). This form, filled out Ln duplicate,

will contain the following information:

1. date the sample was submitted;

2. requester's name, division, and charge number;

3. material and amount to be irradiated;

4. irradiation facility;

5. power level;

6. sample number and classification; and

7. approval signatures.

The sample numbers are coded as indicated in the follow

ing example: 82-7-6 - the first set of digits, ~, indicate

the year (1982), the next digit, I, indicates the month

(July); and the last digit, ~, indicates that the sample is

the sixth received during that month. These numbers are to

be placed on the sample.

A "sample notebook" is also maintained by the BSR day

shift supervisor. This book contains the same information as

the sample schedule sheet and is filed on the day shift

supervisor's desk.

Due to the nature of the BSR sample irradiation, each

sample will be approved for irradiation on an individual

basis (Example 5.3), thereby eliminating the necessity for a

blanket approval file.

It should be noted that some of the experiments des 

cribed in the precedlng sections, and for which "Experi.ment

Information" sheets have been prepared~ will also require

preparation of the "Sample Schedule Sheets." This procedure

is followed, as will be noted later, so that personnel at the
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SAMPLE SCHEDULE SHEET

BSR

.>.----.r~-- -~'''''·:1,
DATE

=-=-=_-===c--,_,._..~_._. ,,,,,,,,=,,,-""'·0 '" 1-----------------------,,,,,,=,,, ----,,--------------"'''''~

SAMPLE NO.

-~------".. , ..~--._--- ------.. -_ .._--_...--.. _..,-,~--- ~~~~

MATERIAL AND WEIGHT

-.~~--_ -----~--- --------.--..~----~-----

APPROVED BY

-----~------~~~~~-

CUSTOMER

CHARGE COPE POWER LEVEL

0 20 TANK TUBE NO.
-- ------_ .. ------ _- -----~----_ -----

OTH ERS

--------------....._,------- .....--------------.... _~ ..~--------_ ....----~~--~~.,-~--

----- ,-----------------..--------'---- , ... ~----..--~,,-----_.. ~~~~~~._~-~-----,------~---,-----

------------------.------ .... _--------.... _----- ------~--~---------~-_._-~--~--------

,-~----------~-------------

------~--_..-_.._._-------------

-~----------------~--- -----------~-----

-------------~---------------~~------------------------.._------------------------,,-----

UCN-S894 13 6-76)

Example 5.4.
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remote control desk may be kept abreast of the irradiation

schedule for relatively simple experiments. However, since

many samples are categorically routine, they \\rl.l1 require

only the "Sample Schedule Sheet."

"Schedule Racks" in which the "Sample Schedule Sheets"

are placed are located in the control room annex and are

labeled as follows:

1. Samples to be inserted.

2. Samples being irradiated.

3. Samples pulled up for decay.

4. Samples in storage.

For irradiations which will be completed within a few

hours (usually on the same shift) after the sample is sche

duled, both copies of the "Sample Schedule Sheet" may be kept

in the appropriate rack at the BSR. For irradiations which

continue into or throughout succeeding shifts, the original

copy of the "Sample Schedule Sheet" will be transferred to

the ORR control room and placed in racks which are also

labeled with the four above categories. The BSR day shift

supervisor or his substitute is responsible for the transfer

of sample schedule sheets to the ORR control room.

\.fhen the irradiation is completed and the experimenter

claims the sample, the carbon copy of the "Sample Schedule

Sheet" is given to the experimenter; and the original copy is

filed in the BSR day shift supervisor's desk.
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5.10.2. Sample handling

1. Storage prlor to irradiation. The samples, properly

identified, will be placed in the storage rack

located under the clipboards by the person who sche

dules the sample. If radioactive, the sample will

be placed in an appropriate shield.

2. !reparation for irradiation. Prior to the time for

the irradiation to begin, the sample should be pre

pared by the attachment of string or wire fo.r sup

port in the fac:Uity as follows:

a. In the East DZO Tank

(1) For irradiations up to I hr, small nylon

(approximately 1!16-in.-diam) string is

used.

(2) For irradiations up to 6 hr, large nylon

(approximately 1!8-in.-diam) string is used.

(3) For irradiations of greater than 6 hr» alu

minum wire should be used in the flux

region.

b. In other facilities, such a~ the north-face tube

and CP-15 or CP-l1, aluminl~ wire will generally

be use.d to support the sample.

3. Irradiation. The sample will be. lowered into the

irradiation facility designated at the scheduled

time using the following guidelines:

a. East D20 Tank

(1) Lower the sample to the bottom of the tube..

(2) Raise the sample the required distance to

bring the sample to the core centerline (see

Table 5.1) •
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(3) Record the actual "time in" on both copies

of the "Sample Schedule Sheet" and initial

the entry.

(4) Samples can be inserted into or removed from

all sample tuhes of the East 1)20 Tank during

reactor operation.

b. Other facilities

(1) Lower the sample to the position designated

on the "Sample Schedule Sheet" or in other

special instructions.

(2) Follow any special precautions relative to

radiation hazards which might be encoun-

t ered ,

(3) Record the actual "time in" on both copies

of the "Sample Schedule Sheet" and initial

the entry.

4. Postirradiation ~~ndling. At the end of the irrad

latlon period, pull the sample from the flux and:

a. East DZO Tank

(1) Allow sufficient decay time to permit

removal to storage or to a shield.

(2) Allow to decay in accordance with instruc

tions on the "Sample Schedule Sheet."

(3) Record the actual "time out on both copies

of the "Sample Schedule Sheet" and initial

the entry.

b. Other Facilities

(1) Follow spec La L instructions on the "Sample

Schedule Sheet."
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(2) Record the actual "time out" on both copies

of the "Sample Schedule Sheet" and initial

the entry.

5. Shipping samples

a. Follow approved procedures for shipping radio

active materials. Refer to No. 28 of the ORNL

Health Phy:sics Manual and No. 4.1 of the ORNL

Health Physics Procedure Manual.

b. Health Physics coverage should be provided to

ensure radiation control.
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6. REACTOR COOLING SYSTEMS

6.1. The Primary-Water Cooling System

6.1.1. References

Drawings:

P 20310 EC 001,

P 20310 Ee 010,
p 20310 Ee 011,

p 20310 EC 012,

P 20310 Ee 013,

P 20310 EC 020,

P 20310 EC 021,

Cooling Water System - Flow Sheet

Cooling Water Plan - Sheet 1

Cooling Water - Section

Cooling Water - Section and Details

Decay Tank Modification

Underground Reactor Water, Air Off-Gas - Plan

Profile of 8-in. Underground Reactor Water

Lines to and from Heat-Exchanger Pump House

P 20310 EC 031, ( Heat-Exchanger Piping - Plan

P 20310 Ee 032, Heat-Exchanger Piping - Sections Sheet 1

P 20310 EC 033, Heat-Exchanger. Piping - Sections Sheet 2

E 20310 YC 043-D, American Water Softener-Assembly-Resin

Columns

E 20310 YC 044-B, American Water Softener-Assembly-Regenerate

System

.-;....~..

P 11246 PF 001,

S 11274 PF 001,

Degasser Tank - Installation Plan and Section

Relocation of dp Cells - Plan Elevation and

Details
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6.1.2. Introduction

The major components of the primary cooling system are:

1. The centrifugal pump, which is rated at 1230-gpm flow

with a discharge pressure of approximately 3S psig.

2. A shell- and tube-heat exchanger rated at 2 MH.

3. The reactor pool, itself, which holds approximately

130,000 gal of water.

4. The reactor core and lower nmnifold.

S. A decay tank, which also serves as a receiving tank.

6. The piping necessary to interconnect these components.

In addition, the primary system is equipped with surge

and gas-removal tanks, vent systems, and a cleanup system.

which includes a two-column demineralizer. The reactor cool

ing systems are shown schematically in Fig. 6.1.

6.1.3. Description

The reactor grid plate is supported on a structure, referred

to as the water manifold and reactor-grid support, which is

shown as Hem 3 in Figs. 6.2 and 6.3. The entire south end of

this manifold consists of a flapper-type valve which, when

opened, allows the reactor to be cooled by natural convection

of the pool water; the flow path for natural-convection coo l-:

ing is shown in Fig. 6.3. Operation of the reactor in this

mode (Mode 1) is permitted at power levels of 1000 kW or less.

Reactor operation in Mode 1 is restricted. administratively,

to those occasions when the forced cooling system is not

available for use.

By contrast, pove r levels up to 2000 k\~ are permitted

when the reactor is operated in Mode 2 (forced flow with the

flapper-type valve closed).
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Fig, 6.1. 2 ~n~ BSR cooling water system flow sheet.
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Fig. 6.2. Isometric drawing of the BSR.
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Fig. 6.3. Restricted isometric view of the BSR showing the flow path for
natural-convection cooling during Mode 1 operation.



6-6

Forced convection is established by pumping water from

the decay tank to the pool, thus creating a different tal sta

tic head between the pool water level and the level in the

decay tank. This d Lf f e r e n t La L head causes water to flow down-

ward through the reactor core, through the manifold, and then

through both movable and fiKed piping to the decay tank. The

movable piping consists of: the 8-in.-diam (schedule 40 pipe)

riser; the 8-in.-diam inverted U-scction; the flexible stain

less steel pipe;l and the shaft swivel arm which is located

just north of the east dam jamb. (On both ends of the flex

ible stainless steel pipe and on the end of the shaft swivel

arm whl ch terminates just north of the east dam jamb are

sw Lve L J'O{11tS.2,3 'r'h ., t ..:I th fl l b I t a i J~ ese Jo1.n s anu . e ex1. e s al.n.ess

steel bellows allow the reactor to be positioned at any loca

tion within a 12-ft-Iong by 25-ft-wide area.) The swivel arm

lThe flexible pipe is corrugated stainless steel, 8-in.-diam with

0.020-ln.-thick walls.

2Swivel action at the ends of the bellows is permitted simply by

use of moderately loose-fitting straight threads on the stainless

bellows cuffs and the mating aluminum fittings. About 2--1n. of

threads are used to minimize leakage and the loose fit permits free

rotation. A maximum rotation of 1 1/2 turns of the flexible pipe is

permitted.

3Th e swivel arm is attached to the fixed piping by use of a Lap

joint flange having machined Teflon gaskets between the metal surfaces.

This permits easy rotation of the swivel arm with only a slight loosen

ing of the flange bolts.
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is attached at one end to the fixed piping which is described

below.

From the north side of the east pool jamb to the southeast

corner of the pool wall, the fixed exit piping is 8-in.-diam

aluminum pipe (except for a short 8-in. stainless steel expan

sion joint). From the southeast corner of the pool wall, past

radioactivity monitor RIM-5, through the hand-controlled, air

positioned exit valve (RCV-3) to just outside the southeast

wall of the building, the piping is 12-in, schedule 40 stain

less steel pipe. From the southeast wall of the building to

the decay tank, the exit water flows through 8-in schedule 10

stainless steel pipe. The reactor flow orifice plate is

located in this portion of the line. (The orifice plate is

1/8-in. thick and has a 6.1086-in. bore.) The water is

discharged into the bottom of the east side of the decay tank.

After passing around the transverse baffle, the water is with

drawn from the bottom of the west end of the decay tank by the

primary circulating pump. From the discharge of the pump, the

water is forced through the shell side of the heat exchanger

via ReV-54 to the degassertank. The water is introduced to

the degasser tank and swirls clockwise until it is removed and

allowed to return to the pool. (The air volume above the

water level in the degasser tank is connected to the normal

off-gas system. In addi t Lon , the at r volume above the water

level in the decay tank is connected to the normal off-gas

system via the off-gas surge tank. The radioactivity of the

gas introduced to the normal off-gas system is monitored at

the surge tank by RIM-18.)
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The bypass demineralizer is supplted approximately 26 gpm

from the discharge of the shell side of the heat exchanger;

the demiileralizer, which cOilsists of a catioil bed and an anton

bed, returns as effluent just upstream from the prLmar y cir

culating pump. (When the primary pump is shut down and HCV-5Lf

is closed, the demLnera l t e r c l r cul.a t e s ,,;rater backward through

the system. The inlet 'tlater is supplied by the 2·~ln. bypass

line around the degasser tank aild the demineralized water is

r e t ur ne d to the pool vi-a the normal pool water exit Li.ne , )

6. L 4. General pre,;'autioilS

1. Before establishing forced cooling flow, ensure that

the main inlet and exit line valves (HCV-3 and

HCV-72), located in the valve pit, are open and that

HCV-54* is closed. (It is possible to overflow the

pool and to shock the degasser tank if forced cooling

flow is improperly established.)

2. Avoid large or sudden changes in the decay tank ,.rater

level. (Improper valving could result in such

changes.)

3. Before establishing forced cooling flow, ensure that

proper communication is established be t wee n personnel

in the control room and personnel in the pump house

or ia other similar areas.

-----_._--
*HCV-54 is located under the heat exchanger in the primary exit

line.
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4. Do not attempt to star t the prLmary pump motor when

operating in ~1ode 1 (with the flapper valve fully

open. interlocks prevent starting the pump.)

5. Ensure that any changes in the status of the cooling

system are understood before any reactor startup.

6. If there is any 40ubt concerning the condition of the

primary system or related equipment, then the reactor

supervisor or his designated alternate should be con

sulted prior to eontinuing or beginning operation,

6.1.5. Oper~~lonal procedures

1. To ~~tabllsh f~_~_J~l the prim~ry system.

a. Deter.mine that conditIons in the primary loop are

in compliance \;~ith Section 6.L4~ part If,

"General Precautions."

b. Determlne that the primary pump pack:l.ng gland

cooling water supply has been established (see

Fig. 6. 1+) . (NOTE: Without the cool.Lng water

flow, the packing gland wi.ll overheat wi.thin

minutes.) The cooling water supply is established

as follows:

(1) Close va~ve G-2.

(2) Open G~l and G-3.

(3) After the primary flow has been established.

adjust G-3 to give approximately 40 psi water

pressure along with adjustments to the pack~

lng gland to give apprOXimately 60 drops per

minute leak rate at the packing gland. (NOTE:

Adjustments on the packing gland should be made

only by the maintenance group.)
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G- 2
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Fig. 6.4. Reactor primary pump
packing gland cooling water supply.
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The pump packing gland leak rate should be checked

daily when the pump is in service. An excessive

leak rate will result :l.n excessive water loss from

the pool water system. If an adjustment on pack

ing gland leak rate is necessary on an off shift,

the adjustment may be accomplished by the throttle

valve (G-3). (NOTE: During the startup of the

pump against closed RCV-54, the pump discharge

pressure reaches approximately 70 psi; therefore,

after each startup of the pump, the leak rate

should be checked since the pump startup high

pressure may cause a higher leak rate. Normally,

the only maintenance necessary to the packing

gland is an occasional adjustment by the main

tenance group when the leak rate becomes exces

sive. )

c. Energize the circulating pump using the controls

on the control room panel. (The electrical

switchgear at the pump house normally remains

energized; if the pump does not start, check the

local controls.)

d. Slowly open valve RCV-54 until a flow rate of

approximately 1220 gpm is indicated by the

recorder in the control room. Also observe the

decay-tank-level indicator. The water level in

the decay tank should remain above 160-in.

e. Slowly close valve RCV-3 (RCV-3 is remotely oper

ated from HIC-3 on the control room panel) until



a flow rate of about 1200 gpm is indicated by the

recorder in the control room. Also observe the

de c ay-ctank-vLeve I indicator; it should stabilize

at about 150·-in.

(~9.~~: The core 6P should be about 6.0 in. H
20

with

the shim rods withdrawn and with a flow rate of

approximately 1200 gpm; if it is appreciably lower

than this, check the flapper valve and check the

swivel joint located in the northeast side of the darn

jamb. If the liP is much too high, check the core for

obstructions.)

2. To stop flow in the primary system

a. Turn the pump control knob on the control room

panel to the OFF position. (NOTE: FloH from the

pump to the pool will be stopped very soon after

the pump is turned off; however, flow from the

pool to the decay tank ,,,111 continue until the

decay tank and its associated vent lines are

filled to the pool level.)

b. Opea the flapper valve.

c. Close valve RCV-54 (pump exit).

d. Open valve HCV-3 (reactor exit) to the fully open

position.

6.1.6. Cooling sy~!~m startup checks for Mode~l._~~erat~~~

Mode 1 is categorically the "low-power-range" of opera

tion. Reactor power level in this mode of operation is

restricted to 1 MW or less; in this mode, the flapper valve is

open and the core is cooled by natural convection. (NOTE:

This mode is administcatively r e s t r Lc t e d to those times whe n
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reactor operation is required while the foreed cooling system

is not operable.)

Section C of the "RSR Start-Up Checklist" shall be com

pIe ted prior to operating the reactor in this mode. The

following items shall be .chec.ked or accomp l.Lsbed before oper>

ating the reactor in Mode 1; these items are not necessarily

listed in the order in which they appear in Section C of the

RSR startup checklist.

1. Pool filled to prop~r level and all pool-level alarms

cleared. The pool water is maintained at a level

between 4 and 7 in. from the top of the pool parapet.

If the water is rai.sed above the 4-1n. level, it will

overflow to the storm drain through the 1 1/2-in.

overflow pipes located at each corner of the pool.

If the water level 1s lowered below 8 in. from the

parapet, the skimmer cannot be used (see Section

6.1.8 for procedural details on filling and draining

the pool).

2. Flapper valve in fully open pos1.tion. To open the

flapper valve, unlock the yellow-handled lever on the

reactor bridge and rotate the lever 180 0 (until the

handle points east and the guide pin on the gear

mechanism falls into posl tion); visually inspect the.

flapper valve and check the annunciator and indica~

tor lights in the control room (with the flapper

valve fully open, interlocks prevent starting the

primary pump).
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3. pemlner<:tlizer in service. The primary demineralizer

unit located at the pump house and described in Sec'

tion 6.1.10 of this manual is normally in service

continuously; however, when this unit is unavailable

for use during extended periods of time, the auxili

ary unit should he placed in service.

The auxiliary unit, located on the west side of

Building 3010, is normally in standby. If it is to

be placed in service, refer to Section 6.1.10, part

2.

4. Water purity adequate. The normal resistivity of the

water entering the primary demineralizer is approxi

mately 1,000,000 ohm-em; the normal resistivity of

the water leaving it is 2,000,000 ohm-em. (The cor..·

responding values for the auxiliary demineralizer are

700,000 and 1,000,000, respectively.) The pH of the

reactor cooling water should be between 5.5 and 6.5.

The last two figures are nominal limits which may be

exceeded for short periods of time without requiring

a reactor shutdown , If the resistivity of the water

leaving the demineralizer is not higher than that of

the water entering, the demineralizer should be

removed from service.

5. Skimmer system in opera~!?!:. The skimmer system

serves to remove floating debris from the water.

Operation is desirable, but not mandatory. The sys

tem is described in Section 6.1.9 of this manual.
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6. Jets on for operation above 100 kW. The water jets

are used to help minimize direct radiation from the

surface of the pool due to 16N activity. Procedures

for their operation are included in Section 6.1.9.

6.1.7. Cooling system startup checks for Mode-2 operation

Mode 2 is categorically the "forced convection" mode of

operation; the flapper valve is closed and the core is cooled

by the forced-flow system. In this mode. the reactor may be

operated at power levels up to 2 MW.

Section D of the BSR startup checklist shall be completed

prior to operating the reactor in this mode. The following

items shall be checked or accomplished before operating the

reactor in Mode 2; these items are not necessarily listed in

the order in which they appear in Section D of the BSR startup

checklist.

1. Pool filled to proper level. Same as indicated in

Section 6.1.6.

2. All pool level alarms cleared. Same as indicated in

Section 6.1.6.

3. Primary cooling system filled and vented. Under no r-:

mal operating conditions, it is not necessary to fill

or vent all portions of the primary system. Normally,

the system remains filled with water and ventlng may

be accomplished, before starting the primary pump. by

momentarily opening vent valves HCV-75 and HCV-76

(both located in the heat-exchanger room). However,

if any portion of the system had been drained for any

reason, then that portion would have to be refilled

with pool water as detailed in Section 6.1.8 •
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It should be realized that some bubbles of air

'-JOuld, in all probability, be df scha rged to the pool

even after venting is accomplished if the system had

recently been filled. However, excessive bubbling

should call for an investigation of possible leaks.

The primary pllmp has been the 'source of such diffi

culties in the past and should be checked for exces~

sive noise and to ensure that there is sufficient

water flow to the seals.

4. Flapper valve in ~~~~_lly cl0E!.~A..J:~~i tLon , To close the

flapper valve, unlock the ye l.Lov-hand Led lever on the

reactor bridge and rotate the lever 180" (until the

handle points \oyest and the guide pin on the gear

mechanism falls into position); visually inspect the

flapper valve and check the annuncIator and console

indicator lights in the control room.

s. Pr~~~t'y cooli~K..:>ystem ~~~.w established. Forced con-

vection is required (administr-ative requirement) for

2-MH operation. The primary flmw should be stable at

a rate of approxImately 1200 gpm. The decay tank

level should be about 150 in. and the core tip about

6.0 in. of H20. A detailed procedure for establishing

flow Ln the pc/mary system is presented in Section

6.1.5.

6. Demineralizer in service. This is the same as in

Section 6.1.6.
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7. Bypass filter in service. It is not required that

the bypass filter be in service; however, its status

should be noted prior to each startup.

8. Secondary cooling system filled, treated, and ready

for service. If the temperature of the water return

ing to the pool increases to about 105°F (measured at

the exit line of the heat exchanger), the secondary

water system should be placed in service. For details

of this procedure. refer to Section 6.2.5.

9. Both the exit-water and decay-tank off-gas-_activity

monitors. Check to see that the radiation levels

increase as the power level lsraised to 2 MW (indi

cated on the multipoint recorder chart). At 2 MW,

normal radiation levels are 80 mr/h at the shielded

exit: watef line and approximately 5 mr/h at the nor

mal off-gas surge tank.

10. Skimmer system in operation. This is the same as in

Section 6.1. 6.

6.1.8. Filling and draining the pool and primary water Hnes

Under normal operating conditions~ water will have to be

added to the pool periodically to compensate for losses due to

evaporation and possible leakage.

1. To add water to the pool

a. Open the demineralized-water-supply valve in

Building 3004. (This valve normally remains

o pan , )

b. Open valve C-l located on the west wall of Build

ing 3010.
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c. Close valve C-l when the proper water level is

attained. (Also close the dem.lne r a Ldzed-rwat e r r

supply valve in Building 3004 if required by

special conditions.)

2. To drain the pool

a. Determine the level to whIch the water will be

lowered; if significant enough to create a radi

ation hazard, relocate the radioactive material

accordingly. Notify all experiment personnel,

expecially the liquid-helium-cryostat personnel.

Check the radioactivity present in the water to

determine that it is sufficiently low to permit

draining.

b. Before the water level of the pool is lowered,

the ground water level should be checked by using

the ground water wells. The ground water wells

are vertical 8-1n. aluminum pipes extending to

the top of the parapet that have covers and are

located in the pool. The wells are located at

the east pool wall directly outside the BSR Con-

trol Room office, at the west pool wall directly

outside the entrance to Building 3080, and at the

northwest corner of the pool. Deep well pumps

should be used to maintaIn the ground water level

below the pool floor level.

c. Close valves HCV-3 and HCV-72 located in the

valve pit if the pool is to be drained be Low the

825-ft., la-in. elevation.

d. Portable pumps should be used to pump the pool

water to any convenient storm drain or sump.
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3. To fill the decay tank

a. Close valve HCV-50 at the pump (if this valve had

been used to drain the line).

b. Close vent valve HCV-73 on the syphon-break line

(if this valve is open).

c. Slowly open valve HCV-3 in the valve pit while

observing the decay-tank-level indicator in the

control room.

d. When the decay tank is filled to about 150 in. J

close vent valve ReV-83; and. if it is not

already opened, open off-gas valve HCV-84 about 4

turns.

4. To drain the decay tank

a. Close valve HCV-3 in the valve pit.

b. Close valve HCV-S1, -53, and -65 at the inlet to

the circulating pump.

c. Close valve BCV-84 to the off-gas system (located

at the southeast corner of Building 3010).

d. Open valve HCV-50 at the pump. (A fire hose must

be connected to the discharge of this valve to

route the water to the storm drain.)

e. Open valve HCV-B3 (vent line on top of tank).

f. Open valve nCV-73 (vent line on syphon-break

line) •

(NOTE: Due to the elevation of the drain

valve, this procedure will lower the water level

in the decay tank to about 60 in., as indicated

on the gauge. To empty the tank completely, the
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water !i'ill have to be pumped onto If only

limited draining is necessary, t he primary pump

and HCV-9 can be us ed to Lowe r the wat.e r level in

the decay t ank , )

5. To fill th.':. pr~~~Ex __(~_~ell) side _?_~ ~h,=-_he~t exchanger

a. Be sure all drain'- and vent-line valves are closed.

b. Open valve HCV--5!~ at the heat exchanger.

c. Open valve HCV--72 in the valve pit (east IHalkway).

d. Opcn vent valve HCV-77.

6. T()~jE~_~n_.~:he primary (s~,=-~~ sid..:: of the heat

exchanger

a. Close valves HCV--72 and ReV-54.

b. Open drain-·line valve HCV--16 underneath the heat

exchanger. (A hose must be connected to the dis-

charge:' of this valve to route the l.rater to the

storm drain.)

c. Open vent-line valve HCV-77 on top of the heat

exchanger.

I. To fill the inlet and exit lines and the circulating

pump

a. Fill I:he lines to the pump inlet and pump exi t

valves, as described in the above procedures.

b. Close drain-line valves.

c. Open valves HCV-3 and HCV-72.

8. To drain the inlet and exit lines and the circulating

~

a. Close valves neV--51 and ReV-B7.

b. Open the dr a f.n-r LLne valve located on the bottom

of the pump.
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6.1.9. Operation of.._skimmer and nitrogen-16_~ts

A water skimming device, located in the southeast corner

of the pool. is used to help keep debris from the surface of

the water. Water is drawn from the skimmer bucket by an

electrically driven pump and pumped through a filtering unit.

located on the west side of the pool. before being returned to

the pool. To place the skimmer in service:

1. Position the skimmer bucket slightly below the surface

of the water.

2. Open valve A-l at the inlet to the pump.

3. Close valves A-2. A-4. A"6. A-7. and A··i).

4. Open valves A-5, A~8. A-13. and A-15.

5. Energize the pump motor ("f:Uter pump" controls on t.he

south wall of the reactor bay).

(NOTE: If sufficient air enters the pump suct Lon line)

the pump will be shut off by the pump-discharge pressure

switch; which is set at 10 psi. If this occurs. open the vent

valve on top of the pump after the pump stops rotating and

bleed the air from the pump. Restart the pump temporarily and

then allow the pump to stop rotating. Open the vent valve

again. Continue this sequence until the pump contLnues to

operate.)

To help minimize the direct radiation froUl the surface of

the pool due to 16N activity; jets of water are directed across

and above the reac.tor core to delay the Burfacing of irradiated

water. To place the jets in service:

1. Place the skimmer in operation (the pump is common to

both systems).
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2. Open valve A-14 and close valve A-15 (located on the

west wall of the reactor bay).

To remove the jets from service t open valve A-IS and close

valve A-Iff.

6 .1.10 p-''':.mj~::.raUzer units (primary and auxiliary).._:.. description and

proc.~~~£~.~.

In a reactor cooling system) the radioactivity level, the

rate of corrosion, and the rate of deposit formation must be

clearly controlled. At the BSR, these objectives are met hy

demineralizing the cooling water.

All of the components in the reactor cooling loop are

made of aluminum or stainless s t ee I , That portion of these

materials which dissolves in the wate r , dissolved gases, and

fission products ~llch diffuse through the fuel cladding

constitute most of the impurities found in the primary loop.

A sli.ght amount of demineralized wat.e r is added to the system

periodically to supplement that lost through evaporation. It

is essential that the primary water have as few .impurities as

possible since it passes through the high-neutron-flux core

region where impurities become hIghly activated, so some cool~

lng water is continually bypassed through one of the deminer

alizers to remove trace impurities.

Three checks are available for judging the purity of the

water in the reactor system. The first is the radioactivity

level measured in disintegrations per minute per milliliter.

The second is pH t a measure of the acidity or basicity of the

water. The third is the electrical resistance or resistivity

of the water. All three parameters are measured once per week.
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In general practice, the water resistivity and the water acti

vity checks have been the best guides to the effectiveness of

a unit and to the need for regeneration of the demineralizers.

There are two demineralizer units servicing the primary

water system. One unit, located in the pump house, is

referred to as the primary demineralizet:'o A second unit,

located on the west side of Building 3010. is referred to as

the auxiliary demineralizer. The auxiliary demineralizer is

normally not in service. The primary demineralizer is, by

contrast, normally in service continuously.

With primary flow, part of the water from the heat

exchanger, enroute to the pool, is pumped through the demin

eralizer and then returned to the inlet line of the primary

pump. Without primary water flow and with the primary-pump

exit valve, ReV-5 t. , closed. water taken directly from the pool

in the reverse-of-normalcooling flow is pumped through the

demineralizer; then it is returned to the inlet line of the

primary pump. From the inlet of the primary pump,the demi

neralized water flows through the decay tank (in reverse-of

normal flow) to the pool.

1. The primary demineralizer. There are two flow paths

for the water pa.ssing through the primary deminera

lizer. The path followed depends upon the status

of the primary cooling system, i.e., flow or no flow.

a. Description. The unit is a dual-bed demineralizer

with a rated flow of 30 gpm. The cation unit

consists of a polyvinyl chloride (PVC) lined tank

(30 in. in dia. and 72 in. high), containing 14

ft 3 of IR-200 resin. The resin bed is 34 in.

high.



The ca t t on-er e ge nc r an t tank (2I.f-in.--dia. and

31 3/4 in. high) has a volume of 1.96 gal per in.

of depth. A drain line at the bottom of the tank,

containing valve D~45 and line plug, facilitates

periodic flushing and cleaning.

The anion unit consists of a PVCo-llned tank

(30-in.-dia. and 96 in. high) containing 23 ft 3

of lRA-/+OO resin. The resin bed is 56 in. high.

The an Lo n-ir egene r ant tank (36-in .-dia. and

39 in. high) has a volume of 4.41 gal per in. of

depth. A drain line at the bottom of the tank,

containing valve D-46 and line plug) facilitates

periodic flushing and cleaning.

b. Procedures. The unit is to be removed from ser

vice and regenerated if the resistivity of the

effluent is Lowe r than that of the primary water

or if the pH is not within the limits of 5.5 and

6.5 (NOTE: 22.5 gal of sulfuric acid is used to

regenerate the cation resin; 21.7 gal of 50%

sodium hydroxide will be required for each regen-

eration of the anion resin.)

The following example (Example 6.1) includes

procedures for removing the demineralizer from

service) regenerating the unit) and placing it

back in service.



Procedural checklist for regenerating the BSR primary demineralizer

Objective

1. Outline the pro
cedure.

2. Allow for radio
active decay of
the resin bed.

3. Remove the demin
eralizer from
service.

Procedure

Initial each step in the procedure and
record the data where indicated. Use
margins to comment on needed equipment
repairs or other items needing atten
tion.

Refer to the schematic diagram
(Figure 6.5) for valve location and
demineralizer flows.

Throughout the procedure, encircle
listed valve numbers to indicate that
the required manipulation (open or
close) has been done.

If the BSR is operating or operation
is planned before starting a regener
ation, remove the demineralizer from
service the day prior to the regener
a t Lon ,

De-energize the demineralizer pump
m.otor.

Example 6.1.

Remarks

This procedure also serves as a
checklist. It is provided to
ensure that all valves in the
demineralizer system are placed
in the proper mode so that regen
erant solutions are routed cor
rectly into the reactor cooling
system. The procedural checklist
will be issued to the operator
performing the regeneration.
(NOTE: ~~enever the demineral
izer is regeneratedsa checklist
must be filled out. Upon comple
tion of the regeneration, the
checklist must be returned to the
supervisor in charge.)

This step will reduce the radia
tion exposure to the operating
personnel during the regeneration.

The controls are located in a
breaker box at the lower left area
of the breaker panel on the west
wall of the pump house.
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Objective

3. (continued)

4. Prepare for
regeneration.

Example 6.1. (continued)

Procedure

Turn the air-operated effluent valve
switch (D-8) to CLOSE.

Close the following valves: D-l, D-2,
D-3, D-4, D-5, D-6, D-7, D-9, and D-IO.

TRIS STEP WAS COMPLETED BY:

on

Remove the inlet and exit spool pieces;
they are identified by red tape on the
flanges. Install the 18-in. spool
piece between the inlet line to the
demineralizer and valve ReV-58 in the
process water line.

Have the Health Physicist survey the
cell and prepare a Radiation Work
Permit as needed.

Obtain the integrator reading:

Remarks

The switch is located on the
demineralizer panel. The standby
light will be energized.

This step ensures that the regen
erant fluids will not be added
inadvertently to the reactor sys
tem and provides a source of
process water for the regenera
tion.

Record the integrator reading in
the BSR log book for the end of
run.
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Objective

4. (continued)

5. Transfer acid
from the acid
storage tank to
the acid regen
erant tank.

Example 6.1. (continued)

Procedure

Call the Tank Farm operator and obtain
permission to send approximately 2000
gal of liquid waste to the Intermediate
Level Waste (ILW) System (WC-19).

Turn the Beckman demineralizer conduc
tivity instrument OFF.

TRIS STEP WAS COMPLETED BY:
________ on _

Check the sight glass on the regener
ant tank to ensure that the tank is
empty.

Open, in sequence, the following
valves: RCV-IOI, RCV-IOO, and
RCV-302; acid will begin flowing into
the acid regenerant tank. Observe the
level increase in the acid regenerant
tank (as indicated by the sight glass).
When the acid level is at the 6-in.
mark, close valves RCV-302 and RCV-IOO;
then alternately open and close these
valves to bring the level to 8-in.

Remarks

This instrument is located in the
BSR control room.

RCV-302 and RCV-IOO should be
closed at the 6-in. level mark to
prevent exceedingthe8-in. level
mark due to an additional rise of
the acid level after the closing
of RCV-302 and RCV-IOO.
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Objective

5. (continued)

6. Prepare the caus
tic regenerant
solution.

Example 6.1. (continued)

Procedure

when the acid level reaches the 8-in.
mark, close the following valves:
HCV-302, HeV-IOO, and HCV-10l.

THIS STEP WAS COMPLETED BY:

on ---------
Position the bottom tip of the
Probatrol level probe exactly 5 in.
below the surface level of the
caustic. (NOTE: Fill the caustic
regenerant tank following step 19, if
necessary.)

THIS STEP WAS COMPLETED BY:

on ------------

Remarks

Open and close HCV-IOO and HCV-302
as needed in increments until the
acid level is at the 8-in. mark.
With HIe liquid at the 8-in. mark
on the sight glass, the acid re
generant tank will contain 22.5
gal of H2S04'

The Probatrol (a liquid level
sensing device) can be adjusted
vertically from 1 in. above the
bottom of the caustic regenerant
tank to 6 in. below the top of
the tank.
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Objective

7. Backwash the
cation resin.

Example 6.1. (continued)

Procedure

Open the following valves: D-13,
D-12, D-ll, and D-3. Open valve
ReV-58 (process water supply) and
establish a 2S-gpm backwash flow.

Time:

Open valve D~14 (cation column vent).
After all the air has been bled from
the column, close valve D-14.

Readjust valve ReV-58 if needed to
maintain the 25-gpm backwash flow.

Remarks

A 50% expansion of the resin bed
is necessary for an efficient
backwash; therefore, a 2S-gpm
backwash flow is necessary.

Enter the time that the backwash
is started for calculation of the
amount of waste sent to the ILW
system (WC-19).

This step ensures that the column
is filled with water.
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Objective

(contiD.ued)

Example 6.1. (continued)

Procedure

Terminate the cation resin backwash
after a backwash flow of 2S gpm for
15 minutes by closing the following
val.ve s s 1)-13, D-12. D-ll, D-3, and
RCV-58. (NOTE: The underlined valve
may be left open if acid injection is
to be the next step.)

Time:

gal to WC-19 for the
cation backwash.

THIS STEP WAS COMPLETED BY:

on

Remarks

Closing the valves in this order
will leave the column filled with
water and subsequently minimize
"channeLt.ng" when the r eg ener an t

flow is established.

Enter the time that the backwash
is stopped for calculation of the
amount of waste sent to the ILW
system (\\lC-19).

()'\
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8. Inject acid into
the cation
column.

Open. in sequence, the following
valves: D-16. D-17, D-13, and D-15.
Open ReV-58 and establish a 7.5-gpm
flow through the jet eductor.

Time: Enter the time that the acid in
jection flow was started for cal
culation of the amount of waste
sent to the ILW system (WC-19).



Objective

8. (continued)

Example 6.1. (continued)

Procedure

Check that valve D-18 (located on the
check valve rinse line) is closed.

Remove lock from valves D-19 and D-20.

Open valve D-19.

Open valve D-20 in increments until
the acid level droPt as indicated in
the sight glass, is 1/2 in. per min
ute. The acid injection will be com
pleted approximately 10 min after
the acid level leaves the sight glass.
At the end of the acid injection t the
jet eductor housing will be cool to
the touch.

When the acid injection is completed.
close the following valves: D-19 and
D-20.

Time:

gal to WC-19 for
....,,---...,.-.,---.,---.,--
the acid injection.

THIS STEP WAS COMPLETED BY:

on ---------

Remarks

This valve must be closed to
allow pickup of the acid by the
jet eductor.

The specific gravity of the
required 5% solution should be
between 1.028 and 1.045. The
specific gravity can be checked
by securing a sample of the solu
tion via valve D-21 at the process
waste drain.

The next step (slow rinse) will be
a continuation of the acid injec
tion process water flow.

Enter the time which is the termi
nation of acid injection and the
start of slow rinse for calcula
tion of the amount of waste sent
to the ILW system (WC-19).
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Objectiv,e

9. Slow rinse the
cacion resin.

10. Flush the acid
line between the
jet eductoT and
the check valve
"it the ac id
regenerant tank.

Example 6.1. (continued)

'P".("ocec'.ur,e

Slow rinse the cation reBin for
30 min at a flo ...r of i'. 5 gIJm.

Terminate the cation resin slow rinse
by closing valves D-15 and D-16.

Time:

gal to WC-19 for
t"'""h-e-c-a-t-'i-o-r-l-s-'l'-o-w-r i nse •

THIS STEP WAS COMPLETED BY:

on

Open valves D-18 and D-19. Open valve
D·-20 only enough to establish a smal I
flow through the flush line to the
floor drain.

When the check valve housing is cool
to the touch, close the following
valves: D-17, D-18, D-19, D-20, D-13,
and ReV-58 (NOTE: The underHnecC--
valves may be left open i.£ the cation
fast rinse is to be the next step.)

Remar xs

This Ls 8. cont Lnuat Lon of:he
acid injection watertlo'N.

Errter the time which will be the
end of the cation slow rinse for
calculation of the amount of
waste sent to the ILW system
(WC-19).

This step will remove the acid
trapped between the check valve
and the jet. (NOTE: If exce s s Lve
water pressure TSapplied above
the check valve and the check does
not seat properly, ....rater may enter
the ac td r-egener ant; tank whi.cll can
be noted by the excessive heat
created by the "water mixing with
the small amount of acid l:'emain~

Lng in the tank along with LndLca-:
tion of liquid level in the tank.)
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Objective

11. Fast rinse the
cation resin.

Example 6.1. (continued)

Procedure

Lock D-19 and D-20 in the CLOSED
posi tion.

THIS STEP WAS COMPLETED BY:

___________ on

Open the following valves: D-3 t Q-4,
D-15, and D-13. Open HCV-58 and
establish a 2S-gpm flow. Open D-14
(cation vent line). After air has
been bled from the column t close D-14.

Time:

When the counts of the cation fast
rinse effluent is <1000 counts min-1
ml-1 (usually approximately 10 min
after fast rinse is started)t switch
from the ILW to the process waste
system by closing valve D-13 and open
ing D-22.

Remarks

Fast rinse the cation resin for
42 min at 25 gpm.

Enter the time that the fast
rinse flow was started for cal
culation of the amount of waste
sent to the ILW system (WC-19).

This prevents sending an excessive
amount of waste to the ILW system
(WC-19).

\
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Objective

11. (continued)

12. Backwash the
anion resin.

Example 6.1. (continued)

Procedure

Time:

gal to WC-19 for the
-c-a....,t--,i,....o-n-f";:"a-s-t~-r-:-i11Se •

Terminate the cation resin fast rinse
by closing the following valves:
D-22, D-1S, D-4, D-3, and ReV-58.
(NOTE: TI,e underlined valves may be
left open if the anion resin back
wash is to be the next step.)

Time:

gal to the process-------
drain for the cation fast rinse.

THIS STEP WAS COMPLETED BY:

on

Open the following valves: D-3, D-4,
D-5, D-23, D-24, and D-13. Open
RCV-58 and establish a lS-gpm backwash
flow.

Remarks

Enter the time which will be the
end of the cation fast rinse to
the ILW system and the start of
the fast rinse to the process
drain.

Enter the time that the cation
fast rinse was stopped for cal
culation of the amount of waste
sent to the process drain.

A 50% expansion of the resin bed
is necessary for an efficient
backwash; therefore, a lS-gpm
backwash f Low is necessary.
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Objective

.';..

Example 6.1. (continued)

Procedure Remarks

12. (continued) Time:

Open valve D-25 (anion column vent).
After all the air has been bled from
the column, close valve D-25.

Readjust valve HeV-58 if needed to
maintain the 15-gpm backwash flow.

Terminate the anion resin backwash
after a backwash flow of 15 gpm for
15 min by closing the following
valves: D-13, D-24, D-23, D-5, D-4,
D-3, and HeV-58 (NOTE: The under
lined valves may be left open if the
caustic injection is to be the next
step.)

Time:

gal to WC-19 for the--,-------anion backwash.

THIS STEP WAS COMPLETED BY:

on---------

Enter the time that the backwash
is started for calculation of the
amount of waste sent to the ILW
system (WC-19).

This step ensures that the column
is filled with water.

Closing the valves in this order
will leave the column filled with
water and subsequently minimize
"channeling" when the regenerant
flow is established.

Enter the time that the backwash
flow was stopped for calculation
of the amount of waste sent to the
ILW system (WC-19).
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Objective

13. Inject caustic
into the anion
c o.ruran ,

Example 6.1. (continued)

Procedure

Open, in sequence, the following
valves-; D-3, D-4, D-26, D-27, D-28
D,-·29, and D-13. Open ReV-58 and
establish a 7.5-gpm flow through the
jet educ t o r ,

Time;

Turn the air-operated caustic suction
valve switch to AUTO position. The
valve (D-30) should open. ia: al ter
nate move is to turn the caustic suc
tion valve switch to OPEN position.

Remarks

Enter the time that the caustic
injec.tion flow was started for
calculation of the araount of
waste sent to the ILW system
(WC-19) •

The switch is located on the de
mineralizer panel. In the AUTO
position, the air-operated valve
should close when the caustic
leve~below the Probatrol.
If the OPEN position if used, the
air-operated valve will not close
when the caustic level drops below
the Ptobs tro L,
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Objective

13. (continued)

Example 6.1. (continued)

Procedure

Unlock and open valve D-31 until the
caustic level drop in the caustic
regenerant tank is approximately 1 in.
per minute (equivalent to a 5% NaOH
solution). Go to the next step when
5 in. of the caustic has been injected.

When the caustic injection is com
pleted, close valve D~31 and lock in
the CLOSED position. Turn the air
operated suction valve (n-30) switch
to CLOSE position.

Time:

gal to WC-19 for the---caustic injection.

THIS STEP WS COMPLETED BY:

on _

Remarks

Valve D-31 is located on the cau
stic line from the caustic regen
erant tank to the eductor. The
caustic tank will contain approx
imately 150 gal of caustic when
filled to within 6 in. of the tank
top. Since only 5 in. of the
caustic is used for a regenera
tion, the caustic injection must
be observed to prevent excessive
use of the caustic. Refer to
step 6.

The next step (slow rinse ) will be
a continuation of the caustic
injection water flow.

Enter the time which is the ter
mination of the caustic injection
and the start of slow rinse for
calculation of the amount of waste
sent to the ILW system (WC-19).

O}
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Objective

Example 6.1. (continued)

Procedure Remarks

14. Slow rinse
the anion
resin.

15. Fast rinse
the anion
resin.

Slow rinse the anion resin for 30 min
at a flow of 7.5 gpm.

Terminate the anion resin slow rinse
by closing the following valves:
D-13, D-29, D-28, D-27. D-26, D-4,
D-3, and RCV-58. (NOTE: The under
lined valves may be left open if fast
rinse for the anion resin is to be the
next step.)

Time:

______ gal to WC-19 for the
anion slow rinse.

TRIS STEP WAS COMPLETED BY:
on

Open, in sequence, the following
valves: D-3, D-4, D-5, D-6, D-29,
and D-13. Open ReV-58 and establish
a 2S-gpm flow. Open D-25 (anion vent
line). After air has been bled from
the column, close D-25.

Time:

This is a continuation of the caustic
injection water flow.

Enter the time that the slow rinse was
stopped for calculation of the amount
of was te sent to the ILW sys tem ('w'8-19).

Enter the time ';"hich will be the end of
the anion fast rinse to the ILW system
and the start of the fast rinse to the
process waste drain.
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Objective

Example 6.1. (continued)

Procedure Remarks

15. (continued) Turn the Beckman demineraU.zer con
ductivity instrument ON.

When the counts of the anion fast rinse
effluent are <1000 counts min-1 ml- l

(usually approximately 10 min after the
fast rinse is started), switch from the
ILW to the process waste drain system as
follows: close D-13 and open D-22.

Time:

gal to WC-19 for the
anion fast rinse.

Terminate the anion resin fast rinse
by closing the following valves:
D-22 , D-29, D-6, D-5. D-4. D-3, and
HCV-58. (NOTE: The underlined valves
may be left open if the pool water
through rinse is to be the next step.)

Time:

gal to the process
~d-r-a~i-n~f~o-r-t~h~e--anion fast rinse.

THIS STEP WAS COMPLETED BY

on ----------

This instrument is located in the BSR
control room

This prevents sending an excessive
amount of waste to the ILW system
(WC-19).

Enter the time which will be the end
of the anion fast rinse to the ILW sys
tem and the start of the fast rinse to
process waste drain.

Fast rinse the anion resin until the pH
is <8.5 and the resistivity is >300,000
ohm/em (usually approximately 50 min).
The demineralizer through rinse can then
be switched to pool water rinse.

Excessive process water rinse will tend to
start depletion of the unit unnecessarily.

Enter the time that the fast rinse was
stopped for calculation of the amount
of waste sent to the process waste drain.
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Objective

16. Through rinse
the deminer
alizer with
pool water.

Example 6.1. (continued)

Procedure

Install the inlet-exit spool piece for
in-service operation.

Open the following valves: D-l, D-2,
D-3, D-4, D-5, D-6, D-29, and D-22.

Start the demineralizerpump and
adjust the through rinse to 25 gpm by
D-29.

Time:

Open valve D-14 (cation column vent).
After air has been bled from the
column, close D-14.

Open valve D-25 (anion column vent).
After air has been bled from the
column, close D-25.

Remarks

Close observation will have to be
mad.e of the pool wate r level during
the rinse. Add demineralized water
from Bldg. 3004 to the pool as
necessary.

Enter the time that the through
rinse was started for calculation
of the amount of waste sent to the
process waste drain which will also
be the amount; afwater added to the
pool from Bldg. 3004.
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Objective

\1

Example 6.1. (continued)

Procedure Remarks

16. (continued) Terminate the pool water through rinse
for the demineralizer as follows:
Turn the demineralizer pump off.
Close the following valves: D-22,
D-29, D-6, D-5, D-4, D-3, D-2, and
D-l.
(NOTE: The underlined valves may be left
open if the demineralizer is to be placed
in service as the next step.)

Time:

gal to the process
drain for the pool water through
rinse.

THIS STEP WAS COMPLETED BY:
on

Through rinse the demineralizer unit
until the pH is <6.5 and the resistivity
is >800,000 ohm/em.

Enter the time that the through rinse
is stopped for calculation of the amount
of water sent to the process drain.
This will also be the amount of water
added to the pool as makeup water for
the through rinse.
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17. Place the
demineralizer
in service.

Recheck the valves at the acid regen-
erant tank. The following valves should
be CLOSED: D-18. D-19, and D-20 (closed
and locked); D-17, RCV-302, ReV-IOO, and
HCV~lOl (located at the acid storage tank).

Recheck the valves at the caustic regen
erant tank. The following valves should
be CLOSED. D-31 (closed and locked). D-30
(caustic suction valve switch turned to
CLOSE), D-27, HV-98 , and RV-99.



Objective

17. (continued)

Example 6.1. (continued)

Procedure

Recheck the valves in the demineralizer
cell. The following valves should be
CLOSED: D-16, D-12, D-ll, D-26, 0-15,
D-28, D-24, D-23, D-29, D-32, D-21,
0-25, D-14, D-22, and D-13.

Remarks

Take the integrator reading:

Open, in sequence, the following
valves: D-1, 0-2, D-3, D-4, D-5, D-6,
D-7, D-8 (turn the effluent valve
switch to AUTO), and D-9. Start the
demineralizer pump and slowly open
D-IO and establish approximately 25 gpm
flow if the pool primary pump is in
service or approximately 20 gpm if the
pool primary pump is shut down.

Record the integrator reading in the
BSR log book for the start of the run.

The air-operated effluent valve switch
is located on the demineralizer panel.
In the AUTO mode, the valve will close
when the conductivity of the output
water drops to 300,000 ohm/em (0.3 on
the conductivity instrument located in
the control room) along with an alarm
in the control room and pump house.
The automatic closure of the effluent
valve is bypassed if the switch is
turned to the OPEN position. Valve
D-10 is located on the exit line at
the spool piece (primary pump side).
The demineralizer flow should be
adjusted so that a flow from the exit
sampling line can be obtained at the
sink. This will prevent negative pres
sure on the anion column.
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Objective

Example 6.1. (continued)

Procedure Remarks

-,\

17. (continued) Vent air from the cation and anion
columns as necessary.

Take the exit water pH and
resistivity readings.

THIS STEP WAS COMPLETED BY:
on------ ------

This step ensures that the columns are
filled with water.

Log the results in the BSR log book.

18. Compute the
amount of water
sent to the
waste system
during the
regeneration.

ILW
(WC-19)
(gal)

Cation backwash
Cation acid injection
Cation slow rinse
Cation fast rinse
Anion backwash
Anion caustic

injection
Anion slow rinse
Pool water through

rinse
Total

THIS STEP WAS COMPLETED BY:

on-------

Process
Drain
(gal)

Log the total number of gal sent to
the waste systems in the BSR log book.

0'\
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Objective

Example 6.1. (continued)

Procedure Remarks

19. Flush and
clean the
acid regen
erant tank.

Check the sight glass on the regenerant
tank to ensure that the tank is empty.
Check that valves D-17, D-18, D-19,
D-20, D-39, D-45, ReV-100, and HCV-302
are closed.

Establish a flow of proces s water to
the floor drain with the hose connected
to valve HCV-114C.

Remove the plug from the regenerant
tank drain line and connect the hose
(provided). Place the end of the hose
in the floor drain and open drain valve
D-45.

Remove the flange from the top of the
tank and flush the tank wIth process
water.

Close the drain valve D-45 and fill
the tank with process water. Open the
drain valve D-45 to drain all water
from the tank. Check that the water
flow through the sight glass is satis
factory.

This step ensures that the regenerant
tank is isolated from all systems.

This ensures that only very dilute
acid enters the drain.

The small amount of acid below the dip
leg in the tank will drain out.

Inspect inside of the tank before
adding water to ensure that the tank
contains no acid.

This step will completely rinse the
tank.

0\
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Objective

".:.

Example 6.1. (continued)

Procedure Remarks

.....

19. (continued)

20. Flush and
clean the
caustic
regenerant
tank.

Close valve D-45. remove the drain
hose. replace the drain plug and
replace the flange on the tank top.

THIS STEP WAS COMPLETED BY:

on-------- ---------
When the caustic tank is empty. it
should be cleaned before refilling.

Check that valves D-27. D-30, D-3l,
D-40, D-46, HV-98. and HV-99 are
closed.

Remove the plug from the regenerant
tank drain line and connect the hose
(provided). Place the end of the hose
in the floor drain and open the drain
valve D-46.

Flush and rinse the tank with process
water with the hose connected to valve
HCV-114C.

The tank is now in proper condition for
use in the next regeneration, Step S.

This step ensures that the regenerant
tank is isolated from all systems.

0-,
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Example 6.1. (continued)

--------,------~--,--------------------

Object:Lve

20. (continued)

21. Fill the
caustic re
generant
tank.

Procedure

Close the drain valve D-46 and fill
the tank wi_th process water. Open
the drain valve D-46 to drain all
water from the tank.

Close valve D-46, remove the drain
hose, and replace the drain plug.

THIS STEP WAS COMPLETED BY:

__________ on

Connect the hose (provided) from the
outlet connection on the caustic truck
tank to the connection at HV-97.

Open HV-97 and the truckls dump line
valve.

Open HV-I03.

Open HV-99.

Remarks

This step will completely rinse the
tank.

The tank is now ready to be refilled
with caustic, Step 21.

HV-97 is located outside the BSR pump
house (southeast corner).

This normally opened valve is located
on the caustic transfer pump drain pan
line to the storm drain.

HV-99 is located at the caustic tank on
the caustic line rinse connection.

C'
I
~

0\



.....

Example 6.1. (continued)

Objective Procedure Remarks

21. (continued) Open HV-98. HV-98 is located at the caustic tank on
the caustic fill line.

Energize the caustic transfer pump.

Observe the level of the liquid in the
caustic regenerant tank; when the
level is 1 in. below the overflow
line, de-energize the caustic pump.

Close HV-98, HV-97 , and the truck dump
line. Reconnect the truck end of the
unloading hose to the storm drain line.

Open HV-97.

Connect the water hose from the process
water line to the line at HV-99.

Open HV-99 and HV-114C (process water
supply).

Rinse the pump and caustic line for
10 min then close HV-99 and HV-114C.

THIS STEP wAS COMPLETED BY:
on -------

The caustic transfer pump switch is
located on the wall at the caustic tank.

This step will rinse the caustic trans
fer pump and lines with process water.
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2. The auxl1iary deminera.lizer

a. Description. The auxiliary demlneralizer is an

Elgin Ultra Deionizer consisting of a mixed-bed

column (18-in.-dia. and 72 in. high)t a rege

nerant tank (18-in. dia. ffild 18 in. high)t a

Micro-Klean filtert and auxiliary piping for

regenerating. The column has a maximum operating

pressure of 100 psig and a maximum flow rate of

18 gpm. The column contains 4.5 ft3 of Amberlite

lRA-400 resin and 3.0 ft 3 of Amberlite IR-l20

cation resin.

Water to the demineralizer leaves the pool

through a I-in. line on the west wall of the pool

and passes through valve B-1 prior to entry into

the pump. The Tri-Clover pump forces the water

through the mixed-bed column and the filter and

returns it to the pool.

b. Procedure of Regenerating the Resins. The unit

is to be removed from service and regenerated if

the resistivity of the effluent is not more than

that of the pool water or if the pH is not within

the limits of 5.5 and 6.5.

The follOWing example (Example 6.2) includes

procedures for removing the demineralizer from

service, regenerating the unit, and placing it

back is service.



Example 6.2. Procedure for regenerating the auxiliary demineralizer

Objectives

1. Remove the demin
eralizer from
service.

2. Remove the spool
pieces.

Procedures

De-energize the pump. Close valves
B-l t B-2 t B-3, and B-7.* Close
valves 1 and 3 in the demineralizer
room.

Remove the inlet and exit spool
pieces.

Remarks

The electrical switch is located in
the reactor bay, over the demineralizer
pump.

The spool pieces are painted red for
identification. The spool piece on the
inlet line is located on the suction
side of the pump. The spool piece on
the exit line is in the demineralizer
room.

This step ensures that regenerant
fluids cannot be inadvertently added
to the reactor water system.

0\
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3. Backwash the resin Open valves C-4, C-5 t and C-6.
to remove foreign
matter and prepare
the resin for a
more efficient
regeneration.

Open valve 5. Slowly adjust back
wash supply valve 2 until the back
wash flow-rate is about 7 gpm.
Continue the backwash for at least
10 min, then close all valves.

These valves are the process-water
supply valves. Be careful not to wash
any coarse-grain resin from the columns.

*Normally these valves are closed since this unit is in standby.
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Example 6.2. (continued)

Objectives

4. Prepare the caus
tic regenerant.

S. Regenerate the
anion resin.

6. Rinse with
demineralized
water.

Procedures

Add 8 in. of water to the regen
erant tank via valve 12. ~fuile

stirring the water in the regen
erant tank, slowly add 3.5 gal of
50% NaOH and continue stirring
until the caustic is thoroughly
mixed.

Open valves 4 and 7. Adjust the
regenerant flow-rate to 1.8 gpm by
throttling with valve 11.

Open valve 6 and allow the regen
erant to be drawn into the resin
column at a rate of 0.5 in./min.

As soon as the regenerant is all
drawn in, open valve 12, and add 3
in. of water to the regenerant tank.

Change from process water to demin
eralized water for the rinsing step
by opening valve C-3 and closing
valves C-4 and C-5 and all valves
at the demineralizer.

Remarks

CAUTION: Remember that the caustic
is a hazardous chemical if handled
improperly. Wear rubber gloves,
shoe covers, face shield, and a
rubber apron while preparing the
regenerant solution

If the regenerant is not being drawn
into the column or if the water backs
up in the regenerant tank. increase the
flow-rate by opening valve 11 until the
regenerant is being drawn at a rate of
0.5 in./min.

If the regenerant is being drawn too
fast, throttle it with valve 6.

(J\
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Ob j ec t i ve s

6. (contLlued)

7. Prepare the acid
regenerant solu
tion.

8. Regenerate the
ca tton resin.

Example 6.2. (continued)

Procedures

Move the right-hand switch of the
"Quality Indicator" from its normal
SERVICE position to the RINSE posi
tion.

Open valve 4. Adjust the rinse
flow-rate to about 7 gpm by manip
ulating valve 1. Rinse the column
for 50 min. The pH should then be
between 8 and 8.5.

Add 10 in. of water to the regen
erant tank via valve 12. then close
the valve. While stirring the
water. Carefully add 2 1/2 nine
pound bottles of sulphuric acid and
continue stirring until thoroughly
mixed. Close valve 7.

Open valve 8. Using valve 11.
regulate the flow-rate to 1.8 gpm
as indicated on the rotameter.

Open valve 6 to allow the regen
erant to be drawn into the column
at a rate of 0.5 in./min.

RerQarks

C;',UTION: Remember that the ac t d
is a dangerous chemical if handled
improperly. Wear rubber gloves.
shoe covers. face shield. and a
rubber apron while preparing the
regenerant solution.

If the regenerant is not being
dra\\7o into the column or if the
water backs up in the tank,
increase the flow-rate by opening
valve 11 until 0.5 in./min is
attained.

0'1
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Objectives

8. (continued)

9. Rinse with
demineralized
water.

10. Mix the resins.

"}

Example 6.2. (continued)

Procedures

When the regenerant is 1/2 in. from
the bottom of the tank, add 3 in.
of water by opening valve 12.

Close Valve 12.

After the regeneral1t is all drawn
in, close all valves.

Open valve 4. Adjust the rinse
flow-rate to about 7 gpm by manip
ulating valve 1.

Rinse until the pH is 3.8 to 4.

Change the switch on the "Quality
Indicator" from the RINSE to the
SERVICE position.

Open valve 9 to allow water to
drain from the column (for about
10 min or until the water at the
drain stops flowing).

Close valve 4.

Open valve 5.

Remarks

If the regenerant addition rate is
too great, regulate it with valve
6.

Normally this step requires about
2 h.

The "Quality Indicator" is located
on the west wall of the pool area.
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Objectives

10. (continued)

Example 6.2. (continued)

Procedures

Adjust valve 2 until the flow
indicator shows a water-mixing rate
of 5 gpm.

Open valve 10.

Adjust valve 13 until the air rate
on the flow indicator shows an
air-mixing flow-rate of 2.5 ft 3Jmi n .

When water appears at the drain,
close valves 13, 10, 5, and 2 (in
the order listed).

Open valve 1 to allow the unit to
refill with water.

When the water starts flowing
steadily at the drain, close valve 9.

Open valve 4.

Rinse until the resistivity of the
demineralizer effluent is greater
than the resistivity of the pool
primary water.

Remarks

Normally, this step requires about
2 h.

0'
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Objectives

11. Place the unit
in service.

Example 6.2. (continued)

Procedures

Close valV'e 4 and replace the spool
pieces.

Close valves C-3 and C-6.

Open valves B-1, B-2, and B-7.

Open valves 1 and 3.

Energize the pump.

Remarks

NOTE: The flow-rate should be
about 18 gpm.

cr.
!
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6.1.11. Fi~t_ering_~~~_~.._- de~c':.~.p..t..~9..n.- and procedures

There are three filter beds servicing the primary water

system. ~~O of the beds, located on the west side of the

reactor bay, are referred to as the skimmer filters. The

third bed, located in the pump house, is referred to as the

p r Lruary filter- bed.

1. Skimmer filter beds

a. Description. The two skimmer fllter beds are

installed in series. The first, A Dollinger

Staynew liquid filter~ used W-12 wool-felt fil

ters with bronze backup wire as a filter media.

(The use of f I Lters in this housing has been

discontinued.) The second. a Ful-flow filter,

uses 78 Cuno Micro-Klean filter cartridges as a

filter media. The filters should be changed

when the pressure drop is 20 psig through the

unit.

b. Procedure for replacing the Dollinger Staynew

liqui.d and Fu l.r-fl.ow filter- media

(1) The skimmer pump should be de-energized and

the filter columns isolated for two days

before replacing the filters, to allow for

decay of l:ddi.oactive material in the filters.

Isolate the f Ilte r s by closing valves A-8

and A-l3.

(2) Open valves A-II and A-12. This will release

the pressure on both filters.
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(3) Attach a hose to valve A-14 and r.un the free

end of the hose to a proces s dra Ln , Open

valve 1\.-14 to drain the filter columns.

(4) Remove Dollinger Staynew liquid filter access

cover and remove the nut which secures the

insert assembly. Install the lifting bar on

top of the insert assembly and, using the

crane, carefully lift the insert assembly

from the tank. The insert assembly should

be covered with a plastic bag as the assembly

is beIng removed from the tank (to contain

any contaminatIon that may be present). The

entire operation should be performed in a

"contamination zone" and a Health Physics

representative should be present during ini

tial removal of the assembly. Remove the

four tie rods from the upper and lower radial

pin insert assemblies and dispose of the fil

ter media and gaskets. Wash the radial-pin

inserts and install new filter media slip-on

insects and gaskets. To reassemble the unit,

use the same procedure in reverse order.

5. Remove the Ful-flow filter access cover and

dispose of the spent filter cartridges. As

in the operation described above, this work

will be performed in a contamination zone

with a Health Physics representative present

during the removal of the first cartridge.
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Install 78 new Cuno Micro-Klean filter car~

tridges. To reassemble the unIt, use the

same procedure In reverse order.

2. Descriptlol~_of the prim~.~x_ fil tey bed

a. Description. The primary filter bed is a Purola

tor Products type PAGR-·200V (modified). This

unit is 18-ln.-OD and 2/+ rte-v«. high. The bed

uses eight 4-in.-OD and 12-1n. high ~licronic

five-micron cartridges as the filter media. ~fuen

the filters are clean, the pressure drop across

the filter bed is 3 psi with a flow rate of 200

gpm.

b. Procedure for replacing the Purolator filter

media. Close valves ReV-52 and ReV-53 to isolate

the bed. Depressurize the bed by opening the

vent valve on the top. (If it is necessary to

to drain the bed, the pipe plug on the bottom

must be removed.) Remove the top head and dis

pose of the spent filter cartridges. This work

will be performed in a contamination zone ,.nth

a Health Physics reprosentative present during

the removal of the first cartridge.

6.1.12. Routine checks

In order to maintain proper surveillance over the various

components throughout the reactor complex, the roving opera

tor is to inspect the area and perform all the checks listed

on the checklts t for the particular shift. These checks are

to be performed at the beginning of each shift; the area is
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to be inspected again during the middle of each shift for

proper operating conditions (see Section 12 for the specific

items to be checked by each shift). The individual items related

to the primary water system which are on the shift checklist

are self-explanatory.

6.2. The Secondary-Water Cooling System

6.2.1. References

Drawings:

P 20310 Ee 001. Cooling Water System - Flow Sheet

P 20310 EC 023, Plan of Secondary Underground Lines from Heat

Exchanger to and from Cooling Tower

P 20310 EC 027, Pump Sump and Cooling Tower Piping - Plan

P 20310 EC 028, Pump Sump and Cooling Tower Piping - Section

P 20310 EC 031, H,eat Exchanger Piping - Plan

p 20310 EC 032, Heat Exchanger Piping - Sections Sheet 1

P 20310 Ee 033, Heat Exchanger Piping - Sections Sheet 2

S 20310 EA 014, Cooling Tower Basin - Plan, Sections, and

Details

S 20310 PF 003, Cooling Tower Acid Storage Tank - Acid Storage

Tank, Location, Plan and Sections, Safety

Shower Pad, and Piping Details

P 20310 PF 004, Cooling Tower Acid Storage Tank - Piping Plan,

Sections and Details

6.2.2. Introduction

The secondary water system consists basically of an

induced-draft cooling tower, a pump, the tube side of a stain

less steel heat exchanger, and the piping necessary to convey
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the water. The secondary loop is equipped with an automatic

t empe.r'ature-rcorrt roL system. Auxl lLary systems serve to treat

the process water wi.th various chemicals to prevent corrosIon,

scaling, and accumulation of microorganisms.

6.2.3. DescF~~J?.~.~.on

Water, from the approximately 40,OOO-gal-capacity cooling

tower basin~ is pumped through metal straIners, through the

tube side of the stainless steel heat exchanger, through an

automatically controlled valve, and through the cooling tower.

The flow rate of the secondary water is varied hy the action

of the automatically controlled valve. Action of this valve

and variation of the cooling tower fan speed are used to

control and maintain the temperature of the primary water at

95°F (leaving the heat exchanger). The process water lost due

to evaporation and due to tower blowdown is automatically

replaced at the tower basin.

The rated capacity of the cooling tower is 5 MW. A por

tion of the 3-MW-exces8 capacity is used to provide cooling

water for al r-vco nd Lt LonLng units Nos. 5,6, and 7 in the

laboratories and offices on the first and second floors east of

the reactor bay. A separate pump (with a full-flow rating of

220 gpm) is used to provide secondary cooling water to these

units. This pump necessarily operates all during the year

since these air-condlti.oning units provide heating during the

cooler months. It is sometimes desirable, during freezing

weather, to bypass the tower when only the air-conditioning

pump is operating. Water from the air-conditioning units is

then routed through HCV-94 direc tly to the tower basin. Use
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of. this flow path prevents the accumulation of ice on the

tower under such conditions. (NOTE: For detailed description

of. the cooling tower, see Section 6.3., "The Coollng Tower.")

6.2.4. General precautions

1. Be sure that the sump is filled and that automatic

water-supply valve LV-20 is operable and valve HCV-81

is opened before operating the system.

2. Maintain the chem:l.cal-concentration parameters with:l.n

specified limits.

3. Follow the instructions in the section concerning

hazards involved in handling the chemicals used for

treating the secondary water.

4. Avoid permitting excessive accumulation of ice on the

tower during the winter months.

5. If there is any doubt concerning the condition of the

secondary system or related equipment, the reactor

supervisor or his designated alternate should be con

sulted prior to continuing or beginning operation.

6.2.5. Operational procedures

Normally, when Mode-2 operation is se~ected, the duration

of operation at significant power levels will re.qu:l.re placing

the secondary cooling system in service. The procedure for

accomplishing this is as follows:

1. Ensure that the system is filled, vented, and ready

for service.

2. Place the fans in AUTOMATIC; the controls are located

on the west wall of the pump house. Select the fans

to operated; normally, both fans will be selected.
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3. Observe the temperature increase indicated by the

recorder readout in the control room.

4. When the temperature of the primary water leaving the

heat exchanger reaches about 105°F, place the control

selector lever of the recorder~controller in MANUAL

(see Fig. 6.6).

5. Move the demand setpoint to request 13 to 14 psi of

air pressure on the secondary throttle valve; this

will cause the control valve to be partially open.

(The black-colored air'''pressure indicator should move

to align itself with the demand knob.)

6. When the valve is about 80% closed (black indicator at

about 13 or 14 psi), energize the secondary pump motor

using the panel control knob. This action should

minimize surges in the water flow. The panel pump

motor indicator light should be ON and the secondary

flow recorder should indicate flowo

7. Continue to adjust the demand setpoint knob until the

temperature stabilizes at approximately 95°F.

8. Place the control-selector lever in SEAL. This fixes

the air pressure at the valve operator at the previously

demanded pressure.

9. Place the control-selector lever in AUTOMc\TIC. (NOTE:

Due to the time delays in the instrumentation associ

ated with the temperature-control system, it is not

particularly desirable to place the control-selector

lever in AUTOMATIC and energize the pump indiscrimi.···

oately. The result, in all probability, could be
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Fig. 6.6. Reactor inlet water temperature controller.

A - This black pointer indicates the output air pressure of
the pneumatic transmitter. As the air pressure increases,
the secondary valve closes •

B - The "demand-setpoint" pointer indicates the preferred
temperature of the water returning to the pool when the
control-selector lever is in the AUTO position and indi
cates the desired valve-operator pres aure when the control
selector lever is in the MANUAL position.

C - The demand-setpoint knob is used to set the demand-setpoint
pointer.

D - This pointer indicates the actual temperature of the water
leaving the primary side of the heat exchanger.

E - Control-selector lever.



excessive osc.illatJons in temperature and surges in

the watCL flow. The above procedure is intended to

minimize these effects.)

The secondary f Low rate ~"tll increase and decrease to com-

pensate for any increases or decreases of to~rer basin tempera

ture; this is necessary to conti-nue remt'lving heat from the heat

exchanger at a constant rate.

The secondary flow rate is the parameter which is used to

control operation of the cooling tower fans. The sequence of

operation of this system is indicated in Table 6.1.

Table 6.1. Fan speed control

~--_ ~.~~~ -------_••••••••••••••••••••• _ •.~ •.~---_ _------_._•••••••••~«••••~

Switch* Change of

Fl.ow rate
Fan speed

~------------_ ~.~.~

FS~·l1F Increase to 1200 gpm South in low

FS~'11D Increase to 1250 gpm North in low

FS~llE Increase to 1390 gpm South in high

rs-t ic Increase to 1410 gpm North in hIgh

FS·~l.lC Decrease to 1250 gpm North in low

FS-llE Decrease to 1200 gpm South in low

rs-t in Decrease to 1040 g ptn North, off

FS-IIF Decrease to 1000 gpm South, off

------_..__.._._ ~_..-
*These are d Lf f e r en.t La Le-t ype pr-es s u r e switches ~--ith an adjustable

Los--pr-es sur-e se t poLrrt and with an adjustable span used to determine

the high-pressure setpoint.
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The rate of flow of the secondary water to the cooling

tower is monitored just downstream from the heat exchanger by

FE-iI, which is a 1/8-in.-thick orifice plate with a

6.3343-in.-diam bore. The secondary-flow transmitter, IT-ll,

transmits a pneumatic signal to flow-indicator FI-ll at the

pump house and to FR-ll, TR-15 (a two-pen recorder) located in

the control room. An associated pressure switch, FS-IIA, will

sound an annunciator if the flow decreases to <300 gpm. The

flow rate is controlled by the position of the throttle valve,

TCV-13; the position of this valve is adjusted by the pool

inlet-temperature controller (TC-13).

6.2.6. Chemical conditi.oning of the tower water

1. Objectives. To help maintain an efficient secondary

cooling system, it is necessary to treat the process

water used in the system with V8.ri.OUS chemicals. The

main objectives of the treatment are as follows:

a. to control scale formation and corrosion,

b. to control microbiological growth, and

c. to control the pH of the secondary water.

The reasons for attempting to control scale formation and

corrosion are rather obvious. Both cause a loss of heat-transfer

capability; scaling can ser:i.ously affect flow rates, and corrosion,

if unchecked, will eventually result in a leaky, possibly unsafe

and unusable system.

The reasons for attempting to control microbiological

growths are to minimize heat-transfer losses and deterioration

of the wood. The wetted wooden portions of the cooling tower

are redwood, which resists deterioration; however, it is still

subject to attack by chemical agents and fungI ,
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Chemical attack on tower lumber is a form of deterioration

in which oxidizing agents, such as chlorine and alkalies, attack

lignin and remove materials, naturally present, which are toxic

to wood-destroying organisms; this can cause very serious

damage. Chemical treatment is designed to minimize this deter~

ioration although it cannot be eliminated completely.

Evidence of chemical attack (delignification) can pro

bably be found during the earliest stages of development in the

most heavily wetted and washed portions of the tower wood.

Fungus attack may be described as the decomposition of

wood by microorganisms. These microorganisms utilize ;'>lood as

food. They are ever present in decaying wood in the forest,

and their spores are easily blown by the wind into the cooling

tower.

Fungus attack can be classed as white rot, brown rot, and

soft rot. White rot decomposes all components of the wood

lignin and cellulose. Look for a spongy, stringy condition of

the wood and pockets of white or yellow fibrous material.

Brown rot decomposes the cellulose, leaving the lignin more or

less unaffected. The wood is reduced to a brown mass whfch

powders easily in the fingers. Both white and brown rots

usually leave the surface intact and it is necessary to probe

beneath the surface of the wood to detect their presence.

These fungi are usually found in the nonflooded zones of the

tower.

Soft rot usually takes place in the flooded zones.

Attack starts on the surface and progresses inward. It is

identified by loosening of surface fibers. eroded surface. and
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loss of strength. Surface checks across the grain are fre

quently visible after the wood has dried.

Routine inspection of the tower components should reveal

any soft rot, for, as noted above, external evidence occurs.

In the case of white rot and brown rot; however, inspection

procedures described below are necessary for detection.

Samples of fill and drift eliminator both should be broken

and the interior examined for a darkening in color. The manner

in which the wood breaks should be noted - infected woods tend

to break straight across the grain with little or no splinter

ing.

Although damage to wooden components by microorganisms is

fairly obvious, damage to metal components is not; however,

certain organisms of the sulfate-reducing type generate corro

sive hydrogen sulfide which causes severe pitting attack. In

addition, slime can accelerate corrosion by depositing on

metal surfaces and preventing protective film formation.

Biological fouling on metal surfaces will also create dif

ferential oxygen concentration cells and result in serious

pitting of the surface. Other sources of difficulty are the

iron-depositing categories of bacteria. Those bacteria have

the capacity to absorb and to accumulate iron and/or manganese

when they are present in environments which contain these ele

ments. Later, these organisms deposit iron and manganese

salts around their cells.

An attempt is made to control the pH of the secondary

water in order to protect the metal portion of the system.

The solids in the process water fed to the basin are c.on

centrated because of the high evaporation rate. This tends to



raise the pH primarily due to the increased concentration of

calcium carbonate (CaCOZ)' A high pH is deleterious to the

wood in the tower, so sulphuric acid is fed into the water to

maintain the acidity at a level at which the chemicals used to

control the corrosion and biological growth are most effec

tive. However, this acid addition must be very carefully

controlled since an excessive amount of acid would be very

harmful to the metallic components of the system.

2. Treatment of scale formation and corrosion. A phos-

phate solution is used to maintain a protective film

on metal components to inhibit scale formation, co r ro-:

sian, and fouling of the components in the secondary

system (refer to Section 6.2.7 for handling procedures).

The addition necessary to maLn t a I u the desired coneerr

tration will be made by a pump, pumping from a 55-gal

drum to the basin.

a. After the tower basin is filled followIng routine

basin cleaning~ add 4 gal of the phosphate solu

Lion which should place t he concentration at app rox

imately 100 ppm. Circulate the basinwater t using

the pool secondary pump, for 24 h, maintaining the

concentration of 100 ppm. NOTE: The basin is

usually cleaned in the spring and fall when the

outside temperat.ure is above freezing. If the

reactor is not operating, the pool primary pump

should be shut down (see Section 6.1.5, item 2,

"To Stop Flow in the Primary System") during the

secondary water circulation to prevent lowering

the pool wat e r temperature.
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b. Analyze for phosphate content twice a shift when

the secondary is in operation, and make required

adjustments to the pump to maintain the desired

phosphate level.

3. Treatment for microbiological gr?wth. The control of

microbiological growth is accomplished by periodic

addition of a biocide which will minimize the deteri

oration of the redwood in the cooling tower. The

periodic addition of the biocide is accomplished as

follows:

a. After the tower basin is filled followlng routin.e

basin cleaning, add 4.5 gal of liquid biocide to

the basin and observe the secondary flow (instruc-'

tions are given in Section 6.2.6, item 2b). Keep

the blowdown valve closed for at least 4-5 h.

b. Repeat the treatment each week.

4. Total-solids control. A total-solids concentration

of several times that of the system makeup water is

selected as an optimum for the system depending upon

the total treatment program. Normally, this will

result in an operating range of. 900-1000 mieromhos,

as determined by use of the Nalcometer. The exact

control point, however, will be determined by

measuring the total-solids content of the makeup

water (this number should t.heu be multipLied by the

selected concentration factor obtained from operating

instructions). The procedure for controllIng total

solids content is as follows:



a. Sample the system water and determine the total

solids content.

b. If the total solids is )1000 micromhos, start the

bLowdown flow. If the total solids is <900

micromhos, stop the blowdown flow. NOTE: Esta

blish the blowdown as follows: close Hev-80b

(sample line), open HGV-80a, and open HeV-SO

enough to obtain the desired hlowdown flow. Dur-

ing freezi.ng teIJ1peratue~s when the blowdown is not

in service, valve Hev-80 should be closed and

HeV-80a and HeV-80b should be open, thereby free

ing trapped water in the lIne that would otherwise

freeze and possibly burst the pipe.

c. When the secondary is operating, the total-solids

content of the tower water will be determined at

least once per shift and the blowdown rate adjusted

accordingly.

5. pH control. The pH probe, ApHE-14, is located in the

RSR pumphouse. Water is suppl.ied to the probe from

valve HCV-89 and HCV-Pi (refer to Fig. 6.7 "BSR

Secondary pH Control Probes"); after passing over the

probe, the water goes to the storm drain. The probe

transmits an electrical signal to the pH amplifier

indicator (ApHT), which in turn transmits an electri

cal signal to the recorder-controller (ApR R-14, ApH

C-14) in the control room. The controller transmits

a variable current signal to the motor controller,

ApH CO-14, located at the pump house. The motor
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Fig. 6.7. BSR secondary pH control probes.
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controller transmits a proportional dc-voltage signal

to the motor of the minipump ,.rhi-eh feeds sulphuric

acid from the storage tank to the cooling tower basin

(refer to Section 11.6, "BSR Acid Storage Tank"). An

adjustable alarm contaet on the recorder, ApH R~14,

will sound an annunciator if the pH increases to >7.5

or decreases to <7.0.

6. pH probes- The proper operatIon of the pH probes

depends on the flow of water supplied to the probes

(see Fig. 6.7). The f l ow is established by t.he £01

Losri ng method.

a. Open valves HCV-89, P~l, P~2, P~3, and r-«.
b. Adjust valve p-L~ to obtain desired wa t e r f Low to

the probes.

c. Valves P-5 and P-'6 closed.

d. The filter can be bypassed by opening P-5.

e. Once per week (see Example 12.4, "BSR Rou t Lne Check

Sheet 8-4 Shift" in this manual), flush the filter

unit as follows:

(1) Open valve P-6 and rotate the filter one

complete turn. After the filter housing has

been flushed, close P-6.

7. ~~~c~~.~.~.~es for ._?.P..":E.~ting chemical testing instruments

a. Portable pH t1eter (see Section 11.3 in this

manual). Determination of the pH is made on a

number of water samples. In all cases> re;3.sonable

precautions should be taken to get a representa

tive sample; i.e_, clean sample containers should
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be llsed and they should be rinsed with the sample.

The sample lines should be thoroughly purged and

an adequate sample should be obtained. After the

measurements are completed, rinse the electrodes

with process water and leave them immersed in the

process water.

WARNING: Never leave the electrodes immersed in

phosphate solutlon.

b. Phosphate Analysis. The secondar-y water systems

are treated \yHh a phosphate solution to reta rd

corrosion. The water must be analyzed for its

phosphate content 80 that the proper level can be

maintained. A Phosphate Test Kit is used for

this analysis, and the proper procedure is as

follows:

(1) Fill sample tube to the 25 ml scribe mark with

water to be tested.

(2) Add 25 drops of sodium thiosulfate and swirl

to mix. The solution should now be a violet

color.

(3) Add one dipper x:ylenol orange i.ndicator and

swirl to mix. The solution should now be

a violet color.

(4) Add one drop hydrochloric acid and swirl to

mix. Check pH using phydrion paper. Con

tinue dropwise addition of hydrochloric acid

and pH check until the proper pH (2.0-3.0)

is reached. The proper pH adjustment at this
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point is essential. After proper pH is

obtained, the solution should be a yellow

color. See note 2 for proper use of pH paper.

(5) Add 10 drops of Interference Suppressor. Mix.

Avoid contact\#itl.!.. skin or ey'~~.

(6) Add thorium nitrate dropwise, mixing con

stantly. Count the number of drops needed to

change the color from yellow to the first

permanent violet color which persists for 30

s. Always hold the dropper bottle in a ver~

tical position. If held at another angle,

the drop size may vary.

(7) Repeat the procedure on a sample of makeup

water without treatment to determine the

blank.

(a) If a titration is in excess of 15 drops,

the sample must be diluted to get a

titration value of less than 15 drops.

Results

A

B

F

(A-B) x F = Dearborn treatment

Drops thorium nitrate used in sample

Drops thorium nitrate used in blank

Factor - The Dearborn representative will

furnish this value.

FACTOR 18
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Notes

1. Chlorine causes the indicator to fade~ but unless extremely

high residuals are present~ the thiosulfate addition will

eliminate this problem. Most ions normally present in

industrial water do not interfere at the pH at which the

test is performed. Ferric iron above 5 ppm and .phosphate

interfere. The use of a blank allows for evaluation of

interferences.

2. tear off a 4-in. strip of pH paper. Dip only the tip of

the strip into the sample and compare to the color chart.

Tear off the spent tip of the paper and use a fresh end

for each comparison. Do not drop paper into sample. The

paper is not instantaneously reversible. More important,

the dye will leak out and contribute troublesome color

background during the chelation end point. The optimum pH

for the chelation titration is 2.5.

Apparatus and Reagents

1 - Sample tube ••••••••••••••••• • Code 1972

1 - Sodium Thiosulfate, 0.1 m, 2-oz dropper bottle • Code 550

1 - pHydrion paper pH 0.0-11.0, Dual Pack,

1 - Xylenol Orange Indicator, vial with scoop ••• Code

1 - Thorium Nitrate, 0.002 M, 2-oz. dropper bottle Code

1 - Hydrochloric Acid, 1 M, 2-oz. dropper bottle •• Code

1 - Interface Suppressor, 2-oz. dropper bottle ••• Code

with dispenser • • • • • • • • . . • Code 582

562

900

595

899
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c. Total-solids analysis with a na Lc.ome t er , For the pro-

per operation of the cooling tower system, it is neces

sary to control the total solids dissolved in the

secondary water. The total-solids analysis is routinely

performed w:tth the na Lcomet e r as follows:

(l) Fill the nal.comet e r with basin water.

(2) Turn the selec tor swi teh to the proper range and

push the power button inward; record the reading.

(NOTE: Tne full scale reading on the meter is 5.

The selector switch positions are la, 100, and

1000. The pointer reading is multiplied by the

selector switch position to obtain the total-solids

content in ppm.)

(3) Hben completed, pour the tested basin wat er from

the cup of the nalcometer, rinse the cup \nth pro

cess water, and leave empty.

6.2.7. Chemical hazards

As described in this section, a biocide, a phosphate solu

tion, and sulfuric acid are presently used to treat the secondary

water system for various reasons. These chemicals are potentially

hazardous and must be handled properly. Brief descriptions of the

purpose, the toxicology, and the disaster hazard for each chemical

along w:tth recommended safe operating practices, are given below.

1. Biocide

a. Purpose. The use of a biocide :tn the treatment

of cooling tower wat e r controls slime and mtc ro-:

biological activity and actually kills microorgan~

isms. It also has nonoxidizing characteristics
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for the prevention of wood rot in the cooling towers.

One biocide. Micro 321. is a liquid preparation which

contains the following active ingredients:

(l) Alkyl Dimethyl Benzyl Ammonium Chloride - 12.5%

(2) Bis (Tri-n-Butyltin oxide) - 2.25%

(3) Inert ingredients - 85.25%

b. Harmful effects. Causes eye damage and skin irri

tation. May be absorbed through the skin. Harm

ful or fatal if swallowed.

c. First Aid. In case of skin contact. wash with

plenty of soap and water. For eyes, flush with

water for 15 min and get prompt medical attention.

If swallowed drink promptly a large quantity of

milk, egg whites, gelatin solution, or if these

are not available. drink large quantities of water.

Avoid alcohol. Get medical attention immediately.

2. Phosphate

a. Purpose. This blend of organic sequestrants and

anti-foulants is used to control mineral and

organic fouling. It contains. corrosion inhibitors

which provide protection to all system metals.

One phosphate. ENDCOR 4630. contains the following

ingredients:

(1) HEDP - Hydroxyethylidene diphosphonic acid

(2) EDTMPA - Ethylenediaminetetramethylene

diphosphonic acid

(3) PMA - Polymethacrylate

(4) MBT - Mercaptobenzothiazole

(5) Na3P04 - Trisodium phosphate



b. Warning. Alkaline solutlon not to be taken inter

ally. Use gloves and protective clothing when

handling. If solution gets on skin, wash with

plenty of water. If eyes are affected, flush ~dth

water and get medical attentIon.

3. Sulfuric acid

a. Purpos~. The solids in the process water fed to

the basin are being concentrated because of the

high evaporation rate. This tends to raise the

pH, primarily due to the increased concentration

of calcium carbonate. A high pH is undesirable

for two reasons: (1) it is deleterious to the

wood in the tower, and (2) it is not conducive

to good control of corrosion and biological growth.

The pH of the water, therefore, is controlled in

the range of 7.0 to 7.5 by the addition of sulfuric

acid.

b. Toxico~?~~. In concentrated form, sulfuric acid

acts as a powerful caustle to the skin, destroy

ing the epidermis and penetrating to the underly

ing tissue. This causes great pain, and, if much

of the skin ts involved, it is accompanied by

shock, collapse, and symptoms similar to those

seen in severe burns. The fumes cause coughing

and irritation of the mucuous membranes of the

eyes and upper respiratory tract.

c. Disaster hazard. Dangerous; when heated it emits

highly toxic fumes.
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d. Countermeasures. In all cases of contact in any

form, immediately give prolonged applications of

running water to wash the material from the body.

If the eyes are involved, they should he irrigated

immediately with copious quantities of water for

at least 15 min. If swallowed, do not induce

vomiting. If the patient is conscious, have hlm

wash out his mouth with water and drink as much

water as possible (milk is preferable but not as

readily available).

4. Safe operation practices

a. Transporting. When loading, transporting, or

unloading toxic or corrosive materi.als, handle the

containers carefully to avoid possible damage and

subsequent leakage. Protective clothing should

also be worn. If a leaking container is discovered,

report it immediately to the shift supervisor.

Normally, flushing the spilled chemical with water

will be the corrective action.

b. Storage. The metal drums cont.aLnLng the biocide,

Micro 321, should be stored where the temperature

is above 24°F(-4°C). The phosphate, ENDeOR 4630,

should be stored where the temperature is above 2°F.

5. Routine handling

a. Whenever it is necessary to handle acid at the

pool secondary tower, or to transfer acid from

the truck to the storage tank at the secondary

tower, protective equipment must be used. 1'h:l.8
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includes wearing rubber gloves t a rubber aproU t

and a face shield. The same protective equLp-:

ment must also be used in handling the Micro 321

at the tower.

b. Hhenever it is necessary to handle ENDeOR 4630

at the tower, the following protective equipment

must be used; gloves, rubber apron, and face

shIeld.

c. Whenever these chemicals come in contact with the

skin, wash the affected areas immediately. Showers

are available at both towers. If the eyes are

involved, wash immediately wIth the water hoses

available at each tower for at least 15 min. If

assistance is requIred, communication is readily

available, and at least two indivIduals on each

shift have completed a course in first aid train

ing. All injuries are to be reported to Medical

as soon as possible (4-7431).

d. Personal hygiene is also of primary importance;

after handling these chemicals t one should always

wash his hands before eating, smoking, or drink

ing. Rei terating t these chemicals are not danger

aUB when handled properly. As wI.th most anythl ng ,

they are hazardous when elementary safety practices

are ignored.

6.2.8. Filling an.~...~raining the tower basin and secondary sys tern

1. Filling the tower basin and secondary.sy~!e~. To

fill the tower with process water, open valve HCV-66

located on the west side of the tower; ensure that
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HCV-81 is open. Use the long T-handle tool provided.

After the basin is filled, close valve RCV-66.

Normal makeup water is supplied automatically through

valve LV-20, provided that HCV"'81 is open. (NOTE:

Be sure that drain valves HCV-79 and RCV-80 are

closed before filling the system.)

To fill the secondary system piping and heat

exchanger tubes, energize the secondary pump motor

and open valve TCV-13. (NOTE: reV-13 is operated

from the control room.) The secondary system will

vent through the cooling tower whenever secondary

flow is established.

2. Draining the tower basin and secondary system. To

drain the sump, open valve HCV-79 after ensuring that

RCV-66 a~d RCV-81 are closed. Also ensure that TCV-l3

is closed. (NOTE: TCV-13 is operated from the con

trol roomv)

To drain the secondary system piping and heat

exchanger tubes, connect a hose from the discharge

side of HCV-89 to the floor drain. Ensure that the

secondary pump mot or is de-energized and tagged.

Close TeV-I3 and open RCV-89. (RCV-89 is a 1 l/2-in.

gate valve connected to the inlet line on the secon

dary side of the heat exchanger.) Open vent valve

HCV-90 or RCV-91.

6.2.9. De-icing the cooling towers

During freezing weather, ice may accumulate on the tower

fill and on the distribution pans to the extent that the struc

ture may be unable to support the weight. To ensure that break-



age does not occur, there should be frequent checks of the area

when the temperature drops below freezing. and the tower should

be de-iced as often as necessary.

To de-ice the tower, operate the fans in REVERSE. The

procedure is as follows:

1. Turn the fan mode swi t ches to MANUAL. (The two mode

switches are mounted in the aluminum hox located on

the wes t waLl, of the pump house; normally, both

swf t ches would be in the AUTOHATIC pos Lt Lon , )

2. Depress both "off" buttons for the cooling tower fans;

these buttons are located in the panel wes t; of the

cooling tower.

3. After the fans have stopped, turn both of the "forward

reverse" switches to the REVERSE po s ItLo n , (NOTE:

These switches are located in the panel west of the

cooling tower. There is a 3-min delay before the fans

will start in the reverse mode.)

4. After the ice has melted, depress the "stop" button;

these buttons are located in the panel west of the

coolIng tower.

5. After the fans have stopped, turn the "forward-reverse"

switches to the FORWARD position.

6. Place the switches mentioned in item 1 in the AUTOMATIC

position.

NOTE: The fans should not be left in the REVERSE mode

mode for extended periods of time due to potential

damage that could occur to the coupling components.

Normally the tower can be de-iced in 1 to 2 h with both

fans in the REVERSE mode. In extremely cold weather,

de-icing is required about once every 24 h.
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6.2.10. Routine checks

In order to maintain proper surveillance over the vari

ous components throughout the reactor complex, the roving

operator is to inspect the area and perform all checks listed

on the checklist for that particular shift; the area is to be

inspected again during the middle of the shift for proper

operating conditions (see Section 12 for the specific items

to be checked by each shift). The individual items related

to the primary water systems are self-explanatory.

6.3. The Cooling Tower

Description of tower components

To aid in the proper inspection of the cooling tower,

the various components, their purposes) and the method of

operation will be briefly discussed. These items should be

familiar to everyone inspecting the secondary system.

Before discussing each component) the relationship of

the components to each other should be established. For each

fan, power is supplied by the motor to the Flexidyne coupling

which is) in turn) connected to the jack shaft. The jack

shaft drives the speed reducer via the drive shaft. The fan

hub assembly (to which the fan blades are connected) is turned

by the speed reducer.

1. Speed Reducer. The speed reducer is the heart of the

tower. It receives power from the high-speed motor,

reduces the speed, and increases the torque to drive

the fan blades. It is subject to extreme service

wear and warrants careful attention and maintenance.
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The power-r f.n put; shaft is held in place wi thin

the pinion cage by a set of roller beadngs. The

output shaft, or fan shaft, is perpendlcular to the

input shaft and is also held in pLac e by rollet"

bearings. Spiral bevel gears within the reducer

change the direction and ~educe the speed of rotation.

Wear develops first in the shaft hearings, both

pinion and axle, resulting in loose shafts. Wear

can also develop be tween the gears, resulting in

excessive backlash.

As a preliminary check on the condition of the

speed reducer:

a. Try to move the pinion shaft up and down or side~

ways (movement indicates pinion-bearing wear).

b. Try to move a fan blade up and down (excessive

movement indicates fan-shaft-bearing wear).

c. Hold the fan still and rock the drive shaft back

and forth (a check for indicating backlash).

If excessive movement is noted at any point.

have the drive shaft disconnected and see if the

pinion shaft can be moved in and out of the pinion

cage. The pinion shaft bea r i.ng s are set to slightly

preload the roller bearings; therefore, any movement

of the pinion shaft indicates wear of the roller

bearings. If movement is detected, the bearings

should be removed for inspection and replaced if

damaged or severely \.rorn.
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The bearings on the fan shaft can be checked

for wear by moving a fan blade up and down and

observing the movement of the fan shaft with refer

ence to the top of the speed-reducer casting. Rela

ti.ve movement of this shaft should be slight. Any

excessive movement :l.ndicates that the speed reducer

should be opened and the shaft hearings inspected.

Exces s Lve gear wear can be determined by the

degree of backlash or movement of one of the shafts

with the other shaft locked. Too much backlash

indicates wear of the. gear teeth and bearings.

These should be inspected and replaced if necessary.

The speed reducer must operate as a unit.

Excessive wear or vibration at anyone point may

impose loads on other parts which lead to their

failure. Therefore. the entire unit should be

inspected frequently and kept well adjusted.

Due to the severe atmospheric conditions

encountered at the top of a cooling tower, it is

easy for moisture to contaminate the gear-rreducer

lubricant. Any time this oil becomes contaminated

it must be drained, the ease flushed out, and the

lubricant properly replaeed. Two types of contamin

ation may be present - sludge and water condensation.

To check for condensation. heat a metal plate

to between 300 and 350°F and place a few drops of

gear-reducer oil on it. If the oil bolls and foams,

it indicates the presence of water. If it merely

spreads out and smokes, theee is no water present.
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If either sludge or moisture are found in the

lubricant, it must be drained, the case must be

flushed out with flushing oil, and the case refilled

'\Tith clean oil.

2. Drive shafts. The drive shaft connects the jack

shaft to the speed reducer in the center of the fan

cylinder. At the ends of the drive shaft four bonded

rubber bushings are used to provide a flexible connec

tion to the jack shaft and to the gear reducer.

However, the drive shaft is still the major source

of vibration in the mechanical equipment. Excessive

vibration. whether detected during routine daily

checks or during special inspections, is cause for

shutting the fan down to permit checks of the align~

ment and balance of the drive shaft.

Inspection of the complete drive shaft should

be made every six months. Look for checking or

cracking of rubber bushings, looseness of bolts, and

misalignment of any parts in the flexible shafts.

In the event that the drive-shaft guards are

removed for maintenance, they must be reinstalled

before the tower is put back into service. Failure

of the drive shaft, unprotected by the drive-shaft

guards, can result in excessive damage to the fan

and speed reducer.

3. .~_~_~xidyne c_?'~p';!.}_?g. The Flexidyne coupUng is basi

cally a f LuLd-rd rLve-r t ype device in which metal shot

is used as the "flow charge." (At the BSR. stainless

steel shot is used.) Hhen the motor is not energized
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and the coupling is not rotating. the shot rests in

the bottom half of the doughnut-shaped hole (toroid)

formed by the drive housing and the housi.ng cover.

When the motor is energized. the motor end of the

coupling rotates but the driven end does not. Rota

tion of the motor end distributes the shot outward

around the inner surface of the toroid. (This dis

tribution is caused by centrifugal force and by the

agitator action of the rotor.) As the shot begins

to build up on this surface,the rotor of the driven

end, which is also located in the toroid, begins to

be more firmly "locked" to the inner surface of the

drive housing and of the housing cover due to fric

tion. When all of the shots are redistributed, the

driven end is soldily coupled to the motor end. The

Flexidyne coupling thus reduces significantly the

starting torque on the motor.

4. Fan motor. The fan motor is a 440-V, 3-phase, 60-Hz

induction motor. The power output is 7.5 hp for

low-speed fan operation and is 30 hp for high-speed

fan operation.

5. Fan assembly. The fan assembly consists of an alu

minum hub turned by the fan shaft, with the nine

blades attached in radial sockets. (The diameter of

the assembly is 144 in.) NormallYt the fan does not

require much maintenance, but any unusual noise or

vibration is cause for shutting the unit down for

inspection. The entire assembly should be checked
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carefully every two months to de t.e rrnf.ne that all

parts are in good condition and that all assembly

bolts are tight. The blades should also be Inspec t ed

for cracks at the blade attachment and at points

where fatigue might be concentrated.

The cooling tower fans were factory balanced.

If it is necessary to replace or r epaf.r any part of

the fan assembly, the balance must be checked when

the fan is first put back into operation. An uo.ha·"

lanced fan assembly will result in vibration and

abnormal loads being imposed on the other units of

the fan drive.

6. .:rowe~....~~.~.d\iare. All metal parts in the cooling

tower are subjec.t to severe corrosive conditions.

Special attention should be given to surface protec

tion. Structural bolts mus t be kept tight and in

good condition. In the event of failure through

corrosion or other causes. bolts, nuts, and other

hardware must be replaced as required.

6.3.2. Preventive maintenance

The cooling tower and secondary circulation system were

designed. to operate continuously, 24 h a day. However~ depend

able operation demands that there be a systematic schedule of

inspection, lubrication, maintenance, and ultimate replacement

of all the components. To facilitate this systematic check,

an inspection form is completed every two months during the

regular end-of-cycle shutdown. (ThI s inspection form Is

Example 6.3.)
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COOLING TOWER INSPECTION
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1. Routine checks. The follow-ing checks should be made

at the indicated frequency.

a. Check once each shift when the tower is in opera

tion for:

(1) unusual noise or vibration of the mechanical

equipment,

(2) indication of the motor overheating or bear

ing trouble,

(3) proper water level in the tower basin,

(4) proper water distribution and break-up in

the tower-fill area,

(5) operation of the circulating pumps)

(6) suction screens, for clogging, and

("1) indication of oil leakage from the motors,

pumps, and gear reducers.

b. Every two months, inspect the tower with special

emphasis on the fo ll.owtng checks. (2i~~NING: Be

sure that the main switch is locked out before

entering the fan cylinder.)

(1) Check the speed-reducer lubricant for evi

dence of sludge or condensation.

(2) Check the drive-shaft alignment-and-coupling

condition.

(3) Check the condition of the fan blades and hub.

Be sure the attaching bolts and cap screws are

in good condition.

(4) Check and tighten, as required) the bolts

holding the mechanical equipment and the tower

framing.
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(5) Clean the water-distribution system as

required.

c. Every six months:

(1) Drain, flush~ and refill the speed reducer

with oil.

(2) Check the condition of the tower structural

members, end-wall casing, louvers, stairway,

distribution system, and fill and drift eli

minators. Replace or repair any damaged mem

bers. Tighten the structura1-member bolting

if necessary. Test the structural wood for

indication of a fungus attack by probing or

testing with a hammer for soft spots.

Infected members should be replaced.

(3) Inspect the condition of the Flexidyne

coupling shot.

(4) Check the axial and the radial alignment of

all drive-train components.
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7. WASTE DISPOSAL SYSTEM

7.1. LiquId-Waste Disposal

7.1.1. References

Drawings:

P 20310 EA 011 D, Sanitary Sewer Relocation Plan, Profile, and

Detail

P 20310 EA 010 D, ILW* and Process Waste Lines Plan, Profiles,

and Details

P 20310 EC 034 D, Heat Exchanger Building Hot and Process Drains

and Heating Piping Plan, Sections and Details

P 20310 EC 031 D, Rev. 2, Heat-Exchanger Piping Plan

7.1.2. Introduction

All of the liquid waste from the BSR is, after suitable

treatment and/or decontamination when needed, eventually dis

charged to the Clinch River via one of the small streams flow

ing through the ORNL area. Laboratory procedures, described

in detail elsewherel, ensure that the concentration of radio

active material in the river remains well below the maximum

permissible level.

*Intermediate-level waste.

1J • F. Manneschmidt and E. J. Witkowski, The Disposal of Radio

active Liquid and Gaseous Waste at ORNL, ORNL-TM-282 (August 17. 1962).



7.1.3. Description

Aqueous wastes may be divided into four categories ac co r'd-:

to the type of treatment given the waste:

1. Storm sewage. This is untreated nonradioactive waste

collected from storm and roof drains or from drains

in the areas not subject to contamination. This waste

is discharged direetly to White Oak Creek.

2. Sanitar~._~ewage. This includes waste from showers,

sinks s and toilet facilities. It is processed by the

ORNL sewage treatment plants the effluent of which is

discharged to White Oak Creek.

3. Process waste. This originates from various processes

which normally produce nonradioactive or only slightly

radioactive waste. This disposal system for this type

of waste water is designed to handle an activity con

centration of (10 wc/gal (approximately 5600 dis mln- l

ml-1). The waste is treated in the ORNL radioactive

waste-disposal system and released to ~fhite Oak Creek.

(Figure 7.1 is a flow diagram of that portion of the

waste system that serves the BSR and reactor area.)

4. Intermediate-level was~~JILW). This originates as

demineralizer regeneration fluids and other deliberate

discharges of radioactive liquids. La general, it

includes discharges which haves or are likely to have,

activity concentrations in excess of 10 we/gal. Thls

waste :1.8 concentrated by a fac.tor of approximately

25 in the ORN"L waste evaporator before being disposed

of by hydrofracture methods or storage. (Figure 7.1

is a flow diagram of that portion of the lUT system

that serves the BSR and reactor area.)
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7.1.4. Oper_B t.!~nal procedures

In general, the reactor operating crew slu)uld be familiar

with the purpose of each liquid waste system and know to which

system the wastes frolll the various processes should be routed.

Specific valving procedures and sampling techniques relative

to liquid waste disposal are detailed elsewhere in these pro

cedures and need not be repeated here. Rather) the following

general procedure for handling wastes is offered.

1. The radioactivity level and type of contaminant should

be determined or known from previous samples or exper-

ience.

2. The chemieal operator or other personnel responsible

for the disposition of liquid wastes should be consulted

regarding the quantity and quality of the liquid was t e

to be disposed of.

3. The valving steps and other operations relative to

liquid wastes should be carefully carried out, and any

deviations from normal should receive immediate atten

tion.

4. The volume of liquid routed to the process drain and/or

the IU{ should be logged (separate entries for each

system) in the current BSR logbook.
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7.2. Gaseous Waste Disposal

7.2.1. References

Drawings:

P 20310 EC 020 D, Rev. 2, Underground Reactor Water, Air, and

Off-Gas Plan

P 20310 EC 022 D, Rev. 2, Profile of 2-in. and 3-in. Off-Gas

Lines

P 20310 EC 026 D, Rev. 1, Decay Tank Off-Gas Loop

7.2.2. Introduction

Waste gases from the BSR or from the experiments conducted

at the BSR, for the most part, will be either radioactive or

subject to becoming radioactive. It is necessary, therefore,

to route such gases into appropriate disposal systems for

clean-up and eve~tual discharge to the ORNL stack (3039). As

is usually the practice, these disposal systems are operated

at pressures below atrnospher Lc and are equipped with electri

cally powered blowers and back-up steam-operated blowers which

discharge into the stack. Most of such systems serve several

buildings and are used by personnel from several divisions.

7.2.3. Normal off-gas system (NOG)

Functional Description

The NOG is designed to handle routine releases of high

concentration radioactive gases emanating primarily from pro

cess equipment or experiments. It is not intended that piping

for this system become pressurized. The NOG is exhausted by

positive-displacement blowers which form a seal when shut

down; consequently, it is undesirable to vent high-pressure



and/or high-voluroe-flow radioactive gas sources into it since

a positive pressure ~v:f.thin the system 'Mould cause a backf Low

into the several buildings which use it. At other ORNL r eac-:

tors, where systems are expected to become pressurized.

separate pressurizable off-gas systems are used (see Figs. 7.2

and 7.3, schematics of the off-igas systems se r vLc tng the BSR)•

In addition to the BSR, the normal off-gas system services

the ORR and various laboratories and hot cells; and. as can be

seen in Fig. 7.3, it also services the 4500 Building area.

The 3-in.-diam line from the BSR ties into the 8-in.-diam

stainless steel underground duct from the ORR (near the south

east corner of Building 3042). The 8-in. line from the ORR

connects into Building 3126 (normal off-gas filter system),

and on to the common off-gas system in the 3039 stack area.

The gas decontamination equipment for the system consists of a

continuously operating, recirculating scrubber which uses 1%

NaOn solution for iodine removal and a particle·-filtering sys

tem consistIng of a roughing prefilter, an absolute filter,

and, downstream from the scrubber, a washable stainless steel

particle filter.

Normally, suction is supplied for the system by electri·-

cally driven, positive-displacement blowers. In the event of

an electrical power outage or malfunction of the electrically

operated blowers, an auxiliary steam-turbIne-powered blower is

started automatically to provide continuity of operation.

At the BSR, process equipment serviced by the NOG includes

the decay tank, the demineralizer units, the degasser tank,

and certain pool piping. In this application, the NOG collects
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ELECTRIC FAN FOR CELL VENTlL.4TION
4~OOO CFM ~ Biz IN h'zO

I 7/2:S5~~ _L_F'?}:;n.:
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Fig. 7.3. Flow diagrams of gaseous waste
disposal systems in the stack area.
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any gases which are released from the reactor cooling water

or which may be vented during filling, draining, or regenera

ting of demineralizers.

NOG service is also provided for. the experimenters (and

occasional use by Operations) by way of a I-in. pipe header

which is located overhead along the south and west sides of

Building 3010. This header is equipped with 3!4-in. access

ports at approximately 4-ft. intervals as indicated 1n Fig.

7.2 and is used primarily as the discharge point for low-flow

experiment cooling gases and as a vent for Low-voLume experi

ment systems.

Operational responsibility

The Reactor Operations Section is responsible for the

operation and maintenance of that part of the NOG system

located in the reactor complex and extending to the junction

with the NaG header. from Building 4500. This portton of the

system is shown in Fig. 7.2.

That portion of the system located in the stack area and

consisting mainly of the NOG header~ the scrubbers, the

blowers, and the stack itself, is operated and maintained by

the Laboratory Facilities Section of the Operations Division.

Instrumentation

Local. Instrumentation for the NOG is quite simple, as

there is no annunciation or control action in the event of a

loss in negative pressure. The instrumentat:i.on consists of:

(1) a gauge in the control room (normally showing the negative

pressure to be minus approximately 28 in. of H20) and (2) a

compound gauge mounted near the junction of the experiment
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header and the 3--in.-dia01 line located at the southeast corner

of the pooL The control room gauge receives its signal from

a differential pressure transmitter as described in Section 3.2

of this manual.

Stack area. Instrumentation for the NOG (Laboratory

Facilities Section) is located in the Building 3105 control

room and includes monitors of the blower status, flow, pres

sure, pressure drop across the filters anti scrubber, and the

radiation level of the effluent gas.

Operational proce~~~~~

Normal operat:.!:.~r:. In general ~ the NOG system at the BSR

remains in service without interruption. Under these condi

tions, no special operating proeedures are necessary; however,

the following rules apply.

1. Experiment connections to the system must be approved

by the reactor supervisor or his desginated represen

tative. Approval of the Experiment Coordinator may

also be requested if thought necessary.

2. The system should not be opened to atmosphere suffi

ciently to cause a loss of vacuum in the header which

serves the ORR as this might result tn an ORR shutdown.

Removing the system from service. It will, upon occasion,

be necessary to remove the local system from service for

repairs and alterations, or the system will also be removed

from service should the ORR NOG be shut down. The following

steps apply.

L Shut down and tag out the BSR and the BSR primary

cooling system.
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2. Determine that there is no experiment from which gas

is flowing into the experiment header. Valve out and

tag out any experiment connected to the system.

(Obtain approval of the experimenter.)

3. Close valve RCV-84 (process off-gas) and valve RCV-118

(experiment off-gas) and tag out.

NOTE: If local repairs and/or alterations are being

made t it may be necessary to remove only one

part of the system from service.

Returning the local system to service

1. Determine that all local NaG lines are intact and leak

tight.

2. Open valves HCV-84 and ReV-li8.

3. Observe the gauges in the system to determine that the

system returns to its normal vacuum.

4. Remove (with proper approval) any tags remainIng on

valves t start switches, and similar equipment •

5. Restore the reactor and the cooling system to normal

operation if needed.

7.2.4. The cell-ventilation system (CV)*

Functional description

The cell-ventilation system is designed to remove air from

the reactor building t filter it, then discharge it to the atmos

phere via a 2S0-ft.-high stack. The primary purpose of this

*The cell-ventilation system is also referred to as the building

ventilation system •
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system is to minimize the spread of airborne radioactivity in

the event an accidental release of such material occurs in the

reactor building.

During normal operation, outside air enters the BSR

building via seven air-con.ditioning units, two gr-av t ty-opera t ed

dampers, and normal building in-leakage. Air is removed from

the building via the cell-ventilation system, the rest room

exhaust fans, and, upon occasion, the roof exhaust fans.

The RSR cell-ventilation system itself, as shoHll in

Fig. 7.2 consists simply of two ducts connecting the BSR

building with a 24-in.·~dia!!! duct which leads to a filter sys

tem near the 3039 stack area. The smaller of the two ducts

was originally used for normal f Low , but its use was dLe co n-:

tinued after the flow from the LITR was reduced to an insigni~

ficant amount.

Air passing through the filter system t in turn, discharges

into the cell-ventilation duct from the 4500 area (laboratory

system). It should be noted that the BSR duct is joined by an

18-in. duct from the LITR just south of the BSF building

(Building 3010). During normal operation, the flow rate

through the BSR system (all through the east duet) Is about

4500 cfm. The air pressure within the building is consequently

maintained slightly below atmospheric pressure (no~mally, at a

negative pressure of about 0.03 in. H20 ) . The flow rate is

essentially constant and is sensed by two Pitot-Venturi tubes

located in the east duct.

A small flow of air (approximately 150 cfm) enters the

system from the LITR (tank ventilation and drying system).
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This air is introduced to the LITH. tank in an effort to prevent

the collection of condensate in that system. This air £101.\7 from

the LITR may not be changed withont special permission from the

reactor supervisor.

When containment is effected) eit.her manually or automati

cally, all air-conditioning equipment and exhaust fans will be

de-energized. In addition, the louvers for the air-conditioning

units and exhaust fans will close along with the gravlty-operated

dampers. As a result, all the air leaving the building will be

via the cell-ventilation system. Tests indicate that there is

little change in flow in the system; consequently. the building

pressure decreases to about -0.05 in. H20.

Before being discharged to the atmosphere through the

250-ft-high 3039 stack, the air exhausted from the BSR is fil

tered to remove airborne particles and radioiodine should they

be present. The filter system (located in Building 3098) con

sists of three parallel filter banks in which particle and

iodine filters are arranged in serLe s , The filters are housed

in sealed metal housings. Each filter bank cons:i.sts of (in the

direction of flow) a prefilter, an iodine filter, an absolute

particle filter, a second iodine filter, and a second absolute

particle filter. Following is a description of each type of

filter:

1. Pre f l Lte r s , These consist of two filter elements each

in metal frames whose overall dimensions an'! 24 x 24

x 14 in. deep. Each filter element has a capacity of

2000 scfm with an initial pressure drop of 0.41 in.

of H20 and an efficiency of 90% (NBS spot test) when
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loaded with approximately 700 g of NBS Cottrell Preci

pitate (no linters). The fiberglass filter media is

held between layers of scrim cloth and inserted into

a rigid asbestos frame. The filter enclosure is gal

vanized steel with 1/4-in. closed-pore, soft neoprene,

dovetail gaskets on both flange faces. The filter

units are designated as Mine Safety Appliance Company,

Dustfore B-2000, or an approved equal.

2. First-stage iodine filters. The Iodine filtering

medium is flexible, knitted metallic mesh made of

32-gauge, silver-plated copper ,nre flattened to size,

18 x 2 mils. The knitted mesh forms a 2-in.-thick

filter which is supported by a rigid frame 2 ft wide

by 4 ft tall constructed of type 347 stainless steel.

3. Absolute Filters. Each of the two absolute particle

filters consists of two filter units which measure

24 x 24 x 17 1/2 in. deep and have a capacity of 1000

cfm. These absolute filters are the standard, pleated,

fiberglass type with aluminum separators (available

from ORNL stores under stock No. 07-644-0512). These

filters remove 99.95% of particles 0.3 microns in

diameter or larger.

4. Charcoal Iodine Filters. Each assembly consists of

two units in parallel having dimensions of 24 x 24 x

11 1/2 in. and an initial flow rating of 1000 cfm~

with a pressure drop of 1.0 in. of H20. Each filter

element is a pleated, perforated steel enclosure con

taining high-purity, coconut-shell charcoal treated
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with iodine (or an approved equivalent) to contain a

minimum of 50 mg of elemental iodine per gram of char

coal in a uniform bed thickness of 1 in. + 1/8 In. - O.

The charcoal is thoroughly compacted to prevent fur

ther settling during use. The filter flanges are

seated in the support frames on 1/2-in.-thick, closed

cell, soft neoprene, dovetail gaskets.

The suction fans for the BSR cell-ventilation system are

the same ones used for other Laboratory cell-ventilation sys

tems and are located in the 3039 stack area (see Fig. 7.3 in

which the fans are labeled "electric fan for cell ventilation"

or "steam fan for cell ventilation"). Operation of the fans

is the responsibility of the Laboratory Facilities Section,

which is also in the Operations Division. Normally, the two

electrically driven blowers are in operation with the steam

driven fan in standby for emergency use. The turbine is kept

hot by a small, continuous flow of steam so that the emergency

system can be in full operation 30 s after the signal to start.

The emergency system is started automatically when flow stops

in the discharge duct of either fan or when the negative pres

sure in the suction duct of the system is lost. Two parallel,

steam supply lines are provided for the emergency turbine - one

is opened by an automatic air-operated valve, the other by an

automatic steam-operated valve. After the steam fan is started,

automatic dampers that close when the ,"IP is in the proper direc

tion isolate the electrically powered fans; and other automatic

dampers open to put the steam-powered fan on the line.



7-16

During emergency conditions such as electrical power out

ages, electrical power is supplied to the Building 4500 area

cell vent fan, Buildings 3025 and 3026 cell vent fan, Isotope

area cell vent fan, Building 3500 cell vent fan, and other items

such as stack area radiation monitors by a battery-started

diesel-driven generator located in Building 3125.

Requirements

It is required that the cell--ventilation system be in ser

vice and operating properly if the reactor is to be started up

or operated. The supervisor in charge, with the help of Oper~

ations personnel as required, is responsible for determining

that this requirement is met. He shall accomp l.f.sh this

requirement by knowing at all times the condition of the

system and its various components. Information relative to

the condition of the system is found on the various check

sheets described in the "Functional Checks" section of this

procedure.

Operational Responsibility

The Reactor Operations Section is responsible for that

part of the system which relates strictly to the BSR and/or

LITR, including the filtering equipment. The Laboratory

Facilities Section is responsible for all components downstream

of the filter pit exit dampers.

Each department is expected to maintain an operating pro

cedure~ test procedure, maintenance program, and spare parts

inventory for its respective area of responsibility.
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Instrumentation

Local. As is indicated in the description of the system,

instrumentation is provided to place the 3010 Building in con

tainment automatically upon increase of the radiation level in

the building or in the duct leaving the building. In addition,

activation of the coincidence circuit of the Facility Radiation

and Contamination Alarm System will also place the building in

the containment mode.

This radiation detection device for the building itself

is a MON-1l3, beta-gamma monitor, the chamber for which is

located above the door to the control room annex (designated

as the high bay monitron). The electronics for this instrument

are located on vertical panel A.

A Q-3006 radiation monitor located on vertical panel A is

used for monitoring the duct. The probe for this instrument

(ORNL Dwg. Q-3006-8) is located in the exit duct (vertical run)

at the south side of the Building 3010 annex.

Electrical contacts within these instruments are wired

into the containment circuit as shown on drawing

E-I03l0-ED-007-D. This drawing also shows the electrical tie

in of the Facility Radiation and Contamination Alarm System.

Flow in the cell vent system is sensed by two Taylor

Instrument Company Model 88579 Pitot-Venturi tubes which are

located in the east duct about 10 ft from the south side of

Building 3010. Flow transmitters) located on the south wall

of the annex. to Building 3010, transmit a pneumatic signal to

a flow recorder located on vertical panel I in the BSR control

room. The output signals from the transmitters are also piped

to flow switches which in turn actuate a low-flow annunciator

(3025 cfm) ,



Filter area.

]-18

Each of the three filter banks is equipped

with four differential pressure gauges which provide an indi-

cation of the pressure drop across each filter in the system.

The location and range of these gauges is shown in Fig. 7.4.

In addition. there are two differentlal pressure gauges which

compare the pressure in the inlet and exit header ducts to

that of the atmosphere.

Stack Area. The instrumentatlon in the stack area is

under the management of the Laboratory Facilities Section and,

therefore, will not be described in detail here. It, however,

does include monitors for pressure. flow. pressure drop, and

radiation.

Operational procedures

Normal ~peration. As might be inferred from the descrip-

tion of the system. very little effort on the part of the

operator is required during normal operation. In fact J it is

only necessary that sufficient checks be made to determine

that the system is functioning properly. This requirement is

satisfied through completion of weekly~ monthly. quarterly,

semiannual. and yearly checks of the various parts of the

system as described in the "Functional Checks" section of this

procedure.

E~ergency operation (containment mode). The procedure

for operation of the system in the containment mode is given

in Section 10, Emergency Procedures.

!.~~?_ving the syst~em from service. In the event filter

banks are to be switched, serviced. or tested, the only mani

pulation of valving required is to close the inlet and exit



7-19

..-;'-'-'-'.

fLOW....

11
T

13

4

•14
----------- ~•.__.._-_ •.- .__..............~-----_.._~-_..._- -----------_._-

S OUT H CEN TER NORT H AIR FLOW (C f M)
r--r-r-: --- ---- ..-. .... __4_._'_. ----_.. 4 _______

--------------------=-~-- --r- ---_.
~"..... ....S'".'" ",&"1-'" RE0 PIN..-----

DATE 9 I 0
tJ,P '" t 2 '5 4 I I I 2 I 3 I 4 5 6 7 6
9 -10 ,,0 ~::-GREE~- _.--- --_.- ..---- ------ --

~:--------'-- --.- --- f------ ..._._- -------- --- -- ----------------------~----- ---

-----------._~._--- -- _._...,.
-~- ------ ----I-- -.---.- ._----- ._----- ------ e--~ ---- .~_. ....-.---. ....,,-

--=-::::~-~----------I-- ~.--. ------ f---- ----- ------- f- .._-- -- ------- ----_... -------. -- ---------- -----------:;:,;;::?'

--------_.~_.~ ..--- -- --- -..---- . -._--- ---_. -- ....... ----_.- -------- -----_.. --- .c:_________..__;;.-,.

-----.._.---. .------ -- --- --... --- .._----- -------. -------- _..__ ._-- ---- ------- --- .---::::-~~.:;;-

---- --- ------- ._-_. _.-.-..-. -- ------- -------- -- --~

---------- ------I-- --- --- ----- _.A __ --.--_.. ----_._~ ------- ------ -- -- ~------------;;..~

.....c:::.::-----------_..------~ ._--- 1---- .._~--- ----._- --- -------- -------~------:;,.,........----
._._----------- 1---- -.---- ---- f--- -- .__.

--~-- ------ r-------- --- -- - ----- ......- --._.- ~..::--

.....-
--- f---- -------~---- ---~- --------- --- ----- -- c----- ._---~ ------ .---- --- --~. ~. ----------:::::-..;:------- --- -------- f----- -~~. -._~--- ----- ------ -- -- --~-- -~~.~~_.~ ---_._- .-._-- ~--'.---------

._-- ..-._--- ------ ..---- ------- ,....------ -- -=:::::::'.. --- -----_.~--.--- --~-- -- ----- -- ------ -- -------- ---~._-- -------. --------- ------ --~. __ .- ......-- ----I-- ..-- ~------::.;.:;.::.:-'?'

--- ----.- ---.-- -- -------- ------ -- -- --.. ----- -- ------ f-- -- ~-----~-"""
----- ----~- --- --- --.. ._----. ~-------::=

------- --- --, ----_. --- ~--~ --- --- ----

,----:::::L=:_
------- ------------~..- -- ---- .-------

GAGE NO_

t,tt,AND5
2,42,AND6
3,13, AND 1
4,14, AND e
9
10

LOCATION

PREFILTER B FIRST STAGE IODINE

fiRST ABSOLUTE He-t

CHARCOAL
SECOND ABSOLUTE He-2

EXIT HEADER
INLET HEADER

RANGE.. INCHES WATER
-------------_._-~-----------_.._-_._--

0-4
0-4
0-1
0-4
0-42
0-8

DATA SHEET

B.S.R. BLDG. VENT. FILTER PIT
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valves at the filter (Building 3098). Reiterating, there must

be a minimum of one filter bank in service for the BSR if the

reactor is to be administratively permitted to operate.

Functional checks. The pressure drops across the filters

in service are to be checked routinely as specified on the BSR

Routine Checklist (8-4 Shift), see Example 12.4, and recorded

on data sheets as shown in Fig. 7.4. The pressure-drop check

is to be done once each week as a minimum but may he done more

frequently.

A complete functional check of the system is to be made

quarterly, following the procedure given in Example 7.1. This

check wi.I1 normally be made during the time that the BSR is

shut down for quarterly instrument checks.

To ensure filter reliability, each filter bank is subjected

to efficiency tests every six months and must meet the minimum

Laboratory removaI efficiency requirement of 99.95% for parti

cles greater than 0.3 micron and 99.9% for elemental iodine

(particle filters and charcoal filters, respectively). For the

dioctyl phthalate (DOP) test of the particle filters) the filter

bank must be valved out of service. For the elemental iodine

test of the charcoal filters, the filter bank being tested must

remain in service.

The radiation monitors in the Facility Radiation and Con

tamination Alarm System are also subjected to a functional check

both by the reactor operating crew (on the 12-8 shift) and by

Instrumentation and Controls Division personnel. (Any abnor

malities should be reported to the Instrumentation and Controls

Division. )
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Date---------
Shift--_._----

BSR CONTAINMENT SYSTEM
QUARTERLY FUNCTIONAL CHECKS

In addition to the routine checks. a complete functional check
is performed during each quarterly shutdown for instrument
checks. Satisfactory results must be obtained before reactor
operation can be resumed.

initial of Supervisor
In Charge of Test

1. Placing the building in containment.

a. Notify the operator at the remote console and place
the "local-remote switch" in the REMOTE position. The
containment electrometer alarms will be received at
his control room in addition to being received at the
BSR cont ro l room.

b. Announce via the public-address system that the radia
tion monitors and c.ontalnment system will be tested.

c. Using a radioactive source (~lOO mr/h at 6 in.).
increase the background at the cell-ventilation duct
probe until the setpoint (10 mr/h) is reached. The
meter at the vent duct module should be observed
during this test. and the actual reading when contain
ment is effected recorded. Actual reading ----

d. Instantly, complete building containment should be
effec.ted.

(1) Building containment alarm light at containment
junction box should burn.

(2) Alarm light at vent duct module, vertical panel
2, should burn.

Example 7.1.
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e. \-1ai t approximately five minutes and then record the
negative pressure inside the BSR building.

(1) First level t north door
(2) First level) south door ----
The building pressure readings during the test should
be approximately -0.04 in. of water or better. If
this vacuum 18 not obtained, survey the building for
excess!ve leaks. Repair the leaks and repeat the test
until the expected conditions are met.

f. While the building is in containment, make the follow
ing checks at the cell-ventilation filter l~use, or in
the control room.

(1) Record the duct header pressures.

(a) Exit duct pressure

(b) Inlet duct pressure

(c) Difference

(2) Record the pressure drops acrOBS the cell
ventilation filter pit components.

(a) Prefilter (in. H2O)

(b) Absolute No. 1 (in. H2O)

(c) Charcoal filter (in. H2O)

(d) Absolute No.2 (in. H2O)

(e) Total LP (in. H20) .-
sum of a) b, c, and d

Example 7.1. (continued).

North
Bank

South
Bank

Center
Bank
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(3) Record the flow (cfm) as indi
cated on the Control Room
recorder.

(a) Red pen ---------
(b) Green pen __

g. While the building is in containment, check the four
test ports (use smoke generator) in the ~llls of the
3010 building to determine that air flows in.to the
building when each cover is open.

(1) North wall

(2) South wall

(3) East wall

(4) ~-lest wall

NOTE: If inleakage is not detected, notify the BSR
supervisor immediately.

h. Determine that the cell-ventilation duct module returns
to normal.

1. Return the building to normal status by pushing the
"reset" button at the containment junction box.

j. Using a source (as In l.c. above) obtain containment
from action of the building high bay radiation monitor.
The chamber is located overhead approximately 20 ft
above the door to the control room annex. Observe the
meter on vertical board 1 and record the reading when
containment is obtained. Set point should be 110 mr/h.
Actual reading

(1) Containment alarm light should light at the con
tainment juction box.

k. Push the "reset" button at the containment junction box
and determine that the circuits return to normal.

Example 7.1. (continued).
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1. Determine that containment can be effected from the
Facility Radiation and Contamination Alarm System
(coincidence circuit).

(1) Close the valves be twee n the nf trogen tanks and
the evacuation horn (local horn station).

(2) Announce over the public-address system that the
evacuation horns will be tested.

(3) Notify the emergency Control Center (4-6646) that
the evacuation horns will be tested.

(4) Using two sources, simultaneously increase the
radiation levels at two building illonitrons (first
and third quarters) or two building constant air
monitors (second and fourth quarters) until the
h Lgh-vleve l. alarm points are reached.

(5) A short blast of the evar.ua t Lon horn should occur,
and containment should be effected.

(6) Return the Facility Radiation and Containment
Alarm System to normal status.

m. Push the "reset" button at the containment junction box
and determine that the circuits return to normal.

ll. Obtain containment manually by pushing the black hutton
on the remote console (labeled "BSR Containment").

o. Reset the containment circuit by pushing the "reset"
button on the containment junction box:.

p. Obtain containment manually by turning the "test-normal"
switch located on the containment juction box to TEST.

q. Reset the containment circuit by turning the "test
normal" switch located on the containment junction box
to NORHAL.

r. Determine that all heating and cooling units return to
normal operation (approximately 2-min delay before
start).

_______•••0····.... ·· ..0.. ·..__

Example 7.1. (continued).
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7.3. Solid Waste Disposal

7.3.1. Introduction

Standard ORNL practice is followed in the disposal of

solid waste. All nonradioactive) solid waste is disposed of

in the Laboratory's sanitary land-fill area.

Low-level radioactive waste is placed in ye l.Low-paLnt.ed

cans which have been lined with plastic bags. Low-level radio

active waste is separated into two categories; compactible and

noncompactible. The yellow-painted cans are identified as to

the category of waste to be stored in them. Non-compactible

waste consists of liquids, materials soaked with liquids, and

metal, wood or other hard material with anyone-dimension

greater than 6 in. Compactible waste is all other waste. No

radioactive glassware is allowed in the yellow-painted cans,

glassware should be disposed of in a special dumpster located

between wings 1 and 2 of Building 4500N. All matedal disposed

of in the yellow-painted cans must be able to be contained inside

the plastic bags that line the yellow-·painted cans. The filled

plastic bags are transferred to special yellow-painted dumpsters

routinely by the operating crew. These dumpsters are transferred

to the burial ground for speci.al disposal handling. (It should

be noted that wastes producing radiation of less than 3 mr/h at

the surface may be temporarily stored at the work sIte 1n yellow

painted cans , )

For highly radioactive) solid waste, special handling

procedures are practiced. Sometimes it is necessary to

disassemble or cut up components under water or in hot cells,
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then remove the smaller pieces in lead casks to the burial

ground. In some cases, trucks with shielded cabs must be

used.

In the case of filters removed from the off-gas systems,

special shields are provided. The filters can be drawn into

these shields which are then removed by truck. In all cases.

radioactive materials in transit must contain a tag filled out

by a Health Physicist (indicating radiation level and destina

tion); final disposal is accomplished by burial using existing

ORNL equipment and facilties. 2

7.3.2. Responsibiliti~!

The supervisor in charge should assume the following

responsibilities concerning disposal of solid radioactive waste:

1. Ensure that ORNL shipping requirements will be met

concer.ning radioactive materials (see Section 9.2.6).

2. Ensure that each container (dumpster, carrier, etc.)

is surveyed, inspected. and tagged by Health Physics

personnel before it is picked up.

3. Hhen handling nonroutine, solid. radioactive wastes

(those resulting in radiation levels, at the exterior

surfaces of the yellow cans, of 200 mr/h or greater

and of 400 mr/h or greater at the exterior surface of

the yellow dumpsters), materials must meet radiation

zone requirements during storage; and, when shipped.

form UCN-2822 (Example 7.2) must be filled out.

-----_ _._--
2F• N. Browder, Radioactive Waste Management at ORNL, ORNL-2601.
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8. UTILITIES

8.1. Potable Water

8.1.1. References

Drawings:

E-46902 Schematic of ORNL Potable and Process

Water Distribution System

P 20310 EC Ol8 0, Rev. 3, Outside Steam, Air, Process Water and

Sprinkler Lines - Plans

P 20310 EC 019 D, Rev. 1, Outside Steam, Air, Process Water and

Sprinkler Lines - Profiles, Sections,

and Details

8.1.2. Introduction

The BSR potable water supply is obtained through either

of two 24-in.-diam water mains. The normal water main is fed

from the ORNL (potable) water reservoir located just north of

the Laboratory area at an elevation of 1000 ft. The alternate

water main is fed from a 3-milU.on-gal (potable) water reser

voir located on Haw Ridge at an elevation of 1035 ft. Both

mains are connected in such a manner that water is supplied

from either or both sources on demand.

The potable water supply at the ESR is used to service

drinking fountains, the fire sprinkler system, rest room plumb

ing, and the emergency showers. (Figure 8.1 is a schematic dia

gram of the system.)

8.1.3. Description

One of the main potable-water headers servicing the reac

tor area is located on the west side of the BSR building. Fr.om
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this header J four lines enter the building; two lines service

the fire sprinkler system (control valves labeled with an !:),
one supplies the plumbing in the rest rooms, and the remaining

line supplies miscellaneous equipment.

8.1.4. Operation procedures

The supervisor in charge of the BSR should be notified if

any section of the potable water system is to be isolated for

maintenance purposes or is to be returned to service following

maintenance, alterations, or additions. The supervisor will

direct operational activities in accordance with Laboratory

procedures concerning the use and testing of potable water and

will work with the Utilities Department in arranging for the

manipulation of valves outside the confines of the building.



8.2. Process Water

8.2.1. References

Drawings:

E-46902 Schematic of ORNL Potable and Process

Water Distribution System

P 20310 EC 018 D, Rev. 3, Outside Steam, Air, Process Water and

Sprinkler Lines - Plans

P 20310 EC 019 D, Rev. 1, Outside Steam, Air, Process Water and

Sprinkler Lines - Profiles, Sections,

and Details

8.2.2. Introduction

The process wat e r supply at the BSR is used to provide

emergency shielding for the reactor pool, to provide service

to air-conditioning units, to supply makeup water for the

tower basin, and to regenerate the demineralizer units located

in the heat-exchanger building. Process water lines are also

connected to the hot water heater located in the northeast

corner of the reactor bay and to two sinks. (This is not a

standard practice; hence, water from these sources should not

be used for drinking purposes.) See Fig. 8.1 for details of

the flow schemes.

8.2.3. Description

The main header (6 in. in diam) is located on the west

side of the BSR building. From this header, a line enters the

underground vault (through valve 125 located on the hillside

west of the buf.Ld Lng ) , The piping in the vault includes a

hand-operated valve and a motorized valve in series in an
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8-in.-diam pipe. These valves have no function since the

piping downstream from the valves is no longer in use; and

they, consequently remain closed. Preceding the hand-operated

valve (in the 8-in.-diam line), a 6-in.-diam line branches to

the pool; this is the source of the process water for emergency

shielding.

A 6-in.-diam branch header, located north of the reactor

facility. supplies process water to the cooling tower basin

and to the heat-exchanger building.

It should be noted that process water lines are still con~

nee ted to such obsolete items as the heat exchanger located on

the west side of the reactor building. However. the probability

that these items will be used is quite low; and, should they

be used. special procedures will be required.

8.2.4. Operational procedures

Operational procedures for those parts of the process

water system used for filling and draining the tower, regenera

tion of the demineralizer, and emergency shielding for the pool

are presented in detail elsewhere in this procedure. If any

section of the system is to be isolated for maintenance pur

poses. it should be brought to the attention of the supervisor

in charge of the BSR who will provide detailed instructions in

compliance with Laboratory procedures and rules.
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8.3. Demineralized Water

8.3.1. References

Report: :

Operating Manu~.~.J~r the Lm"'-IE.!_~nsity Test Reactor, Section

8.2., Building 3004 Demineralizer.

8.3.2. Introduction

Demineralized water is added to the BSR pool routinely to

compensate for losses caused by evaporation. In the event of

an emergency requiring the addition of water to the pool for

shielding purposes, demineralized water should be used unless

the supply is too limited for this purpose. If the supply of

demineralized water is insufficient, process water should be

used (see Fig. 8.1 for details of the flow schemes).

8.3.3. Description

The source of demineralized wat er is the demineralized

water plant and storage tank located in Building 3004. A

3-in.--diam line from the supply manifold, located on the west

w_311 of Building 3004, enters the west TNall of the BSR build

ing. At the location of the west parapet; two main valves

control the flow of demineralized water to the BSR pool (see

Fig. 8.1 for valve numbers).

8.3.4. Opera~ional procedures

The procedure for adding demineralized water to the pool

(routine addition) is detailed in Section 6.1.8 of this manual.

with emergency procedures covered in Section 10.3.2. Otherwise.

it is important that the operating crew should remain aware of

the status of the demineralized water (quality and level in

the storage tank) and the emergency procedure covering a loss

of water (shielding) f rom the reactor pooL



Instrument Flow Diagram

8-7

8.4. Compressed Air

8.4.1. References

Drawings:

P 20310 Ee 024 D, Rev. 1, Steam, Air, and Condensing Water 

Plan and Sections

P 20310 EC 025 D, Rev. 1, Steam, Air, and Condensing Water 

Plan and Sections, Sheet 2

P 20310 EC 031 D, Rev. 2, Heat Exchanger Piping Plan

P 20310 EC 033 0, Rev. 2. Heat Exchanger Piping Sections

P 20310 ED 020 D, Rev. 2, Underground Reactor Water, Air,

Off-Gas Plan

H 20310 EG 008 D Pneumatic Control System Piping,

Sheet 1

RC 15-1-3, Rev. 13,

8.4.2. Introduction

Compressed air at the BSR is used primarily for pneumatic

instrumentation such as recorders, air-operated valves, air

operated louvers, and air-operated pistons on the demineralizer

units (see Fig. 8.2 for the distribution of the air services

at the BSR complex).

8.4.3. Description

Two l-in.-diam air lines enter the west side of the BSR

building via the vault. One l-ln.-diam line is routed to the

west side of the pool area; from this line, 1/2-1n.- and

1/4-in.-diam tributary lines supply air-conditioning louvers

and the pneumatic controls for the spectrometer crane (this

instrument is obsolete; see Section 11.5. Auxiliary EquIpment).

These lines continue to the east side of the building and
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supply the cell-ventilation louvers. Another branch from this

l-in. line supplies the experiment annex located on the south

side of the BSR building.

The second l-in.-diam line (also from the vault) is

located on the south and east sides of the BSR building; at

present, there is no major use of this air-supply line.

A 3-in.-diam header is located on the south side of the

BSR building. From this main supply line, a l-in.-diam line

is routed to the ORR pump house. It is from this l-in.-diam

line that a branch line is taken to supply air for the pneu

matic instrumentation and air-operated equipment at the BSR

control room, decay tank, and pump house.

8.4.4. Operational procedures

1. Valving operations related to specific parts of the

reactor complex or to the various experiments are

outlined in other sections of this manual.

2. When part or all of the system is to be removed from

service, the supervision in charge of the BSR will

notify personnel as required and provide detailed

instructions. Air lines which supply pneumatic instru

mentation require special attention and should not be

removed from service wIthout approval of the BSR super

visor.



8.5. Steam

8.5.1. References

Drawings:

P 20310 EC 018 D, Rev. 3, Outside Steam, Air, Process Water, and

Sprinkler Lines - Plans

P 20310 EC 019 D, Rev. 1, Outside Steam, Air, Process Water, and

Sprinkler Lines - Profiles, Sections,

and Details

P 20310 EC 034 D Heat Exchanger Building, Hot and

Process Drains and Heating Piping

Plan Sections, and Details

8.5.2. Introduction

Steam at the BSR is used for three purposes: as a source

of building heat (heaters located throughout the building and

at the pump house), to prevent freezing of water in piping at

the cooling towers, and to jet water from the sump in Building

3009. The steam is at a pressure of 125 psig and is supplied

by the ORNL steam plant (see Fig. 8.3 for de t a il.s of the flow

scheme).

8.5.3. Descri~~~~~

One of the steam-supply lines is routed to Building 3009

before entering the reactor building; this line services the

air-conditioning heater units.

A second steam-supply line is located north of the cooling

tower. From this main line, a branch is routed to the BSR

cooling tower and the pump house.
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8.5.4. Operational p~_?c~dures

Normally, the only operational requirements associated

wt t h the steam supply is to be sure that there are no freezing

problems during the winter. To avoid freezing at the secondary

water risers to the tower, valves HCV-202, HCV-203, HCV-204,

and HCV-205 should be opened when the outside temperature drops

to freezing. Unless there are abnormal heating trends during

the day, these valves are normally left open during the winter

mouths. Valve HCV-201, the main-supply-line valve to the

tower. remains open.

Although used infrequently, the automatic steam jet in

Building 3009 should be checked routinely. (This check consists

mainly of observing that the wa t e r level in the sump is below

the floor level and that the float--operated valve has no

obstructions.)

The steam supply valves to the heater located in the pump

house remain open.

In the event certain sections of the steam supply lines

are to be isolated for maintenance purposes, refer to the

schematic diagrams to see which areas are affected befor.e clos

ing valves and be sure this action has been approved by the

supervisor in charge of the BSR.
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8.6. Electrical System

8.6.1. References

Drawings:

RC 15-1-5, Rev. 10, Power Distribution Single Line Diagram

RC 15-1-21A, Rev. 7, Electrical Schematic Pumps Tower Fans,

etc., Sheet I

8.6.2. Normal electrical power

During normal operation, the BSR is supplied with elec

trical power from substation 3000. (The Tennessee Valley

Authority supplies 161-kV, 3-phase, 60-cycle power to primary

substation 0901 where the voltage is stepped down to 13.8 kV;

this is substation 3000's supply.) The output of substation

3000 is 2.4 kV with a capacity of 10,000 kVA.

The power distribution from substation 3000 to the BSR

complex is via three main transformers which reduce the

voltage from 2400 V to 480 V and 120 V. Two of these trans

formers are for "clean power" distribution panels in the BSR

and PCA control rooms. (Clean power, as used here, refers to

power supplies which should be left available for sensitive

electronic equipment; these supplies are not to be used for

electric motors, etc., which may cause voltage disturbances in

the Ltnes , )

One 2400!480!277-V, 3-phase transformer supplies power to

the remainder of the reactor complex, Building No. 3080, and

the Solid State annex. From this source, electrical power is

supplied to the reactor cont ro l cf.rcut ts (for details of the

electrical plan, see Fig. 8.4) •
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8.6.3. Emergency electrical power

Although the core, after 2-MW operation, requires no

forced cooling and presents negligible xenon build-up problems,

emergency electrical power is supplied to certain items by a

diesel-driven generator in the event there is an interruption

in the electrical power supplied by the TVA. If the voltage

drops below 70% of normal for 2 S, an automatic transfer switch

will transfer the load to the emergency diesel generator

(located in Building 3042); and, after approximately 7 to 10 s,

the load will be assumed by the diesel generator. (For further

details on this subject, refer to Section 10.2.)

It should be noted that there are enough reactor components

on the emergency power system to allow operation of the reactor

in Mode 1 (no forced cooling required; maximum power level of

1 MW); however, this is administratively prohibited.
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8.7. Comm~~~~~tion Systems

8.7.1. References

Drawings:

E 10282 D 005 D, Rev. 1, Facility Radiation and Cont:amination

Alarm System, Sheet 1

E 10282 D 006 Facility Radiation and Contamination

Alarm System, Sheet 2

RC 15-10-30 Intercom Elementary Diagram

8.7.2. Introduction--...

Serving the BSR complex, there are ten alarm and communi-

cation systems. These are:

1. the Laboratory-wide public-address system,

2. the reactor-area public-address system,

3. the BSR public-address system,

4. the dial (Bell System) phones,

5. the sound-powered phones,

6. the intercom system,

7. the evacuation alarms,

8. the area fire-alarm system,

9. the closed-circuit t e Levd s Lon-rnonf toring system, and

10. the two-way radio system.

8.7.3. Description

1. The Laboratory-w~:.~.~".pub1ic-~~9-ress system. Both local

and Laboratory-wide ~nstructions are given over the

local public-address system. Announcements over this

system are relatively infrequent. The source of such

announcements TNQuld normally be the Laboratory Shift

Supervisor at the ORNL Emergency Center (see Section

10 for Emergency Procedures).



.....n:.

8-17

2. The reactor-area public-address system. Microphones

for this system are located in two ORR offices occupied

by secretaries. Incoming calls to personnel via the

dial phones are received by the secretaries. and they

use the public-address system to summon personnel to

the phone. Another microphone in the maintenance

foreman's office in Building 3005 is used to page

craftsmen in the field. This system services the

ORR-BSR complex.

3. The BSR public-address system. Microphones for this

system are located in the BSR control room, the PCA

control room, and the ORR control room. These are

generally used for announcing reactor startup and

shutdown information or paging operating personnel

within the BSR complex.

4. The dial (Bell System) telephones. Standard tele

phones are located in the offices and control-room

annex; these are equipped with a three-line rotary

system on 4-6997, 8 and 9 and one communication line

(the communication line serves the ORR-BSR complex).

5. The sound-powered phones. The sound-powered phone

system consists of 2 two-conductor cables (circuit

A and circuit !), plug-in jacks, and head-set phones.

The system is provided for communication in high-noise

areas or in infrequently used areas •
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6. The inte!~~om system. "Te Leta Lk " intercom sets are

located in the BSR control room, the experiment room

on the west side of the pool. the pump house, the ORR

control room. and various offices in the ORR building.

The master control sets are operated by selecting the

particular stations with which communication is

desired (lever in the up position) then depressing

the "talk-listen" lever while talking and releasing

the lever while listening. The auxiliary sets (as in

the pump house) have only two buttons atop a small

speaker box; the buttons are used to summon the master

control sets. A second, less elaborate intercom sys

tem connects the pool area and the upstairs office

occupied by operating personnel. This system is used

primarily to summon operating personnel if the control

room annex is temporarily unoccupied.

7. The evacuation alarms. The building evacuation alarms

may be initiated manually from the BSR or the ORR con

trol room. It may be initiated automatically by the

facIlity radiation and contamination alarm system.

These are continuous blasts from air-operated horns.

For a Laboratory-wide evacuation, the signal will be

a 30-s warbling, siren-like T,.;rail over the La bo r at.or y-:

wide public-adress system followed by verbal instruc

tions.

8. The area fire alarm system. The area fire-alarm sys

tem has one box, No. 2]5, located west of the truck

doors outside the building. Hhen actuated by a switeh
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in the BSR sprinkler system, a coded signal is trans

mitted over the ORNL fire-alarm system indicating the

source of the alarm; coded alarms are also given by

repeater bells throughout the Laboratory. At the

source of the alarm, a fire-alarm horn sounds.

9. The closed-circuit television-monitoring system. With

the exception of reactor startups and shutdowns, the

BSR is operated remotely from the ORR control room.

Since the remote console was designed to have only a

few instrument readouts, remote operation of the

reactor is made possible by two closed-circuit televi

sion cameras in the BSR control room and two monitors

in the ORR control room. For details of this system,

refer to Section 3.4.

10. The two~way radio system. The ORR-BSR complex is

equipped with three two-way radios which provide com

munication for mobile units or for areas where no

other communication is available.

8.8. Liq~id Nitrogen

Primarily for the convenience of the experimenters, a liquid

nitrogen supply line is located on the west wall of the reactor bay;

the source of the nitrogen is a supply tank located outside the BSR

building (north end). Normally, only the experiments use the liquid

nitrogen (for the cryostat on the bridge); consequently, no operational

procedures are applicable.
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9. SAFETY PROCEDURES

9.1. General Safety Requirements

9.1.1. References

Reports:

ORNL Safety Manual

Radiation Safety and Control Manual

9.1.2. Introduction

The reference material cited covers the safety. regulations

for much of the routine activities engaged in at the BSR. Some

of the work performed at the reactor facility is unique, how

ever; and special emphasis must be placed on the safety aspects

of these activities.

9.1.3. Requirements for work around the reactor pool

1. The supervisor in charge of the BSR operation must be

informed when anyone (Reactor Operations personnel,

experimenters, or others) will he engaged in work over

or around the reactor pool.

2. All pocket meters, badges, etc. ,. should be taped to

the individual's clothing to prevent their falling

into the pool.

3. Walking along the top of the pool parapet is prohib

ited.

4. If the job is such that someone must lean over the

bridge or stand on the parapet, the presence of a

second individual is required. In addition, two

people must be present when the following work is

performed:

a. Handling fuel elements or shim rods.

b. Handling experiments.

c. Handling special samples that have been

irradiated •



5. When removing materials from the pool, the presence

of a Health Physicist may be desirable. In addition,

contamination and/or radiation zones must be estab

lished if such zones are required (see Section 9.2

for specific requirements).

6. Transparent materials (such as Tygon hose) should not

be used on equipment over or in the pool. (Colored

Tygon hose is available.)

7. Wrenches and other small tools should be secured to

the individual or working bridge via a string, chain,

or other means.

8. If a bosun's chair is suspended from the crane to

allow someone to perform maintenance over the pool,

the crane operator will give full and undivided atten-

tion to the operation of the crane during the entire

t:lme the person is in the chair. An observer must

also be present.

9. L 4. RequiremeE-.E.~.. for handling chemicals

Routine work at the reactor facility requires the use of

several potentially hazardous chemicals (such as HN03, H2S04'
and NaOH, and the commercial mixtures used to treat the cool

ing tower water). The following safety precautions should be

observed when handling these materials.

1. A face shield, rubber gloves, and a rubber apron must

be worn when transferring acid or caustic and when

checking the specific gravity or level of battery acid

(see Section 6.2 for hazards of chemicals used in

treating the cooling water for the secondary system).

2. Two men must be present when filling acid or caustic

storage tanks (see Section 11.6, BSR Acid Storage Tank,

in this manual).
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9.1.5. Securing systems with locks and tags

Components of certain systems are required to remain in a

particular mode of operation at the BSR complex. Inadvertent

or incorrect operation of such components (valves and electri

cal switches) could have an adverse effect on the reactor and

subsequently present a possible radiation hazard to personnel

in the BSR area. Locks and tags are used to ensure that inad

vertent and unauthorized manipulations are not made. Personnel

of the Reactor Operations Section keep the various systems

under surveillance and ensure that appropriate contro l is main

tained by securing the systems by one of the followi.ng methods:

1. Locked valves and equipment. Any member of Reactor

Operations Section supervision shall be responsible

for securing any system with a Best padlock (3-A

series) if it is deemed sufficiently important that

misuse of the controls will jeopardize the safety of

the reactor. In addition. each locked valve will be

tagged with a "Do Not Operate" tag bearing a statement

of the reason for locking the valve. the date. and the

signature of the person who locked the valve or equip-

ment. Any member of Reactor Operations supervision

shall have the authority to unlock the lock, provided:

(a) he has the approval of the person who locked the

lock and signed the tag and/or (b) he has completed a

thorough investigation which indicates that unlocking

the lock and performing the operation in question is

safe.

2. Tagged valves and equipment. Any member of Reactor

Operations Section supervision shall be cesponsible

for affixing a signed and dated "Do Not Operate" tag



to a component of a system when, in his judgment,

this is necessary to protect equipment. Such action

would generally be taken when the normal status of a

system has been temporarily changed to accomplish a

specific purpose. Any member of supervision shall

have the authority to remove a tag provided: (a) he

has the approval of the person who authorized the

installation of the tag and/or (b) he has completed a

thorough investigation which indicates that the tag Is

no longer necessary.

For a list of the valves in the two categories described

above, refer to Table 9.1.

Actions which alter the status of a system shall be

recorded in the BSR daily log book.

ORNL Safety Manual may be referred to for Safety Standards

regarding the use of locks during maintenance as following:

(1) Use of locks and lockout tags, (2) Use of Safety Work

Permits, and (3) Use of "Do Not Operate" tags and other safety

related tags.
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Table 9.1. Valves in the BSR area that should either be tagged
or locked in their normal position

Valve
No.

C-l

Normal position
Opened Closed

x

Tagged

x

Locked Purpose of valve

Demineralized water makeup
to pool

C-8

C-l4

C-20

C-22

C-23

HCV-82

RCV-106

RCV-201

RCV-30l

RCV-302

1

x

x

x

x

x

x

x

1

x

x

x

x

x

x

x

x

x

x

x

x

Process water supply to
the liquid nitrogen
cryostat facility

Process water supply to
valves C-8 andC-20

Process water supply to
air-conditioning unit
in Building 3080

Process water supply to
liquid helium facilities

Process water supply to
liquid helium facilities

Secondary cooling water to
corrosion sample holder

Emergency process water
supply to the pool

Steam to cooling pump
(secondary and air
conditioning units)

Air supply to Building
3119 (BSR pump house)

Air supply to jet for
transferring acid to
regenerant tank

lVariable - depending on experimenter.
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Table 9.L (continued)

Valve Normal position Tagged Locked Purpose of valve
No. Opened Closed

HCV-311 x x Air supply to BSR control-
room :Lnstruments

CRV-8S x x Exit primary water line
vent on the reactor
bridge

HCV-71 x x Exit primary water line
vent (east pool side)

HCV-73 x x Syphon break vent on pri-
mary wa t e r system (east
wall bay area)

HCV-72 x x Inlet primary water to
pool (east walkway
valve pit)

HCV-86 x x Vent on inlet primary
water line (outside
east of control room)

HeV-50 x x Water test valve on line
to primary water pump
(pump house)

HCV-51 x x Inlet primary water to
primary t"ater pump
(pump house)

HeV-52 x x Inlet primary flow to
bypass filter column
(pump house)

HeV-53 x x Exit primary flow from
bypass filter column
(pump house)
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Table s.t , (continued)

Valve Normal position Tagged Locked Purpose of valve
No. Opened Closed

HCV-54 Variable x Exit primary flow from
heat exchanger (pump
house)

HCV-55 x x Water test valve on
discharge side of
heat exchanger

HCV-75 x x High-point vent to heat
exchanger for primary
flow

HCV-95 x x Normal off-gas from
degasser tank

HCV-95a x x Normal off-gas from
degasser tank

HCV-95b x x Normal off-gas from
degasser tank

HCV-84 x Off-gas line (outside east
of control room)

HCV-83 x Air sweep line on top of
the decay tank

HCV-89 x x Water test valve on sec-
ondary cooling line
(under heat exchanger)

HCV-92 x x Vent on orifice inlet to
secondary cooling
(above heat exchanger)

HCV-93 x x Vent on orifice exit to
secondary cooling
(above heat exchanger)
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Table 9.1- (eolltinued)

Valve Normal position Tagged Locked Purpose of valve
No. Opened Closed

~.._.._.~,,~-..-..---

RCV-80 x x Secondary cooling water~

header for sample.
b Lowdovn lines

ReV-80a 1 1 x Secondar'y cooling blow-
down valve

HCV-80b x x Secondary cooling water
sampling valve

HCV-82 x x Secondary cooling water to
corrosion sample holder

HCV-56 x x Inlet primary water to
demineralizer pump
(pump house)

HCV-57 x x Exit primary water from
demineralizer pump

HCV-60 x x Hater supply to jet acid
from regenerant tank to
cation column

HCV-78 x x x Regenerant valve for acid
to cation column

I-ICV-64 x x Exit primary flow from
demineralizer

HCV-65 x x Exit primary flow froUl
demineralizer
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Table 9.1. (continued)

".·o~:o~o~o-'

Valve
No.

HCV-62

HCV-61

HCV-76

HCV-77

Normal position
Opened Closed

x

x

x

x

Tagged

x

x

x

x

Locked

x

Purpose of valve

Water supply to jet caus
tic into anion column
of demineralizer

Regenerant valve for caus
tic to anion column

Heat-exchanger drain for
primary water

Vent on top of heat
exchanger for primary
flow
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9.1.6. Requirements concerning the use of mercury

The use of mercury around the reactor complex should be

avoided due to its severe corrosive action on aluminum. The

use of mercury around the pool is definitely prohibited in

order to avoid the most remote possibility of contact with the

aluminum cladding of the fuel elements.

Exceptions to the "mercury-prohibited" rule have been.

permitted only under regulated conditions. Requests for

deviations (made to the reactor supervisor) are reviewed by

the reactor supervisor and/or members of the Technical Section.

If the request is granted, a procedure for handling the mercury

is developed. This rule is also applicable to mercury-operated

switching devices.

In the case of mercury batteries for the personal radia

tion monitor carried by each of the operating personnel, exist

ing policies on discarding used batteries must be practiced.

(A used battery must be sealed in masking tape and placed in a

yellow dumpster.)

9.1.7. Loc.::t:.~.9!:':....of safety equipment

Safety and/or emergency equipment intended to promote safe

operating practices during normal operating conditions as well

as to aid the operating crew in the event of an emergency has

been placed at various locations throughout the reactor complex.

This equipment includes remote scram switches, fire-alarm boxes,

fire-fighting equipment, safety showers,* and radiation moni

tors. All the operating personnel are responsible for becoming

*There are only two safety showers in the BSR complex; one is loca

ted in the pump house and one is on the south side of the cooling tower.
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familiar with these items and their locations (see Figs. 9.1,

9.2, and 9.3 for the location of the above-mentioned items).

9.1.8. Miscellaneous requirement?

1. During the day shift (8: 00 to 4: 30, Monday through

Friday), a qualified supervisor must be in the reac

tor building if the reactor is operating and/or the

doors to the reactor bay are unlocked. With the

exception of a reactor startup, shutdown, or main

tenance, the control-room doors should always remain

locked. When unlocked, the local control room must

be attended by qualified operating personnel. A

qualified operator must be at the local console dur

ing a startup and must remain there until the respon

sibility for operation has been transferred to the

operator at the remote controls. During off shifts,

the reactor bay doors must remain locked and the

building Security System placed in "SEClJRE" if the

bay area is unattended by Operations personnel.

2. All personnel working in the proximity of the reactor

must carry two dosimeters and 11n ORNL security badge.

All personnel in the Reactor Operations Section should

also carry their PRMs (personal radiation monitor).

3. In general, two persons will be present whe n work is

performed in confined or out-of-the-way places (such

as at sumps, tower basins, tower fans, etc.).

4. ~"henever an Lnd i vidual intends to work alone in t.he

area after normal working hours, he should notify the

shift supervisor (4-6997) when he arrives and when he

leaves.
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5. All personnel responsible for operations of the reac

tors in the section are required to attend an annual

fire-prevention lecture. Members of the emergency

squads are required to complete periodic first aid

training courses.

6. All the regulations of Safety Procedure 3.1, in the

Safety Manual, will be obeyed upon entering a confined

space (as defined by Safety Procedure 3.1).

9.2. Radiation Safety and Control

9.2.1. References

Reports:

Procedures and P~actices for Radiation Protection

Reactor Operator Study Handbook

Reactor Operations Fiasco File

9.2.2. Introduction

It is the policy of the Operations Division, Reactor

Operations Section, to:

1. Carry out all operations with the lowest reasonable

personnel exposure to radiation and contamination.

In no case shall internal and external exposures

exceed the recommendations of the Federal Research

Council and the National Committee on Radiation Pro

tection.

2. Perform all work in such a manner that losses result

ing from contamination are minimized. Such losses may

include research, development, and production time;
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facility and/or equipment abandonment; and the cost

of cleaning up contamination.

3. Maintain environmental contamination at a level as

low as is consistent with sound operating practice.

In no case shall the atmospheric and water contamina

tion exceed the maximum permissible concentration

values for the neighborhood of an atomic energy

installation. 1

9.2.3. Responsibilities

According to Laboratory policy, the primary responsibility

for radiation safety rests on division supervision and Indus

trial Safety and Applied Health Physics Division functions are

essentially advisory; however, Health Physics personnel are

alert to radiation hazards and do report them. Only the divI

sion concerned is assumed to be familiar enough with its own

operations to evaluate the hazards involved; however, Health

Physics personnel's advice on radiation and contamination con

trol is sought when deemed necessary. It is, therefore, the

responsibility of supervision to:

1. See that all areas are surveyed for radiation as

required.

2. Establish appropriate boundaries and portals for

zoned areas.

3. Assist Health Physics in the posting of zone signs

with up-ta-date instructions.

lRadiation Safety and Control Training Manua~, ORNL, p. iii.
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4. Provide suitable clothing-change stations for person

nel working in contamination zones t with provision for

storage of personal effects if needed.

5. Provide a supply of required contamination zone cloth

ing and equipment.

6. Establish eating places as required and in accordance

with Industrial Safety and Applied Health Physics

specifications.

Industrial Safety and Applied Health Physics provides

personnel monitoring t building and area surveyst exposure and

survey records t consultation t and other services as required.

9.2.4. Exposure limits

The permissible occupational dose for an individual is

that dose t accumulated over a long period of time or resulting

from a single exposure t which carries a negligible probability

of severe somatic or genetic injuries.

1. Maximum permissible dose - normal conditions. The

values indicated in the following tables are maximum

values t and only in exceptional cases should the

accumulated RBE (relative biologtcal effectiveness)

dose be permitted to exceed 10% of the values given.
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Table 9.2. Maximum permissible dose (MPD) in rems

MPD in any MPD age
Organ 13-week period MPD per proratlon total

(rems/13 weeks) year (N "" p:.~sent age)

Total body, head and 3 12 5(N--18)
trunk, lens of eyes,
gonads, or blood-
forming organs

Skin of ","hole body, 8 30 30(N-18)
thyroid

Hands and forearms, feel: 20 75 75(N-18)
and ankles

Hone 30/4n* 30/n* (30/n)(N-18)*

Other single organs 4 15 l5(N-18)

*This n is referred to as the "relative damage factor." It is
one. for radY;llll lsotopes and for gamma radiation; otherwise, it is set
equal to five for all radionuclides in bone.

Table 9.3. Weekly maximum exposure limit recommendations

Organ

Total body, head and truck, lens of eyes,
gonads or blood-forming organs

Skin of the whole body

Hands and forearms, feet and ankles

1<1eekly maximum recommended
limit* (~:..xternal) in mrems

100**

600

1,500

--_._----_._~•._------------------------
*Laboratory-wide standards.

**The Reactor Operations Section limits are 50 mrem/week on
whole-body doses to fully ensure compliance with Laboratory standards,
with the other limits correspondingly cut in half.
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Table 9.4. Approval required for exposure to high dose rates

Special approvals required
Dose rate Area

range Division
(rem/h) Director

5-20 x

20-50 x

Over 50 x

Industrial Safety
and Applied Health

Physics Division Director

x

x

Deputy
Laboratory Director

x

In addition, when planned doses exceed the weekly limits,
the following approvals are required:

Authorized Dose Accumulation

>60 mrern per single day to
nonoperating personnel
and/or >300 mrem per sin
gle week to operating
personnel

>1 rem per single exposure

Special Approvals Required

Division Director in charge
of individual

Division Director in charge
of individual and Deputy
Laboratory Director
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2. Maximum permissible dose - emergency conditions. The

emergency conditions which justify the maximum per

missible dose a person may receive are:

a. when another person's life may be saved;

b. when large-scale releases of radioactive material

(dust, gas, or liquid) that may endanger other

people's lives or health may be averted; and

c. when considerable damage to a facility may be

averted.

It is obvious that, if sufficient time exists, the Health

Physicist should be consulted and an acceptable technique for

a planned dose should be followed.

The Laboratory's acceptable emergency dose to persons

regularly sustaining measureable exposures is 10 rem. For all

others it is 25 rem.

9.2.5. Zoning requirements

1. Radiation zone. A radiation zone is an area in which

control measures are established to prevent or mini

mize external radiation exposure (see Table 9.5).
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Table 9.5. Regulations for posting and
establishing radiation zones

Dose-rate range

2.5 mrem/h to
5 .. 75 mrem/h

6 mrem/h to
1 rem/h

1 rem/h to 3
rem/h

>3 rem/h

Immediate action

Post low-level tag if the
accumulated daily dose
to personnel may be 20
mrem

Post warning signs or
tags

Post warning signs or
tags, rope off area

Post a guard until a
temporary barricade
has been erected;
lock and/or block
entries

Follow-up action

Periodic review

Rope off the area if the
accumulated weekly
dose may be 1 rem

Erect a barricade which
provides absolute
exclusion of personnel
if the accumulated
weekly dose in the
area may be 12 rem;
lock or block the
entrance
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2. Contamination zone. A contamination zone is an area

in which control measures are established to prevent

or minimize internal radiation exposure and the spread

of the radioactive contaminant.

A contamination zone should be established when

one or more of the following values is exceeded.

Air Direct reading Transferrable

Type of ContamInation Surface Surface contamination

Radiation ( c/cc) Contamination (dpm per 100 cm~)

Alpha* 2 x 10--12 300 dimiiOO cm2 30

Be t a-Canuna 3 x 10-10 0.25 mradlh 1000

*The alpha surface-contamination levels are maximum values

and are derived primarily to serve as a guide when the contam

ination involves a small area such as a single room or cell.

When the contamination is extensive and involves radionuclides

such as plutonium or some other long-lived emitter of compar

able toxicity, the alpha levels permitted should average no

more than 1/10 of the above values.
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3. Regulated zone. A regulated zone is an area in which

operations are restricted in order to control contam

ination. This zone may contain radiation zones, con

tamination zones, or both, ranging in size from a

small spot to a large area.

4. General entry requirements

a. Radiation Zones. Operating personnel. when enter

ing a radiation zone, should always carry their

film badges, pocket pencil meters, and personal

radiation monitors. In addition, radiation sur

veys, monitoring instruments, and direct-reading

dosimeters may be required.

b. Contamination Zones. In addition to film badges,

pocket pencil meters, and personal radiation

monitors, operating personnel should wear "c"

clothing (coveralls or lab coats). gloves, and

shoe covers when entering contamination zones.

Other items which may be necessary are: cap;

assault mask, for air contamination; survey

instruments; paper towels or smear papers; direct

reading dosimeters; and a continuous air monitor.

In situations in which gross contamination

is known or may be expected, two pairs of cover

alls should be worn; the outer pair should be

removed immediately upon leaving the "e" zone to

prevent spreading the contamination. In all

cases, persons and equipment leavLng a "c" zone

must be monitored at the exit of the zone for
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contamination to prevent the spread of radioactive

materials into places ~"here people normally take

no protective precautions.

c. Regulated Zone. Persons entering the regulated

zone froll a contamination zone @Ist be monitored

for contamination.

9.2..6. RequireI(ie~.~.~.Jor shipp~!!:~.. i~_~~d~~t~_._~.~~~~ia~_

It is the responsibility of the supervisor in charge to

ensure that all containers holding irradiated materials are

within radiation and contamination tolerances before allowing

them to be transferred from the building. The containers must

be surveyed by an Industrial Safety and Applied Health Physics

surveyor; he must also affix a tag designating the contents,

the level of radiation, and the level of contamination (see

Example 9.2). Shielding and cleaning requirements should be

such that the radiation levels listed in the following table

(Table 9.6) are not exceeded.
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Table 9.6. Shipping requirements for radioactive mate r I al.s

Transferable

Nature .of shipment
Direct reading

radiation level

contamInation
2(dpIll per 100 <::m )

Alpha Beta-Gamma

Containers for shipment

within the plant area

Containers for shipment

outside the plant area

(by commercial carrier)

1 r/h at 1 ft.

200 mr/h at contact

30

30

1000

500*

"-"~".:...

"'0·:"':'·

*The tolerance allowed on the spent fuel carriers is 1000

dpm per 100 cm2; these containers are shipped on special consignment.

9.2.7. Radiation surveys

Since it is conceivable that radiation levels may change

from time to time or increase slightly without reaching the

preset points of the radiation alarm system. the reactor com

plex is surveyed weekly on a routine basis and records of back

ground radiation levels are maintained. The specific areas

surveyed are listed on a special form (Example 9.2). It is

the responsibility of the supervisor in charge to evaluate

these data on a comparative basis with previously obtained

data and investigate any unexplained, significant changes.

(Completed forms are filed in the BSR control room office.)
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6••
•

6••
•

DESCRIPTION OF CONTENTS
~

O CON.."ACT
SOLID

CHEMICAl. fORM

llADIOISOTOPE CONTENT lJole, me,cJ If J(ll(mI

RADIATION SURVEY READiNGS

fXTERNAL DOSE RATE
Beta mrem/hr ot _

_____ mrem/hr ot _

Gamma mrem/hr ot' _
_____mrem/hr at' _

Neutron mrem/hr ot _

TOTAL DOSE MREM/HR 01 1
RATE MREM/HR at

SIlll'PER

RECEIVER

LOCATION

LOCATION

TOTAL

SURFACE CONTAMINATION
ALPHA (MAX) PROBI: d/m/IOO cm l

SMEAR d/m/IOG em 2

RECEIVER NOTIFIED OF SHIPMENT 0 YES 0 NO
c .----. ~

PRECAUTIONS AND INSTRUCTIONS
fOR IfANOLlNG, OP~NING, STORAGe. Oil DIiI'OSAL

'ETA.GAMMA (MAX) PROBE mrad/hr

SMEAR d/m/IOO .",1

Example 9.1.
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BSR AREA RADIATION SURVEY

\OTf

1. Control Room

2. Reactor Bay

LOCAT!Ot'J

Confro1Consc Ie

East

Walkways

North

South

Over R.t;-Clctor Cat bridge)

Skimmer System Filter Columns

, Primary PUIJ1P Inlet,-
Demine roliz er ·North of Shield Wall

3. Pump Howse
Cotion

Anion

-·· •••••_. ~,o

4. Outside Area

5. Lab Ar.ea

6. Shops

7. Second Floor

Heat [xdlcQger
1----

I Fi Iter Column
i

I Decay Tank
l.

!

i.NOG C~tch Tank

I
I Manhole 101 Primary Flew Orilia

South Lab and Equipment Room

i West lab· North Section
~_.

West lab· South Section

Instrument Shop

Hallway i
J...

Example 9.2.
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9.2.8. Radiation and contamination monitors

To help maintain a high degree of operating safety in

regard to radiation hazards, there is a number of radiatlon

alarm units throughout the reactor complex. These units are:

1. The monitrons and continuous air monitors of the

facility radiation and contamination alarm system

(monitrons I nf.tLa t e a Low-Level alarm at 7.5 mr/h

and a high-level alarm at 23 mr/h; the continuous

air monitors initiate a low-level alarm at 1000

counts/min and a high-level alarm at 4000 counts/min).

2. The high-bay monitron. whlch alarms at 110 mr/h.

3. The cell-ventilation duct monitor, which alarms at

10 mr/h.

4. The log gamma radiation monitor wes t of the control

room, which alarms at 5 r/h.

For. a detailed description of these systems, refer to

Sec tion 3.5.

9.2.9. Ana0'_~.~_~.._?f reactor ..RE.~E1ary water

A knowledge of the nature of the radioactivity in the

reactor primary water is of importance for quality control;

and, in the event there wer e a contamination problem or an

abnormal increase in the amount of specific radioactive

nuclides in the water, this knowledge would be beneficial in

evaluation procedures.

A daily check of the gross S-y activity of the reactor

water"is made by Operations personnel. The results of this

check, reported as dis min- l ml- I, are recorded and used as a

guide to indicate changes in the radioactive content of the

water. In addition, yearly samples are submitted for ionic
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and radioactive analyses. The sample schedule is staggered;

i.e •• at a specified date a I-gal sample of reactor primary

water is submitted to the General Analysis Laboratory for a

standard qualitative and quantitative analysis; six months

later. a I-gal sample is submitted to the Radiochemical Anal

ysis Laboratory for an analysis of the radioactive nuclides.

(These samples should be accompanied by a "Request for Control

Analysis" form. DeN-I9l0.)

As with the daily checks, the supervisor in charge is

responsible for scanning the data received (and logged) for

any abnormal trends.

Typical analytical reports (filed in the BSR control room

office) reveal the following information:

1. From the General Analysis Laboratory - F-, 0.76 ppm;

N03-, <l ppm; S04-- <0.2 ppm; C1.. <0.5 ppm; ce,
<0.03 ppm; Ni. <0.03 ppm; Fe. <0.02 ppm; Cr. (0.02

ppm; S1. (1.7 ppm; AI, <0.02 ppm; U. <0.01 ppm; Ca.

<0.02 ppm; Mg <0.005 ppm: and Na, <0.11 ppm.

2. From the Radiochemical Analysis Laboratory (in

dis min-I ml-1 - 24Na, 3.2 x 10 3; 1331, 5.9; 1311, <0.2;

l03au• <0.2; I06Ru• <0.2; 137CB , <0.06; 90 Sr, <3; 89 Sr,

<0.3; 239 Np <3; 143 Ce, <0.3: 141Ce, <0.2; and I40Bs• <2.2.
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9.3. Work Permits

9.3.1. Introduction

Oak Ridge National Laboratory policies require that the

necessary safety precautions be exercised in connectIon with

work performed at the Laboratory and, in certain instances,

that a work permit be completed prior to the performance of

the work. It is the responsibility of the Reactor Operations

supervisor in charge to be aware of the need for such permits

aud to maintain the records as indicated on the forms.

9.3.2. Radiation work permits

The "Radiation Work Permit" (Example 9.3) is used in

situations where personnel may be exposed to radiation or con

tamination in excess of certain limits. Operating personnel

assigned to a particular process may not need a radiation work

permit for routin~ work where there are posted regulations.

The radiation work permit is required as follows:

1. For nonoperating personnel.

2. Where specified by other procedures or special

situations.

3. Wben an individual may receive greater than 20 mrems,

whole body dose.

4. Wben radiation fields exceed 5 rems/h.

5. Wben air contamination exceeds the maximum permissible

concentration.

The radiation work permit specifies the precautions and

monitoring required and provides a record of the necessary

approvals and doses accumulated in doing the work. This form



RADIATION WORK PERMIT (RWP)

LOCATioM-&-jQ.-e oEsi:RrPTloH

OATE. AND TiMe

FROM I
EX"rENOED 8Y [ wo,,~ PER"lIT NO..... ... .... N0 .17730

PM TO P.... TQ "'104 R- " ~.~

<.....' ...T!C~ SURVEY DATA (T. b. lill.d in by He.lth Physic.)

RAQiAT;ON SUfllVEY

1''1' I OAt[ AND T1ME

1

CONT.A.MiNAT\ON

I YP't. I MtA3'JII.EMEN;

!
mrem/hr.

lYPt Of
RA.OIATION

sPtCIFIC lOCATlCH' "HO
ol9:r", ..ct fRoM SOURCE

A !

LOC·I
C\H)!

, 1 iB i --~ I

~ ! I~:- --_.- - 1 I
D i

lHnRUCTIONS'

HEALTH PHYSICS MONITORING REQUIRED: LJ START OF J08 U INTERMITTENT LJ CONTINUOUS L END OF JOB

PROTECTIVE EQUIPMENT AND MONITORING INSTRUMENTS

'-0,
W
I-'

f:::-\" RiNG

-

PCC,-<ET METERS

I COSC·P/,TC
P,Ll\F~,\!.

;:;;..133'::P [}O:JT ~

C-Z::',;t=. S:;OES

R:.)~.~~=::;;S

SHCE C::1Vt:PS

;=.:-< ,~

i..[A:HER

i CA"",VAS

EY~ 5H:E:LD

I I COVERA'.- ~~S

(":_.;'~~li'"DR BREA;~W\lG ZO~E I CAP
---_.._--~--

I ~Afi'\"~~_HJ=;u !_

S!,;::-~-=~'Y '~;L,~SSES '

:'iC:- '~(OR:-:' ALDN[~

~ -:- N'tD3 Y ::~SfRv t:~ RE~l;:~EO

tFOAS$A't" 5/",\~PL~ R(O'_I~R::::C'

~hFCr;. I-C!'~I~S AT tf\;~ OF .JCI~ +__
C~ECK PERSONf\:t:~ A'; END CrF .)08 I---- --~--------r-

::-:~"cK:::t=~ING REQ'JIRr:l) !

:lGC 7 cCS I
FlE-MA,RKS

HAL f-' '\1A5:<

A,SAUL r MASK

CHE,\-\OX MASK.
AIR-LiNE HUG'J

AIR.LiNE SU:T .l

;:>LASTiC

LAB

! '~'IF~'~_'~I)~\.. r ILM
1--4

DCJ~E AL'\:~,\~

CuTI E FIE

G"~S \~[~~~__+

---+-
i

REGULAR APPROVALS SPECIAL APPROVALS

H£ ..... TI-I ~MyS;tS C!:RT\F~C""~:O~ oivrsrov r"RFc'r(.~

- -~ilJf"Lf\¥ISIOM

uc N·? 71'"
13 1.51: "Only itll!m~ chf:dcf:'d (/1 apply.

·--------~----l-slloili~-I~-~oi;-- I:>tpvry l.-~"d D;~tc~(n'1 ------

lovEFO

Example 9.3.



T;ME RECORD

DEPT

-IIMEKEEPING BY

;>t~SUNNti... AN.., tXTERNAL EXPOSURE CONTROLS

~, Heal th Physics sb cl! be present for line breaks or removal of shielding.

2, Notify Health Physics of any deviations ir om Instructions and changes in worKing conditions.

" Per sonoe i survey is required when leaving contamination zones.

4. Return wor\( permit to Heo:th Physicist upon completion of :ob or ex?;rotion of permit.

----- .-

NAME I DEPT. j P.R. No.1 ccc vrroa I OOSE I WORKING
: CODE RATE USEO T I ~E

I tH.blN I DIU I BEGIN END
ro r AL

I TIME

--~-

f--~--f---~:------+---

lations.

2. Supplementarf Time Sheet

To be used if e s rr e space is needed for rce timing of i ndi vidual s into and out

of an area, ere.

1. RodJo'ion Work Permif ; s rcquirod* when:

(a) expected dose is > 20 mrem to the body or 300 mrem to extremities for an

individual during a single wor k assignment;

(b) dose rate> 5 rem/hr (cora! body);

(c) airborne radioactivity is> (MPC)a for a 40-hr wee k;

(d) specified by divisional operating rules and procedures or by pos ced regu-

Oral or wri t ten; noted and ini

tialed on toe pennit by the

person obtaining the approva.l.s.

I.D,
W
N

At>ovt' and Laboratory Deput-y

Director

> 1 rem

> 20 Above and Health Physics Division Director.

> 50 Above and Laboratory Deputy Director.

(b) Dose (eot al body)

>60 mrem/day for nonoperating person- Division Director in charge of

n e l, or> 300 mrem/wit: for operating individual

personnel

"Po sted regulations may be used in lieu 01 an RWP for opercaing persormel under
specified conditions. (See Regulation 3. Procedure No. 26. ORNL Hea ith Physics
Manua1.)

4. Caples

(a) The R'lVP must be posted or avail abl e at work site.

(b) Health Physics tn aint ai ns a copy for record and reference purposes.

(c) A copy must be distributed to aporopri ate hoe supervision.

+--~--+-

I

j. Special A9prova\1

(a) Dose Rate rem/hr (tot al body)

>') Division Director in charge of

work area

Example 9.3. (continued) .
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is completed only by a qualified Industrial Safety and Applied

Health Physics surveyor after a survey is made. The permit

must be signed by the Health Physics surveyor making the sur

vey, by the craft foreman in charge of the job, and by a mem

ber of Reactor Operations supervision (usually the shift

supervisor). Radiation work permits expire at the end of

eight hours but may be extended for an additional eight hours

by the Health Physicist.

9.3.3. Hazards work permit

A "Hazards Work Permit" (Example 9.4) is required when

service personnel are exposed to environmental hazards arising

out of work in an area, on equipment, or with materials which

they do not have complete knowledge of and over which they do

not exercise complete control. Permits are required for~ but

not limited to, the following situations:

1. Any welding or burning operation.

2. Any operation in which ignition of flammable gases or

liquids is possible.

3. Any activity in which release of toxic, corrosive, or

highly reactive chemicals is possible.

4. Work to be performed in the presence of mechanical or

physical hazards such as moving machinery, dangerous

heights, high pressures, etc.

5. Any change in the status of equipment, facilities, or

system that would create additional hazards or elim

inate any safeguards against hazards.

Hazards Work Permit forms must be completed by the craft

foreman and signed by that foreman and by a member of Reactor

Operations Section supervision.
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HAZARDS WORK PERMIT

I D AT E-----SHIFT

FROM
I----------

LOCATION OF WORK

!TIME

. --BUlLD-INGNUM B ER

1 BADGE NUMBER

----I rSHIFT

_J~O_~_
FLOOR

DESC:'lIi"'TION OF WORK

PRECAUTIOH5T()'5e TAKEN iN PREPARATiON FOR WORK'
_ GENERAL PREPARATION lYES A~~;J····--_--mh ~~;.;;-;;;~..;~~~;.~h... IYES I:P~':D

VALVE~ CLO~~ ANO_!AGG~~ __~ALVE NUMBERS "~~--I ~-l- ;TES:i- FOR FI ~MM'\BLi-VAPOR~- ------r

EQUIPMENT DRAINED AND CLEANED IIGNnHON SOURCES KFMOVED

P'''~.'o.'NES 8LANKE_D___ tilELDiNG-AND BURNIN-tiHEQUIRED--- - t
MOVING MACfilNEP GU~D~_ _+ _ __ INSTRUCTIONS ONREVERSE SIDECOMPL1ED wiiiiT
"'11::;::1. ROPED OFF WELDER'S N:\ME

SPF::CtFY VESSELS VENTED

! FiRE WATCIlEK'S JIoAME

OTHER OBSERVERS

~-_.~-----_.

OTHER PRECAUTIONS

[J EYE PROTECTIONGLOVES

CLOTHING

D

n
RESPIRATOR

GAS MASt<

TEST FOR TOXIC MATERL~L··~~~:;;L:'..T:::Hc:.... ----------I----..,I-·_··-··-r·M=tNON_ELECTRicA·L..pERSO~~;~TER}~~tEi:i TO .-:-C
ELECTRICAL HAZARDS·

t----+-- -~-----------.- --,------ -- -- ---
CIRCUL~__~~~ERG~ZED. TAGGED, LOCKED OU..T _

SPECI FY
LJ

C:J

$PEClAL VENTILATION REQUIRED

PAOYECTIVE EQUIPMENT REQUIRED
------- - --------

--------_ .._--

-_ --_..- _---

I hoyc pe.rsnnally insp""ctcd 1MI!!' work sire and certify ,hat the "rea is cleared f()r wor,~ and thot conditions ore "wfe f,,;~ the work ir'!dicate.d.

PHON E N l)~tB ERSU"'ERVI!lOR nEQUEST1NG WORK [ELECTRICAL DEPARTWNT FOREMAN_

. ...-J_

!PHONE NUMBER

I

I
.......L.._~~_

WELDING AND BURNING
J
I TIME STARTED

~-----

DATE

WO~K COMPLETED

SUPERVISOR REQUESTING "",ORK

...........__.__•.•. P:::=E:.:R::M.::I~T=_T:,;E:'R"'M..:.!:.:.M=::I;__:T=::IO:.:H-'------------------
·····P·ERMIT TERMINA TED

--'TTIME--

___~ __I .....
blNTENANCE FOREMAN

CO'<'1""LIANCE WITH C·!! (ON REVERSE SIDE)

CHECKED BY:

Di"iribl,.ltiolO; Original gi'f~n to Mointenonce Foreman for display at work site" Oupticct e retained by issuing supervisor. Upon termincti cn "f thl':'
pflrmit, d'Jplica1<e t s completed ond mointc in e d for divi sicn file. The originol i~ completed by the Maintennnce Foremen end Ier wcrded to the
So 1.0:>' 1 D~partm~nf (to the Firo D~p\l,.tlr,ent wh e n welding and burning hc s b e e n performed),

• Approval of Eli!:ctrical Deportroent Foreman is requir ed when personnel c ther then el ectrici on s will be exposed to electrical hc acrd s ,

UCN.1iI2l6
(3 '1-611

(SEE REVERSE SIDE FOR INSTRUCTIONS)

Example 9. If.
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A. t\ Haznrd s Work Permit is re~.:ruin;d wh(c're service pers or.ne l ure e xposed to ~nvirof;n~e[jtC11 ho znrds

nr is inq cut of work in on oreo , or Oft eq:uifJIT:ent, or w ith (;(oterio:ls of which they do not hove cor»
r;lete know Iedoe , and ever which tbev (":10 not exetc tsc complete control. Situoti.Ol~S requirLr:g per 
rnits , out not limited to these ore:

1. Any welding or hurniuq opernt icn.

2. \Vhcre iqn i t ion of Hcn.mcble qcses or-d liqui.ds l.s pcs;:;ible.

3. V/!lt~le re leusc of toxic, corr os ive Of highly rccct ive cl.euuculs is possible.

4.. 'vVork to be perfow~~~d in the presetice of mechnni(:'Jl Dr physical t'.lllGrds 31.1o::,'h cts: mov inq

cachir.ery, donoero.is l-otchts. hiq:l pre'-;'0I1rf:~S, etc.

5. Any ch:u~·.)t? in status of eqllipn:ent, facilitips 1.")1' sys tem which would. create ndditronnl ?1<Jzmds

or elnuinotc Q:1Y ::3uf(-!Jt~ards cq.rinst hovo-ds .

2>. Workers Authorized by Permit shcl l ensure that equipment beilHJ used is in qocd condit ion ond
tl.ot the nCl::l'Jil)l.:turer's Innt ruct ion s for n:ainten,:m':~e os.e fol lowed.

C. Nt~CeSSilrY Precautions Against Fire (l=),e;:;;~onsibj tty of StJ.1=,ervi:Jor Bequestir:q Vol0rk) when Weldir.g

or.d Bl.unill!; is ccin(j.';·t:rforn;E',.:L

1. Before 'iY'cl:Jinq; raoko sure sprinklers ':IfP in service. Ccl l tho Fire Department if in doubt.

2. 8e£01<::' ::;~(Jrtinq, sweep floors clean, wet down wooden {Ioors , or cover thorn with sn€et n.etcl

moto l Dr oqu.v.ilent , In outs.ide work, don't let sporks enter doors or windows.

3. Mo'(:, combustible material '35 [t. away; (OV0r what c(Jo't be moved with c sbes toc c urttr in s or
she-et tnetn l , ci..JreLJlly mid. c'JInPletely.

4. ArrC:Dgt-J::, for an ernployl-.:'<-; or !?rnp:cYce~:;, equipped with h·x"S', extinguishers, or fire poils to

wctch spork s end S~'::F.:' thot they do nut sturt fire. Wh0H:o- fire hazard is s li-jht , the authorizer

[r:l1Y u;:;sign the task to [he observer:

5. After comolet.cn, wenc-h scene c: work n hulf hour .or ::::ltlCJlderiEq tires, und inspect adjoining

rooms nnd Iioor s above (Jf;d below. (To be lTiod~ by authorizer Of his designoreo repre sentativa.)

6. [)O{1lt use the 0qui~1:;ent neor nOfliIllcble Iiquids or on closed tonk s which hav'.' held Uacur:able
liqujds until properly purqed ond tcst'2d, so thct Iorrnoticn of an explosive atmosphere lHsid~

is iElPO:;;;)iule. The :Juiety end/or Ffrc Depurtn:ent ·NiH advise in this rrl<JttGr. If work is to be
done on pipe:s , .iucts , etc., unv (X)i:ll;ustible insulutior: or inside deposits shnll be removed.

Example 9.4. (continued).
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10. EMERGENCY PROCEDURES

10.1. Emergency Ventilation and Building Containment

10.1.1. References

Reports:

F. T. Binford and T. H. J. Burnett, A Method for the Disposal

of Volatile Fission Products from an Accident in the ORR,

ORNL-2086 (August 2, 1956).

Drawings:

E 20310 ED 007 D, Rev. 6, Electrical Schematic Containment.

Heating and Ventilating, Sheet

No. 1

E 20310 ED 008 D. Rev~ 1, Electrical Schematic Containment~

Heating and Ventilating, Sheet

No.2

H 20462 EG 001 D, Rev. 2, Exhaust System for Containment Plan,

Section and General Notes

H 20310 EG 005 D, Exhaust System for Containment and Connec

tion at Building"" Plan and Details

H 20310 EG 006 D, Exhaust System for Containment - Details and

Alteration to Exhaust Duct at Building 3005

H 20310 EG 007 E, Containment Pneumatic Control System 

Schematic

H 20310 EG 008 D, Pneumatic Control System - Piping Sheet No. 1

H 20310 EG 023 D, Pneumatic Control System - Piping Sheet No. 2

A 20309 EB 005 D~ Rev. 1. Containment Area ~ Plans and Sections
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10.1.2. Introduction

To safeguard personnel and the property surrounding a

reactor complex against radioactive contamination resulting

from an incident occurring within the reactor building t the

practice at ORNL has been to place a reactor building in con

tainment when a potentially hazardous condition arises.

(Containment {_s that condition when all air exhausted from

the building leaves via a ventilation system which contains

appropriate filter media and all air entering the building is

through leakage paths. In addition; all air-conditioning

unit:s t auxiliary ventilation systems, and exhauster units are

shut down and all related louvers and dampers are cLosed , )

This method of containment is used at the 2~tep;.J BSR (see

Section 7.2 for details on filtering specifications and

requirements).

10.1.3. Description

Refer to Section 7.2.3 for a detailed description of the

system.

10.1.4. Controls for building containment

The building can be placed in containment either manually

or automatically as indicated below:

1. Manual operation is effected by:

a. Turning the "test~normal" switc.h (located on

the west wall of the control room) to TEST (see

Fig. 10.1).

b. Depressing the black-colored button on the ORR

console (remote operation of BSR).
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ORNL PHOTO 3793-82

Fig. 10.1. Controls for building containment.



2. Automatic containment occurs ("test·"l1ormal" switch in

NORMAL) when anyone of the following conditions

develops:

a. Two mon I.t r ons in the coincidence circuit of the

facility radiation and containment alarm system

simultaneously indicate an increase in the radia

tion level to 23 mr/h or when two continuous air

monitors in the coincidence circuit indicate an

increase in air activity to 4000 counts/min.

b. The high-bay radiation monitor indicates an

increase in the radiation level to 110 mr/h.

c. The radiation monitor located in the duct (out

side of building) indicates an increase in radi

ation level to 10 mr/h.

The test-normal" swt t ch should remain in NORMAL during

normal operation. Since it is conceivable that situations

could develop making containment desirable \nth the air

conditioning units that service the offices remaining La ser

vice, there are certain by-pass features incorporated in the

design of this system. For example. if it is anticipated

that the scheduled handling of a radioactive source will ini

tiate containment, it wou Ld be desirable not only to "disable"

the building evacuation features of the radiation monitoring

system (see Section 1.5.1, Example 3.1), but also to allml!

the air-conditioning units in the office to remain in ser

vice. The latter may be accomplished by depressing the

"by-pas s" button on the control box. (It should be noted

that depressing the "by-pass" button before containment is
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attained will result in immediate by-pass action; if i.t 18

depressed after containment is attained, there will be a

"3-min delay before the air-conditioning units are

re-energized.)

In order to return the building to normal status, the

"reset" button may be depressed and all Building 3010 air

conditioning units and exhauster units will be restarted

after a 3-min delay. The louvers for the exhauster units

will also be reopened.

10.1. 5. Normal operations - proce~~res

As part of the requirements for operating the reactor,

the containment system must be functioning as designed. To

acknowledge this requirement on the reactor start-up check

list, do the folloYing:

1. Observe the control box. located on the west wall of

the control room, for the conditions listed be Low:

a. The "test-normal" switch should be in the NOHMAL

position.

b. The "normal" light below the "test-normal" switch

should be ON; the two lights to the right should

be OFF.

2. Observe the readout for the cell-ventilation flow

meter. The floy should be approximately 4500 cfm.

3. Check the continuous air monitor readouts in the pool

area. Contamination levels should be normal.

4. Observe the monitors; the "power on" lights should

be ON.
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5. Observe the facility radiation and contamination alarm

system panel in the control room for any abnormal con

ditions (radiation levels higher than they should be,

nitrogen pressure low for the gas-operated horns.

inoperative lights, key switch not in NORMAL, etc.).

6. Observe the electrometer for the high-bay radiation

monitor; the "power on" lights should be ON.

7. Observe the electrometer for the radiation monitor

in the cell-ventilation duct; the "power on" light

should be ON.

If the building is placed in containment, either manually

or automatically, the "normal" lights on the control box

(located on the west wall of the control room) will go out

and the "in containment" light will come on. The building

air-conditioning units in the building will be shut down, and

the flow rate through the cell-ventilation system will remain

approximately 4500 cfm.

Since there is no audio alarm calling attention to the

fact that the building was placed i.n containment, a malfunc

tioning instrument may have initiated the action. If this is

the case, the electrometers should be checked for possible

abnormalities, such as gauge indicators spiking upscale inter

mittently. The area should also be checked for possible

abnormalities.

If no adverse conditions exist, take the building out of

containment and reset the instrumentation by depressing the

"reset" button on the control box. This will automatically

energize the air-conditioning units after a 3-min delay.
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If a hazardous condition has developed, the radiation

and contamination alarm system instrumentation will, in all

probability, be the first to initiate the containment. In

this case, there would be audio alarms from the individual

radiation monitors, the control room. annunciators, and the

evacuation horns. The action to be taken is as follows:

1. Scram the reactors.

2. Evacuate personnel from the building (refer to the

evacuation procedures applicable to this reactor

complex, Section 10.6).

3. With the assistance of Health Physicists, evaluate

the nature and seriousness of the incident if and

when practical.

4. Notify the reactor supervisor and Reactor Operations

Section Head of the status as soon as possible.

When the conditions are again favorable to allow re-entry

into the building (radiation levels normal, no areas contam

inated above tolerance), take the building out of containment

by depressing the "reset" button.

10.2. Emergency Electrical Power

10.2.1. References

Drawings:

RC 15-1-15, Rev. 10, Power Distribution Single Line Diagram

I 20310 QE 006 D-C, Rev. 1, Schematic Diagram

E 20393 ED 043 D, 480-Volt. 3 ~ Emergency Service for 3010

Building



E 20311 ED 001 D, Rev. 3, Electrical One Line Diagram ~ Bulk

Shielding Facility

NOTE: IT IS READILY APPARENT THAT IT IS U1PORTANT TIL4.T THE

DIESEL GENERATOR BE AVAILABLE AND OPERABLE AT ALL TIMES;

Ho\-JEVER, IT IS NOT REQUIRED FOR SHUTDOWN COOLING.

BATTERY~OPERATED EMERGENCY LIGHTS ARE PROVIDED i\ND

OTHER BATTERY-PO~JERED EQUIPMENT ~HLL BE UTILIZED DURING

PRE-PLANNED DIESEL OUTAGES. PORTABLE GASOLINE DRIVEN

GENERATORS ARE ALSO AVAILABLE AT ORW,-, AND WILL BE

UTILIZED AS NEEm:D.

10.2.2. lntroduction

In the event there Is an interruption of TVA electrical

power to the BSR, emergency electrical power from the ORR

diesel-generator unit will be supplied to most of the compon-:

euts in the reactor's instrumentation and control systems and

to a number of auxiliary systems. Actually, the reactor could

be operated at a power level of 1 MW with all required compon

ents operating on electrical power supplied by the diesel

generator; however, it is doubtful that the reactor will ever

be operated in this fashion (see Fig. 10.2 for emergency power

distributlon).

10.2.3. .~escript~.~.~.

Emergency electrical power is supplied to the BSR by a

3 50-kW, 410--'V, 3-phase, 60-'cycle diesel generator which also

supplies emergency electrical power to the ORR. The diesel

will start immediately when the line voltage drops to approxi

mately 70% of normal; however, a time delay of 7 to 10 s is
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experienced before the generator carries the full load. The

diesel engine is started by 32-V de motors. ~,Then normal TVA

power is returned to approximately 90% of normal, the auto

matic transfer switch automatically returns power to the TVA

supply (after about 30 s).

The emergency generator supplies electrical power

(120/240 V, 100 A) to the following:

1. All the control circuits and pilot lights.

2. All the nuclear instrumentation.

3. All the process instrumentation.

4. The television monitoring system.

5. The public-address system.

6. The facility radiation and contamination alarm

system.

7. The communicati.ons system.

8. The electrical receptacles on the bridge and in the

vertical panels in the control room and the strip in

panel H (also in the control room).

The annunciation of the diesel is located in the ORR

control room; this consists of seven lights (mounted below

the "emergency services" sign) and an audio alarm (the

acknowledge button is at the rear of the panel). These

lights, listed below, will brighten under the following

circumstances:

1. Generator running. There has been either an inter

ruption in TVA power to one of the above-mentioned

facilities and the diesel has begun to operate auto

matically or the diesel has been started manually

using the local controls.
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2. Low oil pressure or high water temperature. The

diesel oil pressure is low or the water temperature

is greater than 208°F.

3. Malfunction of battery charger or charger-to-battery

breaker open.

4. Building 3042. TVA power interruption or low voltage

to the ORR building.

5. Building 3010. TVA power interruption or low voltage

to the BSR building.

6. PWR. Not is use.

7. Building 3003. TVA power interruption or low voltage.

The local controls for the diesel generator are located

on the north wall of the diesel room. The controls are

secured inside a locked Plexiglas box.

10.2.4. Operational pro~edures

If TVA power is interrupted to the BSR while the reactor

is operating, the operating crew should check to see that the

reactor has been shut down, that the seat lights are on, and

that no abnormal condition is indicated by the control room

instrumentation.

After the TVA power is restored, the following actions

should be taken:

L Check the experiment notebook for any special startup

instructions.

2. Return the reactor to the desired operating level in

accordance with the requirements specified in Section

2.1.8, "Return to Full Power Following an Electrical

Power Outage."
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3. When operating conditions have returned to normal,

return the diesel generator to standby status as

f o Ll.ows s

a. Plac.e the local control switeh in the EHERGENCY

STOP position.

b. As soon as the engine has stopped, return the

switch to the AUTOMATIC position so the diesel

generator wi L], be ready for the next emergency.

c. Lock the local control panel.

4. Reset the building containment.

5. Start the skimmer pump.

6. Start the demineralizer pump.

(Reiterating, the required complement of startup instru

ments do operate on emergency electrical power; hence, the

reactor could be operated at a power level of 1 t1\,J. Howe ver ,

unless there are some special circumstances requiring opera

tion of this nature, the reactor should remain shut down until

TVA power is available.)

10.2.5. ~~l~~bility ~?~£~

The diesel-driven generator is tested weekly by personnel

of the Plant and Equipment Division to ensure starting relia~

bility, and checks are made on critical components of the sys

tem, e.g., cooling system, oil system~ ignition system~ etc.

The test consists of switching the toggle switch, located at

the automatic transfer switch box at the ORR, from NORMAL to

the TEST position. This action starts the diesel-driven

generator. The toggle switch is then returned to the NORMAL

position. After the diesel-generator has operated for 1 hr,
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the test is terminated by turning the switch on the control

panel located on the north wall of the diesel-generator room

from AUTOMATIC to EMERGENCY STOP. After the diesel has

stopped, the switch must be returned to the AUTOMATIC position.

In addition to the weekly "start" runs, a longer perfor

mance run is made during each of the ORR end-of-cycle shut

downs. The purpose is to determine the reliability under

emergency load conditions and to check the system for any

malfunctioning components.

Routine shift checks are made to ensure that the system

is ready for an emergency. These checks consist of checking

that the transfer box mode-switch is in NORMAL, that the

control mode is in AUTOMATIC, and that the fuel valve on the

top of the diesel engine is in its proper aspect.

Periodically, usually once per quarter, the BSR is to be

put under emergency electrical load conditions as outlined in

Example 10.1.
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Example 10.1.

Date

Shift

BSR Emergency Electrical Power Quarterly Test

1. Reactor not operating.

2. Notify the Guard Department that the test is to be per

formed. Turn the FReAS to "disable." Close the valve on

the evacuation horn gas cylinder.

3. Notify the active experimenters that the test is to be

performed.

4. Notify the ORR that the BSR test is to be performed:

control desk operator, day supervisor, and shift supervisor.

5. Announce over the BSR PA system that the test is to be

performed which affects circuits in the control and pool

rooms (the building will go into containment when the

emergency transfer switch is turned off under Item 6 along

with alarms from the FRCAS).

6. Turn circuit No. 18 (emergency tranfer switch) in electri

cal panel DP-l to "off." After a time delay of approxi

mately 7 to 10 s, the diesel generator should furnish

electrical power to circuits as listed under Item 7. Enter

the time that the switc.h was turned to "off"
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7. Check that emergency electrical power is supplied to the

following:

a. Control circuits and pilot lights.

b. Nuclear instrumentation.

c. Process instrumentation.

d. Television monitoring system.

e. Public-address system.

f. FRCAS.

g. Communication system.

h. Electrical receptacles on the bridge, in the vertical

panels in the control room, and the strip on panel H

in the control room.

8. After the test has been completed (approximately 5 to 10

min on the emergency generator) terminate the test as

follows:

a. Turn circuit No. 18 (emergency transfer switch) in

electrical panel DP-l to "on." This will return the

BSR to TVA power. Enter the time that the sw:i.tch

was turned to "on"

b. Stop the diesel operation by turning the "automatic

emergency stop switch" to the emergency stop position.

After the diesel stops, return the switch in the auto

matic position.

c. Notify the ORR shift supervisor that the test is com

pleted.

d. Notify the Guard Department that the test is completed.

Turn the FRCAS to the normal condition. Valve in the

horn gas-supply cylinder.
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e. Take the building out of containment by pushing the

reset button.

f. Check that TVA electrical power is returned to all the

systems listed under Item 7.

9. Remarks (comments on test):

Supervisor --------
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10.3. gmergency Shielding for the Reactor Pool

10.3.1. Introduction

Loss of water from the reac.tor pool by way of a leak in

the pool wall or in the piping could result in dangerously

high radiation levels in the bay area. Consequently, provi

sions have been made for manually adding either demineralized

water or process water. or both, thereby maintaining the pool

water at a level sufficient to provide emergency shielding.

10.3.2. Operational procedures

If adverse conditions due to loss of water are imm.inent,

the following steps should be taken:

1. Shut down the reactor if it is operating.

2. Add water from the 9000"·gal demineralized water

storage tank in Building 3004. This is accomplished

by opening valve C-1 located on the westside wall

adjacent to the pool.

3. Immediately initiate efforts toward ascertaining the

cause of the leak.

4. If the demineralized water supply is not adequate to

compensate for the losses, allow process water to

enter the pool. This ts accompl.Lshed by opening

the valve labeled "process water valve" (this is also

located at the west-side parapet. over the pool).

The demineralized water is~ of course~ preferable If the

leak is not substantial; however, lfthe loss in pool water

continues) process water should be used to minimize any poten

tial radiation hazard.
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10.4. Emergency Cooling

No forced cooling is required to remove the afterheat in the core

following 2-m.J operation. In the event the cooling system fails while

the reactor is being operated, the reactor would be scrammed automati

cally. (The flapper valve may be opened f o l l.ovf.ug a reactor shutdown

to improve natural convection coo l t.ng ; however, this is not a

necessity.)

10.5. Emerge~.~x..~~.!?!:vices

10.5.1. Introduction

When an emergency occurs, the person discovering the

emergency is responsible for taking immediate action to pro

tect personnel and property and bringing the emergency under

control. This applies to fire, radiation, explosions, per

sonal injury, or any other emergency and should be accom

plished by one or more of the f o l.Lowfng methods:

1. Control the emergency single~handedly, if possible.

2. Telephone 911 (Emergency Control Center) for help.

3. Actuate the nearest fire-alarm box.

4. Call the local emergency supervisor.

5. Call a local emergency squad member or anyone near.

6. Sound the building evacuation alarm t if necessary.

7. Meet and orient the emergency uults.

When a call is received by the Emergency Control Center

at 911, the dispateher immediately notifies the Laboratory

Shift Supervisor and dispatches the emergency service units

needed (fire, guard, etc.).
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10.5.2. Fire Departme~~

The Fire Department contains two sections - a fire

fighting section and a building-inspection section. The

fire-fighting group is available at all times; the building

inspection group is available on the regular 8:00-4:30 shift.

The inspection group makes periodic inspections of

Building 3010 and reports fire hazards to the building super

visor. Reactor Operatlons personnel can aid in fire preven

tion by reporting fire hazards to either the shift supervisor

or the Fire Department Inspection Group.

A fire may be reported to the Fire Department by tele

phone (call 911) or by actuating the nearest fire-alarm box.

If the telephone is used t the caller should state his name and

badge number as wel.l, as his location and the type of fire. In

either case~ the person should remain in the area and direct

Fire Department personnel to the fire.

Immediately after a fire extinguisher is used, a call

should be made to the fire captain on duty t reporting the use

of the Eire extinguisher and the nature of the emergency.

This will ensure that the fire extinguisher will be refilled

and placed back in service for future emergencies.

Personnel of the Fire Department are equipped and trained

to administer first aid.

Rules for. fire fighting are:

1. Put out a small fire if you are su r e you ca n , then

cRll the Fire Department by phone.

2. Report all other fires to the Fire Department at once

and sound the necessary alarm.

3. Direct the Fire Department to the scene.
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10.5.3. Guard Dep~~~lllefit

The Guard Department Headquarter" is located in Building

2500. The main function of this department is plant security;

however t many other services are perfonned by the department

personnel. Plant employees can aid the guards in the per f or>

manc e of their duties by properly ri'earing the picture film

badge and observing plant rules. The badge should be worn on

the left side in the shirt-pocket area.

The Guard Department works in conjunction wlth the Fire

Department on fire alarms. Both departments have identical

alarm code systems. Upon receiving a fire alarm by phone or

fire-alarm box t the Fire Department dispatcher will accompany

the fire trucks to the emergency and the Guard Department

dispatcher \nll operate the alarm code system until the fire

dispatcher's return. Designated guards on all shifts are

trained as auxiliary firemen. These men also have been trained

in first aid.

The plant ambulance is operated hy guards. In an inci

dent in which ambulance service is needed t a phone call should

be made to the Emergency Control Center" t phone 911. The ambu

lance driver will stop at the dispensarYt and a nurse and/or

doctor will accompany the driver to the emergency.

10.5.4. Industrial S~~~~ty and .:?:p.J~li.ed Health Physics

The Industrial Safety and Applied Health Physics Division

has offices and personnel in Buildings 3001 and 3042 on the

day shift) Monday through Friday. On the 4 to 12 and 12 to 8

shifts) holidays t and v,rcekends, the Industrial Safety and

Applied Health Physics o f fI ce is located near the 'flest plant
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portal, Building 2016. At least two Health Physicists are on

duty during each shift. If the Health Physicist cannot be

<located in his office, he can be paged by calling the Guard

Department dispatcher (4-6646).

All calls to the Guard and/or Fire Department include an

almost simultaneous summons of the Health Physicist, who must

monitor the area for any radiation or contamination hazards.

10.5.5. Dispensary

The Health Division's main dispensary is located in Build

ing 4500, Wing 5. The division is staffed with doctors and

nurses. There is a nurse on duty from 7:00 AM to 6:00 PM and

a doctor on duty from 8:00 AM to 4:30 PM Honday through Friday.

A doctor is on call 24 h a day.

Services of the dispensary can be received at any time;

however, an appointment must be made to obtain a doctor's

services, except in case of an emergency. In ca.se of a.n

injury, regardless of how slight, the employee must report to

the Health Division for treatment.

10.5.6. Maintenance

For emergency maintenance, arrangements may be made for

immediate repairs by each reactor. supervisor. For emergency

maintenance during hours other than the normal 8:00 to 4:30

week days, the Laboratory Shift Supervisor will be notified

of the situation, and he will make the necessary arrangements

for calling in the proper personnel.

NOTE: If either the air-horn or public-address building

evacuation system fails, it must be repaired promptly; because

failure of the second before repairs are made to the one

already out of service requires that the building be evacuated

until repairs can be made.
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10.5.7. Accidents

Any injured employee requiring assistance and dispatched

to Medical in other than the ambulance is to be escorted. It

is the reponsibility of the escort to see that the dispensary

medical staff is immediately made awar-e of the injured

employee's presence and to provide Medical with pertinent

information about the accident, such as the involvement of

chemicals, radiation. etc. It is the responsibility of build

ing supervision to ensure that an Lndividual is delegated the

responsibility for meeting emergency assistance units respond

ing to requests for assistance. The Laboratory Shift Supervisor

acting as the Laboratory Emergency Director is in charge of all

emergency efforts.

10.6. Evacuation Procedures

10.6.1. Emergency ~~!sonnel

1. Building 3001

a. Local emergency supervisor

b. Harden

c. Searchers

ORR Supervisor

Operations Shift
Supervisor----

Reac tor_ Opera tors
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2. Building 3004 ~nd 3005

a. Local emergency supervisor

b. Warden

c. Searchers

3. Building 3010

a. Local emergency supervisor

b. Warden

c. Searchers

4. Building 3042

a. Local emergency supervisor

b. Warden

c. Searchers

Operations Shift
Sup':,.rvisor

Reactor Operators

BSR Supervisor

Operattons Shift
Supervisor

Reactor Operators

Operations Shift
Supe£visor

Reactor Operators

.,........•.

In the absence of the designated individual listed above,

the duties described in this section will devolve to the next

individual in the line organization. In the event this indi

vidual is the Operations Shift Supervisor, he will discharge

the duties of this position (in addition to those of war.den)

until relieved by higher authority •
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10.6.2. !.~~spons.~bilities of emergency personnel l

An emergency squad consists of a local emergency super

visor, wardens. searchers. and other squad members. The

responsibilities of each are outlined below:

1. .~~~.~....~.?.cal eme~:.~.~.~y supe~.~~.~<'>E

a. Organizes and tr.ains the local emergency squad

and plans for its use in handling the various

types of anticipated emergencies always ensuring

that the local plans are consistent ~vi.th the

overall Laboratory plans.

b. In the event of a local emergency. directs his

squad and ensures that:

(1) Personnel have been evacuated from the

affected area.

(2) The Emergency Control Center has been noti

fied.

(3) Emergency service units are met, briefed on

the situation. and directed to the scene.

(!~) Equipment and processes are shut down as

necessary for safety.

(5) The Laboratory emergency director is kept

advised of the status of the emergency and

of any needed assistance.

(6) Additional manpower is secured if needed.

lORNL Emergency ~~nual, 1961.
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c. In the event of a Laboratory-wide emergency.

complying with the instructions of the Laboratory

Director, which may include:

(1) Evacuation of personnel.

(2) Shutti.ng down of process and building equip

ment.

(3) Assembling his local emergency squad and

dispatching it as directed.

2. The '!lardens
-~._~--------

a. Sound the local evacuation alarm.

b. Df.r ec t employees from the erne rgency area to the

local assembly point.

c. Prevent re-entry.

d. Check the safety of the assembly point and move

it if necessary.

e. Account for all employees in. their area after an

evacuation.

f. Have employees monI tored for radioactivity, if

the need is indicated, before dismissing them.

g. Direct employees to other assembly points as

instructed over the public-address system.

3. The searchers

a. Search all areas of the building to make sure

all emp Loyee s have evacuated.

b. Assist the wardens.

4. Otl!.~_~ s(!!~d me~~ers

a. Notify or summon assistance from the proper emer

gency service unit.



10-26

b. Meet and orient the emergency service unit ~len

it arrives.

c. Make the necessary operational changes.

d. Combat the emergency as required.

10.6.3. Laboratory emer~~~!y signals

1. General alert sign~.~.. On a general alert, the signal

will come from the fire-alarm system. This will be

in the form of Box 1.4 sounded four times fo l l owed by

the fire alarm box nearest the location affected.

(This signal is sounded for second alarm fires as

well as general alert conditions.)

2. Labora~_?!'y evacuation signal. On a Laboratory evacu

ation, the signal will be a 30-5 warbling siren-like

wail over the Laboratory-wide Bell Telephone public

address system, followed by verbal instructions.

3. Other signals. Other emergency signals are trans

mitted via the fire-alarm system; however, only two

of these might involve Reactor Operations Section

personnel. Box 11 sounded four times signifies an

"all clear" condition. Box 12 sounded one time sig~'

nifies that a "box test" is being conducted.

10.6. 1+. Laboratory evacuation (emerg~ncy outside the reactor a~_<:~)_

If an emergency requiring a p.l.ant.-wtde evacuation occurs

outside the Reactor Operations Section area, personnel will

be notified as indicated in Section 10.6.3, above. The

following action will be taken:
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1. Operations personnel (either the warden or local

emergency supervisor) will:

a. Cause the reac t or t s ) to be scrammed (If :it is

operating).

b. Determine that the situation is reported to all

building occupants over the public-address system.

c. Initiate a building evacuation.

d. Select deputy searchers, if required, from the

Reactor Operations Section personnel in the

area assembly point (on Reactor Drive between

Buildings 3001 and 3042).

e. Dismiss all other section personnel and direct

them to evacuate the Laboratory.

f. After assessing the situation, the building may

be searched for people who have not exited.

2. Operations personnel (general)

a. Leave the building via the most conven.ient exit.

(If a section member is in, or adjacent to,

a reactor control room at the time the evacuation

is initiated, he should take the emergency pack

age with him when he leaves the building.)

b. Assemble at the section area assembly point (on

Reactor Drive between Buildings 3001 and 3042

for possible selection as a deputy searcher).

c. Comply with instructions from local emergency

personnel.
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3. Ot.he r personn_~~l in a Reac tor Op_~~~L!"ons Sec t Lon

building;

a. Leave the building immediately via the mo s t eon-

venient exit.

b. Proceed to the nearest exit from the Laboratory

unless otherwise directed via the Labor a t or y-w.lde

public-address system.

10.6.5. _~9!::~:~:.~:~~(~a evac,!"?-_~_~.?~""(emergency outside the section _,!-_rea)

If an emergency requiring a local area evacuation occurs

outsl.de the Reactor Operations Section area, the local emergency

supervisor (or w"arden) will be notified by the Laboratory emer-:

geney director or by other responsibile departments. (This

notification may be received initially by the reactor control

desk operator who will immediately contact the responsible

local emergency supervisor or warden.)

1. Operations personnel (either the warden or local

emergency supervisor, for each ~_~.!.~.ding) '<Till:

a. Cause the reactor(s) to be scrammed (if it 1s

operating).

b. Determine that the situation is reported to all

building occupants over the public-address system.

c. Initiate a building evacuation.

d. Assemble his local emergency squad and all build

ing occupants at the local assembly point.

Determine that the assembly point Is in a safe

area. Move to a secondary assembly point, if

necessary.
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e. Appoint a squad member as temporary warden. Go

to the section area assembly point (on Reactor

Drive between Buildings 3001 and 3042) and select

deputy searchers~ if required, from the Reactor

Operations Section personnel who have assembled

there.

f. Dismiss all section personnel not selected and

direct them to evacuate the area and wait for

further instructions via the Laboratory-wide

public-addr~ss system.

g. After assessing the situation, the building may

be searched for peo pLe who have not exi ted.

h. Wait for further instructions from the Laboratory

emergency director via the Laboratory-wide public

address system.

2. Operations personnel (general)

a. Leave the building via the most convenient exit.

(If a department member is in~ or adjacent to,

a reactor control room at the time the evacuation

is initiated, he should take the emergency pack

age with him when he leaves the building.

b. Assemble at the local assembly point for possible

selection as a deputy searcher.

c. Those individuals not selected should report to

to the section assembly point for possible ser

vice at the other reactors.
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d. Comply with instructions from local emergency

personnel.

e. Wait for further instructions from the Laboratory

emergency director via the Laboratory~wide puhlic~

address system.

3. Other personnel in a section-building

a. Leave the building immediately via the most con

venient exit.

b. Assemble at the local assembly polnt.

c. Comply with instructions from local emergency

personnel.

d. vlait for further instructions from the Laboratory

emergency direc.tor via the Laboratory·-wide pub l.f.c-:

address system.

Since conditions associated with an emergency outside the

reactor buildings may vary considerably, the instructions one

would be advised to follow may vary accordingly. It is con

ceivable that under certain circumstances the instructions in

this section, pertaining to building evacuation, perhaps would

not be the wisest to fo Ll.ow , An example of this would be an

occurrence of an incident in another part of the Laboratory in

which airborne activity released into the atmosphere would

present a potential health hazard to personnel inside the

reactor buildings (by virtue of the negative pressure inside

of the buildings) but would present a greater hazard if the

personnel were to leave the buildings.
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In a case such as this, the local emergency supervisor

(or warden) would have received information of the incident

from the Laboratory emergency director. At this time, the

local emergency supervisor (or warden) for each building

should perform the following in the order listed.

1. Cause the reac tore s ) to be scrammed (if it is opera

ting).

2. Announce over the building public-address system:

"Attention! All personnel remain inside the building

until further notice. The outside air has become

slightly contaminated as result of an incident in

another area. Personnel in the immediate area who

are outside the containment volume are advised to

enter."

3. Monitor the building continuous air monitors fre

quently.

When the condition of the outside air is no longer consi

dered to represent a hazard (as determined by the Laboratory

emergency director), the information should be announced over

the building's public-address system and normal operations

should be resumed as soop. as possible.

10.6.6. Building evacuation - emergency in Building 3001

The ORNL Graphite Reactor (OGR) Building now has two dis

tinct areas~ (1) in-plant area - that portion of the building

which is not accessible to the public; and (2) visitors area 

that portion which is allocated for public access during spec

ified hours and is separated from the controlled plant area by

a security fence, gates, and doors. The evacuation procedure

for each area follows.
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1. In-plant area. Contamination and radiation detec.tion

instruments are provided to monltor this area and

their outputs are received by a central station

located on the first level of this building. If the

background increases above pre-selected setpoints, a

local alarm will sound at the- detecting instrument

and a buzzer will sound at the central panel. Since

the signal of this central panel is telemetered to

the ORR control room, the operator in the ORR control

room is informed by an audible and visual signal. He

will immediately notify his supervisor who will eva

luate the conditions. The need for an evacuation

could be the result of an emergency in Buildings

3005, 3010, 3042, or within 3001. The supervisor will

make the evaluation and s if a huilding evacuation is

necessary, he will inform the building occupants with

an announcement on the ORR-BSR~complex public-address

system.

The local emergency supervisor, or anyone

directed by him, follows these general rules.

a. The situation or conditions will be announced over

the public-address system. This announcement will

help to make it possible for others to assist in

combating the emergency.

b. The Emergency Control Center, phone 911, should

be notified of the cause and magnitude of the

emergency.
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c. Re.-entry of the building by searchers or other

personnel (for radiation surveys, etc.) will be

directed by the local emergency supervisor if

safe and/or necessary; such re-entry will, when

ever possible, follow the Health Physics proce

dures and recommendations.

The local emergency supervisor will combat

the emergency until relieved by higher authority.

2. Visitor area. The same instrumentation as used in

the "in-plant area" as described above for detecting

abnormal conditions monitors this area also. The

local emergency supervisor has the responsibility for

this area and the special emergency procedure should

be followed.

A portion ?f the ORNL Graphite Reactor (OGR), now a

National Ristori.c Landmark, has been opened to the public and

connected to a special visitors' parking lot on the north side

of the Laboratory by a fenced walkway. Thls allows the general

public to visit the OGR during certain hours without passes or

advance notice. The OCR Ls near the ORR and the PIlot Plant as

well as other process buildings of the Laboratory. The follow

ing procedure will be used for evacuating OCR visitors if any

emergency elsewhere in the Laboratory should make this desir

able.

1. Res pousLbf.Lf.t y , The operati.ng crew at the ORR will

be responsible for evacuating the visitors from the

area. The two general categories of occurrences that

might require evacuation of the OGR are:



10-3fr

a. a major incident at the ORR; and

b. a major incident el sewher e Ln the Laboratory

which would require evacuation of the area includ

ing the Graphite Reactor.

In the first type of incident, the shift supervisor

will make the decision to evacuate the OGR. If an eva

cuation is necessary due to an incident in another part

of the Laboratory, the decision will be made at the

Emergency Control Center and the shift supervisor ~<li11

recieve instructions accordingly. When the decision to

evacuate the people from the visitors' access area is

made, a decision must also be made as to which route to

take - north via the pathway by which the visitors

entered or south through the Laboratory.

2. Procedure. Since an evacuation could occur on a

holiday or weekend, the crew on duty at the ORR area

might consist of three people: the shift supervisor

and two r eac t or operators.

a. Evacuation Southward. If it is necessary for the

visitors to go south through the Laboratory, two

men will enter Building 3001 through the east

door and pass through the emergency door on the

right into the public area. This door is equipped

with a panic bar on the public-area side and with

a switch to initiate an alarm at Guard Head

quarters ~len the door is opened. Also, the

Guard Department has placed an official seal on

the door so that visual inspection will reveal
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whether it has been opened. One of the two men

will go northward along the fenced walkway to the

parking lot, directing any visitors along the

pathway to return to the north parking lot. He

will close the gate and do whatever is necessary

for the safety of the group, including having

checks made by an Industrial Safety and Applied

Health Physics surveyor if this seems desirable.

The other man will direct all visitors in the

building through the emergency exit as rapidly as

possible. He will accompany the group to one of

the Laboratory gates where he will determine

whether a Health Physics survey should be made.

He will attempt to obtain transportation to the

north parking lot where the visitors ' cars will

be parked and do whatever is possible for their

safety and comfort. The Emergency Control Center

should be notified of the completion of the eva

cuation and asked for further instructions. If

any problem should arise requiring additional

assistance, the Emergency Control Center should be

called immediately.

b. Evacuation Northward. If the decision is to eva

cuate northward, one man (usually a reactor opera

tor) will enter the visitor area by the route

noted above and evacuate all visitors from the

building as quickly as possible via the access

pathway. As the visitors leave, the operator



should [olloH them, giving any assistance that is

needed. Hhen this group leaves the north gate,

the operator will close the gate and do wlilltever

is necessary for the safety of the group. If

radiation and contamination conditions are

suspected. the visiors should be instructed to

remain at the gate until a Health Physics sur

veyor can be called to check for possible contam

ination. The Emergency Control Center should be

notified of the completion of the evacuation and

asked for further instructions. If any problem

should arise requiring additional assistance, the

Emergency Control Center should be called immedi

ately.

10.6.7. Building evac~.~.~.ion -=-__emergencY..Jn Bl.!.g.i.ings 3004 an~..}.o05

Emergency evacuations of Buildings 3004 and 3005 are ini

tiated by personnel in the ORR (Building ]042) or BSR (Building

3010) by using the public-address system in the ORR and/or

BSR.

Since the LITR has been decommissioned and the fuel and

experiments have been removed. the possibility of a radioac

tive release is reduced essentially to nil. The general area

is monitored by s e Lec t.Lv e Ly-vpl.aced radiation detecti.ng instru~'

ments which are equipped ~,ri t h a local alarm only. Rout ine

patrol checks through the are a are made by each shif t , An

abnormal condition requiring an evacuation would be detected

during these checks.
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1. Upon receipt of information regarding an emergency

condition which warrants an evacuation, the local

emergency supervisor or his alternate will, if time

permits. announce the condition over the public-

address system.

2. The local emergency supervisor or his alternate will

notify the Emergency Control Center (phone 911) of

the emergency condition (if this has not been done

previously). In case of fire, he will actuate the

nearest fire-alarm box.

3. The local emergency supervisor or his alternate will

continue to combat the emergency.

4. If the local emergency supervisor deems it necessary,

he will initiate the evacuation plan for Buildings

3001, 3010, and 3042.

5. For a more serious emergency. the local emergency

supervisor or his alternate will recommend to the

Emergency Control Center that the entire Laboratory

be evacuated. If such be the case, further instruc

tions will be announced over the plant-wide publte

address system.

Conditions in other buildings in the ORR-BSR complex

could be a cause for emergency evacuation of these buildings.

Applicable procedures for situatlons of this nature are pro

vided elsewhere in this section.

10.6.8. Building evacuation - emergency in Building 301C!.

Emergency evacuations of Building 3010, for the purpose

of this procedure, are divided into two classes. Class one

evacuations are any evacuations automatically started by

instrumentation. Class two evacuations are evacuations ini

tiated manually.
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It may be necessary, for either class of evacuation, to

direct the initial actions from the ORR Control Room (remote

BSR console). The local emergency supervisor or the warden

shall, regardless of his location, follow the same guidelines

in directing the evacuation and in any event should be guided

by radiation levels as measured by the high bay radiation

monitor (alarm at no mr/h) and the log-gamma monitor (alarm

at 5 r/h). These instruments are indicated in both the local

and remote control rooms, and the sensors are located on the

wall outside the BSR control room door.

It should be emphasized that immediate evacuation of the

local control room may not be at all necessary, since radia

tion and/or contamination may be limited to the high bay area

of Building 3010. The local emergency supervisor or the <nar-

den, when in the local control room, should be guided in their

actions by the control room constant air monitor, as well as

the building radiation monitor and the log-gamma monitor

described above.

The suggested course of action for the local emergency

supervisor (or warden) is given below. The reader should

understand that it is not possible to provide a procedure that

will apply in full for every condition which could arise.

Rather, sound guidelines based on experience are provided.

The proper execution of emergency procedures under actual con

ditions rests with well-trained and experienced personnel.

1. Class one evacuation, instrument initiated. An

instrument-initiated (automatic) evacuation may be

caused by: high air-activity indications at two con

tinuous air monitors in the air contamination coinci

dence circuit, or high radiation indications at two
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of the monitrons in the monitron coincidence circuit.

Building containment is also automatically effected

under these conditions. l

If the evacuation signal is initiated automati

cally, a sudden increase in the air activity or radi

ation background within the building would be suspected

since a gradual increase would usually have been

detected by various low-level monitors and would have

prompted a manually initiated evacuation. The follow

ing steps are suggested.

[NOTE: It is assumed that all personnel will evacuate

the Building 3010 high bay area (containment shell)

upon actuation of the evacuation signal. The local

emergency supervisor may elect to evacuate to the

control room if his position within the high bay is

favorable.]

a. Shut down the BSR and PCA (if either is opera

ting).

b. If time permits, the situation or conditions

should be announced over the public-address system

while depressing the silence button for the evacu

ation horn. This announcement will help to make

it possible for others to assist in combating the

emergency.

1J • A. Russell, Jr., and D. J. Knowles, Description of Facility

Radiation and Contamination Alarm Systems Installed in the B.ulk

Shielding Facility, Building 3010, ORNL-TM-1874 (August 22, 1967) •



c. The Emergency Control Center» phone 911, should

be notified of the magnitude and cause of the

emergency.

d. Re-entry of the containment shell by searchers or

other personnel (for radiation surveys» etc.)

will be directed by the local emergeney supervisor

if safe and/or necessary, and such re-entry will»

whenever possible. fo Ll.ow the Heal th Physics pro

cedures and recommendations.

The local emergency supervisor will combat

the emergency until relieved by higher authority.

2. Class t\¥"O evacuations, manually initiated. An emer

gency condition, other than a suddenly occurring radi

ation or air-contamination incident» will usually

develop at a rate which will permit some pre-evacuation

planning» however limited. This type of emergency

would include a pending or potential high-radiation

or air-contamination level, a fire» or a release of

undesirable gas into the building atmosphere.

The local emergency supervisor (or, in his

absence, the control-room operator) will generally be

forewarned of increasing radiation or air-contamination

levels through the radiation and contamination alarm

system. The control-room operator will notify the

shift supervisor of radiation and/or contamination alarms

as they occur.

Automatic early warning regarding fire, gas leaks,

or other emergency conditions is not probable; however,

such emergency conditions may not require the haste

usually associated with an automatically announced

radIation or air-contamination incident. It should
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be recognized that it is not the intent of this pro

cedure to minimizE! the hazards associated with fire.

Rather, the point to be made is that the fire danger

to equipment and materials is much greater than the

fire danger to personnel.

a. Upon receipt of information regarding an emergency

condition which warrants an evacuation, the local

emergency supervisor or his alternate will, if

time permits, aunounce the condition over the

public-address system.

b. The local emergency supervisor or his alternate

will then actuate the evacuation horn, interrupt

ing the signal after 10 s to announce the condi

tion again and give pertinent direc.tions to

evacuating personnel. (Actuation of the evacua

tion signal places the building in containment.)

(NOTE: Steps.<::. and..!?. can be accomplished from the

ORR control room as well as from the BSR.)

c. The local emergency supervisor (or the warden)

will initiate action to shut down the BSR should

he deem such action neeessary or helpful toward

combating the emet:'gency. (PCA shutdown will be

required in any case.)

d. The local emergency supervisor or his alternate

will notify the Emergency Control Center (phone

911) of the emergency condition (if this has not

been done previously). In case of fire he will

actuate the nearest fire-alarm box.

e. The local emergency supervisor or his alternate

will continue to combat the emergency.
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3. All evacuation, extended conditions

a. If the local emergency supervisor deems it neces

sary, he will initiate the evacuatlon plan for

Buildings 3001, 3004, 3005, and 3042.

b. For a more serious emergency, the local emergency

supervisor or his alternate will recommend to the

Emergency Control Center that the entire Labora

tory be evacuated. If such be the case, then

further instructions will be announced over the

plant-wide public-address system.

10.6.9. Building evacuation ~ emergency i~.~~ldi.ng 30 L.2

Emergency evacuations of Building 3042, for the purpose

of this procedure, are divided into two classes. Class one,

instrument-initiated evacuation, :I.ncludes any evacuation

automatically started by instrumentation. Class two, manually

initiated evacuation, includes evac.uation initiated manually

from the control room or from the emergency box outside the

northwest personnel door.

The suggested course of action for the local emergency

supervisor or, in his absence, the control desk operator is

given below. The reader should understand that it is not

possible to provide a procedure which will apply in full for

every condition which could arise. Rather, sound guidelines

based on past experience are provided. The proper execution

of emergency procedures under actual conditions rests with

well-trained and experienced personnel.

1. Class one evacuation, instrument initiated. An

instrument-initiated (automatic) evacuation may be

caused by: high air-activity indications at two con

tinuous air monitors in the air contamination coinci

dence circuit, or high radiation indications at two
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of the monitrons in the monitron coincidence circuit.

Building containment is also automatically effected

under these conditions (see Operating Manual for the

Oak Ridge Research Reactor, TM-S06, Section 9.2,

Facility Radiation and Contamination Alarm System,

Building 3042). If the evacuation signal is ini

tiated automatically, a sudden increase in the air

activity or radiation background within the building

would be suspected since a gradual increase would

usually have been detected by various low-level moni

tors and would have prompted a manually initiated

evacuation. The following steps are suggested.

(NOTE: It is assumed that all personnel will evacuate

the Building 3042 containment shell upon actuation of

the evacuation signaL The local emergency supervisor

may elec t to evacuate to the control room if his

position within the high bay is favorable.)

a. If the evacuation signal is accompanied by an

alarm from the control room high-level radiation

monitor (>S r/h), then the control roam operator

(warden) should scram the ORR (and any other

reactor being operated from this control room)

and evacuate the control room, taking the emer

gency equipment package with him if possible.

b. If the radiation level in the control room is

less than S r/h, then the local emergency super

visor or, in his absence, the control room opera

tor (warden) should survey the instrumentation to

determine:



(1) Radiation and air-contaminatIon levels in

the control room (from the control room

radiation monitor and continuous air monitor).

(2) The cause of the evacua t Lo n signal. Le.,

high-level signals from two monitrons or two

continuous air monitors or both (from the

radiation and contamination alarm system

panel).

(3) The condition (radioactivity) of the reactor

and pool systems as reflected by the reactor

and pool water activity recorders and the

l6N r eco rder s ,

c. Emergency action to be taken after the above

listed information is gathered must be decided

upon by the local emergency supervisor or his

alternate; however, decisions must be made

quickly and. therefore, the f o l Lowf.ng guideLi.nes

are offered.

(1) If it is suspected that the operating reactor

is contributing to the condition. then the

ORR should be shut down ,

(2) If time permits, the situation or conditions

should be announced over the public-address

system while depressing the silence button

for the evacuation horns. This announcement

will help to make it possible for others to

assist in combating the emergency.

(3) The Emergency Con t ro L Center, phone 911,

should be notified of the mag nItude and cause

of the emergency.
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(4) If radiation or air-contamination levels in

the control room are sufficiently high, or

are increasing rapidly, the ORR and any other

reactor being operated from this control room

should be scrammed and the control room

evacuated.

(5) If, however, radiation and air-contamination

levels in the control room are not excessively

high, the local emergency supervisor can use

the control room as a base from which to

direct action toward correcting the emergency

situation.

(6) Re-entry of the containment shell by searchers

or other personnel (for radiation surveys,

etc.) will be directed by the local emergency

supervisor if safe and/or necessary; and

such re-entry will, whenever possible, follow

Health Physics procedures and recommendations.

d. The local emergency supervisor will combat the

emergency until relieved by higher authority.

2. Class two evacuation, manually initiated. An emer

gency condition, other than a suddenly occurring radi

ation or air-contamination incident, will usually

develop at a rate which will permit some pre-evacuation

planning, however limited. This type of emergency

would include a pending or potential high-radiation

or air-contamination level, a fire, or a release of

undesirable gas into the building atmosphere •
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The local emergency supervisor (or, in his

absence, the control-room operator) will generally be

forewarned of increasing radiation or air-contamination

levels through the radiation and contamination alarm

system. The control-room operator will notify the

shift engineer of radiation and/or contamination alarms

as they occur.

Automatic early warning regarding fire, gas leaks,

or other emergency conditions is not probable; however,

such emergency conditions may not require the haste

usually associated with an automatically announced

radiation or air-contamination incident. It should

be recognized that it is not the intent of this pro

cedure to minimize the hazards associated with fire.

Rather, the point to be made is that the fire danger

to equipment and materials is mnch greater than the

fire danger to personnel.

a. Upon receipt of information regarding an emergency

condition which warrants an evacuation, the local

emergency supervisor or his alternate ~<Iill. if

time permits, announce the condition over the

public-address system.

b. The local emergency supervisor or his alternate

will then actuate the evacuation horn, interrupt

ing the signal after 10 s to announce the condi

tion again and give pertinent directions to

evacuating personnel. (Actuation of the evacua

tion signal places the building in containment.)
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(~: Steps ~ and ~ can be accomplished from the

emergency microphone box outside the northwest

personnel door.)

c. The local emergency supervisor, or, in his

absence, the control desk operator (warden) will

shut down the ORR (and any other reactor being

operated from this control room) should he deem

such action necessary or helpful toward combating

the emergency. However, if the situation permits,

local operation at the other reactor should be

initiated.

d. The local emergency supervisor or his alternate

will notify the Emergency Control Center (phone

911) of the emergency condition (if this has not

been done previously). In case of fire he will

actuate the nearest fire-alarm box.

e. The local emergency supervisor or his alternate

will continu~ to combat the emergency, operating

from the control room as long as conditions per

mit.

3. All evacuation, extended conditions

a. If the local emergency supervisor deems it neces

sary, he will initiate the evacuation plan for

Buildings 3001, 3004, 3005, and 3042.

b. For a more serious emergency, the local emergency

supervisor or his alternate will recommend to the

Emergency Control Center that the entire Labora

tory be evacuated. If such be the case, then

further instructions will be announced over the

plant-wide public-address system.
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10.6.10. Resp~~~ to air attack warnings

If the Laboratory receives information concerning an air

attack of any type, a 30-3» continuous, s l r en-r t ype sound will

be broadcast from the plant-w:l.de public-address system. The

Laboratory emergency director will then broadcast on the

public-address system any instructions that are necessary for

the protection of Laboratory employees.

The directions given will depend upon the situation and

will give the individual the option of evacuating the ORNL

area or taking cover. In either event, operations at the

reactors will cease. The following steps should be taken by

each control-desk operator, assuming that each reactor is

operating.

1. Cause the reactor(s) to be scrammed.

2. Sound the evacuation horns. The buildings will

automatically be placed in the containment mode.

3. Shut down all pumps of the following types:

a. Reactor secondary water pumps.

b. Reactor primary water pumps. (Do not shut off

any battery-driven motors).

c. Pool secondary water pumps.

d. Pool primary water pumps.

4. Shut off all cooling-tower fans.

5. Silence the evacuation horn and make an announcement

on the building public-address system concerning the

situation.

6. Leave the building or take cover, as is decided at

the time.
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If employees are instructed to leave the buildings, they

should take with them portable, radiati.on-detection instru

ments for use in any emergency which may ensue. If the reac

tor. is down at the time of the warning, the work should cease

immediately; and the employees should take the indicated steps

to preserve their safety.

10.6.11. Evacuation procedure drills

Each crew. while on the 12 to 8 shift, will test one of

the emergency procedures. The procedures will be chosen for

drill on a rotating basis so that all local emergency person

nel remain well trained in their duties.

Laboratory-wide evacuations will be sheduled often enough

to keep the remainder of the people acquainted with the pro

cedures.

10.6.12. Maintenance pol,icy for building evacuation equipment

Emergency building evacua t Lon procedures are so important

that they have been developed for practically every operating

area at ORNL. It has been recognized by the Laboratory that

there must always be availa.bl.e some method of quickly inform

ing people in an operating area when a hazard exists so that

they can leave.

In work around the reactors at ORNL~ it has been found

that the public-address system can be used just as effectively

as the standard air horns to advtse people to evacuate the

building. For this reason~ the public-address systems for

the buildings in the ORR-BSR complex have been connected to

the emerge.ncy power system in each building. The ORR public

address system has been. equipped with dual amplifiers, either

of which can drive all of the speakers for the building com

plex.
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Procedures have been se t up to test the air-horn evacu

ation systems in each building; however, the public-address

systems are used so frequently for paging that further testing

is unnecessary. If either the air-horn or the public-address

building-evacuation system fails, it must be repaired promptly;

because, if the remaining system should fail before repairs

are made , the building must be evacuated until repairs can be

completed. This evacuation should be done by Operations per

sonnel who would, by direct conversation, tell each person in

the building that he must leave the area.
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11. AUXILIARY EQUIPMENT

11.1. Reactor-Bay Crane

11.1.1. Introduction

An overhead crane is provided in the bay area for the

moving of heavy objects, such as carriers and various equip

ment.

11.1.2. Description

The tracks of the bridge run in the north-south direction

and are supported by the building structural members. The

hoist has a load limit of 15,000 lbs. The travel speed for

the crane is as follows:

Direction Slow travel Fast travel

Forward 8 in./s 2 ft/s

Reverse 1 ft/s 2 £lIs

Left or right 4 in. /s 1 ft 2 in./s

Raise or lower 3 in./s 4 in./s

11.1.3. Responsibility

Each supervisor in charge at the BSR is responsible for

the proper use of the crane. He should be assured that only

competent personnel operate the crane and that the operational

precautions listed below are followed. A safety check of the

crane by the Plant and Equipment Division in accordance with

Safety Code ASAB 30.2 will be performed on an annual basis.



11.1.4. Operat~~~al precaution~

1. Only qualified personnel are permitted to operate the

crane.

2. Any operation of the crane in or over the pool must

be by Operations personnel or by qualified "crane

operators." If by a crane operator, t.he operation

must be under the surveillance of Operations person

nel.

3. A loaded crane should never be moved over the BSR or

peA. lfuenever it is desirable to transfer a "load"

via the crane, it should be routed around the pool

rather than over it - except by special permission of

the BSR supervisor.

fl. Hhen approaching the "stops, cease all movement about:

12 in. from the "stops" then continue the movement

with an inching motion.

5. Always visually inspect the cable and cable drum to

ensure proper tracking of the cable.

6. Never overload the crane. The load limit is 15,000

lbs on the overhead crane.

7. Before any carrier is lowered into the pool, the lift

ing device must be approved by the BSR supervisor.

8. All lifts should be made vertically, if possible, to

ensure proper tracking of the cable on the cable drum.
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9. Prior to using the crane for lifting fuel and/or fuel

racks, a "checkout" should be made on the overhead

crane controls to ensure proper operation. The check

is as follows:

a. Press the "stop" button.

b. Attempt to raise and lower the crane hook. If

the system is in order, no action of the crane

should result.

c. If the system is in order. press the "start"

button and proceed.

d. If the system is not in order, discontinue its use

and report the condition to the BSR supervisor.

10. Always post a man at the crane switch box located on

the east wall next to the northeast corner of the

pool when the crane hook is to be raised or lowered

with potentiaLly highly radioactive components

attached to the hook •

11.2. Scintillation Counter

11.2.1. Introduction

The scintillation c.ounter is an instrument used to count

the number of nuclear disintegrations oc.curring ill a sample of

some material. In the particular case of concern. here, it is

a one milliliter sample of water taken from the reactor. pri

mary water system, the reactor secondary system,the reactor

demineralizer system, or various sumps. These samples are

counted for 1 min and the data are logged in the back section
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of the BSR daily log. Operations supervision is responsible

for inspecting these routine entries for the purpose of

detecting any possible deviations or trends from the normal.

(This instrument is located in the basement of the ORR and

services the ORR-BSR complex.)

11.2.2. Precautions

The following precautions should be taken:

1. Wipe the outside of the test tube containing the

sample with a tissue and avoid spilling any of the

sample in the counting well; any contamination will

result in erroneous data.

2. Maintain an accurate record of the background counts

and the calibration factor. (A clipboard is located

at the counter for these data.)

3. Should the background increase appreciably (more than

+7% from the average of previous five measurements),

it is most likely that the well has become contamf-:

nated. If so, it should be decontaminated immedi

ately. (In most cases, wiping with a piece of damp

cheesecloth is sufficient for decontamination of the

well. )

11.2.3. Voltage adjustments

Under normal circumstances the power to the equipment

will remain on. This is to ensure stabilization of the high

voltage supply. Usually, the equipment will not require

adjus t ment s , except for perhaps a monthly hLgh-woLtage check

to ensure that operation is within the plateau region of the

counter.
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This plateau region will be determined on a monthly basis.

The method of plateau determination will be to take a series

of I-min counts at various high-voltage settings. A curve of

counts/min versus voltage can then be plotted and the plateau

will be the flat part of the curve. The high voltage should

be set midwayan the plateau. To turn the power on:

1. Turn the high-voltage power supply to H.V.; and

2. Increase the high-voltage control slowly, starting

at position A, until the desired level is obtained.

3. The desired operating voltage will be determined in

the manner described above.

11.2.4. Calibration

As is the case for all types of counting equipment, this

unit must be calibrated to give an absolute measurement. This

is accomplished by using the cesium source. with a calibration

supplied by the Analytical Chemistry Group, as a standard.

To determine the calibration factor:

1. Insert the cesium standard into the counter well.

2. Replace the lead plug shield which reduces background

radiation.

3. Reset the timer; reset the total-count register.

4. Take a I-min count by using the counter "off" switch.

5. Record the data.

6. Remove the cesium standard; replace the lead plug.

7. Reset the timer; reset the total-count register.

8. Take a I-min count for general background.

9. Record the data.
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10. The total count obtained in Step No. 9 is due to

background and should be subtracted from the number

obtained in Step No. 5 to give the net counts due to

the cesium standard.

11. The current value of the standard is obtained from a

chart of the value of the standard as a function of

time. Use the date closest to the current date to

find the current value of the standard.

12. After the current value has been determined, it should

be divided by the net count obtained in Step 10. This

will give the calibration factor to be used.

11.2.5. Sam~~~~re2~ratio~

In preparing the water samples for counting, observe the

following procedures:

1. Using the scintillation sample tube; place 1 ml of

water in the tube.

2. Place a cork stopper in the tube.

3. Label each tube to ensure proper identification of

samples.

4. Dry each sample tube with clean facial tissue before

placing it in the counter l..rell.

5. Maintain the following sample decay time on the

various wa t e r systems prior to counting.

a. ORR and BSR water sample - 20 min.

b. The OCR Canal and samples froll the process

and intermediate-level-waste systems require no

specific delay or decay time prior to being

counted.



11.2.6. Counting

The counting procedure is as follows:

1. Determine the calibration factor.

2. Insert the samp l.e into the well of the counter.

3. Reset the timer; reset the total-count register.

4. Turn the counter on and count for 1 min.

S. Subtract the background count., which is posted on

the scaler.

6. Multiply the count obtained in Step 5 by the calihra-

tion factor posted on the scaler to give the

counts min- l ml- i .

7. Record the results in their respective places - cl.ip-

board. log-book, etc.

11.3.1. Introduction

The acidity of the reactor secondary water systems is

monitored once each shift by obtaining samples and determining

their pH with the analyzer Loca t ed Ln the pump house.

11.3.2. Controls

1. Temperature °c compens~to_~

The temperature °c compensator is a manual

adjustment control whi.c.h changes the electrlcal span

of the instrument to correspond with the expected pH

electrode signal at a specific temperature.
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The control consists of a shunted single·-tnrn

potentiometer having a 50-division dial uniformly

calibrated from 0 to IOO°C. Its setting has an

effect only on the 0 to 14 pH range and only when the

TEMP COMP terminals at the rear of the meter are con

nected for MANUAL operation by means of the supplied

jumper. Under these conditions, its setting compen

sates for the effect of temperature on the electrode

system resulting from changes in temperature of the

sample solution. It does not correct for the effect

of temperature on the pH of the solution.

2. Standardize control

The standardize control is a knob which operates

a dual potentiometer. The combined setting of these

two potentiometers determines the magnitude and the

polarity of a bias voltage obtained from a regulated

power supply and applies this voltage in series with

the input circuit. For the pH range this control is

used to make the meter indicate the known pH of a

reference buffered solution by compensating for

variations in electrode zero potentials (asymmetry of

electrode systems).

3. Span switch

This four-position switch establishes the

various circuits required for making measurements

over the ranges indicated by the SPAN switch.

4. Push to read switch

This pushbutton switch is a four~pole) single

section switch with push-push action. It has two
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positions: a measure position which is latched or

depressed position; and a stand-by position which is

in released or up position.

11.3.3. Operational procedures

To determine the sample pH, using the Leeds & Northrup pH

Analyzer, proceed as follows:

1. Make sure "push to read" switch is in stand-by

(released) position.

2. Set "span" switch to 14 pH.

3. Measure buffered solution temperature and adjust

"temperature °C" compensator to measured temperature.

4. Determine pH from "temperature versus pH" table on

buffered solution bottle.

5. Immerse electrodes in buffered solution.

6. Depress, "push to read" switch to measure position and

adjust "standardize" control until pH determined in

Step 4 is indicated on the 0 to 14 scale.

7. Rinse electrodes and thermometer in sample solution

and immerse them in sample solution.

8. Measure sample solution temperature and adjust "tem

perature °C" compensator to measured temperature.

9. Depress "push to read" switch to measure position and

read pH on 0 to 14 scale.

10. Discard sample solution and rinse and immerse the

electrodes in process water.

11.3.4. Pope-Model 1500 pH/Ion Meter

Instructions for the operation of this meter are posted at the

sample station.
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11.l~. Unden,mter Perj-scope

11.4.1. Introduction

The underwater periscope is an optical instrument used for

the remote viewing of submerged objects. At the reactor facil

ities, the periscope has become a useful tool for the detailed

inspection of highly radioactive items that must remain

shielded by wate~.

11.4.2. Description

The pe r Ls cope kit consists of several items which are

pictured in Figs. 11.1, 11.2, and 11.3 and are described as

follows:

1. A ._~~.~~iI'i;.ng sect~.9.~: This section permits the viewer

to focus the instrument. An eye hook is mounted on

the top side of this piece to allow the periscope to

be suspended from an overhead crane.

2. A 15-ft tubular section. This section is the "middle

piece" of the periscope - to the top connection, the

viewing section attached. Located at the top section

is a valve to allow pressurization of the periscope.

(The valve is similar to that on an automobile tire.)

3. Four 4-ft extension tubes. Each extension tube used

in the assembly extends the minimum permissible dis

tance between the viewing level and object level

approximately 55 in. (The minimum distances that can

be obtained, allowing for focus, are 15 ft; 19 ft, 8

in; 24 ft, 5 in; 29 ft, 1 Ln; and 33 ft, 9 in.
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Fig. 11.1. Underwater periscope.



11-12

~'G 68-9522ORNL "'" •

Fig. 11. 2. Objectives.
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Fig. 11.3. Tools.
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4. Three viewing heads. These attachments are as

follows:

a. An omniscope. This piece is used for wide-angle

(140°) viewing; the optics do not magnify the

object. (NO!'JE.: Subtract 6 in. from the distance

listed in item 3 when using- this head since the

6-in. captive coupling is not used for wide-angle

viewing.)

b. A forward viewing, 4X objective. This piece will

allow the viewer to observe the top side of the

object (the field of vision is straight down when

the periscope is suspended in the vertical posi

tion); the optics will magnify the object by four

times. (NOTE: The 6-in. captive coupling pre

cedes this piece in the assembly.)

c. A right-angle, 4X objective. This piece will

allow the viewer to observe the sides of an object

(the field of vision is at a right angle ~o the

periscope ~"hen the periscope Is suspended in a

vertical position); the optics will magnify the

object four times. (NOTE: The 6-in. captl ve

coupling precedes this piece 1n the assembly.)

S. A 6-10. captive coupling. This piece is attached to

the IS-ft tubular section directly when either of the

two magnifying heads is used.

6. An Allen-head wrench. This is to used to attach the----
viewing piece to the IS-ft tubular section.
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7. A spanner wrench. This is used to secure the various

tubular pieces to each other (viewing heads, exten

sion tubes, etc.).

8. An attachment to allow pressurization of the IS-ft

tubular section. This attachment is similar to those

used at a service stat:l.on to pressurize an automobile

tire.

All these pieces are stored in two instrument boxes.

11.4.3. Assembly procedures

L Prepare a working area. This should consist mainly

of placing a 20-ft section of blotting paper on a

cleared area of the floor where the instrument is to

be assembled.

2. Remove the viewing piece and the I5-ft tubular piece

to the, working area. (PRECAUTION: Two individuals

should remove the IS-ft section to faci.litate a safe

transfer. Do not allow this section to "sag" in the

middle.)

3. Remove the 3 Allen-head screws securing the black

colored caps on the viewing piece and on the 15-ft

tubular piece.

4. Attach the viewing piece to the tubular piece using

the 5 Allen-head screws provided. (Align the pres

surizing valve facing the eyepiece.)

5. Attach the 6-in. captive coupling section to the bot

tom end of the IS-ft section. (PRECAUTION: Carefully

match the keys in the keyways when connecting the
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viewing heads, extension, tubes, etc. , to the peri-

scope. Use the spanner wrench to provide the proper

torque for a tight seal around the rubber O~rings.)

6. Attach either of the two magnifying viewing heads to

the 6-in. captive coupling. (N~TE: If the wide-angle

viewing head is to be used, the captive coupling is

omitted from the assembly. If a 4-ft extension is

needed. it should be attached directly to the 1S-ft

section, preceding the 6-in. captive coupling.)

7. Pressurize the periscope with dry nitrogen. To pre

vent water from leaking into the periscope and subse

quently distorting the optical characteristics, the

periscope should be pressurized to a value slightly

in excess of the maximum hydrostatic head to be

expected. In general. pressurize to an additional

1 psig fo each 2 ft the viewing head will be submerged.

(PRECAUTION: The pressure should be increased slow

ly, in increments; and the final pressure should be

rechecked after about 10 min.)

11.4.4. Procedure for transferring the pe~~~~~e to the pool

1. Secure a rope through the eye hook on the viewing

section and prepare a loop to attach to the small

crane. Allow about 3 ft of rope to separate the

crane from the periscope so that the crane does not

present any obstacle problems to the viewer.

2. Raise the crane very slowly to take the slack out of

the rope. When the viewing section of the periscope

is raised slightly off the floor and until the
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periscope is suspended completely from the rope, two

individuals should support the 15-ft tubular section

in such a manner as to prevent any possible sagging

or bowing of the center section.

3. Transfer the periscope to the pool. Do not allow

unnecessary "swinging around" of the viewing head

while the periscope is hanging from the crane. As

the viewing head is being submerged, be certain that

it does not strike any other objects in the pool.

11.4.5. Focusing procedure~

1. Rotate the knurled eyepiece barrel until the eyepiece

is roughly in the middle of its fine-focusing travel.

2. Loosen the knurled locking ring outside the off-set

bridge structure. Slide the eyepiece tube back and

forth until the image comes into approximate focus

and then tighten the locking ring.

3. The image may be reversed or tilted, depending on the

number of extensions used and on the orientation of

the right-angle viewing attachment. The orientation

of the image can be changed by rotating the knurled

ring located inside the off-set bridge structure

(ring farthest from eyepiece).

NOTE: A camera adapter for a 4XS graphic camera is fur

nished with the periscope if photographs are desired (see

"Operating Instructions for Underwater Periscope Model

No. 5000," Lerma Engineering Corporation, Northampton,

Massachusetts).



11. If. 6. Procedu~~:.~_._~or dis~.~.~.~mb1ing..~~:".'peri8cope.

1. Remove the periscope from the pool water with the

same degree of care as outlined previously. With

clean rags, "ripe the periscope dryas it is being

raised from the water.

2. Transfer the periscope to the blotting paper. Two

individuals are again needed to support the tubular

section as it is laid do~m. Remove the rope from the

crane.

3. \-1ipe the periscope wIth clean wet rags and have the

Health Physicist check the assembly for contamination.

Decontaminate the assembly if it is necessary. The

transferable ~lrface contamination limits are: 30

d min-1 cm-2 for alpha and 1000 d min-1 cm- 2 for

beta-gamma emitters. However , when the contamina···

tion involves radionuclides such as plutonium or some

other long-lived emitter of comparable toxicity, the

alpha levels permitted should average no llillre than

1/100 the given value.

4. To depressurize the periscope, depress the center pin

in the valve (similar to method used to deflate an

automobile tire).

5. To disassemble the periscope, follow the assembly

procedures in reverse.

6. Store the disassembled pieces in the two instrument

boxes. (PRECAUT~O~: ~~o individuals are required to

transfer the 15~ft section.)
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11.5. Mobile Catwalk Bridge

11.5.1. Introduction

The mobile catwalk bridge was formerly the spectrometer

crane bridge. The spectrometer crane was installed in 1958 for

speci.al tests conducted by experimenters in the Neutron Physics

Division when operation of the reactor was their r'e s pons LbLl.r

tty. Since the spectrometer crane was no longer of any use,

the crane was removed and the bridge converted to a mobile

catwalk bridge for use primarily to handle Solid State Divi

sion experiments.

11.5.2. Description

The bridge moves on tracks ruurrtng in the north-south

directi.on, as does the overhead bridge crane. The rails for

the catwalk bridge are at a lower elevation than the ralls fot"

the overhead crane.

The power supply to the mobile catwalk bridge is located

on the west wall near the exit door.; this 440-V panel box

remains off and locked out when the. bri.dge Is not in use. The

controls for. the catwalk bridge are located on the west end of

the bridge and are as follows: "A~" safety switch; "B~" key

switch (the key for. the controls will be kept in the BSR

control room locked key box when the bridge is not being

used); "C," hf.gb-r Low speed se Lec t o r ; "D." signal bell; and

"E," throttle-direction control.
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11.5.3. Mobile catwalk bridge operating instructions*

Initials

I. Preparation for bridge use

A. Before ascending to the bridge:

1. Obtain the "control switch" key from t~e BSR con

trol room key box.

Z. Check to see that the push button pendant of the

7 liZ-ton crane is hoisted as high as possible.

3. Check to see if any load is suspended from the

7 liZ-ton crane or if the crane hook will interfere

wIth clear passage.

4. Check to see that no tall devices such as ladders.

pool experIments. tools. or equipment will inter

fere with clear passage.

5. Check to see that no maintenance work is taking

place on the bridges or feedrail system.

6. Unlock and turn on switch labeled "positioner"

located at left of door to Room No. 160.

B. Ascend to bridge via stairs at NE corner of pool room

1. Observe if any ladders or other objects are lean

ing on or are supported by the bridge in its

"parked" condition.

2. Check feed rail trough, feed rail. and tracks to

see that they are clear.

*Operations controlled exclusively by Reactor Operations Personnel.
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3. Close local safety switch "A" to turn on bridge

control power.

4. Unlock key switch "B."

NOTE: This is a "dead man" type interlock switch

which must be held continuously in the CCW

direction before and during movement of the

bridge. Release t even momentarYt will stop

the bridge motor immediately. To re-start,

the throttle must first be returned to

neutral, the key switch turned caw, and

held; then the throttle may be set for

desired speed and direction. There is a

very brief time delay in that sequence.

5. Select "slow" or "fast" travel rate by selector

switch "C."

6. Sound the signal bell to alert personnel that the

bridge is to be used by depressing red button "D."

II. Moving the bridge

A. Grasp the brass handle of the key switch "B," turn caw
to the limit and hold there.

B. Push the throttle switch "E" forward (or in the direc

tion travel is desired; i.e., forward or reverse).

NOTE: The speed is increased by moving the lever far

ther from the neutral position. During bridge

movement, use care that the push button pendant

of the 7/l2-ton crane has clearance over the

catwalk bridge and that the movement of the

bridge is satisfactory. An observer must be in

the pool room (floor area) to check operation
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of the movement and observe clearance at the

peA, the instrument bridge, and the RSR bridge

as the catwalk bridge moves over the respective

items.

C. Sound the signal bell occasionally to alert personnel

that the bridge is moving by depressing red button "D."

D. Upon nearing the desired stopping point, the throttle

should be pulled back toward the neutral position.

E. To stop the bridge movement, plac.e the throttle in the

neutral position or release the key switch.

NOTE: If the key switch is released while the throttle

is not at neutral, it wUl be necessary to

return the throttle to neutral, then engage the

key switch before a re~start can be made.

F. To reverse directions, push the throttle switch "E" to

the reverse position while maintaining key switch "BOO

engagement.

__ __ G. When returning to the "park" position (north end of

pool room), watch out for:

1. The push button pendant on the 7 liZ-ton crane.

2. The bannister railing on the NE stairs. The

observer '.rill signal the bridge operator when the

bridge is approaching the stops attached to the

bridge rails.

Ill. Securing the bridge in the "park" position

____ _~ A. Lock the key switch "B" and remove the key ,

~____ B. Open the local safety switch "A."

_________ C. Descend the bridge to the stairs at the NE corner of

the pool room.
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D. Open and lock out the power supply switch Labe Le d

"positioner" located at left of door to Room No•. 160.

E. Return the key to the BSR control room key box.

11.6.1 Introduction

Sulfuric acid is used to control the pH of the BSR and ORR

pool secondary water systems and to regenerate the l~SR deminer

a Lf.ze r cation column. The sulfuric acid that is used for this

is taken from a storage tank located at the southeast corner of

the tower basin.

11.6.2. Descriptio~

The storage tank is stainless steel and has a volume of

850 gaL The liquid level in the tank is determined by dp

cells with a readout on a Foxboro indicator. The indicator'

reads in percent of the volume in the tank that is filled and

reads from 0 to 100% as depicted in Figure 11.4.

The sulfuric acid tank is filled from a portable acid tank

and the no rmal, volume ordered is 450 gal. To minimize the risk

of over-flowing the tank, acid is not ordered until the liquid

level in the tank has decreased to 25%.

11.6.3. Procedure

Protective clothing (shoe covers, face shield, rubber

apron, and rubber gloves) must be worn. Also see Section

6.2.7, Procedures for handling hazardous c.hemicals.

To transfer the acid to the storage tank and to clean the

portable acid tank, the following procedure must be fo Ll.owcd •



Table 11.1. Procedure for transferring acid to the storage tank

1.

Objective

Prepare to transfer H2S04
from the acid transport
tank to the storage tank

Procedure

Install the stainless steel flex tubing
to valve 105 and attach the other end of
the stainless steel flex tubing, from
valve lOS, to the portable tank unloading
valve

Open valves HCV-303, HCV-307, and
HCV-308. Check air pressure on pressure
indicator adjacent to valve HCV-30s.
Adjust the air pressure to 10 psi

Close valve HCV-308 and connect the
plastic tubing from valve HCV-308 to
the valve on the acid transport tank

Remarks

Valves HCV-303 and
HCV-307 are normally open
and are located on the
main air supply line in
in the BSR pump house.
Valve HeV-30B is located
at the east end of the
acid storage tank. NOTE:
The pressure check must
be made before connect
ing the air line to the
acid transport tank

f-I
f-I
I

N
.p-

2. Transfer acid from the
transport tank to the
storage tank

Open valve 105 and the transport tank
unloading valve

Open valve HCV-30B and the air valve
on the acid transport tank

Observe the liquid level readout from
the dp cell to see that the liquid level
is increasing. l~en the air pressure
on the transport tank drops from 10 to 3
psig, the acid transport tank will nor
mally be empty. A visual check of the
tank should be made to confirm this

Valve 105 is located on
the acid storage tank
fill line



Objective

3. Disconnect the acid trans
port tank from the storage
tank

4. Rinse the transport tank

Table 11.1. (continued)

Procedure

Close valve RCV-308, the air valve on
the transport tank, the dump valve on
the transport tank, and valve 105

Disconnect the plastic tubing from the
air valve on the acid transport tank.
Disconnect the stainless steel flex
tubing from the portable acid tank.
CAUTION: Some residual acid will remain
in the flex tubing in the drain at the
east end of the storage tank pad. Rinse
the storage tank pad with process water

Open valve 105 to permit the residual
acid below valve 105 to drain from the
flex tubing

Disconnect the stainless steel flex tub
ing from valve 105, rinse acid from tub
ing, and store tubing over the acid tank

a. Transfer the acid transport tank and
truck to Building 3004

b. Check valve V-6053 to see that it is
fully closed. This valve is located
on the drain line from the bottom
the tank (l.S-in. line)

Remarks

Close the valves in this
order

~

~

I
N
VI



Objective

4. (continued)

Table 11.1. (continued)

Procedure

c. Remove the 2-in. pipe cap and open the valve
on the fill line to provide access into the
tank. Using a dip-stick-type measuring device.
determine if the transport acid tank contains
only approximately 1.S to 2 in. of acid

d. Start a flow of water under the truck of at
least 10 gpm

e. Remove the pipe cap on the line down-stream from
valve V-60S3 and under the floor of the truck.
Caution must 'be exercised while removing the pipe
cap. If valve V-60S3 should leak, the pipe
be tween the valve and pipe cap will be filled with
acid. Install special tubing and route the trans
port tank drain to the storm drain

f. Open valve V-60S3 until all the residual acid has
been drained from the tank. Then rinse the tank
thoroughly with process water. Use the tank fill
line for tank access

After sufficient rinse, stop the process water and per
mit the tank to drain. Then close valve V-60S3, replace
the pipe cap at valve V-60S3 and on the fill line, close
the fill line valve. (NOTE: Be sure to put on protec
tive clothing before beginning this oper a t Lon , )

Remarks

~

c-'
I

N
0'1
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12. RECORDS AND DATA ACCUMULATION

12.1. Introduction

The proper acquisition and accumulation of operating data on an

hourly, daily, or weekly basis is of the utmost importance and cannot be

overemphasized. These data are not only needed to prepare reports, they

are necessary to evaluate the continuing operating status of the various

systems throughout the reactor complex.

The operator is responsible for obtaining and recording most of the

data required and reporting any deviations from normal. The supervisor

is responsible for carefully studying all the routine data (hourly

readings, water systems data, log-book entries, etc.) for the purpose of

detecting any possible trends away from normal values.

12.2. Daily Report Forms

On the following pages are examples of the various forms of data

sheets used at the BSR. The items on each sheet are self-explanatory;

consequently, detailed descriptions of each item will not be given.

12.2.1. BSR hourly readings (Example 12.1)

Three times during each shift the operator at the console

will obtain and record the required data. Any devLa t Lon from

normal values should be called to the attention of the shift

supervisor. If the reactor is being operated remotely, the data

sheets will be transferred to the ORR control room. These com

pleted sheets are filed in the BSR control room office.
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=-1 Remote Operation

[J Local Operation

Check One:

BSR HOURLY READINGS

--~
~ - _~= __ ===,=---=1-

\T x Fiow x 0.1448 kw

Reactor Exit Water Radioactivity, mrhr

Time

Temperature Reactor Water In, OF (Pt. -;)

~io. 3 Safety

'T, 'F (TdR-l71

Reactor Water Flow, gpm (FR-'iO)

Temperature Reactor Water Out, OF (Pt. 2)

~o. 1 Shim Roo, .n cb e s Out

No.2 Shim Rod, Inches Out

No. Safery

No.2 Safety

DATE

No.3 Shim Rod, inches Out

No. t, Shim Rod, (Reg. Roo), Inches Out

No.5 Shim Rca, 'n c h e s Out

No. 6 S~im Rod, Inches Out

Log N

uc N·fj152
13 11.71)

APPROVED BY ENGINEEI-<

Example 12.1.
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12.2.2. BSR power changes and accumulated power (Example 12.2)

This form is used to maintain a record of the reactor

power level on an hourly basis and a record of the accumulated

energy for a 24-h period. If there are changes in power level

due to unscheduled shutdowns or termination of short-duration

runs) they are recorded after each power change regardless of

the time.

12.2.3. BSR shift check sheets (Examples 12.3~ 12.4. and 12.5)

To ensure a high degree of operating safety and perfor

mance, a number of checks on the various reactor systems and

components has been selected to he made on a routine hasis.

Each shift on duty will have a "roving" operator inspect

the reactor complex for each of the items listed on the check

sheet applicable for that particular shift. When each item is

completed, it is checked on the sheet. Any abnormalities

should be reported to the shift engineer. These check sheets,

prepared for the midnight (12 to 8) shift (Example 12.3), the

day (8 to 4) shift (Example 12.4), and the evening (4 to 12)

shift (Example 12.5), are filed in the BSR control room office.

12.2.4. BSR daily summary (Example 12.6)

Toward the conclusion of each evening shift, an operator

will begin to prepare the daily summary (Example 12.6). This

form, normally completed by the 12 to 8 shift, contains the

hours operated, the accumulated energy for the day, and infor

mation on the demineralizer units. These sheets are filed in

the BSR control room office.



BSR POWER CHANGES AND ACCUMULATED KWH

DA T E

DA Y NO.

---------
12-8 SHIFT 5U~EcI'<VISOR -------- 18-4 SHIFT SUPERVISOR 4-12 SHIFT SUPEHVISOR

TIME I POWER INCREMENTAL ACCUMULATED I TIME i POWER INCREMENTAL ACCUMULATED I TIME I POWER I INCREMENTAL IACCUMULATED
LEVEL !c.wh kwh ! LEVEL kwh kwh LEVEL kwh k.wh

-~I-

i

I-'
tv
I

~-::-..

--.----j -=- r 1-J- 1-- [--1--1=---.1-

---~--+-.-- +-~-r--- r=---~- ·-----1"-- +-i'~ ..."-- --r ------- 1-- 1- -- ---i----- j -: -.- - "T'

- i - --1 -- I-~.-- [----f----"-r--I
--, ': I: : I I I L--

~- -~:-+--f-=l-=- i--- -r I_~

---tl-----+--- i+- I I I

-,-,,-I~--t-~ -~'. ,-, -·-~-L-+-1 -_~1- t-.,. - ~_r ..I. ---1 -' .. r---- ' -r---I---~T- :-±_-_ ~ ~----=I _J~ ., _ J tn.,'
'.JC N-7973
rs :'-671

Example 12.2.
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BSR ROUTINE CHECK SHEET

12.8 SHIFT

STARriNG os r a

Check special instruction cl rpboaro

Pool water level is adequate. Re::cord level on CIifJOO"HC, Sf:
corner of cool

Skimmer opdatin~ properly

CAM's and Monit.ons oucrating ptoperty

CAM's ami Monitrons Checked '.vit~1 SOlJfCI2

Cutie pies and survey meters in proper. locaticns

Evacuation horn tested

Nz SUPPlY and pressure for evacuation horn checker!

Hand cranks on reactor, reactor bridge, auo instrument bridge
chained and locked

Check level of 020 m overflow bottles to east and west 020 tanks

Off-g.:J.shood port hotea for D;:0 overflow bottles
are unobstructen

Overhead ar~,j spectrometer crane switches !cckerj in off posiuon
when nut In us!'

Fuel-handling tools l:PCA and BSR) locked in place when not it)

Experiment panels checked and servu.e s completed

Evacuation package checked

High v currer-t, tow-voltage magnet test if reactor is
oper ating

Art33 inspection including COI8, PUIllPS, fans, rnctor s {Lcg abnorrnatitie s)

SeCOfll1;;HY pH, cnromate, and total solids checked and logged if
secondary is operating

Check tower fans for vibration and ou teve! when secondarv is operating

Demi-rerali zer integrator re.:idirlg 12:0l:a.m.

Turn all steam tracing, pH probe hutment heater , and prhnary flow

cell hutment heater on when outside temper.-iture drops to 35" F

u r.N·81 OOB

t a

Example 12.3.

Slil FT
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BSR ROUTINE CHECK SHEET

. 4 SH 1FT

STARTING 8A~E

CHECKED BY (Initials)
---- _---

All doors leadIng to pool area and control room are locked

Check special instruction clipboard
,
1.

P001 water 1:'::'/21 IS adequate Record level on clipboard at sout'ieo st

corner of pool

Sktmrre- oper attng properly

CAM's and Momucns operating properly

Cutie pie and survey meters In proper location

Record pool room negative pressure - southeast

Record pool room negative pressure ~ northwest

Pool room roof fan "an' or "off

Hand cranks on reactor, reactor bridge, and instrument bridge chained
and locked

i-s~1 F--T---- ----- -----~--

---- ---

Check level in overflow bottles on east D2 0 tank

Off-gas hood port holes for 0 20 overftow bottle
are unobstructed

Over llow bottle ott-gas hood Driertte checked

KWH Meter Reading

Pressurize DP cell housing

Overhead crane and mobile catwalk bridge switches

locked in off p05ition when not In use
-----~ ------------

Fuel handling tools t'PCA and BSR) locked In place when not In use

Experiments checked and scrv.c es completed

Area Inspection Including core, pumps, fans, motors (log abnor rnalitie s I

Control room portable emergency light checked

Control room emergency lights "bright"

Pool room emergency light "dir-

Hi gh-curr ent. 1Q','..-vottage magnet test If reactor is

operating _

Modular power suoply voltage morutor s checked If reactor IS

ope rattng

BSR Radiation Survey (To be taken when reactor IS operating"

I- !

UCN-S100
(3 5-811

Example l2.!t.
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BSR ROUTINE CHECK SHEET

S 4 SHi FT

pH and resrstance on deurinerauzer inlet and exit (daily)

Supnlie sInventor ied and orders placed for items needed

1 Secondary cooling tower

2, BSR pump house
Safety Showers Checked

Tower treatment (Dearborn 321) added

Secondary ....ater COunts taken and logged wnen operating

Cell ventilation pressure drop readings

Check tower fans for vibration and oil Ie'.Ji? I if secondary 1$

Check sump pump in old vault for proper operation

...............-_ .

Water counts on deminer alizer inlet and extt if reactor

._i.~.?.E_~.rating

Secondarv pH, phosphate concentration, and total
solids checked and logged when secondary is operating

._------_.-.~-- ~- .--- - . - -- -. ..- .--.-._- .
Secondary pH probe filter turned one complete turn

and flushed

Turn ",11 steam tracing. pH probe hutment he<ltN, and primary How 'D

cell hutment heater on it outside temperature drops to ", 3Sl F

Example 12.4. (continued).
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BSR ROUTINE CHECK SHEET

4· 12 SHIFT

JSHIFT-

581 )

CHECKED BY (Initials)

WED. THUR. FRI. SAT. SUN. MON. TUE.

II doors leading to pool area and control room locked
---- --

heck special Instruction cl ipboard -+--------- ------- ---- ---- -----_ .._----- 1-- --- ---_...

001 '..... ater level IS adequate. Record level on cupboarc at
outhe.ist corner of pool

------------ --------- ----- ----- --

kirnmer operating properly
- -----------

AMs and Monitron's operating properly

--------------------------------- ------______0. - .
utre-pie s and survey meters m proper rocauons

---- ---------_ .._- ---- --- -----------

and cranks all reactor, reactor bridge, and instrument bridge
na.neo and locked

- --~._-_.-
-_.__._----,,~

heck level in overflow bottles on east 0 20 tank ,

I
------------ --------_.__.-

If-gas hood port holes for D20 overflow bottle
are unobstructed
----- ------- ----- --- ------
verhead crane and mobile catwalk bridge switches

ocked in off position when not In use
- -----_.__._.- ------------

uet-handling tools (PCAand BSR) locked In place when not ill use
---- ------_.._- -_._--------

xpenment panels checked and services completed
--- -----_._---- ---- ----- --- - --- t-
rea inspections Including core, pumps, fans, motors

Log abnormalities)
--------- ------ -------- ---------

econdary pl-l, phosphate concentration, and total

01ids checked and logged i!_S_~_?_~~!y_!~__o,~~~~__ ---

heck tower fans for vibration and all level It
econdary IS operating :

------------- -_._-------~---

1

urn all steam tiacing, pH probe hutment heat er and primary flow
.p cell hutment heater on If outside temperature drops to 35" F

- ----- f-- --_._--- ---

---------- ------_._-_.- ------------

I

---------- -- ·-f-----i - ...-

I

-- ------

I
I

_._-----

--- ...._..__._-

-- -- _._------

i----

i
REVIE ....ED AND APPROVED BY ENGIN EER

CN-8100A

p

s

A

E

c

o

F

c

H

C

c

°I

c

STARTING DATE

A

I

S

T

U
13

Example 12.5.



BSR DAilY SUMMARY

UUUUU'_. ,u'"["A'r": """"''''''=~..uu .. '"'''''''''''''''''l~~'~''';:~~~'''''

-------------- I POWER

HOURS HOURS lwh
SHIFT

OPERATED DOWN
.. _-- _..._------- ------ ACCUMULATED (INSTRUMENT) POWER, kwh

Ii'<STRW1ENT HExr

12·8 PREVIOuS TOTAL

~--- _ .-..-------. -----_._~---- 1,-, u __~._ -----------.. -.-._--------------.--.. -------~-- ----

6·4 O.A,'{'S TOIAL
........ U .-. ---._--_._- -----~--

..... _- .. ~_.._._---- ---_.. ---
4·12 I CURRENT TorALI -------------- - --------

TOTAL I
I

pH

INLET

EXIT

DA'('S THROUGHPUT (0,,1)

UCN~7?74

(3 a, 7 1 1

II DEMIN£RALIZER

--~ IRESISTIVITY I COUNTS m,,,' mi"

Example 12.6.

REMARKS
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12.2.5. BSR log book

At the end of each shift~ the supervisor in charge of

operating the reactor should write the log using the following

format:

1. Ope~~tion~. List the total time the reactor was

operated during the shift.

2. Shu t down , List the number of shutdowns occurring

during the shift and the duration of each. A reduc

tion in power level below 100 kW should be considered

a shu t down ,

3. Troubles. This item is self-explanatory; it should

not include trivia. Any abnormalities concerning the

instrument readouts should be described in detail.

4. Checks. If all the routine checks required for the

particular shift have been made) it should be noted.

Also~ any checks which were not made should be listed,

so that the oncoming shift can complete them when

possible.

5. Maintenance. List all work performed at the reactor

complex by individuals in the maintenance groups.

6. Research. List any service performed for any of the

individuals in the research group. Also list the per

tinent activities of the experimenters.

7. Samples. Lt8t all pertinent information on materials

irradiated at the BSR (identification~ duration in

flux~ present location~ etc.).

8. Miscellaneous. List all items worthy of attention.

In the back of the BSR log book, record the pertinent

information on the building evacuation test~ the
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startup rod position~ the running total of accumulated

kilowatt hours, the secondary water system, the pri

mary water system (demineralize!:"), and the amount of

liquid waste sent to the waste system (ILW or process).

12.3.1. BSR ~eekly .Eep?r.t _~:l5.~!!p_~~_.l_~.!)_

This report is a summation of the operating data obtained

during the week. It LncLudes information on maintenance per

formed at the reactor complex, troubles. modifications, etc.

This report is prepared by the supervisor assigned to the BSR

and is distributed through the Reactor. Operations Section.

12.3.2. BSR quarterly report

This report, prepared by the reactor supervisor, is a com

pilation of operating data, and experiences covering a period

of three months. It normally includes an analysis of reactor

shutdowns, reactor controls, information on experiments, and

special studies performed.

12.3.3. BSR startup checklist (gx~npl~-.11..~~L

Prior to a reactor startup, it is imperative that all sys

tems are functioning as designed and that all instrumentation

and administrative requirements for startup of the r.eactor are

met. this is the responsibility of the supervisor in charge of

the startup. To ens~r.e a proper checkout of the various sys

tems, a startup checklist is provided. The supervisor must

initial each item as the designated requirements are satisfied •
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BSR WEEKLY REPORT

~
--

WEEK ENC,ING

- :-::.:-~-:.:::::-======-::::::::-==

A OPERATING DATA
KWH AT END OF WEEK

DATE DAY NO.

KWH AT BEGINNING OF w c e s;

ACCUMULATED

ENERGY (kwh)
HOURS OPERATED HOURS DOWN

....~- .......~I----........~-.........~~_.......-~-.. ~~~--+--~~~_._- .~_.__..._-

.--_..~·-f---·~·~~--·----1-----·~ -----

8. PREDICTED SHIM ROD POSITION AT CRITICAL

~+--~ ....---~-... -----

~~~_...-

--j-----_.._.._--

..~~------~--

UCN-72eo

I' e_71l P AG E 1

Example 12.7.



C. USAGE OF REACTOR

FAGLITY DATE DATE
Ti~~ POWER PU RPOSE SPONSOR

IN OUT LEVEl

------ ---

----- --

-----_ ... -

---------- - --

----_.. - --

---

- --------- ------

- ---------- - ---- ------

- I

-----,----_._----- --- -- --_..._--- _. ----- ---_ .._- - - ---- ----- --------- -_.._-

.- -----_._-----_ .._..---- ----. --------- -----

-- --------------- --- ------_._--------_. -._--
~._.._- _.__.._------ ---_.

I

----.

---_.

j
--------- ----- ----- -_ .._---- --------- ---- --

-~._-_._- ----- --- -_ ....--t-- --
I

--- ------ -------4-- ------------------ _._-._--- -- -----

I
----- ---~----- -- -----------_. -- -------~----- --

I
I i

---------- ---- --- I

i
i

1-- ---- .-- - 1
I
I
I

-- - - ------ -------_._-- I

!I

t
- ---- -------

___I
- ------=-~:::----==--------- . --'-"-

VCN-~260

d-H' PAGE: 2

!-'
N
!

!-'
W

Example 12.7. (continued) .



D. ANALYSIS Of SHUTDOWNS
,

DATE I SCHEDULED UNSC";EDULED REACTOR EXPeRiMENTERS DOWNTIME
DESCR!PTiON OF

;hrs.) ("H.I
OPERATIOflS THIS WEEK

SHUTDOWNBEGIN END (hrs,)
hrs.) (hrs.)

:i

--~ ..•

I

._--

I
I

I

._-

j

i-'
N
I,.....

+'-

TOTAL

, j --- I :

--, I ~. -----+1-----
! Ir J' 1-1 I----+.1~~~~~~~~l#~~ == "'__"'~_~"'... L=.,,,,,.,,=-'.>' J '"

Remar;';s:

U CN-7?6~

.,;- il "G C 3

Example 12.7. (continued).
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E REACTOR COOLING WATER

BYPASS FILTERS ~_{MMEA

DATE OF LAST CHANGE EVAPORATiON
~._~-~..

MAKE UP WATER ADDED TO POOL OTHERSf-C-'-------
IGALLONSI

PRIMARY OEMINERALIZER

RUN INITiATION TERMINATION pH RESISTIVITY (ohm -em) COUNTS
f--

NO. OAT£ DATE IN OUT IN OUT IN OUT

------ ~.__._..._-- --~._.__._.•._......_--- ------------------------------- --

I
1------ ------ ---

Total Gallons Through This Aun

F SECONDARY SYSTEM

8ETA, GAMMA ACTIVITY PHOSPHATE CONDUCTIVITY
pH AVERAGE

c/m/ml AVERAGE AVERAGE ppm AVERAGE MICROMHOSppm

..._---.------------._- --_._----------------- 1-----

--- -- ..-
G. MISCELLANEOUS INFORMATION IMAINTENANCE AND CHANGES: INSTRUMENTATION AND CONTROLS, PROCESS SYSTEM, asR SERVICES,

ETC.I

UCN-<'260
13 12-79) PAGE 4

Example 12.7. (continued).
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BSR 8T ART-UP CHECK LIST

NOTE: The supervisor making the stan-up checks should initial each blank after completion of the item. (In addition the
individual starting the checks should remain on dutv until the reactor is made critical and stabilized at the desired
power level; otherwise, the checks should be repeated by the next individual in cberqe.] Items marked with an asterisk
should be completed following an electrical power outage.

SUPERVISOR

DATE

CORE NO.

+----+--+ Jt- +--+

A. REACTOR AREA

Proper I03di n9 and reactor position

2. All core pieces in place and properly seated

3. All experiment rigs in proper location and secured

4. Proper source location-_ _---

5. Shim-rod dri ve units and fission chamber-drive units in proper
position and fastened to hold-down arms

---_.........._--
6. Cable connections installed to proper shim-rod drives

7. .0.11 work in core completed and final inspection mode-_........._---
8. Heactor carriage and bridge toe ked in position

----------_..-
9. lnstruruent bridg::: rocked in position---------------_ __ .

B. EXPERIMENT FACILITIES

1.

2.

3.

All changes to experiments completed

Experiment information sheets current

Experiment scfetv-chcck sh(':'P-1S completed bv instrument
enqineers (for all aonficabte expenments l

Special instruction sh(lets completed
~-----~~-------17TT7'

C. WATER SYSTEMS - MODE 1 [Convection Coolingl"

Pool filled to proper level

2. All poet-level alarms cleared
........--_........_----

3. Flapper valve in fully open position-_.........._---
4. Jets on for operation at > 100 kw-_.........._---
5. Demioerctizer in service

6. Water purity adequate

7. Skimmer system in operation

O. WATER SYSTEMS - MODE 2 (Forced Cooling)"

1. Pool filled to prc!per level

2. All pool-level alarms cleared
---------_........._-_._----

3. Pr;m8ry cooling ''1stam fille-d and vented
.._- ----

4. Flapper valve in fully c105~d position

Example 12.8.



BSR START-UP CHECK LIST (contc)

==============..=.~~=.=...====
O. WATER SYSTEMS - MODE 2 (Forced Cooling}' (Cont'd!

'*6. Derninerelizer in Service
.--+-......jf-.. -------.. --

7. Pool inlet temperature controller in automatic Clodsetpoint established
-_...._----------_.....-_.._-- -- -------..- +--+---l---+--

8. Secondary cooling system filled, treated, tower riser bypass valve closed

and system ready for service

._----._---------_..._---

E. INSTRUMENTATION CHECKS

'9. Both the exit water and the decay-tank off·-gas activity
monitors operating

. __ ..._------_.-----------+-----!---I-

10. Skimmer system in operation

B. Power circuits L-l through L-arcceteo in 'Normal-

Emergency' panel

b. Power circuits L-21 through L...23, ,:~-:=-i~~-ee-n-'-p~:-.,-----·--f------If----+---+----+---T--·------ --.------.

_3_·_~~~~;~;;:~:,;'"~~=~,,:~:'~'",==::r -1---------------j---+--~+--_f

1. Local operation selected

2. All utility services in order

------._--.._-_.._----_._..__..__._--

.._.-._._---------------_._----

4. lcnizatlon chamber positions (check log book for any movement

during shutdown)

-----_ .

Log Count -Flate Channel

a. Calibration and period response
._---------------_._--....._---------

(1) Calibrate CAM to 60 counts/sec 011 recorder and ser
on 'Use'

._--~._---_.------------.----._..... ._-\----+-----!----.. ----_.. --- --... --.-- --------

(2) Check that as fission chamber is inserted counts Increase
and vice versa

--. __.------_...._--_.~.--...._.._----
(31 Check period recorder for proper response when moving

fission chamber
-------_.---._--------------_ _----_._-------_ _..--------_._-~--.__.--\---+-----!--

(4) Check fission chamber noise calibration curve
_._._--_._-------

b. Interlock Checks

---..._.-.-..--.------..----.- ...--.--.---....--.-....----.-.-------i<'

(1) While withdrawing one shim rod, insert or withdraw the
fission chamber intermittenlv. Rod withdrawal should
stop when chamber is in motion

=============.._---_ __..-----~
aEither Section C or Section D must be comoterea.

UCN-890~ (3 "S~8t I PAGE 2

Example 12.8. (continued) .
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BSR 8TART -UP CHECK LIST (Oontd)

E. INSTRUMENTATION CHECKS (Cont'dl

6. Log·N Channel

c. Return to Startup Mode

_ , ±10%b. Chamber vottaqe: +_
-------··········-··------+---+--+--·-1..··· I

a. Calibrate log' N a.nptifier with recorder and set on' Operate'

12) Position fission chamber 0;.0 that count rate
>20 cps 3nd < 40 cps

.......- ..-._.---f--+---+
(3) With one rod off seat. adjust PHS to give 7-S2C.

cenod..4 reverse should occur.

(1) Set PHS and gain at the posted startup value

5. b. (2) While withdrawing one shim rod, adjust the PHS setting to
give a positive period of <25 sec. Rod withdr,:,w:J1 should
stop

---- -..~------------_fL'

C. With the log--N amplifier on . ope rote " depress the negative voltage
inhibit pushbutton 0,1 the log-N chamber supply and observe that an
upscale reading occurs on the log-N recorder along with a positive period
indication on the log-N period recorder. Turn to ' Ground 'setting,

7. Servo Channel

8. Zero micromicrcammeter
------_.~ _ .

b. Chamber voltage' + .. _______ ,±10%

c. With the range selector on 20 kW. depress the negative voltage
inhibit pushbutton on the servo chamber power supply and observe
that an upscale reading occurs on the micromicroammeter

...........----+---f---+---+------'I---~ ~..+-- -
* 8. Magnet currents checked for qross errors (should he

0.5 A ±O.lAI

9. Scram Checks

a. Raise rods ...... 1 in. and scram by local manual button and

__. ~.::.ratn~.~peat for remote scram :S~i.~~~:_. _

b. With the IQ!J--N amplifier en "Ground" setting raise rods ........ 1 in.
and scram by pushing the 'l-sec button on the log --N amphfier .
Set th~ log -N amolifier on 'operate'.

----··········----+--+-----+---+-........;1---~·~··~~··-1-··-
c. Raise rods ·.....1 in. and scram by NO.1 Jordon button.

~.~~ _-_.------ ---- __..-+---+-----+--+--1----1---+ .
d. Same for NO.2 Jordon button

e. Same for NO.3 Jordon button.

f. Reset all flux trips at vottaqo comparators.

10 Check of Magnet Pulse Test Equipment

a. Raise 311 rods 1 in. Depress' pulse-test' push-hunan on the
sigma bus converter modele in each magnet control bin in
turn and observe

UCN·a9D9 (3 6·121 PAGE 3

Example 12.8. (continued).



12-1.9

.-:......•...,

BSR START-UP CHECK LIST (Cont'd)

E. INSTRUMENTATION CHECKS (Cont'd)

10. 9. (1) A flash of each of two neon lamps on the sigma bus converter
-----_.._.__•..............

(2) The dual voltage comperator Hux trip amber lamp IS ON ~.~..__._.1_.. _

(31 That both shim rods associated with the bin under

b. Reset all circuits on vottege comperetors toll amber li.ghts OFF,
all qr..n lamps ON)

Set micromicroarnmeter range switch on desired range12.

11 Obsurve that sigma bus monitor meter on each sigma bus converter

_~ ~~~~~~~~~~_~_band •. .

...,.--
are not dropped I

-- ~-~.- -~---+-,--+j ·f·~··········-

13. Servo demand at N
L

for 2--Mw range or desired percent of range
for <2 Mw selection

14. All air monitors and Monitrons normal

15. Calibrate log gamma amplifier and set on 'operate'

16. All instrument chenneis working properly and correspond.nq
recorders tracking

-~~;~-···A·r~~~·r~~"atorpanels clear (if nD~~~~~-(~;·~~~r~-T-'~~~;-~~····-

known]

F. OTHER CHECKS ~ ~. /

............_-.-+.....-1-

UCN-IJ909 (3 fHS I) PAGE 4

Example 12.8. (con t inued) •
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In addition, the supervisor in charge of the startup, upon

completion of the startup. should fill in the information (per

sonnel performing the startup) required on the reactor startup

record sheet. This sheet is on the BSR panel below the key

cabinet.

12.3.4. BSR reactor shutdow-n c_I:ec.klist (Exam.ple 12.9)

To ensure that all systems are properly shut dmro or

placed in a standby status following the shutdown of the reac

tor, a checklist is provided. This form must be completed by

the supervisor in charge of the shutdown.
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BSR SHUTDOWN CHECK LIST

NOTE: The individuai completing this check list should initial each item as it is completed.
--~--~'-"""""----,-

.........._-----
CORE NO.

--t--..- --+---+--..- +---+_..._-

--+----t -..+---+--.. "-.---

~-:''':,;::::~,,;:"~''''';,;;~,;;:~";;~~:~=-1......~~.- ._....... -~ .~.•••••. __.-.
b. All rod drives checked for proper operalion (rundown) j

--..--- .. --.- --- --.-... - _ ..-... --.-..--- ----. -----1--------
c. All rods "clutched" (clutch IIgl1t out)

----- ----.------- .---------- - ..--------- - --1----- .-- .._f--- - - ~ --.- --

d. Raise rod drives 'V 6 in. for extended shutdowns

-.------.-------.---------..-.--.-..------.-- '-- --....-+----+---.-f----- ---- -.....------1--+----
2. Servo demand at NLand range switch as low as possible

with servo recorder on scale

------- -.. ..--- - ----- -- ,... -+----+---- -.-------1--.+..-.------+---+--..-
3. Loq-N instrumentation shows normal decrease in neutron

level. Place Log-N channel on low calibrate

---·-······-------···---·--·------------------·----te··.----!--~..___,jr-----=.+---+--r____--+----+---+_--

4. Reactor secondary loop

,--,,-1 .-.-----f---- -- ---
a. Fans In 'OFF'

---------.- ------------- --.---.----------- - -r---- --- -.---.- "- -- ---.--+----t-.-.---
b. Pump in 'OFF'

-- _ _------_ __._------------_ _.- _ _--+----+----- __ _-+---+----_..
c. Bl ow-rdown valves closed

-----11------.- -----

.----.....-----..-------- ..-..-...-.------.--------------- -_._--+---1-----_.- -----.-----1--+---.------+-.--+---
d. Phosphate pump off

----_.__ ._-------------_.._----------_._-------------------+---+------ -----+---+--
e. Aci d-radditi on system off

.._----------------------------------------------------------j----/---- ------/----/--
f. Tower bypass valve open if outside temperature is less

than, or expected to be less than, 35
0

F

_.._-----+---+---- --

--.--------l---+-.-+--

·----------------------------------------j,--.j------+--4--f.-----'+--+--+-~r-~

5_ Reactor primary loop:

-----·--------------·------·----------·--------+·--~f·.. -----.t-----~+__~+----.-.+-,-+----'".+-~+---
a. If primary flow is to be stopped:

------_ .._---------------_._--------------------
(1) Adjust skimmer (lower)

._---.._-----------_._--------------------------------j--+---+--------
(2) Turn pump off

-------+---+----_._-+---+---- ------

-------I--+--------f----+---I------

----------------------------.-------------/----f---+--------- --.-1---+-.-------/----+---,----
(3) Open HCV-3 fully

-------------------------------------------+--+-----!-----\------+--1------+---+------- -
(4) Close valve HV--54

(5) Open flapper valve

---------------~------.-----------------------+_----I__-----1------+---+----- ---+---+---1---
(6) Check demineralizer flow

UCN-8908
(3 5,81)

Example 12.9.

Page 1 of 2
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G.

7.

8.

aSH SHUTDOWN CHECK LIST (Cont'd)

h. If pi .marv fIO'N!') to continue'

(I) Check decay tank level

(2) (heck aem,neral,zer flow

Fission criamber mse-teo to give 20 counts/sec and

set in 'automatic'

Key sWitch In 'OFF' and Key remove Key locked

In Key box

........ _-----_ _--- -

If r2gulJting rod drive IS to be left fully withdrawn, then

turn 'off' the reg rr;.d recorder

-----------..------- ----+---_._+-----+-~--+

9. Bal. 1 --J- 4 Rod position at shutdown

10. Roof Fan. ON or OFF
•

UCN890S
(3 5-81) Page 2 of 2

Example 12.9. (continued)
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13. SPECIAL PROCEDURES

13.1. Pertaining to BSR ~~mpleK

13.1.1.. Authorization and documentation of changes to .~~_systen~,

.9perating manual, and/or operating instruction notebook

1. Routine.._changes. During the course of normal ope ra

tion, it is necessary to make c.hecks. tests, adjuBt

men t s •.and changes to equipment and/or systems to

ensure smooth and reliable operation. This work Js

performed according to established procedures and may

be done by verbal agreement between Reactor Operations

personnel and the individual performing the work.

2. Specia~ operating instructions. Temporary of

procedures and/o~ deviations from the standard operat

ing procedure s are filed in a spec tal "Oper.atLng

Inst ruc t Lons Book" in the ORR control room. Ins tt>iV':--

tions in this category are authorized by using form

UCN--455 (Example 13.1).

3. Operating manual r~~~~~. Revisions to the operat>

ing manual are made as required by authorizatIon of

senior members of the Reactor Operations Section and

the Technical Section. All revisions are formally

transmitted to personnel directly as soci.at.ed with the

operation of the reactor, to the RORC at ORl'H..• and. to

DOE--ORO •
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OPERATING INSTRUCTIONS

SHIFT RECOGNITION (Please Initial)

A

B

C

o

UCN-4!55
(12 2 -05)

Supervisor

Example 13.1.



...,.-.....

13-3

4. Instrument and controls and mechanical changes (change

memoranda). Important mechanical and instrumentation

and controls design changes are documented by issuing

change memoranda. A formalized system is used in

processing the change memoranda to ensure that the

proposed changes are reviewed and approved by the

designated senior staff members. A permanent record

of all change memoranda is kept in the Operations

Division office. Copies of all change memoranda shall

be sent to the Reactor Operations Review Committee and

to the DOE-ORO.

Mechanical design change memoranda. Mechanical design

changes are documented by mechanical design change

memoranda (Example 13.2) which may be prepared by any

one knowledgeable of a proposed change; such memoranda

are identified by number and title. Each memo states

the reason for the change, briefly describes the

change, and lists the~ drawings and procedures and

the revised drawings and procedures required. Spaces

are provided for the appropriate approval signatures.

Space also is provided for acknowledging completion of

the drawings, procedures, and field work.

Instrumentation and Controls design change memoranda.

Instrumentation and Controls design changes are docu

mented by Instrumentation and Controls change memo

randa (Example 13.3). An I&C change memo is prepared

by an I&C engineer knowledgeable of the proposed

change. Instrumentation and Controls change memoranda



OPERATIONS OiVISi,O!ll
MECHANiCAl DESIGN CHANGE MEMO

~,E. QU' S Fi FC',I'

does not

---_._-------.-----~----

- -- -[ ~EN-DRAWI~GS AND DR,\IIING CH,\NGES COMPLETED-r----[1-~~-8' - - l;~

I
--_._._--+;~--

APPROVAL SIGNATURES

NEW PROCEDURES AND PROCEDURE CHANGES COMPI ETED

"JCA~C- -

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

FIELD CHANGE COMPLETED

(ACKNOWLEDGED BY}

.__._--~-----
(ACKNOWLEDGED BY) OP;::RATIONS DIVISION DATE

ORNI_ So:ety Comn,jttee

Revlcvi Rc~u,rec
No

ORNL So tc-ry CornTTli:le~

Rev; e ...... By

-~---~--------- -

DO E ~ev gequi r e c No
DOE ReView By

D:Jte

UCN -9 798

(3 7-8! r

Example 13.2,
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OPERATIONS DIVISION

INSTRUMENTATION AND CONTROLS DESIGN CHANGE MEMO

7. t,i".\'1

Tn; s mo dijic o tior- does do e s not

-------~ ----_. ~~~--

"
,

M':OIWVAI. SIGNATURES "EVI DRAWINGS AND DRAVlIr~G CHANGES COW' ,~~ I: lTD

I .'\- ,~ q,,'PR r,S"N r A TI v u c s: r f-~ ,to': "ww ..cUC'C" ;" t)i',,--f-"

, r~ C),:',;" ,'.. "'t~ T Ht.'.ACJ '" ~;.:: 1J

NEW PRUCE!)Ur<ES AND I'I?OC IcOURF CH ANGE, COMPL. ETED
I'~-'-

r c

.) T j., f:F-i I"

FI U~D CHANGE COMPLETED

------_. -------- . ..... " .. --

O~'.=HA·I·IO~<S UI VI ,:)1 f~ OA ' c-r: 8'1) Il1A1T

\
(P,C VNOVVU.DGFD :3Y) OPERA liONS DlV1S\C)N 10/"rc

';,
ORN!. S'J~~ty Cc>t'lTl~iH~~

Review R('!~ui red v as .:J No or~r\lL Se tetv Comrnirtoe f)/H,c

. H, By
"

DOc Heview By l1,,'(F

DO:: Rev?w Required YeE No

UCr"--91'!J7

(3 1-01)

Example 13.3,
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are identified by number and title. Each change memo

states the reason for the change t briefly describes

the change t and lists the ~ drawings and procedures

and the revised drawings and procedures required.

Space is provided for the appropriate appr.oval signa

tures. Space also is provided for acknowledging com-

pletion of the drawings, procedures t and field work.
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14. INSTRUCTION CHECKLIST FOR THE BSR

14.1. Introduction

The Instruction Checklist (Example 14.1) is used as a guide for

training reactor operating personnel, principally to ensure that all

areas of the complex are covered. The checklist is also useful for

periodic review of the facility. The principal sources of information

to be used along with the checklist are the "BSR Operating Manual,"

"Drawing File," "Operating Safety Limits for the ORNL Bulk Shielding

Reactor," and "Description and Safety Analysis of the 2-MW Bulk Shield

ing Reactor."
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INSTRUCTION CHECKLIST

FOR THE BULK SHmLDING REACTOR

Contents

A. General Information on the Various Components in the BSR Complex

B. Reactor Components

C. Experiments

D. Record Keeping

E. Radiation Control

F. Emergency Action

G. Building Containment

H. Process Instrumentation

I. Secondary System

J. Ques tions

Example 14.1. Instruction Checklist for the

Bulk Shielding Reactor
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INSTRUCTION CHECKLIST FOR BSR

Date

Name

A. General Information on the Various
Components in the BSR Complex

1. Pool

a. Dimensions and configuration

b. Lf.nf.ng

(1) Type
(2) Temperature limitations
(3) Radiation limitations
(4) Chemical limitations

c. Water-level control

(1)~\Tater make-up
(2) Determining water loss due

to leakage
(3) How level is monitored
(4) Emergency shielding for

reactor pool

d. Water purity

(1) Limits on various parameters

a. pH
b. Resistivity
c. Activity

1. Normally, when not
operating

2. During I-MW operation
3. During 2-MW operation

(2) Sampling points

Example 14.1 (continued).

Has Been
Taught

Has Done
or Made
Use of



14-4

Has Been
Taught

Has Done
or Made
Use of

e. Lowest permissible water depth

f. Rules about proximity of reactors
physical restrictions (peA and BSR)

g. Fuel storage

(1) Underwater racks
(2) Be
(3) Vault

h. Emptying and filling the pool

i. Miscellaneous

(1) Dam
(2) Fuel-handling and other tools

used in the pool
(3) Disposition of off-shifts
(4) Overhead crane

2. Water System

a. Schematic flow system

*b. Heat exchanger (2 MW)

(1) Capacity
(2) Flow diagram
(3) Normal temperature of inlet

and exit water
(4) Construction materials

*c. Demineralizer (30 gpm)

(1) Description
(2) Water flow
(3) Regeneration
(4) Checks
(5) Resins
(6) Alarm on low resistance

*Units from old system are also available for use.
_ _._----------

Example 14.1. (continued).
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Has Been
Taught

*d. Filter (200 gpm)

(1) Pumping rate
(2) Flow
(3) Type of media
(4) Reason for filtering
(5) Skim.lller

*e. Vacuum cleaning pump

(1) Flow rate
(2) Filtering unit
(3) Flow diagram
(4) Radioactivity encountered

*f. 16N jets
(1) Function
(2) Location
(3) Placing in service
(4) When required

g. Flapper valve

(1) Describe the component
(2) Position indicators (a) posi

tion switches (b) orifice
monitoring

(3) Mode 1 operation
(4) Mode 2 operation
(5) Checks to ensure proper mode

and position

h. Decay tank

(1) Dimensions
(2) Baffles - purpose
(3) Level indicators
(4) Water level during 2-MW

operation
(5) Water level during no-flow

conditions
(6) Surge tank

*Units from old system are also available for use.

Example 14.1. (continued).

Has Done
or Made
Use of
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i. Primary cooling system

(1) Primary pump

(a) Horse power
(b) Flow capacity (design)
(c) Packing gland wa tel:' sup ply

(2) Orifice (main primary flow)

(a) Location

(3) Valve pit

(a) Valve control

(4) Syphon - break line

(5) Flex hose

(a) Material
(b) Purpose
(c) Precautions - general
(d) Precautions during move

ment of reactor
(e) Satisfactory condition

for flow

(6) Degasser tank

j. Secondary cooling system

(1) Flow range during operation
(2) How controlled
(3) Pump
(4) Basin - level ~ control
(5) Water treatment - pH, T.5.,

blowdowu, makeup, daily and
weekly

(6) Fans, speeds
(7) Tower, capacity
(8) How to place in operation
(9) Ale pump

Example 14.1. (continued).

Has Been
Tau~ht ~,

Has Done
or Made
Use of
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3. Bridges - Reac.tor, Experiment or
Instrument and Mobile Catwalk

a. Location- rules governing

b. Limitations on materials, equip-'
ment, etc., that are normally
permitted (or not permitted) on
the bridge

c. Repositioning the reactor bridge

(1) How the bridge is moved
(2) Reasons for moving the bridge
(3) Safety aspects

(a) Nuclear
(b) Non-nuclear
(c) Reactor power while moving
(d) Flex line

(4) Rules regarding moving

(a) Personnel authorized to
move the bridge

(b) Checks to be made

e. Location of power cut-off switches

f. Physical dimensions of bridge

g. Weight limitations

4. Utilities

a. Electrical power distribution

(1) Normal - Clean power
- Normal power

(2) Emergency - diesel

Example 14.1. (continued) •

Has Been
Taught

Has Done
or Made
Use of
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b. Water supply

(1) Potable
(2) Proeess
(3) Demineralized

c. Waste systems

(1) Liquid

(a) Creek
(b) Low level
(e) IUT

(2) Gaseous

(a) Normal off~gas

(b) Pressurizable off-gas

d. Heating and ventilation

(1) heaters

(a) Pool room
(b) Control rooms

(3) Ventilating

(a) Pool room
(b) Control rooms

B. Reactor Components

1. Fuel Element Grid

a. Number of positions
b. Size of positions
c. Orientation; how maintained
d. Distance from the floor in each

pool section
e. Method of attachment to the bridge
f. Distance from the bridge
g. Distance under water

Example 14.1. (continued).

Has Been
Taught

Has Done
or Made
Use of
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h. Over-all size
i. Clearance between fuel element

end box and grid position
j. Removal from the pool
k. Construction material
1. Method of construction
m. Method of supporting in the grid

2. Fuel Elements

a. Standard assembly

(1) Total amount of 235U in new
elements

(2) Number of plates

(a) Standard element
(b) Half-fuel element

(3) Weight of 235U per plate

(4) Dimensions of composite element

(a) Length
(b) Cross section
(c) Cooling water gap

(5) Dimensions of fuel plate

(a) Length t over-all
(b) Length of V-AI alloy

sectton
(c) Cross section (cladding t

fuel thickness and
construction)

(6) Standard loading (including
orientation of element in grid)

(7) Average burnup rate of 235U

Example 14.1. (continued).

Has Been
Taught

Has Done
or Made
Use of
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b. Special fuel element for shim rods

(1) Dimensions of composite element

(a) Length
(b) Cross section
(c) Cooling water gap

(2) Dimensions of fuel plate

(3) Clearance

(4) Construction material

(5) 235U Content

3. Shim Rods and the Regulating Rod

a. General or standard location 
minimum number (safety limits)

b. Dimensions

c. Extension to shim rod

d. Haterials

(1) Shim rods
(2) Regulating rod

e. Reactivity wor t h

lIas Been

__._'~~_'::.~ h t: ~

Has Done
or Made
Use of

(1)
(2)

Minimum and maximum L\ k/k per in.
L k/k

~- ...._~~-~~-_.-
Minimum and maximum per- in.

f. Guide bearings

(1) Po s i t Lon

(2) Materials

Example 14.1. (continued).
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g. Armature

(1) Loca t Lon
(2) Dimensions
(3) Cons t ructLon materials
(4) Seat switch design change

(1969-1970)

h. Shock absorber

(1) Theory of operation
(2) Location
(3) Ha t e r La ls

i. Drive system

(1) Gear system
(2) Dri~e motors
(3) Speed
(4) Position indicator

4. High-Current, Low-VoI t ag e Hagnet

a. Overall size and configuration

b. Parts

(1) Housing and core
(2) Magnet coli and leads

(a) Potting material for co ll.
(b) Insulation for leads

(3) Retainer washer
(4) Spl:i.t ring
(5) Clutch switch and leads
(6) Plating materia1 3 purpose,

thicknesB

Example 14.1. (continued) •

Has Been
Taught

Has Done
or Hade
Use of
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Has Done
Has Been or Made

Taught Use of

c. Theory of operation

(1) Voltage levels expected -----(2) Normal current
(3) Effect of water
(4) Corrosion control

--~~~~~-

(5) Flyback voltage
----~.._~-

control

5. Solid State Electronics

a. Sigma bus converter

(1 ) Input voltage range

(2) Output voltage range

(a) Negative voltage
(b) Positive voltage

(3) Pulse test components

(a) Pushbutton
(b) Indicator lights
(c) Pulse duration
(d) Purpose of test

b. Dual voltage comparator

(1 ) Scram comparator
(2) "Bus protect" comparator
(3) Latch lights ------(4) Trip lights ----- ----(5) Normal lights ---- -----

c. Magnet switch

(1) Purpose

(2) Switching capabilities

(a) Amperage limits -----
(b) Voltage limits

Example 14.1. (continued).
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d. Magnet power supply

( 1) Voltage range
(2) Amperage range
(3) Normal output for BSR
(4) AC power from slow scram bus

e. Modular power supply

(1) Regulated voltages
(2) Power for comparator
(3) Future capabilities

6. Nuclear Instrumentation

a. Count-rate channel

(1) Fission chamber

(a) Type
(b) Dimensions
(c) Drive system
(d) 235U content
(e) Normal location
(f) Reactivity effect upon

moving
(g) Length of life
(h) Frequency of replacement
(1) PHS curve for chamber

(aa) Frequency for check
ing the curve

(bb) Importance of check

(2) Pre-amplifier

(3) Pulse amplifier

Example 14.1. (continued).

Has Been
Taught

Has Done
or Made
Use of



(4) Scaler

(5) Count-rate meter

(6) Count-rate recorder

(7) Count-rate period recorder

b. Lo g r-N Channel

(1) Log-N Chamber

(a) Type and frequency
of compensation

(b) Negative voltage inhibit
(c) Dimensions
(d) Drive system
(e) Normal location
(f) Length of life
(g) Frequency of replacement

(2) Log·-N Amplifier

(3) Fast period ampll.fier

(4) Period sigma amplifier

(5) Log-N recorder

(6) Log-N period recorder

c. Safety Channels

(1) Safety chambers

(a) Type
(b) Dimensions
(e) Drive system
(d) Normal location
(e) Frequency of replacement

(2) Sigma amplifiers

Example l!.f.l. (continued).

Has Been

....~.i'ly~~~_._

Has Done
or Made
Use of



(3) Safety recorders

(4) Mode 1 operation

(5) Hode 2 operation

d. Trouble monitor

e. Servo Channel

(1) Servo Chamber

(a) Type
(b) Dimensions
(c) Drive system
(d) Normal location
(e) Frequency of compensation
(f) Negative voltage inhibit

(2) Micromlcroro.rneter (Panel B)

(3) Servo recorder (Panel C)

(a) 50% switch

(4) Progra~nable controller

(a) Signal conditioner
amplifier

(b) Programmer eontroller
and calculator

(c) t"T isolation amplifier
(d) Flow isolation amplifier
(e) Heat power recorder

(Panel G)
(f) Servo control panel

(Panel B)

Has Been
Taught

Has Done
or Hade
Use of

(aa)

(bb)
(ee)

Demand (Mode 1 and
Hode2 operation)
Setpoint
Flux

Example 14.1. (continued).
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(dd) Withdraw, insert
light

(ee) Enter setpoint
(ff) Stop demand
(gg) Battery low light

(g) Heat power panel (Panel "B)

(aa) Heat powe r (MW)
(bb) Flux calibration,

gain ..•. LOa
(cc) Flux calibration

( 5) Local toggle switch, vernier
(local console)

(6 ) Remote toggle switch, setback
(remote console)

(7) Control rod

( 8) Servo limit switches

7. Neutron Sources

a. Types
b. Hazards
c. Precautions
d. ~esponsibility

c. Experiments
1. Connection to Reactor Safety Circuits

2. Reactivity Worth

a. Total allowed (operating safety
limits)

b. Method for determining worth

3. Responsibility For:

a. Approval for operating experiments
b. Operating the experiments

4. Determining Experiment Failures

Example 14.1. (continued).

Has Been
Taug~!:._

Has Done
or Made
Use of
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D. Record Keeping

1. Core loading

a. Responsibility
b. Burnup calculations
c. Flux mapping
d. Past core configurations
e. Techniques for establishing new

configuation and/or loadings

2. Operating Data

a. Daily operation
b. Log book
c. 12 to 8shif t checks (Example 14.2)
d. 8 to 4 shift checks (Example 14.3)
e. 4 to 12 shift checks (Example 14.4)
f. Area radiation survey (Example 14.5)

3. Reactor control changes

a. Responsibility for issuance
b. Maintaining file

E. Radiation Control

1. Radioactivity released to building
atmosphere

a. Sources
b. Normal level when reactor is oper

ating at 1 MW and 2 MW
c. At other power levels

2. Radiation and contamination monitoring

a. Monitrans

Has Been
Taught

Has Done
or Made
Use of

(1)
(2)
(3)
(4 )
(5)

Location
Number
Remote readout
Annunciator tie-in
Alarm point

Example 14.1. (continued).



b. Continuous airm.onitors

(l) Loca t Lon

(2) Number.
(3) Remote readout
(4) Annunciator tie-"in
(5) Alarm point

c. Pool outlet: radiation monitor

(1) Location

d. Off-gas radiation monitor

(1) Location

e. Building ventilation duct

f. Log gamma radiation monitor

3. Lab facility radiation and contamination
warning system

F. Emergency Actions

1. Excessive radiation and/or contamination

2. Fire alarms

3. Building Evacuations

4. Building occupants (other than
operations personnel)

G. Building containment

1. Automatic closures in building

2. Inter---connecting duct, fLLt e r s ,
and staek area

3. Normal flow conditions and CFM

Example 14.1. (continued).

Has Been
Taught

Has Done
or Hade
Use of
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4. Containment flow conditions and CFM

5. Cell vent low flow

6. Checks for "in-flow" cnrrents

7. What conditions require building
containment

8. How is this established

a. Automatically
b. Manually

H. Process Instrumentation (ORNL Dwg. RC 15-1-3)

1. Primary Instrumentation

a. Temperature measurements

(1) Core inlet: TE 16-1

(2) Core inlet: TE 16-2

(3) Pool temperature, near primary
outlet: TE 16-3

(4) Pool temperature, near primary
outlet: TE 16-4

(5) Differential temperature across
core: Mode 2 operation

(a) How and where monitored
(TdE-17A)

(b) How and where displayed
(TdE-17B)

(c) Control and safety action
(d) Significance of

(6) Pool temperatures

Has Been
Taught

Has Done
or Made
Use of

(a) Where and how monitored
(TE 16-9; TE 16-10; TE 16-11;
TE 16-12)

Example 14.1. (continued).
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(b) Hbere and how displayed
(c) Significance of

(7) Inlet to heat exchanger:
(TE 16-5)

(8) Outlet from heat exchanger:
(TE 16-6)

(9) Where displayed

(10) Significance of

2. Flow indication and pressures

a. Differential pressure across core

(1) Pdsj22A - closed for normal
6P; open on low 6P

(2) Pds/22B - closed for normal
i\P; open on low II P

(3) PdA/22 - alarm for abnormal
(low) liP

(4) PdR/22 - readout for /lP

b. Flow element (FE-lO)

(1) FT/10 - flow transmitter
(2) FS/10A - open for low flow
(3) FS/10B - closed for low flow
(4) FA/IO - alarm for low flow
(5) FR/IO - readout for flow

c. Pressure indication

(1) PI-19A: upstream side of con
trol valve on inlet line

(2) PI-19B: discharge side of
circulating pump

Example 14.1. (continued).

Has Been
Taught

Has Done
or Made
Use of



..-..-...~.,.,

14-21

3. Level indication

a. Pool

(1) LS/1B - low level for alarm (2 ft)
(2) LS/IC - low level for alarm (4 ft)
(3) LS/ID - low level for alarm (4 ft)
(4) LS/IA - low level for alarm (2 ft)

b. Decay tank

(1) LT-4 - level transmitter for
readout

(2) LS-4A - high level switch for
alarm

(3) LS-4B - low level switch for
alarm

(4) LI-4A
(5) LI-4B

4. Radiation instrumentation

a. RE-S - detector on outlet line
from pool

(1) RS-S switch on monitor
(2) RS-S - signal to alarm

monitor

b. RE-18 - detector on off-gas line
from decay tank

(1) RS-18 - switch in monitor
(2) RA-18 - signal to alarm

annunciator

5. Flapper valve

a. A scram results if valve is not
fully opened or fully closed

(1) ZS-2A - position switch
monitoring

(2) ZS-2B - fully open; produces
scram when not fully open

Example 14.1. (continued).

Has Been
Taught

Has Done
or Made
Use of
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Has Been
Taugl~~: .

(3) ZS-2C - position switch
monitoring

(4) ZS-2D - fully closed; produces
scram. when not fully closed

(5) ZA-2A - alarms when not fully
open

(6) ZA-2B - alarms when not fully
closed

6. Filter by-pas s

a. Pressure indicator

(1) PI-19C - outlet side of filter
(2) PI~19D - inlet side of filter

b. Flow indicator

(1) FE-19 - flow element
(2) FI-19 - flow indicator (waste

meter)

I. Secondary System

1. Temperature measurements

a. Inlet to heat exchanger TE-16~7

b. Outlet from heat exchanger TE-16--8

c. Temperature control system:

(1) Primary to secondary - temperature
of primary is input to valve co n-:
trol (TeV-I3); T8-13, TT-13) TA-13,
TR-13, TC-13

(2) TT-IS - temperature of tower
basin which is input for fan
controls

Example 14.1. (continued).

Has Done
or Made
Use of



.' ~"":"'"

14-23

2. Pressure indication

a. PI-21 - inlet pressure to heat
exchanger which is also discharge
pressure of secondary pump

b. PI-i3 - on 100 psi air supply to
(TCV-13) control valve on secondary
line exit of heat exchanger

c. PI-l5 - on 100 psi air supply to
TT-15 from tower basin temperature

3. Flow indication

a. FE-II - flow indication on exit to
heat exchanger

(1) FT-ll - flow transmitter
(2) FI-11 - flow indicator

J. Questions

L What information is given by the shim
rod-condition (and/or -position) lights?

2. What is the function of the No.4
shim-rod switch in the following reactor
conditions:

a. in manual?
b. in servo?

3. When can the servo on-off switch not be
used; i.e •• when will its use produce no
action?

4. What are the functions of the preferred
shim rod'?

5. Over what range (watts and deeades) do the
following instruments work?

a. The servo system
b. The counting-rate channel
c. The log-N channel
d. The leve.l-safety channels

Example 14.1. (continued).

Has Been
Taught

Has Done
or Hade
Use of
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6. lfuat type source is routinely used at
the BSR?

7. Under what conditions does a midrange
lockout exist?

8. "-That conditions are required to obtain
servo?

9. What conditions are required to obtain
instrument start?

10. vfuat conditions are required to obtain
run?

11. In what recorders are switches having
the following setpoints and what are the
functions of these switches?

a. Negati.ve 100 s period
b. Positive 100 s period
c. Positive 25 s period
d. Positive 7 s period

12. What happens if a positive period of 1 s
is obtained? '-That instrument causes this
action?

13. What is the function of the micromicro
ammeter? How does this differ from the
function of the micromicroammeter at the
ORR?

Has Been
Taught

Has Done
or Hade
Use of

14. Fission~chamber (or counting-rate) channel:

a.

b.

c.

lfuy does this channel have to be "on
scale" to obtain start?
What is the minimum counting rate
required for startup?
Why is it necesary to have a co un t Lrig-:

rate channel?

Example 14.1. (continued).
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15. What is the relationship between the
scaler and the CRM? How can one be
checked against the other?

16. Magnet control bin

Has Been
Taught

Has Done
or Made
Use of

a.

b.

c.

d.

e.

f.

g.

What is the purpose of the sigma
bus converter?
What is the normal NLreadout of
the sigma bus meter?
What is the significance of a NL
readout of the sigma bus meter that
is too low? Too high?
What does the dual voltage comparator
compare?
List five ways that the magnet switch
current is reduced to zero.
Compare the function of the magnet
control bin to that of the magnet
amplifiers at the ORR.
Why should the magnet control bin
solid state electronics be more
desirable to that of the ORR magnet
amplifiers?

17. What is the purpose of the level-safety
channels?

18. What is the purpose of the period-safety
channel?

19. How is the reactor manually scrammed?

20. List the parameters and their setpoints
which automatically result in the
following actions.

a. Slow scram
b. Reverse
c. Setback

21. How often is it necessary to calibrate the
log-N amplifier? The 10g-N channel?

Example 14.1. (continued).



22. How often is it necessary to check and
adjust the magnet currents?

23. HO'<1 often is it nec esaar y to check the
magnet drop current, magnet release time.
shim··rod t Lme-eofv-f Ltght , and drop points?

24. ~~at is the purpose of the annunciator
panel? Discuss eac.h annunci.ator statton
giving detailed information about the
origin aild meaning of the signals.

25. "That is the purpose of the startup
checklist?

26. \-lhat constitutes the regulating rod at

t he BSR'?

27. What does the servo demand indicate?
How is this indication different from
the servo demand indication at the ORR?

28. Describe the 16N jet system~ What is
the purpose of this system?

29. ~fuat is the difference between a fast
scram and a slow scram?

30. Why are both a fast scram and a slow
scram provided in the BSR instrumentation?

31. l~~en balancing shim rods, what instrument

(or' instruments) should be wa t ched? \4hy?

32. ~fhat are the limits on shim-rod magnet

release time?

33. Hhat are the limits on shLm-vr o d time-of
flight time?

34. Wh"lt action should be taken when a "shim
request" an o.unc La t o r 8.1arw is rec.eived?

Example 14.1. (continued).

Has Been
Has Done
or Made
Use of
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35. When is It permissible to operate with
the "jet off" annunicator in the alarm
eondition?

36. \.Jhat are eight of the things which are
to be checked in the pooL before start
ing to take the reactor c r Lt.LcaL?

37. How is the period scram c.l r cu i t tested?

38. How are the level-safety scram circuits
tested?

39. How is the fission-chamber channel
checked before each run?

40. ~;,rhat is the purpose of the TV monitoring
system?

1+1. What is the purpose of the BSR sound
surveillance system?

42. Explain how the BSR remote control system
works.

43. Explain and describe what action the ORR
desk operator can take both when the BSR
is being operated locally and when it Ls
being operated remotely. i.e •• from the
ORR.

Date:

This Checklist Applies for:

Checked Out By:

Example 14.1. (continued).

Has Been
Taug~~:..._

Has )Jone
or Made
Use of
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BSR ROUTINE CHECK SHEET

12· B SHI FT

STARTI~G DATE

'---~--=~==c~~~=cL

CHECKED BY {l nitiol s}

----.-----------------+----t
SAT.

All doors leading to pool area and control room are locked

Check special Instruction clipboard

Pool water level is adequate. Record level on clipboard, SE
corner of pool

Skimmer operating properly

CAM's and Monltrons operating property

1'-'---
WED.' THUR. FRI.

I

i
CAM's and Monitrons checked '/'/iti1 source

Cutie pies and survey meters In proper locations

Evacuation horn tested

...__. ~ ~ .... _ j__ ... + ...__._L__- ~_,.... __._ ....+--+...---_+_--

N
2

supply and pressure for evacuation horn checked

Hand cranks on reactor, reactor br idge , and instrument bridge
chained and locked

Check level of D20 in overflow bottles to east D20 tank

Off-gas hood port holes for 020 overflow bottle
ate unobstructed

Overhead crane and mobile catwalk bridge switches
in off when not in use

Fuel-handling tools (PCA and BSR) locked In place when not in

Experiment panels checked and services completed

Evacuation package checked

All yellow hot cans emptied

Area inspection Including core, pumps, fans, rnotor s tLog aonormant.e sr
-c---- ~~-------

Secondary pH. phosphate concentration, and total solids

checke~~9.9.~~onda"_"'_~soper_atir:'g_~_

Check tower fans for vibration and all level when secondary IS operating

Dernirteralizer integrator reading 12:01 a.m.

Turn all steam tracing, pH probe hutment heater, and primary flow \p
cell hutment heater on when outside ternperatur e drops to 3S() F

UCN·S100B
(3 5-81)

Example 14.2.
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BSR ROUTINE CHECK SHEET

8-4SHIFT

--STARTING DATE

CHECKED BY (Initials)

All doors leading to pool area and control room are locked

Check special instruction clipboard

Skimmer op-erating properly

Pool room roof fan "on" or "off"

Cutie pie and survey meters in proper location

CAM's and Monlt,ons operating properly

Pool water level is adequate. Record level on clipboard at southeast

corner of pool

Record pool ronm negative pressure - northwest

Record pool rQCIlI negative pressure - southeast

........ ··1
.~.- ~._ _._~~._..- _ ~---+ --r--····

-J -,,~-+---~
Hand cranks on reactor, reactor bridge ,
and locked

instrument bridge chained

Check level in overflow bottles on east D2 0 tank

Off-gas hood port holes for D2 0 overflow bottle
are unobstructed

Overflow bottle off-gas hood Drierite checked

KWH Meter Reading

Pressurize DP cell housing

Overhead crane and mobile catwalk bridge switches

locked in off p(j.5iti().n..lrJ.h!!".not in u..s~_~ ...

fuel handling tools (PCA and BSR) locked in place when not In use

···········1

Experiments checked and services completed

Area inspection including core, pumps, fans, motors (log abnormalities)

Control room portable emergency Iight checked

Control room emergency lights "bright"

Pool room emergency light "di rn"

Magnet bin nos. 1,2, and 3 components indicating normal
conditions.

Modular power supply voltage monitors checked if reactor is

operating

BSR Radiation Survey (To be taken when reactor is operating)
,-=,"..=-="-='-=====

UCN·8100
(3 3-82)

(Continued on back of pagl")

Example 14.3.



BSR ROUTINE CHECK SHEEr

8 - 4 SH 1FT

Supplies inventoried and orders placed for Items needed

Secondary water counts taken and logged when operating

I

~._1
~--+--

I

1. Secondary cooling tower

2. BSR pump house
Safety Showers Checked

Turn all steam tracing, pH probe hutment heater, and primary tlmA,:

cell hutment heater on if outside terr.per atur e drops to 35° F

Cell ventilation pressure drop readrngs

pH and resistance on dc-rmerali zer inlet and exit (daily)

Tower treatment added

FRI.

Check sump pump in old vault for proper operation

Secondary pH, phosphate concentration, and total

solids checked and logged wh,en secondary is operating

Second.i.y pH probe filter turned one complete turn

and flushed

Check tower fans for Vibration and oil level If secondary IS operating

'V1I'atc: counts on cerniner alizer inlet and exit if reactor

_i~ oper~~~_g

Example 14.3. (continued)



BSR ROUTINE CHECK SHEET

4. 12 SHIFT

q.'RTIHG DATE'

I
I SHIFT

CHECKED BY (1,,;,;.,1<)

-------~---*....
I MON.WED. HiUR, FRI. SAT.

......- _...~---_._--- ~_...._-- _...~~
,All doors leddrng to pool area 30d control room locked

'-.

ChBC«. 'Special instruction clipboar d
..

PGol water level is adecu..~l.e. Record level on clipboanl at
southeas t corner of pool

Skimmer ocer atiug properly
-_ .. ........... _- I--

CAMs end Morutrons operating proper l y
_. ............ -.. ~-- ...... ..-- -

Cutie-pie s and survey meters in proper IOCJtH;ns
_ .. .......... -.. _----

H311d cranks on reactor, reactor" bridge, and instrument bridge.

chE~ined aud locked
.---

Check level in overflow bottles on east D20 tank

-~ - ..... -
Oft-gas hood port holes for 0,1] overttow bortle
are unob str ucted

Overhead crane ano mobile catwalk switches

locked in off posi :ion when not in use

Fuel-hand! ing tool s (PCA and BSf(j locked In place when not In use

Experrmcnt panels checked and services completed

Al~<:I inspections including core, pumps, rans, motors
(Log abnorrna Iities)_ .. ....... -
Secormarv pl-l, phosphate concantration , and total

solids checked and logged. if second ~.r'{is.opelating. --_._----
Check tower fans for vibr ation arof:! oil level If
secondary IS operaung

--

Turn all steam tracing, pH probe hutment neat er , and primary flow
'.\ p cell hutment heater 011 if outside ternperatur e drops to 3S()F

---- ........ . - _.

................---_ .. .-- .. . --_..

-- ... --

,
---- ----- -.-- .....,,--

--- -----_.. -

- -

. ~...-._.~-. -- ...

..................._---_ ..

f:/f;:: 'I I E-N'C.l) AND AI-'PF<OVED 8Y FNGIHEER

UCN-B100A
(3 5-81 )

Example 14.4.
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BSR AREA RADIATION SURVEY

PE ~ FORMED BY

DATE TI'./1E

\orr. 1 SlInn m rt rr (1,-11 count c r ) u-luc}, uil! rcad a lIIa-UI/IWII of 20 IIIr hr shall hr' us cd jor tl"., sun'", ui t l, a r ut ic

flic u .....cd when tlu- null at ton ! (Tcl I i"; greater than J() mr hr.

LOCA TION
1---P-1iE-:5E T-POINr--l
i RAD READ (m,'h,1

MAXIMUM 8ACKGRDUND

READING [rn r -'hr)

Control Room Control Console

r-
East

Walkways
West

2. Reactor Bay
North

--_ ...---' --- _ .. ~--

South

Over Reactor (at bridge)

Skimmer System Filter Columns

r-;:~ary Pump Inlet ---------+-------
r-----

DeminerallZer· North of Shield Wall

--1---------
-+

I
------~··t··-·_·

I
-------t---------

!Degasser Tank
4. Outside Area

3. Pump House
i Demineral i zer· Cationr-----
f_Dcm i_ner~1 i ze~_- ~~~~_~

Heat Exchanger
r--
!

____.~~_o-l-u_m_n-----

I Decay_Tank

NOG Catch Tank

Manhole for Primary Flow Orifice

South Lab and Equipment Room
--------

5. Lab Area I West Lob· North_Section

i West Lob - South Section

6. Shops Instrument Shop

7. Second Floor Hallway

U CN'9 145
13 4-691

Example 14.5.
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15. MAINTENANCE MANAGEMENT AT THE BSR

15.1. Introduction

The BSF consists of the following buildings:

3009 - BSR Pool Drain Pump Room

3010 - BSR Building

3117 - BSR Cooling Tower

3119 - BSR Primary Pump House

Maintenance of the BSR is the responsibility of the reactor super

visor and his staff in a typical line organization. A block diagram

showing the line of responsibility is depicted in Fig. 15.1. He may

delegate authority to a supervisor for coordinating the work with the

appropriate groups as shown below:

1. Plant and Equipment Division. Responsible for performing the

maintenance work on mechanical and eLec t r Lca I equipment.

2. Instrumentation and Controls Division. Responsible for per

forming the maintenance work on instrumentation.

3. Inspection Engineering Section. Responsibile for performing

the inspection of welds and c r I t Lea I materials, and for all

other nondestructive testing. Also responsible for inspection

of filters, pressure vessels, and hoisting and other special

ized equipment.

In addition, the reactor supervisor, through his staff, is respon

sible for:

1. Setting up a program of routine maintenance and in-service

inspection and scheduling ~~intenance during shutdowns in

coordination with the Plant and Equipment, Instrumentation and

Controls, and Inspection Engineering groups •



p ~A~r:, & SQU IPHENT

DIVISION

I~STRUMENTATION &

CONTROLS DIVISION

i
I

OllR COMPLEX

REACTOR SUPERVISOR

:

OPERATIONS

DIVISION

I
DIVISION :

K>\INTENANCE :

COORDINATOR I

INSPSC',ION ENGINEERING

DEPARTMENi

r- - _-l

t'!J~C}-Lt\:~ICA:.J & ELECI·~\ICA~.

,:QJ ] P~lF:NT INSTRUH;::NTATION

U I~ FACILITY :
I MAINTENANCE :
, COO RDDiATOR i

nlSPECTi:ON f'i<OCEDU i<ES

f--'
In
I

N

1)ro~_',[amr1cJ ~.'ia in t e n.m..«

Hl.-'jJdlrS, i r i c a t i on s

Qll~lit)' Assurance

Pr e s cnc du l er: (Preven t ~lve)

~ta i n t e n a n c e
Repairs, Modificacioils
Quality Assurance

Programmed Inspection of:

t'ressure Vessels
Hoisting Equipment
F:clters

Quality Assura~ce of:
Components
Systems

Daily Checks
Scheduling anJ

Coordinacion 01

~iaint2nd:1Ce

Audiling
Ro v i r-v s

Fig. IS.1. Line or maintenance responsibility.
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2. Preparing certain maintenance and inspection procedures whI.ch

eannot be disassociated from operation. such as that on

reactor components which are highly radioaetive.

3. An dt tLng the maintenance performed by the above groups during

work execution. inspecting completed work. and testing prior

to operation. (Functional tests of the equipment and proce

dures are also used to detect any deficiencies prior to opera

tions.)

4. Making regular r ev Lews of operating and maintenance experience

records to determine where maintenance proc e dur es need to be

written, upgraded. or changed.

5. Obtaining engineering assistance as needed for developing

des Lgns , spec ificat ions, procedures, and inspection require

ments for special jobs.

6. Maintaining an adequate inventory of spare parts and making

certain that the spare parts meet the applicable specifications

if purchased, or, if fabricated, that the applicable specifi

eations for materials and inspection are adhered to.

15.2. Mechanical and Electrical Maintenance

15.2.1. Scheduling

All routine maintenance of this type has been put on a

computerized scheduling-and-auditing system called "programmed

maintenance" which is in effect throughout the laboratory and

is described in report ORNL/TM-216 L The equipment inventory,

route layout, analysis of manufacturer's maintenance data,

frequency of scheduling, ete •• were completed through the com

bined efforts of members of the Plant and Equipment Division

and the Operations Division.
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The schedule was selected to be compatible with the oper~

ational activities of the facility. Each week, IBM cards

covering the routine IMintenance to be done the following week

are sent to the P&E maintenance supervisor responsible for

doing the work; the supervisor assigns the work (gives the

cards) to the appropriate mechanics. .Lden t Lca L cards marked

"information only" are sent to the facility maintenance coor

dinator for review; he plans for any necessary equipment shut

downs and decides whet her a more detailed inspection and/or

repair is needed.

Initially, manufacturers' recommendations are used to

determine the frequency of the performance of this main

tenance, and adjustments of the frequency are made based upon

the experience and the accessibility of components. Most rou

tine preventive maintenance can be done while the facilities

are in operation; however, some must be scheduled to be done

while the systems are shutdown. Since facility shutdowns can-:

not be predicted accurately over a long period of time, these

routine maintenance jobs must have a flexible schedule which

can be altered if feasible and prudent to do so. If schedule

changes are warranted, such changes are approved by the op e r-:

ating group.

As experience is gained, scheduled n~intenance frequency

intervals can be decreased or increased as necessary. Periodic

reviews of records of routine maintenance, equipment perform

ance, and equipment failures are made by the reactor super

visor's staff. With the aid of lubrication experts and Plant

and Equipment Division personnel, decisions are made relating

to schedule changes.
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15.2.2. Procedures

In general, procedures used to maintain equipment pur

chased from manufacturers outside the lAboratory are patterned

after those recommended by the manufacturer of the equipment.

Operating and maintenance instruction books are furnished ori

ginally by the manufacturers and are supplemented with proce

dures based on operating history. If any repetitive failure

is experienced with the equipment, the manufacturer may be

contacted and his advice solicited in an effort to prevent

further failures. In some cases, the manufacturer's repre

sentative may be brought to the facility as a consultant.

Procedures used to maintain equipment built locally by

the Laboratory are available in the office of the facility

maintenance coordinator. Procedures covering critical items

are included in this BSR operating manual, ORNL!TM-2676!Rl.

In the preparation of these procedures, the designer of the

equipment is consulted and is asked to approve the completed

procedure. In some cases, the designer himself is ~esponsible

for writing the procedure. Such a descriptive procedure con

cerning the control-rod-drive mechanism was prepared by the

designer and has been used effectively by maintenance personnel

of the Plant and Equipment Division and the reactor supervisor

and his staff.

In conjunction with these procedures, a checklist is pro

vided which details critical component dimensions and condi

tions. Tolerances are given as a guide to the mechanic and

his supervisor to help them determine whether or not a parti

cular component is acceptable for use.



15.2.3. Documentation

All routine preventive maintenance which is scheduled on

IBM cards is documented on the IBM cards themselves. For each

maintenance job, an IBM card is sent to the P&E maintenance

supervisor, who in turn distributes the card to the appropriate

mechanic. When the work is completed, the mechanic initials

and dates the card and returns it to his supervisor. If the

P&E maintenance supervisor is satisfied that the work has been

performed, there is no further inspection of the work , If the

craftsman has run into unusual problems, or if he has left work

undone, the supervisor will check on conditions himself - he

may have to reassign the card to another craft or he may ini

tiate a repair order that exceeds the requirements of routine

preventive maintenance. The judgment of the craftsman is

depended upon for most of the routine work and the supervisor

spot checks to audit the effectiveness of the service per

formed. \fuen the work is complete, a card (different from the

IBM schedule card) is returned to the P&E programmed mainte

nance office. The facility maintenance coordinator spot checks

a sufficient number of jobs to assure himself that the work is

being done as specified.

For nonroutine maintenance jobs, records are kept which

show the equipment malfunction, Lns pec t i.on report, details of

repair, and any unusual problems encountered. In addition, a

list of all new parts installed and the condition of the old

parts is recorded. The cause of the equipment failure and

recommended preventive measures are also recorded on the main

tenance record. This maintenance record includes the date of
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the repairs, the name of the mec.hanic who performed the work.

the signature of the mechanic's supervisor, and the facility

maintenance coordinator's signature. Information relating to

s ervic.es performed is stored on magnetic tape (tape is held at

the Computer Technology Center at Oak Ridge Cas eous Diffusion

Plant) providing a complete history of service maintenance on

all components. Procedures have been established which permit

the last ten service calls of the s e r vLc e history on any s pe-:

cLfied item to he printed out immediately ( 1 h required from

request to delivery). A complete history is also available,

but the time required from request to print-out is much longer.

15.2. th Control

The design and fabrication of new or replacement compon

ents and the maintenance of existing equipment is accomplished

under the ORNL Quality Assurance Program. During the design

of the facility, the design engineer issues a complete s e t of

engineering drawings for each system. These drawings cover

the types of materia Is that were used, the cert ifications

required for the materials, the wE~lding techniques, and the

welding ins~ections required.

Engineering assistance is obtained from the General

Eng ineering and! or Engineering Technology Di vi sions for the

solution of design problems, for effecting modifications, and

for designing new components. \lThen the design phase of a job

affecting pressure systems is finished) the complete package

is reviewed and approved by a pr t nc Lpa l eng Ln eer who is an

expert in the interpretation of the ASME Boiler and Pressure

Vessel Codes and the RDT Standards. A work order is then

issued to initiate the job.
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The field engineer, a member of the Plant and Equipment

Division. is responsible for providing to the shops and/or the

field craftsmen the proper materials for each job. He must

assure himself that these materials are used throughout the

job as specified. The field engineer is also responsible for

ensuring that qualified craftsmen and proper techniques are

used. For example. proper wel dLng techniques and weLde r's for

mally tested (proven capability to produce welds that meet or

exceed quality specifications of the ASME Boiler and Pressure

Vessel Code. Section IX) in the P&E qualification program are

used; a qualifed welding inspector approves the work. The

field engineer is assisted in accomplishing these responsibil

ities by Inspection Engineering personnel.

All spare and replacement reactor components are fa b r Lc a-:

ted according to the original or revised drawings under the

ORNL Quality Assurance (QA) Program. No mechanical changes

are made without official approval. Mechanical changes are

documented by issuance of a "Hechanical Design Change Memo"

(Example 13.2, page 13-/+) which requires several levels of

approval by members of the Operations Division and an engineer

from the appropriate design group. The mechanical change memo

authorizes a change to be made; design work. approved drawings.

and the necessary procedures are provided by the appropriate

design group. For very large jobs. a formal overall plan is

developed and may include a PERT (comput:er-developed critical

path) schedule.

The BSR has two levels of essentiality in regard to qual

ity assurance. These are the primary sy s tern and the secondary

system. Specifications for each of these systems are different
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in regard to the types of materials, certification of material,

welding specifications, and welding tns pec t t ons , It is the

responsibility of the reactor supervisor through his staff

(usually the facility maintenance coordinator) to ensure that

all work on each system meets the appropriate specifications.

15.2.5. Audi~~~

As the work is completed, the P&E maintenance supervisor

sends a card indicating the wo rk performed to the P&E pro

grammed maintenance office for check of complet 'Ion of work and

audit •

Repair of equipment is audited by Plant and Equipment

supervision during performance of the work and by operating

personnel. Inspect ion is usua l Ly made by the facility main

tenance coordinator who must give his approval before the

repair is cons idered completed. The P&E field engineer and! or

maintenance supervisor are also responsfble for inspecting the

work as it is being done to ensure that it meets the required

s pecif ica t ions.

15.3. Electronic and Process Instrumentation

Instrument maintenance procedures for the BSR are on file in the

area field office of the Reactor Controls Section of the Instrumenta

tion and Controls Division.

The inventory of spare parts for the electronic and process instru

mentation is maintained by supervision of the field crew of the Instru

mentation and Controls Division. The criteria used in selecting parts

for inventory are ba s e d on two levels of essentiality.
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15.3.1. Ca.~.~§.~.r:X.J.··~E:'~~~.i11umcontrol and sa~.":.~X....~!:.S..~E~.i11entaUun

requi r~J for:..~.~.ClTtuP... '":E.9.5-~ontinuity of oP.e..r.:3:.~.~.()."[1_

Instruments whi c h fall into this category are those which,

if faulty, will prevent the restarting of the reactor. For

these channels, redundancy is followed; i.e., a on e-r f o r-von e

replacement is in inventory, usually in the form of spare

chassis or components. These a r e s t ock e d in the instrument

repair shop at the faci I Lt y , Spa r e parts, such as vacuum

tubes and resistors, are available from the ORNL Electronic

Stores. Special items not held in inventory at ORNL Electronic

Stores are stocked by field supervision of the Instrumentation

and Controls Division in the instrument shop of the facility.

15.3.2. Category II ..~...o..~.~.E:'..J:'....:i.~s~~.rulllentat:Lon lll?~ .....f.~.~.~.~.Il.~._J~~to Category:.~~_

Instruments included here comprise systems which are not

related to reactor safety and control, e.g., pressure switches

that monitor the wa t e r level in the basin of the cooling t owe r ,

Component parts necessary for repair of items in this category

are rna inta i n e d in ORNL Stores or ace a va i lable as needed from

the na uufa c t u r e r t s r e p r es cn t a tLve in the area. The waiting

period for delivery is generally short, and a substitute moni

toeing unit suffices as a replacement foe the faulty one.

Continuity of operation of units in this category is not edt

ical for reactor safety and operation.

All replacement compon en t s and/or parts have r e 'li.a b i li.ty

equal to, or greater than, those o r ig Lna Lly used. This is

verified by adhering to the original design specifications.
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All pressure vessels, f Ll t e r s, and ho is tLng equLpment are inspected

routinely by personnel of the Inspection Engineering Section~ an ~lde

pendent group wit h responsibility for providing quality control of:

these items. Th s scheduling and report Lng of these Lnspec t Lons have

been programmed for computer ccn t ro1; the schedule was selected to 1w

c ompa t Lb Le with the operational activities of t.h e operating division.

The reactor supervisor works with the Inspection Engineering Section to

a c cornpI is h the iDE; p ec t ions.

Work of a nonroutine nature in changing components and/or systems

is subjected to engineering evaluation to ensure that the integrity is

equal to, or g r ea t e r than, the initial installations. For example, if

penetrations to lines or pressure vessels are required, fnspection

Engineering evaluates the components to be us e d and the t.y pe an d quaI>

ity of welds and enau r es that the installation technique conforms to

approved ORNL MET s tan da r ds , 1n a ddt tLon , a change in components

reflected in the spare parts inventory is evaluated and approved by

Inspection Engineering.

The Ins pee t Lon Engineering Sect ton has issued Manua1 S to document

the nondestructive inspection procedures and the certified personnel

used as part of the Laboratory's Quality Ass urauc e Pr og r'am , The proc e

du r es comply with the requirements of the RDT Standards and Section III

of the ASME Boiler and Pressure Vessel Code. A tralning prognlm has

been in effect for two years to qualify and certify inspectors to the

Society for Nondestructive Testing Practices, SNT-TC-IA. to perform

liquid penetrant. ru dLog ra phLc , ultrasoni-c, and magnetic particle exa-:

mination of materials and welds. These procedures and inspectors are

used for a Ll inspection operati.ons relative to nuclear reactors and

associated equipment •
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In addition to the above ce~tification prog~am, several Inspection

Engineering Section personnel have successfully completed the boiler

and pressure vessel inspector training course of the Travelers Insurance

Company and received a passing grade and a Certificate of Competency

from the State of Tennessee Department of Labor, Division of Boiler and

Pressure Vessel Inspection.

15.5. Operational Maintenance Activities

Si nc e the BSR has the capability of operating continuously (2L~-h

day, seven-day week), the burden of routine inspection and surveillance

of operating equipment is borne by the facility operating group. This

equipment is inspected at various intervals, depending upon its impor~

tance. During operation, inspections are mEde on hourly, shift (8 h),

daily, and weekly schedules. This type of inspection cannot be disasso

ciated from routine operation. For example, when a reactor operator is

making his operating checks, he is also required to inspect the equip

ment for malfunction or possible malfunction. Usually, if a malfunction

of operating equipment is discovered, a standby unit is placed in ser

vice while the disabled equipment is being repaired. In this manner an

almost continuous surveillance is made. The operating group does not

attempt to (11;3.ke repairs when these malfunctions are discovered.

Instead, they submit work requests to the facility maintenance coor

dinator who schedules the repair work according to the importance of

the equipment and its relationship wi t h the overall maintenance sched

ule; for example) for a breakdown when a standby unit is available, a

lower priority is assigned the repair. If no standby equipment is

a va i l.a b Le , repairs are usually made immediately. For this) a work request

(Plant & Equipment Work Request as shown in Example 15.1) is written
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PLANT & EQUIPMENT WORK REQUEST
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informally and can be initiated by any member of the operating group.

The same documentation and auditing required of more formal TNork

r e que s t s or work orders are required for this type also.

Prior to the startup of a nuclear reactor, all components must, of

course, be operating properly. To ensure that all initial components

are operating reliably, a starLup checklist is completed and auditerl by

the supervisor in charge of the operation. ~vhen the reactor is shut down,

a need exists for assurance that specific components and systems have

been properly secured. Such assurance is guaranteed by the completion

of these activities and completing the "Shu t.down Checklist." Re f er to

Section 12.3 for detailed checklists.

15.5.1. Operabi.~_~_~y'_._~est~~

Functional operability tests are conducted by personnel

of the operating division. Normally, these tests are performed

while the reactor is shutdown since the system being tested

c a nrio t be isolated from the operating systems \"ithout affect

ing normal operating conditions. The procedures are well doc

umented in this operating manual. and specific check sheets are

completed and become a part of the permanent records. The

responsibility, scheduling, and documentation for tests in this

category are wIthin the operating division and are handled

through, and are a part of, the major shutdown schedule for

the reactor.

15.5.2. Spare parts stock

The reactor supervisor is responsible for keeping an ade

quate supply of spare parts on hand. Criteria used in select

ing the spare parts to be stocked are based on the level of

essentiality of the component, the manufacturer's recommenda

tions, the mechanical-maintenance history on similar equipment



..........

••:••7:".••.

IS--lll

that has been in service for a long period of time, and whether

the parts are shelf items in Knoxvil All are purchased in

ae c o r dauc e wi.t h original specUications and a r e established as

stock items in ORNL Special Materials Sro r es , The inventory

is ma i ut.a Irt e d through the use of an IBM card system.

A card file is located in the facility maintenance coor

dinator's office. ThLs file contaiosa card for ea.ch piece of

equipment Listing the name of the manufacturer, t h e part, the

vendor I s part numb o r , the ORNL s t.anda r d stock number, and the

number of parts in stock.

15. '5. 3. At~_1_~!=-~E~ ~L_E':..<:_~E._t_~E....an~by Opera t :!:..ons

The facility maintenance c.oordinator audits each main

tenance job either ~lile the work is being performed or after

its c ompLe t ion , If an important piece of equipment is being

repaired, the facility maintenance coordinator and the P&E

field engineer direct t ho work as it is being done. Fo r rou

tine repair work on less important equipment, the ma in t enanc e

coordinator checks out the equipment before it is placed back

into service. The faciltty maintenance coordinator's signa

ture on the maLn t enanc e record form eus u r es that the work has

been done properly and the equipment is ready to be returned

to service.

There are periodic Quality Assurance au d ir s made by the

Operations Division quality assurance coordinator. The reactor

supervisor also audits the maintenance t ec.o r ds pe r i.o df.ca Ll.y ,

New core components are checked for fit by installation

in a component mock-up prior to installation in the reactor.

This check ensures that the particular component is properly

fabricated in regard to fitting mating components.
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15.5.4. Auditing by independent committees

All facets of the operation are reviewed annually by two

independent committees: the Reactor Operations Rev i ew COTTJmit

tee, composed of ORNL senior scientists and/or engineers who

are not affiliated with the operating division, and the

Reactor Safety Review Committee of the Oak Ridge Operations

Office of the Department of Energy. These committees are

charged with the responsibility for detailed review of the

operation and maintenance of the facility with particular

emphasis on safety; they evaluate conditions and submit offi

cial recommendations to improve the operational aspects of the

facility. Basically, the r cv i ew consists of a subcommittee

reviewing the operational log books, data sheets, and maLn

tenance records; observing the activities during reactor shut

down and startup; and making a visual inspection of the

facility. The committee meets with the reactor supervisor and

top supervision of the Operations Division, and pertinent sub

ject matter is discussed. The reviews are officially docu

mented and published as an ORNL report or as a DOE report.

15.6. Records

Including those records whi c h have previously been mentioned in

this procedure, history of maintenance activities is retained in a

variety of formats. Table 15.1 itemizes these sources and includes

pertinent information. These various sources of information relating

to maintenance history are of significant value in day-to-day operation.
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Table 15.1. List of maintenance records - BSR

Reference
Item document Where filed Filed by Long Kept Audited by Remarks

Programmed ORNL/TM-2l61
Maintenance

Master list On computer Plant & Equipment Permanently Continually updated
Prog. Maint. staff by Fae. Maiur. Coord.

and P&E field engi-
neer

IBM cards Rm, 208, Facility Maintenance Permanently Computer, Prog.
Bldg. 3042 Coordinator Maiut. Staff, and

Fae. Maint. Coord.

Reschedule list Until next Copy to Facility I-"

list issued and Div. Maint.
VI
I

Coord. on request I-"
-...J

Manufacturers' Rm. 208, Fac. Malnt. Coord.
manuals Bldg. 3042

Rod drive BSR Oper. Rm. 106, Day shift supervisor Permanently Fac. Supv ,
notebooks Manual, Sec. Bldg. 3010

4.4

Mechanical Rm. 208, Fac. Malnt. Coord. Permanently Fac. Supv., Div.
Maint. Record Bldg. 3042 Maint. Coord.

Drawings of Rm. 106, Day shift supervisor Permanently
facilities Bldg. 3010



Table 15.1. (continued)

Item

Original
specifications

Certification
of materials,
welding, and
other inspections

Reference
document "''here filed

Rm, 204,
Bldg. 30Lf2

In files of
Div. perform
ing work

Filed by

Fac. Supv.

By Div. performing
'Work

Long Kept Audiced by

Qual Hied people
in Div. doing the
',vork

Remarks

Most of this ~Iork

is done by Insp.
Enge. Sec. and P&B
Div.

Qualification
of craftsmen

Mechanical
Change Memo

Pressure
containing
equipment
tests

Filter Test
Report

P&E D1v.
Welder Status
Report and
other P&E
procedures

'Memo from
facility
supervisor to
distribution
dated 10-4-68

Inspection
EngLneerLng
1'1anual S,
Section 13,
and ORN""L SPP
12-.8 and 16

Insp. Engr.
l"18nual, Sec.
16, and ORNL
Bulletin
DD-1l6

P&E Div.
files

ESR Control
Room annex

On computer

On computer

P&E Dtv .

Day shift supervisor

Insp. Engr. Sec.

Insp. Engr. Sec.

Permanently

Permanencly

Permanently

Permanently

Qualified people
in I'&E Div.

Designers, Oper.
Supv. up throegh
Uiv. Direccor

Insp. Engr., Fac.
Supv., Fac. Maint.
Coo r d , , "R.CO

Insp. Engr., Pac.
Supv., Pac. Maint.
Coo r d ,. , RCO

Copies of test
results distributed
monthly

Published in fac.
quarterly report

i-'
V1

1--'
00



Table 15.1. (continued)

Item

Iodine Absorber
Test Report

Hoisting Equip
ment Safety
Report

Reference
document

Insp. Engr.
Manual, Sec.
15, F. R.
Bruce Memo
2/3{67

Insp. Engr.
Manual S, Sec.
14, and ORNL
SPP-16

Where filed

Fac. quar
terly report

On computer

Filed by

Fac. Supv.

Insp. Engr.

Long Kept

Permanently

Permanently

Audited by

Insp. Engr., Fac.
Supv.

Insp. Engr., Fac.
Supv., Pac. Maint.
Coord., Safety Sec.

Remarks

Published in fact
quarterly report

Copies of test
results distri
buted monthly

Hoisting
Slings

Shift Check
Sheets

Weekly Check
Sheets

Operating Shift
Log Book

BSR Oper.
Manual, Sec.
12

BSR Oper.
Manual, Sec.
12

BSR Oper.
Manual, Sec.
12

On computer

Rm , 106,
Bldg. 3010

Rm. 106, 3010
Rm. 208, 3042

Rill. 106,
Bldg. 3010

Day shift
supervisor

Day shift
supervisor

Day shift
supervisor

1 yr

1 yr

1 Y1'

Permanently

Fac. Maint. Coord. , Bad chokers
Fac. Supv. discarded

Fac. Maint. Coord.,
Fac. Supv.

Fac. Maint. Coord.

Fac. Supv ,

I-"
VI
I

I-"
\.0

Maintenance
Request
(UCN--S321)

Memo from
Fac , Supv. to
Dist. dated
7/13/67

Not filed Fac. Supv~ Any pertinent
information is
transferred to
Mech. Matnt.
Record



Table 15.1. (continued)

Item

Job Order
(UCN-8320)

Startup
Checklist

Shutdown
Schedule

Reference
document

Memo from
rac , Supv , to
Dist. dated
7/13/67

BSR Oper.
Manual, Sec.
12

Where filed

RID. 208,
Bldg. 3042

BSR control
room annex

RID. 106,
Bldg. 3010

Filed by

Fac. Maint. Coord.

Day shift
supervisor

Day shift
supervisor

Long Kept

Permanently

Permanently

Permanently

Audited by

Fac. Supv.

Fae. Supv.

Fac. Supv.

Remarks

Formal work order

Spare Parts
Card File

Operating
Procedures

ORNL/TM-2676

Rm. 208, Fac. Maint. Coord.
Bldg. 3042

BSR control Fac. Supv.
room annex,
ORR c on troL
room, and Fac.
Supv. office

Permanently

Permanently

Fac. Supv.

Operations Supv.
through Sec. He3d

t-'
\Jl
I

N
o

Radiation Work
Permit

Cooling Tower
Iusp.
(UCN-5595)

Air Lines
Filter
Checklist

BSR Oper.
Manual, Sec.
9

Hanufacturer
Manuals

Included on
Shutdown
Schedule

Health
Physics,
Bldg. 3001

Rm , 208,
Bldg. 3042

Rm , 208,
Bldg. 30 112

Health Physics

Fac. Maint. Coord.

Fac. Maint. Coord.

Permanently

1 yr

1 yr

Fac. Supv , , RCO

Fac. Supv.

Fac. Supv.
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Table 15.1. (continued)

\

Item

Instr. Maint.
Practices

Reference
document

Reactor I&C
Maint. Prac.
No. BSR202

Where filed Filed by Long Kept Audited by Remarks

I&C Maint.
Schedule

Reactor I&C
Maint. Proc.
No. BSR 203

BSR control
room annex

Day shift supervisor Permanently Reactor Controls
Maint. Supv.

I&C Maint. Reactor I&C BSR control Day shift supervisor Permanently Operations supervisor
Procedures Maint. Manual
and data sheet Proc. Nos.

202 and 203

I-'
Card File - Reactor I&C ORR--BSR shop I&C field foreman Permanently HC Div. staff \J1

Maint. Records Maint. Manual office I
N

Proc. No. 200 I-'

Daily InBtr. Reactor I&C ORR-BSR shop I&C field foreman Permanently Reactor Controls Carbon copy of log
Maint. Log Maint. Manual office Sec. staff routed to I&C Engr.

Proc. No. 200 Sec. for audit

Daily Routine BSR Op er , BSR control Day shift supervisor 1 yr Opere shift supv.
Instr. Checks Manual, Sec. room annex and day supv.

12

Fac. Contamina- ORNL/TM-1874 Monitoring I&C MSD' group Permanently I&C Monitoring All instruments
tion and Radi- Sys. Dev. 5ys. Dev. group checked every two
ation Alarm group of I&C, months
Check Sheets Bldg. 3500



Table 15.1. (continued)

RemarksAudited byLong KeptFiled byWhere filed
Reference

document----------------------------------------
Item

Instrument
Drawings

I&C field eng r ,
office and reac
tor control room

Permanently I&C Reactor Con
trols Sec., Oper.
Fac. Supv ,

Tracings kept in
I&C Reactor Controls
drafting fi Le ,
Bldg. 3500

Reactor Controls
Change Memo

BSR control room Day shift supervisor Permanently
annex
ORR-BSR I&C I&C foreman
foreman's office

Designers, Oper.
Supv , , to Div.
Director

Original in Oper.
Div. Dtrector's
file

Nuclear Instru
ments Repair

Manufacturers'
Manuals

ORR-BSR I&C I&C foreman
foreman's office

ORR-BSR I&C I&C foreman
f oreman t s office

Pe rmarie n t ly

Permanently

;-0
V1
I

N
N
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