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OPERATING PROCEDURES FOR THE UNDERGROUND VAULT
COBALT-60 IRRADIATION FACILITY

LOCATION: Bldg. LOl, Evans Area of Fort Monmouth

ORGANIZATION: Nuclear Hardening Research Group; Electronics Materials and
Nuclear Hardening Research Area;.Electronic Technology & Devices Laboratory;
Directorate of Research, Development & Engineering; US Army Electronics
Command.

1. References
a. License ZPplic.ýtion for r-nn'::i d .. .,nrnt of AEC License

No. 29-01022-07.
b. ECOMR 385-9.

NOTE: Copies of the above references are available in the Console Room
in the Office of the Supervisor of Radiation Facilities (Bldg. 401, X61683)
and the Radiological Protection Officer (Room 13, Bldg. 55, X61292).

2. Description of Fpcility: see Supplement E of Reference ]a.

3. Purpose: The purpose of, these procedures is to:
a. Provide guidance to individuals who may have occasion to enter

the area.
b. Serve as a check list or reminder to approved operations.
c. Serve as a training aid for individuais studying to become

approved operators of the facility.
d. Minimize the exposure of personnel to radiation and radioactive

material.
e. Minimize the release of radioactive material if the sealed

source should rupture.

4. Applability: These procedures apply to:
a. Visitors
b. Custodial Personnel.
c. Maintenance Personnel.
d. Individuals who position material to be irradiated.
e. Facility Operators
f. Operator Trainees.
g. Emergency Personnel (Firemen, Guards, Rescue Squad, etc...)
h. Inspectors.
i. Any other individuals who may have occasion to enter the areas

invol v'ed.

5. Responsibility:
a. The leader of the Nuclear Hardening Research Group or his desig-

nated representative is responsible for enforcement of these procedures.
b. The Supervisor of Radiation Facilities or his designated

representative have the responsibility of insuring that individ6als do not
enter the exposure room without an approved operator being present to
directly supervise the entrance.



c. Approved operators and individuals authorized to directly super-
vise the work of individuals undergoing operator training shall insure
that the items listed in these Operating Procedures are carried out and
that every individual entering the area involved are appraised of the
potential hazards.

d. Individuals entering the areas involved have the responsibility
of following the instructions given by the approved operator in charge
at the time they are in the areas.

6. Personnel Limits:
a. Control Room.

(1) Up t;olO individuals may be in the Control Room when
the source is in its storage position.

(2) Up to 6 individuals may be in the Control Room when
the source is in its UP (expose) position. An approved operator must be
present when anyone is in the Control Room and the source is in its
UP (expose) position.

7. Radloactive Material Limits: The amount of COBALT-60 in the
Exposure Room at any one time shall not exceed- L 3

8. Radiation Limits:
a. Console Room.. The shielding material between the Exposure

Room and the Console Room shall be maintained in such a manner that the
exposure rate in the Console Room does not exceed 5 mR/hour at locations
near the Exposure Room door and the surfaces of other shielding between
the two rooms. The Zverage exposure rato in the room shall not exceed
2 mR/hour.

b. Exposure Room. (Source and shield plug down).
(1) The exposure rate over the source, 30 inches above the

platform, shall not exceed 250 mR-/hour.
(2) The exposure rate 30 inches above the platform and 4O

inches from a perpendicular line that passes through the source shall
not exceed I mR/hour.

9. Exposure Limits: The exposure rates and the length of time spent
in the Underground Vault Area shall be controlled so that the exposure
limits given in ECOMR 385-9 are not exceeded. NOTE: A copy of ECOMR
385-9 is available for use in the Console Room and in the Office of the
Supervisor of Radiation Facilities (Bldg. 401, X61683) and the Radio-
logical Protection Officer (Rm 13, Bldg. 55, X61292).

10. Dosimetry Renuirements:
a. Radiation workers shall wear their film badges while in the

Underground Vault area.
b. Each individual who performs work in the Exposure Room shall

wear a film badge and a pocket dosimeter (0-200 mR) while in the room.
At least one of each two individuals working in the room shall wear a
"chirpee" type of instrument. The two individuals shall stay together
if only one of them is wearing a "chirpee".



c. At least one out of each qroup of four or less of visitors
in the Exposure Room at one time shall wear a personnel dosimeter.
The members of such a group shall stay close to each other so that any
exposure indicated by the dosimeter will be representative of each
member of the group.

d. The Supervisor of Radiation Facilities, the Radiation Protection
Officer or one of their designated representatives, or the approved
operator in charge oF the facility at the time may require the use of
additional personnel dosimeters and/or radiation detectors.

11. General Safety Precautions:
a. Individuals wishing to visit the Underground Vault Area, to

have material irradiated, or to enter the area for some other reason
(other then for emergency reasons) should schedule the visit so that
advance preparations can be made. Contact the Supervisor of Radiation
Facilities or his assistant (.X61683) to. make reservations.

b. Individuals shall sign in and be issued personnel dosimeters,
radiation detection and measuring devices before entering the restricted
portion of Bldg 401. These steps are carried out in the Bldg 401 office
nearest the entrance to the building.

c. All individuals going to the Console Room shall be accompanied
by an approved operator or his designated representative.

d. Only approved operators or their designated representatives will
sign for the key to the Underground Area.

e. Only an approved operator may obtain the key for the switch lock
that operates the solenoid air valves that control the positioning of the
source by air flow.

f. An approved operator and at least one other individual shall be
in the Underground Vault Area while the door to the Exposure Room is open.

12. Source Storaae:
a. The source will be kept in its storage container with the lead

plug over the source if:
(I) The source is not in use.
(2) Individuals are in the Exposure Room.
(3) A leak test of the source indicates the source is leaking.
(4) Radioactive contamination is found in the Exposure Room.

b. The steps to follow in order to put the source in its storage
position. are listed in Item lhe below.

13. Emergencies:
a. No air pressure.

(I) If source capsule is in the lead storage container it
cannot be raised to exposure position until air pressure is supplied.
A small emergency air compressor can be put into service by opening
necessary valves.

(2) Source capsule in exposure position. The source can be
returned to the lead storage container by pulling the handle on the
Bowden cable in the Control Room which in turn opens the latch holding
the lead storage plug. Then by using the mechanical arm, attached to
the plug, the plug can be lowered. The lowering of the plug pushes the
source capsule into the lead storage container.

b. Electrical Power failure.
(1) Ttie source capsule automatically returns to the lead

storage containers with any interruption of the electrical circuits.
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(2) The emergency power generator automatically energizes
if electrical power remains off for more than ten seconds. This

emergency generator supplies electrical power to all components and
supplies light to operate on during an emergency.

c. If the meter that indicates, exposure rate at the source exhaust
air vent reads above 3 mR/hour or if therý are other indications the

source is leaking:
(1) Cut off the air supply valve to the source controls. This

hand valve is located on the wall to the right of the console.
(2) Shut off the Console Room exhaust fan. The switch for

this fan is located on the wall beside the electrical panel.
(3) Leave the Underground Vault Area. Close the door at the.

top of the stairs as you leave. Remove your shoes as you leave the

area (they may be contaminated).
(4) Proceed to the Large Work Area of the building. If anyone

is in the work area ask them to contact the Supervisor of Radiation
Facilities or the Radiological Protection Office (X61292) and ask for
assistance. If no one is in the area try to contact the Radiological
Protection Office yourself. Two phones are in the large Work Area.

(5) Proceed to the nearest restroom, wash exposed portions

of the body and remove outer garments. Remain in or near the restroom

until you have been checked for contamination.

14. Sequence of Operations.
a. Pre-Entr, Rerquirements.

(1) Obtain advanced approval of the Supervisor of Radiation
Facilities or his designated representative.

(2) Register in office for film badge (if not permanently
assigned) and personnel monitoring equipment (dosimeter, chirpee).

(3) Accompany approved operator (who has signed out for the
Underground Vault Keys) to locked entrance of Vault Console Room.

b. Entry into Console Room. Upon entering the Console Room
operator will:

(1) Activate equipment by turning on main electrical switch
on wall panel.

(2) Open valve supplying air pressure to source controls.
(3) Open valve at bottom of filter to remove all water from

air lines.
(N) Check readings of monitors for the console room and the

one for the source exhaust air.
(a) If the Console Room Area monitor indicates that the

exposure rate is over 2 mR/hour, notify the Supervisor of Radiation
Facilities or the RD&E Radiological Protection Office (X61292).

(b) If the exhaust air monitor reads over 3 mR/hour
follow the instructions in Item 13c, "EMERGENCI.ES'!, above.

c. Entry into the Eyposure Room.
(1) Make sure all entrants have required dosimeters and

radiation instruments.



(2) Check and make sure source storage plug is down, in
storage position.

(3) Tne operator will place the source control switch key
in his pocket andkeep it there.

(4) The first individual to enter the Exposure Room must
take survey meter readings before and during entrance.

(5) Check survey meter at end of maze to insure that the
source is in its safe position.

(6) When setting up equipment for exposures do not lean
over source rise tube.

d. Raisino tjhe Scource.
(0) Make sure all cquipment is secure and in correct

position.
(2) Remove all excess cables and wires.
(3) Leave Exposure Room making sure to bring survey meter

out.
(4) The operator in charge will charge will check the Ex-

posure Room to i.nsure that everyone is out of the room before proceeding
to (5) below.

(5) Close lead clad maze door to maze and the exposure room
making sure interlock'closes and green light shows on console.

(6) Check the level of solution in the zine bromide window.
Green light on console should be ON.

(7) Check air pressure gauges for UP and DOWN controls.
The pressure on the UP gauge shpuld be between 8 and 18 psi while the
pressure on the DOWN gauge should be between 18 and 25 psi. If the
air pressure is beyond the ranges given, contact the Supervisor of
Radiation Facilities before proceeding.

(8) Using mechanical arm raise lead storage plug and lock
in UP position by pushing the bowden cable handle.

(9) Insert the key in source control switch. Turn the key
clockwise. This will activate air control and blow source to exposure
position where it will be held by spring loaded pins. Red light on
console will light as well as red lights in upper hallway and outside'
on building and earth mound, as long as source is in the UP position.

(10) If overnight or weekend exposures are required notify
the fire department on X61432, also the security guards X61670.

e.ý. Lowerina the Source.
(1) Insert key in source control switch and turn it counter-

clockwise. This forces air above capsule blowing it down into storage
container. All remote monitors should return to zero, red lights will
go out and green light will appear on console.

(2) Lower lead shield covering window if it is in its UP
position.

(3) Open lead shield door leading to exposure room.
(4L) Turn on exhaust fan to remove ozone air due to exposure.
(5) Take survey meter and enter exposure room to remove

equipment or make changes for further exposures.



(•) Make sure a I e..•oxcess equi :,ent, cables, etc. are removed
from ex<posure roonl.

(2) Iake sure you have the keys to both the source switch
and the door of the vault before leaving.

(3) Turn off air pressure valve to source controls.

()4) Turn off all radiation monitors.

(5) Turn off air vent blower.

(6) Pull main electrical switch.

(7) Make sure door to entrance of Underground Vault is locked.

(8) Turn in all personnel monitors and sign out in office. (Bldg 401)

15. Periodic In i rrction and 1-ai ntenanc(e Procedures

'.here are four interlocks that keep the source from raising,

a. Te 1, . doo r o1, th10 exposure roim is control lcd by a Oicro-

swi tch. If the donr Ii qht on ti--e control psno-i is red, tiie: source wil h not

f,7 ; T- C''

wock wi 1 1 cause the so rce to io b down dto e s t o t qor( con05 aienr.

b, ? ,. b ce l ,l esre, is. - urrt -m!i '-• on IF I .a t to chfrk

Ihe lcve I tof 1 zinc i) oI. J c eJ wifdo.,,, Lt i,. i n icat ion is ICd
the source will not go up. If the window,, liquid should leak out into the
C•.posurc m and rot , : : : .': . e rop ind tr-.. Z-.,'e
of the zinc bromide liquid will cause the float to activate the micro-switch.
If the source was in the exposure position it would activate the air valve,
blowing the source back into the storage container making it safe to enter
the control room.

c, Radiation monitors. There is a toggle switch on the control panel
that turns the Victoreen area monitors off in case they need to be worked on.
If this switch is in the off position the source cannot be raised. The
control room monitor is set at 3 mr/hr, and the exhaust air monitor is set
at 3 mr/hr. When the control power is turned ori, the reedles go up to these

settings cnd the v.siec{ bell comes on. Each meter h~s to be reset to release

the warning bell interlock.

d. The sonic alarm system must be in the on position or the source will
not raise. When the system is first activated the warning bell will ring
until the system reaches equilibrium.
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e. All of the interlocks work with air-electric valves. When the
source is not in use, the air shut off valve is turned clockwise to the
closed position. The air shut off valve must be turned counter clockwise
to the open position before the source can be raised. The source capsule
cannot be raised to exposure position if there is no air pressure.

f. The following checks will be made every six months (March & Sept):

(1) Turn on main power to control panel and console containing
r toring syste;ý by closin g kni r s itchi lccated on electrical pane l at

the foot of the stairs.

(2) Check all lights on console and control panel. The following
lights should he on.

(a) Control panel

Source switch (key) green

Sonic alarm - green

Door to exposure room- red (open) green (closed)

•'oni tors green

(5 ý•s o c

• ~~~~ ~ ;, •l r : R d i g t ;.i ! s o n l rm -.-.Ji l r i n u n ! i l
syIVs t e; e (1ua ]Z e s. Green I ight wi I I show, alIa rm

w"ill sh-,ut off.

Remote monitors: All meters should be lighted. All
monitors should be to zero with red lights out. If red light shows on
monitor -reset button must be pushed and held until light stays out. It
takes time for monitors to reach equilibrium if the system has been off.

(3) Check interlock on lead door leading to exposure room. When
door is closed red light on control panel should go out and green light
should show.

(!4) Check float level of bromide window, green light should go
out and red light activate when float is pushed lower in the solution.

(5) Check operation of lead shield cover for bromide windown by
throwing switch located on the control panel up or down, to raise or lower.
Check limit stop switches by running until window stops automatically at both
up and down positions.
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(6•)' Check "0Ifou cC saDfety pIlug op r tio y raisilnq pluq• k, th

rieclhjnica- ar i att:.::chied to i t. Check operat ion of tc:,vden cable holdir.q

device, locking, pl!J in-i up) position by .ushing in on b:o;'den ca!blc control
I ca e b ve 1 o.....w.n ý-4 hýc clc ,_o safety plug by pullinn,

handle of bo;.,den cable. This should unlock, plug and allow it to return to

(7) Check remote monitoring meters on console; If power transit

has produced high reading(s) push reset button(s).

(8) Check sonic alarim lights and meter. Green light should be

on and meter should be in center position. W.armup period will be required

to stabil ize if system has been idle for a period of time.

(9) Turn on air valve, located on rear 'all. This supplies air

to the source operating system. Observe air gauges for up and down pressures.
Up pressure should be between 12-14 lbs znd down pressure approximately
18 lbs. Adjust if necessary.

(10) Check source operations as follov ws:

(a) Close lead door l.oading into source room, green light
s hou 1 d show,:°

(b) Ch -c w i n,-I cl;d -1 t f I o at ed s ho;.-
r z.--. i " r, r . fo t leev .- , ;l..

( .) .r.h.:. . -,,--.... , .... .... - .- ,-..... 1;••......I. -. ..

(d) s: cs c a.d e , :1, uty ueu. tu-. c Iecha .ical ar;,I and loe!1
r, up pos i t ion wi th bder: cable con t r

(e) Using source control kc1 y, turn sti tch. cloc'.:wise, this

activates air control vIvýrs and rai r5 Soi rce r to o>r0 'osonr
R•ed lighit on source con,-ro1 swiuch srou d activate, green light should go

out. Remote area monitor in source room and in maze should show indications

of radiation. Red lights in upper-hallway, outside wall of vault and on

mound should light.

(f) Source should remain in exposure position when key is

returned to center position.

(11) Check source safety operations as follows:

Source in exposure position.

(a) Turn switch key to counter-clockwise position, source

should return to storage container and green light should come on.

(b) Open lead door leading to exposure room, source should

Immediately drop into storage container; red door light on control panel

should show.
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(c) Push Lp on Iack of f o I- 1 eve I for brormi de window.
I 6a t 1o ; in :r, ,D i: 1 ,U sou , U - "IId auto L c cal ly drop to

storacic. conta i nt.r2, float leve! red Ii g t shculd c--.. on.

(d) Check, soni c al arm b\ cre-tinq_ an excessive noise or
whistIe- This should cause, the. sourre C u, -:.j to d ron into the lead
storage container and activate an alarm bell in the hallway above the

entrance waya. This can be reset on manual by using the reset sw,-itch on

the console if on automatic, it will resct itself.

(e) Check loss of. po4.,,er by opening knife switch on
electrical panel controlling console pc..:,er. With po..:r off or interrupted,
source should auto:mactically return to its lead storage container, green
source-light should activate.

(12) Emergency generator check.

Located in a shelter just outside Building 401.o Unit
consists of a standard Army power unit PU 26-AU with engine starting
controls and an automatic transfer switch. This unit has the capability
of automatically starting if any of the three phases are out and shuts
off autcmnzatically when normal service is restored. This unit supplies

emergency po,:.,er to the control panel and the console of the underground
\,'1au1t so that the source can hIa put in-te oc.:rat. ioni necessary. A s tand-
by COC. I.CSSOr, to -r ' -I . r" su , i 1 •! i'used ni the shel tar to
su,,, pi, C:;!1ý,- *'ruencv •..l r p r e!3 's u i n' d•,,!•

... ' " i~ cut'r ,,k b x

Jus ir s i d;- the dccr on 4h-" ',1. S a circuit break boX.

s5 rv i C:e c all LJ (U.: L 1*.- V iO . ' lL, -cr-,O-e ci rcu -i 'reakers i the off
position. This will activate the automatic enoine startino control and will

loq•L' i.9ike doeS hiDL i Lui L i, u secunds there wiIi be
a pause of 10 seconds before it tries to start again. This cycle is repeated
for 3 times. After the engine starts the automatic transfer switch throws
the load on the generator, activating the control panel and console in the
underground vault. -An ei-Aergency light is also connected to t:his circuit to
give light in the vault.

Throwing the circuit breaker back to the on position causes

the transfer switch to put the load on normal service and the engine shuts
off automatically.
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(14) Cilibrat ion and Check of P,,eiDt-e Mol i torinnq S'/stem

This system, pro,.,1. es sp .u. reado t, i n the control
room, of the dose rate at each of the f,, emote sensinq units. fihe

uni Ls have locaritl'rlic meter readout coveri ng three- decades. Tlh ree of
... . ... Li ' '... .. .... I to 1010 0 .... _ I U ... -I. I•

,,, r,, ianges. ,, •~ t+ ii LC~u-S '•u [

100,000 mR/hr and the fifth 0.1-100 R/hr, Radiation levels in excess of

pre-set alarm conditions are indicated b, red alarm light for each unitt

The system operates or 1 l5V, 60 cycle Su[ppl/y

The following detailed procedure n, be fol lo.wed to re-

calibrate any suitable combination of remote radiation sensing unit and
plug-in station unit:

(a) Turn on the remote area moni toring system and allow
it to warm up for 10 minutes. Remove the small cover plate on the front
of the plug-in station unit, thus exposing the three screw-driver adjust

potentiometers: Track, Span and FIL current adjust as well as the filament

current measuring jack.

(b) Measure the filament current by plugging into the
filament current L ieisurino L-c )

the Fri current a:l ' .-;t potentioiceter untiI the mr-'ter reads 0.4 V. A-\ r'.i le.

S,- 1 ' i t o i 'L C) t (c r r) a r r. r z'.n a c Can

... .. ::r ~ , L'.. ,' 'tI•-.t ,r "1i• p op r .l ..: I: : ,'°'
or. K S'..';t h .r i• i,, .ir:.r,. (tiC • .,i- • ,dj ,r ,'C .'.I' IU Lu.t' th i:r .., ii

.... . ......... '~ - i I C inc t he 1 1 o roJ r t

u n.

oir di i c tra n., rcav i, :- t-, c a', 1. t L :3t 11 pi 3 I. .ter- t';Lrei- or h.- the
s e a. ...tý It ' ý r i,. t h,-,:t a f ~e c;t nq th 1e pr' :e r

S JC de i-Calb e I ,Primari to c' s tzý'b 1sl ... ths thic reCsistor string, of wh'ijch -",

operating properly.

(c) Irradiate the remote radiation sensing unit connected
to the plug-in station unit in question with a gamma radiation field of the

intensity indicated on the left end of the meter scale. Adjust the RANGE

potentiometer (R-203) on the front panel of the plug-in station unit until
the meter reads correctly.

(d) Irradiate the remote radiation sensing unit with the

second ganmma radiation intensityv, preferably at least a decade higher than

that used in step 3. Without changing the position of the RANGE control,

adjust the SPAN control (R-205) until the indicating meter again reads

correctly.
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(e) In tlC". event that .ither tup (c) or stcp (d) cannot
r' a c;:p,:i, s -hed prou erp I , car Ige ce sosf t- n c Lre F L currnt ad Just

)oLe-nt tor to ar di ff erant " ,1 i -ri t cur r'n t and repeat s teps
(c) and (CI)

(f) In th cevent th-, 7t Is inconven, ient to i rr.d.-i-:te the
remote radiation sensing unit with an intens ity equivalent to the left
end meter scale rea.-I nq (the lowest rn-oasu rl Ic: at oi ntsi ty) , any

tv.,o known on-scale radiation intensi ties ma'/ be uti 1 ized for calibration.
However, it will be necessary to arrive at succ-c:ssive approximations for the
proper adj us Lo, ent of theC SP••,N and R/AN•E con rols; .!;v performing steps (c) and
(d) tw'o or tihree titimes , since the SPAN,, and RANE cont rols are not i tic!Pendent
of each otner for radiation intensities other than that indicated in the
previous steps.

(g) Tighten all locks on the screw driver potentiometers
and replace the cover plate on the plug-in station unit.

The RANGE control may be adjusted at any time through the
use of the built-in calibration device. This RANGE control is provided on
the front paei~ to permit adjustnent to compensate for minor long term

d r i -IF ts i n th.: instruman t. Its pbsition will nrot affect th,. proper SPA.,N,
set.ting Or th,,• chqnge in meter reading per decade cht,.nge in signal or ion
cuirren~t

C. tn ,' icCc'tOCk c)i iac ; i t;;-."." fol .:Jn are

,,:q, .':.-,,- :* t.-,;u.v- ndect1'

J . ,... ..

adjustment every 3 months

(3) Micro switcil on holding head is inspected and tested for
radiation damage every 3 months.

(4) Wooden platform in source room is checked yearly and
replacement made if any radiation damage is present.

(5) Mercury vapor lamps in exposure room are checked every
3 months, and replaced or repaired if necessary.

(6) Air system is inspected for leaks every 3 months.

(7) Filter in air line is drdined and purged every month to

remove water collected from the air.

(8) Bowden cable is checked for operation and loose
connections every 3 months.
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(9) Sa.;-,Zy bacn,,up sys tcm is checked cvc-ry 3 months.

(10) P~R-:.ote -monitorinng systcn•s are checkcd and calib'•tLed

eve-ry 6 man thS.

(1A) Air co-pr.110 r is ii led -nd checked every month.

(12) Enmer Pency pow,'er generator and s%, itch inj rnechanism is

checked weekly.

(13) Battery for powier generator is checked and maintained

monthly.

(14) Air vent beoer is checked and oiled every 3 months.

(15) Dehumidifiers are checked and oi led every 6 months.
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