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IIEALT1, PHYSICS
.WALTER REED AR"Y !V1. EDICAL CENTER

Wrash inton, DýC. 20012

MEDEC-Y1-YIP
MEMO 2 ... BIOAssAY PROGRAM 14 May 1974

1. PURPOSE. To establish procedures for bioassay measurements that are
necessary or desirable to aid. in determining the extent of an individual's
exposure to concentrations of radioactive, material.

2. GENERAL. All models, equations, assumptions and requirements for in-
ternal dosimetry arce derived from those concepts outlined in ICRP pub lica-
tions 2, 6, 9, 10, I1A, and.12.

3. PROCEDURES.

a. It is the responsibility of the Principal User to notify Health
Physics prior to the beginning of any operation;.that will utilize, at any
one time, non-contained quantities of radioactive material greater than
the operational level indicated in Table 1.

b. The proposed operation will be reviewed to determine the probable
extent of individual exposure and the bioassay measurements required.

c. Scheduling of bioassay measurements will usually be made as indi-

cated in Table 1. If the chemical form of an isotope is not readily detect-
able in the type of measurement indicated, other appropriate methods will be
employed.

4. REPORTS AND INVESTIGATIONS.

a. An inquiry will be-made of any positive results of.bioassay mea-
surements and where possible recommendations wi.ll be Made to reduce .expo-.

sure.

b. An investigation will be performed and submitted to the WRAMC Sub-
committee for Medical Evaluation of Radiation Workers. whenever continued
operations have or would cause an indivudual user to exceed one-tenth of
the Maximum Permissable Body Burden. The report wi.ll include all pertinent
information concerning the. particular operation: confirmation of analysis,
time and nature of intake(s-j--k-chemical form of:.isotope(s) dosage calcula-
tions if required, and action taken or recommendations.

5. NON-ROUTINE OPERATIONS. Other monitoring, procedures will be institu-.
ted when desirable or necessary in circumstances such as:

a. The conduct of rhon-routine oPerations with a known or suspected
high hazard. The Principal User should contact .the Health Physics Office
if there is any doubt concerning the hazard's of.a planned operation.
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b. A known accident.-

c. Confirmation of internal contamination.

do Repeated findings of spreadable radioactive. contamination in
laboratories.

1 Incl. BOBBWRo ADCOCK
Table 1 LTC, MSC

Health Physics Officer



ISOTOPE
OPERATIONAL LEVEL

" (mCi).

H-i 3 100

Na -22

P-32

-35

C I-36

Ca-*45

Fe-.59

1

i0

10

10

1

10

BIO.\SSAY PROGRAM I TA BLE 1

TYPE OF MEASOREMENT

S Urine, 24 hour sampIe

Urine, 24 hour sample

Urine, 24 hour sample

Urine, 24 hour sample
-Urine, 24 hour Sample'

Urine, 24 hour samnple

~Urine,. 24 hour sample

Whole body count.
Blood count

Urine, 24 hour sample

Urine, 24 hour sample

Urine, 24 hour sample

Urine,.24 hour sample

Thyroid count

..Thyroid count

Thyroid count

Urine, 24 hour sample*.
Wh[ole body count

13 May 1974

FREQUENCY OF NMEAStJREMENT

Weekly and completion of 'study

Monthly and

•Month ly

Monthlly

Montth ly

and

and

and

comp I e t i on

completion

completion

completion

of

of

of

of

of

study

study

study

study

study

Co-60-

Zn--65

Rb--S 6

Sr- 90

Tc-99

1

10

Monthly and completion

Every six jionths
Month ly

M 1onthly 'and completion

Monthly and completion

Semi-wreekly' and complet

Monthly and completion

/

of study

of study

:ion of study

of study

I -125

1-131

Cs-- 137

5

1.

* lonthly or uponlany suspected
inj ection

Monthly

Monthly

Monthly and completion!o'f stud),
Every six months
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Chanzge. . I .

II1AypJI. ]__•YSICS RECUf t L AION FOR ] AD]O1SOTOPE U'TILIZA/TON

1. Th c fol.lowign challises should be ade. to Para 2, "RESPONSIBTLTWIL.,

* a) Add. (Q) The USA/RI]D 1epresentative on the V1B, A1C. and Ft.
Detrick Is.otope coamýitteos.

(b) Chan•1e). U.SAIIRTID Ladiological Safety Officer to read:
"Th.c Ch:ief, R.diologipal Sictii, US--RifID Animal Assessment Division,
serves as the USA•Rl.JID Radiological.@_f Safet •,ff.iccr1.aqdjthd principal user
of the Cobalt If 1ai.lion Uni TR•inAn•a Si 1•ts soo•..uit Ku 4 The Chief,
Animal Assessment Division serves. s"thec •aLek-n W..

2. This change Shect should be filed in front, of the publication;

FOR TI.E COMMANDER:

. .AID . h.
CPT, 1•SC

Adjuutant

DISTRIBUTION

PLUS
1 - C, ilcaith Physics, WNEANG1
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1. PURPOSE.

To establish po!i-cy and procedure for radioisotope utilization
at USAMRI'ID. " This memorandum, supplements Walter Reed Army Medical.
Center (WRAMC) Regulation 40-10 (WIR 40-10) dated 15 June 1973
governing the radiological safety-program for the use of material
or equipment that produces ionizing radiation." USAM4RIID personnel
utilize radioisotopes'in accordance with- TTAIC Authorization #506A.
and 1,,R 40-10 as implembnted by this memorandum.

2. RESPONSIBILITIES.

a. Phiricipal User - Scientific Advisor, USAMýRIID.

(1) The single senior individual, at US-AMRIID who serves as the
Principal User of is-oiE-ooes'-for the entire institute in accordance with
WRPJMC Authorization Number 506A. ,

(2) The responsible individual who insures that inventory quantities
of each isotope available at USA14RIID do not: exceed authorized M...i. U T

limits (Appendix A)..,

*This memorandum supersedes Memorand-um 40-11 dated 14 April 1972.
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serveýs as the: .- y Jy LCer anid t•he USPŽ.IT•' _Drese.t-

Da Iv..- serv:es- as - RadLo-ocas Safeto OfficerL

SHealth Phvsics Tc',,---. -, USýLR11D'

CT.-ni•.(sn aflssi -d n.e s tcs D sor. U D
who are soecia~iv trai-,ie .. ..-e "-a~R4

,aest lJ e _CHealth hvysics Officer, and who
serve at USfRT.ITD -s the full-e represefcntativt(s) of the It_,C _ealth

Physics Of(s offachr.lP~-,;-ý- CS 0 -F S -j_ c•

" d. T~TTD TzloDore CommiEe Members.

The Scientific Advisor serves as the Chairman, Isotope Commi ttee,
and advises the Co7mmander-. LTS~i4RIID, on all, matters pertaining to
the use of radioisotopes in reseairch studies conducted atý this Institute.
The Radiological Safety Officerf-serves as the recording secretary; other
members are designated byofficial. orders and. include at least one
representative of each USAH{RIID research division.

e. Division Chiefs, .US-I4RIID:.

Report to the Princ.ipal User their nominations of candidates for
designation as isotope co-users, trainees, or technicians. Disposition
Form 2496 is used for this purpose. '.Such nominations are processed
for approval in' accordance with the provisions of WR 40-10.

f. Chief, Medical Division, USAMRITiD .

Provides immediate loc'al medict! support as required in Annex F to
TR 40-10.

g. Co-users at USANMRi!D.

Individual research investigators who'require isotopes for
conducting their research studies.

3. LICENSES.

a. Isotope utiliziation.. at USAMiRIID is conducted .under the provisions
oft WP-fC's Atomic Ennergy Commission (AEC) Biproduct Material License
Number 08-01738-02, and is specifically approved by the `;TAC Radiois-tpae
Commrittee Authorization Number 506A (for non-human use) w hich is updated
annualy.

2
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a. The disnosa of r adioacti've waste is accompli.shed by. the Health
Physics Technici- an(s in. accordance with- established T4kC._. pt-oceclures,

Saf etyDivision, Fort Derick ruelat-ions, and USR.UiTiD Safety
Memorandum No. 335-3.

b. Disoosal 'of radioactive waste by co-users: See a.penya.es B and C.

c. Isotope waste is no rally ransferred from US.AIRIID collection
areas on 'scheduled days by the Health Physics Technician;. however,
additional or special disposal problems are referredL to the Health
Physics Technician whenever they arise.

d. Co-users are responsible-f6- providin gthe- Health Physics
Technitian an accurate estimatee of the amount of radioa*vtive material
by type in-each waste container. The Health Physics Technician must
,report this inform±ation'to the Chief of, the Safety Division, Fort
Detrick at the time waste containers are transferred to him.for disposal.

e. Animal carcass waste is kept separate from all other types.

6. PROCEDURE FOR REMOVAL OF PViDiACTIVE CARCASSES FROM INFECTIOUS SUITES.

See Appendix C.

7. FIRE DEPARTMvENT _RESPONSIBILITIES.

The procedures specified in WPRA1uC Reg. 4L010,' Annex V, Health Physics
Aspects of Fire Fighting apply to the Fort Detrick Fire Department.
In case of fire, additional notification must be given to the USM•R&T-ID -
Health Physics Technician or Principal User.

3
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c. US xfTi D Memo .385-3.

FOR THE CO,..liA, -DER:

IO< AVID ('E .. ' q

CPT, MSC /
Adjutant

DISTRIBUTION:
C plus
.1-C, Health Physics, WRAMC
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'.c

S2 (hS -, -uro)

45•

o (Sulfuor)

Ca i ( .... •urn

'7Ca (Calcium)

* 4 7 Ca (Calcium)

51Cr,.
Cr Chromium)

59 (iron)
Fe (Ferrous)

65 Z (Zinc)

1Sr (Stronium)

1251 (Todine)

131IIoie

SY6 9 Yb(Yt terbriua)

23 Au (Gold)

20raCi

50mG i

2 OmCi1

lrn~Ci

500MG i

1lb.



.. APPENDIX B

SUBJECT: Disposal of Radioactive Waste by Co-User.

1. Radioactive waste will not be disposed of through other than an
approved means; all isotopes acquired by co-workers must be accounted
for in toto, and all waste. disposal must be accomplished in coordination
with the USAýRIiD Health Physics Technician(s). Discarding radioactive
materials in sinks is not an approved disposal method for isotope co-users.

2. The isotope co-user will provide the USANRIID Health Physics .....
Technicians.(s);a complete recording of the isotope contents of each .

radioactive waste disposition.. The following, information will be
included on the tag attached to each bag'.of solid waste.

a. The name of the-co-userýresponsible for the isotope(s) being used.
This is the person charged for the isotope(s):in the health physics records.

b. The isotope(s) contained- -the waste disposition.*

c. An estimate of the total activity for each isotope pontained
in the package of waste..iThis estimate must be in millicuries orin
microcuries; DPM or.CPM will not be-acceptable.

d. The date of the entry.

e. The type of waste, as explained in item,.5 below.

3. The Health Physics Technicians will pick up the waste from the individual
laboratories.. The times of pick up will be coordinated with each investigator.

4. Except for the padkaging:of radioactive carcasses, only magenta
colored plastic bags'will be used for'packaging radioactive waste.
These bags should be sealed at'the top and properly labeled.' If there
is danger of the bag tearing or being damaged by the contents,
multiple bags should be used..

5. Radioactivi waste must be packaged by the.co-user according' to the
following classification and given to the Health Physics Technician(s)'

a. Burnable solid waste: Waste products'includingpaper, plastic,
rubber, and other solid burnable materials.:

b. Non-burnable solid waste: Glass and metal waste.

c. Bulk liquid waste: Liquids in large quantities. Keep isotopes
separated, as much as possible., "

d. Flammable-liquid waste: This consists of scintillation vials

which contain flammable scb-ntillation fluid. .Test tubes or vials from
gamma counters may be placed in non-burnable solidwaste unless they
contain flammable liquids..

e. Animal carcasses: This category includes serum or tissues which
would decay if kept unfrozen..



APPENDIX C

SUBJECT: Procedure for Removal of Radioactive Carcas'ses from Infectious
Suites

1. Carcasses of an individual monkey or groups of small animals are
placed in 20" x 30'.' Chieftain niylon bags (an American Hos pita!,Stpply
product)*. The bag is sealed by tightly rolling the open end and applying'
autoclave tape. Only this specific type of 'nylon bag should be used.to
prevent:ý:bag-destruction by autoclave heat. This nylon bag is placed in
a waterproof paper bag (Stock No. 8105-001-3245) and then placed in a
hat box. The box is marked "Radioactive Waste" in pencil, and the contents
of the box identified as outlined in Appendix B.,

2. Multiple monkey carcasses may be removed simultaneously by an
alternative method. Monkey carcasses may be placed in a.55-gallon barrel
*and permitted to accumulate until the5barirel is 2/3: full. Wood shavings must--
be added periodically to absorb moisture during autoclaving.. The barrel
must be labeled as containing radioactive waste. The monkey number, date,
and amount of radiation given to each is entered on a card on the barrel*
lid; the barrel is then kept in thewalk-in cooler until ready. to be
auto claved.

3. The box.or barrel is placed in the exit-autoclave of the suite with
its lid off and autoclaved on "dry" cycle. A one hour sterilizing time.
is used.

4; The Health Physics Technician(s) should be notified both 24 hours..
prior to the time that waste is passed through. the autoclave and at the
time it is to be picked up.

5. At the time of pick up, the Health Physics Technician will seal and
properly relabel the container as radioactive and check, to insure that.
the complete description .of radioactive material within. the container
is listed on its lid.*. p . .

6. In the event that the Health Physics Technician is not immediately
available to remove the sterilized container, it will be retained within

.the suite, stored in' the cold room, and. steps 3, 4 and5 .above.will be*

repeated.

- -- --------- - *



APPENDIX D

SUBJECT: USAMRIID Procedures for Ordering Radioactive Materials

1. Ordering.

a. A request for purchase of radioisotopes will be submitted by
co-user to thesecretary of the Physical Sciences Division:who bill
prepare five copies of Request fori Issue or Turn-in (DA 3161) for each
request for radioactive.materials. -Each request must'be cleared through
the alternate principle user and the Scientific Advisor. In the
absence of-the Scientific Advisor,.the next seniormember of the USANRIID
Isotope Committee may sign the request. .The. request will then be.

.forwarded to the Medical Supply Office. Before the order is placed,
the approval of Health Physics"is obtained to assure compliance with

.license.

b. Distribution of DA.3161 is as. follows:

(1) Original and 1 copy -retained by Medical Supply Officer.

(2) 1 copy - to Health Physics Officer', (WRAMC).

(3) 1 copy to Health-Physics Technician, (USAMRIID)

(4) 1..copy - to, Physical Sciences Division.

2. Charge Account Sources- for radioactive -. materials-are as follows:

a. -Abbott Laboratories..

b. Amersham/ Searle..!:

c. Cambridge Nuclear Corporation.

d. Curtis Nuclear Corporation.

e.. International Chemical,&.Nuclear Corporation.

f. .Mallinckrodt/Nuclear Corporation..

g. New England Nuclear.-

h. Schwarz/Mann.

i. E.R. Squibb & Sons.

.7 . . Dl -



3. Requests costing fess than $250.00:

a. ' Requests costing less than $250.00 will be ordered by the, Blanket
Purchase Agreement (BPA) Ordering Officer, USAMRIID, provided the requested
source is on Charge Account and approval is obtained through•Hellth Physics
Technician and the BPA Ordering Officer, USAMRIID. 'Approval will normally
be. granted when the requests are within the allowances set forth by the
AEC License.Number and USAMRIID maximum authorized inventory, quantity.'

b.. Three weeks should be allowed for delivery of materials form the
time the request is initiated. Delivery time is contingent upon availability
of item(s) at the requested source..

4. Requests costing $250.00 or more:

a. Requests in excess of $250.00 must be forwarded to the Medical
Supply Office, USAMXIID,, for processing through Finance & Accounting,
Logistics Division, and Material Branch, WRAMC..

b. Four weeks should be allowed for delivery of materials from the
time the: tequast is initiated. Delivery time is contingent upon
availability of item(s) atý the'reqi-es~ted-,souurce.-- ..

5. Receipt of Radioactive Material.

a. During normal duty hours:

Upon receipt of radioactive'material by* Personnel of the Medical
Supply Office, a call will be placed to the Health Physics Technician,
USAMRIID, notifying him of the receipt. The Health Physics Technician,.
NCOIC, or assistant NcOIc, Physical Sciences !Division will pick up: the
shipment at the Medical Supply Office and verify the order and record

*its receipt in the Health Physics Log Book.

b. After normal, duty hours:

(1) Ifreceived on post after normal duty hours, radioactive isotopes
will be delivered t6 the CQ (Phase 1) by the.Post'Transportation Officer -or
other delivery agent.

(2) The CQ will inspect.the package and 'sign'receipts if required.
Damage to any. containers must be fully documented.

(3) The CQ will then 'read the storage instructions on the container.
If refrigeration is required the container will be placed in..the
refrigerator located in room 883. If refrigeration is not required,
the container will be placed. on the workbench in 'room 883.

- •; . . ' '. ' ' " , i " [ "'



(4) Receipt and disposition of all radioactive'material will be noted
the CQ report. If additional information.or assistance is required the
will consult emergency-procedures on file.

in
CQ

6. Actions to be Taken after Receipt: i -

a. Correct shipment:

If the shipment is correct, the packing list.and/or invoIce will
be forwarded to the BPA Ordering Officer, USAMRIID. The purchase
requisition will then be sent to the NCOIC, Physical Sciences Division,
or his assistant, for signature. The Health Physics Technician, USAMIID
will then notify the Health Physics Officer, WRAMC, of the completed-,'
action.'

b b. ý`tn'correct, shipment:

If the shipment is incorrect, the individual checking the shipment
should contact the BPA Ordering'Officer, USAMRIID, who will in turn
*notify the Health Physics Qfficer, WRAMC, of. the discrepancy.. No action
will be taken on the shipment, until specific. instructions have been
received from the Health Physics Officer; WRAMC.. If the ,shipment is "to
be returned, the shipping will-be coordinated between the Transportation
Officer, Fort Detrick Medical'Supply Sergeant, and the Health'Physics
.Technician, USAMRIID.

7. Authorized Allowance for. Radioactive Materials..

Requests for radioactive materials will not exceed authorized
allowances set forth'by WRAMC Regulation.40-10 and WRAMC Authorization
506A (See Appendix A). .

D-3



HEALTH PHYSICS
WALTER REED ARMY MEDICAL CENTER

Washington, D.C. 20012

*MEMO 29 July 1969

No. 9

LABORATORY FACILITIES (Radioactive Materials)

1. General. Walter Reed Army Medical Center devotes a considerable amount
of effort to medical diagnosis, treatment and research and development, and as
such all of the major activities of the Center maintain adequate laboratory facilities
to support these endeavors.

2. Laboratories for the Use of Radioactive Material.

a. General. The principal user must provide the laboratory facilities and
equipment necessary for the safe handling, storage, and use of all radioactive
materials authorized for his project and insure that laboratory procedures and
practices are instituted to provide protection of all personnel from the hazards
associated with the use of this material. (Reference: ANNEX B, WR 40-10)

b. Specific.

(1) At the time the application is submitted to use radioactive material,
the applicant must submit a description of the proposed use in sufficient detail so
that Health Physics may evaluate the radiation hazards involved and the facilities
available to the applicant.

(2) Health Physics will advise the applicant if additional facilities, equipment,
supplies, and/or storage space for the safe use and disposal of the requested radio-
active material is required.

3. Equipment Available for Temporary Loan from Health Physics.

a. Remote Handling. Several varieties of niptongs and griptongs, Atomic
Accessories Remote Handling Tool Model RHT-60, assorted jaws and vices, remote
forceps and magnetic handlers, remote pipettes, electric lift devices, etc.

b. Storage Containers. Several varieties of portable lead storage containers,
steel safes, lead-lined boxes, metal drums filled with paraffin for neutron sources,
concrete wells, steel drums for radioactive waste.

c. Shielding. A limited supply of lead bricks, high density concrete blocks,
paraffin blocks, boraxal blocks, lead sheets, lead shot, steel plates, etc.

4. Instrumentation Available for Temporary Loan from Health Physics. See
HP MEMO No. 10 - Radiation Detection Instruments.

5. Ventilation Control..

a. A fume hood of acceptable design must be available in the laboratory

* This MEMO supersedes HP MEMO No. 9, Title as above, dated 29 Apr 65



ME.-RS 29 Jul 69
HP MEMO No. 9 - Lab Facilities (Radioactive Materials)

intended for the use of radioactive material when such a device is prescribed by the
Health Physics Officer. Health Physics will perform all necessary inspections and
surveys of fume hoods intended for the use of radioactive material; these will include
the following:

(1) Measuring the pressure differential

(2) Measuring the flow rate

(3) Measuring the integrity of absolute filter installations when provided

(4) Any other test as directed by the Health Physics Officer after a review of
the intended use of the facility.

b. Fume hoods with absolute filter assemiblies, glove boxes, and hot cell
facilities may be made available for temporary use upon request to Health Physics.
These facilities are not necessarily mobile and some are located at other government I
agencies; therefore, if use of these facilities is determined to be necessary, coordination
for this will be provided by Health Physics.

/ , //

WILLIAM F. KtNDALL
MAJ, MSC
Health Physics Officer
WRAMC



HIIEALTH PIIYSICS
•WALTER REED ARMY MIEDICAL CK,'ITER

• W.as 11in(t on, DC 20012

MEDEC- YHP
SOP
Number 1-6 15 Tebruary 1974

LEAK TESTING AND INVENTORY OF SEALED SOURCES

1. Purpose.. The.purpose of this SOP is to provide continuity in the stand-
ard leak testing procedures for sealed. sources containing alpha, beta, and/
.or gamma emitting radionuclides possessed, used and stored at: WRAMC and D0RF.
This SOP supptements'WR 40-10.•-

2. General.

a. Despite. the fact that many precautions are taken to prevent leakage,
the radioactive materials do occasionally leak from the. .capsule. -Steps must
be taken to determine whether :or not the sources are -leaking. Radioactive
material which leaks from a source is a major health hazard 'in that it may.,
become airborne or transported in some other, way to become inhaled or in-
gested by personnel in the vicinity. The purpose of. !eak-.testing sealed
sources is to detect the leakage of the rad:ionuclide before it becomes a

,major health hazard.

b. The necessity for leak testing sealed sources-can be. appreciated when
the damage that. can be:caused. by one leaking source is considered..In the con-
duct of all leak-tests, personnel must be constantly aware of the techniques.
.of, safe handling and limit- radiation. exposure by considering distance, shield-
ing, length of e.xposure,.and total activity of the source(s) to b.e leak tested.

c"• Each .Health Physics Section (DORF, WRAIR, and Radiation Therapy, WRAMC)
will leak-test each sealed source under their-control in coordination with the
NCOIC, HP Survey Section, Room 3, WRAIR."

d. Where a conflict.of regulations (to. include applicable USAEC Licenses
and DA Authorizations) exists,.the more restrictive regulation will be followed.

e. Sealed Source means any radioactive material that is inclosed,.in, or
is to be used in, a container in a manner intended to prevent leakage of the
radioactive material or ahy of its.daughter products (See AR 40-37 and AR. 700-
52)-.

f. Each sealed source with an. activity greater than 100 microcuries of
beta and/or gamma.and. 0 microcuries of alpha received at WRAMC and DORF, con-
taining radioactive material,, other than 3-Hydrogen (Tritium), with a half-
life greater than. thirty (30).days and in any form other than gas, will be.
tested by Health Physics,. WRAMC, for contamination and/or leakage prior to

This SOP supersedes HP SOP Number 1-6,. 15.August 1972
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HiP. SOP 1-k .S 1.1 February.1974

release to Mtn' eser. Howevelr if tho-vendor or source supp]:i.cr fuurnishoes a
certificate •indicatinu that a test has b'een'.made, the source need not be
t0ested.F. rJh re after, 1,l sources will 'be b c.tedd for leakage by- He-alth Physics,
WIVAid, I"....intervals not to. bxceed six (6) months,. except that each source
emittinoialpa. particles will be tested dt intervals n6t to exceed three ).r7
months.

g. If there is reason to 'suspect' that a sealed source might have been
damaged, it will be tested for leakage before fur.ther use.

h. All sealed sources. found to be leaking and/or contaminated will be
immediately withdrawn from, use by Health Physics. The Health Physics Officer
will determine whetheror not the source is leaking. If itis leaking, he
will direct that it be resealed or disposed of in accordance with existing
,regulations.

3. Methods of Leak-testing.

a. Non-radium Sources

(1) Wipe test (for Alpha, Beta, and/or Gamma) All exposed external
surfaces of the, object to be tested is wiped. thoroughly with a- piece of
filter paper (paper towel cut in. one (1) inch diameter circles is sufficient)
of high wet strength and absorption capacity. The wipes maybe- wet or dry
depending on the circumstances. The solution should, not attack 'the material
of which the source •capsule or source holder is made. The wipe is allowed

* to dry, then the wipe is analyzed to determine the activity, of the removable
contamination.

(2) Scrub test (for Beta ..and/or Gamma)- The object to be tested is im-
m~ersed in a solution which will not attack the.material of which the con-
tainer or source holder is made and which has been demonstrated to be effec-
tive in removing the radionuclide involved when the object is scrubbed with
a brush under the surface 'of the liquid. Ali surfaces of the object are
brushed thoroughly under these conditions. The total activity is determined
in the residue obtained by evaporation of the solution.

(3) Immersion Test (for Beta and/or Gamma) - The object to be tested is
immersed in a solution which will not attack the material *of which the: con-
tainer or source holder is made and which, under condition of this test, has
been demonstrated to b'e effective in removing the radionuclide involved.
The solution is heated to S09 + 50 C and held at this temperature for eight
(8) hours. The absence of bubbles does not indicate that the source is not
leaking. The total actiVity is determined in the residue obtained by evap-
oration of the solution. -.This test cannot be used on sources which are
mounted in large assemblies, nor on sources having-container material which
will be adversely affected by the high temperature and water. -This method
often allows .one to detect a leak before the material has had a chance to

2
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leak from the source. It is the most difficult, time-cons•umn.inii and rCouircs&
-a greater radiation exposure to the individual than other technicues.

(4) Cellulose Tape Test (for Beta and/or Gammina) - This test is appli-
cable to a device containing a sealed source in a source. hol.der which has
an opening through.which the radiation emerges, This opening is kept
:covered for a minimum of seven (7) days with a piece of thin adhesive cel-
hrlose.tape. The tape is carefully removed and the activity which may have
been•deposited on its adhesive side is determined.

b. Radium Sources

(1) Charcoal Sorption Test - Approximately 1/2 gram of activated char-
coal is placed in a stoppered; glass test tube Or, equivalent container.
The source may be placed directly. on the; charcoalor separated from it by
a small wad of cotton.' The. source should remain sealed in the tube for
24 hours. Remove the source and immediately recap the test tube. Allow
the sealed charcoal .to stand' for four (4) hours after which time, the
sealed tube is counted by:a gamma counting. system. Ablank charcoal con-
•tro.l will be used to distinguish environmental radon from that produced
by the source.

(2). Cocoon Test (Radium)- This test is applicable only to Radium or
other sources from which a gaseous radionuclide, which is the parent of a
particulate radioactive material, may leak. The source is completely'
surrounded by cotton (cocoon). This cocoon is placed inside a glassine
envelope or other. container and kept for twenty-four (24) hours. At the
end of this period the soutce'is remo'ved-from the container anrd the
cocoon is counted with a portable alpha survey meter. (PAC21S or.PAC-3G)
or the source is removed and. the bag resealed for a subsequent gamma
'spectral analysis .for Radon daughter products,.

(3) Another satisfactory method of leak .testing is to line the source
storage container wi`th absorbent.material and to analyze the lining mat-
erial for radioactive contamination. The .source'Should fit.snugly in its
storage well so that it is wiped by the absorbent material :when being in-
serted and removed.

4. General Leak Test Procedures. Emp.loyed at' WRAMC and DORF.

a. In general, all beta and/or gamma sealed sources are leak tested
by. taking a. one (1) inch diameter filter paper disc and obtaining a dry
or wet wipe of the most accessible surfaces of the source.or source
holder in which the sealed source i's permanently mounted.

(1) Gas chromatograph cells - Dry wipes are taken from the gas ex-
haust ports.

3
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(2) AECL Gwmnacells Dry wipes are.obtained from:

(a) Upper external. part of the r am

(b) Inside the irradiation chamber.

(c) Lower. external portion of the ram.

(d) Floor beneath the r mi m

(3) Cobalt Teletherapy and Cesium Calibration Units .- ,Dry wipes will
be taken from selected accessible surfaces of the teletherapy heador cali-
bration port. The selected accessible surfaces should be those surfaces
on which one might expect contamination (if there were to be leakage) to
accumulate and shall include- the inner surfaces. of the most frecuently
used' treatment cones or beam collimating device. The test.s-ample shall be
taken with' the source in the '"off"_ position.,

(4) Othe-r Beta or Gamma Sealed Sources - Dry wipes are obtained from
the source directly or the.most accessible surfaces of the source mount
and/or container.

(a) Alpha sources are divided into four (4) groups: Radium check and
calibration sources, brachytherapy sources, fission foils, and other alpha
sources..

(1) Radium Check and Calibration Sources - A modification of the Co-
coon Test. is generally-employed. The Radium source is sealed in a.glas-
sine bag or rubber-stoppered vial with a wad of cotton for a period of
not less than twenty-four '(24) hours. Immediately after the bag or vial
is unsealed, remove the Radium source and reseal the bag or -vial. The
sample should be checked with an appropriate survey instrument prior to
sending the sample to the HP R/A Lab. The sample shall' be processed im-
mediately due to the short-lived Radon daughter products.

(2) Brachytherapy Sources .-7 These are. leak-,tested-primarily by the
Charcoal Sorption test..

(3) Fission Foils - Dry wipes. will'be obtained by wiping the most
accessible surfaces of the mount and/or container.

(4) Other Alpha Sources.- Dry and wet w~ipes will be.obtained by.
wiping thoroughly the external surfaces 'of the mount, other than the
radioactive surface of the source. Also, wet wipes will be made inside
containers used for storage of alpha sources.

4
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5. Routtine Procedure- for Iiandlinv Lc1\ a e t a Samles, • • •

a. .Wipes

(1) Indicate on the filter-paper (wipes) the side actively used in-
performing the leak-test.

•(2) After performing the, wipe test,* place the wipe in a glassino en-
velope and/or plastic carrying block with tweezers. DO NOT CPOSS-CONTAM-
INATE! Identify eachlvipe by source or reference number as applicable.

(3) Forward al.1 wipes to the R/A Lab, HPO, WRAMC, for quantitative
analysis with completed WRAMC Form 708 requesting appropriate analysis
with .proper identification as to radionuclide, serial number, location
at time of sample, date, and time.

b. Cocoon tests.and scintillation vials

(1) -Indicate on- each sample (top of scintillation vial) container
the log referen.ce number for the HP Sbction perfbrming the test.

(2) Forward all samples to the R/A. Lab, HPO, WR,*C,1 for quantita-
tive analysis with a completed .WRAMC Form' 708 requesting appropriate
analysis with proper identifications as- to radionuclides, serial numbers
(if appropriate), date, .and. time.

6. Evaluation.
a. Radium sources (Brachytherapy)" A leakage range shall be estab-

lished for each source or group of sources. by repeated testing. If any
leakage iS- detectedgregater than the baseline range at the '3a level,
the source(s) will be susp-ected'as leaking; however, the maximum value
of the upper limit will not exceed 0.001 microcuries. When. the upper
limit is exceeded by a group of sources, each source will be tested in-
dividually. If leakage is confirmed, thesource(s) will be disposed of
in accordance with existing regulations..

b. All others: If after analysis the amount of contamination re-
moved from the source or surface is.equivalent to 0.005 ýtCi (1.11 x 104

dpm), the source will be suspected of leaking. The source will be iso-
lated, decontaminated if prac~tical, and leak-tested twice more, at one-
week intervals. If leakage is confirmed, the source will be disposed of
in accordance with existing regulations...

5
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Lea__kinp•.Sealed Sources. All sealed sources found to 'e lea'ing wi ] be
handled in accordance with 10 CFR 34.2S and 10 CFR 20. and will he dispDosed
of in accordance with AR 700-52 and AR 755-15.

S. Equipment, as required .

a. Items utilized in leak •test sampling; such as, filter paper discs,
test tubes, etc.

b. Pair of long 'tweezers or forceps.

c. Rubber gloves.

d. Remote handl.ing tools.

e. Film badge., wrist badge,, and self-reading pocket dosimeter.

f.. Protective clothing.

g. Glassine and/or.plastic carrying block.

h. Appropriate radiation detection instrument.

9. Inventory of Sealed Sources

a.. The WRAMC Form 0993(OT) will also constitute a record of inventory
of the sealed -sources at WRAMC and'DORF with an activity equal to or greater
than that specified in Appendix C., 10 CFR 20.

b. In accordance with' the provisions of AR 700-52. the .inventory records
will document the specific item of equipment ahd/or radioisotope, the loca-
tion of the item, activity, serial number of the source, responsible user,
applicaple USAEC or DA Authorization number, expiration date date and-ini-
tials of the inventory officer. Entries will also be made when the source
is transferred or disposed of in accordance with AR.700-52, AR 75S-15.; and/
or TM 3-261.

c. All sealed.sources or their containers will be labeled as shown be-
low -and identified with' a Health Physics Control Number wh ich will also be
recorded on the WRAMC Form' 0993(0T) for that souxce...

Ly>i-, RADIOACTIVE
: : , "AT I ER!-A.L

1HP No. "
For Leak-test Data on Sealed

I Sources Call Health Physics, WRAIMC
EXT: 5l04/5107

6
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10 R o C. or ,

a. ors o1. all LRAMC sea IUd IUource- wI.- be ma:IrLai n ed -t it Room

3 , bRAIR by consecuti.e ontriLu es on WR/AM(;C ]oBrm 03 C)'j "in to OT':rms 01 J. 1,-

curios (pci.) puIrsuhont to thc :pirvovisi.ons of 1.0 CFR 34.25. andAR 40-.,57.

b. Records of all IHDL sea' ed sources at- DORF will be maintained atthe LIP Section, DOL by> conecutivU btries on W,,AMC Form 0993('I) in

terms of mlcrocl2ries (p Ci) pursuant tO the provis:i.ons of 10 CFR 34 .25.

C. Each ILeath Physics Section possessing or storing sealed sources

(except HDL-DORF sealed sources) will forward a duplicate copy of the
WRAMC Form 708 to the NCOIC, HP Section,. Room, 3, WRAIR for record purposes
each time the sources under their jurisdiction are leak-tested.

d. Records of leak tests will be maintained as prescribed in the USAEC
Licenses and DA Authorizations in accordance with the provisions of AR 340-
18-1 through AR 340-18-15.

11. References.

a. Title 10, Code of.Federal Regulations.,. USAEC

b. AR 40-37, Radioisotope License Program (Human-Use)

c. AR 700-52, Licensing and Control of.Sources of Ionizing Radiation

d. AR 755-15, Di'sposal of. Unwanted Radioactive Material

e. TB MED 249 (NBSH-73), Protection Against Radiation from Sealed
Gamma Sources .

f. TM 3-261, Handling and Disposal of Unwanted Radioactive Material

g. NCRP Reports. 28, 30, 33, 34, and 40

h. NBS Handbook .93.

i. WRANIC Regulation (WR) 40-10, -Health Physics Regulations

j. HP SOP 1-2, Counting Procedures

k. HP SOP 2-2, Radioactivity Analysis Laboratory
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VENTILATION IN RADIATION CONTROLLED AREAS

1. PLurp.•oý.;e. To establish standards and methods for evaluating
ventilation control in laboratories using radioactive matz.ials.

.2. General. Procedures resulting in. the generation of radioactive
aerosols, dusts or gaseous products:shall be conducted in a hood, dry box
or other;suitable closed system. Radioactive gases or material with radio-
active gaseous daughters shall.be. stored in gas -tight Containers and
kept in areas having approved ventilation.

3. Methods and Procedures. Ventilation rates of the laboratory
hoods are measured with a calibrated Velometero All. rooms containing
either laboratory• hoods or gas. chromatographs 'are checked to determine
if a positive or negative pressure.exigts.. This is accomplished by
emitting a smoke cloud froma smoke tube (Mine Safety Appliance Co,,
Ventilation Smoke Tube, Cat. No. B115645, or eqUal). at a' room exit,
such as an undercut door, and observing the flow direction of the smoke.
If the. smoke cloud moves towards the interior of the room, more air is
being exhausted than supplied and therefore a negative.•pressure
exists. If the smoke.cloud moves out of the roofh, more air is being
supplied than removed and therefore a positive pressure exists. During
this check all hoods and other exhaust fans are operating, as well as
all air-supply equipment, including the air-conditioning systems.

4. Inspection of 'Ventilation Control Devices Used in Radiation
Controlled Areas. Survey of these areas will be made as directed by the.
Health Physics Officer to determine that adequate pressure differential
and flow rates'exist, and that• airflow characteristics of the hoods
and rooms containing' hoods are.correct. For handling low to moderate-
levels of radioactive materials; the average velocity thr-ough openings
in the:hood shall-be 100.fpmoFor highly .toxic or high-level radioactive
-material, the velocity thru the-opening must-be raised to an average, of
125-200 fpm

5. Testing of Absolute Fil'ters6. Health. Physics will periodically
evaluate the quality of absolute filters'by Use of the'Dioctyl Phthalate
Smoke (DOP) test..

6. References.

*This SOP supersedes SOP'NunbEir l-7,*24 January' 1967
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.,GUIDELINES. IN VENTiLATION CONTROL

ANNEX A to
* SOP, 1-7.
- IHealthTPhysics, WRAMC

2 March 1972

1..Purpose. To provide guidelines in ventilation control.

, " 2.. General:.. The ventilation system should be designed to permit
air flow in such a direction that any radioactive material picked up
by the air.will flow away' from the worker. In the design of. new in-
stallations, the .air flow should alwayshbe from a noncontaminated.area
toward.the contamin'ated' or.potentially contaminated area. Poor ventil-
ation is difficult to correct. after an installation.has been completed.
It is always more satisfactory to.install a correct system initially than
to try to overhaul a poorly designed'.setup. A good system of labora-.
tory.ventilation will; confine the toxic contaminant, exhaust it with
suitable duct work and fans., and pasts.this.material through a collector

"or scrubber as needed before releasing it to the neighborhood.' The
• .-. design~of a.proper ventilation system will also provide sufficient air. .

to make up for' the amount exhausted..

a. Hood Desigt.. Alaboratory hood is a simple enclosure in
. .. " which work •can be carried out without toxic materials escaping." Mat-

erials in the enclosure can become airborne ana escape.by agitation.'
from chemical0or-mechanical"action;'by~thermaj' action from chemical '
reactions or heating.devices, and'by the:syphon.action.from cross-
currents of air. In order to keep the material 'from escaping from
the enclosure, sufficient air-should be.'exhausted'to create, an indraft

'through the face.of.the hood. This indraft. must:be" strong enough to
overcome the actions which, tend to allow materialstO escape. For
handling. low to moderate,.levels'.of.. radioactive materials, the" average

. .-velocity through openings in-the-hood,.should be..100 fpm. For-highly toxic.
. .r high-level radioactive.. material, the 'velocity through openings should"

.,,e raised" to an average of 125 to 200 fpm.. At excessively high velo-
cities, .on the other hand',radioactive materials can -be'.drawn out of
open..containers-':contaminating- the' entire hood area.

In some cases,'faulty circulation of air through the hood
:opening can be improved'by increasing.the'volume of air exhausted and.thus"
'the velocity through : the hood face by restricting the opening or'by
'providing streamlining baffles 'along the edges of the air opening. "
"Instrumentchecks on. the.-Velocitv..of' air entering -the h6od should. be
performed under t-he various-conditions.eno-untered -during-ac-t-ua-_L
operations. Checks. of'air flow: patterns 'with a small source of smoke
can indicate" the "presence' of cross-drafts, and' the possibility of pull-"

... ing material from the hood. ' "

in respect
general, a

'supply air

The-placement of the.hood-in the laboratory is important
to cross-drafts, whichican-pull.material out of the hood. In
hood should be located well,.away from the doorway where the
must. enter.



in some ca.ses, during periods when the hood is unattended"it may be practical to.useC`somewhat lower velocities, 75 to.80 fpm, _ -Dual speed fans will pe.rmit operation at the higher velocity' while thehood is in use and'at 'the -lower velocity !when it is-closed.

(1) Changes to Remedy Defects in Commercial Hoods.

(a)' To reduce excessive use of conditional air.

. :"Pressurized" hoods, with jeJts of unconditioned.
-air along sides..and top, which f urnish most of hnod air, Unsui~table f or,work with radioactive rmaterials. since exhaust' fai'ure would cause pos-itive outwardflow. of' air which would:contamina,ýe the entire area,'

2. 4.'Use of 50 ;pm face Velocity with airfoil
-sides and..bottom., This may cause--exces-sive .susceptibility to cross-drafts.

3.' Reduction in face area is the best solution. It
- may be accomplished-by sliding doors, limiting open face area while giv-Inng access..to. entire hood..

- ' closing.
(b) To remedy increase of. face, velocity.with door

... : By--pass dampers.

a. Mechanical linkage with door.

. .. ... b.' Gravity-operated damper.

c. Electronic control.
2. Better hood design (shape).

a. Remove corner and center posts.

b. Avoid 'excessively depressed bottomo.

c: Provide. airfoils on bottom edges for bestairflow pattern.

(2) Proper Use of Hoods.

.and windows, and
(a) Avvoid-cross-drafts from propeller fans, open

rapidly walking past the hood.
doors

(b) Check air velocity; if yelocity is .less than 100 fpm,mark posicons of door for 100 and 150 fpm on hood 'edge.

2
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(C.) Keep sourceso of contamination, flames, and vapor
sources -at least, 6. inches iuside hood.

-(d)._ Avoid leaning into hood.

(e) The inside walls of the hood. should be paintedwith
strippable paint; this: aids in decontamination.

( )esign Factor. '.

(a) Conventional duct.'design.

l• . Approximately:.4,000 feet per. minute velocity.

2. Elbows should have, a radius of at least two.
(2) diamrs-

....-.... (b) Airflow Resistance.

S1.,. Varies as the, square, of the velocity.

2. . Filter resistance must be added to duct re-
sistance; high-efficiency filter- will have on'e. (1) inch of water resis-
tance when clean;,ohould be discarded when. resistance reaches two (2) or
three (3) inches of. water..

-. . (c) Fan;Selection.i. .

- . ., an must be. able,. to-move'a specified amount of
. air against the resistancehof the- duct- and fittings plus the resistance. . g~~~ ... -. • : .: - .. . .: - , . . . .

.. of a dirty filter.. .

2.; Centrifugal fan is most suitable;. axial flow
(propeller type) -fans cannot move air.against..resistance.

3.. jFan should be located. at end of' duct so that all,
. ductwork-is under suction.; and leakage is into the duct system.

b-. Glove Boxes. Elements emitting only alpha particles (or
.very soft beta rays, i.e.., 3 11 or .lC) c)can behandled even at high levels:
in comp~letely enclosedcontainers. known asgloveboxes RIibber..gloves
extend through hcrmetically sealed- ports: into the box and enable'one to
handle-the radioa.cive Daterial, without contaminating his hands or lungs.
For higher energy beta particles and gamma rays gloves do not offer suf-
ficient protecti~op,-.and they are frequently repladed by mechanical man-
ipulators, operatefromf outside' th•e box., This complication, along with.....ors operted rom-o

4.
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the shielding required for niediual or high level work, makes the dry
box much more expensive than the larger chemical hood.

Glove boqxs should be. provided with air locks through
which samples can b C ian .erted or removed. In such -air locks, the
sample is inserted In the air Jock through one door which is then
closed and. the.other door'opened.to remove the sample. Since all
facilities are totally enclosed.in. the~hood, it may be desirable to
provide exterior.controls for all services such as water, gas, electri-
city, etc.

Glove boxes- are frequently provided with exhaust ports or-
-fans and filters. Exhaust volumes of. 20 tot 30 cubi~c feet per minute will
maintain a 50. feet per minute velocity indraft at any opening in a typi-
cal size and design of glove box . If intake..filters are used, they
should be locatedin such ia position that the workersbody-ilrThot

be exposed to the.eGcaping material, if. there is-an explosion or surge
of..pressure.which. could rupture the filter.

c .. c. .Exhaust Svst-ems. TThe exhaust system is designed to remove

from the laboratory*the.airborne materials which are picked up in the

hood. To safely vent the con-taminated.:-air;;it may need to be filtered,

scrubbed (or otherwinie treated)and discharged-at such velocities and
elevations that it will not. reach.:ground:- level at more than maximum perm-
issibleconcentrations. Cleaning equipment should. be selected with

' a view to the corrbsiveand tcx!c mate.ials-handle4.and the varying
requirements for re•uoval of radioactive.materidis. Achoice of improper,
cleaning equipment will, frequently result in efficiencies, lower than

. needed.or.rapid deterioration of the, cleaning -material. Filters are
available to achieve th.-high decontamination necessary for radioactive
.materials andfor thei particle size' range which results in the greatest

retention following inhalation~exposure.

In.a prop,ýr laboratory Ventilation system, the duct work in-

side. the building is under negative pressure. Under these conditions.',
, . any leakage due to pyor construction br corrosion-of the duct system will

be into the ducts and the radionnclides will be zonfined. To accomplish
this,the fan must be located not on. top of the hood but outside the
building or at the poi.nt uhetr the exhaust leaven the building. Although.
this may require weather-proofing the motor, it may be an advantage when
flammable material is hndled, because explosion-proof construction i not-
then required for the-notor. Duct work.conrecting several-hoo4ds should
have streamlined ,coanactions* . Branch ducts, should enter at angles of 30
,. .to 45 degrees in order. to..pe•-mit better passage of air at high velocities.

" Insuch multiple, installations-, care. should be taken to see that the ex-

haust system- is balanced. so-..that, one hood. does not provide 'the bulk of the
S....air for the system. ,•-

4...
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VeIo c, Lie. o i. air in d-tLs."•fiSould be .great: enough to maintainminimum transport .P.. I o .:.e s f or :hr iant.crial being -onveyed; Usual range
of transport vLaez-. i pa r, .e mdLci is.j500 to 4500 fpm,

L .i. •L . ar .ma - iI I

In .hsoods ver~e :sge quantitIe of water are handled, it is
necessary to provi!ke some T-.'ans of r emov.ing the condeneation which collects
•in -the dlt~ "Whcn Che cv•- •-m.' inCr d*d ro bar nd.e corrcsive materials,
the duct work shoulJ be - Imay.eriai j. s ita i, c'.o -. -ouis .n ,

The di schazgce should be ai C ia: t •five. to u en feet above the
laboratory roof, Iccated Qc Lhat rume; wizi! not be..iried back into the
laboratory"or inzo the air .intcake of adj acent bui.ldings0  Caps"% for
weathe.r protect"", obst.vuct th* exh-ast d r cting it back -down tO the
roof where. it maybe carried i'r.o the"0i. intakes:. The" mosz practical

.... fan .discharge is the straghc ye~ a.-:-,tack suitable drain connection in
the housing- Whim: n i•,,..ear-3.Y to d-na ._il high level wastes to the

. atomsphere, independcnt strack-3 may be iocated downwind-from the tallest
nearby -building-at a d9stan ce of' rw,' or three times. the building height,
Details of the met:ereology and dilution, of radioactive materials in the
atmosphere are, found in othor refe-,tencea

Clean ai-c muot be supplied to repiJaVi, the atr in the room .
with a.n exhaust system iC tamina'IL ccncrol is to be successfu!, If:
adequate air isý n. s-jp[pl. ic to. the rcom, thecapacity of the exhaust
•vstem and the a Ci .vcloLity r t- Y the Lia.e of the. hod- is. red•ced.- if
there are- multiple e-xhaust hoods and no makeuptair, the. airilow may be
reversed through a hood that. has a smaller-ian or is. turned off.

In bL,.i.n dng sign, venti.]ating air may be adriitted tooff!ces, corritdo,: . ,.r, , ai nd exha -tE'd,.hrough rorms ior iow and high

reve]. w'k in b y ".n t 0o. o s.f.a i t p zes u J.n a large 1aborazory:
1. - v(I-ral roo:, Crt .3dtlaactivi 'v wof•sk ,.snt ois should be supplied-to1)rop)~Iy b~ane ,. ... ioL or air from one roomc to the next. and from one

hood to another. 1.•, ;e~lociry air rovements.can be re
.spread of contamination and should be avoided. p

3. Airborne H•z d .. .-
-a• Laboratory air -and ar discharged fom the iaboiatory -should

be monitored for r ad'.!,J.a cII t y. hvý :hate is any' possibility of airborne
contamination at haz ous A&Lýe•j -t

b. Cor L nuoUS sampling ofý airboltne particulates can be used

-"provided the samples, truly, zap-eaent tche" air- being breathed.: Airborne
contamination may remain -locali.zed and fixed instruments may fail to
indicate the extent of-contamiriation. . -

- • • i " 4
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c. Assays .f qr ong-livad alpha-emitting particulates are
co'mplic.ted. by the fact that Inaximua.permissible concentrations may be
less than the---naturally occurrirtg dcay products of radon and thoron. d

• Studies on.concentrates T-b -. required in order to-evaluate the.hazard
properly. .-Any assays. fcr. ai :born.e alpha-emitters-should be supplement-
ed by a careful analysis .of the phyuical circumstances giving rise to the ."
hazard.. Protective, measures should. be. instituted', if. there is a chance
that alpha..emitters may become airborne.

:d. Radioactive, chemically active gases-can he concentrated

by chemical.methods.from a k own volume..6f air and'assayed by laboratory
counting techniques.

e. In general, methods. for: assaying.radioactive, noble gases are
unsatisfactory because of the difficultyý of, concentrating.. asuitable
sample. Some noble- gasei: can. be ,condensed with:liquid air, but others..
req-ire...lower. temperatures..

f. Radon and thoroniP'rc•sent'. particular problems because each. has
a number of radioactive daughter.products. Radon and thoron can be con-
densed with liquid.air.. To'ev-alLate-properly'the.hazard associated with
theseisotopes,.it.is.necessary to know the stage of.decay.of the sample
assayed.. Consideration .should be.given to. the need'for ventilation ofi

I rodms.used for. radium:.atorage facilities.

.4. •Air-Sampling Equipment aind Methods.-

a. The concentration.of' radioactive materials in air is deter-
mined by a. laboratory count made on: suitably. collected and prepared
samples. Filters,. elect'rostatic precipitators, or impingers of various
designs. can.be .used. to collect the samples.' Care must be taken to insureco I I sa1 . sie des!red

that the sampling device, collects all.particlesizes desired.

b. In afilter collector a known volume of air is drawn through.
a specially designed filter paper' on'which the 'particulates are deposited.
"Theactivity of the paper is determined. with asuitable laboratory-type

instrument..

c. Particulates carried by. a known volume of air can be. deposited,'
in an electrostatic precipitator.7 frfm'which the collecting electrode can

beremoved and either used as an electrode in a proportional'counter or.,-.'.
counted'by'other-means. '

d. -Electrostatic preci-itators should not be used-where ex- '
plosive fumes may be present .'..

• . . . . . . :! • .'
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e. ImpJinrs collecet partfcu1ates s a. jet of air is directed
against a-glass SiAcde or other suitable backing Which is usually
coated with a thin lye' of oil or vaseline, The deposit from a known
air volume is counted., by usual -methods.. -

fý. Non-coniden-.able gases should be sampled with special
• equipment devised for the particular material.

g. The. size of the air sample may vary depending on the condi-
tions.. A sample of 10 m 3 is sufficient for practical assays of a-l~ha con-'
taminants dowm to one-tenth of the maximum permissible•concentration.

h. Direct cotinting from the surfaces on which the sample has
been collected is dcesirable. Beta and gamma radiations can-be det-ermined by using a G-M tube of known geometrical efficiency. Alpha part-

icles can be counted. in a.proportional counter or an ionization chamber
"of known: geometrical efficiency..

i. When alpha particles are being counted, corrections.. should be made for the loss due to penetration into the filter material..
Such correction factors can.be obtained by-chemical analysis of.a number'.
of filte'rs.exposed in the- same location.

This.guideline wa s prepared by Captain Cordon M1. Lodde, Health Physicist,
ChiefReactor andSurvey Branch, Health.Physics, Walter Reed Army Medical

S Center, Washington, D. C. 20012

-7
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Absolute (High Efficiency) Filters

I.. Purpose.. To provide guidelines!; f.:or acceptence, testing and inspec-,
ting absolute filters.

.2. General..

a. Requ isitiobns for filters should state that compliance with
Military Specif.ication MIL-F-Y51068A is required.

b. To insure the high degree "of filtration required for high
(99.97%). efficiency filters., each *filter should be checked for possible
leakage and. filter, damage before and after initial installation.

c.. There -is the possibility of undetected leakage develop- "
ing: through improper installation. Typiqal causes of leakage are: im-
proper filter gasket seating in the. frames,. gaps between filter frame
and housing,' mishandiling during installation, and the inherent .fragility
of high efficiency'.filters...

d. Becahse of these possible.'cause'"-of' leakage, an in-place

test. for filter e~fficiency will be made, after'installation.
- ... . , .-..

3. Acceptance, anc.l Snorag t,

a. On Receipt: -

(1) inspect shipping container for any obvious damage (abso--
lute filters are easily damaged and if the container sh.?ws signs of abuse
it is very likely vthait the filterlalso suffered.) before removal from
carrier.

(2) Carefully remove, filters .ftom container. and visually in-
. spect filter.

. . . (3) Vth.a strong light behind the filter' inspect for breaks,

' cracks and pinholos...

(4). Ascertain. that tche gasket is complete and' unbroken.

(5) Examine the adhesiive seal 'around the filter
certain-it is complete and has not separated from the frame.

(6) Reverbete filter and inspect *the other side.'

S..This Annex '.su,.cvs'ees "Ann~x iB to. SOP. 17,. 214 March 1972

face'to be
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V. Storage:".

1() If the filter is-not to be installed immediately it
must be/returned to: its original containerwith packing inserts.

'."(2)_ Filters should.not -be stored with other materials
because of possible damage from such material.'

. (3) Filters larger than 20" "x 20" x 5" should not be
: tacked more than 3 high.

4. In-place Filter Testing.

a. Test Method-and Equipment.'

'(1) The. method for field checking the integrity of the
particulate filifer. is an adaptation of the method developed by NRL.

(2). The method consists of generating an aerosol upstream
of the filter andmeasuring the aerosol concentrations, bo~th upstream-
and downstream of the filter.

(3) The. major pieces of equipment are an aerosol generator
and a particle detection instrument,

(4), The aerosol generator produces a polydispersed aerosol
by the atomization of liquid .dioctylphthalate (DOP) with compressed air.

.(5)" From 20 to .30 PSI air pressure the aerosol.particle
size generated ranges between 0.1 and 2.0 micronwith 95% under 1.0
micron. Average size is 0.9 micron.-

" (6) Particle detection is based on measuring the light
scattering power of the aerosol in the air stream.

(7) The 0.3-Pi particle was selected by the -Army Chemical
Corps as the optimum size, since it: is considered to be the;most
difficult to. remove by filtration. In general,.particles of this size
are too small to be collected by impaction and too large to have a tend-

• ency to be-caught by random Brownian motion. ORNL tests have shown the
difference in-particle -sized 0.9 and.:.3-p .to-be relatively unimportant
for practical• testing applications within the precision of measurement
requirements..

(8) A polydispersed aerosol of DOP, produced by atomization
. of the liquid with compressed air, is discharged into the system through

any convenient air intake ahead of the filter bank.

2
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* (9) The concentration of the unfiltered smoke is then
measured,- by means of.. the forward..light scatteringphotometer, from,

asamples removed from the: system, ahead of the filter bank.

(10) The concentrat'ion of the filtered.air is measured.
downstream of the filters.-. The efficiency of the filtration systemis
then calculated from.the concentration of the aerosol before and' after
Sthe filters.

exs) s iie In order to conduct this test properly, there must
exist asufficient length of duct between where the 'aerosol is intro-
duced and the filter bank, .to induce• thorough mixing of the air and
DOP particles.

(12). If. a representative upstream sample cannot be ob-
tained for. thereasons indicated above, a reliable 'in. situ test is still
possible. In this ins.tance the aerosol is introduced in the same manner,
but only .filtered.samples a-re removed for concentration determinations..
The equivalent upstream concentration is then mep,,reI indirectly by.

' " installing the smoke. generator downstream of. the filter bank and sampling
.fiiurther downstream before-or after' .the blower'. This indirect method *is
reliable Lf care is exercised in. maintaining the output of aerosol and.
airflow through the system constant during the testing .period..

- . (13) An alternate,, indirect method of determining the up-
stream aerosol concentration is based on the fact that the output of. a gen-.
erator depends only on. the pressure of the..compressed air. at. the generator
and the level of .the DO.P. Each smoke generator is calibrated in a system
of known. airflow, 'and an Output. vs. Pressure -is- drawn. Then, if the air-

. flow in the sys.t0em under test is known'"or can be accurately, measured, the'.
upstream aerosol concentrationis calculable from the calibration curves.

b. Filter Facility-Preparation'..

" ()i Each filter facility to be tested must be prvided with

* a sampling port upstream-and downstream:of 'the: filter.

- (2) The diameter of this port should not be-smaller than two
inches~and need not be larger than: four .inches in diameter.

(3) 'It is also necessary to.prOvide ameans of injecting the
-aerosol into>"the- system. .The .. aerosol ' should .be. injected far -enough up-'
stream to provide thorough mixing'.before'it arrives at the upstream sampling
probe location. '

c. See 1'•Ac HP TTP 1-7-1 for.DOP test procedures.

5. Reference. TID-7023 High.Efficiency Particulate Air Filter UnjtsUSAD_

3



HEALTH PHYSICS
WALTER REED ARMY MEDICAL CEINITER

Washington, D.C. 20012

SOP 10 June 1974
Number 1-2`

cOUNJTING PROCEDURES

1. Purpose. To provide standard.counting procedures and methods
for statistical analysis in'order-toinsure.valid., economic,.and rapid
assays of samples' Submitted for radioanalysis..

2. Evaluation of"Counting System Performance..

a. General. Before anyone attempts to calibrate a counting system
he should-haveassurance that:the system is:electronically adjusted for optimum
efficiency andt'that it-will,whenso adjust.ed, detect radiation with an accept-,
able degree of accuracy and-dependability..".

b. Electronic Adjustment. In accordance with the counting system
instruction manual th4 igh voltage, sensitivity, and attenuation should be
adjusted for optimum counting efficiency.

c. Chi-Square (x2 ) Test. Each counting system should be given the
following performaAce test before it is calibrated and every month thereafter.
It it does not pass the test it'should be turned in to the Combined Maintenance

Section for-serviceo .

(1) Obtain a sturdy, long half-life, moderate curiage source
of approximately 104 dpm. This will be known as the "check source".

(2) Make 20 one-minute counts with the check source. Tabulate
the following data in three columns (See Figure l,..page h):

(a) Net Counts Per Minute (Gross cpm - BG cpm) x

(b) Deviation of X from (X-V)

Note:. : average value of the 2Q one-minute counts

( ) (x- )2  .. - ,

(3) sum the entries in the third column and divide this number

by T. The quotient thus obtained is called chi-squared (x 2 ).

2

M(1) Table I following, lists the numerical values of X2 .

O This SOP supersedes SOP 1-2 dated 1 September.1971.
V
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TABLE I

-LAD E OF "-'-SQU"AFED

10 June .1974

(N (-1)
•D egrees

of
,Freedom

Probability

09 .0 0. 50 0.10 j0.05. 001

Values of Chi-Squared -- 7

2
3

5
6
7
8
9

10

11
12
13
14

15
16
17
18
19

20
21
22
23
24

25
26
27
28

'29

.0. 020
0. 115

.0.29.7

.0.554
0.872
"1. 239
1.646

• 2.2•088:

* 2. 558

3.053
3.571
4. 107.
4.660

5. 229
5.812
6.408
7.015
7.633

8. 260.
8. 897
.9. 542
10. 196
10. 856

11. 524
12. 198
12. 879
13. 565
14. 256

0. 103-
0. 352
0.711

1. 145
1.635
2. 167
2.733

3.325

3. 940
4. 575
5.226

* 5,892
.6.571

7.261
7.962
8.672•

• 9.390
10. 117

10.851
11.591
12. 338
13.091
13. 848

14.611
15. 379
16.15 1
16.928
17.708

0.211
0. 584
1. 064

1. 610
2. 204
2; 833

3. 490

4. 168

4.865
5. 578
6.. 304
7.042

7.790

0.5.47
.9.3.12

•10. 085
.10, 865

11.651 -

12.443
13. 240
14.041
14.848
15. 659

16.473
17.292
18. 114
18.939

19. 768

1. 386
2. 366
3. 357

4. 351
5.348
6. 346
7..344
8. 343

9.1342
10.341
11.340
12. 340
13. 339

14. 339

15. 338

16. 338
17. 338
18. 338

19, 337
20. 337.
21.337
22. 337
23. 337

24. 337
25. 336
26. 336
27. 336
28. 336

4.605
6.251
7.779

9. 236
10.645
12. 017
13. 362
14.684

15. 987
17. 275
18', 549
19. 812

21. 064

22. 307
.23. 542

24. 769

25.989
2 0o4

..28.412.

29,.615
30. 813
32. 007

33. 196

34. 382
35. 563
36.7411
37. 916
39..087

S5,991
7. 815
9.. 8 8

12. 592
14. 067
15. 507
16. 919

18.307
19. 675
21. 026
22. 362
23.685

24.996
26.296
27. 587
28.869
30, 144.

31.410

:32.671
33. 924
35. 172
36 .415

37. 382
38. 385
040. 113
4], 337:
42. 557

9.210
11. 345

13. 277

15. 086
16.812

18. 475
20. 090

21. 666

23. 209

.. 24. 725.
26.217

27.688
29. 141

30. 578

32. 000
33. 409

34. 805

36. 191

37. 566

38.932'
40. 289

.41; 6.38

42. 980

44. 314
45. 642
46..963
48. 278

49. 588.

. * & _____________ _____________ - & .4;

2
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The accep -able Limit o robabl1itry arG from 0.90 to 0.10: The enber of
determinations (N) is 20-and there is one restriction in this tlype of test;
therefore, (N-I) = 19 deg rees of freedom. From Table I. the acceptable value
of X2 is a number between 11.651 and 2.7..204.

d. Qua-it"-Control Chart s (Figure 1)

-(1)•-Purpose. The qualituy-conttrol chart provides a guide for:

(a) Judging when and how much correction of instrument
operation is requiredd.

(b)' Reducing tolerances w.hen desirable.

(c) Axticipating or diagnosing faulty instrumlent behavior.
(2) Preparation. The quIality-control chart will be prepared

monthly after performance of the X2 test. IThe data derived from the X2 test
vill be used in the preparation of the plot in the following manner:

(a) Calculat ethe standard devia tion (a). For discussion
see para 3a.

•(b) Multiply- the a by 1.645 (the 90% .Confidence Factor)

(c) On a linear plot of cpm (vertical axis) vs time in
days (1-31) draw a-horizontal line.midway.onp the vertical axis. Label this
line with the numerical value of. determined on the x 2 test.

(d) Above and below this line draw dotted lines.. The
distance from the solid line to the ..dotted line will be equal to' the prod-act
of i. 6 .1 5aa sdetermined in para 2d(2)(b) above.

.. (e):- 'This is the quality-control chart. The solid line
is the "true count. .rate" of the check -source. The dotted lines above and
below the solid line indicate the limits of acceptable statistical variations.
If the.counting system is performing satisfactorily, 90% of a statistically
large tumber of one-minute.counts of that.check source should fall within the

e rea bounded by the dotted lines.
(3) Use of the Quality-Control Chart.. At the start of each

counting day the check source _should be counted for five• one-mnute counts.

The Net Counts Per Minute (NC1.,. obtained are then plotted on the quality
control chart at the appropriate calendar date position. 'If the plotted

3
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points are within the dotted lines the couing system -s periosrm.ss
factorily° if the plotted p "ints-.are not withi, the dotted lines the i -

rument control. settings should b e examined for C,_ O..r. rec- e ns",. Possible causeS.
of n-afuLnctions which can be. eadiy checked are shifts in.operaLtng voi 0a7es

or gain, detectorddEmage, line noise, large bac ground increasesI o an e -ic

timer, scaling ' or register. The. standard -itself should be examni ned for

wearing of the protective *&overinhgor leakage. which could cause incr•se.ed or
decreased counting evels, respe ctively. Tf 'he f aut cannot be corretd-
'toe instrument should be removed from rouuin operatron until repaired'. The

cuality-control chart should be continuously eyxri ned for indi-,cations of trends
toward unacceptable operation so,-that potential - aif",ctin of the instrument

system or other sources of faults can be corrected as quickly as possible,

Gradually decreasing counting may be caused by subtle:deg radation of the photo-
multiplier tube in scintillation: systems... na~chirneurred fault and its method

of correction should be noted on: the quality-control chart'; this- will assist
in, analytical data evaluations or in the diagnosis of instr'ument malfuhction 0

3. Counting Precision.

a.. Standard Deviation:.:

(1) The pr'ocess of rad oactive decay is a random phenomenon,

the events being counited from a 'andom sequence in timeo Therefore, counting

*for a finite period of time can only yield an estimate (r) of the true, aver-

age counting rate.(.).iThe degree, or measure of precision is directly related

to' the standard deviation (o) as shown by thee following table:

TABLE" 'I

R o

.01 100 1-0,000 1,000 3-0.0%
S "00 10,000 10,000 I0O 11o0%

100.00 1,000,000 10,000, iO 011%

'Where: T= Sample Counting Time (minutes)

''s Net' Sample Co nts

Rs Net Sarmple counts per Minute

c7 Standard Devilation

Percent Error (1000)
" ... RS

(2) An examination of the rble shows I}.: in the firs i kn.--5nce
the sample was counted for a very short time but (let us ass,'m=e.5 th count r=te

.5
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was found o be 0 000 Cn -.o, e' c r, "the last entry; he re %he ss:ple was

colaned for E long time ba Stoii th1 1 e count ra--e ,as found b e 1000 cpm.
Th'e difference b`eten the two e aples is ethat xthe first ' as e must e,c . .th ý . .I .Y-n-iu t b

re-ported as 10,000 cpm 1 O g0 I b Coii:'de.nce Level (CL) relatively approx-
imate eszimation ;. while the' I-a' entry may be reported as 10,000 c..--) .0.1%

@ 68% CL - a fairly exact measurement.

(3) For health physics purposes a 25% counting error i-s usually
sufficiently accurate. The percent error and the Confidence Level used must
always be reported. . The Confidence Level is. the standard deviation multiplied
by a factor, for example:

0.675a = 50.% Confidence Level .(CL)

.6ý "F-680% Confidence Level (CL)

l.645c = 90% Confidence Level (CL)

1.960o 95% Confidence Level (CL)-Normally rounded-

off to 2.000 ,
3.000a."7 997% Confidence Level (CL)

Counting at Health Physics is usually done at the 2a or 95% 'Confidence Level..
Therefore, the last example cited in 3a(2) above would be reported as:

Cs .2 (100) @ 95% CL"
S. Cs.

or 10,000 NCPM -72(10) @ 95% CL...
10,000

= 10,000 NCPM -0. 2% @.95% CL

b. Minimum Detectable Activity,

(1) The Minimum Detectable Activity (MDA) is a function of the
sensitivity of the counting system, the background count rate , the length of
time available for counting the samiple, and the counting precision desired.
For the normal health physics survey. evaluation a..,Counting Error• of -25% 'is
acceptable. The sensitivity of the counting system' is determined by the dis-

tance of the sample from the sensitive volume of the detector, the mountig
m materials used, the' energy of the emitted radiation, .and the quantity and type
of absorbing materials between the sample being counted and the de'tector.

(2) The MIDA is calculated at 3a (99J% CL) as follows:

" MDA'= 3."b"' <! . .. F • : ..

6
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Whnere ..R . Bac"gr1 -o-and Courting Rate.

CTb. =Leerl h-: s- i'.. Coun-

.99 9TrCL

e,.g. BG 1400 counts in 1O r.,inutes or 40 cpm

then vTDPD 3 3 1/4 3-(2). 6 .c-Z

Therefore;.the MA .6 cPM, or we are 99°% .conf' .-;ent. th.at 6 NCPM represent

real activity and are not due.to: a stacistical iluctuation" of the background

counting rate.
(3) The vaiue 'thus al cualted. is valid only for a sariirle counting

time equal to the background countihg.time and i s dependent upon t- t e ability of

the counting system to reproduce the background obtained'

c. High Count: Rate Corrections.'"

W() Every counting system has a finite upper limit on its counting
rate. capacity. At high count. rates errors 'are encountered from coincidence loss,

dead. time:,'and resolution limitations.

(2) Determination "of Dead. Time (the length of time a counting

system requires to process a single pulse during,.which interval the system is

insensitive to .additional pulses).

(a). A. simpleway to evaluate Dead Time (t) is by the "Split
Source" method. Four counting rates are. required:.

1 R Background Counting Rate (cpm)

2 Ri.= First.Beta Source (Gross cpm)

3 R2  Second Leta Source (Gross cpm)

R1 R+2 First and second Beta Sources counted

together (.Gross cpm).

Calculation: R.. B2 - R 1 .• 2 .-_Rb,

(R.+2)` . .)2 (2).

(b) Direct,determination of the dead time by use of an
oscilliscope is recorapeded when the equipment is. av.ailableo

(3) The deadtime value may be us ed tc) deter'mine the T•.ue

Courting Rate using the f'.llowing formula:.

7
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r
.2 !-rt

Wh. .er e True-Net Counrt Rate (C.CPM)

r Observed Net Count Rate (NCPMI)

" t System Dead Time (minutes)

4. Calibration of* Counting Sys tems,

a. General. After it has been determined that a counting system is
perfor,-ming satisfactorily, it must• be calibrated0 . By calibration we mean the
establishment of a fixed and known relationship between the output of the
counting system and the identity and quantity of. the sample being analyzed.
This relationship, is generally based on the careful measurement of a "certified
standard" which may be defined as a radioactive samole that has been assayed
by a reputable scientific or comriercial organization.

b. Selection'ý'of Counting Standards. Norm-ally, the following
standards will be used for comparison Pith unidentified, mixed samples:

a-emissionn- 2 3 8Uranium

.- emission (unidentified laboratory samples) 14C

s-emission (uanidentified reactor samples) -
2 0 4T1

y-emission , 1 3 7Cesium

Niote: The 0.662 Mev Gama-Ray froml•TCesium and the 0.77 Mev (Emax) Beta-
particle emission fromz 2Thalliumare considered to be suitable for Mixed
Fission Product calibration.

c. Comparative Counting. Comparing a sample :disintegration rate to
that of a known standard is only accurate when the geometries are.-identical and
the count rates are similar.

5. Evaluation of Samoles.

a. Known Identity...

(I) If the identity of the radionuclide is established and the
coumting efficiency has been determined with a certified standard of that radio-
nucide, the actiivity is simply determined bypreparing, mounting, and counting
the sample. The dpm is then calculated using the following relationship:

8
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dpm - NTh-j

NCFM = Net Counts Per Minute

Eff = Counting Efficiency of :the System

(2) if the i of the radionuclide is known but the
counting efficiency has no t, been determirned with a certified standard of that
radionudlide, then .an estimation o' the .act•i vity maybe obtained by use of a

"" -"<- .s7?ic-i cjthat has been prepared for a speci.-C ±l o .I :, • q • .. • p c f i c c o u n t i n g

instr~ument and counzing geometry using calibrated sources. See Figure 2.
The counting efficiency for a predetermined energy is read from the graph and
the activiuy, is thlen calculated using the relationship in 5a(l) above.

b. Unknown Identity.
(1) When the identity of the radionuclide(s) is unknown and the

health physics evaluation requires identification for the establishment of

adequate control, the sample should be analyzed by either gamma spectrometry,.
chemical separation, half-life determination, Feather Analysis, or a combina-
tion of these methods. When the analyses have been accomplished and the
identity of the radionuclide has been established, the activity should be
determined in accordance with the previous instructions. .

(2) If adequate control or evaluation does not depend on
identification of the radionuclides, an estimation of the activity may be
based on the radioisotopes listed in para 4b above.

c. Wipe Counting -Single Samples. Normally wipes are counted for
only one minute.each. This however is dependent upon the MDA of the sysc:&.
for the radionuclide(s) under consideration and the curent ,contamination

levels.°.. It may, thereforeý be necessary to lengthen the counting time on
occasion in order to otsbin suitable counting statistics (see para 3).

d. Efficient Distribution of Counting Time.-

(1) When the activity of a sanm.-ie is low compared to -the
background counting rate, it is advantageous to cal culate the most+ efficient
distribution of counting t'ime between.the sample activity and. the background
activity in .order to'minimize the counting error.

(2) It can be shbwn- that-,.for a particular time distribution.
the counting error will be at a minirinmo The tii-ne distribution is calculated

as follows:

Tb+s

Tb . iI' *.Rb'

.9
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where Tbs =- Length of Sam-le plus Background

Count in Minutes

S.Leni. of Background Count in Minutess

b~s- GrOss Counting Rate of Samole o0us
Back groulnd

Rb Background Counting Rate

e.g. Suppose a sample has an activity of 4,000 cpm and the
background is 40 cor,; then

Ts b 4000 / 0 10
Tb 40-0

This means that for the most efficient distribution of counting time with
minimum, counting error for a given time, the sample should be coun-ted for
a time interval that is ten times that of'the background determination.

.6. •Calculation of Activity. See the attached Appendix A for the meth-

ods 'and units employed to calculate., the activity of samples analyzed by the
Radioactivity Analysis Laboratory, Health Physics , WRA MI .

7. Statistical Analysis of Environmental Data,

a. All environmenta! sanple data is subjected to standard statistical
tests of significance. Chauvenet's Criterion is utilized to establish the
acceotable deviation.-

b. WIhen the observed ratiation level of the environmentals-ample
exceeds the base line environmrental radiation level by more than the acceptable
d vi ation. as' established by, Chauvenet's Criterion, the sample is held for 'Tr-

ther evaluation and additional- representative. samples are obtained for analysis,

8.References.

a. Dixon and Massey, introduction to St a`ititcal Analysis', 1957

b. Jarrett, A.A. , Statistical Methods Used in th-e Measurement of

Radioactivity With Some Useful Gr-aphs and lMonographs, USAEC, 1946.

c. .Loevinger, R. and Berman, M., Efficiency Criteria in Radloa t-
ivity Cou-.nting,, 1951.- ' .
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CALCUL.Ti-ON SH1EE2TS

The mathematical symbols, used in this Appendix are .defined as ,ollo-rs:

SYMBOL DEFINITION. • UNITS

C Activity Concentration "iCi/ml

Net Counting Rate of Sample NCPM

Rb Background Counting Rate of Counting System cpm

Rb+s Gross Counting Rate of Sample includes Rb cpm

eff Coounting Efficiency for the Counting System NCPM/dpm

V Volum e of Samole Counted .. l ,m

tb+s Length of Gross Sample Count min

tb Length of Background Count min

Y Chemical .ýecovery or Yield Factor

Percent Error.

Standard Deviation

dpla Disintegrations' per minute

4.5 x 10-7 Microcuries per Disintergration . iCi/dpm

VCi Microcurie 10- Ci

2.22 x 106'.iitgain ..
Disintegrations per Micocurie dpm/hCi

pCi PicocuIries 10-12 Ci

2.83 x 104 Cubic Centimeters. per Cubic Foot. cc/ft 3

A Sample Area in Square Meters M2

Nd Interval of Exposure Time in Days Days

Wts Net Weight of Sample-in Grams -

1
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SYVNPML DEFINITION

C L ~C o 'I L iLence L e e 1

SA S cl1f .Ib s orpto n Fý,actor.

MI\DA Minimui-i Det-ectable Activit

UNITS

*0

p-Ci or aprn
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'HEALTII PHYSICS
WALTER REED ARMY MEDICAL CENTER

Washington',* D.C. .20012

MEDEC-YHP
SOP
Number 2-2 10 June 1974

RADIOACTIVITY ANALYSIS LABORATORY'

1. Purpose. To establish guidelines for the radioactivity analysis labora-
tory (R/A Lab), Health Physics. (HP),I Walter Reed Army Medical Center (WRAMC)
in order to insure the o.derly and continuous operation of the laboratory.

2. Mission. To assist the Chief, Nuclear Laboratory and Technical Service
Branch (Ch, NL&TS Br), HP., WRAMC, in the successful fulfillment of the overall
mission of the Branch by providing the necessary technical and administrative
ability.to determine the identity and quantity of radioactivity in environ-
mental samples, wipe tests,. reactor effluents, reactor pool water, and other
special analyses as.required.

3. Routine Duties.

a. General.. Routinely the Ch., R/A, Lab, will evaluate and report sample
analyses directly to the requestor. However, when analyses indicate abnormal
samples or contamination levels, he will consult.with the Ch, NL&TS Br, prior
to making a: final report to the requestor.

b. Daily Calibration of Counting Equipment.. All calibrations, background
measurements, malfunctions and. repairs will be entered into the Daily Perform-.
.ance Log. Calibration sources and.backgrounds will be counted daily on
routinely used equipment. All.. routinely used equipment will normally be left
in the operating mode to insure its stability and reliability..

(1) NS 4096 Channel Analyzer.' See manufacturer's literature for:
operating instructions.

(a) The integral gamma efficiencies for routine geometrics are
arrived at from the 137-Cesium point source. efficiency using an empirically
determined correlation factor.

(b) Energy calibration - 0-2 MEV full- range---.:---

(c) Performanice check.

(2) Beckman Liquid Scintillation System. See manufacturer's. literature
for operating instructions..

*This SOP supersedes HP SOP Number .2-2, 10 September' 1972.
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(a) This instrument is. normally calibrated by running a set of
quenched standards and.plotting-.the calculated efficiencies "against the
automatic quench correction (AQC) factor,. (the decimal value following the X
on the printout)

calibration
point where

(b) Efficiency. for each sample is determined .by going to the
curve for that type of sample and taking the efficiency as that
the AQC factor intercepts the efficiency curve.

•(3) Beckman WIDEBETA II, Beta- Counting System. See literature for
operating instructions.

(a) Net beta efficiency-is calibrated from a 14-Carbon standard.

(b) Alpha efficiency is -calculated from a 210-Polonium standard.

(4) 1600 Channel Multi-parameter Analyzer..: See manufacturer's
literature for operating instructions.

(a) This instrument .wiill be interchanged between several
different detector systems dependinhg upon the laboratory!s needs.

(b) Calibration- of this instrument will be done at the
time of, sample counting. Ca.libration.will be done with whaitever isotopes,
are necessary to give the laboratory a reference as' to the energy, activity,
etc., of the sample under consideration.

(S) LCRM-22R Air Particulate Monitor.'ý See manufacturer's literature
for operating instructions..

(a) Change the filter paper each duty day at approximately .0900
hours.. Prepare a WRAMC Form 708. (Health Physics Survey Wo-rk ICo-)-•-f-r--the--
filter removed. Stamp the. chart on' the LCRM-22R and the WRAMC Form 708 with
the rubber stamp provided and fi.!t in'the required data; time,. date, weather,
etc..

(b) Make a Visual inspection of.the indicators to assure proper.
operation..

(c) For' calibration, see ANNEX B to. this SOP.

c. .Periodic Calibration (De-termined by Chief, NL&TS Br)

'(1) CHI Squared"(X 2 ) statistical: evaluation of each laboratory in-
strument in daily use -for.nuclear counting purposes.

(2) Determination of the res-olution of the 4x4" Sodium Iodide crys-
tal and phototube assembly (4x4" NaI Xtal)

2
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d. Voltage plateaus and'x 2 statistical evaluations will be performed

as required, and after equipment repairs or component changes.

4.' Laboratory Procedures and Work Load.

a. General.

(1) For convenience, 10 minute counting times are specified throughout
these procedures; however,, in cases where a low sample-to-Ibackground ratio
exists and a small counting error is necessary, thecounting time will be
extended to insure statistical validity of the radioassay..

(2) Abnormal as used in these proeeduries is defined as any sample

exceeding the radiation protection. guidelines .(RPG) and/or cofitaninatibn levels
*or that has a gamma spectrum.with a statistically slignificabt photopeakCs)
that has not been previously identified and whose origin has not been explained
to the satisfaction of.the Chief, .NL.&TS Br, HP WRAMC.

b. Daily Samples."

(1) DORF Pool Water..

(a) Action. Allow sample-to decay for approximately 24 hours
.after collection tO allow the .41-Argon to decay away, thus eliminating. its
interference in the detection.of low levels of fission products..

1 Do a 10-minute integral gamma count on a Marinelli bea-
ker with one empty plastic bag inserted to establish the background counting
*-rate of the;4x4" NaI Xtal.

2 Do a 10-minute integral gamma. count, of 2500 ml aliquot

of the sample.

3 Prepare-an X-Y plot on all abnormal samples.

(b) Calculations - See HP SOP 1-2,. Counting Procedures.

(c) Follow-up- -Next day.

1 Do a'10'-minute:-integral gamma count of the sample if.
required., for diecay purposes.. S.

2 Prepare an X-Y plot of the, gamma spectrum.

(d) Disposition of Sample Discard the sample to the sewer

3
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after the activity decays: to approximately 1-. 6 pCi/ml, making the appropriate

entries in the Waste Disposal Log..

(2) Air Particulate Monitor - Reactor Air Samples.;

(a) ImmediateAct•on

1 Do a 10-minute--integral. gamma count on the 4x4. NaI.
Xtal with the 1/4"lucite beta',-absorber in place to establish the backgr.ound
counting rate.,

2. Do'a'.10-minute- integral gamma count of each filter at
least five (S) hours after samp.le cut-off (to allow for decay of short-lived
Radon components).

3 Prepare .an X-Y plot on all abnormal samples.

(b) Calculations -See HP SOP 1-2, Counting Procedures.

.(c) Follow-up - Next day. .

1- Do a 10.-minute ihtegral gamma count on the 4x4'! NaT'
'Xtal with the 1/411-lucite beta"absorber 'in place to establish the background
counting rate..

2 Do a-10-minute integral gamma•-count of each filter at,
least 24 hoursafter sample cut-:off (to allow for decay of long-lived Thoron
components).

3 Prepare X-Y plots only in' cases where further analyses.
are 'indicated.

(d) .,Disposition of Samples

1 RoutineSamples - Dis card. the samples after analysis..5
2 Abnormal Samples -•Discard the samples only, after corn-.

pletion of analysisJin .accordance with current; procedures.

(3) Air Particulate Monitor - LCRMP-.22R (2" .Filter Disc).:

(a) This sample is collected for.use as a background comparison
in the evaluation of reactor air samples.

4"
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(b) Procedure sameý as (2)(b) above, with the exception that the
3/4"x4" diameter lead shield is placed on, top, of the flat filter disc for all
counting.

(c) Calculations " See HP SOP 1-2, Counting Procedures.

(d) Disposition of Samples. -Same as (2) (d) above.

(4),. Wipes

" (a) Imimediate. Action

1 Beta contamination suspected

-a Select a calibration standard in the. energy range
of the suspect isotope. and determine the counting efficiency (,See HP SOP 1-2,
Counting Procedures, para' 4b).

b Set the wipes up for WIDEBETA II system. Initiate
10-minute counts on .samples.

c If contamination. is noted on any wipe, remove it'

from its planchet, place it in a.paper envelope, and count it 6n.the 4x4" NaI.
Xtal to determine the amount of gamma activity present, and. it's -:.identity if- it
is a gamma emitter. Wipes are counted with the 3/4"x41" diameter lead shield
on top of the wipe.

2 Gamma contamination suspected- Proce.ed as in c above.

3 Alpha contamination suspected - Adjust the counting
mode to Alpha Mode'(WIDEBETA.II) .

(b) Calculations -. See HP SOP 1-2, Counting Procedures.

(c) 'Follow up

1 Notify the requestor by telephone of any wipes found
to be of greater activity than the contamination level, giving the activity
(in dpm) and identity of the: contaminating isotope, if known.

2 Prepare X-Y plots of. the gamma spectrum only if a fur-
ther analysis 'is indicated or if they have been. requested on.the WRAMC Form
708.

(d) Disposition of Sample'.

1 Discard 'all noncontaminated wipes..
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2 Hold the contaminated wipes until a report is made to the
requestor, then discard them in accordance with. current procedures.

(5) Special Samples From time to time, special samples will be
received for evaluation.. These will be treated in accordance with HP SOP 1-2,
Counting Procedures, and with the priority determined by the Chief, NL&TS Br,
HP, WRAMC.

c. Samples Collected

(1) Fallout-washout Samples (collected twice monthly,i.e., at in-
tervals of not less than 13 days, but not to exceed 18 days).

(a) Immediate Action

1 Do a 10-minute integral gamma count on-a fallout col-
lector with one (1) liter of deionized water in a plastic bag to establish
the background counting rate.

2 Counting will be performed and X-Y plots prepared in ac-
cordance with ANNEX C to this SOP.

(b) Calculations - See HP SOP 1-2, Counting Procedures.

(c) Follow-up. Samples with unusual spectra or those having
activities above 600 dpm ill* be retained for!detailed analysis afid identi.-
fic ati on.

(d) Disposition of Samples

1 All normal samples will be discarded into the sanitary
sewer system.

2 Abnormal samples will:be discarded in accordance with
current procedures upon completion of the analyses.

(2) Reactor Effluent Water Samples (collected as required for analysis
prior to release to the unrestricted area).

(a) Immediate Action

1 Do a 10-minute integral gamma count on each sample. A
Marinelli beaker with one plastic bag inserted will be counted for- 10 minutes
to establish the background counting rate on the 4x4" Nal Xtal. A background
will be required for each sample analyzed.
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2 Do a 10-minute integral gamma count of total sample
minus one (1) liter (for reduction in accordance with ANNEX A.to this SOP,
an evaluation of the rcmaining volume is usually between 1500 and 1800 ml).

3 Prepare an X-Y plot on all abnormal samples.

4 Proceed with preparation of the one (1) liter aliquot
of each sampl'e for a net analysis (see ANNEX A to this SOP). Counting
time should be.sufficient to. provide a counting error not greater than 25%
at the 95% confidence level when assaying samples with .an activity greater
than I x 10 mCi/ml..

(b) Calculations - See HP SOP 1-:2., -Counting Procedures.

(c) Follow-up. Abnormal sampies will be analyzed in detail
for determination of.the half-life and identification of the nuclides present.

(d) Disposition of Samples. Discard to sewer (liquid samples).
or non-burnabie wast.e (solid.samples) when analysis is completed in accordance
with current procedures.

(3) Gas Samples. (collected as required by the Health Physics. Officer,
WRAMC, or the Physicist in Charge, DORF.

(a) Immediate. Action

1 Do a 10-minute integral gamma count of an empty sample.
container to establish the background counting rate on the 4x4"' Nal Xtal with
the 1/411 lucite beta absorber inlplace. "

2 Perform a 10-minute integral gamma count on each sample.

(b) Calculations - See HP SOP. 1-2, Counting Procedures.

(c) Follow-up., Abnormal samples will be analyzed in detail
for identification of all nuclides .present.

(d) Disposition of Samples. - As most samples of this type will
be short-lived, samples will be held for decay.-

(4) Soil Samples (collected *twice annually).

(a) Immediate Action .

1 Do a 10-minute integral jamma count of an empty sample
container to establish the background counting rate on the 4x4V Nal Xtal with
the 1/41? lucite beta absorber in place.
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2 Perform a 10-minute integral gamma count on each sample.

3 Prepare an X-Y plot on each sample.

(b) Calculations -See HP SOP i-2, Counting Procedures.

(c) FolPow-up.. Abnormal samples will be analyzed -indetail
for determination of the. half-life and identification of the nuclides present.

(d) Disposition of'Samples. Discard all samples to waste
upon completion, of analyses.'

(5) Flora Samples. -Grass Cuttings. (collected as required by the

Chief, NL&TS Br, HP, WRAMC).I

(a) Immediate Action

1 Do a 10-minute" integral gamma background count on the
4x4" NaI .Xtal with the 1/4" lucite beta shield in place.

2 Do .a.10-minute integral gamma count on each sample.

3 Prepare an X-Y plot of each sample.

(b) Calculations - See HP SOP 1-2., Counting Procedures.

(c) Follow-up.. Abnormal samples: will be analyzed in detail. for
determination of the .half-life and ideniificat'ion (of the nuclides present.

(d) DispQsition of Samples. Discard all samples.upon comple-.
tion of analyses.

(6) Snow Samples (collected as required by the Chief, NL&TS Br,*HPJI
.WRAMC). Thaw and treat as in para 4c(l) above.

S. Radiochemistry The Chief, R/A Lab, will, as required

a. Prepare calibration standards for use in.the laboratory.

b.. Perform necessary' radiochemical separations using appropriate tech-
nical and laboratory procedures. on file at HP, WRAMC.

c. Continuously evaluate and improve the laboratory iechniques in keep-.
ing with technical advances made: in the field.
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6. Maintenance of Supplies and Equipment. The Chicf, R/A Lab, will

a. Order chemicals and laboratory equipment needed through HP Supply.

b. Coordinate. equipment maintenance with the HP Instrument Shop. All
radiation detection instrumrenis require, a quarterly maintenance, check.

c. Perform the follow.ihg preventive maintenance:

(1) LCRM-22R - Grease and check oil level monthly.

(2). Fume hood blower shaft- Grease as required.

(3): Air compressor•- Maintain oil.level.

(4) -Vacuum pump .- Maintain oil level.

(5) Change fume hood prefilt6r 'emiannually.

(6) Tally-Tapp and Tape•Reader- Maintain proper oil level and
lubricate as required by the respective maintenance, manuals".

d. Maintain inventory of radiochemicals in the safe in HP Supply Room.

*e. Maintain inventory of assigned.equipment.

7. Records. The Chief, R/A Lab, will insurelthat the following records are
properly maintained:.

a. Logs

(1) Sample Data Log- All incoming samples will be recorded and as-
signed a number in sequence from this Log. A new series' of numbers willbe -
started at. the beginning of each calendar. year.

(2) Waste Disposal Log Record the discharge of liquid radioactive
materials to the sewer.-

(33 Daily Performance Log - A record of.daily check, calibration,
voltage plateaus, maintenance and observations of malfunctions for the laboratory
counting instrumentation will be kept.

b. Files

(3 R•eports of Special Laboratory Analyses for Reference - Papers
on specific projects which will be useful as reference sources will be kept.
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(2) Technical Data - Books and pap.ers pertaining--to laboratory-op----
erations and assigned equipment will be kept.

(3) Manufacturer's Data Instructional material on the use and
maintenance of the laboratory equipment will be maintained.

.(4) Environmental Monitoring Data

(a) Folder for completed WRAMC Forms 708 (Health Physics Survey
Work Sheet) for Bldgs 188 and. 149-A will be .kept (COFF. 1 yr).

(b) Folder for BackgrounAd Air Activity-- .IVRAJ.C Form. 708 for the
daily evaluation of the LCRM-22R filters will be kept (COFF 1 yr)

.(c) Folder for Fallout Analysis"- WRAMC Forms 708 for the Fall-.
out-washout Sample evaluation.

(d) Folder for Special Analys~es {COFF 1 yr).

(5) Maintaining Register - Data pertinent to the laboratory coun-

:ting instrumentation that is not suitable for entry' into the Daily Performance
Log will be kept and maintained as a. permanent history of the equipment.

(6) Calibration Source Data Sheets Radiochemicall Standards - Data
pertaining to the preparation, and use of radiochemicals. will be kept but will.
be cut off when the isotope is depleted. or discarded.

c. Chemical Inventory -33"x5" Card File. Record receipt-and use of
chemical stores to maintain a .constant inventory of these supplies.

8. Reports. The Chief, R/A Lab.will insure that theReports of Analysis

(WRAMC Forms 708) are completed and forwarded to proper authorities without
delay.

(1) Reports for non-routine analyses will be prepared and forwarded as
directed.by the Chief, NL&TS Br', HP, WRAMC.

(2) A.sample number is assigned to each sample and appropriate 'entries,
are made into the Sample Data. Log. This number will then accompany the sample
throughout its evaluation in the laboratory. The time and date of sample re-.

ceipt will be stamped. on all copies of the Form 708. .

'CLAUDE M. WIBLIN
,lLT, MSC
Asst. Health. Physics Officer
WRAMC
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SAMPLE PREPARATION
NETl + ACTIVITY IN WATER

1. Purpose. The purpose of this. ANNEX is to provide a standard method for
the preparation of'water samples{ recei-Ved at the R/A Lab., HPO, WRAMC, for
Net ý+c& radioanalysis.

2'. Responsibility. -Th6 Chief, R/A Lab will insure that all samples are
processed for analysis without delay -and provide_ a report of- this analysis
as quickly as possible. to the 'requestor.

3.' Water Samples Net . +a Analysis Requested.'

a. I Agitate the sample and decant a one (1). liter aliquot from the total
volume of the sample received.'

b. Filter this a-liquot through a strip' of FINE quality filter paper on
the "FILTER-FUGE" filtering, apparatus; repeat as'necessary to obtain a clear
liquid.

c.. Carefully remove the filter paper strip(s), place. them-into a por-
celain crucible and allow to. dry.

d. Carefully pour the clean filtrate into a clean water 'concentrator
lightly greased with DOW-CORNING II silicon compound. Remove the paper tab
from the planchet in the bottom of the concentrator, before adding the sample..

e. Adjust the VARIAC for.85 volts, place the switch in the ON position
-and leave until the sample is' evaporated.

f. When the sample is dried and cool, remove the planchet from'the
concentratoriý and place it in a 2"x 1/4" wall stainless steel planchet.

g. Place the crucible with the filter strip(s) in the fume. hood, sat-
urate.the paper strip(s) with ACETONE, and IGNITE it (them). Repeat as
necessary to completely reduce the paper strip(s) to an ash.

h. Using small amounts of Nitric .Acid and deionized water, quantita-.
tively transfer the ash to the planchet -(f, above) and dry under a heat lamp
or on a hot plate..

i. When the sample-is dried and cool, it is ready for cdunting on the
Beckman WIDEBETA II counting system.
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CALIBRATION OF LCRM-22R

1. Purpose. The purpose of this ANNEX is to provide a calibration procedure
for the LCRM-22R Air Particulate Monitor.

2.. Responsibility. The Chief., R/A Lab, HPO, WRAMC, will insure that the
LCRM-22R is calibrated as required by the Chief, NL&TS Br, .HPO, WRAMC.

3. Procedure.-

a. A pulse generator, with a pulse amplitude of 0.- 5.0 volts negative, a
.pulse. width of..i.0 to 10.0 microseconds, and an accurate repetition rate is
used in calibrating the LCRM-22R. Pulse width Of the signal is hot important
as long as it remains within the above range. Both channels are driven simul-
taneously from the pulse generator thr ough a 0.01 mfd capacitor to each sig-
nal injection point (green tip jack) on the LCRM-22Rchassis. Rotate both
selector swi-tches on thepanel to the extreme counter-clockwise position
(one position to the left of "test"') . This is an, unmarked position and dis-
connects the CRM inputs from any signal source -except the green-pin jacks.

b.. Set the pulse generator for 50,000 CPM and 0.5 voltsamplitude. Us-
ing an insulated screwdriver, .adjust the sensitivity ccOntrol of both channels
' for marginal triggering.

c. Reset pulse generator to 50 CPM and .4.0 volts amplitude. Set the LOW
adjustiý pots.*on both channels until the recorder reads 53 CPM on both channels.

d. Set: pulse generator to So;000 CPM.and leave the output. amplitude at-
4.0 volts for the remainder of the. calibration procedure.. Adjust the HIGH
pots until the recorder reads 44:,000 CPM on both channels.

e. Now, check. the recorder readings of both channels at 5000 CPM and.
500 CPM. Typical readings are 5200 CPM-at 5000 CPM and 450 CPM at 500 CPM.
The recorder and meter scales are logarithmic, but the electronic circuits
are not truly logarithmic. In the interest of simple and reliable circuitry,
this method was used in preference to the more complicated truly log circuit,
since accuracy is not of prime imp~ortance, but reliability is important for
monitoring applications. Thus, the circuit is adjusted as close as possible
to the log. scale of .the recorder. After the, initial c'alibration,.minor ad-
justments usually have to be made again at the LOW and HIGH ends in order to.
obtain the best match between circuit and scale.

f. Remove the pulse. generator leads from.the• green pin jacks and rotate
both selector switches.t6 "test'". In this position. of 60-Hz test, pulse is
applied to the input of each CRM to give 3600QCPM.. The actual recorder read-
ing, under test signal conditions, will be somewhere between 3600 and 4000 CPM.
If low counting or double counting is experienced in the "test" position,
adjust the .8 - 50 mmfd trimmer capacitors, mounted on each selector switch,
until the correct counting rate is obtained.
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g. Plug signal generator leads, through 0.01 mfd capacitors, into the
cgreen• pin 'jacks. Set-the output pulse amplitude to 4.0 volts and 5000 CPM.

* h, Allow enough time. forthe ratio circuit to come to equilibrium..
Using an insulated screwdriver, adjust the LOW potentiometer until the re-
corder.. reads 1.0. This corresponds to the 1- K position on the chart paper.

i, Check the 1.0 reading, at the 50,000 CPM, 50 CPM, and 500 CPM points.
If a..deviation in sc~ale readingy:0f more than 0..8 to 1.2 is found throughout'

the.sc-ale range, then additional steps in calibration must be.taken to bring
the deviation within the 0.8 to.l..2 tolerance allowed. On leaving*.the fac-
tory, the LCRM-22R is well within the above deviation, and need only be re-
calibrated for deviation, in-the event: that replacement of one or both 6005
tubes becomes necessary. These may vary somewhat in •characteristics with
the originals.. This additional calibration is covered in para k, below.

j,. Assuming that 'the 1:1 ra-tio. is within tolerance, .set the pulse gener-
ator for 50,000 CPM. Remove the test signal, from channel lonly•, and rotate
channel 1 selector switch to 3600 CPM or "test" position.. Again, allow suf-
ficient time -for the ratio circuit to come to equilibrium. The *ratio should
show the actual ratio of. channel 2 to .channel. 1 as indicated on the recorder.
For example, if channel 2 shows 40,000 CPM, and channel 1 shows 4,000 CPM,
thenthe recorded ratio should indicate 10. .The HIGH ratio adjust potentio-
meter is used to make this adjustment. 'Since the.LOW and HIGH ratio.adjust-
ments are interactive to some extent, this procedure should be repeated at
least twice to insute correct operation...

k. In the event that one or both 6005 tubes need to be replaced, it is
quite possible that the ratio will not remain 1.:1 when both channels' are fed
the 'same signal from S0 CPM.to 50,000 CPM- This action 'results from the 6005
tube characteristics .not being exactly the same. 'To correct this situati-on,'
perform the operations described in para a through i, above. If the ratio
tends to increase in'going from 50 CPM to 50,000 CPM, then the pulse width
of the 5963 discriminator .coupled to the. 6005 of channel.2 is too wide, and
needs to be decreased: If the ratio decreases, then this same pulse width
is too narrow, and needs to be increased. The..pulse width may be increased
or decreased by adjusting a 5,000 ohm potentiometer located on the printed
wiring side .of the CRM card near each input -e6d. .There is "one for each chan-
nel. Clockwise rotation increases the pulse width and.counterclockwise.ro-
tation decreases the pulse 'width. This. operation should be performed on only
one channel at a tiihe. If the desired effect cannot be made by adjusting chan-
nel 2, then the same'procedure may.be .applied to channel 1. However, the
pulse width-adjustments on channell produce' the opposite effect on the ratio
of the effects' produce-d-by-pulse width adjustments made on channel.2.

1. After the pulse width adjustments have been final.ized and the ratio
stays within the prescribed limits, repeat- para a - f and para j, above.
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COLLECTION AND EVALUATION OF ENVIRONMENTAL MONITORING SAMPLES

1.. Purpose. The purpose. of this ANNEX is to describe the methods used in
collecting, handling, and evaluating environmental monitoring samples rel-
ative to operation of'the DORF reactor facility.

2. Responsibilitv.: The. Chief, R/A Lab, will insure that the requirements
of the WRAMC ENRkDMON Plan are.met with regard to proper collection, hand-
ling, and evaluation of environmental monitoring samples.

3. Location of Fallout-washout Collecting Stations:

Station # Location

1 Forest Glen -' Two meters outside DORF :fence on the
South side..

2 FQrest..Glen - 50 meters from DORF on the left side
of the DORF accessroad.

3 Forest Glen.- 25. meters North of the Northwest cor-
ner of Bldg 119.

4 Forest Glen - East front.of Bldg 188 near Linden Lane.,

5 Main 'Post " Roof of Out-patient Bldg,. Southwest corner.

4. Collection Frequency. Twice monthly, with a pe-riod between successive,
collections of At lpast.,13 days, but not more than 18 days.

5. Preparation.of Collector. One'liter of tap water is added to a plastic
pan (12"x8"x4'!) for the-:purpose of providing.a collecting surface. (NOTE:
During the months when freezing weather.is anticipated, a mixture of 1 part
permanent antifreeze to. 2parts tap. water wil be used.) The pans are.as-
sembled by the HP vehicle operator in Bldg. 188,. covered, and placed in the
carrier provided for that purpose..

6. • Collection. The sample carrier is. loaded onto the Health Physic9 truck
and the newly-prepared sample collectors are set..out by the driver as replace-
ments for those in place. The. sampies being returned to,.the R/A :Lab for eval-
uation will be poured into a plastic bag which is sealed and placed in the
pan from which the sample was poured'.

7. Sample Evaluation.

a. The sample will be allowed to. decay 'and come to ambient temperature
'for at least one day prior to analysis.
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b. A-one (1) liter sample' of deionizd- water is placed in a plastic.
bag in asample coll.ector.pan. The pan is .then) placed into the pan po-
sitioner and a 10-minute integral gamma count is made to establish the
.background.

c.. Each sample is counted for 10 minutes in the same geometry as that
used in para b, above, and an X-Y plot is prepared for the sample which
has the. highest activity.

d. All sampieswith a.gamma activity in excess of 600 dpm (refer-
enced to .137-Cesium).will be rIetained for. detailed analysis, and will be

• reported to the Chief, NL&TS Br, HPO, WRAMC.

e. 600 dpm is based upon the current definition of radioactive con-
.tamination levels (100 dpm/100 cm2 ). The effective collectingarea of the
plastic pan is 600 cmr, so

100. dpm .600 dpm
.100 cmz 600 cm

8. Records and Reports.

a.,,..., -A1ll records wi.ll be maintained in. the R/A Lab on WRAMC Form 708, to
.which appropriate X-Y plots wil.1 be affixed.

b. All environmental monitoring records will be maintained as perma.
nent records in accordance with AR 340-18-6 and the current WRAMC Form 110.

.c. The Chief, R/A Lab, will report all non-routine analyses to the
Chief, NL&TS Br., for necessary action and/or information.

d. Non-routine samp les are those fallout samples with an integral gamma
activity in excess of 600 dpm or any sample in which fission products are
suspected to be present.
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GAS CHROMATOGRAPH OPERATING PROCEDURES

1. Purpose. To outline. routine and emergency operating procedures for
use with chromatography detectors equipped with radioactive sources.

2. Scope. This SOP applies to all persons occupying the area designated
for. use of gas chrom'atograph detectors.

3. Responsibilities.

a.. The Gas Chromatograph detector shall be used only by, or under
the supervision of the'Principal User.- The Principal User is responsible
for:

(1) Control, safe operation,-and security of the Gas Chromatograph
Unit.

(2) Training selected individuals in: its safe use and operation in
accordance with the'procedures outlined herein.

(3) Insuring that WRAMC Regulat-ion 40-10 and.other pertinent docu-

ments are available at all timesý and are. complied with. -'

(4) Promptly repo.rting any accident that could result -in an unsafe
condition to the WRAMC Health Physics Officer (Ext. 5107).

b. WRAM1C •Health Physics is responsib~le for:

(1) Conducting routine radiation protection surveys, periodic in-
spections and leak- tests., .

(2) Providing personnel dosimetry for. all personnel as needed.

(3) Providing routine-bioassay studies as needed.

(4) Instructing operating personnel in the Health Physics aspects
of gas chromatography.

c. Individual Operators are responsible for.:

(1) Operating the'unit in a safe maniner at all times.

-(2) Being familiar with the contents of these instructions., WPAMC
Regulation 40-10, and other data as prescribed by the-Principal User.

*'This MEMO supersedes MEMO 14, dated 12 May 1971.
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(3) Reporting all accidents or abnormal operating• conditions that
could result in an unsafe condition. or exposure of personnel promptly
to the Principal User.

4.. Emergency Procedures.

a., in the event of an emergency, the following individuals will be
notified after turning the-power to the instrument off.

(1) The..Principal User.

(2) Health Physics Officer, WRAMC (Ext. 5107)... •....

(3) Charge of Quarters. of appropriate building.

b. In the event bf FIRE in the room the' following will be done imme-
diately:.

(1) Notify the WRAMC Fire Department. (Main Section-3317, F.G.S.-5317).

(2) Notify the 'Principal User'..

(3) Notify the Health Phý*gics'Gfficer, WRAMC-(Ext. 5107).

(4) Notify Charge of Quarters of appropriate building..

(5) The senior individual at the site should 'clear the area of per-
sonnel and attempt to turn off the powers to the instrument.

c. Power Failure. In the, event of a power failure no danger exists.

5. Gas Chromatograph Detectors. Some of the detectors presently used at
WRAMC employ the.use of a radioactive'source' as' a supply of electrons to
effect the detection of gasses according to theii: molecular weights and
holdup times,.

a. Tritium Foil. Tritium is usually bound to a copper. or stainless
steel foil as titanium, tritide. The binding agent may begin to .break'
down and allow, liberation of tritium at .temperatures as low.as 150-C (Sýe
Addendum 1). The Gas Chromatograph units..shlould have a built in thermo-
'couple to shut the unit off at 220°C since the tritium would probably 'be
entirely evolved at this: temperature..

(1) Vented Detectors. Some of the detectors are equipped with exit
ports for venting potentially contaminated gases. These detectors while
in use shall be vented to a sink under running water or into an operating
Health Physics approved fume hood.•
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•(2.) Non-vented Detectors. These detectors have no provision for
control of pot.entially contaminated.. exhaust gases and should be used in
an operating, Health Physics approved,. fume hood.. The gases in these de-.
tectors are forced through,.a rubber leak seal. at the end of the cylinder.
These• detector cylincfer caps become highlycontaminated on the inside sur-
face and shall'not be displaced from their cylinders without Health Phy-
sics inspection and approval.

b. 2 2 6 Ra, 2 1 °Pb, 9 0Sr, and 6 3 Ni containing detector-: -Temperatures

below 500°C are not sufficient to break down the binding of. these metallic
isotopes to the detector: foils.. Therefore moderately high temperatures

are not a consideration,.in their operation. These sources may, however,

be partially, exposed when dismantling the detector unit; accordingly de-

tector units shall not be dismantled without Health Physics approval.

'CLAUDE. M. WIBLIN'
ILT, MSC
Asst. Health Physics Officer




