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Health Physics-
Process Control

SECTION 700 - PERSONNEL AC CESS CONTROL

Personnel Lmnitoring is a Health Physics function. It includes con-

trols to minimize and measurements to determine the extent of internal rad-

iation to which personnel are exposed when working in an area where a sig-

nificant quantity of radiation mrtay be encountered. The main devices used for

external personnel monitoring are film badge dosimeters and direct-reading

pocket ionization chambers. These devices are used in conjunction with

radiation work permits identifying area involved, personnel exposed, time of

exposure, and pocket dosimeter readings. All personnel are also surveyed

with sensitive portable instruments to assure freedom from contamination

upon leaving a radiation area.
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METhOD 711

ESTABLISHMENT AND CONDITIONS FOR ALL

RADIOLOGICALLY CONTROLLED AREAS

1. SCOPE.

The purpose of this method is to describe the establishment of conditions

applicable to radiologically controlled areas.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Radiation signs: "Radiation Area," "High Radiation Area," "Radiaoactive

Material Area," "Contaminated Area," and "Airborne Radioactivity Area.

Smears: Whatman No. 41 or H. V. 70, 1- or 2- inch-diameter filter paper.

Portable radiation survey instruments: High-and-low-range beta gamma

instruments; alpha instruments, if necessary.

Radiation cope and tape (magenta and yellow).

Film badges.

Dosimeters, high and low range.

Full protective clothing: coveralls, shoe covers, gloves (cotton or rubber)

hoods and head covers.

Personnel respiratory protection: Full face nusks, self-containel

breathing apparatus.

Portable air samplers.
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Stanchions

Self-adhering tapes or labels including the following: "contaminated

area," "radiation hazards" and "contaminated."

4. PROCEDURLS.

4.1 Area Desigpa*"ons for Army Nuclear Power Plants.

4.1.1 General areas.

4. 1. 1. 1 Restricted Areas - All areas within The site

boundary or fence enclosure.

4. 1. 1.2 Unrestricted Areas - All areas outside the site

boundary or fence enclosure.

4.1.2 Specific plant areas.

4. i. 2. 1 Clean Area - Any area free of radioactive materials.

4.1.2.2 Desigated area - Any area where personnel access

is controlled. Ihese designated areas will be the various radiation e:xposure

areas specified in Methods 712 through 716.

4.2 General Conditions for All Designated Areas

4.2.1 No eating, drinking, or smoking shall be allowed in any area,

except in those clean areas designated for this purpose.

4.2.2 The use of radioactive materials or contaminated items ina

clean area will be under direct surveillance of a health physicist.

4. 2. 3 Radioactive materials may be carried through a clean area

711-2 1 July 1966 )
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provided (1) the radioactive material is contained so that the

loss of any of the material cannot occur while being transported; (2) surfaces

of outside containers are free of radioactive material contaimination.

4.2.4 Contaminated protective clothing shall not be worn in clean

areas.

4.2.5 If radioactive material contamination occurs in a clean area ,

0 it must be removed as quickly as possible, using Decontamination Procedures

listed in Method 351.

4.2.6 All visitors who enter any of the designated areas shall be

required to obtain prior approval to enter the area from the Officer-In-,

(.Th Charge and shall be escorted by plant personnel under a RWP.

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION.

Not applicable.

C 711-3 1 July 1966
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METHOD 712

RADIATION AREAS

1. SCOPE.

This method specifies the procedures to be followed in classifying and

identifying the Radiation Area and the requirements for entering the area.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Same as Method 711, Paragraph 3.

4. PROCEDURES.

4.1 Classifying and Identifying Radiation Area.

The method for establishing the type of area shall be by appropriate

radiation surveys as described in Method 500.

4.2 Posting.

4.2.1 Post the Radiation Area with the appropriate magenta and

yellow "Radiation Area" signs.

4.2.2 Post the signs at the barrier of th? area which may be a

radiation rope or a door. Place the signs at each possible entrance so that

they are easy to see.

4. 2. 3 Mark the signs to indicate the radiation levels at the barrier

and the date of the radiation survey. A room or area is not required to be

I 712-1 1 July 19r,")
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posted with a caution sign owing to the presence of a sealed source, pro-

vided the radiation level 12 inches from the source container or housing

does not exceed 5 millirem per hour.

4. 3 Requirements for Entering Radiation Area.

4. 3.1 Film badges and pocket dosimeters shall be worn by all

individuals entering the area.

4.3.2 Persons shall read2 , comply with, and sign applicable RWP.

4. 3. 3 Occupancy time limits shall be set by the health physicist

tc insure that personnel exposure limits are not exceeded. These limits

shall be adhered to under the supervision of the health physicist.

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION

For the signs used for Radiation Areas, see Reference (26) in the

Reference Section.
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A METHOD 713

HIGH RADIATION AREAS

1. SCOPE.

This method specifies the procedures to be followed in classifying and

identifying a High Radiation Area, and the requirements for entering the

Area.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Same as Method 711, Paragraph 3.

4. PROCEDURES.

4.1 Classifying and Identifying High Radiation Area. See the radiation

surveys, as described in Method 500.

4.2 Posting.

Post the High Radiation Area with the appropriate magenta and yellow

signs. Follow all general instructions for posting as olitlined in Method 712,

Paragraph 4.2.

4.3 Requirements for Entering High Radiation Area.

4.3. 1 A RWP shall be issued, properly signed, and complied with,

in accordance with Method 731.

4.3.2 The shift supervisir on duty shall approve all entries and
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operations in the High Radiation Areas.

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTA l7ON.

The signs used for Radiatlon Areas are specified in AR 385-30.

C)
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METIIOD 714

RADIOACTIVE MATERIALS AREAS

1. SCOPE.

This method specifies the procedures to be followed in classifying and

identifying a Radioactive Materials Area and the requirements for entering

the Area.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Same as Method 711, Paragraph ..

) 4. PROCEDURES.

4.1 General. Radioactive Materials Areas may include any of the areas

described in Methods 712 through 716. Specific radiation areas (as described

in Methods 712, 713, 715, and 716) that are within the Radioactive Materials

Area shall be clearly marked with the signs specific to the individual area.

A. 2 Classifying and Identitying Radioactive Materials Areas.

These areas shall be determined by aerountabi!ity techniques, and

Includihag recording thv types and amounts of radioactive materL! entering

ard leaving the plant and the amounts and storage location of inatcerii

hin Inventorv, litdio'CtIv' Matcrinl, A'v.xmay rAlso alio s ,tal-lished to re-

nti'il t,,-,I-t and eqiipmrnt traffic in iocations Ohr, radiation or con-

taminatio. hazards exdist
SI4- ,July 19564
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4.3 Posting.

Post the appropriate Radioactive MaterL!s Area sign at the

enta•nce to the area. The conditions established by the Health Physicist

is the same as those listed in Method 712, *Paragraph 4.2. The source and

type may also be included on a card attached to the sign or on the sign proper.

4.4 Requirements for Entering Radioactive Materials Area.

4.4. 1 Restrict the area to personnel having definite Ibsiness in the

area.

4.4.2 Caution signs are not r-quired to be posted at z, area or- rom

containing radioactive materials for perioc-s of less tlwi 8 hours, provided

that (1) the materials are constantly attended du--ing such periods by an indi-

vidual who shall take the precautions necessary to prevent the exposure of

any individual to radiation or radioactive materials in excess of the limits

established in AR-40-14 and (2) access to such area or room is subject to

control by the OIC.

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION.

The signs used for Radiation Areas are specified in AR 385-30.
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METHOD 715

SURFACE CONTAMINATION AREAS

1. SCOPE.

f. The purpose of this method is to specify the procedures to be followed

in classifying and identifying a Surface Contamination Area and the require-

ments for entering the Area.
a? 2. SAMPLE.

Not Applicable.

3. APPARATU.S.

Same as Method 711, Paragraph 3.

) 4. PROCEDULRS

4. 1 Classifying and Identifying Surface Contamination Area. Determine

the "Surface Contamination Area" by a thorough smear and instrument

survey, as described in Methods 511 and 512.

4.2 Posting.

4.2.1 Post the appropriate Surface Contamination Area sign at the

entrances to all surface contamination areas.

4.2.2 The sign shall meet the conditions as specified in Method

712, Paragraph 4.2.

4.2.3 On the sign post the survey date, highest surface contamination

level recorded, and the initials of the surveyor.
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4.3 Requirements for entering Surface Contamination Areas:

4.3.1 The entrance into all Surface Contamination Areas shall be

restricted. Protective clothing shall be required as specified in Paragraph

3.7 of Method 711.

4. 3.2 If the contamination is confined to movable equipment, identify

the item% with a Surface Contamination Area sign or tags (see Method 251).

Arrange to have the item removed to the decontamination area. Loose

contamination shall be contained during transportation by use of polyethylene

bags or sheet, or blotting paper (see Method 211, Paragraph 4. 3).

4.3.3 If the contamination is present on fixed equipment, establish

a barrier approximately 2 to 4 feet from the equipment, or cover the equip-

ment with polyethylene sheet and tape the edges until the equipment can be

decontaminated.

4.3.4 If the contamination is present on the floor and immediate

decontamination (within 24 hours) is possible, mark the area off with

radiation marker rope and post the Surface Contamination Area signs.

4. 3. 5 If immediate decontamination of the floor is not possible,

mark the area off as described in Paragraph 4. 3.4. In addition,

place magenta and yellow adhesive tape on the floor under the rope.

4. 3.6 If contamination is confined to a small floor that cannot be

cieaned immediately, cover the area with blotting paper or polyethylene
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sheet and tape the edges. Identify the area with a Surface Contamination

Area sign (see AR 385-30) or tag (see Method 251).

4.3.7 Establish a control point for entrance into the area.

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION.

The signs used for Radiation Areas are specified in AR 385-30. The

specification for limits for a Surface Contamination Area shall be as

determined by the plant technical manual.

715-3 1 July 1966

ir



1 Health Physics-
Process Control

METHOD 716

AIRBORNE RADIOACTIVITY AREAS

1. SCOPE.

The purpose of this method is to specify the procedures to be followed

in classifying and identifying an Airborne Radioactivity Area and the

requirements for entering the area.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Same as Method 711, Paragraph 3.

4. PROCEDURES.

4.1 Classifying and Identifying Airborne Radioactivity Area. Determine

the airborne radioactivity by taking air samples as described in Method

513. The method of counting the air sample is described in Method 631.

4.2 Posting.

4.2. 1 Post all Airborne Radioactivity Areas with the appropriate

Airborne Radioactivity Area sign.

4.2.2 The sign shall be initialed and dated by surveyor and shall

contain all conditions mentioned in Method 712, Paragraph 4.2.

4.3 Requirements for Entering Airborne Radioactivity Area.

4.3. 1 An RWP is required for work in all Airborne Radioactivity Areas.
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4.3.2 Attempt tc find the cause of the high activity if the airborne

activity is greater than the limits specified in Section 6.

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION.

The signs used for Radiation Areas are specified in AR 385-30. The

operational limits for airborne radioactivity shall not exceed 10% of the

amount specified in Appendix B, Table I, Column I of 10 CFR 20 or M. P. C.

derived therefrom.
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METHOD 721

ESTABLISHING TEMPORARY CONTROL POINTS

1. SCOPE.

Tnis method specifies the criteria and procedures for establishing Temporary

Control Points.

2. SAMPLE.

Not applicable.

3. APPARATUS.

3. 1 Absorbent paper.

3.2 Masking tape.

3.3 Clothes containers.

3.4 Monitoring instrument. Low-level beta-gnamma survey meter and

(if necessary) alpha survey meter.

3.5 Protective clothing, coveralls, labcoats, and cotton and rubber

gloves, shoe covers, head covers, and rubbers.

3.6 Plastic bags.

3.7 Dosimeters.

3.8 Film badges.

3.9 Full face masks.

3.10 Self-contained breathing apparatus.

3.11 Smears.

721-1 1 July 1966
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3.12 Air Samplers.

3.13 Polyethylene sheeting.

4. PROCEDURES.

4. 1 Temporary control points may be established at the entrance to each

of the designated areas described in Methods 712 through 716. Temporary

control points shall be established primarily to control the spread of contami-

nation. Entry into a Radiation Area, High Radiation Areas, Airoorne Radio-

activity Area, and Surface Contamination Area shall require an RWP and the

establishment of a Permanent Control Point.

* 4.2 If the area is a Radiation Area only, the individual entering the area

Lehall read his dosimeter before entering, and when leaving, the area.

If there is a time limit for the area, the self-reading dosimeter shall be read

frequently, depending on the radiation level. If applicable, tL-ne limits for

exposure to beta radiation will be furnished by the health physicist.

4.3 For entrance into a Surface Contamination Area, a step-off pad of

absorbent paper or polyethylene shall be provided at the entrance of the

barrier to the control point. The step-off pad -may be on both sides of the

barrier, however, the controlled side should be clearly marked from the

uncontrolled side.

7
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A i" NOTE

The step-off pad shall be made by taping ab-
sorbent paper or polyethylene sheeting to the floor.
The absorbent paper may be taped over the
polyethylene where there is a possibility of wet
contamination or where there will be heavy traffic
through the control point. The pad shall be re-
placed whenever it is contaminated or badly worn.

4.3. 1 If the general area contamination levels are greater than the

gross limits (as specified by the plant technical manual), protective

clothing shall be required as specified by the health physicist for all

persons entering the area.

4.3.2 Laundry hampers for use (presumably contaminated) clothing

shall be provided on the contaminated side of the barrier.

4.3.3 Clothing will be worn only once and then placed in lsundry

containers unless monitored and released.

F 4.3.4 A low-level beta-gamma and (if needed) alpha instrument

shall be provided for personnel leaving the Surface Contamination Area so

that they may monitor themselves to prevent the tracking of contamination

into clean areas.

.V 4.3.5 All personnel will check out on hand and foot monitor after

cleaning up and before resumiig normal duties in clean areas.

5. RESULTS AND COMPUTATIONS.

Not applicable,

6. TEST METHOD IMPLEMENTATION

721-3 1 July 1966
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The plant technical mavual specifies the allowable surface contaninatic-•

levels at control points before changing the step off pad. The plant technical
3

manual also specifies frequency of survey of control points.

A P9
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METHOD 722

I PROCEDURES FOR PERSONNEL ACCESS CONTROL

I. SCOPE.

The method specifies the criteria and procedures for establishing control

points for personnel access to the various designated areas within the

nuclear facility.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Same as Method 721, Paragraph 3.

4. PROCEWURES

4.1 Maintain personnel access control by establishing a series of control

points through which people and material pass.

4.2 Establish permanent control points for areas where the radiation

and contamination conditions are not subject to rapid change.

4.3 Locate permanent control points at the entrance to any of the con-

trolled areas described in Methods 711 through 716 or at other

areas where the Officer In Charge wishes to control personnel access for

an extended period of time.

NOTE

The conditions which require the establishment
of any particular Permanent Control Points sihall

I2 -S722-1 1 July 1966
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be reviewed periodically by the Health
Physicist and OIC, to Insure that the
control point criteria are satisfactory
and meet the needs of the existing
conditions In the controlled areas In-
volvcd.

4.4 Make a thorough survey of the area before establishing a control

point. This survey shall include air, smear, and instrument

surveys as Indicated in Methods 511, 512, and 513. After obtaining the

results, the health physicist shall establish the criteria for passage through

the control point. These entry criteria include types of clothing required,

respiratory equipment needed, occupancy time limits set, and the personnel

monitoring equipment required.

4.5 The control points shall provide only entrance through the barrier

into the controlled area, and shall be posted with the appropriate

signs (see AR 385-30). The health physicists shall perform a smear test on

areas suirournding control polr.s at regular intervals to assure contamination

control.

4.6 Issue RWP's to indicate the proper precautions to be observed while

work is being periormed in a controlled area. The precautions to be

observed shall be reviewed, %vritten down, and posted at the control point of

the area in question. The RWP's are covered in Method 731.

4.7 Personal clothing may be worn in areas having positively no surface
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or airborne contamination. Personal clothing may not be worn

under protective clothing unless specifically authorized by the OC. Personal

clothing and valuables will be taken into controlled areas where protective

clothing is worn at the owner's risk.

4.8 Wear protective clothing in all areas where there is a possibility

that surface and airborne contamination might exist. The type of

protective clothing shall be determined by the health physicist on the basis

of the job to be done. The clothing shall be stored either at the clean si.de of

the control point or at a designated change room.

NOTE

It is good practice to tape all openings
of protective clothing. Tape coveralls
and bootees shut, sleeves to gloves, and
the collar of coveralls snug around neck.
Protective clothing will be worn only once
and then placed in laundry hampers unless
monitored and released.

4.9 In any area where airborne radioactive material may be present,

the health physicist shall take an air sample to determine the air-

borne radioactivity levels. On the basis of this air sample, the health physicist

shall determine the need for protective respiratory equipment before workers

go into the area. Even if the activity level of the air sample is within specified

limits, the equipment shall be conveniently available, because conditions

could change rapidly.
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4.10 Personnel monitoring equipment shall be worn by all people entering

a restricted area.

4.10.1 Film badges. Personnel shall have a beta-gamma film badge

at all times while inside the restriced area. Neutron badges

shall be provided for entry into an area where neutron exposure is possible.

4.10.2 Dosimeters. Personnel shall wear either self-reading dosi-

meters or non-self-reading dosimeters with the film badges

in all radiation areas, or whenever the health physicist declares it. During

operationr in which large external doses are possible, a high-range dosimeter

should be carried by each member of the work party.

4.10.3 Film badges and dosimeters should normally be worn to-

gether on the firot part of the body between the waist and the

shoulders. During special operations, the film badge and dosimeters should

be worn together in a position that will record the greatest exposure to the

body. In contaminated areas and on jobs that require a great deal of agility,

the film badges and dosimeters should be securely attached to the individual

and covered lightly to preclude loss and contamination.

4.11 Provide low-level beta gamma survey meters at the exit to the

controlled area so that personnel, equipment, and clothing may be

monitored before they leave .e controlled area.

4. 12 Provide airborne radioactivity monitors and samplers to take an
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air sample before operations begin. Air samplers shall be avail-

able to take samples periodically Auring work operations.

4.13 Tools and other equipment may be brought into a controlled area

without restriction.

4.14 Provide a step-off pad at the Control Point as specified in Method

721, Paragraph 4.3.

4.15 Provide clothes hampers on the contaminated side of the barrier

for the disposal of protective clothing.

4.16 Provide receptacles for contaminated waste.

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION.

The plant technical manual specifies the maximum allowable airborne

raoioaclivAt within a given area.

S722-- 1 July 1966
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METHOD 723

PROCEDURES FOR PERSONNEL LEAVING A CONTROL POINT

1. SCOPE.

* This method specifies the criteria and procedures to be observed for

personnel leaving a control point for the various designated areas within

the nuclear facility.

2. SAMPLE.

Not applicable.

3. APPARATUS.

p Same as Method 721, Paragraph 3.

4. PROCEDURES.

4. 1 Removal of Protective Clothing.

Remove Protective Clothing in such a manner as to prevent contami-

nation of the skin or articles of clothing worn underneath. Individual

techniques may be developed, but certain basic procedures shall be followed.

Any special instructions shall be given by the health physicist. It is generally

recommended that clothing be removed and discarded in the proper container

in the following sequence:

a. Outer gloves.

b. Full faces masks.

72- uy16
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c. Cap.

d. Coveralls.

e. Outer shoe covers.

f. Inner gloves.

g. Inner shoe covers.

The monitoring procedure shall begin as soon as the inner shoe cover has

been removed and the individual has stepped onto the step-off pad.

4.2 Monitoring Procedures.

4.2.1 Control Point for Radiation Area.

4.2.1.1 All personnel shall read their dosimeters at the

control point for a Radiation Area when leaving the

area.

4.2.1.2 Personnel who spend extended periods of time in

radiation areas should be constantly monitored to

insure that Radiation Exposure Limits are not exceeded.

4.2.2 Control Point for High Radiation Area.

4.2.2.1 Personnel working in a High Radiation Area shall

be periodically checked by health physicist to insure

that Radiation Exposure Limits are not exceeded. The time between checks

will depend on the radiation level.

723-2 1 ftily 1966
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4.2.2.2 In areas where the radiation levels are extremely

high or operations are of a nature that radiation

levels could become extremely high, constant monitoring will be provided

by a health physicist,.

4.2.3 Control point for Surface Contamination Area or Airborne

Radioactivity Area.

4.2.3.1 Monitor every item removed from a Surface Con-

tarnination or Airborne Radioactivity Area for beta-

gamma contamination.

4.2.3.2 When an individual leaves a controlled area, he shall

be monitored for beta gamma contamination by the

following procedure: Remove protective clothing and step onto the step-off

pad at the control poin, for the Surface Contamination or Airborne Radioactivity

Areas. Here, the soles of the feet shall be monitored by a health physicist or

ar individual trained In perqonnhel monitoring. If his feet are clean, the in-

dividual may step off the pad into the clean area and the monitoring shall be

completed. If the feet or any other part of the body are found to be contaminated

the individual shall put on rubbers or shoe covers and be taken to a persohnel

decontamination area for decontamination. (See Methods 321 through 324).

5. RESULTS AND COMPUTATIONS.

Not appllcable.
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6. TEST METHOD IMPLEMENTATION.

Not applicable.
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METHOD 731

ISSUANCE OF RADIATION WORK PERMIT

1. SCOPE.

1.1 This method specifies the procedures to be followed in issuing and

terminating Radiation Work Permits (R WP).

1.. 2 Also included are the personnel monitoring and record-keeping

1p requirements and regulations to be observed in the working area.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Portable hlgh-and-low-range-beta--gamma instruments, alpha and

neutron instruments, if needed.

Smears.

RWP Forms.

, Protective clothing: coveralls, labcoats, head covers, gloves (cotton

and rubber), shoe covers, and rubbers.

Full face masks.

Self-contained breathing apparatus.

Masking tape.

Absorbent paper.

Portable air sampler.
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Dosimeters.

Pencils.

4. PROCEDURES.

4.1 The tNo types of RWP'a used in the ANPP are S3pecial Radiation

Work Permits end Routine Radiation Work Permits.

4.1.1 The purpose of the Special Radiation Work Permit is to assure

that no work will commence on potentially contaminated

equipment or in areas where radiation is present until each job has been

properly evaluated from a radiological standpoint and approved by responsible

personnel.

4.1.2 The Special Radiation Work Permit shall be initiated by the

health physicist to authorized personnel for entry and work

in a Radiation Area, High Radiation Area, Surface Contamination Area,

and Airborne Radioactivity Area.

4.1.3 A Routine Radiation Work Permit shall be issued to cover

al' jobs of a repetitive nature where radiological conditions

do not change.

4.2 The Health Plysics procedures for filling out both Routine and

Swpectal Radiation Work Permits shall be as followb:

4.2. 1 The RWP shall be requested by the job supervisor or any

one of the group that wUl be performhig the work.
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4.2.2 The Health Physicist shall monitor the work area for

external and internal radiation hazards and establish

time limits, set up protective clothing requirements, and designate the type of

I area to be set up.

£ 4.2.3 The health physicist shall complete the RWP containing

instructional procedures to be followed, clothes to be

worn, and time limits to be observed.

4.2.4 A copy of the RWP will be issued and posted at the job

site.

4.2.5 There shall be only one Special Radiation Work Permit

for a specific job at any one time. The Special Radiation

Work Permit will take precedent over the Routine Radiation Work Permit

whenever there is a job in the same area and where there is a conflict

between the two.

4.3 Special Radiation Work Permit.

4.3.1 The Special Radiation Work Permit shall be approved by the

health physicist and the shift supervisor. If any question

arises concerning operations in the plant, the OIC shall stipulate under what

operating conditiorns the Special Radiation Work Permit shall be issued.

4. 3.2 Fvery individual prforming, observing, supervising or

being in any way connected with the work performed under

73:-3 1 July 1966



Health Physics-
Process Control (

the permit shall sign hie last name and initials to the permit, and note his

film badge number and dosimeter serial number. Th1e reading of the self-

reading dosimeter upon entry into and return from a work permit area shall

be noted as well as the time in and ont. Total time and estimated dosages

received shall be noted. A signature on the RWP designates understanding

of the permit and compliance with instructions.

4.3.3 Each Special Radiation Work permit shall be prepared

for one specific job and shall remain valid for periods

not exceeding 24 hours. It shall not be used on a second job, ever if the

second job is identical to the first job covered on the permit. A new Special

Radiation Work Permit may be issued for the same work at the discretion

of the health physicist and OIC.

4.3.4 If the conditions under which a Special Radiation Work

Permit wa s ;_ssued change considerably for the worse

d(iring the work, the RWP shall be terminated by the supervisor or the

health physicist.

4. 4 Routine Rad ation Work Permit.

4.4.1 The Routine Radiation Work Permit is issued for jobs

of a repetitive nature. It shall be valid for an extended

period of time. It shail require approval by the health physicist, OIC, and

the supervisor of the sectior doing the work. The same conditions as
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specified in Paragraph 4.3.2 shall be met for a Routine Radiation Work

Permit.

4.4.2 The Routine Radiation Work Permit shall not be written

for any operation in which conditions may suddenly change

for the worse, even though the job is one of a repetitive nature.

4.5 Posting Requirements.

4.5.1 Post the RWP's at the job site control point until the

completion of the job. The permit shall be placed in a

conspicuous place where it may be seen easily.

4.6 Entries made on an RWP involved by personnel.

4 •4.6.1 The only entries made on RWP's with the exception of the

time record section, shall be those made by the individual

originatin7 the RWP, the health physicist and the authorizing shift supervisor.

4.7 RWP Termination.

4.7.1 Anyone may terminate a work permit by checking with

the working party for completion of the j.b and ascertaining

that all participants have signed off on the permit prior to signing this section

and dating it. When a permit is terminated, entry will be made in ihe Station

Log. The permit shall not be used for another job.

4.7.2 The Radiation Work Permit will be terminated during the

job by the health physicist, supervisor or OIC, if conditions
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under which it was issued change sufficiently.

4. 8 The health physicist shall always be present during operations

he believes to be radiologically hazardous. Even when his

continuous presence is not required, he shall check the job periodically

to be certain that conditions of the job have not changed and that no new

hazards have developed.

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION.

Not applicable.
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METHOD 741

VAPOR CONTAINER ENTRY

1. SCOPE.

This method specifies the procedures to be followed in entering a

vapor container. The procedures also specify the equipment to be

used and the surveys to be taken. The surveys include Radiation Surveys,

Smear Surveys, Airborne Radioactivity Surveys, and Visual Surveys.

2. SAMPLE.

Vapor Container or Primary Building Air.

3. APPARATUS.

Protective clothing: coveralls, headcovers, hoods, shoe covers,
(rubber or plastic), gloves (cotton and rubber).

Respiratory Equipment - full face masks, self-contained breathing
apparatus.

High-volume air sampler.
1-Ugh and low-range beta-gamma survey instruments and neutron instru-

ments, if needed.
Clipboard with schematic diagrams of vapor container.
Film badges and beta-gamma and neutron film packets.
Dosimeters - beta-gamma (0-200 mr).
Pencils and pencil crayons.

4. PROCEDURES.

4.1 Using a constant air monitor determine gross level of airborne

activity in vapor container. This will decide whether self-

containedI breathing apparatus or full face masks will be worn for initial

entry. If no air monitor is available, self-contained breathing apparatus

is required. 741-1 1 July 1966
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4.2 Set up a control point outside the vapor container entrance,

using the procedures as specified in Method 722.

4.3 The person making the initial entry shall wear protective clothing

as specified by the health physicist. It is recommended that full

protective clcthing be worn for initial entry. Beta-gamma and neutron film

badges and a self-reading dosimeter shall be worn.

4.4 Respiratory protective equipment shall be worn until an air

sample is taken and evaluated.

4,5 After the reactor has been shut down for a minimum of 15 minutes

and the vapor container has been opened, two health physicists

shall enter the compartment first. Using a radiation survrey instrument, they

shall ascertain the radiation level at the entrance to the container.

4.6 When the vapor container is too small for more than one person

to make the cntry, the second health physicist shall stand by at

the entrance in case he is needed.

4.7 Upon ascertaining the general radiation levels, the health physicist

will be able to judge their time limit in the container and dose they

will receive.

4. 8 One of the health physicists shall then proceed to start an air

sample in the vapor container. The air sampler will be located

in the area where the major work is to be done. The air sample shall be
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taken with a high volume air sampler for approximately 15 minutes.

The samples shall be counted by a health physicist.

4.9 The health physicist shall make a thorough instrument survey with

a high and low-range beta-gamma instrument. HIe shall record

all readings on a schematic or data sheet. He shall concentrate on the

areas of future major work.

NOTE

Available neutron instruments shall
be used to check for neutrons on
initial entry.

4.10 The last survey the health physicist shall take will be a general

smear survey of the vapor container. If extended maintenance,

is to be performed on any single peice of equipment, it shall be thoroughly

smear surveyed. The smears will give an indication of the contamination

level and whether or not protective respiratory equipment may be needed.

4.11 The health physicist shall be thoroughly acquainted with the vapor

container, and while making his other surveys, he should be

constantly looking for any unusual conditions in the operating equipment

of the vapor container.

4.12 When the health physicist has completed his survevs, he shall

proceed to the control point, where he shall follow the general

procedures for leaving a control lx)int as outlined in Method 723.

: 1
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4.13 He shall t..n post the radiation readings of the vapor container

t on duplicate schematics or data sheets just outside the entrance

to the control point. These schematics or data sheets shall be large and

easy to follow.

4.14 A continuous watch shall be posted at the control point when

personnel are inside the vapor container.

4.15 If the vapor container is to be open for several days, the container

and the area around the container shall be monitored at least

4 hours after the original survey, 30 hours after the original survey and

every 24 hours thereafter. In buildings where the vapor container is only

a tank in the building, the building shall be surveyed on the same schedule.

4.16 The health physicist shall post instructions for entrance into the vapor

container immediately after the initial survey air sample has

been counted. These instructions shall include time limits, protective

respiratory requirements (if any), and temporary shielding placement (if any).

Temporary shielding shall always be installed under the direction of a health

physicist using a survey instrument.

4.17 The health physicist shall be present during thL performance

of radiologically hazardous jobs in the vapor container.

5. RESULTS AND COMPUTATIONS.

Not applicable.
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6. TEST METHOD IMPLEMENTATION.

The plant techrical manual specifies the shutdown procedures for the,
reactor.

This should include the following:

a. The time of entry after shutdown.

b. Coordination of the entry with the control room to eliminate

any possibility of the reactor going critical.

c. Assure that the ventilation air through the vapor container is

started immediately after shutdown.
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SECTION 800 - RADIATION AND CONTAMINATION CONTROL

Radiation work must be performed in a safe manner. Safety practices

should be observed regarding food handling, check of personnel activity, and

waste disposal. The objective is that every worker follow the necessary

procedures for his own protection, and for the protection of others. In a

radioisotope laboratory, skill in radiation protection is as necessary as

i skill in chendcal or biological manipulations. Safety procedures and special

equipment descriptions are presented on the following pages.

I

1
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METH1OD 811

WORK IN VAPOR CONTAINER AND ON PRIMARY SYSTEMS

i. SCOPE.

The purpose of this method is to describe the health physics

requirements for working in the vapor container and on primary

systems.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Full protective clothing.

Lab coats.

Full face masks.

Self-contained breathing apparatus.

Polyethylene sheeting.
o

Absorbent blotting paper.

Air particulate sampler - portable.

Smears.

Beta-gamma survey meters, high- and low-range.

Vacuum clean.•r with filter AEC approved 99.9% efficient for 0.3

micron P.O.P. particle, attached to exhaust.

4. PROC'EDUIIRFS.

4.1 Work in Vapor Container.

4.1.1 Mtake entry into the vapor container according to

procedures dercrihed in %ethod 741.

3 1 July 1066
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4.1.2 Follow the same general prccedures specified in

Paragraph 4.2 for work on systems other than primary

system in the vapor container.

4.2 Work on Primary Systems.

4.2.1 Obtain an RWP (see Method 731).

4.2.2 Set ut a Control Point as specified in Method 722.

4.2.3 Change to protective clothing in accordance with

Method 821, with appropriate respiratory protective

equipment, if required.

4.2.4 Obtain all tools necessary to perform the desired

work and to control contamination. Handle all tools

and material s3 though contaminated when brought past the control

point Into the work area.

4.2.S Read the dosimeter before entering the controlled

area.

4.2.6 A health physicist shall make a careful radiation

survey of the working area and recoumnd any

additiunal safety measures.

4.2.7 A health physicist shall periodically monitor the

area for radiological hazards and revise the RWP

when necessary.

4.2.8 While in the work area, all persons msl, observe

the radiation and conzaaination safety reasures as

follows:
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4.2.8.1 Welding, grinding, burning, chipping, and

opening of the Reactor Primary Systems

require that respiratory protective equipment be worn.

NOTE

The health physicist should be certain

that all lines containing radioactive

materials have been depressurized Gnd

drained before initiating work.

4.2.8.2 Venting of main coolant pumps also requires

thot respiratory protective equipment be

worn.

4.2.8.3 Cover all openings made in the Reactor

Coolant System. For example, if the primary

pump is dismantled, the pump volute should be blanked off with a

blind flange.

4 ,4.2.8.4 Avoid the spread of contamination by vacuuming

the area, if possible, and by using

absorbent paper and polyethylene sheeting.

4.2.8.5 Vacuum, if possible, the parts to be zemoved

and wrap then in polyethylene.

4.2.9 General safety rule for maintenance people while ars

work area are as follows:

4.2.9.1 Do not smoke or touch hands to face.
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4.2.9.2 Consult health physicist, as applicable,

before moving beyond the work area.

4.2.9.3 Keep respiratory protective equipment

available at all times.

4.2.9.4 Enter the controlled area and perform

operations without undue delay.

NOTE

If any unusual conditions occur, vacate

the a:'ea imediately.

1.1.10 Leaving the control point shall be by procedures

specified in Wethod 723.

4.2.11 The health physicist shall assist in hazardous

operations where radioactive materials are being

handled.

4.2.12 Hazardous jobs should be reviewed with the operating

crew. In many instances, a dry run will enable the

operations chief I the health piysicist to gain an idea of the

personnel required in relation tr, the tim. and dose rates of ;he

pa-rticular job.

S. RESULTS AND COMPUTATIONS.

Not applicable.

C. TEST METHOD IMPLEMENTATION.

The Dnant trecnnica.l manual covers extensive

maintenance work on the priHry systems.
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NEM:HOD 812

WO ON RADIOACTIVE WASTE DISPOSAL SYSTEM

AND SPENT FUEL PIT

I. SCOPE.

The purpose of this method is to describe the health physics

techniques znd procedures necessary to work on the ra'ioactive

waste disposal system (RWDS) and the spent fuel pit.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Same as Method 811, Paragraph 3.

4. PROCEDURES.

4.1 Work on RWDS.

4.1.1 Obtain&n RWP for maintenance on the radioactive waste

disposal system.

4.1.2 Follow applicable procedures as outlined in Method 811.

4.1.3 Notify tht shift supervisor before performing

maintenance work on the system.

4.2 Transfer of Fuel from Core to Spent Fuel Pit.

4.2.1 Follow applicable procedures of Method 8!1.

4.2.2 The mechanics of the fuel transfer will be established

by t.e pilant technical na-1 .

4.2.3 Provide polyethylene sheeting and tape for packaging

handling tools for mcvement.
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4.2.4 Decontaminate tocls according :o Methods 311 through

318.

4.3 Removal of Fuel Cask from Spent Fuel Pit.

4.3.1 Survey the c2Ak with a portable radiation gamma survey

instrument as it is being raised from the pit.

4.3.2 Per'it excess water to drain from the cask surfaces

into the pit. then wipe the cask dry with an absorbent

cloth. L

4.3.3 Provide a pad of absorbent paper to place cask on.

4.3.4 Thoroughly wipe down cask. Use procedure as outlined

in Method 354.

4.3.5 Perform a thorough saear surrey on the cask in

accordance with Method 512.

4.3.6 If still contaminated above levels as set by the plant

technical manual decontaminate until acceptable. limits

are met.

5. RESULTS AND COMPLTYATICNS.

Not applicable.

6. TEST METHOD IMPLEmENTAION.

Surface contamination limits of the spent fuel cask are

established by the pl&nt technical manual.
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METHOD 813

PRIMARY COOLANT SA4PLING FOR RADIOCHEMICAL ANALYSIS

1. SCOPE.

The purpose of this method is to describe the techniques used

in taking primary coolant samples for radiochemical analysis.

2. SAMPLE.

Primary coolant samples for radiochemical analysis.

3. APPARATUS.

Same as Method 811, Paragraph 3.

4. PROCEDURES.

4.1 Notify the shift supervisor before ta''ng a primary coolant

sample.

4.2 A routine RWP is required for routine sampling at the

sampling station.

NOTE

See Method 731 for detailed instruc-

tions concerning RWP Procedures.

4.3 Establish a controlled area around the sampling station if

not already in a controlled area.

4.4 Wear protective clothing, including shoe covers, rubber

gloves and protective respiratory equipment.

4.5 Provide particulate and gaseous air samplers, as applicable,

in accordance with Method 513.

lg813-1 1 July 1966

I;

I . _ _.... .. . .. .



Health Physics-

Process Control

4.6 Take primary coolant samples in accordance with normal

procedures.

4.7 If the sample is to be removed from the controlled area,

piace collected sample container in a double polyethylene

bag.

4.8 Monitor sample with a portable beta-gamma survey meter to

establish radiation levels.

4.9 Place the primary coolant sample in a carrying container.

4.10 Turn off the air sampler and count air samples, using

techniques specified in Method 631.2.

4.11 Smear survey controlled area including sampling station.

4.12 If the controlled area count is lower than limits established

by the plant tecnnical manual, then remove area controls.

4.13 If the controlled area is contaminated, decontaminate it,

using procedures specified in Methods 351 through 355.

S. RESULTS AND COMPUTATTONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION.

Not applicable.
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METHOD 821

PROTECTIVE CLOTHING FOR HANDLING RADIOACTIVE MATERIALS

1. SCOPE.

The purpose of this method is to describe the types$ purposes,

and criteria for use of the various kinds of protective clothing

worn when handling radioactive materials.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Shoe covers.

Gloves.

Head covers.

Lab coats.

Coveralls.

4. PROCEDURES.

4.1 Shoe Covers.

4.1.1 Shoe covers consist of the following types:

a. Cotton shoe covers that just cover the shoes.

b. Vinyl shoe covers that just cover the shoes

(rubbers).

c. Cotton shoe covers approximately 13-17 inches high.

d. Vinyl shoe covers 13-19 inches high that will

have elastic or tie tops.
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e. Regular rubber boots.

S4.1.2 The purpose of shoe covers is to prvide protection

to the shoes and feet from loose radioactive materials,

both wet and dry.

4.1.3 The shoe covers are used in all areas where loose

radioactive material is present. Whenever there is

a possibility of the surface contamination being wet, vinyl shoe

covers shall be worn, or the cotton shall be covered with polyethylene

bags. Shoe covers which are torn or ripped shall be discarded.

4.2 Glcves.

4.2.1 Gloves consist of the following types:

a. Cotton.

b. Latex (surgeons gloves).

c. Heavy rubber process glovzs.

4.2.2 The purpose of protective gloves is to protect the

hands against wet and dry loose radioactive contam-

ination. Surgeon's glcves and the heavy rubber gloves are also used

to protect the hands against chemicals that may irritate the skin.

4.2.3 Protective gloves are worn whenever the possibility

of contamina-ion from loose radioactive materials

exists.

4.3 Headcovers.

4.3.1 Head covers consist of the following:

a. Surgeon's cloth cap.
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b. Hood that is made from either paper, cotton,

urethane, or a vinyl plastic.

4.3.2 The purpose of the surgeon's cap is to protect the

hair and the top of the head from radioactive

materials, The hood gives additional protection to the back of the

neck and the ears.

4.3.3 Surgeon's caps are used to prevent airborne transfer

from contamination objects. Paper and cotton should

never be used where there is a possiblity of liquid radioactive

contamination. Where a wat airborne contaminant is present, vinyl

or rubberized hoods should be worn.

4.4 Lab Coats.1"
4.4.1 The two types of lab coats generally used are as

follows:

a. Cotton.

b. Vinyl plastic.

4.4.2 The purpose of the lab coat is to protect personnel

clothing against water, chemicals, acids, and

radioactive materials.

4.4.3 The lab coat is used primarily in the radiochemistry

laboratory, but may be used in other areas where

extensive personnel protective clothing is not required. The cotton

lab coat may be uscd for wet operations, provided a latex or plastic

apron is worn to cover the front of the lab coat.

821-3 1 July 1966
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4.5 Coveralls.

4.5.1 The three types of coveralls are as follows:

a. Paper.

b. Cotton.

c. Latex or vinyl ("acid suit").

4.5.2 The purpose of the protective coveralls is to protect

the body of personnel against loose radioactive

materials.

4.5.3 The treated paper suit of protective clothing is

used only for dry operations. The cotton protective

coveralls is the one most frequently utilV•?zi in nuclear facilities.

The latex or vinyl suit should only be used for wet operations where the

body may be contaminated extensively with radioactive or other toxic

materials.

4.6 General Instruction for Protective Clothing.

4.6.1 Ripped or torn protective clothing should be repaired

immediately, or if badly damaged, they should be

discarded.

4.6.2 Latex or vinyl suits should only be worn when

absolutely necessary. When the ambient temperature

goes above 800 F and an individual is wearing a latex or vinyl suit,

the health physicist should constantly check the individual for heat

prostration, dizziness, and weakness. Water intake should be increased

821-4 1 July 1966
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to compensate for fluid losses. Also, frequent rest periods should

be provided. Additional salt tablets ne-d not be taken unless the

suit is used frequently for long periods of time

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION.

The plant technical manuel specifies the type of protective

clothing to be worn when working at various concentrations of

airborne radioactivity.
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MThOD 831

GENERAL REQ!JIRFMENTS FOR ALL RESPIRATORY EQUIPMENT

1. SCOPE.

The purpose of thiF method is to describe the general requirements

applicpble to all respiratory equipment.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Respirators.

Self-contained breathing apparatus.

Goggles.

Full face masks, M17, M9A1, Mark IV.
'4 -

Air supplied masks.

Compressor.

Gas cylinders.

Air supplied suits.

S4. PROC.DURES.

4.1 The best facial fit of respiratory equipment is obtained

with the maximum amount of flat rubber surface lying

against the skin area.

4.2 A second factor in facial fit is the action of the head

harness, which shouild accomplish the following:

a. It should stay adjusted.
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b. The harness buckle should not cut into the harness.

c. It should be so placed that it can be used to adjust the

facepiece portion.

d. Adjustment should be tight enough to assure a comfortable

fit.

4.3 Personnel using respiratory equipment should be constantly

drilled In its use.

4.4 Snecial fitted glasses should be provided for people who

need glasses and have to wear a mask.

4.5 Openings in the facepiece require special attention to

insure that the seal around these openings are leak-tight.

4.6 Full face masks, when used at very low temperr.tures

C-300 F) give poor visibility and exhibit freezing ot

exhalation valves. Anti-fog compounds and nose cups inserted in the

face will reduce these k)roblems.

4.7 Wear respiratory protective equipment that is designed

specifically for the toxic material to which an individual

will be exposed.

4.8 Respiratory protective equipment is a temporary measure to

he used oniy until the source of the toxic material can be

eliminated.

4.9 The necessity for good maintenance and monitorinq of

equipment is ff primary importance in keeping protective

respiratory equipment in good condition and available for immediate use.
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S. RESULTS AND COMPUTATIONS.

Not applicable..

6. TEST METHOD IMPLEMENTATION.

Use an airline mask or self-contained breathing apparatus when

welding brass, bronze, or galvanized iron in confined spaces.

lWhen cutting iron or steel coated with lead or paint containing

lead, always wear a suitable airline mask. No operation of this

( type should be considered free from the effect of lead fumes. Positive

protection against breathing lead fumes that occur when lead is

heated to va~orization temperature is mandatory.

(
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METHOD 832

THE RESPIRATOR

1. SCOPE.

The purpose of this section is to describe the use of the

respirator.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Respirator: facepiece assembly, filter cartridge holder, and

filter.

Goggles.

4. PROCEDURES.

4.1 Filters should be specific for the material to be filtered.

A respirator that is specified for radioactive mterials

should not be used for chlorine gas unless so stated in the Manu-

facturers' Literature.

4.2 Wear goggles for eye protection when wearing a respirator.

4.3 Wear respirators when working with non-radioactive and non-

toxic dusts.

4.4 Adjust respirator so that it fits close, but not extremely

tight. The respirator must fit the head and face so that

it will be air tight when properly donned.

4.5 Chock respirator, using the following procedure:
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4.5.1 To clear, close the outlet valve by cupping the hand

firmly over the opening. Blow hard to clear facepiece.

4.5.2 To test fo: leaks, shut off air supply by placing

hands over air Inlets. Inhale. No air should enter,

and the facepiece should collapse against the face.

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION.

Not applicable.
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METHOD 833

FULL FACE MASK

1. SCOPE.

The purpose of this method is to describe the use of the full

face mask.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Full face mask.

4. PROCEDURES.

4.1 Use the full face mask in low-level airborne radioactivity

areas. The M17, M9AI, and the Navy Mark V are used in the

ANPP.

4.2 When using other types of commercial masks, the limitations

and specifications of the filter cartridge should be known.

4.3 Put on the full face mask, using procedures given in FM21-41

Department of the Army Field Manual "Soldiers Handbook for

Chemical and Biological Operations and Nuclear Warfare".

S. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENT'iION.

Not applicable.
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METHOD 834

THE SELF-CONTAINED BREATHING APPARATUS

1. SCOPE.

The purposa of this method iste d0scribe the use and limitations

of self-contained breathing apparatL3.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Self-contained breathing apparatus.

Compressed air supply.

Re-charging equipment.

4. PROCEDURES.

4.1 The self-contained breathing apparatus is a full faced,

self-contained air supply mask, equipped with a compressed

air cylinder. The cylinder contains approximately a 30-minute air

supply under normal conditions. The air supply is reduced consider-

ably under heavy working conditions and accelerated breathing.

NOTE

The health physicist should knci- the limit-

ations of all air cylinders at his installation.

4.2 The self-contained breathing apparatus is used in the

following circumstances:
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a. Insufficient oxygen in the air.

b. Chlorine or some other toxic gas present.

c. High concentration of radioactive dust, vapor, or gases.

4.3 The self-contained breathing apparatus should be used under

the direction of the health physicist.

NOTE

Sufficient instruction should be given

and drills conducted so that all

personnel who may be required to use

the self-contained bh'.?thing apparatus

will be familiar with its iperation and

capable of using it prompt'y.

4.4 Follow the manufacturer's instructions for use of the

equipment.

4.5 Store all self-contained breathing apparatus with full air

cylinders. All air cylinders whose regulators indicate less

than capacity shall be recharged to capacity, using the breathing

air recharging equipment.

4.6 Locate the recharging unit in a clean area. The compressor

shzll be equipped with adequate pro-filters so that air

coming into the storage cylinders will he clean.

NOTE

Use Air Onlyl Do Not Use Oxygen!
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4.7 Decontaminate apparatus, using procedures in Method 341,

S. RESULTS AND COMPUrATIONS.

Not applicable.

6. TEST METhOD '4"LEMENTATION.

Not applicable.

30
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MEMhOD 835

THE AIR LINE MASK

1. SCOPE.

Tlhe purpose of this method i¶ to describe the techniques w•loyed

in the use of the air line mask.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Air line mask.

a. Full face mask.

h. Regulator.

c. Egress cylinder.

d. Connecting line with quick-4isconnect fitting to air cylinder

or compressor.

4. PROCEDURES.

4.1 When entering or leaving a contaminated area, the wearer

"uses the epress cylinder containing a 5-minute air supply.

The unit is automatically replenished when the unit is connected to

the main 4ir supply. The air supply or compressor is never moved

into the contaminated area.

4.2 Air lin masks work on the same principle as the self-

contained breathing apparatus except that the source of

air is not carried with the individual.
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NOTE

The advantage of the air lineiask is

that it allows an individual to work

longer in a contaminated area than he

could with self-contained breathing

apparatus. The disadvantages of the

air linemask are as follows:

a. The range of movement is limited

to the length of the nupply hose

connected to the ask.

b. The supply hose makes supplied

air masks difficult and clumsy to

work with in confined spaces.

4.3 Follow the same principles .tf using, wearing, storing, and

cleaning as are followed for self-contained breathing

apparatus. (M4ethod 834.)

CAUT!ON

Any individual having a known physical

impairment (asthma, severe head cold)

that would be aggravated by izing the

equipment shall be prohibited from wear-

ing the equipment.
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4.4 Periodic drills to familiarize personael using the air line

mask shall be conducted by the health physicist.

4.5 Compressed air from plant compressors, from special

breathing air linee or from bottled tanks ad cylinders

umder high pressure may be used.

NOTE

Air compressors not specifically

designed for supplying respirable air

should not be used unless they have

specifically been approved for the

purpose. Also, be sure that bottled

gas is Pure. e e supply lines shall have

traps and drains at proper places to

assure that the air is clear and free

from excessive water and oil. The res-

pirable air bottles shall be distinctly

marked.

4.6 If the pressure of the air supply exceeds 30 psi, a pressure

regulator mwet be provided to pre,,ýeht J' pressure to the

air line hose f.-ao exceeding 30 to 36 psi. The r•gulator shall be

adjusted to give tVie following pressures to the mak:

'lose lsnlh• It Pressure at hose, psi

15-5S0 V-17
SO-2S0 17-3

83S-3 1 JTuy lý6
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NOTE

Two distinct types of regulators

are used:

a. The air demand regulatur admits air

to the mask when the wearer inhales.

I I'b. The pressure demand reguilator main-

tains a 3iight constant positive pressure

Ii on the mask to prevent contaminated air

from leaking in.

4.7 The air supply to the mask shall be not less than 2 cfm of

air at the minimum recomumended pressure and maximum length

of hose.

4.8 Respirable air supplies shall be from a source of air free

from contamination from radioactive materials and other

toxic materials.

4.8.1 The air shall contain the normal percentage of

Oxygen (21%), carbon monoxide (0t), and carbon

dioxide (0.03%).

* 4.8.2 The air shall be puro. This may be insured by

Anspecting the air around tho compressor intake for

radioactive materials; gasoline and diesel engine exhausts of all

types; smokes 1.7id gases from exhaiust stacks; and gases, dusts, and

varors from any dchicals that would adulterate the air supply.
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Compressed air sometimes carries fumes irom the oil necessary to

lubricate the compressor valves. Therefore,an air line filter is

necessary to zemove all these foreign materials rrom the air supply.

Care in the operation and maintenance of the air purifier and the

compressor is necessary, and a separate motor driven blower shouli

be used with the device.

S~NOTE2

As a safety precaution, station an

individual at the source )f air surply

w;,. the •ir supplied masks are being

used. Keep the air supply cylinder

I? and ccsnpressor out of the contaminated

atmosphere.

4.9 Establish simple positive signals between individual.s using

the supplied air respirators and individuals in attendance

at the air source so that a message indicating impending or actusl

trouble can be conveyed from one end of the air line to the other.

4.10 Decontaminate air line-masks, using procedures specified in

Method 341.

S. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST MET11OD IMPLEW.TATION.

Not applicable.
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METHOD 836

THE OXYGEN BREATHING APPARATUS

1. SCOPE.

The purpose of this method is to describe the techniques employed

in the use of the oxygen breathing apparatus (OBA).

2. SAMPLE.

Not applicable,

3. APPARATUS.

Full face mask with chemical canister.

4. PROCEDURES.

4.1 Do not use canisters if the seal has been broken.

4.2 Make sure canisters are capable of generating oxygen before

entering the contaminated area.

4.3 If the OBA is equipped with lungs, do not allow the lungs

to collapse while in a contaminated atmosphere. If this

happens, leave the contaminated area immediately. Short, quick,

panting breaths should reinflate the lungs and allow escape from

the area.

4.4 The itme limitation of the chemi:al canister shall be known

by all personnel using the canister and the time shall be

under the control cf the health physicist.

4.5 The health physicist shall remove oxygen breathing apparatus

5 minutes before the estimated time of depletion of the

chemical canister.

836-1 1 July 1966
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4.6 Dispose of used canisters immediately, in accordance with

manufacturer's instructions.

4.7 Provide a readily available supply of spare chemical

canisters.

4.8 Store nxygen breath.ing apparatus with fresh umused canisters.

4.9 Decontaminate the oxygen breathing apparatus, using pro-

cedures as outlined in Method 341.

S. RESULTS AND COMPUTATIONS. A i

Not applicable.

6. TEST METHOD IMPLEMENTATION.

The operational limits for airborne radioactivity shall not

exceed 10% of the amount specified in Appendix B, Table 1,

Column 1, of 10 CFR 20 or MPC derived therefrom. Self-contained

breathing apparatus shall be worn 'hen the 10% figure is exceeded by

a figure of 50.

6
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METHOD 841

TEMPORARY GAMMA SHIELDING

1. SCOPE.

The purpose of this method is to describe temporary gauma

shieldini. The shielding discussed in this method and in Methods

843 and 844 will be primarily that required for maintenance and

other short term operations.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Not applicable.

4. PROCEDURES.

4.1 Gama rays interact with shielding in three ways;

photoelectric effect, Compton recoil, and pair production,

depending on the energy level of the photon.

4.2 Ganma radiation will be effectively attenuated by high-

density materials. Lead and steel are used predominately;

hoWiever, large thicknesses of light materials, water or plastic,

also augment the attenuation of gammas.

4.3 The interaction of gamma radiation with high-density

material will result in a loss of energy to the gamma

radiation. The attenustion of the gamma rays is a function of the

energy of the radiation and the thickness of thi %hielding material.
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4.4 Methods are given in Results and Computations to find the

thickness of different shielding materials, which will

reduce the gama rad.La.on by a factor of one half (half-value

hayer) and also a factor of ten (tenth-value layer).

4.5 Examples of guama shielding to be used by the health

physicist are lead sheet, lead brick, and lead shot.

Steel brick and denleted uranium may also be used in place of lead

brick.

4.6 The following general principles for placing shielding

will apply to all operations.

4.6.1 Monitor the radiation levels of the gamma radiation

by taking a radiation survey described in Method 511.

4.6.2 Attempt to establish the predominate gamma emmitting

isotope to facilitate shielding computations.

NOTE

When shut down and working on primary

systems, assume Cobalt-60 to be the

predominate isotope.

4.6.3 Wh•., tsing lead shielding, estimate the area to be

shielded. Make allowance for all irregularities

(if any).

4.6.4 Pre-cut the sheet to the required configuration and

thickness.

841-2 1 July 1966
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NOTE

Thickness may be either computed or

found in the graphs which are given

in Part S.

4.6.5 Place sheets in designated location.

4.6.6 If sheets are to be placed around piping, hold them

in place by means of straps or bands.

4.6.7 Survey after placing sheets to ascertain if the

desired radiation level has been attained.

4.6.8 Use lead shot in bags to shield the valves • fittinrs.

4.6.9 The health physicist shall supervise placement of

lead shot.

NOTE

The attenuation factor using lead shot

will be approximately 60% of that used

for lead shielding.

4.6.10 Use lead and steel brick to build semi-permanent

shields.

NOTE

The brick should be placed on a sturdy

base, Uecause the average brick weighs

2S pounds and the use of many bricks

841-3 1 July 1966
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wili introduce a stress problem on

a flimsy base.

4.6.11 In some instances, molten lead may have to he

poured into crevices to prevent radiation streaming.

This operation should always be done under the guidance of a health

physicist. Proper respiratory equipment shall be provided as

personnel protection from airborne lead fumwis.

S. RESULTS AND COMPUTATIONS.

5.1 Attenuation of Gamia Radiation by Calculation.

5.1,1 Attenuation of a monoenergetic beam of gamma

radiation may be calculated by the following formula:

I = Ioe'ux (841-)

Where I = Intensity of beam after shielding.

e - Base of natural logarithm (2.718).

o M Intensity of beam before shielding.

u - Linear abs,,rption coefficient, c .

x - Thickness of shielding material, cm.

S.l.2 xl/2 is defined as the thickness (cm) of shielding

material required to attenuate the intensity oi

lamra radiation by a factor of two.

SI/Io eUXl/i2 (841- 2)

In Io/I - -Ux

841-4 1 July 19 66
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When 10 " 21

in 2 a 0.693 Uxl/2

Xl/2 a 0.693/p

5.1.3 The value of u, thA linear absorption coefficient

for various shielding materials as a function of

gamma energy ranges is given it. Table 841-1.. This value of u is an

approximation and does not include the buildup factor.

5.1.4 The formula in Paragraph 5.1.1 may be used to

estimate values other than the half value layer if

a natural logarithm table is available.

5.2 Graphical Solutions of Attenuation Equation.

5.2.1 Figure 841-1 gives inches of shielding material

necessary to attenuate the gamma intensity by a

factor of one half. Thus one half-value layer of shielding material

would reduce the dose rate to 1/2 of the original dose rate, two

half-value layers would redtice the dose rate to 1/4 of the original

dose rate, three half-value layers wculd reduce the dose rate to

1/8, and seven half-value layers wculd reduce the dose rate to 1/128

of the original dose rate.

5.2.2 Figure 841- 2 Rives the inches of shielding material

necesstry to attenuate the gama intensity by a

factor of 10. One tenth-value lever of shielding material would

redo•'e the dose rate to 1/10 of the orlginal dose rate. Two tenth-

S841- 1. July 1966
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vala layers of shielding material will reduce the original dose

rate by a factor of 100. Figure 841-2 will be more applicable

for shielding large dose rates.

EXAMPLE

Reduce the dose rate from a 1000 mr/hr

Co-60 source by a factor of 20, using

lead as the shielding material.

Co-60 a 1,3 Mev gamma ray energy.

Solution: Re-Ld on Figure 841-2 the

value of the ordinate at the point where

the 1.3-Mev abscissa intersects the curved

line representing lead. It will take

approximately 1.S inches of lead to

reduce the dose rate by a factor of ten.

To reduce the dose rate by a factor of 20,

find the half value layer on Figure 841,2

This is approximately 0.4 inch. Therefire,

1/10-value layer , I., inc'ies

1!2-value layer w OA in'2h

TOTAL 1.9 inches

It wilI take arp-pxImately 1.1) inches of

lead to rtduce a I 100!-mr/hr Co-60 source

by a factor of ZO or to SM Wr/hr.

o4 1-7I Ju1r 19(k6
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6. TEST MkTHOD IMPLEMENTATION.

See Refertnce 23 in the Reference Section for regulations of

personnel exposure.

I8
|
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METHOD 842

TEMPORARY NEUTRON SHIELDING

1. SCOPE.

The purpose of this method is to describe the need for temporary

neutron shielding in the nuclear power plant.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Not applicable.

4. PROCEDURES.

4.1 Temporary shielding for neutrons in a nuclear power plant

constitutes less of a problem than similar shielding for

gamma rays because of the following reasons:

4.1.1 The original power plant was designed to contain

the neutron flux from the core. However, there

may be neutron streaming through cracks and fissures in the

secondary shielding when the reactor is operating.

4.1.2 At a maximum of S minutes after shutdown (this

contains an adequate safety factor), no neutrons

should be coming from the core.

NOTE

Beryllium components, if present in

the core, will cortinvi to emit photo-

842-1 1 July 1966
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neutrons after the reactor is

shut dovu.

4.1.3 Another accessible source of neutrons in a nuclear

power plant would be from a calibration source used

for calibrating the various neutron survey meters and possibly

startup sources.

4.2 Temporary shielding is required for isolated streaming

through secondary shielding and for additional shield !

penetrations.

4.3 Neutrons are most effectively attenuated by material of

low atomic number. Hydrogeaous material, such as water

and most organic compounds, are useful in this respect. Heavy

plastic sheets may be used when liquid neutron shielding is not

feasible. Polyethylene borated to about 3% boron is the plastic

most commonly used, but other plastics or elastomers, wood, concrete,

and paraffin may be used.

NOTE

Low atomic number materials are

usually backed up by high cross-

sectional materials that, in turn,

are followed by high-density materials

for complete neutron shielding.

S42-2
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Neutron shielding may also come in other combinations and in

block form which provides for eas 4 er machining. Rubber (50% lead,

1% boron) and Paraffin (25% lead) are examples.

4.4 Neutron flux streaming through the existing shielding

will be measured by neutron surveys.

4.4.1 Survey areas with a fast neutron instrument to

determine the fast neutron flux (n/cm2 /sec).

4.4.2 Measure the area throughly, getting all dimensions.

4.4.3 Fill the streaming area as much as possible with

the appropriate shielding materfal.

4.4.4 Resurvey the shielded area with the shielding

temporarily in place.

4.4.5 If more shielding is necessary, add layers of

shielding material, such as borated polyethylene,

until the required attenuation factor is reached.

NOTE

This survey should be taken at full

reactor power; otherwise, extrapolate

values to that of full reactor power.

4.4.6 Fasten shielding in place.

4.4.7 After shielding for fast neutrons, survey for

thermal neutrons and gammas. Apply high cross-

sectional material followed by high-density material. Resurvey as

necessary.
1 July 1966
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4A4.8 Temporary shielding for the start up sources will

be the same as that presented in Paragraph 4.4.1

through 4.4.7.

4.4.9 If the paraffin shielding is lost from a neutron

source container, fil* the container immediately

with water as temporary shielding.

S. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METHOD IMPLEMENTATION.

See Reference 23 in the Reference Section for personnel

exposure regulations.

842-4 1 July 1966
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METHOD 843

TEMPORARY BETA SHIELDING

1. SCOPE.

The purpose of this method is to describe the use and need of

special temporary beta shielding.

2. SAMPLE.

Radioactive beta emitter to be shielded.

3. APPARATUS.

Not applicable.

4. PROCEDURES.

4.1 Beta radiation is not usually a shielding problem in a

nuclear power plant. When large amounts of beta isotopes

are present and they are shielded by high-density shielding, there

will be a problem from Bremsstrahlung (see Nomenclature). Pure

betas are best shielded by shielding materials of low atomic number

to eliminate Brensstrahlung.

4.2 Occasionally, it will be necessary for personnel to do

visual maintenance work on an open contaminated system,

whereby they will be expo3ed to high levels of beta radiation.

4.2.1 A bus or automobile windshield (preferably curved)

will provide excellent beta shielding. Clear

plastic may also be used.

4.2.2 Place windshiO7 between maintenance personnel and

-1 July 1966
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source of radiation with the convex side outward.

4.2.3 A clear plastic in sheet or moulded form, or material

such as aluminum or copper, may be kept and used

when beta-active material is hapdled.

S. RESULTS AND COMPUTATIONS.

Figure 843-1 illustrates the penetration ability of beta particles

of energy up to 4 Mev through various medias, such as lead,

copper, and glass. This graph may also be considered a snielding

graph. This may be done by taking the maximum range of beta

particles in various thicknesses of materials and providing a

thickness of material sufficient to stop the most energetic beta

particle.

6. TEST METHOD IMPLEMENTATION.

See Reference 23 in the Reference Section.

843-2 1 July 1966
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MFTHOD 844

SPECIAL HANDLING DEVICES

1. CCOPE.

The purpose of this method is to describe special handling

devices, such as various types of tongs, forceps, and remote

pipettes. Special handling tools for core changes and refueling

are net discussed here, but are included in Plant Operating Manuals.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Not applicable.

4. PROCEDURES.

4.1 The special handling tools will consist of a backup device

or, a shaft of variable length, managed by an operating handle

to pick up or release various types of samples and radioactive

sources.

4.1.1 The pickup devices normally used in the nuclear

plant are described ýelow. These devices are

normally equipped with aluminum or carbon steel handles up to R

feet long. The handles nre usually syringe or pistol grin type.

4.1.1.1 Niptongs Used to pick up small sources.

They usually only open about 2 inches.

844-1 1 July O•y
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4.1.1.2 Griptongs - Used to pick ,up glassware.

They open up to about 4 inches anod are for

picking utp glassware.

4.1.1.3 Scissortongs - Can be made to handle

material 6 to 8 inches in diameter.

4.1.1.4 Monkey wrench - Used to pick up material

3 inches in diameter or used to loosen

bolts or nuts.

4.1.1.5 Small magnet - May be substitted for

the tongs. It may be used for handling

a small sealed source.

4.1.1.6 Long-handled forceps - May also be used to

handle sources. The radioactivity level

of the source that may be handled by the forceps will depend on

personnel exposure time and the intensity of the source at the

handling distance.

4.2 Remote pipettes eliminate ali manual contact with the

pipette wnile handling highly radioactive liquid samples.

These are accurate for sm~ll quantities of solutions.

4.3 Special handling tools are used in the following

applications: Source exposure for calibratib, in the

chemistry lab, handling highly radioactive samples, and in remote

mechanical operutions.

4.4 The purpcse of special handlinr deviceT in to Frovide as

,A4-• I July VOt,•'
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much dist&nce between personnel and the radiation source

as possible.

S. RESULTS AMD COMPUTATIONS.

The predicted gamma dose rate for a given point source at

various distances may be estimated by the following formula:

D - r (1/r) 2  (844-1)
0

Where D - Dose rate in rem/hr. at

C distance r

D - Dose rate in rem/hr. at unit

distance

r a Distance from the source

The dose rate i5 always less at a greater distance.

EXAMPLE

The potential dose rate at a distance

of 1 foot from a point source is 50

rem/hr. What will be the ýverage

dose rate, using a five foot handling

tool?

D- 50 (1/5)2

D 50 (1/25)

, * 2 rem/hr

6. TEST ME11M IMPLEM.NTATION.

See Reference f23) in the Reference Section for personnel

exposure regulations. 844-1 1 July 1966
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METHOD 851

GENERAL PROVISIONS FOR CONTAMINATION CONTROL

1. SCOPE.

The purpose of this method is to give the general provisions

for contamination control.

2. SAMPLE.

Not applicable.

3. APPARATUS.

Roll of sheet polyethylene.

Absorbent paper.

Masking tape,

Wood 2- x 4-inches for frame.

Anti-contamination clothing.

Roll of light weight canvas.

Film badges.

Dosimeters.

Small cloth bags for film badges and dosimeters.

Blower unit containing fan and filters.

Acetone.

Complete local exhaust system:

a. flood or capturing unit.

h. Exhaust piping.

c. Air cleaning plant roughing filters, absolute filter

851-1 1 July IQ66
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AEC approved 99.97% efficient for 0.3 micron D.O.P.

particle.

d. Exhaust fan capable of delivering a face velocity at

the hood of 125-lSO lineal fpm with the sash completely

open.

Exhaust fan.

4. PROCEDURES.

4.1 The purpose of contamination control is to prevent F
radioactive materials from entering the body and to pre-

vent the contamination of clean areas and equipment.

4.2 Radioactive materials enter the body in the following ways:

4.2.1 Inhalation - Breathing in of radioactive aerosols.

4.2.2 Ingestion - Eating, drinking, or smoking in areas

where loose radioactive materials are present.

4.2.3 Absorption - Absorping directly through the skin or

through cuts and openings in the skin.

4.3 Contamination control will be effected by the following:

4.3.1 Placing the job in a temporary containment area,

hot cell, fume hoods, or glove box.

4.3.2 Requiring working personnel to wear protective

clothing (Method 821) and protective respiratory

equipment (Methods 831 through 836).

4.4 The following Reneral steps shall he considered in

contamination control:
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4.4.1 Practice gcod housekeeping in all work with

radioactive materials to minimize the spread of

contamination.

4.4.2 Minimize all exposure to external and internal

radiation.

4.4.3 Always wear personnel monitoring equipment as

specified in Section 100.

4.4.4 Plan all jobs. For hazardous operations, determine

the quantity and type of radioactive materials that

will be handled. Set up experimental procedures including a flow

plan. Conduct dry runs.

4.4.S Set up portable air sampling equipment to measure

airborne radioactive material. See Method 513.

4.4.6 Measure the surface radioactive material activity,

and dete-ine whether the activity is fixed or

loose See Method 512.

4.4.7 Mark the work afri co delineate the contamination

zone. Set up control points. See Methocd711

through 716 and Method 721.

5. RESULTS AND COMPUTATIONS.

Not applicable.

6. TEST METhOD IMPLEMENTATION.

Not apnlicable.

851-3 1 July lO66



C Health Physics-
Process Control

SECTION 900 - ACCIDENT/INCIDENT CONTROL

This Section will be supplied at a later date.
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SECTION 1000 - BIOASSAYS

An analysis of radioactivity oi the urine is a desired procedure.

Normal urine contains radio-potassium in amounts which may mask the added

radioisotopes for which tests are made. Either potassium should be separ-

ated from the sample and the residual activity measured, or when the pos-

sible exposure is restricted to one isotope, this should be chemically sepa-

rated from the urine. ,Examination of the feces may be required when the

predominant elimination is by feces. Special tests for specific isotopes

are in order when they exist (e. g., radio-iodine may be estimated in the

thyroid gland in terms of the emitted gamma radiation measured by a Geiger

Counter or ionization chamber). Where exposure to radioisotope dust or

spray is a possibility, At may be desirable to test the activity of a nasal

smear, or of the sputum.

L1 July 196
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URINALYSIS

1. SCOPE.

The purpose of this method is to describe the procedure to be
followed for urine bioassay for radioactive materials.

2. SPECIMEN.

Urine specimen collected in polyethylene specimen bottle.

3. APPARATUS.

3.1 Specimen bottle, six ounce.

3.2 Beaker - 250 ml.

3.3 Graduate cylinder - 100 ml.

3.4 Hot plate.

3.5 Muffle furnace.

3.6 Volumetric flask - 10 ml.

3.7 Pipette - one ml.

3.8 Planchet - 2" stainless steel.

3.9 Infra-red lamp.

3.10 Gas flow proportional counter.

3.11 Flame spectrophotometer.

3.12 Potassium standards (2, 4, 8, 16 mg/ml).

3.13 Linear graph paper.

3.14 Nitric acid - concentrated.

3.15 Hydrogen peroxide - 30',

1011 -1
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4.1 Set up numbered 250.gil beakers, corresponding to sample
numbers.

4.2 Measure out 50 nml of specimen and pour into numbered 250-ml
beaker.

4.3 Add 10 ml. of concentrated nitric acid and 10 ml of 30% hydrogen
peroxide.

4.4 Place on hot plate and evaporate to dryness. This should be
performed in a hood.

4.5 Add 10 ml of concentrated nitric acid and 10 ml of 30% hydrogen
peroxide.

4.6 Repeat the nitric acid, peroxide steps until ash is white.

4.7 Heat the white ash in muffle furnace for 15 minutes at 1000°F.

4.8 Cool and transfer the white ash to a numbered 10 ml volumetric
flask, using demineralized water.

4.9 Bring to volume with demineralized water.

4.10 Pipette one ml of this solution into a weighed stainless steel
planchet that has been properly labeled.

4.11 Evaporate the sample to dryness under an infra--red lamp.

4.12 Beta count the sample as outlined in Method 631.5.

4.13 Analyze the remainder of the sample in the volumetric flask
for potassium, using a flame photometer.

4.14 Calculate the gross foreign• beta activity (Method 631.5) and
record results.

5. RESULTS AND COM PUTAiiON.

5.1 Enter all saamples results on the urinalysis record, (See Attachment
No. I for forms).
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5. 2 Correct gross beta count as outlined in Method 631.5. Report
the results in uc/ce.

5.3 Calculate K40 activity as outlined in Method 631.5. Report results
as dpm of K40 per total sample.

5.4 Subtract K4 0 activity from the gross beta activity. Report results
as dpm per total somple.

6. TEST METHOD IMPLEMENTATION.

6.1 A base urinalysis is recommended on all newly assigned personnel
before they are assigned work at a nuclear site.

6.2 Routine urinalysis is recommended every 6 months on all
personnel working with radioactive material.

6.3 Urinalyses are also made as the need is indicated by -orking
conditions. (Reference AR 40-582). "Where there is reason

to believe that an individual has been internally contaminated with radio-
active material, a 24-hour urine sample will be initiated as soon as
possible."

6. 4 A re-sample will be taken if it is determined that the gross beta
activity is in excess of 1.98 x 10-6 uc/cc.

(G. 5 Frequency of determination will be determined by the plant
technical manual.

f •~g il 11 -2 I .mil gI¶W;;



ATTACHMENT NO. 1
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ME THOD 1051 Process Control

UR:'NALYSIS RECORD

Film
Name Badge No. Sample Date Reason Results dpm/ml

Routine, Bluse Rc•vrerne, Working (ondIt 4 "ns.
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METHOD 1012
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1. SCOPE.

The purpose of this method is to describe the procedures to be
followed for determining radioctivity in feces.

2. SPECIMEN.

2.1 Stool specimens, collected in a standard plastic-lined carton.

3. APPARATUS.

3.1 Carton - standard plastic lined, with uniform internal diameter of
85 ram.

3.2 Tamper assembly including base plate, tamper with scale on
handle and slotted disc. (Reference Figure 1012-1 in step 4.4).

3.3 Height correction curve.

3.4 Gamma-ray scintillation detector and counter. (Multi-channel
analyzer).

3.5 Waxed paper.

4. PROCEDURE.

4.1 Collect the individual stool specimen in standard carton.

4.2 Place the carton containing the specimen on the base plate.

1. 3 Place the tamper in carton with the slotted disc in placc on top
of the carton.

-1. -1 Tamper the specimnicn and read the height of the specimen from the
t•i iper handle.

N()TF

Waxed 1,apr can ix1 used as a •[•irator !xtwen
tLmper and the sipecimen.
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Figure 1012.1 . a. The case platc is at the left, the tamper with scale on
handle in the center., and the slotted disc at the right.

b. Standard carton on the base plate. The slotted diqc is in place on top of
carton so that height of specimen can be read from tamper handle.

4.5 Remove the tamper from the carton and seal the carton.

4.6 Wrap the carton in polyethylene bag. r

4.7 Radioassay (gross counts and gamma-ray spectrum) the specimen
by placing the carton on top of 3" x 3" Na(I) T1 flat crystal

4.8 Record the results in dpm/total egestion.

5. RESULTS AND COMPUTATIONS.

5.1 Construct a height correction curve using (C 1:37 and the followking
example as a guide.

EXAM PLE

lieight-cvorrectien factor for radioactivity: [I a st~andard
carton is used, it can 4, a ssuied that the only geotmetric

variable of the countin; systew is tht height of the stool
spec. nien.

An isotopx, solution (one ml) containing radioactivity (one

uc of ridioio4inc, r:elid.hromium, or ratlioiron) is placed

10112-2 1 , It;
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in the center of the bottom of the carton. The vol-
ume of the radioisotope is so small that it is con-
sidered as a point source of radiation, and the radio-
activity counted is taken as 100 per cent or a
correction factor of 1. 0.

After the radioisotope is counted at zero volume,
the volume in the container is increased
by adding known increments of vwater, and the radio-
activity determined. The counlts obtained per second
are divided by the net counts per second for the
respective isotopes at zero volume. Height correc-
tion curves are thus obtained (Figure 1012-2. From
each curve, the division correction factors are deter-
mined. Table 1012-1 shows the height correction factor
for radiochromium.

Cr5'

0.7

0.!SUOS

0.74

0.3

0 i 46
C.

V'i v " 12 2 .xnini)hl I (i'," h l-t Corre(.lI•i on utrvv, for 1)f• v .-_in nin l
{a(ioa(-'tivit-it, Standard ( rton
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5.2 Calculate the total activity egested per day using the following
formula:

Total activity/day

Where A = Corrected net cpm for total specimen(torrected
for bachground and decay).

f = Height - multiplication correction factor
(see preceding example for construction of
height correction curve).

= Counter efficiency

5.3 Identify the photopeaks in gamma-ray spectrum by comparing
the spectrum with those in R. L. Heath's "Gamma-ray Spectrum

Catalogue."

6. TEST METHOD IMPLEMENTATION.

In an accident situation, the medicai officer will prescribe the
frequency of collection.

I14)1



Health Physics-
Process Control

Table 1012-1. Height-Correction Factv)r for Determining Radio-Chromium
(Cr-5i) in Individual Sto, Specimens

Height, Division Multiplication Height. Division Multiplication
cm Factor Factor cm Factor Factor

0.3 0. 965 1. 0:36 5,0 0.070 1.493
0.5 .950 1.053 5.2 .660 1.515
0.6 935 1.0170 5.4 .650 1. 538
0.8 .920 1.087 5.6 .640 1.563
1.0 .905 1.105 5.8 .630 1.587
1.2 .890 1.124 6,0 620 1.613
1.4 .876 1.142 6.2 .610 1.639
1.6 .862 1.160 6.4 .600 1,667
1.8 .850 1.176 6.6 .590 1.695
2.0 .838 1.19"1 6 S .580 1.724
2.2 .825 1.212 7.0 .570 1.754
2.4 .812 1.232 7.5 .550 1,818
2.6 .800 1.250 8.0 .530 1.887
2.8 .788 1.269 8.5 .510 1.961
3.0 .775 1.290 9.0 .490 2.041
3. 2 .762 1.312 9.5 470 2.128
3. 4 .750 1. 333 10.0 .455 2.198
3.6 .740 1.351 10.5 .440 2. 27:3
3. 8 .730 1.370 11.0 .425 2.353
40 .720 1. 389 11.5 .410 2.439
4.2 .710 1.408 12.0 .400 2.500
4.4 .700 1.429 13.0 .375 2. 667
4.6 .690 1.449 14.0 0 .350 2.857

4•8 0 (;o0 1.471
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SECTION 1100 - RADIOCHEMISTRY FOR HEALTH PHYSICS OPERATION,;

Production of radioactive materials in a nuclear power reactor imposes

certain operating limitations and requires additional safeguards. Radio-

chemical analytical procedures to be performed by the Process Control

Specialist are presented in this Section.

e
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METHOD 1111

30-MINUTE DEGASSED AND 120-HOUR GROSS ACTIVITY

1. SCOPE

The purpose of this method is to drscribe the procedure for

analyzing the primary coolant for gross nctivity.

2. SAMPLE

Reactor primary coolant water.

3. APPARATUS

Polyethylene bottle, 500-mil capacity.

Support stand - apparatus - rectangular base 6 x 9.

Clamps (2), utility.

Fritted funnel (fine), 60-ml capacity.

Stopcock, glass, 3-way.

Hose - vacuum, 1/4-in. ID.

Rubber stopper - one hole - No. 9.

Vacuum pump

Pipet - 2-mil volumetric.

Vials - soft glass - 4-ml capacity witii -ip.

Saran wrap or equivalent.

Planchets - 2-in. dianeter.

Gamrma ray multichannel analyzer with well crystal or a beta covnter.

4 !I I lV-I PF.
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Clamps Rubber Stopper Vaeuum Hose

S6--Fritted Fusayele jl Trap

7 Trap

1VacuumL
Ring Stand I P~np f-Out

Figure 1111-1. Degassing Apparatus.

4.1 Set up the degassing apparatus in a fume hood as shown in Figure ii11-i

4.2 Collect a sample before the demineralizer as outlined in Method 515.

4.3 Transfer 10 ml of the sample to the fine fritted funnel.

NOTE

The porosity of a fine fritted funnel is such that

water will not drain from the funnel.

4.4 Stopper the funnel with a 1-hole rubber stopper. Reference

Figure 1.

4.5 Check to ensure that the 3-way stopcock is open to the atmosphere.

4.6 Start the vacuum pump.

4.7 !Regulate t ie amount of air being pulled through the funnI by

nianAillating the 3-way stolp'ock. Do not perm it thi, water to be

ptilled from the funnel.

4. 8 Degas the saniple for 1 minute.

4.9 Open the stoipco.k to thi, atiiosphere, and stop v:ituum pumip.
1III -2 1 .luiv 19•;;
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4.10 Remove the rubber stopper and withdraw a 2-ml sample, using a

2-ml volumetric pipet.

4.11 Transfer the sample to a 4-ml soft glass vial or a 2-in. planchet.

4.12 Cap the counting vial and wrap in Saran wrap or evaporate the

sample in the planchet to dryness with an infrared lamp.

4.13 Place the counting vial in a Nal (TI) well crystal or the planchet

in a beta counter.

4.14 At exactly 30 minutes from sample time, start the counter and

count for 2 minutes.

4.15 Record the gross count rate, cpm/ml. See Attachment No. 1.

4.16 Schedule the *-ml samplc for a recount at 120 hours.

4.17 Recount the sample at 120 hours from sample time.

4.18 Record the grosz count rate.

4.19 Calculate activity, recording results in ,ac/cc as outlined in

Paragraph .

5. RESULTS AND COMPUTATIONS

5.1 Record samlple time.

5.'2 Record rea,.n'•r •owver level.

5.3 Record the period of tint at which the rezactor is :it steady state

power (OT).

.1 iccord g-ross :{-( minuteti d a 2! - 1-1h 1r t1 ('mi s (nt's

111 :; I ,hilv 1PI;G
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5.5 Calculate gross activity at 30 minutes and 120 hours jc/cc)

as outlined in Method 631.5.

5.5.1 Gross activity=

5.5.1.1. For gamma counting /ec --/

cpm Sample X /'c/Cs137 Standard
cpm Cs137 Standard X cc Sample

5.5.1.2 For beta counting,(c/cc -

cpm Sample X 'yc Ti 204 Standard

cpm TI 204 Standard X cc Sample

5.6 Correct to 100', power if taken at 107c power or higher.

6. TEST METHOD IMPLEMENTATION

6.1 Sample should not be taken unless the reactor is above 107. power

for a minimum of 4 hours.

6.2 The sample must be prepared for counting in less than 30 minutes.

6. 3 If the 30-minute gross activity is a factor of 2 higher than previous

analysis at the same reactor power, reanalysis should be per-

formed, using all decontamirated or new glassware. If the high tictivity

is verified, an attempt should be nade to identify and de•termine tae origin

of the nuclide(s) responsible for the high actixity.

I111 -- I July 1if(,



Health Physics-
Process Control

E

0,0

00

$4

oio19
z

1 •ii-51 Il ill,



4

Hlealth Physics-
Process Control

AMlETI1OD 1 1112

GROSS IODINE

1. SCOPE

The purpose of this method is to describe the procedure to be

followed in the analysis of the primary coolant for gross iodine activity.

2. SAMPLE

2.1 Reactor primary coolant water.

S2. 2 The sample aliquots are ielected on the basis of the estimated

gro)ss iodine activity.

3. APPARATUS ANT) REA(,ENTS

Apparatus and reagents ire the same as &.se listed in Method

"1131 with the exception of the Gamma Ray Multi-Channel Analyzer.

Beta counter.

Filter tower apparatus- stainless steel 10-ml capacity- 1-/16 in.

filter paper.

4-. PRIOCED['RE

-1. Follow Steps -4.1 through 1.16 :i,; outlined for .Method 11t1..

-. 2 'Mount tht .,:1,mph. for hbti ,,ounting.

. :) ('Count thc s:impln u ', \ l.-w I.-, winutt-s :aftur ,:impling timc. (our't

or11 I n', iutts 01' tint In t rs t its re cosltctc, t. oi'hmc "tt'hiltl(lu

for hb't:! c'(u•Llllg in t1 H ,I -2l. Mt tl t' .c

I ! I I . v I h.,
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-1.4 Calculate the spccific activity of gross iodine as outlined in

Section .,.

5. RESULTS AND COMPUTATIONS

5.1 Record the sample time and datc.

5.2 R,,.ord the sample aiquots in cc.

5.3 Record standardization data of iodine carrier solution.

-.4 Record chemical yield of AgI.

5.5 Calculate the specific activity of gtross iodine. Record the results

in ,Nc/cc one A;tan(lard deviation at sample time. See Method

601.5.

5.5.1 Activity of Gross Iodine ( yc/co)

Cnlm I x 1C T 1 204 Standard

epm T!I04 Stanrilrd x cc Sample x Fractional Yield

, 1 2 I h~
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METHOD 1113

GROSS CESIUM

1. SCOPE

This method is useu tc determine gross cesium activity in the

primary coolant.

The decay of Cs-138 is follkwed.

2. SAMPLE

2.1 Reactor primary coolant water.

2.2 The sample aliquots are selected on the basis of the estimated

grosL cesium activity.

3. APPARATUS AND REAGENTS

Apparatus and reagents are the same as those listed in Method 1133.

Beta counter.

4. PROCEDURE

4.1 Follow Steps 4.1 thro-agh 4.30 as outlined for Mettiod 1133.

NOTE

Freshly drawton primary coolant water samples

contain g seous xenon activity, which dccays to

cesium daughters. Since the gross determination

is to serve as aa indicaLor of the cesium level,

the perioxi of dek Aing is standardized by per-

forming Step 4.17, which includes centrifuging

I July 19W6
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and discarding of the supernate exactly 20

minutes after sampling time. All reagents

requiring chilling should be chilled before

sampling. All carriers should be pipeted

prior to sampling. The short half-life

(32 min.) for Cs-138 requires the sample to

be counted within 2 hrs. after drawing the

sample.

4.2 Mount the sample for beta counting.

4.3 Count the sample in a beta counter every 15 minutes to give ten

counts. Count twice the next day. The techniques for beta counting

in Method 631.5 shall be used.

4.4 Plot the decay curve of the corrected gross counting rate on semi-

log paper. The principle corrections will be background, standard

factor and coincidecvre when applicable. A 32-minute half-life determined

by the extrapolation method indicates the presence of Cs-138.

• 5 Extrapolate the gross curve back to sampling time.

I. C Calculate the specific activity of gross cesium as outlined in

Pa ragraph 5.

5. itWULrS AND COMIP1IUTATIONS

5.1 Record Cie sample tire and date.

5.2 Rteord the sample aliquots in 'c.
I ,July 1966
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5.3 Record standardization data for cesium carrier.

5.4 Record the chemical yield.

5.5 Calculate the specific activity of gross cesium. Record the results

in xc/cc + one standard deviation at sample time. (See Method

631.5.)

5.5.1 Activity of Gross Cesium (,rc/cc)

cpm Cs x A'c T1 2 04 Standard

cpm TI 204 Standard x cc Sample x Fractional Yield

C 1113-1 1 July 1966
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METHOD 1121
MANGANESE - 54

1. SCOPE

The purpose of this method is to describe the procedures for determining

Mn-54 activity. The basic corrosion product separation is one based on anion

exchange separation of the carrier equilibrated mixture.

2. SAMPLF

2.1 The sample can be either a liquid or a solid (crud).

2.2 Aliquots for radiochemical analysis are selected on the basis of

gross beta, gamma activity and will vary with the sample source.

3. APPARATUS.

Porcelain crucible, size double 0.

Beakers - 100 ml, 250 ml, 400 ml, 500 ml, 1 liter, 2 liter.

Furnace, muffle, 0 - 2000 0 F.

Desiccator with Coors plate - 200 mm ID.

Analytical balance.

Burner (high tcmperature).

Erlenmeyer flasks - (1) - 125 ml.

Pipets - 2-ml capacity.

Graduate - 100-ml capacity.

Graduates - 25. 10 ml.

Chromatographic tube - 10 min II)x 30 I' mm length.

1> 11 21-1 1 July 1966
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Hot plate 115 - 220 volt with temperature selector.

Centrifuge for 50-ml tubes - 4-place head.

Centrifuge tubes - 50 ml Pyrex.

Whatman - 542 filter paper, 15/16 in. diameter.

Filter tower apparatus-stainless steel - 10ml. Capacity 15/16 in.

filter paper.

Vacuum pump, 115 volt. lb

Rubber stopper - one hole, No. 8.

Filtering flask with side-tube, 1000-ml capacity.

Oven, 115 volt, 60 cycles, 40 - 200 °C Range.

Scotch tape, 1 in. wide. -t

Counting vial with cap, soft glass, 4-ml capacity.

Silica gel 6-16 mesh.

Potassium pyrosulfate, fused, powder, reagent grade.

Hydrochloric acid, 12 N, reagent grade.

Resin, anion, chloride form, 50 - 100 mesh (Dowex-i or equivalent).

Nitric acid, concentrated, reagent grade.

Ammonium hydroxide, concentrated, reagent grade.

Ethyl alcohol, reagent grade.

Iron carrier (10 mg/zal) (Dissolve 48.4 of reagent grade of FI -

6 H20 in I N HCI ana make up to I liter with I N HCI),
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Manganese carrier (10 mg/ml) (Dissolve 22.9 gm of reagent

grade MnC12 in water and make up to 1 liter.)

Chromium carrier (10 mg/ml). (Dissolve 37.3 gm of reagent

grade K2CX 4 in water and make up to one liter.)

Cobalt carrier (10 mg/ml). (Dissolve 49. 3 of reagent grade

Co(NO3)2  . 6H 20 in H2 0, add 1 ml concentrated HNO 3 and

dilute to 1 liter with water.)

Copper carrier (10 mg/ml) . (Dissolve I gin or reagent grade

copper metal in 100 ml 1:3 nitric acid.

Antimony carrier (10 mg/ml). (Dissolve 1.9 gin of reagent grade

SbC1 in 100 ml 6N HC1.)
3

Zinc carrier (10 mg/ml). (Dissolve 1 gm of reagent grade zinc

metal in the minimum quantity of 2M HC1 and dilute to 100 ml.)

Potassium chlorate, reagent grade.

Hydrogen peroxide, 30% reagent grade.

Thioacetamide - 4% solution.

Ammonitun chloride, reagent grade.

Diammonium hydrogen phosphate, reagent grade.

Sintered glass crucibles, fine porosity.

4. PROCEDURE

-4.1 Place the particulatc sample in a 00 weighed porcelain crucible.
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If the sampleý is a liquid, add sample to an appropriate size

beaker and add 1 ml of concentrated HCI and proceed with Step 4.8.

NOTE

All procedures shall be carried out using

a fume hood.

4.2 Place the crucible in muffle furnace and igdite at 800 °C for 15

minutes.

4.3 Cool crucible and contents in desiccator.

4.4 Determine the weight of the sample by weighing the crucible andS

its contents and subtracting the weight of crucible.

4.5 Cover the sample with potassium pyrosulfate (fusing powder) and

heat over a burner until the crud is completely fused.

4.6 Cool the crucible and contents and dissolve and melt with a

minimum of 8 N HCL.

4.7 Transfer the dissolved melt to a 100-ml Erlenmeyer flask.

4.8 Pipet 2 ml each of standard iron, chromium, cobalt, and

manganese carriers (10 mg/ml).

4.9 Evaporate the solution just to dryness.

CAUTION

Do not bake

4.10 Pick up the residue in about 15 ml of concentrated HCI.
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4.11 Prepare an anion exchange column by adding Dowex-l or equivalent

resin (50-100 mesh) to a chromatographic tube. The height of the

resin bed should be approximately 6 in.

4.12 Condition the column with about 5 column volumes of concentrated

HCl. Discard the effluent. Keep the resin bed covered with acid

at all times. If the column is allowed to go dry, channeling will result.

4.13 Transfer the solution from Step 4.10 to the resin column using

concentrated HCL.

4.14 Elute the manganese from the column with 8N HCl (25 ml), collect-

ing the eluate in a 100-ml flask. The collected fraction contains

manganese and chromium.

4.15 Evaporate the fraction containing the manganese and chromium to

dryness.

4,16 Add 25 ml of concentrated HNO and about 1 mg of solid potassium3

bromate and boil to precipitate the MnO 2.

4.17 Centrifuge off the MnOC . The supernate contains the chromium.2

The supernate can be used for chromrium analysis if desired.

4.18 Add 15 ml of concentrated HNO 3 and several drops of 301, H202 to

the MnO2.

4.19 Evaporate to dryness and take up in rninimurm amount of concentrated

HCL.
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4.20 Dilute to 10 ml with deionized water.

4.21 Add I ml of Sb, Cu, and Zn hold back carriers.

4.22 Add 2 ml of the 4% solution of thioacetamide to precipitate the Cu

and Sb.

4.23 Add NH40H o make the supernate alkaline and precipitate the Mn

and Zn sulfides.

4.24 Centrifuge off the Mn and Zn sulfides, discarding the supernate.

4.25 Dissolve the precipitate in concentrated HNO 3 . The final volume

should be 10 ml.

4.26 Add about 1 mg of solid potassium chlorate to precipitate the MnO 2 .

4.27 Centrifuge and reject the supernate. 0

4.28 Weigh a Whatman No. 542 filter disc on analytical balance.

4.29 Place the weighed filter disc in a stainless steel filtering tower.

4.30 Slurry the MnO 2 with water and transfer the MnO 2 to the filtering

tower. Vacuum filter.

4.31 Wash the precipitate with 10 ml of H20 and 10 ml of ethy I alcohol.

4.32 Dry the filter containing the MnO2 in a drying oven set at 1000 C, for

approximately 10 minutes. Transfer the filter to a desiccator to

cool.

4.33. Weigh the filter containing the MRO 2 to constant weight on a

analytical balance and determine the chemical yield by subtracting

1121-6 1 July 1966
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the weight of the filter paper.

4.34 Mount the sample for gamma counting. (Reference Section 600.)

4.35 Count the sample, using a gamma ray spectrometer.

5. RESULTS AND COMPUTATION

5.1 Record sample time and date.

5.2 Record sample volume or weight.

5.3 Record standardization data of carrier solution.

I NOTE

Standardization of the manganese carrier solution

is performed as follows: Pipet 5.0 ml of carrt r

1 .4 ~ solution into a 400-mi beaker and dilute to 200 ml.

Almost neutralize with 1:3 ammonium hydroxide and

add 20 gm of NH4 C I and 2 gm of (NH 4 )2 HP0 4 . Ifa

precipitW •e forms, dissolve in a few drops of 10% HCl

4. •heat the solution almost to boiling, and add 1: 3 ammonium

4 hydroxide dropwise with stirring until a precipitate

begins to form. Do not add a'iy additional ammonium

hydroxide. Continue the he.tiý g and stirring until the

precipitate becomes crystalline, then add one to two

drops of ammonium hyr',roxide. Continue heating and

stirring until no additiontal precipitate Is produced and
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the appearance remains unchanged. The solution must

be at 90 to 95 0 C throughout the precipitation and a

large excess of ammonia must be avoided. Allow the

solution to stand at O°C for 2 hours. Filter through a

tared sintered glass crucible and wash with cold 1%

solution until chloride free. Dry at 100-1050 C to constant

weight. Cool in a desiccator. Weigh as MnNH4 PO4 H20.

The analysis is performed in quadruplicate. Results

should agree to within 1%.

Mn (mg/ml) =in ManKHRPOsHO) (0.2955)
5

i 5.4 R~ecord chemical yield (Step 4.33).

!5.5 Determine the area under 0. 835 Mev photopeak (total counts).

i5.6 Calculate specific activity of Mn-54 at sample time. Record

results In fc/cc or Ac/mg + one standard deviation. (See

2JMetho1. 633.3,9)
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METHOD 1122

COBALT-58 and -60

1. SCOPE

The purpose of this method is to describe the procedures for deter-

mining Co-58 and -60 activity in both soluble and parti.ulate (crud) samples.

The basic corrosion product separation is one based on ion exchange separm-

tion of the carrier equilibrated mixture.

2. SAMPLE

2.1 "'he specimen can be either a liquid or a solid (crud).

2.2 Aliquots for radiochemical analyses are selected on the basis of

gross beta-gamma activity and will vary with the sample source.

3. APPARATUS

Apparatus and reagents are the same as those listed in Method 1121,

3.1 through 3.34

Thi,:ifetamide - 4% solution.

4. PROCEDURE

4.1 Follow Steps 4.1 through 4.14 as outlined for the Mn-54 procedure

(Method 1121).

4.2 Wash resin bed with approidmatnly 20 ml of 6M HCI. until the cobalt

is nearly down to the bottom of the column. This is been as a

green color on the column.
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4.3 Wash with 3M HC!, discarding the HCl (approximately 10 ml) until

the cobalt starts to come off (pink color).

4.4 Collect the cobalt fraction in a 125-ml Erlenmeyer flask.

4.5 Make the solution alkaline with ammonium hydroxide.

4.6 Add thioacetamide dropwise while stirring the solution to precipi-

tate CoS.

4.7 Centrifuge off the CoS.

4.8 Filter the CoS onto a Whatman 542 filter disc.

4.9 Transfer the filter paper corwatning the CoS to an 00 porcelain

crucible.

4.10 )ry under a heat lamp or in an oven set at 100 0 C. 4

4.11 Cover with a porcelain cover and ignite for 10 minutes at 7000 C.

4.12 Remove the cover and continue the ignition for 30 minutes to con-

vert the CoS to Co 20 3 .

4.13 Cool, add 1 cc ethanol, and slurry with a polished glass stirring rod.

4.14 Transfer the Co 203 to a weighed 543 Whatman filter paper with

ethanol as required.

4.15 Dry at 110 0 C for 10 minutes, cool in a desiccator, and weigh to

determine the chemical yield.

4.16 L,,ount the sample for garrma counting.

4.17 Radioassay the sample, using gamma ray spectrometry techniques

as outlined in Method 633.3.
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5. RESULTS AND COMPUTATION

5 1 Record sample time and da'e.

5.2 Record sample volume or weight.

5.3 Record standardization data of carrier solutions.

NOTE

Standardization of the cobalt carrier solution is performed

j as follows: Pipet 5.0 ml of carrier solution to 10 ml H2 0.

Add 2 ml of concentrated NH4 OH and thioacetamide drop by

drop with etirring to precipitate CoS. Filter the CoS onto a

Whatman No. 542 filter paper and wash with 5 ml of 1:3

: •aqueous ammonia. Transfer the paper and precipitate to

a tared No. 0 porcelain crucible. Dry under a heat lamp,

cover with a porcelain cover and ignite for 10 minutes at

7000 C. Remove the cover and continue the ignition for 30

minutes. Cool in a desiccator. Weigh the crucible to a

constant weight.

The analysis is performed in quadruplicate. Results

should agree to within 0. 511'.

Co (mk,/ml) (mg C0203) (0.7106)
15
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5.4 Record chemical yield (Step 4.15).

5.5 Determine the area under the 0.81 (Co-58) and 1.33 Mev (Co-60'

photopeaks.

5 6 Calculate the sp'ýcific activity of Co-58 and 60 at sample time.

Record results in go/cc or fe/mg + one standard deviation.

(See Method 633.3).

1-
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METHOD 112 3

IRON-59

1. SCOPE

This method is used for determining Fe--59 activity in both soluble

and particulate (crud) samples. The basic corrosion product separation

is one based on anion exchange separation of the carrier equi~ibrated mixture.

2. SAMPLE

2.1 The sample can be either a liquid or a solid (crud).

2.2 Aliquots for radiochemical analyses are selected on the bases of

gross beta-gamma activity and will vary with the sam,' -ample

source.

3. APPARATUS AND REAGENTS

Apparatus and chemical requirements are the same as those listed

in Method 1121, 3.1 through 3.34.

Separatory funnel -- 250 ml.

Isopropyl ether.

4. PROCEDURE

4.1 Follow Steps 4.1 through 4.4 as outlined for the Co-58 and 60

procedure (Metod 1122).

4.2 Drain the HCI ti the column to the top of the resin bed.

4.3 Fill the column with 0.51M HCI and allow the HCI to drain.

4.4 Discard the HCI until the iron starts off the column (yellow color).
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4.5 Collect the iron fraction in a 125-ml Erlenmeyer flask.

4.6 Make the 0. 5M HCl solution obtained from the column basic with

Nil OH to precipitate the Fe(OH) 3.

4.7 Centrifuge off the Fe(OH) 3 .

4.8 Dissolve the Fe(OH)3 in 10 ml of 8M HC1, and transfer the solution

to a 250-ml separatory funnel.

4.9 Add 30 ml of isopropyl ether and shake for approximately 1 minute.

4.10 Discard the water iayer.

4.11 Wash the ether layer with 10 ml of 8M HCM and discard the wash.

4.12 Remove the iron frorn the ether by washing it three times with 10 ml

of deionized water.

4.13 Place the water layer in a centrifuge tube and make basic with

NH4OH to precipitate the Fe (OH)3.

4.14 Centrifuge off the Fe(OH)3 .

4.15 Transfer the Fe(OH) 3 with methyl alcohol to an unweighed filter

paper.

4.16 Place the filter and contents in 00 porcelain crucible.

4.17 Dry the filter and contents under a heat lamp.

4.18 Ignite the filter Pnd Fe(OH)3 at 8000 C to convert the Fe 20 3 .

4.19 Cool, add I cc ethanol, and slurry with a polished glass stirring rod.

4.20 Transfer the Fe 20 3 to a weighed 542 Whatlnan filier paper with

ethanol as required.
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4.21 Dry at 110 0 C for 10 minutes, cuol, an J weigh to determine the

chemical yield.

4.22 Mount the sample for gamma counting.

4.23 Count the sample using a gamma ray spectrometer.

5. RESULTS AND COMPUTATIONS

5.1 Record sample time and date.

5.2 Record sample volume or weight.

5.3 Record standardization data of carrier solution.

NOTE

StandacdIzation of the iron carrier solution is

performed as follows: Pipet 5.0 ml of the carrier

solution into a tared No. 0 porcelain crucible.

Add concentratcd NH4OH dropwise to precipitate

Fe(OH) 3 . Evaporate to dryness under an infrared heat

r• • lamp. Ignite in a muffle furnace at 700 C for 15 minutes.
L

Cool in a desiccator and weigh to constant weight.

The analysis is performed in quadruplicate.

Results should agree to within 0. 517

Fe(mg/ril) ( mg 1'c2 (0. 6904)

5
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5.4 Record chemical yield (Step 4.21).

5.5 Determine the areas under the 1. 29-Mev photopeak (total counts).

5.6 Calculate the specific activity I Fe-59 at sample time. Record

the restars in Ac/cc or Xc/mg + one standard deviation. (See

Method 633. 3)

1
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MFTHOD 1124

CHROMI-JM - 51

1. SCOPE

This method is used fo e determining Cr-51 activity in both soluble

and particuate (crud) samples. The basic corrosion product separation is

one based on anion exchange separation of the carrier equilibrated mixture.

2. SAMPLE

2.1 The sample can be either a liquid or a solid (crud).

2.2 Aliquots for radiochemical analyses are selected Lter an estimate

of Cr-51 activity is made. The estimate is made, based on ganuna-

ray spectrt rm of the sample to be analyzed.

3. APPARATUS AND CHEMICALS

Apparatus and chemical requirements are the same listed for Mn-54,

Steps 3.1 through 3.34.

'eparatory funnel - 125-ml volume.

Ice bucket about 10 in. high.

Sodium nitrite (NaNO 2 ), reagent grade.

Ammonium acetate 04H 4 A"), reagent grade.4

Acetic acid glacis!, reagent grade.

IParium nitrate Ba(NO).,, reagent grade

Hydrogen peroxide 30 (. reagent grade.

Ethyl ether, reagent grade.
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Potassium chlorate KC1O 3 5 reagent grade.

4. PROCEDURE

4.1 Follow Steps 4.1 through 4.17 as outlined for the Mn-54 procedure

(Method 1121

4.2 Evaporate the supernate liquid to about one half its volume.

4.3 Add 114 NaNO drupwise until the Cr 207- 2 is reduced to Cr÷3

2

4.4 Heat to remove the excess NO2 .

4.5 Add concentrated NH4 OH dropwise until the Cr(OH)3 precipitates,

If an excess of NH4OH is added, heat to drive off the excess. Be

sure precipitation is complete.

4.6 Centrifuge and discard the supeinate liquid.

4.7 Wash with 15 ml of deionized water. Discard the wash water.

4.8 Dissolve pr.x.,.pitate in 6-8 drops of concentrated HC1 and dilute

to 15 ml.

4.9 Repreclpitate the Cr(OH) with concentrated NH OH. r
34

4 10 Centrifuge and discharge the supernate liquid.

4.11 Wash the precipitate with 5 mi deionized water. Discard the wash.

4.12 Dissolve the Cr(OH) in 5 drops of HNO 3 and dilute to 15 ml.
3

4.13 Add 3 ml of saturated KBrO3 and heat tn oxidize the Cr' to

-2Cr207 •

4.14 Make just basic with concentrated NH4OH.
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4.15 Add 3 drops of 6N HNO 3, 2 ml 6N N114Ac and i ml ,-J 6M HAc.

4.16 Heat to near boiling and add 3 ml of salearated Ba(NO3)2 to

precipitate BaCrO4 .

4.17 Transfer the BaCrO to a weighed 542 Whaunan filter paper with
4

water.

4.18 Wash with water and ethanol.

)4 4.19 Dry at 1100 C for 10 minutes, cool, and weigh to determine the

chemical yield.

4.20 Mount the sample V.'r gamma counting.

4.21 Count the sample, using techniques for gamma pulse height

4S analyses (See Method 633.3).

5. RESULTS AND COMPUTATION

5.1 Record the sample time and date.

5.2 Record the sample volume or weight.

5.3 Record the standardization data of the carrier solution.

NOTE

Standardization of the chromium carrier is per-

formed a oao*.-.•: D iluteý 5.0 ml of varrier to

200 ml. Make slightly acid with 6M HC2 f 130,.'

tic.t near boiling. add a 10'` solution of bariumn

acetate dropwise with stirring. Continue heating

until the precipitate ,vttles. Teat for cornpletne s.

1124-3 1 July 19•6



Health Physics-.

Process Control S
of precipitation by adding 1 to 2 ml of barium acetate

solution. Cool, then filter through tared sintered

glass crucible and wash with hot water until the

excess barium is removed. Dry at 110 0C then cool

in a desic-ator. Weigh as BaCrO4 . The analysis

is performed in quadruplicate. Results should agree

to within 1%.

Cr(mg/ml) = .(n BaCrOU) (0. 2053)
S~5

5.4 Record chemical yield. (Step 4.19).

"5.5 Determine the area under the 0. 32-Mev photopeak (total counts).

5.6 Calculate the specifc activity of Cr-51 at sample time. Record

the results in Nc/cc or Jrc/mg + one standard deviation. (See

Method 633.3.)
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METHOD 1131

IODINE-131 and -133

1. SCOPE

This method is used to determine fission product 1-131 and -133

specific activity. Exchange between carrier and radioiodine is assured by

the oxidation to 103 with NaClO. Iodine is then effectively separated from

other fission products by extraction of molecular iodine into carbon tetra-

chloride (CC14 ). The separation from other halogens is accomplished by a

manipulation of their oxidation states.

2. SAMPLE

Sample aliquots :re selected on the basis of the estimated iodine

activity. As a general rulh, when primary coolant is being analyzed, a

25-ml sample is used. When secondary coolant is being analyzed, a 500-ml

sart.ple is used. Samples larger than 500 ml would be difficult to prccess

due to the large separatory funnel required for the initial solvent extraction

:tep.

3. APPARATUS AND REAGENTS

Pipet - 2.5 ml.

Separatory funnels - 500, 250, 125 ml capacity.

Centrifuge tubes - Pyrex - 50 ml capacity.

Graduates - 10, 25, 100, 500 ml capacity.
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Hot plate - 115 volt.

Water bath tray for 50-ml centrifuge tubes.

Filter paper 15/16 in, -Whatman 542.

Desiccator.

Balance - analytical.

Gamma ray multichannel analyzer.

Iodine carrier (10 mg/ml). (Dissolve 13.1 gm of KI in demineralized

water and dilute •e 1 liter with water).

Bromine carrier ( 10 mg/ml). (Dissolve 14.9 gin of KBr in demin-

eralized water and dilute to I liter with water).

2M Sodium carbonate (Dissolve 213 gm of Na 2 CO 3 in den'ineralized

water and dilute to 1 liter).

Sodium hypochlorite solution, 4-6% NaOCI.

Carbon tetrachloride, reagent gra'de.

Nitric acid (HNO 3 ), reagent grade.

Hydroxylamine hydrochloride, 10%.

1 M Sodium bisulfite (NaHSO 3I, reager.n grde. (Dis•.clve 104 gin of

NaHSO3 In demineralized water and dilute to 1 liter.)

0.!M Silver nitrate (AgNO 3 ). reagent grade. (Dissolve 16.9 gm

of AgNO3 in demineralized water and dilute to 1 liter.)

Etnyl acohol, absolute.
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Silica gel, 6-16 mesh.

Beaker, 100 ml.

Si:itered glass crucibles, fine porosity.

4. PROCEDURE

4.1 Pipet 2 ml of iodine carrier (10 mg/ml) into a separatory funnel.

4. 2 Add approximately 2 ml of bromine, hold back carrier.

4.3 Pipet in the sample and make basic with 2M Na 2CO 3 .

4.4 Add 1 ml of NaClO and mix well.

4.5 Add approximately 100 ml of (CC14 ) carbon tetrachloride.

4.6 Acidify with 3 ml of (HNO 3) nitric acid.

4.7 Add 3 ml of 10% (NH2OH . HCI) hydroxylamine hydrochloride and

shake the funnel to extract the 12 into the CC14 layer.

4.8 Allow the CC14 and water layers to separate and discard the water

layer.

4.9 Extract the 12 from the CC14 by shaking with 10 ml 1t.0 containing

three drops of 0.1M NaHSO 3 .

4.10 Allow the CC14 and water layers to separate and discard the CC14

layer.

4.11 Transfer the water layer to a 50-mil centrifuge tube and add 1 ml

of concentrated nitric (IINO ) acid.3

4.12 Add dropwise sufficient 0.IM (AgNO.) silver nitrate solution to

precipitate all the iodine.
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4.13 Digest the precipitate in a hot water bath for 5 minutes.

4.14 Transfer the precipitate to a weighed Whatman 542 filter paper and

wash with absolute ethanol.

4.15 Dry in a vacuum desiccator.

4.16 Weith filter and AgI to constant weight and determine the chemical

yield.

4.17 Mount for gamma counting.

4.18 Count the sample, using techniques for gamma pulse height

analyses given in Method 633. 3.

5. RESULTS AND COMPUTATIONS

5.1 Record sample time and date.

5.2 Record sample aliquot used.

5.3 Record standardization data of iodine carrier solution.

NOTE

Standardization of the iodine carrier solution is per-

formed as follows: Pipet a 5.0-ml aliquot into a 100-ml

Leaker. Acidify with I ml concentrated HN0 3 . Add drop-

wise sufficient 0.1M AgNO3 solution to precipitate all the I1

Digest the precipitate on a hot water bath for 10 minutes.

Filter the precipitate through a tared fine porosity sintered

glass filter crucible. Wash the precipitate with three 5-ml
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portions of H20 and three 5-ml portior.s of absolute

ethanol. Dry the precipitate for 20 minutes at 100 to 110 0 C

and cool in a desiccator. Weigh to constant weight. The

analysis is performed in quadruplicate. Results should

agree to within 0. 5%.

I (mg/ml) = (mg AgI) (0.5405)
5

5.4 Record chemical yield (Step 4.16).

5.5 Determine the area under the 0. 530-Mev peak of 1-133. (Total

counts . )

5.6 Determine the area under the 0.364-Mev peak of 1-131. (Total

counts.)

5.7 Calculate the specific activity of 1-131 and 1-133. Record the

results in /(c/cc + one standard deviation at sample time.

(See Method 636.)
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METHOD 1132

STRONTIUM - 90

1. SCOPE

This method is used to determine Sr-90 specific activity. The

Sr-90 activity is calculated from the count rate of its daughter Y-90.

2. SAMPLE

4, I2.1 The sample can be either a solid or a liquid.

2.2 The sample aliquots are selected on the basis of the estimated

Sr-90 activity.

3. APPARATUS AND REAGENTS

Porcelain crucible size 00.

Erlenm, eyer flasks - I liter, 500 ml, 250 ml, 125 ml.

Furnace, muffle, 0-2000 0 F.

Meeker burner.

Analytical balance, readable to 0.01 mg.

Pipets - 2-mil capacity.

Hot plate - 115-120 volts w'th temperature selector.

Ice bath.

Centrifuge for 50-nil tubes - 4-place head.

Centrifuge tubes - 50 nil, PT¢1".

('ra(luates-500 nil, 250 nil, lOfý, il, 10 ml.

SBe X kers -100 nil.
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Filter tower apparatus - stainless steel -10-ml capacity -

15/16 in. filter paper.

Filter paper - Whatman No. 40 and No. 542 - 15/16-in. diameter.

Vacuum pump-!15 volts capable of 14-in. vacuum.

OvenlU5 volts 60 cycles, 40-2000C Range.

Lusteroid Tubes 50 ml.

Separatory funnel -125-mi capacity.

Beta counter.

Potassium pyrosulfate, fused, powder, reagent grade.

Hydrochloric acid-4 N. (333 ml of concentrated HC1 made up to

I liter with demineralized water).

Strontium carrier-10 mg/ ml. (Dissolve 32.4 gm of Sr(NO3 )2 .4H 20

in demineralized water and dilute to 1 liter.)

Barium carrier - 10 mg/ml. (Dissolve 19 gm of Ba(NO3 ), in

derni'eralized water and dilute to I liter).

Nitric acd, fuming, reagent grade.

Iron carrier - 10 mg/nil. (Dissolve 48.4 gm of FeCI .6H20 in IN

HCI and make up to I liter with IN HCO).

Ammonium hydroxide, concentrated, reagent grade.

Nitric acid - 6N (390 ml of conc.trated nitric acid made up to 1

liter with demineralized water).
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Ammonium acetate (NH 4Ac) -6M. (Dissolve 231 gin of NH 4 C2 H30 2

in 300 ml of demineralized water and dilute to 500 ml.)

Acetic acid - 6M - (344 ml of concentrated acetic acid made up to

I liter with demineralized water).

j Potassium dichromate 1. 5M. (Dissolve 110.2 gm K2 Cr 2 0 7 and

dilute to 250 ml.)

Ammonium carbonate (NH 4 )2 CO3, saturated.

Ethyl alcohol.

Yttrium carrier 10 mg/ml. (Dissolve 43 gm. of Y(NO3 )3 . 6H 20 in

demineralized water, add 5 ml of 6N HNO 3 and dilute to 1 liter.)

Hydrofluoric acid, 48c, reagent grade.

Boric acid (H3BO 3 ) saturated solution, reagent grade.

Phenolphthalein (0. 5-%) indicator.

Tributyl phosphate- hen7caie - nitric acid solution. (Add 30 ml of

tributyl phosphate and 20 ml of benzene to separatory funnel and

add 5 ml of nitric acid and shake for 1 minute.)

Hydrochloric acid 6N (495 ml of concentrated HCI made up to I liter.)

Animoniurn oxalate (NI14),,C ,O4 saturated solution, reagent grade.

Sintered glass crucibles, fine porosity.

-1. PROCEIDURE

I 4.1 Place particulate sample (filter paper or cloth wipe) in :a tart•d por-

celain crucible (Co0,0s OO or No.1). If samplh: is liquid, accurately
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measure an aliquot and transfer it to Erlenmeyer flask and proceed

with Step 4.8.

4.2 Ignite over a Meeker burner until completely ashed. (Millipore 4

filter paper is completely asbid in 15 minutes, while cloth wipes

generally take about 30 minutes, depending on the size.)

4.3 Weigh the crucible containing the ashed sample and determine the

total ignited crud weight.

4.4 Weigh approximately 2 gm of potassium pyrosulfate (K2S20 7) and

spread it evenly over the ashed crud.

4.5 Heat with a Meeker burner until the flux melts and turns cherry

red. Stop fusion at the first sign of SO3 fumes.

4.6 Covi and dissolve the flux with 4N HCL. (Slight heating will be

necessary.)

4.7 Transfer the dissolved flux to a 125-ml Erlenmeyer flask.

4.8 Pipette 2 ml of standardized strontium carrier and add 2 ml barium

carrier to the sample.

4.9 Evaporate to less than 5 ml.

4.10 Cool in an ic" bath and add approximately :10 ml of fuming ntric

acid.

4.11 Cool for approximately 5 minutes.

4.12 -rransfer thr ontentr to a 50-mil centrifuge tube and centrifuge.
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4.13 Discard the supernate.

4.14 Dissolve the precipitate in 1-2 ml of deinineralized water, heating

if necessary.

4.15 Cool and slowly add 20 ml of fuming nitric acid.

4.16 Cool for approximately 5 mirnutes.

4.17 Centrifuge and discard the supernate liquid.

"4.18 Dissolve the precipitate in 10 ml of dernineralized water and four

drops of iron carrier.

4.19 Heat nearly to boiling and add concentrated NH OH to precipitate4

the Fe(OH)3 .

4.20 Centrifuge and decant the supernate into another 50-ml centzifuge

tube.

4.21 Record the time. This is (to) for Y-00 separation.
0

4.22 Make just acid with GM HNO 3 .

1.23 Add 2 nil of 6M Ni 4Ac and I ml of 6M IlAc.

4.24 Heat nearly to boiling and add dropwisc 2 ml of 1.5 M K9Cr..O7.

4.25 Centrifugc and decant th:e sua-trna'e I. ito a 100-mil beaker. Discard

the precipitate.

-. 26 Add '21 nil of concentratt-d Nil °Oil and heat nearly to boiling.

4. 7 Add 20 nil of saturited (Nil.0).,(-.' andi allfm to cool.

1. ' lk-cant as much of the ii,'uid as •osibir, and ueC thi" reCst to transfer

tLhe SrC'( 1 to a u-cight-d \Vhainin N(_. 5-42 tilter 1hap-r niounted in a
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filter chimney assembly.

4.29 Wash the precipitate with about 10 ml of ethyl alcohol.

4.30 Dry at 110 0C, cool, ans weigh to determine the chemical yield for

strontium carbonate.

4.31 Place the filter disc containing the strontium sample in a 50-ml

centritbige tube, stopper the tube and set aside for 15 days to allow

for the growth of Y-90.

4.32 AL the end ef the 15-day growth period, unstopper the tube and add

2 ml of standardized yttrium carrier and 5 ml of fuming nitric acid.

Transfer the contents to a 100-ml beaker.

4.33 Boil to near dryness, cool, and add 2 nil of fuming nitric acid.

4. Z; ! Boil to near dryness and cool.

4.35 Repeat the fuming nitric additinn. until the liquid is clear.

4.36 Transfer the sample to a 50-ml lusteroid tube and dilute to 15 ml

with water.

4.37 Add about 2 ml of H1F, centrifuge, and discard the supernate.

Record the time of the final Sr-90 separation.

4.38 Dissolve the precipitate in I nil of If113.O3 and 10 ml of water.

4. 39 Add two drops of phcnolphthalein indicator andi using Nil.01(f.

neutralize tc, the phenolphthalein end po!nt.

4.40 Centrifuge and discard the supernate.

4.41 Dissolve the Y (01)j in 2 ml of 6M IW'1 and dilute t, about 10 ml.
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4.42 Heat in a water bath and add 20 ml of saturated (NH 4 )2 C204.

4.43 Heat for 10 minutes and allow to cool to room temperature.

4.44 Centrifuge and discard the supernate.

4.45 Transfer the precipitate to a filter paper with a mininrum amount

of water.

4.46 Place filter paper and contents in a porcelain crucible,

o
4.47 Heat sample at 800 C in muffle furnace for 1 hour.

4.48 Cool, slurry the Y 0 in alcohol, and transfer the Y203 to a"23 23

weighed Whatman No. 542 filter paper mounted in a filter chimney

assembly.

4.49 Dry in a vacuum desiccator and weigh to determine the chemical

yield for Y 02 3

4.50 Mount for beta counting.

4.51 Count the sample in beta counter immediately and once daily

for 5 days using techniques for beta counting In Method 633.1.

4.52 Plot the decay curve of the corrected gross counting rate on semi-

log paper. The principle corrections will be background, stmdard

factor, and coincidence when applicbJle. A pure sample should give a

slope equal to the decay constant of 64.224 hours.

4.53• Extrapolate the curve back to the .Sr-90 separation time (Step 4.37).

This value represents the amount of Y-4)0 in equiliLriuni with Sr-90.
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4.54 Calculate the specific activity of Sr-90 as outlined in the following

section.

5. RESULTS AND COMPUTATIONS

* 5.1 Record the sample time and date.

5.2 Record the sample aliquots in cc or mg.

5.3 Record standardization data for Y and Sr carriers.

NOTE r
a) Standardization of the strontium carrier solution

is perfcG-med as foilows: Pipet a 5.0-ml aliquot into a

150-ml Erlenmeyer flask and aJd 10 ml 2M Na 2 CO3

solution. Digest on water bath for 15 minutes, cool

and filter through a tared fine porosity sintered glass

crucible. Wash with water, ethanol, and ether. Dry

at 1100C for 10 minutes. Cool in desiccator and weigh

to constant weight.

The analysis is performed in quadruplicate. Results

should agree to within 0. 5ý.

Sr (mg/ml) j (mg&SrCO3) (0.5941J
5

b) Standardization of the yttrium carrier solution is

perforn-ed as follows: Add 20 nil of demineralized water.

to 5.0 ml of the carrier solution, heat just to boiling, and
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add 20 ml of saturated (NTI 4 )2 C2 0 4 solution with stirring.

Heat for 10 minutes on a hot water bath and then cool in

an ice bath for 10 minutes. Filter through a Whatman No.

40 filter paper. Wash the precipitate with watr, transfer

to a tared porcelain crucible, dry under a heat lamp,

cover, and ignite at 8000 C for 10 minutes. Remove the

1: cover and continue the ignition for 1 hour. Cool in a

desiccator. Weigh the crucible to constant weight.

The analysis is performed in quadruplicate. Results

should agree to within 1';;.

"N' (mg/ml) = (mg Y2 0 8 ) (0.7875)

5

5.4 Pecord chemical yield of SrCO3 (Step 4.3) and Y203 (Step 4.48)

5.5 Calculate the specific activity of Sr-90 the results in uc/ce or

uc/mg 4 one standard deviation at sample time. (Reference Section

600).

55. 1 Activity of Sr-90 (uic/cc) -- Ay9O x t Lyicld) x f %Irowt

E x f (weight) x 2. 22 x 106 dipmi/uc

or activity of Sr-90 (uc/mg) Ay90 x f yieid) x f (groNlth)
E x f (weight) x 2.22 x 107 dpm/uc

Ay90 Activi, ' of Y-90 at tn!nd of the Y-90 ingrowtkh. This value

was dettrnined in Step -. 53.
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f (yield) 100%/o yield of yttrium carrier X
(l Actual yttrium yield

100% yield of strontium carrier

Actual strontium yield

f (volume) = volume of sample analyzed (ml)

f (weight) weight of sample analyzed (mg)

f (growth) = factor for ingrowth of Y-90. At the end of 15 days,

the growth factor approacheG one (1) and for all practical pur-

poses is one.

E = Counter effeciency for Y-90.
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METHOD 1133

CESIUM-134 and -137

1. SCOPE

This method is used to determine Cs-134 and -137 specific

activity in particulate (crud) and liquid samples. Cesium is precipitated

with chloroplatinic aci.d and the specific activity of the individual cesium

isotopes is determined by use of their cbaracterisitic piotopeak (0.97

Mev for Cs-134 and 0. 663 Mcv for Cs-137).

2. SAMPLE

Sample aliquots are selected on the basis of the total gamma

spectrum on which an estimate of the cesium activity is made.

3. APPARATUS AND CHEMICALS

Porcelain crucible-size OO.

Erlenmeyer flasks - 1 liter, 500 ml, 250 ml. and 125 ml.

Graduates-500, 250, 100, 10 ml.

Meeker burner.

Balance - analytical.

Pipets-2 ml and 10 ml capacity.

Centrifuge tubes 50 ml, Pyrex.

Centrifuge for 50-mil tubes - 4--place head.

Ice bath.

Filter tower apparatus-stainhless steel - 10-mil capaeity -15/16-in
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Filter paper - Whatman No. 542 15/16-in. diameter.

Vacuum pump - 115 volts.

Furnace, muffle. 0-2000 0 F.

Desiccator

Potassium pyrosulfate fused, powder, reagent grade.

Hydrochloric acid - 4N ('333 ml of concentraipd HIC1 made up to 1

liter with demineralized water).

Sodium hydroxide - 12N (Dissolve 240 gm of NaOH in 400 ml of de-

mineralized water and dilute to 500 ml.)

Sodium carbonate - 2M (Disolve 106 gm of Na 2 CO 3 in 400 ml of de-

mincralized water and dilute to 500 ml.)

"Acetic acid, concentrated, reagent grade.

Hydriodic acid - bismuth triiodide mixture (add 10 gm of BiI 3 to 50

ml of 55% HI).

1:7 mixture of HO and water (Add 10 ml of 2 M hydrochloric acid to

70 ml of demineralized water.)

Nitric acid, concentrated.

Chloroplatinic acid (Dissolve 2.5 gm of platinic chloride in minimum

amount of 2 M HC1 and dilute to 25 ml.)

Ethyl alcohol.

Cesium carrier - 10 mg/ml. (Dissolve 12.7 gm of CsCl in de-

mineralized water and make up to I liter.)

4. PROCEDURE

4. 1 Place the particulate sample (filter paper or clGth wipe) in a tared

porcelain crucible (Coors 00). If the sample is liquid, accurately

measure an aliquot and transfer it to an ErIennieYr flask and pro-

ceCd with Step 4. S.
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4.2 Ignite over a Meeker burner until completely ashed.

4.3 Weigh the crucible with ash to determine the total ignited crud.

4.4 Weigh out approximately 2 gm of potassium pyrosulfate (K2S 0 7)

and spread it evenly over the ashed crud.

4.5 Heat with a Meeker burner until the flux melts and turns cherry

red. Stop fasion at the first sign of SO3 fumes.

4.6 Cool and dissolve the flux with 4N HCl (slight heating will be

necesaary).

4.7 Transfer the dissolved flux to a 125-ml Erlenmeyer flask.

4.8 Pipet 2 ml of cesium, barium, strontium, and iron carriers and

* evaporate to near dryness. (See Section 3 of Method 1132for the

preparation of carriers.)

4.9 Transfer the sample to 50-ml centrifuge tube with minimum amount

of water.

4.10 Add 2-3 drops of 12N NaOH. Solution should be basic.

4.11 Add approximately 2 ml of 2M Na2 CO,.

4.12 Centrifuge and discard the precipitate.

4.13 Cool all rcagents required for Steps 4.14 through 4.19.

4.14 Add glacial acetic acid dropwise until the supernate is acid.

(Note evolution of CO2. )

4.15 Add I ml of III- il- reagent.

Sl:I3l-:• 1 IJuly 1966



Health Physics-
Process Control

4.16 Cool in an ice bath for approximately 5 minutes to precipitate the

Cs 3Bi 2I7 .

4.17 Centrifuge and discard the supernate.

4.18 Wash the precipitate with a 1 : 7 cold mixture of 2M HC1 and water.

4.19 Centrifuge and discard the wash.

4.20 Add three drops of 12N NaOH and 5 ml of water to the Cs 3Bi 2I7

precipitate.

4.21 Centrifuge and discard the precipitate.

4.22 Add concentrated nitric acid until the solution becomes black-brown.

4.23 Heat to expel 12. The solution should be clear after 1, is expelled.

4.24 Cool the solution in an ice bath and add 6 drops of 10% H2 PtCJ6 .

4.25 Add 20 ml of cold ethyl alcohol.

4.26 Centrifuge and discard the supernate.

4.27 Transfer the precipitate to a weighed filter disc with water.

4.28 Wash the precipitate with approximately 10 ml of cold ethanol.

4.29 Dry in a vacuum desiccator for about 10 minutes.

4.30 Weigh filter and contents and determine the chemical yield.

4.31 Mount the sample for gamma ray scintillation counting.

4.32 Count the sample using techniques for gamma pulse height analyses

given in Method 633. 30.
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5. RESULTS AND COMPUTATIONS

5.1 Record the sample time and date.

-. 2 Record the sample aliquots in cc or, in the case of a crud sample,

the weight, in rig, of crud analyzed.

5. 3 Record standardization data for cesium carrier. (100'7(, chemical

yield.)

NOTE

Standardization of the cesium carrier solution is per-

formed as follows: Pipet a 5.0-mi aliquot into a 50-ml

centrifuge tube. Add 5 ml of concentrated HCI. Add 4

ml of 10"t,? chlorqplatinic acid. Stir wvell and then let stand

for 10 minutes at 70 0 C. Filter through a tared fine porosity

sintered glass crucible. Wash the precipitate three times

with 5-ml portions of 6N HCl and three times with 5-ml

portions of absolute ethanol. Dry the precipitate at 100-

lid C for 20 minutes. Cool in a desiccator and weigh to

constant weight. The analysis is performed in quadrup-

licate. "The results should agrece within 0. 5'

Cs (mg/mil) _Ln1'g.) PtCI;) 3945)
5

5. 4 Record the actual chemical yield (Reference Step -1.30).
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5.5 Calculate the Cs-134 specific activity from the 0.794-Mev photopeak.

Cs-137 specific activity is calculated from its characteristic 0. 663-

Mev photopeak. Record the results in uc/cc or uc/mg + one standard

deviation. (See Method 636.)

I
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METHOD 1141

SUBMITTAL OF SAMPLES FOR OFF-SITE RADIOASSAYS

1. SCOPE

T'his method specifies the procedure to bc followed when samples

are shipped off site for rmdioassay.

2. SAMPLES

The samples can be either solid, (i. e. crud) liquid (i. e. reactor
1"
1 .coolant) or gas (i.e. environment air). The samples are collected under

the supervision of a health physicist.

3. APPARATUS

Pnlvethylene collection bottles.

4 . Filter paper - millipore -HA white - 47 mm.

Filter tower assembly.

Vacuum pump.

Oven - 0-o00 C.

Balance - analytical.

Desiccator.

Watch glass - ribbed.

Filter paper - Whatnmn No. 12.

SForceps - 115 nini.

Polyethylene tube - -0 nil.

ihthbher .4tojippr - No. 5.
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Tape - electrical.

Hydrochloric acid - concentrated.

Hot plate.

Beaker-100, 250, 500, 1000, 2000 ml.

Polyethylene sample bottle - 500 ml.

Paraffin.

Shipping containers, metal - (1l-gal. paint cans).

Vermiculite.

Lead solder.

Shipping labels for radioactive material.

Gag cylinder - 500-ml stainless steel - pressure tested for 1000

psi. (Can be obtained from Oak Ridge National Laboratory.)

Data sheet.

4. PROCEDURES

4.1 Liquid samples (Reference Army Test Procedure 203).

4.1.1 Dry several millipore type HA filter (47 ram) in an oven

at 100-105) C for 2 hours. To prevent curling, place the

filter paper on a watch glass ani put a ridbed wat( h glass on top of each

filter.

•. 1. 2 Remove filters from the o%-n, and cool in a dhsiccator to

room tempcraturc.
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4.1.3 Weigh the filter to the nearest 0.1 mg.

4.1.4 Continue the drying cycle until weight change is less than 0. 1

mg.

4.1.5 Record the final weight on appropriate data sheet.

4.1,6 Collect the liquid sample in a polyethylene bottle.

4.1.7 Filter the sample through the pre-weighed filter. All filter-

ing must be performed in a fume hood.

4.1.8 Remove the millipore filter with forceps and place it on a

Whatman No. 42 filter paper.

4.1.9 Roll up the wet millipore filter in the Whatman filter and

insert in a polyethylene test btbe.

4.1.10 Insert rubber stopper, seal with tape and label sample by

reactor, sample location, time and date of sample, volume

of water filtered, and contact radiation reading.

4.1.11 Add to the filtered water sample 20 mg each of standard

carriers. The type (f carriers will depend on the analyses

requested.

1.1.12 Record the carriers ad.led, ml, and standardization on the

data sheet.

4.1.13 Spike the sample with concentrated hydrochloric acid (1 ml

of acid per 25 nil of sample).
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4.1.14 Evaporate, water samries of more than 500 ml to approxi-

inately 400 ml. Record the initial and final volume.

4.1.15 Transfer the water sample to a clean polyethylene bottle.

Insure that an air blanket is maintained over the liquid

to allow for expansion during transportation.

4.1.16 Seal the cap with paraffin and label the sample for identifi-

cation and contact radiation readings.

4.1.17 Complete the approporiate data sheet in duplicate. (For

primary coolant samples use USAERG Form 36). Send one

copy with the sample; the other copy is for the plant files.

4.1.18 Place the samples and data sheet in an appropriate sized

metal can (i. e., paint can) and fill the can with vermiculite.

4.1.19 Seal the lid on the can, using lead solder.

4.1.20 Monitor the shipping container for compliance with shipping

regulations.

4.1.21 Verify that the shipment has the prior approval of recipient

and that he is informed of all hazards.

4. 1. 22 Verify that the recipient has the appropriate license and can

handle the material to be shipped.

4.1.23 Apply the api.opriate radioactive material and shipping

labels.
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4.1.24 Obtain a release for shipment from the health physicist and

the officer-in-charge.

4.2 Solid samples (i.e., soil, biota, smears, or swipes).

4.2.1 Collect the solid sample as directed by the heailth physicist.

4. 2. 2 Transfer the sample to an appropriate sized polyethylene

container.

4. 2.3 Label the sample as to sample location, date and time sampled,

and type of sample.

4.2.4 Complete the appropriate data sheet and enclose one copy

with the sample.

4.2.5 Follow Step 4.1.17 through 4.1.23 for preparation and

harndlirg of shpping container.

4.3 Gaseous samples (i.e., environmental gaseous samples).

4.3.1 Set up the air pump in the area to be sampled.

4.3. 2 Attach the 500-ml gas cylinder to the discharge of the pump.

NOTE

A vacuum hose a ttached to the suction side

of the pump may be used ior sampling in

confined areas.

4.3.3 Start pump and pressuvize to 100 psi.

4.3. 4. Record the pr,,ssure and contact radiation reading on the

gais collection clindlr.
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4. 3.5 Check cylinder for surface contamination, using smear

sample techniques.

4. 3.6 Complete the appropriate data sheet.

4. 3.7 Place gas cylinder and copy of data sheet in a fiberboard

box.

4.3.8 Pack tightly with paper wadding.

4.3.9 Follow Stops 4.1.19 through 4.1.23 for shipping preparation.

4.4 Bioassay samples (i.e., urine, feces)

4.4.1 Collect the samples for bioassay as outlined in sub section

1151.

4.4.2 Prepare the samples as directed by the medical laboratory

under contract to do the analysis.

5. RESULTS AND COMPUTATIONS

Complete the required data sheets.

6. TEST METHOD INPLEMENTATION

After radioactive material has been placed in its shipping container.

the container is checked for outside radiation to ensure that the package

meets Interstate Commerce Commission, Civil Aeronautics BoarJ, and

Coast Guard regulations. 'These regulations specify that therc must be no

more than 200 mreni/hr of radiation at the surface of the container and no

more than 10 mnreni/hr at one meter from the surface of the pact1kIge.
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PART I1. WATER CHEMISTRY

Safe and reliable operationz are prime requirements for a nuclear

reactor; radioactivity from the nuclear core and the corrosive nature of

water and gases dissolved in the water create significant interrelated

problems. Careful design. proper selection of contruction materials,

definition of exacting water specifications, and water treatment procedures

minimize any detrimental effects to plant components.

This Section cortains water cl emistry procedures necessary for

the performance of required test and the protection of the Process Co ntrol

Specialist during operation and maintenance of a nuclear power plant.

SECTION 1200 - ANALYTICAL PROCEDURES

This Section presents the analytical procedural methods required

for routine process control and radiochemical analyses. Sample

collection and handling techniques are of prime importance for the accurate

and meaningful interpretation of the resulting analytical data. Samples

must be reprezentative of the systems from which they' are taken; this

is assured by either recirculation of the liquid to be sampled or by flushing

of the sample lines with a volume of the liquid that is greater thnn the

volumen of the sample.
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ME'rIbo5 1211

DETERMINATION OF ALUMINUM IN WATER

1. SCOPE

This method is used to determine the aluminum content of various

plant system fluids as a means of measuring the amount of corrosion

occurring.

2. SUMMARY OF METHOD

"This sensitive mcthod for aluminum is based on the formation of

adsorption compounds (lakes) between aluminum and certain dyes. The

color is stable but should be measured within 1 day. Several elements,

particularly iron, give similar colorations. Interfering elements besides

iron include: beryllium, zirconium, thallium, scandium, gallium, rare

earths, zinc, titanium, and chromium.

Aluminum can be separated from the above interfering elements

by 1.,ading on an anion exchange resin in the citrate form, followed by

clution with 10 AT hydrochloric acid. The eluate containing the aluminum

is evaporated to dryness to remove hydrochloric acid and the aluminum

is determined colorimetrically by use of Eriochrome Cyanine tI. The

range of the method is 0 -5 Agyn aluminum.

NOTE

TraL.cs of aluminum can be introduced by attack of the

glass containers. Also, many reagents contain traces
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oi aluminum. Therefore, it is necessary to carry a

blank of deionized water through the entire procedure.

3. APPARATUS

3.1 Small ion-exchange columns, (Figure 1211-1 having a resin capacity

of 5 ml and a reservoir (liquid) capacity of 12 ml, 9r, filled with

Dowex AG-l-IO, 100-200 mesh resin in the chloride form. The column is

rinsed with water until the eluate is aeutral to pHt paper. Pass two reser-

voir volumes of 50% citric acid through the column. This column is now

ready for use.

3.2 A second column is prepared in a similar manner except that 10

M hydrochloric acid is used instead of 50% citric acid.

3.3 Separa;ory funnels (Figure 1211-1) (125-mn capacity) are fitted with

a one-hole stopper to provide an airtight connection between the

delivery stem of the separation funnel and the reservoir of the ion-exchange

column.

3.4 100-ml beakers

3.5 5-ml pipets

:1. 6 50-ml volumetric flasks

3.7 Spectrophotonetric or colorimeter

4. REAGENTS

4.1 1iCL. ION: Dilute 855 ml of concentrated JlCI to a volume of I liter
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by adding deionized water.

4.2 Citric acid solution, 50%: Dissolve 50 gm citric acid in 100 ml

of water.

4. 3 Eriochroime Cyanine R, 0. 035% solution: Place 0. 3500 gmn of

Eriochrome Cyanine R in a dry 250 ml beaker. Add 2 ml of dilute

(1 :1) HNO 3 and swirl at room temperature until the orange-red dye is com-

pletely dissolved. Add 75 ml water, then 0. 25 urea. Swirl to dissolve;

dilute to 1 liter.

4.4 Buffer solution, pH 7.0, 32/1. Dissolve 32 gm of ammonium ace-

tate in 100 rnl H20 and adjust pH to 7. 0 using acetic acid or am-

monium hydroxide.

5. PROCEDURE

5.1 Attach the separatory funnel to the reservoir of the prepared ion-

exchange column (citrate-form resin) and add 100 ml of the water

sample to the separatory funnel.

5.2 Allow the water to pass through the resin bed. Rinse the separatory

funnel with 20 ml of deionize•( water and allow same to flow through

the ion-exchange column.

5.3 This column (No. 1) contains the aluminum. Place it above the

column containing the resin in the chloride from Nci 2 so that the

cluatv from Column I 1xisses into the reservoir of Column 2.
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5.4 Place a clean 100-ml beaker under Column 2. Fill the reservoir

of Column 1 with 10 N hydrochloric acid. When this solution has

passed through both Columns, refill the reservoir of Column 1 with 10 N

hydrochloric acid and allow to drain through Column 2 into the beaker.

Cover the beaker with a Speedevap lid and evaporate to dryness.

5.5 Add 25 ml deionized water.

5.6 Pipet 5 ml of Eriochrome Cyanine R reagent, wait 2 minutes and.

pipet 5 ml of buffer solution.

5.7 Adjust the pH to 5.8 (use pH-Hydrion paper) with acetic acid or

ammonium hydroxide.

5.8 Transfer the sample quantitatively to a 50-ml volumetric flask.

Dilute to volume with deionized water and mix. Allow at least

7 minutes for the color to develop.

5.9 Read the absorbence at 535 mm (or use a green filter). The

reference solution consist3 of 100 mi of deionized water that has

been carried through the entire procedure.

6. CALIBILATION

Prepare a graph of absorbance versus micrograms Ai per ml

(ppm) bU- carrying standard 0, 1, :L 5. 10, and 15 ^rni samplcv (or ml of

working standard) of Al in 100 ml (0, 0.01. 0. 0:1, 0. 05, o. 1o and 0. 15 ppm.

respectively) through the entire p)roceduhre. "The At stant(L(rds are prrpjired

by dissolving 0. 100 gin of high prurity aluminum in a minimum of dilute (1:1)
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hydrochloric acid and diluting to 1 liter with water. Pipet 10 ml of this

solution and dilute to 1 liter with water to obtain a working standard solu-

tion containing 1 ppm (l m per ml).

7. CALCULATIONS

Using the calibration curve prepared in Section 3.1. 3 above and

the absorb3nce measured for the sample, obtain .he concentration of

aluminum in the sample.

Obtain the aluminum concentration of the blank using the cali-

bration curve above and the absorbancy determined for the blank.

Calculate the aluminum concentration of the sample using the

¶ •following equation:
'p

C=As - Ab

Where C = true concentration of a aluminum in s mple. ppm

As concentration of aluminum ir. sample, ppm

Ab concentrzition of aluminum in blank, ppm
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METHlOD 1212

DETERMINATION OF CHLORIDE CONTENT IN WATER

1. SCOPE

This method is used to determine the chloride content of makeup

water and the water present in various plant systems.

2. SUMMARY OF METHOD

Chloride is determined by titration with standard mercuric nitrate

to form mercuric chloride complexes. Diphenylcarbazone is used as an

indicator to detect excess mercuric ion at the end point. The reaction

occurs quantitatively only at a p11 of 3. 0 to 3. 5. If the chloride content is

below 1 ppm the analysis becomes inaccurate unless the mercuric nitrate is

standardized in the low chloride range. Care must be taken in the washing

of glassware, particularly that used with concentrated HC1 in other procedures.

3. APPAR,',TUS

1 and 2 ml pipets

2 - 250 ml Erlenneyer flasks

p~l papeor

Buret

2.-1011 ml graduated cylinders

-1. R{EAGEINTS

I.1 Sti'u;ird Icrt'cutric nlitalt., 0).0i)2; N for I ppli chloridh and ho\v..
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4.2 Dissolve 4.3 gin Hg (NO 3 )2 . H20 11: 50 ml warm water containing

1 ml of dilute (1 :1) HNO 3. Cool, filte,- into a volumetric flask,

and dilute to 1 liter with 1120.

4.3 Standard chloride solution, 500 ppm Cl.

4.4 Dissolve 0.8242 gm of NaC1 in H20 and dilute to 1 liter in a

volumetric flask.

4.5 Mixed chloride indicator.

4.6 Add ethanol to a mixture of 0.5 gm diphenylcarbazone and 0.05

grm bromphenol blue. Dilute with ethanol to a to,1l volume of 100

ml in a volumetric flask. Store ip a brown bottle. Discard after 6 months.

4.7 Dilute nitric acid, 0.5 N.

4.8 Add H20 to 33 ml HNO 3 to make a final volume of 1 liter.

4.9 Hydrogen peroxide, 30%.

5. STANDARDIZATION OF MERCURIC NITRATE

5.1 Standardization of 0.010 N Mercuric Nitrate:

Prepare a solution containing 5 ppm of chloride by diluting 1 ml

of standard solution containing 500 ppm of chloride to 100 ml in a volumetric

flask. Pipette a 2-ml portion of this solution into another 100 ml volumetric

flask and dilute to mark thus giving a solution containing 0.1 ppm of chloridc.

Analyze the latter solution, in triplicate for chloride. Analyze a blank of

100 ml demineralized water.

5. 2. Standarization of 0. 025 N Mercuric Nitrate:
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Pipet 5 ml of 500 ppm standard chloride solution into a 100 ml

volumetric flask and dilute to exactly 100 ml with demineralized water.

This solution will contain 25 ppm chloride. Analyze this solution in tripli-

cate for chloride. Analyze a blank of 100 ml demineralized water.

6. PROCEDURE

6.1 Transfer a 100-ml water sample from a graduate to a 250-ml

Erlenmeyer flask.

6.2 Add 3 diops of 35% H202 to eliminate sulfite.

6.3 Add 10 drops of mixed chloride indicator. Using pH paper, adjust

to pH 3.0 - 3.5 with 0.5N HNO 3 added dropwise.

6.4 Titrate the yellow acidified solution with standard mercuric nitrate

until a light blue-violet color is obtained. The end-point is first

detected as a purple coloration in surface bubbles. (Alternatively, the

titration may be carried on the neutral point in which a colorless solution

results. Whichever end point is selected, the blank must be run similarly.)

6.5 Determine a blank, by repeating the titration using 100 ml of

demineralized water.

7. CALCULATIONS

7.1 N Mercuric Nitrate (ppm chloridl annie_00 _ll)A__
(S-B) (15, .-160)
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7. 2 Chloride content of sample:

ppm chloride - (S-B) (N) (35, 460)
(v)

Where S = volume of standard mercuric nitrate, required
for sample, ml.

B - volume of standard mercuric nitrate, required
for blank, ml.

N = normality of standard mercuric nitrate.

V = volume of sample analyzed, ml.

8. INTERFERENCES

Nickel, iron, and chromium ions affect the end-point color but

do not reduce the accuracy of the method if these ions are present to the

extent of less than 100 ppm. Sulfite interferes with the end-point and must

be oxidized to sulfate by the addition of hydrogen peroxide.

9. PRECISION AND ACCURACY

The precision of the method is 0.1 ppm or 2% of the chloride con-

tent of the sample; the accuracy is approximately equal to the precision in

the absence of interferences.
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METHOD 1213

DETERMINATION OF IRON IN WATER

1. SCOPE

This method is used to determine the iron content of water in the

event corrections are required for the iron present in samples used for

other analyses, or if a specific iron determination is required.

2. SUMMARY OF METHOD

Ferrous ions yield a red complex with o-phenanthrolinc; the color

is stable. Many metals, such as Al, Cd, Zn, Hg, Mo, W, Cu, Cr, Ni,

and Co, can interfere if present in more than trace quanitities. Phosphates

should also be absent. All of these impurities, excepting Mo, can be re-

moved by an ion-exchange technique.

3. APPARATUS

Hot plate.

600-ml beaker.

100-ml beakers.

Buret.

Colorimeter equipped with 508 nu,(green filter).

4. REA(GENTS

4.1 Concentrated IIC1

1.2 -1.5 N! !(CI.

4-. )jilute 96 ml of concentrated IICI to 25o nil with dvioiiized water.
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4.5 Dilute 11 ml of concentrated HC1 to 250 m! with deionized water.

4.6 Resin.

4.7 Dowex AG-l-XI0, 100-200 mesh.

4.8 0-phenanthroline.

4.9 Dissolve 0.100 gm o-phenathroline in 100 ml of deionized water.

4.10 Hydroxylamine hydrochloride, (NH 2OH . HCI) 10%.

4.11 Dissolve 10 gvm NH OH . HCl in 100 n,1 of deionized wattr.2

5. PROCEDURE

5.1 Add 5 ml of concentrated HCl to a 100 ml water sample. Evaporate

to dryness.

5. 2 Prepare an ion exchange column by placing about 5 ml of Dowex

AG-1-XIO, 100-200 mesh resin in a small buret or ion exchange

column. Convert the resin to the chloride form by passing 25 ml of 4.5 -M

HCI through the resin. The resin column is now ready to be used.

5.3 Dissolve the evaporated sample in several ml of 4.35 Al HCI; add

the sample to the column. Drain into a beaker.

5.4 Rinse the beaker three times with 5 ml volumes of 4.5 M IICI and

add to the resin column.

5.5 Elute the iron fronm the resin by adding three 10-mil volumes 'f

0.5 NI lCI: o,:ect the product in a clean beaker.

5. 6 ('over the heaker with a speed-evalp lid and vvail)rate to drlne ois.
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5.7 Add 50 ml of deionized water to dissolve the sample.

5.8 Add 2 ml of 10%7• hydroxylamin.- hydrochloride solution.

5.9 Adjust the solution to pH 3-5 with NaOH or acetic acid.

5.10 Pipet 10 ml of the o-phenanthroline solution to the sample; transfer

to a .00 ml volumetric flask and dilute to volume with deionized

water.

5.11 Wait for 5 minutes and read the absorbance at 508 mu (green filter).

For reference, carry a blank of deionized water through the

procedure.

6. CALCULATIONS

Determine the iron content from a standard curve thP÷ is prepared

by analyzing a series of standard iron solutions, using Steps 5.8 through 5.11.
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METHOD 1214

DETERMINATION OF SILICA IN WATER

1. SCOPE

This method is used to determine the silica content of the steam

generator blowdown and, in rare instances, that of the makeup water.

2. SUMMARY OF METHOD

The silica content of water is determined by measuring the

molybdenum blue color developed by reduction of the s ilicomolybdate

complex with sodium sulfite.

3. APPARATUS

Polyethylene bottles.

Plastic graduated cylinders.

Teflon beakers, 100 ml.

Colorimeter with 650 rn -A filter.

Plastic funnels for filtering.

4. REAGENTS

4.1 Standard sodium silicate, 100 1ppn SiO.).

4.2 Dissolve 0. 4732 gm of sodium silicate (Na)SiO3 . 911.2()) in water

and dilute to I liter. Pllastic ware --hould bh use(i where possible

and polyethylene bottles should be used for sto'zage.

4.3 Dilute IW(I.
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4.4 1dilute 2 ml of enneentrated HC1 to 100 ml with deionized water.

4.5 Ammonium molybdate reagent, 5%.

4.6 Dissolve 50.0 gmn of ammonium molybdate (NH 4 )2 MoO 4 in 500 ml

of warm water and cool to room temperatare. Dilute with water

to 1 liter.

4.7 Sodium sulfite.

4. 8 Dissolve 170 gm of sodium sulfite .'t2SO 3) in 500 ml of deionized

water and dilute tO) 1 liter.

5. CALIBRATION

5.1 Prepare a 2 : 10 dilution of the stock silica standard using deionized

water. Tlis is the working standard.

5. 2 Pipet out 1, 2, 4, 6, 8, and 10 ml aliquots of the working standard

into teflon beakers. Dilute to 10 ml with deionized water and

cary each standard through the procedure described below. T•ese standards

contail 2, 4, 8, 12, 16 and 20 ppm respectively.

5. 3 Prepare a calibration curve of ", transmission versus concentration

of the silica .I-andards.

6. PROCEDURE

6.1 Pipet 10 ml of a filtered sanmple of secondary water into a 100-0::,

teflon beaker.

6. 2 Add 10 nil of dilute 11('l to the saniplc anid mix% well.
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6.3 Add 10 ml of ammonium niolybdatc solution and mix well.

6.4 Let stand for 1 minute.

6.5 Add 20 il of sodium sulfite solution and mix well.

6.6 Let stand exactl:, 1 minute after adding the sulfite solution. Deter-

mine the transmission using a 6b0 rq& -A filter.

6.7 The silica content of the sample in ppm is obtained from the cali-

bration curve prepared above.

7. INTERFERENCES

7.1 Germanium (IV), phosphorus (V) or ars, nic (V) give 'be same

reaction and therefore interfere directly. In the presence of

oxalic acid (3 ml of a 10% solution) citric or tartaric acids (4 ml of a 10%

solution) the coloration due to phosphates is less sensitive and up to 5

parts phosphorus (V) to 1 part silica (IV) may be tolerated. Barium, bismuth,

lead, and antimony produce turbidity. Lead, iron (III), and titanium (IV)

interfere at eoncentrations great er than 10 ppm. Other common ions

(except gernr-Aium, phospnorus and arsenic) nliv be tolerated up to 50

ppm. Htigh concentrations (0.5 - 1 M ) of alkali metal salts prevent max-

imum color development,

7.2. Aluminum, zinc, and iron n,.v be held in sulution as coinplexes

by use of animoniuni tartrate. lhosphate ions do not interfere

when thc pil i.s adjusted to -1.2) - 6. s.
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8. ACCURACY

The accuracy of the results is + 2%.

2
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• p METHOD 1215

DETERMINATION OF SULFITE IN WATER

1. SCOPE

This method is used to determine the sulfite content of water,

particularly steam-generator blowdown.

2. SUMMARY OF METHOD

Sulfite is determined by reduction of iodine and titration of the excess

Iodine with standard thiosulfate solution.

3. APPARATUS

1-liter volumetric flask.

250-ml Erlenmeyer flasks.

50-ml buret.

4. REAGENTS

4.1 Approximately 0. 025 N iodine. Dissolve 75 gm notassium iodide,

KI, in 60 ml water, add 1.6 gm iodine, 12. dilute to 500 ml with

water; store in an amber bottle.

4.2 Standard sodium thiosulfate, 0.0250 N. Dissolve 6.2 gm sodium

thiosulfate, Na2S203 . 51110, and 0.1 gm sodium carbonate,

Nan.,CO hi a volumetric flask and dilute to I-liter (using water previously

boiled for at least :10 minutes and cooled to room temperature in a sealed

polyethylene hortle). Standardize as follows: Wcigh out triplicate samplts

(approximately -1o mgm each) of potassium lodate (K1O ) accurately to 0. 1
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inmgm and transfer to 250-ml Erlenmeyer flasks. Dissolve in about 25 ml

water and add 2 gin potassium iodide, KI, and 10 ml of I N sulfuric acid,

SH2SO 4 . Titrate with the 0. 0250N sodium thiosulfate to be standardized

using a 50-ml buret. Add 10 drops of starch indicator when the solution

becomes a pale yellow and continue the titration to the disappearance of

the blue color. The normality of the thiosulfate (N)is calculated as follows:

N= 1000W
-- 35.66(S)

S = volume of sodium thiosulfate required, ml.

W Wweight of KIO 3, gin.

4.3 Sodium thiosulfate solutions may decompose on standing as}i ,.

evidenced by the formation of milky colloidal sulfur. The use of I -
boiled water, free of dissolved 02, C0 2, and bacteria, provides a stable

reagent. If the standard thiosulfate solution becomes cloudy, discard and

prepare a new standard solution.

4.4 Starch indicator.

4.5 Grind I gin of 3oluble starch and I mg mercuric iodide HgI 2 with

water in a mortar to form a paste. Pour the paste into 100 ml of

boiling water, boil 2 minutes, cool, and pour off clear liquid into a bottle.

4.6 Glacial acetic acid.

5. PROCEDURE

5.1 Pipet 5 ml of 0.0250N iodine into a 250-mI FriEn•eycr flask.

1215-2 1 July 1966
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5.2 Add 5 ml glacial acetic acid.

5.3 Using a graduated cylinder, measure a 100-ml water sample and

place in a flask.

5.4 Titrate promptly with 0. 0250N sodium thiosulfate until the solution

is a pale yellow color. Add 10 drops starch indicator and continue

titration to a colorless end point.

4 d5.5 Repeat using 100 ml demineralized water as a blank.

6. CALCULATIONS
ppm SO3 = (B-S) (1000) (N) (40.03)

V

Where S = volume of thiosulfate required for sampl', ml

B = volume of thiosulfate required for blank, ml

N = normality of thiosulfate

V = volume of the sample, ml

7. INTERFERENCES

Any oxidizable substance such as organic matter, thiosulfates,

sulfides, and nitrites produce high results.

8. ACCURACY

The accuracy of the results is , 1i".

1215-3 1 July 1966
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METHOD 1216

DETERMINATION OF THE PHOSPHATE CONTENT OF WATER

I. SCOPE

This method is used to determine the phosphate content of the

secondary system steam-generator blowdown.

2. SUMMARY OF METHOD

This method is based on the yellow phosphovanidomolybdote

complex formed when ammonium vanadate is added to phosphomolybdic

acid. The color has an absorption maximum at 460 mr and is stable for

several weeks.

3. APPARATUS

Colornmeter and 425-B filter

Cuvettes for colorimeter

Pipets 1, 5, 10, 25 ml

100-ml volumetric flasks

4. REAGENTS

4.1 Standard Phosphate Saluti~n: 1000 ppm 1000 mgm/liter -- I mgm/ml.

Add water to 1. 433 gm monobasic KH 2 PO4 , or 1. 834 gm dibasic

potass!um phosphate K 2 HPO4 ; dilute to 1 liter.

4.2 Dilute (I : 1) nitrc acid - one part conecntrated nitric acid, HINO.1

is mixed with one part by volume of water.

4.3 5`, ammonium mol)bdawe solution - add water to 50 gm ammonium

1216-1 1 JAly 1966
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molybdate, (NH 4 )2 MOO 4 , to make a total volume of I liter.

4.4 0.25% ammonium vanadate solution - dissolve 2.5 gm ammonium

vanadate, NH 4VO 3 , in 500 ml of hot water, cool, add 20 ml of

nitric acid, and dilute to 1 liter.

5. CALIBRATION

Prepare a set of working phosphate standards by pipeting 1, 5, 10,

25, and 30 ml of standard phosphate solution (1000 ppm P04 ) into 100-ml

volumetric flasks nd carrying a sample of each diluted solution through the

analytical procedure. Thus, the working standards correspond to 10, 50,

100, 250, and 300 ppm of phosphate.

6. PROCEDURE

6.1 Pipet 10 ml of filtered water into a 100-ml volumetric flask. A

blank analysis using demineralized water should be run simult-

aneously.

6.2 Add dendneralized water to make total volume 30 to 40 ml.

6.3 Add 1 ml of dilutc (1:1) nJric acid to flask and mix.

6.4 Pipet 10 ml of ammonium molybdate solution into flask and mix.

6.5 Pipet 10 ml ammonium vanadate solution into flask and mix.

6.6 Dilute to mark with demineralized water and mix.

6.7 Allow color to develop for 10 minutes.

6.8 Transfer aliquots of the unknown sample and blank to clean

cuvettes. Inset the blank into the colorimeter fitted with the 425-B
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filter and adjust the instrument to read 100% transmission. Replace the

blank with the unknown; read percent transmission.

7. CALCULATION

Construct a calibration curve using the data obtained for the

standards. Plot the percent transmission versus ppm of phosphate in the

standard using linear graph paper.

Using the calibration curve, obtain the ppm of phosphate in the

unknown corresponding to the observed transmission.

8. INTERFERENCES

Silcon gives a yellow silicomolybdate complex; however, 1 part

silicon (IV) for 1 part phosphorus (V) may be tolerated. Iron (III) in excess

of 200 ppm interferes by producing a yellow color, but may be compensated

for by using a properly diluted aliquot of the sample solution in the refer-

encf cell. Compounds whichprecipitate interfere by carrying down phoshp-

orus. These include zinc, niobium, tantalum, titanium, zirconium, tungsten,

and vanadium. Copper (II) and nickel ions change the color of the solution,

but as much as 1000 ppm of these ions can be tolerated. Sulfide ion (H).

thiosulfate and th ecyanate, if present in excess of 10v ppm, interfere either

by reducing the phosphovanadomolvbdate conphlex or the excess of molydate

to molvtdcenum blue. Chloride ions inhibit the development of the color;

the .hloride concentration should not exceed 50 ppm.
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9. ACCURACY

The accuracy of the results is + 2%.

1216-4 1 Julv 1966



Health Physics-
Process Control

METHOD 1221

DETERMINATION OF TOTAL SOLIDS IN WATER

1. SCOPE

This method is used to determine the total solids content of water.

2. SUMMARY OF METHOD

The total solids are determined by evaporating a sample of water

in a pre-weighed dish and obtaining the weight of the solids plus dish. The

total solids content is obtained by difference.

3. APPARATUS

Hot plate.

Balance.

Porcelain evaporating dish.

Drying oven

4. REAGFNTS

None required.

5. PROCEDURE

5.1 Clean a porcelain evaporating dish by washing with dernineralized

water; heat the dish at 105 - 110 0C for .1 hours and cool in a desic-

cator to room temperature. (See note.) Handle dish only with tongs to

avoid grease from fingerprints. l)eterniine weight of ,iish to nearest 0.1

niggm; repeat until a constant weight is obtnlinvd. i. v. un!il two consecutive
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weighings are within 0.5 mgm of each other.

5.2 Pipet a 100-ml water sample into the dish and evaporate slowly

over low heat almost to dryness. Pipet another 100-ml sample

into the same dish and evaporate almost to dryness over low heat. Keep

dish covered with watch glass during the procedure to protect from dust

or particles.

5.3 When the sample is aln ost dry, transfer to the oven and continue

drying for 4 hours at 179°-181°C to decompose the hydrated

material. Cool in a desiccator to room teirrperature. (See note.)

5.4 Determine weight of dish plus residue to nearest 0.1 mgm.

5.5 Repeat Steps (3) and (4) until two consecutive weighings are with-

in 0.5 mgmn of each other (constant weight).

6. CALCULATIONS

Total solids, ppm . 100 (W2 - WO)
V

W = initial weighf of dish. mgm

W = final weight of dish, mgm

V - molume of sample. ml

7. INTERFERENCES

There are no interferences.

8. ACCURACY

The accuracy of the results is Z7-.

1221-2 1 Jily 1966
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NOTE

The temperature of the dish and the balance should

be the same to avoid air currents due to temperature

differentials which will result in erratic weighLigs.

1

i



Health Piiysics-0 Process Control

METHOD 1231

DETERMINATION OF THE AMMONIA CONTENT OF WATER

1. SCOPE

This method is used to determine the ammonis content of various

water samples.

2. SUMMARY OF METHOD

Ammonia and ammonium salts give an orange color with Nessler's

"eagent. The transmission of the solution to light with a wave lngth of

425 microns is measured in a colorimeter and compared with standard

solutions containing ammonium iors.

(7-1 3. APPARATUS

Colorimeter.

Cuvettes for colorimeter.

50 ml volumetiic flasks.

Pipets.

4. REAGENTS

4.1 Nessler's reagent: K2 IHgI4

Mix 45.5 gm of mercuric iodide with 35 grm of potassium iodide and

a little water; shake until just dissolved. After dissolution, add 112 -m

of potassium hydroxide and dilute to I liter of water. Store in a polyethylene

bottle.
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4. L Standard ammonia solution, 2 ppm NH +

Prepare a standardized solution of ammonium chloride by dissolving

5.933 gm of ammonium chloride in 1 liter of water. Pipet exactly 1 ml of

this solut. ý to a 1-liter volumetric flask and dilute to the :nark with water.

(A standa.'dized solution of ammonium hydroxide may be used as the stand-

ard stoc sv, ition.)

5. F:'OCEDURE

Ammonia and ammonium salts give an orange color with Nessler's

reagent. Colorimetric determinations can be made over a range of 0.1 - 2

ppi NH4 + at 425 mM

5.1 Pipet 40 ml of the sample into a 50-m! volumetric flask.

5.2 In the event a 40 ml sample is too concentrated, a smaller sample

is to be taken. Then, dilute to a volume of approximately 40 ml

with deionized water.

5. 3 Pipet 4 ml of reagent into the flask and cool to 250C. Dilute tu the

mark with water and ibi.

;..4 Wait 36 minutes, read absorption at 425 mn and 25 0 C (or olue

filter). using for reference a sample of water carried through

the above procedure.

6. CALCULATION

.Wad NH4 * concentration from a curve prepared by carrying

standard NH4 solutions through the above procedure.
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I analysis indicates ammonia is out of range, dilute sample to

bring analysis within range and repeat procedure.

NOTE

If hydrazine is present, high values will be obtained for

the ammonia concentration. Samples should not be taken

for ammonia analysis shortly after an addition of hydra-

zine to the primary system.

7. INTERFERENCES

Aliphatic or aromatic amines interferc by producing a yellow

color. An interfering turbidity is produced by aldehydes, acetone, and

alcohols among other organic compounds. Ions insoluble in alkaline

solutions or producing precipitates with iodine or mercury cause turbi&e<.

The principal interfering ions include Mg, Mn, Ca, Fe, and sulfide.

8. ACCURACY

The accuracy of the results is ý 2%.
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I,• rMETHOD 1232

DETERMINATION OF CAREON DIOXIDE IN WATER

1. SCOPE

This method is used to deterrmine the carbor dioxide content of

water.

2. SUMIABY OF METHOD

The carbon dioxide content of water is determined by titration of

the carbon dioxide with sodium hydroxide to yield sodium bicarbonate.

The end point (pH 8. 35) is determined by the color clhange of phenolphthalein

from colorless to pink.

3. APPARATUS

Buret

250 ml Erlenmeyer flask

4. REAGENTS

4.1 Phenolphthalein

4.2 0.05 gm phenolphthalcin in 50-ml ethyl alcohol; dilute to 100 ml

with deionized water.

4.3 0.02 N sodium hydroxide

4.4 Dilute 5.0 ml of 1 N sodium hyd., oxide to 250 ml with deionized watir.

5. PROCEDURE

5.1 Add 2 drops of phenolphthalein indicator to a 100 ml water sample .

5.2 Titrate to a pink color with 0.02 N NaOH.
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5.3 Repeat procedure with deionized water to obtain a blank determin-

ation.

6. CALCULATIONS

ppm CO = __.S-B) (N) (4.4 x 104)
2 V

Where S = volume NaOH required for sample, ml

B = volume NaOH required for blank, ml

N = normality of NaOH

V = volume of sample, ni
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METHOD 1233

DETERMINXTION OF RESIDUAL CHLORINE IN WATER

1. SCOPE

This riethod is used to determine the residual chlorine in water.

2. SUMMARY CF METHOD

When water containing free chlorine is treated with orthotolidine

reagent, a distinct color is obtained. Small amounts of chlorine give a

yellow color; larger amounts give an orange color. The quantitative

estimation is carried out by comparison, with color standards.

3. APPARATUS

Chlorine test kit.

1~ 4. REAGENTS

Orý&o-tolidine tablets.

5. PROC..DURE

5.1 Rinse three sample tubes of the chlorine test kit with the water to

be tested.

5. 2 Introduce one ortho-tolidine tablet into one tube and crush with

a stirring rod.

5.3 Fill all three tubes %Io the mark with the sample to be analyzed.

Note: The temperature of the test sample should be approxi-

mately 68OF (200 C).
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5.4 Mix the ortho-tolidine with the sample by placing a clean dry

portion of the hand over the top and inverting a few times.

5.5 Compare with known color standards. The reading is made at

the point of maximum color development which appears in 5 to 10

minutes after mixing.

5.6 Place the tube with the developed color in the center of the com-

parator block and the two blank samples on either side.

5.7 Place various consecutive color standards in the comparator

until the color of the sample falls between two known values.

5.8 If the color of the sample is too deep, use only 0.5 ml of water

and deionized water for the remainder.

6. CALCULATIONS

6.1 If an exact match is obtained in Step !.1 above, the amount

of free or residual chlorine is read off directly from the standard

with which the match is obtainee.

6.2 If the color lies between that of two standards, the reading is taker.

as an average of the two.

6.3 If the sample was diluted as in &*ep 5.8. multiply the result

obtained in Step ".1 or 6.2 by it dilution factor of 20 to

obtain the true corncentration.
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METHOD 1234

DETERMINATION OF OXYGEN CONTENT OF WATER

1. SCOPE

This method is used to determine the oxygen content of primary

coolant and various makeup waters.

2. SUMMARY OF METHOD

The following two methods are availtble for the determination

of oxygen in water:

1. Injection of a reduced indigo-carmine solution *nto an inline

sample bulb and visual color comparison. This method is to be used for

I -) oMygen concentrations below 50 ppb.

2. A more detailed photometric method, also using an indigo-

carmine color-forming solution, for oxygen concentrations higher than

50 ppb.

3. METHOD I

3.1 The determination of dissolved oxygen over the concentration range

of 0 to 50 ppb in relatively pure water with indigo-carmine, is

based on the oxidation of an exact quantity of reduced indigo-carmioe. In

this mr ethod. the resulting color of the water indigo-carmine mixture is

compared with the Cxygen Comparator n (R. L. Johnson Co.). Vhis

compyrator is a disc device that glves manWhing colors, one at a time. for

six oxygen concentrations: 0. 5. 10. 15. 25. and 50 pq.
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3.2 AVnues

Sampl flask, 300 ml (rubber diaphragm attached)

Buret, 25 ml

Hypodermic needle, 1-1/2 in.

Hypoderinc syringe, 5 ml

Oxygen Comparator II

3.3 Reagents ci
3.3.1 Indigo-Carmine Stock Solution - Dissolve 0.45 gm of

reagent grade indigo-carmine and 4.5 gm of reagent grade

glucose (dextrose) in enough water to make 400 ml of solution. Add 500 ml

of reagent grade glycerol and mix. Store in dark bottle and use within 2 weeks.

S. 3.2 Potassium Hydroxide, 33.3% - Dissolve 100 gm of reagent

grade potassium hydroxide in 200 ml water.

3.3.3 Indigo-Carmine Indicator - In a 100-m! flask, mix 40 ml

of the stock indigo-carmine solution with 10 ml of 33.3%

potassiu- Mdroxide. Stopper and invert several times to mix. Ascertain

a lemon yellow color. Fill a brown bottle with an inert gas (argon) under

a alight pooltive pressure. Transfer reagent solution to bottle. sopper.

and invert.

3.4 Procedure

The water is passed through the sample flask (300 ml) for 20 to

1234-2 1 JMdy 1966
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25 min. at 200 to 1500 ml/min. The gas flask is valved close. Reagent

is removed from its storag,' bottle by forcing th'. syringe needle through

the rubber stopper. Then, 4.8 ml of the indicator is injected into the Sam-

pie via the sample flask rv:blbr diaphragm. Mix the contents by repeated

shaking. Determine the oxygen concentration immediately by matching

the soluticn color with the Oxygen Comparator II.

1-) 3.5 Limitations

Th'c maximum oxygen concentration measurable by this proceaure

is 50 pii,

4. METHOD In

4.1 The dissolved oxygen content of a 0.6-ml sample of water is deter-

mined by measuring the red color produced by the partial oxida-

tion of reduced indigo-carmine acted upon by the oxygen in the water.

Atmospheric oxygen is excluded by car.-y*ng out the entire operation, in-

cluding the reading 3f the absorbence, in an air-tight syringe. This pro-

cedure is applicable to oxygen concentrations greater thon 50 ppb. it is

more involved then MeJed I and shouli be used -nly wh,;n ;'he oxygen con-

centrations cannot be Jietermined by Method I.

4.2 A.ramtus

4.2.1 Fischer Flectrophotometer, fitted with a nikcroabs .rption

aeserIbly and micro cells.
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4.22.2 1-ml Tuberculin syringe, graduated in 0.01 ml, fitted with

a No. 22 hypodermic needle.

4.2.3 Special, custon-fitted bushing with a slit window (which

may be turned on a lathe from e piece of polyethylene) to

adapt the syringe to the sample holder so the geometric positioning of the

syringe can be reproduced.

4.2.4 Small. staninless steel cylinder, cut from the end of a rod
"_-p

or wire, approximately 3 mm diameter x 3 mm high, to be

permanently placed inside the barrel of the syringe to facilitate the mixing

of the reagents.

4.2.5 A 16-oz. narrow-mouthed bottle fitted with a rubber stop-

per that has been shortened to about 5/8 inch long to facili-

tate insertion nnd removal of the hypodermic needle. (A gum rubber cap

may also be used).

4. 2.6 A supply of 0 2 -free inert gas under pressure.

4.3 Reagents

4.3.1 Indigo-carmine

4.3.2 Glucose

4.3.3 Potassium carbonate

4.4 Preparation of Reagent Solutioi

2.000 gm each of indigo-carmine, glucose and anhydrous potassium

carbonate are placed in a 16-oz. &mber glass reagent bottle and 200 ml of

1234-4
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H20 are added. The rubber stopper is wired in place. The air space with-

in the bottle is flushod with 0 2 -free nitrogen (also 0 2-free argon, helium.

or even P-10 gas may be used) for 10 minutes through two No. 22 hypodermic

needles, after which the bottle is left under 5 pounds pressure of nitrogen.

The reagent is heated an hour in an 800 C water bath until the color changes

from blue to straw yellow. The color change is due to the reduction of

indigo-carmine by glucose. After use, additional purified nitrogen is intro-

"duced through a needle from time-to -time to maintain the internal pressure

of about 5 pounds. The reagent is stable indefinitely.

4.5 Procedure

4.5.1 The Fischcr Electrophotometer is fitted with the micro-

absorption assembly and the red (650 ni) filter. The first

micro~cell is filled with water and used as a reference to zero the instrument.

The seýon:l micro-cell is fitted with a custom made adapter to position the

syringe in an upright position. If possible, the micro-cell and the cell

com)artment should be modified by drilling holes so that the needle may be

left on the syringe at all times. but this is not absolutely necessary as it

is possible to remove the needle for each reading without adversely affect-

ing the results. S.3 that the pluager of the syringe in the "out" position

may be accommodated, the cell compartment lid is replaced by a specially

constructed light-tight box which may be made from cardboard and heavy

j tape with strips of black cloth stapled around the edges to exclude light.
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4.5. 2 The reagent bottle is mounted in an inverted position and

the syringe, with the stainless steel mixing cylinder inside, Is inserted 4

through the stopper and filled to the 1. 00-ml mark. This first rinse is A

discarded through the needle and the rinsing is repeated for at least one

more ti.ne until the liquid in the barrel U a clear yellow. Bubbles of

dissolved inert gas are removed by pointing the needle upward and discharg-

ing into tissue.

NOTE

Air bubbles, differentiated from bubbles of inert gas by

the blue layer of oxidized rea~nt which .surrounds thenl,

will spoil the sample. These air bubbles are introdi'eed

when the connection between the sy rnge and hiypode-nic

needle is not air-tight. A layer of stopcock grease aids

in the making of an air-tight seal.

4.5.3 After rinsing, tbi syringe is filled again to the 1.00-ml mark,

wiped with a tissue and shaken about 50 times by inverting

the syringe and allowing the mirin, eylinder to Wal 0 the other end. After

mixing, the absorbt nce of the reagent alone is immediately read. The

plunger is advanced to exactly the 0.40-ml mark. The syringe is then

lowered into the sample of water ta be tested and the barrel filled to exactly

the 1. 00-ml mark. After wiping and shaking as before, the absorhy- nee of

the sample is determined as quickly as posiiblV.
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NOTE

The color is unstable and fades quite rapidly on standing.

4.6 Calculations

The calibration factor is first determined by analyzing an air-

saturated sample of water by the above procedure. The air-saturated water

may be convenientl, prepared by bubbling air through water in a large beak-

er for approximately 24 hours. The temperature of water is measured and

the ppm 02 is read from the tables. (See Table 1234-1) For calculations,

the reagent blank absorbence is divided by 2 since the reagent blank was

later diluted with clear water.

EXAMPLE 1

Problem: Waterknownto contain 9. 0 pprn 02 was analyzed

by the above procedure. The blank absorbance was 0.102

and the sample absorbence was 0. 790. What is the calibra-

tion factor ?

Soiation:

Let X = calibration factor

0.790 - 1 (0.102) = 0.790 - 0.051 0.739
(net absorbence)

0.739X 9.0

X 12.1I
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EXAMPLE 2

Problem: An unknown sample was analyzed. The blank

absorbence was 0.096 and the sample absorbence was

0. 353. Using the above calibration factor, find the 02

coatent of the water in ppm.

Solution:

0.353 - '! (0.096) = 0.353 - 0.048 =0.305
(net absorbe nce)

(0.305) (12.18) = 3.7 ppm

5. INTERFERENCES (METHODS I and II)

All compounds capable of oxidizing or reducing indigo-carmine, such

as organic matter, nitrates, chlorates, nitrites, iron salts or sulfites,

will interfere.

6. ACCURACY

6.1 Method I: + 5 ppb over 0-25 ppb range

+ 15 ppb over 25-50 ppb range

6.2 Method II: 4 2.5%

I July 1966
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TABLE 1234-1. SOLUBILITY OF OXYGIN IN FRESH WATER

Dissolved Oxygen in Chloride-free Water

C__ pp -_

30 7.6

31 7.5

32 7.4

33 7.3

34 7.2

35 7.1

36 7.0

37 6.9

38 6.8

39 6.7

40 6.6

41 6.5

42 6.4

43 6.3

44 6.2

45 6.1

46 6.0

47 5.9

Li ~~~1234-9 Jly16
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48 5.8

49 5.7

50 5.6

1J
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METHOD 1225

DETERMINATION OF PRIMARY WATER HYDROGEN AND TOTAL
GAS CONTENT

1. SCOPE

This method is used to determine the hydrogen and total gas content

of primary coolant water.

2. SUMMARY OF METHOD

4 : A sample of coolant is taken in a special apparatus and the hydrogen

and other dissolved gases arc stripped from the water by depressurizabon.

The evolved gases are sampled and the hydrogen and nitrogen concentrations

measured with a Fischer gas partitioner. The total gas is t~ken as the

{ ) sum of the nitrogen and hydrogen concentrations.

3. APPARATUS

Vacuum filter flask, 5,0 ml, provided with a three-hole rubber

stopper, two inlet tubes, thermometer, and a serum bottle type cap for the

sidearm.

Pressure gauge 30 inches Hg (absolute) to 15 psig.

Syringe (1 ml) and rneedles.

Vacuum pump.

Fischer gas partitioner with necessary accessories. (Figure

1235-2). The sampling system is shown in Figure 1235-I.
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4. PROCEDURE i

Since the solubility of hydrogen in water at atmospheric pressure

is considerably lower than the desired hydrogen concentration in the

pressurized primary water, care must be exercised to avoid any loss of

hydrogen during collection of the sample. A sample of primary water is

obtained in a manner which permits the quantitative collection of hydrogen

a~nd other gases released during depressurization. The hydrogen content

of the pressurized primary water is obtained by measuring the amount of

hydrogen flashed during depressurization and by calculating the hydrogen

concentration of the depressurization water in equilibrium with the gas phase.

4.1 Flush the "Coolant Purification Demineralizer Inlet" sampling

line thoroughly as per instructions at beginning of Chapter 3.

4.2 Remove stopper from flask. Open valves PIF21-VH8, 4, 13, and

11 and flush 250 ml of primary coolant through the line. Close

"valves. Empty flask and flush thoroughly with ai: :.ind replace the stopper.

4.3 Open vave PIF21-VH12. Turn on vac uum pump and evacuate the

flask to exactly 75 inches Hg absolute. Close valve and shut off

pump. Check the systenw for leak tightness by observing the pressure

gauge for 2-3 minutes. If there is no change in pressure, continue to next

step.

4.4 Open valves PIF21-VH8. 4. and 13. Crack valve PIF2!-Vlfll and
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4 ,

slowly admit primary coolant to the sampling flask and carefully observe

the pressure during the coolant addition. When the pressure equals 0. 0

psig, close PIF21-VIll.

4.5 Shake flask vigorously for 2-3 minutes to equilibrate the gas and

liquid phases. Allow the sample to be quiescent for 1 minute

and then record the gas temperature.

4. 6 Withdraw three (3) 1-ml gas samples through the serum cap using

a syringe. Each syringe should be flushed several times with

the gas in the sampling flask before collecting the sample. Take samples

to the gas partitioner for analysis.

4.7 The Fischer Gas Partitioner is turned on 15 minutes prior to use

with a flow of 80 cc /min of argon carrier gas. The temperature

stabilizer is continuously on and set at 500 C. The current is set for hydrogen

detection at 7.2 ma.

4.8 The certified hydrogen standards (2'7. K and 0. 5/) are injected

into the sample port and a calibration curve of hydrogen concen-

tration versus peak height readings is obtained. (The calibration curve does

not have to be determined each time. lloweve'. two standards should be

run weekly to establish proper operation of the instrument. ) The samples

contnined in two syringes are injicted in turn and the hydrogen concentra-

tiotns in the gas. (II). are dletermined. The concentration of hydrogen in

the water in ml (ST'P)/kg (uncorrected) !s obtnined from Figure 12:5-I.
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Figure I 23 5 - 4 contains a typical gas chromatogram. When hydrogeil is

present, four distinct peaks are observed.

4.9 One ml of air is injected into the partitioner and the alAtrngen peak

height is compared with &ye nitrogen peak height of 1-ml of sample

contained in the third syringe. (Use appropriate sensitivity scale factor.)

4. 10 The instrument is shut off and the carrier gas flow is stopped.

5. CALCULATIONS

5.1 The unuorrefltA hydrogen content Hu is obtained from F-ig,,re

1235-3.

5. 2 The niLrogen content of the gas sample in excess of that present

in air (N) is as follows:

N 78[ Sample N2 pkht. 1 (vol
Air N2 pk ht.

The cor-rected prim.ary water hydrogen content H, is as follows:

(Hc) = 100+ H +N , , cc(STP)
100 kg water

Where H hydrogtn in gas (Vol ()

N = excess nitrogen in gas (Vol '7•)

Hu ý uncorrected hydrogen content of
primary water cc

*(The correction may be omitted if it accounts for lesq than a lO'C
change in Hiu.
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The primary water nitrogen content Nc is as follows:

Nc 1.22 N Hc cc(STf.
kg water

(The correction factor 1. 22 is obtained from the difference in
solubility between hydrogen and nitrogen.)

The total gas content G is as follows:

G Hc+Nc cc (ST.}

kg water

6. ACCURACY

The accuracy of the results is _ 517.
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FILM! PLANK IDAIN

Figu~re 12.15-1. Primarr Water Gas Sampling Apparatu';.
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Figu re 12:)5-2. Gas Pa rtitioner SYstem.
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Sensitivity: 50%, Carrier Gas: Argon
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METHOD 1241

DETERMINATION OF pH

I.SCOPE

This method is used to determine the pH of the water from various

plant systems.

2. SUMMARY OF METHOD

The pH of a solution is the log of the reciprocal of the hydrogen

ion concentration. The higher the pH the more basic the solution; i.e. pH

values below 7 indicate an acid solution, pH values greater than 7 mean an

alkaline solution, while pH of 7 is neutral. A glass electrode and calomel

electrode are immersed in the solution to be tested and a direct current

voltage applies. The operating principle is based on a complex ion-exchange

diffusion process across the porous glass membrane. The observed voltage

drop across the electrodes is a direct measure of pH and the instrument is

calibrated with solutions of known pH1.

3. APPARATUS

Beckman Zeromatic pH meter (Model 9600) for 120-volt, 60-cycle,

A-c singlephase.

Glass electroace ior use between 200 C and 60 0 C.

C'alomel electrode.

Leak-wires and nccessary, connectors.
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4. REAGENTS

Buffer solutions: pH 4, 7, and 10.

5. PROCEDURE

5.1 The detailed instructions for measuring pH and for operation of

the Beckman Zeromatic pH1 meter are iven in the manufacturer's

manual.

5. 2 Wash the electrodes thoroughly with demineralized water; wipe

off excess water with tissue. Check the standardization with pH

7 and 10 buffers. Rinse electrodes with demineralized water and wipe dry

after each standardization.

5.3 Immerse electrodes into solution to be measured.

5.4 Read the pH as soon as possible after sampling.

5.5 Rinse electrodes with demineralized water and replace in beaker

of distilled or deionized water.

6. CALCULATIONS

Instrument reads ptt directly.

7. PRECAUTION

A new glass electrodv, must he soaked in deionzedI water for

several hours before using. lie certain that the calomel reference eiect-

rode is filled with saturated K('! and an excess of KKCI crystal.

5. INTEIRF'IIWNCES

No interferences wht'n the instrulCliet is cailibrated with a standard

12-11-2 19.64el! ;;
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buffer solution of known purity. To insure purity of buffer solutions a

fresh portion should be used for each standardization then, discarded after

use. For economy and accuracy small packets of concentrated buffer

should be used to prepare fresh buffer solutions.

9. ACCURACY

The accuracy of the results is + 0.1 pH unit.

i
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METHOD 1251

CONDUCTIVITY

1. SCOPE

This method is used to determine the purity of water in use in the

power plant.

2. SUMMARY OF METHOD

The method is used to measure the electrical resistance of a

water sample when an alternating current is passed through a pair of elec-

trodes inserted in the sample. The electrodes and sample form one leg

of a Wheatstone Bridge arrangement and calibrated resistance in another

leg of the bridge is varied so that the current flow through the two legs is

equal. The instrument is calibrated to read the specific resistance of the

unknown directly.

3. APPARATUS

3.1 Solu-Bridge (Type RD-132 Industrial Instruments Inc.) - The instru-

ment is calibrated for use with a conductivity cell having a cell

constant of 0. 10 and reads specific resistance directly on a calibrated

dial.

3. 2 Conductivity cell, having a calibrated cell constant of , .10,

4. PROCEFDURE

4.1 The instrument is allowed to operate colitinuousl).

4. 2' Pour an aliquot of the sample into a beaker.

1251-i 1 July 1966



Health Physics-
Process Control

4.3 Measure the temperature of the wa~er and set the temperature

control accordingly.

4.4 Insert conductivity cell and move up and down several times to

insure equilibrium.

4.5 Rotate the dial control until the black segment of the "tuning eye"

is at maximum width and the edges between the black and green

sections are sharply defined. r)
4.6 Read the specific resistance of the sample in ohm-cm directly

from the dial.

5. CALCULATIONS
6

Specific conductance mmho/cm - 1 x 10
specific resistance

6. STANDARDIZATION OF APPARATUS

The operation and maintenance of the conductivity apparatus is

described in the manufacturer's instruction manual. Standardization of

the conductivity cells, the standard solutions and the resultant calculations

are fully described in the ASTM Standard 1961 Part 10, pages 1290 - 1297.

A standardization of the apparatus should be done semi-annually or whenever

a cell is damaged or behaves in an erratic fashion. If the faulty operation

of a cell cannot be corrected, the cell is to be replaced.

7. INTERFERENCES

Any anions other than OH will result in a high net conductance.
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The pH correction does not compensate for these anions.

8. ACCURACY

The accuracy of the results is 4. 2.

1 F

p

1. 1251-:l 1 July 1966

ft



V Health Physics-
Process Control

METHOD 1261

DETERMINATION OF TOTAL ALPHA ACTIVITY IN WATER

1. SCOPE

This method is used to determine the alpha activity of watjr

samples.

2. SUMMARY OF METHOD

A sample of water is evaporated to dryness in a suitable plan-

chet and alpha counted using a proportional counter (NMC).

3. APPARATUS

1. 5- or 2-liter beaker

Hot plate

2-inch diameter stainless steel counting planchet

4. REAGENTS

Concentrated nitric acid

5. PROCEDURE

5.1 Measure 1 lter of sample into a 1.5- or 2-liter beaker.

5. 2 Evaporate carefully to 50 or 100 ml on a hot plate in a hood.

5.3 Reduce heat and evaporate tG 5 ml. Avoid over-drying.

5.4 Add 5 nil of concentrated nitric a.cid to the beaker and swirl to

dissolve or loosen the residue on the sides and bottom of the

beaker:

5.5 Continue heating for 2 or 1 minutes.
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5.6 Remove from the hot plate and cool.

5.7 Transfer carefdly into a clean 2-in. stainless steel planchet.

Heat the planchet slowly on a hot plate to evaporate.

5.8 Rinse the beaker with 5 ml of water and transfer in small portions

to the planchet, as evaporation permits.

5.9 lool planchet to room Lemperature and count in a proportional

counter using the "alpha only" operating voltage for 10 minutes.

5. 10 Lecord total counts and counting interval on counting sheet.

6. CALCULATIONS

The gross alpha activity is calculated as follows:

A= N -Nb
(V) (E) qY)

WHERE
A gross alpha activity, dpm/ml

Ns counting rate of sample plus background, cpm

Nb counting rate of background. cpm

V "olume of sample, nil

E efficiency of counter

Y - boil down yield (This !actor is determined by

adding a knowrn amount of alpha activity to one

liter of distilled water and processing as out-
lined above. Y is the ratio of the recovered
activity to that added originally.) ([Use 60":)
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METHOD 1262

DETERMINATION OF TOTAL BETA ACTIVITY IN WATER

1. SCOPE

This method is used to determine the total non-volatile beta

activity of water.

2. SUMMARY OF METHOD

A sample of the water is evaporated to dryness and the residue is

counted in a suitable counter.

3. APPARATUS

1. 5- or 2-liter beaker

Hot plate

2-in. diameter stainless steel planchet

4. REAGENTS

Concentrated nitric acid

5. PROCEDURE

5.1 Measure 1 liter of sample into a 1.5-liter beaker.

5. 2 Evaporate carefully to 50 or 100 mlon a hot plate.

5.3 Reduce heat and evaporate to 5 ml. Avoid over-drying.

5.4 Add 10 ml of concentrated nitric acid to the beaker and swirl to

dissolve or loosen the residue on the sides and bottom of the

beaker. (Iodine will be lost during the nitric acid boil down.)
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5.5 Continue heating for 2 to 3 minutes.

5.6 Remove from the hot plate and cool.

5.7 Transfer carefully into a clean 2-inch stainless steel planchet.

5.8 Rinse the beaker with 5 ml of water and transfer in small portions

to the planchet as evaporation permits.

5.9 Let the planchet cool to room temperature, and count in a propor-

tional counter using the beta plateau or a Geiger-Mueller counter.

6. CALCULATIONS

The gross beta-gamma activity is calculated as follows.r

A N

(V) (E) (Y) (2. 22 x 106)
WHERE

A = gross beta activity, uc/ml

Ns = counting rate of sample including background, ci/r

Nb = counting rate of background, c/m

V = volume of sample, ml

E tfficiency of counter, determined daily

Y boil down riold factor (This factor is deter-
mined by ad iing a known amount of beta
activity to orn; liter of distilled water and
processing as outlined above. Y is the ratio
of the recovered activity to that added
originallyj
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METHOD 1271

DETERMINATION OF DEMINERALIZER DF

1. SCOPE

The DF (decontamination factor) is determined to verify the

operation of the ion exchange demineralizer.

2. SUMMARY OF METHOD

The DF is determined by counting degassed samples of the water

before and after passage through the demineralizer. The decontamination

factor is the ratio of the inlet activity to the outlet activity.

3. APPARATUS

Degassing apparatus

2- 2 ml pipettes

2-4 ml vials

Single channel analyzer and well crystal biased to only accept

pulses greater than 30 key.

4. REAGENTS

None recquired.

5. PROCEDURE

5.1 Obtain samples of water before and after the demineralizer and

record the sampling times. The samples should be collected as

close together as p,,ssibl,,.
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5.2 Degas the samples as soon as possible after sampling using a

clean apparatus for each sample.

6. COUNTING PROCEDURE

Count the samples as described in Method 3.18 except that the

activity should be counted 2.5 houra after sampling.

7. CALCULATIONS

DF AR- B
AA - B

WHERE AB = count rate of sample before demineralizer, cpm

B = background count rate, cpm

1271-2 1 July 1966
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METHOD 1281

DETERMINATION OF RADIOACTIVE BARIUM

1. SCOPE

This method is used to determine the radioactive Barium concentration

of aqueous solution.

2. SUMMARY OF METHOD

The barium and stTontium are separated from other fission

products by a basic carbonate precipitation. The barium is then separated

from the strontium by a chromate precipitation followed by cleanup steps

using ether-HC1.

3. APPARATUS

400-ml beaker

Hot plate

Filter paper

Filter tower

Ice bath

Centrifuge

Centrifuge cones

4. REAGENTS

4.1 Barium carrier - standardized

4.2 Strontium carrier - standardized
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4.3 3M sodium carbonate solution

4.4 6M sodium hydroxide solution

4.5 Methyl orange indicator

4.6 6M acetic acid

4.7 6M ammonium acetate

4.8 1.5M sodium chromate

4.9 GM hydrochloric acid

4.10 Diethyl ether

4.11 6M nitric acid

4.12 3M sulfuric acid

4.13 Ferric nitrate solution approximately 10 mg/ml iron

5. ANALYTICAL PROCEDURE

5.1 Place 200.ml sample in 400-ml beaker.

5. 2 Add 2.0 ml Ba++ standardized carrier.

5.3 Add 2.0 ml Sr++ standardized carrier.

5.4 Hrett to boiling and add 5 ml 3M Na 2CO 3 .

5.5 Centrifuge in 40-ml conical ciatrifuge tube and discard supernate.

5. 6 Dissolve precipitate in minimum amount 6M HNO3 and dilute to

approximately 15 ml with water.

5.7 Boil solution, add several drops Fe(N0 3)3 solution.

5.8 Add 6M NaOH dropwise to precipitate Fc(OH)3 . This is a "scaveng-

ing t' p;-ecipitate.
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5.9 Centrifuge and decant supernate into a clean centrifuge tube.

Discard precipitate.

5.10 Take supernate and scavenge twice more with Fe(OH)3 ; discard

precipitates and save supemate.

5.11 Add methyl orange indicator to supernate obtained above and add

HNO 3 acid until indicator turns from yellow to red.

5.12 Add 1-ml 6M acetic acid.

5.13 Add 2-ml 6M ammonium acetate.

5.14 Heat sample in hot water bath and add 1-ml 1. 5M Na 2 CrO4 .

5.15 Digest sample in hot water bath for 5 minutes.

5.16 Centrifuge out BaCrO4 precipitate and save supernate for stron-

tium analysis.

5.17 Dissolve BaCrO4 in 1-ml 6M HC1.

5.18 Place sample in ice bath and add 1 ml diethyl ether and 25 ml

concentrated HCl. Stir solution and allow to cool 5 minutes.

5.19 Centrifuge out BaCl 2 and discard supernate.

5.20 Dissolve BaC12 in 15 ml water.

5.21 Add 2 ml 3MI H2S0 4 to solution.

5.22 Filter BaSO4 onto a weighed filter paper.

5. 23 Wash precipitate with water and then 9517 ethanol.

5.24 Dry sample by vacuum desiccation or in an oven and weigh

BaSO4 to closest 0.1 rngm.
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5. 25 Calculate percent chemical yield.

5.26 Roll filter paper in plastic and place in 4-ml vial.

6. COUNTING PROCEDURE

6.1 Count sample with 3-in. x 3-in. NaI (TI) crystal gamma spectro-

meter immediately after sample preparation.r
6.2 Plot data on 3.cycle semilog graph paper.

6.3 On graph record following information:

Time and date sample was taken

Time and date sample was counted

Length of count

Gain

-Volume of water sample, ml

7. CALCULATIONS

7.1 12.8 d Ba-140.

7.1.1 Use area under 0.540 Mev .

7.1.2 Use 25% for number of disintegrations leading to 0.540 Mev.

7.1. 3 Calculate decay = e")t

Where 3-- = 0.69 (day-l), and t = days decay
12.8

7.1.4 Calculate Dis/min/ml as follows:

Dis/min/ml I x Area x o 1

tc E 0.25 Chem. Yield x Vol

E efficiency - counts per gamma ray

t,= count time
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7.2 85 min Ba-139

7.2.1 Use 0.165 Mev I . Correct for contribution of 12.8 d Ba-140

to this energy region.

7.2.2 Use 23% for number of disintegrations leading to 0.165

Mev I.

7.2.3 Calculate decay = e 't

Where X- 0. 693 (min -1), and t = minutes decay
85

7. 2.4 Calculate Dis/min/ml as follows:
* --

Dis/min/ml = x Area x e 7-. I
tc E a 23 Chem. Yield x Vol.

E efficiency - counts per gamma ray

tc= count time

8. ALTERNATE COUNTING PROCEDURE

The barium activity is primarily composed of 85 min Ba-139 and

12.8 d Ba-140. Both are beta and gamma emitters. A beta proportional

counter may be used for sample counting. For the Ba-139 determination.

count every 15 minutes for 1-1/2 hours. For the Ba-140 determination, if

Ba-139 is present, begin counting I day after purification. Then wait for

2 weeks, and count daily thereafter for 5 to 10 days.

9. CALCULATIONS

9.1 Plot a decay curve on semilog paper of the corrected cpm versus

*Area correct-,d for 12. S d BIa*-1-0 contributic•n to 0.165 Mev photopeak of
85 mn Ba-139.
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time. The gross counting rate corrected for background, standard factor,

and coincidence, where applicable, is the "corrected cpm".

9. 2 Calculate the slope of this curve. If the sample contains Ba-139,

the slope of the curve should be equal to the decay constant of

85 min Ba-139.

9.3 The counting rate of Ba-139 at sampling time is obtained by

extrapolating the 85 min portion of the decay curve back to the . -

sampling time.

9.4 To determine the contribution of 12.8 d Ba-140 to the sample,

allow the sample to equilibrate with its 40 hr La-140 daughter

over a period of 9 weeks. Then count daily for 5 days. The count taken -

1 day after separation may be computed for B]-140 provided a standard

curve such as given in Figure 12 81-1 has been obtained from a known pure

source on the same instrument used for the analysis.

9.5 The Ba-140 count rate at Ba-140 - La-140 separation time is calcu-

lated using the follo~rg equation:

A0  A e~tAl A, e* It

Where A1 
0  Ba-140 count rate at sampling time, cpm

A Ba-140 count rate at separation time. cpm

t elaps?.J time between sampling and Ba-140
La-140 separation time.
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9.7 The disintegration rate of both Ba-139 and Ba-140 Is calculated

using the equation:

Dis/min/ml = cpm (corrected) x fv x fZ x fy

Where fv = factor for volume of sample

= counting efficiency factor

f = yield factor
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METHOD 1282

DETERMINATION OF RADIOACTIVE CRUD IN WATER

1. SCOPE

This method is used to determine the crud content of water when

measurable amounts of crud are not present in a reasonable volume of

water.

2. SUMMARY OF METHOD

The crud content of coolant is normally determined by filtering a

known volume of solution and weighing the deposit collected. However, in

some instances, the crud concentration is very small and filtering 10 or

more liters of coolant is impractical. Th-rcfzrc, -" alternative procedure

is to filter a known amount of coolant and measure the radioactivity of the

deposi÷.

3. APPARATUS

2-liter side arm filter flask

47-mm diameter Millipore filter tower or equivalent

47-mm diameter, 0.45-micron pore size, M illipore filter paper

One-hole rubber stopper to fit flask and tower.

Rubber tubing

Vacuum pump

4. REAGENTS

None required
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5. PROCEDURE

5.1 Collect at least I liter of primary coolant, before demineralizer,

in a polyethylene bottle.

5. 2 Assemble the filtration apparatus and filter exactly I liter of

sample through a Millipore filter.

5.3 Rinse the filter with deionized water. If the filtrate is needed for

some other analyses, collect the rinse water separately from the

original sample. The rinse water may be di carded.

5.4 Remove the filter and place on a small piece of clean plastic film.

Fold the sample and plastic into a small square keeping the sample

inside the film at all times.

5.5 Using a pair of forceps, insert the folded sample into a 4-ml

counting vial and seal the vial with a cap.

5.6 Wrap the vial in clean plastic film and place in the well crystal.

Having the single channel analyzer set for integral counting of all

gammas above 30 Kev, count the sample (one hour after collection) for 10

minutes or 10, 000 counts, whichever is reached first. Record total counts

and counting interval.

5.7 Place the sample on the 3-in. x 3-in, crystal and obtain a gamma

spectrum and total gamma count. Plot out the spectra using the

x - y plotter. Record counting interval. djte and time counting, calibration

energy per channel, date and time of sampling, and size sample filtered.
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NOTE

a) In the event the crud content is high enough to

weigh, visually determined from previous sample,

the filter should be preweighed and filter plus

deposit weighed after drying under a heat lamp

or in an oven at 110 0C for about 10 minutes.

b) Do not rinse the Millipore filter with acetone

as the filter is soluble in many organic solvents.

6. CALCULATION

Calculate the sample activity using the data obtained with the single

channel analyzer operated in the integral mode. (30-.Kev base line with water

switcai in out position.)

A N, N
(0.40) (2.2 x 106) (V)

Where A sample activity, p c/ml

N s count rate of sample including background
Ai c /m

Nb count rate of background, cpm

0.40 counter efficicncy factor, cpni/dpm
2. 2 x 10 dpm/,c

V columnn of sample filtered, ml

The acti~ity of individual niiclides may he obtained from the

spcvtrum if desired. li this case the sample should he counted hourly for

1282-2; 1 July 1 9t6
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8 hours then daily for 5 days to obtain a decay curve for each photopeak of

interest. The decay curves should be resolved into components and each

component extrapolated to 1-hour sampling before completing the calcula-

tion.

Report the crud level as,44 c/hid 1 hour after sampling.
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METHOD 128:3

DETERMINATION OF RADIOACTIVE EUROPIUM IN WATER

1. SCOPE

This method is used to determine the europium content of

primary coolant.

2. SUMMARY OF METHOD

2.1 Europium is present in the coolant as the result of fissioning

tramp uranium in the fuel element cladding and may also be

present as a result of a defected control rod. The amount of europium

produced as a result of fission is very small and will be masked by other

rare earth nuclides produced by fission unless a very specific separation

is performed.

2. 2 The europium released as a result of a control rod defect is

composed of several nuclides, stable as well as radioactive.

The radioactive nuclides are tabulated on the following page along with

their half-lives and photon energies.

2.3 The method utilized is a separation of all the rare earth elements

as a group followed by gamma spectrum analysis to identify the

europium. Consequently. the fission product concentration in the coolant

will influence the sensitivity of the method. Complete separation of cor-

rosion prodthits is also required.
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3. APPARATUS

Water bath - 400-ml beaker containing water

Hot plate

Filter tower and paper for mounting samples

4-ml vials

250-ml beaker

Glass centrifuge cones, 40 or 50 ml

Plastic centrifuge cones, 50 ml

Centrifuge

4. REAGENTS

4.1 Europium carrier, 10 mgm/ml: Dissolve 1.160 gm of europiumn

oxide, Eu20 3, in 10 ml of 6M hydrochloric acid and dilute to 100

ml with deionized water.

4.2 Barium carrier, 10 mgm/ml: Dissolve 9.5 gin of barium nitrate.

Ba(NQ3 )2, in water. Add 2 ml of concentrated nitric acid and

dilute to 500 ml with deionized water.

4.3 Iron carrier, 10 mgm/ml: Dissolve 4.84 gm of hydrated ferric

chloride, FeCi 3 61!.,O. in deionized water and dilute to 1 liter.

4.4 Saturated ammonium o-•alate solution

4.5 55"' Hvdrofloric acid.

4.6 Concentrated hydrochloric acid.

I
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4.7 Concentrated nitric acid.

4.8 1 : 1 dilute ammonium hydroxide (concentrated ammonium hydrox-

ide diluted 1 : 1 with deionized water)

4.9 Saturated boric acid solution.

4.10 Sulfuric acid, dilute concentrated sulfuric acid 1 :I with deion-

ized water.

5. PROCEDURE

5.1 Filter a 100-ml sample of primary coolant through a Millipore

filter. Dissolve the separated crud as specified in Method 1291.

5.2 Transfer the filtered 100 ml of primary coolant to a 250-mi beaker,

add the crud solution from preceding Step 5.1 above, and

add I ml of europium carrier s, 1'ition to the sample.

5. 3 Cover beaker with a speed-evap lid and evaporate the sample to

near dryness on a hot plate. Cool the beaker and sample.

5.4 Add about 6 ml of conc•,crated hydrochloric acid and 2 ml of

concentrated nitric acid slowly to the sa nple. Heat gently on

the hot plate and evaporate to near dryness. C(ool beaker.

5.5 Repeat Step 5.4

5.6 Using deionized water dissolve the residue and tran:-fer the

sample to a glass centrifuge tone.

5.7 Add 2 ml of barium carrier to the sample and adjust the volume to

about 25 ml using deionized water.

12:>-4
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5.8 Heat the sample in a water bath and carefully add dilute sulfuric

acid until a white precipitate is formed. Add a few drops of

sulfuric acid in excess.

5.9 Centrifuge, transfer the supernate to a plastic centrifuge cone,

and discard the precipitate.

5.10 Repeat Steps 5.7 through 5.9.

5.11 Add 1 ml of iron carrier to the sample solution. Adjust volume

to 10 ml and carefully add 10 - 20 drops of 55T hydrofluoric acid.

Heat sample in water bath for 5 minutes until a white precipitate forms.

CAUTiON

Fluorides are poisonous and can cause severe burns.

5.12 Centrifuge and discard the supernatant solution.

5.13. Wash the precipitate with deionized water, centrifuge and dis-

card supernatant.

5.14 Dissolve the precipitate by adding 5 nil of :saturated boric acid to

the sample and heat in hot water bath. Add I ml of concentrated

nitric acid, heat, then dilute to 10 nil with water.

5.15 Add dilute ammonium hydroxide until a precipitate forms. Heat

in water bath 3 minutes. cool, and centrifuge. Discard superna-

tant solution. Wash precipitate wilh water, centrifuge, and discard super-

ratant.
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5.16 Dissolve the precipitate by adding 5 nil of water and 1 ml of con-

centrated hydrochloric acid. Heat in a water bath to dissolve

Precipitate.

5.17 Dilute solution to about 25 ml with wster and heat in a water bath.

5.18 Add 5 Ml of saturated ammonium oxalate and heat sample for 5

minutes in waLer bath.

5.19 Centrifuge and discard the supernatant.

5.20 Wash precipitate with deionized water. Centrifuge a"r discard

the supernatant.

5.21 Filter the precipitate through a tared (paper plus small piece of

plastic film) Whatman No. 542 filter paper disc placed on a small

square of plastic film.

5. 22 Wash the precipitate with a few ml of water and then ethyl alcohol.

5. 2' Dry the precipitate at 110 0C and weigh as europium oxalate. Eu2

(€204)1 -OH,0o.

5.24 Fold the precipitate and filter in a clean piece of plastic film and

using a pair of forceps, transfer the sample to a 4 ml counting

vial.

5. 25 Count the sample on a gariima pulse height analyzer and obtain a

spectrum.

l2•,%3-; 6l lly 19m(;
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6. CALCULATIONS

f: 6.1 Obtain the chemical recovery using the following equation:

Yield -- (Wi - Wf) 0.4063
W

a

\\ here Wp weight of precipitate plus filter paper plus

plastic film

Wf weight of filter paper plus plastic film

Wa = weight of europium added

0.4063 = fraction of europium in europium oxalate

6. 2 Calculate the europium-152m present in the sample at ti 'ne of

sampling using the fnllowing equation:

A N b)
(F) (t) (E) (Y) (V) (e-IT) (2. 22 xi1

Where A activity of europium-152m,Mc/'rl

N number of counts in -'hotopeak less background
(use photopeaks specified in Table 1263-i.

t counting time in minutes

F efticiency factor of counter, counts per gamma

Y chemical yield

V volume of sample taken, ml

X o.6;9:3 0. 075 hr-

elapsed time bhtween sample collection and

counting hr

F abundance of photopeak of interest

7, - July l966;
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METHOD 1284

DETERMINATION OF SODIUM-24 IN WATER

1. SCOPE

This method may be used to obtain confirmatory evidence of the

presence of sodium that has been qualitatively identified in a gamma ray

spectrum of primary coolant.

2. SUMMARY OF METHOD

This method is based upon a precipitation of iron, strontium, and

lanthanum hydroxides to remove some fission contaminants and subsequent

precipitation of sodium as sodium chloride.

3. APPARATUS

Centrifuge

Centrifuge cones, 40 ml

Graduated cylinder, 10 ml

Beaker, 250 ml

Hot plate

Ice bath

GWass fiber filter, 2-4 mm

Filtration apl)paratus

Bnalance

1•1kt. 2 ml

G'anirt.n counting systetn
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4. REAGENTS

4.1 Sodium carrier, 10 mgm Na/ml

4.2 Strantium carrier, 10 rngmn Sr/ml

4.3 Lanthanum carrier, 10 mgm La/ml

4.4 Iron carrier, 10 mgm Fe/ml

4.5 Ammonium carbonate, (NH 4 )2CO 3, saturated solution

4.6 Hydrochloric ajid, HCI, concentrated

4.7 Diethyl ether

5. PROCEDURE

5.1 Pipet 2 ml of sodium carrier into 900 ml of filtered primary cool-

ant in a 250-mi beaker. Evaporate on a hot plate to about 25 ml.

5.2 Transfer to a 40-ml centrifuge cone. Add 5 drops each of stron-

tium, lanthanum, and iron carriers.

5.3 Add a saturated ammonium carbonate, (NH 4 )2C() ,, solution dr3p-

wise until no more brown gelatinous precipitate forms. Centri-

fuge for 2 minutes.

5.4 Transfer the supernatant to 125 ml Erleninever flask. Add 2 ml

concentrated hydrochloric acid, 11CL. Evaporate to dryness on'•

the hot plate.

5.5 Dissolve the residue with 2 ml of water. Transfer to a 40-mil

centrifuge cone with 10 ml of concentrated -ydrochloric acid. IT'I.
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5.6 Add 10 ml of ether. Cool in an ice bath and stir vigorously.

5.7 Centrifuge for 2 minutes. Discard the supernatant.

5.8 Dissolve the white precipitate in 2 ml of water. Add 10 ml of con-

centrated hydrochloric acid, IJCl. Repeat Step 5.6.

5.9 Suction filter through a weighed glr.ss fiber filter. Wash with 5

ml of ether.

5.10 Remove the filter and place in a weighed vial. Determine the

weight of precipitate.

5. 1 Gamma count integrally for at least 1 min,:'e or a,' least 10, 000

counts or obtain a gamma ray spectrum,

6. CALCULATIONS

6.1 If the sample has been integrally counted using P. base line of 30

key, the activity may be calculated as follows:

A Ns - Nb
(V) (E) (Y) (2. 2 x 106) (t)

Where A sodium-2,t activity. c/nil

Ns counting rate of sample plus background, cpm

Nb counting rate of background, cpm

V volumnc of sample analyzed, ml

counting efficiency for sodium-2•, 0.3:7
e'pm/, (11)n1

V chemical yield (Vt - - \Vv) 0. :193

2 -'N9
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t counting time, minutes

Wt weight of sample plus vial

Wf - weight of clean filter paper

Wv weight of empty vial

t 0. 3933 = conversion weight of NaC1 to weight of Na

2.2 x 10 = conversion factor from dpm to/Mc
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METHOD 1285

DETERMINATION OF TRITIUM IN WATER

1. SCOPE

This method is used to determine the tritium content of water.

2. SUMMARY OF METHOD

The tritium determination is based upon the measurement of the

ionization produced by tritium, as the gas, in an ionization chamber. How-

ever, the samples to be analyzed are in liquid form and consequently it is

necessary to dissociate the water into its component gases. The hydro-

gen generator used for dissociation of the water molecules depends upon

the following reaction occuring between water and calcium metal.

Ca + 2H 20 = Ca(OH) 2 + H2

This reaction, if uncontrolled, results in the evolution of large amounts of

heat and hydrogen. Hence, care must be exercised in controlling the reac-

tion.

3. APPARATUS

Hydrogen generation apparatus as shown in Figure 12•5-1.

Mechanical vacuum pump.

Vacuum gauge.

Ionization chamber 500- to 1000-mn volume.

Cary Vibrating Reed Electrometer. M!odel 32.

45- or 90-volt dry cell.

- 1285-1 1 July 1966
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Cylinder of hydrogen with reducing and metering valves.

4. REAGENTS

Calcium metal, shot or turnings.

5. CALIBRATION PROCEDURE

5.1 Carefully open one of the National Bureau of Standards' vials of

tritiated water. Take a 1-ml aliquot and place in a 100-ml volumet-

-ec flask and dilute to the mark using deionized water (prefermbly not from

the RWEjS system). Concentration will be approximately 0.2 jc/ml.

Denote this Standard "A".

5. 2 Dilute 20 ml of Standard "A" io 100 ml using a clean volumetric

flask. This is Standard "B".

5.3 Using an aliquot of Standard "A" and following the procedures

given below, determine the equilibrium voltage reading for each

turret resistor setting.

5.4 Repeat Step 5.2 using an aliquot of Standard "B".

5.5 Repeat Step 5.• tising the water employed to prepare the

standards. This is a reagent blank determination.

5.6 The calibration determination should be made at the following times:

a) When a new systemn is used for evacuating and filling the chamber.

b) When a new ionization ctamber is used.

c) hen the electrometer has been repaired, altered, or replaced.
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d) Periodically to determine if the calibration has changed.

6. ANALYTICAL PROCEDURE

6.1 Assembly the ionization chamber and hydrogen generator as shown

in Figure 1285-1. All glassware must be completely dry. Use

care in handlin, glassware. Gloves should be worn when assembling the

apparatus - which must be used in an operating hood. The drying tube

must contain dry silica gel (blue in color) and all glass joints should be

sealed only with silicone stopcock grease.

6. 2 Open the stopcock to the ionization chamber (H) and valve to the

vacuum pump (I), close the stopcock on sample buret (B). Handle

these valves gently to avo:d breaking the seals, damage to the valves, etc.

6.3 Start the vacuum pump and operate with the valve to the vacuum

pump (F) open until the guage (E) reads half scale. Immediately close

the valve to the macuum pump and turn off the pump.

6.4 Observe the vacuum gauge for 1 minute. If the gauge goes down,

there is a leak in the system. If there is a leak in the system,

carefully release the vacuum by opening valve (B) a little at a time. Do

not open this valve wide open. Check .l joi.ts in the glassware and con-

nections to rubber hoses or proper ;eal. Repeat Steps (;.I through

6. 1 until the vacuum holds.

6.5 Release the vacuum carefully by opening valvo (B) a little at a time.

Allow the gauge reading to return to zero.
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6.6 Estimate the volume of the apparatus (ionization chamber gas

generator, and connecting lines).

6.? Remove the sample buret (B) and using blunt forceps add 0.9 to

I gm of calcium metal per liter of apparatus volume to the reaction

flask.

6.8 Replace the sample buret(B), close valve (B), open valve (F) and

evacuate the entire system including the ionization chamber until

the vacuum gauge reads full scale. Immediately close the valve (F) to the

vacuum pump and turn off the vacuum pump. Check the system for leaks.

If there is a leak, repeat Steps 6.1 through 6.4 until the vacuum

holds.

6.9 Add 10 ml of sample to be analyzed to tha sample buret (B).

Carefully open stopcock (B) and add the sample in small incre-

ments (5 - 10 drops at one time) to the reaction flask. Ar, ice bath around

the reaction flask will slow the reaction down permitting a more rapid

addition of the water being analyzed.

6.10 Cotitinue adding the water sample until sufficient hydrogen has

been generated to return the pressure to atmospheric as indicated

by the vacuum gauge (E). Excess hydrogen will open the relief valve (G)

thereby preventing a pressure above I atmosphere from building up in the

apparatus. 'rap the pop-off valve gently to be sure there is no pressure

buildup in the systeim.
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NOTE

When one atmosphere of hydrogen has been

evolved, the calcium should be about expended

and 1.6 ml of water will have been used.

6.11 When the vacuum gauge (E) reads zero, close the valve on the

ionization chamber (11). This should be done only when there is

no pressure differential between the system and the outside (or Hood)

pressure. The chamber now contains a gaseous sample. The tritium

content can now be analyzed as described in the procedu-e for the vibrat-

ing reed electrometer. Record eq-tilibrium voltage and turret setting.

6.12 Disassemble parts (A), (B) and (C) of the hydrogen generator,

observing precautionary measures necessary for handling con-

caminated glassware, i.e., gloves, care in handling to avoid breakage,

etc. Empty contents of generator flask (A) into the waste bottle.

6.13 Thoroughly wash glassware pieces (A), (B), and (C) and place

in a drying oven preheated to about 110 0C. Handle hot glassware

with asbestos gloves. Be sure all equipment is dry before using it again.

(. 14 After the sample in the ionization chamber has been assayed.

reassemble the apparatus witi' the ion chamber as in Step 6.1

Evacuate the entire system and flush with air tive times before using the

apparatus for a new assay.
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7. PRECAUTIONS

7.1 Tritium gas exchangt•; with hydrogen atoms in organic compounds

and in water. If the hydrogen (tritium) generated in the reacticn

is permitted to remain in contact with any residual water in the reaction

flask, exchange of tritium with protons in the water will occur. Howe-'er.

if the conditions of temperature, pressure, volume of water, and time

are reproducible for gaseous tritium samples of uniform composition,

the loss by exchange will be comparable. The standard solution, therefore,

must be run identically to the standards.

7.2 If water is inadvertently added too rapidly in Step 6.9 a

violent reaction results. The ice brith will help to control the

reactor.

7.3 A rapid reaction will cause water droplets to carry over to the

drying tube and necessitate replacement cf the desiccant before

using again. It is essential that no moisture be cILrried b.,yond the dry-

ing tube and into the ionization chamber.

7.4 The tritium-contaminat.A water is decomposed tc release

tritium in the gaseous form. The reaction should be carried

out only in a hood with an exhaust fan operating. Do not inhale the vap'irs

coming from the disassembled apparatus. Wo not generate hyfroget, with
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an open flame or sparking equipment in operation as hydrogen is a very

flammable gas.

8. BACKGROUND

8.1 Background readings may be due to three sources: (a)contamina-

tion within the ionization chamber, and (b) external contamination

of the ionization chamber, and (c) external radiation from nearby

sources as well as cosmic radiation. The background reading should

from nearby sources as well as cosmic radiation. The background read-

ini should be low compared to the sample reading but should be determined

using non-plant water or another source of water if available; or

hydrogen may be obtained from a tank of hydrogen gas.

8. 2 The following steps are to be followed if tank hydrogen is used:

8.2.1 Assemble the apparatus as for ýhe hydrogen generation

.rom the water sample. However, in place of the sample

buret insert a one hole stopper fitted with a short piece of metal tubing

which is connected to a cylinder of hydrogen fitted with a tank pressure

gauge and reducing valve with a low range pressure gauge to prevent over-

pressurization of the system.

8.2.2 Valve off the hydrogen cyiinder and with ".alve (B) open

evacuate the entire system in.!uding the ionization chamber.
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When the gauge reads full scale, turn off the valve to the vacuum pump

(F). Turn off the vacuum pump.

8.2.3 Check the syqtem for leaks and if the system is tight,

slowly add hydrogen until the gauge reads zero.

8.2.4 When the gauge on the hydrogen generation system reads

zezo, turn off the hydrogen tank. Tap the pop-off valve (G)

lightly to make certain the system is at atmosp..'eric pressure. Close the

valve (F) on the ionization chamber.

8.2.5 Connect the ionization chamber to the electrometer and

obtain the background reading.

9. CALCULATIONS

9.1 Since the same amount of radioactivity can produce a current that

will give a voltage reading on more than one turret resistance

setting, a set of standard curves must be determined, one for each turret

setting -

9.2 Calculate the voltage reading for the stan'dard from the data

obtained for each turret setting as follows:

Corrected E. - Esl

Corrected Es2 E
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Where E E readings obtained from 2 standards
Sl' S2  at the same turret settings

Eb reading obtained for the blank (water
Sb used for standard dilution) or tank

hydrogen.

If the water used for dilution h•s a ;ufficiently low tritium content,

the correction for Eb may be neglected.

1" 9. 3 Using the equilibrium voltage reading obtained for the sample,

determine the tritium concentration from the standard curves.

9.4 Using the equilibrium voltage obtained for the background,

determine the tritium concentration from the standard curves.

1285-9 1 July 1966
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10. OPERATION OF VIBRATING REED ELECTROMETER

10.1 Summary of Method

10.1.1 When radiation reacts with air, there is usually one ion

pair (electron and positive charged particle) produced per

32.5 electron volts of absorbed energy. For a tritium beta particle some

150 electrons would be produced. These radiation produced electrons,

collected in an ionization chamber, produce the current that is detected

by the measureing system. Since the number of electrons is directly

proportional to the amount of radiation in the chamber, the amount of

current produced by the ionization chamber and measured by the electrical

measuring system is directly proportional to the amount of radioactivity

in the ionization chamber.

10.1. 2 The collection of electrons in an ionization chamber is a

relatively simple matter. The electrons, which are

very mobile, move toward and collect on any positively charged surface.

This collection area is usually a small polished rod somewhere near the

center of the chamber. In practice, the wall of the chamber is given a

negative charge from a battery of between 45 and '100 volts, and the center

electrode is kept fairly close to zero or ground potential. The electrons

inide the chamber see this only as a voltage differential and are readily

collt, d on the center electrode. The voltage over which clei. Irons are

adequately collected is usually very wide. H1owever, too high a voltage
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results in acceleration of the electrons when they interact with molecules

on their way to the collecting wire. The result is an erroneously high

reading.

10.1.3 The electror-, moving toward the center wire result in a

current that is bled off through a high resistance connect-

ed to the center electrode and a feedback system. This resistance draws

off the current being produced in the ionization chamber so that an equili-

brium voltage is reached at the collection electrode, which is a function

of the amount of current being produced and the resistance itself.

10.1.4 The turret switch holder on the electrometer contains four

resistors that may be changed readily by moving a lever

so that a wide range of sensitivities may be used in the resistance -1t!ak

method for ionization chamber current measurement. An open and ground

position are also included in the turrent switch.

10.1. 5 The electrometer is capable of reading from 0 to 10 volts.

The voltage selector functions merely as a qcale expander

to enable one to read the voltage more accurately. The voltage obtained

depends upon the current generated (1). which is proportional to radio-

activity present and the resistance (R) added through th. turret &witch.

or voltage IR. For different values of R different voltages will be obtained.
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10.2 Procedure PC

10, 2.1 Fill the ionization chamber with hydrogen-tritium mixture

generated as described under Step 6.10.

10. 2. 2 Connect the chamber to the electrometer.

10. 2. 3 Connect the negative terminal cf 45- or 90-volt battery to

the outer shell of the chamber and the positive lead to the

ground termihal on the electrometer.

10. 2.4 Having the turret switch in the open position, zero the

instrument. This zero is crude to compensate for elect-

ronic drift or noise.

10.2.5 Having the turret switch in the ground position, again

zero the instrument using the zero control.

10. 2. 6 Set the voltage selector to the highest range (10 volt)

and the turret sw•tch to the lowest resistance position.

(The resistance of each position can be determined by looking in the turret

switch.) Wait until the meter reading has reached a constant value. This

is the equilibrium voltage Es. Record this voltage.

10. 2. 7 If no reading is obtained, switch the voltagc selector to

the 1-volt range and wait until the meter reading has

reached a constant value.

10. 2. 8 If no reading is obtained on the 1-volt range, go to the 0.1-

volt range and then to the 0. 01-volt range if a reading is

not obtained.
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10. 2.9 Repeat the above last four steps for each turret setting.

CAUTION

If at any time the instrument is permitted to read off

scale, subsequent readings should be considered as ques-

tiornable until test show that dielectric absorption cur-

rents are again negligible.

-1Calculations are performed as in Step 9.
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Glass wool packing

Silica-gel--.

DA

05 K

LEGEND
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A STOPCOCK OR VALVE

3/8" O.D. RUBBER VACUUM TUBING
DISCHARGE
TO HOOD
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® REACTION FLASK

®• SAMPLE BURETTE

® "U" TUBE

G• SILICA-GEL MOISTURE TRAP

VACUUM GAUGE, 0-30" MERCURY

® VACUUM PUMP

O SAFETY VALVE-RELIEVES AT ATMOSPHERIC PRESSURE

OH ONE LITER IONIZATION CHAMBER

Q VIBRATIhl ,EED ELECTROMETER

® "Y" TUBE

iD MULTIPLE RESISTOR SWITCH

(• GLASS JOINT TO CONNECT RUBBER TUB•NG TO
SPHERICAL JOINT ON IONIZATION CHAMBER
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METHOD 1291

DISSOLUTION OF CRUD

1I SCOPE

This method is used to put primary system crud into solution for

analysis.

2. SUMMARY OF METHOD

The filtered crud and filter are ignited and burned. The simple

is then fused with pyrosulfate, cooled, and the melt dissolved in acid.

3. APPARATUS

40-ml vycor crucible

Butane torch

150-ml beaker

Crucible tongs

Graduated 50-ml cylinder

Hot plate

4. REAGENTS

4.1 Potassium pyrosulfate, K2S207, solid.

4.2 Hydrochloric acid, HC1, 61.

5. PROCEDURE

5.1 Place the filter paper containing the crud in a x ,cor crucible.

5.2 1" Iute over a gas burner for 10 nminutes

3.3 Add just enough solid potassium pyrosulfate to :over the sample.

S1 21-1 I July 1966
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5.4 Heat over a gas burner until a cherry red melt is formed. Cool.

5.5 Add 20 ml of 6M hydrochloric acid to the -,ample and heat gently

on a hot plate until the solid is loosened. Transfer to a 150-ml

beaker.

5.6 Boil until the solid has completely dissolved.

5.7 Dilute the solution to 50 ml with water. The crud sample is now

in a form in which it is ready for chemical and/or radiochemical

analyses.
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SECTION 1300 - GENERAL CHE?AUCAL PROCEDTrRES
METHOD 1311

CONCENTRATIONS

1. GENERAL.

All solutions that are prepared for use in the laboratory will be

labeled with respect to concentration, date of preparation, and the initials

of the individual preparing the reagent. Concentrations may be expressed

in several ways.

"2. SOLUTIONS.

2.1 Molar Solution.

A molar solutions consists of a 1-gm molecular weight of the

substance dissolved in a solvent to make I liter of solution. The formula of

the substance must be known before the molecular weight can be calculated.

If water of hydration is present, it must be considered. The purchased

reagent lable normally provides this information.

2. 2 Normal Solution.

A normal solution consists of I gr,. equivalent weight of a

substance dissolved in a solvent to make I liter of solution. In this case.

not only the formula of the substance but also its stoichiometry in a specific

reaction must he knoi,.. Thus, the rormality of a sol.ion may lue iifferent

for different cheinical reactionn. When speaking of neut'.alizatior. reactions,

the isualhne'; (I rt'-ermine(| by the number of replaceable hydrogen or

hydroxy! gr•ips in the comlpun,:. Therefore. the following ts true-

I M NJ 11I (IIN :,. Na()it. N1 44(-)it) I N "ICi

I X! !!7'-'). 'N Il,,SO
S~~~~1311-1 :ivIlti
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2.3 Percentage.

The amount of a substance dissolved in a solution is sometimes

expressed as percentage of the total weight (w/w) o1' total volume (v/v) of

the solution. The molecular weight is not required, but the formula should

be given to avoid coniasion when a substance is available in more than one

hydrated state. The ratio of molecular weights may be used to find the

weight of a hydrated compound necessary to prepare a standard solution.

For example:

CuSO4  5H 20 (250)
4____ _ -=1.6gm
CuSO 4  (160)

take 1.6 gm4 of CuSO4  . 5 H20 to prepare 100 gm of 1% CuSO4 so'.ation

(w/w).

2.4 Grams/Liter (mgm/ml)

A gin'/liter solution is defined as 1 gm of the substance dissolved

in a solvent to make 1 liter of solution. A similar definition applies to

concentrations, such as mgm/ml and gm/ml. This method of expression

is most often used with carrier solutions. The formula and molecular

weight are required. To prepare 10 mgm/ml of stable 12 carrier, dissolve

10 mnm x--aI (150) 11. 8 mgm of sodium iodide
1 027)

to make I ml of solution. A 1-ppm solution contains 1 mgm of the substance

per liter of solution.

1311-2 1 July 1966
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2.5 Saturated Solutions

A saturated solution is defined as a solution containing the

maximum amount of a substance solute capable of being dissolved in the

solvent at a given temperature without supersaturation. A saturated solu-

tion is best prepared by adding an excess of the sLubstance to the solvent

and warming the solution; additional substance is added if necessary.

Upon cooling of the solution, the excess solute will crystallize out; the

solution is then saturated but not supersaturated. Excess solute must be

present. Where extrem, temperature fluctuations exist, care must be

taken in using these solution; as additional recrystallization will occur at

night. in the hot part of the d',y, some or all of the solute will dissolve

and possibly result in a less than saturated solution.

1311-3 1 l96
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METHOD 1321

ACIDS AND EASES

1. GENERAL

A large number of dilute acids and bases are used routinely in

the laboratory. In nearly all cases, it Is not necessary that the concentra-

tion of each solution be known exactly: but each solution should be prepared

in a similar manner by each person.

2. SAFETY PRECAUTIONS

Wear rubber gloves when handling strong acids and bases.

Always pour the strong acid or base into water. The reverse preledure

may cause violent splatteringdue to an exothermic reaction. Pour slowly,

stirring to prevent splattering.

3. PROCEDURE

3.1 The following normalit'es are used 1cr conceiitrated acids

4

4 and bases:

Hydrochloric acid, riCI 37% - (12N.)

Hydrofluoric acid, ItF 4P(W7 -(29N)

Nitric acid, 11NU3 70-72' - (16N)

Suifuric acid, 11tSO1 98-100' - (36N)

Phosphoric acid If3 1K4  - (36N)

Amniomum hydroxide Nil Off 28-30(7 - (7. 5N)
4

ilk 1321-1I h
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3. 2 Determine the total volume of dilute solution needed.

Normally this will be 500 or 1000 ml.

3. 3 Calculate the volume of concentrated acid or base required

by the following formula:

ml (dilute) x N (dilute)ml (conc.) =

N (conc.)

where N is corresponding normality.

3.4 Transfer the solution to a reagent bottle and initiL. and

label the bottle with the type of acid or base, the concentration, and the

date of the preparqtion.

1:121-2 1 -ho 16
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METHOD 1331

PREPARATION OF CARRIERS

1. GENERAL

Usually, radioactive nuclides are present in solution at very low

cokicentrations Jt is common practice to dilute the radioactive material

with its non-radioactive isotopes so that the chemistry of the radioactive

material proceeds in a normal manner. The stable isotope material

added is called isotopic carrier. In cases where there are radioactive

nuclides present in addition to the desired constituent, carrier material

is added for those nuclides as weE, to prevent their being coprecipitated

with the desired material. Such carriers are designated holdback carriers.

In special cases, carrier-free manipulations are desired and specific pro-

cedures for these situations must be devised.

2. PROCEDURE

2.! Determine the volume and concentration of carrier to be

prepared. Normally the concentration is 10 nigm of the carrier element

per ml of solution.

2. 2 Calculate the amount of carrier compound required and

weigh out the material. The weight should be accurate to _' 0.1 mgrn.

2.3 D)issolve the compound in a solvent that is compatible with

the prtcedtirc or application. Normally water is used although acid or

1331-1 I Jul 1 a;
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base may be required to maintain solubility.

2.4 While standardization may not be required, it is usually

good practice to standardize the carriers so that the exact concentration

is known if it is desired for a specific analysis. Standardization is best

accomplished by duplicate or triplicate precautions of the carrier in the

final form required by the procedure, such as precipitating a known amount

of iodide as silver iodide and accurately weighing.

13311 -2 1 I! I~~~
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IFTHOD 1341

LABELING OF SOLUTIONS

1. STANDARD SOLUTIONS

All standard solutions of radioisctopes shall be labeled with the

following information:

1.1 Standard: Radionuclides that are contained in the solution,

C1e.g., Sr-90, shall be recorded.

1.2 Date: Date of standardization.

1.3 Concentration: The activity per unit volume shall be recorded.

The diluent shall also be indicated, e.g., O.lN HCW. Units of volume are

normally ml or liters while units of activity are normally dpm orac.

2. REAGENT SOLUTIONS

All reagent solutions shall be properly labeled on a conventional

white label showing the reagent compound, concentration, diluent, date

of preparation, and initials of the person who prepareJ the solution.

1341-1 1 Mhl Y 966



Health Physics-
Process Control

"METHOD 1342

CLEANING OF GLASSWARE

1. PURPOSE

It is essential that the pipettes and glassware in the 1 aboratory

be thoroughly cleaned before use. In addition, two sets of pipettes are

used, one for non-radioactive solutions and one for radioactive solutions.

This separation of pipettes further assists in the prevention of contamiia-

tion of carrier or non-radioactive solutions.

2. CLEANING

2.1 Immediately after use, the pipette will be rinsed in water

and stored in 3N HNO 3 until cleaned. For a small number of pipettes,

cleaning is best performed by use of a side arm suction flask and funnel.

2.2 Place the pipette tip down into a funnel inserted in a suction

flask. Rinse the pipette inside and out with water, 3N HNO3 , and then

water. Final drying will be done in an oven or at room temperature.

2.3 Ocasionally pipettes will not drain properly and require

cleaning with sulfuric acid - dichrornate solution. This cleaning solution

is made by carefully diluting 75 ml of saturated sodium dichromate with

9 lb. of cone. sulfuric acid (one large bottle). Caution, considerable heat

is generated so use a heavy walled, Pyrex, suction flask cooled with water.

1342 2-1 1 Julv 1966
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2.4 Other glassware will be rinsed with water and cleaned

thoroughly with detergent such as "All" and water. Rinse thoroughly with

tap water, then with distilled or deionized water.

"42-2 -l 19(6
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METHOD 1343

LABORATORY SAFETY

1. GENERAL

1.1 Volatile solvents not in use will be stored in an approved

safety can.

1.2 Open flames are not permitted in areas where volatile

solvents are used or stored.

1. 3 The cover of the centrifuge will not be lifted until rotation

has stopped.

1.4 Never hold a stopper in your hand when using a cork borer.

1. 5 All reagents will be clearly labeled.

1. 6 Volatile or flammable materials will not be placed in

ovens or furnaces.

1. 7 Services (air, water, gas) will be turred off at the service

cock when not in use.

1. 8 Hot plates should be turned off when not in use; never

assume such equipment is cold.

1. 9 Every person workirg in the laboratory will be cognizant

of the location and activity level of all radicactive materials in the area.

A!l material received will be smeared and Fturveyed.

1343-1 1I Jul- Ib66
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1.10 Spills of radioactive material will be cleaned immediately

and the area checked for residual contamination.

1.11 Surface smears will be taken after every cleanup operai.Aon

to check for alpha or beta contamination.

1.12 Work with high level samples will be confined to the hoxd

area wherever possible.

1.13 Any injury in which the skin is lacerated provides direct

access to the bloodstream for radioactive material. All injuries except

those requiring immediate medical attention should be checked for con-

-.amination and decontaminated prior to reporting to the dispensary.

2. HOUSEKEEPING

2.1 Arramgement

2. 1.1 A definite storage place will be provided for each

item and the item placed therein when not in use. These storage areas

will be kept neat, clean, and orderly.

2.1. 2 Passageways will be kept clean. Iry. and free of

obstructions.

2.1.3 Arrangement of laboratory equipment will be

plunned so transportation of hot objects or solution in glassware is

kept to i minimum. Tongs and/or asbestos gloveb will be use-d when

nrecoasary.

1343-2 1 July 1566
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2.1.4 When choosing a site for an operation or the storage

of materials, consideration will be given to the toxicity, flammabilit,

fragility, and/or other hazardous properties of the materials being

handled.

2. 2 qipment

2.2.1 Do not place equipment near the edge of the lab

bench.

2.2.2 Dirty glassware should be washed promptly and

returned to prcper storage.

2. 2.3 Equipment and working surfaces shall be cleaned

frequently to prevent accumulation of dust.

2.2.4 Chipped and cracked glassware shall be disposed

of in the proper manner.

2, 2. 5 Drawers and cabinet doors will be kept closed

wheni not in use.

""2.2. 6i Functional equipment uf all types will be kept in

safe working condition.

2. 2. 7 teagents and apparathis, after use. will be returned

prolnptly to their place of storage.

2. 2. S Svtr'h tops will be kept as clean as possible at

all timrs.

i .3..1-3 .iulv 19s66
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2. 3 Spills and Leaks

2.3.1 Spilled materials whether liquid or solid shall be

cleaved up immediately and completely. All liquid spills will be handled

as corrosive unless the material is definitely known to be noncorrosive.

2.3. 2 if the spilled material is flammable, toxic, radio-

active, or corrosive, the individual involved will take all precautionary

measures necessary to guard personnel against injury during cleanup

operation. If flammable, extinguish all flames in the vicinity immediately,

and call for assistance.

2.3.3 Do not place corrosive or toxic materials in waste

canL. Ylilute any acidic or basic waste with water.

3. WASTE DISPOSAL

3.1 Non-radioactive waste paper will be disposed of in waste

baskets and not allowed to accumulate on benches or tables. Radioactive

dry waste will be placed in a special low-level waste contained for

disposal.

3.2 Flammable or organic materials will not be discarded in

the sink. They will be disposed of in a special container for -rganic

solvents.

3..3 Aqueous radioactive wastes will be disposed ot to the IWD.S

system special container provided for these materials.

l3A:2- -1 1 Jul 1" I ,'(
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3.4 Non-radioactive and all strong acidic or basic solutions

will be diluted to less than u-ne molar prior to being discarded in the

sinks.

3.5 No solutions containing ammonia or carbon tetrachloride

will be dumped into the laboratory sinks. These materials mus i ý be

placed in the RWDS system.

4. SAFETY PRACTICES

4.1 All fires and injuries will be reported immediately to the

watch supervisor and the injuries logged in the HP and WC section log.

4. 2 Warrung signs should be used only when necessary and

removed when no longer needed.

5. SAFETY EQUIPMENT

5.1 Emergeney Equipment

5.1.1 CO 2 fire extinguishers are located near each door

and one ANSUL type extinguisher. Best results may be obtained when the

CO 2 is blown directly at the base of the burning material from a distance

of 3 or 4 feet. Care should be exercised in the use of these extinguishers.

Serious burns will result from handling the nozzle with the bare hands.

Confined quarters can result in a significant buildup in the CO2 content of

the atmosphere, which presents a breathing hazard, Unused extinguishers

will be checked periodically for leakage by the plant fire chief.
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5.1.2 The eye wash fountain in the hot lab will be used for

irrigation of the eyes if corrosive liquids are splashed onto the face. The

lab faucet with An attached hose will also provide a convenient method for

flushing the eyes.

5.1.3 A safety shower is located in the decontamination

package and should be used in the event acid is spilled on the clothing or

the skin.

5. 2 Protective Equipment

5.2.1 Laboratory coats or aprons will be worn by all

persons handling chemicals or working in the laboratory. Laboratory

coats will not be worn outside the lab,

5. 2. 2 Face shields will be used whet. handling large

quantities of corrosive liquids.

5. 2. 3 Gloves will be worn when handling hot or corrosive

material.

5. 2.4 All alid digestion, fuming, etc., will be done in

hoods with adequate air flow.

G.2.5 Hands will be washed after handling reagents and

prior to leaving the laboratory.

1343-6 1 JuIy' 1966
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METHOD 1344

LABORATORY MANIPULATIONS

The following are general guidelines to safe laboratory manipulations.

Good judgment and careful assessment of the job before proceeding will

assist greatly in providing a safe operation.

(a) Broken or chipped glassware will be disposed of or fire

polished before using.

(b) Broken glass in the sink should be removed immediately.

Never reach blindly into the sink or a cabinet. Assume the presence of

broken glass until you confirm its absence.

(c) Extreme care should be used when inserting glass rod or

tubing through stoppers. Fire polish the ends of the glass first, lubricate

the glass with water or glycerin and wear leather gloves. Pull the tubing

through rather than push it through whenever possible.

(d) Cut the stopper away from thermometers or tubing,

particularly if the setup is old or has been subjected to heating.

(e) Beakers, ,tc.. should be grasped around the sides. If

too large for the hand to reach at least half way around, use two hands or

torngs. Liter or larger beakers should be supported from the bottom

when ir use.

(f) Never fill bottles completelv; leave air space for expansion.
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(g) Frozen stopcocks or ground glass stoppers should not be

forced. Use either a stopcock puller or if the nature of the contents

permits cool the plug and shell and then heat the shell with hot water

momentarily. Pull the plug before it expands with the heat.
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METHOD 1345

HANDLING OF CHEMICALS

The following are general safe-handling rules:

(a) All unknown chemicals, reagents, samples, etc., are to

be considered hazardous until assurance to the contrary is obtained. All

chemicals are potentially poisonous and should be b'andled with respect.

(b) Wash all spills of Teagents quickly with large amount of

water.

(c) When opening bottles containing dissolved gases (NH 4OIJ, HCl

etc. ) care must bLý taken to prevPrit the inhalation of the fumes and avoid

spraying of the material into the eyes.

(d) Any procedure resulting in the evolution of fumes should be

performed in a hood,

(e) When extrcting organic solvents, the pressure buildup

may be relieved by removing the stopper or inverting the funnel and

slowly opening the stopcock.

(f) tlydrofluoric acid is very toxic and should never be handled

without rubber gloves. Rinse the outside of the container carefully to

remove any residual acid on the bottle.

(g) All pipetting will be done with rubber bulbs. Mouth pipetting

is forbidden.
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SECTION 1400 - SUPPLIES

METHOD 1411

'HE IVl CALS

The following analyt.cal grade chemicals are required for use in the

laboratory:

1. Acetic acid, glacial

2. Acetone

3. Ammonium acetate

4. Ammonium carbonate

5. Ammonium chloride

6. Ammonium hydroxide

7. Ammonium molybdate

8. Ammonium oxalate

9. Ammonium vanadate

10. Barium nitrate

11. Barium hydroxide

12. Berzoic acid

1.. Bismuth tri-iodide

14. Boric acid, powder

15. Bromophenol

16. Buffer powder, p1l 4, 7. and 10
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17. Calcium metal, pellets

18. Calcium hydroxde

19. Carbon tetrachloride

20. Cesium nitrate

21. Chloroplatiaic acid

22. Citric acid

23. Curcumin

24. Diphenyl carbazone

25. Ethyl alcohol, 95%, denatured

26. Ethyl ether, anhydrous (diethyl ether)

27. Eriochrome cyanine R

28. Europium oxide

29. Glucose

30. Glycerol

31. Hydrochloric acid

32. Hydrofluoric acid - 55"'%

33. Hydrogen peroxide

34. Hydroxylamine hydrochloride

35. Hlydriodic acid - 47-55%,'

:16. Indlgo carmine

37. Ion exchange resin Dowex Ag I-X1O, 100-200 mesh

1411-2 1 ,
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38. Iron, metal, powder

39. Lanthanum nitrate

40. Mercuric iodide

41. Mercuric nitrate

42. Nitric acid, concentrated

43. Oxalic acid

44. Phenolphthalein

45. O-Phenanthroline

46. Potassium carbonate

47. Potassium chloride

48. Potassium dichromate

49. Potassium hydroxide

50. Potassium iodide

51. Pot,-sium iodate, K1O 3

52, Potassium phosphate, dihydrogen

5 3. Potassium phosphate, monohydrogeni

54. Potassium pyrophosphate

55. Rubidiurn chloride

5)G. Silver nitrate

57. Starch inidicator

s'. 'ýodium bisulfitc

1411-21 1 .kllv i96g•
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59. Solium carbonate

60. Sodium chloride

61. Sodium fluoride

62. Sodium hyroxide

63. Sodium hypochlorite

64. Sodium iodide

65. Sodium nitrite

66. Sodium silicate

67. Sodium sulfite

68. Sodium thiosulfate

69. Sulfuric acid

140. Strontium nitrate

71. Urea

72. Yttrium oxide

73. Iodide

74. Sodium bicarbonate

75. Methyl orange

76. Sodium chromate

77. Ferric nitrate

78. Plat4num chloridc

79, Ferric chloride

mO. Ortho tolidine tablet,
1411-4 1 July 9f4
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METHOD 1421

GLASSWARF

The following glassware is required for use in the laboratory:

I. Beaker, Griffin, with spout, Pyrex, 100, 150, 250. 400,

800, 1000, and 3000 ml

2. Bottles, polyethylene, narrow-mouth, 9, 16, and 32 oz

3. Bottles, dropping, flat stopper, 60 ml and 32 oz

4. Bottles, reagent, Pyrex, blank, 250 ml

5. Bottles, reagent, Pyrex, amber, 250 ml

6. Bottles, washing, polyethylene, 16 and 32 oz

7. Centrifuge cones, Pyrex glass, heavy duty, 40 ml

8. Centrifuge cones, plastic, 50 ml

9. Cylinders, graduated Exax, W0. 25, 50, 100, 500, and

1000 ml

10. Cylinders, graduated, polystyrene, 10 ml. 100 ml

11. Dishes, evaporating, 1rTex. 90 ml, 100 ml

12. Oishes. evaporating, porcelain. 250. 1000. and 1500 ml

1:1. Flasks, F:rltennevr 125 and- 250 ml

14. Flasks, filte'ring with side-tube, h-rex. .500. 1000, and

2000 ml

15. Funnel, separatorv. Exax. Squibb pear s•haped with stopper

and stopcock, tO, 100, 125. and 2-0 ml
1-121-1 I JAly PIG#,#
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16. Glass stirring rods, soft, 200 mm

17. Glass woo), Pyrex

18. Pipettes, volumetric, Pyrex, 1, 2, 5, 10, 20 ml

19. Teflon beakers, 100 ml

20. Buret, 25 and 50 ml

21. Buret, micro

22. Vials, specimen, with black molded plastic screw caps,

4 ml

23. Volumetric flasks, 10, 25, 50, 100, 250, and 1000 ml

24. Watch glasses, beaker covers, speed evap., 3, 5, and

6 inches in diameter

25. Centrifrgc cones, graduated, 50 ml

1421-2 2 ,JijI',*
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METHOD 14:31

MISCELLANEOUS

The following miscellaneous items are required for use in the laboratory:

1. Asbestos board mats

2. Brushes, nylon bristle, assorted sizes

3. Filter paper, Whatman No. 42 for filter tcwer

4. Filter paper, millipore, 47 mm diameter, 0.45 micron

pore size

5. Forceps

6. Paper, pH

7. Pencils, non-run, black, red

8. Planchets, 2 inches diameter, 1/8-in. deep, stainless steel

9. Planchets, 1 inch diameter, 5/!6-in. deep, stainless steel

10. Rings, support

11. Ring stands

12. Rubber bulbs

13. Scoopula, stainless steel

1-4. Sponge, cellulose

15. Stoppers, rubber. assorted sizes, wi~h cork borer

I G. A•upport, finncl, for four funrnemi-

17. Stopi.ock grctse, silicone

{ " ~ ~~~14:1-1ik v !;•
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18. Syringes, gas sampling

19. Syringes, hypodermic, 1, 5 ml

20. Tissues, cleansing, disposable

21. Tubing, glass Pyrex, assorted sizes

22. Tongs, beaker

23. Tubing, rubber, assorted sizes

24. Tubing, plastic assorted sizes

25. Fisher gas sampling flasks with and without side support

26. Centrifuge

27. Stirring Hot Plate
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