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DIVISION OF RADIATION CONTROL

TECHNICAL PROCEDURES FOR LICENSE REVIEW

Radioactive materials licensing is a process whereby applicants are approved to receive, possess, and
use radioactive materials. Technical personnel should understand the concepts of R313-12,-19, -21,
-22, -25, -32, -34, -36, and -38. These regulations codify standards for radiation protection and
describe the limitations for using different types of radioactive material in various circumstances.
As license reviewers, we review and approve the use of the material, qualifications of the person,
and the place of use, as requested. There are several basic questions which should be asked (and
answered) to preface this license review procedure. These are:

I. What is a license review?

IL. How do you do a license review?

III. When do you do a license review?

IV.  Who does the license review?

V. Why do a license review?

This procedure answers each one of these questions - and leaves room for changes. Adequate
radioactive materials programs must have personnel and procedures that address each of these
questions.

1. What is a license review?

A license review is an evaluation, based on health physics principles, of a request to:

0 change or update an existing license, or

0 to request authorization for a new use condition in an existing license, or
0 to request a new license and authorization, or

0 to request a new or unusual use of radioactive material.

The license review is designed to assure that the uses of, and authorizations for, radioactive material
will not present a hazard to the general public or to the workers. It is the DRC’s job, therefore, to
assure that license reviewers are well trained in health physics principles and understand the rules
governing the safe handling of radioactive material.

Issued: Oct. 1998
Revised: Dec. 1999 1



IL. How do you do a license review?

The license review is based on common sense and health physics principles. Using the appropriate
review check sheet and licensing guidance available, the reviewer must read the requestor’s material,
and decide if it meets DRC safety criteria. The check sheets help assure safety criteria are addressed.

After safety criteria has been reviewed, the reviewer writes a Request for Information Letter or if
there are no deficiencies, the reviewer writes a draft license. After peer and supervisory review, the
license is issued.

I1I. When do you do a license review?

A license review is done any time a licensee submits a request for a license amendment (change to
an existing license) or an applicant requests a new license or a renewal of an existing license. The
DRC is obligated to review these applications in a timely manner.

V. Who does the license review?

The license review is done by at least two persons: a Technical Reviewer (Primary Reviewer) and
a Peer Reviewer. The Technical Reviewer completes the first (Phase I) review of a licensing action.
This person has the responsibility to identify any gross health and safety deficiencies in a license
application or amendment request, prepare Request for Information letters, and write a draft version
of the licensing action.

The Technical Reviewer should use appropriate standard guidance to review actions to assure proper
quality control, to conform to regulatory positions and evaluate health and safety issues. Various
documents may be useful for license reviews and processing: NCRP guidelines, ANSI standards,
NUREG publications, NRC Standard Review Plans (SRPs), CRCPD guidelines and many other
publications. Advisory Committees and Legal Assistance from the DRC’s legal support also should
be available. DRC procedures should identify available guidance and provide a framework on which
programs may obtain technical or legal assistance. License reviewers should remember that good
health physics practices guide the reviewers’ evaluations of any action.

The Peer Reviewer performs a second (Phase IT) review of the licensing action. The purpose of this
review is to serve as a quality control check on the accuracy of decisions made in Phase I, to issue
any Request for Information letter, and to prepare a final copy of the licensing action for approval
and signature.
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V. Why do a license review?

License reviews are done to:

o Issue licenses
0 Issue amendments to licenses
o Assure health and safety criteria are applied to radioactive materials licenses.

PROCEDURE FOR HANDLING LICENSE ACTIONS
(See the Flow Chart provided as Exhibit A.)

Flow Chart Summary

1. The applicant’s submission is logged into the DRC mail log tracking system by an Office
Technician III. After the submission has been logged into this system, the action item is
given to the Support Services Coordinator.

2. The Support Services Coordinator (SSC) logs the action into the DataEase database and the
Excel tracking spreadsheet. The SSC also prepares the Licensing Action Routing Sheet.

3. The SSC must determine if the applicant’s submission is a renewal of an existing radioactive
materials license.

3.A  If the submission is not a renewal, the SSC prepares a letter to the applicant. The
letter acknowledges DRC’s receipt of the action. Next, the SSC gives the item to
a Technical Reviewer for a Phase I Review.

3B  If the submission is a renewal application, the SSC must determine if it was filed in
a timely manner. All licensees who send applications to the DRC so that they are
received at least 30 days before the expiration date are sent a letter acknowledging
DRC’s receipt of the license renewal. This letter states that the submission was filed
in a timely manner. Any licensee who does not send the license renewal in a timely
manner receives a letter acknowledging DRC’s receipt of the renewal. Next, the
SSC gives the action item to a license reviewer for a Phase I Review. Note that
some renewal submissions may require enforcement action.
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4. A Phase I License Review is performed in accordance with the following:

I Name(s) l Assignment(s) I

Don PHASE I

1. Enter Sign-Out Date on Routing Sheet
and complete Licensing Action Routing
Sheet for Phase I review.

2. Enter date in "Phase I Start Date" and
"By" in EXCEL license action tracking
spread sheet.

3. Perform a thorough and complete initial
review of licensing action.

4. For New or Renewal actions, complete
appropriate license review check list.

. 5. If information or commitments are
lacking, draft Request for Information
letter.

6. Place draft license, cover letter and
Request for Information letter (if needed)
in RAD/COMMON/OLD_LIC. Record
file names on Routing Sheet.

7. Enter Phase I Completion Date in EXCEL
license action tracking spread sheet.

8. Review Licensing Action Routing Sheet
entries.
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(_ 5. A Phase II License Review is performed in accordance with the following:

I Name(s) I Assignment(s) I

Gwyn, Julie | PHASEII

and/or Phil

1. Determine if necessary, who will perform
Phase Il review.

2. Enter Phase II Start Date and By in
EXCEL license action tracking spread
sheet.

3. Perform secondary review of licensing
action.

4. Telephone licensee if necessary to
confirm or clarify information.

5. If additional information or commitments
are missing, add to Request for

( Information letter.

6. If needed, final Request for Information
letter. (Licensee contact for letter now
becomes Gwyn, Julie and/or Phil).

7. Final licensing action and cover letter.

8. Enter Phase II Completion Date in
EXCEL license action tracking spread
sheet.

9. Review and complete License Action
Routing Sheet.

10. The responsibility for completion of
licensing action rests with Gwyn, Julie
and/or Phil.
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After completion of the license review, the action is routed to the Section Manager. All
actions are closed out on the Excel spread sheet. The manager also performs a supervisory
review on each tenth licensing action as well as all actions processed for major licensees.
The Licensing Action Routing Sheet is used to document the supervisory review.

The action is presented to the Executive Secretary for review and signature as an official
license amendment.

An Office Technician I1I logs the action in the outgoing mail log, photocopies the action, and
distributes a file copy to the licensing staff.

Final data entry notations are made into the DataEase database and the file copies are placed
in the licensee’s file folder.

NEW LICENSE APPLICATIONS

Using an appropriate review checklist, confirm that operating and emergency procedures are
adequate and that all items on the application are complete. In particular:

0 Application signed and dated by management.

0 RSO and authorized users designated; training adequate.

o Place of use authorized; surveys and environmental factors addressed if appropriate.

0 Leak test, waste disposal, survey, RAM ordering and package opening procedures
adequate.

o Instrumentation and calibration adequate.

0 RAM, quantity, form, use designated with adequate procedures.

0 Other conditions: bioassay, maintenance, distribution, etc.

Confirm that all fiscal documents have been received and are being processed. The DRC
cannot issue a new license without payment.

Identify on the checklist if a prelicensing inspection should be performed. If appropriate, this
should be scheduled with an inspector.

Follow the steps for Phase I and Phase II review.
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New licenses should be issued in a timely manner.

Allinvolved in review and processing of an application should sign off on the tracking sheet.

RENEWAL APPLICATIONS

Renewal applications should be complete, stand-alone applications. Using an appropriate
review checklist, confirm that operating and emergency procedures are adequate and that all
items on the application are complete. In particular:

0 Application signed and dated by management.

0 RSO and authorized users designated; training adequate.

0 Place of use authorized; surveys and environmental factors addressed if appropriate.

o Leak test, waste disposal, survey, RAM ordering and package opening procedures
adequate.

o Instrumentation and calibration adequate.

o RAM, quantity, form, use designated with adequate procedures.

0 Other conditions: bioassay, maintenance, distribution, etc.

Identify on the checklist if a prelicensing inspection should be performed. If appropriate, this
should be scheduled with an inspector.

Follow the steps for Phase 1 and Phase II review.
Renewal licenses should be issued in a timely manner.

Allinvolved in review and processing of an application should sign off on the tracking sheet.

AMENDMENT REQUESTS
Review amendment request carefully. Confirm that:
0 For authorized user changes, training documents are complete and adequate.

o For medical facilities, confirm that the RSC has authorized the user applicant and
that a Preceptor Statement or board certification is submitted with the request.
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o For industrial gauge facilities, confirm that training certificates are included with
individual requests.

0 If place of authorized use has changed, that surveys and environmental factors are
addressed if appropriate; state should verify when appropriate.

0 Leak test, waste disposal, survey, RAM ordering and package opening procedures
have changed, that documentation is adequate.

0 If instrumentation and calibration request is made, that procedures are adequate.

0 If RAM, quantity, form, or use change is requested, that there are adequate
procedures submitted.

o) If other activities such as gauge maintenance, distribution, etc. are requested,
confirm that safe operating procedures and techniques are submitted.

2. If the amendment is a major change in the License Type, confirm that all fiscal aspects of the

change have been cleared through the Support Services Coordinator.

3. Identify if a prelicensing inspection should be performed. If appropriate, this should be
scheduled with an inspector.

4. Follow the steps for Phase I and Phase II review.
5. Amendments should be issued in a timely manner.
6. Allinvolved in review and processing of an application should sign off on the tracking sheet.

PROCEDURE FOR TERMINATION OF LICENSES

1. Documents needed

0o

(6]
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Written request for termination

Supporting details
Copies of transfers, preferably of receipts by recipient with details

If sealed source and not disposed of as waste; need LT records
If unsealed, long-lived material needs:

copies of licensee close out surveys



by whom? date? qualifications of person?
instrument? calibration date?
maps, diagrams of surveys

Statement of decontamination criteria authorized by DRC

Current license as far back as possible

Check for amendments deleting previously authorized materials - what was
their disposition?

Cross check with termination request - everything accounted for?
Check for unusual conditions, amendments

0 Inspection reports as far back as possible

Check and cross check with license and with termination request regarding
relocations and RAM used

Check for indication/citation of unauthorized RAM, and use or disposal
Burials?

Check for indications of incidents, spills, losses of RAM? Bad compliance
history?

Get correspondence as far back as possible

Reports of incidents, losses
0 DRC close-out surveys/inspections

A must for most users of unsealed, long lived RAM (e.g. H-3, C-14,1-125,
etc.) users and for some ss users, e.g., w/ poor compliance history

Inspections should include:
surveys of some points evaluated by licensee

surveys where contamination could be expected (restricted areas)
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surveys for contamination where none should have occurred
(unrestricted areas, e.g. soils, drains, sewers, lobbies, offices and
homes)
records stating decontamination criteria authorized by state:
instrumentation used and calibration
who did surveys
review of disposition of radioactive waste generated by licensee

decontamination activities: solid, liquid

review of decontamination activities - personnel exposures and
monitoring including bioassay or airborne activity

strong documentation of results

review of records of disposition/transfer of RAM and inventories

2. Other Involved Parties

(o]

3. Miscellaneous

Issued: Oct. 1998
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In addition to those above:

In cases of transfer of RAM, verify recipients were both authorized for RAM
and received it

Discussions (not just exchanges of questions) between license reviewer and
inspector are essential - talk about incidents, telephone conversations, and
other occurrences that are remembered

Make sure everything is covered

Look for employees with institutional memories

Watch out for General Licensed material used by specific licensees, e.g. instrument
calibration sources.

On transfer of RAM to out-of-state licensees, dont hesitate to call NRC or State
Radiation Control Program to verify recipient is properly licensed and to request
verification that RAM was received.

10



0 Be thorough and skeptical - it’s your last chance to deal with the applicant as a
licensee.

0 Finally - are out cards removed from main file drawers and are files placed in proper
storage boxes?
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Exhibit A

Application Received by DRC
1

.

Data Entry / Tracking
(@)

v

Yes Is Action a Renewal No
(3B) @) > (3A)
. - .
Not Timely | Timely Phase | Review
(38-1) | | (3B-2) —> 4) <
Possible Phase Il Review
NOV (5)

Section Manager Tracking /
QC Review

(6)

v

Executive Secretary
Review and Signature

)
v

Correspondence Tracking

@8

"

Data Entry and
Document Filing

(9)
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UTAH DEPARTMENT OF HEALTH
BUREAU OF RADIATION CONTROL

EXPIRED LICENSE POLICY & PROCEDURE

The following steps aie taken regarding expiring licenses:

I

IL.

11I.

IV.

Approximately 2 months in advance a list of expiring licenses are developed using the
dataease programn. Standard Jetter glossary 314-number 1 (copy attached), is sent along
with the appropriate regulatory guide and license application form.

NRC Procedure 83895 Section (02.03(a) and (b) and Bureau guidance information
numbers | through 3 are followed when licenses expire.

Licensees who do not timely file a renewal application are sent a Notice of Violation
using standard glossary 314-number 9 (copy attached), with the appropriate additional
statements inserted as necessary. NRC Procedure 83895 Section 02.03(¢) and Bureau
guidance information number 4 and 5 are followed.

The issuance of a new license number when the original license has expired will be
reviewed on a case-by-case basis.



UTAH DEPARTMENT OF HEALTH
BUREAU OF RADIATION CONTROL

EXPIRED LICENSE GUIDANCE INFORMATION

The following will be effective in the event a license expires.

1.

The licensee never acquired licensed material.

Reqguest a written statement that material was never acquired and that final termination
of the license is requested.

The licensee already disposed of the licensed material.

Request written documentation as to the appropriate disposition of the licensed
material, a statement as to the retention of all required records, and a formal request to
terminate the license.

The licensee currently possesses licensed material and does not plan to renew the license.

a. Issue a Notice of Violation for possession of radioactive material without a valid
radioactive material license. Inform the licensee to dispose of the material to an
authorized recipient.

b. Request written documentation as to the appropriate disposition of the licensed J'

material, a statement as to the retention of all required records, and a formal request to *.
terminate the license.

The licensee currently possesses licensed material and plans to renew the license.

Issue a Notice of Violation for possession of radioactive material without a valid
license. Instruct the licensee to store the material and submit an application to renew
the license. If adequate storage facilities are not available instruct the licensee to
transfer the material to an authorized recipient until the renewed license is issued.

Issue a Notice of Violation for possession of radioactive material without a valid
license. Instruct the licensee to store the material. If adequate storage facilities are not
available instruct the licensee to transfer the material to an authorized recipient until the
renewed license is issued.

The issuance of a new license number when the original license has expired will be reviewed on a
case-by-case basis.
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GLOSSARY 314 CALL NUMBER 1

DATE

ADDRESS

Re: Radioactive Material License No.

Dear
Your Utah Radioactivé Materials License No. UT will expire
on . You will need to carefully follow the enclosed guide in addressing

all jtems of the application form to complete your license renewal. You may make
reference to previous submissions to the Utah Burerau of Radiation Control by
following the guide procedure titled "Renewal of a License”.

If you do not wish to renew your license, please submit a letter which describes the
disposition of your radicactive material and the provisions that have been made for
the retention of all records required by Utah Radiation Control Rules and your current
license.

Please note: R447-22-37(2) provides that if your application for renewal is received
in our office 30 days prior to the expiration of your present license, extension of the
expiration date is automatic. Your renewal application fee (R447-70-7) of

$ , must accompany the application.

This notice of your license expiration is sent for your convenience. The responsibility
for submission of a properly completed application to assure timely license renewal
remains with the licensee, further notices may not be forthcoming.

Sincerely,

Bureau of Radiation Control

Enclosure



GLOSSARY 0314 CALL NUMBER 9

DATE

CERTIFIED MAIL

LICENSEE ADDRESS

Dear

This refers to the activities authorized by Radioactive Material License No. . |

Based on the review of your radioactive material license, it appears that certain of your activities
were not conducted in full compliance with Bureau requirements. The violations which occurred
are described in the enclosed Notice.

Sincerely,

Larry F. Anderson. Director
Bureau of Radiation Control

Attachment



BUREAU OF RADIATION CONTROL

NOTICE OF VIOLATION
LICENSEE License No.
ADDRESS
During a review of your radioactive material license on , a violation was identified. In

accordance with Utah Radiation Control Rules, R447-14, "Violations and Escalated Enforcement,"”
the particular violation is set forth below:

R447-22-37(2) of the Utah Radiation Control Rules states:

"In any case in which a licensee, not less than thirty days prior to expiration of the
existing license, has filed an application in proper form for renewal or for a new license
authorizing the same activities, such existing license shall not expire until the application
has been finally determined by the Bureau."

Contrary to this, radioactive material license number UT issued to ,
expired on

To resolve this issue you must do the following:

L.

Store all radioactive material.

If adequate storage facilities are not available, then the material should be transferred to
an authorized recipient until a new license has been issued.

Submit a letter within 30 days to the Bureau stating the following:
a. Make the following commitments in writing.
(1)  To store or transfer the radioactive material you now possess.

(2)  State that you will not use any of the stored radioactive material until a new
license has been issued.

R447-18-11(1)(d) requires that you post a copy of this Notice in a conspicuous place. Should you
have any questions conceming this Notice please contact us at 538-6734.

Sincerely,

Larry F. Anderson. Director
Bureau of Radiation Coutrol

Dated at Salt Lake City, Utah

this

th day of , 19




GLOSSARY 314

Y |
. !The following statement shall be added to Standard Notice of Violation glossary 314 call numbe,-| -
9 if the application has not been signed by the appropriate individual.!

Paragraph R447-22-37(2) states. "In any case in which a licensee not less than thirty days
prior to expiration of the existing license has filed an application in proper form for
renewal or for a new license authorizing the same activities, such existing license shall
not expire until the application has been finally determined by the Bureau."

Contrary to this rule, an application for renewal of license number was
received by the Bureau of Radiation Control on without the appropriate required
signature on the application.

z
I'The folowing statement shall be added to Standard Notice of Violation glossary 314 call number

9 if the application is not accompanied by the appropriate fee.!

Paragraph R447-70-5(1) of the Bureau of Radiation Control Rules states, "Each
application for machine registration or radioactive material licensing for which a fee is
prescribed, shall be accompanied by a remittance in the full amount of the fee. No
application will be accepted for filing or process prior to payment of the full amount

specified."”

Contrary to this rule, an application for renewal of license number was

received by the Bureau of Radiation Control on without the required f
. accompanying the application. J
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U.S. NUCLEAR REGULATORY COMMISSION

REGULATORY GUIDE

OFFICE OF STANDARDS DEVELOPMENT

REGULATORY GUIDE 3.11

DESIGN, CONSTRUCTION, AND INSPECTION OF EMBANKMENT
RETENTION SYSTEMS FOR URANIUM MILLS

A. INTRODUCTION

Each licensee who processes or refines uranium
ores in a milling operation is required by §20.1 of 10
CFR Part 20, ‘‘Standards for Protection Against
Radiation,’’ to make every reasonable effort to main-
tain radiation exposures and releases of radioactive
materials in effluents to unrestricted areas as low as
is reasonably achievable, taking into account the state
of technology and the economics of improvements in
relation to benefits to the public health and safety. In
addition, 40 CFR Part 190, ‘‘Environmental Radia-
tion Standards for Nuclear Power Operations,”’ re-
quires that the maximum annual radiation dose to in-
dividual members of the public resulting from fuel
cycle operations be limited to 25 millirems to the
whole body and to all organs except the thyroid,
which must be limited to 75 millirems. Liquid and
solid wastes (tailings) generated in the uranium mill-
ing operation contain radioactive materials in excess
of the discharge limits and are generally confined by
an embankment retention system.

This guide describes some engineering practices
and methods generally considered satisfactory for the
design, construction, and inspection of earth and
rockfill embankments used for retaining uranium mill
tailings. They result from review and action on a
number of specific cases and reflect the latest general
approaches to the problem that are acceptable to the
NRC staff. If new information that may be developed
in the future results in alternative methods, such
methods will be reviewed by the staff to determine

their acceptability. Guidance on operation and aban-
donment of the retention system is presented in
separate guides.

B. DISCUSSION

The milling of uranium ores results in the produc-
tion of large volumes of liquid and solid wastes (tail-
ings). These tailings are usually stored behind man-
made retaining structures, following the practice of
the non-uranium mining industry. The design and
construction of tailing retention structures have in the
past been based largely on mining experience, with
little use of design concepts. These empirical ap-
proaches resulted in various mining dam mishaps and
failures (Refs. 1 and 2). The failure of Buffalo Creek
Dam in West Virginia even resulted in the U.S. Con-
gress quickly passing a national dam safety law af-
fecting all water-impounding structures in excess of
either 25 feet in height or 50 acre-feet in impound-
ment capacity (Ref. 3).

Uranium mill tailings, unlike most non-uranium
mine tailings, contain concentrations of radioactive
materials in excess of the allowable discharge limits
(Ref. 4). Furthermore, the most significant radioac-
tive element in the tailings is radium-226, which has
a half-life of about 1600 years (Ref. 5). Therefore, it
is necessary to confine those tailings to prevent or
control their release to the environment not only dur-
ing the operating life of the mill, but also for genera-

* Lines indicate substantive changes from previous
issue.

USNRC REGULATORY GUIDES

Regulatory Guides aré issued to describe and make available 10 the public methods
acceptable to the NRC staff of implementing specific parts of the Commission’s
reguiations, to delineate techniques used by the staff in evaluating specific problems
or postulated accidents, or to provide guidance to applicants. Regulatory Guides
are not substitutes for regulations, and compliance with them is not required.
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times, and guivs will be revised, s appropriate, to accommodate comments and
to reflect new information or experience. This guide was revised ss a result of
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Washington, D.C. 20555, Attention: Director, Division of Document Control,




tions after milling operation has ceased. The em-
bankment, foundation, and abutments need to be sta-
ble under all conditions to prevent the uncontrolled
release of the retained water or semifluid tailings.
Seepage from the tailing pond, which contains dis-
solved radium and other toxic substances (Ref. 5),
needs to be controlled under normal and severe
operating conditions to prevent the possibility of un-
acceptable contamination of the groundwater or
nearby streams. Wind and water erosion of the tail-
ings needs to be prevented during and after the mill-
ing operation.

Obviously, factors pertaining to safety, contamina-
tion, and environmental damage determine the basic
requirements in planning and constructing retention
systems. To achieve the basic requirements, the de-
sign must be based on a thorough understanding of
both the geotechnical problems involved and the re-
quirements of the milling operation.

The latest advances in geotechnical engineering,
together with engineering experience and knowledge
available in the field of water storage dams, can be
used in the design and construction of retention
dams. The basic concepts of conventional water stor-
age dams can be suitably modified to produce eco-
nomical designs that will ensure the stability of the
retention system and minimal contamination.

1. GENERAL PLANNING AND DESIGN
CONSIDERATIONS

Because the prime functions of the retention sys-
tem are to store radioactive solids and to provide
temporary storage of contaminated water for clarifi-
cation and evaporation, it is important that the system
be designed and constructed to remain stable for its
intended life. It must provide the required storage at
any given time, and it must provide sufficient control
of seepage to prevent unacceptable contamination of
adjacent land, waterways, and groundwaters. It must
also provide effective means to prevent wind and
water erosion.

Stage construction with the freeboard maintained
sufficiently above the storage level may be consid-
ered. The use of coarse tailings as embankment fiil
materials is not desirable because the tailings contain
radioactive materials that may cause unacceptable
environmental impacts.

Detailed site conditions, including climate, hy-
drology, geology, and seismology, need to be as-
sessed and their impact evaluated. Detailed knowl-
edge is needed of such physical and mechanical prop-
erties of foundation and embankment materials as
classification, shear strength, consolidation, permea-
bility, sedimentation, compaction, piping and crack-
ing susceptibility, and wind-water erosion character-

istics. The chemical qualities of the tailings and
slurry must be assessed to determine if a water-
collecting system is needed to prevent unacceptable
downstream contamination resulting from seepage or
surface water runoff.

Subsurface investigations at the site of the reten-
tion system and at possible borrow areas need to be
adequate to determine the suitability of the founda-
tion and abutments, the requirements of foundation
treatment, and the availability and characteristics of
embankment materials. The investigations should
cover classification, physical and chemical prop-
erties, location and extent of soil and rock strata, and
variations in groundwater conditions.

The foundation conditions must be determined to
assess the adequacy of subsurface materials to sup-
port the dam without failure and without excessive
total or differential settlement. The permeability of
foundation soils and rocks must be ascertained to es-
timate the amount of seepage, piping potential, and,
if necessary, thé methods of seepage control. The
availability of suitable borrow material for dam con-
struction must be assessed, taking into consideration
the construction sequence and schedule.

2. DESIGN ANALYSIS

It is important that design analysis consider stabil-
ity, setilement, seepage, and hydrologic analyses.
Specifically, the design needs to ensure that retention
dam failure would not occur. Historical records
(Refs. 6-9) indicate that most failures associated with
earth or tailing dams are caused by overtopping by
flood waters, erosion, piping in either the dam or the
foundation, collapse of the dewatering conduit, foun-
dation failure, slope failure, or liquefaction.

2.1 Hydrologic Analyses

There will always be some catchment area con-
tributing runoff into the tailing retention system. This
may vary from the area of the system itself to a sub-
stantial area incorporating the drainage area of
streams entering the valley across which a retention

dam is constructed. Substantial runoff volumes and

flows can result from heavy precipitation or snow-
melt over relatively small catchment areas.

The maximum runoff used in the design is usually
called the Spillway Design Flood (SDF), representing
the largest flood that need be analyzed, regardiess of
whether or not a spillway is provided. The magnitude
of the SDF (flood volume, peak flow, etc.) as
adopted in the United States for the past 30 years is
equal to that of the Probable Maximum Flood® at the

! The Probable Maximum Flood (PMF) is defined as the flood that
may be expected from the most severe combination of critical
meteorologic and hydrologic conditions that are reasonably possi-
ble in the region.
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site of the dam. Methodology to estimate the Proba-
ble Maximum Flood is available in Regulatory Guide
1.59, “‘Design Basis Floods for Nuclear Power
Plants,”’ and other publications (Refs. 10 and 11).

For small retention dams built on isolated streams
in areas where failure would neither jeopardize
human life nor create damage to property or the envi-
ronment beyond the sponsor’s legal liabilities and fi-
nancial capabilities, less conservative flood design
criteria may be used in the design. However, the
selection of the design flood needs to be at least
compatible with the guidelines set forth by the Corps
of Engineers (Ref. 12).

If decant or other reclaim systems have not been
designed specifically to pass the design flood, other
measures need to be taken. Those other measures
may be one or a combination of the following:

a. Storing the whole volume of flood runoff.
Sufficient freeboard should always be available to
provide the necessary storage capacity without over-
topping the dam.

b. Providing a spillway or diversion channels to
convey runoff water safely past the dam.

Because of the toxic nature of the impounded ma-
terial, a is preferred.

Determination of the freeboard necessary- at any
time to store flood runoff will require information on
pond storage versus elevation, anticipated embank-
ment settlement versus time, and the effective height
of wind-generated waves. Procedures for determining
the minimum freeboard are presented in Reference
10. It is important that the embankment construction
schedule ensure that this required freeboard is always
available.

Adequate slope protection is needed to guard the
embankment against wind and water erosion, weath-
ering, and ice damage. Methods for protecting slopes
include dumped riprap, precast and cast-in-place con-
crete pavements, bituminous pavement, soil cement,
sodding, and planting. The necessary upstream slope
protection depends on the expected wind velocity and
duration and the size and configuration of the reser-
voir at the water-surface elevation. The necessary

downstream protection depends on the expected ero-.

sion of surface runoff and wind erosion. References
10 and 13 provide methods and criteria for the selec-
tion and design of slope protections.

2.2 Stability Analysis

Slope failure occurs when an outer portion of an
embankment slides downward and outward with re-
spect to the remaining part of the embankment. The
slide generally occurs along a fairly well-defined slip
surface. Stability analyses involve comparing the
shearing stresses along potential failure surfaces with

the available shearing resistance along those surfaces.
The ratio of the available shear strength to developed
maximum sheer stress gives the factor of safety.

2.2.1 Methods of Stability Analysis

2.2.1.1 Satic Stability Analysis

There are many methods using the limiting equilib-
rium approach. Detailed discussion can be found in
various publications (Refs. 14-16). These methods
may be conveniently grouped into three categories:

a. Friction Circle Method. This method considers
the entire sliding block as a rigid free body and
makes assumptions regarding the distribution of nor-
mal stresses along the failure surface. This method
can only be used to evaluate failure surfaces that are
circles or single straight lines. The logarithmic spiral
method is a different version of this method.

b. Method of Slices. This method divides the free
body into many vertical slices, and the equilibrium of

_each slice is considered. The best known and most

widely used versions of this method are the Swedish
Circle Method, Modified Swedish Method,
Simplified Bishop Method, and Morgenstern-Price
Method.

¢. Wedge Method. This method is used whenever
the failure surface can be satisfactorily approximated
by a series of straight lines—usually two or ‘three
lines.

The method of slices offers the best approach for
obtaining a reasonably accurate solution for any
shape of failure surface (Refs. 17 and 18). While the
friction circle method can provide solutions in
homogeneous soil, it is difficult to apply these ap-
proaches with confidence when the soil is stratified or
zoned. The wedge method can provide reasonable so-
lutions for situations where the failure surfaces are
composed of straight lines.

Computer solutions to the method of slices have
been developed (Ref. 18). By using computers, many
more assumed conditions and failure surfaces can be
tried. The effects of possible variations in material
properties can also be evaluated. The computed re-
sults need to be checked with respect to their rea-
sonableness and compatibility with the design proce-
dures and criteria.

2.2.1.2 Seismic Stability Analysis

In areas where embankments are subjected to seis-
mic disturbances, analyses should be made of the
seismic effects on the dams. Seismic vibrations can
cause liquefaction of saturated or nearly saturated
loose sands and sensitive silts (Ref. 1). The dynamic
shearing stresses induced during the seismic events
can cause excessive deformation or distortion of the
embankment-—even shear failure (Refs. 19 and 20).
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Seismic stability analyses of embankment dams are
conventionally made using pseudostatic methods
(Ref. 21). In this approach, the stability of a potential
sliding mass is determined as for static loading condi-
tions, and the effects of an earthquake are taken into
account in the computation by including an equiva-
lent horizontal force acting on the potential sliding
mass. The horizontal force representing earthquake
effects is expressed as the product of the weight of
the sliding mass and a seismic coefficient. The value
of the seismic coefficient is normally selected on the
basis of the seismicity of the region in which the dam
is to be constructed.

During earthquakes, large cyclic inertia forces are
induced in embankments. In certain zones of an em-
bankment, the inertia forces may be sufficiently large
and may occur a sufficient number of times to cause
permanent displacements. Procedures for estimating
the magnitude of these displacements have been pro-
posed by Newmark (Ref. 22) and by Goodman and
Seed (Ref. 19). Both of these procedures presume a
knowledge of the time-history of the inertia forces
acting on an embankment during the earthquake.
These approaches are more involved than the conven-
tional methods and have been used successfully to
predict the surface displacements of embankments of
dry cohesionless soils. However, for soils in which
pore pressure changes as a result of the shear strains
induced by the earthquake, determination of appro-
priate values of the yield acceleration becomes dif-
ficult.

In dealing with saturated cohesionless soils, the
dynamic analysis procedures developed by Seed
(Ref. 23) provide a basis for assessing the stability
and deformation of the embankment during earth-
quakes. This type of analysis may be used to predict
the development of the liquefaction zone and the an-
ticipated movements, deformation, and stability of
the embankment and its foundation. However, good
engineering judgment based on adequate data must be
exercised in the selection of soil characteristics for
use in the analyses, in the detailed steps followed to
conduct the analyses, and in the evaluation of the re-
sults obtained.

A detailed discussion and applicable guidelines for
seismic analysis and design of tailing dams can be
found in Reference 24.

2.2.1.3 Liguefaction Potential Evaluation

It is important that the possibility of liquefaction of
foundation soils be evaluated by means of ‘‘state-of-
the-art’’ procedures involving seismological and geo-
logical investigations. The objective of such evalua-
tions is to establish earthquake design parameters for
use in the analyses and the dynamic testing of mate-
rials. Procedures currently used for evaluating
liquefaction potential are based on either comparing
the past experience with similar soil deposits

supplemented by laboratory tests or using detailed
ground response analyses combined with dynamic
laboratory testing. Past experience provides the most
useful guidance on the probable performance of simi-
lar soil deposits, while the ground response method
provides a means for considering the effects of the
amplitude and time history of.the earthquake ground
motions, the in-situ soil characteristics, the overbur-
den pressure, and the groundwater conditions.

2.2.2 Loading Conditions and Factor of Safety

A tailing dam and its foundation are subjected to
shear stresses imposed by-the weight of the dam and
by the filling of the pool, seepage, or earthquake
forces. The cases for which stability analyses are
necessary are

a. End of construction. Analyses of the upstream
and downstream slopes are needed for the end of con-
struction conditions if the embankment and its foun-
dation are composed partially or entirely of impervi-
ous soils. The unconsolidated undrained (UU) shear
strength should be used in the analyses for slow-
draining soils, while consolidated drained (CD) shear
strength should be used for free-draining soils where
excess pore pressures would not develop.

b. Partial pool with steady seepage. Analyses of
the upstream slope are needed for several inter-
mediate pool stages with corresponding steady seep-
age conditions. The analyses account for reduction in
effective normal stresses where pore water pressures
that developed during construction or filling are not
dissipated before the subsequent partial pool condi-
tion. The lower strength from either the consolidated
undrained (CU) shear test or consolidated drained
(CD) shear test is used in the analyses. The minimum
factor of safety should be determined as a function of
pool elevations.

c. Maximum storage pool with steady seepage.
This condition may develop and may be critical to
downstream slope stability. A flow net would be
helpful in determining the phreatic line and seepage
forces. Shear strength selection should be the same as
for the partial pool with steady seepage condition.

d. Earthquake. In areas subjected to seismic
shocks, appropriate earthquake forces need to be
added onto the previous loading conditions in the sta-
bility analyses.

The use of a factor of safety in stability analyses
should allow sufficient margin for variations between
the parameters used in design and those existing in
the field and consideration of the limits of strains.
Many soils undergo relatively large plastic strains as
the applied shear stresses approach the shear strength
of the soil.

The consequence of a failure, the tolerable limits
of strains, and the degree of confidence in engineer-
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ing parameters used in the analyses all need to be
considered in choosing the factor of safety. The
minimum factor of safety suggested in the regulatory
position of this guide presumes that the stability
analysis has been sufficient to locate the critical fail-
ure surface and that parameters used in the analysis
are known, with reasonable certainty, to be represen-
tative of actual conditions of the dam and its founda-
tion. Otherwise, higher factors of safety would be re-
quired.

2.2.3 Settlement Analyses

If the foundations beneath an embankment consist
of layers of compressible soils or weathered rock or if
the bedrock profile is very irregular, differential set-
tlements could result from uneven loading or variable
thicknesses in the compressible site conditions. These
differential settlements may cause longitudinal or
transverse cracks in the dam that could lead to sub-
surface erosion and dam failure by piping.

The magnitude of the anticipated settlement can be
estimated from the results of laboratory consolidation
tests on samples recovered from the compressible
foundation strata and remolded embankment mate-
rials/ The rate of settlement can also be estimated.
However, the potential error in estimating the time
for settlement to occur is appreciable, since settle-
ment is influenced by soil drainage that is controlled
by minute geological details that may not be detected
during the foundation investigation. All predictions
on the rate and magnitude of settlement and the
change in pore water pressures need to be checked by
field instrumentation. Predictions based on laboratory
data can be modified by actual measurements to pro-
vide reasonably accurate long-term estimates.

If compressible soils are thick, it may be necessary
to design the dam to absorb the anticipated differen-
tial settlements. If considerable total settlement is
expected, the dam must be built higher to allow for
the settlement.

2.2.4 Seepage Analyses

Seepage analyses evaluate the effects of seepage
on the stability of the tailing dams and the rate of
seepage through and beneath the dam and basin area.
It is important that seepage pressures be controlled so
that quick conditions and piping do not develop. Spe-
cial design features such as impervious cores,
cutoffs, impervious liners, a secondary collection
system, etc., are needed to maintain the quality and
quantity of secpage from the retention system within
tolerable limits of water supply and pollution control
requirements.

Seepage analyses—usually based on the steady
flow of an incompressible fluid through a porous
medium—may use the graphical method of plotiing
flow nets, electric analogs, model studies, or
mathematical solutions by digital computer using
either finite-element or finite-difference methods.

The graphical method of plotting flow nets is eco-
nomically and easily performed, and it gives suffi-
ciently accurate results for many seepage problems.

3. CONSTRUCTION METHODS

Construction methods for mill tailing dams are
closely related to the planning and operation of the
mill. Where a tailing embankment is constructed in a
single stage of natural borrow materials or overbur-
den and waste rock, conventional procedures for
earth and rock-fill dams can be used.

Where a tailing dam is constructed in stages, one
of the following three methods is used: (2) upstream
method, (b) downstream method, or (c) centerline
method.

The upstream construction method is the oldest
used by the mining industry and is a naturally de-
veloped procedure for disposing of the tailing as eco-
nomically as possible. An initial starter dike is con-
structed at the downstream toe of the ultimate dam
with borrow materials: The crest of the dam is raised
by placing fill materials in successive dikes located
on the upstream side of the initial starter dike. The
centerline of the embankment crest is shifted toward
the upstream pond area as the height of the dam in-
creases. The downstream toe of each subsequent dike
is supported on the top of the previous dike, with the
upstream portion of the dike placed over finer tailings
(slimes) within the impoundment. These slimes,
placed hydraulically, have a relatively low shear
strength and remain in a loose and saturated state for
many years after deposition (Ref. 25). As the height
of the dam increases, the potential failure is located
at an increasingly greater distance from the
downstream face and through the slimes. As a result,
the outside shell contributes less to stability as the
height increases. The retained slimes are sufficiently
loose and saturated that they could be liquefied to
cause the failure of the dam if subjected to seismic
shock or blasting.

With the downstream construction method, an ini-
tial starter dike is constructed at the upstream toe of
the ultimate dam. The crest of the dam is raised by
placing fill materials in successive dikes located on
the downstream side of the starter dike. The cen-
terline of the dam crest is shifted downstream as the
dam is raised. Each subsequent stage of dike con-
struction is supported on the top of the downstream
slope of the previous section. All of the embankment
section lies ouside the boundaries of the sediment
tailings. Maierials incorporated in subsequent stages
of the embankments may consist of the coarse mine
waste or borrow materials from nearby pits.
Downstream construction permits controlled place-
ment and compaction to achieve higher shear
strength. It also permits the incorporation of drainage
facilities to control the piezometric pressures within
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the embankment. Thus the dam can be designed and
subsequently constructed to whatever degree of com-
petency may be required, including resistance to
seismic and blasting shocks.

The centerline method is intermediate between the
previous two construction methods. The crest of the
embankment is maintained in approximately the same
horizontal position as the embankment is raised to its
final height. The dam is raised by spreading and
compacting successive layers of materials on the

crest, on the upstream shoulder, and on the -

downstream slope. The centerline method permits the
downstream half of the tailing dam to be designed
and constructed to conventionally acceptable en-
gineering standards; however, certain portions of up-
stream slopes rest over the slimes and are therefore
vulnerable to slope failure and seismic liquefaction.

These three construction methods lead to substan-
tially different embankment cross sections and pro-
duce different embankment material characteristics.
Consequently, the embankment stability conditions
are affected. In the upstream and centerline methods
of construction, the stability of the ultimate dam is
dependent, to a large degree, on the shear strength
characteristics of tailings deposited upstream of the
dam. The shear strength is governed by the gradation
and density of the solids, the consistency of the
slurry, and the distribution of the pore water pres-
sures within the deposit. When initially deposited,
the tailings have very low shear strength. The
strength theoretically increases with time as drainage
and consolidation take place under the weight of
overlying materials. However, because of the very
fine gradation of the tailings and the random nature
of deposition, large variations in permeability and
pore water pressure exist within the tailings, and the
strength may not increase adequately to ensure the
stability of the final slope (Ref. 26).

Downstream construction is the only method
wherein all embankment sections lie outside the tail-
ing boundaries, thereby permitting controlled place-
ment and compaction of fill and incorporation of
drainage facilities. Thus, for a given height and a
given downstream fill slope, a tailing dam con-
structed using the downstream method will have a
higher factor of safety than a tailing dam constructed
by either the upstream method or the centerline
method.

Because the most important purpose of the tailing
dam structure is to contain the radioactive waste ma-
terials and the performance of hydraulically con-
structed dams and tailing dams has been unsatisfac-
tory (Refs. 6, 8, and 27), the downstream method
appears to be the best of the stage construction

methods to ensure the safety function of the tailing
dams, especially in seismically active areas.

4. INSEECTION AND MAINTENANCE

Different conditions can develop throughout the
whole active life of the retention system and could
include unanticipated seepage conditions and changes
in material characteristics. Such changes can drasti-
cally change the conditions governing the stability of
a dam from those provided for in the original design.
Therefore, a continuous program of inspection of the
retention system is needed, beginning with the start
of construction, through the tailing disposal, and con-
tinuing after abandonment of the completed system.

The main objectives of such a program are to as-
certain:

a. Whether the dam and its foundation are behav-
ing as anticipated in the design, whether there are any
unusual movements, settlements, cracks, erosions,
sloughs, or leakages, and whether the waste and bor-
row materials being placed in the dam have the
characteristics assumed in the design;

b. Whether the tailing pond levels are rising as an-
ticipated and whether the rate of dam construction is
sufficiently rapid to keep the crest above rising pond;
and

c¢. Whether embankment drainage is adequate,
whether the capacity of diversion channels is
adequate to pass experienced and anticipated runoffs,
whether embankment soil is becoming saturated by
seepage, whether piping or subsurface erosion is oc-
curring in the tailing dam, and whether there is any
unusual release of radioactive materials.

It is necessary that inspection be performed on a
regular basis and that it include visual inspection of
the abutments. A checklist similar to that used in
water retention dams may be used to help the inspec-
tor in performing such a visual inspection.

Instrumentation needs to be installed to monitor dam
and basin performances at regularly scheduled inter-
vals. Instruments commonly used include piezomet-
ers to measure hydrostatic and pore pressure levels;
weirs or flumes to measure seepage flows; wells to
permit monitoring of water quality; and slope indi-
cators, inclinometers, and settlement points to' meas-
ure horizontal and vertical movements. The in-
strumentation should be simple, robust, rugged, reli-
able, and easy to read, repair, and maintain. It is im-
portant that recorded data from instrumentation and
inspections be evaluated by competent personnel with
delegated authority to take prompt action if remedial
treatment is needed to maintain the safe operation of
the retention system.
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C. REGULATORY POSITION

The following criteria reflect the latest general ap-
proaches approved by NRC.? Information related to
the investigation, engineering design, proposed con-
struction, instrumentation, and performance of the re-
tention system should be presented in accordance
with the applicable portion of Section 2.5.6 of Regu-
latory Guide 1.70, ‘‘Standard Format and Content of
Safety Analysis Reports for Nuclear Power Plants.”’
If an applicant wishes to use new information that
may be developed in the future or to use an alterna-
tive method, NRC will review the proposal and will
approve its use, if it is found acceptable.

1. BASIC DESIGN CRITERIA

a. Stability of the retention system, including the
tailing dam, foundation, and abutments, should be
ensured under all conditions of construction and
operation.

b. The magnitude of total and differential settle-
ment should be within tolerable limits that will not
result in harmful cracking and dam instability.

c. Seepage through the.embankment, foundation,
abutments, and basin area should be controlled to
prevent excessive uplift pressures, piping, sloughing,
and erosion of materials by loss into cracks, joints,
and cavities. The quality and quantity of seepage
should be limited to the extent that the concentration
of radioactive materials and other toxic materials at the
site boundary is within the limits specified in appli-
cable Federal and State regulations.

d. Freeboard should be sufficient at all times to
prevent overtopping by wind-generated waves and
should include an allowance for settlement of the
foundation and dam. Adequate slope protection
should be provided for the embankment against wind
and water erosion, weathering, and ice damage.

e. Either the surcharge capacity of the retention
system should be sufficient to store runoffs over its
service life or there should be an emergency dis-
charge capacity capable of passing the probable
maximum flood. The emergency discharge capacity
may be obtained by constructing a spillway or by
other means. The surcharge capacity should be
adequate to store a probable maximum flood series®
preceded or followed by a 100-year flood, assuming a

* The Nuclear Regulatory Commission announced in the Federal
Register of June 3, 1976, (41 FR 22431) its intent to prepare a
generic environmental impact statement (GEIS) on uranium mill-
ing operations. Management practices for uranium mill tailings
may be subject to revision in accordance with the conclusions of
that statement and any related rule making.

*Probable maximum flood series as used herein comprises two
floods: the Probable Maximum Flood and the flood equivalent to
about 40% of the PMF and about 3 to § days prior to the occur-
rence of the main flood.

pool elevation equivalent to the average annual
runoff.

2. METHODS OF ANALYSIS

a. The probable maximum flood should be deter-
mined in accordance with applicable portions of Reg-
ulatory Guide 1.59, ‘‘Design Basis Floods for Nu-
clear Power Plants.”’

b. The static stability of the embankment should
be analyzed using commonly accepted detailed stabil-
ity methods. Appropriate static soil and rock prop-
erties established on tested representative samples
over anticipated in-situ and placement conditions
should be used in the analyses. Results of a manual
check on computer stability analysis results should be
presented to illustrate adopted design procedures and
criteria.

c. Conventional pseudostatic analysis may be con-
sidered acceptable if the seismic coefficient appro-
priately reflects the geologic and seismologic condi-
tions of the site and if the materials are not subject to
significant loss of strength under dynamic loads.
Liquefaction potential and the dynamic stability of
the tailing dam and foundation should be assessed
using appropriate state-of-the-art methods. The extent
of the required dynamic analyses will be determined
in accordance with Reference 24. Appropriate
dynamic material properties established on represen-
tative materials through adequate field and laboratory
testing should be used in the analyses.

d. The loading conditions to be evaluated in dam
stability analyses and corresponding minimum fac-
tors of safety are:

Minimum Shear

Loading Condition Factor of Safety  Strength
End of construction 1.3 UU and CD
Partial pool with steady

seepage 1.5 CU or CD
Maximum pool with steady

seepage 1.5 CU or CD
Earthquake (in combination with

the above conditions) 1.0*

e. The rate and magnitude of settlement should be
estimated on the basis of appropriate laboratory test
results.

f. Seepage analyses may be based on a graphical
method, model studies, or mathematical solutions
using appropriate soil and rock parameters.

*Factor of safety is for pseudostatic stability analysis. In addition,

liquefaction and excessive deformation should be assessed.
*Use shear strength for case analyzed without earthquake.
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3. CONSTRUCTION METHODS

a. Conventional acceptable engineering practices
of construction control for water retention dams
(e.g., controls on foundation preparation, suitability
of materials, proper placement, field moisture, and
density) should be used for mill tailing dams. Where
a tailing dam is raised in stages, the downstream con-
struction method is preferred. Provision should be
made to limit the concentration of radioactive and
other toxic materials released from seepage and
wind-water erosion to within the limits specified in
10 CFR Part 20, 40 CFR Part 190, and applicable
State regulations.

b. The upstream and centerline construction
methods will be acceptable only if extensive explora-
tions and testing reveal the extent and characteristics
of deposited tailings to have adequate strength under
static and dynamic loading conditions for the stability
and support of the added materials.

4. INSPECTION AND MAINTENANCE

a. A detailed systematic inspection and mainte-
nance program should be established to detect and
repair damage that might tend to lessen the integrity
of the retention system. Generally, visual inspections

performed on a regular basis and supplemented by
adequate instrumentation are acceptable. The safety
inspection guidelines (Ref. 12) for earth dams set
forth by the Corps of Engineers in response to the
National Dam Safety Act should be used to develop a
detailed checklist for performing field inspections. In
addition, radiometric and water quality surveys
should be included in the program..

b. Instrumentation should be installed in the dam
or its foundation to monitor changes that might be
critical to dam stability or seepage conditions. Gen-
erally, instruments should be installed to measure
piezometric levels, seepage flows, water quality, and
embankment movements. The extent to which such
instrumentation should be installed will be evaluated
on a case-by-case basis.

c. Results of inspection and instrumentation pro-
grams should .be evaluated by competent and experi-
enced engineers who have delegated authority to take
prompt effective actions when necessary. Inspection
and evaluation reports should be kept at the site and
be available for staff review.

d. The inspection and maintenance program
should start at the beginning of construction and con-
tinue at least through the operation.
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REGULATORY GUIDE

OFFICE OF STANDARDS DEVELOPMENT

REGULATORY GUIDE 3.11.1

OPERATIONAL INSPECTION AND SURVEILLANCE OF EMBANKMENT
RETENTION SYSTEMS FOR URANIUM MILL TAILINGS

A. INTRODUCTION

Each licensee who processes or refines urani-
um ores in a milling operation is required by
§20.1 of 10 CFR Part 20, "Standards for Pro-
tection Against Radiation," to make every rea-
sonable effort to maintain radiation exposures
and releases of radioactive materials in efflu-
ents to unrestricted areas as low as is reason-
ably achievable, taking into account the state
of technology and the economics of improve-

ments in relation to benefits to the public
health and safety. In addition, 40 CFR
Part 190, "Environmental Radiation Standards

for Nuclear Power Operations," requires that
the maximum annual radiation dose to individual
members of the public resulting from fuel cycle

operations be limited to 25 millirems to thgk

‘whole body and to all organs except t

thyroid, which must be limited to 75 miJJirems.v

Liquid and solid wastes (tailings) generaig
the uranium milling operation contain
active materials in excess of the dis{
limits and are generally confined by a
bankment retention system. T

Regulatory Guide 3.11, "Design g
tion, and Inspection of Embankmen¥s
Systems for Uranium Mills," describes "4 gen-
eral basis for inspection of an embankment
retention system. This guide, a supplement to
Regulatory Guide 3.11, ggg;;cribes in greater
detail a basis acceptablefto*the NRC staff for
developing an approprig e iAséryice inspection
and surveillance program*for earth and rock-
fill embankments ugetlzto rétain uranium mill

geview and action on a
3d reflects the latest

general approagh
staff will revie
determine thef

canium ‘ores results in the
“Wplumes of liquid and solid
PR#sec tailings are usually
made retaining structures,
%Ptice of the non-uranium
. gJnlike most non-uranium mine
i mill tailings contain concen-
bactive materials in excess of
ble discharge limits (Ref. 1).
o%ﬂ the most significant radioactive

Fuyrthery

e&{n& f the tailings is radium-226, which has

a%naff5kte of about 1600 years (Ref. 2).
&Theﬁ@re,

production of
wastes (tai
stored behjp

I ¢ it is necessary to confine those
'%tggmgs to prevent or control their release to

“:¢h¥environment not only during the operating

i, . Hie of the mill but also for generations after

&:Eing operation has ceased. The embankment,
';:Nifoundation, and abutments need to be stable to
“¥prevent the uncontrolled release of the
retained water or semifluid tailings. Seepage
from the tailing pond, which contains dissolved
radium and other toxic substances (Ref. 2},
needs to be controlled under normal and severe
operating conditions to prevent the possibility
of unacceptable contamination of the ground-
water or nearby streams. Wind and water
erosion of the tailings needs to be prevented
during and after the milling operation.

Therefore, the design and construction of
these facilities require a high degree of profes-
sional engineering performance. The foundation
of the dam should be stable and should be
capable of carrying the weight of the
structure. The dam should be safe under the
application of external forces such as those
resulting from earthquakes. The reservoir area
should be water retentive and free of the pos-
sibilities of dangerous slides. Dams and
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associated facilities should be maintained in
good - working condition throughout their
operating lives. Operation and surveillance
through the years should be conducted in such
a manner that any changes in their structural,
hydraulic, and foundation conditions can be
detected promptly and corrections made.

Statistics of water retention dam failures,
based on the sum of operation years of a
regional group of dams (Ref. 3), show a fre-
quency of one failure every 1500 to 1800 dam-
years. Statistics of uranium mill tailing reten-
tion dam failures show a frequency of one
failure every 40 dam-years (Ref. 4).

Causes of latent danger inherent in such
works arise from site conditions, hydrologic
and hydraulic features, types and qualities of
the structures, operation and maintenance, and
influence of the environment (Refs. 3, 5, 6,
and 7). Of these causes, the majority lie within
the boundaries of modern technology and can
be avoided. Most failures have resulted from
gradually worsening defects (due to design,
construction, operation, or lack of mainte-
nance) that were either undiscovered or mis-
judged. Table 1 lists the reported tailing
accidents from 1959 through 1977.

The design and construction of tailing reten-
tion structures have, in the past, been based
largely on mining experience, with little use of
design concepts. These empirical approaches
have resulted in various mining dam mishaps
and failures (Refs. 8 and 9). The latest
advances in geotechnical engineering, together
with engineering experience and knowledge
available in the field of water storage dams,
can be used in the design and construction of
tailing retention dams. However, the retention
systems may not always perform as expected,
construction may be defective, and foundations
may need further treatment after a period of
operation. To detect such behavior deviations,
regular surveillance is essential.

The weakening of a dam or its foundation
may become apparent only after many years of
safe operation. Painstaking monitoring and
analysis of performance data are necessary to
ensure detection of adverse conditions. Each
structure, as well as each site, has its own
characteristics and its own susceptibilities to
problems, and the surveillance program should
be tailored to account for these.

Thorough physical examination is an essential
part of the surveillance program. The optimal
frequency of inspections depends on the size
and condition of the facilities, the character of
the foundation, the regional geological setting,
and the consequences of failure in jeopardizing
human life and inflicting property damage.

Before the start of tailing disposal, it is
important that records of piezometer levels
(including seasonal fluctuations, groundwater
quality, ground elevations, and background
radioactivities at the site) be compiled so that
comparison can be made with the effects of the
impoundment. As soon -as the tailing disposal
begins, the inspection and maintenance pro-
gram for structures and operating equipment
needs to be initiated. This program includes
regular patrol of the dam and its abutments,
observations and estimates of seepage flows,
piezometric levels related to pond levels,
structural and foundation movements, sampling
of groundwater, and examination of slurry
transport and decant pipelines. Attention also
needs to be focused on inspection and data col-
lection during relatively rapid changes in
reservoir water surface elevations. Emergency
discharge and diversion channels need to be
examined for any conditions that may impose
constraints on their function.

The operation of the slurry transport pipe-
lines seems to be relatively simple, but the fre-
quent ruptures of the pipelines (Ref. 10) indi-
cate that close monitoring needs to be per-
formed during operation. A certain degree of
segregation occurs, with the coarse sand frac-
tion of the tailings tending to settle at the bot-
tom portion of the pipe. On relatively steep
downslopes, the coarse sand fraction cascades
down and, in the process, abrades the pipe
wall. When air is entrained in the pipeline, the
pulp velocity increases as a result of the
reduced cross-sectional area of the pulp flow
and results in relatively fast wear on the pipe
wall. Regular pipe-wall-thickness determina-
tions will enable various remedial measures to
be adopted to alleviate the situation.

Inspection personnel need to be carefully
selected. It is important that they be practical,
dedicated diagnosticians who examine thor-
oughly every clue during their scrutiny of the
behavior of these facilities. They need to be
trained to be able to recognize and assess
signs of possible distress or abnormality and to
recommend appropriate mitigating measures.

C. REGULATORY POSITION

This guide applies to those systems or por-
tions of systems whose failure could cause re-
leases of radiological effluents in excess of the
limits given in 10 CFR Part 20. Inservice in-
spection and surveillance should be performed
at regular intervals to check the condition of
the retention systems and associated facilities
and to evaluate their structural safety and
operational adequacy. A detailed, systematic
inspection and surveillance program should
consist of, but not necessarily be limited to,
the following:
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1. Engineering Data Compilation

Engineering datal related to the design,
construction, and operation of the tajling re-
tention systems should be collected and, to the
extent practicable, included in the initial in-
spection report. These data should include the
following items, where available and appropri-
ate:

a. General Project Data

(1) Regional vicinity map showing the
project location and the upstream and down-
stream drainage areas.

(2) As-built drawings and photographs of
important project features, including details of
decant .systems and typical installation of in-
strumentation (e.g., sectional views and mate-
rial zoning and foundation stratification, final
top and bottom elevation, gradation and prop-
erties of materials placed in installation).

b. Hydrologic and Hydraulic Data

(1) Drainage area and basin characteris-
tics.

(2) Storage for tailings and surcharge
capacities for floods and rate of slurry inflow.

(3) Elevation of the maximum design pool

and freeboard height.

(4) Outlet facility characteristics (loca-
tion, type, dimensions, and elevation).

¢. Foundation data and geological features,
including boring logs, geological maps, pro-
files, and cross sections.

d. Properties of embankment and foundation
materials, including results of laboratory tests
and field tests, and assumed design material
properties.

e. Pertinent construction photographs and
records, including construction control tests,
dewatering method and construction problems,
alterations, modifications, and maintenance re-
pairs.

f. Contingency plan, including a plan for the
regulation of pond water elevation under nor-
mal conditions and during flood events or other
emergency conditions.

g. Principal design assumptions and analy-
ses, including hydrologic and hydraulic analy-
ses, stability and stress analyses, and seepage
and settlement analyses.

1Most engineering data (as presented in accordance with Sec-
ton 2.5.6 of Regulatory Guide 1.70, "Standard Format and
Content of Safety Analysis Reports for Nuclear Power Plants")
are readily available in documents filed for mill license applica-
tion. A detsiled reference or the original documents kept at
the project site should be adequate.

h. Special license conditions and discussion
on how these conditions have been met.

2. Onsite Inspection Program

The onsite inspection program of the reten-
tion system should be established and con-
ducted in a systematic manner to minimize the
possibility  of overlooking any significant
features. A detailed checklist should be
developed and followed to document the obser-
vations of each significant geotechnical, struc-
tural, and hydraulic feature, including electri-
cal and mechanical control equipment.

The use of photographs for comparison of
previous and present conditions should be
included as a part of the inspection program.

The inspection should include appropriate
features and items, including, but not limited
to, the following: :

a. Daily Inspection

(1) Decant systems should be examined
for any evidence of clogging of the intake;
corrosion, cracking, or crushing of decant
pipes; and erosion at the discharge point. The
character and quantity of water flowing into
the inlet and flowing out of the discharge
should be compared for evidence of cracks or
open joints.

(2) Effluent from underdrain pipes should
be examined for evidence of clogging, crack-
ing, and erosion.

(3) Pond water elevations should be ex-
amined and recorded to ensure that minimum
freeboard is maintained.

(4) The slurry transport system should
be examined for any evidence of obstruction of
the pipes or pumps due to sand clogging or ice
accumulation. The pipe couplings should be
examined for leakage of slurry.

(5) The retention dam should be visually
inspected for signs of cracking, slumping,

movement, or concentration of seepage.

b. Monthly Inspection

(1) Air particulate samples should be col-
lected in accordance with Regulatory Guide
4.14, "Measuring, Evaluating, and Reporting
Radioactivity in Releases of Radioactive Mate-
rials in Liquid and Airborne Effluents from U-
ranjum Mills," at site boundaries near the mill
tailing retention system to determine the con-
centration of radon-222.

(2) Slurry transport pipes should be
examined using an ultrasonic device at de-
signated critical Jocations (i.e., bends, slope
changes) for pipe wear.
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(3) Diversion channels should be exam-
ined for channel bank erosion, bed aggradation
or degradation and siltation, obstruction to
flow, undesirable vegetation, or any unusual
or inadequate operational behavior.

€. Quarterly Inspection

(1) Embankment Settlement. The top of
the embankment and downstream toe areas
should be examined and surveyed for any
evidence of unusual localized or overall
settlement or depressions.

(2) Embankment Slope Conditions. Embank-
ment slopes should be examined and surveyed
for irregularities in alignment and wvariance
from originally constructed slopes, unusua]l
changes from original crest alignment and ele-
vation, evidence of movement at or beyond the
toe, erosions, and surface cracks that indicate
movement. :

(3) Seepage. The downstream face of abut-
ments, embankment slopes and toes, embank-
ment-structure contacts, and the downstream
valley areas should be examined for evidence of
existing or past seepage, springs, and wet or
boggy areas.

1) Slope Protection. The slope protection

should be examined for erosion-formed gullies
and wave-formed notches and benches. The
adequacy of slope protection against waves and

(5) Emergency Discharge Facility . The emer-
gency discharge facility examination should
‘cover the structures and features, including
spillway bulkheads, culverts, retaining walls,
and wing walls of diversion channels, for any
condition that may impose operational con-
straints on their functioning .

(6) Surface Water and Groundwater. Sur-
face water and groundwater should be exam-
ined in accordance with Regulatory Guide 4.14
for radionuclides and other toxic materials . 2

(7) Safety and Performance Instrumenta-
tion.® Al installeq instrumentation such as
f]ow—mom'toi'ing weirs, survey monuments, set-
tlement plates or gages, and piezometers

I —— -

2In addition to long-term Quarterly monitoring, surface water
and groundwater-samples should be collected in accordance with
Regulatory Guide 4.14 imn;ediately at the downstream (bydrau-

4 year prior to operation to determine the concentration qf
natural uranium, thorium-230, radium-226, and other toxic
chemicals.

3Immediately following installation or the discovery of any
unusual condition, aj] instrumentation needs more frequent
readings than quarterly (e.g., daily or weekly) until the pat-
terns of the structural behaviors are stabilized’

should be examined and tested for proper
functioning. The awvailable records ang
readings of instruments should be
reviewed to detect any unusual performance or
distress of the structure.

(8) Operation and Maintenance Features,
The maintenance of operating facilities ang fea-

tures (such as bpumps and valves) that pertain

maintaining the dam and facilities in safe oper-
ating condition .

(9) Postconstruction Changes. Data should
be collected on changes such as land develop-
ment or large-scale tree cutting in the water-
shed area above the facility that have occurred
since project construction and that might
influence the safety of the project,

d. Special Inspection

Unscheduled inspections should be per-
formed after the occurrence of significant
earthquakes, tornadoes, floods, intense local
rainfalls, or other unusual events.

3. Technical Evaluation

An evaluation of the existing conditions of
the retention system should be made annually
unless significant changing conditions or more
frequent observation dictate earlier evaluation .
The evaluation should include the assessment
of the hydraulic and hydrologic capacities, 4
water quality, and structural stability based on
the changes or affected parameters.

4. Inspection Report

A report should be prepared to present the
results of each technical evaluation and the in-
spection data accumulated since the last
report. These documents should be kept at the
project site for reference purposes, should be
available for Inspection by regulatory authori-
ties, and should be retired only on termination

S. Inspection Personnel

Inspections and evaluations should be
planned and conducted under the direction of
experienced professional personnel also thor-
oughly familiar with the investigation, design,
construction, and operation of these types of
facilities. At each facility,
should ensure that all field inspectors are
trained to be able to recognize and assess
signs of possible distress or abnormality.

—_—

*If additional storage capacity is needed, NRC should be
notified a year in advance.
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DATE
8/19/59

8/22/60

12/6/61

6/11/62

8/17/62

6/16/63

11/17/66

2/6/67

7/2/67

MILL AND LOCATION

TABLE 1

URANIUM MILL TAILINGS RELEASES

1959-1977

TYPE OF INCIDENT

Union Carbide
Green River, UT

Kerr-McGee
Shiprock, NM

Union Carbide
Maybell, CO

Mines Development, '
Inc.
Edgemont, SD

Atlas-Zinc Minerals
Mexican Hat, UT

Utah Construction
Riverton, Wy

VCA
Shiprock, NM

Atlas Corp.
Moab, UT

Climax Uranium
Grand Junction, CO

Tailing Dike Failure

Raffinate Pond
Dike Faijlure

Tailing Dike
Failure

Tailing Dike
Failure

Slurry Pipeline
Rupture

Tailing Dike
Precautionary
Release

Raffinate Line
Failure

Auxiliary Decant
Line Failure

Tailing Dike
Failure

3.11.1-6

REMARKS

Tailings dam washed out; ca. 15,000 T
sands lost to Browns Wash and Green
River due to flash flood; no increase

in dissolved Ra was noted in river.

240,000 gal of raffinate released into
San Juan River; ~ 50 x 10°8 #Ci/ml
Ra-226; river samples collected several
days after release showed no increase
in Ra-226 background; river at Medi-
cine Hat (100 mi downstream of plant)
showed 0.36 x 10°° uCi/ml Ra-226 on
8/30/60,

Ca. 500 T solids released from tailings
area; 200 T reached unrestricted area;
no liquid reached any flowing stream.
"The presence of these tailings (offsite)
does not constitute a hazard, as there
are no persons living in the area, nor
is there any drinking water taken from
surface or ground water in the near
vicinity."

200 T solids washed into Cottonwood
Creek and some carried 25 mi into
Angostura Reservoir.

Est. 280 T solids + 240 T liquids released
from broken tailings discharge line into
draw 1.5 mi from San Juan River. Calcu-
lated concentration of river water would
have been below 10 CFR Part 20 maximum
permissible concentration .

Material released by 2-ft drainage cut

made to prevent cresting due to heavy
rains; material released below 10 CFR

Part 20 values.

Est. 16,000 gal of liquid lost because of
break in raffinate line; material spread

over 1/4 acre; break occurred 1 mi from
San Juan River with some small amount

reaching river.

Overflow from main tailings pond over-
flowed aux. decant system; 440,000
gal lost; average Ra-226 concentration
was 5.5'x 10°8 yCi/ml.

Dike failure of unapproved retention system
released ca. 1-10 acre-ft of waste liquid
into Colorado River; no indication that Ra
conc. in river exceeded 10 CFR Part 20
limits,

4
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TABLE 1 (Continued)

URANIUM MILL TAILINGS RELEASES

1959-1977

MILL AND LOCATION TYPE OF INCIDENT

‘ DATE

11/23/68

2/16/71

3/23/71

2/5/77

4/71

9/26/7%
9/27/77

Atlas Corp. Slurry Pipeline
Moab, UT Rupture
Petrotomics Secondary Tailing

Shirley Basin, WY Dike Failure

Western Nuclear
Jeffrey City, WY

Tailing Line-Dike
Failure

United Nuclear-
Homestake Partners
Grants, NM

Slurry Pipeline
Rupture

Failure of Tailing
Pond Embankment

Western Nuclear,
Inc.
Jeffrey City., WY

Release from
Tailings Slurry Line

United Nuclear
Church Rock, NM

3.11.1-7

REMARKS

35,000 gal of tailings slurry lost; effluent
flowed down drywash and then 1/2 ile
to Colorado River; riverflow sufficient

to give 10,000:1 dilution; most solids
settled out in drywash; measurement

of river downstream of plant immediately
after release and at 4-hr intervals in

24 hr following release showed U, Ra-226,
Th-230 below 10 CFR Part 20 limits.

2,000 gal of liquid lost to unrestricted
area; break in dike of effluent sump;
spill frozen in place.

Break in sand tails slurry line caused

a dike failure allowing sand tails to flow
for 2 hr into natural basin adjacent to
tailings site on licensee's property; fence
extended to make this area restricted.

Tailings slurry pipeline ruptured due to
high pressure buildup in a frozen line.
The slurry released eroded a "y cut in
the dam face, which led to the escape of
approximately 50,000 tons of solids and
slimes and somewhere between 2 million

and 8 million gal of liquid. Al material
released was confined to company property.

Tailings slurry overtopped the embank-
ment due to insufficient freeboard space:;
considerably less slope than the requisite
3 horizontal to 1 vertical; and a loss in
structural integrity occasioned by the
melting of snow that was interspersed
with fill used to construct the embankment.
Approximately 2 million gal of liquid
tailings (55 yd® of solids) were released.
The grind mill and mill yard were com-
pletely covered, but no material was
released to unrestricted areas.

In the process of flushing tailings lines,

it was discovered that a 2-inch water line
had insufficient pressure to flush out plug.
The line was uncoupled and roughly 1/4
ton of tails ran out of the line. With the
line still uncoupled, flushing was inadvert-
ently initiated again, resulting in the re-
lease of 4,000 gal of flush water and an
additional ton of tailings. Approximately

1 ton of solids and slurries and 900 gal of
liquid entered the watercourse. The lig-
uid flowing to the watercourse was almost
entirely mine water, 2 portion of which
had not been treated (i.e.. high in ura-
nium and radium values).
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ERRATA
Regulatory Guide 3.51, March 1982

CALCULATIONAL MODELS FOR ESTIMATING RADIATION DOSES TO MAN
FROM ATRBORNE RADIOACTIVE MATERIALS RESULTING FROM URANIUM MILLING OPERATIONS

Table 3, "Inhalation Dose Conversion Factors,” on page 31 of this guide
has the following typographical errors:

1. Under "Uranium Ore Dust," the 238U bone dose value in the second row
of the first column should read 7.29E+01 instead of 7.92E+01.

Under "Coarse Tailings Particulates,” the. first value for 226p5 for
the whole body dose should read 3.90E+01 instead of 4.90E+01.
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A. INTRODUCTION

The NRC staff is required to make analyses of radiation doses to the public,
or individual members thereof, résulting from the radiocactive effluents from
uranium mills for the following purposes:

1. Evaluating compliance with 40 CFR Part 190, “Environmental Radiation
Protection Standards for Nuclear Power Operations,”

2. Evaluating compliance with the "as low as is reasonably achievable”
(ALARA) criterion embodied in 10 CFR Part 20, "Standards for Protection Against
Radiation," and

3. Evaluating overall radiological impact as part of the complete environ-
mental impact assessment required by the National Environmental Policy Act (NEPA)
of 1969 (Public Law 91-190, 83 Stat. 852).

This regulatory guide describes basic features of calculational models
used by the NRC staff for such evaluations and suggests values for various
parameters used in the estimation of radiation doses to man from uranium
milling operations. Specifically, this guide addresses the calculation of
radiation doses to man from previously estimated environmental radioactivity
concentrations in air. The environmental radioactivity concentrations in air
required for this calculation result from extensive and detailed analyses of
effluent release rates and atmospheric dispersion phenomena.

Information on the approach used for estimating source terms is included
in the Final Generic Environmental Impact Statement on Uranium Milling,
NUREG-0706 (Ref. 1). The methodology used by the staff for calculating
atmospheric dispersion is documented in the MILDOS code user's manual,
NUREG/CR-2011 (Ref. 2).

B. DISCUSSICN

This guide describes models used by the NRC staff to estimate the radio-
logical impacts resulting from uranium mills for the purpose of evaluating
compliance with 40 CFR Part 130 and 10 CFR Part 20 and of assessing overall
environmental radiological impacts in accordance with NEPA.



1.  URANIUM MILL SOURCE TERMS

A uranium mill, unlike other types of fuel cycle facilities, goes through
phases in its life cycle in which both the composition and the magnitude of
its radioactive emissions (and associated impacts) vafy greatly. For this
reason, the NRC staff will perform impact evaluations for each individual mill
at different phases of its existence. The three principal uranium mill life-
cycle phases discussed in this guide are (1) operational (milling), (2) tailings
pile drying and stabilization, and (3) reclamation.

Typically, a uranium mill will operate for a period of years during which
there will be radon and particulate releases from the ore storage pile, the
mill itself, and the tailings disposal area. During this operational period,
both particulate and radon releases from the tailings pile may be somewhat
curtailed by maintaining the pile at least partially under water. Mechanical
sprinkler systems or chemical stabilizing agents may also be used to inhibit
the suspension in air of radioactive tailings dust by the wind.

When actual milling ceases, the tailings pile js normally allowed to dry
by natural evaporation until it is ready for stabilization. When the tailings
are wet, there are essentially no particulate releases from the tailings pile.
However, as the tailings pile dries, releases of radon and particulates from
this source may increase, reaching their maximum prior to implementation of
measures required to achieve long-term stabilization. After stabilization and
reclamation of the tailings area, there should be no further radioactive
particulate releases. However, small quantities of radon may continue to
diffuse upward from the tailings and may be released to the atmosphere.
These continuing radon releases, though small, are likely to persist for
tens of thousands of years.

Depending on the specific details of the site, facility, effluent controls,
and stabilization program, maximum individual particulate exposure could occur
either during the last year of actual milling or the last year prior te stabili-
sation of the tailings. Maximum individual doses due to radon releases are
1ikely to occur during the last year prior to stabilization.

The radioactive isotopes comprising uranium mill radioactivity releases
are mostly those belonging to the 232U and 235|) decay series. The 235U series
radionuclides amount to less than 5 percent of total releases and are routinely



disregarded because of their insignificant contribution to overall radiological
impact.

2. CRITICAL EXPOSURE PATHWAYS

Three exposure pathways of concern for airborne releases from uranium mills
are (1) inhalation of airborne radioactive material, (2) ingestion of vegetab]e
and animal products contaminated via deposition, and (3) direct external exposure
to radiation emitted by airborne activity and activity deposited on ground
surfaces. Liguid exposure pathways are not usually of concern because there
are usually no discharges to surface water of liquid effluents. Liquid pathways
may exist, however, and methodology similar to that used in Regulatory
Guide 1.109, "Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix I," should be used for evaluating intakes via the liquid pathway.
However, ingestion dose factors from Table 6 should be used in converting
intakes to doses.

A1l individual exposure pathways of significance will be evaluated at loca-
tions where the exposure pathway and a dose receptor actually exist at the time
the analysis is made. Also, the appliicant may take into account any real
phenomena or actual exposure conditions that may be present. Such conditions
could include actual values for agricultural productivity, dietary habits and
food sources, occupancy times, measured environmental transport factors, or
similar values determined for a specific site. However, if the analysis is
based on existing conditions and if potential changes in land use and food
pathways could result in significantly higher exposures, the applicant should
provide reasonable assurance that a monitoring and surveillance program will
be performed on a regular and continuing basis to determine if such changes
have occurred.

3.  REQUIRED DOSE ESTIMATES

3.1 Individual Doses

Evaluations of the dose received by an exposed individual are made to
satisfy the requirements of both 40 CFR Part 190 and 10 CFR Part 20. The
Environmental Protection Agency (EPA) regulation, 40 CFR Part 190, speaks to



individual radiation doses from all pathways and all nuclear power and fuel
cycle facilities combined, except that exposure from radon and its daughters
need not be included. The NRC regulation, 10 CFR Part 20, includes a require-
ment to keep all radiation exposures "as low as is reasonably achievable" (ALARA).
ALARA is a general concept that has not to date been interpreted in the form

of numerical design objectives for uranium mills as it has been for light-water-
cooled nuclear reactors (see Appendix I, "Numerical Guides for Design Objectives
and Limiting Conditions for Operation to Meet the Criteria 'As Low As Is Reason-
ably Achievable' for Radioactive Material in Light-Water-Coocled Nuclear Power
Reactor Effluents," to 10 CFR Part 50, "Domestic Licensing of Production and
Utilization Facilities"). However, a case-by-case evaluation will be made to
ensure that doses are kept as low as is reasonably achievable. ALARA evaluations
will address all releases, including radon and its daughters, and will consider
population doses as well as individual doses.

For the purpose of evaluating compliance with 40 CFR Part 190, the whole
body and organ doses to any individual for all pathways combined and from all
activity releases except radon and its daughters are evaluated for (1) the
last year of actual mill operation and (2) the last year prior to tailings
pile reclamation. These evaluations are adequate for assessing ALARA compliance
except that exposure to radon and its daughters shouid be included and radon
and daughter exposure for the first year after tailings pile reclamation should
also be evaluated. Postreclamation exposure to radon and its daughters should
be evaluated at the location of greatest radon concentration where unrestricted
1and use after mill decommissioning may be permitted.

Exposed individuals are characterized by food consumption, occupancy, and
other uses of the region in the vicinity of the mill site. A1l physiological
and metabolic parameters for the exposed individuals are assumed to have those
characteristics that represent the averages for the various age groups in the
general population. Although specific individuals will aimost certainly display
dietary, recreational, and other living habits considerably different from those
suggested here and actual physiological and metabolic parameters may vary
considerably, the NRC staff considers the use of these reference values to be
acceptable because the actual physiological and metabolic characteristics of
specific individuals cannot usually be determined. Applicants are encouraged
to use information and data applicable to a specific region or site when possible.



when site-specific information and data are used, their origin or derivation
should be documented for the NRC staff's review.

In this guide, the term "dose" is used instead of the more precise term
"dose equivalent." When applied to the evaluation of internal deposition of
radioactivity, the term "dose," as used here, includes the prospective dose
component arising from retention ih the body beyond the period of environmental
exposure, i.e., the committed dose equivalent. The committed dose equivalent
is evaluated over a period of 50 years.

The committed dose equivalent per unit intake, either by inhalation or
ingestion, usually varies by age as well as by organ. For the purpose of
calculating collective (population) doses, the population has been assumed to
be composed of four age groups: infants (0 to 1 year), children (1 to 11 years),
teenagers (11 to 17 years), and adults (17 years and older). Four sets of
ingestion-dose conversion factors are presented in this guide, one for each of
these four age groups. Available data are not sufficient to permit the
calculation of age-specific dose conversion factors for inhalation exposure,
and adult dose conversion factors are assumed to apply for all age groups for
this exposure pathway.

3.2 Population Doses

Evaluations of population doses resulting from uranium miiling operations
are required to satisfy NEPA requirements for assessing the total environmental
impact associated with the operation of each facility. Calculated estimates
of resulting population doses therefore need to reflect, insofar as practicable,
the overall radiological impact of each uranium mill over the duration of its
existence.

For a typical uranium mill, the total radiological impact is composed of
the impacts of the three major phases of its existence: the operational phase,
the prereclamation phase, and the postreclamation phase. The first two phases
may involve substantial releases of radon gas and particulates but are of
relatively short duration. The postreclamation phase involves only small
releases of radon, but these releases may persist for periods of tens of
thousands of years. For each phase, the average annual radiological impact
will be estimated by the NRC staff using the following basic procedure:



1. Annual average releases over the duration of the particular mill phase
will be estimated for each radionuclide.

2. The radiological impact resulting from 1 year of average releases
will be evaluated in terms of population dose using the EPA concept of "environ-
mental dose commitment” (Ref. 3). The environmental dose commitment will be
evaluated for a period of 100 years following release as per the procedure
used by EPA in setting the standards in 40 CFR Part 190.

The total dose commitments for the operational and prerec1émation phases will
be calculated by multiplying the annual population dose commitments by the number
of years the mill is expected to be in each phase. The sum of these two products
represents an approximation of the combined radiological impact of the facility
prior to tailings pile reclamation. The annual population dose commitments
from postreclamation radon releases are also calculated and represent the
continuously recurring impact of this residual activity source.

Consideration of particulate releases will generally be limited geograph-
ically to the area within 80 km (50 mi) of the mill site. Within this area,
exposure pathways requiring assessment include all those considered in the
evaluation of maximum individual exposure. Outside the 80-km (50-mi) radius,
only radon and daughters require consideration and these are treated separately
from particulate releases (see Regulatory Position 3.2).

4. USE OF THIS GUIDE

Present NRC staff practice with regard to the calculation of radioactive
emission rates from uranium milling facilities involves the characterization
of such releases by radionuclide, particle size, and density (Ref. 1). The
data required as input for use of the calculational models described in this
guide consist of annual average air concentrations resulting directly from
such releases at specific locations (not including resuspended air concentra-
tions of radioactive materials previousiy deposited on ground surfaces). The
required input air concentrations for a particular location are denoted in
this guide by the symbol Cadip (in pCi/m3), where the subscripts indicate air
concentration (a), direct (d), radionuclide (i), and particle size (p). Direct
air concentrations required are those for values of the subscripts i and p as
identified and defined in Table 1.
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The primary calculational tool employed by the staff in performing radi-
ological impact evaluations of uranium milling operations is the MILDOS code
(Ref. 2), a modified version of the Argonne National Laboratory Uranium Disper-
sion and Dosimetry (UDAD) Code (Ref. 4). As used by the NRC staff, the MILDOS
code has only five primary radionuclides in the 233y decay chain that are
treated explicitly as source terms. These radionuclides are 2383y, 230Th, 226Rg,
210ph  and 222Rn. Release rates for these radionuclides are required for each
potential onsite source (for particle sizes 1 through 4 in Table 1). For 222Rn
daughters, which grow in during transport of 222Rn from the site, the resulting
ingrowth concentrations (particle size 5 in Table 1) are also required. These
222Rp daughters include 218po, 214pp, 214Bj, 210pb, and 21°Po. The dosimetry
model accounts for releases and ingrowth of other radionuclides, using
assumptions of secular equilibrium.

Appendix A identifies and describes the various other site-specific
information and data routinely used by the NRC staff in performing radiological
impact assessments for uranium milling facilities. Appendix B provides a more
detailed discussion of the method used in this guide for calculating environ-
mental dose commitments. Appendix C provides a detailed explanation of the
derivation of the radon dose conversion factor used in this guide.

C. REGULATORY POSITION

Equations and other data by which the NRC staff will estimate radiation
exposure for individuals and the population in general from uranium mills are
presented below. These equations are appropriate for the exposure pathways
that the staff routinely considers in its evaluations. In addition, other
pathways that may be present because of unique conditions at a specific site
should be considered if they are likely to provide a significant contribution
to total dose. A pathway is considered significant if a conservative evaluation
yields an additional dose increment of more than 10 percent of the total from

all other pathways considered in this guide.

1.  CONCENTRATIONS IN ENVIRONMENTAL MEDIA

As discussed in Section B.4, annual average direct air concentrations are
required as input data for use in the equations that follow. These equations



yield resulting concentrations in environmental media of interest, including
total ground surface concentrations, air concentrations, and concentrations in
edible vegetation, meat, and milk. These concentration calculations are
explicitly performed only for certain radionuclides of the 238y decay chain.
Concentrations in environmental media of other radionuclides of the chain are
inferred from those for which concentrations are explicitly calculated.

The basic calculational procedure first involves treatment of the direct
air concentrations to obtain ground surface concentrations and resuspended air
concentrations. Resuspension of radioactive materials deposited on ground
surfaces is not treated as a loss mechanism for ground cohcentrations. For
this reason, deposition of resuspended air concentrations onto ground surfaces
is not considered. Resuspended particulate concentrations in air are added to
the airborne concentrations arising directly from the source to obtain total
air concentrations. The calculated total air concentrations are then used to
obtain total deposition rates onto vegetation (resuspension losses of activity
deposited on vegetation are assumed to be accounted for by the application of
a weathering half-1ife). Total deposition rates and ground concentrations are
used to compute concentrations in various vegetation types, including hay and
forage. Radionuclide concentrations in hay and animal forage are initial
inputs for ‘the calculation of radjonuclide concentrations in meat and milk
ingested by man. This basic calculational process, the resulting environmental
media concentrations, and the exposure pathways for which they are used are
indicated schematically in Figure 1.

1.1 Radionuclide Accumulation on the Ground

Radionuclide ground concentrations are computed from the calculated
airborne particulate concentrations arising directly from onsite sources (not
inc¢luding air concentrations resulting from resuspension). Resuspended
particulate concentrations are not considered for evaluating ground concen-
trations. The direct deposition rate of radionuclide i is calculated, using
the following relationship:

Dgi = 24 ©
p

adipvp (1



e where

S
cadi is the calculated direct air concentration of radionuclide i in
P particle size p in pCi/m3;
Ddi is the resulting direct deposition rate of radionuclide i
in pCi/m? per sec; and
) js the deposition velocity of particle size p in m/sec (see
P Table 1).
The concentration of radionuclide i on a ground surface due to constant
deposition at the rate 0di over time interval t is obtained from
PR 1- exp['(ki + Ae)t] 2)
gi di Ai + Ae
where
c i(t) is the calculated ground surface concentration of radionuclide i
g at time t in pCi/m%;
N t is the time interval over which deposition has occurred in sec;
Ae is the assumed rate constant for environmental loss in sec-1;
and
hi is t?e radioactive decay constant* for radionuclide iin
sec-1.

The environmental loss constant Ae corresponds to an assumed half-time
for loss of environmental availability of 50 years (Ref. 1). This parameter
accounts for downward migration in soil and loss of availability due to
chemical binding. It is assumed to apply to all radionuclides deposited on
the ground.

%
Radiological decay constants employed by the NRC staff are obtained from
data given in Reference 5.



Ground concentrations are explicitly computed only for 238y, 230Th, 226p,,
and 210pPh, For all other radionuclides, the ground concentration is assumed —
equal to that of the first parent radionuctide for which the ground concentra-
tion is explicitly calculated. For 210Pb, ingrowth from deposited 226Ra can be
significant. The concentration of 210Pb on the ground due to 22%Ra deposition
is calculated by the staff, using the standard Bateman equation and ignoring
the very-short-lived daughter radionuclides. This is equivaient to assuming
that 228Ra decays directly to 21OPb. Using i = 6 for 226Ra and i = 12 for

210pp (see Tabie 1), the following equation is obtained:

=% - - X
Mlis |1 - e M2t et - &Mt
5% (3)

C (Pb « Ra) = x + C Y 3
gl2 6 A2 As " M2
where

c 12(Pb « Ra) 1is the incremental 21°Pb ground concentration resulting
9 from 225Ra deposition in pCi/m2; and

A: is the effective rate constant for loss by radiocactive

decay and migration of a ground-deposited radionuclide
and is equal to A+ A, in sec-?1.

1.2 Total Ajr Concentrations

For use of the models described in this guidé, air concentrations arising
directly from onsite sources are required for each receptor location as a
function of particle size (for particulates). Direct air concentrations
are assumed to include the effects of depletion by deposition (particulates)
or ingrowth and decay in transit (for radon and its daughters). In order
to compute.inhalation doses, the total air concentration of each radionucliide
at each location (as a function of particle size) is computed as the sum of
the direct air concentration and the resuspended air concentration:

(t) 4

caip(t) - Cadip * carip

where

s is the calculated direct air concentration of radionuclide i
in particle size p in pCi/m3; —

10



cai (t) is the calculated total air concentration of radionuclide i
P in particle size p at time t in pCi/m3; and
Carip(t) is the calculated resuspended air concentration of radionu-

clide i in particle size p at time t in pCi/m3.

The resuspended air concentration is computed using a time-dependent and
particle-size-dependent resuspension factor, which, for deposits of age t
years, is defined by '

Ry(t) = (0.01/¥,)10-5 e R (for t < 1.82 yr) (5a)
Ry () = (0.01/¥,)10-° (for t > 1.82 yr) (5b)
where

R_(t) js the ratioc of the fesuspended air concentration to the ground
p concentration for a ground deposit of age t yr for particle
size p in m-1;

is the assumed decay constant of the resuspension factor
(equivalent to a 50-day half-life), 5.06 yr-1;

0.01 is the deposition velocity for the particle size for which
the initial resuspension factor value is 10-3/m in m/sec;

10-% js the initial value of the resuspension factor for particles
with a deposition velocity of 0.01 m/sec in m-1;

10-° is the terminal value of the resuspension factor for particles
with a deposition velocity of 0.01 m/sec in m=-1; and

1.82 is the time required to reach the terminal resuspension factor
in yr.

The basic formulation of the above expression for the resuspension factor,
the initial and final values, and the assigned decay constant derive from
experimental observations (Ref. 1). The decrease with age primarily accounts
for agglomeration with other larger particles. The inverse relationship to
deposition velocity physically accounts for decreased resuspendibility of
larger particles; mathematically, it eliminates mass balance problems for
the 35-um particle size. Based on this formulation, the resuspended air

concentration is given by

11



1 - expl-(A% + AR)(t - a)]
(A? + AR)

(t) = 0.01C 10-°5

Carip adip

exp[-A?(t - a)] - exp(-h?t)
A%
i

+ 10~ 5(t) (3.156 x 107) (6)

where

a is equal to (t - 1.82) if t > 1.82 and is otherwise equal to
zero in yr;

&5(t) is zero if t < 1.82 and is unity otherwise, dimensionless;

A*  is the effective removal constant for radionuclide i on soil
in yr-1; and

3.156 x 107 is the number of seconds per year.

Equation 6 yields the resuspended air concentration of radionuclide i
in particle size p because of deposition over time span t in years. Total
air concentrations are computed using Equations 6 and 4 {in that order) for
all particulates in particle sizes 1 through 4 as given in Table 1. Particulate
daughters of 222Rn (particle size 5 in Table 1) are not assumed to be depleted
because of deposition and are also not assumed to resuspend.

1.3 Vegetation Concentrations

As illustrated in Figure 1, vegetation concentrations are derived from
ground concentrations and total deposition rates. Total deposition rates
are given by the following summation:

Di = :E: Caipvp )
P

where

D. is the total deposition rate, including deposition of resus-
pended activity, of radionuclide i in pCi/m? per sec.

12
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Concentrations of released particulate materials can be environmentally trans-
ferred to the edible portions of vegetables or to hay or pasture grass con-
sumed by animals by two mechanisms--direct foliar retention and root uptake.
Five categories of vegetation are treated by the staff. They are edible
above~ground vegetables, potatoes, other edible below-ground vegetables,
pasture grass, and hay. Vegetation concentrations are computed using the
following equation:

1 - exp(-At) B .
WV Vi
€ .=D,FE + . — (8)
vi i'rv YVAW gi p
where
Bvi is the soil-to-plant transfer coefficient for radionuclide i
and vegetation type v (pCi/kg(wet) plant per pCi/kg(dry) soil);
cvi is the resulting concentration of radionuciide i in vegetation
v in pCi/kg(wet weight);
EV ijs the fraction of the foliar deposition reaching edible por-

tions of vegetation v, dimensionless;

F is the fraction of the total deposition retained on plant
surfaces, 0.2, dimensionless;

P is the assumed soil areal density for surface mixing,
240 kg{dry weight)/m?; .

tv is the assumed duration of exposure while vegetation v is
growing in sec; .
Yv is the assumed yield density of vegetation v in kg(wet
weight)/m2; and
Aw is the decay constant accounting for weathering losses (equivalent

to a 14-day half-life), 5.73 x 10-7 sec-?i.

The value of Ev js assumed to be 1.0 for all above-ground vegetation and 0.1
for all below-ground vegetables (Ref. 6). The value of tv is taken to be 60
days, except for pasture grass for which a value of 30 days is assumed. The
yield density Yv is taken to be 2.0 kg/m?, except for pasture grass for which
a value of 0.75 kg/m? is applied. Values of the soil-to-plant transfer

coefficients Bvi are provided in Table 2.

13



1.4 Meat and Milk Concentrations

~—
Radioactive materials can be deposited on grasses, hay, or silage that
are eaten by meat animals that are in turn eaten by man. The equation used
to estimate radionuclide concentrations in meat is
cbi = QFbi(Fpgcpgi * ichi) (9)
where
Cbi is the resulting average concentration of radionuclide i in
meat in pCi/kg;
chi is the concentration of radionuclide i in hay (or other stored
feed) in pCi/kg{wet weight);
Cogi is the concentration of radionuclide i in pasture grass in
Pg pCi/kg{wet weight);
Fbi is the feed-to-meat transfer coefficient for radionuclide i
in pCi/kg per pCi/day ingested (see Table 2);
F ,Fh are the fractions of the total annual feed requirement assumed
Pg to be satisfied by pasture grass or locally grown stored feed
(hay), respectively, dimensionless; and
Q is the assumed feed ingestion rate, 50 kg(wet weight)/day
(Ref. 6).
The equation used to estimate milk concentrations from cows ingesting
contaminated feed is
Cmi = QFmi(Fngpgi + ichi) (10)
- where
C . 1is the resulting average concentration of radionuclide i in
M milk in pCi/L; and »
F . is the feed-to-milk transfer coefficient for radionuclide i
M §n pCi/L per pCi/day ingested (see Table 2).
SN
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1.5 Concentrations at Different Times

Maximum doses to individuals are calculated for the last year of mill
operation and for the last year prior to tailings pile reclamation. This
section explains the procedures used by the NRC staff to obtain annual average
environmental media concentrations for these years.

In order to estimate average environmental media concentrations during
the final year of actual mill operation, for an operational lifetime of To
years, the value of the time variable t appearing in Equations 2, 3, 4, and
6 is set equal to To (in appropriate units). The resulting concentration
values are those predicted for the end of the final year of operation and
are assumed to represent average values existing over that year.

Environmental concentrations existing during the final prereclamation
year result from postoperational releases and residual contamination due to
releases during the period of mill operation. Because direct air concentra-
tions from operational releases vanish, environmental concentrations due to
operational releases at the time of reclamation arise only from residual
ground and resuspended air concentrations. Ground concentrations at the
end of the milling pericd are calculated using Equations 2 and 3, with the
value of t set to To, the operational lifetime. Residual ground concentra-
tions at the end of the final prereclamation year are then determined by

Cyi(Tg) = Cgi(To)exp[-}:(Td)] ‘ (11)
where

c i(Td) is the residual ground concentration of radionuclide i resulting
9 from operational releases at the end of the Td-year drying
period in pCi/m?; '

C 1.(To) is the ground concentration of radionuclide i at the time of
9 mi1l shutdown in pCi/m2; and

T is the duration of time required to dry the tailings pile

d prior to reclamation per yr.

Residual resuspended air concentrations resulting from operational releases
are determined at the end of the final prereclamation year by
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x
- -9 -
ar1p(Td) 0. 01cadip10 exp[ Ai(Td)]
1- exp(-A]To)
X % (3.156 x 107) (12)

A

i
where
cadi is the direct air concentration of radionuclide i in particle
P size p resulting from operational releases in pCi/m®; and
amp(Td) is the residual resuspended air concentration of radionuclide i

in particle size p resulting from operat1ona1 releases at the
end of the Td-year drying period in pCi/mS.

Ground and resuspended air concentrations resulting from postoperational
releases at the end of the final prereclamation year are calculated using Equa-
tions 2, 3, 4, and 6 with the value of t equal to Td' These concentrations are
then incremented by the residual concentrations due to operational releases.
These residual concentrations are calculated using Equations 11 and 12 to obtain
the required totals. Total air concentrations and concentrations in vegetation,
meat, and milk are then calculated from the total ground and resuspended air
concentrations.

2. DOSE CALCULATIONS FOR INDIVIDUALS

Doses to individuals are calculated for inhalation, external exposure
to air and ground concentrations, and ingestion of vegetables, milk, and
meat. Internal doses are calculated using dose conversion factors that yield
the 50-year committed dose equivalent, i.e., the entire dose received over
a period of 50 years following either inhalation or ingestion. The annual
doses are actually the 50-year committed dose equivalents resulting from a
1-year exposure period. The l-year exposure period is taken to be the year
when environmental concentrations resulting from plant operations are expected
to be at their highest level.
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2.1 1Inhalation Doses

Inhalation doses are calculated from the total radionuciide concentration
in air, including resuspended material. The inhalation dose conversion factors
for radioactive particulate materials used in this analysis are presented in
Table 3. With the exception of the dose conversion factors presented for "mass
average lung," these dose conversion factors have been computed by Argonne
National Laboratory's UDAD computer code (Ref. 4) in accordance with the Task
Group Lung Model (TGLM) of the International Commission on Radiological Protec-
tion (Ref. 7). Dose conversion factors for the mass average lung have been
computed by mass-averaging the UDAD-calculated dose conversion factors for the
four regions of the TGLM: nasopharyngeal, tracheobronchial, pulmonary, and
lymph. Ordinarily, the dose computed specifically for the pulmonary region is
reported or presented as the "lung" dose. For the principal lung dose contribu-
tors (uranium and thorium), doses computed for the mass average lung are slightly
higher than those calculated for the pulmonary region. The net overall effect,
considering all radionuclides, is thus a slight increase in the reported lung dose.

In addition to the physical characteristics of the particulate matter
involved, use of the TGLM demands the assignment of a solubility class, denoted
by Y (years, slowly soluble or insoluble), W (weeks, moderately soluble), or D
(days, quite soluble). Solubility classifications have been assigned on the
basis of experimental data reported and summarized by Kalkwarf in NUREG/CR-0530
(Ref. 8). These data indicate that thorium, iead, and polonijum are 100% class Y
in ore, yellowcake, or tailings dusts. Radium was determined to be best
characterized by the split-solubility classification 10% class D, 90% class Y.
Uranium in ore dust was determined to be 100% class W; uranium solubility for
tailings dusts was not analyzed and is assumed to be class Y. Data for uranium
in yellowcake were mixed and showed a pronounced dependence on the specific
source of the yellowcake sample. Results reported by Kalkwarf indicate a
split-solubility classification is appropriate, and on review of those results
(particularly those given on page 55 of Reference 8), the staff has assumed
uranium in yellowcake to be 50% class D and 50% class Y. The computed inhalation
dose conversion factors are given in Table 3.

Doses to the bronchial epithelium from 222Rn and short-lived daughters
are computed based on the assumption of indoor exposure with 100% occupancy.
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The dose conversion factor for bronchial epithelium exposure from 222Rn is
derived as follows (see Appendix C for detailed basis):
1. 1 pCi/m® 222Rn in outdoor air will yield an average indoor concentra-
tion of about 5 x 10-% Working Level (WL).*
2. Continuous exposure to 1 WL = 25 cumulative working-level months
{WLM) per year.
3. 1 WLM = 5000 mrem (Ref. 9).

Therefore,

: 3 222 -6 _WL WLM
1 pCi/m Rn x (5 x 10 55?753) x (25 g7

x (5000 %‘L%“‘-) = 0.625 mrem

and the 222Rn bronchial epithelium dose conversion factor is taken to be
0.625 mrem/yr per pCi/m3.

Inhalation doses are computed by the staff by use of -the following
equation:

d.(inh) = C_. DCF.. (inh 13
;Cinh) }1__‘; 11pDCF 3o (7) (13)
" where
dj(inh) is the inhalation dose to organ j in mrem/yr; and
DCFijp(inh) is the inhalation dose conversion factor for radionuclide i,

organ j, and particle size p in mrem/yr per pCi/m3.

2.2 External Doses

External doses resulting from exposure to air and ground activity concen-
trations are computed, using the dose conversion factors presented in Table 4
and assuming 100 percent occupancy at a given location. Indoor exposure is
assumed to occur 14 hours per day at a dose rate of 70 percent of the outdoor

r - .
One WL concentration is defined as any combination of short-1ived radioactive
decay products of 222Rn per liter of air that will release 1.3 x 10° MeV of
alpha-particle energy during their radioactive decay to 23°Pb.
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dose rate, which is equivalent to a dose reduction factor for structural
shielding of 0.825. The following equation is used by the staff to calculate
external doses:

dj(ext) = 0.825 zé:caiDCFij(C]d) + CgiDCFij(gnd) (14)
where
cai js the total air concentration of radicnuclide i in pCi/m3;
dj(ext) js the external dose to organ j in mrem/yr;

DCFi.(cld) is the dose conversion factor for cloud exposuré from radio-
J nuclide i to organ j in mrem/yr per pCi/m3;

DCFi.(gnd) is the dose conversion factor for ground exposure from radio-
J nuclide i to organ j in mrem/yr per pCi/m?; and

0.825 is the effective reduction factor because of structural
shielding for indoor exposure periods.

2.3 Ingestion Doses

Ingestion doses are routinely calculated for ingestion of vegetables
and meat (beef, unprocessed pork, and lamb). Milk ingestion doses are also
computed if that pathway exists at the time ‘of licensing. Ingestion doses
are based on environmental concentrations established using Equations 8, 9,
and 10, ingestion rates given in Table 5, and dose conversion factors given
in Table 6. Ingestion doses from vegetable consumption are computed under
the assumption that an average of 50 percent of the initial activity will be
Jost in food preparation (Ref. 6), usually involving washing, peeling, boiling,
etc. The following equation is used to compute the annual radionuclide
intake via ingestion:

Lik = UniCmi * Ypklpi * 03 Zv:uvkcvi (15)
where

is the activity ingestion rate of radionuclide i by an

ik individual in age group k in pCi/yr;
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i Yok are milk (in L/yr) and meat (in kg/yr) ingestion rates for
an individual in age group K;

ka is the ingestion rate of vegetable category v for age group
k in kg(wet weight)/yr; and
0.5 is the fraction of vegetable activity remaining after food

preparation, dimensionless.

Ingestion doses are then computed by

djk(1ng) = :g:likDCFijk(’ng) {16)
where
d.k(ing) js the ingestion dose for organ j of an individual in age
J group k in mrem/yr; and
DCFi.k(ing) is the ingestion dose conversion factor for radionuclide i in
J organ j of an individual in age group k in units of mrem/pCi
ingested.

2.4 Individual Dose Totals

Individual doses are calculated by the NRC staff for purposes of evalu-
ating compliance with 10 CFR Part 20 and 40 CFR Part 190. For evaluating
compliance with 40 CFR Part 190, dose contributions from 222Rn and daughters
are excluded. Total doses to individuals are. calculated for both purposes
using the following equation, which sums the dose contributions from inhala-

tion, external dose, and ingestion:

djk(tot) = dj(inh) + dj(ext) + djk(ing) {17)
Qhere

d.k(tot) is the total dose to organ j of an individual in age group k
3 from all exposure pathways in mrem/yr.

To evaluate compliance with 40 CFR Part 190, the staff will compute total
doses to appropriate individual receptors, using the above equation and all
other models, data, and assumptions described in this guide, except that--
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1. all dose contributions from radiation emitted by 222Rn, 2!2po,
214ph  214Bj, and 214Po¢ will be excluded, and

2. all dose contributions from radiation emitted by 21®Pb, 210Bi,
and 21%pp formed by decay of released 222Rn will be excluded.

With reference to Table 1 of this guide, the dose contributions eliminated
for the purpose of evaluating compliance with 40 CFR Part 190 include those
due to any radiation emitted by (a) radionuclides for which i = 7, 8, 9,

10, or 11 and (b) radionuclides present in particle size category p = 5
(radon daughters). The staff will add to dose totals computed for evaluating
compliance with 40 CFR Part 190 any known significant doses resulting from
any other light-water-cooled nuclear power generating or fuel cycle facilities,
as appropriate (excluding doses from 222Rn and its daughters as stipulated
above and excluding doses from any radioactive materials released by nuclear
or other facilities or operations not included under 40 CFR Part 190).

3.  POPULATION DOSE CALCULATIONS

Popu]étion doses are calculated, using the environmental dose commitment
concept with an integrating period of 100 years (Ref. 3). Under this approach,
radiological impacts for a given release of activity are integrated over a time
interval of 100 years following the release. The 100-year environmental dose
commitment resulting from average release ratés over a l-year period is computed
for (1) the period of actual uranium miiling and (2) the period of time after
the cessation of milling during which tailings are allowed to dry prior to final
stabilization and reclamation. The NRC staff's rationale for the selection
and use of a 100-year integrating pariod and the staff's technique for computing
environmental dose commitments are addressed in Appendix B to this guide.

Population doses resulting from particulate and radon releases are evalu-
ated over the general region of the facility site for the first two phases of
the mill Tlife cycle: operational (milling) and prereclamation. For these two
time intervals and for the postreclamation era, annual population dose commit-
ments resulting from transcontinental dispersion of 222Rp are also evaluated.
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3.1 Regional Population Doses

Population doses resulting from environmental radioactivity concentrations
in the region of the site are evaluated for all exposure pathways considered
in the evaluation of maximum individual doses; other pathways should also be
considered if they are 1ikely to result in an increase of more than 10 percent
to the total result. Regional population dose commitments are generally computed
on the basis of the population and agricultural productivity within a distance
of 80 km (50 mi). 1Individual localized population centers lying beyond this
distance should also be considered if their inclusion would increase the
population dose estimates by more than 10 percent.

3.1.1 1Inhalation and External Doses

Inhalation and external doses are computed by the NRC staff, using the
jdentical models, equations, data, and assumptions as previously described
for individual dose calculations in Regulatory Positions 1 and 2 of this
guide. The procedure for calculating regional population doses from those
pathways is to (1) divide the geographical site region into segments by radius
and direction, (2) establish average individual doses within each segment,
(3) multiply these individual doses by the estimated population lying within
each segment, and (4) sum over all segments.

The population distribution required is that‘projected for the final
year of mill operation. The appropriate population projection should be
presented for each segment formed by radii extending outward from the site
and bisecting the 16 compass directions (forming 22.5° sectors) and con-
centric circles drawn at distances of 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 60,
70, and 80 km. The 13 circles and 16 radii then form a grid composed of 192
individual segments. Average doses over the population within each segment

are ‘computed by the NRC staff along the segment directional centerline at a
distance midway between the inner and outer boundaries of each annulus.

The population dose in the site region from inhalation and external
exposure pathways is computed by the staff using the following equation:

MyCinh + ext) = 10-3 ;.Ps[djs(inh) + dyg(ext)] (18)
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where

djs(ext) is the average external dose to organ j in segment s in

mrem/yr;
d.s(inh) is the average inhalation dose to organ j in segment s in
J mrem/yr;
M.(inh+ext) is the resulting population dose from inhalation and external
J - exposure pathways in rem/yr;
Ps is the population residing in segment s; and

10-3 is the conversion factor from millirem to rem.

3.1.2 Food Ingestion Doses

Collective population doses from food ingestion are caiculated on the
basis of the region's agricultural productivity rather than its population.
This is because the total population dose from food pathways js proportional
to the total quantity of radionuclides in all food produced in the region
rather than the number of people exposed. The model employed by the NRC
staff considers population doses resulting from radioactive contamination of
vegetable, meat, and milk products produced in the region. For population dose
calculations, the vegetable category includes fruit and grain crops as well.
The procedure followed by the staff to compute food ingestion doses is similar
to that used for inhalation and external doses and is composed of the following
procedural steps:

1. The site region is divided into segments and each segment is assigned
a productivity rate for each food category (vegetables, meat, and milk in kg/yr
per km?);

2. The average activity concentrations for each food type are computed
and multiplied by the segment productivity factor and by the segment area;

3. Total activity content of the regional food production is then
determined by summing over the segments; and

4. Population doses are determined assuming that all food produced in
the region is consumed by a population with the same age distribution as the
U.S. population.

Agricultural productivity data required for use in this analysis are
generally available on a county-by-county basis for a relatively recent year.
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The available raw data should be projected forward in time to provide a
reasonable estimate of productivity during the final year of mill operation.
If other means are not available, the NRC staff considers it acceptable to
assume that regional agricultural productivity will remain in constant
proportion to the U.S. population. Should other site-specific data not be
available, the staff will rely on the statewide average productivity data
presented in Table 7. The following equation is used to obtain segment
average radionuclide concentrations in vegetables:

cvis(avg) = :g: wvscvis (13
where
cvis js the average concentration of radionuclide i in vegetabie
type v produced in segment s in pCi/kg(wet weight);
Cvis(avg) is the average concentration of radionuclide i averaged over
all types of vegetables in segment s in pCi/kg; and
wvs is the weighting factor for vegetable type v in segment s

(fraction of total production), dimensionless.

when relying on the state-average production data given in Table 7, the NRC
staff will use values of wv that have been selected to roughly correspond
to the fractions of the three vegetable types- in the average diet. From
Reference 1, these wv values are 0.78 for above-ground vegetables, 0.20 for
potatoes, and 0.02 for other below-ground vegetables.

The gross activity content of the regional food production for each
food type (vegetables, meat, or milk) is obtained by

in = :é: GfsAsCfis (20)
where
A is the area of segment s in km?;
cfis is the concentration of radionuclide i in food category f in

segment s in pCi/kg(wet weight);

Gfs js the productivity factor for foed f in segment s in kg/yr
per km?; and
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is the gross activity content of radionuclide i in food f
in pCi/yr.

Qg
Since the food produced may be eaten at different rates by different
age groups and since ingestion dose conversion factors are also age dependent,
it is necessary to establish the fractions of the in values determined by
Equation 20 that are ingested by the various age groups. The following rela-
tionship applies: )

[t I =t

pkUrk |

= (21)

fk > ForVsx
K

T ™M

where

ka js the fraction of the production of food type f ingested by
individuals in age group k, dimensionless;

F K js the fraction of the regional population belonging to age

P group k, dimensionless; and

Uep is the average consumption rate in kg/yr or L/yr (for milk or

other 1iquids) of food type f for an individual in age group k
(see Table 8 for values). In the absence of suitable site-
specific information, the NRC staff will assume average consump-
tion rates for the population at large as given in Table 8 and
population age fractions and fractional consumption rates as
given in Table 9.

Using values obtained from Equations 20 and 21, total population inges-
tion doses from all food categories are calculated by

My(ing) = 10-2 ;( E Q1 OCF ;51 (1n0) (22)
1

where

js a factor to account for activity remaining after food prepara-
tion, dimensionless; and

M.(ing) is the resulting regional population dose from food ingestion
J for organ j in rem/yr.
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The value of Ef is assumed to be 0.5 for vegetables and 1.0 for meat and
milk. Fractions of the population belonging to the various age groups used in
Equation 20 are determined from U.S. census data in the absence of site-specific
information (see Table 9 for values).

3.2 Continental Population Doses

Substantial contributions to the total population dose may arise from the
transport of released 222Rn across the North American continent. Formation of
long-lived 210Pb from 222Rn may result in both inhalation and ingestion doses
not only to people in the United States, but to people in Canada and Mexico as
well (Ref. 10). In order to estimate population doses occurring beyond the
immediate region of the site, the staff makes-use of the data presented in
Table 10. These data consist of estimates of population doses resulting from
1,000-Ci releases of 222Rn from four specific locations in the western United
States. The location closest to the mill site should be used. The population
doses provided are those that would have resulted from releases during calendar
year 1978, including doses to Canadian and Mexican populations, and are based on
the use of the environmental dose commitment concept with an integrating period
of 100 years.

For projected releases of 222Rn in future years, resulting population
doses are computed by assuming those doses to be proportional to the U.S.
population (use the population data provided in Table 11). The anticipated
annual 222Rp release in kCi is multiplied by the appropriate population
doses from Table 10, and these results are then multiplied by the ratio
of the projected U.S. population for the year of release to the 1978 U.S.
population.

3.3 - Total Population Dose Commitments

Population doses over the site region and the North American continent
are computed on an annual basis for the operational (milling), prereclamation
(pile drying), and postreclamation phases. The total radiological impact due
to emissions during the first two phases is estimated by multiplying the annual
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impacts by the durations and summing. Total annual impacts for each of the

e three phases are obtained by
Mj = Mj(inh + ext) + Mj(ing) + Mj(Rn) (23)
where
Mj is the annual committed population dose to organ j in rem/yr;
and

M.(Rn) is the annual continental population dose from 222Rn and its
J daughters to organ j in rem/yr.

Total impacts over the first two phases are obtained by

. = . + .
MJ(m&d) TOMJ(m) TdMJ(d) (2%8)
where
M.(d) is the annual committed population dose to organ j during
J the drying phase in rem/yr;

e M.(m) is the annual committed population dose to organ j during
J the milling phase in rem/yr;

M.(m&d) is the aggregate committed population dose to organ j over
J the milling and drying phases in rem; and

are the durations of the operational and pile-drying phases,
respectively, in yr.

The calculation, compilation, and presentation of these population doses
is considered by the NRC staff to represent a reasonably complete description
of the radiclogical impact incurred by the operation of a typical uranium mill.

D. IMPLEMENTATION

The models specified in this guide are being used by the NRC staff in
evaluating radiological impact in connection with applications for uranium

mill licenses and renewals.
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Tab1

el

ISOTOPES AND PARTICLE SIZES FOR WHICH DIRECT AIR

CONCENTRATIONS (C

adip

VALUES) ARE REQUIRED AS INPUT DATA

Particle Size Group Characteristics (Ref. 1)

Unit Density
Activity--Median
Aerodynamic Equivalent

Particle Diameter Mean Density, Diameter (AMAD), Deposition
Size Group* Range, ym Diameter, ym _ g/cm3 um Velocity, m/sec
p=1 - 1.0 8.9 3.0 1.0 x 1022
p=2 - 1.0 2.4 1.5 1.0 x 10_2
p=3 1 to 10 5.0 2.4 7.75 1.0 x 10_2
p=4 10 to 80 35.0 2.4 54.0 8.82 x 10_2

p=5 - 0.3 1.0 0.3 0.3 x 10
Particle Size Group Index**
i Radionuclide p=1 p =2 p =3 p=4 p=5
1 uranium-238 C&R C&R C&R C&R -
2 thorium-234 se se se se -
3 protactinium-234 se se se se -
4 uranium-234 se se se se -
5 thorium-230 C&R C4&R C&R C&R -
6 radium-226 C&R C&R C&R C&R -
7 radon-222*** se se se se - _
8 polonium-218 se se se se C&R
9 lead-214 se se se se C&R
10 bismuth-214 se se se se C&R
11 polonium-214 se se se se se
12 lead-210 C&R C&R C&R C&R C&R
13 bismuth-210 se se se se C&R
14 polonium-210 se se se se C&R

*

xX

Particle size groups are assigned
dust; p = 2, 3, or 4 for fugitive

growth concentrations of particulate daughters.
b3

*x

in this guide.

The entry "C & R" indicates that the particular C

by the staff and required as input for use of the models, equations, and data describec
The entry "se" indicates that radionuciide is assumed to be in secular
equilibrium with the next-higher-up parent for which the direct air concentration is

explicitly calculated.

The air concentration of 222Rn is also calculated by the staff and is required as
input for use of this guide; 222Rn gas is not assigned a particle size.
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to effluents as follows:
ore and tailings dusts; p

o

5

1 for yellowcake
for 222Rn air in-

value is explicitly calculated



Table 2

ENVIRONMENTAL TRANSFER COEFFICIENTS*

Plant/Soil (Bvi)

Transfer Coefficent.

U Th

(pCi/kg plant - wet weight)/(pCi/kg soil - dry weight)

Edible Above Ground
Potatoes

Other Below Ground
Pasture Grass
Stored Feed (Hay)

Beef/Feed (Fbi)

(pCi/kg per pCi/day)

Milk/Feed (Fmi)

(pCi/L per pCi/day)

2.5x10° 4.2

2.5 x10°° 4.2
2.5 x 1073 4.2
2.5 x 1073 4.2
2.5 x 1073 4.2
3.4 x 1074 2.0
6.1x 100% 5.0

X X X X X

X

1073

10

10

Ra Pb
1.4 x100%  4.0x10°°
3.0x10°% 4.0 x 103
1.4 x 1072 4.0 x 1073
1.8 x 1002 2.8 x 1072
8.2 x 1072 3.6 x 1072
5.1 x 1074 7.1 x 1074
5.9x100%  1.2x10%

b3
Sources for these data

include References 11-14.
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Table 3
INHALATION DOSE CONVERSION FACTORS

Conversion Factor, mrem/yr per pCi/m3

Radon Decay Products

Particle Size = 0.3 micron 210pp 210pg
Density = 1.0 g/cm®
AMAD = 1.0 microns

Whole Body 7.46E+00 1.29E+00
Bone 2.32E+02* 5.24E+00
Kidney 1.93E+402 3.87E+0l
Liver 5.91E+01 1.15E+01
Mass Average Lung 6.27E+01 2.66E+02

Ye]llowcake Dust
Particle Size = 1,0 micron zasy 234 2307} 226, 2100y 210pp

Density = 8.9 g/cmd
AMAD = 3 microns

Whole Body 9.82E+00 1.126+01 1.37E+02 3.58E+01 4.66E+00 5.95E-01
Bone 1.66E+02 1.81E+02 4.90E+03 3.58E+02 1.45E+02 2.43E+00
Kidney 3.78E+01 4.30E+01 1.37E+03 1.26E+00 1.21E+02 1.79E+01
Liver 0.0 0.0 2.82E+02 4.47E-02 3.69E+01 5.34E+00
Mass Average Lung 1.07E+3  1.21E+3  2.37E+03 4.88E+03 5.69E+02 3.13E+02

Uranium Ore Dust

Particle Size = 1.0 micron 233y 234y 230Th 226p, 210pp 210p,
Density = 2.4 g/cmd
AMAD = 1.5 microns

Whole Body 4.32E+00 4.92E+00 1.66E+02 3.09E+01 4.36E+00 4.71E-01
Bone 7.92E+01 7.95E+01 5.95E+03 3.09E+02 1.35E+02 1.92E+Q0
Kidney 1.66E+01 1.89E+01 1.67E+03 1.09E+00 1.13E+02 1.42E+01
Liver 0.0 0.0 3.43E+02 3.87E-02 3.45E+01 4.22E+00
Mass Average Lung 1.58E+02 1.80E+02 3.22E+03 6.61E+03 7.72E+02 4.20E+02
Fine Tailings Particulates .

Particle 5ize = 5.0 microns 233 234y 230ThH 226p, 210pp 210pg

Density = 2.4 g/cm®
AMAD = 7.75 microns

whole Body 1.16E+00 1.32E+00 1.01E+02 4.00E+01 4.84E+00 7.10E-01
Bone 1.96E+01 2.14E+01 3.60E+03 4.00E+02 1.50E+02 2.89E+00
Kidney 4. 47E+00 5.10E+00 1.00E+03 1.41E+00 1.25E+02 2.13E+01
Liver 0.0 0.0 2.076+02 4.97E-02 3.83E+01 6.36E+00
Mass Average Lung 1.24E+03 1.42E+03 1.38E+03 2.84E+03 3.30E+02 1.88E+02

Coarse Tailings Particulates
Particle Size = 35.0 microns 238 234y 230Th 226, 210pp 210pg

Density = 2.4 g/cm®
AMAD = 54 microns

whole Body 7.92E-01 9.028-01 5.77E+01 4_90E+01 4.43E+00 7.28E-01
Bone 1.34E+01 1.46E+01 2.07E+03 3.90E+02 1.38E+02 2.96E+00
Kidney 3,05E+00 3.47E+00 5.73E+02 1.38E+00 1.15E+02 2.19£+01
Liver 0.0 0.0 1.19E+02 4.85£-02 3.S51E+01 6.52E+00
Mass Average Lung 3.33E+02 3.80E+02 3.71E+02 7.64E+02 8.70E+01 5.75E+01

*Read 2.32E+02 as 2.32 x 102 = 232.
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Table 4
DOSE CONVERSION FACTORS FOR EXTERNAL EXPOSURE

Dose Factor for External Dose
from Air Concentrations
mrem/yr per pCi/m3

Radionuclide Skin Whole Body*
238y 1.05E-05** 1.57E-06
234Th 6.63E-05 5.24E-05
234mP 8.57E-05 6.64E-05
234ya 1.36E-05 2.49E-06
239Th 1.29E-09 3.59E-06
226Ra 6.00E-05 4.90E-05
222pp 3.46E-10 2.83t-06
218pg 8.18E-07 6.34E-07
214pp 2.06£-03 1.67E-03
214Bj 1.36E-02 1.16E-02
214pg 9.89E-07 7.66E-07
210pp 4,17E-05 1.43E-05

Dose Factor for External Dose
from Ground Concentrations
mrem/yr per pCi/m?

Radionuclide Skin Whole Body*
233 2.13E-06 3.17e-07
234Th 2.10E-06 1.66E-06
234mP 1.60E-06 1.24E-06
234" : 2.60E-06 4.78E-07
2307h 2.20E-06 6.12E-07
226Ra 1.16E~06 9.47E-07
222Rp 6.15E-08 5.03E-08
218py 1.42E~-08 1.10E-08
214pp 3.89E-05 3.16E-05
214p5 2.18E-04 1.85E-04
214pg 1.72E-08 1.33E-08
210pp 6.65E-06 2.27E-06

“*Doses to internal body organs are assumed to be the
same as computed for the whole body.
**Read as 1.05 x 10-° or 0.0000105.
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Table 5

FOOD CONSUMPTION RATES USED FOR CALCULATING
DOSES TO INDIVIDUALS

Tngestion Rate by Age Group,* ka/yr

Infant Child Teen Adult
Vegetables (Total) - 47.8 76.1 105.
Edible Above Ground - 17.3 28.9 39.9
Potatoes - 27.2 42,2 60.4
Other Below Ground - 3.3 5.0 5.0
Meat (Beef, Fresh Pork,
and Lamb) - 27.6 44.8 78.3
Milk (L/yr) 208.0 208.0 246.0 130.0

%A17] data are taken from Reference 6. lngestion rates are averages for
typical farm households. No allowance is routinely credited for portions
of year when locally grown or home-grown food may not be available.
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Table 6
INGESTION DOSE CONVERSION FACTORS

Internal Dose Conversion Factor by Organ and Age, mrem per pCi ingested

Age GY‘OUE Organ 238y 234 2347THh 230Th 226Ra% 216pb 21031' 210pg
Infant Wh, Bod 3.33E-04 3.80E-04 2.00E-08 1.06E-04 1.07E-02 2.38E-03 3.58E-07 7.41E-04
Bone 4,47E-03 4.88E-03 6.92E-07 3.80E-03 9.44E-02 5.28F-02 4.16E-06 3.10E-03
Liver 0 0 3.77e-08 1.90E-04 4.76E-05 1.42E-02 2.68E-05 5.93E-03
Kidney 9.28E-04 1.06E-03 1.39E-07 9.12E-04 8.71E-04 4,33E-02 2.08E-04 1.26E-02
Child Wh. Bod 1.94E-04 2.21E-04 9.88E-09 9.91E-05 9.87E-03 2.09E-03 1.69E-07 3.67E-04
Bone 3.27E-03 3.57E-03 3.42E-07 3.55E-03 8.76E-02 4.75E-02 1.97E-06 1.52E-03
Liver 0 0 1.51E-08 1.78E-04 1.84E-05 1.22E-02 1.02E~05 2.43E-03
Kidney 5.24E-04 5.98E-04 8.02E-08 8.67E-04 4.88E-04 3.67E-02 1.15E-04 7.56E-03
Teenager Wh. Bod 6.49E-05 7.39E-05 3.31E-09 6.00E-05 5.00E-03 7.01F-04 5.66E-08 1.23E-04
Bone 1.09E-03 1.19E-03 1.14E-07 2.16E-03 4.09E-02 1.81E-02 6.59E-07 5.09E-04
Liver 0 0 6.68E~-09 1.23E-04 8.13E-06 5.44E~03 4.51E-06 1.07E-03
Kidney 2.50E-04 2.85E-04 3.81E-08 5.99E-04 2.32E-04 1.72E-02 5.48E-05 3.60E-03
Adult Wh. Bod 4.54E-05 5.17E-05 2.13E-09 5.70E-05 4.60E-03 5.44E-04 3.96E-08. 8.59E-05
Bone 7.67e-04 8.36E-04 8.01E-08 2.06E-03 4.60E-02 1.53E-02 4.61E-07 3.56E-04
Liver 0 0 4,71E-09 1.17eE-04 5.74E-06 4.37E-03 3.18E-06 7.56E~04
Kidney 1.75E-04 1.99E-04 2.67E-08 5.65E-04 1.63E-04 1.23E-02 3.83E-05 2.52E-03

*AduTt whole body and bone dose conversion factors for 2Z°Ra have been obtained from Reference 6 and
are based on applicable models and data from Reference 15. 225Ra whole body and bone dose conversion
factors for other age groups have been computed by assuming the same proportion to adult whole body and
bone dose factors as given in Reference 16. A1l other dose conversion factors are directly from
Reference 16.




Table 7
AVERAGE AGRICULTURAL PRODUCTIVITY FACTORS FOR VARIOUS STATES

State-Average Productivity,* kg/yr per km?

State Vegetables Meat Milk
Arizona 580 1,040 1,130
Colorado 2,800 3,200 1,400
Idaho 14,200 2,000 3,400
Montana 1,800 2,000 370
Nevada 18 510 230
New Mexico 280 1,150 460
South Dakota 2,400 6,400 3,600
Texas 1,200 5,300 2,100
Utah 370 790 1,800
Washington 10,700 1,600 6,000
Wyoming 320 1,400 230
—

Data presented are based on a staff survey and analysis of available data
on agricultural productivity for 1973.
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Table 8

FOOD CONSUMPTION RATES USED FOR CALCULATING
DOSES TO POPULATIONS

Food Category

Vegetable Pathway

Berries and Tree Fruit
Fresh Vegetables**

1.
2.
3.
4.

Potatoes

Other root veg.

Leafy vegetables

Other above-ground
vegetables

Processed Vegetables

1.
2.
3.
4,

Potatoes

Other root veg.

Leafy vegetables

Other above-ground
vegetables

Grain, Rice, and Wheat

Total Vegetables

Meat Pathway

Beef and Lamb**
Unprocessed Pork**
Poultry and Processed

Pork

Total Meat

Milk Pathway (L/yr)

Fresh Milk*x
Milk Products

Total Milk

Average Consumption Rates,* kg/yr)

Infants Children Teens Adults
0 54.1 63.9 49.2
0 27.2 42.3 60.4
0 3.4 5.0 5.0
0 5.8 9.4 13.9
0 11.4 19.5 26.0
0 2.3 3.6 5.2
0 0.9 1.4 1.4
0 0.4 0.6 0.8
0 14.4 24.6 32.8
1] 118.2 136.2 90.8
0 238.1 306.5 285.5
0 21.8 35.9 64.0
] 5.9 8.9 14.3
0 21.0 33.2 49.6
0 48.7 78.0 127.9
207.6 207.6 246.0 129.6
0 27.2 45.4 6.7
207.6 234.8 291.4 176.3

x
A1l data are taken from Reference 6 and are representative of average
consumption rates by individuals at farm residences.

b3 . . .
These food categories are evaluated for individual doses from ingestion

pathways.
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Table 9

AGE DISTRIBUTION OF POPULATION, AVERAGE AND PER CAPITA CONSUMPTION
RATES, AND FRACTIONS USED IN THE ABSENCE OF SITE-SPECIFIC DATA

Average Total Consumption Rates,** kg/yr

Age Fraction of
Group Population* Vegetables Meat Milk
Infants 0.0179 0 0 207.6
Children 0.1647 238.1 48.7 234.8
Teenagers 0.1857 306.5 78.9 291.4
Adults 0.6217 285.5 127.9 176.3
Fraction of Regional Production
Ingested by Each Age Group
Age Group Vegetables Meat Milk
Infants 0 0 0.0178
Children 0.1418 0.0780 0.1850
Teenagers 0.2167 0.1485 0.2728
Adults o 0.6415 0.7735 0.5244

Age fractions given reflect average values for the entire U.S. population
jndicated by 1970 census data, as reported in Reference 17.

b4
Consumption rates given are from Table 8 and are not those used for, or
appropriate to, the calculation of maximum individual doses.
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Table 10
CONTINENTAL POPULATION DOSES PER kCi OF 222Rn RELEASED IN 1978

Population Dose Resulting from a 1-kCi
Release of 222Rn During 1978, organ-rem*

Bronchial Whole Pulmonary
Release Site Epithelium Body Lung Bone
Casper, Wyoming - 56. 8.8 2.0 120.
Falls City, Texas 72. 5.8 1.6 77.
Grants, New Mexico 52. 8.2 1.8 110.
Wellpinit, Washington 43. 9.0 1.7 120.
Average 56. 8.0 1.8 110.

Values given are based on data reported in Reference 10 and amended
for inclusion in Reference 1. Exposure pathways considered include
inhalation and ingestion. Isotopes considered include #22Rn and
its short-lived daughters, 219pPb, 210Bi, and 21°Po. A 100-year
integrating period was used in the application of the environmental
dose commitment concept.
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Table 11
PROJECTED POPULATION OF THE UNITED STATES, 1978-2100

Projected U.S. Projected U.S.
Population, Population,

Year millions* Year millions*
1978 218.4 1992 247.4
1979 220.2 1993 249.3
1980 222.2 1994 251.1
1981 224.2 1995 252.8
1982 226.3 1996 254.4
1983 228.5 1997 255.9
1984 230.7 1998 257.5
1985 232.9 1999 258.9
1986 235.1 2000 260.4
1987 237.2 2025 287.5
1988 239.4 2050 291.1
1989 241.5 2075 291.9
1990 243.5 2100 293.0
1991 245.5

X
Population projections through the year 2000 are from Reference 18. Later
projections were obtained from Reference 10 and are based on a predicted
growth rate obtained from Reference 19. '
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CONVERSION FACTORS INTO SI UNITS

Table 12

Activity Concentrations (Environmental)

Airborne Particulates and Gas
Liquids (Water, Milk, etc.)

Solids (Soil, Sediment,

- Vegetation, Food Stuff, etc.)
Activity Concentrations (Effluent)

Gas (Air)

Liquid
Exposure Rate (Environmental)
Absorbed Dose

Dose Equivalent

Dose Equivalent Rate
{(Commitment)

01d
Units*

pCi-m-3
pCi-L-1

pCi-kg-1

(uCi -mL-1)**
(pCi~mL-1)f*

pR+h-1
mrad
mrem

mrem-yr-1

New

- SI Units

Bq-m-3
Bg-L-1
Bq-kg-?!

Bg-m-3
Bq-L-*

C-kg-1-h-1
Gy
Sv

Sveyr-1

Conversion
Factor from

01d to New Unit

3.70E-02
3.70E-02
3.70E-02

3.70E+10
3.70E+07

2.58E-10
1.00E-05
1.00E-05

1.00E-05

“*Sanctioned for temporary use.

**pAdopted because of established convention and use in maximum permissible

concentration (MPC) tabulations.
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Symbol

adip

ai

Caipt®)

(t)

Carip

(T

carip d)

Chi
cfis

Cgi(H)

Cgi(Td)

cgi(To)

Cng(Pb « Ra)

c

mi

hi

SYMBOLS

Description

Equal to (t - 1.82) if t > 1.82 and otherwise equal to
zero in yr

Area of segment s in km?

Soil-to-plant transfer coefficient for radionuclide i and
vegetation type v, (pCi/kg(wet) plant per pCi/kg{dry) soil)

Calculated direct air concentration of radionuclide i in

particle size p resulting from operational releases in pCi/md

Total air concentration of radionuclide i in pCi/m3

Calculated total air concentration of radionuclide i in
particle size p at time t in pCi/m3

Calculated resuspended air concentration of radionuclide i
in particle size p at time t in pCi/m*

Residual resuspended air concentration of radionuclide i
in particle size p resulting from operational releases at
the end of the T -year drying period in pCi/m®

Resulting average concentration of radionuctide i in meat
in pCi/kg

Concentration of radionuclide i in food category f in
segment s in pCi/kg(wet weight)

Calculated ground surface concentration of radionuclide i
at time t in pCi/m?

Residual ground concentration of radionuclide i resulting
from operational releases at the end of the Td-year drying
period in pCi/m?

Ground concentration of radionuclide i at the time of mill
shutdown in pCi/m?

Incremental 21°Pb ground concentration resulting from
226R3 deposition in pCi/m?

Concentration of radionuclide i in hay {or other stored
feed) in pCi/kg(wet weight)

Resulting average concentration of radionuclide i in milk
in pCi/L
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Cvis(avg)
DCFij(c1d)

DCFij(gnd)

DCF. . (inh)

p

SYMBOLS (Continued)

Concentration of radionuclide i in pasture grass in pCi/kg
(wet weight)

Resulting concentration of radionuclide i in vegetation v
in pCi/kg(wet weight) '

Average concentration of radionuclide i in vegetable type
v produced in segment s in pCi/kg(wet weight)

Average concentration of radionuclide i averaged over all
types of vegetables in segment s in pCi/kg{wet weight)

Dose conversion factor for cloud exposure from radionuclide
i to organ j in mrem/y» per pCi/m®

Dose conversion factor for ground exposure from radionuclide

i to organ j in mrem/yr per pCi/m?

Ingestion dose conversion factor for radionuclide i in
organ j of an individual in age group k in mrem/pCi ingested

Inhalation dose conversion factor for radionuclide i,
organ j, and particle size p in mrem/yr per pCi/m3

Resulting direct deposition rate of radionuclide i in
pCi/m? per sec

Total deposition rate, including deposition of resuspended
activity, of radionuclide i in pCi/m? per sec

-

External dose to organ j in mrem/yr

Inhalation dose to organ j in mrem/yr

Ingestion dose for organ j of an individual in age group k
in mrem/yr '

Total dose to organ j of an individual in age group k
from all exposure pathways in mrem/yr

Average external dose to organ j in segment s in mrem/yr
Average inhalation dose to organ j in segment s in mrem/yr

Factor to account for activity remaining after food pre-
paration, dimensionless :

Fraction of the foliar deposition reaching edibie portions
of vegetation v, dimensionless
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M;(d)

Mj(ing)
Mj(inh + ext)
Mj(m)

Mj(m&d)
Mj(Rn)

p

SYMBOLS (Continued)

Feed-to-meat transfer coefficient for radionuclide i,
in pCi/kg per pCi/day ingested (see Table 2)

Fraction of the production of food type f ingested- by
individuals in age group k, dimensionless

Feed-to-milk ‘transfer coefficient for radionuclide i
in pCi/L per pCi/day ingested (see Table 2)

Fractions of the total annual feed requirement assumed
to be satisfied by pasture grass or locally grown stored
feed (hay), respectively, dimensionless

Fraction of the regional population belonging to age
group k, dimensionless )

Fraction of the total deposition retained on plant
surfaces, 0.2, dimensionless

Productivity factor for food f in segment s 1in kg/yr
per km?

Activity ingestion rate of radionuclide i by an individua
in age group k in pCi/yr

Annual committed population dose to organ j in rem/yr

Annual committed population dose to organ j during the
drying phase in rem/yr

Resulting regional population dose from food ingestion
for organ j in rem/yr

Resulting population dose from inhalation and external
exposure pathways in rem/yr

Annual committed population dose to organ j during the
milling phase in rem/yr

Aggregate committed population dose to organ j over the
milling and drying phases in rem

Annual continental population dose from 222Rn and its
daughters to organ j in rem/yr

Assumed soil areal density for surface mixing, 240 kg{dry
weight)/m?

Population residing in segment s

Assumed feed ingestion rate at 50 kg(wet weight)/day
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mk* bk

SYMBOLS (Continued)

Gross activity content of radionuclide i in food f in
pCi/yr

Ratio of the resuspended air concentration to the ground
concentration for a ground deposit of age t yr for particle
size p in m-?

Time interval over which deposition has occurred in sec

Duration of time required to dry the tailings pile prior
to reclamation in yr

Duration of the operational phase in yr

Assumed duration of exposure while vegetation v is growing
in sec

Average consumption rate of food type f for an individual
in age group k (see Table 8 for values) in L/yr or kg/yr

Milk (in L/yr) and meat (in kg/yr) Ingestion rates for an
individual in age group k

Ingestion rate of vegetable category v for age group k, in
kg(wet weight)/yr

Deposition velocity of particle size p in m/sec (see Table 1)

Weighting factor for vegetabie type v in segment s (fraction
of total production), dimensionless

Assumed yield density of vegetation v, in kg/m? (wet weight)
Zero if t < 1.82 and unity otherwise, dimensionless

Assumed rate constant for environmental loss in sec-1
Radioactive decay constant for radionuclide i in sec-?
Effective removal constant for radionuclide i on soil in yr-1
Effective rate constant for loss by radioactive decay and
migration of a ground-deposited radionuclide and equal to

A + A in sec-1

Assumed decay constant of the resuspension factor (equuvalent
to a 50-day half-life), 5.06 yr-1

Decay constant accounting for weathering losses (equivalent
to a 1l4-day half-life), 5.73 x 10-7 sec~?
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VALUES OF CONSTANTS

Terminal value of the resuspension factor for particles
with a deposition velocity of 0.01 m/sec

Initial value of the resuspension factor for particles
with a deposition velocity of 0.01 m/sec

Deposition velocity for the particle size for which the
initial resuspension factor value is 10-5/m

Fraction of vegetable activity remaining after food
preparation, dimensionless

Effective reduction factor because of structural shielding
for indoor exposure periods

Time required to reach the terminal resuspension factor

81

10-°m-1

10-5m-1

0.01m/sec

0.5

0.825

1.82 yr



APPENDIX A

SITE-SPECIFIC INFORMATION AND DATA USED BY THE NRC STAFF
IN PERFORMING RADIOLOGICAL IMPACT EVALUATIONS FOR URANIUM
MILLING OPERATIONS

Table A-1 lists and partially describes most of the information and data
commonly used by the NRC staff in performing its uranium mill radiological
jmpact evaluations. A1l the data detailed in Table A-1 are not always avail-
able on a site-specific basis, in which case the staff will employ conservative
estimates or assumptions. In some situations, the data identified in Table A-1
may not be adequate, so the staff will attempt to secure additional information.
This situation may arise, for instance, when operations at more than one site
are involved and the staff is required to evaluate combined impacts. In most
cases, however, provision of the data jdentified in Table A-1 allows the staff
to completely fulfill its responsibilities with regard to the preparation of a
thorough, knowledgeable, and technically sound radiological impact evaluation.
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Table A-1

PLANT, PLANT OPERATIONS, METEORGLOGICAL, AND ENVIRONMENTAL DATA
ROUTINELY USED BY THE NRC STAFF IN PERFORMING RADICLOGICAL

IMPACT EVALUATIONS

I. PHYSICAL PLANT DATA

A. Detailed site plot plan (overlaid on topographic map with scale
and true north arrow) clearly identifying all locations of--

1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
11.

12.

Site property boundaries

Raw ore storage pads

Primary crushers

Secondary crushers

Crushed ore storage areas

Ore grinders

Yeltowcake dryer and yellowcake dryer stack*
Yellowcake packaging area and exhaust stack
Tailings impoundments and their boundaries
Any heap leach piles and their boundaries
Restricted area boundaries if different from site property
boundaries

Fences

B. Plant operations data

1.

General data

a. Ore processing rates for all crushers and grinders,
MT/d; hr/d and d/yr operational

b. Raw ore grade, % U305 by weight, average and range

o Fractions of uranium, thorijum, radium, and lead in raw
ore expected to flow through to tailings

d. Expected yellowcake purity, % Uz0g by weight, average
and range, MT/yr produced

e. Expected calendar years of initial ere milling, final
ore mitling, and completion of tailings area
reclamation

E3
Part of the input to the NRC staff's impact assessment computer code
consists of X, Y, and Z coordinates for various release and receptor

lTocations.

The staff routinely determines these coordinates with respect -

to the topographic elevation at the location of the yellowcake dryer stack.
A list of all such locations should be given in the radiological assessment.
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Table A-1 (Continued)

Ore storage data

@npancy

Areas of each pile or bin complex, m2

Ore storage masses

Ore grades, % Us0g by weight

Antidusting measures routinely impiemented
Anticipated dusting rates, MT/yr
Anticipated 222Rn releases, Ci/yr
Fractions of input ore sent to storage

Crushing, grinding data

TeaeanT

Description of ventilation air filtration equipment
Design efficiency of exhaust filters

Minimum efficiencies of exhaust filters

Filter testing procedure and schedule if applicable
Fraction of time filters not operational or used
Any measured effluent concentrations

Stack heights and airflows

Anticipated release rates, kg/hr or kg/MT yellowcake
processed A

Anticipated 222Rn release rate, Ci/yr

Fractions of ore throughput reaching filters as dust

Yellowcake drying and packaging data

o

(.Q.-hmﬂ.

h.

Processing rates, MT/hr, for drying and packaging if
different

Hr/d and d/yr drying and packaging operations are
carried out

Description of all ventilation air filtration equipment
with design, expected, and minimum efficiencies
Filtration equipment testing procedures and frequencies
Any measured effliuent concentrations

Stack heights and airflows

Anticipated release rates, kg/hr, for the dryer

stack, the packaging area ventilation exhaust, and any
yellowcake storage area ventilation exhausts

Annual yellowcake yield, MT/yr

Tailings impoundment system (including evaporation or
settling ponds) data

a.

b.

Complete physical, chemical, hydrelogical, and radio-
logical description

Total area, surface areas expected to be under water,
saturated, moist, and dry (indicate surface moisture
contents used as basis of estimates)
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Table A-1 (Continued)

c. Description of antidusting measures routinely impiemented ~—’
and their expected effectiveness

d. Anticipated dusting rates for saturated, moist, and
dry surface areas, g/m? per sec

e. Anticipated 222Rn release rates for underwater, saturated,
moist, and dry surface areas, Ci/yr per m2

f. Estimated drying time required prior to initiation of
reclamation procedures and basis

g. Estimated time required to stabilize and reclaim after
drying and basis

h. Postreclamation estimated 222Rn release rate, Ci/yr
per m2, and basis

1I. METEOROLOGICAL DATA

A Joint frequency data
1. National Weather Service (NWS) station data

a. Locations of all NWS stations within 80 km (50 mi)

b. Available joint frequency distribution data by wind
direction, wind speed, and stability class (3-dimen-
sional numerical array)

c. Period of record by month and year

d. Height of data measurement

2. Onsite meteorological data ~
a. Location and heights of instrumentation
b. Description of instrumentation
c. Minimum of 1 full year of orisite joint frequency
distribution data broken down by wind direction, wind
speed, and stability class (3-dimensional array) with
a joint data recovery of 90 percent or more
B. Miscellaneous data
1. Annual average mixing depth heights
2. Description (general) of regional climatology, particularly
including frequencies and durations of extreme wind speeds
III. ENVIRONMENTAL DATA
A. A detailed topographic map of the area within 8 km (5 mi) of the
site showing the locations of all--
1. Site boundaries )
2. Lands owned, leased, or otherwise controlled (including
mill site claims) by the applicant -
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Table A-1 (Continued)

Lands privately owned

. Lands under the jurisdiction of the U.S. Bureau of Land

Management

. Lands otherwise publicly held .

Lands useable and available for grazing

Private residences or other structures used by the general

public

Vegetable or other crops, identified by type

. Private, public, and industrial water wells and natural
springs

10. Milk animals (cows or goats)

P New W

B. Regional data (within 80 km)

1. Population distributions by direction (16) and radius (for
1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, and 80 km) for a
recent year (no earlier than 1970), for the last year of
expected milling (approximate), and for the last year prior
to completion of tailings area reclamation (approximate)
with expected age group fractions (if available)

2. Available county food production data, kg/yr, for vegetables
(by type and totals), meat (all types), and milk; any
available future predictions by local governmental, industrial,
or institutional organizations
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APPENDIX B

STAFF METHODOLOGY FOR THE COMPUTATION OF 100-YEAR
ENVIRONMENTAL DOSE COMMITMENTS

A primary objective of the NRC staff's radiological impact analysis is to
estimate the aggregate radiological impact of the evaluated facilities. In
attempting to achieve this goal, the staff employs the cdncept of environmental
dose commitment (EDC) and uses an integrating period of 100 years. In adopting
this general calculational appreach, the staff has also endeavored to select
and employ a specific calculational scheme suitable for routine use, both by
the NRC staff and by uranium milling license applicants. The specific tech-
nique used by the staff is, for this reason, greatly simplified but somewhat
less comprehensive in comparison with other published approaches for EDC
computation. This appendix describes the staff's technique for EDC evaluation
and addresses the rationale for selecting a 100-year integrating period.

Ordinarily, to compute maximum individual doses, the staff uses environ-
mental concentrations calculated for the final year of the particular phase of
milling operatians. The duration of the operational (milling) phase is most
often estimated to be 15 to 20 years, while drying of tailings piles in the
prestabilization phase may require from 2 to 5 years or slightly longer. The
lengths of these time intervals define the value of the time variable #gd that
appears in Equations 2, 3, 4, and 6 of Regu1§tory Position 1, Concentrations
in Environmental Media, of this guide.

The staff technique for evaluating regional population EDCs for an inte-
grating period of 100 years following activity release involves artificially
setting the value of t to 101 years. The specific procedural steps taken by
the staff in the calculation of 100-year EDCs are then as otherwise described
in Regulatory Positions 1 and 3 and as follows:

1. Obtain all necessary input direct air concentrations, as identified
in Table 1 of the guide, for average release rates (by radionuciide) over the
time interval of the phase being evaluated.

2. Evaluate all required environmental media concentrations by means of
the equations provided for this purpose in Regulatory Position 1, using a value
of 101 years for the variable t appearing in Equations 2, 3, 4, and 6.
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3. Based on the environmental media concentrations computed for t = 101
years, using appropriate population, agricultural, and other data as described
in Regulatory Position 3, calculate the regional population doses for all
exposure pathways for an exposure period of 1 year.

4. Sum the computed doses, as appropriate, over all exposure pathways.

These calculational procedures actually result in the computation of the
population dose commitments resulting from a l-year exposure period to environ-
mental concentrations existing during the 101st year of releases at the constant
rates employed. The similarity of this result to the desired EDC {the population
dose commitments resulting from a 100-year period of exposure to environmental
concentrations resulting from constant releases over a l-year time period) is
$1lustrated in Table B-1, which provides a comparison of staff and conventional
methodotogies for EDC computation. This table has been organized to display
the component parts of each calculational method. Line-by-1ine equivalence of
these component parts can be readi?y demonstrated under conditions of constant
poputation, population distribution, and agricultural productivity in the site
region.

The staff has elected to use the approach described, rather than the more
conventional approach, and a 100-year integrating period, primarily for the
following reasons:

1. The major exposure pathways are dominated by doses resulting from
airborne activity, which decreases rapidly in the absence of a continuing
source (the resuspension factor has a half-life of about 50 days);

2. The major dose impact of ground concentrations arises from the food
ingestion pathways, which depend on estimates of agricultural productivity
(forecast data for food productivity in specific areas are rare and are
considered to be potentially unreliable);

3. Inordinate computational difficulties are involved in routinely
taking into account growth trends not amenable to description by very simple
mathematical functions; and

4. The vast majority of resulting population exposure results from
environmental concentrations at distances between 20 and 80 km (32 and 50 mi)
from the site at which routine atmospheric dispersion calculations cannot
generally yield results with sufficient accuracy to justify accounting for
minor perturbations.
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Table B-1
COMPARISON OF STAFF AND CONVENTIONAL TECHNIQUES FOR ENVIRONMENTAL' DOSE COMMITMENT CALCULATION

NRC Staff EDC Calculational Technique* Conventional EDC Calculational Technique
(Defined as population dose commitments (Defined as population dose commitments
resulting from a 1-year period of exposure resulting from a 100-year period of exposure
te environmental concentrations present to environmental concentratiocns resulting
during the 101st year of constant releases) from constant releases over a l-year period)
Exposure Release Average Time Exposure Release Average Time
Line Interval, yr Interval, yr Difference, yr Interval, yr Interval, yr Difference, yr
1 100 - 101 100 - 101 0 -1 0-1 0
2 " 99 - 100 1 1-2 " 1
3 " 98 - 99 2 2 -3 " 2
4 " 97 - 98 3 3-4 " 3
5 " 96 - 97 4 4 -5 " 4
6 " 95 - 96 5 5-6 " 5
94 " 7-8 93 93 - %4 " 93
95 " 6 -7 94 94 - 95 " 94
96 " 5-6 95 95 -~ 96 " . 95
97 " 4 -5 96 96 - 97 " 96
98 " 3-4 97 97 - 98 - 97
a9 " 2 -3 98 98 - 99 " 98
160 " 1-2 99 . 99 - 100 " 99
101 " 0-1 100 -100 - 101 " 100

X

This table has been purposely organized to portray a line-by-line similarity between staff and conventional
EDC computation methods. Computation by both methods is broken down into component parts that, under condi-
tions described in the text, can be shown to be mathematically identical.
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APPENDIX C
RADON DOSE CONVERSION FACTOR

The basis on which the NRC staff has relied for its radon daughter
inhalation dose conversion factor consists of the following major component
parts:

1. The indoor working level (WL) concentration resulting from an outdoor
222Qn concentratian of 1 pCi/m® is approximately 5.0 x 10-6 WL.

2. The number of cumulative working level months (WLM) exposure per year
for an average individual at a constant concentration of one WL is 25 WLM/yr.

3. The committed dose equivalent to the bronchial epithelium (basal cell
nucleji of segmented pronchi) per unit WLM exposure is 5000 mrem (5 rem).

These component parts enter into the following equation, which yieilds the
222Rn inhalation dose conversion factor used by the staff:

5.0 x 10-% WL x 25 WLM/yr x 5000 mrem _ 0.625 mrem/yr
pCi/m> WL WLM" pCi/m

Each of the three components identified above are derived from the following
sources and data: .
1. 5 x 10-8 WL per pCi/m® of 222Rn is established by the assumed indoor
air concentration ratios for 222Rn, 213po, 214pb, and 214§ of 1.0/0.90/0.51 and

0.35. These concentration ratios and the derived conversion factor are
representative of conditions in a reasonably well-ventilated structure {(Refs. 1
and 2 for Appendix C).

2. 25 WLM/yr per WL concentration is derived from the assumption that
an average individual's average breathing rate will be about 50 percent of
that of a working miner. A WLM is defined, in terms of exposure to a working
miner, as one month's occupational exposure to a 1-WL concentration. This
acsumed breathing rate would result in an average individual receiving about

63



0.5 WLM as a result of the same length of exposure to air at a 1-WL concentration.
The following relationship applies:

12 WLM/yr-WL
40 hr/wk x 52 wk/yr

(8760 hr/yr) x X 0.5 = 25 WLM/yr-WL

3. Five rem/WLM is the value derived from applying a quality factor (QF)
of 10 for alpha radiation to convert from rad to rem (Refs. 1, 2, and 3 of
Appendix C) to the figure of 0.5 rad/WLM as reported in the BEIR Report
(page 148 of Ref. 3 of Appendix C).

The NRC staff considers the above basis for its 222Rn inhalation dose
conversion factor to be both sound and reasonable. The staff acknowledges that
radon dosimetry is extremely complex and strongly influenced by assumed environ-
mental and biological conditions. In view of the large variations induced by
rather small changes in the assumed free-ion fraction, relative equilibrium,
thickness of the intervening tissue and mucous layers, etc., the staff has
endeavored to use physical, environmental, and other data reasonably
representative of average conditions.

REFERENCES FOR APPENDIX C

1. Environmental Protection Agency, "Potential Radiological Impact of Airborne
Releases and Direct Gamma Radiation to Individuals Living Near Inactive
Uranium Mill Tailings Piles," EPA Report EPA-520/1-76-001, January 1976.

2. Environmental Protection Agency, “Environmental Analysis of the Uranium
Fuel Cycle, Part I--Fuel Supply,” EPA Report EPA-520/9-73-003-B,
October 1973.

3. National Academy of Sciences--National Research Council, "The Effects on
Populations of Exposure to Low Levels of Ionizing Radiation," Report of
the Advisory Committee on the Biological Effects of Ionizing Radiations
(BEIR), November 1972.
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VALUE/IMPACT STATEMENT

1. PROPOSED ACTION

1.1 Description

The proposed action consists of the development and publication of a
routine methodology for assessing the radiological impacts of routine radio-
active releases from uranium mills. These radiological impacts include doses
to exposed individuals, doses to the population within an 80-km (50-mi) radius,
doses to the population of the entire United States, and doses to the population
of the North American Continent. Evaluations made using the published
methodology would serve several regulatory and licensing purposes for which
the methodology must be suitable. These purposes include evaluating compliance
with 40 CFR Part 190 and NRC regulations, evaluating impacts of releases as
part of the overall ALARA evaluation, and evaluation of environmental impacts
to meet NEPA requirements.

1.2 Need

Radiological impact evaluations for routine releases from uranium mills
have been carried out in the past, and numerous new and repeat evaluations will
probably be required in the future. Past evaluations have been prepared by
NRC personnel or by personnel from national laboratories under contract. These
assessments have lacked a uniformity of approach and purpose for numerous
reasons, the most important being the absence of a standardized routine
procedure. Other reasons include, but are not limited to, the evolution of
new models, techniques, and data; the development of new concerns requiring
new methods of analysis; and the problems associated with having evaluations
prepared by different groups of people. This situation needed to be corrected.
The proposed action includes the publication of state-of-the-art analytical
models, including environmental transport models and data, models and data for
human dosimetry, and appropriate data for receptor characteristics. An example
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of the problems to be addressed by this effort is the evaluation of the long-term
time-integrated impact of mill tailings piles, heretofore assessed by NRC only
in terms of the impact during a single year.

1.3 Value/Impact

1.3.1 NRC

The document conveying the results of the proposed action will be a useful
tool and should result in substantial benefits to NRC. These include upgrading
the quality of future evaluations, particularly with regard to uniformity,
completeness, and the application of more up-to-date methods and data. Other
benefits will include greater flexibility in personnel assignments and reduced
allocations of personnel time to completing evaluations.

1.3.2 QOther Government Agencies

Other agencies will have available a reliable reference document explaining
NRC's evaluation techniques. If evaluations can be conducted more uniformly,
other agencies concerned with radiological and health impacts would benefit
from these evaluations as they become more familiar with a routine approach
and require less time to review NRC evaluations.

1.3.3 Industrial and Pubiic Interest Groups.

Clearly predictable impacts on these groups include the costs involved in
familiarizing themselves with the proposed regulatory guide. Benefits will be
derived from more easily predicting and understanding the results of NRC
evaluations. Some differences from past evaluation techniques have been
incorporated in this guide, but based on public comment, the degree and effects
of such alterations appear to be minimal.

1.3.4 Public

The public will derive a benefit from the availability of a reference
document explaining NRC evaluation techniques, and a further benefit will be
derived from the increase in quality of NRC evaluations and subsequent licensing
decisions and regulatory requirements.

66



2.  TECHNICAL APPROACH

The technical approach to be used is based in part on contract work pre=
pared by staffs of the Argonne National Laboratory, the Pacific Northwest Labora-
tory, and the Oak Ridge National Laboratory. This approach reflects techniques
currently being adopted for use in review of uranium milling license applica-
tions and license renewal applications by the Office of Nuclear Material Safety
and Safeguards. Comments on the technical approach were solicited by the
issuance of Draft Regulatory Guide RH 802-4 for public comment. The comments
received were evaluated and modifications were made to the guide where
appropriate.

3.  PROCEDURAL APPROACH

In its preliminary value/impact assessment, the staff considered several
procedural approaches for carrying out the proposed action and selected the
publication of a regulatory guide.

4.  STATUTORY CONSIDERATIONS

4.1 NRC Authority

The product document establishes routin; procedures by which NRC will
evaluate radiological impacts of routine airborne releases from uranium mills.
These evaluations will be and are being used in "as low as is reasonably achiev-
able" determinations to evaluate compliance with NRC regulations, to evaluate
compliance with EPA's 40 CFR Part 190 regulation, and to evaluate environmental
impacts as part of NRC's overall NEPA determination.

4.2 Need for NEPA Assessment

The proposed action on calculational models did not require an environmental
impact statement as it was not "a major Commission action significantly affecting
the quality of the environment” as detailed in paragraph 51.5(a)(10) of 10 CFR
Part 51.
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5.  RELATIONSHIP TO OTHER.EXISTING OR PROPOSED REGULATIONS OR POLICIES

5 e
.

No potential conflicts with other agencies have been identified. However,
the proposed regulatory guide will be a principal tool in the implementation
-of EPA regulation 40 CFR Part 190. Implementation of 40 CFR Part 190 is an
NRC responsibility.

There is some possibility that backfitting requirements may result from
implementation of 40 CFR Part 190. Such possible requirements will not result

from the proposed action, but rather from the EPA regulation.

6. SUMMARY AND CONCLUSIONS

Guidance on routine procedures for evaluating the radiological impact of
routine airborne releases of radioactive material from uranium mills should be
developed and published in a regulatory guide.
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U.S. NUCLEAR REGULATORY COMMISSION

REGULATORY GUIDE

OFFICE OF NUCLEAR REGULATORY RESEARCH

. May 1986

REGULATORY GUIDE 3.56
{Task CE 309-4)

GENERAL GUIDANCE FOR DESIGNING, TESTING, OPERATING, AND MAINTAINING
EMISSION CONTROL DEVICES AT URANIUM MILLS

A.INTRODUCTION

Regulations applicable to uranium milling are contained
in 10 CFR Part 20, “Standards for Protection Against Radi-
ation,” and in 10 CFR Part 40, “Domestic Licensing of
Source Material.”

Paragraph 20.1(c) of 10 CFR Part 20 states that licensees

. should make every reasonable effort to keep radiation

exposures, as well as releases of radioactive material to
unrestricted areas, as low as is reasonably achievable.
Paragraph 20.105(c) of 10 CFR Part 20 requires that licens-
ees engaged in uranium fuel cycle operations subject to
the provisions of 40 CFR Part 190, “Environmental Radia-
tion Protection Standards for Nuclear Power Operations,”
comply with that part. Part 190 of Title 40 requires that
the maximum annual radiation dose to individual members
of the public resulting from fuel cycle operations be lim-
ited to 25 millirems to the whole body and to all organs
except the thyroid, which must be limited to 75 millirems.
Criterion 8 of Appendix A to 10 CFR Part 40 requires that
milling operations be conducted so that all airborne efflu-
ent releases are reduced to levels as low as is reasonably
achievable.

Air in the immediate vicinity of such uranium milling
operations as ore crushing, ore grinding, and yellowcake dry-
ing and packaging frequently contains radioactive materials
in excess of that permissible for release to unrestricted
areas. Emission control devices are installed in ventilation
systems of uranium mills to limit releases of these radio-
active materials to the environment.

General guidance for filing an application for an NRC
source material license authorizing uranium milling opera-
tions is provided in § 40.31 of 10 CFR Part 40. An appli-
cant for a new license or renewal of an existing license for a
uraninm mill is required by § 40.31 to provide detailed

information on the proposed equipment, facilities, and
procedures at the installation. This information is used by
the NRC to determine whether the applicant’s proposed
equipment, facilities, and procedures are adequate to protect
the health and safety of the public and and to determine if
they will significantly affect the quality of the environment.
Calculations by the NRC of the environmental impact from
the proposed uranium milling operations are based on the
estimated rate of production of radioactive airborne partic-
ulates adjusted to reflect the removal efficiency of the
emission control devices installed in the plant ventilation
systems. This requires reliable information on the efficiency
of these devices. It also requires reliable information on the
production of airborne radioactive particulates during the
proposed operations.

Section 40.65 of 10 CFR Part 40 requirés mill operators
to submit semiannual reports to the NRC specifying. the
quantity of each of the principal radionuclides released to
unrestricted areas in gaseous effluents. This information
may be used by the NRC to estimate maximum potential
annual radiation doses to the public resulting from effluent
releases and thereby determine compliance with paragraphs
20.1(c) and 20.105(c) of 10 CFR Part 20 and with Crite-
rion 8 of Appendix A to 10 CFR Part 40. The quantity of
radionuclides released is based on scheduled sampling of
effluents discharged into exhaust stacks. The reliability of
these data for estimating radiation exposures depends on
maintaining uniform operation of the emission control
devices during the reporting time interval because these
effluents are not continuously sampled.

All emission control devices used in uranium mill ventila-
tion systems need to perform reliably under expected oper-
ating conditions to meet the objectives discussed above. This
guide describes procedures acceptable to the NRC staff for
designing, testing, operating, and maintaining these emission
control devices to ensure the reliability of their performance.

USNRC REGULATORY GUIDES

Regulatory Guldes are Issued to describe and make available to the
public methods acceptable to the NRC staff of Implementing
speclfic parts of the Commission’s regulations, to delineate tech-
niques used by the staff in avaluating specific problems or postu-
Jated accidents, or to provide guidance to applicants. Regulatory
Guides are not substitutes for regulatlons, and compliance with
them Is not required. Methods and solutions different from those set
out in the guides will be acceptable If they provide a basls for the
findings requisite to the issuance or continuance of a permit or
license by the Commission.

This guide was issued after consideration of comments recelved from
the public. Comments and suggestions for improvements In these
guldes are encouraged at all times, and guides will be revised, as
appropriate, to accommodate comments and to reflect new informa-
tion or experience.

Written comments may be submitted to the Rules and Procedures
Branch, ODRR, M, U.S. Nuciear Regulatory Commission,
‘Washington, DC 20555. .

The guides are Issued In the following ten broad aivisions:

. Power Reactors 6. Products

. Research and Test Reactors 7. Transportation

. Fuels and Materlals Facllitles 8. Occupational Health

. Environmental and Siting g, Antitrust and Financlal Review
. Materials and Plant Protection 10. General

N IsWR-

Coples of |ssued guides may be purchased from the Government
Printing Office at the current GPO price. Information on current
GPO prices may be obtained by contacting the Superintendent of
Documents, U.S. Gavernment Printlng Office, Post Office Box
37082, Washington, DC 20013-7082, telephone {202)275-2060 or
{202)275-2171.

}ssued guides may also be purchased from the National Technical
Information Service on a standing order basls, Details on this
service may be obtained by writing NTIS, 5285 Port Royal Road,
Springfield, VA 22161. __ i




Any information collection activities mentioned in
this regulatory guide are contained as requirements in
10 CFR Parts 20 or 40, which provide the regulatory
basis for this guide. The information collection require-
ments in 10 CFR Parts 20 and 40 have been cleared
under OMB Clearance Nos. 3150-0014 and 3150-0020,
respectively.

B. DISCUSSION

The milling of uranium ores results in the produc-
tion of airborne particulates containing uranium and its
daughters in several areas of a typical uranium mill.
These areas encompass (1) ore storage, handling, and
crushing; (2) ore grinding, leaching, and concentrating
processes; (3) yellowcake precipitation, drying, and
packaging, and (4) miscellaneous mill locations such as
maintenance shops, laboratories, and general laundries.
Milling operations must be conducted so that all airborne
effluent releases are reduced to levels as low as is
reasonably achievable (ALARA). The primary means of
accomplishing this is the control of emissions at the
source,

The most significant sources of radioactive airborne
particulates occur in ore handling and crushing areas and
in yellowcake drying and packaging areas. These sources
are generally controlled by separate ventilation systems
in each area that remove these airborne particulates
through local hoods, hooded conveyor belts, etc., into
emission control devices where they are removed from
the air streams. The cleaned air is then discharged by
fans into the atmosphefe through local exhaust stacks.

Emission control devices are available in a wide range
of designs to meet variations in air cleaning requirements,
Degree of removal required, quantity and characteristics
of the contaminant to be removed, and conditions of
the air stream all have a bearing on the device selected
for any given application. Emission control devices used
at ore crushing and grinding operations include bag or
fiber filters (baghouses), orifice or baffle scrubbers, and
wet impingement scrubbers. Water spray systems are
also used at these operations to minimize the generation
of dust. Wet impingement scrubbers or venturi scrubbers
are generally employed at yellowcake drying and packag-

ing areas. :

All emission control devices used in a uranium mill
ventilation system need to be designed for reliable
performance under the expected operating conditions.
Initial testing and proper maintenance are primary
factors in ensuring the reliability of these components.
Periodic testing during operation to verify the efficiency
of these components is another important means of
ensuring reliability. Built-in features that will facilitate
convenient in-place testing of these devices are important
in ventilation system design.

Emission control devices used in a uranium mill
ventilation system need to be sufficiently instrumented
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to measure and monitor their operating characteristics.
Frequent checks of all significant operating parameters
are necessary to determine whether or not conditions are
within a range prescribed to ensure that this equipment
is operating consistently near peak efficiency. When
checks indicate that the equipment is not operating with-
in this range, it is necessary to take action to restore
parameters to the prescribed range. To ensure that
timely actions are taken, instrumentation is often supple-
mented by audible alarms that are preset to signal
when prescribed operating range limits are exceeded.
When the required actions cannot be taken without shut-
down and repair of this equipment, it will be necessary
to suspend milling operations that are the source of the
emissions until corrective actions have been taken. Crite-
rion 8 of Appendix A to 10 CFR Part 40 requires suspen-
ston of yellowcake drying and packaging operations as
soon as practicable when shutdown and repair of the
emission control system is necessary. The installation of
automatic shutdown instrumentation on processes and
systems at which operating parameters on emission con-
trol devices may exceed acceptable limits could prevent

excessive releases that may result from continuous oper-

ations under these circumstances, e.g., those associated
with the production of yellowcake. The installation of
backup or redundant emission control systems would per-
mit continuous operation during repair and maintenance
of the primary system.

A preventive maintenance program is important for
emission control devices used in uranium mill ventilation
systems. A program designed to identify deficiencies in
operation of these devices so that corrective action can
be taken to reduce the frequency of off-normal opera-
tion can provide a measure of confidence in the operat-
ing characteristics of these devices. This program may
require periodic updating to reflect actual in-plant
experience, equipment manufacturers’ guidelines, and
NRC guidance. For example, a preventive maintenance
program can consist of the equipment supplier’s recom-
mendations supplemented by provisions derived from the
licensee’s own routine inspection and maintenance
records.

The key to proper maintenance of emission control
devices is frequent inspection. It is important that a
regular program of inspection be established and followed
and records be kept of all inspections and the resuiting
maintenance. Inspection intervals will depend on the
type of emission control device, the manufacturer’s
recommendation, and the process area where the unit is
installed. These inspections need to be performed as
frequently as experience shows to be necessary but not
less than annually.

Considerable maintenance time can be expended on
trouble shooting and correction of malfunctions of emis-
sion control devices. The ability to locate and correct
malfunctioning components of these devices requires a
thorough understanding of the system.
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Throughout the manufacturing industry, there are
many models of each type emission control device used
at uranium mills. These models range in size in order
to meet the different air capacity needs at the mills. In
addition, some design features of each manufacturer are

- unique. Accordingly, the specific design and the testing,

operating, and maintenance procedures for each model
are beyond the scope of this guide. General guidance is
presented, however, for each type of emission control
device based on typical models in present-day use.
Background information for this guidance can be found
in' the Bibliography. The licensee may substitute proce-
dures based on specific operating parameters of the
model in use at the facility for those described in this
guide.

1. DESIGN AND OPERATION
1.1 Bag or Fabric Filters (Baghouses)

Bag or fabric filters, usually in the form of baghouses,
remove particulates from a gas stream by filtering the
airborne particulates (by impaction or diffusion) through
a porous flexible fabric made of a woven or felted
material. These collected particles form a structure of
their own, supported by the filter, and have the ability
to intercept and retain other particles. The increase in
retention efficiency is accompanied by an increase In
pressure drop through the filter. The baghouses are
equipped with one of several automatic cleaning mecha-
nisms for periodically dislodging collected material from
filter components to prevent excessive resistance to the
gas flow (i.e,, excessive pressure drop) that would
otherwise develop. The dislodged material settles in
storage hoppers before the filter components are placed
back on stream. The automatic cleaning cycle can be
initiated by either a differential pressure switch or a
timer, which may be interlocked with the main fan
motor for the baghouse.

The cleaning mechanisms employed in baghouses are
based on either mechanical shaking of the filter compo-
nents or pneumatic vibration of these components
by high-pressure air applied in reverse flow, reverse jet,
or reverse pulse modes. The effectiveness of these
compressed air systems depends on maintaining a suffi-
cient reservoir of compressed air at the pressure speci-
fied by the baghouse manufacturer. Higher pressures
than specified could cause failure of the filter fabric,
while lower pressures can result in poor filter cleaning.
These problems are minimized by pressure-regulating
devices used in the compressed air systems.

The most critical parameter to be observed during
baghouse operation is the pressure drop. Proper operation
of the baghouse requires, at a minimum, maintaining the
differential pressure of this device in the correct range
specified by the manufacturer. A manometer or a
differential-pressure gauge and transmitter are usually
provided for this purpose. This instrumentation is often
supplemented by an audible alarm system designed to
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signal and alert mill operators when prescribed differential-
pressure ranges are exceeded. Lower differential pressures
indicate potential deficiencies such as damaged filters or
other air bypass channels that should be corrected.
Higher differential pressures indicate that cleaning opera-
tions are inadequate. This can be corrected by increasing
the frequency of the automatic cleaning cycle through
adjustment of the differential-pressure switch or timer of
the baghouse installation.

1.2 Wet Scrubbers

Wet scrubbers remove particulates from a gas stream
by effecting intimate contact between the gas stream
and a scrubbing liquor, usually water. The basic opera-
tions that take place within a wet scrubber are 1)
saturation of the incoming gas, (2) contacting and
capture of the particulates in the scrubbing liquor, and
(3) separating the entrained particulate-laden liquid from
the gas stream. The basic types of wet scrubbers are
distinguished by the mechanisms used for transfer of
particulates from the gas stream to the liquid stream.
Most scrubber systems require some type of treatment
and disposal of the particulate-laden scrubbing liquor.

Several water spray systems may be used in wet
scrubber operations. Water from the main water spray
system is directed either into a screen or throat to
contact the particulate-laden gas stream. In applications
where inlet gas temperatures are inordinately high, pre-
conditioning of the incoming gas to the scrubber may
be necessary to provide adequate humidity and thereby
maintain particulate collection efficiency. This may be
accomplished by use of an auxiliary water spray system
upstream of the scrubber particulate scavenging area.
Where particulate . buildup is likely to occur in the
entrainment separator, a wash system may be necessary
to avoid this condition. The wash system is usually
composed of low-pressure spray nozzles using recycled
scrubbing liquor or fresh water for cleansing.

Orifice, wet impingement, or venturi wet scrubbers
are generally used in uranium mill ventilation systems.
In orifice-type wet scrubbers, the gas stream is made to
impinge upon a surface of scrubbing water and is then
passed through various constrictions where its velocity
may be increased and where greater liquid-particulate
interaction may occur. ‘The gas stream finally discharges
through a chamber section where entrained droplets are
disengaged. In wet impingement scrubbers, the gas
stream is wetted with water from low-pressure spray
nozzles in the scrubber inlet and then passed through
perforated plates at high velocity to impinge on baffle
plates or vanes where liquid droplets containing partic-
ulate matter coalesce and drain to a sump. Solid particles
are washed to the sump by either intermittent or con-
tinnous sprays. Prior to exiting from the scrubber, the
gas stream passes through an entrainment separator to
remove entrained liquid droplets. In a venturi scrubber,
the gas stream flows through a throatlike passage where
the gas is accelerated in velocity. The scrubbing liquor is



added at or ahead of the venturi throat and is sheared
into fine droplets by the high-velocity gas stream,
resulting in liquid-particulate interaction. The gas and
liquor droplets then pass through a cyclone separator
where entrained droplets containing particulate matter
are removed from the gas stream.

Although each type of scrubber discussed above has
unique design features, their collection efficiencies are
influenced in similar ways by incremental changes in
certain common operating parameters, principally gas
and liquid flow as well as pressure drop. A decrease in
either the gas or liquid flow rate could result in insuffi-
cient gas cleaning. Collection efficiency can also dimin-
ish if the liquid-to-gas flow rate ratio falls below design
values. An increase in pressure drop across the scrubber
will enhance the collection efficiency for the same size
distribution and concentration of particulates in the gas
stream. Proper operation of these wet scrubbers requires
monitoring of these parameters to determine that they
are within ranges prescribed to ensure equipment perform-
ance consistently near optimum collection efficiency.
Instrumentation used to monitor these parameters is
often supplemented by audible alarm systems designed
to signal and alert mill operators of the need for correc-
tive action when prescribed operating ranges are exceeded.
In some cases automatic control systems with interlocks
may be necessary. For example, the scrubber fan could
be interlocked to shut down in the event of an indica-
tion of water flow failure. These circumstances would
require suspending particulate-producing processes in the
ventilation zone serviced by the scrubber until corrective
action could be taken or switching to a redundant
scrubber unit.

Daily operational data summaries on baghouse and
wet scrubber performance are useful in providing a con-
tinuous record of performance of these devices. Other
formats that contain equivalent information such as
recorder charts can also be used for this purpose.
Criterion 8 of Appendix A to 10 CFR Part 40 requires
that checks of all parameters that determine the effi-
ciency of yellowcake stack emission control equipment
operation be made and logged hourly. In addition, data
from checks made of all operating parameters necessary
to enable timely identification of malfunctions can be
of value in ensuring proper operation of baghouses and
wet scrubbers and in updating preventive maintenance
programs for these devices to reflect actual operating
experience.

2. MAINTENANCE
2.1 Bag or Fabric Filters (Baghouses)

The frequency of needed maintenance for baghouses
can be determined from manufacturers’ recommendations
and operating experience. In order of decreasing frequen-
cy, the principal baghouse components requiring mainte-
nance are (1) filter bags, (2) flow controls, (3) hoppers,
and (4) cleaning mechanisms. Symptoms of potential
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operating problems requiring corrective maintenance are

almost always one of the following: (1) excessive emis-
sions, (2) short filter bag life, and (3) high pressure
drop. These symptoms may indicate malfunctioning in
more than one component. For example, high pressure
drop may be attributable to difficulties with the filter
bag cleaning mechanism, low compressed air pressure,
high humidity, weak shaking action, loose filter bag
tension or excessive reentrainment of dust. Many other
factors can cause excessive pressure drop, and several
options are usually available for appropriate corrective
action.

2.2  Wet Scrubbers

The major maintenance problems with wet scrubbers
are (1) excessive buildup of solids in the wet/dry zones
and entrainment separator, (2) plugged water spray noz-
zles, (3) abrasion in areas of high velocity such as
throats and orifices, and (4) corrosion on. scrubber vessel
internal surfaces. A Dbuildup of solids often occurs
around the wet/dry interfaces of ducts where the gas
stream contacts the wetted scrubber housing. Instrumen-
tation such as liquid and -gas pressure indicators can
exhibit rapid solids buildup and therefore require regular
cleaning to ensure proper system operation and perform-
ance. Increased pressure drop, reduced gas flow, and
subsequent system malfunction are all possible conse-
quences of a buildup -of solids in the entrainment
separator. Water spray nozzles frequently wear or clog,
which produces an uneven liquid pattern and requires
their replacement. Venturi and impingement scrubbers
tend to show signs of abrasion in areas downstream of
gas and liquid acceleration. Corrosion can occur from
the high moisture and airborne liguid incident on
components, in particular where protective liners may
have deteriorated.

A regular schedule of routine inspection of key com-
ponents and operating parameters is an essential ingredi-
ent of a maintenance program for ensuring the reliabil-
ity of performance of typical baghouses and wet scrub-
bers. Examples of some typical maintenance activities
for baghouses and wet scrubbers used at uranium mills
are presented in Appendices A and B, respectively.
These activities are in addition to those procedures
recommended by manufacturers for routine lubrication,
inspection, and replacement of component parts.

3. TESTING

To ensure proper selection of emission control de-
vices, it is necessary for potential users to supply manu-
facturers with a list of specifications for the given appli-
cation, including gas flow rates, liquid flow rates (where
scrubbers are under consideration), temperature, pressure,
pressure drop, concentration of particulates, particle size
distribution, emission levels, and collection efficiency.
The manufacturers, in turn, should design and supply
these devices based on test data already available for
prototype equipment used under similar circumstances.



If relevant test data are not available, it is generally
advisable for the manufacturer and potential user to run
mutually agreed-upon pilot plant or prototype tests with
a gas stream typical of the gas stream to be cleansed to
ensure that proper equipment is supplied to meet the

- desired collection efficiency. After installation of the

device, it may be tested in place to confirm its particu-
late removal efficiency. Periodic in-place testing will
ensure continued effectiveness of the device. In this
way, reliable data will be available to the licensee for
estimating the environmental impact of uranium milling
operations before and after the commencement of
operations.

Collection efficiency for baghouses and wet scrubbers
used in uranium mills is usually based on inlet and out-
let particulate concentrations in a dry gas corrected to
standard temperature and pressure. Inlet and outlet par-
ticulate concentrations are preferably sampled simultane-
ously if practicable. The procedure of choice for deter-
mination of particulate concentrations is described in
Method S5, “Determination of Particulate Emissions
From Stationary Sources,” of Appendix A to 40 CFR
Part 60, “Standards of Performance for New Stationary
Sources.” In this procedure, particulate matter is with-
drawn isokinetically from the gas stream and collected
on a glass fiber filter maintained in a prescribed elevated
temperature range. The particulate mass, which includes
any material that condenses at or above the -filtration
temperature, is determined gravimetrically after removal
of uncombined water. If a preoperational in-place
determination of collection efficiency is desired, 2
procedure mutually acceptable to the user and manufac-
turer may be used.

4. QUALITY ASSURANCE

Components of uranjum mills do not require a
formal quality assurance program; however, particular
quality assurance requirements may be imposed by the
NRC as license conditions if deemed necessary to
protect health. A quality assurance program for emission
control devices need only be an extension of the overall
quality assurance program usually submitted by an
applicant for a license to ensure that the emission
control devices are designed and the testing, operating,
and maintenance procedures are implemented to main-
tain uniform operation of these devices within prescribed
ranges under expected operating conditions.

C. REGULATORY POSITION

Emissions from milling operations must be controlled
so that all airborne effluent releases are reduced to
levels as low as is reasonably achievable. An important
means of accomplishing this is by means of emission
control devices in mill ventilation systems. The design
and the testing, operating, and maintenance procedures
for these emission control devices should ensure that
these devices are operating consistently near peak opera-
tional efficiency.
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1. DESIGN AND OPERATION

In addition to the requirement in Criterion 8 of
Appendix A to 10 CFR Part 40 that requires checks to
be made and logged hourly of all parameters that
determine the efficiency of yellowcake stack emission
control equipment operation, other emission control
devices should be sufficiently instrumented to monitor
all operating parameters necessary to enable timely
identification of malfunctions. Consideration should be
given to centralizing equipment instrumentation and
controls, where feasible, to facilitate ease of changing
and evaluating operating parameters.

Instrumentation may be supplemented by audible
alarms that are preset to signal when prescribed operat-
ing range limits are exceeded.

Consideration should be given to installation of auto-
matic shutdown instrumentation on processes and sys-
tems so that, when operating parameters on emission
control devices exceed preset limits, operations would
cease.

Equipment used in the  emission control system
should be clearly marked to allow easy identification.
Up-to-date system drawings should be available to
identify the location of valves and instruments. A rec-
ord of system modification or changes should alsc be
available, : ’

Consideration should be given to keeping records of
operating data in order to evaluate system performance
and to provide a basis for establishing or modifying a
preventive maintenance program.

Written procedures should be available for equipment

operation and for operator actions if malfunctions

occur. Checkoff lists should be considered for complex
or infrequent modes of operation. Some operational
procedures that may be considered for typical baghouses
and wet scrubbers used at uranium mills are presented

in Appendix C.

Equipment operators should be instructed in the
function of each device and its operating characteristics.
They should also be made aware of consequences of
malfunctions and misoperation as well as of corrective
measures that may be taken by the operator.

Equipment operators should be made aware of modi-
fications to the equipment, changes in procedures, and
problems encountered during system operation.

2. MAINTENANCE

A preventive maintenance program should be devel-
oped and implemented to sustain proper equipment
performance and to reduce unscheduled repairs. Inspec-
tions should be berformed at least annually, more
frequently if necessary, on all components.



In the development of the maintenance program, con-
sideration should be given to the type of emission
control device, the manufacturer’s recommendations, and
the process at which the unit is installed. This program
may require periodic updating to reflect onsite mainte-
nance experience.

Schedules and written procedures should be available
for maintenance work. Maintenance personnel should
be trained in the implementation of maintenance pro-
cedures. They should be trained to recognize the symp-
toms that indicate potential problems, to determine the
cause of the difficulty, and to remedy it with the help,
if necessary, of the manufacturer or other outside
resource.

3. TESTING

Emission control devices should be tested in place
at least annually to verify collection efficiency. Collec-
tion efficiency for baghouses and wet scrubbers used in
uranium mills should be based on inlet and outlet
radioactive particulate concentrations in a dry gas cor-
rected to standard temperature and pressure. Inlet and
outlet (radioactive or uranium) particulate concentrations
should be sampled simultaneously, if practicable.

The test should be performed in accordance with
Method 5 of Appendix A to 40 CFR Part 60 or an
acceptable equivalent.
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If a preoperational in-place determination of collec-
tion efficiency is desired, a procedure mutually accept-
able to the user and manufacturer may be used.

4. QUALITY ASSURANCE

The overall quality assurance program submitted by
an applicant for a license should include provisions for
(1) documentation, review, and evaluation of design,
testing, operating, and maintenance data for emission
control devices and (2) timely initiation of corrective
actions necessary to maintain uniform operation of these
devices within prescribed ranges under expected operat-
ing conditions.

D. IMPLEMENTATION

The purpose of this section is to provide information
to applicants and licensees regarding the NRC staff’s
plans for using this regulatory guide.

Except in those cases in which an applicant or
licensee proposes an acceptable alternative method for
complying with specified portions of the Commission’s
regulations, the methods described in this guide will be
used by ‘the NRC staff in evaluating procedures for
designing, testing, operating, and. maintaining emission
control devices used at uranium mills.
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APPENDIX A

TYPICAL MAINTENANCE ACTIVITIES FOR BAGHOUSES

COMPONENT

Baghouse Housing

Compressed Air System

Dust Collection Hopper

Manometer

Filter Bags

ACTIVITIES

Inspect exhaust from filters for visible dust.
Inspect gasketing on filter housing to ensure
against leakage. ’
Inspect for air leakage (low pressure) and check
valves.*

Check alignment of air pulse holes with center
Qf bag filters.* :

Inspect for dust and debris buildup in ducts to

hopper.

Rod out dust buildup on all accessible hopper
surfaces. : ’

Check operation of the discharge mechanism.

Inspect for blockage.

Inspect individual filter bags and attachment
hardware.

*Activities applicable to pulse or jet baghouses. The remainder are applicable to all baghouses.
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APPENDIX B

TYPICAL MAINTENANCE ACTIVITIES FOR WET SCRUBBERS

COMPONENT

Scrubber Body

Nozzles

Entrainment Separator

Pumps

Instruments
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ACTIVITIES

Inspect for wear, particularly in areas downstream
of gas and liquid acceleration.

Inspect for corrosion on all scrubber internal surfaces.
Inspect for excessive buildup, in particularin the
wet/dry zone.

Inspect for buildup and damage.

Check operation.

Inspect structural supports for integrity.

Inspect pumps for wear, seal water, packing, and
smooth operation.

Inspect the condition of all instruments with regard
to solids buildup.



APPENDIX C

TYPICAL OPERATIONAL SURVEILLANCE PROGRAM
FOR EMISSION CONTROL DEVICES

EMISSION
CONTFROL DEVICE SURVEILLANCE ACTIVITY
Baghouses o Monitoring differential pressure, Adjusting timer or
differential-pressure switch to adjust frequency of
automatic cleaning cycle as needed.
e Monitoring differential-pressure alarm lights in conatrol
area. )
e Monitoring compressed air pressure gauge on high-
pressure air system.
e Monitoring air flow instrumentation in control area.
Wet Scrubbers . ¢ Monitoring differential pressure.

e Monitoring differential-pressure alarm lights in control
area. ’

s Monitoring air flow instrumentation and alarm lights
T . in control area.

e Monitoring water flowmeters.

e Monitoring water pressure alarm lights in control area,

s Monitoring control area process control indicator
lights for possible process shutdown in the event

of water flow failures at preconditioning sprays
or at the scrubber.
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VALUE/IMPACT STATEMENT

The NRC staff performed a value/impact assessment
to determine the proper procedural approach for pro-
viding guidance on designing, testing, operating, and
maintaining emission control devices at wranium mills.
The assessment resulted in a decision to develop a
regulatory guide describing procedures for designing,
testing, operating, and maintaining emission control
devices at uranium mills. The results of this assessment
were included in a draft regulatory guide on this sub-
ject, CE, 309-4, that was issued for public comment in

May 1985. Comments received from the public and
additional NRC staff review have shown no need to

_change the value/impact statement published with the
-proposed regulatory guide. Therefore, the valuefimpact

statement published with the proposed guide is still
applicable, A copy of the draft regulatory guide (identi-
fied by its task number, CE 309-4) and its associated
value/impact statement is available for inspection and
copying for a fee at the NRC Public Document Room
at 1717 H Street NW., Washington, DC.
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RADIOLOGICAL EFFLUENT AND ENVIRONMENTAL MONITORING
AT URANIUM MILLS

A. INTRODUCTION

Uranium mill operators are required by Nuclear Regula-
tory Commission (NRC) regulations and license conditions
to conduct radiological effluent and environmental moni-
toring programs. Regulations applicable to uranium milling
are contained in 10 CFR Part 20, “Standards for Protection
Against Radiation,” and Part 40, “Domestic Licensing of

. Source Material.”” For example, § 40.65, “Effluent Moni-

toring Reporting Requirements,” of 10 CFR Part 40
requires the submission to the Commission of semiannual
reports containing information required to estimate doses
to the public from effluent releases. -

Information on radiation doses and the radionuclides in
a mill’s effluents and environment both prior to and dunng
operations is needed by the NRC staff:

1. To es'amate maximum potential annual radiation
doses to the public resulting from effluent releases.

2. To ascertsin whether the regulatory requirements of
the NRC (including 10 CFR Part 20 dose limits, release
limits, and the “as low as is reasonably achievable’ require-
ment), mill license conditions, and the requirements of
40 CFR Part 190, “Environmental Radistion Protection
Standards for Nuclear Power Operations,” have been met.

3. To evaluate the performance of effiuent controls,
including stabilization of active and inactive tailings piles,

4. To evaluate the environmental impact of milling opera-
tions, both during operations and after decommissioning.

5. To establish baseline data to aid in evaluation of
decommissioning operations or decontamination following
any unusual releases such as a tailings dam failure.

»
The substantial number of changes in this revision has mnde it
impractical to indicate the changes with llnu in the mlrsln .

"This guide describes programs acceptable to the NRC
staff for measuring and reporting releases of radioactive
materials to the environment from typical uranium mills,

The programs described in this guide are not require-
ments. Licensing requirements are determined by the NRC
staff on a case-by-case basis during individual licensing -
reviews. Individual applicants or licensees may propose
alternatives for new or existing monitoring programs that
need not necessarily be consistent with this guide. The

_justification for such alternatives will be reviewed by the

NRC staff, and ths acceptability of proposed alternatives
will be determined on a case-by-case basis during individual
licensing reviews. For exampls, it is anticipated that opera- -
tional monitoring programs that do not include at least
three continuous air samples at the site boundary will
include more extensive stack sampling and more sampling
locations than are described in this guide as well as meteor-
ological  data and -additional environmental monitonng
requnements

B. DISCUSSION

" The radistion dose an individual receives can be deter-
mined only if the radionuclides to which an individual is
exposed are known. Therefore, monitoring programs should
provide accurate information on the specific radionuclides

_in effluents from a mill, its ore piles, and its tailings reten-

tion system and in the surrounding environment.

Methods of sampling and analysis for the radionuclides
associated with uranium milling are discussed in sources
listed in the bibliography. The listing of these documents is
not meant to be all inclusive, nor does it constitute an
endorsement by the NRC staff of all of the methods in all

“of the listings. Rather, these listings are provided 23 sources

of information to aid the licensee in developing a8 monitor-
ing program.

The sampling program described 'belo\v is divided into

T two parts:. preoperational mqnitg;ing and operatipnal
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monitoring. Preoperational data is submitted to the NRC as
part of the application process. Operational data is reported

" a3 required by § 40.65 of 10 CFR Part 40 and specific |

license conditions and at times of license renev_val.
C. REGULATORY POSITION
. 1. PREOPERATIONAL MONITORING

An acceptable preoperational monitoring program is
described below and summarized in Table 1. At least twelve
consecutive months of data, including complete soil sam-

_pling, direct radiation, and radon flux data, should be sub-
mitted to the NRC staff prior to any major site construc-
tion. A complete preoperational report with twelve consec-
utive months of data should be submitted prior to beginning
milling operations. Prior to the start of local mining opera-
tions, if possible, monitoring data, including airborne radon
measurements, should be submitted to the NRC staff.

Applicants may propose alternatives to this preopera-
tional program. However, equivalent alternatives should be
proposed for the operational program so that the programs
remain compatible,

1.1 Preoperational -Samplins Program
1.1.1 Air Samples

Air particulate samples should be collected continuously
at a minimum of three locations at or near the site bound-
ary. If there are residences or occupiable structures within
10 kilometers of the site, a continuous cutdoor air sample
should be collected at or near the structure with the highest
predicted airborne radionuclide concentration due to milling
operations and at or near at least one structure in any area
where predicted doses exceed 5 percent of the standards in
40 CFR Part 190. A continuous air sample should also be
collected at a remote location that represents background
conditions at the mill site; in general, a suitable location
would be in the least prevalent wind direction from the site
and unaffected by mining or other milling operations.

~ Normally, filters for continuous ambient air samples are
changed weekly or more often as required by dust loading.

The sampling locations should be determined according
to the projected site and milling operation. Preoperational

sampling locations should be the same as operational .

locations. The following factors should be considered in
determining the sampling locations: (1) average meteorolog-
ical conditions (windspeed, wind direction, atmospheric
stability), (2) prevailing wind direction, (3) site boundaries
nearest to mill, ore piles, and tailings-piles, (4) direction of
nearest occupiable structure (see footnotes of Tables 1 and
2), and (5) location of estimated maximum concentrations
of radioactive materials.

Samples should be collected continuously, or for at least
one week per month, for analysis of radon-222, The sam-
pling locations should be the same as those for the continu-

" ous air particulate samples.
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1.1.2 Water Samples

. Samples of ground water should be collected quarterly
from at least three sampling wells located hydrologically .
down gradient from the proposed tailings area, at least
three locations near other sides of the tailings area, and one
well logated hydrologically up gradient from the tailings
area {to serve as a background sample). The location of the
ground-water sampling wells should be determined by
hydrological analysis of the potential movement of seepage
from the tailings area, and the basis for choosing these loca-
tions should be presented when data is reported, Wells drilled
close to the tailings for the specific purpose of obtaining
representative samples of ground water that may be affect-
ed by the mill tailings are preferable to existing wells.

Ground-water samples should also be collected quarterly
from each well within two kilometers of the proposed
tailings area that is or could be used for drinking water,
watering of livestock, or crop irrigation.

Samples of surface water should be collected quarterly
from each onsite water impoundment {(such asa pond or lake)
and any offsite water impoundment that may be subject to
seepage from tailings, drainage from potentially contami-
nated areas, or drainage from a tailings impoundment failure.

Samples should be collected at least monthly from
streams, rivers, any other surface waters or drainage systems -
crossing the site boundary, and any offsite surface waters
that may be subject to drainage from potentially con-
taminated areas or from a tailings impoundment failure.
Any stream beds that are dry part of the year should be
sampled when water is flowing. Samples should bs collected
at the site boundary or at alocation immediately downstream
of the area of potential influence.

1.1.3 Veéetation, Food, and Fish Samples

Forage vegetation should be sampled at least three times
during the grazing season in grazing areas in three different
sectors having the highest predicted airborne radionuclide
concentration due to milling operations.

At least three samples should be collected at time of
harvest or slaughter or removal of animals from grazing for
each type of crop (including vegetable gardens) or livestock
raised within three kilometers of the mill site.

Fish (if any) samples should be collected semiannually
from any bodies of water that may be subject to seepage or
surface drainage from potentially contaminated areas or
that could be affected by a tailings impoundment failure.

1.1.4 Soil and Sediment Samples
Prior to initiation of mill construction (and if possible
prior to mining), one set of s0il samples should be collected

as follows:

a. Surface-soil samples (to a depth of five centimeters)
should be collected using a consistent technique at 300-



meter intervals in each of the eight compass directions out
to a distance of 1500 meters from the center of the milling
area. The center is defined as the point midway between
the proposed mill and the tailings area. .

b. Surface-soil samples should also be collected at each
of the locations chosen for air particulate samples.

¢. Subsurface samples (to a depth of 1 meter) should be
collected at the center of the milling area and at a distance
of 750 meters in each of the four compass directions.

“Soil sampling shoufd be repeated for each location
disturbed by site excavation, leveling, or contouring,

One set of sediment samples should be collected from the
same surface-water locations as described in Section 1.1.2.

For surface water passing through the site, sediment should =

be sampled upstream and downstream of the site. Samples
should be collected following spring.runoff and in late
summer, preferably following an extended period of lowflow.
In each location, several sediment samples should be col-
lected in a traverse across the body of water and composited
for analysis,

1.1.5 Direct Radiation

Prior to initiation of mill construction (and if possible
prior to mining), gamma exposure rate measurements
should be made at 150-meter intervals in each of the eight
compass directions out to a distance of 1500 meters from
the center of the milling area. Measurements should also be
made at the sites chosen for air particulate samples.

Measurements should be repeated for each location
disturbed by site excavation, leveling, or contouring:

Gamma exposure measurements should be made with
passive integrating devices (such as thermoluminescent
dosimeters), pressurized ionization chambers, or properly
calibrated portable survey mstruments '

Direct radiation measurements should be made in dry
weather, not during periods followmg ramfall or when soil
is abnormally wet.

1.1.6 Radon Fiux Measurements

Radon-222 flux measurements should be made in three
separate months during normal weather conditions in the
spring through the fall when the ground is thawed. The
measurements. should be ‘made at the center of the milling
area and at locations 750 and 1500 meters from the center
in each of the four compass directions. Measurements
should not be taken when the ground is frozen or covered
with ice or snow or following periods of rain.

1.2  Analysis of Preoperational Samples

Air particulate samples should be analyzed for natural
uranium, thorium-230, radium-226, and lead-210.
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Air samples collected for radon should be analyzed for
radon-222

The results of analyses of air samples should be used to
determine the radionuclide concentrations for the sampling
locations.

Al ground-water'samples collected near the tailings area
should be analyzed for dissolved natural uranium, thorium-
230, radium-226, polonium-210, and lead-210. Ground-water
samples from sources that could be used as drinking water
for humans or livestock or ctop irrigation should also be
analyzed for suspended natural uranium, thorium-230,
radium-226, polonium-210,-and lead-210.

Surface-water samples from water impoundments should
be analyzed quarterly for natural uranium, thorium-230, and
radium-226 and semiannually for lead-210 and polonium-210.
The samples should be analyzed separately for dissolved and
suspended radionuclides.

Surface-water samples from flowing surface water should
be analyzed monthly for natural uranium, thorium-230 and
radium-226 and semiannually for lead-210 and polonium-210.
The samples should be analyzed separately for dissclved and
suspended radionuclides.

The results of analyses of water samples should be used to
determine the radionuclide concentrations for the sampling
locations. :

Vegetation, food, and fish (edible portion)' samples
should be analyzed for natural uranium, thorium-230,
radium-226, lead-210, and polonium-210. ,

All soil samples should be analyzed for radium-226. Soil
samples collected at air particulate sampling locations and
ten percent of all other soil samples (including at least one sub-
surface set) should be analyzed for natural uranium, thorium-
230, and lead-210. Analysis of extra soil samples may be
necessary for repeat samples collected at locations disturbed
by site excavation, leveling, or contouring.

Sediment samples should be analyzed for natural uranjum,
thorium-230, radium-226, and lead-210.

2. OPERATIONAL MONITORING

An acceptable monitoring program to be conducted during
construction and after the beginning of milling operations
is described below and summarized in Table 2. The results
of this program should be summarized guarterly and sub-
mitted to NRC semiannually pursuant to § 40.65 of 10 CFR
Part 40. An acceptable reporting format is shown in Table 3.

2.1 Operational Sampling Program
2,1.1 Stack Sampling
Effluents from the yellowcake dryer and packaging stack.

should be sampled at least quarterly during normal opera-
tions. The sampling should be isokinetic, representative,



and adequate for determination of the release rates and
concentrations of uranium. The sampling should also be
adequate for the determination of release rates and con-
centrations of thorium-230, radium-226, and lead-210
if this data cannot be obtained from other sources,

Other stacks should be sampled at least semiannually.
The samples should be representative (not necessarily
isokinetic) and adequate for the determination of the
release rates and concentrations of uranium, thorium-230,
radium-226, and lead-210,

All stack flow rates should be measured at the time of
sampling.

2.1.2 Air Samples -

Air particulafe samples should be collected continuocusly

at (1) a minimum of three locations at or near the site
boundary, (2).the residence or occupiable structure within
10 kilometers of the site with the highest predicted air-
borne radionuclide concentration, (3) at least one residence
or occupiable structure where predicted doses exceed 5
percent of the standards in 40 CFR Part 190, and (4) a

remote location representing background conditions. The -

sampling locations should be the same as those for the
preoperational air samples (see Section 1.1.1). The sampling
should  be adequate for the Hetermination of natural ura-
nium, thorium-230, radium-226, and lead-210.

Normally, filters for continuous ambient air samples are
changed weekly or more often as required by dust loading.

Samples should be collected continuously at the same
locations, or for at least one week per month, for analysis

-of radon-222,

2.1.3 Water Samples

Samples of ground water should be collected from at
least three sampling wells located hydrologically down
gradient from the tailings area and from one background
well located hydrologically up gradient. The samples should
be collected monthly through the first year of operation
and quarterly thereafter from -the same downslope and
background wells that were used for preoperational samples
(see Section 1.1.2).

Samples should be collected at least quarterly from each
well within two kilometers of the tailings area that is or
could be used for drinking water, watering of livestock, or
crop irrigation.

Samples should be collected at least quarterly from each
onsite water impoundment (such as a pond or lake) and any
offsite water impoundment that may be subject to seepage
from tailings, drainage from potentislly contaminated areas,
or drainage from a tailings impoundment failure.

Samples should be collected at least monthly from any
surface water crossing the site boundary and offsite stréams
or rivers that may be subject to drainage from potentially
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contaminated areas or from a tailings impoundment failure.
Stream beds that are dry part of the year should be sampled
when water is flowing. Operational samples should be
collected upstream and downstream of the area of potential
influence. .

Any unusual releases (such as surface seepage) that are '

not part of normal operations should be sampled.
.2.1.4 Vegetation, Food, and Fish Samples -

Where a significant pathway to man is identified in
individual licensing cases, vegetation, food, and fish samples
should be collected as described below.

Forage vegetation should be sampled at least three times
during the grazing season in grazing areas in three different
sectors having the highest predicted airborne radionuclide
concentration due to milling operations.

At least three samples should be collected at the time of
harvest or slaughter or removal of animals from grazing for
each type of crop (including vegetable gardens) or livestock
raised within three kilometers of the mill site.

Fish (if any) samples should be collected semiannually
from any bodies of water that may be subject to seepage or

surface drainage from potentially contaminated areas or

that could be affected by a tailings impoundment failure.
215 So:'l and Sediment Samples

Surface-soil samples should be collected annually using a
consistent technique at each of the locations chosen for air
particulate samples as described in Section 2.1.2.

Sediment samples should be collected annually from the
surface-water locations described in Section 2.1.3.

2.1.6 'Direct Radiation

Gamma exposure rates should be measured quarterly at
the sites chosen for air particulate samples as described in
Section 2.1.2. Passive integrating devices (such as thermo-
luminescent dosimeters),- pressurized ionization chambers,
or properly calibrated portable survey instruments should
be used (see Regulatory Guide 4.13).

2.2 Analysis of Operational Samples

Samples from the yellowcake dryer and packaging stack
should be analyzed for natural uranium. Samples should
also be analyzed for thorium-230, radium-226, and lead-210
if this data cannot be obtained from other sources such as
isotopic analysis of yellowcake product. Samples from
other stacks should be analyzed for natural uranium,
thorium-230, radium-226, and lead-210.

Air particulate samples should be analyzed for natural
uranium, thorium-230, radium-226, and lead-210.

Air samples collected for radon should be analyzed for
radon-222.

N



The results of analyses of air samples should be used to .

determine the radionuclide release rates for the stacks and
the radionuclidé ‘concentrations for the stacks and other

" sampling locations.

Water samples should be analyzed for natural uranium,
thorium-230, radium-226, polonium-210, and lead-210.

'Ground-water samples from sources not expected to be
used as drinking water should be analyzed for dissolved
radionuclides, Ground-water samples from sources that
could be used as drinking water for humans or livestock and
all surface-water samples should be analyzed separately for
dissolved and suspended radionuclides, These results should
be used to determine radionuclide concentrations for
ground water and natural bodies of water.

All vegetation, food, and fish (edible portion) samples
should be analyzed for radium-226 and lead-210.

All soil samples should be analyzed for natural uranium,
radium-226 and lead-210

All sediment samples should be analyzed for natural
uranium, thérium-230, radium-226, and lead-210.

3. QUALITY OF SAMPLES

Provisions should be made to ensure .that representative
samples are obtained by use of proper sampling equipment,
proper locations of sampling points, and proper sampling
procedures (see bibliography).

Air samples may be composited for analysis if (1) they
are collected at the same location and (2) they represent a
sampling period of one calendar quarter or less. Air samples
should not be composited if (1) they represent a sampling
period of more than one calendar quarter, {2) they are from
different sampling locations, or (3) the samples are to be
analyzed for radon-222.

Samples collected for analysis of radon-222 should be
analyzed quickly enough to minimize decay losses,

'Samples other than air'saniples'should not be composited.

4. SOLUBILITY OF AIRBORNE RADIOACTIVE
MATERIAL - :

Table 1 of Appendix B, “Concentrations in Air and
Water Above Natural Background,” to 10 CFR Part 20 lists
separate values-for solublé and insoluble radioactive mate-
rials in effluents. In- making comparisons between airborne
effluent concentrations and the values given in Table II of
Appendix B to' 10 CFR Part 20, the maximum permissible
concentrations for insoluble materials should be used.

5. LOWER LIMIT OF DETECTION
The lower limits of detection for stack efﬂuent samples

should be 10% of the appropriate concentration limits
listed in Table 11 of Appendix B to 10 CFR Part 20.

4.14-5

The lower limits of detection for anmalysis of other
samples should be as follows:

U-natural, Th-230, Ra-226 inair - 1 x 10! uCi/mt

Pb-210in air - 2x107% pCi/mi
Rn-222 ' - 2x10™° ucifmi
U-natural, Th-230, Ra-226 in - 2x 10710 yCi/ml
water
Po-210 in water ' - 1x 107 uCifml
Pb-210in water - 1x 10 uCi/ml
. Uwnatural, Th-230,Ra-226, = - 2x 107 uCi/g
Pb-210 in soit and sednment
(dry) .
U-natural, Th:230 in vegetation, - 2x 1077 uCifkg
food, and fisp (wet) -
Ra-226 in vegetation, food,and - 5 x 10 uCifke
fish (wet)

Po-210, Pb-210 in vegetation, - 1 x 1075 uCifkg
food, and fish (wet) :

Obviously, if the actual concentrations of radionuclides
being sampled are higher than the loweér limits of detection
indicated above, the sampling and analysis procedpres need
only be adequate to measure the actual concentrations.
In such cases, the standard deviation estimated for random

~ error of the analysis should be no greater than 10% of the

measured value,

An acceptable method for calculating lower limits of
detection is described in the appendix to this guide.

6. PRECISION AND ACCUkACY‘OF RESULTS .
6_.1 Error Estimates

The random error associated with the analysis of samples
should always be calculated. The calculation should take
into account all significant random uncertainties, not
merely counting error.

If the analyst estimates that systematic errors associated
with the analysis are significant relative to the random
error, the magnitude of the systematic error should be
estimated.

6.2 Calibration

Individual written procedures should ‘be prepared and
used for specific methods of calibrating all sampling and
measuring equipment, including ancillary equipment. The
procedures should ensure that the equipment will operate
with adequate accuracy and stability over the range of its
intended use Calibration procedures may be ‘compilations



of published standard practices, manufacturers® instructions
that accompany purchased equipment, or procedures
written in-house. Calibration procedures should identify the
specific equipment or group of instruments to which the
procedures apply.

To the extent possible, calibration of measuring equip-
ment should be performed using radionuclide standards
certified by the National Bureau of Standards or standards
obtained from suppliers who participate in measurement
assurance activities with the National Bureau of Standards
(see Regulatory Guide 4.15). '

Calibrations should be performed at regular intervals, at
. least semiannually, or at the manufacturer’s suggested inter-
val, whichever is more frequent. Frequency of calibration
should be based on the stability of the system. I appro-
priate, equipment may be calibrated before and after use
instead of at arbitrarily scheduled intervals. Equipment
should be recalibrated or replaced after any repairs or when-
ever it is suspected of being out of adjustment, excessively
worn, or otherwise damaged and -not operating propetly.
Functional tests, i.e., routine checks performed to-demon-
strate that a given instrument is in working condition, may
be performed using sources that are not certified by .the
National Bureau of Standards.

6.3 Quality of Results

.A continuous program should be prepared and imple-
mented for ensuring the quality of results and for keeping
random and systematic uncertainties to a minimum,. The
procedures should ensure that samples and measurements

are obtained in a uniform manner and that samples are not’

changed prior to analysis because of handling or because of
their storage environment. Tests should be applied to
analytical processes, including duplicate analysis of selected
effluent samples and periodic cross-check analyses with
independent laboratories (see Regulatory Guide 4,15).

7. RECORDING AND REPORTING RESULTS

This section provides guidelines for recording all results.
Reports submitted to NRC should be prepared using these
guidelines and the format shown in Table 3 of this guide.
7.1 Sampling and Analysis Results

7.1.1 Air and Stack Samples

For each air or stack sample, the following should be
recorded:

1. Location of sample.
2. Dates during which sample was collected.
3. The concentrations of natural uranium, thorium-

230, radium-226, lead-210, and radon-222 for all
samples except stack samples.
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4, The cconcentration of natural uranium, thorium-
230, radium-226, and lead-210 for stack effluent
samples.

5. The pércentage of the appropriate concentration
limit as shown in Table II of AppendixB to 10 “w.
CFR Part 20. .

6. The estimated release rate of natural uranium,
thorium-230, radium-226, and lead-210 for stack
effluent samples.

7. The flow rate of each stack.

7.1.2 Liquid-SampIes

For each liquid sample, the folloiv'ing should be recordéd:

1. Location of sample,

2. Type of sample (ground o} surface water),

. 3.’ Date of sample collection.

4. The concentrations of natural uranium, thorium-230,
radium-226, polonium-210, and lead-210. (If separate
. analyses were conducted for dissolved and suspended
radionuclides, report each result separately.)
7.1.3 Other Samples
For other samples, the following should be recorded:
1. Location of sample. ~—

2. Date of sample collection.

3. Type of sample (vegetation, soil, radon-222 flux,
gamma exposure rate, etc.)..

4. Analytical result (radionuclide concentration, gamma
exposure rate, radon flux rate, etc.).

7.1.4 Error Estimates

Reported results should always include estimates of

uncertainty. The magnitude of the random error of the

- analysis to the 95% uncertainty level should be reported for
each resuit. If significant, an estimate of the magnitude of
the systematic error should also be reported.

7.1 Supplemental Information

The following information should be included in each

monitoring report submitted to NRC:

1. Name of facility, location, docket number, and
license number.

2. Description of sampling equipment and discussion of
how sampling locations were chosen.
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3. Description of sampling procedures, including sam-
pling times, rates, and volumes.

4. Description of analytical procedures.
5. Description of calculational methods.

6. Discussion of random and systematic error estimates,
including methods of calculation and sources of
systematic error.

7. The values of the lower limits of detection, along
with a description of the calculation of the lower
limit of detection.

8. The values of maximum permissible concentration
from Table II of Appendix B to 10 CFR Part 20 used
in any calculations.

9. Discussion of the program for ensuring the quality of
results.

10. Description of calibration procedures.

11. Discussion of any unusual releases, including the
circumstances of the release and any data available on
the quantities of radionuclides released.

7.3 Units

Radionuclide quantities should be reported in curies.
Radionuclide concentrations should be reported in micro-
curies per milliliter for air and water, microcuries per gram
for soil and sediment, and microcuries per kilogram for
vegetation, food, or fish, Direct radiation exposure rates
should be reported in milliroentgens per calendar quarter.
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Radon flux rates should be reported in picocuries per
square meter persecond. Stack flow rates should be reported

- in cubic meters per second. (In the-International System of

Units, a curie equals 3.7 x 10t0 becquerels, a microcurie
equals 3.7 x 10% becquerels, and a milliliter equals 10°¢
cubic meters.)

Bstimates of random error should be reported in the
same units as the result itself. Estimates of systematic error
should be reported as a percentage of the result.

Note: The Commission has discontinued the use in 10
CFR Part 20 of the special curie definitions for natural
uranium and natural thorium (39 FR'23990, June 28,
1974). Reports to the Commission should use units icon-
sistent with this change.

7.4 Significant Figures

Results should not be reported with excessive significant
figures, so that they appear more certain than they actually
are. The reported estimate of error should contain no more
than two significant figures. The reported result itself
should have the same number of decimal places as the
reported error.

7.5 Format

Reports should be submitted according to the format
shown in Table 3. -

The term “‘not detected,” “less than the lower limit of
detection (LLD),” or similar terms should never be used,
Each reported result should be a value and its associated
error estimate, including values less than the lower limit
of detection or less than zero.
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TABLE 1

PREOPERATIONAL RADIOLOGICAL MONITORING PROGRAM FOR URANIUM MILLS

Type of Sample Sample Collection Sanple Analysis
‘ Type of
Number Location Method Frequency Frequency Analysis
AIR ’ Cr

Particulates Three

One.

One

Radon Gas'®  Five or

more. .

Ground Hater(e) Six or
; more
One from
each well
One

At or near the site.

boundaries

At or close to the

nearest(b) residence(s)
or occupfable offsite
structure(s) (if with-

in 10 kw of site)
At ‘& control or back~
ground - location renot.e
from sitef c)

Same locations as for
_.ate. part.icuhus :

- . WeYls jocated around’
. future taflings dis-

posal area. At least
three wells hydrologi-
cally down gradient
from disposal area. At
least three located on
other sides of tailings
disposal area.(f)

Wells within 2 ke of

tailings disposal area.
that are or could be used
for potable water supplies,
watering of livestock, or
crop. frrigation. .

Well located bydrologi-

Continuous(a) Weekly filter change Quarterly composites Natural uranium,

or more frequently of weekly samples Ra-226, Th-230,
as required by dust and Pb-210
) Toading
Continuous ‘Weekly filter change Quarterly tomposites Natural uranium,
or more frequently as of weekly samples Ra-226, Th-230,
required by dust o and Pb-210
loading ; .
" Continwous . Weekly filter change Quarterly composites Nitural uraniom,
T . or more frequently as of weekly sanples Ra-226, Th-230,
required by dust - and Pb-210
. loadi ing : , .
. Continuous or - Cmt.impus . ‘ Each sample Rn-222 .
at least one = o L - -or continuous .
week per month ; : C
representing
about the same
pcriod cach .
i nonth -
Grab " -Quarterly Quarterly . - Dissolved natural
. uranium, Ra-226,
Th-230, Pb-210,
and Po-210
Grab Quarterly : Quarterly Dissolved and
. suspended natural
uranium, Ra-226,
Th-230, Pb-210,
and Po-210
Grab Quarterly Quarterly Dissolved natural

cally up gradient frow
tailings disposal area
to serve as control or
background location.

uranfum, Ra-226,
Th-230, Pbh-210,
and Po-210
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TABLE 1 (Continued)
PREOPERATIONAL RADIOLOGICAL MONITORING PROGRAM FOR URANIUM MILLS

Type of Sample

Sample Collection

Sample Ana'lys;i S

Type of
. Number Location Method Frequency frequency Analysis
Surface -Hater(g) One from Large permanent onsite Grab Quarterly Quarterly Suspended and
each body water impoundments or dissolved natural
of water offsite impoundments uranfum, Ra-226
that may be subject to and Th-230
direct surface drainage
from potentially con-

* taminated areas or that Semiannually Suspended and
could be affected by a dissolved Pb-210
tailings impoundeent . and Po-210

. failure. : |
Surface Water One from Surface waters passing Grab Monthly Monthly - Suspended and
each body through the site(n) or dissolved natural
of water offsite surface waters uranium, Ra-226,
that may be subject to Th-230 '
drainn?e from potentially
contaminated areas or that
could be affected by a tatl- : ’
ings. impoundment failure, Semiannually Suspended and
. dissolved Pb-210
and Po-210
VEGETATION, '
FOOD, AND FISH ,
Vegetation Three Grazing areas near the Grab Three times --Three times Natural uranium,
. oo site in different sectors : during grazing : Ra-226, Th-230,
that will have the highest season Pb~210, and
predicted air particulate Po-210
concentrations during
uil1ing operations. S . .
Food Three of  Crops, 1ivestock, etc. Grab Time of harvest Once - Natural uranfum,
each type raised within 3 km of or slaughter : Ra-226, Th-230, .
wnill site o Pb-210, and Po-210
Fish Each body Collection of fish (if Grab Semiannually - Twice - Natura! uranium, -
) any) from Jakes, rivers, . S

of water

and streams in the site
environs that may be
subject to seepage or
direct surface runoff
from potentially con-
taminated areas or that
could be affected by a
tailings impoundeent
failure

Ra-226, Th-230,

© Pb~210, and Po-210
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TABLE 1 (Continued)

: PREOPERATIONAL RADIGLOGICAL MONITORING PROGRAM FOR URANIUM MILLS

Type of Sample _Sample Collection Sample Analysis
: ' ' Type of
Number Location Method Frequency Frequency Analysis
SOIL AND SEDIMENT . :
Surface Soil(k) - Up to 300-meter intervals to a Grab Once prior to Once A1l samples for
forty distance of 1500 meters in site construction. . Ra-226, 10X of
each of 8 directions from Repeat for loca- samples natural
center of milling area tion disturbed by uranium, Th-230,
excavation, leveling, and Pb-210
or contouring
Surface Soil Five or At same Jocations used Grab. Once prior to Once Natural uranium,
more for collection of air site construction Ra-226, Th-230, and
particulate samples. ’ , Pb-210
Subsurface Soil  Five At center reference loca- Grab Once prior to site Once Ra-226 (all samples)
Profile(l) tion and at distances of construction. Natural uranium,
750 meters in each of Repeat for locations Th=-230, and Pb~210
4 directions. disturbed by con- (one set of samples)
] . struction, - '
m
Sediment (%) Two from Up and downstream of sur- Grab Once following spring Twice Natural uranium,
each face waters passing through runoff and late Ra-226, Th-230,
stream site or from offsite sur~ summer following and Pb-2i0
face waters that may be period of extended ’ :
subject to direct runoff Tow flow
from potentially contami-
nated areas or that
could be affected by a
tailings impoundment
failure ' . :
One from Onsite water impoundments Grab Once prior to site Once Natuyral uranium,
each (lakes, ponds, etc), or off- construction Ra-226, Th-230,
water site impoundeents that may and Pb-210
impound- be subject to direct surface
ment runoff from potentially
«contaminated .areas or that
could be affected by tailings
impoundment failure
DIRECT RADIATION Up to 150-meter intervals to " Once prior to site Once Gamma exposure rate,
eighty a distance of 1500 meters construction. Repeat using passive

in each of 8 directions
from center of milling
area or at a pofnt equidis~
tant from milling area(i)
and tailings disposal area.

for areas disturbed
by site preparation
or construction.

integrating device

such as TLD, pressurized
ionization chamber, or
properly calibrated
portable survey
instrument.




TABLE 1 (Continued)
PREOPERATIONA'L RADIOLOGICAL MONITORING PROGRAM FOR URANIUM MILLS

Type of Sample

Sample Collection

Sample Analysis

: Type of
Number Location Method Frequency Freguency Analysis
Five or At same locations used for Once prior to Once Gamma exposure rate,
more collection of particulate site construction using passive inte-
samples grating device, pres-
surized fonization
chamber, or properly
calibrated portable
survey instrument.
RADON FLUX(") Up to At center reference location One sample Each sample Radon~222 fliux
ten and at distances of 750 and during each of .

¥y

1500 meters in each of 4
directions.

three months.
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TABLE 2

OPERATIONAL RADIOLOGICAL MONITORING PROGRAM FOR URANIUM MILLS

Type of Sample

Sample Collection

Sample Analysis

. . Type of
Number Location Method Frequency Frequency Analysis
STACKS
Particulates One for Yellowcake dryer . Isokinetic Quarterly Each sample Natural uranium,
each stack and packaging stack(s) * ‘ Th-230, Ra-226, and
Pb~210 if not avail-
able from other sources.
Measure stack flow rate
semiannually.
Particulates One for Other stacks Representa- Semiannually Each sample Natural uranium
each stack tive grab . Th-230, Ra-226, and
Pb-210. Measure stack
flow.
AIR . -
Particulates Three Locations at or near _Continuous(a) Weekly filter change, Quarterly composite, Natural uranium,
the site boundaries and or more frequently as by location, of Ra-226, Th-230,
in different sectors required by dust weekly samples and Pb-210
that have the highest loading .
predicted conceptra-
tions of airborne
particulates(b)
One or At the nearest resi- Continuous Weekly -filter change, Quarterly composite, Natural uranium,
more dence(s) or occupiable or more frequently by Jocation, of Ra-226, Th-230,
structure(s) as required by dust weekly samples and Pb~210
. ' Toading
One Control Location(s)(c) Continuous Weekly filter change, Quarterly composite, Natural uranium,
or more frequently by location, of Ra-226, Th-230,
as required by dust weekly samples and Pb~210
loading -
Radon Gas Five or Same locations as for Continuous At least one week per Monthly Rn-~222
more afr particulates or at least calendar month repre~
one week (4 senting approximately
per month the same period each
month :
WATER
Ground Water Three or Hydrologically down Grab Monthly (first year) “Monthly (fifst year) Dissolved natural
more gradient and rela- Quarterly (after Quarterly (after first uranfum, Ra-226,
tively close to the f first year) year) Th-230, Pb-210,
tailings impoundment and Po-210(e)
At least Hydrologically up Grab Quarterly Quarterly Dissolved natural
one coh- gradient (i.e., not : uranium, Ra-226,

trol sample

influenced by seepage
from tailings).

Th-230, Pb-210

and Po-210
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TABLE 2 (Continued) ] )
- OPERATIONAL RADIOLOGICAL MONITORING PROGRAM FOR URANIUM MILLS

Sample Analysis

Type of Sample Sample Collection
. Type of
Number Location Method Frequency Frequency Analysis
One from Each well used for Grab Quarterly Quarterly Dissolved and
each well drinking water or _suspended natural
watering of live- uranium, Ra-226,
stock or crops within Th~-230, Pb-210,
2 km of the tailings and Po-210
impoundment '
Surface Water Two from Surface waters passing Grab Quarterly Quarterly Dissolved and
. each water through the aill site suspended natural
body or offsite surface uranium, Ra-226,
waters that are suffi- Th-230, Pb-210,
ciently close to the and Po-210(9
site to be subject to /
surface drainage from
potentially contami-
nated areas or that
could.be influenced by
seepage from the tai)-
ings disposal area.(h)
One sample collected up-
stream of mill site and
one sample collected at
. the downstream site
boundary or at a loca-
tion immediately down-
stream of location of
potential ¥nfluence
One from Large water impound- Grab Quarterly Quarterly Dissolved and
each water ments (i.e., lakes, . suspended natural .
body reservoirs) near the uranium, Ra-226,
: will site that are Th-230, Pb-210,
sufficiently close and Po-210
to the site to be sub- :
Ject to drainage from
potentially contaminated
areas or that could be
influenced by s
from the tailings
disposal area,
VEGETATION, FOOD,
AMD FISH
Vegetation . Three or From animal grazing Grab Three times during - Each sample Ra~226. and Pb-210
or Forage more areas near the mill grazing season

site in.the directfon of

the highest predicted
afrborne radionuclide
concentrations
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TABLE 2 (Continued)
OPERATIONAL RADIOLOGICAL MONITORING PROGRAM FOR URANIUM MILLS

Type of Sample Sample Collection Sample Analysis
Type of
Number Location Method Frequency Frequency. Analysis
Food Three of . Crops, livestock, etc, Grab Time of harvest Once Ra-226 and
each type raised within 3 km of or slaughter Pb-210
: mill site
Fish Each body Collection of fish Grab Semiannually Twice Ra-226
of water (if any) from lakes, and Pb-210
rivers, and streams
in the site environs
that may be subject
to seepage or direct
surface runoff from
potentially contami~-
nated areas or that
could be affected by
a tailings impound-
ment fajlure
SOIL AND SEDIMENT . .
Soil Five or Same as for , Grab Annually Annually Natyral uranium,
more air partic- (k)' Ra-226, and Pb-210
ulate samples
- Sediment One or Same as surface Grab Annually Annually Natural uranium,
two from water samples(m) : Th-230, Ra-226,
each water and Pb-210
body
DIRECT RADIATION Five or Same as for air Continuous Quarterly change Quarterly Gamma exposure
mnore particulate samples passive in- of passive dosim~ rate
: tegrating eters )
device
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Footnotes for Tables 1 and 2: -

(a)
(b)
(c)

(d)
(e)

- (f)

(9)
(h)

(i)
#))

(k)

M)

(m)
(n)

(o)

Continuous collection means continuous sampler operation with filter change weekly or as required by dust Toading, whichever is more frequent.
The term "nearest" as used here means the location with the highest predicted airborne radionuclide concentrations during milling operations.

Care should be taken in selection of the control sampling location so that it is representative of the site conditions. In general, a loca-
tion in the least prevalent wind direction from the site should provide a suitable location for a control sampling site.

Various methods are acceptable; for example: (1) Continuous collection of a gaseous air sample with samples being changed about every
48 hours for a l-week period or (2) continuous sampling.

If the sample contains appreciable suspended material, it should be filtered as soon as possible following collection through a membrane
filter and the filtrate acidified to 1% hydrochloric acid.

The Tocation of the ground-water sampling wells should be determined by a hydrological analysis of the potential movement of seepage from
the tailings disposal area. In general, the objective is to place monitor wells in all directions around the tailings area with the emphasis
on the down gradient locations. .

Surface-water Samples to be analyzed for dissolved‘and'suspended fractions should be'fiftered as. soon as possible fo]lo&ing collection
through a membrane filter and the filtrate acidified to 1X hydrochloric acid.

Natural drainage systems (dry washes) that carry surface runoff from the site following a precipitation event should be sampled following
the event but at a frequency not greater than monthly. .

The milling area refers to the-area that inciudes ore storage pads, mill huildings, and other processing areas.

Thermoluminescent dosimeters should contain two or more chips or otherwise provide for two readings per exposure period (see Regulatory -
Guide 4.13). ‘ .

Surface soil samples should be collected using a consistent technique to a depth of 5 cm.

Subsurface soil profile samples should be collected to a depth of one meter. Samples should be divided into three equal sections for
analysis. ‘ : .

Several samples should be collected at each location and composited for a representative. sample.

Radon exhalation measurements should. not be taken during periods when the ground is frozen or covered with ice or snow or following
periods of rain. It is recommended that these measurements be taken in the spring through the fall during normal weather conditions.

Vegetation or forage sampling need be carried out only if dose calculations indicate that the ingestion pathway from grazing animals is a
potentially significant exposure pathway (an exposure pathway should be considered important if the predicted dose to an individual would
exceed 5% of the applicable radiation protection standard). .
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TasLe 3(2)

SAMPLE FORMAT FOR REPORTING MONITORING DATA

1.  STACK SAMPLES
For each sample analyzed, report the following information:
a. Date sample was collected

b. Location of sample collectjon
c. Stack flow rate (m3/sec)

' Ceficentration Error Estimate(®) Release Rate Error Estimate ] Lt (<)
Radionuclide (uCi/m1) (pei/m1) (Ci/qr) (Ci/gr) (pCi/ml) % _MpPC
U-nat '

Th~230
Ra-226

Pb-210

2. AIR SAMPLES
For each sample analyzed, report the following inforsation:

a. Date sample was collected
b. Location-of sample collection

Concentration Error Estimate Lo
Radienuclide (uCi/mb) (uci/m1) (uCi/ml1) 3 MPC
U-nat
Th-230
Ra-226
Pb~210
Rn-222

(-a)fhis table i1lustrates format only. It is not a complete st of data to be reported. (See text of guide and Tables 1 and 2.)

(b)Error estimate should be calculated at 95X uncertainty level, based on all sources of random error, not merely counting errar.
( )Significant systematic error should be reported separately. See Sections 6.1, 7.1.4, and 7.3,
c

All calculations. of Jower limits of detection (LLD) and percéntages of maximum permissible concentration (MPC) should be included as
supplemental information. :
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TABLE 3 (Continued)

SAMPLE FORMAT FOR REPORTING MONITORING DATA
3. LIQUID SAMPLES.

For each sample analyzed, report the following information:

a. Date sample was collected
b. Location of sample collection .
c. Type of sample (for example: surface, ground, drinking, stock,-or irrigation)

Concentration Error Estimate LLD
Radionuclide __{uCi/ml) (uci/ml) ' (uCi/ml)

U-nat (dissolved)
U-nat (suspended)(d)
Th-230 (dissolved)
Th-230 (suspended)(?
Ra-226 (dissolved)
Ra-226 (suspendéd)(d)
Pb-210 (dissolved) - -
Pb-210 (suspgnded)‘f” )
Po-210 (dissolved)
Po-210 (suspended)(d)

&,  VEGETATION, FOOD, AND FISH SAMPLES
For each sample analyzed, report the following information:

&. Date sample was collected
b. Location of sample collection
c. Type of sample and porti_or_» analyzed

Concentration Error Estimate L
Radionuclide (pCi/kg wet) {pCi/kg) (uCi/kg)
U-nat ' ' '
Th-230
Ra-226 -
Pb-210
Po-210

s 217 <a . ;
Hot all samples must be analyzed for suspended radionuclides. See Sectiqns 1.2 and 2.2 of this guide.
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TABLE 3 (Continued)
SAMPLE FORMAT FOR REPORTING MONITORING DATA
SOIL AND SEDIMENT SAMPLES

For each sample analyzed, report the following information:
a. Date sample was collected

b. Location of sample collection

¢. Type of sample and portion analyzed

Concentration Error Estimate LLD

_ Radionuctide (uCi/q) {uCi/g) (uci/q)

U-nat

Th-230
Ra-226
Pb-210
Po-210

DIRECT RADIATION MEASUREMENTS

" For each measurement, report the dates covered by the measurement and the following information:

Exposure Rate Error Estimate
Location . (mR/qr) ‘ (mR/qr)

" RADON FLUX MEASUREMENTS

For each measurement, report the dates covered by the measurement and the following information: '

Flux Evror Estimate
Location (pCi/m2-sec) (pCi/m2-sec)
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- APPENDIX

LOWER LIMIT OF DETECTION

A}

For the purposes of this guide, the Lower Limit of Detec-
tion (LLD) is defined as the smallest concentration of radio-
active material sampled that has a 95% probability of being
detected, with only a 5% probability that a blank sample
will yield a response interpreted to mean that radioactive
material is present. (Radioactive material is “detected” if it
yields an instrument response that leads the analyst to con-
clude that activity above the system background is present.)

For a particnlar measurement system (which may
include radiochemical separation):

4.66 Sy,
LLD= o
3.7 x 10* EVY exp(-\AY)
where
LLD is the lower limit of detection (microcuries
per milliliter);

is the standard deviation of the instrument
P background counting rate (counts per second);

3.7x 10* is the number of disintegrations per second
per microcurie;

E is the counting efficiency (counts per disin-
tegration);

4.14-21

V is the sample volume (mil;ilitem);
- Y is the fractional radiochemical yield (when
‘applicable); o
A is the radioactive decay constant for the
particular radionuclide; and
At is the_'el'ap‘se'd time between sample collection
Co and counting.

The value of S, used in the calculation of the LLD for a
particular measurement system should be based on the
actual observed variance of the instrument background
counting rate rather than an unverified theoretically
predicted variance, :

Since the LLD is a function of sample volume, counting
efficiency, radiochemical yield, etc., it may vary for differ-
ent sampling and analysis précedures. Whenever there is a
significant change in the parameters of the measurement
system, the LLD should be recalculated.*

. .

For a more com&lete discussion of the LLD, see *“HASL Proce-
dures Manual,” fohn H. Hasley, editor, USERDA, HASL-300 (revised
annually) and Currle, L.A., “Limits for Qualitative Detection and
Quantitative Determination—-Application to Radiochemistry,” Anal,
Chem. 40, 1968, pp. $86-93, and Donn, J. J. and R, L. Wolke, *‘The
Statistical Interpretation of Counting Data from Measurements of
Low-Level Radioactivity,” Health Physics, Vol. 32, 1977, pp. 1-14.
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BIOASSAY AT URANIUN MILLS

A. INTRODUCTION

Section 20.108, “Orders Requiring Furnishing of Bio-
assay Services,” of 10 CFR Part 20, “‘Standards for Protec-
tion Against Radiation,” states that, where necessary or
desirable in order to aid in determining the extent of an
individual’s exposure to concentrations of radioactive mate-
rial, the NRC may incorporate appropriate provisions in any
license directing the licensee to make available to the indi-
vidual appropriate bioassay services. Paragraphs 20.103(a)(1)
and 20.103(a)(2) require licensees to limit intakes of ma-
terials such as uranium by individuals in restricted areas to
the limits specified in Appendix B to 10 CFR Part 20. As
specified in paragraph 20.103(a)(3), compliance with these
limits must be determined through air sampling and, as
appropriate, through bioassays.

Paragraph 20.103(b)(2) permits licensees to make
allowance for the use of respiratory protection equipment
in determining the magnitude of intake provided such
equipment is used as stipulated in paragraphs 20.103(c)
through (g). These paragraphs require the licensee to

perform bioassays, as appropriate, to evaluate individual-

exposure and to assess the protection actually provided.
Respiratory protection devices do not always offer efficient
protection. If a device is defective, is inappropriate for the
particular contaminant involved, does not fit the wearer
properly, or is carelessly put in place, the wearer may
unknowingly receive a significant inhalation exposure,
Therefore, if the potential intake was sufficiently large,
bioassay procedures should be performed to determine
whether such devices were in fact effective.

This guide describes a bioassay program acceptable to the
NRC staff for uranium mills (and applicable portions of ura-
nium conversion facilities where the possibility of exposure
to yellowcake dust exists), including exposure conditions
with and without the use of respiratory protection devices.

Any information collection activities mentioned in this
regulatory guide are contained as requirements in 10 CFR
Part 20, which provides the regulatory basis for this guide.
The information collection requirements in 10 CFR Part 20
have been cleared under OMB Clearance No. 3150-0014.

B. DISCUSSION

This guide is based on information from the references,
public comments received on the versions published in
July 1978 and January 1987, data submitted by the milling
industry, and an analysis by the staff of the Office of
Nuclear Regulatory Research (NUREG-0874, “Internal
Dosimetry Model for Applications to Bioassay at Uranium
Mills,” Ref. 1). Information acquired in the future may
result in revisions to this guide; in particular, if bioassay
results accumulated over a sufficiently long period of time
indicate that workers at uranium mills are being adequately
protected from airborne uranium by means of ventilation
equipment and effective air sampling programs, the guide
may be revised accordingly.

C. REGULATORY POSITION
1. DEFINITIONS
Recent solubility studies have revealed notable differ-
ences in the dissolution rates of vellowcake produced under
different thermal conditions. For the purpose of this guide,

the following distinction is made:

a. Low-fired yellowcake is defined as yellowcake dried
at temperatures less than 400°C.

b. High-fired (calcined) yellowcake is defined as yellow-
cake dried at temperatures of 400° C or more,
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Two important areas in a uranium mill where workers
are exposed to uranium are defined as follows:?

a. Ore-dust areas, under normal conditions, are defined
as those areas beginning with the transfer of ore from
the ore pad to the crusher through the final thicken-
ing stage of the leaching operation.

b. Yellowcake areas are defined as those areas that
contain uranium extracted from the ore in a solution
form from the ion exchange or solvent extraction
stage through final packaging.

2. WORKING CONDITIONS UNDER WHICH BIOASSAYS
SHOULD BE PERFORMED

Routine bioassays are considered by the NRC staff to be
necessary for workers (1) routinely exposed to airborne yel-
lowcake or directly involved in maintenance tasks in which
yellowcake dust may be produced or (2) routinely exposed
to airborne uranium ore dust. Baseline urinalysis bioassays
should be performed for each worker prior to initial assign-
ments for such work. Bioassays should be performed if there
is any reason to suspect an inhalation exposure exceeding that
resultmg from exposure to an average yellowcake concentra-
tion? of 10710 uCi/mL (3.7 x 106 Bq/mL) for a 40- hour
workweek or to an average ore-dust concentration of 10°1°
nCi/mL (3.7 x 10 Bq/mL) (based on the concentration of
gross alpha activity in air) for a period of 1 calendar quarter;
if respiratory protection is used to maintain inhalation expo-
sures below these quantities, bioassay should be performed
to verify the effectiveness of the respirators.

3. TYPES OF BIOASSAY

Urinalysis should be performed to monitor exposures to
uranium in ore dust as well as in yellowcake as they clear from
the kidney before elimination renders them undetectable. In
vivo thorax measurements should be made to detect the pres-
ence of (1) the more insoluble yellowcake component and (2)
uranium in ore dust in the lung when air-sampling results indi-
cate an exposure exceeding that resulting from exposure to
such materials at an average concentration of 10710 pCi/mL

llf these definitions do not apply to a specific milling operation,
the applicant may submit different definitions for consideration.

2The 1x10-° WCi/mL (3.7 x 10-* Bg/mL) value is not exactly
c?nsistent with the 0.2 mg/m® concentration limit for soluble ura-
nium in Footnote 4 of Appendix B to 10 CFR Part 20 because of
the rounding off of values in Appendix B. Since the 1 x 10-'°
UCi/mL limit is more restrictive, this value has been used in the cal-
_culation of all the action levels (weekly and quarterly) in this guide.
For compliance purposes, Footnote 4 to Appendix B sets the weekly
limit for soluble uranium compounds, which can be converted to
radiological units using the specific activity of natural uranium (6.77
x 1077 Cifg or 2.5.x. 10* Bg/g). As now defined in 10 CFR Part 20,
the curie of natural uranium differs from the original definition in
ICRP-2 (Ref. 2). The present definition of the curie of natural urani-
um in 10 CFR Part 20 tefers to the total activity of all uranium iso-
topes in the natural uranium mixture. When natural uranium is de-
fined to be 0.711% by weight 233U and the 34U is assumed to be
in secular equilibrium with 2**U, 1 Ci of natural uranium is com-
posed of 0.489 Ci 224U, 0.0225Ci 2*%U, and 0.489 Ci *3*®U.
Actual percentages of 2% 5U may be 0.711 +0.1%.

(3.7 x 106 Bq/mL) (based on the concentration of gross
alpha activity in air) in a period of 1 calendar quarter.

4. FREQUENCY
4.1 General Considerations

The prescribed frequency of urinalysis and in vivo lung
measurements is a function of the dissolution rates of the
inhaled ore dust or yellowcake in the lungs. Workess in the
yellowcake concentrate areas may be exposed to transient
levels of airborne uraniumthat may cause chemical damage to
the kidney. Therefore, urinalysis should be performed with
sufficient frequency to detect such exposures before elimi-
nation from the body renders them undetectable. Guidance
on selecting appropriate frequencies is available in NUREG-
0874 (Ref. 1). The applicant may use the simplified system
of frequencies and action levels presented in this guide.

4.2 Urinalysis for Workers from Yellowcake Areas

Specimens from workers, regardiess of whether or not res-
piratory protection devices were used, should be collected
and evaluated at least once per month, and additional
special specimens should be collected and evaluated if for
any reason an inhalation exposure exceeding that resulting
from an exposure to an average yellowcake concentration
of 10710 | Ci/mL (3.7 x 107® Bg/mL) for a 40-hour work-
week is suspected or air sampling data are not available.

4.3 Urinalysis for Workers from Ore-Dust Areas Exclusively

Specimens from workers, regardless of whether or not
respiratory protection devices were used, should be col-
lected and evaluated at least once per month, and addi-
tional special specimens should be collected and evaluated
if for any reason an inhalation exposure exceeding that
resulting from an exposure to an average ore-dust concen-
tration of 10 10 uCi/mL (3.7 x 10°® Bq/mL) (based on the
concentration of gross alpha activity in air) for a period of
1 calendar quarter is suspected.

4.4 In Vivo Lung (Thorax) Measurements

The lung counting procedure should be capable of
detecting (at the lower limit of detection (LLD)) 9 nCi
(330 Bq) or less of uranium in the lungs.

When urinalysis results call for in vivo measurements (see
Section 5), they should be performed as quickly as possible
to determine if corrective measures are required.

When air monitoring or exposure calculations call for in
vivo measurements (see Section 3), they should be per-
formed as quickly as practicable but no later than 3 months
after such.indication.

4.5 Measurement Detection Limits

The measurement sensitivity for urine analyses should be
such that the LLD (for a probability of 0.05 fora Typelora
Type 1 statistical error) is § pg of uranium per liter of urine or
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less (see Appendix A for an example of the determination
of LLD). The LLD for uranium counting in vivo should be
9 nCi (330 Bq) or less of uranjum in the lungs.

5. ACTION BASED ON BIOASSAY RESULTS

Bioassay results should be promptly and carefully reviewed
by qualified personnel, and appropriate action should be
taken if the results exceed preselected levels. The corrective
actions to be taken depend on the amount of uranium de-
tected. Action levels and actions in Tables 1 and 2 are accept-
able as a basis for a uranium mill bioassay program. Proposals
for other action levels and actions from an applicant will be
considered on a specific-case basis if accompanied by a de-
scription of how the information in NUREG-0874 (Ref. 1)
was used to derive those different criteria.

It should be assumed that any confirmed positive urinaly-
sis results are an indication of soluble uranium to which the
kidney has been exposed.

5.1 Urinalysis for Workers from High-Fired-Yellowcake
Areas

The corrective actions to be taken depend on the
amount of uranium detected and are given in Table 1. Fig-
ure 1 and other information in NUREG-0874 (Ref. 1) may
be used to determine acceptable action levels for a single
intake as a function of time for workers from high-fired-
yellowcake areas.

5.2 Urinalysis for Workers from Low-Fired-Yellowcake
Areas

The corrective actions to be taken depend on the
amount of uranium detected and are given in Table 1. Fig-
ure 2 and other information in NUREG-0874 (Ref. 1)
may be used to obtain acceptable action levels for a single
intake as a function of time for workers from low-fired-
yellowcake areas.

5.3 Urinalysis for Workers from Ore-Dust Areas Exclusively

The corrective actions to be taken depend on the
amount of uranium detected and are given in Table 1. Fig-
ure 3 and information in NUREG-0874 (Ref. 1) may be
used to obtain acceptable action levels for a single intake
as a function of time for workers from ore-dust areas.

5.4 1In Vivo

It should be assumed that positive in vivo results indicate
the quantity of uranium in relatively insoluble form that
has accumulated in the lung. Corrective action should be
taken in accordance with Table 2 of this guide.

6. TIME OF SPECIMEN COLLECTION AND AVAIL-
ABILITY OF RESULTS

Routine and special urine specimens for analysis of
uranium compounds pertinent to mill operations should
usually be collected at least 36 hours after the most recent
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occupancy in the mill. The 36-hour delay is necessary to
avoid uranium that is eliminated without uptake in kidney
tissues. (However, if compounds are encountered that mainly
produce a very short-lived component, Morrow (Ref. 3,p. 6)
recommends the use of two action levels: a 1 g/l Monday
morning urinary excretion rate and an exposure-associated
urinary output of 100 pg/L during the first 24 hours after
the exposure. Tables 1 and 2 would not necessarily be
applicable to these results.) Sufficient volume should be
collected for four analyses, each of which should be capable
of achieving an LLD of 5 pg/L (see Appendix A).

Urinalysis results shouid be available to the person
responsible for conducting the bioassay program within
20 days after specimen collection. If the urinalyses are
performed by an outside laboratory, results exceeding 35
pg/L should be reported by telephone.

In vivo results should be available to the person conduct-
ing the bioassay program within 20 days after measure-
ment. Results exceeding 16 nCi (590 Bq) should be re-
ported by telephone.

7. PREVENTION OF SPECIMEN CONTAMINATION3
7.1 Collection

The specimens should be collected before the worker
enters the work area and in an area free of uranium contam-
ination. The collection may occur at an area outside the
mill specifically designated to be maintained contamination
free. The hands should be carefully washed prior to voiding.
Disposable collection containers should be used.

Under unusual circumstances where specimens cannot be
collected in this manner, the worker should shower immedi-
ately prior to voiding. When a shower is not possible, disposa-
ble plastic or rubber gloves should be worn during voiding.

7.2 Laboratory Analysis

All laboratory analyses should be performed in a labora-
tory essentially free of uranium contamination using
containers and equipment essentially free of such contami-
nation. Both on-site and off-site laboratories should main-
tain the quality control procedures specified in Section 8 of
this guide. Use of the laboratory, containers, and equip-
ment for process or environmental samples should be
restricted to low-level samples. (Note: The laboratory may
be located within the restricted area provided these condi-
tions are met.)

7.3 In Vivo Counting Precautions

For in vivo measurements, employee and clothing con-
tamination are major sources of measurement bias: Care
must be taken to minimize these factors. Only new clothing
or clothing washed in a facility separate from those used for

3The appropriate actions specified in Table 1 should be taken
for any result that is confirmed by a second analysis even though
specimen contamination is believed to be the cause of the elevated
result.



potentially contaminated clothing should be worn during
the in vivo measurement. If the in vivo measurement results
indicate contamination, the subject should reshower, use
clean clothing, and be recounted.

8. QUALITY CONTROL

A quality control program for bioassay measurements
should be incorporated in each uranium mill bioassay
program. A quality control program consistent with that
recommended in the draft standard ANSI/HPS-N13.30
(Ref. 4) will be acceptable. Alternatively, the following
specific quality control program for bioassay at uranium
mills will be acceptable.

8.1 Urinalysis

Each batch of specimens sent to the laboratory for
analysis should be accompanied by at least two control
urine specimens. When possible, these control specimens
should be taken from individuals who are not and have not
been occupationally exposed to uranium; otherwise simu-
lated controls known to contain a uranium concentration
less than 1 yug/L may be used. Aliquots of each of these
control urine specimens should be taken; one should be a
“blank,” one should be spiked with uranium to obtain a
concentration of 10 to 20 yg/L, and one should be spiked
to 40 to 60 pg/L, the actual spiked concentrations being
recorded confidentially and not available to the analytical
laboratory. When results are received, the licensee should
ensure that each reading is corrected for the reading of the
corresponding blank, that the net reading of each spiked
sample is recorded, and that an average of the percent
deviation of the spiked sample net reported values from the
“true” amount of spiked uranium sample is calculated. The
percent deviation for the spiked samples accompanying
each batch of urine specimens should be within 30% of the
spiked values. Otherwise, the most recent batch of affected
samples should be rerun, and steps should be taken to
correct the procedures for spiking or the procedures for
laboratory analyses, or both. :

In order to provide adequate quality control within the
analytical laboratory as well as to provide a check on the
quality control program of the mill, the analytical labora-
tory should duplicate the analysis of 10% to 20% of the
samples received, including the blanks and spikes received
from the mill. In addition, the laboratory should measure
its own reagent and urine blanks and spiked standards as
appropriate to check its own procedures, provide its own
calibration factors, check its LLDs, and evaluate its results
for each batch. The laboratory should report the results of

its own blank and standard samples along with the other
results reported to the mill.

8.2 In Vivo

For in vivo measurements, a quality control program
using persons known to have no lung or systemic uranium
burdens and phantoms spiked with known amounts of
uranium should be used to test the counting system before
measurements on each group of employees.

9. USE OF RESPIRATORY PROTECTION DEVICES

Licensees using respiratory protection devices in accor-
dance with paragraph 20.103(c) of 10 CFR Part 20 are to
conduct bioassay programs in accordance with paragraph
20.103(c)(2) and NUREG-0041, “Manual of Respiratory
Protection Against Airborne Radioactive Materials” (Ref. 5).

Under certain conditions, bioassay measurements should
be performed to ensure the proper evaluation of personnel
exposure and to evaluate the actual effectiveness provided
by respiratory protection devices. If a worker wearing such
a device is subjected for a period of 1 week to an average
concentration greater than 10-10 uCi/mL (3.7 x 10-6
Bg/mL), as given in Table 1, Column 1, of Appendix B
to 10 CFR Part 20 for soluble natural uranium, urinalysis
should be performed to test the actual effectiveness of the
device. This special bioassay measurement should also be
performed if for any reason the magnitude of the exposure
that would have occurred if no respiratory protection de-
vice had been worn is unknown. The time that the sample
for this special measurement was collected should be
recorded; it should be consistent with the need to relate
bioassay results to kidney exposure (see Section 6).

The appropriate urinalysis or in vivo measurement given
in Section 3 of this guide should not be reduced because of
the use of respiratory protection devices.

D. IMPLEMENTATION

The purpose of this section is to provide information to
applicants and licensees regarding the NRC staff’s plans for
using this regulatory guide.

Except in those cases in which an applicant or licensee
proposes an acceptable alternative method for complying
with specified portions of the Commission’s regulations, the
method described in this guide will be used in the evalua-
tion of existing bioassay programs of uranium mill licensees
or proposed programs of applicants for such licenses.

8.22-4
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Table 1
CORRECTIVE ACTIONS BASED ON MONTHLY URINARY URANIUM RESULTS?

Urinary Uranium
Concentration Interpretation Actions

Less than 15 pg/L Uranium confinement and air None. Continue to review further bioassay results.
sampling programs are
indicated to be adequate.

—

15 to 35 ug/L Uranium confinement and air Confirm results (repeat urinalysis).
sampling may not provide an 2. Identify the cause of elevated urinary uranium and initi-
adequate margin of safety. ate additional control measures if the result is confirmed.
3. Examine air sampling data to determine the source and
concentration of intake. If air sampling results are
anomalous, investigate sampling procedures. Make correc-
tions if necessary.
4. Determine whether other workers could have been exposed
and perform bioassay measurements for them.
5. Consider work assignment limitations until the worker’s
urinary uranium concentration falls below 15 ug/L.
6. Improve uranium confinement controls or respiratory
protection program as investigation indicates.

—

Greater than 35 pgf/L Uranium confinement and Take the actions given above.
perhaps air sampling programs 2. Continue operations only if it is virtually certain than no
are not acceptable.© other worker will exceed a urinary uranium concentra-
tion of 35 ug/L.

3. Establish work restrictions for affected employees or
increase uranium confinement controls if ore dust or
high-temperature-dried yellowcake are involved.

4. Analyze bioassay samples weekly.

Confirmed to be greater Worker may have exceeded 1. Take the actions given above.

than 35 pg/L for two regulatory limit on intake. 2. Have urine specimen tested for albuminuria.

consecutive specimens, 3. Obtain an in vivo count if worker may have been exposed
confirmed to be to Class Y material or ore dust.

greater than 130 pg/L 4. Evaluate exposures.

for any single specimen, 5. Establish further uranium confinement controls or

or air sampling indica- respiratory protection requirements as indicated.

tion of more than a 6. Consider continued work restrictions on affected
quarterly limit of employees until urinary concentrations are below 15 ng/L
intake and laboratory tests for albuminuria are negative.

Ayse Figures 1-3 to adjust action levels for other frequencies of bioassay sampling. The model used in NUREG-0874 (Ref. 1) employs
fractional composition values (F_, F s F ) for Class D, Class W, and Class Y components of yellowcake compounds. The assigned values
in NUREG-0874 are based on da%a from avaxlable llterature The use of alternative values of F F 20 and F_ specific for a particular opera-
tion are acceptable provided (1) details regarding their determination are described and mentloned in emplgyee exposure records (see para-
graph 20.401(c)(1) of 10 CFR Part 20) and (2) the model as published in NUREG-0874 is then used in the determination of alternative
urinalysis frequencies and action levels.

bHowever, if a person is exposed to uranium ore dust or other material of Class W or Y alone, refer to Section 6 of NUREG-0874
about the possibility of the need for conducting in vivo lung counts on selected personnel or about using alternative urine sampling times
and associated action levels computed using NUREG-0874.

®Unless the result was anticipated and caused by conditions already corrected.
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Table 2

CORRECTIVE ACTIONS BASED ON IN VIVO RESULTS?

Amount of
Uranium
Detected Interpretation Actions
Below 9 nCi May be below detection limit. Rely on urinalysis results to determine corrective actions
(330 Bg) This result does not necessarily (unless air sampling indicates quarterly intake limits are
indicate that uranium confine- exceeded for ore dust).
ment and air sampling programs
are validated.
9 to 16 nCi Confinement and air sampling Confirm result (repeat measurement within 6 months).

(330 to 590 Bg) programs should be examined.
Uranium activity in lungs

could be too high.

More than 16 nCi
(590 Bqg)

Uranium confinement and air
sampling probably are not
acceptable.

Ensure that results are not caused by body surface
activity.

Examine air sampling data to determine source and
concentrations of intake. If air sampling results are
anomalous, investigate air sampling procedures. Make
corrections, if necessary.

Identify the cause of elevated activity and initiate addi-
tional uranium confinement control measures.
Determine whether other workers could have been
exposed and perform special bioassay measurements for
them.

Consider work assignment limitations that will permit the
lung burden to be reduced through natural elimination;
ensure that the lung burden does not exceed 16 nCi
(590 Bq).

Within 90 days, take the actions listed above for 9 to
16 nCi (330 to 590 Bq).
Establish work restrictions for affected workers or

Uranijum activity in the lungs should
be reduced by increased protection
measures for the workers involved.

increased uranium confinement control measures.
(Normally workers with a lung burden greater than 16 nCi
(590 Bq) are not allowed by their employer to resume
work in airborne activity areas until the burden is

reduced to less than 9 nCi or 330 Bq.)

3. Perform individual case studies (bioassays) for affected
workers.
4, Continue operations only when it is virtually certain no

additional workers will exceed 16 nCi (590 Bq).

3The model used in NUREG-0874 (Ref. 1) employs fractional composition values (F,, F, F,) for Class D, Class W, and Class Y compo-
nents of yellowcake compounds. The assigned values in NUREG-0874 are based on data fnlom %va' ble literature. The use of alternative values
of F., F,, and F, specific for a particular operation are acceptable provided (1) details regarding their determination are described and
ment%one& in empl%)yee exposure records (see paragraph 20.401(c)(1) of 10 CFR Part 20) and (2) the model as published in NUREG-0874 is
then used in the determination of alternative urinalysis frequencies and action levels.

bUnless the result was anticipated and caused by conditions already corrected.
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APPENDIX A

LOWER LIMIT OF DETECTION OF URANIUM

For the purposes of this guide, the lower limit of detec-
tion (LLD) is defined as the smallest concentration of
radioactive material in urine that has a 95% probability
(chance) of being detected when measurement procedures
are set so that the concentration level at which detection is
considered significant produces only a 5% chance of calling
a background reading a positive sample.* Radioactive
material is then called “detected” when the value obtained
from an instrument reading is above the LLD and is thus
high enough to permit a conclusion that activity above the
system background is determined to be present. Thus, for a
fluorometric measurement that may include a radiochemi-
cal separation in which the “blank” urines fluctuate with a
standard deviation Sb, the LLD corresponds to an activity
that is defined as:

4.65Sy

LLD = ———
KEvYe At

Where
LLD = the lower limit of detection (1g/L or uCi/L),

Sb = the standard deviation of fluctuations in
fluorometer blank measurements or count
rate (counts per second) for a specific time
of measurement and specific aliquot volume,

K = conversion or calibration factor to convert
units of Sb from instrument scale reading
units to mass or activity units; units of K
may be pA/pg or dfsec-uCi if activity is
counted to obtain the final result (this term
is omitted if S, is given in microcuries
directly by use of a calibration standard),

E = the counting efficiency (counts per disinte-
gration); it is 1 when a fluorometric standard
is measured in the same geometry as the
sample,

v = volume (in liters) of aliquot taken from the
urine sample and added to the flux in the
fusion dish. Note: As long as the concentra-

tion of uranium in the alignot is the same as
the concentration in the original urine sam-
ple, the volume of the original urine sample
does not affect this calculation.

Y = the fractional radiochemical yield or recov-
ery (if applicable),

*This definition of LLD was chosen to be consistent with the
NRC position previously stated in Tables 1 and 3 of Regulatory
Guide 4.8, “Environmental Technical Specifications for Nuclear
Power Plants.” The definition is also used in other regulatory guides,
among them 4.14, ‘“Radiological Effluent and Environmental
Monitoring at Uranium Mills”; 8.14, “Personnel Neutron Dosim-
eters”; and 8.30, “Health Physics Surveys in Uranium Mills.”

A = the decay constant for the particular radio-
nuclide, and

t = the elapsed time between sample coliection
and counting for correcting for radioactive
decay when decay during time t is signifi-
cant, but decay is negligible during the
fluorometric measurement.

EXAMPLE: LLD FOR URANIUM WHEN FLUOROMET-
RIC ANALYSIS IS USED

This example is worked in terms of micrograms of nat-
ural uranium per liter of urine. The LLD could just as well
be calculated in terms of microcuries or becquerels of ura-
nium per liter. A conversion factor of 6.77 x 1077 uCi/ug
(0.025 Baq/ug) for natural uranium can be used if the
uranium quantity is known in micrograms. The quantity of
uranium added to the fusion dish will be determined, and

then it will be divided by the volume of urine in the ali-
quot taken from the total collected sample.

First, determine the standard deviation of the back-
ground measurement (blank urine) (which will approxi-
mate an estimate of the standard error of the average of a
triplicate measurement if calculated as shown below). In
this example, urine samples were taken from 12 individ-
uals who worked in areas of the plant where no uranium
exposure could have occurred. For each of these “blank™
urines, three (triplicate) measurements were made; each
measurement consisted of taking 0.2 mL from an individ-
ual urine sample and pipetting it into a platinum dish con-
taining a NaF pellet, which was then fused and placed into
a fluorometer for measurement. The readings (in micro-
amperes in this case) of the three 0.2 mL aliquots of each
individual *‘blank’’ urine were then averaged.

The 12 triplicate averages for the blank urines were:

Average Fluorometer
Readings (X;)

Sample Number, i (microamperes)

1 0

2 0.07

3 0.07

4 0.07

5 0

6 0

7 0.13

8 0.13

9 0.17
10 0.10
11 0.13
12 0

The standard deviation S, (same as an estimate of the
standard error of the triplicate average) may be calculated
by the following equation (or a computer or calculator pro-
grammed for this equation):

8.22-11
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the number of samples

Pe
n

the average reading for triplicate i from sample i

X = the average of all triplicate averages

For the data above, the standard deviation is:

Sp,= +0.0612 pAand X = 0.0725 pA

Convert Sb to micrograms of uranium. On this fluorom-
eter, samples of pure U308 averaging 0.012 g added to the
fusion dish gave readings in the fluorometer averaging 3.44
yA. The fluorometer will thus have a calibration factor
of 287 pA/ug U308. The U308 compound is 85% uranium
by weight (238 x3 =714, 16 x 8= 128, 714/842 = 0.85).
Therefore, the fluorometer will read 338 pA/pg of elemen-
tal uranium (287/0.85 = 338).

Now, the standard deviation in micrograms of uranium is
calculated:

0.0612 pA .
Sy = m =0.000181 pg of uranium.

If this is converted to microcuries using the conversion
factor given before, then

Sy, = 0.000181 ugx 6.77 x 107 1Cifpg

1.23 x 1010 |,Ci (4.55 x 107 Bq)

In the equation for LLD, the counting efficiency will be
1. (The term E is not applicable to a fluorometric analysis.)
The aliquot volume of 0.2 mL is used in the LLD equation
since the numerical value for each fluorescence reading is
related to this volume of urine. Also, for a fluorometric
reading compared against a calibration factor, the radio-
chemical yield is not applicable, and Y should be set equal
to 1. The exponential term for radioactive decay, exp(-}),
will also be equal to 1 since the half-life of uranium is so
long that the amount of decay between collection and
analysis will be negligible. Therefore, the LLDs in mass and
activity concentration units become:

_ 4.65x0.000181

LLD;, = — 00002 =4.21 yg/L

_4.65x1.23x 10710
a - 0.0002

LLD

il

2.86 x 1078 LGi/L  (0.106 Bq)
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VALUE/IMPACT STATEMENT

A draft valuefimpact statement was published with
Proposed Revision 1 to Regulatory Guide 8.22 (Task
OP 0134) when the draft revised guide was published for
public comment in January 1987. No significant changes
were necessary, so a separate valuefimpact statement for

the final guide has not been prepared. A copy of the draft
value/impact statement is available for inspection and copy-
ing for a fee at the Commission’s Public Document Room

at 1717 H Street NW., Washington, DC, under Task OP
0134.
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AIR SAMPLING IN THE WORKPLACE

A. INTRODUCTION

Air sampling in the workplace is an acceptable
method for meeting certain of the survey and dose
assessment requirements of 10 CFR Part 20, “Stan-
dards for Protection Against Radiation.” For exam-
ple, 10 CFR 20.1204 allows estimates of worker in-
takes of radioactive materials based on air sampling
and allows adjustments of derived air concentrations
(DACs) and annual limits on intake (ALIs) based on
the particle size distribution; 10 CFR 20.1501 re-
quires radiation surveys necessary to comply with the
regulations and to evaluate potential radiological haz-
ards; 10 CFR 20.1703 requires assessment of air-
borne radioactive material concentrations when respi-
rators are used; 10 CFR 20.1902 requires posting of
airborne radioactivity areas; 10 CFR 20.2103 requires
records of radiation surveys; and 10 CFR 20.2202
and 10 CFR 20.2203 require reporting of excessive
concentrations of or exposure to airborne radioactive
materials.

This guide provides guidance on air sampling in
restricted areas (as defined in 10 CFR Part 20) of the
workplace. In this guide, the term “air sampling” in-
cludes the collection of samples for later analysis as
well as real-time monitoring in which samples are
analyzed as they are collected. The guide does not
cover environmental or effluent sampling or the
analysis of samples.

In addition, this guide does not apply to activities
conducted under 10 CFR Part 50 at reactor facilities.
Although the provisions of 10 CFR Part 20 apply
equally to nuclear reactors and to other facilities, the
air sampling programs of reactor licensees are well es-
tablished, and the NRC is satisfied that the quality of
air sampling at nuclear reactors is adequate. There-
fore, no further guidance on air sampling is needed at
this time for reactor licensees.

Any information collection activities mentioned
in this regulatory guide are contained as requirements
in 10 CFR Part 20, which provides the regulatory ba-
sis for this guide. The information collection require-
ments in 10 CFR Part 20 have been cleared under
OMB Clearance No. 3150-0014.

B. DISCUSSION

Air sampling can be used to determine whether
the confinement of radicactive materials is effective,
to measure airborne radioactive material concentra-
tions in the workplace, to estimate worker intakes, (o
determine posting requirements, to determine what
protective equipment and measures are appropriate,
and to warn of significantly elevated levels of airborne
radioactive materials. 1f bioassay measurements are
used to determine worker doses of record, air sam-
pling may be used to determine time of intake and to
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determine which workers should have bioassay meas-
urements.

General guidance on air sampling for speciﬁcA

types of facilities is also discussed in several other
regulatory guides, including:

®  Regulatory Guide 8.21, “Health Physics Sur-
veys for Byproduct Material at NRC-
Licensed Processing and Manufacturing
Plants”

® Regulatory Guide 8.23, “Radiation Safety
Surveys at Medical Institutions”

®  Regulatory Guide 8.24, “Health Physics Sur-
veys During Enriched Uranium-235 Process-
ing and Fuel Fabrication”

®  Regulatory Guide 8.30, “Health Physics Sur-
veys in Uranium Mills”

These facility-specific guides cover air sampling
in general terms, while this guide discusses air sam-
pling in more depth. Thus, the guides are comple-
mentary.

This guide provides recommendations on air
sampling to meet the requirements of 10 CFR
Part 20. Draft NUREG-1400, “Air Sampling in the
Workplace,”" provides examples, methods, and tech-
niques that the licensee may find useful for imple-
menting the recommendations in this guide. How-
ever, NUREG~1400 does not establish regulatory
positions or recommendations and should not be
used as a compliance document to establish the ade-
quacy of licensee programs.

C. REGULATORY POSITION

1. EVALUATING THE NEED FOR AIR
SAMPLING
The implementation of some sections in 10 CFR
Part 20 may require air sampling. This section of the
guide provides recommendations on when and what
type of air sampling is acceptable to meet the Part 20
requirements.

1.1 When To Evaluate the Need for Air

Sampling

As a general rule, any licensee who handles or
processes unsealed or loose radioactive materials in
quantities that during a year will total more than
10,000 times the ALI for inhalation should evaluate
the need for air sampling. (If the same material is
used repeatedly, multiply the quantity used by the
number of times used.) If more than one radioactive

'Single copies of draft NUREG-1400 are available free, to
the extent of the supply. Submit a written request to the Office
of Administration, Distribution and Mail Services Section,
U.S. Nuclear Regulatory Commission, Washington, DC
20555. A {inal version of NUREG-1400 is being developed
and should be published in 1993.

material is used, the need for air sampling should be
determined by whether the sum of the quantities of
each divided by each respective ALI exceeds 10,000.
When quantities handled in a year are less than
10,000 times the ALI, air sampling generally is not
needed. (The basis for this value is that experience
has shown that worker intakes are unlikely to exceed
one one-millionth of the material being handled or
processed, as discussed in NUREG-1400.)

1.2 Air Sampling Based on Potential Intakes
and Concentrations

The extent of air sampling may be based on esti-
mates of worker intakes and on estimated airborne
concentrations of radioactive materials as shown in
Table 1. Estimates of potential intakes and concen-
trations should be based on historical air sampling or
bioassay data if these data are available. If the data
are not available, potential intakes and concentra-
tions should be estimated. Estimates of intakes and
concentrations should be based on a consideration of
(1) the quantity of radioactive material being han-
dled, (2) the ALI of the material, (3) the release
fraction for the radioactive material based on its
physical form and use, (4) the type of confinement
for the material, and (5) other factors appropriate for
the specific facility. The estimated prospective intake
provides only a guide to the appropriate types of air
sampling. The radiation safety officer should use pro-
fessional judgment and experience to perform air
sampling appropriate for the specific situation.

1.3 Grab vs. Continuous Air Sampling

Air sampling may be continuous during work
hours or intermittent (grab samples taken during part
of the work). When continuous sampling during the
work day is performed for continuous processes, a
weekly sample exchange period is generally accept-
able (except for very short-lived radionuclides).
Longer sample exchange periods may be appropriate
if airborne radioactive material concentrations and
nuisance dust concentrations are both relatively low.
When grab sampling is performed for continuous
processes, a weekly sampling frequency is generally
acceptable; however, monthly or quarterly sampling
may be acceptable for areas in which concentrations
of airborne radioactive material are expected to aver-
age below a few percent of the DAC. Grab sampling
would also be appropriate when operations are con-
ducted on an intermittent basis.

1.4  Air Sampling When Respiratory Protective
Equipment Is Used
Air sampling is required by 10 CFR
20.1703(a) (3) (i) to evaluate airborne hazards when-
ever respiratory protective equipment is used to limit
intakes pursuant to 10 CFR 20.1702. Air samplers
that are located to determine worker intake are
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Table 1
Air Sampling Recommendations Based on Estimated Intakes and Airborne Concentrations

Worker's estimated Estimated airborne
annual intake as a concentrations as a
fraction of ALI fraction of DAC

Air sampling recommendations

< 0.1 < 0.01

> 0.01

Air sampling is generally not necessary. However,
monthly or quarterly grab samples or some other
measurement may be appropriate to confirm that
airborne levels are indeed low.

Some air sampling is appropriate. Intermittent or grab
samples are appropriate near the lower end of the
range. Continuous sampling is appropriate if concen-
trations are likely to exceed 0.1 DAC averaged over
40 hours or longer.

> 0.1 < 0.3

> 0.3

Monitoring of intake by air sampling or bioassay is
required by 10 CFR 20.1502(b).

A demonstration that the air samples are representa-
tive of the breathing zone air is appropriate if

(1) intakes of record will be based on air sampling
and (2) concentrations are likely to exceed 0.3 DAC
averaged over 40 hours (i.e., intake more than 12
DAC-hours in a2 week).

Any annual intake >1

> 5

Air samples should be analyzed before work resumes
the next day when potential intakes may exceed

40 DAC-hours in 1 week. When work is done in
shifts, results should be available before the next shift
ends. (Credit may be taken for protection factors if a
respiratory protection program is in place.)

Continuous air monitoring should be provided if
there is a potential for intakes to exceed 40 DAC-
hours in 1 day. (Credit may be taken for protection
factors if a respiratory protection program is in
place.)

acceptable for this purpose. If the worker’s job activ-
ity will be the main source of airborne radioactive
material, the sampling should be done during the ac-
tivity, not prior to the activity.

1.5 Prompt Analysis of Certain Samples

In situations in which there is a potential for in-
takes to exceed 40 DAC-hours in a week, air samples
should be analyzed promptly on a daily basis. (In
evaluating the need for prompt analysis, credit may
be taken for respirator protection factors if a respira-
tory protection program is in place.) Sample results
should be available before work resumes the follow-
ing day. When work is done in shifts, results should
be available before the next shift ends, preferably
during the first half of the next shift. For special or

nonroutine operations, an attempt should be made to
have analysis results available within one hour.

1.6 Continuous Air Monitoring

In situations in which there is a potential for ac-
cidents to cause intakes exceeding 40 DAC-hours in
a day, continuous air monitoring should be done.
When continuous air monitors with automatic alarms
are used, the alarm set points should be set as low as
practical for the work being conducted without caus-
ing excessive false alarms (e.g., more than once per
quarter).If continuous air monitors with automatic
alarms are used, check sources should be used
weekly 10 check that the monitor responds and
causes an alarm. Continuous check sources may also
be used, provided there is no interference with the
radionuclide of interest. If the response is not within
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+ 20 percent of the normal response, the monitor
should be repaired or recalibrated.

1.7 Establishing Airborne Radioactivity Areas

Air sampling with samplers located to determine
worker intake may be used to determine whether an
area is an airborne radioactivity area. Any room, en-
closure, or area must be posted as an airborne radio-
activity area if (1) concentrations of airborne radio-
active materials are in excess of the DAC or (2) a
worker in the area would be exposed to more than 12
DAC-hours in a week (10 CFR 20.1902 and
20.1003). To determine whether the concentration
exceeds the DAC over the short term, the sample
collection time should not exceed 1 hour. Shorter
sample collection times may be used if desired, but
they are not required.

Areas should not be posted as airborne radioac-
tivity areas on the basis of unlikely accidents that
might cause the DAC to be exceeded. An airborne
radioactivity area should be established based on the
radioactivity levels normally encountered or on levels
that can reasonably be expected to occur when work
is being performed.

1.8 Air Sampling vs. Bioassay for Determining
Intakes

If sufficient data to determine a worker’s intake
are available from both air sampling and bioassay
measurements and the results are significantly differ-
ent, the licensee should base the worker’s intake esti-
mate on the data considered by the radiation protec-
tion staff to be the most accurate.

1.9 Substitutes for Air Sampling

If experience indicates that worker intakes are
generally low, it may be acceptable to substitute other
techniques in place of air sampling. For example,
when working with tritium, iodine, or other materials
that are easily and effectively detected by bioassay, it
could be appropriate to eliminate all air sampling and
rely completely on bioassays to measure intakes and
verify confinement.

2. LOCATION OF AIR SAMPLERS

Concentrations of airborne radioactive materials
in a room are generally not uniform. Concentrations
usually vary greatly from one location to another,
sometimes by orders of magnitude even for locations
that are relatively close. Therefore, the location of air
samplers is important because inappropriately placed
samplers can give misleading results.

This section applies only to fixed-location and
portable samplers. It does not apply to personal (la-
pel) samplers.

2.1 Purpose of the Measurement

" Before selecting a sampling location, the licensee
should decide on the purpose of the measurement.
Examples of purposes are (1) estimating worker in-
takes, (2) verifying that the confinement of radioac-
tive materials is effective, (3) providing warning of
abnormally high concentrations, (4) determining
whether there is any leakage of radioactive materials
from a sealed confinement system, and (5) determin-
ing whether an airborne radioactivity area exists.

2.2 Determination of Airflow Patterns

Airflow patterns should be determined in order
to locate air samplers appropriately. The locations of
ventilation air inlets and exhausts and of sources of
airborne radioactive materials should be noted in or-
der to determine the predominant airflow patterns
and likely radioactive material transport routes.
When sampling air in rooms with complex airflow
patterns, it may be useful to use smoke tubes or
neutrally buoyant markers to determine airflow pat-
terns.

When sampling air in an airborne radioactivity
area to determine the intakes of workers whose in-
take must be monitored under 10 CFR 20.1502(b),
smoke tubes or neutrally buoyant markers should be
used to determine airflow patterns from the source to
the worker’s breathing zone. In some instances, the
use of larger smoke sources or neutrally buoyant
marker sources to observe airflow patterns is desir-
able. However, observations of airflow patterns
should be omitted in areas of high external radiation
exposure if making the observations would result in
total worker doses (internal plus external) that are
not as low as is reasonably achievable.

The airflow pattern determinations should be re-
peated if there are changes at the facility, including
changes in locations of the individual work locations
and seasonal variations that might change airflow pat-
terns, or if there is a reason to suspect problems. The
radiation protection staff should be aware of facility
characteristics, operations, and changes that might
change airflow patterns. In addition, the location of
at least 10 percent of the fixed-location samplers
should be evaluated annually to confirm that their lo-
cations are still appropriate.

2.3 Selecting Sampler Locations

Air samples should be collected in airflow path-
ways downstream of sources of airborne radioactive
material.

When the purpose of the sample is to verify the
effectiveness of confinement or to provide warning of
elevated concentrations, the sampling point should be
located in the airflow pathway near the release point.
These samplers do not have to be placed near the
worker’s breathing zone, and thus concentrations
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might be considerably different from the concentra-
tions in the breathing zone. If the room has several
widely spaced sources of airborne radioactive mate-
rial, more than one sampling point may be needed.

When the purpose of sampling is to determine
worker intakes, each frequently occupied work loca-
tion should have its own sampler. The air samplers
should be placed as close to the breathing zone of the
worker as practical without interfering with the work
or the worker. In addition, air flow patterns in the
area should be considered in placing samplers so that
the sampler is likely to be in the airflow downstream
of the source and prior to or coincident with the loca-
tion of the worker. An estimate should be made of
the time the worker spends at the work location (un-
less personal air samplers are being used).

For hoods, glove boxes, and other similar enclo-
sures used to contain radioactive material, air sam-
plers may be installed slightly above head height and
in front of the worker or they may be installed on the
front face of the enclosure.

Normally, air samplers intended to measure
workplace concentrations should not be located in or
near exhaust ducts, because concentrations there will
usually be diluted compared to concentrations in
work areas. However, samplers may be located in
ducts if their purpose is to detect leakage from sys-
tems that do not leak during normal operation and if
quantitative measurements of workplace airborne
concentrations are not needed.

3. DEMONSTRATION THAT AIR SAMPLING
IS REPRESENTATIVE OF INHALED AIR

Section 20.1502(b) of 10 CFR Part 20 requires
monitoring of the intake of any worker whose intake
is likely to exceed 0.1 ALI. Section 20.1204 allows
the use of air sampling, bioassay, or a combination of
both to determine a worker’s intake.

3.1 Need To Demonstrate that Air Sampling Is
Representative of Breathing Zone Air

It should be demonstrated that the air sampled
is representative of breathing zone air if all four of
the following conditions are met: (1) monitoring of
intake is required by 10 CFR 20.1502(b) because an-
nual intake is likely to exceed 0.1 ALI, (2) the intake
of record will be based on air sampling rather than
bioassay, and (3) the exposure will occur in an air-
borne radioactivity area where airborne concentra-
tions are likely to exceed 12 DAC-hours in a week,
and (4) lapel samplers or samplers located within
about 1 foot of the worker's head are not used. (The
results from lapel samplers or samplers that are lo-
cated within about 1 foot of the worker’s head may
be accepted as representative without further demon-
stration that the results are representative.)

3.2 Demonstration that Air Sampling Is

Representative

Four methods may be used to demonstrate
representativeness of the results from samplers that
are not located within about 1 foot of the worker’s
head: (1) comparison with lapel sampler resuits (for
this comparison, lapel samplers may be equipped with
cyclones with an efficiency of at least 50 percent for
particles with an aerodynamic equivalent diameter of
4 micrometers if the particles sampled are solubility
class W or Y),2 (2) comparison with bioassay results,
(3) comparison using multiple measurements near the
breathing zone, and (4) comparison with quantitative
airflow tests.

Table 2 describes the application of each of the
methods and includes acceptance criteria for deter-
mining whether sampling results may be considered
representative.

3.3 Corrective Actions if Sampling Results Are

Not Representative .

If the method used to demonstrate representa-
tiveness does not show that the sampling results are
representative, the licensee should analyze the situ-
ation, determine the likely cause of the problem, and
fix the problem. The licensee should also correct
intake estimates made within the last year and subse-
quent to the previous demonstration of representa-
tiveness. To fix the problem, it may be appropriate to
relocate samplers to be more representative, apply
correction factors to correct sampling results, switch
to lapel sampling, or use bioassay measurements to
determine intakes.

4. ADJUSTMENTS TO DERIVED AIR
CONCENTRATIONS
NRC regulations in 10 CFR 20.1204(c} permit,
upon prior approval of the NRC, the adjustment of
DACs to reflect the actual physical and chemical
characteristics of airborne radioactive materials.

4.1 Adjusting DACs Based on Measurements of
Particle Size
If the licensee elects to request approval to ad-
just DACs based on measured activity median aero-
dynamic diameters of airborne particles, the following
information should be submitted:

1. The need for the adjustment.

2. The radioactive materials involved and
either their chemical form (if the chemical

zAmerican Conference of Governmental Industrial Hygien-
ists, Threshold Limit Values for Chemical Substances and
Physical Agents and Biological Exposure Indices, Nolice of
Intended Changes: Appendix D—Particle Size Selective Sam-
pling Criteria for Airbome Particulate Matter, 1991. The
4-micrometer criterion is also in the process of being adopted
by the International Standards Organization (ISO) and the
European Siandardization Committee (CEN).
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Table 2

Methods To Demonstrate the Representativeness of Air Sampling

Method

Description

1.

2.

3'.,

4.

Comparison with
lapel samplers

Comparison with
bioassay results

Comparison with
multiple samplers

Comparison with
quantitative airflow
measurements

Include: Workers whose annual intakes must be monitored under 10 CFR
20.1502(b) because intakes are likely to exceed 10% of an ALI and
whose dose of record will be based primarily on air sampling.

Comparison: Compare intakes measured by air sampling with intakes meas-
ured by lapel samplers for at least 1 week for continuous operations or for
several operations for repeated short—-duration operations.

Acceptance criteria: The ratio of the intakes calculated from air sampling
divided by the intakes calculated from lapel samplers should exceed 0.7
when averaged for all workers included in the comparison. The ratio for
each individual worker should exceed 0.5. (The values of 0.7 and 0.5 were
selected so that the accuracy of intakes based on air sampling would be com-
patible with the accuracy expected of external radiation dosimeters.)

Include: Workers whose annual intakes must be monitored under 10 CFR
20.1502(b) because intakes are likely to exceed 10% of an ALI and
whose dose of record will be based primarily on air sampling.

Comparison: Compare the sum of the intakes determined from air sampling
with the sum of the intakes calculated from those bioassay measurements.

Acceptance criteria: The ratio of the sum of the intakes calculated from air
sampling divided by the sum of the intakes calculated from bioassay meas-
urements should exceed 0.7 when averaged for all workers included in the
comparison. The ratio for each individual worker should exceed 0.5 for each
individual worker.

Include: Work locations at which airborne concentrations are likely to
exceed 0.3 DAC and that are generally occupied by workers whose intakes
must be monitored and whose dose of record will be based on air sampling.

Comparison: Use multiple samplers to take measurements at four or more
locations around the worker’s head.

Acceptance criteria: The concentration determined by the fixed-location
sampler divided by the concentration averaged for all the multiple samplers
should exceed 0.7 for the work location.

Include: Work locations at which airborne concentrations are likely to
exceed 0.3 DAC that are generally occupied by workers whose intakes must
be monitored and whose dose of record will be based on air sampling.

Comparison: Release a tracer material near the source release point. Meas-
ure its concentration with the fixed-location sampler and with another sam-
pler placed closed to the worker’s head.

Acceptance criteria: The concentration measured by fixed-location sampler
divided by the concentration of the sampler placed close to the worker’s
head should exceed 0.7.
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compounds are listed in Appendix B of Part
20) or their solubility classes (D, W, or Y).
Describe how the chemical forms or solubil-
ity classes were determined.

3. A graph of the adjusted DAC vs. activity
median aerodynamic diameter.

4. The method by which the activity median
aerodynamic diameter will be measured.

5. The locations at which the measurements
will be made.

6. The frequency of measurements.

7.  Methods or techniques that will be used to
average results by location or time.

The following locations and frequency of meas-
urements are acceptable to the NRC. For an initial
determination of the adjustment, the licensee should
take the average of three measurements of the activ-
ity median aerodynamic diameter at or near each
work location or process. The licensee should then
determine whether the entire area or room can be
represented by a single activity median aerodynamic
diameter or whether the area or room should be di-
vided into areas with different particle sizes. After the
initial determination of median diameter in each area
of the workplace has been made, the licensee should
reassess the median diameters by making another
measurement at approximately one-quarter of the
work locations at 6-month intervals, selecting differ-
ent locations each time. However, if two consecutive
reassessments do not show a substantial change in the
median diameter, reassessments may be annual.
Reassessments should also be done after there have
been process changes likely to affect the size distribu-
tion of particles. If the activity median aerodynamic
diameter has changed, the median diameter for the
area should either be reassessed or replaced with a
default value of 1 micrometer.

If the licensee elects to adjust the DAC based on
the size distribution for short-duration operations,
such as special maintenance jobs, at least one meas-
urement should be made each time the job is done.
In the event of abnormal or accident conditions, the
median diameter for normal operating conditions
may be assumed for intake assessments.

4.2 Using Cyclones To Adjust Measured
Airborne Concentrations

If the licensee elects to request approval to use
cyclones or other particle size discrimination samplers
to adjust the measured airborne concentrations, the
following information should be submitted:

1. The need for the adjustment.

2. The radioactive materials involved and
their chemical form (relative to the chemi-
cal forms listed in Appendix B to Part 20)
or solubility class (D, W, or Y).

3. A description of how the chemical form or
solubility class was determined.

4. The type of cyclone, the type of sampler,
the air flow rate, and the collection effi-
ciency of 4 micrometer particles at the flow
rate that will be used.

5. A list of locations or worker areas that will
be sampled using cyclones.

In general, this method is suitable for solubility
class W and Y compounds but not solubility class D
compounds. Cyclones should have an efficiency of at
least 50 percent for particles with an aerodynamic di-
ameter of 4 micrometers.?

4.3 Adjusting DACs for Solubility

NRC regulations in 10 CFR 20.1204(c) permit,
upon prior approval of the NRC, the adjustment of
the DAC based on chemical characteristics. If the li-
censee elects to request approval to adjust DACs
based on particle solubility in the human body, the
following information should be submitted:

1. The need for adjustment.

2. A description of how the solubility of the
material was determined.

3. A description of how the adjusted DAC was
determined.

4. The number and frequency of measure-
ments. (A frequency of at'least annually is
recommended.)

5. MEASURING THE VOLUME OF AIR

SAMPLED

The accuracy of air sampling measurements and
the calibration of air sampling instruments is not ex-
plicitly dealt with in Part 20. However, it is implied
that measurements required by Part 20 must be suit-
ably accurate. This section of the guide describes ac-
ceptable methods to determine the volume of air to
be sampled to ensure suitable accuracy.

5.1 Means To Determine Volume of Air
Sampled
All air samplers to be used fot quantitative
measurements should have a means to determine the
volume of air sampled. This recommendation applies
to fixed-location samplers, portable samplers, and la-
pel samplers.

5.2 Calibration Frequency and Methods

The licensee should calibrate airflow meters at
least annually. Additional calibrations should be
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performed after repairs or modifications to the meter
or if the meter. is believed to have been damaged.
The methods described in Section F of “Air Sam-
pling Instruments”® to calibrate airflow meters are
acceptable to the NRC staff.

5.3 Uncertainty

The uncertainty in the volume of air sampled
should be less than 20 percent. The uncertainty, U,,
in percent may be calculated from the equation:

U, = (U2 + UZ 4+ U2

where: U, = the percent uncertainty in reading
the meter scale

U, = the percent uncertainty in deter-
mining the calibration factor

U, = the percent uncertainty in the
measurement of the sampling
time.

5.4 Inleakage

Air samplers and associated sampling lines
should be checked for leakage of air into the sam-
pling line upstream of the flow measurement device
when they are calibrated for volume of air sampled.

5.5 Change in Flow Rate

If the flow rate changes by more than + 10 per-
cent during collection of a sample, a correction
should be made by averaging the initial and the final
flow rates.

6. EVALUATION OF SAMPLING RESULTS

6.1 Detecting Changes in Air Concentrations
Over Time

For fixed-location sampling whose purpose is to
confirm confinement of radioactive materials for rou-
tine or repeated operations, the results should either
(1) be analyzed for trends (for example, by control
charts) to determine whether airborne concentrations
are within the normal range and administrative and
engineering controls are thus operating properly to
maintain occupational doses as low as is reasonably
achievable or (2) be compared with administrative
action levels that serve as a basis for determining
when confinement is satisfactory.

6.2 Efficiency of Collection Media

If the efficiency of the collection media (such as
filters) for an air sample is less than 95 percent for
the material being collected, the sample result should
be corrected to account for radioactive material not

97th Edition, American Conference of Governmental Indus-
trial Hygienists, 1989. Copies are available for purchase from
the ACGIH, 6500 Glenway Avenue, Building D-7, Cincin-
nati, Ohio 45211.

collected by the collection media. If penetration of
radioactive material into the collection media or self-
absorption of radiation by the material collected
would reduce the count rate by more than 5 percent,
a correction factor should be used.

6.3 Detection Sensitivity

The 10 CFR Part 20 monitoring criteria (i.e., 10
percent of the limit) do not establish required levels
of detection sensitivity (lower level of detection, mini-
mum detectable activity, minimum detectable con-
centration, etc.). For example, lapel samplers may
not be able to detect uranium concentrations of 10
percent of the DAC, but lapel samplers are still ac-
ceptable for measuring the uranium intake of work-
ers. The monitoring criteria should not be considered
requirements on the sensitivity of a particular meas-
urement because when the results of multiple meas-
urements are summed, the sum will have a greater
statistical power than the individual measurements.
However, to achieve the greater statistical power, the
licensee should record all numerical values meas-
ured, even values below “minimum detectable
amounts” and values that are negative because the
measured count rate is below the background. Results
should not be recorded as “below MDA™ or similar
statements.

If the licensee desires to calculate the minimum
detectable activity of a single sample (MDA), it may
be calculated by use of the following equation:

2.71 + 3.29[R T, (1 + T,/Ty)]'"?
EKT,

MDA =

where: Ry, = the background count rate
T, = the sample counting time
T, = the background (or blank) count-
ing time
E = the filter efficiency
K = a calibration factor to convert
counts per minute into activity

(e.g., counts per minute per mi-
crocurie)

(The derivation of this equation is described in
NUREG-1400.)

If the proportion of the total activity of a sample
that is due to a specific radionuclide in a mixture is
known, the MDA for that radionuclide should be re-
duced proportionally:

MDA; = Aj/A x MDA

where:

A;/A = the proportion of the total sample ac-

tivity from radionuclide i.
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6.4 Deposition of Particulates in Sampling
Lines

If sampling lines are used for collecting airborne
particulates, the lines should be as short as possible
and should be made of a material not subject to sig-
nificant static charge effects (e.g., grounded metal).
However, up to several feet of flexible plastic tubing,
such as tygon, may be used to connect the sampling
line to the sample collector. The penetration of parti-
cles with an aerodynamic equivalent diameter of 10
micrometers should be at least 50 percent. DEPOSI-
TION# software is an acceptable means of calculating
penetration.

6.5 Annual Review of Air Sampling
Measurements

Section 20.1101(c) of Part 20 requires that the
licensee periodically (at least annually) review the
radiation protection program content and implemen-
tation. The review of the air sampling component of
the program should determine (1) whether the meas-
urements are accurate and reliable and (2) whether
changes should be made to improve the measure-
ments. The review should be done annually and
should cover the prior year’s activities. The annual
review of air sampling measurements may be com-
bined with reviews of other aspects of the radiation
protection program.

The annual review should include but not neces-
sarily be limited to:

1. Purposes and amount of air sampling: Was

the air sampling appropriate for the in--

tended purposes? Was there too much or
too little air sampling done?

2.  Location of Sampling: Were fixed-location
air samplers located properly? Were grab
samples taken with proper regard to airflow
patterns?

“N.K. Anand and A. R. McFarland, “DEPOSITION:
Software for Characterizing Aerosol Particle Deposition in
Sampling Lines,” Draft NUREG/GR~0006, October 1991.
Single copies are available free, 1o the extent of supply, upon
written request to the Office of Information Resources Man-
agement, Distribution Section, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555. A final version of NUREG/
GR-0006 is being developed. For information on DEPOSI-
TION software contact: Aecrosol Technology Laboratory, De-
partment of Mechanical Engineering, Texas A&M University,
College Station, TX 77843, Attention: Dr. Andrew R. McFar-
land. Telephone (409) 845-2204.

3. Trends: Do trends in air sampling results
and worker intakes indicate that confine-
ment of radioactive materials remains ade-
quate? Were prospective estimates of in-
take reasonably accurate?

4. Posting: Isthe postinvg of airborne radioac-
tivity areas appropriate?

5. Procedures: Are written procedures still
suitable and up to date?

6. Adjustment of DACs: Were DACs adjusted
for particle size or solubility? If so, are the
original adjustment factors still valid?

7. Correction factors: Were correction factors
applied to air samples to determine worker
intakes? If so, are the correction factors stili
valid?

8. False alarms: Was continuous air monitor-
ing done? If so, did excessive false alarms
occur?

9. Representativeness: For air sampling done
to determine significant intakes, was the
representativeness demonstrated to be ade-
quate?

10. Changes: Have changes in air sampling pro-
cedures or equipment occurred that could
affect the quality of the measurements?
Have changes in the facility operation or
equipment occurred that could affect the
quality of air sampling measurements?

D. IMPLEMENTATION

The purpose of this section is to provide infor-
mation to applicants and licensees regarding the NRC
staff’s plans for using this regulatory guide.

Except in those cases in which an applicant pro-
poses acceptable alternative methods for complying
with specified portions of the Commission’s regula-
tions, the methods described in this guide will be used
in the evaluation of applications for new licenses,
license renewals, and license amendments and for
evaluating compliance with 10 CFR 20.1001-
20.2401.
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REGULATORY ANALYSIS

A separate regulatory analysis was not prepared
for this regulatory guide. The regulatory analysis pre-
pared for 10 CFR Part 20, “Standards for Protection
Against Radiation” (56 FR 23360), provides the
regulatory basis for this guide and examines the costs
and benefits of the rule as implemented by the guide.

A copy of the “Regulatory Analysis for the Revision
of 10 CFR Part 20” (PNL-6712, November 1988}, is
available for inspection and copying for a fee at the
NRC Public Document Room, 2120 L Street, NW.
(Lower Level), Washington, DC, as an enclosure to
Part 20.
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REGULATORY GUIDE 8.30
(Task OH 7104)

HEALTH PHYSICS SURVEYS IN URANIUM MILLS

A. INTRODUCTION

Section 40.32, “General Requirements for Issuance of
Specific Licenses,” of 10 CFR Part 40, “Domestic Licensing
of Source Material,” states that the Commission will
approve an application to operate a uranium mill if the
applicant is qualified by reason of training and experience
to be able to protect health and minimize danger to life and
property and if the applicant’s proposed equipment,
facilities, and procedures are also adequate.

The following sections of 10 CFR Part 20, *“Standards
for Protection Apgainst Radiation,” of the Commission’s
regulations deal with the protection of mill workers:
§20.20! requires adequate surveys, §20.101 limits worker
exposure to external radiation, §20.103 limits exposure to
airborne radioactive material in restricted areas, §20.202
requires personnel radiation dosimetess in certain instances,
§20.203 requires posting of warning signs and controlling
access to areas with high radiation levels, §20.401 requires
records of radiation surveys and personnel monitoring
reports, and §20.405 requires reports of overexposures.

This guide describes heaith physics surveys acceptable to
the NRC staff for protecting uranium mill workers from
radiation and the chemical toxicity of uranium while on the
job. The guidance can also be applied, in part, to other
types of uranium recovery facilities and portions of conver-
sion facilities since some of the processes used in these
facilities are similar to those in uranium mills.

The guide does not cover surveys to prevent the release
of radioactive material to unrestricted areas or surveys to
measure the exposure of the public to radicactive materials
in effluents, except for surveys of the skin and clothing of
workers leaving the mill and surveys of equipment and
packages leaving the mill. ’

Any guidance in this document related to information
collection activities has been cleared under OMB Clearance
No. 3150-0019 and No. 3150-0013.

B. DISCUSSION

Regulatory Guide 3.5, “Standard Format and Content
of License Applications for Uranium Mills,” outlines the
type of information that applicants for a uranium mill
license should include in their applications and suggests a
uniform format for presenting that information. This
regulatory guide describes occupational health physics
(radiation protection) surveys acceptable to the NRC
licensing staff that an applicant may use for describing
surveys in Section 5.5, *‘Radiation Safety,” in Regulatory
Guide 3.5.

The contents of this guide are based to a significant
extent on NRC’s current licensing practice. The contents of
this guide are also based to a large extent on the International
Atomic Energy Agency (IAEA) “Manual of Radiological
Safety in Uranium and Thorium Mines and Mills” (Ref, 1).
The NRC is also developing a report on occupational
radiological monitoring at uranium mills that will describe
how many of the surveys in this guide can be performed
properly. That report will be available in late 1983.

The subjects of respiratory protection, uranjum bioassay,
and programs for maintaining occupational exposures to
radiation as low as reasonably achievable are not included
in this guide. Those subjects are covered in Regulatory
Guide 8.15, “Acceptable Programs for Respiratory Protec-
tion,” Regulatory Guide 8.22, “Bioassay at Uranium Mills,”
and Regulatory Guide 8.31, “Information Relevant to
Ensuring that Occupational Radiation Exposures at Uranium
Mills Are As Low As Is Reasonably Achievable.”

'C. REGULATORY POSITION
1. SURVEYS
1.1 Surveys for Airborne Uranium Ore Dust

Surveys' for airborne uranium ore dust are necessary
(1) to demonstrate compliance with the quarterly intake
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limits for workers specified in §20.103(a) of 10 CFR
Part 20, (2) to meet the posting requirements for airborne
radioactivity areas in §20.203(d), (3) to determine whether
precautionary procedures such as process or other engineer-
ing cbntrols, increased surveillance, limitation on working
times, provision of respiratory protective equipment, or
other precautions should be considered to meet
§8§20.103(b)(1) and (b)(2), and (4) to determine whether
exposures to radioactive materials are being maintained as
low as is reasonably achievable as stated in § §20. I(c) and
20.103(b)(2).

The concentration applicable to limiting exposure to
airborne uranium ore dust in restricted areas is given in
paragraph 4 of the Note to Appendix B, **Concentrations in
Air and Water Above Natural Background,” of Part 20. If
gross alpha counting of the air sample is performed, concen-
tration is 1 x 1071% microcuries (uCi) of alpha activity per
milliliter (m1) of air. This concentration applies to the alpha
emissions of uranium-238, wuranium-235 (negligible),
uranium-234, thorium-230, and radium-226. If chemical
separation of uranium followed by alpha counting, alpha
spectrometry, or fluorometric procedures are used to
determine the uranium concentration alone, the concentra-
tion is 5x 107! uCi of uranium per ml of air. In mass
units the concentration is 75 micrograms (ug) of natural
uranium per cubic meter of air.* The uranium ore dust
concentration is applicable to areas where ore is handled

prior to chemical separation of the uranium from the ore. -

Where the ore crushing and grinding circuits, chemical
leaching areas, and yellowcake areas are physically isolated
from each other, the ore dust concentration obviously
applies to the ore handling areas.

Where ore handling and yellowcake processing are not
physically isolated from each other, the concentration value
of 1 x 10'1°pCi/mI may be used provided that gross alpha
counting is performed. For other methods of analysis that
include only measurements of uranium it is necessary to
determine the fraction of the alpha activity that is due to
ore dust. For example, in a mill that produces little ore dust

because it has a wet ore grinding process but has significant

emissions from yellowcake processing equipment, the
natural uranium concentration of 1 x 10712 pG of natural
uramum per ml of air (or 200 ug of soluble natural uranium/
m **) may be applicable throughout the plant. To know
when uranium ore dust concentrations are sufficiently low
to allow use of this limit for natural uranium, paragraph §
of the Note to Appendix B to Part 20 should be consulted.
If uranium ore dust concentrations are below 10% of
the applicable concentration value in Appendix B of
Part 20 (i.e., below 5x 102 puCi/ml), uranium ore dust
may be considered to be not present, and the appropriate
value for natural uranium (1 x 10710 uCifml) may be used
instead. If ore dust concentrations exceed 10% of the

Mlcrograms of uranjum can be converted to mlcro;;uriega by
using the specific activity of natural uranium: 6.77 x 10~/ uCifMg.

[ 3
Thespnmary standard for airborne soluble nat\’ra.l uranium is
200 {g/mJ, Multiplying that value by 6.77 x 107 uCijlg gives
1.35x lO'IO UCijml. This I.S tounded down to give the Appendix B
concentration of t x 10°

Appendix B value, the airborne mixture may either be
considered entirely ore dust (for which the concentration
value of 5 x 107! uCi/ml applies) or a new concentration
value for the mixture, MPC_ , may be calculated using the
following equation:

-1
fnu fod

MPC = +
m MPC, MPC 4

where:

MPCnu = regulatory concentration value for natural
uranium

MPCO d= regulatory concentration value (in radio-
metric units) for natural uranium in ore dust

fnu = fraction of alpha activity from natural
uranium as yellowcake,

i.e., Cnu/(cnu + Cod)

f od = fraction of alpha activity from natural uranium

in ore dust, i.e., COd/(Crm + Cnu)
Since this equation would only be used with the § x 10711
uCi/ml value of Coa fod is calculated as the fraction of the
uranium alpha activity only. This equation was derived
from, and is thus equivalent to, the inequality shown in
paragraph 1| of the Note to Appendix B, 10 CFR Part 20
(see Appendix A of this guide).

In areas that are not “airborne radioactivity areas,” an
acceptable sampling program for airborne uranium ore dust
includes monthly grab samples of 30-minutes duration in
worker-occupied areas while ore is being actively handled.
As an alternative, weekly grab samples of 3-minutes dura-
tion each using a high-volume sampler (roughly 30 cfm) are
acceptable as long as the licensee can demonstrate that the
volume sampled is accurately known. The quantity of air
sampled and the method of analysis should allow a lower
limit of detection (LLD) of 5 x 10712 uCi of natural
uranium per ml of air (or 7.5 ug of uranium per m?3 of air).
Appendix B to this guide shows how to calcutate the LLD
when a fluorometric analysis for uranium is used. If any
area is an ‘“airborne radioactivity area,” as defined in
§20.203(d), 30-minute samples should be taken weekly if
workers occupy the area. Outdoor areas such as the ore pad
should be sampled quarterly.

Only ore dust samples representative of the air inhaled
by the workers present are acceptable, Samples taken at a
height of about 3 to 6 feet between the source and the
worker are normally considered representative. Samples
should be taken while normal ore handling is taking place.
The state of operation of major equipment during sampling
should be recorded. In large rooms, several locations should
be sampled. Special breathing zone sampling (lapel sampling
or other sampling of the immediate breathing zone of a
particular worker) is not necessary for ore dust.
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During the first year of operation, new mills will need a
more extensive air sampling program than operating mills to
determine what locations provide measurements of the con-

ntration representative of the concentration to which
.orkers are exposed. '

Sample analysis should usually be completed within two
working days after sample collection. Unusual results
should be reported promptly to the Radiation Safety
Officer (RSO).*

Regulatory limits on the intake of ore dust are discussed
in Section C.3 of this guide.

1.2 Surveys for Airborne Yellowcake

It is generally accepted that uranium dissolved in the lung
or absorbed by the gastrointestinal tract enters the blood-
stream and is excreted or distributed to various body organs.
The rate of dissolution for yellowcake appears to depend on
its temperature history. Yellowcake dried at low temperature,’
which is predominantly composed of ammonium diuranate,
dissolves more quickly than yellowcake dried at higher
temperature; and a relatively large fraction is rapidly trans-
ferred to kidney tissues (Refs. 2-4). If the intake of such
yellowcake is controlled to protect the kidney from the
chemical toxicity of uranium, radiological protection criteria
for natural uranium will also be satisfied. For purposes of
compliance with 18 CFR Part 20, yellowcake undried or
dried at low temperature should be classified as soluble.

Yellowcake dried at high temperature is a mixture of
. ympounds, which contains a major portion of more

_ .asoluble uranium oxides. Radiation dose to the lung and

other organs is the limiting consideration rather than
chemical toxicity primarily due to the large insoluble compo-
nent. For compliance purposes, yellowcake dried at 400°C
and above should be classified as insoluble (Refs. 5 and 6).

Solubility classification is important with respect to com-
pliance with the Commission’s weekly intake regulations for
soluble uranium, Paragraph 20.103(a)(2), in connection with
footnote 4 of Appendix B to Part 20, imposes a weekly intake
limit of 0.0065 pCi (9.6 mg) for soluble uranium. If this
limit is exceeded during a calendar week, an overexposure
has occurred.** A weekly overexposure limit is imposed
because hazardous conditions must be corrected quickly
where chemical toxicity to the kidney may be involved.

Solubility classification is not an important consideration
from the viewpoint of complying with the .Commission’s
quarterly intake limits for natural uranium. Paragraph
20.103(a)(1), footnote 3, requires that every quarterly

*
The title “Radiation Safety Officer” is used by many licensees
and, in this guide, means the person responsible for conducting
health physics survey programs; other titles are equally acceptable,

x%

In connection with the 0,0065 UCi weekly limit and the
0.063-UCi quarterly limit, note that 0.0065 multiplied by 13 does
not yield 0.063, as would normally be expected. The reason is as
foyows. The 0.0065 (Ci weekly limit is derived from the 200-ug/
m?> value specified in footnote 4 of Appenii&x B, The 0.063-UCi
quarterly limit is derived from the 1 & 10-1Y uCifml value from
“olumn 1, Appendix B. The 1 x 10-1C value contains a roundoff

ror that essentially accounts for the anomaly. .

e

intake limit be calculated as the product of the Appendix B,
Column ! concentration and the constant 6.3 x 103 mi
{which is the assumed number of milliliters of air inhaled
by a worker, while on the job, quring one calendar quarter).
The concentration value for either soluble or insoluble
natural uranium is 1 x 1071% 4Ci/ml of air. Thus, the
quarterly intake limit for any type of yellowcake is
0.063 uCi (approximately 93 mg) of uranium.* If this
value is exceeded, an overexposure has occurred.

The regulations for insoluble uranium do not contain
overexposure limits based on the weekly intake. However, a
weekly control measure is specified in §20.103(b)(2),
which is applicable to insoluble natural uranjum, such as
vellowcake dried at high temperature. It is not a violation
of the NRC’s regulations if a worker’s intake of insoluble
uranium exceeds the equivalent of 40 hours at a concentra-
tion of 1 x 1071¢ uCi/ml in any period of seven consecutive
days, for a single time. However, failure to make an evalua-
tion of an occurrence, take appropriate actions to ensure
against recurrence, and maintain the required records is a
violation of §20.103(b)(2).

Thus, surveys for airborne yellowcake are necessary to
demonstrate compliance with the weekly and quarterly
intake limits in § §20.103(a)(1) and (a)(2). Surveys are also
necessary to establish the boundaries of airborne radioac-
tivity areas and to determine whether surveillance, limita-
tion on working times, provisions of respiratory equipment,
or other precautions should be considered in compliance
with §20.103(b).

The recommended survey program for yellowcake uses a
combination of general air sampling and breathing zone
sampling during operations that may involve considerable
intake such as those that require a special work permit.

Grab samples for yellowcake with a duration of 30
minutes should be performed weekly in airborne radio-
activity areas and monthly in areas not designated as
airborne radioactivity areas. As an alternative, weekly grab
samples of 5-minutes duration using a high-volume sampler
(roughly 30 cfm) are acceptable in areas that are not
airborne radioactivity areas instead of monthly 30-minute
samples as long as the licensee can demonstrate that the
volume of air sampled is accurately known. The increased
duration of surveys in airborne radioactivity areas should be
performed to meet the requirement in §20.103(b)(2)

- for increased surveillance in such areas.

Breathing zone sampling for specific jobs should be used
to monitor intakes of individual workers doing special high-
exposure jobs if the special jobs are likely to involve more
than 10 MPC-hours** in any one week. An example of a
job during which such breathing zone sampling may be used
is maintenance of yellowcake drying and packaging
equipment.

‘l x 10°10 i/ml;f 6.3x 108 ml/qug.rter = 0.063 Cifquarter.
0.063 LUCi + 6.77 x 1077 uCiftlg = 9.3 x 104 Ug = 93 mg.

*% . .
MPC is the acronym for maximum permissible concentration.
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Samples should be representative of the air inhaled by
the workers. The state of operation of major equipment
during sampling should be recorded.

The quantity of air sampled and the method of analysis
should allow a lower limit of detection of at least 1x 107 uCi/
ml (10% of the Part 20, Appendix B concentration). Appen-
dix B to this guide shows a calculation of the LLD.

Sample -analysis should usually be completed within
2 working days after sample collection to permit prompt
corrective action if needed. Unusual results should be
reported promptly to the RSO,

1.3 Surveys for Radon-222 and Its Daughters

In uranium mills, significant concentrations in air of
radon-222 and its daughters may occur near ore storage bins
and crushing and grinding circuits or anywhere large quantities
of ore are found, particularly dry ore. Inaddition, any poorly
ventilated room can have high radon* daughter concentra-
tions even if large quantities of ore are not present.

NRC regulations permit measurements of concentrations
of either radon itself or the radon daughters. Thus either
type of measurement is acceptable. However, at uranium
mills, measurements of daughters are considered by the
staff to be more appropriate. Measurements of radon
daughter concentrations are more appropriate because
radon daughter concentrations are both easy to measure
and because radon daughter concentrations are the best
indicator of worker dose. The dose from radon will be
negligible in comparison with the dose from radon daughters
(Ref. 7, p. 78, and Ref. 8).

Monthly measurements of radon daughter concentrations
should be made where radon daughters routinely exceed
10% of the limit or 0.03 working level (i.e., the radon
daughter concentrations are considered to be present
according to paragraph 5 of the Note to Appendix B to
Part 20). If radon daughter concentrations are normally
greater than 0.08 working level (25% of limit) or radon
concentrations are above 8 x 1070 #Ci/fml (8 pCijl), the
sampling frequency should be increased to weekly. Sampling
should continue to be performed weekly until four consec-
utive weekly samples indicate concentrations of radon
daughters below 0.08 working level or radon below
8x107° uCifml (8 pCifl). Afterthatradon daughter surveys
may be resumed on a monthly basis.

Quarterly sampling for radon daughters should be made
where previous measurements have shown the daughters are
not generally present in concentrations exceeding 0.03
working level (10% of the limit) but where proximity to
sources of radon daughters might allow them to be present.
For example, quarterly measurements might be appropriate
for a shop area attached to the crushing and grinding circuit
building.

*
The term *“radon™ used in this guide means “radon-222,”

Radon daughter samples should be representative of
worker exposures. Samples should be taken near locations
where workers are most often present. The state of operation
of major equipment during sampling and the time of day,
the sample was taken should be recorded.

The lower limit of detection for radon daughter measure-
ments should be 0.03 working level so that concentrations
defined as being present in paragraph 5 of the Note to
Appendix B to Part 20 can be detected. Appendix B of
this guide shows how to calculate the LLD for a radon
daughter measurement. Measured values less than the lower
limit of detection, including negative values, should still be
recorded on data sheets. The lower limit of detection is set
high enough to provide a high degree of confidence that
95% of the measured values above the LLD truly represent
radon daughtérs and are not “false positive” values. How-
ever, the most accurate average for a sampling location is
obtained by averaging all representative values, including
values obtained that are below the lower limit of detection.

The modified Kusnetz method for measuring radon
daughter working levels is a suitable method for uranium
mills. The procedure consists of sampling radon daughters
on a high efficiency filter paper for S minutes and, after a

‘delay of 40 to 90 minutes, measuring the alpha counts on

the filter during a l-minute interval. The original Kusnetz
method measured the alpha count rate. In the modified
Kusnetz method, the rate meter is replaced by a scaler.
This improves the sensitivity to a practical lower limit of)
0.03 working level for a 1-minute count on a 10-liter
(0.01 cubic meter)sample. This is about a factor of 10 lower
than that originally obtained using the original Kusnetz
method. A 4-minute count gives a lower limit of about
0.003 working level (Ref. 1), High efficiency membrane or
glass fiber filters should be used to minimize loss of alpha
counts by absorption in the filter. However, a correc-
tion factor to account for alpha absorption in the filter
paper should still be used. Care should be taken to avoid
contamination of the alpha counter.

The modified Kusnetz method is discussed in more
detail in References 1 and 9. Other acceptable methods
discussed in Reference 1 are the original Kusnetz method
with greater than 10 liters of air sampled, the modified
Tsivoglou method, and the Rolle method. The modificd
Tsivoglou method is slightly more accurate but is also more
complicated than the modified Kusnetz method. The Rolle
method is quicker than the Kusnetz method, but is less
sensitive. Alpha spectroscopy yields acceptable results, but
the instruments are expensive and fragile and lack portability.
Recently, “‘instant working level” meters have been devel-
oped, which have the advantage of speed. These are also
acceptable if an LLD of 0.03 working level can be achieved.

1.4 Surveys for External Radiation

Most, but not all, mill workers receive external gamma[
radiation doses of less than 1 rem per year (Ref; 1). Gamma
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radiation exposure rates are generally below 1 milliroentgen
per hour (mR/hr) in contact with incoming ore and are
~out 1.2 mR/hr in contact with fresh yellowcake (Ref. 1).
ring the buildup of the uranium daughters thorium-234

“and protactinium-234 in fresh yellowcake, the radiation

levels increase somewhat for several months following
yellowcake production.

Gamma radiation surveys should be performed semi-
annually throughout the mill at locations representative of
where workers are exposed in order to allow determination
of “radiation area” boundaries in accordance with
§20.203(b) and to determine external radiation dosimetry
requirements, in accordance with §20.202. At new mills, a
gamma radiation survey should be performed shortly after
plant operation starts.

If the semiannual survey reveals any areas accessible to
personnel where the gamma exposure rates are high enough
that a major portion of the body of an individual could
receive a dose in excess of § mrem in any hour or a dose in
excess of 100 mrem in any 5 consecutive days, the area
must be designated a ‘radiation area,” as defined in
§20.202(b)(2). For example, if the maximum time any
individual worker spends in a room in a $-day period is
40 hours, the room will be a “‘radiation area’ if the exposure
rate exceeds 2.5 mR/hr. Few mills will have radiation dose
rates this high, but such dose rates have been found where
radium-226 builds up in part of the circuit,

The survey frequency in radiation areas should be
warterly. Survey measurements should be representative of
here workers might stand so that their whole-body

" radiation exposures can be estimated. Thus, measurements

should generally be made at about 12 inches from the
surfaces.* Use of surface “contact” exposure rate measure-
ments are not required for establishing radiation area
boundaries or estimating personnel whole-body exposures
because these exposures would not be representative of
the exposures workers would receive.

A list of the radiation levels in each area of the plant
should be prepared aftér each survey. The number of areas
on the list should be held to a manageable number. In
general, a minimum of 20 survey locations is necessary to
characterize the radiation levels in the mill.

To determine the need for personnel monitoring, quarterly
radiation exposures expected for each category of plant
worker should be calculated from the measured radiation
levels and predicted occupancy times. If the calculated
quarterly gamma ray dose for any individual worker exceeds
0.31 rem, §20.202 of 10 CFR Part 20 requires that the
worker wear a personnel radiation dosimeter (e.g., film
badge or TLD). In addition, personnel monitoring should
be used for at least a l-year period to verify the survey
results even if predicted levels are below 0.31 rem. When

*See § 20.204(a) and Item 6(a) of Regulatory Guide 10.6
“Guide for the Preparation of Applications for Use of Seale.”
jources and Devices for Performing Industrisl Radiography.

feasible, the personnel monitoring results should be corre-
lated with the gamma survey results as a cross-check on
each.

In addition to gamma surveys, beta surveys of specific
operations that involve direct handling of large quantities of
aged yellowcake are advised to ensure that extremity and
skin exposures for workers who will perform those opera-
tions are not unduly high, Beta surveys should be used to
determine the need for protective clothing for these opera-
tions (e.g., thick rubber gloves). Beta surveys should also be
used to determine if procedures could be changed to reduce
beta dose while still allowing the worker to do the.operation
efficiently. Because of these needs, beta dose rates, unlike
gamma dose rates, are usually measured on the surface and
at short distances rather than at 12 inches. Beta surveys
need be done only once for an operation but should be
repeated for an operation any time the equipment or
operating procedure is modified in a way that may have
changed the beta dose that would be received by the
worker.

The beta dose rate on the surface of yellowcake just
after separation from ore is negligible, as shown in Figure 1;
but this dose rate rises steadily thereafter. The beta dose
rate from yellowcake aged for a few months after chemical
separation from the ore so that equilibrium with protac-
tinium-234 and thorium-234 has been reached is about
150 mrem/hr (Ref. 10). Figure 2 shows the beta dose rate
from aged yellowcake as a function of distance from the
surface (Ref. 10). The diameter of the yellowcake source
used to measure the dose rates shown in Figure 2 was
9.5 cm. Rubber work gloves (thickness: 0.04 cm or
50 mg/cmz) will reduce the beta dose to the hands from
aged yellowcake by about 15%. Extremity monitoring is
required by §20.202(a) for any worker whose hand dose
would exceed 4.68 rems in a quarter. '

In the case of beta surveys, it is usually acceptable to
substitute evaluations of beta doses based on Figures | and
2 in place of surveys using radiation survey instruments.

It should be noted that commercially available film
badge and TLD services often have not been able to measure
beta radiation in the mixed beta-gamma field of a uranium
mill (see, for example, Tables A-11 and A-12 of Refer-
ence 11 and Tables 6 and 9 of Reference 12), Workers’ beta
doses should be estimated from the beta surveys described
above rather than from personnel monitoring reports.

1.5 Surveys for Surface Contamination

NRC regulations provide no specific limit on surface
contamination levels in restricted areas. However, yellow-
cake or ore dust lying on surfaces can become resuspended
and contribute to the intake of radionuclides, which is
limited by §20.103(a).

In ore handling areas, surface contamination is not a
problem because of the very low specific activity of the ore.
In fact, cleanup attempts by methods such as sweeping are
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FIGURE 1, BETA DOSE RATE ON THE SURFACE OF YELLOWCAKE

This curve was prepared by S. McGuire, NRC staff, by calculating the build-
up of thorium-234 and protactinium-234 from the parent uranium-238,
and the buildup of thorium-231 from the parent uranium-235. The surface
beta dose rate was normalized to 150 mrem/hr (Figure 2 shows the meas-
ured value on the surface). Since measurements show that less than 1% of
the thorium, radium, and lead initially present in the ore remains after the
chemical separation process, betas from thorium-234, lead-210, and
lead-214 in the ore before separation are negligible in the yellowcake after
ser——nn (Ref. [3).
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likely to produce a more serious hazard through resuspen-
sion in the air than if the ore dust were allowed to remain
where it lies. When necessary, cleanup may be performed

"y hosing down the ore dust into floor sumps or by using -

icuum suction systems with filtered exhausts.

In leaching and chemical separation areas there is usually
little dust and little difficulty with surface contamination.

In the precipitation circuit and the yellowcake drying
and barrelling areas, surface contamination can be a problem
because of the concentrated nature of the yellowcake. The
International Atomic Energy Agency (IAEA) recommends
(Ref. 1) a limit for alpha contamination on such areas as
walls, floors, benches, and clothing of 1073 /.1(}1/cm2
(220,000 dpm/100 cm?), which is equivalent to about
2 mg,/cm2 of natural uranium, Based on experience, the
IAEA concluded that if surface contamination levels are
kept below this value, the contribution to airborne radio-
activity from surface contamination will be well below
applicable limits. The British National Radiological Protec-
tion Board also recommends a limit of 10”3 uCifem? for
uranjium alpha contamination in active areas of plants
(Ref. 14), based on calculations using resuspension factors
rather than experience.

The NRC staff considers surface contamination levels of
1073 uCifem? acceptable to meet the ALARA concept in
uranium mills. The levels are low enough to ensure little

ontribution to airborne radioactivity, yet are practical

> meet. Such an amount of yellowcake surface contamina-
tion is readily visible because of the low specific activity of
uranium and does not require a survey instrument for
detection. It isrecommended that surfaces where yellowcake
may accumulate be painted in contrasting colors because
surveys for surface contamination in work areas are visual
rather than by instrument. Surfaces painted prior to the
implementation date of this guide need not be repainted
merely to meet this recommendation. However, when such
surfaces are repainted they should be painted in contrasting
colors.

In yellowcake areas daily visual inspections should be
made for locating yellowcake contamination on surfaces.
Visible yellowcake should be cleaned up promptly, especially
where contamination will be disturbed and resuspended on
walkways, railings, tools, vibrating machinery, and similar
surfaces. Spills should be cleaned up before the yellowcake
dries so that resuspension during cleanup will be lessened.

In rooms where work with uranium is not performed,
such as eating rooms, change rooms, control rooms, and
offices, a lower level of surface contamination should be
maintained. These areas should be spot-checked weekly for
removable surface contamination using smear tests. The
areas should be promptly cleaned if surface contamination

*vels exceed the values shown in Table 1.

TABLE 1

Surface Contamination Levels for Uranium and Daughters
on Equipment To Be Released for Unrestricted Use,
Clothing, and Nonoperating Areas of Mills*

Average 5,000 dpm alpha Averaged over no more
per 100 cm? than 1 m?

Maximum 15,000 dpm alpha Applies to an area of
per 100 em? not more than 100 cm?

Removable 1,000 dpmalpha  Determined by smearing

per 100 cm? with dry filter or soft
absorbent paper, apply-
ing moderate pressure,
and assessing the amount
of radioactive material

on the smear

Note: The contamination levels are given in units of dp%oo cm?2
because this is the minimum area typically surveyed. en per-
forming a smear or wipe test, the area should very roughly approxi-
mate 100 em<. However, there is no need to be very precise about
the area to be smeared.

*

These values are taken from: Regulatory Guide 1.86, “Termination
of Operating Licenses for Nuclear Reactors,” and “Guidelines for
Decontamination of Facilities and Equipment Prior to Release for
Unrestricted Use or Termination of Licenses for Bycgroduct Source,
or Special Nuclear Material,” Division of Fuel Cycle and Material
Safety, USNRC, Washington, D.C. 20555, November 1976. Avail-
abfle in NRC Public Document Room for inspection and copying for
a tee. .

1.6 Surveys for Contamination of Skin and Personal Clothing

Contamination of skin and personal clothing should be
controlled to prevent the spread of contamination to
unrestricted -areas (e.g., the workers’ cars and homes).
Alpha radiation from uranium on the skin or clothing is not
a direct radiation hazard because the alpha particles do not
penetrate the dead layer of the skin. Rather, uranium is
primarily a hazard if it is inhaled or swallowed.

Visual examination for yellowcake is not sufficient
evidence that the worker’s skin or clothing is sufficiently
free of contamination to permit the workers to leave the
work environment. Normally such contamination can be
adequately controlled if yellowcake workers wash their
hands before eating, shower before going home, and do not
wear street clothes while working with yellowcake in the
mill. Prior to leaving the restricted area, everyone who has
worked with yellowcake during the day should either
shower or monitor their skin after changing clothes. If the
worker does not change clothes, the clothes should also be
monitored. The soles of the shoes of anyone entering the
vellowcake area of the mill should either be brushed or
monitored before leaving the mill, An alpha survey instru-
ment should be available at the exit of the employee change
room. In addition, the licensee should at least quarterly use a
calibrated alpha survey instrument to perform an unan-
nounced spot survey for alpha contamination on selected
yellowcake workers leaving the mill.
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Limits on acceptable levels of alpha contamination of
skin and clothing are those in Table 1, but used in the
following manner. All alpha contamination on skin and
clothing should be considered to be removable so that the
limit of 1,000 dpm alpha per 100 cm? applies.* Additional
showering or washing should be done if the limit is exceeded.
The value of 5,000 dpm alpha contamination per 100 cm?
should be used for the soles of shoes using a portable alpha
survey instrument to measure total alpha activity. If alpha
levels exceed the value in Table 1, the clothing should be
laundered before leaving the site. If the soles of shoes
exceed the value in Table 1, the shoes should be brushed or
scrubbed until they are below the limit.

1.7 Surveys of Equipment Prior to Release to Unrestricted
Areas

Surface contamination surveys should be conducted
before potentially contaminated equipment is released to
unrestricted areas, The surface contamination limits listed
in Table 1 are recommended.** If contamination above
these limits is detected, the equipment should be decon-
taminated until additional efforts do not significantly
reduce contamination levels.

The licensee should develop methods to prevent poten-
tially contaminated equipment from leaving the restricted
area without being monitored. In some cases thisis facilitated
if parking for workers and visitors is outside the restricted
area.

1.8 Surveys of Packages Prepared for Shipment

After being filled, yellowcake packages should be
washed down to remove surface contamination. Surveys of
external surfaces of yellowcake packages prepared for
shipment should be carried out before shipment. The
surveys conducted should be adequate to ensure that the
wash-downs are reducing surface contamination levels to

less than Department of Transportation (DOT) limits, but

do not necessarily include a survey of each package. The
bottoms of some, but not all barrels, should be surveyed to
determine the effectiveness of the wash downs.

Contamination on packages should not exceed Depart-
ment of Transportation limits in 49 CFR §173.397. The
average measured removable alpha contamination deter-
mined by wiping the external surface of the package with an
absorbent material should be below 2200 dpm/100 cm? if a
non-exclusive-use vehicle is to be used (49 CFR
§8§173.397(a) and (a)(1)) or 22,000 dpm/100 em? if an
exclusive-use vehicle is to be used (49 CFR § §173.397(b)
and (2)(1)). Packages having higher contamination levels

-

This value is comgparable to the limit of 105 {Ci/em?2 or
2,200 dpm per 100 cm#, recommended by the International Atomic
Energy Agency on gage 15 of Reference 1 and the United Kingdom
Atomic Energy Authority in Reference 15.

LE

See Regulatory Guide 1.86, ‘'Termination of Operating
Licenses for Nuclear Reactors,” and “Guidelines for Decontamina-
tion of Facilities and Equipment Prior to Release for Unrestricted
Use or Termination of Licenses for Byproduct Source, or Special
Nuclear Material,” Division of Fuel Cycle and Material Safety
USNRC, Washington, D.C. 20555, November 1976. Available in
NRC Public Document Room for inspection and copying for a fee.
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should be cleaned and resurveyed prior to shipment. Visible
vellowcake should be cleaned off.

1.9 Ventilation Surveys

A properly operating ventilation system is the most
effective means of worker protection from inhalation
hazards at a uranium mill, The operation of the ventilation
system should be checked each day by the radiation safety
staff during the daily walk-through of the mill,

Whenever equipment or procedures in the mill are
changed in a manner that affect ventilation, a survey should
be made of the ventilation rates in the area to ensure that
the ventilation system is operating effectively.

1.10 Surveys for Contamination on Respirators

Before being reused, respirator face pieces and hoods
should be surveyed for alpha contamination by a standard
wipe or smear technique. Removable alpha contamination
levels should be less than 100 dpm/100 cm? (Ref. 16,
Section 9.6).

1.11 Summary of Survey Frequencies

Table 2 summarizes the survey frequencies given in this
guide.

2. INTAKE AND EXPOSURE CALCULATIONS
2.1 Uranium Ore Dust and Yellowcake

In 10 CFR Part 20, §20.103(a)}(1) establishes a quarterly
intake limit on airborne uranium in yellowcake and in ore
dust, §20.103(a)(2) establishes a weekly intake limit on
airborne soluble uranium (low-temperature dried yellow-
cake), .and §20.103(b)(2) establishes a weekly control
measure for ore dust and airborne insoluble uranium (high-
temperature dried yellowcake).

This guide presents two equivalent methods for calculat-
ing worker intake. The first method expresses intake in
terms of microcuries or micrograms, The second method
expresses intake in terms of MPC-hours of exposure. The
methods are equivalent and either may be used.

Method 1: The Intake Method (Microcuries or Micrograms)
The intake of uranjium ore dust or yellowcake during the

weekly or quarterly period being evaluated may be estimated
using the following equation:

n
_ TNX b
IU =P Lmd PF
i=1
where:
I, = uranium intake, ug or uCi
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Type of Survey

1. Uranium ore dust

2. Yellowcake

3. Radon daughters

4, External radiatioh: Gamma
Beta

5. Surface contamination

6. Skin and personal clothing

7. Equipment to be released
8. Packages containing yellowcake

9. Ventilation

10. Respirators

TABLE 2

SUMMARY OF SURVEY FREQUENCIES

Type of Area

Airborne radioactivity areas
Other indoor process areas
Outdoor areas

Airborne radioactivity areas

Other indoor process areas

Special maintenance involving high
airborne concentrations of
yellowcake

Areas that exceed 0.08 working level
Areas that exceed 0.03 working level
Areas below 0.03 working level

Throughout mill
Radiation areas

Where workers are in close contact with
yellowcake

Yellowcake areas

Eating rooms, change rooms, control
rooms, offices

Yellowcake workers who shower

Yellowcake workers who do not shower

Equipment to be released that may be
contaminated

Packages

All areas with airborne radioactivity

Respirator face pieces and hoods

Survey Frequency
Weekly grab samples
Monthly grab samples
Quarterly grab samples
Weekly grab samples

Monthly grab samples
Extra breathing zone grab samples

Weekly radon daughter grab samples
Monthly radon daughter grab samples
Quarterly radon daughter grab samples

Semiannually
Quarterly

Survey by operation done once plus
whenever procedures change

Daily
Weekly

Quarterly
Each day before leaving

Once before release
Spot check before release

Daily

Before reuse

Lower Limit of
Detection

5x1072 yCi/ml

(uranium)

1 x 107! yCi/ml

0.03 WL

0.1 mR/hr
I mrad/hr

Visual
500 dpm alpha
per 100 cm?

500 dpm alpha
per 100 cm?

500 dpm alpha
per 100 ¢m?

500 dpm alpha
per 100 cm?

Not applicable

100 dpm alpha
per 100 cm?




t. = time of exposure to average concentration Xi (hr) where:

X. = average concentration of uranium in breathing I. = radon daughter intake, working-level months
zone air during the time t;s p.g/m"’ or uCi/m3
t. = time of exposure to Wi (hr)
b = breathing rate, 1.2 mafhr .

170 = number of hours in 2 working month
PF

the respirator protection factor, if applicable* »
W. = average number of working levels in breathing
n = the number of exposure periods during the week zone air during the time (ti)

or quarter

PF = the respirator protection factor, if applicable *
Method 2: The MPC-hour Method

n the number of exposure periods during the year
The intake of uranium ore dust or yellowcake during the
weekly or quarterly period being evaluated may be estimated Method 2: The MPC-hour Method

using the following equation:

n +
n ¢ _ Wi ti
Xt L=/ JMPC x PF
I, = _

MPC x PF i=1
i=1
where:
where: 1r = radon daughter intake, MPC-hours

I, = uranium intake, MPC-hours t = time of exposure to Wi (hr)

t, = time that the worker is exposed to Wi = average number of working levels in breathing
concentrations Xi (hr) zone air during the time (ti)

Xi= average concentration of uranium in MPC = the Appendix B (Part 20) concentration value
the air near the worker’s breathing for radon daughters (0.33 working levels)
zone, uCifml

W,/MPC = the number of MPCs of radon daughters

MPC = the concentration value for the radio-
active material from Appendix B of PF = respirator protection factor, if applicable*
Part 20, uCi/mi

n = the number of exposure periods during the year
X;/MPC = the number of MPCs
The values of t; may be determined by actual timing and
PF = the respirator protection factor, if . recording for each exposure, or t; values may be derived
applicable* from a time study of worker occupancy in the various mill
areas. Such studies should be updated annually and after
n = the number of exposure periods during any significant change in mill equipment, procedures, or job
the week or quarter functions. When nonroutine maintenance or cleanup
operations are performed, accurate time records should be
2.2 Radon Daughters kept, and the results of special area or breathing zone

samples taken over this period should be added to the
In 10 CFR Part 20, §20.103(a)(1) establishes an annual calculations of employee exposures.
limit on the intake of radon daughters. Radon daughter
intake may be estimated using either of the two following 3. REPORTS OF OVEREXPOSURES TO AIRBORNE
equations: MATERIALS

Any overexposure of a person to airborne radioactivity

Method 1: The Intake Method (Working-Level Months) must be reported to the NRC. Section 20.405 requires

*
If the licensee’s respiratory protection program is being con-
ducted in conformance with Regulatory Guide 8,15, “Acceptable

Wi ti Programs for Respiratory Protection,’’ and the appropriate NRC

L= 1 : Regional Office has been notified that the licensee plans to use

T 170 PF respirators, the prescribed protection factor (PF) may be used in the
i=1 calculation of lu and Ir'
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overexposure reports to the appropriate NRC regional
office if the intake of uranium ore dust or yellowcake
xceeds the quantities specified. in §20.103 or if the
:xposure to radon daughters exceeds the working-level
values specified in footnote 3 to Appendix B to 10 CFR
Part 20. Many uranium mill workers are exposed to a
combination of these materials. In such cases, Appendix B
to 10 CFR Part 20 specifies the method for determining
whether NRC exposure limits have been exceeded. Over-
exposure reports are also required for combined exposures
that exceed NRC limits.

A listing of exposure limits follows:
1. Soluble uranium, weekly determination,

If during a period of 1 calendar week a worker has an
intake of soluble uranium (yellowcake dried at a tempera-
ture below 400°C) exceeding 9.6 mg, an overexposure has
occurred. *

2. Airborne radioactivity, quarterly determination.

For a worker exposed to uranium ore dust, yellowcake,
or both, it is necessary to determine whether an overexpo-
sure has occurred during the quarter. Either one of the two
following methods may be used for this purpose.

Method 1: The Intake Method {Microcuries or Milligrams).
The ore dust uranium intake in microcuries (or
milligrams) is divided by 0.03 uCi** (or 47 mg) to calculate
the fraction of the limit that has been taken in. The yellow-
cake intake for the quarter in microcuries (or milligrams) is
divided by 0.063 uCi (or 93 mg). Add the two fractions. If
the sum exceeds unity, an overexposure has occurred.

Method 2: MPC-hour Method. Add the exposures, in
MPC-hours, of uranium ore dust and yellowcake. If the
total for any worker exceeds 520 MPC-hours*** an over-
exposure has occurred.

3. Radon daughters, annual determination.

Exposure to radon daughters is limited on an annual basis.
if the intake method is used, an intake exceeding 4 working-
level months in a calendar year is an overexposure. If the
MPC-hour method is used, an exposure exceeding 2080 MPC-
hours in a calendar year is an overexposure.

4, ACTION LEVELS
4.1 The 40-Hour Control Measure
The 40-hour control measure, specified in §20,103(b)(2),

is an action level of concern to the uranium mill operator.
If during a week a worker is subjecied to an intake exceeding

‘40 h30u:s at a concentration of 0.2 mg[m3 and 3 breathing rate
of 1.2 m?/hr,

“*If total alpha activity is measured instead of uranium activity,
divide by 0.06 LICi.

E L
‘40 hoursfweek x 13 weeks = 520 hours,

40 MPC-hours, §20.103(b)(2) requires that the cause must
be determined, corrective action to prevent another such
occurrence must be taken, and a record of the corrective
action must be maintained.

Use either of the two methods in Section C.2 of this
guide to calculate a worker’s weekly intake. If the microcurie
(or milligram) method is used, a weekly intake of uranium
ore dust plus yellowcake exceeding 1/13 of the quarterly
limit given in Section C.3 of this guide exceeds the 40-hour
control measure, Do not include radon daughters because
these are considered only on an annual basis. If the sum of
the two fractions for the weekly intake exceeds 1/13, the
40-hour control measure has been exceeded.

If the MPC-hour method is used, the MPC-hours from
ore dust and yellowcake are added. If the sum exceeds
40 MPC-hours, the 40-hour control measure has been
exceeded.

4.2 Administrative Action Levels

In addition, the licensee should establish administrative
action levels to protect workers. Action levels should be
established as shown below. A record of each investigation
made and the actions taken, if any, should be kept.

1. Uranium ore dust, The RSO should establish an
action level for each ore dust sampling location. The action
level for the location should be set somewhat above the
normal fluctuations that occur when the mill is operating
properly. If any sample is above the action level for that
location, the RSO should find out why and should take
corrective action if appropriate.

2. Yellowcake. Similarly, for yellowcake the RSO
should establish an action level for each sampling location.
In addition, action levels should be established for mainte-
nance activities where breathing zone sampling is used.
The action level for maintenance activities can be expressed
either in airborne concentration or in MPC-hours. If any
action level is exceeded, the RSO should find out why and
should take corrective action if appropriate.

3. Radon daughters. The RSO should establish an action
level for radon daughters for each sampling location, If the
action level for any location is exceeded, the RSO should
find out why and should take corrective action, if appro-
priate.

4. Time-weighted exposure to airborne radioactivity. If
any worker’s time-weighted exposure, calculated by either
of the two methods in Section C.2 of this guide, exceeds
25% of the exposure limits, as listed in Section C.3 of
this guide, the RSO should determine the causes of the
exposure, should investigate why the exposure was higher
than previous exposures in performing the work, and
should take corrective action if appropriate. This action
level will be on a weekly basis for soluble uranium (yellow-
cake dried at less than 400°C), a quarterly basis for
uranium ore dust and yellowcake combined, and an annual
basis for radon daughters.
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5. Gamma dose rates. The RSO should establish an
action level for each location where the gamma dose rate is
periodically measured. If the action level for any location is
exceeded, the RSO should find out the cause of the eleva-
tion and should take corrective action, if appropriate.

6. Dosimeter results. The RSO should establish action
levels for the monthly dosimeter results. If the action level
for any person is exceeded, the RSO should find out the
cause and take corrective action, if appropriate.

7. Contamination on skin and clothing. If alpha con-
tamination of the skin or clothing of workers leaving the
mill is found to exceed 1000 dpm/100 cmz, an investigation
of the cause of the contamination should be made and
corrective action taken, if appropriate.

8. Low airborne radioactivity readings. Abnormally low
readings of airborne radioactivity (uranium ore dust,
yellowcake, and radon daughters) should also be investigated
since very low readings may indicate an equipment malfunc-
tion or procedural error. The RSO should establish action
levels for low readings of airborne radioactivity. If readings
are below these action levels, the RSO should find out why
and should take corrective action, if appropriate.

5. ESTABLISHMENT OF “AIRBORNE RADIOACTIVITY
AREAS”

In general, yellowcake drying and packaging rooms and

" enclosures should always be considered to be airborne

radioactivity areas because of the high concentrations that
can result if any equipment malfunctions. On the other
hand, ore crushing and grinding areas and areas outside
vellowcake drying and packaging areas will not normally
need to be classified as airborne radioactivity areas when
normal engineering controls are used.

Any area, room, or enclosure is an “airborne radio-
activity area,” as defined in §20.203(d), if (1) at any time
the uranium concentration exceeds 0.5 x 10710
the case of ore dust or 1 x 107° yCi/ml in the case of
yellowcake (i.e., the values in Appendix B to 10 CFR
Part 20) or (2) the concentration exceeds 25% of the values
in Appendix B to 10 CFR Part 20 averaged over the number
of hours in any one week in which individuals are present in
such area, room, or enclosure. For example, an area that is
occupied 20 hours per week (out of the 40 hours used as a
basis for the limits) is an airborne radioactivity area if the
concentration of uranium in yellowcake exceeds 0.5 x 10710
MCifml of air. The licensee should maintain records to
show that occupancy is in fact thus limited.

If combinations of radon daughters, ore dust, and
yellowcake are present (see Section C.1.3 of this guide),
their concentrations divided by the appropriate Table |
Appendix B value should be added. If the sum of these
fractions exceeds unity or if the sum exceeds 0.25 after
adjustment for the occupancy factor, the area is an airborne
radioactivity area. '

uCifml in -

6. POSTING OF CAUTION SIGNS, LABELS, AND
NOTICES TO EMPLOYEES

The radiation protection staff should periodically survey
to ensure that signs, labels, required notices to employees,
copies of licenses, and other items are properly posted as
required by 10 CFR §19.11 and §20.203.

The mill and tailings area should be fenced to restrict
access, and the fence should be posted with ‘“Caution,
Radioactive Material” signs as required in §20.203(e)}(2). If
the fence and all entrances are posted and in addition con-
tain the words “Any area within this mill may contain
radioactive material,” the entire area is posted adequately
to meet the requirement in §20.203(e)(2). Additional
posting of each room with *“‘Radioactive Material> signs is
not necessary.

“Radiation Areas” and “Airborne Radiocactivity Areas”
must be posted in accordance with §§20.203(b) and (d).
The licensee should avoid posting radiation area signs and
airborne radioactivity area signs in areas that do not require
them. The purpose of the signs is to wamn workers where
additional precautions to avoid radiation exposure are
appropriate. Posting all areas in the mill with such signs
defeats this purpose.

7. CALIBRATION OF SURVEY INSTRUMENTS

Portable survey instruments should be placed on a
routine maintenance and calibration program to ensure that
properly calibrated and operable survey instruments are
available at all times for use by the health physics staff.

Survey instruments should be checked for constancy of
operation with a radiation check source prior {o each usage.
If the instrument response to the radiation check source
differs from the reference reading by more than 20%, the
instrument should be repaired if necessary and recalibrated
(Ref. 17, paragraph 4.6).

This constancy check should be supplemented by
calibrations at 12-month intervals or at the manufacturer’s
suggested interval, whichever is shorter (Ref. 17, para-
graph 4.7.1). An adequate calibration of survey instruments
cannot be performed solely with built-in check sources.
Electronic calibrations that do not involve a source of
radiation will not determine the proper functioning and
response of all components of an instrument. However, an
initial calibration with a gamma source and periodic tests
using electronic input signals may be considered adequate
for the high dose ranges onr survey instruments if those
ranges are not used routinely, Each instrument should be
calibrated at two points at about one-third and two-thirds
of each linear scale routinely used or with a calibration at
one point near the midpoint of each decade on logarithmic
scales that are routinely used. Digital readout instruments
with either manual or automatic scale switching should be
calibrated in the same manner as are meter-dial instruments.
Digital readout instruments without scale switching should
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be calibrated in the same manner as are logarithmic readout
instruments. Survey instruments should be calibrated
following repair. A survey instrument may be considered
properly calibrated when the instrument readings are within
#20% of the calculated or known values for each point
checked (see Regulatory Guide 10.6, Appendix A).

Calibration for beta dose rate measurements may be
performed in the following manner, A usual technique for
making a beta survey is to note the difference between the
open-window and closed-window reading on a GM or ioniza-
tion chamber survey meter. The difference is considered to
be the beta dose rate. This approach is incorrect if the
survey meter has been calibrated with a gamma source
alone. A correction factor must be applied to determine
the beta dose rate,

To determine the calibration factor, use Figure 2 in this
guide. Place the detector of the survey meter at the surface
of an extended yellowcake source that has been separated
from ore for at least 100 days. Use a piece of paper or thin
plastic between the detector and yellowcake to avoid con-
taminating the detector. Note the difference between the
open-window and closed-window readings. Compute a
calibration factor that applies to the surface dose rate that
will make the difference between the open-window and
closed-window readings equal to the surface beta dose rate
of 150 mrem/hr, as shown in Figure 2. To determine the
calibration factor that applies at a distance from the surface,
place the axis of the detector at 2 c¢cm from the surface.
Note the difference between the open-window and closed-
window readings. Compute a calibration factor that will
make the difference between the open-window and closed-
window readings equal to 75 mrem/hr, as shown in Figure 2.
A sample calculation is shown in Appendix C.

Errors in estimates of the volume of air that has passed
through filters should be avoided by accurate calibration of
the flow rate and by preventing or correcting for the loss of
flow caused by accumulation of material on the filter. As
material accumulates on filter paper the air flow rate will
drop. Thus less air volume will be sampled. Air flow rates
through filters should be determined by calibrating pumps
with the filter paper in place once every 6 months to
+20% accuracy. These calibrations should be done in
accordance with manufacturer’s recommendations. Further
information on these calibrations is contained in Regula-
tory Guide 8.25, *‘Calibration and Error Limits of Air
Sampling Instruments for Total Volume of Air Sampled.”

The fluorometric analysis system should be calibrated by
processing a known standard uranium solution and a blank

. sample with each batch. Every quarter, the fluorometer

response should be checked by a complete serial dilution.

Alpha counting systems used for radon daughter meas-
urements should be calibrated at least monthly by using a
known standard alpha source,

Alpha survey meters used to detect contamination on
skin and equipment should receive a constancy check each
week and a calibration annually,

8. PROTECTIVE CLOTHING

Workers working with yellowcake should be provided
with protective clothing such as coveralls and shoes or shoe
covers. Rubber work gloves should be used when aged
yellowcake will be handled to reduce the beta dose rate and
to avoid contamination of the skin with uranium.

Protective clothing should be changed and discarded or
laundered weekly or whenever yellowcake is visible on the
clothing. Potentially contaminated clothing should not be
sent to a laundry that is not specifically authorized by the
NRC or an Agreement State to process clothing contaminated
with uranium unless the clothing has been surveyed and
found to have less uranium contamination than the values
in Table 1 of this guide.

9. QUALITY ASSURANCE PROGRAM

The licensee should ensure the accuracy of survey
measurements by having a quality assurance program.
Regulatory Guide 4.15, “Quality Assurance for Radio-
logical Monitoring Programs (Normal Operations)}-Effluent
Streams and the Environment,” should be consulted for
guidance on quality assurance.

D. IMPLEMENTATION

The purpose of this section is to provide information to
applicants and licensees regarding the NRC staff’s plans for
using this regulatory guide.

Except in those cases in which an applicant proposes an
acceptable alternative method for complying with specified
portions of the Commission’s regulations, applications for
new uranium mills and renewal-applications submitted after
July 1, 1983, should follow the recommendations in this
guide.
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APPENDI

XA

DERIVATION OF EQUATION FOR MPC

The equation for MPC is derived here. The equation
for mixtures in paragraph’l of the Note to Appendix B of

Part 20 is:
S v S 4t g
MPC, MPCy MPC,

Consider a mixture of natural uranium as yellowcake with a

concentration of C

and ore dust with a concentration

C0 d- If the sum of the concentrations equals the MPC for

the mixture

Cou t Cod =MPC,,

Cout Cod

the equality in the first equation will apply.

Therefore:
Chu Cod - Chu + Cod
MPC MPC, 4 MPC_,
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Solve for MPCm

MPC,, =

C

nu

+ Cod

C

nu + Cod

..

MPCnu MPCod‘

Divide the numerator and denominator of the right-hand

side by Cnu +

Cod

MPC_ =
m Cru + Cod
(Cnu + Cod)(MPCnu) (Chu +Cod)(MPCod)
The term
Chu
Cnu+ Cod

can be recognized as f

aw the fraction of activity from

natural uranium as yellowcake.

Therefore:

MPC =

fnu + fod
MPCnu MPC0 d



APPENDIX B

LOWER LIMIT OF DETECTION

For the purposes of this guide the lower limit of detec-
tion (LLD) is defined as the smallest concentration of
radioactive material that has a 95% probability of being
detected.* Radioactive material is ‘“‘detected” if the value
measured on an instrument is high.enough to conciude that
activity above the system background is probably present.

For a particular measurement where radicactive disintegra-
tions are detected (which may include a radiochemical
separation):

4.66S
LLD=

3.7 x 10%EVY M
where:
LLD = the lower limit of detection (uCifml)

Sb = the standard deviation of background
count rate (counts per second)

3.7x10% = the number of disintegrations/sec/uCi
{this term is omitted if Sb is given in terms
of microcuries)
E = the counting efficiency (counts per dis-
integration)
V = thesample volume (ml)

Y = the fractional radiochemical yield (f

applicable)

A = the decay constant for the particular
radionuclide

t = the elapsed time between sample collec-

tion and counting.

Example: LLD for uranium when fluorometric analysis is
used.

Work this example in terms of microcuries of natural
uranium. The LLD could just as well be calculated in terms
of micrograms of uranium. A conversion factor of 6.77 x
107 uCifug for natural uranium can be used if the uranium
quantity is known in micrograms.

First, determine the standard deviation of the back-
ground count rate Sb' To do this perform a fluorometric

*

This definition of LLD was chosen to be consistent with the
NRC position previously stated in Tables 1 and 3 of Regulatory
Guide 4.8, “Environmental Technical Specifications for Nuclear
Power Plants.” The basis for the definition is given in References 18
and 19 of this guide. The definition is also used in other regulatory
guides, among them 4.14, “Radiological Effluent and Environ-

-~ mental Monitoring at Uranium Mills,”’ and 8.14, “Personnel Neutron

Dosimeters.'’

analysis for several clean filter papers that have not been
used to collect air samples. At least 5 filter papers would
have to be analyzed over many months. The value of Sb
will be in terms of microamperes because fluorometers
usually give readings in microamperes.

The value of Sb can then be converted either to micro-
curies or to counts per second by using a calibration factor.

A sample calculation is shown here, The fluorometric
readings for 10 clean filter papers are as follows:

Fluorometric reading (Xi)

Sample number (microamperes)
1 0.062
2 0.072
3 0.050
4 0.050
5 0.050
6 0.040
7 0.086
8 0.088
9 0.088

10 0.018

Calculate the standard deviation Sb by the equation (or
by pocket calculator):

n

2 1 -2
Sy =11 §l (Xi-X)

where:
n = the number of samples
Xi = the reading for sample i

X

the average of the readings
For the data above, the standard deviation is:
Sb =0.023 uA

Convert Sb to micrograms of uranium. On this fluoro-
meter 0.1 ug of U308 gives a reading of 0.67 uA. The
fluorometer will read 6.7 uAjug of U30 . This compound
is 85% uranium by weight (238 x 3 = 714, 16 x 8 = 128,
714/842 = 0.85). Therefore, the fluorometer will read
7.9 uAfug of uranium (6.7/0.85 = 7.9).

Now calculate the standard deviation in micrograms of
uranium:

0,023 uA
b 7.9uAjug
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=0.0029 ug of uranium
To convert to microcuries, use a conversion factor of
6.77 x 10°7 uCifug of uranium.
Therefore:
Sp, = 0.0029 pg x 6.77 x 1077 uCijug
=1.97 x 107° pCi
In the equation for LLD, the counting efficiency E will

be 1. (The term E is not applicable to a fluorometric
analysis.)

The sample volume V will be equal to the collection rate
of the air sampler times the sample collection time. Assume
a low-volume air sampler with an air flow rate of 10 liters
per minute and a 30-minute sample collection time.

V = 10 liters/min x 30 minutes
= 300 liters
= 300,000 m!

For a fluorometric analysis, the radiochemical yield is
not applicable, and Y may be set equal to 1.

The exponential term for radioactive decay e'M will
also be equal to 1 because the half-life of uranium is so long
that the amount of decay between collection and analysis
will be negligible.

Therefore

4.66x1.97 x 107 pGi

LLD=
300,000 ml

= 3 x 107* uCi of uranium/ml of air

This LLD is about 150 times more sensitive than recom-
mended in the guide as an acceptable lower limit of detection.

Example: LLD for radon daughters when the modified
Kusnetz method is used

The background standard deviation is established by
using blank filters. Assume the alpha counts on 10 blank
filters counted for 1 minute each . are as shown below:

Sample Number Alpha Counts

OO0 O RN e
BV WNNNWEWR

—

For these filters Sb can be calculated to be 0.84 counts
for a 1-minute count.

Assume the counting efficiency E is 0.27. Consider a low-
volume sampler with a flow rate of 5 liters per minute and a
5-minute collection time. Therefore, the sample volume will
be 25,000 ml. The radiochemical yield Y is not applicable,
and is set equal to 1.

To calculate radioactive decay the value of A can be
taken to be roughly 0.026 per minute (for lead-214, the
radon daughter with the longest half-life). The value of t is
taken to be 60 minutes. It will be accurate enough to use
60 minutes for this value even though it could be ag short as
40 minutes or as long as 90 minutes. Therefore ¢” t equals
0.21. The lower limit of detection can now be calculated:

4.66 x 0.84 counts/min
0.27 counts/dis x 25 liters x 1 x 0.21
= 2.8 dpm/liter

LLD=

To convert this LLD to working levels (WL), divide by
the factor from Figure 1 in ANSI N13.8-1973 (Ref. 9). The
factor is 110 dpm/liter/WL for a sample counted 60 minutes
after collection. Therefore:

LLD=0.025 WL

This is below the LLD for radon daughters recommended
in this guide.
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APPENDIX C

BETA CALIBRATION OF SURVEY INSTRUMENT

Here is an example for calibrating the survey instrument.

At the surface:

The closed-window reading is
3 mR/hr. The open-window
reading is 28 mR/hr. The
difference is 25 mR/hr. Since
the beta dose rate at the
surface is 150 mrem/hr, the
calibration factor CFSur can
be calculated from the
equation below:

Detector

Axis

Observed dose rate x CF = actual dose rate

25 mR/hr x CFg, = 150 mrem/hr

_ 150 mrem/hr

CF
sur 25 mR/hr

CFSur =6 mrem/mR (at the surface)

At 2 cm: Place the axis of the detector at 2 em from the
surface of the yellowcake. The closed-window reading is
3 mR/hr. The open-window reading is 23 mR/hr. The
difference is 20 mR/hr. Since the beta dose rate at 2 cm is
75 mrem/hr, the calibration factor CF2cm can be calculated:

CFz _ 75 mrem/hr
¢m 20 mR/hr

Ccmm =3.75 mrem/mR (at 2 cm)

The value obtained at 2cm will generally be accurate
enough to use at all distances greater than 2 cm.
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VALUE/IMPACT STATEMENT

1. PROPOSED ACTION
1.1 Description

Applicants for a uranium milling license must submit a
license application containing the information specified in
Regulatory Guide 3.5, “Standard Format and Content of
License Applications for Uranium Mills.” The purpose of
this proposed action is to describe health physics surveys
that are acceptable to the NRC staff to protect workers.
Information about health physics surveys is covered under
Section C.5, “Operations,” in Regulatory Guide 3.5.

1.2 Need

Licensees are now uncertain what the NRC staff will
accept in the way of a health physics survey program to
protect workers. As a consequence, a wide variety of
programs are submitted. In order to meet minimum accept-
able standards, much correspondence between the applicant
and NRC is required. A guide will reduce the amount of
correspondence needed, save manpower for both NRC
and the applicant, show clearly how NRC regulations apply
to uranium mills, and establish a uniform standard for an
acceptable survey program for worker protection.

1.3 Value/Impact
1.3.1 NRC

The impact of the proposed guidance will be primarily
to reduce licensing staff effort expended in reviewing
applications and corresponding with applicants in areas
where the application does not meet acceptable NRC
licensing standards. One staff-year was required to develop
the guide.

1.3.2 Other Government Agencies

The proposed guidance will impact on the Mine Safety
and Health Administration (MSHA) because they also
regulate occupational health protection at uranium mills
and on Agreement State regulatory agencies that regulate
mills, primarily agencies in New Mexico, Colorado, Texas,
Washington, and Florida. A Memorandum of Understanding
(MOU) signed by NRC and MSHA states that each agency
will coordinate the development of standards with the
other agency. The MOU was published in the Federal
Register (45 FR 1315) on January 4, 1980.

1.3.3 Industry

Industry will benefit from having clear guidance on what
constitutes NRC licensing policy. The total cost of the
occupational health physics program (surveys plus other
parts of the program)is estimated to be roughly 4 staff-years
per year or about $300,000 per year per mill when the
costs of overhead, supplies, equipment, and contracted
services are included, This does not include the cost of the

environmental and effluent monitoring program nor does it
include amortization costs on equipment in the mill instalied
to limit occupational exposure. Equipment design is not
covered in this guide, therefore, costs are not estimated
here. However, the annual amortization and operating
costs of equipment installed to protect workers is not

negligible.
1.3.4 Workers

Workers® protection should improve from having clearly
stated and consistent standards for health physics survey
programs. Workers and workers’ representatives will now
have access to a clearly defined standard health physics
survey program. This will help them understand whether
their employer has an adequate program and why some
things are done as they are.

1.3.5 Public

The guidance pertains to worker protection programs. It
will not directly affect the public.

1.4 Decision

The NRC should develop guidance on standard health
physics survey programs for worker protection that are
acceptable to the NRC licensing staff.

2. TECHNICAL APPROACH

The technical approach in the guidance is based on
(1) NRC licensing policy as expressed in Safety Evaluation
Reports (SER) written by the NRC licensing staff, especially
the recent SER for Minerals Exploration Company Sweet-
water Uranium Project; (2) the JAEA Manual on Radio-
logical Safety in Uranium and Thorium Mines and Mills,
IAEA Safety Series No.43, 1976; (3) public comments
received on Draft Guide OH 710-4;and (4) other references
cited in the guide,

The most important technical question raised by the
public comments concerned the duration of grab samples
for uranium ore dust and yellowcake. The draft guide
recommended 60-minute samples.

Mr. William Shelley of Kerr-McGee, speaking for the
American Mining Congress (AMC), wrote that sampling for
uranium ore dust in non-airborne radioactivity areas should
be weekly with 5-minute high-volume samples rather than
monthly with 60-minute samples as in the guide. The AMC,
in a subsequent letter intended to supplement Mr. Shelley’s
comments, stated that 60-minute samples at 20 to 25 operator-
occupied sites would require 3 to 4 days for sample collec-
tion, which is excessive. The AMC recommended monthly
30-minute samples with a stipulation requiring additional
sampling in the area if an action level were exceeded. The
AMC said weekly 5-minute high-volume samples “are not
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deemed preferable in this context.” The AMC recommended
weekly 15-minute high-volume samples with a flow rate of
30 ¢fm when more frequent sampling was needed and said
such sampling would satisfy the LLD values in the guide.
The AMC stated that filters could clog during long sampling
times, thereby reducing the accuracy of the measurement.

Mr. Gerald Sinke of Kerr McGee, in a subsequent letter
to clarify the AMC objection to 60-minute samples, stated
that the Kerr-McGee mill sampled weekly at 36 locations in
ore handling areas. Mr. Sinke said that 5-minute samples
would be more accurate than 60-minute samples because
the technician would be present during sample collection,
whereas he would not be present during a 60-minute
sample. Mr, Sinke showed by calculation that an LLD of
2.7x 10712 ;Ci/ml was obtained using a S-minute sample
with a flow rate of 760 liters/min. This meets the recom-
mended LLD of 5 x 10712 uGi/ml. Sinke’s method is based
on alpha counting after radon decay. Alpha counting will
not work well for ore dust with long sampling times because
the dust loading on the filter paper will cause self-absorption
of the alpha particles, The State of New Mexico Environ-
mental Improvement Agency said that 30-minute samples
seemed excessively long.

The above comments claim that 60-minute samples are
too long and state that the recommended LLD can be
obtained with shorter samples. Based on NRC’s calculations
such as those shown in the new appendix to the guide, it is
correct that an acceptable LLD can be met with samples of
far less than 60-minute duration as long as the air flow is
sufficient and the analysis background is low enough.

The NRC agrees that excessive dust loading is likely to
be deposited on filters of high-volume samplers during a
60-minute sample. On the other hand, monthly 5-minute
samples seem too short to account for short-term variations
in air concentrations. A time longer than S5 minutes is
believed to be necessary because the grab samples are taken
at a fairly low frequency — weekly or monthly depending on

the levels of airborne radioactivity present. The NRC

accepts the fairly low weekly or monthly frequency because
concentrations of ore dust are generally low in ore dust
areas (typically 10% of the Appendix B values) and because
the concentrations have been observed to fall within
fairly narrow ranges, except for seasonal variations due to
increased ventilation during warmer months, Concentrations
of yellowcake when equipment is not operating are also low
and fall within limited ranges. More extensive sampling
is required for maintenance operations and in certain
operations when yellowcake is actively handled.

In view of this, the recommended sample duration is
lowered to 30 minutes at an adequate air flow rate to meet
the recommended LLD of 5x 1072 uCijmi. However, in
areas that are not airborne radiocactivity areas, weekly
S-minute samples are acceptable instead of monthly 30-
minute samples.

The second most important technical question raised by
the public comments concerned the recommended limits on
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surface contamination in work areas, namely the value for
alpha activity of 0.001 uCifcm?. Mr. L. M. Cook of Chevron
Resources Company said that the limit on contamination
levels of 0.001 uCifcm? may not keep ingestion Jow enough
and that bioassays would routinely be high.

The NRC response is that surface alpha contamination
levels of 0.001 ;.zCi/cm2 are generally recognized as being
adequate to maintain the inhalation of resuspended particles
to very low levels. Experimental work in a uranium facility
showed that surface contamination of this magnitude
contributed less than 1% of the exposures received by
employees.1 Experience in plants led the International
Atomic Energy Agency to recommend this value for
uranium mills2 Theoretical calculations based on resuspen-
sion factors led the British National Radiological Protection
Board to recommend the same limit.> In the words of the
International Commission on Radiological Protection
(ICRP), “Experience has shown that there is not necessarily a
correlation between surface contamination in the work-
place and the exposure of workers.”?

There are several physical factors that reduce the resus-
pension of small respirable particles. Fine dusts (<30 microns)
are extremely resistant to resuspension by wind because
these particles lie in the laminar layer next to the ground
and do not protrude much into the turbulent air layers.5
In addition, respirable particles (<10 microns) tend to
agglomerate in a process called weathering and their resuspen-
sion depends on a mechanical impact to break the
agglomerz'.te.6

A more complete “Response to Public Comments on
Health Physics Surveys in Uranium Mills™ is available from
the author of the guide: Dr, Stephen A. McGuire, Office of
Nuclear Regulatory Research, U.S. Nuclear Regulatory
Commission, Washington, D.C. 20555. '

3. PROCEDURAL APPROACH

In its preliminary valuefimpact assessment, the staff
considered several procedural approaches for carrying out
the proposed action and selected the publication of a
regulatory guide.

lA. J. Breslin, A. C. George, P, C. LeClare, and H, Glauberman,
“The Contribution of Uranium Surface Contamination to Inhala-
tion Exposures,” AEC Report HASL-175, 1966.

7'Intemaﬁonal Atomic Energy Agency, Manual on Radiological
Safety in Uranium and Thorium Mines and Mills, IAEA. Safety
Series No. 43, Vienna, 1976.

3A. D, Wrixon et al., “Derived Limits for Surface Contamina-
tion,” British National Radiological Protection Board Report
NRPB-DL2, November 1979.

. 4I_nternational Commission on Radiological Protection, “General
Pnncx%lgs of Monitoring for Radiation Protection of Workers,”
ICRP Publication 12, Pergamon Press, Oxford, Paragraph 54, 1969.

_?See for example, J. E. Newman et al,, “Wind as Related to
Critical Flushing Speed Versus Reflotation Speed by High-Volume
Sampler Particulate Loading,” A4wmosphere—Surface Exchange of
Il’ggt‘z;culate and Gaseous Pollutants, ERDA Symposium Series 38,

6See for example, G. A. Sehmel, “Particle Resuspension from an
Asphalt Road Caused by Car and Truck Traffic,” in footnote 5.



3.1 Decision on Procedural Approach
Developing a regulatory guide is the favored procedural
approach,

4, STATUTORY CONSIDERATIONS

4.1 NRC Authority

NRC authority for issuance of this guide derives from
the Atomic Energy Act of 1954, as amended, through those
portions of the Commission’s regulations in Title 10 of the

Code of Federal Regulations cited in the introduction to
the guide.

4.2 Need for NEPA Assessment

The proposed action is not a major action significantly
affecting the quality of the human environment as defined
by paragraph 51.5(a}(10) of 10 CFR Part 51 and does not
require an environmental impact statement.

5. CONCLUSION

The regulatory guide on health physics survey programs
for worker protection in uranium mills should be issued.
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INFORMATION RELEVANT TO ENSURING
THAT OCCUPATIONAL RADIATION EXPOSURES AT URANIUM MILLS
WILL BE AS LOW AS IS REASONABLY ACHIEVABLE

A. INTRODUCTION

Paragraph 20.1(c) of 10 CFR Part 20, “Standards for
Protection Against Radiation,” states that licensees should
make every reasonable effort to keep radiation exposures,
as well as releases of radioactive material to unrestricted
areas, as far below the limits specified in Part 20 as is
reasonably achievable. Regulatory Guide 8.10, “Operating
Philosophy for Maintaining Occupational Radiation
Exposures As Low As Is Reasonably Achievable,” sets forth
the philosophy and general management policies and
programs that licensees should follow to achieve this
objective.

This guide recommends design criteria and administra-
tive practices acceptable to the NRC staff for maintaining
occupational exposures as low as is reasonably achievable
(ALARA) in uranium mills, However, some of the basic
processes at other types of uranium recovery facilities have
a similar potential for exposing workers to uranium and its
daughters. Therefore, the guidance provided in this guide
can be applied, as appropriate, to those facilities as well,

An existing NRC report, NUREG-0706, “Final Generic
Environmental Impact Statement on Uranium Milling”
(Ref. 1), also provides detailed information for controlling
the radiation hazard and chemical toxicity of airborne
uranium and its daughter products in uranium mills.

This guide is directed toward occupational health
protection from radiologic and toxic hazards from airborne
particulates of uranium and its daughters. However, it is
also recognized that uranium mill workers will be exposed
to external radiation in addition to inhaled particulates.
Therefore, ensuring protection of mill workers from
external radiation hazards is also addressed.

Specific guidance regarding protection of the public
from radiologic and toxic hazards caused by materials in
effluents to unrestricted areas is beyond the scope of this

guide. This topic is mentioned only in connection with
actions that influence both occupational exposure and
effiment control. Some of the same controls that have been
shown to keep occupational exposures to airborne uranium
and its daughters ALARA also tend to keep releases of
these materials from the mill ALARA (see Regulatory
Guide 4.14, *“‘Radiological Effluent and Environmental
Monitoring At Uranium Mills"),

Any guidance in this document related to information
collection activities has been cleared under OMB Clearance
No. 3150-0014.

B. DISCUSSION

The principle of maintaining occupational radiation
exposures as low as is reasonably achievable is an extension
of an original recommendation of the National Committee
on Radiation Protection (NCRP) (now the National Council
on Radiation Protection and Measurements) in its Report
No. 17 (Ref. 2). In this early report, the NCRP introduced
the philosophy of assuming that any radiation exposure
may carry some risk and recommended that radiation
exposure be kept at a level “as low as practicable” below
the recommended maximum permissible dose equivalent.
This philosophy is currently referred to as “as low as is
reasonably achievable” (ALARA). Similar recommenda-
tions to keep exposures ALARA have been included in
NCRP reports up to the present time (Ref. 3), as well as
in recommendations of the National Academy of
Sciences—-National Research Council (Ref. 4), the Federal
Radiation Council (Ref. 5), and other independent scientif-
ic and professional organizations (Ref. 6). Therefore, NRC
has incorporated this basic radiation protection philosophy
from these recommendations into its regulations and
guides.

This guide provides a detailed supplement for uranium
mill licensees of the basic philosophy of Regulatory
Guide 8.10, which lists for all specific licensees the types of
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management commitments and radiation protection pro-
grams that would help to achieve the objective of maintain-
ing occupational exposures ALARA.

Regulatory Guide 3.5, *‘Standard Format and Content
of License Applications for Uranium Mills,” outlines the
information that applicants should include in an application
for a uranium mill license. This regulatory guaide describes
the details of an acceptable radiation protection and
ALARA program that an applicant should describe as
recommended in Section C.5, *“Operations,” of Regulatory
Guide 3.5.

C. REGULATORY POSITION

The principles and practices presented in this guide
should be used as guidance in developing the radiation
protection and ALARA program for a uranium mill for
appropriate sections of an application* for a new or renew-
al license. The recommendations of this guide are intended
to assist applicants in preparing license applications that are
acceptable to the NRC licensing staff and are consistent
with the philosophy of ALARA. Unique features not
addressed here will be specifically reviewed by the NRC
licensing staff.

A licensee’s program for occupational protection against
uranium and its daughters will be considered consistent
with the ALARA philosophy if the uranium mill’s operat-
ing policies and programs satisfy the following major
principles and practices.

1. ALARA PHILOSOPHY

A major purpose of the occupational radiation protec-
tion program at a uranium mill is to maintain radiation
exposure ALARA for all employees, contractors, and
visitors.

The implementation and effectiveness of a successful
ALARA program is the responsibility of everyone involved
in the processing of uranium ores. Responsibilities for
conducting a radiation protection and ALARA program are
shared by licensee management,** the radiation safety
officer (RSQO),*** and all mill workers.

1.1 Licensee Management

Licensee management is responsible for developing,
implementing, and enforcing the rules, policies, and

*An apéph'cation and a suggested format for its completion may
be obtained from the licensing staff of the Division of Waste Mamge-
ment, Office of Nuclear Material Safety and Safeguards, U.S. Nuclear
Regulatory Commission, Washington, D.C. 20555.

**“Management’’ is defined here as those persons authorized by
the licensee of record to make policies and to direct activities of the
recovery facility.

***The title ‘‘radiation safety.officer” is used synonymously
with “‘radiation protection manager’” by many licensees and will be
used in this guide to designate the qualified individual who is
responsible for developing and supervising the radiation safety
program; other titles are equally acceptable.

procedures necessary for an effective radiation protection
and ALARA program to ensure the health and safety of
workers.

Licensee management should provide the following:

1. A strong commitment to and continuing support for
the development and implementation of the radiation
protection and ALARA program;

2. Information and policy statements to employees,
contractors, and visitors;

3. A periodic management audit program that reviews
procedural and operational efforts to maintain exposures
ALARA;

4. Continuing management evaluation of the health
physics program, its staff, and its allocation of adequate
space and money;

S. Appropriate briefings and training in radiation safety,
including ALARA concepts for all uranium mill employees
and, when appropriate, for contractors and visitors.

1.2 Radiation Safety Officer

The radiation safety officer (RSO) has primary respon-
sibility for the technical adequacy and correctness of the
radiation protection and ALARA program and has continu-
ing responsibility for surveillance and supervisory action in
the enforcement of the program.

The radiation safety officer should be assigned the
following:

1. Major responsibility for the development and admin-
istration of the radiation protection and ALARA program;

2. Sufficient authority to enforce regulations and
administrative policies that affect any aspect of the radio-
logical safety program;

3. Responsibility to review and approve plans for new
equipment, process changes, or changes in operating proce-
dures to ensure that the plans do not adversely affect the
protection program against uranium and its daughters;

4. Adequate equipment and laboratory facilities to
monitor relative attainment of the ALARA objective.

1.3 Mill Workers

Because a radiation protection and ALARA program is
only as effective as the workers” adherence to the program,
all workers at the mil should be responsible for the
following:

1. Adhering to all rules, notices, and operating proce-
dures for radiation safety established by licensee manage-
ment and the RSO;
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2. Reporting promptly to the RSO and licensee
management equipment malfunctions or violations of
standard practices or procedures that could result in
increased radiological hazard to any individual;

3. Suggesting improvements for the radiation protection
and ALARA program.

2. HEALTH PHYSICS ORGANIZATION AND ADMIN-
ISTRATIVE PROCEDURES

2.1 Health Physics Authorities and Responsibilities

The radiation safety officer at the mill site should be
responsible for conducting the health physics program and
for assisting the resident manager in ensuring compliance
with NRC’s regulations and the license conditions applica-
ble to worker health protection.

Generally, the RSO should report directly to the resident
manager on matters of radiation safety. The RSO should be
directly responsible for supervising the health physics
technicians, for overseeing the day-to-day operation of the
health physics program, and for ensuring that records
required by the NRC are maintained. The RSO should have
both the responsibility and the authority, through appro-
priate line management, to suspend, postpone, or modify
any work activity that is unsafe or potentially a violation of
the Commission’s regulations or license conditions, including
the ALARA program. It is recommended that management
delegate this responsibility and authority directly to the
RSO. The RSO may have other safety-related duties, such
as responsibility for programs of industrial hygiene and fire
safety, but should have no direct production-related
responsibility. .

2.2 Operating Procedures

Written standard operating procedures should be estab-
lished for all activities that involve handling, processing, or
storing radioactive materials. All such procedures should
include consideration of pertinent radiation safety practices.
Written procedures should also be established for such
activities as health physics monitoring, sampling, analysis,
and instrument calibration. An up-to-date copy of each
written procedure, including accident response and radio-
logical fire protection plans, should be kept accessible to all
employees. All written procedures involving radioactive
material control should be compiled in a manual that allows
documentation of each revision and its date.

To ensure that proper radiation protection principles are
being applied, written procedures for all activities should be
reviewed and approved in writing by the RSO before being
implemented and whenever a change in a procedure is
proposed. In addition, the RSO should review all existing
operating procedures at least annually to ensure the
procedures do not violate any newly established radiation
protection practices.

For work on nonroutine maintenance jobs where the
potential for exposure to radioactive material exists and for
which no standard written operating procedure already
exists, a radiation work permit (RWP)* should be used.
Such permits should describe the following:

1. The details of the job to be performed,

2. Any precautions necessary to reduce exposure to
uranium and its daughters,

3. The radiolbgical monitoring and sampling necessary
before, during, and followixgg completion of the job.

The RSO should indicate by signature the review of each
RWP prior to the initiation of work, and the work should
be carried out in strict adherence to the conditions of the
RWP. The RSO should designate a member of the radiation
safety office staff or a supervisory member of the produc-
tion staff who has received specialized radiation protection
training to review and sign RWPs when the RSO is not
available, e.g., during off shifts.

2.3 Surveillance: Audits and Inspections

It has been observed repeatedly that, if sufficient
management interest exists, exposure to hazardous materials
is reduced. Frequent management audit and inspection of
worker health protection practices at a uranium mill can
serve to provide management with the information necessary
to conduct an appropriate ALARA program,

2.3.1 Daily and Weekly Inspections

The RSO and the mill foreman should conduct a weekly
inspection of all mill areas to observe general radiation
control practices and review required changes in procedures
and equipment. The RSO or designated health physics
technician should conduct a daily walk-through (visual)
inspection of all work and storage areas of the mill to
ensure proper implementation of good radiation safety
procedures, including good housekeeping and cleanup
practices that would minimize unnecessary contamination.
Problems observed during all inspections should be noted in
writing in an inspection legbook. The entries should be
dated, signed, and maintained on file for at least 1 year.
The RSO should review all violations of radiation safety
procedures or other potentially hazardous problems with
the resident manager or other mill employees who have
authority to correct the problem. Also, the RSO should
review the daily work-order and shift logs on a regular basis
to determine that all jobs and operations having a potential
for exposing personnel to uranium, especially those RWP
jobs that would require a radiation survey and monitoring,
were approved in writing by the RSO, his staff, or designee
prior to initiation of work.

*The term “radiation work permit” is used by many licensees
and will be used thro:ﬁhout this guide; other terms such as “special
work permit” are equally acceptable.
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2.3.2 Monthly Reviews

At least monthly, the RSO should review the results of
daily and weekly inspections, including a review of all
monitoring and exposure data for the month. The RSO
should provide to the resident manager and all department
heads for their review a written summary of the month’s
significant worker protection activities containing (1) a
summary of the most recent personnel exposure data,
including bioassays and time-weighted calculations, and
(2) a summary of all pertinent radiation survey records.

In addition, the monthly summary report should specifi-
cally address any trends or deviations from the radiation
protection and ALARA program, including an evaluation of
the adequacy of the implementation of license conditions
regarding radiation protection and ALARA. The summary
should provide a description of unresolved problems and
the proposed corrective measures, Monthly summary
reports should be maintained on file and readily accessible
for at least 5 years. ’

2.3.3 Radiation Protection and ALARA Program Audit

Licensee management should have annual audits of the
radiation protection and ALARA program performed and
written reports on the audits submitted to corporate
management. All members of the audit team should be
knowledgeable concerning the radiation protection program
at the mill. In addition, one member of the team should be
experienced in the operational aspects of specialized
uranium mill radiation protection practices, The RSO
should accompany the audit team but should not be a
member.

The audit report should summarize the following data:

1. Employee exposure records {external and time-
weighted calculations},

2. Bioassay results,

3. Inspection log entries and summary reports of daily,
weekly, and monthly inspections,

4. Documented training program activities,

5. Radiation safety meeting reports,

6. Radiological survey and sampling data,

7. Reports on overexposure of workers submitted to
NRC, Mine Safety and Health Administration (MSHA), or
States,

8. Operating procedures that were reviewed during this

time period.

The report on the annual radiation protection and
ALARA audit should specifically discuss the following:

1. Trends in personnel exposures for identifiable cate-
gories of workers and types of operational activities,

2. Whether equipment for exposure control is being
properly used, maintained, and inspected,

3. Recommendations on ways to further reduce person-
nel exposures from uranium and its daughters.

2.4 Technical Qualifications of Health Physics Staff
2.4.1 Radiation Safety Officer

The RSO should have the following education, training,
and experience:

1. Education: A bachelor’s degree in the physical
sciences, industrial hygiene, or engineering from an
accredited college or university or an equivalent combina-
tion of training and relevant experience in uranium mill
radiation protection. Two years of relevant experience are
generally considered equivalent to 1 year of academic
study.

2. Health physics experience: At least 1 year of work
experience relevant to uranium mill operation in applied
health physics, radiation protection, industrial hygiene, or
similar work. This experience should involve actually
working with radiation detection and measurement equip-
ment, not strictly administrative or “desk” work.

3. Specialized training: At least 4 weeks of specialized
classroom training in health physics specifically applicable
to uranium milling. In addition, the RSO should attend
refresher training on uranium mill health physics every 2
years.

4. Specialized knowledge: A thorough ‘knowledge of
the proper application and use of all health physics equip-
ment used in the mill, the chemical and analytical proce-
dures used for radiological sampling and monitoring,
methodologies used to calculate personnel exposure to
uranium and its daughters, and a thorough understanding of
the uranium milling process and equipment used in the mill
and how the hazards are generated and controlled during
the milling process.

2.4.2 Health Physics Technicians

In addition to the RSO, there should be a minimum of
one full-time health physics technician at any full-scale
operating uranium mill. The health phyS$ics technician
should have one of the following combinations cf educa-
tion, training, and experience:

1. Education: An associate degree or 2 or more years
of study in the physical sciences, engineering, or a health-
related field,

Training: At least a total of 4 weeks of generalized
training {up to 2 weeks may be on-the-job training) in
radiation health protection applicable to uranium mills,
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Experience: Omne year of work experience using
sampling and analytical laboratory procedures that involve
health physics, industrial hygiene, or industrial safety
measures to be applied in a vranium mill; or

2. Education: A high school diploma,

Training: A total of at least 3 months of specialized
training (up to 1 month may be on-the-job training) in
radiation health protection relevant to uranium mills,

Experience: Two years of relevant work experience
in applied radiation protection.

The health physics technician should demonstrate a
working knowledge of the proper operation of health
physics instruments used in the mill, surveying and sampling
techniques, and personnel dosimetry requirements.

2.5 Radiation Safety Training

All new employees should be instructed by means of an
established course in the inherent risks of exposure to
radiation and the fundamentals of protection against
exposure to uranium and its daughters before beginning
their jobs. Other guidance pertinent to this course is found
in Regulatory Guide 8.13, “Instruction Concerning Prenatal
Radiation Exposure,” and Regulatory Guide 8.29, “Instruc-
tion Concerning Risks from Occupational Radiation Expo-
sure.” This course of instruction should include the follow-
ing topics:

1. Fundamentals of Health Protection

a. The radiologic and toxic hazards of exposure to
uranium and its daughters,

b. How uranium and its daughters enter the body
(inhalation, ingestion, and skin penetration),

c¢. Why exposures to uranium and its daughters
should be kept as low as is reasonably achievable
(ALARA).
2. Personal Hygiene at Uranium Mills
a. Wearing protective clothing,

b. Using respirators correctly,

¢. Eating, drinking, and smoking only in designated
areas,

d. Using proper methods for decontamination (i.e.,
showers).

3. Facility-Provided Protection
a. Ventilation systems and effluent controls,

b. Cieanliness of the work place,

c. Features designed for radiation safety for process
equipment,

d. Standard operating procedures,

e. Security and access control to designated areas.
4, Health Protection Measurements

a. Measurement of airborne radioactive materials,

b. Bioassays to detect uranium (urinalysis and in vivo
counting), Co

c. Surveys to detect contamination of personnel and
equipment,

d. Personnel dosimetry.

5. Radiation Protection Regulations
a. Regulatory authority of NRC, MSHA, and State,
b.. Employee rights in 10 CFR Part 19,

c. Radiation protection requirements in 10 CFR
Part 20.

6. Mill Emergency Procedures.

A written or oral test with questions directly relevant to
the principles of radiation safety and health protection in
uranium milling covered in the training course should be
given to each worker. The instructor should review the test
results with each worker. The instructor should discuss any
wrong answers to test questions with the worker until the
worker understands the correct answer, Workers who fail
the test should be retested after receiving additional training.
These tests and results should be maintained on file,

Each permanent worker should be provided an abbre-
viated retraining course annually. Documented successful
completion of the retraining course should also be main-
tained on file, Retraining should include relevant informa-
tion that has become available during the past year, a
review of safety problems that have arisen during the year,
changes in regulations and license conditions, exposure
trends, and other current topics.

In addition, all new workers, including supervisors,
should be given specialized instruction on the health and
radiation safety aspects of the specific jobs they will
perform, This instruction should be in the form of individ-
ualized on-the-job training. Supervisors should be provided
additional specialized training on their supervisory respon-
sibilities in the area of worker radiation protection. Retrain-
ing should be conducted annually and documented. All
employees should sign a statement that they received job-
specific radiation safety training. The statement should
indicate the dates the training was received and it should be
cosigned by the instructor. Radiation safety matters of
concern that arise during plant operation should be discussed
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with all workers during regular monthly or bimonthly
safety meetings.

- All visitors who have not received training should be
escorted by someone properly trained and knowledgeable
about the hazards of the mill. At a2 minimum, visitors should
be instructed specifically on what they should do to avoid
possible hazards in the areas of the mill they will be visiting.

Contractors having work assignments in the mill should
also be given appropriate training and safety instruction.
Contract workers who will perform work on heavily con-
taminated equipment should receive the same training and
radiation safety instruction normally required of all perma-
nent workers. Only job-specific radiation safety instruction
is necessary for contract workers who have previously
received full training on prior work assignments at the mill
or have evidence of recent and relevant radiation safety
training elsewhere.

2.6 Surveys

The RSO and radiation safety office staff are responsible
for performing all routine and special radiation surveys as
required by license conditions and by 10 CFR Part 20.
Acceptable survey methods are specified in Section C.1
of Regulatory Guide 8.30, ‘“Health Physics Surveys in
Uranium Mills,”

2.7 Respiratory Protection

The RSO and the radiation safety office staff are respon-
sible for the implementation of a respiratory protection
program, if one is needed. There should be adequate
supplies of respiratory devices to enable issuing a device
to each individual who enters an airborne radioactivity area.
Additional respiratory protection devices should be located
near access points of airborne radioactivity areas. All
airborne radioactivity areas should have controlled access.
Routine physical (medical) evaluation should be required of
those individuals who will use respirators. If the licensee
elects to take credit for protection factors the respiratory
protection program must meet, at a minimum, the require-
ments of § 20.103 of 10 CFR and should follow the
recommendations in Regulatory Guide 8.15, “Acceptable
Programs for Respiratory Protection,” which are supported
in NUREG-0041, “Manual of Respiratory Protection
Against Airborne Radioactive Materials™ (Ref. 7).

2.8 Bioassay Procedures

The RSO is responsible for implementing a bioassay
program, The frequency adopted and the type of analysis
should meet the recommendations in Regulatory Guide 8,22,
“Bioassay at Uranium Mills.”

3. FACILITY AND EQUIPMENT DESIGN

General considerations for the design of uranium mills
and uranium ore processing equipment should not be based
solely on chemical process efficiency, but should also be
based on the relative potential for radiologic and toxic

hazards resulting from exposure of personnel to uranium
and its daughters. Major aspects of planning and design that
should be considered are discussed below.

3.1 Space Layout

Facility lavout should be designed to maintain employee
exposures ALARA while at the same time ensuring that
exposure to other persons is not thereby increased. The mill
layout should provide for:

1. Safe access to process equipment and for routine
maintenance;

2. Adequate ventilation in all mill areas in which radio-
active materials might be spilled, suspended, or volatilized;

3. Isolation of yellowcake drying, packaging, and
shipping areas from other accessible miil areas;

4. Controlling access to the uranium mill proper and
the ability to secure or restrict entry to any airborne
radioactivity area;

5. Change rooms and shower facilities so that all workers
can remove any possible radioactive contamination before

leaving the site;

6. Dispersion control on radioactive materials moving
from contamination areas (e.g., crushers) to relatively
contamination-free areas {e.g., crusher control room);

7. Isolation of mill areas where there is a high poten- |

tial for the dispersal of uranium as the result of a fire,
3.2 Access Control

Access to airborne radioactivity areas should be controlled
or restricted by the use of caution signs and operational
procedures, or security locks when permitted by fire
protection regulations. -

3.3 Ventilation Systems

To the extent practicable, the facility ventilation systems
should accomplish the following:

1. As a2 minimum design objective, provide local exhaust
ventilation (such as chemical hoods) or general area ventila-
tion where concentrations of natural uranium and its
daughters may be present in excess of 25% of the values
given in Table 1 of Appendix B to 10 CFR Part 20.* The
design ventilation rate (air exchange rate) should be suffi-
cient to maintain airborne concentrations of natural uranivm
and its daughters to less than 25% of the maximum permis-
sible concentration (MPC) given in Table 1 of Appendix B
to 10 CFR Part 20.

*The figure 25% is used here to encourage the use of ventilation
systems and other process controls in an effort to prevent the exis-
tence of airborne radioactivity areas as defined in § 20.203(d), and
according to § 20.103(b)(1), “The licensee shall, as a precautionary
procedure, use process or other engineering controls, to the extent

practicable, to Limit concentrations of radioactive materials in air to
oelow those which delimit an airborne radioactivity area....”
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2. In addition, establish a facility-specific, operational
ALARA goal for concentrations of natural uranium and its
daughters at less than 25% of the values given in Table 1 of
Appendix B to 10 CFR Part 20.

3. Design exhaust stacks so that exhausted air will
not enter air intakes that service any other mill areas.

4. Locate exhaust vents in a way that ensures compli-
ance with the requirements of § 20.106, “Radioactivity in
effluents to unrestricted areas,” of 10 CFR Part 20, and
40 CFR, “Protection of Environment,” Part 190, “Environ-
mental Radiation Standards for Nuclear Power Operations,”
for effluents to unrestricted areas, as well as ALARA
exposure considerations for the worker.

3.4 Fire Control

Because of the potential for loss of control of radioactive
material in the event of afire, a facility should have adequate
firefighting equipment and workers should be trained in its
proper use,

Provisions should be made for fire alarms, fire extin-
guishers, sprinkler systems, fire hydrants, water tanks, and
other general firefighting equipment. Emergency procedures
and training should include immediate fire control as a
priority item. Design features should include automatic fire
detection and suppression equipment in high fire-potential
areas (e.g., solvent extraction area). In the event of fire,
there should be provision for drainage of solvent to sumps
or to outside lined ponds. Appropriate caution signs should
be posted in areas of fire hazard. Fire detection systems
should be checked weekly. Fire drills should be performed
at least semiannually,

3.5 Laboratory Design Features

Consideration should be given to providing different
laboratory facilities for metallurgical and biocassay analyses,
if they are both performed at the mill site. Owing to the
sensitivity required in performing bioassay analyses, pro-
visions should be made to ensure against cross-contamination
of uranium from mill ore samples. Laboratory equipment
and surfaces should be constructed of materials that are
easily decontaminated. Laboratory surfaces used for the
preparation of bioassay samples should be decontaminated
daily to less than 200 dpm «/100 em? of total surface
contamination. All mill laboratories should provide adequate
general ventilation and exhaust fume hoods. Special atten-
tion should be directed to the design of air exhaust systems
that service ore sample pulverizing and grinding equipment.
The design of the laboratory should provide for the safe
handling, storage, and disposal of radioactive wastes resulting
from sample analyses.

3.6 Ore and Product Storage
Uranium mill plans should include the following:

1. Provisions for raw ore storage, fine ore bins, and
yellowcake storage in areas so that the materal does not
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cause unnecessary exposure to mill personnel and so that
material is not dispersed by wind and rain;

2. Adequate space in the yellowcake storage and
packaging areas to conduct initial surveys and spot smear
tests of yellowcake packages and to enable decontamination
of drums to avoid transporting a contaminated package
through other mill areas;

3. Locations for yellowcake storage and shipping areas
that minimize the handling time required prior to shipment.

3.7 General Equipment Considerations

General features applicable to equipment that will be
used for handling, containing, or contacting uranium and its
daughters are as follows:

1. Equipment that contains large volumes of uranium
bearing liquids should be designed with sumps or dikes to
contain the liquids in the event of leaks or spills;

2. Equipment should be designed for optimum ease
of carrying out procedures, especially routine maintenance,
to minimize working time where personnel are exposed to
radiation or radioactive material, and to maximize distances
of personnel from the source of radiation with which they
are working;

3. Appropriate caution signs and symbols should be
provided to meet the requirements of § 20.203 of 10 CFR
Part 20, as discussed in more detail in Regulatory Guide 8.30,
“Health Physics Surveys in Uranium Mills™;

4. The use of semiautogenous methods for grinding
ore is recommended because of the significantly reduced
generation of airborne dusts,

4. CONTROL OF AIRBORNE URANIUM AND ITS
DAUGHTERS

One of the major inhalation hazards associated with
uranium milling facilities results from the resuspension in
air of uranium and its daughters. Therefore, properly
designed ventilation and dust control systems are needed
to ensure that exposure of workers is maintained ALARA.
There are, in general, four areas that present radiologic and
toxic hazards caused by airborne materials at a typical
uranium mill. These areas encompass (1)ore storage,
handling, and crushing; (2)ore grinding, leaching, and
concentrating processes; (3) yellowcake precipitation,
drying, and packaging; and (4) miscellaneous mill locations
as specified in Section 4.4. Appropriate design objectives
for ventilation and dust control systems recommended for
each of these generalized mill areas are given below.

4.1 Ore Storage, Handling, and Crushing Areas

Where ore is handled in the open, the objective should
be to minimize blowing of dust. Water sprinkling systems



are recommended for use on ore piles when the ore moisture
content is less than 10%. If ore is crushed and transported
in the dry state (i.e., moisture content less than 25%), the
use of ventilation systems and dust collectors is recom-
mended. As ore travels along convevor belts to the grinder,
all drop points should have either hooded dust collectors or
dust suppressant systems, such as sprinklers or foam ejectors.
When crushers are used prior to grinding, it is recommended
that a hooded ventilation system be installed over all
external openings to the crusher, The use of wet scrubbers
or dust collectors is recommended for ventilation systems
that service ore storage, handling, and crushing areas of the
mill to prevent recirculation of contaminated air.

4.2 Grinding, Leaching, and Concentrating Process Areas

General ventilation systems are recommended to service
mill areas where any grinding method is performed to
ensure against the buildup of radon-222 and its daughters
and ore dust normally released in the grinding process. The
ventilation rate should be adequate to maintain the con-
centrations of radon-222 or its daughters and natural
uranium from ore dust to less than 25% of the value speci-
fied in Table 1 of Appendix B to 10 CFR Part 20 as modi-
fied by the note to Appendix B. It is recommended that all
leaching and thickening tanks located in enclosed structures
be covered and vented directly to the outside atmasphere.
General ventilation systems for mill areas where leaching
and thickening tanks are located should be designed to
maintain natural uranium ore dust concentrations in air at
less than 19.0 ,ug/m3 of uranium, If the mill is so designed
that the solvent extraction (SX) concentration process
equipment is in enclosed structures, a general ventilation
system is recommended and should be designed to maintain
the airborne natural uranium concentration in atr to less
than 50 ug/m> of uranium or 2.5 x 10°1? uCifem® (e,
25% of the MPC for natural uranium). The use of wet
scrubbers on general ventilation systems that service areas
of the mill where grinding and leaching equipment are
located is recommended. Scrubbers are not necessary on
ventilation systems that service areas of the mill where
the clarification or solvent extraction equipment is located.

4,3 Precipitation, Drying, and Packaging Areas

General ventilation systems are required and should be
designed to maintain the concentration in air of yellowcake

near precipitation tanks, yellowcake thickeners, yellowcake
filters, and yellowcake repulp equipment to less than
50 ug/m® of uranium in air or 2.5 x 107! pCijem? Ge.,
25% of the maximum permissible concentration). The next
step of the recovery process involves the drying and packag-
ing of yellowcake. Since the potential for the release of
aitborne yellowcake is much greater in dry form, it is
recommended that drying and packaging of yellowcake
should be performed in an enclosure that is separated from
other areas of the mill. Also, the drying and packaging
enclosure should be maintained under negative pressure. A
separate air suction ring system should also be used at each
yvellowcake drumming station. Individual suction ring
systems need only be operated during periods when the
drum at that location is being filled. The exhausts for the
drying and packaging enclosure and the suction ring should
be vented through a wet scrubber. To ensure proper opera-
tion, the scrubber system on the concentrate drying and
packaging area should be checked every shift and docu-
mented, or automatic malfunction alarm or interlock
systems installed. Manometer readings or operational and
instrument checks should be recorded once per shift and
subsequently documented.

4.4 Miscellaneous Locations

Other important areas of the mill that have the potential
for containing hazardous levels of uranium and its daughters
in air include maintenance shops, rubber shops, metallurgical
and bioassay laboratories, and general laundries, if they exist.
Each of the above mill areas should be serviced by ventilation
systems designed to maintain air concentration of natural
uranium and its daughters to less than 50 pg/m3 or2.5x 101t
)uCi/cm3 of uranium. Wet scrubbers are not necessary on
these systems, however, bag filters are recommended.

D. IMPLEMENTATION

Except in those cases in which an applicant or licensee
proposes an acceptable alternative method, this guide »nd
Regulatory Guide 3.5, “Standard Format and Content of
License Applications for Uranium Mills”; Regulatory
Guide 8.15, “Acceptable Programs for Respiratory Protec-
tion”’; Regulatory Guide 8.22, “Bioassay at Uranium Mills”;
and Regulatorv Guide 8.30, “Health Physics Surveys in
Uranium Mills,” will be used as the basis for evaluating
license applications and radiation safety and ALARA
programs of NRC-licensed uranium mills.
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VALUE/IMPACT STATEMENT

1. PROPOSED ACTION
1.1 Description

Applicants for a uranium milling license must submit a
license application containing the information specified in
Regulatory Guide 3.5, “Standard Format and Content of
License Applications for Uranium Mills.” The purpose of
+this action is to describe both administrative health physics
programs and methods to achieve ALARA occupational
exposure to workers that are acceptable to the NRC staff.
Health physics programs are covered in SectionC.5, “Opera-
tions,” in Regulatory Guide 3.5.

1.2 Need for the Proposed Action

Currently, licensees are uncertain what the NRC staff
will accept in the way of a health physics and ALARA
program or procedures and design features needed to
achieve ALARA exposures in a uranium mill. As a conse-
quence, a wide variety of programs are submitted. To meet
minimum standards, much correspondence between the
applicant and NRC is required. A guide will reduce the
amount of correspondence needed, save personnel resources
for both NRC and the applicant, show clearly how NRC
regulations apply to uranium mills, and establish a uniform
standard for an acceptable health physics and ALARA
program for worker protection.

1.3 Value/Impact of the Action
1.3.1 NRC

The impact of the guidance will be primarily to reduce
licensing staff effort in reviewing applications and in
corresponding with applicants about areas where the
application does not meet current NRC licensing require-
ments. An estimated 0,75 staff-year is required to develop
the guide.

~

1.3.2 Other Government Agencies

The guidance wili impact on the Mine Safety and Health
Administration (MSHA) because they also regulate occupa-
tional health protection at uranium mills and on Agreement
State regulatory agencies that regulate mills, primarily
New Mexico, Colorado, Texas, Washington, and Florida. A
Memorandum of Understanding (MCU) signed by NRC and
MSHA states that each agency will coordinate the develop-
ment of standards with the other agency. The MOQOU was
published in the Federal Register (45FR 1315)on January 4,
1980.

1.3.3 Industry
Industry will benefit from having clear guidance on what

constitutes NRC licensing policy. Some minor expense may
be involved, however, in upgrading current health physics

programs and in establishing an effective ALARA program
where one does not currently exist to meet the recom-
mendations in the guidance.

1.3.4 Workers

Workers’ protection should improve from having clearly
stated and consistent standards for health physics and
ALARA programs, “Workers and inoir representatives will
now have access to a clearly dcTined standard ALARA
program for uranium mills. This wid help them understand
whether their employer has an ad:quate program and why
some things are domne as they are.

1.3.5 Public

The guidance pertains to worker protection programs. It
will not directly affect the public.

1.4 Decision . »

The NRC should publish guidance on a standard admin-
istrative health physics and ALARA program for worker
protection that is acceptable to the NRC licensing staff.

2. TECHNICAL APPROACH

The technical approach in the guidance is based on €Y
NRC licensing policy as expressed in Safety Evaluation
Reports (SER) written by the NRC licensing staff, espe-
cially the recent SER for Minerals Exploration Company
Sweetwater Uranium Project, and (2) other references to be
cited in the guidance,

3. PROCEDURAL APPROACH
3.1 Procedural Alternatives

The three reasonable procedural alternatives are as
follows:

a. Regulation,
b. Regulatory guide,
¢. Continue to handle each licensing application on a
case-by-case basis.
3.2 Value/Impact of Procedural Alternatives
A regulation is not suitable for the type of guidance
envisioned because some of the pro.ram must be tailored to

the design and needs of the individual mill.

A regulatory guide is recommended since it provides the
best mix of flexibility and clear stziement of a uniform and

consistent licensing policy.
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3.3 Decision on Procedural Approach

The staff concludes that a regulatory guide should be
published.

4, STATUTORY CONSIDERATIONS

Authority for this guide is derived from the Atomic
Energy Act of 1954, as amended, and the Energy

Reorganization Act of 1974, as amended, through the
Commission’s regulations.

5. CONCLUSION

In summary, it is proposed that a regulatory guide should
be published concerning radiation protection and ALARA
programs in uranium mills for worker protection.
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< Utah Division of Ra/" n Control (
- Equipment L. * .tory ‘
August 29, 2001
Instruments Detectors
Quanity Type Make Model QTY|RAD|Shape Type [Maker  |Model arem window
1 Pressurized lon Chamber | Reuter-Stokes RSS-111-100 4 | o 12"X6" nS Elt-);rEe AC-3-8 |59 mylar
2 Alarm Rate meter Ludlum 177 1 | o [1"end window counter|ZnS |Eberline |SPA-1 [5 mylar
7 Pressurized lon Chamber | Victoreen 450P 2 | o [#'roundflashight  [ZnS [Ludlum 1431 |75 mylar
1 Microrem Bicron Microrem 1 | o [1.5" end window ZnS |Ludlum [43-2 11.6 mylar
2 Neutron Ludlum 15 6 | o [2'XT7" ZnS |Ludlum [43-5 |50 mylar
2 Rate Meter GM Ludlum 14C 1| o |3'X3 ZnS |Ludlum {43-65 |50 mylar
2 Rate meter Ludlum 2 1 | o |1"end window counter|ZnS [Ludlum [43-9 |5 mylar
12 Rate Meter Ludlum 2941-2 6 |aBy|Pancake shielded GM [Bicron |LPGM |12 mica
8 Scaler Ludlum 1000 2 |axBy|Pancake shielded GM |Eberline [HP-210T|12 mica
1 Scaler/Rate Meter Ludlum 2900 1 |aBy|Pancake GM |Eberline |HP-260 j12 mica
6 | Scaler/Rate Meter Ludlum 2200 | |12 |xBy|Pancake GM |Ludlum [44-9 |12 mica
4 Scaler/Rate Meter Eberline ESP-1 2 | aB |Gas Proportional PRO |Ludlum |43-68 [100 mylar
3 ur meter Ludlum 195 1 | By [side window GM |Ludium [44-6 Stainless
5 T meter Ludlum 19 2 | By [side window GM |Eberline [HP-270 Stainless
1 | Portable Nal MCA Berkeley Nucleonics SAM 935 | | 2 | Py |side window GM_|victoreen |485-4 aluminum
6 High Vol Air Samplers Hi-Q 1 |aBy[.01" X 1" end window [ORG|Bicron |B1 5 mylar
12 | Pocket Dosimeters Arrowtech 200mr| | 3 [V [2X2 Nal |Ludium [44-10 NA
2 | Alarming Dosimeters Dositec L36 1] v [08X2 Nal jLudlum }44-17 |20 mylar
31y [1X1 Nal [Ludlum [44-2 N/A
3]y |04X1 Nal [Ludlum [44-3 5 mylar




Calibration Source Dose Rate Calculations

i Source Manufacturer: Source Model: Source S/N:
J.L. Shepard 28-6A 10181
Calibration Date: Half Life (years) Current Date:
8/14/86 30.17 10/8/98
Dose Rate @ 1 Meter Source Age: Current Dose Rate @ 1 Meter I
353 mr/hr 12.16 _years 267 mr/hr

Dose Rate Desired (mihr)

Distance (inches)

FEET

INCHES "16ths"




INSTRUMENT CALIBRATION PROCEDURE

Purpose

This procedure is designed to ensure that portable radiation instruments are calibrated accurately

and safely.

Applicability

This procedure applies to all portable radiation instruments that are being used by staff members
for verifying regulatory compliance or for protecting Division staff.

References

a. Calibration of Survey Instruments Used in Radiation Protection for the Assessment of
lonizing Radiation Fields and Radioactive Surface Contamination, NCRP 112

b. American National Standards Institute, Radiation Protection Instrumentation Test and

Calibration, ANSI N323-1978
C. U.S. Nuclear Regulatory Commission, Regulatory Guide 10.*, Revision 2, 1985.

Procedures

a. Exposure Rate Instruments
i, Physical checks

(1)

Py D R e
0O N O O~ W
Rt S S L o ]

=
~

Physical Condition
Check Batteries
Digital element

Meter Light

Zero adjust

High Voltage

Setup Parameters
audible function works

libration

Set up calibration area

(a) Wear dosimetry

(b) Mark area as Radiation Area

(c) Position source beam toward an uninhabited area ie. outside
wall on second floor

(d) Set up calibration stand at the predetermined distance from the
source

(e) Position the detector’s long axis perpendicular to the beam axis.

As Found readings

(a) Calculate current source strength (See appendix a)

(b) Check each range at mid scale. Do not attempt to calibrate any



meters at dose rate < 2 mr/hr because of background
interference. Also it is not necessary to calibrate instruments
above 1000 mr/hr.

(©) Check one range at approximately % and % scale

(d) Check integrating modes by exposing the detector for 36 seconds
to a rate 100 times the desired dose. (36 seconds is 1/100th of
an hour)

(e) Check dose and dose rate alarms by exposing them to sufficient
radiation to trip the alarms and verifying that they function.
Regardless of the reading, document the results in the as found

section of the form.
® I all readings are within + 10%, the instrument passes calibration
After adjustment

(a) If any reading is not within = 10% then make adjustments and
recalibrate and record the results in the after adjustment section
of the calibration form.

(b) Recent surveys, made with meters that are adjusted, may need to
be reviewed.

Fill out a calibration sticker (appendix d) and attach it to the meter.

Include any special instructions or notes on the sticker such as:

(a) Maximum radiation calibrated to.

(b) Specific Probe Serial numbers

(c) Any limitations

(d) Any special settings

b. Contamination Survey Instruments
i Physical checks

l.

—
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~—
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Physical Condition
Check Batteries
Digital element

Meter Light

Zero adjust

High Voltage

Setup Parameters
audible function works

libration

Select source

(a) Similar energy

(b) Similar activity

Measure background

Determine Plateau if appropriate

Count Soure(s) and record reading.

If detector area is greater than source size then take measurements at
several different locations and average the results.

i needed, calculate instrument dead time and set instrument accordingly.
Calculate correction factors (CF) for direct surface readings per 100 cm?.
CF=100/A"E where A=detector window area in cm? and E = detector



efficiency in cpm/dpm.
(8) Fill out a calibration sticker (appendix d) and attach it to the meter.
(9) Attach sticker showing efficiencies or correction factors, if appropriate.
Notes

a. Source to detector distance should be at least 5 times the maximum detector dimension.
b. Instruments can not be calibrated below 1 mr/hr because of background interference.
Instrument responses can be evaluated below this level.

Appendices

Calibration Source Dose Rate Calculations
Exposure Rate Instrument Calibration Form
Contamination Instrument Calibration Form
Calibration Stickers

a0 o
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CALIBRATION CERTIFICATE

N

STATE OF UTAH

DEPARTMENT OF ENVIRONMENTAL QUALITY
DIVISION OF RADIATION CONTROL

EQUIPMENT
MAKE TYPE MODEL SERIAL
METER
PROBE
CALIBRATOR J.L. Shepard Cs-137 28-6A 10181
PHYSICAL CHECKS
BATTERY | AUDIO | METER | DigiTAL | HevoLT SETTINGS
CHECK | CHECK | uIGHT | ELEMENT | cHECK
AS FOUND READINGS
SCALE/ SOURCE EXPOSURE , .
pecade | VNS DISTANCE ACTUAL READING % ERROR £10%
CORRECTED READINGS
SCALE/ SOURCE EXPOSURE . )
pecape | UNTS DISTANCE ACTUAL READING % ERROR £10%
COMMENTS
Signature: DATE:




(,

State of Utah
Department of Environmental Quality

Division of Radiation Control

THRESHHOLD SETTING

MAKE TYPE MODEL SERIAH CALIBRATIONSETTING
METER
DETECTOR DIGITS | VOLT BATT | AUDIO | LIGHT
Initial Calibration | Source Half Sample Net
Nuclide Activit Date Age Life Activit DPM First Second Third Counts Counts Etficiency
Bkgd £ . 20T :
C-14 1.8e-01 1/1/80 21.115.73e+03] 0.17455(3.84e+05
Pm-147 1.4e-01]| 11/17/79 21.2]12.62e+00{ 0.00051(1.13e+03
Tc-99 4.0e-02| 3/19/80 20.912.13e+08| 0.04000]8.80e+04
Sr-90 2.1e-02| 10/11/79 21.313.02e+01} 0.01286(5.66e+04
CI-36 2.3e-02] 10/12/79 21.313.01e+05 0.02260(4.97e+04
Bi-210 1.9e-02| 10/16/79 21.312.23e+01| 0.00983(2.16e+04
Th-230 1.6e-04 1/9/96 5.1]|7.70e+04] 0.00016]3.52e+02
Signature: DATE:




Utah Division of Radiation Contro}
168 North 1950 Waest

Salt Lake City, Utah 84114-4850
(801)536-4250 Office

SERIAL:

Nuclide

__Efficiency | Max Energy | Avg Energy

BY:

Pm-147 0.002 0.062

Sr-90 0.005 0.157
1.161 0.389

U-238 N/A




PROCEDURES FOR SAMPLE ANAILYSIS USING THE IBM MODEL 30
COMPUTER WITH EG&G GAMMA VISION SPECTRUM
ANALYSIS FOR MICROSOFT WINDOWS 3.x

*PLEASE READ PROCEDURES CAREFULLY BEFORE PERFORMING OPERATIONS*

CAUTION: DO NOT TOUCH SETTINGS ON THE NIMBIN MODULE!

Background Information: EG&G ORTEC's GammaVision, is an integrated MCA emulator and
gamma spectrum analysis program for the Microsoft windows operating environment. A
spectrum may exist in three places: in the multichannel buffer (called Detector), in computer
memory (Buffer), or in a file on disk. The detector is where the data are generated from the
HPGe detector. Data may be displayed and manipulated directly in the detector memory or the
buffer. Copying data into either will overwrite the current contents ( you are warned before any
data is lost). Actions on the buffer have no effect on data acquisition taking place in the detector.

T\l'l( RV o “!.I\( ;‘;;\r‘.“--j
. . { y !
If the computer is turned off, you will need to turn on the computer first. Then you start by
double-clicking (using the mouse) on the GammaVision icon. The gamma vision main display

will now be on the screen. If the computer is already on, you can press any Key and the main

display will appear on the screen. ~ WPR Acquire Calibrate \
Settings...
1) Ifa spectrum appears on th; screen th; operator will need Recall...
to save this spectrum by clicking on File along the menu Save
line (See figure 1). This will cause a submenu to appear. Save As...
Print...
2) Now click on the Save function. These functions write the io::pmc'"
X

spectrum from the displayed memory to disk. If the Save
function is selected with a memory that has no previous
filename associated with it, the dialog box shown in Fig. 2 £, & i
appears, prompting the user for a filename. The user
should now enter a filename followed by extension: .spc
Once the filename and extension has been entered, you are
provided with a series of dialog boxes regarding sample " .
description, quantity, collection date and time. If no
changes are neccesary, click on OK for each one.

About GammaVision...

" Save Spcclrum Fite

3) Once the spectrum has been saved, the user can click on
Acquire, and click on Clear (fig. 3). This clears the
spectrum from the screen. Next the user must click on
Acquire and click on Start. The detector has a unique set £, 9 2




Counting Procedures continue

of entries; ie real time and live time, sample File M"

description,sample quantity, and collection date and time. ADC Setup...

These fields should be entered prior to acquisition. Adjust Controls...

Start Alt+1

3) The live time should remain at 10,000 seconds (unless a StariSaveiRepor

shorter acquisition time is warranted by the user). If 10,000 Clgar Alts3

seconds is ok, then click on OK. Next the sample QA 3

description is entered. Enter the sample description then Copy to Buffer  Alt+5

click on OK. Next the sample quantity should be entered if

the output activity is to be normalized to a volume or San g- 2

weight.

Enter the weight of the sample and reporting units, (ie uCi).
After the weight has been entered click on OK. Next the
collection date and time should be entered.

Prior to clicking on OK, place the sample on the

detector and close the lid!

4) Then click on OK. Once the user clicks on OK, the
acquisition starts. Note: if the sample is not in the counting
well prior to the last step, the above steps will have to be
repeated. :

5) Once the acquisition is completed, perform a peak search,
click on Analysis, and click on Peak Search. The peaks in
the spectrum will be highlighted in blue. The user can
press the home key and this will move the cursor to the left
of the screen. The user then can press the Ctrl and Arrow
key and move the cursor from left to right stopping at each
peak or use the mouse and click on peak arrow key, lower  Fomat
right hand corner of screen. Note: overlapping or close Pacagiaph O @ Column
peaks may have contiguous ROIs. If ROIs overlap the user
may want to delete the region of interest and insert a region :‘;": Detenst Pitor P Laveidet t
around the peak of interest. At the bottom of the screen " LPTI -

L

will be information regarding the peak: ie energy and best (] to Display {viewed ROIs oniy)
library match and activity in uCi's. Ll to Fie

6) If the user wants a report (printout) of the Regions of : _F L{
Interest, then the user should click on Analysis and click on ‘9 '

ROI Report (See fig. 4). The report function can be



Counting Procedures continue

used to produce a semi-quantitative nuclide list from the
spectrum. The dialog shown in fig. 4 allows the report to
be sent to a disk or the printer. The format "paragraph”
should be highlighted and the output should be to the
printer. (Note; these settings are already set up). After
checking these parameters, click on OK. The screen will
flash the report and send it to the printer which should start
printing the information.

7 After sending the report to the printer, the user should click
on the File setting and click on Save. This will allow the
user to save the spectrum as described earlier on page 1.
The user should give the sample a filename followed by the
.spc extension prior to continuing with the next sample.

8) If another sample is to be counted, the user should take out the preViously counted sample

and write on the can the file name in which it was saved as. Now the user can go back to
step 1 (ie; click on Acquire, click on Clear, then click on Start).

More specific software applications, information and function description can be found in the
EG&G ORTEC brown user manual labeled #1. located to the right of the computer.

If the user has questions concerning the above procedures please contact John Hultquist.

F:\mon_wast\jhuliqui\wp\gamma.pro Rev. 10/97



