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PREFACE
This is not a controlled copy.

This document is a training version of the RESPONEE TECHNICAL
MANUAL. This version may be incomplete and/or out of date. Each
of the NRC response organizations that has responsibility to use
these procedures during response to an accident has controlled
copies of this manual. Only controlled copies of the manual should
be used during an accident.

Controlled copies of this manual are maintained by the
Incident Response Branch, Office for Analysis and Evaluation of
Operational Data, Division of Operational Assessment at NRC
Headquarters and by the individual Emergency Response Coordinators
at the regiona)! offices. Please direct any guestions concerning
this manual to the Incident Response Branch, AEOD,

AECD plans to publish updated versions of this manual and
accompanying workbook (Volume 2) once every two years.

NOTE:

This Response Technical Manual (RTM-91) replaces RTM=%0
Volume 1, NUREG/BR-0150, dated June 1990, as the Agency's
basis for response technical training.
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UBE OF THE MANUAL
This manual contains procedures used by the NRC when responding to
accidents., 1n using the procedures follow these rules:
1. Use only the procedures on which you are trained.
2. Complete each step in order.
3. Read all "CAUTIONS."
4. Read the "NOTES" if additional information is needed.
The diagram on page vi "Assessment Tool Overview" shows the t pical
sequence in which the major procedures would be used relative to
the phases of an accident. Conseguence Assessment Procedure
Ooverview and Protective Action Assessment Procedure Overview
(pages vii, viii) provide a summary of these procedures.
There are other procedures and reference materials in the manual
that may also be helpful. The back cover provides a summary of
the contents and provides "thumb" tabs for quick reference.

when in doubt, use the index.
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CONBEQUENCE ABBESSMENT PROCEDURE OVERVIEW

Section A, Classification Assessment
Differentiate accidents requiring immediate protective actions
(general emergencies) from those that can wait for further
assessments (e.g., field measurements).

Bection B, Core and Containment Assessment
Aids in assessing core and containment conditions.

Bection C, Reactor Accident Conseguence Assessment Based on Plant
Conditions or Blue Card

Iritially bound consegquences (health effects and EPA PAG
comparisons) based on possible reactor accident conditions.

Bection D, Use of RABCAL

Standard NRC accident consequence / dose projection model
(reantor conditions and isotopic releases).

Bection E, UF6 Release Assessment

hssessment of consequence and protective actions for a UFé
accident.

Bection F, Long Distance, Elevated Release and Rz2in Dose
Projections for Severe Reactor Accidents

Dose projections out to great distances for severe reactor
accidents that show the influence of elevated releases and
rain.

Section G, Use of ARAC
Advanced transport model. Requires about an hour to produce
end result and we must specify source term (release
information). Can project to great distances.

fection H, Plume Dose and Bource Term Hand Calculation or Green
Card

Calculate dose or source term from field measurements.
Section P, DOE Radiological Field Measuruments Assistance

How to get DOE field monitoring assistance. Use ASAP.
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PROTECTIVE ACTION ASSESSMENT PROCEDURE OVERVIEW

Section I, Plume Phase General Population Protective Action
Assessnent

T

Immediate actions taken before or shortly after a release,
Actions to protect the population from the plume - prevent
early health effects and reduce dose above EPA PAGs.

Bection J, Intermediate Phase Zeneral Population Protective Action
Assessment (Relocation - Reen:ry)

actions taken to relax or adjust protective actions taken
using the plume phase (Section 1) procedures.

Bection K, Ingestion Pathway Protective Actior Assessment

Actlions to protect the public from ingestion of contaminated
food or water

OTHER PROCEDUPER

8ection L, Exposure Control for NRC During Rescue and Recovery
Activities

Section M, Use of Potassium Iodide (KI) and Trhyroid Monitoring

Secticn N, Use of NRC TLD Bystem Direct Radiation Monitoring
Network

Section 0, Medical Assistance
Bection Q, 8I Units and Conversions

Section R, Putting Radiation in Perspective for the Public

S8ection 8, Half-Life Table
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CLASBIFICATION ASSEBSMENT
Objective
Assess licensee classification of the accident.

Guidance

Step 1

Conduct an assessment depending on whether the facility is a reactor (A)
or fuel cycle (B) facility:

A, Reactor

NOTE:

Most reactors will use NUREG-0654 method.

NOTE:

1f the licensee classification does not appear to be correct,
check the licensee classification procedure and/or discuss with

licensee,
- NUREG~0654 Method - use the NUREG-0654 Quick Assessment
initially = consult the NUREG-0654 guidance if necessary.
- NUREG-0654 Quick Assessment AP Tl |
- NUREG=-0654 Full Guidance . . . A-9
Notification of Unusual Event A-10
Alert N . . . . . . . . . . A"'14
Site Area Emergency . . . . A-18
General Emergency . . « . . A=22
- Barrier Challenge or Loss Indicator
H.thod . . . . s . . . . . . . . . . . A-26
B. Fuel Cycle and Materials . . . . . . . . . A-30

END
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NURFG~0654 QUICK ASSESSMENT METHOD INDEX

NOTE:
The quick assessment chart is based on NUREG-0654. The
items apply to both PWRs and BWRs unless noted.
Loss of Critical Safety Function
RG&CtiVity Contrcl . . . . . . . . . . . . . . . . . . A"
Inventory COHt!‘Ol . . . . . . . . . . . . . . . . . . A’4
Heat Removal . . . . . . . . . . . . . . . . A"
Loss of Vital Auxiliaries
Powel‘ . . . . . . . . . . . . . . . . . . . . . . A-S
ContrOl ROO!I\ N . . . . . . . . . . . . . . . . A-S
Instruments & Alarms Pl I o e I
Loss of Fission Product Barriers
Cladding (fuel damage) . « « « + + s + + +« » &« o« + o+ « A=6
Primary System Al e ey o AR e, R ] b S
Containment . . . ¢ » . . . . . . . . N . . . . . . . A'7
Radiological Release . . .+ « « o & o o o o s 4 & o s + A=7

Other Events or Conditions

Spent Fuel Accidents . . .
Fire P L S
Security + « + ¢« + ¢ o o
Other Hazards .

Activation of Centers 6
Public Notification . « « .«
MOGLOEL. "5 v s jeTie e vy
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2 & &8 & ® -8
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TYP / ALERT ITE AREA

REACTIVITY CONTROL

.'“;1

INVENTORY
LOSS

HEAT REMOVAL
LOSS




TYPE

=

UNUSUAL EVENT

SITE AREA

VITAL AUXILIARIES

INSTRUMENTS &

AC loss onsite
or offsite

Loss of instru-
ments & alarms
requiring shutdown
by Tech Specs

Significant loss
of assessment
capability

AC loss onsite
and offsite

Vital DC loss
onsite

PWR loss of
offsite power and
rapid steam
generator tube

rupture

Evacuation of
control room &
control of shut-
down system
establ isked

Loss of most
control room
alarms

AC loss > 15 min
onsite and offsite

vital DC loss
onsite > 15 min.

PWE loss of
offsite power and
> 300 gpm steam
generator tube
rupture

Evacuation or
control room &
control of shut-
down system not
established within
15 min.

Loss of most
control room
alarms and
transient in
progress

PWR AC loss onsite
and offsite and
loss of auxiliary
feedwater for
several hours

BWR loss of onsite
and offsite power
and reactor not
shutdown

OTY=LiWd
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TYPE ! A ALERT SITE AREA GENERAL

FUEL CLADDING
LOSS

BWR ver
radioac
of
Re:

{ >

PRIMARY SYSTEM
BRERES & LERKS

PWR rapid s
,(;;- nerator
rupture(s)

£

Ji

steam

tube

gpm

BWR steam line S Am : Loss of

break inside yreak utside fission
containment containm s barriers

w

thout MS1IV rithout MSIV potential

1
|

losure the 3rd




TYPE UNUSUAL EVENT ALERT SITE AREA GENERAL
CONTAINMENT Loss of contain- BWR steam line BWR steam line loss of any 2 of 3
LOSS ment integrity break inside break outside fission product

requiring shutdown containment containment barriers &
by Tech Specs without MSIV without MSIV pctential loss of
closure closure the 3rd barrier
BWR primary system
leak and loss of
containment
integrity
affecting success
of ECCS
RADIOLOGICARL Effluent radiation Offsite radiation wWhole body dose Actual measure-
RELEASE release > Tech release > 10 X projection ments or dose
Specs instantaneocus assuming adverse projections under
limits meteorological actual
conditions meteorological
Inplant radiation indicate >50 mR/hr conditions
levels > 1000 X for 30 min. or 500 indicate EPA PAGs
normal mR/hr for 2 min at will be exceeded
site boundary. at the site
boundary.
Possible release
cf large amounts
of radioactivity
offsite
SPENT FUEL Spent fuel damage Major damage to Dose projections
ACCIDENT with radiation spent fuei or measurements

release in plant

Spent fuel pool
water level below
top of spent fuel

indicate EPA PAGs
will be exceeded
at site boundary

0Tv=Likd
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:ENERAI

SECURITY

M
tempt e

HRAZARDS Actual Y severe natura

ojected haz phenomena or

g,art_h{;!}:’}lpf‘_ hazard and ;,‘Ev?f
floods not in cold
shutdown
- any event
design
- damage
rstems
ammable gas

areas

ACTIVATION Conditions warrant

OF CENTERS increased awvare-

ness

PUBLIC
NOTIFICATION

MEDICAL
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NOTE:

NUREG-0654 Appendix A

NOTE:

Material related to protective actions has been deleted. That
information is superseded by Section 1I.

BASIS FOR EMERGENCY ACTION LEVELS FOR NUCLEAR POWER FACILITIES

Four classes of Emergency Action Levels are established which replace the classes
in Regulatory Guide 1,101, each with associated examples of initiating conditions,
The classes are:

Notification of Unusual Event
Alert

Site Area Emergency

General Emergency

The rationale for the notification and alert classes is to provide early and
prompt notification of minor events which could lead to more serious consequences
given operator error or equipment failure or which might be indicative of more
serious conditions which are not yet fully realized. A gradation is provided

to assure fuller response preparations for more serious indicators., The site
area emergency class reflects conditions where some significant releases are
Tikely or are occurring but where a core melt situation is not indicated based

on current information. In this situation full mobilization of emergency
personnel in the near site environs is indicated as well as dispatch of monitoring
teams and associated communications., The general emergency class involves

actual or imminent substantial core degradation or melting with the potential

/1('/0 loss gf containment. ’ //
- /, 2 ’,. o M o S . 'l"

T i,
iy 7

(7
The example initiating conditions listed after the immediate actions for each
class are to form the bacis for establishment by each licensee of the specific
plant instrumentation r. dings (as applicable) which, if exceeded, will initiate
the emergency class.

Potential NRC actions during various emergency classes are given in NUREG-0728,
Report to Congress: NRC Incident Response Plan. The NRC response to any
noEiF1cation arom a Ticensee wil] be related to, but not limited by, the
licensee estimate of severity; NRC will consider such other factors as the

degree of uncertainty and the lead times required to position NRC response
personnel should something more serious davelop.

Prompt notification of offsite authorities is intended to indi~ate within about
15 minutes for the unusual event class and sooner (consistent with the need

for other emergency actions) for other classes. The time is measured from

the time at which operators recognize that events have occurred which make
declaration of an emergency class appropriate.



Class
NOTIFICATION OF URUSUAL EVENT

Class Description

Unusual events are in process or
have occurred which indicate a
potential degradation of the level
of safety of the plant. No
releases of radioactive material
requiring offsite response or
monitoring are expected unless
further degradation of safety
systems occurs.

Purpose

Purpose of offsite notification
fs to (1) assure that the first
step in any response later found
to be necessary has been carried
out, {(2) bring the cperating
staff to a state of readiness,
and (3) provide systematic
handling of unusual events
information and decisiommaking.

~

Licensee Actions

Promptly inform State and/or local
offsite authorities of nature of
unusual condition as soon as
discovered

Augment on-shift resources as
needed

Assess and respond

Escalate to a more severe class,
if appropriate

or

—

Close out with verbal summary to
offsite authorities; followed by
written summary within 24 hours

State and/or Local Offsite
Authority Actions

I. Provide fire or security
assistanc: 1f requested

2. Escalate to a more severe
class, if appropriate

3. Stand by until verbal
closeout

0T~-¥

OTb=Lid
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0.
.

12,
13.

EXAMPLE INITIATING CONDITIONS: NOTIFICATION OF UNUSUAL EVENT

Emergency Core Cooling System (ECCS) initiated and discharge to vessel

Radiological effluent technical specification 1imits exceeded

Fuel damage indication. Examples:

a. High offgas at BWR air ejector monitor (greator than 500,000 yci/sec;
corresponding to 16 isctopes decayed to 30 minutes; or an increase of
100,000 pci/sec within a 30 minute time period)

b, High coolant activity sample (e.g., exceeding coolant technical speci-
fications for iodine spike)

¢, Failed fuel monitor (PWR) indicates increase greater than 0.1% equivalent
fuel failures within 30 minutes

Abnormal coolant temperature and/or pressure or abnormal fuel temperatures
outside of technical specification limits

Exceeding either primary/secondary leak rate technical specification or
primary system leak rate technical specification

Failure of a safety or relief valve in a safety related system .o close
following reduction of applicable pressure

Loss of offsite power or loss of onsite AC power capability

Loss of containment integrity requiring shutdown by tecnnical specifications
Loss of engineered safety feature or fire protection system function
requiring shutdown by technical specifications (e.g., because of malfunction,
personnel error or procedural inadequacy)

Fire within the plant lasting more than 10 minutes

Indications or alarms on process or effluent parameters not functional in
control room to an extent requiring plant shutdown or other significant

loss of assessment or communication capability (e‘?., plant computer,

Safety Parameter Display System, all meteoroliogical instrumentation)

Security threat or attempted entry or attempted sabotage

Natural phenomenon being experienced or projected beyond usual levels

a. Any earthquake felt in-plant or detected on station seismic instrumentation
b. 50 year floor or low water, tsunami, hurricane surge, seiche

¢. Any tornado on site

d. Any hurricana



hazards being experienced

Afrcraft crash on-site or

Train derailment on-site

Near or onsite explosior

Near or on p toxic or flammable § release

Turbine rotating component failure causing rapid plant shutdowr

> (48

Other plant conditions exist that warrant increased awareness on the part

of 2 plant operating staff or State and/or local offsite authorities or require
plant shutdown under technical specification requirements or involve other

than normal controlled shutdown (e.g., cooldown rate exceeding technical

specification 1imits, pipe cracking found during operation)

Transportation of contaminated injured individual from site to offsite
hospital

Rapid depressurization of PWR secondary side.







ytate and/or |
Authori "y Ac

Licensee Actions

Promptly nform State and/o locé ) Prov i«

3 s 1 2
authorities of alert tatus d At reqguested
Class Dest r‘v‘x,’hyn w alert as soon
red . Augment > ces and bring
Events are in process or have orimary response centers and
occurred which invoive an Augment resources and activate FBS t« tandby stat
actual or potent ial sebstantial on-site Technical Support Center
A ne.c? p - 2 1 x
of and or 1te :1};“-(1'_?!;"\,1 g”;\pl-vf Alert to standby status key

dpqra‘!df‘wn of the level
safety of the pl

releases expected to be

1 ¢ t ¢ 4 g nen s 0 v . e - 5
ant b\?'.,‘ centey Bring tmergen-y Uper ation emerqgency per sonnel including

F Aaq \fvr_, ,';'1‘ 1] and other key monltoring teams

limited to small f emer aen( personnel to standby >

?hp i PA Protet

‘:\‘,!n, exnos

or recommend reduction

in emergency class by ver bal surmary
to offsite authorities followed by

written summary within 8 hours of
closeout or class reduction
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12,

13,
14,
15,

16,

EXAMPLE INITIATING CONDITIONS: ALERT

Severe loss of fuel cladding

a. MHigh offgas at BWR air ejector monitor (greater than § ci/sec; corresponding
to 16 isotopes decayed 30 minutes)

b, Very high coolant activity sample (e.g., 300 pci/cc equivalent of 1-131)

¢, Faitled fuel monitor (PWR) indicates increase greater than 1% fuel failures
within 30 minutes or 5% total fuel failures.

Rapid gross failure of one steam generator tube with loss of offsite power

Rapid failyre of steam generator tubes (e.g., several hundred gpm primary
to secondary leak rate)

Steam line break with s1?n1f1c0nt (e.g9., greater than 10 gpm) primary to
secondary leak rate (PWR) or MSIV malfunction causing leakage (BWR)

°rimary coolant leak rate greater than 50 gpm

Radiation levels or airborne contamination which indicate a severe
degradation in the control of radicactive materials (e.?.. increase of
factor of 1000 in direct radiation readings within facility)

Loss of offsite power and loss of all onsite AC power (see Site Area.
Emergency for extended 10ss)

Loss of all onsite DC power (See Site Area Emergency for extended 10ss)
Coolant pump seizure leauing to fuel failure
Complete loss of any function needed for plant cold shutdown

Failure of the reactor protection system to initiate and complete a scram
«nich brings the reactor subcritical

“uel damage accident with release of radicactivity to containment or fuel
nandling building

“ire potentially affecting safety systems

Most or all alarms (annunciators) lost

Radiolegical effluents greater than 10 times technical specification
instantaneous limits (an instantaneous rate which, if continued over

2 hours, would result in about | mr at the site boundary under average
metecrological conditions)

Jngoing security compromise



phenomena
uadke greater
Ow water, t

tornado striking

ing e);xev‘veh_

Lever

3

ion damage to faciiity

~414 N 1 e 3 ’
SC1i1ty environs of unce

iure causing casing penetrati¢
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rlass

SITF “UA EMERGERCY
Class Description

fvents are in process or have
occurred which involve actual
or likely major failures of
plant functions needed for
protection of the public.

Any releases not expected

to exceed EPA Protective
Action Guideline exposure
levels except near site
boundary.

Purpose

Purpose of the site area
emergency declaration is to
{1) assure that response
centers are manned, (2) assure
that monitoring teams are
dispatched, {3) assure that
personnel required for
evacuation of near-site
areas are at duty stations
if situation becomes more
serious, (4) provide
consultation with offsite
authorities, and (5) provide
updates for the public
through offsite authorities.

10.

Licensee Actions

Promptly inform State and/or local b
offsite authorities of site area 2
emergency status and reason for N
emergency as soon as discovered

Augment resources by activating
on-site Technical Support Center, 3.
on-site operational support center
and near-site Emergency Operations
Facility (EOF)

q.

Assess and respond

5.
Dispatch on-site and offsite monitoring
teams and associated communications
pedicate an individual for plant status 6.
updates to offsite authorities and
periodic pressure briefings {perhaps
joint with offsite authorities}
Make senior technical and management 7.
staff onsite available for consultation
with NEC and State on a periodic basis

8.

Provide meteorological and dose esti-
mates to offsite authorities for actual
releases via a dedicated individual or
automated data transmission

Provide release and dose projections
based on available plant condition 9.
information and foreseeable contingencies

fscalate to general emergency class,
if appropriate

10.
or
Close out or recommend reduction in 1.
emergency class by briefing of offsite
authorities at EOF and by phone followed 12

by written summary within 8 hours of
closeout or class reduction

State and/er Local Offsite
Authority Actions

Prgvide any assistance reguested

If sheltering near the site

is desirable, activate public
notification system within

at least two miles of the plant

Provide public within at least
about 10 miles periodic updates
on emergency status

Augment resources by activating
primary response centers

Dispatch key emergency personnel
including monitoring teams and
associated communications

Alert to standby status other
emergency personnel (e.q.,
those needed for evacuwation)
and dispatch personnel to
near-site duty stations

Provide offsite monitoring
results to licensee, DOE and
others and jointly assess them

Continuously assess information
from licensee and offsite
monitoring with regard to
changes to protective actions
already initiated for public and
mobilizing evacuation resources

Recommend placing milk animals
within 2 miles on stored feed
and assess neec to extend
distance

Provide press briefings, perhaps
with licensee

Escalate toc general emergency
class, if appropriate

Maintain site area emergency
status until closeout or
reduction of emergency class

81 -\

0Ty=LKd
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10.

1.
12,

13.

]40

EXAMPLE INITIATING CONDITIONS: SITE AREA EMERGENCY

Known loss of coolant accident greater tha~ makeup pump capacity

Degraded core with possible loss of coolable geometry (indicators should
inciude instrumentation to detect inadequate core cooling, coolant activity
and/or containment radioactivity levels)

Rapid failure of steam generator tubes (several hundred gpm leakage) with
loss of offsite power

BWR steam line break outside containment without isolation

PWR steam line break with greater than 50 gpm primary to secondary leakage
and indication of fuel damage

Loss of offsite power and loss of onsite AC power for more than 15 minutes
Loss of all vital onsite DOC power for more than 15 minutes
Complete loss of any function needed for plant hot shutdown

Transient requiring operation of shutdown systems with failure to scram
(continued power generation but no core damage immediately evident)

Major damage to spent fuel in containment or fuel handling building (e.q.,
large object damages fuel or water loss below fuel level)

Fire compromising the functions of safety systems

Most or all alarms (annunciators) lost and plant transient initiated or in
progress

a, Effluent monitors detect levels corresponding to greater than
80 mr/hr for 1/2 hour or greater than 500 mr/hr W.B. for two
minutes (or five times these levels to the thyroid) at the site
boundary for adverse meteorclogy

b, These dose rates are projected based on other plant parameters
(e.g., radiation level in containment with leak rate appropriate
for existing containment pressure) or are measured in the environs

¢, EPA Protective Action Guidelines are projected to be exceeded
outside the site boundary

Imminent loss of physical control of the plant

Severe natural phenomena being experienced or projected with plant net in
cold shutdown

a., Earthquake greater than SSE levels

A-19



Flood, low water, t

: unami, hurricane surge, seiche greater than design
levels or failure

protection of vital equipment at lower levels

S
f

Systained winds or tornadoes in excess of design levels
Jther hazards being experienced or projected with plant not in cold shutdown
crash affecting vital structures by impact or fire

Severe damage to safe shutdown equipment from missiles or explosion
Entry of uncontrolled flammable gases into vital areas. Entry of
Jncontrolled toxic gases into vital areas where lack of access to
the area constitutes a safety problem

Yther plant conditions exist that warrant activation of emergency centers

and monitoring teams or a precautionary notification to the public near
the site

tvacuation of ¢ room and control of shutdown systems not established
from local s ions in 15 minutes
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Class

GENERAL EMERGENCY
Class Description

Events are in process or have
occurred which involve actual
or imminent substantial core
degradation or melting with
potential for loss of contain-
ment integrity. Releases can
be reasonably expected to
exceed EPA Protective Action
Guideline exposure levels
offsite for more than the
immediate site area.

Purpose

Purpose of the general emergency

declaration is to (1) initiate

predetermined protective actions

for the public, (2) provide
continuous assessment of
information from licensee and
offsite organization measure-
ments, (3) initiate additional
measures as indicated by actual
or potential refeases, {4)
provide consultation with
offsite authorities and

(5) provide updates for the
public through offsite
authorities.

Licensee Actions

Promptly inform State and local offsite
aut orities of general emergency status
and reason for emergency as soon as
discovered {Parallel notification of
State/local)

Augment respurces by activating om-site
Technical Support (enter, on-site
operational support center and near-
site Emergency Operations Facility (EOF)

Assess and respond

Dispatch on-site and offsite monitoring
teams and associated communications

Dedicate an individual for plant status
updates to offsite authorities and

periodic press briefings (perhaps joint
with offsite authorities)

Make senior technical and management staff
onsite available for consultation with
NRC and State on a periodic basis

Provide meteorological and dose estimates
to offsite authoritie< for actual
releases viz a dedicated individual or
automated data transmission

Provide release and dose projections
based on avaiiable plant condition
information and foreseeable contingencies

Close out or recommend reduction of
emergency class by briefing of offsite
authorities at EOF and by phone followed
by written summary within 8 hours of
cJoseout or ciass reduction

10.

1l

State and/or Local Offsite
Authority Actions

Provide any assistance
requested

Activate immediate public
notification of emergency
status and provide public
periodic updates

Recommend sheltering for 2
mile radius and 5 miles down-
wind and assess need to 2xtend
distances. Consider advisa-
bility of evacuation
{projected time available vs.
estimated evacuation times)

Augment resources by activatin
primary response centers

Dispatch key emergency personn
including monitoring teams and
associated communications

Dispatch other emergency
personnel to duty stations
within 5 mile radius and alert
all othors to standby status

Provide offsite monitoring
results to licensee, DOE and
others and jointly assess them

Continuously assess informa-
tion from licensee and offsite
monitoring with regard to
changes to protective actions
already initiated for public
and mobilizing evacuation
resources

Recommend placing milk animals
within 10 miles on stored feed
and assess need to extoind
distance

Provide press briefings, perhap:

with Yicensee

Maintain general emergency
status until closeout or
reduction of emergency class

2z-\

0Tv=Lhd

16/
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EXAMPLE INITIATING CONDITIONS: GENERAL EMERGENCY

1. a. Effluent monitors detect levels corresponding to | rem/hr W.B. or
5 rem/hr thyroid at the site boundary under actual meteorological
conditions

b. These dose rates are projected based on other plant parameters (e.g.,
radiation levels in containment with leak rate appropriate for existing
containment pressure with some confirmation from effluent monitors) or
are measured in the environs

2. Loss of 2 of 3 fission product barriers with a potential loss of 3rd barrier,
(e.g., loss of primary coolant boundary, clad failure, and high potential
for loss of containment)

3. Loss of physical control of the facility

Vol dliahscollditadiadaldzenhoiciadiid

4, Other plant conditions exist, from whatever source, that make release of
large amounts of radioactivity in a short time period possible, e.g., any
core melt situation. See the specific PWR and BWR sequences below.

7)) e
7
/

4ty
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d. Shutdown occurs but requisite decay heat removal systems (e.g., RHR)
or non-safety systems heat removal means are rendered unavai?able.
Core degradation or melt could occur in about ten hours with subsequent
containment failure,

7. Any major internal or external events (e.g., fires, earthquakes, substantially
beyond design basis) which could cause massive common damage to plant systems
resulting in any of the above.
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BARRIER CHALLENGE OR LOSS METHOD
CAUTION:

This method is only used if the "barrier method" of

classification is used by the plant., Most plants use the
NUREG~0654 method,

| Btep 2
|
’ CAUTION:

Use redundant indications to verify or replace (if required)

parameters listed on the table.

NOTE!:

- "possible" indicates loss/challenge to a barrier but
congideration of other parameters is required.

- Use parameter trends. 1f a parameter is approaching
emergency action level criteria and mitigation systems
are unavailable, assume the barrier will be lost.

Using either the PWR (page A«27) or BWR (page A-28) "Barrier Challenge
or Loss Indicator Matrix" to complete the following:

Challenged Loss

e e r— ot r——

Cladding

o

Reactor Coolant System (RCS)

k Containment
J

ftep 3

Classify the event using the following rules:

Class
Alert Challenge to or loss of either fuel
cladding or RCS

Site Area Emergency Challenge to or loss of both fuel cladding
and RCS

or
Any challenge to or loss of either fuel
cladding or RCS and loss of containment

General Emergency Loss of any two barriers and challenge to
the third barrier

or
Severe loss of the cladding (core melt
segeuence)



PMT~410

BARRIER CHALLENGE OR

PWR
LOBS8 INDICATOR MATRIX

REACTOR GOk

A-27

Kigl

CHALLERGED

sSChetging
L Lol Rate EPRLILY
¥
B
Pressute
;-'
L Possible
Tube Nuj ¢
b 0
ALY ¥
| § b
Rl Lhgen salerigs
Fressure & Hi Urwtpinined

Decronse




BARRIER CHALLENGE OR LOBS

PMT=410 4/91

INDICATOR MATRIX
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CHALLENGEL
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Very Righ

or Loy

failed Fuel

Very
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Yery
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High

Possible

Possible Possibie

Possible

Fossible Possible

Possibhle

Possible
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Fuel Cycle and Material Incident Emergency Classes

icipated Respon-




PMT=410 4/91

A-31

Fuel Cycle and Material Incident Emergency Classes - Continued

Class/Description

Bite Area Emergency
Events may occur,
are in progress, or
have occurred that
could lead to a sig-
nificant release of
radiocactive material
and could require a
response by offsite
response organiza-
tions to protect
persons offsite.

Offsite Conseguences

Significant release
possibly approaching
EPA PAG exposure
levels. Radiation
and contamination
levels may require
restricting areas
offsite. Environ-
mental sampling and
offsite monitoring
required.

Anticipated Respon-
Nes

Licensee emergency
response personnel
secure operations,
stop the release,
perform monitoring
and regain control
of radioactive ma=-
terial.

State and local or-
ganizations noti-
fied, emergency per-
sonnel respond to
site, assess situa-
tion, assist mon=-
itoring activities
and advise the pub-
lic as required.

Fire Department,
Ambulance and Police
respond to mitigate
consequences, re-
strict public access
to affected areas
and support onsite
response as re-
quired.

NRC notified, Opera-
tions Center acti-
vated and site teanm
dispatched.

DOE monitoring sup=-
port requested. DOE
medical support may
be requestecd if re-
quired.
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GENERAL CAUTIONS ON UBE OF INSTRUMENTS FOR
CORE DAMAGE ABBEBSMENT

GENERAL CAUTION:

!For core damage assessment, never use only one instrument as
’th& basis.

CAUTIONS

PWR Core Exit Thermocouples (CET)

- Once the ceore is uncovered, CET readings will be considerably
lower than the average and maximum core temperatures.

- CET should be used to confirm that there is insufficient
injection of water to keep the core covered (see Saturation Table
on page B-~13). Based on an estimate of the time the core is
uncovered, use Core Damage Progression Once Uncovered,
page B-4, to estimate damage.

BWR Water Level

- High drywell temperature can cause the BWR reactor water level
to read erroneously high due to (1) decreased density in the

reference leg or (2) reference leg water flashing to steam if the
reactor is depressurized.

Source: NUREG/CR=2726

- Mechanical Yarway instruments may indicate a false on-scale water
level of about 1 ft above the top of core if the actual water
level fell below the lower end of the instrument range.

Source: ORNL/NRC/LTR-90/18

Radiation Level

- Release may bypass the monitor,

- Monitors may be influenced by a source not intended to be
monitored.

- Areas monitored may not be representative.

- Calibraticn assumptions may not match accident conditions.

- Shielding or other design factors may have been incorrectly
considered.

- Monitor may show high, low or center range if it fails.

- Monitor may be read incorrectly.

Source: NUREG=-1228
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FUEL HEATUP ONCE UNCOVERED
CAUTION:

To estimate core damage progression, use "Core Damage

vrogression Once Uncovered," page B-4.

Btep

While the top of the active core is uncovered, assume that the fuel will
heat up at 1-2'F/sec. The increased core temperature will result in
fuel pin damage as shown below,

Eigure B-1
NOTE

5400°F Melting of fuel pellets (UO,)
These estimates are
reasonable (factor of
2) if the core |is
uncovered within a
few hours of shutdown 4800°F
(including failure to
scram), If there is Relmase of all volatile fission products
sufficient injection, from fuel

core heatup may be
stopped or slowed due 4200°F
to steam cooling.
Stean cooling may net Possible formation of uncoolable core
prevent core damage
under accident

conditions. 3600°F

Formation of "liquefied fuel’ fuel
dissolves in meited components

3000*F

Very rapid release of iodina, cesium
and noble gases

2400°F

Very rapid steam - zircalloy reaction -
release of M, and failure of fuel cladding

1800°F

Possible cladding burst - release of
fission oroducts in fuel pin gap

1200*F

600°F Normal operating temperature

Source: NUREG-0900, NUREG/CR-4524, NUREG-0956



CORE DAMAGE PROGRESBION ONCE UNCOVERED

Melt throug
Max ore mett ang ! aeneratior

Max. in-vess SI0N product release

melt releast

Possible uncoolable core

Possible slump of molten core

Rapid release of volatile fission products
grain boundary release)

Fuel cladding tailure

. .

Rapid M, generation

Release of fission products

I\

n fue! pin gap (gap release)

Local tuel melt
*TMi-cla_ding faillure

in 34 min

0 hour Core Uncovered Source NUREG/CR-4824 4629
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Eigure B-4
INJECTION (gpm) REQUIRED TO REPLACE WATER LOST

BY BOILING DUE TO DECAY HEAT FOR A 3000 MW(t)
PLANT (1 to 30 DAYS AFTER SHUTDOWN)

¢rr Boiled (Injected)

100

20 b

0 — 'y A A b b " b o o ¥ b

100

vl B0

i 2 il 4 € 6 7 B 9 40 20
Days After Shutdown

8tep 2
NOTE:

80

MW(t) =3 x MW(e)

Adjust for the size of plant where

gpm = gpm from chart x W
3000 MW(t



CONTAINMENT RADIATION LEVELS V8 CORE DAMAGE

1 1171"1 { E
ntainment

normal operat

re than 5(

normal operations from the unshielded
ute containment monitoring readin I

ninimum core damage from containment radiation levels using

PWE Figure B~ page B~10
BWR Mark I an 1 Figure B+-8 page B-11
BWR Mark 111 Figure B~9 page B-1:
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Figure B-=9
PWR MONITOR LOGCATIONS®
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BWR MARK I & II CONTAINMENT MONITOR RESPONSE
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Wark 1 Oy Weh Sorey-on 13-4 nowrs At Shutdown
BWR)

il
10

B .’--., - o gt o

_—

— o e e
v M e 4 o + i

i e 2
!

"

-

- — e
"

1

Mark | & Dy Wl No-aprey 1722 hours Afer Bhutdown
(BWR)

W'

Mark | bk Wel Well 122 hours Atler Shutdown

Bl T LIl &IT T EiL T 17
i IR EEET R iR !
; rrr%,ﬂr;rT M.Ll = vi ,fy* 1TM AT
) | 4 i : Sy i i ‘ﬁ
i Tt tt 3
f HE B i | :
F Wil : Wﬂ Hil
1 T N 1 i .rrlﬁl
; , . 2 £ ”
Pl
 Fovwes FemG 3800 it
, 121 4 : —aer T ¥
m ; % ml = W,M 1 -
THEE Y e R | E=3
ASE B iR HICE 118 i
i 8 it T S i i f
{34 - M ‘w. ' L_ir m\ 3 *x
. m. :._um _.“msw _— ¥ i .- .m
188 Qi 3t R IE i
3 1. 3 v 3 et 3 S | m I
Fr 1 wwmmi 1 WOIIL | QI AR IEIRe IR
NSl IS SR 4 I8
Tt - : : '
i m W ;*1.M : M “T”ﬂ !
- = e > ® e o

R B

Sl i



4/91

PMT-412

b-12

BWR MARK III CONTAINMENT MONITOR RESPONSE

B IR S

-.t e

Mark I Dry Wall Bpray-0n 1772 hours Atter Sutdown

Mark W Dry Well No - spray 122 hours Atler Shutdown
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COOLANT FISSION PRODUCT CONCENTRATIONS V8 CORE DAMAGE
CAUTION:

| Coolant samples take hours and may not be roprol-htativo of |
system concentrations (e.g., no flow through sample

The following assumptions were used in calculating the coolant

concentrations and may be unrealistic for the acci‘dent being
analyzed:

1. All of the fuel pin gap and melt releases are assumed to be
uniformly mixed in the coolant.

2. No dilution due to injection is assumed.

3. The tables over-estimate the concentrations for the
long~-lived fission products (Cs and Sr) in a new core.

4. Concentrations given are for 1/2 hour after shutdown. The

half-~life of the fission products should be considered in

analyzing samples taken hours after shutdown.

NOTE:

Plant-specific coolant system volume does not have a major
influence on coolant concentrations (<20%).

Btep

Compare reported cooclant concentration with PWR or BWR Baseline Coolant

Concentrations below and on the next page respectively:

PWR BASELINE COOLANT CONCENTRATIONS

Concentration Concentration

Normal Con- after Gap after Melt TMI Concen=-
centration Release Release tration +48
Nuclide (uCi/qg) (uCi/qg) (uCi/zg) hrs (uCi/g)
1-131 4.5%10° 6.8x10° 3.,4x10° 1.3x10%
1-133 1,4%10" 1.4x10" 6.8%10° 6.5x10°
1-135 2.6x10") 1.2x10° 6.0x10° -
Cs-134 7.1%10° 1.5%10° 3, 0x10* 6.3%10'
Cs~137 9.4x10°° 9.4x10° 1.9x%10° 2.8x10°
Sr-90 1.2x10°° NC 1.0x10° 5,3x10°

NC = Data not

available
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BWR BASELINE COOLANT CONCENTRATIONS
CAUTION:

| The following atcumourthat the release from the core is uniformly|

mixed in the xnns:a:_seglnns_nxn;1P and guppression pool. Iff
most of the core release is confined to the reactor coolant|
| system, the concentrations could be 10 times higher. 1

Concentration Concentration

Normal RCS after Gap after Melt

Concentration Rolonuo‘ Rcloaso‘
Nuclide (uCi/g) (uCi/g) (uCi/qg)
1-131 2.2x10° 6.2%10" 3.1x10
1-133 1.5x10°¢ 1.2x10° 6.2%10"
1-136 2.2x10°7 1,110 5. 5%10}
Ce=134 3.0x10 1.4%10 2.7%10
Cs~137 8.0x10"° 8.6x10' 1.7x10°
Sr=90 7.0x10°® NC 9.5x10'

'"In the RCS and suppression pool.

NC = Data not available

Assumption: Core Inventory, RTM=91, page C-83,.
Core Release Fractions, RTM-91, page C-84,
Normal Coolant Coincentration, ANSI/ANS-18.1, 1984
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CONTAINMENT HYDROGEN V8 CORE DAMAGE
CAUTION:

Containment samples may reguire hours and may not be
' representative of the total hydrogen generated in the core due

to incomplete mixing in the containment.

Btep

Compare the estimated percentage of hydrogen in a wet sample with the
figure below to estimate the core damage state.

NOTE:

These curves are for wet samples. However, most H, samples are
dry (steam removed). If a dry sample concentration is compared
with the chart, it may considerably over-estimate the level of
core damage.

Figure B=10
HZ in Containment (% vol)
1{:‘]"‘. . - - e e o —
: i
= el
*
o} ==
il __4.._.
£
vl
™I
1 Possible Uscoolabie Core
Poseible
ftart Fuel Melt Helt Throwgh Vessel
B R o ——
L et
0.1 . Ay -
b 10 20 30 40
Percent Hetal-vater Reaction
e PYR Dry 3 SE6 ft3 == pyR Sudb-Ice “@= PR Dry 2 OE6 ft)
&= LVR ¥x-111 o= BVR Mx-1 ¢ I

Scurce: NUREG/CR-2726, page 4-3,
Damage States, Source NUREG-4524, Vol. 5,
TMI Percentage, Source NUREG-1370.
NUREG/CR=4041.



RN ERRRER IR RN RICESOER==, T L —m=—N=~ ——— — B e i e

PMT=412 4/91 B=17

HYDROGEN FLAMMABILITY

CAUTION:

Hydrogen detonation is not considered a likely cause of
containment failure in Dry or Sub-Atmosphere PWR unless it
takeg place when the containment is at very high pressure,
Hydrogen detonation is not likely cause of BWR Mark I or 11
containment failures if the containment atmosphere is inert.

Step

‘'se figure below to determine flammability:

100% M3 60 40
PERCENT HYDROGEN

[ | FLAMMABILITY RANGE *
[ DETONATION RANGE®

Source: NUREG/CR=2726
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Plant Conditions
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REACTOR ACCIDENT CONSEQUENCE ASSESSMENT
BASED ON PLANT CONDITIONS

Objective

Letimate offsite consequences based on the status of reactor
conditions.

Guidance

NOTE:

c=1

~ Assessments are accurate within a factor of 10-100, gnly if
plant conditions are accurately represented.

= RASTAL 1.3b estimate may be a factor of 2 or 3 times higher
due to different assumptions.

- Scientific notation used SE+3 = 5x10°

-~ General descriptions of methods and assump“ions are {ound on

l rages C-81 through C«90,

Btep 1
Proceed to the appropriate release type:
Page
ConﬁequanCC OV.Wi.' . PR . . . . . . . . . . C-2
PWR Large Dry or Subatmospheric Containment
LOBREYR. -+ o o 40 s w x e A a o )
PWR Ice Condenser Containment Leakage . . . . C=13
PWR Steam General Tube Rupture (SCTR) o0 oa 0w Bal3
BWR CTontainment Dry-Well lLeakage/Failure . . . C-37
BWR Containment Wet-Well leakage/Failure . . . =49
BWR/PWR Containment Bypass (Evert V) oimoe el
.p.ht ru.l P°°1 ' . . .~ . . . . . . . . . . C"‘75

END

-

Source: NUREG-1228 revised to conform to NUREG-1150 findings.
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Reactor Accident Consequence Overview

Containment Leakage

Acute Dose (rem)
1 Hour Release

Mitigating e
Core Centainment System @ 1 miie (**)
Condition Status ﬂ:!_\_a:_(_‘_)_ _\'I_V_!_ lr_i!_
NO Mitigation e 1000+ 10.’
- tarly Total -[ )
FKBIH'}J‘;)O Mmg.‘ed ———————— 250 10
Late Total 4
MELT Reloase === Failure 250 10
From Core (2-12 Hrs)
O
4500" F e Major Leakage 10 10°
(100%/day)
b D@sigt Leakage ‘IG’ 1
4
NO MItiGaton s §() 10
o Early Total
Failure 3
< h) Mitigatey w10 10
Late Total 3
™ Failure 5 10
(2-12 Hrs)
Gap ROIGASE emsnfer Major Leakage ‘0-‘ 10
From Core (100%/day)
QO p=
100" F - Dosign Leaxkage 10 10°
Steam Generator Tube Rupture
(1 Tube Full Pressure For 1 Hour)
Acute Dose (rem)
1 hour Reiease
Coolant Generator @ 1 mile
Concentration Status wa Thy

100x Coolant Spike

r No Partitioning == 10" 2

Normal Coolant

—L PAMIIONOT se—— 1072

10°

* Sprays, Pools, Filters

“* 1hr. Cloud and inhalation
3 hrs ground

4/91



PWR LARGE DRY OR SUBATMOSPHERIC CONTAINMENT
RELEASE EVENT TREES




C-4 PMT~-402 4/91
PWR LARGE DRY OR SUBATMOSPHERIC CONTAINMENT EVENT TREES

GENERAL DESCRIPTION: The core is uncovered and the release fractions
on page C-84 for a 1000 MWe plant typical of a gap (1300-2000°F),
grain boundary (3000°F), or melt (4500°F) release from the core are
assumed. For the vessel melt-through cases (ex-vessel melt), the
strontium release fractions could be substantially increased. This
could increase the projected whole body dose by 50%. The release is
assumed to pass by a dry pathway through the primary system inteo the
containment atmosphere. Particulates and aerosols airborne in
containment are reduced by the fractions shown on page C-85 to account
for the actions of sprays or natural processes for <1, 2-12, or 24
hours holdup in the containment before release., Releases from the
containment are estimated for a 1 hour releasc¢ at the release rates
shown on page C-86 for 0.1%/day (design leakage); 100%/day (isolation
valve seal failure): or 100%/hour (catastrophic failure > 1 sq ft).

Doses at 1 mile are calculated using the factors shown on page C-89 to
estimate a 1 hour ground level release, 4 mph, and D stability wind
conditions. Acute whole body dose includes 1 hour of cloud shine and
acute (30 day committed) inhalation dose and 3 hours of ground shine.
Noble gas decay is included. Thyroid doses are for adults and from
inhalation cnly.

[Figure C-1 Key]
A Reactor Coclant sSystem

A-1 Breaks and leaks

A-2 Power-operated relief valves (PORVs)

A-3 Steam generator tube rupture

A-4 Bypass (failure into low-pressure steam)

B Containment

B~1 Design leakagsz

B-2 Small isolation valve seal failure
B-3 Catastrophic (>1 sq ft)

B~4 Bypass

c Other

Cc-1 Secondary side relief/safety valve or turbine exhaust
C=2 Building leakage - unfiltered

C-3 Building leakage - filtered

C-4 Condenser steam-jet air-ejector
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Eigure C-2
PWR LARGE DRY OR SUBATMOSPHERIC CONTAINMENT RELEASE

holdup
core containment time in
corxiition conditions containment
e €1 hour
—
spray
r off 2+12 hours
1
|
b 2 NOUPE s
GAP RELEASE L——-
FROM CORE
po— <1 hour
spray
L on 2:12 hours ~——poe
e 2 ROUPS s
T

containment
leak rate

100%/hour
100%/hour
100%/day

design rete

109%/hour
100%/day

design rote

100%/hour

100%/hour
100%/day

design rate

100%/hour
100%/day

design rate

whol e body

dose (rem)

ot 1 mile
26+
SE+00
RE-07
2E-04

1E+00
SE-02
SE-05

SE+00

3E+00
1E-01

1E-04

4E-01
2602
2E-05

EVENT TREE FOR A GAP RELEASE FROM THE CORE

thyroid
dose (rem)
at | mile
2E+03
GE+02
2E+01
2E-02

16+02
“E+00
GE-03

Je+02

2E+02
8E+00
8€-03

26+
2¢-01
8E- %
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GRAIN BOUNDARY
PWR LARGE DRY OR SUBATMOSPHERIC CONTAINMENT

Btep 4
Record from event tree (Figure C-3 on page C-9):

Acute whole body dose € 1 mile
Thyroid dose @ 1 mile

Step 5
Adjust for reactor size:
Whole body € 1 mile X plant MW(e) =
1000 MW(e)
Thyroid € 1 mile X plant MW(e) =
1000 MW(e)
Btep 6

If the plant has been shutdown 30 days or more, use the factors on
page C-91 to adjust doses.

Step 7

Calculate doses at 2, 5 and 10 miles.

Whole body @ 1 mile X 0,40 = whole body € 2 mile
Whole body €@ 1 mile X 0,09 = whole bedy €@ 5 mile
Whole body € 1 mile X 0.03 = whole body €10 mile

Thyroid € 1 mile _______x 0.40= __ thyroid @ 2 mile
Thyroid € 1 mile X 0.09 = thyroid @ 5 mile
Thyroid @ 1 mile x 0.03 = thyroid €10 mile

Etep 8

Because of great uncertainty, do not use dose numbers in presenting
results. Use the possible consequences as determined below:

. Distance to which early deaths are possible
(WB dose > 150 rem)

. Distance to which early health effects are
possible (WB dose > 50 rem)

. Distance to which PAG may be exceeded (WB
dose > 1 rem or thyroid dose > 5 rem)

Combine this assessment with the general description (following Step

3), input information (Step 2) and a markup of figure showing assumed
release pathway(s).



PMT=402 4/91
Figure C=-3

PWR LARGE DRY OR SUBATMOSPHERIC CONTAINMENT RELEASE
EVENT TREE FOR A GRAIN BOUNDARY RELEASE FROM THE CORE

holdup who!l e« body thyroid
core containment time in containment dose (rem) dose (rem)
condition conditions containment leok rate ot 1 mile at 1 mile
e €1 ROUP s 100%/hour 4E+02 LE+D4
100%/hour 18+02 8E+03
spray
of f 2412 hours ~—T—-— 100%/ day GLE+0O 3g+02
b gdesign rate 4E-03 36-01
I |
L 100%/hour 2E+01 2E+03
24 hours —[ 100%/doy 9E-0 8E+01
GRAIN BOUNDARY RELEASE L—- design rate Q604 8€-02
FROM CORE
] e €1 ROUP s 100%/hour 16402 6E+03
| == 100%/hour GE+0 4LE+03
| spray {
L on 2:12 hours ——p— 100%/day 26+00 2E+02
e design rate 26-03 26-01
= 100%/hour 7TE+00 LE+02
e 24 hOUr§ =g 100%/day 3E-01 2E+01
L— design rate 3E-04 26-02







PMT-402 4/91 c-11
Figure C-4

PWR LARGE DRY OR SUBATMOSPHERIC CONTAINMENT RELEASE
EVENT TREE FOR A MELT RELEASE FROM THE CORE

holdup whole- body thyroid
core containment time in containment dose (rem) dose (rem)
corclition cordditions containment leak rate ot 1 mile ot 1 mile
l——— €1 hOUP mesmmmeneeee  100%/hour 16403 1E+05
100%/hour 2E+02 2E+04
spray
e QFf 2:12 hourg — 100%/day 9E+00 BE+02
design rate 9€-03 8E-01
~ 100%/hour 6E+01 SE«03
r
L—— 24 hours ~——t 100%/ day 2E+00 26402
MELT RELEASE design rate 26-03 2E-01
FROM CORE
e &1 ROUP e 100%/hour 2E+02 2E+04
I 100%/hour 1£+02 16+04
spray
on 2-12 hours 100%/day SE+00 4E+02
design rate S€-03 4E-O
l—-— 100%/hour 2E+01 16403
e 24 hours ——t 100%/day TE-01 4E+01
design rete 7E-04 4E-02
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PMT-«402 4/91 C~13

PWR ICE CONDENSER CONTAINMENT
RELEASE EVENT TREES

NOTE:

A general description of the assumptions used in the event
trees are found on page C-14.

T A R

Step 2

CAUTION:
[1f the ice condenser is bypassed or the ice is exhausted betorot

the release from core, assume it is a PWR large, dry
[containment release (page C-=3).

NOTE:

Holdup time is the time from the release to the containment
atmosphere to the start of the release to the environment.

Select the appropriate plant conditions:

Core condition (see Core Damage Progression Once Uncovered, B-4)
gap release (1300-2000°F)
grain boundary (>3000°F)
melt (»4500°F)

Containment sprays
on
off

Holdup time before release
<1 hour
2=12 hours
24 hours

Containment leak rate
design (0.25%/day)
100%/day
100%/hour

Recirculation fans
on (with recirculation)
off (once-through ice)

Step 3

Go to appropriate event tree based on core condition.
Gap . . . . . . . . . . . . c-16
Grain Boundary . « « « s+ « « C=18

Melt . . . . . . . . . . - . C-zo



PWR ICE COUNDENSER CONTAINMENT
RELEASE EVENT TREES
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Eigure C-6

FOR A GAP RELEASBE FROM THE CORE

holdup
time in
containment

212 hours

PMT=~402
core and
contairment
conditions
sproys
P off
|
|
\
l
GAP RELEASE
FROM CORE
|
|
I
| sprays
— on

| -

L 24 hours ———T—
| S—

peeee €1 hour

—
2-12 hours --L—-
L

—

e 24 hours -——-t:::

r €1 hOUP s

containment
leak rate

100%/hour

100%/hour
100%/day

design rate

100%/hour
100%/ day

design rate

100%/hour

100%/hour
100%/ day

design rate

100%/hour
100%/day

design rate

whol e body
dose (rem)
ot Y miie

once thru fce once thru ice

1E+00

3€+00
€0
3€-04

7E-00
3e-02
7E-05

4E+00

26400
6€-02
2E-04

3E-01
1E-02
3E-05

thyroid
dose (rem)
ot 1 mile

16403

2€+02
BE+00
28-02

5€+01

SE-03

RE+02

16402
LE+00
16-02

18+01
4E-01
1€-03

PWR ICE CONDENSER CONTAINMENT RELEASE EVENT TPREE

whole-body
dose (rem)
8t 1 mile

with recir

7E+00

2E+00
6€-02
2604

SE-01
2E-02
5€-05

3E+00

1E+00
4E-02
1€-04

3E-01
16-02
3E-05

C=17

thyroid
dose (rem)
ot 1 mile
with recir

SE+02

16402
4E+00
1€-02

2E+01
1E+00
3€-03

8E+01

SE+01
26400
S€-03

16+00
4E-01
1€-03
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GRAIN BOUNDARY
PWR ICE CONDENSER CONTAINMENT

Btep 4
Record from event tree (Figure C-7 on page C-19):

Acute whole body dose € 1 mile
Thyroid dose €@ 1 mile

Btep 5
Adjust for reactor size:
Whole body € 1 mile X plant MW(e) =
1000 MW(e)
Thyroid € 1 mile ___ . _ X _______ _plant MW(e) =
1000 MW (e)
ftep €

If the plant has been shutdown 20 days or more, use the factors on
page C-91 to adjust doses.

Btep 7

Calculate doses at 2, 5 and 10 miles.

Whole body € 1 mile Xx 0,40 = _________ whole body € 2 mile

wWhole body € 1 mile X 0,09 = whole body € 5 mile

Whole body @ 1 mile ________ x 0.03 = ________ whole body €10 mile

Thyroid € 1 mile _______ X 0,40 = _______ thyroid @ 2 mile

Thyroid @€ 1 mile ______ x 0,09 = _______ thyroid € 5 mile

Thyroid € 1 mile _______x 0.03 = ________ thyroid €10 mile
Step 8

Because of great uncertainty, do not use dose numbers in presenting
results, Use the possible consequences as determined below:

. Distance to which early deaths are possible
(WB dose > 150 rem)

' Distance to which early health effects are
possible (WB dose > 50 rem)

. Distance to which PAG may be exceeded (WB
dose > 1 rem or thyroid dose > 5 rem)

Combine this assessment with the general description (following Step

3), input information (Step 2) and a markup of figure showing assumed
release pathway(s).



PWR ICE CONDENSER CONTAINMENT RELEASE EVENT TREE
FOR A GRAIN BOUNDARY RELEASE FROM THE CORE
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CORE MELT
PWR ICE CONDENSER CONTAINMENT

Step 4
Record from event tree (Figure C-8 on page C-21):

Acute whcole body dose € 1 mile
Thyroid dose € 1 mile

Btep S
Adjust for reactor size:
Whole body € ! mile % plant MW(e) =
1000 MW(e)
Thyroid € 1 mile % plant MW(e) =
1000 MW(e)
Btep 6

If the plant has been shutdown 30 days or more, use the factors on
page C-91 to adjust doses.

Btep 7

Calculate doses at 2, 5 and 10 miles.

Whole body € 1 mile __ X 0,40 = ________ whole body € 2 mile
whole body € 1 mile _________ x 0.09 = ______ whole body € 5 mile
Whole body @ 1 mile X 0,03 = _________ whole body €10 mile
Thyroid € 1 mile ________x 0.40 = ________ thyroid € 2 mile
Thyreid € 1 mile %X 0.,09=_______ thyroid € 5 mile
Thyroid € 1 mile X 0.03 = thyroid €10 mile

Step &

Because of great uncertainty, do not use dose numbers in presenting
results. Use the possible consequences as determined below:

. Distance to which early deaths are possible
(WB dose > 150 rem)

. Distance to which early health effects are
possible (WB dose > 50 rem)

. Distance to which PAG may be exceeded (WB
dose > 1 rem or thyrcid dose > 5 rem)

Combine this assessment with the general description (following Step
3), input information (Step 2) and a markup of figure showing assumed
release pathway(s).



PMT=402 4/91 c-21
Eigure C-8

PWR ICE CONDENSER CONTAINMENT RELEASE EVENT TREE
FCR A MELT RELEASE FROM THE CORE

whol e body thyroid whole- body thyroid
holdup dose (rem) dose (rem) dose (rem) dose (rem)
containment time in containment ot 1 mile ot 1 mile ot | mile at | mile
cordlitions containment leak rate once thru ice once thru ice with recir with recir
€1 hOUr weevememe  100%/hour 6E+02 SE+04 3E+02 CE+06
100%/hour 16402 16404 TE+01 SE+03
sprays r_
= it pe 2512 hOUPS =mepoe  100%/day SE+00 4LE+02 36400 2E+02
|
l - design rate 1€-02 1€+00 7¢-03 SE-01
’ 100%/hour 3E+01 26403 2E+01 1E+03
b 24 hours 100%/ day 1E+00 16+02 BE-01 SE+01
MELT RELEASE design rate 36-03 3€-01 2€-03 1€-01
FROM CORE
|
[——— <1 hoUr —emse  100%/hour 2€+02 BE+03 1€+02 4E+03
| I
| 100%/hour TE+ON SE+03 S5E+01 26+03
| sprays
b— on 2-12 hours —[ 100%/day 36400 2E+02 26+00 1E+02
design rate TE-03 SE-01 SE-03 3E-0
100%/hour 1E+01 SE+02 16+01 SE«02
e 24 hCurs ——[: 100%/day S5E-01 26+01 5€-01 2E+01

|
L design rate 1€-03 SE-02 1€-03 56-02
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PMT=402 4/91 c-23
PWR STEAM GENERATOR TUBE RUPTURE RELEASE EVENT TREES
NOTE:

A general description of the assumptions used in the event
trees are found on page C-24.

Step 2
CAUTION:

For a dry (primary and secondary) release pathway assume it is
a BWR/PWR containment bypass on page C-=61.
ih—_“—;

NOTE:

The steam generator condition is not partitioned if the tube
break is above the secondary side water level or if the
secondary side is full of primary coolant. Normally multiple
tube failures and failures in once through steam generators are
assumed not tc be partitioned.

NOTE:

100X spike assumes all the non-noble fission products in normal
coolant are 100 times higher. This can take place even if the
core is covered and is not considered a severe condition.

Select the appropriate plant conditions:

Coolant concentration (see Core Damage Progression Once
Uncovered, B+-4)
normal
100X spike
gap release (1300-2000°F)
grain boundary (3000°F)
melt (4500°F)
Tube leak size
1 tube failure at high pressure (500 gpm)
1 charge pump flow (50 gpm)
Steam generator conditions
partitioned
not partitioned
Atmospheric release point
safety valves
condenser steam-jet air-ejector

Step 3

Go to appropriate event tree based on coolant and ~»re conditions.

Normal and 100X spike (safety

valve release only) . . . C=-28
Gap . ’ . . * . - . . . . . c—ao
Grain Boundary . . . . «. . . ©=32

Melt . . . . -~ . . . . C-34



C-24 PMT=402 4/91
PWR STEAM GENERATOR TUBE RUPTURE EVENT TREES

GENERAL DESCRIPTION: Two normal range coolant concentrations (normal
and 100X spike) are assumed in addition to three accident
concentrations, The 100X spike assumes all the normal non-noble
fission product concentrations are 100X higher than normal. The
accident concentrations assume that all of the gap, grain boundary, or
melt core release fractions are contained in the ccolant. The assumed
coolant concentrations are found on page C-87. The coolant is assumed
to be released by a steam generator tube rupture (SGTR) to the
secondary side and then to the atmosphere by the safety relief valves
or through the condenser and then the steam-jet air-ejector (Figure C-
1 or C-5, pathway C-1 or C-4). The release rate for total tailure of
one SG tube at full pressure or for coolant (Figures C-1 and C-5,
pathway A=3) being pushed out by one charging pump is assumed. The
reduction of non-nobles by the factors shown on page C-85 are used. A
50% reduction of non-noble fission products, to account for secondary
side dilution, is assumed. For a dry primary and secondary side
release pathway, the BWR/PWR containment bypass should be assumed
(page C=61.,)

For multiple tube failures or once through steam generators normally
assume that the release is not partitioned and multiply the dose by
the number of tubes estimated to have failed.

Doses at 1 mile are calculated using the factors shown on C-89 to
estimate a 1 hour ground level release, 4 mph, and D stability wind
conditions. Whole body dose includes 1 hour of cloud shine and acute
(30 day committed) inhalation dose and 3 hours of ground shine., Noble
gas decay is included by assuming a 1 hour decay for the high-pressure
release and a 6 hour decay for the low-pressure release. Thyroid
doses are for adults and from inhalation only.

(Figure C-1 & C-5 Key)
A Reactor Coolant System
A-1 Breaks and leaks
A-2 Power-operated relief valves (PORVs)
A-3 Steam generator tube rupture
A-4 Bypass (failure into low-pressure steam)

B Containment

B-1 Design leakage
B-2 Small isolation valve seal failure
B-3 Catastrophic (>1 sq ft)

B-4 Bypass
(o Other
C~1 Secondary side relief/safety valve or turbine exhaust
C-2 Building leakage - unfiltered
C-~3 Building leakage - filtered
C-4 Condenser steam-jet air-ejector
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c-28 PMT=402

NORMAL AND 100X SPIKE
STEAM GENERATOR TUBE RUPTURE

Step 4

Record from event tree (Figure C-9 on page C=2%):

Acute whole body dose € 1 mile

4/91

Thyroid dose € 1 mile

Step §
Adjust for reactor size:
Whole body € 1 mile X plant MWw(e) =
1000 MW e)
Thyroid €@ 1 mile X plant MW(e) =
1000 MW(e)
Step €

1f the plant has been shutdown 30 days or more, use the factors on

page C-=91 to adjust doses.
Step 7

Calculate doses at 2, 5 and 10 miles.

Whole body € 1 mile ______x 0.40 = ________ whole body @ 2 mile

Whole body @ 1 mile ________ x 0.09 = ________ whole body € 5 mile

Whole body € 1 mile X 0.03 = whole body €10 mile

Thyroid @ 1 mile X 0.40 = thyroid ¢ 2 mile

Thyroid €@ 1 mile ___ X 0.09 = thyroid @ 5 mile

Thyroid € 1 mile x 0,03 = thyroid €10 mile
Step 8

Because of great uncertainty, do not use dose numbers in presenting

results. Use the possible consequences as determined below:

. Distance to which early deaths are possible
(WB dose > 150 rem)

. Distance to which early health effects are
possible (WB dose > 50 rem)

. Distance to which PAG may be exceeded (WB
dose > 1 rem or thyroid dose > 5 rem)

Combine this assessment with the general description (following Step
3), input information (Step 2) and a markup of figure showing assumed

release pathway(s).
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MELT
STEAM GENERATOR TUBE RUPTURE

Etep 4
Record from event tree (Figure C-12 on page C-3§):

Acute whole body dose @ 1 mile
Thyroid dose @ 1 mile

fitep §
Adjust for reactor size:
Whole body @ 1 mile X plant MW(e) =
1000 MW(e)
Thyroid @ 1 mile % plant MW(e) =
1000 MW(e)
Step 6

If the plant hes been shutdown 30 days or more, use the factors on
page C-91 to adjust doses.

Btep 7

Calculate doses at 2, 5 and 10 miles.

Whole body € 1 mile X 0,40 = ________ whole body € 2 mile
Whole body € 1 mile X 0,09 = . whole body @ 5 mile
Whole body € 1 mile X 0,03 = whole body €10 mile

Thyroid € 1 mile . X 0,40 = ________ thyroid @ 2 mile
Thyroid € 1 mile _____ X 0,09 = ________ thyroid @ 5 mile
Thyroid € 1 mile . X 0,03 = thyroid €10 mile

Btep 8

Because of great uncertainty, do not usge dose numbers in presenting
results. Use the possible conseguences as determined below!

. Distance to which early deaths are possible
(WB dose > 150 rem)

. Distance to which early health effects are
possible (WB dose > 50 rem)

. Distance to which PAG may be exceeded (WB
dose > 1 rem or thyroid dose > 5 rem)

Combine this assessment with the general description (following Step

3), input information (Step 2) and a markup of figure showing assumed
release pathway(s).
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PMT=-402 4/91 c~-37
BWR CONTAINMENT DRY-WELL LEAKAGE/FAILURE

NOTE:

A general description of the assumptions used in the event
trees are found on page C-38,

Btep 2
NOTE:

Holdup time is from the release to the containment to the start
of the release to the environment.

Select the appropriate plant conditions:

Core condition (see Core Damage Progression Once Uncovered, B-4)
gap release (1300~2000°'F)
grain boundary (>3000°F)
melt (>»>4500°)

Dry-well containment sprays
on
off

Holdup time in dry well before release
<1 hour
2=12 hours
24 hours

Dry-well leak rate
design (0.5%/day)
100%/day (isolation failura
100%/hour (catastropic)

Release through filters (SBGTS)

yes
no
Btep 3
Go tn appropriate event true based on core condition.
Gap . . . . . . . . . . . . C-‘z
Grain BOund&!‘)’ S R e C=44

Melt . . . . . . . . . . . . c“s
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c-38 PMT=402 4/91

BWR CONTAINMENT DRY-WELL LEAKAGE
RELEASE EVENT TREES

GENERAL DESCRIPTION: The core is uncovered and release fractions on
page C-84 for a 1000 MWe plant typical of a gap (1300-2000'F), grain
boundary (3000°F), or melt (4500°'F) release from the core are assumed,
For the vessel melt-through cases (ex-vessel melt) the strontium
release fractions could be substantially increased., This could
increase the projected whole body dose by 50%. The release is assumed
to pass by a dry pathway through the primary system into the
containment dry-well atmosphere without pusling through the
suppression pool. Particulates and aerosols airborne in the
containment dry well are reduced by the factors shown on page C-85 to
account for the actions of sprays and natural processes for <1, 2-12,
or 24 hours holdup in the containment. Releases from the containment
dry well are estimated for 0.5%/day (design leakage), 100%/day
(isolation valve seal failure), or 100%/hour (catastrophic failure > 1
sq ft). The release can be filtered by the standby gas treatment
system (SBGTS) (pathway C=-2) before release or unfiltered (bypass the
SBGTS) .

Doses at 1 mile are calculated using the factors shown on page C-89 to
estimate a 1 hour ground level release, 4 mph, and D stability wind
conditions. Acute whole body dose includes 1 hour of cloud shine and
acute (30 day committed) inhalation dose and 3 hours of ground shine.
Noble gas decay included. Thyroid doses are for adults and from
inhalation only.

(Figures C=13, C~14 and C~15 Key)

A Reactor Coolant System

A~1 Breaks and leaks bypassing suppression pool

A-2 Breaks and leaks through suppression pool

A-3 Automatic depressurization system (ADS) and safety relief
valves (8RY)

B Containment
B=1 Design leakage
B-2 Small isolation valve seal failure
B-=3 Catastrophic
B«4 Bypass
C Other

C-1 Building leakage - unfiltered
C-2 S8Standby gas treatment system (SBGTS)
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C-42 PMT~402 4/91

GAP
BWR DRY WELL

Btep 4
Record from event tree (Figure C-16 on page C+~43):

Acute whole body dose @ 1 mile
Thyroid dose € 1 mile

gtep 5
Adjust for reactor size:
Whoie body € 1 mile X plant MW(e) =
1000 MW (e)
Thyroid @ 1 mile % plant MW(e) =
1000 MW (e)
Btep 6

If the plant has been shutdown 30 days or more, use the factors on
page C~91 to adjust doses.

Btep 7

Calculate doses at 2, 5 and 10 miles.

Whole body € 1 mile X 0,40 = whole body € 2 mile
Whole body € 1 mile ______ x 0.09 = _______ whole body @ 5 mile
Whole body € 1 mile ________ x 0.03 = _______ whole body €10 mile

Thyroid € 1 mile X 0.40 = _______ thyroid @ 2 mile
Thyroid @ 1 mile _____ x 0.09 = ______ thyroid @ 5 mile
Thyroid @ 1 mile _____ X 0,03 = _______ thyroid €10 mile

Btep 8

bBecause of great uncertainty, do not use dose numbers in presenting
results. Use the possible conseguences as determined below:

' Distance to which early deaths are possible
(WB dose > 150 rem)

. Distance to which early health effects are
possible (WB dose > 50 rem)

. Distance to which PAG may be exceeded (WB
dose > 1 rem or thyroid dose > 5 rem)

Combine this assessment with the general description (following Step

3), input information (Step 2) and a markup of figure showing assumed
release pathway(s).



PMT=402 4/91 C-43
Figure C-16

BWR CONTAINMENT, DRY~WELL LEAKAGE/FAILURE RELEASE EVENT
TREE FOR A GAP RELEASE FROM THE CORE

whole-bocty thyrold whole- body thyroid
core and hol dup dose (rem) dose (rem) dose (rem) dose (rem)
dry well time in dry well ot 1 mile ot 1 mile ot ‘1 mile ot 1 mile
conditions dry well leok rate not filterad not filtered filtered fiitered
e L e 100%/hoOUr 26+ 26403 "whe "o
100%/hour SE«00 GEs02 bt et
Bprays
prmen OF§ 2:12 hours - 100%/day 260 26+00 3e-02 -0
~ design lesk
| rute 9t - 04 BE-02 1604 BE - 04
1003/ hour 16400 1«02 eee "wer
e 24 hOUrs —g 100%/ day SE-02 4LE+00 PE-03 LE-N2
GAP RELEASE wesw  Gosign leak
FROM CORE rete 2604 2602 LE-05 2804
| e €1 haur w 100%/hour SE+00 SE02 Ll e
l = 100%/hour 38+00 ZEeD2 e eaan
aprays
- O 212 hours 100%/day 1-01 BE+00 2602 BE-02
desipn leak
rate 5604 4E-02 1E-04 G- D&
100%/ howir “E-D 28+ e tane
e 24 hOUrS 100%/ day 26-02 BE-01 8E-03 BE-03
- design leok
rate BE-0S 4E-03 4E-05 GE-0S

wted . No filtering (filters pssumed to blow-out),






PMT=402 4/91
Eigure C=17

BWR CONTAINKENT, DRY~WELL LEAKAGE/FAILURE RELEASE EVENT
TREE FOR A GRAIN BOUNDARY RELEASE FROM THE CORE

whole: body thyroid whol e body
core ari hold wp dose (rem) dose (rem) dose (rem)
dry well time in dry well ot ) mile ot I omile ot 1 mile
condisions dry well Lenk rate not filtered not filtered filtered
pore. €] HOUP o mommsenes  100%/hOUr LR hE+06 *hee
100%/hour Qe+ BE+03 weee
sprays
[v,,, L ——— N | I T _I: 100%/ day 4E400 3402 G0
| dosign leak
rete 26-0¢ 2E+00 2e-03
! 100%/ hour 2E+01 2603 e
|
' 100%/ day -0 BE+0Y -0
GRAIN BOUNDARY RELEASE denign leak
FROM CORE rete SE- 0% “E-0 7604
100%/ hour 16402 6E+03 e
| 100%/hour 5401 GE+08 )
| sprays {
basems 0N 4 100%/doy PE+00 28402 AE-0
|
I design leak
' rete 16-02 BE-DY 203
!' == 100%/nour TE+00 LE+02 i
e B4 hOUrs --—t 100%/ day 30 2E+01 1E-01
design leak
rate 2E-03 8¢ -02 TE-04

weed . o filtering (filters assumed to blow-out)

C«45

thyrold

dose (rem)
ot 1 omile
filtered

hen

e

36400

e

8e-01

hee

LA

26400

8E- 03

Ll

26-01



C~46 PMT-402 4/91

CORE MELT
BWR DRY WELL

Btep 4
Record from event tree (Figure C~18 on page C-47):

Acute whole body dose @ 1 mile
Thyroid dose € 1 mile

Step 5
Adjust for reactor size:
Whole body @ 1 mile X plant MW(e) * .
1000 MW(e)
Thyreoid @ 1 mile ® plant Mw(e) =
1000 MW(e)
Btep 6

If the plant has been shutdown 30 days or more, use the factors on
page C-91 to adjust doses.

Btep 7

Calculate doses at 2, 5 and 10 miles.

Whole body € 1 mile __ X 0,40 = ________ whole body @ 2 mile
Whole body € 1 mile X 0,09 = _______ whole body € 5 mile
Whole body € 1 mile _____ X 0,03 = whole body €10 mile

Thyroid € 1 mile _______ X 0.40 = _____ thyroid & 2 mile
Thyroid @ 1 mile _____ x 0.09 = _______ thyroid @ $ mile
Thyreoid €@ 1 mile X 0,03 = . thyroid €10 mile

Btep 8

Because of great uncertainty, do not use dvse numbere in presenting
results. Use the possible consequences as determined below:

. Distance to which early deaths are possible
(WB dose > 150 rem)

. Distance to which early health effects are
possible (WB dose > 50 rem)

. Distance to which PAG may be exceeded (WB
dose > 1 rem or thyroid dose > 5 rem)

Combine this assessment with the general description (following Step

3), input information (Step 2) and a markup of figure showing assumed
release pathway(s).



PMT-402 4/91 c-47
Figure C-18

BWR CONTAINMENT, DRY-WELL LEAKAGE/FAILURE RELEASE EVENT
TREE FOR A MELT RELEASE FROM THE CORE

whole-body thyroid whole- body thyroid
tore o hold up dose (rem) dosy (rem) dose (rom) dose (rem)
dry well time in dry well at \mile ot | mile ot Y mile ot ‘1 mile
cond |t long dry well Lleak rate not filtered ot filtered filtered filtered
AR T 100%/ hour 1E+03 16+0% e ene
100%/hour 2Ee02 2t +04 e et
epraye
F-' L S SR ATV 100%/ doy 96+ 00 BE+02 oF- 00 BE+00
design leak
rate “E-02 00 “E-03 sE-02
100%/hour 6+ 01 SE+03 oo "ee
e 2 hOUPrS =~ 100%/day 26400 P02 3 26400
MELT RELEASE - design lesk
FROM CORE rote 02 16400 26-03 "0
pones €1 hOUP 1008/ hour 2002 26404 e ene
100%/hour 1€+02 1hels weer weee
spraye
on 2:12 hours 100%/day 5E+00 GE002 Bk <01 GE+00
design leek
rate 2¢-02 2E+00 GE-03 €02
1[ 100%/hour 26+ 16403 wren L]
hesee 24 hOUrS e 100%/ day -0 LEe0V 3601 4E-01
design o8k
rate 3603 2601 E-03 2603

#ees . No filtering (filters sssumed to blow-out)
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PMT~402 4/91 C=49
BWR CONTAINMENT WET-WELL LEAKAGE/FAILURE
NOTE !

A general description of the assumptions used in the event
trees are found on page C~50.

Btep 2

CAUTION:

| For bypass of thchnupproasion pool or cases where more than
'docay heat are released to the pool, use BWR containment dry~

|well on page C-37,

Select the appropriate plant condicions:

NOTE!

Holdup time is the time from the release to the containment
atmosphere to the start of the release to the environment.

Core condition (see Core Damage Progression Once Uncovered, B-4)
gap release (1300-2000°'F)
grain boundary (3000°F)
melt (4500°F)

Suppression pool conditions (see Saturation Table B-13)
saturated
subcooled

Holdup time in dry/wet well before release
<1 hour
2=12 hours
24 hours

Wet-well leak rate
design (0,5%/day)
100%/day (isolation failure)
100%/hour (catastrophic)

Release through filters (SBGTS)

yes
no
Btep 3
Go to appropriate event tree based on coolant and core conditions.
G.p R T T e R e . P | ¥ A C'54
Grain Boundary . . . . . . . C=56

M.lt PR, R A R e i SRR TR C'58



C~5%0 PUT-402 4/91

BWR CONTAINMENT WET-WELL LEAKAGE
RELEASE EVENT TREES

GENERAL DESCRIPTION: The core is uncovered and the release fractions
on page C-84 typical of a gap (1300-2000'F), grain boundary (3000°F),
or melt (4500°'F) release from the core are assumed. For the vessel
melt-through cases (ex-vessel melt) the strontium release fractions
could be substantially increased. This could increase the projected
whole body dose by 50%. The release is assumed to pass through the
suppression pool into the containment wet-well atmosphere.
pParticulates and aerosols airborne in the containment wet well are
reduced by the factors shown on page C-85 to account for the scrubbing
of the suppression pool under subcooled and saturated conditions. For
bypass of the suppression pool, use BWR containment dry-well trees on
page C=37. It is assumed that only decay heat is being released. If
the reactor is not shut down, 10 to 20 times as much particulates
could pe released through the pool and under these conditions and
therefore no scrubbing from the pool should be assumed (e.g., use dry
well case). 1In addition, it is assumed that the particulates are
reduced to account for natural depletion while held up in the
containment. Releases from the containment wet well can be estimated
for 0.5%/day (design leakage); 100%/day (iscolation valve seal
failure); or 100%/hour (catastrophic failure »>1 sq ft). The release
can be filtered by the SBGTS (pathway C-2) before release or bypass
the SBGTS (pathway C=1).

Doses at 1 mile are calculated using the factors shown on C-89 to
estimate a 1 hour ground level release, 4 mph, and D stability wind
conditions., Acute whole body dose includes ) hour of ¢loud shine and
acute (30 day committed) inhalation dose and 3 hours of ground shine.
Noble gas decay included. Thyroid doses are for adults and from
inhalation only.

[Figures C~13, C-14 and C~15 Key)
A Reactor Coolant System

A-1 Breaks and leaks bypassing suppression pool

A-2 Breaks and leaks through suppression pool

A-? Automatic depressurization system (ADS) and safety relief
valves (SRV)

B Containment
B~1 Design leakage
B=2 Small isolation valve seal failure
B-3 Catastrophic
B-~4 Bypass
= Other

C-1 Building leakage = unfiltered
C-2 Standby gas treatment system (SBGTS)
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C-852

Figure C~14

PMT=402

BWR MARK II1 SIMPLIFIED RELEASE PATHWAYS
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Eigure C=12

BWR MARK III BIMPLIFIED RELEASE PATHWAYS
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C~54 PMT=-402 4/91

GAP
BWR WET WELL

Etep 4
Record from event tree (Figure C-19 on page C=-55):

Acute whole body dose @ 1 mile
Thyroid ¢»se € 1 mile

Biep 5
Adjust for reactor size:
Whole body € 1 mile X plant MW(e) =
1000 MW(e)
Thyroid @ 1 mile X . plant Mn(2) =
1000 MW(e)
ftep €

If the plant has been shuvidown 30 days or more use the factors on
page C-91 to adjust doses.

ftep 7

Calculate doses at 2, 5 and 10 mi. es.

Whole body € 1 mile %X 0,40 = _____ whole bocy @ 2 mile

Whole body @ 1 mile ________ £ 0,09 = _______ whole body €@ £ mile

Whoie body € 1 mile X 0,03 = ________ wholie body €10 mile

Thyroid € 1 mile ________ X 0,40 = ________ thyroid @ 2 mile

Thyrcid @ 1 mile _______ %X 0.09 = thyroid € 5 mile

Thyroid @ i mile X 0,03 = thyroid €10 mile
Step 8§

Because of great uncertainty, do not use dcse numbers in presenting
results. Use the possible consequences as determined below:

. Distance to which early deaths are possible
(WB dose > 150 rem)

. Distance to which early health effects are
possible (WB dose > 50 rem)

' Distance to which PAG may be exceeded (WB
dose > 1 rem or thyroid dose > 5 rem)

Combine this assessment with the general description (following Step

3), input information (Step 2) and a markup of figure showing assumed
release pathway(s).



PMT=402 4/91 c-58
Eigure C-19

BWR CONTAINMENT, WET-WELL LEAKAGE/FAILURE RELEASE EVENT
TREE FOR A GAP RELEASE FORM THE CORE

core and whole-body thyroid whole- body thyroid
suppress i on hold up dose (rem) dose (rem) dose (rem) dose (rem)
pool time in wet well ot 1\ mile ot 1 mile ot 1 mile ot 1 mile
conditions dry/wet well Leak rate not filtered not filtered filtered filtered
e €1 hOUP —remsminmmmes  100%/hour 4E+09 26402 e heee
100%/hour BE-DY 26+01 uee Ll
e S0t 212 hours —-[ 100%/day 3E-02 B8 01 2€-02 8E-03
l——— design rate 26-04 LE-03 1604 GE-05
|
l SRk jmhwr u .01 1'.01 wees hee
e 24 hours 100%/ day 16-02 40 BE-03 4E-03
CAP RELEASE design rate 6E-05 203 4LE-05 2605
FROM CORE
|
| pe=e €1 ROUP s 100%/hour 3E400 LB+ e wwen
| pe= 100X/ hour 7E-01 18401 e hae
!
e | 2-12 hours 100%/ day 3E-02 &LE-01 26-02 4E-03
design rate 16-04 2603 1€-04 2605
100%/hour JE-01 16+01 ene e
L-' 26 hours ———E 100%/ day 1€-02 4E-0V 8E-03 GE-03
design rate 6E - 05 2603 4E-05 2605

*eee - No filtering (filters assumed to blow-out)
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PMT=402 4/91 C-87
Eigure C~20

BWR CONTAINMENT WET-WEL'. LEAKAGE/FAILURE RELEASE EVENT TREE
FOR A GRAIN BOUNDARY RELEASBE FROM THE CORE

core and whole-body thyreid whole: body thyroid
suppress fon hold up dose (rem) dose (rem) dose (rem) dose (rem)
pool time in wet well ot 1 mile ot 1 mile at 1 mile ot 1 mile
conditions dry/wet well leak rate not filtered not filtered filterea filtered
pomee €1 ROUP smscmememes  100%/hour BE+OY 4E+03 wnan e
100%/hour 16+01 LEO2 stoe one
{,__. sat 2+12 hours —P 100%/day 6E-01 2e+01 4E-01 2E-N
i L design rate 3603 8L-02 26-03 8604
' pese  100%/hour 6E+00 26402 en Py
| e 24 hoUrs + 100%/doy 26-0% BE+00 1€-01 BE-02
GRAIN BC NDARY RELEASE beee  design rate 1€-03 4k 02 TE-04 LE-04
FROM CORE
' [-— €1 hOUP e 100%/hoUF 5E+01 BE+02 ohee s
e 100%/hour 15+ 28402 e e
sub 2+12 hours 100%/d.ry SE-01 8E+00 4E-01 BE-02
design rote 26-03 4E-02 26-03 4E-04
100%/hour 6E+00 26402 wnan e
hmee 24 hOUPS 1C0%/day QE-01 8E+00 16-01 BE-02
e design rate 16-03 4E-02 TE-04 4E-04

LA LA B

No filtering (filters assumed to blow-out)
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PMT~402 4/91 c-61
BWR/PWR CONTAINMENT BYPASS

NOTE:

A general description of the assumptions used in the event
trees are found on page C-62,

Step 2
Select the appropriate plant conditions:

Core condition (see Core Damage Progression Once Uncovered, B-4)
gap release (1300-2000°F)
grain boundary (3000°F)
melt (4500°F)

Release path conditions
filtered
not filtered

Release rate
typical design (0.1%/day)

100%/day
100%/hour
8tep 3
Go to appropriate event tree based on coolant and core conditions.
Gap . . . Ll . . . . . . . . C-68
Grain Boundary . « . « « « « ©€=70

Melt . . . . . . . . . . . . c-72



C-62 PMT-402 4/91

BWR/PWR CONTAINMENT BYPASS
RELEASE EVENT TREES

GENERAL DESCRIPTION: The core is uncovared and release fractions on
page C-84 for a 1000 MWe plant typical of a gap (1300-2000°F), grain
boundary (3000°F), or melt (4500°'F) release from the core are assumed.
The release passes through a dry line that bypasses the containment.
particulates and aerosols in the release flow are reduced to account
for plateout in the line. Releases through the line are calculated
for the following release rates: 0.1%/day, 100%/day, or 100%/hour.

At high pressure most interfacing failures could result in release of
a large fraction of the available fission products in about an hour
(100%/hr case).

Doses at 1 mile are calculated using the factors shown on page C-8% to
estimate a 1 hour ground level release, 4 mph, and D stability wind
conditions. Acute whole body dose includes 1 hour of cloud shine and
acute (30 day committed) inhalation dose and 3 hours of ground shine.
Noble gas decay is included by assuming 1 hour decay for 1C0%/hour
release case and 6 hour decay for others. Thyroid doses are for
adults and from inhalation only.
[Figure C-1 & C-5 Key)

A Reactor Coolant System

A-1 Breaks and leaks

A-2 Power=-operated relief valves (PORVs)

A-3 Steam generator tube rupture

A-4 Bypass (failure into low-pressure steam)
B Containment
B=1 Design leakage
B-2 Small isolation valve seal failure
B~3 Catastrophic (>1 sq ft)
B-4 Bypass
Other
C-1 Secondary side relief/safety valve or turbine exhaust
C-2 Building leakage = unfiltered
C=3 Building leakage - filtered
C-4 Condenser steam-jet air-ejector
[Figures C-13, C-14 and C-15 Key)
A Reactor Cooclant System
A-1 Breaks and leaks bypassing suppression pool
A-2 Breaks and leaks through suppression pool
A-3 Automatic depressurization system (ADS) and safety relief
valves (SRV)
B Containment
B~1 Design leakage
B-~2 Small isolation valve seal failure
B-~3 Catastrophic
B~4 Bypass
C Other

C~1 Building leakage - unfiltered
C-2 Standby gas treatment system (SBGTS)
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Figure C=14

BWR MARK II BIMPLIFIED RELEASE PATHWAYS
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PMT-402 4/91 c-69
Figure C=-22

PWR AND BWR CONTAINMENT BYPASS RELEASE EVENT TREE FOR
A GAP RELEASE FROM THE CORE

whole - body thyroid
core release relesse dose (rem) dose (rem)
conditions conditions rate at 1 mile ot 1 mile
pe= 100%/hour 26401 26+03
GAP RELEASE |
FROM CORE not filtered - 100%/ day BE-0V BE+01
l—— typical design 26003 2E-0
rate
[_, 100%/hour aane LR
b filtered ———E 100%/ day “E-02 2E+00
typical design 1604 4E-03
rate

wEeE . No filtering (filters assumed to blow-out)



Cc-70 PMT=-402 4/91

GRAIN BOUNDARY
BYPASS

Btep 4
Record from event tree (Figure C-23 on page C~71):

Acute whole body dose € 1 mile
Thyroid dose @ 1 mile

Btep 5
Adjust for reactor size:
Whole body @ 1 mile % plant MW(e) =
1000 MW(e)
Thyroid @ 1 mile X plant MW(e) =
1000 MW(e)
Step 6

If the plant has been shutdown 30 days or more, use the factors on
page C-91 to adjust doses.

Step 7

Calculate doses at 2, 5 and 10 miles.

Whole body @ 1 mile ______ x 0,40 = _________ whole body € 2 mile
Whole body @ 1 mile X 0.09 = whole body @ 5 nile
Whole body € 1 mile X 0.03 = whole body €10 mile
Thyroid € 1 mile _________ x 0,40 = _______ thyroid @ 2 mile
Thyroid € 1 mile ________ x 0,09 = _________ thyroid €@ 5 mile

Thyroid @ 1 mile _______ X 0,03 = _______ thyroid €10 mile
Step 8

Because of great uncertainty, do not use dose numbers in presenting
results., Use the possible consequences as determined below:

. Distance to which early deaths are possible
(WB dose > 150 rem)

. Distance to which early health effects are
possible (WB dose > 50 rem)

. Distance to which PAG may be exceeded (WB
dose > 1 rem or thyroid dose > 5 rem)

Combine this assessment with the general description (following Step

3), input information (Step 2) and a markup of figure showing assumed
release pathway(s).
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PWR AND BWR CONTAINMENT BYPASS RELEASE EVENT TREE
FOR A GRAIN BOUNDARY RELEASE FROM THE CORE

¢ore release
conditions corditions

GRAIN BOUNDARY
RELEASE FROM svscmpcee ot flltored —p=
CORE L_

e 11l tered -———L
e

No filtering (filters assumed to blow-out)

Figure C-23

release

rate

100%/hour
100%/day
typical design
rate

100%/hour
100%/doy

typical design
rote

whole-bod;

dose (rem)

ot 1 mile
“E+02
201
4“E-02

LLA L]
7E-0N
2€-03

thyroid
dose (rem)
et 1 mile
4E+04
26+03
4E+00

‘unta

3e+01

8E-02

C=71
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core release
corditions conditions

MELT RELEASE
FROM CORE . not filtered

|
v
L

-~ filtered [—-—
g

No filtering (filters assumed to blow-out)

Figure C-24

PWR AND BWR CONTAINMENT BYPASS RELEASE EVENT TREE
FOR A MELT RELEASE FROM THE CORE

release

rete

100%/hour
100%/day
typical design
rate

100%/hour
100%/day

typical design
rate

whole-body
dose (rem)
st 1 mile

1E+02
LE+D)

1E-01

2E+00

4E-03

thyroid
dose (rem)
at 1 mile

16405

GLE+03

16401

heen
BE+01

260

C=-73
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PMT=402 4/91
PWR & BWR BPENT FUEL POOL

gtep 1

Select the appropriate conditions:

CAUTION:

Zircaloy fire is possible in high density racks in any fuel
discharged in the past 2 years and in a low density rack within
2 months of discharge. A gap release is possible after
considerable prolong uncovery of the fuel in the pool.
B m e e R R S S T S S T

NOTE:

- A batch is the 1/3 of a core removed during refueling.

- Holdup time is the time from release from the fuel to
release to the environment.

- A general description of the assumptions used in the event
trees are found on page C~77.

Spent fuel condition:
Gap release from ore 3 month old batch
sap release from 13 batches
Zircaloy fire in one 3 month old batch
Release through filters:

Yes
No
Hold up time before release
1 hour
2=12 hours
Leak rate
100% /hour
100%/day
Btep 2
Use event trees to estimate dose.
Zircaloy fire 1 batch . . . . . . . . Figure C-25, page C-78
Gap release 1batech . « + + « « « + Figure C-26, page C-79
Gap release 15 batches . «+ « . « « . Figure C-27, page C-80

Record from event trees:

Whole body dose € 1 mile
Thyroid dose @ 1 mile




C=76

Btep 4

Step

SUumec




PMT-402 4/91 C=77
BASIC DESBCRIPTION

There are two basic cases. The Zircaloy fire is assumed to result in
a release fraction similar to those for a core melt for the last
discharged batch (3 month old).

The gap case assumes that the pool is drained and the cladding
ruptures releasing the gaseous fission products.

The inventory for a Zircaloy fire is assumed to be 1 batch (1/3 core)
of 3 month old fuel. The inventory for a gap release is for 1 batch
of 3 month old fuel or 15 batches of 1 to 15 year old fuel.

The releases have been reduced to account for plateout and other
reduction mechanisms.

The dose and reduction assumptions are the same as for the reactor
cases.,



EPENT FUEL POOL RELEASE FOR A ZIRCALOY
FIRE TO 1 BATCH OF FUE!
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Figure C-26

FUEL POOL RELEAEE FROM A GAP
RELEABE FROM 1 BATCH

whol e~ body
dose (rem)
ot ‘1 mile

filtered

GAP RELEASE

FROM O#'f . 2+ 12 %/ 3.20E - ( OF - 02 20 - 04
$ MONTH BATCH

100%/

12

~2+12 hours b 100%/

g assumC a8t this lesk rate
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LA LA

pool
conditions

sprays

Figure C-27
SPENT FUEL POOL RELEASE FOR A GAP RELEASE

FROM TOTAL FUEL POOL (15 BATCHES)

l" off

GAP RELEASE
FROM 15 BATCHES
|

I
!

I sprays

holdup
time
—
-l 1 hoUr e
L it
212 hours b

r—

R

on

-
—

b 2912 DOUPS wemmerrbonme

* No filtering assumed at this leak rate,
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100%/day

100%/hour
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100X/ day
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PMT=-402
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GENERAL DESCRIPTION OF ASBUMPTIONS

Basic Met:

C=82
re Inventory 1/MWe Table C~1 C=83

Core Release Fractions Table C=2 C~84

mmary of Particulate/Aeroscl Gaseous
Reducti Mechanisnm Table C~3 C-85
Assumed Containment nd Steam Generator
Tube Rupture Escape Fractions for
1 hour (release rates) Table C=4 C-86
PWR Baseline Coolant Concentration foi
\rious Levels f Core Damage [able C~5 C=87
BWR Baseline Coolant Concentration for
various Levels of Core Damage Table C~6 C-88
ne Mile Dose Factors lable C~7 C~89
Key to Release Pathway Referenced on

lTable C-8 C=90




c-82 PMT=-402 4/91

BASIC METHOD

To make a first approximation of a severe accident source term, follow the event
tree method below.

(1) Estimate the amount of fission products in the core.

(2) Estimate the fraction of the fission product inventory released from the
core for a normal coolant, gap, grain boundary or melt release.

(3) Estimate the fraction of the fission product inventery released from the
core that is removed on the way to the environment.

(4) Estimate the amount of the available fission product inventory actually
released to the environment.

(%) Estimate the dose at 1 mi.
The event trees estimate source terms by:

n
Source temi = FPIi X CRF‘ X ngaor(i,J) X EFi

for radionucliae i and n reduction mechanisms

where
FPIi = element i core or coolant inventory
[assume a 1000 MWe core] - See Table 1
CRF. = lement i released from core (based on core damage state)(Table 2
i nventory in core
of. = 2lement i after reduction mechanisms available for release (Table 3

efore re
EF. = . clement i released (Table 4)
i elemen available for release
The steam generator tube rupture case was somewhat different in that the

starting point was an assumed coolant concentration (Table 5 or 6) that
assumes all the material released from the core is contained in the coolant.

sms available TOr release

DOSE - The doses in the trees were caiculated by taking the doses at 1 mile
calculated by MESORAD for the stated assumptions in Table 7, and multiplying
these doses by the reduction factor (RDF x EF) that accounts for the appropriate
mitigating conditions (hold-up time, sprays, filters, and containment leak rate).



Fission
product
Kr=85
Kr=85m
Kr-87
Kr-88
r=89
sr=90
Sr-91
Y=91
Mo=-99
Ru=103
Ru=106
Te=129m
Te=131m
Te=132
Sb=127
Sb-129

Xe-133m
Xe=-135
Xe~138
Cs-134
Cs=136
Cs=137
Ba-140
La=140
Ce-144
Np~-239

F1¢ an At
rission ’L'Y(’J.J'. L

inventories (Ci/Mwe)

Inventory
(C1/Mwe)
56(
24 000
47,000
68,000
94 600
3,700
110,000
120,000
160,000
110,000
25,000
5,300
13,000
120,000
6,100
33,000
85,000
120,000
170,000
190,000
150,000
1,000
170,000
6,000
34 000
170,000
7,500
3,000
4,700
160,000
160,000
85,000
1.64x10®

Source:

WASH-1400
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RELEASE FRACTION ASSUMPTIONS (1=-HOUR RELEASE)

alease
'rom Fuel

used, based on
e Colurbus

may be much larger




PMT-402 4/91 c-85
Table C=3

SUMMARY OF PARTICULATE/AEROSOL GASEOUS (UNLESS NOTED)
REDUCTION MECHANIEMS

Release Mechanism Reduction Factor
Standby Gas Treatment System Filters:
Dry~low pressure flow 0.01
Wet-high pressure flow (blowout) 1.0
Qther Filters:
Dry-lcw pressure flow 0.01
Wet~-high pressure flow (blowout) 1.0

Slow steady flow (decay heat)

Pool subcooled 0.01
Pool saturated 0.05
Fool bypass 1,00

Removal of Suspended Aerosols and Particulates:

Natural processes (no sprays)

<1 hour holdup time 0.20%
2= to 12~hour holdup time 0.04
24=hour holdup time 0.01
Sprays on
<1 hour holdup time 0.03
2= to 12-=hour holdup time 0.02
24=-hour holdup time 0.002
Ice Condenser:
One pass through condenser (no recircultion) 0.5
Continual recirculation through condenser
(1 hour or more) 0.25
Ice bed exhausted before core damage 1.0
Primary System Retention (Plateout):
Bypass accidents only 0.20%
Partitioned 0.02
Not partitioned 0.50

SG = steam generator

RCS = reactor coolant system
Scurce: NUREG-1228

* = adjusted based on NUREG=-1150
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PMT-402

Release pathway 5:::270n'
Primary containment failure/leak
Typical design leakage:
PWR - large dry (0.1%/day) 4x10-%
PWR - subatmospheric (0.1%/day) 4x10-%
PWR « ice condenser (0.25%/day) 1x10-4
BWRs (0.5%/day) 2x10-4
Failure to isolate (100%/day):
Failure of isolation valve seal 0.04
Castastrophic failures:
1=hr puff release 1
Steam nenerator tube rupture
1 tube at full pressure 0.35
(coolant leak)
1 tube at low-pressure single 0.03

charging panp flow
(coolant 1rak)

*Fraction of containmert volume or primary
system coclant inventory reieased iv 1 hour.

4/91



Table 5 PWR baseline coolant concentrations for various levels of core damage

2O0v=LAd

16/

Core inven-

Gap coolant Meilt cool- ™I concen-

tory Normal con- Gap concentra- Melt ant concen- tration

(1000 Mve) centration releasc tion release tration +48 hrs*
Nuclide (Ci) (uCi/g) fraction (uCi/g) fraction (uCi/q) (uCi/g)
Kr-85 5.60x10° 4_30x10-! .. 80x10-2  6.72x107 1.00 2.28x10° -
Kr-85m 2.480x107 1.60x30-1! 3.00x10-2  2.88x10° 1.00 9.60x10* =
Xe-133 1.70x10% 2.60 3.00x10-2  2.04x10* 1.00 6.80x10° -
Xe-135 3.40x107 8.50x10-! 3.00x10-2 4. 08x10° 1.00 1.36x10° -
I-131 8. 50x107 4.50x10-2 2.00x10-2  6.80x12° 1.00 3.80x10° 1.30x104
1-133 1. 70x10% 1.40x10-1 2.00x10-2 1. 36x10* 1.00 6.80x105 6. 50x16°
1-135 1.50x10% 2.60x10-! 2.00x10-2  1.20x10* 1.00 6.00x10° -
Cs-134 7.50x10% 7.10x10-3 5.00x10-2  1.50x10? 1.00 3.06x10* 6.30x10’
Cs-137 - ’ox10® 9.40x10-2 5.00x10-2 2 40x10? 1.00 1.88x10* 2.80x102
Sr-90 T J0x10% 1.20x10-5 0.00 1.2x10-% 7.90x10-2  1.04x10° 5.30
Np-239 1.60x16° 2.20x10-3 0.00 2.2x10-3 1.00x10-* 6.80x10° .

Assumptions: WASH-1400 i

*Concentrations of sample takon 3,29/79, 1600 counted 3/30/79 (>48 Zours after accident).

ANSI/ANS 18.1-1984 .norul coolant concentrations.

2.5x10% kg primary ccolant inventory.

SNOILVHINAONOD INYIOOO ¥Md

L8-0



Core Gap Meit

inventory Normal Gap coclant Meit coolant

{1000 MWe) concentration release concentration release concentration
Nuclide (Ci) (pCi/g) fraction (uCi/g) fraction (uCi/g)
Kr-85 5.€Ix10°% 0.00 3.00x10-2 9 88x10*! 1.00 3. 29x10°
Kr-85m 2.40x107 0.00 3.00x10-2 4. 24xi0° 1.00 1.41x10°
Xe-133 1. 70x10% 0.00 3.00x10-2 3. 00x10* 1.00 1.00x10%
Xe-135 3.40x107 0.00 3.00x10-® &.00x10° 1.00 2.00x10%
i-131 8.50x107 2.20x10-3 2.00x10-2  1.00x10* 1.00 5. 00x10%
1-133 1.70x10% 1.50x10-2 2.00x10-2  2.00x10* 1.00 1.00x10%
I-135 1.50x10% 2.20x10-2 2.00x10-2 1. 76x10* 1.00 8.82x10°
Cs-134 7.50x10® 3.00x10-5 5.00x10-2 2. 21x10° 1.00 4 41x10*
Cs-137 4. 70x10% 8.00x10-5 5.00x10-2 1. 38x10° 1.00 2. 76x10*
Sr-90 3. 70x10® 7.00x10-¢ 0.00 0.00 7.00x10-2  1.52x10°
Np-239 1.60x10° 8.00x10-3 0.00 0.00 1.00x10-* 9. 41x102

Assumptions: WASH-1400 i

nventory
ANSI/ANS-18.1-1982 norma! coolant concentrations.
1.7x10% kg of coeolant.

SNOTLVYINIONOD INYTO0D HMd

88~

Z0P=LiNd

16/
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I-mile doses for release of various core and coolant imtories(”

fotal whole-body dose, rem Thyroid inhalation dose. rem :
o

(hours after shutdown) 2+ 3) (hours after shutdown) () A

Type of release 0 hr 1 hr & b 12 hr 28 br o hr sor

100% gap noble gases 3x10° 2.610°) 5,30-1 ) 3,001 2 101 ne NC

100X grain boundary

noble gases 5x101 610t 10000) 500 3 500005 e N

100% melt noble gases 1x102 8103 200109 a0 700 ¢ Ne

100X gap particulates

and aerosols 2x102 NC paoz{® ¢ NC i 7x10% 1xa04¢®)

100X grain boundary

particulates and aerosols  3x10° N 2033 o N w105 2x105¢%)

100% melt particulates

and aerosols 8x10° NC 51083 ¢ NC 6x105 sx105¢3) 0

100X coolant normal m10-2(3) ¢ N N N ao-1(3) 9xi0-2

100% coolant 100X spike'® 1x109(3) e N ne n a0 (3) Ne

(1) 1-mile dose, 4 mph, D stability, ground level release, NRC MESORAD code.

(2) Hours after shutdown release is projected to start.

(3) Includes cloud shine, inhalation, and 3 hours of ground shine.

(4) Inhalation and adult thyroid only.

(5) Assumed in reactor event trees.
- For 8.5-, ?—, and 28-hour containment holdup cases, i-, 6- and 24-hour noble gas factors were used,

respectively.

- Fer SGIR himrm and low-pressure cases, I-hour and 6-hour noble g2s factors were used, respectively.
- For bypass ﬂclnrma.ml-mummlepsfxtmmm.mtinzy

(6) Spike of all nonnoble fission products.

NOTE: NC = not calculated.

62-0
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c-91

SHUTDOWN REACTOR CORRECTION FACTORS

Adjust the whole body and thyroid dose by multiplying by the factors
below for a reactor that has been shutdown for 30 or greater than 120
days at the time of the start of the release:

SHUTDOWN TIME
WHOLE BODY 30 DAYS 2120 DAYS
Gap A % |
Grain Boundary 3 |
Melt | 05
SHUTDOWN TIME
THYROID 30 DAYS 2120 DAYS
Gap .08 . 008
Grain Boundary > | . 003
Melt 5 002
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Bection D




Use of RASCAL



PMT~411

Objective

4/91

D-3

UBE OF RABCAL

Provide guidance on the use of the RASCAL model.

Guidance

Btep 1

Complete RASCAL worksheet (page D-3).

NOTE:

- Use Whole Body (WB) Cloud Shine dose and Thyroid dose for
comparison to EPA PAGs.

~ Use total dose-acute bone (30 day) and thyroid dose for
insights on early health for reactor accidents. For other
accidents, lung dose may be most important,

- Make runs that will provide upper and lower becunds for the
possible range of plant accident conditions (source terms),
release, or metmorological conditions.

- For assessment of licensee release projection - {.e., field
measurement results vs. release estimates - assume:

. A l-hour release at the projected rate.

* Set "end of calculation time" to assure total plume
passage at point of the field measurement.

* Compare field measurement with cloud shine dose.

Step 2

Run the model and

1.

2.

Btep 3

Print a copy of the results.

Print a copy of "Input and Assumptions" (ensure the results
and assumptions have the same time).

Present the results:

1.

2.

Compare results against a topographical map to identify
major terrain effects that were not considered.

Assure the great uncertainties are understood. Protective
actions should never be limited to the areas shown in the
model as requiring them. In general, actions should be
recommended in all directions.

Discuss result in terms of the possibility of EPA PAG or
early health effect thresholds being exceeded close or far
from the plant. Specific dose numbers should be avoided.

END
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11. TRANSPORT/DISPFRSION

- End of calculat
Shot)

- Calculation Rad

PMT-411 4/91

ion time __________ (Time of Dose Snap~-

ius (10 or 25) (normally 10 mile)

- For up to 4 time steps prov'de:

Start Time of
Following Conditions

Wind Direction
Wind Speed
Stability Class
Mixing Height
Precipitation

Step 1 Step 2 Step 3 Step 4

e 4 s bae

111. DOSE/CONSEQUENCE CALCULATIONS REQUIRED

Calculate whole body cloud shine dose and
compare to EPA PAG

Calculate thyroid dose and compare to EPA
thyroid PAG

For reactor accidents, calculate total
bone~acute (30 day) and thyroid dose and
compare to threshold of early health effects

Calculate whole body cloud shine and compare
to field monitoring external dose
measurements

For accidents where inhalation lung dose may
dominate (e.g, Pu), calculate acute lung dose

and compare to threshold of early health
effects.,
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EVACUATION DISTANCES
FROM NUREG=114¢

LOW~ENRICHED UF6

HIGH-ENRICHED UFeé




PMT=417 4/91
Table E=2

INTAKE OF URANIUM
From Reiease From Heated Tank
Per Ton of UF, Inventory in Tank

(mg)
Distance Average : Very Poor "

Meters Miles Rispersion

200 3:.71 0.43

300 4.16 3.26

400 1/4 3.62 6.87

500 2.80 7.24
600 2.35 7.78
700 1.99 7.78
80O 1/2 1.72 7.51
900 1.45 7.08
1000 1.18 6.5)
1100 1.09 5.97
1200 3/4 1.08 5.52
1800 1 0.57 2.94

' D Stability, elevated, wind speed 4.5 m/s.
P Stability, elevated, wind speed 1 n/s.

Table E-3

HYDROGEN FLUORIDE (HF) CONCENTRATION
From Release From Heated Tank
Per Ton of UF Inv?ntory in Tank

mg/m’)
Distance Average Very Poor
Meters 4 y
200 5,47 0.63
300 6.13 4.80
400 1/4 5,33 10,13
500 4.13 10.67
600 3.47 11.47
700 2.93 11.47
800 1/2 2.53 11.07
900 2.13 10.40
1000 1.73 9.60
1100 1.60 8.80
1200 3/4 1.47 8.13
1800 1 1.39 5.61

‘ D Stability, elevated, wind speed 4.5 m/s.
hy F Stability, elevated, wind speed 1 m/s.

~ Source: NUREG=1140
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Table E-4

HEALTH EFFECTS
FOR PRODUCTE OF UF, RELEASE

URANIUM CONCENTRATION
INTAKE HYDRQGEN FLUORIDE
Intake CONCs
~ima) Health Effect {mg/nc) Health Effect
<4.5 None 2.5 Odor, no effects
8.6 Transient renal 13 Irritation (15 minute)
damage 100 Unbearable for 1 min
45 Permanent renal 3,500 Lethal (15 minute)
damage
243 Lethal Dose~50%

30 ppm is immediately dangerous to life or health (NIOSH)

Table E-9

DISBPERBION (X/Q)
Buoyant -~ No Building Wake

lD| lr.
Distance Stability Stability
(U=4.5 g\/l) (U=1 lyl)
Meters Miles B/ i s
200 4,2E~05 5.0E~06
300 4.6E~05 3.6E~05
400 1/4 4.0E~05 6.8E~05
500 3,1E-0% 8.6E~05
600 2.6E-05 9.9E~05
700 2.2E~05 8.6E~05
800 1/2 1.9E-05 8.4E~05
900 1.6E~05 8.0E~05
1,000 1.3E~-05 7.2E~08
1,100 1.2E-05 6.7E~05
1,200 3/4 1.2E-05 6.2E~05
1,800 - & 1,2E-05 5.7E~08%
3,600 2 1.1E-06 4.8E~06



PMT=417 4/91
ITable E-6

RADIOLOGICAL DOSE FOR HIGH~ENRICHED (93%) URANIUM
1/4 MILE, 'D' BTABILITY, WIND BPEED 2 M/8

Gram Pounds curies Total CEDE (rem)
1,000 2 . 065 1.3
2,000 4 .130 2.4
3,000 7 L1958 3.7
4,000 9 . 260 4.9
5,000 11 .328 6.1
6,000 13 . 390 7.4
7,000 15 455 8.7
8,000 18 .520 9.9
9,000 20 . 585 11.1

10,000 22 650 12.4

20,000 44 1.30 24.7

30,000 66 1.95 9.1

40,000 88 2.60 49.4

50,000 110 3,25 61.8

60,000 132 3.90 74.1

70,000 154 4.55 86.5

80,000 176 5,20 98.8

90,000 198 5.85 111.2

100,000 220 6,50 123.5
ASSUMPTION

Formula from 10 CFR Part 20 for Uranium:

SpA = (0.4 + 0,38E + 0,0034E°) x 10" ci/g
(where E = weight percent)

For 93% weight percent U®:
SpA = (0.4 + 0.28(93) + 0.,0034(8649) x 10" ci/g
= 6.5 x 107 ci/g




ATMOSPHERIC
UF ¢ RELEASE
WORKSHEET E-1

CAUTION

RELEASE TO ATMOSPHERE

URANIUM INTAKE

HF CONCENTRATION
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ENCLOSED
UF ¢ RELEASE

WORKSHEET E-2
ROOM/BUILDING V

) 1”\ ’J',:;r‘f
mJd
CONVERSION FACTORS
ft x 0305 = maters
ft x 0028 = cu meter
N HEa Rate x
i ' . )\ Breathing Rate (Duration)
(n ) (sacongs)
.86 x 1C v | )
e ® mg
rr }
v "(‘)
tUiJECH!SHEb[Ifh&IlCUS / Chem.
uan UF6 Released) ; Reac \
(m :}) ;_‘ d[.:, /
) X (.20)

. mg/m3

('m 3/‘
(Volume)

E~7
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PMT=417 4/91
ABBUMPTIONS

From a ruptured, heated ld4-ton cylinder of UF6, 75% would escape and
hydrolyze to form UO,F, and Hydrogen Fluoride (HF). Of this
hydrolyzed amount, 56! would form airborne UO,F, and 20% would form
airborne HF.

Due to heat from the energy released in forming chemical compounds,
the plume would become buoyant at 20 meters. At 200-300 meters,
plume centerline height would be 20 meters (i.e., a ground release
beyond 20 meters is impractical so no building wake effect is
considered.) Soli¢ (unheated) UF, is not likely to pose an airborne
threat.

Breathin rgto for intake of Uranium is the adult brouthinq*ra§e of
3.3 x 10" m°/s per EPA guidance. (NUREG-1140 uses 2.66 x 10" m'/s).

For HF the health effects indicated in Table E-3 above are for direct
exposure at indicated concentration levels for a 15 minute duration.

Calculations in Tables E-2 and E-3 are for a 30-minute release in an
open field with a 1 cm/sec deposition velocity.

Specific Activity for 93% enriched UF, for Table E-5 calculations
a. Uranium Sp A = (0.4 + 0,38E + 0.0034E;) x 10, Ci/gm

where E = wa}ght percent gSOurcoz 10 CFR 20

Sp A (93% U™) = 6.5 x 10”7 Ci/gm

b. Table H-2 of Section H was used to calculate dose in rems found
in Table E=6,

Protective action recommendations based on NUREG-1140 page 104.

SOURCE: NUREG 1140 (1/88)
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LONG DISTANCE, ELEVATED RELEASE AND RAIN
DOSBE PROJECTIONS FOR SEVERE REACTOR ACCIDENTS

Objective

Insights on the influence of distance, rain and release elevation on
offsite conseguences.

Guidance

CAUTION:

ﬁThcno estimates are very crude. It is very difficult or
| possibly impossible to accurately project dose under these

|l conditions.

Step 1

Determine release conditions.

NOTE:

Use the 30 meter release height for ground level releases; for
highly elevated releases, estimate release height by
observation. The maximum release height should be less than
1/2 of the atmospheric mixing level.

Release Elevation:

- Ground level (30 m) ___
- 200 m
- 500 m

Light Rain or No Rain

Btep 2
CAUTION:

Doses are for acute whole body (bone) except where noted.
Doses represent exposure to all of the cloud shine and
inhalation from a 1 hour plume and approximately 20 hours of
the resulting ground shine with no sheltering. The doses are
for the center line of a plume, for constant wind direction and
do not consider building wake. Actual maximum doses should be
considerably lower than those shown.

Go to appropriate case based on Figure F-1, page F-3,.
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Eigure F-1

RELATIONSHIP OF ACCIDENT CONDITIONS TO DOSE CURVES

NOTE:

- Release is considered mitigated if it passes through a
containment with sprays on, the suppression pool or filters.
~ See B-4 for guidance on core damage assessment.

Core
Condition

Melted

(1 to 3 hrs pP—

after core
ig& uncovered)

Gap Release
from Core -~

(1/2 to 3/4 |—

hour after
core is

uncovered) S

Containment Mitigation
Btatus Btatus

~- Not Mitigated

Early Total
Failure/Bypass —
(100%/hr)

b Mitigated

Late (2-12 Hours) Total

Failure
(100%/hr)

Major Leakage
(100%/day)

Design Leakage

— Not. Mitigated

Early Total

Failure/Bypass -
(100%/hr)

—— Mitigated
Late (2-12 Hours) Total
Failure
(100%/hr)

Major Leakage
(100%/day)

Page Case
F~4 -
F=€ 2
F~6 2
F~8 3
F«1l0 4
F=12 5
F-14 ()
F~16 7
F~18 8
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CAFE 1 = NO RAIN
Total Acute VB (Bone) Pose - res

100900
10000

1000

—

100 :
e
W0 =
¢ R : a4 3
0 . 10 18 20 28
Hiles

== 30 % bt Release 4200 8 Bt Relanse “MB00 8 AL Relesse

Yhole Body Comaponents 30 a ht - res

100000
10000
1000

100
——tl

——
10 N
1 J - A

n § 10 15 ac b3
Hiles

T Clowd shime "M Acute inbil Dome % Sround shine

CEDE ¢ Thyroid Dose 30 3 ht - res

1000000
100000
10000 "‘-\,_‘~_~_‘_-"‘-..-..-~*—-~n—-h.~
1000 |
160 : . ‘ -
0 5 10 45 20 25

Hiles

T CEDE 4+ Toyroid

PMT-405 4/451

NOTE: 1 hour cloud shine and inhalation; 20 hours of ground shine



CABE 1 =~ RAIN
bose

b bL Release

1 hour cloud shine and inhalation: 20 hours of

ground shine
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CABE 2 ~ NO RAIN
Total Acute VB (Bone) Dose - tes
10000
.00 \
160
10
'//./ - “* ¥
1 s A A 24
0 L 10 15 20 26
Hiles
=30 w AL Relesse #3200 & bt Release - E00 & bt Release
. Yhole wody Components 30 » ht - res
1000
100
10
1 3 i
9 $ 10 15 0 35
Kiles
T Cloud sBime T Acute iadal bome  ~* - Ground shine
CEDE & Thyroid Dose 30 a bt - rem
1000000
100000
10000
1000
100
10 4 A A A
0 § 10 15 20 25
Hi.es
~~= CEDE = Tayroid
NOTE: 1 hour cloud shine and inhalation; 20 hours of ground shine

4/91
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CASE 3 - NO

Total Acute ¥B (Bone) Dose en

"= 30 8 bt Release
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CAEE 3 =~ RAIN
Tolal Acute ¥i (Bone) Dose - res

1000
100
10
[
0.1
0 01" i L A A
0 3 10 15 a0 26
Miles
= 30 a bl Release == 200 3 ht Reloase
¥oole Body Coapunents 30 » ht - res
100 § ‘\\\\\
s e
. :
- \
0.04
1. 000R-03
{. 0008-04 A 4 - =
0 5 10 15 20 35
Hiles
== Cloud shine ~+= ground sbine
CEDE & Thyroid Dose 30 a Bt - Iea
9999 999
1000 Et::r\\\\\\
100
10
i
0.4
0.0 IR
1.0008-07 4 ~\‘\‘““‘--\\N
1 0008-04 EA [
1. 000B-0% 4 . h L
0 § 10 15 20 35
Kiles

=== CEDE =+ Tayroid

NOTE: 1 hour cloud shine and inhalation; 20 hours of grocund shine

F-9
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CABE 4 = NO RAIN

¢ VB (Bone ; Tk

30 8 bt Release

NOTE: 1 hour cloud shine and inhalation; 20 hours of ground shine




CASE 4 = RAIN

YH (Bone) Dose - ren

shine and inhalation; 20 of ground shine




F-12 PMT=405

CABE 5 = NO RAIN
Total Acute WB (Bone) Dose - rea

1000
100
10
w'““""‘-&-—..
* et 4
0t ok, i A i S
0 L 10 16 20 26
niles
- 30 8 bt Relense = 300 8 bt Release “- 500 w Bt Release

Yhole Body Components 30 a bt - rem
1000 »

100

10

0.1 +

001

Hiles

=== Cloud shine  —*= Acute inhal bone % Ground shine

CEDE & Thyroid Dose 30 m ht - rea

100000
10000
1000

100 e}
10

L i & i 1
0 5 10 18 20 b1
Hiles

nsnd o1 { ) | =+~ Thyroid

NOTE: 1 hour cloud shine and inhalation; 20 hours of ground shine

4/91
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CABE 5 =~ RAIN
Total Acute ¥B (Bone) Dose - ten

9999 999
1000
100
10
1
01 ’
o o1 A i A
0 $ 10 16 20 25
Hiles
=+ 30 » ht Releass ==k 200 8 AL Release
¥heole Body Componenis 30 x bt - res
9999 999
1000
100
10
i
0.1 .
.
0.01 S
1.0008-03 s
1. 00CE-04 . L L .
0 5 10 15 a0 a5
Hiles
=== Cloud shiae == ground shine
CEDE & Thyroid Dose 30 a bt ~ ves
99999, 99
9599 998§
1000
100
A0
i
0.1
Pl
1.0008-03
4 000E-04 - : . .
0 § 10 15 a0 25
Kiles

1) = Thyroid

1 hour cloud shine and inhalation; 20 hours of ground shine

F-13
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CASE 6 -~ RAIN
Total Acute ¥B (Bone) Dose - res

100 \
10
1
0.1
0.04 s el
0 5 10 15 a0 26
Hiles
== 30 u ht Release %= 200 2 ht Release
¥hole Body Components 30 3 AL - e
100
\\
10 &
1 \“\\\\
01 \\\\\\\\\\‘5_“;:::::2\\\\\‘
004
L, 0002-03
{ 0008-04 A A —&
n § 10 15 20 25
Hiles
=== Cloud shime "~ Ground shine
CEDE & Thyroi€ Dose 30 » Bt - rea
9999 999
1000
190
10
b |
0.4
C.01 B ————
1. 000E-03
1. 0008-04
1. 000B-05 - 4 4 L
0 6 10 15 20 i)

Kiles

bl . ~+= Tayrotd

NOTE: 1 hour cloud shine and inhalation; 20 hours of ground shine
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CASBE 7 = NO RAIN
Total Acute VB (Bone) Dose - res

100

10

0.0t

niles

=== 30 u bt Release =+ 200 a bt Release % 500 u Bt Release

Yuole Body Components 30 a bt - rea

100

10

0.1

c.o

0.004

Miles

=== Cloud shine % Acute imbal bone ™ Ground shine

CIDE & Thyroid Dose J0 m bt - rem

10000
1009
160
10 .
1
N
0.1 ——} = - -
0 s 10 18 20 2

Hiles

=== cEOP =+ Tayroid

NOTE: 1 hour cloud shine and inhalation; 20 houre of ground shine
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CABE 8 = NO RAIN
Total Acute Y8 (Bone) Dose - rem

10

0.1

0.0

0.001"°

Hiles

s 30 8 Bt Reloase H 300 8 bt Release “#= 500 & bl Release

5 ¥Yhole Body Components JO a Bt - rea
i

i
b 5 °
Vb
001 =4
——
0.004 - i i A
0 5 ie i5 a0 3

Hiles

=== Cloud shine =+= Acute iahal bone  ~*~ Gyound shine

CEDE & Thyrold Dose 30 3 ht - res

100

10

"“‘**O«“"**-‘-—--—»...‘»

i i b

10 15 a0 2§
Hiles

0.04

=]
o

e ORDE = Tyroid

NOTE: 1 hour cloud shine and inhalation; 20 hours of ground shine
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Theoretical full widths of puffs at ore percent of maximum concentration vs
distance along track of putt
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USE OF ARAC
Objective

be con

ted by NRC Headquarters. ARAC can
containing up to 9 nuclides. Use field
estimates or RASCAL to estimate source term.
to estimate source term, run the "Reactor)
on" source term option for the projected plant
the release estimate from the "Computed Source

r Concentrate on the following:

3Jlm Kr-88
3 Xe=133

——————————————————

location).

information is

LS |

micron~diameter

(page G-3). Refer to Table G-1
longitude.

{

e\ PN o4

A M 4 - 0nn
QLI) 4« JAUV

: S 2534~9100) and provide information.
al working hours, tell contac » ctivate ARAC and provide
and a call back number.




PMT=-407 4/91

-

(page G=7)

which rep)

Standard Daylight

A
.

lLalson

O
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ARAC |

TARAC EMGCY PHONE NO. (415) 4229100

[FTS 532-9100
T NAME OF FACILITY WITH PROBLEM

3 PERSON SUPPLYING THIS FORMS INFO

3 PHONE NUMBER FOR CALL BACK

(4 IMI HONE # ANSMISSI

I

5 LATITUDE AND LONGITUDE OF BLDG. WITH PROCGLEM OR

| L TU 3L
T STAGK RELEASING MATERIAL

B. START TIME OF RELEASE (TIME ZONE)

7 DURATION (IF RELEASE HAS ENDED)

(B TYPE OF RELEASE EVENT . chack applicadle tox(es)

PUFF PLUME ] sTACK O GRoOunD J

ROOF VENT OJ OTHER

3. ELEVATION OF RELEASE (METERS ABOVE GROUND LEVEL). ‘

10. LEA HARA ISTI

STACK / VENT / OPENING DIMENSIONS

m
e 1

LU : ATU
XIT VELOCI
1. NUCLIDES OF IMMEDIATE CONGERN (MAX OF NINE ). check appropnate boxa(s)
a) 11310 b) 111320 c¢) 11330 d) 11138 0 e) Te-132 0
1
1) S89 0 g) Ba140 O h) Cs-134 OJ i) Cs-136 O j) Cs-137 O
12 0 L
k) Sr90 30 1) Ru-103 O m) xr-88 ) n) Xe-133 O
[AR-133)

0) Others: (list)

CONTD. OVER &
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12 DOSE AND PATHWAYS . chack aporoonals box(es)

1) CUMMULATIVE EFFECTIVE DOSE EQUIVALENT (CEDE) via Inhalation OJ

2.) 1st YEAR EFFECTIVE WHOLE BODY via Irhalation OJ

3.) CEDE via Immersion (Cloud Shine) O

4) CHILD'S THYROID via Inhalation (J

5.) M

13. DO JECTIONS REQUES © (E.G. ad = 1-131 dosa 10 child's thyroid via innalation:

[ mJ » K7 B8 cumuiative atlective gose equivaiant via cloud shine!

A B, =3 D. " E.

114 HQs Do NOTIFIED? vesJ Time. No CJ
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BEAVER VALLEY
BIG ROCK FOINT

Table G-1

STATE LATITUDE

ERSZ30ASYNSS360A0RS0FZRRPHBARAGRNREBHERHARSE

35:18/36"
40:37'19"
34:42°32"
45:21733"
41:147237"
34:42715"
33:57’30"
42:04’30"
38:45740"
38:26'05"
35:03/08"
40:10’19"
32:17'52%
40:21743"
28:57/26"
41:35'50"
41:58/34"
35:12/42"
41:23'23"
42:06702"

1:13722"
41:57748"
43:31’26"
41:31'15"
40:14741"
43:16740"
32:00727"
41:28'55"
35:38’00"
31:56'03"
39:28'04"
41:16°17"
44:20735"
43:33730"
41:14738"
40:13’12"
43:57'02"
35:25'56"
41:18’31"
45:20'00"
43:31’20"
38:03739"
34:47730"
39:48751"

LIST OF NUCLEAR POWER PLANT LATITUDEE / LONGITUDLS

LONGTTUDE

o (0 B e o g e

95:13’51"
80:26'02"
85:55’38"
85:11’41"
88:13744"
87:07'07"
78:00"38"
89:16'55"
91:46'54"
76:26'31"
81:04710"
88:50'03"
97:47706"
95:38'28"
82:41'56"
83:05'11"
86:33759"
120:51716"
88:16'16"
91:46'38"
85:06'45"
83:15721"
76:23'54"
96:04 736"
104:5228"
77:18732"
91:02/53"
72:29'57"
78:57'22"
82:2040"
75:32°17"
73:57'09"
87:32'10"
91:13/50"
88:40715"
75:35724"
69:41746"
80:56'54"
72:10’05"
93:50'54"
76:24736"
77:47'26"
82:53755"
74:12723"



TURKEY FOINT
VERMINT YAMKEE

WATTS BAR
WNP-2

WOLF CREEX
YANKEE ROWE
ZION

STATE IATTTUDE LONGITUDE
MI 42:19720" 86:18'55"
AZ 33:23723" 112:51743"
PA 39:45722" 76:16709"
oH 41:48704" 81:08'36"
MA 41:56740"  70:34'46"
WI 44:16’51" 87:32'10"
MN 44:37719" 92:37'5%"
IL 41:43734" 90:18'36"
A 38:20740" 121:07712"
IA 30:45726" 91:19'54"
sC 34:24'09" 80:907231"
N 39:27746"  75:32°09"
CA 33:22713" 117:33’25"
NH 42:53'53"  70:51'058"
™ 35:13724" 85:05716"
NY 40:57730" 72:52'00"
™ 28:47742" 96:02'53"
FL 27:20'55" 80:14747"
SC 34:17745" 81:19'13"
VA 37:09'56"  76:41'54"
PA 41:05730" 76:08'55"
PA 40:09711" 76:43730%
R 46:02°27"  122:53'04"
FL 25:26706" 80:19'53"
vT 42:46749"  72:30'57"
GA 33:08731" Bl:45'53"
LA 29:59742" 90:28'16"
™ 35:36710" B84:47725"
WA 46:28717"  119:19'59"
KS 38:14720" 95:4120"
MA 42:43741"  72:55'44"
IL 42:26'44" 87:48'08"

PMT~407

4/91



ARAC REFERENCE

Atmospheric Release Advisory Capability

LIty service, initiated in 1972
Department of Energy), is housed at
ARAC provides support to

neidents involving nuclear

mputer model estimates of the
from an accident which reieases nuclear
Include computer generated
wvels of deposited radiological
population in the surround.:ng areas,
npletion of extensive radiation surveys and
issessing the potential impact of an

i as

nitiai investigation by response force

may or already has released nuclear
|

acility, the ARAC center will be
easures Team (PMT), Radiological
ctive Measures Coordinator (PMC) via
Form shown on page G-3 ARAC
ARAC's emergency number,
I'S)
urrently 0730-1615 local [Pacific] time,
1ltial estimates of the extent of
sslon via telefacsimiie from ARAC within
received notification of the
quired to make a calculation via the

number during other than normal

NL Fire Dispatcher. The LLNL Fire
nd phone number of the individual
ude and longitude of the problem site

G-0 and G-6), the general nature of the

be reguested, Responses outside

additional 60-80 minutes delay and

should be made to provide updated or

Center as soon as it ig available.

\ plots to match a given map scale
cted deposition pattern.) As

,,j‘*)‘lv
it 8 11l be trs ittec ( the
s Wil e transmitted to the

SOONn as avallabie ] \ {
PMT, RAM and/or th ! via telefacsimile to their CCITT Group 3
telefacsimile n ‘

The following rovides i lon regarding the sample ARAC

ne
some insight into interpreting the
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text
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Plume Dose and Source Term Hand Calculation
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PLUME DOSE AND SBOURCE TERM HAND CALCULATION

Objective

Provide quick hand calculation methods.

Guidance

NOTE:

A list of all tables, figures and worksheets is found on page
H«3. Assumptions are listed on page H-47.

Btep 1
Use one of the followirg to estimate dose or source term:
NOTE:
Table H~1 (page H-4) can be used to estimate stability class and
wind speed.
NOTE:

The fire release cases can be considered representative of the
worst possible accidents.

A. Down Wind Projection Based on Estimated Quantity Released

- W Quick Estimate Using Average Meteorological Conditions:

Page
WB,Bone, Lung
CEDE Thyroid
Release initiated by fire
Close~in (1/4-mile) H=10 H=37
l-mile H=20 H=37
Maximum release (100% to atmosphere)
Close~in (1/4-mile) H~5 H=37
l-mile H=15 H=37
2. Manual Calculation for 1Isotopic Release Rate, Various
Meteorological Conditions and Distance:
- Worksheet H-1 (page H-41)
B. Dose Projections Based on Air or Ground Concentrations

- Worksheet H-2 (page H=43)
e, Down Wind Projections Based on Field Radiation Readings

- Werksheet H-3 (page H-45)
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D. Source Term Based on Field Radiation Readings
- Worksheet H-3 (page H~41)

E. Releases in Encliosed Areas
- Worksheet H-4 (page H=46)

ftep 2

To sonsider shielding multiply doses by appropriate shielding factors
in Table H-8 (page H~34) (immersion) or Table H-9 (page H-35) (ground).

étep 3

NOTE:
Acute dose in used for insights to early health effects.

Determine consequences:

- Compare the lung inhalation dose with the lung early heatlh effects
thresholds in Table H-10 (page H-36).

- Compare thyroid inhalation dose and the sum of the immersion,
ground shine, and CEDE with thyroid and whole body EPA PAGs
respectively on page 1-4,

- Compare with sum of the whole body immersion, ground shine and
acute bone marrow inhalation dose with the whole body and bone

marrow early health effects thresholds in Table H~10 (page H~-36)
or as shown in Figure H~1, page H~-39.

Btep 4

Present results.

Ensure everyone underctands the great uncertainties of these
projections,

END
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i\ble H-2

<l/4 MILE DOWN WIND ADULT DOEE FOR 1 CURIE RELEASE

release

Cloud Ground
1
Acute’ fﬂnrm‘. Shine
. .
Lung W.B _»ﬁ_j"" W, ‘g‘_,r;l_‘x'

 E
J E

NC

). 6E~14
7TE=~06
+SE~06
«dE=16
2E-05
L.i __(|(I
4E~0¢
ODE=07
« JE~05
+A4E~05
+2E=10
2.6E~05
) . 9E~Q¢
5. 1E~05
0.0
2E~06
5E‘Ufr
) .6E~05
2.6E~05
1.1E-05
6.1E~08
4.3E-06
2.0E~05
f.r. .‘E'O‘)
2.4&‘(,\"()
0.0
1.6E~05
3.7E~09

0.0
1.8E~05
0.0
8.9E~08
1.5E~05




lable H=-g

<1/4 MILE DOWN WIND ADULT DCBE FOR 1 CURIE RELEASE

2.4E-06
1.8E-«07
1.,8E-07
7. 7E=05
4.8E~05
. 6E~05
4.3E-05
l1.8E-05
} ,BE=0Q¢
l1.4E~07
} . 6E~08
1.5E~06
l1.8E~06
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5.9E~06
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Table H-2 Continued

-,
Ci release

Inhalatien'
Acute

Radio~ " Bone Acute’
nuei ide CEDE' _ Marrow . lung. .
Xe-133m NC NC NC
Xe=135 NC NC NC
Xe«135m NC NC NC
Xe=138 NC NC NC
Ce~134 7.2E=03 1.3E=03 1.6E-03
Ce~135 7.1E=04 1.2E-04 2.4E-04
Ce=136 1.1E=02 8.7E=04 1.2E~-03
Ba=137m NC NC NC
Cs-137+Ba-137m® 5,.0E=03 8,1E-04 1.3E-03
Ba-133 1.2E-03 NC NC
Cs~138 1.6E~05 NC NC
Ba=140 5,9E-04 5.8E-04 9.2E-04
La=140 7.6E~04 2.7E~04 2.4E-03
Ce-141 1,4E-03 1.1E-04 4.9E-03
Ce~144+Pr-144* 5,9E-02 8.1E-04 4.7E-02
Pr-144 6.8E~06 NC NC
Pr=14m NC NC NC
Pm=145 4.8E-03 NC NC
Pm=147 6.1E<03 8,7E~-05 2.3E=03
Sm=147 1.2E+01 NC NC
Sm=151 4.7E~03 2.7E~05 6.4E-04
Eu~152 3.5E-02 5.3E-04 6.4E-03
Eu=154 4.5E-02 7.0E~04 1,1E-02
Eu-15% €.5E=03 1.2E=04 2.1E-03
Gd=153 3.7E=03 NC NC
Tb=160 3.9E-03 NC NC
Ho=166m 1.2E-01 NC NC
Tm=170 4.1E-03 NC NC
Yb=169 1.3E-03 2.9E-04 4.1E-03
HE=172 5,0E=02 NC NC
HE=-181 2.4E-03 NC NC
Ta=182 7.0E=03 NC NC
W=187 9.7E=05 NC NC
Ir=192 4.4E~03 4.8E-04 8,7E-03
Au-198 §.1E=C: NC NC
Hg=203 1.1E=03 NC NC
T1=-204 3.8E=04 NC NC
Pb=210 2.1E400 1.7E=03 6.3E-04
Bi=207 3.,1E-03 NC NC
Bi=210 3.1E-02 NC NC

* = 1st hour

NC = not calculated

Cloud

Shino”

«1/4 MILE DOWN WIND ADULT DOBE FOR 1 CURIE RELEASE

Ground
Shine 3

H.Body’ _W.Body

1.6E~06
1.6E~05
2.8E~05
8.3E-08
1.1E-04
0.0
1.5E-04
4.1E~05
4,1E-05
2-3!'05
1.7E~04
1,2E~08
1.6E~04
4.2E-06
3.3!’06
20‘3-06
8.9E~08
3.3E~07
1.9E~10
0.0
6.4E~12
7.7E-08
8,5E~05
2.4E~-06
3,3E~06
7.4E-05
1.1E~04
1.6E~07
1.4E-05
NC
3.4E~05
8.6E~05
3.1E-05
5.3E-05
2.7E~05
1.4E~05
3.7E~08
2.9E-08
1.0E-04
0.0

7.5E~-07
7.0E-06
1.2E-05
2.8E-05
4,.2E-05
0.0
5.7E-05
106!"05
1.6E-05
1.CE=05
5.8E~-05
5.2E~-06
5.7E~08
1.9E-06
1.2E~06
8.1E-07
6.8E-086
2.2E~-07
8.5E-11
0.0
1.4E-11
2.9E-05
3.2E-05
1-2!-06
1.7E~06
2.8E~-05
4.3E~05
8.6E~08
6.6E~06
NC
1,.5E-0%
3.2E-05
1.3E-05
2.3E-05
1.1E-05
6.4E-06
1.9E-08
1.9E-08
‘OOE-OS
0.0



Table H-2 Continued

e . T
Ci release

PMT=-416 4/91

«1/4 MILE DOWN WIND ADULT DOSE FOR 1 CURIE RELEASE

Inhal ni

Acute Cloud Ground
Radio=- Bor.e Acute’ Shine . Shine
nuclide Marrow _Lung = _W.Body  W.Body
Po=-210 1.5E+00 4.9E~02 1.6E+00 5.9E-10 2.3E-~10
Ac=-227 1.0E+403 NC NC 6§, 0E-09 2.BE~-09
Ac~228 4.8E~02 NC NC 6.4E-05 2.4E-05
Th=227 2.5E400 2.9E-01 4.8E+00 6.3E~06 2.BE~06
Th-228 5.4E401 5.8E-01 9.9E+00 9.6E-08 4.5E-08
Th=230 5.1E+01 9.9E-02 1.7E+00 1.5E-08 7.7E-09
Th-=231 1.4E~04 NC NC 4.5E-07 2.3E~07
Th=232 2.6E402 B8.7E~02 1.5E+00 5,.,8E~09 3.4E-09
Pa=231 2.0E402 6.4E=-02 1.9E+400 1.9E-06 8.2E~07
U=232 1.0E+02 1.0E=02 2.1E+00 9.0E-~09 5.2E-09
Pa-233 1.5E-03 NC NC 1.3E-05 5.8E-06
U=233 2.1E+01 NC NC 1.1E-08 §5,3E~09
U=-234 2.1E+401 9.3E-03 1.7E+400 4.1E~09 2.7E-09
U=~235 1.9E+01 8.4E-03 1.6E+00 9.0E~06 4.0E-06
U=236 2.0E401 B8.7E-03 1.7E+00 2.85E-09 2.0E~09
U=~238 1.9E+01 B8.4E-03 1.6E+00 2.1E-~02 1.7E~09
Np=237 8.5E+401 6.4E~02 1.5E+400 9.9E-07 4.8E~07
Pu-236 2.3E401 NC NC 1.6E~09 1.9E~09
Pu~238 6.1E+401 7.5E=02 2.0E+00 7.9E=10 1.4E-09
Np=239 3.9E~04 S5,2E-05 1.4E-03 9.4E-06 4.2E-06
Pu-239 6.7E+01 7.0E~-02 1.9E+00 2.9E~09 1.7E=09
Pu-~240 6.7E+01 7.0E-02 1.9E+00 8.1E-10 1.3E-09
Pu-241 1.3E+00 1.4E~-05 3.7E-C4 0.0 0.0
Pu-242 6.4E+01 7.0E~02 1.8E400 7.4E-10 1.1E-09
Am=241 7.0E401 7.85E~02 1.7E+00 5.5E~07 3.2E~07
Am=242m 6.7E+01 NC NC 1.2E-08 8.8E-09
Am=243 6.9E4+01 7.6E~02 1.7E+4Q0 1,9E~06 9.4E~07
Cm=~242 2.7E400 B8.1E~02 1.8E+00 B8.S5E-10 1.6E-09
Cm~243 4.8E+01 8.,1E~02 1.9E+00 T7.2E-06 3,2E~06
Cm=244 3.9E401 B8.lE-«02 1.9E400 6.2E-10 1.3E-09
Cm=245 7.1E+01 NC NC 3.6E~-06 1.6E~06
Cf=252 2.5E+01 1.5E+00 1.9E+01 8.0E-10 1.2E-09
VOTBS:

ICRP No. 23 Reference Man with breathing rate of 1.2 cu m per
hour (light activity).

Acute dose is the comitted dose for 30 days.
Cloud shine is the dose from imnersion in a semi~infinite cloud.
CEDE is Comitted Effective Dose Equivalent.

* = ]1st hour
NC = not calculated
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Whole Body and Red Bone Marrow doses are considered
approximately equal.
Dose from short-lived daughter products are included.

Formulas used are same as those on Worksheet H-1, Page H-41.

* = 1st hour
NC = not calculated
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Table H-2-F

FIRE INVOLVING 1 CURIE
<1/4 MILE DOWN WIND DOBE

rem
Ci in Fire

Fraction Inh h

Released Acute A Clouds Ground
Radio- By a, Bone Acute shinos Shine
nuclide _CLPE‘ Marrow _Lung = _W.Body' _W.Body*
He3 (H20) 5.0E~01 5.0E-06 4.6E~06 4.6E=06 0.0 0.0
C=14 (ORG) 1.0E~02 3.3E=<06 1.3E-06 1.3E=06 0.0 0.0
Na=22 1.0E-02 1.2E-0%5 NC NC 1.5E=06 5.6E=07
Na=24 1.0E-02 1.9E-06 1.2E~06 7.0E-06 3.2E-06 9.7E-07
pP=32 5,0E=01 1.2E-=03 1.3E-03 6.4E~03 0.0 0.0
P-33 5,0E~01 1.8E-04 NC NC 0.0 0.0
§=35 5.0E~01 1.9E~04 1.2E-05 7.0E-04 0.0 0.0
Cl1=36 5,0E-01 1.7E=03 NC NC 5.9E~15 1,3E-14
K=40 5.0E=01 9.7E=-04 NC NC 5.4E=06 1.8E=06
K=42 1.0E=02 2.1E=-06 NC NC 1.9E~07 6.5E-08
Ca=45 1.0E-02 1.0E=~05 NC NC 3.9E~19% 2.1E-18
Sc=46 1.0E~02 4.6E-05 NC NC 1.4E~06 5,2E-07
Ti"44 1.0!:"02 7018-0‘ NC NC ‘-9!‘08 2.5E"08
V=48 1.0E=02 1.6E~05 NC NC 2,0E~06 7.4E=07
Cr=51 1.0E~02 5.2E=07 1,0E-07 1.7E-06 2.1E=08 9.0E~09
Mr =54 1.0E<02 1.0E~0%5 4.5E=06 1.4E=05 5,.8E=07 2.3E-07
Mn=56 1.0E=02 5.9E~07 NC NC 1.2E-06 4.4E-07
Fe=55 1.0E-02 4.2E-06 9.3E-08 1.7E-06 3.2E~13 1.2E-12
Co~58 1.0E-03 1.7E=06 2.0E~07 2.6E=06 6.7E=08 2.61£=-08
Fe=59 1.0E-02 2,3E-05 7.0E~06 4.6E~05 8,2E-07 2.,9E=-07
Co=60 1.0E-03 3.4E-05 5.1E-07 7.5E=06 1.7E=07 6,1E~08
Ni=63 1.0E-02 4.9E~06 1.8E-07 5.4E-06 0.0 0.0
Cu=-64 1.0E~02 4.3E=07 NC NC 1.3E~07 5.2E-08
Zn=65 1.0E~02 3.2E~05 2.7E=06 1.4E-05 4.0E~07 1,5E=07
Ga=-68 NC NC NC NC NC NC
Ge-68+Ga-68° 1.0E=02 8.1E=-0% 0.0 0.0 6.3E=07 2.6E=07
Se-75 1.0E~02 1.3E-05 3.0E=06 1,3E~05 2.4E=07 1.1E=07
Kr=25 1.0E+00 NC NC NC 1.5E-07 6.1E-08
Kr-85m 1.0E+00 NC NC NC 9.6E-06 4.3E-06
Kr-87 1.0E+00 S NC NC 6.0E~05 2.0E=-05
Kr-88+Rb-88° 1.CE+00 N NC NC 2.0E~04 6,3E~05
Rb-86 1.0E-02 1,0E=05 1.0E=05 1,7E=05 6.6E=~08 2.4E-08
Rb=87 1.0E=02 5,1E=-06 NC NC 0.0 0.0
Rb=88 1.0E=<02 1.3E=07 NC NC 4.8E~07 1.6E-07
Sr-89 1.0E-02 6.5E=05 1,3E-05 1.8E=04 9.5E-11 3,7E-11
Sr=90 1.0E-02 2.0E=03 2.7E=05 3.7E=04 0.0 0.0
Sr-91 1.0E-02 2.6E=06 NC NC 4.8E-07 1.8E=~07
Y=90 1.0E-02 1.3E-05 1.6E~06 5,4E=05 0.0 0.0
Y=91 1.0E-02 7.7E=05 7.5R-06 1.9E~04 2.5E-09 8.9E-10

* = Jgt hour

NC = not calculated
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rable H-2-F Con

FIRE INVOLVING 1 CURIE
<1/4 MILE DOWN WIND DOBE

Ground
shine
W, Body'
1.6E~07
6.7E=-0Q7
SE~Q7
7.0E=06
1.2E-05
2.8E~05
4.2E-07
0.0
§. TE=0"
1.6E~07
1.6E=-07
1.0E~-07
5.8E~Q7
5.2E-08
NC
1.9E-08
1.2E-08
NC
NC

.2E=-09
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PMT=416

Radio~-

Pb=210
Bi«207
Bi=-210
Po=-210
Ra=226
Ac=227
Ac=-228
Th=227
Th-=228
Th=230
Th=~231
Th-232
Pa-231
U=232
Pa-233
U=233
U=234
U=235
U=236
U=-238
Np=237
Pu=236
Pu-238
Np=219
Pu=-239
Pu~240
Pu=241
Pu=-242
Am=-241
Am=242m
Am=-243
Cm=-242
Cm=-243
Cm-244
Cnm=245
Cf-252

4/91

* = ]1gt hour
NC = not calculated

Table H-2-F Continued

FIRE INVOLVING 1 CURIE

<i/4 MILE DOWN WIND DOSE

— Tem__
Ci in Fire

Fraction
Released

By a
Fire® __  CEDE‘
1.0E-02 2.1E-02
1,0E~02 3.1E-05
1.0E~02 3.1E-04
1.0E-02 1.5E-02
1.0E-03 1.,3E-03
1.0E~03 1.0E+00
1.0E~03 4.8BE-05
1.0E~03 2.5E~03
1.0E-03 5,4E~02
1,0E~03 5.,1E-02
1.0E~03 1.4E~07
1.0E-03 2.6E~01
1.0E-03 2.0E=-01
1.0E-03 1.0E-01
1.0E-03 1.5E-06
1.0E-03 2.1E-02
1.0E-03 2.1E=~02
1.0E-03 1,.9E-02
1.0E-03 2.0E=02
1.0E‘03 1-9E-°2
1.0E-03 8.5E=-02
1.0E-03 2.3E-02
1.0E-03 6.1E-02
1.0E-03 3,9E~07
1.0E~03 6.7E~02
1.0E~03 6.,7E~02
1.0E~03 1.3E-03
1.0E-03 6.4E-02
1.0E-03 7.0E=02
1.0E-03 6.7E-02
1.0E-03 6.9E-02
1.0E-03 2.7E-03
1.0E-03 4.8E-02
1.0E-03 3.9E=02
1.0E~03 7.1E-02
1.0E~03 2.5E-02

Inhal 3? 1
Acute

Bore

Marrow

1.7E-05
NC
NC
4.9E-04
5.8E-06
NC
NC
209E-04
5.8E~04
9.9E~05
NC
8.7E~05
6.4E~05
1.0E-05
NC
NC
9.3E-06
8.4E-06
8.7E-06
8.4E-06
6.4E~05
NC
7.5E=0%
5.2E~08
7.0E-05
7.0E-0%
1.4E-08
7.0E-05
7.52-05
NC
7.6E~05
8.1E-05
8.1E-05
8.1E-05
NC
1.5E-03

Acute’

~Lung

6.3E-06
NC
NC
1.6E-02
1053-03
NC
NC
4.8E-03
9.9E-03
1.7E=03
NC
1.5E~03
1.9E-03
2.1E~03
NC
NC
1.7E-03
1.6E~03
1,7E-03
1.6E-03
1.5E-03
NC
2,0E-03
1.4E-06
1.9E-03
1.9E-03
3.7E-07
1.8E-03
1.7E-02
NC
1.7E-03
1.8E-03
1.9E-03
1-95-03
NC
1.9E-02

Cloud
Shino’s
W.Body’
2.9E-10
1.0E~06
0.0
5.9E-12
4.0E-10
6.0E~12
6.4E-08
6.3E~09
9&68-11
1.5E-11
4.5E-10
5.8E~12
1.9E~09
9.0E~-12
1.3E~08
1.1E~11
4.1E~-12
9.0E~-09
2.5E-12
2.1E~12
$.9E~10
1-6E-12
7.9E~-13
9.4E~09
2.9E~12
8.1E~13
0.0
7.4E-13
5.5E~10
1.2E-11
1.9E~09
8.5E-13
7.2E=09
6.2E~-13
3.6E~09
8.0E~13

H-13

Ground
€hine

_W.Body’

1.9E-10
4.0E-07
0.0
2.3E-12
1.8E-10
2.8E-12
2.4E-08
2.8E-09
4.5E-11
7.7E=12
2.3E-10
3.4E~-12
8.2E~10
5.2E-12
5.8E-09
5.3E~12
2.7E=12
4.0E-09
2.0E-12
1,7E~12
4.8E~10
1.9E-12
1.4E-12
4.2E~09
1.7E-12
1-3E'12
0.0
1,1E-12
3.2E-10
8.8E-12
9.4E~10
1-6E-12
3.2E-09
1.3E-12
1.6E-09
1.2E-12
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vOTES $
ICRP No. 23 Reference Man with breathing rate of 1.2 cu m per
hour (light activity).
Acute dosc is the comitted dose for 30 days.
Cloud shine is the dose from immersion in a semi~infinite cloud.
CEDE is Comitted Effective Dose Equivalent.

. Whole Body and Red Bone Marrow doses are considered
approximately equal.

Dose from short-lived daughter products are included.
Fraction = (Ci released)/(Ci in fire) <From NUREG-1140.

Formulas used are the same as those on Worksheet H-1, page H-41.

* = 1st hour
NC = not calculated



PMT-416

AVERAGE MET. CONDITIONS (D STABILITY, 4 MPH WIND SPEED)

Radio~
nuclide

H=3(H20)

C+~14 (CRG)

Na-22
Na~-24
P=32

P-33

§-35

Cl=36
| B

K 42

Ca=45
8c~-46
Ti-44
V=48

Cr-51
Mn~54
Mn=56
Fe~55
Co=-58
Fe~59
Co~60
Ni=63
Cu=-64
Zn=65
Ga-68

4/91

Ge-68+Ga-68°

S5e~75
Kr-85
Kr-85m
Kr-87

Kr-88+Rb-88°

Rb~86
Rb-87
Kb~88
Sr-8%
Sr-90
Sr-91
Y~90

Y-91

* = ]1st hour
NC = not calculated

Inh

Table H-3
1 MILE DOWN WIND ADULT DOSE FOR 1 CURIE PELEASE

R <\ VS
Ci release

5.4E~-07
1.8E~05
6,.5E~05
1.0E-05
1.3E~04
2.0E-05
2.1E-05
1.9E-04
1.0E~04
1.1E-05
5.6E~05
2.5E-04
3.8E~03
8.6E~05
2.8E~06
5.6E-05
3.2E~06
2.3E-05
9.2E-05
1.2E~04
1.8E~03
2,6E~05
2,3E-06
1.7E-04
1.2E-06

4. QE'O‘

7.1E~0S

1.1E-02
1.4E-05
7.1E-05
4.1E-04

ﬂ]l:ii“’
Acute
P Bone Acut'z
~CEDE.. . Marrow  _lung _
$.0E-07 5,0E~07
7.2E-06 7.2E-06
NC NC
6.6E-06 3.7E~05
1.4E-04 6.9E~04
NC NC
1,2E~06 7.5E-05
NC NC
NC hC
NC NC
NC NC
NC NC
NC NC
NC NC
5.6E-07 9.4E-06
2,4E-05 7.5E-05
NC NC
5.0E~07 9.4E-06
1.1E-05 1.4E-04
J.7E~05 2.SE-04
2.7E-05 4.,1E-04
9.7E-07 2.9E~05
NC NC
1.5E~05 7.5E-0%5
1,8E~07 6,.6E~06
0.0 0.0
1.6E-05 6.9E~05
NC NC
NC NC
NC NC
NC NC
5.6E~05 9.4E~-05
NC NC
NC NC
7.2E-05 9.7E~04
1.5E-04 2.0E~03
NC NC
8.7E~06 2.9E-04
4.1E~05 1.0E-03

Cloud Ground
Shino’s Shine
M.Body' _W.Body
0.0 0.0
0.0 0.0
8.0E-06 3.1E-06
1,7E~05%5 §5,3E-06
0.0 0.0
0.0 0.0
0.0 0.0
6.3E~16 1.4E~1%
5.8E~07 2.0E~07
1.0E-06 3,6E~07
2.,1E~18 1.1E~-17
7.5E-06 2.9E~06
2.6E=07 1.4E-07
1.1E-085 4.1E-06
1.1E-07 4.9E~08
3.1E~06 1.2E-06
6.7E~06 2.4E~06
1.7F=12 6.8BE-12
3J.6E~06 1.5E-06
4.4E~06 1.6E~06
9.3E~06 3.4E-06
0.0 0.0
€.8E~07 2.9E-07
2023-06 0.12'07
3.,4E~-06 1.4E-06
J.4E~06 1.4E-06
1t3!'°6 5093-07
8.0E~09 3.4E-09
5.2E-07 2.3E-07
3.2E~06 1.1E~06
1,1E-05 3,.85E~06
3.5E-07 1.3E-07
o.o o.o
2.6E-06 8.6E~07
5.1E-10 2.0E~10
0.0 0.0
2.6E-06 1.0E~06
0.0 0.0
1.3E-08 4.9E-09

H-15



H-1¢€

AVERAGE MET. CONDITIONS (D BTABILITY, 4 MPH WIND BPEED)

Table H-3 Continued
1 MILE DOWN WIND ADULT DOSE FOR 1 CURIE RELEASE

Xen

Ci release

thglggign'
Acute

Radio~ ‘ Bone Acut.2
nuclide CERDE" _ Marrow _lung.
Y=91m 3.1E-07 NC NC
2r=93 2.7E~03 NC NC
2r-9% 2.0E~04 B.4E-05 2.9E-04
Nb-$4 3,5E=03 NC NC
Nb=95 4.9E-05 1.2E=05 1,2EB-04
Mo=99 3.3E-05 1.2E~05 1.3E-04
Tc-99 7.0E<05 1.2E-06 1.7E~04
Tc-99m 2.7E-07 9.7E=08 9.7E=07
Rh=103 NC NC NC
Ru=103 7.6E<05 1,2E~05 2.2E~04
Ru=195 3.8E=06 NC NC
Rh=106 NC NC NC
Ru-106+Rh=106* 4.0E-03 7.2E-0% 2.BE=-03
Ag-110m 6.8E~04 5.0E-05 4,1E-04
Cd-109+Ag=109m® 9.6E~-04 NC NC
Ccd-113m 1.3E-02 NC NC
In=114m 7.5E=04 NC NC
§n=113 9.0E=05 NC N
Sn=123 2.7E~04 NC s
Sn-126+8h=126m°® 8.4E~04 NC ;
Sb=124 2.1E-04 4.1E~05 6,9E-04
8b=126 9.9E~05 NC NC
Sb~=126m 2.9E=07 0.0 0.0
Sb=127 5,1E=05 NC NC
Sb=129 5.4E=06 NC NC
Te=127 2.7E-06 NC NC
Te=127m 1.8E-04 7.5E-05 4.7E=0&
Te=129 7.6E=07 NC NC
Te-129m+Te-129% 2.0E-04 1.3E-04 8.1E-04
Te=131 4.0E~06 NC NC
Te=-131m 5.4E=05 7.2E~06 6.9E-05
Te~132 8.0E~05 8.7E~06 4.4E-05
1-125 2.0E~04 5.3E-07 3.1E-06
1-129 1.5E=03 5.9E~07 6.9E-06
I-131 2.8E~04 1.7E-06 2.0E-0%
1-132 3,2E~06 4.4E~07 8.4E-06
1-133 4.9E-05 B8.4%=07 2.6E-05
I1-134 1.1E-06 1.98-07 4.4E-06
1-135+Xe-135m® 1.0E-05 6.9E-07 1.4E-05

* = 1st hour

NC = not calculated

Cloud,
Shine

_W. Body’

1.9E~06
0.0
2.7E=~06
5.9E~06
2.8E-06
5.6E-C7
1.2E-12
3.9E~07
NC
1.7E~06
2-gE-06
7.5E=07
7.5E~07
1.0E-05
9.1E-09
o.o
3.1E-07
1.9E-08
2.6E-08
1.0E~05
7.2:"06
1,0E~05
5.8E~06
2.4E-06
5.4E-06
1.7E-08
2.5E-09
1.9E-07
2.5E=07
1.5E-06
5.3E~06
7.1E=07
7.1E-09
6.3E-09
1.4E-06
8.5E~06
202E-06
9.8E~06
7.5E-06

PMT=416 4/91

Ground
Shine _

-M.Body

8.0E~07
0.0
1,1E-06
2.3E-06
1.1E~06
2.3E-07
6.0E~13
1.8E~07

NC

7.3E-07
1.2E-06
3.1E-07
3,1E~07
4.0E~06
6.3E~09
0.0
1.3E-07
907:-09
9.7E-09
4,2E-06
2.6E-06
4,2E~06
2.4E~06
1.0E~06
2.1E-06
7.5E=09
2.0E-09
8.1E-08
100“07
6.1E-07
2.1E~06
3.2!'07
6.6E~09
6,.6E~09
5.9E-07
3.4E-06
9.1E-07
3.8E~06
2.8E-06



PMT-416 4/91

AVERAGE MET. CONDITIONS (D BTABILITY, 4 MPH WIND BPEED)

Table H-3 Continued
1 MILE DOWN WIND ADULT DOSBE FOR 1 CURIE RELEASE

PS5 | TR
Ci release

Inhalationl
Acute®
Radio= . Bone Acute’
nuclide ~CEDE____ Marrow _lung _
Xe=131m NC NC NC
Xe~133 NC NC NC
Xe=133m NC NC NC
Xe~135 NC NC NC
Xe=135m NC NC NC
Xe-138 NC NC NC
Ce~-134 3.9E~04 7.2E~05 B8.7E~05
Ce~135 3.8E-05 6.6E~06 1.3E-05
Cs=~136 6.2E~05 4.7E-05 6.2E~-05
Ba=137m NC NC NC
Ce~137+Ba=137m® 2.7E~04 4.4E-05 6.9E~05
Ba-133 6.6E-05 NC NC
Cs~138 8.5E~07 NC NC
Ba~140 3.2E-05 3.1E-05 5,.0E-05%
La~140 4.1E~05 1.4E-05 1.3E~04
Ce~141 7.6E-05 5.9E-«06 2.6E-~04
Ce-144+Pr-144° 3.2E-03 4.4E-05 2.5E~03
Pr-144 3.7E~07 NC NC
Pr=144m NC NC NC
Pm~145 2.6E~04 NC NC
Pm=147 3.3E~04 4,.7E~06 1.2E~04
Sm=147 6.3E~-01 NC NC
Sm~151 2.5E~04 1.5E~06 3.4E~05
Eu-152 1.9E-03 2.8E-05 3.4E~04
Eu~154 2.4E-03 3.7E~05 5.9E-0%
Eu~15% 3.5E~04 6.6E=06 1.2E~04
Gd~153 2.0E-04 NC NC
Thb=160 2.1E-04 NC NC
Ho~166m 6.5E~03 NC NC
Tm=170 2.2E-04 NC NC
Yb=169 6.8E~05 1.6E~-05 2.2E-04
Hf=172 2.7E-03 NC NC
Hf-181 1.3E~04 NC NC
Ta-182 3.8E~04 NC NC
W=187 5.2E~06 NC NC
Ir-192 2.4E~-04 2.6E-05 4.7E~04
Au-198 2.8E-05 NC NC
Hg-203 6.2E~05 NC NC
T1-204 2.0E~05 NC NC

* = 1st hour
NC = not calculated

Cloud Ground
Shinu’s Shine
M.Body. _W.Body
1.4E-08 B.9E~09
6.8E~08 3,7E~-08
8.6E~08 4.1E-08
8.6E~07 3.8E~0Q7
1.5E~06 6.5E~07
4.5E~06 1.6E-06
5.7E-06 2.3E-06
0.0 0.0
8.0E~06 3,1E-06
2.2E~06 9.0E~07
2.2E~06 9.0E~07
1.2E-06 5,5E-07
9.2E-06 3.2E~-06
6.6E~07 2.8E-07
8.9E~06 3.2E~-06
2.3E~07 1.0E-07
1.8E-07 6.7E-08
1.3E-07 4.4E~08
4.8E~-09 3.7E-09
1.8E~08 1.2E-08
1.0F-11 4.7E~-12
0,0 0.0
3.4E~13 7.7E-13
4,2E-06 1.6E-06
4.6E~06 1.7E-06
1.3E~07 6.4E~-08
1.8E~07 905!'08
4.0E-06 1,5E-06
5.8E~06 2.4E-06
808E"°9 ‘18:-09
7.5E~07 3.6E~07
NC NC
1.9E-06 B8.1E~-07
4.7E~06 1.7E-06
1.7E-06 7.0E~-07
2.9E~06 103!-06
1.4E~06 (.3E=-07
7.8E=-07 L1.5E-07
2.0E-09 1.0E-09

H=17
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PMT-416 4/91 H-19

FOTES:ICRP No. 23 Reference Man with breathing rate of 1.2 cu m per
hour (light activity).

' Acute dose is the comitted dose for 30 days.

’ Cloud shine is the dose from immersion in a semi~infinite cloud.

: CEDE is Comitted Effective Dose Equivalent.

b Whole Body and Red Bone Marrow doses are considered
approximately equal.

y Dose from short~lived daughter products are included.

' Fraction = (Ci released)/(Ci in fire) =-From NUREG~-'140.

Formulas used are the same as thcse on Worksheet H-1, page H-41.

* = 1st hour
NC = not calculated



FIRE INVOLVING 1 CURIE
1 MILE DOWN WIND DOSE
AVERAGE MET. CONDITIONS (D BTABILITY 4 MPH WIND BPEED)

Y e
i S

|

.l’qu Ground
Shlnw‘ Shine

Y "
W.Body W.Body

. 3E~08
} . 0E~D9
$.2E-07
3.2E-06
l1,1E-05 3. 5E=06
3.5E-09 1.3E~09
0.0 0.0
2.6E~08 B.6E~09
9+1E=12 2.0E-12
0.0 0.0
2.6E~08 .0E-08




PMT-416 4/91 H-21

Table H-3-F Continued

FIRE INVOLVING 1 CURIE
1 MILE DOWN WIND DOSE
AVERAGE MET. CONDITIONS (D STABILITY, 4 MPH WIND BPEED)

N < |
Ci in Fire

Fraction Inngln;}QnL___p_“__

Released Acute Cloud Cround
Radio~- By a : Bone Acute’ Shincﬂ Shine
nuclide Eire _ GCERE'  Marrow _lung = . MW.Body’ _W.Body
Y=90 1,0E~02 7.1E<07 8.7E-08 2.9E-06 0.0 0.0
Y-91 1,0E-02 4.1E~06 4.1E=07 1.0E=05 1.3E-10 4.9E-11
Y=91m 1,0E~02 3.1E-09 NC NC 1.9E-08 8.0E-09
2r=93 1,0E-02 2.7E-08 NC NC 0.0 0.0
2r=95% 1.0E-02 2.0E-06 B8.4E~07 2.9E-06 2.7E-08 1.1E~08
Nb~94 1.0E-02 3.5E~05 NC NC 5.9E~08 2.3E-08
Nb=95 1.0E-02 4.9E-07 1.2E-07 1.2E-06 2.8BE~08 1.1E=-08
Mo-=99 1.0E-02 3.3E~07 1.2E=07 1.3E~06 5.6E=09 2.3E-09
Tc=99 1.0E~02 7.0E-07 1.2E-08 1.7E=06 1.2E=14 6.0E-15
Tc=-99m 1.0E~02 2,7E=09 9.7E=10 9.7E=09 5.9E=09 1.8E=09
Rh=103 NC NC NC NC NC NC
Ru=103 1.CE=02 7.6E=07 1.2E-07 2.2E=06 1.7E=08 7.3E=09
Ru=10% 1.0E-02 3.8E-08 NC NC 2.9E~08 1,2E-08
Rh=106 NC NC NC NC NC NC
Ru~106+Rh=106° 1,0E=02 4.0E~05 7.2E~07 2.8E=05 7.5E=~09 3.1E=09
Ag=110m 1.0E~02 6.8E-06 &5.0E-07 4.1E<06 1.0E=07 4.0E-08
Cd-109+Ag=109m® 1.0E-02 9.6E-06 NC NC 9.1E~11 6.3E-11
Cd=113m 1.0E-02 1.3E-04 NC NC 0.0 0.0
In=1l4m 1.0E=02 7.5E=06 NC NC 3.1E-09 1.3E-09
Sn=113 1.0E-02 9.0E=07 NC NC 1.9E-10 9.7E=11
§n-123 1.0E-02 2.7E-06 NC NC 2.6E~10 9,7E=11
8n-126+Sb-126m* 1.0E=02 B8.4E~06 NG NC 1.0E-07 4.2E-08
Sb-124 1.0E-02 2.1E~06 4.1E~07 6.9E-06 7.2E«0& 2.6E~-08
8b-126 1.0E-02 9,9E=07 NC NC 1.0E~07 4.2E-08
Sb-126m 1.0E-02 2.9E-09 2.0 0.0 5.8E~08 2.4E-08
Sb=127 1.0E-02 5,1E-07 NC NC 2.4E-08 1,0E-08
Sb-129 1.0E-02 5.4E-08 NC NC S.4E-08 2.1E-08
Te=127 1.0E~02 2.7E-08 NC NC 1.7E-10 7.5E-11
Te~127m 1.0E~02 1.8E-06 7.5E~07 4.7E-06 2.5E-11 2.0E-11
Te-129 1.0E-02 7.6E=09 NC NC 1.9E-09 8.1E=-10
Te-129m+Te-129° 1,0E-02 2.0E-06 1.3E-06 8.1E~06 2.5E-09 1.0E=09
Te-131 1,0E~02 4.0E~-08 NC NC 1.5E-08 6.1E=09
Te-131m 1.0E-02 5,4E=07 7.2E~08 6.9E-07 5.3E-08 2.1E-08
Te-132 1.0E-02 8.0E=07 8.7E~-08 4.4E~07 7.1E=09 3.2E=09
1-125 5.0E~01 1.0E-04 2.7E~07 1.6E=06 3.6E-09 3.3E-09
1-129 $.0E-01 7.3E-04 3.0E-07 3.4E-06 3.1E-09 3.3E-09
I1-131 5.0E~01 1.4E-04 8.4E~07 1.0E=05 6.8E=07 2.9E-07

* = 1st hour

NC = not calculated



H~22 PMT=416 4/91

Table H-3-F Continued

FIRE INVOLVING 1 CURIE

1 MILE DOWN WIND DOSE

AVERAGE MET. CONDITIONS (D SBTABILITY, 4 MFH WIND BPEED)
rem
Ci in Fire
Fraction ______mmg_gg‘
released Acute . Cloud’ Ground

Radio~- By a, Bone Acute Shine Shine
nuclide Fire' _ CEDE' Marrow  ._lung _W.Body’ _W.Body'
I-132 5,.0E~01 1.6E~06 2.2E~07 4.2E~06 4.2E-06 1.7E-0€
I-133 5.0E~01 2.5E-05 4.2E-07 1.3E-05 1.1E~06 4.5E~07
I-134 5.0E=01 5.5E=07 9.5E<08 2.2E~06 4.9E~06 1.9E-06
I= 135+Xe-135m 65,0E=~01 5.2E~06 3.4E-07 6.,9E-06 3.8E-06 1.4E-06
Xe~131m 1.0E+00 NC NC NC 1.4E~08 8.9E~09
Xe~133 1.0E400 NC NC NC 6.86-08 3.7E-08
Xe=133m 1.0E+00 NC NC NC 8.,6E~08 4.1E~08
Xe~135 1.0E+00 NC NT NC 8.6E~07 3.8E-07
Xe=135m 1.0E+00 NC NC NC 1.5E=-06 6.5E-07
Xe=138 1.0E+00 NC NC NC 4,.5E-06 1.6E=06
Cs-134 1.0E<02 23.9E-06 7.2E-07 8,7E-07 6.7E-08 2.,3E-08
Cs~135 1.0E~02 3.8E-07 6.6E~08 1.3E-07 0.0 0.0
Cs=136 1.0E-02 6.2E=07 4.7E-07 6,2E-07 8.0E-08 3,1E-08
Ba=137m 1.0E~02 NC NC NC 2.2E~-08 9.0E-09
Cs~137+Ba~ 137m® 1.0E-02 2.7E~06 4.4E-07 6.9E-07 2.2E-08 9.0E-09
Ba-133 1.0E~#02 6.6E~07 NC NC 1.2E~08 &5.5E-09
Cs~-138 1.0E~02 B8.5E~-09 NC NC 9.2E~08 3.2E-08
Ba-140 1.0E<02 3.2E-~07 3.1E-07 5.0E-07 6.6E~0% 2.8E-09
La~-140 NC NC NC NC NC NC
Ce~141 1.0E-02 7.6E-07 5.9E-08 2.6E~06 2.3E-09 1.0E-09
Ce- 144~Pr-144 1,.0E-02 3.2E-05 4.4E-07 2.5E=-05 1.8E-09 6.7E-10
Pr-144 NC NC NC NC NC NC
Pr=1l44m NC NC NC NC NC NC
Pn=145 1.0E«02 2.6E-06 NC NC 1.8E~10 1.2E-10
Pm=147 1.0E~02 3.3E-06 4.7E~08 1.2E-06 1.0E-13 4.7E-14
Sm=147 1.0E~-02 6.3E-03 NC NC 0.0 0.0
Sm=151 1.0E~02 2.5E-06 1.5E~08 3.4E~-07 3.4E~15 7.7E-15
Eu-152 1.0E~02 1.9E-05 2.8E~07 3.4E-06 4.2E-08 1,6E~08
Eu~154 1.0E-02 2.4E-05 3.7E-07 5.9E-06 4.6E-08 1.7E-08
Eu-155% 1.0E-02 3.5E~06 6.6E~08 1.2E-06 1.3E-09 6.4E~-10
Gd~153 1.0E-02 2.0E-06 NC NC 1.8E~09 9.5E-10
Tb=160 1.0E-02 2.1E~06 NC NC 4.0E-08 1.5E=~08
Ho=-166m 1.0E-02 6.5E-05 NC NC 5.8E~08 2.4E~-08
Tm"170 1-03’02 202E-°6 NC NC 8083-11 ‘133-11
Yb~169 1.0E-02 6.8E~07 1.6E~07 2.2E-06 7.5E-09 3.6E-09
Hf=172 1.0E-02 2.7E~05 NC NC NC NC
Hf-181 1.0E~02 1.3E~06 NC NC 1.9E-08 8,1E-09

* = 1st hour

NC = not calculated




SPEED)

WIND

4 MPH

STABILITY,

-
=
A
2
—
=
z
-
a

i MILE
INDITIONB (D

CA

AVERAGE MET.




FIRE INVOLVING 1 CURIE
i MILE DOWN WIND DOSBE
AVERAGE MET. CONDITIONS (D STABILITY, 4 MPH WIND SPEED)

el

n

‘ P'lf[(‘('
W.Body’
4.6E~14 B.6E~14
}.9E~10 l1.8E~10
JE~14 ] « 3E=14
1 E=-10 9.1E~11
+BE~14

ni=infinite cloud.

considered

luded.

NUREG~1140.

Formulas used are the same as those on Worksheet H-1, page H-41.




DILUTION FACTORS

Source:

"Workbook of Atmospheric Dispersion Est imates "
Regulatory Cuide 1.145,
1.0E-3 for <1/4 mile assumes
:l

NUREG/CR=505

suilding wake dominates and




Radio~-
Nuclide

H=3 (H20)

C~14 (ORG)

Na=-22
Na-24
P=-32

P~33

8~35

Cl=36
K~40

K=42

Ca~45
8c~46
Ti-44
V=48

Cr-51
Mn-54
Mn-56
Fe~55
Co~58
Fe~59
Co=60
Ni-63
Cu~64
Zn=-65
Ga-~68

Ge-68+Ga~68

Se-75
Kr-85
Kr-85m
Kr=87

Kr-88+Rb-88

Rb=-86
Rhb=87
Rb~88
Sr-89%
Sr=90
Sr-91
¥-90

¥Y=-91

Y=-91m

NC = not calculated

Table H=-5
ADULT DOSE FACTORS
ren/hr
Ci/m3
Inhalatjon'
Acute ¥ Clouds
Bonus Acute Shine5
CEDE* Marrow’ lLung  H.Body’
6.4E+01 5.9E+01 5.9E+01 0.0
2.1E+03 8.5E+02 B8,SE+02 0.0
7.7E+03 NC NC 1.1E+03
1.2E+03 7.8E+02 4.4E+03 2.5E+03
1.6E+04 1.7E+04 8.,1E+04 0.0
2.3E+03 NC NC 0.0
2.5E+02 1.5E+02 8.9E+03 0.0
2.2E+04 NS NC 9.0E-08
1.2E+04 NC NC 8.3E+01
1.4E+03 NC NC 1.5E+02
6.6E+03 NC NC 3.0E=10
3.0E+04 NC NC 1.1E+03
4.5E+05 NC NC 3.8E+01
1.0E+04 NC NC 1.6E+03
3.3E402 6.7E+01 1.1E+03 1.6E+01
6.7E+03 2.8E+03 8.9E+03 4.5E+02
3.8E+02 NC NC 9.6E+02
2.7E+03 5.9E+401 1.1E+03 2.4E-04
1.1E+404 1.3E+03 1.7E+04 5,2E+02
1.5E+%4 4.4E+03 2.9E+04 6,3E+02
2.2E+05 3.3FE+03 4.8E+04 1.3E+03
3.1E+0. 1.1E+02 3.4E+03 0.0
2.8E+02 NC NC 9.7E+01
2.0E+04 1.7E+403 8.9E+03 3.1E+02
1.4E+02 2.1E+401 7.8E+02 4,8E+02
5,2E404 NC NC 4.8E+02°
8.5E+03 1.9E+03 8.1E+02 1.9E+02
NC NC NC 1.1E+00
NC NC NC 7.4E+01
NC NC NC 4.6E402
NC NC NC 1.5E+03°%
6.6E+03 6.7E+03 1.1E+04 5.1E+01
3.2E+03 NC NC 0.0
8.4E+01 NC NC 3.7E+02
4,1E+04 B.5E+03 1.1E+05 7.3E-02
1.3E+06 1.7E+04 2.3E+05 0.0
1.7E+03 NC NC 3.7E402
8.4E+03 1.0E+03 3.4E+04 0.0
4.9E+04 4,8E+03 1.2E+05 1.9E+00
3.,6E+01 NC NC 2.7E+02

PMT~-416
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Radio~
Nuclide

Zr-93

2r=95

Nb-94

Nb+~G5

Mo=99

T¢=-99

Tc=99m

Ru~102

Ru=-105

Rh=106
Ru~106+Rh=106
Ag-=110m
Cd=109+Ag=109m
Cd=~113m
In=114m
Sn-113

8n+123
Sn~126+48b~126n
Sb-124

Sb=126
Sbh=126m
8Sb-127

Sb=129

Te~127
Te-127m
Te~129
Te=129m+Te~-129
Te~131
Te=131m
Te-132

I-125

I-129

I=131

I-132

I-133

I-134
I~135+Xe~=135m
Xe=131m
Xe=-133
Xe=133m

NC = not calculated

Table H-5 Continued
ADULT DOSE FACTORS
rem/hr

Cloud

Ci/m3
1nh
Acute
Bone
CEDE*  Marrow’
3.2E+05 NC
2.4E+04 1.0E+04
4.1E405 NC
5.8E+03 1.5E+03
4.0E+03 1.4E+03
8.3E+403 1.4E+02
3.3E+01 1.1E+01
9.0E+03 1.5E+03
4.6E+02 NC
NC NC
4.8E+05 8.5E+03
8.0E+,4 5.9E+03
1.1E+05 NC
1.5E+06 NC
8.9E+04 NC
1.1E+04 NC
3,3E+04 NC
1.0E+05 NC
2.5E4+04 4,.8E+03
1.2E+04 NC
3,.4E+01 NC
6.0E+03 NC
6.4E+02 NC
3.2E+02 NC
2.1E+04 8.9E+03
9.0E+01 NC
2.4E+04 1.5E+04
4.8E+02 NC
6.4E+03 B8.5E+02
9.4E+03 1.0E+03
2.4E+04 6.3E+401
1.7E+05 7.0F+01
3.3E+04 2.0E+02
3.8E+02 5,2E+01
5,8E403 1.0E+(02
1.3E+02 2.3E+01
1.2E+03 8.1E+01
NC NC
NC NC
NC NC

Acute’ Shincn
lung W.Body’
NC 0.0
3,5E404 3.9E+02
NC 8.4E+02
1.5E404 4,1E+02
1.65+404 8,0E+01
2.0E+04 1.7E=-04
1.1E+02 5,6E+01
2.6E+04 2.5E+02
NC 4.1E+02
NC 1.1E+02
3,3E+08 1.1E+02%
4.8E+04 1.4E+03
NC 1.3E=00°
NC 0.0
NC 4,5E+01
NC 2.7E+00
NC 3.7E+00
NC 1.4E+03°
8.1E+04 1.0E+03
NC 1.4E+03
NC 8.2E+02
NC 3.4E+02
NC 7.7E+02
NC 2.4E+00
5.5E+04 3.5E=01
NC 2.7E+01
9.6E+04 3.5BE+01°
NC 2.1E+02
8.1E+03 7.S5E+02
5,2E+03 1.0E+02
3,7E402 1.0E+00
8.1E+02 8.9E-01
2.4E+03 1.9E+02
1.0E+03 1.2E+03
3.0E403 3.1E+02
§5,2E402 1.4E+03
1.6E403 1.1E+03°
NC 2. 0E+00
NC 9.,7E+00
NC 1.2E401

H=27



Radio~-
Nuclide

Xe-135
Xe~135m
Xe~138
Cs~134
Cs=~135
Cs~=136
Ba=137m

Cs=137+Ba-137m

Ba~133
Cs~138
Ba~140
La=140
Ce-141

Ce~144+Pr-144

Pr-144
Pr=144m
Pm-145
Pm=147
Sm=147
Sm=~151
Eu-~152
Eu-154
Eu=15%
Gd-153
Tb~=160
Ho=~166n
Tm=170
Yb~169
Hf-172
Hf-181
Ta-182
W=-187
Ir-192
Au-198
Hg=-203
T1-204
PE=210
Bi«207
Bi=210
Po~210

NC = not calculated

Table H-5 Continued
ADULT DOSE FACTORS
ren/hr
~i/m3
Inhalation'
Acute®
. Bone , Acute?
CEDE' Marrow. lLung
NC NC NC
NC NC NC
NC NC NC
4.6E+04 B8.5E+03 1.0E+04
4,.6E+03 7.8E+02 1.5E+03
7.3E403 5,6E+03 7.4E+03
NC NC NC
3.2E+04 5.2E+03 8.1E+03
7.8E+4+03 NC NC
1.0E+02 NC NC
3.7E+03 3,7E+03 5.9E+03
4.8BE403 1.7E+403 1.6E+04
9.0E+403 7.0E+02 3.,1E+04
3.7E+05 S5,2E+03 3.0E+05
4.3E+01 NC NC
NC NC NC
3.0E+04 NC NC
3.9E404 5.6E+02 1.4E+04
7.5E+07 NC NC
3.0E+04 1.7E+02 4.1E+03
2.2E405 3.4E+03 4.1E+04
2.9E405 4.4E+03 7.0E+04
4.1E+04 7.8BE+C2 1.4E+04
2.4E+04 NC NC
2.5E+04 NC NC
7.7E+05 NC NC
2.6E+04 NC NC
8,1E+403 1.9E+03 2.6E+04
3.2E+05 NC NC
1.5E+04 NC NC
4.5E404 NC NC
6.2E+02 NC NC
2.8E+04 3.0E+03 5.5E+04
3.3E+03 NC NC
7.3E+03 NC NC
2.4E+03 NC NC
1.4E+407 1.1E+04 4.CGE+03
2.0E+04 NC NC
2.0E+05 NC NC
9.4E+06 3.1E+05 1.0E+0Q7

Cloud3
Shine

W, Body®

1.2E+02
2.2E+02
6.4E+02
8.2E+02
0.0
1.1E+C3
3.1E+02

3.1E+02°%

1.7E+02
1.3E+03
9.4E+01
1.3E+03
3.2E+01

2.5E+01%

1.8E+01
6.9E-01
2.5E+00
1.4E~03
0‘0
4.9E~05
5.9E+C2
6,.6E+02
1.8E+01
2.5E+01
5.7E+02
8.2E+02
1.3E~00
1.1E+02
NC
2.7E+02
€.6E+02
2.4E+02
4.1E+02
<+.1E+02
1.1E402
2.8E-01
2.2E-01
8.0E+02
0!0
4.5E~03

PMT-416 4/91



hour

(light activity).

included in inhalation dose.

Acute dose is the comitted dose for 30 days.

PMT~416 4/91 H=-29
Table H-5 Continued
ADULT DOSBE FACTORS
rem/hxr
Ci/m3
Inh g
Acute Cloud

Radio=- " Bone5 Acute Shinct

Nuclide CERE’  Marrow. Lung W.Body~

Ra=226 8.6E406 3.7E+04 9.6E+06 3.1E+00
Ac=227 6.7E+409 NC NC 4.6E~02
Ac=-228 3.1E+05 NC NC 4.9E+402
Th=227 1.6E+07 1.9E+06 3.1E+07 4.9E+0]
Th-228 3.4E+08 3.7E+06 6,.3E4+07 7.4E-01
Th=230 3.3E+08 6.3E+05 1.1E+07 1.2E~01
Th=231 8,.8E+02 NC NC 3.5E+C0
Th=232 1.6E+09 S5.6E+05 9,6E+06 4.5E-02
Pa=231 1.3E+09 4.1E+05 1.2E+07 1.4E+01
U=232 6.6E+08 6.7E+04 1,.3E+07 6,.9E-02
Pa=233 9.5E+03 NC NC 1,0E+02
U=233 1.4E+08 NC NC 8,5E~02
U~234 1.3E+08 E.9E+04 1.1E+07 3,1E=02
U=-235 1.2E+08 5.3E+04 1.0E+07 6.9E+01
U=-236 1.3E+08 5,.6E+04 1.1E+07 2.,0E-02
U=~238 1.2E+08 5.3E+04 1.0E+07 1.6E-02
Np=237 5.4E+08 4.1E+05 9.6LE+06 7.6E+00
Pu=236 1.4E+08 NC NC 1.2E~02
Pu-238 3.9E+08 4.8E+0% 1.3E+07 6.1E«03
Np=~239 2.5E+403 3.3E+02 8.9E+03 7.2E+01
Pu=-239 4,3E408 4.4E+05 1.2E+07 2.2E-02
Pu=~240 4.3E+408 4.4E+05 1.2E+07 6.2E~03
Pu=-241 8.3E+06 8.9E+01 2.4E+03 0.0

Pu-242 4,1E+08 4.4E+05 1.1E+07 5,7E-03
Am~241 4.4E+08 4.8E+05 1.1E+07 4.3E+00
Am=242m 4.3E+08 NC NC 8.9E~02
Am=~243 4.4E+08 4.8E+05 1.1E+07 1.4E+01
Cm=242 1.7E+07 S5.2E+085 1.1E+07 6.5E=03
Cm=243 3.1E+408 5.2E+05 1.2E+07 5.6E+01
Cm~244 2.5E+08 5.2E+05 1.2E+07 4.8E=-03
Cm=245 4.6E+08 NC NC 2.7E+401
Cf-252 1.6E+08 9.6E+06 1.2E+08 6,2E-03

§OTES:

ICRP No. 23 Reference Man with breathing rate of 1.2 cu m per
Effects of daughter products are

Cloud shine i4 the dose from immersion in a semi~infinite cloud,

CEDE is Comitted Effective Dose Equivalent.

NC = not calculated
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’ Whole Body and Red Bone Marrow doses are considered
approximately equal.

. Dose from short~lived daughter products are included.

Source: Immersion = DOE/EH-0070 "External Dose Rate Conversion

Fastors for Calculation of Dose to the
Public¢®, July 1988

Inhalation -  Inhalation Dose (ICRP-30), "Doses From
Intake of Radionuclide by Adults and Young
Fzople", National Radiological FProtection
Board, NRPB-R162, 1985

NC = nct calculated
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GROUND CONCENTRATION FACTOR3; GROUND LEVEL RELEASE; NO RAIN;
AVERAGE MET. CONDITIONS (D STABILITY, WIND SPEED 2 M/B)

Sou:ce:

Table H-6

FOR A 1 CURIE RELEASE

10
15
20

25

RASCAL 1.3a runs,

Ci released

ci/m’?

7.8

2.9

5.9
3.9

2.8

E-07
E=-07
E-07
E-08
E-08
E-08
E-08

E-08

. E-08

E~08
E~09
E-09
E~09

E-09

H~31
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Table H=7
GROUND SHINE

DOSE FACTORS'
AT 1 METER, GROUND ROUGHNESS CONSIDERED

Ci/m2

Nuclide Factor Nuclide Factor
H=3 (H20) 0.0 Y-91 1.7E-02
C-14 (ORG) 0.0 Y=91m 2.8E+00
Na=22 1.1E+01 Zr-93 0.0
Na-24 1. 8E+01 Z2r-95 3.8E+00
P-32 0.0 Nb=94 8.1E+00
P=33 0.0 Nb=95 4.0E+00
8=35 0.0 Mo-99 8.0E=01
Cl=36 5.0E=-09 Tc-99 2.1E-06
K=40 7.0E~01 Tc=-99m 6.2E-01
K=42 1.2E+00 Ru-103 2.5E+00
Ca=-45 4.0E~11 Ru=105 4.1E+00
Sc-46 9.9E+00 Rh=106 1.1E+00
Ti-44 4.7E-01 Ru~-106+Rh=106° 1.1E+00
V-48 1.4E+01 Ag-110m 1.4E+01
Cr-51 1,7E=01 Cd-109+Ag-109m® 2,2E-02
Mn=54 4.3E+00 cd-113m 0.0
Mn=-56 8.3E+00 In-114m 4.6E-01
Fe-55 2.4E=05 sn-113 3.4E-02
Co-58 5.0E+00 Sn-123 3.3E=02
Fe-59 5.6E+00 Sn=126+Sb~126m° 1.5E+01
Co=-60 1.2E+01 Sb-124 9.1E+00
Ni=63 0.0 Sb=126 1.4E+01
Cu-64 9.9E=01 Sb=126m 8.2E+00
Zn-65 2.8E+00 Sb=127 3.5E+00
Ga=-68 5,0E+00 Sb=129 7.2E+00
Ge-68+Ga-68° 5.,0E+00 Te~127 2.6E-02
Se-75 2.0E+00 Te=127m 6.9E~03
Kr-85 1.2E-02 Te=129 2,8E-01
Kr-85m 8.1E-01 Te~129m+Te-129° 3.5E-01
Kr-87 3.8E+00 Te-131 2.1E+00
Kr-88+Rb-88° 1.2E+01 Te-131m 7.1E+00
Rb-86 4.6E~01 Te-132 1.1E+00
Rb-87 0.0 1-125 2.3E-02
Rb-88 3.0E+00 1-129 2.3E-02
Sr-89 7.0E-04 I-131 2.0E+00
Sr-90 0.0 1-132 1.2E+401
Sr=91 3.5E+00 1-133 3,1E+00
Y-90 0.0 I-134 1.3E+01

PMT-416
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Table H-7 - Continued

GROUND EKIN%
DO8". FACTORS

AT 1 METER, GROUND ROUGHNESS CONSIDERED

Ci/m2

Nuclide Factor Nuclide Factor
I-135+Xe~135m° 9.6E+00 T1-204 3.5E=03
Xe=131m 3,1E=02 Pb=210 3.7E-03
Xe=133 1.3E-01 Bi-207 7.6E+00
Xe=133m 1.4E-01 Bi-210 0.0
Xe~135 1.3E+00 Po=210 4.4E-05
Xe-135m 2.2E+00 Ra=226 3.4E-02
Xe-138 5.4E+00 Ac=227 5.4E=04
Ce~-134 8.0E+00 Ac-228 4.6E+00
Cs~135 0.0 Th=227 5,4E~01
Cs=136 1.1E+01 Th-228 8.6E-03
Ba-137m 3.1E+00 Th=230 1.5E=03
Cs=137+Ba=-137m? 3.1E+00 Th=231 4.3E-02
Ba-133 1.9E+00 Th=232 6.4E=04
Cs=138 1.1E+01 Pa-231 1.6E-01
Ba=-140 9.8E-01 U-232 9.9E-04
La=140 1.1E+01 Pa-253 1.1E+00
Ce-141 3.6E=01 U=233 1.0E=03
Ce-1+4+Pr-144° 2.3E-01 U-234 5.2E=-04
Pr-144 1.5E=-01 U=235 7.6E=01
Pr-144m 1.3E=02 U=-236 3.7E-04
Pm-145 4.3E-02 U-238 3,2E-04
Pm-147 1.6E=-05 Np=237 9,2E=02
Sm=147 0.0 Pu-236 3.6E~04
Sm=151 2.7E=06 Pu-238 2.6E~04
Eu~152 5.5E+00 Np=-239 8.0E-~01
Eu-154 6.0E+00 Pu-239 3.2E-04
Eu-155 2.2E-01 Pu=240 2.5E-04
Gd~-153 3.3E-01 Pu=-241 0.0

Ty 3 €0 5.3E+00 Pu-242 2.2E-04
wu-166m 8.2E+00 Am=241 6.2E=02
Tm=170 1.6E-02 Am=242m 1.7E=03
Yb=169 1.3E+00 Am=243 1.8E-01
Hf=172 NC Cm=242 3.0E-04
Hf-181 2.8E400 Cm=-243 6.2E=-01
Ta-182 6.0E+00 Cm=244 2.5E-04
W~187 2,4E+00 Cm=245 3.1E-01
Ir-192 4.4E+00 Cf-252 2,3E-04
Au=198 2.2E+00

Dose factors from sources are multiplied by 1/2 toc consider ground surface.
Dose from short-lived daughter products are included.

urce- DOE/EH-0070 "External Dose Rate Conversion Factors for Calculation of
Dose to the Public", July 1988
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Table H-8
REPRESENTATIVE SHIELDING FACTORS FROM GAMMA CLOUD SCURCE

Structure or Representative
Lecation Shielding Factoxr® Range
Outside 1.0 -
Vehicles 1.0 -
wood-Frame House®

(no basement) 0.9 -
Basement of Wood House 0.6 0.1 to 0.7°
Masonry House (no -

hasement) 0.6 04 20 0.7
Basement of Masonry House 0.4 0.1 to 0.5°

Large Office or i
Industrial Building 0.2 0.1 to 0.3

The ratio of the interior dose to the exter.or dose.

A woed frame house with brick or stone veneer is approximately equivalent t«
a masonry house for shielding purposes.

This range is mainly due to different wall materials and different
geometries.

The reduction factor depends on where the personnel are located within the
building (e.g., the basement or an inside room).

Source: NUREG-1062 and EGG~1183~?670, December 1975.
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Table H-9
REPRESENTATIVE SBHIELDING FACTORS FOR BURFACE DEPOSITION

Representative 4

sStructure or lLocation
Cars on fully decontaminated

50~ft road a5
Trains .4

One~- and two-story wood-frame .
house (no basement) .4

One~- and two-story block and .
brick house (no basement) W2

House basement, one or two walls
fully exposed: 3"

One story, less than 2 ft of
basement, walls exposed .08°

Two stories, less than 2 ft of
basement, walls exposed .03°

Three- or four-story structures,
5000 to 10,000 sq. ft. per floor:

First and second floors .05°
Basement .01b

Multi-story structures,
>10,000 sq. ft. per floor:

Upper floors .01°

Pasement .005b

* fThe ratio of the interior dose to the exterior dose.
Away from doors and windows,

8Source: NUREG-1062 and EGG-1183~1670, December 1975
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Table H=10
EARLY HEALTH EFFECTE OF EXPOSURE TO RADIATION

Exposure Dose
Rate Threshold®
{rx/hx) {rad) _ ©Qrgan Health Effects
>6 50 Whole Body® Vomiting and diarrhea might occur
>6 150 Whole Body"® 50% vomiting and diarrhea occurs
>6 > 3000 Thyroid Hypothyroidism
1000 700 Lung Deaths might occur
100 2000 Lung Deaths might occur
50 4000 Lung Deaths might occur
10 16000 Lung Deaths might occur
5 31000 Lung Deaths might occur
K s
1000 150 Bone Marrow (WB*) Deaths might
occur
1000 230 Bone Marrow (WB*) Doath: might
occur
5 220 Bone Marrow (WB®) Deaths night
occur
5 330 Bone Marrow (WB*) Doath’ night
occur
5 440 Bone Marrow (WB%) 50% deaths
5 660U Bone Marrow (WB*) 50% deaths
1 500 Bone Marrow (WB*) Deaths might
oceur
1 750 Bone Marrow (WB*) Doathg might
occur
1 1000 Bone Marrow (WB®) 0% deaths
1 1500 Bone Marrow (WB') 50% deaths

Whole Body calculated elsewhere in this manual is approximately equal to
Bone Marrow dose.

Minimal treatment is no medical treatment beyond basic first aid.
Supportive treatment is the maximum medical treatment available, but does
not include bon*“ marrow transplant.

9 1his is a thresrzold., Actual occurrences at this level unlikely.

The threshold fur effects are total absorbed dose and rate dependent.

Source: NUREG 'CR-4214, Rev., 1, 4/8Y
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i

Assumes a .5 release fraction.

4/91
Table H-11
THYROID DOSES
< % MILE DOWN WIND ACUTE ADULT DOBES
Inhalation
Maximum Fire Initiated
Release Release
ren ~ ren'
Nuclide Ci released Ci in fire
I-12% 4.8E~02 2.4E~-02
I-129 1.4E-01 7.0E=02
I-131 1.5E-01 7.1E-02
I-132 9 BE~04 4.9E-04
I-133 2.7E=02 1.4E-02
I-134 1.6E~04 8.0E-05
I-135 4.6E-03 2.3E-03
THYROID DOSES
MILE DOWN WIND ACUTE ADULT DOSES =~ AVERAGE MET. CONNDITIONS

Inhalation
Maximum Fire Initiated
Release Release
rem rem'
Nuclide Ci _released €i in fire
I=-125 2.6E-03 1.3E-03
I-129 7.6E=03 3.8E-03
I-131 8.3E-03 4,2E-03
I-132 5.3E-05 2.7E~05
I=133 1.5E-03 7.5E~04
I-134 8.6E~06 4.3E-06
1-135 2.5E-04 1.3E-04

(D STABILITY, WIND SPEED 2 M/8)

THYROID DOSE FACTORS

ACUTE ADULT INHALATION
rem/hr

Nuclide
I-125
I-129
I-131
I1-132
I-133
I-134
1-135

3.5E+05
1.,0E+06
1.1E+06
7.0E+03
1.9E+05
1.1E+403
3.3E+04

K-37
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Table H-11 - Continued

Scurce: Immersion = DOE/EH-0070 "External Dose Rate Conversion Factors
for Calculation of Dose to the Public", July 1988
Inhalation - Irhalation Dose (ICRP-30), "Doses From Intake of
Radionuclide by Adults and Young People", National

Radiological Protection Board, NRPB-R162, 1985



HEALTH EFFECTS - LD50°

RAD - -
Supportive Treatmerit
A
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WORKSHEET H-1

DOSE BASED ON
ISOTOPIC RELEASE RATE

@ (Thyrold)
IMMERSION;
@ ®
(Relesse Rate)* (xu/Q) (Dose Factor) (Release Nuration)
o (m -2) (rem)(m ) (hr)
(Cl)(hr)
( ) x ( ) X ( ) X ( )
{ ) ,
(m/8) (rem)
(Wind Speed)
' @ (Thyrold)
@ ®
(Release Rate)* (xu/Q) (Dose Factor) (Release Duration)
(Cl/8) (m =2) (rem){m ?)_ (hr)
(Chi(hr)
{ ) x { ) x { ) x ( )
( )
(m/8) (rem)
(Wind Speed)
QROUND;
® ©
(Cl released)* (Gr0und Concentratmn) (Dose Factor) (Exposure Duration)
Factor
2
teh) (Cl/m 2) (rem)(m %) (ht)
Ol released (Ch)(hr)
( ) X ( ) x ‘ ) X ( )
(rem)

NOTE: See other side for converslon chart
O = referenced Table No

‘ » Fire Release Rate = Ol Avaligtie x Pelense Fraction By Fire {page H-11)
Helease Durationis)




Centimeters
Meters
Kilometers
Square meters
Cubic meters

inches

Feet

Miles
Square feet
Cubic feet

WIND SPEED CONVERSION

METRIC TO ENGLISH

0.3037
3.2808
0.6214
10.764
36.316

inches

Feot

Miles
Square feet
Cubic feet

ENGLISH TO METRIC

204
0.3048
1.609
0.083
028

Centimeters
Metors
Kilometers
Square meters
Cubic meters

PMT~416
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WORKSHEET H-2

DOSE BASED ON
AIR AND GROUND CONCENTRATIONS

O ‘(Thyroid)
IMMERSIQN;
®

[(Alr Concentration)x (Dose Faotor) x (Time)

(Ol/m 9 tramitmii (hr)
(Cl)ihr)
{ ) x ( )% by (ram)
INHALATION; .
O “(Thyroid)
®

(Alr Concentration)x (Dose Factor) x (Time)

(Cl/m?) (temiime) (hr)
(Cl){hr)
{ ) X { ) x 1 JE bl {rem)
GROUND:

@

(Ground Concentration) x (Dose Factor) x (TIme)

(Cl/m 2) {remiim 2) "hr)
(Cl)(hr)

" (rom)

O * referenced Table No
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WORKSHEET H-3

PROJECTIONS DOWNWIND
FROM FIELD MEASUREMENTS

@
xu/Q (at projected distance)x dose rate
(m =2 (units 8s measured)
( ) X ( ) -
{ )
-2 Dose rate &t projected
{m"™ )
xt/Q (at measurement point) locstion
O ; (Units as measured)
4

SOURCE TERM BASED ON
FIELD MEASUREMENTS

(Alr Concentration) x (Wind Speed)
(Ci/m3) (m/g)

- Cl/s

(xu/Q)
Note: Measurements should be taken

&) at plume center line
b) 2 miles from plant
¢) 16-30 minute average

(O = referenced Table No
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WORKSHEET H-4
INSIDE ENCLOSURE

AIR CONCENTRATION

(Cu maters)

Use formulas below to
Calcu'ate Concentratisn

EIRE INITIATED RELEASE CONCENTRATION
")

TAata ® rliy Aun amkiasIBlre R £ g a Erantinn)
tal 88 AvBIIBAD!6 Q@ Hg'oase a

JN

~
/ m

Go to Worksheet #2
to calculate dose

MAXIMUM RELEASE CONCENTRATION

Total Curies Avaliable)

3

m

Qo 1o Worksheet #2
to caloculate dose
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1.

£

BASIS AND ASSUMPTIONS

Radionuclide Selection

The lists include all radionuclides licensed by the NRC plur those

expected to be present in a reactor accident

Doses

a. Adult acute inhalation is 30-~day integrated absorbed doses.

b. Adult breathing rate of 1.2 m’/hr is used for inhalation doses
(source: EPA). Light activity ICRP=-23,

c. Red bone marrow doses from DOE/EH-0070 are used as whole body
doses for immersion and ground shine,

d. Immersion dose is for a semi~-infinite cloud.

- Plume Transport Condition Assumptions

a. 'D' stability

b. 2.2 m/sec wind speed (2 mph)

- I8 distances of 1/4 and 1 mile

d. 1 Ci release

e, 1 hour duration of exposure

£ no precipitation

g. ground level release

Compounds Inhaled

Where the NRPB Dose Factors provided a choice in 1lung clearance
classes (i.e., D, W, and Y), the most conservative factor was
selected.

Dose equivalent gquality factors were included in the tables. For an
acute dose the high LET was multiplied by quality facter of 10 and
added to the low LET factor as described in NUREG/CR-5247. A quality
factor of 10 was used instead of 20 to better represent the acute
dose.

. The effects of daughter products were included in the inhalation

factors but only in the immersion or ground shine factors where noted.
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PLUME PHASE GENERAL POPULATION PROTECTIVE
ACTION ASSESSMENT

Cbjective

Assessing public (offsite) protective actions.

Guidance
CAUTION:

5Do ndt allow offsite officials to await an NRC assessment before}
ftaking action. }

CAUTION:

Do not interfere with or question offsite actions if an
announcement of protective action recommendations for the nearby
population is imminent or has begun, because the process may be
delayed. If further action appears appropriate, the NRC
recommendation should be made after the initial actions have been
started.

mw

CATITION:

W
L. e "UF6 korlease Assessment." Section E, for assessment of
pr-.*tective ~ctions involving UF,.

NOTE:

For reactor accidents, licensees' recommend actions and offsite
officials act on the recommendations. There are provisions for
prompt decision making and warning of the public 24 hours a day.
Revising the preplanning actions may delay the response. The NRC
is not part of this process,

Step 1
NOTE:

Only the emergency plans for power reactors contain protective
action criteria.

Review the protective action criteria in the licensee and State or local
reactor emergency plans and procedures,

Step 2

Assess the protective actions for reactor accidents involving severe
core damage or loss of contrcl using the chart on page I-3 or for
accidents involving radiation releases using the EPA guidance on page
I-4.

Step 3

If we are in agreement with the recommendations and actions, inform the
ET/DSO. 1If not, proceed to Step 4.
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TLUME PHASE GENERAL POPULATION PROTECTIVE
ACTION ASBSESSMENT

Objective

Assessing public (offsite) protective actions.

Guidance
CAUTION:

Do not allow offsite officials to await an NRC aloessmont'before‘
taking action.

CAUTION:

Do not interfere with or question offsite actions if an
announcement of protective action recommendations for the nearby
population is imminent or has begun, because the process may be
delayed, If further action appears appropriate, the NRC
recommendation should be made after the initial actions have been
started.

| w

CAUTION:

Use "UF, Release Assessment," Section E, for assessment of

srotective actions involving UF,.

NOTE:

For reactor accidents, licensees' recommend actions and offsite
officials act on the recommendations. There are provisions for
prompt decision making and warning of the public 24 hours a day.
Revising the preplanning actions may delay the response. The NRC
is not part of this process.

Step 1
NOTE:

Only the emergency plans for power reactors contain protective
action criteria.

Review~ the protective action criteria in the licensee and State or local
reactor emergency plans and procedures.

Step 2

Assess the protective actions for reactor accidents involving severe
core damage or loss of controi using the chart on page I-3 or for
accidents involving radiation releases using the EPA guidance on page
I-4.

Step 3

If we are in agreement with the recommendations and actions, inform the
ET/DSO. 1If not, proceed to Step 4.
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Btep 4
CAUTION:

;If offsite technical contacts cannot be contacted in aj
| reasonable period of time, proceed to the next step. -

Discuss assessment differences with licensee and/or off-site technical
contacts and determine basis for their protective action recommendation.

Btep %
Prepare a briefing for the ET or DSO using the following checklist:

comparison of the recommendations or actions of the licensee,
off-site officials and your assessment

the results of your discussions with licensee and off-site
officials (or the fact that these parties could not be
contacted)

the title, name, and phone number of the licensee and off~-
site protective action decision mikers

existing emergency plan or procedure criteria
conditions that affected licensee or 2ff-site decisions:
local weather

- population affected (see page I1-5, reactor population
data)

- populations needing special consideration (e.qg.,
industrial facilities, beaches, hospitals, prisons, etc.)
the bounds of your consequence assessment
offsite radiological conditions, if known

Step 6

Provide assessment verbally to the ET/DSO immediately, followup with a
written assessment,

Step 7

Consult and brief the representatives of other Federal agencies as time
permits.

Step 8

Consider "Intermediate Phase General Population Protective Action
Assessment," Section J-1.

END
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SBEVERE CORE DAMAGE OR LO88 OF CONTROL OF FACILITY
PUBLIC PROTECTIVE ACTIONS

e
e

am— B e ——

,-“"/‘_‘ o T
e Actual or projected severe
( core damage' or 1loss of
N e
N control of facility ///////
= ‘-\"'""-‘-..__ /f‘

n——————

: . X :
Evacuate 2 mile radius and 5 mile
3 !
downwind " unless conditions
4
pake evacuation dangerous and

shelter remainder of plume EPZ

T SE———

continue assessment based on
all available plant and field

monitoring information.

Modify protective actions® as
necessary Locate and evacuate hot
spots Do not relax protective
actions until the source of the
threat 1s clearly under control

. R ——

- Severe core damage is indicated by (1) loss of critical functions
required for core protection (e.g., loss of injection given a
LOCA); (2) high core temperatures (PWR) or partially covered core
(BWR) ; (3) very high radiation levels in area or process monitors.

- Distances are approximate - actual distances will be preplanned
based on local conditions.

- During preparation for evacuation, people should shelter if
possible.

- ©“4h as very dangerous travel conditions or immobile infirmed
p¢r " lation.

~ on 'Aer WPA PAGs (page 1-4).
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RECOMMENDED PROTECTIVE ACTIONS TO REDUCE WHOLE BODY AND THYROID
DOSE FROM EXPOSURE TO A GASEOUS PLUME

CAUTION:

For non-reactor accidents involving releases of isotopes for
which inhalation dose to organs other than the thyroid may
dominate, use CEDE in place of whole body dose.

LOTE:

This EPA guidance may be revised shortly.

jeiessss
Projected Dose (rem)
to the Population Recommended Actions® Comments
Whole body <1 No planned protective actions.” Previously
recommended
Thyroid <$ State may issue an advisory to seek sheiter | protective
and await further instructions. actions may be
reconsidered or
Monitor environmental radiation levels. | -erminated.
Whole body 1 to <§ Seek shelter as a minimum. If constraints
exist, special
Thyroid 5to <25 Consider evacuation. Evacuate unless consideration
constraints make it impraciical. should be given
for evacuation
Monitor environmental radiation levels. of children and
pregnant
Control access. women.
Whole body 5 and above Conduct mandatory evacuation. Secking shelter
would he an
“Thyroid 25 and above | Monitor environmental radiation levels alternative if
and adjust area for mandatory evacuation evacuation were
based on these levels. not immediately
possible.
Control access.

' These actions are recommended for planning purposes. Protective action decisions at the time
of the incident must take existing conditions into consideration.

b At the time of the incident, officials may implement low-impact protective actions in keeping
with the principle of maintaining radiation exposures as low as reasonably achievable.

Source: EPA PAG Manual 89
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SUMMARY OF PERMANENT AND TRANSIENT POPULATION
AT NUCLEAR POWER REACTORS

CAUTION:
These data are 1) years old.

TRANSIENT
PERMANENT POPULATION® POPULATION®*
SITE 02 mile 05 mile 0-10 mile 0«10 mile
ARKANSAS 853 7320 25394 6000
BEAVER YALLEY 376 16658 142268 5400
BELLEFONTE 309 4696 25080 2437
B1G ROCK POINT 269 4368 9274
BRA DWOOU 3545 11490 26015 81085
BROWNS FERRY 148 2414 27678 19600
BRUNSWICK 711 43173 10583 21000
8YRON n 7140 21393 43762
CALLANAY 82 632 5759 4545
CALYERT CLIFFS 4] 3501 19972 1150
CATAWBA 340 1068 81423 46879
CLINTON 48 918 12666 28472
COMANCHE PEAK 29 2684 16731 8918
COOPER STATION 40 830 5417 3000
CRYSTAL RIVER 0 82% 13595 1010
0 ¢ COOK 723 12364 §3755 16089
DAVIS-BESSE 1030 2872 16427
OIABLO CANYON 10 57 18099 §3700
DRESDEN €13 7498 39289 5900
DUANE ARNOLD 238 3821 79323
FARLEY 27 1877 10681 1420
FERMI 3004 13460 71517
FITZPATRICK 242 3909 35155 20790
FORT CALHOUN 207 7666 15254 871
FORT ST VRAIN 237 3373 16373 350
GINNA 930 9979 39162 5863
GRAND GULF 180 202% 7255 2873
HADDAM NECX 2345 12129 74080 29415
HARR S 110 1545 15795 11000
HATCH 10?7 894 5312 150
HOPE CREEX 0 1209 22556 5539
INDIAN POINT 15165 74755 240455 9285¢
KEWAUNEE 163 1600 1108¢
LASALLE 130 1145 13913 3130
LACROSSE 512 2001 7307
LIMERICK 4349 100364 164870 23185
MAINE YANKEE 372 5663 28730 42338
MCGUIRE 420 4189 46233 31178
MILLSTONE 5176 486485 110166 83129
MONTICELLO 279 7611 20183
NINE MILE PUINI 242 3909 35185 20790
NORTH ANNA 225 1639 2688 1166
TPrimary source of permanent population: Estimates of 1982 population ceveloped
by NRC staff,

+**Transient population: Based on informatiorn obtained from FSARs, E Plans,
NUREG/CR-1856 (1981) and on licensee estimates. Transient population data
are considered to include a large degree of uncertainty.
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TRANSIENT
PERMANENT POPULATION® POPULATION**

SITE 02 mile 05 mile 0-10 mile 010 mile
QOCONEE 401 4670 50841 20000
QYSTER CREEK 4700 14950 71440 73676
PAL [ SADES 988 5203 32773

PALO VERDE 10 208 761 4000
PEACH BOTTOM 512 6153 28647 9858
PERRY 1882 17238 71902 53271
PILGRIM 1716 15249 41401 83085
POINT BEACH 239 1256 20994 1200
PRAIRIE ISLAND 290 4228 21462

QUAD CITIES 224 5740 16445 12038
RANCHO SECO 126 691 8552 2234
RIVERBEND 601 4053 22872 13700
ROBINSON 1164 10435 26908 5000
SAINT LUCIE 210 9417 94054 40000
SALEM 0 1209 22556 5539
SAN ONOFRE 3650 28450 57150 25900
SEABROOK 6040 32060 100720 116988
SEQUOYAH 890 7503 38972 24000
SHOREHAM 6681 27681 108804 21420
SOUTH TEXAS 4 268 2550 4622
SUMMER 220 1883 8869 2000
SURRY 49 1399 73411 63758
SUSQUEHANNA 1177 13317 §1232 3720
THREE MILE ISLAND 2331 27466 161509 6335
TROJAN 537 7507 65346 1500
TURKEY POINT 0 30 92664 4500
VERMONT YANKEE 2086 9231 31909 3544
YOGTLE 517 1133 2669 200
WATERFORD 914 13756 60009 7000
WATTS BAR 209 2696 13916 8000
WOLF CREEK 24 3698 5520 1100
WNP-2 0 80 1338 11824
YANKEE ROWE 204 1748 24718 2443
ZION 12981 59247 245006 65750

TPrimary source uf permanent popuiation: Estimates of 1982 population ceveloped
by NRC staff.

**Transient population: Based on information obtained from FSARs, £ Plans,
NUREG/CR-1856 (1981) and on licensee estimates. Transient population data
are considered to include a large degree of uncertainty.
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Intermediate Phase General Population Protective Action
Assessment (Relocation — Reentry)



INTERMEDIATE PHASE GENERAL POPULATION
PROTECTIVE ACTION ABSESSMENT
(RELOCATION = REENTRY)
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NOTE:

- EPA has developed the EPA Manual of Protective Actions for
, January 1990, which is the basis for the

| following guidance. These steps are also indicated in Figure

| 1, page J-4.

| - EPA should be consulted.

Step 3
NOTE:

For reactor accidents, the dose from ground shine appears to be
far more important than the inhalation dose from resuspension;
however, this must be confirmed by sampling.

Based on environmental data, determine the areas where the projected
one-year dose will exceed 2 rem and relocate persons from those areas,
with pricrity given persons in the highest exposure rate areas using
the Intermediate Phase Dose Projection Considerations, page J-5.

Step 4

Allow evacuated persons to return immediately if exposure rates are not
in excess of twice the norma. background before the accident (typical
background is 10uR/hr). If resuspended activity could drift into the
occupied areas, a buffer 2zone should be established to restrict
occupancy until the situation is analyzed and dose projections are
confirmed.

Step 5

Determine the location of the isodose line corresponding to the
Intermediate Phase relocation PAG (Table 1, page J-6), establish the
boundary of the restricted zone, and relcocate any persons who still
reside within the zone. Evacuated persons whose residence is in the
area between the boundary of the plume deposition and the boundary to
the restricted zone may return gradually as confidence is gained
regarding the projected dose in the area.

NOTE:

It is an objective of the intermediate phase PAGs (Table 1) to
assure that 1) doses in any single year after the first year will
not exceed 0.5 rem, and 2) the cumulative dose over 50 years will
not exceed 5 rem EDE. For reactor accidents, the 2 rem proje.ted
dose in the first year is expected to meet all of these
objectives.
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CONDUCT AERIAL AND GROUND SURVEYS DRAW ISODOSE RATE LINES

\ IDENTIFY HIGH DOSE RATE AREAS CHARACTERIZE CONTAMINATION
RELOCATE POPULATION FROM HIGH DOSE RATE ARREAS

ALLOW IMMEDIATE RETURN OF EVACUEES TO NONCONTAMINATED ANEAS

PERIOD OF ESTABLISH RESTRICTED ZONE BOUNDARY AND CONTROLS
o : RELOCATE AEMAINING POPULATION FROM WITHIN RESTRICTED ZONE
RELEASE, -~ GRADUALLY RETURN EVACUEES UP TO RESTRICTED ZONE BOUNDARY
=
DISPERSION, g CONDUCT D-CON AND SHIELDING EVALUATIONS AND ESTABLISH PROCEDURES
g FOR REDUCING EXPOSURE OF PEASONS WHO ARE NOT RELOCATED
oeposiTion, S
PERFORM DETAILED ENVIRONMENTAL MONITOHING
4
- PROJECT DOSE BASED ON DATA
-
EVACUATION, 4
> DECONTAMINATE ESSENTIAL FACILITIES AND THE!R! ACCESS ROUTES
AND ACCESS & RETAIEVE VALUABLE AND ESSENTIAL RECORDS AND POSSESSIONS
o
CONTROL REESTABLISH OPERATION OF VITAL SERAVICES

BEGIN RECOVERY ACTIVITIES

(NO TIME SCALE)
CONTINUE RECOVERY.

MONITOR AND APPLY
ALARA IN OCCUPIED
CONTAMINATED AREAS.
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INTERMEDIATE PHASE DOSE
PROJECTION CONBIDERATIONS

NOTE:

Environmental measurements and data analysis will be conducted
by DOE at the FRMAC,.

1. Conduct measurements and take samples to decermine the principal
radionuclides and amounts contributing to ground shine and their
relative abundance.

NOTE:

«Xtensive measurements may be required due to considerable
variations in deposition.

If only primary field monitoring data is available a crude estimate
of the radionuclides could be made by using the ratios shown in
"Typical 2nd Day Mix of Ground Contamination Resulting from a Major
Reactor Accident," page K-6.

' Determine the 1st year, 2nd year and 50 year integrated dose
(include decay and weathering) from ground deposition.

Use Table 2, page J-7 to calculate the dose for each radionuclide.
N TE;
1f withdrawal of contaminated food or water from vse would, in

itself, create a health risk, the committed effective dose
equivalent from ingestion should be added to the integrated dose,.

- ¥ Perform air sampling to determine magnitude of inhalation dose due
to resuspension and calculated inhalation dose for the 1st and
2nd years.

Table 3, page J-8, provides 1st and 2nd year dose factors for
inhalation dose assuming weathering based on initial air
concentrations taken early in the accident.

4. Sum the integrated ground shine dose projection from Step 2 and
inhalation dose projection from Step 3 and compare to relocation
PAGs (Table 1, page J=6).

5. Multiply the measured ground concentration (pCi/ma) by the skin
beta dose conversion factors with weathering (Table 4, page J=-9)
to project skin dose. Compare these levels with 50 times the

relocation PAGs in Table 1, page J-6 (see Comment in Table).

CAUTION:
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Table 1

PROTECTIVE ACTION GUIDES FOR EXPCSURE TO DEPOSITED

RADIOACTIVITY DURING THE

INTERMEDIATE PHASE OF A NUCLEAR INCIDENT

Protective PAG (projected
Action dose)? Comments
Relocate the general >2 rem Beta dose to skin may be up to

vopulation,®

Apply s1mple dose
reduction technigues.©

50 times higher.

<2 rem These protective actions
should be taken to reduce doses
to as low as practicable levels.

a The projected sum of effective dose equivalent from external gamma
radiation and committed effective dose equivalent from inhalation of
resuspended materials, from exposure or intake during the first
year, Projected dose refers to the dose that would be received in
the absence of snielding from structures or the application of dose

reduction techniques.

These PAGs may not provide adequate protection

from some long-lived radionuclides,

Persons previously evacuated from areas outside the relocation zone

defined by this PAG may return to occupy their residences., Cases
involving relocation of persons at high risk from such action (e.qg.,
patients under intensive care) should be evaluated individually.

© Simple dose reduction techniques include scrubbing and/or flushing

nard surfaces, soaking or plowing soil, minor removal of soil from
spots where radioactive materials have concentrated, and spending

more time than usual

indoors or in other low exposure rate areas.
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8861 Atne '0L00-H3/FOQ

Init:al exposure?

(weathering factor included)b

Integrated dose

rate at I m year year 2 550 year
Half-lii1fe {mit/h (mrem per {mrem per {mrem per
Radionuc | ide hours per pCifmd) pCitm?) pC1tm’) pCijm’)
2r-95 1.54€+03 12608 3305 4.06-07 BT
Nb-95 3.41€+02 1.36-08 {b) (b) {5)
Ru-103 9.44E %02 8.26-09 7.1E-06 0 7.1E-06
Ru-106 8.88E+03 3.86-09 1.2€-05 1.78-06 1.8E-05
Te-132 7.826+01 4.06-09 3.2¢-06 0 3.2¢ 06
i-131 1,936+ 6.6E-09 1.3E-06 0 1.3 06
1-132 2.30E+00 3.76-08 (6) (v) {b}
1-133 2.08E+01 1.06-08 2.1£-07 0 21607
1-135 6.61E+00 2.4¢-08 1.66-07 0 1.6€-07
Cs-134 1.B1E+04 2.66-08 1.0€-04 4. 76-05 2.8¢-08
Cs-137 2,855 1.0E-08 4.56-05 2.9¢-05 6.16-08
8a-180 3.076+02 3.26-09 1.16-05 0 1.16-05
La-140 4.02e+01 3.5E-08 (B) (b} (n)

3fstimated exposure rate at | meter above contaminated ground surface.

Based on data from reference (DO .88).

bRadionuc 1des that have short iived daughters (Zr/Nb-95, Te/l-132, Ru/Rh-106, Cs-137/Ba-137m, Bajla-120) are
The integrated dose factors listed are the effective gamma dose due to

assumed to quickly reach equilibrium.

the parent and the daughter.
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NVERSION FACTORS FOR INHALATION OF
RESUBPENDED MATERIAL
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Table 4

BKIN BETA DOSBE CONVERSBION FACTORS FOR
DEPOBITED RADIONUCLIDES (a)

Dose conversion factors?
(mrem per pCi/m¢)

Radioactive decay Radiouctise

Radionuclides plus weathering decay only
Co-58 1.2E-7 1.4€-7
Co-60 4, 2E«7 5.6€-7
Rb-86 0.0~ 5,7€-5
Sr-89 1,5€-4 1.6E-4
Sr-90 1.2€-5 1.7€-5
Y-29 2.2t-4 2,9€-4
Y-91 1.6E-4 1.9€-4
Zf‘-gs 7.25"7 8.3:‘7
Nb-95 6,1E-7 7.4E-7
Mo-99 4,4E-6 4,6E-6
Tc-99m 7.7€-9 7.7€-9
Ru-103 6.8E-7 7,8E-7
Ru-106¢ 6.4E-7 8.7€-7
Rh-105 6.5E-8 6.6E-8
Sb-127 3.4E-6 3.4E-6
Te-127 1.0E-6 1.0E-6
Te«127m 7.8E-7 2.5€-7
Te-129 5.0E-7 5.06~7
Te-129m 3.4€-5 3.6€-5
Te-131m 2.9E-7 2,9€-7
Te-132 5.4E-9 5.4E-9
[-131 8.5E-7 8.7€-7
[-132 5.0E-5 5.0E-5
Cs-134 2.6E-~5 3.3E-5
Cs~136¢ 1.4€-7 3.78-7
Cs-137¢ 2,1E-5 2,9E-5
Ba-140 9.1E-6 9.6E-6
La-140 1.2E-5 1.3E-5
Ce-l41 6.6E-7 7.1€-7
Ce-143 2.3E-6 2.3€-6
Ce~144C 8,7€~7 1.1E-6
Pr-143 1.3€-5 1.4E-5
Nd-147 4.3E-6 4 ,5E-6
Np-239 3.4€-8 3.4E-8
Am-241 4,6E-8 6.4€-8

aBased on data from reference AR-89, :

ose e |va1 nt integrated for a one-year exposure at one meter height plus
?he esg mated dose tg ghe sk?n ’rom m‘geria{g 3gpos?teg nmghe sk ngas H
result of being in the contaminated area.

CCon ributions from short-lived (one hour or less) deca rodu e
included in dose factors }or thé parent radionuc]ides fi?e.. 186 Ba-136,

Ba-137, and Pr-144),
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GENERAL GUIDANCE ON CONTAMINATION CONTROL

For emergency situations, the following general guidance regarding
surface contamination is recommended:

1.

L&)

Do not delay urgent medical care for decontamination efforts or
for time-consuming protection of attendants.

Do not waste effort trying to contain contaminated wash water.

Do not allow monitoring and decontamination to delay evacuation
from high or potentially high exposure rate areas.

(Opticonal provision, for use only if a major contaminating event
occurs, and rapid early screening is needed,) After plume passage,
it may be necessary to e¢stablish emergency contamination screening
stations in areas not qualifying as low background areas. &uch
areas should be less than 5 mR/h gamma exposure rate. These
screening stations should be used only during the early phase and
for major releases of particulate materials to the atnosphere to
monitor persons emerging from possible high exposure areas, provide
simple (rapid) decontamination if needed, and make decisions on
whether to send them for special care or to a monitoring and
decontamination station in a lower background area. Table 5

provides guidance on surface contamination levels for use if such
centers are needed.

Establish monitoring and personnel decontamination (bathing)
facilities at evacuation centers or other locations in low
background areas (less than 0.1 mR/h). Encourage evacuated persons
who were exposed in areas where inhalation of particulate materials
would have warranted evacuation to bathe, change clothes, wash
clothes, and wash other exposed surfaces such as cars and trucks
and their contents and then report to these centers for monitoring.

Table 6 provides recommended surface contamination guidance for use
at these centers.

After the restricted zone is established, set up monitoring and
decontamination stations at exits from the restricted zone.
Because of the probably high background radiation levels at these
locations, low levels of contamination may be undetectabie. If
contamination levels are undetectable, then they probably do not
exceed those in some unrestricted areas occupied by the exposed
population and no decontamination is required. Nevertheless, these
individuals should be advised to bathe and change clothes at their
first opportunity and certainly within the next 24 hours. i 6 48
after decontamination 2t the boundary of the restricted zone
scvations, perscons still exceed the limits for this station, they
should be sent for further decontamination or for medical or other
special attention. As an alternative to decontamination,
contaminated items other than persons or animals may be retained
in the restricted zone for radiocactive decay.



PMT=-409 4/91 J=11

7. Establish auxiliary monitoring and decontamination stations in low
background areas (background less than 0.1 mR/h). These stations
should be used to achieve ALARA surface contamination levels.
Table 6 provides surface contamination screening levels for use at
those stations.
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Table S

PMT~409

RECOMMENDED SURFACE CONTAMINATION BCREENING LEVELS FOR

EMERGENCY SCREENING OF PERSBONS AND OTHER SBURFACES AT SCREENING

OR MONITORING BTATIONS IN HIGH BACKGROUND RADIATION AREAS
(0.1 mR/h TO 5 mR/H GAMMA EXPOSURE) %

4,91

Conaition Gerger-counter shielded-
window reading

Recommended action

gefore decontamination <2X bkgd and <0.5 mR/h
above background

»2X bkgd or >0.5 mR/h
above background

Unconditional
release

Decontaminate,
Equipment may be
stored or disposed
of as appropriate.

After decontamination <2X bkgd and <0.5 mR/h
above background

»2X bkgd or >0.5 mR/h
above background

Unconditional
release

Continue to
decontaminate or
refer to low back-
ground monitoring
and d-con station.
Equipment may also
be stored for
decay or disposed
of as appropriate.

*Monitoring stations in these high exposure rate areas are for use only
during the early phase of an incident involving major atmospheric

releases of particulate, Otherwise use Table 6.
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Table 6

RECOMMENDED SURFACE CONTAMINATION S8CREENING LEVELS FOR PERSONS
AND OTHER BURFACES AT MONITORING STATIONS IN LOW BACKGROUND
RADIATION AREAS (<0.1 mR/h GAMMA EXPOBURE RATE)

Condition Geiger counter Recommended action
thin window? reading
Before decontamination <2X bkgd Unconditional release
»2X bkgd Decontaminate
After simpleb <2X bkgd Unconditional release
decontamination effort
»2X bkgd Full -
decontamination
After full® <2X bkgd Unconditional release
decontamination
effort
»2X bkgd Continue to d-con
persons
<0.5 mR/hd Release animals
and equipment
After additional <2X bkgd Unconditional release
full decontamination
effort

»2X bkgd Send persons for
special evaluation

<0.5 mR/nhd Release animals
and equipment

»0,5 mR/nd Refer, or use
informed judgment on

further control of
animals and equipment

d Window thickness of approximately 30mg/cmé is acceptable. Recommended
limits for open window readings are expressed as twice the existing
background (including background) in the area where measurements are being
made. Corresponding levels, expressed in units related to instrument
designations, may be adopted for convenience. Levels higher than twice
background (not to exceed the meter reading corresponding to 0.1 mR/h) may
oe used to speed the monitoring of evacuees in very low background areas.

O Flushing with water and wiping is an example of a simple
decontamination effort.

¢ Washing or scrubbing with soap or solvent followed by flushing is an
example of a full decontamination effort.

d Closed shield reading including background.
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INGESTION PATHWAY PROTECTIVE ACTION ASSESSMENT

Objective

Assess ingestion pathway protective actions, if requested by State or
local authorities.

Guidance

CAUTION:

For accidents potentially involving large release of iodine, |
cesium, etc. (e.g., General Emergency), milk producing animals}
within 10 miles should be immeaiately placed on stored feed ifl
possible.

8tep 1

‘btain HHS (FDA), USDA, and/or EPA (water only) expertise at either
H. adquarters (through the Protective Measures Team) or from the HHS,
USDA, or EPA representatives at the site (FRMAC) .

Step 2
NOTE:

- Use verified measurements, not dose model projections.

- Rain may increase deposition in some locations.

= Use of gross gamma readings should be avoided if (1) the ratio
of nuclides is not constant or (2) only a small number of
samples have been analyzed in the laboratory.

- This procedure is based on FDA Ingestion Pathway Guidance as
reproduced in EPA Manual of Protective Actions for Nuclear
Incidents, Chapter 3 and Appendix D, January 1990 except where
noted.

Gather information on analyzed ingestion pathway samples from DOE
(FRMAC) , State and local governments.

Etep 3
CAUTION:

| Levels of cesium in milk approaching the "response level should!
| cause surveillance of meat, If both Cs-134 and Cs-137 arel|
| equally present as might be expected in reactor accidents, the]
| response levels should be reduced by a factor of 2.
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CAUTION:

There is a delay in appearance of radioactivity in milk. The

peak concentration occurs at 3 days for I-131 and &-8 days for
cs and Sr after ingestion of contaminated feed. In order to
calculate the maximum concentration that the sample would
build-up to, the concentration at the time of the sampling
should be dividec¢ by the ratio of the unit concentration at the
time of sanpling to the unit maximum concentration on Figure K-

1, page K-24.

NOTE:

A severe reactor accident may release a complex mixture of
isotopes =-- look for them., See Table K-1, page K-6.

NOTE:

Derived response level (DRL) is a calculated radionuclide
concentration in food, milk, and water, which, if ingested
without any protective actions, would result in a projected
dose commitment equivalent to the preventive or emergency PAGs .,

Determine the most important contributions to the ingestion pathway,
using Table K-1, page K-6, as the starting point for a severe reactor
accident. (I-131 will be important short term and Sr-90, Cs~134, etc.,
long term.) sum the ratios of the measured value for each nuclide
present to the individual derived preventive or emergency response level
(DRL) in Tables K-2 through K-7 for each food of interest
{£(nuclides/DRL) }. Sum the ratios for all foods. If the total is
greater than one, the FDA ingestion PAGs (Table K-8, page K-17) are
exceeded and the actions in Table K-9 (pages K-18 and

K-=19) would be warranted.

DRL by Pathway Table Page
FDA Grass-Cow-Milk Preventive DRL K=2 (see CAUTION) K=7
FDA Grass-Cow~Milk Emergency DRL K=3 (see CAUTION) K-8
FEMA 5 day Drinking Water DRL K-4 K=-9
FEMA 1 year Drinking Water DRL K-5 K-11
FEMA 30 day Vegetable DRL K=6 K=13

FEMA 1 year Vegetable DRL K=7 K=15
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8tep 4
Consideration of other foods or radionuclides:

Calculate the response levels for other radionuclides using the
daily consumptions in Table 10, page K-20 and dose factors in Table

11, beginning on page K-21.

Derived Response PAG, (mrem)
Level =
(Ci/kg)
Consumption| X |Days of Intake X |Dose Conversion
(kg/day):] (see discussion Factor
below) (mrem/ucCi)
NOTE:

The dose factors in Table K-11 are adult effective dose
equivalent based on ICRP-30 taken from EPA-520/1~88-020, 9-88,
These factors may be different from those used elsewhere in the
document. They should only be used for isotopes not covered
elsewhere.

Determination of Days of Intake

The days of intake determines the total quantity of food ingested.

Assessment of the days of intake to be used in the calculation of
derived response levels should consider all the factors that influence
the length of time that contaminated food would be consumed, such as:
the food, the food distribution system, the population of concern, and
the radionuclide.

The days of intake is determine by the shorter of the radionuclide mean
life (T,) or the mean effective life (T ) or some other arbitrary time
limit (e.g., 30 days or 1 year). See NS&E (page K-4) for discussion of
T, and T.

a. Radioactive decay will limit the days of intake for the short half-
life radicnuclides. 1If there is no weathering, and the activity
is reduced only by radicactive decay, the mean life for the
radionuclide of concern should be used to determine the days of
intake (T, = 1.44 x Radiologica) Half-Life) See NOTE (page K=4):
Example A.

b. As an initial assessment, a 14 day weathering half-life may be
assumed for foods being harvested on a daily basis,

¢ When both radioactive decay and weathering are present, the mean
effective life for the radionuclide of concern should be used to
determine the days of intake. (Tye = 1.44 x Erffective Half-Life)
See NOTE (page K=-4): Example B.
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The mean life (or mean effective life) is used to assess the days of
intake as follows:

Exanple A: I-131 without weathering
Radiological half-life (T,) of 8.05 days.

Days of intake = mean life = 1.44 x T, = 1.44 x 8.05
= 11.6 dlYl

Example B: 1-131 with weathering
Assume weathering half-life (T, of 14 days.
Radiological half-life (T,) of 8.05 days.
S8ince both radiological decay and weathering are present the
effective half-life (T, is used to determine the days of
intake.
The effective half-life is:
T, X%,  8.08 x 14

T, = = = 5.1 days.
Ty + T, 8.05 + 14

The days of intake from the combined action of both
radiological decay and weathering are:

Days of intake = mean effective life = 1.44 x T,
= 1.44 x 5.1
= 7.3 days

Care must be used in calculating the mean life for certain short-
lived radionuclides which have long-lived parent nuclides. In
these cases, if the parent nuclide is present in the contamination,
the mean life for the short-lived radionuclide will appear to be
the same as that for the long-lived parent nuclide.

When considering water, if the impact of parameters affecting
concentration (other than radiocactive decay) are unknown, the mean
life should ke used to assess the days of intake.

Source: Bruce Burnett, FDA, 3/91

END




TYPICAL 2ND DAY MIX OF GROUND CONTAMINATION
RESULTING FROM A MAJOR REACTOR A I JENT
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Source:

K7
Table K-2
FDA GRABS -~ COW « MILK PREVENTIVE DERIVED
RESPONSE LEVELS
Derived response |evels for grass-cow-milk pathway equivalent
o Preventive PAG dose commitment of | .5 rem thyroid, 0.5 whole body
or red bone marrow to infant’
Response levels 1or
Preventive PAG [«131% Cs-134' Cs-137} S$r-90 Sr-89
Initial activity
area deposition
(wCi/md) 0.13 2 3 0.5 ]
Forage concentration®
( yCilkg) 0.05 0.8 1.3 0.18 3
Peak milk acitivity
(uCi/l) 0.015 C.13 0.2 0.009 0.14
Total intake (yCi) 0.09 4 7» 0.2
'ﬁe\vborn infant incluces fetus (pregnant women) as critical segment of population

for iodine« |31, For other radionuciides, “Infant' refers to child less than | year of
age.

‘Fgom fallout, lodine~131 is the only radiociodine of significance with respect to milk
contamination bevond the first day. In case of a reactor accident, the cumulative
intake of jodine- 133 via milk is about 2 percent of iodine«131, ASSUMING equivelent
deposition.

'Intake of cesium via the mear-man pathway for adult may exceed that of the milk
pathway; therefore, such levels in milk should cause surveillance and protective ac-
tions for meat, as appropriate. If both Cs-136 and Cs-137 are equally present, as

TIgNt be expected in reactor accidents, the response |evels should be reduced by a
factor of <.

‘Fresh weight.

HHS Publication FDA 82-8196, 8-82, p. 17

(reproduced in EPA
PAG Manual, EPA 520.3-75-001A, 1990).
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Table K-4
5 DAY DERIVED PREVENTIVE RESPONSE LEVELS
FOR DRINKING WATER"
Initial Water Concentration Equivalent to ths
tment

Adu1td Teenagerd  Chilgdd Infantd
Nuclide  Qrgan® uCi/liter) (wCi/liter)
1-13] Th 1,26-1® 1.1€-1 4.56-2 2.5E-2
1-132 Th 1.2€+4] 1.4E+] 4.9640 3.5E-1
1-133 h 2.4E+0 2.6E4+0 9.1€-1 5.8E-]
Rb-86 Lv 2.6E40 5,6(40 1.9E+40 7.1€-1
Cs-134 Lv 7.4€-] 3.6E-1 1.9€-1 9.4E-1
Cs-136 Lv 2.2640 2.4E+0 1.36+0 9.36-1
(s-137 Lv 8.2E-1 4.8E-1 2,261 1.6E+0
Te-127m Kd 1.8E40 1.9€+0 8.8E-1 7.8E-1
Te-131m Gl 2.46+0 3.1E40 2.9£+0 4.4E40
Te-132 Gl 1.0E40 1.6E40 2.5E40 2.7E+0
sb-127f 61 1.1€+0 1.7640 2.6640 4.8E40
Sr-89 Bo 4.3640 1.7€-1 5.6F-2 5,9€-1
Sr-90 Bo 7.1E-2 8.66-3 4.2(-3 4.56-2
Bz-140 Gl 1.4E40 1.9E40 9.8E-1 7.4€-1
Mo-99 Kd 9.1E40 9.4E40 4 . 6E+0 5.9E40
Ru-103 6l 2.4840 3.5640 3.9E40 6.4E40
Ru-106 Gl 2.8E-1 3.8(-1 3.9E-1 6.1E-1
Rh-108 Gl 1.26+41 1.86+4) 2.96+] 5,46+]
Co-58 Gl 3.4E40 5, 5E40 7.0£+0 1.3E+]
Co-60 Gl 1.2640 2.0E4+0 2.4E40 43640
Y-90 Gl 4,.9E-] 6.3E-1 6.1€-) 9.3E-1
Y-91 Gl 6.6E-] 8.9¢-] 9.2E-1 1.4E40
2r-95 Gl 1.7€40 2.4E40 2.840 4.6E+0
r-97 Gl 3,4E40 4.0E+0 3.3E40 4.9E40
Nb-95 Gl 2.5E40 3.8E40 4.6E40 8.0E40
La-140 Gl 6.1F-1 8.3E-1 8.2E-] ].3E40
Ce-141 Gl 2.2E40 3.0E+0 3.0E+0 4. 7640
Ce-143 Gl 4.0E+0 5,1E4+0 4.7640 7.1640
Ce-144 Gl 3.0E-1 4.1E-1 4.26-1 6.5E-1
Pr-143 G! 1.4E40 1.9€40 1.9€40 2.9E+0
Nd-147 Gl 1.7€40 2.2E40 2.3E40 3.6E40
Np-239 Gl 45640 5.8E40 5, 5640 8.4E40
Pu-238% Bo 7.5€-3 9.9€-3 4.8-3 6.9E-3
Pu-239¢ Bo 6.4-3 8.4-3 3.4E-3 5.86-3
Pu-240 Bo 6.46-3 8.4-3 3.4£-3 5.8£-3
pu-241F 8o 3.1E-1 4.0E-1 2.0€-1 2.8€-1
Am-24l: Bo 1.2€-3 2.0E-2 7.8E-4 1.1E-3
Cm-242¢ 8o 5.9E-2 7.86-2 3.8(-2 5,3E-2
Cm-244 Bo 2.5E-3 3.26-3 1.6€-3 2.3E-3
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Table K-4 - Continued

Notes!:

Assumes a contaminated water ingolticn period equivalent to the
shorter time interval of the radionuclide mean lifetime (assuming
no weathering) or & days. Water is ingested at the rates given in
NRC Reg. Guide 1.109 for the maximum exposed individual (see

page K=20).

The derived response level for each radionuclide is capable of
producing the preventive PAG dose. Therefore, if more than one
radionuclide is present in the sample, the sum of ratios technique
must be used to estimate the individual radionuclide concentrations
that are permissible, e.9.,

Conc A Cone X
-'.'001" -51
Response Level A Response Level X

Th=thyroid, Lv=liver, Kd=kidney, Bo=bone, WB=whole body,
Gl=gastrointestinal tract, These are the critical organs for the
corresponding radionuclides.

Calcuiated concentrations may vary if calculation assumptions
concerning ingestion rates and dose conversion factors are
different from those presented in NRC Reg. Guide 1.109,

1.2E=1 = 1.2x10" = 0.12.

Adult dose conversion factors (DCFs) were obtained from ICRP=30;

dose conversion factors for other age groups were estimated by

multiplying these adult DCFs by DCF ratios (gther age group)
adult

presented in NRC Reg. Guide 1.109 for other nuclides having similar

critical organs and retention times.

Source: FEMA REP-13, 1990, pp. 2+«5, 2-6,.
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i YEAR DERIVED PREVENTIVE RESPONSE LEVELS
FOR DRINKING WATER'
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Table K-5 = Continued

Notes!

Assumes a contaminated water ingestion period equivalent to the
shorter time interval of the radionuclide mean lifetime (assuming
ne weathering) or 365 days., Water is ingested at the rates given
in NRC Reg. Guide 1.109 for the maximum exposed individual (see
page K-20).

The derived response level for each radionuclide is capable of
producing the preventive PAG dose., Therefore, if more than one
radionuclide is present in the sample, the sum of ratios technique
must be used to estimate the individual radionuclide concentrations
that are permissible, e.g.,

Conc A Conc X
*o0e# - £ 1
Response Level A Response Level X

Th=thyroid, Lv=liver, Kd=kidney, Bo=bone, WB=whole body,
Gl=gastrointestinal tract., These are the critical organs for the
corresponding radionuclides.

Calculated concentrations may vary if calculation assumptions
concerning ingestion rates and dose conversion factors are
different from those presented in NRC Reg. Guide 1.109.

6.3E~2 = 6.3%x10° = 0.063.

Adult dose conversion factors (DCFs) were obtained from ICRP-30;

dose conversion factors for other age groups were estimated by

multiplying these adult DCFs by DCF ratios (Qther age group)
adult

presented in NRC Reg. Guide 1.109 for other nuclides having similar

critical organs and retention times.

Source: FEMA REP=-13, 19%0, pp. 2-8, 2+9.
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Table K-¢

30 DAY DERIVED PREVENTIVE l’!!ﬂlll LEVELS
FOR VEGETAPLE

Adylts s & Chilgé
Produced Leafy® Produc,  Loatv Produce Leaf
Nuclide uLizkg ' " | ulizkg uﬂizin
1-131 136417 9.9641 6.46-2  9.3¢-) 3.36-2 6.7t
1132 2.0E+] 1.66+2 1.3641  1.9E42 5.6640  1.1E42
1-133 3.5040  2.841 2.2040  3.20+) 9.4(-] 1.9E+1
Rb-86 1.8E+0  1.44) 2.2040  3.1E4) 9.06-1  1.8E+)
Cs-134 2.6-1  2.1E+0 7.56-2 1,160 4.76-2  9.5E-1
Cs-136 1.8640  1.4E4) 1.1640  1.6£+] 7.06-1 ] 4E+)
Cs+137 2.9(-1  2.3540 9.66-2 1.4E+0 6.46-2  1.1640
Te-127m 7.66-1  6.0E+0 4,461  6.36+0 2.5-1  5.1E40
Te-13Im 3.6E40 2.9E+] 2. 76+ 3.8E+) 3.06+0 6.1E+]
Te-132 17640 1.3E41 1.6640  2.2041 2.9040  5.BE+)
S$b-127 1.6640  1.3f+1 1.5640  2.1E41 2.8640  5.7(+1
Sr-89 2.0640  1.6E+) 4.66-2 6.60-1 1.96-2  3.8E-)
Sr-90 2.56-2  2.0f:) 1.76-3  2.8E-2 1.06-3  2.1f-2
Ba-140 11640  B.7640 8.6(-1 1.204] 5 5(-1 1.1E4]
Ho-99 1. 5641 ). 2642 B8.7640  1.3E42 5. 1640  1.0E+2
Ru-103 1.2040  9.8E+0 1.0640  1.5E+) 1.4640  2.9E+]
Ru-106 1,06-1  8.26-1 8.16:2  1.2(40 1.0E-1  2.16+40
Rh-1089 1,841 1.4E42 1.6641  2.30+2 31641 6.4E42
Co-58 1.5E+0 1.264) ].4E40 2.0E+4] 2.2040 4.404]
Co-60 . 4E-1  3.5840 4.06-1  5.7640 6.06-1  1.204]
Y-90 1.76-1 1.4E40 1.3E-) 1.8640 1.56-1  3.06+40
Y-91 3 1E-] 2.4640 2.4E-1  3.4E+40 3.06-1  6.0E40
Ir-98% 7.86-1  5.9(40 6.36-1  9.1£+0 8.76-1  1.8E+)
r-97 50040  3.9f+] 34640  4.9E¢) 34640  6.9E4)
Nb- 9% 1.3640  1.0E+] 1.2040  1.7E4) 1. 7640  3.5E41
La-140 5.06-1  3.96+0 3.86-1  5.5(+0 4. 76-1  9.56+0
Ce-141 1.2640 9.4£40 9.3E-1 1.3E+] 1.2640  2.4E4)
Ce-143 6.1640  4.8E+) 44640  6.4E4] §.0640  1.0E+2
Ce-144 1.16-1  9.08-) 8.86-2  1.3£40 11E-1  2.2E40
Pr-143 1.1640  8.6E+40 8.4E-] 1.2E4] 1.0640  2.164]
Nd-147 14640  1.1E+] 11640  1.6E+]) 1. 4640  2.80+1
Np-239 7.1640  5.6E+1 5.2640  7.6E41 6.1640  }.2642
Pu-238% 2.6E-3 2.0E-2 2.06-3  2.9E-2 1.2€-3 2.4E-2
Pu-2399 2.26-3 1,862 1.7€-3  2.4E-2 9.76-4  2.0f-2
Pu-2409 2.26-3 1.8E-2 1.76-3  2.4(-2 9.76-4  2.0F-2
Pu-2419 1.1€-1 8.66-1 8.06-2 1.2E+0 4.9E-2  9.9E-)
Am-2419 4.36-4  3.4(-3 3.26-4  4.7E-3 1.96-4  3.9(-3
tm-2429 2.3€-2 1.86-1 1.7€-2  2.8E-) 1.06-2  2.1E-)
Cm-2449 8.8(-4 6.9€-3 6.56-4 9.4-3 3.96-4  7.BE-D
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Table K-6 = Continued

Notes!

Assumes an ingestion period equivalent to the shorter time interval
of the radionuclide mean effective lifetime (includes weathering
and radicactive decay) or 30 days. Leafy vegetables and other
produce are ingested at the rates given in NRC Reg. Guide 1.109
(see page K~20) for the maximum exposed individual., Produce and
leafy vegetables are assumed to remain in the garden or field until
the time of consumption,

The derived response level for each radionuclide is capable of
producing the preventive PAG dose. Therefore, if more than one
radionuclide is present in the sample, the sum of ratios technirue
must be used to estimate the individual radionuclide concentrations
that are permissible, e.q.,

Conc A Conc X
+QOO+ - S 1
Response Level A Response Level X

Calculated concentrations may vary if calculation assumptions
concerning ingestion rates and dose conversion factors are
different from those presented in NRC Reg. Guide 1.109,

Produce = Non-leafy vegetables, fruits, and grains,

1,3E=1 = 1,3x10" = 0.13.

Adult dose conversion factors (DCFs) were obtained from ICRP-20;

dose conversion factors for other age groups were estimated by

multiplying these adult DCFs by DCF ratios ( , )
adult

presented in NRC Reg. Guide 1.109 for other nuclides having similar
critical organs and retention times.

Source: FEMA REP-13, 1990, pp. 2=12, 2-13.
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Table K-7
1 YEAR DERIVED PFEVENTIVE RESPONSE LEVELS
FOR VEGETABLE"
¢ _Teent Chilge

Produced Leafy® Produce Leafy Produce Leafy
Nuclide wCizkg  wliZkg uizkg wCizkg  wlizkg
1-131 g.9t-2F  7.0841 4.66-2  6.6E-1 2.36-2 4.7
1-132 1,7641 1. 4642 11641  1.6E42 4.BE4+0  9.8f+]
[-133 3.4840  2.7641 2.1640  3.0E4) 9.06-1  1.8E+)
Rb- 86 9.1€-1 7.1640 1,140  1.6E+41 4.66-1  9.4E+0
Cs-134 1.7€-2 1.3€-) 4.76-3  6.8E-2 2.9¢-3  5.9-2
Cs+136 1.1640  8.4£40 6.76-1  9.6E+0 4.36-1  B.6(+0
Cs-137 1.66-2  1.3-1 5. 46-3  7.7E-2 3.06-3 6,12
Te-127m 1,261 9.4f-) 6.96-2  9.9E-) 4.06-2 B.1F-)
Te-131 3.4E40 2.7E+1 2.5+ 3.6F+4] 2.8E+0 §.76+1
Te-132 1.4E+0 1.1E+) 1.36+0 1.9€+1 2.4E40 5.06+]
Sb-1279 1.46+0 1.1€-1 1.2640 1.8E4] 2.4E40  4,BE+]
Sr-89 §.76-1  4.5F40 1.36-2  1.8E-1 5.26-3 1.1E-)
Sr-90 1.96-3  1.1€-2 9.66-5  1.4(-3 §.76-6  1.26-3
Ba-140 6.76-1  5.3540 5,2 7.564) 3.46-1 6.8+
Mo-99 1.3E+1 1,0E42 7.6E40  1.10+2 4.5640  9.1E+]
Ru-103 4.20-1  3.3E40 3.56-1  5.0E40 4.86-1  9.76+0
Ru-106 7.26-3  5.76-2 566-3 B.1f-2 7.06-3  1.4E-)
Rh-1089 1,741 1.36+2 1.5641  2.2E+42 2.96+1  5.9E42
Co-58 3.3E-1 2.6E40 3061 4.4E40 4.86-1  9.76+0
Co-60 2.6(-2  2.0E-1 2.36-2 3.3 3.56-2 7.1E-)
Y-90 9.66-3  7.5E-2 7.16-3  1.0E-) 8.3(-3 1.7¢-)
) 7.86-2  6.20-1 6.06-2 B8.7f-] 7.6E-2 ],5E40
2r-9% 1.8€-1 1.4E40 1.56<1  2.2E+0 2.1E-1  4.2(40
r-97 4.86+0  3.8f+) 3.3640  4.76+] 3.3640  6.7E+]
ND-95 4.9E-1 3.86+0 4.36-1  6.2(+0 6.3E-1 1.36+]
La-140 3,06-1 2.4E40 2.36-1  3.4E+0 2.8E-1  5.8£+0
Ce-141 4.6E-) 3.6E40 3.66-1  5.2(40 4.56-1  9.1£40
Ce-143 5. 7640  4.5€+) 41640  6.0E+) 4.7640  9.5E+)
Ce-144 8.36-3  6.5(-2 £4F.3  9.3(-2 8.06-3  1.6f-)
Pr-143 6.56-1 5.1640 5.0E-] T, 2640 6.2€-1 1.26+1
Nd-147 9.2€-1 7.3640 7.26-1 1.0€4+] 9.0E-1 1.8E+]
Np-239 6.3640  5.0F+] 4.7640  6.7E+] 6.5640  1.1E+
Py-2389 ].4E-4 1.1€-3 1.16-4  1.6E-3 6.46-5  1.3E-3
Pu-2399 1.26-4  9.8E-4 9.36-5 1.3E-3 5.4E-5  1.1£-3
Pu-2409 1.26-4  9.8E-4 9.36-5  1.36-3 5.46-5  1.1€-3
Pu-2419 6.26-3  4.8E-2 4.56-3 6.56-2 2.7€-3  5.BE-2
Am-2419 2.4E-5 1.9€-4 1.86-5  2.6E-4 1.1E-5  2.2c-4
(m-2429 2.96-3  2.3E-2 2.2-3 3.1€-2 1.3€- 2.6E-2
Cm-2449 4.96-5  3.9(-4 3.76-5 5.3(-4 2.26-5  4.4F-4
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1 YEAR DERIVED PREVENTIVE RESPONSE LEVELS
FOR VEGETABLE

Netes:

Assumes an ingestion period eguivalent to the sherter time interval
of the radionuclide mean lifetime (assumes no weathering) or 368
days. Leafy vegetables and other produce are ingested at the rates
given in NRC Reg. Guide 1.109 (see page K-20) for the maximum
exposed individual. Also, assumes that the produce and leafy
vegetables are harvested shortly after a contaminating event.

The derived response level for each radionuclide is capable of
producing the preventive PAG dose. Therefore, if more than one
radionuclide is present in the sample, the sum of ratios technique
must be used to estimate the individual radionuclide concentrations
that are permissible, e.qg.,

Conc A Conc X
L TET s =< 1
Response Level A Response Level X

Calcilated concentrations may vary if calculation assumptions
concerning ingestion rates and dose conversion factors are
different from those presented in NRC Reg. Guide 1.109.

Produce = Non-leafy vegetables, fruits, and grains.
leafy = leafy vegetables.

8.9E~2 = 8.9%x107° = 0,089,

Adult dose conversion factors (DCFs) were obtained from ICRP=30:
dose conversion factors for other age groups were estimated by
multiplying these adult DCFs by DCF ratios (gther age group)

adult
presented in NRC Reg. Guide 1.109 for other nuclides having similar
critical organs and retention times.

Source: FEMA REP-13, 1990, pp. 2-10, 2-11.

e e e e
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Table K-8

FDA PROTECTIVE ACTION GUIDES
FOR INGESTION OF CONTAMINATED FOODS

Projected Dose
Organ of Commitment in
PAG Interest Rem

Preventive' wWhole body, 0.5
(Lower Impact) bone marrow,

or any other

organ

Thyroid 1.5

Emergency’ Whole body, 5
(High Impact) bone marrow,

or any other

organ

Thyroid 15

Preventive PAGs are applicable to situations where protective
actions causing minimal impact on the food supply are appropriate.
A preventive PAG establishes a level at which responsible officials
should take protective actions having minimal impact to prevent or
reduce the radioactive contamination of food or animal feed.

Emergency PAGs are applicable to incidents where protective actions
of greater impact on the food supply are justified because of the
projected health hazards. An emergency FAG establishes a level at
which responsible officials should isclate food containing
radiocactivity to prevents its introduction into commerce, and at
which the responsible officials must determine whether condemnation
or another disposition is appropriate.
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Table -9 - Continued

INGESTION PROTECTIVE ACTIONS
EMERGENCY PAG

lgolate food to prevent introduction into commerce and determine whether
condemnation or other disposition is appropriate.

Before taking action consider the following factors:

Availability of other protective actions.
Relative proportion of contaminated food in total diet.

Importance of the food and availability of wuncontaminated
substitutes.

contribution of radioisotopes in other foods to total dose.
Time and effect reguired to implem.it corrective action,

Exposure to food processing workers.



DAILY CONBUMPTION FROM
EPA FAG MANUAL, 1989, APP, D,

Average consumption
ihe_Reners) popuistior
4 » { tota et

&"‘

L
’A‘,g_gf SYTURS ., honey Nnolasses, ot
Fotatoes, swee!l potatoes
Yegetabies (exciuding potatoes) (rest
Yegetabies canned, frozen, dried
Yyegetabies juice (single strangt!
Fruit, fres

Fruit canned, {rozer ir i@

Fruit juice (single strengt?

Yher beverages

sOft drinks, cofiee, alconolic bves
SOUpP and gravies (mostly condensed
NUts and peanut butter

Tota | 99 .9

&5 Apressed a8 CalCium eguivalient; that is, tr
MUK 10 Which dalry products are eguivalent In calcium content
From the 2. Department of Agriculture Household Food Consump
tion Survey, 19651966

AVERAGE INDIVIDUAL CONBUMPTION FROM
REGULATORY GUIDE 1.109
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lable K-11
ADULT INGESTION DOSE CONVERSION FACTORS
mrew/uci
COMMITTED (50 YEAR) DOSE EQUIVALENT

Nuclide R. . Marrow Thyreid Effective
H=3 6,29E-02 6,29E-02 6.29E-02
C-14 2,.07E+400 2.07E+00 2.07E400
Na=22 1.55E+01 9.25E400 1.158+01
Na=24 1.37E+00 9.62E-01 1.41E400
P32 2.96E+401 2,41E+00 8.51E+00
P=33 1.81E+00 3.44E-01 6.88E-01
§=3% 2.81E-01 2.81E-01 4.44E~01
Cl=36 2.92E+00 2.92E400 3,00E+00
K=40 1.81E+01 1.78E+01 1,85E401
K=42 7.40E~01 7.40E=01 1.11E400
Ca~45 1.26E+01 2.07E~01 3.15E+00
EC=46 1.48E+00 2,81E~02 6.29E400
Ti=44 1.11E+01 8,.51E+00 2.29E+01
V4B 2.18E+00 4.44E-02 8.51E+00
Cr=51 4.44E-02 1,.37E=02 1.44E-01
Mn=54 1.78E+00 4.81E-01 2.74E400
Mn=56 8.88E~02 8.88E~03 9,62E-01
Fe=55% 3,70E=01 4.07E-01 5,.92E~01
Fe=59 3.11E+400 2,22E400 6,66E400
Co=60 4.81E+00 2.B9E+00 9.99E+00
Ni=63 3,15E-01 3.15E-01 6,.55E=01
Cu~64 7,03E=02 4.07E-02 4.44E-01
in=65 1.66E+01 1.18E+01 1.44E+01
Ga-68 2,15E-02 9.62E~04 3.40E-01
Se~7% 7.40E+00 4.07E400 $,62E400
Rb=£6 1.37E+01 7.77E400 9,25E+00
Sr-89 1.18E+01 8.88E-01 9.25E400
Er=90 7.03E+02 5.55E+00 1.41E402
Sr=91 3,70E-01 8.88E-02 2.48E+00
Y=91 2.41E-02 4.44E-04 9,25E+00
2r=93 2.74E+00 2.70E~04 1,63E+00
2r-9% 7.77E-01 3.03E-02 3,70E+00
Nb=94 2.70E400 4.44E-01 7.03E400
Nb=08 7.03E~01 4.07E~02 2.55E400
Mo=99 1.96E+00 5.92E~01 3,03E+00
Tc=99 2.22E-01 5.92E+00 1.44E+00
Te=-99m 2.29E8~02 3,11E-01 §.92E-02
Ru~=103 5.92E~01 2.29E-01 3.03E+00
Ru=10% §,51E-02 6.66E-03 1.04E+00
Ru=106 5.,18E+00 5.18E+00 2.74E401
Ag~110m 3,48E+00 6.66E~01 1.07E+01
Cd=109 1.37E+00 9.99E-01 1.29E+01
Cd~113 1.26E+01 1,26E+01 1.59E+402
In=114m 1.29E+01 4.07E-01 1.70E+01



Nuclide

Sn=113
Sn=123
Sn=126
Eb=124
Ebh=126
Te~127m
Te=~129m
Te-~131m
1-125
1=-129
I1-131
1-1356
Ce~134
Ce=136
Ce~137
Ba=131
Ba=1410)
La=1490
Ce~14:
Pm=14%
Pm=147
Em=~151
Eu=152
Eu=154
Eu=15%
Gd=153
Thb=160
Ho=166m
Tm=170
Yb=169
Hf=172
Hf=181
Ta-182
W=187
Ir=-192
Au~198
Hg=203
T1-204
Pb=210
Bi=207
Bi=210
Po=210
Ra-226
Ra=227
Ac=227
Ac=228

R. Marrow

6.29E-01
8.88E-01
9,99E+00
2,26E+00
2.66E+00
2.00E+401
1.29E+401
8.8BE~01
2.52E-01
8.14E~01
3.48E~01
1.33E~01
6,66FE+01
1.07E+401
4.81E+01
5.18E+00
1.59E+00
1.04E+400
3.2%E-01
1.96E~01
7.40E~02
9.99E-C2
3.37E+00
4,.07E+00
5.55E-01
2.96E-01
9.25E-01
3.00E+00
1.11E«01
5.92E-01
3.48BE400
6.66E-01
1.,11E+400
2.15E-01
9,25E-01
3.15E~01
3.44E-01
2.41E+00
5.18E+03
1.26E+00
7.03E-02
3.03E+02
2.18E+0)
1.59E~01
2.00E+04
9,99E~-01

mrem/uci

COMMITTED (50 YEAR) DOBE EQUIVALENT

Thyreld

7.77E=02
1. 15"’01
2.03E+00
4.07E~01
3.70E-01
J.48E~01
5.65E-01
1.55E+02
1,26E+03
8.8B8E+03
1,74E+03
6.29E+01
6.29E+01
9.99E+00
4.44E+0]
7.40E~01
1.92E-01
2.37E-02
1.89E~02
1.67E-03
34 15!:-07
1018E‘07
2.44E-01
2,11E-01
6.29E-03
7.77E=04
1.55E~02
2,03E~01
1.48E~03
1.33E-03
2.26E~-01
1.33E~02
3,33E-02
2.85E~03
1.37E-01
6.66E~02
7.77E+-02
2.41E+400
4.44E402
4.44E~02

7.03E~-02

3,03E+02
3.37E+02
6.66E~03
2.78E~01
30“3-03

PMT=107

ADULT INGESTION DOBE CONVERSION FACTORE
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Effective

3.07E+00
8.14E+00
1,92E+01
9,62E+00
9.99E+00
8.14E+00
1,04E401
8.8BE+00
3.70E+01
2.74E402
5.18E+01
2.22E+00
7.02E+01
1.11E+01
4.8B1E+01
3.37E+00
9.25E+400
8.14E400
2.07E+01
4.44E-01
1.04E400
3.70E-01
6.29E+00
9.25E+400
1,52E+00
1.15E400
6.,66E+400
7.77E400
5.18E400
3, 00E+00
4.44E+400
4.44E+00
6.29E+400
2.74E400
5.55E400
4.07E+00
2.29E400
3.33E+00
5.18E403
5.18BE+00
6.29E+00
1.,89E+403
1.30E+03
2.26E-01
1.41E+404
2.15E+00



INGEBTION DOBE CONVERBION FACTORS
nren TR |
YEAR) DOBE EQUIVALENT
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Figure K=-1
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Exposure Control for NRC During Rescue and Recovery
Activities
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EXPOSURE CONTROL FOR NRC
DURING RESCUE AND RECOVERY ACTIVITIES
Objective

Respond to questions concerning protective actions for NRC emergency
workers.

Guidance

Step 1

Review NRC Manual Chapter 0524, Appendix Part 6, "Guidance for Emergency
Exposure Control During Rescue and Recovery Activities," pages L-3
through L=7.

Step 2

Assure that all parties understand that:

1. All personnel not part of an emergency response organization should
take the same protective actions recommended to the general
population.

2. Emergency actions required for life saving or limiting the possible

consequences of an accident may require doses in excess of the NRC
regulatory limits (10 CFR Part 20).

3. Doses received should be recorded.

Step 3

Consider:

1, How critical is the function? Have alternatives been considered?

2.4 Is emergency worker dose being continuously monitored (personal
dosimeter or monitoring instruments)? Is projected dose

(commitment) known well enough to ensure that exposure received
does not significantly exceed projections?

CAUTION:

Some plant areas may require very high range monitoring
instruments (1000 KR/hr).

3 Can communications be maintained during mission?

4. Is preplanning possible to minimize dose?
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5. Are volunteers fzuiliar with the task to be done and capable of
doing it?
6. Are provisions to minimize thyrcid dose being taken (e.g., K1,

shelter, nor.al or improvised respiratcery protection).
I Were the general concepts of NRC Manual Chapter 0524 considered?

8. Doses should be limited to the guidance in the EPA PAGS (see Table
L-1, page L-8&).

END
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STANDARD FOR PROTECTION
NRC Appendix 0524 ___AGAINST IONIZING RADIATION

PART &

GUIDANCE FOR EMERGENCY EXPOSURE
CONTROL DURING RESCUE AND RECOVERY ACTIVITIES

A. Purpose. The emergency action guidance promulgated in this part provides
instructions and background information for NRC employees who are
involved in activities during an emergency to use in determining appro-
priate actions for the rescue and recovery of persons and the protection
of health and property.

B. General Considerations.

1. The guiding principle for performing rescue and recovery operations
is to minimize the risk of injury to those persons involved in
these operations; to control radiation exposures, consistent with
the immediate objective of saving human life; to recover deceased
victims, and to protect health and preserve property. Performing
rescue and recovery operations requires the exercise of prompt
judgement to detern.ine multiple hazards that may be involved with
the operations &nd alternate methods of accompiishing these opera-
tions. Sound judgement and flexibility of action are crucial to
the success of any type of emergency action.

2. To avoid restricting actions that may be necessary to save lives,
these instructions do not establish a rigid upper limit of expo-
sure but rather leave judgment up to the official in charge of
emergency operations to determine the amount of exposure that
should be permitted to perform the emergency mission.

3. The official in charge of the rescue or recovery activity shall
carefully examine any proposed action involving further radiation
exposure by weighing the risks of radiation exposure, actual or
potantial, against the benefits to bo gained. The magnitude of
the expected dose, biclogical consequences related to this dose,
ard the number of people involved are the essential elements to be
evaluated in making a risk determingtion. The following table
lists some of the bioclogical effects associated with various
radiation doses.

Approved: February 16, 1990
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STANDARD FOR PROTECTION
AGAINST IONIZING RADIATION NRC Appendix 0524

BIOLOGICAL EFFECTS OF ACUTE RADIATION EXPOSURES

Radiation Dose Acute Effect

10 rads, whole body Elevated number of chromosome

aberrations; no clinical injury
or symptoms

25-50 rads, whole body Changes in number of blood cells

100 rads, whole body Mild radiation sickness =« nausea,
vomiting, and fatigue are possible

400 rads, whole body Probably will result in death for
50% of exposed and untreated
population

600-900 rads, locally to eye Cataract probable

1000 rads, to skin Erythema and biistering

2000-5000 rads, whole body

Death in 3-10 days from intestinal
tract damage

10,000 rads or more, whole body Death within 48 hours owing to

central nervous system damage

4. In these instructions the criteria for accident situations that
involve saving lives differs from the criteria for recovering
deceased victims or saving property. In the latter instances, the
amount of expected dose received by persons should be controlled
as much as possible within occupational limits. In this context,
the use of potassium iodide should be considered to minimize
thyroid doses. Scientific data shows that to maximize the benefit
of dose reduction, potassium iodide must be taken several hours
before the planned exposure.

Emerqencr¥ Situations. Specific dose criteria and judgement factors are
set fort or e three categories of risk-benefit considerations:
actions that involve (1) saving human life, (2) recovering deceased
victims, and (3) protecting health and property. These actions should
be coordinated with those described in the licensee's emergency plans
or other existing plans to avoid any appreciable differences between
the dose criteria and judgment factors used by the NRC and the licensee.
These actions should not be limited to the rescue of NRC employees and
NRC contractors alone, but should apply to licensee employees, contrac-
tors, and visitors as well.
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STANDARD FOR PROTECTION
AGAINST IONIZING RADIATION

D.

Implementation. Each regional office shall establish a plan to imple-

ment this guidance for emergency response during rescue and recovery
activities. This plan shali --

1.

identify an individual by position or title who can authorize
emergency workers tc receive doses in excess of 10 CFR Part 20
limits. The regional administrator in each regon should be
designated as the lead person in charge of emer¢ency action for
the respective region.

Provi e to all appropriate regional personnel periodic training
(with written exams) on the emergency exposure procedures to be
followed during rescue and recovery actlivities.



RECOMMENDED PROTECTIVE ACTICNS TO REDUCE WHOLE BODY AND
THYROID DOSE FROM EXPOSURE TO A GASEOUS PLUME




Use of Potassium Jodide (KI) and
Thyreid Monitoring
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Use of Potassium lodide (KI) and Thyroid Monitoring
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UEE OF POTASBIUM IODIDE (KI) AND THYROID MONITORING

Objective

Provide information on the use of potassium iodide (KI).

Guidance

8tep 1
CAUTION:

KI
sheltering of the general populat.on near a plant for a severe
reactor accident. KI should not be distributed to the general
population if it will delay other immediate protective actions.
B e e

ie not an adequate substitute for prompt evacuation or

NOTE:

The decision to use KI to protect the public lies with the State
and local health authorities,

Consult with tha representatives of other Federal agencies (FEMA, HHS,

EPA) .

Step 2

Refer to the following information to answer questions:

1 .

Federal Position

Recommend the distribution of KI for thyroid blocking to emergency
workers, site personnel, and to institutionalized individuals who
might have difficulty evacuating during an emergency. This
recommendation is based on the individuals receiving an estimated
projected dose commitment of 25 rem to the thyroid.

Dosage

The FDA recommended dosage of KI is 130 mg/day for adults and
children above one year, and 65 mg/day for children below one year
of age (130 mg of KI contains 100 mg of stable iodine).

To be most effective, KI should be taken shortly before or just
after the intake of radioactive iodine. KJ should be administered
for at least 3 days after an acute exposure as it takes
approximately 48 hours for most of the radioiodine to be excreted
in the urine.
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Effectiveness

The effectiveness of KI in blocking uptake of radiciodine by the
thyroid depends strongly on the timing of the dose of Kl relative
to the exposure to radicactive iodine. KI is most effective when
taken just before or within 1-2 hours after exposure to
radioiodine. Taking the recommended dosages of KI just before or
at the time of exposure can provide greater than 90% blocking of
radicactive iodine uptake by the thyroid (see Figure M-1, page M-
3 If KI is taken approximately 3 to 4 hours after acute
exposure, about 50% blocking could still occur. Once radioactive
iodine has concentrated in the thyroid, KI is not very effective
at removing it.

Thyroid Monitoring

Field determination of iodine=-131 uptake can be made by holding a
gamma detector in a horizontal position immediately below an
individual's adam's apple. From the count rate an approximation
of the thyroid uptake can be obtained. Several detectors have been
evaluated using this technique and the results are given in the
Table below. Assume: Adult Thyroid Dose (rads) = 6.5 x I-131 uCi.

(Source: FDA-83=8211, Preparedness and Response in Radiation
Accidents,)

APPROXIMATE GAMMA INSTRUMENT RESPONSE
TO RADIOIODINE IN THE THYROID

Gamma Response at Surface of
Neck of Adult Thyroid (20 gm)
Instrument (cpm/uCi in gland)

GM instrument (CDV=700)

0CD-D=103 tube’ Approximately 50

Victoreen 6306 tube Approximately 500
End-window GM instrument® Approximately 150
Ludlum model 44-3 gamma scintillator® Approximately 4900

‘peta shield closed (approximately 1000 mg/cm’)
*End-window facing the neck
‘End of probe facing the neck

END




F THYROID BLOCKING AFFORDED BY
g of KI (100 mg OF IODINE)
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USE OF THE NRC TLD DIRECT RADIATION MONITORING NETWORK

Proceed to appropriate procedure:

Page
Activation of NRC TLD Support . . « « « « + « « N=2
Region I Dosimetry Group - Use of the
Direct Radiation Monitoring Network During
a Radiological Emergency . . + + « ¢« « « « s« « « N=12

Site Team Health Physics Support to
Region I TLD Dosimetry Group . « « +« + « « + « « N=20
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ACTIVATION OF NRC TLD SUPFORT

Objective

Activation of and initial coordination with the Region I,

Radiation Monitoring Network during a radiological emergency.

Guidance

NOTE:

Region I maintains a network of TLDs around each commercial power
reacter., The Region I staff who maintain this capability can
provide TLD support for any radiological emergency to include non-
reactor emergencies where TLDs may be effective in estimating
offsite release over the course of the accident or supplemental
personnel dosimetry. See page N-4 for a further description of
this capability.

CAUTION:

The TLDs (UD 801) currently used have a practical lower limit of
detection of several mR integrated exposure for short exposure|
periods. An exposure of 1 mR represents about four days of
background radiation.

CAUTION:

NRC TLDs have not been qualified at present time under NVLAP

criteria for personnel dosimetry.

CAUTION:

|

Consider activation of Region I TLD support if there is a:

1.

Poctential for a release involving a risk to public health or

invelving considerable public concern.

Potential for a release during recovery from an accident (e.g.,

fission products in containment).
8ite Area or General Emergency at a reactor.

Need for supplemental personnei dosimetry.

TLD Direct
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Step 2

Contact the Region I Dosimetry Group during normal hours (A) or after
hours (B) by:

A. Normal hours: calling Region I at 215-337-5000 and asking for the
Chief, Effluents Radiation Protection Section or his/her
supervisor,

or
B. After hours: calling the NRC Headgquarters Operations Center (HOO)
on 301-951-0550 and asking for the Regional Duty Officer (RDO).

Ask the RDO to place you in contact with Chief, Effluents Rediation
Protection Section or his/her supervisor.

Step 3

Consult with Region I Chief, Effluents Radiation Protection Section or
supervisor to discuss:

- Event location and status.

- Assistance required.

- Estimated time of arrival.

- Methods of coordination upon arrival at site location (e.g.,
through the HOO).

- Location where Region I personnel can operate and avoid unnecessary
exposure of annealed TLDs.

- Methods to advise Region 1 personnel on radiological conditions
upon arrival in general area of accident,

- Points of contact and health physics support needs.

- How to formally request the assistance if the NRC response
organization has not been activated.

Step 4

Formally request Region I TLD support during activation of the NRC
response organization (A) or when the NRC response organization is not
activated (B) by:

A, NRC Response Organization Activated (Standby, Initial or Expanded
Activation): calling the Headquarters Operations Center (301-951~
0550) and providing the request to the Executive Team or Executive
Team member.

or

B. NRC Response Organization Not Activated: as agreed upon in Step
30
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NRC TLD DIRECT RADIATION MONITORING NETWORK AND
IT8 USE DURING RADIOLOGICAL EMERGENCIES

Introduction and Purpose

'he NRC TLD Direct Radiation Monitoring Network is a resource that can
be used during and following a radiological emergency. The particular
use(s) of the Network is dependent on the timing and duration of any
releases and the response time of the NRC Dosimetry Group (Region I) to
the incident site. The Dosimetry Group is defined as the Region I
Dosimetry Specialist, his/her supervisor (Chief, Effluents Radiation
Protection Section) and a dosimetry assistant., A dcosimetry assistant

is another Region I individual who is knowledgeable of the NRC TLD
Network and system,

The overall purpose of the NRC TLD Network and any augmentation of it
during a radiclogical emergency is to provide a geographical profile of
radiological exposures or incremental exposures around a site, should

significant radiological releases occur. In addition, the NRC TLD
Network will be useful in confirming the licensee's initial and periodic
dose assessments. Such confirmations will be important since the

public's confidence in the licensee's measurements is likely to degrade
in the event of an emergency.

The following sections discuss particular uses of the Network depending

on the time at which Region I can respond and the phase of emergency
releases at that time.

A. Uses of the NRC TLD Direct Radjation Monitoring Network During
Emergencies

1. Arrival of Region I Dosimetry Group prior to the release or
prior to anticipated significant additional releases.

Many of the analyzed accidents, including those categorized
as severe accidents, result in releases that start hours or
days following accident initiation, if significant releases
occur at all. In such cases the Region I Dosimetry Group could
augment the routine network TLDs around the affected reactor
by adding TLDs at the existing and/or at additional locations.

Any augmentation would be at the direction of the Protective
Measures Coordinator of the affected Region's Incident
Response Site Team or his designee. The purposes for
augmentation may be several.

a) The current Network TLDs may not afford an optimal
spacial distribution for monitoring the accident
situation. Additional TLDs may be desirabie in other
sectors, at closer or greater distances, or at nearby
population centers or other areas of interest. Those

TLDs would supplement the Network TLDs, and those of the
licensee and State(s).
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TLL evchange following plume exposure can provide
an indication of relative ground deposition levels.)
TLDs provide the profile (or incremental profiles)
of radiological exposure cver the geographical area.

Arrival of Region 1 Dosimetry Group at the site after all
significant releases have occurred.

Arrival of the Dosimetry Group with additional dosimeters at
the accident site following all anticipated significant
releases should prompt the following actions from the
Protective Measures Coordinator or designee. 1f the releases
were contaminating, that is, iodines or particulates were
released in guantities sufficient to result in detectable
surface contamination, it would be greatly desirable to
exchange the Network TLDs expeditiously. A contaminating
release would likely have contaminated the in-place TLD
plastic holders and to a lesser extent the weatherproof
protective pouch containing the NRC dosimetry. Because of
the close proximity of these contaminated surfaces to the
dosimetry, this contamination may affect the TLD measurements
to a much greater extent than would contamination on the
ground, Estimates will be made of the factors and
uncertainties affecting the TLD measurements.

If the release has not been contaminating, the Protective
Measures Coordinator should still consider exchanging the
Network TLDs as soon as practicable following al! likely
significant releases. This exchange is desirable to allow
the development of the geographical exposure profiles while
minimizing additional exposure to the TLDs from ambient
background levels foliowing plume passage.

The NRC TLDs should npot be removed from the field without
replacing them. The need for information from the TLDs should
not outweigh the need for maintaining continuous monitoring
capability. This concern is to maintain either the original
TLDs or their replacements at each location throughout the
entire interval of interest following an accident, assuring
that no monitoring gap has occurred. Any such gap in
monitoring would leave open the possibility of, or suspicion
of, releases or exposures during the unmonitored interval.

The geographical exposure profiles will be utilized by the
NRC, FRMAC and/or other groups in assessing estimated total
population exposures, using information available on
protective actions taken and the timing of such actions. The
NRC TLDs should also be compared to other devices co-located
with them in order to correlate and expand the total number
of measurements available for this assessment.
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resides with the Region I Dosimetry Specialist and the Region 1
Chief, Effluents Radiation Protection Section. The emergency
response use of the TLD system, augmentation of existing Network
TLDs, personnel monitoring use, timiny and frequency of TLD
exchanges, etc., i under the direction of the §Site Team's
Protective Measures Coordinator or designee. It is expected that
close coordination between these lead individuals will ensure the
availability of technically valid data on a time scale that is
commensurate with the incident response needs.

In application, the Dosimetry Specialist and his management will
decide whether it is advisable to ship the manual reader to the
incident site. The Region I Dosimetry Specialist can be expected
to accompany the reader (if sent), and the annealed augmentation
TLDs to the incident site. (If the manual reader is not broughi to
the incident site, the Dosimetry Specialist will remain in Region
I with the automatic reader and equipment and prepare TLDs for the
site, read exposed TLDs, interpret measurements, and report them
to the Protective Measures Team.) The Region I Dosimetry Group
will also bring site maps, if available, showing the locations of
the Network TLDs and the current driving routes for TLD exchange.
At the site, the Dosimetry Team and a health physicist (generally
aleo from Region 1) .11 perform the dosimetry exchange as directed
by the Protective Measures Coordinator or designee. The health
physicist 1is expected to make exposure and contamination
measurements at each location (as directed) and to monitor the
radiation levels necessary for the protection of the TLD exchange
team in the event of a significant release. The dosimetry
assistant will assure that the TLDs are transported to Region 1 for
analysis or are read near site with the manual reader. The
Dosimetry Specialist and his manajement will ensure that all
appropriate reports are promptly prepared and disseminated with
uncertainties and limitations clearly stated, The Protective
Measures Coordinator or designee may provide technical input to the
Dosimetry Specialist and suggest other report fornats or
evaluations to better serve the NRC in the incident respons=,

i) | {vivd

Following exposure of the NRC TLDs (from the Network, augmentation
or personnel use) arrangements should be made by the Dosimetry
Group with the National Institute of Standards and Technology
(NIST) (formerly NBS) or agency with similar capability to expose
a representative sample of the NRC TLDs to the spectra of nuclides
and exposure configurations encountered during the accident. The
TLDs in this way can be calibrated after the field exposures, to
the same or approximately same energies and conditions. The field
values can then be adjusted to better reflect the actual exposures
and corresponding uncertainties measured during the accident.
These activities serve to narrow the assumptions about the
dosimetry response characteristics discussed in paragraph A.3 of
this document. (It should be noted that representative samples of
all types of TLDs and instrumentation used during the emergency
should be similarly evaluated).
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Other corrections should be made to the NRC TLD datz, including
the following. a) Normal ambient background exposure during tne
time the Direct Radiation Monitoring Network TLDs were in the field
should be estimated (based on past TLD measurements at those
locations) and subtracted. Note: For non-network locations,
estimates of backgrounds can be based on licensee or State
measurements, if the relative responses between the NRC and
licensee,/State TLDs have been determined; or based on comparisons
with the EG&G AMS preoperational overflight data. b) In-transit
exposure based on the Network control TLDs should be estimated and
subtracted, c¢) In-transit exposure during the exchange following
the accident should be estimated (based on appropriate controls)
and subtracted, d) If contamination of the TLDs occurred in the
field, estimates of the contribution of near-proximity
contamination to that of the plume exposure should be made based
on a measure of contamination levels, time cf exposure and
correlation of contamination levels to exposure rates to the TLD.
e) TLDs placed in the field following a contaminating release may
require correlation between TLD measured exposure levels and ground
contamination levels, It should be noted that the energy changes
in the gamma spectrum following deposition may raguire additional
energy calibrations at NIST or the calibration facility. The
Dosimetry Group should work closely with the FRMAC in these
activities.,

Technical Backaround

The NRC TLD Direct Radiation Monitoring Network is employed by the
Nuclear Regulatory Commission to routinely measure the radiation
doses at selected locations around all licensed NRC power reactor
facilities and a number of other sites. The monitering period over
which the doses are accumulated is normally a calendar quarter, but
this may be shortened if conditions warrant it. Such conditions
include unexpected releases of radioactive materials from the
reactor, such as during an accident. The program is conducted for
the NRC by the Dosimetry Specialist and Laboratory Assistant in the
Effluents Radiation Protection Section (ERPS), Facilities
Radiological Safety and Safeguards Branch (FRSSB), Division of
Radiation Safety and Safeguards (DRSS), Region I. NRC uses
participating States and contractor personnel to physically
exchange the dosimeters in the field.

The NRC TLD Direct Radiation Monitoring Network utilizes a
Panasonic Model UD 710A automatic reader and Model UD 801 4-
element thermoluminescent dosimeters (TLDs). The NRC also has a
Panasonic Model UD 702E manual TLD reader which can be transported
to remote locations and set up to anneal and read TLDs at locations
near the site of interest. Both the automatic reader and manual
reader can be connected to a micro-computer, to collect, analyze,
and store the data and perform desired calculations. The automatic
reader is routinely used to anneal, and read all of the field TLDs
(3000 to 4000) on a gquarterly basis. The manual reader is not
routinely used in the NRC TLD Direct Radiation Monitoring Network,
but is periodically checked to assure it will operate properly, if
needed.
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The UD 801 TLDs have two lithium borate (Li,B.0,:Cu) and two calcium
sulfate, (CaSQ,:Tm) elements, The lithium borate elements have a
flat, near tissue equivalent photon energy response, The calcium
sulfate, while much more sensitive than the lithium borate, is much
more photon energy dependent at photon energies below 100 keV. To
reduce this energy dependence, lead filters are used to cover the
calcium sulfate elements. The total filtration over the calcium
sulfate elements is 700 mg/cm’, One lithium borate element has an
"open" window (14 mg/cm?) and the second is covered by iS50 mg/cm?
plastic filters.

For routine environmental monitoring, all four elements of each
dosimeter are read. FPach element has its own calibration factor
which is used in computing the dose measured by the dosimeter.
Because the CaS0,:Tm elements are much more sensitive to photon
radiation than the lithium borate elements and show little residual
readout after annealing, the CasS0,:Tm elements are more precise for
routine environmental measurements. Current NRC practice is to use
only these two elements in computing the guarterly exposures for
each field TLD location.

The lithium borate elements, while less sensitive and having a
larger residual reading following annealing, are much less energy
dependent. The NRC routinely reviews the level of the CaS0,:Tm
measured exposure and the ratio of the CaS0.:Tm to Li B(ﬁ.Cu
measurements to ascertain any shifts in this ratio trcm that
routinely seen in the environment. Any ratio shifts result in
investigations of anomalous releases or unusual exposures of the
TLD. (The ratio changes with photon energies below 100 keV and
with direction of incidence of the radiation on the TLD. In
addition, the compensation of the filters for perpendicularly
incident photons does not result in a response curve which is
completely independent for all photon energies.) If the
approximate energies of the exposure can be determined, then the
dosimeters can be calibrated for these energies after the readout
and the measured exposures can be appropriately adjusted. (Ref.
NUREG-0837; NUREG/CR-=3775)
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REGION I DOSIMETRY GROUP =~
USE OF NRC TLD DIRECT RADIATION MONITORING
NETWORK DURING A RADIOLOGICAL EMERGENCY

01 PURPOSE

The purpose of this procedure is to describe the mechanism for
activating the NRC TLD Direct Radiation Monitoring Network (TLD Program)
during a radiological emergency, assign specific responsibilities for
implementing and coordinating its use during an emergency, and provide
considerations and actions for implementation for Region 1 personnel.

02 REFERENCES
PMT=413 Activation of NRC TLD Support

PMT=415 Site Team Health Physicist Support to Region 1 Dosimetry Group

Region I DRSS Instruction 0860.5 "NRC TLD Direct Radiation Monitoring
Program Manual", Part VIII - Emergency Response

03 ACTIONS

03.1 Activation

In the event of a radiological emergency and if the emergency situation
appears to warrant activation of the TLD program, the Protective
Measures Manager/Coordinator (PMM/PMC) of the NRC Response Team should
contact the Region I Dosimetry Specialist and his/her supervisor, Chief,
Effluents Radiation Protection Section, (if available). The specific
topics of discussion should include the status of the event; whether
releases have occurred or will likely occur; the intended purpose of TLD
augmentation (e.g., exchange of the Network TLDs, monitoring additional
locations, posting additional TLDs at current Network locations,
supplementirg personnel monitoring devices, etc.); the estimated time
of arrival, specific site destination, and contact point; the personnel
and equipment responding; and support needs for the Dosimetry Group at
the site. The Dosimetry Group consists of the Dosimetry Specialist and
supervisor, and one or more dosimetry assistants (other individuals
knowledgeable of the NRC TLD program). The Dosimetry Specialist would
likely remain with the manual reader, if used, or in Region I if the
manual reader is not taken to the site. The dosimetry assistant will

assist in preparing to respond to the site and will respond with the
equipment.

Note: The PMM/PMC has responsibility for determining what TLD
augmentation will occur and on what schedule. The Region
I Dosimetry Group is responsible for the technical
aspects of the implementation and will advise the PMM/PMC
in technical areas and in data interpretation.
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03.2 Preparation

After informing his/her management of the reguest for emergency
dosimetry, the Dosimetry Specialist and dosimetry assistant should
immediately prepare dosimetry and equipment for travel to the site
vicinity. (See Region I DRSS Instruction 0860,5, Part VIII.)

Note: Dispatch to the site will not occur (other than at Region
I) until officially requested by a member of the HQ
Executive Team through Region 1 management.

The decision to take the manual TLD reader (Model UD 702E) to the site
will be made by the Dosimetry Specialist and his/her management. This
decisicn will be based, in part, on the ability to get freshly annealed
TLDs to the site and return of exposed dosimeters to Region I on a
timely basis. It is preferable to bring the exposed TLDs back to Region
I and use the Model UD 710A automatic reader and associated computer
equipment for all measurements. If, however, the situation is such that
timely transport to and from the site are difficult, consideration
should be given to moving the Model UD 702E manual reader to the site.
In addition, if the TLDs are expected to be used in personnel moni-
toring, faster turn-around in terms of measurements may necessitate
moving the manual reader to the site.

03.2.1 Materials and Equipment

The number of TLDs to be annealed and moved to the site will depend on
their intended wuse as indicated by the Protective Measures
Manager/Coordinator. The number ranges from a replacement set of
Network TLDs for the site plus in-transit controls, to a full Network
replacement set for the site plus a second set for supplemental
measurements, approximately 50 TLDs for additional environmental
locations, 50 TLDs for personnel use, adequate control TLDs and TLDs
for standardizing the manual reader at the site. The Dosimetry
Laboratory maintains 100 TLDs designated for emergency response, in
addition to the second set of TLDs for each site (if the latter are not
in transit to or from the site as p=2it of the quarterly exchange
process) . After determining the intended use, the Dosimetry Group
should anneal the appropriate number of TLDs and prepare them for
shipment (with controls). (At this time it will not be necessary to
bag and label each TLD, since the situation at the site may dictate
other actions by the time the dosimetry reaches the site.)

The fellowing additional equipment shouid be prepared as the situation
dictates.

- the Manual Reader (Model UD 702E)/computer/associated software
(if decision made to take reader to site)

- supply of bags for sealing field TLDs

- bag sealers

- tags for field TLDs

- site map showing current locations of Network TLDs, if
available
site TLD driving routes for exchanging TLDs
NRC TLD measurement histories for site (NUREG-0837 data)
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- AMS preoperational or operational overflight radiological
reports/maps, if available

- uranium placque source for field calibrating manual reader at
site
tape (for sealing bags in the field)
shields (2) for reducing in-transit exposures during TLD
exchanges
booties (disposable)
latex gloves (box)
TLD badge clips (if use is intended for personnel monitoring)
and labels
scissors
smear papers/glassine envelopes
stapler w/staples

The Dosimetry Laboratory has assembled an emergency kit containing the
generic supplies and a listing of pertinent other egquipment/supplies to
be obtained at the time of an emergency.

03.2.2 Deployment to Site

Upon completion of the preparatory activities described above and a
request for TLD support is received from the Executive Team, the
Dosimetry Group (including a Region I health physicist) should travel
to the site area in an expedited manner.

The mode of travel and ETA should be provided to the NRC Protective
Measures Team. Directions for contacting NRC Site Team and location
for a near site TLD operating base should be obtained from the NRC

Protective Measures (typically through the responding Region's Base
Team)

Note: If travel is by air, hand-carry the annealed TLDs. DO
NOT HAVE X-~RAYED AT AIRPORTS.

03.3 Arrival at Near Site location

Upon arrival at the designated location, the Dosimetry Group should
contact the PMC through the HOO and arrange for a conference to discuss
the specifics of the TLD operations intended for the site. Requests for
support for the Dosimetry Group (communications, health physics support
if NOT from Region I, etc.) should be made to the PMC. Additionally,
arrangements should be discussed relative to retrieving the control TLD
maintained by the State or TLD exchange contractors for the batch of NRC
Network TLDs currently in the field. With the PMC or designee the
Dosimetry Group should determine where current Network TLDs should be
augmented. A map with locations of the current NRC TLD Network,
licensee, and State's dosimetry indicated would be very useful. When
directed by PMC/designee, the dosimetry assistant begins the
augmentation or exchange process with assigned health physicist.

Note: Exchanges should not be done if significant releases are
in progress. Discussions with PMC/designee should
include precautions to be taken if releases should occur
while the dosimetry team is in the field.
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If the manual reader was brought to the site, the Dosimetry Specialist
should set up and test the equipment. The Dosimetry Specialist will
usually remain with the manual reader (or in Region 1 if the automatic
reader is to be used) and will not be available for the field exchanges

or augmentation of the Network TLDs. Additionally, a series of
calibration dosimeters should be exposed using the uranium placque
source to ensure the reader is operating properly. The calibration

range snould extend as high or higher than the anticipated exposures
from the field/personnel dosimeters. (Additional calibration dosimeters
should be read 24 hours after exposure with the field/personnel exposed
TLDs, 1If the emergency situation demands that the dosimeters be read
earlier than 24 hours, they should be read and the fade times recorded.
The fade correction can be estimated later.)

03.4.1 Addition of New Field Monitoring Locations

Prior to leaving the TLD operations base, the Dosimetry Team and the
PMC/designee should have decided on the number and locations of each
new monitoring location and marked these general locations on a map.
The driving directions for optimum use of resources should be
preplanned; dosimeters bagged with appropriate labels and placed in a
shield 1in the vehicle; means for attaching new dosimeters (tape,
stapler, extra bags, etc.,) lcaded; ladder/step stool loaded; and survey
instruments (lonization chamber, pancake GM and microR meter) source
checked and loaded. Just before departing to begin TLD
exchange/augmentation, contact should be made with the PMC/designee to
ascertain current plant conditions/likelihood of near-term releases.
If radio communications are available with the Site Team, they should
be tested.

At each general location sited by map, a specific location (telephone
pole, small tree, etc.) must be used. The TLDs should be located 8-10
feet above ground and placed so they are least conspicuous to passers-
by to make the TLDs less susceptible to vandalism. Prior to selection
of the specific site, a survey of the ambient radiation levels at waist
height should be done of the general area (10-20 ft radius) with the
microR meter to ensure that the selected site does not have an inherent
radiation anomaly. The identification of specific site needs to be
recorded along with the driving directions and map indication, ambient
radiation levels of and the time of posting the TLD at the site. This
process is repeated for each additional location.

Note: If given a warning that a release has occurred while in
the field and the release will affect the area of the
Dosimetry Team, or if the health physicist measures
significant plume activity, the team should leave the
area immediately. (Exposure to the plume will affect the
in-transit dose to dosimeters in the vehicle. Such
exposure should be minimized.) Inform the PMC/designee
of your actions and await his/her instructions after
clearing the plume area.

03.4.2 Exchange of TIDs

If directed to exchange field TLDs, prepare dosimeters as in Section
03.4.1. Determine from the PMC/designee whether a contaminating release
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has occurred. 1f not, then the exchange process is similar to the
installation of new TLD locations discussed above, except that the
retrieved TLDg should be stored in a shielded container (preferably a
different one than used for the annealed TLDs) in the vehicle. Again
the measurement of the ambient radiation level at each location would
be helpful and should be recorded. Proceed according to the existing
driving route for exchange, unless directed to do otherwise.

If a contaminating release has occurred or was suspected, additional
actions are required to prevent contamination of personnel, vehicle,
and TLDs: to determine the extent of contamination of nearest surfaces
to TLD; to remove TLDs from contaminated environment as soon as
practical; and to install annealed dosimetry in uncontaminated areas or
cages.

At each locaticon the area should be surveyed.for contamination after
donning protective booties and gloves; the existing cage top should be
surveyed to determine measurable contamination; and the cage then smear

tested and gross counted for contamination with the GM. If
contamination is found, the bag containing the TLD in the cage should
be assumed to be contaminated. Upon removal from the cage the bag

should be surveyed. The dosimetry bag should then be carefully cut and
the dosimetry and tag put into a clean bag, taped shut and inserted into
the shield for transit. The removed "contaminated"” bag should be put
in a larger bag and stored in the vehicle away from the TLDs. (One or
more of the more highly contaminated bags should be stored separately
for resurvey and definitive isotepic analysis upon return, such that an
estimate of correlation between contamination level and exposure rate
can be made. An annealed TLD inserted into this bag will also provide
correlation information.) All survey and smear measurement results must
be recorded with times associated with them.

If the TLD cages were contaminated, the annealed TLDs should not be put
into the same cage, unless it has been decontaminated. New field
support devices or means should be used to post the annealed TLDs. The
above process is repeated at each TLD lecation.

Plant situation changes received by radio, if available, or as detected
by the health physicist may require recontact with the PMC/designee to
ascertain any changes in instructions during the TLD exchange.

03.% Return to TLD Operations Base

Upon completion of the TLD exchange/augmentation route (or if directed
by the PMC/designee during the route) return to the TLD operations base.
The contaminated TLD bags and smear samples selected for analysis should
be separated for this purpose. The remaining TLD bags, used gloves,
booties, and other contaminated materials should be gathered together
and held for disposal. The PMC/designee should be contacted by the
health physicist to arrange for analysis of the smears and designated
bags and for appropriate disposal of contaminated wastes. The assigned
health physicist should assist in segregation and transport of these
materials. The Dosimetry Team should again survey the retrieved TLDs
for possible contamination.
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The dosimeters should then be stored in a shield with controls for
reading after 24 hours (unless directed otherwise by the PMC because of
perceived urgency of data). If the manual reader was not brought to the
site, hand carrying of the TLDs to Region I should be arranged and
coordinated with the Site Team.

The TLDs are then read at Region I (or near site with the manual readsar)
after assuring that the reader is properly standardized.

03.6 Personnel Monjitoring

If the PMC determines that the NRC TLDs are to be used to supplement
personnel monitoring dosimetry, the Dosimetry Team will anneal the
requested numbers of TLDs, place them in badge clips for personnel
monitoring and affix appropriate identification labels on each badge.
The badges will then be turned over to the PMC/designee for Site Team
use. The PMC/designee is responsible for dosimetry issuance and
personnel dosimetry records completion. Any unusual exposure
configurations, radiatic. fields, energies, etc., should be reported to
the Dosimetry Team in order to better interpret "he measurements, Some
factors may be estimated through post-exposure calibrations.

To the extent possible, the TLDs should be read after 24 hours following
exposure.

03.7 Calibration of TLDs to Unusual Exposure Conditions

Releases of radioactive materials from nuclear plants as a result of an
accident usually have photon and beta energy spectra which deviate from
that normally measured in the environment. Consequently, monitoring
devices, such as TLDs, survey instruments, etc., may respond differently
than during routine calibration.

For TLDs used in the NRC Network, the Dosimetry Specialist will arrange
for a calibration of a sample of the UD 801 TLDs by the National
Institute of Science and Technology (NIST), Radiological and
Environmental Sciences Laboratory (RESL) at Idaho Falls, or other
qualified entity, under exposure conditions simulating those experienced
during the accident. The Headquarters Executive Team should be informed
through the Protective Measures Team and Director of Site Operations cof
these calibration needs such that funding can be appropriately arranged.
The requests could also be made through the Federal Response Center
(FRC) 1f the Federal Radiological Emergency Response Plan (FRERP) has
been implemented.

The Dosimetry Team with assistance from the Protective Measures Team
needs to document the exposure conditions to the extent possible and to
define the scope of the calibration effort desired from the calibration
facility. The information available through the Protective Measures
Team and from field surveys and smears which should be helpful include:



.'.- ‘;‘:L.], -
- nuclide n

’
L 4
b |
2a
)
,
’
o
inal TLD assessmen
L J assessmen

te nuclide mix of

configurat

ontamination

‘ & e o &
I1X O conte

ground con

gamma

1on
on cag
minatic
taminat
exposur

M1
L A
) 4

t
r
t
A
+ )
&l -
i










R —— B Dy S—— P w—— R R R R R R R RO RO R R RO R R O R RO ORI,

PMT=-415 7/89 N-Z1

to document relative ground deposition levels. Additionally,
measurements of existing TLD cage contamination levels and TLD bag
contamination levels should be made with the survey instrument and with
a smear paper.

Note: Remember that proper contamination control measures need
be used for personnel (gloves, booties, etc.), as well
as to prevent contamination spread/cross-contamination
of the dosimetry! Additionally, the detected presence
of a radiological plume should warrant immediate contact
with the PMC/designee 2znd leaving the area unless
specifically directed otherwise by the PMC/designee!

Measurements should be clearly documented as to times, locations, and
activity levels. Smears should be individually bagged after field
measurement for later isotopic analyses, if warrarted, An ionization
chamber (RO 2, cor equivalent) should be used to measure dose rates, if
significant.

1f dosimetry cages are found to be contaminated, the TLDs should be
removed from the »ags and carefully inserted individually with their
location tags into clean bags and taped shut. They should then be put
into a shield for transport back to the TLD operations base and stored
until read or sent to NRC Region 1. Contaminated bags and materials
should be stored separately and as far from the TLDs as possible in the
vehicle. A number of the contaminated bage should be segregated for
later gamma spectral analyses for additional data which may assist in
data interpretation. Contaminated cages may have to be removed from the
current sites pefore installing freshly annealed TLDe (in some cases,
other suitable TLD locaticns can be found in the same area).

04.3 Return to the Dosimetry Operations Area

Upon completion of the assignment and return to the dosimetry operations
base, the health physicist should assist in unloading the exchanged TLDs
and carefully surveying them for any residual contamination,
Contaminsted materials, not needed for analysis, should be disposed in
accordasnce with the instructions of the PMC/designee. The health
physicist may then be released (following any necessary decontamination
of the venicle and equipment) for further assignments by the
PMC/designee.
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MEDICAL ASSISTANCE

Objective

Getting medical guidance for someone at the scene of the emergency or
at the hospital.

Guidance

CAUTION:

NOTE:

Reactor sites have identified medical facilities capable of
responding to radiation emergencies.

If medical advice is requested, direct the caller to call the Radiation
Emergency Assistance Center/Training Site (REAC/TS).

Day (615)576~3131; FTS 626-3131
24 hour Hospital Disaster
Network (615)481~1000

NOTE:

REAC/TS 1is a DOE response asset that maintains a radiological
emergency response team consisting of physicians, nurses, health
physicists, coordinators, and necessary support personnel. It is
on 24-hour call to provide first-line responders with consultative
or direct medical and radioclogical assistance at the REAC/TS
facility or at the accident site. They have expertise in, and is
equipped to conduct; (1) medical and radiological triage: (2)
decontamination procedures and therapies for external
contamination and internally deposited radionuclides, including
DTPA chelation therapy: (3) diagnostic and prognostic assessments
of radiation induced injuries; and (4) radiation dose estimates
by methods that include cytogenetic analysis, biocassay, and in
vivo counting.
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DOE RADIOLOGICAL FIELD MONITORING ASSIBTANCE

Objective
Get DOE radiological monitoring help.
Guidance

CAUTION:
NRC is not gualified to conduct extensive radiological

monitoring.

NOTE:

- If the State has not reguested DOE assistance, the NRC should
request DOE monitoring if required to assure public safety.

-« It may take hours to get DOE assistance, so request DOE help
early. It is better to call off a reqguest than not to have

help if needed.

ftep 1
Determine the assistance required (A = RAP, B = FRMAC or C = AMS):

NOTE:
See page P-3 for a further description of each capability.

Al Radiological Assistance Program (RAP)

- Prompt and limited monitoring with limited assessment of
results

B, Federal Radiological Monitoring Assessment Center (FRMAC)

- Limited or extensive monitoring and assessment of results
C. rerial Measuring System (AMS)

- prompt airborne monitoring and FRMAC tollowup

Btep 2

Complete the "Emergency Information for DOE" form (page P=5).
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DESCRIPTION OF DOE RADIOLOGICAL
MONITORING CKRPABILITIES

Radiological Assistance Program (RAP).

Eight DOE Regional Coordinating Offices for Radiological Assistance
provide radiological assistance on reguest in any region of the country.
The radiological assistance teams are the front lines of Federal
assistance under the Federal Radiological Emergency Relfonlo Plan
(FRERP). RAP teams will generally be reguested guite early in an event
by the State and/or the NRC. RAP teams typically are composed of 4 to
6 people. They are capable of conducting gross gamma, alpha, and beta
monitoring. They will regquire only 1/2 to 2 hours to prepare to
respond; response time will depend on travel time to the location of
accident, The RAP team will also act as an advance team for
coordination of further DOE assistance (FRMAC or AMS).

Page P-4 shows the DOE Re¢ional Coordinating Offices for Radiological
Assistance and geographical areas of responsibility. RAP teams can be
regquested through these offices directly.

Federal Radiological Monitoring and Assessment Center (FRMAC).

A FRMAC is a center from which DOE ¢oordinates the monitoring and
assessment efforts of Federal agencies. The FRMAC is wusually
established near the site of the accident. The size and complexity of
the FRMAC will depend on the incident. The FRMAC will coordinate the
monitoring conducted by all Federal agencies. The FRMAC can provide the
most extensive monitoring and assessment capabilities available in the
U.8., It will require about 24 hours for a fully operational FRMAC to
be established. DOE has delegated the responsibility for establishing
the FRMAC to the DOE Nevada Operations Office. EG&G, a DOE contractor,
provides support for the FRMAC.

Aerial Measuring System (AMS).

The AMS is an airborne radiological detection system that can respond
to radiological incidents and perform plume tracking, radiation surveys,
and radiation mapping over large areas around the site of an incident,.
EG&G operates AMS for DOE, Most of the aerial monitoring assets are
located in Las Vegas, Nevada, but there are also some capabilities based
at /ndrews Air Force Base, near Washington, D.C. The AMS will be
integrated into the FRMAC once it is established.
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Region | Reglonal Coordinating W Post Dffice Acdress Telephone for
Otfice Assistance
1 I Brookhaven Ares Office S&EP Division, Brookhaven| (516)282-2200
National I.ab, Upton, K18 6662200
Long Island, KY 11973
PN R e S S e ot il S
2 Oak Ridge Operations U.§. DOE, P.O. Box 2001, | (615)576+1008
Office Oak Ridge, TN 37831 F18 626-100%
or
(615)525- 7885
3 Savannah River V.S, DOE, P.O, Box A, (B03)725-3333
Operations Office Aiken, SC 29801 F1s 239-3333
P (8 = =
4 Albuguerque Operations RAP Progrem Manager (S05)845 4667
{ Office | U8, DOE, P.O. Box 5400, F18  BAS- 4667
| | Albuquerque, NM  BT7I1S
5 Chicago Operations E&SK Division, U.S. DOE Duty Hours:
Oftfice QBO0 S, Cess Avenue (708)972-4800
Argonne, 1llinois 60439 F1§ 972-4800
Off Hours:
(708)972-573)
F1s 972-5™
[ Idaho Operations Office | U.S, DOE, 785 DOE Place, (208)526-1515
Idaho Falls, ldaho B83402| FYS S5B83-1515
7 San Francisco Operations| U.S. DOE, 1333 Broedway, | (415)273-4237
Office Oakland, Colifornia 94612| P18 536-4237
o
8 Richlargl Operations U.$, DOE, P.O. Box 550, (509)373-3800
lof”co Richland, WA 99352 F18 4403800
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Time of Call

EMERGENCY INFORMATION FOR DOE

Federal notifications made by NRC
Time Radiological Contact

State notificaticns made by NRC
State Agency or Dept. Tine Contact

p-5

Phone Number

Phone Number

potential airport(s) for FRMAC

Name __ Location

Contact

Phone Number

Weather at site

General , ,
Precipitation Wind Speed
Temperature Wind Direction

Phone status

Emergency Class Time

Release Characteristics or Potential

EOF
Location

Licensee Contact
FPhone Number

NRC Site Team

Contact (Protective Measures Cocrdinator)

Phone Number e
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P-6
Resources Reguested
a. RAP
b. Small FRMAC
S Full FRMAC
— AMS (includes limited FRMAC)
——® ARAC

D “oyment Schedule -~ Arrival Time
NRC 8ite Team to EOF

NRC FRMAC Team to FRMAC - Staff

TLD

Van

State - Staff

Monitoring Teams

DOE = RAP

AMS

Advance Party

ARAC

FRMAC

NRC Caller's Nanme

'RC Caller's Phone Number

4/91
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