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ANSI/ANS-8.3 states: 
* A criticality alarm system meeting the 

requirements of this standard shall be installed in 
areas where personnel would be subject to an 
excessive radiation dose. 

* Excessive Dose = "Any dose to personnel 
corresponding to an absorbed dose from neutrons 
and gamma rays equal to or greater than 0.12 Gy 
(12 rad) in free air. " 
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The Clarified Requirement 

The requirement was misconstrued to imply 
that the Immediate Evacuation Zone had to 
cover out to 12 Rad of dose 
This mis-interpretation prompted the 
following official clarification: 
1 The Standard does not attempt to define the area 

that is to be evacuated, which is considered a 
management responsibility and outside the scope 
of this Standard. 

The False Requirement Continues 

■ An IEZ out to 12 Rad was still required as 
recently as DOE Order 420.1 A* 
■ In those facilities where the mass offissionable 

material exceeds the limits established in 
paragraph 4.2.1 ofANSI/ANS-8.3-1986 ... a CAS 
conforming to ANSI/ANS-8.3-1986 shall be 
provided to cover occupied areas in which the 
expected dose exceeds 12 rads in free air, where a 
CAS is defined to include a criticality accident 
detection device and a personnel evacuation 
alarm. 

* DOE Order 420. IB brought us back to the standards as intended 



The Real Requirement 

ANSI/ANS-8.23 states: 
■ Par. 4.1 "Management shall ensure that: ... (3) Immediate evacuation 

zones and evacuation routes are established." 
• Par. 4.2.1 "The technical staff shall... (4) Define the immediate 

evacuation zone for each potential criticality accident location." 
■ Par. 5.1.1 "An evaluation shall be conducted and documented to 

identify potential criticality accident locations." 
• Par. 5.1.3 "An immediate evacuation zone shall be established based on 

the documented evaluation. Emergency response planning shall 
establish a maximum acceptable value for the absorbed dose at the 
immediate evacuation zone boundary. The basis for the maximum 
acceptable value shall be documented. Shielding may be considered in 
establishing the immediate evacuation zone. The localized effects of a 
criticality accident, and the fact that rapid evacuation is not without 
risk can result in an immediate evacuation zone that is significantly 
smaller than the entire site." 

What we wanted 

An IEZ that: 
■ depended on the facility characteristics and 

hazards; 
■ departed from the one "Size" fits all mentality; 
■ balanced the risk of a criticality with the risk of 

evacuating; and 
■ was consistent with our emergency planning 

process 



A facility that is a mile 
long 
A facility that was 
falling down around us 
A facility where 
workers are routinely in 
fall protection 
A facility where high 
noise is the normal 
condition 

What We Ended Up Doing 

We matched ANS-8.23 with our EPHA and 
our DSA 
■ Eliminated 12 Rad as the criterion 
■ Integrated Emergency Planning into the process 
■ Established evacuation zones using DSA 

Consequence levels 
■ Introduced time dependence into the evacuation 

process 



First, the EPHA Guidelines 

Guideline for 
developing the 
Emergency Planning 
Zone 
■ Minimum area =100 

rem (Threshold for Early 
Lethality) 

» Maximum area = 1 rem 
(Protective Action 
Criteria) 

EPZ Boundary 

If relatively high 
probability of occurrence 
choose boundary closest 
toPAC 
If probability extremely 
low choose closer to TEL 
If hazard is radiological, 
choose closer to the 
minimum value 
Should conform to the 
physical and 
jurisdictional realities of 
the site 

TEL 
EPZ 
PAC 



Second, the DSA Criteria 

Consequence to the Co-located worker 
- High> 100 rem 
« Low < 25 rem 
Low consequence level (25 rem) used for EPZ 
Boundary 

Third, Evacuation Without 
Hesitation 

CAAS alarm requires immediate evacuation 
■ Drop what you're doing and get out fast 
■ Poses increased risk of injury to worker located in 

other hazardous environment 



Fourth, Facility Hazards and 
Characteristics 

• A facility that is a mile 
long 

» A facility that was falling 
down around us 

' A facility where workers 
are routinely in fall 
protection 

• A facility where high 
noise is the normal 
condition 

• A facility with Limited 
Access Control 
surrounding the building 
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IEZ Boundary 

Immediate evacuation within 
TEL boundary 

' Controlled evacuation by EP out 
to EPZ (per ANSI/ANS-8.23) 
■ Radiation monitored in occupied 

areas adjacent to the IEZ after 
criticality; 

■ Radiation levels monitored 
periodically at assembly station; 
and 

■ If monitoring indicates dose rate 
>100 mrem/lir in areas that 
continue to be occupied, non-
emergency-response personnel 
evacuate. 

i Personnel assemble out to PAC 
boundary 

- IEZ (TEL) 

Controlled 
- Evacuation 

(EPZ) 
Assembly 

- Location 
(PAC) 



The only reason for time is so that everything 
doesn't happen at once. 
-Albert Einstein 

In the face of lack of guidance, it is 
conservative to assume the dose is received 
from the entire event 
Doesn't make sense for "immediate" 
evacuation 
■ Once evacuation is initiated, don't assume the 

person fails to evacuate 
1 Reasonable to assume the "first pulse" will initiate 

evacuation; therefore base the dose for IEZ on 
initial fission yield 

There is time for everything. 
-Thomas Edison 

For areas outside the IEZ, additional time 
needed to evacuate 
■ Therefore, base EPZ evacuation on maximum total 

fission yield 



Last, An IEZ Based on Realism 

IEZ boundary based on maximum dose of 100 rem from an initial "burst" 
fission yield. 
Upon activation of the CAAS, the EPP requires : 
* personnel inside the IEZ evacuate immediately; 
" the entire affected building(s) (i.e., the K-25 east wing, K-25 north wing, K-25 

west wing, or K-27 building) will be evacuated using various means of 
communication (e.g., radios, public address system, and manual activation of 
remaining CAAS alarms); 

■ in no radiation monitoring, all facilities within a distance equivalent to a dose of 
25 rem (based on total fission yield) be evacuated; 

■ if radiation monitoring performed, evacuation of facilities initiated when 
radiation levels are too high (e.g., 100 mrem/hr per ANSI/ANS-8.23); 

:■■ radiation monitoring at the personnel assembly points and personnel will be 
evacuated at a further distance should radiation levels be elevated; and 
accountability of personnel shall be initiated. 

What it looks like for K-25 
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Details for the Analytical 

Type of Event: Moderated event with slow 
reactivity addition (i.e., water in-leakage) 
Initial burst fission yield: 1017 fissions 

Based on study of 18 relevant accidents in LA-
13638 and study of CRAC experiments 

Total fission yield: 1018 fissions 
Distance to 100 rem boundary: ~60 ft 
Distance to 25 rem boundary: -250 ft 
Distance to 1 rem boundary: -650 ft 

Gomparison of Rad to Rem 

Comparison of Outside Dose in Rad and Rem Through a 
Transite Wall 
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Various Dose Calculations 
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- K-25 Outside Dose - ANSI-6.1.1-
1991 

-K-25 Inside Dose - ANSI-6.1.1-1991 

-NUREG 3.34 Equation Corrected for 
N/G Ratio =10 

-K-25 Assembly Area Calculation -
ANSI-6.1.1-1991 

-Power (NUREG 3.34 Equation 
Corrected for N/G Ratio = 10) 
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