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EFFECTIVE DOSE EQUIVALENT
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"Deep-Dose Equivalent" and Permission to u'e External 
Whole Body "Weighting Factors" Other than 1.0 

':•: John 1. Kelly, Director -Licensing 
.- Entergy Nuclear Operations, Inc.  

X K. George Xu, Ph.D., Associate Professor 
N Nuclear Engineering and Health/Medical Physics 

, Rensselaer Polytechnic Institute 
J June 18, 2001
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Occupational Radiation Exposure 

Current Practice for Measuring and 
Deporting 
Changes in Technical a RegulIto 
Guidance 

± Industry Activities to Address Changed 
Guidance 

* I ,* i .



C 

Current Practice for Dosimetry 

z 
•+,.Methodology Based on IqRP Guidance m=s -A.  

Conservative Measurement of Deep Dose 
Reported as FOE D 

• Reported Average Doses ARE Higher than 
EDE 

' Present Methods Meet Regulatory 
Requirements
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Change in Guidance 
m 

± ICRP 26 -1977 
10 CFR 20 Changed -1994 
NCRP 122 -1995 .  

± ANSI HPS N13,41 1997 
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Industry Activities to Address 
Changed Guidance

• .. EPRI 
• EPRI 

a..-.l 

EPRI 

+ Peer 
+Peer 

• Peer

Research Initiated •1988 
Phase I Report Issued. 1993 
Review Journal Article -1994 
Phase i1 Report IssUed 1995 
Review Journal Artitle -1995 
Review Journal Article -1996 
Review Journal Article -1997

S[EPRI EDE Implementation Guide -1998
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EXEMPTION REQUEST

Use the analogous basis for deep-dose 
eouivalent for external expdsures [ie., EDE] in 
meeting the 10 CFR 20.1201 (aI (1) annual 
occupational dose limits forI~adults 

• No impact on the public or thle worker's health 
andsafety
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PERMISSION REQUEST 

.-: Use the organ dose weighting factors in 10 
i" CFR 20.1003 for the external whole body 

dose instead of the current single 
weighting factor of 1.0 

. No impact on the public the worker's 
health and safety 
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ENTERGY APPPLICATION - THE 
OPTION 

Apply the EPRI approach where there is 
expected to be a significant difference 
between the deep-dose equivalent and the 
effective dose equivalent as defined in 10 
CFR 20.1003.  

- No Technical Specificatiog changes are 

required.



ENTERGY APPPLICATION- THE 
OPTION [Coni di 

**Individual licensees will evaluate tbe use 
of the EDE method and wigil modify 
applicable plant-specifi' radiatin 
protection programs ani procedures 

S-Compliance with 10 CFR-0 will be 
maintained at all times 
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OWN Practical Example

± ISI- Weld Inspections at JAF Refueling 2000

Worker

1

2

3 
4

NRC EDE EPR[IEDE F,,EPRI EDE 
[All miem [A2]Jmnem [A3] mRem 
387 3121:
369
451 
292

275

338 
250
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PWR Practical ExampleIO 

'7r] •'...See Separate Document entitled.:Ur 
" : "Analysis of EDE During steam Generator 
Jumps, Using the EPRt Meth Odoloay"o 

•-Benjamin W. Morgan, CHR ,Harris Nuclear 
Plant =CP&L 

iff 

• :•Presented at EPRI EDE Workshop on August 13r1997, in Atlanta, EAm 
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Conclusions 

Industry (EPRI) Theoretical and Measurement Z 

'; Work for New EDE Monitoring- COMPLETE 
+ Standards Setting Organizations (HCRP and 
ANSI/HPS) provide practical recommendations 
on the use of personal monitors to estimate the 
EDE (similar to EPRI's] - COMPLETE S.-NRC needs to approve ENTEWGOs application 
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Question 
(a) Address how TEDE will be calculated, and (b) how 5 
total organ dose will be calculated using EPRI 
methodology.  

Response: 
(a) TEDE will be calculated as defined in section 20.1003 of 

1OCFR 20. It will be calculated as the sum of the DDE 
determined by use of the EPRI methodology for external and 
the committed effective dose equivalent for internal 
exposures.  

(b) Organ dose from external emitters will be calculated using 
the EPRI methodology. The organ dose will be calculated as 
a Committed Dose Equivalent (CDE) as defined in section 
20.1003 of 1OCFR 20. The EPRI methodology will only be 
applied to determination of DDE as requested in Entergy's 

1 1o exemption.  
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Question 2 
r=i0 

Explain how non-uniform exposures (e.g. partial body5I 
exposures) will be handled.  

Response: 
Non-uniform (e.g., partial body) exposures will be handled 
using the DDE determined by use of the EPRI 
methodology as contribution to TEDE as defined in 
section 20.1003 of 10 CFR 20. In section 3.4 of 
reference 5.6 of Entergy's exemption' the EPRI 
methodology is described as requiring at least one of the two dosimeters to "see" the radiation: source. Guidance in this and the other references will be utilized to assure 
validity of the dose determination in nonuniform or' "partial body" exposures.



Question 3 (99 

Explain why an exemption from 10 CFR 2 0.1201 (c) is 
not requested? 

Response: 
Entergy did not request an exemption from:the requirements of 1 OCFR 2 0 . 1 201 (c) because 2 0.1 2 01 (c) already includes a provision that allows "...surveys or other radiation measurements" to be used in estimating DDE and SDE "if the individual monitoring device was not in the region of highest potential exposure..." Entergy considers 
the use of the EPRI EDE methodology as an alternate radiation measurement technique. Consequently, no' exemption from 1 OCFR 20.1201 (c) is necessary however, a request for'permission to use a weighting factor other than 1.0 as discussed in footnote 2 to the table associated with the definition of "Weighting factor wT" as defined in 1OCFR20.1003 has been made. This is necessary to allow use of the EPRI methodology to calculate the DDE and its 
contribution to EDE.



Question 4 TD&6F 
Compare the EPRI methodology to any independent work 
that validates it.  

Response: 
The EPRI methodology has been published in peer 
reviewed journals (references 5.5 and 5.7, in the 
exemption request1 ). A similar methodology was 
published by the National Council onh Radiation Protection 
and Measurements (ref. 5.10 in the exemption request1 ).  
See attached presentation entitled: "Analysis Of EDE 
During Steam Generator Jumps Using the EPRI 
Methodology", presented by Benjamin W. Morgan, CHP, 
Harris Nuclear Plant, CPL, at the EPRI EDE Workshop on 
August 13, 1 997 in Atlanta, GA.



Question 5 
oI Present data that compares EDE with NRC approved methodology.  

Response: 
Data comparing the EPRI EDE methodology with NRC approved methodology are provided in references 5.4, 5.5, 5.6, 5.7 and 5.8 in the exemption request'.  In particular, in section 4 of reference 5.6 of the exemption request' a comparison of M the EPRI methodology to NRC approved methodology on a phantom in a laboratory environment and in a nuclear power plant environment is provided.  In addition, Entergy collected dosimetry data using the EPRI methodology described in -EPRI TR-109446 (reference 5.8) and compared the results with that obtained using NRC approved methodology. The data were collected for four workers performing inservice Inspections of welds at a BWR during a refueling outage in the fall of 2000. A comparison of the DDE using the EPRI EDE methodology (EPRI TR-109446, reference 5.8, section 3.2, equation 1) with the DDE using NRC approved methodology is as 

follows: 

W Qrker EP _LEDE N _RC _EDE 
mRem mRem 

1 312 387 
2 275 369 
3 338 451 
4 250 292



Question 6 
Provide criteria for use of how dosimetry should be used 
and worn.  

Response: 
The criteria for use of dosimetry are provided in section 4 
of EPRI TR-109446 (reference 5.8 of the exemption 
request'). A copy of this report was included as 
Attachment 3 to the exemption request.  
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Question 7C 
Provide guidance regarding how and when dosimetry 
reading should be "adjusted." 

Response: 
zm The guidance regarding how and when dosimetry reading ; should be "adjusted" are provided in section 4 of EPRI TR-109446 (reference 5.8 of the exemption request'.) 
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Question 8
Describe when each of the three EPRI methods will
used to estimate EDE.  

Response: 
The EPRI method to be used to estimrate EDE is described 
in section 4 of EPRI TR-109446 (reference 5.8 of the 
exemption request1 .)
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5. Results and Discussions (Cont.) 

Evaluations of the Algorithms 

Table 4.1.2. 1-'/HPH, ratio of the assessed effective dose equivalent', H,', to the actual effective dose equivalent 
received by a hermaphroditic individual, HE, for different exposure geometries and photon energies.

Sourcc 
Type 

Parallel Bc:ims

Point Souues 
at Z=41 cni

Source 
Geometry

AP 

PA 

I.AT 

Overheadb 

IUndcrfoot 

Afbitrary' 

X-0; Y= -44 cm 

X=44; Y= -44 cm 

X= 44 cm; Y= 0 

X= 44 cm, Y=44 cm 

X=O; Y= 44 cm 

X--0; Y= 44 cm

Al 

1.23 

0.56 

1.76 

2.04 

3.35 

1.49 

2.29 

1.59 

1.30 

0.49 

0.40 

1.23

1.0 MeV 

A2 

0.87 

0.97 

1.79 

2.03 

3.33 

0.99 

1.31 

0.99 

1.30 

1.24 

1.55 

0.72

0.3 McV 0.08 MeV

At A2 A3 Al A2 A3

1.05 

1.17 

1.80 

2.04 

3.34 

1.24 

1.80 

1.28 

1.30 

1.60 

2.13 

0.98

1.25 

0.39 

2.10 

2.49 

3.66 

1.71 

2.24 

1.75 

'1.33 

0.34 

0.27 

1.28

0.79 

0.96 

2.11 

2.47 

3.64 

0.99 

1.22 

1.00 

1.31 

1.31 

1.57 

0.70

1.02 

1.23 

2.11 

2.48 

3.65 

1.35 

1.73 

1.37 

1.32 

1.79 

2.22 

0.99

1.14 

0.17 

1.82 

2.25 

3.61 

1.64 

2.07 

1.60 

0.99 

0.16 

0. 10 

1.14

0.63 

0.76 

1.83 

2.24 

3.57 

0.86 

1.09 

0.86 

0.95 

1.05 

0.97 

0.60

0.89 

1.05 

1.84 

2.24 

3.60 

1.25 

1.58 

1.23 

0.97 

1.50 

1.41 

0.87

Point Sou:es X=44; Y=-44 cm 1.34 0.83 1.08 .1.45 0.81 1.12 1.31 0.69 1.00 

a( Z=06cm X= 44 cm; Y= 0 0.98 1.02 1.03 0.98 1.01 1.02 0.78 0.80 0.80 

X=44 cm; Y=44 cm 0.40 1.07 1.41 0.23 1.11 1.55 0.11 0.97 1.39 

X=O; Y= 44 cm 0.31 1.01 1.36 0.20 1.15 1.63 0.08 0.85 1.24 

'For Al, H't=P•, 1. For A2, H' = Avg. ( R 94; P ). For A3, H'F-[Max. (Rli; R., ) + Avg. (R..; RN )1/2.  
bOverhead beam source is realized by averaging over beams incident from polar angles within polar angle of 150 
"Arbitrary geometry is realized by beams incident from both azimuthal and polar angles equal to 45*.
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Question 9 
Provide the directional response summary of the 
dosimeters planned for use and how directional sensitivity 
will be accounted for.  

a z Response: 
The dosimeters to be used in the EPRI EDE methodology 
are the same dosimeters used for compliance with the 
NRC approved methodology and have the same 
directional response. A February 1995 article in "Health 
Physics," (Reference 5.7 of the exemption request1 
describes the effect of directional response on the EPRI 
EDE methodology and on the NRC approved 
methodology.  
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Optimum angular responses from our study

- 0.08 MOV . female 
- -.- 0.08 MeV - male 
-e-- 0.3 MeV - female 
• .0.3 MoV . male 
- - 1.0 MeV. female 

1.0 MyV • male 

Front of Front of 
"•-the Torso ' - Rear of the Torso - the Torso--.  ' f f' i , _ , , , ,

90 Ii 0
Azimuthal Angle, a

270 

(Degrees)

360

HE(E, AP)

E = photon energy (from 0.01 MeV to 10 MeV) 
C= incident angle (< 900); 
k(E) = 0. 6 6 15 6 -0. 3 1814xlog1 0E

OT:ST T00Z-80-Nnf
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Question 10 
Describe how the methodology will account for different 
body positions during exposure.  

Response: 
The effect of different body positions on exposure for the 
EPRI EDE methodology are described in references 5.4, 
5.5, 5.6, 5.7, and 5.8 of the exemption request 1 .



Question 11 
Describe how TEDE will be calculated from non-uniform 
whole body exposures resulting from narrow-beam or 
partially shielded irradiations.  

Response: 
TEDE for non-uniform whole body exposures resulting 
from narrow beam or partially shielded irradations will be 
performed in the same manner as described in Entergy's 
answer to question land 2 of this summary response.  
Guidance is also provided in reference 5.7 of the 
exemption requesti.  
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Analysis of EDE During Steam 
Generator Jumps Using the I 
EPRI Methodology., 

Benjamin W. Morgan, CHP 
Senior Analyst - HP Programs 
Harris Nuclear Plant 
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Presentation Outline

°.

*The task

*The radiation environment 

eMeasuring the dose 
"* dosimeter placement 
"* dose results from past outages 
" analysis of ANSI and EPRI methodologies 
"* selecting a method for calculating. EDE



The Task
Dg4F,

*HNP is a three-loop Westinghouse PWR 

eSteam generators require eddy current 
testing and repair work each refueling 

*Work is usually done with nozzle dams 
installed to minimize time that loops are 
drained 
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The Task
(I

,,.

*Nozzle dams are installed and removed 
during steam generator "jumps" 

*A "jump" is defined as a whole body 
entry into the steam generator channel 
head 

CP&L
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The Radiation Environment 
I..L 

*High levels of both radiation and 
contamination 

*Radiation may vary by a factor of three 
between the manway and 'the tube sheet 

eContinuous ventilation minimizes 
airborne contamination 

CP&I-



4 R a FT The Radiation Environment

*A-7.8 
*B-8.3 

*C -9.0 
*D-9.4 

E -5.8 

eG F6,6 
oG -7.4

oHl- 1.7

- 17.3 
-12.7 
- 17.3 
- 15.1 
- 15.2 
- 15.1 
- 12.7

c z 
I 

I

I.i

R/h 
R/h 
R/h 
R/h 
R/h 
R/h 
R/h

- 4.0 R/h
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Measuring the Dosez 
ulI

rI., 

eDosimeter placement- multibadging 4 

required if: 
"* nonuniform doses such, that any part of the 

whole body exceeds the chest dose by 50% 
"* exposure rates in the work area are greater 

than 100 mrem/h 
"* TEDE will exceed 300 mrem for the task 
" it is not known what body location will 

receive the highest dose 

C__ _ M.ULLd



Measuring the Dose
I,

*Dosimeter placement- multibadging 
discontinued if: 
+ one location highest > 95% of the time 
* a body location is highest < 5% of the ti 
* ratios to chest dosimeter is <1.5 for 951' 

more for individuals for the same task 
* dose rates < 100 mrem/h " 
* actual TEDE for the task < 300 mrem

U 
z 
0 

0 
(-f 

I

to 

C 

C 1

me 
o or

CP&FL
-u 
L.j 
A 
cli 
0



Measuring the Dose 

eDosimeter placement 
* for outages in 1989 and 1991 dosimeters 

were worn on the chest, head, back, left arm, 
right arm, left leg and right leg 

* using the criteria for discontinuing the use of multibadging, dosimeters were removed from the arms for the outage in 1995 

CP&L 
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Measuring the Dose 

M 

eDosimeter placement 
G-C 

"* In preparation for the 1997 outage the dose 
results from the three previous outages was 
reviewed.  

" This review also included NRC requirements, 
the newly issued ANSI Standard HPS N13.41
1997 and EPRI Report TR-1 01909.  

CP&F : 
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Measuring the Dose I 

ro 

*Dose Results 
* Data was available from 48 steam generator z 

jumps 
* Of 260 non-chest TLDs, only nine exceeded 

the chest reading by more than 50% 
* Based on this, multibadging could be 

discontinued 
* 1OCFR20.1201c requires that the assigned 

DDE be for the part of the body receiving the 
highest exposure 

CP&II : 
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Measuring the Dose 

eANSI Standard HPS N13.41-1997 
* Recommends multibadging if the reference 

dosimeter reading will beexceeded by 30% 
and the dose will exceed 10% of the limiting 
value (47 of 206) 

+ Recommends the use of dosimeters in at 
least two locations 

+ Provides compartment weighting factors for 
determining the EDE 

CP&L . LkI



Measuring the Dose

*ANSI Compartment Weighting Factors 
+ Head and neck - 0.10 
* Thorax, above the diaphragm - 0.38 
+ Abdomen, including the pelvis- 0.50 
* Upper right arm - 0.005 
SUpper left arm - 0.005 
+ Right thigh - 0.005 
+ Left thigh - 0.005

CP&f
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Measuring the Dose 
I., 

*EPRI Report TR-1 01909 

* Developed three algorithms- for computing 
EDE using one or two dosimeters 

* Discouraged the use of the highest result 
from a multibadge set as the dose 

+ Discouraged placing a dosimeter at the 
highest dose location 

CP&ILY



Measuring the Dose 

*Comparison of the ANSI and EPRI , 
methodologies 

"* Data from the 48 steam generator jumps were 
used with the ANSI weighting factors and the 
three EPRI algorithms to calculate doses 

"* Results for each EPRI algorithm were 
compared to the ANSI results 

CP&IL 
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ANSI vs EPRI Algorithm
I-' 
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Selectin a Method 

c-n 

eMultibadging not required by plant 
procedure 

*1OCFR20 requires measuring dose at the 
highest location 

eANSI recommends multibadging for this 
type of task using at least two dosimeters 

*EPR! algorithm 3 provides -the best result 
without underestimating ANSI 

CP-D



Recent Results 
(A1 

*For the most recent outage, dosimeters z 
were placed on the chest, back and head 

eFifteen jumps were performed 

*Doses from EPRI 3 compared to highest 
reading 

CP&L 
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Measuring the Dose

800 

700 

600 

500 

400 

300 

200 

100 

0

-- EPRI 3 

* Highest
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Summary 

eMultibadging has gone from 7 dosimeters m 
to 3 

eWith acceptance of EDE methodology 
this can decrease to 2 

*The use of EPRI algorithm 3 meets the 

intent of the ANSI standard 

CP&P9 :



Contact Information 

eBen Morgan 
*HNP Zone 5, P.O. Box 165 

New Hill, NC 27562-0165 
*Phone (919) 362-2998 
eFax (919) 362-2307 
eE-mail: ben.morgan@cplc.com 
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