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August 31, 1994 
 
TO: 10CFR72.48 File 
 
FROM:  L.L. Denio 
 
SUBJECT: JUSTIFICATION FOR CHANGE TO THE MO ENVIRONMENTAL 

MONITORING PROGRAM 
 
REFERENCES: 
 
1. Facility license SNM-2500, Rev. 8, section 8. 
 
2. MO Offsite Dose Calculation Manual 
 
PURPOSE: 

The purpose of this report is the following: 

1. Provide rationale for revision of Table 8-1 of SNM-2500 to eliminate the 
requirement for routine offsite air sampling. 

 
2. Provide rationale for change in method used to calculate dose to the public 

from MO effluents. 
 
3. Provide rationale for elimination of milk analysis required by Table 8-1 of SNM-

2500. 
 
4. Provide rationale for revision of water sampling and analysis tabulated in Table 

8-1. 
 

OFFSITE AIR SAMPLING 
 
Section 8.1.1, "Specification" states the licensee shall maintain the effectiveness of the 
program indicated in Table 8-1. Changes in frequency or collection sites shall be 
evaluated against experience of acquired data. Under 8.1.2, "Basis", it states that years 
of operating experience provide a sound basis for evaluating performance. 
 
Operating data reflecting 14 years of operation from 1980 through 1993 have been 
reviewed. These data are summarized in Attachment 1. Stack releases in curies for 
principal radionuclides for the years 1980 through 1993 are included. The mean annual 
dose to the public at the MO property line using these data was 6.8x10-10 Rem while 
the highest value (determined by using each nuclides high value regardless of the year 
in which it occurred) was 1.1xl0-9 Rem. lOCFR20.1302(b) requires that the dose to a 
member of the public continually present at the property line shall not exceed 50 mRem 
per year. Therefore, historically, MO gaseous releases are at least a factor of 5x107 less 
than 10CFR20 limits. 
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Since historical operating data indicate MO gaseous only a small fraction of regulatory 
limits, logically, air sampling at locations far beyond MO site boundaries serve no 
apparent purpose. Therefore, no environmental air samples shall be collected except in 
the following circumstances: 
 

1. The stack air monitoring system fails or is otherwise out of service for a time 
period greater than 24 hours. In this event, grab (30 minute) air samples shall 
be taken at a location downwind of the plant stack each four hours until the 
stack air monitor is returned to service. 

 
2. Fence line air samples shall be taken each four hours downwind of the plant 

stack as long as MO stack gross beta activity exceeds 4x10-8 uCi/ml (as 
stipulated in license specification 4.1.1). 

3. Air samples shall be taken as appropriate (at least each four hours) in the event 
an airborne activity alert is declared as defined by the MO Emergency Plan. 

 
CALCULATION METHODOLOGY 

 
Meteorological data specific to the Morris Operation location have been gathered for 
over 15 years. These data provided atmospheric dispersion estimates (X/Q) in sec/M3 . 
Multiplying X/Q times Ci/M3 released and appropriate dose conversion factors, yields 
dose rate estimates. 
 
An Offsite Dose Calculation Manual (Attachment 2) was written to justify derived X/Q 
factors based upon historical contractor data. The derived factors vary little from actual 
X/Q annual "worst case" values used in offsite dose calculations since 1980. 
 

IODINE-131 IN MILK 
 
The latest discharge fuel in the MO basin is 1986. In eight years, the I-131 contained in 
this fuel has experienced 365 half lives. Therefore, essentially zero I-131 exists in the 
MO basin. Therefore, there is little point in analyzing local milk for I-131. 
 
There is a risk, however small, that a criticality could occur in the MO basin. In this 
remarkable event, the charcoal cartridge in the stack air monitor shall be analyzed for I-
131. If I-131 is identified, MO shall analyze area milk until the problem is resolved. 
 

CHANGE in ENVIRONMENTAL WATER SAMPLE LOCATIONS 
 
General Electric Morris Operation is a "zero release" and does not entertain a National 
Pollutant Discharge Elimination System (NPDES) permit.  Liquid effluent is contained in 
the Demineralizer Pond or in one of three sanitary lagoons. The three below grade 
vaults on the property are being removed from service leaving the fuel storage basin as 
the sole remaining source for potential to insult the surrounding groundwater. 
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In 1993, seven monitoring wells were installed at strategic depths and locations to 
intercept and detect fuel basin water leaking to the environs. It is suggested that a lack 
of significant radioactivity in these wells precludes the possibility of groundwater 
radioactivity outside the site boundary. 

Therefore, it seems prudent to limit water sampling to the afore mentioned ponds and 
the recently installed wells. Of course, in the remarkable event that threatening 
radioactivity is detected, sampling and analysis shall be expanded beyond the site 
boundary. 
 
SAFETY ANALYSIS 
 
1. May the proposed activity increase the probability of occurrence of an 

accident previously evaluated in the SAR? 
 

Changes in calculation methodology do not alter the incidence of any accident. 
 
2. May the proposed activity increase the consequences of any accident 

previously evaluated in the SAR? 

Changes in methodology will not impact upon severity of any accident. 
 
3. May the proposed activity increase the probability of occurrence of a 

malfunction or the consequences of a malfunction of equipment important to 
safety previously evaluated in the SAR? 

 
Changes in methodology will not impact upon reliability of equipment important to 
safety. 

 
4. May the proposed activity create the possibility of an accident of a different 

type than any previously evaluated in the SAR? 
 

No. 
 
5. May the proposed activity create the possibility of a different type of 

equipment failure? 
 

No. 
 

6. Does the proposed activity reduce the marqin of safety as defined in the basis 
for any technical specification? 

 
No SNM-2500 "Functional and Operating Limit", "Limiting Condition" or 
"Surveillance Requirement" addresses calculation methodology. However, the SAR 
addresses accident conditions as follows: 
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 1. Fuel Bundle Drop 1.5X103 ci of noble gases and 0.009 ci of iodines. 

 2. Fuel Basket Drop 6.1X103 ci of noble gases and 0.037 ci of iodines. 
 
 
 3. Tornado Missile 3.5X103 ci of noble gases and 0.0008 ci of iodines. 
 
 4. Basin Cooler Leak 2X10-6 Ci/sec of Cesium-134. 
 
Refer to the Offsite Dose Calculation Manual for an in depth discussion of offsite dose 
calculation methodology for accident conditions. The data indicate that the CEDE for a 
"worse case" scenario is only a fraction of a mRem. The data indicate that no significant 
difference is noted using derived X/Q values instead of actual meteorological data. 
 



 

ATTACHMENT 1 
 

Ci RELEASED 
 

 Cs-134 Cs-137 Co-60 H-3 Kr-85 
      

1993 1x10-6 9x10-5 1.5x10-5 0.5 0.8 
      

1992 7x10-7 8.4x10-5 4x10-6 0.5 2.5 
      

1991  2.5x10-6 1.2x10-6 0.2 3.9* 
      

1990 2.7x10-7 1.8x10-5 2.5x10-6 0.3* 3.5* 
      

1989 1.8x10-7 4.1x10-6 4.8x10-66 0.3* 3.5* 
      

1988  5.6x10-5 4.7x10-6 0.3* 3.5* 
      

1987 3.7x10-7 1.1x10-5 2.8x10-6 0.3* 3.5* 
      

1986 2.9x10-8 8.3x10-5 5.3x10-6 0.3* 3.5* 
      

1985  4.9x10-6 3.7x10-6 0.3* 3.5* 
      

1984  1.2x10-5 2.4x10-6 0.3* 3.5* 
      

1983  1.4x10-6 1.6x10-76 0.3* 3.5* 
      

1982 8x10-7 1.1x10-5 3.2x10-6 0.3* 3.5* 
      

1981 7.4x10-7 6.4x10-6 1.9x10-6 0.3* 3.5* 
      

1980 2.9x10-8 6.6x10-7 6.6x10-7 0.3* 3.5* 
      

MEAN = 4.6x10-7 2.2x10-5 3.8x10-6 0.3 3.5 
      

HIGH 
VALUE= 

1x10-6 9x10-5 1.5x10-5 0.5 3.9 

 
 
* Calculated Values 

Mean dose = 7x10-7 mRemjyr 

"High Value" = 1.lx10-6 mRem/yr 



 

 

OFFSITE DOSE CALCULATION MANUAL 
FOR GENERAL ELECTRIC - MORRIS OPERATION 

 
1.0 INTRODUCTION 
 
This manual presents methods for calculating doses to members of the public from releases of 
radioactive material from General Electric Morris Operation (GE-MO).  The methods employ 
values of wind speed, stability, and average X/Q taken from 1992 site meteorological data as 
typical of local conditions.  This is simpler than using real time meteorological conditions and on-
line calculations, and can be justified because the doses which could occur from credible 
releases are a small fraction of those allowed by regulation.  For doses as small as these, the 
effort required to obtain the more sophisticated on-line analyses is not cost effective. 
 
The low value of credible doses which could be received from accidental releases from GE-MO 
is illustrated by information taken from the Consolidated Safety Analysis Report1(CSAR).  This is 
shown as follows: 
 
Type of Accident Whole Body Dose (mRem) 
 
Fuel Bundle Drop   2.0 x 10-2 
Fuel Basket Drop   8.1 x 10-2 
Tornado Missile   8.0 x 10-1 
 
In addition, the doses from normal operations have been calculated, based on the annual 
quantities of radionuclides released from the site over the past 10 years (1983 through 1992).  
These values are shown as follows: 
 
 Radionuclide Maximum Annual  Off-Site Dose (mRem) 
  range average 
 
 H-3 2.4   to 6.8 x 10-7 4.4 x 10-7 
 Co-60 0.39 to 2.0 x 10-8 1.2 x 10-8 
 Kr-85 1.0   to 1.6 x 10-5 1.4 x 10-5 
 
 Cs-134 0.18 to 1.6 x 10-9 5.6 x 10-10 
 Cs-137 0.01 to 5.8 x 10-8 1.9 x 10-8 
 
These values are also many orders of magnitude below both regulatory limits and default values 
used to evaluate the achievement of ALARA goals (10 mRem/year according to Draft 
Regulatory Guide DG-80132). 
 
The methods are divided into three categories.  The first category includes the methods for 
determining releases during normal operations and is based on measurement of stack samples 
or calculations of volumes of air released.  Doses found using these methods are the annual 
doses which would be received by a member of the public at the worst off-site location. 
 
The second category includes the methods used to calculate doses from an accidental ground 
level release.  These methods require a measurement or estimate of the quantity of each 
radionuclide released, and give the dose to the nearest resident (assuming conservatively that 



 

 

the wind is in the direction of that nearest resident at the time of the accident).  For a ground 
level release the nearest resident down wind receives the highest dose.  The dose to that 
resident can be determined for worst case meteorological conditions, or more typical conditions. 
 
The third category consists of similar methods for determining the dose from an accidental 
release through the 300 ft. stack.  Again, a determination of the amount of material released is 
needed.  With this given, the methods allow the calculation of the dose to a member of the 
public who remains at the worst off-site location for the duration of the release.  The dose can 
be determined for the worst meteorological conditions, or average conditions. 
 
Appendices of the manual give a tabulation of the parameters used to calculate values of X/Q 
for accidental releases, the variation of stability classes and wind speeds seen on-site in 1992, 
and justification for using neutral condition X/Q values for more stable conditions when 
considering releases via the 300 ft. stack. 
 
2.0 NORMAL CONDITIONS 
 
The off-site dose under normal conditions is considered to be the result of chronic releases from 
the 300 ft. stack.  This is approximated by assuming a uniform release rate over a period of a 
year.  Three factors must be known to compute the dose, the atmospheric dispersion (X/Q in 
sec/m3), the dose per µCi inhaled (Rem/µCi), and the average rate of release. 
 
The atmospheric dispersion has been determined experimentally over a number of years as part 
of the joint GE-CECO meteorological monitoring program conducted at the adjacent Dresden 
Nuclear Power Station (DNPS).  The value of the atmospheric dispersion used in this manual is 
the maximum offsite relative concentration (X/Q) for 1992.  That value, 7.88 x 10-8 sec/m3, is 
typical of those seen for the annual periods over the past 20 years. 
 
The dose per µCi inhaled (dose conversion factor) (Rem/µCi) is taken directly from the "Internal 
Dose Conversion Factors for Calculation of Dose to the Public", DOE/EH 00713 for the 
individual radionuclide inhaled.  The concentration in the air breathed is multiplied by the 
quantity breathed (22,800 liters per day for the Standard Man) and this dose conversion factor. 
 
The average activity released over a year is determined differently depending on whether the 
radionuclides released are particulates, krypton-85 (Kr-85), or tritium (H-3) (as HTO). 
 
Particulates:  The basis for determining the dose from the chronic release of particulates is the 
result of the stack sampler composite analysis.  Weekly air samples are collected from Loops 1 
and 2 of the stack sampler, and composited.  At the end of six months each composite is 
analyzed for gamma emitting radionuclides using a germanium detector.  The highest activity of 
a radionuclide (from analysis of the Loop 1 or Loop 2 composite) during the first six month 
period is added to the highest value for that radionuclide during the second six months.  The 
total (referred to as the total quantity sampled) is a conservative assessment of the amount of 
that radionuclide that passed through a sample loop during the year. 
 
The activity of the radionuclide released is found by multiplying that total by the ratio of flows, 
((in the stack) to (in a sample loop)).  This number is typically about 24,000, the stack flow rate 
(12,000 ft3/min.) divided by the loop flow rate (0.5 ft3/min.).  The product of the total quantity 
sampled and this ratio gives the quantity of that radionuclide released in the year (in µCi).  The 



 

 

average release rate in Ci/sec. is determined by dividing this value by the number of seconds 
per year and converting µCi to Ci. 
 
Equation 1 gives the average concentration (Ci/m3 or µCi/cm3) of any radionuclide released in 
particulate form at the worst off-site location. 
 
Average Concentration = (A1+A2)(Flow ratio)(X/Q)/3.15 x 1013 (1) 
 
Here A1 is the activity in µCi of the radionuclide of interest on the stack sampler composite for 
the first half of the year (The highest value of Loop 1 and Loop 2).  A2 is the same value for the 
second half.  3.15 x 1013 is the conversion from µCi/yr. to Ci/sec. 
 
Equation 2 gives the annual committed effective dose equivalent (in Rem) which could result 
from this radionuclide if a person were to occupy the worst off-site location for the year's 
duration. 
 
Annual CEDE = 8.32 x 109 (Aver. conc.)(Dose conversion factor) (2) 
 
The average concentration is taken from Equation 1, and dose conversion factor (in Rem/µCi) is 
from DOE/EH 0071.  8.32 x 109 is the cm3 of air breathed in a year by the standard man. 
 
Kr-85:  The basis for determining the dose from the chronic release of Kr-85 is the measurement 
of that radionuclide in the air over the basin.  This was originally done in 1980.  The 
concentration4 was found to be 5.8 x 10-8 µCi/cm3.  More recently, in 1992, two additional 
measurements were made, one over each basin.  They averaged 3.8 x 10-8 µCi/cm3.  The 
agreement between the two indicates that the release rate can be considered to be constant.  
For this manual the higher of the two values is used. 
 
The concentration in the basin air is multiplied by the flow rate into the basin exhaust plenum to 
get the rate of release, and this value is multiplied by X/Q to get the concentration at the worst 
off-site location.  The calculation of this worst average off-site concentration (Ci/m3 or µCi/cm3) 
is shown in Equation 3. 
 
Kr-85 off-site concentration = 4.72 x 10-4 (C) (Flow rate) (X/Q) (3) 
 
Here "C" is the concentration of Kr-85 over the basin in µCi/cm3 , and "Flow rate" is the air flow 
rate through the basin exhaust plenum in ft.3/min., (typically 7,500 ft.3/min.).  4.72 x 10-4 converts 
the product from (µCi/cm3)(ft.3/min.) to Ci/sec.  The whole body and skin doses which would be 
incurred from occupying the area of highest off-site concentration are determined from 
Equations 4 and 5 respectively. 
 
Kr-85 skin dose (mRem/yr.) = 106 (Off-site conc.) (Skin dose factor) (4) 
 
The skin dose factor is taken directly from the "External Dose-Rate Conversion Factors for 
Calculation of Dose to the Public," DOE/EH 00705.  It is 1.58 x 103 (mRem/yr.)/(µCi/m3) for Kr-
85. 
 
Kr-85 deep dose (mRem/yr.) = 106 (Off-site conc.) (Deep dose factor) (5) 
 



 

 

The deep dose factor is taken directly from DOE/EH 0070.  The value is 1.12 x 101 
(mRem/yr.)/(µCi/m3) for Kr-85. 
 
H-3:  The basis for determining the annual dose from the chronic release of H-3 is the measured 
concentration of H-3 in the basin and the amounts of water released from this reservoir during 
the year.  Concentrations of H-3 in the basin are determined periodically as part of the 
Operability Test/Compliance Test system.  The volumes of water released are determined from 
operating records for basin make-up water added during the year.  Equation 6 gives the average 
concentration of tritium (Ci/m3 or µCi/cm3) at the worst off-site location. 
 
H-3 off-site concentration = (C1V1)(X/Q)/3.15 x 1013 (6) 
 
Here C1 is the average H-3 concentration in basin water (µCi/cm3) and V1 is the volume of basin 
make-up water added in the year in cm3.  .  3.15 x 10 13 is the same conversion used in Equation 
1.  The whole body committed effective dose equivalent (Rem) which would be incurred from 
occupying the area of highest off-site concentration is determined from Equation 7. 
 
Annual CEDE = 8.32 x 109 (Off-site conc.)(Dose conversion factor) (7) 
 
The dose conversion factor for H-3, taken from DOE/EH 0071, is 6.3 x 10-5 Rem/µCi. 
 
3.0 Accident Conditions (General) 
 
The off-site dose under accident conditions depends on the quantity of each radionuclide 
released, the release point (ground level or 300 ft.), and the meteorological conditions.  The 
amount of each radionuclide released is estimated or measured at the time of release.  
Analyses made to support the Consolidated Safety Analysis Report (CSAR) give some 
conservative estimates for releases which could occur as the result of credible accidents at GE-
MO.  Examples of some of the amounts which could be released according to the CSAR are 
shown as follows: 
 
Fuel Bundle Drop 1.471 x 103  Ci noble gases and 
 8.94   x 10-3  Ci iodines 
 
Fuel Basket Drop 6.111 x 103  Ci noble gases and 
 3.717 x 10-2 Ci iodines 
 
Tornado Generated Missile 3.5     x 103  Ci noble gases and 
 7.7     x 10-4 Ci iodines 
 
Basin Cooler Leak 2        x 10-6 Ci/sec Cs-134 
 
Because of the age of the fuel stored at GE-MO the noble gases are assumed to be all Kr-85, 
and the iodines all I-129.  For a similar reason Cs-137 will be used instead of Cs-134. 
 
The release point for the various kinds of accidents is known because of the features of the 
facility.  Radionuclides released from events which occur in the basin or the process building 
such as the fuel bundle and basket drops exit through the sand filter and the 300 ft. stack.  



 

 

Radionuclides released by evaporation or by tornado (which would destroy the integrity of the 
metal building covering the basin) were assumed to be ground level releases. 
 
The dispersion of the released material due to air movement is given by Equation 8. 
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Here "X" is the average air concentration (Ci/m3 or µCi/cm3) at any selected point, and "Q" is the 
release rate in Ci/sec.  "uh" is the average wind speed at the height of the release, and “σ“ is the 
standard deviation of the cloud width in the horizontal (y) direction and vertical (z) direction.  "y" 
and "z" are horizontal and vertical distances from the centerline of the plume, and "t" is the time 
after the release.  Therefore the distance (x) from the point of release to the selected point is the 
product of uh and t. 
 
For purposes of this manual cloud depletion is not considered and the dose is figured to a 
person directly downwind of the release.  Therefore "y = 0".  For a ground level release "z = 0" 
also.  Under these conditions Equation 8 can be simplified.  This simplified expression is shown 
as Equation 9. 
 

( )
X
Q z y h

=
1

2πσ σ µ
 (9) 

 
Watson and Gamertsfelder6 also give equations to determine σy and σz.  These are repeated as Equations 
10, 11, and 12. 
 

( ) ( )σ y y
nC x2 2 2= − 2  (10) 

 
( ) ( )σ z z

nC x2 2 2 2= −  (neutral and unstable case) (11) 
 

( )(σ z a k t2 21= − − +exp ) bt2  (stable case) (12) 

 
Parameters needed to solve these equations are given for four stability classes and several 
wind speeds in the FSAR7, and repeated in Appendix 1 to this manual.  The fraction of the time 
that each condition (wind speed and stability class) was observed during the reference period 
(1992) according to Murray and Trettel8 is reproduced in Appendix 2.  As shown in the following 
table the range in the lapse rate for each class was used to establish the relationship between 
the four classes of the FSAR and these seven classes: 
 
 FSAR M&T 
Stability Class Lapse Rate Stability Class 
Unstable < - 1.5 °C   EU + MU + SU 
Neutral    - 1.5 to - 0.5 °C   N 
Moderately Stable    - 0.5 to   1.5 °C   SS 
Very Stable > 1.5 °C  MS + ES 
 



 

 

Appendix 2 to this manual gives the fractional time that each FSAR stability class and each wind 
speed were prevalent during 1992. 
 
No consideration is given in this manual to variations in wind direction.  It is assumed that when 
the accidental conditions exist, the wind is blowing straight towards the most likely exposed 
member of the public.  For ground level releases, this is the closest individual.  For elevated 
releases this is the individual at the distance where (X/Q) is maximum. 
 
The following sections determine the atmospheric dispersion (X/Q) based on the parametric 
values originally provided in the FSAR for different release points (ground level and 300 ft.), 
wind speeds, and stability classes.  These values are then matched with the corresponding 
prevalence of each atmospheric condition (from M&T) to determine the most likely (X/Q), the 
median (X/Q), and  the maximum (X/Q) that would be expected. 
 
4.0 Accident Conditions - (Ground Level Release) 
 
The maximum concentration from a ground level release is to the nearest neighbor, and his 
residence is about 508 m east of the process building.  The concentration at this worst location 
was determined by using the parameters in Appendix 1 to compute σy and σz for each of the 
four stability classes, and for wind speeds of 2.25, 5.5, 10, 15, 21, and >24.5 mph.  Then 
Equation 9 was used to compute X/Q.  Table B.22-1 gives the X/Q values for each atmospheric 
condition. 
 

MINIMUM ATMOSPHERIC DISPERSION for a GROUND LEVEL RELEASE 
 
Wind   Moderately Very 
Speed Unstable Neutral Stable Stable 
(m/h)     
     
1 - 3.5 3.47 E-5 1.63 E-4 3.83 E-4 9.17 E-4 
3.6 - 7.5 1.42 E-5 6.68 E-5 1.97 E-4 4.07 E-4 
7.6 - 12.5 1.07 E-5 6.24 E-5 1.23 E-4 2.31 E-4 
12.6 - 18.5 7.11 E-6 4.16 E-5 9.39 E-5 1.56 E-4 
18.6 - 24.5 5.83 E-6 3.43 E-5 8.08 E-5 1.12 E-4 
> 24.5 4.53 E-6 2.66 E-5 7.44 E-5 8.74 E-5 
 
When this table is combined with the data in Appendix 2 (which has been condensed to match 
the four stability classes found in the FSAR) one can determine the distribution of expected X/Q 
values.  This is shown in Table B.22-2. 
 

DISTRIBUTION OF EXPECTED VALUES OF ATMOSPHERIC DISPERSION 
for a GROUND LEVEL RELEASE 

 
X/Q Cum % X/Q Cum % X/Q Cum % 
      
9.17 E-4 00.00 1.12 E-4 20.33 3.47 E-5 76.19 
4.07 E-4 00.62 9.39 E-5 21.38 3.43 E-5 76.25 
3.83 E-4 02.49 8.74 E-5 31.87 2.66 E-5 83.92 
2.31 E-4 02.91 8.08 E-5 31.88 1.42 E-5 86.79 
1.97 E-4 06.10 7.44 E-5 36.12 1.07 E-5 89.53 



 

 

1.63 E-4 08.00 6.68 E-5 36.96 7.11 E-6 94.23 
1.56 E-4 08.95 6.24 E-5 43.18 5.83 E-6 98.51 
1.23 E-4 13.28 4.16 E-5 59.06 4.53 E-6 99.80 
 
In Table 2 "Cum %" refers to the percent of the time that a larger value of X/Q would be 
expected based on the 1992 data.  A review of this table shows, based on 1992 data, that the 
worst case X/Q for a ground level release is 9.17 x 10-4 sec/m3.  In addition, the median and 
most frequent X/Qs are found to be 4.16 x 10-5 sec/m3. 
 
The values from Table 2, when combined with the credible releases identified in the CSAR allow 
one to calculate the doses that the person occupying the residence at the worst off-site location 
would receive.  In each case it is assumed that person is exposed for the entire duration of the 
release.  The necessary calculations are made using Equations 13 through 16. 
 
Deep dose from Kr-85 (Rem) = 3.17 x 10-5 (X/Q)(Ci released)(1.12x101) (13) 
 
Here 3.17 x 10-5 converts mRem to Rem, years to seconds and Ci to µCi; and 1.12x101 gives 
the deep dose in mRem per yr. from immersion in a cloud of Kr-85 with a concentration of 1.0 
µCi/m3 (from DOE/EH 0070). 
 
Skin dose from Kr-85 (Rem) = 3.17 x 10-5 (X/Q) (Ci released) (1.58 x 103)   (14) 
 
This equation is the same as Equation 13 except for the dose conversion factor of 1.58 x 103 
(mRem/yr.)/(µCi/m3) to the skin (from DOE/EH 0070). 
 
CEDE from I-129 (Rem) = 2.64 x 102 (X/Q)(Ci released)(0.18) (15) 
 
The factor 2.64 x 102 is the volume of air breathed per second by the Standard Man (in cm3).  It 
comes from 22,800 L/day usually quoted in tables.  0.18 is the dose conversion factor for iodine-
129 in Rem/µCi from DOE/EH 0071. 
 
CEDE from Cs-137 (Rem) = 2.64 x 102 (X/Q)(Ci released)(3.2 x 10-2) (16) 
 
This equation is similar to Equation 15, except that the dose conversion factor (3.2 x 10-2 
Rem/µCi) is for Cs-137. 
 
Conservative values of the maximum dose, the most likely dose, or the median dose can be 
calculated from these formulae depending on the value of X/Q chosen from Table 2. 
 
For cases other than those quantified in the CSAR, the amount and kind of the radionuclides 
released needs to be measured or estimated.  The amount of each radionuclide released is 
substituted into Equation 13 to determine the external deep dose from immersion in the plume.  
Similarly, the use of Equation 14 will give the skin dose, and substitution into Equation 15 or 16 
is for determining the CEDE.  For radionuclides other than Kr-85, I-129 and Cs-137 appropriate 
dose conversion factors need to be found by referring to DOE/EH 0070 or DOE/EH 0071. 
 
5.0 Accident Conditions -- (release at 300 ft.) 
 



 

 

The maximum concentration from a release at an elevation of 300 ft. occurs at the center of the 
plume, downwind, at a distance that depends on the meteorological conditions.  The distance 
and the maximum X/Q can be determined from Equation 8 for unstable and neutral conditions 
as shown in the following text.  It is subsequently shown that the maximum X/Q for stable and 
very stable conditions is lower than X/Q for neutral or unstable conditions.  Therefore, the value 
for neutral conditions can be used as a conservative estimate of X/Q for more stable conditions. 
 
The distance where X/Q is maximum is determined by differentiating Equation 8 with respect to 
"x" and setting the result equal to 0.  Since one is interested in the value at the plume centerline, 
y = 0, and half of the exponential term drops out.  Equation 17 gives the expression for 
determining the downwind distance (in meters) where X/Q is maximum. 
 

( )x C
z

n z− = 
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 (17) 

 
"z" is the stack height (no credit is taken for plume rise), and "Cz" is the value from Appendix 1 for the 
meteorological condition considered. 
 
Once "x" is determined, it can be substituted into Equation 8 to calculate X/Q.  This calculation was done 
for each of the wind speed categories shown in Table 1 for both neutral and unstable conditions.  The 
results are shown in Table 3. 
 

MINIMUM ATMOSPHERIC DISPERSION for a RELEASE at 300 feet 
 
Wind Unstable  Neutral  
Speed X/Q Distance X/Q Distance 
(m/h) (sec/m3) (m) (sec/m3) (m) 
     
1 - 3.5 6.94 E-6 575 6.94 E-6 1523 
3.6 - 7.5 2.85 E-6 575 2.85 E-6 1523 
7.6 - 12.5 1.57 E-6 674 1.57 E-6 1965 
12.6 - 18.5 1.04 E-6 674 1.04 E-6 1965 
18.6 - 24.5 7.47 E-7 737 7.47 E-7 2170 
> 24.5 5.80 E-7 737 5.80 E-7 2170 
 
For moderately stable and very stable conditions the differentiation of Equation 8 is more 
difficult, since Equation 12 must be used to express σz.  However, it can be shown that X/Q for a 
release at 300 ft. for the stable cases is always less than the X/Q for the neutral case.  Appendix 
3 gives an example showing that this relationship exists.  This relationship allows the X/Q for a 
given wind speed and neutral conditions to be used conservatively for the moderately stable and 
very stable conditions.  Table 4 gives the cumulative distribution of X/Q values for the 300' 
release based on using neutral condition X/Q values for more stable weather. 
 
 

DISTRIBUTION of EXPECTED VALUES of ATMOSPHERIC DISPERSION for a RELEASE at 300 
feet 

 
X/Q Cum % X/Q Cum % X/Q Cum % 

      



 

 

6.94 E-6 00.00 1.57 E-6 14.78 7.47 E-7 81.80 
2.85 E-6 02.05 1.04 E-6 45.59 5.80 E-7 96.25 

 
In this table as well as in Table 2 "Cum %" refers to the percent of the time that a larger value of 
X/Q would be expected based on the 1992 data.   A review of Table 4 shows, based on 1992 
data, that the worst case X/Q for a release at 300 ft. is 6.94 x 10-6 sec/m3.  In addition, the 
median X/Q and the most frequent X/Q are found to be 1.04 x 10-6 sec/m3. 
 
To calculate the dose that a person occupying the residence at the worst off-site location would 
receive from the release of Kr-85, I-129, Cs-137 at 300 ft. -- one measures or estimates the 
quantity released, selects the appropriate X/Q value from Table 4, and uses Equations 13 
through 16.  In each case it is assumed that the person is exposed for the entire duration of the 
release. 
 
6.0 Accident Conditions (Summary) 
 
Three steps are needed to compute the dose to a member of the public from accidents other 
that the four listed under "Accident Conditions (General)".  First, one should decide if the release 
is from ground level or via the 300 ft. stack and select an X/Q value from Table 2 or 4 
respectively.  Secondly, the type and amount of radioactive material released should be 
determined (by measurement or estimation).  Finally, these values should be substituted into 
Equations 13 or 14 (for doses via immersion) or Equations 15 or 16 (for doses via inhalation).  
For radionuclides other than Kr-85, I-129, and Cs-137 the appropriate dose conversion factors 
need to be found by referring to DOE/EH 0070 or DOE/EH 0071. 
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Appendix 1 
Values of Atmospheric Variables 

 
Variable Release Wind Atmospheric Stability 

 Height Speed Very Moderately Neutral Unstable 
 (m) (m/sec) Stable Stable   

       
a all  34 97   
b all  0.025 0.33   
K2 all  0.0088 0.00025   
n ground  0.3 0.3 0.25 0.20 
n 300 ft.  0.4 0.4 0.25 0.20 
Cy ground 1 - 3 0.18 0.18 0.21 0.35 
Cy ground 4 - 7 0.18 0.18 0.15 0.30 
Cy ground > 7 0.18 0.18 0.14 0.28 
Cy 300 ft. 1 - 3 0.18 0.18 0.15 0.30 
Cy 300 ft. 4 - 7 0.18 0.18 0.12 0.26 
Cy 300 ft. > 7 0.18 0.18 0.11 0.24 
Cz ground 1 - 3   0.17 0.35 
Cz ground 4 - 7   0.14 0.30 
Cz ground > 7   0.13 0.28 
Cz 300 ft. 1 - 3   0.15 0.30 
Cz 300 ft. 4 - 7   0.12 0.26 
Cz 300 ft. > 7   0.11 0.24 

 



 

 

 Appendix 2 
Distribution of Meteorological Conditions 

 
 Stability Classes 

Wind Extremel
y 

Moderate
ly 

Slightly Neutral Slightly Moderate
ly 

Extremel
y 

Speed Unstable Unstable Unstable  Stable Stable Stable 
(m/hr) (EU) (MU) (SS) (N) (SS) (MS) (ES) 

        
< 3 0.00 0.01 0.05 0.95 0.42 0.36 0.26 

4 - 7 0.23 0.78 1.73 6.22 1.90 1.31 0.56 
8 - 12 0.84 1.59 2.27 15.88 7.05 2.33 0.85 

13 - 18 1.44 1.10 1.74 17.13 10.47 3.71 0.62 
18 - 24 0.24 0.40 0.65 7.87 4.24 0.91 0.14 

> 24 0.00 0.05 0.16 2.87 0.84 0.01 0.00 
 
 



 

 

 Appendix 3 
Limiting X/Q for Moderately and Very Stable Conditions 

 
The X/Q for neutral conditions can be used conservatively to represent the X/Q for moderately 
stable and very stable conditions because neutral condition X/Q is larger.  This is demonstrated 
by computing σz for the four atmospheric condition classes for a 300 ft. release with a wind 
speed of 1.01 m/sec.  It can be seen from this demonstration that the neutral condition X/Q is 
also larger for different distances and different wind speeds. σz is calculated for the distance of 
575 m. listed in Table 3. 
 

Unstable Conditions:   
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Very Stable Conditions:   = − − 
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X/Q varies with σz in the following way: 
 

 X/Q is proportional to:  1
2σ σz z







 −

















exp Constant  

 
For a decrease in σz, X/Q decreases more rapidly. 
 
For increasing X, the σz for unstable and neutral conditions increases more rapidly than for 
moderately and very stable conditions. 
 
For increasing wind speeds, σz decreases for moderately and very stable conditions. σz for 
unstable and neutral conditions is unchanged. 
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