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COMPARISON OF PREDICTED OFFSITE DOSES WITH MEASURED
DOSES AT THE SAVANNAH RIVER PLANT
by
Carroll C. Zeigler, Roscoe M. Hall, Jr., and Allen H. Weber

E. I. du Pont de Nemours & Co.
Savannah River Plant
Aiken, South Carolina 29808

ABSTRACT - An automated emergency response system for real-time
predictions of offsite dose from unplanned atmospheric releases
of radioactivity is maintained at the Savannah River Plant. The
system consists of a minicomputer and associated peripherals
necessary for acquisition and handling of large amounts of
meteorological data from a local tower network and the National
Weather Service. The minicomputer uses these data and predictive
models to assess the impact of accidental releases.

The dose estimates from this system were compared to measured
doses from bioassay samples on several occasions when unplanned’
releases of tritium have occurred. On all occasions, the
calculated doses showed good agreement with the measured doses.

INTRODUCTION system and the emergency

The Savannah River Plant response following these
(SRP) produces tritium, pluto- unplanned tritium releases
nium and other special nuclear will be discussed.
materials for the national de-
fense, other governmental uses METHODS
and for some <civilian pur- The WIND System
poses. Operating facilities The WIND system consists of

include a fuel and target fab-
rication plant, three nuclear
reactors, two chemical sep-
arations plants, a process de-
velopment laboratory and many
other facilities necessary to
support the operations.

An automated emergency re-
sponse system, the Weather In-
formation and Display (WIND)
system was developed at SRP to
predict offsite concentrations
and doses that would result in
the event of an unplanned re-
lease of radioactivity. Three
recent unplanned releases of
tritium have provided data for
a comparison  of predicted
doses with doses measured by
urine analysis. The WIND

minicomputers and associated
peripherals necessary for han-
dling data from a local area
network of instrumented towers
and data from the National
Weather System. These data
are supplied to computer
models that predict plume
movement and dispersion, and
calculate downwind concen-
trations and doses (Ga83).

The local area network con-
sists of seven towers adjacent
to SRP

production areas
(figure 1) and a television
tower located 15 km northwest

of SRP. The seven production
area towers have a tur-
bulence-quality vector vane at
a height of 62 m. The 62 m



height corresponds to the pro-
duction area stack heights.

The vector vane provides me-
teorological data on wind
speed and direction, and hori-
zontal and vertical wind fluc-
tuations. The television
tower instruments provide
meteorological data at seven
levels between 10 and 304 m
above the ground.

Data from the National
Weather Service 1is obtained
from a network of weather
forecast offices throughout
the United States. Data from
any point within the National
Weather Service network are
available on a ‘''store and
foreward instant replay basis."'

The meteological data from
the 1local area network, the
television tower and the Na-
tional Weather service provide
modeling data needed to calcu-
late the dimensions and loca-
tion of the downwind plume.
The meteorological data are
combined with the quantity of
radioactivity released at the
source to calculate downwind
concentrations and dose.

The WIND system can also
forecast downwind parameters
for up to 30 hours. This 30
hour forecast 1is provided by
correlating National Weather
Service hydrodynamic models to
site specific SRP weather data.

The WIND system atmospheric
transport models have Dbeen
verified by comparison of pre-
dicted downwind concentrations
with empirical measurements of
tritium and krypton-85.
Emergency Response

Operating incidents can
cause SRP tritium releases to
increase significantly above
the routine release rate.
These increases cause the ini-
tiation of emergency response
procedures. When the mag-
nitude of the release is ex-

pected to have a measureable
offsite impact, the Emergency
Operating Center 1is activated
and teams are dispatched to
collect environmental samples
in the downwind direction of
the plume as predicted by the
WIND system.

Offsite impact assessment is
influenced by the fraction of
the released tritium that is
in the oxide form. The oxide
form 1is readily exchangeable
with hydrogen in the en-
vironment while the elemental
form interacts much more
slowly.

The sample collection teams
collect environmental samples
along several transects at se-
lected intervals downwind from
the point of release. On each
transect samples are collected
at intervals that range from
one-fourth mile to several
miles depending upon the pre-
dicted dimensions of the
plume. A typical illustration
of monitoring routes 1is pre-
sented in figure 2.

Sample collection teams typ-
ically collect vegetation
along with surface water and
milk where available.

In addition, atmospheric
moisture and rainwater are
collected from routine con-
tinuous monitoring stations
that were in or near the pre-
dicted downwind plume.

The tritium oxide con-
centration observed 1in these
samples are used to verify the
direction and ground level di-
mensions of the plume.

To wverify doses to in-
dividuals 1living in the vi-
cinity of SRP, dose data are
obtained from analyses of
urine samples from family mem-
bers of SRP employees who live
in or near the downwind di-
rection of the plume. Dose
estimates are also made from



concentrations of tritium ob-

served in milk samples
collected in the downwind
plume.

Offsite vegetation, surface
water, air, wurine and milk
samples were <collected and
analyzed on March 27, 1981,
July 16, 1983 and March 23,
1984 following unplanned
tritium releases.

RESULTS

Relative concentrations of
tritium oxide in vegetation
and surface water samples
along predicted plume path
transects have verified that
the WIND system provides a
rapid assessment of the down-
wind direction when unplanned
tritium releases have oc-
curred. A typical example of
maximum concentration in vege-
tation and predicted plume
path is shown in figure 2.

Consistently dependable
methods were not available,
however, to assess downwind
doses using vegetation and
surface water tritium con-
centrations.

Therefore, bioassay samples
were collected from in-
dividuals 1living 1in or near
the downwind plume to verify
the accuracy of the dose
assessment. Doses determined
from these bioassay data
agreed well -with WIND system
calculated doses on three
recent occassions.

Calculated and measured max-
imum doses at the SRP boundary
were essentially the same for
a March 27, 1981 release. The
calculated dose was 0.3 mrem
compared to a measured dose of
0.2 mrem (Ga8l).

On July 16, 1983 good agree-
ment was again observed when
the maximum calculated dose
was 0.04 mrem compared to a
maximum measured dose of 0.03
mrem (Ga83a).

On the third occasion, March
23, 1984, the calculated max-
imum dose of 0.06 mrem at the
SRP  boundary was somewhat
higher than the maximum
measured dose of 0.02 mrem.
However, at 45 km from SRP,
the calculated dose of 0.02
mrem agreed with the measured
dose of 0.02 mrem.

The difference in calculated
and measured doses at the SRP
boundary on March 23, 1984 was
attributed to meteorological
conditions which caused most
of the release plume to remain
aloft in a fairly narrow band
until the plume was several
miles beyond the SRP boundary
(Ev84).

Data on the three releases
are presented in table 1. A
graphic illustration of the
range of doses determined from
urine analyses compared to the
predicted path of the plume
following the March 27, 1981
tritium release are presented
in figure 3. Figures 4 and 5
show graphic comparisons of
the doses determined from
bioassay data compared to the
WIND system calculated doses
for the July 16, 1983 and
March 23, 1984 tritium re-
leases.

Offsite doses calculated
from tritium concentrations in
milk have also generally shown
reasonable agreement with the
WIND system calculated doses
as shown in table 1. However,
the maximum dose of 0.17 mrem
calculated from possible milk

consumption following the
March 23, 1984 release was ap-
proximately three times

greater than the WIND system
calculated maximum dose and
nine times greater than the
maximum measured dose. This
difference likely reflects
conservative assumptions wused
in the milk dose calculations



~or meteorological conditions
which caused the release plume
to remain in a fairly narrow
band.

The calculated doses were
greater than measured doses on
all occassions. Higher cal-
culated doses show that the
methodology and assumptions
used in the WIND system cal-
culated doses are conservative
and provide an estimate that
is likely to be greater than
the actual dose.

Doses from these unplanned
releases have been measurable,
however, they are insigni-
ficant when compared to the
annual natural radiation dose
near SRP which averages 93
mrem.

CONCLUSION

The Savannah River Plant
automated emergency response
system for real-time pre-
dictions of offsite con-
centrations and dose from
atmospheric releases has pro-
vided an accurate assessment
when unplanned tritium re-
leases have occurred.

Followup field surveys and
bioassay samples from persons
in the path of the plume have
confirmed the accuracy of the
ground level dimensions of the
plume, wind direction and off-
site dose from the release.
This system _insures that SRP
can rapidly and accurately
assess the impact of unplanned
releases on the surrounding
environment. This system pro-
vides emergency management
personnel with the data neces-
sary to provide for the safety
of persons who live near SRP
in the unlikely event that a
significant release of radio-
activity should occur.
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TABLE 1
COMPARISON OF DATA FOLLOWING UNPLANNED RELEASES OF TRITIUM

Dates of Releases
Total Tritium Released, Curies
Tritium Oxide Released, Curies

Maximum Calculated Individual
Dose from WIND System, mrem

Maximum Individual Dose
from Bioassay Samples, mrem

Maximum Calculated Possible Dose
from Milk Consumption, mrem@

dBased on possible consumption
critical population group) from
concentration.

3/27/81 7/16/83

33,000 56,000

32,700 600
0.3 0.04
0.2 0.03
0.03 b

of milk by an

byithin normal concentration ranges.

infant
the cow with the maximum

3/23/84

7,500
5,250

0.06

0.02

0.17

(the most

tritium
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FIGURE 2.

PATH OF RELEASE PLUME AND ENVIRONMENTAL SAMPLE TRANSECTS

FOLLOWING TRITIUM RELEASE ON MARCH 23, 1984
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FIGURE 4. COMPARISON OF CALCULATED DOSES WITH OBSERVED DOSES
FOLLOWING THE JULY 16, 1983 TRITIUM RELEASE
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FOLLOWING THE MARCH 23, 1984 TRITIUM RELEASE



