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PROPOSED SITE MONITORING PROGRAM
SNAPTRAN DESTRUCTIVE TESTS

SUMMARY

Measurements will be made of the direct radistion, airborne radio-
activity, and beryllium released from the SNAPTRAN 2/lOA destructive
tests. These measurements will be taken by varibus equipment located
on an extensive grid monitoring system. Attempts will be made to
distinguish between the dose (both gamme-ray and neutron) of the
transient and the dose from the decay of the fission products produced
by the transient. The direct dose from the cloud will be measured ag
well as the dose from fallout downwind of the test. The radiocactive
(isotopic) air concentration of the cloud and the beryllium concentra-
tion will be measured. Attempts will also be made to measure relative
concentrations of the radiocactive noble gases in the cloud as well as

taking particle-size measurements of cloud radiocactivity.
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PROPOSED SITE MONITORING PROGRAM
SNAPTRAN DESTRUCTIVE TESTS

I. INTRODUCTION

One of the experimental objectives of the STEP Project is to
measure and evaluate the radiological hazards resulting from a maximum
credible accident to the SNAP 2/10A reactor. In addition, the nature
of the components of this reactor, in particular the beryllium reflec-
tors, necessitates a measure of the release of some toxic substances of
a non-radiological character. This report will explain, in as much
detail as is presently possible, AED Health and Safety's proposed
methods of accamplishing the above objectives during the SNAPTRAN 2/lOA

destructive test series.
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ITI. RADIOLOGICAL MEASUREMENTS

A. Grid sttem

Appendix A is a drawing of the proposed grid system for monitoring

. and measuring the radiclogical consequences of the destructive tests.
Appendix B is & tabular listing of the grid instrumentation.
Appendix C is a cost estimate of the equipment that will need to

be purchased to properly instrument and operate this grid.

B. Specific Measurements

1. It is felt that the instrumentation of the grid system will

provide the following information:

8. Gamma-~Ray Dose-Rate from Residual Fission Product Decay
as a Function of Distance from the Reactor and Time
After the Transient

This information will be obtained from dose-rate record-
ing ionization chembers located at 25, 50, 100, 200, and 300 meters
upwind of the reactor. These instruments will be automatically actuated
at the end of the transient. The STEP Instrumentation Section will be
responsible for designing and installing this actuation mechanism into
the reactor control system. The datum will be recorded near the control
room on the same panel as the IET area monitoring system. The recorder

to be used is being decided upon by the STEP Instrumentation Section.

The information will be reported in the form of a graph showing
millirem per hour versus minutes after the transient, and distance from

the reactor as a third parameter.

b. Camma-Ray Dose from Residual Fission Product Decesy as a
Function of Distance from the Reactor and Time After the
Transient

This information will be obtained by graphically inte-
grating the dose-rates determined by the above method (Part a). It will
be presented in graphical form showing millirem versus minutes after the

transient, with distance from the reactor as a third parameter.
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C, Gamma-Ray Dose from the Transient Plus that from Residual
Fission Product Decay as a Function of Distance from the
Reactor

This information will be recorded by either film badges,
chemical dosimeters, or polymerization dosimeters located at the 25, 50,
1100, 200, and 300 meter upwind stations. The type of dosimeter used at
a particular station is determined by comparing its sensitivity range
with the expected dose at that station. Film badges (30 mrem to
1000 mrem) will be used at the 100, 200, and 300 meter stations; chemical
dosimeters (25 rem to 106 rem) will be used at the 50, 100, and 200 meter
stations; and polymerization dosimeters (50 rem to lO7 rem) will be used

at the 25 and 50 meter stations.

The film badges will be obtained from ID and will be processed by
their Personnel Metering Section. The chemical dosimeters are contained
in the Nuclear Accident Dosimeters (NAD's). They will be borrowed from
ID and will be analyzed by their Analysis Group. The polymerization
dosimeters will be obtained from the University of Kansas and will be
read by a STEP Health Physicist.

The information will be reported in the form of a graph showing

millirem versus the distances of the five stations from the reactor.

d. Gamma-Ray Dose from the Transient as a Function of
Distance from the Reactor

This information will be obtained by a difference method
in which the gamma-ray dose after the transient (Part b) will be sub-
tracted from the total gamma-ray dose of the entire test (Part c). The
time at which the dosimeters in Part ¢ are recovered will be the point
on the time coordinate of the graph of Part b which is used in applying

the difference method.

A supplemental method for determining this information will be to
drop film badges into shielded containers at the moment of reactor
destruction. The film will be held above the shield by electroragnets
and automatically dropped at this designated time.

This information will be presented in the form of a graph showing

millirem versus distance from the reactor, and will be extrapolated
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between the five stations to give the dose fram the transient as a

continuous function of distance from the reactor.

e. Gamma-Ray Dose from the Transient Plus that from Residual
Fission Product Decay as a Function of Distance from the
Reactor and Time After the Beginning of the Test

This informetion may be obtained by adding that found in
Part d to the time-doses of Part b. The results will then be a continu-
ous function of time as well as distance and may be presented graphically

in that manner.

f. Total Neutron Dose from the Transient as a Function of
Distance from the Reactor

This information will be determined to a limited extent
by a combination of fission foils, activation foils, sulfur, and neutron
pencil dosimeters. These devices will be placed on the dolly as well as

at 25, 50, 100, 200, and 300 meters.

Part of this equipment is contained in the NAD's used in Part c.
The NAD system uses bare gold, cadmium covered gold, three fission foils
and sulfur. This combination allows an approximate measurement of the
neutron spectrum, which must be known before a dose in millirem can be
determined. Calculations using the induced activity of the gold and
cadmium covered gold give the thermal flux. A Pu239 fission foil gives
the neutron flux > 1 Kev. A Np237 fission foil gives the flux > 0.75 Mev.
A UE38 figsion foil gives the neutron flux > 1.5 Mev. A sulfur bar
gives the neutron flux > 2.5 Mev from the 832 (n,p) P32 reaction.

The foils are contained in a boron ball for removing thermal neu-
trons. The inside of the ball is lined with cadmium to capture any

neutrons thermalized by the boron.

The film badges used in gathering gemma-ray dose data also contain
gold, cadmium covered gold and a sulfur stick. Measurements obtained
fron these items will supplement those obtained by the NAD's. The film
badges also contain fast neutron sensitive film. This film dose is
measured by counting the tracks of proton recoils from the hydrogen (n,p)

reaction, and applying this data to a known calibration curve.
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The individual results of these dosimeters will be correlated to
give an approximate energy distribution of the transient neutron flux.
The thermal and fast fluxes will then be converted to millirem using
the appropriate Relative Biological Effectiveness (RBE) factors. These
doses will then be summed to give the total neutron dose in millirem.

This information will be included in the graph of Part d.

The MIR Bonner Counter, a neutron flux measuring instrument, will
also be used at one location (not decided yet) to give additional

neutron dose information.

ge Total Dose from the Transient as a Function of Distance
from the Reactor

This dose will be determined by adding the neutron dose
to the gamma dose obtained in Part d. The sum of the neutron and
gamma-~ray dose from the transient will be included in the graph showing
the information obtained in Parts d and f.

h. Total Gamma-Ray and Neutron Dose fram the Transient Plus
the Gamme-Ray Dose from Residual Fission Product Decay
as & Function of Distance from the Reactcr and Time
After the Beginning of the Test

This information may be found by adding the total dose
during the transient (Part g) to the total dose found in Part e. It
will be presented.in 8 separate graph showing millirem versus time
after the test with distance from the reactor as a third parameter.

i. Gaxma-Ray Dose-Rate from the Cloud as & Function of
Distance from the Reactor at Various Times After the
Excursion

This dose-rate out to 300 meters will be determined by
ion-chambers placed downwind from the reactor at 25, 50, 100, 200, and
300 meters. The dose-rate from the cloud at these stations will be
determined by a difference method in which the dose-rates measured by
the upwind ion-chambers (Part a) will be subtracted from the dose-rates
measured by their counterpart downwind ion-chambers. This separates

the could dose from the residual fission product decay dose at each
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station. These downwind ion-chambers will be actuated at the end of the

transient by the same mechanism which actuates the upwind ion-chambers.

The dose rates from the cloud at several points along the 1500 and
2514 meter arcs will be measured by remote monitoring-telemetering
stations. This system, consisting of 25 remote units, was obtained from
GE-ANP surplus and is presently being reactivated by the MIR Instrument
Development group. Each remote unit has a high and low range ion-chamber
of variable sensitivity. The direct current (which is proportional to
the dose-rate) fram the ion-chambers is placed on a capacitor. At given
time intervals the voltage on the capacitor is measured and converted to
a tone. The tone is transmitted to a receiving station and reconverted
into a voltage. This voltage is converted to a dose-rate by a ratemeter

and may be typed out autmmatically.

The dose-rate from the cloud as it passes the 13,000 ft arc road
will be measured by two mobile monitoring stations. These mobile
stations are trucks in which are mounted scintillation-type dose-rate
meters. They also are equipped with air activity measuring instruments.
Barring unsafe exposure-rates these two vehicles will drive along the
arc road, locate the center of the cloud, station there, and record the

dose-rate as the cloud passes.

The results will be presented in a graph showing millirem per hour
versus minutes after the test, with distance from the reactor as a

third parameter.

Jj» Total Dose from the (loud as a Punction of Position on
the Grid

At each station on the grid there will be a film badge
in a can beneath the surface of the ground. This badge will then be
shielded from most of the fallout-dose and will hence record the beta-
particle and gamma-ray exposure dose from the cloud. These film badges
will be retrieved as soon as the cloud has left the area. This infor-
mation may be plotted in the form of an isodose graph using the reactor

as the origin.
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k. Total Dose from Fallout as a Function of Position on the
Grid 24 Hours After the Excursion

Three feet above each of the film badges used in Part jJ
there will pe another film badge recording both cloud and fallout expo-
sure. The cloud exposure (Part j) will be subtracted from these
‘elevated badge doses to give the exposure to these badges from fallout

only. This information will be presented in the form of an isodose

graph.

1. Meximum Gamma-Ray Dose-Rate from Fallout as & Function
of Position on the Grid and Time After the Excursion

A study of the telemetering air-sampling data should
allow an estimate of the time when the cloud has essentially left the
grid. After that time it will be assumed that the telemetered ion-
chamber dose-rates are fram fallout only. This information may then
be presented as a continuation of the dose-rates &s shown in the graph
of Part i.

m. Fallout Distribution, Concentration, and Isotopic
Identification as & Function of Position on the Grid

The particulate fallout will be collected on 1T4 fallout
trays located throughout the grid. The trays will be mounted approxi-
mately three feet above the ground and will each contain a 12 in. by
15 in. piece of sticky type fallout paper.

After the cloud has passed, these fallout plates will be recovered
and analyzed by gamma-spectrometry. Attempts will be made to quanti-
tatively measure the fallout of Il3l, Cs137, Baluo, Zr95—Nb95, Rulo3,
Ru106, and Celhl. The plates will also be analyzed for gross gamma-ray
and beta-particle activity to aid in deposition velocity calculations.

A strontium analysis will also be made on the plates.

The results of the isotopic identification will be presented in the

form of a table in uc/cmg. Distribution and concentration of total

fallout activity will be plotted as an isopleth on the grid.
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n. Particulate Activity in the Cloud and Isotopic Identifi-
cation as a Function of Position on the Grid

Particulate activity in the cloud will be collected by
63 high-volume air samplers as shown on the grid drawing. A 6 in. by
9 in. filter holder will be used to accommodate the filter paper, and
-a carbon cartridge will be set behind this for the collection of iodine

isotopes.

The filters and cartridges will be analyzed for gross beta, gross
gamma, strontium, and by gamma-ray spectrometry. The results of the
isotopic identification will be reported in tabular form in terms of
uc/m3. These data may be plotted as an isopleth of concentration as a

function of position on the grid.

O. Noble Fission Gas Concentration in the Cloud and Their
Isotopic Distribution

This information will be obtained by an instrument which
utilizes two absolute filters and a delay tank. The alr in the lower
part of the cloud will be sampled and passed through an absolute filter
to remove all fission products except the noble gases. These gases then
pass into a delay tank where they remain for a specified period of time
in which they partially decay into particulate radioactive daughter
products. These daughters then pass through an absolute filter which
may be removed and analyzed by a gamma-spectrometer. By analyzing the
second filter of the fission-gas system and applying an appropriate
mathematical analysis, the cloud concentrations of certain of the

radioactive noble gases may be determined.

P. Cloud Concentration and Distribution of Radioisotopes
According to Particle Size

Cascade impactors will be used to sample the lower part
of the cloud to determine the airborne activity associated with different
dust particle sizes. These units separate the aerosols into five
distinct groupings with mass median diameters between 20 microns and

1/2 micron.
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The optimum data that could be obtained would yield information

regarding the association of certain fission products with a given

particle size. In order to obtain this type of information, relatively

high airborne activity is required. On the vasis of the results
obtained by the AEC Health and Safety group during the SPERT destructive
-test, little difficulty is expected in this regard. The minimum data

to be obtained will give & relationship between activity and particle

size. Further, it will be possible to use the total activity measure-

ment obtained in this program for comparison with the data obtained

by the high volume air samplers.

The Unico Cascade Impactor has been tentatively chosen ag the most
applicable unit for this program. The air flow will be provided by a
Gelman Model 25001 low-volume pump. The individual impactor stages will
be analyzed with a gamma-ray spectrometer, by strontium chemical analysis

and presented in tabular form.

g. Messurement of Beryllium Release

Twenty-one low volume semplers equipped with Unico
Cascade Impactors will be placed five feet above ground level at the
stations as shown on the grid. These are the same units which are to
be used for particle size measurements. 1In addition to these samplers,
beryllium analyses will also be performed on filters used for collection
of radiocactive material in the high volume air-samplers and the tele-
metering system. Also, the filters used by the ARC Site Survey Group
will be analyzed for beryllium.

Additional beryllium monitoring stations will be located at the
air intake of the IET building and in the occupied areas of the IET.

In order to approximate isokinetic conditions, each cascade impactor
head on the low volume samplers will be equipped with a wind vane which

will direct the sampling port into the wind.

The AEC-developed adhesive paper, 4 in, by 9 in., will be placed
one foot above the ground at all sampler locations. These fallout
measurements will be supplemented, after the destructive tests, by

swipe tests in the reactor and IET building areas.
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As & pre-destructive test procedure, background beryllium, both
airborne and fallout, will be measured under the proposed test wind
velocities and direction in order to evaluate the natural beryllium

contamination from beryl in the soil at the IET test site.

Shortly before the test, sampling equipment will be placed on the
igrid. Flow rates of the microsorban filter paper equipped air samplers
will have been measured and adjusted to approximately 1000 ft/min
(12 miles per hour) at the constricted air intakes. Immediately before
the test, the samplers will be turned on. Total sampling time would be
twice the cloud passage time as indicated by the telemetering systems.
In addition, two seguential samplers which have already been purchased

will be placed on the 300 meter arc for cloud path data.

Sampies directly in the could path will be recovered first. The
impactors will be placed in plastic bags, marked as to the location of
the sampler, flow rate of the sampler and operating time. Then they
will be sent to the spectrographic laboratory at TAN-607 for beryllium
analysis. After radioclogical measurements are performed on the filters
from the high-volume air samplers and the telemetering stations, they
will be cut in half and analyzed by both the AEC and the AED laboratories.
Alr samples and surface swipe samples will be collected at the reactor

as soon as is safely possible.

The telemetering system and data from the sequential samplers will
be used to approximate cloud arrivel and passage time. Based on cloud
passage time, filter analysis, and particle sizing, the data will be

interpreted in the following ways:

(1) The total collected beryllium st each station will be
converted by means of a breathing rate factor into the totsal
amount of beryllium that would have been inhaled by a standard

man at that location.

(2) The average concentration will be calculated in micrograms
per cubic meter using the ratio of beryllium collected to air

volume sampled during the cloud passage.
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(3) The impactor equipped low-volume air samplers will allow
measurements to be made of the particle sizes of the airborne
beryllium. Prom this information a determination of the
percent of particles in the respirable range (less than

10 microns) will be made.

(4) An evaluation will be made of surface contamination based on
adhesive paper and swipe test samples in the vicinity of the

reactor.

C. Power Supply for the Grid System

Power will be supplied to the grid system from three sources.

(1) The 25 telemetering stations will be supplied with power from
the 2.5 kilowatt generators located within the units.

{2) Power for all arces out to and including the 300 meter arcs
will be supplied from the IET building.

{3) Thirty 3.5 kilowatt generators will be used to power the
high~volume air semplers, fission gas detectors and low-

volume samplers on all arcs past the 300 meter arc.

A separate generator will be used to provide electrical power for
the mobile field station trailer.

D. Physical Operation of the Monitoring System

When weather conditions are favorable for a test, the grid will be
actuated. Collecting media such as filters and fallout plates will be
placed <in position. As conditions became more favorable the powered

equipment will be actuated and the area cleared to await the test.

As soon as re-entry to the grid is possible, the following priority
items will be recovered and will be rushed to their respective analysis
locations in an attempt to identify as many short-lived isotopes as is

possible. See note for identification of abbreviations.
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ARC H.vl L.V. F.P. ;2 FIG. EA_D- PIS.
A 1 1
B 1 1l
C 1 1 1 1 1 1
D 1 1 1 1 1 1l
E 1 1 1 1 1 1
F 1 1 1 1 1
G 1l 1 1 1 1l 1
H 1 1 1
I 1 1 1
g L _ A 2 —_— —_ _—
TOTAL 7 6 10 T 3 5 6
NOTE: H.V. = High volume air samplers
L.V. = Low volume air samplers
F.P. = Fallout plates
I» = Charcoal iodine filters
F.G. = Fission gas detectors
P.S. = Particle sizing stages

The filters and fallout plates which are the most radicactive will

be the ones recovered from each arc.

The NAD's, film badges, and polymerization dosimeters on the
upwind 25, 50, 100, 200, and 300 meter arcs will be recovered by the
locomotive. They will be mounted on large rings on the third track
fram the north. A protruding metal pole fram the locomotive will pick
off these rings and return them as quickly as possible to TAN-60T for

analysis.

E. Analzses

The priority items listed in Part D will be analyzed by the

following departments.

(1) The MTR Radiation Measurements Section will provide a gamma
scintillation spectrometer at TAN-60T for quantitative
analysis of the seven high-volume air sampler filters, the ten
fallout plates, the seven charcoal cartridges, the three
fission gas detector filters, and the six particle sizing

detector stages.
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(2) The Spectroscopy Section of CPP will enalyze the six low-

volume beryllium filters, using an emission spectrograph.

(3) The ID Analysis Section will analyze the five Nuclear Accident
Dosimeters.

The remsining filters, fallout plates, charcoel cartridges, and
fission gas detector filters will be anaelyzed by the MIR Radiation
Measurements Section. Since these items will be analyzed for the
longer-lived fission products less emphasis will be required for quick

analysis.

In addition, the CPP Special Analysis Section will analyze all
filters and fallout plates containing significant radiocactivity for

strontium.

F. Control Procedure

An 8 ft by 37 ft trailer has been purchased for $300 from AEC
surplus. This trailer will act as the radio control center for
installation, recovery and dispatch of various sampling media from the
downwind section of the grid. 1In addition, the trailer will provide:

(1) "hot" and "cold" change aress,

(2) protective clothing storage,

(3) portable monitoring instrument storage,

() first aid facilities,

(5) respiratory equipment storage, and

(6) decontamination facilities.

The trailer will be located at the north gate of the obstruction

fence, a central location from which there are four separate roads.

G. Future Uses of Egquipment

The grid monitoring equipment can be used for all of the SNAPTRAN
tests as well as the-proposed LOFT and NTF programs. In particulaer,
the portable telemetering system may be used at any location in the
TAN aresz.
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H. Measurements Farther than the STEP Grid

ID has been asked (McC-11T7-628) to provide the following measure-
ments as a part of their site monitoring progrem at distances farther

than the STEP grid:

(1) Direct gamma and beta exposure fram the cloud as determined

by film badges at two positions within the cloud path.

(2) Total gamma exposure and gamma dose rates from two positions
on each arc within the cloud. Vehicles could be used to
position recording dose-rate instruments and air sampling
equipment within the path of the cloud in order to reduce the

number of stationary sampling stations.

(3) Total exposure from fallout as determined by dose-rate
ingtruments and film badges at two points within the cloud

path and a fallout and dose-rate profile along the area.

() Fallout concentrations in curies/m2 and complete isotopic
identification of activities (fallout plates) fram two

positions within the cloud path.

(5) Particulate activity at two positions in the cloud (curies/m3)

and complete isotopic ldentification of the activity.

(6) Iodine concentrations at two positions in the cloud (curies/m3)

and iodine isotopic identificatioms.

ID has agreed by letter to perform these six measurements in such
& manner as to provide adequate correlation of ID's data with AED
Health ang Safety's data.
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1k




siapwis0g UOHOZUIWAOY = ¢
510W0S MY JWNOA MOTI = 4
wonois Pty aiaow < B
s19() $00 uOb 4w (o]
Mimdus, Y BWHOA Y e W

$:0QuouD YOI s A

s OYN=@®

suon0is bunRpwddl e O

(uoI|DIG JamMOd-UON) sebpog wiiy 8 APl nood e O

Tl
—
/ﬁr«/)?
-
- SHILIN 008!
P/y
S
S
D ——— -
pooy Buys3
e SHIL3N 9 bise
)
M
B

pooy bunsxd SHILIN v'296€

_.
‘

15

1189938



APPENDIX B

SNAPTRAN MONITORING EQUIPMENT

Radius Arc F.B.% Hi- Lo- Ion-

Arc (meters) Angle F.0.P.* Vols Vols T-M*¥* Chamber NAD F.G.D.¥%*
A 25 360 2

A 25 360 12 1

B 50 360 2

B 50 360 12 1

C 100 360 2 3 2

C 100 360 24 1

D 200 360 2 3 2

D 200 360 2k 1

E 300 90 10 3 2

E 300 360 24 1

F 500 90 10 L 3
F 500 180 19

G 900 80 17 L 3
G 900 90 10

H 1500 60 0 i 13 7
H 1500 80 15

I 2515 60 1 12

I 2515 60 13

b 3962 60

J 3962 60 21 21

TOTAL 17k 63 21 25 10 5 13
¥ Film badges and fallout plates
*¥*  Telemetering units
¥*¥* Pission gas detectors
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APPENDIX C

COST ESTIMATE

Description

Fallout plates
Fission gas detectors

Beryllium detectors and particle
sizing equipment

High volume eir samplers
Ton chambers

Power generators

Radios

Renovation of telemetering
system

Trailer renovation
Mobile monitoring vehicle
Power cable
Contingency (15%)
TOTAL

1189940

Unit Total
Quantity Price Estimated Cost
160 $ 38 $ 6,080
12 150 1,800
21 250 5,250
59 150 8,850
10 1,194 11,940
30 500 15,000
5 500 2,500
25 24,550
1,000
2 3,000 6,000
4,050
13,053
$ 100,073
17
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