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ABSTRACT

Four surface wind towers, located near RULISON surface
ground zero, provided automatic measurements of sur face wind speed
and direction. These measurements were radio-telemetered to a
master station in the weather trailer at the Cdnfrol Point (CP).

A 24-hour weather observiﬁg station, equipped to take upper-air
soundings of wind, temperature, hﬁmidity, and pressﬁre along with .
surface obscrvations, was in operation in the CP area for fifteen
days preceding the event. Local and national network meteorolog-
ical data and forecasts were available at the UfS. Weather Bﬁreau
Station, Walker Field, Grand.Junction, Colorado.

Event—bfiented forecgsts of winds, weather, vertical atmo-
spheric stability, and air trajectories were presented to the
Diroctor of Nuclear Qperations (DONO) and his Advisory Panel in
daily formal ana informal briéfings beginning at D-7 days. Recog-
nizing.the possible, though unlikely, release of radiocactivity into
Lhe atmosphere, estimétes of potential radiation effects were also
prcseﬁted at each briefing.

Intensive surveillance of changing meteorological conditions
at the surface and aloft was maintained. on D-Day. Hourly surface
and pilot balloon observations were taken at the RULISON CP, at
three locations near the RULISON site, and at Grand Junction,
Colorado. The DONO and his Advisory Panel were‘kept informed of
the meteorological situation starting with the morning readiness
briefing in Grand Junction and continuing at the C? throughout

v



the day.
D-Day meteérqlogical data, included in the report, show that
the winds would have transported any released radioactivity toward

the predicted direction.
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PART 1 WEATHER
CHAPTER 1

INTRODUCTION

1.1 HISTORICAL DESCRIPTION

Project RULISON is a joint experiment sponsored by Austral 0il:

Company Incorporated, Houston, Texas, the U. S, Atomic Energy
Commission and the Department of the Interior, with the Program
Manageﬁent provided by CER Geonuclear Corporation of Las Vegas,
i .
Nevada, under contract to Austral. 1Its purpose is to study the
economic and technical feésibility of using undergroun& nuclear
explosions to stimulate production of nétural gas from the low
productivity, gas bearing‘Mésaverde formation in the RULISON Field.
The nuclear explosive for Project RULISON was detonated suc-
cessfully at 3:00 P.M. plus 0.1 seconds Mountain Daylight Time,
September 10, 1969 at a depth of §,425.5 feet below ground level
and was completely contained. Preliminary results indicate that
the RULISON device behaved about as expected; i.e., with a yield
of 40120
is at an elevation of 8,154 feet above mean sea lével (MSL) and is
located 1,976.31' east of west line and I,813.1§'”north of south

3

line of Section 25, Township 7 South, Range 95 west of 6th P.M,,
. |

lProvided by CER Geonuclear Corporation for verbatim inclusion in
thisg report. ’ '

kt. The wellhead of the emplacement well, Hayward 25-95A,



Gérfield County, Colorado which corresponds to geodetic coordinafes

of longitude 107°, 56', 53" West and latitude 39°, 24', 21"N,

1.2 ORGANIZATION AND BACKGROUND

The Environmental Science Services Administration (ESSA) by
agreement with the Atomic Energy Commission's Nevada Operaﬁions
Offjce (AEC/NVOO) is responsible for providing all meteorologiéél
support required by the Test Manager? NVOO, to conduct nuclear
tests safely at the Nevada Test Site (NTS) and at off-sitg‘loca-
tions. This ESSA respoﬁsibility is met by its Air Resoufces
Laboratory-Las Vegas (ARL-LV) under the Office of the Test Man#gér,
Nevada Operations Office (OTM/NVOO). Specificaliy, ARL-LV has
provided meteorological support for all continental nuclear tests
since 1956.

ARL-LV is organized and sfaffed to provide the specialized
metedrologicai,services peculiar to the Safety Program associated

’

with nuclear testing as well as to develop, through continuing

‘research;-improved--methods -of weather--predictions.--and- radiation .. - .- .

estimates, .
The RULISON experiment was designed and conducted in such a
manner that uncontrolled release or venting of radioactive prod-
ucts to the surface was not gxpected to occur, However, the
event was to be executed only whgn the winds were directed into
a sector which satisfied the requirementslspecified in the
Operations Safety Plan. This sector was to be delineated by the

Test Manager hereinafter referred to as the Director of Nuclear
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Operations (DONO).

1.3‘ OBJECTIVES
ARL-LV Weather Predictions objectives in support of Project
RULISON were to:
l.AProvide and interpret climatological data required by the
various par;icipants for pre-event planning and
preparation.
2. Provide meteorological observations and data required by
the Safety Program.
3. Provide weather and air trajectory forecasts to the DONO
and his Advisory Panel during the event phase. |
| 4. Document the stéte of the atmosphere in the vicinity of.
j the RULISON site at and subsequent to the time'pf
detonation.
5. Provide weather observing and forecasting service to the

DONO representative during any post-event reentry program.

6. Provide post-event analyses, appropriate records, and

| ' . reports pertinent to the experiment.
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CHAPTER 2

PROCEDURE

2.1 DATA REQUIREMENTS

2.1.1 Safety ‘Program. The data collected for the purpose of

making weather predictions ranged from teletype weather resumes
received from major Weather Bureau Forecast Centers to local
surface observations. All were subject to selective interpreta-
tion by the Weather Briefer in his assessment of the forecast
problem and prediction'of pertinent weather elements for H-Hour,

Documentation of the state of the. atmosphere at and near
surface ground zero (SGZ) was acqomplished through a cloée-in
network of instruments. Wind information at surface and aloft,
- obtained from wind towers and upper-wind sounding equipment, was
used to produce wind flow analyses and air parcel trajectories.
Vertical temperature profiles were derived from rawinsoqde.
- observations.
- _.Following the_ final readiness briefing in Grand Junctiom,. _ . _._ _. .. __
Colorado, the Weather and Radiation Briefers continued to interpret-
meteorological data in order to keep the DONO and his Advisory Panel
advised concerning meteorological aspects of thé Safety Program.

Weather parameters peftinent to the test included:

(15 Vertical temperature distribution - to determine the
height to which radioactive effluent, if any, would rise and its
rate of diffusion,

(2) Wind diétribution - to determine the path taken by vented

-4 -
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radioactivity, if any.

(3) Time and spatial variation of wind speed and direction -
to determine change in éath of the radioactive effluent and
chaﬁge in its rate of diffusion.

(4) Upper level streamlines - to determine trajectories in
the larger scale over and around the mountains.

(5) Cloudiness - which may affect air opérations and influence
temperature changes in the free atmosphere. |

(6) Precipitation - which may serve to "wash" radioactivity;
if any, out of thé air, producing 'hot'" spots, as well as to make

travel difficult during the evacuation of people..

2.1.2 Techﬁical Prqg;am. A statistical study made from data
obtained from the RULISON wind tower network indicated that the
Battlement Creek Canypn would normally experience a drainage flow _ .
each night and an upslope flow during most afternoons. Since the
Battlement Creék Canyon is so completely sheltered from the prevail-
ing southwesterly flow, air trajectoriesloriginating at SGZ will
normally be governed by the f}ow in the éanyon until the trajectory
reaches either the top of Battlement Mesa or the Colorado River
Valley as the case. may be. An investigation of air trajectories
originatiné at SCZ waé undertaken during August 1969. The general
circulation aidft waé found to be from the southwest witﬁ speeds
ave;aging approximately 10 knots. Small rubber balloons and
tetroons, pértially inflated with helium for neutral lift, were
used as tracers. Balloons released over the SGZ area in downslope

flow conditions were carried down the canyon and into the Colorado




River Vailey, while thos; released in upslépe flow were carried
southward and over the Battlement Mesa. Several smoke bombs
weré activateq during a downslope flow.pattern, but the small
yolumé éf smoke released proved to be insﬁfficient for tracking

purposes except for relatively short distances.

2.2 DATA SOURCES

2.2.1 National Meteorological Network. The sources of large .

scale meteorqlogical data available to the Weather and Radiation
Briefers included:

(1) National Weather Facsimile

(2) National Weather Teletype, Service A

(3) National Weather Teieﬁjpe, Service C
The teletype and facsimile circuits were located in the'Weather
Bureau Officg at Wa}ker Field, Grand Junction, Colorado, some 70
miles from the RULISON CP. An additional facsimile circuit drop
was made available at the ARL-LV Forecast Office which waé located

.near. the_Weather Bureau Office.

2.2.2 ARL-LV Instrumentation. Instrumentation established by

ARL-LV personnel consisted of surface weather observing instruments,
on-site surface wind towers, a network of pilot balloon stations
near the RULISON site, and an on-site rawinsonde station. Data

from thesé_sources were needed to detect and analyze any signifi-
cant mesoscale circulation which might be imbedded in the régional
scalg flow and to supplement the larger scale data. |

Surface Instrumentation. A hygrothermograph was housed in a

-6 -
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standard instrument shelter at the CP Weayher Statiqn to provide
continuous traces of temperaturé and humidity data. A standard
eight-inch rain gage, also located at the CP, provided mecasure-
ments oprrecipitation. Four surface wind towers were located
near SGZ (Figure 2.1). During the event phase, the wind data from
these towers were telemetered by radio to the CP Weather Station

at five minute intervals.

Off-Site Upper Wind Network. Twelve sites were considered

for use as pilot balloon (pibal) stations. Each site was selected
to provide representative data and to insure reliable radio

contact (Figure 2.2).

Rawinsonde Observations. A Ground Meteorological Device

(GMD), located at the CP, was used to track balloon-borne rawin-
sonde instruments to measure vertical profiles of temperature,

pressure, humidity, and winds.

2.3 OPERATIONS

2.3.1 Pre-Event Operations. Mechanical wind and temperature

stations were installed at four selected locations on September
19, 1967. These instruments were obtained by CER Geonuclear
Corporation. A preliminary site climatology was issued in
Februéry 1969, and an addendum in June 1969, usinglsurface

. climatology data collected at the site and upper air statistics
from Grand Junction, Colorado. Two ARL-LV electronics technicians
installed operational equipment during the period August 11-17,
1969, in preparation of scheduled signal dry runs. ARL-LV

- -
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operational meteorological'support was initiated on August 21,
1969, with a 24-hour schedule of surface observations., On-site
vertical soundings of wind, temperature, pressure, and humidity
and routine pibals to 20,000 ft MSL were taken twice daily.
Weather forecasts and radiation estimates were prepared at the
ARL-LV Foreéast Office, Walker Field, for briefing presentations
in Grand Junction énd at the RULISON site. Relay of weatﬁer data
to the CP was accomplished by radio or telephone.

2.3.2 Event-Oriented Operations. On D-Day, the regular

schedule of upper air observations was augmented by additional
pibal and rawinsonde observations. Hourly pibal observations
were taken to 20,000 ft MSL at the CP upper air complex and at
four off-site locations starting at 0200 mountain daylight time
(MDT) (Figure 2.2). These observations were discontinued at 1700
MDT at all locations except at the CP. Radiosonde observations
were taken at the CP at 1000 MDT and'1430.MDf.

2.3.3 Post-Event Operations. Forecasting and observing

‘services were provided until 1400 MDT, September 11, 1969. ARL-LV

personnel were released by the DONO on the morning of September 12.

- 10 -




CHAPTER 3

WEATHER SERVICES

3.1 WEATHER OBSERVATIONS

D-Day meteorological data are included as Appendix A.

3.2 WEATHER BRIEFINGS

The first of a series of public readiness briefings was pres-
ented to theDONO and his Advisbry Panel in Grand Junction, Colo-
rado, at 1930 MDT, September 3, 1969. The weather briefings and
verifications are summarized below.

3.2.1 Daily Weather Briefings

Briefing: 1930 MDT, September 3, 1969.
Valid: 1500 MDT, September 4, 1969.

Partly cloudy skies will prevail over the area with séattered
showers and thundershowers occurring.over the mountéins. " Upslope
surfacé winds during the afternoon will be from 330 degrees at
10 knots. A short wave to the west will produce winds of 260
degrees at 30 knots at 10,000. to 14,000>feet MSL. Maximum mixing
height will be 12,000 feet MSL.

Verification: 1500 MDT, September 4, 1969,

Clouds and weather were as forecast. Surface winds were 320 degrees

at 5 knots. Winds aloft from 10,000 to 14,000 feet MSL were 240
degrees at 15 knots. Maximum mixing height was approximately
13,000 feet MSL.

Briefing: 1930 MDT, September 4, 1969.

—————

Valid: 1500 MDT, September 5, 1969.

- 11 -
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" 30 knots. Maximum mixing height will reach 14,000 feet MSL.

noon 330 degrees at 5 knots. Winds aloft at 10,000 feet MSL will

Mostly élear skies will prevail over the area with nearest pre-

cipitation occurring over southeastern Colorado. Surface winds

will be 330 degrees at 5 knots., Winds aloft from‘I0,000'to ; ) ;
14,000 feet MSL will be 280 degrees at 20 knots.. Maximum mixing

height to 14,000 feet MSL is expected.

Briefing: 0640 MDT, September 5, 1969.
Valid: 1500 MDT, September 5, 1969.

Scattered clouds will prevail during the afternoon with scattered
thundershowers occurring over the mountains. Surface winds during
the afternoon will be upslope, 330 degrees at 5 knots. . Winds

aloft from 10,000 to 14,000 feet MSL will be 260 degrees at

Verification: 1500 MDT, September 5, 1969
Scattered clouds with thundershowers were obéerved to the north-
west through north. Surface winds were 330 degrees at 7 knots.
Winds aloft were% 10,000 feet MSL, 250 degrees at 15 knots; 12,000
feet MSL, 260 degrees at 15 knots; and 14,000 feet MSL, 295 degrees
at 25 knots . - Maximum mixing height-was 14,000-feet MSL. _ . _ __ _ .. . _

Briefing: 1630 MDT, September 7, 1969.
Valid: 1500 MDT, September 8, 1969.

Broken cumulus will develdp tomorrow afternoon with scattered

thundershowers over the mountains. Surface winds during the after-

be 150 degrees at 10 knots; at 12,000 feet MSL, 190 degrees at 10
knots; and at 14,000 feet' MSL, 210 degrees at 15 knots, Maximum
mixing height will be 14,000 feet MSL. )

Verification: 1500 MDT, September 8, 1969,

- 12 -




Mostly.scatteréd clouds occurred during. the afterrnoon with widely
scattered thundershowers over the mountains, Light rain fell at
the site at 1600 MDT. Surfacé winds were 310 degrees at 3 knots.
Winds aloft were: 10,00 feet MSL, 230 degrees at 10 knots; 12,000
feet MSL, 140 degreeé'gt 10 knots; and 14,000 feet MSL, 090 degrees
at 1% knots. Maximum mixing heighf was:13,000 feet MSL.

Briefing: 1630 MDT, September 8, 1969.
Valid: 1500 MDT, September 9, 1969.

Broken clouds are predicted for tomorrow afternoon with scattered
thundershower activity over Battlement Mesa and the surrounding
mountains. Surface winds will be 330 degrees at 5 knots. wiﬁds'
aloft from 10,000 toV14,OOO feet MSL will be 200 degrees at 10
knots. Maximum mixing height to 14,000 feet MSL is expected.

Verification: 1500 MDT, September 9, 1969.

Scattered clouds occurred during the affernoon with widely scat-
tered showers and thundershowers over the mountains. Rain showers
ended at the site at 1435 MDT. Surface winds were 310 degrees at

3 knots. Winds aloft from 10,000 to 14,000 fect MSL were generally

260 degrees at 10 knots. Maximum_mixing height was 13,000 feet MSL.

3.2.2 D-1 Weather Briefing

Briefing: 1630 MDT, September 9, 1969.
Valid: 1500 MDT, September 10, 19069.

'A low pressure system ﬁith a weak. pressure gradienﬁ dominates the

area west of the Continental Divide. This system will proﬁu&e
scattered to broken clouds and isolated thundershowers over western
Colofado; Upslope surface winds will be from 330 degrees at 5 knots
throughout the afternoon with drainage winds from 160 degrees at,;,“):

- 13 -




knots occurring after 1900 MDT. Winds aloft.over central Utah

and western Colorado are westerly. As a ridge develops over

Utah and moves'eastward, the winds over thé local area will be-
come west-northwes;erly at 10 to 15 knots tomorrow. The predicted
vertical temperature profile indicates that the maximum mixing
height for tomorrow will be 14,000 feet MSL. Air trajectories

for 10,000 anq 14,000 feet MSL will be toward the southeast.
Briefing charts are included as Figures 3.1 through 3.6.

3.2.3 D-Day Weather Briefings.

Briefing: 0630 MDT, September 10, 1969.
Valid: 1500 MDT, September 10, 1969.

Scattered clouds will prevail with isolated thundershowers occur-'
ring over the surrounding mountains. Upslope surface winds, from
330 degrees at 5 knots, will occur during the afternoon. The
winds at 10,000 feet MSL will be 270 degrees at 10 knots veering
with height to 300 degrees at 10 knots at 14,000 feet MSL., Maxi-
mum mixing height will be 14,@00 feet MSL., Air trajectories for

o "TO?OOOfand‘lﬁ;OOO*feet~MSL willube~Coward_ihe“soutﬁeasttw Briefing
charts are included as Figurgs 3.7 through 3.12.

Briefing: 1300 MDT, September 10, 1969,
Valid: 1500 MDT, September 10, 1969. -

The forecast remains essentially the same as that given this'morning.
Forecast verifications for D-1 and D-Day briefings are detailed

in Chapter 4.

ETURN TO DOE/NV TECHNICAL iNFURMATIUN
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Figure 3.2 Surface analysis - 1200 MDT, September 9, 1969.
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September 9, 1969,

Figure 3.3 10,000 ft MSL streamline analysis - 1200 MDT,
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Figure 3.4 12,000 ft MSL streamline analysis - 1200 MDT,

September 9, 1969,
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Figure 3.5 14,000 ft MSL streamline analysis < 1200 MDT,
. September 9, 1969,
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TRAJECTORY FORECAST
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Figure 3.6 Trajectory forecast chart - presented at 1630 MDT,

September 9, 1969,
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Figure-3.7 Composite briefing chart - presented at 0630 HDT,

September 10, 1969,
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Figure 3.8 Surface analysis - 0300 MDT, September 10, 1969.
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Figure 3.9 10,000 ft MSL streamline analysis - 0000 MDT,
September 10, 1969,
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Figure 3.10 12,000 ft MSL streamline analysis - 0000 MDT,
September 10, 1969,
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Figure 3,11 14,000 ft MSL streamline analysis - 0000 MDT,
September 10, 1969,
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valid: 1500 MDT, 9-10-69
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Figure 3,12 Trajectory- forecast and verification chart - -
Presented at 0630 MDT, September 10, 1969,
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CHAPTER 4

DISCUSSION

4.1 WEATHER DESCRIPTION/FORECAST VERIFICATION

4.1.1 Weather Description. Unsettled weéther prevailed over

western Colorado on'D-Day. During the carly wmorning hours consid-
erable thundérétorm activity wmoved into the area from eastern
Utahf ‘Fair skies prevailed by mid-morning, but widely scattered
thupnder showers developed over the mountains to the north of the
site by noon. During the late afternoon, the thundershowers

moved sbuthward-over the site. Hail fell in sufficient quantity

to cover the ground.. Upslope surface winds developed in the .

'Battlement Creek canyon by 1100 MDT and persisted throughout the

afternoonvuntil fhe thunderstorm activity moved up through the
canyon. ASurface winds wéré generallyl330 degrees at 5 knots,
The afternoon temperaturé profile indicated there.was a stable
layer between 10,000 and 12,000 feet MSL which would limit the
maximum mixing height to 14,000 feet MSL (Figure 4.1).' Winds
from 10,000 to 14,000 feet MSL over Battlement Mesa and to the

east were west-northwesterly at 10 to 15 knots.

4.1.2 Forecast Verification. The D-Day weather forecast

proved to be fairly accurate except that the afternoon thunder-

storm activity in the immediaté vicinity of the RULISON site
had a greatef influence on the weather than expécted,

Had there been avrelease of radioactivity, the wind flow
would have produced a southerly trajectory over Battlement Mesa
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Figure 4.1 Observed and predicted vertical temperature profile.
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'with subsequent mixing to 14,000 ft MSL. The general circulation
at this altitude would then have produced a change in trajectory

to the east-southeast (Figure 3.12).
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PART 2 RADIATION ESTIMATES
CHAPTER 5

INTRODUCTION

Estimates of potential downwind radiation intensity were
required as an integral part of the DONO Operational Safety
Program. The Radiation Estimates and Research Branch (RERB),
ARL-LV, was responsible for preparing these estimates during
the pre-event, event, and post-event phases of the project.A

Specific program objectives in subport of each project phase
were as follows:

1. Pre-event

Provide preliminary estimates of potential radiation
levels as requestedcby various particip#nts for the
preparatioh of téchnical and safety plans.

2, Event

Provide operational radiation estimates to the DONO and

his Advisory Panel.

3. Post-event

Analyze event. phase meteorological data and any radiolog-

ical data in order to document the radiation pattern,

compare the observed radiation levels witﬁ those estimated,
. and examine the applicability of the ARL-LV radiation

estimation method used for Project RULISON.
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CHAPTER 6

PROCEDURE

6.1 RADIATION ESTIMATES

6.1.1 Pre-Event Planning. In January 1968, preliminer

estimates of pofential radiation levels were iﬁitially provided
to the AEC Radiological Safety Branch of the Effects Safety
Division, NVOO, as guidance for Project RULISON safety planning.
In April 1969, revised estima;es were submitted go the DONO and
to the Event Evaluation Officer. Later in the month, the Radia-
tion Briefer presented these same estimates to the DONO' s Safety
Adviéory Panel which convened at NVOO. Due to a subsfantial
delay in the readiness date for Project RULISON, the revised
estimates were again presented to the DONO'; Safety Adviéory Panel
in August 1969. |

The preliminary calculations encompassed a variety of
meteorological COnditions,‘radiation estimation techniques, and
possible modes of release. Non-meteorological data, required for
the estimation gf potential radiation exposure and doéage levels,
were furnished by the Los Alamos Scientific Laboratory (LASL),
Los Alamos, Neﬁ Mexico. Such data included the postulated effluent
cloud constituents as well as the rate and duration of release.
Final selection of the possible modes of reiease and techniques
best suited for estimating potential radiation levels were coordi-

nated with LASL and the DONO. In the preliminary calculations, the

the possible modes of release considered were:

_3l_
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1, a prompt massive Qentiﬁg of particulate and'gaseous

radioactive debris,

2. a gaseous release for a one-hour period, and

3. a gaseous release for a 24-hour period.

The estimation techniques used.were the fallout scaling
techniqué for the first mode, and the Pasquill atmospheric
dispersion estimation technique for the second and third modes.
The fallout scaling techniéue has been used routinely at NTS for
several years to estimate radiation exposure and dosage levels
resulting from fallout. The Pasquill dispersion estimation tech-
nique has won wide acceptance as a useful tool in estimating the

dispersion of effluent gases in air pollution applications.

6.1.2 Event Support. The meteorological information required

as input for both techniques consi;ts of predictions of atmospheric
stability, mean wind speed, and variability of the wind direction
within the cloud layer. Prior to a scheduied readiness briéfing,
these predictions were used by thé Radiation Briefer ﬁo dérive
the~meteorologicai_paramerets required as input for both estima-
tion techniques. These techniques were then used in developing
the radiétiop exposure ana dosage estipates.

At the readiness briefings, the Radiation Briefer presented
the following information:

1. The maximum hypothetical accident cases postulated by LASL.

2. The techniques used in making the radiation estimates.,

3. The meteorological parameters pertinent to the radiation

estimates.




ysis

Estimates of the potential effluent cloud trajectory,
cloud centerline, and arrival times of the main debris
cloud.

The estimated infinite external gamma exposure due to
fallout along'the centerline as a function of distance
from SGZ.

The estimated fotal external gamma exposure during cloud
passage along the cloud centerline as a function of dis-
tance from SGZ.

The estimated centerline distance from SGZ of 15R infinite
external gamma exposure due to fallout.

Thé estimatéd centerline distance from SGZ of 15R tétal
external gamma exposure due to cloud passage.

The estimated 1317 adult thgroid inhalation dosage at the
estimated iSR external gamma exposure distances for both
the fallout estimgtion technique and the gaseous cloud

passage estimation technique.

- RADIATION ANALYSIS

Post-event support by ARL-LV includes the evaluation and anal-

of event phase radiological data in order to:

(a) document the observed radiation pattern so that a better

empirical background for improvement of estimation tech-

niques may be established, and

(b) provide additional analog models for future events.
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CHAPTER 7

RESULTS

7.1 RADIATION ESTIMATES

7.1.1 Event Support. The fundamental assumptions adopted

for the purpose of deriving radiation eétimates during the event
_support phase were prgsented at the initial readiness briefing
- at 1930 MDT, Sepfember 3, 1969. These assumptions were:
1. A prompt massive venting of particulate and gaseous

radioactive debris similar to the NTS venting model

would occur. The source term used would be the maximum
credible equivalent fission‘yield of the RULISON device
scaled to the NTS model. The scéling technique would be
used in determining the exposure and dosage estimates.

2. A one-hour gaseous release would occur. The source term
used would be a total of 10% of the gaseous fission prod-
ucts produced by the detomnation and approximatelf 3x10%4

o curies of 1311 released at a uniform rate for a one-hour

period after the detonation. The Pasquill atmospheric —— —— — ——— —
dispersioﬁ estimation technique would be used in deter-
miniﬁg exposure and dosage estimates,
At the D-Day morning readiness briefing, held at 0630 MDT,
Seﬁtember 10, 1969, the predicted atmospheric s;ability and wind
structure were discussed and interﬁreted as the bases for estimat;
ing the vertical mixing of the potential radioactive cloud, the

cloud mean transport speed, and the lateral spread of the cloud.
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For the prompt massive vepting release assumption, the
verrical thickness of the potential cloud was estimated to be
about 5,000 feet by H+l hour. The potential cloud was expected'to
move toward the southeast at about 8 miles per hour. Tﬁé wind
shear within the cloud layer was expected to be about 30 degrees.
The estimated fallout sector, centerline orientation, and main
debris-cloud arrival times are shown in Figure 7.1. The estima;ed
centerline depoSition infinite external gamma exposure and center-
line adult 131I thyroidAinhalation dosage, as functions of distance,
are shown in Figure 7.2.

For the.gaseous release'assumption, the potential plume was
expected to gradually mix though a maximum height of 5000 feet
above ground level by about H+3 hours. During this time, the
plume would be transported toward the southeast or east-southeast
with an average speed of 5 miles per hour. The maximum lateral
spreading of the cloud was expécted to be ébout 30 degrees. The
estimated plume and plume éenterline orientation with plume lead-
ing edge arrival times are shown in Figure 7.3. The estimated
centerline cloud passage external gamma exposure and adult 1314
thyroid inhalafion dosage versus ceﬁterline.distance curves are
shown in Figure 7.4.

At the final briefing, the radiation estimates for H-Hour

remained the same as those presented during the morning briefing.

7.1.2 Post-Event Supnort. The Radiation Briefer remained on-
site to provide support, as required, until he was released by the

DONQ on September 12, 1969.
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Figure 7.1 Estimated fallout sector, centerline orientation,
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gaseous release assumption, :

- 39 -




7.2 RADIATION ANALYSIS
No rédiationlwas released to the atmosphere as a result of
the detonation. Therefore, no radiation analysis could be

per formed.
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PART 3

CHAPTER 8

SUMMARY

8.1 WEATHER PREDICTIONS

The Air Resources Laborétory-Las Vegas (ARL-LV) was res-
ponsible for providing the specialized meteorological srvices
requiréd by the Director'of Nuclear Opérations (DONO); in
support of the Safety Program for Project RULISON,

The data collected for the purpose of making weather pre-
dictions ranged from teletype weather resumes received from
major Weather Bureau Forecast Centers to local surface observa-
tions. Documentation of the state of the atmosphere at and near
surface ground zero (SGZ) was accomplished through a close-in
netvork of instrumeﬁts. Instrumentation established by ARL-LV
personnel consistédlof surface weather observing instruments,
on-site surface wind towers, a network of pilot balloon stations
neayry the RULISON site, and an on-site rawinsonde station.

A weather forecast office was established at Walker Field
where weather predictions and radiation estimates were prebared
for briefiné presentations in Grand Junction, Co}ofado, and at
the RULISQN site. The first of a series of public readiness
briefings was presented to the DONO and his Advisory Panel in
Grand Junction, Colorado, on September 3, 1969. Subsequent
weather briefings were presented daily through September 10, 1969.
Two weather briefings were given on that date which was designated
as D-Day since the forecasts valid for 1500 MDT, Seﬁtember~10, 1969,
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indicated that weather conditions acceptable to the DONO and his
Advisory Panel would prevail. The weather prediction for D-Day

verified, and the event was executed at 1500 MDT, September 10,

1969.

8.2 RADIATION ESTIMATES
Estimates of potential downwind radiation intensity were
required as an integral part of the DONO Operational Safety
Program. The Radiation Estimates and Research Branch (RERB),
ARL-LV, was responsible'for'preparing these estimates during
the pre-event, event, and post-event phases of the project.
For the pre-event planning phase, estimates of potential
fadiation 1éveis were probided to the AEC Radiological Safety
Branch of the Effects Safety Division, NVOO, as guidance for
Project RULISON safety planning. 'The calculations encompassed
a vgriety of meteorological conditions, radiation estimation
" techniqués, and possible modes of release. The modes of release

considered were:

»”

1. A prompt massive vénting of particulate and gaseous

radioactive debris,

2. A gaseous release for a one-hour period, and

3. A gaseous releasé for a 24-hour period.

Onlyithe fifsf two modes were adopted for the event phase,
The estimation techniqueg used were the fallbut scaling technique
for the first mode and the Pasquill atmOSpheric.dispersion esfima-

tion technique for the second mode. Prior to each scheduled
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readiness'bfiefing, predictions of atmospheric stability, mean
wind speed, and wind direction variability within the cloud

layer were used in developing radiation estimates. Potential
radiation exposure and dosage levels resulting from fallout were
then estimated ﬁsing the fallout scaling technique in conjunction
with the NTS prompt massive veﬁting model. Estimates of potential
radiation exposure and dbsage levels due to a gaseous release were
alsp made using the Pasquill atmoSpheric.dispersion estimation
technique. These estimates were presented at each scheduled
briefing.

On D-Day, the Radiation Briefer discussed the various assump-
tions used in deriving the radiation estimates. For the prompt
massive venting release assumption, the.depth of the potential
cloud was estimated to be about 5,000 ft by H+1l hour aﬁd to have
a trajectory southeastward at 8 mph. The wind shear within the
cloud layer was expected to be about 30 degrees. For the gaseous
release assumption, the potential plume was expected to -gradually
mix through a maximum height of 5000 ft above terrain by about
H+3 hours. During this period, the plume would be transported
toward the southeast or east-southeast with an average speed of
5 miles per hour. The maximum lateral spread of the cloud was
expected to be about 30 degfees.

Post-event support normally inciudes the evaluation énd anal-

ysis of event phase radiological data in order to document observed



radiation patterns and provide additional analog models for
future events; however, since no radiation was released to the

atmosphere, no analysis could be performed.
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APPENDIX A

RULISON METEOROLOGICAL DATA

SURFACE OBSERVATION AT : RULISON CP, COLORADO; Elev. 6840 ft MSL
Location : 3P24'N, 107956'W
Time/Date : 1L30 MDT, September 10, 1969
Sky Condition/Weather : Scattered
Cloud Amount/Type .t 2 tenths Cumulonimbus, 2 tenths Cirrus
Visibility : Unrestricted

_ Atmospheric Pressure : T796.8 Millibars
Temperature : :  +23.3°C
Dew Point Temperature : +8.6°C
Relative Humidity : 39%

GZ SURFACE DATA (from racb): Elevation 815L4.0 ft MSL
Atmospheric Pressure ¢+ T60.0 Millibars
Temperature s +17.0°C
Dew Point Temperature : +1.6°C
Relative Humidity : 35%

UPPER AIR DATA AT , : RULISON CP, COLORADO
Time/Date : 1430 MDT, September 10, 1969
HEIGHT WIND PRESSURE TEMPERATURE DIEW POINT REL. HUMIDITY

(Ft MSL) (Deg/Kts)_(mb) (%) (%) (H
6840 050/0L 796 - 23.3 8.6 39
7000 - . T94 22.5 T.1 37
T350 _ 783 19.4 1.8 31
8000 766 17.7 1.6 3k
9000 738 14,7 1.6 4
9900 716 12.2 0.6 4s

10000 o Tk 12.1 0.5 L5

11000 687 11k -1.3 L1

11650 , 676 11.0. -2.5 39

12000 662 9.2 L. 4 38

13000 638. 6.2 =7.1 38

14000 615 3.2 -9.8 38

15000 592 0.1 -12.5 38

15500 581 -1.3 -14.2 37

16000 570 -2.5 -14.3 L0

17000 5L8 -5.0 ~15.3 N

18000 526 -7.5 -16.6 L8

19000 507 -10.0 -18.0 52

20000 486 -11.2 -23.0 37
21000 L66 -12.5 -21.4 19
22000 448 -14.6 '=33.2 19
23000 432 -16.8 -35.1 19
24000 k15 =19.0 -37.0 19
24849 Loo ~-20.9 -38.5 19
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RULISON METEOROLOGICAL DATA

SUPPLEMENTARY WINDS ALOFT
DATA (Degrees and Knots) : September 10, 1969

Observationsl Point ¢+ RULISON CP, COLORADO (Continued)

Time of Ob. (MDT) : 1300 1lkoo 1530 1615
Type of Measurement : PIRAL PIBAL PIBAL PIBAL
H Surface 320/06 010/04 010/06 010/06
E TO00 330/06 360/04 360/06 010/06
I 8000 . 360/03 290/04 300/08 020/08
G 9000 270/03 2h0/06 280/07 360/10
T 10000 260/07 230/06 250/07 - 3ko/0Ok
11000 260/09 250/08 230/08 220/03
12000 270/12 280/12 220/09 240/05
: 13000 270/17 280/15 240/13 250/08
(Pt MSL) 14000 270/20 270/18 250/16 -
15000 280/19 270/20 250/17
16000 290/17 270/18 2ko/16
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RULISON METEOROLOGICAL DATA

SUPPLEMENTARY WINDS ALOFT .
DATA (Degrees and Knots)

September 10, 1969

Observational Point ¢ VEGA RESERVOIR TURNOFF, Elev. T200 ft MSL
Location - : 3°16'W, 107°51'W
Time of Ob. (MDT) : 0200 0300 olls - 0500 0700

Type of Measurement : PIBAL PIBAL PIBAL PIBAL PIBAL

H Surface 080/06 080/06 090/0k 100/04 OTO/OL
E 8000 100/06 110/06 120/ok 120/04% 120/04
I 9000 2ko/01 110/02. 260/02 260/03 290/03
G . 10000 250/05 260/05 260/08 260/08 2T70/05
H 11000 270/0T 270/0T 270/10 280/12 290/08
T 12000 290/09 290/09 270/10 280/13 300/15
13000 300/09 300/10 290/11 290/12 290/17
(Ft MSL) 1L000 310/11 300/12 310/13 300/11 290/20
15000 310/14 300/15 310/16 300/16 -
16000 300/17 300/1L4 300/17 290/16
Time of Ob. (MDT) : 0800 0900 1000 1100 1200

Type of Measurement : PIBAL. = PIBAL PIBAL PIBAL PIBAL

H Surface - 090/06 060/02 0T0/02 CAIM 250/05

E 8000 . 100/09 170/01 130/02 350/0L 270/06

I 9000 1ko/06 260/08 230/08 240/05 270/11

G 10000 300/05 270/13 250/14 260/1k 260/11

H 11000 - 300/09 270/16 260/19 270/19 270/1k

T 12000 - - 270/24 270/21 280/19

T 23000 - e m e - o 280/22 _280/23 280/20

(Pt MSL) 1L00O 290/22 280/25 280/19
15000 310/25 290/25 280/18

16000 : 300/23 300/24 290/19
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RULISON METEOROLOGICAL DATA

SUPPLEMENTARY WINDS ALOFT
DATA (Degrees and Knots) : September 10, 1969

Observational Polnt :- VEGA RESERVOIR TURNOFF (Continued)
Time of Ob. (MDT) : 1300. koo 1500 1600 1700

Type of Measurement : PIBAL PIBAL PIBAL PIBAL PIBAL

H Surface 250/06 265/06 230/02 255/12 235/06

E 8000 270/06 270/08 230/10 260/04 250/08

I 9000 270/08 270/09 260/19 270/15 270/09

G 10000 260/11 260/11 270/10 280/13 280/11

H 11000 . 270/15 270/12 270/11 290/10 280/13

T 12000 290/19 280/14 260/16 280/13 260/16
13000 280/20 280/17 260/17 280/13 240/18

(Ft MSL) 14000 270/19 280/19 260/1L4k 280/11 250/19
15000 280/17 270/20 260/10 280/07 2ko/21

16000 290/16 270/18 260/10 280/06 - 2ko/20
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RULISON METEOROLOGICAL DATA

SUPPLEMENTARY WINDS ALOFT
DATA (Degrees and Knots)

Observational Point
Location

Time of Ob. (MDT)
Type of Measurement

Surface
6000
7000
8000
9000

10000

11000

12000

13000

(Ft MSL) 14000

15000

16000

HHHoH

Time of Ob. (MDT)
Type of Measurement

Surface
6000
TO00

8000 .
9000
"~ 10000

11000

12000

« 13000

(Ft MsL) 1L000
~ 15000
16000

QHE X

Wi

__120/1k

September 10, 1969

RIFLE, COLORADO, Elev. 5500 ft MSL
39931'N, 107°43'W

0200
PIBAL

CAIM
060/05
050/09
080/02
190/03
250/04
260/06
280/11
280/09
280/10
280/13
280/12

0800
PIBAL
065/02

080/05
110/11

0300

PIBAL

135/03
110/07
070/11
08o/0T7
170/02
260/05
270/08
270/08

0900
PIBAL

2k45/04
150/03
060/10
080/08

160/09
220/09
260/18
280/26
290/29
290/31
290/35
290/39
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130/09

220/11
250/19
260/22
280/23
290/26
300/32

oLoo

PIBAL

130/03
100/0L
050/08
oT0/07T

-060/0L

140/03
200/07
240/13
250/17

- 250/16

260/16
280/18

1000

PIBAL
o70/0L
060/07

060/09
080/08

120/09 "

210/11
250/20
270/20
280/19
290/24
290/27

290/24 -

0500
PIBAL

CAIM
070/05
070/07
070/0k

230/06 -

250/15

260/14

270/15
290/13
290/17
290/16
290/18

1100

PIBAL
355/02
010/03

050/07
070/09

"1k0/06

230/10
260/20
2ro/21
270/24

0700
PIBAL

115/05
110/08
120/05
220/06
280/10
290/13
280/17
270/25
270/28

1200
PIBAL

015/02
020/02
oko/03
080/0uL

Iko/03

250/08
270/11
270/24
270/30
2710/23
290/22
300/2k4



RULISON METEOROLOGICAL DATA

SUPPLEMENTARY WINDS ALOFT
DATA (Degrees and Knots) : September 10, 1969
Observetional Point  : RIFIE, COLORADO (Continued)

1300 1Lk0o 1500 1600 1700

.0

Time of Ob. (MDT)
Type of Measurement  : PIBAL PIBAL PIBAL PIBAL PIBAL

H  Surface 315/02 CALM  CALM CALM  CALM
E 6000 350/02 360/03 310/06 340/03 350/05
I T000 060/02 340/04 310/06 3u0/04 350/05
G 8000 110/02 270/04 310/05 340/06 350/05
H 9000 2h0/03 250/07 290/08 300/0T 330/09
T 10000 260/10 260/09 270/11 280/08 310/09
11000 260/16 260/14 250/12 280/09 300/11
12000 270/20 260/16 270/14 280/11 300/11
13000 260/22 270/19 270/16 270/14 300/11

(Ft MSL) 1k000 270/20 270/20 270/20 260/15 300/10
15000 280/18 280/19 - 260/15 290/08
16000 ' 290/19 290/17 260/13 270/09
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' SUPPLEMENTARY WINDS ALOFT
DATA (Degrees and Knots)

Ohservational Point

Location

Time of Ob. (MDT)

Type of Measurement

HaHHHo

(f% MSL)

" Time of Ob. (MDT)

Type of Measurement

RULISON METEOROLOGICAL DATA

Surfsace
- 6000
7000
8000
9000
10000
11000
12000
13000
14000
15000
16000
17000
18000
19000
20000

Surface
6000

BHaHEH

(Ft MSL)

T000
8000
9000

10000

11000

12000

13000

14000

15000

16000

17000

18000

19000

20000

September 10, 1969

GRAND JUNCTION, -COLORADO; L8L3.ft MSL
39°07'N, 108°932'w

0200 0300 0400 0500 0600
PIBAL PIBAL PIBAL PIBAL PIBAL
110/10 130/10 125/08 190/05 080/06
130/16 120/15 100/09 -230/08 020/03
130/14 1Lko/16 130/09 260/05 330/06
150/13 170/1L 160/08 290/05 330/12
180/10 200/09 2L40/05 300/07 3L0o/1kL
220/05 2L4o/08 270/08 310/08 3L40/13
260/05 240/09 260/08 320/08 320/12
290/05 250/08 240/08 « -- 300/1L
310/06 270/0T 2T70/09 280/17
310/10 300/10 300/11 260/21 -
310/14% 310/13 310/13 260/27 -
300/16 300/18 310/1k 260/28
290/18 300/19 - 320/11 260/29
300/18 300/18 - 270/30
300/19 290/17 270/3k
290/20 280/19 270/31
0700 0800 0900 1000 1100
PIBAL PIBAL PIBAL PIBAL PIBAL
110/08 080/03 180/06 150/10 135/0T

~110/08__0T70/06 150/08__150/19 1ko/22

080/11 060/05 1L0/05 150/18 160/19
060/11 010/03 1Lo/o5 170/10 170/12
020/08 310/0T 200/03 240/08 220/08
330/08 280/10 270/10 260/12 250/12
300/13 260/10 280/15 270/13 260/13
290/17 250/12 280/15 270/1k 280/18
280/20 ---  280/15 280/19 280/21
270/22 270/16 280/22 270/21
260/26 260/19 2T10/22 280/19
270/29 250/16 280/22 290/17
270/29 240/11 - 300/16
2710/27 220/09 300/17
280/27 230/12 --
290/2L 030/15
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RULISON METEOROLOGICAL DATA

SUPPLEMENTARY WINDS ALOFT
DATA (Degrees and Knots) : September 10, 1969

Observational Point : GRAND JUNCTION, COLORADO (Continued)
Time of Ob. (MDT) : 1200 1300 1400 1500

Type of Measurement : PIBAL PIBAL PIBAL PIBAL

H  Surface 110/15 110/16 120/0k 175/06
. E 6000 130/19 120/21 120/06 150/08
I TO00 150/23 1ko/20 160/ohk 1L0/05
G 8000 160/20 160/11° 130/01 1ko/05
H 9000 180/1k 200/06 260/05 200/03
T 10000 220/12 250/08 260/10 270/10
© 11000 260/14k 260/11 260/14 280/15
12000 270/18 270/14 270/1T 280/15
13000 290/19 270/1T 280/19 280/15
(F¢ MSL) 1000 : 280/19 270/19 280/20 270/16
15000 270/21 260/20 270/20 260/19
16000 260/22 260/20 2T70/1T 250/16
17000 280/18 — - -
18000 280/15
Time of Ob. (MDT) : 1600

Type of Measurement : PIBAL

H Surface 190/06
E 6000 140/05
I 7000 130/05
G 8000 160/02
H 9000 260/05
T 10000 280/11
11000 290/1L
12000 280/14%
13000 280/1L4
(Ft MSL) 1L000o 270/13
15000 250/11
16000 2ko/09
17000 230/10
18000 - 2hko/10
19000 260/10
20000 270/10
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SUPPLEMENTARY WINDS ALOFT
DATA (Degrees and Knots)

Observational Point

Location

Time of Ob. (MDT)

Type of Measurement

HEoHEE

(Ft Msﬁ)

Time of Ob. (MDT)

Type of Measurement

RULISON METEOROLOGICAL DATA

Surface
6000
7000
8000
9000

10000

11000

12000

13000

14000

15000

16000

Sﬁrface
6000
TO00 |

September 10, 1969

DE BEQUE, COLORADO, Elev. 4937 £t MSL
39°20'N, 108°13'W

0200
PIBAL

CALM
030/07
050/12
080/05
210/07
220/07
270/06
290/05

- 310/12

300/1L
290/17

- 290/16

02800
PIBAL

010/08
050/10
o70/0L
100/06

T 110/03

260/09 °
260/16

0300 oLoo
PIBAL PIBAL
CALM 320/0k4

oko/09 020/04
050/15 oko/10

150/07 110/04°

210/11 220/10
230/08 2Lo/11
260/07 250/10
280/08 260/10
300/12° 280/11
300/15 300/13
290/16 300/16
290/17 300/18

0900 1000

PIBAL  PIBAL
060/10 070/11
170/0L 060/13

260/08 050/06
270/13 090/07

270/16 210713

- 260/10

.010/0k"

0500
PIBAL

CALM
250/06
260/09
270/0k
260/06
240/16
230/15
2Lko/12

1100
PIBAL

060/10
oko/12
0k0/09
050/0Mk

250709

270/12
260/16
260/21
270/21
280/27
280/16
300/18

0700
PIBAL

050/06
100/07
120/06
08o/0T7
oko/06
330/06
290/10
290/15

1200
PIBAL

090/10
0T70/11
050/07
020/03

—250/06—— — -

240/10
250/1h
250/17
260/19
270/21
280 /19
280/18



RULISON - METEOROLOGICAL DATA

SUPPLEMENTARY. WINDS ALOFT
DATA (Degrees and Knots)

Observational Point
Time of Ob. (MDT)
Type of Measurement

H Surface
E 6000
I TO00
G 8000
H 9000
T 10000
11000
12000
- 13000
(Ft MSL) 1L000
15000
© 16000

September 10, 1969

DE BEQUE, COLORADO (Continued)

1300
PIBAL
080/0k

060/06

010/0k4
300/04
250/06
240/09
250/10
260/13
270/17
260/20
260/19
260/15
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1400
PIBAL

120/04
090/0L
020/0L
330/04
250/06
2140/09
250/1k
250/17
260/16

260/18

260/19
250/18

1500
PIBAL

220/0k4
200/06
190/06
220,/06
250/08
250/10
260/13
260/15
260/16
260/15
260/18
260/23

1600
PIBAL

CALM
190/02
200/03
210/07
220/12
240/11
250/11
270/12
270/1L
270/16
270/12
270/11

1700
PIBAL

330/10 .
330/10
330/11°
3ko/09
330/05 -
230/0L
200/0L
190/05
170/08
170/08
220/06
210/09




. R-1_ _39%27'N. _ 107°59'W

RULISON METEOROLOGICAL DATA

SUPPLEMENTARY WIND
DATA (Degrees and Knots)

Tower¥*

Height (Ft.Abv.Sfc.)

September 10, .1969

R-1

30

Elevetion (Ft.Abv.MSL.) : 6150

T

I
‘u
E

0100

- 0200

0300
oLkoo
0500

0600.

0700
0800
0900
1000

1100

1200
1300

© 1k00

1500

*Tower Locatlions:

R-2 39C25'N
R-3 39024 'N
R-k 39923 'N

107958 'w
107956 'W
107°55'W

Missing

"
L1}
"
1"
"
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R-2
30
7030

CALM
060/03
115/02
CAIM

130/02
1Lk0/06
150/05
210/03
oko/okL
oko/03
050/05
oko/okL
300/03
320/0kL
300/02

R-3

88
8243
160/05

170/07
160/05

160/0k

1ko/ok
360,/04
140/0k4
160/0k
140/03
310/03
340/03
320/0k
330/0k4

320/0k.

330/0k4

R-L
88
10288

220/0L -
210/0L
215/0k
210/05
220/07
2ko/07
230/05
170/03
230/06
230/09
260/10
250/07
300/04
290/0k
280/05

—
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