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Strategies for Today’s
Environmental Partnership

‘One of the most significant long-term trends affecting the future vitality of the petroleum
‘industry is the public's concerns about the environmeént, health and safety. Recognizing this
trend, API member companies have developed a positive, forward-looking strategy called
STEP: Strategies for Today's Environmental Partnership. This initiative aims to build under- ,
standing and credibility with stakeholders by continually improving our industry's envi-
ronmental, health and safety performance; documentmo performance; and commumcatmg
with the public. ~ : :

API ENVIRONMENTAL HEALTH AND SAFETY MISSION AND
GUIDING PRINCIPLES '

‘The members of the American Petroleum Institute are dedicated to continuous efforts to
improve the compatibility of our operations with the environment while economically devel-
oping energy resources and supplying high qualrty products and services to consumers. We
recognize our responsibility to work with the public, the government, and others to develop
and to use natural resources in an environmentally sound manner while protecting the health
and safety of our employees and the public. ‘To meet these responsrblhtres API members
pledge to manage our businesses according to the following principles using sound science
to prioritize risks and to implement cost-effective management practices:

» To recognize and t0 respond to community concerns about our raw materrals prod-
ucts and operations. ‘ :

* To operate our plants and facilities, and to handle our raw materials and products in a -
manner that protects the ehvironment, and the safety and health of our employees and
the public.

* To make safety, health and environmental consider-ations a priority in our planning,
and our develop ment of new products and processes.

» To advise promptly, appropriate officials, employ-ees, customers and the pubhc of
information on significant industry-related’ safcty, health and envrronmental hazards,
and to recommend protective measures.

« To counsel customers transporters and others in the safe use, transportatron and dlS-
posal of our raw materials, products and waste materials.

+ To economrcally develop and produce natural re-sources and to conserve those
resources by using enercvy efficiently. :

« To extend knowledge by conducting or supporting research on the safety, health and
‘environmental effects of our raw materials, products, processes and waste materials.

* To commit to reduce overall emission and waste oeneratron : : v

» To work with others to resolve problems created by handling and dlsposal of hazardous
substances from our operations. :

- To pamcxpate with oovemment and others in creating respon51ble laws, rcoulanons
" and standards to safeguard the community, workplace and environment.

* To promote these pnncrples and practices by sharing experrences and offering assis-
tance to others who produce, handle, use, transport or dlspose of similar raw materi-
als, petroleum products and wastes. -
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FOREWORD

API publications may be used by anyone desiring to do so. Every effort has been made by
the Institute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
from its use or for the violation of any federal, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted to the director of the Manufactur-
ing, Distribution and Marketing Department, American Petroleum Institute, 1220 L Street,
N.W., Washington, D.C. 20005.
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PREFACE
NATURALLY OCCURRING RADIOACTIVE MATERIALS
IN

PETROLEUM PRODUCING AND GAS PROCESSING FACILITIES

The presence of naturally occurring radioactive materials (NORM) in
0il and gas producing operations has been recognized since the early
1930s when slightly elevated radium levels were detected in Russian
0il fields. Over the years, scientists have studied various aspects
of low level radiation from NORM associated with oil and gas produc-
tion. Recently, in 1981, scale produced on large platforms located
in the North Sea was found to contain NORM at measurable levels. 1In
the United States, the issue of NORM in mineral scale deposits gained
industry and government attention in 1986. During routine work on a
well in Mississippi, barium sulfate scale deposited in production
tubing was found to contain measurable gquantities of NORM. Industry
responded by 1) notifying appropriate state agencies and the
Mid-Continent 0il & Gas Association, 2) initiating field surveys to
locate the occurrence of NORM, 3) informing other oil and gas opera-
tors, employees, and contractors, 4) initiating training programs,
and 5) reviewing operating practices.

The Mid-Continent 0il & Gas Association in Mississippi was estab-
lished as a clearing house for information on NORM, initially coor-
dinating field survey activities and outlining field handling
guidelines. The American Petroleum Institute began coordinating
action on the NORM issue at the national level beginning in late
1986. The following API-sponsored report by Dr. Gordon Otto of the
University of Houston defines the general occurrence of NORM in the
United States based on a statistical analysis of gamma measurements
taken external to certain petroleum producing and gas processing
equipment. While not exhaustive, the data base is large and indi-
cates that NORM is not everywhere in the "oil patch," and is
generally limited to certain geographical areas. In fact, since much
of the data were collected at sites which were suspected of some

radioactivity, the magnitude of occurrence is likely to be
overstated.

Health, safety and environmental impact issues associated with NORM
occurrence, while not addressed in Dr. Otto‘’s report, are met by
industry through the use of traditional industrial hygiene practices
and work procedures since most oil and gas NORM resides inside of
closed steel vessels and pipes. Additionally, the quantity of NORM
at any given work location is generally very small, and radiation
levels are low when compared with background levels. NORM exists on

the inner surfaces of some o0il and gas equipment, generally in the
following forms:
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[ | Radium 226 and Radium 228 - co-precipitated in some mineral
scales.
[ ] Lead 210 films in gas processing equipment, primarily propane

and ethane pumps.
[ | Radon gas co-produced with natural gas.

The exposure to NORM of most concern in oil and gas operations is by
ingestion and inhalation which is prevented utilizing work procedures
routinely used for protection of other risks. Exposure to NORM is
only one of several risks which must be dealt with in oil and gas
producing operations. Equipment which may contain small quantities
of NORM also contains large quantities of hydrocarbons which may in
turn contain carbon dioxide and/or hydrogen sulfide. Because of the
existence of these materials in the oilfield, industrial hygiene
practices aimed at protecting against their hazards have long been in
place and include:

[ | Purging of vessels prior to entry.

[ Use of respirators and breathing apparatus while working inside
of vessels. .

| Use of masks while performing grinding and chipping operations.

. Utilization of protective clothing, including gloves, and the
prohibition of eating, smoking, or chewing around open equip-
ment.

NORM is widely dispersed in the earth’s crust, and some industries,
of necessity, concentrate NORM pursuant to the primary function.

This occurs in the mining of uranium and certain other minerals...the
production of some fertilizers...and in other very legitimate com-
mercial undertakings. NORM derived from producing oil and gas is not
generally concentrated; it is of very low specific activity; and oil
and gas well locations are typically widespread, thus, a natural
dispersion of oilfield NORM is maintained. The small quantities of
NORM produced at only a few relatively remote sites constitutes no
appreciable addition to natural radiation background levels. The
following report by Dr. Otto presents information on the geographical
occurrence of oilfield NORM, relating it to natural radiation back-
ground levels, and points toward further understanding of why there
are no known NORM environmental, health, or safety concerns associ-
ated with oil and gas production sites.

[re) 7
Ls D' g“/&d__—

J. C. Martin
{ Chairman -~ API Committee on NORM
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VII.

VIII.

State Summaries - Overview"
Alabama and Florida
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California

Colorado

I1linois

Kansas

Kentucky

Louisiana

Michigan
Mississippi

Montana

Nebraska

New Mexico

North Dakota
Offshore

Oklahoma

Texas

Regional Information

- contains data on three regional areas;
Coastal, Central/Western and Northern

Utah
Wyoming

Measurement Collection Protocols
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19
29
39
49
39
68
75
85
92
104
114
124
133
138
148
157
162
176
191

236

246
256

* State summaries contain figures, tables and appendices similar to the total
U.S. information and state measurement data is provided for counties,
parishes, etc.
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A NATIONAL SURVEY ON
NATURALLY OCCURRING RADIOACTIVE MATERIALS (NORM)
IN PETROLEUM PRODUCING AND GAS PROCESSING FACILITIES

I. Introduction

The data summarized in this report is a compilation of over 36,000
individual observations submitted by a number of participating petroleum
companies using similar equipment and collection protocols (see Section VIII).
The purpose of the study was 1) to identify the geographic areas of producing
and gas processing facilities (gas plants) which have the greatest occurrence
of NORM and 2) to identify items of equipment at these facilities which have
the highest NORM activity levels. :

Results are first reported on a national basis so that the general
patterns in background levels and the excess radioactivity over background for
both types of facilities can be seen in geographic perspective. NORM activity
levels are reported in this study in micro-rems/hr. In addition to geographic
studies at the county, state and national level of aggregation, there are also
summaries by item of equipment for each state and the total U.S.

I1. Summary of Results

Section VI - National Summary contains figures, tables and appendices for
the total U.S. This study consists of 36,830 observations collected in twenty
states and two offshore areas. The geographical distribution of the survey
points is shown in Figure 1 and includes both oil/gas producing equipment
(33,042 readings) and gas processing equipment (3,848 readings). Figures 1A
and 1B illustrate survey distribution for gas processing and oil/gas producing
equipment respectively. The size of the data base is impressive. However,
results must be used with some caution in evaluating state or local
environmental conditions for reasons described in Section III.

Figure 2 illustrates median background levels and Figures 3 and 4
illustrate median activity levels over background for gas processing and
oil/gas production facilities respectively. The 5th, 25th, 75th and 95th
percentile points of the nationally aggregated data were used to define five
categories for tabulation and mapping of both the background levels and the
differences over background. In developing these categories, offshore data
‘ was deleted from the background compilation due to the abnormally low
1 background provided by the marine environment. Likewise, equipment

observations which were not above background were deleted from the differences
compilation due to the large number of "zero" values. This is discussed
further in Section IV. The median values for background and differences are
shown on the next page for the five categories. These values are reported in
the National Summary and were used to classify equipment, counties and states
in the State Summaries.

-1-
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Definition Background Differences
Category {National) —MR/hre —MR/hr
1 Lowest 5% 0.00 - 2.33 0.00 - 0.80
2 Next 20% 2.34 - 4.99 0.81 - 1.99
3 Middle 50% 5.00 - 9.00 2.00 - 33.00
4 Next 20% 9.01 - 14.00 33.01 - 245.00
5 Highest 5% over 14.00 over 245.00

NORM activity. levels showed wide variability, both geographically and
between items of equipment in the same geographic area. As shown on Figure 2,
lower background levels tend to occur offshore and near the coast. The
Midwest and Rocky Mountain areas tend to have higher background levels.
Background levels are not related to the equipment readings. Several areas of
Colorado, Wyoming and Utah, for example, had high background levels and very
few equipment readings above background. This can be seen by comparing the
background levels shown in Figure 2 with the difference over background levels
in Figures 3 and 4.

The geographic areas with the highest equipment readings are the entire
gulf coast crescent (Florida panhandle to Brownsville, Texas), the northeast
Texas crescent, southeast I1linois and a few counties in southern Kansas.
These are shown in Figures 3 and 4 for gas processing and production
facilities, respectively. The eastern gulf coast from Mississippi to the
Florida panhandle has the highest consistent NORM activity levels surveyed in
the entire United States.

Table 1 illustrates NORM activity levels over background for
approximately 15 different types of equipment for both gas processing and
production facilities. NORM activity levels tend to be higher in specific
types of equipment. Gas processing facilities having the highest levels are
reflux pumps, propane pumps and tanks, other pumps and product lines. Water
handling equipment in the production facilities category exhibits the greatest
NORM activity levels. Details on equipment types are provided in the national
summary in the report.

When located in the same area, the gas processing equipment noted above
tends to have higher activity levels than the water handling equipment in the
producing facilities. This can be seen in the state summaries by comparing
the median readings for the two types of facilities in the same county.

II1. The Data

The data were supplied by a number of major petroleum companies from
readings made on their own equipment under a common protocol using a similar
type of scintillation detector. Calibration was done in accordance with the
manufacturer’s specifications by all participants. Thus this data base
represents the most comprehensive and consistent set of NORM data available
for petroleum operations. However, much of the data were collected at sites
which were suspected of exhibiting some degree of radiocactivity. Hence, the
data is not typical of a randomly chosen site and tends to overstate the
magnitude of NORM occurrence.
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The data were not collected in statistically designed sampling plans and
hence there is no scientific basis for extrapolating the results to unsurveyed
areas of petroleum production/gas processing. The number of observations from
gas processing and producing equipment for a given geographic area may not be
proportional to the actual amount of operational equipment in the area. In
addition to the lack of proportionality between equipment types, there is
dis-proportionality in the representation among counties in the same state and
between the states themselves. Many counties with oil and gas operations have
no data reported and many others have only a single observation. The entire
states of Kentucky and Nebraska have 21 and 30 observations respectively. Al
of the Nebraska data comes from a single county on its southern border and the
Kentucky data is all from two counties on the western border with I1linois.

Readers should consider the sample size which is reported along with the
NORM statistics. The reliability of statistical results are also related to
the sample sizes collected. In many cases seemingly large NORM readings
(relative to other such readings) for a county or item of equipment in a state
may be the result of a single observation or a small group of observations
taken at the same location.

1V. Additional Considerations

Since the survey was not conducted under statistically controlled
conditions, interpretation of the results become difficult when the data are
aggregated across dis-similar areas with different sample sizes and different
potential for NORM activity levels in the equipment. In particular, a large
number of low readings from benign areas may "average out" and thus minimize
the influence of a smaller number of high readings.

One approach to this problem is to examine two different sets of
statistics: 1) using all of the observations and 2) the tabulation of only
those which are above background. The latter approach filters out the large
number of "zero" values (relative to difference over background) which
constitute 64.3% of the gas processing data and 56.9% of the production data.
The first approach focuses on the overall result and the second focuses on
conditions in only those cases where NORM was found to be present. The first
approach tends to understate the median activity levels and the second tends

to overstate the occurrence of NORM and activity levels if viewed as the
"average® case.

The national summaries were prepared using both approaches. Table 1 and
Appendix 1 show the summary by equipment types for all observations and Table
2 and Appendix 2 show the results for the non-zero differences only. Table 2
is more useful for identifying the items of equipment which are most likely to
have higher NORM activity levels.

Table 3 constructs an "incidence" measure for each state which is an
alternative statistical method of comparing NORM occurrence by providing a
ranking in terms of both fregquency of occurrence and intensity of activity
levels. This index is the product of the percentage of above-background
readings times the median value of the above-background aobservations. From
Table 3 we see that Alabama/Florida and Mississippi have a much higher
incidence measure than any other states with I11inois not too far behind. The
Texas coast, Alaska and Kentucky form the next grouping.
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V. Glossary

The data was collected using abbreviations for the equipment types
surveyed. The glossary of abbreviations used is given below.

A. Gas Processing Equipment (GP)
1. BOTTOMS PUMP
. COMPRESSOR

Pumps transferring liquids from the bottems of
towers.

Compressors and associated equipment. This
includes compressors located on the lease.

2

3. CRYO UNIT - A1l equipment associated with the cryogenic
process.

4. DEHYDRATOR - Dehydration equipment to include Glycol, EG and
TEC systems, etc.

5. FRAC TOWER - A1l process towers and columns.

6. INLET SCRUBBER - Inlet scrubbers, separators, fwko etc.. This
includes those located on the lease.

7. METER - A1l metering equipment to include meters, meter
runs, screens, strainers, filters, etc..

8. OPUMP - A1l other pumps.

9. OTANK - A1l other tanks.

10. OTHER - A1l other gas processing equipment, including pig

launcher and receiver.

Propane pump.

Propane tank.

A1l product lines.

A1l reflux pumps.

A1l equipment associated with the propane
refrigeration system.

A1l gas sweetening equipment to include amine
systems, etc..

11. PPUMP

12. PTANK

13. PRODUCT LINE
14. REFLUX PUMP
15. REFRIGERATION

16. SWEETENER

B. Production Facilities (PROD)

FLINE

. H/T

. MANIFOLD
. OTHER

. PUMP

. SEP

. STANK
SUMP

. VRU
WINJ

. WOTHER
. WPROD
. WLINE
. WTANK

Flow lines to include all valves and elbows.
Heater treater.

Manifold/header piping, valves and chokes, etc.
A1l other measurements on in service equipment.
A1l pumps.

Separators to include production separators, fwko,
gunbarrels, etc..

Stock tanks.

Sumps to include pits, pigtraps, ponds, etc.
Vapor recovery units.

Injection wellhead.

Other wellheads.

Production wellhead.

Water lines to include all valves and elbows.
Water tanks.

[ oy S
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VI. National Summary
Overview

I. Differences in Equipment (all observations)

Tﬁe equipment with the most pronounced differences over background
based on Median ranking are listed below in descending order. The
difference is the =xcess of the reading over background using all

observations:
Equipment Median Difference 75%» Percentile
1. Reflux Pumps (GP) 52.7 UR/hz 242.9 uR/hr
2. Propane Pumps (GP) 19.9 78.8
3. Propane Tanks (GP) 9.6 45.8

I1. Differences in Equipment (observations in excess of background)

A second way of looking at the data is to exclude all values which

were at or below background and focus on what happens when NORM is
detected.

The equipment with the most pronounced differences over background
based on Median ranking are listed below in descending order. The
difference is the excess of the reading over background using only
those observations in excess of background:

]
EBquipment Over Median Difference 75¢™ Percentile
1. Reflux Pumps (GP) 86.4 76.9 JR/hr 291.9 uR/hr
2. Flow Line (Prod) 24.9 42.9 112.8
3. Pump (GP) 66.7 38.0 73.9
4., Product Line (GP) 56.1 35.9 1168.5
5. Water Line (Prod) 51.6 34.6 199.49
6. Propane Pumps (GP) 4.1 31.9 97.5
! 7. Other Pump (GP) 49.1 27.8 96.3
8. Propane Tanks (GP) 72.6 25.0 65.7
9. Injection Well(Prod) 49.¢ 2.0 56.3
I1I. Overall Summary
1. Nationwide (all Obans)
ITEM No S¢r pet. 25t» pct., Median 75%» pPet. 95t™ Pct.
{low) (===—==-- mid-range ------- ) (high)
a. Background® 33979 2.3 5.9 7.9 9.9 14.9
b. Max Reading 36898 1.5 6.9 9.9 13.0 1168.8
c. Difference 368949 .9 g.0 8.0 4.9 164.6
* On-shore backgrounds only. Based on these numbers, back-
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grounds for each county were classified if theizr median values were
below 2.34 (very low), between 2.34 and 5.99 (low), between 5.9 and 9.8
(mid-range), between 9.81 and 14.8 (high) and above 14.6 (very high).

2. Nationwide (observations over background only)

ITEM No 5¢r pct. 25%" pPct. Median 75=» pct. 95t* Pct.
(low) (======- mid-range ------- ) {high)
Difference 15639 9.8 2.0 6.0 33.9 245.8

This distribution was used to classify all difference readings (by county
or equipment) as very low ( < #.8), low (.8 - 1.99), mid-range (2.8-33.0),
high (33.81 - 245) and very high (above 245).

3. Facility

ITEM No 5¢n pct. 25%® pPct. Median 75%" pct. 95t™ Pct.
(low) (===m==- aid-range ------- ) (high)

Difference (All observations)

Gas Processing 3864 6.8 8.9 .9 3.9 95.9
Production 33026 9.0 9.0 g.9 4.9 185.9

Difference (Observations in excess of background)
Gas Processing 1379 6.8 2.8 9.8 46.9 261.9
Production 14250 6.8 2.9 6.9 31.9 245.9

NOTB: All data are measured in micro-rems/hr
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FIGURE 1A - GAS PROCESSING MEASUREMENTS
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Obsns

‘ 648
; 5¢
244
272
% 593
} 1081
; 232
423

439

143

243

146

124

1748
2537
366
2397
1393
7887
16085
115
102
24
2324
2962
454
341
3431

33826
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Table 1

Difference of Maximum Reading over Background by Equipment

Sequenced by Increasing Median Difference
{(Micro-Rems/Hr)

National Summary
{All Observations)

FACILITY: Gas Processing

Median 75¢n

Equipment Difference Percentile
COMPRESSOR | 0.0 0.8
CRYO UNIT | g.4 2.5
DEHYDRATOR ] 8.0 1.0
FRAC TOWER { g.9 6.8
INLET SCRUBBER | g.0 8.5
METER I 8.9 1.9
OPUMP | g.8 25.5
OTANK ] g.8 2.9
OTHER ] 8.0 4.9
REFRIGERATION | 8.9 4.8
SWEETENER | 0.8 p.9
PUMP | % 3.4 73.9
PRODUCT LINE | 2% 3.3 46.5
BOTTOMS PUMP jxxs 7.8 28.9
PTANK |xx2RS 9.8 45.9
PPUMP jRRRERERERR 9.8 78.0
REFLUX PUHP |t!tt!tttttt*tttttttttttttt 52‘7 242‘ﬂ

-——-- T Eanl SEEE T TEETE R PP

18 26 38 40 50 689
Median of Difference Over Background
FACILITY: Production

FLINE | 9.0 9.0
MANIFOLD | é.8 2.9
METER | 8.9 8.0
OTHER i g.8 3.9
PUMP | 6.9 1.8
SEP | 8.8 7.8
STANK | 0.9 2.8
VRU | 6.8 8.8
WINJ ] g.9 28.9
WOTHER | 9.8 9.0
WPROD | 0.9 1.8
H/T { 8.3 8.9
SuUMP |2 1.9 9.3
VLINE | ® 1.0 39.0
WTANK |t 2.8 14.0

----- e et SET TN RS

18 20 38 48 56 68
Median of Difference Over Background
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Difference of Maximum Reading over Background by Equipment

Sequenced by Increasing Median Difference

(Micro-Rems/Hr)

National Summary
(Observations in excess of background)

FACILITY: Gas Processing

Median 715¢n
Obsns Equipment Difference Percentile
119 COMPRESSOR Iz 2.0 3.9
72 DEHYDRATOR fxe 3.9 6.7
38 SWEETENER | %% 3.4 19.5
156 INLET SCRUBBER |tt 5.9 19.6
32 METER j2ne 5.5 51.0
28 CRYO UNIT R 6.9 21.9
148 OTANK K11 6.9 39.9
165 OTHER R L4 7.9 23.0
123 FRAC TOWER Rl 9.5 33.3
56 REFRIGERATION IRt L L 16.9 68.8
38 BOTTOMS PUMP jrEERRRRRR 17.9 45.3
9¢ PTANK [RERERRITTARLE 25.9 65.8
114 OPUMP |EERREXTRRRRRLE 27.7 96.3
53 PPUMP |ttlltttt!ttttttt 31.' 97.5
82 PRODUCT LINE RELLLEELL R E 23 35.9 114.5
2 PUMP | REREREXLXRRRLIRERREDS 38.' 73"
95 REFLUX PUMP | EERER R LR R R AR AR LLRREERRNSRRRERXARRRRY 76.8 291.6
----- R R e L Ty TP s
1379 16 28 38 49 58 690 79 8@
Median of Difference Over Background
FACILITY: Production

5 WOTHER | 2.9 3.8
777 WPROD |® 2.3 7.9
72 METER | &t 3.9 5.8
424 PUMP |22 3.9 14.9
1867 OTHER |zt 4.0 15.9
2696 STANK |t 4.0 14.9
895 MANIFOLD |2ee 6.9 55.9
253 SuMP | ee2 7.9 26.5
3816 SBP (RE3 1 7.8 44.9
1495 H/T |aeee 8.0 47.8
2149 WTANK |zeee 8.9 35.9
25 VRU |ressttes 17.8 287.5
58 WINJ jreeeERRee 29.9 56.3
176 WLINE | REEERERRRRREERELE 34.6 196.0
419 PLINE | XERRERARRRLRRERELARRL 42.9 112.9

----- e e ettt Sttt Sttt ST 2

14259 10 20 38 48 58 68 790 8@

Median Of Difference Over Background
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Table 3
NORM Incidence by State
{All Facilities)

s "

=

f State

i Name

|

r~ilaska
Alabama/Fl 149

| Arkansas 199
California 95@
Colorado 559
Illinois 661
Kansas 726
Kentucky 21
Lousiana 3,828
Michigan 635
Mississippi 911
Montana | 788
North Dakota | 856
Nebraska 3
New Mexico
Oklahoma

Median
Difference

6.0 76.2
28.9 69.8
1.0 61.3
a.9 34.2
6.0 18.8
17.9 91.8
@.0 45.5
3.0 57.1
8.9 43.7
2.0 19.4
20.8 76.1
2.0 12.3
)

8.0

B.9

8.0

Median
Difference

|

e

B NW AN N R WO &N WE
. e e e e . . e
Y L L L L L KL

-

. LI . o

. -

) o

Texas (all)

* Coastal
* Northern
* Western

e W
. .

S |mm

Utah
Wyoming

N oW
.« o
wn

Oftshore
* Gulf
* California

S SN

f www

Note: The Texas total includes 366 observations which could not be classified
by Region because the county name was not reported.

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS

_Full document details: API Publ 7101-1997 scan

-15-

Not for Resale

Documents


http://www.avadocuments.com/doc/api-publ-7101-1997-scan
http://www.avadocuments.com/doc/api-publ-7101-1997-scan

STD.API/PETRO PUBL 710L-ENGL 1997 MM 0732290 0601350 b&s M

Appendix 1

Statistical Data by Facility and Equipment
Difference Over Background
{Micro-Rems/Hr)

National Summary
(All Observations)

Equipment No Average Maximum Minimum 25 % Median 75 %
p ing Paciliti
COMPRESSOR 648 1.481 498.0 ) g.0d0 8.60 g.000
CRYO UNIT 50 70.292 2985.¢ 8 #.000 é.0¢ 2.525
DEHYDRATOR 244 4.693 529.9 e 0.989 g.00 1.000
FRAC TOWER 2172 16.676 395.90 ) g.d08 g.09 6.009
INLET SCRUBBER 593 7.479 701.0 @ ¢.090 2.00 #.450
METER 141 19.497 695.4 g 0.64@ 6.90 1.850
OPUMP 232 55.608 1391.9 ] 8.000 g.00 25.500
OTANK 423 9.574 383.¢ é g.d08 8.08 2.060
OTHER 430 11.8060 995.9 - 8 g.000 8.00 4.008
REFRIGERATION 143 18.823 595.9 g g.400 g.08 4.909
SWEETENER 234 2.942 228.5 g 8.000 6.00 g.008
PUMP 3 25.333 73.0 ) 8.980 3.09 73.899
PRODUCT LINE 146 54.138 1980.0 8 8.069 3.25 46.569
BOTTOMS PUMP 40 25.130 228.9 g 8.125 7.08 28.004
PTANK 124 37.633 688.8 8 #.008 9.08 45.009
pPUMP 71 86.303 1941.0 ] 6.060 19.00 79.008
REFLUX PUMP 118 225.262 2985.4 B 2.008 52.65 242.080
Production Faciliti
FLINE 1748 21.5717  2991.9 ) 8 6.9 8.00
MANIFOLD 25317 23.3713  2995.9 8 é 8.0 2.00
METER 386 2.2288 92.9 ) 8 6.9 8.00
OTHER 2397 18.9506 3785.¢9 ) ] 8.9 3.00
pPUMP 1393 8.7212 986.0 8 8 0.9 1.00
SEP 7887 31.2279  4491.9 § ) 8.9 7.08
STANK 7905 18.5857 2475.9 ] 8 g.9 2.00
VRU 115 36.6696 1287.9 é ] 6.9 §.90
WINJ 102 32,2451 886.8 8 8 0.9 20.09
WOTHER 24 9.5292 5.5 ] ) a.9 2.40
WPROD 2324 9.8176 1487.8 g ) 8.9 1.80
H/T 2962 43.4679 3490.9 8 ] 8.3 3.08
SUMP 454 25.3998 793.8 # 8 1.8 9.25
WLINE 341 74.8135 2796.9 g ) 1.9 39.00
WTANK 3431 35.4036 3786.0 8 8 2.8 14.00
-16-
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Appendix 2

Statistical Data by Facility and Equipment
Difference Over Background
{Micro-Rems/Hr)

National Summary
(Observations in excess of Background)

Equipment No Average Maximum Minimum 25 % Median 75 %
Gaa_Pracessing Facilities
COMPRESSOR 119 7.631 490.9 2.3 1.0499 2.00 3.000
DEHYDRATOR 72 15.904 529.0 6.3 1.35¢ .00 6.658
SWEETENER 30 22.947 220.5 6.2 1.008 3.45 19,5480
INLET SCRUBBER 156 28.431 761.0 8.1 1.008 5.00 19.906
METER 32 61.537 695.9 8.3 1.159 5.58 51.000
CRYO UNIT 26 175.739 2985.0 1.8 2.000 6.00 21.925
. QTANK 149 28.927 383.0 0.2 2.099 6.00 38.000
© OTHER 165 30.752 995.9 8.3 2.9690 7.68 23.0480
- FRAC TOWER 123 36.876 395.8 8.2 1.508 9.59 33.208
i REPRIGERATION 56 48.866 $95.0 8.1 2.6 l6.80 68.759
BOTTOMS PUMP 38 33.587 220.9 8.5 3.000 17.00 45,2580
PTANK 99 51.850 68¢.0 8.5 7.325 25.49 €5.750
OPUMP 114 113.168 1391.9 g.4 6.825 27.75 96.250
PPUMP .53  115.613 1d41.9 8.1 9.500 31.00 97.508
PRODUCT LINE 82 96.391 1080.9 8.1 13.756 35.88 110.504
PUNP 2 38.0049 73.9 3.8 3.000 38.09 73.0080
REFLUX PUMP 95 260.829 2985.8 0.2 15.808 76.68 291.8@9
Production Facjlities
WOTHER 5 2.548 5.5 1.2 1.6 2.9 3.75
WPROD 711 29.364 1487.9 8.1 1.8 2.3 7.9¢
METER 72 9.472 92.8 1.8 1.9 3.9 5.75
PUMP 424 28.652 98¢.0 g.1 1.9 3.9 14.00
OTHER 1087 45.189 3785.0 8.1 1.8 4.9 15.99
STANK 2696 27.297 2475.0 8.1 2.8 4.0 14,00
MANIFOLD 895 - 66.249 2995.9 8.1 1.9 6.9 55.99
sumMp 253 45.579 793.9 8.1 3.0 7.8 26.5@
SEP 3816 64.543 4491.9 8.1 2.9 7.8 40.00
H/T 1495 86.122 3490.9 8.1 2.8 8.9 47.98
WTANK 2149 56.761 3786.8 g.1 3.9 8.9 35.00
VRU 25 168.68¢ 1287.9 8.2 2.9 17.8 287.50
WINJ 58 65.7880 886.8 1.8 4.9 28.9 56.25
WLINE 176 144.951 2798.¢ 0.2 6.9 34.6 100.89
FLINE 419 89.994 2991.9 8.1 7.8 42.9 112.88@
-17-
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ViI. State Summaries
Overview

The state summaries are each organized in the same order to
give the following information:

A. Summary Statistics for the state ( one page)

B. State Maps showing the counties in the survey.
A separate map has been made for Background Levels (Figure 1),
Difference Over Background for Gas Processing Facilities
{Figure 2), and Difference Over Background for Production
Facilities (Figure 3}.

In each figure the counties are summarized into the following
categories according to their median values:

Categozry Definition Background Difference
(National) i R/hx M R/hr
1 - Lowest 5 % g.00 - 2.33 @.68 - 9.88
2 - Next 20 % 2.34 - 4,99 d@.88 - 1.99
3 - Middle 58 % 5.00 - 9.8 2.90 - 33.00
4 - Next 28 % 9.81 - 14.99 33.81 - 245.08
5 - Highest 5 % over 14.89 over 245.64

A Background map was prepared for every state. If the
difference over background was the same in every county the
Difference Over Background map was deleted.

C. Tables in Bar Chart form showing the medlan values for
equipwent, county, and background ranked in increasing order.
The diffezrences over background for eguipment and county are
reported separately for Gas Processing and Production
Facilitles.

D. Appendices 1,2, and 3 give the detail data shown in the
tables, plus a few other statistics.

Documents
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I. All significant differences were equipment specific.

SUMMARY

(Alabama and Flozrida)

The equipment with the most pronounced differences over background
based on Median ranking are listed below in descending order. The

difference is the excess of the reading over background.

These items

were located in Bscambia county Alabama and its adjacent neighbor,
Santa Rosa county Florida.

Equipment

1. 8Separator

2. Other Pumps
3. Reflux Pumps

4. Flow Lines
5. Water Line

Median Difference

(Prod) 121
(GP) 160
(GP) -65
{Prod) 50
(prod) 35

MR/hr

75=n percentile

228.8
145.9
128.8
184.5
125.0

UR/hr

II. Santa Rosa (Fl) and Mobile county had low background readings while
Monroe county had a high background level.

mid-range.

III. Overall Summary
ITEM

1. Statewide
a. Background
b. Max Reading
c. Difference

2, Pacility
a. Background
Gas Processing
Production

b. Max Reading
Gas Processing
Production

c. Difference
Gas Processing
Production

No

149
149
149

S
99

58
99

58
99

Median

5.9
38.9
20.9

15.8
50.9

8.8
42.9

All of the others were

75%m pct. 98t™ Pct.

15.9
118.9
196.9

15.8
15.9

35.9
156.9

24.6

147.9

NOTES: 1) All data are measured in micro-rems/hr

150'
220.9
205.9

15.9
15.9

198.5
254.9

94.6
245.9

Max Value

15
625
621

15
15

156
625

145
621

2) The apparent differences between facilities are due to the
specific items of equipment listed in Section I above.
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Table 1

Difference of Maximum Reading over Background by Equipment

Sequenced by Increasing Median Difference
(Micro-Rems/Hr)

Alabama and Florida

FACILITY: Gas Processing

Median 75¢n
Obsns Equipment Difference Percentil
1 BOTTOMS PUMP i 0.8 0.9
1 COMPRESSOR ] 9.9 g.9
2 CRYO UNIT ] 6.0 8.9
2 DEHYDRATOR l 0.8 9.9
3 FRAC TOWER | 8.9 45.9
21 INLET SCRUBBER | 0.9 22.2
1 METER { 8.8 6.8
5 OTANK ] 0.8 24.6
1 REFRIGERATION [ 8.8 g.a
1 SWEETENER | 9.0 g.9
6 OTHER |xxe 8.4 98.5
1 PRODUCT LINE (RALLELE L 29.9 20.9
3 REFLUX PUMP | AR R R R AR AR A RRERRRRLRRES 5.0 120.9
2 OPUMP | LR LR LR LR LRRRRRLRERALIRRRERRRLLRRERS 190.9 145.9
-—— e s 2 e S Dt LT ST S
5@ 18 20 36 40 50 66 70 89 99 19
Median of Difference Over Background
FACILITY: Production
2 VIND | .9 0.9
1 WOTHER | 9.9 g.0
5 MANIFOLD |®e 5.9 44.9
9 OTHER j Rt 7.9 37.5
4 WPROD jane 7.5 25.¢9
1§ WTANK |axee 19.9 72.8
11 H/T |zazess 13.9 145,90
4 STANK | sRE2RRRE 19.5 112.4
3 WLINE |RR2ERBTRERETRE 35.8 125.8
9 PLINE |EERERBRRRILLRRRATTLIRRRRLLILS 5¢.8 184.5
41 sgp |tttt!ltitttt!tttttttttttttttttttlttﬁtttttttttttt 121.' 22'_'
—— et el e et BT R N O ] it il St
99 10 20 30 48 50 68 790 89 99 160 1190 129
Median of Difference QOver Background
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Table 2

Median Difference Over Background by County

Sequenced by Increasing Median Difference
(Micro-Rems/Hr)

Alabama and Florida

FACILITY: Gas Processing

Obsns County

19
29

Median 75¢n
Difference Percentil

MOBILE { 9.8 13,2
ESCAMBIA | g.0 56.9
SANTA ROSA | MeRf ettt st st e et e Rt AR RIRRERTRRELRRERLLE 196.8 121.9

B el T e e el LT PNy Qe WUy o

10 20 30 40 S0 69 78 89 98 109 11¢

Median of Difference Over .ackground
‘FACILITY: Production

MOBILB { 0.9 13.8
WASHINGTON ! 8.9 8.9
COLLIER |reeEe2RRERRRR 31.5 79.8
CLARKE | ¥RETRRTLRRRLS 32.9 47.8
MONROR |tttttttttttl¢ttt 4'_‘ 12‘.'
BSCMBIA |tti!t*tttttt!tttlttttttttlttt!t 11.' 195.’
SANTA ROSA |ttttttttttttttttttttitttttttttttttttttttttt 1'1.' 228.2

e St S T e e N LT Ty sy

10 20 30 48 58 69 70 89 99 198 119

Median of Difference Over Background
Note: Santa Rosa is in the Florida Panhandle and Collier is
in the southern tip of Florida (Naples). All other
counties are in Alabama.
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Table 3
Median Background by County
Sequenced by Increasing Median Difference
(Micro-Rems/Hr)

Alabama and Florida

75‘:!0
Obs County Median Percentile
8  SANTA ROSA jRRRRER 3.6 4.8
34 MOBILE jrRREEXRRR 4.5 7.5
84 ESCAMBIA | RETRLRRLRR 5.8 15.6
3 WASHINGTON | XRRBERRRRRELARL 7.5 7.5
2  CLARKE |REEREXRRRRELLANR 8.0 8.8
6 COLLIER |REEXRTRIRERRERRES 8.@ 14.9
12  MONROE [AEREERARREENRRSAXRARELLRRRLRRE 15.8 15.8
SLEEY TERR TRk DTt TVREY Sy SEauy Sauonry
2 4 6 8 18 12 14 16 18
Median of Background Readings
Note: Santa Rosa is in the Florida Panhandle and Collier is
in the southern tip of Florida (Naples). All other
counties are in Alabama.
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Appendix 1
Statistical Data by Facility and Equipment
Difference Over Background
(Micro-Rems/Hr)

Alabama and Florida

Equipment No Average Maximum Minimum 25 % Median 75 %
Gas Processing Facilities
BOTTOMS PUMP 1 g6.000 6.9 ) g.08 g.0 g.0
COMPRESSOR 1 g.400 g.8 g .99 8.9 7.8
CRYO UNIT 2 9.000 9.0 ) .40 0.9 9.0
DEHYDRATOR 2 g.909 9.8 ) 0.00 g.9 8.8
FRAC TOWER 3 15.000 45.9 [ g.00 6.0 45.9
INLET SCRUBBER 21 18.133 95.8 ) 6.00 9.9 22.2
METER 1 g.008 g.8 ) .04 e.4 8.8
OTANK 5 9.820 27.8 ) g.00 0.9 24.5
REBFRIGERATION 1 g.008 .9 ) .88 8.9 9.0
SWEETENER 1 2.000 6.8 ) p.98 9.0 g.0
OTHER 6 38.633 121.6 ) 2.25 8.4 98.5
PRODUCT LINE 1 20.000 20.0 29 26.40 20.0 20.6
REFLUX PUMP 3 61.667 120.9 ) 0.00 65.9 120.9
OPUMP 2 160.999 145.8 55 55.8¢ 198.¢ 145.9
Broductjon Facilities
WINJ 2 g.088 ) g 0.80 9.4 )
WOTHER 1 0.090 ) ] 0.40 .0 )
MANIFOLD 5 19.609 46 ) 2.50 5.9 44
OTHER 9 24.111 1¢ g 3.59 1.9 37.5
WPROD 4 11.250 39 9 1.25 7.5 25
WTANK 18 32.149 185 g 8.90 168.0 72
STANK 4 45,250 142 ) 4.25 19.5 112
WLINE 3 53.333 125 ) g9.9¢8 35.9 125
H/T 11 65.364 278 g g.08 13.9 145
FLINE 9 88,222 245 g 15.90 58.9 184.5
SEP 41 164.488 621 | 42.09 121.9 228
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Appendix 2

Statistical Data on Median Difference over Background

FACILITY COUNTY
GP MOBILE
GP ESCAMBIA

GP SANTA ROSA

PROD MOBILE
PROD WASHINGTON
PROD COLLIER
PROD CLARKE
PROD MONROE
PROD ESCAMBIA
PROD SANTA ROSA

NO

19
29

[ 5]

15
3
6
2

12

55
6

Alabama and Florida

By Pacility and County
(Micro-Rems/Hr)

AVERAGE MAXIMUM MINIMUM PCT25

6.4085 27.8
26.828  145.9
166.869 121.9

31.667 275.8
§.9¢e0 8.8
51.333 193.8
32.089 47.0
64.167 285.8
123.764 621.4
142,568 ° 397.8

0.09
0.69
91.49¢

0.08
g.98
5.08
17.49
6.25
16.89
39.489

Note: Santa Rosa i{s in the Plorida Panhandle and Collier is
in the southern tip of Florida (Naples). All other
counties are in Alabama.
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MED PCT75
e.9 13.28
.0 54.00
186.8 121.09
6.9 13.69
8.0 g.08
31.5 79.75
32.9 47.80
4.9 128.08
71.8 196.98
187.9 228.25
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Appendix 3

Statistical Data on Background by County
{Micro-Rems/Hr)

Alabama and Florida

COUNTY NO AVERAGE MAXIMUM MINIMUM PCT25 MED PCT75
SANTA ROSA 8 4.1259 19.9 3.9 3.08 3.9 4.9
MOBILE 34 7.8735 15.9 4.5 4.58 4.5 7.5
ESCAMBIA 84 8.428¢ 15.9 3.8 4.80 5.8 15.4
WASHINGTON 3 7.5888 7.5 7.5 7.58 7.5 7.5
CLARKE 2 8.0800 8.0 8.9 8.40 8.0 8.9
COLLIER 6 8.8333 13.8 1.9 7.75 8.0 1g.0
MONROE 12 15.8¢809 15.8 15.8 15.69 15.8 15.9

Note: Santa Rosa is in the Florida Panhandle and Collier is
in the southern tip of Florida (Naples). All other
counties are in Alabama.
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SUMMARY
(Alaska)
I. There were no significant differences over background in any of the

items of equipment.

1I. Offshore areas had low background readings and Anchorage county was
very low.

I1I. Overall Summary

ITEM No Median 75%r pct. 90t™ Pct. Max Value
1. Statewide
a. Background 256 4.8 4.8 5.8 6
b. Max Reading 256 9.5 29.9 84.5 786
C. Difference 256 6.8 25.8 848.9 701
: 2. Facility
‘ a. Background
Gas Processing 13 4.9 4.5 6.0 6
production 243 4.9 4.9 5.8 6
b. Max Reading
Gas Processing 13 5.9 8.5 428. 186
Production 243 16.9 8.9 85.8 séé
c. Difference
Gas Processing 13 8.9 4.9 423.5 701
Production 243 6.9 26.8 81.8 495
NOTBR: All data are measured in micro-rems/hr
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BAS PROCESSING FACILITIES

-39
AMERICAN PETROLEUM INSTITUTE
NATURALLY OCCURAING RADIOACTIVITY SURVEY

FIGURE 2 — DIFFERENCE OVER BACKGROUND
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Table 1
Difference of Maximum Reading over Background by Equipment
Sequenced by Increasing Median Difference
(Micro-Rems/Hr)

Alaska

FACILITY: Gas Processing
Median 75¢n

Obsns Equipment Difference rercentile
{
1 OTHER | 0.0 g.08
4 COMPRESSOR { g.9 8.7
1 PRODUCT LINE ] 1.9 1.0
7 INLET SCRUBBER |* 1.9 7.8

[
w
-
_-
~
=
w
-
Y
L]
wn
-
o
-«

Median of Difference Over Background

FACILITY: Production

|

1 METER { 8.8 #.0

8 WPROD ] 6.8 #.75
11 WLINE | 8.8 5.9

2 WINJ | 1.8 1.0

3 VRU | 2.8 2.8

34 OTHER | 2.9 5.9
8 WTANK |xe 3.5 13.8
12 STANK |22 4.5 8.9
24 SuMp |ree 5.5 13.9
38 MANIFOLD |ease 7.9 42.4

34 SEP |easenases 18.5 54.9

7 PUMP |eexesansss 19.9 28.9

44 H/T |eetazennne 19.9 67.5

25 FLINE jrennsasnsansesss 31.8 83.9

———— ceeae e L LTSN SR SR
243 18 28 30 498 S8 66
Median of Difference Over Background
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Table 2

Median Difference Over Background by County
Sequenced by Increasing Median Difference
(Micro-Rems/Hr)

Alaska

PACILITY: Gas Processing

Median 75¢€n
Obsns County Difference Percentile
|
2 ANCHORAGE [ 9.0 ]
7 UNREPORTED ] g.9 1
4 OFFSHORE RIZI21TT 4.8 7
Rt L T il Sl Sl el el TR PT
2 4 6 8 10 12 14 16 18 28
Median of Difference Over Background
FACILITY: Production
|
21 ANCHORAGE | 8.8 ]
147 UNREPORTED (RAZIEiL L sl 6.9 24
75 OFFSHORR : ,tt!lt!ttt!!!t!tltttttt!t!t 13.‘ 42
D et St e e R S s sy GE—r Y
2 4 6 8 18 12 14 16 18 28
Median of Difference Over Background
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Table 3

Median Background by County
Sequenced by Increasing Median Difference
(Micro-Rems/Hr)

Alaska

752!\

Obs County Median Percentile

!
23 ANCHORAGE | %

1.8 1.8
154 OFFSHORE REELILEL 4.9 1.9
79  UNREPORTED  |*#atnses 4.4 5.8
R et S L e e e ettt SO
2 4 6 8 18 12 14 16 18 28
MEDIAN OF BKGRND
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Appendix 1
Statistical Data by Facility and Equipment
Difference Over Background
{Micro-Rems/Hr)

Alaska

Equipment No Average Maximum Minimum 25 % Median 75 %
Gas Processing Pacilities
OTHER 1 0.008 9 ) ) ) e.09
COMPRESSOR 4 g.258 1 ) é ] 9.75
PRODUCT LINE 1 1.089 1 1 1 1 1.08
INLET SCRUBBER 7 102.286 781 @ '] 1 7.69
Production Facjljties
METER 1 g.9008 ) ) g.00 0.9 g.09
WPROD 8 #.2500 1 ) g.00 §.8 #.75
WLINE 11 2.6364 14 ) .08 0.9 5.00
WINJ 2 1.0008 1 1 1.40 1.0 1.90
VRU 3 1.3333 2 ) .99 2.9 2.60
OTHER 34 4,8588 25 ] 8.75 2.9 5.90
WTANK 8 6.1250 16 ) 9.08 3.5 13.08
STANK 12 7.4167 36 g g.00 4.5 8.00
sumMp 24 11.375¢ 92 0 1.88 5.5 13.48
MANIFOLD 3 25.9667 159 ] 2.50 7.9 42.688
SBP 34 53.2059 397 ) 3.00 18.5 54.00
PUMP 7 18.0049¢0 54 ) g.90 19.9 28.499
R/T 44 55.2727 495 ) 6.00 19.8 67.58
FLINE 25 51.4998 191 ) 1.58 31.0- 83.00
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Appendix 2

Statistical Data on Median Difference over Background
By Facility and County
{Micro-Rems/Hr)

Alaska

FACILITY COUNTY NO AVERAGE MAXIMUM MINIMUM PCT25 MED PCT75
GP ANCHORAGE 2 a.980 8 ¢ g.e8 ) ')
GP UNREPORTED 17 186.429 781 9 g.99 0 1
GP OFFPSHORE 4 3.758 7 g 8.25 4 7
PROD ANCHORAGE 21 g.048 1 g é.09 ¢ 0
PROD UNRRPORTED 147 31.272 495 ) 1.08 6 24
PROD OFFSHORE 75 32.253 287 " 4.00 13 42
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COUNTY

ANCHORAGE
OFFPSHORE
UNREPORTED
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AVERAGE

1.00008
2.97468
4.17532

Appendix 3

(Micro-Rems/Hr)

Alaska

MAXIMUM

1
4
6
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1
1
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Statistical Data on Background by County

PCT25

1
1
4

MED PCT75
1 1
4 4
4 5
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SUMMARY
(Arkansas)

I. There were no significant differences between items of equipment.

II. Columbia and Logan counties had mid-range background levels and Franklin
and Pope counties had high background levels.

I1I1. Overall Summary

ITEM No Median 75%» Pct. 98t™ Pct. Max Value
1. Statewide
a. Background 199 9.8 l0.9 12.8 13
b. Max Reading 199 11.8 12.90 14.8 308
c. Ditference 199 1.9 2.8 3.4 292
2. Facility
a. Background
Gas Processing 580 7.9 5.8 18.9 13
Production 149 9.0 19.8 12.9 13
b. Max Reading
Gas Processing 58 8.5 11.3 19.5 388
Production 149 11.8 12.9 14.8 90
¢c. Ditference
Gas Processing 50 8.8 2.9 12.3 292
Production 149 1.9 2.9 3.8 81
NOTE: All data are measured in micro-rems/hr
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P7777) 2.34 ~ 4.989
BN oVER 14.0

ARKANSAS
[(IIIIlio - 2.38
SY s.01 -~ 14.0

NO DATA
5.0 - 9.0

AMERICAN PETROLEUM INSTITUTE
NATURALLY OCCURAING RADIOACTIVITY SURVEY

FIGURE 1 — MEDIAN BACKGROUND LEVELS

MICRO-REMS/HR %
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NATURALLY OCCURRINS RADIOACTIVITY SURVEY

FIGURE 2 — DIFFERENCE OVER BACKGROUND

MICRO-REMS/HA 1 NO DATA
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.8 - 1.99

222
R OVER 245

ARKANSAS
PRODUCTION FACILITIES

NO DATA

e

33.01 ~ 243
AMERICAN PETROLEUM INSTITUTE

NATURALLY OCCURRING RADIOACTIVITY SURVEY

FIGURE 3 — DIFFERENCE OVER BACKGROUND
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