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ASSESSMENT OF POTENTIAL AIRBORNE RADIOACTIVITY

EMISSIONS FROM A PROPOSED NEW GYPSUM DISPOSAL FIELD

SUMMARY

An assessment was made of the potential airborme radiocactivity
emissions from the new gypsum disposal field proposed by Gardinier, Inc.
near its East Tampa Phosphate Chemical Plant. This was accomplished by
examining the off-site effects of airborne radon and radon progeny and
airborne and deposited radium-226 in fugitive dust.

Alrborne Radon and Radon Progeny

Five nearby receptor locations in various directions from the disposal
site were considered. For these locations, the contribution of the completed
pile to airborme radon concentrations was estimated to range from 0.03 to
0.1 pCi/l, in addition to the expected ambient background. In this
case of radon transported through the atmosphere from the gypsum pile source,
there would not be any trapping and bulld-up of indoor radon concentrationms;
contributions to indoor radon concentrations may be assumed to be the same
as contributions to outdoor radom.

The significance pf the radon lies in the resulting airborne radon
progeny concentrations. It was estimated that radon progeny concentrations
attributable to the gypsum pile source would be on the order of 0.0002 to
0.0009 WL. This corresponds to increases of 5 to 25% over the expected
indoor background of 0.003 to 0.004 WL and represents.absolute increments too
small to be discermed by usual measurement techniques. The projected gypsum
pile centributions to radon progeny concentrations fall below the various
suggested limits for indoor radon progeny concentrations which range from .

0.005 to 0.05 WL above backgrourd.
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Radium-226 in Fugitive Dust

Using fugitive dust modeling provided by another consultant, airborme
radium-226 and ground deposition were estimated for 15 receptor locations around
the proposed gypsum disposal site. The maximum airborme radium-226

7 pCi/in3

concentration was predicted to be 2 x 10~ , a4 value about one ten-
millionth of the State of Florida Maximum Permissible Concentration for
uncontrolled areas. It was predicted that the maxiﬁum radium-226 deposition
rate would be on the order of 0.2 pCi/mz-yr. Cne hundred years of deposition
at this rate without erosion would result in a cumulative contribution to the
soil that is 0.2% of the radium normally expected in the top cm of soil.

Thus it is concluded that fugitive dust does not comstitute a problem in

terms of either alrborme or deposited radium-226.

Significance of the Predicted Radon and Radon Progeny Levels

It was estimated that the theoretical lifetime excess lung cancer risk
assoclated with the projected increase in radon progeny concentrations is on
the order of 3 x 10-6 (three in a million) for six years of attendance at
the nearby school and on the order of 1.0 x 10'h to 4.7 x 10-h (one to five in
10,000) for full time residence at the five modeled off-site locations. In
comparison to the normally-expected luné cancer risk of 0.03 (3 in 100) for
the U.S. population, the projected theoretical risks represent a 0.01%
increase for the school and 0.3% to 1.6% for the residences. The maximum
projected risk 1is comparabie to that from receiving_one chest x-ray per year.
In terms of other risks, the maximum radon concentratioﬁ is comparable to
smoking three packs of cigarettes per year or driving in an automobile 16C

miles per year.
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ASSESSMENT OF POTENTIAL AIRBORNE RADIOACTIVITY

EMISSIONS FROM A PROPOSED NEW GYPSUM DISPOSAL FIELD
INTRODUCTION

This report constitutes an assessment of the significance of potential
airborne radiocactivity emissions from the new gypsum disposal field being
proposed by Gardinier, Inc. for its East Tampa Phosphate Chemical Plant (1).

Phosphate rock contains natural radionuclides of the uranium decay series
in association with the phosphate mineral. This radioactivity is described
in Appendix A. Briefly, in the production of pkosphoric acid, one member
of the series, radium-226, is co—preciﬁitated with the gypsum by-product and

hence is present in the stored phosphogypsum. Through radicactive decay,

radium-226 is a source of constant production of radon-222, a radioactive
noble gas. Some of the radon is released from the crystalline structure of
the radium-bearing material, is transported to the surface, crosses this
igterface, and becomes dispersed in the atmosphere. Radiocactive decay of
radon produces a series of radloactive decay products knpwn collectively

as radon progeny or radon daughters. Radon decay in the atmosphere results

in the presence of airborme radon progeny, either as fres ions or attached to
dust particles. Radon progeny levels are commonly expressed as concentrations
in units of "working level" (WL); cumulative exposures to airborne radon
progeny are expressed in units of "working level months" (WLM).

For this report, the off-site effects of the following airbornz emissions

were examined:

1) Airborne radon and radon progeny - the result of radon production
in gypsum, emanation to the atmosphere, and transport to the
off-site area; and




2) Airborne and deposited radium-226 - as a consequence of fugitive
dust emissions.

THE RADIOACTIVITY SOURCE

Two radiological characteristics of the storage pile are necessary as
input to this evaluation:
1) The radium-226 concentration of the gypsum, and

2) The radon exhalation rate (or radon flux); that is, the rate at
which radon-222 enters the atmosphere from the pile surface.

These characteristics are reviewed in Appendix B. On the basis of the
available data, it 1s concluded that the parameters to use for this assessment
are:

1) Radium-226 content of gypsum - 24 pCi/g, and

2) Radon-222 exhalation rate from dry stacked gypsum - 26 pCi/ma-s.

OFF-SITE RECEPTOR LOCATIONS

Fifteen off-site receptor locations, suggested by Dames and Moore (2),
are described in Table 1 and Figure 1. Five were used for radon and radon
progeny modeling; all fifteen were used for modeling concentrations and

deposition of radium-226 in fugitive dust.
ATRBORNE RADON AND RADON PROGENY

Method
Two radon source models were considered:
1) The early pile - the entire disposal area is convered with a several

meter depth of gypsum; this depth constitutes an "infinite”
thickness with regard to generation and exhalation of radon. The




Table 1. Receptor Points

Calculations For:

Location Description _ Ra Rn
1 Housing near southwest quadrant of gypsum field X -
2 Housing near southwest quadrant of gypsum field X X
3 Housing near northwest quadrant of gypsum field X -
4 Housing near northwest quadrant of gypsum field X -
5 Housing near northwest quadrant of gypsum field X -
6 Housing near northwest quadrant of gypsum field X X
7 Housing near southeast quadrant of gypsum field X -
8 Housing near southeast quadrant of gypsum field X -
9 Housing near southeast quadrant of gypsum field X X

10 Housing near southeast quadrént of gypsum field X -
11 Housing near southeast quadrant of gypsum fleld X -
12 _ Housing near southeast quadrant of gypsum field X X
13 Progress Village housing near northeast quadrant

of gypsum field X -
14 Progress Village Elementary School near northeast

quadrant of gypsum field X X
15 Progress Village housing near northeast quadrant

of gypsum field X -

Ra = Calculation for gypsum dust and radium-226; airborme concentration and
ground deposition.

Rn = Calculation for airborme radon concentrsiion and indcor radon decay
product concentration.

From Dames and Moore designatioms (2).
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Figure 1. Location of Receptor Points Used For Modeling Purposes.

From Dames and Moore designations (2).




flux was adjusted to 75% of the dry gypsum value to account for an
average 25% of the gypsum surface being covered with standing water.

2) Completed pile - gypsum stack 200 ft. high with sloped sides and
no standing water. It was assumed that there is negligible radon
attenuation by any stabilization cover. Radon flux is 1024 of that
from a slab equivalent to the base dimensions of the pile and 136%
of that from the early pile.

Airborne radon concentrations were estimated for the five off-site
locations identified in Table 1 using a mathematical model presented by Schaiger
(3) for dispersion near an extended plane radon-emanating soﬁrce (see
Appendix C). Joint frequency distributions of wind speed, wind direction, and
stablility class were used to determine the annual average concentration.

The meteorological data set used was derived from a five-year observation
period at the Tampa Intermational Airport.

It was assumed that the average annual radon concentration contributions
attributable to the gypsum pile were approximately the same indoors as
outdoors. In gemeral, rédon and radon progeny concentrations are higher
indoors than outdoors due to contributions from building materials, indoor
sources such as off-gasing of radon-bearing domestic water and accumulation
of radon emanated from the ground under closely-coupled structures. However,
for the case of the radon transported through the atmosphere from the gypsum
stack, there will be no "trapring" and build-up of concentration.

Indoor radon progeny concentrations were calculated in units of working
level (WL) using an assumption of 70% equilibrium between radon and radon
progeny concentrations {i.e., a radon concentration of 100 pCi/l is equivalent
to 0.7 WL). This is felt to be conservative on the high concentration side
since reported indoor equilibrium factors generally range from 0.3 to 0.7.
Results

Results are summarized in Table 2; calculational details are presented
in Appendix D. The range of results among the five locations spans less

than an order of magnitude. The highest concentrations were predicted for



Table 2. Time-welghted Average Radon-222 and I%door Radon Progeny

Concentrations at Selected Locations?@

Early Pile®) Completed Pile®’
Location Contributing Ambient Indoor Ambient Indoor
Wind Rn-222 Rn Prggeny Rn-222 Rn Pr%§eny
Direction pCi/l WL pCL/1 WL
2 E, ENE 5.8 x 10'2 4.0 x 10—h 7.8 x 10'2 5.5 x 10'h
6 E, SE, SSE, ESE 8.9 x 1072 6.1 x 107" 1.2x10° " 8.5x 107
9 NW, NNW 2.6x107° 1.8x107" 3.6 x 1072 2.5 x 10‘1:
12 W, WNW, NNW 5.5 %1072 3.8x 107" 7.5 x 1072 5.2 x 107"
14 WSW, SW, SSW 2.0x1072 1.4 x 107 2.7x 1072 1.9 x 107
a) Reported concentrations represent calculated contributions from the
gypsum storage pile source and do not include background or contributions
from any other source.
b) Early Pile - Stack one or two meters high (infinite thickness for radon
generation); flux adjusted to 0.75 to account for average 25% coverage
with standing water.
c) Completed Pile - Stack 200 ft. high with sloped sides; no standing water;
negligible radon attenuation by stabillization cover.
d) Indoor radon progeny concentration based on radon progeny/radon equilibrium

fraction of 0.7. Values may range from 0.3 to 0.7.



the.lécation northwest of the storage site; intermediate concentrations were
predicted for the locations directly west and directly east; the lowest
concentrations were projected for locations to the northwest and to the
southwest.

Contributions of the "early pile" source to ambient radon-222 concen-
trations range from 0.02 to 0.09 pCi/1 for the five locations. These
contributions can be compared to an expected background ambient radon
concentration on the order of 0.2 pCi/l (Appendix B) and, thus, represent
additions to background on the order of 10 to 45%. - Contributions of
the "completed pile" source range from 0.03 to 0.1 pCi/l or additions to
background on the order of 15 to 50%.

The maximum predictions are of the same order of magnitude as values
estimated by EPA investigators (4) for Polk County, Florida gypsum stacks.
Using meteorological data from McCoy Airport in Orlando, those investigators
estimated an annual average radon concentration on the order of 0.2 pCi/l for
a location in the maximum wind direction and 800 m from the center of the
pile.

The significance of radon lies not in the radon concentrations themselves,
but rather in the resulting exposure to alirborne radon progeny. Contribu-
tions of the gypsum pile to radon progeny concentrations are predicted to
range from 0.0001 to 0.0006 WL for the early pile source and from 0.0002 to
0.0009 WL for the completed pile source. These values are consistent with the
average of 0.0006 WL and range of 0.0002 to 0.0013 WL (including background)
chsarved in four short-term measurements over Florida phosphogypsum piles
(Appendix B). The measurements included one over the existing Gardinier
gypsum pile where a value of 0.0003 WL was observed.

The maximum predicted concentration is also comparable to the EPA estimate

(4) that Central Florida gypsum piles would contribute on the order of



0.001 WL to the indoor radon progeny concentrations in a structure located
800 m from the center of the pile in the maximum wind direction.

Average concentrations of 0.003 WL (5) to 0.00% WL (6) may be expected
for Florida structures constructed over lands without enhanced soil radium.
Thus, the projected gypsum pile-related contributions represent an increase
above the expected background of 4% to 18% for the early pile source and
5% to 25% for the completed pile. The absolute increase, on the order of
0.0001 to 0.001 Wﬁ is of the same magnitude or even lower than the limit of
uncertainty for measurements by current techniques and could not be detected
by measurement. |

Comparison to Standards

While there presently are no generally applicable standards for non-
occupational exposure, standards are under development and various recommenda-
tions have appeared (see Appendix B). The predicted gypsum pile-related
increases in indoor radon progeny concentrations, on the order of 0.0001 to
0.001 WL, are well below all the suggested limits which fall in the range of

0.005 to 0.05 WL above background (7,8).

RADIUM-226 IN FUGITIVE DUST

Method

Ranges of airbbrne concentrations and deposition of particulate matter
due to fuglitive dust emissions from the proposed gypsum pile were modeled
- by Dames and Moore (2) for the 15 receptor locations described in Table 1.
These estimates were derived using the U.S. Environmental Protection Agency's
Industrial Source Complex Long-term Model (ISCLT) and a meterological data
set based on observations from the Tampa International Airport.

Geometric means for each site were calculated from the glven ranges

and mean radium-226 concentrations and deposition rates were calculated by
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assuming that all dust had an average radium-226 concentration of 24 pCi/g.

Airborne Dust and Radium-226

The predicted range of annual average airborme dust concentration,
as provided by Dames and Moore, the calculated mean dust concentration, and
the calculated airborme radium-226 concentration in pCi/m3 for each location
are presented in Table 3, columms 2, 3, and 4, respectively. The resulting
radium-226 concentrations are in the range of:

8

5 x10 " to 2.0 x 1077 pCi/m3.

By comparison, the State of Florida uncontrolled area* Maximum Permissible
Concentration (MPC) for radium-226 in the insoluble form (9) is:

12

2 x 107" uCi/ml (i.e., 2 pCi/md).

Thus, the maximum annual average airborme radium-226 at any of the modeled
locations is 10'7 (1.e., 1/10-millionth) of the uncontrolled area standard.

Therefore, airborne radium-226 from fugitive dust does not constitute a problem.

Deposition of Radium-226

The predicted range of annual average dust deposition rates as provided
by Dames and Moore, the calculated mean depositlion rates, and the calculated
radium-226 deposition rates in pCi/mz—yr for each location are presented in
Table 3, columns 5, 6 and 7, respectively. The resulting radium-226 deposition

rates are in the range of:

0.02 to 0.2 pCi/m°-yr.

By comparison, normal soil that has not been enhanced in radium has a radium-.
226 concentration on the order of 0.5 pCi/g. At a density of 1.5 g/cm3, a

1-cm depth of soil contains 7,500 pCi/m2. One hundred years of deposition

*Members of the general public.



Table 3. Gypsum Dust and Radium-226 Airborne Concentration and Deposition Modeling.

Annual Average Gypsum
Dust Concentration Range
Attributable to Proposed
Gypsum Disposal Field®

Annual Gypsum Dust

Deposition Range Attributable

to Proposed Gypsum

Disposal Field?

Receptor Dugt, ug/m3 — Radium;é?é, Dusg, g/m2—yr_ _ ‘Radiugl—22(61S
Point Range Xg pCi/m Range Xg pCi/m -yr
1 0.005 - 0.01 0,007 2 x 10_7 0.004 - 0.008 0.006 0.1
2 0.005 - 0.01 0.007 2 x 10_7 0.004 - 0,008 0.006 0.1
3 0.005 - 0.01  0.007 2 x 107/ 0.004 - 0.008  0.006 0.1
L 0.003 - 0.006 0.004 1x 10_7 0.002 - 0.004 0.003 0.07
5 0.005 - 0.01 0.007 2 x 10-7 0.005 - 0.01 0.007 0.2
6 0.005 - 0.009  0.007 2 x 107/ 0.003 - 0.006  0.004 0.1
1T 0.002 - 0.003 0.002 5 x 10_8 0.0005 - 0.001 0.0007 0.02
8 0.003 - 0.005 0.004 1x 10“7 0.002 - 0.003 0.002 0.06
9 0.004 - 0.007 0.005 1x 10_'7 0.002 - 0.004 0.003 0.07
10 0.004 - 0.008 0.006 1x 10“7 0.003 - 0.006 0.004 0.1
11 0.005 -~ 0.009 0.007 2 x 10_7 0.004 - 0.007 0.005 0.1
12 0.005 - 0,01 0.007 2 x 10_7 0.004 - 0.007 0.005 0.1
13 0.002 - 0.004 0.003 Tx 10—8 0.002 - 0.003 0.002 0.06
14 0.003 - 0.005  0.004 1 x 107/ 0.002 - 0.003  0.002 10.06
15 0.002 - 0.004 0.003 Tx 10—8 0.001 - 0.002 0.001 0.03

Suummary 0.002 - 0.01 0.003-0.007 (0.5-2) 0.0005 - 0.008 0.0007 - 0.02 - 0.2
) < 10T 0.006
a) Rounded to one significant digit. b) Range from modeling by Dames and Moore (2).
c) Geometric mean calculated from given range
d) Calculated from gecmetric mean of gypsum dust assuming 226Ra @ 24 pCi/g (24 x 10_6 pCi/ug).

ol
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of gypsum dust at the maximum predicted rate (0.2 pCi/mQ-yr) without any
erosion would contribute 20 pCi/m2. This is 1/375 or 0.27% of the radium

in the top cm of soil! Thus, deposition constitutes a miniscule addition to

the radium that is already present in the soil.

SIGNIFICANCE OF PREDICTED RADON AND RADON PROGENY LEVELS

Health Impact

The major potential health hazard (if any actually exists) due to the
exposure of radionuclides associated with the concentration of naturally-
occurring radioactive materials in gypsum would be from the inhalation
and lung deposition of radon decay products. Any other exposure to the body
from radon and radon progeny or from radium-226 in dust from the gypsum
pile can be considered to be of so much less significance that health impact
calculations are not warranted.

Although the actual health risk of radiation exposures has never been
observed at these low levels, it is often desirable to calculate theoretical
risk. In this case the best available information on the probabllity of the
occurrence of lung cancer due to the radiation exposure to rader and radon
progeny is from studies involving concentrated levels of radon progeny in
unventilated uranium mines (10).

From the uranium miner studies, several groups have estimated the valves

l+/WIM (11)

of the total lifetime risk of excess lung cancer to range from 1 x 10~
to 8.5 x 10-% /WIM (12), a range of from one chance in 10,000 to 8.5 chances
in 10,000. The 1 x 10'l+ model as derived by Evans et al., although more
recent, is the result of extensive review of the uranium miner data by the

Radon Task Force and appears to have substantial support in the USA and

nationally. The 8.5 x 10‘h model currently is recommended by EPA. In order
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to be conservative for this report a risk model of

3x 107" excess lung cancers per WIM

is used. It is the upper bourd in the model of (2 - 3) x 10-h excess lung
cancers per WLM developed by the ICRP (10)based on uranium miner data. Table
4 summarizes the risk of lung cancer from the predicted radon progeny exposures
in the six locations of interest. Location 14 is divided into two categories;
14a, children in the school and 14b, residences.

In order to interpret these calculations, one must keep in mind that
lung cancer occurs in about 3 out of every 100 people (a 0.03 or 3%
probability) (13). The increased risk due to gypsum pile exposures range from
0.000003 (0.0003% probability) at location 14a to 0.00047 (0.047% probability)
at location 6. These projected theoretical risks represent a 0.01% increase
for school children and a 0.3% to 1.6% inérease for the residences.

Comparison of Risk to Other Radiation Exposures

In order to develop a perspective for radiation risk, it is convenient
to compare the exposure of interest to other, more familiar types of radiation
exposure. In this situation, one could state that:

living at location 6, the area of potentially the highest radlation

exposure from the proposed gypsum pile is comparable to having a chest
X-Tay once a year.*

#Based on an approximately 40 mrem dose from a chest x-ray with a risk model

of 200 sxcess cancers (14%). This can be interpreted as 200 excess cancers

106 person rem

in a population of a million when each person has a 1 rem dose, or as
a probability of 2 in 10,000 of excess cancer per rem.

-3 -4

200 x 10-6 cancers/person rem x 40 x 10" - rem/yr x 50 yr = 4 x 10

compared to 4.7 x 10~
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Table 4, Risk of Lung Cancer Due to Gypsum Stack Contributions to Radon
Progeny Exposure

Annual Average Indoora) b) Annual Cumulative Years Lifetim
Location Concentration, WL WLM/WLY Exposure, WLM/yr at Risk Risk®
- - -4
2 5.5 x 10~ 36 1.9 x107° 50 2.9 x 10
- - ' -y
6 8.5 x 10 36 3.1 x 1072 50 4.7 % 10
_ ) _ : -
9 2.5 x 107" 36 9.0 x 1073 50 1.4 x 10
- ‘ - -4
12 5.2 x 107 36 1.9 x 1072 50 2.9 x 10
- - -6
14a (school) 1.9 x 107% 9 1.7 x 1073 62 3.1 x 10
- -4
14b (residences) 1.9 x 107" 36 6.8 x 1073 50 1.0 x 10
a) Concentration values for the completed pile source have been used as "worst”

case values.

b) WLY - "working level year". The factor, WLM/WLY, converts concentration

in WL to annual cumulative exposure in WIM/yr.
- For residences, WLM/WLY = 36 is based on the assumption that full

time residents breathe three times the air volume as breathed during

working hours only.

- For the school, WLM/WLY = 9 is based on the assumption of 40 hr/wk
occupancy for 9 menths.

c) Risk model used is 3 x 10-h excess lung cancers per WLM.

d) An upper limit assumption is made here that the school could be used
grades 1-6, although it is currently used for only one grade.

for
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All other areas of interest have an even smaller potential of risk.

Comparison of Radiation Risk to Other Types of Risk

Radiation risk can also be compared to other types of risks which people
encounter in their daily lives. For example,

the theoretical risk associated with living at location 6 nearest
the proposed gypsum pile for a lifetime can be compared to smoking
three packs of cigarettes per year or driving 160 miles per year in
an automobile.** '

*#Based on risk factors of 1.4 deaths x 10"7 per cigarette smoked and 5.6 x 10'8
deaths per mile of automobile driving (15).

60 cigarettes x 1.4 x 1077 deaths/cigarette = 8.4 x 10'6

-6
8.4 x 10 7 4 50 yr = 4.2 x 10'1+

- b
160 miles/yr x 50 yr x 5.6 x 10 8 desths/mile = 4.5 x 10
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APPENDIX A
. NATURAL RADIOACTIVITY AND PHOSPHATE MATERIALS

The presence of uranium and its radioactive decay chain in association
with Florida phosphate deposits has long been known. It should be pointed out
that uranium is ubiquitous on the earth and is concentrated in a variety of
minerals, ores and deposits. Some selected average concentrations include:

The earth's crust 1-4 ppm

Florida phosphate matrix 50-150 ppm
Western U.S. uranium ores 1000~5000 ppm
High grade Canadian and African uranium ores 10,000~-40,000 ppm

Thus, the uranium content of Florida phosphate matrix is elevated above typical
topsoils but considerably less than medium and high grade uranium ores.

. Elevations in natural radioactivity are not confined to the commercially-mined

phosphate deposits. For example, sands with similar uranium concentrations may
be found on the dunes and beaches of south west Florida and uranium and thorium
may be found in heavy mineral sands in various parts of the state.

Where uranium has remained undisturbed in nature, there are associated
several naturally occurring radiocactive decay series including the uranium
series illustrated in Fig. A-l. In the undisturbed state, the members of the
series at least through radium—226 would be expected to be in radioactive
equilibrium - that is, all members present in equal quantities of radio-
activity. The remaining members of the series would be expected in quantities
approaching equilibrium but reduced to whatever extent there is a net loss of
the gaseous member, radon-222. In chemical operations, the various members of
the series may follow separate pathways determined by their chemical properties.

There are several distinct features and constituents of the uranium
series that are of particular significance to this project. Both alpha and
beta emitters are represented and some members also emit gamma radiation.
Gamma emitters are significant as potential sources of external radiation
exposure., While alpha radiation cannot penetrate the skin, alpha emitters are
of particular concern if they become deposited inside the body where the
radiation is more effective than beta or gamma radiation in producing bio-
logical effects.

Gamma Radiation

While a number of the uranium series membera are gamma emitters, gamma
radiation is most pronounced when radium=22% is present with its daughter
products radon-222 through bismith-214. This gamma radiation facilitates de-
tection of uranium ore and of radium, and accumolations of radium and daughter
products may consittute a source of external radiation exposure to man.

Radon and Progeny

Radon-222 and the radon progeny- through 214Po constitute a significant
segment of the series for another reason. Radon is constantly being produced
whenever radium is present. Being a noble gas and having a half-life on the
order of days, radon may be released from the mineral in which it is formed.
diffuse through porous media and liquids and become airborne. Decay of radon
in the atmosphere results in the formation of airborne radon progeny which exist
either as free-ions or attached to particles. If inhaled, some of the airborme
radon progeny deposit in the respiratory system where they irradiate bronchial
and lung tissue.
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ELEMENT ATOM!IC
NUMBER 134y, 138y,
243 x10°y 4.51x10%

Uranium 92 a/\J3 AS
. 23p,
Protactinium 91 / / 1.1Bm\ I

Thorium 90 1304y, 136
8.0 x 10%y 28.1d
Actinium 89 / )
' . 126 57
Radium 88 . 1622y
Francium 87 ”’Rn/
3.825d
Radon 86 . )
. 1105, 114p, 8, /

Astatine 85 138.3d  1.58x 1‘ s 3.05m
Polonium 84 §‘°8i lag,

: 5.02d 19.7m
Bismuth 83 .

106p, X 110, AN 114p,

Lead 82 STABLE 19.4y 26.8m

FIGURE A~1. Uranium-238 Decay Series.
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Long-lived Alpha Emitters

Other members of the series may become airborne through mechanical processes
and thus constitute another route of inhalation exposure in dusty locations.
Of particular interest are the lon§—lived alpha emitters u, 2 AU, 230Th, and
226Ra and the intermediate lived 210po,

Radium-226 constitutes a potential problem from still another standpoint.
It has a sufficiently long half-life (1600 years) so that it may be found
occurring independently long after physical and chemical processes have
separated it from other members of the decay series., Being chemically similar
to the element calcium, following the same chemical and biochemical pathways,
and being an alpha emitter, radium is one of the more biologically significant
members of the decay chain.

Radioactivity Quantities and Units Used in This Report

A. Activity -~ The quantity of radiocactivity is expressed in terms of the
rate at which the nuclei of atoms undergo transformation ("disintegrate").
A traditional special unit of activity is the curie; several fractiomal
units are also in common usage:

curie (Ci) - that quantity of radioactive nuclide disintegrating at
the rate of 3.7 x 1010 atoms/second or 2.22 x 1012 atoms/minute.

microcurie (uCi)-one millionth of a curie (3.7 x 104 dis/sec
or 2,22 x 10° dis/min).

picocurie (pCi) - millionth of a microcurie (3.7 x 10-2 dis/sec
or 2.22 dis/min).

B. Concentration - The radiocactivity of an environmental medium is usually
expressed in terms of activity concentration:

Solid materials such as soil and gypsum - uCi/g, pCi/g, pCi/kg, etc.
Airborne radiocactivity - uCi/ml, pCi/liter or pCi/m3.
1 uCi/ml = 109 pCi/liter = 1012 pci/m3

C. Concentration of Airborne Radon Progeny - Airborme radon progeny con-
centrations are customarily expressed in units of '"Working Level', a unit
devised to provide a meaningful expression of airborne radon progeny con-
centrations independent of the relative proportions of the various individual
short-lived radon daughters. One Working Level (WL) is defined as any
combination of radon progeny in ome liter of air whose ultimate decay
through polonium-214 will deliver 1.3 x 105 MeV of alpha energy. This is
the same alpha energy as delivered by short-lived radon progeny in equili-
brium with 100 pCi of radon-222. The unit for time-integrated concentration
is known as the Working Level Month (WLM). The presence of air containing

a radon daughter concentration of one WL for 170 hours (one working month)
results in a cumulative concentration of one WLM,
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REFERENCE RADIOACTIVITY DATA

I. The Radicactivity Source

A. Radium-226 Content of Gypsum

Sampling Date No. of Samples Concentration, pCi/g
1) Central Florida Phosphoric Acid Plants

1976-78 10 25.9 (21.1-34.8)
2) Gardinier Data

8/73 2 24.5 (21-28)

8/7/76 1 2.5

12/78 3 23.4 (22.8-24.4)
Summary 6 24.0 (21-28)

(Use 24 pCi/g for this study)

Data Source

B. Radon Flux from Gypsum Piles

EPA data, two central Florida gypsum piles, measured

July -Sept. 1978 (4)(5)

Location Area Radium, pCi/g Radon Flux, pCi/m27§}
Pile A 75.4Ha 25 (19.2-32.2) --

01d Section -- - (0.14-7.2) x 10%

New Section - - (0.17-6.3) x 10
Pile B 81.7Ha 27 (12.8-42.8) -

01d Section - - (0.11-1.5) x 1o§

New Section - - (0.38-8.1) x 10
Summary cf Two Piles

01d Sections  -- - (0.11-7.2) x 103

New Sections - - (0.17-8.1) x 10

Used for further

calculations - Avg. = 2 26.7

(Use 26 pCi/m“-s for this report)

Radon Source
Ci/yr

620




B.2

- II. Ambient Radon Concentrations

A. Qutdoor Radon Concentrations Measured in Florida (6)

Land Type Location No. Samples/Sites Radon-222, pCi/1l
Site Mean (range)

Unaltered Alachua Co. 11/8 0.%1 (0.11-0.70)
Unaltered Polk Co. 1/1 0.56
Tailings Polk 5/5 0.22 (0.07-0.46)
QOverburden Polk 8/7 0.32 (0.07-0.48)
Debris Polk . 10/10 0.32 (0.19-0.73)
Unmined, Radio-
active Fill Polk 6/3 0.6C (0.43-0.80)
Reclaimed, _ '
Unknown Polk 2/2 0.45 (0.31-0.60)
Unknown Polk 2/1 0.32 (0.10-0.55)
Summary of 37 Sites 0.36 (0.22-0.60)
Range of 45 Samples _ - (0.07-0.80)

......

NOTE: No pattern with land type.

B. From NCRP Report # 45 (7)

Avg. for Northern Hemisphere 0.1 pCi/1
Florida (Golden et al.) 0.02-0.3 pCi/l
C. Mean Florida Value from A and B 0.2 pCi/l

ITI. Airborme Radon Progeny Concentrations Measured Over Gypsum Piles

Short-term grab sample measurements:

Florida Phosphate 4 Measurements 0.0006 (0.0002-0.0013) WL
Industry (8) 4 Plants

Gardinier (3) 8/9/76 15:37 0.0003% WL
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IV. Standards for Indoor Radon and Radon Progeny Concentrations

At the present time there are no generally applicable airborme radon
progeny standards in the U.S. for members of the general public. However,
standards are under development and various recommendations have appeared.
The National Council on Radiation Protection and Measurements (NCRP) is
currently working on a recommendation in response to a request from the State
of Florida; this report is expected to appear in the near futurse.

The current standard for uranium miners and other radiation workers
is 4 WIM/yr which is equivalent to a concentration of 0.33 WL under full
time occupational exposure of 2000 hrs/yr (40 hrs/wk x 50 wks/yr).

Recommendations for limiting indoor radon progeny concentrations in the
non-occupational setting range from 0.005 to 0.05 WL above background.
In 1969 guidance issued to the State of Colorado, the U.S. Surgeon General (9)
recommended that remedial action was indicated for structures in which the
radon progeny concentration exceeded 0.05 WL above background and that it may
be warranted in the range of 0.01 to 0.05 WL above background. Recommendations
from the Administrator of EPA to the State of Florida in 1979 (10) suggested
that remedial action be taken when radon progeny concentrations exceeded 0.02
WL in existing structures. The same document also recommended that building
sites be selected and prepared and residences be designed and constructed
so that indoor radon progeny concentrations do not exceed the normal indoor
background level within the uncertainties of background variation and measurs-
ment variability. With measurement uncertainties on the order of 0.005 WL
and normal background on the order of 0.004 WL, this'tianslates to a new
structure design objective of no more than 0.009 WL (~0.01 WL). More
recently, the Florida state agency Phosphate Related Radiation Task Force is
currently preparing an interim model building ordinance having the objective
of limiting indoor radon progeny concentrations in residences and occupancy-
weighted concentrations in other structures to no more thar 0.015 WL (11).

Several other countries of the world have adopted 0.02 WL as an indoor
radon progeny standard.

REFERENCES
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Mining and Milling, 1973 (revised May 1974).

(3) University of Florida, unpublished data.

(4) Horton, Thomas R., A Preliminary Radiological Assessment of Radon
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APPENDIX C
METHODOLOGY FOR CALCULATING RADON CONCENTRATIONS

Schaiger (1) has presented a model for predicting airborme radon
concentrations over a radon-emanating plane source (see Figure C-1) and
at nearby down-wind locations. Consider a thin section of air having
dimension Ax in the wind dirsction, width w normal to the wind direction,
and height equal to the mean vertical mixing height, g, This air section
has a surface area wAx in contact to the source surface and a volume
wanz. This air volume moves across the source with the wind velocity u.
For a downwind travel distance x over the source, the time available
for radon emanation into the volume is x/u. If radon emanates from the
surface of the source at a constant rate, ¢ pCi/mz-s, the radon contributed
fo the volume during this time is éx/u pCi/m®. Assuming the radon is

mixed throughout the volume of the section, the airborme radon concentration

as a result of travel for a distance x over the source is:

3 3 2-‘ . 2 lE '
cpe1/a) = (1073 B [“pgi’m 9 abx(w) 5 () ) 2 1073 4z (poisa) .
I. wAx g, (z°) Bt

DOWNIWIND DISTANCE
INCRENENT

Tnun verTieaL
JOzmixine seicnt

L (ar x/2)

X[U = accamnarion Tine WAX = gusation ArEA
X[2U= rnean navon ack OZWAX = oruiTion vouwe
- .. [FLux,@][area, wa x][T IME, xju] L
“x Geimn) 2 [voLUNE, 0ZWAX] ud,

Figure C-1. Radon-Emanating Plane Source Model.
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The concentration for a nearby downwind point at distance d beyond the

edge of the source can be estimated from:

(o cz)x

Cx . d(pCi/SL) = Cx(p01/£)
z’ x+d

(oy g
where X represents the dimension of the source in the direction of the wind
and dy is the horizontal dispersion coefficient.
While the travel time of the air volume over ths source is u/x the mean

age of the radon at the downwind edge of the source is x/2u. The mean
radon age at a downwind point distance d beyond the edge of the source would
be (d+x/2)/u. If these times are significant relative to the half-life of
radon, they can be used to correct the radon concentration for decay during
travel to the point of interest.

. For this study, the gypsum pile was represented by equivalent rectangles

of apprbpriaﬁe dimeﬁéign x for each wind direction considered.

REFERENCE

(1) Schaiger, K. J., "Analysis of Radiation Exposures on or Near Uranium
Mill Tailings Piles", Radiation Data and Reports, Vol. 15, 411-425,
July 1974.




APPENDIX D

RADON CALCULATIONS

For the purpose of this study, radon concentrations attributable to
the gypsum pile were calculated for the five locations identified in Table 1
and Figure 1 using the methodology described in Appendix C. The
meterological input consisted of joint frequency distributions of wind speed,
wind direction and stability class as derived from a five-year observation
period at the Tampa Intermational Airport. Values of o& and o, for the
various distances and stability classes were taken from Slade (2) and from
USNRC Regulatory Guide 1.111 (2).

No corrections were made for radon decay. The greatest travel distance
encountered was 2350 meters; this would produce a decay factor of 0.994% for
the slowest’ wind speed considered.

For each receptor location, the contributing wind directions were
identified; then for each wind direction, an equivalent source rectangle
was specified and the distance from the downwind edge of the source to the
receptor location was determined (see Table D-1). Values of o, and oy for
all significantly contributing stability classes were obtained using the
downwind dimension of the source rectangle (x) and the source to recsptor
distance (d).

For each contributing wind direction, the radon-222 concentration
contribution at the receptor point was calculated for each significant wind
speed within each stability class. Each calculated concentration was then
weighted by the joint relative frequency for the wind direction/stability
class/wind speed combination. The weighted concentrations were then summed
within each wind direction. In turm, the weighted concentrgtion sums for
all contributing wind directions were summed to give the total annual average

gypsum pile-attributable radon-222 concentraticn for the receptor locatiom.
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Table D-1

Source Geometric Models

Equivalent Rectangle

Receptor Ccntributing Length (x), Width (W), Distance from
Point Wind Meters Meters Rectangle (d), Meters
2 E 1067 720 274
ENE 1540 500 300
6 E 1160 500 122
SSE 1190 850 215
SE 1190 850 215
ESE 1190 850 215
9 NW 1280 800 670
NNW 1280 600 670
12 W 1050 730 490 |
WNW 1050 730 425
NW 1050 730 425
NNW 1050 730 425
14 WSW 1800 850 550
SW 1800 850 550

SSW 1800 850 550
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In cases where the equivalent source rectangles for several wind directions
within a quadrant were similar (such as for ESE, SE, and SSE) énd the relative
frequencies within the several directions were similar, the same calculation
was used to represent each of the similar wind directions.

A sample calculation is shown below and the complete calculations for the

five receptor locations are summarized in Tables D-2 through D-6.

REFERENCES

(1) Slade, D. H., Meteorology and Atomic Energy 1968, U.S. Atomic Energy
Commission, Division of Technical Information; available as TID-24190,
Clearinghouse for Federal Scientific and Technical Information.

(2) U.S. Nuclear Regulatory Commission, Regulatory Guide 1.111, Method for
Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in
Routine Releases from Light-Water Cooled Reactors, 1977.
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SAMPLE CALCULATION:

Consider the early pile (radon flux adjusted for 25% coverage with standing
water): ¢ = 0.75 (26) =20 pCi/mz-s

Example Receptor Location - Location 2, housing near SW quadrant of gypsum

field .

Example Contributing Wind Direction - from the East

Equivalent source rectangle, w = 720 m, x = 1067 n
Distance downwind source edge to receptor, d = 274 m

Example Stability and Wind Sveed - Class A; u = 1.5 kts (0.77 w/s)

From meteorological data set: Relative frequency = 5.5 x 10'5
Dispersion Coefficients:
Location Downwind Distance a, _SZ_
Location of mean vertical

mixing height x/2 =533 mn 130 m -
Downwind edge of source x= 1067 m ' 500 m 220 m
Receptor location x+d = 1341 m 850 m 250 m

Radon-222 concentration at downwind edge of pile:

1073 ¢x _ (1073 03/2)(20 pCi/m>-s) (1067 m)

uo, (0.77 m/s)(130 m)

Cy (pCi/e) =

2.10x 107 pCi/L

Concentration at receptor point:

=c loyox) -1 (500)(220)
(pCi/l) = CX TGYTXX = 2.10x 10 W

T X'x+d

- an=1
Cx+d =1.10 ¥ 10 pCi/2

Weighted concentration contribution from wind direction E, stability class A,
wind speed 0.77 nm/s: '

6 bci/s

-1 - -
Cogrg = 1.10x 107 'pCL/2 % 5.5 x 107> = 6,0 x 10
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Table D-3
Weighted Radon Concentration Calculations, Receptor Point 6

(Housing near NW quadrant of gypsum field)
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Table D-4
Weighted Radon Concentration Calculations, Receptor Point 9

(Housing near SE quadrant of gypsum field)
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Table D-5
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(Housing near SE quadrant of gypsum field)
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Weighted Radon Concentration Calculations, Receptor Point 12
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Radon
Concentration
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Wind Origin WSW

Table D-6
Weighted Radon Concentration Calculations, Receptor Point 14
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RADDN Fody MONITORING FROSRAN
GARDINIER, INZ., FHOSFHOGYFIUM FIZLD, TAMFA., FLORIDA

SUMMARY

A monitoring program was conaucted at the Gardinier, Inc.
East Tampa Fhosphate Chemical Flant to determine the averags
rador: flux +from the existing phosphogypsum storage fi=ld. An
irmitial phase, conaucted December 19287 through February 1984%,
included examination of tne effect of pile surface conditions anc
the variability with locatior on the pile. Conditions were ther
selected +For continued sampling and the program continued with
monthly sampling through August, 198S.

Radorn +4lux measurements were made by the charccal absorher
methocd. Charcocsl cartridges were depnloved in capped stangpipes
Tor 438 hours. The collected radon was measurac by gamms counilng
and the average radon fliuy for the 43-hr perioc was calculatec
from thz mgasurszs racon. The representativse flu +or each
gampling oerioc wes estimatTsd +ram Lthe averagsz ot ceven Lo ten
collectors deplovel over the gile surface.

Baseg on E7 sam2iing periogs over Lthe Zi-month interval. iz

T Ee3TIMATE8S ThiT ThE  avsrass raoon fFlwe over-  tNeE  exoosec.
Jrzinsc srtacs oF Lnls Ghnosonogvesuam fiels 1z 2D eCismZ-s.

The averags flux vealus:s ranged +rom 1o =2 77 opli/smIZ—%  Gover
the 27 samcling o3ricas. Howewver . ths CumuisTive averaags
staZilizec witnir ans 2 two plismi—-s &3 tns study proaress3s3.
Indi iz Sampis rasulTs wsre mors vai-iables ths results  of
the sles collecter ramaec +rom - Tt 94 plismI-s. Tris
1o ST NeST To WSS reglicate SoliesTors to GETermine an
ava! = +or the plis surtaie,

The =avarags rador flux c2ssc on sampling over the  dralnea.
expose2C gyvosum 13 likely to provios an oveEr—-sestimats of tnhie radon
SOUrcs terd +507 the &aStive pile wnhnile much ©f Ths surtsce 135 wel.
Trne $iusr messures over ths= older, cgrasses arsas:sz of the pile
appEar-ses T be low2r than for ths  exposec CyDsum. Ag=alrn, th=
avetrage Flux +to- the draineg, =vposec gypsun 13 likely to oe an
over—-astimate of tne radon zources terms for thne portions of an
acttive ©ils whners covering ang grassing has begun or for =
s=Ettle=ad, coverec, i1nactive pile.
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FRADON FLUY MONITORING
:
£

GARDINIER, INZ. FHOSFHOCYFSUM F

INTRODUCTION

A monitoring program was conducted &t the Gardinier, Irc.
East Tampa Fhospnate Chemizal Flant to determine the average
radon flux from th=2 exist:ing phosphogypsum storages field. Aan
initial phase, cconductes LDecemper 198% through February 1984,
irncluded examinaticn of tne eftect of pile surtace conditions and

the variability with location on thne pile. Conditions w2re then
selected +or continued =amling and tne program continued with
monthly sampling through Guoust, 1985.

METHODS
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At the end of ths collectiorn tims, ¢
wrrapped 1n plastic wrap ang clacesa 1n m2tal ca
tepeag and shipped to the laporatory.

m

cartridoes are

n)
n and the cans are

u

The cartridges, in their cans, are counted on a gamma
scintillation spectrometer with & 4" x 4" Nal(Tl) crystal. The
contained radon—-222 1is dztermined from the 609 keV peak of the
bismuth—-214 radon decay product. The gquantity of radon-222 1is
determined by compariscn to & standard consisting of a known
quantity of radium-bearing material szaled into an empty
cartridae housing. The average radon flux {(pCi/m2-s) 15

calculatec from the m=2asured radgdor: (pCi) by assuming & uniform
radon extialation during the collzction period, correcting for
radon decay during cclleziiorn, dz=lay. and counting, and account-
ina for collector area and collection time.

based on the premise that the charccal has a
- dsorpticn of radon at the air—-charccal
Zoncentraticn gradient acress the air
interfzace to thsz charcoal interfacs 13

the exhaled radon toc  the
G2 LhAat under the desplovment
2. the ragoan collected and
ocoortionsal te the cumulativs
sCtion &nc reEteEntich erfic:iency
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Durinc ths 1nterval Decembesr 19S
ccllectors wers g=olovec for five sa
sitesz on tne exposed, drained porticn of 12 ?
wst gypsum near the hot slurry dischargs. and two sit=s over an
clder, arassed paortion of the pile. Samoling 1locations are
1indizat=d Figure I. Results are summarized in Tables 1 and 2
and przse irn detail in Appendix C.

Table =ummarizez ¢the data related to tne effect of pile
surface conditions. Untorturnately, the colleztor at ths wet
gypsum =its wes disruptea on two occazions and anly three samples
wers obtainec. The averags flux from thess threz mesasurzments
was about half that observed +rom Lhe drainec gypsum sites; two
results were comparables tec the lowest valuess for the drained
gypsum sites anc oanes was comparable to the median for those
s1tes. The radon flux values for the two statione on the glder,
cavered portions cof the pile were comparable t£to the lowest values
on T2 newsr, exposed partion of the opile. There was only &
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Tztle 1. Effect of File Surface Condition on Rzdorm Fluy
(S sampling peraiods, 12782 -~ 2/84)
Condition No. of Total Radon Flux
7 Sites Samples pCi/m2-s
Avo (Ranae)
#posed, drained gypsum on top : ’
of pile 7 2 22,0 (L.T7-63.7)
Wet gypsum near hot slurry
gischarge 1 = 10.5 (Z.0-22.7)
Covered, grassed aresa 2 10 6.0 (T.4-10.8)
Notazs: 48-hour zolleztion pericds. L7
Some samples lost durimg collection. !
small number of samples frorn two of the surfacs types, there iz
considerablis variability within all surfacz2 types, anc apparent
difterences arz not statistically zi1gniticant. However , the
gata suggQest that the wet cypsum and tne covered arseas  have &
lower radon fiw: tnar tnhe sxoosss drainsc gyDpsud.

ta =3

rFrainec. =i

- Wrile a2 ca:
-

thingcsz &

Table I summariz=as da
sampling period variatisn o
tre 1nitizl samoling =

analvsls was mot

<
mn rt
]

el oot
o e |
m
a o

There wa=z =z 1
.- perioc
2) The was 5
continuea £

n

mn
n
[ )
ri
mn

Z) Therz w2z a much smaller varistion between sampling
period avaraqss.
Teble Z. Eftect of Time ancd Lozation on Raden Flux from  the
Exposed, Drained Fhosphogypsum
(7 stations % S =zampling periods, 12/52 — 2/84)
Raedon Flux
pCi/mZ—<
Mean of 22 samples Z2T.0 +/- 2.9%
hanaes:
¥ samplinec period averages 15.6 - Z1.1
7 =ite averages 4.5 — 49.2
32 samples 1.7 — 63.7
* +/—= one standarc error of the mear.




Thnese ocbserveaetions 1mQ01Ca

t=ed the ne=2 Tc conTtinuese to reclicate 1in
spaze (i1.e. use multiple sampliing sites) to represent tne averags
over the emanating surface. They &lsoc indicated the need for
some replication in time. However , the average of 7 samples for

any single sampling period estimated the S-period average within
a factor of 1.5 and ths cumulative average appeared . to have
stabilized within 1 o~ 2 pCi/m2—-¢ after the first four sampling
periods. * :

Lonc—term Measurements

After the 1initial experiment, long—term measurementzs were
continued cn = morthly basis cn the euxposzed, drained portion of
the pile. ue to operations on thz stack (adding, spreading,
reshaping. ets.), it was not po=sibles to continue sampling over
the long term in precisely all the samse locations. Therefore, tne

program was modifiesd =lightly 1n March, 1984 *to deploy ten
collectors over tne arez of interest with  th2 average valiue For
the sampling period ftaken as the relevent coservation.

Cumul ative resulits tnrough Gugust., 1982 arz summarized 1
Tabiese . &#Nd oresentecd in detail in Aooendis Q. Thnese results
support th=z sarl. sSoservations — tne DEtweEa2n—-statlon variation
Wit samolinz ceri10I: peErsishis, out tn2 zumulative average nhas
remainec rsilsTively stabis. The 2s=timsied lon2-Tsra averags flw
from the exposec. gSrrei1n=sc gyosum an thse news- portions ot thiz
pile 1= 22 ++— 1 pli‘aZi—-s (ShRs—-s1Qme Standard =rror-:. Althougnh &
detailed statistical zmalivsis wazs Nnot periormes. it app=zars that
the average “rom anv sinole sampling of 7 %o 10 collectors dis-
tributed over th=s pile surface =sTtimatTes ths lang-term  Aaverages
within & factor oi acout 1.7.

Table T. Averags -Racor Flux from Exposzs, Drailnzd Fhosohogypsum
(27 sampling periods, 12/87 - /83:; 7 - 10 =ztations?

Fagor Flux
oCi/mZE—=s

Mean of 2T sampling paricds 21.9 +/- 1.2%

Ranges:

27 sampling period averaces 15.5 - 35.9
205 samples 1.6 - 9E.E

* +/~ onz s=tanderd error of the m=an.

v



CONCLUSIONE

Basea on 22 sampling periods during the Z1i-months i1nterval,
it 1s estimated that the average radon flux over the “posed,
drained surface of this phosphogypsum field is 22 pCi/m2-s.

The average radon flux based on sampling over the drained,
exposed gypsum 1is likely tc bs an over—-estimate of the radon
source term for the active pile wnile much of the surface is wet.

The flux measured over the older, grassed ar=as of the pile
alsc appeared to be lower than +or the exposed gypsum. This may
be due to radon attznustion by the cover, reduced radon transport
due to settling and compaction of the gypsum, or other unidenti-
fied factors. Again, the average flux for the exposed gypsum is
likelvy to be an over—estimate of the radon source terms for
portions of an active pile where covering and grassing has begun
or for a s=2ttled, covered, inactive pile.

REFERENCES
Caile  Fi.. Rubinm R.J.. kEracs o I.. znd Hutzhinson S .M.F.. 1781,
Rzdor Tramsport Througn anc Exnalation From Building Matericais: A
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Countess R.J3. . 1976, "Radorn Flu: M2asuwremsnt with & LCharccal
Camnnister", Hzzlir Fhvsics., T1. =S,
Johnseon J., -° 1923, personal communication. Coloragoc GCtate
University, Ft. Collins.



APPENDIX A — PROCEDURES



RLCON FLUX MEASUREMENT BY CHARCOAL CARTRIDGE

This is a procedure daveloped by James Johnson, Western Radiatian
Consultants, Inc., Ft. Collins. Colorado and is a modification of the procedure
published by Countess £1976) -

ECUIPMENT:

1. Standpipe - 3-inch inside diameter pipe, sharpened on one end,  threaded
on the other; with treaded pipe cap.

2. Charcoal cartridges - Mine Safety Applicances Co. (MSA) Chemical Cartridge
Part No. 459317.  Counted to verify low radium-226 background, activated
to remove residual radon-222, and stored for decay of residual radon
(twenty-one days decay is preferred: alternatively, cartridges should be
counted to verity low background if it is not practical to stor=a between
activation and deployment).

3. Counting Svstem - Gamma scintillation ccunter with Nal(71) crystal, 4° x
4" or largar, and multichznnel analyzer. (Since intarferences are not
Tikely to be present, 2 single channel analyzer may be used).

i

PROCEDURES:
1. Selection and preparation of charcoal cartridges.

2. Deployment of cartridges.

-

3. Counting

&. Calculations

FZFIRENCE: . Countess, R. J.

1878, "Radon Flux Measurement with a Charcoal
Cannister", Haaith Fi

nysies, 31, 433.

7

o
P

Written by: ()L 5@% Date

Reviewed by: O 8 ’?D%Lé"‘-/ Date :.J-:/,//XJ{-

1l



el anand

A. Reaeneratine Cnarcoal {as per telecom. with James Johnsan 12/20/83)

. 79° 135 tere
- 1) Place in oven 882%€ - 24 hrs. C°"’”"°d¢ //
- 2) Remove, seal in Saran wrap, place in metal cans
- 3) Hold in stofage for additional decay (usually 21 days).

B. Background Counts

If there is a question about the background or storage time was short,
count for background -

- 1) Batch count. Count individuals if batch is high, or
- 2) Count cartridge that hac the greatest Rn activity during last use.

. ~
Written by: (Z {Z A /'J;J.g,ék/ Date

Raviewad by:.. O @ EA&AJ«@M Date 5://1/94-
/76U151cml: /////6’5— p’g}&u /t/

12




RAGON FLUX MEASUREMENT BY CHARCOAL CARTRICGE

Procedure for Deployment of Radon Collectors

EQUIPMENT - -
1. Standpipe with cap.

2.

Charcoal ‘Cartridge - low radium-228 background cartridge. Before
deployment, cartridge should be activatad to remove radon and should
be stored for decay of residual radon or counted to verify law background.

DEPLOYMENT PROCEDURE

1.

2.

o
[

-Record datz and tim2 of start of collection.

Select site for de'lpoynent do not disturb surface or th'lS will produce
a temporary anoma'l_y in flux. .

Pmss sharpened end of standpipe into surface being measured, taking care
not to disburb the surface crust.

.. Support cannister in top of standpipe by rim on cannister and screw on cap.

§

R=TRIEVAL PROCEDURE

™

(¥3)
L]

A suggasted collection time is on the order of 24 to 48 hours.
Record retrieval date and time.

Pamove cartridge Trom standpise, wrap sacurely in plastic film (Saran
wrap)', and -place in mra2tal snipping can.

Submit cartridges"a'ﬁd pertinent data to tha laboratory.-
Telephaon=s C. E. Roass'le‘r to advis2 of a d2livery on the way.

IT shipped to arrive lMonday-Friday, ship to:
. Z. Eozssler S04-392-0835
c &.7. Black Hali '
iv2rsity of rlorida

*. esviile, rL 3281l

17 shipped to arrive over the weekend, ship to:
C. E. Roessler 904-378-3404
525 N.E. 4th St.
Gainesville, FL 32601

Uritten by: [):-Q W Date

Reviewed by: ngpﬁﬁ’@&/ Date 5///8"% -




RADON FLUX MEASUREMENT BY CHARCOAL CARTRIDGE
Procedure For Counting Cartridges
P

General - Cartridges are counted on a Nal scintillation crystal connected

. to a multichannel analyzer. Radon is determined from the area under the

609 keV peak. Blank cartridges from the same batch are counted to determrine
a background which represents the sum of the counter background and

residual radium-226/radon-222/radon daughters in the cartridge. A

standard consisting of a known amount of radium-226 sealed into a cannister
to prevent radon loss is counted in the same configuration to provxde a
cahbratwn factor.

Suggested conditions:

Datector: 4" x 4" Nal crystal

MCA: 256 channels, calibrated to 10 keV/channel
609 keV peak in channel 60-61
Sum channels 56 (535 keV) - 67 (675 keV) i

Uritten by: /) f @zé/ Date

Reviewed by:- CT fﬂw Date 5://‘//?"71

Renumbered 6/11/84
14



RADON FLUX MEASUREMENT BY CHARCOAL CARTRIDGE

Pgocedure For Counting Cartridgeé

Pages 2 of S through S5 of § - Operator Instructions for the
Multichannel Spectrometer. Not included here.
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RADON FLUX MEASUREMENT BY CHARCOAL CARTRIDGES

Calculation of Radon Flux

A. BACKGROUND AND STANDARD

B.

J

1. Compute average count rates, cpm, for: ’

-~
o ®

a)d
b)
c)

Counter background, BKG
Blank cartridge, BL
Standard, STD

Compute calibration factor:

a)
B)

Standard net count, cpm:

Calibration factor:

FOR EACH SAMFLE

1.

-~
e

-
e

Compute count rate, SAM {(cpm)

STDN = STD - EBKG

Compute net count rate: R (cpm) =

Compute radon flux:

(pCi/m2-s)

where:

4.

60
..A'

(t1,

R

A
F

t1

t2

s

t2,

R

F (pCi/cpm) = 2164 pCi/STDN (cpm)

SAM - BL

t3 Fx& 60 A [l-exp(=At1)lexp{(-Aa2)[1-exp(=pt3) ]

net count rate
radon decay constant

calibration factor, pCi/cpm.

sec/min

‘collector area, m2
‘collection time
decay time, end of collection

to beginning of count
counting time

ing

t3, R & N\ must be in coneistent time units)

Satisfactory approximations are:

al

B)

c)

AT

activity at the midpoint of counting:

activity adjusted to sampling midpoint:

= R F exp( AT

where T = decay time, midpaoint of sampling
to midpoint of counting

Radon

P2(pCi) = R F
Radon

Pl (pCi) = P2 exp(
Radon flux:

J

(pCi/m2-5) = Fl/A t1

RF exp( ATY>/A t1

"
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APPENDIX B — VENTING EXPERIMENT

In the technique used in this study, the top of the radon

. collector is closed by the pipe cap. Some procedures reported in

the literaturer employ a pressure—compensating wvent in the
collector. An experiment was conducted to test the effect of
collector venting on the measured radon flux.

To test the effect of venting, a special collector, referred
to as a "tandem collector" was constructed as indicated in Figure
BE-1. The 1lower portion of the collector with the charcoal
cartridge 1s identical to the regular collector. Instead of the
pipe cap, this special collector has 1) an extension, 2) a second
cartridge to prevent the contact of ambient radon with the lower
cartridge, and 3) an open top with a weather cover. '

Five wvented collectors were deployed 1in parallel with
regular collectors on each of two occasions, December 11-13, 1984

and February 12-14, 198S. Data are presented in the attached
reports.

In the December sampling, the average for the five vented
collectors (ilower cartridge), 18.0 pCi/m2-s, did not differ
statistically from 14.1 pCi/m2~-s, the average for the five cor-
rasponding regular collectors. In the February sampling, the

vented collector (lower cartridge) average, 7.7, was significant-
ly 1less than 14.8, the regular collector five—-sample average.
The reason for the difference between the two sampling episocdes

1s not known. It was observed that there was a very strong wind
blowing at the time of the February deployment, but it is not
Clear® whether this had any relationship to the observed

difference between.the closed and vented collectors.

From this experiment it appears that the usual practice of
using a closed collector does nat result in a lower reported
fiux than if the collector were vented.
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Charles E. Roessler, Ph.D. R Genevieve S. Roessler, Ph.D.
Certified Health Physicist Health Physicist

v

525 NE 4th St. * Gainesville, FL 32601 » (904) 378-3404
REPORT OF RADON FLUX MEASUREMENT

GARDINIER, MNC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA
Collection Period: December 11-13, 1984

Special Study, Regular and Tandem Collectors’

Station Radon Flux., pCi/m2-5 *
Regul ar Tandem

Lower Upper

1 ?.1 12.8 S.2
2 20.2
3 20.6 11.3 2.9
4 18.9
S .1 18.9 19.32
6 27.9
7 20.8 18.0 4,6
S ] 16.2
9 14.8 13.6 4.6
10 11.4
Average ot 10 16.5 )
Five Parallel Stations:
Average 14.1 15.0 5.5
Standard error Z.! 1.2 1.2
* Using a collection efficiency factor ot 10Q0WL. Bas=< on th2
averages of two counts.
COMMENTS:
1. Three of +the lower cannisters in the vented colleasctor accumu-—
lated 1less radeon than theose 1in the stancard, closad

collector; two collected more radon. No. S iz an unusual data
sat compared to the cthers.

2. The vented -collector avarage, 13.0, does nct differ statis-
tically from 14.1, the regular collactor average.

S. The average for the five lower cannisters in th=2 vented
collector, 15.0, is less than 16.S, the average for the ten in
tha standard, closad collector, but this difference i1s naot
statistically significant.

Freliminary rzport based on initial count: December 17, 1984
Second count and flux calculations completad: December 20, 1984
Revised raport prapared: March 12, 12835

VA

C. E. Roessler
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Charies E. Roessler, Ph.D. R Genevieve S. Roessler, Ph.D.
Cenified Healith Physicist Health Physicist

525 NE 4th St. * Gainesville, FL. 32601 +« (904) 378-3404

» ,
REPORT OF RADON FLUX MEASUREMENT

. 4 GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA
Collection Period: February 12 —14 1985

Special Study, kegular and Tandem Collectors

Station kadon Flux, oCi/m2—-g #*
kegul ar Tandem

Lower UJoper

1 z.6 2.4 0.4
2 4.4
s 11.6 14.8 2.4
4 13.7
S 13.7 2.5 0.8
& 26.3
7 22. Z.7 0.5
8 18.9
L/ 20.4 15.2 2.2
10 3s.1
Average of 10 17.2 -— — -
.- Five Parallel Stations:
’ _Average 14.8 7.7 1.2
Standard error .4 .0 .4

* Using a cc11=ct1cn e+f1c1ency factor of 100W.

COMMENTS:

1. Four of the lower cannisters in the vented collecteor accumu-—
lated less radon than +*hose in the standard, claosed collector;
one collectad more radon.

2. The vented collector avarage, 7.
ragular collector avazraga.

e

S. The average +or the five lower cannisters 1in the vented
collactor, 7.7 is less than 17.2, the average fcr the ten in

the stancard, closad collector.

. E. Rc2ssler
February 23, 1784

-

At




APPENDIX C — DATA REPORTS, DECEMBER, 1983 — AUGUST 19835




GARDINIER PHOSPHOGYPSUM STACK, TAMPA, FLORIDA

RADON FLUX S

AMPLING

Site Radon Flux, pCi/m2~s, for lndicated Sampling Period
»
12/3- 1275~ 12727~ 1/16- 2/14~ Average
5/83 7/83 29/83 19/84 164784

A. Exposed Gyosum on Top of Stack:

1. 5.6 6-9 400 1.7 4'3 4'5
2. 24.2 22.8 —_— — —_—

ZAO* — — 3504 43-8 6-5 2605
3. 45.4 lost &3.7 S3.7 I2.2 49.2
S. 13.2 14.2 —— — —_—

SA. -_— — 28.7 38.4 8.8 26.7
s. 3.6 11.8 10.2 18.7 last 11.1
7. 27.0 30.0 27.9 33.9 34.6 30.7
8. &.4 7.7 11.8 25.2 lost 12.8
Avg 17.9 15.4 25.0 31.1 2.3 23.0
Cumul ative:

Samples (7) (13 (20) (27) (32

Avg 17.9 15.8 20.0 22.9 23.0

Std Error 5.8 .- 3.4 3.8 3.2 2.9

B. Wet Gypsum, ngé; Hot Slurrv Discharge:

40 5.9 3-0 — — _——

44A. — —_— 22. lost last 1C.S
C. Grassed Areas:

90 3-4 308 _— — —

QAn _— — 4;3 4-3 3-8 309
10. S.é6 6.4 10.8 B.6 2.3 8.1
Avg 4.5 S.1 7.6 6.4 b.6 6.0
* “A" indicates sampling in same general vicinity on stack but

nat at same exact locatien.



BEST AVAILABLE COPY

s E. Roessler, Ph.D. R Genevieve S. Roessler. Ph.D.
i:d Health Physicist Heaith Phusicist
iR 525 NE 4th St. » Gainesville. FL 32601 ¢ (9043) 378-3404
RADON FLUX
GARDINIER PHOSTHOGYPSUM STACK, TAMPA, FLORIDA
' Radon Flux, DCi/mz-s for Indicared Deplovment Period
Station No. 3/20-22/84 5/1-3/84 5/23-25/84%
1 66.1 28.0 33.0
2 16.9 11.9 43.8
3 22.7 14.3 8.8
4 18.0 9.6 6.2
5 29.4 35.3 27.2
6 27.9 28.8 3.3
7 28.7 19.1 1.6
8 15.7 19.1 25.2
S 24.1 33.1 1.6
10 - 4.0 11.2
Avg. 27.7 + 5.1 20.3 + 3.3 16.2 + 4.7
Range 15.7 - 66.1 4.0 - 35.6 1.6 - £3.8°
*5/23-25/84 cartridges shipped in individual cans tapec but not
individuallv wraoved in plastic.
- Radon flux. pCi/m -s
<o eT Avg. Range
From Previous Sampling (12/83-2/84) ;
32 samples 23.0 £ 2.9% 1.7-63.7
5 sampling period means 22.8 15.6-31.1

Cumulative (12/83-5/84)
61 Samples
8 Sampling period means

+ 1.9 1.6-66.1
15.6-31.1

NN
[NS ]
.

(VS ]

*‘i values indicate omne std error of mean

NOTE: All values are for exposed gypsum on the top of ths stack.
Sampling stations wers reassigned begimming with the 3/10-22/84 sampling
period. Stations were distributed around the top of the stack
but station numbers do not correspond to same locations as

for 12/83-2/84 sampling periods. Qgﬁ ¢}b<./ J/A’%

L . T




BEST AVAILABLE Gopy

e

‘s E. Roessler, Ph.D.
o " ‘~alth Physicist

Genevieve S. Roessler, Ph.D.

Health Physicist

525 NE 4th St. = .

Gainesville, FL 32601

’J.:.

(903) 378-3404

REPORT OF RADON FLUX MEASUREMENT

GARDINIER, - INC.

Collection Period: July 18-20,

PHOSPHOBYPSUM STACK, TAMPA, FLORIDA

1984

THIS COLLECTION PERIOD

Station

4.2
6.7
93.8
47.3
33.4
15.3

S.7
24.5
16.8
45.9

ovw~NOCUNDbDUN»

[y

Radon Flux, oCi/m2-s

Ng.

aof Samples
AVG.
Range

(10)
36.9 +/—~
3.7 - 93.8

8.9

CUMULATIVE SUMMARY. {2/S3- 7/84

Previous

Summary of Periocd averages:

No. of periods 9

Mean (pCi/m2-s) 21.9

Range (pCi/m2-s) 15.6-31.1
Summary of Individual Samples:

No. of samples 70

Mean (pCi/m2-s) 2UN.7

Range {(pCi/m2-s) 1.6-66.1

Current

10
~z

23.4
15.6-36.9

80
23.6
1.6-93.8

D E Kok,

€C. E. Roessler

September 23, 1984



Charles E. Roessigr: Ph.D. R Genevieve S. Roessler, Ph.D.
Certified Health Physicist Health Physicist

B.-d

S25 NE 4th St.  *»  Gainesville, FL 32601 e« (904) 378-3404

~
REPORT OF RADON FLUX MEASUREMENT
GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA

Collection Period: August 27-29,1984

THIS COLLECTION PERIOD

Station Radon Flux, pCi/m2-s
1 42.4
2 2.0
3 26.3
4 34.8
S 19.5
6 13.4
7 20.1 f
8 19.0
9 18.¢2
10 12.2
No. of Samples (10)
Avg. ) 21.5 +/- 3.3
Range ?.0 - 42.4

CUMULATIVE SUMMARY; 12/83~ 8/84

Previous Current

Summary of Period averages:

No. of periods 10 11

Mean (pCi/m2-s) ‘ 23. 23.3.

Range (pCi/m2~-s) 15.6-36.9 15.6-36.9
Summary of Individual Samples:

No. of samples 80 0

Mean (pCi/m2-s) 23.6 23.4

Range (pCi/m2-s) 1.6-93.8 1.6-93.8

23, /754

(. E NGl
Soodmts!

26
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Charles E. Rae;ﬁéler. Ph.D. R Genevieve S. Roessler, Ph.D.
Certified Health Physicist Health Physicist

525 NE 4th S5t. » Gainesville, FL 32601 « (904) 378-3404

REPORT OF RADON FLUX MEASUREMENT:
GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA

Collection Period: September 11-13, 1984'

THIS COLLECTION PERIOD

Station Radon Flux, pCi/m2-g5

12.5
3S5.0
34.5
42.0
18.6
4.6 :
16.6 . §

18
7.
3

CVBNOCUNLUN

H.
- m

Na. of Samples (10
Avg. 19.3 +/~ 4.3
Range 3.3 - 42.0

CUMULATIVE SUMMARY, 12/83- 9/84

Previous Current

Summary of Period averages:

No. of periods 11 2

Mean (pCi/m2—s) 23.3 235.0 )

Range (pCi/m2—s) 15.6-36.9 15.6-3565.9
Summary of Individual Samples:

No. of samples {0 100

Mean (pCi/m2-s) 23.4 23.

Range (pCi/m2-s) 1.6-932.8 1.6-93.8

U

C. E. Roessler
September 23, 1984




BEST AVAILABLE COPY

[ ]
‘harles E. Roessler, PR.D. . _ R Genevieve S. Roessler, Ph.D.
crlife--d Health 7 "nysicist : 3 Health Physicist
o

525 NE 4th St. * Gainesville, FL 32601 <« (904) 378-34304

7
REPORT OF RADON FLUX MEASUREMENT
GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA

Collection Period: June 19-21, 1984

THIS COLLECTION PERIOD

Station Radon Flux, pCi/m2-s
i no sample
2 12.9
3 24.7
4 3.7
S 27. 4
é 21.4
7 31.9
B 11.4
9 33.8
10 2.3
No. of Samples (N
Avg. 18.8 +/— 3.9
Range 2.3 - 3Z.8
CUMULATIVE SUMMARY ., -13/83- &/84
FPrevious Current
Summary of beriod averages:
No. of periods 8 9
Mean (pCi/m2-s) 22. 21.9
Range (pCi/m2-s) 15.6-31.1 15.6-31.1
Summary of Individual Samples:
No. of samples &1 70
Mean (pCi/m2-s) 22.1 2.7
Range (pCi/m2-s) ‘ 1.6-66.1 1.6-66.1

C.E b

C. E. éoessler
September 23, 1984



Charles E. Roessler, Ph.D.
Cenilied Healih Phusicist

iR

Genevieve S. Roessler, Ph.D.
Health Physicist

525 NE 4th St.

Gainesville, FL 32601 »

(903) 378-3404

REPORT OF RADON FLUX MEASUREMENT

GARDINIEK, INC.

Collection Period:

PHOSPHOGYFPSUM STACK,

October

TAMPA, FLORIDA -

9-11, 1984

THIS CCLLECTION PERIOD

Station

. Radon Flus, pCi/m2~s
1 26.5
2 10.7
3 15.1
(4 15.0 %+ dislodged by dozer)
S 8.2
& 16.6
7 20.3 _
8 36.5 {
? 29.8
10 11.5
No. of Samples ( 9 {No. 4 éat included)
Avg. ' 18.6 +/- 3.7
Range .2 - 38.5
CUMULATIVE SUMMARY, 12/S3-10/84
Previous Current
Summary of Period averages:
No. of periods 12 13
Mean (pCi/m2-s) 25.0 22.7
Range (pCi/m2-s) 15.&-36.9 15.6-35.9
Summary of Individual Samples:.
No. of samples 100 109
Mean (pCi/m2-s) 22.0 22.
Range (pCi/m2-s) 1.6-92.8 1.6—-93.8

28

cC.

October 28,

E. Roessler

1984



Charles E. Roessler, Ph.D. R Genevieve S. Roessler, Ph.D.

Certilied Realth Physicist Health Phusicist

525 NE 4th St. ¢ GCainesville, FL 32601 +« (904) 378-3404

REPORT OF RADON FLUX MEASUREMENT
GARDINIER, INC. PHOSPHOGBYPSUM STACK, TAMPA, FLORIDA

Collection Periocd: November 135-15, 1984

THIS COLLECTION PERIOD

Station Radon Flux, pCi/ml-s

24.6
47.9
17.8
17.5
18.3

8.3

wu-4

6()nh

86.9
3.8

CQIVONOCUULUNF

[

No. of Samples (10)
Avg. . ) 28.8 +/—- 7.4
Range 8.2 - 84.%

-~

CUMULATIVE summgév.'i /82-10/84

Previocus Current

Summary of Period averages:

No. of periods 12 14

Mean (pCi/ml—s) 22.7 3.

Range (pCi/m2-s) 15.6~-346.9 15.6~-36.9
Summary of Individual Samples:

No. of samples 109 119

Mean (pCi/m2—s) 22. 23.

Range (pCi/m2-s) 1.6-93.8 1.6-9Z.8

0 sl

E. Roessler
November 18, 1984



Charles E. Roessler, Ph.D. ' . n Genevieve S. Roessler, Ph.D.
Ccnitied Health Physicist 1 Health Physicist

525 NE 4th St. * Gainesville, FL 32601 « (904) 378-3404

REPORT OF RADON FLUX MEASUREMENT
GARDINIER, INC. PHOSPHOGYFSUM STACK, TAMFPA, FLORIDA

qulection Perind: December 11-13, 1984

THIS COLLECTION FERIOD

Station Radon Flux., pCi/m2-s

9.2
19.9
19.4
1.9

4.8
27.5
19.4
15.9
14.3
11.1

DO ONOCNHUN

[

Mo. of Samples (1
avg. 16.0 +/— 2.0
Ranga 4.2 - 27.5

CUMULATIVE SUMMARY..12/83-12/94

Frevious Current

Summary of Period averages:

No. of periods i4 15

Mzan (pCi/ml—-s) 23.1 2.6

kange (pCi/m2-s) 15.6-36.9 15.6-36.%9
Summary of Irndividual Samples:

No. of samples 119 129

Mean  {(pCi/mZ-s) 23. 22.

Ranga (pCi/m2-s} 1.6-92.8 1.6-9Z%.8

(€5 sudb

C. E. Roessler
Decembar 17, 1984




harles E. Roessler, Ph.D. R Genevieve S. Roessler, PhD
S‘:e:i‘f’ieeds Health Physicist Health Physicist

525 NE 4th St. * Gainesville. FL 32601 « (904) 378-3304

REFORT OF RADON FLUX MEASUREMENT -
GARDIMNIER, INC. FPHOSFHOGYPSUM STACK, TAMPA, FLORIDA

Collecticn Pariod: January 29-21, 1985

THIS COLLECTION FERIQD -

Statian Radon Flux, oCi/ml—c*
1 192.2
2 21.0
2 17.3
4 3.9
s 17.4
& 7.7
7 18.1
8 19.€E
3 15.2
10 ?.2
Mo. of Samples (107
avg.. 18.4 +/- 2.5
Range 2.2 - Z7.7

.-
-

R 1/95
CUMULATIVE SUMMARY , | \raz ST cer

Frevious Current

Summary of Period avarages:

Na. of periaods. 13 1&

M2an (pCi/m2-3) ) 22 22.3

Range (pCi/m2-s) 1S.56-356.°9 15.6-35.9
Summary of Individual Samples:

No. of samples 129 137

Mean (pCi/aml-s) 22.¢ 2.3

Range (pCi/m2-3) 1.6-73.8 1.6-293.8

* is1ng a collection effiziency factor of 10O,

31



Charles E. Roessler. Ph.D.
Cenified Heaith Phusicist

Genevieve S. Roessler, Ph.D.
Health Physicist

R

525 NE 4th St. * Gainesville. FL 32601 « (904) 378-3404
REFORT OF RADON FLUX MEASUREMENT
GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA
Collection Period: February 12-14, 198S
THIS COLLECTION PERIOD
Station Radon Flu:, pCi/m2-s*
1 3.6
P 4.4
z 11.6
4 13.7
S 1S,
& 26.3
7 22.
g8 16.9
S 20.4
10 T6.1
-~ Nom_o+ Samples (10)
- oo - Avg. 17.2 +/=- 3.1
Range J.6 - 36.1
CUMULATIVE SUMMARY., 122/8% - 2/84
Pravious Current

Summary of Period averages:

No.
Mean
Range

ot periods
(ECi/mZ—-3)
(pCi/mZ=-s)

Individual
or samples
(pCi/mil-3)
\=Ci/mZ=-g)

Summary or
Ng.
Mz=an
Range

17
2Z.0

146

o

15.46-36.9

Samples:

139

“mane & ‘='

1.6—-93.8

147
22.0

- »

1- 6—9:'08

~» Using a

cGlleacrion erricisncy

Tector of

B il
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Charles E. Roessler. Ph.D. . R
Centified Health Phusicist

Genevieve S. Roessler, Ph.D.
Health Phusicist

525 NE 4th St. * Gainesville. FL 32501 ¢ (904) 378-3404

REPORT OF RADON FLUX MEASUREMENT

GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA

Collection Pericd: March 26-28, 1983

THIS COLLECTION FPERIOD

Station Radon Flu, oCi/m2-s#
1 .4
2 1i8.1
3 20.8
4 16.5
S 12.1
b6 Lost
7 21.1
8 13.2
9 S6.6
10 17.2
No. of Samples « 9
Avg. 18.0 +/- 2.8
Range 6.4 - T&6.6

CUMULATIVE SUMMARY, 12/83 — 3/8%

Pravious

Summary of Period averages:

No. of periods 17

Mean (pCi/m2-s) 22. .

Range (pCi/m2-s) 15.6-36.9
Summary of Indiwvidual Samples:

No. of samples 149

Mean (pCi/m2-s) 22.0

Range (pCi/m2-s) 1.6-93.8

Current

18
21.8
15.6-36.9

* Using a collection efficiency factor of

100%.

- ﬁ ?j /@%-&J&u

C.

E. Roessler

April 2, 1985
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Charles E. Roesster, Ph.D. R Genevieve S. Roessler, Ph.D.

Certifiad Healih Physicist Health Phusicist

Bial kg Gnd

Gl Gl bd  Gaca

Dl

iy~ G T ol

525 NE 4th St. * Gainesville, FL 32601 « (504) 378-3404

REPORT OF RADON FLUX MEASUREMENT :
GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA

Collection Period: April 23-25, 1985

THIS COLLECTION PERIOD

Station Radon Flux, pCi/m2-s*

11.1

20.6

25.7

(22.0) partially dislodged
6.7

19.4

20.9

lost

27.0

overturned

Q00N UBHUN-

[

Nao. of Samples « 7
Avg. 18.8 +/- .2.8
e ) Rangs 6.7 - 27.0

o~

CUMULATIVE SUMMARY, 12/87 — 4/85

Previous Current

Summary of Period averages:

No. of periocds 18 i9

Mzan (pCi/m2-s) 21.8 - 21.6

Rangz (pCi/m2-s) 15.6-36.9 13.6-36.9
Summary of Individual Samples:

No. of samples 158 165

Mean (pCi/m2-s) 21.8B 21.7

Range {(pCi/mZI-s) 1.6-93.8 1.6-93.8

* Using a collection efficiency factor of 100%.

OEL G,

C. E. Roessler

- A




Charles E. Roessler, Ph.D.
Certified Health Physicist

Genevieve S. Roessler, Ph.D.
Health Phusicist

R

525 NE 4th St. * Gainesville. FL 32601 ¢ (904) 378-3404
REFORT OF SADOMN FLUX MEASUREMENT
ZARDINIER, INC, FPHOSPHOGYPSLIM ETACK, TAMPA, FLORIDA
Collecticon Period: May 27-29, 1988
THIZ TN LECTION SEETODR
Station Rador Flu, pCi/m2-—s#*
4 Lo Tan BN —1
i -t
- ~ e
- o )
= 19.7
4 16.7
= 14.2
£ 19.4
7 27.7
4 Z0.1
= ZZ. s
16 =.<
Mo, of Samzles 10
Avg. 19,4 +/- 2.0
Rancs .5 - 25.8
CUME ATIUE SUMMARY | 12/3T — 5/85
Frevious Lurrent
Summary of Pericd averagas:
NZ. aof periods 1Q 20
Mzan (pCi/ml-3? 21.6 21.5
Range (gli/mIZ-=? 13.6-34.9 15.6-36.9
Summary oFf Individuzl Samoles:
Mz, of samples 1585 175
manzz {pZi/mIz-z= 1.6-97.8 1.6-93.8
¥ Using =2 collecticn effiziszncy factor of 100%,

C. E. Roessler
Jun=2 11, 1988
Qe



Charles E. Roessler. Ph.D. R Genevieve S. Roessier. Ph.D.

Certified Health Physicist Health Physicist

525 NE 4th St. » Gainesville, FL 32601 + (904) 378-3404

:’éé’ /.:,/ 7“(}'--?5'%—6—
5 ‘
#i;zZ“LJZ

REPORT OF RADON FLUX MEASUREMENT
GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA

Collection Period: July 1-Z%, 1985 (June sampling)

THIS_COLLECTION_PERIQD

Station Radon_Flux, pCi/m2-sx

23.7
28.5

9.3

10.0

35.2

19.5
27.7

16.6 . .
YT A

3.0

CVIOND>WUDdUNS

[

No. of Samples (10)
" Avg. 22.3 +/= 4.2
Range 3.0 — 45.2

CUMULATIVE SUMMARY, 12/83_-_&/8S

Previous _Eurcent

Summary of Period averages:

Nc. of periods 20 21

Mean (pCi/m2-g) . 21.3 21.2

Range (pCi/m2-s) 15.6-36.9 15.6-36.9
Summary of Individual Samples:

No. of samples . 175 182

Mean (pCi/m2-g) 21.6 21.6

Range (pCi/m2-g) 1.6-92.8 1.6-935.8

2 Using a collection efficiency factor of 100%.
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Charles E. Roessler, Ph.D. R

Certitied Health Phusicist

Genevieve S. Roessler, Ph.D.
Health Physicist

525 NE 4th St. * Gainesville. FL 32601 « (904) 378-3404

CORRECTED REFORT

REPORT OF RADON FLUX MEASUREMENT

GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA

Collection Period: July 1-3,1983 (June sampling)

THIS COLLECTION PERIOD

Station Radon Flux, pCi/m2-s*

23.7 .
23.5
39.3
10.0
45.2
19.35

COVONOCUBLUWUNPL

[

No. of Samples _ (10)
Avg. 22.3 +/- 4.2
Range S.0 - 45.2

-

CUMULATIVE SUMMARY. 12/83 — &/8

I

Previous Current

Summary of Period avarages:

No. of periods 20 21

Mean (pCi/m2-s) 21.5 21.5

Range {(pCi/m2-s) 15.6-36.9 15.6~36.9
Summary of lIndividual Samples:

No. of samples 175 183

Mean (pCi/m2-s) 21.6 21.6

kRange (pCi/m2-s) . 1.6-93.8 1.6-92.8

* Using a collection efficiency factor of 1004.

& fosh

C. E. Roessler

QOriginal r=port July 24, 1985; corre=cted August 29,
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Charies E. Roessler, Ph.D. v R Genevieve S. Roessler, Ph.D.
Cenified Health Physicist . Health Physicist

525 NE 4th St. *» Gainesville, FL 32601 » (904) 378-3404

REPORT OF RADON FLUX MEASUREMENT
GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA

’ Collection Period: July 29-31, 1985

THIS COLLECTION PERIOD

Station Radon Flux, pCi/m2-s*

17.8
lost
16.2
37.0
31.5
21.2
42.7
30.5
18.7
b1.6

CVOMNOCUHUNS

-

No. of Samples (
Avg: 0.8 +/- 4.9 °
~Range 16.2 - 61.6

CUMULATIVE SUMMARY. 12/83 — 7/85

Y . Previous Current

Summary of Feriod averages:

No. of periads 2% 22

Mean (pCi/m2-s) 21.5 21.9

Range (pCi/m2-s) 15.6-36.9 15.6-36.9
Summary of Individual Samples:

No. of samples 133 124

Mean (pCi/m2-s) 21.6 22.0

Range (pCi/m2-s) 1.6-93.8 1.6-93.8

* Using a collecticn efficiency factor of 100%.

C. E. Rodgssler
August 29,1985
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Charles E. Roessler, Ph.D. R Genevieve S. Roessler, Ph.D.

Cenified Health Phusicist Health Ph
ealt vsicist

525 NE 4th St. » Gainesville, FL 32601  (904) 378-3404

REPORT OF RADON FLUX MEASUREMENT
GARDINIER, INC. PHOSPHOGYPSUM STACK, TAMPA, FLORIDA

Collection Period: August 20-22, 1985

THIS COLLECTION PERIOD

Station Radon Flux, pCi/m2—-c%*

21.2

6.0
47.5
28.4
18.6

8.2

.3
38.0
13.7
lost

COVONOCUDLUNK

[y

No. of Samples ( 9)
Avg. 21.2 +/—- 4.2
Range 6.0 - 47.5

CUMUCATIVE SUMMARY, 12/83 —~ 8/85

o Previous Current

Summary of Period averages:

No. of periods 22 23

Mean (pCi/m2-s) 21.9 21.9

Range (pCi/m2-s) : 15.6-36.9 15.6~-36.9
Summary of Individual Samples:

No. of samples 1949 203

Mean (pCi/m2-s) 22.0 22.0

Range (pCi/m2-s) 1.6-93.8 1.6-95.8

# UUsing 3 ccllecticn =2fficiency factor of 100%Z.

VAL

C. E. Roessler
August 29,1985
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Pag 0'ice B2r 3269 . T3roe, Figra 33500 . Teazhzne 812-677-9M ° Twx 810 - 876 0548 . Telor - 52668 . Cadle - Ga:dinphos

March 15, 1985

Mr. Harlan Keaton

Office of Radiation

Florida Department of Health & Rehabilitative Services
P.O. Box 15490

Orlando, Florida 32858

Subject: Radon Emanation Program
Dear Mr. Keaton:

Gardinier requests the approval of its Radon Emanation Program as
described in the attached report.

The values reported are higher than the average for the entire Gypsum
Field as all readings used in determining the average were taken from dry
exposed areas. Emissions would be somewhat lower on the sides of the field
which are covered with topsoil and grass and considerably lower in the wet
areas.

The results from the two-cannister test show good agreement with the
standard method.

As the results of this study show good agreement, Gardinier requests
permission to terminate testing after 18 months of data have been obtained.

If you have any questions, please contact Mr. Steve Boswell

Yours very truly,

Fe A

GEW:w G. E. Wilkinson
Enclosure
cc: Mr. Rudy J. Cabina

Mr. Steve Boswell



STATE OF FLORIDA
DEPARTMENT OF HEALTH AND REHABILITATIVE SERVICES

May 17, 1985

Mr. G. E. Wilkinson
Gardinier, Inc.
P.0O. Box 3269
Tampa, FL 33601

Attn: Mr. Steven T. Boswell
Dear Mr. Wilkinson:

We have reviewed your proposed radiation monitoring program for
radon around Gardinier's new phosphogypsum field. In general,
we concur with your program of study.

We do have four suggestions:

l. In order to avoid further delays, the program should
commence 9/1/85 or when all approvals are received, whichever
is the earlier.

2. We suggest you might combine sites 9 and 10 into
one site, located between current sites 9 'and 10, and then add
a new site (a 10th site) northeast of the storage field, toward
Progress Village, but located 500 to 1000 feet from the stack
boundary.

3. For quality control purposes, we suggest that Track
Etch detectors be employed in triplicate at any two sites.

4. 1In order to evaluate fugitive airborne dust emissions
from the stack, and in particular the radium content of the dust,
we suggest that at least two high-volume air samplers be operated
off-site from the stack. At least one should be located in the
direction of Progress Village, and one to the west of the new
stack. Each should be operated for 24 hours, every eighth day.
Filters should be analyzed for total suspended particulate material
and for sulfate. From analyses of average radium-to-sulfate ratio
in the bulk phosphogypsum, radium content in the airborne dust
can be calculated. As a quality control measure, every twentieth
filter should be analyzed for radium.

._In _regard to your request concerning termination of radon emanation

testlng on _the p_gsent _gypsum stack,_ we have no problems_ w1th!

1317 WINEWOOD BLVD. e TALLAHASSEE, FL 3230l
BOB GRAHAM. GOVERNOR




Mr. G. E. Wilkinson
May 17, 1985
Page Two

our phase-out of this program. The testing that will be performed
by the U.S. Environmental Protection Agency will provide additional
data for evaluating the characteristics of the stack.

Sincerely,
s ett
Dirigcto

Office of Radiation Control

Copy to: Harlan Keaton
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