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1.0 INTRODUCTION

Kerr-McGee Chemical Corporation ceased operation of its Rare Eartas

Facility located in West Chicago, Illinois, in December, 1973. Since

that time, th° company has been seeking an acceptable plan for decom-

missioning the facility and restoring the property for beneficial
use. During the proposed activities, two piles containing radioact:ive
material located in one portion of the facility are to be relocated
and stabilized., This report presents the results of an experimental
field program conducted by Dames & Moore for Kerr Mc-Gee Nuclear
Corporation to provide more detailed information on the radiological
and soils characteristics of thorium milling waste materials pertinent

to the assessment of radon-222 releases from these materials.

The program was conducted in two parts. The first part was a field
program to determin the radon-222 emanation rate (i.e., flux)
from the surface of the tailings and the sediment waste piles. The
second part of the program was designed to experimentally determine
Lue parameters needed to calculate the radon-222 flux from these
materials based on diffusion theory. Site and material-specific
parameter values are thus made available for use in calculating the

radon-222 flux for anticipated reclamation configurations.




2.0 FIELD MEASUREMENT PROGRAM

A site visit was made by Dames and Moore personnel on October 16, 1980
to aid in establishing the field and experimental programs &nd to

obtain preliminary samples of tailings and sludge for laboratory

analyses (see Section 3.0). The field program was begun two weeks

later and 1s described below.

Sampling Locations

The two waste piles located at the Kerr M:(Ce:, Wa2st Chicago, facility
exhibit slightly different characteristics. The tailings pile has a
barren surface with furrcws along the lateral portion: and depressions
on the level upper portion of the pile. The pile is very moist but
has a thin dry crust, which becomes easily dispersible when broken
loose. It is sufficiently rigid to support personnel, however, it
cannot support heavy machinery.

sediment pile 1s similiar, but its surface supports vegetation.
Walking on ms like walking on a spongy bog. Machinery easily
sinks 1int¢ ~1le material. There are a few bare spots and the
material at these spots have the appearence of moist, flaky, easily
malleable oatmeal. This pile had few level portions on its upper
regions, which was a deciding factor in the selection of the sampling

locations.

The sampling locations selected for the experimental program for the
tailings and sediment piles are presented in Figure 1. The measure-
ments for the tailings pile were performed at locations T-1, T-2, and
T-3, while those for the sediment pile were performed at locations
$-1, S§-2, and S-3. These locations were selected based on the pile

configurations and the availabiiity of suitable level portions.
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2.2 Radon-222 Flux Measurements

Radon-222 flux measurements were performed by Dames and Moore person-
nel at the West Chicago facility during the period October 31 to
November 9, 1980. The accumulator can method employed for flux
determination is presented in Appendix A. The results of these

measurements are presented in Table 1.

Relatively large variations in measurad fluxes are seen in Table 1 for
each pile. This is primarily causcd by the non-homogeneous nature of
the two piles as shown by the Ra-222 concentration data presented in
the Kerr McGee stabilization plan. In that document, the tailings
pile radium-226 content was shown to average 1172 + 1068 pCi/g, and
the sediment pile averaged 277 + 123 pCi/g.

2.3 Moisture Profile

Moisture profiles were performed on cores taken from location T-2 on
the tailings pile and location $-3 on the sediment pile. Oce foot
depth incremeuts, extracted using a post-hole digger, were placed in
large plastic bags and tightly tied. After excavation of each depth
interval, any loose material around the hole was removed to avoid
contamination of the subsequent depths. After each core was finished,
representive samples from the depth intervals were placed in zip-lock
bags with the air "squeezed" out, and then doubled-bagged in zip-lock
bags to minimize moisture loss. Moisture content analysis was per-

f-rmed the next day at a nearby Dames and Moore soils laboratory.

The results for the outside waste piles are presented in Table 2. The
moisture content for the two piles varied very litle with depth,
giving an overall avarage moisture content (+ one standard deviation)
for the tailings pile of 49.6 + 3.6 percent by weight, and 61.0 + 3.2

percent by weight for the sediment pile.



Table 1

Waste Pile Radon-222 Flux Measurements (pCi/-z-l +0)

Waste Pile Site 1 Site 2 Site 3
date flux date flux date flux
Tailings 10-31 672 + 5 11-1 4,300 + 1,230 11-2 11,700 + 2,600
10-31 696 + 100 11-1 6,230 + 590 11-2 6,600 + 340
11-1 400 + 50 11-6 586 + 40 11-2 10,100 + 800
11-6 69 + 33 11-7 139 + 59 11-7 517 + 33
w 11-6 565 + 50 11-7 498 + 14
Ov:rall
Average: 3080 + 4020
Sediment 11-3 22 + 31 l1i-4 7,510 + 360 11-5 914 + 1,676
11-3 4 + 10 11-4 5,970 + 410 11-5 1,300 + 140
11-3 34 + 7 11-4 6,120 + 5,700 11-5 1,900 + 150
11-8 136 + 50 11-8 99 + H 11-9 964 + 248
11-8 66 + 5 11-9 1,870 + 60 11-9 472 + 87
Overall

Average: 1830 + 2540



Table 2

Moisture Content Depth Profi! s

Material Location Moisture Content (uei;ht %) vs. Depth (feet)
0o'-1 1'=-2" 2'=3 3'=4 0'-4

Tailings Outdoor Waste
Pile~Site 2 44 .9 50.0 49.9 53.8 49.6 + 3.6
Indc ,r Experimeni>1
Pile-Site 1 48 .4 49.3 51.8 52.0
-Site ¢ 49.2 48.1 53.2 52.1 51.2 + 2.4
-Site 3 49.9 50.8 55.5 54.5
Average 49,2
Sediment Outdoor Waste
Pile-Site 3 58.2 58.5 62.9 64.5 6.1 + 3.2
Indoor Experimental
Pile-Site 1 70.9 68.8 64.6 67.9
-Site 2 66.0 65.6 67.2 72.3 67.9 + 2.2
-Site 3 67.8 66.6 68.7 68.5

Average 68.2



3.0 EXPERIMENTAL PROGRAM

The outdoor waste piles appear sufficiently non-homogeneous to prevent
adequate assessment of radiological and soils characteristics that are
pertinent to radon-222 releasc parameters. Therefore an experiment
was set up to measure these Interrelated parameters in a controlled

environment. The experimental program is described below.

3.1 Experimental Set-Up

Two large cylindrical steel tanks (5.5 ft diameter, 5.0 ft inside
height) were set up in a heated warehouse (50-60°F range). Waste
material was collected from each of the two piles by using a small
backhoe. Excavated materia' was placed in a dumpster, which was then
transported to the warehouse and its contents emptied into one of the
tanks. About four trips were required to fill each tank, one with
tailings material and one with sediment material. Therefore ach load
added approximately one foot of depth to the material in the tank.
When the tank: were sufficiently full, the material was tamped down,
more material added, and tamped down again to yield final material
depths of just under five feet, Tamping was accomplished with the

backhoe bucket.

3.2 Radon-222 Flux Measurements

The experimental tanks were filled with waste material by November 1,
1980, Thoy were then allowed to stand undisturbed for one month to
permit the establishment of equilibrium radon-222 flux conditions.

The measurement program was thus begun on December 3, 1980.

Radon-222 fluxes were measured over an eight day period by the method
described in Appendix A. A smali (5 gallon) can was used to make
measurements at three specific points on the material in each tauk.

These points were located equidistant from the center of the tank



and the tank rim and positioned 120 degrees apart to obtain good
surface coverage. Four me. surements were made at each local site,
yielding twelve measurements for each tank. Results are presented in

Tablz 3.

Results show that a significant variation in flux occurs among the
sampling points for the tailings material. Therefore the overall
average flux (111 pCi/lz‘l) from that tank exhibits a standard
deviation of about 65%. This represents a significant improvement

over the standard deviation of 131% for field measurement.

Flux measurements from the tank containing sediments showed more
uniformity than from the tailirgs tank, with little variation exhi-
bited by site. The average flux (7.4 pCi/mz-c) exnibited a standard
deviation of about 49%. which is also significantly better than the
standard deviation of 139% for measurements obtained from the outdoor

pile.

3.3 Radiometric Analyses

Samples of tailings and sediment, collected from the outdoor waste
piles duving the initial site visit, were sent to a commercial labo-
ratory for radiometric analyses. These analyses involved the measure-
ment of the radium-226 content of the material and the radon emanation
coefficient. The radon emanation coefficient is defined as the
fraction of radon generated within a soil sample that is released

:0 the interstitial spaces.

The methodologies employed in measuring the above two parameters
are provided in Appendix B. Measurements were made on three repli~-
cates of single samples of each material. Results of analyses are
presented in Table & Also presented are the radium-226 content
determinations of six ramples collected from the material deposited in

the tanks.
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Table 3
Experimental Program: Radon-222 Flux Measurements (pCi/-Z-l +7)
Waste Pile Site 1 Site 2 Site 3
date flux date flux date flux
Tailings 12-3 178 + 18 12-3 191 + 30 12-4 18 + 2
12-3 216 + 37 12-4 114 + 7 12-4 13+ 4
12-7 133 + 22 12-7 83 + 4 12-8 158 + 6
12-7 147 + 12 12-8 61 + 4 12-8 16 + 5
Rl
Overall
Average: 111 + 72
Sediment 12-5 2.5 + 0.2 12-5 12,1 + 1.3 12-6 1.9+ 0
12-5 8.8 + 3.8 12-6 3.6 + 0.2 12-6 10.2 + 2
12-9 6.9 + 0.4 12-9 10.0 + 0.1 12-10 10.6 + 0
12-9 7.9 + 1.4 12-10 3.7 + 0.5 12-10 10.2 + 1
Overall
Average: 7.4 + 3.6

N Ll ——— -



Table 4

Radiome .ic Analyses of Waste Material

Radon Emanation

Material Sample Ra-226 Content Coefficient
pCi/g dimensionless
Outdoor 1 640 0.12
Tailings 2 660 0.22
3 640 0.04
X+ 647 + 12 0.13 + 0.09
Outdoor 1 660 0.20
Sediment 2 650 0.18
3 660 0.04
X + 657 + 6 0.14 + 0.09
Indoor 1 590 *
Tailings 2 630 *
3 610 *
X+ 610 + 20
Indoor 1 85 *
Sediments 2 70 *
3 77 *
x + 77 27

* Radon Emanation Coefficients for these samples were
not available for inclusion in this report.

'0
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Results from the outdoor samples shov that the radium-226 contents are
consistent and essentially identical for both sediment and tailings
piles. The radon emanation coefficients showed more variability among
1 plicates, but sample means for each of the two materizals were also

essentially the same.

Additional samples were collected from the experimental tanks after
flux measurements were completed. This was performed to assure the
applicability of the outdoor concentrations in conjunction with the
indoor flux determinations. However, the radium-226 content of the
material from the indoor samples varied significantly between the
sediment and tailings material. This is most likely due to the
localized variability of the radium-226 concentrations. The second
set of concentration meassurements were utilized in conjunction with

the indoor flux determinatiors.

3.4 Moisture Profiles

After completion of the radon flux measurements, core samples were
collected at each flux point on each tank down to the bottom of the
tanks. Samples were collected in one-foot increments. Each one-foot
sub-sample was well mixed and an alijuot taken. The aliquots were
double-bagged in zip-lock plastic bags and brought to a nearby
Dames and Moore soils laboratory for measurement of moisture contents.
These results are presented in Table 2 with the field depth-profile

measurements.

Results show that meoisture levels are very uniform within each tank,
exhibiting 1l ctle variation with depth and position of sample.
Moisture levels are consistent with those measured in the outdoor
waste piles. Both materials are very moist, with mean (1 one standard
deviation) moisture levels of 51 + 2 and 68 + 2 percent by weight for

tailings and sediments, respectively.

11
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3.5 In-Situ Density

The bulk densities of the two materials were measured at each flux
seasurment point (before the cores were taken) using the standard
sand-cone method (ASTM D-1556). Results are presented in Table 5.
These results show that while both materials exhibit about the same
wet bulk density (95 lbu/ft3), the higher moisture content of the
sediments results in a lower dry bulk density of 56 1b/ £t as compared

to 64 lbs/ft> for tailings.

3.6 Soil Analyses

Bulk samples of tailings and sediments, collected during the initial
Dames and Moore site visit, were sent to a Dames and Moore soils
laboratory for testing. Two tests were performed on each material; a
compaction test to determine moisture content vs. dry bulk density,

and z particle size analysis to determine grain size distribution.

Results of compaction tests (ASTM D1557 Method A) are presented
in Figures 2 and 3 for tailings and sediment, respectively. The..
figures show that the maximum dry densities attainable at optimum
moisture content are 96.7 lbs/ft3 for the tailings and 7:.2 1bs/ft3
for sediments. The dry density value determined for tailings is
similiar to values expected for sand, but somewhat low for fine
grained material such as these tailings (see Figure 4). The sediments
are sumilarly fine-grained (see Figure 5), but the maxiwum dry density
of 77.2 1bs/ft3 is atypically low. The optimum moisture contents
corresponding to maximum compaction are 29.5% for tailings and 53.22

for sediments.

The above values are compared in Table 5 to the conditions measured
during the experimental program. The comparison shows that the
tailings emplaced in the tank were compacted to 66.4% of the maximum
and contained 167% of the optimum moisture, while sediments attained

72.9% of maximum dry density and 1282 of the optimum moisture content.

12



DATE

RE VISION 2 DRAWN DY

REVISION Y

OC9636- €05-13

FILE

-

LLLN

DATE

CHECKED 0OY

By
DATE

Dy
DATE

1 (REvV. &80

SAMPLE NO.BulK DEPTH________ ELEVATION._

soiL__ ']}1_134_5,3_-___ e

LOCATION-.-

OPTIMUM MOISTU RE CONTENT.

MAXIMUM DRY DENSITY._

Q6. pc

METHOD OF COMPACTION VISTM QASJ_H:JJML& g

15

Ko:srun: CONTENT IN % OF DRY WEIGHT
2 25 30 35

40

130 1 B

120]

|

|

110

FT.

LBS./Cu.

00

IN
-

—
—

DRY DENSITY

80

\\@

70 ¢

FIGURE 2. BULK SAMPLE:

COMPACTION TEST DATA

PLATE



DATE
DATE

DRAWN BY
CHECKED DY

REVISION 2

By
DATE

REVISION Y

By
DATE

FILE 096 ?8 = C’CS‘ L3

998, IREV. 487

IN LBS /CU. FT.

DRY DENSITY

120

110

—
O
o

O
Q

80

70

60

SAMPLE NO BulK DEPTH ____ ELEVATION _

SOIL

LOCATION TtL.
OPTIMUM MOISTURE CONTENT _ S532.2-

_SEDIMENT : =

MAXIMUM DRY DENSITY. 7.2 pet
METHOD OF COMPACTION f1STM D1SS7 Matlod A

40

MOISTURE CONTENT IN % OF DRY WEIGHT
a5 50 55 60 65

B ) : 4

s

FIGURE 3. BULK SAMPLE: SEDIMENT

COMPACTION TEST DATA

PLATE



JAHND NOWVAVYEHO

SCNITIVL

ATaw¥sS WINd "p 2anbtg

- e

va .
R ..

- 30-9Eab0

o
vo

321S 3A31S QUVANVLIS SN

AR QANIImD
-

e

|
|
E Id Ta 17 |OM 1VN NOILYII4ISSVYTD H1d30Q
13N ~ WNI0Im [3S¥v03] INI4 3ISHV0D
A3 80 s 1 v L T3AvES - S5 N
SHILINITTIN NI 3Zi1S NIVEO
1000 100 10 Q1 01 001 000!
 O—t—. il “ ] : _
|
= S 4+
L] . ! ; 02 o
«lﬁt 3 —_— = 4 - .P “++44 4 " “ lf#r Tll “
] it _ -k
{ ! z
[\ A 2
T T i
-
: \ 4 LRas T z
} l | s m
ATY -+ .f 4 2 —_ % + 1} " -4 “
| b <
—— ¢+ |4. - 4 e — Ml b .r 19— — - - ‘ 444 — .”‘ Arvq ”
/ Al ' B -
4 = e —_— 4 3 —e +4 iillx—.ﬁl! + n“..
= h o — m — w 9 -
- +4 Af + +—4+—+ B _ fT tHet _J 444 ..?I.I_AT Iﬁl.vjhr
| L | _ 06
1 T ] t
| | Wl b -
002 001 or 02 (o]] #NIB/E NI#/E NISI 'NIE

TET T (MEVY a.0R)



JAHND NOLLVYAVYHO

INAWIQ3IS *© ITdWYS XInd -~ 2anbryg

T s |

[ 14 [ ] 1 [omavn| NOILVIISISSY 12 | Hid3g | |
—.I! AV1) ¥O IS INIS ﬁmw.‘aamm EILE INTS ._u»:wmz«ou $31809
SHILINITTIN NI 3ZI1S NIVHO
1000 100 10 0! 01 00! 000!
|
o=l _ | _
Ap.v 444 - —LTLvt. rr R +
T f v
S Mlﬂ; v 4 = v e b 484 + 4 A b — —— — 4444 — +—t+1++ Be)
- .- o« O
L 4+ R g r — +14 z
,« ] | b
—— 1 s % — ¢ ﬁ — 41+ ;Iv — 12 LTL—L Aljii’l,— —4- W
L d I | | u—w o6 m
L] b
ﬁ 4 f 11 .fv v ' 4 ‘»'I*‘lt -4 ~ t-+4+¢¢— — rvll |Aﬁ 4+
§ | | m
11 . .
bty —4- h H— 1+ s bt [.IQ —— — Af — P';YJ -+ttt 4 *
. } l m
1 A oL
—t—1+t1tt N WSS SN ALY 444 & *1 LL 1'b —— . t T‘D\Lﬁ LL.. GNJ
s | _ 4 =
f +
i |
1 i 1
002 0CI 09 O¢ 2 | PNIB/C NI#/AE NISH 'NIE

3Z1S 3A3IS GYVANVLIS SN

-
-
b
-
>
-
=
-
-
- e nvo L .
ve . nvo . 4
avo ..

LL L IRt L )

e MN-MS\%M%WQ



L1

Table 5

Experimental Program: Density ard Moisture Data

Z of 2 of
Wet Moisture Dry Maximum Opt imum
Material Density Content Density Compaction Moisture Content
Ibs/ft>  Weight X  1hs/ft3
Tailings
Site 1 93.9 49.2 62.9
Site 2 93.6 49.2 62.7
Site 3 100.3 49.2 67.2
Average 95.9 49.2 64.2 66.4 167
Sediment
Site 1 93.5 68.2 68.5
Site 2 98.3 68.2 58.4
Site 3 9.5 68.2 55.0
Average 94 .8 68.2 56.3 72.9 128

Tailings Maximum dry density = 96,7 lhs/ft? at 29.5% moisture.
Sediment Maximum dry density = 77.2 1bs/ft® at 53.2% moisture.

A ae e sk S —— ——



The above analyses indicate that stabilized tailings and sediments,
which currently contain approximately 50% and 60% moisture by weight,
respectively (sce» Table 2), can b erpected to lose some moisture when
compacted. They should, however, also naturally retain moisture at
levels of approaching 301 and 502 by weight for tailings and sludge,

respectively.

3.7 Diffusion Coefficient

The release of radon from a finite layer of material can be calculated

based on diffusion theory as follows:

(&
"

EPC*T;[tanh (t\’l/D).' x 104
L

where:

= radon flux from the material surface, pCi/mz-s;
= radon emanation coefficient, dimensionless;
= dry solids density of the bulk material, g/cn3;
.adium concentration in the solids, pCi/g;

= radon decay constant, 2.1x1078s™! for radon-: 22;

o > O O m o
L

= radon diffusion coefficient, cm?/s;
tanh = hyperoolic tangent, dimensionless;
t = thickness of the material, cm;

2 to mz, dimensionless.

104 = factor to convert cm
The results of the experimental program have provided material-
specific values for each of the above parameters except for D, the
diffusion coefficient. Therefore, D can be obtained by substituting
experimental values for all parameters except J and D into the above
equation, and then substituting in various values for D and solving
the equation in reiterative fashion until the calculated {lux equals
the measured flux. The D value that yields the correct flux is thus

the diffusion coefficient of the tes <d material.

18




The above iterative calculational procedure was performed by computer

and yielde! diffusion coefficients of 9.9x10™3 cm?/s for tailings

and 2.2x1073 cm?/s for sediments. Individual parameter values

used in determining D are summarized in Table 6.

19



Table 6
Sumnary of Experimental Radon Diffusion Parameters
Parameter

Name Symbol Units Values
Tailings Sludge

Flux (Rn-222) J pCi/mi-s 111 7.4

Emanation E dimensionless 0.13 0.14
Coefficient

Dry bulk g/cm’ 1.00 0.88
solids density

Radium=226 Cc pCi/g 610 77
Concentration
in sulids

Radon~222 Decay s~ 2.1x1076 2.1x1076
Constant

Test material t cm 145 140
thickness

Calculated D cm?/s 9.9x1073 2.2x1073
%n=222 Diffusion
Coefficient

20
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APPENDIX A

A.0 Radon Flux Measurement Methodology

A.l Sampling Methodology

Radon flux is measuced using the accumulator can method described
by Bernhardt and others (!975). In that method, a steel drum with one
open end is placed on the ground with the open end down. The drum is
sealed to the ground by piling soil around the rim and tamping down
the soil. The drum is equipped with a sample port and a jressure
equalization port so that the drum pressure remains at barometric
prsssure. The radon concentration within the drum increases linearly

with time as radon emanating from the ground is t:Iapped.

The buildup ot radon inside the drum is monitored by sampling
at approximately 30, 60, and 90 minutes after placement of the drum,
More frequent intervals (e.g., 10, 20, and 30 minutes) are used if
relatively high fluxes are anticipated. Air is withdrawn from the drum
using a recirculating sampling system. The system is connected to the
sampling and pressure equalization ports and consists of a small
battery-powered air pump (MSA Monitair Sampler, Model S), a desic-
cator, a 47 mm glass fiber filter (Gelman, Type A/E), and an alpha
scintillation cell. The desiccator and filter prevent introduction of

moisture and par-iculate radon daughters into the cell.

The air pump is set at a flcw rate of approximately 3.8 1/min and
runs for about 3 minutes, thus resulting in 8 air changes in the
1.4 liter cell. This is sufficient to completely replace the nitrogen
initially contained in the cell. Sampling data recorded on the
Radon Sampling Data Sheet (Table A-1) include location, date, time of
drum placement, time of sampling, sample pumping duration, and pump

setting. Relevant meteoro’ gy conditions are also recorded.



Job Name

TABLE A-1
Radon Sampling Data Sheet

Job No.

Investigator

Sanple Type

Site Location

Sampler No.

Run # 1
Field Data:
Cell
Sampling: Sta.t-Date
~Time
Stop-Date Low=Vol.
~Time Radon
Midpoint=-Date Sarcplers
~Time (1) { Only
MSA Pump: Setting

Pump Start Time (1) {Flux Onld

Punping Duration (min)

Ambient Conditions:
Wind Speed (Fst)

Temperature

Cloud Cover (Est)

Barometric Pressure

Counting Data:
Start-Date

~Time

Duration (min)

Mid Time (2)

Sample:

Gross Counts

Count Rate +0 (cpm)

Background:
Gross Counts

Count Rate 10 (cpm)

Cell LLD (oCi/l)

Radon Concentration Calculations:
Net Sample Count Rate +0 (cpm)

Cell "actor 20 (k)

Radon Concentration o (pCi/1)

Lecay Time (AT = 2-1)

Corrected Radon Conc. g (pCi/1)

Cell Purge: Date

Time

Comments:



B e . ==

TS A A8 vy wees

A.2 Counting Procedures

Exposed scintillation cells are held before ccunting to allow
ingrowth of alpha-emitting radon daughters. The minimum holding time
of 2.5 hours assures that daughter activities reach at least 95
percent of equilibrium. Equilibrated cells are counted using an
Eberline SAC R-5 photomultiplier tube and Eberline MS-Z portable
scaler/power supply. The time that counting begins, the counting time
(duration), and the gross rample counts are recorded on the sheet in

the field notebook.

Immediately after counting, the cell is purged with nitrogen.
After at least four hours, the nitrogen-fi'led cell is counted to
determine the background count rate for the next cell exposure. The
date, time, counting time, and background counts are recorded in the
field notebook. Background data are then transferied to the sample

data sheet prior to the next cell exposure.

Calibration and performance testing are described in Section

A.a.

A.3 Data Processing

Calculation of radon flux involves linear regression analysis of
radon concentrations versus time. Radon concentrations and counting
errors are calculated using Equations A-1 and A-2, respectively. The
lower limit of detection (LLD) is also calculated using Equation A-3,
although undetectable radon concentrations z2re rarely encountered in

flux determinations.

c/t_ -cC/t,
Radon Conc. (pCi/l) -( o’ ~ %/"») (A-1)
K x DF
VC:/t'Z‘* Cb/tbz
Counting Error (pCi/l) = - g (A-2)
K x DF
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LLD (pCi/1) = 4.66 = 4.660, (A-3)
K x DF
where:
= gross sample counts,
Cb = background counts,

ts’tb = gample and background counting times, respectively (min),
K = cell calibration factor (pCi/l/cpm), and
o = standard deviation of the net sample concentration
0, = standard deviation of the net bac' ground concentration

b
DF = exp (=)t), racur decay factor

where:

’ ninml), and

A= radon decay constant (4.535 x 10
t = elapsad time betwen the midpoint of sample collection

(pumping time) and the midpoint of counting.

Netermination of the cell calibration factor 1is discussed in
Section A.4.

Since all cells are held to allow alpha-emitting daughters to
reach equilibrium before counting (including counting to determine
efficiency), the ccrrection for incomplete ingrowth discussed by Lucas

and Woodward (1964) is not necessary.

The radon concentrations obtai _.d increase linearly with time,

as described by the equation:

y=mx + b (A-4)
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where:

= radon concentration (pCi/l) at time, t,
= slope (pCi/l-sec),

= elapsed seconds between placement of drum and time, t, and

o XN B <

= ambient air radon concentration (pCi/l)

The slope, mw, 1is determined using stardard linear regressicn
methods (Natrella, 1966). The radon flux (pCi/n2°sec) is then
obtained by multiplying the slope by the drum factor (llmz). The
drum factor is the ratio of the drum volume (in liters) to the surface
area (in square meters) of the open end. The one sigma (standard
deviation) error in the flux is estimated as the druu factor times the

square of tle variance of the slope.

A.4 Calibration and Performance Testing

Alpha Scint.llation Cells

The zinc sulfide-coated alpha scintillation cells are calibrated
every six months or each time the coating is replaced, whichever is
more frequent. The cells to be calibrated are connected in series to
the sampling system described in Section A.l and placed inside the
Environmental Radon Chamber at the Environmental Measurement
Laboratory (EML) of the U.S. Department of Energy (located in New York
City), whose cooperation is gratefully acknowledged. The air pump is
allowed to run for 5-10 minutes. The cells are then sealed and the
actual radon concentration in the chamber obtained from the EML
staff. The cells are returned to the Dames & Moore offices and, after
allowing four hours ingrowth, the cells are counted as described in
Section A.2. The cell factors are then calculated using Equation

A-l after substitution of the chamber radon concentration.
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Counting Equipment

Each time the counting equipment, described in Section A.2, is
moved to a new location, the proper high voltage setting must be
established. This is accomplished by placing a thor.um-230 source on
a thin sheet of zinc sulfide in the center of the photomultiplier
tube. Counts obtained in 2-minute periods are plotted versus high
voltage to determine the optimum high voltage setting (about 100 volts
upscale from the onset of the “plateau region”). After setting the
high voltage to the optimum setting, the thorium=230 source is re-
counted for 10 minutes. The counts obtained are then compared to the
expected value, which is typically slightly less than 50 percent of
the source alpha-emissicn rate since the counting geometry is 2 . If
the source count rate differs from the expected count rate by more
than 4-5 percent in a l10-minute count, instrument operation is con-
sidered to be improper and steps are taken to determine and correct

the cause befcre any samples are analyzed.

Air Pump

The MSA air sampling pump is calibrated prior to each field
program, Airflow rate versus rotometer setting is determined by
measuring the time required for a soap bubble film to move a given
number of graduations in a large-diameter volume-calibrated glass

tube. Burets or graduated cylinders are normally used.

Recordkeeping

Records of all calibrations and tests are kept in a radon
field notebook.
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