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RADIOLOGICAL SURVEY PF THE INACTIVE URANIUM-MILL 

TAILINGS At FALLS CITY, TEXAS 

F. F. Haywood, D. J. Christian, E. T. Loy, 
D. Lorenzo, and B. S. Ellis 

ABSTRACT 

Results of a radiological survey conducted at the Falls City, 
Texas, site in July 1976 are presented. There are seven partial to 
fully stabilized tailings piles, and an overburden pile from an open-
pit mine. Above-ground gamma-ray exposure rate measurements show 
moderate levels of contamination throughout the area with a maximum 
exposure rate of 500 pR/hr above tailings pile 2. The average exposure 
rate over the different areas varied from 14 pR/hr over the southwest 
end of tailings pile 7 to 207 pR/hr over the northeast end of the same 
pile. Analyses of surface soil and dry-wash sediment samples, as wel i 
as calculation of subsurface 2 2 6 R a distribution, serve to define the 
spread of tailings around the area. Water erosion of the tailings is 
evident, but, because of abundant growth of vegetation on t'.e tailings 
piies, wind erosion probably is not a major problem. 

ix 
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1. INTRODUCTION 

This is one of a series of reports on the results of radiological 
surveys of uranium-mill tailings at inactive mill sites in the western 
United States. A list of all the reports in this series is found at the 
*ront of this report. The first four reports include attempts to assess 
potential health effects of radiation and radionuclides from the 
tailings. The first report in the series also cont ins a discussion of 
modes of radiation exposure to individuals and to population groups from 
radionuclides in uranium-mill tailings and a survey of the pertinent 
literature. This report on the site at Falls City, Texas, presents the 
results of 3 radiological survey that was conducted by the authors, 
together with descriptions of the apparatus and techniques used to ob­
tain the data. This survey was conducted in July 1976 in cooperation 
with an engineering team from Ford, Bacon and Davis Utah Inc. (FB&DU), 
the architect-engineering company responsible for the Phase II engi­
neering assessment of the inactive uranium-mill tailings. Their report 
on this site has been published.1 

Earlier reports on conditions at this site include the previously 
unpublished report on the Phase I site visit by Barney et al. in Ma> 
1974 (see Appendix I) and the reported results of a gamma-ray survey 
designed to define the extent of spread of tailings from the site. 2 

More general discussions of the uranium-mi 11-tailings problem and the 
assessment of the radiological impacts of the radionuclides that the 
tailings contain are included in several publications. 3" 8 

2. SITE DESCRIPTION 

A description of the inactive uranium-mill site near Falls City, 
Texas, and a history of operstinns at this location are contained in the 
Phase I report (Appendix I) and in FB&DU's engineering assessment re­
port.1 Only a brief summary of *his information is included here. 

This site is located in Karnes County, Texas, approximately 10 
miles southwest of Falls Ci'.y on State Farm and Market Road 1344. The 
r nium mill at this site was built and operated by Susquehar.na Western, 
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Inc. (SWI) from April 1961 to August 1972. Solution Engineering Company 
owns (at the time of this survey) approximately 81 hectares (200 acres) 
of the site. During the operating period, approximately 2.3 million 
metric tons of ore with an average U 3 0 8 concentration of 0.16% was pro­
cessed. The tailings are estimateJ to contain 448 pCi/g of 2 2 6 R a , and 
the total inventory of this isotope is calculated to be 1020 Ci (Appen­
dix I). 

There are seven tailings piles and an overburden pile (Fig. 1). 
Five of the tailings piles are in close proximity to the mill buildings 
while one (pile 3) is located approximately 1500 m east of the mill 
buildings on land reported to be leased. An evaporation pond, desig­
nated tailings pond 6, occupies a narrow 10.7-m- (35-ft) deep open-pit 
mine (Appendix I). Several of the tailings piles have ponds on them. 

The Texas Department of Health, Radiation Control Branch, has 
directed that all of the piles be stablized with at least 0.6 m (2 ft) 
of cover. All of the piles except about half of pile 7 and two-thirds 
of pile 2 have been stablized and seeded. All are surrounded by barbed-
wire fences. In contrast to most of the sites previously considered, 
there is sufficient rainfall here to support an abundant growth of 
Johnson and Bermuda grass. 

The mill buildings and most of the equipment at this site were 
intact at the time of the survey.l 

3. SAMPLING TECHNIQUES AND RADIOLOGICAL MEASUREMENTS 

Sampling techniques as well as equipment and methods used to ana­
lyze soil samples and for radiological monitoring, are described in Ap­
pendix II. The technique used to analyze water samples is described in 
Appendix III. 

4. RESULTS OF MEASUREMENTS 

Measurements were made at the Falls City site to determine: 
(1) background external gawma radiation levels and background radionu­
clide concentrations in surface soil samples; (2) external gamma-ray 
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ORNL-Photo 0529-79 

Fig. 1. Aerifl1. view of the Falls City, Texas, s i t e and surrounding 
area. Source: CG&G, Inc. 
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exposure rates 1 m above the ground both on the site and in the area 
immediately around the site; (3) the radionuclide concentration in sur­
face or near-surface soil, sediment, and water samples; and (4) the sub­
surface distribution of 2 2 6 R a as a function of depth in tailings and 
soil. Results of the various types of measurements are discussed in 
separate sections below. 

4.1 Background Radioactivity 

Knowledge of background external gamma radiation levels and of 
backgrounc concentrations of radionuclides in the area soil is needed *n 
order to evaluate the extent of spread of tailings from the site and to 
provide data needed in implementing clean-up procedures. 

The locations where measurements were made of external gamma-ray 
exposure rates 1 m abcve the ground and surfcce soil samples were ob­
tained for analysis are shown in Fig. 2. Details of the location of 
sample sites and the results obtained are displayed in Table 1. 

The data in Table 1 have a variation in measured values of back­
ground gamma-ray exposure rate 1 m above the ground from 1.4 to 5.6 
uR/hr. The average value of 3.0 uR/hr corresponds to an annual back­
ground dose equivalent of 26 millirems. There is not a good correlation 
between the direct gamma-ray exposure rate and the 2 2 6 R a concentration 
in the surface soil, possibly due to the presence of other nuclides in 
surface soil, failure to obtain representative soil samples, and poor 
statistics in measurements resulting from the small quantity of activity 
present. 

The average background concentration of 2 2 6 R a in surface soil in 
the Falls City region was 0.93 pCi/g (range: 0.54 to 1.4 pCi/g). The 
average background concentrations of 2 3 2 T h and 2 3 8 U in surface soil were 
0.77 (range: 0.40 to 1.1) and 0.87 (range: 0.56 to 1.5) pCi/g, respec­
tively. 

4.2 Direct Gamma-Ray Exposure Rates 

Measurements were medf of direct gamma-ray exposure rates 1 m above 
the ground using the "Phil1 gamma-ray dosimeter described in Appendix II. 
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0*»NL D*G 79-2097* 
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Fig. 2. Locations of Dackground external gamma measurements and 
background soil samples around Falls City, Texas. 
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Table 1. Background radiation level and concentration of radionuclides 
in surface soil near Falls City, Texas 

Samp]e 
point 

Description of 
sample location 

External y Nuclide concentration 
exposure (pCi/g) 
rate" 

(uR/hr) 
2 2 r'Rs 2 3 2 T h 2 3 * U 

TX1 Behind Holiday Inn in 
Kerrville, Texas, on Route 16 

TX2 3.2 km W of Goliad at inter­
section of Hwys 239 and US 59, 
E of 59 

TX3 At intersection of US 59 and 181 
E of Beevilie on W side of ramp 
to Hwy 181 

TX4 W of intersection of Hwy 624 
and US 281 on North side of 624 

TX5 E side of Hwy 16 at S city 
limit of Tilden 

TX6 Rest area on S side of Hwy 97 
1.6 km E of Jourdanton 

TX7 S side of US 87 across bridge 
E of intersection with Hwy 97 

TX8 S side of Hwy 72 at intersec­
tion with Hwy 2980 M3.8 km W 
of Yorktown 

Average 

2.5 

1.0 0.50 0.70 

0.90 0.80 0.68 

2.3 0.54 0.40 0.56 

5.6 0.73 0.90 1.5 

2.2 1.1 0.83 0.87 

2.6 1.4 1.1 1.0 

1.4 1.1 0.84 1.0 

2.4 0.63 0.80 0.64 

3.0 0.93 0.77 0.87 

"̂ One meter above the ground. 
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Tnese measurements were made at varying intervals because of the nature 
of the site terrain. Measurements were made at approximately 46-m 
(50-yd) intervals on the tailings piles and approximately 91-m (100-yd) 
intervals near the tailings. The data obtained in the tailings and 
former mill area (Figs. 3 and 4; Tabic 2) show that the average exposure 
rate on the takings piles varies from 14 to 207 pR/hr, whereas the 
average in the former mill and ore storage area is 61 uR/hr. The off-
tailings traverses that reacned 5 to 6 uR/hr are those toward the north 
from the northeast corner of pile 7 (270 m); west from the edge of pile 
5 (550 m); and west from the west corner of pile 3 (270 m). The highest 
exposure rate recorded at this site is 499 uR/hr, near the southeastern 
edge of pile 2. This pile also showed a high average exposure rate 
(138 pR/hr). There was an interesting contrast, in the exposure rates 
over pile 7 where the average of three measurements at the northeast end 
of the pile is 207 uR/hr, while at the other end the average is 14 
jjR/hr. The reason for this difference was posbibly given in the report 
by FB&DU (ref. 1, pp. 1-6). Numerous seeps have occurred through the 
dikes of pond 7. It is possible that most of these seeps occurred pri­
marily at the east end of the pond where the higher values were ob­
served. 

4.3 Radionuclide Concentrations in Surface Soil 
and Sediment Samples 

Analysis of soil and sediment samples for 22*'Ra =ind its daughters 
supplements the measurements of above-ground gamma-ray exposure rate in 
detecting the spread cf uranium tailings or uranium ore particles. Sur­
face and near-surface soil and sediment samples were analyzed for 2 2 6 R a 
by use of the technique and equipment described in Appendix II. loca­
tions of soil sampling sites are found in Figs. 5 and 6, and results of 
analyses are presented in Table 3. These data confirm the indication of 
widespread contamination shown by the measurements of gamma radiation 
discussed above. The dry-wash sample data show that water erosion of 
the tailings piles hac occurred in various directions. All of the soil 
and sediment samples frorr this site had 2 2 6 R a concentrations above the 
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ORNL-Photo 0479-80 

Fig. 3. External gamma exposure rates ! m above the ground near 
the Falls City mill brildings. Original photo by EG&G, Inc. 

L 



ORNL-Phcto 0068-80C 

Fig. 4. External gamma exposure rates 1 m above the ground at 
p i le 3, Fal ls City s i t e . Original photo by E.6&G, Inc. 

J 
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Table 2. Measurements of gamma exposure rates 1 n above the ground 

Gatrara exposure ra te (uR/hr) 
Area M i n imum Maximum Average 

Tailings pile 

1 11 75 21 
2 20 499 138 
3 10 60 27 
4 28 133 64 
5 10 63 23 
7 - NE end 77 304 207 
7 - SW end 8 23 14 

Overburden from i nine 17 63 30 
Former mil 1 si te and ore sto rage IB 166 61 
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ORNL-Photo 0478-80 

Fig. b. 
near the Fal]: 

Locations and i d e n t i f i c a t i o n , of environmental samples 
. City mi l l buildinrjs. Original photo by IG&G, luc. 
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ORNL-Photo 0068-80B 

F i j . 6. Locations and ident i f ica t ions of environmental samples in 
the v i c i n i t y of p i le 3, Falls City s i t e . Original photo by EG&6, Inc. 
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Table 3. Concentration of ?2l'Ra and z::-Th '.i surface 
soil and sediment samples 

Sample 
designation Sample location and description 

Nuclide concentration 
(pCi/g) 

;;'0 Ra 2 3 2 T h 

FDW1 Surface sediment from diy wash 
460 m west of Tailings Pile (TP) / 
at edge of access road 4.1 

F0W2 ^15 cm below surface at same 
location as FDW 1.4 

FDW3 Surface sediment from dry wash 
90 m southwest of fence at TP 5 16 

F0W4 ^lb cm below surface at same 
location as F0W3 9.S 

FDW5 Surface sediment from terraced 
field, 4 km east of mill site 5.1 

FDW6 -̂ 15 cm be low surface at same 
location as FDW5 8 4 

F0W7 Surface sediment 90 m west of 
overburden f"om open-pit mine 56 

FDW8 -̂15 cm below surface at same 
location as FOW/ 49 

FDW9 Surface soil dry wash 400 m north­
west cf overburden pile 14 

FDV10 ^15 cm below surface at same 
location as FDW9 19 

FDW11 Surface sediment from dry wash 
180 m northwest of TP 7 to the 
west of Route 1344 16 

FDW12 ^15 cm below surface at same 
location as FDW9 1.8 

F0W13 Surface sediment from east side 
of pond where drain empties 
southeast of TP 7 16 

1.2 

1.4 

l.S 

1.5 

1.6 

1.6 

1.5 

1.2 

1.2 

1.2 

1.2 

6.5 
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Table 3. (Continued) 

Sample 
designation 

Nuclide concentration 
(pCi/g) 

Sample location and description 22 »; Ra :'-v-Th 

FDW14 -^15 cm below surface 3t same 
location as FDW13 7.4 

FDW15 Surface sediment 640 m east of 
road east of TP 7 4.4 

F0W16 ^15 cm below surface at same 
location as FDW15 6.2 

F0W17 Surface sediment from dry wash 
S50 m southwest of TP 3 2.1 

F0W18 ^-15 cm below surface at same 
location as FDW17 4.7 

FDW19 Surface sediment from dry wash 
370 m north of access road to TP 3 10 

FDW20 ^15 civ below surface at same 
location as FDW19 3.5 

FDW21 Surface sediment from dry wash 
370 m southeast of large pond 
at TP 3 1.8 

F0W22 ^15 m below surface at same 
location as FDW21 1.8 

FDW23 Surface sediment in dry wash 
460 m northeast of TP 3 45 m below 
junction of east and west dry 
washes 3.9 

FDW24 ^15 cm below surface at same 
location as FDW23 3.3 

F200N Surface soil 180 m north of TP 7 7.0 
F400N Surface soil 370 m north of IP 7 5.3 
F200N3 Surface soil 180 m north of TP 3 8.8 
F400N3 Surface soil 370 m no-th of TP 3 4.9 

1.6 

1.6 

0.9 

1.2 

1.2 

1.0 

1.2 

0.90 

1.0 
1.1 

a 

1.4 
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Table 3. (Continued) 

Sample 
designation Sample location and description 

Nuclide concentration 
(pCi/g) 

226 Ra 232 Th 

F200S 

F400S 

F200S3 

F400S3 
F200W 
F400W 
F600W 
F 200W3 
F400W3 
F600W3 
F800W3 
F1000W3 
I1200W3 

F200E3 
F40CE3 
F600E3 
FWS1 

FWS2 

^ S 3 

Surface so 
burden from open-pit mine 
Surface so 
burden from open-pit mine 
Surface so 
Surface so 

Surface so 
Surface so 
Surface so 
Surface so 
Surface so 
Surface so 
Surface so 
Surface so 
Surface ̂ o 
Surface so 
Surface so 
Surface so 

1 180 m south of over-

1 370 m south of over-

1 180 m south of TP 3 
1 370 m south of TP 3 
1 180 m west of TP b 
] 370 m west of TP 5 
1 550 m west of TP 3 
1 180 m west of TP 3 
1 370 m west of TP 3 
1 550 m west or TP 3 
1 730 m west of TP 3 
1 910 m west of TP 3 
1 1100 m west of TP 3 
1 180 m east of TP 3 
i 370 m east of TP 3 
i 550 m east of TP 3 

waterborne sediment from pool in 
Tordillo Creek 1.2 km south of 
tai 1 ings pi k s 
Waterborne sediment from pond south 
of overburden pile 
Waterborne sediment from recovery 
pump inside of dike 11 of TP 7 

7.2 

5.4 0.70 

17 * 

6.1 -

11 -* 

7.1 z 

2.8 : 

3.1 7 

1.9 1.1 

3.4 0.90 

2.6 1.1 

3.1 0.8 

5.7 1.0 

6.9 0 9 

1.6 

l .b 1.0 

16 

f.b 

2.6 

1.1 
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Table 3. (Continued) 

Nuclide concentration 
Sample i^^l 

designation Sample location and description 2 2 6 R a 2 3 2 T h 

FWS4 Waterborne sediment from end of 
road tile 46 m west of fence of 
IP 3 7.7 a 

FWS5 Waterborne sediment frcn pool in 
dry wash 270 m NV of TP 3 137 m 
north of farm fence 4.9 o. 

FWS6 Waterborne sediment from large 
pond SE of TP 3 5.4 c 

FWS7 Waterborne sediment from pond 
140 m NE of TP 3 8.7 a 

FWS8 Waterborne sediment from pond 
730 m S of overburden pile 88 a. 

FWS9 Waterborne sediment from pond 
550 in SW of TP 3 0.2U a 

Analysis for 2 3 2 T h was not performed. 
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average background figure for the arec (0.90 pCi/g, see Table I). All 
but one of the surface soil samples ex eeded the background concentra­
tion by a factor of 2 or more, whe^e; s the lowest concentration in a 
dry-wash sediment sample (FDW2) was 1.1 pCi/g. The 2 2 6 R a concentration 
in waterborne sediment ranged from 2.6 to 88 pCi/g. 

4.4 Radiochemical Analysis of Water Samples 

Water samples were obtained at the locations shown in Figs 5 and 
6. These samples were analyzed using the technique described in Appen­
dix III. The results are presented in Table 4, vhich a)sn contains 
descriptions of sample sources. Fifteen of the samples exceed the En­
vironmental Protection Agency (EPA) interim standard for drinking water 
(5.0 pCi/liter for 2 £ 3 R a + 2l'"Ra).s It is not clear whether water fro.n 
any of these sources is likely to be used for human consumption. Sev­
eral of the samples such as FW9 and FW10 have 2 1 0 P b and 2 3 0 T h concen­
trations exceeding the concentration guide (CG ) values for water in 
unrestricted areas. 1 0 Chemical analyses of water samples reported by 
FB&OU1 indicate that most of the surface water bodiec ** this site do 
not meet EPA interim standards for chemical impurities in tirinkinq 
water.9 

4.5 Distribution of "i2f'Ra in Subsurface Soil and Tailings 

Core holes were drilled at the locations shown in Figs. 7 and 8. 
Measurements of gamma-rays in these holes as a function of depth were 
made by FB&DU personnel using the apparatus described in Appendix II. 
Since the subsurface gamma-rays are primari y due to 226tia and several 
of it* daughters, it is normally possible to calibrate this gamma-ray 
monitoring instrument and, thus, to compare the gamma-ray data with 
2 2 6 R a concentrations at specific depths by the use of ORNL analytical 
data. The calculation of 2 2 6 R a concentrations in soil as a function of 
depth was accomplished and the data were plotted by use of a 9815A 
Hewlett-Packard desk calculator and the 9871A Hewlett-Packard printer. 
Concentrations of 2 2 6 R a were not obtained at this site from soil samples 
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Tcbie 4. Radiochemical analysis of water samples 

Sample 
Sample location and description 

Nuc'ide concentration 
(pCi/liter) 

designation Sample location and description 2 2 6 R a 210p b 2 3 0 T h 

FW1 Pool in Tordillo Creek 1.2 km west 
of overburden Tailings Pile (TP) 

FW2 ' ond S of overburden pile 

FW3 Water from recovery pump inside 
of dike 11 of TP 7 

FW4 Water from end of road tile 
46 m W of TP 3 

FW5 Pool in dry wash 275 m NW of 
TP 3 

FW6 Large pond SE of TP 3 

FW7 Pond 140 m NE of T D 3 

PW8 Pond 730 m S of overburden pile 

FW9 Pond on top of TP 7 

FW10 Pond on top of TP 2 

FW11 Pond on top of IP 4 

FW12 Pond SW of TP 4 

FW13 Water from cattle trough (fed 
by well) 0.8 km SW of TP I 

FW14 Pond 550 m SW of TP 3 

FW15 Wei 1, ̂ 140 m south of mill 
site 

FW16 Well 2. ^100 m from west corner 
of TP 2 

rwx7 Well 3, NW corner of TP 2 

FW18 Well 4, near SW corner of TP 5 

0.06 a 54 
1.1 a 35 

2.0 a 200 

20 61 310 

25 a 29 
1.5 a 50 
4.2 9 70 
60 54 71 
170 33 ,000 32 ,000 
88 2 ,200 2 ,800 
0 03 7 110 
1.6 46 280 

0.02 a 31 
4.5 a 33 

11 42 52 

18 14 99 

9 a 42 

19 a 6. 
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Table 4. (Continued) 

Nuclide concentration 
Sample (pCi/liter) 

designation Sample location and description 226D 2ioph 230TK 

FW19 Well 5, 70 m from SE corner 
of TP 5 15 14 30 

FW20 Well 6, 30 m from SE corner of 
TP 2 

FW21 Well 8, 50 m SW corner of TP 1 

FW22 Well 9, ^50 m F side of TP 6 

FW23 Well 10, 60 m N tip of TP 4 

FW24 Well 12, S edge of TP 6 

FW25 Well 15, N edge of TP 3 

FW26 Well 16, NE edge of TP 7 

FW27 Well 18, M 3 0 m N of TP 7 

FW28 Well 19, NW corner of TP 7 

FW29 Well 20, ̂ 100 m W of TP 7 

Concentration guide for water b.0L 100c' 2,000' 

cBelow limit of detection. 

^EPA interim standard for drinking water.9 

Concentration guide for water in 10 CFR 20, Appendix B. 1 0 

18 84 410 
10 a 32 
32 230 9.9 
16 56 450 
11 51 79 
0.02 120 140 
0.88 5 14 
0.02 a 49 
3.8 a 24 
3.3 10 18 
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ORNL-Photo 0478-80 

Fig. 7. Locations of holes d r i l l e d near the Fal ls City m i l l 
bui ldings. Original photo by LG&6, Inc. 
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ORNL-Photo 0068-80A 

Fig. 8. Location of hole dr i l led adjacent to pi le 3 at the 
Falls Ci'-y s i te. Original photo by LG&G, Inc. 
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taken from holes. Consequently, there is no empirical confirmation of 
the accuracy of the calculations of 2 2 6 R a concentration. 

None of the holes at this site were drilled in tailings piles 
(Figs. 7 and 8). The calculated 2 2 6 R a distribution data (Figs. 9-15) 
show relatively low 2 2 6 R a concentrations. Only three holes (1, 5, and 
31) have 2 2 6 R a concentrations above 109 pCi/g; and in all of these, the 
highest concentration was at the surface. Holes 1 and 5 were located 
near the former mill building, and the contamination in this area was 
probably due to ore stored on the ground. Hole 31, where the monitoring 
probe did not reach the point of diminishing gamma-ray activity, was 
located between tailings piles 4 and 5. Holes 28 and 30 which also show 
2 2 6 R a concentrations close to 100 pCi/g, are located in th*j same area as 
hole 31. 

The hole monitori.ig data at this site, in general, simply serve to 
supplement the surface soil analyses and tne above-ground gamma-ray ex­
posure rate measurements in defining the spread of tailings and/or ore 
particles in and around the site. 

5. SUMMARY 

The Falls City inactive uranium-mill site is located in a ranching 
area approximately 16 km (10 miles) southwest of Falls City. There are 
seven tailings piles at this site, six of them clustered near the former 
mill site, and the seventh is located 1500 m east of the mill buildings. 
Also there is a large pile of overburden from an open-pit mine located 
south of Tailings Pile No. 4. Stabilization of the tailings piles was 
still under way in 1977. The tailings here are estimated to contain 
1020 Ci of 2 2 6 R a . 

Measurements of external gamma-ray exposure rate 1 m above the 
various tailings piles, the overburden pile, and the former mill site 
and ore storage area, showed a wide variation in average exposure rates 
from 14 uR/hr over the southwest end of tailings pile 7 to 207 uR/hr 
over the northeast end of the same pile. In between the ends of pile 7 
is a large pond. The exposure rate over the former mill site and ore 
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storage area varied fro* 15 to 170 pR/hr with an average value of 61 
pR/hr. The distance from the tailings required to reach near-backgrounc 
exposure rates, where it could be determined from the available data, 
varied from approximately 270 m north from the northeast corner of pile 
7 to 550 m west from the west corner of pi la 3. 

The analysis of surface soil and sediment samples confirmed the 
indications of tailings spread given by the above-ground gamma measure­
ments. The movement of contaminated particles through water erosion is 
shown by analysis of dry-wash sediment samples to be occurring in vari­
ous directions from the tailings piles. 

Water analyses show that the 2 2 6 R a concentration in 15 of the 29 
samples analyzed exceeds the EPA interim standard for drinking water; 
and, in several of the samples, concentration guides for 2 l 0 P b and 2 3 0 T h 
are also exceeded. Chemical analyses of the same surface water samples 
show that they are, in general, unacceptable for drinking water from the 
chemical contamination standpoint. 

Calculated subsurface distributions of 2 2 6 R a for 27 holes drilled 
at this cite are presented graphical!". Since none of these holes were 
drilled in tailings piles, maximum calculated 2 2 6 R a concentrations were 
above 100 pCi/g in only a few of the holes. The data serve primarily to 
supplement other indications of spread of contamination around the site. 
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APPENDIX I 

PHASE I 

REPORT ON CONDITIONS OF URANIUM MILLSITE AND TAILINGS 
AT FALLS CITY, TEXAS 

Site visited May 15, 1974 by: 
Robert F. Barney, Lucius Pitkin, Inc., 
(Contractor to USAEC) 
George A. Boysen, Environmental Protection 
Agency, Office of Radiation Programs, Las 
Vegas, Nevada, 
Lewis M. Cook, Texas State Department of 
Health, Austin, Taxas, 
Larry Bailev, Texas Water Quality Board, 
San Antonio, Texas. 

This phase I site investigation was conducted under a coop­
erative agreement among the Atomic Energy Commission, the 
Environmental Protection Agency, and the State of Teyas. 
The report, prepared by Lucius Pitkin, Inc., under AEC Con­
tract No. AT(05-1)912, is reproduced directly from the best 
available copy with color photographs attached to the origi­
nal report changed to black and white. 
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REPORT OH CONDITIONS OF URANIUM MTLLSITE AND TAILINGS 
AT FALLS CITY, TEXAS 

Introduction 

Pertinent information has been accumulated from available records of the 
AEC, EPA, the States .-*nd companies involved. An on-site visit was made 
to note current conditions, including the millsite and the tailings 
disposal area, proximity to populated and Industrialized areas, present 
ownership, and whether a need for corrective action exists. It is 
intended that chis report will serve as a basis for determining the 
necessity of 3 detailed engineering assessment (Phase II). 

This report on the site .it Falls City, Texas, was prepared jointly by 
the AEC, EPA, and the Texas State Department of Health. 

Summary and Conclusions 

Susquehanna Western, Inc. (SWl), built and operated the mill from April 
I961 until August 1973- The uill started as a 300 ton per day operation, 
but wan increased in 1963 to about a 900-1,000 ton pei day operation. 
Records indicate th*t 2,500,000 tons were treated during the period 
averaging 0.16 percent U3O0. The U,0g concentrate was sold to the AEC 
(751* tons) and the commercial marked. 

The millsite and tailings are located in a relatively remote nrea, which 
is essentially a ranching siid farming community. The tailings were 
impounded in six separate piles and some solutions were impounded in an 
old open pit mine. Four piles have been covered with overburden 
stripped from a nearby mine, one pile is about one-half covered, and the 
last has no cover. Covered piles have been seeded f.nd some vegetation 
is evident. Uncovered tailings were damp and fairly well compacted with 
no evidence of wind or water erosion. The piles are well fenced with no 
indication of cattle grazing vithin the fenced areas. In addition, the 
site is also subject to per:odic inspections by the Division of 
Occupational Health and Radiation Control, Texns State Department of 
Health, which has directed that the piles be covered with two feet of 
earth. 

In May 197^ SWI had a four man crew working on the piles. The cover 
material, overburden from a nearby open pit mine, is Loaded and hauled 
by a contractor. 

A gamma survey was conducted in communities around the Texas uranium mills, 
including areas around Falls City and Karnes City, but no definite identi­
fication of the use of tailings could be made. 
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As a result of the site visit *nd review of the a/aiiable information, 
it is concluded that the public health and economic impact of the following 
action should b? investigated in a further study of the Fa 1Is City site: 

I. Examination of the aiillsite and its vicinity to determine 
the extent of radioactive contamination and arrive at 
recomnendations for decontamination. 

It is further suggested that Susquehanna Western continue its present 
stabilization program where necessary, and that site control be continued 
through routine maintenance of fences, prop^ posting and periodic 
surveillance. 

Location 

. :e Susquehanna Western property is located in Karnes Coun>yf;Xeitas, 
ten railos southwest of Falls City, a community of approximately U50 
people and about 2,000 people reside within a 10 mile radius of the s i t e . 
The mil ls i te is located a t 28°5 l» ,32" North la t i tude *nd o^'Oo^Og" West 
longitude. The mil ls i te i s on the west gulf coa'.tel p'.sin which in the 
Karnes County area i s roll ing to moderately h i l l y . 

Ownership 

The mill and adjoining property is owned or leased by Susquehanna Western, 
Inc., and was operated from their San Antonio office. Figure 1. 

History of Operations 

The mill was started up in April of 1961 as a nominal 300 tons per day acid 
leach mill. The capacity was increased in 1968 to over 900 tons per day 
although it has ' reported to handle 1,000 tons per day for short 
periods. The r J. closed down in August 1973 after treating 2,500,000 
tons of ore averaging 0.l6 percent U^Og. Recovery averaged over 95 
percent. 

Process Description 

The process was an acid leach, countercurrent decantation and solvent 
extraction system. The ores contained bentonitic clay and were wet when 
received at the mill. Because the ore was sticky it was fed to a rotary 
kiln and dried at 600 to 800°F to aid in handling and in settling in the 
thickeners. 

At times molybdenum was present in quantities exceeding concentrate 
specifications so it was removed by special treatment in the stripping 
section of solvent extraction. 
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Present Millsite 

The raiLlsite and tailings disposal areas are shown in Tigure 1. 
Susquehanna-Western refers to the tailings as "ponds", but in this text 
they will be called "piles". 

The mill is nearly intact except for two or tru-ee wooden agitator tanks 
that have been dismantled, and the conveyor to the mill building has also 
been removed. It was indicated that some of the equipment from the Falls 
City mill may be sent to the mill in Edgemont, South Dakota. (Photograph 
1). 
Tailings and solutions were impounded in seven different areas. Local 
clays were used to line the base of the piles, and ij.1 are surrounded by 
dikes made from earth moved from the Immediate vicinity. The dikes arr in 
good condition, except in one place. 

Number 1 pile has been covered with two feet of material removed as 
over-burden from a nearby open pit mine. It has been seeded and some 
vegetation is evident, particularly on the dikes. (Photograph 2). 

At the time of the site visit in May 1971*, 50 percent of pile number 2 
had been covered and seeded, and some growth noticed. Company personnel 
expect to complete the covering and seeding by the end of August if the 
weethor permits. (Photograph 3). 

Number 3 pile is on leased land. The tailings were placed in an open 
pit mine and covered with two feet of material removed as overburden from 
the mine and planted with bormuda grass. (Photograph U). The covering 
was completed in March 1S71*, and there is little growth showing as yet 
except on the outside of the dikes. This area is separated from the other 
piles, and it is well fenced to keep "ut cattle. Seepage into a ditch 
along the east toe of the pile is periodically pumped back on the pile. 
The nearest residence is about one-half mile to the south. 

At the time of the site visit, number k pile was being covered, and the 
expected completion date was early July V-ftk. This pile is also on 
leased land. (Photograph 5). 

Pile number 5 has been covered with material removed as overburden from 
one of the Butler mines. Coverage is nbout 97 percent completed. 
(Photograph 6). This is also on leased land. 

The designated pond number 6 on Figure 1 is an evaporation pond occupying 
a narrow, 35 foot deep open pit mine. (Photograph 7). There are no 
plans to do anything here if the pond dries up. This is also on leased 
land. 
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The number 7 tailings pile has had no work done on it because it vas the 
last one formed. (Photograph 8). So plans for stabilization have been 
nade. Gamma readings on the uncovered pile were relatively lew, probably 
a result of the low grade ore being treated whf*n the pile was forming. 
Uncovered tailings appear to be coarse and sandy, probably the result 
of the relatively coarse grind of minus 20 mesh. They appeared to be 
damp ind fairly veil compacted, probably a result of the cley content. 
Ore piles at the stockpile area were all removed »«d fed to process. 
Susquehanna Western has a four nan crew working on the piles, and the 
foreman maintains close surveillance over the property. The cover material 
removal from a nearby open pit mice and the hauling is done by a 
contractor. 
Environmental Considerations 
The visiting team took gamma readings at ground level with the following 
results: 

1. Ore storage area 300 uR/hr 
2. Office building 50 uR/hr 
3. Covered tailings 30 to 100 uB/hr 
h. Uncovered tailings \50 to 750 uR/hr 
The scintillometer used was a Baird Atomic Model No. KE 1^8A-

An ore probe used by company personnel in areas of uncovered tailings 
indicated mineral content of trace to 0.02 percent UoOg. 
The Texas State Department of Health has collected several water samples 
from the area around the mill during the past several years. Both surface 
and well samples showed slightly elevated levels of radioactivity, but 
this is probably dut to leaching activity from the uranium deposits In 
the area rather than migration of radionuclides from the tailings piles. 
Tailings arc estimated to contain V*8 pCi Ra-226 per gram for a total 
estimated Ra-226 content of 1,020 curies. 
The mobile gamma scanning surveys made by EPA of twenty-six communities 
in the general vicinity of uranium producing operations indicated six 
locations where tailings may be present outside the buildings, but no 
case in which tailings were used in construction. 
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Meteorology 
The weather is v?ry huald with heavy rains in the spring ind fall -onths. 
Freeze period starts in late December and ends in late January. The 
average annual temperature is 68.^*F *»nd the precipitation is iboul i~) 
inches per yeqr. The average relative hunidity is 67 percent. Average 
wind speed is 10.6 miles per hour g-ner^lly from the southwest. 

Hydrology 

Drainage in the area of the aiiLi and tailings pile is principally 
soutnwestward via Tordillo Creek which is tributary to the Atascosa 
River and northeastward via Scared Dog Creek, a tributary of the 
San Antonio River. 

The surface streams in Karnes County are ephemeral with the exception 
of the San Antonio River and Cibolo Creek. Soil textures reflect generally 
low permeability and therefore little infiltration to the ground water 
reservoir. The depth to ground water varies from several feet below land 
surface in the valleys to as much as LOO feet in areas of interstream 
divides. Nearby local wells in the vicinity of the tailings indicate 
that the static water level is approximately 50-100 feet below the 
tailings area. 

The limited available hydrologic information indicates that the mill 
tailings are probably a lesser source of radioactivity when compared 
to the natural levels already present in much of the ground water which 
runs to several thousand pCl per liter in some private wells. 

Site Visit 

The site was visited on Kay 15, 197**, l*y the following personnel (team) 
in the company of Robert Keating, Susquehanna Western, Inc., Vice 
President, Finance, Los Angeles, California, and Alvin Wiatrek, Ex-Mill 
Manager and Tailings Pond Foreman: 

Robert F. Barney, Lucius Pitkin, Inc., (Contractor to USAEC), 
Grand Junction, Colorado, 
George A. Boysen, Environmental Protection Agency, Office of 
Radiation Programs, Las Vegas, Nevada, 
Lewis M. Cook, Texas State Department of Health, Austin, Texas, 
Larry Bailey, Texas Water Quality Board, San Antonio, Texas. 
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l. The Susouehann* Western mill. 

?. TaiUn.-r; pi ie No. I, covered and seeded. Ruin water in 
bark*round. 

L 
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3. TaiHn--s pil«? No. 2, partially covered »nd seeded. Crovtr 
is starting. 

k. Tailings pile No. 3» all covered and seeded. Little 
rrowth. Seep pond in foreground is periodically pumped 
ever pile. 
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Soil Sampling and Measurement of Radionuclide 
Concentration as a Function of Depth in Soil 

A wonitoring and sampling procedure was established for this pro­
ject in conjunction with FB&DU to measure the radionuclide concentration 
in soil as a function of depth. At each site, a set of 15-cm (6-in.) 
diameter holes was drilled tirough the tailings and into the subsoil. A 
polyvinyl chloride (PVC) pipe (7.6 cm o.d.), sealed or. one end, was 
lowered into each hole, and measurements were made of gamma-ray intensi­
ties as a function of depth. A 15-cm-long Geiger-Mueller tube shielded 
with a lead cover containing collimating slits was used for this purpose 
by lowering it inside the PVC pipe for measurements. Signals from this 
de + -tor were counted using a portable scaler.1 

After gamma-ray vs depth profiles were determined, the position of 
the interface between tailings and subsoil was estimated. Once com­
pleted, the drilling rig was moved approximately 1.2 m (4 ft), and 
another hole was drilled to the interface level. Samples of soil core 
were then collected as a function of depth using a split-spoor, sampler 
(each core section was 0.6 m long). 

Most of the penetrating gamma radiation monitored is attributable 
to 2 2 6 R a and its daughters. Therefore, a calibration factor for 2 2 6 R a 
concentration was determined for the coll.mated gamma-ray probe by com­
paring the response of this unit (counts per unit time) with a measured 
value for the radium concentration (picocuries per gram) in several soil 
samples determined by a gamma-ray spectrometry technique. A 'east-
squares fit of FB&DU data (first probe) from this comparison yields the 
equation 

R = 0.528(C - 16). 

For this case, R is the 2 2 6 R a activity in picocuries per gram anc C is 
the observed response of the collimated gamma-ray detector in counts per 
minute; there were 16 background counts per minute for the gamma-ray 
dflector. 
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The equatio. was useful in estimating the overall distribution of 
radioactivity in the tailings as well as the total quantity of radium in 
the tailings area. Surface soil samples were obtained normally by re­
moval of an approximately 3-cm-deep layer of soil from an area_of about 
25 x 25 cm. The same procedure was used to obtain samples 15 cm (6 in.) 
below the surface except that the top 15-cm layer of soil was discarded 
and the sample was removed from the next 3-cm layer. 

Each sample was dried for 24 hr at 110°C in order to remove mois­
ture. The samples were then pulverized in a high speed rotary crusher 
having pletes adjusted to provide particles no larger than 500 pm. The 
soi* was dispensed ir.to 25-ml polyethylene vials of the type used for 
liquid scintillation counting and sealed tightly. A soil sample nor­
mally consists of 12 of these vials. The net weight of the group of 
vials was measured to the nearest tenth of a gram. 

The sealed sample vials were stored for a period sufficient to 
allow attainment of equilibrium between 2 2 6 R a and its short-lived daugh­
ters. Radon-222, which has a radioactive h=ilf-life of 3.8 days, will 
reach the same activity as its long-lived parent, 2 2 6 R a , in about 30 
days. The short-lived progeny of 2 2 2 R n will have reached equilibrium 
withi'i the same time. Determination of the act'vity of any of the 
daughters in the sample will reflect 2 2 6 R a activity. After equilibra­
tion of rado.i daughters, the 12 sample vials (or smaller number) were 
inserted into a sample carousel or holder (Fig. II-l) that was placed on 
a ne(Li) detector for counting as described in the section on gamma-ray 
spectrometry below. 

Field Laboratory Facilities and Equipment 

A 20-ft mobile laboratory van was used as a field office and for 
transporting instruments. This van contained an alpha spectrometry 
counting system for air samples along with air sampling equipment; a 
Johnstc • Laboratory radon monitor complete with Lucas-type flasks and an 
evacuation manifold; gamma-ray detectors; miscellaneous electronic test­
ing equipment; and starjard calibration sources. A trailer-mounted, 
gasoline-powered 12 kW motor generator, pulled by the van, was used to 
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ORNL-Photo 2171-75 

Fig. II-l. Horizontal mounted Ge(Li) detector system used for 
counting soil samples (carousel-type sample holder is shown in its 
counting position). 
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supply electrical power in remote locations. A voltage stabilizer was 
used to provide regulated power for instruments. 

A second field laboratory ussd in the project was an 8 x 35 ft air-
conditioned semitrailer with running water, tools, and miscellaneous 
supplies. It served as an instrument calibration facility, office, and 
workshop. This trailer required electrical power from an external 
source. During most of this project, the trailer was parked in Grand 
Junction and was used as a temporary field office. 

Gamma-Ray Spectrometry Systems 

A Harshaw integral 3 x 3 in. Nal (Tl) crystal, a high sensitivity 
detector, was used to scan all samples for a preliminary estimate of 
2 2 6 R a activity. This detector was used in a "pickle barrel" type 
shield, lined with copper and cadmium to shield x-rays. Signals from 
the crystal were sorted by a computer-based (PDP-11) pulse-height ana­
lyzer. The computer was programmed to control all functions of the 
analyzer and counter, to analyze the data, and to print out a statis­
tically weighted average of the 2 2 6 R a activity per unit mass. Cne ad­
vantage of this counting arrangement is that it permits quick sorting; 
samples can be scanned at the rate of about six per hour (minimum count­
ing period is 5 min).* An energy calibration of the Nal crystal and 
analyzer was obtained by standardizing with 5 7Co, , 3 7 C s , and 6 0Co. An 
efficiency calibration was obtained through daily counting of a uranium 
standard (0.05% uranium mixed with dunite, particle size = 500 u,n). 
Radium-226 is in equilibrium with the uranium, and this isotope and its 
daughters provide a source of gamma-ray lines for calibration. 

*The principal reason for using this scanning system was to esti­
mate how much time would be required to count the samples with one of 
three high resolutions Ge(Li) gamma-ray spectrometers. + Standard uranium sample obtained from the former Atomic Energy 
Commission New Bruiswick Laboratory. 
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hinal data on the concentration of radionuclides in soil samples 
were determined by counting all samples with one of three high resolu­
tion Ge(Li) spectrometers. These high resolution counting systems con­
sist of one horizontally mounted 5Q-c»3 Ge(ti) crystal positioned on a 
platform for movement into and out of a lead shield (Fig. II-l), and two 
vertically mounted detectors (Fig. 11-2). The detector systems were 
used to obtain complete photon spectra of the soil samples. Signals 
from the horizontal Ge(Li) crystal were routed to a 4096-channel pulse 
height analyzer and signals from the other two Ge(Li) crystals were 
routed to two 2688 channel regions of a computer based pulse height 
analysis system. Samples were counted for periods long enough to eval­
uate the 2 2 6 R a concentration to a statistical accuracy of ±5% or better. 
Spectra from the horizontally mounted Ge(Li) detector were recorded on 
magnetic tape and stored for later analysis using the ORML IBM computer 
system.* 

The computers were programmed to sort oi>t peaks from 2 3 2 T h daugh­
ters including the 909 and 967 keV peaks from 2 2 8 A c , the 239 keV from 
2 1 2 P b , and the 2614 and 583 keV peaks from 2 0 8 T 1 . Thes<fdata permitted 
measurements of the 2 3 2 T h concentration and data are reported for many 
of the samples. 

Energy calibration of the Ge(Li) detectors was controlled through 
the use of isotopic sources of s7Co, 2 2Na, , 3 7 C s , 6 0Co, 8 8 Y , and 4 0K. 
A calibration check was completed each day prior to beginning sample 
counting. In order to maintain linearity of the ADC's, a spectrum 
stabilizer was utilized. This instrument can be adjusted so that two 
individual photon energies are detected and maintained in two channels 
at separate ends of the scale. These two calibration points helped 
maintain an energy span of 1 keV per channel. Efficiency calibration 
was obtained through the use of the same uranium ore standard samples as 
for the Nal crystal. An analysis of the counting data was accomplished 

*Spectra from the two vertically mounted Ge(Li) detectors were 
stored on magnetic tape for record purposes, but were analyzed immedi­
ately using a Tennecomp Model TP-5/11 computer-based analyzer. 
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Fig. II-2. Computer based channel analyzer and Ge(L1) counting system. 
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through a linear least-squares fitting routine. Net adjusted areas 
under photo peaks of interest were coapared with an extensive radio­
nuclide library.2 Data fro* the computer were presented for each radio­
nuclide as a weighted mean with standard deviation. 

External Gaaaa-Ray Detector 

A gaaaa radiation survey was Made on and around the Mill site and 
tailings pile. The instruaent used for these aeasureaents was a "Phil" 
gaaaa-ray dosiaeter.3 The basic unit was a 15-ca- (6-in.) long 30-mg/ 
c« 2 glass-walled organic-filled Geiger-Hueller (G-M) tube with an energy 
coapensation shield aade of tin and lead. Pulses froa this unit were 
counted with a battery-powered portable scaler. Typically, G-M counters 
are not used for dosiaeters because of a peaked response at low photon 
energies. However, perforated layers of tin (1,0 ma), and leed 
(0.1 aa), were used as an energy coapensation filter to flatten this 
peaked response at photon energies below about 200 keV. Sealed sources 
of l 3 7 C s and 2 2 6 R a were used for calibration. It was found that the 
response of this detector was: 1 mR/hr = 3400 counts/roin. 

For each gamma-ray-exposure rate measurement, at least three 1-min 
counts were recorded. The mean of these readings (less instrument back­
ground) was used to determine the exposure rate to external gamma rays. 

Radon Daughter Sampler* 

Radon daughter concentrations were measured with a sampling and 
counting instrument which has been in use at 0RNL for several years,4 

and it was also used to make some comparative measurements in the reme­
dial action program in Grand Junction.5 The filter counter for this sam­
pling device, shown in Fig. 11-3, utilized a modified gas flow alpha 

*This section and the following section contain descriptions of de­
vices and methodologies typically used in the radiological surveys of 
milling facilities. They are included in each report in this series. 
However, in some instances, the measurements were not possible. 
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counter for housing a 450-mm2 silicon diode. Normally, this type detec­
tor is operated in a vacuum chamber. However, in this case, it was 
found that by flowing helium at atmospheric pressure through the assem­
bly, absorption of alpha particles is small relative to absorption in 
air. Alpha particle pulses were recorded with a 100-channel analyzer. 
A small 2 2 8 T h alpha source standard was used for standardizing the 
energy scale. Air that was monitored for radon daughters was sampled at 
a rate of 12 to 14 liters/min. An absolute calibration of the airflow 
was provided through a comparison of the sampler's mass flow meter and a 
wet test meter. Samples were normally collected for 10 min, and the 
first count of the filter was started at 2 min after removal of the 
sample and continued for 10 min. For this case, a determination was 
made of the number of counts due to the decay of 2 1 8 P o (RaA) and 2 " P o 
(RaC). A second count was started 15 min after removal of the sample 
and continued for 15 min. In this case, counts were recorded from the 
decay of 2 M P o . Data from the counter were stored in a pulse height 
analyzer and reduced by computer. The code for this analysis is ex­
plained in detail elsewhere.6 Results of the analysis of data using 
this code were presented as concentrations of RaA, RaB, and RaC. In 
addition, a value for the working level concentration was also provided 
along with an estimate of the error associated with each reported value. 

Radon Monitor 

The instrument used by ORNL to measure radon concentrations in air 
consisted of 95-ml Lucas chambers and a readout unit.* Each chamber *as 
evacuated to approximately 1 Rim Hg and then opened to atmospheric pre* 
sure in the area where a radon measurement was required. No filtration 
was used for sampled air. The short-lived daughters of radon drawn into 
the chamber were allowed to decay for 3 to 4 hr prior to counting the 
flask. Comparison of the results from this instrument and the radon 

*LLRC-2 Low Level Radon Counting System manufactured by Johnston 
Laboratories, Inc., Baltimore, Md. 
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progeny •onitor provided an estimate of the degree of equilibrium be­
tween radon and its daughters in the selerted locations where air sam­
ples were taken. 
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APPENDIX III 

Water Sampling and Analysis 

Water samples are obtained at appropriate points on and around 
the mill site, labeled and stored for later analysis. Each 
sample is centrifuged and filtered through a 0.45-um filter to 
remove suspended solids. The samples are then analyzed by 
radiochemical techniques as described in this appendix. 
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Procedure for the Sequential Determination of 2 2 6 R a , 2 3°Th, 
and z l 0 P b in Water from Uranium Mill Tailings Sites 

P. M. Lantz 
Health and Safety Research Division 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 

1.0 Radium-226 
1.1 Filter the VI.0 liter water sample using a vacuum flask and 

#42 Whatman filter paper to remove suspended particles. 
1.2 Reduce the volume of the water sample, to which 10 ml of 

concentrated HN0 3 has been added, to less than 250 ml by 
evaporation. 

1.3 Transfer toe solution t*» a 250-ml, long-neck, tapered-joint, 
flat-bottom Pyrex boiling flask. Insert a Teflon-coated 
magnetic stirring bar. Add 37 ml of concentrated HN0 3 to 
make the final concentration 3 M. Insert the modified, 
female, tapered joint with gas diffuser and side a m with 
stopcock. Seal off the gas inlet and close the stopcock to 
assure containment of 2 2 2 R n in the flask. Store for at 
least 30 days to await attainment of 2 2 6 R a - 2 2 2 R n equilib­
rium. 

1.4 Next, connect the 250-ml de-emanation flask to a helium 
source and the radon trapping system. Attach an evacuated 
Lucas chamber. Flush the system with helium gas while by­
passing the flask. Stop the gas flow. Immerse the unfired 
Vycor radon concentrator in a liquid nitrogen bath. Be sure 
the upstream exit for helium gas is open. Start the mag­
netic stirrer. Open the flask side arm stopcock to the 
system and start helium gas flowing through the liquid at a 
rate not to exceed 2.8 liters/hr. The radon-helium stream 
is dried and stripped of organic condensable components by 
KOH and ascarite traps. Radon is condensed on the Vycor at 
liquid nitrogen temperature and thus separated from the 
helium gas carrier. 
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1.5 Stop the de-emanation process after ~0 min. Having shut off 
the gas flow, close the helium exit. Isolate the ratfon trap 
and the evacuated Lucas chamber from the remainder of the 
system via stopcocks. 

1.6 Open the LucaSr chamber stopcock and remove the liquid nitro­
gen from the radon trap to allow the gaseous radon to dif­
fuse into the chamber. To hasten the diffusion, the trap 
may be gently flamed. 

1.7 Bypassing the flask, use a controlled stream of helium to 
flush residual radon into the Lucas chamber until near at­
mospheric pressure has been reached. Stop the gas flow and 
close the stopcock on the Lucas chamber. 

1.8 After a delay of 3.0 to 3.5 hr to permit the 2 2 2 R n to rea<-»-
equilibrium with its daughters, place the Lucas chamber over 
a phoiomultiplier tube and count the gross alpha for 30 min. 

1.9 Subtract the Lucas chamber background, counted under the 
same conditions, from the gross count. Divide the net count 
by three to obtain the 2 2 2 R n count at that time. Correct 
the count for time elapsed since de-emanation was terminated 
and the efficiency of the Lucas chamber for converting alpha 
discharges to scintillations (-v85%). Report the 2 2 6 R a in 
equilibrium with 2 2 2 R n as picocuries per liter. 

Thorium-230 
2.1 Transfer one-ha f of the water sample remaining from the 

radon de-emanation process (3 M HN0 3) to a Pyrex beaker for 
volume reduction on a magnetic stirrer hot plate. 

2.2 Add 0.7 g A1(N0 3) 3 - 9H 20, 2.0 ml (20 mg) Pb carrier, 1.0 ml 
(20.9 mg) Bi carrier and 5,000 to 10,000 cpm of 2 3 4 T h tracer 
to the water sample before reducing the volume to approxi­
mately 20 ml. 

2.3 Should the sample solution contain undissolved salts, sepa­
rate liquid and solids by use of centrifuge. Dissolve the 
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solids by heating with a minimum volume of distilled water 
or dilute HN0 3. Combine the dissolved solid with the origi­
nal supernate. Should silicic acid form in the solution 
during volume reduction, as evidenced by its deposition on 
the beaker walls, cool the solution to room temperature and 
centrifuge. Add an equal volume of concentrated HN0 3 to the 
supernate. Wash the solics with a small volume (5.0 ml) of 
8 .V HN0 3 and centrifuge. Combine the wash with the adjusted 
supernate. Discard the solids. Keep the solution cool in 
an ice bath during precipitation of hydroxides with an ex­
cess of ammonium hydroxide to minimize the formation of 
silicic acid from dissolved silicates. Let stand 5 to 10 
min. Centrifuge, pour off the supernatant liquid, and wash 
the precipitate with dilute ammonium hydroxide. Discard the 
supernatant ana wash liquids. Dissolve the solids in 10-20 
ml of 8 M HN0 3. Should the solution contain suspended sili­
cic acid, centrifuge, wash the solids with 5 ml of 8 tf HN0 3 

and combine the supernatant liquids. Discard the solids. 
4 Transfer the 8 M HN0:> solution to a conditioned Dowex 4 x 1 

anion exchange column 5 mm i.d. x 10 cm long (̂ 2.0 ml vol.). 
The column is conditioned by passing through it at least 
5 column volumes (10 ml) of 8.'.' HN0 3. The anion-complexed 
thorium adsorbs on the resin column to the exclusion of the 
cations. Wash the column with 10 ml of 8 .'•' HN0:, to fi,nove 
residua: bismuth. Combine the effluent and wash solutions, 
and save them for lead and bismuth recovery. 

5 Strip the thorium from the column with 5.0 ml of distilled 
water followed by 10 ml of 6 !•'. :C1. 

6 Convert the chloride to the nitrate by adding an excess of 
HNO3 and reducing the solution to near dryness on a hot 
plate. Dissolve the solids in 5.0 ml of 0.1 M HN0 3. 

7 Transfer the 0.1 M HN0 3 solution to a conditioned Oowex 50 x 
1 mm cation exchange 2.5 mm i.d. x 7 cm long ("vO.4 ml vol.). 
The column is conditioned by passing 5.0 ml 8 M HN0 3 through 
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it and then washing it free of excess acid with distilled 
water as indicated by litmus paper. 

2.8 Wash the column with 5.0 ml of 2 M HCl to remove traces of 
bismuth and other weakly bound cations. 

2.9 Strip the thorium with 5.0 ml of 8 M HN0 3 and reduce the 
volume of the solution to a few drops by evaporation. 

2.10 Transfer the solution with a suitable pipette onl3 a 2-in. 
stainless-steel dice supported on a hot plate by a steel 
washer 0.75 in. i.d. x 1.5 in. o.d. Dry slowly to minimize 
the deposit area at the center of the disc. Fire the disc 
to red heat with a gas torch to remove carbonaceous mate­
rials. 

2.11 Determine the thorium yield bv .anting the 2 3 4 T h beta with 
an end window counter and compare it with a mounting of like 
count of the 2 3 < 57h tracer used in the analysis. 

2.12 Determine the 2 3 0 T h alpha disintegrations per minute (dpm) 
by pulse-height analysis using a diode pickup in a helium 
atmosphere. Compare the counis of 2 3 0 T h alpha in the sample 
with those in a 2 3 0 T h standard mounting whose dpm is known. 

2.13 To correct for the contribution of 2 3 0 T h which may be in the 
2 3 4 T h tracer, pulse analyze the 2 3 4 T h mounting. Subtract 
the contribution from the tracer after correcting for yield 
to obtain the net 2 3 0 T h content of the water sample. 

2.15 Calculations 

2 3 0Th(pC i/1 iter) = ^ ' 

where 
A = Water sample net alpha (cpm) 
B = 2 3 0 T h standard (dpm) 
C = 2 3 0 T h standard (cpm) 
D = Fraction of 2 3 4 T h tracer recovered 
E = Volume of sample (liter; 
F = 2.22 d/(m-pCi) [ 
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Lead-210 
3.1 Evaporate the Dowex 4 x 1 effluent and wash from Step 2.4 to 

^20 ml. Cool and slowly add ammonium hydroxide, while stir­
ring in an ice bath, until hydroxide precipitation barely 
starts. Add 1 to 2 drops of concentrated HN0 3 to each 10 ml 
of solution to give an acidity of 0.2 to 0.4 M. 

3.2 Slowly bubble H 2S throcgh the chilled solution to precipitate 
metal sulfides. Let the mixture stand 10 to 15 min and cen­
trifuge. Discard the supernate. Wash the sulfides with 5 to 
10 ml of H2S-saturated Q.ZM HN0 3 solution. Centrifuge and 
disce/d the wash. 

3.3 Dissolve the sulfide precipitate in a minimum of concentrated 
hN0 3 by heating in a hot water bath. Dilute with 5 to 10 ml 
of distilled water and filter out the suspended sulfur on #42 
Whatman filter paper. Wash out the centrifuge tube and filter 
with 5 to 10 ml of distilled water. 

3.4 Transfer the solution to a centrifuge tube and precipitate the 
hydroxides with an excess of ammonium hydroxide. Digest 10 
min in a hot water b3th. Cool, centrifuge, and wash the pre­
cipitate with 5 to 10 ml of dilute NH 40H. Discard the super­
natant and wash liquids. 

3.5 Dissolve the hydroxides in a min mum of concentrated HN0 3 and 
dilute to 10 ml. Add 0.5 ml of concentrated H 2S0 4 to precipi­
tate rbS0 4. Digest 15 min in a hot water bath, cool, centri­
fuge, and wash the PbS0 4 with distilled water. Save the 
supernatant and wasn liquids for bismuth recovery. 

3.6 Transfer the PbS0 4 slurry onto a tared #42 Whatman filter 
paper disc which is supported by the perforated fixed plate of 
a Hirsch funnel. Dry the PbS0 4 and paper with ethyl alcohol 
followed by ethyl ether. 

3.7 Weigh the filter paper and PbS0 4 to determine the yield of 
2 1 0 P b . Store the 2 1 0 P b S 0 4 sample for 30 days to allow the 
2iop b to reach equilibrium with its 2 1 0 B i daughter. The 2 J 0 B i 
beta is counted in a low-level gas-proportional counter with a 
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1-mil-thick polystyrene cover to shield out any stray alpha 
emissions. 

3.8 Add pellets of NaOH to the bismuth solution from Step 3.5 to 
precipitate bismuth hydroxide. Digest for 10 min in a hot 
water bath, cool, and centrifuge. Wash the precipitate with 
10 ml of distilled water. Discard supernatant and wash 
liquids. 

3.9 Dissolve the solids in a minimum of HN0 3. Add 3-4 drops of 
concentrated HC1 and dilute to M O ml with hot distilled water 
to precipitate BiOCl. Digest for M 5 min in a hot water bath 
or until the precipitate has settled. 

3.10 Pour the hot supernatant liquid through a tared #42 Whatman 
filter paper supported by a perforated, fixed-plate, Hirsch 
funnel. Slurry the BiOCl onto the filter paper disc with 
small portions of hot distilled water. By means of a stirring 
rod, guide the deposit to the center of the disc. Dry with 
ethyl alcohol and ethyl ether. 

3.11 Weigh the BiOCl and filter paper in order to determine yield. 
3.12 Count the 5.01 day 2 1 0 B i beta, which is in equilibrium with 

2 1°Pb, in a low-level, gas-proportional counter. The counting 
efficiency of the counter is determined by counting several 
similar mountings having known 2 1 0 B i disintegration rates, 
with varying weights of BiOCl from which a calibration curve 
is constructed. 

3.13 Refer to the calibration curve and convert rpm to dpm by means 
of an efficiency factor for the weight of sample in question. 

3.14 Calculation 

2 I 0 P b - 2 l 0Bi(pCi/liter) = ^ ' 

where 

A = Beta count minus background (cpm) 
B = Correction for decay from Pb separation time 

to counting time 
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C = Counter efficiency 
D = Fraction of Bi recovered 
E = Voiume of sample (liter) 
F = 2.22 d/(m*pCi) 

4.0 Reagents 
4.1 Aluminum nitrate. 
4.2 Lead carrier, 10 mg/ml. Dissolved 8.0 g Pb(N0 3) 2 in dilute 

HN0 3 and dilute to 500 ml with water. 
4.3 Bismuth carrier, 20.9 mg/ml. Dissolve 5.225 g bismuth metal 

in concentrated HN0 3 and dilute to 250 ml with water. 
4.4 Thorium tracer, 2 3 4 T h . Pretreat a 30% Adogen 364-Xylene solu­

tion by extracting it with an equal volume portion of 2 M HN0 3 

for 2 min. Dissolve 5.0 g of recently depleted 2 3 8 U (as U 30 6) 
in 2 M HNO3. Extract the thorium and uranium with an eqi">l 
volume of pretreated 30% Adogen 364-Xylene in a separator 
flask by hand shaking at. least 2 min. Separate phases and 
strip thorium from the solvent with 10 ml of 10M HC1. Con­
vert the chloride solution to 2 M HN0 3 solution for a repeat 
extraction with solvent to remove traces of uranium. The 
second 10 M HC1 strip is again converted to the nitrate for 
counting the 2:i4lh beta on a stafnless steel disc. The mount­
ing should be examined in a pulse-height alpha analyzer for 
the presence of 2 3 0 T h . Should the 2 3 0 T h level be significant, 
then another source of depleted 2 3 8 U should be sought, or 
alternatively extract the 2 3 4 T h from a batch of 2 3*U from 
which the thorium had been extracted 1 to 2 months previously. 

4.5 Ammonium hydroxide, concentrated. 
4.6 Nitric acid, concentrated. 
4.7 Hydrochloric acid, concentrated. 
4.8 Sodium hydroxide pellets. 
4.9 Sulfuric acid, concentrated. 
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4.10 Hydrogen sulfide gas. 
4.11 Oowex 4 x 1 and Dowex 50 x 1 exchange resins. 

5.0 Apparatus 
5.1 Radon de-emanation tr^in with radon concentrator* and Lucas 

chamber. 
5.2 Radon photomultiplier counter. 
5.3 Modifiedt 250-ml, flat-bottom, boiling flasks. 
5.4 Other counting equipment—G-M beta counter; low-level, gas-

proportional beta counter; pulse-height spectral alpha analy­
zer. 

5.5 Stainless-steel alpha counting discs. 
5.6 Laboratory centrifuge. 
5.7 Pyrex centrifuge tubes, 50 ml. 
5.8 Beakers, assorted. 
5.9 Ion exchange columns. 
5.10 Dowex 4 x 1 and Dowex 50 x 1 exchange resins. 
5.11 Hirsch fixed plate funnel. 

*The radon concentrator consists of a 20-cm-long U-tube constructed 
from 6 mm o.d. Pyrex glass tubing. Ten centimeters of the U-section is 
filled with 20 to 40 in. unfired Vycor which has a large surface to 
volume ratio. When the tube is immersed in liquid nitrogen and radon-
laden helium gas passes through the tube, the condensable radon adheres 
to the Vycor surface. The stripped helium gas exits the system. Upon 
removal of the coolant the radon vapor diffuses through 10 to 15 cm of 
capillary tubing to the evacuated Lucas chamber. Flushing the U-tube 
and attached capillary tubing with 20 to 30 ml of helium transfers es­
sentially 100% of the radon to the Lucas chamber. Since the efficiency 
of Lucas chambers for counting alphas may vary from 75 to 85%, it is 
necessary to calibrate each chamber with an equilibrated 2 2 6 R a standard 
solution. 

+ The radium-radon equilibrating flask consists of a flat-bottom 
250-ml boiling flask with a female 24/40 tapered joint. A saber-type 
sintered glass gas diffuser is sealed into a male 24/40 taper joint sec­
tion so that when it is inserted in the flask it will extend well into 
the equilibrating solution. A suitable inlet gas connection is provided 
0" the opposite end of the diffuser tube. Onto the shoulder of the male 
24/40 joint is sealed a short length of small bore (5 mm i.d.) glass 
tubing with a glass stopcock terminating with a connector suitable for 
hooking up with the radon trapping system. 


