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SUMMARY

Laboratory tests were conducted to evaluate leachate from uranium mil]
tailings and its interaction with materials taken from the Morton Ranch
Uranium Mil1 site in central Wyoming. Laboratory tests included:

1. Physical and chemical characterization of geologic materials from the
Morton Ranch, The materials characterized were typical of those found in
the area of the proposed tailings pits.

2. Physical and chemical characterization of acid leach tailings and
tailings solution from the nearby Exxon Highland Miil.

3. leaching tests with selected tailings materials and leach solutijons,

4., Adsorption studies measuring the sorption characteristics of heavy metals
and radionuclides on the Morton Ranch geologic materials under low and
neutral pH conditions.

5. Clay liner stability tests. These tests were designed to eyvaluate the
mechanisms of clay liner alteration under acid attack and to assess any
long term changes in permeability of the clay liner materials,

Constitutents of the tested tailings sclution that are possible contami-
nants to ground water include arsenic, cadmium, chromium, copper, iron, man-
ganese, selenium, zinc, suifate, and several of the uranium daughter products
including Ra-226, Th-230, PH-210, and Po-210.

Leaching studies indicated that excessive leaching was required before
the tailings pH rose significantly. Leaching with alkaline ground water
(pH 8) required 30, 42 and 50 pore volumes to increase the effluent pH above 4
for sands, tailings, and slimes, respectively. The resultis indicate that
these materials will remain a potential source of soluble contaminants for
long periods of time,

When tailings solution was neutralized either by addition of NaOH or by
contact with the Morton Ranch clay liner or overburden material, significant
decreasas in potential contaminaticn were obtained for ali nonradicactive ele-
ments. Upon neutralizaticn, most of the potential contaminants Tisted above
dropped to or below the maximum permissible concentration (MPC). A1l soluble
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radioactive constituents dropped significantly below MPC values. Upon contact
of the tailings solution with the geologic materials tested, the radionuclides

showed moderate to strong sorption even at low pH.

Tests on clay liner material from the Morton Ranch indicated the

following:

1.

5.

Environmental Protection Agency liner criteria are met by the Morton
Ranch clay liner - indicating that the test material should be a suitable
barrier to contaminant migration,

The clay is not dispersive, hence piping-type erosion will not occur,

Mineralogy of the clay material changes only slightly even after extended
contact with the tailings soltution. For the pH and dissolved solids con-
centration of the taiiings solution, acid dissolution of crystalline clay
minerals appears to be countered by precipitation reactions and secondary
mineral formation,

Permeability of clay liner material always decreased with time. The
decreases in permeability were most Tikely due to pore plugging by secon-
dary clay minerais and precipitates,

Packing of the clay liner affected permeability more than any cther sin--
gle factor. Packing of clay to optimum density should assure that mini-
mum permeability is obtained in clay-lined pits or ponds.
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INTRODUCTION

Pit disposal of uranium mill tailings has been proposed for the Morton
Ranch uranium mill in central Wyoming (USNRC 1979a). The placement of tail-
ings near the ground watar has raised concerns about potential contamination
of ground water by leachate from the acid tailings. This study evaluates
leachate-soil interactions that will take place at the Mortgn Ranch for cer-
tain disposal alternatives., Labgratory tasts were conducted to evaluate the
following:

1) physical and chemical characteristics of geologic materials from the
Morton Ranch,

2) physical and chemical characteristics of acid leach tailings and tailings
solution,

3} leaching tests with selected tailings materials and leach solutions to
evaluate the leachability of contaminants with time under specific dis-
posal alternatives, '

4} adsorption studies measuring the sorption characteristics of heavy metals
and radionuclides on the geoiogic materials at Morton Ranch,

5) clay liner stability tests to evaluate effects of acid leachate on clay
mineraloqy and clay permeability.




1.0 CHARACTERIZATION OF MATERIALS

CHARACTERIZATION OF MORTON RANCH GEOLOGIC MATERIAL

The Morton Ranch Uranium Mine and Mill Site is located in central Wyoming
in Converse County (Figure 1.1). The geology of the area is discussed in
detail in the UNC Environmental Report (UNC 1976). Briefly, the site lies in
the southernmost part of the Powder River Basin. This basin is a large struc-
tural depression bounded on all sides by areas of uplift (See Figure 1.2).

The area to the east risés to the Black Hills and the area to the wést rises
into the eastern slopes of the Big Horn and Wind River ranges of the Rocky
Mountains. Since pre-Cambrian times, the history of the Powder River Basin
has consisted largely of periods of subsidence and sedimentation. Accumula-
tion of sedimentary rocks has occurred to depths of 4570 m (15,000 ft). The
underlying sediments of the basin are primarily carbonates, sands and shales
deposited in a marine environment. The uppermost sediments are fresh water
fluvial (river transported) deposits of the Fort Union and Wasatch Formations.
The Wasatch Formation is the uppermost bedrock unit exposed throughout the
mill site area. 1In this area, all but the bottom +100 m (+330 ft) has been
stripped away by stream erosion. The Wasatch Formation is comprised of flu-
vial sediments of interbedded siity claystones and sandy siltstones that con-
tain thick lenses of coarse, arkosic (granular) sandstone. A few thin 1ime-
stone and coal seams (less than 1 m thick) occur locally within the formation,
The Fort Union Formation underlies the Wasatch formation and typically consists
of poorly consolidated continental deposits about 100 m thick. At the mill
site area, the formation consists of fluvial, interbedded silty claystones,
sandy siltstones, relatively clean sandstones and granular sands. The sand-
stones of the upper Fort Union Formation are the host rocks for the uranium
deposits.

It is the Wasatch Formation materials and surface alluvium that will be
mined and mixed to comprise the overburden and the clay liner materials used
in the pit and pond disposal sites at the Morton Ranch Miil, The clay Tiner
material will be selected primarily for its silt and clay content. The







































































































































RECOMMENUAT IONS

Based on the laboratory test results, several general recommendations can

be made regarding mill tailings management at Morton Ranch.

1.

No disposal of untreated tailings that would allow ground water to come
into direct contact with the tailings should be permitted. Acid leachate
of low pH (below 3} contains heavy metals and radionuclides in concentra-
tions exceeding MPC values.

Neutralization of the tailings will provide optimum control for long-term
groteﬁtinn against ground water contamination by leachata. However, for
drained tailings in clay lined pits, leachate losses should be minimal .
because compacted ciay liner permeabiiities are very low.

Chemical analysis for heavy metals in tailings solution and seepage water
fram tailings pits or ponds should be run against standards that carrect
for matrix interference by sulfate and total dissclved solids. ICP
analysis is not recommended for uranium or thorium. Radiochemical data
from properly calibrated intrinsic germanium diodes should provide the
most direct way to analyze for uranium and the most important uranium
daughter products found in mill tailings and mill tailings solution.

On-site clay and siltstone materials to be used for clay iiners should be
tested to assure that EPA liner requirements are met, particularly
regarding texture and clay percentages. In addition, 90% or greater com-
paction is recommended to assure that minimum permeability is achieved.
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APPENDIX A

ICP ANALYSIS OF THE URANIUM MILL TAILINGS SOLUTIONS

Knowledge of the chemical make-up of the tailings salution was necessary
for understanding its interactions with pit liner materials. An increasingly
common technique for multielement analysis was used for our study: inductively
coupled argon plasma emission spectroscopy {ICP). For a wide range of samples
analyzed by ICP, there are vyirtually no chemical interferences. The extraemely
high temperatures achieved with the piasma completely break down compounds and
discourage the formation of new ones. Also, most element concentrations are
linear for a range of greater than 100,000 units. This permits analysis of
samples with extremes in element concentraticns. Detection limits are also
very low for many elements. The concentration that gives a signal egual to
twice the standard deviation of the background is definad as the detection
Timit, Table A.1 1ists the range of detection limits for water that have been
reported from different sources.

TABLE A.1. Detection Limits for Water Reported by Several Manufacturers
of Induct?;?ly Coupled Argon Plasma Emission Spectrometers

(in ug/1)

Element Detection Limit Element Detection Limit
Ag 4-15 Mo 5-22
Al 7-15 Na 1-75
As 20-330 Ni 6-19
Ba - 0.2-5 P 30
Ca 0.5-4 Ph 20-50
Cd 1-% Se 20-93
Lo 2-5 Si 10
Cr 2-8 Sn 6-70
Cu 1-2 Th 75-100C
Fe 0.5-3 U 75
Mg 0.5-50 in 2-10
Mn 0.2-0.5 ir 2-5

{a) Taken from Quinby-Hunt {1978)



MATERIALS AND METHODS

The samples were analyzed using a Jarrell-Ash Plasma AtomComp Direct-
Reading Spectrometer with its inductively coupled argon plasma source., The
atomized sample is carried on a stream of argon gas into the argon plasma.
Elements are thermally excited and they emit light which is collimated and
directed onto a grating surface. The diffracted light is converted to elec-
trical energy proportional to the light's intensity by photomultiplier tubes,
A computer then converts the signals to concentration units and outputs the
information,

Standards

The high excitation temperatures of ICP reduce the need for careful
sample standard matrix matching. Standards, prepared from Spex certified
standards, were periodically analyzed to monitor machine calibration. These
standards were originally formulated for use in analyzing geothermal sampies,
which typically are acidic and have a wide complement of heavy metals. The
chemical composition of the standards used and their ICP detection 1imits are
listed in Table A.2. Table A.3 contains ICP computer printout data for two of
the standards. Values, in mg/1, are reported for more elements than were
actually added for the standard. Detection limits were established based on
these spectral interferences,

For samples with concentrations greater than the standards, dilution was
required before analysis. Distilled, deionized water was used to make the
five-, ten-, or one hundred-foid dilutions. Whenever a sample was diluted to
bring it within the range of the standards, the detection limits had to be
adjusted accordingly; i.e., a ten-fold dilution statistically corresponded
with a ten-fold increase in detection limit. This explains the different
detection Timits reported for an element for two different solutions.




Parameter Concentration in Standards
Ag 10
Al 10
As 10
Ca 50
Cd 10
Cr 10
Cu 10
Fe 10
Li 10
Mg 10
Mn 10
Mo 10
Na 500
Ni 10
P 10
Pb 10
Se 10
Si 100
Sr 10
Th 10
U 10
in 10
ir 10

A-3

fDetection Limit

TABLE A,2. Standard Composition and Oetection Limit for ICP Analysis (mg/1)
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RESULTS

Matrix Interferences

Sample matrix problems are not totally eliminated in ICP analyses. Solu-
tion viscosity and dissolived solids content are the most prevalent matrix pro-
biems. wWard, Sobel and Crawford (1976) reported interferences from sulfuric
acid and dissolved solids. A IM sulfuric acid solution showed significant
suppression of element concentrations over unacidified standards. Hydro-
chloric, perchloric and nitric acid exhibited only small influences at the M
level. This information is reproduced in Table A.4,

Uranium mill tailings solution from the sulfuric acid leach process
should experience matrix interferences. The Highland Mill tailings solution
had a 0.13M sulfuric acid concentration. It was assumed that the reported ICP
results were suppressed because of the sulfuric acid, but the extent was not
determined for all elements, The recommended procedure for future analysis of
uranium m{1l tailings solutions is preparation of elemental standards more
closely matching sampie acidity for all reported elements,

TABLE A.4. Effect of IM Acids on Analytical Signals of
Elements at the 250 ug/1 Leve!l

Element HC1 HC104 HNO 2 Ha304
Al +5% 0 -11% -30%
Ca (a) (a) -14% -42%
Cd +2% -4% -10% -29%
Co +2% -4% -7% -26%
Cu +1% -5% -7% -30%
Mg +2% -5% -7% -23%
Na -11% (a) +3% -45%
Ni 0 -5% -8% -30%
Zn +5% -3% -10% -30%

(a) No measurement due to acid impurities

A-5



The other major matrix problem, dissoived solids content, causes unwanted
radiation that enhances elemental values. A}l unwanted radiation reaching the
detector is treated as background. Corrections were made wherever possible or
the detection Timits were raised to account for the excess, Ward, Sobel and
Crawford {1976) reported the effects of 1000 mg/1 concentrations of Al, Ca, Fe
and Mg on Al, As, Cd, Co, Cr, Cu, Fe, Mn, Pb and background. Iron produced
the highest interferences of the four cations tested. Table A.5 shows the
results.

These interferences were observed from the analysis of six synthetic
uranium mill tailings solution samples. The synthetic solution was formulated
to contain the major elements of the tailings solution except for the radio-
nuclides., Positive signals for elements not added to the synthetic solution
appeared in the uncorrected data. The composition of the synthetic soiution
and the analytical results are listed in Table A.6. One or more of the
tabulated values for As, Cd, Co, Cr, Cu, Mn, Pb, Si, Sr, Th and ZIn were
observed greater than the corresponding detection 1imit. The average of the

TABLE A.5. Matrix Interference from 1000 mg/1 Concentrations of Al,
Ca, Fe and Mg with Other Elements (expressed in ug/1)}

Element Wavelength Al Ca Fe Mg
Al . 308 (a) 40 400 180
As 197 4350 0 1350 300
Cd 227 40 0 320 40
Co 239 12 5 10000 20
Cr 268 7 12 150 30
Cu 325 30 15 125 65
Fe 260 70 45 (a) 160
Mn 258 20 4 90 20

~ Pb 220 1900 0 810 150
BKg 252 120 65 11300 280

(a)} Major element
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TABLE A.6., Analysis of UMT Synthetic Sotution, in mg/1

Amount Added Amount Found

Element tg Solution in Selution
Al 577 571 (8)(%)
As 3.8 6.6 (31)

Ca 484 530 (7)
Cd - 1.6 (74)
Cr - 0.2 (113)
Cu - 2.3 (193)
Fe 2215 2226 (30}
Mg 650 656 (5)
Mn - 2.2 (8)
Na 308 348 (5)
Ni - 0.4 (58)
Se - none regorted
Si - 1.8 (101)
Sr . - 0.3 {29)
Th - 0.7 (57)
in - 0.7 (80)

(a) Coefficient of variation

values did fall below the detection 1imits for all except Cd, Cu and Mn. There
were no apparent interferences for Ag, Mo, Ni, Se, Sn, U and 7r. [n generatl,
the detection limits derived from the geothermai standards did account for the
matrix interferences from disscived solids at high concentrations. '

Prablem Elements

Arsenic

The reported arsenic value of 3.5 mg/1 is very questionable. As a check,
synthetic tailings solution without As added was submitted for ICP analysis.
It was reported to have 6.8 mg/1 As, which was similar to that reported for

five sampies with 3.5 mg/1. To date, the spectral interferences have not been
identified for arsenic,
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Selenium

[t is suspected that the presence of sulfuric acid suppresses the Se
signal., No selenium had been detected in the uranium mill tailings or synthe-
tic solutions below a pH of 4.0. The gaseous hydride method (EPA 1979) gave a
value of 0.6 mg/1 for the mill tailings solution. Values greater than 1 mg/1
were reported in neutralized samples from the attenuation studies. ™ Since the
neutralized solution had been separated from the tailings, neutralization
could not have released selenium from the tailings. The actual concentration
of selenium in mill tailings solution could not be determined accurately from
ICP analysis.

Uranium

ICP 1is reported as a good method for detecting uranium, however, sulfuric
acid suppression is again suspected. Samples supposedly containing uranium
were analyzed but no uranium was detected. This observation was brought to
the attention of the analyst, who then determined the U concentration to be
100 mg/1. Based on radiochemical resuits, the level of uranium in the soiu-
tion was caiculated to be approximately 40 mg/1, which more cliosely reflects
the concentration expected to remain from the mill processing. Here again,
the actual concentration of uranium in miil tailings solution could not be
accurately determined by ICP analysis.

Permeability Cell Data

Results from the ICP analysis for a series of leachate samples from
cells Pl, PS5, and P8 are shown in Tables A.7, A.8, and A.9, respectively.
Also presented are anion data from ion chromatography analysis run on the same
samples. These tables reflect the type of the chemical analysis performed on
the leachate samples. Where the analysis was below detection limits for a
particular element, it is so indicated. Adequate analysis was obtained for
the macroions Ca, Mg, Na and a number of the metal ions, particularly, Al, Fe,

and Mn.



OO T

CONCLUSIONS

Within the limits specified, ICP {s a good multi-element anaiysis method
for uranium mill tailings solutions. There are some matrix interferences due
to the complex nature and acidity of the solutions. Detection limits are
higher than those for solutions with Tess complex matrices. Future use of
standards acidified with sulfuric acid should reduce the uncertainty asso=-
ciated with some of the elements in uranium mill tajilings solutions.
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Permeability Cell P1 - Clay Liner and
Synthetic Tailings Solution

Leachate Samples {(mg/1}

TABLE A.7. ICP Analysis:
Pore Yolume: 1.26 1.88 2.12
PH: 1.7 7.90 7.75
Element - _ -
& ITRLEE Y oL
As o o oL
Ca 618 508 633
€d o o oL
cr oL oL oL
Cu 8.02 DL o
Fe o TS oL
Li 0L DL oL
g 340 362 382
Hn 0.2 6.7 1.4
o oL oL bL
Na 220 23 238
Ni oL U oL
P o e o
) oL oL DL
Se oL oL o
si 7.2 5.8 1z
sp 10.0 1.3 1.5
Th oL DL o
u 0L oo
Zn 6.50  0.56 oL
By lon Chromatagraphy
[} 121 58 97
50, 2885 QM0 2630

———

{1} DL = Less Than Detection Limit

2.5
7.68

oL

680

[H3
i3
1]8
8.2
478
2.6
DL
256
g.44
DL
oL
oL
7.8
4.0
U
oL

83
3444

2.58
7.80

oL

644
oL
n

DL
0.2
850
4.2

b8
304

oL
oL
6.8
19.0
o
DL
K]

3833

A-1C

1.3
5.67

744

94
4714

381

3.0
7.4

100
7147

515 5,89  Detection
430 3.2 Limith!)

140 186 0.1
4.4 16 0. .
570 541 0.1
0.9 0.7 9,01

oS o 0.01 )
0.2 0.2 0.01

1312 1582 0.1 .
n.4 0.5 0.05

1091 1063 0.05 i
8.9 1.9 0.91

DL oL 0.1

420 398 £.0

5.3 4.3 0.08

12,9 2.9 0.5

2,0 oL 0.1

3.3 oL 0.7

44 45 0.
we 187 2.01
c.4 0.4 6.1
44 DL 0.0%
9.1 1.2 0.0%
123 97 0.05 .
8304 7984 0.1
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TABLE A.8, ICP Analysis: Permeability Cell PS5 - Clay Liner and
Tailings Solutioen

Leachate Samples {(mg/l}

‘ Pore Yoiume: 1.35 . 3.48 5.54 6.24 7.9
? pH: 8.20 3.00 4.30 1.20 3.80 Detection: )
| Element L . o Limit
Al o1 oL DL 45.2 161 0.1
"i As o/ oL . DL 0.7 0.8 0.1
; Ca 392 551 739 461 421 0.1
-% Cd aL aL 0.2 g.4 0.8 g.J1
E Cr oL oL 0.08 0.1 0.1 9.0}
Cu oL oL 0.08 0.1 9.2 0.01
Fe L oL 127 338 950 0.1
Ll oL 0.4 1.2 1.9 [ 0.05%
Mg 192 430 1340 1466 1671 g.0s
Mn oot 2.4 41.2 54.4 39.6 0.0
Mo oL oL oL oL oL 0.1
Na ' 152 272 408 296 285 5.0
Ni 0.2 0.4 3.6 0.7 9.6 0.08
P OL oL 2.9 2.8 2.8 . Q.5
Pb oL oL oL oL 0.4 0.1
. Se oL oL oL oL oL 0.1
5i 3.2 7.2 15.2 22.2 28.8 0.1
- Sr 9.6 i3.6 26.4 22.4 22.0 .01
Th oL oL 0.8 2.9 3.2 0.1
3 Q.4 0.56 oL oL oL 0.0%
in 0.5 0.84 8.4 14.4 19.6 0.05
8y lon Chromatography
. ¢l 132 292 402 K10K] 308 3.05
504 2220 3704 7864 9492 12192 3.1
é DL(T} = Less Than Detection Limit
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TABLE A.9. 1ICP Analysis: Permeability Cell P8 - Overburden and

Tailings Solution

Leachate Tes 3]
Pore Yolume: Ground water 0.8 1.5 2,59 L) 4.53 8.77 ¥D.55
pH: 8.4  7.95 6. 10 B.10 5.80 140 3.70 3.00 Detection
Limit (1)

Element . — . — - —_— - -
Al o o o 5.3 o a9 939 1021 0.1
As [} o [ 0.4 0 1.2 6.6 e.4 0.1
[ 91,1 76 2 BIS L 492 432 450 e
o o o o o 0.04 0.2 0.2 0.2 0.01
r (] 0.0 o A ] 0.12 1.0 1.6 a.01
€u 0.04 0. 0.1 u.gz 0.4 0.2 1.2 2.4 0.01
Fe o o o 0.1 12 146 20 112 01
it '} n 0.3 0.7 0% 1.0 1.3 1.2 0.0%
Hy 1.6 83.6 445 bR} 1037 1384 1087 %60 0.05
n o 0.04 0.3 1.6 2.8 62.7 %6 i 0.0t
Ho o [ '] 0.2 o L R o 0.1
Ka b9 82.4 210 29 298 02 289 760 5.0
N o .08 ] ¢.5 1.2 3.2 4.4 36 0.08
r o (] o 10.2 2.0 t.2 0.8 1.6 0.5
2 ') .16 m 0.4 [ [\ 1 o o a1
S 0.1 n o 1.7 '] ] o D 0.1
L1 1.3 6.4 12.3 7.0 15.2 1 04 158 0.1
sr 1.4 17 7.2 15.7 18.0 18.4 0.4 B.4 0.6t
h e.13 0.24 '] 1.6 o 2.8 9.2 0.6 0.1
v 1.6 2.1 6.8 e o ™ o Soon 0.0%
n o 0.8 0.4 0.5 3.0 8.8 12.8 12.8 0.05

Py lon Chromstography

ct 41.0 52 216 uy 126 296 1] 206 0.05
0, 22 103 s 4518 5752 8492 13700 13912 6.1
o1t o Legs than Dwtection Limit
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APPENDIX B

METHOD FOR ODETERMINATION OF GAMMA EMITTING RADIONUCLIDES
IN URANIUM MILL TAILINGS AND TAILINGS SOLUTICN

Uranium ore contains 238U, 235U, and 23 radioactive decay products.

The time and effort involved in chemical separation of these nuclides make it
impractical to use wet chemical techniques for their determination. As an
alternative to chemical extraction, high resolution gamma spectroscopy is
used, This method yields information on the majority of isotopes in both the
238U and 235U decay series. Accurate measurements by this method depend on

) reproducible sample geometry, detector efficiency calibration, and the chaice
of good analytical peaks. This appendix provides an explanation of the param-

etars involved in spectroscopic analysis done for this project.

SAMPLE PREPARATION

A fundamental principle for any good analytical technique is reproducible
sampie preparation. All solid samples were pressed into thin discs. These
discs were made to the same standard dimensions. Soil samples were ground and
mixed with a cellulose binder material at a fixed ratio. The mixed sample was
then placed in a mald and pressed with 3.45 x 108 N/m? (50,000 1bs/in?) pres-
sure, Effluent solution samples were analyzed in the same fixed geometry disc
form. A specific volume of solution was evaporated to dryness, and the
. remaining solids were quantitatively transferred, A total weight of solids
was taken, and the amount of sample needed to achieve the proper ratio was
vl mixed with the binding material and pressed. The weight of solids used,
divided by the weight of soiids from the total volume evaporated, multiplied
’ by the volume of effluent evaporated, gives the equivalent volume of solution

Salids Used (g)
SoTids in Tota| Volume (qT

x Total Volume (mi) = volume Used {ml)
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that was used in the disc. If the selids from the evaporated solution are
less than that required to achieve the desired sample-to-binder ratio, a low
activity sand is added to achieve the proper weight ratio. This procedure
places both solid and liguid samples in a consistent geometry and allows for a
singie detector calibration on only one size and shape sample. To optimize
detector performance, the sample is pressed to a thickness of less than 0.6 cm
{0.25 in.}, thereby minimizing sample seif-attenuation. The samples are also
sized to a diameter equal to that of the active diameter detectors of the
beryllium window. 8y placing all of the sample in a direct line of sight to
the diode, detector efficiency is maximized. OCnce all of these physical param-
eters have been fixed, counting can begin,

CALIBRATION

in calibrating an intrinsic germanium dicde, three major steps must be
taken. The first step is to obtain a standard material that has multiple
peaks and similar activity over the range of energies to be used for sample
analysis. This material should be an interlaboratory comparison standard of
verifiable quality. The second step is to put the standard material in the
same geometiry as described for the sampies. The third step in accurate detec-
tor calibration is to determine a photopeak, or full energy, efficiency curve
for the analytical energy range. The detector phaotopeak efficiency is the
fraction of gamma rays of a particular energy emitted from a source that
appears in the corresponding photopeak of the pulse-height spectrum, The
efficiency curve is determined by counting standards with known gamma ray
activities in the same geometry that will be used for the experimentat
samples, Rate-dependent factors, such as dead-time and peak summing, shouid
be considered and if necessary, corrections must be made for these effects.
Insofar as the standard and experimental discs are of low activity, such rate-
dependent factors are not expected to be significant.

The reciprocal of the product of the efficiency, €Y, and the absolute
abundance, ay, for a gamma ray of enerqy, EY gives a scaler called the "d/c*
(disintegration/net peak count). This scaler will convert the net photopeak

8-2
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counts to the absolute disintegration rate provided that no interference
occurs at that enmergy Tevel from gamma rays of other radioisotopes. The abso-
lute abundance for a particular gamma ray is defined as the probability of
emission per decay. Absolute abundance values are avajlable from the litera-
ture and have been compiled by several authors,

PEAK SEZLECTION

Once the calibration of the detector has been completed, a list of all
possible gamma energies with an abundance high enough to be analyzed is tabu-
lated. Some energies will be used as. analytical peaks, others to determine
the overlap of peaks, and some will be unimportant because of the low activity
of a certain nuclide in the sample. The relative peak heights of the various
nuclides may change from sample to sample.

The two compilations used for comparison were the Table of Isotopes (TOI}
(Lederer and Shirley, 1978} and "The Gamma-Ray Lines of Radionuclides, Ordered
by Atomic and Mass Number," from the Journal of Radiocanalytical Chemistry (JRC)

(Ertmann and Soyka 1975). These two compilations were compared empirically by
developing efficiency curves for a detector using each set of absolute abun-

dance vaiues and the known d/c. The curve developed with the TQI values had
smalier deviations from the calibration points than did the JRC values. As a
resuit of this empirical comparison, the TOI values were used for all calculations,

A good iilustration of this is to compare the spectra of uranium ore and
uranium mill effluent solutions. The uranium ore sample is in its natural
equilibrium state, and its gamma spectrum consists of peaks from daughter
radionuclides that are in eguilibrium with the parent uranium isotopes. The
mill effluent solution has been recycled several times. {ranium isotopes and
their decay products are not in eguilibrium in such a solution. Relative
quantities of the nuclides in this sampie are now dependent on each element's
solubility as well as the decay constants. Some of these radionuclides are
concentrated in the effluent solution, and their gamma peaks, which were not
resalvable from background in the ore samples, are now significant.
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To determine whether or not a peak is of analytical quality, several
situations need to be addressed: ‘

1) Can the peak be resolved from other peaks in its energy region?

2) If the peaks in one energy region cannot be resolved, can the contribu-
tion of each nuclide be quantified by calculating the contributions of
one or more nuclides from another known peak?

3) If the gamma peaks from one particular nuclide are so close that they
cannot be resolved, may the peaks still be used for analys¢s by summing
the absolute abundances for each gamma photon?

The best method for continually checking the results for different
nuclide concentrations is to use multiple peak analysis for as many nuclides
as is possible within each sample. This process involves the comparison of
the activity value of a single nuclide calcuiated for as many of its gamma
energies as possible. Inconsistent results could go undetected if these cross-
checking methods are not employed.

EXAMPLE ANALYSIS

To illustrate the appiications of this method, here is the step by step

f ZZ?AC in tailings solution, The reason

procedure used for the analysis o
for choosing ZZ?AC is that its concentration can be confirmed by the many
gamma energies of its short-1ived daughters, The verifications of 227Ac

also incorporate many of the useful points in this method.

22?Ac emits no detectable gamma rays of significance, but it has a half-
1ife that is long (22 years) when compared to its daughters. The effluent
solution tested had been separated from the tailings solids for several months

to insure that the nuclides in the 235y gecay chain, which occur after 27pe

were in equilibrium with the ZZ?AC parent, This allows the use of any photo

peaks emitted from the five gamma-emitting daughters to be used for analysis

or confirmation.

The first step is to tabulate a list of all of the photo-peak energies
that could possibly be used for calculation of 2275 activity. Table B.1
contains a list of the isotopes, absolute abundances, counting efficiencies,
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TABLE B.1.

Analysis Information for

227

S - N

Ac Measurement

[SQTOPE Peak Energy (kev) Efficiency Absolute Abundance Channel of Peak

227 1h 49.9, 50.1 0.14 0.0766 250
2271y 236.0 0.025 0.112 1180
2Tq 256.0 0.21 0.0627 1280
223q, 269.5 0.19 0.140 1348
21%n 271.0 0.10 0.10 1355
22304 324.0 0.0135 0.0412 1620
2232a 338.6 0.0125 0.0296 1693
2lgy 351.1 0.0120 0.127 1755
TABLE B.2. Radionuclide Concentrations from Energy Spectrum Analysis
Isotope Net Counts Net Counts/min d/c d/m d/m/1 (a)
2271, 8,043 20.52 93 1,98 9,976
2271, 2,023 5.16 3’7 1,842 9,630
271y, 1,041 2.66 759 2,019 10,554
22334 1,996 5.09 276 1,913 10,004
21%n 1,531 3.91 526 2,057 10,751
2230 331 0.844 1,798 1,517 7933(b)
2233a 235 0.5995 2,703 1,620  8,468'D)
21, 1,182 3.02 656 1,981 10,356

{a) d/m/1 - disinteqgrations per minute per liter
{b} These peaks were not used for confirmation because of the low
count rate.

channels near peak maximum, and gamma photon peak energies for the analysis of

227

curve at each respective energy (Figure 8.1).
calculation of net counts must be made,

Ac. The counting efficiency of the detector is taken from the efficiency
For each peak of interest, a
In Figure B.2 this has been done for

the 49.9 and 50.1 kev doublet peak of 22?Th. The net counts are calculated

by subtracting background counts from gross counts at each channel in the
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FIGURE B.1l. Detector Efficiency Curve for Intrinsic Germanium Diode

peak. The net count is then divided by the counting time in minutes. The
result of this division is the net count rate for a particuiar gamma photo
peak. The net count rate is multiplied by the 'd/¢’ for that photo peak.

Calculation for 227Th @ 49.9, 50.1 kev Doublet:

Gross Counts 10,163 8,043 net cts * 392 min = 20.52 net cts/min
Background 2,120 20.52 net cts/min x 93 disintegration/net cts
Net Counts 8,043 = 1,908 disintegraticn/min
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FIGURE B.2. Energy Sgectrum for 227Th Double Peak for Intrinsic Germanium
Diode (¢27Th doublet occurs at 49.9 and 50.1 Kev.)
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The disintegration rate that has been calculated is for a weight of salts
for an equivalent volume, This disintegration rate {d/m) is then divided by
the equivalent volume to give disintegration rate in disintegrations/min/liter:
1,908 d/m in 1,913 1 counted = 9,974 d/m/1 7Th,

These same calculations were done for all of the other peaks listed in
Tabie B.1. Tabie B.Z shows the activity of the various 2274 daughters at
all other tabulated energies. This method was used for all gamma spectroscopy
measurements taken for this project.
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