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. EXECUTIVE SUMMARY

To protect human health end the environment, the UMTRA project will remediate the
uranium mill tellings site at Gunnison Colorado. There are explicit requirements (i.e., 40
Part CFR Part 192) for the surface remediation of radiologically contaminated soils on
UMTRA sites. The removal of subpile sediment to the depth required by 40 CFR Part 192
will leave in place deeper foundation sediment that is contaminated with hazardous
constituents other than radium-226 and thorium-230. The D_partment of Energy and the J

Colorado Department of Health have questioned whether this contaminated soil could
potentially act as a continuing source of ground water contamination even after surface
remediation based on 40 CFR Part 192 is complete. To evaluate the subpile sediments as
a potential source of ground water contamination, the Gunnison Subpile study was
initiated. This report summarizes the results and findings of this study.

Batch tests of subpile sediments indicate that many hazardous trace constituents are
associated with elevated levels of iron and manganese in these solutions, strongly
suggesting that iron and manganese hydroxides are-the largest reservoirs of trace metals in
the subpile sediments. The mill at Gunnison operated from 1958 until 1962 and iron and
manganese hydroxides have been deposited in the subpile sediments by infiltrating acidic
tellings pore water for over thirty years. Consequently, the iron- and manganese-rich
coatings on these sediments have built up gradually and trace metals associated with
these coatings are not simply adsorbed to the present-day surface, but are found
throughout the three dimensional framework of these solid phases. To solubilize the trace
metals sequestered within the framework of the coatings, the coatings themselves must
be dissolved. Iron and manganese hydroxides will only be significantly solubilized under
acidic or reducing ground water conditions. Reducing conditions are extremely unlikely to
develop in the shallow, oxidized sediments of the Gunnison subpile environment.

If the ground water table at the Gunnison processing site were to rise 5 to 6 feet
(approximately to ground level) into the subpile sediment, the ground water within the
strongly acidified parts of the subpile sediment (not excavated under surface cleanup
criteria) would be acidified and would solubilize many constituents such as iron,
manganese, arsenic, thorium, zinc, cadmium, molybdenum, and uranium. As this acidified
(low pH) and contaminated ground water moved laterally or vertically away from the
acidified sediments, its acidity would be neutralized by less contaminated, calcium
carbonate-bearing sediments and by mixing with high-pH, alkaline ground water. All trace
metals discussed above except uranium and molybdenum would be strongly sorbed by iron
and manganese hydroxides as the pH increased. Owing to their mobility in alkaline, high
pH ground water, uranium and molybdenum could potentialy be transported from the Iow-
pH subpile sediments and mixed with ground water outside the immediate area of the
subpile sediments. Batch and column test data, however, demonstrate that acidic subpile
sediments solubilize tens to hundreds of times more uranium than molybdenum.
Furthermore, even though uranium is a significant ground water contaminant at Gunnison,
molybdenum is not. These factors suggest that molybdenum will not be a problem for
ground water quality after surface remediation.
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Batch and column test data further demonstratethat acidic subpilesediments solubilize
tens to hundredsof times more uraniumthan alkaline subpilesediments with similartotal
levels of uranium. The bulk of the readily solubleuraniumis present, therefore, in the
acidified parts of the subpilesediment. Acidity measurementson sediments from subpile
test pits have demonstratedthat the depth of strong acidificationvaries from less than a
foot to • maximum of about 3 to 4 feet acrossthe footprint of the tellings. In many
subpileareas, the plannedexcavation of radium-226 and thorium-230 contaminatedsoil
will also remove most of the solubleuranium. In the area of test pit 16, however, high
concentrationsof solubleuraniumextend below the estimated depth of clean up. If the
depth of excavation in the area of test pit 16 is increasedto 3 feet or until the sediment
pH climbs above 5.0, the bulk of the subpilesedimentwith solubleuraniumwill be
removed.

ii
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• 1.0 INTRODUCTION

To protect human health and the environment, the U.S. Department of Energy (DOE)
Uranium Mill Tailings Remedial Action (UMTRA) Project is planning to remove uranium mill
tailings and contaminated soils from the Gunnison, Colorado processing site and relocate
them to a secure location. Explicit requirements exist (40 CFR Part 192 (1993)) for the
surface remediation of radiologically contaminated soils on UMTRA Project sites. These
requirements include limits of 5 picocuries per gram (pCi/g) radium-226 (Ra-226) above
background for the initial 15-centimeters (cm) deep soil layer and 15 pCi/g Ra-226 above
background for the underlying 15-cm deep soil layer. These activities are averaged over an
area of 100 square meters (m2). If elevated levels of other radionuclides (e.g.,
thoriurn-230 [Th-230]) are encountered at soil depths greater than that of elevated
Ra-226, the supplemental standards provisions of 40 CFR §192.21 and 40 CFR !i192.22
apply. These provisions provide guidance for the remediation of radionuclides other than
Ra-226 to levels that meet the Ra-226 standard, or to levels that are as low as reasonably
achievable (ALARA). Although this is a valid approach for removing the radiological
hazards at this and other UMTRA sites, the DOE and Colorado Department of Health (CDH)
have questioned whether this approach would leave in place foundation soil that is below
the depth of cleanup required by 40 CFR Part 192, yet remains contaminated with uranium
and nonradiological hazardous constituents. If this occurs, the contaminated soil could act
as a source of continuing ground water contamination after surface remediation has been
completed. To evaluate the potential of the subpile sediments to act as a continuing
source of ground water contamination, the Gunnison Subpile Study was initiated. This
report summarizes the methods, results, and conclusions of the study.

1.1 GEOLOGIC SETTING

The Gunnison processing site is located in south-central Colorado (Figure 1.1 ),
in the Southern Rocky Mountain Province of the Rocky Mountains (Hunt, 1967).
Topography in this region is characterized by mountain peaks above 14,000 feet
(ft) (4000 meters [m]) and steep valleys, some of which were impacted by
Pleistocene glaciation.

The bedrock geology of the surrounding hills consists of Precambrian igneous
and metamorphic rocks overlain unconformably by a relatively thin sequence of
sedimentary rocks. The sedimenting strata consist of the Morrison Formation,
the Dakota Sandstone, and the Mancos Shale. The sedimentary stratigraphic
sequence is overlain by volcanic sequences of Cenozoic age. During Pleistocene
time, the Gunnison River and Tomichi Creek carved deep valleys into the
bedrock hills and then filled the valleys with 100 to 200 ft (30 to 60 m) of
alluvial sand, gravel, and cobbles.

The processing site is located near the Gunnison airport, on the floodplain
alluvium of the Gunnison River and Tomichi Creek (Figure 1.2). The alluvium
consists of poorly sorted material ranging from clay-sized particles to cobbles

• and boulders. Underlying the alluvium is the Morrison Formation, which in the
vicinity of the processing site is discontinuous and of unknown extent.
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1.2 MILLING HISTORY AND PROCESSES

The mill at Gunnisonoperated from 1958 until 1962. Duringthis time,
approximately540,000 dry tons (490,000 metric tons) of ore, averaging0.15
percent uranium oxide (U3Oe), was processed. Groundore was oxidized and
acid leached using sodiumchlorateand sulfuricacid. After leaching, the
pregnant solutionwas washed repeatedlyand the solidswere slurriedinto the
railingspile. Pregnantsolutionwas then treated with di (2-ethylhexyl)
phosphoricacid (EHPA)solvent to extract the uranium. Sodium carbonate was
then used to strip the uraniumfrom the solvent. Precipitationof uraniumwas
accomplishedby acidifying to decomposethe carbonate and then raisingthe pH
to precipitateyellow cake.

1.3 TAILINGS

As a result of this process,railingspore fluids are acidic andcontain elevated
concentrationsof residualmetals (includinguranium), metalloids, and sulfate.
The resultingrailingssolidsand porefluids were slurriedonto the outcrop of the
alluvial material, forming a pilethat is approximately 1180 ft (360 m) wide,
1440 ft (440 m) long, with an average depth of 13 ft (4 m). Within the pile,
the railingsmaterials consistof interlayeredand intermixed sands and slimes
that directly overlie cobbly alluvialmaterial. The slime layers are generally
thicker and more extensive aroundthe perimeter of the pile.

1.4 HYDROGEOLOGYAND HYDROCHEMISTRYOF THE ALLUVIAL AQUIFER

The upper-most aquifer at the site and the surroundingarea occursin recent
alluvial floodplainand terrace depositsassociatedwith the GunnisonRiver and
Tomichi Creek (DOE, 1992). This alluvialaquifer is generallyunconfined
although silt and clay layers may create semiconfined conditionswith increasing
depth in the alluvium. The average linear groundwater velocity in the alluvial
aquifer is estimated to be 270 feet/year (4.3 x 104 cm/s) (DOE, 1992).

Contaminantssuch as sulfate, uranium, manganese, and iron are presentat
elevated concentrations in the alluvial aquiferunderneathand adjacent to the
railings pile. However, elevated levelsof the transition metal contaminants do
not extend for significant distancesdowngradientof the tailings pile. Once
introducedinto the alkaline groundwater typical of the alluvial aquiferat the
Gunnisonprocessingsite, sulfate and uranium behave as relatively conservative
(mobile)constituents. U,anium is the primary constituent of environmental
concernat this site and is presentat concentrationsabove backgroundin
groundwater 8000 ft (2400 m) downgradient from the tailings pile (Figure 1.3).

DOEIAL/62350-11OPF MARCH 17. 1994
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', 2.0 OBJECTIVES AND APPROACH

' The primary objective of this study was to evaluate the potential of the G_Jnnison
, subtailings sediments to act as a secondary source of ground water contamination after

removal of the railings of Ra-226 and Th-230 contaminated subpile sediment.

The following assumptions were used in designing the experimental part of this study:
1) only the railings and none of the subpile sediments are removed during surface
remediation; and 2) the water table at this site rises 5 to 6 ft and saturates the entire
subpile section for an extended period of time. Although neither of these assumed events
ere likely to occur, their use allows us to evaluate the worst case potential for the subpile
sediments to behave as a future source of groundwater contamination.

In November 1992, the technical assistance contractor (TAC) sampled sediment from
*_._reetest pits installed through the tellings into the subpile sediments and from two test
pits installed through off-site background sediments. The physical and chemical
characteristics of the contaminated sediments collected from the three on-site test pits
were compared to each other and to the background sediments collected using several
laboratory and analytical procedures (for example, batch tests and column tests). These
comparisons allowed us to answer the following questions:

e What are the concentrations and relative verticaZ distributions of the contaminants in
the subpile sediments compared to background sediments?

e What are the hazardous constituents that may be mobilized from the subpile
sediments, potentially producing a secondary source of ground water contamination
once the surface is cleaned up?

e What are the chemical conditions that induce mobility or immobility of the
contaminants in the subpile sediments?

e What remediation steps can be taken to reduce any future impact of the subpile
sediments as a source of ground water contamination?
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" 3.0 SAMPLE COLLECTION AND PREPARATION PROCEDURES

3.1 SAMPLING LOCATIONS

Three test pits were excavated through the tailings pile (numbers 19, 20, and
22, Figure 3.1) and two background test pits (numbers 21 and 23, Figure 3.1)
were excavated into the alluvial aquifer at the Gunnison, Colorado, UMTRA
Project site. Descriptive lithologic logs for these 5 test pits are provided in
Attachment A. The other test pit locations shown were part of the cobbles-to-
fines evaluation program.

The on-site test pit locations for this study were selected based on the
assumption that the most highly contaminated foundation soils would generally
underlie thick sections of tailings or sections of tailings with highly contaminated
pore water. This determination was made by reviewing a tailings isopachous
map and tailings pore water contaminant isopleth maps. The contaminant
isopleth maps were generated with chemical data from 15 lysimeters completed
into the lower part of the tailings and distributed throughout the tailings pile.
Specific reasons for selecting on-site test pit locations were as follows:

• Test pits 20 end 22 were selected to sample foundation soils where tailings
were thickest or where the highest concentrations of soluble metals had
been measured in the tailings pore fluid.

• Test pit 19 was selected to test the area with the highest radionuclide
content, based on radium activities measured in lysimeter railings pore fluid
samples.

The two background test pit locations (21 and 23 in Figure 3.1) were selected
in areas uncontaminated by railings leachate. Background sediments were
collected to constrain the premilling chemistry of the subpile sediments. Once
the background chemistry was established, the extent of contamination from
the downward migration of Iow-pH tellings leachate into the subpile sediments
taken from pits 19, 20, and 22 could be defined.

The location for background test pit 21 selected, in part, on the basis of its
proximity to shallow background monitor well 002. Ground water from this
monitor well was used as the stock leachate solution in the batch and column
tests that were performed.

3.2 SEDIMENT SAMPLING AND PROCESSING PROCEDURES

Background sediments from pits 21 and 23 were sampled at 1- to 2-ft (0.3- to
0.6-m) intervals from a depth of 2 ft (0.6 m) to e depth of 6 to 7 ft (1.8 to
2.0 m) below land surface. Although a sample of the overlying railings was
collected from each of the three pits located on the tellings pile, the remaining
samples were typically collected at 1-ft (0.3-m) intervals below the

i, .ll i
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tailings/subsoil interface (specifically, at average depths of 0.5 to 2.5 ft (0.15 to
0.75 m)in pit 20; of 1.5 to 5.5 ft (0.5 to 1.7 m)in pit 19; and of 0.5 to 6.5 ft

' (0.15 to 2.0 m) in pit 22).

All samples were double bagged in clean plastic bags and sealed in 5-gallon
(19-liter) aluminum cans for transport to the TAC hydrochemistry facility in
Albuquerque. Because of the abundance of large cobbles in the alluvial
sediment at Gunnison, samples collected for laboratory analysis were
unavoidably biased toward pebble-sized and finer materials. At the
hydrochemistry sample preparation facility, all samples were air-dried and
screened with a #4 (4.76 mm) screen. The coarse- and fine-grained fractions of
this sediment were bagged separately, weighed, and stored for future use in
analytical or experimental procedures.
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- 4.0 PHYSICAL AND MINERALOGICALCHARACTERIZATION

Despite the effects of the samplingbiasdiscussedabove, screeningof 811the sediment
sampleswith 8 #4 (4.76 ram) screen demonstratedthat approximately60 percent by
weight (wt%] of the sediment collectedwas coarser than a #4 screen (Table 4.1).
Without the sampling bias, coarsermaterial would have made up significantly more than
60 percent of the bulksediment.

One sample of the finer-grainedsediment (< #4 mesh) from each test pit was selected for
more extensive grain-size, mineralogical,andselected geochemicalanalysis by 8
subcontractinglaboratory. A summaryof these data is shown in Table 4.2.

The results of the grainsize analysis (Tables4. I and 4.2) indicate that the bulk (--85 to
95 wt%) of these finer-grainedsediments is coarserthan medium-grainedsand
(0.042 ram). An x-ray diffraction (XRD) analysisof these samples indicatesthat the
mineralogyof the selected sediments from all five test pits is dominated by quartz and
feldspar (62 to 77 wt%) (Table 4.3). Gypsum is a significant component of the sediment
from two (19 and 22) of the three on-site test pits dug throughthe tailings (Table 4.3].
The sediments from the two backgroundtest pits and subpilepit 20 had insufficient
gypsum to be detected by XRD.

• qi iill i

DOEIAL/62350-IIOPF MARCH 21. 1994
V1ER.2 GUN023D2.WP1

4-1



Table 4.1 Gunnison subl_e sample sieve analyses by % weight ;
a_

'_ _ " Average sample deptt, Wt > #4 Wt < #4 % _ % Coms_ _ I

Testpit ID Sample # ft m (Ibs) (Ibs) <4 sieve >4

21 • 001 2.5 0.75 15.68 9.75 0.38 0.62

21 • 002 3.5 1.0 16.14 9.51 0.37 0.63 -

21 • 003 4.5 1.4 20.47 11.88 0.37 0.63

21 • 004 6.5 2.0 21.40 10.45 0.33 0.67
i i|l ,

23 a 001 2.5 0.75 13.64 8.67 0.39 0.61

23 • 002 3.5 1.0 16.31 11.82 0.42 0.58

23 a 003 4.5 1.4 16.05 12.73 0.44 0.56

23 • 004 5.5 1.7 15.17 11.30 0.43 0.57
, el ,,, , ,., i , . i i ., | i

20 b 002 0.5 O.15 14.26 9.33 0.40 0.60

20 I' 003 1.5 0.5 12.24 6.22 0.40 0.60

4_ 20 b 004 2.5 0.75 8.30 5.50 0.40 0.60 __
|

I_ 19b 002 1.5 0.5 14.71 9.39 0.39 0.61

19b 003 2.5 0.75 15.10 9.08 0.38 0.62

19b 004 3.5 1.0 17.41 9.37 0.35 0.65

19b 005 4.5 1.4 17.87 11.92 0.40 0.60

19b 006 5.5 1.7 21.27 12.79 0.38 0.62

22_ .... 002 0.5 0._5 __.36 9.1e 0.4s o.ss....
22 b 003 1.5 0.5 10.57 8.16 0.44 0.56

22_ 004 28 078 _2.65 lo.ss 048 oss
22 b 005 4.5 1.4 12.72 8.65 0.40 0.60

:z2" 006 s.5 1.7 ',5.88 ,=,.as 0.48 o.ss
22 b 007 6.5 2.0 18.48 10.20 0.36 0.64 >_H i ill, i

_ Mean values for all 5 test pits: 0.40 0.60

..uopile test pit sample.

t
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_Ol_ Tab_ 4o2 S_ct_[_ chom_ and grain _zo an_ of _dim_ ff_ t_t p_ 1_23 _z z

Wdght pen_mt sk_o mdy_ _-8-%

Averting

5

# ft m mesh mesh mesh mesh mesh 200 muh wt % potomid"

21a 003 4.5 1.4 42.2 50 3.2 1.2 0.7 2.7 0.01 32.8 0.25

23a 003 4.5 1.4 15.7 68.9 7.4 2.6 1.6 3.8 0.03 20.4 0.27

20b 003 1.5 0.5 23.7 67.3 3.3 1.4 0.9 3.4 0.02 3.1 0.55

19b 005 4.5 1.4 32.9 62.8 1.7 0.3 O.1 2.2 0.6 9.6 0.97

22 b 006 5,5 1.7 35 56.4 3.7 0.8 0.3 3.8 1.82 1.2 0.97z i •

"Backgroundtest pit sample.
bSubpile test pit sampie.
_lrons calcium carbonate, quivalent per 1000 tons sediment.

,'_ dWeioht percent.
(At

li I I
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Table 4.3 XRD analysis of subpile and background sediments in apt,,roximete wt%

i i i|11 ii i i iii i i _ , i

Pit 21' Pit 23" Pit 201' Pit 19b Pit 22b
Bulkmineralogy (wt%) (wt%) (wt%) (wt%) (wt%)

i i i ,i, i i ii i, i i i i

Quartz 34 35 36 35 30

Plagioclasefeldspar 28 30 25 24 17

K-feldspar 13 12 12 13 15

Mice/illite 10 10 10 12 < 10

Chlorite < 5 < 5 § < 5 < §

Clinoamphibole < 5 < 5 < 5 < 3 < 5

Calcite < 3 ........

Dolomite < 3 < 3 ......

Gypsum ...... 6 18

Smectite .... < 5? ....

Unidentified < 5 < 5 < 5 < 5 < 5
| H , , ,., |1 i ii i 1,1|,1.i

'Background test pits.
bSubpile test pits.

|

DOEIALJ623EO-1101R: MARCH 17, 1994
VER. 2 GUNO2302.WP1
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: 5.0 SOIL CHEMISTRY

, 5.1 RELATIVE SOIL ALKALINITY AND ACIDITY

The abundant gypsum in the sediments of subpiles 19 and 22 was most likely
generated during the neutralization of infiltrating sulfate-rich, acidic tailings pore
water by calcium carbonate (CaCO 3) originally present in the sediments. Some
of the subpile sediments from all three on-site test pits have much lower acid-
neutralization potentials than do the background sediments (see Table 4.2). Soil
acidity measurements indicate that many of the shallow sediments from the on-
site test pits would acidify typical background ground water (Attachment B).
These data further support the assumption that relatively large volumes of acidic
leachate have migrated into the subpile sediments from the overlying tailings.
Therefore, despite the scarcity of gypsum in the sediment from pit 20,
significant amounts of CaCO3 were dissoi_ed by infiltrating acidic tailings pore
water in the sediment of all three subpile test pits.

Although only a minor amount of gypsum is present in the sediments of pit 20,
it may have previously been much more abundant in these sediments than is
currently the case. The gypsum generated by the acid-neutralization reactions
may have subsequently been flushed from these sediments (in the vicinity of pit
20) by the influx of relatively large volumes of gypsum-undersaturated water.
Conversely, the abundant gypsum retained in the sediment of pits 19 and 22
suggests that large volumes of nonacidic, gypsum-undersaturated water has not
passed through these subpile sediments.

5.2 EPA METHOD 3050 AND TOTAL SOIL DIGESTION RESULTS

Two to four sediment samples from each test pit were submitted to a
subcontract analytical laboratory for a strong mineral acid digestion procedure
(EPA method 3050). This procedure dissolves almost all non-silicate phases in
sediment. The resulting method 3050 solutions were analyzed for a select
group of indicator and contaminant elements (Table 5.1). In addition, _ soil
dissolution concentrations of Th-230, Ra-226, and Ra-228 were determined for
aliquots of all of the samples collected from these pits (Table 5.2).

Some of the subpile sediments are significantly enriched in many constituents
relative to sediments from the background pits (Figure 5.1). Manganese
concentrations, however, appear to be generally lower in the subpile sediments
than in the background sediments. The concentrations of vanadium and
cadmium are comparable in the background and on-site test plots (Table 5.1);
however, this comparison is based on only one analysis per test pit.

Scatter plots of concentrations found for selected constituents, versus sample
depth, indicate that there are significant variations in some contaminant
concentrations between the three subpile test pits (Figure 5.1). For example,
test pit 22 has significantly higher levels of arsenic, molybdenum, and Th-230

.... ,,.. ill i i i i i i = i i i

DOEIAL/623130-1IOPF MARCH 17, 1994
VER. 2 GUNO23D2.WP2
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Table 5.1 Method 3050 analyses i

Sampb Oq)zh
Pit # Ift) Iml AI As Cd Fe Pb Mn Mo U V Zn

8

23* 01B1 2.5 0.75 1.95 7,590 135 1 5.6 28

04B1 5.5 1.7 7,460 6 0.2 11,900 6 200 1 3 19 43

20 b 02B1 0.5 0.15 63 8,620 72.6 4.3 70.8 61.3

0482 2.5 0.75 5,830 48 0.4 7,400 11 80 2 34 14 63

19 b 02B2 1.5 0.5 249 10,700 68 16.3 68.8 74.8

05B2 4.5 1.4 25.5 8,510 62.6 3.2 74.4 143
01
I_ 0662 5.5 1.7 9,760 11 1 14,200 8 151 10 26 16 170

22 b 02B2 0.5 0.15 1,830 8,700 45.2 83 19.5 19.4

04B2 2.5 0.75 2,870 10,700 47 146 32.2 26.4

05B2 4.5 1.4 1,640 9,440 52.5 75.8 41 55.6

07B2 6.5 2.0 9,740 750 0.23 10,800 0.5 108 22 78 27 113

Depth = depth below surface of the alluvium.
Units are mg/kg.
s_Background sediments.
bSubpile sediments.

Key: AI - aluminum, As - arsenic, Cd - cadmium, Fe - iron, Pb - lead, Mn - manganese, Mo - molybdenum, U - uranium, V - vanadium, Zn - zinc
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than do the other on-site test pits (19 and 20) (Figure 5.1 ). Zinc concentrations
ere much higher in test pit 19, while uranium concentrations are comparable in
all three subpile test pits.

The method 3050 and total dissolution data alone do not allow us to evaluate

the potential mobility of these constituents under current or future
environmental conditions. Due to the extreme intensity of the digestion
techniques used, essentially all of the hazardous constituents present in these
soils were solubilized, irrespective of their origin and current mobility under in
s/tu conditions. Less chemically intensive tests ere needed to determine the
concentrations of these constituents that are likely to be remobilized under the
less acidic-to-alkaline conditions that will occur in the subpile sediments once
the tellings are removed. More realistic estimates of future contaminant
solubility and mobility at Gunnison can be determined from the batch test and
column test data presented below.

5.3 BATCH TESTS

One sample of tellings from each of the three on-site test pits, as well as all the
fine fractions (< #4 mesh) of the subpile samples collected from all five test
pits, were subjected to a batch test procedure.

The batch tests were performed using a modification of the American Society
for Testing and Materials (ASTM) method 4319 (ASTM, 1984). Each batch test
consisted of placing 200 grams of tailings or sediment in s plastic Erlenmeyer
flask, along with 800 grams of Gunnison background water (acidified with
sulfuric acid [H2SO 4] to a pH of approximately 2.4 to ci_',ulate a ground
water/tellings pore fluid mixture). The ground water used as the leachate in
these tests was collected from background monitor well 002. The composition
of this ground water before and after acidification is given in Table 5.3.

The batch test mixtures described above were agitated for 1 hour twice a day
for 3 days with a wrist-action shaker equipped to accommodate four
1000-milliliter (mL) Erlenmeyer flasks. After a 72-hour reaction time elapsed,
the solution was decanted, filtered with a 0.45-micrometer (pro) filter, end
preserved according to the Albuquerque Standard Operations Manual (JEG,
n.d.). Conductivity end pH were measured on unfiltered aliquots of each of
these leachate solutions (Table 5.4). Filtered and preserved samples were then
submitted to a subcontracting laboratory for chemical analysis. The
constituents selected for analysis included aluminum, arsenic, cadmium, iron,
lead, manganese, molybdenum, vanadium, zinc, and uranium (Table 5.4). The
data for the first samples (001) listed in Table 5.4 for on-site pits 19, 20, and
22 represent batch test results for actual tailings materials from these pits.
Sample numbers 002 or greater from the test pits through the tailings represent
samples of the subpile sediments.

The concentrations of most metals are significantly higher, and the equilibrium
pH much lower, in the tailings batch test solutions than in any of the subpile

DOIE/AL/6235_-llOPF MARCH 23, 1994
VIER.2 GUN02302 WP2
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TIMe 5.3 Parameters and analytical values for the mister solution used In the column
tests and acidified solution used in the batch tests for the Gunnisen subpile
study

IIIIIII I _ lilJ II ._ I II ii iiiiii I I

Mister groundwater solution" Acidified batch solution Detection limits
Parameter (mlllL) imglL) (ntglL)

L I II I _ I _. I I I III III II II IIII I III I II t

Aluminum < 0.05 < 0.05 0.05

Alkalinity 233 NA 1

Arsenic <0.005 <0.005 0.005

Barium 0.12 0.13 0,01

Calcium 78.8 88 0.5

Cadmium <0.001 NA 0.001

Chlorine 6.9 6.4 0.5

Chromium <0.01 NA 0,01

iron <0.03 <0.03 0.03

pH 7.81 2.42

Potassium 1.97 2.09 0.01 t

Magnesium 14.3 14.8 10.1

Manganese < 0.01 < 0.01 0,01

Molybdenum <0.01 < 0.01 0,01

Sodium 8.3 8.83 0.01

Nitrate 2.6 NA 1.0

Lead <0.003 NA 0.003

Antimony < 0.003 < 0.003 0.003

Selenium < 0.005 NA 0,005

Silica 16.3 16.5 0,1

Sulfate 33 573 10
I

Strontium 0.24 1.76 0.01

TDS 274 1296 10

Vanadium < 0.01 < 0.01 0.01

Lead-210b 5.6 NA 0.3 t
IRa-226b 1.0 NA 0.6

Ra.228 b 4.7 NA 2.0
i

Uranium , .0.,003 , NA .... 0.001 I _I

"Background ground water from Gunnisonmonitor well 002.
bUnitsare in pCi/l..
NA - not analyzed.

ii i i i • .i,

DOEIAU62360.It0PF MARCH 23, 1094

VIER.2 OUNO23D2.TBL
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Table 5.4 Batch test data fmr < #4medl samllk matlidd, acidklachi-2.4pH)

D,_ Oqnk Sm,ph JU A. Cd r.. I,b bnn Me V h U b

21" 001 2.S 0.710 01112 <0.06 <0.006 <0.001 <0*03 <0.003 0*38 <O.01 <0.01 0.0:1 O.uG_ L711 il_lO
002 3.8 1.0 0202 <O.OS <0.005 <0.001 <0-03 <O.(X)3 0.20 <0.01 <0.01 0.041 0*000 L00 1300
003 4.6 1.4 031i2 <O.OS <0.006 <0.001 <0.03 <0.003 0.22 <0.01 <0.01 0.012 0.003 6.71 1110

004 0.6 2.0 0482 <0.06 <O.OOS <0.001 <0.03 <0.003 0.22 <0.01 <0.01 <0-006 0-011 4-01 1320

23 e 001 2.S 0.71 0101 <0.05 <0.005 <0.001 <0.03 <0.003 0.44 <O.01 <0.01 OJ_0 0.023 0.40 11130
002 3.6 1.0 0201 <0.05 <O.(X)S <0.001 <0.03 <0.003 0.02 <0.01 <0.01 0.008 0.004 L43 14110
003 4.5 1.4 0301 <0.05 <OJOOS <0.001 <0.03 <0.003 0.41 <0.01 <0.01 0-017 0-010 L02 1110
004 1.6 1.7 04111 <0.05 <0.006 <0.001 <0.03 <0-003 O.le <0-01 <0.01 O.OOe 0.00,1 _ 1470

20 b 001 TdkqlS 0102 443 ! .11 0.23 795 0.004 S.7S O.]S 0.70 20.1 12.9 2.46 3230
002 O.S O.10 02111 46.11 <0.06 0.03 3.92 0.0011 0.3S <O.01 <0*00 0.742 2.22 3Jm 13NlO
002 O.S 0.16 02C2 49.8 <O.OOS 0.03 2.91 0.012 0.31 <0.O1 <0.06 O-030 2.1k'7 3JIS 1350
003 0.6 0.16 02D2 §1.5 <O.00S 0.03 3.41 0.015 G._ <0.01 <0-01 O.lilm _ 3111 1440

003 l.S 0.§ 0301 311.0 <0.006 <0.05 0.49 0.006 0.116 <0.01 <OJm 1.70 1.40 _ 1180
003 1 .IS O.S 0302 44.11 <0.03 <0.00 6.08 0.004 O.llO <0.01 <GOE 1.$1 1.79 2.34 1_10
004 2.5 0.76 0402 112.O <0.03 0.03 3.89 0.007 O*311 <0.O1 <O.01 O.021 2.02 4.00 1270

1• b 001 TdinlP 01 02 442 2.0 0.23 735 0.010 14.0 0.70 0.10 23.4 11.70 2.34 M
002 1.6 O.S 02112 I36.O O.11 0.1 111.4 <0.003 1.44 <0.O1 <0.1 2.43 2-70 4JM 2010
002 1.6 O.S 02(:2 90.5 O.I) 0.2 15.2 <O.(X)3 1.32 0.01 <OJm 2.10 2.46 3-03 27110
002 1.6 0.6 0202 107 1.1 0.2 15.3 <0.003 1.23 <0.01 <0.01 2.13 _ 2.110 2730
003 2.6 0.76 0302 1141.0 0.14 <0.1 4.911 <0.003 OJ2 <0-01 <0.06 1..1NI 2.D7 4.11 2700
004 3.5 1.0 0482 3.73 0.023 <0.05 0.114 <0-003 0.73 <0.01 <0.01 _ 0.308 4.20 2710
006 4.6 1.4 OSll2 <0.05 <0.000 0.01 <0.03 <0.03 0.42 0.02 <0.01 O.OIS _ t.10 3430

004 6.6 1.7 01102 <0.05 <0.006 <0.01 <0.03 <0.003 0.33 0.05 0.01 0.0111 O.11W LIW 1700

22 b 001 Tdkqlo 01112 541.0 1.3 <0.01 1I11 0.11 0.30 0.33 0.,14 2.40 1.40 2.31 0440
002 0.6 0.16 02112 109 1.20 0.040 48.0 O.00S O.INI 0.00 0.10 0.020 _ 3.43 3040
003 1.6 0.S 0302 71.6 0.01 0.029 21.1 0.012 0.117 O.M 0.04 O.0_ 0*047 3.30 2770
004 ,2.8 0.7S 0402 77.0 O.l_P 0.035 11.9 0.004 0.64 0.10 0.02 1.i_ O.li,2S 3.43
OOS 4.6 1.4 0082 7.38 0.211 0.044 3.43 <0.003 O.lm 0.04 <0.01 1 .INI 0.2221 4.20 2400
000 6.6 1.7 01102 2.05 0.19 0.OS 3.14 <0.003 0.82 0.04 <0.01 _ O.100 4JS0 23110

007 0.6 2.0 0702 0.06 0.04 0*02 0.211 <O--n@_ 0.48 0.07 <0.01 O.171 ON IL.43 2000

S4mqd_ 02ml.02D2 Irom teet pit 17 ond O2112-0202 from teot lit 111me Uqdir.Mo eomldee.
S4mplo 0102 fm toot pim 20. 111. mind22 Is of talng • m''_mid-
•O.okemmdNdimm_.
•'Subpk_mm*_.

I(oV: _ . ekalninm_Ao- e_mlo.Cd- _dmum. F* - i*wl.Pb- lud. Mn- moqmm*. M°" m°tVW*mm.U"u_mm. ¥" ven°dlvm"Za"Jkw"b" _" _ "_ _ _"

lY. lm
DOEI_3EO- 110PF aUll0_aO2.tli0_
VER
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, Imdiment batch test solutions (Table §.4). Although the method 3060 analyses
demonstrated that the "total" concentrationsof some constituents remained

' high or even increased with depth in some subpile test pits (for example, zinc,
uranium, and Th-230), the concentrationsof most contaminants in the batch
test solutionstended to decreasewith increased samplingdepth (Table 5.4).
Conversely, the pH of the batch test solutionstypically increased with depth
(Figure 5.2).

The concentrationsof many of the metals, particularly iron, In the solutionhad a
well-defined inverse relationshipwith the increasingpH of the batch test
solutions (Figure 5.3). Molybdenum, however, did not systematically follow this
trend. In test pits 19 and 22, the concentrationof molybdenumwas higher in
batch test solutions equilibratedwith the deepest, highest pH sedimentsthan in
those equilibratedwith some of the shallower, more acidic sediments
(Figure5.3).

Two samples of iron-hydroxide-coatedpebbles from each test pit were also
leached following the same procedure. An effort was made to remove silt,
sand, and clay material that had looselyadhered to the pebbles. Complete
removal of material other than ironend manganesehydroxideswas, however,
impossible.

The pebblesconsisted primarilyof igneousrock fragments that were insoluble
under batch test conditions. Only the iron, manganesehydroxide, andthe small
amounts of clay coating the pebbleswere soluble. Consequently,the batch test
analyses of these heavily iron-stainedpebblesallowed us to evaluate the
importance of iron and manganesehydroxidesas a source of trace constituents
in the subpilesediments. The resultsare presented in Table 5.5.

As can be seen from Table 5.5, significantamounts of many metal constituents
were solubilizedfrom the coated pebblesduring batch tests. These results
indicate that ironand manganesehydroxidesare significantsourcesof trace
metals in these sediments.

5.4 COLUMN TESTS

Columntests usingtypical Gunnisonalluvial backgroundwater (see Table 5.3)
as a leachingagent were performedon the sediment from all five test pits.
These column tests were designedto boundthe potentialeffects on Gunnison
groundwater chemistry if alkaline backgroundgroundwater with a pH above 7
were to interact with contaminatedsubpilesediments undersaturated
conditions(Figures5.4 and 5.5). We hoped that this experiment would allow
us to determinethe contaminantsthat would be mobilizedfrom these sediments
if the water table of the alluvial system were to rise into the subpile sediments
after the railingshad been removed. The two columns with background
sediment were used to establishbaselineconditions.

ii ii i, i H i,i ill ,, , i ,== i

OOE/ALJ62350-11011F MARCH 17. 1994
VER. 2 OUN023D2.WP2
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NoteincreasingpHwlthdepth
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2

0 I I I ..........

0 2 4 6 8

AverageSampleDepthBelowTailings/AlluviumInterface
(Feet)

1"I Pit20(subpile)

O Pit19(subpile)

Pit22(subpile)

RGURE 5.2

SAMPLE DEPTH VERSUS FINAL pH OF BATCH TEST SOLUTIONS
FOR THE ON.SITE TEST PITS
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Talde 5.S Acid leach be4ch trot dala d kew4wdkedds-cmlMd Pebld_

Dep*h El: /d /4s Cd IF* Pb Mm Me V Ze, M

OVOID IlU lid S,_b lU Im _ ill. qL qa. qa. mea. rosa. _ _ _

21 ° 001 2.S 0.7t5 01P1 tl.47 141410 <O,OS <0.00$ <O.OOS <0-03 <0.003 O.U <001 <0.01 0.042 0.001
21 004 tl.S 2.0 041"1 8.211 IS30 <0.06 <O.I)O& <0.006 <0.031 <OJO0.1 0-1 <001 <0.01 0.141 0.1001

23° 002 2.S 0.7S 02PI 0.S9 1530 <0.06 <0.006 <0.00S <0+03 <0.003 OAS <0-01 <0.01 O.00B o.oo2
23 004 S+6 1.7 04PI 6.17 I STO <0.06 0.005 <0.006 <0.03 <0+003 l_nl <0+01 <0.01 <0.006 0.4001

20 b 002 O.S 0.IS 021'1 S.18 1540 <0.06 <0+006 <0.02 0.110 <0.00,11 0.47 <0.01 <0.01 0.0"/4 0+1_2
20 004 2.$ 0.7S 04P1 4.34 1770 <006 0.007 <0.02 <0.03 <0.003 O.,11' OJ_l <O.01 0.023 O.193

II b 002 1 .S O.S 0_I 4.310 2470 II0.0 O.g 0.04LII 10..I <0.00.1 Oll <0.01 <0+01 0+III 1.02
III 004 S.S 1.7 04W1 1.44 1450 O.Oe <O.QOS <0.02 <0.03 <0.003 0..315 0.03 <0.01 0+082 OJNdl

005' 0.5 0.16 02P_ 3.61 21110 71+S 1.31 0+027 27.4 <0+1003 0.44 0.01 0.07 0.4111 O.IMI
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The column test experiment consisted of five columns, each packed with
sediment from one test pit. Column 1 was packed with sediment from
background test pit 21; column 2 with sediment from background test pit 23;
column 3 with sediment from subpile test pit 20; column 4 with sediment from
subpile test pit 19; and column 5 with sediment from subpile test pit 22. The
columns were packed with discrete layers or "lifts" of sediment of
approximately equal mass. Each layer was composed of sediment taken from a
different depth in the test pits (Figure 5.6). With this column configuration, as
the influent ground water traveled through the column, it interacted with less
acidic sediments sampled from progressively deeper levels in the pits. This
allowed us to simulate ground water movement either laterally or vertically from
highly contaminated subpile sediment into progressively cleaner parts of the
subpile or near-pile environment.

The flow rate through the 1.5-ft (0.5-m) long columns was maintained at one
pore volume per 48 hours, which approximates our current best estimate of
the average linear horizontal ground water velocity (0.75 foot/day
[0.23 meter/day]) at Gunnison. The empirically determined pore volumes for the
five columns ranged between 550 and 625 mL. Temperature, pH, electrical
conductivity, and alkalinity were measured from unfiltered samples from each
pore volume. Samples were then filtered (0.45 micrometer) end preserved,
where appropriate, for analysis of selected cations and anions. The number of
pore volumes collected from the columns ranged between 15 and 22. Details of
column construction and the experimental procedure are given in Attachment C.

During the column experiment, samples were screened periodically for the
presence of trace metals using inductively coupled plasma-mass spectrometry
(ICP-MS) semiquantitative monitoring techniques. This approach provided real-
time data acquisition and allowed us to better monitor the progress of the
experiment in each column. Using pH, alkalinity, conductivity, and the ICP-MS
semiquantitative trace element data, we were able to determine that during the
experiment the chemistry of the ground water passing out of the two
background columns (1 and 2) was very similar. Consequently, pore volume
samples from only one background column (column 2/pit 23) were selected for
quantitative major cation and trace element analysis. This approach also
indicated that the chemistry of pore volume solutions from columns 3 (subpile
pit 20), 4 (subpile pit 19), and 5 (subpile pit 22) were not similar. Several pore
volume solutions from each of these 3 columns were also selected for
quantitative analysis. The chemical data obtained for each column are
summarized in Table 5.6.

5.4.1 oH. conductiviw, and alkalinity

oH

Almost all of the column test solutions from columns 1 through 4 maintained a
pH above 7.0 (Table 5.6). The background columns (1 and 2) typically
produced effluent with pH levels that ranged from 7.7 to 8.2. A subtle,

DOEIALI62350-I IOPF MARCH 17. 1994
VIER _ OUNO23D2 WP2
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TIMe S.6 OUlvlilonlubpio colunm1-5 tom rolldlts

Colunm1 Ilqt 21 bockpmmd IlodllltOl_l

b AaU,d, d0V U,, Uo N, Pt _n- ms u v h
pmvv,,,,,o i,** _ na_ A0 A, a, ci _ h K ai0e• _ 410

1 7.7ll il27 262 20.6 O0 100

1 1.12 480 273 7.S 41 300

l 7.911 440 241 11.5 II 310

4 1.11 441 231 1.7 47 310

IS I.ll 440 244 t.7 44 1110

• I. 1• 417 1_1 I.I _ll 170

• I.OI 4110 230 8.7

• I.OI 447 221

• 1.17 4,111 222 10

I0 7.99 4lt 2|1 , 6.4

11 •.87 4311 214

1,1 7.1 437 214

13 7.92 432 220 II

14 7.71 463 211 7.6

16 •.ll 4110 221

II

17

II

19

2O

21

22 0.003 0.1 1 10 0.001 0.01 O.01"OJm

Dem_ iml 0.06 0.00$ 0.6 o.001 o.5 0.03 o.1 o.1 O.Ol o.o01.0.Ol 0.Ol
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! 7.•3 •90 IM <O.OS <0.006 104 <0.001 24.2 <0.03 3.• 1•.4 0.02 <0.01 29.7 <O.C_ 20.1 III 400 0.011 <0.01 O.Ol

:+ •.12 _ 2•2 <0._ <0._ 71.1 <0+_1 •.• <0.03 3 14.6 0.37 0.02 37.7 <0.003 I1.? N NO 0.012 <0.01 0.02

3 •.11 _ 212 <0._ <0._ <0.001 •.7 <0.03 Q._ 0.01 <0.003 41 310 0.011 <0.01 0.02

4 •.1 474 2•4 •.7 41 310

6 •.19 490 _S• •-• 41 I00

I •. 11 l 217 •-• 41 300

7 •.N 416 246 <0._ <0._ 00.3 <0.001 •.7 0.13 3.3 •.3 0.N <0.01 M.l <0_ 22 N 210 0_ <0.01 <0.01

• 1.13 4411 240

• 7.96 466 232

10 7.99 451 231 <0.01S <0.005 42.7 <0.001 7.2 0.1 3.4 7.1 O.•S <0.01 14.1 <0.003 _ _ 0.002 <0.01 0.01

11 7.12 4441 :!23

12 7.•2 431 21 • <0._ <0._ <0.001 0. ! 2 0.Sl <0.01 <0.003 <0_1 <0.01 <0.01

13 7.97 443 211

14 7.96 444 222 <0._ <0.005 <0.001 7.3 0.11 0.64 <0.01 <0_ 11 <0.001 <0.01 <0.01

I• 1.041 440 221 <0.0S <0.006 3I.S <0.001 0.1l 3.2 6.8 0.41 <0.01 U.2 <:0.00,1 2Z <0.001 <0.01 <0.01

1• 7.Sill 44S 221

17
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22
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Taide 5.6 Gunnis_ _ calunm1-5 test results(contimmd)

C_,_,_--_._3 (Pit20., .d,_____S!

b JmdkdW TOe U v ]b

........ _ ....... _ AI _ _ Cd _'_:'_- _ X Me _ _ _ _ ol_ oo_3-

1 7,12 2_!00 24 <0.OS 0.006 480 0.025 17.3 <0.03 0.3 47.8 1.89 <0.01 66.6 <OGG3 19.1 lS20 _G 0.043 <0.01 0.21

2 7.1e 1•60 30 0.06 <O.OOS 332 0.022 8.8 <0.03 8.5 32.2 1.26 <0.01 49.4 <0.003 lllJ 1000 1670 O.Om| <0.01 0.17

3 7.04 1200 32 <0.06 <O.00S 230 0.013 7.1 <0.03 15.8 22.2 0.8S <0.01 48.7 <0.003 15.6 774 1120 0.091 <0.01 0.12

4 •.•8 9111 60 <0.06 <0.005 188 0.009 6.8 <0.03 4.9 17.1 O.M <0.01 48.4 <0.003 14.2 SIlO 1140 0.070 <0.01 0.07

S 7.0S 828 54 6.8 438 0•0

6 7.07 _ 49 S.7 3E4 S10

7 7.76 _ 120 <O.OS <O.OOS 71.4 0.004 L7 <0.03 3.S 9.7 0.21 <0.01 ISI.0 <0.Q03 11 _10 410 0.041 <0.01 0.03

• 7.0t5 661 S•
171

• 7.39 487 02 6.8

10 7.33 482 88 <0.06 <0.005 37.3 0.002 6.8 <0.03 2.6 6.5 0.1 0.01 54.2 <0.003 8.4 1S• 0.023 <0.01 0.01

11 7.13 428 74

12 7.1 41 • IN) <0.0S <0.005 0.001 6.9 <0.03 0.0• 0.01 <0.003 119 0.016 <0.01 0.01

13 7.13 394 77

14 7.48 395 94 <0.06 <0.006 23.1 <0.001 7 <0.03 2.3 4.7 0.05 0.01 63.4 <0.003 U Ill 0.012 <0.01 <0.01

16 7.6 400 104

Is 7.05 390 110 <0.06 <0.006 19.0 <0.001 6.2 <0.03 2.1 4.4 0.04 0.01 70.6 <0.003 ILS 114 0.01 <0.01 <0.01

17 7.36 390 111

18 7.17 354 117 <O.OI <0.00S <0.001 <0.03 0.04 0.01 <0.Q03 0.008 <0.01 <0.01

19 7.01 393 114

20 7.19 386 118 <0.06 <O.OOS <0.001 <0.03 0.04 0.02 <0.003 0.007 <0.01 <0.01

21

22 0.01 0.01-0.06

Detect limit O.OS 0.005 0.5 0.001 0.5 0.03 0.1 0.1 0.01 0.001-0.01 0.01 0.003 0.1 1 10 0.001

Unite of d coemituee_ exaep_t I_1. _._luc_v_y (Ecl. end dkarm_ we in togA-
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Tdde 5.6 Gunnison subpile column 1-5 test resullts(condmmd)

Column 4 (Pit 19 std)pilo s41dimonts|

_ JUkdk,iW F, • US inn Me m, I,b UO_.._._.z" 'me u v k
v.umm _dq _n ,,g_LC4C0_ _U As Ca Ca Ch_kk 0.:111 <O.01 0.O2

I •.•S 2890 48 <O.OS <0.00S 622 <0.001 15.6 <0.03 11.2 52.8 0.32 0.2• •3.9 <0.003 4.2 2130 2900

2 7.68 2490 68 <0.06 <O.OOS 575 <0.001 10.2 <0.03 13 51 0.35 0.2§ 88.8 <0.003 3.8 1940 2700 0.48 <0.01 <0.01

3 7.90 2440 129 <0.06 <0.005 582 <0.001 •.6 <0.03 14.7 43.1 0.87 0.21 80.6 <0.003 4.2 1810 _ O._MI <0.01 0.0•

4 8.02 23110 168 <0.05 <O.OOS <0.001 7 <0.03 1.18 0.2 <0.001 1810 _ 0.Q29 <0.01 <0.01

5 •.83 2410 148 <0.06 <0.006 6441 <0.001 6.7 <0.03 14.1 32.2 1.11 0.17 82.8 <0.003 6.7 IlWO 2iK)O 0.1118 <0.01 <0.01
1720 2640

6.7 O.IHIII <0.01 0.02
6 •.94 2350 167 O. 13 69.3 <0.003 8.1 I_ 2600

7 7.71 2480 171 <0.06 <0.005 829 <0.001 6.7 <0.03 11 24.9 0.97

B 7.83 2490 171 0.87 0.12 <0.003 IS80 0.62 <0.01 0.03

• 7.86 2600 171 0.0$ (O.OOS 0.004 6.8 <0.03 OJ <0.01 0.03

10 7.73 2520 187 <o.oS <0.005 693 , 0.001 6.8 <0.03 •.8 20.4 0.72 0.1 64.8 <0.003 7.2 IS80

11 7.88 2500 172 O.OS 81.2 <0.003 II !580 0.472 <0.01 O.OS

12 7.75 2490 165 <0.05 <0.008 832 0.009 5.8 <0.03 8.8 18.5 0.64

13 7.83 2450 14,7 0.47 0.07 <0.003 1410 O.3SS <0.01 0.08

14 7.811, 2340 187 <O.OS <0.006 0.01 7.1 0.03 0.147 <0.01 O.OI

15 7.83 2150 167 <O.OS <O.OOS _ 0.01 <0.03 5.3 16.5 0.48 0.08 74.7 <0.003 8.1

10 7.78 2090 174 <0.05 <0.006 499 0.009 6.5 <0.03 4.9 16.1 0.42 0.07 76.2 <0.003 •.J 1420 0.110 <0.01 0.04

17 7.77 1923 172 O.M 89.6 <0.003 7.1 1180 0.244 <0.01 0.01

18 7.76 1853 175 <O.OS <O.OOS 407 0.007 6.5 <0.03 4 13.7 0.32

18 7.73 1757 172 0.0$ 67 • <0.003 8.4 0.192 <0.01 0.04

20 7.82 1446 168 <0.06 <0.0015 372 0.006 <0.03 3.8 13.5 0.27 •

21

22 0.1 0.01 0.001-0.01 0.01 0.003 0.1 I 10 0.001 0.01 0.01-0.0S

Ootec! limit 0.06 0.006 0.5 0.001 0.5 0.03 0.1

Umw of ell comtm_nt, except pH. conducUv_ (E©). end dkelmity me in nqlJL.
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TaMe 5.6 Gumlimm _ cokamn 1-5 test results (Cmlduded)

Column 5 (Pit 22 subpile sediments)

b _ ue m, l. eb pb _ms u v
pH _ .,_L_ ,U A. C. CV Chi,d,b r. K

I 7.3 2940 46 <0.06 <0.005 fdl7 0.004 17.6 0.26 11.2 48.1 1.27 0.3• S• <0.003 14JI 1010 20•0 0.172 <0.01 0.18

2 e.93 2380 711 <O.OS <0.005 0.017 9.6 4.12 2.72 0.32 <0.00,9 1910 _ 0.444 <0.01 1.00

3 9.92 2430 73 0.04 <0.005 689 0.032 9.7 2.21 15 35.2 1.29 0.,?.3 49.4 <0.003 llIJI 1770 _ 0.39 <0.01 1.42

4 6.92 2468 94 <O.OS <0.005 _ 0.032 9.7 1.01 12.0 26.6 1.39 0.2 46.9 <0.003 211.9 17/0 2479 0.34 <0.01 !. 11

S 8.$7 2390 75 0.15 <0.005 658 0.032 6.7 1.27 12.1 23.4 1.09 0.19 [_4.1 <0.003 29.7 1740 2440 0.340 <0.01 0.111700 2440

• 8.97 2310 73 6.7

7 6.75 2400 74 <0.06 <0.005 _ 0.028 6.7 0.34 9.2 18.5 0.7• 0.18 91.1 <0.003 27J 1940 2480 0.3211 <0.01 0.74

• 6.8 2390 71 <0.003 lfdID O.311 <0.01 0.68

• 7.04 24O0 79 O.OS <O.005 0.026 0.3 o.os 0.68 0.18

10 7.111 2420 U <O.OS <O.OOS 671 0.027 7.1 0.03 7.2 17.2 O.81 0.17 68 <0.003 _ 19a0 0.904 <O.01 0.•2

11 7.1S 2410 70 1900 0_•2 <O.O1 0.94

12 7.23 2390 Ill <O.OS <0.005 682 0.024 7 < 0.03 6 14.8 0.$1 0.17 _.4 <0.003 2431

13 7.11 2410 e• <0.003 1040 0._)4 <0.01 0.46

14 7.52 2420 84 <0.06 <O.(X)5 0.027 7.2 <0.03 0.41 0.18

15 7.24 2380 86 <0.05 <O.006 617 0.026 <0.03 4.6 12.1 0.39 0.19 00.9 <0.003 21.S 0.261 <0.O1 042

18 7.25 2420 84 <0.06 <0.006 644 0.025 <0.03 4.4 13 0.38 0.1• 94.S <0.003 21J 0.242 <0.01 0.41

17 7.29 2420 69 0.238 <0.01 0 4

19 7.02 2420 71 < 0.05 <O.(X)S 680 0.024 9.7 0.07 4.3 13.9 0.3• 0".19 e0.9 <0.003 ZI.I 171i0

19 7.15 2420 65 lniO 0.229 <0.01 0.33

20 7.18 2410 •7 <O.OS <0.005 573 0.02 6.6 0.04 3.7 13.11 0.32 0.19 68.5 <0.003 19JI

21 7.14 2420 84 <0.003 0.242 <0-01 0._l

22 IS.68 2210 69 <0.05 <0.0(0 0.014 0.04 0.2• 0.27

D44ect Iknd 0.05 O.00$ 0.9 O.001 O.S 0.03 0.1 0.1 0.01 0.QO1_! 0.01 0.0Q3 0.1 I IO O.001 O.01 O.O14D_

_ dl coammem uc,p_ pl4, _m4,c_ (EcL *rid ali_in_ *re in mllA-

AI - lllmillll_ AI - Illgll_. Cd" (ljklmkJl_ Ir_ "I)l°n" I_" klld' Iktn" _' MO "nt_)dlilum" SiO2" lik¢l* sO42" " Imihlll" U " _ V " _ _" _" _" _° _ "_ _ _" _" _ _ _

!1. 11184
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generally downward trend in the pH values was observedfor the effluent of
these columns as the experiment progressed.

Althoughthere were some outliers, the pH of the column 3 (pit 20) solutions
generally rangedbetween 7.0 and 7.3. No clear increasingor decreasingtrend
in the pH values was apparent over the 20 porevolumes tested for column 3
(Figure 5.7).

The pH of column 4 porevolume solutionsgenerally increased over the first five
pore volumes and generally decreasedslightly thereafter. Nearly all of the pore
volumes elutod from column4 had a pH between 7.7 and 8.0 (Figure 5.7).

Unlike the solutionsfrom these first four columns, the pH of the first five pore
volumes from column 5 (pit 22) generallytrended downward, from a pH of 7.3
in pore volume 1 to 6.57 in pore volume 5. An upward trend in the pH then
began and continued until pore volume 9, "wherethe pH stabilizedst about 7.2.
The effluent solutions from column 5 commonly had lower pHs than the
equivalent pore volumesfrom the other columns (Figure 5.7).

Conductivltv

The conductivities of the porevolumes eluted from the backgroundcolumns
generally rangedbetween 400 end 500 microsiemenslcentimeter (pS/cm). The
first pore volume eluted from column 3 (pit 20) had a conductivity
(2200 pS/cm] significantlyhigherthan that of the backgroundcolumns
(Figure 5.8). The conductivities of the successivepore volumes through this
column rapidly droppedto backgroundlevels. The conductivities of the column
test solutionsfor columns4 (pit 19) and 5 (pit 22) were significantlyhigher than
those from the backgroundcolumns (1 and 2) throughout the experiment
(Figure 5.8). Although the conductivity of samplesfrom column 5 remained
relatively constant, the conductivities of column 4 solutionsbegan to drop
noticeably at about porevolume 15.

The elevated conductivities in subpile columns3, 4, and 5 were probably
producedby the steady, equilibrium-controlleddissolutionof gypsum from the
subpilesediment. Geochemicalmodelingof selected porevolume solutions from
columns 2-5 supportthis interpretation (Figure 5.9). These data substantiate
earlier observations that gypsum is abundant in the sediment from test pits 19
and 22, end far less abundant in sediment from test pits 20, 2 I, and 23 (see
Table 4.3).

_

Due to the slow degassingof CO2, the alkalinity of the influent background
groundwater drifted downward over time. In orderto maintain the alkalinity of
the influent water st or near 200 mg/L CaCO3 (see Figure5.4), s smallamount
of sodium bicarbonate(NsHCO3) was added to the influent prior to pore
volume 11 .

if ,| ii
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The elkelinities of the pore volume solution from background columns 1 end 2
were much higher then the alkaltnittes obtained from the columns (3 through 5)
containing subpile sediment. The alkalinity of the solutions from the background
columns dropped steed,y, from highs in the 260 to 270 range in the initial pore
volumes to Iowa around 210 to 220 in the later pore volumes (Figure 5.10).

The alkalinity of the column test solutions varied significantly among columns 3,
4, and B (see Table B.e end Figure B.11). The alkalinity of solutions from
column 3 Increased steadily from a low of 24 mg/L CeCO 3 in the first pore
volume to e high of 118 mg/L CaCO 3 in the last. Unlike the results for
column 3 (subptle pit 20), the alkalinity of solutions from column 4 (subpile pit
19) started below 50 mg/L CICO 3 and climbed very rapidly to the equivalent of
well over 150 mg/l. CeCO 3. The alkalinity of the solutions from column §
(subpile pit 22) generally decreased from about 80 mg/L CeCO 3 in the first few
pore volumes to 65 mg/L CaCO 3 at about pore volume 16. From pore volumes
16 to 22, the alkalinity remained relatively constant.

5.4.2 Ms lot and minor constituents

Selected pore volumes were analyzed for major end minor constituents (see
Table 5.6). Plots of concentration versus pore volume number indicate that
some of these constituents (for example, magnesium, chloride, and potassium)
decrease in concentration systematically, from the first pore volume to the last,
in all of the columns (Figure 5.12). Although sodium concentrations have
generally increased in the latter pore volumes (Figure 5.12), this may have been
the result of the addition of NeHCO 3 to the influent ground water.

Calcium and sulfate behaved differently in the column tests from any of the
other major or minor constituents. The concentrations of both calcium and
sulfate remained relatively stable for the first 15 to 20 pore volumes from
columns 4 and 5. In column 3, however, the concentrations of calcium and
sulfate dropped precipitously within the first five pore volumes and rapidly
approached background levels (Figure 5.12).

Iron concentrations were found to be near or below the detection limit in all of
the column solutions, except some from column 5 (subpile pit 22). In column 5,
iron concentrations dropped abruptly from e high of over 4 mg/L in pore volume
2 to near the detection limit by pore volume 10 (Figure 5.12).

Manganese concentrations were elevated above detection limits in some of the
pore volume solutions from ell of the columns. Although column 5 produced
solutions with higher concentrations than those found in columns 3 end 4, all
three columns had elevated levels of manganese in the first five pore volumes
(Figure 5.12). The manganese concentrations in the column 3 (subpile pit 20)
solution dropped off much more rapidly than did solutions from columns 4
(subpile pit 19) and 5 (subpile pit 22).
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5.4.3 ]'raGe constituents

Several trace constituents (arsenic, cadmium, zinc, molybdenum, uranium, and
Th-230) were determined by the analysis of method 3050, total dissolution, and
batch test solutions to be significantly elevated above background levels in the
8ubpile sediments (pits 20, 19, 22). Consequently, column tests were used to
evaluate the mobility of these constituents should the ambient pore water
conditions in the subpile sediments gradually change from acidic to alkaline.
Plots of concentration versus pore volume number illustrate some similarities
and differences in the behavior of these trace constituents (Figure 5.13). The
concentrations and relative mobility of these constituents in the column test
solutions are discussed below.

Despite their elevated concentrations or activities in some of the aubpile
sediments (see Tables 5.1 end 5.2), arsenic and Th-230 show no evidence that

they were mobilized to any significant degree by the influx of alkaline ground
water (see Figure 5.13 and Table 5.7). However, the trace constituents
cadmium, zinc, molybdenum, and uranium were solubilized to varying extents
from the subpile sediment upon interaction with the background ground water
influent (see Figure 5.13). Columns 4 and 5 generally showed greater
concentrations of these constituents than did column 3 (subpile pit 20). Column
5 (subpile pit 22) desorbed higher concentrations of zinc, molybdenum, and
cadmium than did column 4 (subpile pit 19), which desorbed higher
concentrations of uranium. The concentrations of zinc and uranium that

desorbed were significantly higher than the concentrations of the other trace
constituents (see Figure 5.1 3).

Table 5.7 Column test-composite thorium-230 results for subpile test pits

i innllnu I m i iii i ii i i i i i i

(Campsite samples) Th-230 Value Detection
Location Column Pore volumes (pCi/L) uncertainty limit

u i i = i i ., i i ii iii ii

Pit 20 3 1-5 2.7 1.7 2.5
3 6-10 1.0 0.6 0.8
3 11-16 0.7 0.7 0.9
3 17-20 1.1 0.7 0.4

Pit 19 4 1-6 1.1 0.8 1.3
4 7-12 2.5 1.4 0.8
4 13-19 0.7 0.6 0.8

Pit 22 5 1-5 1.3 0.9 1.0
5 6-10 1.4 0.8 0.8
5 11-15 0.8 0.6 0.5
5 16-21 0.5 0.5 0.8

i,i i ,..,,. , , ,rill i, ,.,, ., i •, , i,
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Although concentrations of soluble trace constituents were typically highest in
the first few pore volumes and gradually decreased as more pore volumes
passed through, there were some exceptions to this general trend. In the
effluent of column 4, the concentrations of cadmium and zinc were very low in
the first five pore volumes. After about pore volume 5, the concentrations of
these two constituents eluted from column 4 climbed slightly until about pore
volume 15, then decreased significantly from pore volume 16 until the
experiment ended (Figure 5.14).

Molybdenum concentrations were found to be near or below the detection limit
in column 3 (subpile pit 20) solutions, and significantly elevated above
background in the effluent of columns 4 (subpile pit 19) and 5 (subpile pit 22).
Unlike cadmium and zinc, molybdenum concentrations in column 4 decreased
steadily from pore volumes 1 through 20 (see Figure 5.13). In column 5,
however, molybdenum concentrations started high and decreased until about
pore volume 15. After pore volume 16, molybdenum concentrations gradually
increased until the end of the experiment.

, i,
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6.0 DISCUSSION

In the preceding sections, we have attempted to describe the chemical characteristics of
the subpile sediments as determined by a series of diagnostic tests. This section
integrates these data into a conceptual model that will allow us to explain the various
chemical characteristics we have observed. The identification of the processes that
control the distribution, solubility, and mobility of the hazardous constituents in the subpile
sediments allowed us to determine whether the subpile sediments could have s significant
impact on ground water quality st the Gunnison processing site. Potential reasons for the
chemical differences observed in the method 3050, column, and batch test solutions for
the three on-site test pits are discussed below.

A comparison of the batch test and method 3050 results for the subpile sediment from all
three subpile test pits (19, 20, and 22) indicates that as long as the final pH of the batch
test solution was acidic, samples with elevated method 3050 metals concentrations would
also produce batch test solutions with elevated metals concentrations. Batch test
solutions with a final pH above 5.0 were found to contain much lower concentrations of
metals, regardless of the method 3050 concentrations. This suggests that although the
absolute concentration of a metal in the sediment is important, pH is the master variable
that controls the solubility of many of the contaminants in the subpile sediments.

Most of the trace metals solubilized in the Iow-pH batch test solutions are also associated
with elevated levels of iron and manganese. Given the paucity of potentially sorptive
clay-sized material in the subpile sediments (Table 4.2) and the high affinity of iron and
manganese hydroxides for mP_nytrace metals (Rai and Zachara, 1984), it is likely that
these phases are the largest reservoirs of easily soluble trace metals in these sediments.

The mill at Gunnison operated from 1958 until 1962 and iron and manganese hydroxides
have been deposited in the subpile sediments by infiltrating acidic railings pore water for
over thirty years. Consequently, the iron- and manganese-rich coatings on these
sediments have built up gradually over this time. Trace metals associated with these
coatings were also deposited over 30 years and are not, therefore, simply adsorbed to the
present-day surface of these coatings. Trace metals should be found throughout the three
dimensional framework of these solid phases. To solubilize those trace metals sequestered
within the framework of the coatings, the coatings themselves must be dissolved. As our
experiments and tests have demonstrated, however, iron and manganese hydroxides (and
most of the associated trace metals) will only be significantly solubilized under acidic
groundwater conditions.

Soil pH and acidity titration measurements have demonstrated that some of the subsoil
sediments in columns 3 (subpile pit 20), 4 (subpile pit 19), and especially 5 (subpile pit 22)
have been acidified by the infiltration of tailings leachate. Given the batch test results
discussed above, it might be expected that acidified sediments would solubilize many
constituents in the column tests as well. In fact, significant amounts of many
contaminants were solubilized from the subpile sediments during the column tests (see
Figures 5.12 and 5.13). Unlike the acidic (pH --2.4) ground water used in the batch tests,
however, the influent solution in the column tests was alkaline and had a pH of

i i | ,i |1
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" respect to calcite, while most of those of column 5 were not (see Figure5.9). The greater
acidity of the column 5 sediments and the lower final pH of the test solutionsare the most
reasonableexplanationsfor the higherconcentrationsof iron, cadmium, and zinc in the
initialpore volume solutions from this column relative to column 4 (see Figures5.12 and
5.13). This occurreddespite the comparableor higher method 3050 ironconcentrations
and the highermethod 3050 and batch test cadmium and zinc concentrations found in
column 4 sediment [see Tables 5. I and 5.4].

Unlike columns 4 end 5, none of the column 3 (subpilepit 20) sediments appeared to
contain appreciable calcite and all were mildlyacidic [Attachment B). The moderate acidity
of these sediments initiallyconsumedmost of the alkalinity of the influent ground water
and produced effluent solutionsunderseturated with calcite (see Figure5.91, though
probablynot lowering the pH much below 5. If the pH attained at any point during the
passage of the porevolume solutions throughcolumn 3 did not drop below approximately
5.0, comparatively little iron, manganese,uranium, cadmium, or zinc would have been
solubilized. This interpretation is supportedby the detectlon of relatively low
concentrations of iron, manganese,and the trace metals in first few pore volumes from
column 3.

As all three subpilecolumn tests proceeded, the high pH, alkaline influent solution
progressivelylowered the acid-generatingcapacity of the acidic sediments. The rate of
acid neutralization varied significantly between columns 3, 4, and 5, dependingupon the
relative acidity or alkalinity of the sediments.

Unlike the trends observedin columns 3 (subpilepit 20) and 4 (subpilepit 19), the
alkalinity of the poresolutionsin column 5 (subpilepit 22) generallydecreased over time,
if only slightly. This suggeststhat the acid neutralization potential of the less acidic
sediments in column 5 may have been nearly exhausted by the end of the experiment due
to the influx of acidic solutionsgenerated by the large mass of acidic sedimentsin this
column. Nevertheless,with few exceptions, progressivelysmalleramounts of iron,
manganeseand associated trace constituents were solubilizedas the tests proceeded. The
exhaustion of the acidity in the shallowest, most acidic subpilesediment, not the
exhaustion of the reservoirof contaminants in the sediment, producedthe general
reduction in the concentrations of most constituents in the columntests solutions.

As previouslydiscussed,the cadmium and zinc concentrationsin column4 started low,
increased slightly, then decreasedagain (see Figure5.14). Although these concentrations-

were much lower than the levels of cadmium and zinc eluted from column 5 (see Figure
5.13), the dissimilarshape of the elution patterns between column 4 and columns 3 and 5
is puzzling.

The presence of these slightlyelevated concentrationsof zinc and cadmium in the middle
pore volumes can be explained by two different mechanisms: I) the solubilityof these
metals increasedduringthe middle porevolumes of the column 4 test; or 2] these small
pulsesof cadmium and zinc were desorbedfrom the sediment in the first few pore
volumes of the columntests and their movement out of the column was retarded by
subsequent interactionswith the sediment.
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exhaustion. This would allow the Iow-pH, metals-enriched solutions generated in the
acidic parts of the column to migrate closer to the end of the column before
neutralization. Although the abi,_y of this column to retard the movement of all the

' pH-sensitive elements should be progressively lowered by this process, the mobility of
molybdenum in solution at nonacidic pH levels should enable this constituent to be
the first to break through.

3. The increase in molybdenum concentrations may represent 8 "breakthrough" of
molybdenum that was solubilized by Iow-pH conditions in the acidic sediments and
that had been slowly migrating down the column. In this scenario, the behavior of
molybdenum is analogous to that of zinc and cadmium in column 4, where the
concentrations of these two constituents began to increase in the middle pore
volumes, peaked, and then began to decrease rapidly in the last few pore volumes.

Although molybdenum is not readily adsorbed onto iron hydroxides if the solution pH rises
above 7.0, once adsorbed onto an iron hydroxide (under low or high pH conditions), it is
thought to form (over time) a relatively insoluble ferric molybdate (Rai and Zachara, 1984).
Molybdenum in this form is essentially immobile under neutral pH conditions, and in order
to mobilize a significant amount of it from the subpile sediments, abundant iron hydroxide
and ferric molybdate must be dissolved. Once the acidity in the shallow sediments is
exhausted by the influx of alkaline ground water, the iron and manganese hydroxides will
not solubilize and the bulk of the associated molybdenum will remain essentially immobile.

im
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7.0 SUMMARY

It is clear from the data presentedthat the chemistry of the subpilesediments is complex.
Concentrationsof many constituents vary significantlyfrom one on-site test pit to another
(for example, arsenic). These variationsare probablylargely dueto local variations in the
volume and contaminant load of the tellingspore fluid that entered the subpilesediments
sampledby the on-sitetest pits. Furthermore,subpilesediments having similar total
concentrationsof certain other constituents (for example, iron and uranium)within and
between these test pits commonlyyield widely variableconcentrations when subjectedto
batch and columntests under the same conditions.

The paucity of clay-sizedmaterial in these sediments (Table 4.2) suggeststhat the natural
sorptive capacity of these sediments is dominatedby ironand manganese hydroxides. The
strong associationof many trace metals with elevated levels of iron and manganese in the
batch tests (includingthe pebbles)supportsthe inferencethat the iron end manganese
hydroxidesare the largest singlereservoirof these trace metals in the subpilesediments.

For over thirty years at this site, ironand manganesehydroxideshave been depositedin
the subpilesediments by infiltratingtailingspore water. The iron- and manganese-rich
coatings on these sedimentshave built up graduallyover this periodof time, with the
associatedtrace metals not simply adsorbedto the surface but distributedthroughoutthe
three-dimensionalframework of the iron and manganesehydroxides. To solubilizethe
trace metals sequesteredwithin the framework of the coatings,the coatingsthemselves
must be dissolved. This is particularlytrue for molybdenumthat, once adsorbedonto iron
hydroxides, forms the stable phase ferric-molybdate(Rai and Zachara, 1984).

The fundamental variablesthat appear to control the solubilityof the various contaminants
within the Gunnisonsubpilesediments are I) the acidity or alkalinity of the sediments;
2) the absolute concentrationsof the contaminantsin the sediments; 3) the final pH and
alkalinity of the groundwater; and 4) the chemical propertiesof the contaminants. The
interplay of these variablesproducesdisparatelevels of contamination emanating from the
sediments of the three on-site test pits. For those metals that are insolubleat high pH
levels, the relative acidity of the differing columnsediments is more critical to producing
elevated concentrationsin the columntest solutionsthan is the absolute amount of the
constituent present. For those metals that stay in solutionunderalkaline and high pH
conditionsonce mobilizedby initiallyacidic conditions(molybdenumand uranium), the
total concentration presenton the sediment is also an important factor.

-

Uranium and molybdenum are the only two hazardousconstituents evaluated that could
potentially be transported in significantamounts from the Iow-pH subpilesediments into
the alkaline, high-pHgroundwater outsidethe immediate area of the subpilesediments.
Unlike uranium, however, molybdenumis not a significant groundwater contaminant at
Gunnisonand has been found at concentrationsconsistentlyabove backgroundlevels in
only one well (completedin the shallow alluvial sediments beneath the pile). This suggests
that molybdenumwill not be a problem for groundwater quality after surface remediation.
The much larger uranium problemst Gunnisonis due, in large part, to the much higher
concentrationsof uranium that are solubilizedfrom the tailingsand from the acidic subpile
sediments.

i
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This study has demonstrated that the extent of groundwater contamination that should
occur if ell the subpile sediments were exposed to long term saturated conditions is
relatively small. If (as is expected) the acidic subpile sediments left in place after surface
excavation at Gunnison remain above the water table, any threat to future ground water
quality should be even less. The acidity present in the remaining sediments will be slowly
dissipated (as occurred in the subpile pit 20 sediments) by the long term infiltration of
precipitation into end through the unsaturated zone. Metals that are solubilized during this
slow process will be greatly attenuated by interactions with the less-acidic and alkaline
sediments present below the acidic sediments but above the water table. The flux of
uranium and other contaminants to the saturated section would certainly be much smaller
than the flux under the saturated, worst case scenario conditions evaluated in this study.
Dilution of this small flux of contaminated water from the unsaturated subpile sediments
by the much greater flux of the Gunnison alluvial aquifer should quickly drop uranium (and
any other contaminant) concentrations to background levels.
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ll.0 CONCLU$1ON8

The resultsof this study suggestthat if, in the unlikelyevent, the groundwater table et
the Ounnisonprocessingsite were to rise end stay 5 to 6 ft (1.5 to 1.8 m) above current
levels (saturatingthe entire pre-excevationsubpilesection), the following processes would
occur:

• Groundwater equilibratingwith the upper 1 to 3 ft (0.3 to 0.9 m) of the |ubpile (pre-
excavation) sediment would be acidifiedand contaminatedwith many constituents,
suches iron, manganese, arsenic, thorium, zinc, cadmium, molybdenum, and uranium.

• As the acidifiedgroundwater moves into CsCO3-besringsediments end mixes with
high-pH, alkaline groundwater, the concentrationsof all the trace metals discussed
above (except uranium and molybdenum)would.be greatly attenuated by precipitation
and adsorptionreactions.

• The acidity of the shallow subpilesedimentswould be fairly quickly neutralizedby
infiltratingalkaline water; the ironand manganesehydroxides, and their associated
trace elements (includinguraniumand molybdenum), would become progressivelyless
soluble.

The solubilityand concentrationof subpileuraniumand molybdenum in groundwater is
controlledby several interrelatedfactors, includingthe following:

• The amount of uranium and molybdenumpresent in the sediment.

• The acidity of the sediments.

• The pH and alkalinity of the water mixed with the subpilesediment.

• The pH and alkalinity of the contaminatedgroundwater after equilibrationwith subpile
sediment.

Batch and column test data demonstratethat acidic subpilesedimentssolubilizetens to
hundredsof times more uraniumthan molybdenum. The subpilesediments, therefore, will
not be a significantsource of molybdenum contaminationof groundwater.

Batchand column test data demonstrate that acidic subpilesediments solubilizetens to
hundredsof times more uranium than alkaline subpilesediments with equal or higher
amounts of total uranium. This suggeststhat nearly all the readily solubleuranium is
present in the acidified (typically, the upper I- to 3-ft [0.3- to 0.9-m]) portion of the
subpilesediments.

The mass, acidity, and metals content of the tsilings is far higherthan that of the subpile
sediments. The subpilesedimentsappear, therefore, to be much less importantthan the
overlyingtsilings as potential sourcesof groundwater contamination. Once the tellings
and rsdiologicallycontaminated subpilesediments are removed, the low-pH solutions

_m
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capable of dissolving the uranium-enriched iron and manganese phillis would only be
generated in the remaining acidified subpile sediments.

Although it would not be necessaryundercurrent water table conditions,excavation of the
most acidic and uranium-richsubpilesediments would significantly reducethe amount of
uraniumthat would become soluble if the water table were to rise for an extended amount
of time to 5 to 6 ft (1.5 to 1.8 m) above existing levels.
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9.0 APPLICATION

The purpose of this section is to discuss how the results of the analyses and evaluation,
which led to the conclusions described in Section 8.0, are to be implemented. As
discussed in Section 1.0, this study evaluated the potential for a secondary source of
ground water contamination following compliance with surface remediation excavation
criteria for radium and thorium. The bulk of this study was completed in mid-1993, end e
series of meetings with the DOE, CDH, RAC, and TAC were held to discuss the results.
Further, evaluation of the data since then has not significantly changed the conservative
conclusions reached at that time.

Any potentially soluble secondary source term to ground water contamination would be
mitigated by surface remedial action excavation, assuming excavation of subpile materials
to a depth of 3 ft (0.9 m). At this depth, uranium was found to be the most mobile of the
contaminants analyzed. Concerns then focused on the depth for radium and thorium
contamination and how that depth related to uranium concentrations in the subpile
materials. Uranium, Ra-226 and Th-230 were analyzed in the soils collected during the
test pitting program for the cobbles-to-fines evaluation (November 1992). The results of
these analyses were correlated and it was found that thorium is more mobile than radium
at Gunnison. There was good correlation in all but 3 of the test pits (Figure 9.1), whereby
excavation of thorium would remove any potential uranium contamination of ground water.
The three test pit locations where uranium levels of concern ex_ended deeper than thorium
were further evaluated.

As discussed in Section 8.0, soluble (mobile) uranium is found in acidified subpile
sediments. Two of the test pits (6 and 12) did not contain acidic sediments and
significant migration of uranium will not occur. In the third test pit, 16 (see Figure 9.1),
the subpile sediments were acidic (see Table B.1) end presented the most significant
source of uranium. This potential secondary source of ground water contamination would
be eliminated if the subpile sediments were excavated to a depth of 3 ft (2 m) or to a soil
pH of 5, whichever is less. Consequently, in the area of test pit 16 these criteria will be
applied, in addition to the excavation criteria for surface remediation standards (for radium
and thorium). No other areas of the railings pile require additional cleanup standards to
remove potential secondary sources of contamination.
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ATTACHMENT A

' GUNNISON SUBPILE STUDY LOG OF TESTPIT NO. 19

. DATe
-- --- OROU_WATER _ BACKHOE _AT_RPILLAR 235

, IDHPTH[HOURiDATZ_ LOCATION._N2940.0El600.0

; II ,__2,oI i,,,1o,'2 E_VA770N '_2"00f3 ;E DATUM
_ REPIRRKS VZSURLCLRSSZFZCRTZON_u
iiiml

1 = L SAJ_DYSILT (COVER MATERIAL), somegravel,
,| roots, sit. moist.

I • TAILINGS:
i SILTY SAND, fine, v. loose,dry, It. brown.

2 Bulkdisturbed
i samples taken for

3 ' pochmn, analysis at
' intervals shown.

4 •

! L SILTY CLAY (SLIMES), reed. to high plasticity, moist,
/ grey.

¢ //
/ . INTERFACEWITHALLUVIUM

W
SANDY GRAVEL, with cobbles,wellgraded,moistured

_. content increasing with depth, dk. brown.
p,

b
P

iJ Note: Abundant iron hydroxide staining throughtout.1 •

Ifl

e Note: Water encountered at 12 feet.
p
4g
]P

] " TD AT 13 FEET.

' SRmPLETYPE
: B - IJndistueed Block Sample.

D - Disturbed Bulk Sample.
JEGTACTEAM



ATTACHMENT A (Continued)
GUNNISON SUBPILE STUDY

LOG OF TEST PIT NO. 20

DATE _1-10-_2
, GROUNDWATI_R BACKHOE _ATERPILLAR 235

N_S0.0F.Z000.0 .
• F.LEVA_ON 7MLI.00

! DA_ MSL .
,l_ D.. m IM,,m I

C| r i' =--_ .-,=.-_
•-_ , - _ _o ! REMARKS VZSURI.CI.RSSZFZCATZON Ii %[L ] FILL: SANDY SILT, (COVER MATERIAL), over tailinlls,

SP J fine gravd.
1 _i TAILINGS: !

SILTY SAND, fine, loose, dry. Ugh/brown. [
2 Bulk disturbed

. samples taken for
$ leochan, analysisat I
4 ':':':':' intervals shown. I

5 :::::::::

°%%',', I

6

7 :.:.:.:.: I

J - CH SILTY CLAY, (SLI]_ES), high p|asticity, moist,
. greyish green.

II "
i

1] " I- _,

Is

I

II o
,

1! . '
_ _, GW __:

II _.'_ _ GRA%_ELAND COBBLES, some sand, well graded,
_.4_ _ moist, It. brown to It. grey. I

" Note: Moderate iron hydroxide staining throughout.r b._ .
II TD AT 18 FEET.

i

.--- SRMPLETYPE
B - Undistured Block Sample.
D - Disturbed Bulk Sample.

JEGTACTEAM
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, GUNNISON SU]BIDI]L,ESTUDY LOG OF TEST PIT NO. 2t

DATE 11-10-92
. ' OROUNDWAT_R BACKHOE JOHN DEER_4100

I !I"° ,.o. o;_ DATUM MSLDH t!

Bm m m _dl. m i

E_ " _,m__;_ _.nRKS VZSUnLCLASSZVZC_TZON
M SO]fit,:

1 .w "_ SILTY SAND, with Ilravd, with roots, dightly moist,
\dark brown.

2 ,.. Bulk disturbed SANDY GRAVEL, well graded, with cobbles, slightly
Immplestaken for moist increasing to very moist with depth, dark brown.

3 " pochem, analysis at Note: minor iron hydroxide staining throughout.
4 intervals shown.

,um
P'l_b

ql ,I Note:Water encounteredat 6 feet.

TD AT 7.5 FEET.

.._ SAMPLETYPE
B - Undistured Block Sample.
O - Disturbed Bulk Sample.

JEGTACTEAM



ATTAC_NT A (Continued)
GUNNLSONSUBPILE STUDY

LOG OF TEST PIT NO. 22

DATE - 11-10-92
' .. GROUNDWATER BACKHOE _ATERPILLAR 235

, [DEPTH IHOURI DATE ] LOCATION __q;880.0 g202S,0

if'"° I I i DATUM MSL -
4m an MD,m,

_.z ' r --_ ..... _u REMRRKS VZSURLCLRSSZFZCRTZON I
. 41, ._lr,aJ-: SANDY SILT (COVER MATERIAL).
i. ;M TAILINGS:

I ... SILTY SAND, fine, It. brown. I
I,i

2 . Bulk disturbed
' munplestaken for

3 •.. 8eochem.analysis at I
I

4 .'

,.

S /7 EL SILTY CLAY (SLIMES), grey. [
/
// "

/
! /

/

/
/ -

11 /
/

/
1: /

/

GW -"ALLUVIUM:
_; GRAVEL AND COBBLES, some sand, occ, boulders,I,
. " moist, brown. I

11 _ ' I
'

I _ Note: Moderate iron hydroxide staining throughout.
Ib

1 _ I

1 _ Note: Water encountered at 19 feet.°rB
¢

2 TD AT 20 FEET. I
I

I
"rB

I

SRMPLETYPE
- UndistuPed Block Sample.

Dis_uPbed Bulk Sample.

JEG TAC7E4M



, ATrA__Nt' A i,_.,onhnueo)
, GUNNISON SUBPILE STUDY LOG OF TEST PIT NO. 23t

DATE 11-|0-92
. GROUNDWATXR BACK.HOE JOHN DEE.RE4,,100.... LOCA_OS Nr_o.o r___o.O

, It)ESp_'H_OUR
; i ' 11/10192_ ELEVATION "1647.00 ......;S _ DATUM MSL

" e,k -e RERRRKS UZSURLCLRSSZFICnTZONd.. _U

" ALLUVIUM:
SANDY GRAVEL, well graM, with cobbles, moist

1 with increasing moisture with depth, dark brown.

2 Bulk disturbed

mmpla taken for Note: Minor iron hydroxide staining throushout.
3 _. smlym at

intervals shown.

Note: Water encountered at $ feet.

FEET.

SRt'IPLETYPE

- Undistured Block SlmPle.Disturbed BuIk SampIe.
JEG TAC7T.AM



m

_D

ATTACHMENT B

SOIL ALKALINITY AND ACIDITY MEASUREMENTS
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ATTACHMENT B
!

SOIL ALKALINITY AND ACIDITY MEASUREMENTS

The soil alkalinity or acidity of the subpile sediments from the three test pits (19, 20, and
22) excavated for this study are shown in Table B.1. The results for background test pit
23 and 8 fourth test pit (16) through the tailings are also presented in this table. Test pit
16 is one of several pits installed by Morrison Knudsen-Ferguson (MK-F) to determine the
cobbles-to-fines ratio of the alluvial sediments at Gunnison. No other geochemical
analyses were performed on the sediment of this test pit.

The procedure used for determining the alkalinity or acidity of these sediments is as
follows:

Twenty-five grams of dried, fine-grained (< #4 mesl_) sediment was mixed with 150
milliliters (mL) of Gunnison background ground water from monitor well 002 in plastic
beakers, shaken for 1 minute, and allowed to react overnight. The initial alkalinity of the
background ground water used in these tests was analyzed five times during these tests.
The values obtained were 11 2, 115, 104, 115, and 111 milligrams per liter (rag/L)of

calcium carbonate (CaC03). After 24 hours, the solutions were decanted and the pH was
measured. In those solutions with an initial pH above 4.5 (those with alkalinity), the
solution was titrated down to a pH of 4.5 using 1.6 normal (N) H2SO 4. For those samples
where the initial pH were below 4.5 (those that were acidic), the solution was titrated up
to a pH of 4.5 with 1.6 N NaOH. The amount of alkalinity in mg/L CaCO 3 equivalent is
reported in positive numbers in Table B.1. The acidity of the sediments is recorded as
"negative" alkalinity; that is, the amount of NaOH that had to be added to the solution to
neutralize the acidity and bring the pH to 4.5. The negative values in Table B.1 indicate
acid conditions.

Although these values are not quantitative in the sense that they measure the total acidity
or alkalinity of the sediments, they are useful in examining the relative differences between
the sediments within or between the tests pits. Furthermore, these tests indicate that the
shallowest sediments in the subpile test pits are sufficiently acidic to consume all the
alkalinity of the background ground water at a relatively high solution-to-sediment ratio
(6:1).
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Table B.1 Ralatlve soUalkalinity or a©idlty

r i i i i __ ill i i , i i i ill

Oepth

Lo-:atlon Sample # (ft) (m) 8oil pH Sol alkMInityii i i i i[
i ii i i i

16 1 0.5 0,15 4.23 -31

2 1.5 0,5 4.44 -2

3 2.5 0.75 4.55 1

4 3.5 i.0 5,1 4

5 4.5 1.4 6,24 19

23 1 2.5 0.75 7,75 112

2 3,5 1,0 Not tested Not tested

3 4.5 1.4 Not tested Not tested

4 5.5 1.7 7.75 110

5 Not tested Not tested

20 2 0.5 0.15 6.76 22

3 1.5 0.5 7.04 43

4 2.5 0.75 6.97 34

19 2 1.5 0.5 4.3 -2

3 2.5 0.75 5.24 7

4 3.5 1.0 7.21 75

5 4.5 1.4 7.31 60

6 5.5 1.7 7.55 85

22 2 0.5 . 0.15 Not tested Not tested

3 1.5 0.5 4 .11

4 2.5 0.75 4.53 0

65 4.5 1.4 6.8 50

6 5.5 1.7 6.84 47

7 6.5 2.0 7.11 65i i ii

Note: The amount of alkalinity in mg/L CaCO3 equivalentis reported in positive numbersin
Table B.1. The acidity of the sedimentsis recordedas "negative" alkalinity;that is, the
amount of NaOH that had to be added to the solutionto neutralize the acidity and bring
the pH to 4.5. The negative valuesin Table B,1 indicateacid conditions.
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ATTACHMENT C

COLUMN CONSTRUCTION AND EX_RIMENTAL PROCEDURE

Column tests, using backgroundwater (from monitor well 002) as 8 leaching agent, were
performed on sediment from all five subplletest pits. The pH and alkalinity of the
backgroundgroundwater was measured in the field duringcollection and periodicallyIn
the laboratory. The alkalinity of this water was adjustedIn the laboratory, as necessary,
to keep it st a highervalue than the alkalinity measured for backgroundground water in
the field.

The columns were constructedin the following manner. Layers of test pit material, each
llft correspondingto a samplinginterval, were packed into 4 by 24 inch (in) (I0 x 61
centimeter [crn]) polycarbonatacolumns. The packingsequence, mass, end height of each
llft ere shown in Table C.I. The columnswere sealedat both ends by I in (2.5 crn)
polyvlnylchlorideplugs, with a port to allow fluid to enter and exit. A filter system
consistingof silicasand resting between glass fiber filters was placed at the top and
bottom of the columnsto trap particulate material. Figure5.6 shows a diagram
representings column used in this study.

Feed solutionwas distributedto the bottom of the columns in 0.25-in (0.64-cm) TYGON
tubing. The tubing was connected to a 5-gallon (19-1iter) NALGENEcarboy elevated on e
10-foot (ft) (3-meter [m]) high shelf to providehydraulichead. The solution was allowed
to flow through the columnfrom bottom to the top to effectively degasthe sediments, st
e specifiedrate that was controlledby e rnultichannelMONOSTAT cassette pump. Small
diameter (0.09 in [0.24 cm]) TYGON tubing was threaded throughthe pump cassettes to
allow better control of flow through the columns. Effluent from the columnsflowed into
100-mL Erlenmeyer flasks, which were sealed with e rubberstopper to prevent
evaporation.

Flow throughthe columnswas adjustedto approximately 0.75 foot/day (0.23 meter/day)
to simulate the average linear velocity of groundwater in the alluvial aquifer beneath the
teiiings pile at Gunnison,Colorado. Flow was controlledby periodicallyweighing the
effluent on a top-loadingscale end adjustingindividualpump cassettes so that the
calculated pore volume for each column was collected within the prescribedtime (usually
48 hoursper pore volume).
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One Bottom Filter N/A 150.8 2.5 2.5

Sediment 2.5 0.75 722.9 11.5 14

Pit 21 Sedlmem 3.5 1.0 812.1 11.5 25.5

Sediment 4.5 1.4 755.1 11.5 37

Sediment 6.5 2.0 753.4 3043.5 11.5 48.5

Top Filter N/A 209.1 3.25 51.75 488
i| ii ii. i i

Two Bottom Filter N/A 175.9 2.75 2.75
('1

Sediment 2.5 0.75 703. ! 11.5 14.25

Pit 23 Sediment 3.5 1.0 730.6 11.5 25.75

Sediment 4.5 1.4 716.2 11.5 37.25

Sedlmem 5.5 1.7 721.8 2871.7 11.5 48.75

Top Filter N/A 180.1 2.75 51.5 554i | i1|

Three Bottom Filter NIA 192.8 3.25 3.25

Sediment 0.5 0.15 1020.7 15.5 18.75

Pit 20 _ 1.5 0.5 990.8 15.5 34.25

Sediment 2.5 0.75 1195.5 3206.8 15.5 49.75

ill ii i ii ii

c=_ Top Filter NIA 132.6 2 51.75 510

•'+ * * a)
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Four Bottom Filter N/A 173.1 2.25 2.25

1.5 0.5 611.9 9.5 11.75

Pit 19 Sediment 2.5 0.75 618.1 9.5 20.25

Sediment 3.5 1.0 611.5 9.5 2g.75

Sedinwlt 4.5 1.4 616.3 9.5 39.25

Sedknent 5.5 1.7 625.1 3082.9 9.5 48.75

Top Filtar NIA 186.8 2.5 51.25 479
O
_0 Five Bottom Fiiltm NIA 146.9 2.5 2.5

Sedinmlt 0.5 0.15 554.3 7.5 10

Pit 22 SeCnem 1.5 0.5 536.8 7:5 17.5

Sedrmw_ 2.5 0.75 483.8 7.5 25

Sedinw_ 4.5 1.4 534.9 7.5 32.5

Sedimem 5.5 1.7 530.1 7.5 4Q

Sediment 6.5 2.0 526.1 3166 7.5 47.5

Top Filter NIA 176.4 2.75 50.25 500
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