


Metals concentrations are variable, with cadmium and zinc present in higher concentrations
than copper and lead at most monitoring locations. Average dissolved cadmium
concentrations in west plant site shallow groundwater range from near the detection limit
(0.002 mg/L at DH-16 and 0.002 mg/L at DH-1) to 14.5 mg/L at DH-19. Average dissolved
zinc concentrations range from 0.031 mg/L at DH-21 to 40.9 mg/L at DH-26. Copper and
lead concentrations are low with the highest average dissolved copper concentration on the
west plant area of 0.16 mg/L a well DH-22. The highest average dissolved lead
concentration is 0.14 mg/L at DH-19 (Table 4-4-8).

Similar to the east side of the plant, west plant site correlation coefficients (Appendix 4-4-2)
are positive between dissolved cadmium and dissolved zinc (R=0.74), and between chloride
and sulfate (R=0.78), as well as between dissolved arsenic and arsenic (l11) (R=0.76), and
dissolved arsenic and arsenic (V) (R=0.84). Arsenic and sulfate aso show a moderately
positive correlation (R=0.64). The arsenic (V)/dissolved arsenic correlation was not apparent
on the east plant site. In addition, Figure 4-4-7 shows that high arsenic (V) concentrations
occur where pH values are high, generally downgradient of the former speiss pond and pit

area.

Trends in groundwater dissolved arsenic concentration on the west plant site (Figure 4-4-7)
show that the majority of wells in this area have exhibited decreasing arsenic concentrations
over the last several years. These decreases have been accompanied in many cases by
decreasing concentrations of sulfate and chloride. For example, the arsenic concentration at
well DH-24 (near the northwest boundary of the site) has decreased from about 80 mg/L
prior to 1991 to 25.8 mg/L in November 1997, while at the same time sulfate concentration
decreased from about 1,600 mg/L to 688 mg/L. Many other wells have shown similar
decreasing trends over time (e.g., DH-12, DH-13, DH-17). Monitoring wells immediately
downgradient of known sources, however, show periodic spikes in arsenic, sulfate, and/or
metals concentrations. Well DH-8, on the western side of the plant site near the ore storage

area, showed a large spike in cadmium, zinc, and sulfate concentrations in 1993 and 1994,
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followed by subsequent decreases (Appendix 4-3-1). This metals and sulfate spike occurred
at approximately the same time that the well sustained damage from equipment being used

on the plant site.

Wells DH-21 and DH-28, downgradient of the former speiss settling pond and granulating
pit, have shown considerable variability in arsenic concentrations (from about 75 to 750
mg/L), consistently high pH values, and spikes in arsenic concentration at various times over

the last ten years.

Groundwater arsenic spikes observed at these wells have presumably been caused by historic
process uses, as well as residual effects from arsenic-bearing soils and aquifer material. As
described in Section 4.2, runoff from the speiss storage area has high concentrations of
arsenic and sulfate and may also be a source of these constituents to groundwater if the
existing speiss tank storm water containment facility is not completely effective. Potential
sources to groundwater are discussed in detail in Section 5.0. Although arsenic
concentrations are high, the rest of the metal parameter concentrations at wells DH-21 and
DH-28 have remained relatively low, due primarily to limited solubility of metals under the
localized high pH conditions.

In contrast to the former speiss pond and pit area groundwater chemistry (high pH, high
arsenic, low metals), groundwater in the vicinity of the former acid plant water treatment
facility (DH-19 and DH-22) is characterized by low pH and high concentrations of both
metals and arsenic (Table 4-4-7). Groundwater pH is higher near the former sediment
storage and drying areas (DH-29), but metals and arsenic concentrations are relatively high.
In general, arsenic and metal concentrations in both DH-19 and DH-29 increased from 1989
through 1991. Since 1991 there has been a consistent trend of water quality improvementsin
the area. The concentration increases occurred when monitoring well DH-29 was covered
with saturated acid plant sediments in the acid plant drying area adjacent to Lower Lake.

The surface casing on the well was extended to prevent future incidents and the sediment dry
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pad was subsequently taken out of use. The effects of plant operations on groundwater are
discussed further in Sections 4.5 (Fate and Transport) and 5.0 (Release Assessment).

One of the shallow groundwater quality concerns on the plant site is the effect of observed
spikes in arsenic or metals concentrations at source area wells (DH-21, DH-28, DH-29 and
DH-19) on downgradient arsenic concentrations. Figures 4-4-7 and 4-4-8 (as well as
Appendix 4-3-1) show trend plots for acid plant/former sediment drying area wells, and
speiss pond/pit wells, along with downgradient wells. The acid plant/sediment drying area
well graph (Figure 4-4-7) shows dissolved zinc, dissolved arsenic, and sulfate trends, and the
speiss pond and pit well graph (Figure 4-4-8) shows dissolved arsenic, arsenic (l11), and
sulfate trends. Since the former speiss pond and pit are themselves located downgradient
from the former acid plant water treatment facility and the sediment drying area, a number of

“downgradient” wells appear on both figures.

As shown on Figure 4-4-7, a large spike in zinc concentration at DH-19 in 1991 apparently
did not significantly affect zinc concentrations in downgradient wells. Most of the
groundwater zinc load contributed by the DH-19 spike may have been precipitated as the
zinc-bearing groundwater moved into contact with the high pH groundwater near the speiss
pond and pit. Zinc concentrations at well DH-24 (averaging 19.7 mg/L), which is the most
downgradient well on the west plant site, have historically been higher than at any of the
other wells except DH-19, implying that a zinc-specific source area exists in the area just
upgradient of DH-24.

Groundwater shows pattern of diminishing arsenic concentration peaks with distance from
the acid plant sediment drying area. Highest arsenic concentrations were measured at DH-29
(430 mg/L) in late 1990, with subsequently lower arsenic concentrations at DH-19 (416
mg/L) in late 1991, and at DH-27 (145 mg/L) in 1993. This pattern may indicate gradual
migration and attenuation of an arsenic plume downgradient of the former sediment drying
area (Figure 4-4-7). Based on the distance between wells DH-29, DH-19, and DH-27, and
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the time lapse between observed arsenic concentration peaks at these wells, an approximate
arsenic front travel rate of 1 ft/day can be calculated for shallow groundwater in this region
of the Plant. However further downgradient, arsenic concentrations at wells DH-24 and DH-
17 show no corresponding peaks. This indicates that migration of arsenic from the acid plant
sediment drying areas is limited, or decreased to extent that it is masked by groundwater
inputs at the speiss pond and pit.

Figure 4-4-8 shows that, despite wide fluctuations in shallow groundwater arsenic and sulfate
concentrations at DH-21 and DH-28 (near the former speiss pond and speiss pit,
respectively), downgradient arsenic and sulfate concentrations have generally shown a
consistent decrease and no indication of increases in concentration related to upgradient
spikes. In addition, the high groundwater pH values at DH-21 and DH-28 do not persist
downgradient; the nearest wells downgradient of DH-21 and DH-28 (DH-12 and DH-13)
have average pH values of 6.5 and 6.2, respectively (Table 4-4-8).

As discussed in the groundwater contaminant fate and transport section of the CC/RA report
(Section 4.5), the overall behavior of arsenic in the subsurface may be controlled to a large
extent by interactions with redox-active elements, particularly iron and manganese. Iron and
manganese compounds are typically present in appreciable quantities in aquifer material, and
the presence of soluble (dissolved) iron and manganese can be an indicator of the general
redox status of groundwater. The data for iron and manganese in groundwater are limited to
several samples collected during the RI/FS investigations in the 1980s, and a recent sample
collected in support of the 1998 Plant Water Investigation. Addition of iron and manganese
to the groundwater analytical parameter list for future monitoring events within and
downgradient of the plant site should be considered, as it may be help refine predictions of

arsenic plume behavior (see Section 6.0 (Summary and Conclusions)).

The mobility and geochemica behavior of arsenic in the subsurface is closely related to its
oxidation state (+3 vs. +5), and thus to the oxidation/reduction (redox) status of groundwater,
and the concentrations of redox-active constituents such as iron and manganese.
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Figure 4-4-9 is a comparison of dissolved arsenic, iron, and manganese concentrations in
groundwater along a flow path downgradient of the former speiss pond on the west plant site
(DH-21, DH-13, DH-17, DH-24, and EH-60). The data in the upper graph are presented in
the Comprehensive RI/FS (Hydrometrics, 1990a), and represent average concentrations at
each well as of April 1989. The data in the lower graph were collected as part of the
February 1998 Water Release Assessment for the plant site. Well EH-60 was not sampled as
part of this investigation, and wells DH-12 and DH-16 were sampled rather than DH-13 and
DH-17. Wells DH-12 and DH-16 are located immediately adjacent to DH-13 and DH-17, but
are screened at shallower depths.

Figure 4-4-9 indicates that decreasing arsenic concentrations downgradient of the former
speiss pond are typically associated with increasing concentrations of iron and manganese.
Overall concentrations of all three constituents were lower in February 1998 than in the
RI/FS period (prior to April 1989). One possible explanation for the observed relationship
between arsenic and manganese is the heterogeneous oxidation of soluble arsenic (l11) to
arsenic (V) by solid manganese oxides present in aquifer materials (Manning and Goldberg,
1997; Scott and Morgan, 1995). Under this scenario, as arsenic (I11) from the speiss pit area
moves downgradient and into contact with solid MnO,, the manganese oxide oxidizes
arsenic (111) to arsenic (V), and manganese is reduced from Mn (1V) to the more soluble Mn

(1), which is released to groundwater. Thus, downgradient trends might include:

e Decreasing arsenic concentrations (due to adsorption of the less mobile arsenic (V));
e A movement in arsenic speciation ratio from predominantly arsenic (I11) to more
contribution from arsenic (V); and

e Increasing manganese concentrations due to solubilization of MnO..
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Arsenic speciation results reported in the RI/FS show that in general, the arsenic (111)/arsenic
(V) ratio increased from DH-21 to DH-17, then decreased from DH-17 to EH-60. While
arsenic concentrations in west plant site shallow groundwater are probably controlled by a
complex interaction of source area inputs and geochemical interactions with aguifer
materials, the consistent relationship between decreasing arsenic concentrations and
increasing iron and manganese concentrations suggests that reactions with manganese and
iron may exert significant control on arsenic concentrations. Geochemical factors affecting
the mobility of arsenic in groundwater are discussed in more detail in Section 4.5 (Fate and

Transport).

Plant Site Well Summary
Overall groundwater quality on the East Helena plant site is generally depicted in Figures 4-

4-10 through 4-4-14. Figures 4-4-10 and 4-4-11; show historic and recent isocontour plots of
arsenic and sulfate for spring 1990 and spring 1997 data sets._ Figures 4-4-12, 4-4-13, and 4-

4-14 are isocontour maps showing November 1997 cadmium, lead and zinc concentrationsin

groundwater. -Additional isocontour plots from spring 1990 through fall 1997 for arsenic,

sulfate, chloride, and zinc are in Appendix 4-4-3. Examination of isocontour plots suggests
that:

e The high concentration arsenic plume areas (shown in yellow and gold) have
decreased significantly near the former acid plant water treatment facility, the former
sediment drying area, and in the area downgradient of the former speiss pond. An
exception is well APSD-2, near the former acid plant sediment drying area adjacent
to Lower Lake, which still shows alocalized area of high arsenic concentrations.

e A high concentration groundwater arsenic plume remains in the former speiss pond

area.
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A low concentration arsenic plume appears at the eastern edge of Lower Lake in the
Spring 1997 map that is not evident in the Spring 1990 map. This appears to be a
contouring phenomena associated with the addition of dataat APSD —7 in 1997 rather
than an actual water quality trend.

A dlight increase in arsenic concentrations is evident at DH-10 at the downgradient
boundary of the plant site.

An expansion of the sulfate plume is evident downgradient of Lower Lake.

Cadmium and lead concentrations in groundwater are elevated within the immediate

plant site area, but remain at or below the limits of detection in East Helena area

monitoring wells. Similarly, elevated zinc concentrations persist throughout the west

plant site, but are near or below detection limits in East Helena shallow monitoring

wells (with the exception of the St. Clair private well).

Arsenic and metals concentrations in some monitoring wells throughout the plant site

exceed applicable water quality standards (previously presented in Table 4-3-2);

however, these exceedances are limited to the plant site area and generally do not

persist in downgradient (East Helena) wells. Arsenic concentrations exceed water

quality standards in a limited area downgradient of the plant site, as shown in the

arsenic isocontour map (Figure 4-4-10). Metals concentrations (cadmium, lead, and

zinc) are currently below human hedth standards and MCLs in al downgradient
wells, as shown on Figure 4-4-12, 4-4-13, and 4-4-14.

Downgr adient Wells

Downgradient wells include monitoring wells and private wells within and near the city of

East Helena. Several of the private wells are located upgradient, on the plant site itself, or to

the east or west of the plant site, rather than directly downgradient (to the north or

northwest). Summary statistics for downgradient monitoring wells and private wells are in
Tables 4-4-9 and 4-4-10, respectively. With the exception of the St. Clair well completed in

the shallow aquifer, all private wells are completed in the intermediate or deep portions of

the aquifer. Average sulfate concentrations in the shallow aquifer downgradient of the plant

siterange
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from 84 mg/L to 934 mg/L; concentrations in the three intermediate/deep aquifer monitoring
wells cover nearly the same range, from 156 mg/L to 1079 mg/L. Groundwater pH is near
neutral or dlightly acidic (averages range from 6.0 to 7.3), and average dissolved oxygen
(DO) concentrations range from 1.57 to 7.75 mg/L, with lower concentrations generally
present in the intermediate/deep aquifer wells. Well EH-60 differs somewhat from the other
shallow monitoring wells, with a lower average DO concentration, and a lower range of
observed concentrations (i.e., the maximum observed DO at EH-60 was 2.97 mg/L, while

maximum values at other wells range from 6.11 mg/L to 11.2 mg/L).

Metals and arsenic concentrations are low at most downgradient monitoring wells.
Exceptions include EH-60 (average dissolved arsenic = 591 mg/L), EH-52 (average
dissolved arsenic = 0.769 mg/L), and EH-51 (average dissolved arsenic = 0.472 mg/L). Well
EH-100 (a deep monitoring well) has the highest average zinc concentration of any
downgradient monitoring well (0.106 mg/L), along with the highest average sulfate

concentration (Table 4-4-9). Isocontour maps showing arsenic, sulfate, cadmium, lead and

zinc were previously shown in Figures 4-4-10 through 4-4-14.

Private wells show some variability in water quality, with relatively low concentrations of
arsenic and metals (Table 4-4-10). Average sulfate concentrations range from 17 mg/L to
880 mg/L, average arsenic concentrations range from below laboratory detection limits
(0.005 mg/L) to 0.073 mg/L, and average zinc concentrations range from 0.008 mg/L to
0.151 mg/L. Cadmium and lead are at or below detection limits in downgradient wells.

Average groundwater pH in private wells ranges from 5.9 to 7.5.

The highest average arsenic concentration is present in the one private well completed in the
shallow aquifer (St. Clair). This well is not used and the pump has been removed. All
residences within the city of East Helena use city water and none of the private wells are

used for potable water supplies.
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Interparameter correlations for downgradient monitoring wells (Appendix 4-4-2) show
positive correlations between sulfate and chloride, arsenic and arsenic (111), and arsenic and
arsenic (V). Correlations also were evaluated for private wells, but no statistically strong
(0.07 or above) relationships exist.

Water quality trends downgradient of the plant site are shown in Appendix 4-3-1. The
nearest off-plant downgradient monitoring well (EH-60) shows a consistent increasing trend
in arsenic concentration since monitoring began in 1987. Well EH-51, where arsenic
concentrations have historically fluctuated seasonally, also has recently shown a slight
upward trend. Other downgradient monitoring wells have remained constant or decreased in
arsenic concentration (e.g., EH-52). Downgradient trends for arsenic, aong with dissolved

oxygen and sulfate, are shown for selected downgradient monitoring wells on Figure 4-4-15.

Figure 4-4-15 shows a clearly increasing arsenic trend at well EH-60, as well as the
decreasing trend at EH-52 and relatively low arsenic concentrations at other wells. The low
dissolved oxygen concentrations at EH-60, and seasonal fluctuations in dissolved oxygen
concentrations at wells near Prickly Pear Creek (EH-51 and EH-52) are evident on the plot of
DO concentrations. Seasonal fluctuations in dissolved oxygen also occur at well EH-50,
although the trend is the opposite of that at wells EH-52 and EH-51. Well EH-53 tends to
show very high dissolved oxygen concentrations for groundwater (4.4 to 11.2 mg/L),
indicating that the influence of oxygenated water from Prickly Pear Creek probably extends

over asignificant portion of the western East Helena area.

Sulfate concentration trends on Figure 4-4-15 show increases at several downgradient
monitoring wells over the last several years (EH-51, EH-52, EH-62). Although not shown on
Figure 4-4-15, sulfate concentrations in intermediate aquifer monitoring well EH-102 also
have increased consistently since 1991, after a period of concentration decreases. Since
1996, sulfate concentrations at well EH-60 show a decreasing trend similar to trends in
immediately upgradient plant site wells DH-24, DH-17, DH-13, after historical increases and
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peaksin 1992 and 1995. A comparison of the wells immediately north of the plant site (EH-
50, EH-51, and EH-60) with wells further downgradient (EH-53 and EH-62) suggests that, in
general, sulfate concentrations peaked at the near downgradient wells in 1994 and 1995, and
have since remained steady or decreased. At the further downgradient wells, concentrations
peaked later (at EH-53 in 1996), or are continuing to increase (EH-62).

control-arsenic-and-metal-mebiity—These-Groundwater quality trends relative to and-the

physical and geochemical mechanisms that likely control arsenic and metals concentrations

in plant site and downgradient groundwater are discussed in Section 4.5.

4.4.3.2 Organic Constituents

Analyses for organic constituents in groundwater have been performed for selected
monitoring wells within and downgradient of the East Helena plant site. Complete results
for organics, including data collected as part of the Rl are in the water quality database
(Appendix 3-1-1). Figure 4-4-16 highlights monitoring wells that have shown evidence of
organic constituents including observed petroleum/organic staining or odors noted in well
construction logs. The figure shows the results of the May 1997 sample event for organics

superimposed on arecent (Nov. 1997) contour map of groundwater arsenic concentrations.

Samples for organics analysis have generally been collected for wells that showed evidence
of organic constituents during drilling, and for several downgradient wells. Figure 4-4-16
shows that the locations with evidence of organic constituents coincides roughly with the
high concentration portion of the arsenic plume, and also with the portion of the plume
dominated by the reduced (+3) form of arsenic. The coincidence of locations with organic
constituents and the arsenic plume are probably due to similar source areas (i.e., historic
organic releases in the same areas where historic arsenic occurred). Organic compounds
could potentially affect the mobility of arsenic and other metals in the subsurface, directly

through complexation, or indirectly through their influence on groundwater redox state.
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While the presence of organics could potentialy result in a reduced oxidation state in

groundwater, dissolved oxygen concentrations on the west plant site in the region of organic

contamination are generaly in the range of 1 to 3 mg/L, indicating that the presence of

organics has not stimulated the formation of a highly reducing environment.

Table 4-4-11 shows average organic parameter concentrations for the highlighted wells on
Figure 4-4-16, as well as several downgradient wells. The data in Table 4-4-11 show that

organic congtituents are generaly low with the exception of the area near DH-27 and
downgradient well DH-28.

TABLE 4-4-11. ORGANIC PARAMETER AVERAGE GROUNDWATER

CONCENTRATIONS, WEST PLANT SITE AND DOWNGRADIENT WELLS

Monitoring Well
Parameter DH-6 DH-13 DH-17 DH-21 DH-24 DH-26 DH-27 DH-28 EH-60
TPH Na 112 1.19 na 0.91 na na na 0.92
Qil & Grease 0.7 1.00 16.1 11.1 0.41 17.5 6.0 na 30.0*
DRO asDiesel Na na na na na na 207 0.74 na
GRO Na na na na na na 42.7 13.3 na
NOTES Averages calculated from period of record data; in general, TPH samples were collected from 1988-
1997, Oil & Grease samplesin 1987-1988, DRO and GRO samplesin 1996-1997. See Appendix 3-1-1
for complete analytical results.
BTEX analyses at wells DH-13 (<0.005 mg/L) and DH-26 (<0.001 mg/L) were below analytical
detection limits. BTEX parameters were not analyzed at other well sites.
na = not analyzed
All concentrationsin mg/L.
TPH = Total Petroleum Hydrocarbons
DRO = diesel range organics
GRO = gasoline range organics
* This site showed an unusually broad range of oil & grease results; for two sample dates, results
included one value of 60 mg/L and a subsequent value of 0.08 mg/L.
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Table 4-4-12 is a correlation matrix for arsenic, arsenic speciation, and general organics data
for the wells listed in Table 4-4-11. A correlation analysis was performed to assess whether
groundwater data indicated any relationship between dissolved arsenic concentrations,
concentrations of a particular arsenic species, and general indicators of organic
contamination. The results in Table 4-4-12 show no statistical correlation between arsenic |

(dissolved, +3, or +5) and the organic constituents oil & grease and TPH.

TABLE 4-4-12. CORRELATION COEFFICIENTS (R) FOR ARSENIC, TPH, AND |
OIL & GREASE WEST PLANT SITE AND DOWNGRADIENT WELLS

As(Dis)| As+3 Ast5 |Oil & Grease| TPH
As(Dis) 1
Ast3 0.75 1
Astb 0.88 0.38 1
Oil & Grease| -0.08 -0.04 -0.10 1
TPH 0.10 0.09 0.00047 NC 1

NOTES NC = not calculated (no samples with both oil & grease and TPH analyses).
WEéllsincluded in correlation: DH-6, DH-13, DH-17, DH-21, DH-24, DH-26, DH-27, DH-28, and EH-60.

A general pattern of organic constituents in soils and groundwater is present on the west
plant site, presumably due to historic spills and/or equipment leakage. Analyses of volatile
and semi-volatile organics were conducted at selected wells during the Comprehensive RI/ES
(pre-1990), and aso during the post-RI monitoring period (1990-1997). The results from

both periods of monitoring showed no detectable volatile organics and only low or trace

concentrations of semi-volatile acid and base/neutral compounds that are typical of heavier
fuel oils. Based on historical information and the weathered broken down signature of the
detected organics, the RI report concluded the source of organics observed on the plant site

was fuel oil, probably used to fire sinter machines in the 1920s and 1930s.
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As noted above, the highest concentrations of organics are at DH-27. Free product was
observed in monitoring well DH-27 during Post-RI/FS monitoring in November 1996.
Samples for organic analyses were subsequently collected from DH-27 and an adjacent well,
DH-28, on December 9th and 10th, respectively. Asarco environmental personnel
investigated possible sources of the diesel and believe that it may have been the result of
leaking mobile equipment. An Asarco contractor was working in the New Direct Smelt
Building (located upgradient of DH-27) during the fall of 1996. Some of his equipment was
reported to be leaking diesel or hydraulic fluid. However, the exact quantity and timing of
the release was unknown. The equipment was repaired and removed from the area in
October 1996.

Since that time, DRO concentrations in the three subsequent biannual sampling events of
DH-27 have progressively decreased (May 1997, November 1997, May 1998) were 91 mg/l,
39 mg/l, and 30 mg/l, respectively. None of the subsequent sampling events encountered
free product on the static water surface. During these four sampling events, the DRO
concentration in the adjacent DH-28 well has remained relatively unchanged at
approximately 1 mg/I.

Based on the low concentrations of organics present throughout most of the site (excluding
DH-27) compared to arsenic concentrations, along with the lack of any statistical correlation
between these constituents in groundwater, organics do not appear to be a significant factor

governing subsurface arsenic transport on the East Helena Plant site.

45 FATE AND TRANSPORT

Thisfate and transport discussion addresses:

e Potential routes of contaminant migration
e Environmental chemistry

e Groundwater transport of arsenic including:
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e The Comprehensive RI/FS conceptual model of arsenic mobility, and

e Updated conceptual model

As part of the Comprehensive RI (Phase 11) activities, EPA identified four primary sources of
potential contamination at the East Helena plant: smelter emissions; ore storage areas; slag
pile; and process fluids including process ponds and process fluid transport circuits (EPA,
1987). These sources were identified based on elevated metals concentrations found in
various media in the plant site. In groundwater and surface water environments, the
constituent of greatest concern is arsenic, due to its potential mobility and toxicity. Arsenic
is the only constituent that is typically present in shallow groundwater downgradient of the
plant site at levels exceeding MCLs (see Section 4.4.3.1). Asaresult, this fate and transport
discussion focuses on arsenic. Visual—Evidence of petroleum hydrocarbons (e.q.
hydrocarbon sheen or odor) was aso observed in plant site area groundwaters; however,
concentrations typically do not exceed MCLs (see Section 4.4.3.2). In addition, as discussed

in Section 4.4.3.2, with the exception of a localized area on the plant site, only low or trace
concentrations of organics constituents have been detected, and a statistical evaluation of
organic parameters and arsenic concentrations shows no correlation for these parameters at

the plant site.

4.5.1 Potential Routes of Migration

Primary contaminant pathways are identified in Figure 4-5-1. The CC/RA examines plant
site soil, groundwater and surface water pathways. Asindicated in Section 1.1, air emissions
pathways to off-site receptors are not addressed in this CC/RA.

4511 Process Water (Process Water Ponds and Process Water Circuits) to

Groundwater
The RI identified the primary cause of elevated arsenic and metalsin groundwater as seepage
from process ponds and losses from process water circuits. Of the metal parameters

examined during the Rl and post-RI investigation periods, arsenic is the most mobile in the
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groundwater system. The major source of arsenic in groundwater is associated with process
fluid losses from the former speiss pond and pit area, and from the acid plant water treatment
facilities and its associated drying areas. In the past, losses from the main process water
circuit, and from process ponds including Lower Lake and Thornock Lake contributed lesser
amounts of arsenic to groundwater. The process water circuits, including the main plant
water circuit and the acid plant water circuit, remain potential sources of arsenic and metals

to groundwater.

45.1.2 Soil to Groundwater Pathway

Arsenic and metal bearing soils are present on the plant site (Section 4.1.2) above and below
the water table. Since the majority (estimated 63 percent) of the site is paved, only a portion
of soils on the plant site are exposed to rainfall infiltration. Water that infiltrates through
exposed soils can dissolve or desorb arsenic and metals from the soils, carrying soluble
constituents to groundwater. In addition to precipitation infiltration, soils also may be
contacted and constituents solubilized by water released from leaking subsurface lines on the
plant site. Last, arsenic and metals present in soils below the water table may be mobilized
by groundwater. In the groundwater system the concentrations and forms of arsenic and
metals can change significantly due to adsorption, redox changes, pH changes and other

contaminant attenuation mechanisms (see Section 4.5.3).

45.1.3 Groundwater to Surface Water Pathway

Arsenic and metals derived from historic plant site activities are present in groundwater
beneath the site. Based on hydrogeologic information, the direction of groundwater flow
beneath the plant site is generally to the north and northwest. However, local groundwater
flow to Prickly Pear Creek (the primary surface water resource in the vicinity of the plant
site) occurs as seepage from Lower Lake through the earthen berm that separates the pond
and the creek. Asaresult, there is a component of groundwater flow on the northeast side of
Lower Lake that flows toward Prickly Pear Creek. Although groundwater flow at the Lower

Lake berm is evident, there appears to be little interaction between groundwater and Prickly
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Pear Creek north of Lower Lake (see Sections 4.3.1.1 and 4.4.2). Data collected as part of
the Comprehensive RI/FS have shown a small but measurable increase in dissolved

manganese and arsenic in Prickly Pear Creek adjacent to Lower Lake (see Section 4.3.1.2).

45.1.4 Surface Water to Groundwater Pathway

Streamflow losses provide a potential pathway for transport of contaminants from surface
water to groundwater. Although potential Prickly Pear Creek losses to groundwater in the
vicinity of the plant site are of small enough magnitude to be within flow measurement errors
and cannot be quantified (see Section 4.3.1.1), monitoring wells north of the plant show
evidence of seasonal groundwater chemistry and water level elevation changes due to
seasonal recharge of groundwater from Prickly Pear Creek. Because arsenic and metal
concentrations in Prickly Pear Creek are less than concentrations in groundwater, surface
water is not considered to be an important source or pathway of arsenic and metals loading to

groundwater.

Surface water runoff from the plant site is a potential pathway of arsenic and metals to
groundwater. In 1997, a storm water containment tank system was installed to contain
runoff north of the plant site (see Section 4.3.3). As described above, the tank is designed to
contain the 25-year 24-hour storm. Secondary containment in surface basins are designed to
retain up to the 100-year 24-hour storm event and offer a potential pathway for surface water

infiltration to groundwater.

45.1.5 Soil to Surface Water Pathway

Erosion and transport of soil as overland runoff to surface water provides a potential

contaminant pathway. With the completion of the large storm water improvements project in
1997 (see Section 4.3.3), storm water discharges to surface water could potentially occur
only when the 100-year, 24-hour storm event is exceeded. Even under these conditions there
would be no direct outfall to surface water bodies, since storm runoff overflow would run

into alargefield.
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Erosion of the slag pile, particularly in the area where the slag pile abuts and is in contact
with Prickly Pear Creek, is also a potential pathway to surface water and Prickly Pear Creek
(see Section 6.3 Comprehensive RI/FS and Section 4.3 of this report). Stream sediment
sampling results show very limited evidence of water quality effects, however, thereis visual

evidence of slag in Prickly Pear Creek sediments adjacent to the plant site.

4.5.2 Environmental Chemistry

A detailed description of the environmental chemistry of arsenic, metals (cadmium, copper,
iron, lead, manganese, and zinc) and petroleum hydrocarbons is in Section 8.2 of the
Comprehensive Remedial Investigation/Feasibility Study (Hydrometrics, 1990a). In general,
the fate of arsenic and metallic contaminants is determined by their chemical properties, and

geochemical changes (e.g., pH, redox potential, ionic strength, etc.) that take place in the

environment. Brief summations of the environmental chemistry of arsenic, cadmium, lead,

and zinc are presented in this section, with emphasis on arsenic, the contaminant of greatest

concern on the site.

Arsenic

Several biogeochemical processes including chemical speciation, precipitation, adsorption,
biotransformation, and volatilization affect the fate and transport of arsenic in environmental
media. Although arsenic can exist in several oxidation states (+5, +3, +1, -3, and 0) in the
natural environment, the most predominant oxidation states found in natural waters are the
+5 (As V) and +3 (As Ill) oxidation states. Both As (V) and As (I11) hydrolyze to form
triprotic acids in water. The dominant aqueous species of arsenic is determined by pH and
redox (Eh) conditions as shown by the Eh-pH diagram in Figure 4-5-2. Although the Eh-pH

diagram in Figure 4-5-2 applies to conditions at 25° C, adjustment of equilibrium constants

to temperatures more representative of groundwater temperatures (e.q., 10° C) does not

appreciably alter the general stability fields shown in Figure 4-5-2.  —In oxidizing

environments likely to exist in most surface waters and shallow groundwaters without long
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residence times, As (V) species predominate. In reducing conditions, As (l1l) species
predominate. Because of the variations in redox state and pH found in plant process waters
and groundwaters, chemical speciation is likely an important factor controlling the fate of

arsenic on site, particularly in the groundwater.

In soil and aguatic environments, the transport of arsenic is dominated by adsorption/
desorption mechanisms. Although both As (I11) and As (V) species adsorb to metal oxide
and clay surfaces, As (V) has been demonstrated to have greater adsorption affinities under
most conditions (As Il can be more strongly adsorbed at high pH; Raven et a., 1998).
Adsorption of both As (111) and As (V) decreases with increasing pH above pH 7 to 9 and
with increasing salinity (Gupta and Chen, 1978). These results suggest that arsenic
adsorption is most important in aerobic, neutral to acidic, fresh waters. Under anoxic,
akaline, or saline conditions, arsenic is expected to be weakly adsorbed. Because aquifer
materials on the site contain abundant clay and metal oxide materials, adsorption is believed
to be an important mechanism for attenuation of arsenic in groundwater. The varying redox,
pH, and salinity conditions in site groundwater suggest that adsorption behavior of arsenic in

site groundwater will be variable.

Under certain conditions, coprecipitation of arsenic with hydrous oxides of iron and
manganese, and/or adsorption of arsenic on freshly precipitated hydrous iron and manganese
oxides, appears to be a dominant pathway for the removal of dissolved arsenic from agueous
systems. Both As (111) and As (V) have been reported to adsorb/coprecipitate with hydrous
iron and manganese oxides (Ferguson and Gavis, 1972; Raven et al. 1998, Belzile, 1988;
Belzile and Tessier, 1990; Peterson and Carpenter, 1986; Agett and Roberts, 1986). Several
lines of evidence suggest that adsorption and/or coprecipitation of arsenic with iron and

manganese oxides is the dominant mechanism for attenuation of arsenic in site groundwater:

e |ron and manganese oxides are abundant in aquifer materials on site;
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e Seguential extraction analyses of aquifer materials (discussed in Sections 4.4.3 and
8.3.1 of the Comprehensive RI/FS) indicate enrichment of arsenic in iron and
manganese mineral phases; and

e Groundwater chemical data suggest removal of iron and manganese from
groundwater by oxidation and subsequent precipitation (see Section 4.5.3), providing

amechanism for coprecipitation and fresh oxide surfaces for adsorption.

Eh-pH diagrams for iron and manganese, showing stable species under various redox and pH

conditions, are shown on Figures 4-5-3 and 4-5-4.

Arsenic is also subject to biotransformation and volatilization, however, these mechanisms
are not believed to be important for plant site waters. Biologically mediated transformation
of As (lll) to methylarsines can occur under very reducing conditions such as occur in
flooded soils. Such conditions do not commonly occur on the plant site. Similarly, although
volatilization of methylated arsenic compounds and arsine (in highly reducing environments)
can occur, highly reducing environments necessary to produce methylated arsenic
compounds are not believed to exist on the plant site with the possible exception of marsh

deposits associated with Upper and Lower Lakes.

Cadmium
Cadmium exists in the +2 oxidation state in the natural agueous environment, and changes in
the redox status of the system do not affect this oxidation state. Solids that may exert an

influence on cadmium mobility include cadmium sulfide (CdS) under reducing conditions,
and cadmium hydroxide (Cd(OH),) or cadmium carbonate (CdCOs) under oxidizing

conditions. Carbonate forms may be especialy important in calcareous soils (Baes and
Mesmer, 1976).

Cadmium can be found in several chemica forms, ranging from simple equated ions and metal -

inorganic complexes to metal-organic forms. It has been shown to interact with ligands such as
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OH-, Cl-, CO5?, and SO, in agueous solutions (Long and Angino, 1977). Bingham et al.

(1984) reported that cadmium complexes readily with chloride and sulfate in soil solutions in

such away that its availability and transport is significantly influenced. This mechanism may

be important in plant site groundwaters with elevated chloride and sulfate concentrations.

Humic substances can also account for most of the complexation in natural waters.

Sorption processes are considered the most important factor in reducing the aquatic load and

transport velocity of cadmium. Adsorption onto mineral surfaces and organic materias, in

addition to co-precipitation with hydrous metal oxides and isomorphous substitution in

carbonate minerals decreases the agueous concentrations of cadmium. During adsorption,

competition between cations for adsorption sites strongly influences the behavior of cadmium.

The presence of akaline earth metal ions such as Ca™ and Mg’ reduces the adsorption of

cadmium by soils, aluminum, manganese and iron oxides, and clay minerals.

Lead
Lead is a metal that can exist in three stable oxidation states: 0, +2, and +4. Metallic lead and

the common lead minerals (sulfide, sulfate, and carbonate) are normally insoluble in water, but

can be solubilized by some acids. In groundwater systems, the small amount of |eachable lead

contained in most lead ores is readily readsorbed by ferric hydroxide or combines with

carbonate or sulfate ions to form insoluble compounds (Hem 1976). Throughout most of the

natural environment, the divalent form Pb*? ion is the stable species of lead. The more oxidized

solid  (PhO,) is stable only under highly oxidizing conditions and probably has little

significance in the aquatic environment (Callahan et al., 1979).

Except for severdly contaminated environments, where precipitation is important, the

concentration of lead in aguatic systems is controlled by sorption processes. Some researchers

found that in the presence of kaolinite, illite, and montmorillonite clays at pH ranging from 5.0

to 7.0, most lead ions were precipitated and sorbed probably as low solubility ions such as
PbOH* and Pb,(OH),™ (Demayo et al, 1982). The capacity of soils to adsorb lead increases
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with pH, cation exchange capacity, organic carbon content, and phosphorus levels. Huang et al.
(1977) reported that at low pH, lead may actually be negatively sorbed (repelled from the

adsorbent surface).

The presence of suspended or dissolved organic material in water can also greatly effect the

chemica form in which lead will be present. Lead may be adsorbed directly onto particul ate

organic matter, or form organo-metallic complexes, which increase the affinity of lead for

particle surfaces such as clays and other minerals. Overall, only a small percent of the total

lead contained in soils is expected to be readily available to groundwater.

Zinc

Zinc in the agueous environment occurs exclusively in the +2 oxidation state and is insensitive

to redox conditions. Common zinc minerals include sphalerite (ZnS), smithsonite (ZnCOs),

willemite (Zn,SiO4) and zincite (ZnO). Zinc complexes with common organic and inorganic

ligands are quite soluble in near neutral or acidic waters, such that zinc is one of the most

mobile of the transition metals (Callahan, 1979). In very reducing environments, precipitation

of zinc sulfide may exert control over zinc concentrations; however, the dominant fate of zinc

is probably sorption to hydrous metal oxides, clays or particulate organics in soils and

sediments. Association of zinc with particle surfaces is highly dependent on the chemical

speciation of zinc (i.e., the relative abundances of inorganic complexes, organic complexes, and

thefree zinc ion).

Manganese and iron oxides are the predominant phases controlling the adsorption behavior of
zinc in soils (Kinniburgh and Jackson, 1982; Balistrieri and Murray, 1982). Zinc may be

incorporated into manganese and iron oxides during formation (coprecipitation), or may adsorb

to the surface of preexisting materials. Zinc may also associate with calcite phases in the soil

environment (Zachara et a., 1993). Adsorption and coprecipitation of zinc are favored at

higher pH values
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In some waters, adsorption of zinc can be reduced due to the presence of high concentrations of

divalent alkaline metals (Mg, Ca’) which can compete with zinc for the adsorption sites in

s0ils. As sdlinity increases, zinc may be desorbed from sediments due to displacement by
major cations (Callahan, 1979).

4.5.3 Groundwater Transport of Arsenic

An evaluation of groundwater transport of arsenic including a conceptual model describing
arsenic mobility and arsenic attenuation mechanisms, and a numeric groundwater transport
model is presented in Section 8.3 of the Comprehensive RI/FS (Hydrometrics and MDI,
1987). The following sections discuss and summarize conclusions reached in the
Comprehensive RI/FS and present further documentation in support of the conceptual model
based on data collected after the RI/FS.

45.3.1 Comprehensive RI/ES Conceptual M odel of Arsenic Mobility
Although post-RI data (Sections 4.3 and 4.4) show some water quality changes have

occurred since the completion of the RI/FS, the general concepts and mechanisms governing
chemical mobility remain relevant to current conditions on the site.  This section recounts
the water quality relationships and the fate and transport mechanisms established in the
RI/FS. In Section 4.5.3.2 the RI/FS transport model is then compared to recent water quality

trends.

The primary conclusion reached in the Comprehensive RI/FS regarding arsenic mobility in
plant groundwater is that the mobility of arsenic is controlled by groundwater pH and redox
conditions, and adsorption/coprecipitation of arsenic by iron and manganese oxides.
Mobility of arsenic from the speiss granulating pond and pit area (the primary source of
arsenic to the groundwater system) and Lower Lake (a secondary source of arsenic to
groundwater) is limited by redox and pH changes that occur in groundwater downgradient of

the sources.
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Speiss Pond and Pit Area and Downgradient Groundwater
Based on calculated redox potentia (Eh), As(I11)/As(V) ratios, dissolved oxygen
concentrations, and pH, the RI/FS transport analysis divided groundwater downgradient of

the speiss pond into distinct redox and pH regions exhibiting distinct differences in arsenic
behavior.

Figure 4-5-5 shows RI and post-RI groundwater concentration trends in arsenic, sulfate and
chloride. Dissolved oxygen concentrations and groundwater pH values during the RI period
(aswell as other recent data) are shown on Figure 4-5-6. At the time of the RI, process water
in the speiss pond and groundwater immediately downgradient (0 to 600 feet downgradient
of the speiss pond) were reduced (mean dissolved oxygen concentrations are less than 1
mg/L) and had high pH values ranging from approximately 10 to 12. Groundwater in this
region contained high arsenic concentrations (e.g. average of 496 mg/L at DH-21). In spite
of the reducing conditions, both speiss pond water and groundwater in this region contained
relatively low concentrations of iron and manganese (<1 mg/L) due to the high alkalinity of

these waters.

Groundwater further downgradient of the speiss pond (approximately 600 to 1600 feet
downgradient) was near neutral in pH and somewhat less reducing (As (I11) dominant with
dissolved oxygen concentrations ranging from 1 to 3 mg/L). Arsenic concentrations
remained high, slightly less than upgradient concentrations, and little attenuation of arsenic
was indicated. Iron and manganese concentrations in this groundwater region were also
quite high (approximately 50 mg/L and 30 mg/L, respectively). The RI concluded that the
observed increase in iron and manganese in this region was likely due to dissolution of iron
and manganese from aquifer materials. Iron speciation data collected at wells DH-17 and
DH-24 indicated that dissolved iron was essentially al in the reduced (Fe (1)) form.

Further downgradient of the speiss pond (approximately 1,600 to approximately 2,000 feet
downgradient, represented by well EH-60) there was an abrupt, approximately 100 fold
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decrease in groundwater arsenic concentrations (the average arsenic concentration at EH-60
was 1.43 mg/L at the time of the RI). Dissolved iron concentrations also were much lower
than upgradient (average of 0.025 mg/L vs average of 50 mg/L upgradient) and Fe (1) was
not detected. Manganese concentrations in groundwater in this region remained high
(approximately 40 mg/L) suggesting groundwater redox conditions were not sufficiently high
for manganese removal by oxidation/precipitation mechanisms. Although dissolved oxygen
concentrations were similar to upgradient concentrations, arsenic speciation data, dissolved
iron concentrations, and iron (1) data indicate that groundwater in this region was more
oxidized than upgradient groundwater. In thisregion, arsenic was present almost exclusively
as As (V). The RI/FS concluded that the pronounced decrease in arsenic concentrations in
this region was due to adsorption/coprecipitation of arsenic by hydrous iron oxide/hydroxide

materials. This conclusion was supported by the following findings:

e Groundwater data show removal of iron accompanied by an increase in the oxidation
state of groundwater.

e |ron is known to be insoluble in neutral, slightly reducing to oxidizing waters and is
known to form hydrous iron oxide/hydroxides mineral phases (typically ferrihydrite
(Fe(OH)3) or goethite (FeOOH)) under these conditions.

e Arsenic is known to readily adsorb/coprecipitate with hydrous iron oxide/hydroxide
materials.

e Sequentia extraction analyses of agquifer materials indicate enrichment of arsenic in
amorphous iron phases.

e In contrast to the major reductions in arsenic concentrations, there are only minor
decreases in concentrations of conservative ions such as sulfate and chloride
downgradient of the speiss pond. The much greater decrease in arsenic indicates
processes other that mixing and dilution must be responsible for the removal of

arsenic from solution.
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At further distances downgradient (approximately 3,200 feet downgradient, represented by
well EH-62), dissolved oxygen concentrations increased (approximately 4 to 5 mg/L),
arsenic concentrations (approximately 0.01 mg/L) were near background levels for the
Helena Valley, arsenic (l11) was not detected, and iron and manganese concentrations were

low (approximately 0.02 mg/L).

In summary, based on the transport analysis presented in the RI, migration of arsenic in
groundwater from the speiss pond was controlled primarily by the redox state of
groundwater. Under the reducing conditions present in the speiss pond and adjacent
groundwater, arsenic is mobile. Under the more oxidizing conditions present in ambient off-

plant site groundwater, arsenic is much more readily attenuated.

In general, redox conditions in natural (uncontaminated) groundwater are determined by the
relative rates of introduction of oxygen by circulation and the consumption of oxygen by
decomposition of organic matter or occasionally by oxidation of sulfides or ferrous silicates.

The most important variables in natural systems (Drever, 1982) appear to be:

1. The oxygen content of recharge water.

2. Thedistribution and reactivity of organic matter and other potential reductantsin
the aquifer.

3. Thedistribution of potential redox buffersin the aquifer (e.g. iron and manganese
oxide/hydroxides).

4. Thecirculation rate (or residence time) of groundwater within the aquifer.

Redox conditions in groundwater on and off the plant are variable and in many cases are

likely determined by the four factors listed above. Examples of these factors are:
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e Groundwater adjacent to Prickly Pear Creek in the City of East Helena which contain
higher than average dissolved oxygen levels presumably due to recharge by
oxygenated surface water in Prickly Pear Creek; and

e Groundwater downgradient of Lower Lake (DH-4) which contains lower than
average dissolved oxygen levels, presumably due to recharge that occurs from
leakage through the organic-rich (i.e., reducing) sediments in Lower Lake and the
likely presence of organic-rich deposits underlying the slag pile.

The redox state of groundwater downgradient of the speiss pond may potentially be
influenced by additional factors. The arsenic content of speiss pond water (an average
concentration of approximately 1,600 mg/L) represents a very large potential reductant
source and/or redox buffer. Although no arsenic speciation data is available for speiss pond
water, groundwater approximately 50 feet downgradient of the speiss pond (well DH-21)
contains an average of approximately 390 mg/L arsenic (I11). These high concentrations of
reduced arsenic may produce reducing conditions in groundwater downgradient of the speiss

pond.

Evidence of petroleum hydrocarbon contamination has been observed in and downgradient
of the speiss pond area in both soils and groundwater (see Section 4-4-2). Although volatile
and semi-volatile fractions of the petroleum hydrocarbons have apparently been degraded by
weathering, some long-chain residuals remain in soils at and just above the water table.
Whileit is possible that petroleum hydrocarbons may contribute to the reducing conditionsin
the area and thus exhibit some influence on metals mobility, there does not seem to be a
statistical correlation between the presence of organics and either redox state or arsenic

concentrations at the site (see discussion in Section 4.4.3.2).

Lower L ake and Downgradient Groundwater

Graphs of parameter concentration trends (similar to Figures 4-5-5 and 4-5-6 for the speiss

pond flowpath) have been prepared for Lower Lake and downgradient wells. Figure 4-5-7

shows RI and post-RI groundwater concentration trends in arsenic, sulfate and chloride.
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Dissolved oxygen concentrations and groundwater pH values during the Rl period (as well as

other recent data) are shown on Figure 4-5-8. Unlike the speiss pond area, monitoring wells

are not present along a distinct flowpath on the plant site downgradient of Lower Lake, due

to the presence of the slag pile and associated difficulties with well completion; however,

wells downgradient of the slag pile are present along a flow path. Figures 4-5-7 and 4-5-8

summarize available data for key parameters downgradient of L ower Lake.

The RI/FS transport analysis showed that the changes in groundwater redox conditions and
arsenic concentrations downgradient of Lower Lake, although not as dramatic, were similar
to those observed downgradient of the speiss pond. Groundwater near Lower Lake and
downgradient for a distance of approximately 2,600 feet was found to be relatively reducing
with low dissolved oxygen concentrations, elevated iron and manganese concentrations, and
the arsenic (111) or reduced form of arsenic predominant. Over this distance of 2,600 feet,
arsenic concentration decreases generally paralleled decreases in concentrations of the
conservative ions sulfate and chloride indicating that arsenic reductions were due primarily
to dilution/dispersion processes and that little geochemical attenuation of arsenic was
occurring. Between 2,600 and 3,200 feet (where recharge of oxygen-rich water from Prickly
Pear Creek is evident) groundwater arsenic concentrations were reduced by a factor of
approximately 300. This decrease in arsenic concentration is coincident with a change from
arsenic (I11) dominant to arsenic (V) dominant conditions, large decreases in iron and
manganese concentrations, and increases in dissolved oxygen concentrations. Sulfate and
chloride concentrations only decline slightly over this same distance, indicating reduction in
arsenic concentrations by attenuation rather than dilution/dispersion. Similar to the speiss
pond area, groundwater data downgradient of Lower Lake suggest removal of arsenic by
coprecipitation/adsorption with hydrous iron oxides/hydroxides in response to increasing
oxidation state in groundwater. Thus, groundwater chemistry changes downgradient of

Lower Lake provide further indications of redox control of arsenic mobility.

h:\files\007 asarco\0867\ccra report\r99ccral.doc\HL N\2/2/07\065\0096 2/2/07/10:09 AM

4-182




Fr ST LY TS POa LA SR LA MO 2 LW DBER0T |V THE D (RL330

W LR BRI
(TWAMALNI IWLL AT SAONTHL ALTTVAD ¥ALVM TTEAM LNAIVEONMAOA ONY 38T 43407 "85+ THANOIE
ey i) war so e s Y ] T SOt ] MR
OFE MOE 00T DK ool foOL OO 0 D6E moOE DT OME 01 oL O o
fri—lm S Lt DR L =R g ' ' s ‘0
M f4
E £ :
z =
- .
B -~ LB
B
i
3
59
L]
s L ey S Ty ] mag s wEpiTeag TR T O SO e e
M fonD DN oo 6 (oM - OKE  OE  OME MO M6l D ME D GE oK M MOz el M1 M6 0
. ; ; 2 S : ; . : et e : p 3 : . A
; 1
{ . I 11:4
1
B m
E m o ke i @
. m M 8 M =
B £ wl w 2 E] a0 m
s T b Lee——— Lt]
e s s -
T Q44 e S BG40 W il T [T - it e
T TR D e g
et L] el ] [ ——| Ela it Ll el o
] s 10 e e ) et ] WO ot AR
oEE mNE 0RO eosl  dom o6 o
S S S e ; ; ; ' Al
|

TET S =
ERpy (R
g e




45.3.2 Updated Conceptual M odel Based on Post-RI/FS Data

Speiss Pond and Downgr adient Groundwater

Groundwater chemistry data collected downgradient of the former speiss pond since the
Comprehensive RI/FS (i.e., after 1989) continue to support the conceptual model of control
of arsenic mobility by redox conditions. However, groundwater quality downgradient of the
former speiss pond has shown some changes since the RI/FS due to remediation of the speiss
pond and speiss pit areas, and possibly due to other factors including remediation of the acid
plant area. As a result, downgradient arsenic concentrations and arsenic behavior in

groundwater have changed somewhat.

Briefly, remedia activities and process changes in the vicinity of the Speiss Pond and Pit

have included:

e Ingtalation of an HDPE liner in the speiss pond prior to completion of the
Comprehensive RI/FS (August 1988);

e Construction of a new speiss settling tank with secondary leak detection to replace
the speiss pond in summer/fall 1989. During construction of the new speiss settling
tank, soils under approximately one half of the former pond and under the new tank
were excavated to a depth of 20 feet (the depth of the water table);

e Replacement of water granulation of speiss with air water mist granulation of speiss
in the plant operation (April 1991);

e Excavation of soils under the remaining half of the former speiss pond (not excavated
in 1989) in November 1992; and

e Excavation and removal of soilsin the speiss pit areain July 1995.

These changes in the construction and operation of the speiss processing area likely resulted

in areduced contribution of process-water-derived arsenic to soils and groundwater from the
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Speiss processing area. Excavation and removal of contaminated soils in the area also likely

reduced the potential loading of arsenic from soils to groundwater.

Downgradient and temporal changes in groundwater chemistry (As (I11), As (V), sulfate,

chloride, pH, zinc, and dissolved oxygen) for various time periods generally corresponding

to periods of construction/remediation activities are shown in Figure 4-5-3 and Figure 4-5-4.

The graphs show average concentrations for five general time periods:

The Rl (1986-1988) (averages based on data collected during the RI);

2. Pre-1993 (averages based on data collected during 1990-1992);

Post-1993 (averages based on data collected during 1993 through 1995, following
completion of remediation of the speiss pond area);

Post-1996 (averages based on data collected during 1996 and 1997, representing
“current” plant site conditions); and

Overall Mean (averages based on the entire period of record);

In general, the changes in groundwater chemistry downgradient of the former speiss pond

and pit area since the Comprehensive RI/FS indicate:

Highly variable arsenic concentrations in groundwater (well DH-21) immediately
adjacent to the former speiss pond areg;

Reductions in concentrations of arsenic and metals in plant site monitoring wells
downgradient of the former speiss pond and pit area coincident with reductions in
sulfate and chloride concentrations and reduction in As (111)/As (V) ratios (increase in
oxidation state);

Increases in concentrations of arsenic near the edge of the contaminant plume (near
well EH-60) coincident with decreasing sulfate concentrations and decreasing

oxidation state of groundwater in the area.
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At DH-21 in the immediate source area, arsenic concentrations have fluctuated over a wide
range with no clear long-term trends. Arsenic concentrations ranged from over 600 mg/L in
1989 to about 200 mg/l in the 1990 to 1993 period. Since 1990, concentrations show
aternating rising and falling patterns suggestive of continued periodic inputs of arsenic to the
groundwater system. While residual arsenic in soils may be a contributing source to
groundwater in this area (excavation of soils could not be conducted below the water table,
or where railroad tracks or buried utilities were present), the elimination of surface sources of
arsenic to groundwater in this area has not been confirmed. Runoff from the speiss loading
areas has been determined to have extremely high arsenic concentrations (section 4.2) and
therefore may also be a factor if an infiltration pathway exists. A discussion of the potential

sources of arsenic to groundwater isincluded in Section 5.0.

While source area reductions are not evident at monitoring well DH-21, water quality
improvements are clearly evident in downgradient plant site wells, including DH-13, DH-17,
and DH-24. An exception is well EH-60, located just north of the plant site near the lower
boundary of the plume, where arsenic concentrations have continued to increase. These
water quality trends are generally consistent with the conceptua model presented in the
Comprehensive RI/FS (described above), as follows:. source reductions will initially result in
reduced arsenic concentrations in nearby downgradient wells, while residual arsenic from the
source continues to migrate (limited by retardation and geochemical attenuation) at the
downgradient limits of the plume. Thus, wells further downgradient from the former source

will require alonger period to show the effects of source removal relative to nearby wells.

Concentrations of sulfate, chloride, and arsenic in downgradient wells DH-13, DH-17 and
DH-24 have declined steadily since 1990 (as described in Section 4.4.3). These wells are
downgradient of the former speiss pond at distances of about 400 feet, 900 feet and 1400 |
feet, respectively (Figure 4-5-5). Reduction in concentrations of arsenic, sulfate and chloride
have been the greatest closest to the former speiss pond area. As shown on Figure 4-5-9, in |
the
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period following remediation of the speiss pond area arsenic concentrations have shown
reductions of 87% at DH-13, 68% at DH-17, and 60% at DH-24.

At well EH-60 (approximately 2,000 feet downgradient of the speiss pond area), sulfate
concentrations also have shown a decreasing trend since 1992, similar to that observed for
wells DH-13, DH-17 and DH-24. Arsenic concentrations, however, do not show a similar
decreasing trend at EH-60. As described in Section 4.4.3, arsenic concentrations have
steadily increased (from approximately 1 mg/L in 1988 to approximately 10 mg/L in 1997).
Coincident with this increase in arsenic concentrations, the dominant form of arsenic has
changed from essentially al As (V) in 1988 to approximately equal amounts of As (I11) and
As (V) during the post-1996 period.

Potential causes of the arsenic concentration trend at EH-60 are:

1. Organic constituents present-n-groundwater—at—wel-EH-60-have previously been
considered (in Section 4.4.3.2 of this report) as a potential explanation for increased

arsenic mobility—near—EH-60 in plant site and downgradient groundwater. —Fhe

resuH--nereased—arsente-mobitty—H-this-ease-At well EH-60, however, organics

concentrations are detectable but low (with the exception of a single oil & grease

result of 60 mg/L obtained in December 1987), and have shown no indication of any

recent concentration changes. As discussed in Section 4.4.3.2 no statistical
correlation is evident between organic concentrations and concentrations or oxidation
states of arsenic. The presence of low level organics at EH-60, therefore, is probably
not the primary cause of the observed arsenic increases.

2. Another factor (other than organics) may be stimulating formation of a more reduced
groundwater environment at well EH-60, thereby resulting in increased mobilization
of arsenic (I11). While there has been a progressive increase in As (111) concentration
at EH-60 over the last few years, there has been no observable reduction in dissolved
oxygen concentrations or increase in dissolved iron concentrations, which would be
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indicative of a lower redox state. Based on the absence of change in these other
indicators, the observed arsenic concentration increases (including As (I111)) may
simply reflect gradually increasing inputs of the reduced species of arsenic.

3. Alternatively, the increase in arsenic concentrations at EH-60 may be indicative of a
very gradual advance of arsenic in groundwater as the geochemical mechanisms for
attenuation at the plume front (e.g., adsorption sites, amounts of iron or manganese
oxides) are slowly depleted. Such an advance, over a period of decades, is predicted
by the RI/FS solute transport model.

Although arsenic in groundwater is believed to be attenuated by adsorption/coprecipitation
with iron oxides/hydroxides upgradient of well EH-60, a gradual advance of the plume front
would result in increasing As(l11). While the RI/FS solute transport model indicated there
would be a gradual advance of the plume, the accompanying discussion of the model also
notes that the predicted concentrations and rate of advance reflect a worse case scenario since
the model does not account for removal of arsenic through processes of geochemical
attenuation. Indeed, while the model correctly notes a plume advance, it greatly overpredicts
the present concentrations and the estimated time for reductions to occur. For example, the
model predicts arsenic concentrations at DH-24 would take 50 years to decrease to their
current concentrations after speiss pond remediation. The model also predicts arsenic
concentrations should be in the range of 1 to 2 mg/L near downgradient well EH-62. In fact,

EH-62 and other wellsin this area show no evidence of arsenic increases.

The arsenic plume has advanced very little since the RI period (ten years), and downgradient
arsenic concentrations have remained at background levels due to processes of natural
attenuation such as coprecipitation and adsorption of arsenic with hydrous iron
oxide/hydroxide materials. Groundwater data reflect increasingly more oxidizing conditions
in groundwater downgradient of EH-60, apparently due to additional influence from Prickly
Pear Creek. For example, there is a five-fold increase in dissolved oxygen concentrations

between EH-60 and EH-62. As explained previously, under increasingly oxidizing
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conditions arsenic is much less mobile and more likely to be attenuated. For this reason, the
RI predicted that it is unlikely significant arsenic increases will be observed in downgradient
areas affected by Prickly Pear Creek. Despite the observed increase in concentrations near
well EH-60, the absence of arsenic concentration increases in the downgradient East Helena

areais consistent with the Rl conceptual model of limited downgradient migration.

Groundwater Downgr adient of L ower Lake

Recent groundwater quality trends downgradient of Lower Lake are generally consistent
with the RI/FS conceptua model. Groundwater quality downgradient of Lower Lake
generaly reflects Lower Lake water quality trends, but is also affected by local redox

conditions in groundwater.

Temporal changes and in groundwater chemistry trends for Lower Lake and downgradient

wells are shown in Figure 4-5-7 and Figure 4-5-8. The graphs show average concentrations

of key parameters for four general time periods:

1. TheRI (1986-1988) (averages based on data collected during the RI);
Pre-1996 (averages based on data collected during 1990-1996);
3. Post-1996 (averages based on data collected after 1996, following the dredging of

Lower Lake sediments); and

4. OQOveral Mean (averages based on the entire period of record).

Post-RI monitoring data show increasing sulfate concentrations” in Lower Lake (a byproduct
of the HDS water plant) and an improving (decreasing) arsenic concentrations. These trends

are generally evident in downgradient wells, athough arsenic concentrations in

* The HDS water treatment plant withuses hydroxide and sulfide precipitation followed by filtration to remove arsenic and
metals from excess plant water and acid plant scrubber blowdown. The primary contributor of sulfate is the reagent ferric
sulfate which is added to promote coprecipitation of arsenic. The HDS plant discharges to Lower Lake.

h:\files\007 asarco\0867\ccra report\r99ccral.doc\HL N\2/2/07\065\0096 2/2/07/10:09 AM

4-190




downgradient plant site wells appear to be variable. As discussed in Section 4.4.3, the water

quality trends at these wells may show the influence of sources other than Lower Lake.

Recent data suggest that, as concluded in the RI, groundwater redox conditions downgradient
of Lower Lake appear to control arsenic mobility. In particular, water quality data show an
increase in groundwater oxidation state and a decrease in arsenic concentrations in the
genera vicinity of Prickly Pear Creek (e.g., average arsenic concentrations decrease from
3.04 mg/L to 0.005 mg/L from DH-4 to DH-11, and from 2.31 mg/L at DH-10 to 0.769 mg/L
at EH-52). Consistent with this redox change, monitoring wells downgradient of Prickly
Pear Creek have shown little effect from past arsenic increases in Lower Lake or plant site
wells. There are, however, low level increases in sulfate concentrations in many of the East
Helena wells along the Lower Lake flow path, corresponding to increasing sulfate trends in
Lower Lake as aresult of the discharge of treated water from the HDS water treatment plant.
The fact that sulfate increases are evident in East Helena area wells, but arsenic increases
generaly are not, is a further indication that geochemical attenuation in the vicinity of
Prickly Pear Creek is limiting arsenic migration rather than ssimply dilution and mixing
effects.

45.4 Groundwater Transport of Cadmium, Lead, and Zinc

Figures 4-4-12, 4-4-13, and 4-4-14 are isocontour plots showing the current (as of November
1997) distribution of dissolved cadmium, lead, and zinc in groundwater beneath and adjacent

to the plant site. As indicated on the figures, the highest concentrations of all three metals

are near the acid plant and the former acid plant sediment drying area. During November

1997, the highest concentration of cadmium on the plant site, 11.4 mg/L, was observed at
well APSD-13 (near the former acid plant sediment drying area). Well DH-19, downgradient
of the acid plant, showed the highest November 1997 concentrations of lead (0.161 mg/L)

and zinc (30.1 mg/L). Elevated concentrations of cadmium and zinc in groundwater are

present throughout the west plant site area, while elevated lead concentrations are generally

limited to an area near the source area (acid plant). Elevated concentrations of these three
metals do not persist downgradient of the plant site (Figures 4-4-12, 4-4-13, 4-4-14).
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Overdl, cadmium, lead, and zinc in plant site groundwater are present at significantly lower

concentrations than the primary constituent of concern, arsenic. The observed groundwater

concentration distributions of cadmium, lead, and zinc relative to source areas and likely

controls on subsurface mobility are discussed individually in the following sections.

4541 Cadmium
As shown on Figure 4-4-12, high cadmium concentrations at well APSD-13 decrease
downgradient to 3.38 mag/L at DH-19 and 0.546 mg/L at DH-22. Concentrations near the

former speiss pit and pond are relatively low (<0.01 mg/L), presumably due to the high
groundwater pH in this area. Wells DH-8 (1.8 mg/L) and DH-23 (0.45 mg/L) aso show
elevated cadmium with concentrations decreasing downgradient at well DH-24 to 0.131
mg/L, and then to 0.001 mg/L or less at East Helena wells immediately downgradient of the

west plant site (EH-50, EH-60, EH-51). The conspicuous decrease in cadmium

concentrations from well DH-24 to well EH-60 (two orders of magnitude) occursin aregion

where iron and manganese in groundwater oxidize and precipitate (Section 4.5.3). Cadmium

is presumably removed from groundwater primarily through coprecipitation and adsorption

on iron and manganese oxides, as well as other soil minerals and/or organic materials.

Cadmium concentrations in groundwater generally correlate with high soil concentrations of

cadmium (the lower ore storage area near DH-8, the acid plant sediment drying area near
APSD-13). Well DH-23 is completed in a shallow perched aguifer (Exhibit 4-4-2), and thus

is more susceptible to impacts from historical plant water seepage and other plant site

activities. Soils in the former upper ore storage area between Upper and Lower Lakes have

relatively high cadmium concentrations (see Section 4.1.2). However, groundwater in this
area at wells APSD-11 and APSD-12 islow in cadmium (0.002 mg/L or less), indicating that

cadmium is not readily leachable from the soils under existing groundwater geochemical

conditions (i.e., near-neutral pH).
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Slightly elevated cadmium in groundwater is also apparent at well APSD-7 east of Lower

Lake (0.233 ma/L). This concentration is higher than the current concentration in Lower
Lake (0.021 mg/L), thus, the source of cadmium at APSD-7 is presumed to be historicaly

impacted soils. Low concentrations of cadmium in groundwater and Prickly Pear Creek

surface water downgradient of APSD-7 (Figure 4-4-12) suggest that cadmium mobility and

impacts in this area are probably limited by adsorption of cadmium to soils, and perhaps by

limited groundwater flux in the area of APSD-7.

4542 Lead

As discussed in Section 4.5.2, lead is relatively immobile in most subsurface environments

due to its strong tendency to adsorb to particle surfaces. Figure 4-4-13 indicates that lead

concentrations are elevated only near source areas (e.q. the acid plant soils near well DH-19),

and that lead concentrations quickly decrease with distance from sources. Low groundwater

pH at well DH-19 creates an environment conducive to lead mobilization from soils. As
noted previously, well DH-23 (November 1997 lead concentration of 0.45 mg/L) is

completed in a shallow perched aguifer (Exhibit 4-4-2), and thus is more susceptible to

impacts from historical plant water seepage and other plant site activities. Concentrations

decrease to near or below detection limits (0.005 mg/L) well upgradient of the plant site
boundary on the west plant site (wells DH-16 and DH-8; Figure 4-4-13). Data collected to

date indicate very little potential for migration of lead off the plant site.

Soils in the former upper ore storage area between Upper and Lower Lakes are relatively

highin lead, as well as cadmium (Section 4.1.2). Like cadmium, however, these soils do not

appear to impact groundwater lead concentrations, which are currently below laboratory
detection limits (<0.005 mo/L) at wells APSD-11 and APSD-12.

45.4.3 Zinc
Zinc typicaly shows greater mobility in groundwater systems than lead, and is generally

similar in geochemical behavior to cadmium. Figures 4-4-12 (cadmium distribution in
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