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We have reviewed the subject document and have focused on two technical issues: the pyrite
oxidation model and the statistical approach to defining background. For each topic we have
identified key issues which appear to seriously affect the utility of this document. As always,
there may be reasonable explanations for what seems to be erroneous; however, for the moment
the text does not provide adequate support.

.,ched are extensive comments on the proposed geochemical model for the development of
groundwater inorganic populations at MCAS E1 Toro. It is our opinion that the pyrite oxidation
model is not supportable based on the data collected at the station. Further, we question the need
for a model which lacks corroborative data when the apparent purpose of the effort was to
develop numeric background levels within groundwater.

We believe that the emphasis in this report should be on the statistical approach rather than the
geochemical model which appears incorrect. Our statistical review identified what appears to be
a significant error in the fundamental approach. The censoring of values below detection limits
is discussed in detail in our comments. This problem results in background levels which are
substantially greater than the sample population. This issue requires closer scrutiny.

IfI can be of any assistance please call me in Bechtel's San Diego office at (619) 687-8780.
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1. Statistical Approach

7. _ General Comments

The approach appears to be flawed due to the censoring of data below detection limits.
This is a significant issue and should be addressed prior to the completion of this report
which may require recalculation of all background values. Other comments on the
statistical approach provided below are not as critical but should be considered.

1.2 Values Less Than Detection Limits

The "below detection limits" values were excluded from the statistical analysis (See page
2-2, last bullet). We do not concur with the current approach and believe that below
detection limit values should be included for estimates of the background concentration.

A review of the data indicates that for many metals the number of nondetects is
exceptionally large, often exceeding 50 percent of the population. Under these
conditions, censoring these data by excluding nondetects from the database provides an
artificially high background concentration. Below detection limits values are usually
censored by simple substitution using one half the detection limit, not removal from the
data set. Other, more complex treatments are available and their use depends on the size
of the data set and the percentage of nondetects.

T' typical approach of using one half of the detection limit will likely lower the
b. .ground value for almost all metals at MCAS El Toro. The degree to which this
change will affect the conclusion of the draft report is not clear and can only be evaluated
after the recalculations are performed.

It is commonly accepted that "below detection limits" values not be ignored (Helsel,
1990). In fact, SWDW has recommended (D. Askvig personal communication, 1995)
using one half the detection limit and USEPA has issued guidance recommending the use
of one half the detection limit (EPA, 1989). This approach is also used in other rea-ions,
for example, the default method recommended by the Washington State Department of
Ecology (1992) is the substitution of one half the detection limit.

Table 2 for major ions is misleading because a complementary table is not provided for
other inorganics including heavy metals. The creation of such a table would clearly
indicate that there was an exceptionally large number of nondetects that were erroneously
removed from the data set.

1.3 Normalization Techniques

An explanation is needed about the selection of the normalization procedure (see page 4-
12). Explain why the maximum value was used to "normalize" instead of the common
approach of estimating the "standard normal score" or expressing the values as
pe,"'entage of their mean. In a normal score the deviation from the mean is measured.
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Other than being expressed as percentages of the maximum observed values it is not clear
what the use of the normalized values is. Provide more discussion of the interpretation of
the normalized values. The total normalized scores indicate rank only and can be used
only to identify wells that have the highest concentrations in total or to estimate
correlation between chemicals. This should be mentioned in the text.

On page 4-12 in the first paragraph it is stated that "Normalizing the data by dividing all
the concentrations by the corresponding maximum...often 'transform' the data into
populations that generally fit a normal distribution". This statement is unclear because
of the word "...often ...."please clarify. Also explain the term "...near normal..."
distribution used on page 4-12.

1.4 95th Percentile Values

What method was used for estimating the background concentration (95th percentile)?
For example the value for background concentration for nickel in Table A-9b agrees with
the estimate for the Upper Tolerance Limit of the 95th percentile; however, other
estimates do not. Please include the formula.

On page 4-18 lognormal populations are mentioned and it is not clear if the arithmetic
values of concentrations or the logarithms were used for estimating the background
concentrations.. Are the background concentrations the exponents of the 95th percentile
of the logarithms or the 95th percentile of the arithmetic values?

1.5 Normal Probability Plots

Only the normal probability plots of the logarithms are included in Appendix D. The
normal probability plot of the arithmetic values should be also included. In general,
Appendix D is unacceptable in its present format. A table should be created to explain
the undefined features of the graphs and tables.

2.. Geochemical Data and Proposed Models

2.1 General Comments

The technical memorandum presents a complicated conceptual model for the possible
geochemical reactions in the vicinity of the site. However, the conceptual model is
insupportable and presents explanations beyond the limitations of data currently
available. Many of these deficiencies were identified in previously submitted comments
on the Draft MCAS E1 Toro OU-1 Remedial Investigation Report I July 1994. Of most
concern is that there are no data presented in either report to support: 1) the presence of
iron sulfide minerals (i.e., pyrite and marcasite) in the bedrock and subsurface sediments.
and 2) the presence of the high redox potential in subsurface environments.

For example, although the site has no redox potential (Eh) or dissolved oxygen (DO)
measurements, geochemical reactions dependent upon an understanding of these data
were presented in this document. In the absence of these measurements there is likely to
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· degree of uncertainty in the geochemical conceptual model involving species
t :iox conditions. The proposed pyrite oxidation model is only weakly
I m_,.tthere are other equally if not more supportable hypotheses which can be

an, data used were based on only two sampling events, which may not be
to provide the information needed for a sophisticated geochemical model. For
seasonal changes in the solubility of certain oxides and metals can occur,

_, in shallow groundwater and these cannot be accounted for with the present
(Montgomery et al., 1987). The limitations of data should be noted in the
t.

'ire Oxidation Model

nical memorandum indicates that pyrite oxidation is the important geochemical
>ccurring in the area. However, the document does not discuss in which zone
tion occurs. Most likely, the oxidation of pyrite would occur in the surface to
mbsurface soils because of the availability of oxygen. In the saturated zone, the
t of pyrite, if it occurs, would not be as significant as the reaction in the vadose
s due to the low dissolved oxygen as compared to the atmospheric oxygen.

or any physical evidence are presented to confu-m the presence of sulfide
in subsurface environments at MCAS EL Toro. Even if the presence of sulfides
me ',e deep subsurface environments would not enhance the oxidation process
of .., lack of sufficient quantities of dissolved oxygen in the water and the
of certain type of microorganisms which work as a catalyst for the oxidation

ides oxidation in soils is a biogeochemical process that requires both high redox
and presence of certain microorganisms (Thiobacillus Ferrooxidans) which
as a catalyst. This redox reaction is extremely slow in the absence of these

:anisms (Stumm and Morgan, 1981; Williams et al., 1979). Oxidation of sulfides
; considerable amounts of sulfuric acid which dissolves surrounding minerals and
tied metals and drops sharply the pH of the system. Within a deep subsurface
lent the presence of highly oxidizing conditions is possible but not likely.
r, microorganisms such as Thiobacillus Ferrooxidans are not known to be
a sufficient numbers in deep subsurface environments.

hypothesizes that the acid generated by the oxidation of iron sulfides causes the
>n of iron and manganese hydroxides and thus releases the adsorbed trace
?Iowever, most metal exceedances are seen from monitoring wells located within
: line of the Station or within the contaminant plumes within or downgradient of
m. As a result, there is no compelling evidence to indicate that all of the metal
ices are caused by one mechanism.
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2.3 Geochemical Me,tel

Under highly acidic conditions generated bv sulfide oxidation it is likely that released
iron and manganese ions will interact with sulfate ions which are present at a verb' high
concentration. Thus, the products in these highly acidic environments are expected to be
iron and manganese sulfate and not the hydroxide minerals described in the draft report.
Under neutral and alkaline conditions, oxyhydroxides of iron, manganese, and aluminum
may be initially present as soil components but they would not be due to sulfide
oxidation.

Colloidal oxyhydroxide minerals have specific (physicochemical) surface properties.
Under acidic conditions (similar to those conditions generated by sulfide oxidatiom,
oxyhydroxide surfaces have positive charges and can adsorb only amons such as selenite,
arsenate, and phosphate. Metal cations such as lead, cobalt, nickel, copper, zinc, and
cadmium are not adsorbed on oxyhydroxides in acidic environments.

The technical memorandum repeatedly suggests that the remobilization of metals by
dissolution of iron and manganese hydroxides is caused by pyrite oxidation in
groundwater in the region. However, based on information presented on Figure 3. there
appears to be a pattern that the exceedances of most redox sensitive species are from
wells and from within the plume located either within the MCAS E1 Toro fence line or
downgradient of the Station. These species include iron and manganese plus those that
are commonly associated with iron and manganese hydroxides such as arsenic,
chromium, nickel, barium, and selenium. These exceedances were not observed in

monitoring wells 18 BGMW02 and 18 BGMW17 that are located upgradient of the
Station. The geochemical reactions presented in the technical memorandum suggested
that pyrite oxidation and other processes are responsible for these exceedances. The
document should address the possibility that the elevated metals may be derived from
changes in the redox levels within the contaminant plumes, which can cause iron and
manganese hydroxides to dissolve.

2.4 Relationship of TDS and Bicart_onate

The discussion on page 4-6 2nd paragraph of the direct relationship between the TDS and
bicarbonate concentration is incorrect. The bicarbonate ion concentration is controlled by:
1) partial pressure of CO2 (gas), 2) activity of calcium ions. and 3) activity of hydrogen
ions (pH). The text should be corrected. The reference to Hem, 1985 is missing from the
draft document. We have used it and included it in our list of references.

2.5 Aluminum Mobility

The discussion on page 4-8 4th paragraph of the limited mobility, of aluminum due to
precipitation as aluminum silicate mineral (kaolinite) is entirely without basis. Formation
of aluminum silicates (clay minerals) in soil system is veW complex and it is not known
to form under the circumstances described in this geochemical concept
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;6 Organic Matter in the Subsurface

1- _cussion of the effect of pH and organic matter on adsorption (page 4-9, and 4-10)
;insupportable. Natural fulvic and humic acids are the major organic substances that
:tsorb and complex metals in soil and groundwater systems. These natural substances are

et known to be anthropogenic. The presentation of surface effects of natural organic
latter on adsorption is confusing mixed with discussions about petroleum releases. It is
et clear if the intent was to propose that the release of petroleum resulted in competitive
dsorption for sites or if the microbial degradation of the petroleum would result in
.*ducing conditions which would enhance the release of inorganics. This section should
e revised accordingly.

!.7 Evapotranspiration Effects on TDS Levels

'he text on page 4-7 1st paragraph states that marine sediments are probably responsible
ar part of the increase in TDS because low TDS groundwater can also be relatively high
.'tsodium and chloride. However, it also indicates that marine sediment dissolution is the

rmcipal source of chloride. Please clarify and explain how iow TDS groundwater can
ave high sodium and chloride concentrations. Furthermore, there are no calculations
resented which support the assertion that evapotranspiration of agricultural return water
could be sufficient to significantly alter the TDS levels observed in groundwater.

_8 Ion Exchange

t i, ted on page 4-7 2nd paragraph that calcium concentrations are more strongly
sso,.,ated with chloride than sodium because some of the sodium is exchanged for
alcium in the soils and sediments.. If indeed ion exchange occurs between sodium and
alcium, more likely there should be an inverse correlation between calcium and sodium
oncentrations. The presentation is misleading because the concentration terms should be
onverted to miUiequivalents prior to making assessments of associations.

'.9 Irrigation Return Waters

he text on pages 4-7 and 4-8 indicates that the irrigation water is similar to the mixed
mundwater chemistry; therefore, the source of calcium and sulfate in groundwater
_pears to be due to the oxidation of sulfide minerals. Sulfate may not be the dominant
Uon in the irrigation water: however, it is highly likely that irrigation water will dissolve
fifates in the surface soils and transport the sulfate to the saturated zone. Even the draft
>cument strongly supports this mechanism on page 4-6. The document indicates that
}th calcium and sulfate ions concentration appeared to be controlled by the solubility of
hydrous calcium sulfate mineral (gypsum).

previously mentioned, the technical memorandum repeatedly indicates that pyrite
:idation is the important geochemical process occurring in the area. However, the
,cument does not discuss in which zone this reaction occurs. Most likely, the oxidation
pyrite would occur in the surface to shallow subsurface soils because of the availability
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of oxygen. In the saturated zone, the oxidation of pyrite, if it occurs, would not be as
significant as the reaction in the vadose zone soils due to the Iow dissolved oxygen as
compared to the atmospheric oxygen.

2.10 Microbial Interactions

The text on page 4-10, 3rd paragraph indicates that aerobic bacteria catalyze the
oxidation, thereby increasing the production of sulfuric acid which in turn causes
increased metals transport. However, in the same paragraph, it states that since the
orgamc content of groundwater at MCAS E1 Toro is low, the bacterial effects are
considered to be negligible. If so, the oxidation of pyrite that is suggested throughout the
document is called into question. The oxidation of pyrite is a reaction mediated by
microorganisms. .also, microorganisms play an important role in the oxidation and
reduction of iron and manganese.

2.11 Presence of Dissolved Barium

The relatively high values of barium are attributed to acidic attack on the
aluminosilicates. See page 4-21, 3rd paragraph and page 4-23, 3rd paragraph. However,
the draft report does defend this hypothesis using site-specific groundwater pH
measurements to support the generation of sulfuric acid. Thus, this hypothesis is highly
questionable. Dissolved barium concentrations in groundwater more likely are controlled
by the solubility of barium sulfate and adsorption to manganese oxides. In fact, from
Tables A-3a and A-3b, the majority of barium concentrations seems to vary in a narrow
range, which is an indication that solubility control may be a more appropriate cause for
the barium concentrations (Hem, 1985).

In addition, the barium exceedances were mostly reported from wells located within the
triangular shaped source area and Site 3 (Original Landfill) within the Station (see Figure
3). Based on Figure 3, it appears that the elevated barium concentrations may be caused
by redox changes within or near the contamination source areas due to organic
contaminants discharged to the subsurface, which can lead to the dissolution of
manganese oxides.

2.12 Redox Conditions of Groundwater

The discussion on page 4-24 of the redox conditions of groundwater indicates that on the
average the groundwater is under oxidizing conditions because of the relatively low
percentage of detected iron concentrations. In the same paragraph, it also states that "as
suggested by the relatively high 95th percentile concentrations of iron, manganese and
nickel, such oxidizing conditions probably involve some pyrite oxidation." It seems to
suggest that the oxidizing conditions due to pyrite oxidation is the cause for the high 95th
percentile concentrations for these three metals. The oxidation of pyrite will result in
depletion of oxygen at depths, which leads to an anaerobic, reducing condition. The
same paragraph then states that relatively high iron concentrations can remain in solution
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where sufficiently reducing conditions exits in the aquifer. Apparently, there is some
-onsistency. Please clarify.

In addition, please explain how pyrite oxidation can be occurring to the extent proposed
and yet there be no corresponding significant increase in soluble iron concentrations and
significant decreases in pH.

2.13 Sulfate Dissolution

On page 4-25, 1st paragraph the variations in iron and other metal concentrations
between the two sampling rounds are attributed to pyrite oxidation, Sulfate in
groundwater is not necessarily related to pyrite oxidation; it also can be derived from
recharge of irrigation water which contains sulfate from surface soils. The draft
document notes this on page 4-6. If indeed sulfate is from the oxidation of pyrite in the
groundwater, there is no explanation for the increase of sulfate concentrations between
two sampling events. In groundwater containing high values of TDS and sulfates it is
possible that the concentrations of both calcium and sulfate ions are controlled by the
solubility of gypsum.

In addition, the document does not mention if the observed variations can be caused by
turbid samples. A review of the turbidity values between the two sampling events may
provide some information.

another possibility is that the variations may be due to temporal variability of data
._cting the fact that the data are from only two sampling events.

2.14 Atypical Conditions at Sites 13 and 15

The text on page 5-5, 4th paragraph indicates that the available evidence shows that the
elevated concentrations of major ions and trace metals in the area of Site 13 and 15 are at
least partly due to isolated groundwater flow conditions. To substantiate this statement,
please provide physical hydrogeologic data to support the so-called "isolated
groundwater flow conditions."

Also, the text indicates that this area is impacted by natural processes such as
evapotranspiration, dissolution of minerals in marine deposits and pyrite oxidation, as
well as by agricultural activities. These natural processes occur throughout the entire
region. It is not clear why these natural processes at Sites 13 and 15 would be different
from other areas. Considering the historical uses of these sites, it would be logical to
include and discuss the potential for anthropogenic impacts.
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