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Bechtel cLEANProgram
...................... BechtelJobNo.22214

401 West A Street Contract No. N68711-92-D-4670
Suite 1000

San Diego, CA 92101-7905 File Code: 0218.1

IN REPLY REFERENCE: CTO-0080/0169

November 19, 1996

Mr. Joseph Joyce
BRAC Environmental Coordinator

MCAS E1 Toro and Navy
Building T-2006
P.O. Box 95004
Santa Ana, CA 92709-5001

Subject: Submittal of Final Draft Evaluation of In-Well Corrosion at
MCAS El Toro by Environmental Management for MCAS El Toro

Dear Mr. Joyce:

We have examined the issue of in-well corrosion at MCAS E1 Toro using the CLEAN I and
recent CDM Federal Programs Corp. data. Our findings indicate that observed increases in
dissolved and total nickel over the past four years appear to be the result of in-well corrosion.
We believe that microbiologically influenced corrosion may be the dominant mechanism for the
observed effects. The effect of sampling technique on aqueous concentrations seems to be of
much less significance.

Several interrelated factors have contributed to in-well corrosion at MCAS E1 Toro.

Geochemical indicators and calculated corrosion indices support the presence of corrosive
waters. Although the well design attempted to mitigate the corrosive environment the overall
result was disappointing. By 1996 many of the dedicated pumps installed since 1992 were found
to be physically corroded. The data suggest that groundwater chemistry in the immediate
vicinity of the wells is being affected to a limited degree by corrosion of well materials and
release of metal corrosion products.

The observable increase in nickel concentrations over time was indicative of recent releases of

this element to groundwater. Since nickel is a metal that is not involved in any biological cycle
only the physical introduction of nickel into groundwater near a well could result in the observed
increases. The absence of any known or suspected metals releases at the locations examined in
our study supports the assertion that in-well corrosion of the stainless steel casing and pump
housing has introduced nickel into the groundwater/well system. There were not enough data to
examine temporal trends of dissolved chromium and iron. However, these metals represent a
significant fraction by weight of the type 304 stainless steel pump housing and well
screen/casing materials. Therefore it seems likely that dissolved chromium and iron are probably
also increasing in the groundwater adjacent to wells experiencing corrosion.

·_' Bechtel National, Inc. Syster._Engineers-Constructors
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Mr. Joseph Joyce
November 19, 1996

Page Two

Although the wells were designed to last 30 years it is reasonable to assume that this goal will
not be met. The pump manufacturer has stated that type 304 stainless steel pumps originally
installed can only be expected to last one year under the current conditions if they were
continuously left in the wells. Our review of the data indicate that without the effect of
microbiologically influenced corrosion, this prediction is somewhat pessimistic. However, the
rapid nature of the corrosion experienced at MCAS E1 Toro, the fluctuating iron concentrations
and reported sulfide present in the well waters indicates the probable presence of both iron
bacteria and sulfate reducing bacteria. Due to the aggressive water and distinct possibility of
microbiologically influenced corrosion at MCAS El Toro it is likely that the pumps and well
screens will continue to corrode even with high quality welds.

We have included several recommendations at the end of the attached document to assist the

Navy with planning for future activities related to in-well corrosion. We suggest that future
groundwater analyses include sulfide, iron bacteria, sulfate reducing bacteria and slime causing
bacteria. The bacterial measurements can be conducted by Bechtel's staff microbiologists and
chemists. We have also been in contact with Dr. Brenda Little of the Microbiologically
Influenced Corrosion Section of the Naval Research Laboratory in Stennis Space Center, MS.
Dr. Little has worked with Bechtel on these issues in the past and has indicated that she is
enthusiastic about the opportunity to assist SWDIV with this study.

We are pleased to have been able to assist the Navy in refining their understanding of the
corrosion issue at MCAS E1 Toro and are ready to provide additional support if needed. We look
forward to further discussions on this issue.

Sincerel ,

//S)_/_er_
!_ante J. Tedaldi, Ph.D., P.E.

ffechnical Quality Assurance MCAS E1 Toro

DT/sp

Attachment: Calculation Package for Corrosion Study
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I Groundwater Metals Data Interpretation for MCAS El Toro

1.1 Introduction

Groundwater at MCAS E1 Toro is suspected of having corrosive conditions. Since 1992, 163
monitoring wells have been installed by the Department of the Navy at or near the Station. The
well screens were type 304 stainless steel. Many of these wells had dedicated stainless steel type
304 pumps in them. Since the time of installation, most of these pumps have been operated only
twice with no maintenance.

By early 1996, 45 of the 92 electric submersible pumps were non-operational, apparently due to
corrosion. This represents a 49 percent failure rate. The damaged pumps were removed by
Bechtel and not replaced. Considering the limited use of these pumps, this appears to be an
extremely high rate of failure (BNI 1996a). Eight of the failed pumps were sent to the
manufacturer (Grundfos Pumps Corp.) for analysis and diagnosis. Their findings are
summarized in this calculation package.

In the spring of 1996 CDM Federal Programs Corp. conducted a one-time sampling of all 163
wells. Chromium, nickel, and iron concentrations appear to be elevated with respect to previous
measurements. Chromium concentrations were as high as 1,880 gg/L and nickel concentrations
were as high as 6,980 gg/L. Comparisons between previous sampling periods indicated that the
nickel concentrations at several wells have increased over 3.5 times in the past three years.

1.2 Purpose

These observations suggest that the highly corrosive conditions of the groundwater environment
at MCAS E1 Toro have leached metals from the well screen and dedicated submersible pumps.
The purpose of this calculation package is to examine the 1996 data and determine if apparent
trends in dissolved metals concentrations were supported by the data and establish the possible
reasons for these trends.

1.3 Definitions

For the purposes of this discussion corrosion is def'med as the destruction of metallic materials by
chemical or biochemical action, and incrustation is defined as a condition where material
precipitates onto a metallic surface.

a:_c.orr cal_mai.doe
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1.4 Discussion of Why Stainless Steel Corrodes

In nature metals are not found in the earth in the elemental forms which are typically reported by
analytical laboratories. Ores which are found in nature are oxidized forms of the metals
combined with other naturally occurring minerals. When an elemental alloy of metal is placed
back in the ground in the form of a groundwater well screen or dedicated pump there is a strong
tendency for it to revert back to its mineral form (Driscoll 1986). This process is called
corrosion.

There are five basic types of corrosion: general, galvanic, pitting/crevice, intergranular, stress-
corrosion cracking (Driscoll 1986, see Attachment A for more information). Stainless steel type
304 is prone to crevice corrosion (Oakley and Korte 1996). Crevice corrosion occurs at the
connection of two metal parts and at badly executed welds on the steel. When these areas are
filled with solution, a strong current density, can occur. The surface inside the crevice becomes
active and active stainless steel is lower on the galvanic chart than passive stainless steel. The
reason that the surface becomes active is that a halogen such as chlorine can displace oxygen in
the protective coating and create an area where the steel is unprotected or active. The active
stainless steel acts as the anode and the passive stainless steel acts as the cathode. Because the
current is relatively strong due to the large surface area of the cathode and the small surface area
of the anode, corrosion occurs in these areas at a must faster rate than over the rest of the
stainless steel surface. The passive monomolecular film coating that is normally associated with
type 304 stainless steel is compromised in areas were crevice corrosion is happening.

1.5 Microbiologically Influenced Corrosion

Microbiologically Influenced Corrosion (MIC) is corrosion that is enhanced by bacterial activity.
MIC often occurs near weldments in austenitic stainless steels. Pitting may be in the weld, in the
heat affected zone, along the fusion line, or in the base of the metal near the weld (Borenstein
1991). Many different species of bacteria can partake in MIC. However the main classes of
organisms are iron-related bacteria, sulfate reducing bacteria, nitrate reducing and slime forming
bacteria (Pope and Morris 1995).

MIC is different than chemical corrosion in a number of ways. The bacteria are able to detect
areas on the metal surface that are most prone to corrosion. They will then form a colony in
these defect areas. Most bacteria cells are about 0.2 to 5 micrometers (gm) wide and 1 to 10 gm
long (Stoecker 1995). The colonies can easily attach in surface defects that may be only 25gm
deep. Once the colony is attached to the metal they start to form nodules in which they live. The
MIC is not associated with general attack due to their size and it occurs only in localized areas
such as crevices.

a:_orr_calWmal.doc
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MIC mechanisms have been generalized by Pope and Morris (1995). The three phases of

development are shown in Figure 10. In the first phase the site of attack is selected based on the

metallurgic features such as heat affected zones, roughness, or preexisting corrosion. Once the

bacteria have found a site the colony excretes extracellular material that is sticky and will trap

organic and inorganic material necessary for the growth of the colony. In the second phase of

MICa micro-environment within a nodule forms. The concentrations of oxygen, iron,

manganese and pH are vastly different than over the unaffected surface of the metal. The pH can

drop as low as 4. This drastically different environment creates conditions very conducive to

corrosion, causing the nodule to expand and deepen. Within phase two the colony becomes

fixed which will eventually lead to pit or crevice corrosion. The pit serves as the anode.

The principles of corrosion remain the same but MIC is different because the bacteria can affect

the environment within the nodule enough that groundwater conditions that are not normally

corrosive become corrosive. Moreover, corrosive conditions can be accelerated by the presence
of MIC. By the third phase the pit is mature and tunneling may be observed due the nature in

which the bacteria expand the nodule. Short chain fatty acids are also produced which maintain

the low pH. Once the MIC pitting is mature and in phase 3 simply adding biocide to try to kill
the MIC bacteria is not enough because the bacteria can hide in the nodules. A mechanical and

chemical cleaning is necessary.

The data presented in this report indicates that microbiologically influenced crevice corrosion is

likely to be occurring in the well screens and dedicated pumps.

2 Groundwater Data Presentation and Review

Aluminum, chromium, iron and nickel were the metals of interest for this study. Chromium, iron

and nickel are metals found in type 304 stainless steel. Type 304 stainless steel has 18 to 20

percent chromium, 8 to 12 percent nickel, 64 to 70 percent iron (Weast 1978). Aluminum is a

metal that is ubiquitous in the environment and is not contained in stainless steel. Trends in

these metals can be used to establish the relative impacts of silts and clays and corrosion on

aqueous chemistry.

2.1 Filtered Versus Unfiltered Data Review

This calculation package was developed to examine if there were any trends between metals

concentrations (e.g., between aluminum and chromium). For convenience, only the eight wells

that had the pumps analyzed by the manufacturer Grundfos are discussed. Since most aluminum

results were less than the detection limit (see Table 1) the direct observation of trends associated

with this analyte was not possible. Within Table 1 filtered and unfiltered pairs that have a

relative percent difference (RPD) of greater than 25 percent were understood to be significantly
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different. These pairs are highlighted in bold. Nine metals are shown in Table 1, major cations
and anions representative of general chemistry are excluded.

2.1.1 Chromium and Iron

The chromium and iron results from 1992 can not be directly compared to the 1996 samples.
Typically, chromium and iron are associated with particulate matter and will not pass through a
0.45 gm filter (Oaldey and Korte 1996). Only the 1996 data set contains both filtered and
unfiltered results for all the wells. The unfiltered chromium and iron results from 1996 seem to

be elevated with respect to filtered results from previous events but there are no data for direct
comparisons. Thus, the chromium and iron data cannot be used to directly support a corrosion
theory.

2.1.2 Aluminum

The aluminum data were examined to see if they could provide an indication as to whether
concentrations were increasing due to increases in particulate fines in the wells. Aluminum was
undetected at 200 gg/L in both the filtered and unfiltered samples. Turbidity within samples
collected from these wells varied between 0 and 67 NTU. Since only filtered samples were
analyzed in 1992 no temporal trends can be assessed.

2.1.3 Nickel

Nickel results were similar between the filtered and unfiltered samples. The RPD _ were
calculated for each of the eight nickel pairs. The minimum RPD was zero because nickel was
not detected in one sample. If this sample is excluded the minimum is 1.7 percent and the
maximum is 42.7 percent with the arithmetic mean of 13.2 percent. As stated previously a RPD
of 25 percent or less was representative of equivalent concentration. This leads to the conclusion
that all of the nickel in the groundwater is soluble and dissolved in the groundwater.

A second check to assess whether or not the filtered and unfiltered data were representative of
the same population and were numerically similar was performed. The Mann-Whitney non-
parametric statistical test was used for this evaluation (Haber and Runyon 1977). The results are
shown on Table 2. For a one tailed test with the level of significance set at 0.005 (confidence of
99.5) the results support the null hypothesis. Thus the filtered and unfiltered nickel samples were
demonstrated to be the same.

Previous researchers found that dissolved nickel is not normally found in uncontaminated
groundwater because it precipitates as insoluble hydroxides or sulfides which formed originally
at excessive pH (Allen et al. 1993). Typically, when nickel ions are introduced to groundwater,

1 RPD was calculated by the following formula: RPD = X2 - X_/(X_ + X2/2).

a:_corr_cal_mal.doc
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they remain soluble at neutral pH (Bubb and Lester 1991). Thus, the elevated dissolved nickel
levels are evidence of recent leaching into groundwater. The source of this leaching is probably
the corroding type 304 stainless steel.

2.2 Nickel Comparisons and Trends

Nickel resides mainly in a dissolved state in groundwater under the conditions prevalent at
MCAS E1 Toro. This fact makes nickel different than the other metals of interest because the
filtered data of 1992 can be used with the 1996 data to look for trends.

Data was reviewed for eight wells to test the hypothesis that nickel concentrations in
groundwater have increased over time due to corrosion of the type 304 stainless steel. Between
1992 and 1996 nickel concentrations at the eight wells have significantly increased (on average
by 3.5 times). As noted above nickel should reside in a dissolved state in groundwater of the
quality reported at MCAS E1 Toro (Oakley and Korte 1996); thus filtered data from 1992 are
usable and comparable to 1996 data. Table 3 and Figures 2 through 9 show the nickel results and
the temporal trends.

Seven out of the eight wells show an apparent increasing trend in nickel concentrations over
-- time. The average magnitude of the increase was relatively large. One well does not follow this

a trend because most of the data were reported as below detection limits. The 1992 mean nickel
concentration was 49 gg/L while the 1996 arithmetic mean concentration was 190 gg/L(Table 2).
The 1993 data included high concentrations which appear to be anomalous. The cumulative data
suggest that the 1993 data may have been affected by a systematic problem in the lab or be
artifacts. For these reasons the 1993 data were not considered in this analysis.

There was an observable increase in nickel concentrations over time. Nickel is a metal that is not

involved in any biological cycle. Therefore, only the physical introduction of nickel into the
groundwater near the well could result in the observed increase. This conceptual model supports
the hypothesis that the corrosion of the stainless steel casing and pump housing has introduced
nickel into the groundwater/well system.

2.3 Grundfos Observations and Corrosion Index Calculation

Eight pumps were sent to Grundfos. In all cases the manufacture found physical evidence of
corrosion in the pumps. Table 4 summarizes Grundfos Pumps Corp. analysis. The pumps were
constructed out of type 304 stainless steel. Grundfos stated that the pumps would only last one
year due to the groundwater conditions encountered in the wells. They found various parts
corroded including the motor lead termination screws, the rotors, the motor couplings and that
inner stators. The pumps were also incrustated with red iron oxide that in some cases locked the
motor shafts from rotating.

a:k:orr_cal_ff'mal .doc
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Grundfos also calculated the Riddick corrosion index for each well. Data from 1992 was used in

the calculation. They found that in all wells the corrosion index was greater than 50. A score
above 50 indicates that the groundwater conditions are corrosive. In five of the eight wells the
score was above 100 which indicates extremely corrosive conditions are present.

Key factors that lead to the corrosive conditions in the wells were noted by Grundfos. The total
dissolved solids (TDS) were high and in most cases exceeded 1000 ppm. Manganese and iron
concentrations exceeded 5 _tg/L. The sodium concentrations averaged around 88 mg/L. The
calcium ion concentrations were very high and were 10 to 20 times higher than the corrosion and
incrustation cut off concentrations.

2.4 Well Construction and Pump Installation
No cathodic corrosion protection mechanisms were installed in any of the eight wells examined
in this report (Jacobs 1994). The wells were constructed with a type 304 stainless steel sump
followed by type 304 stainless steel screen and then connected to schedule 40 PVC material.
The quality of the welds within the screen is unknown. If the workmanship of the welds within
the screen was low then the corrosion of these screens is likely to be accelerated.

Dedicated pumps were placed in all 163 wells. The pumps were installed by connecting the
pump housing to stainless steel discharge pipes of unknown grade. Teflon tape was used
between the threads of the pump housing and the pipe. The discharge pipes extended to the
surface and were connected to PVC caps that had rubber grommets. When the pumps were
installed the electrical wires that connected the pumps to the control box were allowed to hang in
standing water at the top of the well completion monuments. These wires became severely
corroded and crumbed when moved. This was observed by CLEAN II field personnel (BNI
1996c). The wires were connected to the electrical and mechanical components of the pumps.
When the pumps were inspected the pump housings were not corroded but many of the electrical
and mechanical components had become corroded (Grundfos Pumps Corp. 1996).

2.5 Well Sampling Methods

The wells were sampled using a dedicated or portable down hole sampling pump. The wells
were purged until temperature, pH, and specific conductance stabilized or three casing volumes
of groundwater had been removed, whichever occurred first. The samples were collected
directly from the pump. The filtered samples were prepared in the field and then shipped to the
laboratory for analysis (BNI 1995).

The CDM Federal Programs Corp. calculation of the well volumes included only the water
within the casing and not the water within the filter pack outside of the casing. This leads to

a:k:orr_cal_fmal.doc



CALCULATION SHEET c-,-o,,,o. o_o o
JOB NUMBER 22214

CTO NAME MCAS El Toro CALC NO. C080-001

SUBJECT Corrosion in Groundwater Wells DISCIPLINE: En_ineerin_ SHEET NO. 10

AUTHOR B.J. Sarouhan DATE 12 November, 1996 SHEET REV 0

underestimating the true well volume. Also in many instances less than three well volumes were
collected because the parameters stabilized.

Oakley and Korte (1996) concluded that high volume purging combined with sampling from the
pump discharge should produce the lowest nickel and chromium concentrations in the sample.
They also noted that high purge volumes were required to yield the lowest nickel concentrations
while the lowest chromium values were obtained when nondisruptive techniques were used. The
sampling techniques used by CDM Federal Programs Inc. do not appear to have adversely
affected the measured concentrations directly; however, it is possible that more thorough purging
would have resulted in lower nickel concentrations.

3 Calculations

This section contains corrosion calculations of the groundwater using 1996 groundwater data.
Groundfos calculated the corrosion potential for the eight wells using 1992 data and found water
quality within all of the wells to be corrosive. An ion balance for both data sets is also presented.

3.1 Ryzner Index

The Ryzner index is an analytical method that predicts the incrusting or corrosive nature of
water. The Ryzner index is adapted from the Langelier index and it is incorporates alkalinity as
calcium carbonate, total dissolved solids, and pH. The Ryzner and the Langelier Indices are
based on corrosion of carbon steel. A water is corrosive if the index is higher than 7 and
incrusting if lower than 7 (Driscoll 1986). The Ryzner index was calculated for the eight wells
from which the pumps were removed and sent to Grundfos. In every case the index was greater
than 7. This indicates that all of the wells have groundwater that is corrosive.

Beyond using the Ryzner index an analysis of the groundwater geochemistry can show the nature
of the groundwater (see Table 5) for carbon steel. When pH is less than 7 the groundwater is
acidic and corrosive conditions can occur. Dissolved oxygen (DO) levels greater than 2 mg/L
indicate potentially corrosive conditions. The maximum DO in water with chloride
concentration equal to 100 mg/L at 20°C is about 9.1 mg/L (see Attachment C). In some wells
CDM Federal Programs Corp. reported DO measurements greater than 9.1 mg/L (CDM 1996). It
appears that the calibration may have been incorrect. However, the true values are likely greater
than 2 mg/L.

When the total dissolved solids (TDS) level is greater than 1000 mg/L the electrical conductivity
is high enough to cause significant electrolytic corrosion. Carbon dioxide gas levels greater than
50 mg/L may create an acidic and corrosive environment. Measurements of carbon were not
collected; however, Grundfos used an equilibrium equation to estimate carbon dioxide levels. If
chlorides are greater than 250 to 500 mg/L can also support in well corrosion.
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Incrusting water deposits will occur if the following conditions are true:

1. pH is above 7.5

2. Carbonate hardness exceeds 300 mg/L

3. Iron exceeds 500 gg/L

4. Manganese exceeds 200 gg/L and pH is high, precipitation of Mn is likely if
oxygen is present

In the laboratory, type 304 stainless steel will not corrode in the groundwater conditions
encountered at MCAS E1 Toro. Due to its resistance to corrosion type 304 stainless steel is often
used for condenser tubing where water is highly oxygenated, at temperatures around 120°F and
chloride concentrations often exceeding 500 mg/L. Table 8 from Uhlig's Corrosion Handbook
(1948) indicates that even 10 percent HC1 resulted in only 0.065 inches penetration per year
(ipy) corrosion of 304. Boiling lactic acid is the only solution tested that would result in the high
corrosion rates found at MCAS E1 Toro. Figure 11 indicates that even solutions of 1 percent
sodium chloride result in very low corrosion rates of 304, unless temperatures of greater than
60°C are reached. This would certainly rule out corrosion by 100 mg/L chloride ion at ambient
temperatures. Figure 12 indicates the pH of a 4 percent sodium chloride solution must drop to 3
before serious corrosion of 304 stainless would occur. This test was run at 90°C. From this

information the chemical corrosion of 304 at pH 6.5 with 100 mg/L chloride present at ambient
temperatures must be ruled out.

3.2 Ion Balance

An ion balance was performed for both the 1992 and 1996 groundwater data (see Table 6 and 7).
An ion balance simply tests the assumption that any water body has a overall electrical charge of
zero. This analysis is useful in comparing laboratories and the accuracy of the data from each
lab. In theory both labs should have very comparable results.

Overall the analyses of the cations from both labs are very similar. However the anions, and in
particular bicarbonate and chlorides, differs between the two data sets. The 1996 data tends to
underestimate the chloride and bicarbonate results. This causes the relative percent difference to
be high in some of the wells in the 1996 data. However, these variations do not limit the
usability of the data.

4 Conclusions

4.1 Hexavalent Chromium
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Stainless steel type 304 has 18 to 20 percent chromium. When corrosion occurs the elemental
chromium is oxidized to divalent and trivalent forms. It is possible for the trivalent chromium to
be further oxidized to hexavalent chromium, depending upon the thermodynamics of the

environment. The redox/pH phase diagram in Figure 1 shows that for neutral pH (pH = 7) the
redox should be greater than 400 millivolts (corrected for a reference electrode) for hexavalent
chrome to be stable and present.

The redox values for the eight wells were reported to be around 100 to 200 mV. But CDM
reported uncorrected values. The values are not corrected to the reference electrode and thus the
values are probably less than reported. The reduction oxidation potential for the wells are not
oxidizing enough to allow hexavalent chromium to be thermodynamically stable. Thus the
chromium ions corroded from the stainless steel will be in the form of divalent and trivalent
chromium and not in the hexavalent form.

4.2 General Conclusions

Several interrelated factors have contributed to in well corrosion at MCAS E1 Toro. Although,
the well design attempted to mitigate the corrosive environment, the overall result was
disappointing. The wells were designed to last 30 years (CH2M Hill 1996), but it is reasonable to
assume that this goal will not be met. Without inspecting of the well screens the actual damage
is impossible to assess. However, Grundfos estimated that type 304 stainless steel pumps would
last one year under the current conditions if they are continuously left in the wells. Whereas the
well screens can be expected to last longer than the pumps, a 30 year life seems overly
optimistic.

Geochemical indicators and the calculated Riddick and Ryzner corrosion indices support the
presence of corrosive waters. Furthermore, the eight pumps that were examined were found to
be physically corroded. It appears that the groundwater chemistry in the immediate vicinity of
the wells is being affected by the corrosion of the well materials. The observable increase in
nickel concentrations over time was indicative of recent releases of this element to groundwater.
Since nickel is a metal that is not involved in any biological cycle only the physical introduction
of nickel into the groundwater near the well could result in the observed increases. In-well
corrosion of the stainless steel casing and pump housing appears to have introduced nickel into
the groundwater/well system. While there are not enough data to look at the trends of chromium
and iron these metals do seem to be elevated and are probably also increasing in the wells.

The analytical groundwater data has maximum total concentrations of 4.8 mg/L iron, 0.6 mg/L
chromium, and 0.8 mg/L nickel. Iron corrosion products were reported on pump components
and are indicative of corrosion. Since type 304 stainless steel should not appreciably corrode in
the MCAS E1 Toro groundwater environment, it appears that MIC is present. MIC does cause
corrosion of 304 stainless steel and the bacteria causing MIC are often present in groundwater.
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The rapid nature of the corrosion experienced at MCAS E1 Toro, the fluctuating iron
concentrations and reported sulfide present in the well waters indicate the probable presence of
both iron bacteria and sulfate reducing bacteria. Slime typically present at sites with MIC, was
noted to be over the red oxide on some of the pumps. Due to the aggressive water and possible
MIC at MCAS E1 Toro it is likely that the pumps and well screens will continue to corrode even
with high quality welds. The screens have not been visually inspected but the likelihood of
finding corrosion on the well screen is high. There is a good possibility that a combination of
iron and sulfate reducing bacteria are at the center of the corrosion mechanism.

5 Recommendations

The following steps are recommended to confirm the presence of MIC in the well systems:

1. Sample and reanalyze those wells showing the highest concentrations of iron, chromium
and nickel (currently within scope of long-term groundwater monitoring program).

a) Analyses should include pH, conductivity, iron, chromium, nickel, dissolved
oxygen, and temperature (within current scope).

b) New analyses should include sulfide, iron bacteria, sulfate reducing bacteria and
slime causing bacteria. Bacterial measurements should be sampled at wells using
Hach bacterial tests kits (new scope).

c) Care should be taken to determine pH, dissolved oxygen, temperature, and
conductivity at the sample location being careful not to aerate the sample.
Bacterial samples should be taken previous to purging of groundwater wells.

2. If bacteria are found in well water consider addition of an oxidizing biocide like chlorine
to remove and control bacteria and MIC. However, if the MIC is in phase 3, physical and
chemical removal of the corrosion may be necessary to completely eliminate the
corrosion.

3. Metal corrosion products may be taken for scanning electron microscope evaluation, if
desired. Dr. Brenda Little with the Microbiologically Influenced Corrosion Section from
the Naval Research Laboratory in Stennis Space Center, Mississippi has worked with
Bechtel in the past on MIC issues and has been contracted by CTO-080 staff. Dr. Little
may be available if required.

If MIC is found and not controlled, rapid corrosion of the stainless steel well components will
reoccur.
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Table 1
MCASElToro SelectedMetalsResults

Filtered and Unfiltered 1986 OatS[

Balm Turbidity Aluminum Chromium Copper Iron Lsad Monganeao Nickel Selenium Zinc
Screen Sompla (NTU)

Station tO Desth Sornp/e D.tO Type

tFt BGS}

06 UGMW28 180 16-Feb-96 F 8 200.0 U 10.0 U 25.0 U 100.0 U 4.0 15.0 U 260.0 37.0 20.0 U
06 UGMW28 180 16-Feb--96 UF 200.0 U 61.0 25.0 U 430.0 10.0 150 U 280.0 35.0 37.0

07 DBMW43 190 19-Feb-96 F 67 2000 U 10.0 U 25.0 U 119.0 4.0 44.0 070.0 5.0 U 20.0 U
07 DBMW43 190 19-Feb-96 UF 2000 U 505.0 45.0 4810.0 10.0 160.0 682.0 5.0 U 58.0

07 OGMW71 155 13-Feb-g6 F 0 200.0 U 10.O U 250 U 100,0 U 30 U 15.0 U 56.0 5.0 U 200 U
07' DGMW71 155 13-Feb-96 UF 200.0 U 33.0 25.0 U _,5.0 3.0 U 15.0 U 57.0 5.0 U 20.0 U

07 DGMW72 150 13-Feb-g6 F 0 200.0 U 10.0 U 25.0 U 100.0 U 3.0 U 15.0 U 45.0 5.0 U 20.0 U
07 DGMW72 150 13-Feb-g6 UF 200.0 U 22.0 25.0 U 240.0 3.0 U 15.0 U 48.0 5.0 U 20.0 U

09 DGMW75 J 154 14-Feb-96 F 52 200,0 U 10.0 U 25.0 U 100.0 U 3.0 U 38.0 380.0 43.0 20,0 U
00 DGMWT5 154 14-Feb-{)6 UF 200.0 U 340.0 25.0 U 4180.0 6.0 I_.0 390.0 40.0 20.0 U

12 UGMW31 145 14-Feb-96 F -lO 200.0 U 100 U 25.0 U 100,0 U 4.0 1S.0 U 480 7.0 200 U
12 UGMW31 145 14-Feb-g6 UF 200.0 U 100 U 25.0 U I(X).O U 3.0 U 19.0 50.0 S.O 20.0 U

21 DBMW56 132 15-Feb-96 F 0 200.0 U 10.0 U 25.0 U 100.0 U 2.0 15.0 U 4_1.0 5.0 U 20.0 U
21 DBMW,56 132 15-Feb-96 UF 200.0 U 20.0 25.0 U 176.0 4.0 15.0 U 71.0 5.0 U 20.0 U

22 DBMW47 156 15-Feb-96 F 2 200.0 U 100 U 25.0 U 100.0 U 30 U 15.0 U 40.0 U 13.0 200 U
22 DBMW47 150 15-Feb-96 UF 200.0 U 12.0 25.0 U 114.0 3.0 U 15.0 U 40.0 U 11.0 20.0 U

Alt metals results in units o_us/l_.
Sample pairs in bold indicate n relative percent difference el at least 25 percent.
F = filtered sample; UF = unfiltered sample.
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Table 2
Descreptive and Non-Parametric Statistics of Nickel Data

1992, 1993, 1996 Filtered Data
Mean1992data 49.072222

Std.Dev,1992data 73.88262

Mean1993data 238.57

Std.Dev,1993data 246.00605

Mean1996data 190.625
Std.Dev.1996data 233.0474'2

All nickel results in units of ug/L.

1996 Filtered vs. Unfiltered Data

Mann-Whitney U-Test to prove data has the same population

Alpha=0.005 for a one tailed test
Null hypothesis Filtered and Unfiltered data has the same population

Filtered Data Rank Unfiltered Data Rank
26O 11 280 12
670 15 882 16
56 8 57 9
45 3 48 5
380 13 390 14
48 6 5O 7
46 4 71 10
40 1 40 2

Ri= 61 R2= 75

nl=8 n2=8

U=nl*n2+(nl*(nl+l)/2)-R1

U= 39 U'= 39

If n_= 8 and n2=8 then a U statistic between 7 and 57 indicates the null hypothesis
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Table 3
Nickel Results

MCAS El Toro Groundwater Monitonng Program

All Resultsin Microgramsper Liter (ug/L)

Base Nickel

Screen Sample
Station ID Depth Sample Date Type loo.o

IFf_s)

.............b'6_'0GM_/28.............._........_1_8'O-.... 13-Nov-g2 i F '_'_ ':'

iiiii:i'_ :i:?_iiil i'iii ii !i!.?iiii!ii)!?i:iiiiiii?il i'iiiiiiii.ii :_?_?_ __--_::__:_

i i i .... _--3ui:'9_-.........:............F----
..........i.6._.Fe-bl.g_..........?................i_.................

........................................................................OLq_MW43..............................?............_"9o.................._';5'_-"_'..........t.................F.............................................................................................................9s.m
:: 25-Jun-93 F ii.............................. _'............... ig-Fe"'b-_-_ 7 ':":'!!'_';_?:':"":'':_-'_:":"::'_' :::: *"_' :;_..... _:__'_/:i::_ii::i::_iiiii_i_i?/?/:_ili_i::i _i_i_ii::?.i?.i_.i::i::_!::_if.f:!_:,i'._iiii!i

...............................................................;..........................................._eb:_........................_ .............!:'_Z_?E! _;_J;i_il;;:;i_;_:_;

...........................................................07_DGMW71 :I'............Ti'55....................i '5?'[_c_-_........................F............................................ 4g.8i'_.......................

.......................................i.._..i?................... ................................ig'Fe_:_ ..... _:...................... F - S6.0i
.............................................................. i ........................................... !.3:Fe_ .......... .............. UF.. ................................................................ ..5.7.._9.1 ..............................

...............07'"'D'G'M'W7'2.................?.........1'5'0......... 19-Nov-92 F 11.61B

..............................................................'i...........................................2!-_u.._:9.3........_................F.............................................................!9_7i.8...........................
15-Oct-g3 F 72 8i

.iU'£'"-"...........i_'_i'__.T_'.ii_'.'.'ii.';;.iii_iiL'/"';;i;;i;;_........._"3;_e'b:'_.........................F..........................................................................................................._.o_
13-Feb-g6 UF 48.0:!

i i
..................... 0'g'-5'6"M'W'f5..................i.............1",_'....................1'_-'[_:g'2..........?.............F'...........................................................................14.8!B

_...__...__..._;_._=....-_ _. :.._:._
...............................................................i........................................._.._;._._i_.._.........._...............U.F..............i;:i:i_ii:_?:i_iii_ili_ilii

............................................................. i ........................................................................ _............................................................................................... i ................................
12 UGMW31 i 145 8-Oct-92 F 12.1iB

...................................................................................................i.........................................'7_'Jumi_'g§'.........' .....................F .......................::i_i::i;i::;ii_i::ii i:;i ; _ii!_i!iiiiiii?._mi____ ........ _'_-_;___ ......
14-Feb-96 F 48.0i

i 14-Feb-96 UF 50.0i
......................................................... ! ..................................................................... !............................................................................................... t ...............................

.......... 2'1'--'D6M-W56'..............:i............:1'_/..... 18-Nov-92 F 13.3iB
i 18-Nov-92 F 10.6iB
i .........2"'4_Ju'n-g'§........._................F .............
i 15-Feb-96 F 46.0

........................................................!......................................._5:_eb-96.......................'0'_................................................................fi_'6'i................................
.............................................................. i.............................................................................................................................................................. i................................
..........'22'-_BM'W;_.........._..........._ ..................'_{'_S_:9_......!............._..........................................'_:'Tt0.................
......................................................i ............................................1.?_u!:g:3...........................F_.............................................................2_1.:.8}B

15-Feb-96 F 40.0iU

i 15-Feb-96 UF 40.0i U.............................................................................................................................. ? ......................................................................................... i ...............................

1) Da_aQua_icatio_ Flags:

U = 'l_e real.iai was analymd for, but was nol delected above tile level o_ the _ss_oated value.

B =Conc. th.,* is less than Co_rac_ required detection limit but gre_ler than or equaJ to instrument detect_n limit,

2) Regulato_ry standards in ug4. are !isted _ the top o_ the cotumn.

Federal_um Cem_minanlLevel(MCL)wasusedfornickel
3) ............
4)F=Fi#emdsample,UF=Ur_iltemd
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Table 4
Gmndolos Pumps Coq). Findings

CorroMve/ TyplcmlGW 22DBMW47 21DQMWSG 07DGMW72 07DQMW71 07DBMW,13 06UGMW2$ 09DGMW7$ 12UGMW31
IncrusMllon Values

Parameter levMm {Clue 1)
pH <7 8.5-8.5 7.83 7.8 7.68 7.07 6.36

DO (ppm) >_ 0-0.5
H2S (pix.) >1 o-os

Sulfate(pi)m) >350 0-50 263 228 241 217 194 332 423 263

TDS Ippm_l ·1_00o 3-700 1,130 1_080 1,120 937 880 1r830 1_370 1_000
Chlorides(ppm) >500 0-150 228 189 241 217 195 541 273 211

CO2 (.opm) >6o 2-22
Tamp(F) >80 40-70 66.1 05.2 70.3 73.6 78
IronLDpb) >5 0.1-5 5.1 24.5 12 9 54.5 20.8

Manganese(ppb) >5 <0.05 54 7.2 0.4 lg 80 197 12.1 33.4

Sodium(ppb) >4_000 82r800 78,300 68,300 851100 701100 1091000 115r000 771100
Calcium(ppb} >10,000 187T000 161,000 135r000 1381000 122,800 284r000 218,000 1T'/,000

Conductivity(uMho/cm) >21000 100-11600 1580 1590 1800 3200 2830
Silica(ppm_ >100 0-20

Nitrates(ppm) >45 0-45 18.7 22.7 14.8 15.4 14.8 18.6 236 22.5
ALK (Bicarbonate)(.opm) 232 248 209 182 153 150 191 229

HAR (CaCO3)(ppm) (190) (202) [255) (222) (128) (136) (155) (153)
Corrolion Index (Cl) >100 0-60 57 SO 122 124 100 270 135 85

"Summery' oat of

TolerancePlrameterm TDS>1000 TDS>1000 TDS>1000 Ca>10,000 Ca>10,000 TDS>1000 TDS>1000 TDS>1000
Ca>lO,000 Ca>10,000 Ca>10,000 Na>4,000 Na>4,000 Ca>10,000 Ca>10,000 Ca>10,000
Ns>4,000 Ns>4,000 Ne>4,000 Mn>5 Mn>5 Ns>4,000 Ns>4,000 Ns>4,000

Mn>5 Mn>5 Mn>5 Fa>5 Fa>5 Mn>5 Mn>5 Mn>5
Fa>5 Fe>5 CI>100 C_>100 Fo>5 SO4>350 Fa>5

C1>100 C1>500 Cond>2,000

C1>100
Highir',crcalation High_"lcruslaliofi HighIncmslation HighIncrustation HighIncruslstion High incrustallon

High Incrustation Highir_crustation andcorrosion and corrosion and corrosion and corrosion andcorrosion and corrosion

potential potential potential potenUal potential potential potenlial potential
Inlpecnorl Samm_ _foto¢leadlam'ir,ir,altonPumpoompon_ltllock Pumpendlacrulled StatMk.npa_edwilh St&tc_inoru_t_dwithpumpendc_41tedm_ Moteti_llt lockedal Motorooupllagco.ode(

w_ewlcorroded, fins._een end IromFAO2,Rolo_itoh depolrlaind rolm depOldtl.Moltolaid redrelidu_.Mo113¢i rllutl ofIncrultetlOn endfailed.Molor
Rolorc_addlag lu_ inoruolafe(tw_ aevere{ycorroded c,on'ode_.A/_ al4_eM_orroded.Irotl leadi_.ewa_ortode_ M_or_mmeda_a grout)dadb_ freeto

deformedwhere redironoxide.Motor whererdadding famtenerloorroded bacteria(red}ablinedStaforliningaorroded,resultofSSolacfoingrotate.Presenceglred
co.osIOnhal leadterminalIOnlerewlbreaohndby_rolion. (Rolo*'-pre-clldding) pumperect Rotoreorr_li<xl breach.Molor ironoxideandModin
penelroledSS _roded. ROlMiron CaCO3depc4ihlogled Rotorlockedwith aecMerattedwhere couplingcorroded PE.

c_ldd_gCorrollOn corroded{rolo_pre- laitolorchamber. Inoruolat_or_. o{iddingbreachedby
_roul__ ,m_tM Ofaddin_}. _ofmeion.

lining

Utilization (B) ii conductivity (B) provideduntiis (C)Anticipatedlife! (C)Anlicipated (C)AnticipatedIllei (C)Anticipated (C)Anticipatedfile (B) if servicedend
Recommendation (A) Recommended ts <2000. Would runpedodlcally I yr or lessif life 1yr or lessii 1 yr or lessif life 1yr or lessIf 1yr or loss if run quarterly.

(_)Cor_tionalh/ Recommended redcireedd_ional (lxpermonthmin) dedicated, ded)caled, dedicated, dedlcaled, dedicated. 304SS matedal
(C) Not Recommended runtimeand is notacoecptabio.

quarterlyservice 316SSproduct
andserviced wouldholdup

cluarterl7 beMer.

Plef_ _ Key fil_torl thM Iffecl cMro_ion MILK:. Notee

1)Olmomcs - Pure Woler Handbook {1) D,leclvecl CO2 (1) Se&wllter chlorldel - 19.000 ppm (49.5/1190)

2) Mtuouri Wltel WMI Ha_ (2) Dllaofved O2 (2) 10ppm DO · ATM prNure il normal. 0gay 13 DO is pouibke In H20

3) Llly_e FleXI Manual (3) DiUofved H2S (3) All welll app¢o_(knafMy 10' AMS(.

4) Johnlon - Groundwater and Walls (4) High TDS with high conductivsty (4) Pumpl _ i_ll_d hire 92/early 93 randnever run Ifier InltalUttion.

5) ASTM Giou_dwatef Short Cou.le Nolel (&} High chlOrldel (6) Pumpl puffed

(6) Hl_ lultalel (6) TyT_l_ll life I_elt_ of 304SS In leawaler Il 2-4 wkl

(7} EJevated f emperfu_e (6) TYP+Callife a_alion of 3f68S k3 leaWeler hi 6 moolhl.

RId(Ifok Cortoolon Index colculetton

CI - (CO2+0.5(HAR _J0}+_ {C!2+2N )* _5_ALK ) ] OI _ 0-5 _Jdl_My n_-corroawe Dtaeollt e41eolld_, I_prn CllM_flcltl_

CO2=2(aasumod) In c_ll_laUOnl 6*25 non-eorrrJahm (1) <1.000 FrNh Water

26- fig Mod_rat ely cot roalve (2) 1,000-3,(X)O S_ltly Saline (Brackilh)

51-75 Corroah*e (3) 3.000 - 10.000 _tely Saline (BrachllhJ

76-100 Very corrosive (4) 10.000 - 35.000 Very Saline (_eawller)

101 + Extremely c_xro_n,,e (6} >35,GO0 Brine



Table 5
MCAS El Toro

Corrosiveand IncrustatingDataTable

Corrosive/
Incrustation

Parameter Concentration 06_UGMW28 07_DBMW43 07_DGMW71 07_DGMW72 09_DGMW75 12_UGMW31 21_DBMW56 22_DBMW47

<7 (corr.) >7.5

pH (incrust.) 6.8 7.0 6.7 6.6 6.9 6.9 6.4 6.9
DO (mg/L) >2 7.3 7.1 9.4 8.2 8.6 7.6 9.3 7.9

TDS (mg/L) >1000 1700.0 656.0 1010.0 935.0 1340.0 944.0 798.0 1180.0
CO2 (mg/L) 1 >50 82.2 34.4 116.1 116.1 55.5 68.4 211.3 70.1

Chlorides (m_L) >250-500 393.0 141.0 245.0 237.0 284.0 181.0 152.0 231.0
Iron (ug/L) >500 430.0 4810.0 545.0 240.0 4160.0 100.0 U 176.0 114.0

Manganese (UCl/L) >200 15.0 U 160.0 15.0 U 15.0 U 66.0 19.0 15.0 U 15.0 U

2.0 U 2.0 U 2.0 U 2.0 U 2,0 U 2.0 U 2.0 U 2.0 U
Hardness(CO3-')(rog/L) >300

Bicarbonate (mg/L) 222.0 154.0 249.0 222.0 207.0 238.0 249.0 233.0
Calcium (mcj/L) 286.0 97.0 141.0 136.0 216.0 181.0 162.0 165.0

1Carbon Dioxide is calculated as H2CO3 and assuming the following equation: [H+]*[HCO3']/[H2CO3]=4.45E-7
2 1996 Data
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Table 6

MCAS El Toro

Ion Balance 1992 Data

Equivalents Equivalents Equivalents Equivalents Equivalents Equivalents Equivalents Equivalents

06 UGMW28 Imeo_ 07 DBMW43 _me_l 07 DGMW71 Imec_ 07 DGMW72 Imeql 09 DGMW75 _me_ 12 UGMW31 [mec_l 21 DBMW56 Ime(L) 22 DBMW47 Ime_l
Parameter

_DS (n_l/L) 1830 880 937 1120 1370 1000 1080 1130
Conductlvtly 2030 897 1350 1290 1780 1350 1290 1400

CaUonl

Sodium (mg/L) 109.000 4.743 70.100 3.050 85.1O0 3.703 88.800 3,864 116.000 5.048 77.100 3.355 79.300 3407 82.800 3 603
Polasslum (ragA.) 7.220 O.185 3.680 0.094 2.700 O.06G 2.250 0.058 2.480 0.063 2.510 0.064 2.110 0.054 2 460 0.063

Calcium {rog/l_) 264.000 t3.174 122.800 6.128 139.000 §.93_ 136.000 6.787 216.000 10.77G 177.000 8.833 t61.000 8.034 187.000 9.332
Iron (rog/L) 0.055 0.002 0,009 O.OOC 0.012 GOO( 0.024 0.001 0.001 z O.OOC 0.021 0.001 0.005 000(3 0001 _ 0,000

Magnesium (rna) 73.000 0007 33.400 2.748 35.500 2.921 40.300 3.316 58900 4.847 50.700 4.172 45300 3.728 50500 4.156
TotalCation(meq) 24.111 12.021 13.63C 14.026 20.737 19.425 16.223 17.153

Anions
Bicarbonate (rog/L) 136.000 ~2.229 126.000 -2.065 182.000 -2.983 209.000 -3425 156.000 -2.557 188.000 -3.081 200000 -3.278 190000 -3,114
Chio_ldes (rog/L) 541.000 -15.260 185,000 -5.218 217.000 -6,121 241.000 -6.798 273.000 -7.70C 211.000 -5.952 188.000 -5.303 229.000 -6.431

Sulfate (rog/L) 332.000 -6912 144.000 -2.998 174.000 -3.52._ 112,000 -2.332 423.000 -8.807 293.000 -6.475 220.000 -4.747 263.000 -5.476
Nltrate/Nlldte (mGVL) 15.800 -0.606 t 4.600 -0.471 15.400 -0.497 14.800 -0.477 23.600 -o.761 22.500 -6.725 22.000 -0.710 18.700 -0.603
Totld Anlonl [nte(_ -26.007 -10.752 -13.22S -13.032 -19.92_ -19.234 -14.037 -15.624

RPD -4% 11% 3°/* 7% 4% 8% 8'Yo 9%

' 199'0 Data

2 Analyte nol detecled, asst_med to be half the detection fimlf.

c%cto dala\ctoS0\TAB6 XLS 11/4/96



Table 7

MCAS El Toro
Ion Balance 1996 Data

Equivalents Equivalents Equivalental Equlvalanta Equivalents Equlvalenta Equlvale41ta Equivalents

,, 06 UGMW28 Ime(D 07 DBMW43 (rrl_ 07DQMWTI {ma_l 07 DGMW72 {me<_ 09 DGMW75 {me_) 12. UGMW3t (ml_ 21_DBMW56 (meo_ 22 DBMW47 Imeo_
Parameter

TDS (rog/L) 1700 656 1010 935 1340 944 798 1100

ConduclNity 20G0 897 1350 1290 t 780 1350 1290 1400
Catlonl

Sodium {rog/L) 104000 4.526 76.000 3307 88000 382_ 92000 4.003 153000 6.65_ 83.000 3.612 89000 3.873 103.000 4.482
Potassium (rng/[} 4510 0.115 9.420 0.241 2.430 0.06,c 2.270 0.058 3.520 0.09( 3.030 0078 2.920 0.075 3.890 0.100

Calcium (rog/l_) 286000 14.272 97.000 4.841 141.000 7.03( 136.000 6.787 216.000 10.77_ 181.000 9.032 162.000 8.084 165.000 8 234
Iron (mg/L} 0 050 2 0002 0.119 0 004 0 050 _ 0.002 0.050 _ 0.002 0 050 2 0.003 0.050 2 0.002 0.050 2 0.002 0.050 2 0002

Magnesium (rog/L) 72000 5.025 24.000 1.975 37000 3.04.· 37000 3.045 65 000 5.34_ 53.0CO 4.361 48000 3050 50.000 4855
Total Cation (meq) 24.640 10.368 13.974 13.896 22.877 17.005 15.663 17.672

Anlona

Hardr_ss (C03)
(mg/l_) 1.0_0 _ -0.033 1.000 z _.033 1.000 2 -0.033 1000 2 -0 033 t COO2 -0.033 1.000 _ -0.033 l.O00 2 -0.033 1.C(_02 -0 033

Blcarbonale {rog/L} 222.000 -3.638 154.000 -2.524 249.000 -4.081 222000 -3.638 207000 -3.393 238.000 -3.901 249.000 -4.061 233.000 -3819
Chlorides (mg/L) 39'3.000 * t1.065 141.000 -3.077 245.000 -6.911 237.000 -6.685 284.000 -8.011 161.000 -5.105 152.0_0 -4.287 231.000 -8.516

Sulfate (rog/L) 345.000 -7.183 105.000 -2.186 118000 -2.457 71.000 -1.478 369000 -7.683 190.00(3 -3.956 152.000 -3,165 169000 -3.519
Nitrale/Nlfrlta (rog/l_} 18000 -O.581 14.000 -0.452 t4.0_o -0.452 17.000 -0.548 26000 -0.83S 26.000 -0.839 te. ooo -0.581 17.000 _).548

Total Anlonl {me<l_ -22.620 -9.172 -13.933 -12.383 -19.956 -13.834 -12.147 -14.434
RPD 10% 12% 0% 12% 14% 21% 27% 20%

1996 Data

2 Anal/ts nol detected, assumed to be half the defectLon limit.

c:\cto dala_,ctoa0\TAB7.XLS 11/4/96



Table 8 · Corrosion Rates of 304 Stainless Steel in Various Liquid Media

I

Conmlve Medium Tempe'sture Dunsuon of Test. hours { Wt. Imm
/

{

todd ipy

20% Nitric uid Room I NU* .....
20% Nitno _i BoilmE 18 Nil .....
3% Nitrio ,,,id BoLti,_r 18 Nil .....
1% Ni_'_ _M Boiling 18 Nil .....
Nitri_ mid fumm II0' C (230' F) 13 I00 0.018

10% Hydroahlorio laid Room I 360 0.066

10% 8uUurie aoid Room 1 432 0.079
1% Ho504 -4- 2 % KNOt Room 17 Nil .....
0.23% I:1)504 -4-0.23% HNOs Room 17 lilt .....

10% Aoetio amd. C.P. Room 3 Nil .....
10% Aoetto uid. C.P. Boiling 12 Nil
cu,_ ,_uo _i_ u.s.P Room _s o.1 oi_
Gl&tiM amue a_i_. U. _. P. Boiling 187 130 0.0_4
Cru,4- .meuo amd Boiling 166 375.5 0.068

10% Phoephorm sold. C.P. Boilin_ 17 Nil .....

10% C_bolio soid. C.P. Boiling 16 Nil .....
10% Chromto ,,,id (t4oh.) Boiling 41 204 0.037
ConoentnLta_ sulfurouo _id Room 22 Nil .....

0.5% l,soLie mid _ 16 4.1 0.001
1.0% I,_ mid _5°C (150* F) 16 Nil
20%L_Uo,_a _ z0 _.1 oi_i
50% La°rio smd Boiling 16 12.240 2.23
8._% l,_tio emd Boiling 16 1.660 0.284

10% T_rmm NM _ m Nil .....

1% Oulio _ _ 39 177.6 0.032
t0% Oulm smd Room IT 130.2 0.02S

10 % Formio uid Boiling I a.240 0.890
10% Form:m mini Room 17 2.¢ 0.000

10% M&Uo -_id Room 17 Nil .....

10 % 8odium md&re Bo'dinf 16 Nil .....
10% Sodium biaull&te Boilinf 16 Nil .....
10% Ammonium sulfate BoiUu 16 Nil .....
10% Ammo°urn ohloriclm Boiling 16 Pitted .....

Lemon juiee Room 89 Nil .....

Ommm {uioo Room 91 Nil .....
8weot eider Room 23 NB .....

Canned rhub&rb _ 16 Na .....
Caanfd to°tom Boiling 16 Nil .....

10% Sodium hydrozide Boiling 41 Nil .....

· "Nil" role° to · weight imm of tho ipeoimon not demmt&_de within time c the mt.
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Figure 1
Eh/pH Phase Diagram

The oasned lines define Eh-DH bour_iarle$ c_nly encountered in sot l s and sedtmnts.

2000 L

1600

- A: HCrO_-/Cr(OH) 3

1200

' -- reducing __._ _ _

'"J:::: 400 -- --__._ oxidizing-']

_ _ I

- _ I
t-400 --

!

- ._ _- ..J

-800 '
0 2 _ 6 8 10

pH

Notethe Eh values plotted on this diagramare correctedfor the reference electrodevoltage:
244 mV unitsmust be added to the measuredvaluewhen a seDarate calomel electrode is used. or
199 mV unitsmust be dottedif a combinationplatinumelectrocteis used.



i

06_UGMW28 FIGURE 2

Nickel Trends . ' ' _ '-.'__%700'0 i

600.0 * :500.0

_ 300.0

200.0 _ -- -_" _ · '
100.0

0.0

19-Set_-91 31 -Jan-93 15-Jun-94 28-0ct-95 1l-Mar-9?

Date

I
ItJ

tn ......
1t_2 IPt$ !P_ !1_$

GROUND WATER LEVEL HYDROGRAPH
t

.............................. Di!_"lt tlrR

ILl L1AIr

t IILI &S)ID llO
/_.# 71D _?.I

_ ---_........................

TBS (rog/L) 1700 _ ................ _; .......

S Value 23.24 _ _
Ca (mg/L) 286

0.4'Ca 114 _ l!
Alkalinity (mg/L) 182

C Value 8.6

pH 6.79

Ryznar Stability Index zza_.-D
u o ,..,_,"=e-'"-_u' 7.85 ............................. w. r,_ nq_md a Mail r,,,.,,/.mM

J_ · Jb_ G,'wM

06_ UGMW28 WELL CONSTRUCTION SUMMARY
!

WELL _f_PE MONITORING WELL

c/_!_ DIA(ItWrJ_.S) ,Lee SUl(i_.C4.gN(_MAr.
SCltF.EN DM(INCItF_) 4.00 CASINGMAE M PVC
SURF_(FT MSL) lM.(f_ $CIgEENMAT. $.$T_EL

mOmED_rTH I _&O0 ]JLa6
CA._£TOP
CA$EIIAS_ 140.00 llq[ll$
$CIIZF.IffTOP 140.00 194.M
SCREENB,4SE 180.00 lM.a6
_. . mMJ _ AV.o,i,e

[M-/--,_!:E_ TORO GRiO_):N.:iD:wArERQ:uALiTYDATA REpoRT I
DATA PROC_I_ JIF CIIIM IIILL

Frl _ 2.113:4J:_$
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07DBMW43 FIGURE 3

Nickel Trends · .
_00.0 -

-J _ , .
=_ 400.0 _._

200.0

0.0
19-Se0-91 31 -Jan-93 15-Jun-94 28-Oct-95 11-Mar-g7

Date

177 ,, ,

I

tz_ I?_

}'" {17J ' '

i 992 IPgJ 1_4 1995

GROUND WATER LEVEL HYDROGRAPH

..................... DI_I_ UlFR I_mK

,_) _auO
t.# C/AY Zl_J

.I.II ,SAND ;rl_J
I$1 C/AY UlJ
UJ .tA,'eO 215J

..................... IL_.(I CLAT t_qlJ
IS?J 3A_D 13raj

_ i_., re NJ

,. -_ Mm

07DBMW43 _ t
TDS (mg/L) 656

S Value 23.16

Ca (mg/k) 97 _

0.4*Calndex 39 !

pH 7.01 LEGEND
· TM Mpdl

Hyznar Stability _ - ManM /an,m/

(I=S-C-DH) 8.75 _ _ - k_. G,.._ s.,_,.,

07_DBMW43 WELL CONSTRUCTION SUMMARY
WELL TYPE MONITORING WELL

CA_EDIA(INCBES) 4.CO SttJtF.EA.$INGMAT.
SCREEIg DIAflNCHE$) 4.00 CA.giNG MA E 540 PVC

$URF ELEV(FT MSL) 295J0 $CREEN MA T. S.$TEEL

(It _s) Ut mst)
BORE DEPTH 199.00 9L JO

CASE TOP

CA.$ E BASE 150.40 144.90

SCREEN TOP 150.90 145.30

SCREEN BASE 1_.00 lOS. JO

_1. etl at _m tan' _ **hri. ma a = nmMA _ avanJItl

DATA PItOClrC(ED J_' C?I3M IllU.

Fei Sm IJ 15.'S1:17IffM



07 DGMWT1 FIGURE 4,

Nickel Trends
90.0 ·

,5o.o i....I · - '

=_100.0

_ '

50.0 ¢. ,_- _ "' · __

0.0 i
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Date . .
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: : : : : : _ ! : :: : : : . ,

171 I

· ! fa.. _ ! : '

]_
· · Z

Id_7 ........

1_2 1tt3 11194 II't$

GROUNDWATER LEVEL HYDROGRAPH
I

............................. DI_Ir'B IDrlr'H. IRJ[V.

ae.e IIA_D 34.1.,i/

.............................. 4e.# OL,4Y INIJI.4
M.I 31LT U3.4
MJ .Ibl_D JU.4

.............................. lr_.$ CLA· IS$.4
14_.# _ 134.4

f.,07DGMW71 ..............................

TDS (m_L) 1010 ...........................

S Value 23.21 _ .....t. _ .......

0.4*Ca 56 _
Alkalinity (m_/L) 204

C Value 8,1

DH 6.69 _ ............................

Ryznar Stability,,,-, ,-,_,,,Index ........................... _. r---'_
U:o-u-pn) 8.42 --". w.=. _. L,_

i,_ m4d_, C,*mm_Mq'en,

07..DGMWT1 WELL CONSTRUCTION SUMMARY
WELL1'rite MONffOlU_O WEU,.
CASE DIA(INCHF_.S) 4.1M SURF. CASINO MAt

SCREEN DIA(INC1gFc) 4.0_ CASING MAT. $40

SURF EJ.EV(FT MSL) 2Lt[44 SCREEN MA T. S_TFFL

_j* ) Otwi)
BORE DEPTH lU.m 120.44

CAgE lOP

CASE BASE il5.00 I M.M

SCREEN TOP I I JLO0 16_1. 44

SCREEN _ 155.00 12&44
_. _ Mat AM* . _!nmM,_ll, Um' AV, m,m* W

MC,AS EL ·TORO GROUNDWATER QUALITY DATA REPORT: :.
""i'.'"_ - .'.'."' '" ..... '''"' '' ..... ' "' · ....

DATA PROL-JE35EDBr _ Rill,

i i



07 DGMW72 FIGURE 5

Nickel Trends :'

· _ ?

= 4oo .- ... !
20.0 _,

0.0
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Date

i
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1_ in ..

t711 ,-

u.1 tM · I :. :
1_2 InS 11_4 IfPS

GROUND WA TER LE VEL H YDROGRA PH

I
.............................. DEP'tN _ l12J_.

ICJ mit ,I_L?
............................. l$.t lAND MI.?

7e.e II:l,AT IM.?

g_.# _O Ila 7............................ 143.41 QId&Y IA!.?

ISJ.I SAHD IlL!

[ I._P.S lift) Il?,?

07DGMW72

TDS (mg/L) 935 _ _' I
S Value 23.19 _ - _ ......

Ca (mg/L) 136
0.4"Ca 54 _ _'

Alkalinity (m_L) 182 .............................
C Value 8

pH 6.64 ~" ............................. t._lff_t,i_vD

Ryznar Stability Index ............................. re ,,r-,-,o_
,, _ v _,-,t_=_._.,-,_ 8.55 : -,._.. M _,dtl . )w- kb,, G,w_._I_

07_DGMW72 WELL CONSTRUCTION SUMMARY
i, i i

WEJ.,L n'IPE MONITORING WEll,

CASE DIA(INCHKS) 4.00 5UiIF. CASING MAT.

SCREEN DIA(INCItES) 4.00 CASING MAT. _40 ,JVC

suttr zt.evtrr Msu 2zt _o sct,_ztvM,4r. s.sr_L

[BOt_r-DI_PI'H tS&eO II&lO
CA5£ TOP

CASE BA_E ! !0.00 ikL 7O

SCREEN TOP 110.00 I _g TO

SCREEN BASE I SO.O0 12&70

WELL:O7iDGMW72!:!::ii :: i:::: :}i:i : _i

DATA pROC_ BY L"_IM RILL
Tautlll _4 11:_,'45 t_l

i i
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09_DGMW75 FIGURE 6

Nickel Trends
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II.I $1rglF ,114_.4

4r_.# &4_D ,ILIUL4
14VI.I SILT 1.113,4

..._ ....................... 15I.I _ 12.11.4

.......................

09DGMW75 _ tTDS (rog/L) 1340

S Value 23.22

Ca (mg/L) 216 _ i .............................
0.4*Ca 86 m

Alkalinity (rog/L) 169 ..............................

C Value 8.4
pH 6.93 " .............................. =GZN=

Ryznar StabilityIndex ............................... r_. z,.,d_,,,

(l=S-C-pH) 7.89 _ Il, - -,._, G,.,_.,_

09_DGMW75 WELL CONSTRUCTION SUMMARY
I I II 1

WELL TYPE MONITORING WELL

cAszOtaaiVOFtRS)4.00 SURf.C..nStNGUn1',
SCItF_.ENOtn(tnCltF..S) 4.00 CAStNGMa?. S_IorvC
$tlmrEZ_¢FT_SL) 27s._ SCttEEJvuAr. s._r_sL

krs) _ ,,ut)
BOREDEPTH ! f_.00 !_IL_IO
CASE_OP
CASE BASE 114.00 ! $_1._10

SC/_EEN TOP 114.00 15_.40

$C!_ EEN B_LSE 154.00 l I _.

l.;::::::::?}-.!::}:iiii:ili;;:!: :! -:
'_'C,/i's £L To'RO'::GR'O'L)'pCD"WA'i_£'RQ'UAZlTr DATAREPORT,
gOtTA PJ_ II' C_3M HILL

i i ·
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12 UGMW31 FIGURE 7

Nickel Trends
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_ !t ,,, S,LT ,,,,III.e llAttD W
ISZJ SILT ll_J

12UGMW31

TDS (m_/L) 944 _ t
S Value 23.19 ._

Ca (m_.) 181 _ I0.4*Ca 72

pH 6.9 t, umP..vo

Ryznar Stability Index m- T_M

"=_ _ '"-' j _,. kM.MM_t..
%:

12_UGMW$1 WELLCONSTRUCTION SUMMARY
m m

_ MONITORING WELL

DMt!itC?IF.S) 4[M SUItF.CUlNO M4 T.
SCItEgNDIA(INCRF.,S),LOW CASINGMAT. Me PVC
SOItFF.LLrY(!_MSL) ISI[M SOtF.E)t MAZ &STOL

801t£DEPTH I$&M I_i_M
iCASETOP
ic4$E _ IOtM 18M
[$CItEF.JVFOP IO_LM ISKM
$CltEF.)iBASE 145.m l i&M

I
IMI'IIF_.W M A_IjMJr_ MJrAIIMAIIJM MnTA_&mjM !

...M_.i.:._EL:TOR.OGROUND.WArE_QIXAiUT¥ DATA REPORT: i :
DATA PIKX3r$_ Blt CTIIJI mILL



-- 21_DBMW56 FIGURI_ 8

Nickel Trends :

.i L
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"l........................"" ""

21DBMW56 _ 1TDS (mgJL) 798
S Value 23.18 _ ,,

Ca (rog/L) 162 _ _ .............................
0.4'Ca 65

Alkalinity (mg/L) 204
C Value 8.2 · ............................

pH 6.43 Ler,Z_
............................ TD .J T"d Mll_

Ryznar Stability Index ._. u,,. _, u,_

(I=S-C-pH) 8.55 _ _,. J,,w,r,,,._ ._(,,,

21_DBMW56 WELLCONSTRUCTIONSUMMARY
WELL TYPE MOPtlTOBI,¥G WE.LL

CASE DIA(INCHES) 4.00 SURF. C.ASlNG MAT.

SCREF. N DIAflNCHF_) 4.00 CASING MAT. ._0 P¥C

$URF ELEV(FT MSL) 25_$7 SCXF. F-.N MAT. .S.$TEEL

hfs) O_mO
BOREDEPTH 140.00 ! 1_87
CASETOP
,CASEBASE _1.00 IM. 87
Sr_ EF2tTOP 91.00 1t[4.8'I
SCREENRASE !$1.00 124.87

JWELr.!i21:iDB_56!!:::i::!!::i:!i::!:!i.!ii:i:/:::i?i::i::'+: ::i :::!::::

_4TA pRI_ED BY C_3J_ HILL



22_DBMW47 FIGURE 9

Nickel Trends
.0 . .

30.0 -- ._
._ No T 'end due to don-detects - _. '
"_ 20.0

19-Sep-91 31-Jan-93 1S-Jun-94Date 28-Oct-95 11-Mar-97 . ' .

: ! _ i i _ : : :

i : : _ i ii i : i

: . : : : : ·

Idle --

t$I

w ,. :.i I ! '; ::

.7_ .... I . . : ; ] ......
1_2 I_$ 1_94 IPPS

GROUND WATER LEVEL HYDROGRAPH
!

22DBMW47 __ x_vo ._

TDS (mg/L) 1180
S Value 23.21_

Ca (mill/I-) 165 _ I0.4*Ca 66
Alkalinity (mg/l_) 191 .............................

CValue 8.2
_il ..............................

pH 6.88 umr_F

Ryznar Stability Index .............................. _ · r-_M

(I=S-C-pH) 8.1; ,. _,,,_,Mc,,,,,_W

22_DBMW47 WELL CONSTRUCTION SUMMARY
WEILrn,_ _oNrroRJNGWZJUL
c&szD_aftNCHZS) 4.ee SUWr.C/_!NOMAT.
SCREEN DIAflNCHES} 4.00 CAS!NGMAT. S40

suRrmzvfrr_L) 2ri.so scRzz_Mar. s.sr_L

BORE D EFIT! I _L O0 ! I _LSO

CASE TOP .I.N 37K.50

CA3E BA._ I I&O0 I_I.SO

SCREEN TOP Jl&O0 1_1.I_

SCREEN BASE !$LO0 121.$0

M Mnr ·

I:WE'LC:.?22 i:Z)BMW47:: i ?i::ii!i!i!i iii!i:iiii iiii?:i ii!i?!i:i?::'i':i:::i:ii:: i"ii?i:

A4_A JpJh_'_tem iIT cJrJM _U.
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i i Bacteria
(a) Adsorbed Nutrients

Metallurgical Feature Desirable to Bacteria

CaJany(C44m._ ar4 _ ,p,,k_?___

(b) --.._._.. r_ _ ---.-._
Crowe ,tv,ed,. / \ S.a_ FelrOH_. -'_-OH' '---_0 -...m..r

_. H,--_'I* + ;m' t \ Ir_-. 4. I-*'-.4Ke,8
B,Ire*J b ',- IH'--N

It is suspected that the pH in tinecrevice
region is above 4 during this phase

so-,._ _la,=..,.
Anmn& ICL .SO ,,OH 1

_ OH' *.-- M,O

t ,,xx/ /
Oqan< × ,"---'-- \ _ '"J _/ i _ ,/
S4m.tm.s __ _ '\_' _*--.-...__, , _/' /

ri + _ /

_'_ cfM- '"" h' ' J I

%nm,tat _ _ N

!
[

It is thought that most of the nodule is corrosion product - ,
live bacteria are present in crust of nodule

!

Figure 10
MIC development model, fa_ Phase ", Recognmon of desiraDte sTtes, lul Phase 2. Colony formataon and

crewce corrosion begins ana anode _s f_xed. (c) Phase 3. Nodule is formed over "mature' p_t.

(Pope and Morris)



Figure 11 Corrosion of 304 Stainless Steel in NaCI Solutions at Various
Concentrations and Temperatures
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Figure 12 ' Effect of pH on the Corrosion Rate of 304 Stainless Steel in 4%
NaCl
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culaled cnlrance ,.t. locily. SinlJlarly. enlranc¢ vclocJlies fronl tilt fintr grained layers S. Carbon din&ide II Ill..' a.n.tml .I this gas exct`t'ds 51) nlg/L ,..in,si',,.' v, alc[ i'.

WlIJ 11_.'h}wt,r Ih;In avera$c. Experitnct }}as showq Ihal Iht_e vt`Jocity dill'erentes ahmg il}dicaltd.

Iht s_lt,cn ale n.I sel illUS if Iht' sclct`n is designtd hi Iht, icclm}mcndcd a_t'lat'.c 6. ('hlllritlt`s If lilt' Lhhunh' _,,nh'nt ol Iht' _alt't cxct'cds 5n_J inlUJ ''ll"Sn"l, ;in Jill'
t'nh;lllt`t, xclocil) of I).l I'I/stt bc exptcltd

( (HllillllOIl% sI(Il NCIq't'llN s_ilh dl_tlnt'lt'ls snl_llh'l Ih[Ill lilt' l_lsilll_ ;lIt' ()li_?lT uht'd Ill Iht, pIt`st`lILt, Of Iwq) OI Illllle t'Orlnsivt` ;is(Ills ;l|lpt`ars IiI illlt`[Isil_ Ibc I. IlffliSl_.t -

_t`lls I Igumc 13 I t slIII_s Iht illsl;Ijl:llion Ill _1will il} lilt' (hit Ill Fnl'lllLIIhln Ill s.ulhcl n 3lIlt('( ou mtlals, t'ollllidlt'd _ilh lilt, ejlccl taustd b) indis esl;Ii ;list. Ill% St'I' [ jl;If_l!.l

I olliSl;lllil J he t,xpt,clcd yitld of I.§II(I gpm {g.8 Il) nl'/day) or nll_It ICtlUirCLI Iht` usc 19 liu mtlle infbnÂlaiillu on ttlrloSioll aud illcrtisl/llion

el _()-in (silj_ Innl) casing lo plot idc ildtqnilj(' space Iklr lilt plllllp. Seitclimt el a 12- ill ¢OIl'O_iiVt` '.villcrs, Illel;d s(l(.'on5 fIll/si he t'onSIfllt'lCd I_j' duJabh' In;lil'liills Ill J_l]

.I 1t115 mln) diantctt,I pipt-si/c well si.'Iten assurtd 1111l/pholc vt,hlcil) (Il II'ss Ih;In ) Illos112;is(`5, j _[)C _jl)d 5jBinjCbs 5leej _sill pellilrll} s;llisl;It'll_rib, h)l nt;lll_, it`ill% I IIIdcr JII/_,t`t 115 si/sIc). ;Intl provided enllueh IIpen alta so III111 lilt' Cnll;Int't` &('se'il) s_ollld txlrcnlcl) t'OIIit$jVc t'()lnjijil)lls, (n flit w_jsIt.' disposal wtlls, ulhcl lilies el nl;llCI iai

not cxcct'd (I I II/st't' ((ill_T nl/stt'}, tn[ly bc rctluircd 'l ht`st inchldc i'ypt 3161 stainltss stet`l, I,_concl 6110, Mont'l 4011,

V(ht'n IhC plllllp i5 %t'l Wi(sin [}illt' Ih;Il Collllt'('ls I_.*,o sCICen st`t'liolls, lilt' s_lt't`ll (';_lrI)t,nlt,f 20( b-T. jnt'ohl) _25. _1111.1Ilasttlllly ('. I hcrmoldaslic scrt,cns ale cI_I,.$,ul

d[anlt'lt`l IOI all screen scl lions scl above lilt' Iowesl ;inlit'ipalt`tI pultlp selling shlltJld lesistanL bul may not hart` sulficienl strength fbi stunt alq}lit`alions. II ..... 'Il-dr'sign '_l]l

lit' scj¢t'll'd jrol}l ]ilj_jc' j3. j.._l)y 5t'lt't`i3 seclil}n bthlw Iht pulllp-stlling position. Cngilltt`f should Cons'ltl lilt' s_t`ll-scrt,en lll_'lnlltlICllllt`l jill spt'cilic fCt(_IlllnCIItl;IIIoIIs

JIO_SL'_Cr. t'illl bt' of SlII;IIIT`I dHllnt`li'l il' lilt' t'l)ndiliIHIS J_lr t,lllf_lnt't` find tllihlll_' x_.· i)11 SCltt`ll Ill,lit,ii,lis Iklr tl)llqJSiXt, conditi.ns

jilt iliL's _llt' lnt'l jll_.lllsljlt_ _AIIIt`I dt'p(Islls nlint`ljljs on Iht st'rL't'll %Ill I_lt't' ;lsd ill lis' jlolC5 oj lilt; I

I()l nl_llilln IllS1 uillsidc Ihc st I L't'n 'l Ill'SC dr,posits pJll_ bills IJIc st ri`i'll oJl'dllltl_N ;lll(J

Y,i"l I'( i iON ()J I_i _. I I':lli _.1 Iht` IOi ill,iii(in il}alit;ih,is ..J Jilt lilSlill_ l_tOIJlldv_;ll('l dfC. ._l_L I
I IIIct` J';ILIIIIS _l)%t'ilJ lilt' LJleqL't` oJ JIl_lll;li_ll IlSt'LJ IO I_IIIliL';IIC _.t'JJ _ltJt't'll% Ihcsc I Jhgh jill II 1lit` j_lJ _,lhll- is ;ibll_.e 7 S lilt' w_llt`l s&lJl Ii'lid h_ br Jill I*ISIIII_ \ I;IIC (Ii x_atcr tJllillJl), II) polellli_ll illt'scnt't oJ il'fin b_lL'lL'rifl. _'lnd (])slttl}_lh IC_lllllt'- I_)/INIf _I/lllilil) Indt`_ el It`ns Iban 7 illso intlll'_llt`s Illl'lllSllll_ tllndlllollS

nit`ills iii 1J11,%t'lt`t`n 2. ('_ll'J)OllilJt' Il;lids(`%% IJ 1lie i'll Jll)ltilJt' h;lldlie%% oJ lilt` J_l(Jlllld\_.HtcI t'_( i'ctJ% 11()(l

_,_alt'r Oualil) nl§/I, IlttTilSl;kiion el c;Ik'illlll c;nboIl_llt (lin}e StliJL') IS likt'J', illlql_,1, IIoli II Iht illill _'olliL'ill I_J' Iht` willt`f t`&t t'('d_ I) _ In_/f, Illt'Cli)li;llion ol Illlli IX

I Ill.' ClIcnlicLIJ Il:Il(lit' el _ll)llnlJ_;llL'l I% dtlcllllil]t'd Irllnl a Wale} qllilJil) _lllLIJ)'%i5 Iikel), allhough SOI11L' i)l_'tiJ)ll_lJn)n I11_ly IIt'l_in _11 I.(lln't`1111_llJ()llS ils h.w ils Il 25 iIllj_jt

Jilt' _n;IJ)sis llsll;IJJ) shows WJlt`lht,l Iht gr{}ulldv_alel IS COflllSiVt Of iht'ri]sling Jn 4 Mangant`se. If Jilt nl0nLZilllL'St` conJt,lll (il 1he wa tr t,xcteds (ii illj_/P ._.lllJ lilt' pll Ij

SlllnL' t :1%t`% tilt' _A;IJt'I III115 t'HtlSL' bols L'(lllOSion and inc;fllSl;lli;lll ('orlosilln el ;I hl_- _.ilJllt' is Jti_Jt. plt`cipilalion ill ]llangancs_ i5 likeS; il' ox)_cn is presL'nl,

L;llllllll Sll'CJ _tll s_lvcu IS inlllt' Jikcl_ Iii lit a U:lllSl' Ill x_t`Jl liliJlnt' Ih,ill I% _o111_%11111 Jw,) wcll (1low'il ;Ill;Ii,Iii;Il Int'lJlods Jl;l'.e bet`il dt`_ ist`d Ti) jllL'lli(.'( IIIc iiic. l(iS{lll_ ill ",IJ'l

oJ t;JSlll_ _.qlllSJlllL'Jt'd ()1 SillliJ_ll IlIHIL'li:lJ J:nJ_ll_L'nlL'lll ()J SL II'L'li I)pCllilll_S il'%llJJlll_ ','l)llOSl_,t ' Jl'lld('llCiL'S ()J _l J)_llJiLIIJ;ll _lJt`l J lit`SI' nit'lin)ds _J[{.' ,d;IJJ('d Ill(' J _il)J_.¢'Jl{'l I
Il(Jill fCIIIIl_._ll nl oIIJ_ _1JtW Ihl_us;nldlJls of ;Ill inch el Illel_lJ i1111 j)elllliT si'lliliH'l_l Ill ;llltJ IJlc I_)/11111 Slabilily indit'CS I ;lllJ_t'lJt`l w;IS Iht' IJlSl Io dt`_CbllJ ;i 1ill'Il)piti Jill

L'lllt`l lilt` wcll (in lilt' (llJl¢f JKilld. t'OlfOsion t'ltllJd II'ill(Jrt I).J ')5 I(} Ji ]S(J ill I _ ?- J() J)lL'dit'linL_ lilt' S;l(lll:l(iOll pfl (plisL which hc bastd on 1lit' l'_lJt IIJnl t_;nJ);in;Ih' I( ;k((),)

(i ,J illin) oJ lily _:lsJnJ'. _oJJ _lild sliJJ Jl':iVL' CIIOil_.Jt w_lJJ IJlJ( tnt'ss il) lll t'_vnl L oJJajlsc tqtnJlJ}l Jlllll _._IJlI_'S J_lJLJllg iiiJll _lt'COllnl tJlSSOCJ_llJon Jilt'lois Jill t';ilJ)lllll(' ;It Id, Jlnal

iii Iht _vll _u t'llll;nICt' el' tll}dt'%ll:dlJc walt`r _llld scdintt,iH, h is Hnpoll_llli. IJlclVl01c blllt_lJi'. _llld t'LII illin;lie, ;1lid lilt` IJll'()tl.'lit'_ll s(iJobiJily I)J (';tJcillnl t'_llbnll;lll' I J%L'llllnl'l ,

I,I use a _cll screen Jabr{t'altd hen) corrosion-ft,SJSlanl O}_lJt`fi;iJ ( J'ahJt' I._ g_ Ig79J Ii' Ibc _(lll:ll J)iJ et ;i _;llt'f Js J}t],o';,' lllL_ 1'311'LlJaltd pJJs It'_el. tilt, _.llCI il;IS _1

I he Ikdlov, ing lis1 of iudicators (ii ul.rltsivt` walt. r can tlclp Ihe well dc_igncr tt'_ IIt'_Ri)li_c l.angelier Jndtx ;tntJ will dissolvt calcium carbonalt. IJndcr Ihis t'ondili(l[),

ogn{/c poltt)liiIJJ_ ¢olrosivc C(IlldlIJIHIS: Iht _alcr _uuld plobabl) be corrnsive ti} si(el if dissolved oxygen is plest'nl ()it file

I l,l_ pll II (lit illl v_llue is Jess Ihan 7, Ihe _t_ll(-r is ;lcid_c, alllJ cnlloSlXl' ion- nlhef Jill)d. if tilt I}lt`ilSUl'cd pII is highcl IJlall 1he plls. Tilt I angtlit'l Indt'x is p(.sili_t`

tli(.u)sarc indilalcd Similall), a J_) 111111Sl_lbiJJl) Jl)dt'x _.;iJllt grl';tltr Ih.'lTi 7 indwalt`s and. I_ing sl/ptrs_llTll;lltd wilh calcium carbonalt, inClllSl_lnlS will p._bably finis Ill

('olloM_t' t (indiliolls gt`l)cr_]J. Iht' gre_)t_! Iht dt_. J:llil. lll nj-lilt` (loll/al pJJ itl}Il) th( phs, Iht nj(Tit' j'_llllll)lln(ctl

2 J)issol_t'd ux)gt`n. II ,liss_)lxt,d .xxgt`n t`xcet'd_ 2 Iiig/* t(IIIOSI_U vs;llt`l i% Ill(Il thi' t'ht`lnicaJ illSJ;llliliJ_ _ill bt' 1 hc I al)gclicr hldcx _s dcl]ned as:

k_llt'_l. J)iss()J'.t'd i)\)l*.en hill) bt' i_und in sllallot_ wells nl unclmlintd atJlliJt'ls J allgelicl Iiidi'x : Iiii plls
II>(hllgt,n sulfidt, II.',dr-Bcn sllJl]dt in _.lOtlndv*'[llt,r tan bc dtltclt,d icad}l> Ii 5

Ils t Jl_ll_lLlerisliL IllllL'lI-L'J_ IIdl)l J (`SS Ii)an I Illg/_ CjIII t'_lll%L' ST,_.T`It t'llll(l%llJll illld R)ll);II _ld;IJ)lL'd (JIc I Lin[..t`lier Jlldc_ Io I¢Jl('ll Inert BCt'IJI_IleJ): 1IR' inl'lllSllllg OI

lln_ ;l111111111t'_111 bC dclccted b_ odol and I;islt' corrosixe (cmlt`l}cit,s I his index is used widely IoF pit'dicling lilt It';ILIJlllt OI Illl't;ll

4 iolal ttJss, d_cd s(llids. II Iol;11 dissoJxed solids cxccctl I.(l(l(i n}_/n t'lCtllJc;IJ ObjC¢15 itl nallllalcd slJbslJll_t'12 en_ironn}enls. A water is cmrosi_c il Ihe Jndt'x is

conductivity, of Ibc v. atcr is g}t,;ll enotlgh to caust serious eleclrolylic COllOSiOll 'J'o higher lJlan 7. and incrusling it lower lhan 7. J)elt,rll)Jn;llit_ll c,J Iht R_,/llill Y,labiJilx

ax llltl CJt'C(IOJ?, lit' t'(ll'lllSi(lll, flltl;.IJ _cll scrcens mllsl be made nf a single, c._t.sion- index is explained in .&ppendix 13.J.

rt`slslanl nlelaJ Mineral deposils from incrusling-typC groul)dwaler art` IIflell rt,tn._ cd b) pUltlllg



,1%lll,]l_Z %(IJllli(lll Ell h\tJl(B(JlJllllt (flltl 4JlL'L'il%lll_ II1_1\ Ji_l\L' I(I \UJlptllJ III_.'L'IIIIIC

Il,iht I ()1%Llll;Inlit ;*litl Inh) Iht' _t'll It) Cuh,nn wc'lBh4 ol thc Inpt ' Ihl_ hmdL'n L'Xt'll_ ;i

S41ellglJJ (t)JLIIII[I Jtl_l_J Illl JJl:.' %L'Jt'L'l) "_ h'l)%lJt' Ill;Ill
d[$',td%r lilt' tlcll_%ll\ J\Ic4.1J %_t'll %t IL'l.'fl%

(Il LI)II_)NIt)II IC%1%l;1114 lll_llCli;IJ% hi _illi- IiL_I_ (Il \_lct'n ;llltJ L_l'_ill[! _llt' In%l:lJJL'd

',[:llitJ Ih(' t q;t 141'_1% (' ('lh'_ I ul Ih_' ;It iii llt'_lJ- J Jt_' _,t'l('CII Iilit',l Jill', t' t'lll)ll_Jl It'li%iJc

Si'IL'i'll% hilxC J_t't'll ii(ltl IfL'illCd 5lit'tO%S- - ' 1)1 h_.lL'l.'ll _,tl%J)t'll(ICtJ J_t'Jl_% ti \Jh'l [l*t'

J'lJJ' ;ill hou j."Ji _ i),lllnl,n ,L'II,L' ti'clOt 4_'_ Te_ls;; Collapse J),,,-_ Jxt)JL. ,tlitlL'l iilJ, _J()u ill1 _l_ltti 'l i JlC
Jtlllillllg 4ltL' SCIC('II'X t'\pl)%lllL' 4illlL' Iii thc _ I sllenglh 5t'lL't'li, _';.il4h IJlL'%%tlIC _; C\('I I il(il i/()lllilJ

:lLltJ iht' ;l_Jl. Jill(lli lil;i I.()ll()SJl.)n IllJHb- SlIL'55L'5 Ill) JIlL' S('lCl.'li. c_,I)r_i_lJJ } LJIIIJlIJ_

I_lll Iii 4Jl_' _l(ItJ Jlll_*{'_'('l _iJJ I_lt'illJ) ('ti- dL'vcJ(_)pIII('Ili J jp/ %(IL"L'II IIItl%J Ji_l%t' ;l(J'

IL II(J IJIc IIl)lL' _1 IIICI_II %_.I L'L'n ( ;Ill J)_' \Jilt'l%' {'(ill;ilL' ti,il,Ill%&' I_'%l%lilllt t' (L_ _. II JP, J;llllJ lil_j

t'\l),)srtJ In _tLitJ (%L'L' (_ JldlllCl J LI) Jio4Jl L'tlllh ;llld Jlxtll;lllJJ_. III_.'%'_iHL '% (I IJ:L

JJlt'llihlJ_J;i%llt _lll_J IIJ)t'l)_J;i%% %iici'n% 4. il_u[L, 4].4S, ),.41%tlt. e,.ll._ ha*L't'_'il:Lil' It'lL_iJL',t'oJ IllL' J_ J_) JiliJtlit' l_l I)I_)J)L'IJ% ;III;IJ_/c
lalllll, ;lfi_J t'lilJJ4i%t ' _l[_'ll_lJl% 14iil Ill'ill'lid rLIrl 14Il' lilt'V.' 4_.'{) ii)It t'% I_lJl (;IJJ_L' Ill(' ti)*,% I_J Jill; ' IJ

_ll k' Jll_! hJ _, I_'%l%J_illi hi IH[ill) Jill Iii% Iii k_)l - III;ll*.'[i#l u'_t'd Ii, LOll_,lrtK'l Ih¥ %¢lttli I p4_l_,lic. %lt.t'l,

ILJSIliIT J)tll _IIL' J?.'lJt'l_lJJ_ tl_ _,U%CL'JlJihJL' Iii J"i_ilrt l.'_.44, iron and ITliJllJ_lllt,_t. iJxJ(J*.'% ill_n[%l t, lt..l, djrj)L_l!,,jl)ll_.ijj jill, _.l(_t.n t. lililj)iill_llj,_,ltLi(j lit t %¥L'JJ ill _.()[i_iLJ('ItJ_LJL' I-'\pt'lt\L' ltl 4ii(' _%cJJ
Ihit_ _mall di_llllt_lt'r p4a,,lic ¢a_iuR. :11 J_ciJ_A, J

ilitrtl%l_.tlltin _IS IIIL'4_lJ _L'IL't'IT_, J'i_tll',_ _jl)l¥OfifiRuralilth(q-OlllJfiUOU_._JoJ, J)fidl_¥_t I pliil4 (IWITL'I, Clll14T_lL'lt}l. lit t'li_lll_.'t'l _,JI)S[ t(lJ ,_
_ILJl, ¢1¢,). 1 he C(m%lrUcliona4 L'OIII4llllJt'n4_ _1 ._ _ off-

I _ J_J %Jit)_% ;1%liHlJJ tJi;llllL'lL'l I_hl',li_ (';l%lll_ ill(.TUStt'tJ _i4Jl troll _lll_.J III:Jn_;IIIL'NL' tJkhJcs liIIUiiII% S4L)I st'rvk, n ;ir_ st'4¢clt'd Iq) .il41stafid Ihe lapse Itulurcs _L'( Ill dlll'Jll_ ili%JLiJJ;14ikHi, I1%I)I_;HILIll}% 4ill' SlJll)P)Jh "%;JJJ% I)J J)J;J%llt _;l%lll_ tJll l)_'4 ft'4_lllJ Iht' LltClllllllJ_tJilltl oJ Ihfee Inaj4,1 slrt'%%e_ Ih_ll al*., pl_l_'t,d (_LI Iht' "1_'l'11 J/Jl_'l pilCkillS_, ;illLJ ¢IL'¥rL'I{)J)IITCITT. %_.h('ll
dufillj_t.illl_,lt_lliL_ll;indll,_lJllJlL _L'I4. 41[, ,,LI Jlt)li/_)fll_lJ I(Jf(*.'N ;fl_" IJi_l_.lllJl/t'lJ IJ I_]IIIL'

IlllllL'l_iJ\ IJlILJL'I llltill%hlTJ_ (L)ITLJJ41()II_, Jllt'ttlS4_llll% (Jill _IJS(I Jtllll_ II1 4ilL' S('l('t'll %Jilt JiJd I_ll%ill't*llt'llJlJ4i [t'qllilt-'ddlilillJ_ _t'il

IIi)L'IIIII_.% J_CI)L'JII'tJ ;il'itl JlL'illln¢.'llt Ill IIILIIISl;IIi4S Iii liJ;tslJt ' (If IJht'lBJtiss st'it'd'ns %_ill Jlllfi art' prlJsJdt'd 4)) lilt' 4OllJ._illLdilLil H,,i- , · I _ I(LJ jjjj_%hklpt' llid Il1111_j%t'll_'%_ LIJ Iht' _llpJ_ilJl_ _i* '\ _,t I_.'L'II'% [CSl_l_lll('t' I_l JJlJlJl _(JJillllll
Jl'_ll_iJJ\ 11()4 Jl_ll Iii Ih(' %_IL'L'n JJ_)tJ'_ iJdL* i i_ Ile,-('t,%%_ll*l i'(LIJlpsI' Ir(,,_i_lalfi_'q' i_,

i.l_ ,I,,_,.4opm(-fll :lml 4_mK It._m _L_. *_l 14), ,JiJtJ 4('Il%lit' J(i_ltJill_ J_, tJilt.'L Il\ 4)1(1114)l'

IJ;ll'll'li;I 4lOll_lJ Ltl thc )iL'ltl %llt'll_lJl _ll Ill(' Ill;itl'It;ti ;j

J il(.' Illtl%l _ltIIIIIHIII J)_IL 4Cllli ;IJJL't 4ilTJ_ JilL' L'lllltJilJllll I)J il %_JJ (ILL' Illin Jill( J_'ll;J (,ti%i) il%eLl In I_lJllil_lJili_ IJTL' %cIL'('II \(hi'lilt ,L t'llJJ;Ip%(' I('%lS(;lllt_' i_ plllplilJl(lll;IJ J_l lilt'

%ti' ( Jl_lJllt'l It)) illin hilt JL'l i_l ;.ll_ IlllJ%illICL' Ol'_illlJ%lll_, Ih_ll L'illi_L' JlJ%l_Jll_ (il Iii!IL'% Iii III3I_.'Ii_JJ's Ill()tJllJT]_ (Il L'J_I%lT(t4) J;(ll I.'tillllllll()U%-SJlll _%1-IL'('II%. Thc %¥LI_JI! Ill JilL' I)IJ)L ' '' 'J_/

_\.lJt'l ))t'_lllll_ Jell Ill;IJl_)/l*_ _ll)tJ I)J)ClliJl_', ul _cJJ si rt'cl)%, hJJ4 ;Jl'L' II()IIiH]iII J(Itl_ TO JlL';tJiJl L'llJUliln IS %JlJ)Jl(ll II_.J il\ Iht: t IO%%-%L '_, 4JOllJlJ it[L',_ I)J' 4Jlc %1.'1 tJt_iJ J_)(J_,: Jill J(Itl_'iccJ (_1 !
JlillT J_ilL I_'li;I pl()_.JlltL' JiLt'lJ]l_uJ_lJitHIS t)J \Jill1? IIl:lJl'li_lJ tlJ' _L'J-JlkL' (.'l)11%l%J_'llt \ _lll(J J_lJtJl_c-',Jo4 SL'IL'L'e_,, IJlL' L'_l%ili B _lJ)()\t' IS '_tlJ)pO[{c'tJ J)._ IJlL' CI,)S\;<,L'(_Jil III,il ;ll('_l E;J IJlc

IJ_itJl/C _t[T(J J,rL'(Ipll_lh' dl%\l)J\c(J Ill)Il ;lilt! IO_tllL_[lllL'_L' Jilt' LtlllJJ)lllL'tJ cJJL'LI (,J Jill _ iit)n-_Jollt'tJ jlol'll_)ll t)J JhL' t;l%tllg J Jlt' %L'll_L'Jl lllUS4 [_JJHlln Ill _lJi_lllllL'llJ %l, iJJl IJlL'

_J(l%_ JJJ)'_ (Jl)'.,illJ%l11% _llltJ IJlC Jllt't ,pll;lll[ir_ IIIIllL'l_JJ% t'_lll pJl,_ ;I _t'JJ ;IJlll()%J Clmq_J_ Ich L;l%illJ_ ;Iht)_c II (,I il \e_C[C I('tJllclJ()li ill L'OJUlIlll _,llL'll_lJl _.JJJ t)('L'UI' J JiLl%. t I.'llJt'llll_

%_.'llJilll _1 _Ji_lll IIITlt' ( _1%L'% Jld%t' J)L'L'll ICI)Ill it'Ll \%lit'lC _l 7_ J)_.lt t'lll ICCJll_. tllill III _'JJ _tlJlJt*% _lJt' II'.('(J I_l J_t'{'Jl IJiC SL 1(I'll (il _J()ll_'_J CiJ%ill_ _41_lJ_li! IJ Ih(' _LTt't'TI J% Ill_ll e JJl_lll ,

\ll'J(J Jl;l_, t,lt lillY'ti ill (JllL't' Illtlll(Jl% Il) _1 _t'_lr' ?il Jl (() J III) J()llJ_ (_llitIcN %JJ()LlJtJ J)(' illS4[IJJL'(J [IJ JL'il%J L'VL'I'_ .J(I Jl (J.! T Ill) Lilt h)u_,,

' t_tlL'CllS ( IIJtllllll %JICIl_lJl I% JlllplllJ_ll14
JlilliltJuL 41(in (il _1%ll_\llJ_ %q)htlillll oJ L JlJr.)l'llIC I% L'JJL'l'tl\ L' Ill L i)nJl()JJJllJ_ illlll J_l_ I('t i_l

()lhci h;iclcIiLitJ_", (oxJdal14_,J %llL'h ils cJlJt)liflL' tJit)xidC aJ%o ;ilL' L'JlL't'4iVC. hill ItHi) J)_.' Ill)J) tlll41J J'tHITI;141,)l. nl_llL'lJ;IJs sJl)tlBJl *_1_:

IIlllll' t'\pt';l%l', t' il) I1'_1' \( Itl I'. I)J'4t'l) II%_'tJ J_)JJowin_ Jill' chJl)rlHl' J[I.';IJiJlL'oJ 41) iJi\%(d','e [IrJITllid 1ilL' _,L'IL'L'II_ thClL'_IJlcI', lilt' t..;lllh J J
lll;ill..li_lJ% h_)JlJ (lit- t _i%ill_ ;ltltJ %cfr.'('ll

tilt' I)lt't lilll_llt'tJ JltllJ ;llltJ IIl,lll_'_lll('%l', Ihll% IIJ_lkillJ_ IJ J)_J%%lJ)J_.' Jr) IL'lll(iVt* IJtt'lli Jll)J?l

IJlL' /()n_' ',llliOIIll_Jlllj! Ill(' \_t'll JhL' t JlJ_)l[llL' '_1( W! (iL' icnu)%_(J JillJtl IJlc _'11 ho_- ._L]L'L'Jl L(_lJ_t[)t.L' .,llt'n_tJl I_ I)l't_ KJcd I)_
IJlL' IJHl_,%l\L'l\t'5% ()J IJll' lIT_ll('l'i_lJ% IISL'LJ JO

_'_,'l hL'h_[c II1(' _lLItJ i% pJ_lt L'iJ Ill Iht' \_t'lJ %rilL'II il(ill J\_lt IL'Ii_I _IL' k1111'_,11 l(_ _.'_lsl. il !
J_&llJtJ IJlC %LIt'*,'JI J ill L'()liJtll'dl)US \Jo! _,:

%_t'JJ _cleL'n I.Ibl IL_lJt'_.J h (.il ;It _1 IL)SJl)ll-lL'%l_Jlil14 IIHllL'I J_lJ _Jll)ltJ(J J)L' %('iL'( JL'd Io _\llJJ-

S_.'ICCllS, Iht' height* ul Iht _%l_lJ jlllll' \_ilL' "J_

%J_llJ(! JJ)(' lJ,llll;l_Jll_ t'JJ{'t'I_ i_J IL'pL';IJL'IJ CJ)('ll)Jt ill 41L';J4JJ)('l)J% i'_ 4J1(' J)l ilICIp;IJ Jil(4EII III _.Jt'JL'l Illililil_ _. (OJ-

,_t'rL'¢'li ._JrL'lt_lJl J_lp_L' Sll_'ll_JJl 'J ilL' _Jllt(JllnJ I)J' L)pl_11 _JlL';.J

( ill)i((' Iii _%cJJ _ ICL'II IO_tJ('li_tJ iI1_1 _,. lit' dtL lltJ¢,r.J Jl_ %llCll_lJl It'lJlltlCIIIL'lll _, J Jlc IJIICL' it J_,l.) Jla\ LI (.JJlL'L I L'JJc('I on Iht' i-¢sj_lllncl_ _#,_J*iJ_llJ("JmllllJ_'J('lllLl'l_'TIl(-d.oll_lj_t. Mrcl)_lh i_[ II]i__t'rL't'nluwllh_lan(I (JevcJ[,jlllll,la I)rq '_,

Jl):ltJ'_ i)1 J(lll L"_ ` IlllJMr, L'tJ lilt iJ _.'l/'L'll ;ilL' L'(IJLllTIll Jo_ld ('.'_[lik'ilJ C()IopI_2SSiE)II). II'll',lJ(.' 411 _.'oJJ_J_SC J)lL'_,lllt'_ ill )_L'tll IJ :1% Jill' %U1'1'%J)lPl'tJll%4_ lIHI lillin) ptr[ul'llJJllll_ ,_4_11' iiLJllJq'ill Jill llJJL'lll4)J Iii L rL'JlJL' JJlllJ'l' itJll'JJ JJlI':l

lo;Id JL'_lt'lll. Jill_ JOII.'L'S), ;llllJ COII_I)SC i)rcssurt · (Jlt)ri/(lllt_J fl)lL'_%) While a J)olt'h_JJe ...........

IS ()jlL'n dtllili_ IJiL' illSl;iJJ;ttJ()fl (_J' 4ilL' %('recn a[TLJ pipe. _l _CI('CII _llilt'h_'d tJlrt'ctJ\ Il) °_'c 4 i_UlL' J] J_ JI[_C I,L}() Jl,I IJil' IttL'_ltIHIJ_ _)J _I[L* ll('ll'l"



()_ (;R()IINDW'_IIR _.Nl)'_%f11% %\111 X',III'I ',II'%TXl ,fl',\'rq \',I!l'lli\IIllll 'IIfi' ('";

gL'ICC'liS DI'(.'gCII| .'111almla_,L solid vcftJc,'ll i11t_1.'11'_ll[lilk't' Io Ih(' h(Iri/onh'll jcl. ('OlltJll- S;llllt' rllt'l;ll f)ilh'lcn(c% In p,,h'nh;d on th_ _,4pnc mcr;d ,,J_ll, c .,Lnh iL,, '.h,I I'l"'

LIOLI%-F,IoI 'S_.'re2CI_S,OI1 thc ()lhcl hand. have? III_i_LiiiiLiiii i)pt'li ;itt';[ illld ',h_l t Orlfi_.tllOliiHIN ( ;ill (_( L HI I I ) ;11 he;Il ;llfc'_ lcd ;ilL'iD, ,[I(,LIIILt _%(Id_ (I i_pllll', ( '1 It h* art d n, _;t', hr, ,i.l,I

IlHII I1111%illii/(2 Ihl2 illll)aL'l Of IIow floln Iht' jL'llillg Iool hm h * Ill ',hH',. (T) ;H '.%ol k haldcncd ;It _';1%;IfLqllld Ill;IL lilnl t LII 'dol'-, (l) ,H ( LII ',lu Im _',

IbC %ll;JrJc oJ iht scl'l.'('n Ol)CiiJngs J_ ;dso ifllrloftzifl( iii Jlllhl('ncifl_ Ih,.' t'll_.'t'li'.L'nc'-,% (,I _",l_O'-'d Ihtl?;Id', ;11 pip',' I,,illt _,. ;lib] ((,} ;11 hH';l_. ', III ,,llll;_ t ( LKIIIII_ '_, _,tlt II it', _11i111

of thc ;ll_Jl_lliOll created IL', the jcl In olhl.'l '_'Ol,_t', tciI;liri shd L'Oflligtll:llil)ll% \*.ill _llld Hi&L1 ',,. rtl,.'. In Ill,.".,' _;l',* ', b,dh .i _;dlh_,h- H,d ;H_ ;im,,h d, ,,, h,p iii, t;d _,. qc m,, , d

;lllov, thc' jt'ltillg Cll(.'lg_ r t(I [L'_I<.'II dt't.'pt'f illlO thc lOl111_ltilln lilt' Ix'si 1,.pc of()l}L'ltill _ hlHII IhL' ;inl)d_.'

is a V-shaped slot Ihat ',%idcn% toy, aid thc inside of Ill*' _,_.I t't'll _'IICIT Iht icl is pu)jcL lcd Ihnl* hlllh (*H io',h ,,I IC',Hh_ ',_ IH'H I dtth'l, ]11 IlICI;ll _,;Is c _11_ , ,lll;h I _IIH] IlllllH I , _f

pi P Ihl()ugh lifts V-shapcd opening ;is slm,.'.n Jn ligmc I s I _ (I)agL · __lq), Iht slot Ol)t'nHig I:lhh, I()?. (;;ih;init _(.rh., .I '_b.,l:d,, :iml Xllo',,,
COlit'cnh;It('s thc c'fl_'cl of thc ';,tiC;till lik,.' ,'1 sc¢-(Htt.] m,//h' or _,cnltlfi. ()thcl sll,I t.'orl-

j fl!i_trl;llJolts lCrld lo hlo('k tlr di,,pcr',(' Iht '.tiC,ifil gild H'dllt (' il'_ fi)l(L' Iml01C It If;It h, '_. I'I,IIH,,HI,lilt' inkfllSh',,t 101111;lliO[I bt'X()lld Ihk' OlllL'l I;IL(' ()l thc '4 H.'I'ti (h,hl

Itl Fl.I. I' _,ll.i?rE I,R()M ( ()RH()NI()N ( il'lldl]h'

II Nolfic or I ihlrHurll

Mclals ale gcnerall5 I1(1I Ibuml in II;llur(' ill fill IllS Iii;It _;In hc USL'd dirccll', b} Imm catlu,dit '-;,h _l

I hi'} usuall) cxis! ;is ores. Ih;it is, st;lllh' miner;lB c'Onll_OLii)ds Ih;ti ;_r(' il1 ph)'_ital ami _. lll,.llllL( I _ II ,_ _'_q IH i i I} r_h_l

cllcmical h;il ltlOll) v,:ilh Iht ll;llll[;ll ('llxiIoIII11CIl( I hc',_' II_lllll;ll IniliL'l_lls I1111%1tSL' Jl;i',h'lh,', ( r_,' N, t '( _ I , \1,,I

_j_ plOCt:Nst'd b', _.'lL't'lrochtqnic:ll tll(`lhods lo icdu,.c Ihc utc,, lo ('icint'lltal III('l;lls (hal ;iii. · I_ × Nlo '-.hHqllc'.,, ,ht l II_;Is_,t ,, I
Stlilablc' ti)l plltllp.S. C;Iging, ;IIV. t wcll St IL'L'll _,. IhllS III(' _.ht'mic;ll ;llld pllssJcal pH.p- I_ .'-, '.hHnh-'.'...ik_ I (p;i,,,,l_ tl

Cllit's ol OlCS di[fi'r f'rmn 1hose ot Iii,' purL' rllt'hlls. I'llh.ttln;lt('l_, in Iht cl('n_crltal {. h,,,imunl ,,I,iHd_",', ,,(c, I I I ;(_",, I i (I,;l'.'l_ I

s(at¢ IIIO'q lilt'[.[ii% aid.' ri()( iltht'HH)ll 5 stahlc 111 Iht' CIJ_,itt)llllll'lll. ('l_.'lllt'lil_ll IIl{'l;lls hl_ IqliL'l (1)ii %%1'_L') {_l) r'_l I l c 1 ' I _ P

II;Ihll_lll) I_.'_,t'lt back illtt) molt' slablc I11JnL'l;ll CqllllllOlllld'.,. I his lc;it 11on. callc'd ,.Ol _;h _,1 (,,L, ,,, i

iosion, i., _! tmlHfiL'tcly natlH;tl pIt_.L",', that ch;ingc,. Ih,' chcniital and ph)',ital plop- k,ll_ _ ,.,.l,h _

(.'flies ol rltt'l;ils, frCqucnlh dcslf.ys thc uscflIIrlL'%s OI lablicaled melallic arlklcs o. ,'xh,m'l (,'() hi, _(P(.,)

MrtlCIUl("._. ;111(I IIHly. (i%L'I II11117, Icdlil.'( ' ()f d('Slto_ IIICI;ll Ipll)(]ljt'l% ( olrosilsll. /hen I IIIItolIH kvl', Il,() .IH ( II ldp I II _'ji)

is II'all) thc II;llllr:ll l(.'_.ttl_.ion (11 IIICI;ll Io ils I(llllllLI M;lh' Ih,,I./, ', i( _l _.HI

('I)II()NioJI {_111 S[_'vt'lL'l) limjl Iht nsclul liR' ol _at_'l _t'lis ill tim, _;Ixs ( *,l,t!cl

I I nl;lll:,.cllicrll id s_ fccn slx)ts .f (h'&chqHIIctll (d h,d..s fl1 die _asi.lT Ihll._&_('d bx Ih,.,..,'s (( u '.H

s;ind !DI4111pinl,' ( hI,Hllll_'l ' il,l, NI ? l',,h: I 1,1

2 I.tcduclion ill strength, lidhw, cd h'. (aihuc(d _cll ,.im'n or casing IIm, h'lh,_ Brnl_Ni T_NT,, r, I_- I 'xh))

"! I I)cl_¢)sili(m _1 coll(miml PIodu, ts, Ihcrch_ hh. I, il]j. ',( II'c'n slol or)things mid I,,, ,.,,,1 (;. ,,,,I

rc,lmit,g }ichl !._ 1,11..I, , )

·1 Inllo_ _,1 lot% qu;llil} v,;Ht'l _;lu'-,(.'d h', , m l,vm.i ,d Iht _;Isirlg I iii

(heroical :,,id i':h'clrm'hemical ('orr.sim, , cml
I_l_l Ilrt %cdd_ I',

(I)1 IO%iOII IL'_LJII% IlOrll ( hL'lllk;ll ;Tnd L'IcLIII)_ h('fl)lL ;11IH I_t'('%fiL'S ('h('llliU;Jl L'4illO%illn I _ ,_ _ltl *,1,tlH1('%', 'h'_ I I,H Ii, )

O('t'UFs ¥_h('n _1 parliculal toll.iljlllt:ni is Dll.'M:nl in _..,;lll'l III sullicicnl Cont'('llll;11iol! I_ ,%sl;lllllcss sh'cl (;Il D'.c)I

to taust' lapid renlo',aJ ol Illalcrjal o_t'l bload _rc;I,; ( (1111111C.n1_. IhCsc COI11SlilIIL'IIIS _1 R,",Isx (hq'h NI (.;1%1I1_'111

ar(' carbon dioxide (('¢)), oxygen (():), hYdroScn sullidc (It,SI, hydr_chloric a_id ( h_._lllIHm ,,I;I,Hh'ss ,.I, ,'1 I1",, _ I Ira h',cl

(Ii(I), thloridc((1)._nd sulhjricacid (II.S().) (hcmi_'alconosioncan cause sc_c_,! I ( .v,I _._,_

(I;llil;IBt' ill xs(,lls, Icg_lldlCSs (il thc ;llllollnl ol Iol;ll ¢lj%sol_cd s,fiids I hc II11111t)('1 Ill ] _ltl I I,I I1(,11

wcllSallc_lcdb}thCnlicaltolrosi_missm;lll, h,_cn_T iri_onll_;Isisofllo',_clls;dl_'_h'd ?ll'l;LhLIlllIIIIItl(I '_( Il I ', lxll' llI, Khl)

b_ CIcclfl)d]{'llliC_ll COllr(J_iiOll. A('ll_t' Ol ( _t(hlili1111

III L'l_'cIIocht'nlic_ll C(IIIOSH)I1. Ilo_ (,I _]11 chwIIit CILrlI_III I;It'ilil;ll*.'S II1(.' COII()_.I_*C ;111(IdiL ( (l111111cIk,MI, IHIH' nlunn_mH_ (I II)_1)

;lll;It'k on ;I II1('1;11. I'wo Colldiliollg _fL' IIc('t'sSaFS: ;I dill,.'rcnc¢ In elecltical polcn|ial j /_ilIL

()Il nIl:IaI stJI f_.l(.'(.'S._nd ,.v;llt;r ('Onl_ljTlillg ('ll()ugll di%sl)lxcll solids Iobc a ¢0nducli_c _ _];U_lIC%illlll ;Oil] III;l_.11t-sltl111 ;ltl(q _.s

IluLd (¢lccHolyle). A p_Hential (eleclrical) dil]_rCncc may dev¢lop between Iwo dif- .......
] , 'llldtl_l tllld (;'t('l'tJ{' ]{)-S'J

I_'f('nl kinds of Inl't.'llS. ol ht'lwccn ncalby bul Scpnl;Hc art',iS on Ih(' sUr£ac(' ol Iht



()60 {;ROIJNI)W,XIFRAN[)WI:IIS %_,lll \'xlll'l \ll'_.l'_J' II%\_.r I \';flJ/lll',lHllf \flf_', {,_,l

4 Ili_hcr t('llll_t'f;IJ{llL'% In(st'a%(' I(HT(I%iOTI latch, Iht i;ip.' id _tHl('JklOll mc_h'f;m ..

Hydrogen ' t_ilh ill('l('a_lllg ICl/I{r('I;IIIIIC J_r'll('l;lll_ LJ(}UI)JIii}( J(JI (_ll Jl _llJqJllillll;IJ J_% S I Jll ( }

Hydrogen film forms 5, Ilildl Ilukl _clocitics iTi¢lease _.ltltOSi(lll t;itt'% itt ilii_NI _.';i,,L'%
pons Hydrogen J J I on ca hodic a_ea

· _ '"-, J . .f-_ ' _ ions , : _. I)i_%.l_cd F.a',c'; ',rah a', u,.'.!'cn _;Hh.n .li._xid_' h',d_,,p, u '._dlhl, ;m,I hi, Ihu_J_ JSI _ / _ TM

tubT!'r(;Je _J//, x,,,,._'q'?_RuSI _ '_ iii _;JJ4.'l illCit';l%t' tl.llo%l{)Jl t;llc%

JJJ iI'.ll_llJ', ll('[ Iii% III ',_.alci Itl;il i', %ltl, hit', ;ti i(Ih _.llJl hH;ll dl,,',_,l\* d ,uJhJ,, j,l_';Jl_'l Ill iii

· J.()(JJJ ItljJ/F . ,\ It'dll('lHll] ill _i_'l*J kn,u,cll h_. Jlhll'l'lll )] I,f ih( TM I _ L Ii ilJlq'lllll)''_ h\ il' I'

Pitted a_ea Iron _oTis /,/ I ion_
Janode) ___ AnodJc area {l".lJi{JTI 1)_ (Cff((t".t(tll tHIn{JIlt {*' lit t1_ ',lltl( /ltl;Ii I;ll/llJ" l*J Jill ',, II (Il I,Ill It ',HJl Jl"l_l

I Active cathode -_.. corroded ( i _1 I ( _%l( Iii

_. J In[15; ill It'tCIll %('Li1% ltl;Jif', %LIc','ll lii;ITlllJ;It Jlllt'l'. Jhl\[ ' hHIJl IlhJ%T _J tilL'Il Iqrqhlt IL. _ltJ

jJ Of J _.l_{.' TI)4 NiaJllJ_.'%k %lc_'l Iht', I_ alk'_;Itl%_.' 'd;llJiJL'_,% ",h'kl P. Jq %1%J;JliJ J,, ti)ill,.llJll

.............. (;lll'.4'(J Ii_ iIIIjJt"ijLlltJllj_l 1-11% ii(_llllll iiJ_ _[11(I (ill iltlt ;ll%;t_ljJc(l ihllHiV _JJ I_ hlthlJll Illldl

li_.rr lq ilia. ,_n. KJJ('q iI_J (ll_tlllt_ ('lllll tJl._l, lll I'iKu[r I i} lith ( I,IJii_&l)ll ._l ir.m I[ illlidic IIf_'i% ;Hut iht' jill( t. tlJtJ4'll'll_ q Jh f_.t'r [I ',f.l[fl/( %'_ %D J J .Itl, J ll_ _ .fll,_.ft '.fl i J Jl,I ti,if I,_ ,I

illlll'klrhT TIll'M% Ifil Jhl' %lJllll' lllt'Jl4J %nlllill" Ir_llJl J¢:ld%l_TJJe(llltl_JlJllll°JlrJ)ll h'_(Jtll_*iih':llJll°_'ilh' ',lJ'illJi(;lllll', ',lll(t' Ihl' [IJJl] Ik)¢,() % Jr'l _lJ J_l" _tJl %[,llllJJ'%', '.l,_l I11 IIHJ',i Jl(',Ji.% ItL
Jll_ iii t4Jll_iOII IIJ_J ;IT i;lJJlolJJ, :Jrl':l%

_lJ)J)Jit ;I JllJl¥'* _1%%i11_'% Ilk' %%uti c_ li_'/ I_l I, ,llt_ J_l III I_",l_J;llt( _.' [_J L, ,I I II*,loll ( ti J,llli t Ih Iii

IH ;ill('k'L'Jrlll)tt' _`_V_i_j(2_lfj%C_a_L`_a_d_i_)%_I_1(j_k_%ah_j_C_`jCL`_hL`_1ij_`;_j ic;IJ iJllLJ f)Jt%t_i_.;tl %1111_1J11111%till t'\l',J Jlil_At'_,tl itl;ii _111 h';id [_ ',.'kt'lt tJ.llll;l[b' I.'

acJiOii ptoc(.'cdS. A weJJ screen fiiade of' tw0 dJlf_'rRliJ tllCl;iJ%, stJch as Jo'..'v*cal[bOTi SIRt'J %laillJl'%% %I_'uJ %L'lt't'll".[ t'\ t'{t liHIIC I(",l%l:llil JT_;lit'i I;1J% %11, h ;l_. J Jil\h JJ,l_ I ( ;IT [_, Itl, t

_JntJ slainJ¢';s sl.c(:J, wiJl be dalila_L'd I)UC.'TLI_L' thc lllillJ-%JL't'l JJllltl(lli iS c(.r_(l('(J h} Ihe ?1}{ l} (if I _ t)L' I itl %I_lJJllck% %f('L'l IJllJ%l IIIL'{I ),t I/N,L'(I

[_aJ'_;ITTi[' ai'lJOil. J lit' hllttl;iliit'lllitJ it'%J%J_IIJL I' ill _,l;llllJt'%% %h't'J Ill _ 4tlllP'.,lIHI I _llit", Jltul_ :t Jq(H_'_ I_,

J h(' II.'J;llJ'vc jH}l(.'iltJaJ JII'I\¥¢.'L'TI {.JilJcIk'ltl IIIt'l_lJ% _ ;111 ii(' ('%lilllah'tJ JlollJ JJl_' [;IJ_-;ililL (_J;lllll_L ltl;Il hlltll', oil It _, _lllJ;p.t J JJl_ t _l;lllllJ' I% .[ Jl.l'_',l_ c 111111 itl;ti I', IC_I'.IAHI hi

M.'IJL'S %ho_il if1 J'abJc 19.7. I'JH' I_'llJJl('l air;lit Jilt' I)l)%illoll oJ all_/ l¥_o iil['l, aJs in [hi% hlllJicl Il\itl;Jill)Il (il othc. Jllll11% Iii [ ht'lllJl;J] ,Itl;It L \llJl(ql_/h IhlNJ II_'l,_i_;tll_ I_;l',',l'._

%cliCs. thc gl-(';llRl thc ¥(iJl;l$_t' thai '.kill bc JJc_cJol)t',l Iii a jtJlJ_;.lltiC t'('JJ _,'Jlcn t_',(I IJJui iJl;J_ hi' InoIJ[llilllJL'cIll:ll III lJliL_ IH.'%% II P, )'J'llCl;llJ\ JH(qlt I1_' iII _%Jthllll t' _'ll

(li%_JiliiJ;Ir Ill(!taJs arc COlll)l(.'d in a _Oll(la{.Ji_.( ' IJiHiI Ihe lill'lal IIL';JTL'I Iht' J}()l[Olll OJ x II(HI[II('III% (_Ct' _*J)l)_,'fli{i\ I I J) I ilL' Illlll I% JlllJlJJlt i'll I1'_ IJlI' L,)illJJJll_i[llifl I)1 41\%t', IT

lift' J_;IJ¥';llli(' St'iii. '_, (Jess lloJJh') J)*JclllJlt's IJH' _lliotJ_. ' ;tlltJ IItl.'lt'Jolc _.IJJIL'IS (()lll.)%lIHI ;_.;Jh'l ati(J (ll11%JHiit'lll% (d IfiL' ',lL't'J \% iICI1 the. ;IIIHHIlil ol Jltl i IIIdHIlllllll t'\( t C_l'- I I

J lit: ifil(.' IH.'al['r ltl(.' lop Jt('L'(lli'l('% Iht' (':ttJu_lJc ;llld ttMi;tJJ) It'lll;IHl% itt'(' (il ;llta[.k j}['ll. L'llJ. ";Jk'('l% II(i Ill_l IlOtlll;IJl\ Jllflll I_'ll IIl'l I hll', _ IlltJlllllltll I'. Jib' t J! I11( Iii Ihll

Wilt'Ii L'J*..'CllocJlcnli(';IJ I.(}IIITSJlHT l;IJ_t'% J)Ja&c. ('iii J()%JlJlJ JilII(JtH'IS IJJa't I1¢' (J{'JNJ'_JI('(J fll;ikt'*, _,J;tilJl_.'_. *, '_{c,('}', "%J;lltlJt't,%

al Iht' t'alho(l¢' (J:J_tll{' J(} Ii)) J Jic_.c (Jt'l)osiJ% alt' ii%ll;iJJ_ '_(.Jlllllhl(Itl% JJ ilOll (TI Nl_.'t'J _'_l;llllJt'%% %h'ci', hlo. kl'_.cI ;Ill' ',uhh, I [11 (llJJlp%ltJ{I h\ h:lh,l', u '_,lh'. lqlnl;lllh _ hJ,J

IN tOlltt(Jt'(J, tJlu corroshm jq(ptJtl( J_. alt' boll _.(HIdHItl(J \%lJJi ()JJwI {'J¢.'lllL'llJ\ ;111(J _ilt' Ii(Il % IJHtl I_jlJ [%1%1J', J)CIII'Jt;IP.' Ifil' JJ,t ,',1',_ hhtl _llltl ;_Jh._ .*,l I_,' I\,' :ltl;i( J J,_ jll,_,, ,t

IJOllll;l[[_ f('rl"lC hyCJl_.)xi_.lt · (ir J_'lf J(' (ixi(J¢. I)cf)osijil}e i}J i i_lll)'-.ioT} f)ll)(JlJl, t% IJ)_ll iC%llJh I hll_lll-% ;t1_. Pl,i)l.J;iJJ,. tolHllJ iiiiJ_ iii h_\ _, _ J!ll_ i lijf;l(J,lll% irt ;l(jllll_ i.. i[',_ iJ Jot \',ih I

HI JJJockt'd %t I('('TJ '_JoI IJIH'tlhl_% ;IIT{J II(hlt't'(t _('JJ %h'ht', ]..i \ j(l('llt('of(!lt'LITll_,h¢'tTIil;ll %llJllll\, Il[Il tO;l(J (fi'It Ill_! %;i11% _,t'x',,il', v_;IJt I ',,111 _:,iJt'L IIIJtll',ll'll _1[ EJJh_ I hqllt, "1

(Ol[¢l%JOTi %HI)%llFJ;l_(' JOlll_ll)lllJ_&JHHI _;111 I;ll%t _ Jl[¢Hl_l, t_HIt_'JJJl;IJlllfl', *.H'[IlJ14;IIIJ(\ { Ill(JlltJ_ ',

Prt'_?lTJJ(lll _JlllJ J [_JlJllJ(.'llJ 4)J ('l)JJlJ%J()JJ _Jl[' N_JJiiJJJc. ;IL ll',t' IOI1% ;11111 J,lltli LJ , Ilk'J\ h'_ JJ[,t[ L.tll _ IlJi Jif, L IfiL'' I_ll(_',lIHI I Jh ''P
%hlill JC',_. ',h'cl

IITL' Jt)JJO_i111_ (ifTs('t v_JilTIr_ ¢/O/l('C'/'Tli/l_ tl)llT)%lIH) });)kt' hL't'lt d('%t'loJ)c_.J IIoTll I'\ J i_(' _J;TNi( I_{)_ '_, i_J (lllll_%l_llJ il) _,J;IP/)l('%% '_h J'} _, ;111 Ji [ ll)'JJJ/i iJ

ix'th'ncc and apply to riJall? sitllationf, hi Iht Bllrtlllll','_;ll_-'l HidLiMI): o (JClll'l;IJ

I I1 Iow-calbon slccJ is atlacked in a paTlictllal type ul wa(cf b) t'Jiciil{caJ cr)rl(l%l(iTI, · ( ;;ll_ Lllli(

il will ¢oT'rod_' faster if connected tu a metaJ higher m Iht' galvanic seTies ( [ahlc Iq '?). · I'HIm.e

J his iS why slalllJess slccl cml fittings sJllJuJd aJwa_/s Irc tl%t'(t (in h_th cnds ol'slainJcs% · IT]JL'lgl;llTtll;[l

Y.{C('{ S('l-t't_ns. {J Ihcy arc not, corrosion i_ C(._TIcL'rlJl;IJt'(J ill) Ihe rel;llJ_,('Jy SiilaJJ ai(';I · ._{t('_*%-('(llloNloH (l_ltki/l_Z

.f mild slccl Ihal is welded to the slainless sh. el Iht co, u}sion rate. howc'.cr, is ,%11,.nllOSi,._ll ol %tainh'ss %u.'cl _.;tn I,c u.'hHc,.I h_ Ihc..c li,.c J_l" '. thc _;u,'._'_ ,,I ,;_, Ii

L(insi¢ll.'l:lJ)J_. Iliwl.'l a Sholt (JiMatl(-e :T%ra_t ' JloIll a ('(llllll'( itl)If bt'J_,Ct'll J_.'.O (JJSSiI$1JJal alt' (Ji_.( II%%('qJ JJ('J(l,.x

Tllet;i J_.

] W(iiJ.. ha.dcned iltalt'liaJ ,_()TT()(IL'% ITt(ri(' I;llmlh Ih;Ill Iht %_lllJt. ' flIctal th;it I% ill (_t'lJt'l;JJ ( OIIli%J(llT

;111 anneaJed (heat lrealed) condition. (;ClT('r;ll corrTJSJ(Ttl iS ltl(.' {Jttlili)flll (IJsslll(lli*fli I*l llJt'l;IJ o% ('J JJl_.' t'l}Jll(' '_IIT l_tt (' J'\

] Slrl.'_.s[.'(J p;Irls al'e Jn(iJ'[' likeJy to colrodc than ;il(' [l11%JlL'_;s['(] part%. {)it',i'd ill a ('ol'lll(IcIiJ ;ll)(I I('%11h% J'1o111 Iht' illllJqJllll hlc;ikdo_ n (d Itl,' jla%%l\ i' JdllL JJT;H



I

(,t_ IiXIHINI)_A _,lll'l \NI)%\lll'n (.\ltl \'.F>lq _ll'xlXl' rl'.\_., I i'IIPt_I_IHItl ,IHT' I.F.L

inilhllly covets Ih¢ sur[ac¢. (_¢ncral ('c,lrosion may he u.'ducer.I c_reven i_re',,'_.ledIb l_l,,tv,_hd I_',;i lunfL ,ihh I_,icu_ d dih_ I1_

s¢lecling nlalclials thai arc rcsislanl in ('orrosi_c' cnvi,t,nm¢,ds ()n Iht olhcr hnml. J G!°?!!d..su.rr/ac.°e I,, Iht t;,_,,,): a.,I _,J_l,,',,,I,',l ,u II,,' _,vll
CxL'¢:S_i'v'C _ltilJ Irc311]le)ll I)J ',_,'['J] scr('e)ls (?;Ill (.:_llN(" g('n(.'l';iJ ('()l[i.)sJ))ll Ih;Il lc;il. Is ltl ;I J Coated II, I,_: Iht xhHit v,.ih I h_l I hi', , ;lld_

Slalic ]..... ._, copp,_,!
..,dc,i',..oft,leS'O,s (;c(.craJco.os,m) c[ulb('mcasim'dby,,,cra,colmelnlh.ss waferle_m, I' '_ wile u,;,,,, ,,, ,;,il, hh d ,I...... ....... ..... .....

(i_.'L'r ;I (.IItI)ICL' [his )'('ITc is tlc. il.Ill) IZ,iV('ll iii In[l% (Ijl(m%;lll(]lll'_ (d [111illL'h) jll'1%(';11 j /.... III I. ,ii I,,;1,, Ihl ;Hl,.jc j xLl\ j,/x \l';ll Ihl
1IIII '_, ) Curler 11Ill,w,, i ,,,,

;_ J_J . , I 1...... .ill, .... hJ ...... 1,1..... I .........;I IIII (;:lj¥1)l)iC ('(Irrosilln ill,,,, Il( 1 Imlu.ss, d hs ,ul t..h Jn:d d,
liq,_S('1%l,lfl_ t I hk ;llU_ll_ ISll%ll.,ll'. i,I;_. _.I

j '._.() dissill)ihll I))('lfj ;.dlo}s t'(Inn('clvd t'lcclliLilllx hi _1 xillllllt'll.'t ;Ind suxp,'ndvd il.._ lihlh-I1,,I ',u_ Il d', h_'llhmlh ',l. Ih. Il _11_I

j IIi .'111t'lc('ll(slyle will _lltl'a, ;11) cl(.'(llit;I] I)tHellliilf hcls_cq'll IIIt't_l jX't;lllsc .Hit' ;lllox L']_, Ill_;iJ Jpdl Ih,

I _ill dissolvt' in Ih_.' clc(.'lrlll_,le iiio11' Icadil_. Ih_ln Ih*.' (dllcl Iht nlt_le ;tcllsv _1 Iht Bulled
magno_lHii) ;lltd ih_' Slllll,lllhht;!' i;HI]I ITl.ii, ti.Il' I

Iv.'l_ ('oill_l(. li111_ lIlt'IRIs will be a.,,dic hI Ih(.' olhel ;1nd x_ ill _, _c tip _ll('hll h_ Ih_' s.lul urn. auode m:l x lin I/, d

I,';Idm t, I,_ It;ll_;i.ic {'OllllSJllll J Ill' frll'J;lJ Iii;Ii 'ici i i'% il'. Jill (L I I I I_ _1It I _ i }J J'_' I )1_)I_ I hd I 'l';ifl)J I Ill nl,/_ _l Il,, ,HI,uJ, I1',, il III _ Illl_,,h,

ilP.I will show iH_ Juss It_ Ihu t _ll_dc_ll II _(.,hl I,,s_ nu,I;ll llq_('_Cl. II ii _L'I(' ii4H pll,h_ Imll ih I' lid, ,_11 Ih_ _Hp_, HI I1,,_'

iii clinl;l(I _ailh Ilia' [llllldi£' nlclilJ Ihis is Ibc h;isis _1 c;lllu_dit plldVslmll. _JlClC ;i lU I. b_l_*'_ ii Ill, ;lug,dc iiid _;llluul_ I1,,

/ll('l;lJ Jllw('l ill Ill(' giiJ_;llli(' %('Jit'(s 1% s;l_lilJ(vd h_ b_'inll uh'_ Ilia;lib C('llllk'LIl'd I_ Ibc i.,h iiII;11 i,J Ihl' _:dh_,d_ _;111 I'L 'H_ ;ISHI ,l

i) IH(.'I_II Io hI' pllll(.'t'l('d ju Idil_ III t' , hll'jl Iq'_.xl,tllq V x,,11111( I, I lu
(;_ll_llllit' C()lll)Sillll iS S,) xsvll klll)_._-II th;il dissillliJ;ll Illsl;lls Ill SiITIIIliL;IIII dill_'lq'lu c IlIL }'ll,llllll II'It 'lllH.,lsJ_ L';IIIII,II' dl II1'

ill ¥1)11;)_(' (Jill ;Ipil[I I'll IhL' _;IJV[IlliL' NI'Ii(;Nt tilL' schloIII i_lllt'd Ihl_C_L'l. \lilt'Il il IS IIIVH%IIh'IIIt Ul I% Ihcu u'._ kl Ir, ',u?l'c'.l Ih

III'L'L'SS.;IIy Ill h_l_.t ' (liS%jIll[jilt nl(.'lilj _. ill Iht' _)ilnl(.. L'111111(.1%CL'II _,irOIl111L'111. Iht'_. slmuhl sI/, ;llld I,ui,lbcl ._l .Im_l_", I, LIIIII, _j h,.

he kePI ill_;ul h_. Itlln('()lllll]l li_,L' t_;IskL'ls (dich'L'lli_ IIl:lt,'llilll ;llld illslll;ll(/(.I holt%. _l q_,nlph h pl_'lL( IIHII _.p,lL Iqll' (d Ih, II,

thc [lllO(.]iC all_y sl.mhl hil'_t' hu _,I(';IIL'I slllljlt(' ;llC;I Ih;ltl Iht k;Ithll(hl allu_ M..sl _,,I, .. IlIHx j,I. Ifh, h d h_ ch,.Iril.lilIC,u ,,I

_lOlllld','.'illClS h:lvl' D lulalJ_.cl'_ hlv. CtlllL'(.'litl:lJillll oJ diss_d'.cd ";(.di,d'.. ilnd Ihlis IhL'll Ilu , iiii, ii1...,I '.;11_,11, dl pills ,I,II;IL_ 1il h,

ilbJlity t(._ '.'_mdltt i t'lt'_.'tfit';ll L'UlI('Ill i_, limil('¢l. (tm'-._ gm'nil'., IhL' I)I;U. II_'L ' t_l jl_lliill_' ltl,... Iqll. _ _,_dli*i.I .re,d,. in _,,..*_hd I,, ,,sh¥1_l_ill&l Ilkjlltsl'lllllllf(.sillnlej Ijl&lc.l%illl_ ( I11 (h_ ',_.('11hl_It' ( IIIll I1[ jl_%\ I1,.1', h r IIlllL Il

l(_gv' (';llb(,ll ',Ic_'I (_l%*i11_ It) SI;lilIIcs'_ stv_'I 'well %LIL'I'll% kill' % II(tj t'_lll%l' SI'xL'IV _II%;IIIIL Iq.llh..s f_.mlhu ail.d*'t_jth_'_:&si'_ Ihr_.l_h Ih¥ hit,hcl Ill k ['1 I;{111 .I,L'_1% IIL'_ ,111',1 ,II Ih

(l)ll(1%tl_ll I,I JhL' ¢;INill_ h(I;lll%_' (Ill' ;llt(.llJi( IIl('J,(I _1.1%_1 (l'(' slit';l((' ;l/C;I. _cJlhlll' i_,lmilqh_;ll&'r _h_n¥_illlil i_lll_ ii1%-Ihq'l_b_ Ir;qTJs
I,.1_,1 h_ Ih(- I;_siltl_. :zll(t _.lul,l,I;llh Iii, :lmjil, i. 111_'l I_l {' _11_ j;l_ 111 II_j)l i )j)_jh Ij'lj' Ih II

III)_. lillL'(I IIi Iht (.'[111%()j %jilHtk'%5 slc_'l 5(II'CII% sjl(_lljtj [Ij_.',:l'_% ITL' ITT;ILl(' OI SILIiIII_.'(,S (I, sh,._.d .,Ih I l, ','. ,, ',1'.1;I,i, , I,. Ih, ;q,ldu ,l ,u_ I,I

sl('(.'l, hl)%t'v('l _vj(lsl (.'lllfosion i_ g.qlv;_llm' III ll_lllllL' ;11ht ;1 Ih()ll)kllZh IllIIICIsI_III(.jilI[.

I_l I!;t]'_;Itli( ;llhlt j. (';I/) Plc'.t'_ll I)l['ll);lll)fl' J;]jhnt' _t x_ I1,, I'illi.l_

lu Ihl% ll)1111 (Ii illh]_k Ih_ I;Ih Ipf _ljlltl,..ll,II Is I]11._1111 ,11 _1111_ ,Ill ,1%!lhlq ,,Il, I

('alh.(li(' I)r.l_'('li-. Ih_ d_l)lh t_l pilt]nl., _s nl(_l_ %11!1111i,,1111IIHIn Ih( II111111,,'1 ,,t I,I1,. ,.lucc _,m ,j_, 1_ p'

III _.lt)ull_l_._;llVl I.'l)'*il()lllllL'lll% v'rll"'li ' _;Ij_';llll I I(_lll_'.l('ll Ij(1%('%_l I)(ilcllll_ll I_l(phl('111. _x_'III_I II11111 Ih_' s'._'II hh. IIILIIV Ih_lll I l il)h IIIIIIII1'1 q'l ',h,dh' pll" I'111111_' ''. ,I _1'

lily _'tl %LI('L'II1 I _1%i11_.;111(I 1_)111111L'_II)b_' IIII_IcL Ivd I_ ,111',1t1%ol _1(';lljl.)di I. II11)1('(. I1¢111 %I_,L I'_.C Ii)TI11 _ll s4111(1%1(111hCt HII%L I)llj . IlllC _11I'sll IlL 'l,_l.lq'qd''. _ L'I( II1'_ ",111,'duh

%)%1(*'111( ;111111(.111.pt()lc(.'lil)n t()1' cLlulplllL'III inshlllCd Illl.lvlt',ll)lllld I_ill) bL' il('hil"_,.'d hx In nlilu';. _;t,,_.-s. I_lllulcs L;lus, d I_', I_lll_nj ' *dl_ u _., III '' ' ] I IIh, , lu.II I' ' ""q I"

%LIpI_Ix i]1_ ('l(_(.'llon_. I(I tll_ I)lL'l:lljjC (.'4)1111_1)NL'111%OI ih(.' %_,_,IL'111jr) bc 1)[I)1(.'(. lcd. il) I)lh'.'l . _'sll_'_l hx xt';tTs (d hllk' _l Ill) _.,I I,e._,,II

words, il _ln el¢clrical c0rr('l)l is c_uS_d Io Ilo_vIt.) :1 I1)L.t_I[ I.il<]itl_ frol)l Ill(.- SIlfFI)llll(jillg j'illil] B (.)1 sl;IjlIjt'ss sl(.'t'js (_t l IiI% ts II, ri.' (_1( _q*r fll.,t_ (' l'lt_ (I/,,111,, ,11 [_l'llr ])._)t' jj)p

Br()ulld_._;llcr. Ihc talc of FIl('l;Ij di'_sohLIion is gr('.'lll? I('l;lld_.'ll II Iht ctirr('l)l Ilo'as Ih¢ P;l',sl_ (.' Iilnl ;il _mh il I_.x_ p. unts I;11h_ I III[Ill ,,x L-I llu _ulH, ,4u I,l_t ;ll_,;t ,,I Ihv llu I,Ij

(.)lhCI '.'.il) f1()111 Ih(' IIIL'I;II I(_ Ih',' (.'IL'('IILd_Ic /1111(_%1(_11Of Ih*.' nl(.'l_ll k;IsllIt; Is ;Is III IU'n(.'l;ll _1)11{1%i(111 I'llhll_! Is Imll;llvd ,,sl,VII sl,hdl ;Ih ,I, I'"._ III, _1 Iq,l,',l_ _1

;l('C(.'lL'l_](l_'d. JIC( (,fill' [l(li'_(' ;111_1I),l'_in h, It'_ll J _-_]J) %11/11_))111h11!!_;1%(.1_.c ;Ill ;Is I*_,Js' Ill,II .l_ Il'

jjIC LilSil)_. OI ally mclajli¢ SITLI('ILIIO j)j_.l(.:(.'d Iljl(j(.'l_.lllllljd. CAI) hI' plol(.'CIcd h_, NI;IIIIh'..N sl('t'l has '.1 II)_(.'1 PI;l_c I,II IhL' _;lls.llllt IiI:u1 Ih;Il b;ls 'p,ls,,Ix, sl;ll111_'.

inili;lling current In Ih(' pmp('r dJreclil)n hy pr()pcr [,,[iJx ilui(.- (.'(tulpling (sr by il)lplessu11_ _.jvt,J. _ilJl Ihe ;1( JJ_.L' Iwlut_ 1he ;ul.uh_ Ih's ;lll_,l ' IJu' p;isxlX iih'd .JU 1;, L ,US;I _'1 , ;d Ju)ch

_1 ('llll('liJ J'lOIII _'lll CxJ('I'I)_'IJ pl)w('T sill)pi} J;i_lll(' J() J J sJI(_%'S Jll)w [I nl('laJJic wcJJ i', Jdl_','. lJ)c t Oltlj}dl;ih%l J; %llJ_llJl'f ;i _il'.{ _Jl(_J Jl_l'_ h J;IJi\l ix, IIIJL ll\L' _ IlJlL llJ I]_ IV Ii'

lilSilJ_ L';J11 ill' pr(.ll('¢l(.'d J)) Jilt' i11%1;lll;1Ji()ll (il :1 _;;l(lJJili;ll ;ITllltJL'. F(ll ('X;llnjlJ(', ;i ;1,iii 1114' Jl),;iJ illl'J;ll h,s', i%I;llJh I'll!Ill!' liSll.llJx ,.c Iit'. _Jl( II Ih_ _l_lld,_J_ i_1 ,_,,11.1111,

III_II'nL'NJlIIII _lll()lJ(.' (';Ill JlC C_11111'1J(.'(J J(I IJlL' lil_qll_ Jl_, ;I L_,IJc(J {'t_llJlL'l _-_JlL' ( iiill'nJ qdll' q_J IJl_' Jl;lllJ}'L'll _, J_ JlJJ_llll_ Jll_lllllll( JJtll_llllq ) 1Jrt ',. i IIi _Jl'_J_Jh_ IJP _lx'.!,_ II Iii

IhJ?,'N Jll)/ll JhL' JI);l_l)L'_,Jlllll hhlcL Ihl (lli_Jt Ih*,' (.Jo(. Ii i)l's Jc ()_1I)IIIILJ'_,';)Jt'T). ;Jn(.J _J/.j)OSlJJOll ItlC jl;is%i st' liJlll OII IJw %1;11ul_ss SlL'_ I ,ilhJ _ IL _111;I J' I_ ,J ill *LkI j '' I , I ''l'l,lJJ LJJI ;J kkii' '

oJ lJll_ corlosion pr(.)ducts re'curs on the casillg ;IS IJlc ;l[lOd(' is sl))wJy lakel) into IJlL' Sl;lil)JLTS% is Ullpl()t(.'(.Ictl ()1 _lJ II_L' J Jlis ;l_ II_.L' ;I]('.1 L;I]I J_L'_4dlh' ;I pi1 I] ,ix, )'_11 I

%(IJuli()11. J'J)(' CIIIr[Cl)l r_JUrll_ il) Ii1(' _II(T(J( _ h_, _._;1_(if Jilt' (.'opp('r wllrC. _OIT%(' w('Jls alt' ('\_ hllJvd hN '-:()ii ;IL'(. IIIIIIIJ;1111111% ;IJ(qll' JJh' %111J,l( i' iii i, t \1 Jlh]_ d b', I JlL'llll_ ;11 ,1, II, ,r_



%'_111 \",1 _1'1 _'11`%l'_l_;ll.J\_;dl '_':lllllll\HIIII/lll_'
664 (;1(()1 fNIIWA, II R .\Nil _11 1%
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APPENDIX 13.J.

Calculating the Ryznar Stability Index

The Ryznar Stability Index for a water sample can be calculated from the following

equation:

I=S-C-pH

where I is the Ryznar Stability Index and S and C are factors derived from Figures

1 and 2, based on total dissolved solids, methyl orange alkalinity, and calcium ion

concentration (0.4 × calcium hardness).

The steps to determine S and C are:

1. Obtain a value for S using the known total dissolved solids and Figure 1.

2. Obtain a value for C using the methyl orange alkalinity, the calcium ion con-

centration, and Figure 2.

For example, assume that a water analysis produces the following data:

pH = 7.0

Total dissolved solids = 400 mgfi
Methyl orange alkalinity = 200 mg/_
Calcium hardness = 125 mg/_

Note that the calcium ion concentration for the Ryznar Stability Index equation is

0.4 X 125 = 50mg/L
1. The value of S from Figure 1 is 23.12.

2. The value of C from Figure 2 is 8.0.

3. The Ryznar Stability Index. L is 23.12 - 8.0 - 7.0 = 8.12.
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Figure 1. S value as a function of total dissolved solids.
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Nickel and Chromium
in Ground Water Samples as Influenced
by Well Construction and Sampling Methods
by D. Oaklev and N.E. Korte

'4

f'

Introduction
This paper presents the results of

an investigation of chromium and
Abstract nickel detected in ground water

n investigation of elevated concentrations of samples collected from a subset of

nickel and chromium in certain ground water the wells at Williams Air Force Base

samples collected at Williams Air Force Base (AFB). Mesa. Arizona. Base activi-
ties had resulted in contamination at

(AFB) indicated that type 304 stainless steel well materials a number of sites. Prominent among
art the source. Chloride in the ground water has apparently these are the base landfill and the

caused crevice corrosion of ihe stainless steel well screens liquid fuels storage area (LFSA).
The approximately 3,t-acre (13.8installed during site characterization. An evaluation of site

ha) landfill was used for disposal of
geochemistry, suggested that chromium released from the general base refuse from 1941 until
well screen would precipitate, ',*nile nickel would remain 1976. Since 1987. trichloroethene

dissolved. Thus, Iow-flow purging and sampling significantly (TCE). tetrachloroethene (PCE).
and benzene have been detected m

reduces the chrommm found in the g;'ound water samples
downgradient ground water

because such sampling rmnirmz=s the collection of artifi- samples. The concentrations of
cially entrained particulates. In contrast to chromium, these contaminants, however, are

nickel concentrations did not decrease dunng low-flow below action limits, and remediation
is not required.purging and sampling, indicating that it is dissolved. Nickel

The LFSA. m use since lq4".

and chromium concentrations are both Iow following high- consisted of underground storage
volume purging when turbidity, levels are stabilized below tanks and thousands ot feet of deliv-

10nephelometnc turbidity units prior to sampling. In the cry pipe. Spills and leaks resulted zn

latter case, chromium concentration is low because pamcu- a free product plume. ,An associated
dissolved contaminant plume Is

late collection is minimized, and nickel concentration is iow approximately I"00 feet (518 m)
because of increased dilution. Based on these results, it is long and 600 feet (183 m) wide. The
recommended that elevated levels of nickel and chromium unconfined aquifer underneath the

LFSA is now being remediated by
in groundwater samples collected from stainlesssteel mom-

means of a horizontal well pump-
toting wells be carefully evaluated, becausewell materials and-treat system.
may be the source. In addition, although low-volume purg- The landfill and LFSA are not

lng is increasingly becoming the sampling method of choice, sources of nickel and chromium

high-volume purging may lac a useful means of determzning based on the results of the prelimi-
nary, assessment (USAF 1984} and

whether the well materials influence nickel and chromium the site investigation (SI) (USAF
concentrations. 1986, I987). The SI included the

installation and repetitive sampling
of a number of momtoring wells.
Thus. it was surprising wiaen samples

Pages93-99
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collected from wells installed from 1989 to 1991 as part _ n um_,/

of the remedial investigation (RI) (IT Corp. 1992) con- 0
tained both nickel {up to 1320 me/L) and ch_romi_________.(__ cay.,t, u.ay si.

to 54.5__...___). c,..v ,,,v...d
thlfi C&CO I Clrntfitl!_

HydrogeologicSetting . zo.,
A hydrostratigraphic column for Williams AFB is

presented in Figure 1. The unsaturated zone is com-
posed of channel, floodplain, terrace, and aUuvial fan ,.,_*d*d .Ja...d

flaJf_ st thifl C&CO t

deposits (Laney and Hahn 1986). An unconfined .,,._t._ _,)_._.
aquifer, aquitard, and semiconfined aquifer underlie the _ _ .n
unsaturated zone. These units are composed of playa.
alluvial fan. and fluvial deposits. The unconfined

aquifer, the zone contaminated by base operations, has
generally poor ambient water quality with total dis- _N
solved solids ('IDS) ranging as high as 3000 mg/L. Chid- c_,_ --_,masome grmvel

ride is typically 600 to 900 mg/L and sulfate 50 to
3130mg/L. The hydraulic conductivity, because of the
high percentage of fines, is approximately 3 feet per day _ salt--.4
(ft/d) (1 x 0-_ eros), although the formation is highly _ tM

heterogenous. Fully penetrating vertical wells typically ] $ubrounc)_l grBv_

yield 1 to 3 gallons per minute (gal/min) (4 to 12 L/m) u,,m._

duringlong-termpumpingtests. ] ARl_r'l_atlg'_ I t),eds of s_
llrko IHH_4JII

250

MonitoringWellInstallation
Monitoring wells installed during the SI (USAF T _ :7o c_t.,_._

1986. 1987) were constructed with 4-inch-diameter I h_._w,_(_,y

(10 cm). 60-foot-long (18 m). wire-wrapped stainless Isteel screens of an unknown grade and carbon steel

ri_se__rs.. During the RI. a different contractor installed figure 1. Nydm_r_sral_tC columnfor the _ ar.a.
additional monitoring wells at the landfll and LFSA

(IT Corp. 1992L These 4-inch-diameter (10 cra) wells collec..._gU.O_Recent research has shown that insertion,
were constructed with 40-foot-long (12 m). wire- sampling devices such as bailers, and subsequent rap
wrapped tyre 304 stainless steel screens, with a 20-foot- sampling, results in the collection of pamculate matt
long (6 m) stainless steel riser pipe above the screen that is not representative of the mobile pollutant lox
and PVC riser pipe to the ground surface, in the aquifer (Puls et al. 1991; Kearl et al. 1'-)'021

Chromiumand Nickel Results Source
Initially. ground water samples were collected when The first consideration was whether the _ _,cl ar

a minimum of three well volumes had been purged chromium were naturally occurring. Typ_calh mckcl

(1.5 gpm) wnh a piston pump: when pH. temperature, not found in uncontaminated ground _ater because
and specific conductance had stabilized, and when the occurs naturally chiefly as insoluble hvdrox_dc_ (_r st
well had recovered to 80 percent of the initial well vol- fides (Allen et al. 1993). which are formed or,g,nall?.

ume. Purge volumes were typically 70 to 80 gallons, pH extremes. However. when dissolved mck¢l t_ ,ntt
Samples were collected with a bottom fill bailer and duced to ground water via a waste stream. ,t can rems
were not filtered. Laboratory sample preparation dissolved and mobile because of the system _ neutr

included digestion of any particulate matter that was pH and because it can be readily desorbed from el:
collected: The same laboratory analyzed ail of the (Bubb and Lester 1991). In addition, the h,gh morgan

samples discussed in this paper using standard spectros- salt content of the ground water at Wilhams AFB pr,
copic methods, rides competition from other cations for ava,lable sor_

Tables 1 and 2 summarize nickel and chromium tion sites (Bowman et al. 1981). and chloride complt

results from 1986 through June 1993 for each well at formation potentially inhibits nickel sorpuon (Dom
the landfill and LFSA. These data show that the 1978). Chromium occurs naturally in ground ,_ater. b.

frequency of detectmn and average concentrations are precipitation kinetics are so rapid and d_soluttc
much higher in samples from wells installed during the kinetics so slow that the concentratmn of Ct(Ill)
RI. These results suggest that well construction is uncontaminated systems remains well below drmki[

responsible, h is also noted that the concentrations water standards (Rag et al. 1989). Likewise. the teat
reported often were not consistent and reproducible levels of naturally occurring er(VI) that could
from one sampling event to the next. The lack of consis- released would be reduced and precipitated t Rai et
tency is believed to be due to the method of sam_.e 1989: Bartlett 1991; Puls et al. 1992: Anderson et
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Table 1
Nickel and Chromium Concentrations (1986-1993t at the Williams AFB Landfill

Nickel _um

Average Average
Range of ComreBemliom R_mge mr Com_tiea

Aqmrelr Nnmkee of NumlNr of Number of Deteetiom. o( Det_ Number of Number of Deteeliom of [JMteetiom

zo_ _ A--ws Deteetiom uq_L _/L Amdv_ Detemom _IVL 4iL

Site investigation wdb i_ !_4t-19_/

Downgradiem SgzmcmtSned 3 34 2 7.2 to 9.8 8.5 34 5 4.0 to 5.7 _.0

Downgradient Unconfined I 12 4 lO.b to 30.0 18.6 12 7 4.3 to 9.2 6.6

Background* _ 2 27 5 10.5 to 50.0 20.8 27 7 4.3 to 16.2 7.6

Total 6 73 11 7.2 to 50 17.8 73 19 4.0 to 16.2 6.5

Remedial investigation wells installed 1989-1991

Downgradient Unconfined 5 79 70 32 to 007 I81.3 79 61 3.8 to 6020 622.9

Background Unconfined 1 8 8 6.1.5 to 132(} 416.3 8 8 3.8 to t I100_J 2206.0

Total 6 87 78 32.3 to t320 222.3 _7 09 3._1to I I.lXlO ,_111_.4

· Background wells are defined as hydraulically upgradmnt from thc landfill, ,;

Table2
Nickel and Chromium Concentrations 1i986-1993) at the _llliams AFB Liquid Fuels Storage Area

Niekei Chromium

Avenge Average

Range o( Coacentratima Rmqle of Con_ntrmim
Aquifer Number of Number of Number of Deteetmtn_ ot Deleetiolz_ Number of Number of Detectiom of [J_qeeliom

Zoae Wel_ Aml_yses D_IL',CI_oIm _.g/L _L A_yles DeleelJons _lj/1... p._

Site invt,'_igation wefts intstldled l_6-1_r/

(
Downgradient Sermconfined I 3 0 -- -- 3 0 -- --

Downgradient Unconfined 3 I2 0 -- -- 12 I 59 5o

Background" Senuconl-med 2 3 0 _ -- 3 0 -- --

Background Unconfined I 1 0 -- -- I 0 -- --

Total 7 19 0 -- -- 19 I 59 _ c)

Remedial investigntmn wells installed 1989-1991

Downgracltent Unconimed 18 93 49 12.5 to O-tO 121.8 03 59 `35 to 15080 2946

Background Unconfined 9 5I 49 [0. l lo 5333 395.8 -_l 48 .t 2 to 5.1.500 I'4(137

Do_ngradJent Semuoonfined 2 12 0 130 to 5('_ 260.9 12 I2 i`3 9 Io 198 73'.)

Total 29 156 107 IOI to 5333 :500 I56 119 ,32 to 5.1,5(I) 021 4

Ho_riZont'"_ recoverv_efi installed 1992

Downgradtent Unconfined I 14 3 42to lib ', .' 14 I b5 65

· Background wells are defined as those consistently comammg less than 5 _._vJLbenzene m ground water samples.

[992). enough nickel (8 percent) to ensure an austenite struc
This investigation then focused on how nickel and ture (a nonmagnetic, high-temperature form of iron) at

chromiu_m- could be contributed by well co.nstructi room temperature. Hewitt (1993 and 1994) reported
ma_t,er_Jals.The most recent installations were performed that such steel may contribute nickel and chromium in
with type 304 stainless steel, but records did not identify, concentrations that exceed ground water standards set

the type of steel nor the manufacturer for the screens bv the U.S. Environmental Protection Agency, (U.S.
used in the pre-1989 installations. However. it is likely. EPA) under the Safe Drinking Water Act (SDWA).
based both on experience and consultation with sup-
pliers, that type 304 was used. Type 316. the only other Sampling Effects
widely available steel used in well screen, is sufficiently To evaluate whether monitoring well construction
more expensive that a special order, liken to be docu- materials were the source of nickel and chromium.
rnented in s_te records, would have been required, several tests-were performed. First. ground water

Stainless steel used in well construction has enough samples were collected from a horizontal production
chromium-{ 18 percent)to offer corrosion resistance and well installed at the LFSA. The horizontal well is
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screened at a depth of 235 feet (72 m) and is constructed

with type 304 stainless steel screen and an epgxy -c-fated _ . ,,,, -,- u:.0?un_. _ aaa,P_g In 4.S L/m

carbon steel riser. Ground water samples zl_ed, and, / ",, .... OF.faUneten_._ w_,
' 'x Puff'ming at 3.8 L/m

unfiltered); were collected from the pump discharge line : ',140 "' .-.d,.- LF-OgA Unfillete_. a4m_le_ after

sevewtitfies during a 75-day pumping test performed at ".. o*,*,'n at4.s tn,

28 gal/mm (106 L/m). The results showed that nickel "x -'"- pumomgLF'OaFiaered.aamoeewh,_e&t3.eL._

and chromium were not reported in concentrations _ 220 .... --.-_.
exceeding 12 _g/L (Table 2). _ "--..

In another test. monitoring well LF-08 (well volume _ ..... .,,

= 70 gallons) was purged at 1 gal/rain (3.8 L/m) for 24 i ]0e_,-._......... _.
hours in order to determine how the purge volume c ..... ...........................-" ,.
affected nickel and chromium concentrations. The _ "

C 80 - '"
pump was located 2 to 5 feet (0.6 to 1.5 m) above the _ x
bottom of the screen. Samples were collected after stabi- x "I.
lization of pH. temperature, dissolved oxygen, and sl0e- x. . ,, ]
cific conductance, after the removal of three well vol- a x

umes. and again after 8. 16, and 24 hours. Both filtered x_ ,, ,,

and unfiltered samples were collected. The concentra- _ "'
tion of nickel declined steadily throughout the test. from

a high of 101 gg/L to a low of 44 tag/L (Figure 2). Such o s z0 15 2e z
a decline is consistent with the hypothesis that nickel is
an artifact of the well. The water that flowed to the Time, hours

well. as it was pumped, diluted the nickel released bv Filum 2. Vadat_ et Nickelcem:entr_ _ _enpmll at· I gal/mm (3.8 L/mi. (LF.,O$umpM at 0 and 24 _ m
the well itself. There was little difference in the filtered bail_l, and at 8 and 16 hours were eeaeeanl Mm a p_neL
and unfiltered sample results, indicating that the nickel
is dissolved or associated with panicles <0.45 tam. a r_
finding consistent with the behavior of nickel in this
type of geochemical environment. /

For chromium there are major differences between se\ '
the filtered and unfiltered sample results (Figure 3). '\ · _.0?u,fa,_ _,md,,dm
Filtered samples showed no detectable chromium, while \ --4- tr-0a_Unanen,d.*n_tam_ _ /

\ /
concentrations in unfiltered samples ranged from I0 to pum_n m a,st._

53 pg/L. The results demonstrate that chromium is asso- _ 4oF \ --*-- L_._nunfired, um_ _ /

elated with particulate matter. The chromium concentra- a. _x \ -,,.- LF.08!_am0mggilt_.at1 L/msarnolecl whm /

nons for the unfiltered samples were also affected by _ \ 0uma_at3.SL/m /-- \ /
the method of sampling. The initi.al and 24-.hoursampJes _ 30 \
were collected with a bailer, while the samp_les at 8 and _

.... ' ............... CD _', //

16 hours were collected from the pump discharo_ linc. uIZ /

The h_ghcst chromium concentranons were from the _ :0 , "
unfiltered bailed samples, a fact consistent wnh recent _ 'L /

research su£gestine that samp. lj.ng with a bailer eau.sc,, _ '" --- //
high [__l_ty. leading to erroneously high metal conccn- \ '-- ._ /
trauons (Puls et al. 1991: Kearl et al. 1992). _0.... --,-,- ......

Based on these results, a low-flow method of sam- -

piing was used for the September 1993 quarterly sam. ,.........................
piing (Puls et al. 1991: Keari et al. 1992). A piston pump 0 ·
was placed in the middle of the saturated interval, unlike s la 15 ,-

previous sampling events where the pump was ptaccd Time, hours
2 tO 5 feet (0.6 to 1.5 m) above the bottom of thc screen. Figure3. Variationet ChromiumeonceneratJQm_
The wells were purged at a rate of 0.26 gal/mia at ap0mximarmy 1 pl/min(3.8L/m). (LF..08um_mmOm

24 hour_m baik_d,andat 8 and 16 hours m
(l L/m) until turbidity stabilized at a value <10 nepheto- _ a pumpt.
metric turbidity units (NTUs). and pH. conductivity.
dissolved oxygen, and temperature stabilized to within
10 percent. No minimum purging volume was used. low-flow purging did not produce enough wa_-t to ddut
Samples were not filtered and were collected directly from the dic-qolved nickel near the well. Instead. w_m km.tkr
the piston pump discharge hose. For this test. the average purging, dilution ts minimized, and the conccntra,om at
concentration for nickel (Table 3) is _eater than the aver- the highest. In contrast, the average chrormum oor_rmrt
age for wells from previous sampling rounds (307__g_L/Lvs_ tion was 131 lag/I. (Table 3). well below the hmo_
'_59[Lg/L). This variaUon in concentranon may be a result average of more than 900 pg/L. The large ddference
of moving the pump. The result may also indicate that con_.entrauon indicates that l-o-_'-flow purging combine

_ a WINTF.R l_J_ G'WMR
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with sampling fi.om the pump signiticanfly reduced the uted bv the well construction materials. Two questions
coUecUonof colloidal chromium relative to previous sam- remained, however:
piing rounds. It had previously been noted that highrv,ol.-
ume purging'with samplin_e_dy__frg.__.Lhe cli_har_,* 1. What are the probable corrosion mechanisms, and....... wouldthesemechanismsbe'promoted'bysitecon-
hose produmd.-samplexwith low turbidity. Thus. it was ditions?

concluded that high-volume purging combined with sam- 2. What is the difference in well installations so that
piing from the lgumpdischarge should produce the lowest the more recent installations promote corrosion and
nickel and chromium concentrations in the ground water the pre-1989 ones do not?
samples. Ailsteelis susceptible_topittingandcrevicecorro-

sion when exposed to aqueous solutions containing
aggressive anions such as chloride. Either mechanism

Table 3 involves oxidation of the corroding material and reduc-
September 1993 Low-Flow Purging and Sampling tion of a constituent of the corrosive environment (Lula

1986).
Well ID Nickel. p.g/L Chromium, I_g/L

Landfill

Pitting
w-12 201 759 Predicting when pitting will occur is difficult because
w.()lq IIX 182 heat treatment, surface condition, and fabrication pro-
w.()7 II 7 515 ccdures (e.g.. time. temperature, polishing) may change
W'-_A 3t_ I[ t the response of the steel from relative inertness to unac-
w.I 1 52,_ 2t}tq ccptable reactivity (Lula 1986: Szklarska-Smialowska
w-Ii) e_31_ 141 1986). These facts suggest that the preparation of the
Averaee 317 206 steel is a possible explanation of whv well screens of

LFSA the same composition installed at Williams AFB could
differ in their resistance to corrosion.

W-25 17O 4.4.8
W-26 914 76.6

W-27 533 _s_ Crevice
W-19 s ",6.._ 26.1

Localized attack in natural waters is usually not dueW-17 60.8 88
,o pitting but to crevic e c.o_osio._n (Kain et al. 1984).W-14 547 149
which is associated with stagnant solution found in nar-w-tI 2b.2 16.2
row gaps such as joints between two metal parts andW-07 ND ND
badly executed welds. Because of the immobility of the

W-10 87.1 17.2
solution in the crevice, exchange with the bulk solution

Average 300 75- ts relatively slow. Metal inside the crevice acts as anOverallaverale 307 131
anode, while the remaining metal surface m contact w,th
the bulk electrolyte acts as a cathode. The anodic disso.
lunon of metal in the crevice leads to local accumulamm

Consequently. additional 24-hour pump and sam- of metal cations. To maintain neutrality, amons (pn-
piing tests were performed on LF-07 and LF-OgA. The mardv Cl-) re,grate from the bulk electrolyte into the
_etls were purged at 1.2 gai/min (4.5 L/m} with the crevsce. Because of the hydrolysis of the metal, acidity
pump intake located in the center of the screen section. increases and the protective film breaks down.
The flow rate was reduced to 0.26 gal/mtn (1 L/m) while Kain et al. (1984) examined the susceptibility to cdr.
sampling and field parameters stabilized prior to all rosmn of both type 304..and316 steels._The tests showed
sampling. Unfiltered samples were collected at three that. m natural waters of a composition similar to that
well volumes and at 8. 16. and 24 hours. For LF-07. as found at Williams AFB (pH of 7.5. CI- up to 600 ppm ).
expected, nickel concentrations declined throughout the type 316 was resistant to crevice corrosion. Type 304.
test from a high of 165 t.tg/L to a low of 106 pglL (Fig- on the other hand. would corrode under conditions of

ure 2). Chromium concentrations also declined through- severe (tighter and deeper) crevice geometry. Exposure
out the test from a high of 34 pg/L to a low of less than time. however, had little effect on promoting additional
5 pg/L (Figure 3). For LF-09A. similar results were corrosion. Tests in simulated Colorado river watersand

observed. These results are consistent with the low con- other natural waters identified crevice corrosion for type
centrations of nickel and chromium (<I2pg/L)observed 304 at C1- contents as low as 100 ppm. However. this
in the horizontal well during the 75-day pumping test. steel _vasalso resistant in 90 percent of the cases where

Cf- was between 100 and 1000 ppm.
Corrosion Mechanisms Thus. minor variations in the crevice gap. especially

These data demonstrate that the behaviors of nickel in the 0.1 to 1 pm range, can have greater significance
and chrommm are consistent with their being contrib- than variations in bulk environmental chemistry. (Old-



field and Sutton 1980: Kain 1990). National Laboratory t Environmental Sciences Divtst(,n.Grand
__67. Grand Jtorctton. CO ,_¢1502).Junction Of-_ce. P.O. Box _¢

Condition of the Well Screens Korte's primer3' research interest rs stlt(lVm_ tire fate and eDect
of trace species in the environment. He has more theft ]5 vcar_

Several well contractors were consulted regarding experience in planning and cotzdttctttrg riehl itrt'esttgattott._at
the quality of typical, wire-wound stainless steel well hazardous waste sites. He also serves as an adjunct fat'ttttr
screens. Seven suppliers were identified. The cost of member at Mesa State College tn Grand Juncnon. Colorado.

flush joint, threaded screen that is cleaned and prepack- Korteis a certifiedhazardous materials managerand a certified
aged varied from approximately $28 to $56 per foot. ground water professional.
Interviews with several experienced well contractors
revealed that screens from one supplier were typically

uniformly polished with welds that were typically tight References
and intact. In contrast, screens from some of the other

suppliers often contained bends and broken welds. At Allen. H.E.. E.M. Perdue. and D. Brown. 1993. Metals itt
Williams AFB. it is known that the 1990-91 screens Groundwater. Boca Raton, Florida: Lewis Publishers.
were provided by one of the manufacturers whose Anderson. ED., D.B. Kent. J.A. Davis. and I.D. Wa)re. 1992.

screens were described as sometimes having imperfect Batch experiments characterizing the reduction of CR(VI)
welds, usingsuboxicmaterialfroma mildlyreducingsandand

gravel aquifer. Paper presented at the Division of Environ-
mental Chemistry. American Chemical Society. San Fran-

Conclusion cisco.California.

It is concluded, therefore, that cr_evic_ Bartlett. RJ. 1991.Chrommmcyciingin soiisandwater: Links.
· - __ stainless steel WE!!Sis the sourc¢o.{ mckel and chromium gaps, and methods. Environmental Health Per. vpecttves 92.

found in ground water samples collected at Williams 17-24.
AFB. Moreover. the difference in quality of the stainless Bowman. R.S.. M.E. Essington. and G.A. O'Connor. 1981.
steel wells and screens between two manufacturers is Soil sorption of nickel: Influence of solution composition.

believed to be the reason that one set of wells produced Soil Science Society of.America Journal 45. no. 5: 860-865.
significant chromium and nickel in ground water, while Bubb. J.M.. and J.N. Lester. 1991. The impact of heavv metals
another set did not. Finally, the data demonstrate that on lowland rivers and the implications for man and the

· environment. The Science of tit(, 7brai Environment 100.
the samplingmethod significantly affects the concentra- 207-233.

lions of chromium and nickel observed. Sampling with Doncr, H.E. 1978. Chloride as a factor rn mobllities of NJ(il).
a bailei"q,i'_l'as"h_l_(/chronii'iim concentrations because Cut il ). and Cd(Ill in soil. Sod Science S(,ct(_t_of Amt'rtca

more Particulates are collected. Low-flow sampling with Journal 42. nt). h: _2-885.
micropurging yields the highest nickel concentrations Hew.itt. A.D. 1993. Dynamic studx of common well screer

because there is tess dilution, but chromium concentra- materials CRREL Report 03.7 Hanover. New Hampshire
tiorls are Iov_ because fewer colloids arc collected. High- U.S. Army Corp,, of Eng,necr,,. Cold RcgKm, Re:caret
volume purging prior to sampling from the pump dis- and Engmeerrng Laboratorx
charee produces the lowest chrommm and nickel con- Hewrtt. A.D. 1994 Dvnam:c stud_ of common _ctl _crecr

con)rations because dilution is increased and particulate materrals. Gr(_tllrd _(rlt'r _[t,ttttorltlk' _llt_i [_(",t('littlltt,rt
no. 1; $7-9-1

co[lcCtH.)n tN minimized. IT Corp 1_2 L 3 /Itr ['r,r( (' Rl'.l('dUtt /Itt I'_l:k'tlll¢,tt t t'tl_tDtr

ltv ._tritlt; _'rllt¢ltlt_ ,4It' /'tlr((' ]_tl_('. /_rl?(,u(l. _'_('tttt'clttt
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ATTACHMENT C

REVIEW COMMENTS ON DRAFT QUARTERLY
GROUNDWATER MONITORING REPORT FOR

MCAS EL TORO



.&tta,. ......... (_7

l. Technical Comments

[. 1. &IR ENTRAINMENT

In Appendix D the report notes that atr entrainment in water :ollectea at selected
[ocations as reported by DTSC in 1993 has been confirmed. The issue of air entrainment

in the discharge of 4-inch weil pumps appears to have been deferred to the" ..well pump
mmmenance activities." It is not clear what the intent of this statement is. Please provide
detail as to what the next actions are with respect to this confLrmed problem.

t.2. DISSOLVED MET.&LS

Table 7-t. Inspection of the data indicates that significant increases in the measured
concentrations of several metals have occurred. Of particular interest are chrormum and
iron which in some cases increased bv over two orders of magnitude. A brief review
indicates that there is often a strong relationship between these two analvtes. In
unfiltered samples, iron levels are approximately I0 times the chrormum levels. This
situation should be exarmned in detail since the elevated chromium levels are significant.
A recent publication. 1996 Winter Ground Water Monitohng Review pp. 93-99. "Nickel
and Ch.rormum in Ground Water Samples as Influenced bv Well Construction and
Sampling Methods." provides an excellent reference on this phenomenon. The authors
should examine the potential reasons for the apparent increase and provide an explanation
of the situation in the final report. Crevice corrosion in the stainless steei wells may be
the source of the chromium: however, modifications to samplings technique may be
successful in alleviating the inclusion of corrosion releases into the samples. The filtered
and unfiltered samples are an excellent source of information for the examination of the
effect of colloids on the measured metals values, rt appears that the effect of filtering was
significant for only these two metals.

:S. DISSOLVED OXYGEN

The measured dissolved oxygen revers listeci in Appendix C are or:ten m excess of the
theoretical maximum for natural waters, l'he solubility or' oxygen for water exposed to
water-saturated air at atmospheric pressure and no salinity ranges between 9.7 and 8.1
rn_L between 17 and 25°C respectively. Moreover. with increasin_ salinity the solubility
of oxygen decreases. See the table below

: ff¥1e'_ t _._.,"men_ on L)ratt t)...1._,cr:_ t ,'_unox_ ater

_:rl:tomn{ _.et'orl :or MC.-X..5 Ei T. r.; _. ·

..n_r&¢t,',,o >,'_71 t..)50.Tqxn DO-i._t9 '-_g¢ I ' '¥90



Attacnment C

Dissolved Oxygen Relationships Stanaard Methods, 17th Ed. 1989

Dissotveci Oxygen..-.,wL Dissoived Oxygen. mg/L

Temuerature. 'C Ch.lonnitv = 0 Chlonnitv = i0 i

17 9.7 8.7

18 9.5 8.5

19 9.3 8.3

20 9.1 8.2

21 8.9 8.0

22 8.7 7.9

23 8.6 7.7

24 8.4 7.6

25 8.3 7.5

26 8.1 7.3

At least 25 percent (43 out of 163) of the reported dissolved oxygen values for MCAS El
Toro axe in excess of the theoretical maximum. A, closer examination of these data is

required because a substantial proportion of the other measurements axe at or very near
saturation. This situation does not appear likely given that the Marine Corps'
geochemical model for the station proposes that substantial pyrite oxidation is occurring
throughout the vadose and saturated zone. Therefore it can be expected that oxygen
consumption during pyrite oxidation would reduce dissolved oxygen values to levels
noticeably less than those reported. This decrease does not include further reductions due
to the consumption of dissolved oxygen bv reaction in the organic-rich lavers of the
surface soils. Freeze and Cherry IGrounciwater. ',979: p. 245) have noted that in recharge
areas of silty or ctavev soils, groundwater commonly does not contain detectable
dissolved oxygen. Thus. the predictions and exuected conditions do not support the
measured dissotveci oxygen values and the data coilecOon techniaues should be
reexamined to ensure that proper procedures were followed and instrument calibrations
were verified.

{gvTew lomrn_tl_ oll L._:l.tt t.,);.i._,.f'l¢_'lVt }r_-ut_c_alCf

'.!ommnn_ Reuort Tot MCAS E! T, to. t_.-,
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ATTACHMENT D

MICROBIOLOGICALLY INFLUENCED CORROSION OF
AUSTENITIC STAINLESS STEEL WELDMENTS



MATERIALS SELECTION & DESIGN

Microbiologically Influenced
Corrosion of Austenitic

Stainless Steel Weldments
Susan Watkins Borenstein

Pacific Gas & Electric Co., One California St., San Francisco, CA 94106

Microbiologically influenced corrosion (MIC) of austenitic stainless steels often

occurs at weldments and may be misdiagnosed as attack resulting from conven-tional chloride or crevice corrosion. Examples with photomicrographs of MIC at _,,,n,
weldments mode with various stainless steel base metals and weld metals are

--
icrobiologically influ- cesses of the microorganisms can FmUnE1

·J.. · JLenced corrosion (MIC) is influence the corrosion behavior of Amoundat a weldmentwitha biofilmformed
the term used for the phenomenon materials by (1) destroying protec- the insidesurfacewitha pit um:lerr_ath.
in which corrosion is initiated or tire surface films, (2) producing a

accelerated orbothbymicroorgan- localized acid environment, (3) the exposure was to extreme
isms. Costly pitting failures of aus- creating corrosive deposits, or (4) good low-chloride water.
tenitic stainless steel components altering anodic and cathodic reac- For reasons not well unde
by MIC have occurred at locations tions, depending on the environ- stood, MIC often occurs ne,
ranging from power generating to merit and organisms involved, l weldments. Figure 1 depicts
chemical processing plants. MIC These processes may occur either mound at a weldment, a biofil_
commonly results when water is alone or in combinations, formed on the inside surface of
left in stainless steel systems after For austenitic stainless steels, pipe weld, and a pit beneath tl-the characteristic MIC visual signs mound. 3 Figures 2 and 3 sho'
hydrotesting. While these condi- typically may include pitting at or other common occurrences: pi
tions do not usually produce seri- adjacent to welds, pitting with a ting at the heat-affected zot_
ous corrosion problems, they are small surface opening and a large (HAZ), pitting at the fusion ling
conditions ideal for MIC. subsurface cavity, discrete local- and pitting in the base metal net

Water may contain several ized deposits, and reddish-brown the weld.
classes of microorganisms. These rust-colored mounds or tubercles. 2 There may also be variation
organisms immediately begin col- Fresh deposits may appear slimy on a theme. MIC and stress corr(
onizing and produce a biofilm and have distinctive odors, sion cracking (SCC) at a weldmer
when exposed to a metal surface. In addition, during metallo- have occurred; Figure 4 show
This film, usually nonuniform in graphic examination sometimes sensitization and MIC. For reason
its coverage, acts as a concentra- preferential attack of stringers, or not known, MIC often occurs i:
tion cell and promotes corrosion. one phase of the two-phase weld, combination with either SCC o
In addition, the metabolic pro- is found. Either the austenite or sensitized structures at weldment.

the ferrite phase or both may be in austenitic stainless steels. Mort
(])PresentedtoNACE TaskGroup T-5A-28, attacked. Chlorides are somet_nes importantly, conditions resistan

CORROSION/90,las Vegas, Nevada. found in a pit, even when to SCC or material resistant to sen

52 hAD/ I^,_ .... ..,'_r_




































