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EXECUTIVE SUMMARY

Sharpe Army Depot (SHAD), located in Lathrop, California, is an Area Oriented
JDistribution depot providing supply support to the western continental United States

(CONUS), Alaska, and Pacific Army Commands.

SHAD is presently operating a treatment system for the removal of trichloroethylene
(TCE) from groundwater. The treated effluent is discharged to the South San
Joaquin Irrigation District drainage canal. The groundwater at SHAD also contains
arsenic, possibly of natural origin. There may be a need to remove arsenic from the
groundwater prior to its discharge to the irrigation canal.

The goal of this study was to evaluate and confirm the ability to remove arsenic
from the groundwater at SHAD, using ion exchange, activated carbon, and/or
activated alumina treatment processes. This objective was addressed through a
combination of laboratory isotherm testing and continuous flow pilot studies. The
effluent criterion for the evaluation of these technologies was 50 Ag/L total arsenic.
This value represents the maximum contaminant level (MCL) for arsenic established
under the Safe Drinking Water Act (SDWA).

Arsenic may exist in water in several oxidation states, with the most common being
the trivalent arsenite (As 3) and pentavalent arsenate (As"') forms. Arsenate is more
amenable to treatment by most treatment technologies. If the groundwater contains
arsenite, oxidation of the arsenite to arsenate (generally by chlorination) would be
required as a pretreatment step. To evaluate this possibility, samples of groundwater
from potential pilot study supply wells were submitted to the Academy of Natural
Sciences for arsenic speciation analysis. Results from these analyses indicated that,
for the wells used in this study, the predominant arsenic species present was the
oxidized As-' form. Based upon these data, removal of the arsenate alone wouldf permit achievement of the discharge criterion of 50 jtg/L. Therefore, an oxidative
pretreatment step was not required.

Isotherm testing was performed to evaluate equilibrium adsorption characteristics of
various types of adsorbents (activated carbon, ion exchange resins, and activated
alumina), to select the best performing types for subsequent pilot testing, and o
determine operating'pH for the pilot test program. Preliminary selection of media
for isotherm testing was based upon existing literature and manufacturer

I - recommendations. Five activated carbons, four ion exchange resins, and one activated
alumina were evaluated in isotherm tests. Water for isotherm testing was drawn
from wells 403A and 407A at SHAD. Results of these studies indicated that ion
exchange resins and activated alumina could achieve equilibrium arsenic

e nue i
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concentrations below 50 .gIL. However, activated carbon could achieve this criterion
only at very high carbon dosages. These studies also indicated that activated carbon
and activated alumina exhibited better performance at reduced pH. Therefore, pilot
studies for these media would require a pH reduction step. Two activated carbons,
two ion exchange resins, and the activated alumina were selected for continuous flow
pilot scale testing at SHAD.

IThe pilot study was conducted in Building 646 at SHAD, using a skid-mounted pilot
plant previously built for the U.S. Army Toxic and Hazardous Materials Agency
(USATHAMA). An air stripper was added to the pilot plant to remove any TCEJencountered in the test water. Well MW-440A at SHAD was used as the source of
water for all pilot study runs.

In accordance with the project Test Plan, the basic pilot test program incorporated
five test runs, evaluating the performance of the selected media under various
combinations of operating parameters including hydraulic loading rate and empty bed
contact time (EBCT). Following completion of the planned test program, two
supplemental runs were conducted. The first supplemental run was to reconfirm
earlier results obtained with activated carbon. The second supplemental run was to
evaluate the arsenic removal by activated alumina in the presence of TCE (i.e.,
without air stripping). This run was performed in response to a request from
USATHAMA. Since the supply well (MW-440A) did not exhibit TCE contamination,
the groundwater was spiked with TCE for this test, and the added TCE was removed
from the effluent with the air stripper prior to discharge. Effluent from all pilot
runs was analyzed for arsenic concentration prior to discharge.

Pilot study runs indicated that both activated alumina and ion exchange resins could
provide satisfactory arsenic removal performance, with effluent arsenic concentrations
below the 50 jLg/L criterion for substantial periods before breakthrough. However,
the activated carbons tested in this study were not capable of achieving this criterion.
The supplemental runs reconfirmed this performance and showed that the presence
of TCE would interfere with arsenic removal by activated alumina.

IThe following conclusions are drawn from the data obtained in this study:

* Strong base anion exchange resins and activated alumina are capable of
treating arsenic-contaminated groundwater from well MW-440A at SHAD
to effluent concentrations below the Safe Drinking Water Act MCL of

j 50 pAg/L (as total arsenic). The granular activated carbons tested were
not capable of effective arsenic treatment under the conditions evaluated
in this study.

ES-2
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" Data from isotherm testing indicate that qualitatively comparable results
would be obtained with groundwater from wells MW-403A and 407A.

" Of the successful media, activated alumina provided the longest bed lives
(in terms of bed volumes of water treated prior to breakthrough at the
MCL level).

* The use of activated alumina requires a pH reduction step. Hydraulic
loading rates of 2 to 3 gpm/ft and empty bed contact times (EBCTs) of
9.8 to 14.7 minutes provided the longest bed lives.

" Ion exchange resins exhibited less dependence on hydraulic loading rate
or EBCT than did activated alumina. However, bed life at all loading
rates was lower than with activated alumina.

* Analytical data from wells MW-403A, MW-407A, MW-431A, and MW-
440A indicate that As," is the predominant arsenic species present in
SHAD groundwater and that As 3 is present only in small amounts. In
fact, removal of As"' alone would be sufficient to achieve the SDWA
MCL for total arsenic of 50 pg/L. As a result no oxidative pretreatment
step was required or employed in this study and, as long as this
situation prevails, oxidative pretreatment should not be required in a
full-scale system.

If activated alumina is used for arsenic treatment, direct treatment at
individual well heads without prior removal of TCE would appear to be
less favorable than treatment after TCE removal, since the presence of
TCE appears to shorten bed life.

I r
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SECTION 1it
INTRODUCTION

1.1 PROBLEM STATEMENT

Sharpe Army Depot (SHAD), located in Lathrop, California, is an Area Oriented
Distribution depot providing supply support to the western continental United States

j (CONUS), Alaska, and Pacific Army Commands [1]. A site location map is shown
in Figure 1-1.

ISHAD is presently operating a treatment system for the removal of trichlorethylene
from groundwater. The treatment system uses a packed tower air stripper for
removal of volatile components. The treated effluent is discharged to the South San
Joaquin Irrigation District drainage canal.

The groundwater at SHAD also contains arsenic, possibly of natural origin. There
may be a need to remove arsenic from the groundwater prior to its discharge to the
irrigation canal.

The investigation of remedial needs and solutions at Army-controlled sites is managed
by the U.S. Army Toxic and Hazardous Materials Agency (USATHAMA).

jUSATHAMA's Technical Support Division (TSD) conducts research on promising
treatment technologies. USATHAMA has retained Roy F. Weston, Inc. (WESTON)
to help develop appropriate remedial technologies. Under this contract, USATHAMA
has decided to investigate treatment technologies for arsenic-contaminated
groundwater.

I 1.2 PROJECT OBJECTIVES

The goal of this study was to evaluate and confirm the ability to remove arsenic from
the groundwater at SHAD, using ion exchange, activated carbon, and/or activated
alumina treatment processes. This objective was addressed through a combination
of laboratory isotherm testing (conducted at WESTON's Environmental Technology
Laboratory in Lionville, Pennsylvania) and continuous flow pilot studies conducted
at SHAD.

The effluent criterion for the evaluation of these technologies was 50 lig/L total
arsenic. This value represents the maximum contaminant level (MCL) for arsenic
established under the Safe Drinking Water Act (SDWA).

12G1-1
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SECTION 2

BACKGROUNDIL1TERATURE REVIEW

2.1 ARSENIC IN GROUNDWATER

Arsenic is a toxic element which may pose a health threat when present in drinking
water. The U.S. Environmental Protection Agency (EPA) has established a MCL of
50 pg/L in drinking water under the SDWA.

Arsenic occurs naturally as a constituent of a variety of minerals and in association
with a variety of industrially important ores. Arsenic contamination of water can
occur during the mixing and processing of these ores. Additional sources of arsenic
Sontamination include arsenical pesticides and herbicides and ceramics manufacturing
(2]. However, arsenic may also occur naturally at significant levels in groundwater
from zones containing arsenic-based minerals. Consequently, interest in arsenic
treatment technologies involves both the treatment of wastewaters prior to discharge
and the treatment of drinking water prior to consumption.

Arsenic (As) can occur in four oxidation states in water (+5, +3, 0, and -3). The
most commonly found species are the trivalent (+3) and pentavalent (+5) states
(3,4]. At low pH, pentavalent arsenate (As+S) exists primarily as H,AsO,. Between
approximately pH 3.0 and approximately pH 6.5, the predominant arsenate form is
H,,a-, while from pH 6.5 through pH 12.5, HAsO 2 predominates. Above pH 12.5,
AsO4 is the predominant species. At all pH values below approximately pH 9,
trivalent arsenite (As) exists primarily as the undissociated weak acid, HAsO3 . The
distribution between As+' and As' species is also determined by the redox condition
of the water, with As+' being stable under reducing conditions and As under
oxidizing conditions [4]. Thus, depending upon both pH and redox potential, various
arsenic species may be present. While it might be expected that arsenite species
would predominate over arsenate in oxygen deficient groundwater [3,5,6], cases of
arsenate predominating have been noted [6].

Arsenite is considered to be more toxic than arsenate [4,7]. SDWA treatment
standards do not at present distinguish among arsenic species. However, water
quality based effluent standards may. These issues are discussed in Subsection 2.3.

In general, arsenate is more amenable to most treatment processes than arsenite
(8,9,10], and oxidation of arsenite to arsenate may be needed as part of the treatment
procem. Oxidation by aeration alone appears to occur too slowly to be of practical

~Ii2-1
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I utility, and chemical oxidation (most commonly by chlorine) is generally recommended

[8,9,10].

2.2 M&lC I , PIL M

Historicay, the most common treatment methods for arsenic employed various
Iprecipitation/coagulation methods. Major examples include lime or lime/soda methods,

sulfide precipitation methods, and processes employing iron salts or alum [3,8]. Such
processes are well suited for treating relatively high arsenic concentrations such as
may be found in process or industrial a ter. In recent years, interest in
processes such as ion exchange, activated carbon and/or activated alumina has
increased, particularly for the removal of relatively low levels of arsenic from
potential potable water sources [1,3,5,7,11].

22.1 ION EXCHANGE

Ion exchange (IE) processes for water and wastewater treatment employ solid media
(often sythentic resins) to which relatively innocuous ionic groups are attached by
electrostatic forces [12]. When contaminated water contacts the resin, ionic
contaminants may preferentially replace the innocuous ions on the resin. Thus,
contaminants in solution are exchanged for innocuous ions from the resin. In the
case of anionic constituents (such as arsenite and arsenate species), the exchangeable
species on the resin are often chloride or hydroxide ions. When the adsorptive
capacity of the resin is reached, or when effluent contaminant levels approach a
predetermined breakthrough concentration, the resin is regenerated using a
concentrated regenerant solution (such as NaCl or NaOH), to displace the
contaminant from the resin. The regenerant solution, containing high concentrations
of the contaminant, requires separate treatment and/or disposal.

IPrevious work has indicated that IE may be a useful treatment technology for
removal of low levels or arsenic from water [3,5,8,13-19]. Arsenic levels at or belowIthe MCL of 50 Aa in the treated water are often achievable. In general, strong
ban resins in the chloride form have been recommended in this application, although
success has also been observed with weak and intermediate base resins [8,14].I Removal of arsenate (Asl') is generally more effective than removal of arsenito (As 3),
possibly because the latter exists in water as uncharged species (HAsO) at typical
water treatment pH values (19].

In one laboratory scale study using the IE process, soluble As+' at a concentration of[ 500 "WL was completely removed from storm runoff water [15]. An empty bed
contact time (EBOT) of 3.6 minutes, hydraulic loading of 4.2 gpm/ftV, and bed depth
of 2 ft were employed in the 1-inch diameter column used in the study. Pilot scale
studies on point-of-use (Le., in-home) arsenic treatment systems have also

A2-2
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demonstrated effective removal to below the MCL at raw water arsenic
concentrations up to 1.16 mg/L Strong base anion exchange resins were used.
Surface loading rates and EBCT were 2.7 gpm/ft and 7.5 minutes, respectively
[18,191.

Other anionic species in groundwater may compete with arsenic anions for adsorption
sites on the resin and thereby diminish performance. In addition, precipitation of
alkalinity (i.e., calcium carbonate) in the IE vessel is a possible complication with an
IE system [20]. This would require the additional expense of removing the cations
with a softener (cation exchanger) prior to arsenic removal.

As previously noted, regeneration of IE resin, if used in the chloride form, would be
accomplished with sodium chloride (NaCl) solution, which may present cost and
handling advantages over the caustic and/or acid regenerants required for activated
carbon, activated alumina, or hydroxide-form ion exchange resins.

2.2.2 GRANULAR ACTIVATED CARBON

The removal of contaminants from solution by granular activated carbon (GAC)
occurs by adsorption of contaminant molecules to the extensive surface area of the
carbon particles. The mechanism is considered to be physical/chemical, as opposed
to the electrostatic forces involved in, for example, IE processes. Activated carbon
is often effective in removing non-ionic components, and it has been most widely
applied for the removal of low levels of organics from wastewaters. It has been
evaluated, in some cases, for its ability to remove ionic constituents such as metals

*from wastewater.

However, limited information is available in the literature on activated carbon
treatment of arsenic-contaminated water and wastewater. In one study involving
arsenic removal from a potable water supply using an activated carbon bed, 70%
removal of As" was achieved with a raw water arsenic concentration of 200 jgfL,
producing an effluent concentration of 60 *g/L [8]. Another study indicated that the
optimum pH for adsorption of As ' on activated carbon is 4. However, activated
carbon exhibited a relatively low capacity for arsenic adsorption in comparison to
other aduorbmta tested (activated alumina and activated bauxite) even at its optimum
pH (101. Shtd an the removal of As' from synthetic wastewater and arsenic from
-dine Wat ft a demosrated that activated carbon was less effective than
Ia mhaap b l moving amnic from solution. Once again, the best results were
ae&WeW, a IS 4 and the authors postulate that the size of the arsenic species as a
h ke w in a. c bo to the activated carbon pore size, may determine

J
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A recent study in which activated carbon was used for treating a synthetic solution
-. of arsenic (prepared by dissolving AsO, in distilled water) indicated a GAC

adsorption capacity of 2.05 lb As' per 100 lb of carbon [22].
j Batch adsorption experiments conducted by O.H. Materials Corporation (OHM) to

evaluate GAC for arsenic removal from the groundwater at SHAD indicated an
ultimate capacity for arsenic of 0.05 lb As per 100 lb of carbon at an influent
concentration of 734 jAxL [23]. This is significantly lower than the GAC adsorption
capacity reported in the previously mentioned study. The difference could have been
due to the different sources of water with different chemical compositions used in the
studies.

Recent research has indicated that the performance of activated carbon in removing
As4s from solution may be improved by soaking the activated carbon in ferrous iron
(Fel2 ) salts (such as ferrous ammonium sulfate) prior to use. The improved
performance seems to result from the formation of arsenate complexes with ferrous
iron adsorbed at the carbon surface. The process is pH-dependent, with the best
adsorption occurring at pH 4 to 5. Removal of arsenate from the carbon with strong
acid or base also reversed the enhancement effect, and retreatment of the carbon
with ferrous salts was needed to restore performance [1,11].

At the present level of technology development, granular activated carbon would
appear to be less promising than other potential treatment processes [8].

2.2.3 ACTIVATED ALUMINA

The use of activated alumina (AA) has received increasing attention in recent years
for the removal of certain anionic species (most notably, fluoride, selenium, and
arsenic) from drinking water (24].

AA is composed of oxides and hydroxides of aluminum, produced by thermal
treatment of hydrated alumina [24,25]. It exhibits a highly complex surface structure
and removes inorganic species by an 1E mechanism.

The potential use of AA for removal of arsenic was first presented approximately
f 20 Years ago (26]. This work indicated that alumina could effectively remove arsenic

in continuous flow adsorption columns operating at low hydraulic loading rates of 2.5
to 3.0 gpm/W. Subsequent studies under a variety of conditions have confirmed the

f need for relatively low hydraulic loading rates, possibly due to the slow kinetics of
the adsorption process (6,16,17]. At the same time, short EBCTs of 5 to 7.5 minutesI have been found effective [10,16,17].

Mddilonal facetor which affect the performance of AA include influent arsenicI gnenMatlon, tmperatur, pH, and the presence of other anions which may compete

2-4
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j with arsenic ions for exchange sites (3,27]. Several studies have demonstrated that
arsenic removal is most effective at pH values below neutral, generally in the range
of pH 5 to 6 [10,16,17,27], with good removals achieved over the range of pH 4 to
7 [10]. It has also been shown that the equilibrium capacity of AA for As*$ is up to
10 times greater than that of As", possibly because at a pH value of less than 9, As 3
exists primarily as unionized HAsO, [3]. Therefore, as with most other treatment
processes, oxidation of A 3 to As+' is necessary to achieve adequate removal at most

" pH values of practical interest.

With respect to potential interfering anions, research on selenium removal has
suggested the following order of preference for adsorption by AA [25]:

OH', H2PO,, F, HAsO,, HSeO;, (SO,*, SeO-, -HCO;, C), NO3, HAsO,.

The relative selectivity of the four anions in parentheses was unknown. Subsequent
research indicated that at certain concentrations the concurrent presence of sulfate
and chloride in synthetic groundwater could substantially reduce removal of arsenic
[27]. As+s removal seems to be more affected by chemical composition than As+'
[10].

Isotherm tests for the removal of arsenic using AA, reported in the literature, have
shown that contact times on the order of 48 hr may be required to reach equilibrium
(10] although shorter periods have been successfully employed [231.

Results from EPA pilot tests on AA systems at Hanford, California indicated that
* with an EBCT of 7.5 minutes, pH adjustment to 6.0, and oxidation of AS ' to AS+-,

up to approximately 16,000 bed volumes could be processed prior to reaching a MCL
of 50 j g/L in the treated water, with a raw water AS ' concentration of approximately
100 "zg/L [20].

A laboratory study (isotherm tests and fixed bed tests) for arsenic removal fromIgroundwater at SHAD was performed by OHM during June and July of 1986 [23].
The results from batch (isotherm) AA testing, which employed a contact time of
24 hr, indicated an ultimate capacity of 0.15 lb arsenic/100 lb of alumina at an

Sinfluent groundwater concentration of 734 Ag/L of arsenic. Reductions in arsenic
- . concentrations from the initial concentration of 734 1&g/L to 12 1sg/L wereI accomplishd in the AA batch tests using an alumina dosage of 10 g/L. The results

from continuous flow pilot testing with contact times of 8 minutes indicated that AA
was capable of removing arsenic from groundwater at SHAD to the EPA MCL of
50 #9/L for arsenic. At saturation of the packed bed, the calculated adsorption

| capacity was found to be 0.125 lb of arsenic per 100 lb of alumina [23].

i2
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When the adsorptive capacity of the AA is reached, it can be regenerated with sodium
hydroxide (NaOH) solution. Relatively high caustic concentrations (4 to 5%) are most
effective; however, the loss of alumina at these concentrations is high. Effective
arsenic desorption with acceptable losses of alumina is achievable with 1% caustic
(261. The general procedure for regeneration, which has been successfully used in
pilot tests, includes treatment with NaOH, raw water rinse, and neutralization with
sulfuric acid. The regeneration of an AA system would generate a concentrated
caustic waste containing elevated levels of arsenic that may require treatment in an
approved hazardous waste facility.

In some research preconditioning of AA using essentially the regeneration procedure
has been employed (25-27], while in other studies virgin alumina has been used
directly (23M28]. In general, the removal capacity of AA does not appear to be greatly
diminished following regeneration.

2.3 REGULATORY REVIEW

Limitations on the concentrations of arsenic in water may be derived from the SDWA
(PL-92-523) or the Clean Water Act (PL-92-00) (more properly called the Water
Quality Act of 1987).,

Under the SDWA, EPA has established Primary Drinking Water Regulations for
Tap Water from Public Water Systems (29]. These regulations prescribe MCLs for
certain harmful contaminants, including arsenic. MCLs apply to the water as
delivered to the ultimate user from a free-flowing outlet (except for limits on
turbidity). The MCL for arsenic has been established as 50 jg/L (30]. This limit
applies to total arsenic concentration in the finished water.

Under Section 304 of the Clean Water Act, EPA has established Ambient Water
Quality Criteria (AWQCs) for toxic contaminants (including arsenic) in receiving
streams (31]. AWQCS are intended to reflect the concentrations of contaminants in
natural water bodies (such as receiving streams) which are protective of the
designated use of that stream. AWQCs do not have direct regulatory status, but
they can be used to derive regulatory requirements and to establish National
Pollutant Discharge Elimination System (NPDES) discharge limitations (using, for
example, Waste Load Allocation models). EPA's AWQCs have also been used as
applicable or relevant and appropriate requirements (ARARs) in RemedialJInvestigations under Superfund. Based upon toxicological data, EPA has established
freshwater aquatic life acute and chronic criteria for trivalent arsenic of 360 M&g/L
and 190 pg,/L respectively. Since insufficient data are available to fully establish
criteria for pentavalent arsenic, the presently published criteria cite Lowest Observed
Effect Levels (LOEL) of 850 agL (acute) and 48 &gIL (chronic). Finally, EPA's
AWQC documents cite human carcinogenic risk-based criteria of 2.2 nanograms/L
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j (ngJL) (for water and fish ingestion) and 17.5 ng/L (for consumption of fish only),
representing the 10r carcinogenic risk level [31].

j Section 307 of the Clean Water Act also requires EPA to establish toxic effluent
standards for a range of pollutants including arsenic. These standards, where
existing, are enforceable. However, due to the technical difficulty of establishing such

I standards, they have been developed for only six pollutants to date [29]. Therefore,
while arsenic is on the defined list of contaminants to be addressed under this
section, discharge standards have not been developed.

2.4 PROJECT APROQYAL

IDuring the planning of this study, a meeting was held between representatives of
SHAD, USATHAMA, WESTON, and the California Regional Water Quality Control
Board (CRWQCB) at CRWQCB offices in Sacramento, California, on 27 September
1989. The purpose of the meeting was to present and discuss the proposed project
and determine CRWQCB's requirements with respect to reporting and permitting.
As a result of that meeting and subsequent correspondence, the California
Department of Health and Services issued a letter of approval for the study. A copy
of the approval letter is reproduced in Appendix A.

i
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j SECTION 3

TEST PROGRAM AND CONDITIONS

3 The basic test program for the SHAD Pilot Study encompassed laboratory isotherm
testing for preliminary media selection and pilot studies, using the selected media,
at SHAD. In addition to these efforts, initial characterization of groundwater at

jSHAD was conducted during the planning stages of the project. The overall project
approach is presented in the Test Plan [32] and the Health and Safety Plan [33].

3.1 GROUNDWATER CARACTERATION
The purpose of the groundwater characterization effort for this project was twofold:
(1) to assist in the selection among existing monitoring wells of a source of arsenic-
bearing groundwater for subsequent testing, and (2) to evaluate the potential
requirement for an arsenic-oxidation step during subsequent testing, which would be
warranted if SHAD groundwater exhibited significant levels of reduced arsenic
(As °3).

In order to accomplish the first of these objectives, groundwater samples were
collected from candidate monitoring wells and analyzed for arsenic and
trichloroethylene (TCE). Candidate wells for sampling were selected on the basis of
well diameter, depth to water, and proximity to the pilot plant location at SHAD.

In order to evaluate the need for arsenite oxidation, portions of samples from
candidate wells were subjected to arsenic speciation analysis. These specialized
analytical services were provided by the Benedict Estuarine Research Laboratory of
the Academy of Natural Sciences.

In addition to the above analyses, groundwater samples were analyzed for heavy
metals and selected inorganics (ammonia, nitrate/nitrite, sulfate, and phosphate).
These data were used in the evaluation of potential interferences for the various
adsorption process. They were also provided, at USATHAMA's request, to
researchers at Clark Atlanta University in support of a separate USATHAMA project.

3.2 190E M TTZ&MG

The objective of isotherm testing was to evaluate the equilibrium adsorption
characteristics of various types of each medium (IE resins, GAC, and AA). These
data, in combination with manufacturer's product literature and recommendations,

: [ were to be used in selecting specific media types for subsequent pilot testing.
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Isotherms are, by definition, expressions of the relationship between the extent of
equilibrium adsorption per unit mass of adsorbent and the concentration of adsorbate
in solution at constant temperature [12,34]. Isotherms are evaluated by mixing
varying quantities of adsorbent with the test solution and determining the
distribution of adsorbate between the adsorbent and solution at equilibrium. While
the concept is most strictly applied to physiochemical adsorption (i.e., activated
carbon) the same basic protocol is sometimes used to screen IE resins and AA.

The general procedure used for all isotherm testing is discussed in Subsection 3.2.1.
Specific modifications to this procedure, as dictated by the characteristics of various
adsorbent media, are noted in the presentation of results in Section 5.

3S.1 GENERAL ISOTHERM TEST PROCEDURE

Isotherm tests were performed for selected IE resins, activated carbon types, and a
single AA at WESTON's Environmental Technology Laboratory (ETL) in Lionville,
Pennsylvania. Groundwater was collected at SHAD and shipped to ETL for testing.

Since treatment for arsenic removal at SHAD would likely be implemented following
removal of TCE in the existing air stripper, the contaminated groundwater from
SHAD was pretreated for TCE removal by batch aeration using spargers. For
isotherms to be conducted at other than ambient pH [32], the pH of the groundwater
was adjusted to the desired value using sulfuric acid. Isotherm tests were then
conducted on the pretreated groundwater samples.

Seven 250-mL aliquots were used for each isotherm. Tests were conducted in
i. lyethylene bottles. Preweighed quantities of adsorbent media were added to the
groundwater aliquots to provide the dosages outlined in the Test Plan [32]. The
bottles were sealed to preclude liquid and vapor losses during agitation. Samples
were agitated at room temperature on a rotating laboratory shaker for a period of
24 hr. Each isotherm test included one blank, containing no adsorbent medium.

Following agitation, each sample (including the blank) was filtered through a
Whatman 0.45 micron GF/F filter into a clean filter flask to remove the contaminant-
laden adsorption medium. Each filtrate sample was then analyzed for total arsenic
concentration.

From these data the equilibrium concentration of arsenic in the solution (Ce) and the

arsenic loading on the adsorbent medium (qe) were calculated. These data were

Ii
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plotted on log-log paper in accordance with the Freundlich equation for adsorption:

q. = X/M = KC, "

where,

cL = Adsorbent loading.

X = C.-C. the amount of arsenic adsorbed for a given volume of solution.

M f Weight of adsorbent added.

C. Initial amount of arsenic.

C. = Amount of arsenic remaining in solution.

K and 1/n are empirical constants.

The results of these tests were used to select nedia to be tested in the pilot plant
study phase of the project.

3.3 PILOT PLANT STUDIES

The objective of pilot plant studies was to evaluate potential operating characteristics
of selected adsorbent types under actual operating conditions, with respect to such
parameters as adsorbent bed depth, hydraulic loading rate and EBCT. While
isotherm testing is useful in examining equilibrium adsorption, the data obtained do
not transfer directly to continuous flow operation. Pilot column studies are generally
necessary to evaluate the potential performance of continuous flow adsorption
columns, which are typically employed in full scale treatment systems.

Pilot scale testing of the media selected from the isotherm data was conducted at
SHAD using a skid-mounted transportable activated carbon column pilot plant
designed and built for USATHAMA. The system can be used to evaluate treatment
using GAC, IE, or AA (GAC/IE/AA) technologies. The plant consists of three skids
and accessory tankage. One skid consists of the motor control center, feed pumps,
and utility pumps. Each of the other two skids contains four plexiglas columns
which hold the adsorption media to be tested. This pilot plant was designed to
provide a high degree of operating flexibility, using variable bed depths and
wastewater flow arrangements. Additional tanks and pumps are provided to allow
for groundwater retention, pH adjustment, and flow control as necessary.

3-3
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The primary groundwater contaminant at SHAD is TCE, and a remedial treatment
system for this contaminant is in operation. For purposes of this arsenic treatment
study, air stripping was to be used to remove any TCE found in the selected supply
well prior to its passing through the adsorption columns [32]. A commercially
available packed tower air stripper (previously obtained for use in a similar study at
Badger Army Ammunition Plant) was used for this purpose.

The air stripper is 8 inches in diameter by 23 ft high with 15 ft of packing and is
designed for a water flow rate of 5 gallons per minute (gpm). A schematic of the air
stripper is shown in Figure 3-1. The projected performance of this unit based upon
an assumed influent TCE concentration of 50/ag/L is presented in Appendix B.

In addition to the treatment units described above, the following additional tankage
was added to the GAC/IE/AA pilot treatment system:

0 Two 3,000-gallon influent holding tanks to receive and hold groundwater
from the selected well.

* One 2,000-gallon equalization tank between the air stripper and the
GAC/IE/AA unit. When required by the Test Plan [32], pH adjustment
was carried out in this tank.

Two 3,000-gallon effluent holding tanks to retain the treated effluent to
be discharged after testing.

Figure 3-2 presents the schematic configuration of the combined air
stripping/GAC/IE/AA pilot system that was used in this study.

As shown in Figure 3-2, there were three GAC/IE/AA treatment trains. These three
trains were operated in parallel to allow for study under three different experimental
conditions at the same time.

Each of the three parallel treatment trains (designated A, B, and C) employed two
4.25-inch inside diameter (ID) plexiglas columns arranged in series. Adsorption
performance and breakthrough characteristics were examined in the first column in
each train. The second column was to provide additional adsorptive capacity as the
first column broke through and thus ensure that the final discharge standard of 50
Ag/L would be met. Each adsorption column had a total height of 6 ft, and was
designed to provide a maximum bed depth of 4 ft and up to 50% bed expansion
during backwash. A bed of gravel overlain by high purity (metals-free) glass wool
was used to support adsorbent media. Backwashing was conducted when pressure
drop across the column exceeded 5 psi. Typical backwash cycle duration was less

t" 3-4!ii
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I 266.745 Figure 3-1. SHAD air stripper schematic.
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I than 15 minutes. Column packing, startup, and operating details were as specified in
the Test Plan [32] and the pilot plant O&M Manual [35].

I The pilot study was conducted in Building 646, located in the South Balloon Area at
SHAD. A location map showing Building 646 is presented in Figure 3-3. The
influent tanks were placed outside the building and the air stripper was erected on

ja concrete pad at the southeastern corner of the building The intermediate feed
tank, GAC/IE/AA pilot unit, and the effluent holding tanks were located inside
Building 646. Monitor well MW440A was ultimately selected as the supply well for

I the pilot phase of the study. The basis for this selection is presented in Subsection
4.1.

i Groundwater was drawn from the well, using a pump mounted in the well and
powered by a portable generator. The groundwater was pumped to a holding tank
mounted in the bed of a pickup truck for transport to the pilot plant location, where

Iit was pumped into one influent holding tank. The air stripper was operated
intermittently as needed to maintain an adequate supply of pretreated (i.e., stripped)
water in the intermediate feed tank, which was also used for pH adjustment when
required by the test protocol. After passing through the GACAIE/AA unit, treated
water was stored in one of the effluent holding tanks pending analysis to verify
compliance with the discharge standard of 50 /gL Analytical samples were taken
when the effluent tank was full, with the pilot system effluent stream being shifted
to the second holding tank. Upon verification that the discharge criterion had been
met, the effluent was discharged, by gravity, to a nearby manhole and plant drain
leading to the Southwest Irrigation District drainage canal upstream of SHAD'si NPDES discharge point.

3.4 ANALTMCAL PROCEDIRES

IThe primary analytical parameters for this study included total arsenic,
trichloroethylene (TCE), and pH. Analysis for other parameters, such as various
inorganic constituents, and arsenic speciation analysis was performed for specific
purposes as discussed in Sections 4, 5, and 6.

I 8.4.1 TOTAL ARSENIC

Analysis for total arsenic in samples from the isotherm test program (which was
conducted at WESTON's ETL in Lionville, Pennsylvania) were analyzed at
WESTON's Analytics Division Lionville laboratory using USATHAMA-certified
Method SDO1. Analysis for total arsenic in groundwater during the pilot study phase
was performed at WESTON's laboratory in Stockton, California using USATHAMA-
certified Method SD27. Sampling and analysis procedures are described in the Test
Plan [32].

$3-
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In order to evaluate the agreement between data from these laboratories, a selectedIsplit sample was analyzed in both laboratories. At the same time a split sample was
spiked at 500 pg/L total arsenic at the Lionville laboratory and shipped single-blind
to Stockton for analysis. Data from this effort, presented in Appendix C, indicated
good agreement in arsenic results between the laboratories and good spike recovery

- by each laboratory.

&4.2 TRICHLOROETHYLENE (TCE)

SAnalysis for TCE in water was performed at WESTON's Analytics Division Lionville
laboratory by USATHAMA Method UM14. One sample was analyzed by the Stockton
Laboratory using EPA Method 8010. Sampling and analytical procedures are
described in the Test Plan (321.

&4.3 pH

The pH of the groundwater was analyzed during pilot plant studies with a portable
pH meter. The pH meter was calibrated daily using reference standards.

3.4.4 INORGANIC IONS

The following inorganic analyses were performed on one or more groundwater
samples during this study: total cadmium, total cobalt, total chromium, total copper,
total iron, total lead, total selenium, total zinc, ammonia nitrogen, nitrite/nitrite
nitrogen, sulfate, phosphate phosphorous, fluoride, and chloride. Samples for which

- one of more of these parameters was analyzed are discussed in Sections 4, 5, and 6.
'Analyses for these parameters was performed by WESTON's Analytics Division
laboratory in Lionville, Pennsylvania. Analytical methods for specific parameters are

jpresented in Table 3-1.

&4"5 ARSENIC SPECIATION

Arsenic speciation analysis (differentiating the trivalent As" form from theI pentavalent As"' form) was performed by Dr. James G. Sanders at the Benedict
Estuarine Research Laboratory of The Academy of Natural Sciences. The analytical
methodology was based upon cryogenic trapping distillation and detection by quartz
furnace atomic adsorption. Some analyses were also performed using a continuous
flow hydride generation technique [36,37].

II In order to preclude changes in composition during shipment, samples for arsenic
speciation analysis were flash frozen in the field immediately after being drawn. Two
250-mL polyethylene bottle. were collected for each analysis, and the samples were

] [
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I Table 3-1

JAnalytical Methods for Inorganic Parameters In Groundwater

Analyte Method

Arsenic, total USATHAMA SDO1 or SD27*
Cadmium, total EPA 200.7
Cobalt, total EPA 200.7I Chromium, total EPA 200.7
Copper, total EPA 200.7
Iron, total EPA 200.7
Lead, total EPA 239.2
Selenium, total EPA 270.2
Zinc, total EPA 200.7

Ammonia nitrogen SM 417E
Nitrite/nitrate nitrogen EPA 353.1
Sulfate EPA 375.4
Phosphate phosphorous EPA 365.5
Fluoride EPA 340.2
Chloride SM 407D

I Phosphate, as phosphorous EPA 365.5

I *SD01 = Lionville Laboratory
SD27 - Stockton Laboratory

INote: Inorganic analyses methods for water derived from EPA Method for
Chemical Analysis of Water and Wastes (U.S. EPA 600/4-79-200) or
Standard Methods for the Examination of Water and Wastewater, 16th

j Edition.

I
I
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'immediately placed in a mixture of acetone/dry ice for freezing. These samples were
stored on dry ice during shipment to the Benedict Estuarine Research Laboratory.

Results from arsenic speciation analysis are discussed in Subsection 4.2. Raw data
reports are presented in Appendix D.
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I SECTION 4

J GROUNDWATER CHARACTEREZATION

J 4.1 SUPPL WE.I[ KQTON

I Initial sampling and analysis of monitoring wells at SHAD was conducted during the
planning phase of this study. These data were to be used in conjunction with well
characteristics (diameter and depth to water) and the proximity of wells to the pilot
study location (Building 646), to select the source of groundwater to be used in the
pilot study.

Based upon the latter two criteria (well characteristics and proximity to Building
646), wells MW-403A, MW-407A, and MW-431A were initially selected as candidate
supply wells. Characteristics of these wells, as well as MW-406A and MW-407C, were
measured by WESTON on 31 October 1989. These measurements are provided in

TTable 4-1. The locations of the potential supply wells are shown in Figure 4-1.

Wells 403A, 407A, and 431A were sampled on 22 December 1989. Well depth was
measured. Each well was purged (three well volumes) prior to sampling. Water
temperature, conductivity, and pH were measured with field instruments.
Characterization data from these samples are presented in Table 4-2. Well logs are
provided in Appendix E. Arsenic concentrations in MW-403A and 407A were wellIabove the MCL of 50 lg/L and therefore potentially useful for this pilot study, while
the total arsenic level in MW-431A was below the MCL Other metals were present
in all wells at varying levels, with iron exhibiting the highest concentrations, in the
1~o-, parts per million range. Inorganic anions (oxidized nitrogen and phosphorous)
were also present at concentrations exceeding those of arsenic in the samples from
MW-403A and MW-407A.

IAlthough wells MW-403A and MW-407A exhibited sufficiently high arsenic levels to
be used in this study, the small diameter of these wells was of concern in terms of
supplying water consistently for the pilot study. Therefore, consideration was
expanded to include other wells and ultimately well MW-440A (shown in Figure 4-1)
was selected an the pilot study supply well based upon historical arsenic data. A
sample drawn from this well on 8 March 1990, prior to beginning pilot testing,
exhibited a total arsenic concentration of 432 ug/L Historical data for MW-440A also
indicated negligible levels of TCE in this well.
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I Table 4-2

SHAD Pilot Study Groundwater Characteristics
(22 December 1989)

Parameter Well 403A Well 407A Well 431A

IVolatile Oranics
Trichloroethene, jg/L 5 u 34 5 u

I Metals
Arsenic, total, jug/L 143 214 11.7
Cadmium, total, AgIL 10.0 u 10.0 u 10.0 u
Cobalt, total, pLg/L 50.0 u 50.0 u 50.0 u
Chromium, total, j.g/L 18.0 10.0 u 10.0
Copper, total, ug/L 8.1 6.8 15.1
Iron, total, /gIL 7,070 4,020 18,000
Lead, total, jLgfL 9.6 16.8 15.9
Selenium, total, Ag/L 6.3 9.5 5.0 u
Zinc, total, AgfL 172 71.2 196

f Inoreafics
Ammonia nitrogen, mg/L 0.10 u 0.10 u 0.10 u
Nitrate/nitrite as

nitrogen, mg/Lb 17.7 23.5 43.1
Sulfate, mg/L 125 u 125 u 125 u
Phosphate as

phosphorous, mg/Lc 1.6 2.3 0.67 u

3 Other Parameters
Temperature, *F 53.5 56.0 56
Conductivity, /mhos 1,479 1,250 756
pH 7.47 8.26 7.90

I'Laboratory control standards for copper and lead were outside the control limits of
80-120%.

'Measured as nitrite nitrogen after reduction of nitrate; MCAWW Method 353.1.
[ Samples analyzed beyond regulated holding time.

Note: u = Compound was analyzed but not detected. The associated numerical value[ is the sample detection limit.

1082W 4-4U- 1CS2WO.S4



December 1990
Revision: 1

I 4.2 ARSENIC SPECIATION

Arsenic speciation in the potential pilot study supply wells was evaluated in order toIdetermine the need for an oxidation step during the pilot study. As discussed in
Section 2, most of the candidate treatment technologies are more effective in
removing As+' than A 3. If the groundwater at SHAD contained predominantly A+',

Sa pre-oxidation step using chlorine as the oxidant was planned (32]. Futhermore, a
separate experiment was planned to evaluate required chlorine dosages to effectively
oxidize the observed As concentrations while minimizing the excess chlorine residual
in the pilot system discharge [321.

Sampling for the initial characterization of arsenic speciation in MW-403A, 407A, and
431A took place on 28 February 1990. Additional sampling, from MW-440A and at
the actual pilot plant influent, took place on 23 May 1990, during the pilot plant
phase of the study. Sampling and analytical procedures were as described in
Subsection 3.4.5. Arsenic speciation data from these samples are presented in
Table 4-3.

These data demonstrate that arsenic in the sampled wells existed almost entirely
(>99.5%) as the oxidized As form. This result was somewhat contrary to that
enticipated in the presumably anoxic, low redox potential groundwater [3,5,6].
Similar observations were, however, drawn from a previous study in Hanford,
California (6]. Whether the observed speciation pattern reflects some regional
groundwater conditions or local influences is not known.

Comparison of the data in Table 4-3 with those in Table 4-2 indicates that total
arsenic levels in each well (MW-403A, MW-407A, and MW-431A) were comparable in
the two rounds of sampling despite the differences in the time of sampling and in the

I sampling and analytical procedures used.

Although unexpected, the finding that the arsenic to be treated existed in theI oxidized form essentially obviated the need for a chlorine oxidation step in the pilot
study. Since As 3 concentrations were all well below the MCL of 50 /g/L, effective
removal of the pre-existing As+' would likely permit attainment of the discharge

jstandard. The incremental increase in bed life (before breakthrough at 50 Ag/L total
arsenic) which might be achieved by oxidation of the low levels of As ' would likely
be slight.

Therefore, based upon the results of the initial arsenic speciation analysis, as
. confirmed in subsequent resampling during the pilot study phase, chlorine oxidation

of the influent groundwater was not employed in this study.

Ii
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I The planned arsenic oxidation test [32], which was conducted concurrently with
isotherm testing and prior to completion of the initial speciation analysis, is discussedI in Subsection 4.3.

4.3 ARSENC OXIDA TON TES

The objective of the arsenic oxidation test was to estimate the chlorine dose which
would be required to achieve oxidation of any trivalent arsenic present in the influentIgroundwater. The procedure of this test, discussed in the Test Plan [32], consisted
of adding varying dosages of hypochlorite solution to aliquots of the raw groundwater
followed by agitation and analysis for As 3, As, and chlorine residual. In order toJfacilitate planning for the field pilot study, this experiment was conducted
concurrently with isotherm testing and prior to completion of the initial arsenic
speciation testing. As discussed in Subsection 4.2, those data indicated that As" was
the dominant form present in the raw groundwater, and therefore that no oxidation
step would be required. As would be expected, data from the arsenic oxidation test
were of limited significance since reduced arsenic was largely absent from the testj water. Arsenite concentrations were insignificant in all test samples including the
blank. These data are tabulated in Appendix F.

I
I
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I
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jSECTION 5

I ISOTHERM TESTING

A single round of isotherm testing was conducted for the purpose of examining
equilibrium adsorption characteristics of the various adsorption media and to select
media for use in pilot testing. Preliminary selection of media types for isotherm

Itesting was based upon literature and vendor information.

5.1 ION EXCHANGE ISOTHERMS

Four commercially available ion exchange resins were evaluated during isotherm
tests:

* Rohm and Haas Amiberlite IRA 402
*• Rohm and Haas Amberlite IRA 900
- Sybron Ionac A-641
0 Sybron lonac ASB-1

Pertinent characteristics of these resins are summarized in Table 5-1, and product
information sheets are presented in Appendix G. The resins recommended by the

Avendors for this study were all strong base resins. As discussed in Subsection 2.2.1,
strong base resins have most commonly been used in previous studies as well.

I Isotherm tests were conducted using a composite of samples drawn from MW-403A
and MW-407A on 10 February 1990. Previous sampling, presented in Section 4-1,I had indicated that arsenic in the other candidate supply well, MW-431A, was too low
to be of value in this study.

IE isotherms were conducted at the natural pH of the groundwater. Previous studieshave not indicated substantial pH dependence over the range of pH 4 to pH 13 (23].
Pretreatment for the removal of TCE was accomplished by aeration of the raw

groundwater sample using air spargers.

Isotherm test data for the four selected IE resins are summarized in Table 5-2 and(I presented graphically in Figure 5-1.

[ As indicated in Table 5-2, all four resins achieved equilibrium arsenic concentrations
in solution of low than 50 AgfL at high resin dosages. Therefore, each resin has the
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Table 5-1

J Anion Exchange Resin Characterilcs

I Resin Type Ionic Form

IRA 402 Type I, strongly basic, porous gel ChlorideI IRA 900 Type I, strongly basic, macroreticular Chloride
Ionac A-641 Type I, strongly basic, macroporous Chloride
Ionac ASB-1 Type I, strongly basic, gel Chloride

I
I
1

1
I
I
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Table 5-2

Ion Exchange Resin Isotherm Data

Resn A-641L40 IRA-900 ASB-IjD ,mp C* , C. C. q"
(ZVI) (zJL) (mg/mg) (mg/L) (mg/mg) (wgfL) (mg/mg) (,,g/L) (mgng)

Blank 0.191 - 0.172 - 0.178 - 0.194 -

I1(0)
200 0.169 1.1 0.170 1.0 0.188 -5.0 0.184 5.0

I 10' I 10- NO • rs

500 0.146 9.0 0.166 1.2 0.170 1.6 0.182 2.4
I xl0r x lOs  x lOs x lOs

2,500 0.126 2.6 0.122 2.0 0.126 2.1 0.138 2.2i lOs x lOs x lOs x lOs

5,000 0.0985 1.9 0.825 1.8 0.091 1.7 0.0895 2.1
O 10"O I 1or x los x 0r"

20,000 <0.05 >7.1 <0.05 >6.1 <0.05 >6.4 <0.05 >7.2
S0r6 x I0' x I0 10' i

40,000 <0.06 >3.5 <0.05 >3.1 <0.05 >3.2 <0.05 >3.6
x I0' xrix r rI0

I
I
I
I
[
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1 potential for achieving the MCL discharge criterion. Figure 5-1 indicates that in
general Ionac A-641 had the highest equilibrium adsorption capacity (q), followed
by ASB-1, IRA-402, and IRA-900. However, the resins did not exhibit clearlyIrecognizable Freundlich isotherm adsorption characteristics.

Based upon these data, Ionac A-641 was selected for pilot scale testing as being
l superior in performance to the other resins tested. Although ASB-1 exhibited
i generally higher q, values than the other resins tested, IRA-402 was selected as the

second resin for pilot testing in order to provide a clear contrast between resin typesI and manufacturers.

5.2 ACTIVATED CARBON IM

Activated carbon isotherm testing was performed according to the basic protocol
presented in Subsection 3.2.1. The following carbons were evaluated in isotherm

Atesting-

* Calgon Filtrasorb 200
* Calgon Filtrasorb 300
* Calgon Filtrasorb 400
* Hydrodarco 3000
0 Hydrodarco 4000

I Characteristics of these carbon types are summarized in Table 5-3.

Based upon previous literature which indicated that adsorption of arsenic on GAC
S may be pH-dependent (17], isotherms using the above-noted carbons were conducted

at pH 4. In addition, one isotherm test was conducted at pH 7, using Filtrasorb 400,
to verify the reported pH dependency. Pretreatment for the removal of TCE was
accomplished by aeration of the groundwater sample, and pH was adjusted using
sulfuric acid [32]. Activated carbons were pulverized prior to isotherm testing.

IResults from GAC isotherm testing are tabulated in Table 5-4. Isotherms for all five
carbons, conducted at pH 4, are presented in Figure 5-2. In general, these data do

I. not exhibit the expected Freundlich isotherm behavior. Therefore, Freundlich
equation constants were not estimated.

I Examination of the data in Table 5-4 indicates that in general little, if any,
adsorption occurred at carbon dosages lower than 5,000 mg/L. At a carbon dosage
of 5,000 mWL the lowest C. values were obtained with Calgon Filtrasorb 400 and
Hyddarco3000.

rn5-5
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Ii Table 5.3

Characteristics of Selected Carbos

Calgon Calgon Calgon
Filtraaorb Filtrasorb Filtrasorb HydrodarcoHydrodarco

200 300 400 3000 4000

Specific 850-900 950-1,050 1,000-1,200 550-650 625
Surface Area,
mg

Pore Volume, N/A* 0.85 0.94 1.0 1.0
Cm/g

Iodine Number 850 900 1,000 550 600

Mean Particle 0.8-1.0 1.5-1.7 0.9-1.1 1.4-1.6 0.8-1.0
Diameter, mm

*Not available.

I
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C. values at or below 50 Ag/L were achieved by Filtrasorb 300, Filtrasorb 400 (atIpH 4) and Hydrodarco 3000 only at carbon dosages of 20,000 p4gL and above.
Hydrodarco 4000 achieved this criterion only at a carbon dosage of 40,000 mg/L,
and Filtrasorb 200 did not achieve this level at any value within the range of carbon

S dosages examined.

Filtrasorb 400 exhibited anomalous behavior at pH 7, with progressively higher CeIvalues (even exceeding the blank concentration) at carbon dosages of 5,000 JLg/L and
higher (see Table 5-4). These results are therefore not presented graphically. These
data would appear to suggest desorption of pre-existing metals from the carbon. ThisIwould be more likely, however, at reduced pH. Nevertheless, at carbon dosages below
5,000 g/L the net removal achieved by Filtrasorb 400 at pH 7 was lower than at pH

.4. These results are in qualitative agreement with previously discussed literature.
Therefore, the decision was made to conduct activated carbon pilot studies at pH 4.

Based upon the results of the carbon isotherm study Filtrasorb 400 and Hydrodarco
3000 were selected for evaluation in the pilot study phase.

5.3 ACTIVATED ALUhMA ISOTEIERMS

While several grades of AA are produced for particular applications, the form
generally used for water treatment applications (such as fluoride or arsenic re-noval)
is Type F-1 granular activated alumina, produced by Alcoa. Therefore, Alcoa F-1 was
used in this study exclusively.

IProperties of F-1 AA are summarized in Table 5-5, and product data are in Appendix
F. Type F-1 is almost entirely alpha alumina and is more inert than other aluminas
[25]. While a variety of mesh sizes is produced, Alcoa recommends the 24 x 48 mesh
size for arsenic removal to provide the best arsenic removals and minimal operatingIproblems (such as plugging of the alumina bed).

Since the removal of arsenic from water by AA is pH-dependent [10,16,1727]
i (although with good removal in the range of pH 4 to pH 7), isotherms were

performed at pH 4 and at pH 6 to evaluate whether lowering the pH in the pilot
study would improve performance. Sulfuric acid was used to lower the pH; and as

- with all isotherm tests, TCE was stripped from solution using batch aeration prior
I to conducting the isotherm tests.

f Data from AA isotherm tests are tabulated in Table 5-6 and presented graphically in
Figure 5-3. Based upon previous studies [23], the maximum AA dosages used in this
study were lower than the maximum IE resin or GAC doeagesemployed. As shown

5-9
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Table 5-5

Properties of Alcoa F-i Activated Alumina

Chemical Constituents wt%

A1 3  92.1
SiO2  0.72
Fe2O3  0.11
Na2O 0.57
*LOI, (250-1,2000 C) 5.8

Physical Properties
.1

Graded mesh sizes 1/4 x 8, 8 x 14, 14 x 28,
28 x 48, 48 x 100, -100, -325

*LOI = Loss on ignition.

Source: Vendor Literature; see Appendix F.

i

I
I:
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Table 5-6'I
Activated Alumina Isotherm Data

5 Alcoa Type F-I

I Activated
Alumina DH 4 pH 6

i Dosage C. L C.
(mg/L) (mg/L) (mg/mg) (mg/L) (mg/mg)

I Blank (0) 0.190 - 0.188 -

200 0.116 3.7 x 10" 0.140 2.4 x 10r

500 <0.05 >2.8 x 10 0.0885 2.0 x 10
1,000 <0.01 >1.8 x 101 <0.05 >1.4 x 10
2,500 <0.01 >7.2 x 10- <0.01 >7.1 x 10
5,000 <0.01 >3.6 x 10 <0.01 >3.6 x 1W'

10,000 <0.01 >1.8 x 10r <0.01 >1.8 x 100

I
I
I
I

Ii
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in Table 5-6, the performance of F-1 AA, in terms of the equilibrium solution
concentration of arsenic (C), was good, with C. values lower than 50 j&g/L being
achieved at an alumina dosage of 500 mg/L at pH 4, and at a dosage of 1,000 mg/L
at pH 6. Comparison of these data with IE results in Table 5-2 and with GAC
results in Table 5-4 indicates that activated alumina at either pH achieved this level

4 of performance at lower dosages (in terms of net weight of adsorbent per volume of
contaminated water) than the other adsorbent media tested. Likewise, the maximum
contaminant loading (q) values achieved by AA at pH 4 and pH 6 were higher than
the maxima achieved by other adsorbent media. These data suggest that AA may
provide better performance than IE resins or GAC in continuous flow adsorption
columns.

Because arsenic was removed to below the quantifiable level (generally 10 Ag/L) over
a wide range of alumina dosages, isotherm plots in Figure 5-3 show only a few

- quantifiable values. Formal interpretation of the isotherm relationship and
estimation of Fruendlich constants was therefore not attempted.

The data presented inr Table 5-6 indicate that somewhat better arsenic removal was
achieved at pH 4 than at pH 6 although, as discussed above, performance at the

-latter value still exceeded that achieved with other adsorbent media. These results
suggest that better performance and/or lower cost might be achieved in a continuous
flow treatment system by lowering the pH of the contaminated influent groundwater.
It should be recognized that the lowest pH value which would be permissible for
direct discharge of the treated effluent would be pH 6. Therefore, operation of a
treatment system at pH 4 may require two, rather than one, additional unit
operations (pretreatment to lower pH and post treatment to neutralize the effluent
for discharge). Since good performance was achieved at pH 6 as well as pH 4, the

Iultimate selection of operating pH for a full-scale treatment system may depend upon
the economic tradeoff between the increased arsenic removal and adsorbent bed lifeIachieved at pH 4 and the capital and operating costs associated with the additional
unit operations. For purposes of the pilot phase of this study, the determination
was made to evaluate the potential performance of AA at reduced pH.

I 5.4 SUMMARY OF ISOTHERM TESTING

I The single round of isotherm tests performed during this study indicated that each
of the major media types (IE resin, GAC, and AA) may be capable of treating arsenic-
bearing groundwater at SHAD to less than 50 jg/L. The lowest required dosages

I" (weight of adsorbent per volume of contaminated water) and highest q. values for
equilibrium adsorption were observed with F-1 AA In general, the selected ion
exchange resins appeared to perform better than activated carbon when compared on
the basis of adsorbent dosages, with GAC achieving equilibrium arsenic

i0O 5-13
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concentrations less than 50 &gg/L only at high carbon dosages. Table 5-7 summarizes
i the results of isotherm testing in terms of the media selected for pilot scale

evaluation.

5
' 1

I
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Table 5-7

Summary of Media Selection

I iAdsorbenta Screened Adsorbents Selected
Adsorbent in Isotherme for Pilot Testing

1 Ion Exchange Resin Rohin and Han. Amberlite IAAO2 Rohm. and Has Ainberlite
Robim and Haas Ainberlite IA-900 IRA-402
Sybron lonac A-M41 Sybron lonac A-641I Sybron Ionac A8B-I

Acivated Carbon Colgon Filtraaorb 200 Calgon Piltrasorb 400

Calgon Filtrasorb 400

CloFitaob3Hydrodarco 3000

Activated Alumina Alcoa Type F-i, 281x 48 Mesh Alcoa Type F-i, 28 x 48 Mesh

5I1
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[SECTION 6

j PILOT TESTING RESULTS

6.1 OBJECTIVES

The overall objective of the pilot scale test program was to evaluate the potential
performance of the selected media in removing arsenic under continuous flow
conditions simulating those likely to be employed in a full scale treatment system.
Specific objectives pertinent to this effort included:

1 • To determine the effectiveness of the media in removing arsenic to the
MCL (50,ug/L) under continuous flow conditions.

I To determine the adsorption capacities of the media.

4 To select the best performing media.

* To evaluate potential operating conditions for a treatment system,
j including hydraulic loading rate and EBCT.

I 6.2 TEST PROGRAM

These objectives were addressed in a test program conducted at SHAD using
i USATHAMA's skid-mounted transportable pilot system described in Subsection 3.3.

The overall duration of the pilot test program (not including mobilization and
demobilization) was approximately 17 weeks. Construction of the pilot system at

I SHAD began on 5 February 1990. The pilot system was located in and around
Building 646 in the South Balloon Area. Pilot test runs began on 19 March 1990
and ended on 13 July 1990. Dismantling of the pilot system and demobilization

if commenced on 18 July 1990 and was completed on 24 August 1990. The pilot
' Usystem was placed into storage at SHAD pending further disposition by USATHAMA.

Wastes generated during the study, including spent adsorption media and chemicalfreagents, were turned over to SHAD for disposal.

The test program encompassed a total of seven experimental runs. The first five of
Lthese runs (Runs 1, 2, 3, 4, and 5) were conducted in accordance with the Test Plan

[32] to evaluate the performance of each of the five selected media (Rohm, and HaasIIRA 402, Sybron Ionac A-641, Hydrodarco 3000, Calgon Filtrasorb 400, and Alcoa

3 irno~sa6-1S .i mO.m
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Type F-i) at three different hydraulic loading rates and EBCT values. Following
completion of the planned test program, two additional runs were conducted:

* Run 6, to reevaluate or confirm the results of Run 3 with respect to
activated carbon performance.

j Run 7, to evaluate the removal of arsenic by AA without prior TCE
removal or pH adjustment and to evaluate the removal of arsenic by
AA without pH adjustment.

The logic behind these additional runs will be discussed in the individual results
i subsections. Table 6-1 presents a summary of the entire pilot test program.

6.3 COLUMN OPERATION

I Test columns used in all pilot runs were operated in accordance with the detailed
procedures presented in the Test Plan [32] and the O&M Manual [35]. The following

3 subsections briefly resummarize these procedures.

6.3.1 COLUMN STARTUP AND OPERATION

Each adsorbent bed rested upon a 1-ft-thick bass consisting of a layer of stone (3/8
inch x 12 inch or 3/8 inch x 5/8 inch) sandwiched between two layers of borosilicate
glass wool, specified as being free from heavy metals, fluorine, and alumina.
Adsorption media were prepared as water slurries, allowed to soak overnight, and

i then added to the columns to provide a settled bed depth of 4 ft. The column was
sealed, leak tested and backwashed prior to commencing each test run. Once begun,
each test ran continuously until breakthrough with the exception of brief shutdowns

I for necessary repairs. Breakthrough was defined as the MCL of 50 p g/L.

6." COLUMN SAMPLING

I Samples for total arsenic analysis were drawn from the effluent of the primary
I adsorption column at 4-hour intervals. Sample locations are indicated in Figure 3-

2. As indicated in the Test Plan, primary column effluent samples from longer
intervals (typically 16 hours during the early stages of the run) were routinely
analyed to evaluate system performance. Intermediate samples were stored for

S subsequent analysis in the event that substantial changes in arsenic concentration
were observed between routine analyses, indicating that contaminant breakthrough

[ was occurring.
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Samples of the influent to the Primary columns were collected. Samples were taken
from the effluent of the second adsorption column in each train when the monitoring
data indicated that arsenic had broken through the primary column or at periodic
intervals. These data are presented in Appendix H. Each tank of coilected effluent
was sampled and analyzed prior to its discharge to verify compliance with the 50
&g L effluent criterion.

Additional sampling for arsenic or other parameters as warranted by test conditionsj is discussed with the results from each test run.

6." BACKWASHING

i Each column was backwashed as needed during the run to remove accumulated solids
at the head of the column which interfered with flow and contributed to excessive
headloss across the column. In general, columns were backwashed when the headloss
across the column exceeded 5 psi, as indicated by the pressure gauges mounted on
the inlet and outlet of each column. During backwashing the adsorbent bed was also
generally broken up, miniming plugging or channelling of flow through the bed.
Potable water from the SHAD system was used for backwashing. The basic
backwash procedure was conducted as described in the Test Plan. In general, the{ duration of the backwashing operation was approximately 15 minutes. Three samples
of the backwash water were taken during the pilot runs and analyzed for total
arsenic. Data from these samples are presented in Appendix I. The backwash water
was routed to the feed tank to preclude discharge of any desorbed arsenic.

I .6.3.4 INFLUENT TANK DISINFECTION

During the latter stages of the pilot study runs, problems were encountered with
j algal growth in the influent holding tanks and feed tank (refer to Figure 3-2). These

problems began during a protracted shutdown following the IE runs and prior to

U beginning activated carbon runs.

In order to avoid potential fouling and clogging of the treatment columns, the
I. influent holding tanks and the feed tank were cleaned and disinfected using

hypochlorite bleach prior to restarting the system. Accumulated influent, which had
been stored in the tanks during the shutdown, was treated using spare ion exchangeI . media and discharged.

Throughout the remainder of the activated carbon experiments, hypochlorite bleach
," was used, as necessary to control additional algal growth. However, discussions with

Alcoa representatives indicated that hypochlorite would not be preferable for use
during the activated alumina runs. Therefore, hydrogen peroxide was added to the(! feed tank during activated alumina runs to control algal growth.

lIT 6-5
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I6. 5 AIR STBP OPERATION

Although historical data indicated that groundwater from MW-440A did not contain
I I TE, the influent gromdwater was passed through the existing air stripper (see

Figure 3-2) as a precautionary measure. The air stripper, which had a design flow

i- rate of 5 gpm, was operated in a batch mode, ie., batches of groundwater from the
influent holding tanks were stripped as needed and stored in the feed tank to be fed

to the treatment columns at combined flow rates (for three parallel trains) up to 1.2

The air stripper was also used during Run 7 (to be discussed in Section 6.7.2) to
j remove TOE added to the influent for that run. TCE data for all runs are presented

in Appendix J.

I 6..6 EFFLUENT DISCHARGE SAMPLING

Effluent from the treatment columns was collected in one of the holding tanks for
analysis prior to discharge. The tank was sampled either when it was full or at
another convenient stopping point (such as the end of a run). Any additional effluent
produced after sampling the effluent tank was sent to the alternate collection tank.
If the results of the analyis indicated that the arsenic concentration in the
accumulated effluent exceeded 50 *g/, the water in that tank was retreated (using
spare ion exchange resin) and reanalyzed prior to discharge.

Data from samples taken from the effluent tanks are provided in Appendix K In
tIone instance (sample D-24, 19 June 1990) the discharged effluent exhibited an arsenic

concentration slightly exceeding the discharge standard. This resulted from
misinterpretation of the preliminary data report received verbally from the laboratory.
The subsequent written confirmatory report indicated a concentration of 54 Ag/L.

6.4 ION E AGE
6.4.1 RUN I - IRA 402

(The first ion exchange run, employing Rohm and Haas IRA 402 resin, began on 19
March 1990. Test conditions in the primary columns Al, B1, and C1 were as
indicated in Table 6-1. Operating data for columns Al, B1 an C1 are presented in

r Tables 6-2, 6-3, and 6-4, respectively. Arsenic data are plotted in Figures 6-1, 6-2,
and 64.

r, Good initial removal of total arsenic was achieved under all operating conditions
tested, with sustained effluent concentrations below the quantifiable reporting limit
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Table 6-2
Arsenic Data, IRA 402, 2 gpm/ft2

Total Arsenic
I Water Concentration Water
£ Time Date Volume Bed Influent Effluent MCL Temperature

(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

1515 19-Mar-90 0 0 0.0 0.0 50 71.8
1700 19-Mar-90 21 7 161.0 2.5 u 50 70.5
1700 20-Mar-90 309 105 225.0 2.5 u 50 75.3
1700 21-Mar-90 597 202 267.0 2.5 u 50 75.8
1700 22-Mar-90 885 300 220.0 2.5 u 50
0900 23-Mar-90 1077 365 7.4 50 65.0I 1300 23-Mar-90 1125 381 21.6 50
1700 23-Mar-90 1173 398 237.5 28.7 50 74.5
2100 23-Mar-90 1221 414 36.6 50 64.4

7 0100 24-Mar-90 1269 430 45.2 50 60.53 0500 24-Mar-90 1317 446 49.0 50 57.3
0900 24-Mar-90 1365 463 63.6 50 69.4
1300 24-Mar-90 1413 479 80.8 50 77.3
1700 24-Mar-90 1461 495 203.0 96.8 50 75.7
2100 24-Mar-90 1509 512 175.0 50 60.4
0100 25-Mar-90 1557 528 138.0 50 58.5
0500 25-Mar-90 1605 544 211.0 50 56.5
1700 25-Mar-90 1749 593 247.0 314.0 50 68.1
0500 26-Mar-90 1893 642 460.0 50 53.9I

6-7
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Arsenic Data IRA 402, 3 gpm/fV

I' Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent MCL Temperature
(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

1515 19-Mar-90 0 0 0.0 0.0 50 71.8
1700 19-Mar-90 32 11 161.0 2.5 u 50 70.5
1700 20-Mar-90 464 157 225.0 2.5 u 50 75.3
1700 21-Mar-90 896 304 267.0 3.9 50 75.8
1900 21-Mar-90 932 316 4.7 50 71.2
2100 21-Mar-90 968 328 10.4 50 66.8
2300 21-Mar-90 1004 340 17.6 50 65.0
0100 22-Mar-90 1040 352 28.3 50 61.5
0300 22-Mar-90 1076 365 36.2 50 59.8
0500 22-Mar-90 1112 377 50.1 50 59.6
0900 22-Mar-90 1184 401 71.6 50 68.2
1300 22-Mar-90 1256 426 84.3 50 75.4
1700 22-Mar-90 1328 450 220.0 110.0 50
2100 22-Mar-90 1400 474 153.0 50
0100 23-Mar-90 1472 499 193.0 50 59.7
0500 23-Mar-90 1544 523 318.0 50 58.2
1700 23-Mar-90 1760 596 237.5 435.0 50 74.5j 0500 24-Mar-90 1976 670 485.0 50 57.3

I
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Table 6-4
Arsenic Data, IRA 402, 7 gpm/ft2

I
Total Arsenic

Water Concentration Water
Time Date Volume Bed Influent Effluent MCL Temperaturc

(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

1515 19-Mar-90 0 0 0.0 0.0 50 71.8
1700 19-Mar-90 74 25 161.0 2.5 u 50 70.5
0500 20-Mar-90 578 196 2.5 u 50 57.8
1700 20-Mar-90 1082 367 225.0 2.5 u 50 75.3
1900 20-Mar-90 1166 395 5.0 50 70.8
2100 20-Mar-90 1250 424 11.7 50 66.5

7 2300 20-Mar-90 1334 452 21.5 50 62.6
0100 21-Mar-90 1418 481 32.1 50 60.5
0300 21-Mar-90 1502 509 47.8 50 59.9
0500 21-Mar-90 1586 537 63.6 50 58.2
0900 21-Mar-90 1754 594 130.5 50 66.6
1300 21-Mar-90 1922 651 224.0 50 78.2
1700 21-Mar-90 2090 708 267.0 405.0 50 75.8
0500 22-Mar-90 2594 879 585.0 50 59.6i 1700 22-Mar-90 3098 1050 220.0 228.0 50
0500 23-Mar-90 3602 1221 272.5 50 58.2I

!
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Lof 2.5 Ag/L, and well below the breakthrough criterion of 50 A&g Once arsenic
appeared in the effluent, breakthrough occurred quickly. Effluent arsenicS concentrations rose rapidly and ultimately exceeded the influent concentration at all
three operating conditions. In the case of column Cl (for which, because of its short
EBCT, a number of bed volumes were processed before shutdown), the effluent
onentration decreased again to approximate the influent levels. These results
suggest a brief period of desorption of arsenic from the resin, possibly as a result of
preferential replacement by interfering anions (such as chloride or sulfate). It is
possible that columns Al and B1 would have exhibited similar behavior had the runs
been extended. While this desorption phenomenon may be of some concern in a full
scale treatment system, it should be noted that the operating life of the adsorption

j column would be based upon an effluent concentration conservatively below the
discharge criterion. Therefore, as long as the breakthrough characteristics are

1 understood, the brief period of desorption should be avoidable.

I These data also suggest relatively little effect of operating conditions on bed life, at

least over the range of such conditions evaluated. Breakthrough above the effluent
criterion occurred between 300 and 500 bed volumes under all three operating
conditions, without clear correlation to those conditions. In fact, the longest bed life

.. (and largest volume of water treated before breakthrough) was achieved in this study
4at the highest loading rate and shortest EBCT. The apparent lack of correlation

between loading and performance over this range may reflect rapid kinetics of theI exchange process itself. In any event, these data do not demonstrate a requirement
for low loading rates or long contact times.

I Table 6-5 presents the estimated arsenic loading on the ion exchange resin at the
breakthrough point. These calculations are based upon the (weighted) average
influent concentration and approximate volume of water treated at the breakthrough

I point. In calculating the total quantity of arsenic removed, the quantity discharged
in the column effluent between the point at which arsenic was first detected and finalI breakthrough at 50 /&g/L was considered insignificant. The estimated resin loadings
at breakthrough shown in Table 6-5 were somewhat higher than equilibrium isotherm
loadings at C. - ±t50 AgL, shown in Table 5-2.

1 6.4.2 RUN 2 - IONAC A-641

IRun 2, using Sybron lonac A-641 ion exchange resin, began on 29 March 1990.
Operating conditions in the three primary columns (Al, B1, and Cl) are presented
in Table 6-1. Operating data for columns Al, B1, and Cl are presented in TablesL 6-6, 6-7, and 6-8, respectively. Arsenic results are presented graphically in Figures
6-4, 6-6, and 6-6.

6-13
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j Table 6-5

Arsenic Loading at Breakthrough
Rohm and Has IRA 402

I Run la lb 1c
Hydraulic Loading Rate (gpm/ft) 2 3 7
EBCT (minutes) 14.7 9.8 4.2

I Influent Arsenic, weighted average (pig/L) 2Z7.8 227.1 200.5

Volume Treated at Breakthrough (gal, approximate) 1320 1110 1510

Resin Weight, primary column (1b) 17 17 17

Total Arsenic Removed at Breakthrough (Ib) 2.5 x 103  2.1 x 10r3  2.5 x 103

Arsenic Loading on Resin at Breakthrough (b/lb) 1.5 x 104  1.2 x 104  1.5 x 104

I*Based upon vendor literature for packed density.

I

1
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Table 6-6
Arsenic Data, lonac A-641, 2 gpm/ft

Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent MCL Temperature
(gal) Volumes (ug/l) (ug/l) (ug/) (F)

1630 29-Mar-90 0 0 0.0 0.0 50
- 1700 29-Mar-90 6 2 225.0 2.5 u 50 70.7

0500 30-Mar-90 150 51 2.5 u 50 63.4
1700 30-Mar-90 294 100 265.0 2.5 u 50 72.0

- 0500 31-Mar-90 438 148 2.5 u 50 54.6
1700 31-Mar-90 582 197 225.0 2.5 u 50 71.8
2100 31-Mar-90 610 207 6.0 50 61.6
0100 01-Apr-90 658 223 15.6 50 55.5
0500 01-Apr-90 706 239 23.4 50 54.9
1300 01-Apr-90 802 272 35.5 50 70.6
1500 01-Apr-90 826 280 45.5 50 75.7
1700 01-Apr-90 850 288 237.0 62.0 50 77.3
2100 01-Apr-90 898 304 92.2 50 65.5
0100 02-Apr-90 946 321 132.0 50 57.4
0500 02-Apr-90 994 337 196.0 50 54.6
0900 02-Apr-90 1042 353 249.0 50 59.5
1300 02-Apr-90 1090 369 274.0 50 73.8
1700 02-Apr-90 1138 386 250.0 309.0 50 78.5
0500 03-Apr-90 1282 435 426.0 50 61.2

U
1
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jTable 6-7
Arsenic Data, lonac A-641, 3 gpm/ft2

I
Total Arsenic

Water Concentration Water
Time Date Volume Bed Influent Effluent MCL Temperature

(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

1630 29-Mar-90 0 0 0.0 0.0 50
1700 29-Mar-90 9 3 225.0 2.5 u 50 70.7
1700 30-Mar-90 441 149 265.0 2.5 u 50 72.0
1900 30-Mar-90 477 162 2.5 u 50 67.3
2100 30-Mar-90 513 174 2.5 u 50 63.4
2300 30-Mar-90 549 186 2.5 u 50 58.7
0100 31-Mar-90 585 198 4.2 50 58.0
0300 31-Mar-90 621 211 10.1 50 56.8
0500 31-Mar-90 657 223 21.5 50 54.6
0700 31-Mar-90 693 235 30.8 50 57.5
0900 31-Mar-90 729 247 41.5 50 62.9
1100 31-Mar-90 765 259 86.8 50 71.2
1300 31-Mar-90 801 272 107.0 50 73.8
1500 31-Mar-90 837 284 140.0 50 72.2
1700 31-Mar-90 873 296 225.0 167.0 50 71.8
2100 31-Mar-90 945 320 243.0 50 61.6
0100 01-Apr-90 1017 345 310.0 50 55.5
0500 01-Apr-90 1089 369 320.0 50 54.9
1700 01-Apr-90 1305 442 237.0 380.0 50 77.3
0500 02-Apr-90 1521 516 420.0 50 54.6

6-16
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4Table 6-8
Arsenic Data, Ionac A-641, 7 gpm/ft2

Total Arsenic
Water Concentration Water

- Time Date Volume Bed Influent Effluent MCL Temperature
(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

1630 29-Mar-90 0 0 0.0 0.0 50
1700 29-Mar-90 21 7 225.0 2.5 u 50 70.7
1900 29-Mar-90 105 36 2.5 u 50 66.2

.2100 29-Mar-90 189 64 2.5 u 50 61.7
2300 29-Mar-90 273 93 275.0 50 57.7
0100 30-Mar-90 357 121 2.5 u 50 57.2
0300 30-Mar-90 441 149 2.5 u 50 57.6
0500 30-Mar-90 525 178 11.8 50 63.4
0700 30-Mar-90 609 206 46.9 50 58.8
0900 30-Mar-90 693 235 108.0 50 64.7
1100 30-Mar-90 777 263 176.0 50 68.2
1300 30-Mar-90 861 292 2.5 50 74.1
1500 30-Mar-90 945 320 311.0 50 76.0
1700 30-Mar-90 1029 349 265.0 345.0 50 72.0
0500 31-Mar-90 1533 520 425.0 50 54.6
1700 31-Mar-90 2037 691 225.0 207.0 50 71.8
0500 01-Apr-90 2541 861 241.0 50 54.9

6-171062W0.8
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The results obtained with lonac A-641 were qualitatively similar to those observed
with IRA 402. Influent arsenic concentrations in Run 2 were generally
moderately higher than in Run 1. Initial removal of arsenic to below the quantifiable

Ilimit was achieved with Ionac A-641 at all operating conditions. As with IRA 402,
once breakthrough occurred, effluent values exceeding influent concentrations were
achieved, and data from column C1 (Figure 6-6) again indicated that this was a

A relatively short lived phenomenon.

However, breakthrough at the MCL criterion (50 gL) occurred sooner (In terms of
I bed volumes of water treated) than with IRA 402. Breakthrough occurred between

200 and 300 bed volumes of water treated at all operating conditions (as compared
to 300 to 500 bed volumes for IRA 402). These results may reflect in part the
generally higher influent concentrations observed in Run 2. In contrast to results
from IRA 402, there appears to be a relationship between bed life and operating

Aconditions for lonac A-641, with increasing EBCT and decreasing hydraulic loading
corresponding to increasing bed life, at least over the range of conditions tested.

Table 6-9 presents the estimated arsenic loading on the IE resin at the breakthrough
point. These calculations are based upon the (weighted) average influent
concentration and appropriate volume of water treated at the breakthrough point.
In calculating the total quality of arsenic removed, the quantity discharged in the
column effluent between the point at which arsenic was first detected and final
breakthrough at 50 j g/L, was considered insignificant.

The estimated resin loadings of breakthrough shown in Table 6-9 were somewhatI higher than equilibrium isotherm loadings at C. = ±50 jgfL, shown in Table 5-2.

6.5 .GRANULAR.ACTIVATED CARBON RESULTSI 6.5.1 RUN 3 - HYDRODARCO 3000

Run 3, the first activated carbon test run, began on 28 April 1990 using Hydrodarco
3000 granular activated carbon. Operating conditions in the primary columns (Al,
B1, and Cl) were as indicated in Table 6-1. Run 3 was to be conducted at reducedIpH, with a target pH of approximately 4.

Operating data for the primary columns (Al, B1, and Cl) are presented in Tables 6-[10, 6-11 and 6-12, respectively. Graphical representations of arsenic results are
provided in Figures 6-7, 6-8, and 6-9.

rThe data in these tables and figures indicate essentially immediate breakthrough of
3arsenic in the effluent from the primary treatment columns, regardless of operating

conditions. In each case, arsenic was detected above the MCL in the first effluenti [ sample taken after startup.

6-21• I1082WOM
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Table 6-9

Arsenic Loading at Breakthrough
SIonac A-641

Run 2a 2b 2c
Hydraulic Loading Rate (gpm/ft) 2 3 7
EBCT (minutes) 14.7 9.8 4.2

Influent Arsenic, weighted average (mg/L) 238.7 252.8 225

Volume treated at breakthrough (gal) 840 740 620

- Resin Weight, primary column (lb)* 17 17 17

Total Arsenic Removed at Breakthrough (Ib) 1.7 x 10' 1.6 x 10 1.2 x 103

Arsenic Loading on Resin at Breakthrough (b/lb) I x 10 9.4 x 10"
5 7.1 x 10"

*Based upon vendor literature for packed density.

ii

'I
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JTable 6-10
Arsenic Removal, Hydrodarco 3000, 7 gpm/ft'

Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent pH MCL Temperatuz
(gal) Volumes (ug/l) (ug/l) (F)

1410 28-Apr-90 0 0 0.0 0.0 5.0 50 78.9
1500 28-Apr-90 35 12 189.0 147.0 4.5 50 79.4
1700 28-Apr-90 119 40 182.0 125.0 4.5 50 75.4
0500 29-Apr-90 623 211 155.0 5.5 50 71.6

1

I
i
I

I
I

I
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Table 6-11
Arsenic Removal, Hydrodarco 3000, 2 gpm/ft

Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent pH MCL Temperatur(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

1410 28-Apr-90 0 0 0.0 0.0 5 50 78.9
1500 28-Apr-90 10 3 189.0 99.3 4.5 50 79.4
1700 28-Apr-90 34 12 182.0 129.0 4.5 50 75.4j 0500 29-Apr-90 178 60 170.0 5.5 50 71.6

I
I
I
I
i
i
i
I
I
I
I
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Table 6-12
Arsenic Removal, Hydrodarco 3000, 3 gpm/ft

Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent pH MCL Temperature
(gal) Volume (ug/l) (ug/l) (ug/l) (F)

I 1410 28-Apr-90 0 0 0.0 0.0 5.0 50 78.9
1500 28-Apr-90 15 5 189.0 137.0 4.5 50 79.4
1700 28-Apr-90 51 17 182.0 106.0 4.5 50 75.4i 0500 29-Apr-90 267 91 168.0 5.5 50 71.6

I
I
I
I
I
I
I
I
I

I
I
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The lowest loading rate and highest EBCT (Column Bi, Figure 6-8) provided the
lowest initial effluent arsenic concentration, 99.3 Ag/L. Although the initial effluent
concentration data for the three columns suggest a relationship between effluent
concentration and loading rate or EBCT time, subsequent decreases in effluent
concentrations in columns Al and C1, of undetermined cause, prevent a clear
comparison.

As discussed in Subsection 5.2, isotherm data demonstrated that the use of granular
activated carbon would achieve equilibrium (24-hour contact) arsenic concentrations

I below 50 /Lg/L only at very high carbon dosages. The results of the pilot tests may
indicate poor absorbability as well as kinetic limitations.

1Since effective adsorption was not observed, arsenic loading on the activated carbon
were not calculated.

I6.5.2 RUN 4 - CALGON FILTRASORB 400

I The fourth test run using Calgon Filtrasorb 400 GAC, was initiated on 1 May 1990.
Operating conditions in the primary columns (Al, B1 and Cl) were as indicated in
Table 6-1. Run 4 was to be conducted at reduced pH, with a target pH of
approximately 4.

Operating data with respect to arsenic and influent pH for the primary columns (Al,
B1, and Cl) are represented in Tables 6-13, 6-14 and 6-15, respectively. Arsenic
removal data are presented graphically in Figures 6-10, 6-11, and 6-12.

I As with. Hydrodarco 3000, essentially immediate breakthrough of arsenic was
observed with Calgon Filtrasorb 400. Paradoxically, arsenic concentrations in the

1 first effluent sample were higher than influent concentrations at all three operating
conditions. The cause of this phenomenon is not known. As discussed in Subsection
5.2, final (C) arsenic levels exceeding initial levels were observed in isotherm testing

j were observed for Filtrasorb 200 and Filtrasorb 400 (particularly at pH 7). Because
of these anomalous results, the determination was made to perform an additional test

i (Run 6, discussed in Subsection 6.7.1) to conform these findings.

6.6 .. IVATED ALUMINA RESULTS
i 6.6.1 RUN 5 - ALCOA TYPE F-1

Pilot testing of AA for arsenic removal began on 5 May 1990. Operating conditionsL for the three primary columns (Al, B1, and Cl) are shown in Table 6-1. Operating
data for the AA tests are tabulated in Tables 6-16, 6-17, and 6-18 for columns
Al, B1, and C1, respectively. Arsenic removal data are presented graphically inIFigures 6-13, 6-14, and 6-15.

6-29
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Table 6-13
Operating Data, Filrasorb 400, 3 gpm/ft

Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent MCL Temperature
* (gal) Volumes (ug/l) (ug/l) (ug/l) (F)

0545 01-May-90 0 0 213.0 285.0 50 65.8
0615 01-May-90 9 3 200.0 50 65.7
0715 01-May-90 27 9 232.0 50 61.0I 1600 01-May-90 185 63 140.0 50 73.2

I
I
I
I
I
I
I
I

6-30
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Table 6-14
Operating Data, Filtrasorb 400, 7 gpm/ft

Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent MCL Temperature
(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

I 0545 01-May-90 0 0 213.0 262.0 50 65.8
0615 01-May-90 21 7 222.0 50 65.7
0715 01-May-90 63 21 216.0 50 61.0E 1600 01-May-90 431 146 180.0 50 73.2

I
I

I
I
I
I
I

I
F
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Table 6-15
Operating Data, Filtrasorb 400, 2 gpm/ft2

I
Total Arsenic

Water Concentration Water
Time Date Volume Bed Influent Effluent MCL Temperature

(gal) Volumes (ug/l) (ug/1) (ug/1) (F)

0545 01-May-90 0 0 213.0 392.0 50 65.8
0615 01-May-90 6 2 210.0 50 65.7

i 0715 01-May-90 18 6 270.0 50 61.0
1600 01-May-90 123 42 108.8 50 73.2

I
I
I
I
I
I
I
I
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Table 6-16
Operating Data, Alcoa F-i, 2 gpm/ft

Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent pH MCL Temp.I (gal) Volumes (ug/l) (ug/l) (ug/l) (F)

1800 05-May-90 0 0 0 0 0 50
1900 05-May-90 12 4 232 2.5 u 5.5 50 75.6
0200 06-May-90 96 33 2.5 u 5.2 50 74.4
1800 06-May-90 288 98 2.5 u 5.3 50 76.7
1000 07-May-90 480 163 233 2.5 u 5.0 50 72.9
0200 08-May-90 672 228 2.5 u 5.5 50 76.1
1800 08-May-90 864 293 2.5 u 4.2 50 82.3
1000 09-May-90 1056 358 246 2.5 u 6.5 50 73.4
0200 10-May-90 1248 423 2.5 u 5.0 50 74.2
1800 10-May-90 1440 488 2.5 u 6.0 50 70.5
1000 11-May-90 1632 553 320 2.5 u 6.2 50 69.3
0200 12-May-90 1824 618 2.5 u 5.5 50 66.8
1800 12-May-90 2016 683 2.5 u 6.2 50 72.0
1000 13-May-90 2208 748 193.5 2.5 u 6.0 50 64.6
0200 14-May-90 2400 814 2.5 u 5.9 50 68.4
1800 14-May-90 2592 879 2.5 u 4.5 50 70.0
1000 15-May-90 2787 945 2.5 u 5.0 50 68.1
1800 15-May-90 2880 976 2.5 u 5.4 50 69.1
10G0 16-May-90 3168 1074 200 2.5 u 6.0 50 69.2
1800 16-May-90 3264 1106 2.5 u 4.0 50 84.0
1000 17-May-90 3456 1172 186 2.5 u 5.2 50 70.3
1800 17-May-90 3552 1204 3.1 5.0 50 69.3
1000 18-May-90 3744 1269 177 2.8 6.0 50 66.3
1800 18-May-90 3840 1302 2.5 u 4.4 50 68.5
1000 19-May-90 4032 1367 209 2.5 u 4.0 50 67.4
1000 20-May-90 4320 1464 182.5 2.5 u 6.4 50 69.1
1000 21-May-90 4608 1562 218.5 2.5 u 6.0 50 74.2
1000 22-May-90 4896 1660 150.5 2.5 u 3.8 50 74.6
1000 23-May-90 5184 1757 330 2.5 u 5.0 50 65.2
1000 24-May-90 5472 1855 171 2.1 u 4.0 50 68.9
1000 25-May-90 5760 1953 234 3.1 2.8 50 71.7
1000 26-May-90 6048 2050 157.5 2.5 u 3.5 50 75.6
1000 27-May-90 6336 2148 163 2.6 3.5 50 74.2
1000 28-May-90 6624 2245 145.5 7.7 3.0 50 70.5
1000 29-May-90 6912 2343 153 13.7 3.8 50 69.0
1000 30-May-90 7200 2441 182.5 41.7 2.8 50 65.7
1000 31-May-90 7488 2538 172.5 25.0 3.0 50 67.1
1000 01-Jun-90 7776 2636 163 21.5 6.0 50 68.0

1000 02-Jun-90 8064 2734 173 27.5 3.8 50 69.0
1000 03-Jun-90 8352 2831 165 20.1 4.0 50 72.2
1000 04-Jun-90 8640 2929 181 26.3 6.1 50 73.9
1000 05-Jun-90 8928 3026 166.5 26.8 5.5 50 70.6fi[
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Table 6-16
A- Operating Data, Alcoa F-i, 2 gpm/ft

(continued)

*Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent pH MCL Temp.
(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

1000 06-Jun-90 9216 3124 141.5 23.6 3.5 50 73.9
1100 07-Jun-90 9515 3225 163.5 32.9 3.5 50 75.3
1000 08-Jun-90 9791 3319 175 25.7 3.5 50 77.1
1 1000 09-Jun-90 10079 3417 181 26.8 3.4 50 78.8
1000 10-Jun-90 10367 3514 153 22.7 3.0 50 74.5
1600 10-Jun-90 10439 3539 20.7 3.4 50 76.2
2400 10-Jun-90 10535 3571 34.5 3.3 50 76.3
0800 11-Jun-90 10631 3604 31.5 3.2 50 74.0
1000 11-Jun-90 10655 3612 168 35.6 3.2 50 74.0
1600 11-Jun-90 10727 3636 40.9 3.5 50 75.8
2400 11-Jun-90 10823 3669 27.8 3.7 50 75.9
0400 12-Jun-90 10871 3685 41.5 3.8 50 74.2
0800 12-Jun-90 10919 3701 48 3.2 50 72.8
1000 12-Jun-90 10943 3709 161.5 54.8 3.4 50 69.4
1600 12-Jun-90 11015 3734 65.4 3.4 50 71.4
1000 13-Jun-90 11231 3807 139.5 37.5 3.4 50 72.0
1200 13-Jun-90 11255 3815 60.8 3.4 50 72.2
1000 14-Jun-90 11519 3905 156.5 68.0 3.5 50 70.8
1000 15-Jun-90 11807 4002 186.5 64.8 3 50 72.0
1200 15-Jun-90 11831 4011 65.6 3 50 72.5
1600 15-Jun-90 i?.879 4027 73.6 3 50 74.1
2000 15-Jun-90 11927 4043 83.6 3.0 50 75.3
2400 15-Jun-90 11975 4059 86 2.9 50 75.0
0400 16-Jun-90 12023 4076 101 2.8 50 74.4
1000 16-Jun-90 12215 4141 194 232.0 3.0 50 71.5
1000 17-Jun-90 12503 4238 189 162.0 3.0 50 73.2
1200 17-Jun-90 12527 4246 174 3.0 50 73.9

i
I
I
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JTable 6-17
Operating Data, Alcoa F-i, 3 gpm/ft2

I Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent pH MCL Temp.
(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

1800 05-May-90 0 0 0.0 0.0 50
1 1900 05-May-90 18 6 232.0 2.5 u 5.5 50 75.6

0200 06-May-90 144 49 2.5 u 5.2 50 74.4
1800 06-May-90 432 146 2.5 u 5.3 50 76.7
1 1000 07-May-90 720 244 233.0 2.5 u 5.0 50 72.9
0200 08-May-90 1008 342 2.5 u 5.5 50 76.1
1800 08-May-90 1296 439 2.5 u 4.2 50 82.3
1000 09-May-90 1584 537 246.0 2.5 u 6.5 50 73.4
0200 10-May-90 1872 635 2.5 u 5.0 50 74.2
1800 10-May-90 2160 732 2.5 u 6.0 50 70.5
1000 11-May-90 2448 830 320.0 2.5 u 6.2 50 69.3
0200 12-May-90 2736 927 2.5 u 5.5 50 66.8
1800 12-May-90 3024 1025 2.5 u 6.2 50 72.0
1000 13-May-90 3312 1123 193.5 2.5 u 6.0 50 64.6
0200 14-May-90 3600 1220 2.5 u 5.9 50 68.4
1800 15-May-90 3888 1318 2.5 u 4.5 50 69.1
1000 16-May-90 4176 1416 200.0 2.5 u 6.0 50 69.2
1800 16-May-90 4320 1464 2.5 u 4.0 50 84.0
1090 17-May-90 4608 1562 186.0 2.5 u 5.2 50 70.3
1800 17-May-90 4752 1611 2.2 u 5.0 50 69.3
1000 18-May-90 5040 1708 177.9 1.6 u 6.0 50 66.3
1800 18-May-90 5184 1757 2.5 u 4.4 50 68.5
1000 19-May-90 5472 1855 209.0 2.5 u 4.0 50 67.4
1000 20-May-90 6336 2148 182.5 2.7 6.4 50 69.1
1000 21-May-90 6768 2294 218.5 3.6 6.0 50 74.2
1000 22-May-90 7200 2441 150.5 2.5 u 3.8 50 74.6
1000 23-May-90 7632 2587 330.0 4.0 5.0 50 65.2i1000 24-May-90 8064 2734 171.0 1.5 u 4.0 50 68.9
1000 25-May-90 8496 2880 234.0 3.6 2.8 50 71.7
1000 26-May-90 8928 3026 157.5 2.5 u 3.5 50 75.6
1000 27-May-90 9360 3173 163.0 2.4 u 3.5 50 74.2i1000 28-May-90 9792 3319 145.5 14.4 3.0 50 70.5
1000 29-May-90 10224 3466 153.0 48.9 3.8 50 69.0
1000 30-May-90 10656 3612 182.5 123.0 2.8 50 65.7
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Table 6-18
Operating Data, Alcoa F-i, 7 gpm/ft 2

Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent MCL pH Temp.
(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

I 1800 05-May-90 0 0 0.0 50 0.0 0.0
1900 05-May-90 42 14 232.0 2.5 u 50 5.5 75.6
0200 06-May-90 336 114 2.5 u 50 5.2 74.4

I 1800 06-May-90 1008 342 2.5 u 50 5.3 76.7
1000 07-May-90 1680 569 233.0 2.5 u 50 5.0 72.9
0200 08-May-90 2352 797 2.5 u 50 5.5 76.1
1800 08-May-90 3024 1025 2.5 u 50 4.2 82.3
1000 09-May-90 3696 1253 246.0 2.5 u 50 6.5 73.4
0200 10-May-90 4368 1481 2.5 u 50 5.0 74.2
1800 10-May-90 5040 1708 6.5 50 6.0 70.5I 0200 11-May-90 5376 1822 12.7 50 5.6 70.2
1000 11-May-90 5712 1936 320.0 24.8 50 6.2 69.3
0800 11-May-90 6048 2050 25.4 50 5.8 72.0i 0200 12-May-90 6384 2164 52.4 50 5.5 66.8
1000 12-May-90 6720 2278 225.0 50.6 50 6.0 69.2
1800 12-May-90 7056 2392 99.6 50 6.2 72.0
0200 13-May-90 7392 2506 131.0 50 6.2 66.7
1000 13-May-90 7728 2620 193.5 136.0 50 6.0 64.6
1300 13-May-90 7854 2662 151.0 50 6.0 65.4

I
I
I
I
I[
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L Good initial removals of total arsenic were achieved in all cases, with primary column
effluent concentrations being maintained at less than the quantifiable limit (2.5 Ag/L)
for a minimum of 2,000 bed volumes at each operating condition. At the two higher
loading rates (columns B1 and C1, shown in Figure 6-14 and 6-15, respectively)
breakthrough occurred rapidly once effluent concentrations began to rise. In contrast,
column Al, at the lowest loading rate, exhibited a protracted period of low but
detectable effluent concentrations (20 to 30 jzg/L) before final breakthrough was
achieved. The effluent concentration from column Al briefly exceeded the influent
concentration in one sample near the end of the run.

At breakthrough, Column Al had treated approximately 3,700 bed volumes ofI contaminated groundwater, Column BI had treated approximately 3,465 bed volumes,
and Column Cl had treated approximately 2,100 bed volumes. These results indicate
that lower hydraulic loading rates provide better performance. This observation isIin agreement with previous studies and is possibly related to the relatively slow
kinetics of the AA adsorption/exchange process (6, 16, 171. However, it should also
be recognized that the influent arsenic concentration in the water drawn from
MW440A gradually diminished over time during this run. This factor may have had
an effect on bed life particularly, for Run 7a which spanned the greatest time period.

- While these results were promising, previous studies had suggested that even longer
runs (higher numbers of bed volumes treated) might be achievable [20]. These
previous studies were, however, conducted at somewhat lower influent arsenic
concentrations.

One factor that may affect the bed life as well as the effluent concentration is theIpresence of other anionic species which compete with arsenic for adsorption sites.
Table 6-19 presents data on competing species in the influent, obtained during the
activated alumina test. Comparing these data to the tentative selectivity series
discussed in Subsection 2.2.3, it can be seen that both fluoride -ind phosphate, which
rank above arsenate in the selectivity series, were present at higher concentrations
than arsenic in these runs. Chloride and sulfate were present at very highIconcentrations as compared to arsenic. Previous studies have shown that chloride
and sulfate (particularly the latter) at high concentration will diminish activatedI alumina performance [27]. These anions may affect the bed lives obtainable during
treatment of SHAD groundwater. It might be noted that some of these ions may also
have effected effluent results obtained with IE resins. As discussed in Subsection 5.1,

I thew resins were used in the chloride from and high chloride levels may have
displaced- arsenate from the resins. The removal of competing anions by either
adsorption medium was not evaluated. Lastly, it might be noted that the use of acidIto lower pH, while increasing removal to some extent, may also introduce substantial
levels of potentially competing sulfate anions. Previous studies have employed
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jTable 6-19

Potential Interferring Anions
MW-440A

Date
Constituent of Sample Concentration

Selenium 5/21/90 0.007 g/IL
i Chloride 5/22/90 90.5 mgfL

Fluoride 5/22/90 0.59 mg/L
Phosphate, as P (ortho) 5/22/90 0.50 mg/L
Sulfate 5/22/90 53.6 mgfL

!
I
I

I
I

[
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j 1sulfuric acid [16, 17] or hydrochloric acid (10] for pH adjustment. Other studies have
suggested that below pH 6, increasing competition from acid anions reduces the

S extent of adsorption of arsenic by AA [27].

Table 6-20 presents the estimated arsenic loading on the AA at the breakthrough
- point. These calculations are based upon the (weighted) average influent
I .concentration and approximate volume of water treated at the breakthrough point.

In calculating the total quantity of arsenic removal, the quantity discharged in the
column effluent between the point at which arsenic was first detected and final
breakthrough at 50 jLg/L, was considered insignificant. The estimated alumina
loadings at breakthrough shown in Table 6-20 were slightly higher than equilibrium
isotherm loadings at C. = ±50 gg/L shown in Table 5-6.

6.7 SUPPLEMENTAL TEST RUNS

With the completion of AA testing discussed in Subsection 6.6, the investigative
program outlined in the test plan had been fulfilled. Two supplemental tests runs

i iwere conducted to either reexamine questions raised by the initial runs or to address
additional data requested by USATHAMA. These supplemental test runs are
addressed in the following subsections.

6.7.1 RUN 6 - CALGON FILTRASORB 400

The original test with Filtrasorb 400 (discussed in Subsection 6.5.2), indicated
essentially immediate breakthrough of arsenic at concentrations even exceeding those

Ain the influent. Run 6 was intended to reconfirm these results and examine potential
- causes.

As with other adsorption media, the activated carbon for the original carbon run was
slurried and soaked overnight in potable water from the SHAD system, prior to being
placed in the pilot columns. It was postulated that the carbon may have adsorbed
trace levels of arsenic from the potable water source during the soaking step.
Therefore, for Run 6, Filtrasorb 400 was slurried and soaked in distilled, deionized
water from WESTON's Analytics Division Laboratory in Stockton, California, prior
to use.

Test Run 6 also evaluated a lower hydraulic loading rate (1 gpm/ft) and longer'i contact time (29.4 minutes) than employed in the previous Filtrasorb test (Run 4).
Finally, Run 6 was conducted at the natural pH of the groundwater rather than at

! I reduced pH.
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I Table 6-20

Arsenic Loading at BreakthroughAlcoa F-R, 24-48 Mesh

Run 5a 5b 5c

i Hydraulic Loading Rate, (gpm/ft 2 3 7
EBCT (minutes) 14.7 9.8 4.2

IInfluent Arsenic Concentration,
weighted average, (ug/L) 196.2 212.7 257.8

I Volume treated at Breakthrough (gal) 10,920 10,250 6,180

Alumina weight, primary column (lb) 24 24 24

Total Arsenic Removed at Break-
through (Ib) 1.8 x 102 1.8 x 10-2 1.3 x 10-2

Arsenic Loading on Alumina at
Breakthrough (lb/lb) 7.5 x 10' 7.5 x 10' 5.4 x 104

I
I
I
I

[
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i Test Run 6 commenced on 9 June 1990 and ran concurrently with the latter stages
of Run 5a, which employed AA (see Subsection 6.5). Operating conditions for the
primary column in Run 6 are shown in Table 6-1. The backup column for this test
run was packed with ion exchange resin to minimi e the need to retreat the effluent
should the primary column fail to remove the arsenic.

IDespite the modifications in procedures and conditions, arsenic broke through in the
primary column essentially immediately. As with the previous GAC tests, the initial
effluent sample indicated a higher effluent concentration than influent. The second
sample showed a lower but still elevated effluent concentration. The test was shut
down based upon these results. The column was restarted on 10 June 1990 to obtainIconfirmatory samples. Effluent concentrations remained high, and the test was
terminated on 11 June 1990. Since removal of arsenic was not achieved, arsenic
loadings on the activated carbon were not calculated.

6.7.2 RUN 7 - ACTIVATED ALUMINA

IOn 12 June 1990, a meeting was held at SHAD to review the preliminary results of
this pilot study. Participants included USATHAMA TSD, WESTON, SHAD
Environmental Programs personnel, and USATHAMA's IR division and its contractor,
Environmental Science and Engineering (ESE). During that meeting the possibility
of arsenic treatment at individual wellheads was raised. In this scenario, the
contaminated groundwater would not pass through the existing groundwater
treatment system prior to the arsenic treatment step, as had been previously
assumed. Therefore, either small TCE removal units would be required in

I conjunction with the individual arsenic adsorption systems at the well head or arsenic
treatment would have to take place in the presence of whatever TCE contamination
existed at the wellhead. USATHAMA's IR division requested that the latter

I possibility be evaluated (381.

Run 7 was intended to evaluate the ability of AA to remove arsenic from the
groundwater with no prior pretreatment (no TOE removal or pH adjustment) or
partial pretreatment (TCE removal) as might be the case in a wellhead treatmentI scenario. Three additional tests were conducted to provide a preliminary evaluation
of these options:

0 Run 7a: AA, with TCE added, at 2 gpm/ft, natural pH

0 Run 7b: AA, with TCE added, at 3 gpm/ft , natural pH

• Run 7c: AA, with no TCE added, at 3 gpm/ft, natural pH
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Tests 7a and 7b were run concurrently. Test 7c was run following these two tests.
AA was selected as the adsorbent based upon its performance in the initial series of
pilot tests.

As discussed in Subsection 6.3.5, groundwater from the well used for this pilot study,
I |MW-440A, did not contain TCE. A data search revealed no other suitable wells in

reasonable proximity to the pilot plant which exhibited an appropriate combination
of arsenic and TCE contamination for this test. Consequently, MW-440A was usedI as the water source for this test, and TCE was added at the influent tank to simulate
groundwater exhibiting both contaminants. Reagent grade TCE (Mallinkrodt Catalog
#8000-500) was added to the feed tank. A sample taken at the influent to the pilotIplant indicated a TCE concentration of 25 Izg/L.

The spiked groundwater was passed through the activated alumina treatment trainsj(each employing a primary and a backup column). Operating conditions for the
primary columns are presented in Table 6-1. Based upon the results of the initial
AA tests, only the lower two hydraulic loading rates (and longer contact times) were

j evaluated.

After passing through the test trains, the column effluents were collected in one
effluent tank for arsenic analysis. Upon determination that the arsenic level was
below the MCL, the combined effluent was transferred to a spare influent tank and
passed through the packed column air stripper to remove the added TCE. The final
effluent was discharged to the plant drain. A sample drawn from the air stripper
discharge verified that the TCE in the discharge was below quantifiable limits (see
Appendix J). Operating data from these runs are tabulated in Tables 6-21, 6-22, and
6-23 for the primary columns in each test. Arsenic removal performance is plotted
in Figures 6-16, 6-17, and 6-18. As shown in these figures, good initial removal of
arsenic occurred at each operating condition. Approximately 500 bed volumes were
treated before breakthrough in Run 7a, 520 in Run 7b, and 850 in Run 7c.

jComparison of these results with the previous AA performance data, however, reveals
that both the lack of pH adjustment in these runs and the presence of TCE appears

I to negatively affect bed life. Comparing Figure 6-18 with Figure 6-14 indicates that
omitting the pH adjustment step reduced to bed life from approximately 3,500 bed
volumes to approximately 850 bed volumes at a loading rate of 3 gpm/ft2 (EBCT =
9.8 min). Influent arsenic concentrations in the two runs were roughly comparable.

Comparing Figure 6-18 with Figure 6-17 indicates that, at natural pH values, the[presence of 25 Ig/L TCE further reduced bed life from 850 bed volumes to
approximately 520 bed volumes at a loading rate of 3 gpm/ft2 (EBCT f 9.8 min), in

6-"8
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Table 6-21
Operating Data, Alcoa F-i, TCE Added, 2 gpm/ft2

I
Total Arsenic

Water Concentration Water
Time Date Volume Bed Influent Effluent pH MCL Temp.

(gal) Volumes (ug/1) (ug/l) (ug/l) (F)

1900 21-Jun-90 0 0 0.0 0.0 0.0 50 0.0

0800 22-Jun-90 156 53 195.0 2.5 u 7.0 50 79.6

0800 23-Jun-90 444 151 160.0 2.5 u 8.0 50 77.2
I 0800 24-Jun-90 732 248 183.0 2.5 u 6.0 50 78.3

0800 25-Jun-90 1020 346 182.0 2.6 8.4 50 76.6

0800 26-Jun-90 1308 443 187.0 23.2 8.6 50 76.8
0800 27-Jun-90 1596 541 172.0 73.5 8.8 50 77.7
0800 28-Jun-90 1884 639 156.0 8.8 50 76.7

1900 28-Jun-90 1896 643 136.0 8.6 50 81.0

I
I
I
i
I
I
I
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Table 6-22
Operating Data, Alcoa F-i, TCE Added, 3 gpm/ft

I Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Efflueni. pH MCL Temp.
(gal) Volumes (ug/l) (ug/l) (ug/l) (F)

1900 21-Jun-90 0 0 0.0 0.0 0.0 50 0
0800 22-Jun-90 234 79 195.0 2.5 u 7.0 50 79.6
0800 23-Jun-90 666 226 160.0 2.5 u 8.0 50 77.2
0800 24-Jun-90 1098 372 183.0 2.5 u 6.0 50 78.6I 0800 25-Jun-90 1530 519 182.0 43.8 8.4 50 76.6
0800 26-Jun-90 1962 665 187.0 146.0 8.6 50 76.8
0800 27-Jun-90 2394 812 172.0 202.0 8.8 50 77.7I

I
I
I
I
I
I
I
I
I
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O t D Table 6-23
Operating Dat, Alcoa F-1, Natural pH, 3 gpm/ft

I Total Arsenic
Water Concentration Water

Time Date Volume Bed Influent Effluent pH MCL Temp.
(gal) Volumes (ug/l) (ug/l) (ug/L) (F)

0700 03-Jul-90 0 0 0.0 0.0 0.0 50 0.0
0800 03-Jul-90 18 6 227.0 5.0 u 9.0 50 73.4
0800 04-Jul-90 450 153 220.0 5.0 u 9.0 50 75.4
0800 05-Jul-90 882 299 204.0 5.0 u 8.6 50 75.6

I 0900 06-Jul-90 1314 445 215.0 10.2 8.6 50 76.1
0900 08-Jul-90 1764 598 176.0 19.4 8.4 50 82.8
000 09-Jul-90 1956 663 179.0 10.7 8.2 50 77.2
0800 10-Jul-90 2244 761 203.0 21.4 8.4 50 78.9
1600 10-Jul-90 2340 793 20.3 8.7 50 82.2
20C0 10-Jul-90 2364 801 14.7 8.8 50 84.4
08u0 11-Jul-90 2412 818 177.0 17.2 8.6 50 81.9
1600 11-Jul-90 2537 860 55.2 50 84.2
2000 11-Jul-90 2633 893 64.0 8.8 50 86.4
0800 12-Jul-90 2784 944 218.0 68.2 8.5 50 85.0
1600 12-Jul-90 2928 993 57.5 50 86.5
2000 12-Jul-90 3000 1017 58.5 8.8 50 88.5
0800 13-Jul-90 3187 1080 216.0 232.0 8.6 50 84.8
1630 13-Jul-90 3340 1132 189.0 162.0 8.7 50 86.4I

I
I
I
!
I

I
6-51

1OS2WG.S6



i
I
]

]

iI •

I .0

05w

._.

I " -

>

o aI .+ J. S+

I C E a+

i . ....................

E/
0.

cCn

2 o v l Ll

I ......-.

[(I/Bn) oiuesjVf I*IojL

6-52



I *0U

uJ

CD o

ICO

46~

8U

I

IE

0 0>

< I, /O ) IO D

c -o5

I m I-- U--

Ii (1/6n) oiuesJV jWnojL

6-53



I
c'cc

0

C C13

o U

4- 0

(,/n oin0) 0io

. . . .. ..



I
December 1990
Revision: 1

j spite of the fact that average influent arsenic concentration was slightly lower during
the run with TCE present.

4Surprisingly, performance at 2 gpm/ft in the presence of TCE (Figure 6-16) was
slightly lower than at 3 gpm/ft? (Figure 6-17), in contrast to previous observations

- regarding hydraulic loading rates and contact times. Comparison of results at 2
gpm/ft 2 with TCE (Figure 6-16) and no pH adjustment with those without TCE but
with pH adjustment (Figure 6-13) reveals a decrease in bed life from approximately
3,700 bed volumes to 500 bed volumes. Influent arsenic concentration in the
presence of TCE (Run 7a) was comparable to that in the absence of TCE (Run 6a).
Therefore, the decrease in bed life was not attributable to increased arsenic loading.

While these resulia are not definitive, since parallel runs differing only in one
operating condition were not possible, the data clearly indicate that the presence of
TCE will negatively affect the life of an activated alumina bed used for arsenic

- removal and that a reduction in influent pH to approximately pH 4 to 6 provides
-longer bed life in such a system.

Table 6-24 presents the estimated arsenic loading on the AA at the breakthrough
point. For Run 7 these calculations are based upon the (weighted) average influent
concentration and approximate volume of water treated at the breakthrough point.
In calculating the total quantity of arsenic removed, the quantity discharged in the
column effluent between the point at which arsenic was first detected and final
breakthrough at 50 ug/L, was considered insignificant.

As would be expected the estimated resin loadings at breakthrough shown in Table
6-24 were lower than those observed in the AA test with pH adjustment and TCE
removal (see Table 6-20).

I'

I!
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~Table 6-24

Arsenic Loading at Breakthrough
Alcoa F-1, 28 x 48 Mesh

7a 7b 7c

natural pH natural pH natural pH
i Run with TCE with TCE without TCE

I Hydraulic Loading Rate (gpm/ft2  2 3 3
EBCT (minutes) 14.7 9.8 9.8

1 Influent Arsenic Concentration,
weighted average (jug/L) 181.6 179.9 202.9

Volume treated at Break-
i through (gal) 1,470 1,550 2480

Alumina weight, primary
i column (Ib) 24 24 24

Total Arsenic Removal at Break-
I through (Ib) 2.2 x 10r' 2.3 x 10.  4.2 x 10'

Arsenic Loading on Alumina at
I Breakthrough (lb/lb) 9.2 x 101 9.6 x 10' 1.8 x 10'

I

I
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SECTION 7i
DISCUSSIONi

This study has evaluated the potential treatment of arsenic-contaminated
groundwater by three different technologies: ion exchange (IE), granular activated
carbon (GAO) adsorption, and activated alumina (AA). While the specific mechanism
of arsenic removal may vary, the implementation of each of these technologies is

jsimilar, each likely employing a series of fixed bed down flow treatment columns
(although other configurations are possible) with varying degrees of pretreatment
and/or post treatment. Therefore, the performance of the different media can be
compared in part on the basis of the quantity of contaminated water, normally
expressed in terms of bed volumes, which can be treated prior tn breakthrough.

ITable 7-1 summarizes the results of pilot tests conducted in this study in terms of
the quantity (bed volumes) of contaminated groundwater treated under various
operating conditions prior to breakthrough in the primary column effluent, with
breakthrough being defined as effluent arsenic concentrations equal to or exceeding
the SDWA MCL of 50 ug/L.

These data indicate that both IE resins and AA can provide treatment of SHAD
groundwater to levels below the MCL. The longest bed lives were achieved with]AA at reduced pH, relatively low hydraulic loading rates and contact times on the
order of 9.8 to 14.7 min. Bed lives on the order of 3,000 or more bed volumes of
water treated appear to be achievable in a single AA column operating under theseIconditions. By contrast, IE bed lives on the order of 200 to 500 bed volumes of
water might be obtained. GAC does not appear capable of meeting the arsenicItreatment requirements under the conditions used in this study.

Definite selection between the two treatment technologies exhibiting satisfactory
performance in this study would depend upon analysis of the relative treatmentIcosts, and the operating advantages/disadvantages associated with each technology.
This comparative analysis would consider the capital equipment requirements as
dictated by such factors as hydraulic loading and contact time, pre- and post-
treatment requirements, regeneration requirements and the attrition rate and
replacement costs of the media themselves. For example, although AA exhibited the
longest bed lives in this study, the data indicate that a pH adjustment step is
required and that relatively low hydraulic loading rates and long contact times
(corresponding to relatively large adsorption units) are required. By contrast, IE data
suggest relatively little dependence on loading rate and contact time over the ranges
evaluated, such that relatively smaller adsorbers operating at higher loadings may
prove suitable.
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Regeneration of media was not addressed in this study. Since the adsorption
capacities of regenerated media may differ in some respects from these of virgin
media, this aspect should be addressed prior to design of a treatment system. Based
upon previous research and manufacturer's recommendations (summarized in Table
7-2) regeneration of either IE resins or AA is a relatively straightforward operation,
requiring conventional reagents, and attrition of the media during regeneration can
be controlled.

With respect to media replacement, it should be noted that the ion exchange resins
recommended by vendors for use in this study were relatively expensive as compared
to, for example, conventional softening resins. The recommended resins cost
approximately $230/ft. By contrast, the cost for AA is relatively low, at
approximately $71/ft ($1.65/ib).

Finally it would appear that treatment of SHAD groundwater by AA without prior
removal of TCE (e.g., at individual well heads) may significantly reduce the operating
life of the adsorption columns and therefore increase treatment costs.

i

I
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Table 7-2

Regeneration RequirementsI
Ion Exchang1

Example: IRA-402:

1 1. NaC1, 5-10% solution, ± 4 lb. salt/f resin,
at 0.25 - 1.0 gpm/ft

1 2. Rinse with water.

i Source: Amberlite IRA-402 Technical Literature (Appendix F)

I
Activated Alumina

1. Regeneration, NaOH, 1% solution, 4 bed volumes.

2. Rinse with water, 8 bed volumes minimum.
3. Acid rinse, 0.05 N HASO,, 1 bed volume minimum.
4. Final rinse, water, 1 bed volume.

l Source: References 15, 24, 25.

I
I
I
I
[
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SECTION 8I
CONCLUSIONSI

The following conclusions are drawn from the data obtained in this study.

0 Strong base anion exchange resins (specifically Rohm and Haas IRA 402
and Sybron Ionac A-641) and AA (specifically Alcoa Type F-i, 28 x 48

J mesh) are capable of treating arsenic-contaminated groundwater from
well MW-440A at SHAD to effluent concentrations below the SDWA
MCL of 50 jg/L (as total arsenic). The GAC tested were not capable
of effective arsenic treatment under the conditions evaluated in this
study.

1 • Data from isotherm testing indicate that qualitatively comparable results
would be obtained with groundwater from wells MW-403A and 407A.

0 Of the successful media, AA provided the longest bed lives (in terms of
bed volumes of water treated prior to breakthrough at the MCL level).

I The use of AA requires a pH reduction step. Hydraulic loading rates

of 2 to 3 gpm/ft and EBCTs of 9.8 to 14.7 min provided the longest bed
* lives.

0 IE resins exhibited less dependence on hydraulic loading rate or EBCT
than did AA. However, bed life at all loading rates was lower than with
AA

I * Analytical data from wells MW-403A, MW-407A, MW-431A, and MW-
440A indicate that pentavalent arsenic (As+s) is the predominant arsenic

[] species present in SHAD groundwater and that trivalent arsenic (As+')
* is present only in small amounts. In fact, removal of As*' alone would

be sufficient to achieve the SDWA MCL for total arsenic of 50 gg/L. As
a result no oxidative pretreatment step was required or employed in this
study and, as long as this situation prevails, oxidative pretreatment
should not be required in a full-scale system. It should, however, be
recognized the predominance of As+-' in groundwater is somewhat
unexpected based upon available literature.

[ * If AA is used for arsenic treatment, direct treatment at individual well
4 heads, without prior removal of TCE would appear to be less favorable

8-1

I 0205



December 1990
Revision: 1

than treatment after TOE removaL, since the presence of TOE appears
j to shorten bed life.
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At Of CA 9,L AtPA-*41AJfl AND WWLARV AG4NCY CjjE 1t)LIN G.r.

YM'ARTMENT OFHEALTH SERVICES
TO XC StRSTANCES CONTROL PROGRAM

[6 1: 11'''L. At

.. 2November 13, 1969

Mr..oel,,Hatnes, P.E., Chief

Environmental Program Manager
Sharo Arny o"Depot

'ATTL2I Y-S M-r#AFE-E
ZlAth~ppr 4Cht-95331-5OO-

Dear-Mr. 'Haines:

APPROVAL OF ARSENIC PILOT PLAN PROPOSAL, SHARPE ARMY DEPOT

The Depart.ment of Healtb Services (Department) has reviewed,
the proposed pilot project for treatment of arsenic in ground
water that was contained in your 18 October 1989, letter.
According to that letter, the pilot project consists of a
Granular Activated Carbon/Ion Exchange/Activated Alumina
(GAC/IE/AA) treatment plant. The pilot project is being
undertaken at the direction of the Regional Water Quality
Control Board (RWQCB) and the Environmental Protection Agency
(EPA).

The Department has no objections to the Army implementing this
pilot plan. However, we encourage you to keep us informed as
to the progress of this project.

If you should have any questions or comments on this matter,
please contact Tracie Billington at (916) 855-7873.

Sincerely,

Anthony J. Landis, P.E.
Chief, Site Mitigation Unit

cc: See next page.

A-i



APPENDIX B

ANALYSIS OF STRIPPING TOWER

* I)g2WO.APP



!L

I

N A N A LY IS OF S T R I P P I N G T O W E It

J PROJECT ' SHAD PILOT STUDY DATE : 10/19/1989

ENGINEER : K.N. PANNZERSELVAM PAGE : 1/2I
i PHYSICAL CONSTANTS

Design temperature 55.0 degrees F.

I Density of water 62.4 lb/ftA3
Density of air 0.0771 lb/ftA3

Viscosity of water : 8.133-04 lb/ft.s
Viscosity of air : 1.17E-05 lb/ft.s

Surface tension of water 74 dyne/cm

Atmospheric pressure 1.00 atm

CONTAMINANT PROPERTIES

I Name Trichloroethylene

Molecular weight 131.3 g/mol

Boiling point 189 degrees F.

j Molal volume at boiling point 0.1071 L/iol
Henry's Constant : 0.33000
Enthalpy upon dissolution in water : 3793 cal/mol
Molecular diffusivity in air 8.68E-05 ftA2/s
Molecular diffusivity in water : 7.272-09 ftA2/s

PACKING PROPERTIES

j Name : Jaeger Tripacks-
Packing Material : Plastic
Nominal Size 1.00 inch
Specific Area 84.7 ft-2/ft-3
Critical surface tension 33 dyne/cm
Packing depth 15.0 ftI Air friction factor 28

II,

[ AIRSTRIP Ver. 1.0 (C) 1988 3209 Garner Ames, Iowa 50C

Roy F. Weston, Inc. *
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*** A N A L Y S I S OF S T R I P P I N G T O W E R

I
PROJECT t SHAD PILOT STUDY DATE : 10/19/1989

I ENGINEER : K.N. PANNEERSELVAM PAGE : 2/2

1
LOADING RATES

I Water mass loading rate 2.0 lb/ft^ 2 .s
Air mass loading rate , 0.369 lb/ftA2.s
Water volumetric loading rate a 14.29 gpm/ft2
Air volumetric loading rate a 2144 gpm/ft-2
Air pressure gradient a 0.292 " H20/ft
Volumetric air/water ratio : 150.0
Stripping factor 33.9

I MASS TRANSFER PARAMETERS

I Percentage of packing area wetted • 39.8 %
Wetted packing area 33.8 ft-2/ft-3
Transfer rate constant in water a 0.000342 ft/s
Transfer rate constant in air : 0.071660 ft/s
Overall transfer rate constant 0.000335 ft/s
Overall mass transfer coefficient a 0.0113 1/s
NT 5.3041
HTU 2.8280 ft

I CONTAMINANT REMOVAL

Influent concentration : 50.0 ug/L
Effluent concentration 0.3 ug/L
Traction removed . 99.4 %
Mass of contaminant removed a 0.00853 lb/ft^2.day
Concentration in airstream : 0.00087 mg/ft'2.ft-3

* Expressed per unit of stripping tower cross-sectional area
I Expressed per unit of tower length

r AIRSTRIP Vet. 1.0 (C) 1988 3209 Garner Ames, Iowa 500

** B-2 Roy F. Weston, Inc. *
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?richloroIthyl en Concentration In 50.0 ug/L
P-Jaeger Tripacks 1.0 inch Atmospheric Pressure 1 1.0 atm
Design Temperature s 55.0 deg F Liquid Loading Rate : 14.3 9pM/
Minimum Packing Depth s 10.0 feet Minimum A/W Ratio t 100.0

j Maximum Packing Depth 1 20.0 foeet maximum A/ Ratio 1 200.0

Concentation Remaining (ug/L)

Packing Depth A/W - 100 W 125 A/V 150 A/W 175 A/W 200
(foot)

10.0 1.7 1.6 1.6 1.5 1.5
12.5 0.7 0.7 0.7 0.6 0.6
15.0 0.3 0.3 0.3 0.3 0.3
17.5 0.1 0.1 0.1 0.1 0.1
20.0 0.1 0.1 0.1 0.0 0.0

R 22.6 28.2 33.9 39.5 45.2
dP (- H20/ft) 0.136 0.201 0.292 0.417 0.584

710 Toggle to Metric units I T1 Help I 77 Quit progrE
F9 Continue with design procedure F3 Main menu Eac to go bac.

AIRSTRIP Release 1.0 Copyright 1S

X Sumary of Selected Design

Contaminant i Trichloroethylene
Concentration In 1 50.0 ug/L

I Concentration Out S 0.3 ug/L
] Percentage Removed 1 99.4 0

Packing t P-Jaeger Tripacks 1.0 inch
Water Temperature s 55.0 dog F.
Atmospheric Pressure i 1.0 atm
Packing Depth 1 15.0 feet
Liquid Loading Rate 1 14.3 gpe/ft-2
Air/Water Ratio S 150
Stripping Factor 1 33.9
Air Pressure Gradient 1 0.292 " H20/ft

I.

710 Toggle to Metric units rl Help r7 Quit progra
F6 Save design OP print report F3 Main menu Zsc to go back
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Inter-office Memorandum

TO: cc: Gail Celaschi
Stacy Brunner

Leo O'She March 26, 1990FROM: DATE:

Sharpe Army Depot 2281-08-09
PROJECT: W.O. NO.:

Arsenic Comparability StudyS SUBJECT:

ACTION:

As requested, a split sample was analyzed for total arsenic in
* the Stockton and Lionville laboratories. A split sample was also
- spiked at 500 ug/L by the Lionville laboratory and shipped

single-blind for analysis in Stockton.

The data are presented in the attached table. As you can see,
the data are comparable from each of the laboratories. A 12%
difference between the analyses at the dilution required is
reasonable. The spiked analysis also shows reasonable
comparability.

If you have any questions concerning these data I may be reached
* at (215) 524-7360.

I

C-1
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ii
I
1 Arsenic Analysis

Comparability Study
Stockton/Lionville

1 Client: Sharpe Army Depot
WO#: 2281-08-09

Lionville Stockton
Result Result

Sample Id ug/L ug/L RPD

Sample 1 384 433 11.9%
Sample Spike(500 ug/L) 892 905 1.4%
Recovery 101.6% 94.5%

I Analysis at Lionville performed with a 20 fold dilution
Analysis at Stockton performed with a 25 fold dilution

I
Lo. O'Sh-ea Date

LD ePriect Manager

I
I
I
I
I

.. . C-2
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FOUNDED IN 18 12

RESEARCH* - mSEUM -WUCATICI

II

NEICT ESUAIN RESE. ARCH LABM~lATORY

-~ MEMORANDUM

To: Dr. Willi we, Western Analytic

From: Jim Sand

Date: 4 June 1990

] Subj: Arsenic speciation in groundwater samples

Enclosed are the concentrations of arsenate and arsenite (in
Ag/L) in the two groundwater samples collected 23 May. To date,
we have run 13 samples for you (9 plus 1 rerun caused by organic
contamination during freezing in the original batch and 2 plus 1
rerun caused by organic contamination in this batch). This
effectively completes our current contract with you and I will be
submitting a bill to you next week. If you feet that you will
have additional samples in the future, please call me to initiate
a new contract.

I A it rsenate

Influent 0.84 193 194

MW440A 0.91 224 225

I[

KNWDCL MARYLAND Z01Z' (301) 174-3134
Tdsmd (OWINI~M~ *11MKWCT L48
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FOUNDE IN 18 12

IIl

RESARH -MUELI -WUCATIMt

^FANEDICT ESTUARINE RESEARCH LABORATORY

i
MEMORANDUM

To: Bill Lowe, Weston Ana l4tics

i From: Jim Sanders sn

Subject: Arsenic speciation in groundwater samples

Enclosed are the concentrations of arsenate and arsenite (in
lg/L) in both the original groundwater samples and the latest
experimental samples. Please call me if you have any questions.

Izle No. A iAr n Total (Std Dev)

407A 0.77 240 241 + 25.1
403A 0.64 133 133 + 4.6
431A 0.03 7.47 7.50 + 0.34

I 407A-I-BLK <1 230 230
407A-2 <1 218 218
407A-3 <1 234 234
407A-4 <1 232 232
407A-5 <1 207 207
407A-6 <1 189 189

I
I
I

0-2
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GROUNDWATER WELL LOG SHEET

Site ___ Samplers c7/', 7-ZA
Field # (C23 /+

Sample I.D. q (2 /Of Date Time 7/tb

TOTAL WELL DEPTH z q. FT. SAMPLES TAKEN: &( 112
S.W.L. 6.'2- FT.__________FT

WATER COLUMN FT. / ,

WATER VOLUME 4.07 G.

Sx3- :-. 0 3 G.

IFLOW RATE _________G.P.M.

PUMPING TIME REQUIRED MINS. --__ '_"____ " (Immediate)

I /_____ Conductivity

ACTUAL PUMPING TIME MINS. (u m h os)
______ _ __pH

~4~iED _____________ ______________ C (at PH Cond.

!64ALE Readings)

Duplicate Taken: Yes N SAMPLES TAKEN:1 I.D. Assigned

Field #I
eC (Immediate)

jConductivity
(umhos)

[I PH
eC (at pH Cond.

Readings)

E-1



GROUNDWATER WELL LOG SHEET

Site .... Samplers
Field # _ _,_ 7_ -

Sample 1..D. 4 0  A-Date _ _______Time A

TOTAL WELL DEPTH FT. SAMPLES TAKEN

S.W.L. __ FT.

WATER COLUMN ________FT.

WATER VOLUME C). 4& G.

*X3- P G.Y

FLOW RATE G.P.M.

PUMPING TIME REQUIRED MINS. - o (Immediate)

/z I Conductivity

ACTUAL PUMPING TIME MINS. pH (umhos)

A~ILED 'C (at pH Cond.
L VReadings)

A Duplicate Taken: Yes N SAMPLES TAKEN:

I.D. Assigned

Field #

_C (Immediate)

tConductivity
(umhos)

... .. ._ _ _ _ _ pH

I _____________C (at PH Cond.
Readings)

iE-lj E-2



V GROUNDWATER WELL LOG SHEET

site _-____ "-_- __" Samplers 422 2L-,

AField # <c/f/ A4-
Sample X.D. _ _ _ _ _ _ _ __ Date _ _ _ _ _ _ __ Time

jTOTAL WELL DEPTH 2.C FT.- SAMPLES TAEN(7.0 ii

u S.WL. *z*J'7FT.S.W. . 4A 10
WATER COLUMN FT.___A21___ FT

WATER VOLUME G . A1

1 X3- Jd(fG.
FLOW RATE __ _ _ _ _G.P.M.

PUMPING TIME REQUIRED ___MINS. 6 %(Immediate)
I 16(5 Conductivity

ACTUAL PUMPING TIME ____MINS. (, (7) Ho

AILED_ __ __ __ __ _ _ _ _ _ _ _ _ C (at pH Cond.I Readings)

Duplicate Taken: Yes OOSAMPLES TAKEN: C2 1~?'

I.D. Assigned __ _ _ _ _ _ _ _ 'l
Field # _ _ _ _ _ _ _ _ _ _ _ _

_______________ C (Immediate)

I ______________Conductivity

_____ _____ ____ C (at PH Cond.
Readings)

~ff E- 3
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I Table F-1

Results of Arsenic Oxidation Testa

I
NaOClb Total Chlorine
Dosage Sample Arsenite' Arsenatee Arsenic Residual

Flask (mL/L) ID (ug/L) (ug/L) (ug/L) (mg/L)

1 - 407A-1-BLK <1 230 230 0
2 0.20 407A-2 <1 218 218 0
3 1.01 407A-3 <1 234 234 0.02
4 2.02 407A-4 <1 232 232 0.03
5 10.1 407A-5 <1 207 207 0.16
6 20.2 407A-6 <1 189 189 0.26I

'Refer to experimental protocol in Test Plan [31].
I b5.25% sodium hypochlorite solution.

'Refer to original data reports, Appendix D.

I
1
I
I
I
I
I

, [
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PONMMf APN HVASUCOMPANY AM EPT IO EXCHANGE_____ ____ ___

I PWAm e ft4I NULAA1906 is a ge-tp snhtchihap it;orus ano xhag ei

pmrite anio 402chagel-yesn anherethe high capacity oo aio exhange resinre

uppAmliea IRA402 pinsbe breadsr rnemochorid corm mbtieent4 i rcmmne

whnycer teateto organic b operingowaes hascued bohmada operann diucltei adavnyle

porinsityla reeanion xch ane dost resins .an wert e s h cpacity of a get rSinc is qir tems
As a reut orai foln£h prnia cas of poo

anio echae resi pefrance-in rus truch tablgoodaerfa ncenown wateprs lo g mdrte organi-

th ture of Aberlite IRA-402. Sne his reer reovalt of l cotnity. sotie yuigAb eIA42o

suitng n hih~iefflentqualty.Durig te reenea- ne of mahy trongly baic anion exchange resins.po

the high capacity characteristics of standard porosity
anion exchange resins, such as Amberlite IRA.400, it rSsAB eVEIR 100TIR pMd WSIN
is no longer necessary to sacrifice capacity to ob- u08sausaa - AU. Ceinueu sOLVsIMs

I wuessas mw-The curves show the expecte pressure SAINKINA 411A y~saane - After each operational cy
drop per foot of bed depth in normal downflow opera. de Ainberlite IRA-402 should be backwashedi for appioxi-.
tics at various temperatures as a function of flow rate. mately ten minutes to overcome any compaction of the

bed that may have occurred during the previous service
run and to purge the bed of any insoluble material which
may have collected on top of the resin The resi bwA

1.0 should be expanded a minimum of 50% during bacwash.

MOO- ai
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PHSCLCAATqSI5CMT 16U90fs()CCV

t qvom911111 n nc~cls ( pdmiti teclrd atfr
2___ _ __3__ _ __ __ _ __ _O_ _ CDP.f 11. 2L9 I Oar 3.6 4. 13 140321 39L

- m s a m sa - U n ifo rm . a ttr tio n-re sista n t. sp h er zal p ea r, 

; 0"~~IS 
O J GO J * ~UU~somee Wnes, - 43 Ibeft- (688g1) 4 64 2.0 27.5 14.6 $3.4112.6 2a.9119.0 43.5 7.9 15.1 15.1 358131.81 4U.

*Wessseswssv- 54%* 1 in 31LI 17540.1116.7 3.211 W41J 11.3 2.3 18.4 4.123.4 53

1-I 0111AS 11esasese W@Inu - 16 to 50 mesh (U.S. Standard 1U! 7.!~.2! L?
Screns U12 1ff 1 45.0, 22.9 52.4 13.0A80.41 n.0 3.4I15.5 35.7 21.5 W 4.927.051.8'

is@ cmmmrr- < 1%0 through a 50 mesh US. StandardTo PLIAIN
ow55..UU - 22%0 upon complete conversion from chlooide to

-droxide for smNisues-Amberlite IRA-402 is particularly recom-
mended for uae in multiple bed or mixed bed units wher-

UarWUir so"s - 0.50 nun* ever complete deionization of water supplies containing
-VW0MAT cowanar - .5*organic compounds is required. More complete removal
-wesnm ueuessu - .5*of these organics will be of special significance in treat-

ppamasament of water used in the production of electronic comn-
ponents and other manufacturing where extremely high
purity water is required. In treatment of water for boiler
makeup, the relative freedom of Amberlite I RA-402 from

*. ..IOEAIGCHRCEITC organic fouling insures good performance for alonger
__________________time.

Suggested operating conditions for Amberlite IRA-402 msuzantetet fwtrsple ihisilica and relatively low in other dissolved solids, the~e listed below: use of a cation exchange resin such as Amberlite IR-

1 20, operating in the sodium cycle and a strongly basic
-~H Limitation None anion exchange resin operating in the hydroxide form
fsaimum Temperature has been effective in providing low silica makeup for

hydroxide form) 1400 F (600 C) medium pressure boilers. This represents a considerable
f chloride form) 1700 F (77 0C) saving over the use of deionization equipment. Labora-

Minimum Bed Depth 24 in (0.61m) tory studies have established that on many waters
ackwash Flow Rate 2-3 gpm/ft 2 (4.9-7.35 m/hr) Amberlite IRA-402 exhibits higher total capacity and

at 70F (210C) higher silica capacity than standard porosity type I
Regenerant anion exchange resins in this application.

Concentration" 4% NaOH emum AwpucTas-The porous structure and high
egenerant Flow Rate 0.25 to 1.0 capacity of Amberlite IRA-402 offer advantages in re-

gpm/ft 3 (2.0 to 8.0 1/hr/I) movig various acids from process streams. Considera-
Regeneration Level Se ettion should be given to employing Amberlite IRA-402 in
"inse Flow Rate Same as regeneration either the chloride or hydroxide form for non-water

flow rate initially, treatment applications involving the exchange of anions.
then 1.5 gpm/ft3
(12.0 I/hr/u SAPSNAN isom woEmmIW-A Material Safety Data

Vinse Water Sheet is available for Amberlite IRA-402. To obtain a
jRequirements 40 to 90 gal/ft3 copy contact your Rohmi and Haas representative.

(5 .4 to 12.11/I) CAurmm-Acidic and basic regenerant solutions are cor-
Service Flow Rate 2-5 gpm/ft 3  rosive and should be handled in a manner that will pre-

I ihane Cpacty(16.0-40.1 I/hr/I) vent eye and skin contact. Nitric acid and other strong
Sxf.handlCaity See text oxidizing agents can cause explosive type reactions when

Sf aoi Infoomation Swo mixed with ion exchange resins. Proper design of process
equipment to prevent rapid buildup of pressure is neces-
sary if use of an oxidizing agent such as nitric acid isU contemplated. Before using strong oxidizing agents in

- contact with ion exchange resins, consult sources knowl-
PF[NPAIO .*.LAD AACT edgeable in the handling of these materials.

Austa~mis a atud.mak of Rohm and Haso Coon= oit

drnlnaed'Sevb, ae -'ated thC'!~e it roobtindwm oralia
Tb. regeneration level employed will depend upon Thes madn and dat an based om isaonaticom we believe to be nli".l

the capacity desired in the exhaustion cycle, the leak- 0,o mubw eo erco emomn ItUChat th la-
[;of anions that can be tolerated during service and long ~ ~ dom oanral aa cawomem-W wale.ad~t

I~onomic consideraions. The relationship between the soon i o mo (. w .ft or is. Ilim of dt tl mtera in
caacty of Amberlite IRA-402 and various acids as a VZmd - sie.Mw -ut allto m a-

netion of the regeneration level is illustratd in the or n im lin - 5UW 647 of Rba 3o ad R~aw sa

rbeo cid removing capacity that follows. I~sE484 Februaty 1983 Printed in U.S.A.
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PHNADILPIIN PENNMVANIA INOS

AMBERLITE" IRA- 900
Amberlite IRA900 is a strongly basic, Type I, macroreticular anion exchange resin which
derives its exchange activity from quaternary ammonium groups. The fixed porosity of the
resin bead structure is important. It is a true, discretely porous network which differs com-
pletely from conventional strongly basic gel type resins, and provides more complete removal
of large organic molecules, and therefore a very high quality effluent. The resin beads are
extremely resistant to physical breakdown.

I F O * IAA90

U HIGHEST IIA1 T: Amberlite IRA-900 is highly recom- N HIGH PORIOITY: An important feature of Amberlte
mended for deionization systems where effective re- IRA-900 is the fixed porosity of the resin's bead struc-
moval of silica and organics from waters is desired. It ture. The macropores "i this resin are completely dif-
exhibits the high degree of basicity and porosity neces- ferent from the gel porosity of a conventional resin.
sary to produce a very high quality water. The high rate of reaction and adsorptive capacity for

: MAXIMUM RESIN UFE: Being a Type I, macroreticular high molecular weight organic anions make Amberlite
anion exchange resin. Amberlite IRA-900 offers maxi. IRA-900 ideally suitable for the production of ultra
mum temperature stability and the greatest resistance high quality water and the decolorization of process
to loss of strong base capacity due to oxidation. From a systems and the isolation and recovery of organic acid.
physical standpoint, the tough, durable structure of the STASLE O R THE ENTIRE Of RANGE
resin offers unusual resistance to attrition due to
osmotic or physical stresses. U INSOLUKLE IN ALL COMMON SOLKNS.

BACKWASH CHARACTERISTICS-After each operational cycle
Amberlite IRA-900 should be backwashed for approxi-

i mately 10 minutes with water to reclassify the rein
particles and purge the bed of any suspended insoluble

ESSURE ORO-The curves show the expected pressure material which may have collected on top of the re-in.
drop per foot of bed depth in normal downflow opera- The resin bed should be expanded a minimum of 50"-
tion at various temperatures as a function of flow rate. during backwash.

19

I"- G7 3 11

-- -// i, !' mmf,

rL _10 "U 10M'A~AA i L

I~~ M am]"

LFE91ro ftf~ H / II I I.IF



e-WIL FIM-Uniform, attrition resistant, spherical * KEIONIMON-Amberlite IRA-900 is particularly rec-
pwtide, shipped in the chloride salt form in a moist, ommended for use in multiple bed or mixed bed units
amipletely swollen condition, wherever complete deionization of water supplies con-

Wt raining organic compounds is required. The resin ex-
UI U IWfUT--42 Ibs/Wta (672 gAl). hibits the high degree of basicity and porosity necessary
111111137M COU -O0%." to produce a very high quality water. The macroreticular

.* N GRAMMNS (WE)-16 to 50 mesh (U.S. Standard structure of the resin will resist fouling and physical
k r -6 0 e .S dbreakdown.

-EFFECI1YE SUE--0.53 millimeters.* • SIU CA REMVAL-Strongly basic anion exchange resins
are frequently used to reduce the silica content of boiler

411FOr11YCOUFFICIENT-1.8 maximum. feedwater. The water must be pre-softened and treated
*SWEULLS.-20%* upon complete conversion of the with acid to reduce pH after contact with the anion
-esin from the chloride to the hydroxide form. exchange resin. Although this system is often the

optimum one for a given installation, organics in the rawSFINKS CMNT-% maximum through a 50 mesh U.S. water may seriously shorten the life expectancy of con-Standard Screen. ventional strongly basic anion exchangers. Amberlite
Appnimat. IRA-900 is excellent for this application. Its macroreticu-

lar structure better copes with the organics and its silica
removal characteristics are unexcelled.

,H Limitation None * SPECIAL APPLICATIONSAmberlite IRA-900 in the chlo-
Maximum Temperature ride form has been found to have a remarkably high

(hydroxide form) 140OF (60 0C) capacity for organic color bodies. Because of its porosity,
(chloride form) 170OF (77 0C) Amberlite IRA-900 removes color bodies and other

atinimum Bed Depth 24 inches (0.61 m) organics which are then efficiently eluted from the resin
Backwash Flow Rate See detailed information by the use of brine. Amberlite IRA-900 performs wellin decolorizing and removing organic acids from sugar,
legenerant Concentration* 4% NaOH pharmaceuticals and chemicals. Due to its high physical

Regenerant Flow Rate 0.25 to 0.5 gpm/ft3  stability, Amberlite IRA-900 is particularly effective in
(2.0 to 4.0 l1/hrl) applications where the resin may be subjected to serve

legeneration Level See table below osmotic or mechanical shock.
Rinse Flow Rate 0.25-0.5 gpm/ft3 (2.0 l/hr/l)

initially, to displace regen- * SAFE HANDLING INFORMATION-A Material Safety Data
erant then 1.5 gpm/ft3  Sheet is available for Amberlite IRA-900. To obtain a
(12.0 l/hr/1) copy contact your Rohm and Haas representative.

Rinse Water Requirements Approx. 75 gal/ft8
(10.0 1/1) Caution: Acidic and basic r~generant solutions are corro-

_;ervice Flow Rate 1 to 3 gpm/ft0 sive and should be handled in a manner that will prevent
(8.0 to 24.1 l/hr/) eye and skin contact.

Rxchange Capacity See detailed information Nitric acid and other strong oxidizing agents can cause
% So H I ± explosive type reactions when mixed with ion exchange

-__resins. Proper design of process equipment to prevent
GEN L rapid buildup of pressure is necessary if use of an oxidiz-

_ ing agent such as nitric acid is contemplated. Before
The regeneration level employed will depend upon using strong oxidizing agents in contact with ion

the capacity desired in the exhaustion cycle, the leakage exchange resins, consult sources knowledgeable in the
fi anions that can be tolerated during service and handling of these materials.
conomic considerations. The acid removing capacity A stm as a ra* ne and How Co pwn # wa b s .asbodarm aafr, Th

Comn=. wa r i tmrri.k wher p,d-ft drou'a, therc6 arv ,,oitdof Ambedite IRA-900 at different regeneration levels is , . o dt.- 21.,
shown in the following table. ?1.i zn add .nsa .. ,onoetim we b tode reltable- Tb% dk

in pd hk bt vtbou 6wante. s a"itm an nwhbd use d ow products or
__________ th pls~etIW.mrdetermine the slItaktv of Ou

urn (n 1,816 soc__imme Obr wn o our peducts or the ncusio d ow ivemt ron a
- thti---spcj-i--- -in" publtcon s heoiW.not be PeUtEl r Emtd

e u ia u 1 e ii u nte sa ae010 pro I" lii 1J 1.0 1WA *IYo I
S IsO ID WU 11A "A 11.I 2U ILG X?4

W 12.2 37J I2 2 31S IA N 1U 37.1
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CHMIA DIVISION

SYBRNNAC ASB-f Anion Exchonge fResin

SYBRON CORPORATION, CHEMICAL DIVISION g Ba, Type I

BIRMINGHAM. N.J. 08011 * 609/894-8211 a TELEX 843407

I IONRC AS-i is a rugged. strongly basic Type I quaternary amonium anion exchange resin based on a
styrene-divinylbenzene copolymer matrix. It way be used in all types of deionization systems but is

.. especially recommended for systems which will produce high .quality, practically silica-free, water.
IONAC ASN-1 provides excellent service in both mixed bed and in multiple bed damineralizer systems.
Since IO0C ASB-1 has a very high basicity it is effective i removing weak acids such as silica and

S carbon dioxide. In addition to its high capacity for silica removal, IONAC ASB-1 demonstrates the

X stability to high temperature regeneration required for minimum silica leakage.

* IONAC AS-1 is classed as a strong base TYnICAL CHARACTERISTICS
(TYPE I) anion exchange resin with a gel
s tructure of polystyrene crosslinked with Polymer Structure ............. Styrene divinyl-
divinylbenzene, supplied in small, uniform, benzene
moist beads (20 to 50 U.S. mesh screen Functional Structure .......... AR-N(CH3 )3X
size). Physical Form ................. Spherical beads

Ionic Form (as shipped) ........ Chloride

" Strong base anion exchangers are capable Screen SizeU.S.std.vesh (wet). 20-50

of removing weak acids such as silica and Particle Size Range.............0.3-0.84 mm.

carbonic, as well as strong mineral acids. Uniformity Coefficient ........ <1.7

TYPE I anion resins such as ASS-i have a Total Capacity ..... Volumetric 1.4 meq/ml

higher basicity and greater resistance to Weight ... 3.7 meq/gm

oxidation than TYPE it resins. Swelling ........... C1 --1 OH 400%

Moisture Content as shipped .... 43-49%

In deionization. TYPE I anion resins are pH range (stability) ........... 0-14

employed when highest effluent quality Shipping Weight ............... 44 lbs/cu.ft.

I and lowest silica residuals are the prime 705 grams/liter

considerations. Solubility .......... Insoluble in all common solvents
Standard Packaging.. 5 cu.ft. poly-lined fiber drums

Regeneration for Deionization SUGGESTED OPERATING CONDITIONS

Regenerant ........... Sodium Hydroxide (NaOH) WHEN USED IN TWO-BED DEfINERALIZATIONS

Level................ Dependent on Capacity
Desired U.S.Units etric Units

Concentration ........ 2 - 4%
Rinse Requirement ..... 60 gals./cu.ft. Max.Operatinm Temp. 0

OH form .... 140 F. 60°C.

Salt form .. 2120F. 1000C.BiED EXPANS;ION CMARACTERtIST|¢S
TCMPCEATURE IF Min. bed depth .......... 24" 60 cm

P06070 o 00 120- Backwash Flowrate ........ 1.5-2.5 gpe/ 3.6-6.0 meters

Iso/-/ _sq.ft. per hr.
Backwash Expansion* ..... 50-75% 50-75%
Service flowrate ........ 3 qpm/cu.ft. 24 1/hr/I
Regenerant ................. ISON NaOH

@0Regeneration flowrate .. 0.2-0.5 gpm/ 1.6/4.0
cu.ft. 1/hr/i

i-Regenerant Contact Time.. 30/60 min. 30/60 min.
Slow rinse rate .......... 30/60 m. 30/60 min.
F"ast rinse rate.........2 gpm/cu.ft. 16 l/r/l

- - *See Figure II I I

s ,Influent Limitations

*Maximum Free Chlorine .......... 0.1 ppa
Maximum Turbidity ............ 5 A.P.1.A.Units

- Maximum Iron & Heavy Metals.. 0.1 ppe

SC IIORIOI I1€ol ,*

1SACKWASn FLOW SATt, GPNISQ. FT.

r data included herein we based on test information obtained by Ionac Chemical Company. These data are believed to be reliablebut do nor inotpy any

owra orformance gwate.. We recommend that the ur determine performance by testing on his own proceSing 4Quipment. W sseIme no

liabilit Or responsibility for pateof infringement resulting from the use of th ,i product.
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I0AC ASB -1 Page 2

CAPACITY AM LZAKAGZ IRES ImJAL.S)

IoMA ASS-1 3icgme Capacity for Hydro- Salt Splittinq Capacity and Leakage using
chloric Acid (influent concentrations Sodium Chloride (influent concentratior,:

S00 mi. as caCO,) 500 ag/1, as CaCO3)
Capacity

Lbe._a _cu,_ft. (]Kr./cu.ft. Lbs.NaOR/ Capacity Leakage
cu.ft. (Kqr./cu.ft.) I% of Infl.C1T

)

1 6.0 1 5.0 12

2 7.4 2 6.1 8
3 9.5 3 8.3 5.5

4 11.0 4 9.7 3.7

6 13.4 6 11.8 1.5

6 15.1 8 13.3 0.7

10 16.2 10 14.3 0.2

12 17.0 12 14.9 0.1

nction of silica/total anion ratio vs. total and silica
change capacity (reqenerant level: 6 lbs.N&OH/cu.ft. *PREv*, P 7S'

350C. )

so' 
SiO7 Capacity_

Total Capacity
Si TA (Kgr/cu.ft.) Kgr/cu.ft. Lbs.SiO-/cu.ft. 10

0.0s 12.1 0.61 0.105 --
- 0.10 11.6 1.16 0.199

0.20 10. 7 2.14 0368 0 -o' ..
0.30 10.0 3.00 0.516 _ FACTO-

-T'F) FACTCO

-0 1.58365S 1-1 
' 

J : .

* 1.0 05 .85 _ " !a. io n le a k a g e v s. p. .an d ili c l e a k a e in 2 -ste o p e r at o 0 0 0 , _
Leakage of Fnal pH of Leakage of Silca 0 - 10 0.69 ..

Cation* Deionized 15 5

asz Ca, Effluent ....as Si, Dv..a caco.-

1 7.7 0.01 0.008 .,, --
2 8.2 0.02 0.026 io,.A5-
3 8.6 0.02 0.016 PIES; i
4 9.0 0.03 0.025 ,

5 9.4 0:04 0.033
6 9.6 0.06 0.050

7 9.8 0.10 0.083 21

10.0 0.15 0.125

10 10.3 0.20 0.167
12 10.5 0.30 0.250 FLOW RTE fP"s. FT
16 10.7 0.40 0.330

11.0 1.00 0.833

FOR METRIC CONVERSIONS:

Multiply gpn s% ft. x 2.44 - Mete/sihr.
Multiply pm cu. ft. x a - I/hr.I
Multiply PS/lft, bed x .22 - Atmospherelmlbed depth
Multiply Bed depth. ft. x 30.48 a en
Multiply Ib./cu. ft x 16 - GramsA
Multiply Ky./cu. ft x 2.29 - Grams C&CO,/ I

CAL 01VISION

SYBRONkx-
SYBRON CORPORATION/CHEMICAL DIVISION/BIRMINGHAM. NJ 08011 e 609/894-8211 0 TELEX 843407
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IONAC A-641
QVR~flkIType I Strong Bow MacroporousSMRONANION EXCHANGE RESIN

IONAC CHEMICAL COMPANY devesson SYBRON CORPORATION SOX 645 - IRMINGH4AM. N. J 08011 (609) 894 -8211 TELEX 843407

IONAC A-641 is a highly efficient and durable strong base macroporous anion exchange resin. IONAC
A-641 's controlled fixed pore structure provides exceptionally high operating capacity for removal of in-
organic and also organic anions. Excellent regeneration and outstanding resistance to organic fouling are
readily attainable with IONAC A-641. Toughness of IONAC A-641 resin beads insures stability to osmotic,
thermal and impact shock when used in all types of demineralizing systems, particularly condensate polish-
ing and moving bed units.

IONAC A-641 consists of a rslne trn-TYPICAL CHARACTERISTICS

divinylbenzene polymer backbone structure with a 1161si lsc ............... a W.1*111e
high concentration of functional quaternary groups F ,, ....................."(3)

Pil fm ............................... Men -por beede
IONAC A-641 is supplied as moist, spherical beads nfln11pI....................

*& in the chloride form with a particle size distribu- sceeke U.. Ws ................................. 16-U
tion designed to provide good kinetics and a min- Padlteaeke rage.................................8.3-. in
imum pressure drop. Uismdm M . ....................................... 1.7 .l

Told " aPeIV . S v . .................................. 2&5 muglg

IONAC A-641 offerg many outstanding features:.....................5mgm
-high capacity of gel resins combined with the SWailn(*- ON)....................................... .. 10

stability of macroporous structures. WUNowrer sis dlpad ............................... 58%
3i -effective removal of all anions, including weak- PH row .............................................. 6.114

ly disassociated silica and carbon dioxide. pp" 4 .....................43W c I

resulting in high water quality with very low................Wa ieaneMW

silica leakage. Stamlr Pamlt.......................... 7 CI o- nIa

L1 -better kinetics than other macroporous and Ira asi *ruita
conventional gel anion exchangers because

,Ilk of higher diffusion rate of anions in and out of
10 NAG A-641 beads. RECOMMENDED OPERATING CONDITIONS

-ability to adsorb and desorb organic anions u.s. u.is me.,.
during regeneration without the severe fouling
limitations of gel resins M- 111 Vp bgmwinwg
high bead strength to withstand thermal and 0"fm............ w* 0c

- osmotic shock encountered in high flow rate s a ........... 1*
condensate polishing and moving bed systems 'Mdm1W1:11110............... .mas
thereby resulting in lower fines generation proea ......................... uq left
than with other anion exchange resins. *adviwanii P- mhm ..... 5% 0

Swemgefw rage mm............. 5gpI/ctii. L 411111/

IONAC A-641's superior properties and perform- OasrWs t it....... LasgEu/Vs. IL 2i/h/i

ance lead to its selection for many anion exchange ewas 6Nan,
j applications including: 45L. ............. sidri~se 45 wm

-conventional multiple, mixed or layered di- 81011 korw...I............asnis -,af

mineralizing beds. ....mveie.......... 7 amees L 11411s/1/ s
-high flow rate condensate polishing, a/u U 1//

-moving bed systems with minimum physical INFLUENT LIMITATIONSattrition.
-systems where resistance to organic fouling aussa T.bif .................... &P.Uu111111

is needed. Mdtsi m et W Hem 11116116d .................................I -decolorization and organic removal from
sugar. pharmaceutical and chemical solutions. Fo 2 shows bad expansion at varios no0w raes and temmeatures

Sackwaah sao be IS Airijses or uMi bed is Oen
-The recormWX otdeinection i"m PrOvides oplimur waier WOaiN when

fl edby slow rinse at the sam fow rates. Faster mwe~ion or highe flow
ra cause stow" Powrer efuent "ufty

rpie aara nictr,;,.a h(,.re,r~ are basc'.! ~ . lt" t',nq . - ( ,,~*j( , , . . II.t'
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CHEMICAL AND PHYSICAL PROPERTIES

, IONAC A-64 1's unusually good chemical and Backwashing
physical properties makes it suitable for a wide
range of operating conditions. After the service step and prior to regeneration.

the resin bed is backwashed upflow with water
Chemical Stability to remove suspended matter deposited or occluded

in the bed during the service cycle. Backwashing
- IONAC A-641 is insoluble in acid. alkali and all eliminates gas pockets and channels and also classi-
4, common solvents. It can be used over the entire pH fies the resin bed. Any resin fines that devclop
4 range for aqueous or non-aqueous applications from normal attrition are washed out. The back-

wash rate will expand the resin bed by 50% to 75%
Physical Stability for about 1 5 minutes or until the backwash ef-

I fluent i clean. Backwash water should be softened
IONAC A-64 I's excellent bead integrity and high to prevent the formation of precipitates. The flow
bead strength offers maximum resistance to attn- rate should be achieved gradually to prevent resin
tion from osmotic, thermal and physical stresses loss through a surge carryover.
Lab and field data indicate the superiority of IONAC
A-641 over gel and other macroporous resins Figure 2 provides the relationship between the

where physical abuse of the resins are anticipated. percentage of bed expansion and the water rate and
To maintain the overall stability of :ONAC A-641 temperature Normally, the design is based on a
and any other ion exchange resin. drying and re- backwash rate for the lowest water temperature
wetting or alternate freezing and thawing of the anticipated to avoid resin loss from carryover.
resin should be avoided. When higher temperature water is used. the back-

wash rate should be increased to obtain the proper
Bead Size bed expansion

IONAC A-64 's particle size distribution is closely OPERATING CHARACTERISTICS
controlled and monitored during production. The
screen analysis typically falls within 16-50 U.S IONAC A-641 is supplied in the chloride form and must
mesh screen range (0 3 - 1 2 mm). Special coarse be regenerated before use with a good grade of sodium
mesh grades with a minimum percentage through hydroxide solution. In a typical demineralizing plant.
40 mesh are available to avoid pressure drop regeneration takes place after the exhausted resin has
problems for high flow rate condensate polishing been backwashed. Sodium hydroxide regenerant re-
To obtain optimum kinetics and physical stability, moves the anions adsorbed during the.service step and
IONAC A-641 does not contain any significant converts the resin to the hydroxide form for the next
quantity of beads larger than 16 mesh water treatment cycle. Regeneration consists of con-

tacting the resin initially with sodium hydroxide solution.
Pressure Drop followed by a slow water rinse and finally a fast rinse to

Pressure drop or head loss from water flowing completely displace any regenerant.

through the resin bed is normal IONAC A-641's IONAC A-641 will produce quality water with a
particle size distribution, sphericity and attrition high operating capacity and efficiency Influent
resistance insure a minimum pressure drop across composition, service and regenerant condition
the bed Excessive pressure drop should be avoided affect IONAC A-641 performance. Data in Figure 3
to prevent channelng of the feed solution and non- through Figure 13 provide an assessment of theseI uniform contact with the resin This condition factors using typical production quality IONAC
reduces the operating capacity and increases anion A-641
leakage

Service Conditions
I Figure 1 shows the pressure loss of typical p ticle

size distribution IONAC A-641 as a function of in- All data are based on using a flow rate of 2 gpm per cu.
fluent water flow rate and temperature The total ft.. an influent water temperature of 750 F. and a leakage
pressure drop across the bed can be readily cal- of 0 ppm sodium from the hydrogen cation exchange
culateo by multiplying the pressure drop per foot unit. Influent anion composition was varied to obtain
of bed from Figure 1 by the total bed depth This acid removal capacities for H2CO3. H2S04, HC1 and
pressure loss data is based on new resin and clean H2SiO 3 . IONAC A-641 may be operated at flow rates of
water Any particulate matter in the influent water 2 to 5 gpm per cu. ft without appreciably affecting its
would be filtered out by the resin bed and would performance.
result in additional pressure drop
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I Regonerant Conditions Silica chemistry and exchange are comolex Silica
is one of the least strongly held anions and usually

IONAC A-641 data were based on initially pre- appears first in the effluent Being weakly ionized.
heating a 30 inch resin bed with hot deionized silica does not contribute to conductiv:ty Silica
water. Regeneratior was based on using a 4% may be present on the resin.as HSiO-. as a soluble
sodium hydroxide solution downflow at 0.25 gpm low molecular weight polymer or as an nsoluble
per cu.ft, and regenerant temperatures of 75*F. higher molecular weight colloidal silica polymeri 90-F. and 1 20-F. Regeneration levels range Acid or low pH favors silica polymerization, while
from 2 lbs. to 10 lbs NaOH (100% basis) per an alkaline or high pH medium promotes depoly-
cu ft of resin merization and resolubilization It is extremelyj A regenerant contact time of approximately 45 important that the amount of silica remaining on
minutes is usually adequate. Silica leakage in- the resin after regeneration be minimal Otherwise.
creases below 45 minutes and is significant at it wI be displaced by more strongly adsorbed
30 minutes or less. A regenerant contact time of anions during the service step Silica !eakage is
60 minutes or greater is needed for very low re- further increased by cation leakage (orincipally
generant levels or where warm caustic cannot be sodium) from the hydrogen cation exchange resin
used At 6 lb regenerant level, a 4 hour contact bed Sodium in the influent is converted to caustic' at 75*F is equivalent in silica leakage to 1 hour as it passes through the anion resin bec and acts
at 95°F Therefore. the regenerant contact time as a mild recenerant. displacing any, residual
will be a function of the silica leakage desired and silica present in the bed Therefore. a h :r regen-
the regenerant level and temperature eration efficiency is crucial for low silc3 leakage

Increasing the regenerant concentrat -n level.
Since precipitated iron will foul all anion ex- temperature and contact time all contrcute to a
changers by blocking out the active groups. the more complete removal of silica from :he resin
regenerant to be used should be free of iron and during regeneration and insures a lower s ica leak-
heavy metals For best results, a high quality re- age during tne subsequent service ste-o Other
generant. such as mercury cell or rayon grade factors affecting silica leakage are the -omQosi-
caustic, should always be used. tion. temperature and flow rate of the se'. ce water

influent

Rinse Requirements Figure 3 through Fig .re 9 snow silica eakage ot
IONAC A-641 as a function of the silica :ontent ot

The importance of rinsing the resin bed after re- the influent. tre regenerant temperature and the
generation cannot be minimized Caustic regener- regenerant le,ei The data show that :ne silica
ant remaining in the resin bed will adversely affect leakage is reduced %nen the silica content of the
the service water effluent quality by increasing influent is decreased and when the regererant level

i silica and anion leakage Effective rinsing insures and temperature are ncreased This data are based
complete removal of excess regenerant Rinsing on treating water at 75°F and with 0 pc- sodium
consists of an initial slow rinse to displace free content
regenerant in the resin bed voids followed by a
fast rinse to reduce any unreacted regenerant on Silica leakage correction factors are snown in
the surface or within the beads The slow rinse Figure 10 for ciffere'r, sodium concentra:,ons and
volume of about 10 gallons per cu ft. of resin is temperatures of the nfluent water As expected
passed downflow at the regenerant flow rate of silica leakage decreases as the sod u - leakage

I 0 25 to 0 5 gpm/cu ft and at the regenerant from the cation exchange unit and tre influent
temperature The rate is then increased to the water temperature are decreased
service flow rate of 2 0-5 0 gpm/cu ft and main-
tained at this rate until rinsing is completed The Anion Removal
combined slow and fast rinse volume for IONAC IONAC A-641 s ver\ effective for remo\ ng highly
A-641 is approximately 75 gallons per cu ft of ionized anions suc r  as sulfates, chic, Jes and
resin carbonates. particula-y when there is sufficient

hydrogen cation eN:z-ange capacity to co".ert them
to the free ac I or,or to contact with :re anionSilica Removal resin bed The eauiltrlum leakage of these anions
generally fall within 1he ppb range T'-e relative

The controlled macropore structure, better kinetics acid removal capac;.! of tONAC A-64' to a I'1o
and higher regeneration efficiency of IONAC A-64 1 leakage endpont by conductivity measure s shown
are key factors in attaining very low silica leakages in Table I for d 4ferent regeneration levels

G
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I
TAIL I - IONAC A-141 ACID REMOVAL CAPACITY regeneration cycle time is not sufficient to totally

desorb these organic materials. Blocking or fouling
Mnatioe o IOAC A-41 Capecay of the exchange sites occurs because of incomplete

lb. NOON (100% basis) (c/cu. si. IL aC&o) regeneration. Consequently. the organic-fouled gel
per u.ft.a7S6F. sCcO3 H42804 Ha "2O0 resin exhibits slower kinetics or anion removal.

2 147 - 7 6 increased silica leakage and lower ooeratng ca-
4 184 140 105 lub pacity.
6 i 4 16 1 12 0 2
8 199 172 133 735 IONAC A-641 has a high porosity and larger pore

10 203 178 144 143 size than gel resins. The macroporous structure
offers a high surface area for the adsorption and
removal of the slow reacting organ: materials
Even when the percentage of organic material in

The anion removal capacities of IONAC A-641 for the influent water is relatively high. IONAC A-641I regeneration levels ranging from 2-10 lbs sodium is able to reversibly adsorb and desorb the organic
hydroxide per cu ft and for regenerant tempera- substances with little or no fouling, especially
tures of 75°F.. 95°F and 120°F are shown in when warm regeneration is used. Thus. IONAC
Figure 11 through Figure 13. For this temperature A-641 is an ideal resin for demineralizing systems
range, there is very little difference in the individ- designed to treat organic-containing waters. For
ual operating capacities for sulfates, chlorides and those cases where extremely high levels of high
carbon dioxide removal However. the silica ca- molecular weight organic foulants are encountered.
pacity increases significantly as the regeneration periodic alkaline-brine treatment of IONAC A-641
temperature increases due to more favorable silica followed by a double caustic regeneration will
solubilization and removal, maintain its long term satisfactory performance.

Organic Removal Applications

I Organic materials are present in different con- IONAC A-641 can be used to advantage in de-
centrations in all surface waters. Organic materials mineralizing systems where severe osmotic thermalI are usually high molecular weight aromatic car- or mechanical shock exist, because of its innate
boxylic acids of the humic or fulvic type As a class, physical stability and bead toughness
organic materials exhibit an unusually high affinity
for anion exchange resins but with extremely slow IONAC A-641 in the chloride form has a remark-

f kinetics. Conventional gel anion exchange resins ably high decolorizing capacity for tie removal
are limited in their ability to effectively deionize of organic substances from sugar, pharmaceuticals
water containing organic materials with molecular and chemical streams. Regeneration with warm
weights in excess of 250 These large molecules brine will effectively strip off these color bodies
will not be exchanged onto gel resins but wil; pass from the resin
through the resin bed. resulting in increased con-
ductivity, lower pH and generally poor water
quality Even if the organic materials are small When IONAC A-641 is to be used for treatingI enough to be removed by gel resins, organic fouling waters for food processing. it shoulC be initiaky
still results because of the slow diffusion rate into treated with at least 3 cycles of caust:c regenera-
and out of the gel resin beads During the long tion-salt exhaustion IONAC A641 wil meet theI service run. organics adsorbed by the gel resin con- requirements of Paragraph 121 1148 of the Food
tinuously penetrate the beads The relatively short Additives Regulations of FDA

I
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cc Figure 2. IONAC A-641
I i B ACKWASH AND BED EXPANSION

The upf low backwash step will remove anv particulate matter
filtered ouit by the IONAC A-641 resin bed during the service

I cycle. Bsawashing also regrades the resin bed and eliminates

20il enyxandne bored. A007 pesret* frints orene utilt
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£ led Voids - 40.7% I gradually to prevent resin loss by a surge carryover. Figure 2.
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IONAC A-641 CAPACITY DETERMINATION
I The following problem illustrates the use of the curves given in the IONAC A-641 bulletin to calculate silica

leakage and operating exchange capacity of IONAC A-641 when it is used in a conventional dernineralizing
system.

Water Analysis (influent to IONAC A-641 anion exchange bed):

pPM aS CaCO3  %Totai Anions Ratio to Total Anions

$04 so 20% 0.26
C! 75 40% 0.40
CO, so 2646 0.26
S10, 1s % 0.08

TOTAL ANIONS 190 100% 1.00

Cation Lealage (Sodium): 2 ppm (as CaCO 3). Water Temperature: 400 to 750 F

Required Effluent 25 ppb (parts per billion) Max. ionizable silica (as CaCO 3 ).
The "design" and the "actual" or required silica leakage may differ due to influent
temperature and sodium. It is important to determine the design silica leakage sothat the design curves can accurately predict actual results.Calculation: Regenerant @ 75*F. Calculation: Regenerant @ 1200F.

1. Determine the silica "design" leakage from Figure 1. Determine silica design leakage from corrections
10. Obtain the silica correction for the influent in Figure 10. Since corrections for service water
temperature and sodium leakage. Divide the re- temperature (75°F.) and sodium leakage (2ppm)
quired silica leakage by these corrections. remain the same as previously calculated, the sil-
Water temperature correction @ 750F. max. = 1.0 ica design basis is 19 ppb as CaCO3.
(7 5 * F . use d beca use it is w o rse c o n d itio n ) 2 e e m n i i u e e e a i n l v l f r 1
Sodium 1.31 2. Determine minimum regeneration level for 19

leakage ppb silica leakage; regenerant temperature of
Design silica leakage corrections 1200 F. and for 8% silica content in influent. Figure

4 shows that a 5 lb. regenerant level at 1200F. will

= 25 p13 = 19 ppb meet the silica design value of 19 ppb or less.

2. Determine minimum regeneration level from Fig- 3. Determine capacity rating from Figure 13 (re-
ure 3 through Figure 9 that will yield a silica design generant temperature of 120 F.) for 5 lb. regenera-

3 leakage value of 19 ppb or less at a regeneration tion level:
temperature of 75*F. and for a silica influent
content of 8%. Anion Ratio Anion Component

Rating at S lbs. per
The minimum regeneration level satisfying these Cu.FL and 1200F.
conditions is 8 lb. NaOH per cu.ft. (Figure 7). Regeneation

3. Determine for each anion component, its capacity SO, 0.26 X 14.8 3.9
1 at 8 lb. regeneration and a regenerant tempera- Cl 0.40 X 11.3 4.S
j ture of 750F. from Figure 11. The capacity values CO, 0.26 x 17.9 4.7

for the individual components are then multiplied 840, 0.08 x 14.3 1.1
by the ratio of each anion to the total anions. The Opeating Capacity
operating capacity is the sum of the individual (Kgr. CaCo, per Cu. Ft. IONAC A.641) 14.2

5I component capacities.

Anion 1111116 Anion Component
Rtng at lb&. per
Cu.PL ad w F.

04 E 0.21 E&84 4.3
0.40 x 1.4 S-4

SIO, " 0.11111 K 1& • 1.0
S operating CapactyH(I

(KW. Ca~oi, per Cu. Ft. IONAC A.641) 1S.7

IONAC CHEMICAL. COMPANY • divistan SYBRON CORPORATION •BOX 64•BIRMINGHAM. N..I. 08011 U, S. AL
I TELEX 8M 3407" PHONE: - 609 a"211

N~i 1/84 A-641. 1 5M
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SEP 921

PR F-1 set-
D i Granular Activated Alumina

Alcoa Separations Technology Division January 1989

Product Information Applications
Alcoag F-1 is a granular activated F-1 is used in a wide variety of applica- Information presented herein is believed to
alumina suitable for a wide range of tions where granular adsorbents are be accurate and reliable but does not imply
adsorption applications for drying and preferred for liquid treatment, for any guarantee or warranty by Alcoa*. Nothing
i mpurity removal. F-1 is available as example, fluoride and arsenic removal herein shall be construed as an invitation to
114x8 mesh, 8x14 mesh, 14x28 mesh, from drinking water, lubricant filtration, use processes covered by patents without
28x48 mesh, 48x 100 mesh, -100 mesh, TBC removal from monomers, and in proper arrangements with individuals or
and -325 mesh sizes. Packaging petrochemical applications such as companies owning those patents

includes sling bags, paper bags, and purification of process streams in
drums hydrogen peroxide production and in

liquid-phase polymer production. F-1 is
also used as a desiccant for both gas
and liquid streams. The 114x8 mesh size
is commonly used in air driers. The
-100 and -325 mesh sizes are used in
chromatographic applications and in
specialty product formulations.

TYPICAL PHYSICAL PROPERTIES OF F-1

8-14 Mesh

Surface area, m2lgm 240
Equilibrium water capacity @ 60% RH, wt% 16
Total pore volume, cclgm 0.4
Nitrogen pore volume, (<35A), cc/gm 0.2
Packed bulk density, lbsifts 63
Packed bulk density

for various sizes ranges from lbs/ft' (kg/m) 60-63 (961-1,009)

- TYPICAL CHEMICAL PROPERTIES OF F-1 - WT %

AI0,0 92.1
SiO, 0.72
F2O, 0.11
NaO 0.57
LOI (250.1, 2000 C) 5.8

I;

Is

t" Alcom Adsorbents and Catalyst Materials
Separations Technology Division 181 Thorn Hill Road Warrendale, PA 15086-7527

Sr (412) 772.1336 Telex 864259 ALCOA

Form No, F35-1492 Printed in U..A. 8601
G-19



APPENDIX H

BACKUP COLUMN SAMPLE DATA
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APPENDIX I

BACKWASH WATER SAMPLING DATA
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Table I-1

Total Arsenic Concentrations in Column Backwash Water

Total
Date Run Condition Arsenic, ug/L

2 May 90 4 Calgon Filtrasorb 300 23.7
1 28 June 90 7 Alcoa F1 with TCE added 73.8

8 July 90 7 Alcoa F1 with no TCE added 148

I
I
I
I
I

I
I
I
I
I

I
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APPENDIX J

TCE DATA
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