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Technical Memorandum No. 3

BENCH AND PILOT TEST RESULTS

1.0 EXECUTIVE SUMMARY

1.1 Background

A 6-month study was performed to evaluate the effectiveness of ion exchange (IX) and
biological processes for treating perchlorate-contaminated water from the Saugus aquifer.
Three single-pass perchlorate-selective IX resins were evaluated at the bench-scale while
fixed-bed biological reactors (FXBs) and fluidized-bed biological reactors (FBRs) were
tested at the pilot-scale. These processes were chosen due to their ability to remove
perchlorate from groundwater without generating a perchlorate-laden waste stream or brine
that needs to be discharged.

1.2 Ion Exchange

Breakthrough of most anions from the IX resins occurred in the first 24 hours of run time.
No chromatographic peaking was observed for any of the critical anions. Chloride
breakthrough decreased from 325 mg/L to background concentrations (-35 mg/L) after 280
bed volumes. Perchlorate breakthrough (i.e., greater than 1 pg/L) occurred at 25,000 to
76,000 bed volumes (26 to 79 days). This translates to treated water volumes of 187,000 to
569,000 gal/cu-ft resin.

Contacting IX effluent with free and combined chlorine for 2- and 24-hour incubation
periods produced no detectable (i.e., < 2 ng/L) N-nitrosdimethylamine (NDMA)
concentrations for all three resins tested, indicating that NDMA precursors did not leach
from the resins. When 2 mg/L of free chlorine was dosed to the IX feed water, effluent
NDMA concentrations were below or just over the detection limit. To evaluate the NDMA
precursor leaching potential of the resins, 100 mL batches of fresh resin were incubated for
four hours in deionized water and groundwater. NDMA was detected in only one sample,
which measured at less than half the 10 ng/L Action Level.

A California Total Threshold Limit Concentration (TTLC) analysis showed that metals were
mostly non-detect in all three spent resins. Chromium, vanadium, and zinc were detected in
two of the spent resins at levels significantly below the regulatory TTLC threshold
concentrations. Uranium levels in the spent resin leachate were significantly below the
Title 22 MCL of 20 pCi/L. To investigate whether the spent resins would be classified as
hazardous for transportation to an incineration facility, a mass balance of the uranium
adsorbed and desorbed from the resin up to 50 percent perchlorate breakthrough was
performed. The amount of uranium accumulated on the spent resins is far below the lowest
permissible reporting quantity and A-value of the California Department of Transportation.
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1.3 Biological Filtration

Consistent perchlorate removal to below detection was achieved in the FXB filter using only
organisms indigenous to the Saugus aquifer. With influent DO and nitrate concentrations of
7 and 15 mg/L, respectively, the lowest EBCT and acetic acid concentration that allowed
consistent perchlorate removal to below detection was 15 minutes and 7.8 mg/L a~ carbon,
respectively. Run times ranged from 24 hours to several days. Effluent from the FXB filter
was biologically stable and contained no fecal coliforms. Challenge tests demonstrated that
the FXB filter was robust with respect to backwashing episodes, changes in feed water
quality, system shut-downs, and electron donor addition failures. Large step increases in
feed nitrate concentration (e.g., 23 mg/L) required a period of bio-acclimation before
perchlorate removal to below detection could be reestablished in the FXB filter.

Demonstration testing showed that a submerged membrane bioreactor (SMBR) can meet
several post-FXB treatment objectives in a single step: 1) aeration, 2) biomass separation,
3) residual organic carbon removal, and 4) hydrogen sulfide removal.

The FBR did not achieve perchlorate removal to below detection over a period greater than
8 days, in spite of numerous mechanical and operational adjustments made to the system.
However, testing did demonstrate that biological perchlorate removal can be achieved
using indigenous microorganisms, a feature that had not yet been demonstrated for the
FBR system. Because the FBR was not optimized, challenge testing was not performed.

Disinfection by-product formation potential (DBPFP) tests were performed using effluent
from the FXB, FBR, and SMBR reactors. After 7 days of incubation with an excess chlorine
residual, DBPs were formed in all three streams, though only the FBR stream produced
DBPs exceeding the current MCLs of 80 pg/L total trihalomethanes (TTHMs) and 60 pg/L
HAA5so It should be noted that the FBR was not optimized prior to the DBPFP tests.
Because the FBR feed acetic acid concentrations were higher than ultimately required, the
FBR DBPFP tests are considered conservative. DBPs formed in all three streams consisted
primarily of haloacetic acids (HAAs). Seven-day incubation of process effluents with
combined chlorine produced only low levels of THMs and HAAs. A follow-up 72-hour
simulated distribution system (SDS) DBP formation test was conducted on the FBR
effluent. The SDS-THM4 and SDS-HAA5 concentrations were 40/Jg/L and 23 pg/L,
respectively.

To simulate DBP formation potential of FXB effluent that is post-treated at the Rio Vista
Water Treatment Plant (WTP), a blend of 90 percent State Project Water (SPW) and
10 percent FXB effluent was ozonated and contacted with free or combined chlorine.
Bromate was formed at concentrations ranging from 1.8 to 8.7 pg/L due to high bromide
concentrations (200 pg/L) in the blended water. Aldehydes were formed at moderate levels,
even in one sample that was spiked with 7.5 mg/L of acetic acid carbon prior to ozonation.
High levels of THMs and HAAs were measured in the ozonated samples following a 7-day
incubation with free chlorine. However, residual chlorine concentrations were excessive
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during incubation and, more importantly, a large fraction of DBP precursors would likely be
removed downstream of ozonation, prior to chlorination at the Rio Vista WTP. Seven-day
incubation of ozonated water with combined chlorine generated only 23 pg/L TTHM4 and
12 pg/L HAA5.

2.0 INTRODUCTION

2.1 Overview

Castaic Lake Water Agency (CLWA) retained Carollo Engineers (Carollo) to screen
available perchlorate treatment alternatives applicable to Saugus Aquifer water, test the
most promising alternatives, and select a process train for predesign to treat perchlorate-
impacted wells.

Carollo identified the following processes as potential treatment approaches for perchlorate:

o    Conventional regenerable IX.

"Throw-away" perchlorate selective IX.

° FBR biological filtration.

° FXB biological filtration.

° High-pressure membrane separation.

A desktop study was conducted to narrow the treatment alternatives. The benefits and
issues related to each one of these approaches were presented at a workshop held at
CLWA on February 3, 2003. During the workshop, participants from CLWA, member
agencies (Newhall County Water District (NCWD), Valencia Water Company, and Santa
Clarita Water Company), Carollo, and Kennedy/Jenks performed a process selection based
on the following criteria:

Effectiveness in treating other potential contaminants such as NDMA, HMX, RDX,
TNT, etc.

DHS approval (fast track implementation).

O&M costs.

Capital costs.

Architectural, siting, and permitting issues.

Robustness of the process.

¯ TDS and hardness removal ability.
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Workshop participants performed a pair-wise comparison analysis to weight the relative
importance of each criterion, and assigned criteria scores to each process. The following
alternatives were recommended by the participants for bench and/or pilot testing.

¯ "Throw-away" perchlorate selective IX.

¯ FBR biological filtration.

¯ FXB biological filtration.

These alternatives were selected because they can treat perchlorate with minimal
production of perchlorate-laden liquid waste or brine that needs to be discharged.

2.2 Project Objectives

The overall goal of bench and pilot testing at the CLWA was to develop design parameters
for a treatment facility that is capable of removing perchlorate to below the action level (AL)
at affected Santa Clarita Valley wells. The AL in the State of California is currently 4 IJg/L.
The method detection limit (MDL) used by the CLWA lab was 1 to 4 pg/L and the minimum
reporting limit (MRL) for the standard analytical method (EPA 314.0) is currently 4 pg/h

The specific objectives of this work were to:

Compare the perchlorate removal performance of three commercially available and
NSF certified perchlorate-selective IX resins using water from the Saugus Aquifer under
identical operational conditions by running a parallel bench-scale flow-through column
test.

2. Determine the NDMA formation potential of the three IX resins when subject to pre- or
post-chlorination at the bench-scale.

3. Determine characteristics of the spent IX resins.

Demonstrate the efficacy of FBR and FXB treatment for perchlorate removal from
Saugus aquifer water (i.e., show consistent removal of perchlorate to below the MRL of
4 pg/L).

5. Verify that sufficient perchlorate-reducing biological activity can be developed in the
pilot-scale reactors using microorganisms indigenous to the Saugus Aquifer.

=
Using pilot-scale FBRs and FXBs, develop full-scale design criteria for empty-bed
contact time (EBCT), backwashing procedures, electron donor (acetic acid) addition,
and nutrient addition.

7. Evaluate the robustness of the fluidized- and FXB biological process with respect to
system upsets, such as electron donor feed failure, process shutdowns, and changes in
the feedwater oxidant concentrations.
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8. Compare overall process performance between a FXB and FBR configuration.

9. Demonstrate the efficacy and robustness of the FBR’s on-line perchlorate analyzer in
comparison to other laboratories.

10. Prepare planning-level capital and O&M cost analyses for biological- and IX-based
treatment facilities to be incorporated in the pre-design report.

11. Determine post-treatment requirements for the IX, FBR, and FXB perchlorate removal
processes (i.e., characterize process effluent quality and disinfection by-product
formation potential).

3.0 BACKGROUND AND TEST SITING

3.1 Test Approach and Siting

The preliminary test program included two main testing protocols:

Bench-scale IX testing using three perchlorate selective resins.

¯ Pilot-scale biological testing using two system configurations.

The perchlorate selective resins have a high capacity for perchlorate adsorption and
depending on the influent perchlorate and sulfate concentrations, may experience
extensive run-times to reach perchlorate breakthrough (i.e., perchlorate > 4 pg/L). To
simplify testing logistics, IX testing was conducted at the bench-scale. The test was carried
out in the chemical building at the Rio Vista WTP. This site also served as the pilot-scale
testing site. Bench-sale IX data are readily scaleable. Factors considered in scaling-up the
bench test are water quality, bed volumes until perchlorate breakthrough, EBCT, and
separation factors specific to the selected resin. The controlling factor of the contaminants’
diffusion into the resin matrix is the selectivity of the resin’s positively charged quaternary
amine functional group for a specific anion relative to the chloride anion. The order of
elution of ions from the resin is determined solely by the selectivity sequence. The species
exit the column in reverse preferential order, with the less preferred ions (smallest
separation factors) emerging first. Other factors include charge of ion, valence of ion
(mono- or divalent), and other resin-specific physical factors.

While the effectiveness of treating perchlorate using biological processes has been
demonstrated extensively at the bench-scale, the scalability of these processes is not well
established. This project evaluated the removal of perchlorate from Saugus Aquifer water
using two pilot-scale biological system configurations (FXB and FBR).
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3.2 Feed Water

Perchlorate-contaminated wells were not used for testing due to the complications and
costs associated with the discharge requirements and the need for an extensive analysis of
influent and effluent waters. Instead, a perchlorate-free operational well (NC-12) located
near one of the perchlorate contaminated wells (NC-11 ) was used as feed water for both
bench- and pilot-scale systems. Perchlorate was spiked to achieve a final target
concentration of 50 I~g/L for most of the study. NC-11 and NC-12 draw water from the
Saugus Aquifer and have comparable raw water quality (chemistry). Sulfate was spiked to
the feed of the ion-exchange unit to achieve a final target concentration of 300 mg/L. This
mimics the highest average sulfate concentration measured in Saugus wells. Sulfate is a
critical parameter in the ion-exchange process since it competes with the perchlorate ion.
NC-11 and NC-12 were sampled and characterized in February and March 2003,
respectively (Table 3.1 ). NC-12 well water was transferred to four 6,500-gallon storage
tanks located outside the chemical building at the Rio Vista WTP via a 6,000-gallon
stainless steel tanker truck which was filled at the well site and transferred to the pilot site.
The tanker used for transferring the raw feed water was washed with hot water or a caustic
solution and then rinsed prior to use, to ensure no impact on the raw water quality. The
water stored in the baker tanks at the site was delivered to the test equipment via Schedule
80 PVC. To maintain a consistent water temperature, feed flows were routed through an
ITT Standard heat exchanger, Model SX200. The water was used at a rate varying from
2,900 to 5,800 gallons per day (2 to 4 gpm).

Table 3.1

Parameter

Perchlorate I~g/L

Nitrate-NO3- mg/L

Sulfate mg/L

Bicarbonate mg/L

Chloride mg/L

Alkalinity mg/L as CaCO3

pH -

Conductivity !Jhom/cm

Temperature degrees C

Uranium pCi/L

Water Quality Parameters in the Groundwater at Newhall 11 and 12 Wells
Treatment of Perchlorate Contaminated Groundwater
from the Saugus Aquifer
Castaic Lake Water Agency

NC-12 NC-11 NC-11
Units (March 2003) (Feb 2003) (Historic)

ND(1) 17-20 13-23

14.6 18-20 14-30

131 309-330 255-443

199 220 232-235

38 28 29-38

163 1 80 182-280

7.5 7.4 7.5-7.7

846 1,120-1,138 980-1,116

19 16

0.679 2.887-4.368 NA
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Table 3.1 Water Quality Parameters in the Groundwater at Newhall 11 and 12 Wells
Treatment of Perchlorate Contaminated Groundwater
from the Saugus Aquifer
Castaic Lake Water Agency

NC-12 NC-11 NC-11
Parameter Units (March 2003) (Feb 2003) (Historic)

Arsenic ,ug/L 1.3 <1.0-1.0 <2.0-2.0

TOC(2) mg/L <0.7 2.0(3) N/A(4)

Notes:
(1)
(2)
(3)
(4)

Not detected.
Total Organic Carbon.
After approximately three hours of flushing.
Not available.

A process flow schematic for bench- and pilot-testing is provided in Figure 3.1. The water
was pumped from the four 6,500-gal tanks to a 250-gallon tank inside the building. The flow
was then split two ways into the FXB and the FBR pilots. Schedule 80 PVC was used to
hard pipe the baker tank to the feed pump of each biological pilot skid. Perchlorate stock
solution was prepared as necessary by spiking reagent grade sodium perchlorate (Fischer
Scientific, Hanover Park, Illinois) to 1 liter of deionized, distilled water from the CLWA
laboratory. Peristaltic pumps (Ismatec, Northbrook, Illinois) dosed the perchlorate stock
solution near the front end of each pilot feed line for adequate mixing. Perchlorate was
dosed independently to each pilot skid to maintain flexibility in the pilot testing protocol. For
example, using this configuration, perchlorate spiking tests were applied to one pilot without
having to be applied to the other. Technical-grade acetic acid (Eastman Chemical
Company, Kingsport, Tennessee) was used as the stock electron donor solution and dosed
to the pilot feed lines just before entry to the biological reactors using a peristaltic pump.
This acetic acid is undergoing ANSI/NSF 60 certification, which should be completed by the
mid-2004. ANSI/NSF 60 - certified, food-grade phosphoric acid (Prayon, Inc., Augusta,
Georgia) was also dosed to the pilot feed lines using peristaltic pumps. For the FBR
system, a micronutrient mixture was added to the phosphoric acid solution for selected
tests. The micronutrient mixture contained trace amounts of iron, copper, magnesium,
manganese, zinc, boron, sulfur, molybdenum, and cobalt. The main PVC feed pipes were
fitted with a static mixer downstream of the chemical injection points.

For the bench-scale IX tests, water was collected from the pilot feed tank in two 55-gallon
tanks (approximately 1 week’s supply). The tanks were filled from the overflow line of the
250-gallon tank. A 1,000-mg/L perchlorate stock solution was prepared by adding
reagent-grade sodium perchlorate salt to distilled deionized water obtained from the CLWA
laboratory. This solution was spiked directly into the containers to result in a final
concentration of 50 pg/L. Additional sulfate was also added to the containers by dissolving
reagent sodium sulfate (Na2SO4) in distilled-deionized water to reach a final sulfate
concentration of 300 mg/L.

H:\Ctient\CastaicLakeWA_SAOW\6625A10\Ttv1~Perchlorate\TM03.doc
3-7

28979



20-CLWA204F3 1-6625A10.CDR

Well
NC-12

Backwash wastewater
borrow pit

.’ Perchlorate +
Truck ..Transfer

Sulfate Effluent to on-
i .................... ~..... Per@lorate site borrow pit

~ .:’ Bench-scale .........
~ ...’ IX columns Overflow ’, / Fixed

Heat Exchanger

III I
I 250-~’~’on Biomass waste to on-
[ tank site to on-site borrow

Four 6,500-gallon
~Baker tanks ,/’~ ~ . ~

Effluent to on-
site borrow

Phosphate Acetic Acid + ........................................................
Nutrients FBR pilot

( O ’OLLO
e n GI ne e r s

PROCESS FLOW SCHEMATIC
FOR BENCH-AND PILOT-SCALE

TESTING
FIGURE 3.1

CASTAIC LAKE WATER AGENCY

28980



3.3 Discharge Streams

All process effluents (i.e., bench-scale effluent, pilot-scale effluents, and backwash
wastewater) were pumped to a borrow pit on the Rio Vista plant site. The discharge waters
were first directed to off-site GAC drums to remove any residual perchlorate prior to
ultimate disposal in the borrow pit. The backwash water from the pilot-scale systems was
first directed to a 100-gallon drum to allow for settling, and the decant wastewater was then
directed to the feed of the GAC drums. The effluent stream from the GAC drums was
analyzed for perchlorate once per week. Additional tanks with approximately 300 pounds of
Virgin GAC were installed before the discharge point to treat any perchlorate that may be
present in the effluents. If perchlorate was detected in the GAC effluent, the spent GAC was
removed and replaced with virgin GAC. The borrow pit has no surface discharge and allows
negligible percolation due to the presence of a heavy clay soil lining. There was no
discharge to the sewer system or Santa Clara River. Spent resins were sent to a certified
laboratory for further characterization and disposal.

4.0 EQUIPMENT DESCRIPTION AND CAPABILITIES

4.1 Ion Exchange

4.1.1 Bench-Scale Flow-Through Column Testing Unit

A bench-scale flow-through column apparatus was used to evaluate the removal of
perchlorate and other anions by IX (Figures 3.2 and 3.2(a)). This equipment was used to
determine performance and cost data for three commercially-available perchlorate-
selective, IX resins.

Three glass columns were set up to run in parallel, each with a different resin. The columns
are 15 mm in diameter, 30 cm in length, and were filled to a depth of 12.7 cm with resin
media (22.5 mL of resin). The media was supported with stainless steel screens. Each
column was first half-filled with distilled water. Resin was then added from the top and
allowed to settle to the bottom of the column. Resin was added until the settled resin level
reached the 12.7-cm mark. Resin was added with excess water in the column to prevent
the formation of air-gaps in the packed resin. Once the full amount of resin was added, the
column was filled with distilled water. An in-line pre-filter (9.824-inch Osmonics Flotrex-GF
pleated 3.0 pm absolute Model FGF031AAS) was installed after the feed pump to remove
suspended material from the feed water. To monitor headloss, pressure gauges were
installed upstream and downstream of the filter housing unit, and pressure relief valves
were used to prevent pressure build-up. A three-way valve was also installed in the effluent
line to provide a location for manual sampling.
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