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EXECUTIVE SUMMARY
BACKGROUND AND TECHNOLOGY DESCRIPTION

Perchlorate (CIO,) is a human health concern because it can prevent assimilation of iodide in the
thyroid by competitively inhibiting its uptake. lodide regulates normal functions of the thyroid
and is critical in the growth and development of fetuses, infants, and children (USEPA 2005). As
of February 2011, the United States Environmental Protection Agency (USEPA) determined that
perchlorate can be regulated under the Safe Drinking Water Act (SDWA), and in October 2007,
California Department of Public Health (CDPH) established a maximum contaminant level
(MCL) of 6 micrograms per liter (ug/L). Nitrate is a co-contaminant in water with perchlorate
because ammonium nitrate is a main component in rocket fuel and explosives (Wang et al. 2002).
In addition, nitrate is often found in groundwater because of agricultural impacts. Nitrate (NO3)
is regulated by the SDWA and has an MCL of 10 milligrams per liter as nitrogen (mg-N/L).

While ion-exchange (IX) resins are currently used for perchlorate treatment, they are costly and
do not destroy contaminant mass. By contrast, membranes are increasingly used in the drinking
water industry for full-scale potable water treatment. The membrane biofilm reactor (MBfR)
process demonstrated in this project used the latest advances in membrane technologies and
included anoxic biological reduction using a staged hydrogen-fed membrane biofilm reactor,
aerobic biological stabilization, media filtration, and disinfection. This technology builds upon a
number of previously successful MBfR studies treating perchlorate and nitrate in groundwater.
The MBTfR uses anoxic biodegradation for the complete destruction of perchlorate, and it may be
used for nitrate removal. The reactor is comprised of numerous permeable hollow-fiber gas-
transfer membranes that are pressurized with hydrogen gas. Hollow fiber membranes are widely
used in a range of industries for bubble-less gas transfer. The MBfR is an adaptation of this
proven approach for perchlorate and nitrate treatment. Bubble-less gas transfer allows delivery
of hydrogen gas directly to the bacteria. This results in nearly 100 percent hydrogen usage,
which makes the process economical (no donor waste) and safe. A biofilm containing a
community of perchlorate-reducing, nitrate-reducing, and other bacteria grow on the exterior
surface of the hollow fibers. Hydrogen serves as the electron donor that also minimizes biomass
generation. This process results in reduction of perchlorate and nitrate and can also be used for a
range of other oxidized contaminants including trichloroethene (TCE), chromate, selenate, and
bromate (Nerenberg and Rittmann 2004; Rittmann et al. 2004; Adham et al. 2005; Chung et al.
2006b; Chung et al. 2006¢; Chung et al. 2006d).

The purpose of this Demonstration was to evaluate the feasibility of MBfR to destroy perchlorate
and nitrate in groundwater and produce potable water at the pilot scale, evaluate process control
parameters to optimize performance, and estimate full-scale technology costs. This pilot-scale
treatment system was installed at West Valley Water District (\WVWD) in Rialto, California. The
treatment train consisted of two 575-gallon MBTfR vessels, in a two-stage lead/ lag configuration,
containing seven polypropylene-fiber membrane modules in each tank. The 14 modules had a
total membrane surface area of 2,000 square meters (m?). Groundwater was pumped into the lead
MBfR vessel. The effluent from the lead vessel then flowed into the lag MBfR vessel.
Recirculation pumps with an adjustable flow rate of 70 to 280 gpm were used for recirculating
water through the membrane modules in each MBfR vessel. The MBTR lag vessel effluent was
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subsequently processed by aeration, media filtration, and disinfection. Indigenous
microorganisms attached to the membrane exterior surfaces and created a biofilm. Electron
donor (hydrogen gas) and nutrients (phosphoric acid) were supplemented to the reactors. The
attached microorganisms preferentially reduced dissolved oxygen (DO), nitrate, perchlorate, and
sulfate. Additional processing prior to groundwater re-injection included filtration through
granular activated carbon (GAC) and ion exchange resin to meet California Regional Water
Quality Control Board permit requirements for discharge to groundwater. The study included
four phases: Start-Up, Optimization, Steady State, and a Challenge Phase. The Challenge phase
included intentional process upsets to assess resiliency and reliability of the technology. A
parallel and important laboratory investigation of the MBfR performance was also conducted at
Arizona State University. This research is briefly summarized in this report and fully
documented in a separate report (Rittmann et al. 2013).

PERFORMANCE OBJECTIVES AND RESULTS
Perchlorate

Perchlorate was reduced from an average of 15445 pg/L to an average of 9.2+2.3 ug/L in the
effluent of the lag reactor during Steady State (94.4 percent reduction). While the treatment
objective of 6 ug/L was not met, perchlorate was consistently removed with little variation
(coefficient of variation was 0.75%).

During Optimization, influent flow rate and recycle flow rate were observed to affect perchlorate
treatment efficacy, as discussed in detail in Section 5.7.2. The effect of influent flow rate and
associated electron acceptor loading was evaluated for flows rates of 10, 15, and 20 gpm.
Perchlorate was on average 8.5 ug/L while operating at 10 gpm, 17.9 ug/L at 15 gpm, and 27
ug/L at 20 gpm. Recycle flow rates were tested further during batch tests, where four recycle
flow rates were tested in each MBfR vessel. In general, the best performance was observed when
recycle flow rates were increased indicating mass transfer limitations. However, operation at the
highest recycle rates did not promote complete perchlorate removal. Other factors including an
overabundance of sulfate-reducing bacteria relative to perchlorate reducing bacteria limited
complete perchlorate reduction (Rittmann et al. 2013). Finally, the impact of sparge frequency
and gas type was evaluated. Sparging was conducted to remove buildup of biomass and inert
compounds in the membranes. Use of compressed air rather than nitrogen for sparging resulted
in no measurable change in performance. Compressed air is less expensive than nitrogen and
may be used to decrease operational costs. Sparging frequencies of 24 hours or less did not
change perchlorate or nitrate removal appreciably; 12 hours was selected for Steady State
operations.

Batch tests demonstrated that complete perchlorate removal was possible but was observed to
occur when sulfate reduction and sulfide generation began. Modeling and bench-scale studies by
ASU demonstrated that complete perchlorate removal was observed without sulfide production if
removal flux of nitrate and oxygen — expressed as stoichiometric hydrogen demand — was about
0.18 grams of hydrogen per meter squared per day (g Hy/m*-day) (Rittmann et al. 2013).
Operation under these conditions in the laboratory prevented overgrowth of sulfate reducing
bacteria. However, single-stage operation of the pilot-scale system at a removal flux of nitrate
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and oxygen of 0.12 g-Hy/m?-d did not prevent overgrowth of sulfate reducing bacteria and
promote complete perchlorate reduction. Therefore, other differences between the laboratory and
pilot-scale systems such as trans-membrane liquid velocity and associated mass-transfer
resistance may have prevented complete perchlorate reduction.

Nitrate

The MBfR was highly effective at removing nitrate. Total nitrogen (the sum of nitrate and
nitrite) was reduced from an influent average of 9.0 mg-N/L to an average of 0.12+0.07 mg-N/L
in the effluent of the lag reactor during Steady State (98.3 percent reduction). Nitrate reduction
was consistently removed with little variation (coefficient of variation was 0.94%) with the
highest effluent total nitrate as 0.24 mg-N/L. Similar to perchlorate, factors controlling
performance were influent flow rate and recycle flow rate. Reductions of nitrate to less than
0.5 mg-N/L were demonstrated at a flow as high as 18 gpm. Highest reductions were observed
when recycle flow rates were highest. Another key finding was that 79 percent of nitrate was
reduced across the lead reactor with an average lead effluent concentration of 1.8+0.16 mg-N/L
during Steady State. As such, a full-scale system may include single-stage operations, thus
decreasing capital and operational costs and system footprint.

Drinking Water Treatment Goals

Other drinking water treatment goals that were evaluated during the Demonstration included
disinfection, odor, turbidity, dissolved organic carbon (DOC), and pH. Disinfection was
accomplished using sodium hypochlorite with a free chlorine residual of 0.2 mg/L to meet
disinfection requirements based on CT. CT stands for the concentration of disinfectant “C”
multiplied by the contact time “T” in minutes. Fecal coliforms, total coliforms, Escherichia coli
(E. coli) and heterotrophic plate counts (HPCs) were used as indicator parameters for
disinfection performance. During Steady State E. coli, fecal coliforms, and total coliforms were
below the detection limit (2/100 mL) in all post-disinfection samples. HPCs were on average 43
most probable number per milliliter (MPN/mL), and no samples were greater than the MCL of
500 MPN/mL. Disinfection byproducts were below regulatory limits. Haloacetic acids (HAA5)
were below detection (< 6 pg/L) and total trihalomethanes TTHMS) averaged 4.8 pg/L compared
to the MCL of 80 pg/L. Nitrosamines were not detected.

Odorous compounds, primarily hydrogen sulfide, can be inadvertently generated if conditions
become more strongly reducing than targeted. The performance objective for odor was less than
the US EPA National Primary Drinking Water Regulation’s secondary standard for threshold
odor number (TON) of three. The average TON during Steady State was 2.2.

Turbidity is also of concern since this technology involves growing a biofilm that can detach
from membrane surfaces. Media filtration in combination with a coagulant filter aid was
employed down-stream of the MBfR process. An average turbidity of 0.27 nephelometric
turbidity units (NTU) was observed at the filter effluent during Steady State. The media filter
was backwashed approximately every 12 hours, which resulted in wasting approximately 3
percent of the system influent water. Media filter backwash water was analyzed for TSS to
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estimate solids generated for disposal. Based on these samples, approximately 10,000 grams (22
pounds) of solids were generated per MG of water treated from media filter backwashing.

Residual biodegradable organic compounds in treated water can decrease water biostability and
promote regrowth of organisms in distribution systems. DOC was selected as a surrogate
indicator for biological stability. The increase in DOC from the system influent to the finished
water was on average 0.4 milligrams per liter (mg/L) during Steady State. While the goal for this
project was less than a 0.2 mg/L increase, the metric is not driven by regulation, and
requirements for biological stability are specific to each drinking water distribution system. This
increase of 0.4 mg/L DOC is not necessarily biodegradable and may be stable in some
distribution systems.

Control of pH was important for this system, since denitrification and other reduction processes
can result in increased alkalinity. During the MBfR Demonstration, the pH of the finished water
remained within the secondary MCL of between 6.5 and 8.5 standard units (SU). The average
finished water pH was 7.8+0.2 SU during the one-month Steady State period.

COSTS

The cost assessment was conducted for an MBTfR treating nitrate and not perchlorate because the
6-ug/L performance objective for perchlorate removal was not achieved. The cost model used
water quality conditions at the site, located at Well 22 in Rialto, California. The model assumed
full-scale operations were at 1,000 gpm with six different operating scenarios. Three nitrate
treatment goals were selected for a 1,000 gpm full-scale MBfR system: 1) 28 mg-N/L of influent
and 4.0 mg N/L effluent, 2) 10 mg N/L of influent and 6.8 mg N/L effluent, and 3) 18 mg N/L of
influent and 6.8 mg N/L of effluent. Scenario 1 has similar design conditions to previously
published work (Brown et al. 2008; Webster and Togna 2009) and was included in this study for
comparison. The three treatment goals were applied to two MBfR system designs: a design using
the same process used in the Demonstration (Scenario 1, 2 and 3) and a design modified and
improved based on information gathered during the Demonstration (Scenario 4, 5 and 6). The
modified design includes several enhancements to increase system efficiency and decrease
wastewater generation. Unit total costs including operations, maintenance, and amortized capital
for the various scenarios were expressed in terms of MG of water treated as follows:

Scenario Purpose Cost ($/MG treated)

1 Comparable to previous research studies 706

2 Represents conditions similar to this Demonstration 863

3 An example system with higher nitrate concentrations 2,037

4 Comparable to scenario 1, but with a revised treatment 582
process integrating key lessons from the Demonstration

5 Comparable to scenario 2, but with a revised treatment 640
process integrating key lessons from the Demonstration

6 Comparable to scenario 3, but with a revised treatment 1,290
process integrating key lessons from the Demonstration

Note: MG — million gallons
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Comparison between the MBfR system and 1X showed that the MBfR was more economical,
particularly when wastewater disposal for 1X regeneration is included. IX resin regeneration
disposal costs are largely site-specific. Wastewater from the MBfR system, which includes
media backwash water and MBfR sparging water, can be discharged through the municipal
sanitary sewer after removing some suspended solids. However, wastewater generated during IX
regeneration cannot be directly discharged to a municipal sewer mainly because of the high salt
concentrations. The unit operations, maintenance, and amortized capital costs for IX were
estimated to be $2,781/MG water treated for Scenario 1, $2,787/MG for Scenario 2 and
$3,462/MG for Scenario 3. MBfR costs were also compared with the ESTCP project “Direct
Fixed-Bed (FXB) Biological Perchlorate Destruction Demonstration” (Brown et al. 2008). The
unit cost of the FXB system was $730/MG, which is similar to the MBfR unit cost of $706/MG
for Scenario 1. However, MBfR costs are lower when compared with the modified design - the
cost for Scenario 4 was approximately 30% lower at $528/MG. The MBfR was shown to be
competitive with other biological treatment technologies for nitrate removal.

IMPLEMENTATION ISSUES

The results of this Demonstration study showed that: 1) the MBfR bioreactor treatment system
provided consistent and robust nitrate removal; 2) the reactor provided reductions in perchlorate
over 90 percent, but did not meet the treatment objective of less than 6 pg/L; 3) aeration, media
filtration, and disinfection provide effective post-treatment; 4) system operation is
straightforward, requiring no specialized training; 5) the indigenous bacterial communities
formed a biofilm within approximately one month; and 6) total water production costs are lower
than conventional 1X treatment. While there are currently no Federal regulations for perchlorate
in place, the USEPA has established an Interim Drinking Water Health Advisory of 15 pg/L. The
CDPH has developed rules that are more stringent and established a State MCL of 6 pg/L as of
October 2007. The MCL for nitrate is 10 mg-N/L. All applicable Federal and State regulations
and requirements for drinking water treatment must be met for a full-scale MBfR system. In
addition to meeting primary and secondary drinking water treatment regulations, regulatory
acceptance, permitting, and safety are important implementation issues. A major end-user
concern with this system is use of hydrogen, a flammable gas. The data presented herein
demonstrated that this issue was easily managed and did not necessitate extraordinary efforts.
The following observations and actions were part of this Demonstration:

e Hydrogen was supplied using an on-site generation system with back-up cylinders. The
cylinders were on a gas-supply pad that stabilized and manifolded the gases together.

e Flammable gas/no-smoking placards were used at the site.

e Lower explosive limit (LEL) sensors stopped the system when hydrogen was detected.

e Liquid nitrogen was supplied in a commercially available dewar. From a cold surface
hazard perspective, liquid nitrogen is handled as liquid oxygen is at commercial facilities.

e Liquid carbon dioxide was supplied in cylinders similar to hydrogen back-up cylinders.
These were secured in the same containment area as hydrogen and nitrogen.

Conditional acceptance of the MBfR has been obtained from CDPH. The first full-scale MBfR
system for treatment of nitrate in drinking water is in the process of being permitted at
Cucamonga Valley Water District. The combination of data from this Demonstration project in
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conjunction with regulatory acceptance of a full-scale system will support additional work and
willingness to design and operate this technology full-scale.
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1.0 INTRODUCTION
11 BACKGROUND

Perchlorate is a strong oxidizer that is primarily used in solid rocket fuels, fireworks, explosives,
and road flares. While perchlorate can generate from natural processes, the majority of
occurrence in the United States (U.S.) is from anthropogenic sources. Perchlorate is a human
health concern because it can prevent assimilation of iodide in the thyroid by competitively
inhibiting its uptake. lodide regulates normal functions of the thyroid and is critical in the growth
and development of fetuses, infants, and children (USEPA 2005). As of February 2011, the U.S.
Environmental Protection Agency (USEPA) determined that perchlorate can be regulated under
the Safe Drinking Water Act (SDWA). EPA then began the process of determining and
proposing a National Primary Drinking Water Regulation (NPDWR) for perchlorate to establish
a national primary maximum contaminant level (MCL) in drinking water (Lehman and
Subramani 2011).

Perchlorate is present in many potable water supplies throughout the U.S. (Wang et al. 2002),
with the highest density of contamination in Southern California, west central Texas, and New
Jersey, New York, and Massachusetts (Lehman and Subramani 2011). From 2001 to 2005,
USEPA required sampling for perchlorate in potable water supplies that serve more than 10,000
customers under the Unregulated Contaminant Monitoring Rule 1 (UCMR1). Of the 3,865
drinking water systems that were sampled, perchlorate was detected in 647 samples from 25
states, which represented 160 systems (Brandhuber et al. 2009). The frequency of perchlorate
detection in these systems was approximately 4.1 percent (GAO 2010). Many but not all of the
anthropogenic sources of perchlorate were attributable to Department of Defense (DoD) and
DoD-contractor operations.

Nitrate (NOj3) is commonly found as a co-contaminant in water with perchlorate because
ammonium nitrate is a main component in rocket fuel and explosives (Wang et al. 2002). Nitrate
is regulated by the SDWA and has an MCL of 10 mg-N/L. Costs for mitigating perchlorate and
nitrate contamination can be significant; thus, demonstration and validation of cost-effective
treatment technologies is critical to the DoD.

Anoxic biodegradation can be used to treat perchlorate and nitrate, and it can result in complete
elimination of the contaminants. The anoxic autotrophic membrane biofilm reactor (MBfR) may
be used for biologically mediated perchlorate and nitrate reductions. Autotrophic bacteria do not
use organic carbon as a source for growth; instead, they grow using bicarbonate as a carbon
source. Since most groundwater is oligotrophic (i.e., low organic carbon), autotrophic hydrogen-
oxidizing bacteria would be indigenous and favored under conditions promoted in the MBfR.
The reactor is comprised of numerous permeable hollow fiber gas-transfer membranes that are
pressurized with hydrogen gas. The membranes are woven together into a permeable sheet.
Water is pumped through the reactor and contacts the outside of the fiber membranes. Hydrogen
is pumped through the interior of the fibers, and a biofilm containing a community of indigenous
perchlorate- and nitrate-reducing bacteria grow on the exterior surface of the hollow fibers.
These bacteria are ubiquitous in the environment (Urbansky 1998). Hydrogen serves as the
electron donor for biological denitrification of nitrate to elemental nitrogen and for reduction of



perchlorate to chloride ions. Use of hydrogen for autotrophic biodegradation is ideal because
hydrogen has a low biomass yield, relatively low cost (13 to 15 times less than common organic
amendments), is relatively insoluble in water, and does not persist in treated water, thereby
preventing further microbial growth caused by excess donor (Rittmann and Snoeyink 1984;
Nerenberg et al. 2002).

The purpose of this Demonstration was to validate the feasibility of the MBfR for anoxic
biodegradation of perchlorate and nitrate. A pilot-scale drinking water treatment plant using the
MBfR technology was installed at the WVWD Well 22 facility in Rialto, California. The
treatment train included perchlorate and nitrate removal using two MBTfRs in series. Additional
downstream processing included stabilization of the MBfR effluent to remove DOC via aerobic
biological filtration. An aeration tank was used to increase DO concentration and oxidation-
reduction potential (ORP) prior to filtration. The media filtration and a coagulant filter aid were
used to remove suspended solids and turbidity. Water was subsequently disinfected using
chlorination. Post process treatment was required by the California Regional Water Quality
Control Board prior to discharge back to groundwater and included granular activated carbon
(GAC) filtration and ion exchange (1X). GAC was used for removal of chlorinated solvents
present as a co-contaminant in the source water. IX was used for removing residual perchlorate
prior to injection back to groundwater.

1.2  OBJECTIVES OF THE DEMONSTRATION

The purpose of this Demonstration was to evaluate the feasibility of the MBfR to destroy
perchlorate and nitrate in groundwater and produce potable water at the pilot scale, evaluate
process control parameters to optimize performance, and estimate full-scale technology costs.
Additional objectives were to obtain regulatory acceptance of the technology, conduct a safe
Demonstration, and have no permit violations.

Specific advantages of the technology include perchlorate and nitrate destruction, minimization
of DOC in the effluent, and minimization of TSS and bacteria in the produced water. The project
was organized into four phases: Start-Up, Optimization, Steady State, and a Challenge phase.
Groundwater was pumped from a well to an equalization tank, and then to the MBfR at flow
rates as high as 22 gpm. The Start-Up phase was designed to promote growth of perchlorate- and
nitrate-reducing bacteria on the hollow fiber membranes. During Optimization, operational
conditions were varied to evaluate system performance with respect to contaminant removal and
operating and maintenance requirements. A period of Steady State operation assessed process
stability, which is critical for potable water production. The Challenge phase included intentional
process upsets to assess resiliency and reliability of the technology, such as influent flow
shutdown and discontinuation of electron donor delivery.

13 REGULATORY DRIVERS

Widespread contamination of groundwater with perchlorate was not discovered in the U.S. until
1997. During that year, the CDPH adopted a provisional action level of 18 pg/L based on limited
toxicological data, but there was no analytical method that was sensitive to this concentration.
Later that year, a new analytical method was developed that was more sensitive with a detection



limit of 4 pg/L (Hatzinger 2005; USEPA 1998). EPA added perchlorate to the Contaminant
Candidate List (CCL) in 1998. This list encompasses contaminants that are being considered for
regulation under the Safe Drinking Water Act (SDWA). From 2001 to 2005, the USEPA
required drinking water utilities to monitor for perchlorate and report results under Unregulated
Contaminant Monitoring Rule 1 (UCMR1). In February 2005, EPA set the official reference
dose for perchlorate as 0.0007 milligrams per kilogram per day (mg/kg/d), a drinking water
equivalent level (DWEL) of 24.5 pug/L based on the monitoring results and results from
additional toxicological investigations from the National Research Council of the National
Academy of Sciences (Lehman and Subramani 2011). USEPA has since established an Interim
Drinking Water Health Advisory of 15 ug/L. In the absence of formal federal regulatory
guidance, several states began regulating perchlorate in drinking water. In 2006 Massachusetts
established an MCL of 2 pg/L, in October 2007 California established an MCL of 6 pg/L, and in
2009 New Jersey established an MCL of 5 pug/L (Lehman and Subramani 2011). Perchlorate is
also governed under the California’s guidance document for the use of extremely impaired
sources when the concentration exceeds 10 times the MCL (60 pg/L), the source water “is
extremely threatened with contamination due to proximity to known contaminating activities”,
“contains a mixture of contaminants of health concern”, or “is designed to intercept known
contaminants of health concern” (CDPH 1997). In February 2011, EPA released the
determination that perchlorate met the SDWA criteria for regulation, and EPA is currently in the
process of establishing an MCL (Lehman and Subramani 2011). Nitrate is regulated by the
SDWA and has an established MCL of 10 (mg-N/L).

In addition to meeting regulatory requirements for perchlorate and nitrate, groundwater that is
used as a drinking water source needs to comply with all applicable regulations under EPA’s
SDWA. This includes relevant regulations such as the Total Coliform Rule (TCR), the Interim,
Long Term 1, and Long Term 2 Enhanced Surface Water Treatment Rules (SWTR), the UCMR
1, Filter Backwash Recycling Rule (FBRR), the Stage 1 and Stage 2 Disinfection Byproduct
(DBP) Rules, the Groundwater Rule, and the Lead and Copper Rule. Several states have their
own regulations that are more stringent than the SDWA. The CDPH is responsible for certifying
drinking water treatment technologies pursuant to California Health and Safety Code Section
116830. The CDPH is also responsible for permitting drinking water supplies. The California
Code of Regulations (CCR), Title 22 (Social Security), Division 4 (Environmental Health)
specifies requirements for potable water that are analogous to the SDWA. Accordingly, specific
treatment requirements for potable water production in addition to perchlorate and nitrate
removal include but are not limited to:

e Compliance with primary drinking water standards for nitrite.
e Filtration to remove suspended solids and bacteria.

e Disinfection to ensure that the potable water supply does not contain pathogenic bacteria
(e.g., E. coli, fecal coliforms, and total coliforms) or elevated levels of heterotrophic
bacteria.

DBP formation is measured by monitoring for trihalomethanes (THMs) and haloacetic acids
(HAAS) at the effluent of the finished water. Currently, the USEPA and the State of California
have established MCLs of 0.08 mg/L and 0.06 mg/L for THMs and HAAs, respectively.
Additional analysis for DBP formation potential (DBP-FP) and nitrosamines were monitored
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during steady state and the Challenge phase per request by the CDPH. California considers N-
nitrosodimethylamine (NDMA) and other nitrosamines as emerging contaminants and
consequently has not issued an MCL. However, the State of California issued a Notification
Level of 10 nanograms per liter (ng/L) for three nitrosamines: N-nitrosodiethylamine (NDEA),
NDMA, and N-nitrosodi-n-propylamine (NDBA). Response levels are concentrations where
CDPH recommends removing the source from service, as water quality levels correspond to a
10 risk level for cancer. Response Levels of 100, 300, and 500 ng/L are set by CDPH for
NDEA, NDMA, and NDBA, respectively. The USEPA has not specified an MCL for
nitrosamines.

14  STAKEHOLDER/END-USER ISSUES

Potential stakeholders and end-users for the technology include DoD Remedial Project
Managers, DoD contractors, private and public water utilities, and regulatory agencies including
the CDPH. The general public is an important end-user since they will consume potable water
produced by a permitted full-scale system. These stakeholders and end-users may use or evaluate
the technology for potable water production from groundwater contaminated with perchlorate
and nitrate. This technology may also be used for non-potable water treatment, as in remediation
of contaminated groundwater. The technology may also be applicable to reduction of other
oxidized contaminants including trichloroethene, chromium VI, selenate, and others (Chung et
al. 2006b; Chung and Rittmann 2007; Chung et al. 2007; Rittmann et al. 2004).

This Demonstration answered several questions about MBfR for perchlorate and nitrate
reduction, including:

e s the process robust to potential process upsets?

e What are the treatment costs?

e How does the technology perform under various operating conditions?
e What are the key design parameters for technology optimization?

e What is the likelihood for regulatory acceptance of the technology?



20 TECHNOLOGY
21  TECHNOLOGY DESCRIPTION

The MBTR process is based on the latest advances in membrane technology and includes anoxic
biological reduction using a staged hydrogen-fed membrane biofilm reactor followed by aerobic
biological stabilization, media filtration, and disinfection (Figure 2.1). This technology builds
upon a number of previously successful MBfR studies treating high concentrations of perchlorate
and nitrate in groundwater. The MBfR design uses permeable hollow-fiber membranes
pressurized with hydrogen gas (H). Hydrogen is fed to the lumen of hollow-fiber gas-transfer
membranes, and bacteria grow naturally as a biofilm on the exterior of the membranes exposed
to contaminated water. Membrane sheets of woven hollow-fiber filaments are wrapped around
an interior perforated core, and water flows out radially (Figure 2.1c). Hollow fiber membranes
are widely used in a range of industries for bubble-less gas transfer. Bubble-less gas transfer
allows delivery of hydrogen gas directly to the bacteria. This results in nearly 100 percent
hydrogen usage, which makes the process economical (no donor waste) and safe.

a.
Polypropylene Membrane

C.

Membrane Waterin
sheet, woven
of hollow fiber
filaments

Biofilm

0, N0y, Clo,

Figure 2.1 Schematic of Hydrogen-Fed MBfR (a) Membrane Cross Section, (b) Woven
Fibers and Biofilm, and (c) Membrane Module Design

The treatment process for the Demonstration consisted of two 575-gallon MBfR vessels, in a
two-stage lead/lag configuration containing seven polypropylene-fiber membrane modules in
each tank. The 14 modules had a total membrane surface area of 2,000 m?. Influent water was
fed into the lead MBfR vessel. The lead vessel effluent then flowed into the lag MBfR vessel.
Recirculation pumps with an adjustable flow rate of 70 to 280 gpm were used for recirculating
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water through the membrane modules in each MBfR vessel. The MBfR lag vessel effluent was
subsequently processed by aeration, media filtration, and disinfection. Indigenous
microorganisms from the feed water attached on to the membrane surface and created a biofilm.
Adequate quantities of electron donor (hydrogen gas) and nutrients (phosphoric acid) were added
to the reactors. The attached microorganisms preferentially consumed DO, nitrate, and
perchlorate. As such, the biofilm contained aerobic, nitrate-reducing, and perchlorate-reducing
bacteria. Sulfate can also be reduced to sulfide provided sufficient hydrogen gas is delivered.

The biological process was staged to minimize reactor volume and control growth. The goal was
to achieve an increased volumetric loading by taking advantage of the well-known plug-flow
effect from using reactors in series. Reactors in series allow treatment of higher substrate
concentrations in the first stage, with a low concentration in the lag reactor to act as a polishing
process and meet low-level effluent standards. The first stage was used to remove DO, nitrate,
and some perchlorate. The second stage was used to remove the remainder of the perchlorate.
The two vessels alternated positions between lead and lag periodically to sustain similar
biological growth between the two vessels. Carbon dioxide (CO,) was used for pH control to
prevent precipitation of hardness. The denitrification process produces alkalinity, which
increases the pH. Carbon dioxide was added to lower the pH back to near neutral, with a set
point of 7.2 standard units (SU). Carbon dioxide was also used as a carbon source for microbial
assimilation. The stoichiometric relationships between hydrogen, carbon dioxide, and electron
donor with cell mass production (CsH;O;N), alkalinity produced (hydroxide ion, OH"), and other
byproducts for different electron acceptors were developed assuming 0.091 as the fraction of
electrons going to assimilate biomass per electron from hydrogen (Rittmann and McCarty 2001),
as follows:

Oxygen: 4.4H, + 20, + 0.143CO, + 0.0285NO; = 0.0285CsH;O,N + 0.02850H" + 4.286H,0

Nitrate: 4.4H; + 1.6285NO;" + 0.143CO; + - 0.0285CsH;O,N + 0.8N, + 1.62850H" + 3.629H,0
Perchlorate: 4.4H, + CIO, + 0.143CO, + 0.0285NO; = 0.0285CsH;O,N + CI" + 0.02850H" + 4.286H,0
Sulfate: 4.4H, + SO,* + 0.143CO, + 0.0285N0; > 0.0285CsH;O;N + HS™ + 1.02850H" + 3.286H,0

The low biomass yield of 0.0285 mole of CsH;O,N per mole NOj translates into a slow growth
rate for autotrophs (Lee and Rittmann 2002) and thus fewer operational controls needed for
biomass control and lower solids handling.

Post Treatment: For drinking water treatment applications, post-MBfR processes need to achieve
the following water quality goals:

e Water stability: since biological nitrate and perchlorate reduction requires anoxic
conditions, water must be re-aerated during the post-treatment process. Oxygenation also
removes taste and odor-causing compounds (e.g. sulfide).

e Turbidity: to meet SWTR requirements.

e Wastewater solids management: solids generated from sparging the MBfR and media
filter backwashing must be disposed of using an appropriate method.

e Disinfection: as with any drinking water treatment process, a disinfection step must be
included to minimize the potential for bacteria regrowth and meet CT requirements.

e Disinfection Byproduct Formation: DBPs must be below their respective MCLSs.
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The treatment processes implemented downstream of the MBfR included aeration, media
filtration, and disinfection. Additional processing prior to groundwater re-injection included
filtration through GAC and IX resin to meet California Regional Water Quality Control Board
permit requirements. The process flow diagram is provided in Figure 2.2.

The first step after MBfR treatment was aeration to replenish DO. After aeration, water passed
through a media filter where solids and DOC were removed. A coagulant, or filter aid, was
added prior to the media filter. This chemical addition allowed for more efficient suspended
solids removal by the filter. The effluent from the media filter was pumped to the finished water
where sodium hypochlorite was added for disinfection. This water was discharged to the sump
tank. Water from the sump tank was fed through two bag filters operated in parallel for solids
removal prior to two GAC vessels operated in series. The GAC vessels removed volatile organic
compounds that were present as co-contaminants. For complete removal of perchlorate before re-
injection to groundwater, the GAC effluent was conveyed through two 1X vessels in series. A
back flush/effluent tank system capable of storing media filter backwash water was also part of
the system. Key design criteria for the MBfR included:

Membrane surface area

Membrane packing density

Number of reactor stages

Hydraulic residence time in each stage

Influent flow rate and electron acceptor loading
MBTR water recirculation flow rate

Hydrogen gas pressure

Hydrogen consumption rate

Sparge frequency

e Sparge gas composition

Key design criteria for the media filter system included:

e Coagulant/filter aid type and dose
e Filter surface loading rate

e Filter media type(s) and depth(s)
e Backwash frequency
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Factors Affecting Performance of the MBfR: A simple steady-state mass balance on the
contaminant (perchlorate or nitrate) around the MBfR can be expressed as:

0=QC, - QC - JAV (2.1)

where Q = volumetric flow rate, cubic meters per day (m*/d)
C,= influent contaminant concentration, grams per cubic meter (g/m°)
C =effluent contaminant concentration, g/m?
J = contaminant flux, grams per square meter per day (g/m?-d)
A = biofilm specific surface area, square meters per cubic meter (m*/m?®)
V = MBTfR volume, cubic meters (m®)

Rearranging (2.1) to solve for C provides a useful format for understanding in equation 2.2:
C=C,-JAVIQ (2.2)

The product JAV/Q gives the removal of the contaminant in terms of concentration. It shows the
inherent trade-offs among J, A, and V for a given Q and C,. For instance, large values of J, A, or
both make it possible to have a small value of V, which leads to savings in construction and land
costs. Likewise, a high value of the specific surface area (A) makes it possible to trade off high
flux, and vice versa. In general, it is desirable to have a large flux (J). Factors that can lead to a
large flux and that were considered in this project are:

e Contaminant loading. As a first approximation, the reduction kinetics for perchlorate
degradation is first order, which means greater perchlorate concentrations increase J
proportionally. Increasing influent flow rates increases contaminant loading.

e Fast mass-transport of the contaminant from the bulk liquid to the surface of the biofilm.
This is controlled by turbulence, which depends on the liquid velocity past the biofilm.
The liquid velocity is controlled by the amount of process water that is recycled. The
liquid velocity was used to maintain an optimum biofilm thickness.

e Hydrogen availability. An increased hydrogen pressure, which controls the availability of
the donor substrate to the biofilm, increases hydrogen and contaminant flux (Lee and
Rittmann 2002). Hydrogen pressure controls the flux with a nearly linear relationship
(Ziv-El and Rittmann 2009).

e A high accumulation of the desired bacteria in the biofilm. In this case, the key bacteria
are those that reduce perchlorate and nitrate. While oxygen is a preferred electron
acceptor followed by nitrate and nitrite, perchlorate reduction will occur once these
competing electron acceptors are low enough. Previous research showed that perchlorate
reducers are facultative anaerobes and can reduce nitrate and oxygen as well as
perchlorate to gain energy and grow. This is called secondary utilization of perchlorate.
In addition, other bacteria that can reduce oxygen and/or nitrate may also be present in
the biofilm. Co-reduction of perchlorate, nitrate and oxygen at high rates is favored by
having a high concentration of active biomass. This concentration depends on the influent
groundwater chemistry as well as the MBfR staging. A high concentration of desired
bacteria in the biofilm is preferable for high biofilm thickness because of mass transfer
limitations and greater maintenance requirements.



e Staging. A high influent concentration of perchlorate drives faster kinetics, but is
contrary to achieving a low effluent concentration. However, this conundrum is solved
by having multiple stages in series. A high concentration occurs in the first stage so that
J is high, but the next stage has a low C and J to meet lower effluent water quality
objectives. J averaged over the entire system is increased considerably by staging
(Levenspiel 1962), and this translates into smaller capital costs and space requirements.

Although high J is desirable for good performance and cost effectiveness, it is not the only factor
that can be optimized to achieve the goals. The other powerful tool is achieving a high specific
surface area, A. A high specific surface area can be attained by proper combination of two
strategies:

e Fine fibers with a high ratio of surface area to mass or volume. The specific surface area
of one fiber is inversely proportional to its diameter. Thus, making the diameter smaller
automatically increases A. For instance, decreasing the fiber diameter from 300
micrometers (um) to 100 um increases each fiber’s specific surface area threefold. This
strategy is limited by the ability to manufacture a durable fiber in smaller diameters.

e High packing density. Increasing the number of fibers per unit volume of the MBfR
makes the specific surface area proportionally higher. For instance, increasing the density
from 3 percent of the reactor volume to 9 percent increases A threefold. The packing
density should not be increased so much that it prevents good water-flow distribution in
the fibers or that it allows the fibers to clump together.

Periodic pulsing with gas and backwashing are a means to prevent fiber clumping and maintain
good flow distribution, despite using small fibers at a high packing density. Gas pulsing in the
MBITR stages is conducted by sparging with nitrogen gas or alternatively with air.

2.2 TECHNOLOGY DEVELOPMENT

The MBfR technology for perchlorate and nitrate removal was invented, developed, and
extensively tested by Dr. Bruce Rittmann and co-workers (Lee and Rittmann 2002; Nerenberg
and Rittmann 2004; Nerenberg et al. 2003; Nerenberg et al. 2002; Rittmann and Lee 2002).
Bench-scale MBfRs reduced perchlorate from 105 pg/L to less than 4 pg/L with a perchlorate
flux of 23 milligrams per square meter per day (mg/m“/d); this demonstrated the potential for the
MBfR to be a cost-effective full-scale design. Additional research that validated perchlorate
removal by hydrogen-fed autotrophs in bioreactors has been conducted by Dr. Bruce Logan
(Logan and LaPoint 2002; Miller and Logan 2000; Logan et al. 2004). MBfR flux measured in
Dr. Rittmann’s laboratory demonstrated first-order reaction kinetics and the importance of
hydrogen pressure. MBfR design data for a staged process based on Dr. Rittmann’s data
demonstrated the value of reactor staging (Rittmann et al. 2004). Increased hydrogen pressure
countered the effect of increased nitrate loading to the MBfR (Lee and Rittmann 2002). These
data supported MBfR responsiveness to changing water quality and operational conditions.

Pilot-scale testing of the MBfR technology and an engineering analysis were conducted at La

Puente Water Treatment Plant in California (Adham et al. 2004). While the pilot system
successfully reduced perchlorate from approximately 60 pg/L to less than 4 pug/L and generated a
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wealth of operating experience, the typical flow rate of 0.3 gpm was too low to obtain accurate
cost and performance data. Furthermore, the membrane module design used at La Puente was
poorly suited for the MBfR and resulted in slow mass transfer and short-circuiting.

The microbial, functional, and structural interactions between perchlorate and nitrate reduction in
the MBfR biofilm was recently investigated for an MBfR system that had complete reduction of
perchlorate and nitrate when hydrogen was not limiting. The MBfR’s biofilm was found to be
composed of autotrophic genera Sulfuricurvum, Hydrogenophaga, and Dechloromonas
dominating the biofilm (Zhao et al. 2011). The hydrogen-based MBfR also has been shown to be
highly effective for reducing a wide range of oxidized contaminants beyond nitrate and
perchlorate (Nerenberg and Rittmann 2004; Rittmann et al. 2004; Adham et al. 2005; Chung et
al. 2006b; Chung et al. 2006c; Chung et al. 2006d). These include TCE, chromate, selenate, and
bromate. Thus, the hydrogen-based MBfR removed multiple oxidized contaminants
simultaneously. A list of oxidized contaminants that have been demonstrated with the MBTR to
date is shown in Table 2.1.

Table 2.1 Chronological Development of the MBfR Technology

Efficiency/Loading /

Year Application Scale Removal Rate Reference

2002 | NOs Bench | 92% - Cy 5 mg-N/L (Lee and Rittmann
2002)

2002 | CIO4 Bench | 30t0 99% - Cy 0.2 to 25 mg/L | (Nerenberg et al.
2002)

2003 | CIO4 Pilot ClO4:96% - Cy 55 pg/L (Nerenberg et al.

NO3:>97% - Co 5.5 mg-N/L | 2003)
2004 | CIO4, NO3 Lab, ClO4: 95% - Cp 50 pg/L (Rittmann et al.
bench | NO3™: 76% - Co 10 mg/L 2004)

2006 | Arsenate [As(V)] Lab 68% - Cp 0.142 mg/L (Chung et al.
2006a; Chung et al.
2007)

2006 | Chromate [Cr(VD)] Lab 84% - Co 1000 pg/L (Chung et al.
2006d)

2006 | Selenate [Se(VI)] Lab 94% - Cy 260 pg/L (Chung et al.
2006¢; Chung et al.
2006b)

2007 | Bromate (BrOs) Lab >99% - Cp 1.5 mg/L (Chung and
Rittmann 2007)

2007 | Bromate Lab >99% - Co 1.5 mg/L (Downing and
Nerenberg 2007)

2007 | NOgs, CIOy, Se(VI), Bench | NO3™: >99% - Co 10 mg-N/L; | (Chung et al. 2007)

Cr(VI), As(V), DBCP: below detection (BD)
Dibromochloropropane - Col.4 pglL;
(DBCP) ClO4 and CLO;3™: BD -
Co82 ug/L
2008 | NO3, ClO4 Bench | NOs:5.4 g-N/mz-d (Van Ginkel et al.
ClO,: 5.0g ClO4/m?-d 2008)
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Efficiency/Loading /
Year Application Scale Removal Rate Reference
2008 | 1,1,1-Trichloroethane | Lab 87% (TCE), 95% (TCA), 99% | (Chung and
(TCA), TCE, (CCly) - C5 1000 pg/L of each | Rittmann 2008)
Chloroform (CCls)
2008 | TCE Lab 93% - Co 1 mg/L (Chung et al.
2008a)
2008 | NDMA Lab 96% - Cy 0.2 pg/L (Chung et al.
2008b)
2009 | NOs’ Lab >99% - C, 200 with 230 g- (Hasar 2009)
N/m?-d loading
2009 | NO3', CIO4 Lab NOj3: >99.5% with 0.21 mg- | (Ziv-El and
NOs5/cm?-d loading; Rittmann 2009)
ClOy: 3.4 pg/cm?-d loading
2011 | p-Chloronitrobenzene | Lab 99.3% - Cp 2 mg/L (Xiaetal. 2011)
2011 | 2-Chlorophenol Lab 94.7% - Cy 1-5 mg/L (Xiaetal. 2011)

East Valley Water District (EVWD) Perchlorate Reduction Demonstration

The first stage of this project involved a pilot-scale Demonstration of the MBfR at East Valley
Water District (EVWD). An MBfR with post media filtration was demonstrated for perchlorate
reduction using groundwater at EVWD Well 28A in San Bernardino, California. The six-month
Demonstration included 1) a Start-Up phase designed to promote growth of perchlorate-reducing
bacteria (PRB) on the membranes, and 2) an Optimization phase of variable operating conditions
to test system performances, and to assess compliance with regulatory requirements.

The process included MBfR modules with cellulose triacetate (CTA) membranes, aerobic
biodegradation, media filtration, and chlorination. Post-processing steps were integrated for the
removal of DOC, TSS, bacteria, and disinfection. A series of quantitative and qualitative
performance objectives were established for the Demonstration. The quantitative performance
objective for perchlorate was an effluent concentration of 6 pg/L. The qualitative performance
objectives of safety and permit compliance were specific for Demonstration activities per se
rather than the technology, but were critical for the successful Demonstration. Taste and odor
were considered a critical aspect of general public acceptance.

During Start-Up, perchlorate removal was achieved in about 6 weeks, with influent
concentrations of approximately 50 pg/L reduced to less than 6 pug/L. However, perchlorate
removal was not sustained because of excessive biofilm growth and short-circuiting as described
below.

During the Optimization phase, the impacts of various operational parameters on perchlorate
reduction and effluent water quality were investigated. These included influent flow rate,
perchlorate concentration, and recirculation rate. The MBfR was tested over progressive
increases in flow rates from 1 to 6 gpm to assess system performance under variable loadings.
Influent concentrations of perchlorate (approximately 55 pg/L) and nitrate (approximately 7 mg-
N/L) were constantly fed to the reactor during Optimization. Effluent perchlorate and nitrate
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concentrations below the set success criteria were observed at a flow rate of 1 gpm. When the
system flow rate increased from 1 gpm to 3 gpm, perchlorate performance was maintained.
However, there was a slight increase in effluent nitrate and nitrite concentrations; thus the
performance requirements for nitrate and nitrite were not met. The reactor performance abruptly
deteriorated during the next 3 weeks when the system was operated at 6 gpm. Under these
conditions, effluent perchlorate concentrations increased to approximately 45 pg/L and total
nitrogen increased to approximately 3.8 mg-N/L. The influent flow rate was decreased from 6
gpm back to an intermediate flow of 3 gpm for 1 month. Although perchlorate and nitrate
removal were slightly improved at 3 gpm to approximately 25 pg/L and 1.5 mg/L, respectively,
the success criterion for perchlorate was not met. The flow rate was then decreased to 1 gpm,
which resulted in effluent nitrate below detection and effluent perchlorate of approximately 18
Mo/L after 2 weeks. Recirculation flow in the MBfR was increased from 90 to 180 gpm to further
promote perchlorate reduction and to support system recovery. Although perchlorate reduction
improved significantly (approximately 65 percent) and effluent nitrate was reduced to below
detection, the perchlorate performance objective was not met. The feed perchlorate concentration
was then reduced from 50 pg/L to 15 pg/L (i.e., the typical EVWD well 28A concentration) to
determine if the MBfR was capable of achieving the 6-pg/L perchlorate goal when the feed
concentration was lowered. This resulted in effluent concentrations lower than 6 pg/L, which
met the success criterion for perchlorate.

The analysis of the results and visual examination of biofilm growth at the membrane surface
revealed possible explanations of poor system performance. There was an uneven distribution of
bacteria at the membrane surfaces in the three bioreactors, the high accumulation of biomass in
the first stage and the limited biofilm density in the third stage indicated a poor biofilm control,
and possible poor flow distribution, thus the loss of effective membrane surface area for mass
transfer to occur. The membranes had regions sparsely populated with biofilm and other regions
densely populated with biomass. Several areas had dark brown/black biomass, which indicated
over-reducing conditions. A variety of operating configurations were unsuccessful in
overcoming the maldistribution of biofilm and flow. The design of the membrane modules was
concluded to be the primary factor causing maldistribution — the design included bundles of
individual fibers that could not be sparged or backwashed effectively. An alternative membrane
design was warranted to validate the feasibility of this technology. The MBfR modules from
EVWD were redesigned to improve biofilm control and improve performance. The
Demonstration at WVWD is the focus of this report, which was based on an MBfR with the
revised design. Additional details are provided in Appendix H.

2.3 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

The membrane-based system for bio-reduction of perchlorate and nitrate has the following
advantages:

e Perchlorate and nitrate are biologically reduced to chloride, water, and nitrogen gas. Thus,
the target contaminants are eliminated, not transferred to another phase, as is the case for IX
resin, tailored activated carbon, and reverse osmosis.

e Hydrogen-based bio-reduction in the MBfR uses an inorganic electron donor (i.e., hydrogen)
and an inorganic carbon source (i.e., bicarbonate or carbon dioxide) for autotrophic bacteria.
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This eliminates the need to supply an organic electron donor to support heterotrophic
bacteria, as is the case for other biological treatment approaches such as fluidized bed
reactors, packed or fixed bed reactors, and continuous stirred tank reactors. Advantages of
autotrophy over heterotrophy include reduced biomass generation, decreased electron donor
costs, lower residual organics requiring downstream treatment, lower potential for
disinfection by-product formation because of lower residual organics, less potential for
pathogen growth, and self-regulating control of the hydrogen-supply rate. Thus, the MBfR
makes the biological reduction process simple, reliable, and less costly.

e Biological reduction of perchlorate with the MBfR is likely to be approved by regulators.
For example, the CDPH, in reviewing pilot-scale work conducted at La Puente, stated in their
June 16, 2003 letter, “The membrane biofilm reactor does appear to be a promising
technology for perchlorate reduction” (Adham et al. 2004). The letter includes specific
comments that are addressed as part of this Demonstration project.

e The hydrogen-based MBTfR technology may also degrade other oxidized contaminants that
often occur along with nitrate and perchlorate. These include selenate, chromate, bromate,
and TCE. Thus, this technology may be used to solve many problems, which is not the case
for other technologies such as IX.

e The media filter removes DOC that is present in the incoming water and that may be
generated in the hydrogen-based MBfR. While the hydrogen-based MBfR adds some DOC,
downstream processing with aerobic biologically active filtration can remove biodegradable
DOC, making the water more biologically stable.

Limitations of the technology include:

e Multiple MBfR stages have not previously been demonstrated on a field scale to document
consistent perchlorate removal or to establish a cost basis. This Demonstration project was
specifically designed to address this limitation.

e The integration of the hydrogen-based MBfR with aeration and media filtration has not
previously been tested for its ability to generate potable water. This Demonstration project
was specifically designed to provide data necessary to critically evaluate performance.

e The ability to maintain stable control of the biofilm and prevent fouling in the MBfR has not
been demonstrated at the pilot scale. This Demonstration project was specifically designed to
address this limitation.

e The technology uses hydrogen, which is flammable. Engineering design of the MBfR
system must comply with codes for design and operation of systems using hydrogen.

e The anoxic biological treatment process may increase chlorine demand. Higher chlorine
doses may be required and result in higher formation of DBPs, chlorine demand, THM-FP,
and DBPs including THMs and HAAs were measured in the Demonstration to assess this
potential concern. On the other hand, use of hydrogen as the electron donor generates less
biomass and thus less chlorine demand than biological treatment processes using
heterotrophic bioprocesses.

e Biological perchlorate treatment may require greater operator attention, as it may be less
robust with respect to process upsets compared to IX systems. The overall economics of
perchlorate treatment will drive any decision regarding the implementation of biological
treatment.
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e The MBfR-based approach will require regulatory approvals for production of potable water.
This Demonstration project was specifically designed to gather the information needed to
support regulatory approval.

The primary technology used today for production of potable water from perchlorate-impacted
water is IX. Other technologies that are at various stages in development include tailored
activated carbon and various biological treatment technologies. A brief description of strengths
and weaknesses of different technologies is summarized in Table 2.2. The fluidized bed
bioreactor and the packed bed bioreactor have already received conditional acceptance from the
CDPH for treating perchlorate-impacted water.

Table 2.2 Technological Comparison for Perchlorate Removal

Technology Strengths Weakness
lon Exchange e Full scale installations are in | ¢ Can accumulate uranium and become a
operation Technologically Enhanced Naturally
e Simple design and operation Occurring Radioactive Material
e High recoveries e Not a green technology (exhausted ion
e Low cost and very effective exchange resins are collected and sent
for incineration or regenerated with
brine as a waste stream)
Tailored e High capacity e Requires chemical or thermal
Activated e Easy operation activation
Carbon e Tested at pilot and full scale | ¢ Not a sustainable technology
(exhausted activated carbon is
collected and sent for incineration)
e Other components can leach creating
secondary pollution
e High cost of production and
maintenance
Biological Proven effective for Sensitive to water and environmental
Treatment perchlorate reduction conditions
Technologies Full-scale systems are under Require startup time
construction and nearing Fouling and clogging of various
acceptance systems, if not maintained properly
Fluidized bed bioreactor and
the packed bed bioreactor
have received conditional
acceptance from CDPH
Simple design and operation
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3.0

3.1

SUMMARY

PERFORMANCE OBJECTIVES

Performance objectives were established for this Demonstration to provide a basis for evaluating
MBTR performance and cost for the reduction in perchlorate, nitrate, and nitrite concentrations in
groundwater. The performance objectives apply to the complete MBfR and post treatment
process train, as summarized in Table 3.1.

Table 3.1 Performance Objectives

Performance Data Performance
Objective Requirements | Success Criteria Objective Met?
Quantitative Performance Objectives
Determine Pre- and post- | Post-treatment No - lag reactor effluent perchlorate
treatment treatment concentrations: was 9.2 ug/L (average) during Steady
effectiveness | concentrations | ClO4 < 6.0 pug/L State.
of perchlorate,
nitrate, and NO; < 0.5 mg-N/L | Yes - nitrate and nitrite were below 0.5
nitrite (NO5) NO; <0.5 mg-N/L | mg-N/L for all samples at the lag
effluent during Steady State.
Determine Post Post-disinfection Yes - fecal and total coliforms and E.
disinfection disinfection concentrations: coli were below the detection limit of
effectiveness | concentrations | fecal coliforms 2 MPN/100 mL in all post-disinfection

of fecal
coliforms, total
coliforms,
HPCs

below detection
total coliforms
below detection
HPCs <500 MPN/
mL

samples during Steady State. HPCs
were on average 43 MPN/mL during
Steady State and no sample was greater
than 500 MPN/mL.
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Performance Data Performance
Objective Requirements | Success Criteria Objective Met?
Determine Post TON <3 Yes - TON was 2.2 on average, but 3 of
ability to meet | disinfection 12 samples were above a TON of
drinking odor, turbidity, 3.These 3 samples were associated with
water organic carbon, process shutdowns because of high
treatment and pH winds.
primary and
secondary Turbidity < No — The average turbidity was 0.27
MCLs 0.2 NTU NTU and turbidity exceeded 0.2 NTU
33 percent of the time based on online
measurements. Further optimization
can address this issue.
DOC increase No - DOC increased an average of
<0.2 mg/L 0.4 mg/L from the system influent to
post-disinfection during Steady State.
However, this metric for distribution
system stability is not driven by
regulation and may be acceptable.
6.5<pH<85SU | Yes-pH was between 6.5 and 8.5 SU
in all samples analyzed.
Reliability Operating > 95 percent uptime | Yes - system up time during steady
Records during steady state | state was 98 percent.

operational period

Qualitative Performance Objectives

Safety Operating No reportable Yes — there were no reportable health
records health and safety and safety incidents.
incidents
Permit Monthly No violations Yes — there were no permit violations.
Compliance permit reports
Regulatory Review by Obtain letter of Yes — Conditional acceptance for
Acceptance CDPH conditional treatment of nitrate was received on
acceptance from the | July 26, 2013.
CDPH
3.2 TREATMENT EFFECTIVENESS

The key performance objective in this Demonstration was to reduce perchlorate to below
California regulatory levels and to reduce nitrate to less than 0.5 mg-N/L. Pre- and post-
treatment samples were collected from the system influent, lead and lag MBfR effluents, and
finished water effluent at regular intervals during the steady-state performance period. MBfR
effluent concentrations of perchlorate, nitrate, and nitrite were measured and compared with the
success criteria outlined in Table 3.1.
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Perchlorate - US EPA determined that perchlorate can be regulated under the SDWA. EPA then
began the process of determining and proposing a National Primary Drinking Water Regulation
(NPDWR) for perchlorate to establish a national primary MCL in drinking water. In the absence
of formal federal regulatory guidance, several states began regulating perchlorate in drinking
water and in October 2007 California established an MCL of 6 pg/L (Lehman and Subramani
2011). Thus, the effluent perchlorate performance objective was 6 pg/L. Perchlorate was reduced
from an average of 1545 pg/L to an average of 9.2+2.3 pg/L in the effluent of the lag reactor
during Steady State (94.4 percent reduction). Perchlorate was consistently removed with little
variation (coefficient of variation was 0.75%). While the performance metric for perchlorate was
not met, perchlorate was consistently reduced by more than 90 percent during Steady State,
highlighting the reliability of this technology. Research conducted by ASU indicated that sulfate
reducing bacteria likely provided too much competition with perchlorate-reducing bacteria for
hydrogen and space in the biofilm, which led to an inability to achieve < 6 pg/L perchlorate.
ASU experiments demonstrated complete perchlorate reduction in the absence of sulfate
reduction when dissolved oxygen was intentionally fed to a lag reactor at a low electron acceptor
flux (i.e., 0.18 g Ho/m?-day expressed as hydrogen equivalents). These results suggest that
process modifications may promote complete perchlorate reduction in the MBfR (Rittmann et al.
2013).

Nitrate and Nitrite — Nitrate is a commonly observed contaminant in water. According to the
NPDWR, the MCL for nitrate has been set at 10 mg-N/L, and for nitrite at 1 mg-N/L. Nitrate
destruction was quantified using the sum of the nitrate and nitrite concentrations.

The performance objective for nitrate and nitrite was less than 0.5 mg-N/L. Total nitrogen was
between 0.069 and 0.24 mg-N/L during steady state. Total nitrogen (the sum of nitrate and
nitrite) was reduced from an influent average of 9.0 mg-N/L to an average of 0.12+0.07 mg-N/L
in the effluent of the lag reactor during Steady State (98.3 percent reduction). Nitrate reduction
was consistently removed with little variation (coefficient of variation was 0.94%), with the
highest effluent total nitrate at 0.24 mg-N/L. The MBfR provided consistent removals despite
some system upset conditions. Thus, the results met the metrics set for the nitrate and nitrite
performance criteria.

3.3 DISINFECTION EFFECTIVENESS

Hypochlorite was used after MBfR biological reduction and media filtration as a disinfectant.
HPCs were used as a surrogate indicator parameter for total bacteria. Total and fecal coliforms
were used as an indicator of contamination by human or animal fecal wastes. The performance
objective for disinfection was post-disinfection concentrations of total and fecal coliforms below
detection and HPCs less than or equal to 500 colony forming units per milliliter (CFU/mL). The
MCL for fecal and total coliforms is below the detection limit of 2 MPN/100 mL. Under
NPDWR, HPC is regulated as a treatment technique (TT), a required process intended to reduce
the level of a contaminant in drinking water. Under USEPA's SWTR, systems using surface
water or groundwater under the direct influence of surface water must achieve a HPCs no greater
than 500 MPN/mL (67 FR 1811).
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During Steady State, hypochlorite concentrations were dosed to maintain a target free chlorine
residual of 0.2 mg/L to meet CT requirements. Free chlorine residual at the disinfection basin
was monitored to check that, at a minimum, the levels met CT requirements. Fecal and total
coliforms were below the detection limit (2/100 mL) in all post-disinfection samples during the
Steady State performance period. HPCs were on average 43 MPN/mL, and no sample was
greater than 500 MPN/mL during Steady State. Thus, the performance objective for disinfection
effectiveness was met.

3.4  ABILITY TO MEET DRINKING WATER TREATMENT PRIMARY AND
SECONDARY MCLs

Treated water was required to comply with primary and secondary MCLs for drinking water.
The parameters of interest include post-disinfection odor, turbidity, and pH. DOC is also of
interest because it can contribute to water instability in the distribution system and is a potential
source of disinfection byproducts.

Odor - Biological reduction processes in the MBfR can potentially lead to the formation of
odors. Under the conditions favorable to nitrate and perchlorate reduction, sulfate reduction may
also occur, resulting in formation of sulfide. USEPA National Secondary Drinking Water
Regulations (NSDWR) require a secondary standard of TON equal to or less than 3 to be
considered as aesthetically acceptable finished water and this was set as the performance
objective. Quantitative measurements of odors were performed in the finished water. An average
TON of 2.2 was observed during Steady State; however, there were three exceedances of 12
samples collected. These exceedances were associated with process shutdowns that occurred
because of high winds. The process shutdowns resulted in a non-flowing system which resulted
in over-reducing conditions and resultant sulfate reduction. The metric for this performance
objective was met based on the average TON.

Turbidity - Fine particles resulting from biological treatment can cause an increased turbidity in
the effluent, which can make water aesthetically unacceptable. While turbidity per se is not a
major health concern, it can be associated with presence of pathogens and can affect disinfection
efficiency. Media filtration in combination with a coagulant filter aid was employed to meet
turbidity requirements. Turbidity was monitored throughout the treatment system, but for this
performance objective, the success criteria were compared to the media filter effluent turbidity.
The performance objective for turbidity in the finished water was less than or equal to 0.2 NTU.
An average turbidity of 0.27 NTU was observed from online measurements during normal steady
state operation. The average turbidity value was higher than the performance criteria and thus
this performance objective was not met. Further optimization of the media filtration process
would result in meeting the objective.

Dissolved Organic Carbon — Residual biodegradable organic compounds in treated water can
decrease water biostability and promote regrowth of organisms in distribution systems. DOC was
selected as a surrogate indicator for biological stability. The performance objective for DOC
required the increase in the system to be less than or equal to 0.2 mg/L. DOC samples were
collected throughout the treatment system. For this performance objective, the increase in DOC
was measured from the system influent to the finished water. An average DOC increase of
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0.4 mg/L from the system influent to post-disinfection was observed during Steady State. The net
increase in DOC exceeded the performance objective indicating that treated water was less
biologically stable. Hence the performance objective for biological stability was not met during
Steady State. On the other hand, biological stability is specific to a particular distribution system
and the observed increase in DOC may be acceptable. Disinfection byproducts and byproduct
potentials were below MCLs. Haloacetic acids (HAA5) were below detection (< 6 pg/L) and
total trihalomethanes TTHMs) averaged 4.8 pg/L compared to the MCL of 80 pg/L.
Nitrosamines were measured and not detected.

pH - pH control and monitoring was essential as most of the chemical and biological reactions in
aquatic environment occur within an optimal range. In particular, pH control was important for
this system since denitrification and other reduction processes can result in increased alkalinity
and increased pH. Desirable pH typically lies in the range of 6.5 to 8.5 SU, which is a secondary
MCL under the NSDWR. A variation in treated water pH from this range may pose health,
infrastructure (e.g. corrosion), and public acceptability issues. Under NSDWR, USEPA
recommends these secondary standards to water systems but does not require systems to comply.
During the MBfR Demonstration, the pH of the finished water remained within the performance
standards of 6.5 to 8.5 SU. An average value of 7.8£0.2 SU was observed during the Steady
State period. The metric for this performance objective was met.

3.5 RELIABILITY

Reliability of the treatment processes plays an important role in planning and designing of any
water treatment facility. The goal during this Demonstration was to guarantee high quality
treated water, particularly from a public health standpoint. Robust system performance indicates
the ability of a specific process to meet all the water quality standards, regardless of anticipated
fluctuations in raw water quality or operating conditions.

For this performance objective, the reliability of the MBfR system was measured as the up time
during the one-month long Steady State phase. The performance objective was set to have at
least > 95 percent uptime during the steady state operational period. Overall system up time of
98 percent was observed, which confirmed the reliability of the MBfR technology. The
performance objective on system reliability was met.

3.6 SAFETY

Safety concerns linked to water and wastewater treatment operations often originate from the use
of hazardous chemicals and gases; thus, metrics of safety performance were included among the
qualitative performance objectives to be met during the MBfR Demonstration. In particular, the
use of pressurized gases such as hydrogen (flammable), nitrogen, and CO,, increase the level of
risk and hazard, requiring additional safety measures to be implemented. Flammability
associated with the use of hydrogen gas was of main concern and required specific engineering
design measures including explosivity sensors and automatic shutdown provisions for safe gas
use. Other measures including placarding in the area to prevent sources of ignition and
appropriate health and safety training were also required.
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Metrics for meeting the safety performance objective included no reportable health and safety
incidents during the Demonstration site. Health and safety incident reports and regular
monitoring of gases at the Demonstration site were used to evaluate this performance objective.
There were no health and safety incidents reported during the Demonstration. Flammable gas
concentrations were not detectable during various times at the field site. During the few instances
when a hydrogen leak was detected, the system was automatically shut down. The metric for this
performance objective was met.

3.7 PERMIT COMPLIANCE

Contaminated groundwater was used for the MBfR technology Demonstration. The water was
treated through the MBfR process followed by post disinfection, and a final polishing step using
GAC and IX filters before being injected back into the aquifer. The California Regional Water
Quality Control Board (RWQCB) requires a permit for any such re-injection of treated water.
California RWQCB issued permit number R8-2002-0033-038 for the re-injection of treated
water into groundwater during this Demonstration. Monitoring of influent and effluent
parameters was conducted during this study and monthly permit compliance reports were
submitted per the permit requirements. No violations of the permit occurred during this MBfR
Demonstration. Thus, the metric for this performance objective was met.

3.8 REGULATORY ACCEPTANCE

This performance objective was to obtain a letter of conditional acceptance from the CDPH. A
letter indicating conditional acceptance for the MBfR for treatment of nitrate was received from
the CDPH on July 26, 2013 (Appendix I). This is the process by which the State of California
evaluates unconventional alternative treatment technologies for compliance with drinking water
treatment regulations under Title 17 and 22 of the California Code of Regulations. APTwater has
constructed a full-scale system for potable water treatment of nitrate using the MBfR technology
at Cucamonga Valley Water District in California. This system is in the process of being
permitted by CDPH for full-scale operation.
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4.0 SITE DESCRIPTION
41  SITE LOCATION AND HISTORY

The first stage of this project involved a pilot-scale Demonstration of the MBfR at EVWD in San
Bernadino, California, using water from EVWD Well 28A. Results from this pilot-scale
Demonstration were discussed in Section 2.2. This second stage of this project was conducted at
WVWD’s Well 22 in Rialto, California (Figure 4.1). The EVWD Well28A location is also
shown on Figure 4.1 for reference. WVWD Well 22 was a former agricultural well that was not
being used as a water source prior to the Demonstration. The site is bounded by Vineyard
Avenue to the north, Linden Avenue to the east, and West Norwood Street to the south. The
areas surrounding the well are mixed residential, agricultural, and industrial. The City of Rialto
Municipal Airport is located less than one mile south of the well. Contamination of perchlorate
and volatile organic compounds (VOCSs) is believed to have originated from weapons/explosives
manufacturing and storage at the Rialto Ammunition Storage Point (RASP) northwest of the well
site. The RASP was operated by the U.S. Army from 1942 to 1945. The site was owned and
occupied by West Coast Loading Corporation (WCLC) until 1957. WCLC performed the
loading, assembly and testing of munitions with perchlorate for the US Army and Navy. B.F.
Goodrich owned and operated the site for propellant manufacturing and testing until 1963. The
site was sold by B.F. Goodrich in the 1960s and was subsequently used by various defense
contractors, fireworks, and pyrotechnics companies. The nearby Mid-Valley Sanitary Landfill is
another known source of VOCs (GeoSyntec 2005).
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42  SITE GEOLOGY/HYDROGEOLOGY

WVWD Well 22 is located within the Rialto-Colton groundwater basin. Numerous subterranean
barriers and faults direct groundwater flow within the basin. The basin is largely comprised of
unconsolidated alluvial sediments. The aquifer system beneath the site consists of coarse to
medium sand and gravel to 200 feet below ground surface (ft bgs) underlain by sand to 500 ft
bgs. The upper water-bearing unit begins at the surface and extends to 130 ft bgs. The middle
water-bearing unit lies directly underneath the upper unit and extends to greater than 1,000 ft
bgs. The water bearing units within the basin are unconfined and are hydraulically connected to
each other. Consolidated deposits and a basement complex composed of metamorphic and
igneous rocks underlie the water-bearing units. Recharge to the Rialto-Colton groundwater
system comes from a number of sources. Manual recharge with imported water, underflow
across faults, inflow from rivers and drainages, and infiltration (rainfall and irrigation water)
provide the majority of recharge to the system (Wooldenden and Kadhim 2005).

43 CONTAMINANT DISTRIBUTION

The primary contaminants of concern in groundwater in the Rialto-Colton basin are perchlorate,
nitrate, and trichloroethene (Figure 4.2). The plume extends from the RASP source area in the
northwest toward the southeast and is more than 3 miles long and half a mile wide. Historically,
perchlorate and TCE concentrations have been measured in the source area as high as 10,000 and
420 pg/L, respectively (GeoSyntec 2007). In 2011, perchlorate and TCE concentrations in the
plume were observed as high as 1,100 and 42 pg/L, respectively (USEPA 2011). Historical water
quality data at Well 22 that was available prior to the Demonstration are shown in Table 4.1.
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Table 4.1 Historical Water Quality at Well 22

Analyte Units Dates Minimum |Average | Maximum

Alkalinity mg/L as CaCOs 8/21/2003 NA 150 NA

Chloride mg/L 8/21/2003 NA 7.3 NA

Hardness mg/L as CaCOg3 8/21/2003 NA 170 NA

Nitrate mg-N/L 3/21 and 9/10/2008 9.9 10 10
3/21/2008 to

Perchlorate pg/L 1/27/2009 79 90 100

pH SU 8/21/2003 NA 7.3-7.7 NA

Sulfate mg/L 8/21/2003 NA 21 NA
3/21/2008 to

TCE pg/L 1/27/2009 23 25 30

Total dissolved solids mg/L 8/21/2003 NA 230 NA

Note:
NA — Not applicable
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5.0 TEST DESIGN

This section provides a detailed description of the MBfR system design, operation, and testing
conducted for the Demonstration.

51 CONCEPTUAL EXPERIMENTAL DESIGN

This nine-month Demonstration was initiated in April 2011 using perchlorate- and nitrate-
contaminated groundwater from WVWD Well 22 in Rialto, California. The treatment system
included two anoxic MBfRs operated in series to reduce oxygen to water, nitrate to nitrogen gas,
and perchlorate to the chloride ion. The first MBfR vessel had seven membrane modules that
were primarily used for reduction of oxygen and nitrate. The second MBfR vessel contained
seven membrane modules and primarily reduced the remaining nitrate and perchlorate.
Phosphorous was supplemented as a nutrient and carbon dioxide was amended for pH
neutralization and control of hardness precipitation and as a carbon source for microbial cell
synthesis. Post-MBfR treatment processes included aeration to re-oxygenate the water, media
filtration supplemented with a coagulant/filter aid to remove suspended solids, and disinfection
using sodium hypochlorite. Additional post-treatment to meet RWQCB permit requirements
involved GAC for VOCs and IX for perchlorate. The experimental design had four phases
(Figure 5.1).

* Constructed system and initiated operations
* Colonized reactors with indigenous bacteria

Start-Up « MBIR effluent goal of 6 pg/L perchlorate and
0.5 mg-N/L nitrate

* Tracer Testing

 Varied feed flow rates

Optimization « Varied recycle ratios
» Batch Testing

* Operated at optimal conditions for one month
Steady State * Full characterization of system performance

* Perturb MBTfR system through series of upsets:
Challenge « Loss of electron donor - shut off hydrogen
* Power failure - shut off system

Figure 5.1 Experimental Design

Start-Up was initiated after construction of the system was complete and the system was placed
on-line. During Start-Up, indigenous bacteria colonized the membranes to form an active
biofilm. The goals for completion of Start-Up included nitrate concentrations below 0.5 mg-N/L
and perchlorate below 6 pg/L. The second phase was Optimization during which operational
conditions were varied to assess system performance. The goal was to determine which operating
conditions produced peak performance in terms of perchlorate and nitrate removal. The third
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phase was a period of Steady State to assess process stability and sensitivity to changes in
influent water quality conditions. System stability is a critical condition for potable water
production. The final stage of the Demonstration was the Challenge phase. This included
intentional process upsets to assess resiliency and reliability of the technology. Four system upset
tests were conducted: a 4-hour and 24-hour shut-off of hydrogen, as well as a 4-hour and 24-hour
full system shut down. Testing of the system was conducted during the rebound period after each
upset condition.

5.2 BASELINE CHARACTERIZATION

Baseline characterization consisted of obtaining historical monitoring data for groundwater
chemistry from WVWD. Historical monitoring data were obtained from 2003 to 2009. The
average concentration of perchlorate was 90 pg/L and nitrate was 44.5 mg-N/L. See Section 4.3
for a description of the contaminant distribution. Groundwater quality was slightly different
during the Demonstration than historical monitoring results (Table 5.1) because the original
groundwater flow from Well 22 was lower than what was planned during the Demonstration, at
approximately 1 gpm. In April 2011, the pump at WVWD Well 22 was replaced with a Grundfos
25S50-26 submersible pump, and the intake was moved from 474 ft bgs to 483 ft bgs to increase
water production to 30 gpm.

Table 5.1 Summary Statistics for Influent Water Quality at Well 22 throughout the
Demonstration from April 2011 to January 2012

Analyte Units Average | Standard Deviation | Count
Alkalinity mg/L as CaCOs 150 11.3 28
Hardness mg/L as CaCOg3 200 7.5 27
Nitrate mg-N/L 8.82 0.38 32
Perchlorate ug/L 170 17 70
pH SU 7.5 0.11 71
Sulfate mg/L 21 0.85 27
TCE mg/L 54 7.0 28
TDS mg/L 260 15 28

5.3 TREATABILITY OR LABORATORY STUDY RESULTS

Numerous bench- and pilot-scale studies have been conducted demonstrating the feasibility of
hydrogen MBfR for treatment of perchlorate and nitrate (see Section 2.2 for a detailed
description of technology development). Additional laboratory work was conducted in
conjunction with the field effort by ASU and is reported separately (Rittmann et al. 2013). The
ASU Team carried out multiple experiments to decipher why the two-stage MBfR system did not
achieve the 6pg/L effluent perchlorate goal. The team carried out extensive analyses of hydrogen,
oxygen, nitrate, perchlorate, and sulfate fluxes during the pilot study and correlated them to a
range of analyses conducted on the MBfR side-reactors from the pilot. These side-reactors
contained hollow-fiber membranes and were fed water from a side-stream of the pilot-scale
system. These were sampled and sent to ASU for analysis. ASU also carried out bench-scale
MBTfR experiments and developed mechanistic mathematical models to identify and quantify the
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kinetic and ecological mechanisms underpinning the performance of the pilot and bench-scale
MBfRs.

A large amount of biomass accumulated between the spacers in the pilot side reactor laboratory
modules. Biofilm thickness in the MBTfR side-reactor lab modules was typically approximately
200 pum. The biofilm was only approximately 10 percent inorganic, which indicated that
hardness precipitation was effectively mitigated by pH-control. While the biofilm contained
between 40 and 50 percent extracellular polymeric substances (EPS), the cells were
predominantly living, particularly near the membrane substratum. The biofilm communities were
similar between lead and lag MBfR, where the community of perchlorate-reducing bacteria
(PRB) made up the smallest fraction of the active bacteria [determined by quantitative
polymerase chain reaction (QPCR)]. From bench-scale MBfRs at ASU, Dechloromonas was an
important denitrifying bacteria (DB) and PRB when perchlorate reduction was successful.
However, Dechloromonas were not always the main PRB. However, sulfate-reducing bacteria
(SRB) always were present, and SRB became more numerous when the electron acceptor surface
loading was significantly decreased in an attempt to drive perchlorate to non-detectable levels.
As SRB became more numerous, their greater demand for hydrogen a competition for space in
the biofilm led to an inability to achieve the perchlorate treatment objective of 6 pg/L.

The ASU studies concluded that the fluxes of oxygen, nitrate, and sulfate need to be managed in
order attain the 6-pg/L perchlorate treatment objective and simultaneously prevent sulfide
generation. Electron acceptor fluxes were normalized by hydrogen consumption flux (g Hao/m?*-
day) for comparison. A moderate flux of nitrate and oxygen helped promote PRB growth and
perchlorate-reduction while preventing sulfate reduction. Modeling indicated that a flux of
combined nitrate and oxygen of 0.036 to 0.21 g H./m?-day promoted perchlorate reduction,
while a flux of greater than 0.36 g Ho/m?-day caused serious inhibition of perchlorate reduction.
Modeling demonstrated that a flux of 0.2 to 0.4 g Ho/m*-day prevented sulfate-reduction, with a
recommended target flux of ~ 0.3 g Ho/m*-day. Bench-scale testing with a synthetic medium
demonstrated that complete perchlorate reduction was possible at a combined nitrate and oxygen
flux of up to 0.25 g Ho/m®-day. In a bench-scale two-stage MBfR fed Rialto groundwater, a
nitrate and oxygen flux of 0.18 g Ho/m>-day stopped sulfate reduction, despite the fact that SRB
were present. Bench-scale results suggested that sulfate reduction did not necessarily slow
perchlorate reduction, although the pilot results gave the best perchlorate reduction when sulfate
flux was lowest (combined nitrate and oxygen flux of greater than 0.17 g Hy/m*-day). When
using groundwater collected from the site, a nitrate and oxygen flux of less than or equal to 0.18
g Ho/m>-day allowed full perchlorate reduction, while partial degradation (~30%) occurred at
greater than > 0.21 g Ho/m?-day.

Similar trends were observed in the pilot MBfRs. When hydrogen was limiting, a NO3™ flux of
0.3 g Ho/m?-day suppressed SO, reduction in the pilot lag MBfR. When hydrogen delivery was
not limiting, a NOs flux of 0.17 g Hy/m*-day slowed SO,* reduction. Modeling runs using
conditions in the pilot-scale reactors suggested that external mass-transport resistance was
greater in the pilot-scale than bench-scale MBfRs. Modeling also showed that the pilot-scale
reactors may have selected for different and less-efficient PRB. A significant difference between
the ASU laboratory studies and the pilot-scale studies was that DO was introduced into the ASU
lag reactor. This occurred because water from the lead reactor was collected and then fed to the
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lag reactor. The water became oxygenated by this process. This difference led to inhibition of
sulfate reduction and attainment of complete perchlorate reduction in the ASU lag reactor. DO
did not enter the pilot-scale lag reactor, thus sulfate reduction was not inhibited and complete
perchlorate reduction was observed only when sulfate reduction occurred.

In summary, the modeling and bench-scale tests conducted by ASU showed no intrinsic
roadblock for achieving a very low perchlorate concentration in the absence of sulfide generation.
Attainment of this goal would require managing nitrate and oxygen loading to promote PRB
growth and suppress sulfate reduction. A two-stage treatment train may not be the best
configuration for this goal. If a two-stage system is used, particular attention has to be paid to
nitrate and oxygen loading to the lag MBfR. While the results did not have an exact target value,
they suggested that the lag MBfR should have a total hydrogen demand flux for nitrate and
oxygen of around 0.18 g Ho/m?-day to achieve desired perchlorate reduction without significant
sulfate reduction.

54  DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS

This section describes the design attributes of equipment used for this Demonstration. The major
MBITR treatment processes included:

e MBIfR vessels operated in a lead/lag configuration — two 575-gallon polyethylene tanks
with seven membrane modules per vessel

e Aeration tank — 350-gallon polyethylene tank with Danner Manufacturing AP-100 air
compressor pump and a ClearWater™ 7-inch round, 1.5-inch thick aeration stone

e Media filters operated independently — two 21-inch diameter, 62-inch tall media filtration
units filled with Next-Sand™ media

e Product (finished water) tank - 1000-gallon polyethylene tank

e GAC filtration vessels operated in a lead/lag configuration — two 36-cubic foot (CF) steel
vessels, 36 inches diameter and 77-inches tall filled with Calgon F300 8 x 30 mesh GAC

e [X resin vessels operated in a lead/lag configuration — two 36-CF steel vessels, 42 inches
diameter and 48-inches tall filled with CalRes 2109 IX resin

The treatment system facing east is shown in Figure 5.2. The system was placed within a
secondary containment structure with Conex shipping container on the north and south sides of
the skid for protection from seasonal high winds (i.e., the Santa Ana winds). A cover was also
placed above the skid to protect equipment from direct sun exposure and rain. The California
Building Code requirements for wind loading were followed for calculating structure
requirements. The MBfR and post- treatment system are shown in Figure 5.3. The GAC and IX
resin vessels were added to meet permitting requirements for discharge to groundwater. They
were placed within the southern Conex container. A process flow diagram showing actual units
used in the Demonstration are shown in Figure 5.3, and the piping and instrumentation diagram
(P&ID) is shown in Figure 5.4. Figure 5.5 shows the P&ID for the individual membrane modules
(7) in each vessel.
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Influent Tank
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Figure 5.4 MBfR Treatment System Process Flow
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5.4.1 Process Equipment

Influent Well

Well 22 had a Grundfos 25S50-26 variable frequency drive submersible pump capable of 30
gpm at 460 feet of head. The pump intake was set at 483 ft bgs and the well was screened from
430 to 492 ft bgs. Operation of the well was controlled by low- and high-level switch floats in
the influent feed tank that were tied to the well control panel. The influent well pump was also
tied to secondary containment switches so that the pump would not operate if a secondary
containment level switch was engaged. Influent well water was routed to a 2,500-gallon
polyethylene feed tank through a 1.5-inch influent line. A Goulds 1ST 1.5-horsepower pump (P-
001) was used to pump water from the raw water feed tank to the MBfR system through a 2-inch
discharge line. The tank diameter was 95 inches and the height was 89 inches. The tank was
black to prevent algal growth.

Gas Supply Pad

The MBTfR system required supplementation of hydrogen as the electron donor, carbon dioxide
for pH control, and nitrogen as an anoxic inert gas. The theoretical hydrogen feed requirement
was based on the oxygen, nitrate, and perchlorate demand. The oxygen demand is associated
with aerobic respiration. Oxygen is a more energetically favorable electron acceptor so reduction
of oxygen occurs preferentially followed by nitrate, nitrite, and perchlorate (Nerenberg et al.
2008; Lee and Rittmann 2002). The stoichiometric ratios for hydrogen to oxygen, nitrate, and
perchlorate are shown in Section 2.1. The membrane hydrogen pressure was adjusted based on
stoichiometric dosing requirements. The actual hydrogen throughput was pressure regulated “on
demand” by bacterial utilization of hydrogen on the exterior surface of the membrane. The rate
of flow across the membrane was dependent on the interior pressure on the lumen and the
concentration gradient between the lumen and the exterior surface. Pure hydrogen was present in
the lumen and as bacteria on the membrane exterior consumed hydrogen, a gradient was
established which increased the flow rate of hydrogen across the membrane. The faster bacteria
consumed hydrogen, the faster hydrogen would permeate through the membrane. Additionally,
as the pressure on the interior of the lumen increased the driving force for hydrogen across the
membrane correspondingly increased.

Carbon dioxide was supplemented for pH control to the membrane lumen and to the vessel bulk
water. The reduction reactions produce alkalinity, which increases the pH. Carbon dioxide was
dosed to control pH at 7.2 SU using online probes. The pH was selected to maintain a pH that
was conducive to biological growth and to maintain a negative Langelier Saturation Index (LSI)
to prevent formation of carbonate in the biofilm. The LSI is determined based on specific water
quality parameters and is used as an indicator of the formation of calcium carbonate and
magnesium carbonate scale. The pH was monitored using online probes in each MBfR vessel
and controlled by the operator interface terminal (OIT) and programmable logic controller
(PLC). Nitrogen gas was supplied for control of biomass growth on the membranes through
sparge events. Nitrogen gas was used rather than compressed air to maintain anoxic conditions
within the reactor.

Hydrogen was supplied by a Proton Energy Systems HOGEN® S series, model 40 generator.
The generator used a proton exchange membrane that produced hydrogen at a rate up to 40
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standard cubic feet per hour (SCFH) at 70 degrees Fahrenheit and one atmosphere of pressure.
The unit’s hydrogen purity specification was 99.9995%. ASTM Type Il deionized water was
supplied for the generator by an Aqua Solutions® model H-40-C. One 6-pack of K hydrogen
cylinders was used for back-up. Liquefied carbon dioxide was supplied in a 50-pound VGL
dewar. One 50-pound G carbon dioxide cylinder was used for back up. Liquefied nitrogen was
supplied in a 560-pound VGL dewar. Specifications for each gas supply vessel are described in
detail in Table 5.2.

Table 5.2 Gas Supply Equipment

Description Specification

Liquid nitrogen VGL Dewar, 560 pounds with 24,350 CF gas capacity

Liquid carbon dioxide VGL Dewar, 50 pounds with 3,347 CF gas capacity

Hydrogen generator Proton Energy Systems HOGEN® S40 generator

Compressed carbon dioxide | One backup G cylinder, 50 pounds with 412 CF of gas capacity

Compressed hydrogen One backup 6-pack of K cylinders, 120 pounds with 1,314 CF
of gas capacity

MBIfR Vessel Skid

The MBfR technology was APTwater’s NSF 61 certified AroNite™ biochemical reduction
system for autotrophic reduction of nitrate and perchlorate. There were two MBfR vessels (T-
100 and T-200) operated in a lead/lag configuration. Each vessel was a 575-gallon open-top, flat
bottom, 42-inch diameter and 96-inch tall polyethylene tank. Each vessel contained seven
membrane modules, for a total of 14 modules. Each module consisted of thousands of parallel
hollow-fiber polypropylene membranes that were woven together using solid polyester fibers to
form sheets. The sheets were wrapped around a perforated acrylonitrile butadiene styrene (ABS)
core to form hundreds of sheet layers. Water flowed from the center of the perforated ABS core
radially outward and perpendicular to the hollow-fiber membrane sheets. The sheets were
connected to the top and bottom of each reactor to epoxy heads. The top of each reactor was
flush with the end of the epoxy head, and the fibers were connected to a %-inch stainless steel
fitting that was pressurized with hydrogen. This allowed hydrogen gas to enter the lumen of each
hollow fiber from the top of the module. The rate of hydrogen gas transfer was controlled by the
rate of hydrogen depletion outside of the membrane. Pure hydrogen was present in the lumen,
and hydrogen diffusion through the membrane was controlled by the concentration gradient on
the membrane exterior. As bacteria in the biofilm consume hydrogen on the outside surface of
the membrane, a hydrogen concentration gradient is established, which increases the flow rate of
hydrogen across the membrane. The faster that bacteria consume hydrogen, the faster the
hydrogen will permeate from the lumen to the exterior surface. Nitrate- and perchlorate-
contaminated water flowed across the outside of the hollow fiber membranes and indigenous
organisms colonized the exterior fiber surface. The bubble-less gas transfer across the membrane
to the bacteria allowed for maximum electron donor utilization. The total surface area for the 14
modules was 2,000 m?.

While the system was operated in a lead/lag configuration, a three-way valve was installed to
allow the PLC to switch between the two vessels as the lead or lag position. The purpose of
switching vessel positions was to maintain similar active growth of biomass in both vessels. If
the configuration was left constant, the lead vessel would receive the bulk of nutrients. The lag
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reactor may also develop a population of sulfate-reducing bacteria if hydrogen is over-fed and/or
other electron acceptors such as oxygen, nitrate, and perchlorate are under-fed. Another possible
benefit to switching lead/lag positions was that if sulfate-reducing bacteria developed while in
the lag position, higher concentrations of DO present in the influent water would inhibit their
growth once switched to the lead position. The frequency of position change was every 96 hours.
As described in the research report by ASU (Rittmann et al. 2013), the sulfate-reducing bacteria
still persisted even though this strategy was used.

An Ebara 3U 65-160/10 recirculation pump was installed in each MBfR vessel (P-100 and P-
200), and each had an adjustable flow rate of 70 to 280 gpm. The recirculation pump was
installed to provide mixing and increase mass transfer efficiency of contaminants to the biofilm
inside the modules. The module fibers were periodically sparged with nitrogen to control biofilm
formation. Water was drained from the reactors using a Goulds 1ST drain pump (P-101). The
frequency of sparging was controlled by the PLC and was based on maintaining constant
discharge pressure on each vessel. The sparge was conducted by draining the vessel to 22 percent
of its capacity and then sparging with nitrogen gas at 10 standard cubic feet per minute (SCFM)
for 1 minute. The vessel was emptied, refilled to 22 percent capacity, and sparged a second time
at 1 SCFM. This water was then purged, the vessel refilled to full capacity, which completed the
sparge process. For approximately one month during Optimization testing, compressed air was
used in place of nitrogen for sparging. Phosphorous supplementation was added to the treatment
line upstream of the lead MBfR vessel. NF certified phosphoric acid was dosed from a 5-gallon
tank (T-180) using a Pulsafeeder Pulsatron E Plus Series diaphragm metering pump (P-180). The
rate of phosphorous supplementation was targeted to attain a residual concentration of
approximately 0.5 mg/L in the lead MBfR reactor influent.

Five side-reactors were installed with each MBfR vessel (Figure 5.7a). These side-reactors were
comprised of the same material as the main reactor and used for biofilm sampling. A slipstream
of water from the main reactor was circulated through the side reactors. A side-reactor was
harvested from the lead and the lag vessels at the end of each phase (Start-Up, Optimization,
Steady State, and Challenge) and then sent to ASU for analysis (Rittmann et al. 2013). The side
reactors contained the membrane fabric within a 4-inch by 3-inch space within the interior of a 6-
inch-by-6-inch square polycarbonate unit. The polycarbonate unit was housed in a 6-inch by 10-
inch polycarbonate container. The surface area of the membrane was approximately 35.6 square
inches (230 square centimeters).
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Figure 5.7 MBfR Vessel Side-Reactors Prior to Installation (a) and After Installation (b)

Aeration tank

The aeration tank was a 350-gallon polyethylene tank (T-500). Air was sparged through the
bottom of the tank using a small Dannan AP-100 air compressor and a 7-inch round, 1.5-inch
thick aeration stone in the bottom of the tank (ClearWater'™ Air Stone CWAS-FF41C) rated at
1.5 cubic feet per minute (CFM). Water was pumped from the aeration tank to the media filter
using a Goulds 1ST 1.5 horsepower pump (P-502). A small percentage of the aeration tank
effluent flow (approximately 1 gpm) was routed to the sump tank via an overflow weir rather
than fed to the media filter by setting the media filter flow slightly less than the MBfR feed flow.
The purpose of splitting the flow was to maintain constant hydraulic head in the aeration tank.

Media filter

Two parallel 21-inch diameter and 62-inch tall fiberglass tanks were used for the media filters
(M-510A/B). However, only one filter was operated at a given time. Each tank contained
7.5 cubic feet or 36-inches of Next-Sand filtration media (14 x 40 mesh clinoptilolite
aluminosilicate) with 2 cubic feet of Y4 x s inch support stone. The filter was backwashed using
a Goulds 2ST 3 horsepower pump (P-514). Water from the product tank was used for
backwashing at a rate of 48 gpm [approximately 22 gallons per minute per square foot (gpm/ft?)]
for 10 to 13 minutes. Backwashes were triggered when the pressure differential across the filter
was in excess of 10 pounds per square inch (psi). Two Kinetico Hydrus multi-tank automatic
backwash valves with backwash control with a Kinetico Hydrus Smart Start Controller were
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used with the PLC for timed backwash control. Backwash water was collected in a 950-gallon
break tank. On day 125, the last day of Start-Up, a filter aid began being used at the influent of
the media filter to increase filter removal efficiency and decrease effluent turbidity. The filter
aid was an NSF 60 Sterling Water Technologies aluminum chlorohydrate (SWT-8806A). This
was changed to aluminum chlorohydrate SWT-2000 on day 173. The filter aid was stored in one
5-gallon tank (T-501) and was added to the system using a Masterflex L/S pump (P-501).

Finished Water Tank

NSF 60 sodium hypochlorite was added to the media filter effluent water for disinfection using
an Iwaki America Inc. E-Class metering pump (P-515) prior to entering the product tank. The
chlorine dose was calculated based on CT requirements and chlorine demand tests (see Section
5.6). The sodium hypochlorite tank was a 25-gallon NSF60 hypochlorite tank (T-516). Finished
water, or product water, was stored in a 1,000-gallon (T-518) polyethylene tank that was 64
inches in diameter and 81 inches tall.

Break Tank and Sump

The break (reject) tank was used as a temporary storage container for media filter backwash
water. This was a 950-gallon polyethylene tank. Water from the reject tank and product tank
were pumped to the sump prior to GAC treatment. The sump tank was a 400-gallon polyethylene
tank (T-601) with a Goulds 1ST sump pump (P-600).

Granular Activated Carbon (GAC) Filtration

Two Carbon Supply Inc. L-1000 steel vessels were installed in a lead/lag configuration. The
vessels were 36 inches in diameter and 77 inches high. The vessels contained 1,000 pounds of
F300 8 x 30 mesh GAC for removal of VOCs in compliance with RWQCB permit requirements.
Two parallel in-line bag filters were installed upstream of the GAC vessels for turbidity and
solids removal. The solids retained by the filters were primarily associated with detached
biofilm.

lon Exchange (IX) Resin

Two Calgon TW-36 vessels were installed in a lead/lag configuration. The vessels were each
filled with 36 cubic feet or approximately 2,300 pounds of CalRes 2109 IX resin. The vessels
were 42 inches in diameter and 67 inches high. The vessels were installed with IX resin to
remove residual perchlorate in compliance with RWQCB permit requirements.

Groundwater Discharge
The effluent of the IX resin treatment was discharged to an existing French drain under
California RWQCB permit number R8-2002-0033-038.

Monitoring through each stage of the process was conducted at the sampling locations identified
in Table 5.3. Specific details on the sampling protocol for each Phase are outlined in Section 5.6.
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Table 5.3 Sample Port Locations

Sample Port Description
SP-001 MBITR influent
Strainer Post phosphate injection, prior to MBfR1
SP-100 MBTfR1 effluent
SP-200 MBTfR2 effluent
SP-500 Aeration tank effluent
SP-506 Filter backwash
SP-507 Media filter effluent

Post-NaOCl Post sodium hypochlorite injection, prior to product tank
SP-508 Product tank (finished water) effluent
SP-600 MBIR solids drain
SP-801 GAC 1 effluent
SP-802 GAC 2 effluent
SP-803 IX 1 effluent
SP-800 Permitted outfall

5.4.2 Online Monitoring and Control

Operator Interface Terminal (OIT) System/Programmable Logic Controller (PLC)

The PLC uses software to control a wide variety of operating parameters and is controlled by a
touch screen OIT [commonly called a human machine interface (HMI)]. The OIT was used to
control system operations, track parameters, and check and control system processes (Figure
5.8). An Allen-Bradley PLC was used to control the treatment system. System interlock alarm

responses are shown in Table 5.4.
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Figure 5.8 OIT System Monitoring Screen for the Lag MBfR
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Table 5.4 System Interlock Alarm Responses

Alarm Description

Computer Action

Operator Response

E-Stop

Shuts down all valves, pumps,
and gas flows.

If the E-Stop button is pushed
accidentally, pull out the E-Stop button
to reset it and acknowledge the alarm.

Remote Shutdown

Shuts down all valves, pumps,
and gas flows. If the well
pump is not running, the
MBITR receives a shutdown
signal.

Resolve the remote shutdown signal,
acknowledge the alarm, and restart the
system.

High Hydrogen
Pressure

Closes all hydrogen valves.

Investigate reason for high pressure,
such as a failed regulator or hydrogen
control valve.

High Temperature

Shuts down the valves, pump,
and gas flows to the stage
with the high temperature to
prevent overheating the
pumps or the biomass.

Determine the cause of the high
temperature. Consider reducing the
recycle flow rate set point for that unit
in order to minimize heat input [so the
Variable frequency drive (VFD) will
run slower].

High Differential
Pressure

Alarm only.

Consider adjusting sparge settings to
reduce the pressure buildup. Consult
APTwater when making adjustments.

Low Water Flow

Shuts down all valves, pumps
and gas flows for that stage.
This alarm protects the pump
from dead heading, which can
lead to premature failure.

Determine the cause of the low water
flow.

LEL (hydrogen
leak) Detection

LEL detector will shut down
all hydrogen valves.

Stop any hot work (electrical, drilling,
cars, welding, etc.) and look for
hydrogen leaks and repair.

VFD Failure Each stage will shut down on | Ensure that the circuit breaker is ON.
low flow. Refer to the VFD manual for
troubleshooting the VFD.
Water Flow Warning only. Determine why water flow is not at
Deviation from setpoint (plugged feed filter, high
setpoint differential pressure in modules, feed

regulator pressure set too high/low,
flow setpoint incorrect, etc.).
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Alarm Description Computer Action Operator Response

pH High Warning only. High pH can Check the CO, cylinders. High pH
lead to Hardness pH in the indicates that the CO, gas flow may not
feed water precipitating out, be working. Verify that all valves are
which will cause plugging if | open between the cylinder and the
allowed to continue. MBTfR. Open the appropriate pH
Control screen and verify that the
controller is in Auto and that there is
CO;, flow and the setpoint for pH is 7.2
SU. Open the Mass Flow Controller
cabinet and see if the readout on the
screen shows a CO2 flow.

pH Low Warning only. Low pH can Follow the same steps as for High pH.
cause the bacteria to perform | Consider lowering the CO, regulator
less than optimal. Very low pressure and the maximum CO; flow to

pH water is also more help avoid adding too much CO,.
Ccorrosive.
Sparge Timeout System exits sparge cycle. Resolve the cause of a long sparge.

Nitrate Analyzer

Nitrate analyzers were supplied by Endress and Hauser (Reinach, Switzerland). In the beginning
of the project, the Stamosens CNM750/CNS70 nitrate analysis system was used, with a nitrate-N
detection range of 0.2 to 60 mg/L. This analyzer was replaced on day 88 with a Liquiline
CM44x controller and a Viomax CAS51D sensor. This sensor had a nitrate-N detection range of
0.01 to 10 mg/L. An automated Asahi Electromni electrically actuated ball valve was placed
upstream of the nitrate analyzer and switched hourly between a supply of MBfR lead effluent
and lag effluent to the analyzer which allowed monitoring by the OIT system. Water from the
influent to the MBTR system was analyzed by the nitrate analyzer one hour each day.

pH and ORP Probes

The pH and ORP analyzers were supplied by George Fischer Signet (El Monte, CA). The Signet
DryLoc 2750 pH/ORP probe had a range of 0 to 14 pH SU and 0+2000 millivolts (mV) for ORP
and was monitored by the OIT system. The analyzers were used to continuously monitor
effluent pH and ORP of the MBTfR lead and lag tanks. The pH analyzer was tied into the PLC to
control the addition of carbon dioxide gas to maintain a consistent pH.

Turbidimeters

Turbidity analyzers were supplied by Endress and Hauser and monitored by the OIT system.
The Liquisys M CUM223/253 analyzer was used to continuously monitor the effluent from the
product tank. On day 166, a Turbimax CUE22 in-line analyzer was installed downstream of the
media filter. The two turbidimeters were monitored for the duration of the study.

LEL/Hydrogen Detectors

Since hydrogen gas was used for an electron donor, Scott Sentinel 1l LEL sensors were supplied
to monitor for leaks. The LEL sensor span was 0 to 100 percent. Hydrogen has a low LEL of 4
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percent and presents a significant safety hazard. These sensors were tied into the PLC and if the
reading was within 25 percent of the LEL, the PLC would shut down all hydrogen valves.

5.5 FIELD TESTING

The field Demonstration was comprised of four phases of testing including Start-Up,
Optimization, Steady State, and Challenge. The Start-Up phase included a period of colonization
and acclimation for bacteria on the fiber membranes. The objective of the Optimization phase
was to vary operational parameters, including flow rate and recycle flow rate, to find the best
performing and most cost-effective strategy. The Steady State phase was conducted to assess the
system stability during constant conditions. The Challenge phase included a series of intentional
system upsets followed by system monitoring to assess system resiliency and stability. The dates
and durations of each phase and test conducted are shown in Figure 5.9. Field logs are included
in Appendix B, and field notes and monitoring data are included in Appendix C.

D [Task Mame Start Finigh o1z
Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb |

1 |Mobilization/Construction Wed 31211 Thu 4128111

2 Construction Staris Wed J2/11 Wed 3211

3 Construction Ends Thu 428111 Thu 428111

4 Start Up Phase Fri 4/29/11 Thu 815111

=) Start Up Phase Started Fri 42811 Fri 42811

6 Chioring Demand Test Wed 6/15/11 Thu 6/16/11

T Tracer Test Fri&i1211 Fri&i12M1

] Start Up Phase Ends Thu 81811 Thu 81811

9  |Optimization Phase Thu 81811 Tue 1211311

10 Optimization Phase starts Thu 81811 Thu 81811

11 Eatch Test#1 Frigfe1 FrigfaM1

12 Gatch Test#2 Mon 1114111 Mon 1111411

13 Gatch Test#3 Wed 11/16/11 Wed 111611

14 Optimization Phaze Ends Tue 121311 Tue 1211311

15 [Steady State Phase Wed 12114111 Wed 1111112

16 Steady State Phase Starts Wed 121411 Wed 1211411

17 Steady State Phase Ends Wed 111112 Wed 111112

18 [Challenge Phase Ved 1111112 Wed 1/25/12

19 Challenge Phase Starts Thu 11212 Thu 112112 & 112

20 Test 1 - 4 Hour Hydrogen Shut OF Wed 111112 Wed 111112 |

21 Test 2 - 24 Hour Hydrogen Shut OFF Sun 11512 Mon 116012 i

22 Test 3 - 4 hour System Shut Down Thu 11812 Thu 111912 |

23 Test 4 - 24 Hour System Shut Down Mon 1/2312 Tue 1/24/12 |

24 Challenge Phase Ends Wed 1/2512 Wed 1/25/12 § (125

35 |Demobilization Thu 1/26/12 Fri ZH0M2

Figure 5.9 Demonstration Schedule
5.5.1 Installation and Start-Up

The following site alterations were conducted prior to installation of the MBfR treatment system:

e The existing well pump was tested and did not supply adequate flow for project
requirements. The well pump and motor were replaced.

e A new distribution box and electrical panel were installed to provide power required to
operate the MBfR system.

e A new electrical pole and upsized transformer were installed adjacent to the site to
provide power to the new electrical panel.
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e A new concrete pad and security fence were installed to provide structural support for the
gases.

e Two Conex shipping containers were installed and leveled plumb to each other. A heavy-
duty canopy was installed by connecting the span of the two shipping containers.

e Secondary containment was installed for spill prevention. An additional secondary
containment was installed in one of the shipping containers for spill prevention from
additional treatment system components.

After the system was constructed, gas and water leaks were tested in pipelines and vessels prior
to Start-Up. The first day of Start-Up was April 20, 2011. The maximum flow rate that the
system was permitted to produce was 30 gpm. Table 5.5 lists initial start-up conditions and
targets planned for the study. The pH in the MBfR vessels was kept relatively constant between
approximately 7.0 and 7.5 SU to maximize biological activity, minimize precipitation in the
biofilm, and minimize carbon dioxide consumption. NSF grade phosphoric acid was added as a
nutrient supplement at a target concentration of 0.5 mg-P/L. The dose was determined based on
nutrient demand for cellular growth and previous research (Brown et al. 2008).

Table 5.5 Phase | System Start-Up

Parameter Units Initial Value Target Range
Feed flow rate gpm 1 maximum | 1to 30
sustainable

Recycle flow rate in each tank gpm 140 140 70 to 280

Hydrogen pressure psi 5 30 5to 30

Carbon dioxide flow rate SCFH 7.0t07.5 7.0t07.5 310 20

MBITR tank lead/lag reversal time days 3 3 -

MBfR module nitrogen sparge hours Off 24 12t0 96

and tank drain frequency

MBfR module nitrogen sparge minutes 3 1 -

duration

Nitrogen sparge flow rate per SCFM 10 10 -

module

Media filter backwash rate gpm 40 to 48 48 40 to 48

Media filter backwash duration minutes 20 10-15 0to 20

Effluent perchlorate Mo/l Average <4 <410 100
influent of 166

Effluent nitrate mg-N/L Average <05 0to 2.5
influent of 8.6

Online process monitoring for the Demonstration included a combination of manually recorded
monitoring parameters and online data from the supervisory control and data acquisition
(SCADA) system. Monitoring data included:

Hydrogen flow rates and cumulative volume (SCADA)

Hydrogen pressures (SCADA)

Tank carbon dioxide flow rates and cumulative volume (SCADA)
Module carbon dioxide flow rates and cumulative volume (SCADA)
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Nitrogen pressure (SCADA)

Nitrogen flow rates and cumulative volume (gauges)

Gas supply tank pressures/levels (gauges)

Aeration tank air flow rate and pressure (gauge)

Cumulative volume to 2,500-gal feed tank (gauge)

Instantaneous flow rate to 2,500-gal feed tank (gauge)

Feed flow rate to MBfR skid (SCADA)

Recycle flow rates (SCADA)

Recycle pump discharge/core tube pressures (SCADA)

Filter flow rate (SCADA)

Backwash frequency and duration (SCADA)

Nitrogen/air scour frequency and duration (SCADA)

pH (SCADA)

ORP (SCADA)

Temperatures (SCADA)

Nitrate (SCADA)

Turbidity (SCADA)

Hypochlorite flow rate and cumulative volume (graduated cylinder/stopwatch, level
indicator)

Coagulant/flocculant flow rate and cumulative volume (graduated cylinder /stopwatch,
level indicator)

Media filter inlet pressure (SCADA)

Media filter outlet pressure (SCADA)

Media filter backwash events (SCADA)

Media filter backwash flow rate and volume per event (SCADA)
Bag filter pressures (gauges)

GAC and IX vessel pressures (gauges)

Cumulative volume discharged to French drain (gauge)

Chlorination Disinfection Study

Disinfection of treated water was attained using NSF 60 grade sodium hypochlorite. Chlorine
demand tests were conducted on days 52 and 53 using the Chemetrics test kit K-2504 (DPD
colorimetric method) and following Standard Method 2350 for chlorine demand (APHA 1998).
Residual free chlorine was measured after 1, 5, 60, 140, and 160 minutes as representative of the
approximate hydraulic residence time between the injection point and the effluent of the product
tank. Chlorine demand was evaluated to guide chlorine-dosing needs. During operations, residual
chlorine was also measured at the finished water to confirm that the appropriate residual was
attained.

The USEPA Ground Water Rule requires at least 99.99 percent (4-log) inactivation (disinfection)
or removal (filtration) of viruses be provided by Public Water Systems using ground water that is
not under the direct influence of surface water as its source. No filter credit is allowed for
biological treatment systems, thus the entire 4-log inactivation/removal must be accomplished by
disinfection. The USEPA *“Guidance Manual for Compliance with the Filtration and Disinfection
Requirements for Public Water Systems Using Surface Water Sources” (USEPA 1991) was used
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as a guideline for achieving the 4-log inactivation. The CT requirement was calculated as the
concentration of disinfectant “C” multiplied by the contact time “T” in minutes. The chlorine
dose was altered to meet CT requirements at the finished water tank.

Tracer Test

A tracer test was conducted on day 109 to evaluate the hydraulic residence time in the MBfR
reactors. There was potential for “short-circuiting” of flow that bypassed portions of the reactors.
A high-concentration sodium chloride (NaCl) solution was used as a conservative tracer in the
lag reactor. A 300-g/L stock solution was made with a conductivity of 459 millisiemens per
centimeter (mS/cm). Conductivity measurements were collected using a Hach Sension handheld
conductivity meter. Background conductivity readings were collected from the lag reactor
effluent prior to adding the solution and were approximately 400 microsiemens per centimeter
(uS/cm). A single pulse of salt solution was added to the siphon inlet of lag MBfR while the
system was operating at 18 gpm. The lag effluent conductivity was measured every 15 minutes
until conductivity declined to near baseline levels.

The key indicator of start-up success was attaining perchlorate concentrations in the effluent of
the lag reactor of less than the EPA Method 314.0 analytical reporting limit of 4 pg/L. Other
parameters used to assess start-up progress included concentrations of DO, nitrate, nitrite, and
sulfide in the lag reactor; hydrogen consumption; ORP, and biomass accumulation on MBfR
fibers.

5.5.2 Optimization

The primary goal of the Optimization phase was to identify peak operating conditions for the
MBIfR. This phase was designed to obtain data under a variety of operating conditions and assess
the effects of operating conditions on perchlorate and nitrate removal. Previous research
indicated that hydrogen pressure, which controls electron donor availability, and electron
acceptor surface loading rate were key operating parameters for the MBfR (Zhao et al. 2011;
Ziv-El and Rittmann 2009). Other parameters include the recycle flow rate, which affects mass
transfer, MBfR gas sparge frequency, and the gas used for sparging. Table 5.6 presents
conditions for the Optimization tests. The general approach was based on variation of the MBfR
recycle rate and feed water flow rate. Membrane hydrogen pressure was adjusted to alter the
electron donor delivery capacity to match stoichiometric requirements. Influent flow rate was
varied to assess performance at various hydraulic residence times and contaminant loading rates.
Recycle rate was varied to evaluate liquid-phase mass transfer resistance and associated effects
on contaminant removal flux. The effect of lead/lag reversal on perchlorate and nitrate treatment
was also assessed.

Table 5.6 Phase Il System Optimization Tests

Hydrogen
Flow Recycle Rate Pressure ClOos Sparge
Start | End | Rate | MBfR1 | MBfR2 | MBfR1 | MBfR2 | N Loading | Loading Rate

Day | Day | (gpm) | (gpm) | (gpm) | (psi) (psi) | (mg-N/m?d) | (mg/m’d) | (hrs)

127 | 132 | 15 280 280 17 19 739 12.7 24

132 | 140 | 10 280 280 12 15 493 8.5 24
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Hydrogen

Flow Recycle Rate Pressure ClOs Sparge
Start | End | Rate | MBfR1 | MBfR2 | MBfR1 | MBfR2 | N Loading | Loading Rate
Day | Day | (gpm) | (gpm) | (gpm) | (psi) | (psi) | (mg-N/m’d) | (mg/m’d) | (hrs)
140 | 141 | 20 280 280 20 24 986 17 24
141 | 146 5) 280 280 20 10 246 4.2 24
146 | 148 15 210 180 10 15 739 12.7 6
148 | 151 15 210 210 10 15 739 12.7 6
151 | 154 | 10 210 180 10 13 975 9.9 6
154 | 155 10 180 180 15 12 575 9.9 6
155 | 157 10 180 180 15 12 575 9.9 12
158 | 162 10 180 180 15 12 975 9.9 24
162 | 169 5) 180 180 15 12 287 5} 24
169 | 178 10 180 180 15 12 575 9.9 24
179 | 182 10 180 180 15 12 975 9.9 12
182 | 197 10 150 180 15 15 975 9.9 12
197 | 202 10 150 180 15 17 575 9.9 4
202 | 205 10 150 180 15 15 575 9.9 4
206 | 209 10 150 180 15 15 975 9.9 48
209 | 217 8 150 120 15 15 647 111 12
217 | 217 6 150 120 16 16 517 8.9 12
217 | 228 6 150 120 16.5 16.5 o17 8.9 12

Batch Testing

Batch tests were conducted to evaluate mass transfer limitations, determine whether reduction of
perchlorate concentrations to less detection limits was possible, and determine how sulfide
production correlated with perchlorate reduction. Two batch tests were conducted to
systematically evaluate the effect of recycle flow rate on performance (see detailed methods in
Appendix D). The first was on day 141. The influent flow was increased from 10 to 20 gpm on
the day prior to the test until the nitrate analyzer readings were above 5.5 mg-N/L in the lead
reactor effluent. On the day of the test, the influent and effluent lines were closed on the lead
vessel. The recycle pump was operated at a rate of 280 gpm and the hydrogen pressure was 28
psig. The nitrate analyzer was monitored online at the lead vessel and at the discharge of the
recycle pump. Samples were collected when the online nitrate analyzer reading was 2.5, 0.5, and
0 mg-N/L. Samples were also collected after 5, 10, and 20 minutes of attaining 0 mg-N/L in the
reactor. The same protocol was followed for the lag vessel except the hydrogen pressure was 20
psig. The samples were sent an analytical laboratory for perchlorate, sulfate, and sulfide
analyses.

The second batch test was conducted on days 200 and 202. These tests were conducted to assess
the effect of varying recycle flow rates on nitrate and perchlorate removal. On the day prior to
the test (day 119), influent flow was 10 gpm and the recirculation flow rate was 180 gpm on
MBfR2 and 150 gpm on MBfR1. The two vessels had different recycle ratios because MBfR1
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had 4 modules and MBfR2 had 6 modules. The lead vessel (MBfR2) had a hydrogen pressure of
17.5 psi, and the lag vessel (MBfR1) was 15 psig.

Single-Stage Operation

The system was designed to operate in series, in a lead/lag configuration. On day 143, the flow
was decreased from 10 to 5 gpm and the lag reactor was bypassed to simulate single-stage
operation. The nitrate analyzer was monitored online and water samples were collected on day
144 at the influent and effluent of the lead reactor for perchlorate, nitrate, and nitrite to assess
performance. Total sulfide and sulfate were collected from the aeration tank to assess the impact
of sulfate-reducing bacteria. The vessels were placed back on a lead/lag configuration at the end
of day 144.

System Upsets

System upsets including module failures, leaks, level alarms, and loss of hydrogen supply
occurred during Optimization (Table 5.7). Each vessel initially had seven membrane modules.
Several modules had mechanical failures due to delamination of the epoxy head from the reactor
core, which was likely associated with manufacturing issues that have since been remedied. On
day 146, failure of the O-ring seal at the bottom of the reactors resulted in hydrogen bypass. The
design was changed to a screw-mount rather than O-ring connection to mitigate further bypass.
The reactors were exposed to air during these maintenance activities for approximately 19 hours.

Table 5.7 System Upset Conditions

Upset Condition Reactors Online
Start | End | System | O-ring | Reactor | Hydrogen | No Hydrogen
Day | Day | Down | Bypass | Failure Leak Supply MBfR 1 | MBfR 2
146 | 146 X X 7 7
150 | 153 X X X 6 6
169 | 169 X X 5 6
182 | 183 X X 4 6
205 | 207 X X 4 4
217 | 217 X 4 4
220 | 220 X 4 4
228 | 229 X 4 4

Sparging

Compressed air was used in place of nitrogen for sparging on days 168 to 191 to test effects on
performance. Since the reactors are targeting anoxic bio-reduction, nitrogen gas was normally
used for sparging. The duration of the compressed air sparging was 1 minute at 10 SCFM and the
tested frequencies were once every 48, 24, 22, 12, 6, and 4 hours.

5.5.3 Steady State
Steady State operation was conducted from days 230 to 258 to assess performance, stability, and

responsiveness to normal fluctuations in water quality. The system was operated at conditions
determined during Optimization that produced the best performance with respect to perchlorate
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and nitrate removal. Disinfection was assessed by maintaining appropriate disinfectant contact
time and residual to meet CT requirements. Finished water quality and aesthetics were assessed
including turbidity, DBPs, DBP-FP, nitrosamines, DOC, and TON.

5.5.4 Challenge

The primary goal of the Challenge phase was to perturb MBfR operation sufficiently to
temporarily disrupt perchlorate and nitrate removal and then monitor response to baseline
operations. Hydrogen shutoff simulated loss of electron donor. System shutdown tests simulated
power failure and shutdown of all operations (Table 5.8). System monitoring and sampling was
conducted when the system was placed back online until conditions rebounded to baseline
conditions. Maintenance activities conducted during Optimization provided information on
system resiliency and reliability (see Section 5.5.2), and were therefore not evaluated further.

Table 5.8 Phase IV System Challenge Tests

Test Test Description Challenge Duration
1 Hydrogen shutoff 4 hours

2 Hydrogen shutoff 24 hours

3 System Shutdown 4 hours

4 System Shutdown 24 hours

5.5.5 Backwash Water Characterization

Membrane fibers were gas sparged to control accumulation of inert compounds and biofilm
growth on the exterior surface of the membrane fibers. The frequency of sparging was controlled
by the PLC and was selected to maintain a relatively constant reactor discharge pressure, which
was affected by biomass and solids accumulation on the membranes. The frequency of sparge
events was varied throughout the project over the range of once every 48, 24, 12, 6, and 4 hours.
The sparge process included draining the lag vessel by approximately 78 percent, sparging with
nitrogen gas for one minute at 10 SCFM, and draining the vessel to approximately 3.2 percent
full. The vessel drainage period was 2 to 4 minutes. Sparge samples were collected as a 3-point
composite from 0.5, 1.5, and 2.5 minutes after draining. The vessel was then partially filled to 22
percent of capacity, water was recirculated at 30 gpm for one minute, and the vessel was drained
a second time. The total time that the fibers were exposed to air was about 10 minutes and did
not result in drying of the biofilm. The biofilm was exposed to air during this time. However the
nitrate- and perchlorate-reducing bacteria are facultative and are not killed by exposure to
oxygen. A separate composited sample of this drain water was also collected. This process was
conducted individually for the lead and lag vessels. Samples were analyzed in an analytical
laboratory for TSS. Turbidity measurements were analyzed initially using a Hach 2100P
turbidimeter until it was replaced by a more sensitive Hach 2100N on day 188.

The media filter was backwashed when the pressure differential across the filter was in excess of
10 psi. Manual backwashes were initiated for sampling when the differential pressure across the
filter was close to the backwash set point. Water from the product tank was used for
backwashing at a rate of 45 to 50 gpm (21 to 23 gpm/ft®) for 10 to 13 minutes. The entire
backwash process used approximately 400 to 500 gallons of water. Five 200-mL samples were
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collected at 1, 3, 5, 7, and 9 minutes and composited. Samples were analyzed in an analytical
laboratory for TSS using Standard Method 2540D (APHA 1998). Turbidity measurements were
conducted in the field using a Hach 2100 P turbidimeter until it was replaced by a Hach 2100N
on day 188.

5.5.6 Demobilization

Demobilization activities included:

e Gas injection, phosphorus supplementation, and disinfection injection systems were
disassembled.

e The system was drained, flushed with well water, and drained again.

The influent tank, MBfR vessels, aeration tank, media filter, product tank, GAC and IX

vessels, and piping were disassembled.

e Secondary containment infrastructure was removed.

e Electrical power was disconnected and terminated by an electrician.

e GAC and IX resin were characterized and disposed.

e The influent well electrical panel, cabinets, power and control wiring were left in place
and the piping to the system was removed.

e The outfall discharge French drain was capped.

e Remaining chemicals and field test kits were removed from the site.

e The gas canisters, carbon dioxide, and nitrogen tanks were removed from the site.

e The Conex trailers, associated equipment, and canopy were removed off-site.

e Lab waste was disposed as hazardous waste off-site.

e The GAC and IX vessels were removed from the site.

5.6 SAMPLING METHODS

This section describes the sampling locations, collection procedures, and analysis methods
performed during the MBfR Demonstration project. The primary sampling locations included the
influent groundwater (MBfR influent), MBfR lead and lag effluents, and the post-aeration,
treatment process (i.e., media filter, bag filter, GAC, and IX) effluents. QA/QC results are
summarized in Appendix E.

5.6.1 Analytical/Testing Methods

Table 5.9 lists the parameters tested, sampling locations, and frequency of collection during the
Demonstration. Most of the samples were grab samples, except for the MBfR sparge and filter
backwash samples, where composites were collected (Appendix D). Test America (Irvine, CA)
performed the off-site laboratory analysis and was certified by the California Environmental
Laboratory Accreditation Program. Sulfide, nitrate, nitrite, DO, and chlorine residual were
measured in the field using test kits. Temperature, ORP, turbidity, and pH were measured using
hand-held probes. On-line monitoring data were also collected continuously through the OIT for
nitrate, pH, ORP, and temperature. The sampling frequency varied between once a week to three
times a week depending on the parameter and phase of the Demonstration.
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5.6.2 Sample Collection

Sample bottle size, type, and preservative are shown in Table 5.10. Sample bottles were
completely filled, capped with no headspace, and stored in an on-site refrigerator or coolers at
less than 4°C after collection. Coolers were kept out of direct sunlight as much as possible. A
chain-of-custody (COC) form, sealed in a plastic bag to protect it from water, was placed inside
the cooler. Samples were submitted to the laboratory within one day of sampling. The QAPP
provides a more in-depth discussion of sample documentation procedures. For on-site water
quality analysis, probes and field test-kits were used. Field monitoring equipment were calibrated
at the beginning of each field day and recorded on the field log (Appendix B). For the off-site
laboratory analysis, the selected methods represented standard USEPA procedures or
modifications of these procedures for the analytes of concern.

Table 5.9 Sample Collection Frequency

Analyte Sa_mples{Week Location
y Start-Up | Optimization | Steady State
Laboratory Analyses
3 3 3 Influent
Perchlorate 6 6 6 MBfR
3 3 Finished Water
1 Influent
Perchlorate
(Confirmatory) 2 4 1 N.IB.fR
1 Finished Water
. 1 1 1 Influent
i |2 2 2 [MBR
1 Finished Water
TCE, cis-1.2- 1 1 1 Influent
DCE, and VC 2 2 2 MBIR
’ 1 1 1 Post MBfR
1* 1* 1* MBfR Sparge
TSS 2 2 2 Post MBfR
1* 1* 1* Media Filter Backwash
TON 3 Finished Water
Fecal/Total 1 1 1 MBfR
Coliforms, E. 2 2 2 Post MBfR
coli, HPCs 1 1 1 Finished Water
1 1 1 Influent
1 1 1 MBfR
DOC 2 2 2 Post MBfR
1 1 1 Finished Water
1 Influent
HAAS 1 1 3 Finished Water
THM-FP 3 Finished Water
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Analyte Sa_mples{Week Location
Start-Up | Optimization | Steady State
THMSs 1 1 2 Finished Water
Nitrosamines 1 Finished Water
Sulfate 1 1 1 Influent
1 1 1 MBfR
Total Sulfide 1 1 Post MBfR
1 1 Finished Water
. 1 1 1 Influent
Alkalinity > 5 5 MBIR
1 1 1 Influent
DS 2 2 2 MBfR
Phosphate 1 Influent
Ammonia 1 1 1 Influent
1 1 1 MBfR
Hardness 1 1 1 Influent
2 2 2 MBfR
Field Analyses
. 3 3 3 Influent
i |8 6 6 [meR
3 3 3 Finished Water
3 3 3 Influent
. 6 6 6 MBfR
Sulfide 3 3 3 Post MBfR
3 3 3 Finished Water
3 3 3 Influent
1* 1* 1* MBfR Sparge
Turbidity 6 6 6 Post MBfR
1* 1* 1* Media Filter Backwash
3 3 3 Finished Water
H 3 3 3 Influent
ger,nperature 6 6 6 MBfR Sparge
ORP. DO ' 6 6 6 Pps't MBfR
' 3 3 3 Finished Water
Chlorine 3 3 3 Finished Water

* Samples were collected approximately once per week.

Notes: Additional samples were collected for specific monitoring and permit compliance purposes.
MBITR includes MBfR lead and lag effluent. Post MBfR includes the aeration tank and media filter.
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Table 5.10 Analytical Methods

Holding

Analyte Bottle Preservative Time Method Type PQL
Perchlorate 500 mL poly 4°C 28 d EPA 314.0 Lab 4 ug/L
Perchlorate (Confirmatory) | 125 mL sterile poly 4°C 28d EPA 332.0 Lab 0.2 pg/L
Chlorite/chlorate 125 mL brown poly 4°C, EDA 14d EPA 300.1 Lab 10 pg/L
Nitrate 500 mL poly 4°C 48 h EPA 300.0 Lab 0.1 mg-N/L
Nitrite 500 mL poly 4°C 48 h EPA 300.0 Lab 0.1 mg-N/L
Turbidity 1L poly 4°C 24 h EPA 180.1 Lab 1NTU
TSS 500 mL poly 4°C 7d SM 2540D Lab 10 mg/L
TON 500 mL glass 4°C 24 h SM 140.1 Lab NA
Fecal Coliforms 100 mL sterile poly | 4°C, Na;S,03 6h SM 9221E Lab 1/100 mL
Total Coliforms SM 9221B Lab 1/100 mL
HPC 100 mL sterile poly 4°C 24 h SM 9215 Lab 1/mL
DOC 250 mL glass 4°C 28 d SM 5310C Lab 0.2 ug/L
TCE, cis-1,2 dichloroethene 3x40 mL VOAs HCI, 4°C 14d EPA 8260B Lab 1 po/L
(cis-1,2 DCE), vinyl
chloride (VC)
VOCs 3x40 mL VOAs HCI, 4°C 14d EPA 8260B Lab Varies
THMs 2x40 mL VOAs 4°C, Na,S,04 14d EPA 524.2 Lab 1 pg/L
Sulfate 500 mL poly 4°C 28 d EPA 300.0 Lab 0.5 mg/L
Total Sulfide 500 mL poly ZnAc,; & NaOH 7d SM 4500-S-C,D Lab 0.1 mg/L
Alkalinity 500 mL poly 4°C 14d SM 2320B Lab 10 mg/L
Total dissolved solids 500 mL poly 4°C 7d SM 2540C Lab 10 mg/L
(TDS)
HAAs 3x60 mL VOAs 4°C, NH4CI, 14d EPA 552.2 Lab 1 pg/L

agitate for 1 min

Ethylene Dibromide 3x40 mL VOASs 4°C, Na,S,03 14d EPA 504 Lab 0.02 pg/L
Chloride 500 mL poly 4°C 28d EPA 300.0 Lab 0.5 mg/L
Phosphate 500 mL poly 4°C 48 h EPA 300.0 Lab 0.1 mg/L
Ammonia 500 mL poly 4°C, H,SO,4 28d SM 4500NH3-D Lab 0.5 mg-N/L
Hardness 500 mL poly 4°C, HNO3 180 d SM 2340B Lab 10 mg/L
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Holding

Analyte Bottle Preservative Time Method Type PQL
DBP-FP 500 mL glass 4°C 14d SM 5710B/EPA 524.2 | Lab 0.5 pg/L
Nitrosamines 500 mL poly 4°C 7d EPA 3520C/1625 Lab 75 ng/L
Sulfide NA NA NA Chemetrics test kit K- | Field 0.05 mg/L
9510
Nitrate NA NA NA Chemetrics test kit K- | Field 0.1 mg-N/L
6905
Nitrite NA NA NA Chemetrics test kit K- | Field | 0.025 mg-N/L
7002
DO NA NA NA Chemetrics test kit K- | Field | 1 mg/L - high,
7512 (high) 0.025 mg/L -
K-7501 (low) low
Chlorine NA NA NA Chemetrics test kit K- | Field 0.1 mg/L
2504
Phosphate NA NA NA Chemetrics test kit Field 0.05 mg/L
K-8510
pH, temperature, ORP NA NA NA Oakton pH 6+ pH Field | 0.01 SU, 0.1°C,
probe 1mV
Turbidity NA NA NA EPA Method 180.1, | Field 0.01 NTU

Hach 2100 N and
2100P Turbidimeter

Note: Standard Methods followed (APHA 1998).

Na,S,03 — sodium thiosulfate

NH,CIl — ammonium chloride
ZnAc, - zinc acetate

EDA - ethylenediamine
HCI - hydrochloric acid
H,SO, - sulfuric acid
HNO;- nitric acid
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Challenge phase testing involved intentionally creating an upset condition and monitoring
system performance after the upset. Upset conditions included shutting off either hydrogen or the
entire system for a period of either 4 or 24 hours. Grab samples of the finished water were
collected for perchlorate, nitrate, and nitrite before the upset, then hourly for 10 hours.

5.7  SAMPLING RESULTS

This section summarizes the results of the Demonstration. See Appendix F for the laboratory
analytical data results and Appendix G for raw online monitoring data.

5.7.1 Start-Up

The purpose of Start-Up was to develop a biofilm on the membranes and demonstrate removal of
perchlorate and nitrate. Start-Up lasted from day O to day 112. Success during Start-Up was
assessed by visual inspection of the 14 membrane modules for biomass development, when
perchlorate was below 4 pg/L, and when nitrate was below 0.5 mg-N/L. The system was initially
operated at 5 gpm, and the MBfR effluent perchlorate concentrations were 4.5 pg/L and nitrate
was 0.25 mg-N/L by day 8 (Figure 5.10b and Figure 5.11b). The flow rate was steadily increased
and effluent perchlorate and nitrate concentrations increased. The phosphate amendment system
provided inconsistent delivery of nutrient until day 53, as the process was being optimized.
Shortly thereafter, perchlorate and nitrate concentrations began to decrease while the influent
flow rate was held constant at 12 gpm. Perchlorate was reduced from 140 to 11 pg/L (Figure
5.10a), and nitrate decreased from 49 mg-N/L to 0.25 mg-N/L (Figure 5.11a) within a week after
the phosphate amendment system was fixed. The flow rate was steadily increased again and the
system initially responded with higher effluent perchlorate concentrations but stabilized at
approximately 10 pg/L within a few weeks, even when flow rates were increased to 22 gpm.
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Disinfectant Dose Assessment

Chlorine dose was determined based on CT requirements for a 4-log reduction for virus removal.
The “C” value represents the concentration of the disinfectant (free chlorine in this case). The
“T” value of the CT calculation represents the hydraulic residence time of the finished water tank
multiplied by a baffling factor. A maximum flow of 5 gpm and a baffling factor of 0.1
(unbaffled) were used to develop a worst case “T” value of 20 minutes in the 1,000-gallon
finished water tank. CT requirements were determined using the worst case scenario of a pH of 8
SU and a water temperature of 15°C (USEPA 2003). Under these worst-case conditions, a
minimum of 0.2 mg/L chlorine residual was required in finished water for a 4-log inactivation
(CT requirement of 4 mg-min/L). As the influent flow rate varied, the “T” value was adjusted
accordingly resulting in different required “C” values. The chlorine dose was adjusted as needed
to maintain the minimum required CT throughout the Demonstration. For example, at the
maximum flow of 22 gpm, the chlorine residual needed to meet CT requirements was 0.9 mg/L.

On day 49 samples from the finished water tank were collected to determine the chlorine demand
after contact times of 1, 5, 60, 140, and 160 minutes. The demand after one minute was 0.8
mg/L, while all contact times of 5 minutes or greater were 5.7 mg/L. The hydraulic residence
time in the finished water tank varied depending on the flow rate from 45 minutes to 3 hours.
Variations in water quality including temperature and concentrations of DOC, sulfate, sulfide,
and turbidity can affect the actual chlorine demand at any particular point in time. As such, the
chlorine residual was monitored at the finished water effluent three times per week.

Tracer Test

A tracer test was used on the lag MBfR to determine the residence time and flow dispersion. The
test was conducted on day 109 using a concentrated salt solution. The influent flow rate was
18 gpm and the approximate volume of water in the lag reactor was 270 gallons. The MBfR lab
effluent conductivity readings increased immediately after addition of the salt pulse and was
back to baseline conditions approximately 90 minutes later (Figure 5.12). The recycle flow rate
was 209 gpm, which was much greater than the feed flow rate of 18 gpm and effectively made
the MBfR a continuous stirred tank reactor (CSTR). The actual average hydraulic residence time
was 19 minutes, compared to a theoretical hydraulic residence time of 15 minutes if only
advection is considered. The conductivity curve had a long tail at the end indicative of high
dispersion, consistent with CSTR behavior. The Peclet number measures the ratio of the mass
fluxes caused by advection and diffusion and provides an indication of the relative importance of
each. The Peéclet was calculated as 1.48 indicating that dispersion strongly impacted mass
transport. Plug flow (no dispersion) would have a very high Peclet number, whereas systems
with a Péclet number of 5 or less are considered to have a large amount of dispersion (Levenspiel
1962). System bypass was identified in several modules at the O-ring connection between the
module and the water distribution header. Bypass may have further contributed to dispersion
observed in the MBfR. The O-ring was replaced with a screw connection on day 146, which
eliminated the bypass problem.
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Figure 5.12 MBfR Lag Tracer Study

5.7.2 Optimization

System optimization lasted from day 113 to 230. The purpose of this phase was to identify
optimal operating conditions to enhance performance of the MBfR. A range of conditions were
systematically evaluated including altering influent flow rates and thus electron acceptor loading,
MBTR vessel recycle flow rates to alter mass transfer rates, hydrogen pressure to alter electron
donor delivery capacity, sparge frequencies, and sparge gases (i.e., use of nitrogen gas compared
to compressed air). This provided a comprehensive dataset to evaluate relationships between
controlling parameters and performance. Several system upsets occurred between days 113 and
127, and a few modules failed due to delamination of the epoxy head from the reactor core
(Table 5.7). These failures were attributable to the manufacturing process that has since been
rectified. The recycle flow rate in each reactor was subsequently reduced proportionally to the
reduction in the number of membrane modules to maintain a constant water velocity in each
module. The first two module failures occurred on day 150; these modules were removed and the
membranes were inspected. Figure 5.13 shows the surface of the membrane sheets, which line
the reactor interior. Samples of the membrane were sent to ASU for analysis and are referred in
their report as shipment number 3 (Rittmann et al. 2013). Biomass was evenly distributed and
was not overly reduced (overly reduced biomass appears dark brown or black in color). These
observations contrast to the previous Demonstration conducted at EVWD where dark patches of
overly reduced biomass were observed. This difference indicates the module design changes
between the EVWD and WVWD Demonstrations were successful with respect to improving
control of biofilm growth.
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Figure 5.13 Autopsy of BR React Modules h

Figures 5.14 and 5.15 show an overview of perchlorate and total nitrogen concentrations in the
system influent, effluent of the lead reactor, and effluent of the lag reactor under a range of
influent flow rates, recycle flow rates, and hydrogen pressures. Influent flow rates were varied
between 5 and 20 gpm, recycle flow rates varied between 100 and 280 gpm, and the hydrogen
pressure ranged from 11 to 28 psi. Optimization included a series of short-duration tests to
systematically evaluate impacts of a single operational change. However, several upset
conditions occurred during this time frame (see Table 5.7), and in an effort to find optimal
conditions, several parameters were altered simultaneously. The short-duration tests are
discussed in detail below to demonstrate the impact of two-stage (e.g. lead/lag) compared to
single-stage operations and varying influent flow rate, recycle flow rate, hydrogen pressure,
sparge frequency, and use of nitrogen gas compared to compressed air for sparging.

On days 143 and 144 the system was operated with only one vessel to determine whether single-
single-stage treatment would suffice. Prior to this time, the two-stage system was operated at 10
gpm. On day 143 MBfR2, which had previously been in the lead position, was operated at 5 gpm
and MBfR1 was taken off-line. The recycle flow rate in MBfR2 was 280 gpm and the hydrogen
pressure was 13 psi. Influent perchlorate was 180 pg/L and total nitrogen was 9.7 mg-N/L; the
MBITR effluent perchlorate was 13 ug/L and total nitrogen was 0.59 mg-N/L. While these values
do not meet the performance objective for nitrate or perchlorate, a large percentage (93 percent
for perchlorate and 94 percent for nitrate) was removed. Table 5.11 shows two-stage data under
similar operating conditions for comparison on day 139. The influent perchlorate was 170 pg/L
and lag effluent was 13 pg/L. Online nitrate readings were 8 mg-N/L at the influent and 0.54 mg-
N/L in the lag reactor. While the perchlorate and nitrate loading during single-stage operations
on day 143 were slightly higher than two-stage on day 139, the system was operating under
similar conditions. The performance in removal of perchlorate and nitrate (measured in terms of
removal normalized to membrane area) was similar regardless of whether the system operated as
single- or dual -stage indicating little benefit of two-stage operation.
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Figure 5.15 Optimization Total Nitrogen and Influent Flow (a) and Recycle Flow (b)

Single-stage and dual-stage operation did not promote complete perchlorate reduction. The
nitrate-plus-oxygen flux reported in terms of stoichiometric hydrogen demand during single-
stage operation was 0.12 g-H./m?-d. Laboratory and modeling studies conducted by ASU (see
Section 5.3) indicated that complete perchlorate reduction without sulfate reduction should be
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expected at a nitrate-plus-oxygen flux of 0.18 g-H,/m?-d which is similar to the value reported
above. Therefore, other differences between the laboratory and pilot-scale systems may have
affected complete perchlorate reduction. These differences are discussed below and include

external mass transfer resistance and excess hydrogen delivery.

Table 5.11 Comparison of Two-Stage and Single-Stage Operation

Two-Stage Single Stage
Parameter (Day 139) (Days 143,144)
Influent flow rate (gpm) 10 5
Recycle Flow Rate (gpm) 280 280
Hydrogen Pressure (psi) MBfR1 - 13 (lead) 13
MBfR2 - 15
Membrane Surface area (m?) 2,000 1,000
Perchlorate Loading (mg/m?-d) 4.63 491
Nitrate Loading (mg-N/m*-d) 218 264
Perchlgrate Removal Flux 428 455
(mg/m*-d)
Nitrate+Nitrite Removal Flux
(mg-N/m?-d) 203 248

The effect of influent flow rate was evaluated for flows of 10, 15, and 20 gpm on days 127 to
141. Effluent perchlorate was, on average, 8.5 pug/L while operating at 10 gpm, 17.9 ug/L at 15
gpm, and 27 pg/L at 20 gpm. Recycle flow rates were at a maximum of 280 gpm in both vessels,
and the hydrogen pressure was altered to keep the ratio of electron donor delivery to acceptor
loading consistent. A batch test was conducted on day 141 (discussed below) and demonstrated
that perchlorate reduction to less than the performance objective of 6 pg/L was possible although
sulfate was reduced to sulfide. The combined results of the varying influent flow rate tests and
the batch tests indicated that attainment of perchlorate performance objectives was possible if the
system was given a long enough residence time. Flow rate was systematically tested again on
days 208 to 230 with flows of 10, 8, and 6 gpm (Figure 5.16). Influent perchlorate was
approximately 160 ug/L while the average lag effluent at 10 gpm was 11.7 pg/L, 8 gpm was 11.4
ug/L, and 6 gpm was 9 pg/L. At these flow rates, total nitrogen (nitrate+nitrite) was consistently
below 0.5 mg-N/L. Total nitrogen was attained below 0.5 mg-N/L when flows were as high as
15 gpm. However, optimization tests were focused on meeting both perchlorate and nitrate
treatment objectives. The flow rate to be used for Steady State was determined to be 6 gpm based
on these results.
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While operating conditions were varied during Optimization, perchlorate was not able to attain
less than 6 ug/L in the lag effluent. Initial batch tests were conducted on day 141 to determine
whether perchlorate concentrations could meet the performance objective of 6 ug/L or whether
some inhibitory conditions (microbial or other) were present that were hindering performance
(Figure 5.17, method details in Appendix D). Perchlorate was removed to less than 0.5 pg/L and
total nitrogen (the sum of nitrate and nitrite) was removed to below detection in MBfR1 and
MBfR2. Removal of perchlorate to concentrations below the performance objective began at the
same time the sulfate reduction began, and nitrate was completely removed. These results agree
with previous research which demonstrated a clear hydrogen utilization preference: oxygen,
followed by nitrate, nitrite, and then perchlorate (Ziv-El and Rittmann 2009). The results also
demonstrate that complete removal of in the two-stage MBfR perchlorate was possible.
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Figure 5.17 Preliminary Batch Test for MBfR1 (a) and MBfR2 (b)
Recycle flow rates were systematically evaluated by conducting a second series of batch tests on

days 200 and 202 for MBfR 2 and 1, respectively. The tests showed that perchlorate and nitrate
reduction occurred at a faster rate for higher recycle flow rates (Figures 5.18 and 5.19). The
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recycle flow rates were slightly higher in MBfR2 than MBfR1 because MBfR2 had more
membrane surface area with 6 modules rather than 4 modules in MBfR1. The flow rates were
selected to provide similar conditions for mass transfer. While the highest recycle flow rate of
200 gpm in MBfR1 had the fastest rate of degradation, sulfide generation was also higher in this
vessel, with as high as 2 mg/L after 50 minutes. Sulfate reduction also occurred in MBfR2, with
1.2, 2.4 and 2.3 mg/L sulfide at 180, 120 and 90 gpm, respectively after approximately 40
minutes (not shown). Similar to the preliminary batch test findings, sulfide generation began
occurring after the nitrate concentration was below detection (<0.5 mg-N/L) and as perchlorate
concentrations were below 20 upg/L. There appeared to be overlap between perchlorate- and
sulfate-reduction.

First-order rate constants were calculated for perchlorate and nitrate reduction at various recycle
flow rates (Table 5.12). While the first-order rate constants for nitrate reduction were similar
between MBfR1 and MBfR2, the rate constant for perchlorate was more than double in MBfR2
at higher recycle flow rates. These data indicate the liquid-phase mass transfer resistance was
controlling the rate of perchlorate reduction The first-order rate constants for a recycle flow rate
of 60 gpm in MBfR2 appeared to be an outlier, compared to the overall trend of increasing rate
constants with increasing recycle flow rates. We hypothesize that the 90-gpm sample and 60-
gpm sample were likely switched in the field.
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Figure 5.18 MBfR1 Batch Test with Varying Recycle Ratios
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Figure 5.19 MBfR2 Batch Test with Varying Recycle Ratios

Table 5.12 Batch Test First-Order Rate Constants

MBfR1 MBfR2
Recycle Perchlorate | Nitrate+Nitrite Recycle Perchlorate | Nitrate+Nitrite
Flow (gpm) (1/s) (1/s) Flow (gpm) (1/s) (1/s)
200 4.7 7.4 180 11 7.1
150 4.1 6.5 120 10 6.1
100 3.6 5.7 90 3.2 5.5
50 2.7 4.6 60 7.3 7.3

The final parameter varied during Optimization was sparge gas type and sparging frequency.
Sparging with compressed air rather than nitrogen had no impact on performance for removal of
nitrate or perchlorate (Figures 5.14 and 5.15). Effluent perchlorate concentrations were below
10 pg/L when sparging was conducted with nitrogen or with compressed air between days 190
and 205 (Figure 5.14). The frequency of sparging was varied from every 48 hours to every 4
hours. On days 156 to 162, flow rates and hydrogen pressures were constant while the sparge
frequency was varied (Figure 5.20). The average lead and lag reactor effluent nitrate
concentrations were 2.5 and 0.24 mg-N/L, respectively when sparging every 12 hours. This was
similar to when the sparge frequency was every 24 hours, with 2.7 and 0.11 mg-N/L in the lead
and lag vessel, respectively. On days 183 to 199, other conditions were held constant and the
sparge frequency was varied. The average lead and lag reactor effluent nitrate concentrations
were 1.6 and 0.44 mg-N/L, respectively when sparged at 12-hour intervals. Concentrations were
similar at a sparge frequency of every 4 hours at 1.7 and 0.35 mg-N/L. In summary, the sparge
frequency had little impact on effluent concentrations of nitrate in the range of every 4 hours to
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every 24 hours. Therefore, the sparging frequency for Steady State was set at 12 hours to
minimize system down time without compromising performance.
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Figure 5.20 Effect of Sparge Frequency on Nitrate Performance

5.7.3 Steady State

The Steady State phase lasted from day 230 to 258. Operations were held constant using the
optimal conditions identified during Optimization (Table 5.13). Flow rate was set at 6 gpm to
increase the hydraulic residence time and promote greater perchlorate reduction. Phosphate was
dosed to attain an influent concentration of 0.5 mg/L. Hydrogen was fed to the MBfR at a rate of
0.05 SCF/gallon of water treated and carbon dioxide at a rate of 0.002 SCF/gallon of water
treated. Module sparging occurred every 24 hours using nitrogen. An aluminum chlorohydrate
coagulant was added as a filter aid at a dose of 0.1 g/min prior to filtration. After media filtration,
sodium hypochlorite was added as a disinfectant to achieve 0.2 mg/L residual chlorine at the
effluent of the finished water tank.

The system was online approximately 98 percent of the time which met the performance
objective of greater than 95 percent uptime. However, on days 250, 251, and 252 (January 3, 4,
and 5, 2012) the system was temporarily shut down due to false triggering of high-level sensors
in the secondary containment and in Reactor 2. The sensors were tripped each day by abnormally
high winds (the Santa Ana winds). This was not included as down time because the trigger was
not associated with normal operating conditions.

Table 5.13 Steady State Operating Parameters

Parameter Value/Set Point
Influent Flow Rate 6 gpm
Influent Oxygen 8.7 mg/L
Influent Nitrate 8.6 mg-N/L
Influent Perchlorate 154 ng/L
Oxygen Loading 248 mg O,/m*-d
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Parameter Value/Set Point
Nitrate Loading 246 mg-N/m°-d
Perchlorate Loading 4.41 mg ClO4/m°-d
Sparge Frequency 12 hours
Recycle Flow Rate R1 - 150 gpm

R2 - 120 gpm
Hydrogen Pressure R1- 16.5 psi
R2 —16.5 psi

Perchlorate and nitrate removal during Steady State was consistent over time (Figure 5.21).
Perchlorate was reduced from an average of 154+5 pg/L to an average of 9.2+2.3 ug/L in the
effluent of the lag reactor during Steady State (94.4 percent reduction). While perchlorate was
above the treatment objective of 6 pg/L, nitrate met the treatment objective of 0.5 mg/L in the
effluent. Nitrate + nitrite were reduced from an influent average concentration of 9.0 mg-N/L to
an average of 0.12+0.07 mg-N/L at the MBfR lag effluent (98.3 percent reduction).
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Figure 5.21 Steady State MBfR Perchlorate and Flow Rate (a) and
Total Nitrate+Nitrite (b)

Hydrogen demand was calculated based on theoretical stoichiometric requirements for
conversion of oxygen to water, nitrate to nitrogen gas, and perchlorate to chloride. Hydrogen was
also consumed for sulfate reduction, but this was only five percent of the total stoichiometric
demand and was not included in the calculation. The lag reactor effluent sulfide concentration
was on average 1 mg/L, which is equivalent to 3 mg/L sulfate consumption. For an influent flow
rate of 6 gpm, the hydrogen demand was 0.51 SCFH for oxygen, 1.89 SCFH for nitrate, and 0.02
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SCFH for perchlorate. On average 29.6% of the hydrogen fed to the lead reactor was biologically
consumed based on stoichiometric demand (determined by calculation), 24.9% was used during
intentional membrane fiber flushing to eliminate water vapor condensation and accumulation of
inert gases such as nitrogen (measured), and 45.4 percent was excess (calculated by subtracting
stoichiometric demand and fiber flush flow from total flow) (Figure 5.22). In the lag reactor, 6.6
percent of the hydrogen was used for stoichiometric demand (primarily for removal of residual
nitrate and perchlorate), 26.8 percent for membrane fiber flushing, and 66.5 percent was excess.
The lead reactor had higher hydrogen use than the lag reactor because of greater influent
concentrations of oxygen and nitrate. Since the lead and lag reactors switched positions between
vessels periodically, the hydrogen demand associated with either MBfR1 or MBfR2 varied
depending on position. The system operated with excess hydrogen in an attempt to achieve
complete perchlorate reduction. This excess may have been one of the reasons that sulfate-
reducing bacteria outcompeted perchlorate-reducing bacteria and prevented complete perchlorate
reduction.
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Figure 5.22 Steady State Stoichiometric Hydrogen Demand, Hydrogen for Membrane
Fiber Flushing, and Excess Hydrogen

Carbon dioxide was used for pH control and as a carbon source for autotrophic cell synthesis.
The influent pH was on average 7.52+0.11 SU and additional alkalinity was generated from the
reduction reactions, particularly denitrification. The set point for both reactors was 7.2 SU, and
pH adjustment between 7.5 and 7.2 SU accounted for the largest portion of carbon dioxide
demand (62+0.1 percent). Approximately 30.5+0.1 percent of the carbon dioxide demand was
used for alkalinity generated during reduction of oxygen, perchlorate, nitrate, and sulfate
following the stoichiometry discussed in Section 2.1 (Stumm and Morgan 1996). Only a small
fraction of the total carbon dioxide needed was associated with cell synthesis, approximately
7.0+0.2 percent. Approximately 9,000 L of carbon dioxide were used during the one-month
Steady State period. Of this flow, approximately 5,300 L were used for pH adjustment, 1,900 L
were for neutralizing alkalinity generated during reduction reactions (primarily driven by
nitrification), 440 L were for cell synthesis, and the remaining 1,360 L (15 percent) were excess
or system losses suggesting potential for optimization.

Bacteria were detected in the MBfR effluent, which was likely associated with detachment of
biomass from the membranes (Figure 5.23). The lag reactor effluent had HPC counts between
10* and 10° colony forming units per milliliter (CFU/mL). E. coli, total coliforms, and fecal
coliforms were below the detection limit of 2 most probable number per 100 milliliters
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(MPN/100mL) in all samples collected. There were three time points when total coliforms were
detected during Steady State, on days 232, 243, and 256. The highest detection was on day 232
with 36.7 MPN/100mL. These samples were collected prior to disinfection. While this system is
a biological treatment technology, the growth of pathogenic organisms was not promoted.

HPCs were significantly lower in the finished water following disinfection, on average
43 CFU/mL (Figure 5.24). All samples collected from the finished water were below drinking
water standards for E. coli, total coliforms, fecal coliforms, and HPCs. TON was below the
Secondary MCL of 3 in all but three samples (Figure 5.24b). Those were on days 246, 250, and
251 with an average threshold odor number of 4.5. Day 250 also had the highest total sulfide
measurement during Steady State of 0.041 mg/L. The system was down periodically on days 250
to 253 due to high winds triggering the secondary containment level switch. When the system
was down, the MBfRs operated in batch mode, which resulted in more strongly reducing
conditions than normal operations.
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Figure 5.24 Steady State Finished Water Quality Bioindicators (a), Sulfide, and Odor (b)

The performance objective for DOC was to have less than a 0.2-mg/L increase from the system
influent to the finished water (Figure 5.25). DOC increased in the effluent of the MBfR lag, but
was subsequently reduced by the media filter. DOC increased an average of 0.4+0.1 mg/L from
the influent to the effluent during Steady State. Influent DOC concentrations were
uncharacteristically high (above 1 mg/L) in three of the five time points tested. The average
influent DOC was 0.56+0.38 mg/L prior to Steady State. It is not known why concentrations
increased. This higher than normal organic loading may have resulted in increased biomass
production thus increasing the effluent DOC. While the goal for this project was less than a 0.2
mg/L increase, the metric is not driven by regulation, and requirements for biological stability
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are specific to each drinking water distribution system. The increase of 0.4 mg/L DOC may not
be all biodegradable DOC and may be stable in some distribution systems.
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Figure 5.25 Steady State Treatment System DOC

DBPs including HAAs and THMs were measured in the finished water (Table 5.14). DBPs were
below the MCL in all samples. DBP-FP was tested to determine DBPs generated during worst-
case conditions; concentrations were significantly lower than the MCL (< 20 percent of the
MCL). Nitrosamines including N-nitrosodiethylamine (NDEA), N-nitrosodimethylamine
(NDMA), and N-nitroso-di-n-propylamine (NDPA) were below their respective CDPH
Notification Level of 10 nanograms per liter (ng/L), or 0.01 pg/L, in the finished water.
Nitrosamines are emerging contaminants that are not currently regulated for drinking water (e.g.,
no MCL) but are being evaluated by the USEPA.

Table 5.14 Steady State Finished Water Disinfection Byproducts

Analyte Average Max MCL
HAADS (ug/L) <6 <6 60
HAAG (pg/L) <7 <7 --
TTHMSs (pg/L) 4.8 12 80
Maximum THM-FP (ug/L) 14.6 47 -
Nitrosamines (ug/L) <0.0019 | <0.0019 --
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Finished water turbidity was near the treatment objective of 0.2 NTU, with an average of
0.27 NTU (Figure 5.26). Turbidity was below 0.2 NTU 67 percent of the time based on on-line
turbidity measurements. The intermittent temporary system shutdowns during days 250 to 253
were not included in turbidity analysis since it was triggered by weather events (i.e., high winds)
and not normal operational issues. The SWTR requires that turbidity always be below 1 NTU
and that 95 percent of the samples be less than 0.3 NTU. While this system utilized groundwater
as a source water, the performance goal was to achieve turbidity of less than 0.2 NTU. The
turbidity was not always below 1 NTU, although samples were below 0.3 NTU approximately 79
percent of the time and below 0.2 NTU approximately 67 percent of the time. The majority of
time points where turbidity was above 0.2 NTU were from days 230 to 235. During this time, a
noticeable sulfur odor was present in the aeration tank. Sulfate was being reduced to sulfide and
possibly elemental sulfur due to strongly reducing conditions in the MBfR. Colloidal sulfur may
have contributed to higher turbidity readings. The filter aid dose was adjusted from 2 to as high
as 7 mL/min to reduce filter effluent turbidity. The filter aid was an aluminum chlorohydrate
coagulant and was injected prior to the media filter. As such, the residence time may not have
been sufficient to promote mixing and coagulation. Figure 5.26 shows turbidity breakthrough
almost immediately after a backwash. The filtration system has a non-standard filter material and
was not optimized for filtration performance. An improvement on the system design would be to
inject the filter aid further upstream.
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Figure 5.26 Steady State Finished Water Turbidity

The MBTR reactors were sparged every 12 hours. Approximately 13 percent of the influent water
was used for sparging and was diverted as wastewater. A full-scale system currently installed at
Cucamonga Valley Water District for nitrate reduction wastes approximately 1 to 3 percent of
the influent water due to sparging.' Samples from the sparge water were collected and analyzed

! Based on information provided by APTwater, 2 to 3 percent of influent flow would likely be wasted in a full-scale
system. There are several parameters that would be altered to achieve lower percent water wasted. First, if the
influent flow rate increased, the percent wasted would be reduced appreciably because the reactors were sparged on
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for total suspended solids (TSS) to estimate mass of solids generated. Based on these samples,
approximately 2,930 grams or 6.5 pounds of solids would have been generated per million
gallons (MG) of water treated. Theoretical sludge production using cell yields and stoichiometric
equivalents presented in Section 2 would have been 4,000 g/MG water treated (8.9 pounds).

The media filter was backwashed on average approximately every 12 hours, which resulted in
wasting approximately 3 percent of the system influent water due to backwashing. The backwash
trigger was changed during Steady State to when finished water turbidity was greater than
0.3 NTU rather than when the pressure drop was greater than 10 psi. The trigger was altered
because turbidities were higher than the performance objective of 0.2 NTU at the initiation of the
Steady State phase. Samples from the media filter backwash water were collected and analyzed
for TSS to estimate solids generated for disposal. Based on these samples, approximately 10,000
grams or 22 pounds of solids were generated per MG of water treated. The head loss
accumulation rate across the media filter was fairly consistent at 5.2+1.5 psi/d (Figure 5.27).

10 - Media Filter Pressure Drop
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Figure 5.27 Steady State Media Filter Pressure Drop

5.7.4 Challenge

The Challenge phase lasted from days 259 to 271. There were four intentional upset conditions
evaluated: turning off the hydrogen supply for 4 and 24 hours, and turning the system off
completely for 4 and 24 hours. After the system was restored to normal operating conditions, the

a specified time interval. Increasing the flow rate from 6 to 20 gpm would result in a reduction of water wasted from
13 to 4 percent. Second, the initial transfer of water from the lag reactor during the sparge process to reduce the lag
MBTfR operating level was discharged as waste in the pilot. This fluid would not need to be wasted in a full-scale
system because the water has been treated and is of the lag MBfR water quality. This would reduce wastewater by
approximately half. Finally, during Steady State there were 4 reactors in each vessel rather than 7 at the initiation of
the pilot. Since there were fewer reactors in the vessels, there was more space for water to fill the vessels, thus
increasing water consumption. A full-scale system has been installed and tested at Cucamonga Valley Water District
for nitrate reduction. This system wastes approximately 1 to 3 percent of the influent water due to sparging.
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finished water was monitored approximately hourly for 10 hours. The influent flow rate was 6
gpm and the hydraulic residence time from the MBfR lag effluent to the finished water was
approximately 2.4 hours. The baseline lag effluent concentrations prior to the intentional upsets
were 16 pg/L for perchlorate and 0.23 mg-N/L for nitrate.

The hydrogen shut-off simulated a temporary loss of electron donor supply. Approximately two
hours after restarting the system, the concentrations of perchlorate and nitrate steadily dropped
during the 4-hour hydrogen shut-off period (Figure 5.28) and 24-hour shut-off period (Figure
5.29). This corresponded well with the hydraulic residence time between the lag reactor and the
finished water monitoring point. The rate of recovery was slightly faster for perchlorate after the
4-hour shut-off period (first-order rate constant of 0.173 hr*) than the 24-hour period (0.147 hr
1). By contrast, nitrate was slightly slower to recover after the 4-hour shut-off period (0.152 hr
1), compared to the 24-hour period (0.195 hr). In both situations, nitrate recovered to less than 1
mg-N/L within the 10-hour period of monitoring. While perchlorate did not reach pre-upset
concentrations within the monitoring period, the concentration would likely recover within 12
hours based on these first-order rate constants. One contribution to this recovery time was the
presence of only 4 modules in each vessel designed for 7 modules. Thus, a substantial percentage
of the liquid volume in each vessel was not in contact with the active biomass and thus was not
subject to biodegradation up re-instatement of hydrogen flow. The recovery trends were similar
to the tracer study trends indicative of high reactor dispersion and CSTR-type operation.

Turning off the power supply did not have strong impacts on effluent water quality after the 4-
hour shut-off (Figure 5.30) or the 24-hour shut-off period (Figure 5.31), as concentrations
remained relatively constant. For these cases, the reactors went into a batch reactor mode, which
resulted in more contact time with the contaminated water. While sulfide was not monitored in
any of the Challenge phase tests, this would be helpful to be included in a monitoring program
for a full-scale system for potential odor issues.
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Figure 5.28 Perchlorate and Total Nitrogen Concentrations at the Finished Water after
a 4-Hour Shut-off of Hydrogen
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Figure 5.29 Perchlorate and Total Nitrogen Concentrations at the Finished Water after
a 24-Hour Shut-off of Hydrogen
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Figure 5.30 Perchlorate and Total Nitrogen Concentrations at the Finished Water after
a 4-Hour Shut-off of Power
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6.0 PERFORMANCE ASSESSMENT

A summary of the performance objectives along with an overview of technology performance
was presented in Section 3, and results were discussed in detail in Section 5.7. The performance
objectives included treatment effectiveness, disinfection effectiveness, ability to meet drinking
water treatment primary and secondary MCLs, reliability, safety, permit compliance, and
regulatory acceptance. This section includes an assessment of technology performance that is
supported by data presented in Section 5.

6.1 TREATMENT EFFECTIVENESS

The MBTfR was a reliable method for treating nitrate, and while perchlorate was not treated to
below 6 pg/L, it was consistently reduced by more than 90 percent. Biomass was visually
observable on the membrane surfaces during an autopsy of a reactor. Visually, the biomass was
uniformly light brown in color, indicating the biomass was not overly reduced. Reliability of the
system is discussed further in Section 6.4.

6.1.1 Perchlorate

Perchlorate was reduced from an average of 15445 pg/L to an average of 9.2+2.3 ug/L in the
effluent of the lag reactor during Steady State (94.4 percent reduction). While the treatment
objective of 6 ug/L was not met, perchlorate was consistently removed with little variation
(coefficient of variation was 0.73%).

During Optimization, influent flow rate and recycle flow rate were observed to affect perchlorate
treatment efficacy, as discussed in detail in Section 5.7.2. The effect of influent flow rate and
associated electron acceptor loading was evaluated for flows rates of 10, 15, and 20 gpm.
Perchlorate was on average 8.5 ug/L while operating at 10 gpm, 17.9 ug/L at 15 gpm, and 27
ug/L at 20 gpm. Recycle flow rates were tested further during batch tests, where four recycle
flow rates were tested in each MBfR vessel. In general, the best performance was observed when
recycle flow rates were increased indicating mass transfer limitations. However, operation at the
highest recycle rates did not promote complete perchlorate removal. Finally, the impact of sparge
frequency and gas type was evaluated. Sparging was conducted to remove buildup of biomass
and inert compounds in the membranes. Use of compressed air rather than nitrogen for sparging
resulted in no measurable change in performance and could be used to decrease operational
costs. Sparging frequencies of 24 hours or less did not change perchlorate or nitrate removal
appreciably; thus 12 hours was selected for Steady State operations.

Batch tests demonstrated that complete perchlorate removal was possible but was observed to
occur when sulfate reduction and sulfide generation began. Modeling and bench-scale studies by
ASU demonstrated that complete perchlorate removal was observed without sulfide production if
removal flux of nitrate and oxygen — expressed as stoichiometric hydrogen demand — was about
0.18 g Hy/m*day (Rittmann et al. 2013). However, single-stage pilot-scale operation did not
promote complete perchlorate reduction at a removal flux of nitrate and oxygen of 0.12 g-Ha/m*-
d. Therefore, other differences between the laboratory and pilot-scale systems such as trans-
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membrane liquid velocity and associated mass-transfer resistance may have prevented complete
perchlorate reduction.

6.1.2 Nitrate and Nitrite

This Demonstration validated the technical feasibility of the MBfR for treatment of nitrate. Total
nitrogen (the sum of nitrate and nitrite) was reduced from an influent average of 9.0 mg-N/L to
an average of 0.12+0.07 mg-N/L in the effluent of the lag reactor during Steady State (98.3
percent reduction). Thus, the treatment objective of 0.5 mg-N/L was met. Nitrate reduction was
consistently removed with little variation (coefficient of variation was 0.94%) with the highest
total nitrate concentration of 0.24 mg-N/L. Similar to perchlorate, factors controlling
performance were influent flow rate and recycle flow rate. These factors were evaluated in detail
during Optimization (see Section 5.7.2). Nitrate removal to below 0.5 mg-N/L was demonstrated
during Optimization testing at flow rates as high as 18 gpm based on online nitrate
measurements. Recycle flow rates were tested at four different levels, and the best performance
was generally observed when recycle flow rates were highest. Another key finding during Steady
State was that 79 percent of nitrate was reduced across the lead reactor with an average lead
effluent concentration of 1.8+0.16 mg-N/L. As such, a full-scale system could include single-
stage operations depending on nitrate treatment goals, thus decreasing capital and operational
costs and system footprint.

6.2 DISINFECTION EFFECTIVENESS

Disinfection was accomplished using sodium hypochlorite with a free chlorine residual of
0.2 mg/L to meet disinfection requirements. Fecal coliforms, total coliforms, E. coli, and HPCs
were used as indicator parameters for disinfection performance. Fecal and total coliforms and E.
coli were below the detection limit (2/100 mL) in all samples during Steady State. HPCs were on
average 43 MPN/mL, and no sample was greater than 500 MPN/mL during Steady State. Thus,
the performance objective for disinfection effectiveness was met.

6.3 ABILITY TO MEET DRINKING WATER TREATMENT PRIMARY AND
SECONDARY MCLs

This section addresses the ability of the MBfR to address primary and secondary MCLs and
other constituents relevant to production of drinking water. TCE was present in the MBfR
influent but was not removed. TCE removal was not an objective of this demonstration.

6.3.1 Odor

Biological reduction processes can include generation of sulfide. During batch testing discussed
in Section 5.7.2, degradation of perchlorate below the performance objective of 6 ug/L was
observed during the same time when sulfide concentrations began increasing above
approximately 1 mg/L. The performance objective for the TON was less than or equal to 3 based
on the USEPA NSDWR requirements. An average TON of 2.2 was observed during Steady
State; however, 3 of the 12 samples collected were above the performance objective. The three
samples were associated with weather-related process shutdowns and accumulation of sulfide at
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a concentration of 0.04 mg/L. This concentration of sulfide can be mitigated by a more rigorous
aeration step. It is possible that the odor could have been associated with chlorine as well.

6.3.2 Turbidity

Media filtration in combination with a coagulant filter aid was employed downstream of the
MBITR to meet the performance objective of less than or equal to 0.2 NTU in the finished water.
An average turbidity of 0.27 NTU was observed from online measurements during Steady State.
However, there were several instances where turbidity was greater than 1 NTU. Turbidity was
below 0.2 NTU approximately 67 percent of the time, and thus this performance objective was
not met. Most of the data when turbidity was above 0.2 NTU were from days 230 to 235. During
this time, a noticeable sulfur odor was present in the aeration tank. Colloidal sulfur likely
generated by oxidation of biogenic sulfide may have contributed to higher turbidity readings.
Prevention of sulfide production would minimize turbidity exceedances. An improvement to the
design to increase the filter aid efficacy would be to move the filter aid injection location further
upstream to increase mixing time. Additionally, the experimental filter media Next-Sand™ was
used, thus turbidity results may not be translatable to conventional filtration media.

The media filter was backwashed on average approximately every 12 hours, which resulted in
wasting 3 percent of the system influent water. Media filter backwash water was analyzed for
TSS to estimate solids generated for disposal. Based on these samples, approximately 10,000
grams or 22 pounds of solids would have been generated per MG of water treated.

6.3.3 DOC

Residual biodegradable organic compounds in treated water can decrease water biostability and
thus promote regrowth of organisms in distribution systems. DOC was selected as a surrogate
indicator for biological stability, with a performance objective of no more than a 0.2-mg/L
increase in DOC from the influent to the finished water. While this was a goal for the project, it
was not driven by regulation and specific requirements for stability are specific to each drinking
water distribution system. The increase in DOC from the system influent to the finished water
was on average 0.4 mg/L during Steady State. The net increase in system DOC exceeded the
performance objective indicating that the performance objective was not met. Even though this
goal was not met, this increase may be suitable and considered stable in some distribution
systems. Water stability in the distribution system is affected by many factors and DOC is just
one of those factors (Schneider et al. 2013).

6.3.4 pH

The target for pH was between 6.5 and 8.5 SU, which is a secondary MCL under the NSDWR.
In particular, pH control was important for this system since denitrification and other reduction
processes can result in increased alkalinity and increased pH. Bioreduction pathways are optimal
between a pH of 6.8 and 7.5 SU for perchlorate (Adham et al. 2004), though optimal perchlorate
was found at 8 SU when a range between 6.5 to 8.8 was tested (Nerenberg et al. 2002) and 7.2 to
8.2 SU for nitrate (Xia et al. 2010). During the MBfR Demonstration, the pH of the finished
water remained within the performance standards (6.5 < pH < 8.5). An average value of
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7.8+0.2 SU was observed at the finished water during Steady State. The metric for this
performance objective was met.

6.4 RELIABILITY

This performance objective was to demonstrate greater than 95 percent uptime during Steady
State. The system uptime during Steady State was 98 percent and this performance objective was
met. System reliability was further evaluated during Challenge testing when either hydrogen
(electron donor) or system power was shut off for either 4 hours or 24 hours. As discussed in
Section 5.7.4, hydrogen shut-off resulted in increased nitrate and perchlorate concentrations.
System recovery occurred within 10 hours for nitrate, and was anticipated to occur within 12
hours for perchlorate. First-order rate constants were calculated to estimate recovery time. The
rate of recovery was slightly faster for perchlorate after the 4-hour shut-off period (first-order
rate constant of 0.17 hr'') than the 24-hour period (0.15 hr). By contrast, nitrate recovery was
slightly slower after the 4-hour shut-off period (0.15 hr™), compared to the 24-hour period (0.20
hr?). The system was relatively unaffected by power shut off as the bioreactor simply had more
time to continue to degrade contaminants. Nitrate and perchlorate concentrations remained
relatively constant over the 4-hour power shut off duration. Total nitrogen went from 0.4 to
0.5 mg-N/L, and perchlorate went from 15 to 19 pg/L in the finished water. Similarly, when
power was shut off for 24 hours, total nitrogen went from 0.4 to 0.5 mg-N/L and perchlorate
went from 11 to 10 pg/L in the finished water. The time for system recovery from hydrogen
shut-off could be mitigated by operating the system in a batch recirculation mode. Additionally,
at the time of the test there were 4 modules in each vessel that were originally designed for 7
modules. Increasing the number of reactors per vessel would also increase mass transfer and
likely result in faster recovery. The recovery trends were similar to the tracer study trends
indicative of high reactor dispersion and CSTR-type operation.

6.5 SAFETY

Safety concerns with this technology include use of a pressurized flammable gas, hydrogen, and
other pressurized gases including nitrate and carbon dioxide. Generation of sulfide from sulfate
can also cause inhalation hazards. There were no health and safety incidents reported during the
Demonstration. Hydrogen leaks were detected by a sensor and the system was automatically shut
down for maintenance. Hydrogen sulfide and LEL were monitored on a daily basis during the
Optimization phase when a sulfide odor was noted by field staff. There were a few instances
when the system was shut down due to a detection by the LEL sensor. However, no detections
above the permissible exposure limit or threshold limit values were observed. The metric for this
performance objective was met.

6.6 PERMIT COMPLIANCE
The California RWQCB reviewed the Demonstration Plan and approved discharge of 43,200
gallons per day of treated groundwater back into the ground via a French drain. The system

influent was monitored for VOCs and the effluent was monitored for flow rate, pH, VOCs, total
nitrogen, chloride, phosphate, TDS, and sulfate. These values were monitored and if detected,
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were compared against permit requirements. There were no permit violations of California
RWQCB permit number R8-2002-0033-038; therefore, this objective was met.

6.7 REGULATORY ACCEPTANCE

A letter of conditional acceptance for the MBTR for treatment of nitrate was received the CDPH
on July 26, 2013 (Appendix I). APTwater has installed an MBfR system at the Cucamonga
Valley Water District for full-scale treatment of nitrate. The system is called ARoNite™ that
stands for Autotrophic Reduction of Nitrate. In December of 2011, the system became NSF 61-
certified. The Optimization data gathered from this study were used to help develop the design
and operations of the Cucamonga Valley Water District facility. This system is in the process of
being permitted by CDPH for full-scale operation.
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7.0 COST ASSESSMENT

The cost assessment was conducted for an MBTfR treating nitrate and not perchlorate because the
6-ug/L performance objective for perchlorate removal was not achieved. This section provides
the cost assessment for a full-scale 1,000 gpm MBfR system under six scenarios. Each scenario
was assessed during a 30-year life cycle. Since the MBfR process did not meet treatment
objectives for perchlorate, the assessment focused solely on nitrate removal. The assessment was
performed to obtain a generic cost data considering engineering, equipment, construction, and
operational costs. The test data from the Rialto Well 22 site were used as a basis for developing
the estimate. Comparisons were made between the MBfR and conventional IX and a packed bed
or fixed-bed bioreactor (FXB).

7.1  COST MODEL
7.1.1 Capital Cost Estimation

The purpose of the capital cost estimate is to assess the generic project cost for system
installation and construction. The capital cost includes equipment, installation, and construction,
as well as standard line items to account for indirect costs. Equipment costs were obtained from
system suppliers. Site installation and construction costs were estimated from the project team’s
experience on similar construction projects. Total installed cost and line items included in the
cost estimate were calculated from the cost model in Table 7.1. A 30-year amortized cost was
calculated from the total installed cost, assuming a 2.0% real discount rate obtained from the
Office of Management and Budget.

It should be noted that for an objective comparison of capital costs, the following items on direct
and indirect costs, which can vary greatly by site and/or project conditions, are not considered in
this study:

Land acquisition costs

Major site improvement work, such as fill material or substantial clearing

Raw water resource development and pumping/piping system

Finished water storage

Laboratory or staff office space

Bringing utilities to/from the site (water, wastewater, power, communications)
Environmental assessment of site

e Owner administration and legal fees

While effort was made to provide a realistic cost estimate, caveats must be placed that the
installation costs are only applicable for systems operating at 1,000 gpm. For larger systems,
though scaling of the costs may be directly proportional in some cases (i.e., electrical design), it
is not always directly scaled. For example, with larger installations, significantly more design,
labor, and materials would be required for structural design. Although a cost reduction might be
observed based on an economy of scale, this reduction may be offset by the need for larger
delivery trucks, fuel fees, additional labor, etc.
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Table 7.1 Cost Estimate Model

Cost Element Basis
Equipment Installed Cost From System Suppliers
Civil and Construction Cost Based on system footprint, including excavation,

grading, and 2-foot concrete foundation
Piping and Mechanical Installed Cost | Assumed $45/square foot

Electrical, Instrumentation, and Assumed 10% of the total installed cost for electrical

Controls Installed Cost and 2% for instrumentation and controls

Subtotal Direct Cost Sum of the Above

Permit Fees and Sales Taxes 12% of Subtotal Direct Cost

Bond and Insurance 3% of Subtotal Direct Cost

Subtotal A Subtotal Direct Cost + Permit Fees and Sales Taxes +
Bond and Insurance

General Conditions 10% of Subtotal A

Contractor Overhead and Profit 15% of Subtotal A

Subtotal A + General Conditions + Contractor

Subtotal B Overhead and Profit

Contingency 25% of Subtotal B

Subtotal C Subtotal B + Contingency

Engineering Design Services 10% of Subtotal C

Total Installed Cost Subtotal C + Engineering Design Services

7.1.2 Operational Costs

Annualized operational costs are estimated for a 30-year plant life cycle with 2.0% real discount
rate from Office of Management and Budget. Table 7.2 shows the calculation basis. Unit costs
were based on quotes from equipment vendors and APTwater.

Table 7.2 Operations Cost Calculation Basis

Component Units Value

MBTfR Costs

Hydrogen, On-site Generation $/Ib 0.59
Carbon Dioxide $/Ib 0.24
Coagulant $/Ib 1.1
75% Phosphoric Acid $/1b 0.85
Power $/kWh 0.12
Membrane Replacement Cycle yr 10
Media Filter Replacement Cycle yr 10
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Component \ Units | Value
IX Resin Costs

IX Resin Replacement Cycle yr 10
IX Regeneration Waste Discharge Fee $/gal 0.1
Salt for IX Regeneration $/ton 130

The following items are excluded from the operational cost estimate:

Operation labor

Raw and product water pumping
Disinfection chemical

Minor equipment and lighting power

7.1.3 MBfR System Design Basis

Three nitrate treatment goals were selected for a 1,000-gpm full-scale MBfR system: 1) 28 mg-
N/L of influent and 4.0 mg N/L effluent, 2) 10 mg-N/L of influent and 6.8 mg-N/L effluent, and
3) 18 mg-N/L of influent and 6.8 mg-N/L of effluent. In all of these scenarios, a portion of the
1000-gpm stream would be treated by the MBfR to 0.5 mg-N/L and the remaining untreated
water would be blended with the treated water to meet the above-stated effluent nitrate goal.
Scenario 1 has a nitrate concentration similar to the previously published work on biological
treatment technologies (Brown et al. 2008; Webster and Togna 2009) and is included in this
study for comparison. Scenarios 2 and 3 were included to demonstrate mid-range and high-range
nitrate loading, respectively. Scenario 2 has a nitrate concentration equal to that observed during
the WVWD demonstration. Scenario 3 has a nitrate concentration in excess of the MCL of 10
mg-N/L to simulate treatment of a water source that would actually require treatment. The three
treatment goals were applied to two MBfR system designs: a design using the same process used
in the Demonstration (Scenarios 1, 2 and 3) and a design based on results from the
Demonstration and APTwater’s continued process development and optimization (Scenario 4, 5
and 6). The modified design was incorporated in the construction of the Cucamonga Valley
Water District MBfR for nitrate treatment. It includes several enhancements to increase system
efficiency and decrease wastewater generation. For example, scenarios 1 to 3 were designed
similar to the pilot-scale field Demonstration where there was 100 percent excess hydrogen
relative to the demand for biotransformation and fiber flushing to remove moisture and
accumulated inert gases. By contrast, scenarios 4 to 6 were estimated assuming that hydrogen
with 30 percent stoichiometric excess would be sufficient, similar to the full-scale system being
installed at Cucamonga Valley Water District. The sparging frequency was also reduced from
once every 12 hours in scenarios 1 to 3 to once every 24 hours in scenarios 4 to 6, which reduced
the amount of wastewater generated in the modified design. The design bases for each scenario
are shown in Table 7.3.

84



Table 7.3 MBfR System Design Parameters

Scenario
Based on Based on Optimized
Demonstration System Data from
Results APTwater
Component Units 1 | 2 | 3 4 | 5 | 6
Influent Water Quality
Flow Rate gpm 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
Temperature Deg C 20 20 20 20 20 20
pH SU 7.5 7.5 7.5 7.5 7.5 7.5
TDS mg/L 260 260 260 260 260 260
Oxygen mg/L 6 6 6 6 6 6
Sulfate mg-SO,/L 20 20 20 20 20 20
Nitrate mg-N/L 6.3| 10.2| 18.1 6.3| 10.2| 18.1

mg-NO3/L 28 45 80 28 45 80
MBTfR System Flow Distribution

Total Flow Rate gpm 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
Bypass Flow Rate gpm 601 649 357 601 649 357
MBfR System Flow Rate gpm 399 351 643 399 351 643
Operating Conditions
Hydrogen Excess % 100 100 100 30 30 30
Sparge Interval hrs 12 12 12 24 24 24
: mg-N/L 0.5 0.5 0.5 0.5 0.5 0.5
Nitrate, MBfR Effluent mg-NO/L 59 59 59 59 59 59
Nitrate, After Blending mg-N/L 4.0 6.8 6.8 4.0 6.8 6.8
with Bypass Stream mg-NO3/L 17.7| 300| 30.0| 17.7| 30.0 30.0

The MBTR system consists of multiple vessel skids containing membrane modules and auxiliary
equipment for aeration, filtration, and disinfection. A single vessel skid consists of two 32-
membrane module basins. The footprint of one vessel skid is 24 feet by 8 feet. In this study, it is
assumed that vessels would operate with a single-stage configuration. Each auxiliary skid has a
compressed air system for membrane sparging, PLC controls and analyzers, aeration tank, and
media filtration. The footprint of the auxiliary skid is 28 feet by 8 feet. Figure 7.1 shows a
three-dimensional (3-D) rendering of the exemplary MBfR system with one vessel skid and one
auxiliary skid. Figure 7.2 shows a process flow diagram of a typical MBfR system. Table 7.4
summarizes the system configuration for each scenario.
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Figure 7.1 3-D Rendering of Exemplary MBfR System
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Table 7.4 MBfR System Configurations

Scenario
Based on Demonstration SEs) O Ot
Results System Data from
APTwater

1 2 3 4 5 6

Minimum Quantity of Modules 163 210 644 93 120 368
Modules with Redundancy 192 256 672 128 160 384

Quantity of Module Skids 3 4 11 2 3 6

Quantity of Auxiliary Skids 2 2 3 2 2 3
Construction Area Required (m?) 1024 1216 2784 832 1024 1824

7.1.4 lon Exchange System Design Basis

Table 7.5 IX System Design Parameters

Scenario
Component Units 1 | 2 | 3
Influent Water Quality
Flow Rate gpm 1,000 1,000 | 1,000
Temperature Deg C 20 20 20
pH SU 7.5 7.5 7.5
Total Dissolved Solids mg/L 260 260 260
Oxygen mg/L 6 6 6
Sulfate mg-SO./L 20 20 20
Nitrate mg-N/L 6.3 10.2 18.1
mg-NO3/L 28 45 80
IX Flow Distribution
Total Flow Rate gpm 1000 1000 | 1000
Bypass Flow Rate gpm 280 280 280
IX Flow Rate gpm 720 720 720
Effluent Treatment Goals (post-blending)
Nitrate mg-N/L 4.0 6.8 6.8
mg-NO3/L 17.7 30.0 30.0
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IX is a common water treatment process used to reduce various ionic species in water and
wastewater. In this study, the cost of nitrate removal by the IX system was estimated and
compared to the MBfR system. Table 7.5 summarizes design parameters of a regenerable IX
system. The IX system was designed to treat 1,000 gpm with the same treatment goals
established for Scenarios 1 to 3 (Table 7.5). The IX system consists of three IX vessels along
with pre-filter skids, a brine regeneration system, and a regeneration waste storage system.




7.2 COST DRIVERS

The main drivers for the capital cost are the nitrate concentration in influent water and the target
nitrate concentration in effluent water. Since the MBfR system can achieve an effluent nitrate
concentration down to 0.5 mg N/L or less, it is not necessary to treat the entire influent stream
with MBfR to meet target effluent concentrations. Hence, part of influent water can bypass the
MBTfR system and be blended with the MBfR effluent to meet the target nitrate concentration.
The nitrate concentration in the influent water and the target nitrate concentration in the effluent
water will eventually determine the bypass ratio of influent water to the MBfR system. A higher
bypass ratio requires a smaller equipment size, which will reduce the capital cost.

One of the main drivers for the operational cost of the MBfR system is electricity for
recirculation pumps. The electricity for the recirculation pump can account for up to 60% of the
operational cost. In general, the recirculation flow increases in proportion to the MBfR system
size. As described above, the system size is largely affected by the MBfR system bypass ratio,
and the MBfR system bypass ratio will be mostly determined by influent nitrate concentrations
and the target effluent nitrate concentrations. Hence, the nitrate concentrations are the most
important factor affecting both the capital and operational costs of the MBfR system.
Consumption of process chemicals such as hydrogen gas, carbon dioxide gas, and phosphoric
acid are other important factors for the operation cost. The chemicals are critical for the
biological reduction of DO and nitrate, and need to be supplied to the system continuously. The
chemical cost, particularly hydrogen and carbon dioxide, account for a significant portion of the
MBTR system operational costs.

7.3  COST ANALYSIS
7.3.1 MBfR System

Table 7.6 shows the capital cost estimate for the MBfR system under different operating
scenarios. Scenarios 1 to 3 considered the design that was used for the Demonstration project.
Scenarios 4 to 6 are based on the modified MBfR design, which enhanced the system efficiency
and reduced wastewater generation. The total installed cost estimate for the MBfR system ranged
from $3,757,100 for Scenario 4 to $13,635,500 for Scenario 3, and the 30-year amortized
installed cost ranged from $167,800 for Scenario 4 to $608,900 for Scenario 3. In general, the
total installed cost was related to the MBfR bypass ratio and it increased as the MBfR bypass
ratio decreased. As the MBfR system bypass ratio increased, the system required a smaller
equipment size that reduced the capital cost in turn.
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Table 7.6 MBfR Capital Costs

Cost Element Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
Equipment Installed Cost $ 1,988,100 | $ 2,404,300 | $ 5,444,400 | $ 1,466,200 | $ 1,812,400 | $ 3,416,600
Civil and Construction Cost $ 139,300 | $ 165,400 | $ 378,600 | $ 113,200 | $ 139,300 | $ 248,100
Piping and Mechanical Installed Cost | $ 95700 | $ 113600 | $ 260,000 | $ 77,700 | $ 95,700 | $ 170,400
Electric and 1&C Installed Cost $ 300,000 $ 356300 | $ 815700 | $ 243,800 | $ 300,000 | $ 534,400
Subtotal Direct Cost $ 2,523,000 | $ 3,039500 | $ 6,898,600 | $ 1,900,800 | $ 2,347,300 | $ 4,369,400
Permit Fees and Sales Taxes $ 302,800 | $ 364,800 | $ 827900 | $ 228,100 | $ 281,700 | $ 524,400
Bond and Insurance $ 75,700 | $ 91,200 | $ 207,000 | $ 57,100 | $ 70500 | $ 131,100
Subtotal A $ 2,901,400 | $ 3,495,400 | $ 7,933,400 | $ 2,185,900 | $ 2,699,400 | $ 5,024,800
General Conditions $ 290,200 | $ 349600 | $ 793,400 | $ 218600 | $ 270,000 | $ 502,500
Contractor Overhead and Profit $ 435300 | $ 524,400 | $ 1,190,000 | $ 327,900 | $ 404,900 | $ 753,800
Subtotal B $ 3,626,700 | $ 4,369,200 | $ 9,916,700 | $ 2,732,400 | $ 3,374,200 | $ 6,281,000
Contingency $ 906,700 | $ 1,092,300 | $ 2,479,200 | $ 683,100 | $ 843,600 | $ 1,570,300
Subtotal C $ 4533400 | $ 5,461,500 | $ 12,395,900 | $ 3,415,500 | $ 4,217,700 | $ 7,851,200
Engineering Design Services $ 453,400 | $ 546,200 | $ 1,239,600 | $ 341600 | $ 421,800 | $ 785,200
Total Installed Cost $ 4,986,700 | $ 6,007,700 | $ 13,635,500 | $ 3,757,100 | $ 4,639,500 | $ 8,636,300
Installed Cost, 30 Year Amortized $ 222700 | $ 268300 | $ 608900 | $ 167,800 | $ 207,200 | $ 385,700
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Table 7.7 MBfR Operation Cost

Cost Element Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
EIeCtriCity $ 90,900 | $ 114,400 | $ 269,300 | $ 67,300 | $ 78,900 $ 162,800
Coagulant $ 3,800 | $ 3400 | $ 6,200 | $ 3,800 | $ 3400 | $ 6,200
Phosphoric Acid $ 4400 | $ 3900 | $ 7100 | $ 4400 | $ 3900 | $ 7,100
Hyd rogen $ 18,200 | $ 23,700 | $ 72,600 | $ 5900 | $ 7,600 $ 23,300
Carbon Dioxide $ 5500 | $ 7900 | $ 26,300 | $ 12,100 | $ 17600 | $ 58,500
Aeration $ 13,200 | $ 16,100 | $ 42300 | $ 7200 | $ 6,900 | $ 11,700
Membrane Replacement $ 13,000 | $ 16,400 | $ 39,300 | $ 9,400 | $ 11,300 | $ 23,600
Annual Operation Cost, 30 $ 149000 | $ 185800 | $ 463100 | $ 110,100 | $ 129,600 | $ 293,200
Year Amortized
Table 7.8 MBfR Annual Project Cost

Cost Element Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
Installed Cost, $ 222700 | $ 268300 | $ 608900 | $ 167,800 | $§ 207,200 | $ 385,700
30 Year Amortized

Annual Operation Cost, $ 149,000 | $ 185800 | $ 463,100 | $ 110,100 | $ 129,600 | $ 293,200
30 Year Amortized

Annual Total Project Cost

. ! 371,700 454 100 1,072,000 277,900 336,800 678,900

30 Year Amortized ($) $ ’ $ : $ 1,072, $ ; $ 8 $ ;
Annual Total Project Cost,
30 Year Amortized ($/MG) $ 706 $ 863 $ 2,037 $ 528 $ 640 $ 1,290
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Scenarios 1 to 3 considered the design that was used for the Demonstration. Scenarios 4 to 6 are
based on the modified MBfR design that enhanced the system efficiency and reduced wastewater
generation. The total installed cost estimate for the MBfR system ranged from $3,757,100 for
Scenario 4 to $13,635,500 for Scenario 3 and the 30-year amortized installed cost ranged from
$167,800 for Scenario 4 to $608,900 for Scenario 3. In general, the total installed cost was
related with the MBfR bypass ratio and it increased as the MBfR bypass ratio decreased.

Table 7.7 shows operational costs for the MBfR system. Those costs ranged from $110,100 for
Scenario 4 to $463,100 for Scenario 3. Electrical power was the major component of the
operational costs, accounting for approximately 60 percent of the cost. A major power consumer
of the MBfR system is the recirculation pump for the MBfR vessels. Recirculation flow rate
increases as the bypass ratio decreases (i.e., as the MBfR system treats more influent water),
resulting in higher operational cost. The cost for chemicals including hydrogen is the other
important parameter accounting for 20 to 30 percent of the operational cost.

Table 7.8 presents total 30-year amortized project costs for the MBfR system. The 30-year
amortized project cost ranges from $277,900 for Scenario 4 to $1,072,000 for Scenario 3.

7.3.2 IX System

For the 1X system, the capital cost does not change between the scenarios since the same influent
stream is treated by IX while the regeneration cycle is varied by the nitrate loading. Table 7.9
shows the capital cost estimate for the IX system, and for all three scenarios the total installed
cost was $4,510,800, with a 30-year amortized installed cost of $201,500.

Table 7.9 IX Capital Cost

Cost Element Scenarios 1, 2, and 3
Equipment Installed Cost $ 1,613,700
Civil and Construction Cost $ 216,900
Piping and Mechanical Installed Cost $ 151,700
Electric and 1&C Installed Cost $ 300,000
Subtotal Direct Cost $ 2,282,100
Permit Fees and Sales Taxes $ 273,900
Bond and Insurance $ 68,500
Subtotal A $ 2,624,400
General Conditions $ 262,500
Contractor Overhead and Profit $ 393,700
Subtotal B $ 3,280,500
Contingency $ 820,200
Subtotal C $ 4,100,700
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Cost Element Scenarios 1, 2, and 3
Engineering Design Services $ 410,100
Total Installed Cost $ 4,510,800
Installed Cost, 30 Year Amortized $ 201,500

Table 7.10 shows the operational cost estimate for the I1X system. The 30-year amortized
operation cost ranges from $1,261,800 for Scenario 1 to $1,620,000 for Scenario 3. IX
regeneration waste discharge accounts for the major portion of the cost. The cost generally
increases as nitrate loading to the IX system increases. The 30-year amortized annual project
costs are estimated at $1,463,300 for Scenario 1, $1,466,600 for Scenario 2, and $1,821,500 for
Scenario 3 as shown in Table 7.11.

Table 7.10 IX Operational Cost
Scenario 1 Scenario 2 Scenario 3

Salt $ 39,400 $ 50,900 | $ 95,000
Prefilter $ 10,800 | $ 10,800 | $ 10,800
IX Resin Replacement $ 2500 | $ 2,500 | $ 2,500
IX Regeneration Waste Disposal $ 1,209,100 | $ 1,200,900 | $ 1,511,700

Annual Operation Cost, 30 Year $ 1,261,800 $ 1.265.100 | $ 1,620,000

Amortized
Table 7.11 IX Annual Project Cost
Scenario 1 Scenario 2 Scenario 3
Installed Cost, 30 Year Amortized $ 201500 | $ 201,500 | $ 201,500

Annual Operation Cost, 30 Year Amortized | $ 1,261,800 | $ 1,265,100 | $ 1,620,000

Annual Project Cost, 30 Year Amortized | $ 1,463,300 | $ 1,466,600 | $ 1,821,500
Annual Total Project Cost,
30 Year Amortized ($/MG) $ 2,781 $ 2,787 | $ 3,462

7.3.3 Comparison of the Technologies

A comparison between the MBfR system and the IX system shows that the MBfR system has
higher capital cost for scenarios 1 through 3 (Table 7.12). However, under the given operational
cost calculation basis shown in Table 7.2, the operational cost of the IX is much higher than that
of the MBTfR. Especially for the IX system, the operational cost is largely affected by the
wastewater discharge, and costs can vary widely by site. While wastewater from the MBfR
system, which is mostly from media backwash waste and MBfR sparging water, can be
discharged through the municipal sanitary sewer after removing some of suspended solids,
wastewater generated during IX regeneration cannot be directly discharged to the municipal
sewer mainly due to the high salt concentration. Wastewater discharge cost can be extremely
high and this can inhibit the implementation of IX technology. For example, for the Rialto Well
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22 site, hauling IX regeneration wastewater off-site to the nearest treatment facility was
approximately $0.10 per gallon. Considering the amount of regeneration wastewater from the 1X
system, the 30-year amortized annual operation cost for regeneration wastewater was estimated
to be $1,209,000 for Scenario 1, $1,201,900 for Scenario 2, and $1,511,700 for Scenario 3.
These costs alone are higher than the total project costs for the MBfR system when compared
under the same operational scenarios. An evaporation pond, a zero liquid discharge system, or an
on-site waste reduction facility can be other options to handle the IX regeneration waste. This
decision can be made only after careful consideration of all site-specific conditions, including
availability of the discharge sites, proximity to the treatment facility, land availability, land cost
and electric cost. The 1X regeneration waste handling cost is the main driver for the 1X system,
which could affect the process selection between the 1X and the MBfR. The MBfR system can
be a viable option for nitrate removal especially when it is difficult to find an economical
solution to handle the IX regeneration wastewater.

The MBfR was also compared with a previous study, ESTCP project 0544, “Direct Fixed-Bed
Biological Perchlorate Destruction Demonstration” (Brown et al. 2008). This project estimated
the cost of a FXB for perchlorate removal. For the comparison of the two studies, it should be
first noted that the FXB system project cost is estimated in 2008 based on a 2.8 percent discount
rate, while the MBfR system in this study is estimated in 2013 based on a 2.0 percent discount
rate. In the FXB system, the main cost drivers were DO and nitrate concentrations, similar to the
MBTfR system, even though the main target of the technology was perchlorate. The FXB also
treated the entire 1,000 gpm flow stream. In the FXB system, due to the very low level of
perchlorate in influent water and low electron donor demand, the perchlorate concentration
affects the project cost very little. Figure 7.3 shows a comparison between the MBTfR, IX, and
FXB systems for a 1,000 gpm system and water quality outlined under scenario 1. Based on
1,000 gpm influent flow with 28 mg/L of nitrate in influent water, the 30-year amortized project
cost of the FXB system was $384,000, which is similar to the 30-year amortized project cost of
$371,700 for the MBfR system tested at the Demonstration plant (Scenario 1). However, when
compared with the modified MBfR design (Scenario 4), the MBfR system shows approximately
30% lower project cost of $277,900. The comparison with the FXB and the 1X implies that
MBTR cost can be lower or equivalent to competing biological reduction technologies and thus
can be a competitive technology for nitrate removal.
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Figure 7.3 Comparison of MBfR 30-Year Amortized Capital and Operating Costs with IX
and FXB operating at 1,000 gpm

95



8.0 IMPLEMENTATION ISSUES

The MBfR system for treatment of nitrate and production of potable water was shown to be
possible and effective. The MBfR system is ready for applications involving treatment of
drinking water sources contaminated with nitrate. Implementation for treatment of nitrate
requires meeting necessary permitting regulations and that the key findings from this
Demonstration are integrated into a full-scale process. The MBfR can be designed to treat source
waters with different nitrate concentrations. Sulfate will not affect treatment of nitrate because
the MBTR is not operated under sufficiently reducing conditions when treating nitrate. Treatment
of perchlorate to less than 6 pg/L was not possible and requires further development. The
parallel research conducted by Arizona State University provides possible ways to address this
current limitation (Rittmann et al. 2013).

8.1 REGULATIONS AND PERMITS

All potable water treatment systems must follow the SDWA regulations established by the
USEPA. Specific regulations under the NPDWR are the SWTR including the interim, Long
Term 1, and Long Term 2 Enhanced SWTR; Total Coliform Rule; URCMR 1; FBRR; Stage 1
and Stage 1 DBP Rules; Groundwater Rule; and the Lead and Copper Rule. Additional state
requirements and regulations may apply if the state is provided primacy to implement the
regulations. The regulatory agency within the State of California that has been delegated primacy
is the CDPH. The CDPH has set more stringent primary and secondary MCLs under Title 22 of
the CCR (Social Security), Division 4 (Environmental Health). The CDPH is responsible for
certifying drinking water treatment technologies pursuant to California Health and Safety Code
Section 116830. The CDPH is also responsible for permitting drinking water supplies.

All applicable Federal and State regulations and requirements must be met for a full-scale MBfR
system for potable water treatment including, but are not limited to:

e Compliance with primary drinking water standards for nitrite.
e Filtration to remove suspended solids and bacteria.

e Disinfection to ensure that the potable water supply does not contain pathogenic bacteria
(e.g., E. coli, fecal coliforms, and total coliforms) or elevated levels of heterotrophic
bacteria.

While there are currently no Federal regulations for perchlorate in place, the USEPA has
established an Interim Drinking Water Health Advisory of 15 pg/L. In February 2011 EPA
released the determination that perchlorate met the SDWA criteria for regulation and EPA is
currently in the process of establishing an MCL (Lehman and Subramani 2011). The CDPH has
developed rules that are more stringent and established a State MCL of 6 pg/L as of October
2007.

8.2 END-USER CONCERNS

The results of this Demonstration study showed that: 1) the MBfR bioreactor treatment system
provided consistent and robust nitrate removal and high but incomplete perchlorate removal; 2)
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aeration, media filtration, and disinfection provided effective post-treatment but filtration
required further optimization; 3) system operation was straightforward, requiring no specialized
training; 4) the bacterial communities in these systems were indigenous organisms that formed a
biofilm within approximately one month; and 5) total water production costs are lower than
conventional IX treatment. A full-scale MBfR system for nitrate treatment and potable water
generation is in the process of being permitted at Cucamonga Valley Water District. The
combination of data from this Demonstration project in conjunction with regulatory approval of
a full-scale system will support additional work and willingness to design and operate this
technology full-scale.

An end-user concern is use of hydrogen, a flammable gas. The data presented herein
demonstrated that this issue was easily managed and did not necessitate extraordinary efforts.
Specifically the following observations and actions were part of this Demonstration:

e Hydrogen was supplied using an on-site generation system with back-up cylinders. The
cylinders were contained on a gas-supply pad that stabilized and manifolded the supply
gases together.

e Flammable gas/no-smoking placards were used.

e LEL sensors stopped the system when hydrogen was detected.

e Liquid nitrogen was supplied in a commercially available dewar. From a cold surface
hazard perspective, liquid nitrogen is handled the same as liquid oxygen at hospitals and
other commercial facilities.

e Liquid carbon dioxide was supplied in cylinders similar to hydrogen back-up cylinders.
These were secured in the same containment area as hydrogen and nitrogen.

8.3 PROCUREMENT

APTwater provides a commercially available MBfR skid system, called ARoNite™. The system
includes MBTfR vessels and auxiliary equipment, which may include downstream processing
(aeration, media filtration, disinfection), based on customer requirements. Procurement of
compressed or liquefied gases can be accomplished through a variety of national vendors. Gas
generators are specialized pieces of equipment but are available from several manufacturers. Gas
manifolds and distribution systems are not off-the-shelf and will require engineering design and
custom fabrication.
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TJooK NAiLy READING pRrRR

)

TUENING ©n  THE 4 REACTOR S THAT ivefe FPREVigusty OFF.




Datal: “)-neet ' ESTCP: Tec  “ogy Demonstration Plan ' )
' * Perchlorate Destructi.  .sing Membrane Biofilm Reduction
ESTCP Project Number EFl-200541

| ' ' LEAD: MBF R )
5 2 5 £ g 5 % . |2 | Bs | 585 |28 | -5 | &z
: S| ¢ | 8 | 8 | B g8 | g8 | # |85 |85 | %5 | i3
[ : g - w a
' pH 2755|7238 658 7.13] 724|747 _ MBiR Details: { £, 0 BN
Temperature c) /8’, 7 /q. 7 goi 2 2200\ Pelaty Y| Q0. (/ . B Target Flow Rate: {apm)
oRP my | (OZ |~ 7Ol -j0 3| RE 120 |132 | MEBFE | pH 7S
Pressure {psi) - = ) . MEE - 2 ¢R ‘ Zi £
Dissolved Oxygen (mg/L) { [ O+ 9 3* ) 7.0 7.0 _ NITRATE Anptized- _ O3
Nirate mgy | & e | 2.9 2 & - A 1 __orf ~JY 3
Nitrite {mgiL) 0 @ © &3 3] O . ]ZQ_ ' O’K-P In ‘3 "/ C’
Turhidity (NTU) — - - [6.94 260,79 &l r(ec;/c]e e |2dem{B\D
Chigrine Residual | _ (mg/l) ga «~ = sem | O
Nmgpwe ! © | O 1 9 | © o FEen RATE [owm]| 5
' Ry Ha Cow MY 20
s ™ " {a a0
Phosphede_ fouth €A 2 Yaain
|ypo Tank : |(qgl) [ - |
Phospate tam (E}R\) 4
ToTALI ZER- ggal 2525300
Motes:

SysTEM APPeARs To BE STABIL oVER TS EiRST Wéea(c—;ppf (Mo NAﬁo& /Ssues//,mxs), PH meTer
READ "’"09‘,’ TF.O. 101l AGuiNeT BUFFER secuTionS. GRP ReAD D/FY AGANSET BUFEER.
7 ) " _ -

B-5



Datal: “heet ESTCP: Te«  “ngy Demonstration Plan )
Y _ Perchlorate Destructic. . using Membrane Biofilm Reduction : -
ESTCP Project Number ER-200541

Dats:
Time: . : ‘
Operator: | Z‘PJ" : . ‘ ] WMEBFR 7 LeAD
l(an"ls* ) ' WMBCE 1 LB
% 2 § E & 5 §E 2 § | Es | o8 | 8B | o i3
: S |2 |LE QB |/F | g5 |§8 | EF | |38 || ES
= —_— = :
H 7.9¢, | &7 V| G.5Bf Ttk | ~ | 7-@D|7- 58 ' - MBIR Details:
Temperature (%] .o 2%.< -'B'@' ¥ ﬂﬁ Lo | 2300 e Target Flow Rate: {gpm)
oRP oy | tc0 20|l g8 |6t | — |[[o2-](7 :
Presae———*"T  (ps) —
Dissolved bxygen {mg/L} <t T (4] ’7' et 5 5 S"* S_
Nitrate (mgL) %4 oo (2.4 - {.Z
natrite (mg/Ly © 2 o | _ O
Turbidity NTY) . % [ 22} O78
Chlorine Residual mg/L i
SULBIDE o v]l & © o , )

Liypo Ten lga |

o M'BF?._

Notes: ?P retes %Cgteog U-J/ h,.é?w) b & M f-'L'D.‘Z, 702 [0@7 OFP meter 'tggter,o ',wec..ghvs\ v 247, '

Feod puomp’wong sl doom dwe 4o acr W Syctom. bm o] EPT sagy MO lovels cve ow ordd

Lot Uevued o C alibvoted du oty weker, APT WORKED TewARDS Fliliné  HYPO TANK AND DEreRmiNg Pumf
Fiow RATE Bhseb on concenTrATION, TOPFEDP oF FPHOSPHATE TANKE .-;,5’5;‘\ wATER & 42,3

5<% FH PO,

B-6



\ } / )
Manual Data Collection - - i S
: Target [Internal | 1 1 . 1 _ JAr_ [Sodlum —T
Outlet . [Flow |Recycle |MBfR1 (MBfR2 |Nitrate |Air tank. |Hypo [Phosphate |Phosphate |Bag-
L . |totalizer [Rate Rate pH = {pH - |Analyzer [flow |Press |tank  |tank ' |Feed Rate |Filter dp
Date _lgal - lgpm - |gpm SCADA_[SCADA [mg-NIL lscfm Ipsig [gal ~lgal l(mVmin)_ |(psi)
4/20/11 18:00] 3791700 - - - - - - - - - - .
4721711 9:00] - - - P - 5 . . - n - n
4/22/11 8:00} - - - 5.8 7.8 8.08 - - - - - -
4/25/11 10:00} - - - 8.5 7.6 - 0.9 - - - - - N
4/28/11-18:40] 3799700 - - - - - - - - 5 2 -
4/29M111:00] - 5 210 - - - - . : : 5 -
5/2/11 9:00§ 3825300 5 210 7.5 7.5 0.43 - - -0 3 2 -
s/u/u T HprHw| S0 21c .7 75 | e-42| (-5 | B © IE 2.
o P colurAn s

o |\ 3
Aop e

B-7
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Data Logr  t : ESTCP: Techr 'y Demonstration Plan .
oo Perchlorate Destruction L._,.n'g Membrane Bicfilm Reduction
ESTCP Project Number ER-200541

Date: 5_‘" (‘0 - ”'
Time: G prr~ o
/ Lead Reactor:
A N I A P PR R TR
§ z 2 E E g ag 82 25 g 2 5 g = % EX Manual Site Data: .
& - E " w . _ 3 Guliet Totalzer: W | '-{'7 4, a6
pH i 42 [ '73 [P ?79 7‘ q i —_ |7} Target Flow Rate: . gpm 5"'
Temperature (Cy f ‘? w212 -"} ]8 ."I .58 - 2_1 . Intemal Racycle Rate: grm 2] 0
oRP {mv) {20 |==205" -0 | Fo — | {20 MBHR'1 i | G4
Dissoived Oxygen | {mg/L) q ‘ e 0.2 . : 5.5 MBIR 2 pH: - 7.8 .
Nitrate {mg/L} 9 0 ’ ! MBIF 1 ORP: my |-G
nitite_ (g ) & © o [} MBIR 2 ORP: w |—&a 6
Suifide (ing/L) O O © ) ‘ O Nirate Anslyzar: mgNL | v;‘l.'_;' :
Turbidity (NTU} — Air Flow (Aeraticn): scim \ -"7
Chlorine Residual (mg/L} - |AirTank Pressure: psi 2.7
. ) Sodlum Hypo Tank: gal —
" IPhosphate Tank: gal 2.5
Phosphate Feed Rate: mimin 2.
Bag Filterdp: . psi
COZ Cylnder Pressure: psi 79,
H2 Cylinder Pressure: psi ‘f %
Notes:

ATpaTel WK bl SUGHT Swel op  Sulpue « MBER TFEED Powp = | Gew Due 10 Prowtewl
ol AR - W0 18 PLANNED "t BASE Lew 8L Swercd N PAW WATER NE v Eweviae PROBIEM OF
AR /GoprEX- LOW \ovEL <enton (waS galED 1B" w FEED /RAW WATE TRiNE - APT WRORWED Chus THAT
FeeD Tuwd LosT TRUME OKE WIEHT . APT HAD $er Fuw - | GrPw. 11BO— Elow (sl We D
“to 10 Grwm ON TEED Plwp. VAR SAWPES aApe thkeh Whne Pup W Froto by @ (o écpw‘{‘u&q?)
ChAVSTD AR BuTER-- .

MW%'EE

MITEATE 5720 H
L N , o Z
NE "f Fa ARAL2el Tool Aour 4 rmwmure s To froo Sed Mo
fappp| 2% READING 5(0 (73 7 H. | .
| , | . [ BoTTee For- sp-ivo (MBFR 2)
MRER g 21 | ' '
EiniH I"
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Data Log; J

‘\‘t .

Date:

= /9 /1

Time:

ot

ESTCP: Techr iy Demonstration Plan
Perchlorate Destruction v..ig Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Lead Reactor:

N pPED  OFF  PHOSPHATE TANK : Abpet Y&:dme H3PO4 ap 5.6 gal HaO,

B-9

8 - - c .§ E - - - 3=
g % E E % .'E i’ .E lg g E’ % ‘:‘:’ E § E E § % E Manual Site Data:
& £ 2 = < £ EE i'%g o8 %a & £° Outlet Totalizer: I Z T
. = utlet Totalizer: gal 33’(9 7@8 )
pH 7’1 s‘j‘g -7! 38’ (';; -25- d’ .S’Cy 6,-? 6;,( g g Target Flow Rata: gpm _S"'
Temperature C) j7iH Irs ,0] /G, O 17, © 17.8 1/ 7 i Intemal Recycle Rate: wn | D10
QRP (mv) iO 1975 S|l=/90 - 35 3 / MBIR 1 pH: 7, 4‘}
Dissolved Oxygen | (mgiL) <" 0.7 3 [ 7 MBIR 2 H: =
Nitrate {mgiL) 5’ e &) (@) MBIR 1 ORP: v | -5 20
e e I ot 0 <) MBIA 2 ORP: w | ~56 ¢
Suifide (mg/L) D Qo o &7 O Nitrate Analyzer: mg-NiL @ . Lf 3 ZeE He
~ | Turbidity o | o2 Q) My d o 3 ir Flow {Aeration): sm |, &
[Chtoring Residual {morL) Air Tank Pressure: psl 3‘ 5’
Sodium Hypo Tank: gal , o? ' 3’
Phosphate Tank: gal /. b/
Phosphate Feed Rate: mbmin Q
Bag Filter dp: psi f'j
02 Cylinder Pressura: psi
H2 Cylinder Prassure: psi ‘7 eo
Ligt 19 Feed 273 el
cast (K _(RI) N
LAsT N (R3) oY 3



Data Log ot ' ' ESTCP: Tech yy Demonstration Plan
S Perchlorate Destruction g Membrane Biofilm Reduction
ESTCP Project Number ER-200541

‘ |.ead Reactor: 12.2-
5. = - o 5 g £, 3. - E ~E z s
E g é g % E ’ 2 g E % g § g % g é E % E g Manual Site Data: ?ﬁ@g’g@o
& = = = ) < E £ = “ & Oullat Totailzer: gal .ggef-
pH ﬂ 7| b Lf’2— (0"36 .8 : % ~7:-{O Target Flow Rate: apm 2_' O
Temperature {°C} /8. 7 I '8 .o | 194 F 4.2 Intemal Recycie Rate: gom
ORP (mV) SO =0 ™70 - g0 o : MBIR 1 pH: CKJL]'
Dissolved Oxygen (mo/L) ot /VS— (@] Y it 2 & MBIR 2 pH: 7. g‘
Mitrate {mg/L) 7 D [h' '2, i MBIR 1 ORP: nv |- Qg
stite gy | 'o ) [ 0 MIBFA 2 OFP: w | (o]
éuifide - __(mg/l) D O O ’ O i (p ] Nitrate Anaiyzer: mg-NL | Z . 5%
Turbigity {NTU} 2.0 o851 i, 2l i| i Flow (aeration): sefm 17
* |Chlerine Residual: mg/L ' ey D ol bl ; Alr Tank Pressure: psi 2.5
Sodium Hypo Tank: gal - an—
Phosphate Tank: gal 3 .2
Phosphate Faed Rata: mifmin 2.
Bag Filter dp: psi
CO2 Cylinder Pressure! psi 78
He Cylindar Pressure: psi q ’-’—
Nz Peestupe
N N AviD INEOLMS  COM THAT FCED  PumpP MAPUNCTIONED LAGE MGHT ARD wih Be —THaME

SHeetred RY  ONDE TpRAY AR Sauwftes FOL NITRATE WEle TAKGE oW ANMYeEE. FecD AT

Fop oF Cack PEACTDR . SAWPLES Wweke ST w/ a2 dotd T T PR Nitee AND percyio fATE,

CWVDE HAa S Revoled Feeb HumP Sucton PIPE B “rouni& SilogT TRogeim




Datalog

Date:
Time:

Operator:

Y
et
/

S/1.3/1

fﬁ Apn

ESTCP: Tech

Lead Reactor:

] yy Demonstration Plan
Perchlorate Destruction - ..ing Membrane Biofilm Reduction
ESTCP Project Number ER-200541

pEN—

Notes:

APT wha o SiTe YESTEPDAY FIRING PROBULM [N FEED Tumf.

&
/' l 3@9' & Q _
3 g H £ . B - o E £ 3=
E £ 2 3&5& f’E & ] £ | 92 Q5 =2 | E £ Manual Site Data:
g 5 : g8 | 85 | £% | 3§ | %8 | *& | kS -
= = . Outlst Totalizer: gal ;8- %8’&)0
pH l 7: 3’ 7; go 7; 67 ‘/ o Target Flow Aate: gpm g’
Temperature Q) ﬁ 20T 0, internal Recycle Rate: wm | 29} O
ORP (mv} 929G B -2} 280 MBI 1 g 7S
Dissolved Oxygen | (mgil) 1. 9 0.0 2| . 28 : MBIR 2 ph: 7 o
Nitrate mg) | & 0 6.5 O 5 MBI | ORP: W | =557
Nitrite (mg/L) O £,0 O 15} MBiR 2 ORP: v | 7
Sultide (mg/L} O (@) <O ; Nitrate Analyzer: mghL | 0
‘Turbidity [NTU) o & Air Flow (Aeration): scfm fi -7
Chlorine Residual {mg/L) s | 5 Alr Tans Pressure: psi T 7
Sodium Hypo Tani @ |y Q' g
Phosphate Tank: gal 2. 3 .
Fhesphate Fzed Rate: m¥min 2_
Bag Filter dp: psi O
CO2 Cylinder Prassure: psi o F
H2 Cylinder Pressure: psl ‘700
e 1€

Lwempensetr  Feeb RATE  To Z;g’s:vm_ APT

o

- ABDITioMBL.  PIPE SHAVIN

[~

Gs bur MoTHING whAS yis)3LiE.

ol FleiD

L REGIN  FeetiNG  Mebiy Freverr

VEsTERLAY,

bATE™

EOML -7 qu}N

T )Y M CLy

(12.5% G Hypo ),

PITE SHAVING WEFE _fpump LODGED 1N _THEe JMPELLGR.
ISTALLED NEw_SAMPLE LecATion TAPS For
Anacysis K72

SP-100 ANP SP-200
WISReCTESS Feel> Tam R ToR ARy
APT SE€E7 wuf CHLORINE DISE PumpP To

IEASURED  Clon, RATE_ of)  Cta Pump = Pumfp Sei”
(@ )3 ) strope sfians AnD AS%, STROKE LENGIH « THIS JENPS 2.1 AL fn b

Aooel> 3,;75.)4\,\ AnD 3Gl HaPOy Te FPROSPHATE TANK.

5966 He -

LA Feed samghe . .7 6ppm N

¢4"7T ﬁ | sanmpLe 0'0?ﬂ?"" V"-)
[agy [T WE GHR gy N



Data Log;j;ﬁ\}t
Date: 5‘—/’@ / 1
Time: ‘? L B

Operator: . ﬂ IﬁN J €L Bé:/f-’-fﬂ'\’ ‘9F14'

ESTCP: Tech' “)y Demonstration Plan
Perchlorate Destruction vwing Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Lead Reactor:

Parameter

MBfR Sollds
Media Filter

pH

Temperature

ORP

Dissolved Oxygen

Nitrate

Nitrite

|Sulfide

Turbidity

Chlorine Residual

IManuaI Site Data:

39355

Notes:

PPT _ iNCreh=ecD TREGET Eibuy

RATE  FRom Fapm +o IO apm,

SOLUTIOMS

AP Lol THE  fotlewiNeG's

2.0, 7EDs, 9.1,

Qutlet Totallzer: gal
Target Flow Rate: grm / O
Intamal Recycle Rate; 1 gpm ; I (&)
MBfR 1 pH: “Z 2.
MBIR 2 pH: Erd =]
MBIR 1 ORP: | -5 3
MBfR 2 ORP: my | - (é ;"5'
MNitrate Analyzar: mg-hL é S
Nitrale Analyzer Fraquency: Hz 5 3 aLd
Last N Feed o | 62 of G
Last N A1 @ Yy
LastN R2 F. a0
Air Flow (Aeration): scim / ; ‘7
Alr Tank Pressure: psi 3%' (ﬁ
Sadiurn Hypo Tank: gal f Q.
ate Tank: gal 3 B 1,]

Fead Rate: ml/min a
Bag Fitter dp: psi O
C02 Cylindsr Pressure: psi &
H2 Cylinder Prassure: psi 7 ﬁo

BUEFEE

CHEepeD pit probe AGANST




g,

Data Log;

Date:

it

7

SA% /N

9 e

ESTCP: Techu y Demonstration Plan . ' /
Perchlorate Destruction wsing Membrane Biofilm Reduction '
ESTCP Project Number ER-200541

Time:
M B‘eﬂ&i{ > I Lead Reactor: -)2 {
: ' [Manuat Site Data:
- - Outlet Totalizer: w | 39 ogers
:}-:3 g £ % E Targat Flow Rate: . gpm / 0
E E g E % Internal Recycle Rate! gpm b /i 0
MBIR 1 pH: - 7,' o §
pH MBIR 2 pH: - |7
| Temperature MBIR: 1 ORP: w | w3
ORP MBfR 2 ORP: v é- Y
Dissolved Oxygen Nilrate Analyzer: mgNL | 3, @g
Nitrate Nitrate Analyzer Frequency: He | &@ 2/
Mitrita Last N Fesd ppm (M) g s 7
Sulfide LastN A1 é . -5 ]
Turbidity Last N A2 _g , @ 6
[Chiorine Roesidua) | '
Air Flow {Aeration): som | /s é
Alr Tank Pressura: psi 3 s (D
Sodium Hypo Tank: gal / /, S'
Phosphate Tank: gal 9 . -;L
Phosghate Feed Rate: mYmin g
IBag Filter dp: ' psi @
COZ Cylinder Prassure: psl ()]
H2 Cylinder Pressure: psi "79&)

Nmifi’OPPEb SFE PHQSPHKTS TANK E Abbep ‘?7,5’“1— H?P&/ AR ;»S)Sgl Hafl,

APT HAD Mé MehsuRe THE EiRel Fa,“ac%,e RATE OL EACH REACTOR. THER DRAIN EACH I‘Du%& LINEa, .

R wis—BupRUMNG @ ) RuBBLES Pep StcomnP AnD PRI eoAs PurciNGg @ 2 E-% fuBsie PER sSecanD,
Al P> NOT HAVE ANY MOISTURE N TS LiINES o R HAD ~ 05 rml o/oRTH off MOISTURE 7 iof M7~

CAME ot T ofF 7% NES, & DI Tiuis £ (3:40pm o AT [i40pm  APT HAD ME NckeASE FupGe RATE oA

Al 7o

EQuAl  THART

oF RA A5 LEST A< POSSIBLE. Boty PublyiNs @ ~NE pupaies /sccyib,

ReTes To Tewr AerICA T Reeded S poc pupers (zsoric) omry sent #3533

Nected 2 oo i Feeys u/HL‘fo‘f For Auiwara  put recerved ;\lcwe
sNeed pre-prmted COC. ¢ s4meis

oNeed neww Vox oF 100 vor's WiNC)  PReseRVATIVE on g;#q-#eé:nﬁmﬂr‘f—
- ozl dl

shlo  need érH peekly !«fo%"ee on 5/;;7/[( SINCE Mmu 1$ FMEMOTR YA
. Need Move blowa 1L lawt’



Data Log\/'. -\‘}t | ESTCP: Techr y Demonstration Plan )
/ Parchlorate Destruction L...ig Membrane Biofilm Reduction :

ESTCP Project Number ER-200541

ri Vi
Date: as- /hb/ “
Time: 8 3 lO ) ) .
Operator: EANTE Apdc Al l Lead Reactor: ' :
L] : o [manuat site Data:
- = - Quilst Totalizer: gal Ms 72 &0
g > E = = & E o E g £ S o g - E é Internal Recycle Rate: gm | 210
7T 7o |7 7.9 R e = e
Temperature C) Fo [A-b] 9 % | 198 il e |12 MR 1 DR.F' v |e(oBS
ORP ) ‘09 T8 | 7375~ 7o il 8o 1100 Mamzonp.- w |=5hg”
Diosalved Oxygen 1 (mgfl) 7 255 2.5 z ® Nitrate Analy;ar: mgni Ie S
Nitrate {mg/L) 9 wé‘g ’Q' 7 ; lo- Niira.ta Analyzer Fraquancy: Hz S&i‘;
Nitrite (mgiL) O L7 b W (75" [N Foes ) (g | B2D
Sulfide (mgrL) 0 O & o } JaL & Last ™ RY 5.y
Turbidity 1 _omy |02 3] — 103 0.2l LestN A2 4-49
Chlorine Residual /L e il (4
Alr Flaw (; i sofm I.(j . ‘/9 Fq"l’
Air Tank Pressure: psi .
Sodium Hypo Tank: gal 3 (0 e/
Phosphate Tank: gal g
Phasphate Feed Rate: mbmin 2
Bag Filter dp: psi o]
COR Cylinder Pregsura: psi 71.
Notes: ‘ . - Hz Cylinder Pressure: psi qz
AW TupaewT BEADWGS / SampLel Taken APER- sHoSeHate NIt PewT .

TROCPRETE 1Ak WL CrptiED . NEW Solitloln WAS WaDE wof Foo- Fuow BaTE = L0 G Awd CONC .
OF ©.52 \wa-P/L . APT oOhBUE TESTWG —TEwe . Senicp Sy STE h Sl DOWAR  ERow wieo — i Do .
APT _Hos SAUBpRaTED T anp cn?® Sewgodl fel - T Anp k2.




Data Logf’ )et © ESTCP: Techr 'y Demonstration Plan ' )
Perchlorate Destruction v..ng Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Date: 5"’.9 3 -1
Time: q « Playa : _
Oierator: ‘ im 6 G o KS FF’ I Lead Reactor:| J&\
. ' Manual Site Data:
- - P ;- Outiet Totalizar: gal L.’I(j 2 Ilﬂ:@
E g E 9 % 3‘ E E § E *E Target Flow Rate: gpm B/ )
1 ] 4 -
E = £ :J‘) i(‘[' . E o E & EB intemal Recycle Rate: gpm Z FA»)
=1 e MBIR 1 pH: - 7' 2
oH : : e Sg ‘Z'Q MEFR 2 pH: 1 - 7oA
Termperature {°C) /3, & /‘7. D WBIR 1 ORP: - i . L , i
ORP (mv) 100 |41 Z MBIR 2 ORP: | - e
Dissolved Oxygen {mght) ‘? 2 2 ; : . . l Nitrate Analyzor: mg-NL 55; qo
| Nitrate (mg/L) f @ | i ;I T _. : | [witrate Aralyzar Frequency: Hz 5’ ;/ 34}
Nitrite (mg/L) @ 3 “li]ll‘ Hﬂ” mu 1} | L Last N Fesd ppm (N} 3 ' 3 ?
e e [0 [O 1o L g - 5.7
e T R e 17 L A T
: i : R R ‘ i . )
[Chiorine Residual {mg/L) . P SRR S i [ [ ! LI ELIE: ;_ s . . L v
- shpip=
AIr Flow {Aeration): seim gé €?
Air Tank Prassure: psi ?a
|Sodium Hypo Tank: gal ,0 . S"
Phosphate Tank: ) gal =
Phosphate Feed Rate: m¥min ‘Q
Bag Filter dp: . psi O
(CO2 Cylinder Pressure: . psi o
Notes: . He Cylinder Pressurs; psi ZZO [

WHEN PHOSPHARE TANK whs Fiuep tAST plel, THE yuiVE LEADING To DOSE Al tohs NOT OFPENED BAci w«f
S0 NO PHSPHATE pis = Pose> TO THE srsrem  Bre wGeKEi, PPN oPauns WHVE AT 108041, Hirdy

UAS SUCCESEurLy BeNG [pSET]) TU SYSTEM. NS MBER  lrie iy FLotw RATE  whiS LOoweRED oA
/21 7o S’o\srm Teom Wspa Oue v (Ack oF Mireate Bemovar (THIS may e Due o po H;Pé)q)
[feecosen  orpen &Hwa o Cia Pumf TD 4O AND DeclREASED STRoKSAuma T K¢ (Frrovrna lz;u) DUe 7o Pump
WBSING_ 1o PRIME  UPOR £ACH siTe UISIT -~ Oued  SHuad BE  OFERATING ind MiD Bo HIGH PANGE. Ha
GeNEATOR. STOPPED WORKIWG, ORI MWD 7eorhy REMAING M SHCKUP G-PHUS SO THAT RAR DRY oVER
LEEKERD , S ITCHED HUSE OVER vD ALTERNATE o pPack, '




e

Data Log ¢ 4
Date: o5 [ "2.$_' / .“
Time: q : OO
_I

Qperator:

g e

ﬁ

ESTCP: Techne” Y Demonstration Plan
Perchlorate Destruction . j Membrane Biofilm Reduction
" ESTCP Project Number ER-200541

7S
Lead Reactor:

3 e | 2| & |ss | 8| Ex{gE | ot | -z
o . = § ’

” T5G 746 | 752 [7. a7 755 7-92

[ Temperature {°C) te“i lﬁ B |20 i - fi iy 2.0 | . 8

oRP (mv) 120 7200 |-4s2]|—(o0 o o 20

Dissoived Oxygen (mg/l) cf‘ ol 128 i ; ©. 05— S * S' (D * o -7“ (4

Nitrate (mg/L) -T 5 Z- S. i Ij 1l ‘.’ g

Nirite (mg/L) (] 1.211-&8 LElinEsl | o

Sulfide {mg/L) ‘ é () . 0 ) . {4k O

Turbidiity ary  { D59 D.legp| ~— 0. o.57

Chlorine Residual m E i

Permitted |
Outfall -

Notes:

APT  ORSITE  PEPALLUWG NITRATE ANALY ZER. Yo PEAPINES Leges RELOPPED

N
L/

Manual Site Data:

Outlet Totalizer: gal ifo lf'-{ ‘f
Target Flow Rate: gpm % '
Intarnal Recyele Rate: gpm 2{o
MBFR 1 pH: T2,

MBfR 2 pH: 72

MBfR 1 ORP: mv - ‘o '3
MBfA 2 ORP: mv -:S—C,'»!o
Nitrate Analyzer: mg-NA- ——

Nitrate Analyzer Frequency: Hz | a—

Last N Fead ppm (N) s

LastN R1 a—

Last N A2 —

Air Flow (Aeration): sefm {. "7

Alr Tank Pressure: psi 3 R g" )
Sodiurn Hypo Tank: gal ‘/ il
Phosphate Tank: gal '-f . S"
Phosphate Feed Rate: mtmin 2‘
|Bag Filter dp: psi 0 .

02 Cylinder Pressure: psi | =7 / 257 -]
H2 Cylinder Pressure; psi Sfoo | 3
Y

Fo ST AT hwr . DAVID MUSied ApD NORPATHAN POBREETS WwitH  OALED VISITT XtTe Top-

LORSuLTATIEN  SF PUWER. Al . dr—pep— "THE —TREATIMEIT  TleaSss LA CxPLANED. bAlce HAS

PEAUEETED DS ARSE M TE  (RPOK AT Ioh ARD WATEE- Puaccey PLHELLTL. Y DE wolLl Djg-atr

Edn REGREDINGC VKT ~ CoLE Tl Com OMSITE PIek ~uUpP ALl TBASH AND Dlap,
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Data Log.

Date:

Time:

.

S/27/n

ionr-«

ESTCP: Techt

Lead Reactor:

'y Demonstration Plan
Perchlorate Destruction Lwing Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Manual Site Data:

——

MBfR Solids
Drain

2 . z
= £
IpH
Temperature (°C)
ORP (mV)
Dissolved Cxygen (mg/L)
Nitrate {mg/l)
Nitrite (mg/L)
|suttice (mgfL)
| Turbidity {NTU)
Chlorine Residual (mg/L}

Media Filter

Permitted
Qutfall

Notes:

rnlfSEaTwu-s VALVE TOR PROSPHNTE LINE

Outlet Totalizer: gal (}O@ (f?‘;D
Target Flow Rate: gpm ?
Internal Recycle Rate: " gom 2 ) O
MBIR 1 pH: ~7‘
MBIR 2 pH: 7 V2o
MB(R 1 ORP: mv | =5 $E
MBfR 2 ORP: my - 27 a_
Nitrate Analyzer: mg-NL Q? , Q 2
Nitrata Analyzer Frequency: Hz 5 5 ]2_
Last N Feed ppm (N} 3’, ‘LIO

| Jastnni oo 7
LastN A2 (.20
Alr Flow {Aeration); sefm / . G
Alr Tank Pressure: psl 'g . (9
Sodium Hypo Tank: gal
Pt Tank: gal lf y ;
Pt Feed Rate: mi/min g
Bag Filter dp: psi O
CO2 Cylinder Pressure: psi 0
H2 Cylindar Prassure: psi 3 a0

WAS cloSEl (D S ARAIVAL. iMmEBIATEL Y APENED AND P.GJN:?N

Flow T

MBEL. AN Frow TEST on PHos PATE DPSiNG  Pumf |

PHOS HATE Pnenp Suewegssruley growiné (@

M/M I~

f)@?sama_. = 77“45 zero (2) YlOrmy=Time

JO M



Data Log/ Vat ESTCP: Tech’ )y Demonstration Plan . j
v Perchlorate Destruction «..ing Membrane Biofilm Reduction ’
ESTCP Project Mumber ER-200541

Date: | G- |
Time: Y i 30 Vil '
Operatar: DANIEC IFerokef L
TR D s el Manual Site Data:
- Oullet Totalizer: gal l-"a 0 Yac
5 B, :
: g & S‘ Target Flow Rate: gpm ’ Q
g =] g & Intarnal Recycle Rate; gom g 1¢0
[
MBIR 1 ph: S W 49
pH MBIR 2 pH: - 72
Temperature Q) MBIR 1 ORP: ERE -3
oRP (mv) MBf3 2 ORP: | -l
Dissolved Oxygen (g} Nitrato Aralyzer: mgNL | 72 L]
Nitrate {mg/L} Nitrata Analyzer Fraquency: e | 597 77
Nifrite {mg/L) Last N Faad pmey| 2, 3¢
Sulfide (mgA) ol L : E : B [cestnore ' G 320
Turbidity {NTL H o _ ) I | |LastnRz ik
chioring Residuat | (mg1) [ SRR Lo L T E"Ilﬂ B . .
ATr Flow (Asraticn): . sefm / R é
Alr Tank Pressure: psl ;' é_
Sadium Hypo Tank: gal =7 &
fPhosphate Tank: gal 31 fher J
|Phosphate Feed Rate: mlimin a Z
|ag Futer cp: psl &
COZ Cylinder Prassure: psl -
- ' H2 Cylindar Pressure: psi / 7 o0

CHECKED PH  PROBE AGHINST Bu?kﬂ?-s"— RESULTS /CRE B3 Goiapws s o, OO, 7a0£ 1017, ORF PRORE REp> DNgmv
AGAtNer STP corutionNr  Hp 5/31/11 THe PHosPu &Te  Eeer LN L AS pioved To  THE CEAD

Rédcrorr  (Ri), OPERATR  MALE  cupfr €  TA#T CLEMICAL LAS BEile  Feb INTo ?‘fFMA,. HouEve Rk
_SomgTimie oyER- THE mMIieNT ArE Busr uft B 4 HIGH BT LI CH . Free vENIES Ay PHOSPHATE

o Bt Doelr 7O SYsTEM. [ [(MIMESIATELY I3 et AV PuBBIE  Jil> MNerfAs el Feed fATE on
fPumep fpors #J5” STROKE LeWeTH vO o, OVER THE SrAN  from F/5/M @ Rem Jo  gh/n @ xFOam

There whs A ToTARL of 6‘/3,;;( P Hy P, SBuarion APPEL  yO sysrer, YéS‘fé'ﬂ—"’A‘f PPEERTOR. pSICE

6 ToséD
Ger (LR SHPEROSHECT Goie, —>che  whAT conc. 1o BN

(N TamK: D A Yeool| Diluvion %l%rébbs g,@.)opw. = 2.g <bove = ,ﬂ,OOOP?M o TRRIA

P _
INCEERSED CLy -—# TO Io0siioke (ENGTA APP DERCASED  sPm To 40,



- Data Log Sheet ESTCP: Téchnology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

: ] i
Date: aﬂ / 03/ il
Time: "=’on
Operator: A pua,q.,\) | Lead Reactor:
T e Manual Site Data:
= Outlet Totalizer: gal
g a 5 % £ % E ‘Target Flow Rata: gom - f O
E 5 E E g g E Intarnal Recycla Rate: gpm 2( (n)
MBIA 1 pH: - | 7- 2
feH MBfR 2 pH: - “7- 2
Tomperaturs {0 MEBfR 1 ORP: w | —gar
ORP (V) MB{R 2 ORP: mv ~— ‘702‘
wﬂ (mg/L) Nitrate Analyzer: mg-NAL 5- o 171-
o fitrate (mg/L) Nitrate Analyzer Frequency: Hz . ﬂg@
Nitrite {mg/L} LastN Feed ppm (N) @ y 5 t
: 15ulfide (mg/L) b [estnr £ 6
Turbidity (NTU) Lestnme 0.9
Chlorine Resldual (mg/L)
Alr Flow (Aeration): scfm / “ (a
Air Tank Prassure: psi R . (p
Sodium Hypo Tank: gal ot f
Phosphate Tank: gal l . /
Phosphate Feed Rate: mimin 2.
1Bzg Filter dp: psi f.f-
C02 Cylinder Pressure; psi % / 7g"
Notes: H2 Cylinder Prassure: psi / o0 / 4 2

Civegpor WELMDRA- Bwe B "t Check  Chewucdt Sty owy , Rienfed w /
AT LoATER M OMEHTE 7 FePalld "THE LSHLOE D0 SWdd, PL-«L—\.P MitraTe - Anaczel.  ceep

LHNE © AP & NELo PHOSCHATE INJEcTlon POt amD "ty B —louBieluoo| —Rby—e.

AHE PHOSPHATE FE€D BUMP ., DAk 1S JRSIE T0 AT APT BR "TReusL g et i THE &gtowsﬂs

PWMP. e RS MIXED New BATTH of CRopE Solmol . BE Wil CHeCk Ceuopind PESIDUAL @ —tHC . DiFcatey]

DooBCrvedm o IVIECTICK PowWT- Appen  Yaar /055 Ciz2 Amis plch L wATER Frzora FIVTER EFFLUENT,
. ' ) .

C“LZ, TE 53 ! 7 &AL "'Ag‘ ; ./97! g { + 7 > F? & -+ !%.,.‘
& v Ciéaz & 5 > N oo poite LEsSGTH
. ) aFre 3 (4 C‘ 2 W 561 LK @ / 57

+ /3 C‘Iﬁ‘- FILTER EeFueny ——

Y€iLps Sppn




" Data Loo “heet

Perchlorate Destructio.

ESTCP: Techr-'agy Demonstration Plan
ng Membrane Bicfilm Reduction
ESTCP: Project Number ER-200541

& rl
Date: (o/le / i
Time: ,6-‘ "e’o .
Opetator: AM I Lead Reacxor:
3 £ - [Qe 5 £ £: | 3, 3=
& = H) < g 2 i £
pH . 1%
Tempetature - M
ORP
Dissolved Qxygen
Nitrate
Nitrite
Sulfide
Chlorine Residual |
-\ wal £2
[wefeZ | wl 2.

Q:Lft;ﬁ

Notes:

CANDE W g drecTer BY APT o PUR&GE wele-l 62 Midbeden

Manual Site Data:

Lmgl Aud WMeASuRg WRWb TTHRAT 1S TREEWeDd . Avls CANIE wut WMéeagupe Hit: Puege BATE oM Yg —SUBE .

PHOSPRATE PUMP HAS LOST FPRuME oo WEEREND . A £ Alow “IEST WL BE  COMDUCTED ol P HocRHATE

FEED PuamP. APT INGTRUCTED “Te  OPE PPopucT TANK- FEEd VAWE 10 Alow W &P BLow . CYWDHE WAL

Swirered Bl FWIERS ON cuTFaAuL SyStew DUE O A - § PP T

VEAD W, CODNE  MHAS BT FHISPHATE Pusf

Quilet Totalizer: gal ()L! q33 (00
Target Flaw Rate: gpm ! 2
Intemal Recycle Rate: om | 210
MBfR 1 pH: “7-2
MBfR 2 pH: 7-2
MBIR 1 ORP: L A A
MBfR 2 ORP: w | ~Boe
Nitrate Analyzer: mg-NL ‘ . 8(0
Nitrate Analyzer Frequency: Hz sg 1o
Last M Feed ppm (N} g ?79
LastN A1 {2 ;
Last N R2 (o- 44,
Air Flow (Aeration): scfm !- 7
Air Tank Prassura: i 3 L
Sodium Hypo Tank: gal 1&-5 ADuST
hosphate Tank: gal o 7 A -t 3.
hosphate Feed Rata: mifmin — & L 0%
1Bag Filter dp: psi - 5“_
CO2 Cylinder Pressure: . psi gg / 2P
Ha Cylinder Pressure: psi ?o 7‘ 70D
MO qau Pl * I

® @MT“ LENATH (D Lo Yo STRoreS. ZAobur puny Sov av los Eeguenct —B AcHewe | Frm Sl sug o MIRTE Denwsy

W&. puwp
(wms.r (’%) Feex .
Seee R
“Tiveg \.e»&-:& SW‘-’& (Measurer>)

5:0D %0 25

2:00 Y- 28 ~ L wat fudeg
2200 | &b | 26 | G ‘“‘/"‘““
2.'00 5o 20 5 el

2100 BO {0

2200 | W0 | 18 | ~2rzud/e,

Ll St SEEMES 10 Wite ppanme

Q{dul/um-. Seoned P LQ&(‘G‘??W-E

B-20
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Data Lon Sheet ESTCP: Technology Demonstration Plan
) Perchlorate Destructi  'sing Membrane Biofilm Reduction
' ESTCP Piy,ect Number ER-200541

Date: 6 -1 O - \ \
Time: 9 20 B iMA
Operator: e BeRowiSE I Lead Reactor: E
haded Boxss ara o remain blank - Manual Site Data:
- Outlet Totalizer: gal ‘7! 25 3 '
g % § % g g ::; Targe! Flow Rale: apm 12
E S z E & E = {intemal Recycle Rate: gpm b 1O
MBIR 1 pH: - 7.
pH IMBiH 2 pH: - T
Temperature ) IMB'“ TORE: w | -352
ORP (mV) |MetR 2 oRe: w66
D!ssolved Oxygen (mg/L) Niliate-tneiyrer—. uthe rate et Lll_l_ }HT\? e el s
Nitrate (mg/L) s rtyzaremggey: (2| e 40
Nitrite (mg/L) Last N Feed pem () [ <7, <7 4
Sulfide {mg/L) LastN R1 4. ¥ LI
Turbidity (NTU) LastN R2 LOG
Chlorine Residual {mg/L) Alr Flow (Aeration): -1| z
Air Tank Pressure: sctm 3 Ao
Sodium Hypo Tank: psi (d
Phosphale Tank: gal 1. S
Phosphate Feed Rale: ga | 5SS
“Signilies either MBIR 1 or MBIR 2 depending on which reactor is in the lead or lag position - (s changes every 72 hours Bag Filter op: ml/min (o]
% 'PL\"%{: _;, CO2 Cylinder Pressure: psi 7 o e}
.g*':“u‘—; = [H2 Cylinder Pressure: psi 1 L{ DO
Miscellaneous Results:

Parameter

MBIR Solids Drain
Filter Backwash

Notes: CRAMEReR WELDING Eittér Na MuRe Bulk, BEGAN REWRDING MEMBRANE PulRGe RATE ToDAY AS
APT iNsTALLED A RoTAMeTER oN @/ /1y, NITEATE ANALNZER JWIENT DOWN _ ARounD 916 Amm
APT HAD ME PRESS THE RESET BUTTON - FIXED REAPING ARownD 11 20pm. MAprem
QaAL sopniea bypPe (i2:52) AND & GA(  [MEDIH FINTER EFTILUSRT. S€T7  Pump (@ oD% SrRoKE ¢ erGTH Bué o
AN HYOoprn, Pooepr 320mir Hay (B54) Ao 37 qac Feers whTER 5o PHOSPHATE ThAMK . ME PRELSIE
i LB G KE
OR ARALYZEE

B-21



Data Lo Sheet ESTCP: Technology Demonstration Plan
) Perchlorate Destructi sing Membrane Biofilm Reduction
ESTCP Pruject Number ER-200541

Date: L-13-1\
Time: 930 dowa
3 ™, Berok i I Lead F{eacior:
Lol Se Manual Site Data:
Outiet Totalizer: w |¥3cr3ch
-E a % § Target Flow Rale: gpm / )
[ a3
5 =] g & Intenal Recycle Rate: gm | 21
MBIR 1 pH: ,
” ol |
MBIR 2 pH: - ‘7 , 2
Temperature °C
peratur (c) MBIR 1 ORP: wo | =G\
ORP (mV) MBA 2 ORP v 22K
. m -—
Dissolved Oxygen (mg/L) 7 1 SIoF
—"Y. ..wuammrm&@,(_u?g-m— = }M\L\""GT‘K(’
Nitrate (mg/L) . e
] Missaloatry TS Aoy f2,) | —He- i
Nitrite (mg/L) Last N Feed pom () | 7, % |
Sulfide (mgi) LastN A1 - / S'E)
Turbidity {NTU) :
- i e /)
Chlorine Residual (mgiL) Air Flow (Aeration): _&, /i ¢
Air Tank P : seim | _€&— | 3,5
Sodium Hypo Tank: psi ! D
Phosphate Tank: a | 7, q
Phosphate Feed Rate: gal o"') ° 5
*Signilies either MBIR 1 or MBIR 2 depending on which reactor is in the lead of lag position - this changes every 72 hours Bag Filter dp: mifmin o
FﬂCH wp (" |co2 cylinder Pressure: psi ﬁ) (@)
c\/‘-""‘%g’ Hz Cylinder Pressure: i |y
: 00
Miscellaneous Resulls:

Parameter

MBIR Solids Drain
Filter Backwash
Post Media Filter

) DiscHARGE CEMPRESSIER CITTiNG CORNESTIOR
i>|Jlf);u DosiNG Pust® ~ whs ol 71 GHTENED, CEAR
Censed upord TIGHTERING FITTING),

noes: THOSPHATE DOSING  PuMf whS LEAKING UPIN pREIVAL (LEhKknG et AT T T frrGe)e N | TRATE

MALYZER il pFF  ufPore ARRIVAL » AerRériors ComPRESSOR wyps oFFEwuPord ARE\VAL ., Over rHE
WECKERND THE GF Il SWITCHED of F  cAUSING MNITRATE  ANALYZER AND ACPATION COMPRESSOR To SHLUT ofF - AS
THEY ARE TI€D To THE SAME RECEPTACLE, RESET GEI AOD  BoTH ACRATION /2 ANALYZEL (AME  RBACK OMN.
HAD To ) CREASE sebiua HyPo Pum P To 140 sppr (FRo1n YD) JuoT To  OBrAiW A 2. S P ReAPING
on PosT FitgpaAtiom. Depeaps SODIUM HYDO APPARS To Be DEGRAD ING. -

B-22



Data Log Sheet ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Date: @ 1S -1 ’
Time: [ O MA
peralo - . PEROKOEY | Lead Reamof:@ JPLET Terh\2ZER. S 3“3%3 ARER @
prETTTes ST SRR E——
T c Manual Site Data: ‘:)A\"\
P-Jco B |SP-2een I
- Jeo B 1S - = Outiet Totalizer: @ |4333¢0¢
g - = = c 2. o - - - i
c o o [=] =& D = - & N E c L= T: Fl : B
§ £ 5 | 33 | 33 | § | =% | 88 | gk | gF | gf | i ot owrat w | 12
3 2 £ e i & E & £z Ch o f -5 s Intemal Recycle Rale: wn [ 210
pH 2 MBIR 1 pH: ¥ .7' 2
MBIR 2 pH: . T
Temperat °C ; )
=menre — MBIR 1 ORP: o -\
ORP (mV)
Dissolved Oxygen (mg/L) ’ 2P MéIRZDHP: ETSTAYGE b e 15’8 I
Nitrate (mg/) B Rite My ecieTeR
.. | He #
[ Nitrite (mg/L)
Sulfid (mg/) Last N Feed o (N) | S 9 ¢
ulfide m
— > ] [estnm O. 7q
Turbidity (NTU) LastN R2
Chiorine Residual | (m : : : Qe !
7 Air Flow (Aeration): 1.7
Air Tank Pressure: scim 2 i g
Sodium Hypo Tank: psi O
Phosphate Tank: gal 3. -T
Phosphate Feed Rate: gal O*
*Signifies eitner MBIH 1 or MBIR 2 depending on which reactor is in the lead or lag posilion - this changes every 96 hours Bag Filler dp: mumin oF soi jlohes
[ CO?OyIind.er Pressure: psi
H2 Cylinder Pressure: psi
BaG FILTER DP GARGE :
Miscellaneous Results: READ Gpg) Duting INCET Pressuee| P51 | ) 1P~

Chlorine
Residual

Parameter ST AFTCR sumP

GuNg eR JoFF,

MBfR Solids Drain
Filter Backwash

by 3 ¥
PATEVAM5,TGM sMOATH VISITED SITE T Go over SYSTE R W/SE‘QA Be/NE
Notes: PLHOSPHATE suction LiNE Acc iy ATED AR BuBBLES CAUS NG —Sogsretr Ao FPHOSPUATE Hese Doss> 70
SYSTEM . VsvALtY INSPECTED ToFs 0f REACTORS — FoAM  ACcummULATING IN LAG REACTOR Wmew (1§ # SIGN of
Blioteliche AeriviTy, Biso oN R) 17 whS OBSERVED THAT T HE CENTER ModDBLE ypoAS MORE BRowN ik APPEARANCE
CoMPARED 70 THe oUTgER _ Mobul€S. TOOK WEEKLY PERMIT SAMPLES &) EFFLUCNTL

FPHosPuaTE Pump TEsT (F'Low)';, HBOML = 4B3me 2 3TmaL in 1O = {;7.7ML/M,,,_, @ Pum P SETTIIG ©F( 507, STROKE LENGTH
A0 STROUES/rins

- 43 pML = R i in = '
Gipws SRSk ESuy mB-‘203M DS C Pump 5677116 o5 Y02 STROKE CEpaTH

IO s



L{DOML—BQ()‘ ML - A0

N L0 g @ STRcke %330 ApD @-OSFM

€//6) - PHOSPHATE Pl @

Tne @ TITAE . @ \ Fup STRoKE LENGTH' PampP SPm Vocurme DispeAcED LML M
9:0Yppn A0y g ©O RO Y67 Smu-—HB3H 3.35
Qg e AC‘—

AL [U-TA TR e — 2o quT_‘zJ'%ML.- —2
1026 ‘e 0

AMr [0S Shm é 30 | Yebme ~ B1=%, 5 72
&2 . . So
(025 G | 11T pen 30 278 = 7 |G
143 @, e

A NA3lawa L/ %O ‘/;3 _
P 35’ 7Mt- ‘/—-:s’
133548 | W Q7 pem : :
= 3 o 5o 37She—320 3¢
—> Ar (13508 | peaces PHOSPASTE AP BACK 74

B-24
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Data Lr~ Sheet ESTCP: Technology Demonstration Plan
) Perchlorate Destruct  |sing Membrane Biofilm Reduction
ESTCP Piuect Number ER-200541

Date: ©-i¢ - 3
Time: 8/ :_?OAM . : ; e
Operator: D, BERS KoK | Lead Reactor: : (BLET ToThZCR L 544 533
haded boxes are to remain blank r___ . Manual Site Data:
57-100A SP-c B Outlet Tolalizer: gal L’qu Eo
é P E E % §% % % § g -E Target Flow Rate: gpm ’ a-
c = @ q 8= =
5 = E s -2 & & E b E = Internal Recycle Rate: gpm 2 \ O
MBIR 1 pH: - ‘7 ' 9_
pH : %/"f MBIR 2 pH: - 7‘ o~
Temperature (C) MBIR 1 ORP; W |~ 303
ORP (mV) MBIR 2 ORP: mv | - (:, &3
Dissolved Oxygen {mg/L) NitrteAmatyzer g
Nitrate {mgiL) Ntrate-hnalysomEoquancy —HE
Nitrite (mg/L) LastN Feed ppm (N) 7_6; 5
Sulfide {mg/L) LastN R1 S, 4
Turbidity (NTU) LastN A2 o (_D(i
i3
Chlorine Residual (mg/L) Air Flow (Aeration): {7
Air Tank Pressure: scim '3 ' 3
Sodium Hypo Tank: psi O
Phosphate Tank: gal "f A 3
Phosphate Feed Rate: gal B2 (@]
* Signifies either MBIR 1 or MBIR 2 depending on which reactor is in the lead or lag position - this changes every 22 hours Bag Filter dp: ml/min (p
76 CO2 Cylinder Pressure: psi gle
Back uf H2 Cylinder Pressure: psi !'q OO
Miscellaneous Resulls:
u orlne
Parameter (NTU) Residual %
MBIR Solids Drai = ) ;
Fiter e | = NOTEIBEGAN SAMPLING From SP-Oh + SP-200B ool PER. PAT'S prpges ol
Post Media Filter - DURING bug siTe MeeriDé w/.re»o CYSIE .c’/n

Notes: CHECHKED PH METEK AGAINST L’:L\FS—(-,E.S. MeAsueed /Oa'l Tl b [L).m 2 NoTIiced AR BuBBLE (Vew sw\b*-)

d 1S M PE DUE Te wATER BEING JEAA-re’D ON 175 ik T BENG ovaz Feoww
N g2, kmk§\ “rwhr\r\\l f\‘\mv\acrs Neesveed 3010 NTU, 104 NV, Gad A0 NTU, DT wnter cead Olle, N
A el O

@250 - collec el ’armr\olL 25r o5\ vde Ferd Soc o P04 anplusi, Called INFLUENT ~Rosss o En S

@l = ac eXTluent [Se-\oof) +\m eT¥loent [SPAR) cald | EAD REN~R YLAC REAR_
QG‘C Woke ' 0nd Mverre /e Om\nj&s.

ISEY Med eyl ov
~ added @0 Hafog | 0@9 OF Seg) wotker fo Prestnate. +ank, Gral T&AXNX‘S aellong

B-25



Glie/1 - Sepiun Pype Pund
Famg sTRORC Vo :
rime O Time @ LEPGTH 7o SP™M D%:;u:;;:{) (MO by 4 TR
[:@0prn| [4Opm| 10O 30 [UTem~ T | 59wy
[F13pra [:a&?w\} {00 2O 10 T = 304y L/'% L
liaa";m Jig s |00 1< 368w =800l 3. 2
= \
[3Spem | [ ¢ | &0 40 458w — 308 / e
707 2 AYpma| (0O S S 454- 253 ”-7
;l.—""fOP‘M\
SP-1cop | SP-lceR | SP~200B P-900A 1or Collected (MBFR 1 5 10 Hhe )GOA\
PH 149 741 1S
TEMP 207 0. (o Al
OR P . |=BAS -S54
DO ! 0,00\ | e O
NITRATE g < o
NITRATE P 1 % &G
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Data Lo~ Sheet ESTCP: Technology Demonstration Plan
) Perchlorate Destructi sing Membrane Biofilm Reduction
ESTCP Pruject Number ER-200541

Date: 7 /02 O/ LAY
Time: |2 OOpP (N
. . [BERDUDSE Lead Reamor:@ PFLUERT Fovhel2éR 1 G1Y85Y
i : inblank 0. 20p|5P- 1B ] Manual Site Data: }:[oPM
- \ = Oullet Totalizer: gal ‘-IL, 19 20@
‘E 2 E 3 % 5’% -§ z E E g Targel Flow Rate: gpm [3.
= aQ = S o
5 5 £ = :"3 s g E g & = = Internal Recycle Rate: gpm 2 1O
; MBIR 1 pH: -
! . MBIR 2 pH: 72
p ° | D B : 7.3
Temperalure (C) MBIR 1 ORP: W | e, |3
ORP (mV)
. MBIR 2 ORP: W — 1
Dissolved Oxygen (mg/L) Nitrate Analyzer: mg-NL .‘3...&.5 2.9 3 1O mre
Nitrate (mglL) Nitrate Analyzer Frequency: W |Gt 570 _f 7
Nitrite (mg/L) LastN Feed -~ |em| 5 g
Sulfide {mg/L) Last N R1 O 06
Turbidity (NTU) Last N A2 q. Y
Chlorine Residual {mgA) Alr Flow (Aeralion): [ %
Alr Tank Pressure: scim 3. Ol
Sodium Hypo Tank: psi 30 *
Phosphate Tank: gl | 2, = ’
Phosphate Feed Rate: MVM‘V\ —Bat 2
* Signilies either MBIR 1 or MBIR 2 depending on which reacior is in the lead of lag posilion - (his changes every 72 hours Bag Fitter dp: P4 T |-wmia SE £
CO2 Cylinder Pressure; psi i o0 —
SEBIWA VP Pumd o - / H2 Cylinder Pressure: i } <O noTE =
A V\ T / B 7 Cyli ressure: psi /g‘o
MAKE/MetEL ¢ IW = ewblOYIl-vee
Miscellaneous Results: - C‘APAG e & dp Rl Pufﬁc rate [HiMm 33
Turbl Chlorlne - O, F ,g,g‘
Parametsr (NTU) Residual & R3 ﬁ*rﬁ" {esne L

M Pgy :“9' 4ga

MBIR Solids Drain ==
Filler Backwash _—
Post Media Filter

Notes: ADDEI:: (G ahe (25D Sebium HYpPo —ABMD |4 AL Frerer EFFLueNT. PREFEBEGCAN DdDeosing VT
MED A EFTLBERT PkavdbdpT )9:30pi , PlamP SETTING wikser To 007 STRokE LENGTH AND €¥sppn (o
AN INTeeTiop VoLunmté ©F ~ /0,(0-»«;_’/..4,p. A ,g.'zo'pm MeAsup b PEsSPuAc o Linisked o a7€ER ,
JT READS weie ovee Sopp. Refdle LEAVING S/7Ee [ TURNED THioAN) METERING  Purp To  /00% ANA
20 som  Eoft AN /RTecTion  Vetume oF ~~ 5,9 Mi/min,  APT  HAD ME ComDuer A KITRATE AmLYzEL
TEsy BETiifED /»‘/b}m;aunm At WHILE SHUTTING off FfeeD ~ THIS e S DONE  PRIOE 50 THARIAES
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Data Log Sheet

ESTCP: Technology Demonstration Plan

Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

- Donanig( Aedi ) B22- 8160

(711) 5 —4Lg

e /27 / M) S 1 B0 Y CSTPFLY
D"“e'# Time: 7 Operator: A Treatment System Inspectlon
. Field Samples Outlet Totaiizer gal

= Py y

£ [oH calibration? #res TNo ORP calibration? es ONo T€=21.9  Tumbidity calibration? [ives #fNo Target Flow Rate g | J2

£ |Standards: j714 10 Standards; (J200 mv " Standards: 00 [30.2 0.4 006 1.0

= . . ' Internal Recycle Rat

& [Standard Reading: 4: 4.07 7.7-08 10: Standard Reading: 200: _2{ (0 Standard Reading: 0: 1 ntemal Recycle Rate gm | Z[2
S . Lead Sample Lag Sample MBfR 1 pH std units | =7 . 2

Lead Reactor: AMIBR1 CIMBR2  SP-100AZf SP-200A (] ; '
SP100BT] SP-200B w e MBfR 2 pH sidunits| o2
£ ~
2 R - - ' =-, e o = - - e 9 _ MEBfR 1 ORP mv —l s
g £ s | 838 | 2% g |gssiuSglfs|cg(ok|-%| 2 - .
N £ @ E (T [=] -E . — =
o - E‘ L x < W ®w i TR T w2 O Nitrate Frequency Hz |90

o ot {std units) 7.52 |77 7.5 wd 7947 - Last N Feed ppmN) | € O

& |Temperature (oC) 2. LastN RT ppm (N} | S e

o

S [ore ) 255 Last N R2 ppm(N)[ & & {p

[}

@ |Dissclved Oxygen |  (mgi) 7 . |MBfR1 Sparge Rate mm -_
Nitrate + Nitrite (mglLN) o MBfR2 Sparge Rate.: mm —
Nitrite (mglL-N) (o) . Phosphate Tank Level gal 2. I
Sulfide : mgi) Phosphate Feed- Rate mbL/min z

- I spm 20
Turbidity NTU) &, '5% Phosphate Pump Settings T store 2o
Ch!onne Residusl : = = (C’ .0 - : Aeration Tank Alr Flow scfm I ‘ 7
* Signifies MBIR 1 or MBTR 2 depen mg on i reactor s in the lead of lag position - his changes every Note; shadad boxes ere o remain biank \ir Tank Pressure psig l+.

- Target Media Filter Flow
Post Fmtshed V‘{ater Backwash Record Inventory Rate sem
' _System_lnspectnon Backwash start time: H3PO4 Stock (gal) Media Filter Iniet Pressurs | psig
Collect while sump is running Backwash duration - min |8odium Hypo Stock (gal) :
Bag Filter AP psi Initial Product Tank Level gal @  [Dissolved Oxygen Media Filter Outlet psig -5
GAC-1 Pressure psig Final Product Tank Level " gal o § [Nitate + Niite Pressure
GAC-2 Pressure psig Time of sample collection: i.% 2 |Nitrite Sodium Hypo Tank Level gal I 5_
X1 Pressure psig Location | Turbidity (NFUY [  TSS Collected? Bz [Sulfide _
' MBfR Solids OYes CINe % g |chlorine Sodium Hypo Feed Rate mL/min
Feed Tank Additions Drain . 2 o-Phosphate Sedium Hypo Pump spm 20
’ ] Settings % stroke [0
Time: Fitter OYes DNo
HaPO4 Sodium Hypo Backwash : Coagutant Tank Level gal et
* [initial Tank Lavel (gal) Mdﬁ'l ] ‘4 Coagulant Feed Rate miL/min —_—
Stock Added - SJowal] % O NOTES: ] : Coagulant Pump Settings -
(Waler Used For Diiction | 72>, ¢ 5 T3 [y $ESPUAL @2 TiTed- CeruienT = T8, Oy Betivuas @ CO2 Cylinder Pressure psi —
.{Violume Dilution Added - _ -
(gal) 2.0 ‘g [The Poenye = (g -o . Figvp EN\-PUG_{ W) @ & oo f‘ﬂ é; DP—P H2 Cylinder Pressure psi _—
Total Violume Added
::g.al)”_ — m \é ‘FQOBES SR Ao ST StwpALps, | WRMENT 0P WAS RetEsTED N2 Pressure psi R
nal Tank Leve
(gah) 9-0 50 D = 200 | B-29 |z Flow Rate scfm —_
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ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction

Data Log Sheet

Nofe: There are 3785 mL per gaifon.

Showez, 0-2C On COLOR e TER..

. ESTCP Project Number ER-200541 < 4? EX N
Date: 07[ o5 / b Time: 1 ° Hs Operator. ARUCHN g _
' g Treatment System Inspection
Field Samples Outlet Totatizer val (Yol ) O
= -
-% pH calibration? Yes )ﬁNo ORP calibration? OYes )ﬁNo Turbidity calibration? [Yes o Target Flow Rate gpm / {
S (Standards: 04 07 10 Temp (DegC)__ Standards: 710 [J0.2 004 J0.6 011.0
= Internal Recycle Rate m
& |Standard Reading: 4: 7 10; Standard Reading; 200: Standard Reading: 0: 1: aRecy . gpm . 2' o
wﬁ/ _ Lead Sample Lag Sample . =] |MBR 1 pH std units | 7. 2
Lead Reactor: fBRT O MiBR2 SP-100A @7 SP-200A 01 Sarnple Collection Time: -«i; R
SP-1008 01 _sp-2008 & ' MBIRZPH sunts | 7. 2.
| ; B -
@ - = = . - = - [ e T _. MBfR10RF' mv <
g 8 g 28 | o8 § |§Es(sSg 2EI0E|08| 8|25 |
E c 2 @ o 3 s B eEEles 2y eS8 (s 2|22 x2 | EE MBIR 2 ORP m | -]
E - = Pl - o S| of £E= aE|lgE[=E °8 3 ——
b £ x ® o : u (2] ic w - A w P g Nitrate F(équer}__cy Hz (34 209
a H (std units) 7' 52 7 79’ 7‘@2 7‘ 9 7 -7' 79 LastN FQEd ppm (N)) g -4 —?
3 [Temperature ' o) PB' q i & 2 " |LastNR1 pam (N) 6 Bl
@ £ . . -
S lore - “To ; Last N R2 _ ppm (N} | €. @5
] .
% | pissotved oxygen | (mgy 7 MBR1 Sparge Rate . mm 2-10
Nitrate + Nitrite (mgfL-N) 8 . g‘ MBiR2 Sparge Rate ) mn 2o
N g spm z?
Nitrte — Phosphate Pump Settln% ——L% o
Sulfide (gL Aeration Tank Air Flow écfm / . '7
: Air Tank F'ressureu 4 psi .
Turbidity INTLY) o Lol IR 2.7
0 "{Target Med[a Fll‘ter Fbw gpm
Chlgrine Residual mgity | : ; e Rate - ) I%.o
* Signifies MBIR 1 or MBTR 2 dependlng on rfreac!ur is in the lead or lag posttioh - thls changes every 96 hours R ivm sh_aded%esm!a remain blank Media.FiHer Infet Pressuré_' psig =7
Post Finished W_ater Backwash Record :Inventory Media Fiter Outiet Pressure( psig - '.:h:F'-‘ 7.5
SVStem Inspectlon |=> Backwash start time: Type - Check Sodium Hypo Pump~ - spm T %
Coflect while sump is running Backwash duration min H3P04 Stock (gal) 1 Seflings - 3. <] % stroke [ee
Bag Filter AP pﬁl Initiat Product Tank Level gal s_?_dium Hypo Stock {gal) {r0 Coagulant Tank L evel gal -
GAC-1 Pressure psig Final Product Tank Level gal a Dissolved Oxygen v N :
- - - Fo— F e T e g ——
GAC-2 Pressure PSI_g Time of samplg colleclln.:on. _ o % N _n:r.ate + Nitrite [ Coaguiant Pump Settings
IX-1 Pressure psig Location | Turbidity (NTU) TSS Collected? &3 |Nitrite bl ——
R ] - v R
— MR Slids OYes ONo gg Suffide 4 C02 Cylinder Pressure psi
Feed Tank Additions Drain £ & . |chloring P .
HapG# | . sodium Hypo™ Elier DY . ‘2 lo-Phosphate . - bl 2 c: | ‘; o { Y, L5
es {n] = - - Inder Pressure 151
Time %‘.00 9.’0 Backwash e : ¥ " pi p key
ier - A ‘
Initial Tank Leve! (gal) 2.5 & . f@ N2 Pressure psi ”af:\
Stock Added ) (¢ NOTES:- : . =
Type of Water Used For v N2 Fiow Rate scfm
Dilution INFL . |VUT. G| : imese oo E P
Volume Diluion Added ] ; T T T T
(@) v A As-tb“'mhemar-ﬁumn Nitrite smnm waAg
Total Volume Added .
o Vo1 2.5 14 HELTED. SolTice v-equme A Lo Piution ® BE
Final Tank Leve!
iga) 5.0 % % TwmeS wrp Gbncenqjﬂqﬂom of O-26- BESuLTS
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Data Log Sheet

" ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

74T : .30 A N
Date: €7/} Time: Operator: uca, .
perato Treatment System Inspection
Field Samples USED (0.1, 20, {00, B0 nitj|Outit Totaizer ol g7 7HR
o= : v
% pH calibration? [OYes ‘Zf*{\lo ORP calibration? Yes )ﬁfﬂo Turbidity calibration? ,ﬁes e Target Flow Rate gpm / (9
é Standards: D4_ 07 010 Temp (Deg C): Standards: L__|0. o2 Co4 Cos (1.0 Intemnal Recycle Rate apm 2 10
& [standard Reading: 4: 7 10; Standard Reading: 200: Standard Reading: 0: _ 0.2 1, 2 &
; Lead Sample Lag Sarnple . [MBR 1 pH stdunits | <7, 2
Lead Reactor: E{;fﬂm [0 MBR2 SP-100A & SP-200A O _’_,Sample Collection Time: MBfR 2 pH sdunits | 7, 2
SP-1008 (J  SP-2008 - .
z - = = = o - - - - o _ MBfR 1 ORP mv
3 2 E | 3§ | o8 £ lesElufe B5|cElos|-3| &5 52
E = E @ 8 88 w . EEEI’?‘E% .EE gai’: 35 x2 | EE MBR 2 ORP | — &g
= o= @ T S = i o f| E = o
T = e 14 < S W o i Ow|9w i ,-—é-”v-»-, Nitrate Frequency Hz Yz et
o ler — . f;} Last N Feed mm®Ny | 7. 82
& |Temperature = ; LastN R1 ppm (N) (0 B b?
2 CRP . e Last N R2 ppm (N) .o
E
o — o
@ |pissolved Oxygen = MBfR1 Sparge Rate mm | Zro
Niirate + Nirite — MBfR2 Sparge Rate ram 200
[ S——— ; spm He
Nitrite Phosphate Pump Settings % stroko o0
Sulfide — Aeration Tank Air Flow scfm i . 5'
——— Air Tank Pressure 3] - ?
Turbidity : P ’5
Target Media Filter Flow .
. ——— m
Chlorine Residual |  (mga) | e vk Rate ap! 'BYFASS
* Signifies MBIR 1 or MBIR 2 depending an if reactor is in the lead or rag position - this change?‘ every 96 hours Note: shaded boxes are fo remain blank Media Fiﬁer lnie{ Pressure psig B\/F’Asg
Post Finished W:a\ter Backwash Record | Inventory Media Fiker Outiet Pressure| psig | BYP85C
System Inspection Backwash start time: " Type Check Sodium Hypo Pump spm oEF
Cofiect while sump is running 2 HBNErS £ Backwash duration min H3PO4 Stock (gal) o.4 Settings % stroke OFF
Bag Filter AP psi > Initial Product Tank Level gal Sadium Hypo Stock (gal) 5: O+ Coagulant Tank Level gal —
GAC-1 Pressure psig [ Final Product Tank Level gal i Dissolved Oxygen B
GAC-2 Pressure psig [ Time of sample collection: '; S [Nitrate + Nitrite ) —-—
z Coagulant Pump Set
X1 Pressure psig . Location | Turbidity (NTU} | TS5 Gollected? 23 Nirte v oagulant Pump Setfings —
— D T
. : MBfR Solids @ 7 |Sulfide fal ) i ;
— ; OYes ONo g CO2 Cyfinder Pressure psi L!.
Feed Tank Additions Y Drain £& [chiorne ™ , 3
HarPO4 Sodium Hypo - 2 o-Phosphaie ‘L -
\g Fiker OYes [INo P H2 Cylinder Pressure psi ? PR
Time 7_‘00 SF = Backwash
Initial Tank Level (gal) 2. (0 K g .
. l N2 Pressure psi Zb ?
Stock Added {20 ! NOTES: MEDLA
Type of Water Used Far - A g
Diltien INE APT HAL WEORUIED ZSDUL VAT SESsss TWree-$ N2 Flow Rate sefm
Volume Dilution Added -
(gal) Z § ARe BOT  oReRstwy AND LUATER FRiou AcoatioN S
Total Volume Added .
(gal) Z b BNpACCED 10 Suwe. No Sawpgs wiw Re Coueeted
Final Tank Leve?
(ga) 52 \sl fop THE Wenia FWEEKI DR PR-oductT TAME |
Note: There are 3785 ml per gallon.

4
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Data Log Sheet ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction

. ESTCP Project Number ER-200541 [LET ToTh1Zeh™ 11235 & X110
Date:_7/! g{ n Time: 20 0 Operator;_ 13 KoFF ;
g perator:_EROKoFF Treatment System Inspection
Field Samples ) Outlet Totalizer gal (Y9254 00
c
£ |pH calibration?  OYes Eﬂvo ORP calibration? CIYes z@ Turbidity calibration? [Yes @Ko TargstiFlow Rate gpm 1O
é Standards: I:l4_ 0y 010 Temp (Deg C): Standards: 00 0.2 OJ0.4 (J0.6 [O1.0 Internal Recycle Rate gpm 2 D
& |Standard Reading: 4: 7 10: Standard Reading: 200: Standard Reading: 0: 1 !
_ Lead Sample Lag Sample MBR 1pH Etd units
Lead Reactor: O MBR1 O MBR2 SP-100A 0 SP-200A O Sample Collection Time:[:, MBfR 2 pH std units
SP-100B 0 SP-2008B O
T
] ] |°. - = = E e -mla® b g_ MBfR 1 ORP mvV
o © o [=] IO T - o Q =
E ‘,—2 ] g %o 33 s T85|83¢ A REEIEE ;g £E MBIR 2 ORP mv
£ = = 48 £ 8 £ SEEcsZ| 22 |SE|SE| ZEL£3 |
S £ 4 © < w wn ic w w E‘; o \ Nitrate Frequency Hz
o pH (std units) /I 7- s ’ 'EBQ\N Feed ppm (N)
8 Temperature (°C) >' g }. ? Las‘) R1 ppm (N)
Fé‘ ORP (mv) K_' A Last N R2 ppm (N)
o el
¥ |pissolved Oxygen (mg) \ / MBfR1 Sparge Rate mm
Nitrate + Nitrite (mgLN) MBfR2 Sparge Rate mm
i spm A0
Nitrite (mgiLN) Phosphate Pump Settings =" " *Te
Sulfide B Aeration Tank Air Flow scfm
Turbidiy NTU) Air Tank Pressure psig
urpi
Target Media Filter Flow -
Chlorine Residual mg/L) Rate 9P
* Signifies MBfR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Note: shaded boxes are to remain blank Media Fitter Inlet Pressure psig
Post Finished Water Backwash Record Inventory Media Fitter Oullet Pressure|  psig
System Inspection Backwash start time: [ Q4 OO p Type Check Sodium Hypo Pump spm
Collect while sump is running Backwash duration min BO H3PO04 Stock (gal) o\ Setlings % stroke
Bag Filter AP psi '7 Initial Product Tank Level gal - Sodium Hypo Stock (gal) 56 + Coagulant Tank Level ol
GAC-1 Pressure psig Final Product Tank Level _gal — % |Dissolved Oxygen /
GAC-2 Pressure psig Time of sample collection: i 3:¢5/13:15/12.° Q! 2.3y = & [Nirate + Nitrite [ )
1X-1 Pressure psig Location | Turbidity (NTU) |/ TSS Gollected? 23 |Nitie 7 Cdsgulant Fump Seitings
- @
MBIR Solids @ Z |Sulfide v’ ) "
Feed Tank Additions Drain —— [E’qes ONo % 3 e vz CO2 Cylinder Pressure psi
H3PO4 | Sodium Hypo i 2 [o-Phosphate v’
= 1200 :::I:wash - OYes E«o : H2 Cylinder Pressure psi
ime ¢ h\ﬂ ——
Initial Tank Level (gal : -
nitial Tank Level (gal) Py — N2 Pressure psi
Slock Added 500, = notes: Freiws RATEC READ [0915,/\ uped APRBRIVAL., AT
Type of Water Used For ., : - 2 N2 Flow Rate scfim
Dilution [NFL Lowceets Fiel> pATE o0 Th7)n  pug To HiaH
Volume Dilution Added 4 . B
(gal) Q.7 - SUmP LEVEL pLARM, BAG FuTerR WA= Fuie of
Tolal Volume Added = j 7)
(gal) 2.7 SpimMm BiDr‘-’\#\bS(w ARD _CApSrde— PREVENTING
Final Tank Level - 5
(gal) 5.0] 2% ADEQUATE  [Frows mRIPEARSH CAUSIING SUMP To B UK

Note: There are 3785 mL per gallon.



NETES CoNTiRNueD

[ SN,

CCOM CHARGED oy
Bhé s oo B
]| Net Ti .

i €€ 2} i
FleeD

2 . e .
Permar compuiatsce v ansiTion To™ Yol esunigae - 9 fofe  BACKur s Alfo
1 ) BACKURS DATA, WA

HBLE o BRCESTiied  SheARUE - MBMPRN R s WATEE [
‘ ot

755 (Torac oFf y
(OMPo % TE BACKW ASH 5;4»4[%45)“

TARGET Fiow RATE Lehs SET To  [Fapm,

BRIEFL] sTOPED  INFLUEMT
el PuMp. 76 EFAL /
REFAIR TIGHTEN tEAK ON DISCHARGE PLumMBING,

Sicta P f

,7/525?1«\ (Fssc- READ 3055)?«1 Forr A SHeRT 7rIME DUE To EAKKWASH C‘fcéﬁ)
PHosPhATE ¢ Frow 2 Sy~
Ab  Goomt Hz POy
A 73‘1\ FeeJ water

0,

INFLUENT S7rAINER (Pos‘r fM.j'E(’.?'loN): 5PPM

= @ 56,,,,%

FPHOSPHATE REAPING TAKEN  [fom
As FO«./

B-36



Data Log Sheet

ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

INFL pAve (2963 (,

) 26 /i . #t 2o . A LioAAR) ]
Date'jaLfL— Time: Operator: Treatment System Inspection |
‘ Field Samples Outlet Totatizer s 50 Boly ¢
= .
£ |pH calibration? %gYes ONo ORP calibration?  [1Yes Lo Turbidity calibration? ~ OIYes Target Flow Rate gm | 20.0
5 [Standards: B4 X7 Hao Temp (Deg C): Standards: (10 (10.2 [00.4 006 O1.0 Internal Recycle Rate om | 210 .0
% |Standard Reading: 4: 2017708 10:_j©:02 Standard Reading: 200: Standard Reading: 0: 1;
2 ST MBfR 1 pH td units | 7> 22
;( ~ N X ¢ Y [96d Samifle Lag SAmple p std uni 20
wor O MBR1 }quBRz SP-100A (3 SP-200A3%” Sample Collection Time:| 2.3 00 MBHR 2 pH std units | 7~ 22
/ SP-1008'RL SPR2008 01
B e .o & S 5 @ BlLE g B |[~EiwE € B= MBfR 1 ORP mv "‘38’7
2 2 @ o e o= = S36|p38lc8|gg|logE| —8 Ew
£ E 2 LR 38 @ eE2|S5S| 25 [$2 |22 =8 E E MBIR 2 ORP w |~ 5
g =] ] ¥ oo b =0 o £ = =
S = T 4 < mw, o i w9 mw | £° Nitrate Frequency TEE S
e (st urits) ~1.5{ 2.1 | Ao 7. 50p| |rastnrFeed pem (N [ B e
8 Temperature ("C) s a2l 27‘ : % 1 Last N R1 ppm {N) @ - 44
%E,l ORP mv) 1'5 / totol Last N R2 pom(N) | 2 <Oy
@ : 3 -
¥ |Dissolved Oxygen |  tmgn) = MBfR1 Sparge Rate mm 2ie
Nitrate + Nitrite | _(mafL.N) O MBfR2 Sparge Rate mm ) 240
N ! spm 28
Nitrite {mgil.N) o Phosphate Pump Settings os o %]
Sulfide {maiL) Aeration Tank Air Flow scfm - /. o
Turbidity ~NTY) :Z'% Air Tank Pressure psig Ly =]
. Target Media Filter Flow
¢
Chlorine Residual {mg/L) 0 y : 7 " |Rate gpm /5'
* Signifies MBfR 1 or MBfR 2 dependmg on if reactor is in the lead or lag position - this changes every 96 hours Nate: shaded boxes are fo remain blank Media Filter Inlet Pressure | psig -, Ca
. . ] : Media Filter Outlet : , &
Post Finished Water Backwash Record Inventory Pressure psio § L0 J 4
System Inspection _ ~ |Backwash start fme: Type Check Sodium Hypo Pump spm e
Collect while sump is running / m:'rayl CARPNGE OUT J|Backwash duration min H3PO4 Stock {gal) [ Settings % stroke | feoas
Bag Filter AP p5| A. Initial Product Tank Level gal Sidium Hypo Stock (gal) 50 Coagulant Tank Level gal
GAGC-1 Pressure psig w Final Product Tank Level gal 3 Dissolved Oxygen 'C
- - - —— g = — A
GAC-2 Pressure psig Lf- Time of sample colle!:tl.on. 5 % N!tr_ale + Nitrite . Coagulant Pump Settings ——
1X-1 Pressure psig 'Z i ¢ Location Turbidity (NTU}) TS5 Collected? E 2 Nitrite '0/,1
— MBf.R Solids OYes ONo E B sufive NEEPD ne = CO2 Cylinder Pressure psi e 2
Feed Tank Additions Drain £ & [Chlorine o
H3PO4 Sodium Hypo Filter . - 2 o-Phosphate ~ . ' .
- q: DD “; 0@ Backwash OYes ONe H2 Gylinder Pressure psi 9&
Iitial Tank Level (gal y
nitial Tank Level (gal) O il?l. N2 Pressure psi /‘?2-
Stock Added EEDE"_#% O NOTES:
Type of Water Used For . .
Dilution_. iNFL-. O VD E prkiore Ak ORcervep OO0 S {nFLuent Fioe N2 Flow Rate scfm
Volume Diiution Added . e A B
e 5.0 O —o Walp $eAcqops - FE e, Punpl Mg opetatuddg B e WOy ANANZEE,
Total Volume Added . .
Jigan i @ @ IV T ARt WAS [covacAED FHecphae i 8 W NOT LECATE £¥e®
Final Tank Level / . . . L '
oz 5. 4 SopTY . bnen FULbg A WERi LOAS DETECTED AT o0 “mrspiay
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Data Log Sheet : . ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction

' : ESTCP Project Number ER-200541
pate: £/ 1/ 1 L =Tihg Operator. _ABUCAANS
: Time: perator; .
_ : : _ = ‘ Treatment System Inspection
_ Field Samples S ' Outlet Totalizer el €272
=4 X . . o
£ |pH calibration? Yes [ANo ORP calibration?  T1Yes AINo Turbidity calibration? [Yes [MNo _|Target Flow Rate om | SRS 25
S |standards: 14 7 10 Temp (Deg C) Standards: TI0 [50.2 0.4 [J0:6 [
5 |Standards: ~ Temp (Deg C: andards 1.0 Internal Recycle Rat =jo
& {Standard Reading: 4: 7 10: Standard Reading: 200: Standard Readmg 0 1: cyele rale gem ‘
Ky{ Lead Sample Lag Sample MBfR 1 pH std units | <7 .2
Lead Reactor: C1 MBR{ fBR2  SP-100AZ SP-200A 0 Sample Coflection Time:| J82 7120 MBfR 2 pH std units | ==
SP-1008 2" SP-2008 O : , 7 , 2
o
Pl e 8 [g2 ] g2 | & lesglaceBaloglog] g ds| oo w [~54s
£ = g B T 5 gg8lalo g |leS|es| 5| s MBfR —&
' & 5 T A8 a: $ |2EE|28%| 25 |§=|SE| 2| 3 2 ORP mv 4
‘o -~ x o < w w i ul w u o Nitrate Frequency Mz |-l
o |PH ] {std units) 7 O (% 7'7D | 7- 71 7 68 = i o . 9,60 -7 H Last N Feed : ppm (N} =7 =~ 7o
3 |remperature c) e |21, | 21-7 . 2 IR .c] 22 ir Last N R1 - pm(N) | &, =2 {
° — . -
glorp : w | 12.© —Zet | — e ?D ; LastN R2 ()| ]+ <F 2
15 p T
@ 1Dissolved Oxygen (mgiL) q Qt ’g O U MBfR1 Sparge Rate men 2.
Nitrate + Nitrite | (mgrL-n) ? 5|20 |04 [ MBfR2 Sparge Rate mm | 24O
) : i spm o X3
Nitrite (mgiL-N) ¢ o o 0 ¢ Phosphate Pump Settings ror . oke =1
Sulfide (mgiL) 0 0 a gp Agration Tank Air Flow scfm I., Cg
Turbidity NTU) @; 5 O, Lf? Air Tank Pressure _ psig 3 . 7
: ; Target Media Filter Flow
Chlorine Residual | {mg/l) ] = ok O, ? O Rate gpm f%
 Signifies MBfR 1 or MBfR 2 dependmg on if reactons in ‘Lhe Iead or Iag posmon s changes every 96 hOU-I-’S - Nale: shaded boxes are ru_remain blank Media Filter Inlet Pressure | * psig fO. .7 ]
. . Media Filter Outiet .
Post Finished W.ater _ Backwash Record Inventory Prossure . psig | 7.5
System Inspection ) Backwash start time: : Type Check ~ Sodium Hypo Pump Spm RE
Collect while sump Is running Backwash duration min H3PO4 Stock (gal) v Settings % stroke | [{aTs)
‘Bag Filter AP i Y iti i v
ag Filter PSII 2-' Initial Product Tank Level gal Sidlum Hypo lStock {gal} Coagulant Tank Level gal e
- GAC-1 Pressure psig M Final Product Tank Level gal .8 . _ |Dissvlved Oxygen ‘//
GAC-2 Pressure | . psig = ~ [Time of sample callection: £ & |Nitrate + Nitrite v i dulant Pump Setings —
X1 Pressure psig 25 Location | Turbidity (NTU) | ~ 7SS Coflected? 2% |niie v o P Seting —
@
MBfR Selids Tz |Sulfide v ) )
— A CIYes CINo c v GO2 Gylinder Pressure psi
Feed Tank Additions Drain s € |Chlorine v : & 2
H3PO4 | SodiumHypo | . Filter 2 |o-Phosphate v i ) 7
e 500 W, ;7/:% Backwash OYes ONo ' H2 Cylinder PL-'essure psi / /
Initial Tank Level (gal) ol 7‘, 2] '
N2 i
Stock Added . ?g;pwf [T NOTES: . : . Pressure psi (?5-——
Type of Water Used For . o ; ) . ’ -
Dilution INFiL- | M FILT oBseERvVER Icingr en N TReGer <tawk « CAMmSlor N2 FlowRate scfm
"Volume Dilution Added o e . -
(gal) 5 | Y (b daeN  [WELD (NG ConTAAED |, “THEY tour BE onite  taATe?
Total Vielume Added y . ’
(ga) i . TenAY B clEokr N TBwik ARSD Reridce- Cly DerAlR.
Final Tank Leved . ] D=J7 . ! :
(gal) 5] |88k |29 0 |Trosphate WWIEHon ANE It FEED LINE
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ESTCP: Technology Demonstration Plan

Data Log Sheet
Perchlorate Destruction Using Membrane Biofilm Reduction

? ESTCP Project Number ER-200541 .
&/%/U _ V20 DU - : -
Date: Time: % Operator: A N Treatment System Inspection
Field Samples - : Qutlet Totalizer gal. {SYST71
=
2 |pH calibration?  OYes 7o ORP calibration?  (IYes P’No Turbidity cafibration? [IYes ZNo Target Flow Rate wn | 20
E Standards: 04 07 T10 Temp (Deg C): Standards: 00 [00.2 0J0.4 106 O1.0 Intemal Recycle Rate aom |20
g Standard Reading: 4: 7: 10: Standard Reading: 200: Standard Reading: O: 1:

. . Lead Sample Lag Sample - MBfR 1 pH std units | 7«2
Lead.Reactor: L MER1 - > SP-200A O SP-2008 O Sample Collection Time: ' MBfR 2 pH tdunits | T2 -
- AMBR2 . spiooa Jz sp-1008 B

2 " T -.-;E 5 5 o &|lo E o P |=E|lwnE € B = |MBfR 1 ORP v

< 2 @ 5 os = sg¢ladgl c8lad|lg2| ~a ES
£ £ E @ 7 L o 2=3|é5 8|l e 23|23 x=2| ES MBfR 2 ORP mv
g - =] = o F oo ] sLFcof| E2 IGE|(E| = F ¥
. o ’ ) = x 4 < w « [ w w L o Nitrate Frequency Hz
ot i unit) 757 |7-51 7.8 T (02 wdcse '7.(08 “2.le Last N Feed ppm (N} | ] .57
. § Temperature (*C) /B'% Zo‘ i Zo'q 20. 8 2[.6 20-‘7 Zﬂ'g Last N R1 ppm (N} o.’o
i : ‘ — — . -
A : ) / (o [Fe Sog” ‘ZCpo Last N R2 pom (N) | "B Cp 2.
el -
@ [Dissolved Oxygen (mg/L) 7 MBR1 Sparge Rate . mm 21
: . — v
Nirate * Nigte | (mgla) () MBR2 SpargeRate | mm | 2 1@
- p— . spm &b
Nitrite (mg.fL H) o Phosphate Pump Settings TS i ‘20—-—
Sulfide . (mgit) O | Aeration Tank Air Flow scfm (-7
i Air Tank P i
Turbidily . (NTUY ' ressire psig | 4. 7
: o i Target Media Filter Flow
Chlorinie Residual | (mg) ( Rate gpm /e
“* Bignifies MBfR 1 or MBfR 2 depending on if reactor is in the lead or lag pesition - this changes every 96 hours Note: shaded boxes are to remain blank Media Filter Inlet Pressure psig /D 2.
) | 2 fa Media Filter Qutlet .
" Post Finished W_ater : — Backwash Record Inventory Pressure psig | 7.5
Sys;em Inspectlon Backwash sfart time: Type Check Sodium Hypo Pump Spm 70
Collect while sump is running Backwash duration min H3PO4 Stock (gal) [ O Settings % stroke (==
Bag Filter AP ps.i . Initial Product Tank Level gal S?::Iium Hypo Stock (gal) [ Goagutant Tank Level gal —_—
“GAC-1 Pressure _psig 17 Final Product Tank Leve! gal : % |Dissolved Oxygen v
X " i Y e 5 e - mp——
GAC-2 Pressure psig Fif7] Time of s-ample collef:t!on. 5 % N!tr-ate + Nitrite ~ Goagulant Pump Settings
IX-1 Pressure psig ‘[- Locafion Turbidity (NTLF) TS5 Collected? E o [Nitrite
) -2 v
MBfR Solids w Z |Sulfide . .
. OYes ONo 5 CO2 Cylinder Pressure psi 7@
Feed Tank Addifions Drain £& |chiorine v :
] - “H3PO4 | Sodium Hypo Filter Oy an . 2 o-Phosphate 1 b2 Crtinder P ) ?
. - . es o ylinder Pressure psi : Z
. Backwash -
Nrme 9. 3%0| G 45 ackwas Nego o ogpell. Prospu A
Initial Tank Level (gal) | 2o+ § ig A kT i _ 76 7
- - ssure psi
Stock Added Bie (] NOTES:
Type of Water Used For
Dilution_- NF O CHRLORWATOR- BCED P HBS LaroR. LEAK. N2 Flow Rate scfm
Volume Dilution Added .
@ah) z-2 O AT Pt ae conNGerioby . T HIAS B&:G‘M
Total Volume Added
(ga) 2-2 o ReEPCAVED . I LWAS Nexeed That -rHe—*Fm\s\.;
Final Tank Level
(gal) 5.0 I ‘7 WATSR— SYETE wa BHRS A LARERE- BDISCHIARETE




Pressupe = VS~ 20 PST. A UMagR Dp Acdifest twe
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ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Data Log Sheet

e
Date:_B/11 /\ Time: 930 A M Operator: _IDE ROKOF Treatment System Inspection
Field Samples Qutlat Totalizer gal
c ’ ;
% pH calibration? [1Yes [INo ORP calibration? Yes [INo Turbidity calibration? OYes CINo Target Flow Rate gpm
8 Standards: 04 (07 010 Temp (Deg C):. i Slandards:_DOA 0o.2 0004 o6 O1.0 Internal Recycle Rate gpm
3 Standard Reading: 4: 7. 10: Standard Reading: 20(: Standard Reading: 0: 1
Lead Sample Lag Sample MBIR 1 pH std units
Lead Reactor; L MMRT  —eoe>  gp.ogoA [ $P-200B O sample Collection Time:[ | MBfR 2 oH atd units
LIMBR2  _____»  5p-{00AC1 SP-100B 0O
™
8 < 1:5 :o. g :u:.E Eo gh -Elaz = E= MBfR 1 ORP my
7] o = = ] = =g 8RR 38|l 2 |pg2|lpe| ~9 =
£ g S a $ LR © 223858 a5 (2222 x2 g§ MBfR 2 ORP mV
ol =] = P Eally - sLrElaoT| E2 ([cF|(GE|—F 50
= = 12 o < w w ic L w w o Nitrate Frequency Hz
© pH (std units) Last N Feed ppm {N)
8 |Temperature ) LastN R1 ppm (N)
LY
g_ ORP (V) LastN R2 ppm _(N}
]
9 |Dissolved Oxygen |  (mgiL} MBfR1 Sparge Rate nm
Nitrate + Nitrite {mgiL-N) |MBfR2 Sparge Rate mm
: spm
Nitrite — Phosphate Pump Settings rry—
Sulfide {mgh.) Aeration Tank Air Flow scfm
Air Tank Pressure psig
Turbidity (NTU)
’ . i Target Media Filter Flow
. . i : gpm
Chloring Residual (mgl) s e Rate
* Signifies MBTR 1 or MBfR 2 depending on if reactor is in the: lead or lag position - this ch.anges every 96 hours Nofe: shaded boxes are fo remain biank Media Filter Inlet Pressure psig
. Madia Filter Outlet .
Post Finished W.ater Backwash Record Inventory Prassure psig
System Inspection Backwash start time: Type Check Sodium Hype Pump spm
Collect while sump is running Backwash duration min H3PO4 Stock (gal) Settings % stroke
Bag Filter AP psi Initial Product Tank Level gal Scfium Hypo Stock {gal) Goagulant Tank Level gal
GAC-1 Prassure psig Final Product Tank Level gal 2 Dissolved Oxygen
- - - — S —
GAC-2 Prassure ps!g Time of sample collef:t!cm. o N!tr-ate + Nitrite Coagulant Pump Settings
1%-1 Pressure psig Location Turbidity (NTU} TSS Collected? f 3 Nitrite
. — -
__ "D"Bf.R Solids OYfes [ONo g7 [Bufide CO2 Cylinder Pressure psi
Feed Tank Additions Fain £ & |Chlorine
H3PO4 Sodium Hype Filter 2 o-Phosphate :
OYes ONo H2 Cylinder Pressure psi
Time Backwash
Initial Tank Level (gat} .
N2 Pressure psi
Stock Added NOTES: (* R @0 S ITE To FPERFoRM__cOBIDUCT IV L v
Type of Water Used For —
Dilution TRACER. TEST o8 LAG PEAcToR (RR), MIXeD | [W2Flovrae scfm
Volume Dilution Added P o
{gal) F /4 1Bs oF "MopToms sAcT  ewiTH e Tase
Total Volume Added . ]
(gal) Dol wATER 1N CARBOY, SALT RNEVER Dissel VED
Final Tank Lavel
(gal}

(AL toweb cAFEOY migéﬁ IR Sufrd Fok 3 HoupSs WHILE |OCcASSIBN AL STIRRI NG Bur
CSerTion MEeveR DiREAVEDd, ;T wfS peTepruseER THAT SOWTIoN WhAs AT SATURAT i~
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D24 pn | Beaps RecoRbiNG :}JDLLC-T(V!T‘/ 3%2' s
oN tAG Beacrok (SP-zoo E)
9:54 392
loies” 39
o i 395

Diie WATER =2 DBuSL,,

e

MNOTES cppTINUEDS
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Data Log

Sheet

ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

= o i -
Date: 15/ h Time:* Operator: _ ARUWCAN Treatment System Inspection
Field Samples PR Outlet Totalizer gal  |&a2( 00
c .. =
S [pH calibration? . OlYes o ORP calibration? Yes ?ﬂo Turbidity calibration?  (1Yes Egﬁo Target Flow Rate oom | I8
E Standards: 04 0O7° 010 Temp (Deg C): e Standards: 00 (0.2 [J0.4 6 0O1.0
o : L pUegCy___". - Internal Recycle Rate apm 2.[0
© |Standard‘Readirg: 4: 7. 10: Standard Reading: 200: - = Standard Reading: 0: 1:
8] : - : gieltis . ! g: 0
Lead Sample -Lag Sample = R MBfR 1 pH std units | <7 2,
Lead Reactor: © MBR1 > SP-200A0 SP-2008 01 Sanijple Collection Tifne: -
; 4 7 MiBR2 > SP-100A [ SP-1008 i Samp L " MBfR 2 pH std units | <7, >
' B - e L £ =l o o= = | @ MBIR 1 ORP | =5
2 c - 8 <] ] oL C Eg|l o= [E|wE c Q= s
Q 8 @ s 5 o =] 5828388 |o8|log| -8 | EE
E g 3 o g - © a=2lo > 2o |g2|lac2| X2 EE MBIR 2 ORP mv ""‘tf—Cv
g =] = &9 v o @ siiElaof| 2 (pE|0E| —E 50
& = @ x < w| &0 i w w w il a Nitrate Frequency Hz et
e iy | S |7e? [ 770 | 7oAl |77 7 | 787 Z0F | - |Lastn Fesd oo )| Cae o
- " Ll ) x e 3 . ) i
& rampataturs oy | [6-8§ 19-9. |20.7 20.-( 207 20. g, 207 |testiri Bpm(N) |- ©, ©77 -
@ o g
g |ore (V) s ~350 —5b6 [—206 T"/IO 220 LaGEN B2 pom (N) | Z H-F
] L b,
& [Dissolved Oxygen.| mgi) ? O.% Zg @ @ 7 MBfR1 Sparge Rate mm 286
Nitraté + Nitrite mgn) | 7 g 3.2 .2 e MBIR2 Sparge Rate mm 2&0
T W i spm 2L
il A (mgrny o o. é o O_ g | PhosEhaie Pump Settings e =)
Sulfide (mglL) o © < = s =R Aeration Tank Air Flow scfm - b
Turbidity (NTU) — — —— 5 o : q s Air Tank Pressure psig 5 % ?
urpiai i i F
ol - g Target Media Filter Flow
Chlorine Residual (m {' l 07-5. ; : . : Rate apm !%
* Signifies MBIR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 pours 3 Note: s.fadedboxus are.fo remain blank Media Filter Inlet Pressure psig !, ] q
o 72 2 ! Media Filter Outlet ¢
Post Finished Water Backwash Record - Inventory Pressure | TS
-SYStem InsP?Ctlon Backwash start time: Type Check Sodium Hypo Pump spm 39
Collect whife sump is running . NOT Backwash duration min H3PO4 Stock (gal) Setlings % stroke /e®
Bag Filter AP psi DO e Initial Product Tank Level gal Sodium Hypo Stock (gal) Coagulant Tank Leval -
GAC-1 Pressure psig /5 CORPEA inal Product Tank Level gal -8 Dissolved Oxygen
GAC-2 Pressure psig [ &b Time of sample collection: “* ¢ [Nitrate + Nitrite , —s
= o he P
IX-1 Pressure psig (g Location Turbidity (NTU) TSS Collected? - .E § Nitrite eaguiant Fump Setings
® = . - 0
MBfR Solids Y ] - @ Z |Sulfide '
o — ! OYes ONo |- : E €02 Cylinder Pressure psi 2
Feed Tank Additions Drain £& [chiorine 7
2 | HaPo4 | Sodium Hypo Filter 2 |o-Phosphate ] :
= 9:00 3 .?0 Backwash OYes ONo H2 Cylinder Pressure psi ?2
Initial Tank Level (gal) 2.9 \Z )
N2 Pressure si
Stock Added 250 Co m—— : p Z 77
Type of Waler Used For ™ 3 / N2 Flow Rate f —
Dilution o | wFL | Bt AW SALT SOLUTON) Con@STidE— oF |7 Gawl i soih
Volume Dilution Added ’
(gal) 21 | |2 DE wsrER A Y IS |12 oz OF SALT . Tvdce® .
Total Volume Added = {
(gal) 2.1 | \®% OWTEIDE 0 WEREASE WP 6F Wix AD STIRRED

(gal)

Final Tank Level

5.0

%0

Vidpug-arsLy,

P45
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Data Log Sheet

ESTCP: Technoloay Demonstration Plan

Perchlorate Destruction ¢

: Membrane Biofilm Reduction

ESTCP Projeccumber ER-200541

Y

bB-47

= conT

oy L} .
pate: @/ 7 /1 Time: 8.2 Operator: __ARUEAN Treatment System Inspection
Field Samples Outlet Totalizer gal 5{4%@0
& |oH calibration?  Oves o ORP calioration? CIYes )Zﬁo Turbidity calibration?  CYes 2o Target Flow Rate om | /B
©
£ |Standards: 4 0O7 O10 Temp (DegC):____ Standards: 00 0Oo.2 004 0006 1.0 Internal Recycle Rate gom Z o
g Standard Reading: 4. 7 10 Standard Reading: 200: ______ ~ Standard Reading: 0: 1: | )
Lead Sample Lag Sample MBfR 1 pH std units | 7.2
Lead Reactor: I MBR1 - > gp.ogpa 3 sP-2008 0 sample Collection Tme:| % 5| MR 2 pH wdunits| 7. 2
K fBR2 sp-100A 7 SP-1008 - :
5 - = % g = e |=® e la® - | B MBfR 1 ORP mv |~ S87
i e | 5 | 3E | o8 8 leyE|luSe|2s|c5lo8|-5|2s —
llEa 2 o ] ° - go8ngalge (SIS TS5 = -—
-] E ¢ 8 =8 & s=3log x| 28 [g2|ja2| %2 £ E MER 2 ORP mv ,‘f%
g = = Ha ¥ oo a ELE|ICOT| €2 (gE|aE| T 5 50
- = = o < w o i w o Nitrate Frequency Hz ——
@ pH (s.td units) -7'57 —z (?Z 7‘7 [ 7 * 8; 7' 7‘ 'ZC!& Last N Feed ppm (N} 2 . 7@
§ Temperature (°C} /7 o Zo' 7 ZI '2 2’ - o 2“2 ’ "0 2’ * 2 LastN A1 ppm (N) o '23
é. onp ) g6 -—2lo —550 —520 —[20 b7, LastN A2 oy | 2 .92,
3] . ) .
O |pissolved Oxygen {mgyL) / D / * 5— o * l (ﬂ 7 9 MBfR1 Sparge Flate_ mm ze'ﬁ
S . R
Nitrate + Nitrite | - (mg/L-0y) b. 2.2 0.2 o-7 MBfR2 Sparge Rate mm 230
ol . : spm
Nitrite  fmgfL-N) 0 @ . 5 0 0 Phosphate Pump Settings o roke
Sulide. (mall) o 9, '®) O/ I Aeration Tank Air Flow scim |/ (p
Tusbidity T b. 5' / O ) '.3 %6 Z[p .21 ! Air Tank Pressure psig -0
. Target Media Filter Flow
Chiorine Residual mg/L [ 'ZS 0. 7 Rate gpm I 6
* Signififﬁ.&f. MBfH T or MBIR 2 depending on if reactor is in the lead or lag pesition - this changes every 86 hours Note: shaded boxes are io rermain blank J_Me dia Filter Inlst Prassure psig / . 6
- Post Fini__shed w.ater Backwash Record Inventory n:;ii:ufgzer Outlet o é 2
System .nspect|°n Backwash start time: Type Check Sodium Hypo Pump spm %
Collect while sump is running Backwash duration min H3PO4 Stock (gal) O s Settings %swoke| SO0
Bag Filter AP _psi 2 {Initial Produet Tank Level gal Sodium Hypo Stock @y [ ~H0, Coagulant Tank Level gal | e
GAC-1 Pressure psig b Final Product Tank Level gal @ Dissolved Oxygen v -
= : : P [SP v o ~
GAC-2 Pressurg ps!g .[ - Time of sample colle.cu.on. o % N!trjalte + Nllrlle — - Coagulant Pump Settings —t
IX-1 Pressure psig [7] Location | Turbidity (NTU} | TSS Collected? 25 |Nitrite N i ——
-0 . A
. MBfR Solids B2 [Sulfide - .
o A OYes ONo 5 CO2 Cylinder Pressure psi
Feed Tank Additions Drain £& |chlorine 23 22
H3PO4 | Sodium Hypo Filtar : 2 |o-Phosphate L[
- OYes CINo = H2 Cylinder Pressure psi q‘
Time 4.' [f; q I{ Backwash i J
 |mitied Tank Level (@) | B Q 21 © .
. N2 Pressure psi ,82_
* |stock Added -t | = [nores: ' '
Druon e | = | = 101 20 — cAWMERON LELD NG NSITE 1D _REPLACE N2 Flow Rate soim
Volume Diiution Added —
- bars — COp PEWAR AND —yuNDEZ. ON PEWSTAM oF
Totai Volume Added
{gal) ~ | — Vads A ™ME pPre<cupes REAWATR ReAD o ¢sT,
Final Tank Level
e Tenk b 2.% | 71 BUT T 1S TUL . ADSUSTWENST BNOB  —~—

H




o oes nol
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Data Log Sheet

ESTCP: Technology Demonstration Plan

Perchlorate Destruction | 1 Membrane Biofilm Reduction
ESTCP Projev. .«umber ER-200541
Date: E;Z ; a AR Time: ? ¢ 0&4’M Operator: BEKO.’KCJFF— Treatment sVstem |nspecti°n
Field Samples Outlet Totalizer gal |§ 730
c . .,
8 |pH calibration? - OlYes E@o (0wt o¢ F b S%5IORP calibration? OYes o Turbidity calibration? ~ OYes @iflo Target Flow Rate gpm [
o h :
& |Standards: 04 07 010 Temp (Deg C): Standards: (J0 [J0.2 J0.4 J0.6 1.0 Internal Recycle Rate -
= - : gpm
& |Standard Reading: 4: 10: Standard Reading:208:—7R & Standard Reading: 0: 1: Q 1O
i Lead Sample Lag Sample [MBMA<.pH SIS IS 7 k.
Lead Reactor; MIBR1  -rome>5pogoa 0 sP-2008 &7 Sample Collection Time:| /O : DO~ MBIR 2 oH e .
OMBR2 >~ SP-100A i SP-100B [ g i e N
5 - - = c - ] 3 _ MBfR 1 ORP mv | - =
3 s | B | 35| o8 | & |gsk g5 is Exi
g = i g 2 o © wEé __m_'g E’ MBfR 2 ORP mV -537
e S = Q y oo o s iC c
S E o o < w ic e 9 Nitrate Frequency Hz —
.6 Al
« H (std units) 7 19 & 7l 7 g 7! "f q 7! &J S_ 7 (9 3 7' 70 Ll rend ppm () Q : ?3
s Temperature ¢y 7T 121.7 | LastN A1 N | D 7O
m o
e ore wy | 99 - s b emN | O, 3]
3 Dissoived Onygen | gty | (f D MBfR1 Sparge Rate mm 078'0
i - ;-- MBfR2 Sparge Rate mm | JF C
.|Nitrate + Nitrite (mg/L-N) 9» -
: : spm 20
Nitrite (mg/L-N) 0.0 ; Rhosphate Flimpiaettinas % stioke| 20
| A i
sutide .- @ m eration Tank Air Flow seim | /o
i wTU) — O.214 Air Tank Pressure psig 3' ?
Target Media Filter Flow
Chlorine Residual 0. 7 Rate ik s el
* Signifies MBfR 1 or MBIR 2 dep Note: shaded boxes are lo remain blank Media Filter Inlet Pressure psig ,3 J 8
s Media Filter Outlet ;
Post Finished Water Backwash Record ('9 Inventory Pressure psig | &3
System Inspection Backwash starttime: | o) 2 3 {pan Type Check Sodium Hypo Pump spm 30
Collect while sump is running Backwash duration min &L H3PO4 Stock (gal) < Settings % stroke | /De~,
Bag Filter AP psi ) Initial Product Tank Level gal Scidlum Hypo Stock (gal) ~H0 Boanuibniifaniieyel il g
GAC-1 Pressure psig i (o Final Product Tank Level gal 3 Dissolved Oxygen v
GAC-2 Pressure psig i | Time of sample gollet::ti.on: ]340 ; % Nitrate + Nitrite P T — —
IX-1 Pressure psig .2 Location | Turbidity (NTU) |  TSS Collected? 29 [Nitrite e -
t X T} .
. rng.H Solids — OYes. [ONo g E UL o CO2 Cylinder Pressure psi 80
Feed Tank Additions rain £ [chlorine v
e}
H3PO4 | Sodium Hypo Filter : @( < o-Phosphate v _ .
= L/-— es ONo m “=¢ |H2 Cylinder Pressure psi (4
Time g :Cof’r ’ : o QF'_R Backwash 8 M tED 7O ORDG [ PH BUF?’E?$ i 0
Initial Tank Level (gal) D, 0 25 — T osi } - 6
Stock Added 5320 - NOTES: A AL GOR ON SITE (@ § -Hfﬂ\u\ o DIcKk _af  D\siZes
Type of Water Used For ’ - ; ot e - —
Dilion INF AND 5Pt eAc/ix (sufPER sheks), APT on sie To HeiklowiRae scim -
Volume Dilution Added | = . £ ] . it - .
(gan 5. 0 - PERFeEN MAINTENANCE DUTIES 6N SYSTEM .
Total Volume Added ) . . = R
o 2. ~ DID NOT REPLACE BAG FnTERS fo (DM i Ahi]
Final Tank Level - R . i 2 ; - - .
s 5,0| 925 o APT wien AUENIC cHFER QUR CoNFERENCE (her

oN MouDKY,



NOTES coNT.,.

—

¢ fERFORMED BACKwASH ON  MEDIA FILTER , TOOK comMmPOSITE sAMPLE AL
SENT (7 N R T5S ANALYSIS,

COMPOS (TE TURBIDITY ¢ Y8, 0 NTU
PurG € TupBIdITY | ©Q,6 NTU

e SAMPLETS PRODUCT (F)NlSr]Eb) Fol THRESHOL D DbORi Hﬂﬂsl T‘THM5‘, Tl s

’%K week 1 of ©OPTIMBEATION oNLY.
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Trump, Julee M.

From: Arucan, Clyde

Sent: Monday, August 22, 2011 1:20 PM

To: Evans, Patrick; Berokoff, Daniel; Smith, Jennifer L.
Cc: David Friese; Ryan Overstreet; Renato Vigo
Subject: RE: Overflow photos

All — I am back in the office now and Rich B. is onsite. We decided that he would be able to handle the pump down of the
containment area. Here is a summary of my findings.

e Well wasin the “AUTO” position (normally in AUTO), but was not operating because the “hi level” alarm
indicator was illuminated. | do not know which high level switch is associated with the Well controls?
Containment switch or feed tank level switch?

e Containment area was completely full with many pumps and other equipment partially underwater.

e Areaaround the containment area is saturated due to either overflow or a leak in the containment walls.

e Tank levels are as follows

Tank Level Comments

Feed Full Engaging all three level switches

Product/Finished Full Up to level of overflow to sump, no flow to sump tank
was observed

Aeration 90% Up to level of overflow to sump, no flow to sump tank
was observed

Sump 75% 3 of the 4 level switches were engaged. Hi-hi not engaged

Reject 10-25%

MBfR1 75% Top 2 feet of modules are exposed

MBfr2 75% Top 2 feet of modules are exposed

IX/GAC Containment Empty

e No major leaks were apparent with system off. Valving and sample ports were in normal positions. The levels in
the tanks appeared to be steady.

e A water sample for perchlorate analysis was taken.

e Rich and | had a discussion of pumping the containment area into the Reject tank. We also disussed raising the
sump pump so it has time to dry off and operate when the reject tank does get full.

Clyde Arucan

CDM

9220 Cleveland Ave. Suite 100
Rancho Cucamonga, Ca 91730
W: (909) 579-3500
M: (909) 201-1414

From: Evans, Patrick

Sent: Monday, August 22, 2011 10:19 AM

To: Berokoff, Daniel; Smith, Jennifer L.

Cc: David Friese; Ryan Overstreet; Renato Vigo; Arucan, Clyde
Subject: RE: Overflow photos
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Thanks Daniel. Let’s use either spray paint or some other means of marking the ground to show the extent of the wet
soil

From: Berokoff, Daniel

Sent: Monday, August 22, 2011 10:17 AM

To: Evans, Patrick; Smith, Jennifer L.

Cc: David Friese; Ryan Overstreet; Renato Vigo; Arucan, Clyde
Subject: Overflow photos

<< File: photo.jpg >> << File: photo.jpg >> << File: photo.jpg >> << File: photo.jpg >>
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Data Log Sheet

Date: S[ ;Q@[ N

Time:

B:20am

ESTCP: Technolog

/monstration Plan

Perchlorate Destruction Usiny .«embrane Biofilm Reduction
ESTCP Project Number ER-200541

Operator: BEROKOFF

Treatment System Inspection

Field Samples Outlet Totalizer gal 53’}5) 30d
[ =
£ |pH calibration?  OYes o ORP calibration? #Yes [CNo Turbidity calibration?  (JYes o Target Flow Rate gpm =
ff_' Standards: 04 07 010 Temp (Deg C): Standards: J0 [J0.2 J0.4 0JO.6 [1.0 Internal Recycle Rate gpm ‘? 3?*
& |Standard Reading: 4: 7: 10: Standard Heading:.%gg (J_L\i Standard Reading: 0: 1: O
Lead Sample Lag Sample MBI 1 pH sldunits 7; ,J_
Lead Reactor: U MIBR1 if MBIR1 in LEAD: SP-200B O Sample Collection Time: _ MBIR 2 oH i
ANMBR2  gp.10pA 1 if MBIR2 in LEAD: SP-1008 & d 7
£
g8 - ] . 3 \6 E iR Y 'g MBfR 1 ORP mvV -...3 i'?(D
& = @ 85 e = 589 <
g £ 3 LR i S 5 =3 9 MBIR 2 ORP NEEET
2 = = = o y o @ sSiC & £
= = o o < w iL Nitrate Frequency Hz a
pH (std units) 7! bg 7: '1' 7 7l 3’6 71 q q 7: s8I Fasd ppm (N} 2' O?S'
& :
8 Temperature (°C) i ?- (0 9}; ‘9 ;3‘. (2] LastN R1 ppm (N) 6 < 35
2 lorp ™ Y3% | -4 2| -540 Last N R2 pem(N) [ D, ) 7
E MBIR1 S R ol )
@ |Dissaived Oxygen | (mon) {1‘ 0 |9 Ci &, 15 parge Rate mm 28
Nitrate + Nitrite (mg/L-N) "7 S 3.3 Q.l MBIR2 Spargs Rate mm | D&
; | _spm 29
Nitrite — [ Phosphate Pump Settings %stoke] 30
Phosphate Concentration .
Sulfide (mg/L) at Strainer maiLrod 6‘\)‘ 5
Aerati k Air Fl {
Turbidity i eration Tank Air Flow scim .5
Chlorine Residual (mg/L) B | - AlrTankroasurs psig 5? 3
* Signifies MBIR 1 or MBIR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Nole: shaded boxes are lo remain blank Target Media Filter Flow gpm ’ ‘-f
Rate
Post Finished W-ater msh fécord Inventory Media Filter Inlet Pressure | psig q ' D)
System Inspection Backwash start time: Type Check |  |Media Filter Outlet . )
Collect while sump is running Backwash duration min H3PO4 Stock (gal) 3 Pressure e S_'
Bag Filter AP psi L_t Inilial Product Tank Level gal Sod?um Hypo Stock (gal) ~40 Sod!um Hypo Pump spm 30
GAC-1 Pressure psig [ Final Product Tank Level gal o % Dissolved Oxygen e Settings %stroke| [ OD
GAC-2 Pressure psig 14 Time of sample collection: 2 9 [Nitrate + Nitrite Yok
C lant Tank Level -—
IX-1 Pressure psic | 3, Location | Turbidity (NTU) | TSS Collected? 52 [Nite P RIS gal
B T MEIR: Satids OYes ONo 2 é T i Coagulant Pump Settings -
Feed Tank Additions Drain - g% [Chlorine o~ -
- < o -
H3PO4 Sodium Hypo | i |o-Phosphate /
= 370 > ;':ce;wash — OYes  DONo > L €02 Cylinder Pressure psi 5- A
ime :’ -&M > (‘?P'
Initial Tank Level (gal) 3.‘] ’_@ r,u&EK L‘//MDH 7 H"f Or' r) ol .-r H2 Cylinder Pressure psi 6) O
Stock Added - - NOTES: 7’9,-,{.( <" A ;Qg‘ < ﬁﬁw MPUPNCE o Riet w/APr'
Type of Water Used For - = N2 Pressure psi |
Dilution 0 site oAl To cegdn o REMAINING Lot eﬂpf yiok
IVolume Dilution Added s - o g " G —
(gel) FROM EARLICPE 11 WEEK. [T whs NOTICED THIT kb sefm
Total Volume Added - -
(gal THE A€pdmicid  cOMAPRESSOR wiAS NoT PusHING
Final Tank Level e
(gal) 29 |/ THRouGR &5 Muchn Aikg SCFm) AS ewhs TYPleady

Y SEEM HisTeRichlty, 2



ROTES COoNT, .,

C oM RNOTIFIED APT (RicH) whe  JNDICATED THAT THE comepessoR wAS INDEED Lontsef.

WAHTER. DURING THng  oVERFLOW N coenty —A—Fz%ﬁ—ﬁ“bk—mé-e&sé—we*léwmygg

COLER  D.O. VALUES WERE seeN AcROSS Ty& MEPIA
FiLTER /P W 3
N'% = FielSHet> whAtTers, HigH®R psi VALKE INDICATED THE LiNeE,
HT Bg CLOGGE Dy AP T Teop APART FEED TuUBING pmD DiS tovernel> BRitckAGE - THERE LuAs
b sotl THAT  Gor cAUGHT D TKE Cinde, (OMPRESSCOR. RepAdDINGS ARE Bacxk TO ol pRE

ARD 2. SC¢F M

TuRBipiT [ PRODreT . ' '
T whS HIGHER op . FIOusHED  waveR  ¢ompagen To Fierep €Ff, Toci Dupejeate

FIsisHeD samPee AND  TULBIGITY peswers MATCHED
IT whs poTices THAT H3PPd TANK (EVEL DiP MoT LoweR IN Volumé SiNcE THE AM, SuPE

Erorert e Punf wAS oFFE, THE RE€ESET Butrork) onN THE GFC) OUTLET whs NOT

FumP  s7arren
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lata Log Sheet

ESTCP: Technolog '

monstration Plan

Perchlorate Destruction Usiny .«embrane Biofiim Reduction
ESTCP Project Number ER-200541

o

i o A " i
Yate: g& 3 /! Time: %120 . Operator: PUcih N Treatment System Inspection
Field Samples Outlet Totalizer gal 6’6?’?7 &
% pH calibration?  Yes [ZNo ORP calibration?  OlYes :,r{lo Turbidity calibration? OYes ;zﬁ_o_ Target Flow Rate 9pm / s
5 |Standards: Cl4a 07 010 Temp (Deg C}: Standards: (J0 [10.2 0O00.4 (10.6 [11.0 Internal Recycle Rate wm | 286
& [Standard Reading: 4: 7 10: Standard Reading: 200: Standard Reading: O: 1:
] -
- Lead Sample Lag Sample . MBIR 1 pH std units | <7 - 27
_Lead Reactor: T MiBR1 if MBfR? in LEAD: SP-2008 [ Sample Collection Time: ' - .
) : - MBfR 2 pH td units .
JZMIBR2  gp.100A [ it MBIRZ In LEAD: SP-100B TR sdunits| 7.2,
3 [ Fd —— N
g o £ 55 | o5 5 |esEl-Eol By -ElaE|_%|Bs| [Meriow m | 7348
E = T ° = ge2asdal £2 j0o8([o8| -8 |EL
B 5 = S 3 & [ =200 > 28 |a2|la| x2 | ES MBfR 2 ORP my .r_./bg-—
= = = ~a r @ Q sLE|lcOoxX| E= sE|logE| TE 50 - .
I = B o« oo w 0 o w w w (g Nitrate Frequency Hz o
b (st units 752 7 ,..(-0 7D 8 Nk "7,? ; gq 7@0 Last N Feed ppm (N} | T/, @2
© __1. ‘ pream - ” C
§ [Temperature °C) [?q ZD 7 | 22.0 220 ZZ - f A 22 +24 |LastNR1 ppm (N} [ &+ f<F
! lore wo | 178 |=%7 |~ 9‘0 ~28& |~ Zc Z Last N R2 o | /o oS~
3 Dissolved Oxygen {mg/L} ?7 / * g 0. 55 (ﬂ 8 IMBfR1 Sparge Rate mm | 280
o wivte | mgrny | B2 | 202 | O 171 0-2 MBIR2 Sparge Rate om | 286
. ] spm 20
Nitrite — D O B L; 0 0 Phosphate Pump Settings o ohroke )
' . Phosphate Concentration ;
Sutiide {mgiL) O O C O at Strainer mglLPO4| [, %L
Tucbiy W) {4 0Sp ,‘{2‘? Aeration Tank Air Flow sem | 4.2
Chiorine Residual | (o) |2 Z C; /. ! Air Tank Pressure psig 2.9 .
* Signifies MBFIR 1 or MBfR 2 dependmg on |f reactor is m the kead or lag posmon - this changes every 96 hours Note: shaded boxes are to semain blanic Target Media Fllter Flow o /, “7" —
- : Rate
Post Finished W_ater ,Bgckwash Record . Inventory Media Filter Inlet Pressure |  psig 7. f
SVStem InSpec“cm Backwa%arttime: // Type Check Media Filter Qutlet pi 6: f
offect whife sump is running |Bagitash duration = M H3PO4 Stock (gal) 4 Pressure 9
Bag Filter AP psi itial Product TaM ,/ gal Sodium Hypo Stock (gal) Z,LO ' A Sadium Hypo Pump spm (50
GAC-1 Pressure psig A Wk Level gal - %’ Dissolved Oxygen | 7 { |Settings %stroke| /O
ACZP - ¥ r L " E - Py T
GIXC?] 2 ressure psig ‘I’ & s.ample colleg.ﬁ\.(ﬁ. i E thr.ate -+ Nitrite rd Coagulant Tank Level gal s
-1 Pressure psig Location | Jdfbidity (NTL) TSS Collected? & ﬁf“““““\/"" ?
Tar - MBiR Solids oy No r 2 ap - v Coagulant Pump Settings
Feed Tank Additions Drain ° £ 5 [Chierng " — d P g
H3PO4 | Sodium Hypo Filter ( * 2 |o-Phosphate o _ oy
- o % RONC Backwa OYes No CO2 Cylinder Pressure psi %/ <
— =
tial Tank Level (gal j
ial a-n evel (gal) 1 _t H2 Cylinder Pressure psi ” zzhf /q i
otk Added ! [noTEs:
[ i Water Used F | . - - .. .
E‘:i;n ater Used For Soabioung H‘i PO Pup OFF Bl lie . com PukGed T N2 Pressure ps! %7' i7ﬁ
:ai;me Dilution Added B“G{#— 1w . APT« h&& E?‘-‘P1 i i ;i: -TRW A 1 g AP N2 Flow Rate sofm
stat Velume Added ;
2 - ., was IFECed AT sobluwm HYEO  INYECrioN
T o \ 5/ TONT AND WAS LoD YESERDRY  BEFeRe
D-50



.\v/-

NOTES oM. -
| he erT. \01?00 "'IO&AW%M Savewy oNETE. W
WAL GuweN A “TOUR oF THE GSUTwe Facyy AND
WALLED —TrizougH The PRoceSs . Ca™eRod Suapped
UPHOTQS@F ~THE SHgTei, Rl p. ONSTR 10 —TELT AND
Wran fWIeR- Ay PUme Ricit Sruers Twrer 4o
Punp  pr RES P y UL pate e BElow -
CW ANTS Av] ST \s@w' eveLr OF Cowmrwd%mr
Flos® Swirzd.  Sppa )G'Féw_wmf;t.ﬁa Tore ol THE ToaT
S ey 1MuLnor'€m&¢w%57UJuam WUERTED . D o
, .’—‘\% Size OF “THe Froax (/T_%Mtzowb CALINDEe “we
Vore wWUST pe \BRGTHENED Eop 1T B he SnbA&ED .
Cvnf APT Al LERGTHER TTHE Rome aAnb  loweeen
—lue  PveT / LowNEcTOR  Poust, Fuehkt  bows (:Mé}g—%eg
AT BPPQeK | '7“—' (o3 “ eF _éi-mmibm;{r aeie .« APT
Ang et A Sﬁ}wm--bp.[{;.\/ lever Rwudh WwhicH

&

Wt evguee avr 49—t 4

| T PEE g‘wl/‘w&m\.

' ‘;‘>D§-m@t cowt . ¢ OB/
e conl. - 9“‘7;:
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Data Log Sheet

ESTCP: Technolog
Perchlorate Destruction Usiny, ...embrane Biofilm Reduction
ESTCP Project Number ER-200541

'monstration Plan

54‘“
w.au

Date:ﬁﬁ,L Time:_ 7 ¢ 00 4 pn Operator: __ BEROKOF F Treatment System Inspection
. Field Samp|es J Outlet Totalizer gal 55 Y24 6O
[ “\ —
2 |pH calibration? DJ%/ CINo ORP calibration? #fes CiNo Turbidity calibration? @¥es CINo gege Flojste gem 1S
G |Standards: 344 07 G410 Temp (Deg C): 220 Standards: 00 [J0.2 (J0.4 (J0.6 [11.0 Internal Re
g cycle Rate gpm
3 |standard Reading: 4: 4.01 7:_N/A 10 4e.1¢s  Standard Reading; ing 200~ 1 X Standard Reading: 0: RGN 280
Lea mple Lag Sample o — IMBIR1 pH it ‘71 Z'
Lead Reactor: 0 MIBR1 <5;7 %) ;f\_)q MBIR1 in LEAD: SP-2008 0 /< > \Sample Collection Time:| /) Afn__| MBIR 2 pH stdunite 7
IBR2 “SETG0ATT it MBIR2 in LEAD: 260 A _ 7/
5 e - o S— ° D - - MBIR 1 ORP mv | =23
& 2 5 T2 22 : |eslsbgl 25 |(5E(0%| -5 |2z | 33)
E 2 3 o 8 859 © 3|85 6% |93 93| x3 |EE [MBIR 2 ORP mv -3
g =1 £ 7 o T o o sSiCLE|I 0oL E= 3:.': GaE| = E |58
a = @ o < w 7] ic w w w | a Nitrate Frequency Hz p
pH i) | 4GY | 7.56 | 7.70| 5,00 |73% 797 e e ) en®) 7,7 %
3] ;
g Temperature (°C) /5) ! CI J/; s ;\),_Q, 23, (o .')QL"\ -?:L’ Ad9 |Last NA1 pem N | O, 2§
U -,
& o w |H5Y |-3F0|-550| -250|3% 8l [cast v e | 9,72
& | bissolved Oxygen | (o) 9 / . g O | C, B 0rs 8 = MBIR1 Sparge Rate mm 078’&
Nitrate + Nitrite (mg/L-N) ©.0| 3,0 0.0 £ 0. 257 NRIFE Spargs Nal w | 27O
i spm E% 2]
Nitrite (mg/L-N) O O © (0 0‘ O S O SaespRIa bump Setliigs % stroke
7 o~ = : : Phosphate Concentration ~
Sulfide (mg/L) p—t (')‘- Q’ O& 3 o at Strainer glPO 2.0
Turbidity - — ey / , ) '7 ONQ-S 0,35) Aeration Tank Air Flow scfm B . cl
I, o J . A
Chilorine Residual | (mat) § 3 75 . 7 Air Tank Pressure psig o?. ;L
* Signifies MBfR 1 or MBIR 2 dependmg un |l i'eaclcll’ s In the lead or lag position - this changes every 96 hours Nole: shaded boxes are to remain blank Target Media Filter Flow gpm I L’-
|Rate
Post Finished Water Media Filter Inlet Pressure | psig
4 Backwash Record Inventory .5
System Inspection Backwash start time: ] 2. * - P P YN Type Check Media Filter Qutlet a
Collect while sump is running Backwash duration min H3PO4 Stock (gal) e Eressurs | SO
Bag Filter AP psi =2 Initial Product Tank Level gal Sodium Hypo Stock (gal) 7 Sodium Hypo Pump spm 30
GAC-1 Pressure psig | & Final Product Tank Level gal o g [Dissolved Oxygen il Settings % stroke| /OO
GAC-2 Pressure psig N Time of sample collection: 2 3 Nitrate + Nitrite i Coagulant Tank Level gal i
IX-1 Pressure psig 2:3 Location Turbidity (NTU) TSS Callected? ‘@z |Nitrite l/,
MBIR Solids | & 5.4 [T C4 i -
Feed Tank Additions Drain S€c B P Ono 5% [Chiorine 7| [CremlantRne Sones [Biiae. S
" < o
H3PO4 Sodium Hypo Filter s M = |o-Phosphate l/ CO? Cylinder Pressure osi 57 O
Time '; Bﬁﬁ’ﬂ ‘ Y SDPM Backwash ’
Initial Tank Level (gal) au .8 ;25 H2 Cylinder Pressure psi E qo
Stock Added 450 - notes: APr ON Sire T RZEFILL FitTe AiD AND APTus]
Type of Water Used For s N2 P i
Dilution INF - Fump seT77imG5 To  MicopmpmeDbTe foR e THE fessure i 715
Volume Dilution Added 7 ; , - N2 Flow Rat f -
{gal) .| - INCREMSED  CON CERSTRATION . oM PERED 2 EN ganat s
Total Volume Added ; 4 —
(gal) Q| - BACRwWAS M ers  MBER 4D Teok vt fa—fat | 7
Final Tank Level f; = g -
(g2 5.0] 25 TURBID(T Yy MeASURCH ens (See REVERS €,
7 = =




NETES CONT, « «

couni€r  PleK-u®  TODAY, THEY wick

oM RANCHD o FFicE€ € cATER

TSI =y

PickK up @

TEST HAmerich P> Ror StoT @3
SEND SoMméomE  Fre™ LAR TO
TPPAN OoF 'fu»ésbi’ry’ Mo NS

sAMPLE Turs (NTW) e Erl

LAG st DrAn:| /2 (G ugBoiTY L BRATION: [XYes M NO

LhG Ins Doy [H.G STANDARDS? [ Ol (20 [Haeo meco
Crgoco

LeAaR 1T Dram| o [7F
Jo STANDAELD ReADING ¢ Frereef=e-3c)
Fe=ter—T1-6—
Z—EJAD It Dreapid 7:; W\ ‘
Y o. 491 ].O%

Oof07: O,..;Ol':

, g

B-58



Data Log Sheet

Date: q{ 7{ i

«f

ESTCP: Technolog monstration Plan
Perchlorate Destruction Usiny,....embrane Biofilm Reduction

‘66 ESTCP Project Number ER-200541

"™

Time: Operaior: ___/ARUCAAN] Treatment System Inspection
Field Samples Qutiet Totalizer gal ,_00‘{ 8200
=
S IpH calibration? [IYes ?ﬁo ORP calibration? CIYes /m(lo Turbidity calibration? [OYes 2o Target Flow Rate wm | /5
_'g Standards: 04 0O7 010 . Temp (Deg C): Standards: DO. 0o0.2 Qo4 06 010 Internat Recycls Rate apm 2’36
3 rStandard Reading: 4: 7 10: Standard Reading: 200: ___ Standard Reading: 0: 1:
Lead Sample Lag Sample - 7 MBR 1 pH sduntts [ 7% 2
Lead Reactor: /Z,MfBFH if MBfR1 in LEAD: 5P-2OOB,IZJ' Sample Collection Time: MBIR 2 pH sidunits] 7. Z
. MIBRZ  gp, 100A,z1' if MBfRZ in LEAD: SP-1008 [ :
B . = _0-6 5 5 e EloEol Bx |-EBlaE = [ B MBIR 1 ORP mv /@2
E = g €3 g5 T |5E£3(8§328| 52 |oSluo8|-2g (B2
E = 2 33 g o °E§EE:'|’:" ,gg s=|a2| =2 |E3 MBIR 2 ORP mv |~ 47z
T . *
o = £ * e = 3 =LETa i Om|Ci|. i & © Nitrate Frequency " Hz
oH (et units) 7o |7 G0 (782 77 “lo4|  |Lastn Feed o (N) | 7+ 71
o - L
8 Temperature (°C) 2?' 5‘ Z? 0 M-lﬂ a Z- 29-5‘ Last N Rt pem (N) ?'82'
2 [orp () 5157|7248 |~F0 (20 LastNR2 pom ()| &bl
£ : Rk MBfR1 Sparge Rat
om) Jissolved Oxygen (mg/L) 0 - /O ,sﬂ 0 % parge Hate mm 230
Nitrata + Nitrite (mg/L-N) 0- & 0- @ |MBtR2 Sparge Rate mm 286
) Spm 72
Nitrite (gL 0 I _ O Phosphate Pum_p Settings % stoke 20
- Phosphate Concentration
Suffide {mg/L) 0 - 6 O - ] e O at Strainer mg/LPO4 l' lf-
Tubidty ) 0. 72 ' 9.? 0.2]] Acration Tank Air Flow scin | B2
Chiorine Regldual o ! : O, df O, ’f- : =) [Air Tank Pressure psig 2.2
¥ s.gmfles MBfR 1 or MBfR 2 dependmg on |f reacior isin the Iead ar Iag posmon - thie changes every 96 hours Note: shaded boxes are to remain blank Target Media Filter Flow gpm l._i. [
: Rate
Post Finished Water Backwash Record Inventory _ Media Filter Inlét Pressure |  psig <. §'
System Inspection Backwash start ime: Type Chgck Media Filier Qutct bsi o
Collect while sump is running W Backwash duration ] min H3PO4 Stock (gal) 1 Pressure -

Bag Filter AP psi Vi Initial Product Tank Level /| gal Sodium Hypo Stock (gal) | A& F  [Sodium Hypo Pump spm | “HeD
GAC-1 Pressure psig | /7 Final Product Tank Livel} / |, qal o % Dissolved Oxygen v Settings %stroke |  LOE
GAC-2 Prassure psig yi Z Time of sample collglctM: S e 2 E Nitrate + Nitrite \5 . Coagulant Tank Level gal !

IX-1 Pressure psig 2 Location | Tufbidity/NTUY | TSS Coliected? Tz [Nitrite /

Tar — MBIR Solids ! OYes ONo 2 é -\s;:mu.u :’f' Coagulant Pump Settings tH i

Feed Tank Additions Drain g% [chiorine / : L /ity
H3PGs | Sedium Hypo Filter " e 0-Phosphate v’ 02 Oviinder P ) 4

— /: ?S— /:K Backwash DOYes Mo - yfn er Prassure psi /ng
Initial Tank Level (gal -
- _an ove w2 ! 5 Ig H2 Cylinder Pressure psi ?/
stock Added (el J] JSO NOTES: ' i
Type of Water Used For : - 7
Bilution [NF RICMURD 3, Pacy ONSE T Aleck VEaToluwanlces ofF N2 Pressure psi / 75
Volume Dilution Added . )
(gal) 3 CORAULANT PP {epua Fuceg S daowk A N2 Flow Rate sefm
Total Volume Added
(gal) 2. e of ‘f's vSL ( Nog AN Z2-- Zs?.sﬂ . APT PEfuesre
Final Tank Level L g 1
Fra 6‘ o] VvV U (o, PR Seuver] veeduce € Locke




T Tsesx ruen \og mp . mer ¢F-F'~S'TE‘@ 2o,
['50 — 4PT WNGTRUSED coou, —o Lewer TED Trew o

o &Pm. CBw g ADTUSTED —~tHe \Ladr 2ene—ion. ouTLE.r
Fiow 2y Y THEWLING “ Vawe ew “The Stamy BWE
Pelop- 16 e AEPLTION aNE. . Chue hag S
REDUCED e WA {:u:rew_ TLoLY az-m-e T Kb é;Ph—x

?7/ —HRON LG —1Hg '\IAL.Vg Brwegy ke We.bm. Turee
by Amopucr —tawp’ .
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Data Log Shest-...

=12/

Perchlorate Destruction !

ESTCP: Technolegy Demonstration Plan

' Membrane Biofilm Reduction

ESTCP Projeu. .4sumber ER-200541

Date: Time: “1:0D Operator: ___ARUCAAN Treatment System Inspection
. Field Samples Outlet Totalizer sl |Ge7B5T0
= . i . - '
£ |pH calibration? ,Erﬁes CINo ORP calibration? ,zfes CINo Tutbidity calibraion? Yes gﬁ: Target Flow Rate gem [
2 |Standards: 04 O7 O10 . Temp (DegC):______ Standards: 00 00.2 0.4 [100.6 1.0 Internal Recycle Rate gpm 289
g Standard Reading: 4: 7. 10: Standard Reading: 200: . Standard Reading: 0:. 1: : :
Lead Sample Lag Sample MBIR 1 pH stdunits | <7 =2
Lead Reactor: CMBR1  ————>  gpogoA0 SP-200B O Sample Collection Time:| [0/ | MBIR 5 oh d units | =7 -
JMBR2 . Sp.iooADl SP-100B D m std units 2
% ” E - § o8 E e -g E = E = IMBR 1 ORP mv —dee
E £ 3 LR 5 § ® gEu;E' .'!:'g EE | |weirz20RP mv [— &P
.8 = = . o ¥ 4 = £ = '
2 £ e II s w ic a © Nitrate Frequency Hz _
o pH {std units} : 7 L{-?_; 7 GS’ 7 7? 7 L . 7 49 LastN Feed pem (N) -7 ‘43
& lremperature G} ,4 O | Z2. ? ZL{ -Z __Z_Lf‘ " ] Z‘/'; ‘ 2’1} ' . Last N Rt .ppm (N) é'%
o — — - - :
S Jore ) / 35 935' Szo | —23] |—8c LastN Rz V| 2 -1
@ ; .
9 | Dissolved Oxygen {ma/l.} 7' Z- 5- . l 5 | IEBfm Sparge Rate i mm Z e
: . . ) fR2 §
Nitrate + Nitrite (L) 65 | 2. B J-/ ST © !MB parge Rate mm 3‘55 :
’ h ; spm_ |
Nitrite mahy | O ﬁ Phosphate Pump Settings AP t
F . N " 1
Sulfide (mg) Aeration Tank Air Flow -scfm . 6 . g
- Air Tank Pressure " psig .
Turbidity . Z‘ z
Target Media Filter Flow ’
m
Chlorine Residual L g A Rate o ?
= Signifies MBIR 1 or MBIR 2 depending on if reaclor is in the lead or lag posun)n - this changes every 96 h Note: shadad boxes are o remain blank Media Fitter Inlet Pressure | - psig 5-: -
— Media Filter Qutlet !
Post Finished Water §?A T Backwash Record Inventory |Pressure psig | 2. [
SVStem Inspection «Baskwash-start ime: [2: aD Type Check Sodium Hypo Pump spm_ - =
Collect while sump is running Backwash duration min B s |Ha3PO4 Stock (Gal) & | [Settings %stroke| SO
Bag Filter AP psi 3 Initial Produgt Tank Level gal 237 Sodiufa Hypo Stock (gah | Z.8 Goagulant Tank Level qal 3 5
GAC-1 Pressure psig L Final Product Tank Level gal ore % |Dissolved Oxygen .
GAC-2 Pressure psig Fi Time of sample collection: _ 5§ [Nitate + Nitite >~ Coagulant Pump Settings ,
IX-1 Pressure psig 2 Location | Turbidity (NTU) | TSS Collected? 28 |Nitite o llne/lmu (2
MBfR Solids |, T = |Sulfide
— ) oN gacl. F¢es ONo Sa coz Cyllnder Pressure psi
Feed Tank Additions Drain ‘ & [cnonns 7 73
H3PO4 Sodium Hypo ngm 2 o-Phosphate
H2 Cylinder Pressure si - ‘7
—_— 2 30 27 4.53 Backwash %ﬁ s L TNe Cvii psi /
Initial Tank Level {gal) ? ) A /
» | N2 Pressure psi 75
Stock Added  fanl fz,o Q\Z’ -Lhtac s |notes: - :
Type of Water Used For R
Diltion InE |meoin M NGTE ST B0 ST Insriau SHASE oo SHgiucaL | [N2FowRate scim
Volumne Dilution Added :
e [ <] lo-S Y. APT [eStusrc> <owm ~1b drose wepn el
Total Volume Added :
(o (& | HER-[149% | Vg Jusr GioMigat o Weienains Zobor Wagn Buck—
Final Tank Level ]
{gal) 5 gﬂ W’A(SEllNévf T~ . B-61
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Data Log Sheet -

Date; 7ﬁ H—Z H

Time:

Perchlorate Destruction !

7.’00

ESTCP: Technoloay Demonstration Plan

i Membrane Biofilm Reduction

ESTCP Projes.-[lumber ER-200541

Operator:

Arucian 7

Treatment System Inspection

"B-63

Field Samples Outlet Totalizer wl {012 1Coo
= .
£ |pH calibrafion? 'EQes CNo ORP calibration? J?ﬁez ONo Turbidity calibration? OYes JZ{\IO Target Flow Rale gem | / (4]
:é S’tandards:)ZM ﬂT M'IO Temp (Deg C): S. Standards: 0 0J0.2 0.4 C10.6 01.0 Internal Recycle Rate m
& |standard Reading: 4: ¥Z0 7115 oot Standard Reading:£08:= 26 Standard Reading: 0: 1 y wn | 280
/a/ ] Lead Sample Lag Sample 22e . MBI 1 pH std units | 77 W 2.
Ledd Reactor: S MBR1  ———>  sp.ogopef” sp.200821" Sample Callection Time:[_{1 - 20 ___| ' i
fR 2 pH .
LMBR2 - . gpi00AD SP-100800 ﬁ P stdunits | 7'+ 2
13
g ﬂ E 3 5 o8 .E s -E-; E E = IMBfR 1 ORP mv | —27Z
E £ 3 a8 88 ® =3 6 EE 1MBfR20HP mv |-
2 =] £ &2 e g =ECE = 50
= £ > 12 < L ic o Nitrate Frequency Hz e .
I ' (st units) -7 5‘0 7-(;;‘ “7. 28 -7- 82_‘ 7 & Last N Feed ppm(N) | 7,273
| S fq.0 |21-9 | 23%3.9|2%.7 LastN R1 pm| /20
p . = .
2 lome an | [I0 |31 [—2F0 LastN A2 o] 0.7/
5] S -
|8 loissotved oxygen | gty 7 0 wi 0-2 MBfA1 Sparge Rate mm 2&e»
Nitrate + Nittte- | gty | &3« MPMR2 Sparge Rate mm Zgo
- j : . spm ﬁé
Niitrite e 0 Phosphate Pump Settings |- o2 strake 2
Sullide  tmefly Aeration Tank Air Flow scim ?_ 3
Turbidity Air Tank Pressure psig Z . Z
) Target Media Filter Fiow . .
Chlorine Residual | ~ {mg ) : y ) N ) N - Rate apm 7 ()
* Signifies MBfR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Nota: shaded boxes are to remain blank Media Filter Inlat Prassure psig z (p
et Media Filter Qutlet . ',
Post FInlShed w_ater Backwash Record InVErltory Pressure psig z /
System Inspection Backwash start time: Type Chegk Sodium Hypo Pump spm Al
Collect while sump 75 running ] Backwash duration min_ H3PO4 Stock (gal) £ Settings %stoke|  fOO
Bag Filter AP psi T Initial Product Tank Level gal Sodium Hypo Stock (gal) 20 t Coaguian Tank Lovel - | y o
GAC-1 Pressure | " psig { Cf Final Product Tank Level gal 'g' Disgolved Oxygen s
GAC-2 Pressure - psig [ 5 Time of sample collection: i 5§ [Nitrate + Nitrite e ) P R
X1 Pressure psig 3 Location | Turbidity (NTU) | TSS Collected? 22 [Nitite v Coagulant Pump Settings-Frp7 ST—72.
L] L4
[MBfR Solids | 44 T2 [Sulfide L I )
e N OYes ONo 5 CO2 Cylinder Pressure psi
Feed Tank Additions Drain / s £€ [cniorine ) /Z
HaPO4 - | Sodium Hypo Filter N/ - 2 |o-Phosphate v
- - " OYes ONo H2 Cylinder Pressure psi
Time I' ’7‘5— / 50 Backwash L ?/
Initial Tank Level (gal) 5 L7~ Rg” N2 P
ressure ‘Psi
Stock Added 7{00 D NOTES: psi / -Ig
Type of Water.Used For \ :
Diuion LS O Hhia ohgor. PPy Whopuen P ~tHur Wepua Eloias | N2 Fow R _ sefm
Volume Dilution Added . o - B
- 201 0 Fercorwnen SUckinsl VAST NGHT - Spwm Neep—tiay  PHOSPHATE CFPVH) 2
Total Volume Added
(@) 20| 0 Conrbuatast Bk I cwprf Ab Woodwed YFT, - Ree o
Final Tank Level = {
(gaD) 50| 24 3¢5 CPM HAS IAcCIDBEnTal]  UBT emsinéeh — :
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Data Log Sheet - ESTCP: Technolc  lemonstration Plan
' Perchlorate Destruction Usi._, Mlembrane Biofilm Reduction
ESTCP Project Number ER-200541

Date:_ 9=/ % - J/ Time: /& 30aM Operator: _3ER O OF F Treatment System Inspection
Field Samples Outlet Totalizer gal 6[50@00
(= v
£ [pH catibration?  Dves o ORP calibration? ClYes o Turbidity calibration?. &es ONo eimeLFlow fls gpm (O
5 [Standards: 04 07 010 Temp (Deg C): Standards: 40 (20 @800 #1000 4000 Internal Recycle Rate wn | 20
g Standard Reading: 4: 7 10; Standard ReadinW 220 Readings: 0.107: 0.301: 0.491:
D/ Lead Sample Lag Sample MBIR 1 pH std units 7: cg-
Lead Reactor: MIBR1 if MBFR1 in LEAD: SP-200B B~ Sample Collection Time: MBIR 2 pH std units 7 2
LMIBR2  gp_yg0A O if MBIR2 in LEAD: SP-1008B [ '
) - » = c o = MBfR 1 ORP mv -
© 8 & B2 23 2 |8 2 2 3 7
£ = = o S 8= o @ 0 ES MBIR 2 ORP mv |- 37 o
s = s &9 - b = £ & O
o = @ o < ic o Nitrate Frequency Hz -
« |PH (s1d units) 7{ @‘f 7' % .7' 3 7 -7i g a 7 Q G need ppi ) 7‘ ?y
[
2 ? ; :
0O |Temperature (°C) I?.X Qo?. ;l th 2— d/z O Cast ppm (N 21 26
o = :
2 |orp o |=RO [-192 -2 93 Last N R2 pom (N) | 9,47
o - | £
9 |Dissolved Oxygen |  (mgh) £ |MBIR1 Sparge Rate mm 250
~ )
Nitrate + Nitrite {mgL-N) b MBRZ Sperae Rate e Qg %
3 ; spm '
—e i Os 7 S' Phosphate Pump Settings e % D
Phosphate Concentration
Sulfide (mg) o a1 Sirainer molPoll =2 DO
Aeration Tank Air FI f 2 -
Turb]d|ty NTU) eration lan Ir Flow scim 3 f l
Chlorine Residual | (mg : N TANS RIS psig | 2, A
* Signifies MBIR 1 or MBIR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Note: shaded boxes are lo remain blank Target Media Filter Flow gpm ?
Rate
Post Finished W.ater Backwash Record Inventory [Media Filter Inlet Pressure | psig 2D
System Inspection Backwash start ime: = Type Check Media Filter Outlet . 22
Collect while sump is running Backwash duration min H3PO4 Stock (gal) === (| |Pressure /

Bag Filter AP psi Z Y Initial Product Tank Level gal | Sodium Hypo Stock (gal) 30 Sodium Hypo Pump spm le]
GAC-1 Pressure psig 1l Final Product Tank Level Al o$ |Dissolved Oxygen | eo | |Setings % stroke |/ 0O
GAC-2 Pressure psig | )4 Time of sample collection: _~ 2y [Nimato + Niito [ Coagulant Tank Level gal 4

IX-1 Pressure psig 2 Location | Turbidity (NTU) |  TSS Collected? = 2 [Nitrite 9 . O

Lead Purge 1 P Uves ONo 8 g Sulfide L Coagulant Pump Settings
Feed Tank Additions Lead Purge 2 / OYes ONo § = |Chlorine G G "'"“'/MiN
i OYes  ONo £ o
H3PO4 Sodium Hypo Lag Purge 1,/ e o-Phosphate 3 OGA Ty inder Pidssii i 7

Time — —_— Lag l}u)g(z Oyes  ONo S

iti ia Fi ay ON

Initial Tank Level (gal) Media Filter es o H2 Cylinder Pressure psi

Stock Added O

Type of Water Used For NOTES: N2 Pressure psi

Dilution C . — - " - ! 75
Volume Dilution Added Cl OR SITE T (KS7ace KEW FloAT swTeH fok SeconbARy | [ e scfm -

gal) A

Total Volume Added CORNTAIRMERT, APT oN SITE TO ConsTRuctT SHAE BArRlef P

al P ? g

o T T Atep NORTHERI END OF MRBSR upN|T. [NCREHSED> Ssobifm HYPe Twkl Se77mGs TO
ligal) : i - : : e & . ;-
Note: There are 3785 mL per gallon. @9 SPi @ / (2 @;z‘_, <i (Y’]zﬂ M\ LIO.S'I{?I‘-‘\ / 1 OO Pe/) . M EPC‘I‘ fZE_D clz PES DAL PR Tt }/

Arcre MEDIA FioTen -'-\]?46&5“'33/,,, THERE wAS RO TAEP (OVERING 1D



Ngres oNT. ..

PeeTion eof  sopicm  AHYPe TANKR  wWHICH  woutD LEAD THE cORCENTLAT IE N
70 DeopAbe, CoverReD Lip W) BLhck TRASKH BRS  IN oBPER 7O BROCK CLIGHT
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Data Log Sheet

ESTCP: Technolc  emonstration Plan
Perchlorate Destruction Usi.., vlembrane Biofilm Reduction
ESTCP Project Number ER-200541

7O MBFR AND WAITING gy TAKE TPERCHLORASE
6 NIRATE LgV€Ls O 01T S(BEER~(Di> THIS

Date: 9~/ & -1l Time: .?4"”‘ Operator: _BE€RIKD £ F Treatment System Inspection
Field Samples : Outlet Totalizer gal |@ [8‘./3 OO
= -
8 |pH calibration? OYes 2o ORP calibration? [IYes Ffo Turbidity calibration?  OYes [ TargetFlow Ret gpm e
g Standards: 04 07 010 Temp (Deg C): . Standards: 00 [J20 (0200 J1000 (14000 Internal Recycle Rate gpm 2%/ O
& |standard Reading: 4: 7: 10: Standard Reading:. 20057 2 < Readings: 0.107: 0.301: 0.491: :
Lead Sample Lag Sample |MBIR 1 pH std units "7]2_
Lead Reactor: U MIBR1 if MBfR1 in LEAD: SP-200B O Sample Collection Time: MBIR 2 pH I—— 7
MBR2  gp.100A O if MBIR2 in LEAD: SP-100B ¢ ya
] = = » c = o =X MBIR 1 ORP mv :
5 2 g 38 | of S |gs5 23 gz 947
E 'E 3 e 3 38 © ?E3 9 T EE ||meR20RP mv
& 5 & 38 = & 5 SEE = 5O =
& - o o < w ic o Nitrate Frequency Hz -
« |PH {std units) 7. 6 3 7: ?’.;_ ZS’S 7! gg 7| 73 7: 8&7 Lagt N-Feed pem (N) 7!7 g
8 Temperature (°C) IS\ C1 QO\ O 2/! / {Q{, I 2 f. | 40»‘? C Last N R1 ppm (N) oy g0
o : . -7 : - -
2 [ore oo |130 |-295 |~430| -i9S|-%¥ 279 L M]3 63
o e 5 . : T e
@ | pissolved Oxygen (mgiL) 7 /i 6 !; MBfR1 Sparge Rate mm ;{O
Nitrate + Nitrite (mg/L-N) 9 4.5 . % g ki . 39 80
: i | : spm o
Nitrite (mg/L-N) O 0:.751 0.4 m Phosphale Pump Seliings: o ok 1o
- Phosphate Concentration
mw | O ER Pt malPO!| e
Turbidity (NTU) — . Aeration Tank Air Flow scim g£ l
Chiorine Residual | (mgn) D.05 Air Tank Pressure psig | 9.2
* Signifies MBfR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Nole: shaded boxes are to remain blank Target Media Filter Flow gpm ‘7
Rate
Post Finished Water Backwash Record Inventory Media Filter Inlet Pressure | psig =% s
System Inspection Backwash starttime: ) 1 © OP Y Type Check | [Media Filter Outiet psig | .2
Collect while sump is running Backwash duration min H3PO4 Stock (gal) FL ¢ | |Pressure -

Bag Filter AP psi 3 Initial Product Tank Level gal Sodium Hypo Stock (gal) e 30| |Sodium Hypo Pump spm b ©
GAC-1 Pressure psig [ "" Final Product Tank Level gal - 5 |Dissolved Oxygen 3/ Settings % stoke| /O
GAC-2 Pressure psig 9 Time of sample collection:  J DO P V™A ,E? § Nitrate + Nitrite i Coagulant Tank Level odl \

IX-1 Pressure psig [\ Location | Turbidity (NTU) TSS Collected? % =2 |Nitite 9

Lead Purge 1 Uves CiNo $ ¢ [Sulide ] Coagulant Pump Settings
Feed Tank Additions Lead Purge 2 OYes  ONo §% [cnorine & 5 PSS MtZonl 7
@
i oy ON [ : —
H3PO4 | Sodium Hypo Lag Purge 1 es o o-Phosphate 2 605 jindar Bhassins i 2
Time Q :l—f5 Lag Purge 2 OYes ONo
iti / ia Fi &TVesy ON )
Initial Tank Level (gal) Q B L‘ / a_ Media Filter , 76 7 ‘_____e) 0 For SEC c&idTATIN HMENT|H2 Cylinder Pressure psi b] O
Stock Added o |3.€ # :
Type of Water Used For ] ; NOTES: / "
D e INF | MED. Fuz o : —— Ne Prssure | /o]
Volume Dilution Added 2.6 M 15 (Ol NSTALLED pew FoaT SwiTCH ye STERDAY AND |2 Fow Rate scfm =
(gal) ) = . o ; e i
~1go1al Volume Added 2 i i :z 5&6(5‘5Fd Ly 7es7i e /T e AP{ 9N $ (TE TO FG‘F'MH
al) v - ] _ R = )
i ok Teve 5.0 | 30 VARIOUS MAINTeNANCE TASKS AND TO MEET «(TH [VISITeRS INTERESTEDS  p) THE
[nal) _— . .- e .
Note: There are 3785 mL per galion. TECHINOC o@l){l CONPUCT ED PATCH TEST ON MEFR'J THIS N(LuDeD SHMTTZ”GI of " INFLuen7

sAMELES BASED ON mpR (ToR NG

R RA Fips7 THEN /3I>=



Data Log Sheet

Date: i’[. g | !

ESTCP: Technolc

emonstration Plan

Perchlorate Destruction Usii._, Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Time: 9 '1/ gﬁy\

Operator: _[>€ROKOF ¥

Treatment System Inspection

\
Note: There are 3785 mL per gallon.

CHLORIMNE PumP SETTINGE o FRAY, PuMt wp< st

[zesibuApL,

PosT Memip grrefl LOERE . > 5 PPM.

Field Samples Outlet Totalizer gal 690%@ d
c ’
£ [pH calibration?  DYes o ORP calibration?  OYes E1Ro Turbidity calibration?  CJYes o Jarget Flow Hale om | &
S |Standards: 04 O7 010 Temp (Deg C): Standards: 00 120 1200 11000 4000 Interrel Recycla Rate on | QF O
& |Standard Reading: 4: 7 10: Standard Reading: ,%62 20 Readings: 0.107: 0.301: 0.491:
Lead Sampla\Laq Samgle MBfR 1 pH std units -
Lead Reactor: B s P-2eh .f MBIA1 ! EAD: SP-2008 O Sample Collection Time: () MBIR 2 pH std units 7 ;
if MBIR2 in LEAD: SP-100B O ’
o ” e c o
Q -~ 13 - - MBfR 1 ORP mV -
g 2 | § [ 38| 28| 2 |=s% s £3
E 'S 3 LR S © o =2 8 s €% | |weim20RP mv [ =22)
3 = E el ¥ 7] sSCE €= £3
. - o 1 < w i o Nitrate Frequency Hz el
g [o woug | 7.7 | 740 | — 18,02 [7.76 | 7.5.5] |uastnFeed wmw] 7.9%
© -~ .
g Temperature {°C) 2 L{. o o/ 5 o o ::94- 8 95- 0 9"" 1 B’ |Last NR1 ppm (N) &-—’
= 5 ; . -
g [orP w | 86 |[-aA93 i |Lastn R pm (N) | Do S|
ad =
| - — g 0,25 - MB{R1 Sparge Rate mm 9% ©
Nitrate + Nitrite (mg/L-N) g 0. 5 - MBf{R2 Sparge Rate mm 93 )
” ; spm A0
INitrite (mg/L-N) O FUgAphate FunipSetings % stroke 20
Phosphate Concentration
Sulfide (mg/L) O m lat Strainer mg/LPO4 3¢ 5
Turbidity Aeration Tank Air Flow scfm 3 . _7)
Chlorine Residual mg > S AlriTank Ersepure psig Q' ‘
* Signifies MBIR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Nole: shaded boxes are to remain blank Target Media Filter Flow gpm
Rate L{‘ g
Post Finished W.ater Backwash Record Inventory Media Filter Inlet Pressure |  psig / O‘Cf *
System Inspection Backwash start time: Type Check Media Filter Outlet il : %
Collect while sump is running Backwash duration min H3PO4 Stock (gal) ~ o Pressure / ! 7
Bag Filter AP psi 3 Initial Product Tank Level gal Sodium Hypo Stock (gal) ﬁ?ff Sodium Hypo Pump spm 60
GAC-1 Pressure psig |15 Final Product Tank Level gal o S |Dissolved Oxygen B/L; Settings % stroke | s
GAC-2 Pressure psig {1 Time of sample collection: E’ % Nitrate + Nitrite i A -
Ci lant Tank Level |
IX-1 Pressure psig I ?,’ Location Turbidity (NTU) TSS Collected? 5 = [Nitrite 9 RgHIETIAn e aa & 5
Lead Purge 1 UYes LiNo £ ¢ [Sufide L Coagulant Pump Sett
— = Ui um Iings
Feed Tank Additions Lead Purge 2 OYes  LCNo § % |chlorine S 9 P g 7RI
1]
H3PO4 Sodium H Lag Purge 1 OYes ONo + |o-Phosphat
il gy SARLLS L 3 CO2 Cylinder Pressure psi "7 O
Time - Lag Purge 2 OYes ONo
Initial Tank Level (gal ia Filt OYes ONo
e Tenk evel i) 9 : ""L 3 9‘ IMedla ki H2 Cylinder Pressure psi ﬁ 0
Stock Added (pa L) 25 &=
Type of Water Used For ’ N F I [NOTES: N2 Pressure psi ) ,_7 (?‘
Dilution \ . 2
Volure Dilion Added | ) | < Opey R 1s s oPerATION Topi (Tf'“ 5 Pore b y N2 Flow Rate scim i
(gal) : — " )
Total Volume Added 9 % N F_.DG Sl ). Wikl LY SAMRLE LgAD REAcCTO R .
(gal) s - T E , 7 ) ST
Final Tank Level 5.0 19 APr To  PERFORM _S6RIFICMST MBINTERINCE O |wel (‘7’07’ ) Did NeT AbJTUS

AT GO spM, UPER CHECIKNNG
THE coMCENTﬂﬁ‘I_’égLJ.S N BeTH gHE FIRISHED wATeR TANK A T HE
ApTUSTED SETTINGS To Yo SPM, HELIEVER



Nores cold7 . .-

CoRceRTrATION (¥ Pocr smeer A Furee. &7ite METSURES >5Sppra dfo” F oW1 NG

P:.uv\{’ SETTINGS 7D QUSFM ¢ 607 5,'£E-Néz-'rH/ Posr meéLrs gesipube PEAD D, Sff”‘"‘ WAITED
3#% BEFeRE TAKRIRG RESIDuUAL o©R8 Ffﬁ/s,qé:._b WHATER  TRNK ~> Hepp.,
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Jata Log Sheet : ESTCP: Technolc emonstration Plan
Perchlorate Destruction Usn., .Membrane Biofilm Reduction
ESTCP Project Number ER-200541

=Y

i , ] ce . Db aaiA RS
sate:_10/ 2/} Time:  Operaior _ AZLAN Treatment System Inspection
Field Samples - _ ' Outlet Totalizer gal %95779
[ - -
% pH calibration? es [CINo ORP calibra’tion'?‘Z )2&?3 ONo Turbidity calibration? ,Z‘¢es ONo Target Flow Rate gprm / fo)
& Standardsn}zﬁ 07 )ZT , Temp (Deg C)_2&0- T Standards: 00 20 0200 |:11000 04000__ | [internat Recycie Rate gom /
% |Standard Feading: 47421 7: 10: iod?g, Standard Reading-2687" &.i ' Readings: 0.107: glggo 301 f{[ 0491906 20
- Lead Sample Lag Sample TR MBfR 1 pH sdunits | 7. 57
Lead Reactor: |, MBR1 if MBIR1 in LEAD: SP-2008 1 Sample Collection Time:[~7 10 | MBI 2 pH suits| 7.
MIBR2 * gp_100a [2” if MBIR2 in LEAD: SP-1008 )Z’ ' _ _
H f. = e o © P 1
3 R = - o5 E s E T g | |wemiome mv Q14
= e o . = - Ew Q8 =2 &
£ c 3 Q& 5 8 m 2 =3 a8 |g 2 £ E MBIR 2 ORP mv [ —la S
& =] E e T a & SCE £2 |ogE e
P = T c < w i uw o Nitrate Frequency Hz f——
@ fed {std units) <7 “f@ 7o |7 ‘FC 7-9 ‘7" 7 =7.5% | |LastN Feed pom (N) | =7 . G &
8 fremperature ©C) N \‘1‘ S | 207 | 20 g |zo __ LastN R1 _|pemN) | £D . 2277
2 ' i — — ] N .
2 |orp m | 150 55566 {206 | 5O LastN R2 pom M) | = - &
3 MBIR1 § Rate - 3
O |Dissolved Oxygen | (mgiL) 2 . 4/ parge Ra mm 2;{;@
, 2 MBfR2 Sparge Rate mm
Nitrate + Nitrite parg fi—‘fé
- spm
i el
Nitrite- .Phosphate Pump Settings % stroks g =
Phosphate Concentration |, /LPO4 -
Sufice at Strainer g e
Aergtion Tank Air Flow scfm R
Turbidity "3 "/‘
* |Air Tank Pressure si
Chlcrine Residual L e el . - P Z - {
* Signifies MBiR 1 or MBfFl 2 depe ing on if reactor is in the lead or lag position Note: shaded boxes are [o rermain blank Target Media Filter Flow gom ?
: Rate
. " - - A - - . . .
Post Finished Water ﬂf‘:’i’fw Backwash Record Inventory Media Filter Inlet Pressure psig /d s 2
System Inspection v Backwash start time: Type ,Check~ { |Media Filter Outlet psig /d I
Collect white sump s running P Backwash duration . min H23PO4 Stock {gal} | | [Pressure S
Bag Filter AP psi 2 initial Product Tank Level gal Sodlum Hypo Stock (gal) /& v~ Sodiur Hypo Pump spm ‘2-0
GAC-1 Pressure psig | [l Final Product Tank Level gal n§ |Dissolved Oxygen .| [Betngs . %swoke| fOO
GAC-2 Pressure psig { 2 Time of sample collection: . 23 Nitrfate + Nitrite q;’ < | [coaguant Tank Lever gal
I1X-1 Pressure psig 'ZD ] Location | Turbidity (NTU) | TSS Collected? El 2 |Nitrite > - ' .
2 Ifid . |
— Lead Purge 1 OYes  ONo g Suffide 21 [Goaguiant Pump setings él$
Feed Tank Additions Lead Purge 2 : OYes CNo 2% Chlatine A
3 : :
i i ON - o =
H3PO4 .| Sodiyn Hypo Lag Purge 1 OYes o o-Phosphate 02 Gylinder Pressure pei z?i
lime - 7% ‘3 Fi] Lag Purge 2 OYes ONe
nitial Tank Level {gal) 2] Media Filter OYes ONe H2 Cylinder Pressure psi 7
Stock Added JoCn. {
Type of Water Used For | pu= |- NOTES: N2 Pressure psi [ Lfﬂ 6
Dilutien 4 L e — 4 - . . - .
Volrne Dilution Added I~ yave Xv-- 167 oW e | s uw»u&i@ g cOM N2 Flow Rate scim
(gal) o fara L , . T~
Toral Votume Added = NetipieD ApT. Leai pra pHISpHME Puw?/ TRVE Foui:
gal) it e - e \v! P . ) e . -
Evar Tank Level = \ PP p—-100 1¢ ?p"" LUD C/ﬁﬁp:ﬂ*‘\f— g:‘;é 5
Nt > NgEs 2 ¢ €D, &P - .
Note: There are 3785 mi per gation. 1 ICC/TUD N Vauue \JMA’S EALEED } y) i
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Data Log Sheet

ESTCP: Technolc

‘emonstration Plan
Perchlorate Destruction Usi.., vMembrane Biofilm Reduction
ESTCP Project Number ER-200541

Date: /0 I Time: 3 i %))Q'M Operator: BrroikoF F Treatment System Inspection
e amples Outlet Totalizer gal f fls
Field Sampl 2
c
£ |pH calibration?  Cives =Ko ORP calibration? CIYes GG Turbidity calibration?  [1Yes oo Jaretllow Hate apme ) ED
o |Standards: D4. 07 010 Temp (Deg C)._ Standards: (J0 (120 (J200 [J1000 (14000 Internal Recycle Rate gpm /,?O
8 Standard Reading: 4: 7: 10: Standard Reading: 200: ___ Readings: 0.107: 0.301: 0.491:
Lead Sample Lag Sample MBfR 1 pH std units -2 )_
Lead Reactor: U MIBA1 if MBIR1 in LEAD: SP-2008 [J Sample Collection Time: MBIR 2 pH St e i
WMBR2  p 1gpaA O if MBIR2 in LEAD: SP-1008 3" 7
] = = = c = o B MBIR 1 ORP mv - -
3 @ g 28 | o8 S 85§ 25 £z A b50
E c 3 LR S& o o =3 83 £E | |vBiR20RP w | 90
g =) = 7o T e o SCE = 50
£ = o o < w ic o |Nitrate Frequency Hz @-
« e sdunits) | 7+ 6 7 7 s€|7.4% .59 |7Zga T4 LasthiFead (N | 7,99 -
o o 5 N/ " ;
0O |Temperature (°C) {2- (D ‘%(3 m& -90! 5 g’ 0; I B ppm (N) O
o g T = : E )
g lore (mv) [ 79 Yoy =549 el 30 Lastihis N 2,24
S ; | .
@ |Dissolved Oxygen (mg/L) ?a O ()r { S ¢:0 5 LI' 5 ¥ NBIRSpare tate e 9‘7{0
Nitrate + Nitrite (mg/L-N) ‘?, 0 .10 MEReSpaeitte mm o; A
7 : i spm <
i (g ) O O 7 5’ Phosphate Pump Settings T e B
Phosphate Concentration
Sulfide (mg/L) O fp seaniias mg/LPO4 / ; '8
Aeration Tank Air Flo scf -
Turbidity (NTU) ' v m 3.2
Chlorine Residual |  (mgn : ; e ,z O | ! B Tapk Rressute paig ol
* Signifies MBIR 1 or MBIR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours ﬁ_/ Note: shaded boxes are lo remain blank Target Media Filter Flow gpm 7 3
< ’ Rate '
SEt
Post Finished W.ater Backwash Record Noféﬁ Inventory |Media Filter Inlet Pressure psig 03' é’)
System Inspection BackWash start ime: Type Check | |Media Filter Qutlet psig g
Collect while sump is running BackwasPduration min L H3PO4 Stock (gal) Pressure /HS
Bag Filter AP psi 1 3 Initial Product‘TaqLc Level gal / Sodium Hypo Stock (gal) Sodium Hypo Pump spm JC)
GAC-1 Pressure psig j Q Final Product Tankteu.gl gal//' o |Dissclved Oxygen Settings % stroke | /O
| n " ) —us (1] r rrery
GAC-2 Pressure psig = Time of sample collelculom ,/ 55 N1.tr_ate + Nitrite Coagulant Tank Level il g-
1X-1 Pressure psig as Location | Turbidity (NTU}[_  TSS Collected? % 2 |Nitrite
Lead Purge 1 o~ | “tlYes [No S g [Sulide Coagulant Pump Setti
— — Ev u u ings T
Feed Tank Additions LeadPurge2 [ " Oves.  ONo 83 |Chlorine : S M g Y
B D
H3P! odium H Lag P 1 OYes ONo + |o-Phosphat
il Ll s o osp® CO2 Cylinder Pressure psi 6? 0
Time Lag Purgy/ LYes CNo
p—
iti ia Fi ay CNo
Initial Tank Level {(gal) iMedla Filter es H2 Cylinder Pressure - q 0
Stock Added
Type of Water Used For [NOTES: N2 Pressure psi ‘ Lf y
Dilution . R R . - "
Volume Dilution Added AW pio ZiTE ufciv AREBWVAL FrelilG co AGA T TRIDIK. N2 Flow Rate scfm !
(gal) - ; e -
Total Volume Added A SieniFiltAT LEHK O coplir HYPD Ml €itTing
(gal)

Final Tank Level
{oal)
Note: There are 3785 mL per gallon.

conNecTion®  TUERE (s B CRACK OR o1 OF THE DISCHRREH
(Flrriwdbs, EPoXY -ED EiITiBG AND Aciowep 12 PIRY,,,

T0

RESTART  Pum BT \B-ZBANTZiINUWED TO CEAL, RiCH w/APT

SEVERKRL Heu

Fir7inG ToR THIS, REPUACED B FILTER WITH ivc/so BAGS.

, S LATER — AyTE€MPTEDL
i5 CRDERING THE




NoTes <oroT. -+

HIGH sumP LEVEL TRIGGEReEES From PAIN. REMOVEL GATER FRrort S€c. ceNTHIN/ 2

AND DIRHARDED [T 7o TiHE Growrd (RAIN whATer “W""i)o EvevAted THE ‘¢DM SeconpARY
CORTAINIENT HIGH tevee swireHd 2 INCHES .
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Data Log Sheet ' ESTCP: Technole  “emonstration.Plan
: Perchlorate Destruction Usi. _..lembrane Biofilm Reduction

.l f : ‘ . ESTCP Project Number ER-200541
pate:__16/7/ 1! Time: _<T" o Operator: AN _ Treatment System Inspection

: : Field Samples E Outiet Totalizer sl | Lo B
= ; -
2 |pH calibration? es ONo ORP calibration? es [No Turbidity calibration? B{es CINo Target Flow Rate gpm / 0
5 |Standards: ﬁ . R Temp (Deg C}: d Z‘ Standards: ﬁo ?ﬁo ?{200 ﬁ 1900 D4000 Internal Recycle Rate gbm f 90
& | standard Readiirig: 4 _’-iﬁﬁ 7.02.10: ie-C]  standard Reading-206— Z-if Readings: 0.107: _R_g 301 AS 0491 As
Lead Sample Lag Sample iz& \ MBfR 1 pH stdunits | =7 2
Lead Reactor: /a/"‘"Bm : _ I MBfR1 in LEAD: SP-2008 2" Sample Collection Time: MBIR 2 pH sutunits | 7~ 27
L MIBR2  gp_10pa 1 if MBIR2 in LEAD: SP-1008'0]
[ L4 .
u, - = = c - - = - - [ B3_ MEfR 1 ORP mv | —
;: g | § | 38 | o3 S |es8ls5g| 25 |o8(08| -5 £z 224
£ £ 3 LR 5 L] s=32|loc s 28 |38 3| 32 EL | [MeR20RP mv | lg7
P = £ e o @ ELEleor| €2 I gE(GgE| T F 5O
3 = o« [ < w 7] ic w w w o Nitrate Frequency Hz —_——
o ctaunitsy | 7 ',35' ‘7 5 7.5 |77 237 J— P mmeee | |LastN Feed ppm (N) g -02’7
a Temperature C) i? i /‘7' [ ZO . L'L 2o 5 — e == |LastN R1 ppm (N} [+ 8 f
Q ] ) L £ ] .
£ lome o | /B |—FHe |=$30 222 "'/"?lo 4] LastN A2 - opom () [« 0 D2
o : ; -
@ |pissoived Oxygen | (mgny 0«2 0.08" & ¢ ‘7 MBfR1 Sparge Rate mm | &'-f‘(‘)
Nitrate + Nitrite -~ | ¢mg/L-n) 2 "75 2@ 0-Z. - 2 MBfR2 Sparge Rate mm A0
: _ ) spm 7
Nitrite , (mg/L-N) 0 0 75 1) o Phosphate Pump Settings |-~ s X3
: . Phasphate Concentration .
|sutride (mg) % ) O« Z 0 - 0 {ar Strainer molPos| £Z2-
- — — e Aeration Tank Al Fl scfm <
Turbidity (NTU) j nk Air Elow é 3. L
Chiorine Residual e O, (_0 O. i Air Tank Pressure psig 35 . §
* Signifies MBfR 1 or MBfR 2 depending on if reactor |s in the lead or lag position - this changes.every 96 ho Nota: shaded boxes are to remain blank Target Media Filter Flow . . L £
<’ HLG?'I"L@ M— Rate aem ? o
- ' . St o Fi ;
Post Finished W_ater Backwish Fleco(g ¥ Inventory Media Filter Inlet Pressure |  psig A fé
System |l'lspectlon |Backwash start time: f i ; o0 Type LCheck Media Filter Qutlet psig /: . s—-
Coilect while sump is running . IBackwash duration min -|H3PO4 Stock (gal) I Pressure
Bag Filter AP psi z |Ini|ial Product Tank Level . gal e Sodium Hypo Stock {gal) i'§ / Sodium Hypa Pump spm AT e
GAC-1 Pressure psig 17 |Finat Product Tank Level gal v oS |Dissolved Oxygen | - " | [Settings : % stroke | ~F |
GAC-2 Pressure psig i’?, ] Time of s.ample coltef:tion: . % -% N{tr.z:tte + Nitrite "i 2| |coagulant Tank Levei gl /
IX-1 Pressure psig 2.5 Location | Turbidity (NTU) | TSS Collegted? g 2 |Nitrite . .
Leadh2yrge 1 OYes~" LNo & 2 [Sulfide [ T ] -
2T = Coagulant Pump Settings =
Feed Tank Additions Lead Purg‘?"*-..,___ es [JNo ? E Chilorine 1//- au P g _ /z_
HaPO4 Sodium Hypo Lag Purge 1 >l OYes ONo ~  |o-Phosphate - COR Cylinder Pressure pei
Time |2~ | 4:00 Lag Purge 2 / D‘M : ' ?0
Initial Tank Level (gal) 2 |/ [Media Fiter—] OYes ONo T _ 42 Oylinder Fressure . E
Stock Added Ze7) @ AR LLONG . '
Type of Water Used For { - NOTES: N2 P i IR
‘Volume Dilution Added 3 s 0 { b (l?r tﬁ’-&SﬁG U&Mr ng'l'WZE‘ "‘%@ &;’ﬁs Li{%} . W\{ N2 Flow Rate scfm ‘
{gal) P A Cerd iy . ca o AL
Foarvoime Amdes 0 7z 71. MigeT Gus PRESSURE Bedb WEL . CDw *Zoueccts
_(ggl) - ' 3 A . n o 2 o 3 ) 1y
Finad Tark Level E0 %_0 UeBBITY SIawDLE Alp KEND B LAR - &Dm £ abT DN E, ‘WBLDN"{
(oal) : - [P s -~ \ A - o - -
Note: There are 3785 mL per gallon. = % NQT"CC WE"-L P'\ch Pt\? EN&" Ha.& M\‘L’D 1 !i ‘6 w& . ’6 Ib '/I

Have PIDRESSED |SSug BUp PLACING CadBags. | —

=



0%

Neteg cawy °

< Mﬁfzn C;Zt\ibuc,( S Lefpwge AT POINKE oNGTE .
LU

y Lo+ OB i e oands Sow-pre  [NSTHLA o
O THaBlvet vl Lile o The S - AFTT M4 Peducep
oW o & . AP WaS et The Rl A SowerioN,
Cosm  UNDRE Hp  CALIBE-ATE TTUEBRWBITY  uegTer

‘%"ﬁw-& WETEK.  peapinér€

HZZ ) 0 | vemane | €0 H, S
0L TEST— | jeefe | 26 (5% SO g
?ns&‘/t:nu, Ieags | Pass fags | pass
Acitarion | 2047 D [367 4
~fop> o el <pip B ERZ O 1o 0
- Webw Pt |44 O ' G 0
S Clov ke /4 | 5% | [ 24f

B-74



Data Log Sheet

ESTCP: Technolc

emonstration Plan

Perchlorate Destruction Usir._ .Jembrane Biofilm Reduction

ESTCP Project Number ER-200541

0474

—uERw W/ o Vial

o/io / i _ 7 2.l c4anN
DatezL— Time: 5 Operator: __ A Treatment System Inspection
. . Field Samples |outiet Toralizer e Y7080
-.% pH callibration? E‘¢e;{ CiNo ORP calibration? )Z‘fes ONo Turbidity calibration? ‘zﬁ”es EIN[;/ Target Flow Rale gpm &
& |Standards: Z14 17 A10 " 4 Temp (Deg C): Standards: )fzo ,E'ZUO )1’1000 4000 Internal R
= . EEE— . - ecycle Rate m
& |standard Headifg: 4:4-0%7:7: 0% 10, j0. I Standard Reading:2ee: _ ZA% Readings: §.10747 4 0.301: < YHfo 401,632 i w / go
Lead Sample Lag Sampie i = MBfR 1 pH stdunits | =7 . [/
. O MfBR1 ’ i i - SP- ion i '
Lead Reactor: BR2  p100m.2f MBI in LEAD: SP-2008 E’ Sample Collection T'mE- MBIR 2 pH_ sdunits | 7 - 22
= L4 7 -~
5 - » = c = ° B~ | |veR10RP \ B
g e | § |88 | g5 | 2 |gsz} 2 s W |"b3e
c = ® =3 o E — ot
g £ = ;j b 1 : SEE £ % 3 MBfR 2 ORP mv GSS
iy = 1o 14 < 1T} i o Nitrate Frequency Hz —
‘ —— - o = -
o [pH {std units) 7w +’Zf '7‘ E; 5 7‘ > Z 5 N O’ —7"4‘; Z 5:2' LastN Feed ppm (N) 6 . [,23
= . . : .
0O |Temperature (°C) I‘? - &?. Zi 5_ 25 -S" 22 : 0 ‘2 i 8 ﬁi" '2’ Last N R1 pem (N) / s&’
[+£] PR —
'E_ ORP ) ! e — Last N R2 ppm (N) & ,og
o g p
B |bissolved oxygen | man) ‘IL MBTR1 Sparge Rate mm 7_5}-0
Nitrate + Nitrite {mg/L-N) MBfR2 Sparge Rate mm 24'&'0
i spin 20
Nitrite (ngiL-N) Phosphate Pump Seﬁlngs T Sroke A
Phosphate Concentration M
Sulfide - (mg/l) ot Stoies mg/LPO4
Turbidity (NTU) Aeration Tank Air Flow sefm g . +
Chiorine Residual mg/L o R } 7 ) Air Tank Pressure psig 2 . [#4
* Signifies MBfR 1 or MBfR 2 depending on if reactor is in the lead or lag position --this changes every 96 hours Note: shaded boxes are to remain biank Target Media Filter Flow pm J g—
Rate 9 !7‘ 3
- Post Finished W_ater Backwash Record Inventory Media Filter Inlet Pressure |  psig -, 7
System Inspection Backwash start time: . Type Check Media Filter Outiet s i
GCollect whila sump is running . Eikggash duration Ty H3PO4 Stock (gab) & Pressure psg [ %
Bag Filter AP psi /A Initial Prod nk Level g™ Sodium Hypo Stock (gal) JO foradl. [Sodium Hypo Pump spm A
GAC-1 Pressure psig [y Final Product Tank | ) ™ - % Dissolved Oxygen " Settinge %stoke| [ OO
GAC-2 Pressure psig { 2> Time of sample collection™ye” © 5 |Nitrate + Nitrite v
IX-1 Pressure psig {2.’ Location Turbidij;VmTU‘)\ TSS Collected? I% § Nitrite v’ Coagulant Tank Level gal 0
' - Lead Purge 1 | .~ \S@s ONo S g [Sufide V| | oagutant Pump Settings )
Feed Tank Additions Lead Purge 2 |/” | Oves~_0No 8 [cniorne S N kil 7Y/~ P
HaPO4 | Sodium Hypo Lag Purge ¥ Oves  [DiNg P _loPhosphate i €02 Gylinder P !
i Inder Fressure Sl .
Time F:230 7. Lo Lag PyrGe 2 CIYes DNO\\ p g‘f
initial Tank Level (gal Metia Filt OYes [ONo
itial Tank Level (gal) % . 2; ia Fitter M2 Cylinder Pressure psi qf
Stack Added 's) &
Type of Water Used Fi ) [WOTES: )
At _ater = INFE o E———— - e : - ~ —— - N2 Pressure . psi /@ 4
Volume Dilution Added ﬁ 0 M MeTieeD T D Bliad.d S0 W‘Y L ALCRTED N2 Flow Rate scfm i
(gal) | : - : Yy - N e
ToaIVlar Aed 0 BT akb Stwr—obr THE - O UNRLE—D TAKE

Final Tank Level
M

al) é L
S

25

Note: There are 3785 mL per gallon.

ORP AU 1 ouatioNS, TReBE eeds T2 RE REPLACED.
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Data Log Sheet

ESTCP: Technolot

ymonstration Plan

Perchlorate Destruction Usiny, .viembrane Biofilm Reduction
ESTCP Project Number ER-200541

: & 2 T ;
pate:_10 /14 /1 Time: __7 M Operator: _ BEROKOF Treatment System Inspection
Field Samples Outlet Totalizer gal b‘f‘? 33(_)@
c .
2 |pH caiibration? ¥es ONo  NEEP ’;\;‘;’é ORP calibration? CiYes ®flo Turbidity calibration?  @es CINo Target Flow Rate on | o
& |Standards: B{ 7 010 Bufre ¢  Temp (Deg C):__>= Standards: 00 [20 0200 31000 [14000 Internal Rec
= i ’ 7 ycle Rate gpm / 8-0
& |Standard Reading: 4: Yei7_ 70010 = Standard Reading: 200: Readings: 0.107: 0.301: 0.491:
Lead Sample Lag Sample MBIR 1 pH stdunits | 7, a
Lead Reactor: T MBR1 if MBfR1 in LEAD: SP-2008 O Sample Collection Time: :
- MBfR 2 pH td unit -
WMBR2  Sp 100A O if MBIR? in LEAD: SP-1008 B g ko W40
T c: preny -
% " : B § o § 5 sy E gi MBfR 1 ORP mv Lfl./a
= - =
& = 2 LR 38 o 2= 3 EE ||vsR20RP mw | ~J4o
@ o c * E * g Q S E 50
o - < w o Nitrate Frequency Hz -
« |PH (std units) -z @O 7: 2O 7- 5:2 S/, (@] (a zgg 7, qg LastN Feed ppm (N) g‘ { 7
8 Temperature (°C) ,'..?6. O 9 Q. 5 2 L/, 0 ;.gl C', 5’4-3' & a gl EpIL() /a ,2 Q
@ T
E‘“ e = i LastN R2 N &, 05
[1"]
@ | pissolved Oxygen MBfR1 Sparge Rate mm 2 q D
Nitrate + Nitrite MEIRe Spurge aw mm 240
. spm 19
Nitrite Phosphate Pump Settings T F15)
Phosphate Concentration
Sulfide il mglPod| 4 &
? - =
Turbidity Aeration Tank Air Flow scfm S, (,/
Chiiis Rsskiugl Air Tank Pressure psig y' o

Post Finished Water
System Inspection
Collect while sump is running
Bag Filter AP psi oy
GAC-1 Pressure psig iy
GAC-2 Pressure psig =Y
IX-1 Pressure psig Y
Feed Tank Additions
H3PO4 Sodium Hypo

Time 250 | jprrg
Initial Tank Level (gal) 3 /g
Stock Added 50 ~
Type of Water Used For
Dilution f "J F -
Volume Dilution Added 1
 (gal) =
Total Volume Added 2 N
(gal) =
Final Tank Level
(oal) 5 ’g

Note: There are 3785 mL per gailon. .

* Signifies MBIR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours

Note: shaded boxes are to remain blank

Target Media Filter Flow
Rate

gpm L?L

Backwash Record lnventory Media Filter Inlet Pressure psig ‘; q
o
BacKwyash start time: Type Check Media Filter Outlet pélg / 3
Backwask duration min H3PO4 Stock (gal) Ve Pressure 2
Initial ProduchLank Level gal |~ Sodium Hypo Stock (gal) v | |sodium Hypo Pump spm 20
Final Product Tamevel o § [Dissolved Oxygen v | [Setiings %stoke| /O
- - 2 - —
Time of s-ample culleltﬁ:aq. 2 -§ N!trj'ate + Nitrite -~ Coagulant Tank Level il J o
Location | Turbidity ( TSS Collected? Tz Nitrite o e
Lead Purge 1 L N OYes  ONo S 2 |[Suliide - ]
=¥ Coagulant Pump Settings
Lead Purge 2 / B{es CINo § + [Chlorine e 4 ; . OFF
(]
Lag Purge f OYe! ONo = |o-Phosphate v
g Porge 347 \J\ d CO2 Cylinder Pressure psi

Laglaurﬁ 2 Oves  ONo g g
Media Filter OYes ONo

H2 Cylinder Pressure psi q O
NOTES: N2 Pressure psi j 5 3

.. e ;

Sopium HIPo TANK WAS LEFT iCoVERED EXPOLING (T | [ro o ~

To ¢ /GHT . com oveRel> w/BLACR FRASH BAG Mub

SECLURED (T Te TANK. JINCEEASED SPM oN PumP

CCLJ,) To "?OC,PM flrem 20.

THIS ELEVATED ToST MEDIR FRTER (lz conceiaTRATION T S ppia.
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NOTES ¢oNT

USEE  Citjcop) SotuTionN TO PREP SAUFLE VIALS PURPIRG TRy IDIMETEA
CALUBEATION  AND  DuUpiNG  SAMPLE ANALYSIS., HAeconping yo THE
VALUES 12> Perow TABLE, g2, THE < Oclmru STANOARD Di> NOT READ
PROFPERLY BY DispiAYING 4 VALUE NEAR O NT U. NEW SAMPLE VIALS
WERE USED PurING ToBAYS ANALYSIS,

TURBIDIMETER. 1S wAY of § —> REAPING & O FRODUCT wATER , THIS (NSTRUMENT
REQUIRLS A FAcToky “rung up’

Tugdidr TY STANDARDS ~FOST CACIBRATION

~—

Y4600 oru —> 3999
(000 RTu —=> 84L& GG 7
200 NTU —=> oo
20 NTU = 20,06

0¢) pnTe — o, 294
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Data Log Sheet ) | | ESTCP: Technole ‘smonstration Plan )
‘ Perchlorate Destruction Usir., «lembrane Biofilm Reduction )
ESTCP Project Number ER-200541

Date:__ € Z[ wAAT Time: ‘?ﬂi‘-‘\ operator: _BEROKOFF - Treatment System Inspection
Field Samples . . _ Outlet Totalizer gal (@{ Ecigctj
= : ‘ 7Y ;
£ [pH catibration? Eﬁzﬁes ONo ORP calbration? CYes Ho 211G Tﬁ&rbi‘c:l)ity Galibration? (gfes Em‘{o“ TargetFlowRate . | gom | fED
5 |Standards: 4 10 Temp (Deg C):_ 'i'."_ Bt Standards: 00 [020 0200 01000 04000 Internal Reg - /
= N f N : - ’ . ' . vecle Rate gpm
S Standard Reading: 4: Y.00 7 63?10: - Standard Reading: 200: Hew PP Raadings: 0.107: 0.301; T4 : . / s o 'io
Lead Sample Lag Sample . ] e |MBER 1 pH std units '7;
Lead Reactor: ) IiBR1 if MBIR1 in LEAD: SP-200B8 0, Sample Collection Time: ' | iR 200 , .
, std units
E’%'BF‘E SP-100A [ _if MBIR2 In LEAD: SP-1008 i 7 A
B b P = b+ ] -5 0
5 . E o5 ol 5 53 EE | ImBIR 1 ORP mv 3
E s 2 g & S5a ] o = gE | |mBim20mP mv 22
s S £ e ¥ @ =i 5§56
o = x - @ < a Nitrate Frequency Hz —~
« |PH {std units) 7# 5 7 7’ ’(0 z S—Q 7i qq 7$g Last N Feed ppm (N) 3‘,0%
. ) ; . )
O |Temperature (°C) /19, 3 | Ri: i .Q/: £ | . 7 21 g Q =y Last N R1 pmiN) | &, Ao
® - ; PR .
] g— ORP {mv) - = - - — Last N R2 ppm (N) 5, 2]
&
@ IDissolved Oxygen {mgiL) gp O 9‘; ‘f 6 & ' s MBfR1 Sparge Rate mm 2(_},0
Nitrate + Nitrite (mg/L-N) / & 7 ' MBfR2 Sparge Rate mm 0‘) N2
. spm ,-;‘e?
Nitrite (/L) O Phosphate Pump Settings 7 stoka 75
Phosphate Concentration .
Sulfide gt ot Srainer mgiLPO4
Turbidity - . ; . ;. Aeration Tank Air Flow sefm *'g ; a
Chiorine Residual g - S Q; o L - | |/ir Tank Prassure psig o el
. * Signifies MBfR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Note: shaded hoxes are o remain blank Target Media Filter Flow gpm L'(
Rate
Post Finished W.ater Backwash Record Inventory Media Filter Inlst Pressure | psig <. O
System Inspection Backnash start ime: /.4 - 90 Type Check | |Media Filter Outlet sl /.3
Collect while sump is running Backwash duration min H3PO4 Stock (gal) Sﬂ Pressure .

Bag Filter AP psi _;2 * |Initial Product Tank Level - gal Sodium Hypo Stock (gal) A Sodium Hypo Pump | sm || B
GAC-1 Pressure psig [Ei Final Product Tank Level gal =5 |Dissoived Oxygens| i1/ 4 Settings % stroke | /ey
GAC-2 Pressure psig i Time of sample collection: E § Nitrate + Nitrite | | 7 %< -

lant Tank Level |
IX-1 Pressure psig LY Location | Turbidity (NTU) |  TSS Collected? = 2 [Nitrite A % Coagulant Tank Leve ga 52
. ' Lead Purge 1 — OYes  L[INo g ¢ |sulfid [ >
—_ — ead Purge ,%52 el .e Yﬂ) -ﬁ ” Coagulant Pump Settings @,::,P
Feed Tank Additions Lead Purge 2 - OYes  ONo Sy [Chiorine {] 5 _
H3PO4 | Sodium H Lag Purgs 1 — CiYes  EINo 2 {o-Phosphat -
- it Rl L 2 e o-Phosphate  { 3 CO2 Cylinder Pressure psi % =7
Time l e ) 80 Lag Purge 2 - DYgS ONo ¢
{ F .
Initial Tank Level {gal o Media Filt ; ] es  LNo :
nital Tank Level {gal) 27 3 ledia Filter g 7" b,} & H2 Cylinder Pressure psi S’g/
Stock Added @’ 2754l Tan\l| :
Type of Water Used For . & [NOTES: } K F
Dilution i“:'"F' Méa Ei1LE - ‘ ., - N2 Pressure psi 4
Volume Dilution Added a -% /g (fﬁ crep ) HAD Tioe MeduiE u—E}——éﬁ—'J——L‘ LRy REALTE, 2 N2 Flow Rate sctm —
!gal! + . > = s - * - .
Total Volume Added 2% 2 HAS o€ Mol © eFFLmG (APT INDICATED THAT
ab) . g - E T N — L ) . . ‘
o o = 36 | Cae OF THE R) MODNES [Bugh oVeER THE weeierd S0 THEY SHur ir Doend:
{nal) N = . P v " L i . p . .
Note: There are 3765 mL per galion. : HEESEMRDRG TUBIDIMETER. 1N FeREACTORY SEEVICE 2 LS e RlboF MMEODEL N STEND,
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Data Log Sheet . " ESTCP: Technolc  emonstration Plan
o ' ) Perchlorate Destruction Usii., +/embrane Biofilm Reduction

; .60 " ESTCP Project Number ER-200541 .
. . * o .
Date: 6/l /i Time: __“1 Operator: AN Treatment System Inspection
‘ ‘ ‘ Field Samples. ‘ . Outlet Totalizer gal Q;S(ﬂ?’-ibt
c : . . N
£ |oH calibration? j#fes CNo . ORP calibration? ﬁfesg Turbidity calibration? . ClYes CINo - - Target Flow Rate em | {0
5 {Standards: (14 007 010 Temp (Deg C): .. _ Standards: 00 20 01200 01000 [I4000 Internal Recycle Rate gom fQﬁ (@M BoTl
g Standard Reading: 4: 7 10: Standard Reading: <200 &ff@ Readings: 0.107: 0.301: 0.491; ;
_ _ Lead Sample LagSample - L B T o . : MBIR 1 pH std units | <7+ 2 _
Lead Reactor. T MfBA1 if MBfR1 in LEAD: SP-2008 L1, Sample Collection Time: : : MBIR 2 pH ud units [ =7,
BRZ  gp_100a 7 if MBIRZ in LEAD: SP-1008 217 : : 2
P Cd . -
g @ E o 8 =8 | 5 s E E“ E MEfR 1 ORP _ mv e Beg &
et - - =
E £ = K] = 58 | [ 1823 2 E MBfR 2 ORP mv ._-4’.7
o = = @ o | - = ik F = - B
o £ * o - ! 1] ic o ; .
a -_ L o Nitrate Frequency Hz —
= (EH : ‘ {std units) |- 7s§2’ 7&2‘7 -7’ 5& 7' 60 . ‘7:77 LastN Feed . pem (N) @ "'OQ
8 [ Temperature (°C} iﬁ "‘i ZD ’ “’] &f < i 2 X2 Zl" (ﬂ . LastN R1 pom (N) | E s 0102
[<F] . B
@ — c— - N
2 joRP m | ET* ]| 20% LastN R2 pem 0| ez (3 or7
g :
& |Dissolved Oxygen & Ca MBSR1 Sparge Rate . mm | )
Nitrate + Nitrite MBIR2 Sparge Rate mm 2—‘+ =
; spm. 2L
|nitite Phosphate Pump Settings o sirols =
Phosphate Concentration - :
Sulfide |at Strainer Mg/ PO4| P
meration Tank Air Flow scfm | e [B- =2
Turbidity
Chiorine Residual mg/L) [ ) L . . LA RN, |\ Tark Pressure P9 Z .0
* Signities MBTR 1 or MBIR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours ’ Nate: shaded boxes are to remain biank Target Media Filter Flow gpm Gr . O
i Raie
Post Finished w:cuter \\  Backwash Record ’ Inventory Media Filter Inlet Pressure | psig /@
System Inspection Badkwash start time: : o Type Check Media Filter Qutlet psig .7e I~
Collect while sump is running - . min | " 5{5 H3P04 Stack (gal) [ Pressure
Bag Filter AP psi > gal”] Sodium Hypo Stock (gal) 15 | |sodium Hypo Pump spm | 20
GAC-1 Pressure psig 1 gal -5 |Dissolved Oxygen Settings % stroke |  fOE
- 7 — - " = @ n — -
GAC-2 Pressure psig Time of sample collef:ﬁ-bq. % 32 Nitrate: + Nitrite g, Goagulant Tank Level gal ) 6
-1 Pressure psig e Location | TurbidigyfRy) | TSS Collected? 52 |witite L
Lead Purge1 | 7 h, PYes CNo § é Sulfide e Coagulant Pump Settings F
Feed Tank Additions Lead Purge 21~ \S(es [INo § % |Chlorine 5 : b i) 3 ©
" of 7
Oye! CINe - o .
T ':SPCM ;ﬂ lum e Il:ag Pu;g(; DY:s\ N: o-Phosphate f’ C0O2 Cylinder Pressure psi @5
ime H v o . urge
20 19:50 g o
mitial Tank Level (ga) | 3. &£~ | 2, 7" |Media Filter LYes TINo~ : ' H2 Cylinder Pressure psi qf
Stack Added O O i —
'I;y!pe of Water Used For |4y A Xy [ROTES: N N2 Pressure psi / tf‘q
itution . ?r "
Volume Difution Added 0 o A"r oNé iTE' ‘D w‘“ FlBeV—S C‘n kBFR l i 2 ol A A\,Sb N2 Flow Rate scfm
{gal) - ; ; " — -
Total Volume Added o) 7 ol FLTER- AD - APT CxeLb gD —THAT Ny, IS Ke _ (Béu ] )
al) : T N HRLES
Final T ank Level &1 28 LONGER- USED 1N Spadéae §1 AR cowppessed _ WAS AR TY (:i ﬂ'\ . %
Note: There are 3785 mL per galion. N&Tﬁw m"‘—iﬁe N M AL(Sb exp A iNgD "'Hiﬂ ‘ -

“T“amum;l (orr) §+ o . ——tueBay (;gg-a’: 0.2 (SWA&Y)

ReciCT MK




NoTES  cCconrt °

APT WAS ARE —w Pepak THe ey " wenne

teowt wep | . “te Fauuge WAL Net-DU€ To
Shexy, It WAS Found —tHAT —the - WUT Wk teode.
BeT PEAPPLIED O~ Btéy AND “TIEHHTEMNED ~the
P BUT, EdDm é. ma-r OBRERVED “TW— Svie JES Hawe
Less Pukieant (W,8) swel . Fepr Teowe Mot Repowir
C—ow-eoc-t,\{ Ar \2i20 APT Swer 30wl Figel AW -
initine -mp.amﬂr*i PEADING- ON em-n,me fevge = 0.2,

@ 1130 =y = C.{l S CPWM WwentiopeDd AGUSES C@,_,HLSJOO’LQL)

BesutTs ARE AS Foubws |

cor.  par. PEEE e
: Bte | passT 4
02’ 12% P 'Zf.jm[' ZD_Z |
Co Soppm | ¥ é /3 2.
Lev| Bf . |o/o o
@‘ 2, oo & A . Penshibes
MET YUAL DEcADED N A New PuWIEE- AM . :

Wik e eusled p@eovt AR, @ zroe At ReEpS AND DAV
-'—W-ESG— DMSATE = —gAEE Ol oF “THELT VST Rlbw(
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Data Log Sheet
/

ESTCP: Technolc emonstration Plan
Perchlorate Destruction Usii._ ./embrane Biofilm Reduction
ESTCP Project Number ER-200541

Datei_!_(L,A;o =2V Time: _7 - OUmM Operator: BEROKOFF Treatment System Inspection
Li >
s ) Field Samples Y Outlet Totalizer gal bf‘?@ [oC
c
S |pH calibration? 9495 ONo ORP calibration?  OYes @ﬁo Turbidity calibyatign? E!4es ONo Tergat Elow Fats gpm 2
§ Standards: @4 ®7 110 ) Temp (Deg C): Standards: @0 ugo E{too @’@ E4e00- Internal Recycle Rate T /%0
& [Standard Reading: 4: 06 7:6.46% 10— Standard Reading: 200: Readings: 0.107: 0.301: 0.491:
Lead Sample Lag Sample MBIR 1 pH siunits| 77, 2
Lead Reactor: O MiBR1 if MBR1 in LEAD: SP-2008 OJ Sample Collection Time: o
: MBfR 2 pH std units
BABR2  5p_100A (1 if MBIR2 in LEAD: SP-1008 B P 7>
] - = c © -
B @ £ R o8 S sy £ 3 EE MBIR 1 ORP mv yefq
E E 3 LR 3% @ =3 ] EE | |wBR20RP mv oF;
5 =] = == o ¥ o o SIiLE £ 56 et
g - 1 0@ < w ir o Nitrate Frequency Hz o
f -
« |pH idunits) | /oS 7 2D 7: Se .9 3 7.%3 7 Lastil Fead pem (N) [ %, 0
= - i ‘
O |Temperature (°C) /S 1 (5 ‘-’Pai"‘f _J/. 3 02 {: ;— Q’. | 9 LastN R1 ppm (N) Ol.l}
o A
g ORP V) - P Last N R2 ppm (N) ﬁé'{ Z
9 |Dissolved Oxygen |  (mgi) ‘? O, 5 0 ol MBR1 Sparge Rats mm 2‘{0
Nitrate + Nitrite g q MBIR2 Sparge Rate mm Z Hqo
" spm 20
Nitrite (mg/L-N) () 2 i Frasthals FumpiSciings % stroke i [
Phosphate Concentration
Sulfide (mg/L) O lat Strainer MoLPCH
Turbidity Aeration Tank Air Flow scfm 3 i
i RSl s Air Tank Pressure psig 2.0
* Signifies MBfR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 hour: Note: shaded boxes are to remain blank Target Media Filter Flow gpm q
(Rate
Post Finished W.ater Backwash Record Inventory Media Filter Inlet Pressure | psig p’|’?
System Inspection Backwash start time: _ [{ $ S 9 oA Type Check Media Filter Outlet gl ' ;
. . . ]
Collect while sump is running Backwash duration min |~ Hp). H3PO4 Stock (gal) % Pressure
Bag Filter AP psi 9 Initial Product Tank Level gal - |Sodium Hypo Stock (gal) s Sod?um Hypo Pump Spm er
GAC-1 Pressure psig s Final Product Tank Level gal o o S |Dissolved Oxygen < Settings “stioke| (OO
= - : —— <G =2 =@ = -
GAC-2 Pressure ps!g i1 Time of sample collef:l!on. (1:S¢am=(2:28pm i.?'., g thr.:ate + Nitrite -7 Coagulant Tank Level gl O
IX-1 Pressure psig {:\ Location | Turbidity (NTU) [  TSS Collected? E 2 |Nitrite E7.
Lead Purge 1 | 3.9 MYes  ONo S £ |[Sulfide of )
T - E=vd Coagulant Pump Settings
Feed Tank Additions Lead Purge 2 | 5. 1 &f &es  ONo 8% [cniorine s o PRSI w17
1]
H3PO4 | Sodium H Lag Purge 1 @Yes [OCNo  |o-Phosphat
nurn‘ ypo ag Purge 339 4 o-Phosphate k] 02 Cylinder Pressure - g .
Time j 0O {0130 LagPurge2 | 3} 7, ﬁ &#Yes  ONo
Initial Tank Level (gal : Media Filt —_ Oves PfMo
ol il 2 2 o Edla Fliter H2 Cylinder Pressure psi %9’
Stock Added 5, t[ od -
Type of Water Used For /}J e — [NOTES: N2 Pressure psi i ,_‘ ?/
Dilution ; : B
Volume Dilution Added 3 _ COAGRCANT TANK whs EMPTY wford APRIVAL. CDM  Taered| [0 e scim
gal) = - ] ; ; A -
Total Volume Added P _ OFF conut o] METerinGg  fum (NCREASED Seplym MEDIA FiLTer Do
al) =2 i Oe : - - TA) = I3 M
Final Tank Level < 90 HyPo PumpP Serriwgs To  4Ospm  (Frem 305pm) To Tebd Ty (N7 )= ol A
i

Note: There are 3785 mL per gallon.

ORTAIN Post Sobium Hypy iNTecTion claz= &/ 8ppm.
B-83
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NOTES coNT.

—

- EcAD
Took Y-oas READINGS TCPAY, ALL GAS LEVELS wwo&RE~ ZERO

EXCEPT O3 (go.c;)e
Teok TSS AND TurRBIDITY SAMPLES

O MBFE SPARGE,

2) oot :
TURBIDIMET €k w% BEFORE r PoeT
-eersaEier | CALIBRATION | o ipon
< 0. | 0. 0% 0.07
20 2001 (9.9
160 295 94,3
Foo gk s 190
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DataLog Sheet )

J

Date: /014 é/mn

‘I"ime: gy S’

ESTCP: Technolo;  jmonstration Plan

Perchlorate Destruction Usin, _..embrane Biofilm Reduction

ESTCP Project Number ER-200541
Operator: _ 8¢ BOKo FL

I
/

Treatment System Inspection

loall
Note: There are 3785 mL per gallon.

B-85

. Field Samples _ Outlet Totalizer gal B@W
[=
£ |pH calibration? @(’es No ORP calibration? Iﬁqes CINo Turbidity calibration? B{es TINe Target Flow Rate gpm /0
_.E Standards: @4 \E( 0 Temp (Deg C): Standards: 10 (120 (1200 011000 14000 Internal Recycle Rate gom / %
& |Standard Reading: 4: 4:8¢ 7. 7Z.02 10:_1&.0G Standard Reading: @M Readings: 0.107: 0.301: 0.491:
" % MBfR 1 pH std units 7
Leoad Sample Lag Sampls ! f
Lead Reactor: E’Hfam if MBfR1 in LEAD: SP-200B L1 Sample Collection Time: MBIR 2 pH std units 7 7
fBR2  gp.100A O if MBIAZ in LEAD: SP-1008, - '
L]
g P k= o $ S s v B T E — | |mBfR 1 ORP 7z
2 = @ o 5 2% = 589 £ 2 Eg
& 5 = g 3@ i) @ =32 ] £ MBIR 2 ORP mv | - Z0¢
o = -B by 3 * @ o =iL ¥ E= 5 8
il = [+ ﬂ'-'_ - w ic o Nitrate Frequency Hz -
. ! N Il B J } , ’ 3
o |PH (std units) 7' @ 5 ’7' 3 =2 70 @ 5 ) 7c &l 5/ .z g‘) o 73 LastN Feed pprn (N) g ! [‘O
5] ) ; )
% Temperature °C) ffe C, 90: "I 2[00 Z/. ! a2/. & 070, Last N R1 ppm (N) 0'/(9
€ |ore an | 95 |-3%9% |-¢53|-2/5 |30 Last N R2 | 2:63
& ; : .
© |Dissolved Oxygen |  (mgit) ;‘9 g, 1< O, 10 5.5 MBIR1 Sparge Rate mm 2?’0
|Nitrate + Nitrite {mgiL-N) MBFR2 Sparge Rate mim ‘2‘25/0
. spm "o
Nitrite {mg/L-N} Phosphate Pump Settings % stroke Is
Phosphate Concentration
Sulfide - {mg/L) m At Sirainar mgiLPO4 i d 7
Turbidity (NTU) N ‘5‘8 Aeration Tank Air Flow scfm ; a .
Chilorine Residual mg/L. Air Tank Pressure psig o7, O
* Signities MBIR 1 or MBIR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Nale: shaded boxss are fo remain biank Target Media Filter Flow gom 7
- . : : Rate 'S
. N, -
Post Finished W.ater Backwash Record Inventory Media Filter Inlet Pressure | psig 9, o
System Inspection Backwash-start ime: Typa - Check | |Media Filter Outtet psig 7S
Collect while surip is running Backwash duration rpin” H3PO4 Stack (gal) < Pressure !
Bag Filter AP psi 2 |nitial Product Tank-Lgvel "gal - Sodium Hypo Stock {gal) 54 Sodium Hypo Pump spm e
GAC-1 Pressure pslg i N IFinal Product Tank Lovals, / gal -5 |Dissolved Oxygen =4 Settings % stroke| fO <
- n . = @ - —
GAC-2 Pressure psig 0 s Time of sample collection;” ™\, £ g [hirate + Nitrite ha Coagulant Tank Level gal O
1X-1 Prossure psig FN) Location Turblgit? (NTU) S8 Collected? E] 2 |Nitrite 7
— _ Lead Purge 1 I:T%_s\ DNo 2 g [Sufide ‘,__E_ Goagulant Pump Setings
Feed Tank Additions Lead Purge 2 | LYes “NNo 8 % " [Chlorine ] ¢
- Oves  ON # |o-Phosphat . .
: HaPQ4 Sodium Hypo Lag Purg/e.-/ 3’\ 0-Phosphate -2, 02 Cylinder Pressure psl . y g
Time Z e q (ﬂa*ﬁ‘ Lag Purge 2 LYaes LINo .
Inifial Tank Leval (gal : ) : ay O .
itial Tank Levl (gal) j ] a 7 |Media Filter s 0 M2 Cylinder Pressure psi g’g
Stock Added 3 eaﬁ’_ __&l—
Type of Water Used For i o ‘F — [NOTES: N2 Pressure psi } (,’i 7
Dilution . - . . . b
Volume Dilutan Added 2 7 _ (85”" WECK LY SAMPLES | fORTHEY (N FLUEMIE  ComMPL 1ANCE N2 Flow Fate soim i
(gat) h 7 g ~
Total Volume Added 7 — AP eSS, D PWPeItRTES
al ga ’
Final Tank Level
inal Tank Level S" 0 7




Data Log Sheet

)

Perchlorate Destruction Usit. _

Time: ql bl

ESTCP: Technolos  »monstration Plan
.embrane Biofilm Reduction

ESTCP Project Number ER-200541

—r”

Tor iy ol AL SAMPLE PopnTS Ui cDMs  BRKTON

B-86

Date:__19/Z1 /1) Operator:_BERDKS FF Treatment System Inspection
] Field Samples 7 o ) Outlet Totalizer g | TaEoes
c
£ [pH calibraticl)g} E@s No ORP calibration? fes TINo Turbidity callbration? E&es ONo Target Flow Rate gpm { O
& [Standards: &7 =0 Temp (Deg C): ;?«9 _ Standards: = SLC EEYERSE Internal Recycle Rate gom | 'SO/I ¥ 9
8 |standard Readinig: 4: 4,00 7. 7,02 10; t©,€¥  Standard Reading: 580: _ 220 Readings: 0.107: 0.301: 0.491: ——
Lead Sample Lag Sample ) ) MBIR 1 pH std units 7f -
Lead Reactor: U MiBR1 if MBFR1 in LEAD: SP-2008 L] Sample Collection Time: .
: ' MBfR 2 pH td unit ’
WMBR2 . 5p100A O if MBIR2 in LEAD: SP-1008 P swnits| 77, 5L
- ‘ - .
5 w | £ | s8 | o8 | £ |=s%|s5g Bz |g3|o%[-3| Ex |Po ™ {53
E £ 3 38 5% ® BE23 |858 25 (932|832 [x2| ES MBfR 2 ORP mv | —Dif
& 3 = 28 48 5 2cE (€832 E2 |SE|SE(=2E| E3 ‘ _ P43
S = (1 (i < 7] 7] ic [IT] w w o Nirate Frequency Hz —_
fufl [ola (std units) 7' @9‘ 6? 53 (9 #qu ’7= QO 7‘ ,Z‘._';’ & { Last Feed ppm (N) g s 13
1= ‘ . -
a Tempserature (°C) ’q 1 5' 97’# g 5752\ [»] Qi [ ?( ;JU Last N R1 ppm (N} O o
E‘ ORP | {106 "35‘( -4a37 <14y { 5% Last N R2 pom )| 2,77
v Digsolved Oxygen {meL} 6) |E) 0,3 14 0.9 \a /f o L”c ﬁ; MBIR1 Sparge Rate mm ej ’-} 0
Nitrate + Nitrite (mgiL-N) 92,0 | 3-3% © .\ MBiR2 Sparge Rate mn | dYp
- . . ' spm 2O
Niltrite gLy @ 2.0 L7 _ Phosphate Pump Seftings [—=r"— = =
y Prosphate Concentration
Sulfide {mgi) (@) () (2] s | { o el . o m}:inm mg/LPO4
Turbidity NTY) 0,358 Nodi O, 72 iy Uell A Aeration Tank Air Flow | scfm 3,2
Chiorine Residual | (mg/L) e 2.5 L 7S i i Alr Tank Pressure psig J.C
* Signifies MBR 1 or MBFR 2 depending on if reactor is in the lead or lag pasition - this changes every 96 hours WNole: shaded boxas are to remain blank Target Madia Filter Flow gpm q
. |Rate )
Post Finished _W.ater : Backwash Record / Inventory Media Filter Inlet Pressure |  psig ‘? \ 3
system Inspection BaE]hNa,gh start time: / Type Check Media Filter Qutlet psig '
Collect while sump is runmning Backwashu@tion min H3PO4 Stock (gal) g Pressure / 4 S’
Bag Filter AP psi Q [nitiad Product Ta avel gal Sodium Hypo Stock (gal) f ) Sadium Hypo Pump spm "fO
GAC-1 Pressure psig L I Final Product Tank Level_ Pt - ‘é Dissolved Oxyge 4 Settings %stroke| ‘e O
“GAC-2 Pressure psig 1S Time of sample callection: ™~ E w  |Nitrate + Nitrite 7 -
. lant T
IX-1 Pressure psig Bilo Location INTU) AT TSS Collected? e é Nitrite 7 Coagulant Tank Level gal &
) : Lead Purge 1 | / \ OYes [ONo & &2 |Sulfide - ‘1 ) -
I __ £ ; Coagulant Pump Sett
Feed Tank Additions Lead Purge 2 / \E@S [INo g ; Chlorine 5 caguiant Funp Settings -
r L]
H3PO4 Sodium Hypo Lag Purge 1. ‘OYes CNe + |o-Phosphate 2
- - CO2 Cylinder Pressure . psi -
Time /‘f é)@ q isgﬂ'lb\ Lag Pygfz OYes \B‘N\O- ?8’
Initial Tank Level {gal sdia Fi T Y ONo ™. )
nitial Tank Level {gal) a 30 _\edia Filter s & H2 Cylinder Pressure psi Sg
Stock Added gg{ Om - :
‘[r)m::r\: Water Used For ”\]F - [ROTES: NZ Pressure i~ 6 )
::;lll;me N _ 2 mopuies offF en Rl anp [ mepwe FE on R Sepsh N2 Flow Rate " sefm =
Total Volume Added 3 _ LNPe. Puwt  iWhs OFF ufey ARRIVAL (com Turs el ¢t BAck
atl) " - . i} i » ; -
Final Tank Level 5 30 |ow RichT Awhy ). ?éf-FOF-MéA _pH meTER  BACKCHECK TEST
1A}
Note: There are 3785 mL per galion.



Data Log Sheet

ESTCP: Technology Demonstration Plan

Perchiorate Destruction Using Membrane Biofilm Reduction

ESTCP Project Number ER-200541

Air Monitoring 7100 P Tppgibitese R
Zéro Calibration? OYes OiNo Mixed Cyiinder | Aeraticn Tank MBIR 1 MEfR 2 QOIT Area ) '
Time Sy A i k’b a(} T U
Carbon Monoxide (ppm) ‘ .
Oxugen (%) gf) @ ga ‘
Methane (% LEL) [© © [ ©T
Hydrogen Sullide (ppm) g o g 9 &
< .

{0\ 006

NOTES CONT..: ‘ -
pHEY Eield 'Mé‘“‘fef‘/, A HacH seusTor) 1 meree Bokfoscd (eom CC| L ANE THE JHLIYE H mz.aﬁe

APT HAS JNsTacer ond TRE MBI pR  RIA, RESWTS ARC sSHOWS [ THE TARLE BgLou

j‘\

COM ToOK  SAMPies For pAwM rMordive £ING Tes7s AFTER THE PH Tés7

s Peeropred, T

AT Fehifes

THAT Aic pPH

JALEES 4w dRE cowc R DUE T&  The (Do fossfﬁcv QVEes ooy 1KG

J o

Mwsﬁre— B THE PH Tgsw% PER o>,

—

PRIOR To CALIBRATION P23T  cALIBRATION
PH TEST ¢ SAMPLE | cpm Freep Prote| HACH () | APT | ebM Figpb frore| HACH (cc1) AT
INFLRENT] 7, 76 742 (77 | 7.73 7.7 74
(DMioMKTEoN pHGY TLEAD 704 .99 | 7. 7.5 7,27 G.7
el HACH seasionl TLAQ s 74% |70 % 267 it S
APT: (LnEpH Prebe RERAT 10N .7 7.70 | 7.4 7,93 7 93 75
' L FiiTer 7: 9% 7.8 | 7. 7.5 793 7.9
Fwi‘sne)? 7.9 TEs 7.9 7 g@ B 263 7. <

—

B-@7 /




Data Log Sheet .

Date: i‘[zz ”

- Time:

Feee

ESTCP: Technolor
Perchlorate Destruction Usii.

Operator:

*monstration Plan
_...embrane Biofilm Reduction
- ESTCP Project Nimber ER- 200541

AN

L

Treatment System Inspection

A

Field Samples Qutlet Totalizer gal (‘3’7% 7«
— .
S [pH calibration? es CINo .ORP calibration? /Et%s -ONo Turbidity cahbratlon‘? Yes ONo - Target Flow Rate om | [& :
ol o
§ Standards: (44 A0 ‘ Temp (Deg C): 6.1 Standards: 90 550 9400 17000 EI/OLJO p Intemal Recycle Rate gpm %.(2__' (S‘O
8 Standard Reading: 4: L/" 02- 757?0" 10: Id’ -ie - Standard Reading: f@é— ZL& Readingssz!‘fs 0,304 6"?;77-3-191- ’ 5 17 Py—— dus| 7.2
Lead Sample Lag Sample Z’ZO ’, gw &7, 0' g‘e P . f
Lead Reactor: &, MiBR1 if MBER1 in LEAD: SP-2008 O Sample Collection Time: MBHR 2 pH sunits| 7.2
JAMiBR2 o 100a 7 if MBR2 in LEAD: SP-1008,2
B .
) = 5 5 s B B = £ = B = MBfR 1 ORP mv | ~— 2z
g 2 5 | 32 | 22 | € |=23%|uSg| s |5E(0E[-3| I3 =7
E E 3 @ g Se © e=2 o85> 83 |§3|83[x3 EL MBfR 2 ORP mv |-~ 23—~
e o = oo ¥ oo 7] sSkL¥r |OoI| =2 oE|logE|TE 50
=5 £ " o < - w L] ic w W L [ Nitrate Frequency Hz —
@ [pH (stdl urilts) 7 ¥ ts-l i ‘7;5(& ‘71 g—( “7 ; 6 Z_ 7¢ "7 9 Last N Feed pm (N} @‘ is—
at (= &3 ‘ . . r R #
S [remperature G Icf Ty 205 26, g e | o 7 Last N R ppm (V)| O YT
@ — T —_ ; —
g ORP miv) o ‘"'%i 4417 zcZ : =Ys; = Last N R2 pom (N) | E0 « &5
. i 1 E v g" : MBfR1 S Rat m .
% Ipissolved Oxygen | img/Ly @ g Lf' O o @ _ parge Rate m 'Z‘}c
' . y g MBIR2 Sparge Rate - mm 240
Nitrate + Nitrite {mg/L-N) @ 5 f M f, 0 parg
. Phosphate Pump Settings *|—SBM ZL
Niitrit {mglL-N) o 0L o P:°s°ha © C”mp j’ t'"gs % stroke 75
. % {ez=al ate Conceniration
Sulfide (mal) O O I < © a ’ B - oy lat Strainer - mg!LFCM
Turbidity - - O, - ?7 I P77 (2= e | |Aeration Tank Air Flow- sr.,fm . .20
Chilorine Residual | {mg/L : 2:0| 2:0 S Aidihs s |Air Tank Pressure | Pei Z. ]
* Signifies MBfR 1 or MBIR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Nole: shaded boxes are to remain biank Target Media Filter Flow gom f S,._-
. ) iHate i _
Post Finished Water Backwash Record P Inventory Media Filter Inlet Pressure | psig *.7
System Inspection - Backwasy start time: - Type.. - - Check Media Filter Outiet . —
- g Ip ) psig / e
Collect while sump is running Backwash dufation min -~ H3PO4 Stock (gal): O, ressure: _

Bag Filter AP psi Initial Produet Tank Uevel gal L7 Sodium Hypo Stock (gal) - Sodium Hypo Pump som | s, FEd
GAG-1 Pressure _ psig Final Product Tank Level gal " 5§ |Dissoived Oxyge (2 +4 |Settings. % stroke | A0
GAC-2 Pressure psig Time of sample collection: =~ £y [MiatesNidie ] "7 Coaguidrit Tank Level gal A /fq

IX-1 Pressure psig Logation (NTU) | ~7 ™~\TSS Collected? g2 [Nitrte 7 .

Lead Purge 1 P OYes, UNo = 5 Sulfide v Coagd;iéirnlt Pump Settings /;f' =
Feed Tank Additions Lead Purge 2 P OYes \QJEO E % Chlorine S i (L
: H3PO4 Sodium Hype . Lag Purge 1 / OYes DNV(\ ~ |o-Phosphate '% CO2:bylinder Pressure psi
Time . - Lag Purge 2// DYes LINo \ bgéb "'[5 Pb’c %Ca- ) 82'7
Initiad Tank Leve! (gal) S ’ Media Fiidl OYes CINo * M —W—’- : S%NDAPP < . . -
= H2 Cylinder Pressure psi /
Stock Added 8] & L
Tvpe of Water Teed For 75 /A—- ¥ /A NOTES: N2 Pressure psi /5-3
Dilutich” - =
Volume Dilution Added O 0 VEP'Y UU'NDY DNS"TE %M M—S ML{L AQOQHB'W OH&/K’ wp- N2 Flow Rale scfm
(gal) . .
Total Volume Added 2] 0 WW T‘MW’ \MW TSP WL’UE‘&QQ . é\'ll,e‘iu\é "\?uiqu T . 20
al - — ) - - R S A: 1T ] BT el o ;
rLLFinanank T 377 7 L SWEKER [l Cpyn COWPLETED WSEE kLY Sumfiingg.| 1UPRiniTY Wetel ¢
(oal) ° v - g

Note: There are 3785 mil. per gafion.
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Data Log Sheet

ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Air Monitoring

Zero Calibration? OYes [CINo

Mixed Cylinder

Aeration Tank

MBIR 1

MBEfR 2

CIT Area

Time

Carbon Monoxide (ppm)

Oxugen {%)

" [Methane (s LEL)

Hydrogen Sulfide {ppm}

DueLicang Sbwpnos
}up\'-yl — mﬂeﬁ
Dup-2E 2, — TUTFALL-
dupL- ¥ 2 — zZxac A= |

INOTES CONT.:

B-89




Data Log Sheet

ESTCP: Technology Demonstration Plan
Perchiorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

[oaly

Note: There are 3785 mL per gallon.

WAT

Fok Sygrews 10 SY PRAL7&

(=/ q:zo,. Cdwm 0

B-90

“Turs oI Yl

14
pate:_ W/, H Time: $i00 ‘ Operator: AQJ.ICNJ Treatment System Inspection
' ., Field Samples . _ Outlet Totalizer -~ ga p78s 300
= [pH calbration?  JAYes ONo ORF calibratien’ es 5] “Turbidity caljpratign? es LINO . ,
= | Standards; Z14 'ZT 10 Standards: JZ0 ?ZO ﬂ'if 0 Fm@g—‘_ g Targe‘_trFI?w Rate gpm /o
& - Ternp (Deg C): 5.0 ' L —
8 Standard Reading: Readings: N ool liatemal Recycle Rate gpm [..-:: isH
3144 "07 7 7'05‘ 10: 10 12. Standard Reading: 220: 2\l loase * u'l'g 0.30: N/ﬁ" 050, 'ﬂt SIS P o wmis
Lead Sample Lag Sample L . : MER e ‘ 72
Lead Reactor: D MR i MBfR1 in LEAD: $P-2008 D ‘Sample Collection Time: 1 S oH :
sP-100A 0O MBR 2.pH std units .
O MiBR2. if MBER2 in LEAD: SP-1008 O : - . 72 7
™ - B i y .
g 0 £ s B o5 5 s B [wEo| B35 ™ MBIR 1 ORP mv | = Ol |
2 @ & 5 25 = S8 lg3el £ o - '
g £ | & | 85| J3 | § |&%g|€3% g3 g
% .
& E e e | < =10 aF| & o
= |pH {std units) > '+J+ 7'0, 7‘ q 7 '92* 7"7q 7‘%6 :
o :
% Temperature (°C) ‘ S * s 20 - O @0 * 4 20 * 6 ZO ‘4" Zﬂ . Z
2ose o | [20 |—50q|=540 - b2.c
. 4 ¥
D |pissolved Oxygen | (mgh} 8 [4 '9-' 2. Z 7 o AMBfR1 Sparge Rate mm Z‘fo
Nitrate + Nitrite (mgiL-N) 2 "f' I * (0 0 : O MBfR2 Sparge Rate mm M: _
Nitrite . 0 O r 0 0 Phasphate Pump Settings %ss‘:rn;ke %——‘
M- -
Phosphate Concentration
Sutfide (mg',L) 0 . 5- u at Strair mgILPO4
Tarbidity INTU) S 5’ Aeration Tank Air Flow scfm x. I
Chiorine Residual | (mgt) {' 5 Al 2 : Ar Tank Pressure psig | & O
+ Signifies MBfR 1 or MBIR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Nofe: shatled boxes are to ramain bia) Target Media Filter Flow gpm ?’ o
' Rate :
. — Inventory — )
Post Finished W.ater R Backwash Record Type o Media Fiiter Inlet Pressure | psig g . s"'
System Inspection *  Sacicwash start time: 106 1H3P04 Stock (gal) ‘Media Filter Outiet osia 1 &
Collect white sump is running Backwash duration min Sodwm Hypo Stock (@ah | J€ Pressure
Bag Filier AP psi ﬁ Initial Product Tank Level gal - % Dissolved Oxyge o) Sod!um Hypo Pump spm ?ﬁ
GAC-1 Pressure psig 5 Final Product Tank Level gal 8 5 |Nitrate + Nitrite 7 Settings % stroke e
GAC-2 Pressure psig y/4 FTime of sample collection: E 2 [Nitrite 7 | Goaguiant Tank Level oal sfo
1x-1 Pressure psig Jx) Locafion (NTU) TS$ Coliected? £ & |sulfide : :
= i Lead Purge 1 I. - ﬂ [j’Yes Ot E § | Chlorine 5" Coagulant Pump Settings mi/min 3
Feed Tank Additions Lead Purge 2 4. Wfves  ONo +_|o-Phosphate 2
- 4 # —=n .
HIPo4 Sodium Hypo Lag Purge 1 ! (g t ?Y = Oho 5 o L ok o CO2 Cylinder Pressure psi 8ﬂ
- . = u =
Time u. % tagPurge2 |1 -y ?((es ONo B §|ORP oK
it : - ia Fi b A T49 . [>)
Initial Tank L?vel (gal) w Media Filtes nmmen ﬁs ,?No 3 & 0 [Turbidity /o / [ H2 Cylinder Pressure psi ?]
Stock Added wi| O ‘ ' .
Type of Water Used Fer '“FL f‘ ﬂ NOTES: " - N2 Proseure oo ,I 2'7
Bilution -
e | 7,5 | 0 APT oneTE o AUTIUST HYbRaZER \Sv Sengers - T - —
(gal) .
Total Volme Added 7-% 0 s cupeentl RAWWS ONGVE Swe \S W PuoaleD . S ——— ——— ]
o ¥ waltt . WA, i [N T
Finah Tank Level 0 Lo chowm (%2 APT o preres v ADJUST Turbidity (OIT) NTU « T



Data Log Sheet

Perchlorate Destruction Using Membrane Biofilm Reductlon

ESTCP: Technology Demonstration Plan

-"_,_;_t"'

> - ESTCP PrOJect Number ER 200541
~.% .- Air Monitoring'
Zero Calibration® (JYes: CNo. =+ | Mixed Cylinder | AerationTank | “MBrR1 | “MBR2 | Omarea | 7
Time R .
Carbon Monaside (ppm) - .
Oxugen (%) »
Methane {% LEL)
Hydrogen Sulfide (ppm) -
NOTES CONT.:
PRWE —to "'t"l&iﬁ-luér Sanpes . :
- - LT - K P
- Eon - ~ o
L - L I
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Data Log Sheet

Date:__/ /7] I

ESTCP: Technology Demonstration Plan

Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Time: Cf S0

Operator: _[Z€0 i of§

Treatment System Inspection

Note: There are 3785 mL per gallon.

B-92

T / Field SamE!es Outlet Totalizer gal ELIH O
c |pH calibration? [©Yes LINo ORP calibration es 0 ‘Turpidity calibration? [MYes L[INo
% Standards: 34 @7 [@10 Tefiip (D5 0): - Standards: 0 250 4200 #1000 #4000 [Fargs! Flow Rals gpm /O
s Standard Reading: : H:fdings: W/&H 1PPING Internal Recycle Rate gom |jSO A KO
Ol a: ['/- te 7. 764 10 jp.c8 Standard Reading: &« 226 0.136: = 0.30.___— 0.50:__= :
Lead Sample Lag Sample MBfR 1 pH std units 7
Lead Reactor: O MIER1 if MBR1 in LEAD: SP-2008 O Sample Collection Time: P .
SP-100A O > £E ) MBIR 2 pH std units
AfBR2 if MBR2 in LEAD: SP-1008 & 71
B
5 “ g E’ E = MBIR 1 ORP mv -39
£ £ E o ES MB(R 2 ORP mv | —4a7
5 = E £ g O
E - 'S o Nitrate Frequency Hz e
- — Last N Feed pom | X, ro
] fond unl B
% Temperature °C) LastN R1 pem (N | O, ]
g ORP ) Last N R2 (N [ &, G
] Dissolved Oxygen (mgl) | 'MBfFH Sparge Rate mm 2 l-f o
Nitrate + Nitrite (mg/L-N) | [MetR2 sparge Rate mm Q4
’ spm 2.0
Nitrite (mg/L-N) b il 2 % stroke A0
Phosphate Concentration
Sulfide (mg/L) i mgiLPO4| [, &
. . -»>
Turbidity (NTU) Aeration Tank Air Flow scim 5, ,L
Chlorine Residual (mgL) Air Tank Pressure psig ‘Q D
* Signifies MBfR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Note: shaded boxes are to remain blank Target Media Filter Flow gpm q
Rate
— Inventory o :
Post Finished W?ter Backwash Record Vo o Media Filter Inlet Pressure | psig 20
System Inspection Backwash start time: H3PO4 Stock (gal) s 7 Media Filter Outlet i <
Collect while sump is running Backwash tugation min Sodium Hypo Stock (gal) | 5O + Pressure /s
Bag Filter AP psi 2 Initial Product Tank Level gal S + S |Dissolved Oxygel i/ Sodium Hypo Pump spm 20
GAC-1 Pressure psig iy Final Product Tank Levah. gal L~ 2 § Nitrate + Nitrite T Sstlings %stioke| ;¢
= i - o -0 =
GAC-2 Pressure pS!g G Time of s-ample collection: ™\ e g LG Nnn}e by & Coagulant Tank Level gal O
1X-1 Pressure psig 1A L{ Location (NTU) TSS Collected? :g £ Sulfide 3
Lead Purge 1 L~ . OYes [DONo B % [Chlorine < . -
Py F < Coagulant Pump Settings | ml/min -
Feed Tank Additions Lead Purge 2 el BBYes  ONo = |o-Phosphate 3 J i ¢
4 ium H Lag P 1 OYe ONo H rd
H3f’0 SOuR Hipo goRue e 2N 5 o fF — CO2 Gylinder Pressure i | 7
Time fl.co| (100 Lag Purge 2] OYes “&lNo g % ORP :
Initial Tank Level 2 i i OvYes ONo CE-R: idi =z
nitial Tank Level (gal) 3 | 4 Medig Piiter i O £ c |Turbidity v H2 Cylinder Pressure psi g
Stock Added o -
Type of Water Used For — NOTES: N2 Pressure psi J 5”6
Dilution - ] ] { 2 . oy ¢
Volume Dilution Added - (hicAce cHemene Deiverer GTY(3) ! da\ cAEBoys 1eoh /4 N2 Flow Rate scim -
(gal) - i — -
Loﬁ;l Volume Added - o= o? ’7 ¢ 9 ?C %Q@} |28 H"WU. A P-r To Bé OonN 5 ITE TH" Tubidity {Instrument) NTU Oy l ("
Final Tank Level 2 T4 T -]- TN ST oM woRK oR SYSTEM. Turbidity (OIT) NTU | @, 2@
l(nal) ] 3




Data Log Sheet \

ESTCP: Technole
Perchlorate Destruction Usi. _

‘]emonstration Plan
JMembrane Biofilm Reduction

ESTCP Project Number ER-200541

pate:_11/9 /11 Time: _ F HS Am Operator: _ BERoKoY F Treatment System Inspection
J/ Field Samples — Outlet Totalizer gal 9355 XL
< |pH calibration?, [Yes LJNo OHP calibration? PYes LINo Turbidity calibration? _ [AYes LINO ]
£ |standards: Ef =zF =0 L Standards: =% @200 Zi000 (%4000 pt] S e gm | je”)
£ |standard Reading: Temp (Deg C):__iZ. < R & pep\w’ s
% : Readings: 3 o1 L w Internal Recycle Rate gpm / 5'-// e
O]a 4007 7.090 10 (0.!S Standard Reading: 220: 2.2 1 0.136. 0. (5O 030: O 31 T o050 Y€ ——
Lead Sample Lag Sample MBfR 1 pH stdunits| 7, )
Lead Reactor: 1 MfBR1 if MBR1 in LEAD: SP-2008 O ° Sample Collection Time: -
SP-100A O LA MBIR 2 pH std units
CrMiBR2 if MBIR in LEAD: SP-1008 & P 7o 2
¥ | o | & | 28| o8 | £ |=s8|s5g Bz [cslogl-3] Bs [P v -Gl
E = 3 LR 88 ® 235|858 95 |93|%2|x2| E% MBfR 2 ORP mv | =53¢y
£ — € | o @ sCE |[o0T| €2 [0cE|cE|TE| 50O
& = o o < w o ic w w w o Nitrate Frequency Hz -
o [pH oty | 7062 | 7.30 | 73 | 798 | 784 7.9 7. (oG | |LestN Feed pom N | T, /2
[v] 3 ’
S |temperature o 1% 12069 | 2h3 1L AML L2/ O /9, G Gl LA pem (N | ©, 2 2
— a%a ),/ " rd
£ |orp w1432 [-HY |47 |-2AA| 53 @S5 LESENES pem (N | ©, B¢
0 Dissolved Oxygen (mg/L) 6)’. O @cl S OG l o 7 O 3') a§ ' '} MBI Sparae Tl m Z d/O
Nitrate + Nitrite (mg/L-N) 9.0 /olp (& [MBMR2 Spamgs Rate P4 Y0
: spm iy
Nitrite (m/L-N) O i 09 (o O O Fhiosghate Fump:satings % stroke P
Phosphate Concentration
Sulfide (mglL) @) i . bk mg/LPO4
Turbidity (NTU) - — ¥ +* Aeration Tank Air Flow scfm b 0 |
Chlorine Residual m /e q ¢ Cy Air Tank Pressura psig oI ®
= Signifies MBfR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours Nole: shaded boxes are to remain blank Target Media Filter Flow gpm (;?
< DIBRT TAUE TukBIDITY DUE To MEPIAFILTER wDERGEING BACKUWASH Inventory Rate :
Post Finished W.ater _ Backwash Record Type e Media Filter Inlet Pressure | psig jl
System Inspection Backwash Stast time: H3PO4 Stock (gal) 74 Media Filter Outlet i ) 5—
Collect while sump is running Backwash duration™_ min L Sodium Hypo Stock (gal) | SO+ Pressure !

Bag Filter AP psi L Initial Product Tank Level gal / o 5 |Dissolved Oxyge /¢ | Sodium Hypo Pump spm 30
GAC-1 Pressure psig 3.6 Final Product Tank Level gal 2 ?:; Nitrate + Nitrite 2 Setlings %stoke| ;@
GAC-2 Pressure psig G Time of sample collection: = =z [|Nitrite (o .

Coagulant Tank Level I
IX-1 Pressure psig (.4 Location (NTU) |~ TsSvallected? 22 [sulide 3 SRR e oe r-
Lead Purge 1 " OYes No B % [Chlorine < _ -
T < C lant Pump Sett 1/ o O
Feed Tank Additions Lead Purge 2 / OYes DNB\ 2 o-Phosphate 3 SARUIAIREETR 1 ) DEWD OFF
i 1 OYes ONo HE
. H3PO4 Sodl‘urn Hypo Lag Purge 1 ] \\ g 2 p! v P Gl der PraGiE i g 7
e | HJa) 100 Lag Purge® OYes  ONo |5 §lowe >
it ia Fi =7 ON 52 idi -
Initial Tank Level (gal) l. 5 7 Wvedia Filter es o S = 2 |Turbidity v H2 Cylinder Pressure psi g c);’
Stock Added 2RO o )
Type of Water Used For / N r - [NOTES: N2 Pressure psi i 5’5
Dilution - e P
Volume Dilion Added - _ AP JASTBILLED (ARGER CoAGLLANT CONTAINER (~185a N2 Flow Rate scfm -
(gal) %:5 : (=9
Total Volume Added 2.5 = Buy THE PUMP WwhaS 0FF, NOT FEEDING THE SYSTEN ., Tubidity (Instrument) NTU |, AN
al) ' : 5 T ] :
Final Tank Level 5,0 7 TURBIDITY whs wemsy Loio on BOTH APT NSTRUMENTS I3y (O nU | O, 9)
{oal) ! . £
Note: There are 3785 mL per gallon. / O:21 ) S THekE Dres gio7 AL A 7o Be 4 pNeE> poe

CORGULANT  Dosudc Ar BRY ToNT




Data Log Sheet

4

Date: “Z il.{ i

8120

ESTCP: Technole

‘amonstration Plan

Perchlorate Destruction Usi..__.Aembrane Biofilm Reduction
ESTCP Project Number ER-200541.

"

Time: Operator: Sl Treatment System Inspection
Field Samples- Outlet Totalizer gal |82 3700
< [pH calibration? ;Yes ONo ORF calbration? JAYes [INo Turbidiy callprafion? Yes TINo 7
. s T t Flow Rat
2 |standards: 214 #o. Tamp (Deg O): | &, & Standards: J70 [0 %00 [i000 /@ﬁooo Arget Flow Rate dem fe
5 [Standard Reading: . P (LDeg L) Readings: _ W= = isq
= “ i. ” 7 : : 2_ s “I‘ P s Internal Recycle Rate gpm fnfes = ¢
Ola M 7.t o 10: e, c8 . Standard Reading: 220: ! 0.136: 4""’2‘ 0.30:_@ ZZ4  os0. el —1— 9
Lead Sample Lag Sample ] MEBIR 1 pH stdunits | 7. 22
Lead Reactor: & MfBR1 if MBfR1 in LEAD: SP-2008 [ Sample Collection Time: -
SP-100A [ MBIR 2 pH td units
Hl MfBR2 if MBFR2 in LEAD: SP-1008 I - P s 7.2
i o
3 @ € s 5 - 5 o, E 3 T = MB(R 1 ORP mv | e (o0l
E = g o5 m e % T 2 g '5 E g MEIR 2 O ;
£ — «© ] O = = — R 2 ORP 3
g = £ 48 [ 78 5 =CE = 58 i ey
3 = : < u i o Nitrate Frequency Hz ———
g oH (std units) ‘7 34 |7 Zf-itl» 7 7 Last N Feed ppm (N} | £2. ;":‘ia
'?: Temperature o) 8.0 vADYE Zj AR LastN R1 ppm(N)| & .Z%
2 |orp my) ee —5e0 |~ - LastN R2 pm N | 0. 8F
o " -
% | pissolved Oxygen — C? & -f- (g.? MBfR1 Sparge Rate mm “<lo
Nitrate + Nitrite | (mg/L-N) ¢.5 | -4 MBI Sparge Rate mm | 240
X g
- ' . " | _spm &
Nitrite {mg/L-N) 0 U (ﬂ Phasphate Pump Settings % stroke 30
Phosphate Ci trati i
Sulfide (mgit) 0 & o Stiminr o |MLPOY L
Turbidity " (NTU) : Aeration Tank Air Flow scm | 3.z
Chlorine Residual _(mg) . P - Air Tank Pressure psig 2‘ o &2
* Signifies MBIR 1 or MBfR 2 dependmg on if reactor is in the Iead or Iag posmon thls changes every 96 hours haded boxes are to remain biank Target Media Filter Flow gpm )
Rate
ini : Inventory — -
Post Finished W_ater Backwash Record Type T Media Filter Inlet Pressure |  psig f,’: &
System Inspection Backwash start time: - /1 < & © H3PO4 Stock (gal) o] Media Filter Outlet . J
Collect while sump is running Backwash duration min @ &;’ Sodi ; &y Pressure psig )
b odium Hypo Stock (gal) ‘f' :

Bag Filter AP psi Initial Product Tank Level gal i 5§ [|Dissolved Oxyge & j2. | |sodium Hypo Pump spm SG
GAC-1 Pressure psig Fina] Product Tank Level gal £ § Nitrate + Nitrite @ Settings % stroke =
GAC-2 Pressure psig Time of sample collection: = = [Nitrite [T 7 —

X1 Pressure psig Location MNTU) TSS Collected? 22 [Surde 7} Coaguiant Tank Levs! gl /& (U

Lead Purge 1 feF, <F [A¥es  ONo E 4 [Chlorine G : B
— - 7 Coagulant Pump Setti ymi
Feed Tank Additions. Lead Purge 2 (8. Aves . ONo e 0-Phosphate ) oaguiant Pump Setings | mimin | {77

H3PO4 Sodium Hypo Lag Purge 1 «h Jves  ONo - pH NA ="

= = - vy = a CO2 Cylinder P i g4
Time ) if -‘w 170 Lag Purge 2 é@ &2, & ?%s ONo g E ORP v Cylinder Pressure _psi 98
Initial Tank Level (gal) ) Media Filter es ONo §23 i

0)' 5’ 6_ pa //Eﬁ S = E |Turbidiy RevRbER, H2 Cylinder Pressure psi Gi(’
Stock Added [ .
Type of Water Used For fNAC F’ i EFF NOTES: i N2 Pressure i PR

ok - psi !é{. 7
Dilution * . AT 7 B e
iR 7S Zowm_ NSt , A Suskt Sued F SUFuR/Surice INviefe | [———0 —
(gal) . : . . " .y C‘ e
Total Volume Added 0 ASPATION AFREA - D an A Stalge G 20 - SﬂWuéTubidity {Instrument) NTU s 272,
I — — a - "
'(ﬁcf%; Tank Level g r;’ e hices TOU- 1SS @M AEsReD BRRATE AN&LYZQQ‘ vl Turbidity (QIT) NTU Z‘%
{oal) - s e . N _ " AN : e
Note: There are 3785 mL per galion. with 4T W Bl ADd stgim wipe -—Te Pilames ARy 2E B 77
- Ed -
B-94 - /



Data Log Sheet - ESTCP: Technology Demonstration Plan
. Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Air Monitoring

Zero Calibration? OYes ONo Mixed Cylinder | Aeration Tank MEfR 1 MBiR 2 OIT Area

Time

Carbon Monoxide {ppm)

Oxugen (%)

Methane (% LEL)

Hydrogen Suffide {ppm})

INOTES CONT.:

TS Teed WS hnvg peey PE-Rouwter AL De APt A bieecxind “The NmmaTe Ana Yzl

C Numpses, WERE —tarel BorolRoe Anp AfEE %»wuﬁ: Earn PEFWED (/mme&é AnD Sl

Serrtnies <o 4o Spm dahy \@6/" SWoke (ensit
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& Log Sheet

ESTCP: Technolc

“emonstration Plan
Perchlorate Destruction Usi...,./lembrane Biofilm Reduction
ESTCP Project Number ER-200541

4 A - .
i/l : L o SO __
pate:_tt /14 /il Time:__© Operator. - HEHACLA Treatment System Inspection
Field Samples Outlet Totalizer gal
~calbration? v
g [pH calibrafion? 1JYes LINo ORP calibration? Lves [INo Turbidity F:allbratlon. O¥Yes LINo Target Flow Rate gom [O
2 |standards: 04 07 010 . Standards: 010 020 TI200 01000 4000
£ [Standard Reading: Temp (Deg C): Readings: YT
£ [stan g: eadings: Internal Recycle Rate U R
© =
Ol4: 7. 10: Standard Reading: 220: 0.136: 0.50: -
Lead Sample Lag Sample . MBR 1 pH- std units 7-Z
Lead Reactor; l MfBR1 it MBTR1 in LEAD: SP-2008 O Sample Collection Time: :I }
SP-100A O MBfR 2 pH std units .=
(2 MiBR2 if MBfR2 in LEAD: $P-1008 I i : 7 2
B c o ' o o A
s | £ | =8 | <8 | & |<ez%|sScel 85 [5E|lo%|-E| & | |~
- g = E— - 3
£ = 3 28 g8 w 251858 28 |92 93|x%:2 £E MBfR 2 ORP mv _'7‘7-—7
g S E 7o ¥ o & SEE |20 T2 |sE|aE[(TFE 5o -
& = LS L < L W ic w w w a -INitrate Frequency Hz &
Fi ., LB
@ |pr (et urits Last N Feed pom (N} | 63 !
[1+3
g Temperature C) Last N R1 pom | o Ll
E ORP {mv) LastN R2 pom (N | TG
f-f? Dissolved Oxygen p— MBiR1 Sparge Rate mm Za—}vc
MBfR2 S Rat
Nitrate + Nitrite {mg/L-N) parge Rate mm e
o Phosphate Pump Settings S0m 2
Nitrite {mg/L-N} % stroke B
Phosphate Concentration mg/LPO4
Sulfide {mglL) 2t Srvainer
Turbidity (NTU) Aeration Tank Air Fiow scfm _'5i zZ.
Chiorine Residual gL Air Tank Fressure psig Z.
* Signities MBIR 1 or MBIR 2 depending on if reactor is in the lead or lag pusition - this changes every 96 hours Note: shaded boxes ars 1o semain blank Target Media Filter Flow gom 7
Rate
- — Inventory - .
Post Finished W.ater Backwash Record Toe o Media Filter Inlet Pressure |  psig == _9 .
System Inspection Backwash start time: HaPO4 Stock (gal) Media Filter Outlet - | 8
Collect while sump is running Backwash duraticn min Sadium Hypo Stock {gal) Pressure N c?
Bag Filter AP psi Initial Product Tank Level gal . Dissolved Oxyge Sodium Hypo Pump 5pm ‘f"j
GAC-1 Pressure psig Final Product Tank Level gal L § Nitrate + Nitrite Settings % stioke| /O
- - — o S v 4
GAC-2 Pressure psig Time of sample collection: 3 E Nitrite Goagulant Tank Leve! gal
X-1 Pressure psig Location (NTU) TSS Collected? 8 2 |Sulfide
- Lead Purge 1 ClYes EINo E§ Chicrine Coagulant P Sett ) Vi
T ) | < agulant Pum ettings mli/min ra—
Feed Tank Additions Lead Purge 2 OYes ONo # |a-Phosphate g P o :
H3POD4 Sodium H Lag Purge 1 OYes ~ ONe H
. 1aPO4 jum Hypo g Purge § I CO2 Cylinder Pressure psi .%__ o
Time i S0 -— Lag Purge 2 OYes [ONo % 32 |orp g
2 T .
Initial Tank Level (gat (.5 ia Fi OYes . ONo 528 i .
nital Tank Level 9at) © g Medla Filter 6 = ¢ [Turbidity H2 Cylinder Pressure psi ﬁ ‘j‘,
Stock Added 4] 24D ©
Type of Water Used For B fﬁ 1 19 ), NOTES: . P - :
Diluton ! A CZuepuEDd BATA ol —ioday . obwa s INLTRKCTED N2 Pressure psi e
Volurne Dilution Added /5 ; D ES h > \ N2 Flow Rate scfm s
(gal) : : % i e 43 , P
o e =10 p CUSeTHE RegEcr TRk T S PP VAWE . | e o T S
al) . ”__” ST L e .—tE v PE : pu— P N .
finla\l Tank Level 5.0 zg' Du%b T THE LL&&PENB e ANk Live 4ud Turbidity (OIT) NTU (O‘.z:;l
Falz|

Note: There are 3785 mL per gallon.
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Data Log Sheet ESTCP: Technology Demonstration Plan @
Perchlorate Destruction Using Membrane Biofilm Reduction - . _ Q;(\;x*f}’
ESTCP Project Number ER-200541 - e

N

Air Monitoring

Zero Calibration? OYes [No Mixed Cylinder | Aeration Tank MBiR 1 MBfR 2 OIT Area

Time

Carbon Monoxide (ppm})

Oxugen (%}

Methane (% LEL)

Hydrogen Sulfide (ppm)

@

NOTES CONT.:
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LBV E IO LER Y | Level ©ON ReACTORS pepeal [T
—p BE STUABLE AT 'L{—-»u\)c:ue_s BELOWS  LrH —LEVEL- [~

ALARM, 7'_0 ot

SPaLsre
‘Z‘!ﬂ <O
n - Tel e

NOTES APT INTORMED WE —HaT Relect Thnk &
g, POPREX « H —(e Wkel ©fF @B WEHA oN 3.2
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Data Log Sheet ESTCP: Technology Demonstration Plan
. Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Froject Number ER-200541

¥ ) ’ 7 .
_ Dater_wu_ . ~ Time: V/:124 - Operator: BERIKFF : Treatment System Inspection
- / : Field Sarplﬂes - Qutlet Totalizer gal @9 723
: ¢ [pH calibrafion? |~ TAyes [TNo ORP callbration?  IYes LINO Turbidity calibralion? ElYes LINo Targst Flow Rate m 6)
2 |standards: =90 : Tomp Deg Oyl Standards: [0 20 @500 BT000 13000 g gpm |/
| | & |Standard Reading: | . Readings: : Internal Recyclo Rato gom |ig @ /,g.a:_
v [8]a g00 7. 7.6 10 18 | standard Reading: 220: #3C Jo.138: 0.30; 0.50: —
1 . Lead Samole - Lag Sample ' . - . MBI 1 pH sdunits | 7.
] .~ O MIBR : . , N : .
. Lead Reactor: OmiaRz  SP-100A D !f MBfR1 in LEAD: SP:20<)B O Sample Collection Time: Hp MBIR 2 pH sid units 7 1
1 if MBfR2 In LEAD: SP-100B O .
5 ' - = ' ' Y
5 2 E gﬁ mg § - E E, 3= MBfR t ORP mv &7 .3
E £ 3 8 4 8R B 223 (85 @2 €% MBfR 2 ORP mv -y
g > E o 5o @ siCiE |20 = 50
= = i [ < w U iC o Nitrate Freguency Hz -
‘f @ |pH (std units) 715 3 7’ ‘f7 "71 C’Jl 7! 013‘ %q 3 7l (é o Last N Feed ppm (N) 9/« /S”
o hd l F | B i
% Tempetature 1* {°C) ! g! 5 f;)d ia ) 610 ig _QG [l 3 /Si LastN A1 ppm (N) O
. - s ; . - - .
; g oRP oy | {20 | -477 >00 3 LastN A2 pem | /) %5
i, [ . - - ] e
11 |% fossovssongen] e | G0 [ 003 [0.0¢ Ve Sparge e | mm | 240
! Nittato + Nnnte . gy d}r o !, 75 |- MBIR2 Sparge Rate mm 240
vl . ] Phosphate P th spm_1 A&
| Nitrite (mg/L-N} 0. 75 osphate Pump Settings 1o T 307
; Phosphate Concentration
| {Sulfide {mg/L) O lat Strainay mg/LPO4
. Turbidity NI : Aeration Tank Alr Flow scfm 2.2
| lchiorine Residual (mgl) . _ _ ) Air Tank Pressure psig Jia
. * Signifies MBfR 1 or MBFR 2 dependmg an if reactor is in lhe lead or lag posmon this changes every 98 fiours shaded boxes are lo remain blank, Target Media Filter Flow gpm 9
Rata
; — - Inventory [ . ‘-
Post Finished W.ater . X Backwash Record / oo — Media Filter Inlet Pressure |  psig ‘7, 47’
System Inspection Backwash Stag fime: - HaPO4 Stock {gal) Media Filter Outiet osig <
| |Cotiact while sump is running ‘ Backwash duration., . mn b Sodium Hypo Stack {gal) Pressure [
Bag Filter AP psi Q Initial Product Tank Lé\aL B g;/ - 5 |Dissolved Oxyge] Sodium Hypo Pump spm
. .| GAC-1 Pressure _psig o Final Praduct Tank Level ] gal 2 o |Nitrate + Nitrite Settings . % stroke
GAC-2 Pressure psig i Time of sampie collection: " ™~ - 2 |Nitrite Coagulant Tank Level gal : I o
'r IX-1 Pressure psig LD Lacation (NTUY” "S\TSS Collected? 2 g [sufide S </l
i _ |ead Purge 1 7 C¥gs  ONo 8% [Chlorine ! ] g
: — < Coagulant Pump Settings | mifmin
| Feed Tank Additions |Lead Purge 2 DYes ~[INo & [o-Phosphate 9 p SeTng (7
| ' OYes a H . s,
i T -|-‘I3P04 SOd‘iHm z:y;po Lag Purgs - OYes Dz:\\ é & : - CO2 Cylinder Pressure psi 2/3’
i ime 00 e, Lag Purfe 2 | gﬂg ORP
Initi ian Fi ) OYes ONo aBa idi .
| |mitial Tank Lovet (ga) | J e Media Filter : O % £ |Turbidity H2 Cylinder Pressure psi Jg
i Stock Added - ]
Type of Water Used For iN F— _ . [NGTES: i : N2 Pressure psi i;{q
Dilution : e vy ) Cartue oI Gyt
Volume Dilition Added 2.2 - ol CORGHALIST Bl TANK whS GALTY UPeid AefivAE. : #3 { In2 Flow Rate ‘ sefm -
(gal) : ¢ - : ‘ . . . -
Total Volume Added 3.2 - WARS BuresinNgG  Biel” 07 205/ SYSTERM S0 Pk SN Tubidity (Instrument) NTU [ A7
al) . ) K o
lﬁiﬁ' Tank Level 5. 0 5 OFF Fuwfe . Turbidity (OIT) NTU | &%%
Note:; There ara 3785 mL per gallon. . : '
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Jata Log Sheet

o226

_ ESTCP: Technolor
Perchlorate Destruction Usir.,

xmonstration Plan
J4embrane Biofilm Reduction
ESTCP Project Number ER-200541

i .
H ::',2, /“ ) . - "
33“35# Time: Operator. ___ ARUCAN Treatment System Inspection
pd Field Sargples Outlet Totalizer gal |7cj =7 4@0
g [PH calloration?.  Z1Yes “[INo ORP calibrafion? [©ves LINo Turbidity calib tlon'i E%]“Y
£ |standards: A 27 =20 B Standards 00 =000 2{000 Target Flow Rate gpm o
] T i Temp (Deg C): v
8 Standard Reading: . Readings: : Internal Recycle Rate gpm i'g% (=¥
o j 1 s . . i . - y .-
J] 4 Lf‘ Oi‘i’ 7 02-‘ 10: lo OZT Standard Reading: 220: 24"5 0.136:.1‘1'% 0.30: C- ’,}72{9 0.50._C: S“"H —
Lead Sample Lag Sample : MEfR 1 pH stdunits | 77, o
Lead Reagtor; DIMBR1 1 ifMBIR1in LEAD: SP-2008 O Sample Collection Time: AT MBIR 2 pH sdunits|. "7
Ll MIBR2 if MBFRZ In LEAD: SP-1008 ) ,
5 e = = - o = MBfR 1 ORP mv | =&l
[ 2 5 g2 o2 2 255 sSg|l &5 s 463
E = 3 Ll L ® =3 o9 5] &8 £5 MBfR 2 ORP mv —_32_4/
T = E e ¥ a o =L E |0 E= £3
a - & o« < w @ L [ Nitrate Frequency Hz o——
o |pH @y [ 7 Bl | 787 | 7.6l | 79% | 7.88 “7.CE | |LastNFeed pem (N) | &2, 2o
© P - 77
3 Temperature C) i@ & ["f' 5 ‘o $ 20 Lf‘ 2c. % Go.u i LastN A1 ppm (N} | &£ . 6‘7“‘
2 ome ) g6 | —~dee €2 |—i90 20 LastN A2 pom (V)| 22,525
? |pissolved Oxygen {mg/L) ﬁ L) € 8 L. l é‘ MBfR1 Sparge Rate | mm 2.:‘.!.3
- iy y ]
Nitrate + Nitrite (Mg/L-N} £ ¢ 2.0 2 MBfR2 Sparge Rate mm 2_,4.0
; . ) spm :
Nitrite {mg/L-N} O : Phosphate Pump Settings % stroke = W)
Phosphate Concentration
Sulfide (mgiL) a.LSt:zmer mg/LPO4
Turbidity NTLY Aeration Tank Afr Flow scfm 3 R
Chilorine Residual (mg/L) ’ , Air Tank Pressure psig 20
* Signifies MBfR 1 or MBfR 2 dependlng on if reactor is |n the Iead or Iag posmon - this changes every 96 hours Nole: shaded boxes are to remain blank Target Media Filter Flow gpm C}’ )
Rate
— Inventor !
Post Finished Water \\ Backwash Record / . e y T [ edia Filter Inlet Pressure | - psig k. 3
System Inspection Backatash start time- : Zd H3PO4 Stock (gal) [Wedia Filter Outret - osig | /
Jollect while sump is running _ Backwash dirration min e Sodium Hypo Stock (gal) Pressure =3
Bag Filter AP psi ) Initial Product Tankkgvel gal P =% |Dissolved Oxyge| Sodium Hypo Pump spm SO
GAC-1 Pressure psig |G Final Product Tank Level™, gal .~ 2 2 INitrate + Nitrite Settings % stoke|  J0O
GAC-2 Pressure psig i & Time of sample collection: ™~ % 2 |Nitite
G lant Tank Level I £
IX-1 Pressure * psig & Location (NTU) /& 7SS Collected? é é Sulfide oagulant Tank Leve gal &5
_ Lead Purge 1 A ves  ONo B % [Chlorine ] ]
= £ G jlant P Sett I/
Feed Tank Additions Lead Purge 2 / D?‘es\ ONo 2 o-Phosphate caguiant Fump Settings | mimin 7
: H3PO4 Sodium Hi Lag P 1 HYes No - H . -
- - ST Vo g urge / N 8 o d CO2 Cylinder Pressure psi 8 -'7
ime 2008 | 2150 Lag Purge 2] OYes  DRwy 5 §lore
itial Tank Level (gal i . MediaFilt ClYes  ONo a2 i
jitial Tank Level (gal) j: & VAR’ egiarFiter \ O £ 2 [Turbidity H2 Cylinder Pressure - psi 7[
tock Added 275" &5 >~ ‘
ype of Water Used For - - - |[NOTES: N2 Pressure - e
ilution “\ir“ . wmr s . . R — . - i 2 P u psi l i—rl7¢.
dome O3 |~ %, 2| TG APT LoERED. NFLIENT T Pdte —o § &Pm. Cdwm E—— —
) il . Y . C - , \ o [
;‘tﬁl Volame Added 3G 1% 2 AAD Crange PHOSP tuaTe ToSInG T2 20 SPw / ra {: Tobidity (nsramen) NTO o.17
‘ — o E [ T b ) g S /] P o -
;r;:-il Tank Level . ¥ f,l)o P ke AL% hia N&E F\"pb 3{,& lﬂﬁ 60 SP' / ]'Db / Turbidity (OFT) NTU O 7

[ote: There are 3785 miL per gallon.
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Jata Log Sheet

~ ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Air Monitoring

Zero Calibration? OYes CNo

Mixed Cylinder

Aeration Tank

MBfR 1

MBfR 2

OIT Area

Time

Carbon Monoxide (ppm}

Oxugen (%)

Methane (% LEL)

Hydrogen Sulfide (pprn)

NOTES CONT.:
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Data Log Sheet

ESTCP: Technoio

smonstration Plan

Perchlorate Destruction Usi:._ .Jiembrane Biofilm Reduction

ESTCP Project Number ER-200541

: B-102 ‘ o
APT WERWED o THIAT Rade TWEKS  (WERE JmNAeD oN

w22/

_ “1:%0 AZuch
Date:_W/28 /1 Time: Operator. N Treatment System Inspection
T T Field Sam/ples QOutlet Totalizer gal 703&! w
c [PH calibrafion? [MYes LINo ORP calbration? MYes LINo Tumlaﬂy_lgg,ratm Eflgy Taraot Flow Rat .
2 |Standards: 04 017 dio Standards: BZ0 200 1000 4000 arget Flow Rate gpm
o Temp (Deg C): l% -8 —
£ |standard Reading: : Readings: 50/,
= 7 . ) 2 Internal Recycle Rate gpm 2.0
8431 ;. 702 iol0-07 Standard Reading; 220: =) 0136 0 [ B 430 025" 3’ 050, 0. 012 :
Lead Sample Lag Sample MBfHR 1 pH stdunits [ ~7.2Z.
. O MiBR1 i i : 8P- ion Time:
Lead Eeactor. NBHS SP-100A/Z' :: mg;g; :: ligig; :E_fggg O Sample Collection Time: MBFR 2 pH sdunis| 7 2z,
5 8 e ar k-
g @ E 3 5 o5 8 et s MBFA 1 ORP my | - Y
- —
E € = LR 3s B 2 =3 EE MBIR 2 ORP mv | — 2@
g S = o2 T8 ) sirE O
o = << w o Nitrate Frequency Hz —
« [pH (stdl units) 7.85 7.3% -7 5‘7 | 778 7-80 LastN Feed ppm (N) [ 3 222
©
g Temperature {°C) Iq°/ Zo. 7 Zi: g‘ 2} 5 Last N B1 ppm (N) | -4}
£ lore (mv) 340 440 |—552 —2%0 LastN R2 pmN) | 2 .28
[ - - .
B ecalved Oxygen (/i) ; MBfR1 Sparge Rate mm 2&{-0
) . ' MBIR2 Sparge Rate mm 24,-0
_{Nitrate + Nitrite {mag/L-N)
; . spm Z0
Nitrite (rrigy-N) Phosphate Pump Settings o siroke 5
Phosphate Concentration |-
Sulfide {mgiL) at Strainar mg/LPO4 g
Turbidity (NTU Aeration Tank Air Flow scim = 3.2
N N D
Chlorine Residual | (mgn) B . - . R 3 . Alr Tank Pressure psig -~
* Slgn:iles MBEH 1 ar MBIR 2 dependmg on |f reactor rs in the Iead or [ag posmon this changes every 96 hours . Note: shaded boxas ara to remain blank Target Media Filter Flow gpm 7‘ o
‘ Rate
Inventory [ .
,P.OSt Flnlshed W.atQ[ Backwash Recbrd e Toe e Media Filter Inlet Pressure | psig F.<7 _
System Inspection |Backwazk start time: H3PO4 Stock (gal) <t Media Filter Outlet psig (o- &%
Colfect while sump is running Backwash duration . min L Sodium Hypo Stock (gal) | %0 Pressure :
Bag Filter AP psi % Initial Product Tan}bqiel gal v = %‘ IDissoIved Qxyge 5-1' 27 Sodium Hypo Pump spm ’50
GAC-1 Pressure psig 17 . Finat Product Tank Level™,_ gal .~ 2% I_Nilrate + Nitrite [/} Settings % stroke 100
; T T e — o e
GAC-2 Pressure psig I & Time of sample collection: ™~~~ L Nlln.ie Coagulant Tank Level gl ?_
IX-1 Pressure psig [-% Lacation (NTUy [ K TSS Collected? S £ |sufide
’ Lead Purge 1 A [Yes  [No 3 5 |Chiorine
=% < G lant P Settings | mlmin
Feed Tank Additions Lead Purge 2 pd O¥es  ONo £ Jo-Phosphate % caguiam: Fump Setting: ' 7
H3PO4 Sodium Hypo Lag Purge 1 S DYes ™, CNo - - pH Ok,
= S €02 Cylinder Pressure si
Time 2= I~ 05" Lag Purge 2 // OYes DNQ g % lore - Ceoper o P oo
=
Initial Tank Level {gal = ia Fi LY N ®28 idi
nitial Tank Level {gal) 0.7 Medla/F,IlB( es o ~ S £ 2 |Turbidity PEORER) H2 Cylinder Pressure psi ?{
Stock Added 2156 )
Type of Water Used For | [y 3e= NOTES: N2 Pressure i {
Dilution : psi 5‘7
Volume Dilution Added 4, o %D/ Sm ?Mse Sl“de U!Gy h/ 2‘9/" ) @‘M i sl N2 Flow Rate scfm -—y
(ga) Y.
Total Volume Added % L{_( TL\O.@\D ‘le éﬁb j’Ab\« 51»‘ NDAQD.‘ m NOT WA‘D U!\E‘\L M m Tubidity {Instrument) NTU [e] { {"
al . o A
Final Tank Level 5 "'@ Be 960@8\0-’5’9 -
iy O — ; Turbidity-{@#R- NTU | .27
Note: There are 3785 mL per gallon. e ii’mr-}l-ri [T A A %‘E ofeJJ'n-ED ( " Z . 00 . FeoDicr



Data Log Sheet : ~* EsTCP: Technology Demonisiration Plan
Perchlorate Destruction Using Mermnbrane Biofilm Reduction *
. ESTCP Project Number ER-200541

—ay .
- [ S W

Air Monitoring
Zero Calibration? [IYes [CNo Mixed Cylinder | Aeration Tank MBIR 1 MBIR 2 QIT Area -
- |Time
Carbon Manoxide (ppm)
Oxugen (%)
Methane (% LEL)

Hydrogen Sulfide (ppm)

NOTES CONT.:

AU ol DEl weole ToeT — Fuvehs (255 — (oo . £Pw WSpen  \oo— 50 Type Fureh. NEGh

—ip AN WD TP. APT OoNsae 10 'Fsﬁu, FLiE? Ap AND -mwesr— Z < Teek

FovcaetS (| FroM-Eich WBLR.)
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Data Log Sheet } ESTCP: Technolo  “smonstration Plan : Ty
] ‘ Perchlorate Destruction Usii.,, .iembrane Biofilm Reduction : : :
1 ESTCP Project Number ER-200541 :
? Date:\—Zi,L” o/ ' Time: _/ ¢4 ' ' Operator: _SERKOFF | Treatment System Inspection
v i Field Samples QOutiet Totalizer _gal 7‘;036 &
g [PHca bration? (FYes LINo ORP calibrafion? I<Yes LINo Turbidity callbration IEYes TTNo Targe! Flow Rat :
& | Standards: @4 &7 Mo : /4 ' Standards: ¢ =20 E( %00 600 4000 arget Flow nate gem | ¥
o Sta Ml . Temp (Deg C): .
85 ndard Reading: Readings: .
= ) } Internal Recycle Rate gpm f5 ) A X
Sla .00 7 7,04 10 810 Standard Heading: 200 229 Joase ™ 030~ 0.50. "~ _ Vae
__ lead Sample Lag Sample - MBfR 1 _pH std units 7' Q'
Lead Reactor: o 1MBfRT in LEAD Sample Collection Time: C
C EhNIEmS SP-100A ; i : . MBfR 2 pH std units l
if MBfR2 In LEAD: SP-100B
% a E o5 o5 5 -QEE ~,,-,§ E'ﬂ'} EE MBIR 1 ORP mv | — 325G
£ = 3 7] © = 523 |8 5 o ; ‘ - = £
§ I g 33 3 g B 2E: |23 s ga MBfR 2 ORP My 71 G
o = > < < i 0 i o Nitrate Frequency Hz -
% pH {std units} 7 55 i '75 O 7 Lf’ T.72 Last N Feed. ppm (N) 57 f Y
O |Temperature ¢c) 9.2 |9, 2143 o o 3 Last N R1 pm(N | /,73
Elore oy | 37 ~-*83 | .S0| 55 LastNR2 - o (N [ ¢
o —.
? |oissolved Oxygen {mg/L) 9 Or XS L] s'i S MBfR1 Sparge Rate mm Q YO
Nitrate + Nitrite (mg/L-N) T O MBfR2 Sparge Rate mm | 40
: som
Nitrite {mgL-N) Phosphate Pump Setings Ior siora] %
Sulfide (gl :hgrsr;z:\:ﬂt? Concentration | mg/ po4
Turbidity - NTU) Aeration Tank Air Flow seim 3‘ 01
Chlorine Residual (mg/L) . ; . Air Tank Prassure psig .0
* Signifies MBfR 1 or MBfR 2 depending on |f reactor s in the Iead or Iag pusmon thls changes avery 96 hours Note: shaded boxas ara to remain blank Target Media Filter Flow gpm G
~ Rate
P — Inventory - - :
ost Finished Water . { Backwash Record Tope S Media Filter knlet Pressure |  psig m? c(
SVStem'lnSPectlon Backwash starttime: ] % [ © £ v\ H3PO4 Stock (gal} bf Media Filter Qutlet péig
Coilect while sump is sunning Backwash duration min Sodium Hypo Stock (gal) | 25 Prassure /3
Bag Filter AP psi < Initial Product Tank Level gal - % Dissolved Oxyge| &2 -ﬁ{ Sodium Hypo Pump spm L=
GAC-1 Pressure psig {4 Final Product Tank Level gal 2% |Nitrate + Nitrite {a Settings % stroke|  § O
GAGC-2 Prossure psig O Time of sample collection: = 2 [Nitrite G
IX-1 Prossure psig L3 Location NTU) TSS Collectedy/ 52 [sufide 3z Coagulant Tank Level oal -
) Lead Purge 1 | OYes  lflo,~ E % [Chiorine < —
Feed Tank Additions Lead Purge 2 UYes EH%, - o-Phasphate 2 Coagutant Pump Settings | mi/min 7
HaPO4 Sodium H . |cag Purge 1 _ ' OYes  Efo H
odium Hypo ag Purge Eﬂ(/ - _:c_f> o B - v CO2 Cylinder Pressure psi S/
ime jdpea]| [Dpm |Lag Purge 2 e ot § Elowe  |orper 7
Initial Tank Level (gal} Media Filt . OYes o g28 i
i Stook Addes 2 S’ & . [Media Fiter o= & |Tubidity ORPER H2 Cylinder Pressure - psi 8 3
: ock Adde - o
! g:l;::i :fn Water Used For P - NOTES: . N2 Pressure psi j6 B
Valume Dilution Added _ INCREASE D PHosPHATE pOSwe Pump  STRroXE L ERGTH  Fiew N2 Flow Rate ‘gofm
(gal) —
LT;:IE)“ Vaiume Added — — 6% Te B0, LodqigasT TANR whs empTy uperd frr WRE, | [rubidity (Instrument) NU | 0,273
al I . » b
Final Tank Level ~ b g { g Com ‘TL.{?—F&é'D © F‘F‘ DCE’ NG KLM p A’”F ‘}‘LGR'T&? 4‘ ; Turbidity (OIT) NTU o 4 O
(aly A . W
Note: There are 3785 mi per galion. CD | T ks MP 7o dEspm ( Frem gd) g
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Data Log Sheet  ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
" ESTCP Project Number ER-200541

Air Monitoring

Zero Calipration? OYes ONo Mixed Cylinder | Aeration Tank MBIR 1 MBIR 2 OIT Area

Time

Carbon Manoxide (ppm)

Oxugen (%)

Methane (% LEL)

Hydrogen Sulfide (ppm)

NOTES CONT.: - . . i
COULETED (Ot [NFWERNT €t whTeR + Dare Crusi (Fulbee) L ATER —~> OVERNIGHTES
THESE To ASU, DM HAS 1D Mmmuv INITiATE A SPAELE onl MEFR.  ARND Ny
COLLCTE SAMPE wATER DuZING THE F‘nzs?’ Dﬁfhd/éé‘mub DA F'ot?— BorH REACTORS,
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pH (std units)

Last N Feed

Data Log Sheet ESTCP: Technology Demonstration Plan
R Perchlorate Destruction Using Membrane Biofilm Reduction
f ESTCP Project Number ER-200541
" . } R GO‘ + [ -:? <o : = — - --—-.-..._......_,_,.,._,f
Date:_| J;LQ;/ ! bl e Operator. i SEROKOFF Treatment System Inspection
il . - i e - —— —
Field Samples Outlet Totalizer gal r
—T5H callbration”  [JYes LINo calibration es LINo urbidity calibration” es 0 5
« |2 |standards: 04 07 010 Temp (Deg O Standards: (J0 [120 [J200 CI1000 (14000 TR Doy e gpm 4 &
— E . 2 . :
LAY IE SIRICaIE SRONg: peauiige Internal Recycle Rate gpm
G ; |
0|4 7: 10: _ Standard Reading: 220: 0.136: 0.30: i )50 = _
’ ’ [ < 2 Lead Sample Lag Sample MBIR 1 pH std units
te: Lead R . O MIBR1 f MBfR1 in LEAD: SP-200B [J Sample Collection Time: ' 30 ~
ol | ead Heactor: SP-100A [ ! l ample Collection Time: : > MBIR 2 pH std units
Ll MIBH2 if MBIR2 in LEAD: SP-100B [J / 'i
S . = - L5 5 s ET B K - |[|verRiome mV
I v - (T ® O ° = 529 |e3d g o g EE |
- = E 0 © 3 ® © =2 |0 = < = EE MBfR 2 ORP mV
® -] = :‘ Q *x @ Q = WL = Q. oxT ¢ = o O 1
I E 50 o i < L n L o Nitrate Frequency Hz
| —
I

Temperature

Sample Data

Dissolved Oxygen

Nitrate + Nitrite

Nitrite

Sulfige
Turbic

Chlorine Residual s :
* Signifies MBfR 1 or MBfR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours

s
©
D F
L
o
=
@
n

: Finished
U" Water

I}
[ ]
L

Note: shaded boxes are to remain blank

Post Finished Water
System Inspection

Collect while sump Is running

Bag Filter AP
GAC-1 Pressure

Backwash Record

Backwash start time:
Backwash duration

Initial Product Tank Level
Final Product Tank Level

(@]
H%

Q
0

o %

3

melly

%

g

Lesdruget B0 - ol o obiyest (TINGT U ol o s

Feed Tank Additions LeadPurge2 | OYes  ONo =
Bl BagPugels f 0 OYes  ONo :

N

Type of Water Used F |

MEDIA_Fig e
,vgmapiluﬂm-w _ . | .
32 13
s

Note: There are 3785 mL per gallon.

No cAmpcNG 7ops eP oF HiPly Anb>

Collum HYPR TAMKS, DT (P RESTARTED Ha GEMNERATOR
| AND YERIFIER EA o HA / ACR T (AST | HEOU G
HE KWECKEM])) 1ENERLATOR S HUYT DowN  AcHIN.
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C ok s

L

Last N R2

MBfR1 Sparge Rate

MBfR2 Sparge Rate

Phosphate Pump Settings

Aeration Tank Air Flow

Air Tank Pressure
Target Media Filter Flow

Media Filter Inlet Pressure

I;.
~
5

Media Filter Outlet
Pressure

Sodium Hypo Pump

Coagulant Tank Level

®
=
=.
(=]
7

(@)

CO2 Cylinder Pressure

H2 Cylinder Pressure

Phosphate Concentration

oagulant Pump Settings

% stroke
mg/LP

scfm

:
- AL

% stroke

gal

ml/min

I
Saiia

G
ﬁ

N2 Pressure
N2 Flow Rate

Tubidity (Instrument)

Turbidity (OIT)

¢

NTU

¢
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Data Log Sheet

i el RS e T R e T Tty e e

Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Air Monitoring

- ation Tank MBIR 1 MBIR 2 OIT Area
I.."E o -l:_ alibyration 7Y as !N{_;l hﬂl!E"d E"p’llﬂdf‘r Aaraton lan

Teme

Carbon Monowde (ppm)

Chasgen (%)

pethane (% LEL)

Hydrogen Sulfide (ppm)

S PM |
NOTES CONT.: 2 - 1
INCREASED  soDrumn HY~2 FHHPW.{E?TF’{'G- 70 _3‘5’ (from .-?.‘S:rf‘rh) AFTER .ﬁﬂvﬂg—';arﬂ’gd -ﬂFF— rL'mk'#
.TFH"T T':h_ﬁé ON SITE THE AFTEENGON T ADPIUIT Eatl VALUE SETTING oAl MBFR. ot TEdle
(gvelfers 7o ﬂ(ﬁ#?!ﬂ“} o AccounT _for LoweéD [fiow [ATE @jﬁ@l). .
NCDOM ADSUsTZP BAte LAVE (APT - Te cHeck pn whTER Lever LATEZ -ri::fj_;bﬂ{). NoTiced Som€  KRheekiNs
o RoUAHCR sOwunisS FRop -ELUUIF Purp (H!c&HT Cc&#;ﬁéﬂ SLRvictpIS IT'),
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Data Log Sheet

ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Date:__/2 Time: &\ 04 Operator: RERcuceF F Treatment System Inspection
pa Field Samples Outlet Totalizer gl |7)5 23304
5 pH calibrafion? [JYes GJNO ORP calibrafion? JYes LINo Turbidity calibrafion? [Yes LINo rardot Elow Flak =
2 |standards: 04 O07 010 Standards: 00 20 (J200 (J1000 4000 gaLiiow nate i 6
g Standard Reading: Temp (Deg C): Readings:
5 ings: Internal Recycle Rate gpm
O | 4 7. 710 1o Standard Reading: 220: 0.136: 0.30; 0.50: -
Lead Sample Lag Sample MBIR 1 pH std units
. O MIBR1 . ; e : SRS : =
Lead Reactor: OmeRz SP-100an FMBMR1InLEAD: 8P.2008 O Sample Collection Time: X MBIR 2 pH std units
if MBfR2 in LEAD: SP-100B O
8 - = c = 3 = = el 8 MBIR 1 ORP mv
c c E 0 = c|lNE c =
E 2 o 3 % o % 2 % g8 |%3 £ 9 5 g|lpo|-2 Eg
= 3 Q 8 @ 23 1073 8w 2l 3|x 3 £ MBIR 2 ORP mv
g =] = & 3 = 3 G STE |20 cE= [SE 5-:::5:: £a
c * —
s = o o < w o ic w w w e Nitrate Frequency Hz
@ |pH (std units) 7; Last N Feed ppm (N)
[u]
?, Temperature (°C) -}» LastN R1 ppm (N)
[3+]
- Dissolved Oxygen (mg/L) -E MBfR1 Sparge Rate mm
Nitrate + Nitrite (mg/L-N) = MBIR2 Snams:Rals i
; spm
e P Phosphate Pump Settings v
Phosphate Concentration
Sulfide (mg/L) at Strainer mg/LPOY
Turbidity (NTU) Aeration Tank Air Flow scim
| : .
Chlorine Residual (mgy | ‘ oy : Air Tank Pressure psig
* Signifies MBfR 1 or MBfR 2 depending on if reacmr is in the lead or Iag position - thls changes every 96 hours Note: snaaedbaxes are (o remain biank Target Media Filter Flow gpm
Rate
e Invento o
Post Finished Water Backwash Record Tooe ry —— Media Filter Inlet Pressure |  psig
System Inspection Backwash start time: H3PO4 Stock (gal) Media Filter Outlet 8
Collect while sump is running Backwash duration min Sodium Hypo Stock (gal) Pressure
Bag Filter AP psi Q_ Initial Product Tank Level gal o < |Dissolved Oxyge Sodium Hypo Pump spm
GAC-1 Pressure psig Final Product Tank Level gal 2 8 |Nitrate + Nitrite Settings % siroke
GAC-2 Pressure psig Time of sample collection: = = [Nitrite
C lant Tank Level 1
1X-1 Pressure psig Location (NTU) TSS Collected? é é Sullide oagulant Tank Leve! ga
Lead Purge 1 UYes  ONo g 3 |Chlorine Coagulant Pump Setti Vi
e < oagulant Pump Settings | ml/min
Feed Tank Additions Lead Purge 2 OYes  ONo = _|o-Phosphate , S
H3PO4 Sedium Hypo Lag Purge 1 OYes  ONo - pH
= Ov o g o CO2 Cylinder Pressure psi
ime [ O /M Lag Purge 2 es o g R ORP
Initial Tank Level (gal Media Filt OYes ONo S2aq idi
aital TanklLevel (pel) 31 Z 5 edla e O = ¢ |Turbidity H2 Cylinder Pressure psi
Stock Added o i
i
B)Irlzc: :ri Water Used For I N F NOTES: T e
\ s adis = o o o
:fgc:;.;me Dicion Adced | 9 & No s AmMPLING ToRAY Due To RUNNIVG 0w of  HE puelt | [Gronfae scim
Tuat;I Volume Added 9.2 & THE Uleenyg, CAMERe Tt DegveR Neéw ©PACK LATER | Tubidity (Instrument) NTU
Final Tank Level ) ToPAY, CURRENTLY ONLY QHNN‘N{: (eI N ONGEe CYLiNPDER ('{wﬁ; . | Turbidity (OIT) NTU
1A% ~ .
Note: There are 3785 mL per gallon. COM To cCopbINATE I'-U/A PT_ 70 Sce (F Licy BuphY wite Be
O 5iTE LATER Teph '%,UD §wz~rcy 0T REGULHTOR 7o NELD ©-FPRK. cAMERoW To DELIVER
ANOTHER & -FACKK ©N {2 ]



ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

Data Log Sheet

Air Monitoring

Zero Calibration? DYes ONeo Mixed Cylinder | Aeration Tank MBIR 1 MBIR 2 OIT Area

Time

Carbon Monoxide (ppm)

Oxugen (%)

[Methane (% LEL)

Hydrogen Sulfide (ppm)

INOTES CONT.:
THeRGE whs A SizABIE [ €Ak THAT Occuleel> op THE pa SPaPGE Lirce JustT FRIOR To THC Seocols;
AP MMPNIMIZED LEAK = Bur Reunizes Fupikel MainTen ANCE

VALves, Ciomn TH TiGHTENED (T «p
Anp P zeppin. (com aeems APT). CAmerers 1o  Fiee N2 Dewptr 7mopAY AS THE (EAKR
LIKet Y cAUSELD Bk S 1o Pun  owr of  ANa, CDNM_ cose> OFF VdiveE &N Nﬁg:a Decw AR —Fe T3
PREVENT FURTHER c(ess oA GAS uPOR  ET(c NG wl THE Lkl  ToAY 6"/2;»»«1).;
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Data Log Sheet

ESTCP: Technology Demonstration Plan
Perchlorate Destruction Using Membrane Biofilm Reduction
ESTCP Project Number ER-200541

B-110

. O - -
Date: [f-[ a/i Time: __ |2 +00 Operator: ARUcAN Treatment System Inspection
i3 4 ORP erielc'I) Saurzrlplesﬁ Turbidny callbration? LIV, A (o T 2 |7eq o0
< [pH callbrafion? Oves [ANo calibrafion? s 9] urbidity calibrafion? es o
S |Standards: 04 07 01 ’ Standards: 00 020 0200 Ci1obo Dl4c00 Target Flow Rate om | .0
8 | Standard Reading: _ Temp (Deg C): nas: =5
£ [=tandard feacing: . Readings: Internal Recycle Rate gpm / \z-o
T . .
Ola 7 10: Standard Reading: 220: 0.136: 0.30: 0.50: - -
Lead Sample Lag Sample . MBfR 1 pH . std units | 7+ 2.
. MIBR1 f f . . i ime- M
Lead Reactor: /g, MiBRs  SP-100am1 ifMBR1In LEAD: SP-2008 O Sample Collection Time: Bios MBfR 2 pH stdunits | 7 4
if MBfR2 in LEAD: SP-100B O
5 c -] -
E: ” .g 3 § > § 5 = g i 'E = MBfR 1 ORP mv i X1
& = =
E = 3 98 LB ® 23 a EE MBfR 2 ORP v | —G IR
o = E e - 2 Q =uE = g O
& = o x < w ic o Nitrate Frequency Hz
& |pH (std units) 7 1= Last N Feed ppm(N) | B.z 5™
o "

. 'd:; Temperature (W) % LastN A1 ppm (N) I ! ?D
2 |omp ) Last N R2 ppm () | -\
ég MBfR1 & Rati L{-o

Dissolved Oxygen {mag/L) parge Rate mm 2
{witrate + Nitrite {mey/L-N) MBIR2 Sparge Rate mm 240

it Phosphate P i £pm =

Nitrite (mg/L-N) esphate Pump Settings | el 5 5

i Phosphate Concentration
Sulfide {mg/L) |2t Strainar i
Turbidity Aeration Tank Air Flow scfm 5 ez
Chlorine Residual Taee ; Air Tank Pressure psig 2-0
* Signifies MBR 1 or MBIR 2 depending on if rea Nole: shaded boxes are to ramain biank Target Media Filter Flow gpm
Rate
— Inventory —— .
Post Finished W_ater Backwash Record Tome == Media Filter Inlet Pressure | psig 2.0
System Inspection Backwash start time: H3PO4 Stock (gal) " [Media Filter Outiet N
Coltect while sump is running Backwash duration min Sodium Hypo Stock (gal) Pressure *

Bag Filter AP psi @ Inittal Product Tank Level gal o 5 |Dissolved Oxyge Sodium Hypo Pump spm ?; (&)
GAC-1 Pressure psig <t Final Product Tank Level gal 28 |nitrate + Nitrite settings %stroke|  /OD
GAC-2 Pressure psig | 7., - Time of sample collection: % 2 [Nitrite

- Coagulant Tank 1 |
X1 Pressure psig D Location (NTU) TSS Collected? 5S¢ [sufide gulant Tank Leve 9 O
Lead Purge 1 OYes ONo S 4 |Chiorine R ant P Setti Vi
— Z agulant Pump Sef oF
Feed Tank Addltlons : Lead Purge 2 OYes ONo s o-Phosphate 08g P ings | mumin =4
H3PO4 Sodium Hypo Lag Purge 1 OYes ONe - = pH
S o i P i
Time [3 /5 ( ‘1o Lag Purge 2 OYes  ONo 2 %lorp C0z2 Cylinder Pressure pel g%
5 T
Initial Tank Leve! {gal) . Media Filter OYes .TINo BLY -
‘_._i 15 & % ¢ |Turbidity H2 Cylinder Pressure psi 90
Stock Added \—Ig'.u—) % -—_—
Type of Water Used For \ [ROTES: N2 Pressure Si
Dilution MNEL. —_ Zowa o P ——
Volure Diliion Added | 42 2 | ——— ONCAEE TO ke Weghe \i COWPLANIE  Sawmpiel N2 Flow Fate i | 2P
(gal) - p
CAAN O W,
Toat[a;l Volume Added @_{ O S?D‘W eeed @ \:00 Tubidity (iInstrument) NTU ©_ 25
z;a\l Tank Level 5 ) 154 Turbidity (OIT) NTU O 2Ly
Note: There are 3785 mL per gaflon.




Data Log Sheet

ESTCP: Technology Demonstration Plan

Perchlorate Destruction Using Membrane Biofilm Reduction

> 4

Note: There are 3785 mL per gaflon.

A'zp ESTCP Project Number ER-200541 .
Date:_ 1% /1 Time: -2 Operator; _ A% Treatment System Inspection
- - D Field Salpples / . Outlet Totalizer gal 72%9@0
= |pH calbration? es No ORP calibrafion? Yes LMo Turbidity calibzalio {Mes mo Tar L
) get Flow Rpte gpm
'% Standards: 44 KJ;?W 12'10 Temp (Deg C): % =7 l Standards: mtfa I3£2 200 ™1000 m i ’[a O
é Standard Readihg: ) Readings: ] Internal Recyde Rate gom S%Zo
Slad0Z 4. 70l 45 10-0f Standard Reading: 220:_ 24 61360 14T o020, 0-210 o050 0.521 — — Tz
k3 Lead Sample Lag Sample : . P std units i
Lead Reactor: S MBRI ; if MBIR1 in LEAD; SP-200B 3 Sampie Collection Time: )
SP-100A O MBfR 2 pH std units .
U MiBR2 "~ if MBfR2 in LEAD: SP-1008 [} 72
3 - x5 = c & o < = =| B MBfR 1 ORP mv |~z
g 2 § 32 | 28 s | 258 |s5g| 25 |c5(35|-8| £3 =2
£ = -3 L 35 @ a=3 |los 5 258 |§2|53Ix2 = MBfR 2 ORP v Y A
£ =1 = . ¥a ] S |0ox| €2 |gE|logE|TE 54
g = @ 9 < ~ w iL w wi w o Nitrate Frequency Hz -—
o B 6! BT R
= |pH {std units) 7 21 |7, (ﬂz 7 i l 7-2e 775 7 -%2- : 224 LastN Feed ppm(N) | B.o3
1] - -
% [Temperature [°C) 17'5" lqz l&’ -2 148 lqg l@fj : /Q. 7 LastN R1 ppt (N) /-2
E— 2 L
E ORP (mv) -72 —Ebl |~ 54, |—2706 |—\ko 500 . LastN R2 po (N} | O - 24
@ Digsolved Coygen {mg/L) j - ‘!‘ D (I’ 7 ‘7 S— e L MBfR1 Sparge Rate mm z_f.l.o
' . . MBiR2 S Rat
Nitrate + Nitrite gy | B-Z 24 | 04 o . i pargy nate mm zz‘-fo'o
. - T . fOe s N N S . & i Phosphate P Setti spm
Nitrite 1 gy 0 0-{o of : 0 osphate FUmp Setings o cioke ] B &
2l |Phosphate Cancentration
[Sulfide (W'—) 0 D D ; g- o . g 0 =1 |at Strajner mg!LPO4
Turbidity NTU) —_— —— ——e :  — * Aeration Tank|Air Flow sefm | B2,
Chlorine Fesidual mg/L . : i ¥ . D "" b 2. : Air Tank Pn.as _‘.’re psig 2.
* Signifies MBIR 1 or MBfR 2 depending on if reactor is in the liajd or lag position - this changes every 96 hours Note: shaded boxes are to remain blank ;e;rtget Media Filter Flow gom _E* &0
— = ’ Invento
.. .. Post Finished Water Backwash Record e Tyee T [Meia rier etpreseure | o0 | 2 -5~
System Inspection  [Backwashrstart time: .  |H3PO4 Stock (gal) = |Media Fitter Olitlet- sl |
Collact while sump is'rurining o Backwash duraiion, - min Sodium Hypa Stock (gal) 4 0 Pressure -5
Bag Filter AP psi L= Initial Product Tank Level_ gal 55 |Dissalved Oxygs [0~ Z Sodium Hypo Pump spm Z5
GAC-1 Pressure psig 5 Final Product Tank Level ™. gal &3 |Nitrate + Nifrite {0 Settings %stioke| /DO
GAC-2 Pressure psig 4 Time of sample collection: e E % Nitrite [ﬂ, Coagulant Tajk Leven 'gal I_7 -
1X-1 Pressure psig ] Location (NTU) TSS Collected? 2 £ [sulfide T
” Lead Purge 1 O¥gs  [JNo 54 [Chlorine ] - ]
T 2T < Coagulant Pump Settings mb/min
1 Feed Tank Additions Lead Purge 2 Tves ~_INo R [o-Phosphate guiantPunp Setting S
e . -H3PO4 Sodium Hypo Lag Purge 1 OYes DNQ < pH @ £ ) )
- 5 o CO2 Cylinder Pressure psi
Time ‘ 1= ’l;‘ 1:30 Lag Pur,geé/ OYes  CNo B % ORP ©l 83
. . N ) = w L . -
Initial Tank Level (gal) 0-& ® Mgl Fiter Dves )D No S5 £ |Turbidity 1 ™™y |, Cylinder Pfessure psi ‘?{
Stock Added 224 [5) - '
1[')31pe of Waler Used For INF‘ N /A [NOTES: - - | In2 Pressure psi / 22
ilution
T 5, ) S NGVTE 10 Prund Rewdnaind LaeR W 5’ecaam¢~'/ CouTAN meN] " -
(gal) - T L
Total Volume Added %4,_ b -\UG‘\'HQQ(DI.T‘/ WE-ER Mg UQFU-W.D FWW \O-CO “ 00T Uge Tubidity (instryiment) NTU °.20
al)
Final Tank Level £ 0 D % S Pl S Shw IRSTALED YpSE ctrmPs W AveAS —\\_mr ——— v 770
Boae W e b/ZaAc UALER “Tupein] SAWPLES UERE

MoT Theek e 10 %F?fﬁgé 1106,




Data Log Sheet

h 3

ESTCP: Technology Demonstration Plan
Perchlorate Destruction bsing Membrane Biofilm Reduction
‘ESTCP Project Number ER-200541

Air Monitoring .

Zero Calibration? OYes [ONo |

Mixed Cylinder

Aeration Tank

MEIR 1

MBfR.2.-

OIT Area -

Time

Carbon Monoxide (ppm)

Oxugen (%)

Methane (% LEL}

Hydrogen Sulfide (ppm)

NOTES CONT.:

oM NG ke e Moo MOANT of Sgpowpary] CormamwenT  Swird. T v ENapbE AT APPRax . Sl
FROM Botow . ~

* Sump Pump PZessuge @ 3\ PST
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Data Log Sheet

ESTCP: Technolor

smonstration

Plan

Perchlorate Destruction Usir.,_..embrane Biofilm Reduction
ESTCP Project Number ER-200541

2, | . 10000 . -
Date:LAgL Time: lo:0 Operator: Treatment System Inspection
Field Samples Outlet Totalizer gal
c |pH calibration? Yes [INo ORF calbration?  LIves 1No Turbidity calibration?  LIves No Target Flow Rate o
£ |standards: T4 7 0010 Standards: 00 20 1200 C11000 14000 9 9p
g Standard Reading: Temp (Deg C): Readings:
-% " ] eadings: Internal Recycle Rate gpm
Ol4: 7 10: Standard Reading: 220: 0.136: 0.30: 0.50: -
Lead Sample ELag Sample MBFR 1 pH std units
e Ay BRI in LEAD: fon Time: 1]
Lead Reactor:  — WIS) - gpqooa If MBIR1 in LEAD: SP-2008 O Sample Collection Time: MBIR 2 pH std units.
if MBfR2 in LEAD: SP-100B O
L)
k)
2 P £ o5 5 S et [.Eo| = 2= MBfR 1 ORP my
£ = [ 5 235 = 58¢ |23l £8 £s
-] c = LR @ © =32 |05 > 2w £ 5 MBfR 2 CRP mv
g =] = e Fa ] Sy |oxr| £= 50
& = B = << w w (™ o Nitrate Frequency Hz
@ |pH (std units - Last N Feed ppm (N)
113
9 {Temperature (c) ] Last N Rt ppm (N)
£ lore () - bastN R2 pem (N
3]
w iDissoIve d Oxygen {mglL) i - MBfR1 Sparge Rate mm
Nitrate + Nitrite {mg/L-N) - MBfR2 Sparge Rate mm
. spm
’ Phosphate Concentration
|sulfide {mayLy - w‘:iw mg/LPC4
Turbidity (NTU) - Aeration Tank Air Flow scfm
Chlorine Residual mg T : e ) Air Tank Pressure psig
* Signifies MBfR 1 or MBIR 2 depending on if reactor is in the lead or lag pesition - this changes every 96 hours Noto: shadad boxes are io ramain blank Target Media Filter Flow gpm
o Rate
— : : Inventory — -
Post Finished W.ater L Backwash Record / Type — Media Filter Inlet Pressure | psig
System Inspection kwash start time: rd H3PO4 Stook (gal) Mediia Filter Outlet osig
Coltect while sump is running * . BacMsh duration min / Sodium Hypo Stock (gal) Pressure
Bag Filter AP psi ’? Pinitial Pr(huqt Tank Level gal / -5 [Dissolved Oxyoel Sodium Hypo Pump. Spm
GAG-1 Pressure psig 5 - ; Final Product Taak Level gal & ﬁ Nitrate -+ Nitrite Settings % stroke
v = " — Rt v
GAC: 2 Pressure psig I Time of sample colleegion: e R Nitrite Coagulant Tank Level gat
IX-1 Pressure psig l Lacation (NTm\ TSS Collected? =2 5 Sulfide
. i Lead Purge 1 | ~ Oves  ONo E_a Chlorine Coaguiant Pump Seftings | miimin
Feed Tank Additions Lead Purge 2 | >\ DOYes 0ONo P |o-Phosphate
H3PO4 Sodéium H Lag P 1 OYes ONo -~ ) .
— 4% // 5 o pA C02 Cylinder Pressure psi
Time Lag Purge 2_ I:ﬁ\sus\ HNo . ¥ Zlore
2,8
Initial Tank Level {gal) Media Eiér OYes \QNO 8.2 % |Turbidity H2 Cylinder P .
- inder Fressure Sl
Stock Added ) N i
Type of Water Used For NOTES: . N Ny " — -
Dilution Ao &x Rye —— e 7 N2 Pressure psi
Volume Dilution Added s«e ( Y Ass &IA& Lean) A 26—&12_(‘5 N2 Flow Rate scfm
(gal) . i - -
Total Volume Added éM z 1= -T'HE LeAb %S rrm i él‘A-C\_'_l bt % \.&LATGD Tubidity (Instrument) NTU
al .
Final Tank Level Feowm WE Ve PleStne S Rerope Thube alc Turbiciity (OIT) NTU

{naly

Nate: There are 3785 mL per gafion,

o BGhcl< |

H* S Discmlbe pECsuee = |0 P

B-113




T R ESTCP: Technology Demonstration Plan

Data l.ag Sheet
ST Perchlorate Destruction Using Membrane Biofilm Reduction
o ESTCP Project Number ER-200541
Air Monitoring ) E ) :
Zero Calibration? [IYes [INo Mixed Cylinder | Aeration Tank MBIR 1 . MBiR2 . OIT Area Sluub }Lsme i g {
m— - Bk P L B
Carbon Manoxide (ppm) S éﬁo g

Oxugen (%) ’ i éﬂc’ 2‘
[Methane (% LEL) ) - y( L .

Hydrogen Sulfide {(ppm}

INOTES CONT.:

B-114



Data Log Sheet

ESTCP: Technole'  “emonstration Plan

Perchlorate Destruction Usi. .

Aembrane Biofilm Reduction

ESTCP Project Number ER-200541

AN

pate:_{%/ llﬂz i 5  Time: | Operator: __APUCAN Treatment System Inspection
Field Samp]es P Oullet Totalizer gal '724"-# o0
= pH cal'bratlo v Yes E_lNo ORP calibrafion? Yes No Turbidity calibration?  LIves _LANO Taraet Flow Rate m A
2 Standa,ds Temp (Deg O: 18.1 Standards: 00 020 0200 T1000 014000 g 9P
% Standard eadl g z Readings: Internal Recycle Rate gpm ’5%2 o
O 10:._ Standard Reading: 220: \7 - 0.136: 0.30: 0.50: - :
. Lead Sample Lag Sample ) - MBFR 1 pH stdunits | <72
Lead Reactor: O} MIBR1 if MBFR1 in LEAD: SP-200B L1 Sample Collection Time: - .
SP-100A 0 MBfR 2 pH std units .
L1 MiBR2 if MBIR2 in LEAD: SP-1008 O : : P ! 7.z
& = = = £ = B T _ MBfR 1 ORP my | —
g 2 & T e o2 2 565 2 23 Z13
E £ 3 o @ A a o =3 K] ~E¥ MBfR 2 ORP mv | — Zod
£ = = bl ] F o @ = E £ 50
o - o - < w [ o Nitrate Frequency Hz —
o e | 727 | 795 | 787 |74 |77 Lot Food | B om
[+2]
% Temperature °C) ‘77 / '8 l 4‘& 14-?3 LastN R1 ppm ) [ |« e 2
% ORP {mv) &0 — "fD "'4175 LastN R2 ppm (N) | & D
V] |pissoived oxygen gLy K- ['#) @ ‘ 6 - i MBfRT Sparge Rate mm 245
Nitrate + Mitrite - (mo/L-N) 6 ° Z l . 7 0 MBfRZ Sparge Rate mm Z%
; spm £O6
Nitrite {mg/L-N) 1% o Phosphate Pump Setings |-~ ke 20
sulfide (gL o) 3 Phosgli'l::? Concentration |ma pos| & =
Turbiony Aeration Tank Air Flow scfm 2.z
Chlaring Hesmdual : Air Tank Prgssure. - psig Z.
* Signifies MBfR 1 or MBIR 2 dependmg on if reactor is in the lead or lag posmon this changes every 98 hours Target Media Filter Flow gpm 3
. Rate
, — ~ _ inventory — - ;
Post Finished water{?u _ \ Backwash Record / T ry— Media Filter Inlet Pressure |  psig 2 =1
System Inspectuon M"‘F—j \2‘ . [packwiastart time: - _ . | |H3Po4 Stack (gal) : . |Media Filter Qutlet .. psig | 2
Coflect while sump is running o - Backwash dursion min Sedium Hipo Stack (gal)’ Pressure '
Bag Filter AP psi - Initial Product Tank-hevel gal iy |pissotved Oxyge | Sedium Hypo Pump _spm 2o
GAC-1 Pressure psig v Final Product Tank Leve gal 2 2 INitrate + Nitrite Settings % stroke| 106
b o
GAC-2 Pressure psig L Time of sample collection: = 2 [Nitrite Coaailant Tank Level |
* =
1X-1 Pressure - psig ‘ Location (NTU) X TSS Gollected? 5 3 Sulfide gulant Tank Level ga
_ Lead Purge 1 iR CYes ONo - 8% [Chlorine Coagulant Pump Sett Vit b |
Feed Tank Additions Lead Purge 2 O¥es Do “ & JoPnosphate oagulant Pump Setings. | mimin | BT /L
HarPO4 - Sodium Hypo Lag Purge 1 OYes ONo - pH
‘ =) 2 H "
Time 2 :4‘5— 9 18] Lag Purge 2] OYes D\Ne\ £ ZBlorp COZ Cylinder Fressure psi 70
=3 a3
Initial Tank Level (gal) R Media Filter OYes ONo R -
4 6 -i I . G = & |Turbidity H2 Cylinder Pressure psi ‘-’T‘
Stock Added 595 [7] ™~
Type of Water Used For MColA NA [NGTES: N2 Pressure psi Iz@
Bilution
Volume Dilution Added 72 75‘ 78 CoHwe ONSWTE . IT 1S \QP‘/ wmp{ R OMNOP*/ 1S 'HﬁLBlNGr N2 Flow e ot —
(gat) * é{_ :
Toatﬁl Volume Added % . 0 0 Llf’ M grew M’A.':EW- ws "Te ‘b m\l&ﬁ S{{Ofr_' Tubidity (Instrument} NTU 0_ S‘fp
[g;a, o T e A0, Peapinée = 0L 08 TUSRIDIMETER . Com comex | | B 57
{oaly
Note: There are 3785 mL per gaflon. C)AWGW'D“ uﬁl&»&d 'FOP' bm O‘F’ &Dg_, wWA\l i‘

e Sawpis DORT FDABAGED, Crnayaoy- -

HePFonAS arel. NS \PenT”
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Data Log Sheet : nw e " ESTCP: Technology Demonstration Piar * .
‘ ; Perchlorate Destruction Using Membrane Biofilm Reduction -
' _ESTQ_P_,E’rOJg_c_t._Nu_mberiER 200541 : ’

Air MonitoringL: g

Zero Calibration? OYes CING- .| Mixéd Gylinder | Aeration Tank metR1 | weiR2- | OFares |

Time

Carbon Monoxide {ppm)’

Oxugen (%)

Methane (36 LEL)

Hydrogen Sulfide (ppm)

NOTES CONT.: : . ‘ MECRop)

W musu-:z C:D\M msmceb PRD %MD —tHE E% ﬂw&ias # '200/ 0 FLTER WA, WNSTBweD.

H* MEfe 2 bn< TORANED LA (2 V30 AND opgpatEb - LicE —WE Fep. 15— B0 wuweaes,

AT ae'muas Peactor (£ 2:00 A AoATHEs | Eofle oPeHatlr Mopway ,
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.
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Data Log Sheet "~ ESTCP: Technole “emonstration Plan o Y
: : Perchlorate Destruction Usi.__4embrane Biofilm Reduction

. ' ESTGP Project Number ER-200541 :
pate__2 2/ YA/% Time: _{0: 3 Operator: _ARUCAN Treatment System Inspection
) . _ Field Samples _ . ' Outlet Totalizer gal -
brafion? - - ORP calibration? es LINo Turbidity calipraiion? _ 2lveg LINo ‘ .
g [P caoratio? - fYes, N0 e Stand r?- 0 750 Zf200 oo oo Target Flow Rate om | &+ O
£ |standards: 714 10 Temp (Deg C): V7.7 ards:
__(% Standard Headin: ) . Readings: Internal Recycle Rate gpm /.Sa/[zo
.04 ;701 4 10-12 Standard Reading. 220: 242 lo1ss 0. 1000 0500321 050 0-588 :
Lead Sample Lag Sample } MBiR 1 pH std units | 7.2
Lead Reactor; T MfBR1 if MBfR1 in LEAD: SP-2008 O . Sample Coliection Time: L
SP-100A M 2
- A MmBR2 ' it MBfR2 in LEAD: SP-1008 2 BiR 2pH sunts| 77 2
B - = = S B ° slagl =21 B- MBfR 1 ORP mv | e
: 2 g 28 | 28 § |=s5E(sEel 25 (0El05|-8] £E 87|
£ £ 2 ¢ & S © S=3S |05 5 98 |22|x2|x2 EE MBR 2 ORP mv [ — foon
£ = = T e - ¥ e o =L ¥ 0T £ CE|cE|"™E 50
s - 9 = < . w o« iL w w w o Nitrate Freguency Hz ———t
o o o | 795 [7-56 | 765 | B.00 | 182 7 7.5 | [snreed o] B3]
5]
8 remperature o) 18.4 147 - Zodl— 2o .| 192 \41. et Last N R pom (N) | & &2
—_— P it
g. oRP ) 70 —2eto | —5157 | =220 |~ 180 (oo | L | pm® | /g
D | hissolved Oxygen o) 6 o -5" . l 5‘. s" é : 5] |[MBiR1 Sparge Rate mm Z?o
Nitratte + Nitrite (o) £.0 / « G (230 L{- O . . |MBiR2 Sparge Rate mm thfo
. ] ; " - spm .20
Nitrite o) ] o) ss—‘ o 0 Phosphate Pump Settings S troks e
il B Phosphate Concentration o
Sulfide (le'L) O O 1‘ o o‘ g o 2 Oﬁ rainar mg.n'LF'O4 5
Turbidity T o. 1. % 0.044 O. 5( : 4 . | Aeration Tank Air Flow scim 2.2
Chilorine Residual mg/L) 1 - ; l 'Z- i EF: Alr Tank Pressure psig Z -
~Signities MBFR 1 or MBfR 2 depending on if reactor 1s in the lead of lag position - this changes every 96 hours Nota: shaded boxes are ip ramain biank Target Media Filter Flow gom 6. o
Rate -
— . Inventory [ .
Post Finished W-ater -\\ - Backwash Record L Tope e Media Filter Iniet Pressure |- psig -7 . l
System Inspection . . [Backwagh starttime: — .~ | lheroastock@an . | — 2 | [Media Fiter Outiet o | L- o
Coflectwhite silmp s running ~ - Backwashdyration min | e : Sodium Hypo Stock {gal}| 28 Pressure
_Bag Filter AP psi 4- : Initial Product MLevel gal / oS |Dissolved Oxyge] fO e 3 Sodium Hypo Pump spm =]
GAC-1 Pressure psig '%5, o Final Product Tank LeVel, gal A g % sitrate + Nitrite {? Settings % stroke foo
GAC-2 Pressure psig Time of sample collection: . =¥ itrite /] e
v lant Tank 1 |
IX-1 Pressure psig { Location TINTU) . | < TSS Collected? é 3 | 2 oagulant Tank Level gal Af'
Lead Purge 1 1~ LYes - [No B 5 [Chlorine 4 ] ] ’
o <t C lant P Sett 1A
“Feed Tank Additions Lead Purge 2 e D¥es~._ ONo © [o-Phosphate 2% cagulant Pump Settings | mi/min | - =7
' H3PO4 Sodium Hypo Lag Purge 1 e LlYes  [Na_ s pH =~ . 2, Coett ]
G . - 3 . 02 Cylinder P i
Time 200 | 2:1¢ LagPurgez }~ OYes [No 5 §lome Ok ylinder Fressure ps! 82
it k - 7 ' ia Ellf ay On R EER i
Initial Tank Level (gal) t 0 2. : Media Filief es o LS 2 2 [Turbidity -~ H2 Cylinder Pressure osi = /
Stock Added : 200 7] : .
Type of Water Used For lN?‘r“ N /A NOTES: j - ] [z Pressure pei / 2—7
Dilution -0 -,
Valurne Dilution Added Wq O Cdlﬁ-éuﬂ WG‘—D'&&' GNSITB ?CFWG C’DZ PEWLE . N2 Flow Rate scfm —
(gal) i
R v A n ) Py DNUTE D T E Wél“'y Stpnbp€ < %\ Pupuceres - Tubidity (Instrument) NS
(gal) — bt :
Final Tank Level _-5.0- 5-7 N £owm AD'U'“QTED/ VosTPoNED SPAYAE : T wiv Be ge-Ser Turbidity (OIT) Nt | 4. ﬂé«
ozl .
Note: There are 3785 mL per galion, m S&WL!N& ‘5 (,OWPLE@'- : .

* NoTg : on;e\z 4-GnS wene ieows EQUPMeNT PEIAL-



Data Log Sheet

fla

Air Monitoring -

E L5
Zero Calibration? OYes TINe™ & .

Mixed Cylinder

1

Aeration Tank

MBI 1.

, MBR2 - .

;- OIT Area- -

i

Time

ke

Carbon Monoxide (ppmj) ©

Oxugen (%)

Methane (% LEL)

Hydrogen Sulfide {ppm)

' - ESTCP; Technology Demoenstration Plan.. . .
-"Perchlorate Déstruction Using Membrane Biofilm Reduction
. ESTCP Project Nurber ER-200541

NOTES CONT.:
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Data Log Sh" )

ESTCP: Tec o
- Perchlorate Destructio,.

S ain

3gy Demonstration Plan
ing Membrane Biofilm Reduction

ESTCP Project Number ER-200541

. Treatment System Inspection

Date: 42 - 21~ 1\ Time: Operator: Beropo g ¥
: ‘,. Field Samples ' Outlet Totalizer gal "72¥nXa c
c |pH callbrafion? IEée,s -INo ORF calbration? [ #Yes LINo Turbidi rato ] ‘ ; 1:
£ |standards: (¢ @7 =10 ' . Standards Bfa =300 Ei’ f000 [z’ 4000 Target Flow Rate em | (&
£ Istandard Reading: Temp (Deg C); "

% ) 9: Readings: Internal Recycle-Rate opm |2 a/l <o
la_Yoi 7 707 10 JO A Standard Reading: 220: 0 2\ —_—
i . b Lead Sample Lag Semple : : MBfR 1 pH stdunits | > o

Lead Reactor: MEBRY if MBR1 In LEAD: SP-2008 O Sample Cofiection Time: CHam ] T :
$P-1004 O MBfR 2 pH std nits -
GAMrBRD if MBR2 In LEAD: SP-1008 & B P X
= - - . ——
§ 8 E 3 '§ o § é sz "q.;: MBIR t ORP- | my e S
£ 2 3§ S £ 32 MBfR 2 ORP .. mv | -2%9
g =] = ol o o =i :
) nnf £ . [+ _ o [17] Nitrate Frequency Hz -
: , : - |. LN Feed N
= {pH (edunitsy | 7, ! 7 (4’6) 711 1R, 1217.97 Last N Fee pm (N} | ¥ A9
% Temperaturs gy . fg o 19 0 f%r '7‘ l‘i Last N_R1 N} @ ¢
E ORP (V) 2 ‘714 - 5 i\ - Lalath R2 pmN} | g T T
I Dissalved Oxygen | {mgi) q £, 25 MBIR1 Sparge Rate mm | 2 ere
Nitrate + Nitrite {ragiLN) .1 RO MBR2 Sparge Rata mm | 4O
- . . spm ET)
Nitrite {mgi-N) O O 75 Phosphate Pump Settings rz—a o r—455
. - Phosphate Concentration
Sulfide (mgiL) 0 ICE G 2| |y Strainer mg/LPC4 -
Turbidity wry | O@g “‘;;é@ o 4 |Aeration Tank Alr Flow sefm | 3, {
B o ] 3 ;
Chlorine Residual mg/k %@’ il o Rt ; Lo |Air Tank Pressure psig 5y
* Slgnlr es MBfR 1 or MBfR 2 dependmg on I reactor (& n the !aad orlag posltion this changes every 96 hours Nate: shaded boxas are fo remain blanic Target Media Filter Flow gpm L__,;
Rate )
3 Inventory A "
P°5t Finished Water ™~ Backwash Record P Type Chack Media Fiter Infet Pressure | psig | 5. ¢y
System Inspection Backwash Stagt time: " | [H3PO4 Stock (gal) L Media Fitter Outiet - psig /v b
Coflact while sump is runnirig Backwash duratio min / ’ Sodium Hypo Stock (gal) | 22 Pressure ) e
Sump Pump dischrg |  psi Initiei Product Tank Level™._ " gal ] = % [Dissctved Oxygs] J & /-3 Sodium Hypo Pump spm 30
Bag Filter AP psl E Final Product Tank Level . | & 5 |Nitrate + Nitrite S Satings % stroke| 10O
GAC-1 Prassure psig [ Time of sample collection: TN - = = [Nitrite & : .
Level |
GAC-2 Prassure pslg [ Location (NTU)_~ TS Callected? Sg [surde 2 Coagulant Tank Leve ga 2
IX-1 Pressure . psig 0: 23 Lead Purgs 1 L OYes™~, DiNo ‘8§ % [Chierine e . ] ]
TEE g - [ S I
Feed Tank Additions - |Lead Purge 2 / OYes \S\No < o-Phosphate 3 uagu!anF Pump Seitings | mlmin Q}
HaPO4 Sadium Hypo Lag Purgs 3 OYes  CiNb, £ o s .
- - - S o CO2 Cylinder Pressure psi
Time 1Qart | {Opn Lag,.?uﬁez OYes  ONo N\ g % ORP W Cf 5
[ - ia Fi ay ON Tl ; )
Inite) Tank Leve! (gal) 3" “r a G mgd'a Filter o8 e \ S % B |Turbidity : / M2 Cylinder Pressure psi q o
Stock-Added — - - ) .
[ROTES: :
;mial :; Water Used For — - g N2 P o pei /-
Volume Diuton Added | _ _ - H NDREoG e Surfaiye ofpR whAs Kot STRORG N2 Flow Rats sch
{gal) - : Cim o
Tnatl Volume Added P - | ote: Trere are TODA"} N &1’-'3 LOHAELY REMOVIIIG THE A&RAT jor &b Tubidity (instrument) WTU O, a-
Firal Tank Level . q & [remer | THe g MerL BigsiPATED - &uicgiY. LAG/AERAWO N E— " 0.3
Loal) S ) . ] A
' SULEIDE LEVELS IERE LOWER T Mkt Mowm;;(% QLT HME

APT cAme oN SITE To ToP  ofF F:ue& pD,
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Data Log Sh” ) >

ESTCP: Ted'

A 10y Demoanstration Plan

Perchlorate Destructith. _sing Membrane Bicfilm Reduction

ESTCP Project Number ER-200541

70 DWWTE. (e LSHL%BGQO'-LM;

Time: G+ 230 f‘h’“ _ _ Operator: _2EROKOFC _ Treatment System Inspection
' Field Samples ' / Outfet Totalizer el | 73040 ex
¢ JpH callbrafion? I_Wes CiNo ORP callbrafion? [#Yes L[INo Turbidity callbration? _[AY¥es [No - :
2 iStandards: |z( - 0o Standards: @0 (250 (4200 B1000 [#4000 Target Flow Rate gpm &
i dard Readi Temp (Deg C}: 10 : )
g Standard Reading: Readings: Internat Recycle Rats gpm f?'c/t 2
Ola ol 7. 706 10 /0% Standard Reading: 220: )31 § 0.136:__ 0.30; 0.50: : I ,
. Lead Sample Lag Sampla ] . . ) ] MBR 1 pH std uni 7' l
Lead Reactor: E’-(Mme sP-100A 6 FMBMR1 in LEAD: SP-2008 & Sample Collection Time: 102304m MBIR 2 pH std units | ]
O MfaR2 it MBR2 in LEAD: SP-1008 03 i ' _ ¢ A
§ - = 5 - w K elae| Bl B= MBIR 1 ORP mv | ~e
3 g | 5 | 38 | 28| £ |2s%|uBe 2: [SE|aE|-%| I A6 1
c 3 U & a4 ® d o =2 855 88 2 g 2% 2 ES |MBfR20RP mv ol G
£ S = 79 Caly: o 2if [28F| E2 |SsE[SE[ZE X< 2l
& = x [ < wl L B = Cow w i 0. Nitrate Frequency Hz -

' — e e TR e ' -
gl w7204 |7 77 9.93 [ 783 | v O IR
S [remparature G} 1% J19.\ i 7 S‘ Last N R1 pmN) | fSF
E ORP wy | [FY (=501 ; ‘_?”ﬁ LastN R2 (M| O.§3
@ Dissolved Cxygen {mgii.) q. 0 O'i '3‘; i |MBfR1 Sparge Rata mm Z ="[ o

Nitrate + Nittite | (mgiLN) 9,0 2.0 MBfR2 Sparge Rate mm - i qoe
: . spm S0
Nitrite (ingiLN) O 0.8 Phosphala Pump Setings oo re T 3¢,
- g i Phosphate Concentration
Sulfide {mgi) 8 & : flit ot St moiPos) Osi &
P (727 7 [ ‘ . P
Turbidity wty | 0069 i g M\Jﬂ O-z \\\ Asration Tank Alr Flow m 1 2.3
s s e e T -
Chiorine Residual (mgit) {5 ’\%K ety - SR Air Tank Pressurs psig 2.0
* Bignifies MBfR 1 or MBfR 2 dapendmg on if raactons ln the {ead ur[ag posntmn thls changes every 96 huurs Nul'e shaded boxes aratoremal‘n hisink Target Media Filter Flow gpm G
Inventory Rate =
Post Finished W-ater \ . Backwash Record o Type T Madia Filter Inlet Pressura |  psig O
System Inspection Backwaah start time: ~~ | |naro4 stock (gah ~ Media Filter Outiet osia N o
Coflect whila sump is running -IBackwash dugation - min / ' Sadium Hypo Stock (gal) v Pressure -
Sump Pumpdischrg | psi tnitial Product Tank Level Cpal - | 7 oS Dissoived Oxygs yd Sodium Hypo Pump -spm i)
Bag Filter AP psi 2 Final Product Tank LeVel, | gal - 27 [Mirate + Nitrite 7 Settings %sioke| 7 o
GAC-1 Pressure psig 12 . Time of sample collection: e R &= [Nitrite P ’
GAC-2 Pressure o | ooation (NTU) . e . TS5 Collected? ;é é Sulfide 7 Coagulant Tank Level gal Q )
IX-t Pressure psig .5 Lead Purge 1 1 S, OYes ONo "8 |[Chlarine v . N ,
- - Coagulant Pump Sett It A

Feed Tank Additions tead Purge 2 | / : \Q(es ONe <@ o-Phaosphate Ve oaguiant Fump Settings t mifmin é’

HaPO4 ‘Sudium Hypo LagPurge1 | . . OYés, UONo 5 . pH // CO2 Cylinder Prassurs, oei ¢ ¢7 )
Time JomA | i0fm Lag Purge@” ClYes “No g §|ore :
Initial Tank Leve! (gal) 2.7 4 Medr Fliter [dYes EINc\ Bes Turbidity _/ H2 Cylinder Freanure o q_c?
Stack Added . ] = — : . e
‘Typa-of Water Used For j NOTES: TS ITE . ]
Ditution_’ [ I'J ? Mmep blor : . . _ - ) _ v : N2 Pressure psi 143
Volume Dilution Added 9 3 = MEDIA FicTelR TRIGGERED A BAckiasH Jusr PRIOE Te ARRIVAL, 1[5 Flow Rate scfm
(aal) ) ! . . . : :

: . A e A o s

Tc)atlal Volume Added ‘;1’ »5 i Nvote: ere are D U £ LE T¢ &L ;’ AC p ChAMPLE el MEDIY Eit . Tubidity (Instrument) NTU | 6, 0F
i . 785 ml. AL - g )y &2
Final Tank Level _ Sres mL. per APT _2is /?‘3’6 e Tl ef .L-"ﬁfﬂ VLANT TANK APT ésweset> Turbidity (OIT) Ntu [ O, 4 %

5130 | - |opauidanT Froo EATE To Y MYee  (FReta &), cHwine gesidunac ,

O Plebuet whTtel -whs HIGH, Tepred o F{: TARNK wiTH pd>m fFictek



Data Log Shl"'_ > ' : ESTCP: Tec" \?gy Demonstration Plan , Y
' : - Perchlorate Destructic,. . sing Membrane Biofilm Reduction = - ) J
: - _ .~ . ESTCP Project Number ER-200541 .
Date: /2/27 /11 Time: _§'H S g _ Operator: _ BeRORSFE .| = Treatment System Inspection
. NS . erieId Samples : L ' Outlet Totalizer sl |73 39 b
< [pH callbrafion AYes 0 . JURF calibranon? hb¥es LINo Turbidity callbralion? (#ves LINO ’ . .
% Standards: 74 7 210 Temp (Deg C)__ 4> 4 - |Standards: P0 C¥20 Zi200 Ef1000 F4000 Target Flow Rate wm | (s
| 8 St.andard Reading: . . Readings: . . T Internal Resycle Rate gpm 15'\7 {1
8ls H.0I 7. 207 10, (018 Standard Reading: 220: 2 & | 0.136; 0.30; : 0.50; - . —
Lead Sample Lag Sample . ~| |MBfR 1pH sdunis | 7 9
Lead Reactor: O BRI A IEMBIR1 in LEAD: SP-2008 O . Sample Collection Time: F:13Dim "
SP-100A O : ' : MBfR 2 pH et units :
. ﬁﬂanz if MBfR2 in LEAD: SP-1008 (& ' - . L P s 7-" oL
a = = i = e ) -] - - _ MBfR 1 ORP my | SFCA
©ol 2 | F w8 | 8B | ¢ |gzElsigliEoziicicl i s
1= = 2 s AN
1 E £ g Ly S8 B SEE (€3] £8 IE(3E X 2 Eo MBfR 2 ORP mv (A
@ : = ‘ o o L 1T} L ut w w o Nitrate Frequency Hz —
s oo |1 5% | 7,63 | 76X |8.99 | 7.90 [ Last N Feed pr®| ¥,32
a Tamperature °C) f 8! "f f‘?, "{ an "’i ) w?ﬁo(.) ' 90&0 i S LastN R1 . -ppm_(N) C).CQ,: )
E lore w | Y ~533 [-/83 | - LestNR2_ ] /%
‘UJ Dissolved Oxygen (mgiL} - Oelo 9 5 ] -f :‘ : , MBiR1 Sparge Rate i mm Z"fo
¢ g : P
Nitrate + Nitite (mglL-N) & m g MBIR2 Sparge Rate mm | &7
i ; " spm )
Nitrite — i : Phagphate Pump S_EHI.I'IQS Tswoke| 3
Sulfide {mgil) m?:f Concentration Imgipos| [ &5
Turbidity (NTU) 9 ] it s Aeration Tank Air Flow * sofm z,2
B = o ) -
Chlorine Residual gL e Ml e 4 ) J: { i : e R ’% £ Alr Tank Prassure psig od o3
* Signifies MBfR 1 or MBIR 2 depending on if reactor is in the lead or lag position - this changes every 96 hours - Note: shatled boxas are to remain blank Target Media Filter Flow gpm q
. - ' : Rate
y Inventory ==
_Post Finished W_ater ~ . .Backwash Record . Type rT— Medla Fitter Inlet Pressure | psig 2. '2?
System Inspection BackwasPstart time: " | |Hapo4 Stock (gai) - MedmFmeroutet [ | o
Gollect while sump is running Backwash duaﬁqg ) min e Sodium Hypo Stock (gal)| 7 Pressure ) f o
Sump Pump dischrg’ psi : Initial Product Tank Deyel Cgal . 7 . Dissolved Oxyge, s Sodium Hype Bump spm EVIR
Bag Filler 4P psi 2 Final Product Tank LevelN, ga,” 2 3. [Nitrate + Nitrite - Seflings - %stoke) SO
GAC INFLUENT psiy 12 " |Time of sample coftection: ™~ _~ - H 2 [Nirte #
GAC EFFLUENT psig 1 : Location (NTU) _JR 758 Callected? . g £ [sulfide 7  |Coagulant Tank Level gal /5
IX-1 Pressure | psig O, % , Lead Purgs 1 el N, OYes [ONo ‘B 5 [Chiorine P ] )
; Feed Tank Additions _ Lead Purge2 [ © o NQYes  [ONo < E o-Phosphate - Coagulant Pump Settings | mi/min 3
§ H3PO4 | Sodium Hypo Lag Purge 1}~ ~ DVes,_  ONo - oH s : g
5 .
Time [23C | 4:30 Lag Purgejz/ : OYes \QNO § % ORP P €02 Cylinder Pressure. psi 1 o
Initial Tank Level (gal) ) , o ) WediaElte ClYes 0 Ta ) ‘
ic‘ X 3 e(;Fr F L . I%\ o % © [Turbidity z H2 Cylinder Prassura psi g g
Stack Added . - , ] : : - =
Type of Water Used For MU F NOTES: : - N2 Press ’ . g
Dilution / ” - ) ' — ssure psi |
Volume Dilution Added APT o € ; JoSE BT i Teia Y
? (goaln;me ilution eK 12,2 ~ | i | Lowéled coAGuidsr  PuM P Te oS¢ Pf' / 3 - ‘/\""' 157 (CF o 4 [N2 Flow Rate scfm -
ES‘ Valums Added 3.3 T e |ote: Themeare uMP PumpP 1o oHINNING  VERY ;oum Y, MEARcared 4ik Tubialty (nstrament NtU | o 78
"IFi - 3785 miL pe) 21 - ; ; o 2] S b g 5T ; g ) §e
% FinaiTank Covel = 31 reEmL per | Qudi 11'“[ : w!f H-(igs M ETE & T ook ME SKK?—M&N:-"? £l 17 Turbldity (OIT) NTU | & Y
J; ACRATIEr povel  BorH OFERN AmD ctosgD. M S READ Zerd
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Data Log She. )

) ESTCP: ;[ec“n-. .\)ng Demoenstration Plan
Perchiorate Destruction Using Membrane Bicfilm Reduction

ESTCP Project Number ER-200541

-Air Monitoring

Zero Calibration? &’es ONo Mixed Gylinder | Aserallon Tank mﬂﬁ MBIR 2 O Area |

. : ‘ oFeN i1y - ‘ :
Time 4s | 1208 | 19330 [2:5C
Carbon Monoxide (ppm) &% lfg’ 3 o < . T O
Onugen (%) 29 | 1.9 AT
Methane (% LEL) | i L‘q ‘ o & O
Hydragan Sulfide (ppm) ) Q 5 O 0 [d)
NOTES CONT.: - ; Mg;' .-',;-w'&( NG :

L2 i ] . - |

MM&% LECT METER Ruiittti~ con TiNiteuest 2 Fol.  APFEORirpTELY  [fu 5 HOURS .

B-122




Data Log Sh’ )

ESTCP: Tec' “}gy Demonstration Plan
- Perchlorate Destructici. _4ing Membrane Biofilm Reduction
: ESTCP Project Number ER-200541

ol THS .

Date: [ /2 8/ 11 Time: _Jgr1_ Operator: ﬁ&kﬂi{oF E - Treatment System Inspection |
f Field Samples ' s Outiet Totalizer el 17348300
 |pH calibrafion URF calbration?  (J¥es Mo Turbidily calibration? _ Aves LINo ; .
£ IStandards: 014 &7 E«h/ 15, | Standarde: Fl0 120 [f200 #1000 Créoo0 Target Flow Rate gpm )
£ |standard Readin Temp {Deg C): £ ' ,
=2 2 g: . : : Readings: - Internal Recycle-Rate gpm SO / 2.
Sla .00 7.703 104012 Standard Reading; 220: 2 2.1 pa38_©c 1B 000 (e Z35L 050 0o 5 (R ; ——~LE
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Data Log She - _ A : ESTCP: Tech. ,39y Demenstration Plan o )
: _ Perchlorate Destruction Using Membrane Bicfilm Reduction '
ESTCP Project Number ER-200541
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