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1.0 Introduction

1.1  Purpose of Plan

This Treatment and Extraction System Operation and Maintenance Plan (O&M Plan)
presents the strategy and procedures for performing operations, long-term maintenance,
and monitoring of the Interim Measure (IM) No. 3 groundwater extraction and treatment
system. It may be updated based on operational experience during plant startup and early
operations.

The O&M Plan is one of several documents that describe the overall operation of IM No. 3.
Closely-related documents are included as appendices to this document and include:

Waste Discharge Requirements.

Mass Balance.

Process and Instrumentation Diagrams.
Control System Operations Manual.
Standard Operating Procedures.

List of Equipment O&M Manuals.
Alarms and Troubleshooting Summary.
Daily Monitoring Checklists.

Phone List.

Treatment System Contingency Plan.

T roTHHgON®W >

Other documents that form the overall Operations Plan are stand-alone documents and are
referenced in this document:

e Hazardous Materials Business Plan (CH2M HILL pending)
o Interim Measures No. 3 Injection Well Operation and Maintenance Plan (CH2M HILL 2005)

e Groundwater Compliance Monitoring Plan for Interim Measures No. 3 Injection Area
(CH2M HILL HILL pending)

o Cultural Resources Management Plan (Applied Earthworks 2004)

e Biological Resources Investigations for IM No. 3: Topock Compressor Station Expanded
Groundwater Extraction and Treatment System, San Bernardino County, California
(CH2M HILL 2004)

o Interim Measures No. 3 Treatment and Extraction System Initial Startup Plan (CH2M HILL
pending)

SF0050980001
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1.0 INTRODUCTION

1.2 Interim Measures Objective

The objective of the overall Interim Measures is to provide hydraulic control of the plume
boundaries near the Colorado River floodplain to maintain a net landward groundwater
gradient.

Hydraulic control will be maintained by pumping groundwater from extraction wells
located near the eastern edge of the plume. Treatment of the groundwater has been
designed to meet the Waste Discharge Requirements (WDRs) issued by the Colorado River
Basin Regional Water Quality Control Board (CRBRWQCB) and employs the best-available
treatment technologies.

Groundwater extraction, treatment, and discharge will be performed in compliance with
applicable permits and requirements.

The completion criteria of the Interim Measures are as follows:

The IM No. 3 groundwater extraction and treatment system will be operated
consistent with permits and authorizations until an alternative or permanent
measure is implemented and stoppage of the extraction and treatment is
authorized by the DTSC.

1.3 Project Background

Pacific Gas and Electric Company (PG&E) is addressing chromium in groundwater at the
Topock Compressor Station under the oversight of the California Environmental Protection
Agency, Department of Toxic Substances Control (DTSC). The Topock Compressor Station
is located in San Bernardino County, approximately 15 miles southeast of Needles,
California (Figure 1-1).

Beginning in August 2003, DTSC and PG&E began working in a collaborative process with
affected and interested agencies through the Topock Consultative Work Group (CWG),
constituted under California’s site designation process. CWG members include:

e DTSC.

e CRBRWQCB.

e United States Fish and Wildlife Service.

e United States Bureau of Land Management.

¢ United States Bureau of Reclamation.

e Representatives from local Native American Tribes.
e Arizona Department of Environmental Quality.

e Metropolitan Water District of Southern California.
e United States Geological Survey.

In compliance with the DTSC directive of February 9, 2004 (to implement actions termed
IM No. 2), PG&E commenced pumping, transport, and disposal of groundwater from the
MW-20 bench location in March 2004. Due to the influence of the Colorado River stage on
groundwater levels, extracting groundwater at higher rates is necessary to maintain the
stated goal of hydraulic control. Space and treatment capacity limitations at the MW-20
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1.0 INTRODUCTION

bench made the installation of additional facilities to extract, treat, and manage the higher
groundwater flows necessary.

In a letter dated June 30, 2004, DTSC directed PG&E to expand existing groundwater
extraction and management facilities to maintain hydraulic control of the chromium plume
at the Topock site. This activity has been designated IM No. 3. The IM No. 3 project requires
PG&E to design and install piping and conveyance of extracted water to a treatment system,
an extracted groundwater treatment system, and piping and facilities for management of
treated water. Figure 1-2 presents the location of the IM No. 3 groundwater extraction and
treatment system.

1.4 Treatment System Permits

This section presents a summary of the permits under which the treatment system is
operated. Other requirements applying to the treatment system, including protection of
environmental resources and preservation of historic resources, are described in separate
documents.

1.4.1  Waste Discharge Requirements

The CRBRWQCB issued permits for three treated water management alternatives, which
include:

e Discharge of treated water to subsurface injection wells.
e Discharge/reuse of treated water to the PG&E Topock Compressor Station.
e Discharge to the Colorado River.

Discharge of treated groundwater to subsurface injection wells is PG&E's preferred
alternative and is the basis for this O&M Plan. This Plan will be reviewed and updated in
the event another treated groundwater management alternative is implemented in the
future.

The CRBRWQCB permit R7-2004-103, titled “Waste Discharge Requirements,” is presented
in Appendix A, along with the related Monitoring and Reporting Program. Key operating
requirements include:

e Complying with treated effluent discharge limitations.

¢ Submitting monthly compliance monitoring reports and semi-annual operation and
maintenance reports.

e Obtaining approval by the Executive Officer of the CRBRWQCB before changing or
adding treatment system chemicals.

e Maintaining a copy of the WDR on site.

¢ Training operators regarding the WDR requirements.

e Maintaining documentation of regular system inspections and maintenance.
e Performing non-compliance notifications and reporting.

e Preventing stormwater contamination.

SF0\050980001 13



1.0 INTRODUCTION

1.4.2  Conditional Authorization Permit

PG&E obtained a grant of Conditional Authorization for treatment of hexavalent chromium
[Cr(VD)] in site groundwater under Section 25200.3 of the California Heath and Safety Code.
The San Bernardino County Fire Department, the Certified Unified Program Agency with
jurisdiction over the Topock site, is responsible for administering and enforcing the
requirements of the grant of Conditional Authorization.

PG&E will comply with the operating requirements under the Conditional Authorization
permit including;:

e Hazardous waste will be managed in compliance with hazardous waste generator standards
of Title 22 of the California Code of Regulations (CCR), Division 4.5, Chapter 12.

o Operators will be trained per 22 CCR 66265.16 and be provided with annual review
training.

e The facility contingency plan will address the preparedness and prevention requirements
of 22 CCR Division 4.5, Chapter 15, Article 3 and the contingency plan and emergency
preparedness requirements of 22 CCR Division 4.5, Chapter 15, Article 4.

e Containers of hazardous waste will be stored in containment areas meeting the
requirements of 22 CCR 66264.175, and spilled or leaked waste will be removed in a
timely manner.

e Management of containers and tanks containing hazardous waste will be in accordance
with 22 CCR, Division 4.5, Chapter 15, Articles 9 and 10. Tanks require documented
daily inspections per 22 CCR 66265.195.

1.4.3 Hazardous Materials Business Plan

A Hazardous Materials Business Plan has been prepared for the groundwater extraction and
treatment facility and submitted to the San Bernardino County Fire Department in compliance
with state and local requirements. The key elements of the plan are a hazardous material and
hazardous waste inventory and accompanying location map and a hazardous materials and
hazardous waste contingency plan. The inventory will be updated annually.

1.4.4  Mojave Desert Air Quality Management District Permit

The Mojave Desert Air Quality Management District will issue a Permit to Operate the
treatment system after startup. There are no monitoring requirements associated with the
permit. The permit will be posted in a visible area at the treatment system. In the event that
changes are made that would potentially affect air emissions, the Mojave Desert Air Quality
Management District will be notified to determine any requirements and submittals.

1.5 Treatment Objectives

Table 1-1 lists numerical wastewater discharge limitations set forth in the WDRs,
Order R7-2004-0103 issued by the CRBRWQCB for discharge to injection wells
(Appendix A). In addition to the specific numeric limits in Table 1-1, the WDRs contain
narrative requirements that prohibit bypassing, overflowing, discharging, or spilling
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1.0 INTRODUCTION

untreated or partially-treated waste, discharging waste in excess of the system capacity, and
causing degradation of any water supply.

TABLE 1-1
Order R7-2004-0103, Waste Discharge Requirements - Subsurface Injection Numerical Effluent Limitations
Interim Measures No. 3 Treatment and Extraction System Operation and Maintenance Plan

Effluent Characteristic Average Monthly Limit Maximum Daily Limit
Flow (gpm) * *
pH (standard pH units) Not Applicable 6.5t0 8.5
Chromium (V1) (ug/L) 8 16
Chromium (Total) (ug/L) 25 50

* The WDR does not contain a limit on flow. However, PG&E’s WDR application described an average flow of 80 gpm
and maximum of 200 gpm.

gpm = gallons per minute.

Hg/L = micrograms per liter.

Monitoring of the groundwater in the vicinity of the injection wells is addressed in the
Groundwater Compliance Monitoring Plan for Interim Measures No. 3 Injection Area

(CH2M HILL pending). This document includes the methodology and criteria for
confirming that subsurface injection of treated groundwater is not degrading groundwater
quality.

Although PG&E has obtained permits for two other treated groundwater management
alternatives — discharge to the Colorado River and industrial reuse at the Topock
Compressor Station — subsurface injection is PG&E's preferred method for managing treated
groundwater. Therefore, these treated groundwater management alternatives are not
addressed in this O&M Plan.

1.6 IMNo. 3 Groundwater Treatment System Overview
The IM No. 3 project consists of:

e Groundwater extraction system.

e Conveyance system.

e Treatment system.

e Treated water management (Subsurface injection system).

Figure 1-2 shows the location of extraction, conveyance, treatment, and disposal/reuse
facilities. Figure 1-3 is a process flow diagram for IM No. 3. Figure 1-4 presents the
treatment pad layout. The groundwater treatment and disposal/reuse facilities are located
on Parcel 650-151-06, which PG&E purchased from the Metropolitan Water District in 2004.
Piping will convey groundwater from extraction wells to the treatment and reuse facilities.
Each of the project components is described below.

1.6.1  Groundwater Extraction System

The extraction system is located along the eastern portion of the plume area (Figure 1-2).
Multiple groundwater extraction wells may be used to meet the objectives of the interim
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1.0 INTRODUCTION

measure. The two existing extraction wells (TW-2S (shallow) and TW-2D (deep)) are located
within the chromium plume, near a road that provides easy access. The wells are capable of
accommodating the peak extraction rate. A third extraction well, PE-1, located east of
TW-2D, has been recently installed. Piping from PE-1 has not yet been approved or
constructed. The installation and use of additional extraction wells has been discussed
during CWG technical committee meetings. Two possible additional extraction well
locations are shown on Figure 1-2 and include:

e PE-2, located south of TW-2D.
e PE-3, located north of TW-2D.

The new wells would be installed in a manner similar to that used for existing wells and
would be screened in appropriate sections of the aquifer at the direction of DTSC.

Well head construction involves submersible pumps placed down-hole and subsurface concrete
vaults equipped with instrumentation, valves, and other pipe appurtenances. Underground
piping and electrical conduits are connected to the well heads to convey water and provide
power and control for the pump and instrumentation. Piping from the extraction wells to the
treatment system is secondarily contained to comply with hazardous waste regulations.

1.6.2 Conveyance System

The water conveyance system delivers untreated water from the extraction wells to the
treatment facilities, as well as treated water from the treatment facility back to the MW-20
bench and to the injection wells.

Pipelines conveying untreated groundwater will be double-contained high-density
polyethylene; treated effluent lines will be single-contained high-density polyethylene for
underground lines and epoxy-lined carbon steel for aboveground lines. Piping and
appurtenances have been sized to accommodate the anticipated system flow rates. To
minimize and avoid impacts to cultural resources, a combination of subsurface and
aboveground alignments have been constructed. Electrical utility access vaults are placed at
selected points along the alignment.

1.6.3  Treatment System

Extracted groundwater is conveyed to the treatment system. The system is a continuous
treatment process that involves:

¢ Reducing the Cr(VI) to the less-soluble trivalent form Cr(III) by reaction with ferrous
chloride.

e Precipitating iron and Cr(III) by the addition of sodium hydroxide and air.
¢ Removing the majority of precipitated solids by gravity separation in a clarifier.
e DPassing the clarified water through a microfilter to provide additional solids removal.

e Lowering the naturally-occurring total dissolved solids (TDS) of the groundwater using
reverse osmosis. Reverse osmosis produces two streams: the reverse osmosis permeate
(low TDS stream) and the reverse osmosis concentrate stream (high TDS stream). The
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1.0 INTRODUCTION

reverse osmosis permeate stream can be re-used for industrial process supply, reclaimed
for other uses, or injected back into the ground.

¢ Dewatering settled solids for transport and disposal.

Treatment facilities include process equipment such as storage tanks (influent, effluent, and
chemical), pumps, piping, reactors, and instrumentation installed on a concrete slab
foundation. Other features will include electrical power supply, security fencing, operator
facilities, and equipment storage.

1.6.4  Treated Water Management

The preferred management approach for treated groundwater is subsurface injection in
compliance with the WDR R7-2004-0103. A separate O&M manual and monitoring program
have been prepared for the subsurface groundwater injection system (CH2M HILL
pending). Therefore, subsurface injection is not addressed in this O&M Plan.

1.7  Residuals Management

The two main residual streams from the groundwater treatment system are treatment
system waste solids and reverse osmosis concentrate (also commonly called “brine”). Waste
solids will likely be a hazardous waste that will require disposal in a permitted hazardous
waste treatment, storage, or disposal facility. Reverse osmosis concentrate will likely be a
non-hazardous waste and will be disposed of at a permitted facility (possibly including
Topock Compressor Station) in accordance with federal, state, and local regulations.
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2.0 Project Management

Key organizational contacts for the IM No. 3 groundwater extraction and treatment system
are presented in Table 2-1. Overall project management is shown in Figure 2-1.

TABLE 2-1

IM No. 3 Groundwater Extraction and Treatment System Key Organizational Contacts

Role

Name

Organization

Phone

PG&E Portfolio Manager
PG&E Site Project Manager
CH2M HILL Hydrogeology

CH2M HILL Operations
Support

Facility Operations

Yvonne Meeks
Richard McCurdy
Martin Barackman

Dennis Fink
John Porcella
Shawn Duffy

Lori DenBeste

PG&E
PG&E
CH2M HILL
CH2M HILL

DenBeste

805/546-5243
925/974-4079
530/243-5886, x3401

510/251-2888, x7693
510/251-2888, x7622
530/243-5886, x3303

800/838-1477

The project organization will change as the project evolves. The table of contacts will be
updated periodically to reflect key project team members. Note that the hydrogeologic

efforts, which are a critical component of the IM No. 3 remediation project, are addressed in
other documents as described Section 1.0.

FIGURE 2-1

Project Organization Chart
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3.0 System Description

This section describes how the groundwater extraction and treatment system functions. The
basic physical/chemical process is described first, followed by a description of the overall
process and control of each portion of the system. The treatment system mass balance is
presented in Appendix B. Process and Instrumentation Diagrams are presented in
Appendix C.

3.1 Physical and Chemical Process Summary

3.1.1 Chromium Reduction and Precipitation Chemistry

Cr(VI) can be chemically reduced to Cr(IIl), which can be readily precipitated from solution
under alkaline conditions. The ferrous form of iron [Fe(II)] is one of several chemical species
that will reduce Cr(VI) to Cr(Ill). The reaction between Cr(VI) and Fe(Il) is:

NaHCrO, + 3FeCl, + 8H,0 — NaCl + Cr(OH); + 3Fe(OH); + 5HCI (1)
(Cr (V) (Fe(II)) (Cr(Il))  (Fe(III))

The Cr(VI) and Fe(II) chemical forms are very soluble in water, while the Cr(III) and ferric
iron [Fe(Ill)] forms are very insoluble in water.

The reaction proceeds quickly, and the reaction kinetics or rate of reaction comes from the
following relationship (Environmental Science and Technology., Volume 30, No. 5, 1996,
pp. 1614 - 1617):

d[Cr(VD)] _ -ke:[Fe(IT)]06[Cr(VI)]10 )
dt
where:

ker = 56.3, millimole06 minute-! 106,

[Cr(VI)] = hexavalent chromium, millimole/L.

[Fe(I)] = initial Fe(II), millimole/L.

i and t = subscripts indicating initial and elapsed reaction time, respectively.

In the IM No. 3 system, the pipe reactor and chromium reduction reactor were designed
based on these kinetics to provide complete chemical reduction of Cr(VI) in the extracted
groundwater.

After Cr(VI) is converted to Cr(III) in the pipe reactor and chromium reduction reactor, the
remaining Fe(II) (soluble) will be completely oxidized to Fe(III) (insoluble) so that it does
not foul the microfilter, the reverse osmosis unit, or the injection wells. The precipitated iron
solids are removed in a clarifier, which is located just upstream of the microfilter. Fe(II)
readily oxidizes to Fe(IlI) upon contact with oxygen provided that the pH is in the neutral or
alkaline range. The reaction rate between Fe?* and dissolved oxygen in a mixed tank reactor

SF0050980001 31
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is given by the following equation (Environ. Sci. & Technol., Volume 14, Number 5, May
1980, pp. 561-568.):

d2[Fet] _ -k[Fe2*][OH-]2pO> (3)
dt?
where:
k = ~1.348x1013 L2/ (atm-min-mole) for 3,800 milligrams per liter (mg/L) TDS
groundwater.

k = ~1.445x1012 L2/ (atm-min-mole) for 44,125 mg/L TDS groundwater.
[Fe2*] = ferrous iron concentration, mole/L.
[OH-] = [10®H-149] mole/ L.

pO» = effective oxygen partial pressure 0.15 to 0.18 atm (adjusted for
temperature and salinity).

Oxygen is dissolved into the treated groundwater after Cr(VI) is reduced by bubbling air
through it. The pH is adjusted with sodium hydroxide. In mixed reactors, the reaction rate
equation takes the form

C1=Co/(1+kV/Q) ()

where:
C; = concentration of Fe2+ in mixed reactor effluent.

Co = concentration of Fe2+ in mixed reactor influent.
k1 = k[OH-]2pO».

V = reactor volume, gallons.

Q = flow rate through the reactor, gallons/minute.

The iron oxidation reactors were designed based on this kinetic relationship. Both the Cr(VI)
reduction kinetics and the reaction between Fe(II) and dissolved oxygen formed the basis
for determining the ferrous chloride feed rate.

3.1.2  Solids Removal

Particulate removal consists of two steps: clarification, which removes most of the
precipitated iron and chromium solids, and microfiltration, which removes the small
amount of iron and chromium solids passing through the clarifier.

The clarifier removes most of the solids. Solids removal in the clarifier relies on the density
difference between the solids formed in the chemical reduction and iron oxidation reactors
and the treated groundwater from which they have precipitated.

Fe(II) is converted to Fe(IlI), both through reaction with Cr(VI) in the pipe reactor and
chromium reduction reactor and through reaction with dissolved oxygen in the iron
oxidation reactors. Ferric iron, in the form of ferric hydroxide, is very insoluble and suited
for removal in a clarifier. Chromium hydroxide solids (the precipitate forming from
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chemical reduction of the hexavalent chromium) co-precipitates with ferric hydroxide, and
the combined solid (ferric hydroxide and chromium hydroxide) settles out in the clarifier.

Provision has been made for recycling precipitated solids from the clarifier underflow
stream to one of the iron oxidation reactors. Sludge recycle improves sludge settleability,
promotes metal co-precipitation, and reduces fouling of instrument, pipe, and tank surfaces.

A polyelectrolyte (polymer) may be added to the process stream to coagulate the
precipitated solids prior to clarification. Tanks for polymer activation and particle
coagulation have been designed into the treatment plant to enhance sludge settleability in
the clarifier.

Polyelectrolytes are long-chain acrylate-based polymers with specialized functional groups.
The purpose of the functional group is to bind to the solid particles based on the electrical
surface charge on precipitated solids or chemical affinity, forming bridges between particles
to increase their size. The efficacy of a specific polymer depends on the nature of the solids
to be coagulated, on the polymer dosage rate, and may depend on other properties of the
wastewater such as pH. Polymers are chosen and dosage rates are initially established
through jar tests. Dosage rates are then fine-tuned during startup and periodically
re-evaluated during routine operation. Although dosage is dependent on solids
concentrations, once the solids concentration is established, polymer typically is added in
proportion to the flow rate. Care will be taken to not overfeed polymer, as overfeeding
could lead to microfilter membrane fouling.

A small amount of suspended solids (typically less than 5 parts per million) will carry over
in the clarifier effluent stream. These solids contain trivalent iron and trivalent chromium
and are removed to achieve the very low total chromium treatment objective. Final
particulate removal is accomplished by microfiltration. The heart of the microfiltration
system consists of hollow-fiber membranes through which clarifier effluent is recirculated
under pressure. For this application, membranes have been selected that reject particles with
an effective diameter of 0.1 microns or greater. As with any filter, plugging can occur over
time. The system uses pre-programmed backwash cycles that are initiated at regular
intervals. As the microfilter flux declines or filtration pressure increases over a
predetermined amount and performance cannot be restored by backwashing, the system
will need to be chemically cleaned to restore the flux rate.

3.1.3 Dissolved Solids Removal

Chromium removal goals should be met after the microfilter process. However, the natural
groundwater TDS concentration in the microfilter permeate may be too high for disposal or
reuse without some TDS removal. The purpose of the reverse osmosis system is to remove
some of the TDS in the microfilter permeate if required.

Reverse osmosis is a process that removes TDS from solution by applying a pressure greater
than the solution osmotic pressure, thereby forcing water, but not TDS, across a
semi-permeable membrane. The reverse osmosis system generates a low-TDS product
stream called the reverse osmosis permeate and a high-TDS waste stream called the reverse
osmosis concentrate. The reverse osmosis permeate TDS will likely be lower than treatment
limits require. Therefore, a portion of the microfilter effluent will be blended with the
reverse osmosis permeate to achieve the target effluent TDS concentration specified in the
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Interim Measures No. 3 Injection Well Operation and Maintenance Plan (CH2M HILL 2005).
Reverse osmosis concentrate will be pumped to the MW-20 bench for transfer to an off-site
disposal facility or the Topock Compressor Station.

Because increasing the TDS concentration of groundwater from the Topock site in the
reverse osmosis system can result in the precipitation of scale (mineral deposits), antiscalant
chemicals will be added to the reverse osmosis system feed to prevent deposition of
precipitates (scale) on the membrane surfaces. The permeate flux (amount of permeate
generated per unit of time and membrane surface area) will gradually decrease over time
due to a variety of factors. Therefore, periodic chemical cleaning of the reverse osmosis
membranes will be required.

3.2 Instrumentation and Controls

The treatment system is controlled by several programmable logic controllers (PLCs).
System operation is monitored through two WonderWare® Human Machine Interface
(HMI) operator consoles running on Dell™ Workstation personal computers. The software
will display process schematic graphic representations of the treatment process. Operators
will be able to click on process equipment symbols to obtain information about the status of
that equipment. Most rotating process equipment has local or remote hand switches either
at the equipment or at the motor control center. When these switches are set to remote, the
equipment may be controlled by the operator from the control console. Operators may also
review trends in instrument readings and system warnings and alarms. The control system
is described in more detail in Appendix D.

3.3 Influent Pumping

3.3.1 Purpose

The purpose of the influent pumping system is to extract groundwater at the wells and
convey it to the treatment system. Because the extracted groundwater contains Cr(VI), the
pumping and conveyance system has been designed and will be operated to prevent
releases of extracted groundwater to the environment.

3.3.2 System Components
The groundwater extraction and conveyance system currently consists of:
e Extraction wells TW-2S and TW-2D.

e Submersible extraction pumps P-100 and P-101.
e Double-containment piping with low-point leak detection sensors.

3.3.3  Process Description

Groundwater is extracted from the extraction wells and is conveyed to the water treatment
plant by electrical submersible pumps. Power and instrumentation are provided to each of
the extraction well pumps through an underground conduit from the treatment system. The
control system is designed to accept up to four extraction wells without any additional
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programming. Two wells, TW-2S and TW-2D, are currently in operation. A third extraction
well, PE-1, has been installed, but piping is not currently in place.

Because of the uncertainties involved in characterizing subsurface hydrology and
groundwater chemistry, modifications to the extraction rate or installation of new wells may
be required to maintain optimal control of the plume. Periodic review and modification of
the groundwater extraction system may be necessary, which could affect operation of the
groundwater treatment system and management of treated groundwater.

3.3.4  Control System

Each well pump has a local hand switch that can be set to local or remote operation. Normal
operation is in the remote mode. Local instrumentation includes a pump discharge pressure
indicator and flow indicator. In remote operation, the pumps are controlled at the treatment
system panel. The treatment system panel includes readouts for well level, flow, well pump
discharge pressure, and presence of water in the well vault. Warning signals are provided at
the control panel for high and low flow rates, well vault water level, well pump discharge
pressures, and high and low well levels.

The pump discharge flow rate is controlled by manually setting a control valve in the pump
vault. The pumps start and stop to maintain the level in Tank T-100 between level set points.
A groundwater level below the pump suction generates a warning at the control panel.

The extracted groundwater is conveyed from the well vault to the treatment plant by
double-contained piping with low-point leak detection. Leak detection sensors are located at
piping low points and approximately every 500 feet along the pipeline. Leak detection
sensors provide warning signals at the leak detection control panel.

3.4  Raw Water Storage Tank

3.4.1 Purpose

The raw water storage tank:

e Provides hydraulic separation between the groundwater extraction pumps and
conveyance piping to the treatment system. The raw water storage tank has capacity for
27,000 gallons of extracted groundwater. When the raw water storage tank is full, the
treatment system can be operated for up to 3 hours at the peak treatment flow rate of
132 gallons per minute while the well pumps are shut down for maintenance or repairs.

Similarly, the tank may be used to store groundwater from the extraction wells while the
treatment system is temporarily shut down for maintenance.

e Provides positive suction head for the raw water feed pump.
e Provides storage for off-specification process streams for re-treatment.

3.4.2  System Components

e Raw water storage tank (T-100).
e Raw water feed pump (P-200).
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e Control valve (FCV-200).

3.4.3  Process Description

The process objective is to maintain the water level in the raw water tank so that there is
storage capacity to receive off-specification water, yet also enough water in the tank to
operate the treatment system for a short time with the extraction wells shut down.

The process streams piped to the raw water storage tank include:

e Extraction wells (TW-2S pump P-100 and TW-2D pump P-101).
e Process drain tank (T-900).

Piping and valves have been provided to route flow from the following process tanks back
to the raw water tank if required:

e Pretreated water tank (T-500 and P-500).
e Reverse osmosis feed tank (T-600 and P-620).
e Reverse osmosis-treated water (P-605A and P-605B).

The extraction wells provide the primary flow into the raw water tank. The extraction well
flow rate can be monitored from the control panel. The raw water tank discharges via the
raw water feed pump, which has a discharge recycle loop back to the tank to maintain
minimum pump flow. The raw water feed pump discharge flow rate is set slightly below
the extraction well flow rate by use of a flow-control valve, so that flow through the
treatment plant is continuous. High- and low-level tank set points turn the well pumps on
and off.

The 5,000-gallon process drain tank (I>-900) discharges to the raw water tank via process
drain pump P-900, which is controlled by the level in the process drain tank. This tank is not
expected to transfer large volumes of water to the raw water tank. Therefore, the raw water
tank level is not interlocked to the process drain pump P-900. The high level warning setting
for the raw water tank would alert the operators to shut down the process drain pump
P-900 before an overflow situation could occur.

Other flow inputs into the raw water tank are controlled manually by operators. Operators
will assess water storage requirements and the available raw water tank capacity before
performing manual transfers.

3.4.4  Control System

The raw water storage tank system has the following instrumentation and controls:

e Raw water influent line solenoid valve controlled from the control panel so that inflow
to the tank can be immediately stopped. The valve can be actuated at the control panel
or locally.

e There is a switch at the raw water feed pump to select local or remote operation. The
pump has a local discharge pressure indicator.

e Level instrumentation provides level readout locally and at the control panel. High- and
low-level set points turn the extraction pumps on and off. High- and low-level warnings
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at the control panel signal an imbalance of inflow and outflow at the raw water storage
tank requiring operator attention. The low-low level alarm shuts down the treated water
transfer pump (P-200). The high-high level alarm shuts down the extraction pumps.

e The flow rate from the raw water feed pump is displayed locally and at the control
panel. The operator selects the target flow rate and flow control valve FCV-200 position
is modulated to achieve the target flow rate.

3.5  Plug-flow Cr(VI) Reduction (Pipe) Reactor and Ferrous
Chloride and Sulfuric Acid Feed Systems

3.5.1 Purpose

The plug-flow Cr(VI) reduction reactor and associated chemical feeds convert Cr(VI) to
Cr(I1I).

3.5.2 System Components

Components of the plug-flow Cr(VI) reduction reactors are:

Static mixer.

Serpentine pipe reactor.

Chemical mixing pump (P-201).
Sulfuric acid feed pump (P-801).

e Ferrous chloride feed pump (P-800).

3.5.3  Process Description

Untreated groundwater discharged from the raw water pump (P-200) combines with a
recycle stream containing ferrous chloride. The combined flow passes though a static mixer
and a serpentine plug flow pipe reactor. The pipe reactor residence time is 2 minutes at full
flow. The reactor operates at ambient temperature. A portion of the pipe reactor effluent is
discharged to the chromium reduction reactor. The remaining volume of pipe reactor
effluent enters the recycle line to the chemical mixing pump (P-201). Chemicals are added
upstream of the chemical mixing pump. The ferrous iron component of the ferrous chloride
reacts with Cr(VI), as described in Section 3.1. Sulfuric acid is added, if needed, to reduce
the solution pH to suppress the competing reaction of ferrous iron with oxygen.

The treatment chemicals, ferrous chloride (10- to 20-percent as iron, depending upon
commercial availability) and sulfuric acid (35-percent solution), are stored in totes.

The ferrous chloride feed rate is set proportional to the groundwater flow rate indicated by
the raw water feed flow meter. The design dosage was based on 200 percent of the
stoichiometric requirement for Cr(VI) reduction (3:1 stoichiometric mole ratio), plus the
ferrous iron demand imposed by dissolved oxygen in the feed. Periodically, the ferrous
chloride concentration in pipe reactor effluent will be checked by plant operators using a
field test method, and the feed rate will be adjusted. The initial setpoint will be selected to
maintain a ferrous iron excess of approximately 9 mg/L. Excess ferrous chloride ensures all
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the Cr(VI) is reacted, although it also increases the amount of sludge produced.
Accordingly, this setpoint may be adjusted based on operational experience.

The sulfuric acid feed rate is controlled based on the pH measured in the recycle loop. Acid
will not be added if the groundwater pH is sufficiently lowered by ferrous chloride
addition. The pH in the recycle loop will initially be set in the range of 5.5 to 6.8 with a
target of 6.5 to prevent Fe(Il) from reacting with dissolved oxygen.

3.5.4  Control System

The control system includes:

e Manual solenoid valve on the system inlet that allows the operator to stop flow to the
treatment system from the control panel.

e AE/AIT 201: inline pH and temperature monitor on the discharge line from the raw
water pump prior to introduction of the recycle stream from the chemical mixing pump.
Values of pH and temperature are displayed both locally and at the control panel.

e AE/AIT 202-1 and AE/AIT 202-2: Two pH and temperature analyzers are located in the
recycle loop on the suction side of the chemical mixing pump. Values of pH and
temperature are displayed both locally and at the control panel. The control system
provides warnings if the pH analyzer values deviate by more than 0.5 units. The control
system will alarm at high pH and shut down the raw water feed pump at high-high pH.

e The pH values are indicated locally and at the control panel.

e Ferrous chloride feed pump (P-800) motor speed is automatically adjusted based on the
raw water flow rate signal. The actual feed rate is periodically verified with the
volumetric flow tube on the feed pump suction. The ferrous chloride dose will need to
be determined based on the Cr(VI) concentration in the well(s) being treated and the
flow rate from the well(s). The ferrous chloride feed pump flow rate set point is
manually adjusted based on the Cr(VI) concentration in the incoming water.

e If required, the sulfuric acid solution feed pump (P-801) motor speed will be
automatically adjusted based on the average measured pH value from the two pH
probes in the recycle loop.

e A thermal flow switch downstream of the chemical mixing pump provides a signal to
the control panel in the event of a low-flow condition. The low-flow signal will provide
an operator alarm and will shut down the raw water feed pump.

e The chemical feed pumps can be operated locally or at the control panel.

3.6 Chromium Reduction Reactor (T-300)

3.6.1 Purpose

The chromium reduction reactor (T-300) provides additional residence time of 10 minutes at
maximum design flow for Fe(II) and Cr(VI) to react.
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3.6.2  System Components
Components of the chromium reduction reactor are:

e Chromium reduction reactor tank (T-300).
e Chromium reduction tank mixer (M-300).

3.6.3  Process Description

Effluent from the pipe reactor flows into the mechanically-agitated chromium reduction
reactor (T-300) to provide an additional 10 minutes of residence time at maximum design
flow for Cr(VI) reduction to meet the final effluent quality objective. The tank has a floating
roof to reduce contact of groundwater with oxygen in the air.

3.6.4  Control System

The control system includes:

e A high-level switch, which will be used to shut down the raw water feed pump to
prevent tank overflow.

e The mixer, which can be started locally or from the control panel.

e The pH and temperature of the groundwater in the tank, which are locally indicated and
transmitted for display at the control panel.

3.7 Iron Oxidation Reactors (T-301A, T-301B, T-301C)

3.7.1  Purpose

Air is bubbled through the three in-series iron oxidation reactors to oxidize soluble Fe(II) to
insoluble Fe(IIl). If the Fe(Il) is not oxidized, it may foul the microfiltration and reverse
osmosis membranes and could plug the injection wells.

3.7.2  System Components

Components of the iron oxidation reactors are:

Iron oxidation reactor tanks (T-301A, T301B, T301C).
Iron oxidation tank mixers (M-301A, M-301B, M-301C).
Iron oxidation tank demisters (one per tank).

Clarifier feed pump (P-400).

3.7.3  Process Description

Effluent from the chromium reduction reactor (T-300) enters the bottom of the first iron
oxidation reactor tank (T-301A). Air is introduced at the bottom of the tank through
perforated pipe. Air-water contact is enhanced by the iron oxidation tank mixer (M-301A).
The Fe(Il)-treated aerated groundwater exits via an overflow pipe near the top of the tank
and enters the bottom of the second iron oxidation tank. The second and third iron
oxidation tanks operate in the same manner as the first tank. Treated groundwater flows
between the tanks by gravity.
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The reactors were sized and process conditions were selected to reduce dissolved iron from
a maximum residual iron (Fe?*) concentration of 44.1 mg/L (at an influent Cr(VI)
concentration of 19 mg/L) to less than 0.05 mg/L when high-TDS water (up to 44,000 mg/L
of TDS) is being processed. Each reactor provides 40 minutes residence time at full flow.
Bypass lines have been installed to allow a tank to be bypassed if operating conditions
permit or to be taken out of service for cleaning or maintenance during lower-flow periods.

The iron oxidation rate is pH-dependent and is faster at higher pH conditions. The pH of
water in each iron oxidation reactor is raised with sodium hydroxide solution to a point at
which Fe(Il) will oxidize with atmospheric oxygen in air that is sparged into the reactors.
Water TDS concentration affects the iron oxidation reaction. Therefore, the pH may need to
be raised with increasing TDS concentrations as shown below:

e TDS <5,000 mg/L pH>7.5
e TDS ~25,000 mg/L pH ~8.0

Precipitated solids can be recycled to any one of the three iron oxidation reactors from the
bottom of the clarifier by the sludge recycle pump (P-404). The iron oxidation reactor into
which the solids are pumped is selected by manual operation of one of three diaphragm
valves. Solids recycling increases the reaction rate and reduces the rate of fouling of process
equipment, including pH probes.

The demisters minimize drift loss of treated groundwater from the iron oxidation reactors
by venting the sparged air through wire mesh packing. Water droplets in the air vented
from the iron oxidation reactors impinge on the surface of the packing material. Periodic
injections of reverse osmosis permeate water from Tank T-700 into the demisters washes the
process water back into the iron oxidation tanks. Blended treated water or microfilter
permeate will be used for demister washing in place of reverse osmosis permeate if the
reverse osmosis system is out of service.

The Iron Oxidation Reactor 3 (T-301C) has an ultrasonic level meter, local indicator, and
transmitter. The level signal is used to adjust the pump speed of the clarifier feed pump
through its variable frequency drive to maintain tank level within the acceptable range.

3.7.4  Control System

The control system includes:

e Addition of sodium hydroxide to raise the solution pH in the first and second iron
oxidation reactors is flow-paced based on the raw water feed flow rate to the treatment
plant. The pH is periodically checked manually, and the chemical feed pump speed is
adjusted to maintain the target pH.

¢ Adjustment of pH in the third iron oxidation reactor is based on the pH signal in the
tank.

e Each iron oxidation reactor has dual pH probes. The average of both probes provides the
main pH signal. When the pH probe signals differ by more than ~0.5 unit, a warning is
indicated at the control panel and the operator cleans and calibrates both probes.
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e Each tank has a high-level switch that will shut down the raw water feed pump (P-200)
if the liquid level exceeds the set point.

¢ Demister wash water is controlled by a timer and solenoid valve (SV-302). There is a
local hand switch to select local manual or automatic timer control of the demister water
solenoid valve.

e Mixers can be operated locally or from the control panel by selecting the operating mode
with a local hand switch.

e The iron oxidation tank (T-301C) ultrasonic level element provides a local level indicator
and transmits the level signal back to the control panel. The level signal is used to
control the variable frequency drive of the clarifier feed pump to maintain a constant
level in Tank T-301C.

3.8  Clarifier

3.8.1 Purpose

The chromium reduction and iron oxidation processes feeding the clarifier generate solid
precipitates that are removed before final discharge of treated groundwater. The major
component of the precipitates is ferric hydroxide. The other significant component is
chromium hydroxide, which co-precipitates with the ferric hydroxide.

3.8.2  System Components

Components of the clarifier system are:

e C(Clarifier (CL-400).

e Mixers (M-400A, M-400B, M-400C).
e Sludge recycle pump (P-404).

e Sludge withdrawal pump (P-401).

3.8.3  Process Description

An inclined-plate clarifier (CL-400) is provided to remove the majority of the chromium
hydroxide and iron hydroxide precipitates formed in the upstream reaction. Bench-scale
testing of groundwater may be performed periodically at the site to determine the
appropriate polymer and dosage rate to obtain a settleable floc. Polymer will be added in a
small rapid mix tank, and floc formation will occur in a small flocculation tank, both of
which are integral to the clarifier unit. The polymer dose needs to be set carefully to avoid
fouling the downstream microfiltration system.

Settled solids will be thickened in a compartment below the clarifier plates. A slow-moving
thickening mechanism (M-400C) increases the solids content of the sludge and conveys it to
the underflow sludge extraction nozzle.

Sludge will be removed from the clarifier thickening section by the sludge recirculation
pump (P-404) and the sludge withdrawal pump (P-401). Both pumps are air diaphragm
pumps. The sludge recirculation pump pumps solids back to the iron oxidation reactors.
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The sludge withdrawal pump conveys sludge to the sludge holding tank (T-400). The target
effluent quality from the clarifier overflow is a solids concentration less than 5 mg/L of total
suspended solids.

Control of the level of sludge in the clarifier thickening section is important for balancing
sludge thickness for recycle against total suspended solids in the clarifier overflow stream.
The sludge level in the thickening section of the clarifier is determined by opening the
individual diaphragm valves spaced along the side of the thickening section and visually
observing the appearance of the withdrawn liquid. Operators will control the sludge level
by adjusting the two withdrawal pumps. The sludge recirculation pump flow rate will be
set to achieve a target concentration in the clarifier feed. The sludge discharge pump flow
rate will be set to maintain a constant sludge blanket level in the clarifier thickener section.
See “Setting Sludge Wasting and Recycling Rates” Standard Operating Procedure.

3.8.4  Controls System

The control system includes:

e A torque indicator will automatically shut down the thickening mechanism and provide
a warning at the control panel in the event the mechanism detects high sludge viscosity
(high-torque condition).

e The rapid mix compartment mixer (M-400A), flocculation compartment mixer (M-400B),
and clarifier thickening mechanism (M-400C) have individual hand switches that allow
for control locally or from the control panel.

e Polymer addition from the polyelectrolyte makedown system is controlled from the
control panel by a variable frequency drive on the progressing cavity polymer feed

pump.

e There is a solenoid valve on the clarifier thickened solids discharge line that opens when
either the sludge withdrawal pump or the sludge recycle pump is on and shuts when
both pumps are off. The valve can also be locally or remotely operated.

e There are hand switches for the air-supply solenoid valves to the sludge withdrawal
pump and sludge recycle pump so that the pumps can be operated locally or from the
control panel. For each pump, the operator sets one timer for the desired time duration
that the pump runs and a second timer for the desired time interval between the pump
operating cycles.

3.9 Sludge Holding Tank and Phase Separators

3.9.1 Purpose

The sludge holding tank is used to accumulate sludge prior to dewatering. The phase
separators are used to dewater sludge.

3.9.2 System Components

System components include:
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Sludge holding tank (T-402).
Separator feed pump (P-403).

Phase separators (PS-405).

Phase separator sump pump (P-405).

3.9.3  Process Description

The sludge holding tank (T-402) is an agitated, cone-bottom tank used to accumulate sludge
prior to dewatering. The mixer is used if plugging of the discharge nozzle occurs; otherwise,
the tank can be left unmixed and the operator will have the option to decant clear water
from above the settled sludge level through a series of decant nozzles on the tank. Decanted
water drains to the process drain tank (T-900).

The separator feed pump (P-403) is used to transfer sludge from the sludge holding tank to
the phase separators. The transfer is a manual operation initiated by the operators. Phase
separators are two rolloff bins with disposable sludge filters.

The filtrate from the phase separators is discharged to a sump with a submersible sump
pump (P-405), which transfers the filtrate to the process drain tank (T-900).

3.9.4  Control System

The control system includes:

¢ The sludge holding tank has a level element, level transmitter, and local readout. The
sludge holding tank level can be monitored at the control panel. A high-level setting
activates an alarm at the control panel and shuts down the sludge withdrawal pump
(P-401). A low-level setting activates a warning at the control panel.

e The sludge holding tank mixer has a selector switch that allows for control locally or
from the control panel.

e The separator feed pump (air-operated) has a solenoid valve on the air line. Timers for
the run and off intervals can be set at the control panel. There is a hand switch that
allows for control locally or from the control panel. There is a local pressure indicator on
the pump discharge.

e Each phase separator has a high level switch that alarms at the control panel and shuts
down the separator feed pump.

3.10 Pretreated Water Tank (T-500)

3.10.1 Purpose

The pretreated water tank provides hydraulic separation between the chromium reduction
process and the microfilter, allowing the chromium reduction process to continue to run
while the microfilter is temporarily shut down, and the microfilter to run when the
chromium reduction process is temporarily shut down.
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3.10.2 System Components

System components include:

e Pretreated water tank (T-500).
e DPretreated water transfer pump (P-500).

3.10.3 Process Description

The pretreated water tank receives the overflow effluent from the clarifier (CL-400) at a flow
rate set by the clarifier feed pump (P-400). The pretreated water tank level is controlled by
modulating a level control valve on the microfiltration skid to control the discharge flow
from the pretreated water transfer pump (P-500) that feeds the microfilter. High- and
low-level set points start and stop the pretreated water transfer pump to prevent the tank
from overflowing or the pump from running dry.

Off-specification water in the pretreated water tank can be returned to the raw water storage
tank (T-100) for reprocessing by manually shutting off the diversion valve to the microfilter
system and opening the manual valve to the raw water tank. Downstream systems will
continue to operate unless the systems are otherwise shut down or the supply of pretreated
water falls too low to sustain operations.

3.10.4 Control System

The control system includes:

e The ultrasonic level element in tank T-500 provides a local level readout and displays
the level at the control panel. The level signal is used by the control system to modulate
a control valve on the discharge line from the pretreated water transfer pump to
maintain tank level within set points.

e High-high level in T-500 alarms at the control panel and shuts the flow control valve
FV-201. If the valve is shut for more than 10 minutes, the raw water feed pump will shut
down.

e The pretreated water transfer pump has a selector switch to provide for control locally
or from the control panel.

3.11 Microfiltration System

3.11.1 Purpose

The microfiltration system removes solids in the clarifier effluent over a nominal cut-off
diameter of 0.1 microns.

3.11.2 System Components

System components include:

e Feed tank (T-501).
e Recirculation pump (P-501).
e Microfiltration modules.
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e Reverse filtration tank (T-502).
e Reverse filtration pump (P-502).
e Control system.

3.11.3 Process Description

The microfiltration system feed tank (T-501) receives flow from the pretreated water transfer
pump. The microfiltration system is sized to accommodate flow from this pump. There is a
local level indicator at the tank that transmits the level signal back to the microfiltration
control panel. The speed of recirculation pump (P-501) is varied to increase flow through the
microfilter to maintain the tank level. The microfiltration feed tank has an overflow that is
connected to the process drain tank. There is a strainer after the recirculation pump to
prevent large particles that inadvertently enter the system from fouling the microfilter
membrane elements.

The recirculation pump transfers treated groundwater from the feed tank through the
membrane elements and back to the feed tank. A restricting orifice in the return line to the
tank pressurizes the recirculation loop, which forces water to pass through the membranes
as particulate-free microfilter permeate. The microfilter permeate is discharged to the
reverse osmosis feed tank (T-600) and is also used to fill the reverse filtration tank (T-502).

As filtered water (permeate) exits the microfilter system and concentrated solids are
returned to the feed tank (T-501), the turbidity, which is continuously monitored, gradually
increases. The accumulated solids are blown down to the process drain tank periodically to
avoid plugging the microfilter membrane elements. Blowdown is performed automatically
by the microfilter system and can be configured to initiate based either on a turbidity set
point or on operating time.

When the blowdown cycle initiates, the reverse filtration pump (P-502) pumps filtered
water back through the membrane elements. Compressed air cleaning of the membranes is
also part of the blowdown sequence. System valves are automatically configured so that the
contents of the system and the backwash water are routed to the process drain tank. Note
that the microfiltration system is temporarily offline during the blowdown cycle
(approximately 2 minutes out of every 20 minutes). The pretreated water tank, pretreated
water pump, and microfiltration system are all sized to accommodate this offline time.

It is anticipated that the microfilter membrane elements will need an additional cleaning as
frequently as every week. Microfiltration system controls include a cleaning sequence
consisting of sequential backflushing of the membrane elements with sulfuric acid, sodium
hydroxide, and sodium hypochlorite solutions. Periodic cleaning is described further in the
microfiltration system O&M manual.

3.11.4 Control System

The control system includes:

e The microfiltration system will be controlled by the microfiltration local PLC that is
supplied with the unit.
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e The microfilter feed tank has a level element with a local indicator. The level signal
controls the recirculation pump variable frequency drive. The local control panel has
warnings for low- and high-tank liquid level that are passed to the control panel.

e The microfilter recirculation loop has pressure elements before and after the strainer,
with pressure displayed locally and at the control panel.

e There is a local flow indicator in the recirculation loop after the microfiltration modules.

e There is a flow meter on the microfiltration permeate that displays the flow locally and
at the control panel.

e There are turbidity meters on two slip streams, one off the recirculation loop after the
strainer and the other on the microfiltration permeate. Both turbidity values are
displayed on the control panel. The turbidity meter slipstreams drain to the process
drain tank.

3.12 Reverse Osmosis Feed Tank
3.12.1 Purpose

The reverse osmosis feed tank stores microfiltration permeate for further processing by the
reverse osmosis unit or for blending with the reverse osmosis permeate to obtain a targeted
effluent TDS concentration.

3.12.2 System Components

System components include:

Reverse osmosis feed tank (T-600).

Filtered water transfer pump (P-620).

Reverse osmosis booster pumps (P-601A and P-601B).
Reverse osmosis system sulfuric acid metering pump.
Antiscalant feed system.

3.12.3 Process Description

The reverse osmosis feed tank (T-600) receives treated, filtered groundwater (permeate)
from the microfiltration system and recycled reverse osmosis permeate and concentrate. The
reverse osmosis feed tank liquid level is controlled by controlling the amount of reverse
osmosis permeate and concentrate recycled back to the tank. The reverse osmosis recycle
stream compensates for the imbalance between the microfiltration permeate flow rate
(established by the pretreated water transfer pump) and the reverse osmosis feed tank
discharge (established by the reverse osmosis booster pumps and filtered water transfer
pump). The conductivity of the reverse osmosis recycle stream is matched to that of the
microfiltration permeate by modulating the proportion of reverse osmosis concentrate in the
reverse osmosis recycle flow.

The filtered water transfer pump discharge piping is configured to blend microfilter
permeate with reverse osmosis permeate to achieve specified conductivity at the treated
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water storage tank (T-700). The discharge piping of the filtered water transfer pump and the
post-treated reverse osmosis permeate pumps (P-605A and B) combine upstream of the
treated water storage tank. Conductivity control is achieved by modulating a flow control
valve on the filtered water transfer pump discharge (microfilter permeate flow) based on a
signal from a conductivity sensor on the combined flow to the treated water storage tank.
The conductivity sensor is located downstream of a static mixer.

Operators can also configure the filtered water transfer pump (P-620) controls and discharge
valves to recycle off-specification microfilter permeate to the raw water storage tank.

The reverse osmosis booster pumps (P601A and B) convey reverse osmosis feed water
through cartridge filters and into the suction side of the reverse osmosis feed pump (P-602)
at a pressure sufficient to meet suction head requirements of the reverse osmosis feed

pump.

Sulfuric acid and a commercial antiscalant are injected into the transfer line ahead of the
cartridge filters.

The cartridge filters remove small particles that may have passed through the microfilter
and also promote efficient mixing of the sulfuric acid and antiscalant chemicals in the
reverse osmosis feed stream. Cartridge filters are changed when the difference in readings
between the upstream and downstream pressure gages exceeds the recommended value
specified in the reverse osmosis system O&M manual.

3.12.4 Control System

The control system includes:

e The reverse osmosis feed tank (T-600) level is controlled by modulating a level control
valve (LCV-603) on the reverse osmosis permeate recycle line to achieve the tank level
set point.

e The reverse osmosis feed tank (T-600) has a level sensor with displays locally and at the
control panel. Low tank level shuts down the reverse osmosis booster pump (P-601A
and P-601B) and generates an alarm at the control panel. High tank level shuts down the
pretreated water transfer pump (P-500) and generates an alarm at the control panel. A
falling or low-level signal re-enables operation of the pretreated water transfer pump.

¢ Conductivity meters are located on the microfiltration permeate stream influent to the
reverse osmosis feed tank (microfilter permeate), on the reverse osmosis recycle stream
(combined permeate and concentrate flows) to the reverse osmosis feed tank, and on the
booster pump discharge. The control system modulates the reverse osmosis concentrate
recycle stream flow-control valve (FCV-602) to match the conductivity of the reverse
osmosis recycle to the microfiltration permeate. A warning is generated if the post-
booster pump conductivity is 10 percent or more higher than the microfilter permeate
conductivity. Such a warning condition would indicate that there is a problem with the
reverse osmosis recycle stream controls.

e A flow control valve (FCV-615) on the filtered water transfer pump modulates the pump
discharge flow rate based on the conductivity sensor (AIT-702) on the combined
microfilter permeate and reverse osmosis permeate.
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e Sulfuric acid, when used, is fed into the discharge piping of the reverse osmosis booster
pumps at a rate determined by the pH set point of the reverse osmosis feed pH
controller. The sulfuric acid reduces the pH to ~6.7, a pH sufficiently low that calcium
carbonate will not deposit on the membranes during reverse osmosis operation. A pH
feedback control loop is used to maintain the proper pH.

e Antiscalant is fed at an appropriate rate in rate proportion to the reverse osmosis reject
stream flow rate using a feed-forward loop.

e The filtered water transfer pump has a selector switch for local or remote operation.
e The reverse osmosis booster pumps are operated from the control panel.

e The signal from the inline pH probe between the cartridge filters and the reverse
osmosis feed pump controls the reverse osmosis system sulfuric acid feed pump
through a feedback loop.

3.13 Reverse Osmosis Unit
3.13.1 Purpose

The purpose of the reverse osmosis system is to control the TDS of the treated groundwater.
In the case of treated water management by underground injection, the TDS of the treated
groundwater should approximately match the TDS of the formation into which the treated
groundwater is injected. In the case of discharge of treated groundwater to the Colorado
River, the treated groundwater TDS needs to meet the total dissolved solids discharge
limitation. In the case of reuse at the compressor station, the TDS needs to be controlled to a
level appropriate for that use.

3.13.2 System Components

The reverse osmosis system components include:

Reverse osmosis feed pump (P-602).

Reverse osmosis membrane skid.

Reverse osmosis cleaning tank (T-601).

Reverse osmosis cleaning pump.

Forced Draft (F.D.) aerator (T-603).

Blower (B-600).

Post-treated reverse osmosis permeate pumps (P-605A and P-605B).
Local control panel.

3.13.3 Process Description

The reverse osmosis feed pump (P-602) boosts the flow from the reverse osmosis booster
pumps (P-601A and P-601B) up to the operating pressure of the reverse osmosis
membranes. The flow through the reverse osmosis membrane modules is controlled by
manual operation of a needle valve on the reverse osmosis concentrate discharge. Minimum
flow is set by an orifice installed in parallel with the needle valve. The reverse osmosis
concentrate is collected for storage in the reverse osmosis concentrate storage tank (T-701).
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The reverse osmosis permeate flows to the F.D. aerator (T-603). The aerator is a tank filled
with packing. The permeate is distributed over the packing at the top of the tank and flows
by gravity to the bottom of the tank. Air that has been filtered through a HEPA filter is
blown upward through the packing. The air contacting the permeate strips carbon dioxide,
raising the permeate pH above 6.5. The post-treated reverse osmosis permeate pumps
convey the pH-adjusted permeate from the F.D. aerator to the treated water storage tank.
The pumps cycle on and off based on the liquid level in the aerator.

The reverse osmosis cleaning tank (T-601) is used for periodic reverse osmosis system
cleaning. Chemicals are added to the tank manually using a portable transfer pump. Makeup
water is supplied from the treated water storage tank (T-700) via the treated water transfer
pump (P-700). The cleaning solution is circulated through the reverse osmosis modules and
both the concentrated and permeate are diverted back to the reverse osmosis cleaning tank.

3.13.4 Control System

The control system includes:

e The reverse osmosis recovery (permeate flow rate as a percentage of feed flow rate) is
manually adjusted via the needle valve on the reverse osmosis concentrate discharge.

e The reverse osmosis feed tank (T-600) level is controlled by modulating a valve on the
reverse osmosis permeate recycle line to the reverse osmosis feed tank. Low level in the
reverse osmosis feed tank shuts down the reverse osmosis feed pump (P-602). The
recycle loop allows the reverse osmosis feed to remain within a tight range.

e The system alarms if the pressure in the permeate line exceeds a preset value, indicating
a break in the membrane, and shuts down the reverse osmosis system.

e Thelevel in the F.D. aerator tank (T-603) is displayed at the control panel. There are
low-low and high-high level alarms at the panel. The level signal is used to control the
flow control valve on the pump discharge to maintain the level within the desired set
points. Low tank level causes the post-treated permeate pumps (P-605A and B) to shut
down.

e Permeate conductivity is monitored both before and after the F.D. aerator. Signals for
pH and temperature are also monitored after the F.D. aerator. The conductivity, pH, and
temperature values after the F.D. aerator are displayed at the control panel. The control
panel indicates warnings on high conductivity and low and high pH.

e Reverse osmosis permeate is mixed with the microfilter effluent in the line into the
treated water storage tank. The final effluent conductivity is controlled using a
conductivity meter downstream of this mixing point. The ratio of the two streams is
controlled by flow-control valve on the microfilter effluent line (FCV-615).
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3.14 Reverse Osmosis Concentrate Storage Tank

3.14.1 Purpose

The reverse osmosis concentrate tank receives reverse osmosis concentrate from the reverse
osmosis system and stores it prior to pumping it to tanks at the MW-20 bench.

3.14.2 System Components
System components include:

e Reverse osmosis concentrate storage tank (T-701).
e Reverse osmosis concentrate transfer pump (P-701).

3.14.3 Process Description

The reverse osmosis concentrate tank level set points are selected by the operator to provide
storage capacity in the event that transfer pumping to the MW-20 bench must be
temporarily stopped. The reverse osmosis concentrate pump automatically cycles on and off
to keep the liquid level in the tank between the high- and low-level set points.

3.14.4 Control System

The control system includes:

e Ultrasonic level element with local and control panel level indicators. The pump starts at
the low-level set point and turns off at the high-level set point. The high-high alarm

shuts down the reverse osmosis system. The low-low alarm shuts down the reverse
0osmosis concentrate pump.

3.15 Treated Water Storage Tank

3.15.1 Purpose

The treated water storage tank supplies treated groundwater to the seal water system for use
within the treatment plant (seal water, chemical makeup water, demister wash, etc.) and
provides hydraulic separation between the treatment system and the treated groundwater
management system (injection wells, Colorado River Outfall, or MW-20 bench transfer).

3.15.2 System Components

System components include:

e Treated water storage tank (T-700).

e Treated water storage tank transfer pump (P-700).

3.15.3 Process Description

Reverse osmosis permeate is pumped to the treated water storage tank from the F.D. aerator
tank (T-603). The treated water transfer pump transfers treated groundwater in the tank to
one of the treated water management alternatives (injection wells or MW-20 bench Baker
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tanks). The pump cycles on and off to maintain the treated water storage tank level between
operator-selected set points. Selection of treated water destination is made by setting
manual valves.

3.15.4 Control System

The control system consists of:

The level element in the treated water storage tank provides level indication locally and
at the control panel. The level element signal controls the treated water transfer pump
by cycling it on and off between the high and low set points. The tank low-low level
alarm shuts down the treated water transfer pump. The tank high-high level alarm shuts
down the reverse osmosis permeate pump.

The treated water transfer pump can be operated locally or from the control panel. The
control panel provides pump status.

The treated water transfer pump has a local pressure indicator.

3.16 Seal Water System
3.16.1 Purpose

The treated water storage tank supplies treated groundwater to the seal water system for
use within the treatment plant (seal water, makeup water, demister wash, etc.).

3.16.2 System Components

System components include:

Seal water tank (T-1100).
Seal water pump (P-1100).

3.16.3 Process Description

The seal water pump uses treated effluent from the treated water storage tank (T-700) to

pressurize the seal water tank, which is a pressurized (bladder) tank. The seal water tank
pressurizes the supply piping for chemical makeup, flushing hose connections, demister
wash water, microfiltration system feed tank, and seal water.

3.16.4 Control System

The control system of this vendor-supplied package consists of:

e The pressure transmitter downstream of the seal water pump controls the seal water
pump speed through a variable frequency drive to maintain the pressure in the seal
water tank within the set point limits.

e A low-pressure switch is installed in the seal water distribution header that provides a
warning at the control panel.
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3.17 Process Drain Tank (T-900)

3.17.1 Purpose

The process drain tank receives small incidental flows from various process equipment so it
can be returned to the raw water storage tank for reprocessing.

3.17.2 Process Components

Process components include:

e Process drain tank (T-900).
e Process drain pump (P-900).

3.17.3 Process Description

The process drain tank will receive wastewater from:

e Containment areas (accumulated rain water or spills).
e Phase separator pumpout vault.

e C(larifier and sludge holding tank decant.

e Microfiltration backwash.

e Microfiltration system turbidity meters.

e Tank and system drains and overflows.

e Strainer drains.

The tank will be located in a sump so that drains can flow by gravity. Room will be provided
between the tank wall and the sump wall to install a portable pump if water accumulates in
the sump.

Piping is also provided to pump the tank contents through a fill port into a tanker truck for
off-site disposal.

3.17.4 Control System

The control system includes:
e The process drain tank (T-900) has a level element that indicates locally and at the
control panel. The level element controls the process drain pump as the tank cycles

between high- and low-level set points. There are high- and low-level warnings at the
control panel. The low-low level alarms shuts down the process drain pump (P-900).

e The pump can be operated in local or remote mode. The operating mode run status is
displayed at the control panel.

e A high-level switch will be used to detect water between the tank wall and the sump
wall.
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3.18 Chemical Feed Systems

3.18.1 Purpose

The chemical feed systems deliver chemicals to the treatment processes at the appropriate
dosage rates.

3.18.2 System Components

System components include:

e Ferrous chloride feed pump (P-800).

e Sulfuric acid feed pump (P-801).

e Sodium hydroxide feed pump 1 (P-802A).
e Sodium hydroxide feed pump 2 (P-802B).
e Sodium hydroxide feed pump 3 (P-802C).
e Sodium hydroxide feed pump 4 (P-802D).

¢ Sodium hypochlorite pump (P-807).
¢ DPolyelectrolyte make-down system (M-804).

Note that other chemical feed systems that are part of the reverse osmosis system are
described in the corresponding section.

3.18.3 Process Description

Chemical totes and drums are stored in areas with secondary containment. Incompatible
materials are segregated. Chemical feed pumps operate automatically in response to system
instrumentation values as described previously.

3.18.4 Control System
3.18.4.1 Ferrous Chloride Feed Pump

The control system includes:
e Local indication of chemical pump discharge pressure.
e Warning of pump low-flow condition.

e Operator will be able to start and stop the ferrous chloride pump, P-800, from the HMI
screen. An indication of the pump run status will be displayed. The pump will normally
operate in the automatic mode, with the chemical feed rate proportional to the
groundwater influent flow rate. The operator will be able to set the required dosing rate,
chemical bulk density, and chemical concentration. The PLC will then determine the
correct speed to operate the metering pump.

3.18.4.2 Sodium Hydroxide Feed Pump 1 (Feed to Iron Oxidation Reactor 1)
The control system includes:

e Local indication of chemical pump discharge pressure.

e Warning of pump low-flow condition.
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Operator will be able to start and stop the sodium hydroxide pump (P-802A) from the
HMI screen. An indication of the pump run status will be displayed. The pump will
normally operate in the automatic mode with the flow proportional to the groundwater
influent flow rate.

3.18.4.3 Sodium Hydroxide Feed Pump 2 (Feed to Iron Oxidation Reactor 2)

The control system includes:

Local indication of chemical pump discharge pressure.
Warning of pump low-flow condition.

Operator will be able to start and stop the sodium hydroxide pump (P-802B) from the
HMI screen. An indication of the pump run status will be displayed. The pump will
normally operate in the automatic mode with the flow proportional to the groundwater
influent flow rate.

3.18.4.4 Sodium Hydroxide Feed Pump 3 (Feed to Iron Oxidation Reactor 3)

The control system includes:

Local indication of chemical pump discharge pressure.
Warning of pump low-flow condition.

Operator will be able to start and stop the sodium hydroxide pump (P-802C) from the
HMI screen. An indication of the pump run status will be displayed. The pump will
normally operate in the automatic mode. The chemical feed rate is controlled through a
pH feedback control loop at an operator-selected set point based on the tank T-301C pH
sensor. The PLC will determine the correct speed to operate the metering pump.

3.18.4.5 Sodium Hydroxide Feed Pump 4 (Reverse Osmosis Permeate pH Adjustment)

The control system includes:

Local indication of chemical pump discharge pressure.
Warning of pump low-flow condition.

Operator will be able to start and stop the sodium hydroxide pump (P-802D) from the
HMI screen. An indication of the pump run status will be displayed. The pump will
normally operate in the automatic mode. The chemical feed rate is controlled through a
pH feedback control loop at an operator-selected set point based on the AE-606 pH
sensor in the effluent line from T-603. The PLC will determine the correct speed to
operate the metering pump.

3.18.4.6 Sulfuric Acid Feed Pump

The control system includes:

Local indication of chemical pump discharge pressure.

Warning of pump low-flow condition.
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e Operator will be able to start and stop the sulfuric acid pump (P-801) from the HMI
screen. An indication of the pump run status will be displayed. The pump will normally
operate in the automatic mode. The chemical feed rate is controlled through a pH
feedback control loop at an operator-selected set point based on the AE202 pH sensor in
the chemical mixing pump (P-201) suction line. The PLC will determine the correct
speed to operate the metering pump.

3.18.4.7 Polyelectrolyte Make-down System
The control system includes:

e Warning of low polyelectrolyte level.

e Warning of pump low-flow condition.

e Operator will be able to start and stop the polyelectrolyte skid and adjust its flow rate
locally.

e There are no automatic flow-pacing connections to the plant process control system.
3.18.4.8 Sodium Hypochlorite Feed Pump

The control system includes:

e The microfiltration package control system controls this pump.

¢  When the LOR switch is placed in LOCAL, pump P-807 will operate. When the switch is
placed in REMOTE, the microfiltration controller will operate the pump.

e A signal will be sent to the treatment plant PLC when the switch is in the REMOTE
position.

3.19 Injection Wells
3.19.1 Purpose

The injections wells are used to introduce treated effluent into the subsurface formation.

3.19.2 System Components

System components include:

Flow meters (FE-1202 and FE-1203).

Pressure gauges (PIT-1202 and PIT-1203).

Well water level sensors (LE-1202 and LE-1203).
Injection wells (IW-2 and IW-3).

3.19.3 Process Description

Two injection wells (IW-2 and IW-3) are currently installed at the site. Additional wells may
be installed in the future if required. The treated water transfer pump (P-700) discharges
treated effluent into a header that distributes flow to the injection wells. Distribution and
flow rate are controlled by manual adjustment of throttling valves in each injection well line.
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In the event of a power outage, treated water will not be discharged to injection wells when
running on the backup emergency generator. Solenoid valves are installed near each
injection well head. These valves open when P-700 is operating and close when PP-700 shuts
down in order to hold water in the distribution pipeline.

The injection wells are sealed at the surface with a flange. Injection pipe penetrates through
each flange into the wells. Air/vacuum release valves are provided at each injection well
head to regulate pressure in the well.

3.19.4 Control System

The control system includes:

¢ Flow meters that indicate locally and at the control panel.

e DPressure gauges (PIT-1202 and PIT-1203) that indicate locally and at the control panel.

e Solenoid valves (5V-1202 and SV-1203) that open or close based on the operation of the
treated water transfer pump (P-700).

e Level elements in the wells that indicate locally and at the control panel.

Additional information on the control and monitoring of the injection wells is included in
the Interim Measures No. 3 Injection Well Operation and Maintenance Plan (CH2M HILL 2005).

3.20 MW-20 Bench Tanks for Treated Effluent

3.20.1 Purpose
The MW-20 bench tanks store treated effluent for off-site disposal.

3.20.2 System Components
System components include:
¢ A minimum of two 20,000-gallon tanks (T-701, T-702).

3.20.3 Process Description

Treated effluent can be pumped to the MW-20 bench tanks based upon manual adjustment
of valves by the system operator.

3.20.4 Control System
The control system includes:
¢ Influent flow meter that indicates locally and at the control panel.

e High-level switch in the MW-20 bench tanks that provides a warning at the control
panel.
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3.21 MW-20 Bench Tanks for Reverse Osmosis Concentrate

3.21.1 Purpose

The MW-20 bench tanks store reverse osmosis concentrate for off-site disposal.

3.21.2 System Components

System components include:

e 20,000-gallon tank (T-703).

3.21.3 Process Description

Reverse osmosis concentrate is pumped by the reverse osmosis concentrate transfer pump
(P-701) to the MW-20 bench tanks.

3.21.4 Control System

The control system includes:
¢ Influent flow meter that indicates locally and at the control panel.

e High-level switch that provides a warning at the control panel.

3.22 Other Systems

The following additional systems that operators will need to monitor and maintain include:

e Instrument air.

e Laboratory facilities.
e Fire suppression.

e Safety showers.

e Intercom.

e Fire alarms.

e Toilets.

e Potable water supply.
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4.0 Initial Startup Procedures

Initial startup procedures are presented in the Interim Measures No. 3 Treatment and
Extraction System Initial Startup Plan (CH2M HILL 2005). The steps involved in initial startup
along with the proposed timeline are shown in Table 4-1.

TABLE 4-1
Startup Schedule
Interim Measures No. 3 Treatment and Extraction System Operation and Maintenance Plan
Before Week
Step Startu
Pl 1|2 |3|4|5 |6 ]| 7|8]|9]10
Preparation

Pre-commissioning

Clean Water Startup

Commission with Groundwater

Performance Test with Groundwater

Plant Performance Check

Operating procedures, including startup and shutdown procedures after initial startup, are
presented in Section 5.0 and Appendix E.
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5.0 Operating Procedures

Specific information presented in this section includes:

¢ Control system description and operation.
¢ Field instrumentation.

e Listing of periodic operations.

¢ Troubleshooting.

e Process upset conditions.

5.1  Control System Description

See Appendix D for the control systems operations manual. Initial set points are
summarized in Table 5-1. These set points may be adjusted by operating personnel (the
operations manager) based on plant operating experience.

5.2  Field Instrumentation

Field instruments are listed in Table 5-2.

5.3  Periodic Operation Procedures

Appendix E presents Standard Operating Procedures for periodic operations, including;:

e Startup.

e Shutdown.

e Setting clarifier sludge wasting and recycle rates.

e Operation of the sludge holding tank and phase separators.
e Calibration of chemical metering pumps.

¢ Hexavalent chromium analysis by Hach Method 8023.

Appendix F lists equipment operating manuals, which provide procedures for periodic
operations, including:

Calibration of pH probes.
Calibration of turbidity meters.
Microfilter cleaning.

Reverse osmosis membrane cleaning.
Cartridge filter replacement.

Forced draft aerator tower cleaning.

5.4  Troubleshooting

Appendix G presents a summary of system warnings and alarms, along with possible
causes and suggested operator interventions.
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5.5  Process Upset Prevention, Detection, and Recovery

The treatment plant has been designed with the capability for recycling and retreating
system effluent, if necessary, due to an upset or unanticipated condition. A detailed analysis
of possible failure modes is presented in Appendix J. Upset conditions linked to compliance
with effluent limitations include:

e FElevated hexavalent or total chromium concentration in the final effluent.

e pH values outside of limitation range in the reverse osmosis permeate in
WDR R7-2004-0103.

e TDS in the reverse osmosis permeate above the acceptable maximum specified in the
Interim Measures No. 3 Injection Well Operation and Maintenance Plan (CH2M HILL 2005).

Appendix G describes possible causes of system alarms and possible recovery strategies. In
general, recovery from most alarm conditions is achieved by simply restarting the system.
In some cases, samples from specific treatment tanks may need to be tested and the system
placed in recirculation mode before normal operation can be resumed.

55.1 Hexavalent Chromium Upset Condition

55.1.1 Prevention of Upset Condition
Critical systems in the reduction of Cr(VI) to Cr(III) are:

e Addition of the proper amount of ferrous chloride.
e pH control of ferrous chloride/groundwater mixture in the proper range.
e Adequate mixing and contact time of ferrous chloride solution and groundwater.

Treatment system design assures adequate mixing and contact time of ferrous chloride with
groundwater. The pipe reactor and recycle loop are sized to achieve the target Cr(VI)
reduction. Were the chemical mixing pump to cease operation, the control system is
configured to shut the entire treatment system down. There is additional mixing and
retention time in the chemical reduction reactor (T-300).

If ferrous chloride is not getting to the pipe reactor recycle loop inlet location, as indicated
by the low flow switch in the ferrous sulfate feed line, the control system is configured to
shut the system down.

There are dual pH probes in the pipe reactor loop and in the chemical reduction tank. The
control system will alarm at the control panel and shut down the treatment system if the pH
is outside of its target range. Warnings appear at the control panel if the dual pH probe
readings differ by more than a specified amount.

Finally, the reverse osmosis system, although not included in the process to remove Cr(VI),
would remove approximately 90 percent of the hexavalent chromium in the reverse osmosis
feed water.
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55.1.2 Detection of Upset Condition

The control panel will provide warnings and alarms to the operators in the event of out-of-
specification pH and ferrous iron flow conditions. Periodic sampling for Cr(VI) will also be
done at points throughout the system, as described in Appendix H.

55.2  Trivalent Chromium Upset Condition
5.5.2.1 Prevention of Upset Condition

Critical systems in the removal of Cr(III) are:

e pH control in the iron oxidation reactors to promote co-precipitation of chromium
hydroxide with ferric hydroxide.

e Integrity of the microfiltration membranes, which provide a barrier to precipitated
chromium hydroxide particles.

There are dual pH probes in the iron oxidation reactors. The control system will alarm at the
control panel and shut down the treatment system if the pH is outside of its target range.
Warnings appear at the control panel if the dual pH probe readings differ by more than a
specified amount.

Turbidity meters are installed in the microfilter permeate discharge line to confirm that the
microfilter membranes are operating correctly. The control system will alarm at the control
panel and shut down the treatment system if the turbidity exceeds its normal value by more
than a predetermined amount.

5.5.2.2 Detection of Upset Condition

The control panel will provide warnings and alarms to the operators in the event of out-of-
specification pH and turbidity values. Periodic sampling for total chromium will also be
done at points throughout the system, as described in Appendix H.

5.5.3  High or Low pH Upset Condition
5,5.3.1 Prevention of Upset Condition

In the treatment process, the initial pH is adjusted by addition of acid and caustic to
optimize treatment chemistry. The final pH is adjusted by carbon dioxide stripping with the
option for caustic addition to comply with the pH limitation of the WDRs. The control
system is configured to provide warnings at the control panel in the event that any of the
pH probes monitoring acid or caustic addition register an out-of-specification value.

5.5.3.2 Detection of Upset Condition

The treatment system has continuous reading pH probes at various process locations that
will provide warnings at the control panel in the event that measured values are not within
specified ranges.
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5.5.4  High TDS Upset Condition
5.5.4.1 Prevention of Upset Condition

TDS is removed from the groundwater by the reverse osmosis process. TDS is monitored in
the treatment system through the surrogate parameter of conductivity. The conductivity of
the reverse osmosis permeate from the reverse osmosis process and that of the blended
(microfilter permeate and reverse osmosis permeate) final effluent is continuously
monitored. The system will be shut down if the reverse osmosis permeate or effluent
conductivity exceeds a maximum value.

5.5.4.2 Detection of Upset Condition

Conductivity is measured: (1) at the influent to the reverse osmosis feed tank (T-600), (2) at
the influent to the reverse osmosis system, (3) on the reverse osmosis permeate before and
after the F.D. aerator, (4) on the recycle stream to the reverse osmosis feed tank, and (5) at
the inlet to the reverse osmosis concentrate storage tank. The control system warns the
operators in the event that conductivity values are outside of acceptable ranges.

555 Recovery from an Upset Condition

In the event of an upset condition, the treatment system will be shut down. Operators need
to identify and document the upset condition, correct the upset condition, manage any
out-of-specification groundwater in the system, and restart the system.

55.5.1 Identify the Upset Condition

The first step in recovering from an upset condition is to identify and document the nature
and cause in the daily operations log. At a minimum, actions that should be taken to
identify the nature of the upset condition include:

1. If the shut down was not operator initiated, review the warning and alarm log to
identify the event(s) triggering the shutdown.

2. Analyze samples from the reverse osmosis feed tank and treated water storage tank to
assess whether the Cr(VI) concentration is above the monthly average permit limit of
8 parts per billion (micrograms/liter or pg/L) and/or the maximum daily limit of
16 pg/L, using on-site laboratory procedures.

3. Review the conductivity data for AIT-606, AIT-610, and AIT-702 to confirm that the
treated groundwater entering the treated water storage tank is consistent with the value
required for subsurface injection (see the Groundwater Compliance Monitoring Plan for
Interim Measures No. 3 Injection Areaq).

4. Review pH data from AIT-600 to confirm that the pH values are within the acceptable
discharge range.

5.5.5.2 Correct the Upset Condition

Once the cause of the upset condition is identified, it should be corrected and the correction
documented in the daily log.
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5.5.5.3 Manage Out-of-Specification Groundwater

Out-of-specification groundwater in process units up to and including the reverse osmosis
feed tank can be re-circulated using the filtered water transfer pump (P-620) back to the raw
water storage tank. Out of specification groundwater in the reverse osmosis system can be
recirculated to the raw water storage tank by opening valve V-TW-114-02 and closing valve
V-TW-105-02.

There may be conditions, such as an overdose of polymer, that require draining selected
process units to the off-specification water tank. Equipment drains have been provided with
drain-hose fittings for this purpose.

In the event that the water in the treated water storage tank does not meet discharge
requirements for subsurface injection and it cannot be re-treated, it can be pumped to Baker
tanks at the MW-20 bench for off-site disposal. However, the discharge lines from the
treated water storage tank and the reverse osmosis concentrate storage tank are not
designed to handle wastewater that is a hazardous waste. In the event of an upset condition
that results in either of these tanks containing hazardous wastewater (pH less than 2.0 or
greater than 12.5 or total chromium concentration greater than 5 parts per million), the
water in the tank will either be re-treated on site or loaded into trucks for transportation to a
permitted off-site disposal facility.

5.5.5.4 Restart the Treatment System

The treatment system should be restarted using the start-up Standard Operating Procedure
in Appendix E.

TABLE 5-1
Treatment Plant Control Initial Set Point List — April 2005
Interim Measures No. 3 Treatment and Extraction System Operation and Maintenance Plan

Parameter

Set Point

Control Approach

Raw Water Storage Tank T-100
Level

Treatment Plant Flow Rate at FIC-

200
FeCl Pump P-800 Feed Rate

H.SO4 Pump P-801 Feed Rate

NaOH Pump P-802A Feed Rate
NaOH Pump P-802B Feed Rate
NaOH Pump P-802C Feed Rate

NaOH Pump P-802D Feed Rate

Polymer System M-800 Feed Rate

Iron Oxidation Tank C T301C
Level
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High tank level at 5 feet.
Low tank level at 3 feet.

Flow rate selected by operator
in the range 20 to 135 gpm

Dose (ml/gpm) set by operator
along with influent flow rate

pH of 6.5 standard units

Dose (ml/gpm) set by operator
along with influent flow rate

Dose (ml/gpm) set by operator
along with influent flow rate

pH of 7.8 standard units
pH of 7.0 standard units
Feed rate set by operator at

Polymer skid
Tank level at 12 ft

On-Off Control of well pumps.

Modulation of Flow Control Valve FCV-
200

Adjusts pump speed based on dose set
point and influent flow rate

Adjusts pump speed based on signal
from AIT-202

Adjusts pump speed based on dose set
point and influent flow rate

Adjusts pump speed adjusted based on
dose set point and influent flow rate

Adjusts pump speed based on signal
from AIT-301C

Adjusts pump speed based on signal
from AIT-606

Periodic jar tests by plant operator

Adjusts Variable Frequency Drive on
Clarifier Feed Pump P-400
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TABLE 5-1

Treatment Plant Control Initial Set Point List — April 2005
Interim Measures No. 3 Treatment and Extraction System Operation and Maintenance Plan

Parameter

Set Point

Control Approach

Demister Water Wash Solenoid
Valve SV-302

Sludge Recycle Flow Rate

Clarifier Sludge Transfer to Sludge
Holding Tank

Sludge Storage Tank Level Control
Separator Feed Pump P-403

Process Drain Tank T-900 Level

Reverse Osmosis Feed Tank T-
600 Level

Reverse Osmosis Feed Tank
Conductivity

F.D. Aerator Tank T-603 Level
Treated Water Storage Tank T-700
Level

Reverse Osmosis Concentrate
Storage Tank Level Control T-701

On every 3 hours
On for 30 seconds
Continuous operation

On every 60 minutes

On for 2 minutes (periodically

field-verified)

High tank level at 10 ft
Low tank level at 3 ft
High tank level at 3.5 ft
Low tank level at 2.5 ft
Tank level at 12 ft

AIT-604 to match AIT-600
within £5 %

24 inches

High level at 5 ft.

Low level at 3 ft.

High tank level at 11 ft
Low tank level at 2 ft

Timer Control

Sludge Recycle Pump P-404 always
operating

Sludge Withdrawal Pump P-401 Timer
Control- operator-adjusted to maintain
sufficient sludge inventory for recycle
without impairing clarifier operation
On/off control of Separator Feed Pump
(P-403)

Onl/off control of Process Drain Pump
(P-900)

Adjusts Level Control Valve LCV-603
on Reverse Osmosis Permeate Recycle
line

Adjusts Flow Control Valve FCV-602 on
Reverse Osmosis Conc. Recycle line
based on AIT-600 signal

Adjusts Level Control Valve LCV-604

On/off control of Treated Water Transfer
Pump (P-700)

On/off control of Reverse Osmosis
Conc. Transfer Pump (P-701)

Note: These set points may be adjusted by the plant operations manager based on plant operating experience.

SF0\050980001

5-6



5.0 OPERATING PROCEDURES

TABLE 5-2
Field Instrument Summary
Interim Measures No. 3 Treatment and Extraction System Operation and Maintenance Plan

Instrument - _— ENG Switch ZERO ONE Process Provided_ Location 10 Signal 10 Signal 10 Signal Field
ID PID_Number Tag Modifier Description Range Units Setting State State Manufacturer Model_No Conn By Drawing Type Level Power Power
1 TP-PR-10-10-03 | FE/FIT-100 Magnetic Flowmeter 0-50 GPM Endress+Hauser Promag 23P- 2" CH2MHILL | Valve Vault | Analog 4-20 mA LCP-100 NONE
50AL1A1AA022 No. 1 Input
AW1
2 TP-PR-10-10-03 | FE/FIT-101 Magnetic Flowmeter 0-120 GPM Endress+Hauser Promag 23P- 2" CH2MHILL | Valve Vault | Analog 4-20 mA LCP-100 NONE
50AL1A1AA022 No. 1 Input
AW1
3 TP-PR-10-10-03 | FE/FIT-102 Magnetic Flowmeter 0-50 GPM Endress+Hauser Promag 23P- 2" CH2MHILL | Well Vault Analog 4-20 mA LCP-100 NONE
50AL1A1AA022 No. 4 Input
AW1
4 TP-PR-10-10-03 | FE/FIT-103 Magnetic Flowmeter 0-50 GPM Endress+Hauser Promag 23P- 2" CH2MHILL | Valve Vault | Analog 4-20 mA LCP-100 NONE
50AL1A1AA022 No. 1 Input
AW1
5 TP-PR-10-10-03 | LSH-001 Float Level Switch -—-- Alarm OK Gems Sensors LS-270 CH2MHILL | Valve Vault | Discrete 120 VAC LCP-100 NONE
No. 1 Input
6 TP-PR-10-10-03 | LSH-002 Float Level Switch Alarm OK Gems Sensors LS-270 CH2MHILL | Valve Vault | Discrete 120 VAC LCP-100 NONE
No. 1 Input
7 TP-PR-10-10-03 | LSH-100 Float Level Switch Alarm OK Gems Sensors LS-270 CH2MHILL | Well Vault Discrete 120 VAC LCP-100 NONE
No. 2 Input
8 TP-PR-10-10-03 | LSH-100A Float Level Switch Alarm OK Permalert PWS-LW CH2MHILL | Well Vault Discrete 24 VDC Leak NONE
No. 2 Input Detection
PNL
9 TP-PR-10-10-03 | LSH-101 Float Level Switch Alarm OK Gems Sensors LS-270 CH2MHILL | Well Vault Discrete 120 VAC LCP-100 NONE
No. 1 Input
10 TP-PR-10-10-03 | LSH-101A Float Level Switch Alarm OK Permalert PWS-LW CH2MHILL | Well Vault Discrete 24 VDC Leak NONE
No. 1 Input Detection
PNL
11 TP-PR-10-10-03 | LSH-102 Float Level Switch - Alarm OK Gems Sensors LS-270 CH2MHILL | Well Vault Discrete 120 VAC LCP-100 NONE
No. 4 Input
12 TP-PR-10-10-03 | LSH-102A Float Level Switch Alarm OK Permalert PWS-LW CH2MHILL | Well Vault Discrete 24 VDC Leak NONE
No. 4 Input Detection
PNL
13 TP-PR-10-10-03 | LSH-103 Float Level Switch Alarm OK Gems Sensors LS-270 CH2MHILL | Well Vault Discrete 120 VAC LCP-100 NONE
No. 3 Input
14 TP-PR-10-10-03 | LSH-103A Float Level Switch Alarm OK Permalert PWS-LW CH2MHILL | Well Vault Discrete 24 VDC Leak NONE
No. 3 Input Detection
PNL
15 TP-PR-10-10-03 | LSHH-001 Float Level Switch - Alarm OK Gems Sensors LS-270 CH2MHILL | Valve Vault | Discrete 120 VAC LCP-100 NONE
No. 1 Input
16 TP-PR-10-10-03 | LSHH-002 Float Level Switch Alarm OK Gems Sensors LS-270 CH2MHILL | Valve Vault | Discrete 120 VAC LCP-100 NONE
No. 1 Input
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TABLE 5-2
Field Instrument Summary
Interim Measures No. 3 Treatment and Extraction System Operation and Maintenance Plan

Instrument s I ENG Switch ZERO ONE Process | Provided_ Location 10 Signal | 10 Signal 10 Signal Field
ID PID_Number Tag Modifier Description Range Units Setting State State Manufacturer Model_No Conn By Drawing Type Level Power Power
17 TP-PR-10-10-03 | LT-100 Submersible Level 0-345 FEET Druck RTX 1830 CH2MHILL | Well Vault Analog 4-20 mA LCP-100 NONE
Transmitter No. 2 Input
18 TP-PR-10-10-03 | LT-101 Submersible Level 0-345 FEET Druck RTX 1830 CH2MHILL | Valve Vault | Analog 4-20 mA LCP-100 NONE
Transmitter No. 1 Input
19 TP-PR-10-10-03 | LT-102 Submersible Level 0-345 FEET Druck RTX 1830 CH2MHILL | Well Vault Analog 4-20 mA LCP-100 NONE
Transmitter No. 4 Input
20 TP-PR-10-10-03 | LT-103 Submersible Level 0-345 FEET Druck RTX 1830 CH2MHILL | Well Vault Analog 4-20 mA LCP-100 NONE
Transmitter No. 3 Input
21 TP-PR-10-10-03 | PE/PIT-100 Pressure Transmitter 0-100 PSIG Endress+Hauser PMP 731-R53P | 0.5" CH2MHILL | Valve Vault | Analog 4-20 mA LCP-100 NONE
With Seal I9IM29Y 11 No. 1 Input
22 TP-PR-10-10-03 | PE/PIT-101 Pressure Transmitter 0-100 PSIG Endress+Hauser PMP 731-R53P | 0.5" CH2MHILL | Valve Vault | Analog 4-20 mA LCP-100 NONE
With Seal 9M29Y 11 No. 1 Input
23 TP-PR-10-10-03 | PE/PIT-102 Pressure Transmitter 0-100 PSIG Endress+Hauser PMP 731-R53P | 0.5" CH2MHILL | Well Vault Analog 4-20 mA LCP-100 NONE
With Seal I9M29Y 11 No. 4 Input
24 TP-PR-10-10-03 | PE/PIT-103 Pressure Transmitter 0-100 PSIG Endress+Hauser PMP 731-R53P | 0.5" CH2MHILL | Valve Vault | Analog 4-20 mA LCP-100 NONE
With Seal I9IM29Y 11 No. 1 Input
25 TP-PR-10-10-03 | PI-100 Pressure Gauge With 0-100 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | Well Vault None NONE N/A NONE
Seal 0/100 No. 2
26 TP-PR-10-10-03 | PI-101 Pressure Gauge With 0-100 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | Well Vault None NONE N/A NONE
Seal 0/100 No. 1
27 TP-PR-10-10-03 | PI-102 Pressure Gauge With 0-100 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | Well Vault None NONE N/A NONE
Seal 0/100 No. 4
28 TP-PR-10-10-03 | PI-103 Pressure Gauge With 0-100 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | Well Vault None NONE N/A NONE
Seal 0/100 No. 3
29 TP-PR-10-10-04 | FE/FIT-200 Magnetic Flowmeter 0-200 GPM Endress+Hauser Promag 23P-80 3" CH2MHILL | TP-EE-20- | Analog 4-20 mA LCP-100 NONE
AL1A1AA022AW 01-19 Input
1
30 TP-PR-10-10-04 | FE/FIT-700 Magnetic Flowmeter 0-200 GPM Endress+Hauser Promag 23P-80 3" CH2MHILL | TP-EE-20- | Analog 4-20 mA LCP-100 NONE
AL1A1AA022AW 01-19 Input
1
31 TP-PR-10-10-04 | FE-200 Rotameter 0-1 GPM King Instruments 7530-3-1-2-3C02 | 0.5" CH2MHILL | Pump P- None NONE N/A NONE
200
32 TP-PR-10-10-04 | HS-100A LOR Hand Switch Allen-Bradley 800R-R3HA4RL CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 NONE
with 1NO & 1 01-19 Input
NC extra contact
33 TP-PR-10-10-04 | LE/LIT-200 Ultrasonic Level 0-12 FEET Endress+Hauser FDU-8-0-R-N-A- | 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter A, FMU-86-0-R- 01-19 Input
1-E-1-B-81
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TABLE 5-2
Field Instrument Summary
Interim Measures No. 3 Treatment and Extraction System Operation and Maintenance Plan

Instrument s I ENG Switch ZERO ONE Process | Provided_ Location 10 Signal | 10 Signal 10 Signal Field
ID PID_Number Tag Modifier Description Range Units Setting State State Manufacturer Model_No Conn By Drawing Type Level Power Power
34 TP-PR-10-10-04 | LE/LIT-700 Ultrasonic Level 0-12 FEET Endress+Hauser FDU-8-0-R-N-A- 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter A, FMU-86-0-R- 01-19 Input
1-E-1-B-81
35 TP-PR-10-10-04 | LSH-201A Leak Detection Float -—-- Alarm OK Gems Sensors LS-270 CH2MHILL | TP-EE-20- Discrete 24 VDC Leak NONE
Level Switch 01-19 Input Detection
PNL
36 TP-PR-10-10-04 | LSH-201B Leak Detection Float Alarm OK Gems Sensors LS-270 CH2MHILL | TP-EE-20- Discrete 24 VDC Leak NONE
Level Switch 01-19 Input Detection
PNL
37 TP-PR-10-10-04 | LSH-201C Leak Detection Float - Alarm OK Gems Sensors LS-270 CH2MHILL | TP-EE-20- Discrete 24 VDC Leak NONE
Level Switch 01-19 Input Detection
PNL
38 TP-PR-10-10-04 | LSH-201D Leak Detection Float -—-- Alarm OK Gems Sensors LS-270 CH2MHILL | TP-EE-20- Discrete 24 VDC Leak NONE
Level Switch 01-19 Input Detection
PNL
39 TP-PR-10-10-04 | LSH-201E Leak Detection Float -—-- Alarm OK Gems Sensors LS-270 CH2MHILL | TP-EE-20- Discrete 24 VDC Leak NONE
Level Switch 01-19 Input Detection
PNL
40 TP-PR-10-10-04 | LSH-201F Leak Detection Float -—-- Alarm OK Gems Sensors LS-270 CH2MHILL | TP-EE-20- Discrete 24 VDC Leak NONE
Level Switch 01-19 Input Detection
PNL
41 TP-PR-10-10-04 | LSH-201G Leak Detection Float Alarm OK Gems Sensors LS-270 CH2MHILL | TP-EE-20- Discrete 24 VDC Leak NONE
Level Switch 01-19 Input Detection
PNL
42 TP-PR-10-10-04 | LSH-201H Leak Detection Float - Alarm OK Gems Sensors LS-270 CH2MHILL | TP-EE-20- Discrete 24 VDC Leak NONE
Level Switch 01-19 Input Detection
PNL
43 TP-PR-10-10-04 | PI-200 Pressure Gauge With 0-30 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- None NONE N/A NONE
Seal 0/30 01-19
44 TP-PR-10-10-04 | PI-700 Pressure Gauge With 0-100 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- None NONE N/A NONE
Seal 0/100 01-19
45 TP-PR-10-10-04 | PSL-1100 Low Pressure Switch 0-100 PSIG 40 PSIG | Alarm OK Ashcroft PPS-N4-G T 06 0.5" CH2MHILL | TP-EE-20- Discrete 120 VAC LCP-100 NONE
XK3 NH 100 01-19 Input
46 TP-PR-10-10-04 | RO-200 Restriction Orifice Daniel Model 520, 2" CH2MHILL | TP-EE-20- None NONE N/A NONE
0.5246 INCH 01-19
diameter
47 TP-PR-10-10-04 | YL-1000 Visual Alarm Strobe Off ON Federal Signal 131-ST CH2MHILL | TP-EE-20- Relay 120 VAC LCP-100 NONE
01-19 Output
48 TP-PR-10-10-04 | YL-1001 Visual Alarm Strobe Off ON Federal Signal 131-ST CH2MHILL | TP-EE-20- Relay 120 VAC LCP-100 NONE
01-19 Output
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49 TP-PR-10-10-04 | YL-1002 Visual Alarm Strobe Off ON Federal Signal 131-ST CH2MHILL | TP-EE-20- | Relay 120 VAC LCP-100 NONE
01-19 Output
50 TP-PR-10-10-04 | YL-1003 Visual Alarm Strobe Off ON Federal Signal 131-ST CH2MHILL | TP-EE-20- | Relay 120 VAC LCP-100 NONE
01-19 Output
51 TP-PR-10-10-04 | YL-1004 Audible Alarm Horn Off ON Federal Signal 350WB CH2MHILL | TP-EE-20- | Relay 120 VAC LCP-100 NONE
01-19 Output
52 TP-PR-10-10-05 | AE/AIT-201 pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB
53 TP-PR-10-10-05 | AE/AIT-202- | pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
1 P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB
54 TP-PR-10-10-05 | AE/AIT-202- | pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
2 P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB
55 TP-PR-10-10-05 | AE/AIT-300- | pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
1 P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB
56 TP-PR-10-10-05 | AE/AIT-300- | pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
2 P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB
57 TP-PR-10-10-05 | AE/AIT- pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
301A-1 P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB
58 TP-PR-10-10-05 | AE/AIT- pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
301A-2 P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB
59 TP-PR-10-10-05 | AE/AIT- pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
301B-1 P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB
60 TP-PR-10-10-05 | AE/AIT- pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
301B-2 P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB

SF0\050980001



5.0 OPERATING PROCEDURES

TABLE 5-2
Field Instrument Summary
Interim Measures No. 3 Treatment and Extraction System Operation and Maintenance Plan

Instrument s I ENG Switch ZERO ONE Process | Provided_ Location 10 Signal | 10 Signal 10 Signal Field
ID PID_Number Tag Modifier Description Range Units Setting State State Manufacturer Model_No Conn By Drawing Type Level Power Power
61 TP-PR-10-10-05 | AE/AIT- pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
301C-1 P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB
62 TP-PR-10-10-05 | AE/AIT- pH/TEM | PH and Temperature 0-14/0- pH/deg ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
301C-2 P Analyzer 100 C , 01-19 Input
TBX55713D2174
0JB
63 TP-PR-10-10-05 | FE-201 Rotameter 0-1 GPM King Instruments 7530-3-1-2-3C02 | 0.5" CH2MHILL | Pump P- None NONE N/A NONE
201
64 TP-PR-10-10-05 | FE-400 Rotameter 0-1 GPM King Instruments 7530-3-1-2-3C02 | 0.5" CH2MHILL | Pump P- None NONE N/A NONE
400
65 TP-PR-10-10-05 | FSL-201 Thermal Flow Switch 0-200 GPM 120 Alarm OK Fluid Components | FLT93S-1B- 1" CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 120 VAC
GPM Int'l 1C204C-1B010- 01-19 Input
00
66 TP-PR-10-10-05 | HS-201 LOR Hand Switch Allen-Bradley 800R-R3HA4RL CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 NONE
with 1NO & 1 01-19 Input
NC extra contact
67 TP-PR-10-10-05 | HS-302 LOR Hand Switch Allen-Bradley 800R-R3HA4RL CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 NONE
with 1 NO & 1 01-19 Input
NC extra contact
68 TP-PR-10-10-05 | LE/LIT-301C Ultrasonic Level 0-16 FEET Endress+Hauser FDU-8-0-R-N-A- | 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter A, FMU-86-0-R- 01-19 Input
1-E-1-B-81
69 TP-PR-10-10-05 | LSH-300 Vibrating Tuning Fork Alarm OK Endress+Hauser FTL50-A-GN5- 1" CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 120 VAC
Level Switch AA-4-E5-Al 01-19 Input
70 TP-PR-10-10-05 | LSH-301A Vibrating Tuning Fork Alarm OK Endress+Hauser FTL50-A-GN5- 1" CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 120 VAC
Level Switch AA-4-E5-Al 01-19 Input
71 TP-PR-10-10-05 | LSH-301B Vibrating Tuning Fork Alarm OK Endress+Hauser FTL50-A-GN5- 1" CH2MHILL | TP-EE-20- Discrete 120 VAC LCP-100 120 VAC
Level Switch AA-4-E5-Al 01-19 Input
72 TP-PR-10-10-05 | LSH-301C Vibrating Tuning Fork Alarm OK Endress+Hauser FTL50-A-GN5- 1" CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 120 VAC
Level Switch AA-4-E5-Al 01-19 Input
73 TP-PR-10-10-05 | PI-201 Pressure Gauge With 0-8 PSIG Ashcroft 45-1188-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
Seal 0/8 01-19
74 TP-PR-10-10-05 | PI-400 Pressure Gauge With 0-15 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
Seal 0/15 01-19
75 TP-PR-10-10-05 | RO-201 Restriction Orifice Daniel Model 520, 4" CH2MHILL | TP-EE-20- | None NONE N/A NONE
2.0000 INCH 01-19
Diameter
76 TP-PR-10-10-06 | FE-900 Rotameter 0-1 GPM King Instruments 7530-3-1-2-3C02 | 0.5" CH2MHILL | Pump P- None NONE N/A NONE
900
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77 TP-PR-10-10-06 | HS-400 LOR Hand Switch Allen-Bradley 800R-R3HA4RL CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 NONE
with 1NO & 1 01-19 Input
NC extra contact
78 TP-PR-10-10-06 | HS-401 LOR Hand Switch Allen-Bradley 800R-R3HA4RL CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 NONE
with 1 NO & 1 01-19 Input
NC extra contact
79 TP-PR-10-10-06 | HS-403 LOR Hand Switch Allen-Bradley 800R-R3HA4RL CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 NONE
with1NO & 1 01-19 Input
NC extra contact
80 TP-PR-10-10-06 | HS-404 LOR Hand Switch Allen-Bradley 800R-R3HA4RL CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 NONE
with 1 NO & 1 01-19 Input
NC extra contact
81 TP-PR-10-10-06 | LE/LIT-402 Ultrasonic Level 0-12 FEET Endress+Hauser FDU-8-0-R-N-A- | 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter A, FMU-86-0-R- 01-19 Input
1-E-1-B-81
82 TP-PR-10-10-06 | LE/LIT-900 Ultrasonic Level 0-9 FEET Endress+Hauser FDU-8-0-R-N-A- | 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter A, FMU-86-0-R- 01-19 Input
1-E-1-B-81
83 TP-PR-10-10-06 | LSH-405A Float Level Switch Alarm OK Anchor Scientific Type SM15NC CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 NONE
01-19 Input
84 TP-PR-10-10-06 | LSH-405B Float Level Switch - - Alarm OK Anchor Scientific Type SM15NC CH2MHILL | TP-EE-20- Discrete 120 VAC LCP-100 NONE
01-19 Input
85 TP-PR-10-10-06 | LSH-900 Float Level Switch Alarm OK Gems Sensors LS-270 CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 NONE
01-19 Input
86 TP-PR-10-10-06 | PE/PI-401 Pressure Gauge With 0-15 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
Seal 0/15 01-19
87 TP-PR-10-10-06 | PE/PI-403 Pressure Gauge With 0-15 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
Seal 0/15 01-19
88 TP-PR-10-10-06 | PE/PI-404 Pressure Gauge With 0-15 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
Seal 0/15 01-19
89 TP-PR-10-10-07 | FE-500 Rotameter 0-1 GPM King Instruments 7530-3-1-2-3C02 | 0.5" CH2MHILL | Pump P- None NONE N/A NONE
500
90 TP-PR-10-10-07 | LE/LIT-500 Ultrasonic Level 0-16 FEET Endress+Hauser FDU-8-0-R-N-A- | 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter A, FMU-86-0-R- 01-19 Input
1-E-1-B-81
91 TP-PR-10-10-07 | PI-500 Pressure Gauge With 0-15 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
Seal 0/15 01-19
92 TP-PR-10-10-08 | AE/AIT-400 TURB Turbidity Analyzer 0-100 NTU Great Lakes T53A4A1S, 0.5" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument NONE
Instruments 8320T 1A0C3SC 01-19 Input
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93 TP-PR-10-10-08 | AE/AIT-600 COND Conductivity Analyzer 0-10,000 uS/cm ABB-TBI TB84TC200001, | 1.5" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument NONE
TB404214L.2152 01-19 Input
94 TP-PR-10-10-08 | AE/AIT-601 COND Conductivity Analyzer 0-10,000 uS/cm ABB-TBI TB84TC200001, | 1.5" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument NONE
TB4042141L.2152 01-19 Input
95 TP-PR-10-10-08 | AE/AIT-604 COND Conductivity Analyzer 0-10,000 uS/cm ABB-TBI TB84TC200001, | 1.5" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument NONE
TB404214L.2152 01-19 Input
96 TP-PR-10-10-08 | AE/AIT-605 COND Conductivity Analyzer 0-1,000 uS/cm ABB-TBI TB84pH2000101 | 1.25" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument NONE
, 01-19 Input
TBX55713D2174
0JB
97 TP-PR-10-10-08 | AE/AIT-606 pH/TEM | Ph/TEMPERATURE 0-14/0- pH/Deg ABB-TBI TB84TC200001, | 1.5" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument NONE
P ANALYZER 100 C TB4042141L.2152 01-19 Input
98 TP-PR-10-10-08 | AE/AIT-701 COND Conductivity Analyzer 0-40,000 uS/cm ABB-TBI TB84TC200001, | 1.5" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument NONE
TB404214L.2152 01-19 Input
99 TP-PR-10-10-08 | FE-620 Rotameter 0-1 GPM King Instruments 7530-3-1-2-3C02 | 0.5" CH2MHILL | Pump P- None NONE N/A NONE
620
100 | TP-PR-10-10-08 | FE-701 Rotameter 0-1 GPM King Instruments 7530-3-1-2-3C02 | 0.5" CH2MHILL | Pump P- None NONE N/A NONE
701
101 | TP-PR-10-10-08 | FIT-601 Flow Transmitter GPM ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
EM 01-19 Input
102 | TP-PR-10-10-08 | FIT-611 Flow Transmitter GPM ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
EM 01-19 Input
103 | TP-PR-10-10-08 | FIT-612 Flow Transmitter GPM ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
EM 01-19 Input
104 | TP-PR-10-10-08 | LE/LIT-600 Ultrasonic Level 0-16 FEET Endress+Hauser FDU-8-0-R-N-A- | 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter A, FMU-86-0-R- 01-19 Input
1-E-1-B-81
105 | TP-PR-10-10-08 | LE/LIT-604 Level Transmitter FEET ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
EM 01-19 Input
106 | TP-PR-10-10-08 | LE/LIT-701 Ultrasonic Level 0-14 FEET Endress+Hauser FDU-8-0-R-N-A- | 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter A, FMU-86-0-R- 01-19 Input
1-E-1-B-81
107 | TP-PR-10-10-08 | PI-620 Pressure Gauge With 0-15 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
Seal 0/15 01-19
108 | TP-PR-10-10-08 | PI-701 Pressure Gauge With 0-15 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
Seal 0/15 01-19
109 | TP-PR-10-10-08 | PIT-602 Electronic Pressure PSIG 0.5" ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
Transmitter EM 01-19 Input
110 | TP-PR-10-10-08 | PIT-603 Electronic Pressure PSIG 0.5" ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
Transmitter EM 01-19 Input
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111 | TP-PR-10-10-08 | PIT-605 Electronic Pressure PSIG 0.5" ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
Transmitter EM 01-19 Input
112 | TP-PR-10-10-08 | PIT-606 Electronic Pressure PSIG 0.5" ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
Transmitter EM 01-19 Input
113 | TP-PR-10-10-08 | PIT-607 Electronic Pressure PSIG 0.5" ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
Transmitter EM 01-19 Input
114 | TP-PR-10-10-08 | PIT-608 Electronic Pressure PSIG 0.5" ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
Transmitter EM 01-19 Input
115 | TP-PR-10-10-08 | PIT-609 Electronic Pressure PSIG 0.5" ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
Transmitter EM 01-19 Input
116 | TP-PR-10-10-08 | PIT-610 Electronic Pressure PSIG 0.5" ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
Transmitter EM 01-19 Input
117 | TP-PR-10-10-08 | TIT-604 Electronic PSIG 0.75" ECOLOCH | TP-EE-20- | Analog 4-20 mA Ethernet NONE
Temperature EM 01-19 Input
Transmitter
118 | TP-PR-10-10-09 | FIT-300A Thermal Flow 0-120 SCFM Sierra Instruments | 640 CSA LO6 M1 | 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter E2P3V4DDO 01-19 Input
119 | TP-PR-10-10-09 | FIT-300B Thermal Flow 0-120 SCFM Sierra Instruments | 640 CSA LO6 M1 | 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter E2P3V4DDO 01-19 Input
120 | TP-PR-10-10-09 | FIT-300C Thermal Flow 0-120 SCFM Sierra Instruments | 640 CSA LO6 M1 | 1" CH2MHILL | TP-EE-20- | Analog 4-20 mA Instrument 120 VAC
Transmitter E2P3V4DDO 01-19 Input
121 | TP-PR-10-10-09 | FSL-800 Low Flow Switch GPM Alarm OK 0.25" Hamilton TP-EE-20- | Discrete 120 VAC LCP-100 NONE
Engr 01-19 Input
122 | TP-PR-10-10-09 | FSL-801 Low Flow Switch GPM Alarm OK 0.25" Hamilton TP-EE-20- | Discrete 120 VAC LCP-100 NONE
Engr 01-19 Input
123 | TP-PR-10-10-09 | FSL-802A Low Flow Switch GPM Alarm OK 0.25" Hamilton TP-EE-20- | Discrete 120 VAC LCP-100 NONE
Engr 01-19 Input
124 | TP-PR-10-10-09 | FSL-802B Low Flow Switch GPM Alarm OK 0.25" Hamilton TP-EE-20- | Discrete 120 VAC LCP-100 NONE
Engr 01-19 Input
125 | TP-PR-10-10-09 | FSL-802C Low Flow Switch GPM Alarm OK 0.25" Hamilton TP-EE-20- | Discrete 120 VAC LCP-100 NONE
Engr 01-19 Input
126 | TP-PR-10-10-09 | FSL-802D Low Flow Switch GPM Alarm OK 0.25" Hamilton TP-EE-20- | Discrete 120 VAC LCP-100 NONE
Engr 01-19 Input
127 | TP-PR-10-10-09 | FSL-804 Low Flow Switch GPM Alarm OK NALCO TP-EE-20- | Discrete 120 VAC LCP-100 NONE
01-19 Input
128 | TP-PR-10-10-09 | HS-807 LOR Hand Switch Allen-Bradley 800R-R3HA4RL CH2MHILL | TP-EE-20- | Discrete 120 VAC LCP-100 NONE
with 1 NO & 1 01-19 Input

NC extra contact
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129 | TP-PR-10-10-09 | LSL-804 Low Level Switch FEET Alarm OK NALCO TP-EE-20- | Discrete 120 VAC LCP-100 NONE
01-19 Input
130 | TP-PR-10-10-09 | PI-1000 Pressure Gauge 0-200 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
0/200 01-19
131 | TP-PR-10-10-09 | PI-300A Pressure Gauge 0-15 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
0/15 01-19
132 | TP-PR-10-10-09 | PI-300B Pressure Gauge 0-15 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
0/15 01-19
133 | TP-PR-10-10-09 | PI-300C Pressure Gauge 0-15 PSIG Ashcroft 45-1279-SS-04L- | 0.5" CH2MHILL | TP-EE-20- | None NONE N/A NONE
0/15 01-19
134 | TP-PR-10-10-09 | PI-800 Pressure Gauge With PSIG 0.25" Hamilton TP-EE-20- | None NONE N/A NONE
Seal Engr 01-19
135 | TP-PR-10-10-09 | PI-801 Pressure Gauge With PSIG 0.25" Hamilton TP-EE-20- | None NONE N/A NONE
Seal Engr 01-19
136 | TP-PR-10-10-09 | PI-802A Pressure Gauge With PSIG 0.25" Hamilton TP-EE-20- | None NONE N/A NONE
Seal Engr 01-19
137 | TP-PR-10-10-09 | PI-802B Pressure Gauge With PSIG 0.25" Hamilton TP-EE-20- | None NONE N/A NONE
Seal Engr 01-19
138 | TP-PR-10-10-09 | PI-802C Pressure Gauge With PSIG 0.25" Hamilton TP-EE-20- | None NONE N/A NONE
Seal Engr 01-19
139 | TP-PR-10-10-09 | PI-802D Pressure Gauge With PSIG 0.25" Hamilton TP-EE-20- | None NONE N/A NONE
Seal Engr 01-19
140 | TP-PR-10-10-09 | PIT-1000 Electronic Pressure 0-150 PSIG Endress+Hauser PMC 731-R51P | 0.5" CH2MHILL | TP-EE-20- | Analog 4-20 mA LCP-100 NONE
Transmitter 9M21IN1 01-19 Input
141 | TP-PR-10-10-11 | FIT-1201 Magnetic Flowmeter 0-25 GPM Endress+Hauser Promag 23P- 2" CH2MHILL | thd Analog 4-20 mA ICP-100 NONE
50AL1A1AA022 Input
AW1
142 | TP-PR-10-10-11 | FIT-1202 Magnetic Flowmeter 0-25 GPM Endress+Hauser Promag 23P- 2" CH2MHILL | thd Analog 4-20 mA ICP-100 NONE
50AL1A1AA022 Input
AW1
143 | TP-PR-10-10-11 | FIT-1203 Magnetic Flowmeter 0-25 GPM Endress+Hauser Promag 23P- 2" CH2MHILL | tbd Analog 4-20 mA ICP-100 NONE
50AL1A1AA022 Input
AW1
144 | TP-PR-10-10-11 | FIT-1204 Magnetic Flowmeter 0-25 GPM Endress+Hauser Promag 23P- 2" CH2MHILL | thd Analog 4-20 mA ICP-100 NONE
50AL1A1AA022 Input
AW1
145 | TP-PR-10-10-11 | FIT-1205 Magnetic Flowmeter 0-25 GPM Endress+Hauser Promag 23P- 2" CH2MHILL | tbd Analog 4-20 mA ICP-100 NONE
50AL1A1AA022 Input
AW1
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146 | TP-PR-10-10-11 | LT-1201 Submersible Level 0-345 FEET Druck RTX 1830 CH2MHILL | tbd Analog 4-20 mA ICP-100 NONE
Transmitter Input

147 | TP-PR-10-10-11 | LT-1202 Submersible Level 0-345 FEET Druck RTX 1830 CH2MHILL | thd Analog 4-20 mA ICP-100 NONE
Transmitter Input

148 | TP-PR-10-10-11 | LT-1203 Submersible Level 0-345 FEET Druck RTX 1830 CH2MHILL | tbd Analog 4-20 mA ICP-100 NONE
Transmitter Input

149 | TP-PR-10-10-11 | LT-1204 Submersible Level 0-345 FEET Druck RTX 1830 CH2MHILL | tbd Analog 4-20 mA ICP-100 NONE
Transmitter Input

150 | TP-PR-10-10-11 | LT-1205 Submersible Level 0-345 FEET Druck RTX 1830 CH2MHILL | thd Analog 4-20 mA ICP-100 NONE
Transmitter Input

151 | TP-PR-10-10-11 | PIT-1201 Pressure Transmitter 0-50 PSIG Endress+Hauser PMP 731-R53P | 0.5" CH2MHILL | thd Analog 4-20 mA ICP-100 NONE
I9IM29Y 11 Input

152 | TP-PR-10-10-11 | PIT-1202 Pressure Transmitter 0-50 PSIG Endress+Hauser PMP 731-R53P | 0.5" CH2MHILL | tbd Analog 4-20 mA ICP-100 NONE
9IM29Y 11 Input

153 | TP-PR-10-10-11 | PIT-1203 Pressure Transmitter 0-50 PSIG Endress+Hauser PMP 731-R53P | 0.5" CH2MHILL | thd Analog 4-20 mA ICP-100 NONE
I9M29Y 11 Input

154 | TP-PR-10-10-11 | PIT-1204 Pressure Transmitter 0-50 PSIG Endress+Hauser PMP 731-R53P | 0.5" CH2MHILL | thd Analog 4-20 mA ICP-100 NONE
I9IM29Y 11 Input

155 | TP-PR-10-10-11 | PIT-1205 Pressure Transmitter 0-50 PSIG Endress+Hauser PMP 731-R53P | 0.5" CH2MHILL | tbd Analog 4-20 mA ICP-100 NONE
9IM29Y 11 Input

156 | TP-PR-10-10-10 | LSH-702 Float Level Switch - Alarm OK Anchor Scientific Type SM15NC CH2MHILL | Baker Tank | Discrete 120 VAC LCP-100 NONE
Location Input

157 | TP-PR-10-10-10 | LSH-703 Float Level Switch - Alarm OK Anchor Scientific Type SM15NC CH2MHILL | Baker Tank | Discrete 120 VAC LCP-100 NONE
Location Input

158 | none LSH-1250 Float Level Switch Alarm OK Anchor Scientific Type SM15NC CH2MHILL | Control Discrete 120 VAC LCP-100 NONE
Bldg Input

Sewage

Tank
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6.0 Description of Maintenance

It is the responsibility of the plant operators to incorporate regular preventive maintenance
into the routine work schedule based on the guidelines presented in this plan and the
maintenance requirements provided in the manufacturer’s manual for each piece of
equipment in the plant. Table 6-1 presents a summary of required maintenance tasks.
Operators will maintain maintenance records documenting completion of preventative
maintenance tasks.
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6.0 DESCRIPTION OF MAINTENANCE

TABLE 6-1

Preventative Maintenance Summary
Interim Measures No. 3 Treatment and Extraction System Operation and Maintenance Plan

Iltem | Equipment Equipment Description of Frequency of Estimated Model
quip q