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Chapter 1. Executive Summary
Characterization of Dissolved Organic Carbon from Delta Island Soils

This Study, evaluating the water quality of drainage in an agricultural field in the
Sacramento-San Joaquin Delta, was conducted during the 1996-97 Municipal Water
Quality Investigations Program Year. Water and soil samples were collected from a
40-acre field on Twitchell Island during different agricultural periods: leaching,
irrigation, fallowing. The data are being evaluated and a report is being prepared by
U.S. Geological Survey staff, cooperators in this Study.

Delta Alternatives Water Treatment and Costs Computer Modeling

To predict water conditions with changes in the physical configuration of the
Delta, two computer models were developed by the Department of Water Resources’
Modeling Branch. These computer models are the Delta Trihalomethane Formatlon
Potential model and the Delta Island Consumptive Use model.

A project to estimate the finished water quality and costs of treating Delta waters
withdrawn from different Delta locations was requested by the MWQI Committee in
1994. Conceptually, this project will use the DWR's Delta THMFP and Delta Island
Consumptive Use models to establish boundary conditions representing influent water
quality to the U.S. Environmental Protection Agency model. The USEPA model will
predict the effects of modifying Delta conditions on distribution system water quality.
This application is intended to improve the ability to quantify costs and savings
associated with Delta action alternatives, as related to the use of Delta waters for

municipal purposes.

Through the Request for Qualifications process, Malcolm Pirnie, Inc., was
selected as the most qualified firm to conduct this project. DOP’s staff will work with
Malcolm Pirnie, Inc., with oversight from MWQI Unit staff. Work on this project began
on February 1, 1997, with a projected completion date of August 1997.

Treatment of Delta Island Drainage to Reduce Total Organic Carbon Loads

Approximately 260 agricultural drains discharge into the Delta and contribute
high TOC loadings because of the leaching of Delta peat soil. Higher TOC levels make
it more difficult for water retailers to treat the water because it leads to higher
Disinfection Byproduct concentrations. There is concern among water suppliers
regarding the need to comply with Phase | of the Disinfectant/Disinfection Byproducts
Rule and the Enhanced Surface Water Treatment Rule since the former may require
lesser levels of disinfection (to minimize THM production) and the latter may require
greater levels of disinfection (to control pathogenic organisms).
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The cost to comply with the D/DBP and ESWT Rule will be significant and has
lead to consideration of alternatives for minimizing TOC and other DBP precursor
loadings to Delta water. The MWQI TOC Workplan Subcommittee developed the Study
plan to evaluate applying source control within the Delta islands system to m|n|m|ze the
TOC loading from these islands.

This project was initiated in January 1997 and was completed by July 1997. The
project was conducted by Brown and Caldwell. The University of Colorado, Boulder
conducted bench-scale testing, under the supervision of
Dr. Gary Amy. The project tasks were:

Task 1. Conduct literature review

Task 2. Conduct preliminary evaluation of treatment processes considered for
bench-scale testing

Task 3. Produce Technical Memorandum 1--Treatment Alternatives for Bench-:
Scale Testing

Task 4. Develop sampling and experimental plans for bench-scale testing
Task 5.  Conduct bench-scale testing

Work product: Technical Memorandum 2--Summary of the Bench-Scale
Testing Results.

Task 6. Conduct feasibility and cost analyses for full-scale treatment faéilities

Work product: Technical Memorandum 3--Preliminary Feasibility and
Cost Analyses of Full-Scale Treatment of Delta Agricultural Drainage.

Task7.  Develop conceptual design of a pilot facility for the next phase of testing

Work product: Technical Memorandum 4--Conceptual Design of a Delta.
Agricultural Drainage Treatment Pilot Facility.

Task 8. = Prepare final report.

This chapter is the final report and work product of the final task, Task 8. In this
final report, the results from all the tasks are summarized and presented.



Organic Carbon and DBPs Precursors from Flooded Delta Islands

The MWQI Program has initiated a Study to determine organic carbon changes
in water crossing permanently flooded Delta islands. The Study, which arose in part
from a request by the California Urban Water Agencies, is important to determine any
water quality impacts from flooding Delta islands. The Study will provide data that will
be useful to CALFED in its analysis of Delta alternatives.

A workplan for the Study was developed and approved by the MWQI Committee
in April 1997. The workplan involves taking water quality samples from a demonstration
wetland of approximately 11 acres flooded to 1-foot depth. Surface water and soil
water samples will be analyzed for potential to form trihalomethanes, ultraviolet
absorbance (which indicates humic material), DOC, nitrate, bromide and other mineral
parameters. The water quality results will be compared to samples taken from an
adjacent agricultural field. In addition, a pipe placed in the demonstration wetland will
test the effects of a deep-flooded wetland (depth- approximately 5 feet). The wetland is
under construction and sampling was scheduled to begin July 1997. :

North Bay Aqueduct Watershed Study (Sanitary Survey)

Sanitary Survey follow-up activities for the NBA began on July 1, 1996 in
accordance with Phase | monitoring as specified by the Workplan for the Barker Slough
Watershed (Appendix B). This Study of raw water quality of surface waters entering the
NBA from Barker Slough resulted from recommendations reported in the Sanitary
Survey Update Report 1996. The 1996 Sanitary Survey report identified the NBA as
having several water quality issues which concern the State Water Contractors by using
it as a source of drinking water.

Several water quality issues have been identified which require additional
investigation to characterize the nature and extent of the problem, and means of
addressing them. These water quality issues include elevated levels of organic carbon,
THMFP, metals, and coliforms in the Barker Slough watershed.

This Study was designed to investigate these problems, identify their sources,
and to identify potential measures to improve water quality in the watershed. The Study
also seeks to link field data with operational data at the various water treatment plants
using Barker Slough as a source for drinking water.

The Study was divided into two phases. The first of two phases began on
July 1, 1996. The second phase began after all sampling for Phase | (July 1, 1996
through June 30, 1997) was completed and reviewed by DWR and the NBA Technical
Advisory Committee. Phase | was designed to quantify water quality constituents at the
screening level. Phase Il will investigate specific pollutants and identify mitigation
measures for those pollutants.
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The first six months of data collected for this Study indicate that Lindsey Slough
has better water quality than the other sampling sites, with the lowest water quality
found at the Barker Slough/Cook Lane sampling site. In general, the highest levels of
DOC, THMFP, and UVA are seen at the Barker Slough/Cook Lane sampling site, and
the lowest levels are seen at Lindsey Slough. Results for Escherichia coli show that
Lindsey Slough consistently had lower E. coli levels than the other sites. A complete
year of sampling results will be reported in the final report for the Study as specified in
the Workplan for the Barker Slough Watershed.

Coordinated Pathogen Monitoring Program for the State Water Project
(Sanitary Survey)

The CPMP project was developed to use the recommendations made in the
sanitary survey update report, and to augment the data which will be collected by the
microbiological monitoring required by the USEPA’s Information Collection Rule Study.
The monitoring program links and enhances the current and proposed monitoring _
programs of Metropolitan Water District of Southern California, both DWR’s Operations
and Maintenance, and Division of Planning and Local Assistance’s MWQI Program.
Project oversight and review are provided by the Sanitary Survey Action Committee.
The project design incorporates three sample types: routine monthly samples, storm
event samples, and contingency samples.

Sampling locations were selected to include the source waters of the SWP,
the Delta, the SWP’s California Aqueduct, and the major reservoirs comprising the
SWP system. Flood event samples were collected from January 6-10, 1997.
Samples collected were analyzed for Giardia and Cryptosporidium, total and fecal
coliforms/E. coli, and Clostridium perfringens.

The results of the 51 samples collected and analyzed through January 9, 1997
are included in this discussion. Approximately 200 samples will be collected when this
Study is completed. Only general trends are discernable at this early stage in the
CPMP Study. Concentrations and detection frequencies for the protozoans Giardia and
Cryptosporidium generally decrease from the Delta source waters, through the
Aqueduct, to the terminal reservoirs on the east and west branches. While
C. perfringens results do not display a trend, the concentrations of total/fecal coliforms
and E. coli show a trend similar to the protozoans.

New Parameters Study

The purpose of the New Parameter Study determined the present concentrations
of newly or soon-to-be regulated constituents in Delta water, and determined if it was

necessary to add additional parameters to the routine MWQI monitoring schedule. The ’

. Study was conducted from June 1995 through March 1997.
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The Phase Il and Phase V rules under the USEPA'’s drinking water regulations
establish limits for several organic and inorganic chemicals. California has established
new Maximum Contaminant Levels for a number of constituents. The New Parameter
Study gathered information for the newly regulated constituents, for which little historical
data was available.

~ The samples were from sites of diversion from the Delta: Barker Slough
Pumping Plant, Contra Costa Pumping Plant, Delta-Mendota Canal, and
Banks Pumping Plant. Old River near Byron was added as a sampling site in
June 1996.

Arsenic was consistently present at all of the sample sites at levels well below
the State and federal MCLs. The herbicide 2,4-D was detected at most of the sampling
sites in June 1995 and again at Barker Slough and Contra Costa Pumping Plant in
September 1995. Levels were in the range of 0.001 to 0.002 mg/L, well below the
State and federal MCL'’s of 1.0 and 0.07 mg/L, respectively. Bis(2-ethylhexyl) phthalate
(also known as DEHP) is a manufactured chemical found in plastics and sometimes in
pesticides. DEHP was detected in September 1996 at Barker Slough at a level of
0.004 mg/L and at Contra Costa Pumping Plant at a level of 0.007 mg/L. Levels of
DEHP at Barker Slough are equal to the State MCL of 0.004 mg/L, but less than the
federal MCL of 0.006 mg/L. September DEHP levels at Contra Costa Pumping Plant
exceeded both the State and federal MCL’s. In June 1996, the insecticide formetenate
hydrochloride (also known as Carzol) was detected at the reporting limit of 0.001 mg/L
at Barker Slough. There is no federal or State MCL which regulates it. The herbicide
Simazine was detected at Barker Slough and Contra Costa Pumping Plant in March
1996 at a level of 0.001 mg/L, below the MCL of 0.004 mg/L. Zinc was detected
regularly at all of the sampling sites at low levels, with one exception. In June 1996, the
Zinc level at Banks Pumping Plant was measured at 4.33 mg/L. The current MCL for

Zinc is 5 mg/L.

The pesticide 2,4,5-T was detected at Contra Costa Pumping Plant at a level of
0.001 mg/L. There are no MCL'’s set for this constituent, however it is on USEPA'’s
Priority Pollutant List. Dalapon was detected at Banks Pumping Plant in December
1996 at a level of 0.002 mg/, which is below the MCL of 0.2 mg/L. Dalaponis a
chlorinated herbicide commonly used in citrus grove ditches and drainage ditches.
Sometimes it is used in combination with 2,4-D. Selenium was detected at the Delta-
Mendota Canal in September of 1995 and 1996 (at 0.001mg/L and 0.002 mg/L,
respectively). The MCL for Selenium is 0.05 mg/L. The insecticide aminomethyl-
phosphoric acid was detected at Old River near Byron at a level of 0.1 mg/L. The
pesticide Glyphosate was detected in September 1996 at Old River near Byron at a
level of 0.1 mg/L, well below the MCL of 0.07 mg/L. Diquat was detected at Old River
at 0.01 mg/L. The MCL for Diquat is 0.02 mg/L. In March 1997, MTBE was detected at
the Contra Costa Pumping Plant at a level of 0.002 mg/L. The Department of Health
Services Action Level for MTBE is 0.035 mg/L.
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Overall, the Barker Slough and Contra Costa Pumping Plant Sampling Sites had
the greatest occurrence of pesticides. The pesticide detected most often was 2,4-D.
This parameter was consistently detected during the months of June and September.
There were several isolated occurrences of different pesticides at all of the sites, with
the exception of the Delta-Mendota Canal, where no pesticides were detected. The
only pesticide that exceeded MCLs was DEHP in September 1996 at the Contra Costa
Pumping Plant and at Barker Slough.

Simulated Distribution System Testing for DBPs and E. coli Data for Delta Waters

Simulated distribution system total halomethane, haloacetic acid(5), and
haloacetic acid(6) results from the monitoring of drinking water quality in the American,
Sacramento, and San Joaquin Rivers and the Delta from April 1996 through January
1997 are reported. The SDS THM results are being compared-to those from the
traditional DWR THMFP analyses. Plots of the SDS TTHM and SDS HAA5
concentrations (ug/L) versus date grouped by sampling station are provided. On these
plots the MCLs and proposed Stage 1 and Stage 2 MCLs values are marked. While
some stations provided water that meets the proposed TTHM and HAAS MCLs during
parts of the year, other stations did not. ’

DWR has a database of THMFP results at various sampling locations. DWR
performs the SDS method THM and HAA analyses. We have attempted to correlate
the traditional DWR THMFP analysis results with those from SDS TTHM analyses.
Combining data from all stations (n = 126) on a mass concentration basis (ng/L)
provides a correlation R(squared) of 0.72; this correlation is weakened by the data from
the Sacramento River at Mallard Island, a sampling station that produces higher
concentrations of the brominated halomethanes. A recalculation of the SDS TTHM
data in terms of a molar concentration basis (umol/L), which eliminates the weighing
factor of bromine versus chlorine, provides a correlation R(squared) value of 0.82. The
result of these comparisons indicates that the historical DWR database of THMFP
values can be used to estimate what historical SDS THM and HAA values would have
been.

A similar correlation of results between the SDS HAAS and SDS TTHM has been
prepared. Combining data from all stations on a mol/L:mol/L concentration basis
(wmol/L) provides only a correlation R(squared) of 0.83.

It has been suggested that the SDS TTHM/HAADS ratio should be somewhat
constant with an average value of approximately two. Plots of these ratios for the
various groups of sampling stations versus date are presented along with overlays
(right-hand axis) of average values at these stations for DOC, UVA, and Specific UVA .
During the time studied, the averaged ratios varied from slightly greater than 1.84 to

2.82. Seasonal variations in the ratio appears to move most obviously with the average

DOC values.
| 1-6

»



Water Quality in the Delta and Its Tributaries During the Floods of January 1997

On January 6, 7, 8 and 9, 1997, water quality samples were collected from the

- American River, Sacramento River, San Joaquin River, Delta channels, and water

intakes or diversion facilities. These samples were collected to obtain water quality
information during the January 1997 flooding. Based on the analytical results of these
samples, water quality at all sampling sites during the flooding was good.

Delta Monitoring

The MWQI Program continues to monitor the drinking water quality of major
channels and agricultural drains in the Sacramento-San Joaquin Delta. Thirteen major
channel stations and six agricultural drains were monitored during the 1996 water year
and the first quarter of the 1997 water year (Table 1-1 and Figure 1-1). These stations
were selected because they represented the major intakes and diversions of the Delta
and were representative of the major regions within the Delta.

Synoptic sampling of major stations in the North and South Delta was conducted
monthly. Autosamplers were used to obtain more frequent data (three times a week) at
selected stations in the Delta. Water quality samples were analyzed for DBP
precursors, minerals, nutrients, ultraviolet absorbance, minor elements and other
parameters. SDS testing for trihalomethanes and haloacetic acids was also conducted
on samples from thirteen channel locations. The SDS data were analyzed to provide
information on realistic DBP levels which may be produced by using Delta waters as

source water.

Proposed changes in the MWQI Delta monitoring program for the 1997 water
year include use of the reactivity-based trihalomethane analytical method to provide
data comparable to other researchers and the use of a DOC autoanalyzer to obtain
near real-time DOC data.

Water year 1996 and the first quarter of the 1997 water year were classified as
wet. The water quality data had similar seasonal and regional patterns to data in other
water year types. Seasonal variation of the data reflect increased irrigation and
precipitation of salts on agricultural lands and increased pumping at Delta export
stations during the summer. High precipitation and flows during the winter are
responsible for increased nonpoint source runoff and leaching agricultural lands, as well
as dilution of some constituents in Delta channels. '

Electrical Conductivity, total dissolved solids and organic carbon concentrations
were lowest in the Sacramento and American River inflow stations to the Delta.
Concentrations of these constituents were relatively high in San Joaquin River inflow to
the Delta. Delta export stations, Banks Pumping Plant and Contra Costa Pumping
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Table 1-1. Monitoring Stations

Type

Program | DWR Station Station Location Station Name*
Station | Code
1| A0714010 American River at Water Treatment Plant AMERICAN HF
2 | B9D82071327 Sacramento River at Greene's Landing GREENES HF
11 | B9C74901336 DMC Intake @ Lindemann Rd. DMC HF
12 | KAO00331 Delta P.P. Headworks BANKS HF
13 | BO9D75351293 Middle R. @ Borden Hwy. MIDDLER HF
14 | B0O702000 San Joaquin R. nr. Vernalis VERNALIS HF
17 | EOB80261551 Sacramento River @ Mallard Island MALLARDIS HF
44 | B9V74811246 Ag Drain on Pescadero Tr., PP. No. 1 PESCADEROO1 AD
78 | B9vV80661391 Ag Drain on Twitchell Isl., PP. No. 1 TWITCHELLPPO1 AD
87 | KG000000 Barker Slough Pumping Plant at North Bay Aqueduct BARKERNOBAY HF
103 | B9D75351342 Old R. nr. Byron (St 9) STATIONO9 HF
128 | B9V75881342 Ag Drain on Bacon Island, PP. No. 1 BACONO1 AD
133 | B9591000 Contra Costa Pumping Plant Number 01 CONCOSPP1 HF
141 | B9v80751335 Ag Drain on Staten Island PP. No. 2 STATENPPO2 AD
142 | B9V80481319 Ag Drain on Venice Island VENICE AD
171 | BO9D75811344 Old River at Bacon Island OLDRIVBACISL HF
534 | A02104.51 Sacramento River at W. Sac Intake Structure "SACWSACINT HF
535 | BOD80271415 Ag Drain on Jersey Island (CP-1) ' JERSEYPPO1 AD
602 | B9D74711184 San Joaquin R. @ Mossdale Bridge SJRMOSSDALE HF
Type Code:

AD refers to agricultural drain.

HF refers to nondrainage station. H code referred to Interagency Health Aspects Monitoring Program station and F for

freshwater sample type.

*Station name is used as an acronym to identify station locations throughout this report.
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Figure 1-1 Monitored Channel and Agriculture Draihage Pump Stations
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Plant, had EC, TDS and organic carbon concentrations intermediate between the low
Sacramento and American River Delta inflow station concentrations and the higher
San Joaquin River inflow station concentrations. Barker Slough Pumping Plant had the
highest organic carbon concentrations observed of all the channel stations monitored.

EC, TDS and organic carbon compounds in agricultural drainage from Delta
islands were many times greater than concentrations in adjacent channel water. ‘
Islands high in peat content, such as Venice Tract and Staten Island, contributed higher
- DOC than more mineral islands such as Pescadero Tract.

Arsenic, copper and selenium were monitored on a monthly in many of the
channel stations and agricultural drains. Most of the concentrations were below
reporting limits of 0.05 mg/L for arsenic, 0.0005 mg/L for copper and 0.001 mg/L for
selenium. Of the concentrations detected above the reporting limit, all the
concentrations were below MCLs for finished drinking water.

The water quality in the Delta with respect to minor elements appears to be
good. The concentrations of organic compounds, however, are increased in Delta
waters above concentrations in USEPA'’s proposed Stage 1 Rule for Disinfectants/
Disinfection Byproducts in finished drinking water. Although Delta water will be treated
before being distributed as drinking water, elevated organic carbon compound
concentrations in Delta water represent increased drinking water treatment costs.
Therefore, quantification and determination of the sources of organic carbon in Delta
waters is lmportant to the MWQI Program.

Quality Assurance/Quality Control

In assessing MWQI data available for October 1, 1995 through December 31,
1996, QA/QC Unit staff used four main sources of data which had been recorded either
on hard copy or electronically. These sources included DWR’s Bryte Chemical
Laboratory and contract laboratory analysis sheets, laboratory QC reports, the
database developed for the Water Quality Assessment Branch of the Division of Local
Assistance (now called Division of Planning and Local Assistance), and QC reports
written by QA/QC Unit staff. Five quality control parameters were assessed in this
report which include holding times, matrix spikes, laboratory control samples, method
blanks, and field duplicates. It is evident from the low percentages of analyses which
exceeded QC standards that the MWQI data for water year 1996 are of high quality.

Delta Island Water Use Study
The Delta Island Water Use Study was collaborative effort between DWR and
USGS. The goal of this Study was to obtain quantitative and qualitative information on

Delta Island water use and drainage water quality. Water quality data for this Study
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were presented in the MWQI Program Annual Report Water Year 1995. USGS
published the data on drainage surface water withdrawals, and land use on
Twitchell Island in a report entitled Drainage-Return, Surface-Water Withdrawal, and
the Land-Use Data for the Sacramento-San Joaquin Delta, with Emphasis on
Twitchell Island, California, USGS Open File Report 97-350. A copy of the USGS
report is included in this report in Chapter 14.
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Chapter 2. Introduction

" The 1996 program year (October 1, 1995 through September 30, 1 996) was the
second year of work under the three-year workplan. Initiating special projects and

~ conducting drinking water quality monitoring continued to be the program’s focus.

Contracts for the DWR/USEPA Modeling Project and the Flocculation Study were
awarded, and the work started accordingly. For the 1996 Annual Report, monitoring
and special project data through December 1996, and data from the early storms of
January 1997 provided data from of a historically significant storm event and its effect
on the various water quality parameters. The final reports for the Flocculation Study
and the new Parameters Study are included in the report, though the projects were not
completed until May 1997.

Recent concerns regarding water-born pathogens led the MWQI Committee to
initiate the CPMP in November 1996. The continuing emergence of the CALFED
process elevated concern about increased organic carbon generation from proposed
Delta alternatives. The MWQI Program participated in the CALFED process by
attending the Water Quality Committee meetings and providing input into drinking water
concerns.

Studies were also launched to find solutions to water quality problems associated
with Delta water and land management practices and to assess water quality impacts of
alternative water transfer and storage facilities in the Delta. Planning for the Flooded
Island Study began in June 1996 to evaluate potential organic carbon generation of
proposed flooding of peat soils. A technical advisory committee convened in January of
1997 to review the Study plans. Based on their input, the Study plan evolved into an
investigation of DOC generation from subsidence control test ponds in the Delta, and
from various proposed Delta alternatives that propose deep flooding of peat soils. The
results of these new studies will lead to the development and assessment of water
resources management altematlves for protecting drinking water supplies from the
Delta.

Collectively, MWQI studies and activities are designed and conducted to address
the major water quality and water supply issues such as: (1) the ability of the Delta to
meet everyone's needs, (2) meeting stricter State and federal regulations, and
(3) obtaining reliable clean water supplies. Each Study or activity serves as an
important step toward discovering, testing, and assessing possible solutions to
problems in the Delta and other watersheds of SWP, and ensuring that future demands
for safe potable water supplies can be met.

This report summarizes the objectives and progress of the MWQI studies during
program year 1996 and those that have been carried into program year 1997.
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The established program goals were to:

Identify factors that affect the availability of DOC and DBP precursor
formation in soil organic matter and DOC in agricultural drain water. The
description of the Soil TOC Study is presented in Chapter 3. All field work was
completed in January 1997, with a draft report delivered from the USGS in
September 1997. This information will be used to develop land and water
management practices to reduce DBP precursor availability in soils and drain

-water. These practices will be tested in the field to Study the relationship
between land practices and water quality.

Improve computer modeling capabilities in quantifying source water
quality, treated water quality, and treatment costs associated with Delta
water transfer and storage alternatives. This will be accomplished by
developing a Delta Alternatives Water Treatment and Costs Model based on the
USEPA Water Treatment Plant Model and a proprietary model named
WATERCOS$T. The models will be used to predict water treatment quality and
costs based on source water quality. Chapter 4 outlines the tasks involved in the
Study. DWR'’s Modeling Branch staff and the outside consulting firm, Malcolm-
Pirnie Inc., are involved with the development of this model, which was delivered
in the Fall of 1997. DWR's Modeling Branch continues to provide modeling
support through improvements and enhancements of models used for simulation
of DBP precursors and THM formation from treatment of Delta waters.

Determine the feasibility of installing treatment facilities (e.g., flocculation
basins) on the Delta islands to reduce TOC loads in agricultural drains. In
this Study, a contract was established with the engineering consulting firm,
Brown and Caldwell, to assess available water treatment technologies and to
develop a proposed pilot treatment plant Study for possible future testing.
Chapter 5 presents the final resuits of the Treatment of Island Drainage to
Reduce TOC Loads Study.

Assess the organic carbon contribution from flooded Delta island soils to
evaluate proposed land and water management alternatives in the Delta. In
coordination with the CUWA and CALFED, the MWQI Program developed plans
to investigate the contribution of TOC from the various proposed Delta
alternatives which call for the flooding of Delta soils for water storage or through
Delta conveyance. Chapter 6 details Phase | of the Flooded Island Study, which
focuses on the organic carbon generation from a shallow flooded pond on peat
soils in the Delta.
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Identify and assess the significance of actual or potential sources of
contamination in watersheds of SWP. This will be accomplished through

the completion of ongoing studies and investigations in response to
recommendations of the Sanitary Survey of the SWP. Phase | of the NBA Study
will assess and identify the sources of problem constituents in the watershed and
potential solutions to reduce contaminant loads in the aqueduct. Phase |
sampling was completed in June 1997 with a draft report issued in September
1997. Chapter 7 discusses results to date for the Study. Chapter 8 discusses
the CPMP which, when completed, will assess the seasonal and spatial
concentrations of Cryptosporidium, Giardia, Clostridium perfringens, and coliform
bacteria in the SWP. Sampling will continue until November 1997, with a draft

~ report issued in February 1998.

Assess the vulnerability of Delta exported and diverted waters used for
drinking purposes to contamination by newly regulated contaminants and
those which were proposed to be regulated. Quarterly monitoring for these
constituents at locations near water intakes and diversions was implemented as
the New Parameters Study in 1995. The results of this monitoring are presented
in Chapter 9 of this report.

SDS Testing and Reactivity Based THMFP. SDS testing for trihalomethanes
and haloacetic acids was implemented on Delta channel waters to provide more
realistic values which may be expected at treatment plants. Chapter 10
discusses SDS testing on Delta source waters and E. Coli sampling data.

Report on the status and trends of Delta water quality under different

_hydrologies. Delta water quality monitoring will continue at key locations with

emphasis on using automated samplers and new instrumentation, and by
employing remote-sensing capabilities for real-time data collection. In addition to
routine monitoring, special monitoring projects will be carried out. Some of the
greatest runoff in California’s history occurred in January 1997. The MWQI
Program responded with other organizations to capture important water quality
data during this record peak runoff. Chapter 11 reports the monitoring results
from that event. Chapter 12 reports on the results from the routine monitoring
efforts of the Program. The continuing effort to document and validate the

~ results of the MWQI Program’s monitoring and studies is supported by DWR'’s

QA/QC Program. Chapter 13 presents the QA/QC review of the MWQI
Program’s data.

Develop a real-time monitoring network for TOC/DOC in the Delta. Compact
state-of-the-art TOC analyzers will be tested for on-site remote monitoring in the

Delta. This capability will allow near instantaneous and continuous monitoring of
river and drainage TOC/DOC levels. These data will be collected along with flow
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data to correlate changes with events such as upstream releases, storms, and
drainage discharges. The results may lead to developing recommended actions
to reduce TOC/DOC concentrations in the Delta. A pilot autoanalyzer will be
installed at a new monitoring facility at Hood on the Sacramento River with the
development of the Environmental Services Office’s remote monitoring facility.

~ A two-year program workplan was developed, as required in the MWQI Program
agreement, to describe the course of activities, expenditures and schedule. A~
summary of the April 1996 workplan Study elements and budget for October 1, 1994 -
September 30, 1997 is shown in Table 2-1. '

Table 2-1. Original Workplan for Program Years 1995-97

Study Element ‘ Program Year 1995 | Program Year 1996 | Program Year 1997
SWP Sanitary Survey Updates $ 75,000 $ 25,000 $ 0
Delta Water Quality Monitoring $ 275,000 $ 250,000 $_ 250,000
New Parameters Monitoring $ 70,000 $ 50,000 $ 50,000
Delta Island Water Use Study $ 330,000 '|'s 300,000 $ 100,000
Water Quality Management Project | $ 300,000 $ 350,000 $ 500,000
Rice Field Drainage Study $ 100,000 $ 50,000 $ 30,000
DWR DOP Modeling Support $ 75,000 $ 75,000 $ 75,000
Delta Alternatives Water Treatment $ 70,000 $ 30,000 $ 0
& Costs Model

Real-Time DOC Monitoring $ 50,000 $ 50,000 $ 50,000
Undesignated New Studies $ 0 $ 100,000 $ 225,000
Contingencies/ Emergency $ 40,000 $ 120,000 $ 120,000
Response _

Consultants Technical & $ 165,000 $ 150,000 $ 150,000
Management Support .

Subtotal of Studies $1,550,000 $1,550,000 $1,550,000
Program Management $ 300,000 $ 300,000 $ 300,000
TOTAL $1,850,000 1 $1,850,000 $1,850,000

Some of the planned Program Year 1995 studies were not started or completed
until the following Program Year (1996) or were postponed to Program Year 1997 due
to a reprioritization of tasks by the MWQI Committee. Other studies, such as the
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Delta Island Water Use Study, that were multi-year contingent upon the first year
results, were terminated. Revisions to the workplans were expected, because of new
and pending drinking water regulations and CALFED Bay Delta Program issues
regarding potential solutions for the Delta. A summary of the revised workplan
schedule and budget for April 1, 1996 to September 30, 1997 is shown in Table 2-2.

Table 2-2. Revised Workplan for Program Years 1996-97

The workplan for Program Year 1997 reflects a major redirection of work
towards SWP Sanitary Survey related studies, such as the NBA Study, and the
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l Study Element Program Year 1996 | Program Year 1997
SWP Sanitary Survey Five-Year Update $ 25,000 $ 0

I SWP Sanitary Survey Annual Update $ | 20,000 $ 50,000
Survey Follow-up Activities $ 20,000 $ 0

. Pathogen Monitoring $ 25,000 $ 202,500
North Bay Aqueduct Study 1% 15,000 $ 130,000

. Delta Water Quality Monitoring $ 250,000 $ 275,000
New Parameters Monitoring $ 50,000 $ 60,000

. Delta Island Water Use Study $ 75,000 $ Y

- Water Quality Management Project 1$ 150,000 $ 500,000

. Rice Field Drainage Study $ 75,000 $ 0
DWR DOP Modeling Support $ 75,000 $ 75,000

. Delta Alternatives Water Treatment & Costs Model | $ 0 $ 83,000
Real-Time DOC Monitoring $ 50,000 $ 50,000

. Undesignated New Studies $ 100,000 $ 125,000
Contingencies/ Emergency Response $ 45,000 $ 57,500

. Consultant- Technical & Management Support $ 125,000 $ 75,000

I Characterize Soil TOC Study ' $ 100,000 $ 150,000
Treatment to Reduce Ag Drainage TOC Study $ 0 $ 50,000

. Subtotal of Studies $1,217,000 $1,883,000
Program Management $ 300,000 $ ' 300,000

l TOTAL | $1,517,000 $2,183,000

i

i

i




Cookdinat,ed Pathogen Monitoring Study. In addition, delays in the contract process, as
well as a revision of the Water Quality Management Projects, led to a redirection of

funds from 1996 to 1997. The total for both years reflects an annual average budget of
$1,850,000. .



Chapter 3. Characterization of Dissolved Organic Carbon from Delta Island Soils

The purpose of this Study is to evaluate the water quality of drainage in an
agricultural field in the Sacramento-San Joaquin Delta. When water comes into contact
with the rich, organic peat soils of the Delta islands and tracts, during irrigation and soil
leaching, the resulting water is high"in total and DOC. The Study was conducted from
January 1996 through January 1997. It was a cooperative Study between DWR and
USGS. The final report for the Study is being prepared by USGS.

Agricultural drainage in the Delta enriches water that feeds into the SWP with
organic carbon compounds. These organics are a problem for drinking water facilities.
Organic carbon reacts with disinfectants, such as chlorine and ozone to form
trihalomethanes and other carcinogenic DBPs. New USEPA regulations (the
Disinfectants/Disinfection Byproducts Rule) lower the MCL for THMs from 0.100 mg/L
to 0.080 mg/L by June 1988, and possibly to 0.040 mg/L by January 2002.
Furthermore, the regulations will require additional studies and optimized water .
treatment when the intake water has more than 2 mg/L TOC. Currently, DOC
concentrations in the Delta channels range from about 2 mg/L to 8 mg/L depending
upon the season and the location. In addition, agricultural drainage discharged into the
Delta channels can have DOC concentrations as high as 100 mg/L and TOC
concentrations as high as 120 mg/L. :

To assess the impact of proposed management options for the Sacramento-
San Joaquin Delta, it is important to identify and characterize the nature of organic
matter in Delta soils that potentially form THMs and to determine how some of the
proposed options (e.g., seasonal and permanent wetlands, altered irrigation practices)

affect THM formation and availability. The Study’s objective is to determine the quantity

of THM-forming DOC that is leached from an irrigated field. The field is an
approximately 40-acre corn field on Twitchell Island. Lysimeters and piezometers were
installed in the agricultural field at depths of 0.5 feet to 6.5 feet, respectively, in order to
collect soil pore water samples. Soil and water samples were collected from the field
during winter flooding (leaching of salts) period, during the spring wetting/drying period,
during the summer growing season (corn), and during the winter pre-flooding period.



Chapter 4. Delta Alternatives Water Treatment and Costs Computer Modeling

To predict water conditions after changes in the physical configuration of the
Delta, two computer models were developed by the DWR’s DOP. These computer
models are the Delta THMFP model and the DICU model.

~Under contract with USEPA, a model was developed to predict the
concentrations of various DBPs resulting from the application of various treatment
processes on influent waters of varying qualities.

A project estimating the finished water quality and costs of treating Delta waters
withdrawn from different Delta locations was requested by the MWQI Committee in
1994. Conceptually, this project will use the DWR's Delta THMFP and DICU models to
establish boundary conditions representing influent water quality to the USEPA model.
The USEPA model will predict the effects of modifying Delta conditions on distribution
system water quality. This application is intended to improve the ability to quantify
costs and savings associated with Delta action alternatives, related to the use of Delta
waters for municipal purposes.

Through the RFQ process, Malcolm Pirnie, Inc., was selected as the most
qualified firm to conduct this project. DOP’s staff will work with Malcolm Pirnie, Inc.,
with oversight from MWQI Program staff.

~ Work on this project began on February 1, 1997. To complete th‘is project,
Malcolm Pirnie, Inc., will perform the following tasks:

Task 1: Develop a Modified Model

Modify the source code of the USEPA's Water Treatment Plant model to
include the following changes:

a) Incorporate a neural network module developed by Paul Hutton of -
DWR to predict DBPs concentrations as a function of water quality
parameters such as concentration of natural organic matter,
bromide, temperature, chlorine dose, and pH.

'b) Modify the output (or add to the current output) of the Water
- Treatment Plant model so that the output file from the Water
Treatment Plant model can be used as input to the Culp Wesner
Culp Water Cost model. Some functionality of the CWC Water
Cost model such as cost curves will be incorporated into a new
subroutine for the USEPA's Water Treatment Plant model.
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Task 2:

Task 3:

Task 4:

Task 5:

Task 6:

Develop Costs for Delta Management Alternatives

Work with DWR to estimate costs of construction, operation, and
maintenance of alternative water conveyance and storage facilities for
SWP. Develop the estimated costs in 1996 dollars.

Operate Modified Model to Develop Cost of Alternative Scenarios

Run the modified Water Treatment Plant model (as described in Task 1)
which includes the generalized cost curves to develop the relationships
between the cost of downstream water treatment and the cost of various
Delta management alternatives. Sixty different combinations of raw water
TOC and bromide concentrations representing three Delta water transfer
and storage facility alternatives under two different hydrologies will be
used in developing the cost relationships. DWR will provide the source
water quality conditions and select the alternatives to be simulated. .

Prepare Report

Prepare and submit a draft and a final report of the results of work in
Tasks 1 - 3 within 30 days of completing Task 3. Provide five sets of

program documentation, source codes, diskettes, and instructions on the

use and modification procedures of the merged model. These were
specifically developed in this Study to compare the costs of water
treatment under different Delta water transfer and storage facility
alternatives.

Provide a Training Workshop

Provide one training workshop in Sacramento to designated DWR staff of
the MWQI Program and the Modeling Support Branch within 30 days of
completion of the above tasks.

Provide Software Support for One Year

Provide telephone technical support for up to one year after the

completion date of the training workshop to designated DWR staff. Up to
96 hours of software support shall be provided.

Provide DWR with any software and documentation revisions and

instructions attributed to the contractor's programming errors for up to one
year after the completion date of the training workshop.
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Based on the schedule for the project, it is anticipated that development and
demonstration of the modified model using three different Delta water transfer and
storage facility alternatives will be completed by Spring of 1998.
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‘Chapter 5. Treatment of Delta Island Drainége to Reduce
Total Organic Carbon Loads

Introduction

The MWQI program is conducting a project to examine the feasibility of treating
Delta agricultural drainage to remove TOC. Studies conducted on the Delta by DWR
and others have found that flows from approximately 260 agricultural drains discharging
into the Delta represent the greatest individual source of TOC loading to the Delta.
These agricultural discharges contribute high TOC loadings because of the leaching of
Delta peat soil, and its high organic content.

Water retailers supplied by the Delta are concerned with the high TOC levels in
Delta water. Higher TOC levels make it difficult for them to treat the water because it
leads to higher DBP concentrations. Some retailers have already made treatment
facility modifications to control DBP formation and others are preparing for the
operational and physical changes they will need to comply with Phase | of the D/DBP
Rule and the ESWT Rule. Phase Il of the D/DBP Rule will likely contain even more

stringent DBP limits and compliance requirements than Phase |, which will further

challenge water retailers.

The cost to Delta water retailers to comply with the D/DBP and ESWT Rule will
be significant. This has lead to consideration of alternatives for minimizing TOC and
other DBP precursor loadings to Delta water. The MWQI TOC Workplan Subcommittee
developed the Study plan for this project to evaluate applying source control within the
Delta island system to minimize the TOC loading from these islands.

This project was initiated in January 1997 and is expected to be completed by
July 1997. The project was conducted by Brown and Caldwell as the prime consultant.
The University of Colorado, Boulder conducted bench-scale testing, under the
supervision of Dr. Gary Amy. The project’s final report is presented here. -

Project Scope

The project’s scope was developed by Brown and Caldwell, with input from the
DWR MWQI program staff. The project tasks are below: .

Task 1: Conduct literature review

Task 2: Conduct preliminary evaluation of treatment processes considered
for bench-scale testing
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Task 3: Produce Technical Memorandum 1--Treatment Alternatives for
Bench-Scale Testing -

Task 4: Develop sampling and experimental plans for bench-scale testing
Task 5: Conduct bench-scale testing

Work product: Technical Memorandum 2--Summary of the Bench-Scale
Testing Results. .

Task 6: Conduct feasibility and cost analyses for full-scale treatment
facilities

Work product: Technical Memorandum 3--Preliminary Feasibility and
Cost Analyses of Full-Scale Treatment of Delta Agricultural Drainage.

Task 7: Develop conceptual desigri of a pilot facility for the next phase
of testing

Work product: Technical Memorandum 4--Conceptual Design of a Delta
Agricultural Drainage Treatment Pilot Facility.

Task 8: Prepare final report

Tasks 1 through 7 have been completed. This is the final report and work
product of the final task, Task 8. In this final report, the results from all the tasks are
summarized and presented. More detailed information can be obtained from the
individual work products associated with Tasks 3, 4, 5, 6, and 7.

Literature Survey Results

The findings from Task 1, the literature survey, were consolidated into a
technical memorandum and three treatment alternative summary sheets. The
treatment methods which were evaluated in the literature review have all been
successfully used for TOC removal. The three basic TOC treatment methods
considered were:

1. Chemical coagulation
2. Membrane treatment
3. Biofiltration

More specific types of treatment methods are included within each of these TOC
removal methods. For example, there are a number of variations of aluminum and iron

5-2




coagulation included in "chemical coagulation.” In addition, combinations of treatment
processes were considered.

As part of the literature survey, 22 references were reviewed. These references
related to the three basic treatment alternatives considered and to the characterization
of organic carbon in Delta waters. The information from each of these references
relevant to this Study was summarized on a literature review form.

The use of wetlands for TOC removal was considered by the project team but
was determined not to be a feasible or effective TOC-removal method. Wetlands might
be used with different treatment alternatives to achieve other water treatment objectives
such as sediment removal. In fact, some of the agricultural drainage treatment
alternatives might benefit from flow equalization basins upstream of the treatment
facilities. The flow-equalization basins might tend to convert to wetlands over time and
provide some incidental TOC removal.

' The treatment alternative summary sheets are organized into the basic
categories of information to evaluate the advantages and disadvantages of each
alternative (e.g., effectiveness in removing organic carbon, life cycle costs, etc.).

Significant issues identified for the three treatment alternatives are summarized

below. These are the major factors which may establish whether a treatment method is
feasible for treating Delta agricultural drains.

Significant Issues Associated with Coagulation

. Sludge storage, handling and disposal
. Transportation, storage and handling of treatment chemicals
. -Higher level of operator attention relative to other types of treatment. May not

lend itself as easily to automation

. Treatment may increase total dissolved salt concentrations of the water, and
possibly increase the concentrations of residual iron, aluminum, and heavy
metals

Sianificant Issues Associated With Membrane Treatment

. Disposal of process waste streams (also known as residues), which can
constitute 10 to 15 percent of the total influent flow
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High-cost pretreatment requirements (coagulatlon/sed|mentatnon or
microfiltration) for some membranes

Ease of automation. Membrane treatment facilities can be highly automated
requiring minimal operator attention (e.g., operator visits once daily to once every

few days)

Sianificant Issues Associated With Biofiltration

Effective only for removal of biodegradable organic carbon (also known as
assimilable organic carbon which typically represents a fraction of the TOC (e.g.,
5 to 20 percent). Therefore, biofiltration may be an effective means of removing
AOC but not TOC

Biofiltration requires formation of a biofilm on the filter media. It may be difficult
to maintain a biofilm with start-and-stop treatment :

Ozone pretreatment may be required. Ozone treatment is costly

Sampling Plan

Two sampling events from two locations in the Delta were conducted for this

Study as follows:

Delta Sampling Locations

1.
2.

Twitchell Island--representing high-peat soil drainage
Bacon Island--representing medium-peat soil drainage

Sampling Dates

1.
2.

January 30, 1997--samples taken during period of severe flooding in Delta
March 12, 1997--samples taken during relatively dry winter period

DWR staff collected the samples. The following measurements were made:

Field measurements:

. Turbidity

. Temperature

. Electroconductivity
. Dissolved oxygen




2. Analyses by DWR's Bryte Laboratory:

. DWR-modified THMFP
. Reactivity THM and HAAG
. TOC, DOC, and UVA,;,

. Calcium, magnesium, and total hardness
. Sodium and potassium

. Alkalinity

. Sulfate and chloride

. TDS

. Ammonia and nitrate

. Bromide

Thirty gallons of each sample water were shipped to CU-Boulder for bench-scale
testing. : - :

CU-Boulder also analyzed the samples for:

« - TOC, DOC, UV,,, and color
. pH and turbidity
. Electroconductivity

+  Alkalinity

TOC and DOC values reported by both Bryte Laboratory and CU-Boulder were
very similar with DOC making up about 90 to 95 percent of the TOC.

Experimental Plan

Two treatment methods were evaluated in the CU-Boulder bench-scale tests.
These treatment methods were:

1. Coagulation using alum (Al,(SO,),e14H,0) and ferric chloride (FeCl,e6H,0).
2. Membrane treatment with nanofiltration and ultrafiltration membranes.
The coagulation Study was conducted using jar tests.

Jar Testing Experiments

One-liter square jars were used in a six-jar gang stirrer. Each jar was filled with
500 mL of sample. The initial mixing speed for chemical addition and the 2-minute
rapid mix was 100 revolutions per minute. For flocculation, the mixing speed was
stepped down to 60 rpm, 40 rpm, and 20 rpm for 10 minutes each. After flocculation,
the floc was allowed to settle for 30 minutes. Then the supernatant was sampled.
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The settled water produced from the jar testing was analyzed for DOC, UVA,,,
zeta potential, and turbidity. Analysis of DOC rather than TOC was made because:

1. Measurement of both parameters is too expensive.

2. DOC is the more important parameter. DOC represents the lowest TOC value
that can be obtained under the given treatment condition. Therefore residual
DOC identifies the limits of treatment.

3. In certain circumstances (when DOC and TOC are nearly equal in raw and
treated waters), DOC removals and TOC removals are nearly identical.

The goal of jar testing determined the coagulant type, coagulant dose, and pH
that promoted best DOC removal from each water. The steps followed by
CU-Boulder in conducting the coagulant jar testing are outlined below.

Step 1. Determining Preliminary Coagulant Dose

Step 1 testing identified a coagulant dose that produced a condition where DOC
removal was sensitive to changes in process chemistry. The coagulant dose that was
determined was used in subsequent Step 2 testing to determine the effect of pH
changes on DOC removal. ‘

In Step 1, successive jars were treated with increasing coagulant doses. The pH
was not controlled. That is, the pH was allowed to settle to the value caused by
hydrolysis of the coagulant. The following equation illustrates the hydrolysis of alum.
Approximately six moles of hydrogen ion are liberated for each mole of alum added.
The hydrogen ion depresses the pH.

. - + -2
AL(S0)), 14H,0 + 6H20 24I(0H), + 6H " + 350, + 14H,0

This type of coagulation (coagulant addition without addition of external acid for
pH control) will be called "enhanced coagulation” in this report.

Figure 5-1 shows results from Step 1 testing of Twitchell Island drain water from
Sampling Event 2 with alum. A dosage of 75 mg/L alum produces a condition where
DOC removal is sensitive to process chemistry, as indicated by the data point's position
on the steep part of the DOC-removal curve. Figure 5-1 also shows the pH depression

created by alum hydrolysis. '
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Step 2. Determining Optimum pH

Jar tests were performed at a constant coagulant dose (the dose selected in
Step 1). While the pH in each jar was varied in increments of 0.5 units from 2.5 to
7.0. pH, adjustments were made using sulfuric acid. Figure 5-2 shows the effect of pH
on alum-treated Twitchell Island drain water (Sampling Event 1), when treated with the
Step 1 alum dose (75 mg/L). The optimum pH (about 4.5) is taken as the pH producing
the lowest DOC residual. Note that turbidity is also low, indicating treatment at
pH 4.5 produces a floc that settles well.

Step 3. Determining Optimum Coagulant Dose

Successive jars were treated with increasing coagulant doses, but pH was
controlled with sulfuric acid at the optimum pH value determined in Step 2 testing.
Figure 5-3 shows the effect of alum dose on DOC residuals for Twitchell Island drain
water (Sampling Event 1) when the pH was controlled about 4.5. The optimum dose
(100 mg/L alum) occurs when further chemical addition produces little or no decrease
(or even an increase) in the DOC residual. Turbidity is low at the optimum dose,
indicating that floc can be readily removed by settling.

Membrane Testing Experiments

For the bench-scale membrane testing, CU-Boulder used a cross-flow flat-sheet |

membrane testing apparatus, a schematic of which is presented on Figure 5-4. The
system uses 154.8 cm? (24 inch?) flat-sheet membranes under feed-flow conditions of
approximately 300 to 500 millimeters per minute (mL/min) and cross-flow velocities of
0.1 to 0.2 meters per second (m/sec), equal to 0.33 to 0.67 feet per second. This
system simulates tangential flow that would occur in a full-scale unit. The bench-scale
system recycled 100 percent of the permeate and waste/retentate, thus maintaining a
constant feed water DOC concentration. The waste/retentate is also known as the
residue. -

The four types of membranes evaluated in membrane testing were:

1. F45--A nanofiltration membrane, thin-film composite, MWCQO? = 300 daltons®,
MTCwe* = 0.3 gfd/psi, manufacturer: Film Tech

2. YM3--An ultrafiltration membrane, regenerated cellulose, MWCO = 3,000 daltons,

MTCw = 1.02 gfd/psi, manufacturer: Amicon

3. GM--An ultrafiltration membrane, polyamide, MWCO = 8,000 daltons,
MTCw = 0.74 gfd/psi, manufacturer: Desal :
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Figure 5-2. Step 2 -- Determine Optimum pH, Twitchell Island
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Figure 5-4. Membrane Bench-Scale Testing Apparatus
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4. PM10--An ultraﬁltratibn membrane, polysulfone, MWCO = 10,000 daltons,
MTCw = 5 to 20 gfd/psi, manufacturer: Amicon

3MWCO = molecular weight cutoff. The membrane removes approximately
95 percent

of the macromolecules larger than the MWCO.

bdaltons = equal to the molecular weight of hydrogen. _

*MTCw = mass transfer coefficient, which is the same as specific flux.

Selection of the types of membranes to test was based upon the characteristics
of the organic matter in the drainage water tested (e.g., hydrophobicity and charge
density). The two key membrane performance parameters evaluated were membrane
fouling rate and DOC rejection.

Because of the limited scope of this project, and the length of time required to
perform the membrane tests, membrane testing was conducted on water from the first
sampling event and two water samples were tested. The project team determined that
this limited membrane testing was acceptable because membrane filtration tends to be
consistent. Similar results are expected with other waters.

The first water tested was Twitchell Island drainage from Sampling Event 1 that
had been pretreated by filtering it through an 0.45 micron membrane filter. Filtration
with an 0.45 micron filter was intended to simulate pretreatment by a microfiltration
process. Pretreatment of agricultural drainage water prior to ultrafiltration or _
nanofiltration may be necessary to remove large particles which could damage the
membrane filter. Pretreatment may also be needed to achieve economic flux rates and
recovery ratios.

The second water tested was Twitchell Island water from Sampling Event 1 that had
been pretreated with ferric chloride at the optimized coagulation condition. An optimized
coagulation sample was tested to determine if coagulation/flocculation/sedimentation
is a viable pretreatment for membrane filtration.

The steps taken in conducting the bench-scale membrane testing were as
follows. ' '

Preparing Membrane Apparatus and Sample

1. Filter the sample through an 0.45-um filter or coagulate and settle the sample to
remove particulate material. '

2. Clean the membrane syétem with deionized water. .

3. Select an appropriate membrane based upon raw water characteristics--UV,g,,
DOC, and specific ultraviolet absorbance.
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4. Pass deionized water through the membrane until a constant flux is achieved.
Conducting Membrane Tests
1. Begin passing the drainage sample through the membrane.

2. Adjust the transmembrane pressu're (30 - 80 psi) and feed flow rate based upon
the properties of the selected membrane.

3. Monitor the permeate flow, DOC and UV, over time.
4. Stop the run when both the permeate flow rates and' DOC concentrations are
stable.

Results from Sampling Event 1

Agricultural drain samples were collected from Twitchell Island and Bacon Island
on January 30, 1997, following extreme flooding in the Delta. The flooding significantly
influenced the raw water quality in the agricultural drainage water causing higher than
normal organic carbon levels. The results from the raw water analyses are presented in

Table 5-1.
Table 5-1. Sampling Event 1--Raw Water Quality

Sample TOC, | DOC, | UVA,,, | THMFP.2 | THMs,2 | HAAG,2 | Alkalinity,

source mg/L | mg/L | abs/cm ug/L ug/L ugl/l mg/L
. CaCoO,

Twitchell

Island 429 | 40.2 1.79 3940 3280 2900 80

drainage

Bacon

Island 262 | 24.2 0.997 2550 1950 1696 60

drainage

*THMFP: total trihalomethane formation potential as determined by the DWR modified
THMFP method (chlorine dose at 120 mg/L, pH 8.5, hold for 7 days). THMs: total
trihalomethanes by the DWR “reactivity method”. HAAG: formation of 6 haloacetic
acids by the DWR “reactivity method” [chlorine dose = (3 x DOC mg/L) +

(7.6xNH,-N, mg/L), hold for 7 days].

Bench-scale testing of these agricultural drainage samples included jar testing to
test alum and ferric chloride coagulation and flat-sheet membrane testing to evaluate
the performance of ultrafiltration and nanofiltration membranes.
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Jar Testing Restilts

The data discussed here are the results from the final stage of optimized
coagulation testing (Step 3) for both alum and ferric chloride. A complete set of results,
including results from the intermediate stages of the bench-scale testing, are presented
in the technical memorandum prepared by CU-Boulder, Technical Memorandum 2--
Treatment of Delta Water by Coagulation and Membranes.

Note that alum dosages are expressed in this report as Al,(SO,);#14H,0
and ferric chloride dosages as FeCl,#6H,0.

Twitchell Island Drainage Results

Of the two water samples, the percent DOC removal was greatest for
Twitchell Island drainage samples. The Twitchell Island samples had the greatest initial
DOC concentrations. Figures 5-5 and 5-6 present the dose-response curves for
optimized alum and ferric chloride coagulation of Twitchell Island samples, respectively.
The selection of the coagulant dose for the optimized coagulation conditions is based
upon obtaining maximum DOC and turbidity removals with minimum coagulant doses.

For alum coagulation, the optimized condition occurs when the alum dose is
100 mg/L and the pH is 4.5. For ferric chloride coagulation, the optimized condition
occurs when the ferric chloride dose is 95 mg/L and the pH is 3.5. Additional data
generated from the optimized coagulation stage of testmg on TW|tcheII Island drainage
water are presented in Tables 5-2 and 5-3.

Figure 5-7 compares DOC and turbidity removal from Twitchell Island drainage
by alum and ferric chloride optimized coagulation for Sampling Event 1. Ferric chloride
reduces DOC more completely than alum over the entire range of chemical dose.
Ferric chloride also removes turbidity better.

Enhanced Coagulation Compared to Optimized Coagulation

To compare the impact that independent pH adjustment has on coagulant dose
required and DOC removal, optimized coagulation results for Twitchell Island drainage
samples are compared with the enhanced coagulation results on Figure 5-8. Recall
that enhanced coagulation involves controlling only coagulant dose. Optimized
coagulation involves controlling both coagulant dose and pH levels. Typically a lower
coagulant dose is required when the pH can be controlled at its optimum value.

When the ferric chloride dose is 125 mg/L and the pH is not controlled
(enhanced coagulation), the DOC concentration is reduced from 41 to 16 mg/L. Nearly
identical DOC removal is obtained when the pH is controlled (opt|m|zed coagulation) at
a ferric chloride dose of only 75 mg/L.
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Figure 5-5. Optimized Coagulation of Twitchell Island Drainage

- with Alum, Sampling Event 1
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Figure 5-6. Optimized Coagulation of Twitchell Island Drainage with

Ferric Chloride, Sampling Event 1
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Table 5-2. Sampling Event 1, Alum--Optimized Coagulation of
Twitchell Island Water

Alum dose, , DOC, Percent DOC | UV, Turbidity, Zeta
mg/L? Final pH® mg/L removal Abs/cm NTU potential, mV'
10 4.81 43.04 -6 1.742 4.0 -14.77
20 4.37 43.08 6 1.594 7.0 -10.77
40 4.51 39.10 4 1.155 13.0 -20.71
60 4.49 32.82 19 0.827 13.0 -13.95
80 4.55 25.04 38 0.826 7.4 -1.66
100. 4.45 22.68 44 0.593 3.7 -10.63

aAlum expressed as Al,(SO,);014H,0

bTarget pH = 4.
UVA,s,= 1.811 Abs/cm

Raw water:

5

DOC =40.84 mg/L
turbidity =15 NTU

Table 5-3. Sampling Event 1, Ferric Chloride--Optimized Coagulation of
Twitchell Island Water

Ferric chloride DOC, | Percent DOC | UV,,, | Turbidity, Zeta
dose, mg/L? Final pH® | mg/L removal Abs/cm NTU potential, mV
5 3.1 '37.80 7 1.778 5.5 -15.6
15 3.08 37.80 7 1.877 6.5 -7.87
35 3.05 35.18 13 1.684 13.0 -8.42
55 3.14 22.08 46 0.798 6.7 -19.63
75 3.18 15.68 61 0.569 . 0.9 46.74
95 3.21 12.51 69 0.439 0.5 6.41

aFefric chloride expressed as FeCl,#6H,0
®Target pH = 3.5

Raw water:

UVA,;,= 1.811 Abs/cm

DOC = 40.84 mg/L
turbidity = 15 NTU
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Figure 5-7. Comparing Optimized Alum and Ferric Chloride

Coagulation for DOC and Turbidity Removal,
- Twitchell Island Drainage, Sampling Event 1
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Figure 5-8. Enhanced Coagulation vs. Optimized Coagulation,
" Ferric Chloride Treatment of
Twitchell Island Drainage, Sampling Event 1
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Bacon Island Drainage Results

Dose-response curves generated from the optimized coagulation testlng for the
Bacon Island drainage are presented on Figures 5-9 and 5-10. Additional data
generated from the optimized coagulation stage of the jar testing are presented in
Tables 5-4 and 5-5.

Figure 5-11 compares DOC and turbidity removal from Bacon Island drainage by
alum and ferric chloride optimized coagulation for Sampling Event 1. Ferric chloride
reduces DOC more completely than alum over nearly the entire range of chemical
dose. However, alum generally provides better turbidity removal.

Based upon these results, the optimized coagulation condition for alum
treatment of Bacon Island drainage was determined to be an alum dose of 100 mg/L at
a target pH of 4.5 The optimized coagulation condition for ferric chloride was
‘determined to be a ferric chloride dose of 75 mg/L and a target pH of 3.5.

Separate samples from Sampling Events 1 and 2 were treated at optimum
conditions with alum and ferric chloride. The treated samples were sent to Bryte
Laboratory for analyses of important components that were not routinely measured by
CU-Boulder in the bench tests. Table 5-6 compares raw- and treated-water results for
alum- and ferric chloride-treated Twitchell Island Drainage from Sampling Event 1.
Appendix A contains results for Bacon Island, Sampling Event 1, and Bacon and
Twitchell Island, Sampling Event 2.

Table 5-6 shows percentage removals 6f THMFP and haloacetic acid formation
potential HAAFP. Percentage removal of the summed species corresponded
approximately to percentage DOC removal. Ferric chloride coagulation removed more
THMFP and HAAFP than did alum coagulation. This is not surprising, since the former
has a better capability of removing DOC. '

Treatment can increase sulfate, chloride, sodium, calcium, and iron or aluminum
concentrations depending on the treatment chemicals used. The total dissolved salt
concentration of the treated water was not much different than the TDS concentration of
the raw water. Apparently, transfer of CO, from the water to atmosphere occurred
during the low-pH coagulation process. The CO, loss nearly balanced TDS increases
contributed by chemical treatment. Though treatment changed TDS little, the ionic
makeup of the treated water is different from that of the raw water (more sulfate and
chloride, less inorganic carbon). Inorganic carbon can be partially restored by using
soda ash (Na,CO,) instead of lime (Ca(OH),) or caustic (NaOH) to neutralize the
treated water prior to its discharge.
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Figure 5-10 Optimized Coagulation of Bacon Island Drainage with

Ferric Chloride, Sampling Event 1
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- Table 5-4. Sampling Event 1, Alum--Optimized Coagulation of
Bacon Island Water

Alum DOC, Percent UV, Turbidity, Zeta
dose, Final pH® mg/L - DOC | Abs/cm | = NTU potential, mV
mg/L? ' ] removal

10 4.77 23.55 3 0.948 7.0 -16.54

20 | 457 | 2383 2 0.827 7.0 -18.83

40 4.43 21.49 12 0.682 2.2 -3.04

60 4.52 16.76 31 0.453 1.5 -12.23

80 4.83 13.36 | 45 0.335 24 -26.37
100 5.3 12.64 48 | 0.202 2.3 2.35

aAlum expressed as Al,(SO,);®14H,0

bTarget pH = 4.5

Raw water: UVA,5;,= 0.98 Abs/cm
DOC = 25.0 mg/L
turbidity = 19 NTU

Table 5-5. Sampling Event 1, Ferric Chloride-—Optimized Coagulation of
Bacon Island Water

Ferric chloride DOC, Percent DOC UV,s,, Turbidity, Zeta
dose, mg/L? ?E?I mg/L removal Abs/cm NTU potential, mV

5 3.95 24.98 -3 1.013 9.2 -1.52

15 3.91 23.96 2 1.089 10.0 -8.01

35 3.57 17.67 27 0.708 12.0 -7.73

55 3.50 12.67 48 0.404 8.0 -4.69

75 3.45 10.87 55 0.314 1.5 -9.53

- 95 3.64 9.588 61 0.234 1.5 11.32

2Ferric chloride expressed as FeCl,#6H,0
®Target pH = 3.5
Raw water: UVA,;,= 0.98 Abs/cm

DOC =25.0 mg/L

turbidity = 19 NTU
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Table 5-6. Removal of Important Selected Water Quality Parameters
from Twitchell Island Drainage, -
Sampling Event 1

\ Alum treated Ferric chloride treated
Raw water Treated water Percent Treated water | Percent
Parameter® concentration concentration removal concentration removal
TOC 42.9 -— - - ---
DOC 40.2 19.5 46 10.7 73
UVAys, 1.79 0.625 65 0.355 80
THFMP (DWR modified), ug/L
CHCI, 3,600 1,900 47 1,100 69
BDCM 340 300 12 260 24
. DBCM <40 35 - 62 -
CHB, <40 <20 <10
TTHM 3,640 2,235 39 1,422 61
THMFP (reactivity based), ug/L
CHCl, . 2,900 1,400 52 700 76
BDCM 380 310 18 230 - 39
DBCM <50 <40 - 77 —-
CHBr, <50 <40 - <20 -
TTHMg, 3,280 1,710 48 1,007 69
HAAFP (reactivity based), pg/L
BAA <20 <8 -- <4
BCAA ~ 100 96 4 40 60
CAA <20 <8 - <4
DBAA <20 <8 - <4 -
DCAA 1,100 480 56 220 72
TCAA 1,700 600 65 220 87
THAAG 2,900 1,176 59 480 83
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Table 5-6. Removal of Important Selected Water Quality Parameters
from Twitchell Island Drainage,
Sampling Event 1 (continued)

Alum treated Ferric chloride treated
Raw water Treated water Percent Treated water | Percent
Parameter® concentration concentration removal concentration removal
Sulfate 170 238 | @op | 205 21)
Chloride 154 , 151 2 ' 190 (23)
TDS 709 698 2 691 3
Bromide 0.36 0.37 - (3) 0.37 (3)

2All concentrates in mg/L unless otherwise noted.
®( ) signifies negative percentage removal; i.e., treatment causes an increase in concentration.
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Membrane Testing Results

Two membrane tests were conducted on two Twitchell Island source waters from
the first round of bench-scale testing. Test 1 was conducted on prefiltered Twitchell
Island raw water and Test 2 was conducted on Twitchell Island water that had been
pretreated with optimized ferric chloride coagulation.

Test 1

Nanofiltration and ultrafiltration tests were performéd on raw Twitchell Island
water that had been filtered through a 0.45-um filter. This prefiltration step simulates
pretreatment with a microfiltration membrane. '

The membranes were tested individually. DOC removals and flux rates were
monitored over time. Once these parameters stabilized, the stabilized flux rate was
noted and a full sample was collected for water quality analyses. Figure 5-12 presents
removals achieved for DOC, UVA,, and THMFP. Table 5-7 presents DOC and UVA,
removals and corresponding membrane flux rates.

Evaluating the results presented in Figure 5-12 and Table 5-7, show that
nanofiltration membranes can achieve high DOC removals and their flux rates are
significantly less than those of ultrafiltration membranes.

Test 2

Nanofiltration and ultrafiltration tests were performed on supernatant from
Twitchell Island water that had been treated with optimized ferric chloride coagulation.
Ferric chloride coagulation is a pretreatment step.

One nanofiltration and one ultrafiltration membrane were tested. The
nanofiltration membrane tested was the nanofiltration membrane evaluated in Test 1

 (NF 45). The ultrafiltration membrane tested was the one which performed the best in

Test 1 (GM). Table 5-8 presents DOC and UVA removal data for the combined
coagulation/membrane process and membrane flux rates.

The percent DOC and UVA removals achieved by the coagulation/NF and
coagulation/UF treatments in Test 2 are closer to one another than the percent DOC
and UVA,;, removals achieved by prefiltration/NF and prefiltration/UF in Test 1. The
smaller difference in removal efficiency in Test 2 is caused by coagulation pretreatment
removing a high portion of DOC and UVA,;, for both membranes. In Test 2, the
nanofiltration membrane removed 86 and 95 percent of DOC and UVA,;, remaining in
the coagulated water. The ultrafiltration membrane removed 37 and 56 percent of the
DOC and UVA,;, remaining in the coagulated water. The ultrafiltration membrane
shows much poorer DOC and UVA,;, removal than the nanofiltration membrane.
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Table 5-7. Test 1, Préfiltration + Membranes--DOC Removals and Flux Rates

Membrane Percent Percent Flux rate,
DOC UVA,;, gfd/psi®
removal removal
NF membrane (NF 45) 98 99 0.3
UF membrane 1 (YM3) 51 57 0.8
UF membrane 2 (GM) 56 61 0.7
UF membrane 3 (PM10) 37 39 1.6

égfd/psi: gallons per square foot per day/pounds per square inch

Table 5-8. Test 2, Coagulation + Membranes--DOC Removals and Flux Rates

Percent Percent Flux rate,
Treatment DOC UVA,, - gfd/psi®
removal?® removal®
Coagulation + NF 45 96 99 0.34
Coagulation + UF (GM) 81 91 0.81

2Percent DOC and UVA removals are the combined removals from both the
optimized ferric chloride coagulation and the membrane filtration.
®gfd/psi: gallons per square foot per day/pounds per square inch.
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As in Test 1, the flux rate for the nanofiltration membrane is much lower than for the
ultrafiltration membrane, with the nanofiltration flux rate approximately 42 percent of the
ultrafiltration flux rate.

Comparison of Sampling Event 1 Treatment Methods

Table 5-9 compares results for each treatment method tested. Only the results
from testing of Twitchell Island water are compared because that was the only water for
which all treatment categories were tested. Those treatment methods which, based
upon DOC and UV,;, removal, performed the best for their category (e.g., coagulation,
microfiltration + membrane filtration, and coagulation + membrane filtration) are shown
in bold. ' '

Table 5-9. Sampling Event 1, Twitchell IsIand--Compérison of Treatment Methods

Treatment method DOC removal, UV,s, removal,
, percent percent

Optimized ferric chloride , 69 76
coagulation

Optimized alum coagulation - 44 67
Microfiltration + ultrafiltration® 56 61
Microfiltration + nanofiltration 98 99
Ferric chloride coagulation + - 81 91

- ultrafiltration® »

Ferric chloride coagulation + 96 99
nanofiltration

aUltrafiltration Membrane 2 (GM).

To evaluate these best-performing treatment methods--optimized ferric chloride
coagulation, microfiltration + nanofiltration, and coagulation + nanofiltration--cost
information for full-scale treatment must be developed and compared. The cost of
these treatments vary significantly impacting their practicality. These cost data and a
cost comparison are presented later in this chapter.

Results from Sampling Event 2

Presented here are the jar test results from the second bench-scale testing
which consisted of alum and ferric chloride coagulation testing. There was no
membrane testing. Agricultural drain samples were collected from Twitchell Island and
Bacon Island on March 12, 1997, following a relatively dry winter period with no
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significant rainfall events occurring since the flooding in early January 1997. The water
quality from the second sampling event can be considered relatively normal winter
drainage without influence from storm runoff. The results from the raw water analyses
are presented in Table 5-10.

Table 5-10. Sampling Event 2--Raw Water Quality

Sample TOC, | DOC, | UVA,,, | THMFP,? | THMs,? | HAAG,% | Alkalinity,

source mg/L mg/L | abs/cm ugl/l uall 1g/l mg/L
as CaCO,

Twitchell

Island 2214 | 21.38 | 1.107 2,285 1,740 | 1,240 87

drainage

Bacon

Island 12.38 | 11.15 | 0.633 1,330 1,010 828 101

drainage ‘

*THMFP: total trihalomethane formation potential as determined by the DWR modified
THMFP method (chlorine dose at 120 mg/L, pH 8.5, hold for 7 days). THMs: total
trihalomethanes by the DWR “reactivity method”. HAAG6: formation of 6 haloacetic
acids by the DWR “reactivity method” [chlorine dose = (3 x DOC mg/L) +

(7.6xNH,-N, mg/L), hold for 7 days].

Similar to Sampling Event 1, the data presented are the results from the
optimized coagulation testing. For this sampling event, similar DOC removals were
achieved in both source waters, unlike the first sampling event where DOC removal
was clearly greater for Twitchell Island water. A complete presentation and discussion
of the results from Sampling Event 2 are presented in the CU-Boulder Technical
Memorandum 2.

Twitchell Island Drainage Results

Figures 5-13 and 5-14 present the dose-response curves for optimized alum and
ferric chloride coagulation of Twitchell Island samples, respectively. For alum _
coagulation, the optimized condition is when the alum dose is 100 mg/L and the target
pH is 4.6. For ferric chloride coagulation, the optimized condition is when the ferric
chloride dose is 95 mg/L and the target pH is 3.5. Additional data generated from the
optimized coagulation stage of testing on Twitchell Island drainage water are presented
in Tables 5-11 and 5-12. ‘
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- Figure 5-13. Optimized Coagulation of Twitchell Island Drainage
with Alum, Sampling Event 2
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Figure 5-14. Optimized Coagulation of Twitchell Island Drainage with

Ferric Chloride, Sampling Event 2
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Table 5-11. Sampling Event 2, Alum--Optimized Coagulation of
. ~ Twitchell Island Water

5-34

Alum DOC, Percent UV, Turbidity, Zeta
dose, Final pH® mg/L DOC Abs/cm NTU potential, mV
mg/L® removal
’ 10 3.97 20.56 4 1.023 11.0 -20.57
20 417 19.43 9 0.792 7.0 -16.02
40 4.43 14.55 32 0.478 2.8 -9.39
60 444 11.25 47 0.326 1.5 -8.42
80 4.61 8.19 62 0.201 22 -5.94
100 4.55 7.10 67 0.161 2.2 -5.80
125 4.46 5.78 73 0.130 4.6 0
150 4.56 5.43 75 0.119 45 0.97
200 4.47 5.10 76 0.113 5.5 -6.64
2Alum expressed as Al,(SO,)®14H,0.
®Target pH = 4.6. ' '
-Raw water: UVA,;,= 1.107 Abs/cm
DOC =21.38 mg/L
turbidity = 22 NTU



Table 5-12. Sampling Event 2, Ferric Chloride--Optimized Coagulation of
Twitchell Island Water ‘

Ferric DOC, ) Percent UV,s,, Turbidity, Zeta
chloride Final pH® mg/L DOC Abs/cm NTU potential, mV
dose, mg/L? removal '
5 3.24 19.71 8 1.021 10.0 -9.94
15 | 3.28 18.84 12 0.997 12.0 -6.77
35 3.36 12.04 44 0.542 7.0 -7.46
55 353 730 66 0.278 3.8 -22.32
75 3.57 - 543 | 75 0.161 4.2 -7.32
95 3.58 4.68 78 0.136 4.4 -14.89
120 3.61 3.74 83 0.104 6.8 1.52
150 3.64 417 80 0.084 5.8 -7.09
200 3.07 3.66 83 0.266 6.0 8.7

®Ferric chloride expressed as FeCl;06H,0.
®Target pH = 3.5.
Raw water: UVA,;,= 1.107 Abs/cm

DOC =21.38 mg/L

turbidity = 22 NTU
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Figure 5-15 compares DOC and turbidity removal from Twitchell Island drainage
by alum and ferric chloride optimized coagulation for Sampling Event 2. Ferric chloride
reduces DOC more completely than alum over the entire range of chemical dose.
However, alum removes turbidity better.

Bacon Island Drainage Results

Dose-response curves generated from the optimized alum and ferric chloride
coagulation of Bacon Island drainage are presented on Figures 5-16 and 5-17,
respectively. Additional data generated from the optimized coagulation stage of the jar
testing are presented in Tables 5-13 and 5-14.

The optimized coagulation condition for alum treatment of Bacon Island drainage
was determined to be an alum dose of 100 mg/L at a target pH of 4.5. The optimized
coagulation condition for ferric chloride was determined to be a ferric chloride dose of
55 mg/L and a target pH of 3.5.

Figure 5-18 compares DOC and turbidity removal from Bacon Island drainage by
alum and ferric chloride optimized coagulation for Sampling Event 2. Ferric chloride
reduces DOC and turbidity more completely than alum over nearly the entire range of

chemical doses.
Comparing Optimized Coagulation Results from Sampling Events 1 and 2

Ferric chloride produced lower DOC residuals than alum in all optimized
coagulation tests, given equal dosages of both chemicals. These results are not
surprising. Edwards (1997) indicates that ferric iron is superior to alum when the goal is
to remove high percentages of DOC and the DOC has a high fraction that can be
removed by coagulation. This description fits the Twitchell and Bacon Islands treatment
scenarios very well. According to Edwards, alum is superior when the fraction of DOC
that can be coagulated is low and only low DOC removals are needed. This description
fits few Delta treatment scenarios; as a result we would expect that ferric chloride
coagulation will usually be superior to alum coagulation in Delta processing scenarios.

The more relevant question is whether ferric chloride is more cost effective than
alum, that is, will it cost less to produce a given TOC residual using ferric chloride than
it will using alum? Cost analyses suggest that ferric chloride treatment is more cost
effective. For example, the chemical cost to obtain 70 percent DOC removal by
optimized coagulation of Sampling Event 2 Twitchell drainage is estimated to be about
$96 million gallons of water treated for alum and about $70 million gallons of water
treated for ferric chloride. Costs include the costs of the coagulant, the cost of sulfuric
acid to attain the optimum pH, and the cost of lime to adjust the pH of the treated
effluent to the neutral range. Since chemical costs are a high percentage of total
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Figure 5-15. Comparing Optimized Alum and Ferric Chloride
Coagulation for DOC and Turbidity Removal, Twitchell Island

Drainage, Sampling Event 2
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Figure 5-16

. Optimized Coagulation of Bacon Island Drainage
with Alum, Sampling Event 2

Alum dose, mg/L

5-38

12 14
112
110
18
: 16
a 4
(o)
2 \ ;
l’ T 2
+ [Turbidity |
“‘ ‘ﬁ
E8-.. .E‘ ’
0 : — : % 0
0 50 100 150 200 250

Turbidity, NTU




DOC, mg/L

12

Figure 5-17. Optimized Coagulation of Bacon Island Drainage
with Ferric Chloride, Sampling Event 2
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Table 5-13. Sampling Event 2, Alum--Optimized Coagulation of
Bacon Island Water

Alum : DOC, Percent DOC | UV, Turbidity, Zeta
dose, Final pH® mg/L removal Abs/cm NTU potential, mV
mg/L?
10 4.5 10.18 9 0.591 10.0 -17.81
20 4.35 8.02 28 | 0.416 12.0 -16.98
40 431 5.27 53|  0.200 2.6 -8.01
- 60 4.8 3.78 66 0.118 0.6 -19.11
80 4.3 3.40 70 0.093 0.5 7.04
100 432 2.95 74 0.081 1.0 -0.55
125 4.51 3.19 - 71 0.068 4.5 0
150 4.63 2.96 73 0.065 4.5 7.87
200 4.60 2.61 77. 0.059 4.3 9.39

2Alum expressed as Al,(SO,);®14H,0.
‘*Target pH = 4.5.

Raw water:

UVA,5,= 0.633 Abs/cm

DOC = 11.15 mg/L
turbidity = 25 NTU
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Table 5-14. Sampling Event 2, Ferric Chloride--Enhanced Coagulation of
Bacon Island Water

Ferric chloride DOC, Percent DOC UV, Turbidity, Zeta }
dose, mg/L? l:)ir'_]ﬁl mg/L removal . Abs/cm NTU | potential, mV
-5 3.73 10.53 6 0.644 9.0 " -14.91
15 3.45 9.84 12 0.735 14.0 -36.84
35 3.40 4.34 61 0.142 1.0 -8.42
55 3.45 2.87 74 0.083 0.8 6.15
75 3.31 245 78 0.080 0.6 7.04
95 3.33 2.50 78 0.077 0.8 5.66
120 3.35 2.17 81 0.082 3.7 9.53
150 3.55 1.80 84 0.048 2.1 -6.49
200 3.51 1.81 84 0.042 0.5 11.32

2Alum expressed as Al,(SO,);®14H,0.

®*Target pH = 3.5.

Raw water: UVA,;,= 0.633

Abs/cm'

DOC = 11.15 mg/L
turbidity = 25 NTU
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(life-cycle) costs, lower chemical costs provide ferric chloride with an inherent
advantage. Additionally, sludge production is less for ferric chloride treatment. Sludge
treatment and disposal costs will be less for ferric chloride, strengthening its advantage.

Cost Analyses

The cost analysis assumes Twitchell Island as the site of a hypothetical full-scale

. facility. Twitchell Island was chosen for this analyses since it is owned by DWR and

substantial water quality and pumping data are available on its agricultural drainage.
Treatment trains were designed to remove 60 percent of the TOC. The most cost-
effective process is the one that can achieve this treatment goal at the lowest cost.

Processes with capability to remove more than 60 percent of the TOC were
evaluated in the split-stream mode. That is, a fraction of the water was treated at the
system's higher TOC-removal efficiency, with the remainder of the water bypassed
around the treatment unit. The treated fraction was of sufficient magnitude that the
blend of treated and bypassed fractions satisfied the overall goal of 60 percent TOC

removal.

Systems Considered

We evaluated the following treatment systems.

L. Ferric chloride coagulation, which includes chemical addition, rapid mixing,

flocculation, and sedimentation
. Ferric chloride coagulation + granular-media filtration. The granular-media add-
on enhances TOC removal by removing POC carried over from the

sedimentation tank. Microorganisms attached to the media may also remove
biodegradable DOC. Microbially mediated DOC removal is called biofiltration

. Ultrafiltration (UF) with GM membranes

. Ferric chloride coagulation foIIoWed by UF with GM membranes

. Microfiltration (MF) followed by nanofiltration (NF)'with NF 45 membranes

. Ferric chloride coagulation + ozonation + biofiltration. This process is the same
process described in the second bulleted item, except the water is ozone treated

prior to biofiltration. Ozonation tends to increase the fraction of DOC that can be
biodegraded
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Treatment plants were designed with capability to remove 60 percent of the TOC
during peak week flows and loadings (i.e., average daily flows and loads sustained
during the week of maximum flows and loads). The peak week flow (developed from
DWR flow records) from Twitchell Island was assumed to be about 26 million gallons
per day (mgd). The peak week TOC loading was about 8,500 Ib/day. The TOC was
essentially all dissolved material (i.e., TOC and DOC were nearly identical).

Operating costs were based primarily on average flows and loads. The average
flow (developed from DWR flow records) was assumed to be about 11 mgd. The
average TOC loading was about 2,100 Ib/day.

Preliminary calculations suggested that the capacities required for treatment
plants could be reduced by providing flow-equalization basins prior to the treatment
plants. However, it was not clear that there is sufficient land available on
Twitchell Island for a flow-equalization basin. Our calculations assumed that no land
is available for flow equalization basins, which provides a high estimate of capital costs.

Our cost analyses assumed sludge from coagulation processes would be stored
and thickened in a pond, with subsequent removal of the thickened sludge by dredge
during dry weather, and immediate sludge disposal on dedicated land by subsurface
injection. Burying sludge a few inches below the earth's surface minimizes odor
potential. The storage/thickening pond is sized to hold all the sludge produced during
the wet season. The dedicated land disposal site is sized so that dry-season
evaporation removes nearly all water associated with a year's production of thickened
sludge. This minimizes movement of sludge water to groundwater or back to the Delta.

‘Alternatively, sludge could be dewatered by filter press to solids concentrations
(> 50 percent solids) satisfying California landfill regulations. This option is more
expensive than the first option. It might be used if there were technical or regulatory
objections to dedicated land disposal. Also, it is not subject to vagaries of weather.

We assumed that residues from membrane processes would be treated by ferric
chloride coagulation, and the sludge produced by this coagulation treated and disposed
of as discussed above. Coagulation was selected for treatment of membrane residues
because of the lack of viable alternative residue treatment and disposal alternatives
(see Technical Memorandum 3).

Cost Results
Table 5-15 summarizes cost calculations for the six treatment options processing
Twitchell Island drain water, assuming 60 percent overall TOC removals, peak week

and average flows of 26 and 11 mgd, respectively. Cost information was obtained from
Brown and Caldwell files, the general literature, and vendor quotes.
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The amount of money needed now to fund the project over its life was calculated
as follows: :

PW = CC +f (O&M) )
where:
PW = present worth, dollars,
CC = capital cost, 1997 dollars
- f = O&M cost factor
O&M = annual operating and maintenance costs, 1997 dollars
Table 5-15. Cost Summary for Treatment Alternatives
Fraction Capital O&M cost, Present Cost,
of water cost, $ million/year® worth, $ perlb TOC
Alternative treated $ million® $ million® removed
1. Coagulation® 1.00 45 | 0.7 14.6 1.73
2. Coagulation + filtration® 0.86 64 | 08 176 2.09
3. Ultrafiltration® 1.00 10.6 1.5 33.1 3.93
4. Coagulation + ultrafiltration®¢ 0.73 9.4 1.5 30.5 3.61
5.  Microfiltration + nanofiltration® 0.62 21.9 20 51.6 : 6.12
6. Coagulation + ozonation + 0.73 11.7 1.1 28.4 3.37
biofiltration®

#1997 dollars.

®Assumes disposal of sludge by subsurface injection on dedicated land. If sludge is
mechanically dewatered instead and disposed of in a landfill, add approximately
$2.5 million to present worth.

°Coagulation does not include flocculation and sedimentation steps.

Processes with lowest present worths are the most cost effective.

The O&M cost factor was calculated as follows:

PR i)"-1
i(1 + )"
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where:

interest rate minus inflation rate, expressed as a fraction (0.03 in
this calculation).

n project life (20 years in this calculation).

For Twitchell Island, coagulation was the lowest-cost option (present worth
$14.6 million). This cost equates to $1.73 per pound of TOC removed. The other
treatments are considerably more expensive. Chemical purchase and capital expense
were the major cost centers for coagulation processes, representing about 70 percent
of project present worth.

Table 5-15 cost figures were generated assuming sludge is disposed of by
subsurface injection on dedicated land. Add about $2.5 million to Table 5-15 present
worth values if sludge must be dewatered by filter press and disposed of in landfill.

Differences between the costs of coagulation and membrane treatments diminish
as the plants become smaller. Membrane treatment may be cost competitive for small
systems. Additionally, rapid development of membrane technology is reducing
membrane system operating and capital costs.

Treatment costs depend on raw water composition and flow rates. Composition
and flow rates vary between locations and seasonally. Therefore, it should be
recognized that blanket applications of Twitchell Island cost factors (e. g., $1.73/lb TOC
removed) to all treatment scenarios and time frames will provide only rough
approximations of true total Delta treatment costs.

Conceptual Pilot Facility Design

Cost analyses showed ferric chloride coagulation to be the least costly method of
removing TOC from Delta agricultural drainage. Technical Memorandum 4 describes a
pilot program designed to confirm the economic viability of ferric chloride coagulation at
one site in the Delta. It also discusses jar tests to determine the applicability of ferric
chloride coagulation at other sites in the Delta. Pilot tests and jar tests could be carried
out in the next phase of Study, called Phase 2 studies hereafter.

Phase 2 pilot studies have the foIloWing objectives:

. Confirm the effectiveness of ferric chloride coagulation to remove DBP
precursors i.e., TOC) via continuous operation under field conditions
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. Determine the degree to which granular-media filtration can improve TOC
removal through removal of particulate organic carbon and by biofiltration

. Develop design parameters for full-scale treatment systems
. Develop operating strategies and
. Refine process costs

The objective of Phase 2 jar tests determines the relevance of ferric chloride
coagulation at other sites in the Delta. Drainage from other sites may be more or less
susceptible than Twitchell or Bacon Islands drainage to ferric chioride coagulation. Jar
tests can identify those waters which are good candidates for coagulation treatment.

Pilot Plant Description

Figure 5-19 is a schematic drawing of the pilot plant. The pilot system includes
facilities for chemical addition, rapid mixing, flocculation, sedimentation, filtration, and
sludge treatment and disposal. Table 1 in Technical Memorandum 4 (not shown here)
provides additional pilot plant information, including water and chemical flow rates,
equipment characteristics, and equipment sizes. Table 2 in Technical Memorandum 4
(not shown here) describes recommended measurements for pilot testing.

Filtration is included in the pilot plant schematic because it can remove POC not
captured in the sedimentation tank. If the DOC in sedimentation tank effluent is partly
biodegradable, microorganisms growing on the filter media may be able to remove a
portion of the biodegradable fraction. This process is known as biofiltration. How much
of the TOC in sedimentation tank effluent is biodegradable was not determined in this
bench-scale study. By operating one or more filters on sedimentation tank effluent
during pilot plant operation, one could answer this question without increasing pilot
plant costs.

Ozone treatment is often used before biofiltration to enhance TOC removal.
In addition to removing TOC by direct oxidation to CO,, it breaks down some
nonbiodegradable TOC to simpler substances that can be biodegraded. Ozone
treatment of coagulated Delta waters is not endorsed because ozone treatment is too
expensive. Therefore, if biofiltration is to contribute to the overall removal of TOC, it
must do so on its own without prior ozone treatment. '

Jar Tests

TOC-contaminated agricultural drain water is a Deltawide problem and treatment
may occur at several sites. It would be valuable to know how well ferric chloride
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Figure 5-19. Flow Schematic for Proposed Pilot Plant
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coagulation can remove TOC from the drain waters of other tracts in the Delta. The

_ideal situation would be a small, easily and inexpensively moved pilot plant. Then pilot

testing could be conducted at several sites without undue expense. However, it is not
anticipated that the pilot plant would be very portable, considering flow rates pOSSIb|y as
high as 80 gpm. Relocating a pilot plant of this size would be costly.

Jar testing with waters from different sites is a practical, low-cost alternative to
pilot testing at those sites. Coagulation jar tests usually simulate full-scale treatment
results very well. The tests would be similar to the tests conducted at University of
Colorado, but not be so extensive. Jar testing's primary objective would be to define
the dose-response curve for TOC or DOC removal from each drain water. Estimates of
process cost could be made using the jar test data.

Summary, Conclusions, and Recommendations

1. Drainage samples collected from Twitchell and Bacon Islands had a range of
TOC concentrations (12 to 43 mg/L). TOC concentrations in Twitchell Island
samples were about twice the TOC concentrations in Bacon Island samples.
Most of the TOC in all samples was in dissolved form (DOC and TOC
approximately equal).

2. Bench tests conducted at the University of Colorado showed that optimized ferric
chloride coagulation removed 55 to 78 percent of the DOC from the Twitchell
and Bacon Islands samples. Alum coagulation removed 44 to 74 percent of the
DOC. Membrane processes removed from 38 to 97 percent of the DOC, with
tighter membranes producing the highest removals. THMFP and HAAFP were
reduced approximately the same percentage; as DOC was reduced in each of
the treatment technologies. .

3. A cost analysis indicates that optimized ferric chloride coagulation is more cost

effective than optimized alum coagulation for TOC removal from Twitchell Island
drainage. The analysis showed that ferric chloride coagulation (which includes
chemical addition, rapid mixing, flocculation, and sedimentation) could remove
60 percent of the TOC from Twitchell Island drainage for about $1.73 per Ib of
TOC removed. Process configurations using membranes cost 2 to 3.5 times as
much as ferric chloride coagulation to achieve the same TOC removals.
Biofiltration alone or coupled with ozone treatment does not appear to be cost
effective. Note that costs are sensitive to raw water composition and flow rates,
which vary between locations and seasonally. Therefore, it should be
recognized that blanket applications of Twitchell Island cost factors (e.g.,
$1.73/Ib of TOC removed) to all treatment scenarios will provide only an
approximation of true Delta costs.
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Treatment by coagulation can increase the water chloride, sulfate, sodium,
caleiumn; and iron or aluminum concentrations, depending on the treatment
chemical§ used. Coagulation in a low-pH environment may reduce the
concentration of inorganic carbon via CO, loss. Inorganic carbon could be partly
restored by using soda ash to neutralize the low-pH water.

If on-islarid treatment is deemed to be an effective method of removing TOC
from the Delta, a follow-on pilot program designed to confirm technical and
economic viability of ferric chloride coagulation at one site in the Delta is
recommended. A parallel jar test effort should be made to determine the
relevance of ferric chloride coagulation at other Delta sites.
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Chapter 6. Organlc Carbon and Disinfection Byproducts Precursors from
Flooded Delta Islands

Introduction

In a April 25, 1996 letter, CUWA requested the MWQI Program undertake a
study to analyze organic carbon changes in water crossing permanently flooded Delta
islands and estimating potential organic carbon impacts of Delta options which would
involve island inundation. Initially, a workplan was developed with a sediment core
drilling phase (Phase 1) and a pilot Study phase (Phase Il). However, the results
showed that a sediment cap may not control the rate at which organic carbon is

. released from submerged peat. The opportunity arose to initiate the pilot scale portion

of the Study by using a shallow flooded wetland being constructed by DWR/USGS for a
subsidence Study. The workplan based on a constructed wetland was approved by the
MWQI Committee in April 1997. A summary of the results of the literature review and
the approved workplan are presented here.

Background/Literature Review

A review of literature related to sediment transport and deposition in the Delta,
sediment capping and the transport of organic carbon through peat and other types of
soils was performed. The following were identified as potential variables affecting the
transport of DOC through sediment in a flooded island situation: wind action, wave
action, flow rate, sediment cap (nature of material, thickness), roughness of channel
bottom, nutrient availability, temperature, microbial activity and human disturbance.

Information was obtained about the quantity of flooded acreage in the Delta.
DWR’s Division of Flood Management provided the names of seventeen islands that
have been partially or completely flooded since 1980 (DWR Bulletin 160-93). Soil types
of the flooded islands, Franks Tract, Little Franks Tract, Mildred Island and Little
Mandeville were determined to be mostly peaty muck with some fine sandy and clay
loam (USDA, 1977 and USDA, 1992).

- The presence of a sediment cap depends upon the sedimentation rate and the
degree of weathering and scouring which may occur. Sediment load varies seasonally
and from year to year. Surficial deposits are commonly loose and difficult to sample.
Sediment coring methods to obtain undisturbed sediment samples that would preserve
a sediment cap were investigated. These methods included the use of liquid nitrogren,
the use of divers (rather than a drilling barge) and the use of compressed air samplers.
Sediment dating methods including use of the radioisotopes, “C, '* Cs, and 2'°Pb,
were also researched (Foster and others, 1990).
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There are many factors that may control the release of organic carbon from
submerged peat. Diffusion of oxygen through the sediment is probably not the rate-
limiting step for DOC degradation by microbes. More likely, microbial degradation of
organic matter is controlled by oxygen supplied through advective transport (Shum and
Sundby 1995). The sediment surface is likely uneven with cracks, and mixed
periodically during storm and tidal events. Therefore, it may be difficult to predict the
rate at which organic matter is degraded by microbes with a particular sediment cap.

Flooded Island Study Workplan
Introduction

The CALFED Bay-Delta Program and CUWA are developing Delta alternatives
as part of the CALFED Programmatic Environmental Impact Report/EIS process.
Some of the options being considered involve flooding portions of Deita islands that
contain organic peat soils. There is concern that flooding will release DOC from the
peat soils covering many of the Delta islands, resulting in drainage water containing
elevated concentrations of DOC and DBP precursors. Release of these waters to the
Delta channels could negatively impact the quality of water exported from the Delta for
drinking water supply by increasing the potential to form trihalomethanes and other
DBPs during drinking water treatment. This threat is exacerbated by the elevated
concentrations of bromide found in waters in the Delta, which disproportionately
contribute to elevated concentrations of THMs.

On January 21, 1997, MWQI staff and the USGS presented a plan to the MWQI
Flooded Island Study Technical Advisory Committee to study the water quality effects of
shallow flooding of a 22-acre demonstration project on Twitchell Island for subsidence
mitigation. The subsidence Study is an ongoing cooperative Study between the USGS
and DWR to assess the effects of various wetland habitats on mitigating subsidence. A
recent result from this Study showed that shallow flooding (about 1 foot deep) of peat
soils decreased land subsidence by decreasing gaseous carbon losses. Continuous
flooding of the peat soils causes anaerobic soil conditions and subsequently decreases
gaseous carbon losses (i.e., land subsidence) by about one fifth compared to aerobic
soil conditions. In addition, when water levels are maintained at about one-foot deep,
vegetative growth is encouraged, biomass accumulates, and net carbon input to the
system is positive, thereby promoting accretion of land surface. Combining the Flooded
Island Study with the subsidence Study represents a cost-effective approach to
assessing the effects of flooding on water quality. Combining the two studies
addresses two primary CALFED objectives for the Delta — subsidence and water
quality. ‘
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Objectives

. -Assess the concentration of DOC and DBP precursors associated with the
continuously flooded wetland environment (soil water, surface water, and
drainage water). Compare the concentration of DOC and DBP precursors
produced under a continuously flooded wetland environment with the
concentration of DOC and DBP precursors produced in an agricultural field

. Characterize the nature and reactivity of the DOC in relation to formation of
THMs and other DBPs
. Estimate the loads of DOC and associated DBP precursors in drainage waters

produced from the flooded wetland that contribute to the Delta channel waters,
potentially impacting the municipal drinking-water supplies that flow through the
Delta. Compare with loads of DOC and associated DBP precursors produced in
the agricultural field and with loads contributed by upstream rivers

. Determine when operating a shallow flooded island discharges (TOC
concentration and mass load) be less or match current drainage discharges and

river input

. Provide baseline data to CALFED for the on-island treatment pilot plant Study
submitted by the MWQI Program

Approach

The Study will be a coordinated with an ongoing Study (DWR/USGS cooperative
Study) that is examining the effects of a continuously flooded, wetland-habitat treatment
for mitigating land subsidence. The release of DOC and DBP precursors from the soil
to surface and drainage water will be assessed through sampling and analysis of
irrigation water, soil water, groundwater, surface water, and drainage water.

This subsidence mitigation demonstration project is a 22-acre wetland being built
on Twitchell Island. The wetland will be flooded to 1-foot depth and will be a flow-
through system where water is moved across the wetland at a continuously slow rate.

- The flow rate of water across the system will be determined by calculating the ideal

residence time of water for a managed wetland of this size. The 22-acre demonstration
project is divided into two treatments, fertilized and unfertilized, for the purposes of
encouraging wetland plant growth. Within each treatment are six sampling stations,
and each sampling station is at the end of a 50-foot berm/platform that is perpendicular
to the south or north edge of the field. To reduce costs for the water quality Study, only
the unfertilized treatment will be sampled for this Study. At each sampling site,
stainless steel piezometers will be installed with screened intervals from 1.0 to 2.0 feet
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" and from 6.0 to 8.0 feet below land surface. The upper piezometer will be used to
sample the oxidized, decomposed peat soil zone influenced by agricultural practices;
whereas the deeper piezometer will be used to sample the reduced, fibrous peat soil
zone mainly influenced by regional groundwater. In addition, a surface water sample
also will be taken at each sampling site, and irrigation water and drainage water will be
sampled for each sampling event.

- Sampling Plan

Agricultural Field

In addition to sampling of the flooded wetland, the agricultural field sampled for -

the previous DWR/USGS SoilTOC Study will be sampled to compare the water quality
effects of the different land uses. Samples will be collected on a quarterly. Existing

lysimeters and piezometers will be sampled and analyzed for specific conductance, pH,

temperature, dissolved oxygen, and redox potential (platinum electrode measurement)
using a flow-through cell in the field. Water samples will be analyzed for DOC, UV
absorbance (254 nm), reactivity-based THMFP and HAAFP, Br, minerals, Fe, Mn, NO,,
NO,, and dissolved NH,. Samples will be collected from the ditch and the main

agricultural drain. Collection and analyses of these samples will be performed by DWR.

USGS will analyze selected samples to charactenze the DOC and relate these
properties to the formation of DBPs.

Flooded Wetland

Samples will be collected on the following schedule: (1) after the applied water
reaches the 1-foot depth, t=0; (2) 1 week later, t=1week; (3) t=2 weeks; (4) t=1 month;
(5) t=3 months; and quarterly thereafter. This sampling schedule reflects the
assumption that changes in the redox environment and processes affecting the release
of DOC and its composition will be greatest during the first few weeks of water
saturation when the soil redox environment will be changing from oxidized to reduced.
These samples will be analyzed for the same constituents as described for the
agricultural field.

Selected samples will be analyzed in detail to further characterize the nature of
the DOC and relate these properties to formation of DBPs. Large volume samples will
be collected and processed through XAD resins to fractionate and isolate the DOC into
operationally defined hydrophobic (XAD-8 resin) and hydrophilic (XAD-4 resin) organic .
acids under the direction of George Aiken, USGS, National Research Program,
Boulder, Colorado. -Resulting isolates will be analyzed for specific UV absorbance and
reactivity-based THMFP. Selected isolates will be further analyzed for functional group
composition (*C-NMR, under the direction of Robert Wershaw, USGS, National
Research Program, Denver, Colorado), elemental composition, and other
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characteristics. Through this analytical approach, types of compounds contained in a
DOC sample are probable THM precursors and what factors and conditions contribute
to their formation. It should be noted that the *C-NMR analyses, and other potential
characteristics (e.g., carbon isotopic composition), are being studied by the USGS
National Research Program and National Drinking Water Initiative at no cost to this
Study because of national interest in DBPs in drinking water.

Deep versus Shallow Flooded Island Experiment
The subsidence mitigation Study will monitor the changes in DOC concentrations

in a 1-foot flooded wetland. It is not known if similar changes in DOC concentrations in
a deeper flooded wetland would occur. At this time, a deeper flooded wetland cannot

be constructed. However, to obtain guidance in the design of such a future Study, an

experiment to study the impact of water depth on DOC release from submerged peat
soils will be performed.

Two open ended, 2-foot diameter, PVC pipes will be placed upright and partially
buried (2 feet deep) into the test pond for stability. The two pipes will be located near
the wetland water inlet. One pipe will be 4 feet in length and the other 6 feet long. The
shorter pipe, serving as a control, will be filled to the same level as the water level of the
wetland (approximately 1 foot). The longer pipe will be filled to a water level of 5 feet
depending on the length of exposed pipe. A water spigot will be installed on the side of
the long pipe at the 3-3.5 feet water level for withdrawing water samples. Water levels
will be kept constant and flows made continuously to prevent anaerobic conditions.
The flow rate will be adjusted to be as close to the water exchange rate of the larger
flooded wetland as possible. For the shorter pipe, four V-notches at the top of the pipe
or four 2-inch diameter holes will allow circulation and flow of water into and through the
pipe. For the longer pipe, water from the wetland pond inlet will supply water and
controlled by a float valve to maintain a constant water level. Water samples will be
withdrawn from each pipe for DOC and UVA-254 nm analyses and sampled as the
same frequency as the subsidence mitigation Study.

Filling of the long pipe will begin after the flooded wetland has reached the 1-foot
depth (t=0). The seepage rate within the long pipe will be periodically measured during
the course of the experiment (approximately six months) to estimate the total volume of
water used to maintain a constant water level. If seepage is minor, the constant water
level in the long pipe would simulate a static flooded condition.

~ This small experiment will guide DWR staff in the planning and designing of
future larger scale experiments. There are technical issues, such as the rate of
seepage and filling rate needed to maintain a constant water level, that need to be
addressed.
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DOC results will be plotted against sampling intervals for a time series plot.
These results will also be compared against DOC data from the wetland Study. The
results will be examined to determine if DOC levels reach an equilibrium and if water

levels are a factor and what might be the expected magnitude of DOC concentrations in -

the ponded water. The results of the experiment will guide us in the design and
_planning of future studies to examine the optimal conditions to control DOC releases
“from submerged soils. Some of these conditions include water residence time (flow
rates) and depth of inundation.

Mass Loading Estimates

USGS flow and weather data collected at the wetland site supplemented with
DWR field and water sample data will be used to compute the mass load of organic
carbon generated and discharged from the wetland. Flow meters will be installed to
measure irrigation water inflows and surface water outflows. As part of the subsidence
Study, a weather station including an evaporation pan will be installed at the site prior to
the beginning of sampling. :

Weather data will be used to compute water evaporation loss based on standard
_empirical formulae. Seepage losses will be estimated from the difference in inflow .
volume minus outflow and evaporation 10ss€s (Vgeepage = Vin = Vout = Vevap) during the
course of the Study. Mass load (volume multiplied by DOC concentration)
computations will be made to estimate the amount of DOC released from the 1-foot
flooded wetland. Mass load estimates for other water quality constituents will also be
conducted. TOC/DOC mass loads and concentrations observed in the DWR/USGS
flooded island subsidence Study will be compared against Delta island drainage and to
Sacramento and San Joaquin Rivers inputs. Delta island drainage volume estimates
will be based on DWR Report No. 4 (1956) which contained monthly pumped drainage
volumes in 1954-55. MWQI TOC/DOC concentration data will be used to compute river
and drainage mass loads.
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Chapter 7. North Bay Aqueduct Wétershed Study (Sanitary Survey)

Introduction

Sanitary Survey follow-up activities for NBA began on July 1, 1996 in accordance
with Phase | monitoring as specified by the Workplan for the Barker Slough Watershed
(Appendix B). This Study of raw water quality of surface waters entering the Barker
Slough Pumping Plant resulted from recommendations reported in the Sanitary Survey
Update Report 1996. The 1996 Sanitary Survey report identified the pumping plant as
having several water quality issues that concern the SWC by using it as a source of
drinking water. '

Several water quality issues have been requiring additional investigation
characterizing the nature and extent of the problem and means of addressing them.
These water quality issues include elevated levels of organic carbon, THMFP, metals,
and coliforms in the Barker Slough watershed.

This Study was designed to investigate these problems, identify their sources
and to identify potential measures to improve water quality in the watershed. The Study
seeks to link field data with operational data at the various water treatment plants using
Barker Slough as a source for drinking water.

The Study is divided into two phases. The first phase began on July 1, 1996.
The second phase began after all sampling for Phase | (July 1, 1996 - June 30, 1997)
was completed and reviewed by DWR and the NBA Technical Advisory Committee.
Phase | was designed to quantify water quality constituents at the screening level.
Phase |l was designed to investigate specific pollutants and identify mitigation
measures for those pollutants.

Results

Samples were collected from four locations: the Barker Slough Pumping Plant,
Barker Slough at Cook Lane, Calhoun Cut at Highway 113, and Lindsey Slough at
Hastings Island Bridge (see Figure 7-1). Water quality parameters reported include
turbidity, DOC, THMFP, aluminum, iron, manganese, and E. coli as the constituents of
interest. A listing of all data for this Study is included in Appendix B.

Physical and Chemical Constituents

The turbidity results (Figure 7-2) show that the Barker Slough/Cook Lane
sampling site had the highest turbidity readings. The highest levels coincided
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Figure 7-1. North Bay Aqueduct Watershed Study Phase | Sampling Sites
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Figure 7-2. Turbidity Values for North Bay Aqueduct/Barker Slough Watershed Study
(July 1, 1996 through January 6, 1997)
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