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CHAPTER 1.

EXECUTIVE SUMMARY

The major objective of the project was to provide the membrane utility industry with a
valuable and useful reference source focusing on characterizing and documenting
concentrate (from membrane desalting processes) and backwash (from low pressure
membrane processes) disposal practices and regulations.

The project objective was accomplished through the following tasks:

* Survey task: A detailed survey of 149 membrane plants was made that included
84 percent of the utility desalting (reverse osmosis, nanofiltration, and
electrodialysis) plants built in the US from 1993 through 1999 above a size of
50,000 gpd. It aso included 44 percent of the utility low-pressure membrane
(microfiltration and ultrafiltration) plants built in the US of size greater than
50,000 gpd. The survey provided a detailed characterization of the membrane
utility industry, in general, and the concentrate and backwash disposal practices,
in particular.

* Regulatory task: Federal regulations were documented to provide the
framework for a subsequent state-by-state review of disposal regulations.

* Cost model task: Design and cost issues associated with the various concentrate
disposal options were discussed and for four disposal options (deep well injection,
spray irrigation, evaporation pond, and zero liquid discharge), preliminary level
cost models were devel oped.

» Database development task: A stand-alone executable database was devel oped
to permit viewing, manipulation, and printing of the survey information.

* CD deliverabletask: The stand-alone database, the project final report, and the
preliminary cost models were made available in an easy to use menu-driven CD
format.

In addition to the detailed survey of 149 plants, the research identified an estimated 95+
percent of all membrane utility plants ever built in the US above a size of 25,000 gpd.
Thisidentification allowed additional statistics to be developed on the numbers of
different types of plants with time. A total of 372 plants through the year 2000 (303
through the year 1999) were identified. Of these about 25 plants operate at wastewater
plantsin water reuse situations. The other plants produce drinking water

The identification of utility plants and the survey provide statistics to characterize the
water and wastewater utility’s use of membrane processes by startup date, size, location,
type of process, and severa other parameters. The dramatic growth of the use of
membranes in the utility industry is documented along with the equally dramatic increase
I

n size of the membrane plants and the increase number of states now having membrane
plants. Statistics are also provided about concentrate and backwash disposal practices



and results of the survey are compared with the results of a 1992 survey (Mickley et d,
1993).

A review of the Federal and state-by-state regulations affecting concentrate and

backwash disposal is presented. Major ion toxicity (Mickley, 2000) that has occurred in
several groundwater membrane systems in Florida appears not to have occurred
elsawhere. This seems due to the fact that whole effluent toxicity tests are not routinely
part of surface discharge (NPDES) permitsin states other than Florida and where they are
used, the mysid shrimp used in the Florida WET testsis not necessarily used. Backwash
from low-pressure membrane systems frequently (depending on the application) has
elevated levels of microorganisms. Presently there are no water quality criteriafor
microorganisms that might hinder discharge to receiving waters. Such regulation is only
amatter of time, however.

The design parameters and costs factors associated with several concentrate (and
backwash) disposal methods are discussed in detail. The disposal methods (listed in
order of decreasing frequency of use) include:

» Surface water discharge
» Discharge to sewer

* Deep well injection

» Evaporation ponds

» Spray irrigation

e Zeroliquid discharge

Preliminary level capital cost models are presented for the final four disposal methodsin
both worksheet form and closed form equation. In the case of discharge to surface water
the large number of site-specific variables makesit difficult to formulate a meaningful
general model. In the case of disposal to the sewer, the only cost other than pipeline
conveyance to the disposal site is a negotiated fee payable to the wastewater plant. These
fees can range from zero to very high.

The survey results are stored in a ‘run-time’ version of Microsoft Access. Thisis a stand-
alone version that does not require the user to have Access to run. This database is made
available in CD form along with a pdf file containing the entire project report, the capital
cost worksheets, and the closed form equations that can also be used to calculate
preliminary level capital costs for the disposal options. Upon installation, a convenient
menu provides several options for interfacing with the database and for accessing the
other items.

The project CD provides the user with a broad and valuabl e resource that characterizes
the membrane utility industry, its concentrate and backwash disposal practices, the
regulations that govern disposal, and the costs associated with disposal options.



2.1

CHAPTER 2.
CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS

2.1.1 About the Membrane Plant Survey (General Aspects):
Approximately 85% of the utility desalting plants built in the US between 1992
and 2000 of size greater than 50,000 gpd were included in the survey. About
48% of the low-pressure utility membrane plants built in this same timein the US
were surveyed.

Desalting plants (RO, NF, ED/EDR) are used in WTPs to provide new sources of
potable water viathe treatment of lower quality water resources.

Low-pressure membrane plants (MF and UF) are used in WTPsto help meet
SDWA Amendment requirements for higher quality, and in WWTPs to provide a
polishing treatment step in water reuse situations.

Several aspects of the use of membrane technology in the drinking water and
wastewater utilities have changed significantly since the last (1992) survey.

With regard to the number of plants:

0 The number of operating utility desalting plantsin the US of size 25,000
gpd and higher has increased from approximately 133 in 1992 to 203 in
1999.

0 Thenumber of utility low-pressure MF and UF plantsin the US of size
25,000 and higher has increased from 1 in 1992 (operating at a state park)
to 104 in 1999.

0 Based on the yearly increases in the different plants of this size and larger,
the number of MF and UF plants should surpass the number of desalting
plants by the end of 2001.

With regard to the location of plants:

0 A higher percentage of plants are being built in states other than Florida.
About 26% of the desalting plants built between 1992 and 2000 arein
Florida with the remainder scattered through 19 states, with 17% in
Californiaand 9% in Texas. Thisisin contrast to the results of the 1992
survey, when about 61% of the desalting plants were in the state of Florida
and the rest of the plants were scattered about 13 states, with 9 % in
Californiaand 9% in Texas.

o0 Thedistribution of low-pressure MF plantsis considerably different from
that of desalting plants. For Memcor MF plants the leading states are
California (with 32% of the plants as of 1999) and Virginia (with 17% of
the plants). Therest of the Memcor plants are scattered in 14 other states.
[Until 1999 nearly al of the MF plants were Memcor systems.]

With regard to size:

0 Although dependent on the particular plants surveyed, an increase in the
size of desalting plantsis striking. In the 1999 survey, 18% of the plants
were of size greater than 6 mgd (compared to 3% for the 1992 survey).



Also only 9% of the plantsin the 1999 survey were of size lessthan 0.1
mgd, as opposed to 33% in the 1992 survey.

0 From 1993 through 1997, 27% of the desalting plants (10 of 36) built were
of size 3 mgd or greater. 1n 1998 and 1999 the percentage doubled to 56%
(15 of 27).

0 Many of the larger desalting plants are being built in Florida. About 50%
of the desalting plants built in Florida since 1992 are of size greater than 3
mgd, whereas about 23% of desalting plants built elsewhere in this same
time frame were greater than 3 mgd.

0 Thesize and number of MF plants has increased dramatically since 1995.
Prior to 1996, 1 of 19 Memcor plants built were of size 1 mgd or larger.
Since 1996 and through 1999, 25 of 66 Memcor plants were of size greater
than 1 mgd with 10 being greater than 3 mgd.

* With regard to the types of plants:

0 Therelative number of plants of different types built since 1992 is roughly
the same as plants operating in 1992. Brackish water RO plants account
for about 72% of all plants, with NF plants (11%), ED/EDR (15%), and
seawater RO (2%) making up the rest.

0 In gpite of the large numbers of plantsin Florida, most ED/EDR plants are
not in Florida (asin 1992).

* With regard to membrane systems providers:

0 Until 1999 nearly al of the MF plants were Memcor systems. Since then
Pall has made a significant entry into the marketplace.

0 Since 1999 three strong companies have emerged to provide UF systems
(Aquasource, Koch, and Zenon)

2.1.2 About the Survey (Concentrate Disposal Aspects):
* Therelative use of different means of concentrate disposal has changed somewhat
since the previous survey (comparison of plants built between 1992 and 2000
* to plants operating in 1992):
0 A similar percentage dispose to surface water: 48% to 45%
o A significantly higher percentage dispose concentrate to sewer: 42% to
23%
0 A lower percentage dispose concentrate to deep wells. 9% to 12 %
0 A lower percentage dispose concentrate by evaporation pond and spray
irrigation: for evaporation pond the percentages are 2% as opposed to 6%,
and for spray irrigation the percentages are 2% compared to 12%.
» Therelative use of different concentrate disposal options shows similar trends,
with plant size as in the previous survey:
0 Disposal to surface water is an option used at approximately the same
relative frequency regardless of plant size
o0 Disposal to sewer is used somewhat more frequently for smaller sized
plants (< 1 mgd product); however, the percentage of plants disposing to
sewer increased in every size category (<0.3, 0.3-<1, 1-<3, >3 mgd)
relative to 1992 results.



0 Disposal to deep well injection is primarily used for larger plants (>1
mgd)
o0 Disposal viaevaporation pond and spray irrigation are used primarily with
smaller plants (< 1 mgd).
Asin the previous survey, deep well disposal of concentrate has been practiced
only in the State of Florida

2.1.3 About Backwash Disposal Options:

Disposal of backwash from MF and UF plants does not follow any trends with
plant size (likely because backwash is of considerably smaller volume than
concentrate - due to much greater recoveries).

Disposal to sewer (48%) and surface water (36%) are the most widely used
disposal options.

Unlike concentrate disposal, deep well injection has not been used for backwash
disposal. Thisisdueto the small number of low pressure membrane systemsin
Florida, the only state presently using deep well disposal for concentrate, as well
as the small volume of backwash relative to concentrate.

2.1.4 About the Regulations:

Many more states have membrane system sites and must regul ate disposal of
membrane concentrate and backwash (25 as of 1999 versus 14 as of 1992)

The most widely regulated disposal options are disposal to surface water and
sewer. They both involve NPDES permits either for the WTP discharging the
concentrate or backwash or the WWTP plant receiving the concentrate or
backwash.

There have been no major changes in Federal regulations over the past 8 years;
TMDLs, which may come into play in NPDES permits, are more of a burden for
states than for individual surface water dischargers.

A major surface water disposal issue in the State of Florida since 1992 has been
the occurrence of major ion toxicity (Mickley, 2000) in several concentrates from
desalting plants using groundwater sources.

Very few states require whole effluent tests on membrane concentrate discharged
to surface waters. Thisexplainsin part why major ion toxicity problems
associated with brackish RO concentrate appear to have occurred only in Florida.
Some regulatory distinction has been given to drinking water membrane
concentrate in the State of Florida. Although it is still regulated as an industrial
waste, it is called ‘ potable water byproduct” where produced by plants of size
50,000 gpd or less. Pending legislation may extend this to plants of larger size.
Deep well disposal of industrial wastes (including membrane concentrate and
backwash) is not permitted in many states.

2.1.5 About the Disposal Methods and Cost M odels:

The costs of different disposal methods for concentrate disposal are very site
dependent; consequently the cost models devel oped are to be considered for
preliminary level estimates only.
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2.2

The major factors influencing deep injection well costs are the depth of the well
and the diameter of the well tubing and casing strings. The diameter has
surprisingly low influence on the cost; drilling, reaming, cementing, and testing
costs are much more significant than material costs. The minimal cost of awell is
high enough that these wells are typically used only with large concentrate flow
rates.

Spray irrigation of concentrate usually requires blending to decrease the salinity
to an acceptable range. The method is also land intensive, although the irrigation
need may exist and the land need not be purchased. This disposal method is
limited by the climate and the soil uptake rates. The major cost elementsinclude
the distribution system material cost, the cost of installation, and the storage tank
cost. Thismethod is usually used only for small concentrate flow rates.
Evaporation ponds are also land intensive, and land may need to be purchased for
use. In general, net evaporation rates are lower than soil uptake rates; thus
evaporation ponds require more land than spray irrigation for a given volume
flow. Thisdisposal method islimited by climate and evaporation rate. The mgjor
capital cost element is usually the liner material.

Zero liquid dischargeis not typically an economical disposal option. It has not
yet been used for disposal of concentrate from a drinking water membrane plant.
The major capital cost elements are the installed equipment costs of the brine
concentrator and crystallizer. However, the high annual energy cost is usually
egual to a sizable portion of the capital cost and thus on an annualized cost basis
(assuming an equipment life of 20 to 30 years) the energy cost is by far the mgjor
element.

About the Differing Natur e of L ow-Pressure Membrane Systems:
Low-pressure membrane systems offered by different system suppliers differ
significantly from each other. For instance, the systems may have different
membrane configurations (spiral wound, hollow fiber, tubular). The hollow fiber
systems can differ in whether the high-pressure side isinside or outside the fiber,
and the means of backwashing the membranes (with air, with water, other
variables) can also differ considerably. Thereisaso alack of standards for
system components. Much of thisis due to the relative youth of the application
and there being a variety of successful system designs.

Thisisin sharp contrast to equipment used in desalting membrane systems where
components made by different manufacturers must meet various industry
standards. Most of the components are thus, to a high degree, interchangeable.
For a given system, several OEMs may be involved in providing the system
components.

RECOMMENDATIONS

2.2.1 About Plant Surveys...

Surveys such as this one should be conducted periodically as a means to:
0 Monitor and document the trends and changes within the utility membrane
industry, particularly concentrate disposal.



0 ldentify industry challenges and needs.

o Provide information and understanding to existing and future utility
membrane plants that can result in the improved use of the technology and
associated cost savings.

o0 Provideinformation and understanding to regulators, legislators, decision
makers, and the public to facilitate and support the growing use of
membrane technology in meeting drinking water and water reuse
challenges.

Future surveys of the type presented here might be conducted in the following
manner:

o Minimum size cutoff for desalting plants be set at 50,000 gpd to avoid
small systems serving truck stops, mobile home parks, etc.

0 Minimum size cutoff for low pressure membrane plants be set at 1 mgd to
make the survey manageable given the rapidly growing numbers and sizes
of these plants.

0 Include plant operation date so that information trends can be followed
with time.

0 For low pressure membrane plants obtain plant lists from the mgor system
suppliers as ameans of gathering general statistics on numbers, locations,
and sizes of plants. [This cannot be done for desalting plants as the
systems are supplied in parts from many different suppliers.]

0 Attempt to get more than the minimum sampling of plants typical of
mailed surveys. The reasonsfor doing thisinclude: 1) the population of
plants contains several subpopulations, making it difficult to get a
meaningful representative sampling; and 2) the relatively small total
number of these plants still makesit possible to take the more accurate
approach to obtain survey information.

2.2.2 About Regulations:

To avoid future problems, utilitiesin other states should be made aware of the
major ion toxicity issues and the resolution of those issues that are affecting many
brackish RO plantsin Florida (Mickley, 2000).

Utilities should be aware of forthcoming regulations that may affect their
concentrate of backwash disposal. It is anticipated that water quality standards
will tighten as aresult of increased drinking water standards. Although the
relation is not adirect one, as the water quality requirements for certain
parameters of potable water increase, further efforts will be made to limit
contamination of water resources for these same parameters. A casein point is
that of microorganisms. The SDWA amendments require increased removal
levels of microorganisms (among other things) from drinking water. The
dramatic increase in use of low-pressure membrane systemsin WTPsis, in part,
in response to this requirement. Microorganism removal by MF and UF
processes results in concentration of the microorganisms in the backwash from
these processes. There are, however, no water quality standards prohibiting or
limiting discharge of such backwash to surface waters. Such standards, however,
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areinevitable. Other water quality standards may follow future changesin
drinking water standards.

About the Preliminary Level Disposal Cost Models:

Actual disposal costs for new membrane plants should be gathered as the plants
come into operation. It isdifficult to obtain historical costs, and more recent costs
are the pertinent ones. Thisinformation can be used to further test and validate
the usefulness of the preliminary level disposal cost models presented.

Parties interested in the presented preliminary disposal cost models should
carefully read the supporting text chapters to understand the limitations,
assumptions, and general basis for these cost models. The chapters together with
the models are best used to provide an understanding of the issues, design
parameters, and cost factors involved with each of the disposal options. From this
understanding site-specific cost models can be more easily developed. Careis
taken to not to use the models beyond the purpose for which they were intended.
Aswith all models, feedback on their usefulness and general validity should be
used to refine and improve the models.

About General Aspects:
The work should be made as visible and avail able as reasonably possible so it can
benefit the utility community for which it is intended.



CHAPTER 3.
BACKGROUND INFORMATION
3.1 BACKGROUND

3.1.1 Membrane Drinking Water Industry: The relatively young membrane drinking
water industry has grown dramatically, particularly since the late 1980's. Membrane
processes are the technology of choice where lower quality water sources need to be
desalted, and for several application areas where specialized treatment is required by the
Safe Drinking Water Act Amendments of 1986.

An earlier work (Mickley et al, 1993) provided a unique opportunity to see the membrane
drinking water industry from several different perspectives. Interactions and interviews
took place with several groupsinvolved in matters concerning membrane drinking water
plants. Thisincluded utilities, regulators, legislators, engineering design firms, original
egui pment manufacturers (OEMss), decision makers (city councils, etc.), and the public.

From such abroad or all-encompassing viewpoint, it becomes evident that matters such
as providing the best technology to meet a treatment need are not simply ones of
technology and economics. All of the above-mentioned groups play some role in the
consideration of and feasibility of various treatment options.

The membrane drinking water industry and the complexity of technical, economic,
environmental, political, and socia interplay involved with bringing a new membrane
plant into operation have grown dramatically. In spite of this growth and the reality of
the cost-effective, environmentally safe, technically sound capabilities of the technology,
many of the above groups (regulators, legislators, decision makers, public) carry
misconceptions and mistaken perceptions about the technol ogy.

This situation has affected how the tremendous potential of membrane technology to
provide drinking water has unfolded. It acts asablock or limiting constriction to the
realization of this potential.

The previous work (Mickley et al, 1993) provided definition of and recommendations for
addressing disposal issues and challenges. It also provided useful design, cost,
regulatory, and statistical information for utilitiesto usein their planning, design, and
operation.

3.1.2 Changes Since 1992: Since the previous report (Mickley et al, 1993), concentrate
disposal has become an accepted and routine session topic at the AWWA Membrane
Conference, the American Desalting Association (ADA) conference, and international
conferences. The role and importance of concentrate disposal in membrane plant
considerations have been recognized. However, the subject is not static and in the time
since the original information-gathering effort, the industry has grown and changed,
bringing new disposal challenges to be addressed. These changes include:



» Theimpact of the Safe Drinking Water Act amendments
o thecommercialization (in the US) of ultrafiltration and microfiltration
plants
o0 the consideration of integrated membrane systems (employing two or
more different types of membrane processes)
o0 theresultant increased focus on surface water applications
» increased awareness, relevance, and importance of European efforts
0 asleadersin surface water membrane applications
o reflected in increased mutual participation in US and European
membrane-related conferences
o reflected inincreased joint projects and research studies
o reflected in the appearance of European and Canadian membrane
technologiesin the US plants.
* increased number of nanofiltration (NF), reverse osmosis (RO), and
electrodialysis/electrodialysis reversal (ED/EDR) plants
» theincreased number of states becoming aware of membrane applications and
beginning to form disposal regulatory policies
* increased degree of regulation (example: more stringent monitoring requirements)
» gignificant research undertaken particularly in areas of surface water discharge of
concentrate
0 investigation of mgjor ion toxicity (Mickley et al, 2000)
o0 development of new mixing zone models for surface water discharge
(EPRI-CEC, 1994)
» theincreased pro-active involvement by many groups in addressing important
issues (Reclamation, AWWARF, NWRI, EPRI-CEC, FDEP, €tc.)

The needs highlighted by the above situation include:

» communication and education (based on gathering and analysis of information).
» appropriate technical research to provide new information

The present work focuses on the first of these needs. One project goal is to document the
latest understanding and practice involved with concentrate disposal, including state-by-
state regulation of the various disposal options.

3.1.2.1 Appearance of MF and UF Plantsin the US. In 1992, the time of the last
extensive membrane drinking water plant survey, there were no utilities using
ultrafiltration (UF) or microfiltration (MF) technology in the US. Since then there have
been many MF installations, several UF installations, and a great number of plantsin the
planning stages; all reflecting the promise and success of these processes in meeting Safe
Drinking Water Act Amendment water quality requirements. It islikely that the number
of these plants will increase at adramatic rate - arate greater than the increase in NF, RO,
and ED/EDR plants. Whereas concentrate from NF, RO and ED/EDR processesis
characterized by some degree of concentration of TDS, which limits recovery to
generally less than 85 to 90%, the concentrate (or the backwash) from UF and MF
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processes does not concentrate TDS and the recovery is frequently greater than 90%.
The differing nature of this concentrate/backwash from ‘ conventional’ concentrate raises
new disposal issues. Thereisalso new interest in integrated membrane systems (IMS)
that employ more than one type of membrane process. These systems result in multiple
concentrates to be disposed.

3.2 PURPOSE OF THE PROJECT WORK

New issues evolve out of the changing nature of industry and thus it isimportant to
periodically redefine and document the nature of the industry and itsissues. The product
of such research is primarily knowledge leading to understanding. The project report is
will aso include a CD containing the project report and in particular 1) the membrane
drinking water plant survey database in a user-friendly form suitable for sorting and
manipul ating the data records but not allowing for data entry and 2) the state-by-state
review of disposal regulations.

The membrane plant survey and documentation of each state’ s disposal regulations are
the direct means of gathering information that will allow definition and documentation of
concentrate and backwash disposal issues. The survey that is necessary to allow for full
characterization of disposal practices and correlation of practices with plant type and size,
for instance, will also provide valuable information for other purposes. The survey and
regul atory documentation will present a broad and full characterization of the membrane
plants that will provide several benefits discussed below.

More specifically, the purpose of the project effort isto provide a means and atool for:

» Determining, documenting, and representing the status of the membrane drinking
water industry
0 to document industry growth
0 todefineindustry trends
o0 todefineindustry problems and needs
»  Communicating such information to interested parties
o to highlight the viability and feasibility of membrane-produced drinking
water
0 torepresent the size, growth, and strength of the industry
o toreflect the importance of the industry and consequently the importance
of addressing and settling issues surrounding membrane-produced
drinking water
» Enabling utilitiesto set up a network of similar membrane plants that can result in
cost reductions and savings during planning, design, and operation
* (more generaly) Use in the evaluation, planning, design, and operation of
membrane facilities - to avoid past shortcomings and capitalize on successes of
existing facilities

The survey provides the industry with a detailed self-portrait; a quantitative description of
existing practices that reflects patterns and trends not only of the entire industry but by
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geographical area, plant size, membrane process, year of startup, etc. Since the survey
will be the second one done in this expansive manner, a comparison can be made of
changes in practices, patterns, and trends with those found in the original survey
(Mickley et a, 1993). The survey provides a detailed portrait, not just a 'representative
one. While the Bureau of Reclamation, NWRI, AWWA, AWWARF, and other
organizations and groups refer to the membrane drinking water utility industry and
characteristics about it such as its practices, its growth, etc., this survey is the only means
of documenting and thereby portraying these aspectsin a statistical sense. The survey
and its results then become a firm basis from which to better represent issues, concerns,
and needs. Thereisaneed for educating many groups about the existing benefits and the
great potential of membrane drinking water plants to provide new sources of drinking
water and improved treatment necessary to meet SDWA requirements. The survey
provides afactual, quantitative basis for describing and explaining the growing industry.
It isthus atool to help frame communication and educational efforts and energies. The
survey can also provide abasis for defining industry research needs.

The survey and documentation of regulatory practices can also help individual utilitiesto
see and appreciate the 'big picture’ of membrane drinking water plants; providing a
degree of confidence in the technology. And finally, the survey can provide the
individual utilities with ameans of establishing a network of similar-situation plants as a
cost-savings tool at the planning, design, and operation stages.

3.3 RESEARCH OBJECTIVES
The project objectives were:

* Todevelop adetailed characterization and representation of the membrane
drinking water industry in general and the concentrate disposal practicesin
particular [through a plant survey and subsequent analysis of survey results]

» To provide a complete documentation and characterization of the regulation of
membrane concentrate disposal [through areview of Federal and state
regul ations]

» Toprovide preliminary level cost models for the various concentrate disposal
options

* To makethisinformation readily available through putting research resultsin a
CD format that includes:

0 Report text

0 Membrane plant database

0 Worksheets for developing preliminary level cost estimates of disposal
option costs

0 Mathematical relations for directly calculating preliminary level cost
estimates

These objectives led to five general areas of effort:
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» Conducting survey tasks

» Conducting regulatory tasks

» Conducting issue-related tasks (analysis of survey and other information)
» Conducting cost modeling tasks

» Conducting routine project administrative and management tasks

3.4 REPORT CONTENT

Chapter 4 presents the project methodology information through a discussion of the
research conducted. It describes the technical approach taken to accomplish the project
tasks. Chapter 5 presents the results of the detailed membrane plant survey that covers
over 150 plants. In Chapter 6 the regulation of membrane concentrate is documented
from aFederal perspective. Thisisfollowed by the State’' s perspective in Chapter 7.
Chapter 8 begins the first of several chapters devoted to modeling the capital cost of
different concentrate disposal options. Chapter 8 focuses on disposal to surface water
and to sewer. Chapter 9 looks at disposal by deep well injection. Disposal by
evaporation pond is discussed in Chapter 10 followed by disposal by spray irrigation in
Chapter 11. Disposal by thermal zero liquid discharge is the subject of Chapter 12.
Chapter 13 provides an analysis of the cost models and Chapter 14 contains instructions
for using the stand-alone CD containing the membrane plant database, the full report text,
worksheets for calculating disposal costs, and closed-form equations for calculating these
disposal costs. Appendices contain an SI Metric conversion table and state-by-state
discussions of concentrate regulation with state contacts provided.
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CHAPTER 4.
RESEARCH CONDUCTED
4.1 INTRODUCTION
The project research effort was divided into several tasks:

* Survey task

o Database program task

* Regulatory task

* Issuerelated task (analysis of survey and other information)
» Cost modeling task

The present chapter discusses the technical approach taken to accomplish these tasks.
4.2 SURVEY TASK

The general technical approach was to efficiently and effectively gather, analyze, and
report information using methods and procedures that the researchers have successfully
used in past project work. The intended technical approach was to contact each and
every membrane drinking water plant above a size of 25,000 gpd. While statistically
representative surveys that use blanket mailings serve a purpose, the degree of detail
sought in this project was high and it was felt that personal contact and repeated
interactions with plants were necessary for obtaining the information. All interactions
with the membrane drinking water plants were done by telephone or fax. The
information sought islisted in Table 4.1. The items marked by an asterisk (*) are the
new items that were not included in the 1992 survey and database.

4.2.1 Identifying Plants. Theinitial and significant challenge was to locate and contact
the plants. The previous survey (Mickley et a, 1993) listed contact names and tel ephone
numbers. There was a surprising number of changes in both area codes and local
numbers, such that the list was much less useful than anticipated. Individual membrane
manufacturers and membrane system suppliers were contacted. In contrast to the
considerable help and assistance given in the previous survey, most of these groups were
not forthcoming with information. This was taken to be an indication of the high level of
competitiveness that existsin the industry. This aso was not anticipated. Attempts were
also made through the state regulatory agencies to obtain lists and contacts of plants. In
most instances membrane drinking water plants were not culled out as a separate group
within these agencies, and lists were not available. The most effective source of
information was the Water Desalination Report published by Maria Carmen Smith.
Issues of this weekly newsletter, going back to 1990, were reviewed for plant names and
locations.
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Table 4.1 Arrangement of data in database

Plant Identification
- State

- County

- Plant name

- Address

Genera Plant

- Type of plant

- Reason for plant
- Plant status

- Initial capacity

* Present capacity
- Build-out capacity

Information Contact
- Date of contact

- Name

- Title

- Telephone number
* Fax number
Membrane

- Materid

- Manufacturer

- Type

* model

* Configuration

* Basisfor capacity (include blending?) Membrane Process

- Start-up date - Feed operating pressure
Feedwater - System recovery

- Source * Number of processtrains

* TDS * Train capacity

* Removal requirements Permeate Post-Treatment
Pretreatment * Process steps

- Process steps * Blending? ratio
Concentrate M embrane cleaning solutions
- Treatment - Cleaning solutions used

- Method of disposal - Method of disposing of cleaning
Engineering Design, Contractor wastes

- Other disposal, and options considered OEMs
- Disposal permits obtained - Engineering design firm

* Disposal permit conditions (mixing - Contact name
Zones, €tc.) - Contact address

* Disposal permit monitoring * General contractor
requirements * OEM's

- Difficulties obtaining permits

Other Information

* Operating, equipment, permitting changes within last three years

* Reason for changes

* Date of last major membrane replacement

* Problems encountered within last three years

* Most frustrating operating aspect

* Information they would use network for (needs basis)

* Information they would be willing to network with (advice basis)

- other comments including identification of issues that plants feel the industry
should address
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From the outset the plan was to contact only plants larger than 25,000 gpd (0.025 mgd),
the same cutoff size used in the previous survey. Plants smaller than this tend to be for
trailer home parks and other small and non-municipal sites. Table 4.2 detailsthe size
distribution of plants from the 1992 survey.

Table 4.2 1992 Survey of 140 plants

Size number cumulative  cumulative
Range (mgd) of plants number percent
0.025 - 0.05 26 26 19
0.05 8 34 24
0.06 5 39 28
0.07-<0.10 7 46 33
0.10-<0.20 19 65 46
0.20-<0.50 24 89 64
0.50-<1.0 10 99 71
1.0-<3.0 20 119 85
3.0-<6.0 17 136 97
>6.0 4 140 100
TOTAL 140

What constitutesa‘small’ plant is arbitrary; however, asize of 0.05 mgd (50,000 gpd or
37 gpm) has been used by the Florida State Government in legislation to allow special
provisions for plants of this size or smaller in terms of concentrate disposal.

4.2.2 Contacting Plants. Theinitial telephone call established the purpose of the call.
The project objectives and backing of the Bureau of Reclamation, the usefulness of the
data, and the existing database were mentioned. Thisinitial telephone conversation was
very important in setting the tone and energy of the remaining interactions. Once a
contact saw the non-threatening nature of the project, and beyond that the usefulness to
him of the study, the level of cooperation was good. Since the utility contacts are
frequently busy with their routine and non-routine responsibilities, the first question was
‘when would it be convenient to ask you questions for the survey? Prior to the first
detailed discussion, any known information was filled into the dataform. Thiswas
information from the previous survey or information obtained from any other source.
During the conversation other entries were made into the database form. In some
instances a second telephone call was made to obtain missing and confusing or unclear
information. When the initial contact did not have all of the information sought, another
contact was sought. After information for a given plant was obtained, it was entered into
the formal database. The entire process for a given utility typically stretched over an
elapsed time of several weeks. After many plants were contacted, the database
information was printed out in a concise form. Thisform was faxed to the plant for their
verification and modification if necessary. Frequently the returned form contained
additional information. Perhaps 20 percent of the faxed forms were returned with
comments, new information or corrected information.
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It should be noted that no attempt was made to gather cost information from the survey.
Thiswas not an objective in large part due to the difficulties and challenges associated
with obtaining this type of information, particularly when several different types of plants
areinvolved. While utilities are willing to describe their process, they are much less
willing to share cost information. Not only isthe reliability of such information in
guestion, but also it is also difficult to get cost data from different plants on the same
basis - fitting pre-defined cost categories. In addition, much of the capital cost
information is not recent and not well documented. In a separate project task, cost
models of different disposal options were developed. The information needed for these
models was not addressed in the interactions with the individual utilities.

During the course of the survey task, some changes were made in the data-gathering
effort. First, the size of the minimum plant surveyed was increased from 0.025 mgd to
0.05 mgd. Ascan be seenin Table 4.2 plantsin this size range constituted almost 20
percent of the 1992 survey. Most of these plants were from Florida, and several of these
plants are no longer in existence. Severa small plants operating in 1992 are no longer
operating, having been shut down in favor of more economical options for providing
drinking water and because of problems with obsolescence and concentrate disposal.
Furthermore, most plants of this size have a part-time operator who is typically not easily
contacted, and when reached not very interested in participating in the survey. In some
instances these smaller systems were found to have become part of larger systems.
Because of the general trend in new membrane plants becoming larger, it was decided to
focus the data-gathering efforts on larger utilities. Asexplained in the data analysis
discussion of Chapter 4, the effect of this change on the concentrate disposal statistics
was both definite and predictable.

Another change involved limiting the number of microfiltration plants contacted. The
primary reason for this was that nearly all of the microfiltration plants used Memcor
microfiltration systems (the survey cutoff date for MF plants was 1999). Microfiltration
systems are much more similar from site to site than are reverse osmosis (RO),
nanofiltration (NF), or electrodialysis (ED/EDR) systems, and many sites were producing
similar data. 1t was assumed that the data obtained were representative of many plants
not contacted. Similarly, it was decided to set the minimum size cutoff for MF plants at
0.50 mgd as MF plants tend to be larger than other membrane plants and, like other
plants, their typical sizeisincreasing.

A handful of plantsin Florida declined to participate in the survey, saying that they did
not want to jeopardize their ongoing permit-related challenges with the Florida
Department of Environmental Protection.

The net result of these changes on the plants surveyed was that several plants are not
included in the survey. Inthe 1992 survey that included 140 plants, it was estimated that
as many as 95 percent of the candidate plants were contacted and included in the survey.
In the present case, it is estimated that the number of candidate RO, NF, and ED/EDR
systems surveyed was about 70 percent and the number of candidate MF plants surveyed
was about 50 percent. The 1999 survey includes 150 plants.
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4.3 DATABASE PROGRAM TASK

The 1992 survey information was summarized in an EXCEL spreadsheet. Thisform was
convenient at the time for tabular display of the information. The 1999 survey contains
considerably more information, thus requiring a change in format away from displaying
all datafrom several plants on asingle page. Moreimportant, the EXCEL format is not
convenient for sorting and searching for information, and in, general, for data analysis.

4.3.1 Database Software: Variousrelational databases were reviewed to determine
which most closely suits the intended purposes. Development of the database software
for different platforms (Windows 32-bit, Windows 16-bit, Mac, UNIX, etc.) involves
somewhat separate efforts. Because of this, it was decided to develop the database
software only for the Windows 32-bit platform, as this platform is the most widely used
one and the one whose usage is increasing. The database software may be considered to
have a“‘front end’ that the user sees and a‘back end’ which isthe database itself. It was
decided to use a Microsoft back end so that others on the research team can interact with
it or visit this using the popular Microsoft program Access. It was also decided to use
Access, itsdlf, for the backend. With purchase of the Access 97 Developers Toolkit,
distribution of the resulting program can be done without paying a royalty fee to
Microsoft. This product easily handles the relatively small size of the database (a
maximum of 200 plants and 150 pieces of information per plant).

4.3.2 Programming: Programming of the database included customizing (defining
input and output formats and forms) and manipulation (how information is retrieved and
sorted). Programming aspects included:

» Designing the tables where the data will be held

» Designing the input form and the front end interface

» Designing areport (output form) so the input information can be printed out for
immediate use

» Designing the reports and query mechanisms for the final product

* Modifying this to make an executable product which does not have input

» Creating amenu-driven user interface

Theinitial step wasto develop alisting of information to be included in the database.
Table 4.1 was developed for this purpose. Next, the nature and format of possible entries
for each of these datawere identified. After adozen or so plants were contacted and the
information from the plants was reviewed, database tables were constructed to house the
individual dataentries. A means of linking the datafor each plant to that plant was
developed. The end result was a series of interlinked tables.

To facilitate easy entry of data into these tables, an input form was created as the user-
program interface. Data obtained from the survey were then entered into the database
using thisform. Creation of an output form allowed a hardcopy printout of the input data
such that it could be sent to the individual plant for their review of accuracy and
completeness.
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A simple demonstration database software program was devel oped to demonstrate all the
functions and capabilities of the final project database software program, albeit in a
limited form. The intent of the demonstration effort was to encounter each of the
different program design and CD formatting steps and challenges early in the project. A
very simple database of limited information was thus developed that allowed data input,
data query, data manipulation, report generation, and printing just as the project database
software program would later do.

The database program to this point was all donein Microsoft Access. The creation of a
stand-al one executable program that did not require Access software to run requires
further programming. Microsoft Office products allow for some code to be written in
Visual Basic. No separate softwareis required asthe Visual Basic is accessed from
within the Office product software. The stand-alone version of the database was created
using these Microsoft Access capabilities.

The next priority was to program the query mechanism. The programming step involved
defining what types of queries would be made, how the queries would be made, and how
the results of the queries would be displayed. Since the user creates the queries some
programming was required to provide thisinterface. An installation program, using the
software INSTALLSHIELD, was created for this purpose.

4.3.3 Final User Interface: The database isincluded along with other project products
inaCD format. The contents of the CD include:

* A front-end menu providing choices to the user.

* The stand-alone database program

» Thefull project text report

* Thepreliminary level disposal cost model worksheets
* Thepreliminary level disposal cost regression models

The front-end menu was created using Visual Basic. The stand-alone database program
was simply written onto the CD. The report text was converted into a pdf files for
inclusion into the CD format. The worksheets were also provided as pdf files. The
regression models allow for some calculation to be done by the user. Thesefileswere
written in Visual Basic also.

44 REGULATORY TASK

The regulation of concentrate and backwash disposal from membrane systemsisan
important consideration in the planning and design of a membrane drinking water system.
Fifteen years ago, however, the meeting of regulatory requirements was arelatively

minor challenge, as requirements were minimal. Since then regulatory requirements have
evolved considerably, as reflected in NPDES permit requirementsin Florida. These have
gone from the 1985 consideration of about 6 parametersto 1) an increase in the number
of specific chemical parameters considered, 2) more stringent limits for many of these
specific chemical parameters, and 3) use of whole effluent toxicity tests. While much of
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the historical membrane activity has been in the State of Florida, this situation has been
changing. In addition to documenting the federal regulatory structure and framework for
concentrate disposal, the goal of the present work was to document state-by-state
regulation. Thiswas accomplished through contact with regulatory agencies from each
state and discussing with them the regulatory requirements for the different types of
concentrate disposal options. Many of the states now have Internet web sites that
facilitate information gathering.

4.5 ISSUE-RELATED TASK

There are several levels of dataanalysis. Thefirst level of analysis was the compiling of
lists such as plants by type of membrane process, plants by reason for treatment, and
plants by disposal method. The second level of analysis was the breakdown of these lists
by other parameters, such as plant size, year of startup, etc. The number of possible
different responses was limited, and the analyses at these levels were a simple matter of
adding up plant responses.

Thethird level of analysisinvolves responses that required interpretation to fit them into
categories. Examplesincluded descriptions of disposal difficulties, of permit changes, of
areas where networking advice would be given or sought, etc. Where feasible, data
entries were categorized to facilitate searching and sorting, as opposed to entering a
myriad of comments that could not be easily compared.

Table 4.3 lists more specific data analysis summaries that have been prepared. An
important goal of data analysis was to identify trends and patterns in the data.

In addition to using the survey results to identify trends and thus issues affecting the
membrane drinking water industry, discussions with various utility, regulatory, and other
industry people frequently provided insights into issues that were affecting them.

46 COST MODELING TASK

4.6.1 Cost Estimates: In general, the approach taken to develop cost estimates depends
on the degree of accuracy desired and the amount of information available, including
whether cost estimation programs are available. Cost estimates may be made at several
stages of process design ranging from conceptual or preliminary stage to afinal detailed
stage. In this sequence the accuracy desired may range from 50 percent at the
preliminary stage to 10 to 15% at the design stage.

The most accurate cost estimates are developed using a ‘ground up’ approach where costs
for individual items are determined and then summed to arrive at the total cost. This
approach is absolutely necessary to obtain the most accurate and meaningful cost
projections. It takes into account regional and site-specific factors and all details required
for vendorsto issue quotes. For some well established technol ogies and applications
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Table 4.3 Data Analysis Categories

* Plants by type of membrane process with entries under

-- seawater reverse osmosis (SRO) -- BRO plus ED-EDR
-- electrodiaysis-electrodialysisreversal (ED-EDR) -- NF plusBRO

--  membrane softening (MS) -- ultrafiltration (UF)
-- nanofiltration (NF) -- microfiltration (MF)
-- integrated membrane systems -- brackish RO

-- brackish RO (BRO) plusion exchange (1X)

» Plants by reason for why treatment was needed with entries under

-- bacteriologicas -~ manganese
-- bicarbonate -- nitrates

-- calcium, hardness -- organics
-- chloride -- radium

-- color -- sodium

-- fluoride -- sulfate

-- iron -- TDS

-- magnesium -- THMFP
-- many others -- turbidity

» Plants by disposal method with entries under

-- discharge to sewer -- deep well injection

-- evaporation ponds -- surface water discharge
-- spray irrigation (many categories)

-- percolation pond -- other

Another aspect involves preparation of tables and statistics such as:

» typesof plants by location

» operating plant capacity (total and average) by type of plant; by location

* meansof disposal by location

* meansof disposa by size of plant

* meansof disposal by year of startup

» othersincluding combinations of these (example: means of disposal by
location and size of plant)

Still another aspect involvestallying of other responses made such as:

» disposa difficulties

» plant problems occurring within last three years

* operating, equipment, permit changes occurring within last three years
» most frustrating aspect of plant operation

» areas of networking advice and corresponding plants
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there are cost estimation programs available, such as for a brackish reverse osmosis
system (Bureau of Reclamation, 1999). The accuracy of these programs may approach
that of afinal design estimate depending on the sophistication of the model and the
quality of theinput data. Thisis particularly true of technologies that are equipment
oriented and whose equipment is substantially the same regardless of site location.
Although membrane processes themselves fit this category, disposal optionsin general do
not. For instance, whereas membrane processes can be used almost anywhere, most
disposal options are location- and climate-dependent AND these site-dependent features
must be considered for accurate disposal cost estimates. Asaresult, disposal cost
estimation programs similar to those available for membrane processes do not exist.

Another approach to developing cost estimates involves studies undertaken to determine
the range of costs encountered in the field. Cost information is gathered from existing
facilities, typically new facilities where cost information is available. This approach has
been used (Adham et a, 1996; Leitner et a, 1997) to determine rough costs and cost
trends with plant size, etc. This approach must deal with the challenge of fitting cost
information from different sources into a standard and usually arbitrary format, and is not
appropriate for meeting the present objectives.

4.5.2 Cost model objectives: The objectives of the modeling effort are two-fold:

1) To provide asimple means of developing preliminary cost estimates for different
disposal options; this also allows the user to compare relative costs between
different disposal options.

2) Todo soinamanner that illustrates the different individual cost elements.

This allows the user to explore the influence of different design parameters on the total
cost and to understand the equipment and operational aspects of the disposal options.
The descriptive model can serve as atemplate for the user to develop more precise site-
specific cost estimates.

These objectives have led to the development of two different types of cost-estimation
models: worksheet models and simple closed-form regression models. The worksheet
approach requires the user to choose design parameter values, to ook up the individual
cost factor values from figures, and to enter the valuesin aworksheet. The worksheet
and the associated figures make the design parameters and cost factors explicit and
provide a means of understanding the technical and economic aspects of the disposal
option. The relative importance of the different cost factors can be seen easily. This
calculation framework also allows the user a basis from which to develop more exacting
cost estimates. The calculation processis, however, labor intensive. The regression
models are closed-form mathematical relations developed from the worksheet models,
and thus represent approximations to them. They require the user to choose design
parameter values and to make a simple calculation of thetotal capital cost. The
regression models are much easier to use. They do, however, obscure any understanding
of individual cost factors and their relative importance in determining the total cost.
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4.5.3 Recommendationsfor use of the models: User understanding is best served by
reading about the individual model cost factors to appreciate the nature of the disposal
option and also to appreciate the assumptions and limitations of the model. When some
level of understanding is at hand, the regression models offer a means of developing
quick relative comparison of costs for the different disposal options and analyzing cost
sensitivities and trends with design parameter values. The worksheet cal culations should
be used when more accurate estimates are required.

4.5.4 Development of worksheet models: The following worksheet models are
developed for six disposal options and for the transport of concentrate from the
membrane plant to the disposal site.

* Deep well disposal

» Evaporation pond

» Spray irrigation

» Surface water disposal
» Dischargeto sewer

e Zeroliquid discharge
e Transport

The worksheet models, especialy for the first three items, borrow heavily from a
previous work the author participated in (Mickley et a., 1993). More specifically this
includes the cost factor approach and some of the descriptive text from that work. Cost
factor values have been updated from the previous work.

The worksheet models were developed in several steps as described below.
45.4.1 Sep 1: Identification of Cost factors. Cost factors are the independent cost items

that, in sum, make up the total capital cost for each disposal option (Mickley, 1996). As
an example, the cost factors for the evaporation pond disposal option include:

e Land

* Landclearing
 Dike

e Pond liner

e Perimeter fence
*  Road

* Engineering
» Contingency

4.5.4.2 Sep 2: Identification of Design Parameters. The capital cost of each cost factor
is dependent on the design parameters necessary to characterize the cost factor. For
instance, in the case of a pipeline the design factors might include the pipe material, wall
thickness, length of the pipe, and diameter of the pipe. Not all combinations of these
parameters are considered in the models; in some cases parameters are restricted, for
instance in setting values of pipe material and wall thickness. Values are chosen to be
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most representative and typical of field use. In situations where other values are required
at asite, the model user will need to adjust the calculations accordingly. The choice of
design parameters is dependent on the design approach taken in the model. The design
parameters that determine the independent cost factors for the evaporation pond model
arel

* Land acreage

e Landtype

* Dikeheight

e Tota pond liner thickness

45.4.3 Sep 3: Identification of Values for Cost Factors. Costs were developed through
interaction with equipment vendors in various parts of the country to assure that costs
were not biased by regional differences. The assignment of values or curvesto the
resulting data was somewhat arbitrary given differencesin cost values found from
different sources. Values were chosen which were judged to be representative.

4.5.4.4 Sep 4: Development of Worksheet: Table 4.4 presents the worksheet for the
evaporation pond disposal model. There are five design parameters called variablesin
the worksheet. In the example provided, values are chosen of 10 acres for the
evaporative surface, 8 ft for the dike height, 60 mil for the total liner thickness,
$5,000/acre for the land purchase cost, and $4,000/acre for the clearing of medium
wooded land. From these five variable values, the values of several cost factors are
determined from the appropriate figures listed in the worksheet. The worksheet contains
room for additional calculations. Similar worksheets are developed for the other disposal
options.

4.5.5 Development of Regression Models: The total capital cost (TCC) for adisposal
method is equal to the sum of several individual cost factors. Each of these cost factors
(such as pipe, pump, pond liner, land, etc.) may be represented by the size or amount of
the cost element times its unit cost factor. The cost factor for land, for instance, is
determined by the acres of land required times the cost per acre of the land. The cost
curves presented in figures represent these individual cost factors as a function of design
parameters (number of acres, for example) for set values of the unit cost factors.

For the cost models, the TCC (a dependent variable) is thus dependent on design
parameters (independent variables). A closed form mathematical relationship expressing
this dependency is of the form:

TCC = function(independent variables) Q)

In amultilinear regression model with three independent variables, this function is linear
in the independent variables such as:

TCC=a+b*IV1+cFIV2+d*IV3 + ... )
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Table 4.4 Worksheet for Evaporation Pond Capital Costs

WORKSHEET for Evaporation Pond Disposal Capital Costs
For preliminary level costs only
ENTER variable values Variable Range example| casel case 2 case 3
A - evaporative surface (acres) 0to 100 10
B - dike height (ft) 4,8,12 8
C - total liner thickness (mils) 2010 120 60
D - land unit cost ($/acre) 0 - 10,000 5000
E - land type (see note 1 below) 12,3, 4 3
CALCULATION of total acreage Action
F - ratio: total acreage to evaporative acreage use Figures 10.2, 10.3 1.36
G - total acreage = A*F 13.6
FIND unit area costs from figures using total acreage, G Action cost, $
H - land, $/acre same as E 5000
| - land clearing (see note 1 below), $/acre 4000
J - dike, $/acre use Figures 10.4, 10.5 8600
K - nominal liner, $/acre use Figures 10.7, 10.8 22680
L - liner, $/acre =K*D/60 22680
M - fence, $/acre use Figures 10.9, 10.10 4500
N - road, $/acre use Figures 10.11, 10.12 770
TOTAL Unit Cost| addH,I,J,L,M&N 45550
TOTAL above times G 619480
add engineering at 10% 61948
add contingency at 10% | 61948
GRAND TOTAL 743376
COMMENTS: note 1: clearing cost ($/acre) 1-brush $1,000 2-sparsely wooded $2,000
3-medium wooded $4,000 4-heavily wooded $7,000
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Where a, b, ¢, and d are constants determined by the regression algorithm and IV1, IV 2,
and IV 3 are the three independent variables.

Once values of the four constants are determined, the total capital cost, TCC, may be
calculated by inserting particular values for the three independent variables, 1IV1, V2,
and IV 3, into this relationship.

It is obvious from the figures of cost factor values as a function of the independent
variables that the relationships are not always linear. However, there isno reason to
assume that alinear regression model for the total capital cost will not be adequate and in
any case this needs to be evaluated as a first step in developing the regression relation.

The regression algorithms require several sets of data comprised of values for each of the
independent variables and the corresponding value for the dependent variable. From
statistical considerations, 30 sets of data are sufficient to estimate regression relation
constants with high confidence, providing a meaningful linear relation exists. Thisisthe
first of several stepsin the development of aregression model.

455.1 Sep 1: Calculation of 30 Sets of Values for the Independent Variables: To
guarantee that the 30 sets of data cover the full range of independent variable values
(ranges of the design parameters) and are randomly distributed over these ranges, values
of the independent variables are chosen using the following approach:

* Thirty (30) sets of random numbers, between the values of zero and one, are
developed for each independent variable.

» These random numbers are then used to calculate values for the independent
variables. For example, if the flow rate variable is assumed to go from 0to 5
mgd, then the flow rate is determined from multiplying the random number times
the full range of the variable, whichin thiscaseis5. A random number of 0.48
givesaflow rate of 0.48 * 5 or 2.40. For avariable such as the number of casing
transitions that can take on avalue of 3 or 4, the value of 3 isused if the random
number is 0 to 0.5 and avalue of 4 isused if the random number is>0.5to 1.0.
Problematic cases are thrown out, such as flow rates below 0.1 mgd.

» Theresulting sets of independent variable values are then checked for
autocorrelation; that is, to see if the values for one variable are correlated, through
chance, to the values of another variable. The variable values are aso checked to
make sure the range of possible valuesis adequately represented. If there are
problems with the values, either from autocorrelation or from value bias, a new
set of random numbersis generated until 30 suitable sets of data are obtained.

4.5.5.2 Sep 2: Calculation of the Total Capital Costs: The worksheets previously
discussed are used to calculate 30 total capital costs using the 30 sets of parameter values.

45.5.3 Sep 3: Multiple Regression on the 30 Data Sets. The software used to perform

the regression calculationsis SY STAT 9, apowerful statistical and graphical analysis
system marketed by SPSS, Inc. The program cal culates the constant and coefficient
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values, such as a, b, ¢, and d, in the above relation and various indicators of degree of
regression success such as regression coefficients, confidence intervalsin the
coefficients, and residuals (the difference between data values for total capital cost and
calculated or predicted values for total capital cost using the regression relation).

The primary indicator of regression success is taken as the adjusted squared multiple R,
where R2 is the familiar regression coefficient that expresses the fraction of the total
variability in the data that is explained by the regression relation. The adjusted value
takes into consideration the number of data sets considered. When aregression model is
based on relatively few cases, the multiple squared R tends to be an optimistic estimate of
how well the model fits the population from which the data are assumed to come from.

At this point in the procedure, a closed form mathematical relation such as equation (2)
exists. A standard procedure in determining the adequacy of the model is an analysis of
residuals. Thiswill indicate the presence of outliers, curvature, or other forms of non-
linearity are present in the data.

45.5.4 Sep 4: Analysis of Model Residuals: Theresidual for agiven set of data, i.e. for
agiven set of independent variable values, is the difference between the total capital cost
used in the regression and the total capital cost predicted by the regression equation. A
comparison between each of the 30 sets of values (the worksheet calculated total capital
costs and the regression equation total capital costs) yields 30 residual values. Patternsin
residuals are studied to determine if thereis a consistent trend of residual values with
high or low or certain combinations of design variable values. ldeally, the magnitude of
the residuals would be fairly constant and normally distributed without any outlier values.
Where residual patterns deviate from thisideal it may mean that 1) a worksheet
calculation mistake was made in certain values (particularly where outliers exist), 2)
outliers exist for some other reason, 3) the linear model is not necessarily the best to use
to fit the data.

Asanillustration of these considerations, the regression model for the evaporation pond
(total cost per unit area) is considered. The model coefficients, a, b, ¢, and d were
determined to be:

a= 5406
b =465
c=1.07
d=0.931
e=2175

The squared multiple R value is 0.997 and the adjusted square multiple R value is 0.996.
These are high and good regression coefficients, suggesting that the regression model fits
the data quite well. Figure 4.1 shows a plot of calculated total unit area cost values using
the regression equation versus input data for the regression, the calculated total unit area
cost values from the worksheet calculation. Visually the agreement is quite good. The
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regression residuals are plotted in Figure 4.2. The residual appear to be fairly randomly
distributed with positive and negative values and there is no apparent trend with the
estimate or predicted value.

This type of analysis was performed for each of the models and used to guide the
modeling effort.
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CHAPTER 5.
PLANT SURVEY RESULTS
5.1 INTRODUCTION

The purpose of the membrane plant survey was to document the growth and trends of the
industry, particularly in regard to concentrate disposal practices. The survey, conducted
mostly in 2000, provides information that can directly be compared to that from a
previous survey conducted in 1992 (Mickley et a, 1993). While such surveys are
necessary to provide detailed information about the individua plants, it is possible to
gather statistics on numbers and sizes of plants from information readily available from
membrane system manufacturers. Information about total number and size of plantsis
provided in section 5.2. Thisisfollowed by a discussion of the surveyed plants.

MF and UF plants are considered separately from the other plants because of their natural
differences. Foremost isthe fact that MF and UF plants do not concentrate TDS and
consequently the disposal of backwash from MF and UF plants is considerably different
than disposal of concentrate from the desalting (RO, NF, and ED/EDR) plants. An
additional reason isthat at the time of the previous survey (Mickley et al, 1993), which
focused on membrane drinking water plants, there were no MF or UF plants operating at
drinking water plants. Separation in the present survey allows direct comparison of the
present results with the 1992 survey results.

52 TOTAL NUMBER OF MEMBRANE PLANTSIN THE U.S.

There were several reasons for estimating and identifying (not surveying) the total
number of membrane plants in water and wastewater facilitiesin the U.S. Thefirst was
the desire to determine how representative the survey results were relative to the larger
population of all plants. The second was to better document the growing number of
plants. The third was to estimate the number of new plants built in the year 2000. While
these plants were not in the survey scope of work (the project started in 1999), it became
apparent during the information gathering that several membrane industry milestones
occurred in the year 2000. These milestones are discussed below. An accurate picture of
the state of membrane technology in the year 2001 needs to include these important
events. Thus while the plants included in the detailed survey are restricted to plants built
prior to 2000, an effort was made to document the number of plants of different types that
were in operation by the end of the year 2000.

5.2.1 Tabulation of Plantsin the U.S. through 2000: Table 5.1 is atabulation of
operating membrane plants by 2-year period and by membrane technology. It was
developed based on data from the 1992 survey (Mickley et al. 1993), the present 1999
survey, estimates of the number and type of plants not contacted in the years up to 2000,
and estimates of the membrane plants built during 2000. Thisand al such plant tallies
have minimum size cutoffs that influence the numbers of plantslisted. For this
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Table 5.1. Estimated Number of Membrane WTPs and WWTPs in the 50 States of the U.S.

Y ear BRO SRO NF EDR MF UF DESALTING | MF/UF | total total
<1971 0 0 0 1 0 0 1 0 1 1
1971/72 4 0 0 0 0 0 4 0 4 5
1973/74 8 0 0 4 0 0 12 0 12 17
1975/76 8 0 0 0 0 0 8 0 8 25
1977/78 10 1 0 1 0 0 12 0 12 37
1979/80 5 1 0 0 0 0 6 0 6 43
1981/82 9 0 0 0 0 0 9 0 9 52
1983/84 14 0 0 0 0 0 14 0 14 66
1985/86 3 0 0 3 0 0 6 0 6 72
1987/88 4 1 3 0 0 0 8 0 8 80
1989/90 16 0 1 3 0 0 20 0 20 100
1991/92 18 3 8 3 1 0 32 1 33 133
1993/94 17 0 3 2 14 2 22 16 38 171
1995/96 9 0 2 2 14 0 13 14 27 198
1997/98 11 1 3 2 43 2 17 45 62 260
1999/00 27 2 6 2 63 12 37 75 112 372
Totals 163 9 26 23 135 16 221 151 372

Comments:

1. Only plants greater than 25,000 gpd were considered

2. Thetabulation includes an estimated 22 WWTPs

3. Thetabulation isacombination of hard data (from the 1992 and 1999 surveys conducted by Mickley & Associates)
4. Thetabulation also contains estimates - mostly for the 1999/00 time frame

Where: BRO = brackish reverse osmosis SRO = seawater reverse oSmosis
NF = nanofiltration EDR = electrodialysis/electrodialysis reversal
MF = microfiltration UF = ultrafiltration




tabulation a size cutoff of 25,000 gpd was used for both desalting plants and low pressure
UF and MF plants. This cutoff eliminates most smaller plants that serve truck stops,
mobile home parks, hospitals, campgrounds and the like. In the final four columns of
Table 5.1 the number of desalting plants and MF/UF plantsistallied for each two-year
period as well as the total number of plants and the cumulative number of plants.

Figure 5.1 shows the cumulative number of plants by two year period beginning in 1971.
The total number of all types of plants, the number of MF/UF plants and the number of
desalting plants are shown separately.

Several important events are evident from Table 5.1 and Figure 5.1. These include:

*  Most (163, or 74%) of the 221 desalting plants are brackish water RO plants with
few (9, or 4%) seawater RO plants and about an equal number of NF and
ED/EDR plants (26, or 12% and 23, or 10% respectively).

* Theearly plants were BRO and ED/EDR plants with the first NF plant coming on
linein 1987.

* The number of desalting plants being built per period has been in double digits
since 1989.

* MF plants begin appearing in large numbers in 1994 and these numbers have
steadily increased in each two-year period since that time.

» UF plantsfirst appear in large numbersin the year 2000.

» If these trends continue, the number of MF/UF plants will outnumber the
desalting plants in the period 2001/02 or soon thereafter.

In the remaining sections of the chapter, datawill also show the following:

* Most of these early plants were in Florida, with as many as 61% of the plantsin
1993 being in Florida

* Until about 1998 perhaps 95+% of the MF plants were Memcor systems

* Intheyear 2000 especially, several other MF and UF companies have introduced
their membrane systems.

» Thesize of both desalting and MF/UF plants has been increasing dramatically in
recent years.

5.3 RESULTS FROM THE PROJECT SURVEY
Table 5.2 isalist of the 149 membrane plants contacted. The survey was limited to

plants built prior to the year 2000. The number of different types of membrane
processes surveyed is:

35



400

350 ’

300
All Plants

250

200

Cumulative Number of Plants

150
Desalting Plants ,
100
50
MF/UF
Plants
0 88— 8515 51=
S © o > © S ™ o o
5 «\& & «’\\«% o° <z>\/\%q, o o° fé\\%(b s q”\qq/ & q’\\q(b $°
c N N N N N N N N N N N N N N N

Two-Year Period

Figure 5.1 Cumulative Number of Utility Membrane Plants by Two-Year Period

36



Table 5.2 Plants Included in the 1999 Survey

Size Water Disposal | Startup | Feed TDS |Treatment
Name State|Category| (mgd) Source Method Year (mg/L) [Concerns
Brackish Reverse Osmosis Plants
Dauphin Island AL DW 0.22 GW sewer 1997
West Basin Desalter CA DW 1.3 GW sewer 1993 3600
17th Street Desalter CA DW 2.3 GW sewer 1996 1500 TDS, silica, nitrate
Chino Basin CA DW 8 GW surface 2000 2000 TDS,silica
Morrow Bay CA DW 0.6 GW 1991 (emergency system)
San Luis Desalter CA DW 2 GW sewer 1994 1700 |TDS, Fe, Mn
Port Hueneme Water Agency CA DW 0.73 GW sewer 1999 1000 TDS, hardness
City of Tustin CA DW 0.5 GW sewer 1990 750 TDS, nitrate
Sweetwater Authority CA DW 4 GW sewer 1999 2000 TDS, biologicals
City of Los Angeles CA ww 5 tertiary surface 2001 4050
Water Factory 21 CA other 6 secondary | surface 1977 935
Arlington Desalter CA other 4 GW surface 1990 1050 TDS, nitrate, silica
City of Brighton CO DW 4 GW surface 1993 550 TDS, nitrate
City of Las Animas CcO DW 1.18 GW surface 1997 3500 TDS, hardness, Mn
VA Medical Center, Ft. Lyon CO DW 0.24 GW lagoon 1990 800 TDS, hardness
Spruce Creek WTP FL DW 0.5 GW surface 1995 650 TDS, taste
Gasparilla Island WTP FL DW 0.75 GW surface 1990 8500 TDS
North Collier County FL DW 20 GW DWI 1993 600 TDS
Melbourne WTP FL DW 6.5 GW surface 1996 1800 |TDS, hardness
Village of Tequesta FL DW 1.2 GW surface 1999 4075 TDS
Charlotte Harbor RO Plant FL DW 0.5 GW surface 1998 1700 |TDS
Hollywood RO WTP FL DW 36 GW surface 1996 5000 TDS
City of Plantation FL DW 6 GW DWI 1997 325
South County RO Plant FL DW 8.57 GW surface 1983 900 TDS
Sanibel Island WTP FL DW 4.7 GW DWI 1981 3000 [TDS, radon
Knight Island Utilities Inc. FL DW 0.9 GW DWI 1985 4000 |TDS
Town of Jupiter FL DW 12 GW surface 1990 5000 TDS
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Table 5.2 - continued

Size Water Disposal | Startup | Feed TDS |Treatment
Name State|Category|(mgd) Source Method Year (mg/L) [Concerns
City of Vero Beach WTP FL DW 3.4 GW surface 1992 TDS
City of Venice FL DW 4 GW surface 1989 3000 TDS
Burnt Store RO Plant FL DW 0.56 GW DWI 1994 2120 |TDS
Halifax Plantation RO Plant FL DW 0.25 GW surface 1998 692 TDS
City of Sarasota FL DW 4.5 GW surface 1982 2050 TDS, sulfate, TOC
City of Cape Coral FL DW 15 GW surface 1976 1800 TDS
Gasparilla Pines RO WTP FL DW 0.1 GW surface 1977 5000 TDS
Greater Pine Island RO Plant FL DW 15 GW land 1993 1650 TDS, hardness
Marco Island RO Plant FL DW 6 GW surface 1992 6665 TDS
Englewood Water District RO Plant FL DW 3 GW 1982 7000 TDS
City of Laurens IA DW 0.346 GW surface 1989 1478 TDS, hardness, Fe, Mn
City of Manson IA DW 0.2 GW surface 1992 760 TDS, fluoride
City of Wenona IL DW 0.2 GW 1991 1150 TDS, radium
City of EImwood IL DW 0.4 GW 1993 2000 TDS, radium, hardness, fluoride
Dupage County RO IL DW 1.152 GW 1989 800 TDS, hardness, Fe
City of Toluca IL DW 0.4 GW 1992 1500 TDS, radium, Fe, Mn, fluoride
City of Minonk IL DW 0.23 GW 1993 1600 TDS, fluoride, Fe
City of Abilene KS DW 3.2 GW surface 1998 TDS, nitrate, biologicals
City of Nevada MO DW 1.3 GW surface 1984 1200 TDS, radium
City of Circle MT DW 0.33 GW surface 1997 1150 TDS, fluoride
Town of Froid MT DW 0.072 GW 1996 2072 |TDS, sulfate, hardness, Fe, Mn
Town of Richey MT DW 0.864 GW 1999 1450 TDS, fluoride, color
City of Ocracoke NC DW 0.432 GW surface 1977 3600 TDS
Hyde County - Fairfield NC DW 0.288 GW surface 1995 1000 TDS, fluoride, THMFP
Hyde County - Ponzer NC DW 0.43 GW surface 1992 500 TDS, fluoride, silica, THMFP
Hyde County - Rodanthe NC DW 1 GW surface 1996 1300 TDS, nitrate, THMFP
Villages at Ocean Hill NC DW 0.08 GW surface 1990 TDS, Fe
Dare County - North NC DW 3 GW surface 1989 3800 TDS
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Table 5.2 - continued

Size Water Disposal | Startup | Feed TDS |Treatment
Name State|Category|(mgd) Source Method Year (mg/L) [Concerns
Hatteras Island NC DW 3 GW surface 2000 9000 TDS
City of Alexander ND DW 0.1 GW lagoon 1995 1370 TDS, fluoride
Rolla ND DW 0.2 GW 1993 1465 TDS, sulfate, Fe
City of Gwinner ND DW 0.316 GW 1990 TDS
City of Creighton NE DW 0.576 GW surface 1993 520 TDS, nitrate, Fe, silica
City of EImwood NE DW 0.2 GW surface 1995 350 nitrate
City of Cape May NJ DW 2 GW surface 1998 2100 TDS, Fe, silica
Mt. Pleasant RO Plant #1 SC DW 1.19 GW surface 1991 1200 TDS, fluoride
Mt. Pleasant RO Plant #2 SC DW 3.22 GW surface 1991 1200 TDS, fluoride
Isle of Palms SC DW 1.1 GW surface 1993 2000 TDS, fluoride
Harlingen Waterworks System TX wWwW 4 secondary | surface 1999 1200 TDS, silica
City of Ft. Stockton TX DW 3 GW lagoon 1997 1400 TDS, hardness
Haciendas Del Norte TX DW 0.08 GW evap 1983 1500 TDS, hardness
Big Bend Motor Inn, Terlingua TX DW 0.05 GW evap 1989 2900 TDS, sulfate, hardness
Esperanza TX DW 0.058 GW evap 1994 1100 TDS, sulfate
River Oaks Ranch TX DW 0.076 GW surface 1989 1500 TDS, sulfate
Sportsmans World TX DW 0.144 lake surface 1982 2500 TDS
City of Chesapeake, system 1 VA DW 5 GW surface 1998 7000 TDS, Fe, silica
City of Chesapeake, system 2 VA DW 8 river surface 1999 1500 TDS, THMFP
City of Newport News VA DW 5.7 GW surface 1998 2900 TDS, fluoride
Seawater Reverse Osmosis Plants
Marina Coast Water District CA DW 0.3 beach well | beach well | 1997 TDS
Morrow Bay CA DW 0.6 beach well | surface 1991 TDS
Santa Catalina Island CA DW 0.17 creek surface 1980 TDS
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Table 5.2 - continued

Size Water Disposal Startup | Feed TDS |Treatment
Name State |Category [(mgd)| Source Method Year (mg/L) [Concerns
Nanofiltration Plants
Port Hueneme Water Agency CA DW 0.77 GW sewer 1999 1000 TDS, hardness
Hollywood NF WTP FL DW 36 GW sewer 1995 500 color, turbidity
Dunedin FL DW 9.5 GW sewer 1992 500 hardness, Fe
Plantation WTP FL DW 12 GW DWI 1991 TDS, Fe, color
Miramar West Plant FL DW 4.5 GW DWI 1995 420
Cooper City FL DW 3 GW DWI 1998 500 color, TOC, hardness, Fe, THMFP
City of Fort Myers WTP FL DW 12 river spray 1992 THMFP
City of Chenoa IL DW 0.35 GE 1992 TDS, fluoride, radium, Fe
Dupage County IL DW 1.535 GE sewer 1998 800 hardness, Fe, biologicals, silica
City of Itasca IL DW 0.144 GE 1997 hardness, Fe, biologicals
Nevada Lake Mead Echo Bay WTP | NV DW 0.21 lake pond 2000 TDS, hardness, biologicals, THMFP
Nevada Lake Mead Overton Beach | NV DW 0.11 lake pond 2000 TDS, hardness, biologicals, THMFP
Electrodialysis (& EDR) Plants
Arizona State Prison Complex AZ DW 15 GW evap 1998 1700 TDS, fluoride, Fe
City of Buckeye AZ DW 0.9 GW surface 1989 1850 TDS, nitrate
City of Tolleson AZ DW 1 GW 1993 900 TDS, barium
T. Mabry Carlton EDR Facility FL DW 12 GW DWI 1995 1100 TDS, sulfate
City of Washington 1A DW 1.8 GW surface 1992 1200 TDS, hardness, radium, Fe
City of Mt. Pleasant IA DW 3.4 GW surface 1999 1800 TDS, radium
City of Alta IA DW 0.432 GW sewer 1997 1400 TDS, hardness, Fe, Mn
City of Foss OK DW 2.9 | reservoir surface 1974 1200 TDS, hardness, barium, turbidity
Lake Granbury TX DW 7.5 lake lake 1989 1200 TDS, sulfate, barium
Dell City TX DW 0.1 GW spray 1996 1450 TDS, hardness, sulfate
City of Sherman TX DW 6 lake 1993 1200 |TDS, THMFP
Oak Trail Shores TX DW 0.144 lake lake 1985 TDS, biologicals, THMFP
City of Granbury TX DW 0.62 lake lake 1984 1800 TDS, sulfate
City of Suffolk VA DW 3.75 GW surface 1990 475 fluoride
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Table 5.2 - continued

Size Water Disposal Startup | Feed TDS |Treatment
Name State |Category |[(mgd)| Source Method Year (mg/L) [Concerns
Microfiltration Plants
Barrow WTP AK DW 0.36 | reservoir lagoon 1999 380 THMFP, turbidity
Anthem Community WWTP AZ ww 0.5 | secondary sewer 1999
Anthem Community WTP AZ DW 1 mixed 1999 620
Rancho Cucamonga WTP CA DW 4 creek spray 1997 biologicals, turbidity
Carson Regional Water Recycling CA wWw 5 tertiary sewer 1999 turbidity
Sarasota filter Plant CA DW 5 creek sewer 1994 240 turbidity, biologicals
Gene Pumping Station WWTP CA wWw 0.019 river sewer 1994 turbidity, biologicals
Strawberry WTP CA DW 0.132 river river 1994 biologicals
van Damme State Park CA DW 0.03 | stream leach field 1999 turbidity
Westside School CA DW 0.019 river spray 1993 turbidity
El Segundo WWTP CA Ww 3.2 tertiary sewer 1980 biologicals
Bolinas WTP CA DW 0.16 | creek/res. 1996 turbidity
Livermore WWTP CA Ww 1 tertiary sewer 1997
Dublin San Ramon WWTP CA wWw 2.94 | secondary sewer 1998 turbidity, algae
Water Factory 21 CA ww 0.5 |secondary sewer 1994 turbidity, biologicals
Inverness First Valley WTP CA DW 0.12 creek perc pond 1996 turbidity, biologicals
Pine Brook Water District CO DW 0.24 creek sewer 1996 turbidity, color, biologicals
Lahaina WTP HI DW 2.7 river perc pond 1997 turbidity, biologicals, algae
Nuuanu Lower Aerator HI DW 2 GW sewer 1999 turbidity, biologicals
Linwood Metropolitan WTP Mi DW 0.225 lake surface 1999 turbidity
Algonac Water Filtration Plant Mi DW 2 river surface 1999 turbidity, biologicals, zebra mussels
Fayette State Park WTP Ml DW 0.03 GW septic 1997 biologicals
Mackinac Island WTP Ml DW 2.7 lake lake 1997 turbidity, biologicals
Marquette WTP Ml DW 7 lake lake 1997 60 biologicals
West Jefferson WTP NC DW 0.12 GW 1998 turbidity, biologicals
Nevada Lake Mead Echo Bay WTP | NV DW 0.21 lake settling pond | 2000 TOC, biologicals
City of Minden NV DW 1.25 lake sewer 1997 turbidity, biologicals
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Table 5.2 - continued
Size | Water Disposal |Startup|Feed TDS [Treatment
Name State [ Category [(mgd) | Source Method Year (mg/L) |Concerns
Nevada Lake Mead Overton Beach | NV DW 0.11 lake |settling pond| 2000 biologicals, THMFP
Pine Hill WWTP NY Ww 1.29 | tertiary surface 1998 biologicals
White Plains WTP NY DW 1.6 | reservoir 1999 turbidity, biologicals
Margaretville Surface Treatment NY ww 0.48 | tertiary surface 1999 biologicals
Grand Gorge WWTP NY ww 0.5 tertiary sewer 1998 biologicals
Tannersville WWTP NY wWw 0.8 tertiary surface 1998 biologicals
Lucien WTP OK DW 0.12 | reservoir lagoon 1997 turbidity, biologicals
Castle Dale WTP uT DW 1.2 | reservoir surface 1999 250 turbidity, biologicals
Rocco Farm Food WTP VA DW 15 GW 1996 turbidity, biologicals
Rural Retreat WTP VA DW 0.5 GW surface 1998 turbidity, biologicals
High Point WTP VA DW 0.06 |GW+res.| percpond | 1998 turbidity, biologicals
Dayton WTP VA DW 3.3 lake surface 1999 turbidity
Vista Corporation Park WTP VA DW 0.06 GW 1999 turbidity, biologicals
Town of New Market VA DW 1.18 GW surface 1998 turbidity, biologicals
Schuyler WTP VA DW 0.08 GW surface 1994 turbidity, biologicals
Coles Run WTP VA DW 1 reservoir | perc pond | 1998 turbidity, biologicals
City of Aberdeen WA DW 7.5 | reservoir spray 1999 turbidity, biologicals
Kenosha WTP W] DW 16 lake sewer 1998 turbidity, biologicals
Manitowoc WTP Wi DW 14 lake lake 1999 turbidity, biologicals
KEY |DW =drinking water evap = evaporation pond

WW = wastewater spray = spray irrigation

GW = groundwater perc pond = percolation pond

DWI = deep well injection res = reservoir

biologicals = bacteria, viruses, cysts
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Table 5.3 Distribution of Plants Surveyed

Total Number of  Number of
Membrane process Number plants >1992 WWTP
Desdlting (RO, NF, EDR, SRO) 102 59 0
MF 46 46 11
UF 1 1 0

Comparison of these numbers with those of the total number of plants from Table 5.1
provides an indication of how complete the survey iswith regard to contacting every
plant. From Table 5.1 it can be seen that at the end of 1992 there were an estimated 133
operating plants of size greater than 25,000 gpd. The 1992 survey included 141 plants,
with some not fully operational. Thusthe 1992 survey was judged to be substantially
complete with over 95 percent of the existing plants being included. Also from Table
5.1 it may be seen that the number of desalting plants built since 1992 and through 1998
was estimated to be 52, with another 18 plants built in 1999 for atotal of 70 plants. The
1999 survey included 59 of these plants, which represents about 84 percent of the total.
While these numbers can certainly be off by 5 and even 10 percent, they do give an
indication of the level of completeness represented by the surveys.

For the MF and UF plants, Table 5.1 estimates 71 MF and 4 UF plants at the end of 1998
and an additional 75 MF plants at the end of 2000. We estimate that 100 MF plants were
in operation at the end of 1999. The survey includes 47, or 47 percent of these plants.
5.4 DESALTING PLANT RESULTS
Table 5.4 focuses on desalting plants. Due to the high number of membrane plantsin
Florida, statistics for Florida are highlighted. The numbers of plantsin Florida and plants
not in Florida are listed by size.

Table 5.4 Present Survey: Distribution of 102 Desalting Plants by Size

Plantsnot fromFl. Plantsfrom Florida Totd

Size cum. Cum. Cum. Cum. Cum. cum
Range num. num. %  num. num. % num num %
<005mgd 2 2 3 0 0 0 2 2 2
0.05 1 3 4 0 0 0 1 3 3
0.06 1 4 5 0 0 0 1 4 4
0.07-<0.10 5 9 12 0 0 0 5 9 9
0.10-<0.20 4 13 18 1 1 3 5 14 14
0.20-<0.50 18 31 42 1 2 7 19 33 32
050-<10 11 42 58 5 7 24 16 49 48
1.0-<3.0 17 59 81 2 9 31 19 68 67
30-<6.0 9 68 93 7 16 55 16 84 82
> 6.0 5 73 100 13 29 100 18 102 100
TOTAL 73 29 102
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From Table 5.4 it may be seen that only 9 percent of the plants are of size lessthan 0.1
mgd, but 18 percent of the plants are of size greater than 6.0 mgd. Thisisin sharp
contrast to the results of the 1992 survey shown in Table 5.5:

Table 5.5 1992 Survey: Distribution of 140 Desalting Plants by Size

Plantsnot from Fl.  Plantsfrom FI. total
Size cum. cum cum. cum cum  cum
Range num. Num. % num. num. % num num %
<005mgd 7 7 13 19 19 22 26 26 19
0.05 0 7 13 8 27 32 8 34 24
0.06 1 8 15 4 31 36 5 39 28

0.07-<0.10 5 13 24 2 33 39 7 46 33
0.10-<0.20 6 19 35 13 46 54 19 65 46
0.20-<050 14 33 60 10 56 66 24 89 64
050-<10 ©6 39 71 4 60 71 10 99 71
1.0-<3.0 7 46 84 13 73 86 20 119 85
30-<60 5 51 93 12 85 100 17 136 97
>6.0 4 51 100 O 85 100 4 140 100
TOTAL 55 85 140

Here, 33 percent of the plants are of size lessthan 0.1 mgd and only 3 percent of the
plants are of size greater than 6.0 mgd. A comparison of the size-related results from the
1999 and 1992 surveys shows:

1992 1999
Survey Survey
% plants < 0.1 mgd 33 9
% plants > 6.0 mgd 3 18

Another indication of the increase in size of desalting plants can be seen from Table 5.6
which was devel oped based on both surveyed and un-surveyed plants (for which data
could be obtained). Of the estimated 70 plants built in the time frame of 1993 through
1999 63 of the plants are represented in the data. The size of the plant isindicated by
year of starting operation.



Table 5.6 Desalting Plant Size by Year of Startup

Sizerange in mgd

Year <03 03-<1 1-<3 3-6 >6
1993 2 2 4 2 1
1994 1 1 1 1 0
1995 3 1 0 1 3
1996 2 0 2 0 1
1997 2 3 2 0 1
1998 1 1 4 3 0
1999 0 3 3 8 4

Prior to 1998 28 percent (10 of the 36) of the plants built were of size greater than 3 mgd.
However, in 1998 and 1999 55 percent (15 of the 27) of the plants built were of thissize
or greater.

Table 5.7 contains selected survey results on the number of desalting plants built during
the period 1993 to 1999.

The results from Table 5.7a may be compared with those from the 1992 survey. The
entries in the following table are percentages.

Disposal option 1992 1999 (post-1992 data)
Surfacedischarge  48% 45%
Dischargeto sewer 23 42
Deep well 12 9
Evaporation pond 6 2
Spray irrigation 12 2

Total 100% 100%

Data taken in these two surveys were different in one aspect: The 1992 survey used a
plant size cutoff of 25,000 gpd, whereas the 1999 survey used a value of 50,000 gpd.
The 1992 survey reveaed that land-intensive disposal options are more typically
restricted to smaller-sized plants having smaller volume concentrates. Thus the low
number of evaporation pond and spray irrigation disposal sitesin the 1999 survey for
post-1992 plants may be, in part, attributable to this difference. An alternative
interpretation, however, isthat more of the recent plants dispose to the sewer than in
previous times and that fewer dispose by evaporation pond and spray irrigation.
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Table 5.7 Selected Survey Results — Number of Desalting Plants

by Category; Built 1993 - 1999

a. Dischargetypeby

location
FL CA |rest |totd |%
Surface 3 3 18 24 45.3
Sewer 4 5 13 22 415
deep well 5 0 0 5 9.4
evaporation pond 1 0 0 1 19
spray irrigation 1 0 0 1 19
totals 14 8 31 53 100.0
% 26.4 |15.1 |58.5 |100.0
b. Plant type by location
FL CA |rest |totd |%
BRO 10 5 23 38 71.7
ED 1 1 6 8 15.1
SRO 0 1 0 1 1.9
NF 3 1 2 6 11.3
totals 14 8 31 53 100.0
% 26.4 |15.1 |58.5 |[100.0
c. Plant type by size (mgd)
<0.3 [0.3-1 |1-3 |>3 tota  |%
BRO 9 9 9 11 38 717
ED 1 3 1 3 8 15.1
SRO 1 0 0 0 1 1.9
NF 1 1 2 2 6 11.3
totals 12 13 12 16 53 100.0
% 226 |245 |22.6 [30.2 |[100.0
d. Size (mgd) by location
<0.3 [0.3-1|1-3 |>3 totad |%
FL 2 2 3 7 14 26.4
CA 1 3 3 1 8 15.1
rest of US 9 8 6 8 31 58.5
totals 12 13 12 16 53 100.0
% 226 |245 |22.6 |30.2 |[100.0
e. Disposal typeby size
(mgd)
<0.3 [0.3-1|1-3 |>3 totad  |%
surface 5 4 6 9 24 45.3
sewer 6 8 5 3 22 41.5
deep well 0 1 0 4 5 9.4
evaporation pond 0 0 1 0 1 19
spray irrigation 1 0 0 0 1 1.9
totals 12 13 12 16 53 100.0
% 226 |245 |22.6 [30.2 |[100.0
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For plant type by location, the comparison of Table 5.7b results with 1992 survey results,
again in percentages, is.

Plant Type 1992 1999 (post-1992 data)
BRO 73% 72%
SRO 5 2
ED/EDR 11 15
NF 11 11
Total 100% 100%

Minor differences include the decrease in SRO plants and increase in ED/EDR plants.

Table 5.7b data may be used to compare the more specific location of different type
plants. Here data are again cast into percentages and compared with similar datafrom the
1992 survey.

1992 1999 (post-1992 data)
Plant Type FL CA Res FL CA Res
BRO 81% 58% 61% 71% 63% 74%
SRO 2 42 0 0O 13 0
ED/EDR 2 0 3 7 12 19
NF 15 0 7 2 12 7
Total 100% 100% 100% 100% 100% 100%

The older trends still appear. Florida has a high percentage of BRO plants, no SRO
plants, very few ED/EDR plants, and the highest percentage of NF plants. California has
most of the SRO plants and few ED/EDR plants. Most of the ED/EDR plants continue to
bein sites other than Florida and California.

Skipping to Table 5.7d, the percentage data show that |ocation of membrane plants has
shifted since 1992.

Plant Type 1992 1999 (post-1992 data)
Forida 61% 26%
Cdlifornia 9 15
Other States 30 59

Tota 100% 100%

The result showsthe large increase in plantsin locations other than Florida.

From data of Table 5.7c, 5.7d, and 5.7e the size of plants may be compared with those
from the 1992 survey. These data are again in terms of percentages.
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Plant size 1992 1999 (post-1992 data)

<0.3mgd 56% 22%
03-<10 17 25
1.0-<3.0 12 23
>3.0 15 30
Tota 100% 100%

The clear trend isthe building of larger plants. As part of the 1999 survey several pre-
1993 plants were contacted, plants that were previously contacted in the 1992 survey.
Several small drinking water membrane plantsin Florida were no longer in operation as
the local utility found other more attractive means of obtaining potable water. Several
small membrane utilitiesin Florida were bought out by larger utilities and subsequently
closed down. Two reasons for this include population growth masking of former
residential boundaries and challenges the plants were having in dealing with major ion
toxicity issues (Mickley, 2000). For these same reasons this suggests that in addition to
larger plants being built, fewer small plants are being built. The above numbers also
show that plants built since 1992 are spread fairly evenly over the size ranges shown.

From Table 5.7c it may be seen that thereis afairly even spread of plants over the size
ranges for the different plant types as well.

In the following table data from Table 5.7¢e, disposal method data as a function of plant
size are recalculated in terms of percentages and compared with similar data from the
1992 survey.

1992 1999 (post-1992 data)
Disposal option <0.3 0.3<1 1-<3 >3 <0.3 0.3<1 1-<3 >3
Surface disposal 44% 52% 53% 55% 42% 23% 50% 56%
Disposal to sewer 23 35 18 15 50 69 42 19
Deep well 4 4 29 25 0 8 0 25
Evaporation pond 10 0 0 0 0 0 8 0
Spray irrigation 18 9 0 5 8 0 0 0
Total 100% 100% 100% 100% 100% 100% 100% 100%

Roughly similar trends with size are apparent in the 1992 and post-1992 survey results.
Surface disposal appears to be awell used disposal option for all sized plants. While
disposal to sewer is aso widely used, its use falls off somewhat with larger sized plants.
Deep well disposal is used primarily for larger plants.

55 MF AND UF RESULTS
At the time of the 1992 survey there was only 1 MF plant and no UF plants operating in

WTPsand WWTPs. At the end of 1999 there were only 7 UF plants. There were,
however, atotal of 100 MF plants identified (operating as of 1999), that were of size
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25,000 gpd or greater. A total of 44 plants were surveyed. Out of the 100 plants 85 were
Memcor systems.

From the 44 surveyed plants, Table 5.8a shows that 48 percent of the plants dispose MF
backwash to the sewer. For WWTP membrane systems this means recycling the
backwash to some part of the wastewater treatment process. Approximately 36 percent
of the surveyed plants dispose to surface waters. The remaining 16 percent of plants
dispose to evaporation ponds, percolation ponds, septic tanks, and by irrigation, with no
single method accounting for over 7 percent. There are no obvious trends with size of
plant for any of the disposal methods. Thisis not unexpected since the backwash from

MF processesis asmall percentage of the feed flow to the process. Thusevenfor a3
mgd MF plant, the backwash stream might be only 60,000 gpd, arelatively small volume
which can be disposed of by many different options.

Table 5.8b lists the 85 Memcor plants by location and size. Almost one third of the
plants arein Californiaand one sixth arein Virginia. None of the MF plants are located
in Florida, in sharp contrast to the membrane desalting plants.  Three quarters of the 13
membrane WWTPs are located in Californiaand New Y ork, with an equal number in
each of these states.

Table 5.8c shows that prior to 1996 only 1 of 19 plants was of size greater than 1 mgd.
Since 1996, however, 25 of the next 66 plants built were larger than 1 mgd.

Table 5.9 tallies the Memcor plants as of 1999 that were operating at WWTP and the
dates of their starting operation.

Table 5.9 shows the year and size of MF plant startups at WWTP sites. These dataare
not from the survey but from atabulation of all known plants that formed the basis for
Table5.1.

Table 5.9 MF Plants at WWTP Sites: Plant Size by Year of Startup

Sizerangein mgd

Year <03 03-<1 1-<3 3-6 >6 Total
1994 0 2 0 0 0 2
1995 0 0 0 0 0 0
1996 0 0 0 0 0 0
1997 0 2 1 0 0 3
1998 1 2 2 1 0 6
1999 1 3 1 1 1 7

While the application of MF technology for reuse of WWTP effluent is relatively new,
these figures suggest that this application will likely continue to grow.
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Table 5.8 Memcor MF Plants in the 50 States of the US Through 1999 (>0.5 mgd)

a. Digposal options by plant size (mgd) — survey data

0.3] 0.3-<1| 1-3| >3| total %

surface 4 4 5 3 16| 36.4

sewer/recycle 5 4 71 5 21| 4717

evaporation pond 1 0 0] O 1 2.3

percolation pond 2 0 1] O 3 6.8

Septic tank 1 0Of 0] O 1 2.3

irrigation 0 0 1] 1 2 4.5

13 8] 14| 9 44| 100.0

b. Plant size (mgd) by location — M emcor plants
WTPs WWTPs GRAND
state| <0.3| 0.3-<1| 1-3| >3| total % <0.3] 0.3-<1| 1-3| >3| total % | TOTAL %
California 21 of 0] 2 23| 319 0 2 2] 1 5[ 385 28| 329
Virginia 7 3 4 O 14| 194 0 Of O] O 0 0.0 14| 165
Hawaii 2 1 3] 1 7 9.7 0 of O] O 0 0.0 7 8.2
Colorado 3 1 1l 1 6 8.3 0 0Of 0 O 0 0.0 6 7.1
New York 0 0 1l 0 1 14 0 4 1] 0 5[ 385 6 7.1
Michigan 2 of 2] 1 5 6.9 0 0Of 0 O 0 0.0 5 5.9
Nevada 3 1 of O 4 5.6 0 0Of 0 O 0 0.0 4 4.7
Other 9 states 4 3[ 2] 3 12| 167 0 2 of 1 3] 231 15| 176
42 9] 13| 8 72| 100.0 0 8 3[ 2 13| 100.0 85| 100.0
c. Plant size (mgd) by year — Memcor plants

<0.3[ 0.3-<1| 1-3] >3| total %

1991 1 0 of O 1 1.2

1992 0 0Of 0] O 0 0

1993 2 0 of O 2 2.4

1994 9 2 of 1 12| 141

1995 4 0 of O 4 4.6

1996 6 0 2 O 8 9.4

1997 10 3] 4] 2 19| 224

1998 8 6| 4| 4 22| 259

1999 3 5 5[ 4 17| 20.0

43 16| 15| 11 85| 100.0
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CHAPTER 6.
REGULATION — FEDERAL PERSPECTIVE
6.1 INTRODUCTION

6.1.1 Membrane Wastes. Membrane systems separate feedwater into a cleaner product
water and a more concentrated stream that is called concentrate in RO, NF, and EDR
systems and backwash in UF and MF systems. In the former systems TDS and most
constituents of the feed stream are concentrated, and in the latter systems TDS is not
concentrated but larger-sized species may be concentrated depending on size. The
portion of the feedstream which ends up as concentrate or backwash varies considerably
among the membrane processes ranging from as much as 70 percent in some seawater
systemsto as little as one percent in some MF and UF systems. Table 6.1 summarizes
the characteristics of the different concentrates and backwash streams.

Because of these different characteristics, and as seen in the survey results of Chapter 4,
the disposal options used for the various concentrate and backwash streams also vary
with membrane process. Consequently, the regulations that come into play with the
different membrane processes vary.

Cleaning wastes represent another membrane system waste. They are usually much
lower in volume and generated only periodically. Most often cleaning wastes are either
blended into the concentrate or backwash streams or are handled separately such as
through bleeding to the sewer. The present study focuses on the concentrate and
backwash streams generated in membrane processes.

6.1.2 General Classification and Regulation of Membrane Concentrate and
Backwash: Infederal regulations, wastes are either industrial or municipal. The
designation ‘municipal’ is restricted to wastewater treatment plant (WWTP) effluents that
may contain bacteria and other microorganisms. Thus, membrane concentrate and
backwash are, by definition, industrial wastes.

For small plants of size 50,000 gpd or less, the State of Florida classifies membrane
concentrate as ‘ potable water byproduct’ instead of industrial wastewater. Present
proposed legislation will extend this classification to larger plants. In addition the
proposed legislation will create atechnical advisory committee to assist in rule
development regarding permit applications for concentrate disposal, specific options and
requirements for concentrate disposal, requirements for evaluating mixing of effluentsin
receiving waters, and permitting requirements relating to the occurrence of maor ion
toxicity in concentrate (Mickley, 2000). This effort recognizes the nature and
characteristics of membrane concentrate which stand in contrast to those of most
industrial effluents that are characterized primarily by process added contaminants.
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Table 6.1

Characteristics of Concentrate and Backwash Streams

Typical Typical
Membrane Feedwater Operating System System lon What is
Process TDS (mg/L) Pressure (psi) | Recovery Rejection (%) Concentrated
PROCESSES HAVING CONCENTRATES
Seawater RO (SRO) | 10,000 - 45,000 800 - 1,200 20 - 60 99+ (TDS) Salt, Dissolved organics, Viruses
Colloids, Bacteria, Cysts,
Particulates
Brackish RO (BRO) 500 - 3,500 100 - 600 60 - 85 85-96 (TDS) Salt (lesser extent than SRO),
(low pressure) 95 - 98 (hardness)  |Most dissolved organics, Viruses,
3,500 - 10,000 Colloids, Bacteria, Cysts, Particulates
(high pressure)
Nanofiltration Up to 600 50 - 150 75 -90 80 - 90 (hardness) |Salt (lesser extent than BRO),
Dissolved organics, Viruses,
Colloids, Bacteria, Cysts, Particulates
Electrodialysis Up to 7,500 Not applicable 70 - 90+ Effective monovalent |[Salt, Some polar organics
ion removal can be >95
PROCESSES HAVING
BACKWASHES
Ultrafiltration < 500 (not used Below 100 95+ Zero rejection of TDS |Some organics, Some viruses,
to remove TDS) Some colloids, Bacteria,
Cysts, Particulates
Microfiltration < 500 (not used Below 100 95+ Zero rejection of TDS |Some bacteria, Cysts, Particulates

to remove TDS)
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The regulations covering disposal of concentrate or backwash depend on the particul ar
disposal option utilized. In following sections, the federal and state regulations will be
reviewed.

The USEPA has not established any regulations that are specifically directed at disposal
of water treatment plant residuals (which include membrane wastes). There are federal
regulations associated with various acts, discussed below, that are applicable to
membrane wastes. In some cases the federal regulations are only guidelines for the
states, whereas in others the federal regulations are mandatory. Most states have been
delegated by USEPA to take responsibility for establishing and administering regulations
that will meet the requirements of the federa acts. The regulation of membrane wastes,
therefore, is primarily the responsibility of the states.

The next discussion is of the general framework for federal regulation, the USEPA, and
federal acts forming the basis for USEPA programs. The discussion then highlights the
specific federal acts that affect the different disposal methods for membrane wastes.
Finally, the relation between federal, state, and local regulation of wastesis presented
prior to discussion of the regulatory issues associated with each of the disposal methods.
Both federal and state regulatory aspects are brought into this discussion.

6.2 OVERVIEW

6.2.1 Lawsand Regulation: Laws and regulations are amajor tool in protecting the
environment. Congress passes laws that govern the United States. Once an act is passed,
the House of Representatives standardizes the text of the law and publishesin the United
States Code. The US Codeisthe official record of all federal laws. Laws often do not
include al necessary details, and to put those laws into effect, to make the laws work on a
day-to-day basis, Congress authorizes certain government agencies to create and enforce
regulations. The authorized agency typically decides aregulation may be needed,
researches it, proposes it, considers public comment, revises the regulation, and issues a
fina rule. Twice ayear each agency publishes a comprehensive report that describes all
the regulations it is working on or has recently finished. These are published in the
Federal Register and the Unified Agenda of Federal Regulatory and Deregulatory
Actions. Once aregulation is completed and has been printed in the Federal Register asa
fina rule, itis‘codified’ by publication in the Code of Federal Regulations (CFR). The
CFR isthe official record of al regulations created by the federal government. Itis
divided into 50 volumes, called titles, each of which focuses on a particular area. Almost
al environmental regulations appear in Title 40. The CFR isrevised yearly. Thefull text
of CFR Title 40, known as the Protection of Environment, is available viathe internet in
portable document format (pdf). Text is available from a Government Printing Office
website (www.access.gpo.gov/su docs/aces/aaces002.html) and a Cornell University site
(www4.law.cornell.edu/uscode/index.html).

6.2.2 Federal Acts Affecting Disposal of Membrane Wastes. In 1914 the US
government issued very basic water quality standards, and in 1925 the US Public Health
Service was given the lead role in addressing water quality issues. This situation
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remained until the formation of the Environmental Protection Agency (USEPA) in 1970.
Since then, the federal government, through the USEPA, sets water quality standards,
carries out appropriate studies and research, coordinates the work of other federal
regulatory agencies, and supports the states in enforcing the standards. In asimilar
fashion the USEPA has come to oversee the protection of air, soil, and groundwater.

More than a dozen major statutes or laws form the legal basis for the programs of the
USEPA. Theseinclude:

* NEPA (National Environmental Policy Act of 1969)

* CAA (Clean Air Act)

* CWA (Clean Water Act)

* CERCLA (Comprehensive Environmental Response, Compensation and Liability
Act)

* EPCRA (Emergency and Community Right-To-Know Act)

* ESA (Endangered Species Act)

* FIFRA (Federal Insecticide, Fungicide and Rodenticide Act)

* FFDCA (Federa Food, Drug, and Cosmetic Act)

* FQPA (Food Quality Protection Act)

* FOIA (Freedom of Information Act)

e OSHA (Occupationa Safety and Health Administration)

* OPA (Qil Pallution Act of 1990)

* PPA (Pollution Prevention Act)

* RCRA (Resource Conservation and Recovery Act)

* SDWA (Safe Drinking Water Act)

*  SARA (Superfund Amendments and Reauthorization Act)

» TSCA (Toxic Substances Control Act)

Only aportion of these acts and the resulting regul ations apply to the disposal of water
treatment plant (WTP) residuals. The waste disposal method and the corresponding
applicable regulations (USEPA et al., 1996) are:

Disposal method Applicable regulations

Surface disposal RCRA, NPDES (CWA), state and local regulations
Disposal to WWTP State and local regulations

Land application RCRA, DOT, state and local regulations

Deep well injection RCRA, NPDES, state and local regulations
Landfilling RCRA, CERCLA, state and local regulations
Radioactive storage RCRA, DOT, DOE

Evaporation ponds RCRA, NPDES, state and local regulations
Incineration State and local air quality regulations (CAA)

NPDES stands for the National Discharge Pollutant Elimination System. Note the
inclusion of two non-USEPA agenciesin thistable: the Department of Transportation
(DQOT) and the Department of Energy (DOE).



Thistable appliesto all WTP residuals. Membrane wastes (concentrate, backwash,
cleaning solutions, etc.) represent a subset of the WTP residuals that, in general, does not
involve radionuclides or the disposal of solid waste material (such as vialandfilling and
incineration). Exceptionsto this statement are discussed at the end of this chapter.

Thus, for the vast mgority of the cases for membrane waste disposal the above
representation may be simplified considerably to:

Disposal method Applicable regulations

Surface discharge NPDES (CWA), state and local regulations

Disposal to WWTP State and local regulations

Land application State and local regulations

Deep well injection NPDES (CWA), SDWA (UIC), state and local regulations
Evaporation ponds NPDES (CWA), state and local regulations

UIC stands for Underground Injection Control.

6.2.3 Impact of Drinking Water Requirements on Discharge Regulations: The
reason membrane technology has made such an impact on the production of drinking
water istwofold. First, where fresh water resources are not sufficient to meet demands
such as due to population growth, membrane technology has become the technology of
choice to produce drinking water from lower quality water sources. Second, as drinking
water standards and requirements have tightened it has become more difficult for most
conventional drinking water technology to achieve these treatment levels. Membrane
technology, however, iswell suited to attain most of these requirements, many of them
with a single membrane system.

Regulation of effluentsis primarily under the federal Clean Water Act (CWA) and state
regulations. Regulation of drinking water quality is primarily under the Safe Drinking
Water Act (SDWA) and state regulations. There is a connection, however, between the
increasing requirements for higher quality drinking water and the increasingly more
stringent effluent discharge regulations.

The SDWA aso calls for protection of the source waters used for drinking water. Thus
while membrane technologies are well suited to meet the treatment needs, at the same
time it is becoming more difficult to dispose of the concentrate and backwash generated
by the membrane processes — due to the possibility of concentrate disposal having a
negative impact on the source water (surface water and groundwater) quality.

Another relationship between drinking water standards (via SDWA) and water quality
standards (via CWA) isthat for certain water body classifications some states use the
drinking water standards as the water quality standards. As the drinking water standards
tighten the water quality standards also tighten for these waters.

6.2.4 Federal and State Regulatory Interface: All states must conform to the federal
regulations. States may elect to oversee some of the federal regulatory programs
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themselves, in which case they must meet federal regulatory program guidelines and
become ‘delegated’ by the USEPA. The states, once delegated, continue to interact with
the USEPA in terms of reporting and communicating status and other items; however, in
these primacy states the regulatory decisions are made at the state level. Since there are
separate federal programs that must be adhered to, a state may become delegated with
respect to one program and not another. Three federal programs, the NPDES program
(under CWA) for surface water protection, the UIC program (under SDWA) for control
of well injections and more generally for groundwater protection, and the pretreatment
program (under CWA) for discharge to the sewer apply for the discharge of membrane
wastes. Table 6.2 isalist of the delegation status of states for these federal programs.
States that have not been granted compl ete authority are not excluded from the permitting
process, but generally work closely with the regional administrator in the application and
evaluation process. For example, the USEPA must obtain state certification prior to
issuing an NPDES permit. This process allows non-delegated states to have avoiceinif,
when and where a permittee can discharge to a surface water (Mickley et a., 1993).

6.2.5 Stateand Local Programs. Regulatory protection of public water supply sources
ismore directly provided through state and local laws and ordinances. In addition to the
implementation of federal laws and regulations, individual states, supported as necessary
by the USEPA, may provide comprehensive protection through the adoption of statewide
water quality standards and criteria. These state programs generally establish quality
standards for surface and groundwater, and may include goals, best-use determinations,
and a classification system for the water sources. These reflect regional circumstances,
but must be at least as strict as federal standards. States are charged with enforcement of
standards and development of their own certification and training programs.

In addition, individual state programs exist that provide source protection through
sanitary regulations, regulations of inland wetland areas, and other means of watercourse
and aquifer protection.

Local governments work within the federal and state guidelines to build and operate
facilities, implement land use plans and local regulations to protect water supplies, and
carry out other relevant activities. The individual water supply utility can best integrate
these protective mechanisms into its own source water quality management program by
working cooperatively and providing effective enforcement to mutual advantage. Such
participation by the water utility should be directed toward the adoption of practical laws
and regulations that provide tangible benefitsin terms of enhanced protection of source
waters (Pontius, 1990).

Local public programs are also available to public water supply utilities for the
enhancement of source water protection. A public education approach, both in schools
and at large, can be used to increase awareness and to avoid indiscriminant disposal of
harmful contaminants. This can result in enhanced protection and improved community
relations. Concerned individuals and groups propose additional standards through
initiative processes. Such standards usually rely on public referenda, often at the state
level, for adoption.
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Table 6.2 Delegation status of states for Federal programs

States by Approved Approved Approved Approved
USEPA NPDES States States States UIC
Regions Program Pretreatment General Program

Program Permit
Region |
Connecticut 09/26/73 06/03/81 03/10/92 03/26/84
Maine 09/26/83
Massachusetts 12/23/82
N. Hampshire 10/21/82
Rhode Island 09/17/84 09/17/84 09/17/84 08/15/84
Vermont 03/11/74 03/16/82 08/26/93 07/06/84
Region Il
New Jersey 04/13/82 04/13/82 04/13/82 08/15/83
New York 10/28/75 10/15/92
Virgin Islands 06/30/76
Puerto Rico 07/29/92
Region Il
Delaware 04/01/74 10/23/92 05/07/84
Maryland 09/05/74 09/30/85 09/30/91 06/04/84
Pennsylvania 06/30/78 08/02/91
Virginia 03/31/75 04/14/89 04/20/91
West Virginia 05/10/82 05/10/82 05/10/82
Region IV

Alabama 10/19/79 10/19/79 06/26/91 08/25/83
Florida 05/01/95 05/01/95 05/01/95 03/09/83
Georgia 06/28/74 03/12/81 01/28/91 05/21/84
Kentucky 09/30/83 09/30/83 09/30/83

Mississippi 05/01/74 05/13/82 09/27/91 09/26/83

North Carolina 10/19/75 06/14/82 09/06/91 04/19/84
South Carolina 06/10/75 04/09/82 09/03/92 07/24/84
Tennessee 12/28/77 08/10/83 04/18/91
Region V
lllinois 10/23/77 01/04/84 03/03/84
Indiana 01/01/75 04/02/91 08/19/91
Michigan 10/17/73 04/16/85 11/29/93
Minnesota 06/30/74 07/16/85 11/29/93
Ohio 03/11/74 07/27/83 08/17/92 01/14/85
Wisconsin 02/02/74 12/24/80 08/17/92 1/14/85
Region VI

Arkansas 11/01/86 11/01/86 11/01/86 07/06/82

Louisiana 08/27/96 08/27/96 08/27/96 03/23/82
New Mexico 08/10/83
Oklahoma 11/19/96 11/19/96 09/11/97 07/24/82
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Texas | 09/14/98 | 09/14/98 | 09/14/98 02/07/82

Region VI
lowa 08/10/78 06/03/81 08/12/92

Kansas 06/28/74 11/24/93 12/02/83

Missouri 10/30/74 06/03/81 12/12/85 12/02/83

Nebraska 06/12/74 09/07/84 07/20/89 06/12/84
Region VIlI

Colorado 03/27/75 03/04/82 04/02/84

Montana 06/10/74 04/29/83 11/19/96

Nevada 09/19/75 07/27/92 10/05/88

North Dakota 06/13/75 01/22/90 10/05/84

South Dakota 12/30/93 12/30/93 12/30/93 12/07/84

Utah 07/07/87 07/07/87 07/07/87 07/20/90

Wyoming 01/30/75 09/24/91 08/17/83
Region IX

Hawaii 11/28/74 08/12/83 09/30/91

California 05/14/73 09/22/89 09/22/89 05/11/84
Region X

Alaska 06/19/86

Idaho 07/22/85

Oregon 09/26/73 03/12/81 02/23/82 10/09/84

Washington 11/14/73 09/30/86 09/26/89 09/24/84
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6.3 SURFACE WATER DISCHARGE

6.3.1 General Considerations. Membrane wastes may be discharged to surface waters
either directly or following passage over the soil. Ultimate disposal isby dilutionin a
receiving water. Such disposal by dilution in large bodies of water is by far the most
common method of wastewater disposal (including membrane wastes) in the United
States today (Mickley et al., 1993).

In natural streams there is a balance between plant and animal life. Waters of good
quality are characterized by a multiplicity of species with no dominance. Organic matter
that enters the stream is broken down by bacteriato ammonia, nitrates, sulfates, carbon
dioxide, and the like, which are utilized by plants and algae to produce carbohydrates and
oxygen. Introduction of excessive quantities of waste material can upset this natural
cycle. Historically this fundamental approach of letting nature finalize the treatment of
wastes was taken. However, nature can only do so much, and the assimilative capacity of
the receiving waters was exceeded and pollution resulted (Metcalf & Eddy 1979).

The amount of natural or self-purification capacity in the receiving water depends on its
flow or volume, its oxygen content and ability to reoxygenate itself, currents,
sedimentation, bottom deposits, sunlight, and temperature. The proportion of the
assimilative capacity that can be safely utilized in rivers, lakes, and the like, depends on
how the water is used elsewhere, the desires of the people, and the self-purification
capacity of the receiving water system (Metcalf & Eddy 1979).

Water pollution control is concerned with the protection of the aquatic environment and
the maintenance of water quality in lakes, reservoirs, streams, rivers, estuaries, and the
oceans. The desired or required water quality that must be maintained depends on the
uses to be made of the water. Therefore, water quality criteria must be available for
aternative beneficial usesif the adequacy of various pollution control measuresisto be
assessed properly. Domestic water supply, industrial water supply, agricultural water
supply, water for recreational uses, and water for fish, other aquatic life, and wildlife are
well established beneficial uses. Once the criteria necessary for the protection of the
various beneficia uses have been established, it is possible to set standards for surface
waters with the stipulation that no discharge shall create conditions that violate them
(Metcalf & Eddy 1979).

6.3.2 Federal Programs. Thefederal program to protect the quality of the nation’s
water bodies is authorized under the Federal Water Pollution Control Act (FWPCA) of
1972. The statute has been amended several times and renamed the Clean Water Act
(CWA). The CWA wasthefirst of a series of national environmental laws; it directly
regul ates the introduction of contaminants into surface waters and groundwaters.

The act and associated regulations attempt to ensure that water bodies maintain the
appropriate quality for their intended uses, such as swimming, fishing, navigation,
agriculture, and public water supplies (USEPA et a., 1996).
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The national regulatory program includes the Effluent Guidelines Program to develop
limitations and standards for all facilities that discharge or may discharge directly into
waterways of the United States or that indirectly discharge or may discharge into publicly
owned treatment works (POTWS).

The national regulatory program also created the National Pollutant Discharge
Elimination System (NPDES), which sets minimum treatment standards for surface water
dischargers and al so establishes the framework for setting additional discharge standards.

Under Section 402 of the CWA, any direct discharge to waters of the United States must
have an NPDES permit. The permit specifies the permissible concentration or level of
contaminantsin afacility’ s effluent.

Under the NPDES the administrator of the USEPA may issue permits for the discharge of
any pollutant or combination of pollutants upon condition that such discharge will meet
all applicable requirements of the CWA relating to effluent limitation, water quality
standards and implementation plans, new source performance standards, toxic and
pretreatment effluent standards, inspections, monitoring and entry provisions, and
guidelines establishing ocean discharge criteria. Permit holders (point sources, except for
POTWSs) were required to achieve, not later than July 1, 1977, effluent limitations that
require the application of the best practical control technology currently available.
POTWs were required to achieve secondary treatment by the same date, and all point
source dischargers must comply with applicable water quality standards requirements.
Point sources in this definition means any discernible, confined, and discrete conveyance,
including but not limited to any pipe, ditch, change, tunnel, conduit, well, discrete fissure,
container, rolling stock, concentrated animal feeding operation, vessel, or other floating
craft, from which pollutants may be discharged. NPDES is the system by which the
administrator can issue, condition, and deny permits for the discharge of pollutant from
point sources into the navigable waters, the contiguous zone, and the ocean. Dischargers
required to obtain permits include, among other point sources, municipal and other
POTWs, industries discharging directly to navigable waters, and concentrated animal
feeding operations.

States are authorized to act as the primary agent for the NPDES program, provided they
meet all USEPA requirements. States meeting such requirements become * del egated’
states. A list of the delegated states was given in Table 6.2. For states not granted
primacy, USEPA regiona officesissue NPDES permits. State regulations controlling the
discharge of membrane wastes can vary from state to state.

In general, without regard to membrane drinking water plants or water treatment plants,
the NPDES permit specifies effluent levels dependent on technol ogy-based effluent
limitations, water quality standards, or both. These water quality standards may be both
numeric and narrative. Under Sections 301 and 304 of the CWA, USEPA isrequired to
establish national effluent limitations for major categories of industrial dischargers.
These limitations take into consideration the best available technology that can
economically be used to treat industrial effluent for surface water discharge. While
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technology-based limitations have been devel oped for many different industries, they
have not yet been issued for water treatment plant residuals. Federal guidelinesfor
controlling WTP discharges were drafted but never fully implemented (USEPA, ASCE,
AWWA, 1996). Because of this, NPDES permitsissued for WTP discharges are based
only on water quality standards (numeric and narrative).

6.3.3 Federal Guidelines- General: To assist the states in this requirement, the CWA
requires USEPA to publish (and update) ambient surface water quality criteria. The
criteriaare not legally enforceable but are intended as guidance towards the devel opment
of discharge standards and in determining potential environmental impact of a given
discharge on surface water. The Water Quality Criteriainclude aquatic life values (fresh
acute, fresh chronic, marine acute, and marine chronic LOEL - lowest observed effects
level - values) and human health values (water and fish ingestion and fish consumption-
only values).

The CWA lists anumber of water uses for the states to consider. Those used by a given
state vary, but most include: aguatic life, drinking water supply, agricultural, and
recreational. Recreational standards are typically based on bacteriological valuesand in
some states dissolved oxygen values. Some agricultural criteriawere developed in the
early 1970's. Many states use aquatic life criteria. Drinking water supply standards
consider both drinking water standards developed under the SDWA and the human health
part of the CWA WQ criteria.

Every water is classified by the state as having a designated use, and the standards that
apply are dictated by the use classifications. For example, one water may have aquatic
life use only, while another may be classified as having aquatic life use, drinking water
use, and human health exposure. In the first case aquatic life standards apply, whereasin
the second case several standards apply. In al casesthe most stringent value of all those
state standards appropriate for the particular use designation applies. For carcinogens,
the human standards are generally tighter. Part of the reason for thisisthat for humans
the carcinogen level protects against one in amillion occurrence and this level of concern
isnot applied to fish. For non-carcinogens, with a few exceptions such as nitrates,
perhaps 90 percent of the water quality standards are tighter than drinking water
standards. Thisis because aquatic life is more sensitive mainly from dosage
considerations. For metals, the aquatic life values are generally the tightest; for organics,
it isusualy the human values. There are also differences among aquatic life. For
example, coho and trout streams have tighter standards than streams with other aquatic
life because these fish are more sensitive.

States thus require that certain concentration levels be met in surface waters. The values
vary from state to state, but are at least as stringent as the federal recommendations.
These are ambient criteria; that is, they relate to the concentration of a pollutant in the
surface water and not in the discharge itself. The correlation between the concentration
of aparticular constituent in adischarge and its effect on receiving water will depend on
anumber of variables, including the dilution and mixing capacity of the receiving water.
Generally, the more the concentration of a particular constituent is above its criteria level
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(in the discharge), the higher the likelihood of environmental damage in the receiving
water. More specificaly, certain in-stream water quality standards must be met at the
edge of amixing zone to allow direct discharge of the effluent.

The states use the water quality criteria documents published by USEPA, aswell as other
advisory information, as guidance in setting maximum pollutant limits. USEPA reviews
and approves the state standards. The state standards can be more stringent than the
allowable discharge that will meet the USEPA in-stream water quality criteria.

In addition to the numeric criteriathere are narrative criteria as devel oped by the USEPA
Whole Effluent Toxicity (WET) Program.

6.3.4 Federal Guidelines— Specific: Under Section 303 of the CWA, each stateis
required to establish ambient Water Quality Standards (WQS) for its water bodies. These
standards define the type of use and the maximum permissible concentrations of
pollutants for specific types of water bodies. In addition, the WQS further defines the
water quality goals of awater body, or portion thereof, by establishing anti-degradation
policies and implementation procedures that serve to maintain and protect water quality.
The WQS regulations, Section 131.1, also encourage states to adopt both numeric and
narrative criteria. Aquatic life criteria should protect against both short-term (acute) and
long-term (chronic) effects.

As specified in 40 CFR 131.10, each state must identify the designated use of the
individual water body for which they are set. In the case where awater body has multiple
designated uses, the criteria must protect the most sensitive designated use. In the
numerical criteriathe states are recommended to establish values based on 304(a)
guidance adapted for site-specific conditions, or use scientifically defensible methods.
For narrative toxicity criteria the stats are recommended to establish criteria based on
toxicity test methods where numeric criteria are not established or to supplement numeric
criteria. Antidegradation Policy 40 CFR 131.12 ensures that once ause is achieved, it
will be maintained. As part of their WQS each state must develop and adopt an Anti-
degradation Policy and identify methods for implementing the policy. The policy should
at aminimum delineate how the state shall maintain water quality in water bodies where
existing uses are being met, how the state shall maintain water quality in cases where
uses are exceeded, whether they will allow lower water quality in caseswhereitis
necessary to accommodate important economic or social development in the areas, and
how the state will protect Outstanding National Resource Waters. Finally the policy must
be consistent with the CWA Section 316 for thermal discharge. A new antidegradation
requirement was recently added and the NPDES permitting regulations were revised to
implement the requirement. The changes affect discharges into water bodies that are not
attaining water quality standards. These changes include revisions of the Total

Maximum Daily Load (TMDL) regulations so that TMDLs can more effectively
contribute to improving the nation’s water quality.

6.3.5 USEPA WET Program: Whole Effluent Toxicity tests (exposure of various test
species to 100 percent effluent and various dilutions of it) have beeninuseasa
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regulatory tool in the NPDES program since the mid-1970s when USEPA Region IV
conducted and required on-site flow-through acute toxicity testing at selected industries
as part of a Section 308 (a)(4)(iii) permittee’ s monitoring requirement. During the 1980s
chronic test methods were devel oped and included as permit requirements along with
acute limits as aregulatory tool. The 1984 USEPA policy addresses the technical
approach for ng and controlling the discharge of toxic substance to the Nation’s
waters through the NPDES permit program. During the 1990s the program gained
experience and led State and Federal agencies to build upon successes and adjust the
program as warranted. USEPA manuals provide guidance for the states in using WET
tests.

Previoudly, pollutant limitsin the NPDES permits were based on treatment technology
and chemical-specific standards. Overall, however, toxicity is not simply the sum of the
individual pollutants. Synergistic effects can increase or decrease the toxicity of an
individual pollutant. In 1984 the USEPA issued a new policy under which pollutant
limits are based also on the quality of the receiving water. To assess the toxicity of an
effluent to receiving water, bioassay tests are conducted that directly expose selected test
organisms to various effluent dilutions for a specified period of time. The requirement to
perform bioassays has been written into many NPDES permits and is being incorporated
into virtually all new permits.

WET testing is one aspect of an integrated toxics control strategy using both chemical-
specific numerical limits and biologically based whole effluent procedures. Chemical-
specific and whole effluent testing approaches have different advantages and limitations.
An effective toxics control program therefore will have to include both. Thisintegrated
approach is emphasized in the new Section 303(C)(2)(B) of the CWA, as amended by the
Water Quality Act of 1987.

Bioassays and biomonitoring are carried out using species that occur in the receiving
waters or closely related species. Fish, invertebrates, and plants may all be considered
for biomonitoring. The toxicity endpoints or measurements may be acute, chronic, or
both. The acute toxicity test is a measure of the organism’s survival rate. Chronic
toxicity occurs when the survival, growth, or reproduction rates of the test species
exposed to the effluent are significantly less than those of the control specimens. The
bioassay tests are conducted at certified laboratories and can be time consuming and
expensive to run. The type of toxicity test, species used, and frequency of testing vary
widely.

The general NPDES implementation procedures for whole effluent toxics control
(WETC) testing are described in Figure 6.1. The procedures may vary slightly from state
to state, but are expected to be similar for al. Flexibility existsin the type of species
selected (they must be of equivalent sensitivity), monitoring frequency, and exact dates
for implementation by the permittee. However, any deviation from the diagram must be
justified in the “ statement of basiS’ accompanying the permit. Also, major permits must
require two-species testing, completions of atoxicity reduction evaluation (TRE) if
toxicity is determined, and an appropriate limitation of WET after approximately 3 years.
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This process may be accelerated for any discharger singled out of control. A more
stringent definition than is provided by the NPDES program of when chronic or acute
toxicity has been demonstrated is | eft to the discrepancy of the state regulatory authority.
A specific definition can be incorporated into the permit or it can be l€eft to the judgment
of the regulatory authorizing agency, much asit isnow for all other permit limitations. In
this latter case, it would be up to the permit-issuing authorizing

agency to notify the permittee that the WET results had demonstrated toxicity and that
the required TRE should be immediately implemented.

Actual proceduresto be followed in a TRE are expected to be different for each
individual site. In addition, the discharger will always be more familiar with his
operation than the regulatory agency, and an excessive amount of procedural detail may
inhibit an innovative approach. In any event, a TRE in most cases should include the
following elements, most of which are self-evident (Martin 1992).

Receiving water of

No low flow dilution Yes
I I
Chronic tests Acute tests
Two species Two species
I I
Discharge exceeds 20 mgd for a Discharge exceeds 20 mgd for a
POTW or 10 mgd for an industry? POTW or 10 mgd for an industry?
I I I I
No Yes No Yes
I I I I
Quarterly Monthly Quarterly Monthly
testing testing testing testing
I I I I
Acute toxicity demonstrated Acute toxicity demonstrated
during the first year during the first year
I I I I
No Yes No Yes
I I I I
Reduce testing Conduct a TRE Reduce testing Conduct a TRE
to single species during next year; to single species during next year;
only; once every Continue testing only; once every continue testing
quarter as before quarter as before
I I I I
Effective 3 years after permit Effective 3 years after permit
issuance, apply an effluent limit of issuance, apply an effluent limit of
no chronic toxicity no acute toxicity — all dilutions

Figure 6.1 NPDES Implementation Procedure for Whole Effluent Toxics Control
Program



If toxicity has been established, initial efforts should focus on characterization and
identification of the toxicant(s). Procedures exist for rapidly narrowing the possibilities
to certain groups of pollutants such as metals, nonpolar organics, and so forth. Itis
anticipated that in many cases the TRE may essentially terminate at this point if itis
conclusively shown that the problem is due to one distinct pollutant whose source and
method of correction are both known. The pollutant may already be controlled through a
compliance schedule linked to a numerical limit. Alternatively anumerical limit or
compliance schedule or both may be imposed on the permittee following negotiation.
Once the toxicant has been identified, the objective isits elimination by process controls,
pretreatment, combined water stream treatment, or other means.

If the toxicity problem cannot be readily identified even with diligent effort on the part of
the permittee, the authorizing agency may be persuaded to grant additional time for
compliance. However, the discharger must convince the regulatory agency that a diligent
and thorough TRE has been done and that more time is needed to address the problem.
Only then is permit relief likely to be granted.

In some instances concentrate dischargers have encountered discharge permit problems
based on WET testing. For instance, discharge permits for new RO facilities are
generally issued on atemporary basis prior to facility completion. Estimates are required
of the quantity and quality of the concentrate eventually to be discharged. This
estimation can be difficult and inexact. If available, pilot plant data are a much better
source of discharge information. A temporary discharge permit isissued and
construction of the facility goes forward on the assumption that a permanent permit will
eventually be issued on thisbasis. Thetests require an actual concentrate; therefore,
when the plant initiates operation, afull toxicity analysisis conducted. In at least one
instance, a new plant was built based on a preliminary discharge permit and was then
denied a permanent permit because it failed the WET test. Although the WETC program
allowed a grace period for the effluent to be brought within standards, the extra time and
expense were not anticipated or budgeted.

6.3.6 Surface Water Discharge Permitting Process. The processisto look at all use
classifications for the potential receiving water, then look at all the standards that apply.
The most stringent standard for a given pollutant applies. The calculation of the permit
limit begins with the appropriate standard. A waste load calculation is made, which takes
into account concentration and flow of discharge, and the flow, concentration and
standard of the receiving body. A mixing zone calculation is one aspect of the waste load
calculation. A chronic permit limit is the value to be met at the edge of the mixing zone.
The acute value is the value met at the end of the discharge pipe. If the background
concentration is greater than the standard, an ambient standard can be used, but the
effluent must not be worse than the ambient standard.

6.3.6.1 Implementation Policy: The WQS regulation allows the states to include in their
standards state policies and provisions regarding WQS implementation. Often these
address issues such as mixing zones, variances, and low flow exemptions. It is
recommended that the policy also include information on the implementation of WET
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criteria, such as the use of mixing zones, test species and methods. All policies related to
criteria development should include reference to the three criteria components
(magnitude, duration, and frequency). Magnitude established how much of a pollutant
(or pollutant parameter such as toxicity) expressed as concentration is allowable.
Duration establishes the period of time (averaging period) over which the receiving water
concentration is averaged for comparison with criteria concentrations. Frequency
establishes how often criteria may be exceeded; USEPA uses a 3-year return period.
Magnitude, duration, and return frequency provisions of WET criteria are used in the
development of waste load allocations and effluent limitations to control the WET of the
discharge.

6.3.6.2 Definition of Effluent Limitations: Effluent limitations for each permit will, at a
minimum, meet the applicable federal effluent limitations. More stringent limitations
may be set at the state or local level. Technology-based effluent limitations do not apply
to concentrate or backwash because it does not fall under the requirements of Section 301
of the federal CWA (point source industrial category).

Where effluent limitations will not provide treatment sufficient to meet water quality
standards for the receiving waters, more stringent effluent limitations standards will be
based on application of appropriate physical, chemical, and biological factors reasonably
necessary to achieve the levels of protection required by the standards. Such
determinations shall be made on a case-by-case basis. When this scenario is applicable,
the permit will be written with effluent limitations that respect the methods by which
water quality standards were derived and the degree of variation of water quality that
existsin the relevant stream segment on a seasonal basis, or otherwise. A mass balance
analysisis used to define the effluent limitations such that the combined concentrations
of pollutants contributed by the discharger and the receiving waters upstream for the
point of discharge do not exceed the water quality standards for the receiving waters
downstream of any established mixing zone. Figure 6.2 and the accompanying equation
are used for the analysis.

For most pollutants the authorizing agency will assign effluent limitations defined from
the mass bal ance analysis described above as the 30-day average value in the permit. If
the pollutant has arelatively acute toxic effect, the resultant concentration will be
assigned to a shorter-term average, such as a 7-day or daily maximum.

The authorizing agency will exercise its best engineering judgment in writing effluent
limitations based on water quality standards and will give consideration to other
regulations, as well as other factors such as mixing zone studies, seasonal low flows,
bioassays, and biosurveys.

Once the discharge limits are known, they can be used to develop the design of the
discharge system. Useful discharge limitations data include:

¢ Which constituents will be limited
e Concentrations of the limited constituent

66



» Seasond variations allowed for the constituents

» Hazardous or toxic limitations for any constituents

* Monitoring requirements for any constituents

* Receiving-stream data such as flow rate, existing quality, and stream
specifications

With the raw water quality datait is possible to accurately predict the concentration of
constituents in the concentrate before installation by using various methods, including
computer programs and vendor data.

6.3.6.3 Monitoring, Recording, and Reporting: Any discharge authorized by a discharge
permit may be subject to such monitoring, record keeping, and reporting requirements as
may reasonably be required in writing by the authorizing agency.. All permits specify
required types, intervals, and frequencies of monitoring sufficient to yield data
representative of the monitored activity including, when appropriate, continuous
monitoring. To assure compliance with permit limitations, at least the following will be
required of the permittee:

* Monitoring of the mass (or other specified measurement) for each pollutant
limited in the permit and of the volume of effluent discharged from each outfall

» The provision of access to the authorizing agency (with the appropriate
credentials) to sample the discharge at a point after the final treatment process (if
applicable) but prior to the discharge mixing with the receiving waters

* Records of monitoring activities and results, which will include for all samples:

0 Thedata, type, exact place, and time of sampling or measurements

The individual (s) who performed the sampling or measurements

The data the analyses were performed

The individual (s) who performed the analyses

The analytical techniques or methods used

The results of such analyses

o0 0O O0OO0O0o

Discharae Concentration (Y) (ppm)
Flow rate (Q,) (mgd)

Upstream — Downstream
Receiving Stream
> Mixing Zone >
Concentration (X) (ppm) Concentration (Z) (ppm)
Flow rate (Qo) (mgd) T~ rate (Qo + Q1) (Mgd)

X*(Qo) +Y*(Q1) =Z*(Qo+ Q1)

Figure 6.2 Diagram of a Stream Mixing Zone
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* Retention, for aminimum of 3 years, of records of all monitoring information
including al original strip chart recordings for continuous monitoring
instrumentation, al calibration and maintenance records, copies of all reports, and
records of all data used to complete the application for the permit

* Reporting at whatever time interval the authorizing agency reasonably determines
to be necessary

6.3.6.4 Permit Duration: The duration of an NPDES permit is for afixed term and will
not exceed 5 years. A permit may be transferred to an new permittee, if both:

» The current permittee notifies the authorizing agency in writing 30 daysin
advance of the proposed transfer data

* Thenotice includes awritten agreement between the existing and new permittees
giving a specific date of the transfer of permit responsibility, coverage, and
liability

The permit duration is important for the applicant whose facility or process may change
inlessthan 5 years. A decision must be made as to how the original permit will be
written. For instance, the concentrate for the first 2 years of facility operation may be 25
to 30 gpm; however, the owner or operator knows that the concentrate stream will
increase after 2 years to between 75 and 100 gpm. The original permit may be written for
25 to 30 gpm and then be amended when the discharge increases; or the original permit
may be written for between 75 and 100 gpm form the very start. Flow rateisasimple
example. More complications ariseif there will be changesin the raw water quality or
pretreatment, both of which affect the constituent of the concentrate, or in operation of
the system that affects concentrations of rejected constituents.

6.3.6.5 Generalities about NPDES Permits: Dischargers from point sources (individual
discrete facilities) into surface water must obtain an NPDES discharge permit from the
appropriate state regulatory agency (dependent on state delegation status). The NPDES
permit application processin most states requires 180 days before any discharge takes
place, or to renovate their permit, or the discharger will make significant changes to the
existent permit. A set of formsisinvolved. USEPA form 1, the application, isthe
standard form to initiate the process. Form 1 requires general facility information such as
name, address, telephone, contact person, standard industrial classification codes, and
nature of the business, operator information, existing environmental permit, and a
topographic map that covers at least one mile beyond property lines.

Form 2C provides wastewater discharge information. This form requires information
concerning flows, source of pollution, and treatment technologies, production and
improvement to reduce pollutants in the discharge point, effluent characteristics,
biological toxicity data, and analytical contractor information.

Facilities that do not discharge process water will fill out EPA form 2E. Thisform
requires information concerning the receiving waters, discharged dates, type of waste,

68



effluent characteristics, indication if the discharge will be intermittent or seasonal, and
the treatment systems.

Each state will include additional forms depending on the different programs associated
with the NPDES program. For example, there are forms for Discharge of Storm Water,
Combined Sewer Overflow, Land Irrigation, and injection wells that are regulated under
the UIC program.

Once adraft permit is generated, the state issues notice for a public hearing providing
stakeholders a copy of the draft permit. The public hearing length is subject to the level
of response received by the state. In some states this step is conditional to the level of
controversy associated with the permit. After considering the public comments and a
final review, the permit is either granted or denied. A site inspection istypical before the
start of anew operation. The permit isvalid for amaximum of five years. After
approval the state agency in charge of the permit has the right to inspect the facility
annually or as deemed necessary, reserving the authority to revoke or suspend a permit
for noncompliance of any standard, limitations or other permit requirements. Civil
penalties may also be imposed for noncompliance.

6.4 DISPOSAL TO SEWER

6.4.1 Disposal to Sewer: An NPDES permit is not required for adischarge to a POTW.
Each direct discharger must have an NPDES permit specifying, among other things, the
required waste quality, and must submit regular reports to the regulatory agency. Under
these regulations, a membrane treatment facility must obtain an NPDES permit to
discharge directly to a surface water.

The NPDES permit requires compliance with all federal standards and may also require
additional controls based on local conditions. A POTW may have trouble meeting the
NPDES permit conditions if the concentration of pollutants flowing into the treatment
plant istoo high. One way to control the concentration of these pollutantsis to require
pretreatment by the individual industrial dischargers prior to discharge. This control was
provided by the implementation of the National Pretreatment Program in 1981.

The CWA also caled for the USEPA to develop national pretreatment standards to
control industrial discharges into sewage systems. The standards are uniform national
requirements that restrict the level of certain industrial wastewater pollutants discharged
into the sewage system. All POTWS must enforce the federal standards. The standardsin
effect today consist of two sets of rules: categorical pretreatment standards and prohibited
discharge standards.

Categorical pretreatment standards are organized by type of industry, and different
reguirements are mandated for each specific industry as part of the CWA Effluent
Guidelines Program. For example, a categorical standard for the iron and steel industry
limits the concentrations of ammonia, cyanide, and other specific pollutants that may be
present in the wastewater discharged.
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Prohibited discharge standards forbid any discharge to sewer systems of certain types of
waste from all sources. For example, the release of any wastewaters with pH lower than
5.0 is prohibited because such wastes may corrode the sewer system.

Membrane treatment facilities are classified “industrial” by default because they are not
considered POTWs (for municipa wastewater treatment) and therefore must abide by the
prohibited discharge standards when discharging into the local sewage system. Also no
point source category (e.g., steel mills) exists for membrane treatment facilities. The
categorical pretreatment guidelines pertain to the primary industrial point sources.
Concentrate and backwash are not regulated as a primary industrial point source.

6.5 DISPOSAL TO DEEP WELL

Asaresult of the growing concern over contamination of the nation’ s groundwater
resources from the estimated 300,000 injection wells in the United States, Congress
included in the Drinking Water Act of 1979 a statutory mandate to establish minimum
requirements for state programs designed to protect underground sources of drinking
water from contamination by subsurface injection. The Underground Injection Control
(UIC) regulations were intended to strengthen state regul ations as well as establish
minimum federal standards reflecting good engineering practices. Asinthe NPDES and
Pretreatment programs, the delegation of authority for the UIC program hasin certain
cases been made at the state level. Currently 40 states have primacy with regard to the
UIC program (see Table 6.2) for alisting of state programs and their status).

During formulation of the regulations, it became clear that many differences existed
between states, including injection applications and geological conditions. For this
reason the regulations were worded to allow states maximum flexibility in preventing
contamination of drinking water sources.

6.5.1 Classification of Injection Wells: Injection wells are divided into five classes
(CFR 19894, b). Class| wellsinclude:

» Waellsused by generators of hazardous wastes or by owners or operators of
hazardous waste management facilities to inject hazardous wastes beneath the
lowermost formation containing, within 0.25 mi of the well bore, an underground
source of drinking water

e Other industrial and domestic disposal wells that inject fluids beneath the
lowermost formation containing, within 0.25 mi of the well bore, an underground
source of drinking water

Classes |1 through V include wells for many specific uses and different fluids. Only
Class | wells are pertinent to the disposal of membrane concentrate.

6.5.2 Municipal Class| injection Wells. Class| injection wells include both industrial

and municipal disposal wellsthat inject fluid beneath the lowermost formation containing
an underground source of drinking water. Industrial disposal wells include those
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facilities that inject industrial wastes regardless of their corrosivity, toxicity, or hazard to
health. Municipal waste disposal wells are not nearly as numerous as industrial waste
disposal wells. Increasingly stringent controls on discharges of sewage effluents into
surface water bodies have forced municipalities to seek more effective means of waste
treatment and disposal. Currently the largest, most numerous, and most sophisticated
municipal Class | injection wells are in southern Florida, where the favorable

hydrogeol ogy makes the use of wells for subsurface injection of wastes possible.

Municipal wastewater, a category not rigidly defined in the federal regulations, is
primarily sewage effluent that has received a minimum of secondary treatment.

Municipal wastewater may contain minor contributions from non-municipal or industrial
sources. These sources must ensure that their wastes have received the required
pretreatment and are compatible with the municipal wastewater. For purposes of the UIC
program in Florida, municipal sewage effluent that contains less than 5 percent (of its
current operating capacity) contribution from non-municipal sourcesis considered
municipal wastewater.

Of particular importance to the classification of municipal wellsis an exclusion that
eliminates the tubing and packer requirement. A packer isadevicethat is placed inside
the innermost casing string and holds the base of the tubing through which the fluid is
injected in place. The annular space between the tubing and casing string isfilled with
fluid, most commonly water mixed with a corrosion-inhibitor. The packer in conjunction
with the tubing protects the casing from injection pressures, isolates the casing from the
injection fluid, and provides an additional opportunity for monitoring through the tubing-
and-casing annulus. Under the UIC regulations, “All Class | injection wells, except those
municipal wells injecting non-corrosive wastes, shall inject fluids through tubing with a
packer set immediately above the injection zone, or tubing with an approved fluid seal as
an alternative. The tubing, packer, and fluid seal shall be designed for the expected
service” (CFR 1989b, p 734).

The tubing and packer represent additional capital costs, the largest by far being that of
the tubing string. The well casings will be somewhat larger diameter to accommodate the
tubing. This represents some additional cost, however, most of the capital cost of a deep
well isin labor and testing and not in materials. Solution in annular area between the
tubing and the final casing is monitored 24 hours per day for pressure. Either a surface
air compressor or source of nitrogen is used to keep the annulus at a pressure higher than
the working pressure. In general the tubing and packer wells required more maintenance
that typical injection wells.

The UIC program responsibilities go beyond that of permitting deep well injection of
wastes. All injection wells are not waste disposal wells. Some Class V wells, for
instance, inject surface water to replenish depleted agquifers or to prevent salt water
intrusion. In addition some Class Il wellsinject fluids for enhanced recovery of oil and
natural gas, and other inject liquid hydrocarbons that constitute our Nation’s strategic fuel
reservesin timesof crisis (USEPA, 2001). Thus the situation exists where states have
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UIC programs but do not allow underground injection of industrial wastes including
membrane concentrate.

6.6 DISPOSAL BY OTHER METHODS

Permits for disposal by methods other than to surface water, to POTWSs, and to deep
wells, are site specific (Mickley et al, 1993).

Permits for evaporation ponds are not specifically required under either the NPDES or
UIC programs. Permits may be prudent (or even required) if the potential exists for
leakage to either surface water or a drinking water aguifer and no secondary containment
method exists. A permit isrecommended because it is very difficult to prove that aleak
will not contaminate a potential source water.

An NPDES permit may be required for spray irrigation if the potential exists for runoff to
reach areceiving water. To avoid this requirement, the facility must prove beyond
reasonable doubt that no runoff can possibly travel to areceiving water, or it must
provide secondary containment. Proving that runoff will never reach areceiving water is
generally more costly and time consuming than obtaining a permit.

In the zero liquid discharge scenario such as through the use of brine concentrators and
crystallizers, the waste produced is a sludge-like material or dry salts. Solids disposal
methods are required including final disposal in an impervious areato eliminate the
potential for contamination of surface and groundwater.

6.7 SPECIAL TOPICS: RADIONUCLIDES, MF/UF BACKWASH,
CONTAMINATED CONCENTRATE, TOXIC AND HAZARDOUS WASTE

There can be site-specific disposal challenges such as when the concentrate or backwash
contain some material that will not meet disposal requirements.

6.7.1 Groundwater based Membrane Processes. Groundwater typically contains high
levels of dissolved gases that include CO2, H2S, and possibly NH3. In addition,
groundwater istypically low in dissolved oxygen. Concentrate resulting from such
groundwater sources cannot be disposed to surface waters due to the aquatic toxicity that
results from high H2S or NH3 and low DO. Consequently, it is routine to post-treat
concentrate using steps that might include chlorination (followed by dechlorination),
degasification, and aeration. In addition, it is routine to make pH adjustments on
concentrate prior to discharge to surface water. These situations are regularly occurring
ones and do not present final disposal problems.

6.7.2 Regional Problems Occurring with Groundwater: Membrane concentrate is
essentially concentrated raw water. The constituents that are concentrated and the extent
to which they are concentrate depend on the type of membrane process and the operating
conditions. Typicaly, there are few process-added chemicals (acid and antiscalant) and

72



thus the nature of the concentrate reflects the makeup and nature of the raw water from
which it came. A detailed characterization of membrane concentrate (Mickley et a,
1993) highlights how concentrate differsin this regard from nearly all other industrial
wastewaters.

Historically, most membrane concentrates have been free from the presence of
problematic levels of contaminants because of the low occurrence of contaminants in the
raw water.

Sometimes, however, local raw waters will contain relatively high levels of certain
constituents that become spikes of ‘contaminants’ in the resulting concentrate. One such
site-specific situation is presence of radionuclidesin araw water. In aprevious survey
(Mickley et a, 1993) 16 plants were identified (in Florida, Illinois, lowa, and Missouri)
that cited radium removal as one of the reasons for the membrane plant. In Southwest
Florida this has frequently meant that the only viable disposal option was deep well
injection.

6.7.3 MF and UF backwash: Backwash presents an emerging disposal challenge.
While these processes do not concentrate salts (including radionuclides) they concentrate
to varying extents suspended solids, organics, and microorganisms. The backwash may
contain elevated levels of microorganisms such as giardia and cryptosporidium which
common sense suggests should not be routinely disposed to surface water or sewer. At
present, however, there are no water quality criteriafor receiving waters with regards to
surface water disposal of effluents containing these microorganisms.

6.7.4 Future Concentrate Challenges. In section 6.6.2, the presence of radionuclides
in concentrate is a natural occurrence due to the local raw water makeup. Itisaso
possible, however, to have raw waters that are contaminated by human activity. Such
examples will increasingly include raw waters with high levels of nitrates (from fertilizer
use), pesticides (also from agricultural activity), arsenic (from mining area waters), and
possibly endocrine blockers (from several sources). The concentrate resulting from
treatment of these waters will have spikes of these ‘ contaminants’ that will complicate or
prevent their disposal by most methods. Treatment of concentrate for pesticide and
arsenic removal has occurred in Europe.

6.7.5 Toxicity and Hazardous L abels: Unless the concentrate is contaminated with a
toxic of hazardous substanceit is not generally toxic or hazardous (Mickley et a, 1993).
Historically, the only reasons that the author is aware of for failed toxicity tests from
membrane drinking water plant concentrate include:

* meta leaching from pump parts

* highlevels of H2S and NH3 resulting from groundwater

* low levels of dissolved oxygen resulting from groundwater

» highlevelsof fluoride and or calcium resulting from groundwater
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Thefirst case was addressed by changing pump parts. The second and third situations
routinely occur and are addressed by removal of H2S and NH3 and aeration of
concentrate to increase the level of dissolved oxygen. The fourth case refersto maor ion
toxicity, which has recently been extensively studied (Mickley, 2000). This type of
toxicity is different from that resulting from heavy metals or pesticidesin that it is not
bioaccumulative and has a threshold nature that results in the toxicity disappearing at low
dilution levels. Perhaps even more important is the fact that the toxicity has occurred
almost exclusively (there are exceptions) as aresult of conducting the whole effluent
toxicity tests using the mysid shrimp as the test organism. The mysid shrimp appearsto
be the most sensitive test organism routinely used for these tests.

Asaresult of the unusual nature of the magjor ion toxicity, the State of Floridaiis

considering legislation to regul ate concentrate shown to have this toxicity (in the absence
of other causes of toxicity) differently than concentrate with other types of toxicity.

74



CHAPTER 7.

REGULATION — STATE PERSPECTIVE

7.1 BACKGROUND

As explained in Chapter 5, the states play in important role in the regulation of
concentrate disposal. Federal (USEPA) guidelines, directives, and framework provide
starting points for state regulation. While starting with this common framework, state
regulations can differ in the details of how the guidelines and directives are implemented.
They can also differ in how stringent the regulatory requirements are providing they are
at least as stringent as the federal guidelines.

Many states do not have membrane plants producing potable water. In addition, many
other states that do have membrane plants have only limited experience with either very
small plants or with a small number of plants.

Two different surveys were conducted to document State’ s regulation of membrane
concentrate disposal. Because of thislimited experience of most States with membrane
technology the first survey focused on options available for disposal of WTP residuals, in
general.  The second survey, which was also of asimilar more general nature, focused
on disposal of residuals to surface waters and the NPDES-related State regulations.

Some terminology comments are in order. There are some similar terms used to describe
residuals in both conventional water treatment plants and membrane water treatment
plants. This can be confusing unless understood. The term ‘concentrate’ unless referred
to as ‘membrane concentrate’ means aliquid waste/sludge prior to dewatering. Similarly,
unless the term ‘backwash’ isin the context of membrane plants and membrane
backwash, it refersto filter backwash.

7.2 SURVEY OF WTP DISPOSAL OPTIONS

The first of the two surveys conducted was undertaken to document disposal options
availableto WTPsin different states. The more detailed results of the survey are
included as Appendix A. Thissurvey is not restricted to membrane concentrate but
includes information about how various WTP residual s are disposed.

Information was obtained from the Internet through checking the State environmental
agency websitesin order to list and document the relevant programs dealing with water
quality issues for the drinking water utilities. The corresponding agency was contacted
by phone an interviewed accordingly. In some instances due to the division of authority
within the State more than one agency was involved in the survey.
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The questions addressed in the survey concerning the Water Treatment Plant’s waste
disposal options concerned:

* Options of liquid waste disposal

» Options of residue or sludge disposal

* Raw water source and overall quality

» Chemicalsor technical treatment problems faced by the utilities
* Groundwater reinjection as awaste disposal option

* Membrane technology use by the operating WTP

* Programsinvolved dealing with disposal options

Appendix A presents thisinformation in a narrative form as was hand recorded during the
interviews. Further technical details aswell as the legal requirements for the permits or
policies listed can be obtained directly from the contact person phone number or

checking the agency corresponding website.

Results for the states for California, Florida, and Texas are presented here. Appendix A
has results for all 50 states.

7.2.1 California:

California Environmental Protection Agency
State Water Control Board

SWRCB Division of Water Quality

Los Angeles Region 4

101 Center Plaza Dr

Monterrey Park CA 91754-2156

Ph: (323) 266-7557
Fx: (323) 266-7600
Website: www.dwr.water.ca.gov/

Contact Person: Shirley Birosik Division of Water Quality; Abdell Shrudaji Department
of Health Services ph: (213) 977-6808

Currently there is no special regulation for disposal of wastes from drinking water plants;
the waste generated will fall within existent programs such as NPDES permit for surface
discharge. Thisisthe most common option of disposal for liquid waste and permit
requirements are managed by the Division of Water Quality. Disposal of the concentrate
or sludge to a sanitary landfill as solid waste is also allowed and the solid waste group in
the Department of Health Services handles the necessary requirements. In the State some
utilities dispose their sludge as road construction material and no permit isinvolved in
this process, with the exception of notification to the solid waste group. Source water isa
combination of surface and groundwater, the northern part of the State use primarily
surface whereas in the southern portion there is more use of groundwater. In the region
(Los Angeles) source water quality is acceptable, but there are frequent problems with
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salinity, nitrates, and VOCs. There are utilities using membrane technology such as RO
and Microfiltration. Santa Catalinalsland has an RO plant to treat salt water. There are
some cases of re-injection occurring as an option for treating drinking water disposal
specialy to control salt intrusion. The State has an UIC program to oversee any re-
injection into groundwater.

7.2.2 Florida:

Florida Department of Environmental Protection
Division of Water Facilities

Drinking Water Section

2600 Blair Stone Rd, MS 3520

Tallahassee, FL 32399-2400

Ph: (850) 487-1762
Fx: (850) 414- 9031
Website: www.dep.state.fl.us/

Contact: Richard Drew, Bureau Chief (850) 487-0563; Elsa Potts, office of Wastewater
Management ph:(850) 921-9495; fax: (850) 414-9031

The State of Floridaissued in 1996 a set of guidelines for RO membrane utilities. This
document does not elaborate on waste disposal options but describes current trends and
present case studies of these membrane facilities. Currently, the State allows surface
water disposal and blending is acommon practice. The concentrate is mixed with clean
treated effluent to reduce saline concentration before discharge; all water quality
standards must be met. The sludge or concentrate also can be land filled, but few utilities
chose this options due to the high chloride of the sludge that render it unsuitable for land
application, areas with high lime concentrations may qualify for this type of disposal.
The State requires a UIC permit for deep well injection of brine or concentrate.

7.2.3 Texas:

Texas Natural Resource and Conservation Commission
Water Utilities

Water Quality Division

TNRCC, P.O.Box 13087

Austin, TX 78711-3087

Ph: (512) 239-6020

Fx: (512) 239 6050

Website: www.tnrcc.texas.gov/

Contact: Jack Schulze, Public Drinking Water Section

Drinking water utilities are allowed to discharge their liquid waste to areceiving stream
only under an NPDES permit. They also can discharge to an existing sewer system and
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in this case no permit isrequired. A third practice in the State for liquid waste disposal is
recycling of the waste to the head of the plant. Typically the supernatant of the settling
lagoon is recycled, reducing the volume of liquid discharge. Any sludge or residue
generated after dewatering can be disposed in a permitted sanitary landfill. Thereisa
beneficial use program that the utilities can apply for, but most utilities prefer the first
option. No use of the sludge for road construction is known at this moment. The utilities
also have the option of re-injection of the stream waste, but most of them do not choose
this option due to the stringent UIC program requirements. There are some concerns
regarding quality of raw water. Ultilities located east of highway 1-35 face some color,
alkalinity, iron, and manganese problems. West of 1-35 the situation is different
involving mainly high salt content in the surface and groundwater. Also in this area,
thereis evidence of high fluoride concentration that requires attention. Surface water
presents some sporadic problems with BTEX, and Atrazine and the utilities have
problems meeting MCLs. Along the Rio Grande the problem is TDS, salinity, and urban
pollution coming from Mexico. Around Austin, the South section has excellent water
quality and no major problems occur. There are some RO systems in the State serving
small communities. In West Texas there are about 5 ultrafiltration and microfiltration
utilities; 2 are under construction and the rest (3) are approved and in final design phase.

7.3 SURVEY OF NPDES-RELATED STATE REGULATION

A second survey was undertaken to focus on the disposal of effluents to surface waters
and the NPDES-related State regulations that govern this.  As mentioned in Chapter 6,
about 87 percent of the surveyed desalting plants dispose membrane concentrate either
directly to surface water or indirectly to surface water through disposal to the sewer. For
low-pressure membrane systems and membrane backwash, the figure is 84 percent.

Survey results for the states for California, Florida, and Texas are presented here.
Appendix B hasresultsfor all 50 states.

7.3.1 California: There are three main pieces of legidation for the regulation of
concentrate disposal in the State:

» Porter-Cologne Water Quality Control Act
» CdiforniaRegiona Water Quality Control Board Basin Plans
* Water Recycling Criteria

The Porter-Cologne Water Quality Control islisted as Division 7 Water Quality in the

CaliforniaWater Code. A summary of the main sections of the ruleis presented in Table
2.
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Table 7.1. Description of specific legislative rules in the Porter-Cologne Water
Quiality Control Act*

Chapter* Article Subject Covered in the Legislation

3 3 California State policies for water quality control

4 3 Addresses Regional Water Quality Control Plans and
outlines water qualities objectives, plan
implementation and compliance

4 4 Waste discharge requirements indicating who is

required to report discharges and requirements for
groundwater discharges, treatment facilities and
injection wells

5.6 - Guidelines for protection of beneficial uses of bay and
estuarine waters

7 6 Waste well regulations and wastewater reuse
including reuse in landscaping, industrial cooling
processes, toilet, flushing water, and dual delivering
systems for recycled water distribution.

7.5 - Water recycling act of 1991

*Information abstracted from: KennaE. N., and A.K. Zander. 2000. Current
Management of Membrane Plant Concentrate, AWWA Research Foundation Publication.

The permitting procedures regarding the NPDES program in the State are as follows. The
Regions of the California Regional Water Quality Control Board (CRWQCB) receive the
request from interested parties for surface discharge of liquid waste. There are three
genera categories that include Waste Water, Industrial, and General. WTP utilities will
fall under the industrial group category. The permitisvalid for 5 yearsand it is very
similar to the USEPA permit, in some instances depending the plant location it could be
more stringent. Any WET test requirement istailored to the receiving water ecosystem:
freshwater will have the corresponding species (C. dubia and P. promelas) and saltwater
typically includes the Mysids and the Silverside. A third species (Selenastrum
capricornotun) is frequently added as part of the WET requirement to check for nutrient
overload in fresh and saltwater conditions (a marine algae for salt water).

In most instances the WET test is not included in the permit, but is considered n a case-
by-case basis. The State runs an executive authorized program for the sporadic
discharger although they must meet drinking water criteria; some WTPs choose this
option. There are no specia requirements for the WTP facilities using membrane
technology. Concentrate and sludge disposal is not regulated, but must be described in
the permit.

7.3.2 Florida: The State of Florida has six regulatory districts in charge of issuing
permits (NPDES) for discharge of wastewater into waters of the State including
groundwater. The districts are distributed in six different geographical regions of the
State including the Norwest, Northeast, Central, Southwest, Southeast, and the South
districts. FloridaisaUSEPA delegated State since 1995 for the application of the
NPDES permits and has over 20 years of experience issuing discharge permits. When
the State became del egated they combined USEPA guidelines with the State
requirements, therefore USEPA guidelines are included in the current Florida regul ation
pertaining (Chapter 62 of the Florida Administrative Code). In some cases requirements
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in the State are more stringent than the federal requirements. Each facility’s permit is
defined by specific constituents or conditions of the discharge and the receiving stream.
The Districts do not make any difference regarding the requirements for other industrial
facilities and the drinking water utilities (WTPs). All requirements are tailored to the
operational and waste type of the applicant to ensure that the discharge will not impact
water quality standards or cause or contribute to pollution.

Table 7.2. List of specific regulations (Title 62 FAC) that cover the currently
accepted disposal options in the State of Florida*

Regulation* Main Topic Covered Disposal Option

62-4.240 Permit for water pollution sources Surface Water

62-4.242 Antidegradation permit requirements | Surface Water

62-4.244 Mixing zones requirements Surface Water

62-620 Wastewater facility permitting Discharge to wastewater

treatment plants (WWTP)

62-302 State surface water standards Surface Water

62-302.400 County by county surface water Surface Water
classification including listing of the
classes

62-302.500 Numerical criteria for parameter of Surface Water
each Florida water class

62-302.700 Outstanding Florida Waters Surface Water
protection requirement

62-500 Groundwater protection Groundwater

62-520 Groundwater classification
standards

62-522 Groundwater permitting and Groundwater
monitoring requirement

62-528 Groundwater injection Groundwater

62-528.300 Well classification and general Groundwater
provisions

62-528.305 Well permitting process Groundwater

62-528.605 Description of Class | and Il well Groundwater
operation and monitoring

62-528.630 Class V well permitting Groundwater

62-610 Re-use of reclaimed water and land | Groundwater
application

62-610.200 Definition of demineralization Groundwater
concentrate

62-610.865 Blending of concentrate, regulations | Groundwater
and requirement

*Information abstracted from: KennaE. N., and A.K. Zander. 2000. Current
Management of Membrane Plant Concentrate, AWWA Research Foundation Publication.

Regarding WET test requirement for the NPDES permit: FDEP emphasizes that every
permit is unique and technical considerations for disposal of RO Membrane Plant
concentrate are taken into account when writing the permit and the biomonitoring
requirements. Typically, marine species are considered for WET testing, i.e., Menidia
beryllina and Mysidopsis bahia. If the TDS of the concentrate is primarily determined by
ions other than chloride and sodium, and thus the concentrate is of lower salinity, fresh
water species are considered. Any surface discharge must comply with biomonitoring
and chemical standards before discharge. Utilities can request variance of discharge
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standards filing a state form if they consider that permit constituents do not apply to their
current situation (a copy of the form application can be obtained from the Florida DEP
website).

The complexity of the individual permit for membrane utilities is defined by the
receiving Floridawater, which follows a designation system. Several of the standards
and requirements are based on which type of Florida water is receiving the discharge.
Watersin Class 11, for example, include all recreational waters; Class || describes waters
dedicated to fisheries activities and will have more requirements on pollutants than the
previous one. The permit process typically takes between 6 months to ayear. However
it can get lengthy if sensitive environmentsin the State are involved. Currently, there are
some legiglative initiatives to resolve the issue of WET testing requirements for the
membrane utilities. 1n some cases the demonstration of absence of other pollutants has
been required by FDEP, athough it is up to the districts to get satisfaction on this
reguirements since they are the ones issuing the NPDES permit.

There are no special requirements for utilities discharging to a marine environment with
the caveat that they must meet all standards established for the specific environment
where they plan to discharge. It isobvious that discharging to a Florida Outstanding
Water system will make a difference in permitting requirements.

7.3.2.1. Deep Well injection: Current deep well injection permitsin Florida are issued
under provisions of Chapter 403, Florida Statutes (F.S.) And Florida Administrative Code
(FAC) Rules 62-4, 62-550, 62-660, and 62-528. The permit describes all technical
requirements for Class | injection wellsto dispose of non-hazardous reverse osmosis
concentrate. The permit specifieswell 1.D., depth, casing, volume (mgd) allowed to be
disposed, injection pressure, and required monitor wells.

In addition, the permit narrative indicates the General Conditions that are required from
the permittee such as record keeping, compliance with monitoring requirements,
emergency procedures etc. The Specific Conditions of the permit describe the operating
requirements for the injection well such as which type of waste is allowed in the well,
daily monitoring, abandonment procedures, testing and reporting requirements etc. A
certification of financial responsibility is required as part of the permit to ensure that the
facility has the necessary resources to close, plug, and abandon the injection and
associated monitor wells, at al times.

7.3.2.2. Spray Irrigation/Land Application: Thistype of permit isissued under the
provision of Chapter 403 of the Florida Statutes and applicable rules of the Florida
Administrative Code (See Table 1). The permit covers holding pond facilities for
concentrate waste prior to theirrigation stage. Typically the concentrate is blended with
other raw water to meet TDS standards before irrigation in most cases to golf course
facilities. The permit specifies monitoring parameters which for the Land Application
such as Flow, TDS, Sodium, Chloride, Sulfate and pH. Ground water protection is also
specified in the permit. DMR reporting and blending ratios of concentrate with raw water
(4:1) are detailed in the permit.
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7.3.2.3. Surface Discharge: The outfall discharge point is specified in the permit as well
asthe type of waste allowed to be discharged. Monitoring parameters at the mixing zone
and the dimension of the zone are detailed in the permit. The permittee must comply
with the applicable FAC Rules 62-4.244 and 63-302.500 (Table 1) related to the subject
of mixing zones. Land Application, Emergency Surface Discharge, other methods of
disposal or recycling and further limitations of monitoring reporting are defined in the
permit. A WET testing Program is also described in the permit and is mandatory for
surface dischargers.

7.3.3 Texas: Thedisposa options for membrane concentrate and their regulatory
requirements are specified in Title 30 of the Texas Administrative Code. Table 3 list the
main topics included in this piece of legidation indicating the appropriate disposal option
allowed by TNRCC (Texas Natural Resources Conservation Commission).

Table 7.3. Description of regulations and corresponding legislative sections of the
Texas Administrative Code applicable to membrane disposal options*

Chapter/Sub-Chapter* Section Subject Covered in the Legislation

307 307.5 Description of the anti-degradation policy in
the State

307.6 Prohibition of toxic substances that can cause
acute toxicity to aquatic life in waters of the
State

307.7 Site specific uses and criteria for different
classes of water

307.9 Standard application

319 - Discuss pre and post treatment issues and
surface water discharges

309 - Addresses evaporation ponds and land
application of concentrate. It sets
requirements for waste ponds and lagoons.

309 Sub-Chapter C - Expand on land application of effluents
through an irrigation system or percolation
pond

335 - Refers to handling and disposal of industrial

solid waste, including permitting procedures,
land disposal restriction and waste
classification

331 - Regulates underground injection wells.

331 Sub-Chapter A - Establish classification of injection wells and
waste associated with each class

331 Sub-Chapter C - Discuss corrective actions standards and well
closure requirements

331 Sub-Chapter G - Describe permitting process for underground

injection wells
* Information abstracted from: KennaE. N., and A.K. Zander. 2000. Current
Management of Membrane Plant Concentrate, AWWA Research Foundation Publication.

Current disposal optionsin the State are: recycle to the head of the plant, land irrigation,
discharge to a sanitary sewer system, evaporation pond, surface discharge to Texas
Waters, discharge of brines or concentrate, and disposal of waste sludge. Few of these
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options involve State or Federal permitting. Discharge to surface water, i.e., water of the
State or USA waters, requires a TPDES (Texas NPDES) permit that will have al Federa
and State requirements. It is clear that the permit narrative is dictated by type and
volume of discharge, receiving water conditions, frequency of the discharge etc. al of
these factors are site specific. Sludge disposal requires a State permit for disposal to a
sanitary landfill or registration with TNRCC for land application of the sludge near the
surface asit isindicated in 30 TAC Section 312.121. Re-injection is always an option for
concentrate disposal, but not a preferred one since it must require meeting UIC
requirements. In the case of land irrigation, it will only require a permit if the discharge
is above 5000 gallons/day in which case it will require a TPDES permit. Volumes below
5000 gallons do not require permits according to current rules. The on-site disposal
option of sludge or concentrate (within the WTP property) also is an accepted practice
and it will be covered by the TPDES permit.

The TPDES permit is currently being implemented and there is no indication that the
WTPs are treated any different from other industrial dischargers. The drinking water
utilitieswill fall under the category of industrial dischargers and will follow the same
protocol for getting a permit. The existing process will take approximately 180 daysin
length, from the day of a declaration of administrative completeness. Due to the
extensive review it is recommended that the process should start a year in advance.

7.4  SUMMARY OF REGULATORY REQUIREMENTS FOR SELECTED
STATES

Table 7.4 presents information about the waste disposal options for WTPs from states
that provided detail NPDES-related information. Information is presented about 1) the
NPDES-related requirements associated with surface water disposal of wastes, 2) about
the various disposal options available for disposal of WTP residuals, and 3) about
membrane concentrate disposal in particular.
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Table 7.4 Comments on Waste Disposal Options for Selected States

(FOR STATES THAT SENT NPDES PERMITS TO BUREC SURVEY)

STATES NPDES PERMIT REQUIREMENTS DISPOSAL OPTIONS
Typeof | Monitoring | WET Test Evaporat | Land Well Discharge | Sludge Membrane
NPDES | Parameters | requirement | ion/Per- Irrigatio | injection | to POTW | Disposal Concentrate
Permit colation n/Applica Disposal
Pond tion
CONNECTICUT General; Chemical s Included as a Allowed, Not included | Groundwat | Under POTW | Allowed as Only within the
Includes including monitoring lagoon berm | asan er disposal authority Water existing disposal
RO brines inorganic, requirement but must be disposal not Treatment options, mainly
discharge organic, and in most casesnot || abovethe option alowed Wastewater. | to POTW
pesticidesin necessary 100 year
excess of flood
MCL’s shall be elevation
included
COLORADO General; TSS, TDS, It is optional Allowed, but | Only Under UIC | Allowed Allowed, but | Must comply
authorize Total depending on emphasize processed program, option. Not must comply || with salinity
discharge Phosphorous individual cases, || controlsfor water typically common in with sludge regulations. If
of WTP TRC, Flow some concern TSS. (blowdown more the state due disposal thereisa
waste to with metals. Recycling cooling stringent to location of regulations. problem with
State and water, no monitoring | WTPs The State high TDS
waters. supernantant | chlorinated requiremen runsabio- discharge an
Brines not discharge water) ts solid individual permit
included are practiced program may be required
CALIFORNIA Individual; | TSS, TDS, Three species Not a Availablein | Must Available Sludge Concentrateis
WTPfall Total Residua testing if common some comply option. The program not regulated,
within Chlorine, EC, required. WTP practice, but | regionsasa with UIC receiving available. but its disposal
Industrial pH, flow, discharge does available. disposal program utility Annual must be
sector Temp. not require Must option, but monitors sludge addressed in the
Ammonia toxicity testing comply with | requires effluent load production, permit
MCLs. meeting and disposal
water quality method must
requirements be
described.
WEST VIRGINIA General; Flow, TSS, Not required for Not allowed Not Available Accumul- No referenceto
Industrial Fluoride, Mn, industrial WTP as a disposal alowedas | optionto ated solids brine or
NPDES Fe, Al, and discharges option adisposal dispose WTP | fromthe concentrate from




(FOR STATES THAT SENT NPDES PERMITS TO BUREC SURVEY)

STATES NPDES PERMIT REQUIREMENTS DISPOSAL OPTIONS
Typeof | Monitoring | WET Test Evaporat | Land well Discharge | Sludge Membrane
NPDES | Parameters | requirement | ion/Per- Irrigatio | injection | to POTW | Disposal Concentrate
Permit colation n/Applica Disposal
Pond tion
TRC option, but | waste sediment- RO plants
the permit ation basin
should should be
include a disposed ina
Ground sanitary
water landfill
Protection
Plan
WASHINGTON General Settleable Optional, but Not a Does not Must Isan WTPs must Thereis concern
permit for Solids, TRC, required in the common require any follow UIC | acceptable submit a with discharge
WTP with pH. For new General Permit option, but type of guidelines option sludge or of brines or
production | and existing availablefor | permitsince | and athoughis solid waste concentrate to
>0.05 facilities. WTP some the Statehas | protocols not cover by control plan | Statewaters.
mgd, only using utilities. determined the general Best
covers groundwater BMP must that aslong permit. Management
backwash fall within ensure safety | asitis Discharger Practices are
waste Group | of contained to must ensure encouraged, but
parameters, groundwater | land thereis that POTW is permit does not
surface water in highly not major not affected cover thistype
users will meet permeable problem by toxic of waste. Land
Group Il list soils. with WTP waste. application of
waste. concentrate will
be considered.
PENNSYLVANIA Individual Technology- Not a Itisa Allowed in Not Available Only to an It hasn’t been
NPDES based effluent requirement as common the dlowed as option to approved addressed since
permit is control include: | part of the practice to Commonwe | adisposal dispose filter sanitary very few plants
required by | TSS, Fe, Al, WTP s NPDES handle and dth. An option for backwash or landfill. produce
the State Mn, and pH. permits process. dispose approved WTPsin waste sludge, Some land concentrated
for WTPs sludge and landfill must | the no permit application waste. Theonly
discharging backwash be used to commonwe | required. alowed regulation
into waters water. dispose dth. Any Some applies to spent
of the These sludge, ion groundwat pretreatment ion exchange
commonwe lagoons are exchange er may be columns.
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(FOR STATES THAT SENT NPDES PERMITS TO BUREC SURVEY)

STATES NPDES PERMIT REQUIREMENTS DISPOSAL OPTIONS
Typeof | Monitoring | WET Test Evaporat | Land well Discharge | Sludge Membrane
NPDES | Parameters | requirement | ion/Per- Irrigatio | injection | to POTW | Disposal Concentrate
Permit colation n/Applica Disposal
Pond tion
ath periodically cartridgeand | reinjection necessary. Preferred
drained and dewatered must disposal option
the sludge solids from comply of brinewasteis
dewatered. settling with UIC toaPOTW as
basin requiremen long asit can
ts. handle the
volumes and
high TDS.
WISCONSIN General TSS, Fow, pH, | Not required as Not a Valid option | Groundwat | Allowed Only to an Is covered under
Permit, KMnO4, Al, part of the common to dispose er disposal under current approved the genera
alows Metals. There general permit practice, WTPs is allowed guidelines, sanitary permit. The
disposal of | isspecial care doesn’t waste. Solid | after thereisno landfill waste must meet
WTPwaste | toavoid requirea removal is fulfilling permit MCLs and other
to surface discharge to permit enforceto monitoring | involved permit
and wetlands and avoid requiremen requirements
groundwat outstanding and atering tsfor flow before discharge
er exceptional draining at each
resource waters capacity of outfall of
of the State the sail the plant
S. CAROLINA General Parameters Toxicity testing Covered No Allowed Separate No specific
Permit. defined around is not required under the groundwat under current permit for regulation for
Includes TRC levels, for WTP Land er waste guidelines, sludge concentrate, at
WTP also includes: discharges Application disposal thereisno disposal, this point it will
discharge TSS, Program. A alowed permit adsothereis be considered, as
based on Phosphorous, permit is involved abeneficial residua waste
TRClevels | pH, Total Fe, required to useprogram | from process
Flow dispose filter for treatment, if
backwash, generated considered
or other solids. hazardous will
residual be permitted.
generated
during the
process
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(FOR STATES THAT SENT NPDES PERMITS TO BUREC SURVEY)

STATES NPDES PERMIT REQUIREMENTS DISPOSAL OPTIONS
Typeof | Monitoring | WET Test Evaporat | Land Well Discharge | Sludge Membrane
NPDES | Parameters | requirement | ion/Per- Irrigatio | injection | to POTW | Disposal Concentrate
Permit colation n/Applica Disposal

Pond tion

MICHIGAN General Parameters No WET testis Not a Must Discourage | Allowed The residual Specifically, the
permit for include Flow, required under common comply with [ dasa under current handling general permit
potable pH. For Iron the genera practicein solid waste waste guidelines, management || does not cover
water removal permit the State disposal. disposal thereisno plan should RO plants.
treatment facilities Fe, Fecilities method permit address Facilities such as
and and TSS. If must have involved disposal or these must apply
conditionin | chlorinatingis an approved use of for an individual
g. Itwill used TRC will Management generated NPDES permit.
cover most | bemonitor Plan sludge.
current
technologie
s

MINNESOTA General Flow, pH, TSS, | No WET test Available This option Not Available Covered Not covered by
permit for novisible required option must isonly available option, no under the the general
discharge sheen on the comply with | availableto asawaste permit SDS permit permit.
of filter receiving water permit Landspreadi disposal involved Facilities must
backwash. requirements | ng Facilities | option apply for an
The permit which are individua
includes a permitted NPDES permit
State under State
Disposal rules
System
permit

TEXAS WTPs are Flow, pH, TSS, | Typicaly not Available Availableas | Available, Isan available | Reguires Concentrate
considered | TRC required for option, adisposal butisnota | option. Sewage disposal
industrial WTPs requires option. Also | common Sludge discharge to
dischargers Sewage requires practice. Permit State Water does
and subject Sludge Sewage Requires require TPDES
to permit and Sludge uiC permit
individual technical Permit and permit.
TPDES. reporting Texas Land

Permit
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(FOR STATES THAT SENT NPDES PERMITS TO BUREC SURVEY)

STATES NPDES PERMIT REQUIREMENTS DISPOSAL OPTIONS
Typeof | Monitoring | WET Test Evaporat | Land well Discharge | Sludge Membrane
NPDES | Parameters | requirement | ion/Per- Irrigatio | injection | to POTW | Disposal Concentrate
Permit colation n/Applica Disposal

Pond tion
(TLAP)

FLORIDA WTPs TDS, pH, TRC, | WET test Availableas | Availablein | Most RO Isan available | Sludge Extensive
using Flow, Chloride, | required for adisposal combination | utilitiesuse | option within disposal and | regulatory
membrane Conductivity surface option for with deep deep well the system, dewatered requirements for
technology discharger small well injection. most WTPs solids are utilitiesusing
are volume injectionfor | FDEP donothavea | disposedina | membrane
required discharger backwash issues POTW sanitary technology.
individual and low Class| nearby. Some | landfill.

FDEP/ Chloride UIC permit | municipalities | Requires

NPDES reject water usetheir own, | solid waste

permit no permit permit
required

NEVADA Individual TSS, TRC, No required for Available Does not NA Available, No State No special
NPDES Flow, Turbidity | WTP discharge option required does not permit provision
permits are only for POTW subject to additional require permit | involved required beyond
issued for permits permit permit NPDES
any surface requirements requirements
discharge for water
in the State quality

standards

KENTUCKY Surface TSS, TRC, No WET test Available, Available, Under UIC | Available Requires Current
discharge Flow, pH required for must meet requires program. State permit || regulations do
requiresa WTP water quality | State permit Typicaly under the not address
KPDES standards not an Sludge concentrate
permit option for program. disposal
(401 WTPs The State
KAR). follows EPA
WTPs are sludge
covered classificatio
under a n
Genera
Permit
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(FOR STATES THAT SENT NPDES PERMITS TO BUREC SURVEY)

STATES NPDES PERMIT REQUIREMENTS DISPOSAL OPTIONS
Typeof | Monitoring | WET Test Evaporat | Land Well Discharge | Sludge Membrane
NPDES | Parameters | requirement | ion/Per- Irrigatio | injection | to POTW | Disposal Concentrate
Permit colation n/Applica Disposal

Pond tion

MARYLAND Individual TSS, Tota No WET test Available Available Only under | Available, Requires No special
NPDES Iron, TRC, pH, required typically as requires uic must report meeting provision for this
and State and Flow settling pond | permit and program volume and sludge type of disposal
permits are before monitoring quality to program
required surface POTW requirements
for WPTs discharge
discharging
to surface
water

VERMONT Individual Flow, TSS, pH, | Not required for No permit NA NA Available, no WTPdudge | Noregulation or
NPDES Turbidity, TRC | WTP discharge required if permit does not special provision
permit for surface required qudlify for for concentrate
any surface dischargeis beneficial disposal. Must
discharge not involved use comply with
to State standard
water requirements for

NPDES permit
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CHAPTER 8.
SURFACE WATER AND SEWER DISPOSAL
8.1 BACKGROUND
Disposal of concentrate to surface water and sewer are the two most widely used disposal

options for both desalting and MF/UF membrane processes. Data from the present
survey (post 1992 data only) provide the following statistics:

Desalting MF/UF
Disposal Option Plants Plants
Surface Water Disposal 45% 36%
Disposal to Sewer 42% 48%
TOTAL 87% 84%

These two disposal options, though not always available, are the smplest optionsin
terms of equipment involved and frequently the lowest cost options. Aswill be seen,
however, the design of an outfall structure for surface water disposal can be complex.

Disposal to surface water involves conveyance of the concentrate or backwash to the site
of disposal and an outfall structure that typically involves a diffuser and outlet ports or
valves mounted on the diffuser pipe. Factorsinvolved in the outfall design are discussed
in this chapter and cost factors are presented. However, due to the large number of cost
factors and the large variability in design conditions associated with surface water
disposal, arelatively simple cost model cannot be developed. Asdiscussed in Chapter 6,
disposal to surface waters requires an NPDES permit.

Disposal to the sewer involves conveyance to the sewer site and typically a negotiated fee
to be paid to the WWTP. Because the negotiated fees can range from zero to substantial,
thereis no model that can be presented. No disposal permits are required for this
disposal option. Disposal of concentrate or backwash to the sewer, however, affects the
WWTP's effluent that requires an NPDES permit.

8.2 DESIGN CONSIDERATIONS FOR DISPOSAL TO SURFACE WATER

8.2.1 Ambient conditions. Because receiving waters can include rivers, lakes, estuaries,
canals, oceans, and other bodies of water, the range of ambient conditions can vary
greatly. Ambient conditions include the geometry of the receiving water bottom, and the
receiving water salinity, density, and velocity. Receiving water salinity, density, and
velocity may vary with water depth, distance from the discharge point and time of day
and time of year.

8.2.2 Discharge conditions. Discharge conditions include the discharge geometry and

the discharge flow conditions. The discharge geometry can vary from the end of the pipe
to alengthy multi-port diffuser. The discharge can be at the water surface or submerged.
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The submerged outfall can be buried (except for ports), or not. Much of the historical
outfall design work deals with discharges from WWTPs. These discharges can be very
large, up to several hundred mgdsin flow. In ocean outfalls and in many inland outfalls
these discharges are of lower salinity than the receiving water and the discharge has
positive buoyancy. The less dense effluent rises in the more dense receiving water after it
isdischarged.

The volume flow of membrane concentratesis on the lower side of the range of WWTP
effluent volumes, extending up to perhaps 15 mgd at present. Membrane concentrate, as
opposed to WWTP effluent, tends to be of higher salinity than most receiving waters,
resulting in a condition of negative buoyancy where the effluent sinks after it is
discharged. This presents a concern of the potential impact of the concentrate on the
benthic community at the receiving water bottom. Any possible effect on the benthic
community is a function of the local ecosystem, the composition of the discharge, and the
degree of dilution present at the point of contact. The chance of an adverse impact is
reduced by increasing the amount of dilution at the point of bottom contact through
diffuser design.

8.2.3 Regulations: Receiving waters can differ substantially in their volume, flow,
depth, temperature, composition, and degree of variability in these parameters. The
effect of discharge of a concentrate or backwash to areceiving water can vary widely
depending on these factors. As described in Chapter 6 the regulation of effluent disposal
to receiving water involves several considerations, some of which are the end-of-pipe
characteristics of the concentrate or backwash. Comparison is made between receiving
water quality standards (dependent on the classification of the receiving water) and the
water quality of the effluent to determine disposal feasibility. In addition, in states such
as Florida the effluent must also pass whole effluent toxicity (WET) tests where test
species chosen based on the receiving water characteristics are exposed to various
dilution of the effluent. Because the nature of the concentrate or backwash is different
than that of the receiving water, there is aregion near the discharge area where mixing
and subsequent dilution of the concentrate or backwash occurs.

Where conditions cannot be met at the end of the discharge pipe, a mixing zone may be
granted by the regulatory agency. The mixing zone is an administrative construct that
defines alimited area or volume of the receiving water where thisinitia dilution of the
discharge is allowed to occur. The definition of an allowable mixing zoneis based on
receiving water modeling as discussed in Chapter 6. The regulations require that certain
conditions be met at the edge of the mixing zones in terms of concentration and toxicity
(viathe WET test).

8.2.4 TheOutfall Structure: The purpose of the outfall structure is to assure that
mixing conditions can be met and that discharge of the effluent, in general, will not
produce any damaging effect on the receiving water, its lifeforms, wildlife, and the
surrounding area.
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In a highly turbulent and moving receiving water with large volume relative to the
effluent discharge, simple discharge from the end of a pipe may be sufficient to assure
rapid dilution and mixing of the effluent. For most situations, however, the mixing can
be improved substantially through the use of a carefully designed outfall structure. Such
design may be necessary to meet regulatory constraints.

The most typical outfall structure for this purpose consists of a pipe of limited length
mounted perpendicular to the end of the delivery pipe. This pipe, called a diffuser, has
one or more discharge ports along its length.

8.2.5 Dilution Levels: Some examples will serveto illustrate the dilution levels sought
in the use of diffusers. It has been estimated that in seawater most organisms can
tolerate a departure of +/- 1 ppt from the normal salinity, which represents a 3% deviation
from the ambient (EPRI-CEC, 1994). For seawaters where the membrane concentrateis
of 70 ppt salinity, adilution of approximately 35 times would be required to achieve an
effluent stream salinity of 1 ppt above ambient. This can be shown as follows:

Let x = receiving water salinity and y = effluent salinity. After 1 dilution (equal
volumes) the resulting salinity is (y + x)/2. After the 2™ dilution where another volume
of the receiving water is added, salinity is(y + 2x)/3. After theith dilution the salinity is
(y +i*x)/(i+1). For the casewherex =35andy = 70, at the 35" dilution the final
salinity is 35.97 and thus within 1 ppt of the receiving water salinity.

This same formula may be used to determine the effects on salinity of blending
concentrate with other effluents. For instance, if membrane seawater concentrate is
blended with WWTP effluent of asalinity of 1 ppt (very high), the 2" dilution of the
seawater concentrate by the WWTP effluent will result in a combined effluent of 24 ppt.
For ocean discharge, such a dilution changes the discharge from one of negative
buoyancy to one of positive buoyancy. This discharge will rise rather than sink in the
receiving water and thus avoid (minimize) any effect on the benthic community.

8.2.3 Diffuser Characteristicsand Design Variables. There are several parameters
that characterize diffuser design. Theseinclude:

» Diameter of the diffuser pipe

» Length of the diffuser pipe

* Pipe materid

* Length of risers (if any) between pipe and ports/valves
* Riser material

* Port or valve materials

*  Number of diffuser ports or valves

» Sizeof thediffuser portsor valves

» Distance between diffuser ports or valves

» Anglesof diffuser portswith respect to the diffuser pipe
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Other characteristics of the diffuser include its orientation in relation to the receiving
water boundaries and surface. This orientation may be described in terms of

» Distance from shore

* Depth from surface

* Angleswith respect to receiving water boundaries and flow
» Trenched or not

Many outfall structures are designed using software packages that take into consideration
design variables such as:

* Effluent flow rate
* Hydrodynamics of the receiving water
o Currents
0 Turbulence
o Tida influences
o Velocity
»  Shape of the receiving water boundaries (sides and bottom) including bottom
slope
* Temperature of effluent
» Temperature profile of receiving water
» Density of the effluent relative to that of the receiving water (buoyancy)

8.24 COREMIX and Other Software: This software development began at Cornell
University in 1986 under contract from the USEPA. Following the development of
COREMI X1 subsystem (Doneker and Jirka, 1990) other systems were added in the
ensuing years. COREMIX1 appliesto single port discharges and COREMIX2 to
multiport discharges. COREMIX 3 deals with surface level discharges. D-COREMIX
extends the capabilities of CORMIX to negatively buoyant discharges. Software has also
been developed for visualization of outfall design and mixing zone properties
(http://steens.ese.ogi.edu).

Other modeling software includes the USEPA PLUMES (Visual Plumes) models that
were developed primarily for wastewater discharges from WWTPs. A discussion of the
differences between the COREMIX and PLUMES software may be found on the
webpage: http://steens.ese.ogi.edu/fag.html.

The COREMIX simulations are for steady-state constant source systems. For transient
simulations more sophisticated software is required such as various CFD (computational
fluid dynamics) packages. These software packages are much more expensive (many
systems are $15,000 or more) than the COREMIX system (about $500 for a single user
plus $900 for the visualization tools). Several companies also offer servicesin
providing CFD simulations.

8.2.5 General Design Approach for Diffusers. Thereason for diffusersisto meet
dilution requirements. Sometimes dilution is not required, as when conditions at end of
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pipe can be met. If the diffuser cannot be designed to meet the mixing zone
reguirements, then there needs to be more treatment prior to discharge. For the
intermediate cases where a design is needed and possible, there are options as to the
general nature of the diffuser. One alternative isto lay the diffuser pipe on bottom
surface with holes drilled in the side; thisis the cheapest alternative if it can be supported
and maintained in its bottom position. Another option is a buried pipeline with protection
from scouring or damage (such as from a dragging anchor) with a protruding vertical

riser and gooseneck elbow that would discharge horizontally. In cases where flow is
intermittent, it may be prudent and even necessary to install avalve at each discharge port
to prevent backflow of seawater (for instance) or to prevent organisms and even wildlife
from entering the diffuser. One company (Red Valve) makes rubber valves that have no
moving parts but will open and close depending on the discharge flow/pressure.

Software packages may be used to develop conceptual designs by exploring the various
design variables within the constraints of the ambient conditions and the dilution
requirements. Sometimes several different designs can meet the dilution requirement, in
which case usually a design with a shorter diffuser and smaller portswill offer the less
expensive option.

One design constraint is the maximum discharge velocity of about 12 fps. Discharge
velocities range from 5 to 12 fps, but most typically designs strive for a 10 fps discharge
velocity. Most designs have the ports far enough apart so the plumes just barely touch.
This spacing, as well as smaller port diameters, leads to increased dilution. Dilution also
increases with smaller density differences between the discharge and receiving water
(another advantage of blending prior to discharge).

In general, the diameter of the diffuser is sized just like that of any pipe being based on
velocity and pressure drop considerations. In the case of long diffusers (which for
WWTP outfalls can be several thousand ft in length), sometimes the diffuser pipeis
tapered to maintain flow velocities, as flow islost through the ports. The design length of
the pipe typically would increase with flow but this is dependent on the site-specific
dilution requirements and ambient flow conditions. The size of the ports may be targeted
to be a certain percentage of the diffuser diameter. The port size typically increases with
the magnitude of the total flow being discharged.

8.3 COST CONSIDERATIONS FOR DISPOSAL TO SURFACE WATER
The design of the outfall system isinfluenced by more variables and larger variability in
conditions than the design of any of the other concentrate disposal methods.
Consequently outfall design is much more site-specific and more difficult to describein
terms of acost model. Unlike other disposal options presented in following chapters, a
cost model is not presented. Cost factors, however, are discussed in this section.

The various cost elements in disposal of concentrate to surface water include:

= Conveyance of concentrate to shoreline:
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The conveyance of the concentrate from membrane plant to the disposal siteisan
element common to all disposal options. It may be considerably more complex for
surface water disposal, however, due to the portion of the conveyance pipethat is
underwater. Underwater dredging and trenching can be more expensive by a factor of
perhaps three or four than trenching on land. In an extreme case of an ocean outfall
where the water depth is greater than 60 feet, divers may be required for the pipeline
work and costs may approach $1,000 per liner ft of pipe. In most situations, however,
thiswill not be the case. The amount and depth of underwater work is highly variable
and the major cost in most outfall systems above arelatively small sizeisthe
construction and installation of the underwater pipeline.

The cost of the actual diffuser on smaller systems is not much more than standard pipe
length. Where valves are used for situations of intermittent flow, the valve costs may
range from about $600 for a3 in. valve to $1,500 for a12 in. valve.

In the ssimplest of situations, the surface disposal might consist of concentrate discharged
from an unsubmerged pipe extending over the receiving water. The costsin this case are
simply the cost of the pipe. In the other extreme, outfall system design may result in a
submerged pipeline and outfall structure at a considerable distance from shore in water
perhaps more than 60 ft in depth. In this case the outfall costs are considerable.

8.3.1 Consideration of shared outfall structures: Where possible, one option that
should be considered is co-disposal of concentrate along with another effluent in an
existing outfall. The advantages of this co-siting option include the dilution possible
through mixing of the effluents, the savings of outfall costs, and the time and effort saved
in modifying an existing discharge permit rather than applying for a new permit.

Assuming the concentrate to be of higher salinity than the receiving water, mixing of

concentrate with wastewater of salinity less than that of the receiving water can, provided
the relative volumes allow enough dilution, lead to a positively buoyant discharge.
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Mixing of concentrate with wastewaters with densities greater than ambient but |ess than
the concentrate will result in an effluent still having negative buoyancy, but modeling has
shown that the mixing will also result in greater dilution at the point of contact with the
benthic zone, and the point of contact will be further from the discharge point.

8.7 DISPOSAL TO SEWER

Where possible this means of disposal is simple and usually cost-effective. Disposal to
sewer does not require a permit but does require permission from the wastewater
treatment plant. The impact of both the flow volume and composition of the concentrate
will be considered by the WWTP, asit will affect their capacity buffer and their NPDES
permit. The high volume of some concentrates prohibits their discharge to the local
WWTP. In other cases concerns are focused on the increased TDS level of the WWTP
effluent that results from the concentrate discharge.

The possibility of disposal to sewer is highly site dependent. In addition to the factors
mentioned, the possibility isinfluenced by the distance between the two facilities, by
whether the two facilities are owned by the same entity, and by future capacity increases
anticipated. Where disposal to the sewer is allowed, the WTP may be required to pay
fees based on volume and or composition.
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CHAPTER 9.
DEEP WELL DISPOSAL
9.1 BACKGROUND

Injection wells are adisposal option in which liquid wastes are injected into porous
subsurface rock formations. Depths of the wells typically range from 1,000 to 8,000 ft.
The rock formation receiving the waste must possess the natural ability to contain and
isolate it. Paramount in the design and operation of an injection well isthe ability to
prevent movement of wastes into or between underground sources of drinking water.

Historically this disposal option has been referred to as deep well injection or disposal to
waste disposal wells. Because of the very slow fluid movement in the injection zone,
injection wells may be considered a storage method rather than a disposal method; the
wastes remain there indefinitely if the injection program has been properly planned and
carried out.

Because of their ability to isolate hazardous wastes from the environment, injection wells
have evolved as the predominant form of hazardous waste disposal in the United States.
According to a 1984 study by the USEPA, almost 60 percent of all hazardous waste
disposed of in 1981, or approximately 10 billion gallons, was injected into deep wells.
By contrast, only 35 percent of this waste was disposed of in surface impoundments, and
less than 5 percent in landfills. The USEPA study also found that a still smaller volume
of hazardous waste, under 500 million gallons, was incinerated in 1981 (Gordon 1984).
Although RO concentrate is not classified as hazardous, injection wells are widely used
for concentrate disposal in the State of Florida.

A study prepared for the Underground Injection Practices Council showed that relatively
few injection well malfunctions have resulted in contamination of water supplies
(Strycker and Collins 1987). However, other studies document instances of injection
well failure resulting in contamination of drinking water supplies and groundwater
resources (Gordon 1984).

Injection of hazardous waste can be considered safe if the waste never migrates out of the
injection zone. However, there are at least five ways a waste material may migrate and
contaminate potable groundwater (Strycker and Collins 1987). Wastes may:

» Escape through the well bore into an underground source of drinking water
because of insufficient casing or failure of the injection well casing due to
COrrosion or excessive injection pressure

» Escape verticaly outside of the well casing from the injection zone into an
underground source of drinking water (USWD) aquifer

» Escape vertically from the injection zone through confining beds that are
inadequate because of high primary permeability, solution channels, joints, faults,
or induced fractures
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» Escape vertically from the injection zone through nearby wells that are
improperly cemented or plugged, or that have inadequate or leaky casing

» Contaminate groundwater directly by lateral travel of the injected wastewater
from aregion of saline water to aregion of fresh water in the same aquifer

9.1.3 Deep Well Disposal in Southern Florida: Southern Florida receives abundant
rainfall of over 60 in./yr; however, 45 to 50 of those inches are lost very quickly to
evaporation. There are additional losses through runoff to the ocean and percolation into
the sandy Florida soil. The problem isfurther complicated by limited storage capacity.
The magjority of the rainfall occurs during a 6-month period, and the ability of lakes and
reservoirs to store this water islimited by the flat topography of the state.

The rapid population growth of southern Florida, which has been second only to that of
California, has stretched the existing freshwater supplies to the limit in many areas and
forced many municipalities to turn to treatment of brackish sources as a supplement.
Floridais exceeded only by New Mexico in dependence on groundwater, with 91 percent
of the total population relying on that source (Miller 1989). Southern Florida also leads
the nation in operating municipal Class | disposal wells and has more membrane drinking
water plants than any other state in the nation. Florida also has some of the best geologic
formations to support deep well injection. This unique combination of characteristics has
placed Florida at the center of a controversy over disposal of membrane concentrate, the
resolution of which will most likely establish precedents for the nation as awhole.

Brackish water of varying quality isavailable in aguifers underlying all of southern
Florida. The main aquifer, in southeastern Florida, is a confined one known as the
Florida aquifer; it ranges in depth from approximately 500 to 2,000 ft below sealevel.
The water quality of thisaquifer is between 2,000 and 8,000 mg/L TDS, depending on
exact locations and depths.

In southwestern Florida, the geology is much more complex; there are up to 10 separate,
confined water-bearing zones. Each has adifferent production rate and quality of water.
Feedwater for desalination is commonly withdrawn from the Hawthorn Formation of the
Suwannee Limestone at depths between 250 and 900 ft. The salinity of the water from
these agquifers generally ranges from 1,000 to 3,500 mg/L (Morin 1987).

Currently in Florida over 100 membrane plants are in operation. The mgjority of these
plants use surface water discharge to dispose of the concentrate generated during plant
operation. Many of the early plants were small, producing less than 100,000 gpd of
product water. These plants served mobile home parks or small communities or
municipalities, or they produced water for irrigation purposes. These small facilities
generated concentrate for disposal in amounts proportionate to their size. The plants
being proposed today are much larger in scope. Projects currently in development will
serve larger communities, producing upwards of 20 mgd of product water and a
correspondingly larger amount of concentrate for disposal. It isthe disposal of these
larger volumes of concentrate that presents the biggest obstacle to the use of membrane
technology. Deep well injection is an option for concentrate disposal, but the designation
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of concentrate as an industrial waste requires that the wells include the more expensive
tubing and packer, which are not required of municipal disposal wells.

Municipal wells were excluded from the tubing and packer requirement because, at the
time the regulations were published, several Florida wells then in operation were
disposing of typical municipal wastewater (treated sewage effluent) and were not
constructed with tubing and packer. The regulations allowed the continued operation of
these wells to dispose of typical municipal wastewater and allowed future construction of
similar wells (i.e., for typical municipal wastewater). The USEPA has pointed out that
the intent of the exemption was to limit the construction of Class | wells without tubing
and packer to typical municipal wastewater effluents (treated sewage plant effluent). The
5 percent limit allows for minor contributors to municipal systems, but prohibits the large
non-municipa wastewater contributors from using municipal wells as a means of
disposal. The USEPA has emphasized that municipal wells should not serve as a
disposal method for large non-municipal contributors.

9.1.4 Geology of Southern Florida: Southern Floridais underlain by a series of
groundwater-bearing strata of cavernous limestone and dolomites separated by thick and
impervious layers of marls and dense limestone. Groundwater in the deeper strata,
generally at depths grater than 1,500 ft, is highly mineralized. At a depth of
approximately 3,000 ft cavernous dolomite exists. Thiszoneis called the Boulder Zone
of the Oldsmar Formation because oil well drillers have reported fractured dolomite
fragments (boulders) falling into bore holes during drilling. Water quality is poor at this
depth, and the zone has extremely high permeability and the capacity to receive large
amounts of waste under low injection pressures. The Boulder Zone isisolated from
overlying aquifers by thick, dense layers that act as barriersto fluid exchange, thus
protecting the water quality of the overlying aquifers. Consequently, a number of Class|
municipal injection wells have been developed in the areain the past decade. The water
guality of this zoneis similar to seawater, or about 35,000 mg/L TDS (Muniz and Skehan
1988).

At West Palm Beach, the Boulder Zone is approximately 3,150 ft deep and 350 ft thick,
and accommodates injection rates of 20 to 22 mgd (14,000 to 15,000 gpm) of sewage
effluent; with peak injection rates as much as 25,000 gpm. The inner casings of injection
wellsin Floridatypically range from 12 to 30 in. in diameter, with outer casings being
progressively larger. Casings are typically 0.5 in thick steel. Each different diameter
casing is cemented after itsfull string is positioned. The casings are generally cemented
from the bottom up to the land surface. In southeastern Florida, the final casing depth
settings are around 2,700 ft with most wells drilled to atotal depth of 3,300 ft (Muniz and
Skehan 1988).

In the Tampa area, several wells have been drilled for injection into the Avon Park
Formation with total depthsin the range of 1300 to 2000 ft.
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9.2 DESIGN CONSIDERATIONS

9.2.1 Siting: Site selection isthefirst step, and one of the most important steps, in
developing an injection well. The UIC regulations state, “all Class | wells shall be sited in
such afashion that they inject into a formation which is beneath the lowermost formation
containing, within ¥amile of the well bore, an underground source of drinking water”
(CFR 1989b, p. 729).

Site selection is dependent upon geologic and hydrogeol ogic conditions, and only certain
areas are suitable for construction of Class | wells. Suitable underground strata capable
of receiving the waste must be present and separated from any underground sources of
drinking water by impermeable strata. Most favorable locations are generally in the
midcontinental, Gulf Coast, and Great Lakes regions of the country. Site selection
involves evaluation of many conditions; most important is the determination that the
underground formations possess the natural ability to contain and confine the injected
waste. The ability of properly designed and operated injection wells to provide long-term
confinement makes deep well disposal an environmentally acceptable option. This
characteristic has allowed the entrapment and containment of naturally occurring oil and
gas deposits, which have been held in place, moving little if at all, for millions of years.

Rock formations such as sandstone are highly porous and are ableto take in large
volumes of liquid. Other rock formations such as shales and clays are essentially
impermeable, and act as confining layers that make it possible to dispose of liquids
underground into porous strata, and prevent migration of the wastewater into potable
water aquifers.

Groundwater quality usually deteriorates with increased depth. Although high-purity
deep aguifers do exist, water sources with low salinity and mineral content (fresh water)
are typically located near the surface. Deep aquifers, which are used for deep well
disposal, typically have very poor water quality, and are not considered potential sources
of drinking water.

In addition to the existence of the necessary types of underground formation, it is
essential that the well not be located in areas subject to earthquakes or in regions
containing recoverable mineral resources such as ores, oil, coal, or gas. Any wellsin the
areain guestion, both operating and abandoned, must be investigated to assure that they
are properly plugged to prevent migration of the waste to other aquifers.

9.2.2 Construction: The UIC regulations require that all Class| wells be cased and
cemented to prevent the movement of fluidsinto or between underground sources of
drinking water. The casing and cement used in the construction of each well are to be
designed for the life expectancy of the well. In determining and specifying casing and
cementing requirements, the following factors should be considered (CFR 1989b):

* Depthto theinjection zone
» Injection pressure, external pressure, internal pressure, and axial loading
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A Class | injection well is constructed in successive stages of drilling (or reaming),
casing, and cementing until awell of the required depth (to reach the disposal formation)
and diameter (to accommodate the required flow rate) is completed (see Figure 9.1). The
first step isthedrilling of apilot hole of perhaps 12 in. diameter to either the final depth
or to the setting depth of thefirst casing string. Next the hole is reamed to a much larger
diameter to this same depth, typically a depth of between 20 and 200 ft. Theinitial
casing is set to this depth and the void between the reamed borehole and the outside of
theinitial casing if filled with cement. Well construction service companies indicate that
the single most important factor in ensuring well integrity is obtaining a satisfactory
primary cementing job. Primary cementing involves placing cement in the annulus
between the bore hole and the outermost casing and between the concentric strings of
casing, to restrict fluid movement between formations as well as to support and to bond
the casing and protect the casing pipe material from external corrosion by subsurface
water.

If the original drilling did not go to final depth, then drilling is conducted to the depth
where the nest casing string isset.  In either case with the hole now drilled to at least this
depth, the hole is reamed to this depth. This procedure is repeated, using successively
smaller diameter drilling tools and casing, until the depth of disposal isreached. Casing
and cementing the well as the drilling proceeds stabilizes and seal s the upper strata while
allowing drilling to proceed to the required depth.

Thefirst and largest-diameter casing to be installed is called the conductor casing and is
used to stabilize the top of the bore hole and prevent soil from washing out around the
base of the drilling rig during construction. The next casing string is called the surface
casing. It protects the well from unconsolidated sediments caving in, and seals shallow
freshwater aquifers from injection fluid contamination. The surface casing may extend as
little as 200 ft or asfar as 4,500 ft, depending on the well design and geologic conditions.
At aminimum, the surface casing must be deep enough to reach solid formations that will
not fracture or break down under the pressures imposed by the drilling fluid needed to
reach the ultimate depth of the well. One or more intermediate casing strings are used to
protect the bore hole at the lower depths by sealing off weak formations that could
fracture under the drilling stresses. Thefinal casing is the injection casing, which
protects other formations from the injection fluid and houses the tubing and packer.
Casing is distinguished from tubing with respect to its function and location in the well.
Casing refers to the outer pipe string cemented in place to maintain structural integrity in
the borehole and to seal upper aquifers. Tubing refersto the innermost pipe string
through which injection takes place. A mechanical device called a packer sealsthe
annular space between the tubing and casing.

Once the casing, tubing, and packer are in place, the annulus between the tubing and
innermost casing is filled with anoncorrosive fluid, and positive pressure is maintained in
the annulus. The presence of the tubing and packer isolates the injection fluid from the
casing and thus provides corrosion protection to the casing. Although corrosion-resistant
coating or liners may be applied to the casing, the integrity cannot be guaranteed, and
these additions increase the cost of the well significantly. The annular fluid can also be
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Figure 9.1 Schematic Diagram of a Three-Transition Injection Well with Packer
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monitored for pressure, and analyzed periodically to detect failure of the tubing and allow
corrective action to be taken before the failure is transmitted to the casing and
contamination of groundwater occurs.

The design of the deep well disposal system requires specification of 1) the flow rate of
the concentrate or backwash stream in units of mgd, 2) the depth of the well in feet, and
3) the number of casing transitions (usually 3 or 4). There are several independent cost
factors such as the pump, the drilling and reaming, the casing, and others that are
dependent on the values of these design parameters. Since the cost of thewell is
primarily labor and testing, the material costs and thus the diameter of the well are not
major cost factors. Because of this, to allow for future increases in use many wells are
made of much larger diameter than required.

Depending on site conditions, deep well disposal can be an economical option. Costs of
developing adisposal well are difficult to estimate for ageneric site. Site-specific
geological characteristics will vary, requiring different drilling depths and construction
techniques (Mickley et al, 1993).

9.2.3 Design Basis - Flow Versus Tubing Diameter: For most of the cost models, the
size of the disposal option is based on flow rate of concentrate. For the deep well
disposal thisis not aways the case. Because the material costs are not the major cost
factor for the deep injection wells, there isrelatively little penalty or additional cost for
designing and building awell capable of receiving larger flows. This might be doneto
allow for future plant expansion or for future shared use of the well. It should be noted
that if the tubing and packer requirements were not necessary for disposal of membrane
concentrate, the tubing could be removed, resulting in effect in amuch larger capacity
deep injection well — limited by the diameter of the final casing string. Somewellsin
Florida are being designed and built with a larger than necessary final casing diameter for
this future possibility. Because of lack of correlation between design flows and tubing
sizein the Florida deep wells, the cost basis was chosen to be the tubing diameter instead
of the concentrate flow rate.

Correlations between flow and diameter are based on assumption of aflow formula such
as the Hazen and Williams formula with a constant in the equation chosen to represent
the flow-friction characteristics of different pipe materials. Specification of a maximum
flow velocity then setsthe correlation. For new steel pipe, Table 9.1 givesthe
relationship between nominal internal pipe diameter and flow rate.

Although the design basis chosen for the following model is based on nominal tubing

diameter, the above tabulation may be used to determine a correlation with alowable
concentrate flow rate. For downholeinjection, avelocity of 10 fpsis recommended.
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Table 9.1 Relationship between Pipe Diameter and Flow Rate

Flow Rates (mgd) for Different Flow Velocities (fps)

Diameter (in) S fps 81ps 10fps
2 0.07 0.11 0.14

3 0.16 0.25 0.32

4 0.28 0.45 0.56

6 0.63 1.02 1.27
10 1.76 2.82 3.52
12 2.54 4.06 5.08
16 451 1.22 9.02
20 7.05 11.28 14.10
24 10.15 16.24 20.30

9.3 COST FACTORS

9.3.1 Pretreatment: The wastewater to be injected may require pretreatment in an
above-surface facility to prevent plugging in the receiving formation. When significant
suspended solids are present, such as when concentrate is mixed with membrane prefilter
backwash and periodic cleaning waste, typical pretreatment consists of TSS removal.
Cartridge filters to remove 5 micron and larger particles may be required. Depending
upon the specific characteristics of the wastewater and receiving formation water, pH
adjustment may also be necessary. When pH is adjusted, scale formation can be
minimized with two incompatible waters. The cost of pretreatment cannot be estimated
with general guidelines; asite-specific evaluation is necessary.

9.3.2 Pumps. Pumps are used in above-surface facilities to inject the concentrate. The
flow and pressure requirements are site specific. The discharge head will vary depending
upon the geologic conditions and depth of the injection zone. Some municipal disposal
wells operate at pressures aslow as 3to 6 psig. Moretypical discharge pressures arein
the range of 30 to 50 psig; however, much higher pressures are often required. Discharge
as high as 2,000 to 5,000 psi can be encountered. To attain discharge pressuresin this
range, reciprocating pumps are typically used, and the pump cost increases drastically.

At a1992 installation the cost of areciprocating pump rated for 150 gpm at 3,180 psig
was $150,000 (1992 costs). For low-head pumps, the cost would be approximately
$10,000. Estimates of pumping costs for low-head pumps (less than 50 psig) can be
obtained from Figure 10.7. If higher-head pumps are required, a site-specific evaluation
IS necessary.

9.3.3 Site Tests— L ogging, Surveying, and Testing: Site tests are conducted following
the initial drilling and throughout the repeated sequence of drilling (or reaming), setting
casing, and setting cement. A final injection test is conducted before the drilling rig is
disassembled. Early site tests include core samples obtained to determine the soil
conditions, which indicate the most effective type of drilling. Water tests are also
conducted to predict the compatibility of the formation water and the injected
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wastewater. Based on the water tests, the required pretreatment can be established. As
an example of how involved the logging and testing can be, Table 9.2 lists events that
took place at adisposal well in Florida.

Table 9.2 Logging, Surveying, and Testing Events from Florida 3400 ft Well

» Geophysical logging to 220’

o Cadliper survey to 220’

» Geophysical logging from 220" to 1000’

e Cadliper survey to 1000°

* Fow Test to 2100

» Geophysical logging from 1000’ to 2100’

* Downhole video survey from 1000’ to 2100°

» Straddle packer pumping test between 1000" and 2100’

o Cdiper survey to 2100’

* Fow test to 3000

» Geophysical logging from 2100’ to 3000’

* Downhole video survey from 2100' to 3000°

» Straddle packer pumping test between 2100" and 3000’

e Cadliper survey to 3000°

* Pressuretest of final casing

» Geophysical logging from 3000’ to 3400’

* Collect water samples from the injection zone and analyze
» Perform video survey in thefinal casing to the total depth
» Temperature and gammaray log entire well

» Perform hydrostatic pressure test on the annulus of tubing
* Video survey injection tubing from land surface to total depth of well
» Conduct radioactive tracer survey

» Conduct injection test

Many of these tests are fairly independent of the well size and well depth. The total cost
of logging, surveying, and testing is summarized in Figure 9.2.

9.3.4 Injection Well Formation: Deep injection wells are normally multicased. The
use of more than one casing provides transition zones and isol ates deep contaminated
aquifers from the purer water contained in shallower aquifers. Theinjection tubeisrun
from the surface to the deep aquifer where the water will be injected. The tube is encased
in cement at least 5 in. thick to comply with environmental regulations. Intermediate
depths of casing are selected based on the geological conditions at each site. Figure 9.1
illustrates the well arrangement for three transitions. The costs presented in the following
sections are based on this general arrangement.

It should be noted that the grout surrounding the intermediate casing is always a

minimum of 3 in. thick and may be as high as 10 in. The grouting thicknessis dictated to
some extent by the allowable standard casing sizes.
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One of the cost-related characteristics of deep wellsisthat the cost of materialsis not the
major cost factor involved. The labor costs of drilling, testing (logging, surveying and
testing), and installing casing and tubing are high relative to the material costs, and vary
in aminor way with diameter. Over the severa month on-site drilling operation, the
drilling of a16 in. well rather than a 24 in. well may speed up the project by less than a
week.

9.3.4.1 Drilling: Where apilot hole to the final depth isdrilled first, the subsequent
drillings may be called reamings. Severa factors influence the cost of drilling (reaming),
including soil conditions, materials, labor rates, rig rental costs, and drilling waste
disposal costs.

As discussed above, the soil conditions are identified from the core samples. The depth of
the formation and the type of soil (sandy, rocky, and so forth) will impact the final
drilling cost. During the drilling operation severa materials are required, including
cement, mud, and drill bits. None of these add greatly to the overall costs. The
significant drilling costs are labor and drill rig rental.

Water is utilized to cool the drill bit during drilling. This cooling water and water
produced from the formation sometimes require treatment before disposal. Settling of
suspended matter in basins is normally the only required treatment.

The final drilling cost is aso dependent on the quantity of the disposal waste, which will
establish the diameter required for the well casing and tubing. Waste flows vary widely,
ranging from 50 to 3,000 gpm.

As explained in the previous section, the number of holesto be drilled depends upon the
number of transitions required. The cost of drilling is summarized in Figure 9.3. The
costs are summarized for depths of 2,500, 5,000, 7,500, and 10,000 ft. Note the relatively
small changein cost with flow (diameter).

9.3.4.2 Tubing and Packer: The disposal well uses tubing and packer to isolate the well
casing from the wastewater. The cost of the tubing is a function of material, length, and
diameter. The most frequently used material is carbon steel or stainless steel. Figure 9.4
illustrates the cost of installed tubing. Limiting the maximum velocity through the tubing
to 8 fps sets the required diameter of the tubing. The cost of the packer depends upon the
well diameter and the operating pressure of the well. Packer costs are summarized in
Figure 9.5 for various well sizes.

9.3.4.3Casing and Grout:  Because the casing isisolated from the waste, it can be
fabricated from steel. Typically steel isused for the inner casing, with concrete on the
outside of the steel. Casing steel costs have been estimated and summarized in Figure
9.6.

Costs of the grout are graphed in Figure 9.7. The thickness of theinitial grout (cement
with possible additives) outside the initial casing string depends on the choice of reaming
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diameter and the initial casing string diameter. Subsequent thickness of grout between
the various casing diameters depends on the choice of casing diameters. These grout
thickness may range form 3to 10 in.

9.3.5 Monitoring: To ensure compliance with environmental regulations, some
regulatory agencies require monitoring wells. From these wells periodic samples can be
taken and analyzed to determine if there has been any leakage of the waste to the
surrounding aguifers. In general the most critical areas are the upper freshwater aquifers.

The model assumes either a dual zone single monitoring well or a deep and a shallow
monitoring well. The wells monitor conditions in the overlying aguifers that are
structurally isolated from the confining, injection aquifer. The shallow well or upper
monitoring zone of the dual zone well isto detect any changes in the upper freshwater
aquifer. A deep monitoring well is also required to detect any changes in the deeper
formation. The depth of the monitoring wells depends on the depths of the aquifers to be
monitored, which, of course, is site specific. In Florida most of the monitoring wells are
approximately 2000 ft in depth for deeper Boulder Zone deep injection wells and about
900 ft in depth for the Avon Park Formation shallower injection wells. Estimated
monitoring costs are presented in Figure 9.8.

9.3.6 Other Considerations: Mobilization and demobilization will also constitute part
of thetotal cost. The drilling rig must be assembled and then disassembled. These costs
arerepresented in Figure 9.9.

Systems handling wastewater must take corrosion into account as a design consideration.
Specia materials can be used to minimize corrosion, but the cost of special alloys may be
prohibitive. Utilization of a corrosion inhibitor is often more feasible. The corrosion
inhibitors add to the operating cost but can be cost effective for flows of 200 gpm or less.

The interaction between the water and the formation water can form precipitates that plug
the formation. To control this commingling, a buffer zone may need to be established.
Injecting a quantity of neutral water before injecting the waste forms this buffer. This
procedure has little impact on cost.

9.3.7 Operating Costs: The operating costs for disposal wells are generally low. Well
maintenance consists of periodically checking the casing and repairing it if required.
Thus alarge capital cost (of $1,000,000 or more) can be offset by economical operating
costs.

The operating costs encountered are for pumping power, chemical costs, and operating
labor. Of these the pumping power isthe most significant. For the 150 gpm pump at
3,150 psig, a 350-hp motor is required, resulting in a cost of more than $50,000/yr.

Chemical costs are normally much lower than this. For example, treating a waste flow of

150 gpm with a corrosion inhibitor would cost approximately as much as $7,000/year.
Thus, unless elaborate pretreatment is required, the chemical costs are not excessive.
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9.4 DESIGN APPROACH FOR THE DEEP WELL DISPOSAL COST MODEL

The costs of disposal by deep well injection are subject to many site-specific
circumstances - perhaps more so than those of any other disposal method. The site
terrain may vary considerably from site to site and may require substantial clearing,
grading and road-building. The site may be close to awater source that can provide
injection test water. Sometimes the site can use city pumps and flow lines; other times a
series of pumps and lines might need to be set up. The costs are affected also by how
many different groups are involved. The work may involve a general contractor, well
driller, agroup to do the packer tests, a group to do the logging, etc. Or it may involve
one company tightly controlling all these elements. The work is aso significantly
affected by the geology of the area that determines aspects from the difficulty of drilling
and reaming to the depths at which the casing strings are set.

The reader is cautioned to use the models provided only to obtain a preliminary level cost
estimate. The supporting text should give the user an understanding from which to better
determine, from a site-specific approach, more accurate costs involved in a deep well
disposal system.

The design approach taken in the following worksheet model is straightforward but based
on conditionsin Florida, where nearly all of the deep well disposal of concentrate has
occurred.

* Thedesign approach chosen for the worksheet model is as follows:
0 Thenumber of casing transitions (normally three or four in Florida) is not
broken out as a cost factor, but its influence is embedded in the other cost
curves.
0 Thetota well depth and the injection tubing diameter determine the
following costs:
* Logging, testing, and survey
» Drilling and reaming
* Installed casing
* Installed grouting
* Instaled injection tubing
0 Thediameter of the injection tubing determines the packer cost
0 Theinjection well cost isthe sum of these costs.
0 The mobilization and demobilization cost is taken as 20 percent of the
injection well cost.
0 Themonitoring well cost is determined from the monitoring well depth.
* Thedesign variables thus include:

0 Total depth of the well

o Diameter of theinjection tubing
» Costsincluded in the capital cost model:

o0 Drilling and reaming

o Logging, testing, and survey

0 |Instaled casing
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Installed grouting

Installed injection tubing

Installed packer

Mobilization and demobilization
0 Monitoring well

* Costsnot included in the capital cost model:
0 Pretreatment
o Pump

© O O0Oo

9.5 DEEP WELL DISPOSAL WORKSHEET AND EXAMPLE

Based on the cost data provided in the figures, a preliminary capital cost estimate can be
developed for a specific site. Such an estimate can provide an order-of-magnitude cost,
but a specific site evaluation would be required to provide an accurate estimate.

The worksheet for deep well disposal isprovided in Table 9.3. An example calculationis
provided in the column marked ‘example.” For this example, the assumption is made that
an injection tube of 16 in. nominal diameter isrequired. The well depthis 3,400 ft. The
figures previously presented can now be applied to develop an estimated cost. From
Figure 9.2, acost of $350,000 is obtained for logging of the injection well. The drilling
and reaming costs, estimated from Figure 9.3, are $790,000. Referring to Figure 9.4, the
cost is $430,000 for injection tubing in a 3,400 ft well. Based on the tubing diameter and
well depth, the cost of packer, casing, and grouting are obtained from Figures 9.5, 9.6,
and 9.7 respectively. These costs are estimated at $97,000, $920,000, and $600,000,
respectively. The monitoring well cost for adua zone monitoring well is taken from
Figure 9.8 with an estimated cost of $600,000. Finally, the rig mobilization and
demobilization cost is estimated from Figure 9.9 to be $710,000. Thetotal estimated cost
is shown in Table 9.3 to be $4,497,000.

9.6 DEEP WELL DISPOSAL REGRESSION MODEL

Based on about 35 cases from the worksheet, a closed form mathematical relation was
devel oped to approximate the worksheet model. The user is reminded that the cost
projections from both the worksheet model and the regression model that approximates
the worksheet model are for preliminary level cost estimates only. The model developed
below islinear in the various cost factors. The mathematical expression is:

Total Capital Cost ($) = -288 + 145.9 * TUBEDIAMETER + 0.754 * DEPTH
For the worksheet example conditions of:

TUBE DIAMETER
DEPTH

16in.
3,400 ft

the calculated total capital cost is $4,610,000, which compares to the worksheet result of
$4,497,000.
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Table 9.3 Worksheet for Deep Well Disposal Capital Costs

WORKSHEET for Deep Well Disposal Capital

Costs
Preliminary Level Cost
Variable

ENTER variable values range example casel case 2 case 3 case 4
A - tubing diameter (in) 5-24 16
B - depth (ft) 0- 10,000 3,400
FIND costs from figures Action
C - Cost of logging, testing & survey use A & B, Figure 8.2 350,000
D - Cost of drilling & reaming use A & B, Figure 8.3 790,000
E - Cost of installed casing use A & B, Figure 8.6 920,000
F - Cost of installed grouting use A & B, Figure 8.7 600,000
G - Cost of installed injection tube use A & B, Figure 8.4 430,000
H - Cost of installed packer use A, Figure 8.5 97,000
| - TOTAL INJECTION WELL COST =C+D+E+F+G+H 3,187,000
J - Mobilization/demobilization cost use B, Figure 8.9 710,000
K - Monitoring well cost use B, Figure 8.8 600,000

TOTAL COST =l+J+K 4,497,000
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CHAPTER 10.
EVAPORATION POND COST MODEL
10.1 BACKGROUND

Solar evaporation, awell established method for removing water from a concentrate
solution, has been used for centuries to recover salt (sodium chloride) from seawater.
There are also installations that are used for the recovery of sodium chloride and other
chemicals from strong brines, such as the Great Salt Lake and the Dead Sea, and for the
disposal of brines resulting from oil well operations (USDI, Office of Saline Water
1971).

Evaporation ponds for membrane concentrate disposal are most appropriate for smaller
volume flows and for regions having arelatively warm, dry climate with high
evaporation rates, level terrain, and low land costs. These criteria apply predominantly in
the western half of the United States — in particular, the southwestern portion.

Advantages associated with evaporation ponds are described in the following list:

» They arerelatively easy and straightforward to construct.

* Properly constructed evaporation ponds are low maintenance and require little
operator attention compared to mechanical equipment.

* Except for pumps to convey the wastewater to the pond, no mechanical
equipment is required.

» For smaller volume flows, evaporation ponds are frequently the least costly means
of disposal, especially in areas with high evaporation rates and low land costs.

Despite the inherent advantages of evaporation ponds, they are not without disadvantages
that can limit their application, as described in the following list:

* They canrequire large tracts of land if they are located where the evaporation rate
islow or the disposal rateis high.

* Most states require impervious liners of clay or synthetic membranes such as PVC
or Hypalon. This requirement substantially increases the costs of evaporation
ponds.

»  Seepage from poorly constructed evaporation ponds can contaminate underlying
potable water aquifers.

» Thereislittle economy of scale for thisland-intensive disposal option.
Consequently disposal costs can be large for al but small-sized membrane plants.

In addition to the potential for contamination of groundwater, evaporation ponds have
been criticized because they do not recover the water evaporated from the pond.
However, the water evaporated is not “lost;” it remains in the atmosphere for about 10
days and then returns to the surface of the earth asrain or snow. This hydrologic cycle of
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evaporation and condensation is essential to life on land and is largely responsible for
weather and climate.

10.2 DESIGN CONSIDERATIONS

10.2.1 Sizing of Evaporation Ponds: Evaporation ponds function by transferring liquid
water in the pond to water vapor in the atmosphere above the pond. The rate at which an
evaporation pond can transfer this water governs the size of the pond. Selection of pond
Size requires determination of both the surface area and the depth needed. The surface
arearequired is dependent primarily on the evaporation rate. The pond must have
adequate depth for surge capacity and water storage, storage capacity for precipitated
salts, and freeboard for precipitation (rainfall) and wave action.

10.2.1.1 Determining the Evaporation Rate: Proper sizing of an evaporation pond
depends on accurate calculation of the annual evaporation rate. Evaporation from a
freshwater body, such as alake, is dependent on local climatological conditions, which
are very site specific. In order to develop accurate evaporation data throughout the
United States, meteorological stations have been established at which special pans
simulate evaporation from large bodies of water such as lakes, reservoirs, and
evaporation ponds. The pans are fabricated to standard dimensions and are situated to be
as representative of a natural body of water as possible. A standard evaporation pan is
referred to asa Class A pan. The standardized dimensions of the pans and the consistent
methods for collecting the evaporation data allow comparatively and reasonably accurate
datato be developed for the United States. The data collection must cover severa years
to be reasonably accurate and representative of site-specific variationsin climatic
conditions. Published evaporation rate databases typically cover a 10-year period or
more and are expressed in inches per year.

The pan evaporation data from each site can be compiled into a map of pan evaporation
rates. Because of the small heat capacity of evaporation ponds, they tend to heat and cool
more rapidly than adjacent |akes and to evaporate at a higher rate than an adjacent natural
pond of water. In general, experience has shown the evaporation rate from large bodies
of water to be approximately 70 percent of that measured in a Class A pan (USDI,
Bureau of Reclamation 1969). This percentage isreferred to as the Class A pan
coefficient and must be applied to measured pan evaporation in order to arrive at actua
lake evaporation. Over the years site-specific Class A pan coefficients have been
developed for the entire area of the United States. Multiplying the pan evaporation rate
by the pan coefficient results in a mean annual |ake evaporation rate for a specific area.

Maps are also available that depict annual average precipitation across the United States.
Subtracting the mean annual evaporation from the mean annual precipitation gives the net
lake surface evaporation in inches per year. Thisisthe amount of water that will
evaporate from a freshwater pond (or the amount the surface level will drop) over ayear
if no water other than natural precipitation enters the pond. All these maps assume an
impervious pond that allows no seepage. Note that for some parts of the country the
results of this calculation give a negative number and in other parts of the country itisa
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positive number. A negative number indicates a net loss of water from a pond over a
year, or adrop in the pond surface level. A positive number indicates more precipitation
than evaporation at a particular site. A freshwater pond at one of these sites would
actually gain water over ayear, even if no water other than natural precipitation were
added. Thus such asite would not be a candidate for an evaporation pond.

It isimportant to realize that data of thistype are representative only of the particular
sites of the individual meterological stations, which may be separated by many miles.
Climatic data specific to the exact site should be obtained if at al possible prior to actual
construction of an evaporation pond.

The evaporation data described above are for freshwater pond evaporation. However,
brine density has a marked effect on the rate of solar evaporation. Most procedures for
calculating evaporation rate indicate evaporation is directly proportional to vapor
pressure. Salinity reduces evaporation primarily because the vapor pressure of the saline
water islower than that of fresh water, and because dissolved salts lower the free energy
of the water molecules. Cohesive forces acting between the dissolved ions and the water
molecules may also be responsible for inhibiting evaporation, making it more difficult for
the water to escape as vapor (Miller 1989).

The lower vapor pressure and lower evaporation rate of saline water result in alower
energy loss and thus a higher equilibrium temperature than that of fresh water under the
same exposure conditions. The increase in temperature of the saline water would tend to
increase evaporation, but the water is less efficient in converting radiant energy into
latent heat due to the exchange of sensible heat and long-wave radiation with the
atmosphere. The net result is that, with the same input of energy, the evaporation rate of
saline water islower than that of fresh water.

For water saturated with sodium chloride salt (26.4 percent), the solar evaporation rate is
generally about 70 percent of the rate for fresh water (USDI, Office of Saline Water
1971). Studies have shown that the evaporation rate from the Great Salt Lake, which has
aTDSlevel of between 240,000 and 280,000 mg/L, is about 80 to 82 percent of the rate
for fresh water. Other studiesindicate that evaporation rates of 2, 5, 10, and 20 percent
sodium chloride solutions are 97, 98, 93, and 78 percent, respectively, of the rates of
fresh water (USDI, Bureau of Reclamation 1969). These ratios are determined from both
experiment and theory. However, there is no simple relationship between salinity and
evaporation, for there are always complex interactions among site-specific variables such
as air temperature, wind velocity, relative humidity, barometric pressure, water surface
temperature, heat exchange rate with the atmosphere, incident solar absorption and
reflection, thermal currentsin the pond, and depth of the pond. As aresult these ratios
should be used only as guidelines and with discretion. It isimportant to recognize that
salinity can significantly reduce evaporation rate and to alow for this effect in sizing the
evaporation pond’' s surface area. In lieu of site-specific data, an evaporation ratio of 0.70
is areasonable alowance for long-term evaporation reduction. Thisratioisaso
considered to be an appropriate factor for evaporation ponds that are expected to reach
salt saturation over their anticipated service life.
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10.2.1.2 Pond Depth: Studiesindicate that pond depths ranging from 1to 18 in. are
optimal for maximizing evaporation rate. However, similar studiesindicate only a4
percent reduction in the evaporation rate as the pond depth isincreased from 1 to 40 in.
(USDI, Bureau of Reclamation 1969). Very shallow evaporation ponds are subject to
drying and cracking of the liners and are not functional in long-term service for
concentrate disposal. From a practical operating standpoint, an evaporation pond must
not only evaporate wastewater but also provide

» Surge capacity or contingency water storage
» Storage capacity for precipitated salts
» Freeboard for precipitation and wave action

For an evaporation pond to be aviable disposal aternative for membrane concentrate, it
must be able to accept concentrate at all times and under all conditions so as not to
restrict operation of the desalination plant. The pond must be able to accommodate
variations in the weather and upsets in desalination plant. The desalination plant cannot
be shut down because the evaporation pond level isrising faster than anticipated.

In order to allow for unpredictable circumstances, it is important that design
contingencies be applied to the calculated pond area and depth. Experience from the
design of industrial evaporation ponds has shown that discharges are largest during the
first year of plant operation, are reduced during the second year, and are relatively
constant thereafter. A long-term 20 percent contingency may be applied to the surface
areas of the pond or its capacity to continuously evaporate water. The additional
contingencies above the 20 percent (up to 50 percent) during the first and second years of
operation are applied to the depth holding capacity of the pond.

Freeboard for precipitation should be estimated on the basis of precipitation intensity and
duration for the specific site. There may also be local codes governing freeboard
requirements. In lieu of site-specific data, an allowance of 6 in. for precipitation is
generaly adequate where evaporation ponds are most likely to be located in the US
(USDI, Office of Saline Water 1970).

Freeboard for wave action can be estimated as follows (USDI, Office of Saline Water
1970):

Hw = 0.047* W * V(F)
Where Hw = wave height (ft)

W = wind velocity (mph)

F = fetch, or straight-line distance the wind can blow without obstruction (mi)
The run-up of waves on the face of the dike approaches the velocity head of the waves

and can be approximated as 1.5 * Hw. Hw isthe freeboard allowance for wave action
and typically ranges from 2 to 4 ft. The minimum recommended combined freeboard
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(for precipitation and wave action) is 2 ft. This minimum applies primarily to small
ponds.

Over thelife of the pond (which should be sized for the same duration as the projected
life of the desalination facility), the water will likely reach saturation and precipitate salts.
The type and quantity of saltsis highly variable and very site-specific. Allowancein the
pond depth for precipitate salts can be made using Figure 10.1, which provides an
estimate for the depth of precipitate produced as a function of the salinity of the
wastewater discharged to the pond (USDI, Office of Saline Water 1970). For agiven
salinity, Figure 10.1 provides an estimate of precipitate produced (in feet per year) for
each foot of wastewater discharged to the pond. Multiplying the annual deposition depth
times the depth of water discharged to the pond each year and then by the life of the pond
will result in the necessary allowance for the life of the pond.

10.3 COST PARAMETERS

Although sizing of an evaporation pond is arelatively straightforward procedure once
appropriate net evaporation data are available, the costs associated with pond
construction are highly site-specific and quite variable. Therefore generic cost estimating
of evaporation ponds from typical handbook-type datais very difficult and subject to a
wide range of accuracy. However, by gathering site-specific data a reasonably accurate
cost estimate can be made.

The following section sets forth the steps necessary to accurately determine the cost of an
evaporation pond. Typical cost data are used. Graphs of the various costs for an
evaporation pond can be used as the bases for determining site-specific costs. For some
applications an evaporation pond can be a cost-effective disposal alternative; in other
locations the cost can be prohibitive.

In general it is anticipated that evaporation ponds will most likely be competitive for
relatively small plants in remote, inland locations with high evaporation rates. Large
membrane treatment plants are typically located near large population centers, where the
availability of large tracts of inexpensive land will generally be limited. The major
factors contributing to the cost of an evaporation pond are:

* Land costs

e Earthwork

e Lining

* Miscellaneous cost

*  Operation and maintenance
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10.3.1 Land Costs: The cost of land can vary greatly from siteto site. In general,
however, the cost of land at |ocations appropriate for evaporation pondsis a small
percentage of the total cost. Costs vary not only from city to city but also in the vicinity
of aparticular municipality itself. Land costs can easily vary by afactor of 10 or more,
depending on the exact location near the city.

10.3.2 Earthwork: Likethe cost of land itself, the cost of earthwork isvery site-
specific, depending on whether the terrain isflat or hilly, rocky or sandy, forested or
clear, and so forth. In selecting a site for an evaporation pond, such factors must be
considered in making the final selection. Of course, in some cases there are only limited
choices. If the desalination plant location is fixed by the proximity of the water source or
the locus of the demand for the desalted water, the evaporation pond must be located
reasonably close by. Certain aspects are generic, however; typical construction features
for an evaporation pond include the following:

* Landclearing

* Perimeter dikes

» Baffledikes (optional)
* Dike covers

Land isrequired for the evaporative surface area and for the perimeter area that includes
the dike, road, and fence. This distinction between evaporative area and total areais
important in determining land requirements. Figures 10.2 and 10.3 provide an area
correction factor to multiply times the evaporative areato calculate the total area. The
correction factor value depends on the evaporative area and the dike height. This
correction factor will be applied in determining land and land clearing costs.

10.3.2.1 Land Clearing: Theinitial step in the construction of the pond consists of
clearing the land. Land clearing can be labor intensive, and the cost is dependent upon
the specific characteristics of each site. Costs can be categorized based on the type of
vegetation at the site. Thetypical cost for clearing brush is $1,000/acre; for sparsely
wooded areas, $2,000/acre; for medium-wooded areas, $4,000/acre; and for heavily
wooded areas, $7,000/acre.

10.3.2.2 Dikes: Dike construction, which is also labor intensive, involves excavating
part of the soil and using it for the dike. Evaporation pond dikes are typically constructed
with a2:1to 4:1 dope and a 12-ft top width that provides for a maintenance roadway.
Generally the excavated earth is sufficient for the dike's construction. The configuration
of the pond determines the dike perimeter. To minimize the perimeter and the associated
costs, the pond should be square.

The major variable in dike design is the required height. The pond depth is set by the
volume required to accumulate sludge and the height required to prevent overflow due to
wave action. Dike heights of 4 to 12 ft aretypical. Figures 10.4 and 10.5 summarize the
cost of dikes with 4-ft, 8-ft, and 12-ft heights and acreages of 1 to 10 and 10 to 100 acres.
These costs include material and labor for dike construction.
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Dike heights can be lower if the evaporation pond solids are periodically cleaned out.
For cleanout, either a baffled single pond or multiple ponds are provided. A single pond
designed for cleanout is baffled to allow sections of the pond to operate while other
sections are cleaned. Figure 10.6 illustrates this arrangement. This scheme provides for
apond of smaller acreage aswell aslower dike height. The water level can be lower,
thus increasing the temperature, which will increase the evaporation rate and reduce the
arearequired. The baffling will aso help to settle the precipitatesin arelatively uniform
pattern, helping to minimize the required pond depth. Often one section isdried, and silt
is placed over the salt precipitates to prevent the salts from redissolving as new
wastewater isintroduced. This practice also increases the net evaporation rate. The
disposal costs for periodic cleaning of abaffled pond can be substantial and frequently
rule out this option.

10.2.2.3 Liners: Evaporation ponds have been used for decades for the disposal of liquid
wastes. Historically numerous unlined evaporation ponds have been used as catchall
disposal sitesfor avariety of wastes. Dumping in unlined evaporation ponds has
frequently contributed to contamination of groundwater supplies with hazardous
chemicals. Once contaminated, groundwater supplies are very difficult and expensive to
clean up.

Because the potential for groundwater contamination exists with any evaporation pond,
most states require impervious liners of clay or synthetic membranes, which substantially
increase the cost. Where the waste discharged to the pond can be verified as
nonhazardous and the groundwater in the areais of poor quality or substantially distant
from the pond, or both, asingle liner may be acceptable. However, if the water has the
potential to contain even trace amounts of hazardous substances or high-quality
groundwater exists in shallow aguifers, double-lined ponds with leak detection systems
are frequently required. These liners must be impervious to any seepage of water.
Several types of liners are available, including polyvinyl chloride, high-density
polyethylene, butyl rubber, and Hypal on.

The costs of installing liners include those for material, hand dressing for raking rocks,
ditching for liner anchoring, and installation. The total quantity of liner required is based
on the areas of the pond bottom, the dike slope area, and an additional 6 to 10 ft for
anchoring around the berm perimeter. On this basis, costs were developed for the liner
assuming the use of a high-density polyethylene (HDPE) liner. These costs are presented
in Figures 10.7 and 10.8. The reason for both the increasing liner unit cost with area and
the dependency on dike height is an artifact of the way the curves are presented. The
liner cost per acreis cost per total acre as opposed to evaporative surface acre. Although
costs vary for aternative liner materials arule of thumb that has been used in the
calculations is $0.01 per mil thickness per ft°>. Given the many factors that can influence
the actual liner cost, this rule is a reasonable compromise value for the preliminary level
cost analysis.
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Figure 10.6 Schematic Diagram of a Baffled Evaporation Pond
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10.3.3 Miscellaneous Costs: The following costs depend upon the needs of the specific
installation; they may constitute a significant percentage of the total cost of the
evaporation pond installation. Some of these possible costs include:

* Fencing
* Maintenance roadways
* Disposd

*  Seepage monitoring
» Contaminated ground cleanup

10.3.3.1 Fencing: If the evaporation pond is not part of the main plant property, the cost
of fencing should be applied to the cost of pond development. Fencing is required for
severa reasons. The membrane-lined sides of evaporation ponds are relatively steep and
slick and pose a very real hazard for people and animals that might wander into the area.
Fencing is also required for security purposes, to preclude acts of vandalism and
unauthorized dumping. Installed fence costs are relatively standard and are estimated at
$15/linear ft. Figures 10.9 and 10.10 provide estimates for the cost of fencing. The
height of the dike impacts the size of the perimeter dightly, and thus the length of fence.
This factor, however, is negligible in the context of the present model.

10.3.3.2 Maintenance Roadways. For large evaporation ponds, maintenance roadways
facilitate security patrols and routine inspection of the pond, and provide access for
maintenance vehicles. In some bids the labor for constructing a roadway may be
considered as part of the dike construction. In the following, however, this cost has been
separated as the labor and material for construction a gravel roadbed. Figures 10.11 and
10.12 illustrate the cost of the roadbed for various sizes of ponds based on $15/yd®.

10.3.3.3 Disposal: The solid precipitates collected in the pond may require periodic
disposal if the pond is not large enough to hold the total volume of sludge produced
during the life of the plant. This may occur either because the solids contribution to the
pond is especially high (high suspended solids in the water stream, large amounts of
windblown dirt, and the like), or because the pond has a shallow depth to enhance the
evaporation rate or to avoid the local water table.

The cost for solids disposal include dredging the solids from the pond, transporting the
solids, and landfill disposal costs. Inisolated cases the solids may require stabilization if
hazardous materials (e.g., heavy metals) are present in the pond.

10.3.3.4 Seepage Monitoring: Seepage monitoring or leak detection may be required,
depending on the pond construction, the proximity and quality of nearby aquifers, or
both. Single-lined ponds allow for no direct means of detecting seepage until the water
has | eft the pond. However, for relatively clean wastes such as most membrane
concentrates, a single-lined pond used in conjunction with monitoring wells may satisfy
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local regulatory requirements. For contaminated wastes or in locations where high-
quality aquifers are present, a double-lined pond may be required to assure the integrity
of the disposal site. In double-lined ponds a porous layer is provided between the two
liners. Should the first liner leak, the wastewater will pass into the porous layer and drain
to amonitoring sump, where it will be detected. Until draining or repair of the pond, or
both, is affected, the second liner prevents groundwater contamination. For large ponds
where draining of the porous layer to a sump is not practical because of the distances

involved, electronic moisture detectors or lysimeters can be embedded in the porous
layers at regular intervals to detect primary liner leaks.

Where evaporation ponds are located in an area of known precious groundwater
contamination, the owner may install monitoring wells around the pond, not to detect
pond leaks but to establish a historical record of the existing groundwater contamination
inthearea. Then if additional contamination should occur in the area, the owner of the
pond can provide water quality monitoring data from the wells, along with periodic
samples of the wastewater in the pond, to assure the regulatory agencies that any
additional groundwater contamination did not originate from the pond.

To detect seepage around the pond, several methods may be used: bore holes, monitoring
wells, or moisture detectors. The costs of these depend upon the required monitoring
depth.

10.3.3.5 Contaminated Ground Cleanup: The earth surrounding the evaporation pond
may become contaminated through contact with the wastewater. The contamination
could be the result of seepage or upset overflows from the pond. Cleanup of
contaminated soils is becoming a cost factor in many states, but the requirements for
cleanup are too varied at this time to reasonably predict the costs. Site-specific
evaluations are required.

10.3.4 Operating Costs: Once it has been constructed, the pond operates essentially
maintenance-free. Periodic maintenance is required only for the repair of the dike or
liner, pipe, flow control devices, etc. Operating costs also include security and damage
inspection. The annual operating costs can be estimated at 0.5 percent of the total
installation costs.

10.4 DESIGN APPROACH FOR THE EVAPORATION POND COST MODEL

* Theclimatic variables are key in the determination of the effective evaporation
rate. Thisisnot asimple matter and is perhaps the most critical design variable.

* Themodel assumes that the effective evaporation rate is known.

»  Once known, this determines the total evaporation surface required. A
contingency factor of 20 percent isincluded in the evaporation surface required.

» Thedesign challengeisto determine the suitable evaporation pond depth or
conversely the dike height. This depends on the nature of the solution to be
evaporated.
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» Standard tables exist for calculating the sludge buildup with time as a function of
solution salinity.

» Thedike design variables include dike height (pond depth plus freeboard), dike
sloperatio, and dike width at top.

» Typicaly only enough earth will be excavated to build the dikes.

* Thetota earth to be moved depends on the amount of dike, and this depends on
pond size. The entire evaporative surface can be from one or many ponds.
Typically the largest possible pond size is used, as this minimizes costs associated
with earth moving, liner installation, road construction, and other costs.

» Pond size, however, depends on the wind level and the possibility of dike erosion.

» Dikeheight has asimilar effect on dike cost as total system size, and both have a
much greater effect on dike cost than the number of ponds

» Asthetotal pond size decreases, the dike physically makes up more of the total
area of the system

» Theratio of dike costsfor different dike heights holds for any size system, asitis
afunction only of the relative sizes (volumes) of the different dikes

»  Thedesign approach chosen for the worksheet model is as follows:

0 Excess evaporation surface of 20 percent is assumed as a design
contingency

Thedike slopeisset at 3:1

The design is based on a single pond

The road width is set at 12 ft.

0 Excessliner for sealing and overlap is set at 2%
* Theremaining design variables include
o Dikeheight (pond depth plus freeboard)
o Evaporation surface determined by net evaporation rate and total
concentrate flow)
» Other input variables include: 1and type, total thickness of liner material, and unit

o OO

land cost
» Costsincluded in the capital cost model:
o Land
0 Land clearing
o Dike
o Liner
o Fencing
0 Roadway

» Costsnot included in the capital cost model:
Disposal of sludge

Seepage monitoring

Cleanup of contaminated soil

Cost of pipeline to the evaporation pond site

(@)

o OO

10.5 EVAPORATION POND WORKSHEET AND EXAMPLE

With the information provided above, the total cost of an evaporation pond can be
determined. The worksheet for evaporation pond is provided in Table 10.1. An example
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Table 10.1 Worksheet for Evaporation Pond Disposal Capital Costs

WORKSHEET for Evaporation Pond Disposal Capital Costs
Preliminary Level Cost ONLY
ENTER variable values Variable Range example | casel | case? case 3
A - evaporative surface (acres) 0to 100 10
B - dike height (ft) 4,8,12 8
C - total liner thickness (mils) 2010 120 60
D - land unit cost ($/acre) 0 - 10,000 5000
E - land type (see note 1 below) 12,3, 4 3
CALCULATION of total acreage Action
F - ratio: total acreage to evaporative acreage use Figures 10.2, 10.3 1.36
G - total acreage = A*F 13.6
FIND unit area costs from figures using total acreage, G Action cost, $
H - land, $/acre same as E 5000
| - land clearing (see note 1 below), $/acre 4000
J - dike, $/acre use Figures 10.4, 10.5 8600
K - nominal liner, $/acre use Figures 10.7, 10.8 22680
L - liner, $/acre =K*D/60 22680
M - fence, $/acre use Figures 10.9, 10.10 4500
N - road, $/acre use Figures 10.11, 10.12 770
TOTAL UnitCost| addH,1,J,L,M&N 45550
TOTAL above times G 619480
add engineering at 10% 61948
add contingency at 10% 61948
GRAND TOTAL 743376
COMMENTS: note 1: clearing cost ($/acre) 1-brush $1,000 2-sparsely wooded $2,000
3-medium wooded  $4,000 4-heavily wooded $7,000
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calculation is provided in the column marked ‘example.” The land available is assumed
to be 10 medium-wooded acres. A single liner material of thickness 60 milsis assumed
along with a dike height of 8 ft and a unit land cost of $5,000/acre. Theland and land
clearing costs are entered into the worksheet. From Figure 10.2 an area correction factor
of 1.36 is determined which multiplied times the evaporative surface area required gives
the total land arearequired as 13.6 acres. The unit dike cost is $8,600/acre as found from
Figure 10.4. From Figure 10.7 the liner cost is determined to be $22,680/acre. Perimeter
fence cost is determined from Figure 10.9 to be $4500/acre. The Roadbed cost is
$770/acre as per Figure 10.11. These unit costs are entered into the worksheet and added
to give the total unit cost of $45,500/acre. For 13.6 acres this amounts to $619,480.
With engineering and contingency fees both set at 10 percent, the grand total capital cost
becomes $743,376.

10.6 EVAPORATION POND REGRESSION MODEL

For convenience, it is helpful to have a smplified closed-form mathematical expression
to calculate preliminary capital cost. Cautions on using the worksheet model to develop
capital cost for the evaporation pond apply to the regression model. By definition, the
regression model isless accurate being based on a best fit of the results from the
worksheet calculations. A linear regression model is used to develop the equation for
total unit area capital cost. Thismodel isvalid from 10 to 100 acres. To obtain the total
capital cost this expression isthen multiplied times the total arearequired aswell asby a
20 percent contingency factor (1.2). The expression for the total areais non-linear taking
into account the area adjustment factor as well as the evaporative surface area.

Total Unit Area Capital Cost ($/acre) = 5406 + 465 * LINER THICKNESS
+1.07* LAND COST
+0.931* LAND CLEARING COST
+217.5* DIKE HEIGHT

Total Area (plus contingency factor) = 12* EVAPAREA * [1+
0.155 * DIKE HEIGHT/
(SQRT(EVAP AREA))

When multiplied together these two expressions yield the Total Capital Cost.

For the worksheet example conditions of :

LINER THICKNESS = 60 mil
LAND COST = $5000/acre
LAND CLEARING COST = $4,000/acre
DIKE HEIGHT = 8 ft

EVAP AREA = 10 acres

The calculated total capital cost is $737,045, which compares to the worksheet result of
$743,376.
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CHAPTER 11.
SPRAY IRRIGATION WORKSHEET MODEL
11.1 BACKGROUND

Land application methods include irrigation systems, rapid infiltration, and overland flow
systems (Crites et al, 2000). These methods, and in particular irrigation, were originally
used to take advantage of sewage effluent as a nutrient or fertilizer source aswell asto
reuse the water. Membrane concentrate has been used for land application in the spray
irrigation mode. Using the concentrate in lieu of fresh irrigation water helps conserve
natural resources, and in areas where water conservation is of great importance, spray
irrigation is especialy attractive. Because of the higher TDS concentration of RO and
EDR concentrate, unlessit is diluted, concentrate is less likely than NF concentrate to be
used for spray irrigation purposes.

Concentrate can be applied to cropland or vegetation by sprinkling or surface techniques
for water conservation by exchange when lawns, parks, or golf courses are irrigated; and
for preservation and enlargement of greenbelts and open spaces.

Where the nutrient concentration of the wastewater for irrigation is of little value,
hydraulic loading can be maximized to the extent possible, and system costs can be
minimized. Crops such as water-tolerant grasses with low potential for economic return
but with high salinity tolerance are generally chosen for this type of requirement.

Fundamental considerationsin land application systems include knowledge of
wastewater characteristics, vegetation, and public health requirements for successful
design and operation. Environmental regulations at each site must be closely examined
to determine if spray irrigation isfeasible. Contamination of the groundwater and runoff
into surface water are key concerns. Also, the quality of the concentrate —its salinity and
toxicity, and the soil permeability — must be acceptable.

The principal objectivein spray irrigation systems for concentrate discharge is ultimate
disposal of the applied wastewater. With this objective the hydraulic loading is usually
limited by the infiltration capacity of the soil. If the site has arelatively impermeable
subsurface layer or a high groundwater table, underdrains can be installed to increase the
allowable loading. Grasses are usually selected for the vegetation because of their high
nutrient requirements and water tolerance.

Other conditions must be met before concentrate irrigation can be considered as a
practical disposal option. First there must be aneed for irrigation water in the vicinity of
the membrane plant. If the need exists, a contract between the operating plant and the
irrigation user would be required. Second, a backup disposal or storage method must be
available during periods of heavy rainfall. Third, monitor wells must be drilled before an
operating permit is obtained (Conlon 1989).
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11.2 DESIGN CONSIDERATIONS

The following design considerations are applicable to spray irrigation of concentrate for
ultimate disposal:

e Salt, trace metals, and salinity
» Sitesdection

* Preapplication treatment

* Hydraulic loading rates

* Land requirements

* Vegetation selection

» Distribution techniques

» Surface runoff control

11.2.1 Salt, Trace Metals, and Salinity: Three factors that affect an irrigation source’s
long term influence on soil permeability are the sodium content relative to calcium and
magnesium, the carbonate and bicarbonate content, and the total salt concentration of the
irrigation water. Sodium salts remain in the soil and may adversely affect its structure.
High sodium concentrations in clay-bearing soils disperse soil particles and decrease soil
permeability, thus reducing the rate at which water moves into the soil and reducing
aeration. If the soil permeability, or infiltration rate, is greatly reduced, then the
vegetation on the irrigation site cannot survive. The hardness level (calcium and
magnesium) will form insoluble precipitates with carbonates when the water is
concentrated. Thi