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ABSTRACT

This report describes the final two years of a six year plilot scale
Investigation to desalt brackish wastewaters for reclamation and recycle using
reverse osmosis. The work reported herein Is only part of a large continuing
development program sponsored by the California Depariment of Water Resources.

The work described herein was originally begun In April of 1976 at the
Las Gallinas Valley Sanitary District, north of San Rafael, in Marin County,
Callfornia. The site was originally selected because of the Interest of two
local agencles, the Marin Municipal Water District, and the Las Gallinas Yal-
ley Sanitary District. It was also selected In anticipation of the need for
addltional water supplies, which was latter demonstrated in the drought of
1976-77, when Marin County was one of the most severely affected areas.

This report describes the second phase of research, covering the period
from January, 1980 to shut down In June, 1982. The prlor report, Improvement

of Reverse Osmosis through Pretreatment, (UCLA-Eng-8066) describes operation
from the beginning In 1976 to 1980.

Originally a one inch tube-style reverse osmosis unit was assembled at
Las Gallinas. The unlt was orliginally operated using trickling fiiter
effluent, and provided satisfactory effluent quality, but fouling rates were
excesslve, causing very poor recovery rates, and poor economics., To Improve
recovery rates, coagulation and flltration were added which Increased average
recovery from 25% with trickling filter effluent without additional pretreat-
ment, to over 60% wlth ferric chloride coagulation and flltration. Operating
costs declined from over $2.00 to $1.57 per 1000 gallons (in 1979 dollars).

At the conclusion of the first phase It was determined from analysis of
the reverse osmosis foullng material that the majJor flux reducing substances
were still organic In origin, and that further reduction of blological materi-
als In the feed water was desirable. Additional blological materials In the
feed water could only be reduced by removing soluble substances, since the
total suspended solids In the feed water were less than 2 to 4 mg/l.

In order to remove additional soluble materlal, It was decided to use an
activated sludge process In Ileu of the trickling fliter, and a search was
made to find a sultable activated siudge plant, After some searching It was
concluded that a sultable locatlon with an activated sludge plant was not
locally avallable, and that acquiring an activated sludge pilot plant at the
Las Gallinas site would be more cost effective than moving the reverse osmosis
facility.

A 15 GPM pilot activated sludge plant was designed from a commercially
avallable package plant produced by the Clow corporation, and placed In ser-
vice at the end of 1981, This unit was operated until shut down I[In June,
1982. The unlt was Installed In such a way that I+ could be operated In lieu
of the trickliing filter In order that all the previously Installed pretreat-
ment facillties could be reused.




The activated sludge plant provided additional organic material removal
which reduced fouling and operating cost. The cost for the best activated
sludge pretreatment system (activated sludge followed by filtration without
chemical addition) was $1.11 per 1000 gallons which can be compared to $1.57
per 1000 gallons for lowest cost from the previous phase, using +rickling
filter effluent followed by ferric chloride coagulation, sedimentation, and
filtration, In 1979 dollars. In flrst quarter 1983 dollars the cost comparison
was $1.71 to $2.42 per 1000 gallons in favor of the actlivated sludge treatment
system. In all cases the lowest cost operation was obtained with the highest
level of pretreatment. Aluminum sulfate was always the poorest coagulant In
reducing fouling properties of the feed water, but not always the poorest
coagulant In reducing feed water turbidity.




1. INTRODUCTION

In an effort to develop future water resources for the state of Callfor-
nia, the California Department of Water Resources (DWR) and others have funded
a serles of projécfs to develop technology to reclaim water from wastewater
discharges. The development of additional water resources from wastewaters Is
one method of meeting the future water needs while reducing wastewater
discharge problems. Previous projects have been described by Antoniuk and
McCutchan (1973) and Speight and McCutchan (1979) for Irrigation drainage
wastewaters, by Argo and Moutes (1979), Wojclk, Lopez, and McCutchan (1980),
and Stenstrom et. al. (1982a, 1982b) for domestic wastewaters, and by Johnson
and Loeb (1969), Johnson, McCutchan, and Bennion (1969) for sallne groundwa-
ters. Other work has also been performed, and the review by Davis, et. al.

(1980) should be consulted for additlonal Information.

This report describes the Phase 11 results for +the research facillity
located at the Las Galllinas Valley Sanitary District, north of San Rafael, In
Marin County, California. The objective of the Phase |l study was to further
Investigate pretreatment techniques and their effect on system preformance and
cost, by adding an activated sludge plant. In the Phase | the economics and
system design of a pllot scale tubular reverse osmosis plant treating coagu-
lated and filtered trickling filter effluent were Iinvestigated. The Phase |
work, through extensive Investigation of coagulation/filtration techniques,
Including coagulation by organic polymers, ferric chloride, alum (aluminum
sul fate), showed that pretreatment significantly reduced total costs. It was
concluded from Phase | that total operating cost could be reduced from over

$2.00 to $1.57 per 1000 gallons by employling optimum coagulation-fi|tration




pretreatment, as compared to +rickling fllter effluent without additional
treatment. Additionally the fouling materlals removed from the RO membranes
appeared to be organic materials, Indicating that additional Improvements In
blological pretreatment, such as those provided by an actlivated sludge plant,

would be beneficlal.

This report describes the results of the second phase of research, using
Improved pretreatment provided by a pllot scale actlivated sludge plant,
Including revised system economics, followed by various filtration/coagulation
alternatives. In writing this report no attempt was made to discuss results
from the first phase, unless they were essential to interpret the results from

the second phase.




2. EXPERIMENTAL APPARATUS

The reverse osmosls apparatus used In this study was the same as that
used In the first phase of work at Las Galllnas and very similar to the units
used In earller lnvesflgafions conducted by UCLA researchers (Johnson and
Loeb, 1966; Johnson, et. al. 1969; Spelght and McCutchan, 1979). The unit Is
very similar to the original design by Loeb and Sourirajan (1960, 1962). Table

2.1 lists the specifications for the unit.

MEMBRANE CONF [ GURAT | ONS

There are three common membrane conflgurations used today. Each has
advantages and disadvantages. The tubular membranes used In this study have
the advantage of high flux rates, ease of cleaning, and simplicity. Unfor-
tunately they have very low packing density. Spiral wound membranes have much
higher packing density, but are more complicated to manufacture and often have
lower fluxes. Hollow flne fiber membranes have the hlighest packing density,
but are restricted in application to high quality feed water since they cannot
be easlly cleaned. Suspended solids are particularly bothersome and must be
removed from feed water., Table 2.2 , taken from the the Desalting Handbook
for Planners (Office of Saline Water, 1972), summarizes the advantages of each

membrane type.

The tube style membranes have been used throughout the UCLA research
projects In part because they allow for membrane development and testing
without requiring extensive equipment and facllities. All the membranes used
In both phases of this study were cast by DWR personnel at their Firebaugh,

Callfornia facllity. The tube style membranes are particularly useful In




Table 2.1: Reverse Osmosis Unit Speclfications

Parameter Yalue
(1) {2)

Membrane Configuration Tubular

Internal Dlameter 0.88 Inches
Membrane Materlal Cel lulose Acetate
Anneal ing Temperature 88 t0o 90 C
Number of Membranes 160

Operating Pressure 600 PSIG

Feed Rate 6.4 GPM (Phase 1)
Feed Rate 3.7 GPM (Phase I1)




Table 2.2: Comparison of Reverses Osmosis Membrane Conflguraflons'

Characteristic Spiral Wound Tubul ar Hol low Fine Flber
|
IMem ra:g Surface Area per Volume 100-300 40-100 5,000-10,000
:(f /f '
IProduct Flux (gal/ft-day) 8-25 8-25 0.1=-2
ITypical Module Factors
| Brine Yeloclty (ft/sec) 0.7 1.5 0.04
| Brine Channel Dlameter (Inch) 0.005 0.5 0.004

:Mefhod of Replacement

As a membrane module As a tube, on site

assembly-on site

|
|
|
]
|
|
1
l
|
|
|
| As an entire
|  module-on site,
| | module returned to
: : the factory
:Membrano Rep|acement Labor :
! |
!
|
|
|
|
]
|
|
|
l

IHIgh Pressure Limits

Medlum High Medium, requires

equlpment

Membrane Compaction Membrane Compaction

|
!
]
|
|
|
|
!
|
|
|
|
|
|
|
l
|
|
|
|
: Fiber Collapse
|

!

|

]

|

|

|

IPressure Drop, product water size Med!um Low High
IPressure Drop, feed to brine exit Med | um High Low
IConcentration Polarization Problems Medium High Low
ICleaning Methods

| Mechanical No Yes No

|  Chemlcal Yes-pH & solvent Yes ~-pH & solvent Yes~less restricted
| | Imited |imlted

IPermissible Feed Water pH 5.5=7.5 5.5-7.5 2-10
[Permissible Temperature ( °C) 1 <38 <38 <38

After the Office of Sallne Water and Bureau of Reclamation, 1972,



reclamation studles since they can be used with the [argest range of feed
water qualities. Figure 2.1 shows a cross section of the membrane configura-
tion used at Las Gallinas. Each membrane Is 0.88 Inches In diameter and ten
feet long, providing a total surface area of 2.24 ffz. The entire RO unit

contained 160 membranes, for a total area of 358 f*z.

PILOT PLANT DESCRIPTION

The pilot plant was located at the Las Galllnas Valley Sanitary District
north of San Rafael, Callfornia. The District operates a secondary treatment
plant composed of primary clarlfication, +two stage trickiing fliters, and
secondary clarificatlon. The flow rate to the plant ranges from the average

3 3

/sec) to upwards of 8 MGD (0.35 m"/sec) In wet

value of 1.5 MGD (0.065 m
weather. The +trickling fllters are loaded at a rate of 11 MGD/acre (1,17 x
10-4m3/m2-sec) and 84 pounds of flve-day blochemical oxygen demand (BOD5) per
thousand cublic feet of filter media (1.35 kg BODslmS). This loading Is con-
sidered to be a high loading rate according to current design standards, and
at this loading rate the filters are expected to produce effluent BOD5 ranging
from 12 to 25 mg/l, and should not nitrify. (Reynolds, 1982, Metcalf and
Eddy, 1979). This effluent BOD5 concentration compares to 5 to 15 mg/! to be
expected from a well designed and operated activated sludge plant(Metcalf and

Eddy, 1979).

The Las Gallinas plant showed fluctuations In ‘reatment efficiency
depending on season. In the winter the effluent was visibly poorer than sum-
mer effluent, with turbldities exceeding 20 NTU on occasions. The decrease In

effluent quality In winter can be primarily attributed to the Increase In
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Figure 2.1: Membrane Cross Section
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flow, although the fllters would also perform more poorly at cooler wastewater

temperatures.

The pllot plant Included the RO plant, mixed-media filter, clarifiler,
pumps, pH control system, and chlorination facilities. The facllity, exclud-

Ing the activated sludge plant, Is shown In Figure 2.2

The activated sludge plant was designed from a "package plant®™ available
from the Clow corporation. The plant is designed to be a self contained unlt
which can be trucked to a site, unloaded, hooked up to utllities, and placed
In service. Often package plants have reduced efflciency compared to full
scale plants, and this results because of compromises in plant design to allow
unattend, remote operation. For example the Clow plant, In the conflguraflon>
used at Las Gallinas, did not have a mechanized skimmer, which occasionally
allowed scum Into the final effluent. Package plants often serve small subdi-
visions prior to the construction of sewers, or remote locations such as

National Parks service facillities.

The plant used at Las Gallinas was constructed to provide dlIspersed
flow operation ("plug flow™ In the parlance of treatment plant operators).
Provisions were made for tapering the aeration rate and for step feed opera-
tion (Torpey, 1952). The unlit was operated as a conventional process through

the entire operating period.

The secondary clar!lfler was constructed as a conical section welded to
the rectangular aeration tank. Return sludge was pumped by an air 11§t pump.
No rake was provided and skimming was provided by a open plipe skimmer located

at the clarifier surface near the effluent welr. Figure 2.3 shows the
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Figure 2.2: RO Pilot Plant and Pretreatment Facilitlies



activated sludge plant. The speciflications and operating parameters for the

plant are described in Table 2.3.

The fllter was constructed from a 24 Inch section of low carbon steel
plpe, and was equipped with a rock underdrain structure and mixed media. The
éllfer media used was a commercially available media (Neptune-Microfloc) con-
sisting of a 1.0 to 1.2 mm slze distribution of coal, a 0.42 to 0.55 mm size
distribution of silica sand, and a 0.2-0.3 mm size distribution of garnet
sand. The filter was backwashed using a hydraullc surface wash In addition to

a normal backwash which fluidized the entire filter medla.

CHRONOLOGY OF RO PLANT OPERATION

The RO piiot plant was originally placed In operation in April, 1976
treating trickiing filter Influent which was filtered through a 30 inch dlame-
ter multi-medla (sand and coal) filter, This filter, besides providing feed
for the RO unit, was operated by the Marin Municipal Water District (MMWD) to
provide water for their reclamation activities. The RO unlt operated on fil-
tered +trickling fliter effiuent from the Marin filter until May of 1979 when
the 24 Inch dlameter mixed-media fllter was Installed and dedicated to pre-

treatment of RO feed water.

The Initial period from April, 1976 to June, 1979 was dedicated to the
development of membrane cleaning techniques and endurance testing of the RO
membranes and equipment. The original cleaning technique was restricted +to
sponge ball cleaning without chemical cleaning agents (sponge ball cleaning
was developed earlier by McCutchan and co-workers, and uses a sphere of flexi-

ble plastic or rubber which is forced along the tubular membranes by the brlne

11
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Table 2.3: Specifications and Operating Parameters
for the Activated Sludge Plant.

Parameter Yalue
(1) (2)

Aeration Section

Depth 9 f+ (2.75m)

Length 14 ft (4.25m)

Width 8 ft (2.43:%

Yolume 7500 gal (28.4 m)
Clarifier Sectlon

Depth 9 ft (2.75 m)

Length 4,5 f+ (1.37 m)

Width 8 ft (2.43m9)

Yol ume 1450 ggl (5.5 m)

Surface Area 36 f° (13.3 m2)
Hydraul Ic Retentiop

Time at 12 GPM 10.4 hours
Overfiow rate at

12 GPM 480 gal/ft2day (4.9 m/day)
Mean Cel| Retentlion

Time 5 days

* 3
12 GPM = 0.045 m/min

13




or wash water pressure). During cleaning the unit was always depressurized and
flushed with tap water or RO product water (later containing cleaning chemi-
cals). Beginning In April of 1977 a two hour enzyme detergent flush was Ini-
tiated. In June of 1977 +the detergent flush was stopped and a cltric acld
flush was begun. Combinations of cleaning techniques were evaluated until
March, 1978, ‘when a final cleaning procedure, consisting of one hour flushes
with citric acld and detergent followed by sponge ball cleaning, was

developed. Table 2.4 summarizes the final cleaning procedure.

In March, 1978, chlorination of RO feed water was begun and In May of
1978 pH control of feed water was started. Operation continued In this fashion

until June, 1979, when Improved pretreatment facilities were placed In ser-

vice.

From June until July, 1979 feed water was pretreated using direct fii-
tration with a cationic organic polymer (Nalco 7134). In July, 1979 a 5.5 ft
(1.7 m) diameter clarifier was installed and Inorganic coagulants were used.
At this time a protocol for operating the mixed-media filter was developed and
continued throughout the remainder of the study. The filter was operated at
3.2 GPW 2 (2.17 1/m? sec) flltration rate and backwashed at 18-20 GPM/f1?
(10.2-13.6 I/mz) for flve minutes after a two minute surface wash. Backwash-
ing was performed automatically on a timed cycle. Usually backwashes were per-
formed every 12 hours. The fiiter was operated at the 3.2 GPM/f1? (2.17 1/m?)
rate Independently of the RO feed water rate In order to provide unlform

operation. Excess feed water was discharged with the Las Gallinas Valley San-

Itary District effluent.

14




Table 2.4: Final Membrane Cleaning Procedure.

OPERATION PROCEDURE
(1 (2)

Citric Acld Flush 0.55 Ibs (250 grams) of clitric acld Is added to
50 gallons (190 1) of tape water or RO product
water at amblent temperature. This solution is
clirculated through the RO unit at approximately
5 GPM (0.315 |/sec) for one hour.

Enzyme Detergent 1.10 Ib (500 grams) of a commercially avallable
Flush detergent (Biz) Is added to 50 gallons (190 1)
of tap water at amblent temperature and circulated
through the RO unit as before for one hour.

Sponge ball After completion of chemical cleaning, ten 1 1/2 Inch
Cleaning (3.8 cm)sponge balls are Introduced into the RO

feed at approximately on minute intervals, and are

al lowed to pass through the unit at approximately

2,7 ft/sec (0.52 m/sec).

Sponge bal l After approximately 70 hours of operation
Cleaning the unit Is depressurized and the sponge ball cleaning
Is repeated.

15




The clarifler was operated at 10 GPM (0.63 |/sec) flow rate, glving an
overflow rate of 610 gal/ffzday (24.8 m3/m2day). Sludge was manual ly with-

drawn on a regular basls.

The actlvated sludge plant was dellvered to the Las Galllnas site In
January, 1981, and placed In service In April, 1981. The plant was operated
for two months to reach steady state. After reaching steady state In June,
1981, the entire pllot faclllty was placed In service, with the activated
sludge plant providing feed water for the the RO unit. After a few hours of
operation It was determined that the RO membranes were removing only 5 to 10 %
of the Influent total dissolved sollds concentration (as measured by specific

conductivity) and that the recovery rate was unusually high.

After examination of the membranes It was determined that they had
deterlorated during storage. They were stored In the RO unit under approxi-
mately 50 PSIG of tap water pressure. The actual mode of deterlioration remains
unknown, but an analyslis of a sample membrane Indicated that the deterioration
was consistent with hydrolysis and oxidation by chlorine. The destruction of
the membranes was surprising since the replacement membranes were normally
fllled with tap water during storage. Also the membranes In normal operation
were exposed to as much as 2.0 mg/l total chlorine residual. It was
hypothesized that the destruction of the membranes occurred because of the
chlorine contained In the Marln tap water. The Marin tap water usually con-
tained a residual of less than 0.5 mg/| chlorine, but the residual was always
In the form of free chiorine (HOCI or OCI"). Since the Las Gallinas trickling
filter never nitrified during the entire study, the residual chlorine In the

RO feed water was always a combined residual (primarily monochloramine), which

16




Is know to affect cellulose acetate membranes less severely than free chlorine
(Zacharlah, 1982). An alternate hypothesis Is fallure due to bacterlal degra-
daflon; In retrospect 1t is now known that the membranes should have been
stored In the absence of free chlorine. One method of preserving the membranes

would have been to Inject ammonia into the feed water when the membranes were

belng preserved in tap water.

I+ was necessary to recast all the membranes at the Department of Water
Resources! Flrebaugh facllity, were membrane casting equipment was located.
This facllity has recently been described by DWR (1983). Recasting and rein-
stallation was completed In January, 1982. During the period from June, 1981
to January, 1982 the activated sludge plant remained In operation, but data

were not routlinely collected.

The activated sludge plant was operated In the "conventlional™ mode
(Metcalf & Eddy, 1979) during the entire study period. The feed water was
pumped to the activated sludge plant from the launder of the Las Gallinas east
primary clarifler through a 1 1/2 Inch PVC pipe line using a submersible sump
pump. Flow rate was monitored manually and ranged from 8 to 13 GPM. The large
fluctuation In flow rate was caused by sliming of the PVC Iine. To reduce
flow rate varlation weekly cleaning was Instituted by Injecting severalk hun-
dfed mililliters of Chiorox bleach, followed by flushing with a 3 Inch sponge
ball. The flush was bypassed directly to a return sewer in order to prevent
the chlorine from entering the activated sludge plant. The weekly cleaning

helped control flow rate changes, but some varliation stlll occurred.

17




The skimming device In the secondary clariflier was manually set to flow
at approximately 0.25 GPM, but skimming was sporadic. Occaslonally large
quantities of scum would form and partially block the skimmer. Other times
wind velocltlies or changes ?n flow rate would cause the skimmer to remove less
than the desired rate. When the skimmer mal functioned scum often was carried
over to the downstream mixed-media fllter, causing Increased headloss and

premature breakthrough of fﬁrbtdlfy.

After repeated attempts to Improve skimming It was decided to operate
the 5.5 foot dlameter clarifler which would act as a second skimmer. After
placing this clarifier In service for skimming, no further scum problems
occurred In +the downstream operations. The clarlfier removed very few
suspended sollds and rarely accumulated signlficant quantities of sludge,
although It was periodically dralined. The clarifier provided Insurance
against sollds carry over. In an actual plant thls problem would not occur,
since mechanized skimmers would be provided, and operational Intervention
would be expected In the event of their fallure. Therefore the clarifier was
not 1Included In later economic analysis where direct filtration following

activated sludge treatment was used.

Sludge was wasted from the activated sludge plant directly from the
mixed |iquor using a Moyno pump with a variable speed DC motor. A sludge age
of 4 to 6 days was maintained throughout the study. In this manner suspended
solids determinations were not required to maintain siudge age control. Recy-
cle sludge flow rate was maintained at approximately 8 GPM. Variations
occurred due to occaslonal clogging of the return line (since gravity flow was

used after an air |Ift pump).
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It is useful to compare the activated sludge plant operation at the Las
Gallinas test site to a typical full scale activated sludge plant. The Las
Gallinas pllot plant did not recelve as much operational attentlon as would be
expected at a well operated full scale facility. The effluent turbidities for
the pilot plant were more than the effluent turbldities routinely obtained at
the activated gludge plants operated by the City of Los Angeles or Los Angeles
County Sanitation Districts. Thls difference might be In part due to cooler
operating temperatures at Las Galllnas. In contrast to most plants the Las
Galllnas plant did not receive diurnal flow variation. The clarifier In the
pilot plant did not operate as efficlently as a full scale clarifier, which
was attributed to the lack of mechanical skimmer and rake. One would expect a
full scale facility to provide equal or better quality effluent than the pilot

plant.

Table 2.5 summarizes the period of operation and timing of significant
events. Throughout the entire period of operation the units were malntained
almost without day-to-day manual supervision. Perhaps 0.5 to 1.5 hours per day
were spent on malnfenancé and operation (with the exception of membrane clean-

Ing), and most of this time was spent data logging and mixing coagulants.

ANALYTICAL MEASUREMENTS

Most of the analytical work was performed on site using the existing
laboratory facilitles. Turbidities were measured with a Turner Designs Model
40-005 turbidity meter. Flow rates were usually measured by clocking flows
Into vessels of known volume. Extensive analyses of the Influent and effluent

water quallty parameters were performed periodically by the Department of
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Table 2.5: Chronologlical Summary of Pilot Plant Operation,
Date : Hour : Event : Comment
n__y 2 4 (3) 1 (4)
} !
4/21/76 : 0 | Pitot plant started up on trickling fliter | Weekly sponge ball cleaning without
l | effluent after multi-medis fIltration, | chemicals
I |
4/18/77 : 8,500 ; Cleaning procedure changed by the addition | Various concentrations of detergent
| { of two hour enzyme detergent flush, ! (up to 2.1 g/1) were used for flushing.
| ]
6/20/717 : 10,000 | Citric Acid substituted for enzyme detergent { Concentretions between 0.04 and
| i | 0.53 g/t were used
| |
9/26/11 : 12,400 | Returned to enzyme detergent | Concentrations between 1.05 and .32 g/|
i ! | were used,
] |
171778 : 14,700 | Final cleaning procedure developed, using | 0.66 g/1 cltric acld concentration
! { one hour cltric acld flush, followed by one | and 1.32 g/| enzyme used for flush
I | hour enzyme detergent flush, followed by |
! | sponge ball cleaning |
| |
3/23/18 : 16,700 | Chlorination of multi-media fil1ter effiuent begun | Chlorine residual ranged from 0.5
| | | to 6.0 mg/l, averaging 2.0 mg/l.
! |
5/15/78 : 18,000 | Influent pH control Initlated by addition | set polint at pH=5.5
i } of sulfuric acld 1
l I
8/1/78 : 19,800 | Automatic sponge ball cleaning started | Cleaning frequency set at six hours
) !
6/1/79 : 27,100 | Mixed-medla fllter catlonic polymer coagulation | Dosage set by Zeta
| | Initiated | potential measurements
| | |
7/6/79 | 28,000 | Clarifier Installed and operation with various | Optimal concentrations of
! | coagulants and modes until shut down | FoCIS. Al,(S0,)5 evaluated.
|
1/7/80 : 32,400 : Unit shut down. | Membranes stored under pressurized tap water
! ] |
4/1/81 | 43,200 | Activated siudge plant started up I
|
6/1/81 : 44,600 : RO unit started up and shut down | Membranes destroyed
! !
1/22/82 | 49,400 : RO restarted using activated sludge plant { Operated with varlious coagulants
| | as feed water | until shut down
| |
6/23/82 | 53,000 : Unit shut down and disassembled
| i




Water Resources Laboratories, using Standard Methods (1975) techniques. Total
dissolved sollids (TDS) were always measured at the Las Gallinas site using a
specific conductivity meter, but were measured gravimetrically by the DWR

|aboratory.

ELUX DECLINE TESTS

In order to evaluate the effectiveness of various pretreatment tech-
niques In preventing flux decline, twenty-four hour flux decline tests with
close monitoring of flux and product TDS were performed. These tests were con-
ducted during three periods of three to four tests each during the first phase
of this project, and over the last two weeks of operation during the second
phase. Tests were purposefully performed In clusters In order to prevent the
ef fects of changing Influent composition and temperature from obscuring the
effects of pretreatment alternatives. The general procedure for performing

the test Is summarized as fol lows:

1. To prepare for the test, Injection of the coagulant to be evaluated
was begun at the clarifier Influent pump discharge. In the event
direct flitration was being evaluated, the clarifler was bypassed.
The pretreatment system was allowed to operated for several hours

In order to come to steady state before turning on the RO plant.

2, The RO unit was chemically cleaned with a one hour citric acid
flush, followed by a one hour enzyme detergent flush, followed by
cleaning with ten oversized sponge balls, Introduced at one minute

Intervais.
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5.

During cleaning the 2,000 gallon feed tank was drained, flushed
with water from the pretreatment system (now operating under test

conditions), and allowed to fiil.

The mixed-media filter was backwashed, and the pretreatment system

was turned on.

The RO unit was started and adjusted to a feed rate of 3.7 GPM (6.4
GPM In the first phase) and a pressure of 600 PSIG. Data collection

was Initiated 30 minutes after start-up.

Brine and product flow rate were determined by timing 30 to 60
seconds of flow into 0.264 gallon (1000 ml) graduated cylinders
and recording the results in milliliters per minute and gallons per
minute. The feed flow was calculated by summing the brine and pro-
duct flows. TDS was measured and recorded; also recorded were tur-
biditles, power usage, operating pressure, and pH. A sample data

col lection sheet Is enclosed In the appendix.

The measurements were repeated at hourly Intervals for the first
few hours of the test (usually seven hours) and then repeated again

the next morning.

After the final morning measurements, the pretreatment system was

shut down and preparations were begun for another 24 hour test.

In the first phase, using treated trickling filter effluent, twenty-four

hours were sufficient to determine flux decline rates. In the second phase,

using activated sludge plant effiuent, the flux decline tests were conducted
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over 48 hours. This increase was necessary due to reduced foullng rate of the

activated sludge plant effluent.
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3. EXPERIMENTAL RESULTS

FLUX DECLINE AND THE EFFECTS OF CLEANING

The earllest results with the RO unit were disappointing In that very
low recovery rates were ob}alned. The recovery averaged about 25% wlth fluxes
In the range of 4.5 to 5.0 gal/ftZ day (GSFD) or 7.6 to 8.5 I/m? hr. The ear-
Ilest use of the sponge ball was effective In restoring the flux to 9 to 10
GSFD after cleaning. After about 8,000 hours operation the flux before clean-
Ing decreased to approximately 3.5 GSFD while the flux after cleaning was
restored to only 4.2 to 4.5 GSFD. The deterioration was due to the precipita-
tion of Insoluble salts on the membrane surface. These salts were not removed

by the mechanical cleaning of the sponge balls.

The use of the enzyme detergent partially restored the membrane fluxes,
but results were still disappolnting. Starting in April, 1977, the fluxes
after detergent and sponge ball cleaning gradually Increased from 4 to 4.5
GSFD to a maxImum of 5 GSFD. In June, 1977 the first citric acld cleaning was
performed, which restored membrane flux to 12.5 GSFD. This flux after cleaning
was malntalned until the end of September when flushing only with the deter-
gent was begun agafn. The flux after cleaning gradually declined and by
December, 1977 had declined to the previous levels of 4 to 4.5 GSFD. Beginning
In March of 1978 the flnal cleaning procedure shown previously In Table 2.4
was consistently used, and flux after cleaning stabilized to 12.5 GSFD. The
results of the Improvements In cleaning techniques can be seen In Figure 3.1
which shows the entire period of Investigation for Phase |I. The Increases Iin

flux due to Improved pretreatment are obvious. The Increases in fluxes after
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Figure 3.1: Membrane Fluxes Before and After Cleaning
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January, 1978 were due to Improved pretreatment techniques, rather than addi-
tional membrane cleaning techniques. This cleaning technique provides essen-

tially complete membrane cleaning and was not changed for the remainder of the

study.

EEED WATER QUALITY

Figure 3.2 shows the activated sludge plant effluent, clarifler effluent
(second clarifler for scum control), and mixed-medla filter effluent turbidi-
ties as a function of time. The activated sludge plant Influent turbidity Is
not shown, but It averaged over 50 NTU and is typical of a primary effluent.
The filter effluent averaged well below 2 NTU, which Is significantly less
than In Phase | when filter effluent turbidities ranged from 2 to 5, and were

seldom less than 2.0.

I+ can be observed from Figure 3.2 than the clarifier effluent turbldity
Is little different than the activated siudge plant effluent. It was noted
earl|ler that the clarifier was used primarily as a second scum control device,
and that In +the design analysis It was neglected. This figure supports the
assumption that the clarifler would not be required Iin a full scale design,

where mechanlzed skimming facilities would be avallable.

On April 5, 1982 samples of feed water and product water were collected
and analyzed by the DWR Sacramento laboratory. Table 3.1 shows the results of
these analysls, and two others performed in Phase I. The results shown 1In
Table 3.1 for RO product water are very simllar to the results obtained In
Phase |. The feed water varies somewhat from Phase | as expected. The pri-

mary dlfference In feed water properties Is the nitrogen compounds and Its
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Table 3.1 Chemical Analyslis of RO Feed water and Product Water.

Parameter ! Feed water ] Product Water
JTz»/19/79 | 9/17/79 | 4/5/82 ; 3/19/79 | 9/17/79 | 4/5/82
(1) 4 (2 1 (3 1 @ 1 5 1 e 1 M
Hardness® : 216 E 241 E 163 : 13 E 19 E 6
Calclium : 36 : 38 : 29 : 2 : 3 : 2
Magneslumi 30 ; 35 : 22 E 2 ; 3 : 1
Sodium : 136 : 218 : 70 : 28 ; 57 : 7
Sul fate : 77 : 251 ; 75 : 1.5 : 8.5 : 1
Chioride : 207 : 351 : 105 : 44 : 91 : 105
Boron | 0.55 : 0.55: 0.20 ; 0.40 : 0.45 : 0.20
TDS : 671 : 1090 : 434 | 98 ; 203 : 41
TOC E 27 : 23 : 36 E 1.5 { 1.2 : 1.9
Total N : 26 : 39 : 19 : 4.1 ; 4.7 : 2.6
Total P | 9.3 ; 12 ; 7.0 | 0.2 : 0.83 : 0.05
Iron : 0.09 : 0.36: 0.51 : 0.0 : 0.08 : 0.04
Copper E 0.01 : 0.15: 0.13 E 0.0 ; 0.01 : 0.02
Lead J; <0.01 : <0.01 : o.o15: <0.01 : <0.01 ; <0.01

*
All values reported In mg/l. Values represent averages of measured
water quality before and after chemical cleaning.

+ As CaCO3

In addition the following constituents were measured and less than 0.01
mg/l were found In both product and feed water: Arsenic, Cadmium,
Chromium, Mercury, and Nickel.
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28




forms. The nitrogen was almost 100% ammonia and organic nitrogen In Phase I,
while In Phase || the activated sludge plant provided partial nitrification,
reducing the ammonia concentration while increasing the nitrite and nitrate
concentrations. This difference is also reflected In the product water, since
with cellulose acetate membranes ammonia removal than nitrate and nitfrite
removal . ln-Phase | the total nitrogen of the product water was in the range

of 4 to 7 mg=N/I, while In Phase |l It was less than 2.0 mg-N/I.

ELUX DECLINE AND THE EFFECTS OF PRETREATMENT

Improvements made In recovery and flux malntenance after January, 1978
were largely due to improvements In RO feed water quality. Chlorination of RO
feed water was begun In March, 1978, and feed water pH control (pH controlled
to approximately 5.5) was begun In May, 1978. Both of these changes resulted
in small Increases In flux malntenance. The pH control Improved flux malnte-
nance due to the Increased solubllity of calcium sul fates and carbonates at
the reduced pH, while chlorination prevented the growth of foullng slimes on
the membranes. The actual purpose of pH contro! was to reduce membrane hydro-

lysis, but It also has this additional beneflit.

The Installation of the auto-sponge ball cleaning device In August,
1978, colncldes with Increases In before-cleaning fluxes to as high as 8 GSFD.
Unfortunately the high before-cleaning fluxes declined to the level of 5 to 7
GSFD during the period of October, 1978 to May, 1979, No reason for this

decl Ine was determlned.
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The use of chemical coagulation and clarification had very large effects
on both before and after-cleaning fluxes. Dlrect flitration with a cationlic
polymer which was begun on May 31, 1979 coincides with lncreaslng trends In
both before and af*er-c(eanlng fluxes. The before and after-cieaning fluxes
Increased to maximum values of about 14 and 25 GSFD, respectively, during the

fInal perlods'of of Phase ‘|, when the Inorganic coagulants were used.

Flux Decline Jests

During various times In Phase | and at the end of Phase Il a series of
flux decline tests were made using varlious concentrations of ferric chloride,
alum, and organic coagulants. During the first phase the tests were conducted
over a twenty-four hour perlod, while In the second phase they were conducted
over a 48 hour period. Flux decline curves for representative tests from
Phase | are shown In Figure 3.3, along with a tap water flux decline test,

which 1llustrates the flux decline caused by membrane compaction.

Unfortunately the flux decline tests performed In Phase |l are not
directly comparable to those shown In Figure 3.3, because of the differences
in membrane characteristics. It was noted previously that the membranes were
all replace beglﬁnlng In July, 1981, due to deterioration during storage under
tap water pressurlzation. The new membranes were cast using the same pro-
cedure as previously and cured at 88°C as previously; however the flux and
sodlum rejection properties of the new membranes were different than the old
membranes. The new membranes were much "tighter™ than the old membranes. The
old membranes removed TDS to an average level of 200 mg/l, while the new mem-

branes Inltially reduced the TDS to less than 50 mg/! and often less than 20
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Figure 3.3: Twenty-Four Hour Flux Decline Tests: Phase |
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mg/l. The after—cleaning flux of the old membranes averaged 15 to 20 GSFD,
and was sometimes as high as 25 GSFD, while the after-cleaning flux of the new
membranes was only 12 to 15 GSFD. This change In membrane properties Is con-
sistent with an Increase in curing temperature, or may possibly be due to the
newness of the membranes. At the conclusfon of Phase |, when most of the
twenty-four hour flux declline tests were performed, the membrane average age
was 1.1 years, while the age of the membranes in the Phase 11 flux decline
tests was six months or less. No explanation of the difference In membrane

properties was determined.

In the design analysls performed later to determine the effects of pre-
treatment on design, a hypothetical condition was created which assumed the
exlstence of a membrane which had the same flux decline properties as the new
"+Ight" membranes, and the same salt rejectlon properties as the old mem—
branes. This was a conservative assumption because a "™looser™ membrane should
have higher fouling properties when biological materlals are present (due to
the high flux and resulting high throughput of fouling materials); therefore,
flux decline should be higher with the old, ™looser"™ membranes. The economic
analysls described later shows that the new, "tight" membranes provide a more
economical design; therefore the question of why the new membranes were dif-
ferent and what there flux decline properties were, does not effect the final

conclusions of this study.

Figure 3.4 shows the three flux decline tests performed In June, 1982
using filtered activated sludge plant effluent, alum coagulated, flltered
activated sludge plant effluent. and ferric chloride coagulated, flitered

activated sludge plant effluent.
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33




In comparing the flux decline tests for Phase | and 1|, some observa-
+ions can be made. The best case for Phase |, ferric chloride coagulation,
showed a decline in flux from 16 GSFD to approximately 11.5 GSFD after 24
hours, or a decline to 72% of the after-cleaning flux. For the best case In
Phase 1|, flltration without coagulation, the flux declined from 15 GSFD +to
13.6 GSFD, or a decline to 91% of the after-cleaning flux. For alum coagula-
tion, the worst case In Phase |1, the decline was to 80% of the after-cleaning
flux. The flux decline plots show dramatic evidence of the reduced foulling

tendency of the activated sludge effluent.

The small fluctuations In product flow rate over the 48 hour perlod were
due to changing feed water temperature. The actual Las Galllinas effluent tem-
perature fluctuated very little during the day, but the activated sludge plant
effluent, when stored In an above ground tank exposed to sunllight, varied in

temperature by several degrees Celsius.

Elux Decline Parameter

In order to quantify the flux declline properties of a particular waste-
water and at a particular condition, it was necessary to characterize the flux
decl Ine curves shown In Figures 3.3 and 3.4. The method of Thomas, et. al.
(1973) was used. Thomas et. al. plotted the flux declines on log-log paper
and found that the slopes were approximately |inear, and called the slopes the
Flux Decline Parameter., Flux decline parameters were calculated for the
results from Phase | and || and are shown in Table 3.2 with several reported
by Thomas et. al.(1973). The flux decline parameter (called the "B value" In

the computer programs) Is a useful method of comparing the foul Ing tendency of
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Table 3.2: Flux Decline Parameters.

Flux Decline
Parameter
(1)

Feed Water Type
(2)

Reference

(3)

0.243
0.202

0.204

0.146
0.0136
0.059

0.037
0.075

0.9
0.56

0.35

TricklIng Fllter Effluent with Dual Media Filtration

Trickling Filter Effluent with Alum coagulation,
clarification, and mixed-media filtration

Trickling Filter Effluent with organic polymer coagulation,
clarification, and mixed-media filtration

Trickling Filter Effluent with ferric chloride coagulation,
clarification, and mixed-media fll+tration
Tap Water (TDS=100 mg/1)

Activated Sludge Effluent with ferric chloride coagulation,
clarification, and mixed-media fl|+tration

Activated Sludge Effluent with direct mixed-media flltration

Activated Sludge Effluent with alum coagulation,
clarification, and mixed-media flltration

Raw Wastewater

Primary Effluent

Secondary Effluent

Carbon~treated Secondary Effluent

Thls Study, Phase |
This Study, Phase |

This Study, Phase |

This Study, Phase |
This Study, Phase |
This Study, Phase |1

This Study, Phase |1

This Study, Phase ||

Calculated by Thomas, et.
al. (1973) from Feuersteln
and Bursztynsky (1970).

Calculated by Thomas, et.
al. (1973) from Feuerstein
and Bursztynsky (1970).

Calculated by Thomas, et.
al. (1973) from Feuerstein
and Bursztynsky (1970).

Calculated by Thomas, et.
al. (1973) from Feuersteln
and Bursztynsky (1970).




a wastewater. The lower the flux decline parameter, the lower the fouling
tendency of the feed water. The small positive value of the flux declline
parameter for Marin tap water 1s probably due to membrane compaction. It Is

obvious from Table 3.2 than pretreatment significantly reduced the foul Ing

tendency of the feed water.
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4. DESIGN ANALYSIS

The design approach used In this report draws heavily upon the technique
developed In Phase |. The Phase ! technique was developed In part from previ-
ous work by Hatfield (1967), Hatfleld and Graves (1970), Fan, et. al. (1970),
and McCutchan and Goel (1974). The Phase | report (Davis, et. al. 1979))
should be consulted for a more complete discussion of the design and optimiza-

tion technliques.

EACILITY SIZE

Using the data collected in this study and the previous phase, the cost
data complied by the Oak Ridge National Laboratory (1980), and the EPA (1979),
an economlc mode! was developed. When the mode! was developed In Phase |,
these two sources of cost data were current. Unfortunately these two sources
are still the most current cost data avallable. They have been updated
through the use of the Engineering Nénsfcgggcﬂ (ENR) cost updates to the
present in order to keep the financlal calculations current., Table 4.1 shows

the ENR Index, along with other Indices frequently used.

The model is based upon using the RO product water in conjunction with a
specific quantity of RO feed water, to provide water for recycle with a speci-
fied water quality. The calculation procedure Is to determine the minimum
quantity of RO product water for blending with feed water to meet the speci-
fled water quality standards such as TDS, TOC, turbldity, and blochemical oxy-
gen demand. Pretreatment level and cleaning frequency are considered as vari-
ables, while RO operating pressure, membrane characterlistics, and velocity are

considered constant.
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Table 4.1: Cost Indices from Yarlous Sources.

Year ENR! ENR! EPA2  CE Plant® M & s?
Construction Bullding
(1 (2) (3) (4) (5) (6)

1978 | 2869 | 1734 | 145 ) 218 | sa5
19791 3140 | 109 | o1se | 230 | 50
1980 | 3376 | 2017 | 169 | 261 | 660
1981 | 3705 | 2186 | 180 | 207 | 721
1982 i 3931 J' 2294 i i | 746

; Engineering News-record Index for the fourth quarter of each year.
EPA national average Index for 5 MGD plants for the fourth quarter of

egch year.
2 CE plant cost Index, published in Chemical Engineering
M & S equipment cost Index published In Chemical Englineering
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BAS1S FOR COST ESTIMATES

The least cost pretreatment system was found by simulating the RO unit
with various pretreatment alternatives. This basls of comparison for the
simulation was the flux declIne parameter (B), for each pretreatment alterna-
t+ive, and the assoclated processes which provided the pretreatment. The flux
decl Ine parameters shown previously Table 3.2 were used In the simulation pro-
gram. The cleaning frequency was evaluated for each pretreatment alternative
and the value producing the least cost was found. The cost using this clean-
Ing frequency for each alternative was then compared, and an optimal al terna-

t+lve was selected.

The costs for the pretreatment system processes were considered to be
log-linear functions using parameters calculated from the approprlate cost
reference. Thls Is the technique of the EPA (1979) method. The assumption of
log-11nearity corresponds well with the data for plants in the range of one to

ten MGD. The cost equations take the following form:

log,, ( Cost Variable ) = a * log,, ( Size Yariable ) + b.
10 10 (4.1)

and

Cost = Index * Cost Varlable
(4,2)

where
a and b are parameters from the EPA (1979) document,

and Index Is the appropriate cost update Index shown in Table 4.1.
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The functions were calculated for each of the five categories specified
In the EPA (1979) report which allows for variation of the costs for labor and
energy. Labor and energy costs are assumed Independently of the EPA cost fig-
ures. For the analysis presented In the Phase | report, the cost of labor was
assumed to be $12.00/hr, while energy costs were assumed to be.$0.05/RWhr. I+
was assumed ‘for this report that these costs gradually Increase to $16.84/hr
and $0.07/kWhr. The Interest rate was assumed to be 8% In the Phase | report

and has been Increased to 12% for this analyslis.

Implicit In this analysis are assumptions about scale up In technical
parameters such as foulIng rate, and that costs per unit area for tubular and
splral wound membrane modules will be simllar. Brine disposal costs have not
been Included, nor have any costs been assumed for the secondary treatment
system. Table 4.2 summarizes the design and size varlables, while Table 4.3
shows the cost coefficients based upon the 1979 data. Sample calculations

using the technique describe hereln were present In the Phase | report.

Table 4.4 shows the optimal design for the 1 MGD hypothetical reclama-
tlon plant using the new Information generated In Phase |1, Several differ-
ences should be noted. No coagulants are required, and In fact coagulants not
only add to the operating cost but reduce recoveries as well. This was not
true of the results of the Phase |I. Energy consumption Is less due to the
Increased recovery rate and reduced number building and processes. Opera-
tional requirements are less since no coagulating chemlicals are required. The
optimal results for Phase | are shown In the appendix. The results of all
alternatives, Including the four pretreatment alternatives evaluated in Phase

I, In terms of cost per thousand gallons, are presented In Table 4.5. Also
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Table 4.2: Size Varliables and Design Basis.

|
Process ; Size Variable : Design Basis Rate
(1) ! (2) 3 (3) 1 (4)
| ! |
Fllter 1 ! |
! | |
Vessels,Tanks { Fllter Area | Loading Rate | 5 GPM/f'r2
etc | i ]
! ] !
Surface Wash | Fllter Area | Loading Rate | 5 GPM/ffz
| ! |
Filter Medla | Filter Area | Loading Rate | 5 GPM/f‘I'2
| ! |
Backwash | GPM | Upflow Yelocity | 2 ft/sec
! | |
Clarifler B ! !
! | |
Vessels | Clarifler Area | Loading Rate 1 1000 GPD/f‘r2
! | !
Polymer | Ibs/day | Dosage ! 5 mg/l
! ! |
FeCl | Ibs/day | Dosage | 50 mg/|
| | !
Alum | Ibs/day | Dosage | 60 mg/l
| ! !
Reveres Osmosls | | !
| | |
Vessels | Feed Flow | Flux Decline | 0.05-0.23
! | Index (B) |
! ! |
Chlorine : Ibs/day : Dosage : 2-9 mg/ |
Acld | Ibs/day | Dosage | 15 mg/1
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Table 4.3: Cost Coefflclents for the Log-Linear Functions,

Cost Sectlion : Total Capltal ($) i_“ Energy (kWhr/yr) 4; Operation and Malntenance

! | Lights, Heating Process | Materfals ($/yr) Labor (hr/yr)

1 ] & Cooling y

| a b | a b a b | a b - a b

(1) 1 (2) (3) | (4) (5) (6) (1) | (8) (9) (10) (1)

Filter | | |

| | !
Tanks & Vessels : 0.32 4.72 : 21,000 0.97 2.47 ; 0.79 2.47 0.30  2.51
Surface Wash : 0.24 3.96 : NA NA 0.89 1.45 : 0.14 2.00 0.49  0.69
Filter Media : 0.65 2.55 : NA NA NA NA : NA NA NA NA
Backwash : 0.37 3.49 ; NA NA 1.00 1.38 : 0.28 2.24 0.062 2.15
Clarifier | ] |
Vessels : 0.32 4.01 : NA NA 0.17 3.02 : 0.64 1.57 0.15  1.74
Polymer : 20,200' : 8,210" 17,300 : 270! 198!
FeCl> : 0.28 4.00 : 0.57 3.20 4,900/ : 0.067 2.19 0.062 0.067
Al um : 0.23 4.08 : 0.57 3,22 4,900" : 200! 0.62  3.97
Reverse Osmosis | : :

) ]

System ; 0.85 5.89 : 0.90 5.02 0.96 6.38 : 0.19 3.27 0.89  4.99
Acld : 0.12 3.82 : 3,680 1,630 : 0.33 1.53 0.22  1.56
Chlorlne : 0.36 3.75 : 0.52 3.45 0.17 2.58 : 0.11 2.53 0.18  2.57
Cleaning ; 0.28 3.31 ; NA NA 1.0 1.08 i 0.62 2.13 0.28  2.16

! Value Is approximately constant for the range of
considered values.



Table 4.4: Optimal Design for a 1 MGD Facility. (3 pages)

THE LIMITING PARAMETER IS TDS FOR B(8)= 0.037

THE FOLLOWING WATER QUALITY RESULTS

FILTER RO REQUIRED BLENDED
TDS 12090, 250.0 500.0 500.0
TOC ' 18. 1.0 15.0 5.5
NTU 3. 0.5 2.0 1.2
TSS 4. D.0 5.0 1.1

THE RATIO CF BLENRDED RO PRODUCT WATER T0 TOTAL PRODUCT FLOW = 0,737

ASSUMPTIONS
LABOR RATE = § 16.84 PER HOUR

$ 0.07 PFR KWH

ELFCTRICAL RATE

JNTEREST FATE = 12.00%
LITFE OF PROJECT = 20 YEARS
INFLATION RATIO = 1. 370

PTOJECT YELRLR = 1983

COSTS FER KGALS FOP VARYING VALUES OF B AND ™HE CLEANING INTEEVAL

CLEANING INTERVAL (FGURS)
3 8 16 24 32 49 us 56 64 72 8n

2.724 2,16 2,03 2.07 1.98 1.9 1.98 1.98 1.98 1.99 1.99
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Table 4.4
ENERGY AND LABOR ANALYSIS

-~ BUILDING ENERGY

K¥H/YR COST ($/YR)

FILTER ONIT
SURFACE WASH
MEDIA

BACKWASH
CLARIFIER OUNIT
) COAGULANT
REVERSE OSMCSIS
SULFURIC ACID
CHLORINE

CLEANING

41176.
O

0.

0.

0.

0.
21883,
722.
5867.

Ne

Continued

PROCESS ENERGY

KWH/YR COST($/YR)

3088, 469272,
0. 2951,

0. 0.

0. 4425,

0. 3641,

0. 0.
1641, 2560645,
S4. 1630,
4490, 487.
De 308.
UNIT COSTS

TOTAL CAPITAL($/YR)

VESSELS
SURFACE WASH

~ MEDIA
BACKWASH
CLARIFIER
COAGULANTS

RO UNIT

H2S504

~ CHLORINATION
CLEANING

THE PLANT PRODUCES 1 MGD PER

381790.

43206.
w727,
79405.

142067,

Oe

1121885.

11759,
12983,
18733,

3455,
221.

0.

332,
273.

0.
192048.
122,
36.

23.

ANNUAL CAPITAL

51114,
5784,
1972,

10631,

190 20.

0.

153197,

1574,
1738.
2508,

LABOR

HRS/YIR $/YR

1556. 26205,
62. 1041.
0. 0.
193. 3257.
165. 2776,
0. 2.
1863. 31368,
70. 1182,
395, 6644,

164, 2759.

O& M ($/YR) WATER

34933,
1545,
0.
4619,
3560,
0.
365472,
1531,
77717,
8972.

COAGULATION/CLARIFICATION/FILTRATION $/KGAL= 0,3°
REVERSE OSMOSIS SYSTEM $/KGAL= 1.59
TOTAL SYSTEM $/KGAL= 1.98

THE TOTAL ANNUAL COSTS

$ 673065.
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DAY OF THE SPECIFIED QUALITY

COST/KGAL = $1.98

COSTS ($/KGAL)

0.25
0.02
0.01
0.0
0.07
0.0 ’
1.52
0.03
0.03

WATER




Table 4.4 Continued
THE OPTIMAL DESIGN REQUIRES FILTRATION ORLY

OPTIMAL SYSTEM SPECIFICATIOQNS

FILTER
INFLUENT FLORW: 1.33 ¥MGD
LOADING RATE: 5.00 NMGD
FILTER AREA: 184, SQUARE FEET
DIAMETER: 15. FFFT
BACKWASH VELOCITY: 2. FFET/MIN
REVERSE OSMOSIS
INFLUENT F1OW: 1.07 HMGD
PPODUCT FLOW: 0.74 ™GD
PERCENT RECOVERY: 69.18 %
FLUX DECLINE INDEX (B): 0.04
AVERAGE FLUX: 17.12 GPD/FT2
NUMBEP OF MEMBRANES: 18709
TOTAL AREA: 43031.37 SQUARE FEET
TINMNE RIQUITED FYO:X CLEANING: 2.0 HOURS
CLEANIKG INTERVAL: 40.0 HOORS
SULFORIC ACID INJECTED: 8.19 PPN
CHLORINE INJECTED: 9.0 PPN
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Table 4.5: Treatment Cost In Dol lars per Thousand Gallons for a 1 MGD
Reverse Osmosls Wastewater Reclamation Facllity.

. TYPE OF PROCESS AND PRETREATMENT "

TF 7 Vorr b ol ase boase b oase |oaset

Year
FeCl l Nalco | Alum | None F None | Alum | None

1979 1.57 1.81 2.09 1.70 1.22 1.1t 1.65 1.29
1980 1.84 2.11 2,41 1.99 1.42 1.30 1.89 1.50
1981 2.04 2.33 2.67 2.21 1.58 1.45 2.09 1.67
1982 2.22 2.53 2,91 2.40 1.72 1.57 2.29 1.82
1983 2.42 2,74 3.7 2.61 1.87 1.71  2.49 1.98

*CODES FOR PROCESS AND PRETREATMENT
TF = Trickling Filter Secondary Treatment
ASP = Activated Sludge Process Secondary Treatment

FeCl,: Coagulation, Sedlmentation, and Filtration
uslna ferric chloride as a coagulant.

Alum: Coagulation, Sedimentation, and Filtration
using alum as a coagulant.

Nalco: Coagulation, Sedimentation, and Filtration using
Nalco cationic polymer as a coagulant.

None: Filtration with no coagulation or sedimentation.

Hypofheflcal membrane having the same foullng properties
as the tight membranes used In the second phase, but having flux
and TDS removal properties slmllar to the membranes used In the

first phase.
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Included in Table 4.5 Is the hypothetical membrane, described earllier, which
was used to evaluate the potential effects of the "tight"™ membranes used In
the Phase !1. It Is observed that this membrane did not provide the least cost

alternative. The cost values are considered tentative due to the ambiguities

of scale-up.
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5. CONCLUSIONS

The results of an experimental and theoretical analysis of a 10 GPM

pilot plant for producing reclaimed water has been presented. The results

were appllied to the design of a full scale 1 MGD facility. In addition to the

conclusions presented In the Phase | report (none were contradicted In this

phase of research), the following additional conclusions are made:

1.

The activated sludge plant effluent had significantly less tendency
to foul the membranes than trickling filter effluent, indicating
that a major source of fouling material In Phase | was organic
material. Thls corroborates the predictions from the foulling
material analyses performed in Phase |. The actlvated sludge plant
followed by dlfecf filtration produced feed water which had only
one-third the fouling tendencies of the best trickliing filter

effluent which could be obtained from the Las Gallinas facillitlies.

Cleaning using flushes of clitric acid, followed by enzyme detergent
and sponge ball cleaning were effective at maintaining membrane
flux to essentially the Inltial flux levels. The citric acid was
the major cleaning agent. Enzyme detergent and/or sponge ball

cleaning without citric acld were relatively Ineffective.

The automatic sponge ball cleaning technique appeared to have prom-
ise for maintaining membrane flux between chemical cleanings.

Further testing Is desirable.

The major factor contributing to membrane degradation for the type

of membranes used In thls study was corrosion of the end couplings.
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The average membrane |ife during Phase | was 10,000 hours.

The chance production of +tighter membranes reduced the total

operating cost by $0.27 /1000 gal lons.

The greatest level of pretreatment again produced the |east cost

alternative.

Alum was always the poorest coagulant, which was probably due to

carry over Into the RO unit of aluminum hydroxide which has minimum

solubl| ity at pH=5.5.
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Appendix 2. Optimal Reclamation Plant Design from Phase 1.

THE LIMITING PARAMETER IS TDS FOR B{1)= 0.150

THE FOLLOWIKRG VATER QUALITY RESOLTS

FILTER RO REQUIRED BLENDED
TDs 1200, 250, 0 500.0 5n0. 0
TOC 18, 1.9 15.0 S5¢5
RTO 3. 0.5 2.0 1.2
TSS 4. 0.0 5.0 1.1

THE RATIO OF BLENDED RO PRODUCT WATER TO TOTAL PRODUCT FLOR = 0.737

ASSUXPTIONS
LABOR RATE = $ 12.00 PER HOUR

ELECTRICAL RATE = $ 0.05 PER KWH

IKTEREST RATE = 8.00%
LIFF OF PROJECT = 20 YEARS
INFLATION RATIO = 1. 020

PROJECT YEAR = 1979

COSTS PER KGALS FOR VARYING VALUES OF B AND THE CLEANING INTERVAL

CLFANIXG INTERVAL (HOURS)
B 8 16 24 32 40 48 56 64 72 !0

0.15 1.60 1.57 1.59 1.61 1.64 1,67 1.69 1.72 1.74 1.76
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Appendix 2. Continued

THE CPTIMAL DESIGN CONSISTS OF A CLARIFICATION/FILTRATION PRETREATHMENT
WITH FEFRIC CHLORIDE ADDED AT 50. PPE -

OPTIMAL SYSTEN SPECIFICATIONS

FZLTER :
INFLUENT FLOW: 1.83 MGD
LOADING RATE: 5.00 EGD
FILTER AREA: 253. SQUARE FEET
DIANETER: 18. FEET
BACKWASH VELOCITY: 2. FEET/MIN
CLARIFIER )
INFLUENT FLOW: 1.83 KGD
LOADING RATE: 10%20.00 MGD
CLRARIFIER AREA: 1822, SQUARE FEET
DIAMETER: 48,16 TEET

COAGULANT: FERRIC CHLORIDE

REVERSE OSMOSIS

INFLUENT FLOW: 1.56 MGD
FRODUCT FLONR: 0.74 NMGD
PLFCENT RECOVERY: 47.31 X
FLUX DECLIKE INDEX (R): 0.15
AVEFAGE FLOX: 11.71 GPD/FT2
NOYBER OF MEWMBRANES: 27359
TOTAL ARRA: 62927.18 SQUARE FEET
TIME REQUIRED FOR CLEANING: 2,0 HOURS
CLEANING INTERVAL: 16.0 HOURS
SULTUORIC ACID INJECTED: 8.19 PPN
CHLOPRINI INJECTED: 2.00 PprM
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Appendix 2. Continued

ENFRGY AND LABOR ANALYSIS

BUILDING ENERGY PROCESS ERERGY LABOR
KWH/YR COST ($/YF) KWH/YR COST($/YR) HRES/YR S$/YIR-
FILTER UNIT 41176, 2059. 62520. 3126. 1711, 20533.
~ SURFACE WASH 0. 0. 3904, 195. 72. 865.
MEDIA 0. 0. 0. 0. 0. 0e
BACKWASH Oe 0. 6066, 303. 197. 2367.
~CLARIFIZR OUNIT 0. 0. 38u4. 192, 173. 2076.
COAGULANT 2262, 113, 4900. 245, 3n8. 3701,
REVERSE OSMOSIS 30819. © 1541, 3690893. 184545, 2001, 24008,
~ SUOLFURIC ACID 722, 36. 1630. 82. 80. 955.
CHLORINE 3175. 159. 396, 20. 348, 4171.
CLEANING 0. 0. 658. 33. 172, 2061,
UNIT COSTS

TOTAL CAPITAL(3/YFR) ANNUAL CAPITAL 0& M (3/YF) RATER COSTS($/KGAL

VESSELS 308269. 31398, 26706. 0.17

~ SURFACE WASH 34017, 3465, 1214, 0.01
MELIA 13204, 1345, 0. 0.00

BACKWASH 65133. 66 34, 3425. 0.03
CLARIFIER 114782, 11691, 2662. 0.04
COAGULANTS 26155. 26 64, 4228. 0.02

RO UNIT 1130297, 115124, 318825. 1.24

- H2504 8979, 915, 1185, 0.01
CHLORINATION 6162, 628, 4684, 0.02
CLEANING 23102, 2353, 6178, Je. 03

COAGUOLATION/CLARIFICATYON/FILTRATION $/KGAL= 0. 28
- REVERSE OSMOSYS SYSTEM $/KGAL= 1.29
TOTAL SYSTFEM $/KGRL= 1.57

THE PLANT PRODOCES 1 MGD PFF DAY OF THE SPRCIFIED QUALITY WATER
- THF TOTAL ANNUAL COSTS = $ 533288, COST/KGAL = $1.57
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Appendix 3. Computer Model Program Listing.

MAIN
TEIS PROGFAM TS DESIGNED TO GIVE THE OPTIMAL CONFIGURATION

FOR A REVERSE OSMOSIS SYSTEM GIVEN THE ALTERNATIVES OF DIRECT
FILTFEATION OR COAGULATION/FILTRATION WITH VARIOUS COAGULANT AIDS.
VARIOOUS VALUES OF THE FLUX DECLINE INDEX (B) WHICH CORRESPOND WITH
DIFFFRING LEVELS OF TREATHEENT- (DIRECT FILTRATION AND-COAGULATION/
FILTRATIOK WITH DIFFERENT COAGULANTS) HAVE BEEN DETERMINED FRONM
FIVE YEARS OF OPERATING AT LAS GALINAS, CALIFORNIA. THESE ARE
TESTED ALONG WITE DIFFERING CLEANING FREQUENCIES TO DETERMINE THE

LEAST COST ALTERNATIVE.

SUBROUTINES

BLEXD - CALCULATES THE 'RATIO' OF THE RO PRODUCT TC THE THE 1MGD
PRODOCT FLO¥ REQUIRED TO PRODUCE THE INPUT WATER QUALITY
DEFINED BY FOUP (CAK BE USED UP TO 10) QUALITY PARAMETERS,

FLUX - DETERMINES THE AVERAGE FLUX PER SQUARZ FOOT/DAY (AFD) FERONM
THE CLEANING FREQUENCY AND PRECOVERY AFTER CLEANING.

CLEAK - CALCULATES THE COST OF CLEARING FROM THE FEED RATE AND THE
DOSES OF THE H2SO4 AND CHLORINEC

SIZE - PRODUCES THE SIZES OF THE UNITS REQUIRED TO PRODUCE 1MGD
FFOK THE GIVEN AVERAGE FLUX AND BLENDING RATIO.

COST - THE CENTRAL POUTINE FOR CALCULATING THE COSTS OF THE VARIOUS

UONIT PROCISSES USING THE DATA FROM THE EPA COST ESTIMATING
TZCHRIQUES, 1979. THFE ANNUAL COSTS ARE CALCULATED USING
8% FOR 20 YFARS FOR THE BASE YEAR 1979, AND ARE UPDATED
FOK SUCCESSIVE YEARS.

EEADFER ALL THE INPUT DATA EXCEPT ADDITIONAL YEARS
TOR MULTIPLE YEAR ANALYSIS.

PROCFSS CALLS THE VARIOUS PROCESS ROUTINES

VAPIABLES
THE CAPITAL COSTS ARE NONDIMENSIONED VARIABLES STARTING WITH CC_
EXCEPT IN THE OUTPUT SUBROUTINE WHERE THE UKRIT CAPITAL COSTS ARE
FEEPFESFNTED BY ARRAY BN (I), AND ANNOUAL CAPITAL COSTS BY BKNN(I)
ENEEGY CONSUNMPTIOR IS REPRESENRTED BY ARRAY E(I) AND THE FNERGY
COSTS ARE GIVEN IN ARRAY EC(I), WHERE PRWH IS THE PRICE/KWH
LABOR - GIVEN IN ARRAY AL(I) IN HRS/YR AND LABOR COSTS BY ALC(I)
BAINTENANCE MATERIAL COST - ARE CONTAINED IN ARRAY AM(I) IN $/YR.

DIMENSION BQ (100),BX (100),C(100),2(102)

COMMON /®O/ CT,FLUXI(10),REC(10),AFD,AF,MA,RECOV,RFEED,CF,RF,
1MK,NCSTR, KHES

co%“oN /FILTEF/ FRATE,FOUT,FIN,FSIZ%,RATIO,FF,V

CO¥%OX /CLA™/ CRATE,CIN,CSIZE

CONMOX /UNIT1/ BB(20), TABLE(10,590),K,KM,ICOST,DOSE, ADOSE, CDOSE
CO'tkONW /NWXEIT2/ CCPU,CCFS,CCFM,CCFB,CCC,CCA,CCF,CCB,CCD,CCL,BNN (10)
,PATMAX (2,10) ,PARIN(10,10),PATOUT (19,10),26(10,3),IC(10)
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MK

cT
FLUXI & PEC = THE FLOF AND THE PECOVERY AFTER CLEARING
FRATFE AND CRATE ARE THE LOADING RATES FOR THE FILTER AND CLARIFIER

= DPFLOW VTLOCITY (FT/MIN) FOR THE FILTER BACKWASH
SET IWRITE = 0 FOR TEPSE OUTPUT

Appendix 3. Continued

COMMON SUNIT3/ E(20),AN(20),AL(20),EC(27),ALC (10),SUML,ESUN, ECSUA,
1SuMCL, SUMM, PKWH,HOURLY , AOPT (2, 10) ,BOPT (2, 10) ,AI,FINFL,IYP
COMMON /OPTIK/ CFOPT,TMAX,TMAX1,IFRITE,KBOPT,IOPT
REAL KA
DATA A/1000000./,CFE/8./
RS = NUMBER OF CLEANING FREQUENCIES (CF) TO TO BE USED
= NUMBER OF VALUES OF FL1UX DECLINE INDEX TO RE USED
= TIME REQUIRED FOR CLEANING

IWRITE = 1
CALL SUBROUT™INE READER WHICH PREADS IN ALL THE INPUT DATA
CALL READER
SET THE COUKTERS FOR OPTIMIZATION
TMKAX TS SET 7C A LARGE VALUE TS COMPARED TO SYSTEM COST TO RETAINR

THE LOWZST OR OPTIMAL COST
JOPT TS SET TO 1 DURING THE LOOPS BUT IS SETTO 2 FCR THE FINAL

SUNMNMAFRY
I0PT = 1
TMAX = 99999494,
CF = CFE
DO S50 KM = 1,MK
CALL BLEND

TMAX1 = 99909999,
DO 40 J = 1,NHRS

CALL PROCES
TABLE (KM,J) = TCOST
C(J) = CF

CF = C¥ + CFF

4O CONTINUE

u

IF (INFITE.EQ.QJ) GO TO 45
CF=CFOPT
CALL OUTPUT(CFE)

5 CF = CTFE

50 CONTINUE

IF (IKPITE. NE.0) GO TO 100

C COMPUTE OPTIMAL VALUTS

1
1000

110

IoPT=2
KM = KBOPT
CF = CFOPT

CALL PROCFS
CAVL OUTPUT (CFE)
READ(5,1000,END=110) IYP
FORMAT (14)

CALL UPYFAD

G070 1

STOP

END
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Appendix 3. Continued

BLOCK DATA :
CO¥NON /RO/ C™,TLUXI (10),REC(10),AFD,AP,MA,RECOV,RFFED,CF,RF,

18K, NCSTR, NARS

COMMON /FILTER/ FRATE, FOUT,*IN,PSIZE,RATIO,FF,V -_

COMMON /CLAR/ CRATE,CIN,CSIZE

COMYON /UNIT1/ BB (20),TABLE(10,500),K,KNM,TCOST,DOSE, ADOSE, CDOSE
COMMON /0ONTIT2/ CCFU,CCFS,CCFE,CCFB,CCC,CCA,CCR,CCB,CCD,CCL,BNN(10)
1,PARMAX (2,10) , PARIN(10,10) ,PAROUT (10, 10) ,I6(10,3),IC(10)

COMMON SUNIT™3/ E(20),AM(20),AL (20),EC(20),ALC (10),SUML,ESUM, ECSON,
1SOMCL, SUMM, PXWH,HOURLY, AOPT (2, 1) , BOPT (2,10) ,AI, FINFL,IYP

COMMON /OPTIM/ CFOPT,TMAX,TMAX1,IWRITE,KBOPT,IOPT

FEAL MA

DATA NHRS/10/,CT/2./,FRATF/S./,CRATE/1000./,V/2./

END

SOBROUTINE PROCES
C..THIS SUBROUTINE CALLS THE CLEAN, FLUX, SIZF, AND COST

C TROUTINES AND INITIALIZES THE ARRAYS PRIOR TO CALLING
DIMENSION ANN(19)
CO4NON /UNIT2/ CCTU,CCFS,CCrFM,CCFB,CCC,CCA,CCR,CCB,CCD,CCL,BNN(10)
1,PARMAX (2,10) ,PARIN(10,10) ,PAROUT (10, 10) ,IG (19,3),IC (10)
COMMON /UKIT3/ E(20),AM(20),AL (20),EC(20) ,ALC (10),SUML,ESUN, ECSUN,
1SUMCL, SUMM, PKWH,HOURLY, AOPT (2, 10) ,BOPT (2,10) ,AI, FINFL, IYP
EQUIVALENCE (CCFU,ANN(1))
C INITIALIZATION
O 10 I = 1,20
rF(I) = O.
AN (I) = 9.
10 AL(I) = O.
Do 20 I=1,1)
20 ANY (T) =0.
CALL FLUX
CALL SIZF
CALL CLEAN
CALL COST
RETOEN
END
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Appendix 3. Continued

SUBROUTINE CLEAN

con

SUBROUTINE CLEAN

NON /ROy CT,FLUXI(10),REC(10),AFD,AF,MA,RECOV,RFEED,CF,RF,

1K, NCSTR, NHRS

Co3
cox
coH
CoNM
1,PA
CcoNM

MON /FILTER/ FRATE, FOUT,FIN,FSIZE,RATIO,FF,V
MON /CLAE/ CRATE,CIN,CSIZE

MON /UKIT1/ BB(20), TABLE(10,500),K,KM, TCOST,DOSE,ADOSE, CDOSE
MON /UNIT2/ CCFU,CCFS,CCFM,CCFB,CCC,CCA,CCR,CCB,CCD,CCL,BNN (10)
RMAX (2,10) ,PARIN (10,10) ,PAROUT (10,10) ,IG (10,3),IC(10)

MON SUNIT3/ E(20),AM(20),AL(20),EC(29) ,ALC (10),SUNL,ESUN,ECSUN,

1SUMCL, SUMM, PKWH,AOURLY , AOFT (2,10) ,BOPT (2,10) ,AY, FINFL,IYP

cod

REA
DAT
™

on

Q:
CFa
CCL
F(1
(2
AL (
AN (
FIX
RET

END

MON /OPTIM/ CFOPT,THMAX,TMAX1,IWRITE,KBOPT,IOPT
CFACT = THE SIZE OF REQUIRED TANKS FTOR WASH WATEP
ACETIC = ACETIC ACID DCSF/MEMBRANE PER CLEANING
PTZ = BIZ DOSE/LEMBRANE PER CLEANING

QM = COST OF CLEANING CHFEMICALS/YEAR

CT/CF = CLEANING TIME/CLEANING FREQUENCY

UPTIME = PROPORTION OF TIME SYSTEM IS OPEFRATING

L MA
A UPTIMFE/0.8/,PA/0.05/,PB/0.02/,ACETIC/.003U4/,BIZ/0.00689/
= RTEED/ (AFD*2,3)
= (ACETIC*PA + BIZ*PB) #*TM *CF/24.%*340.

0.03125 * TM * CT/ ((CF +CT)*UPTIMT)

CT = 0 * CT * 6O,

= 10. **(0.2758 *ALOG10 (CFACT) + 3.31)
9) = 0.0

0) = 10, **(1.00 * ALOG10(Q) + 1.077)
10) = 10. *#* (1,062 *ALOG10(Q) + 2.127)

10)= 10. #*%* (2,281 *ALOG1C (Q) + 2.157) + OM
= FIN + CFACT
UPK
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Appendix 3. Continued

SUBTOUTINE FLUX L
SUBROUTINE FLUX

FSUM IS THE TOTAL FLOW BETREEN CLEANINGS
CF = THE CLEANING FREQUENCY
CT = CLFANING TIMF
FLUXI = FLUX A™TER CLEAWING
FLC = THE RECOVERY AFTER CLEANIKG
TSUM/TOTAL TIMF = AVERAGE FLUX
DIMENSION F(500),T(570),Z (102),AAF (500)
COMMON /RO/ CT,FLUXI(10),REC(10),AFD,AF,M2,RECOV,RFEED,CF,RF,
1MK, NCSTR, NHRS
COXMON /FILTER/ FRATE,POUT,FIN,FSIZE,RATIO,TF,V
COMHOY /CLAR/ CRATE,CIN,CSIZE
COMMON /UNIT1/ BB (20), TABLE(10,500),K,KNM, TCOST,DOSE, ADOSE, CDOSE
COXNON SUNIT2/ CCFU,CCFS,CCFM,CCFB,CCC,CCA,CCR,CCB,CCD,CCL,BNN(10)
1,PAPMAX (2,10) , PARIN (10,10) ,PAROUT (10,10) ,IG(10,3),IC(10)

REAL M2
TMAX = 0.C
FSU¥ = 0.

KK = CF+2.5
F(1) = FLUXI(EKMN)
N = KK +1
po 19 I = 2,N
F(Y) = FLUXI(KM) * (1. /FLOAT (I)**BB (KHM))
TSUH = FSUM + (F(I) + F(T-1))/2.
1) CONTINDE
AF = FSUN/ (KK + CT)
RTCOV = AF * REC(KM)/FLUXT (KN)

AFD = AF

CF = FLOAT (KK)
RFTUORN

END
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Appendix 3. Continued

SUBROUTINE BLEND -—
SUBROUTINE BLEND

sNeNeNg)

COMMON /RO/ CT,PLUXI(10),REC (10) ,AFD,AF,HA,RFCOV,RFEED,CF,RF,
1MK, NCSTR, NARS

COMMON /FILTEER/ FRATE, FOUT,FIN,FSIZE,RATIO,FF,V

COMMON /CLAR/ CRATE,CIK,CSIZE

COMMON /UNTT1/ BB(20), TABLE(10,500),K,K¥,TCOST,DOS¥, ADOSE,CDOSE
COMMON /UNIT2/ CCFU,CCPS,CCTM,CCFB,CCC,CCA,CCR,CCB,CCD,CCL,BNN(10)
1,PARMAX (2, 10) ,PARTN (10,10) ,PAROUT (10, 10) ,IG(10,3),3IC (10)

COMMON /OPTIM/ CFOPT,TMAX,TMAX1,IWRITE,KBOPT,IOPT

FTAL MA

FPATION = .0

KK = 1

C LOOP FOE CALCULATING THE BLENDING RATIO. FIRST FIND THFY CONTROLLING

C WATFR QUALITY PARAMETER
PO 10 K=1,NCSTR

C.. CHECK ™0 SET IF BLENDIKG IS REQUIPED. BYPASS FATIO CALCULATIONS

C TF BLENDING IS NOT REQUIRED.

IF (PARIN (KM,K).LE. PARMAX (1,K)) GOTO 10

EATIO = (PARMAX(1,K) - PARIN (KM,K))/(PAROUT(KM,K) - PARIN(KHN,K))
IF (PATIO.L7.RATION) GO TO 10

RATIOM = RATIO

KK = K

12 CONTINUE

C PFINT-OUT OF BLEKDED RATIOS
RATIO = RATIOM
PO 20 I = 1,NCSTR

20 PARMAX (2,T) = (RATIO*PAROUT (KM,I)) + ((1.-RATIO) * PARIN (KM,I))

WRITE(6,1000) IC(KK),KM,BB(KM), (IC(K),PARIN(K¥,K), PAROUT (KM, K)
1, (PLR®AX (I,K) ,I=1,2),K=1,NCSTR)

1000 TFORMAT (///,T20,'THE LIMITING PARAMETER IS ',A3,' FOR B(',I1,*)=",
1F6.3,///.T20,"THE FOLLOWING WATER QUALITY RESULTS',/,T20,
2YFILTER',™3),'RO *,T40, 'RFQUIRED',T50, 'BLENDED®,
34(/,T10,A3,T19,F8.1,T26,F8.1,T39,F&.1,TS0,F8. 1))

WRITF(6,1010) RATIO

1910 FORKAT(//,' ™HE RATIO OF BLIFNDED RO PRODUCT WATER TO TOTAL?,

1* PPODUCT FLOW = ',F5. 3)
RETUPN
TRD
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Appendix 3. Continued

SUBPOUTINE READER
Ces THIS SUBROUTINE RFEADS THE INPUT DATA THEN WRITES OUT THE STARTING

C.. VALDES OF B, INITIAL FLUXES, AND TREATMENT OBJECTIVES
COMMON /RO/ CT,FLUXI (10),REC (10),AFD,AF,MA,RECOV,RFEED,CP,RF,
1MK,NCSTP, NHRS
CONMON /FILTER/ FRATE,FOUT,FIN,FSIZE,RATIO,FF,V
COMMON /CLAR/ CRATE,CIN,CSIZE
COMMON SUNIT1/ BB(20),TABLE(10,500),K, KM, TCOST,DOSE, ADOSE, CDOSE
COMMON /UNIT2/ CCFU,CCFS,CCFN,CCFB,CCC,CCA,CCR,CCB,CCD,CCL,BNN(10)
1,PAEMAX (2,10) ,PARIN(10,10) ,PAROUT (10, 10),IG (10,3),IC (10)
CCMMON /UNIT3/ E(20),AM(20),AL(20),EC(20),ALC(10),SONL,FSUN,ECSUN,
1S011CL, SOMN, PKWH,HOURLY , AOPT (2, 10) ,BOPT (2,10) ,AI,FINFL,IYP
COMMON /OPTIM/ CFOPT,TMAX,TMAX1,IWRITE,KBOPT,IOPT
DIMEKSION AIA(S),IYEAR (5),FINFLA(5),PKWHA (5)

REAL MA,LRABORC (5)
DATX IYEAFB/1979/

C.. READ THE NUFKBER OF FLUX DECLINE ALTERNATIVES
READ(5,1000) MK

1000 TORMAT (I2)

C.. WRITE OUT TEE NUMBER OF ALTERNATIVES
WRITE (6,1010) MK

1010 FORMAT ('1 THE NUMBER OF ALTERNATIVES IS ',I2)

C.. PEAD THE NUMBER OF FINISH RATER QUALITY CONSTRAINTS
FEAD(S,1000) NCSTR

C.. WRITE OUT THZ NUMBER OF COKSTRAINTS
RPITE(6,1020) NCSTR

1020 TFORMAT ('OTHE NUMBER OF WATER QUALITY PARAMETERS IS ',I2)

C.. READ AND WRITE THE PARAMETER AND ITS MAXIMUM VALUE
¥RITE (6, 1030)

1030 FOREAT (T21,°'WATER QUALITY OBJECTIVES',//,' PARANETER!,

1715, "MAXINUM VALUE?)
DO 10 I=1,NCSTR
READ(S5,1040) IC(I),PARMAX (1,])

1042 TFORMA™ (A4,6X,F10.0)

10 WRTTE(6,1057) IC(I),PARNAX(1,I)

1059 TFORMAT (T6,A4,T18,F10,2)

Ce. TEAD THE INPUT DATA FOR EACH ALTEENATIVE

LOOP=)
20 LOOP=LOOP+ 1
IF (LOOP-¥K) 30,39,60

C.. READ THE B VALUES, INITIAL FLUXES AND RECOVEEIES, AND WATEE QUALITY

C OBRJECTIVES.

C.. CHECK 70 SEE IF THE REQUIFED VALUES ARE SUPPLIED VALUES ARE

C COKSISTENT WITH THE MAXIMOUM VALUES

39 TFAD(5,1767) BB (LOOP), REC (LOOP),FLUXI (LOOP)

167 TFOPUAT (P71).9)

READ (S, 1M€D) (PARIN (LOOP,J),J=1,NCSTR)
RFAD(S, 1760)  (PAROUT(LOOP,.J),J=1,NCSTF)
C.. CHFCK TO STT IF THE RO PRODUCT WATER QUALITY SXCEED THE RTQUIRED
DO 40 J=1,%CSTR
IF (PAROUT (LOOP,J) . LE. PARNAX (1,J)) GOTO 50
40 COLTINUE
C.. AN UNFEASIRLP ALTSRNATIVE HAS BFFN SELECTED. WRITE OUT AN ERROR

Cee MESSAGE AND STOP
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Appendix 3. Continued

WRITE(6,1080) J,IC(J),PARMAX (1,J),PAROUT (LOOP,J)
1080 FORMAT (* AR UNFEASIBLE ALTEPNATIVE HAS BEEN SPECIFIED FOR ',

1*oPTION NO. °*,I2,//,' FOR PARAMETER ',A4,* AN OUFPUT VALUE OF !

2,P10.2,"' IS REQUIRED, BUT THE RO PRODUCT WATER IS ONLY',F10.2)

STOP
C.. END THE LOOP
50 GOm0 20
C.. WRITE OUT THE INPUT DATA
60 WFITT (6,1102) (IC(I),I=1,NCSTR)
1100 FORMAT (///.' NO.',T5,'B VALUE*,' INITIAL',2X,*INITIAL',10(4X,Al))
WRITE(6,1110)
1110 TFORNAT (1X,T13, 'RECOVERY FLUX')
DO 80 I=1,HMK
¥RITE(6,1120) I,BB(I),REC(I),FLUXI(I), (PARIN (X,J),J=1,NCSTR)
1120 FOPMAT (1X,I2,F7.3,F8.3,1X,F7.2,1X,10(1X,F7.2))
80 WRITE (6,1139) (PAROUT(I,J),J=1,NCSTR)
1130 TORMAT (* OUTPUT VALUES',T28, 10 (1X,F7.2))
C.. ZFAD IN THE HEADINGS AND TITLES USED IN THE OUTPUT ROUTINES
EEAD(5,1157) ((I6(J,I),I=1,3), J=1,10)
1150 FOTMAT (9 (314, /),3A4)
C.. READ THE -INFLATION, HOURLY CCSTS, POWER COSTS, AND
C ELFCTRICITY COST FOR EACH YEAR.
READ (5, 1000) NYEARS
IYEARM=IYEARB+NYEARS~1
PO 90 I=1,NYEARS
READ(S,1160) IYEAR(I),FINFLA(T),LABORC(I),AIA(I),PKWHA(I)
1167 FORMAT (I4,6X,8710.0)
90 IYEAR (I)=(IYEAR(I)-IYEARB) +1
Ce. READ THY FIRST STUDY YEAR
READ(5,1170) IYP
1177 FORMAT (I4)
ER™RY UPYEAR
IT ((IYP.GE.IYEARB).AND. (IYP.lE.IYEAEM)) GOTO 100
¥RITF (6,1180) IYEARB,IYP,IYEAPN
1180 FOR®AT(////,' THE YEAR SPECIFIED IS OUTSIDE THE POSSIBLE RANGE',
1//," THE YEAR MUST BE BETWEFN ',I4,® AND ',I4,//,1X,T4,' WAS ',
2 '*SPECIFIED')
sToP
100  IY=(IYP-IYEARB)+1
AI=AIA(TY)
INOURLY=LABORC (IY)
PKFH=DPKWHA (IY)
FINTL=FIKFLA (IY)
RFETOULN
FND
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SUBROUTINE SIZE
SOBROUTINE SIZE

CALCULATES THE SIZES OF THE VARIOUS COMPONENTS OF THE SYSTEN
COMMON /RO/ CT,FLUXI(10),REC(10) ,AFD,AF,MA,FPECOV,RFEED,CF,RF,
1MK, NCSTR, NHRS
CoaMOX /FILTER/ FRATE,FOUT,FIN,FSIZE,FATIO,FF,V
COMMON /CLAR/ CRATE,CIN,CSIZE
COMMON /UNIT2/ CCFU,CCFS,CCFHM,CCFB,CCC,CCA,CCR,CCB,CCD,CCL, BNN(10)
1,PARMAX (2,10) , PARIR (10,10) ,PAROUT (10,10),IG (10,3),IC (10)
REAL MA
A = 10.0%%6
BN = NUMBER OF BACKWRASHES PER DAY

RN = 2

MEMERANE AFRE2 AFD = AVERAGE FLUX/FT2-DAY MA
MA = EATIO * A/AFD

TFED FLOW RATE TO RO RFEED
FFEED = RATIO * A/RECOV

FTILTER OUTPOT FoOT
FOUT = RFEED + (1-RATIO) =*A

PILTLR INPUT = FOUT + BACKWASH WATER (2%) PIN
FIN = FOUT

FILTER SURFACE AREA AT 5 GPM/FT2 FSIZE

FSIZE = FIN /(FRATE * 1440.)
FIN = TIN + BN*V*FSIZE

CLARIFIEE AT 1000 GPD/FT2 CSIZFE
CSIZE = FIN/1000.
RETUEN
END
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SUBROUTINFE COST

c
c SUBROUTINE COST
c
COMMON /RO/ CT,FLUXI (10),REC (10) ,AFD,AT,MA,RECOV,RFEED,CF,RF,
1K, NCSTR, NHRS --
COMMON /FILTER/ FRATE, FOUT,FIN,FSIZE,RATIO,FF,V
COMMON /CLAR/ CRATE,CIN,CSIZE
CO™MON /UNIT1/ BB(20),TABLE(10,500),K,K¥,TCOST,DOSE, ADOSE,CDOSE
COMMON JUNIT2/ CCFU,CCFS,CCFM,CCFB,CCC,CCA,CCR,CCB,CCD,CCL,RNN (19)
1,PARMAX (2, 10) , PARIN (10, 10) ,PAROUT (10,10),IG (10,3),IC (10)
COMMON /UNIT3/ E(20),AM(20),AL(20),EC(20),ALC (10),SUML,E SUN, ECSUHN,
1SUNCL, SUMM, PKWH,HOURLY, AOPT (2, 10) , BOPT (2, 19) ,AI, FINFL,IYP
COKMON ,OPTIM/ CFOPT,TMAX,TMAX1,IWRITE,KBOPT,IOPT
DIMENSTON ANN (10)
EQUTVALENCE (CCFU,ANN (1))
REAL MA
DATHL N/20/,CFT/20./
RFT = CFT/1)2.
A = 10.*%*6
C FF = MGD TO FILTER, WF = MILLIONS OF GALLONS TO FILTER, RF=MGD TO RO
FF = FIN/A
WF = FF * 8,34
RF = RFEED/A

Ceo INSERT TWO INFLATION FACTORS, ONE FOR MAINTENANCE AND ONE
Cc FOR LABOR, TO BE USED LATER BUT FOR THE PRESENT SFET TO
Cc THE SIKGLE FACTOR, FINFL

FINFLM=FINFL

FINFLC=FINFL
ChRArr kA kXA R AR KRR RER AR AR AR AR R AR RRRRR R KRR AR kAR SRRk R R X K

C* FILTER *
CERES XAt A A RE A E R A E R R R R AR AR AR kAR Rk ok ko k Ak ko ko kk ok
C CALCULATE THE COST OF FILTRATION

C CCF = CAPITAL COST FOR FILTER (EPA,1979)

c
c FILTER UNIT
C ———————————
ECOST = 0,32 * ALOG10 (FSIZE) + 4.72
CCFN = FIKFLC * 10,**FCOST
F(1) = FFT * 210000.
E(2) = 10. *%*({0.968 * ALOG10 (FSIZE) + 2.47)
AM (1) = FINFLM # 10, ** (0,785 #* ALOG10(FSIZE) + 1.427)
AL(1) = 10. **(0.301 * ALOG10(FSIZE) + 2.51)
c SUPFACE WASH
C .............
ICOST™ = 0.24 * ALOG10(FSIZE) + 3.955
CCPS = FINFLC * 10. *% ECOST
T(3) = 9.0
E(4) = 10. *%(0.8877*% ALOG10 (FSIZE) + 1.4585)
AM(2) = FINFLM #* 10, #*# (2,139 # ALOG10 (FSIZE) ¢+ 2.0)
AL(2) = 10. **(0.486 * ALOG10(FSIZE) + 0.69)
c
C MFDIA
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(‘ ...............
CCTN = FINFLC #* 10. **(0.652 * ALOG10 (FSIZE) + 2.554)
E(5) = 0.
E(6) = 0. |
AN(3) = FINFLM %= 0,
AL (3) = O. A -
C .
C BACKWASH
C ———————————————— B
Q = FSIZE * V * 7.48
CCFB = FINFLC #* 10. #*#%(0.37 * ALOG10(Q) + 3.49)
E(7) = 0.0
E(8) = 10, **{1.00 * ALOG10 (FSIZE) + 1.38)
BL(4) = 10, **(0.062 * ALOG1D(FSIZE) + 2. 146)
AM(4) = FINFLEM * 10, *#(0.281 * ALOG10 (FSIZE) + 2.24)
c
c TOTAL CAPITAL COST FOR FILTER (CCF)
C ——————————————————

CCF = CCFU + CCFS + CCFM + CCFB
C I¥ PFETREATMENT INCLODES NORE THAN FILTRATION GO TO 10
CRARR AR KRR AR R AR R RS RRRKE KRR RRE KRR AR R KRR KRR EE R R AR R KRk R R Rk Rk

C* CLARIFIER *
CRERd bbbk AR kR AR KRR RRERXRRERRR KRR REER LR K ARERR R AR Rk Fhhd kK X%

OVERFLOV = 1000. GPD/FT2
CCC = CLAWIFIFR CAPITAL COSTS
CCA = CAPITAL COSTS FCR CHEMICAL FEED SYSTEMS

CLARIFIER UNIT

naoonanon

Cee BY PASS THE COST CALCULATIONS FOR THE OPTIONS WITHOUT
C COAGULATION KM= 4 OFR 6
IF ((KMeTQ.U4).0OR. (KM.EQ.6)) GOTO 15
12 FCOST = 0.322 * ALOG10 (CSIZE) + 4.01
CCC = FINFLC * 10, ** ECOST

£(9) = 3.0
E(10)= 10, #%(0.172 * ALOG10(CSIZE) + 3.024)
AL(S) = 10, *x(N.154 * ALOG10(CSIZE) + 1.736)
A¥(5) = FINPLM * 10, **(0.640 * ALOG10 (CSIZE) + 0.574)

c

c COAGULANTS

c SLANCH TO THE PROPER CHEMICAL FEED

c

15 Go To (20,25,30,35,20,35,30,35),KM

c

c NALCO 7134 @ 10PPM

C ...................

25 CCA = FIKFLC * 20200.
DOSE = 5
PRTICT = 1.9)
AM™ = WF * DOSE * PPICE*340.
E(11)= PFT * 8210,

©(12)= 17300,
AL (6) = 193,
AM(6) = FINTLM * 270, ¢ ANT
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K = 2
GO TO 40
c
c PECL3 @ S50 PPM
e e -
20 DOSE = 50
AMT = WF * DOSE/24,
PRICE = .10
CCA = FINFLC * 10. **(0,278 * ALOG10 (AMT) + 4.00)
E(11) = FFT * (10, **% (.574 * ALOG10 (AMT) + 3.20))
E(12) = 4900,
AL(6) = 1J. **(0.062 * ALOG10 (AMT) + 2.396)
AM(6) = 10, **(0.067 * ALOG10 (AMT) + 2.186) + PRICE#*AMT
K = 3
GO TO 40
C
c ALUNM @ 60 PPN
C ...................
30 DOSE = 60
CONC1 = .5
PRICE = .05
AMT = WF * DOST/24.
AN™C = AMT/CONC1
CCA = FINFLC * 10. *#% (0.232 * ALOG10 (AMTC) + 4.08)
E(11) = FTT % (10. #** (0.574 * ALOG10 (ANT) + 3.216))
¥ (12) = 4990.
AL (6) = 10. *%*(0.062 * ALOG10 (ANT) + 3.97)
A% (6) = PINFLM * (200. ¢+ PRICE * ANT)
K = 4 :
GO TO 40
35 K=1
c NO CHEMICALS
C CHEMICAL COSTS HAVE BEEN INITIALIZED TO ZERO IN MAIN ROUTINE
c

Cx REVERSE OSMOSTS

CE* 2R e AR AR KRR R A SR KRR R AR KRRk kR Rk kR Rk k kK kR ke k kk Rk kX

CH¥X X RRR A XX RRRERE RS R R kR R AR R R Rk kR kb kR Rk kR kR ke k kK k%

C CCE = CAPITAL COSTS

c
40 CCR = TFTINFLC * 10. **(0.848 * ALOG10(RF) + 5.89)
E(13) = RFT * (10. *%*(0.901 * ALOG10 (RF) + 5.023))
F(14) = 10. **(0.962 * ALOG10(RF) + 6.382)
AL(7) = 10. *#(0.188 * ALOG10(RF) + 3.265)
AM(7) = FINFLM * 10. *#%(0.886 * ALOG10 (R?) + u.988)
o
c PRFTREATMENT CHEMICALS
c
c SULFURIC ACID
c ———————————————————
CONC = 0.96
PRTC1 = 7.49
ADOSE = 15.0/1.8318
AMT = ADOSE * EF/CONC
CCR = FINFLC * 10. **(0.1186 * ALOG10 (AMT) + 3.82)
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E(15) = RFT * 3680.
E(16) = 1630.
AL(8) = 10. *%(0,330 # ALOG10 (AMT) + 1.53)
ANM(8) = FINFLM#(10. #*#(0.222 * ALOG10 (AMT) +1.56) +PRICT*ANT)
CHLORI NE
C ———————————————————
IF (K.GT.1) CDOSE = 2.
IF (K.LE. 1) CDOSE = 9.

Cc

PRIC2 = 0.25
AMT2 = RF * CDOSE/24.
CCD = FINFLC * 10. **(0.3625 * ALOG10 (AMT2) ¢ 3.752)

E{17) = 10. #%(0.517 * ALOG1J (AMT2) + 3.4u8)
F(18) = 10. *#%(0.173 * ALOG10 (AMT2) + 2.58)

AL(9) = 10. *#%(0.1066 * ALOG10 (ANT2) + 2.53)

AM(9) = FINFLM#(10.%% (0. 177#ALOG10 (ANT2) +2.570) +PRIC2#*ANT2)

CHEXRSERRIRRRARARARERRRRFRRRKAR SRR RRERER SRR BRI RRNRRR SR RR R K K4
CH#xxdxxsxxx%x  TOTAL COSTS BAA AR REERRRRRRRRRR AR R R R R AR K
CHAFEIRRXREERRAR TR ARRRRRRRARRRRERRRRRRCKBERREE AR R RRRR SRR ERR %

C

70

C..

C

59

SU®%L = O.

TSUM = 0O.

SUXM = 0.

ECSUM = 0.

SgMCcL = 0.

po 50 I = 1,20
FC{I) = E(I) * PKWH

ESUN = ESUM + E(I)
ECSUN = ECSUM + EC(I)
CONTINUT
PO 60 J = 1,10
ALC(J) = AL(J) * HOURLY
SUML = SUML + AL(J)
SUMCL = SUMCL + ALC (J)
SUMM = SUMM + AM(J)
CONTINUE
TOTAL CAPITAL(TCAP) AKD OSEM (TOM) COSTS

TCAT® = CCF & CCC + CCA ¢ CCF 4 CCB ¢ CCD +CCL
70N = SUMM + SUNMCL + ECSUM

ANNUAL CAPITAL COSTS

AT = (1 ¢ AT) #*N
v = (AI * AT)/ (AT - 1)
0 771 = 1,10

BNE(Z) = ANN(I) * F
CORTIKUFE

ACAP = TCAT #* ¥

TCOST = TOM ¢ ACAD

IF ("COST.GT.TMAX1) GOTC 78

THIS BRANCH I3 TAKEF IF THE PrESEKT CLEANING TRFQFUENCY GIVES

A

10WZR TOTAL COST
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Do 75 I = 1,10
EOP™(1,I) = EC (2%#I-1) +EC (2*I) + ALC(I) + AM(I)

75 AOPT(1,I) = (BNN(I)+BOPT(1,I))/340000.

C SFLECT L®EAST TOTAL ANNUAL COST
Cmmmm e cc_ e ————
C
TKAX1=TCOST
78 I¥(TCOST.LT. TMAX) GO TO 80
FETORN
C.. THTS BRANCH IS TAKEN IF THE LOWE3T COST FOR THE OPTIMAL CLEANING
C FRFQUINCY FOR THIS B VALUE IS THRE LOWEST SO FAR IN TEE ANALYSIS
C TMAX IS THE GLOBAL OPTIMUM
80 KBOPT = XM
CFOPT = CF

TMAX = TCOST

PO 90 I-= 1,10

BOPT (2,1) = EC (2*I-1) +FEC (2*I) + ALC(I) + AM(I)
99 AOPT (2,I) = (BNN(I)+BOPT(2,3I))/340000.

RFTURN

END
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SUBROUTINE OUTPUT (CFE)

SUBROUTINE OUTPUT -

anon

COMMOK /ODPTIM/ CFOPT,TMAX,TMAX1,IWRITE,KBOPT,IOPT

COMFPON /RO/ CT,FLOXI(10),REC(10),AFD,AF,MA,RECOV,RFEED,CF,RF,

1MK, NCSTR,NHRS

COMMON /TILTER/ FRATE, FOUT,FIN,FSIZE,RATIO,PF,V

COMMON /CLAR/ CRATE,CIN,CSIZE

COMMON SUNIT1/ BB(20), TABLE(10,500) ,K,KM,TCOST,DOSE,ADOSE, CDOSE
COMMON SUNIT2/ BN (10),BNN(10)

1,PARMAX (2, 10) ,PARTN (10,10) ,PAROUT (10,10) ,I6(10,3) ,IC(10)

COMMON /UNIT3/ E(20),AM(20),AL(20),=C(20) ,ALC(10),SUML,ESON, ECSUN,
1SUMCL, SUMM, PK¥Y,HOURLY, AOPT (2, 10) ,BOPT (2, 12) , AT, FINFL,IYP

DIMFTNSION AA (4,3)

DATA AR/? '," NA','LCO ',*'7134',* FIR','RIC ',*CHLO','RIDE"',
1 ', v, ', YALOMY/
FEAL MA

C READ IN THE NAMES OF THE UNIT PROCESSES; COLS 2-17= PRESSURE FILTER
C COLS 19-34= CLARIFIER, COLS 36-51= CHEKICAL FEED, COLS 53-68 =
C

RFEVERSFE OSMOSIS

PAT=100%AX
¥RIT™E (6,229) HOURLY,PKWH,PAI,FINFL,IYP
220 FORMAT (///,T40, 'ASSUMPTIONS',/,T30,'LABOR RATE = $',F6.2,' PER HOU
1Fv,//,T25, 'ELECTRICAL RATE = $',F6.2,' PFR RWH',//,T26,' INTEFEST
2FA™Z = *,F7.2,'%',//,725,"LIFE OF PROJECT = 20 YEARS',//.
3725, *INFLATION RATIO =',F10.3,//,T28,*PROJECT YFAR = *,I9)
C******t*‘#t**##*#*#t****t#t***#*#*‘***#**#*#***## T332 22 22323332222 3 3]

TABLE OF AKNUAL COSTS AND FLUX DECLINE INDEX

WRITE(6,10) (I,I=1,40,4)
10 FORMAT (/////.T20,*TOTAL ANNUAL COSTS FOR VARYING VALUES OF THE FLU
1X DPECLINE INDEX (B) AND THE CLEANING INTZRVAL',//,TSO,

2'CLEANING INRTERVAL (HOURS)',/,T3,'R',T5,10210)

----------------------- B VALUES AND TOTAL ANNUAL COSTS---~=====-=
WFI™F(6,29) (BB(I), (TABLE(I,J),J=1,10),I=1,%K)
20 FOFMAT (/, (F5.2,T10,10(F9.0,1X)))

aEeNsEeNe e NsNsReEaNa N e

D0 20 J = 1,NHRS

TABLE(KM,J) = TABLE(KN,J) /340000.
3) CONTINUE

ICFT=CFE+40.5

JCT™=JCF*NHIS

WRIT2(6,80) (I,3I=ICF,ICFT,ICF)

49 FORMAT(////.T10,'COSTS PER FGALS FOR VARYING VALUES OF R AND THE C
1L.EANING INTERVAL',//,T30,'CLEANING INTFRVAL (HOURS)',/TR,*B*',T10,
210I6)

¥NY~%(6,57) BB(KM), (TABLE (KM,J),J=1,10)

50 TOREAT(/, "5, F5. 2,710, 10F6. 2)

CEEARFR B ER AL R AR PR R AR EA X AR R H R RR AR KK R B ABEAR R SRR S0 bR O R AR 2K EXR
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CHEXXRRR KK OPTIMAL SYSTEM EARE SRS R ERRIRRNRR SRS
CHesrsrsxx SRR RSRR SRR R R R AR KRR RS

Ct##***#t##t##*#**#**#t***#t#t*******#****##*t#t‘t##t#tt#t‘tt*t*t##t*#*#

C---BRANCH TO OPTIMAL DESIGN -----
c
Go TO (63,80,1900,120,100,60,120),K
c
65 WRITE(6,70)
70 FOREAT('1',/,T10,'THE OPTIMAL DESIGN FEQUIRES FILTRATION ONLY')
GO TO 180

R) WEITE(6,90) DOSE

90 FORMAT ('1',//,T10,'THE OPTIMAL DESIGN CONSISTS OF A CLARIFICATION/
CFTILTRATION PRETREATMENT?Y,/T20,'WITH NALCO 7134 POLMLCR ADDED AT *,F
c4.0,' PPNY)
GO TO 149

100 ®RITE(6,110) DOSE
110 TORMAT('1',//,T10,'THE OPTIMAL DESIGN CONSISTS OF A CLARIFICATION/

1FILTRATION PRETREATMENT',/T20, *WITH FERRIC CHLORIDE ADDED AT ',Fi.
20,' PPMY)
GO TO 140

120 WRITE (6,130) DOSE
130 FORMAT('1',///,T10,'THE OPTIMAL DESIGN CONSISTS CF A CLARIFICATION

C/FILTRATION PRETRFATMENT',/T20,'WITH ALUN ADDED AT ',F4.0,' PPH')
C#*#***#**#t*#**#*t**#***#******#*t**#*****##t#‘***#t*##**##‘##t*t‘t#*#t
c FILTER
c

140 D = (4.*TSITE/3.1418)%%0,5
Commmmmmmmm—mm— e mmmeeee FILTER SPECIFICATIONS-=-====-c-———oeec=
WRITE(6,152) FF, FRATE, PSIZE,D,V
150 FORHAT™(///,TU0,'OPTINMAL SYSTEM SPECIFICATIONS',//,T10,'FILTFR',/,
1T25,'INFLUENT FLOW:',P12,2,TS4, 'MGD',/

2T727,'LOADING RATE:',F12.2,1584,°MGD',/

3728,'FILTER AREA:',F10.0,T54,'SQUARE FEET',/

4731, 'DIAMNETZR: *,710.0,T54, *FEET',/

5722, 'BACKWASH VELOCITY:',F10.0,T54, FEET/NIN')

IF (K. F0.1) GO TO 170

CLARIFIER

000

D2 = (4.*CSIZE/3.1418) ##0.5

JJ = K=1

Commmmmm e = CLARIFIER SPECIFICATIONS===-=-=c==me-cemeeeceeao—e
WPI~F(6,160) FF,CRATE,CSIZF,D2, (AA(I,JJ),I = 1,4)

160 TORMAT (//,T10,*CLARIFIER',/,

1726 ,'INTLUENT FLOW:',F12.2,TS54,"MGD',/
2727,'LOADING RATE:',F12,2,T54, *MGD',/
3725,'CLAEITISF ARFA:',F10.0,T54,"SQUARE FEET',/
4731, *DIAMETFP:',712.2,T54, 'FEET?,/, T30, 'COAGULANT: *, UAU)

RTMVYERSE OSMOSIS

sNeNe!
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170 PRECOV = RECOV * 100,

N¥ = “FIX (RRCOV * RFEED/(AFD#*2.3))
FFEED = RFEED/ (10. *%6)
L REVERSE OSKOSIS SPECIFICATIONS------=====c===-==w---

WRITE (6,180) RFEED,RATIO,PRFCOV,BB (KBOPT) ,AFD,NM,MA,CT
180 FORMAT (//,T10,'REVERSE OSMOSIS ',//,
1726, 'INFLUENT FLOV¥:',F12.2,T54,'¥GD',/,T27,'PRODUCT FLOW:',F12.2,T
254, 'NGD',/,T23, '"PERCENT RECOVEEY:",F12.2,T54,'%',/,
3T17,'FLUX DECLINE INDEX (B):*,F12.2,/,T27,'AVERAGE FLUX:',F12.2,
4754, 'GPD/FT2', /,T20, *NUNBER OF MEMBRANES:',I9,/,
5729, *TOTAL AREA:',F12.2,T54, 'SQUARE FEET',/,
6T13,'TINE REQUIRED FOR CLEANING:',F12.1,TS54, 'HOURS?®)
C----=——RO-CONTINUED
W®ITF (6,190) CF,ADOSE,CDOSE
190 FORMAT (' *,T22,'CLEANING INTERVAL:',F12.1,T54, 'HOURS',/,
1717, 'SULFORIC ACID INJECTFD:',F12.2,T54,'PPN',/,

2722,'CHLORIKFE INJECTED:',F12.2,T54, 'PPN')
C*t*#tt#*#***##*****###*##*##*t##**#***#t*##***#**####t### Rk ke kS

C - TOTAL COSTS
CREXASRRRERRSFARXARRASURRAKRRRRREER IR R RKKERRKER DR AR RRRE XX R SR kR R Rk kkkk Rk
Crememmmm e HEADINGS FOR THE UNITS PPOCESS COSTS---—=-—-=—=--—===-

WPITE (6,200)
279 FORMAT (*1',///,T25,'ENERGY AND LABOR ANALYSIS',//,
113, 'BUILDING ENERGY®,
2735, 'PFOCESS ENERGY',TS5, 'LABORY,/,
3T12,'KWH/YR COST($/¥R) *,T32, 'KWH/YR COST ($/YR)*,
4T53,'NRS/YR $/YR')
Commmmmmmmem TOTAL AND ANNUAL COSTS OF UNIT PROCESSES=-==m=-e=—-mee——ae--

WRITE(6,213) (E(2%J-1) ,EC (2#3J-1),E (2*J) ,EC(2%J) , AL (J)
1,ALC(J) ,J=1,10)

212 FOPMAT(/,T7,'FTILTER ONIT',6F9.0,//,T6, 'SURFACE WASH',6F9.0,
//,T13,'4FDIAY,6F9.0,//,79,"' BACKWASH',6F9.7,//,

274, 'CLARIFIER UNIT',6F9.0,//,T8,* COAGULANT',6F9.0,//,
373, 'REVEEST OSMOSIS',6F9.0,//,

4TS, 'SULFURIC ACID',6F9.9,//,T9,* CRLORINE',6F9.0,//,
5710, 'CLEANING?,6T9.0)

WFITF (6,214)

214 FOF™AT (//,.T35,'UNIT COSTS',//,T15,'TOTAL CAPITAL ($/YR)',T37,*ANNUA
1L CAPITAL',T54,'0 & M (&/YR)',T67,"'WATER COSTS (3/KGAL) ')
WPTTr(6,215) ((I6(J,I),I=1,3),BN(J),BNK(J),BOPT (IOPT,J),
1A0PT (TOPT,J),J=1,10)

215 FORMAT (/, 10 (TS5,3M4,T25,F8.0,T4S5,F7.0,T60,F7.0,T75,F5.2,/))
cap = 0.

RCAP = 9.

Do 217 I = 1,10

I (1.5F.7) GO TO 216
CAP = CAP + AOPT(IOPT,I)
GO TO 217

216 TCAP = FCAP + AOPT (IOPT,I)

217 CONTIKOL
ADD = CAD ¢ RCAP
WSITT(6,21%) CAP,FCAP,ADD

213 FOTMAT(/,T20, 'COAGULATIOLK/CLARITICATION/FILTRATICN §$/KGAL=',F5,2,
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Appendix 3. Continued

1/,T10,! REVERSE OSMOSIS SYSTEM $/KGAL=',F5.2,
2/,T10," TOTAL SYSTEM $/KGAL=*,F5.2)

---------------- TOTAL COST AND PFICE/KGAL========meeecmmee—ececcacao
TMAX2=THAX

IF (INRITE. NE.0) TMAX2=TMAX1
CKG = TMAX2/340000,
WRITE(6,230) THAX2,CKG
230 FORMAT{///,T15,' THE PLANT PRODUCES 1 MGD PER DAY OF THE SPECIFIED

1 QUALITY WATEPR',/,T10, *THE TOTAL AKRNUAL COSTS = $',F9.0,10X,
2'COST/KGAL = $',F4,.2)

FETUEN

END

SUBFOUTIKE JDPLOT
COXMON /SCLR/FX,DY,FY,DY,ITFSTX,ITESTY
DINENSION XVALS (100),YVALS (100),Z (105)
po 1 I = 1,10
XVALS(I) = I
YVALS(I) = I
1 CONTINUE
DX = 8B
FX = 0
FY = 1.0
DY = .25

ITESTX = 1
ITESTY = 1

CALL CPLOTO({3,10,-2,XVALS,YVALS,1,1,2)
PETURN

END
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