DRAFT
DARE COUNTY REGIONAL R.O. PLANT

KiLL DEVIL HILLS, NORTH CAROLINA

DRAFT

EVALUATION
OF

POTENTIAL TRAIN
CAPACITY INCREASE

April 21, 1995




1.0

20

3.0

4.0

5.0

6.0

7.0

8.0

TABLE OF CONTENTS
INEFOAUCHION ...t e e e e nnnaes 1
Feedwater QUALILY ..........oueeiiiiieieeeeeceeeer e e e 7
Membrane Arrangement .........e.eeeeeiiiiiiiinecie s 10
3.1 APPIOACK ..ottt ettt e e e e e e e e e e e e s 10
3.2 Discussion of Results .......cccoocveiiiiiiininiiiiiiiiiiee 11
Feed Pump Evaluation ..., 14
Electrical SyStem .......cocvviiieeiiiiiieceeecc 17
Chemical Feed Systems ... 18
Instrumentation and Control ... 20
7.1 Introduction ..o 20
7.2 Control System ....ccccoviiviiiiiii 20
7.3  Instrumentation............cccccciiiiiiiiiiini 22
COSt EStIMAES ......uuuuiiiiiiiiiiiiiiiiiiirieeee et aaannaes 25




Table

LIST OF TABLES
Membrane Conditions For Each RUN ..., 12
Output From Computer Projections ..........cccceeveeeineieieniceecerececeneeeen, 13
Membrane Feed Pump Performance Evaluation .............ccccccovviiennnnnnn. 15
Feed Pump Modification Cost Estimate ..........cccccoiviiiiniiniininnen, 16
Chemical Usage Data ...........ccccooiiiiiiiiieiiceeeenccriice v 18
Chemical System Evaluation ..........cccocveeveiiiiniiiinieice. rrreeeees 19




Figure

Number

1.

2.

LIST OF FIGURES

Feed Pressures R.O. Units #1, #2, and #3.

Reverse Osmosis Raw Water Conductivity

.....................................

.....................................




APPENDICES

Appendix A Scope of Study




April 24, 1995 DRAFT

DARE COUNTY REGIONAL R.O. PLANT

KILL DEVIL HILLS, N.C.

EVALUATION OF POTENTIAL TRAIN CAPACITY
INCREASE BY ADDING MEMBRANE AREA

1.0 INTRODUCTION

The Dare County Regional Reverse Osmosis Plant was placed into operation in the early
fall of 1989, at initial feed pressures of between 265 psig and 270 psig. The typical
average feed water quality at that time was approximately 2200 ppm TDS.

The plant basis of design provided for the initial operation, estimated to be between 5 and
10 years, was based on hydrogeologic projections of feedwater quality deterioration. A
plant with permeate production of 850,000 gpd at 75% recovery, blended with 150,000
gpd bypassed raw water, for an RO unit production of 1 mgd of product at 500 ppm
(approximately 850 micromhos) specified. The system was designed to achieve this
performance with a feedwater with TDS of 4500 ppm. The permeate conductivity at the
start of operations was approximately 120 micromhos, while the blended quality set point
was established at 750 micromhos. At this setting, the blending ration was at or very

close to the design of 15%.

The time frame assumed for the initial basis of design was adopted after the groundwater
consultant predicted a worsening of water quality in the pumped zone of the wellfield due
to seawater intrusion. It was anticipated that as water quality worsened, the feed pressure

would be increased to compensate for increasing osmotic pressure. At the same time the
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salt passage, while increasing with increasing feedwater TDS, would still permit adequate
blending. The next generation of membranes, when installed as expected in the mid-
1990’s, would, through superior salt rejection and increased productivity relative to
applied net driving pressure, restore the design output of the three initial trains at a feed

pressure within the capability of the existing Afton feed pumps.

Figure 1 is a chart produced by the Dare County Water Department. It describes feed
pressure vs. elapsed time, and demonstrates clearly the rapid rise in feed pressure for all
three RO units during the initial 16-to-18 months of operation. During this time, the
plant was operated at full capacity during the summer months, and at about 50% the rest
of the year. After an initial decline in feed pressure, there was another rapid increase, due
in large part to iron fouling of the membranes. This fouling material was successfully
removed by cleaning, with a resulting drop in feed pressure, although not back to values
of the initial three months of operation. This adjustment occurred because in addition to
fouling, there had been a significant increase in the wellwater TDS during this time
frame, a trend which continued until revised wellfield operating procedures stabilized the
feedwater at a TDS of about 3700 ppm. At the end of 1990, a decision was made to
replace the second stage membranes with the Hydranautics CPA-2 model, based on an
analysis and recommendation by Rostek Services, Inc. This membrane, at the time,
demonstrated superior flux and salt rejection characteristics, compared to other available
products. Modeling the proposed hybrid system indicated a reduction in feed pressure of

over 10%, and the potential restoration of the initial blending ratio and design production.

The new second stage membranes were installed in June of 1991, and the result was
dramatic, as can be seen in Figure 1. Since then, there has been an upward trend in feed
pressure, in spite of routine cleaning and a well-managed wellfield. It would appear that
the first stage elements are nearing the end of their useful life, and that, combined with a
relatively stable but gradually increasing feedwater TDS has caused the feed pump
discharge pressure to increase to a value very close to its maximum. Continuation of this

trend will result in reduction in plant output; reduced blending (and thus a change in
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stability); and increased water production cost. It also means that the fourth unit may

need to be installed earlier than anticipated, not necessarily for expansion, but to make up

for lost production of the initial installation.
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When the second stage membranes were changed in 1991, 162 cleaned Fluid Systems
TFCL elements were removed. Some were treated with sodium metabisulphite solution,
and double-bagged. All but 44 of those elements (18 were moved to the first stage, 24
were sold, 2 were autopsied) remain at the plant. Because of the current condition of the
plant, the addition of 3 pressure vessels (loaded with these membranes) to each RO unit
may extend the useful life of all the first stage elements, thus delaying major capital
expenditures. The addition of pressure vessels would also permit the future installation
of additional new membranes, particularly in the first stage. The additional membrane
area would benefit the County, either by increasing the unit production of each train, or

by reducing the feed pressure. Either way, the cost of water production would decline.

To formally evaluate the options available to the County, Boyle Engineering Corporation
was asked to perform this study. To best cover the various options, several membrane
configurations were developed, and the ability of the existing plant infrastructure to
support these configurations was examined. The procedures and results are described in

the sections following.
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2.0

FEEDWATER QUALITY

Since the second stage membrane exchange in 1991, the wellfield that provides feedwater
to the plant has been carefully managed to minimize the increase in feedwater TDS.
Concurrently, further groundwater studies were conducted which concluded that the
increased TDS was not occurring as a result of seawater intrusion, but because of
upconing. Since the aquifer is stratified, the denser water is at lower elevations, and this
higher TDS water was, and to some extent still is, being induced into the pumped zone of

each of the original six wells.

The groundwater study further concluded that additional wells should be constructed at
some distance from the existing wellfield. This action would reduce the stress on the
existing wellfield, and by providing a source of lower TDS water, control and perhaps

halt the steady increase in feedwater TDS.

Two new wells have been constructed, and are now in operation. The water quality is
similar to, if not slightly better than the original water quality from the first six wells.
Because these wells are now available, the feedwater quality coming into the RO plant
will be derived from three existing wells and one new well, on a rotating basis. Mr.
Robert Oreskovich, the department director, has developed a management strategy which
precludes the use of the two new wells together, and rotates the use of the six old wells in
such a way as to minimize pumping stress on that part of the aquifer. Given the adoption
of this strategy, and with the very real possibility that the reduced pumpage from the
original wellfield may actually result in an improvement in feedwater quality with time, it
was agreed that the design feedwater quality for this study would be based on a
combination of the three original wells with the worst water quality and one new well.

This worst-case combination was tested with three trains, operating data collected, and
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samples of feed and permeate taken and analyzed. Based on this test, the analysis used

for membrane projections in this study is:

Cations

Calcium 50.3 ppm
Magnesium 84.9 ppm
Sodium 1363.7 ppm

Potassium 65.8 ppm

Qther

Silica (as Si0,) 11.2 ppm
pH 8.1
Temperature  20°C

TDS 4242 ppm

Anions
Bicarbonate 268.0 ppm
Sulphate 196.0 ppm
Chloride 2200.0 ppm
Fluoride 0.2 ppm
Nitrate 0.6 ppm

Because barium and strontium sulphate scale potential has always been very low, analysis

for these ions was not performed, and they are not included on the list. Similarly,

although iron is present, the recorded concentrations have always been less than 1 ppm,

and that is not expected to change.

The original plant design included the addition of acid, not for carbonate scale control,

but for the generation of carbon dioxide in the feedwater. This gas is transferred to the

permeate. Without the need for a decarbonator, the carbon dioxide remains in the

blended water. The addition of caustic soda raises the pH, by reacting with the carbon

dioxide and creating additional bicarbonate alkalinity, which helps stabilize the finished

water. The same approach to post-treatment stabilization has been taken in this study.
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The finished water goal assumed for this study is 450 ppm TDS after caustic soda
addition. This is roughly equivalent to a 750 micromhos conductivity. To achieve this
quality, the blended product water, prior to post-treatment, must be about 400 ppm TDS,
and this value was established as the design point for this study.
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3.0 MEMBRANE ARRANGEMENTS

3.1

Approach

As discussed in the Introduction, the existing Dare County RO Plant as installed
consisted of three parallel RO units, each arranged in a 21:9 array, with Fluid
Systems 8821LP TFCL membrane elements. Those elements still in service in
the first stage are now approaching six years old. When the second stage
membranes were changed in June 1991, an additional vessel was added to the first
stage. Therefore, today’s array is 22:9, and the second stage membranes are

approaching four years old. They are Hydranautics 8040-LSY-CPA2 membranes.

Because the plant is currently a hybrid in terms of membranes (70% TFCL, 30%
CPA2), an approach had to be developed to assess the performance of an
expanded array, using the current membrane mix. To do this, the Hydranautics
membrane performance model “RODES” was used. The version utilized was 4.1,
since this version contains a subroutine which allows the “creation” of a
membrane other than the Hydranautics models. By using this vérsion, the Fluid
Systems TFCL membrane data could be inserted into the model, and the

performance of the hybrid arrangement simulated.

A second consideration that directly affected the modeling of expanded train
performance with existing membranes is the question of membrane age. After
consideration of the impact of age on the results of the modeling, the following

averages were selected for Runs 1, 2 and 3.

Run I: Average membrane age = 4 years
Salt passage increase = 1.5%
Run 2: Average membrane age = 3.8 years
Salt passage increase = 14%
Run 3: Average membrane age = 3.4 years
Salt passage increase = 1.3%
Page 10
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Discussion of Results

As proposed, Runs 1, 2 and 3 were to model an expanded productivity for an RO
unit, by adding vessels and using TFCL membranes on hand. However, a second
set of Runs 1-3 was prepared, using 850,000 gpd as the permeate output, so that
the impact on feed pressure could be studied. Thus, from the performance
perspective, Runs 1, 2 and 3 can be used to assess the viability of either increased
production, or reduced feed pressure. Details of the performance projection runs

can be found in Appendix 1.

Table 1 shows the membrane arrays on which computer projections were based,
while Table 2 shows the results of the computer projections. The shaded area in
the permeate quality column represent the results of the simulations made with the
existing hybrid membrane system. While the simulation predicted feed pressure
at a reasonable level of confidence, the permeate quality results should not be
considered valid. The current permeate quality produced during the test runs with
design feedwater, _ ppm TDS should be reproducible in the expanded array.
Meanwhile, the permeate quality projected for runs 4,5, 6 and 7 reflect today’s
improved membrane performance. In fact, these values may even be somewhat
conservative, and better quality is anticipated, providing for additional blending

flexibility.

Even more exciting to contemplate is the next generation of membranes, one
example of which is currently under test in small scale at the Kill Devil Hills
facility. Based on the initial results of this test, future membrane replacement
may permit operation at higher permeate flow than 1 mgd, at a higher recovery

than 75%, and with a resultant permeate conductivity less than 100 micromhos.
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Table 1.

Membrane Conditions For Each Run

1-A 25:9 4 1.5 -0.03 0.85 20 75 7.0
1-B 259 4 1.5 -0.03 1.00 20 75 7.0
2-A 25:10 3.8 1.4 -0.03 0.85 20 75 7.0
2-B 25:10 3.8 1.4 -0.03 1.00 20 75 7.0
3-A 25:10 34 1.3 -0.03 0.85 20 75 7.0
3-B 25:10 34 1.3 -0.03 1.00 20 75 7.0
4 25:10 3 1.2 -0.03 1.00 20 75 7.0
S 25:10 3 N/A N/A 1.00 20 75 7.0
6 25:10 3 N/A 0.85* 1.00 20 75 7.0
7 25:10 3 1.3 -0.025 1.00 20 75 7.0

* Indicates fouling factor for Dow “Rosa” projection.
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Table 2.

DRAFT

4 25:10 1.00 210 256.40 117 0.80 8.90

5 25:10 1.00 210 260.00 59 0.30 5.40

6 25:10 1.00 210 264.20 90 1.50 '5.20

7 25:10 1.00 210 270.60 101 0.90 6.90
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