I
i
i
i
1
1
1
I.
i
i
i
i
i
I
1
B
i
1
| |

BASIS OF DESIGN REPORT

Water Treatment and Distribution Facilities
Rodanthe-Waves-Salvo
Dare County, North Carolina

Black & Veatch
B&YV Project 24420
Revised April 1994




CONTENTS

BASIS OF DESIGN REPORT

Page

A. General 1
1. Project Description 1

2. Background Data 1

3.  Governing Standards 2

4.  Drafting Standards and Procedures 2

5. Regulatory Permits/Approvals 3

6.  Construction Contracts 3

7. Elevations 4

8.  Flood Elevations 4

9.  Utilities 4

10. Land and Rights-of-Way 4

11.  Surveys 5

12.  Work by Owner 5

13.  Geotechnical Investigations 6

14. Wetlands Delineation 6

B.  Water Quality 6
1 Raw Water 6

2 Product Water 7

3.  Concentrate 9

4 Finished Water 11

C.  Process Design Criteria 13
D. Raw Water Supply Wells 17
1.  Existing Well 18

2. New Well Sites 19

3.  Test Well Construction 19

4.  Production Well Construction 21

5. Well Pump 23

6.  Materials 23

TC-1




CONTENTS (continued)

Treatment Facilities

L.

5.
6.
Finished Water Storage and High Lift Pumping

1.
2.

3.

RO Pretreatment
Cartridge Filters
Static Mixers
Sulfuric Acid
Antiscalant

e. Raw Water Flow
RO Feed Pumps

RO Treatment Units
Post Treatment

a. Chlorine

b.  Sodium Hydroxide
C. Fluosilicic Acid

d. Corrosion Inhibitor
RO Cleaning System
Concentrate Outfall

ae o

Low Level Storage

High Lift Pumping

a.  Pumping Units

b.  Controls

Finished Water Flowmeter

Water Lines - Raw and Finished

1

2.
3.
4

Finished Water System Design
Raw Water System Design
Materials

Installation

Elevated Tank

1.
2.
3.

Accessories and Painting
Vaults and Valves
Site Plan

Instrumentation, Control, and SCADA

1.
2.

Instrumentation and Control
SCADA

TC-2

24

24
24
24
24
25
26
26
27
28
28
29
30
31
32
32

33

33
34
34
34
34

35

35
36
36
37

37
38
38
39

39
39
43




CONTENTS (continued)

J. Plant Building
1. Structural
2. Architectural
3.  HVAC
4. Plumbing
a. Potable Water
b.  Nonpotable Water
c.  Potable Hot Water Piping and Water Heater
d.  Drain, Waste, and Vent Piping
e.  Fixtures
K. Electrical
L. Engine-Generator
M. Schedule
N.  Cost Opinion

List of Tables

1
2

3

[0 <IN I o))

Groundwater Raw Water Quality

Water Quality Projections (Permeate)
Initial Operation

Water Quality Projections (Permeate)
3 Year Operation

Water Quality Projections (Brine)
Initial Operation

Water Quality Projections (Brine)
3 Year Operation

Design Criteria

Proposed Design Values

Anticipated Maximum Project Cost

TC-3

44

44
45
45
46
46
46
46
47
47

47

48

48

48




|
i
i
i
|
1
i
|
|
1
i
|
]
|
|
]
i
i
i

Figures

1
2
3

wn

(o)

== \O 00 ]
—_— O

Property and Easements - Plant Vicinity
Site Plan
Process Building - Plans, Section
& Finish Schedule
Process Building - Elevations
Process Flow Diagram - Initial Operating
Conditions
Process Flow Diagram - Final Operating
Conditions
Electrical Legend Sheet
Feedwater Treatment System P&ID
Reverse Osmosis System P&ID
Process Chemical Feed Systems P&ID
Pre and Post Treatment Chemical
Feed System Schematics

Appendices

A
B

Mmoo

Geotechnical Report

Well No. 1

Drillers Log (Exhibit A)

Cross Section (Exhibit B)

Pumping and Recovery Tests (Exhibit C)
HVAC Design Memorandum

Electrical Design Memorandum

Schedule
T hrstrument Device schedule

TC-4




Water Treatment and Distribution Facilities
Rodanthe-Waves-Salvo

A. General
1. Project Description

This project involves the design, bidding, and construction management of a
new water treatment and distribution system for Dare County, North Carolina.
The system will serve three villages on Hatteras Island: Rodanthe, Waves, and
Salvo (RWS). This report will outline the design parameters, schedule, and cost
for this project.

This project will include design of a 1 mgd reverse osmosis water treatment
plant, two brackish wells, a 1 million gallon (MG) ground storage tank, 0.2 MG
elevated storage tank, approximately 115,000 linear feet of water distribution main
from 2-inch to 12-inch diameter, and all required appurtenances.

2. Background Data

Feasibility studies for serving the RWS area of Dare County were initially
begun in 1982. The reports listed below contain background information for this
project.

Water Supply and Treatment Alternatives
for the Villages of Rodanthe-Waves-Salvo,
August 1982 by Moore, Gardner & Associates

Potable Water Feasibility Report
for Rodanthe-Waves-Salvo,
August 1987 by Black & Veatch

Report on Reverse Osmosis Pilot Test,
May 1990 by Ian C. Watson, P.E.

Hatteras Island Water System Feasibility Analysis,
August 1990, by Malcolm Pirnie

Potable Water Feasibility Report
for Rodanthe-Waves-Salvo, Revised June 1993
by Black & Veatch

Rodanthe-Waves-Salvo
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3. Governing Standards
The following codes and standards apply to the design of this project.

« N.C. State Building Code - 1991 edition with 1994 revisions.
- Volume I - General Construction
- Volume IC - Accessibility
- Volume II - Plumbing
- Volume III - Mechanical
- Volume IV - Electrical
- Volume V - Fire Prevention
o N.C. Occupational and Health Standards
for General Industry, 1991
o United States American and Disabilities Act
« National Fire Prevention Code
» North Carolina Administrative Code
- Rules Governing Public Water Systems, January 1991
- Sedimentation Control
- Stormwater
« Policies and Procedures for Accommodating Utilities on Highway Rights-of-
Way - N.C. Department of Transportation.
« Dare County Zoning Standards.

4. Drafting Standards and Procedures
a. Drawings. Drawings will be on 24 inch x 36 inch mylar and shall conform
to the policies outlined in the Technical Data and Drafting Procedures Manual.
The plant and associated drawings will be AutoCAD Release 10 with the
following general title block:

Water Treatment Facilities
Dare County, North Carolina

Rodanthe-Waves-Salvo

The distribution and raw water lines will be manual drafting on aerial
photography at 1" = 100 feet scale with the following general title block:

Water Distribution System

Rodanthe-Waves-Salvo
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Dare County, NC
Rodanthe-Waves-Salvo

b. Specifications. Standard Black & Veatch front-end documents and
specifications format will be used.

5. Regulatory Permits/Approvals
The following permits and approvals are required for this project.

CAMA Permit
NCDEHNR (EA) FONSI
Corps of Engineers Section 404 (Canal Crossings)
NCDEHNR - DHS Permit to Construct
NCDEHNR - DLQ Erosion Control Permit
NCDEHNR - DEM Stormwater General Permit
NCDEHNR - DEM NPDES Permit to Discharge to Sound
NCDOT Highway Encroachment
Dare County Planning Board Site Plan Approval
Dare County Health Department Septic Tank Approval
NC Department of Insurance Building Code Compliance
Dare County Inspection

Department Building Code Compliance

6. Construction Contracts
The work will be divided into the following individual bidder contract sections:

Contract No. Description

1 RO Equipment Procurement

2 Generator Procurement

3 Site Grading and Erosion Control

4 Prestressed Storage Tank

5 General Contract

6 HVAC

7 Plumbing

8. Electrical

9. PLC SCADA Hardware Procurement

10. Distributed Control/SCADA Software

11. Elevated Storage Tank

12. Distribution System (includes raw water lines)
Rodanthe-Waves-Saivo
24420/042094 3




The wells will be handled as a change order to an ongoing contract with the County.
Contract 12 will be subdivided into three sections to allow more participation from local
contractors with limited licenses.

7. Elevations
All elevations shown on the project drawings will be based on USGS datum.

8. Flood Elevation

The base flood elevation at the plant site is 8.0 according to Dare County building
code officials. Due to recent flooding this is expected to increase to 10.0 at the next
code revision. All facilities will be designed for a base flood elevation of 10.0.

9. Utilities
The following utilities exist in the project area:

Telephone: Carolina Telephone and Telegraph Co.
P.O. Box 430
Manteo, North Carolina 27954
Telephone: (919) 473-5373

Power: Cape Hatteras EMC
P.O. Box 9
Buxton, North Carolina 27920
Telephone: (919) 995-5616
Contact: Rich Bauer

There is no natural gas.

10. Land and Rights-of-Way
Dare County purchased the site for the water treatment facility shown as Area "A"
on Figure 1. The following property remains to be purchased:

« Property within 100 feet of well No. 1 located in Area A above (shown as Area
B on Figure 1).

Rodanthe-Waves-Salvo
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« Easement for the concentrate discharge to Pamlico Sound. Two potential routes
were evaluated indicated as Areas C and D on Figure 1. Area C follows the
route of an existing 10 feet wide easement for a portion of the distance. Area
D follows the access road to the marina. Area D is the chosen route.

o A temporary easement to the south of the plant site indicated as Area E for staging
by contractors.

« Property for the well No. 2 site which will be located approximately 2,000 feet
south of the plant site (approximately 1 acre). This will also be the site of the
elevated tank.

« The County may opt to purchase a site for location of future well No. 3 if funds
are available. This will be located approximately 2,000 feet south of well No. 2
site.

Dare County officials are currently negotiating with property owners to purchase
this property.

11. Surveys

A topographic survey of the plant site (Area A) was performed shortly after the
property was purchased. This survey will be used for site grading. The following
additional surveying is required.

« Topographic survey of Area B (see Figure 1) and confirmation that this survey
will tie to Area A topography (see Figure 2).

« A property boundary survey of Areas A and B to accurately locate and define
all property corners on the ground. These property corners will be used by
contractors for site staking.

« An easement survey and a topographic survey of Area D.

« Property and topographic surveys of the well No. 2 site.

« Establishment of a USGS bench mark on the plant site and well No. 2 site.

12. Work by Owner
Dare County will perform the following:

« Negotiations with property owners for all easements and property to be
obtained.
« Acquisition of all property.

Rodanthe-Waves-Salvo
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« Property and topographic surveys of all property including maps and legal
descriptions.

13. Geotechnical Investigation

Geo Technologies has entered into a subcontract with Black & Veatch to perform
all geotechnical investigations for this work. A geotechnical report has been issued
for the plant site and is included as Appendix A. Investigation of the elevated tank
site and a subsequent report will be completed after the site is identified.

14. Wetlands Delineation

As a part of the permitting process, wetlands within the project area potentially
impacted by construction will be delineated. Black & Veatch has contracted with a
local delineater to perform this service.

B. Water Quality

1. Raw Water

Groundwater quality records from existing production well No. 1 at the plant
site were analyzed to develop raw water quality assumptions. Based upon data
currently available to Black & Veatch, the water quality to be used for design is
presented in Table 1. This data will be verified when the well is repumped, sampled,
and again analyzed early in the project.

Rodanthe-Waves-Salvo
24420/042094 6




TABLE 1
Groundwater
Anticipated Raw Water Quality
Constituent Design Basis | Constituent Design Basis
Aluminum, mg/L 0.26 | Chloride, mg/L 515
Calcium, mg/L 13 Fluoride, mg/L 2
Copper, mg/L 0.02 | Nitrate, mg/L 0.11
Magnesium, mg/L 256 Sulfate, mg/L 6.6
Manganese, mg/L 0.01 | Total Anions, mEq/L 29.0
Potassium, mg/L 321 TDS 2095
Strontium, mg/L 0.93 | Silica 325
Sodium, mg/L 599 Hardness (CaCQ,), mg/L 138
Barium, mg/L 0.15 | Alkalinity (CaCO,), mg/L 710
Iron, mg/L 0.12 | pH, units 791
Total Cations, mEq/L 29.7 Boron, mg/L 1.59
Bicarbonate, mg/L 866 TOC 80
Carbonate, mg/LL (as CO,) <0.01

2. Product Water
The final product water quality from the RO treatment plant will depend upon the

membranes used (i.e., those manufactured by Hydranautics, Fluid systems, etc.), the
quality of the feedwater, process recovery, and the age of the membranes in service.

Projections were made at two operating conditions as follows:
a.  Initial Operation
b.  Operation at 3 years
Projections were made for the following membrane types:
a.  Hydranautics Model 8040-LSY-CPA2, 8" size
b.  Fluid Systems Model TFCL 8821LP, 8" size
c.  Filmtec Model BW 30-8040, 8" size

The results are given in Tables 2 and 3.

Rodanthe-Waves-Salvo
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TABLE 2

Water Quality Projections (Permeate)

Initial Operation

Constituent Raw Water Hydranautics Fluid Systems Filmtec
(mg/L) (mg/L) (mg/L) (mg/L)
Calcium 13 0.0 0.20 0.20
Magnesium 25.6 0.10 0.40 0.30
Potassium 321 0.8 1.8 1.0
Sodium 599 12.8 28.8 14.7
Strontium 0.93 0.0 0.01 0.0
Barium 0.15 0.0 0.0 0.0
Iron 0.12 - - -
Bicarbonate 866 20.8 48.5 21.6
Chloride 515 8.2 19.0 12.1
Fluoride 2.0 0.10 0.0 0.0
Nitrate 0.11 0.0 - 0.0
Sulfate 6.6 0.50 0.40 0.0
Phosphate 0.26 -- -- --
TDS 2094 434 100.1 50.9
Silica 325 0.30 0.90 1.0
pH 7.91 - 6.3 -
Alkalinity 710 17.06 39.77 17.71
Hardness 138 0.41 2.1 1.7
(CaCO,)
Color 30.0 2.0 2.0 2.0
TOC 80.0 3.0 3.0 3.0
Rodanthe-Waves-Salvo
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TABLE 3
Water Quality Projections (Permeate)
3 Year Operation
Product Water

Constituent Raw Water Hydranautics Fluid System Filmtec

(mg/L) (mg/L) (mg/L) (mg/L)
Calcium 13.0 0.10 0.30 0.20
Magnesium 25.6 0.10 0.50 0.30
Potassium 321 1.0 22 1.0
Sodium 599 17.5 355 14.5
Strontium 093 0.0 0.01 0.0
Barium 0.15 0.0 0.0 0.0
Iron 0.12 0.01 0.01 0.01
Bicarbonate 866 31.0 59.7 214
Chloride 515 103 234 12.0
Fluoride 20 0.10 0.0 0.0
Nitrate 0.11 0.0 - 0.0
Sulfate 6.6 0.0 0.5 0.0
Phosphate 0.26 -- -- --
TDS 2,094 60.4 1233 49.4
Silica 325 03 1.1 10
pH 791 - 6.4 --
Alkalinity 710 25.4 4895 17.55
Hardness 138 0.66 2.80 1.73
Color 30.0 2.0 2.0 2.0
TOC 80.0 3.0 3.0 3.0

3. Concentrate

Brine concentrate quality from the RO process will also be a function of the type
of membrane used, the service life, process recovery, and the quality of the feedwater.
Projections are presented for the two operating conditions assuming design feedwater
quality in Tables 4 and 5.

Rodanthe-Waves-Salvo
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TABLE 4
Water Quality Projections (Brine)

Initial Operation

Concentrate

Constituent Raw Water Hydranautics Fluid System Filmtec

(mg/L) (mg/L) (mg/L) (mg/L)
‘Calcium 130 43.1 36.5 425
Magnesium ‘256 88.9 75.6 88.0
Potassium 32.1 112.1 93.8 111.3
Sodium 599 2,356.1 1,982.7 2,343.6
Strontium 0.93 1.6 1.5 1.7
Barium 0.15 0.50 0.44 0.5
Iron 0.12 - -
Bicarbonate 866 2,855.0 2,724.4 3,390.0
Chloride 515 2,033.8 1,719.1 2,059.4
Fluoride 20 7.8 6.6 7.7
Nitrate 0.11 0.40 0.50 0.50
Sulfate 6.6 453.5 101.0 5.5
Phosphate 0.26 - -- --
TDS 2,094 8,087.3 6,855.0 8,050.7
Silica 325 129.2 109.2 126.6
pH 791 7.60 8.1 -
Alkalinity 710 2,341.1 2,234.0 2,779.8
Hardness 138 4722 401.2 467.1
Color 30.0 115 115 115
TOC 80.0 312 312 312

Rodanthe-Waves-Salvo
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TABLE 5
Water Quality Projections (Brine)

3 Year Operation

Concentrate

Constituent Raw Water Hydranautics Fluid System Filmtec

(mg/L) (mg/L) (mg/L) (mg/L)
Calcium 13.0 430 4.5 425
Magnesium 25.6 88.8 88.1 88.0
Potassium 321 111.3 108.4 111.3
Sodium 599 2,341.9 2,298.0 2,345.2
Strontium 093 16 1.74 1.7
Barium 0.15 0.5 0.51 0.5
Iron 0.12 -- - --
Bicarbonate 866 3,371.9 3,151.2 3,392.3
Chloride 515 2,027.5 1,996.6 2,060.8
Fluoride 2.0 7.8 7.7 7.7
Nitrate 0.11 04 0.5 0.30
Sulfate 6.6 5.6 117.7 55
Phosphate 0.26 - - -
TDS 2,094 8,160.2 7,944 4 8,055.8
Silica 325 129.0 127.1 126.7
pH 791 83 8.1 --
Alkalinity 710 2,765.0 2,584.0 2,781.7
Hardness 138 471.6 467.5 467.1
Color 30.0 115.0 115.0 1150
TOC 80.0 312 312 312

4. Finished Water
The finished water quality must meet the following project goals:

Item Project Goal

Total Dissolved Solids < 500 mg/L

Total Alkalinity > 40 mg/L as CaCO,

Total Hardness > 40 mg/L as CaCO,

Langelier Index -0.2 to +0.2

pH > 8.0

These goals are established in order to ensure the finished water is non-

corrosive. A review of the permeate (product) water quality for the 3 year
operating scenario shows that for any membrane used, some form of chemical

Rodanthe-Waves-Salvo
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post treatment (addition) is required in order to meet the project goals. Blending
(only) of raw water with the permeate will assist in lowering chemical treatment
requirements. For example, assuming the use of the Fluid System membranes and
blending at the 10 percent rate results in the following water quality:

Item Blended Water
Total Dissolved Solids 315.8
Total Alkalinity 109.0 as CaCO,
Total Hardness 18.3 as CaCO,
Langelier Index -2.32
pH 6.79

Review of this shows that some form of chemical treatment will be required.
The chemicals normally used and their purpose is given below:

Chemical Purpose
Sodium Hydroxide Increase Alkalinity and pH, increase

Langelier Index.

Lime Increase Hardness, Alkalinity, increase
Langelier Index, increase pH.

Review of the above information indicates that the use of lime would be more
effective than sodium hydroxide for meeting the project goals in that its use
increases hardness. However, the use of lime addition adds to the complexity of
operation, and the requirement for lime silos to store the chemical detract from
the aesthetics of the facility. Also, the lime treatment process results in the
production of a lime sludge which must be disposed. Because of this, sodium
hydroxide is the preferred post-treatment chemical. Using the Fluid Systems
membranes and injecting sodium hydroxide results in the following finished water
characteristics:

Rodanthe-Waves-Salvo
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Item Blended and Post-Treatment Water Quality
Total Dissolved Solids 395.5
Total Alkalinity 148.4 as CaCO,
Total Hardness 18.3 as CaCO,
Langelier Index +0.11
pH 8.0

A sodium hydroxide feedwater dose rate of approximately 31 mg/L would be
required to give the above finished water quality. Review of this shows that, with
the exception of total hardness the finished water quality goals have been met.
Although achieving 40 mg/L. hardness goal would reduce corrosion potential, the
water quality is acceptable with addition of a corrosion inhibitor. Because it is not
possible to accurately predict a water’s corrosivity, a corrosion inhibitor will be
added.

C. Process Design Criteria

The technical criteria to be used for the design of the facility is given in
Table 6. Using this information, a preliminary design has been proposed. This
design is then used to size the various plant components, and assumes the use of
Fluid Systems membranes. Operating conditions at the expected initial feedwater
quality of 1,778 mg/L are presented in the process flow diagram of Figure 5. But,
since the water quality is expected to deteriorate over time and because
membrane performance changes with time, a prediction of operating conditions at
the design water quality after 3 years of operation is presented in the process flow
diagram of Figure 6. Proposed design values are presented in Table 7.

Rodanthe-Waves-Salvo
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