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Dear Mr. Sprynczynatyk:

September 16, 1998

Biota Transfer Control Measures
Northwest Area Water Supply Project
Specific Authorization No. 21

In Association With:

American Engineering
Montgomery Watson

HOUSTON ENGINEERING, INC.

This report consolidates and summarizes all of the reports, results of special studies, the
current configuration and criteria of the project, and preliminary design for the pipeline project
from the raw water intake to the Minot water treatment plant, that relate to biota transfer
control issues. Key elements include pretreatment required to satisfy biota transfer criteria,
monitoring programs, pipeline and facility integrity, sludge disposal at the Minot water
treatment plant, control, fail-safe systems, and emergency response planning. Several
elements of the project have yet to be defined pending the results of monitoring programs
currently being undertaken on both Lake Audubon and Lake Sakakawea. However, data and
information collected to date will be used to describe options and facility requirements that
remain viable for the project.

Mr. David Sprynczynatyk, State Engineer
North Dakota State Water Commission
State Office Building
900 East Boulevard
Bismarck, North Dakota 58505

Subsequent to the development of the Northwest Area Water Supply Project Pre-Final Design
Final Report (June 1995), the Engineering-Biology Task Group report (May 1994), and the
conclusions of the US - Canada Consultative Group, a number of refinements and project
design elements have been completed to better define the project. These refinements and
design elements have been developed as special studies and continued work associated with
the project tasks. Several studies were undertaken to specifically address biota transfer issues
and initiate programs to satisfy the conclusions of the US - Canada Consultative Group.
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September 16, 1998

Design criteria listed for each of the project elements is based on the current project
configuration as presented in the Northwest Area Water Supply Project Draft Environmental
Assessment (June, 1997), except as refined or modified by design efforts. These conditions
are specifically noted in the text that follows.

We appreciate the opportunity to prepare this document to further advance the NAWS project
with US - Canada Consultative Group and the Garrison Joint Technical Committee.

Respectfully submitted,

Montgomery Watson

William G. Lynard

Houston Engineering, Inc.

Roger C. Hagen
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SECTION 1

INTRODUCTION

BACKGROUND

The Northwest Area Water Supply Project (NAWS) Pre-Final Design Report (June 1995),
identified three separate systems to supply municipal drinking water to communities in
northwestern North Dakota, Only one of the systems, the East System, would transport raw
water from the Missouri River Basin into the Hudson Bay Basin. This raised issues and concerns
regarding biota transfer.

Following the development of the Pre-Final Design Report, a number of studies, evaluations and
consultations were initiated to identify and quantify the specific biota transfer issues, define
methods to mitigate the potential impacts, and to develop a consensus regarding project design
criteria and facility requirements. Work has continued with the US - Canada Consultative Group
(CG), the Garrison Joint Technical Committee (ITC), and the Engineering - Biology Task Group
to define an acceptable project configuration. The following sections describe the process and
conclusions that refined the project to its current level of design and facilities requirements.

This report consolidates the results of the studies, findings, process recommendations and
management plans for biota transfer control into a single document that reflects the current
direction of the project prior to final design . A number of modifications to the pre-final design
layout and facilities have been made since the initial evaluations made by the Engineering ­
Biology Task Group Report in May 1994. These changes were made to the project to
demonstrate positive biota transfer control, increase reliability and dependability, and meet the
needs of the NAWS Project.

ENGINEERING - BIOLOGY TASKGROUP REPORT

The Engineering - Biology Task Group was formed in December 1993 by JTC to carry out the
task given it by the CG. The Task Group evaluated the risks posed to Canada by the proposal to
transfer untreated water via pipeline from the Missouri River Basin to the Minot Water
Treatment Plant (Minot WTP) for final treatment prior to distribution. The basis for the
evaluation was the work underway on the NAWS Pre-Final Design Report.

.The Engineering - Biology Task Group evaluated several options and associated relative risks of
biota transfer that ranged from the transport of untreated water to the Minot WTP to complete
treatment at the raw water source in the Missouri River Basin. Each progressive option included
additional project components and physical safeguards to reduce the risk of biota transfer.

The options included:

Optiori 0; Raw water supply to the Minot WTP,

1-1



Option 1: · Chloramination of the raw water supply to control slime growth,
with transport to Minot WTP for treatment,

Option 2: Chloramination of the raw water supply to control slime growth,
treatment at the Minot WTP, blow-off containment structures, extra
signage, motor operated mainline valves, welded pipe, WTP
containment structures, and WTP flood control,

Option 3: Option 2 plus a rupture containment system,

Option 4: Phased development, including a 20.5 MGD treatment plant at the
source, with 8 MGD at the Minot WTP using existing sources. The
treated water would be mixed at the Minot WTP,

Option 5: Complete treatment at the source in the Missouri River drainage.

The key findings from the Task Group Report which were incorporated into the configuration
and layout of the NAWS Project were:

• The Task Group found that all pipeline options had a relatively low risk of
transferring biota to the Hudson Bay drainage if they included chloramination
disinfection at the source of the pipeline to control slime growth. Implementation
of additional safeguards would decrease the relative risk of biota transfer.

• Because of the consequences of pipeline failure, operation, maintenance, and
replacement must ensure the integrity of the pipeline for its entire operational life.

The likelihood of failure of the East System could be reduced through the
adoption of the following measures:

Identify one agency responsible for operating and maintaining the entire system;

All raw water captured in containment structures, which could not meet the 50­
day seepage travel time criteria, would be transferred to the Minot WTP for
treatment, or would be decontaminated, or would be disposed of in the Missouri
River drainage;

Minot WTP sludge would be handled in such a manner that incidental or
accidental discharge to the Souris River is not possible;

All structural components are monitored, maintained and repaired as called for
in the original designs;

Disinfectant residual is monitored and maintained to the original design
standard, and other water quality standards will be monitored.

1-2
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• If chloramination within the Missouri River drainage proves ' to be effective in
addressing biota transfer concerns, standard engineering practices for
construction, maintenance, and replacement could be followed.

The effectiveness of chloramination or other disinfection practices and their relationship to the
requirements on the NAWS design project were further described in the Task Group Report as
follows:

"If the raw water were disinfected to drinking water standards in the Missouri River
drainage, there would be no concerns regarding leakage, pipeline rupture , or other '
drainage from the pipeline during routine dewatering . Engineering designs would,
therefore, be in accordance with "standard practice" and generally accepted safety
factors."

The disinfection requirements were identified as 3-log Giardia and 4-log virus inactivation.

us -CANADA CONSULTATIVE GROUP CONCLUSIONS

The US - Canada Consultative Group considered and accepted the findings of the Engineering­
Biology Task Group during a joint meeting of the CG and ITC in September 1994. The GC did
however, conclude that a study of the effectiveness of the proposed chloramination process be
undertaken.

Based on the Engineering-Biology Task Group findings, the NAWS facilities, as presented in the
NAWS Pre-Final Design Report, were configured with the assumption that chloramination
would be practiced for control of slime in the pipeline and that additional basic features and
safeguard options would be employed to provide reduced risk for biota transfer. Studies were
also initiated to address the effectiveness of disinfection practices pursuant to the ' GC
conclusions, to determine, if 3-log Giardia and 4-log inactivation could be met through
disinfection alone and thereby allow the project to follow standard engineering and design
practices.

CHLORANUNECHALLENGESTUDY

A challenge study was conducted to document, through standard experimental protocol, the
effectiveness of disinfection technologies to achieve disinfection requirements identified under
Conclusion 6i of the CG. The study results indicated that both chlorine followed by ammonia
.addition to form chloramines and ozonation would achieve the disinfection requirements of 3-log
Giardia and 4-log virus inactivation.

Based on the results of the Chloramine Challenge Study - Final Report (December 1995), the
Canadian section of the JTC expressed a preference for ozone pretreatment due to its greater
effectiveness in inactivating water-born fish pathogens and encouraged the State of North Dakota
to consider ozonation as the pretreatment disinfection process. Partly because of this preference,
ozone was used to develop the project configuration. However, chlorine/chloramine disinfection
also meets biota transfer inactivation requirements and may be used pending additional water
quality evaluations. Ozone is a considerably more powerful disinfectant than

1-3
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NAWS CRITERIA AND FLOWS

SCOPE OF BIOTA TRANSFER FACILITIES REPORT

Major NAWS Facilities and Criteria,
Monitoring Programs,
System Operation and Control,
Operations, Maintenance, and Replacement Plans.

•

•
•

•

Until future capacity demands are realized, the system will operate at lower levels. Mechanical
equipment such as pumps and capacity upgrade requirements of the Minot WTP will be initially
sized to satisfy the interim Phase I design flow rates. As various phases of the project are

chlorinelchloramines and it has been demonstrated that the disinfection requirements for the
project can be readily exceeded through the use of ozone. Thus, an additional safety factor for
biota reduction is achieved. Design criteria and details of the ozone pretreatment disinfection
system are contained within this report.

The NAWS East System has been reconfigured to provide service to users who have signed
contracts to receive NAWS water. The reconfigured system is shown in Figure 1-1. The future
system capacity, however, includes both contract users capacity and non-contract users who are
adjacent to the pipeline routes. The pipeline facilities are sized to handle the future system
capacity.

Based on studies, engineering investigations, and the analysis discussed above, the descriptions
of the proposed NAWS Project facilities and management plans are presented in the following
sections. This report is subdivided into sections that address the specific requirements of the CG
and the JTC. These include:

Based on the demonstrated effectiveness of the proposed pretreatment system, it.was concluded
that standard engineering practices for design and construction, maintenance and replacement of
the NAWS system could be followed. This is the approach developed as part of the project
facilities refinement procedures and a description of the design approach is presented in this
report.

The purpose of this report is to consolidate the project technical reports and their findings, the
proposed approach for the monitoring program, and the design, construction, and operation of the
NAWS Project, to date, relative to requirements for control of biota transfer. The NAW~ Project
facilities and alternatives have undergone additional study and refinement since the NAWS Pre­
Final Design Report. This included system reconfiguration based on contract user signees.
Additional alternatives have been investigated through the Environmental Assessment process
and through special studies which were conducted to address specific water quality issues. In
addition, the NAWS Project team has conducted site evaluations and design criteria meetings on
the Minot WTP, the pretreatment system, and the pipeline system facilities to establish final
design criteria, address design issues, assess project constructability, and identify areas for
further investigation.
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TABLE 1-1

1-5

* Includes both contract and non-contract demands. Maximum day demand for contract only users is 22.9 mgd.

14.2
5.8
3.0

Current Minot Demand
(mgd)

18.0
7.4
3.8

Phase I Capacity
(mgd)

NAWS DESIGN FLOW RATES

26.0
10.4
5.2

Total System Capacity
(mgd)*

required and funded, incremental capacity will be added at the pump stations and at the Minot
WTP. A description of the phased design flow rates is presented in Table 1-1.

Flow Criteria

Maximum Day
Average Day
Minimum Day



ABBREVIATIONS

In order to conserve space and improve readability, the following abbreviations have been used
throughout this report:

ASME
CG
DBP
DIP
EPA
ESWTR
fps
GOX
HPC
JTC
LOX
MCL
mgd
MinotWTP
NAWS
NDDH
NDSWC
NTU
PIT
PLC
PRY
RTU
SCADA
scth
SDWA
SWTR
TDS
TOC
UPS
USGS
VFD

American Society of Mechanical Engineers
US - Canada Consultative Group
disinfection by-product
ductile iron pipe
United States Environmental Protection Agency

- - Enhanced Surface Water Treatment Rule
feet per second
gaseous oxygen
heterotrophic plate count
Garrison Joint Technical Committee
liquid oxygen
maximum containment level
million gallons per day
Minot Water Treatment Plant
Northwest Area Water Supply
North Dakota Department of Health
North Dakota State Water Commission
Nephelometric Turbidity Unit
pressure indicating transmitter
programmable logic controller
pressure reducing valve
remote telemetry unit
Supervisory Control and Data Acquisition
standard cubic feet per hour
Safe Drinking Water Act
Surface Water Treatment Rule
total dissolved solids
total organic carbon
un-interruptible power supply
United States Geological Survey
variable frequency drives

1-6
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SECTION 2

MAJOR NAWS FACILITIES AND CRITERIA

INTRODUCTION

This section describes the current design status and design criteria developed for the following
major facilities of the NAWS System from the intake to the Minot WTP:

• Raw water intake and pump station
• Ozone disinfection pretreatment facility
• Booster pump station
• Pretreated water storage facility
• Pressure reducing valve station
• MinotWTP
• Pipeline facilities

The relative locations and elevations of the above facilities are shown in Figure 2-1. A major
emphasis has been placed on developing the conceptual design of the ozone disinfection
pretreatment facility, as this is one of the major mechanisms for limiting biota transfer from the
Missouri River drainage basin to the Hudson Bay drainage basin .

RAW WATER INTAKE AND PUMP STATION

The raw water intake and pump station will consist of three basic components: the intake
structure, screening facilities, and pumping facilities . The design and arrangement of these
components depend on site specific soil, topographical, climatic , limnological, and water quality
conditions. Lake Audubon and Lake Sakakawea intake locations are being considered for the
NAWS supply source as indicated of Figure 2-2.

The intake must be located in an easily accessible location and designed to supply a specified
quantity of the best available quality of water. The intake system design will consider reliability,
operation, and maintenance costs. Site selection for the raw water intake system will be based on
the following considerations:

• The stratification characteristics of the water source due to seasonal changes in
water temperature

• The quality of the raw water source including algal growth characteristics,
turbidity, etc.

• Shore conditions , wind direction, and velocity

• The conditions of the catchment area, including potential sources of pollution

2-1
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• The siltation conditions in the reservoir

• The ultimate purpose of the lake and the impact of joint users

• The potential impacts upon or interferences with the Snake Creek Pumping Plant

• The historical and expected future water level fluctuations

Background Information

The NAWS intake/pump station will ultimately supply the maximum daily demand of 26 mgd to
the Minot WTP for treatment and distribution. The raw water intake and pump station
alternatives investigated in the 1995 Pre-Final Design Report focused on a shallow water intake
alternative for Lake Audubon. Since the Pre-Final Design, deep water intake alternatives in both
Lake Audubon and Lake Sakakawea have been investigated because of suspected warm water
temperatures during the summer, higher algal concentrations in the surface zone, and the greater
potential for fish fry in shallow water.

The re-evaluation of alternative intakes for the source of supply was conducted as a part of the
NAWS Environmental Assessment. The investigations have resulted in the identification of
intake locations and configurations in both lakes that may be feasible. However, because of the
potential for large lake level fluctuations in Lake Sakakawea the configuration of an intake in
this source will be more expensive than a source in Lake Audubon. Pump operation, sizing, and
control for a Lake Sakakawea intake will be more difficult.

Both the Lake Audubon deep water intake and the Lake Sakakawea intake options are being
considered for implementation. The long-term monitoring program will provide data to evaluate
each option. The sampling effort will quantify the water quality issues concerning both sources.

Water Quality Issues

Both Lake Audubon and Lake Sakakawea are considered treatable sources for the Minot WTP,
but it is recognized that Lake Audubon has a lower quality water. Either source will provide
water which can be treated at the Minot WTP to meet the drinking water standards of the EPA.
Lake Audubon is operated as an off-stream reservoir with Lake Sakakawea as its source. Lake
Audubon water levels are maintained within an approximate four-foot storage elevation by the
Snake Creek Pumping Plant. These stable water elevations have favored selection of Lake
Audubon as an intake location. Lake Audubon has a limited flushing capacity and is also
shallower and has higher algal concentrations than Lake Sakakawea. The long-term water
quality of Lake Audubon has been raised as a concern by the North Dakota Department of
Health.

Therefore, the factors for considering Lake Sakakawea as a water source are:

• Potentially lower turbidity
• Potentially lower algal concentrations
• Deeper water source for temperature stability
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• Slightly lower TDS, sodium, sulfates, and hardness

Water quality information recently gathered from the Dickinson and the Garrison Water
Treatment Plants indicates that Lake Sakakawea has low susceptibility to algae, turbidity, and
potential taste and odor problems. The monitoring program underway at the NAWS intake sites
will characterize the water quality conditions in both lakes.

Alternative Intake Configurations

The deep water Lake Audubon intake will have an intake pipeline along the lake bottom,
approximately 2,500 feet long, accessing water between 40 to 50 feet deep. The Lake
Sakakawea intake will access the deep-water forebay channel of the Snake Creek Pumping Plant
through a 100-foot deep caisson and tunnel beneath the lake bottom. A description of the
location and configuration of each is presented below.

NAWS Intake Structure on Lake Audubon. Siting of the NAWS intake on Lake Audubon
involved an analysis of a number of issues including:

• Relative location of the intake to deep water in Lake Audubon
• Topography of the bank and lake bottom
• Access
• Location relative to power supply
• Raw water pipeline route and constructability

The current recommended siting of the intake pump station structure is on the north shoreline of
Lake Audubon, about 150 feet east of the access road which parallels Highway ,83. The intake
pipeline would be constructed from the shore-based facility to the intake location.

The intake pump station facility would include:

• A concrete intake structure situated near the deepest point in the lake

• Horizontal passive screens located approximately five feet above the lake bottom
with l/4-inch openings

• Approximately 2,500 feet of 48-inch diameter intake pipeline routed along the
lake bottom to the north shore pump station

• A 20-foot deep concrete wetwell structure situated on northwest shoreline of the
lake

• Vertical turbine pumps installed for a Phase I maximum day capacity of 18 mgd
(with space for an additional future 8 mgd capacity)

Mechanical screens may be used at the pump station facility. If mechanical screens are used, a
trash rack grating would replace the horizontal passive screen at the intake structure.
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Lake Sakakawea Intake and Pump Station Alternative. The Lake Sakakawea intake would
draw water from elevation 1780 or lower. The proposed intake site is located to the north of the
northern embankment surrounding the Snake Creek Pumping Plant. The proposed intake
includes construction of a 25-foot diameter caisson wet well approximately 100 feet deep to
reach an invert elevation of 1760/msl. From the bottom of the caisson, a 48-inch diameter intake
pipeline/tunnel, approximately 700 feet in length, would be constructed to reach the Snake Creek
Pump Station dredged inlet channel. A passive screen structure with 1,4 inch openings would be
constructed at the deep-water intake site to screen out debris.

Alternative Evaluation. The selection of either the Lake Audubon or the Lake Sakakawea
intake alternative will be based on the raw water quality data, further development of
construction cost, and implications on pretreatment and water treatment plant operation costs.

Pump Control Strategy

Intake pump operation will be controlled by the wet well level at the booster pump station near
the town of Max. Establishing pump sizes will involve balancing equipment at both pump
stations. The wet well at the booster pump station and the pretreatment storage reservoir
volumes will be used as operational storage to buffer pumping rates and demand at the Minot
WTP.

The intake pump control strategy will utilize a programmable logic controller (PLC) at the pump
station. The PLC will communicate with the central control facility and PLCs at other NAWS
facilities, through the Supervisory Control and Data Acquisition (SCADA) system. Under
normal operation, the PLC will control pump operation to maintain wet well levels at the booster
pump station within an operational band. The SCADA system will monitor and report system
status, lake levels, flow rate, pressure, alarms, and water quality characteristics. Intake pump
control on the Lake Sakakawea alternative will include operational settings to account for
potential variations in suction head due to lake level fluctuations.

The PLC will be programmed to shut down pumping operations in emergency situations, as
described in Section 4, and will alarm the operators through the SCADA system.

Screening and Surge Control

Screening. Screening operations will be controlled through a PLC that will monitor either lake
level and wet well level in the case of a passive screen or water level upstream and downstream
of mechanical screens. This instrumentation will be used to monitor screen conditions and signal
the need for cleaning or maintenance operation. Annual underwater inspection of the
intake/screens will be performed. If cleaning is required, it will be performed during the
inspection, under normal operating conditions. If the PLC senses a problem with the screening
system, underwater inspection and cleaning would be performed as needed.

The screen mesh or slot size will be l/4-inch to prevent fish fry from entering the pipeline. The
screen area will be based on maximum approach velocity of 0.5 fps at maximum day flow plus a
safety factor to account for screen fouling.
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Chemical Feed Systems

Operations Criteria

1846.0 to 1847.0
1843.0 to 1844.0
1845.0 to 1847.2

Water Surface Elevation Ranges, msl

Summer
Winter
Normal

Season

Pipeline Cleaning Facilities

Lake Audubon Water Levels and Intake Design Criteria. Since 1975 when Lake Audubon's
water surface was raised from an average elevation of 1834 msl to elevation 1847 msl, the lake
level has fluctuated seasonally over a small range. Recent annual water surface fluctuations are
about four feet. The following seasonal and normal operational water surface ranges were
reported:

The Lake Audubon pool elevations are controlled by the u.S . Bureau of Reclamation using the
Snake Creek Pumping Plant. During the spring, Lake Audubon is filled to the spring target
water surface elevations. The maximum pool level for Lake Audubon is 1850 msl.

Provisions will be incorporated into the pump discharge header for a pipeline cleaning system
(pipeline pigging). The pig launching structure will be located downstream of any valve or
control equipment at the intake pump station . .

Provisions will be incorporated at the intake facility for periodic (once or twice per year) shock
chlorination injection into the pipeline. Shock chlorination will be used to disinfect and clean the
raw water pipeline. No permanent residual disinfection system will be incorporated at the intake
pump station. Residual disinfection chemicals could react with ozone. During shock
chlorination, the ozone facilities would not be operated. Ozone will be applied at the booster
pump station near the town of Max. Additional chemical feed capability will be incorporated
into the intake facility for potential chemical addition to the intake structure in the lake to control
aquatic biota such as snails and mussels.

The physical conditions that will affect the operation of the intake/pump station alternatives
include reservoir operating levels and cold weather operation.

Surge Control. A surge control tank will be connected to the pump discharge header at the
intake pump station. Size and configuration will be based on final pipeline hydraulic
characteristics under power failure conditions. Combination air/vacuum valves will be placed at
critical locations on the pipeline between the intake pump station and the pretreatment facility
near the town of Max to control negative pressure.



The May 22, 1996 "Letter of Understanding" between the U.S. Bureau of Reclamation, the U.S.
Fish and Wildlife Service, the North Dakota Game and Fish Department, and the U.S. Corps of
Engineers identified operating procedures for water level management in Lake Audubon.
Annual water levels would range from a winter low water surface elevation of 1844.50 msl to a
normal summer high water surface elevation of 1847 msl. Under emergency maintenance
conditions it is possible to draw water down to elevation 1835 msl or below.

Given the above operating conditions, the design lake level for the Lake Audubon .intake facility
was established over the range from elevation 1843 msl to elevation 1848.5 msl, '

Lake Sakakawea Water Levels and Intake Design Criteria. The Lake Sakakawea intake
alternative would have to accommodate a wider range of lake level fluctuations. The normal
lake level fluctuation is about 25 feet ranging from elevation 1825 msl to 1850 msl. However,
during drought conditions, the lake elevation could drop substantially below the average
operating pool to a minimum pool elevation of 1775 msl. In order to provide reliability of this
primary raw water supply, the intake pump station on Lake Sakakawea would have to be able to
draw water from a pool elevation of approximately 1775 msl,

Cold Weather Operations. Cold weather conditions will be incorporated into the design of the
intake pump station and the intake piping for protection of equipment. The potential for frazil
ice formation will be evaluated at the screening facilities. Under both intake alternatives, the
deep-water withdrawal is expected to limit concerns for exposed equipment to frazil ice and
interference from sheet ice. All mechanical equipment will be housed in buildings with no direct
exposure to the elements.

Frazil ice formation may be an issue if water temperatures at theintake structure approach o°c.
Winter monitoring at the intake site will provide data to determine if special measures are needed
at the intake pump station to control frazil ice formation .

The intake pipeline and the intake structure will be designed to limit exposure from sheet ice
damage. The intake pipe will be buried beneath the lake bottom in the near shore area and the
intake structure will be located on high ground near the north shore area.

PRETREATMENT FACILITIES

Based upon the results of the Chloramine Challenge Study - Final Report (December 1995) and
the preference of the Canadian section of the JTC for ozone as the NAWS pretreatment
disinfectant, the North Dakota State Water Commission (NDSWC) selected ozone as the
pretreatment disinfection method to be carried forward in the design process. However,
chlorine/chloramine disinfection also meets biota transfer inactivation and may be used pending
additional water quality evaluations. Ozone is a more powerful disinfectant than chlorine and
chloramines. The Challenge Study results demonstrated that the disinfection requirements for
the raw water supply can be exceeded through the use of ozone. Design criteria and details of the
ozone pretreatment disinfection system as well as the pipeline residual disinfection system are
described below.
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Chloramine Challenge Study Results

The 1995 Chloramine Challenge Study evaluated the use of chloramines and ozone to meet
disinfection requirements in both Lake Audubon and Lake Sakakawea water. The study
demonstrated that either free chlorine followed by chloramine or ozone could achieve the 3-log
(99.9 percent) Giardia inactivation and 4-log (99.99 percent) virus inactivation requirements.
The results of the Challenge Study relative to the use of ozone to meet the disinfection
requirements were:

• For Lake Audubon, seasonal changes in raw water turbidity (up to 6.4 NTUs) did
not appear to impact the inactivation of either the virus or the protozoa.

• Ozone could be employed for disinfection of Lake Audubon water. Greater than
3-logs of Giardia inactivation were achieved, in all study conditions, in
approximately four minutes at ozone residuals of 0.3 mgll ozone at 4°C.

• Ozone demand and decay evaluations were conducted on raw waters from both
Lake Audubon and Lake Sakakawea. Ozone demands at 20°C ranged from about
2.5 to 3.1 mgll for Lake Audubon and were slightly lower at about 2.3 to 2.7 mgll
for Lake Sakakawea. Dissolved ozone decay (the half life of ozone) in cold water
(4°C) ranged from about 3.5 to 4.5 minutes for both lakes , while the half life of
ozone in warm water (20°C) ranged from about 1.7 to 2.0 minutes for both lakes.

Figure 2-3 shows the inactivation of Giardia in Lake Audubon water at various ozone residual
concentrations.

Full-Scale Ozone System Design Criteria

The design criteria for the full-scale facilities used a 33-percent safety factor applied to the ozone
residual results in the Challenge Study. The design criteria for the full-scale ozone pretreatment
facility are as follows:

• Design is based on the maximum ozone demand numbers determined for Lake
Audubon (2.5 to 3.1 mgll). These values are slightly larger than the maximum
ozone demand for Lake Sakakawea.

• The challenge study utilized a batch reactor while a conventional flow-through
reactor will be designed for the full-scale system. An "achieved residual" greater
than or equal to 0.3 mg/l, as stated in the challenge study, is defined to mean that,
at full scale, sufficient ozone must be added to achieve a target dissolved ozone
residual in the water of 0.3 mgll at the outlet of the first stage gas mix chamber.
The 0.3 mgll target ozone residual was subsequently increased by 33-percent to
0.4 mg/l for final design criteria.

• An ozone demand and decay analysis was used to determine the applied ozone
dosage through a conventional counter-current contactor to achieve the 0.4 mg/l
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ozone residual after the first stage mix chamber. A dosage of 3.3 mg/l is required
to achieve a 0.4 mg/l residual under worst case summer time conditions when
ozone demand is at its highest.

• The mix chambers of the ozone contactors will be designed with a hydraulic
detention time of approximately one minute.

• The total hydraulic detention time (T) of the ozone contactor was increased from
four minutes to six minutes at maximum flow rates. Th is provides more contact
time for disinfection to occur as well as additional capacity for any increased
disinfection regulations in the future . The hydraulic contactor will be designed to
achieve a minimum Tuff ratio of 0.60 . (T w is defined as the amount of time
required for lO-percent of an initial plug flow of water to travel through an ozone
contactor.)

Table 2-1 summarizes the design criteria for the full-scale pretreatment ozone disinfection
system.

LOX Tank. A 9,000-gallon liquid oxygen (LOX) tank will provide approximately 55 days of
continuous, 99.9 percent purity , oxygen gas service to the ozone generation system assuming an
average flow of 7.4 mgd. The LOX tank will be a medium pressure (ASME code 250 psig)
horizontal vessel designed for outdoor installation, with concrete or masonry walls to protect the
tank.

Vaporizers. Two, 5,000 standard cubic feet per hour (seth) all-aluminum ambient gas
vaporizers will be installed with the LOX system. One vaporizer will be operational at any given
time with the other vaporizer serving as a stand-by unit. The ambient vaporizers have no moving
parts and provide a large surface area for heat transfer to occur from the ambient air temperature
to the liquid oxygen. Because LOX must be stored at temperatures below -275°F to keep the
oxygen in a liquid form, even exposure to snow and ice, and outdoor ambient temperatures of
-40°F provide sufficient heat to vaporize the LOX into gaseous oxygen (GOX).

Control and Monitoring Systems. LOX tank systems are extremely reliable because of the
lack of any mechanical or moving parts . Refilling of the tank would normally occur when the
volume of LOX in the tank falls to the 3,000-galion level. This level represents a sufficient
volume to provide continual service for 20 days of operation at the average day conditions.

Because of the importance of the ozone disinfection system in the prevention of biota transfer in
the NAWS Project, an automated liquid level transmitter system would be included in the
NAWS SCADA system. This would provide remote , continuous monitoring of the LOX tank
level.
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Units Criteria

mgd 18
mgd 8

mgd 26
mgd 18

TABLE 2-1

PRETREATMENT OZONE DISINFECTION FACILITY
DESIGN CRITERIA

35 to 40

6

0.12

I
540

0.5
2

5,000

medium
3.3
10
2

9,000
18,500

162
55

3
6
9

3.5
0.60
6.0
0.4
20
8

3.5 to 4.0
10

no
no

mgd
mgd
rat io
min.
mg/I

ft
ft
ft
ft

no.
Ibs/d

% vol./day
no.
scfh

sq. ft.

no.

scfm/sq. ft.

ppm
% by weight

no.

gal.
scf/day

gal. LOX/day
days

Description
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Pretreatment Ozone Disinfection System Capacities
Installed capacity of ozone generators:
Additional capacity of ozone generators for future
installation:
Installed capacity of ozone contactors:
Installed capacity of Liquid Oxygen (LOX) feed system:

LOX Storage Facility
Type: (vertical tank, medium pressure with economizer
recovery .system)
Tank volume:
Average Gaseous Oxygen (GOX) usage at 7,4 mgd, :

Time required to consume 9,000 gal. LOX
(at average conditions):
Max. allowable venting rate (when not in use):
No. of ambient vaporizers (one duty & one standby):
Flow capacity of each vaporizer:

Ozone Generation Facility
Type: (horizontal tube, oxygen feed gas)
Frequency: (up to 1,000 hertz)
Maximum required ozone dosage
Ozone generator gas concentration.:
No. of installed ozone generators (I-duty & 1­

standby):
No. of future ozone generators:
Ozone generator capacity:

Ozone Contactors
Type (Conventional Counter-current, Concrete)
Number of ozone contactors
Chambers per ozone contactor
Maximum flow per contactor
Minimum flow per contactor

TufT'
T IO detention time @ maximum flow
Ozone residual design target after first mix chamber
Water depth (D)
Length of non-mixing chambers (L)
Length of gas-mixing chambers
Width of all chambers (W)

Ozone Gas Diffusers

Type (ceramic, cylindrical, w/ 316L ss conn .)

Floor area of first gas mixing chamber

No. of diffusers per gas mixing chamber

Minimum gas loading rate at minimum flow



Ozone Generation System

Ozone Mixing and Contacting System

High concentration ozone generators are recommended for the NAWS Project. The benefits of
high concentration ozone generators are:
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Counter-current ozone contactors have a long history of proven performance with
specific design criteria which aid in assuring that disinfection design criteria are
met.

•

The recommended facility provides a conventional, vertical contactor design. The most feasible
location to place the contactor is prior to the booster pump station near the town of Max. This
location eliminates the need to provide double pumping to permit the use of the conventional,
counter-current contactor.

A number of alternatives for ozone gas mixing and contactor design were evaluated. The
contactor alternatives involved in-line pipe contactors, horizontal concrete ozone contactors, and
conventional vertical, counter-current ozone contactors. Various methods of ozone gas injection
are possible for each contactor concept. Difficulties were identified in the siting of the contactors
at either Lake Audubon or Lake Sakakawea because of lake level fluctuations. The lake level
fluctuations would have resulted in the application of non-standard contactor designs to meet the
disinfection process requirements.

• High concentration ozone generators require approximately half as much oxygen gas
as do medium concentration ozone generators, thus resulting in significant savings in
both capital and operational costs of oxygen feed gas systems.

• High concentration ozone gas (i.e., 8 to 12 percent by weight) results in higher mass
transfer efficiency of ozone to the water supply than does medium concentration (i.e.,
4 to 6 percent by weight) ozone gas.

The ozone generator selected for the NAWS pretreatment facility is a horizontal tube, water
cooled, medium frequency ozone generator capable of producing 540 lbs. per day of ozone gas at
10 percent (by weight) gas at 100 percent power input levels. Each ozone generator would be
capable of providing an ozone dose of 3.3 mgll at a peak flow of 18 mgd. Two ozone generators
will be installed in Phase I of the project with one unit serving as a stand-by generator.
Additional space will be provided inside the ozone generator room for the addition of a third
ozone generator in the future.

A total of three (3), nine mgd capacity, counter-current, over-under ozone contactors would be
installed. Six (6) ceramic diffusers would be provided in the first downflow stage of each
contactor to completely mix the ozone gas into the flow . Ozone gas would be injected into the
diffusers at approximately 10 psig. The ozonated water would then travel through five additional
chambers before entering the booster pump station wet well. The key benefits of the ozone
contactor design include:
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