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The City and County of Honolulu Department of Design and Construction has reviewed the
comments received during the 30-day public comment period which began on December 8,
2004. The agency has determined that this project will not have significant environmental
effects and has issued a FONSL Please publish this notice in the next available OEQC

Environmental Notice.

The City’s consultant, Parkn, will be sending the completed OFQC Publication Form and four
copies of the final EA. Please call Mr. Richard Leong at 527-5863 if you have any questions,
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. EXECUTIVE SUMMARY

‘Existing waéte-wéter infrastructure in Kalihi Valley consists of a network of gravity sewer

lines emanating from muitiple tributary subareas that feed into a primary trunk sewer
system. The trunk sewers generally follow Kalihi and Kamanaiki Streams through the
bottom of the valley. See Figure 1.

The area’s wastewater collection system was constructed in the middle of the last
century and has experienced substantial deterioration with age. The prevalence of
sewerlines in private property easements causes a number of undesirable conditions.
Vegetation above the sewer line has the direct impact of root intrusion at pipe joints.
An indirect impact is the difficulty of accessing and maintaining the pipelines and
manholes.

in addition to structural concerns, hydraulic capacity of the wastewater conveyance
system has come into question. Flow modeling results of future flow conditions
demonstrate that a significant amount of the sewer trunk lines are exceeding their rated
capacity, with a higher proportion occurring in the larger diameter trunk sewer.

The structural condition and hydraulic capacity of the collection system are a concern to
the City and County of Honolulu's wastewater staff because they directly affect the
amount of resources required to maintain and operate the system and because of the
elevated risk of sanitary sewer overflows (SS0Os). [t has been well documented that
Kalihi Valley is an area that requires frequent and recurrent maintenance and there
have been a number of dry weather SSOs.

The recommended alternative for this project has several components. Cured-in-
Place-Pipe (CIPP) rehabilitation of pipe sections in severe condition based on CCTV
inspections and condition assessment will be used to correct structural and hydraulic
problems. Point repairs on some of these pipes may be required prior to CIPP. In
other cases where it has been determined that the existing sewer lines are hydraulically
inadequate to convey projected future flows, relief lines installed by a trenchless
method such as mini-microtunneling or horizontal directional drilling. are proposed.
These methods will eliminate or minimize disturbances fo the stream channei and
banks and negative impacts to residents. The Department of Army has determined that
a Section 404 permit will not be required if the proposed relief lines crossing the
streams are installed by horizontal drilling methods, as these methods would not likely
result in a discharge of dredge or fill material. The State of Hawaii Department of Land
and Natural Resources (DLNR) has reviewed preliminary plans of these proposed relief
iines and stated that a Stream Channel Alteration Permit (SCAP) may be required.
However, if the relief lines can be installed without altering the stream bed and banks
the SCAP may not be required. See Appendix A. The recommended alternative also
contains provisions for rehabilitation of manholes of the sewer trunk system, where
warranted.

Kalihi Valley Reconstructed Sewer 1 Summary
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Since CIPP alone could not resolve severe hydraulic deficiency problems in the trunk
sewer, flow diversions were recommended to redistribute sewer flows. The diversion
tine will utiize an existing wastewater collection system along Jennie Street, as well as
new segments of line and eventually discharge into the Gulick Avenue Relief Sewer.
Hydraulic analysis show that these diversions can reduce wastewater flows sufficiently
so that no upsizing of the inadequate trunk lines would be required. This is of critical
importance due to the proximity of private property improvements adjacent to the trunk
sewer, which eliminated all upsizing options. The Gulick system does have adequate
excess hydraulic capacity to accommodate this diversion with the exception of two short
sections at the end of the line south of the Kapalama Avenue-School Street
intersection. This project will correct the existing deficiencies, as well as alleviate some
of the surcharging problems of the trunk lines directly downstream of the Kalihi Valley
Reconstructed Sewer project. See Figure 2.

After review of the Environmental Assessment by various government agencies and
interested organizations following a formal public comment period, the proposing
agency has determined that this project will not have significant environmental effects
and has issued a Finding of No Significant Impact (FONSI).

Kalihi Valley Reconstructed Sewer 2 Summary
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. SUMMARY INFORMATION

CHAPTER 343, HAWAH REVISED STATUTES (HRS)
FINAL ENVIRONMENTAL ASSESSMENT (FEA)

Project Name: Kalihi Valley Reconstructed Sewer

Proposing Agency: City and County of Honolulu
Department of Desigh and Construction

Approving Agency: City and County of Honolulu
Department of Design and Construction

Prepared by: Parkn, Inc. dba Park Engineering
711 Kapiolani Boulevard, Suite 1500
Honolulu, Hawaii 96813

FEA Determination: Finding of No Significant Determination Impact (FONSI)

Project Description: A major part of the project involves Cured in Place Pipe (CIPP)
rehabilitation of existing 8-inch through 18-inch sewer lines to eliminate hydraulic and/or
structural deficiencies. Some point repairs on these sewer lines may be required on
severely damaged or misaligned segments prior to rehabilitation. Relief lines installed
by trenchless methods such as horizontal directional drilling are proposed for those
lines that are hydraulically inadequate to convey projected future flows. In addition,
approximately 1.45 million gallons per day (mgd) of wastewater will be redirected away
from hydraulically deficient sections of the Kalihi Valley Trunk Sewer into a diversion
line that discharges into the Gulick Avenue Relief Line. Preliminary hydraulic analysis
demonstrate that these flow diversions are capable of reducing peak flows such that no
upsizing of the lines would be required. The project also includes sewer manhole
rehabilitation, reconnection of laterals, temporary sewer bypassing and road and
landscape restoration.

Project Location:  Kalihi, Oahu, Hawaii

Land Owner/ City and County of Honolulu

Tax Map Key: 1-3-29, 1-3-33, 1-3-37, 1-3-38,
1-4-01 to 06, 1-4-08 to 14, 1-4-17,

- 1-4-1910 21, 1-4-23 t0 25

State Land Use Urban District

Designation:

County Zoning: A-2 Medium Density Apartment,
R-3.5, R-5, R-7.5 and R-10 Residential,
P-2 General Preservation,
B-1 Neighborhood Business,
B-2 Community Business

Kalihi Valley Reconstructed Sewer 3 Summary
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ill. AGENCIES, ORGANIZATIONS & INDIVIDUALS CONSULTED

City and County of Honolulu

Board of Water Supply

Department of Design and Construction
Department of Environmental Services
Department of Facility Maintenance
Department of Parks and Recreation
Department of Planning and Permitting
Department of Transportation Services
Fire Department

Police Department

State of Hawaii
Department of Business, Economic Development and Tourism
Department of Education
Department of Health
Environmental Planning Office
Noise, Radiation & Indoor Air Quality
Wastewater Branch
Department of Land and Natural Resources (DLNR)
t.and Division
State Historic Preservation Division
Department of Transportation
Office of Environmental Quality Control
Office of Hawaiian Affairs
University of Hawaii Water Resources Research Center

Federal
Department of Army
Regulatory Branch
Civil Works Branch
Department of Agriculture
Department of Interior — U.S. Geological Survey

Neighborhood Organizations
Neighborhood Board #15 (Kalihi-Palama)
Neighborhood Board #16 (Kalihi Valley)

Utilities

The Gas Company

Hawaiian Electric

Oceanic Time Warner Cable of Hawaii
Verizon Hawaii

Kalihi Valley Recornstructed Sewer 4 Agencies, Organizations &

Final Environmental Assessment

Individuals Consulted
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IV. PROJECT DESCRIPTION
A. Background

As part of its effort to eliminate both wet and dry weather sanitary sewer overflows (SS0),
the City and County of Honolulu Department of Design and Construction (DDC) is
evaluating the structural integrity and hydraulic adequacy of its wastewater collection
system in the Kalihi Valley area. These sewer lines, installed in the 1950’s, have
experienced substantial deterioration over the years as documented in the recently
collected closed circuit television (CCTV) data. In addition, the hydraulic capacity of
various segments of the sewer line is suspected to be inadequate to meet the needs of
projected future flows. Correcting these problems will enable the system to convey
current and future peak flows without SSOs and related odor problems, while protecting
nearby streams. and reducing the need for frequent and extensive maintenance of the
sewer system. See Figure 3.

B. Project Location

Kalihi Valley, the area served by these sewer lines, is located within the Hart Street
collection basin of the Sand Island service area of southern Oahu. Wastewater
generated from this area flow to the Hart Street Wastewater Pump Station (WWPS)
which pumps directly to the Sand Island Wastewater Treatment Plant (WWTP). The
valley is accessible and can be viewed from Likelike Highway, which flanks its western
boundary. The communities of Liliha and Kapalama lie to the east. The most upstream
sewer manhole is located near the plant nurseries deep in Kalihi Valley, about half a mile
north of Umalu Place. From its upstream end, the sewer lines extend about three miles
in a southwest direction ending near the Gulick Avenue Extension and Dole Intermediate
School. The Lilivokalani Tract Sewers collect wastewater from the southeast portion of
the vailey and connects to the Kalihi Valley Trunk Sewer near Palanehe Place. See
Figure 1 for a Vicinity and Location Map.

C. Technical Characteristics

Condition assessment data and flow modeling results are used to identify deficient
sections of pipe requiring corrective measures. A sewer line segment is considered
hydraulically deficient when the future (year 2020) modeled peak design flow exceeds the
full flow capacity of the line, resulting in a surcharge condition. Depending on the severity
of the problem, various alternative measures can be implemented to mitigate the
deficiency.

Pipe rehabilitation using cured-in-place pipe (CIPP)is a good method to correct structural
and hydraulic surcharge problems and reduce routine maintenance costs. Tests have
shown that the Manning Roughness Coefficient (“n”) of an uncleaned, in-service pipe
rehabilitated with CIPP is 33% better than uncleaned, in-service pipe of traditional
materials ("Results of a Study conducted for Insituform Technologies Inc.” by Sverdrup
Corporation and Southeast Environmental Services, Inc. 1993). The main benefits of
rehabilitating with CIPP include:

Kalihi Valley Reconstructed Sewer 5 Project Description
Final Environmental Assessment
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1. Increase. in the pipe’s carrying capacity and flow velocity due to the improved
smooth inner surface of the CiPP-lined pipe.

2. The continuous, tight-fitting, jointless CIPP-lined pipe provides gradual transitions
at offset joints and other irregularities in the existing pipe.

3. It prevents leaks of wastewater out of the sewer line into the surrounding ground
that may negatively affect stream water quality and surrounding environment.

4. It prevents root intrusion, sediment and groundwater from entering the pipe, which
allows the sewer system more capacity to carry wastewater.

Rehabilitation is accomplished by dragging or hydraulically pushing flexible pipelines from
one existing manhole to another. . Hot water is commonly used for curing during the
process. The relative speed of CIPP compared to conventional repairs makes this
process attractive. See Figure 4. Based on CCTV inspections and hydraulic analysis of
the sewer system under future flow conditions, nearly 10,400 lineal feet of trunk and
collector sewer lines ranging in size from 6-inches to 18-inches are proposed for
rehabilitation,

Severe structural problems or significant hydraulic deficiency typically requires more
invasive methods to unearth the pipe and replace or upsize with new pipe. Open trench
excavation may be necessary in some cases depending on the site conditions.
Consideration must be given to the existence of nearby private property improvements
and to construction access with heavy equipment.

Hydraulic analysis indicates about 960 lineal feet of sewer trunk lines 12-to 18-inches in
diameter have extreme surcharge problems that may not be corrected by rehabilitation.
Many of these lines are located in the back portion of private properties at the bottom of
the valley and are not conducive to open trench replacement.

To correct these hydraulic deficiencies, diversion of flows away from the severely
surcharging trunk lines at the bottom of the valley is proposed. Three locations were
identified for the flow diversions, which would reduce wastewater flows sufficiently to
allow the existing trunk lines to carry the flows without SS0Os. Flows would be directed to
a combination of existing 8-inch lines and new 8-inch and 15-inch diversion lines that
discharge into existing sewer lines on Jennie and Wilson Streets. The reserve capacity of
these existing sewer lines and the downstream Gulick Avenue Relief Sewer was verified
to assure the lines could carry the diverted flows. Excess hydraulic capacity is available
within the Gulick system to make this diversion, except at two short sections at the end of
the line south of the Kapalama Avenue-School Street intersection. This project will
correct these existing deficiencies, as well as reduce the surcharging problems of the
trunk lines directly downstream of the Kalihi Valley Reconstructed Sewer project. See
Figure 2.

Kalihi Valley Reconstructed Sewer 6 Project Description
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Bypassing of wastewater flows will be required during sewer system rehabilitation and
reconnection of new lines to the existing sewer system to assure no interruption of
sewage service. The Contractor will provide and operate temporary facilities including
plugs, pumps and other equipment necessary to intercept sewage flow before it reaches
the work area, carry it past his work area and return it to the existing sewer at a point
downstream.

D. Socio-Economic Characteristics

The labor costs associated with this sewer reconstruction project will provide a positive
economic impact on the construction industry. The main long-term positive social impact
of this project is the correction of inadequacies in the existing wastewater coliection
system allowing it to carry current and projected future peak wet weather wastewater
flows. By correcting the problems of the system, the occurrence of odor problems and
future spills will be significantly reduced.

E. Environmental Characteristics

Temporary disruptions to the environment may occur due to construction activity
necessary for CIPP, manhole rehabilitation and open trenching required for installing new
sewer lines and reconnection of laterals. Environmental impacts caused by these
activities will be mitigated to comply with applicable regulations, and will be discussed
further in subsequent sections.

F. Approvals and Permits Required

A pre-assessment consultation to determine impacts of the proposed project was
conducted with affected and interested community groups and Federal, State and County
agencies. The pre-assessment consultation letters sent to these groups and agencies
and responses received are included in Appendix A. Approvals and permits that may be
required for this project are identified below,

APPROVALS

State of Hawaii
Department of Health (DOH)

City and County of Honolulu
Department of Design and Construction {DDC)
Department of Environmental Services (ENV)
Department of Transportation Services (DTS)

Kalihi Valley Reconstructed Sewer 7 Project Description
Final Environmental Assessment
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STAGE ONE

Resin-saturated, fexible situtibe® material is installed in
B ~ s .o, the existing pipe, through either a manhole or other access
MANHOLE S et eaT % e T point. The Insitutube matedal is then cuffed back and banded
% 4 § ) k- 3 L . to an inversion eihow, creating 3 closed system that allows
L * B ~ the water inversion process to take place.

EXISTING PiPE

T

"3
INVERSION -
ELBOW

WATER
SOURCE

e My

STAGE TWO
Water from nearby hydrants {or other convenient sources) is
used to invert the Insitutube material. The force of the water
turns the resin-impregnated tube inside ot and-into the pige
being reconstructed. As the tube travels through the pipe,
water is continually added to maintain a censtant pressure, keep-
Jing the tube pressed tightly against the walls of the old pipe.
No dragging, tearing, or abrasion ooours as the tube gently
inverts over pipeline irregularities,

WATER FORGING INSITUTUBE
"INTO PIPE

HEAT EXCHANGER

STAGE THREE

After the insitutube material reaches the termination point,
the water in the Hne is circulated through a heat exchanger,
where it is heated and returned o the tube, The hot water
initiates the cure of the thermaosgetting reshn, causing it to
harden into a structurally sound, jointless “pipe within a
pipe,” an lnsitupipe® cured-in-place-pipe.

HOT WATER FOR ' TION
_ TERMINATION POINT -
CURING NEXT MANHOLE

98- REMOTE CONTROLLED }
-~§ CUTTING DEVICE FOR

STAGE FOUR
Onee the insitupipe composite has hardened and cooled, the
water pressure is released and the ends are timmed. Service
connections are reinstated internatly with a remote-controlled
cutiing device of by man-entry techaigues. The aperation Is then
comptete, and the newly installed pipe is ready for immediate
use. All this is accomplished with fittte or no excavation,

KALIHI VALLEY RECONSTRUCTED SEWER
CIPP REHABILITATION WATER INVERSION OVERVIEW
FIGURE 4




PERMITS

State of Hawaii
Department of Health
Noise Permit and/or Variance from Noise and Radiation Branch
National Pollutant Discharge Elimination System (NPDES) for
Discharges of hydrotesting water
NPDES for Discharge of Sewage Effluent from Sand Island
Wastewater Treatment Plant (Existing Water Quality Management
Action)
Department of Land and Natural Resources
Stream Channel Alteration Permit

[

City and County of Honolulu
Sidewalk and Driveway Permit g
Dumping Charges 2
Excavation Permit
Street Usage Permit
Fire Hydrant Use Permit
Permit to Discharge Effluent into the Municipal Storm Sewer System ,
Industrial Wastewater Discharge Permit for

Temporary Discharges into the City’'s Sewer System e

TS

G. Estimated Construction Schedule and Phasing

Although specific anticipated start and end dates for this project are known at this time,
the project is tentatively scheduied for construction in 2007. The project will not be
phased but will be completed in its entirety. The City will coordinate the schedules of
other ulility projects in the area to minimize impacts to the community. .

Kalihi Valley Reconstructed Sewsr 8 Project Description
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V. - DESCRIPTION OF THE AFFECTED ENVIRONMENT
A. Topography

Kalihi Valley Trunk Sewer — This sewer and the downstream Kalihi Uka Sewers have
alignments that roughly parallel Kalihi Stream. The initial 3,368 lineal feet of the trunk line
is installed within the Kalihi Street right-of-way, which slopes downward at an average of
3%. The sewer line crosses beneath a number of drainage structures including a 52-inch
corrugated metal pipe, two 18-inch pipes and a 36-inch pipe. :

Near Saint Anthony’s Home the trunk line veers off Kalihi Street into sewer easements
located in the lower portion of private properties adjacent to Kalihi Stream. The sewer
generally follows the northern banks of Kalihi Stream, crossing under a number of
surface improvements built within the easements. The sewer crosses to the southern
banks of Kalihi Stream and returns to Kalihi Street north of the Kalaepaa Drive
intersection. It crosses over to the northern side of Kalihi Street under several drainage

structures along the way. The road slopes downward at grades ranging from 4.5% and

6% as it winds down the valley and gradually flattens to fewer than 2%.

- At sewer manhole (SMH) SI84AA2031, the sewer line veers west off Kalihi Street,

dropping 19 feet from the road elevation to the next downstream manhole installed within
Kalihi Stream. The remainder of the trunk sewer alignment and the downstream Kalihi
Uka Sewers are installed within sewer easements in the lower elevations of private lots
bordering Kalihi Stream. The easements have a variety of surface structures built on
them, such as tile and concrete rubble masonry (CRM) walls and house improvements.

Kalihi Uka Sewers — This sewer line continues along the banks of Kalihi Stream with
existing ground slopes ranging between 2.5% and 5%. It crosses beneath the Numana
Road Bridge and a variely of surface structures built in the easement including CRM and

- tile walls, concrete slabs and stairs, chicken coops and houses. As the sewer line

continues down the valley through private property easements between Kalihi Stream
and Jennie Street the existing ground elevations drop another 18 feet to the last SMH at
a ground elevation of 162 feet mean sea level (msl).

Liliuokalani Tract Sewers — This sewer starts at the top of Nihi Street within the south
side of the road right-of-way, crossing beneath concrete sidewalks and driveways. The
top portion of Nihi Street has average slopes of about 8% with some stretches as steep
as 21%. The sewer line crosses to the north side of the street, enters sewer easements
within private property north of Nihi Street and crosses Kamanaiki Stream on its way to
Laulani Street.

From Laulani Street the alignment roughly follows Kamanaiki Stream down through the
valley until it connects to the Kalihi Uka Sewers. Many structures are built on the sewer
easements within private property along the alignment, similar to the other sewers in the
study area.

Kalihi Valley Reconstructed Sewer g Description of the
Final Environmental Assessment Affected Environment



Gulick Avenue Relief Sewer ~ The existing 18-inch sewer line to be relieved is installed
along the south side of the North School Street right-of-way. The relief line will start at
existing sewer manhole SI830100A among a set of traffic signal detector loops. The
existing grade of North School Street is roughly 4% sloping in a southeasterly direction.
An existing 18-inch sewer is installed roughly along the center of North School Street,
parallel to other utility lines (gas and telephone).

B. Geology/Soils

The soils in Kalihi Valley along on both sides of Likelike Highway and along much of the
existing sewer alignment are composed of soils of the Lolekaa Silty Clay (LoB, LoC, LoD,
l.oE and LoF) and Kaena Clay Series (Kank, KaeD and KaB). Lolekaa Siity Clay soils
are well drained and typically found on the Windward side of the island. LoE soils have
medium to rapid runoff, moderate to severe erosion hazard potential and have difficult
workability characteristics because of the slope. LoF soils have rapid runoff, severe
erosion hazard potential and are not recommended for cultivation because of the slope.
The flatter sections of the project are composed of soils of the LoB series, which are
generally used for pasture, homesites, truck crops, bananas and papayas. They have
moderately rapid permeability, slow runoff and a slight potential for erosion hazard. LoC
are generally used for pasture, homesites, bananas and papayas and have slow to
medium runoff and slight to moderate potential for erosion hazard. LoD soils are
generally used for pasture. They have medium runoff, moderate erosion hazard and
slightly difficult workability characteristics because of the slope.

Kaena Very Stony Clay (KanE) soils are generally used for pasture and urban
development and occur on talus slopes and alluvial fans. There are many stones on the
surface and in the profile of these soils. Runoff is medium to rapid, erosion hazard is
moderate o severe and workability is difficult because of the steep slopes and stony,
sticky and plastic nature of the soil. Kaena Stony Clay (KaeD) occurs on steeper sloped
areas generally used for sugarcane, pasture and homesites. They have medium runoff
and moderate erosion hazard potential. Kaena Clay (KaB) soils are found on the flatter
sloped areas, have few or no stones in the surface layer, slow runoff and slight erosion
hazard. This soil is used for sugarcane, truck crops, pasture and urban development.

Beneath the North School Street where the relief sewer line is proposed are soils
classified Kawaihapai Stony Clay Loam (KlaB). These soils have moderate permeability,
slow runoff, and have slight erosion hazard. The soil is simailar to Kawaihapai Clay
Loam except it has stones, which hinder cultivation.

From “Soil Survey of the Islands of Kauai, Oahu, Maui, Molokai, and Lanai, State of
Hawaii”,United States Department of Agriculture Soil Conservation Service, August 1972,
See Figure 5.
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C. Climate

Climate in the study area is considered sub-tropical with temperatures ranging between
65 and 85 degrees Farenheit. Mean Annual Rainfall is about 40 inches with the heaviest
showers during winter storms between the months of October and April. Trade winds
coming from the northeastern direction occur year round. From November thrc)ugh-
March, trade winds are sometimes interrupted by southerly Kona winds.

D. Land Use

The study area is predominately residential and is zoned R-3.5, R-5, R-7.5 and R-10.
Other land uses include: plant nurseries near the upper sewer sections, a retreat center
known as Saint Anthony's Home, churches and three elementary schools. A few small
neighborhood businesses are also served by the Kalihi Valley sewer systems.

See Figure 6.

The area proposed for a relief line south of the Kapalama Avenue - North School Strest
intersection is a mixture of community businesses (B-2), residential (R-5) and a
cemetery. See Figure 7.

E. Flora and Fauns

Developed areas are landscaped with plants typically found in urban areas. Natural
vegetation in the undeveloped areas of the project site includes kiawe, haole koa, finger
grass, and pili grass. The project site is located within developed urbanized areas that
typicaily have mongoose, mice, rats, dogs and cats. No known endangered species of
flora or fauna live within the project site. Rehabilitation and installation of the diversion
sewer lines will have no impact on wildlife due to the high degree of existing development
in the area.

F. Air Quality

Existing air quality in the area is generally good because of prevailing trade winds that
occur year round. The existing deteriorated condition of the sewer line and associated
leaks and overflows contribute to periodic odor problems in the area.

G. Noise

Existing noise in the project area comes mainly from residential activities, urban road
traffic and Likelike Highway.

H. Historic Sites and Archaeology Resources
No known archaeological resources or historic sites are expected to be found in the

proposed project area. The proposed relief line on North School Street is adjacent to
Puea Cemetery.

Kalihi Valley Reconstructed Sewer 11 Description of the
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LeB, LoC, LoD, LoE, LoF - Lolekaa Silty Clay
KaB, KaeD, KanE - Kaena Stony Clay
KlaB - Kawathapai Stony Clay Loam
KHOF - Kaneohe Silty Clay

fRK - Rack Land

Sewer Trunk Line, Relief Line -
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|. Flood Hazard

The sewer line crosses under or is near land classified as Special Flood Hazard Areas
that would be inundated by a 1% annual chance flood (or 100-year flood). These areas
along Kalihi and Kamanaiki Streams are designated Zone AE. The site of the relief line
along North School Street is in Zone X, which is outside the 500-year fiood plain.
Locations of the flood hazard area relative to the sewer line and base flood elevations are
shown in Figure 8.
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VI. POTENTIAL IMPACTS AND PROPOSED MITIGATION MEASURES
A. Impacts During Construction

The project involves rehabilitation of existing sewer trunk lines and manholes,
installation of new sewer lines, new diversion lines on Jennie and Wilson Streets and a
new relief line on North School Street. Potential construction impacts will be noise,
dust, traffic and utility service disruption.

1. Noise

- Periodic noise from construction equiprment such as backhoes, trucks, compactors,
pumps, generators and pavers will impact residents near the project site. Noise
levels from rehabilitation operations and ground excavation operations will surpass
levels from urban road traffic since much of the sewer line to be reconstructed is
located within easements in private property adjacent to residences.

' 5 Project activities shall comply with the Administrative Rules of the Department of
o Heaith, Chapter 11-46 “Community Noise Control”. The use of vibratory hammers

to install-or remove sheet pilings used to fortify open cut excavations is prohibited.
: Noise generated from bypass pumps operating at night shall be moderated by

using an enclosed housing unit. A Community Noise permit will control maximum
permissible sound levels generated by the previously mentioned construction
activities.

A Community Noise Variance application will be filed with the Department of Health
that would allow 24-hour a day, 7 days a week operation of bypass pumps. The
variance will govern the permissible sound levels for by-pass pumping of sewer
flows during sewer line work. The contractor will be required to follow Best
Management Practices in the plans and specifications including housing units,
noise barriers and/or insulation to control noise levels at all times.

e

2. Exhaust Emissions and Odors

The Contractor shall be responsible for proper maintenance of ail construction
equipment and vehicles to minimize pollutant exhaust emissions. Residents in the
area of proposed work will notice odors from sewer cleaning operations, CIPP resin
and manhole protective coatings. The Contractor shall take appropriate steps to
control odors produced during the sewer line and manhole rehabilitation processes.

Kalihi Valley Reconstructed Sewer 13 Potential Impacts and
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3. Dust P

A Dust Control Management Plan shall be implemented by the Contractor to
control the generation of fugitive dust during construction activities. This plan shall
identify and address activities that have a significant potential for fugitive dust and
must comply with provisions of Hawaii Administrative Rules 11-60.1-33. As a
minimum, the components of this plan shall include:

a. Planning the different phases of construction in order to minimize the amount
of dust-generating materials and activities. This might involve centralizing
material transfer points and on-site vehicular traffic routes and locating dusty
equipment in the areas of least impact.

b. Providing an adequate water source at the site for dust control prior to the
start of construction.

¢. Controlling of dust from shoulders, project entrances and access roads.

d. Providing adequate dust control measures during weekends, after hours and
prior to daily start-up of construction activities.

e. Controlling of dust from debris being hauled away from the project site.
4. Traffic and Street Parking

Traffic passing through the project site will be disrupted, as vehicles will be diverted
around work areas such as manholes and open trenches for lateral and service
connections. Parking will be restricted on both sides of the street where applicable
during construction. Traffic Control Plans (TCPs) shall be prepared and -
reviewed/approved by the City for each segment of work on the sewer line. The
TCPs shall specify where off-duty police officers and/or trained flagmen shall be
stationed to control and moderate traffic congestion at these work areas. To
minimize traffic impacts on the surrounding areas the TCPs and contract
documents shall specify that work scheduled to start on a certain day shall be
completed on the same day, to the maximum extent possible. In addition,
construction work shall be limited to off-peak hours, typically between 8:30 a.m.
and 3:30 p.m. Monday through Friday.

R
g
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The Contractor will be required to provide advance written notice to area
Neighborhood Boards, residents, schools, The Bus and the City Department of
Transportation Services (DTS) fourteen days in advance, whenever construction
affecting traffic flow is anticipated.

A “Notice to Motorists” with a 24-hour project hotline number will be published in
advance in the daily paper which clearly indicates {o the motoring public the
roadway closures and/or detour route(s) to be taken around the work site.

Kalihi Valley Reconstructed Sewer 14 Potential impacts and
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A flyer will be prepared clearly showing road closures/suggested detour route(s)
where applicable, and project completion time. The flyer will also include a 24-hour
project hotline number so that concerns raised by motorists can be quickly and
appropriately addressed by the Contractor. Flyers will be distributed to ALL affected
residents surrounding the project sites.

The 24-hour hotline number will also be posted strategically with temporary traffic
control signs. :

All existing traffic control devices shall within the roadway right-of-way shall be
replaced after construction is completed.

Parking will be restricted on portions of Kalihi, Nihi and other streets where CIPP
rehabilitation, ground excavation and temporary bypass operations will be
conducted.

5. Utility Service Disruption

Water, gas, electric and telephone service may be disrupted during construction
activities. The Contractor shall protect alf existing utilities within the project area
during construction.

6. Public Safety and Convenience
The Contractor shall provide, install and maintain all necessary signs, lights, flares,

barricades, markers, cones and other protective facilities and take all necessary
precautions for the protection, convenience and safety of the public.

The Contractor shall prepare and disseminate a list of safety measures to area
schools for children who will be crossing the construction work areas to and from
school.

Temporary bypassing of wastewater flows will be required during the project to
provide continuous sewer service. Bypass operations may cause some
inconvenience to residents at driveway and street crossings and other road
frontage (mail, deliveries, refuse collection). The United States Postal Service
(USPS) and the Department of Environmental Services, Refuse Division shall be
notified in advance when construction activities that impact the delivery of these
services is expected.

7. Emergency Vehicle Access

The Contractor shall be required to provide advance notice to emergency services
(fire, police and ambulance) at least 14 calendar days prior to commencement of
traffic detours. Some roadways will be blocked during construction periods and wili
be specified in the construction traffic control plans. During these periods, the

Kalihi Valley Reconstructed Sewer 15 Potential Impacts and
Final Environmental Assessment Proposed Mitigation Measures



Contractor shall provide adequate clearance in or adjacent to construction zones, £
to allow emergency vehicles to enter and exit the area during emergency situations.
The Fire and Police Departments shall be informed of these areas.

8. Safety and Stability of Open Excavations

Open excavations shall be properly sheeted and braced by the Contractor to make
it safe and secure from possible slides, cave-ins and settlement. The majority of
sewer lines requiring work will be CIPP rehabilitated which requires no excavation,
except for reinstatement of service lateral connections. 1t is possible that some of
these lateral connections may not require excavation and can be done using
remote-controlled cutters. :

8. Work in Kalihi Stream

e
T

Relief lines installed by a trenchless method such as horizontal directional drilling
are proposed for those sections of the existing sewer crossing Kalihi Stream that
are hydraulically inadequate to convey projected future flows. These methods
would eliminate or minimize disturbances to the stream channel and banks and
negative impacts to residents. The Department of Army has determined that a
Section 404 permit would not be required if these proposed relief lines crossing
under the stream are installed by horizontal drilling methods. Any other
construction method that may result in a discharge of dredge or fill material would
be regulated under Section 404 of the Clean Water Act and the Army Corp of
Engineers administrative procedures. The State DLNR has reviewed preliminary
plans of these proposed relief lines and stated that a Stream Channel Alteration
Permit (SCAP) may be required. However, if the relief lines can be installed
without altering the stream bed and banks the SCAP may not be required. See
Appendix A.

o
[

10. Protection of Adjacent improvements

Existing improvements and structures adjacent to open excavations shall be i
properly supported with beams, struts or underpinning to fully protect them from
damage.

11. Historic Sites and Archaeology Resources

Open trench excavation is planned for the Gulick Avenue Relief Sewer along
School Street adjacent to Puea Cemetery. Because of the potential adverse effect
the project may have in this area, the construction plans will require a qualified
archaeologist to conduct on-site archaeclogical monitoring, following an approved
archaeological monitoring plan.

Kalihi Vailey Reconstructed Sewer 16 Fotential Impacts and
Final Environmental Assessment Proposed Mitigation Measures



12.Disposal of Hot Water for CIPP Curing Process

Proper disposal of hot water used during the CIPP curing process shall be the
responsibility of the contractor conducting the rehabilitation operation. The water
and any other waste materials generated during the pipe rehabilitation process
shall be disposed of in an environmentally safe manner in accordance with
applicable State and County requirements. A site shall be designated as a "wet-
out” site for the resin vacuum impregnation process. The contract documents for
the project shall include provisions for controlling odors produced during the
rehabilitation process.

13. Discharge of Hydrotesting Water

If the Contractor conducts a sewer exfiltration leak test for rehabilitated or new
sewer lines he must properly dispose of hydrotesting water. Discharging of
hydrotesting water into Kalihi or Kamanaiki Streams is prohibited. Disposal of
hydrotesting water shall be subject to water quality criteria and conditions set forth
in an NPDES General Permit reviewed and approved by the Department of Health.
In order to discharge hydrotesting effluent into the City Storm drain system the
Contractor must obtain a Permit to Discharge Effluent info the Municipal Storm
Sewer System. To discharge into the City's wastewater collection system, an
Industrial Wastewater Discharge Permit for Temporary Discharges into the City’s
Sewer System must be obtained. Both of these permits must be approved by the
Department of Environmental Services (ENV).

14. Restoration of Roadway Pavement

Open trench construction on roadway pavements will be required for the diversion
lines, the relief line on North School Street and lateral reinstatements. To ensure
adequate compaction of the backfill a flowable fill or Controlled Low Strength
Material (CLLSM) shall be evaluated as a backfill material.

B. Long-term Impacts.

The long-term impact of this project is positive considering the current condition of the

; sewer system. The project will correct structural and hydraulic problems of the trunk
and collector sewers in Kalihi Valley and sewer lines downstream of the valley. These
improvements will prevent or minimize sewer leaks and overflows that contribute to
excess nitrate/nitrite, total nitrogen, and turbidity in Kalihi and Kamanaiki Streams. The
project will also correct an existing hydraulic problem with several segments on North
School Street. There are no long-term negative impacts associated with the
implementation of this project.
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Vi, ALTERNATIVES TO THE PROPOSED ACTION
A. Replacement of Inadequate or Deficient Sewer Lines

Open trench construction was considered for replacement of sewer lines with
inadequate capacity or with structural problems. This conventional construction method
involves excavating a trench from the ground surface to below the invert of the existing
pipe. For this project the replacement sewerline depth would vary between 5 feet and
over 20 feet and require extensive shoring of the open trench. A sewer bypass
operation must also be set up during the period when the existing sewer line is
demolished and removed, and the replacement line is installed and the laterals are
reconnected to the new line. Temporary support of existing utilities crossing the sewer
or relocation of the utilities may be required. Open trench construction was discarded
as a viable method for installing the sewer line for this project because of the location of
lines to be replaced, numerous structures built above the sewer line (i.e; walls, sheds,
houses) and the severe impact it would have on the environment and residents.

Pipe bursting was considered as a way to eliminate the hydraulic problems of the sewer
system, with much less excavation, trench shoring, surface restoration work and traffic
disruption. In this method, a bursting head is inserted in the existing pipe via an entry
pit. The head breaks the existing pipe and forces the pipe fragments into the
surrounding soil to make way for a new pipe. A steel line is threaded through the
bursting head and attached at the downstream exit pit to an adjustable winch, and new
fused pipe sections at the upstream entry pit. The winch provides constant tension on
the line and pulis the fused sections of the new pipe in the place of the existing pipe.
Excavated entry and exit pits are required, but in some cases manholes can be used.
Temporary sewer bypasses are required to isolate the pipe being replaced. Service
laterals need to be bypassed and disconnected prior to pipe bursting to preciude
damage to the laterals. Service laterals typically have to be reconnected in open
trenches. However, this method does have the potential of damaging adjacent
structures and pipe bursting segments installed at very flat slopes may be problematic,
especially if there are sags in the line.

Microtunneling is a trenchless process in which successive pipe sections are jacked
behind a remotely controlied excavating unit or cutting disk head. The microtunneled
sewer line replaces the old sewer in a new alignment between excavated access pits.
Sewer laterals will usually require excavation for reconnection, however it is possibie
that these connections can be made using remote-controlled cutters. Historicaily
microtunneling was not cost-effective for pipes installed at depths less then 15 feet.
This trend may be changing as the technology and construction methods improve.
High equipment and mobilization costs for the microtunneling boring head and
equipment makes this method most cost-effective for pipes 36-inches and larger. The
pipes to be replaced or upsized for this project are 8- to 18-inches.

All of these pipe replacement alternatives would be costly and disruptive to the
environment and residents and visitors to the project site.
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B. Relief Line on Kalihi Sireet

Installation of a 12-inch relief line on Kalihi Street was considered as a way to preclude
the need to replace or upsize downstream inadequate pipe sections. if done using open
trench excavation this alternative would require exiensive excavation, trench
reinforcement, surface and pavement restoration and traffic control and would not
eliminate all of the most severe hydraulic deficiencies in the downstream lines.
Construction cost for this alternative would also be high because of costs related to
excavation. Even if the relief lines were installed using a trenchless method, in many
cases the existing sewer lines would still require rehabilitation due to their poor
structural condition.

C. Installing New Trunk Line on Road Right-of-ways

This alternative was considered because it would improve accessibility to the sewerline
for maintenance purposes, while reducing the potential for infiltration, root intrusion and
poliution of the nearby Kalihi and Kamanaiki Streams. Grinder pumps would be
required for each property to lift wastewater from low-lying residences through service
lines leading to the frunk line on the roadway. The City is currently studying the use
and applicability of grinder pumps in their sewer reconstruction projects.

High construction and land acquisition costs, high social impacts, and the uncertainty of
grinder pump use make this alternative unfeasible at this time. Without land acquisition
costs factored in this alternative had the highest construction costs of all those
considered.

D. Other Trenchiess Rehabilifation Methods

A number of trenchless rehabilitation methods were considered but discarded for
various reasons. Sliplining is a simple, relatively inexpensive method that involves
pulling or pushing of a new, slightly smaller diameter pipe into the deteriorated pipe,
resulting in a continuous, watertight pipe. Depending on the pipe loading, the annulus
space between the two pipes may be grouted to provide additional strength and
support. Lubricated elastomeric gaskets are used to seal the new sliplined pipe at each
joint. The main disadvantage is the decrease in inside pipe diameter results in a
decrease in the pipe’s carrying capacity.

The close-fit pipe method involves insertion of a special coiled deformed new pipe into
an existing pipe and expanding the pipe for a close-fit with the host pipe. The new pipe
is deformed at the manufacturing plant and reformed after insertion by heat and
pressure. One of its advantages is no curing time is required, resulting in faster
installation and less time required for bypass operations. The reasons for not
recommending this method include difficulties in rehabilitating pipes larger then 12-
inches, considerably smaller effective pipe diameter and capacity and the inability of the
new pipe to fully conform to the irregularities of the host pipe.
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VIIl.  SIGNIFICANCE CRITERIA

This Final Environmental Assessment is part of the environmental review process that
meets the requirements of Chapter 343, HRS. After completing an assessment of the
potential environmental effects of the proposed project and consulting with government
agencies and interested parties, the proposing agency does not anticipate any significant
impacts. Therefore, DDC anticipates a Finding of No Significant iImpact (FONSI) will be
made, with reasons supporting this determination discussed below:

1. The proposed actions do not involve irrevocable commitments to loss or
destruction of any natural or cultural resource. The project will have no effect on
traditional Hawaiian rights, cultural practices or resources of the Kalihi Valley and
Liliha communities.

2. The proposed action does not curtail the range of beneficial uses of the
environment and will barely be perceptible as it is buried under existing roadways
and within sewer easements in private property. The proposed project will be x
compatible with the uses of the surrounding area.

3. The proposed action does not conflict with the State's long-term environmental
policies or goals and guidelines as expressed in Chapter 344, HRS, and any
revisions thereof and amendments thereto, court decisions or executive orders. The
proposed project is consistent with the State's Land Use Plan, which is in concert
with all applicable policies, goals and guidelines. No long-term environmental
conflicts are foreseen.

The proposed action is in conformity with objectives and policies of the General
Plan of the City and County of Honolulu and the vision for the Primary Urban
Center's (PUC’s) future. Key examples include: creating adequate sewer
infrastructure to support present and future demands, protecting the natural
environment from damaging levels of air and water poliution and maintaining the
existing sewer system in order to avoid major breakdowns (SSOs). The proposed s
action will help the project area to continue to be a desirable place to live and visit.

The Kalihi Valley and Gulick wastewater collection systems are a part of the East
Mamala Bay service area with outflows processed through the Sand Island
Wastewater Treatment Plant. The proposed action will correct deteriorated
conditions of the area’s aging wastewater collection systems and associated high
rates of infiltration and inflow (I/1).

4. The proposed action will not substantially affect the economic or social welfare
of the community. Any impact on the economy will result from short-term,
construction related activities. Cash infusion during the construction phase will be
the primary short-term positive economic impact. Upon completion of the project,
the economic situation should return to the existing condition.
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5. The proposed actions will not substantially affect public health as construction-
related air and noise impacts will be temporary and short-term in nature.
Construction activities shall be regulated to minimize noise, dust and exhaust
emissions.

6. The proposed action does not involve substantial secondary impacts, such as
population changes or effects on public facilities. The proposed project does not
directly result in an increase of population in the area.

7. The proposed action does not involve a substantial degradation of environmental
quality. The existing physical qualities of the surrounding areas will be preserved.

8. The proposed actions are individually limited and cumulatively do not have a
considerable effect upon the environment, nor require a commitment to larger
actions.

9. The proposed actions will not affect any rare, threatened or endangered species
or their habitats. There are no known, rare, threatened or endangered species or
habitat associated with the project site, which has undergone significant disturbance
for roadway use.

10.The proposed action does not detrimentally affect the air or water quality or
ambient noise levels. Any effect on environmental quality during the construction
phase will be limited in area and for a short duration. These short-term impacts will
be mitigated by normal construction practices and will be regulated by project plans
and specifications.

11.The proposed actions do not affect an environmentally sensitive area, such as a
flood plain, tsunami zone, or erosion-prone area, geologically hazardous land,
estuary, fresh water, or coastal waters. The sewer line crosses under or is near land
classified as Special Flood Hazard Areas that would be inundated by a 1% annual
chance flood (or 100-year flood). These areas along Kalihi and Kamanaiki Streams
are designated Zone AE. The proposed sewer line improvements will be
underground and will not have a negative effect on the environment, or any
significant adverse impact on fresh or coastal waters.

Lo
oy
o

12. The proposed action does not affect scenic vistas and view planes identified in
county or state plans or studies.

13. The proposed action does not require substantial energy consumption. During
the construction of jacking and receiving pits and other excavations diesel or gas
powered construction equipment such as backhoes, trucks, compactors, and pavers
will be used. The completed sewer line will consume no energy.
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Kalihi Valley Reconstructed Sewer APPENDIX B
Final Environmental Assessment



KALIHI VALLEY RECONSTRUCTED SEWER
PRELIMINARY CONSTRUCTION COST ESTIMATE

i
4
‘
£
€

Totaf Cost
DA Description Quantity Unitcost  (nearest 1.000)
CIPP Rehabilitation
Line Cleaning for 812" sewer, L.F. 7183 8 20 $ 144,000
Line Cleaning for 15"-18" sewer, L.F. 3,157 & 25 % 78,000
: Paint repairs prior to CIPP - FA $ 550,000
CIPP rehabilitation of §*collector lines, L.F. 1,099 § 85 § 93,000
CIPP rehabititation of 8” trunk lines, L.F. 773§ 100 § 77,000
- CIPP rehabilitation of 8"collector lines, L.F. 3386 § 100 $ 339,000
: CIPP rehabilitation of 10" trunk lines, L.F. 200 § 126 % 26,000
X CIPP rehabllitation of 12" trunk lines, L.F. 1716 $ 150 § 257,000
CIPP rehabilitation of 15" trunk lines, L.F. 1,206 § 185 § 223000
CIPP rehabilitation of 18" trunk lines, L.F. 1,861 § 225 $ 439,000
‘ Follow-up CCTV inspection., L.E. 20,680 §$ 15§ 303,000
£ Manhole inspection / rehabilitation , LS. § 500,000
Reinstate Laterals. & Chimneys, Each 211§ 3,000 § 633,000
. Road restoration, 8.Y. 470 5 100§ 47000
Landscape restoration, S.F, 6,350 $ 10 § 64,000 CIPP Cost
e Inspection & rehabilitation of 6" - 18" sewer $ 1752000 $ 5,533,000
3 Flow Diversions {using existing Jennie Street sewer lines)
8" sewer, L.F. 589 40§ 24,000
15" sewer, L.F. _ 659 55 % 36,000
Sewer Manhole (height; 5 - 10 3 10,000 § 30,600
Sewer Manhole (height: 18° - 229 2 20,000 § 40,000
Sewer Manhole (Drop) 130,000 § 30,000
Unclassified Trench Excavation, C.Y. 1,747 325 & 568,000
Connect new 15" sewer to existing SMH 2 15000 § 30,000
Connect new 8" to existing SMH 3 5000 § 15,000
: Demolish existing SMH (8 dp.) 1 5000 § 5,000
'Reconnect laterals, Each 2 3,000 § 6,000
! Road restoration, 8.Y. 461 100 § 45,000
: Landscape restoration, $.F, 581 0 3§ 6,000 Diversion Cost
A $ 836,000
; Relief Line "A3"
10" sewer, L.F. {including jacking. & receiving pits) 115 1,350 § 155,000
Sewer Manhale {height:10' - 129 2 12,000 § 24 000
Connect new 10" sewer to exist. SMHs 2 10,000 & 20,000
Relief Line "B3"
10" sewer, L.F. (including jacking. & recelving pits) 436 1,350 $§ 589,000
Sewer Manhole (height: &) 1 10,000 § 10,000
Sewer Manhole theight: 18 - 219 3 20000 $ 60,000
Connect new 10" sewer fo exist. SMHs 2 10,000 & 20,000
Relief Line "C1"
12" sewer, L.F. {including jacking. & receiving pits) 334 1375 § 459,000
Sewer Manhole (height: 99 B 3 10,000 § 30,0060
Connect new 12" sewer to exist, SMHs 2 10,600 & 20,080
? Relief Line "C2" ~
8" sewer, L.F. (including jacking. & receiving piis} 257 1,330 § 342000
Sewer Manhole {height: 8 4 10,000 § 40,000
Connect new 8" sewer to exist. SMHs - 2 10,000 § 20,000 Retief lines Cost
$ 1,789,000
School Street Relief Line
18" sewer, L.F. B 325 60§ 20,000
Unclassified Trench Excavation, C.Y. 300 325 § 98,000
Sewer Manhole (height: 5" - 107} 2 10,600 § 20,000
Connections 1o exist. Sewer (ht, = 6.5 2 5000 § 10,000 School Street
Road restoration, S.Y. 130 100§ 13,000 Relief Line Cost
$ 161,600
Traffic Control L.S. $ 1,248,000
Temp Sewer Bypass $ 1,913,000
Subtotal  $ 11475000
Mobilization $ 680,000
Subtoiai  $ 12,164,000
Contingency $ 3,849,000

Total Cost § 15,813,000

Appendix B



CCTV
CIPP
CLSM
CRM
CSM
Dba
DDC
DLNR
DPP
DTS
EA
ENV
FONSI
HRS
W
MGD
MSL
NPDES
P.E.
PUC
SCAP
SHPD
SMH
SS0s
St
TMK
TCPs
U.S.
USPS

Glossary of Terms

Closed Circuit Television
Cured-In-Place-Pipe Rehabilitation
Controlled Low Strength Material
Concrete Rubble Masonry

Collection System Maintenance Division
Doing business at

Department of Design and Construction
Department of Land and Natural Resources
Department of Planning and Permitting
Department of Transportation Services
Environmental Assessment

Department of Environmental Services
Finding of No Significant Impact

Hawaii Revised Statutes

Infiltration and Inflow

Million Gallons per Day

Mean Sea Level

National Pollutant Discharge Elimination System
Professional Engineer

Primary Urban Center

Stream Channel Alteration Permit

State Historic Preservation Division
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Flow Monitoring Study
Of In-Service Sanitary Sewers

Summary of Results

Refore Insituform

Benefits of
Insituform
Flow Enhancement

After Insitaform

* The Manning Roughness Coefficient ("n"} of uncleaned, in-
service Insitupipe™ was found to be 33% better than
uncleaned, in-service pipes of traditional materials.

Insituform ("n”) = 0.010 (average)
Clay/Concrete ("n") = 0.015 (average)

* In-service Insitupipe with a light cleaning had an “n"” value
of 0.008, supporting Insituforin design.

* Testresults do not support the general concept that all
sanitary sewers (regardless of pipe material) tend to have
similar roughness because of the growth of biological slime
on the pipes.

* The continuous nature and simoothness of Insitupipe helps
prevent the accumudation of sediment.

The results of this flow study demonstrate that the Insituform
process can be a solution to deficiencies in sewer capacity and
at the same time may reduce routine maintenance costs. Since
the Insitupipe conforms tightly to the wall of the underlying
pipe, there is only a marginal reduction in diameter. The
associated simall loss in flow area is inore than compensated for
by the significant decrease in pipe roughness, or flow enhance-
ment, demonstrated by this study. This low enhancement is
the result of: 1) the relatively smooth inner surface of the
Insitupipe which reduces roughness and increases velocity;

2) the continuous nature of the Insitupipe installation which
provides gradual transitions at offset joints and other rregulari-
ties in the underlying pipe as well as prevents roots and sedi-
ment from entering the pipe; and, 3) the installation of a tight-
fitting, jointless Insitupipe which reduces infiltration into the
sewer systemn providing more pipe capacity for sanitary waste-
water.

Flow enhancement can be important to city planning and
development, Upstream expansion can occur without having
to upsize the downstream sewer systems, and a reduction in
infiltration can often relieve overburdened sewage treatment
facilities. This can result in the lifting of development moratori-
ums allowing continued growth and expansion of the tax base.
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In an effort to define the flow characteristics of sanitary sewer

segments rehabilitated with Insituform under normal in-
service conditions, Insituform of North America, Inc. con-
tracted with Sverdrup Corporation and Southeast Environ-
mental Service, Inc. (SESI) to conduct a flow study in the §t,
Louis metropolitan area that was completed in 1990, The
studly was designed to evaluate the Manning Roughness
Coeflicient (“n”) of Insitupipe relative to traditional pipe
materials in uncleaned, in-service sewers,

Sverdrup Corporation is an international engineering and
architectural consulting firm with over 60 years of engineer-
ing experience, Project experience relative to this study has
included flow analysis, sewer system design (new construc-
tion andrehabilitation), wastewater and water treatment
plant design and operations assistance,

SESI (currently part of ADS Environmental in Hunitsville,
Alabama as a result of a 1989 acquisition) is the nations
leading sewer system flow monitoring company, With more
than 1000 flow monitoring/sewer system evaluation projects
to their eredit, they are the recognized experts in most as-
pects of sewer system flow monitoring,

The flow study involved three distinct phases: 1) Identifica-

tion and selection of appropitate test segments; 2) Collection
of flow measurement data; and, 3} Analysis of results,

Selection of Test Segments

Test segments were selected based on the following general
criteria: 1} pipes carrying domestic sewage with slime
growth and solids deposits typical of in-service sewers’; 2) no
service connections; 3) no major sources of infiltration and
inflow; 4) circular cross-sections; 5) typical pipe grades; and,
6) significant flow depths. Thirty-one potential candidates
were sclected for field survey/evaluation and closed-circuit
television inspection, Based on the findings, 7 Insitupipe, 3
concrete pipe and 1 clay pipe candidate ranging from 14 to
54 inches in diameter were chosen for flow monitoring.

1. "Fhe stime growth Ih a nermal gravity sewer tends 1o build rather quickdy,
within the lirst severnl months... Therefore, 1he in-service Manning
Rotghuness Coefliclents of newer Insitupipes are comparable (o ugt of
much nlder pipeline materials.” (from the Sewer Segmient Flow Monitoring
Study 1o Establish In-Service Muming Roughness Coefficients prepared by
Sverdrup Corpuration and SESIL 1990

Introduction

Procedure
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Ligie 1

Figire 2

Figure 5

4

Data Collection

The dye dilution technique was used to measure flow in the 11
test segments. This is an accurate and reliable method of flow
measurement that does not require an initial assumption of
pipe roughness as with most traditional low monitoring
equipment.

The general field procedures used in this test program for the
dye dilution measurement of lowrates were as follows:

1} The appropriate dye feed concentration was selected for
each test segment by measuring flow depth and velocity at the
upstream manhole to estimate the flowrate in the segment.
(See Figures | and 2.)

2) A sample of the segment flow was obtained before dye
injection to establish any background interference.

3} At the upstream manhole, the selected concentration of
rhodamine dye solution was injected at a predetermined
selected concentration and premeasured constant rate by
means of a special dye injection pump. (See Figure 3.)

4) After an appropriate waiting period to allow for proper
mixing and transit, three samples of low were obtained at the
downstream manhole. (See Figure 4.) Downstream {low
depth and velocity were measured for use in calculating hy-
draudic slope.

5) The dye injection rate at the upstream manhole was
remeasured to verify that the rate remained constant, the
depth of flow was checked to ensure that flowrate was un-
changed, and a sample of the dye solution was obtained.

6) Under laboratory conditions, the concentration of dye was
measured with a luorometer in all of the samples obtained.

(Gee Figure 5.)

7} Selected test segments were lightly cleaned to remove sedi-
ment and retested as described above,

8) Additional data collection involved measurement of pipe
segment diameters, grades, and lengths.
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Analysis of Resudts

Segment flowrates were determined as follows:
Q= QixC/Cy (h

flowrate in sewer

A

where, ()

"

(¢ = dyeinjection rate [upstream)
b Ci = concentration of dye feed solution
fupstream)
Ca = concentration of dye insmnple

collected from downsiream manhole

Segiment hydraulic slopes were calculated from collected field

data as follows:

Z+Y]- Yo+ (V212g) - (Vo?12g) (2)

5=
L
where, § = hydraalic stope (A1)

Z = inverl elevation drop ()

Yy = upstresn fow depth ()

Yz = downstream fow depth (ft)

Vi = upstream velocity (ft/sec)

¥z = downstream veloeity (ft/sec
% = ucceleration due to gravity = 32.2 ftfsec?
i L = lengtholsegment (It}

The Manning equation was then used to calculate the Man-
ning Roughness Coefficient, “n”, at the average measured
segiment flow depth as follows:

PR

= 149 4 pamair 3)
where, @ = flowrate insewer (cfs} from equation |

A = flowarea (fi?) caicdated from average measured

segment fow depth
R = hydraulic radius of How (i) = AZP
P= Weited perimeter (18 caloulated from average niny,

measured segment Sow depth 0.8 0.9 190 1 12
5 = hydrlicstope (W) From equation 2 G ' '

The ratios of measured flow depth lo actual pipe diameter for
all of the test segments ranged from 0.18 10 0.38. To correctly
compare the results to one another and to allow comparison
with standard textbook pipe roughness information, each 4o
! coefficient was adjusted to reflect the estimated value if that
- pipe segiment was in fact flowing full, This was accomplished
by using the relationship developed by Camp? of the normal-
ized distribution of Manning’s “n" versus relative depth in a
circular section (see Figure 6).

1.0 1.1 1.2 1.3 14
reing,

2, Streeter, V. L and Wylie, BB, "Fluid Mechanics.” 7th Ed, MoGrw-FEl, ine., .

New York, N.Y., 201 (1979). Figure 6
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Results &

Conclusions

1. Based on the resuits of this study, the Manning Roughness

Coeflicient (“n”} of uncleaned, in-service Insitupipe was
found to be 33% better than that for uncleaned, in-service
pipes of traditional materials.

The uncleaned, in-service Insitupipes had an average “n"of
0.010. Uncleaned in-service clay and concrete pipe had an
average “n” of 0.015.

H n

. The relative difference between the "n” values of Insitupipe

and clay and concrete pipe would most likely increase if the
condition of the original pipelines had been equal,

The clay and concrete pipe test segments had some root
intrusion, but no real siructural damage. The Insitupipe
segiments had been rehabilitated for the purpose of extending
the service life of the underlying pipes which where in poor
shape as evidenced by offset joints and considerable distortion
of the cross-sectional area.

Test resuits do not support the general concept that afl
sanitary sewers (regardless of pipe material) tend to have
similar roughness because of the growth of biological slime
on the pipe walls.

The fesulng33% improvement in the “n” value of
uncleaned, in-service Insitupipe over t!mt of clay and concrete
pipe demonstrates a significant difference in roughness
betiveen pipe materials where biological slime has acctmnu-
lated. This is further substantiated by comparing flow study
resudts of adjacent pipe segments of the same conc: efe setver
where the section without Insituform had an "n” of 0.015 and
that with Insituform had an.“'n” of 0.010.

[£) D

. Test results substantiate Insituform design values.

!t H

In-service Insimpipe with a light cleauing had an “n” value of
0.009 as stated in the Insziufo: ' Engineering Deszgn Guide.
Cleaning of concrete pipe ylelded an average “n” of 0.014.

. The continuous nature and smoothness of an Insitupipe

prevents the accumtilation of debris,

Only I aof the Insitupipe segmenis was judged to need clean-
ing and this was due to a low slope of 0.04% which promotes
the settiement of solids. Insitupipe has no joints and provides
smooth transitions af irregularities in the original pipe. This
resitls in a smooth interior which prevents the accumudation
af sediment and debris and reduces the need for routine
cleaning.
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Expected Increase in Full Flow Capacity Flow Comparisons
after Insituform stallation®
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Insitupipe

3. Based on an “n” value of 0.015 for existing clay or concrete pipe.
Existing pipe Now equals 100%.
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