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List of Acronyms
The following is a list of acronyms and short forms used in this plan.
ADEC

Alaska Department of Environmental Conservation

ADOT&PF

Alaska Department of Transportation & Public Facilities

CIP

Capital Improvement Program/Capital Improvement Plan

CMP

Corrugated metal pipe

CPP

Corrugated plastic pipe

DMP

Drainage Master Plan

DLWD

Alaska Department of Labor and Workforce Development

FAA

Federal Aviation Administration

GIS

Geographical Information System

HDPE

High Density Polyethylene

KPB

Kenai Peninsula Borough

LID

Low impact development

MS4

Municipal Separate Storm Sewer System

NOAA

National Oceanic and Atmospheric Administration

NRCS

Natural Resources Conservation Service

O&M

Operation and Maintenance

TAH

Total Aromatic Hydrocarbons

tc

Time of concentration
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1

Introduction

1.1

Authorization
The City of Soldotna (City) has authorized HDR Alaska, Inc. to prepare the 2015
Soldotna Drainage Master Plan (2015 DMP). Preparation of this plan was authorized by
a contract between the City and HDR Alaska, Inc., under City Project Utility Master Plans
SOLP 14-02.

1.2

Purpose
The purpose of the 2015 DMP is to evaluate the existing drainage system for
deficiencies, prepare a Capital Improvement Plan (CIP) to address those deficiencies,
and evaluate the City’s stormwater regulations and design criteria to identify areas for
further evaluation and revision. The plan will evaluate a projected 20-year time horizon
(2016-2035) for the system and develop recommendations to maintain system
functionality, provide for economic development and preserve the integrity and beauty of
the Kenai River and Soldotna and Slicok Creeks.

1.3

Background
Soldotna is the commercial and recreational hub of the central Kenai Peninsula. Because
of its location on the highway system and availability of developable land, the City has
experienced both commercial business and residential growth. To manage the growth
and develop a clear vision for a larger, livable Soldotna, the City prepared the Envision
Soldotna 2030 Comprehensive Plan, adopted by the Soldotna City Council in January
2011. This plan noted that Soldotna has implemented a variety of measures to reduce
water quality effects on the Kenai River watershed. The plan also acknowledges that
while the City’s site plan review requirements include a site stormwater plan, “no specific
stormwater requirements have been adopted in the code to address stormwater
retention, detention and/or treatment from development on non-residential properties
(page 36).” Part of the purpose of the 2015 DMP is to provide policy and regulatory
recommendations that will help the City attain the natural resource goals identified in
Envision Soldotna 2030 Comprehensive Plan (DOWL HKM and Kevin Waring
Associates. 2011).
This 2015 DMP will be Soldotna’s first. Guidance for the contents of the drainage plan
comes primarily from the comprehensive plan and discussion with city engineering staff.
This guidance includes Soldotna’s commitment to the health of the Kenai River
watershed, a positive atmosphere for economic development and City growth, and
resources for City staff and developers to minimize any negative effects of stormwater
runoff.
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1.4

Scope
The Scope of Work statement for preparing the 2015 DMP is generalized as follows:

1.5

•

Prepare a comprehensive drainage master plan and associated CIP to
implement the plan’s recommendations. The plan will evaluate a projected 20year time horizon

•

Collect and organize data to support a drainage master plan. This is primarily in
the form of Geographical Information System (GIS) data, developed under a
separate task, but these data are used in the analysis.

•

Develop a hydraulic model used to identify system deficiencies over the planning
period.

•

Recommend drainage system improvements and develop the CIP.

•

Review City municipal regulations and design criteria policies and provide
recommendations.

Study Areas
The City of Soldotna is located on the western side of the Kenai Peninsula in
southcentral Alaska (Figure 1). The Kenai River, Soldotna Creek and Slikok Creek are
the major surface water bodies within the City limits, forming the south, west and east
boundary of the more densely populated urban area. The surrounding area is part of the
Kenai National wildlife refuge and is home to numerous lakes and abundant wildlife. The
topography is generally flat with a mixed deciduous and coniferous forest and numerous
wetlands.
Soldotna has a moderate subarctic climate with cool summers and snowy winters, mainly
due to its proximity to the Cook Inlet, which moderates the temperature. Table 1 includes
a summary of monthly temperature and precipitation averages.

Table 1 Average Monthly Temperature and Precipitation1
Month

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

Annual

Average
High

22.4

27.3

35.3

45.3

55.9

62.1

65.5

63.7

55.2

41.7

27.4

25.0

44.0

Average
Low

4.3

7.4

14.2

23.8

32.8

40.2

44.9

42.9

36.0

24.8

10.9

7.3

24.2

Average
Precipitation

2.64

1.42

1.51

0.85

1.09

1.44

2.07

3.52

4.41

2.48

2.41

2.12

25.96

Average
High

22.4

27.3

35.3

45.3

55.9

62.1

65.5

63.7

55.2

41.7

27.4

25.0

44.0

Average
Low

4.3

7.4

14.2

23.8

32.8

40.2

44.9

42.9

36.0

24.8

10.9

7.3

24.2

1
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The City is a blend of urban and rural land uses, mainly commercial zones along the
Sterling Highway and the Kenai Spur Highway, and single family residential making up
the remaining bulk of occupied properties. The City is mostly developed west of the
Sterling and Kenai Spur Highways while the eastern part of the city contains a large area
of vacant land for large lot single family development.

1.6

Regulatory Framework

1.6.1

State of Alaska Water Quality Standards
Water quality standards are regulated by the Alaska Department of Environmental
Conservation (ADEC). As neither the Kenai Peninsula Borough (KPB) nor the City of
Soldotna is regulated through a Municipal Separate Storm Sewer System (MS4)
Stormwater Discharge Permit, the State’s anti-degradation policy is the primary guidance
when an individual permit is not issued.
The Federal Clean Water Act requires states to have an anti-degradation policy and
implementation methods. Federal regulation at 40 Code of Federal Regulations 131.12
specifies States must have an anti-degradation policy that:
•

Protects existing uses;

•

Authorizes the lowering of water quality in high quality waters, where necessary
for social or economic importance; and

•

Provides mechanisms to provide additional protection for water of exceptional
ecological or recreational significance.

Alaska's current anti-degradation policy, adopted in 1997, is found in the Water Quality
Standards regulations at 18 AAC 70.015. ADEC’s Anti-Degradation Policy and is
provided in Appendix A.

1.6.2

City of Soldotna Regulations
Soldotna’s Municipal Code contains guidance directed at managing stormwater
discharges and maintaining water quality standards:
•

12.04.030 (B)(4) –Street Design Criteria: Minimize the amount of paved area to
reduce stormwater runoff and thereby protect water resources;

•

12.04.030 (B)(5) –Street Design Criteria: Provide a drainage system that will
handle a ten-year frequency storm from within the watershed and to protect
streams, drainage ways and streets from erosion, sedimentation and increased
runoff;

•

12.28.050 – Pollution of Water –Prohibited Acts: No person in a park shall throw,
discharge or otherwise place or cause to be placed in the waters of any pond,
lake, stream, bay, or other body of water in or adjacent to any park or any
tributary, stream, storm sewer, or drain flowing into such waters, any substance,
matter or thing, liquid or solid, which will or may result in the pollution of such
waters;
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•

1.6.3

13.14.050 –Interconnection of Sewers—System connection—Authorized dump
stations: It is unlawful for a person, firm, or corporation to interconnect or cause
to be interconnected, directly or indirectly, any part of a sanitary sewer system
with any part of a storm sewer system, or cause to be admitted into a sanitary
sewer any waters or wastes other than through an approved sewer extension
and hookup, or at a sewage dump station or location which has been specifically
approved by and designated in writing by the public works director.

Impaired Waters
Neither of Soldotna’s main water bodies, the Kenai River and Soldotna Creek, is
currently on ADEC’s list of impaired water bodies (ADEC 2015). In 2006, the Kenai River
was listed as impaired under Section 303(d) of the Clean Water Act. The impairment
listing resulted from repeated exceedances of State Water Quality Standards established
for Total Aromatic Hydrocarbons (TAH) resulting from motorized recreation. TAH levels
dropped significantly and now meet water quality standards, prompting ADEC to remove
the lower Kenai River from the 303(d) list in 2010 (EPA, 2011). No degradation from
Soldotna’s stormwater system has been reported.
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2

Population Projections and Land Use

2.1

Introduction
To estimate future development, population projections and expected geographic
distribution was developed within the City limits. Estimates of population distribution and
extent of commercial/industrial development were made for modeling purposes to
estimate the drainage system capacity in 2035.

2.2

Current Population

2.2.1

Total Planning Area Population
The City of Soldotna had a total population of 3,750 in 2000 (Alaska Department of Labor
and Workforce Development (DLWD)). In the 2010 census, the City grew to a total
population of 4,163. The City experienced a growth of 11 percent (%) for this ten-year
period. Population projections continue to indicate growth in the City with estimated 2014
population of 4,311. Table 2 summarizes the historical population of the City:

Table 2. Historic Population
Year

City of Soldotna

19601

332

1970

1202

1980

2320

19902

3,482

2000

3,750

20103

4,163

2014

4,311

1Data

from 1960 and 1980 from Envision Soldotna 2030 Comprehensive Plan.
1990 and 2000 data from http://laborstats.alaska.gov/pop/popest.htm Historical Data:
Places.
3Years 2010 to 2014 data from http://laborstats.alaska.gov/pop/popest.htm Cities and Census
Designated Places, 2000 to 2014.
2Years

2.3
2.3.1

Population Projections
Future Resident Planning Area Population
The Soldotna Planning Department made population projections for the City in the
Envision Soldotna 2030 Comprehensive Plan. The comprehensive plan estimates were
completed in 2009. These projections were based on growth of 7% per decade, or 0.70%
per year, through 2030.
The DLWD Research and Analysis Section prepared population projections for Alaska
and the Boroughs; DLWD does not prepare projections for areas smaller than boroughs.
February 15, 2016 | 7
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Most recently updated in 2012, these data project population from 2012 through 2042.
The portion of the DLWD projected growth rates applicable to this plan’s planning period
are shown in Table 3. These projections show a declining growth rate through the
planning period.

Table 3 DLWD Estimated Annual Population Growth Rates 2012-2037
Year

Alaska

KPB

2012-2016

1.01%

0.85%

2017-2021

0.91%

0.72%

2022-2026

0.80%

0.55%

2027-2031

0.70%

0.38%

2032-2037

0.64%

0.24%

To prepare population estimates for this plan the following assumptions were made.
•

The City of Soldotna will continue to grow at a greater rate than the KPB as a
whole, as has been the case for the past decade.

•

Growth rates over the planning period will slow at the rate indicated for KPB by
DLWD projections.

•

The City of Soldotna will continue to be the fastest growing city in the KPB and
will receive a greater proportion of the total projected KPB population growth
during the planning period.

•

The total population growth projected by DLWD for the KBP will hold for the
planning period. That is to say, the growth rates selected for the City could not
result in in a larger KPB population than estimated by the DLWD. Adopting this
criterion allowed for higher growth rates in the planning area but maintained the
total KPB population equivalent to DLWD projections.

These criteria were used to develop growth rates and population estimates for use in this
plan. The selected growth rates that provided the best fit estimate to the available data
are show in Table 4.

Table 4. Estimated Annual Population Growth Rates 2012-2035
Year

KPB

City of Soldotna

2012-2016

0.85%

1.00%

2017-2021

0.72%

0.87%

2022-2026

0.55%

0.70%

2027-2031

0.38%

0.53%

2032-2035

0.24%

0.39%

The selected growth rates in Table 4 were used to prepare population estimates for the
planning area through the planning period. These are presented in Table 5. The selected
growth rates project a slightly greater population in the City in 2030 than is projected in
the comprehensive plan, 4,881 versus 4,674.
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Table 5. Estimated Planning Area Population 2016-2035
Year

KPB

City of Soldotna

2016

58,721

4,419

2017

59,220

4,458

2018

59,646

4,496

2019

60,076

4,535

2020

60,508

4,575

2021

60,944

4,615

2022

61,383

4,647

2023

61,720

4,680

2024

62,060

4,712

2025

62,401

4,745

2026

62,744

4,779

2027

63,090

4,804

2028

63,329

4,829

2029

63,570

4,855

2030

63,811

4,881

2031

64,054

4,906

2032

64,297

4,926

2033

64,452

4,945

2034

64,606

4,964

2035

64,761

4,983
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3

Existing System and Drainage System
Analysis

3.1

Existing System and Capacity Analysis
Soldotna’s drainage system is a mix of piped conveyance, open ditches, end-of-pipe
treatment devices and low-impact development water quality facilities in 24 separate
stormwater drainage basins. The City’s drainage system is intertied with the Alaska
Department of Transportation & Public Facilities (ADOT&PF) drainage system, which
drains the Sterling Highway and the Kenai Spur Highway. In general, Soldotna and
ADOT&PF each maintain their own systems; however they have collaborated on
maintenance activities when needed.
Understanding pipe capacity is an important part of operating an effective and efficient
drainage system. The stormwater conveyance system must have adequate capacity for
additional flows as population grows and the system expands. As part of the 2015 DMP,
several topics associated with stormwater pipe capacity management were evaluated
and include:
•

Pipe capacity evaluation criteria;

•

System capacity and design flows;

•

Potential capacity issues; and

•

Recommendations for capacity management.

This section describes methods used to delineate the catchment areas, assumptions for
system conditions, land cover mapping through image classification, and expected
changes in land cover due to future development within the City limits. The hydraulic and
hydrologic methods approximate run-off from a 24-hour, 10-year storm event, which is
typical for conveyance criteria and the required flows as stated in Soldotna’s municipal
code (12.04.030 (B)(5)). This section also proposes evaluation criteria, discusses the
results of the hydraulic modeling, identifies conveyance system deficiencies and provides
capital improvement recommendations.

3.2

Basin Characterization

3.2.1

Basin Delineation
The basin delineation was performed using ArcGIS 10.3. The data provided by the City
of Soldotna included five-foot contours, a digital elevation model and stormwater
infrastructure. Basin delineation occurred through the use of the Flow Direction and
Basin tools, and contour lines allowed for further refinement of the individual catchment
areas as shown in Figure 2. Note that Figure 2 includes catchment area 20 near the
eastern side of the City; although the drainage pipes, catch basins, and bioswale have
been designed but not constructed, an analysis of this system is included
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3.2.2

Conveyance System and Water Quality Treatment
Soldotna’s drainage system consists of four distinct networks in the downtown area, with
two additional systems south of the City center; one at the airport and the second in the
southwest corner of the City adjacent to the Kenai River. These systems discharge to
either drywells or the Kenai River; either directly through end-of-pipe treatment devices
or indirectly through a low impact development (LID) treatment facility. The City owns
and operates treatment pond at the end of Linda Lane. The DOT&PF owns and operates
sedimentation basin near the Sterling Highway bridge over the Kenai River at the end of
Binkley Circle. The conveyance system and water quality treatment facilities are shown
on Figure 2.
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As previously mentioned, Soldotna’s water quality treatment facilities are a mix of end of
pipe treatment such as drywells and oil/grit separators, and LID facilities. The LID
facilities are the City’s best means for improving the water quality from stormwater
discharges and maintaining the high value of the Kenai River Watershed.
A review of some of Soldotna’s LID features follows. In general these function well with
minimal maintenance, but there are examples of projects that are not correctly designed
and thus have limited functionality.

Sedimentation Basins
There are three large sedimentation basins treating stormwater runoff from City streets.
One sedimentation basin, the Marydale basin off Linda Lane is owned and operated by
the City; the basin adjacent to the Sterling Highway at Riverside Drive and a second
basin at the end of Binkley Circle are DOT&PF facilies (Figure 3 - Figure 5).
Sedimentation basins are basins formed by excavation or construction of an
embankment so that sediment-laden runoff is detained, allowing sediment to settle out
before runoff is discharged. Although sedimentation basins are not designed to reduce
stormwater volume such as an infiltration basin, they are very efficient at attenuating the
rate of discharge thus minimizing hydromodification of stream channels.

Figure 3 Marydale Sedimentation Basin
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Figure 4 Riverside Drive Sedimentation Basin

Figure 5 Sterling Highway DOT&PF Sedimentation Basin of Binkley Circle
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Diffuser Outfall
Figure 6 shows Soldotna’s diffuser outfall, an unconventional treatment system that does
not fit into a traditional LID design, however it functions similar to one. Upstream of the
diffuser outfall is an oil/grit separator to remove solids; stormwater then flows into an
High Density Polyethylene (HDPE) perforated pipe and the discharge is spread over a
wide area. Rocks are placed underneath the perforated pipe to prevent erosion, and after
discharge water flows overland down a vegetated slope to a Slikok Creek, a small
tributary to the Kenai River.

Figure 6 Sterling Highway DOT&PF Sedimentation Basin
This design attenuates flows and uses natural vegetation to filter out any remaining
solids; infiltration will occur as long as the soil is not saturated. The design works well for
its remote location but would likely not be viable in a neighborhood due to its size,
uncharacteristic appearance and potential vandalism.

Rain Garden
The City constructed a rain garden at the City Park at South Birch Lane and States
Avenue, Figure 7. The rain garden accepts flow from the parking area, pathways and
grass. When visited the overflow drain was frozen which caused flooding of the
infiltration area. It is reported that its capacity is insufficient to infiltrate for the volume of
runoff to percolate into the soil rapidly enough to keep water from ponding for long
periods. While this may be considered a less that desirable outcome for the project, it
offers lessons on design details. In this case, surface overflow outlet that operates when
frozen could prevent overtopping while still maintaining flow attenuation and water quality
benefits.
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Figure 7 City Park Rain Garden

3.2.1

System Conditions
Based on discussions with City Street Maintenance and Engineering staff, the drainage
system functions well, due in part to the aggressive street sweeping program and active
operations and maintenance. The age of the system is relatively young, with the majority
of pipes installed in the 1980’s or later; roughly 40% of the drainage pipes were installed
at least 35 years ago. Nearly 75% of the pipes were installed by 1990, as shown in
Figure 8. Approximately 65% of pipe is corrugated metal pipe (CMP) with another 20% is
corrugated plastic pipe (CPP). System capacity assessment typically assumes clean
pipes in good condition without significant deterioration, breaks or deformations.
Typically, however, some pipes have maintenance issues such as sediment which
restrict flows.
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Figure 8 Length of Stormwater Pipe by Construction Year and Material

3.2.2

Land Cover
The land cover used in the analysis was created through image classification by drawing
polygons around areas of relatively uniform appearance. The land cover classifications
were then inputted as a variable in the runoff calculation model; the final land cover
classification is shown in Figure 9.

3.2.3

Future Development
Data provided by Soldotna shows 300 vacant residential lots within the delineated
catchment areas, shown in Figure 10. It is assumed that all vacant residential lots will be
developed over the planning period. Unplatted vacant residential areas within the
catchment areas were not considered developed by 2035 because slow growth would
tend to discourage developers from opening up new areas in the City. As a result of
vacant lot development, existing land cover conditions are expected to change by the
following percentages:
•

Vacant lots will be cleared and replaced by:
o

25% buildings

o

25% pavement

o

50% lawn

These percentages were developed by averaging a random sampling of existing land
cover on residential lots and input into the runoff calculation model.
Additionally, based on the 2004 Soldotna Airport Master Plan, future development at the
airport is expected to occur primarily at the east end of the existing runways, apron and
taxiway as shown on Figure 10. All fifteen acres of development are expected to be
paved by 2035 and will increase run-off into the drainage system as a result.
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3.3

HYDRAULIC & HYDROLOGIC METHODS

3.3.1

Storm Characteristics
Modeling of the drainage conveyance system requires input of the 24-hour, 10-year
storm characteristics including:
•

Recurrence Interval and Storm Duration

•

Storm Depth

•

Time of Concentration

•

Temporal Distribution

•

Spatial Distribution

These hydrologic parameters are described in further detail below.

3.3.2

Recurrence Interval & Storm Duration
Although the City has not developed drainage design criteria standards, the municipal
code requires conveyance design of stormwater facilities using the 10-year, 24-hour
storm event. Although the 10-year recurrence interval is typically viewed as the average
number of years between storms of certain intensity, the term is used to define a rainfall
event that statistically has a 10% chance of occurring based on historical data.
A 24-hour storm event assumes that all parts of the drainage system experience the
peak intensity conditions for the storm duration. In reality, this is rarely the case.
Smaller, upstream system components are often more affected by short-duration, highintensity storms while the larger, downstream components might be more affected by
longer-duration, high-volume storms. This problem is further aggravated because the
temporal distribution of shorter storms can be significantly different from the temporal
distribution of the larger storms. Modeling realistic conditions, however, is
computationally intensive and generally does not provide more substantive results.

3.3.3

Storm Depth
The National Oceanic and Atmospheric Administration’s (NOAA) Atlas 14, Volume 7
contains precipitation frequency estimates for various locations throughout the country
including Alaska. The closest NOAA station to Soldotna is the Funny River station (Site
50-3196). The City of Kenai also has a NOAA station, however because of the close
proximity to Soldotna, the Funny River precipitation estimates were used for the analysis.
For a 24-hour, 10-year storm event, NOAA’s precipitation depth for the Funny River
station is estimated to be 1.81 inches.

3.3.4

Time of Concentration
Time of concentration (tc) is defined as the largest combination of overland flow time,
swale or ditch flow, and stormwater pipe flow time. Given the average catchment area
size of 61 acres, the ditch and pipe flow are assumed to equal zero since those flow
times are insignificant relative to the time it takes for sheet flow.
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While there are a variety of methods available for estimating time of concentration, this
analysis utilized the Federal Aviation Administration (FAA) formula:

where:

𝑡𝑡𝑐𝑐,𝑚𝑚𝑚𝑚𝑚𝑚 =

1.8(1.1 − C)�𝐿𝐿𝑜𝑜
S1/3

tc=time of concentration (minutes)
C=rational method runoff coefficient
S=% slope
Lo= hydraulically longest distance to the nearest collection point (feet)
This formula was developed from airfield drainage data collected by the Army Corps of
Engineers. The FAA formula is selected for the City’s drainage system capacity analysis
because it has been widely used for urbanized areas. Area 12 is an average sized
catchment area, which encompasses 58 acres and is used as the representative area for
determining tc for all catchment areas. Using the percentage of each type of land cover
within this catchment area, a weighted average runoff coefficient was calculated and
used in this formula. The tc,min was calculated to be 38 minutes. To provide a
conservative estimate of the storm peak intensity, the time increment used for the rainfall
distribution was 1-hour.

3.3.5

Rainfall Temporal Distribution
The Natural Resources Conservation Service (NRCS) has developed dimensionless
rainfall temporal patterns (type curves) for four different regions in the United States. The
cumulative rainfall curves, shown in Figure 11 are based on a 24-hour rainfall event. The
characteristic storm hyetograph for the City, according to the NRCS map shown in Figure
12, is Type I, which is applicable to Hawaii, Alaska, and the coastal side of the Cascade
Mountains in California.
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Figure 11 NRCS Storm Types as a Fraction of a 24-hour Rainfall Event versus Time
(reproduced from NRCS TR-55)

Figure 12 NRCS Rainfall Distribution Map
(reproduced from NRCS TR-55)
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3.3.6

Rainfall Spatial Distribution
The point precipitation estimates of average precipitation depth are applied to the entire
catchment area, but storm events with different spatial distribution can produce different
responses in the drainage system for the same rainfall temporal distribution. For
example, a storm that is moving from upstream to downstream of the system might
produce significantly higher peak flows than the same storm moving from downstream to
upstream, due to the phasing of peak flows from pipe laterals. It is typical for a drainage
system assessment to ignore the issue of the spatial rainfall distribution because it does
not necessarily produce more accurate results.

3.4

Rainfall – Runoff Response
There are a number of variables that affect the rainfall-runoff response for the catchment
areas, including:
•

Storage potential;

•

Ground cover and soil type;

•

Antecedent moisture conditions;

•

Connected and unconnected impervious areas; and

•

Inlet and snow & ice cover conditions

The runoff calculation methodology considers the impacts of varying these factors on the
runoff response.

3.4.1

Runoff Calculation Methodology
The NRCS has developed peak discharge methods that classify the land cover and soil
type by a single parameter called the curve number, CN. The NRCS method is used to
estimate peak flows for catchment areas of less than 2,000 acres and curve numbers
greater than 50. The entire catchment area for the City is approximately 1,500 acres and
the curve numbers for each of the catchment areas are greater than 60 (described in
Section 3.2.3). The NRCS peak discharge equation is as follows:
Qp=quAQinFp
Where:
Qp is the peak discharge (cubic feet per second)
qu is the unit peak discharge (cubic feet per square mile per inch of run-off)
A is the drainage or catchment area in square miles
Qin is the run-off in inches
Fp is the pond adjustment factor
If ponds are spread throughout the catchment areas and are not considered in the tc
computation, an adjustment is needed. However in this case no ponds are found within
the delineated catchment areas. Therefore 𝐹𝐹𝑝𝑝 is assumed to equal 1.
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3.4.2

Soil Classifications
The NRCS method requires classification of the soil within the catchment area into
hydrologic soil groups according to their infiltration rates. Soils are assigned to one of
four groups according to the rate of water infiltration when the soils are not protected by
vegetation, are thoroughly wet, and receive precipitation from long-duration storms when
the soil is not frozen. According to the NRCS Soil Survey of Western Kenai Peninsula
Area, Alaska, the Soldotna-area soils fall within Group B. Group B soils have a moderate
rate of water transmission and infiltration when thoroughly wet.

3.4.3

Curve Number
The NRCS curve number is derived by land cover and soil type for any size
homogeneous area. Land cover types include:
•

Impervious (paved roadways, sidewalks, parking lots, driveways, roofs);

•

Barren (considered to be open space in poor condition);

•

Lawn (considered to be open space in good condition); and

•

Forest (woods in good condition)

The curve number values come from the NRCS TR-55 table (reproduced below). A
composite curve number for hydrologic soil group B is then calculated by weighting the
curve number for each land cover area based on its proportion of the total catchment
area.
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Table 6. Curve Numbers by Hydrologic Soil Group
(reproduced from NRCS TR-55)
Curve numbers for hydrologic soil group

Cover description
Open space (lawns, parks,
golf courses, cemeteries,
etc.)
Impervious areas

A

B

C

D

Poor condition (grass cover <50%)

68

79

86

89

Fair condition (grass cover 50 to 75%)

49

69

79

84

Good condition (grass cover >75%)

39

61

74

80

Paved parking lots, roofs, driveways, etc.
(excluding right of way)

98

98

98

98

Paved; curbs and storm sewers (excluding rightof-way)

98

98

98

98

Paved; open ditches
(including right-of-way)

83

89

92

93

Gravel (including right of way)

76

85

89

91

Dirt (including right-of-way)

72

82

87

89

Natural desert landscaping
(pervious area only)

63

77

85

88

Artificial desert landscaping (impervious weed
barrier, desert shrub with 1- to 2-inch sand or
gravel mulch and basin borders)

96

96

96

96

Commercial and business (85% imp.)

89

92

94

95

Industrial (72% imp.)

81

88

91

93

acre or less (town houses)
(65% imp.)

77

85

90

92

Streets and roads

Western desert urban
areas

Urban districts

1⁄8

Residential districts by
average lot size

Woods

3.4.4

1⁄4

acre (38% imp.)

61

75

83

87

1⁄3

acre (30% imp.)

57

72

81

86

1⁄2

acre (25% imp.)

54

70

80

85

1 acre (20% imp.)

51

68

79

84

2 acres (12% imp.)

46

65

77

82

Poor

45

66

77

83

Fair

36

60

73

79

Good

30

55

70

77

Antecedent Conditions and Initial Abstraction
Runoff response varies based on soil moisture and standing water, therefore the runoff
response can be different for two otherwise identical storms. The difference will be in the
amount of rainfall that will be stored before the runoff begins. Runoff occurs when rain
falls on a saturated catchment area that is unable to absorb additional water. In some
cases initial rainfall losses will be negligible if there has been another storm just prior to
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the design storm. Runoff can also occur if a very large amount of rain falls on a dry
catchment area faster than what can be absorbed by the soil. Moist soil conditions are
assumed for the City’s drainage system capacity analysis.
Initial abstraction is the total amount of water intercepted by depressions. The NRCS
method assumes the initial abstraction is equal to 20% of the storage capacity. Storage
capacity is calculated from the curve number.
𝑆𝑆 = 1000�𝐶𝐶𝐶𝐶 − 10

The unit peak discharge, 𝑞𝑞𝑢𝑢 , for each catchment area is determined by using Figure 13
below. The variable P is the precipitation depth in inches for a 24-hour, 10-year event.
The vertical red line in Figure 8 represents the time of concentration, tc, estimated to be
38 minutes or 0.63 hours as discussed in Section 3.3.4.

Figure 13 Unit Peak Discharge (qu) for NRCS Type I Rainfall Distribution

Total runoff (Qin) is calculated using the equation provided in the NRCS method:
𝑄𝑄𝑖𝑖𝑖𝑖 =

(𝑃𝑃 − 0.2𝑆𝑆)2
𝑃𝑃 + 0.8𝑆𝑆

An estimated peak discharge, Qp, is then calculated for each catchment area using the
NCRS peak discharge equation.
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3.4.5

Connected and Unconnected Impervious
An impervious area is considered unconnected if run-off from it flows into a pervious area
as sheet flow before reaching the storm drain inlet. For analysis purposes impervious
areas are assumed to be directly connected to the drainage system. Since the City has
grass-lined ditches which convey run-off during major storm events, this assumption will
tend to result in conservative flow estimates for the catchment areas.

3.4.6

Inlet Conditions
Storm drain inlets can often become clogged or blocked by debris such as trash or
leaves after major storm events. If the inlet is not cleared before the next major storm
event runoff cannot enter the drainage system and could result in flooding. A typical inlet
spacing evaluation during system design considers the effects of 50% of the inlet
opening being obstructed. The City’s drainage system capacity assessment assumes
inlets were designed with sufficient spacing and capacity even with 50%blockage, and
are in good condition.

3.4.7

Cold Weather Considerations
Frozen pipes can restrict or in some cases completely block inflow and increase the
potential for flooding. Freeze protection using insulation or heat tracing may be
necessary under these circumstances. It is possible for a small winter storm to produce
higher runoff than a larger summer storm when the ground is ice covered and additional
flow is created through melting of ice and snow. Due to impermeable frozen ground, runoff can occur quickly in the winter months. Whereas in the summer months, run-off
typically does not occur until the ground becomes saturated. Run-off volumes from a
spring snowmelt event or a rain on snow event can be very large, often the largest
volumes of the year. Increased volumes of sediment may also be directed to the
drainage inlets during spring snowmelt. If the City’s operation and maintenance (O&M)
staff notice a build-up of sediment in the storm drain pipes, pre-treatment facilities
designed for sediment removal may be necessary. Inspection and maintenance during
spring run-off should be a consistent feature of any stormwater management plan.
NRCS specifically states that their peak flow methodology cannot estimate run-off from
snowmelt or rain on frozen ground. Without an industry standard methodology for
calculating these types of run-off, it is very difficult to know what the implications would
be on the modeling results. Therefore, the drainage system capacity assessment ignores
this issue. Additionally the system capacity assessment does not consider reduced
capacity due to O&M problems such as frozen pipes or sediment loading.

3.5

Capacity Analysis
This section discusses the methods used to analyze run-off conveyance into the
drainage system and identify potential conveyance deficiencies. Recommendations
include system monitoring and flow data collection, condition assessment, line cleaning if
necessary, maintaining the hydraulic model, and reviewing Municipality of Anchorage
(Anchorage) stormwater design criteria for applicability to Soldotna’s drainage system to
address potential and current capacity issues.
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3.5.1

System Capacity Modeling Methodology
Analysis of the stormwater system was performed using a hydraulic model developed by
HDR. All of the information for the existing stormwater system came from either GIS
data or record drawings provided by the City. The collection system was modeled using
the InfoSewer modeling software developed by Innovyze. InfoSewer integrates
advanced hydraulic and hydrologic modeling functionality in a GIS-based program used
for planning, design, analysis, and expansion of sanitary, storm and combined sewer
collection systems. InfoSewer performs comprehensive hydraulic calculations of steadystate analysis using various peaking factors.
Precipitation derived runoff rates were calculated for each catchment area using a
spreadsheet and the NRCS peak flow methodology. Runoff from each sub-basin was
assigned to a storm drain pipe manhole or cleanout. When basins were located between
manholes, the upstream manhole or cleanout was chosen.
The InfoSewer model accumulates the load at each node, calculates flow depth and
velocity for the pipe downstream of each loaded node and then sums the loads at
downstream nodes before starting the calculation process again for the next downstream
pipe.
Pump stations were modeled with the pump discharge curves and force main hydraulic
considerations.
The drainage system model evaluated only a steady state flow condition. Under this
condition flow attenuation from storage was not considered. Pump stations were
assumed to be continuously operating creation the maximum downstream flow
conditions at the discharge manhole. Steady state flow is a conservative assumption and
is used to estimate maximum flows in the pipe for the assigned load condition.
Pipes were assumed to be sediment free and not deformed fro circular pipe.
The 2015 and 2035 flows were loaded into the model by catchment area. Runoff
variation between these two years represented changes in land use from development.
Based on engineering judgment and recommended Manning’s n values (roughness)
from the American Society of Civil Engineers Standard Guidelines for the Design of
Urban Storm Sewer Systems, all pipes in the system except for CMP use an n value of
0.013 in the model. The Manning’s n value used for CMP is 0.024.
The hydraulic model is based on simplifying assumptions. For example the model does
not have the ability to determine whether or not the manholes and inlets were designed
with proper spacing and capacity, rather it assumes that each manhole and inlet has
sufficient capacity to handle the allocated peak flow. All pipes were assumed to be clean
and contain no sediment. Additionally, the pump station, located north of Riverside Drive
along the Sterling Highway, is assumed to be properly sized to handle peak flows.

3.5.2

Flow Depth Limits
The maximum depth of flow for the design storm is the evaluation criterion for system
capacity. Flow depth in pipes is typically expressed as a d/D ratio (the depth of flow in a
pipe over the pipe diameter) or as the surcharge height over the pipe crown. Table 7
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shows the d/D capacity criteria and corresponding designation. Maximum theoretical
gravity flow capacity for a pipe typically assumes d/D is equal to 90%.

Table 7. Stormwater Pipe Capacity Designations

3.5.3

Capacity Designation

Numeric Criterion

No Issue

d/D ≤ 0.66

Medium Potential

0.67 ≤ d/D ≤ 0.80

High Potential

0.81 ≤ d/D ≤ 0.99

Over Capacity (Surcharging)

d/D ≥ 1

Capacity Analysis Results
System capacity conditions for 2015 and 2035 were analyzed with InfoSewer. Model
results estimate water depths in each pipe during the peak hour of a 24-hour, 10-year
rainfall event. Using the designations from Table 7, the results identified pipes with
potential capacity issues. The model was then used to perform a GIS based analysis to
understand the causes of capacity issues and prepare capacity management
recommendations. The results of the analysis are described below and presented
graphically in Figure 14.
The results show surcharging pipes and flooding occurs in two areas: the Kenai Spur
Highway and around Wilson Street, Binkley Street, and Kobuk Street. Likely causes of
inadequate capacity are flat pipe slopes and undersized pipes. Some sections of pipe in
these sections have less than 0.3% slope, the minimum slope required by Anchorage’s
drainage design criteria. According to model results, larger diameter smooth pipes could
eliminate several problem areas where pipe slope cannot be adjusted. Any such pipe
replacement project would have to involve further investigation.
If flooding occurs in areas of the City other than what is shown as problem areas on
Figure 14, other factors such as sediment build-up, insufficient inlet capacity, or
undersized pumps may be the cause.
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3.6

Capacity Management Recommendations
Drainage system modeling requires engineering judgment to balance the uncertainties
about system data with interpretation of model results. The model is a good tool for
identifying pipes with potential capacity issues, but CIP decisions should not be based
solely on model results. Pipes with capacity issues should be visually inspected and flow
data collected to calibrate the model. Additionally, the use of low-impact development
can minimize additional inflow and potentially defer pipe replacement projects.
Based on the model results and the capacity analysis methods outlined in this
memorandum, the following recommendations are made:
•

The City should continue to maintain an accurate representation of the
stormwater system in GIS.

•

The City should re-run the model when the next master plan is done or when
significant property development impacts potential stormwater flows.

•

The City should share the model results and coordinate with the State of Alaska
DOT&PF to address potential capacity issues along state owned roads within the
City boundary.

•

The City should share model results with the Airport Advisory Board so that they
can develop drainage management strategies as part of the Airport Master Plan
Update. The expected apron, taxiway, and runway extensions provide an
opportunity to incorporate LID techniques. In addition, the Airport Advisory Board
may want to consider replacing the existing Oil/Grit Separators and open ditch
near Patson Road with green infrastructure if further investigation of these
facilities indicates inadequate water quality treatment.

•

The City should review Anchorage drainage design criteria and adopt those
criteria, which are applicable to the City.

•

The City should implement LID to maximize water quality treatment and defer
capital projects. The Anchorage design criteria require water quality treatment for
the first 0.52 inches of rainfall from a 24-hour event. Installations of bioretention
facilities, infiltration basins, and raingardens have been shown to reduce flows
into stormwater catch basins, mitigate capacity issues, and improve water
quality.
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4

Recommendations

4.1

Policy Recommendations
Soldotna’s Comprehensive Plan, Envision Soldotna 2030, includes natural resource
goals addressing stormwater. While comprehensive plan goals are not regulations,
adoption of the comprehensive plan by the Soldotna City Council indicates the Council’s
support in achieving these goals. That support can be realized by updates to the
municipal code and adoption of more robust design criteria for streets and drainage
projects.
Natural Resource goals 5, 6 and 7 pertain to stormwater, as stated in Envision Soldotna
2030 (PAGE):
Goal 5: Evaluate the existing City stormwater system to identify and prioritize
improvements to stormwater collection, detention and treatment.
Goal 6: Increase stormwater design review standards for all nonresidential or
multi-family residential development.
Goal 7: Use public facility development and operations to model sustainable
design techniques, such as using green areas along roads for stormwater
detention and treatment, maximizing retention of native vegetation, reducing
the impermeable footprint of new development, use of energy-efficient
systems, and maximizing reuse and recycling of materials.
The system capacity model described in Section 3 addresses Goal 5, and in general
Soldotna’s drainage system is functioning well. Goals 6 and 7 can most effectively be
implemented through municipal code revisions and adoption of more robust design
criteria. As described in Section 1.6.2, Soldotna’s municipal code and design criteria are
insufficient to address drainage requirements necessary to reach the goals in the
Envision Soldotna 2030.

4.1.1

Code of Ordinances
A critical element to any municipal code update is to not make property development so
restrictive that it impairs economic growth or shifts development to surrounding areas.
This could be the case if the City implemented system development charges, which
applies to fees to developers connecting to the drainage system, however these
infrastructure development costs should not benefit developers at the cost to the City.
Design criteria and municipal code requirements can address this issue without the use
of system development charges.
Anchorage has recently updated both their municipal code and Design Criteria Manual.
Given the similarity in climate and weather patterns and density and types of
development, it is recommended that the City of Soldotna review Anchorage’s municipal
code for guidance and work to adopt similar ordinances, which apply to Soldotna’s
service area. Since Anchorage is regulated under an Alaska Pollutant Discharge
Elimination System MS4 discharge permit, not all components of the code may apply.
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Title 21.07.040 of Anchorage’s municipal code includes ordinances related to drainage,
stormwater treatment, erosion control and prohibited discharges. Below is a summary of
the contents of the Anchorage Title and is provided in its entirety as Appendix B:
•

Purpose: The purpose of the chapter is to implement principles of drainage
planning, including; not transferring drainage problems from one location to
another; that good drainage design incorporates natural systems; drainage and
stormwater management facilities are design for the sub-arctic climate , ease of
maintenance, long term functionality and safety.

•

Guidance Documents: The chapter directs the municipal engineer to develop and
implement guidance manuals and standards.

•

Emergencies: The chapter provides protocols in the event of an emergency.

•

Drainage: The chapter requires the development of a drainage plan and specifies
its components, including protocols in the event of exposure of subsurface flows.

•

Stormwater treatment and erosion and sediment control: The chapter directs
development of erosion control measures and post-development controls to
protect stormwater quality.

•

Snow storage and disposal: This section addresses seasonal storage and
management of plowed snow from on-site parking lots and other motor vehicle
areas. It requires developments to provide space to accommodate plowed snow,
and also allows alternative and innovate solutions.

•

Prohibited discharges, hazardous sites, violations and penalties and appeals:
These sections of the title include a list of prohibited discharges into the storm
sewer system, criteria on what constitutes a hazardous site, penalties for
violations and appeals procedures.

In addition to Title 21.07.040, Anchorage municipal code includes numerous additional
sections that apply to the management and development of stormwater. Many of these
will not apply to Soldotna, but the municipal code provides a sound template that the City
could use to develop code ordinances to meet the goals specified in Envision Soldotna
2030.

4.1.2

Design Criteria
The City of Soldotna has no adopted design criteria to direct how site and street designs
address stormwater runoff and water quality treatment. Guidance is limited to Section
12.04.030 of the Soldotna municipal code, simply stating the drainage must convey the
10-year event and minimize the amount of paved area. To meet the natural resource
goals in Envision Soldotna 2030, it is recommended that the City investigate more
rigorous design criteria standards to guide developers to use LID approaches to
stormwater treatment.
Anchorage has recently completed a multi-year effort to update their Design Criteria
Manual; Chapter 2 addresses drainage and emphasizes LID approaches for storm water
treatment. In developing the updated design criteria, Anchorage attempts to avoid an
adverse business environment by allowing flexibility in design choices depending on the
site conditions.
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Section 3.2.2 of the Anchorage Drainage Design Criteria Manual presents management
requirements for new development or redevelopment sites. A summary of these
requirements and a list of applicability for each project type are provided in a table,
recreated here as Table 8 and a summary of these requirements follows (Municipality of
Anchorage 2015).
Requirement 1 – Water Quality Treatment
Stormwater management systems must be designed to provide water quality treatment
through the use of Green Infrastructure LID. Treatment must be provided for runoff
generated from the first 0.52 inches of rainfall from a 24-hour rainfall event preceded by
48 hours of no precipitation. Chapter 6 of Anchorage Drainage Design Criteria Manual
includes methods such as retention, infiltration, bioretention, evaporation, rainfall
harvesting, and/or any combination of these techniques.
The Drainage Design Criteria Manual also includes guidance when LID is infeasible due
to site conditions.
Requirement 2 – Extended Detention
Extended detention is intended to protect streams and channels from erosion due to an
increase in post-development flow. Extended detention requires that applicable projects
detain post-development project runoff in excess of the pre-development project runoff
for the 1-year, 24-hour storm for a period of 6 hours.
Requirement 3 -- Conveyance
Conveyance design is required for both small and large projects. Conveyance design is
based on both project area flows and upstream and lateral inflows. If drainage is directed
offsite, it must be directed into an established natural water course of an existing
drainage facility. In cases where municipal drainage systems are not available or if the
designer elects to keep project runoff onsite, the project must keep and manage onsite
runoff generated form the required conveyance design storms.
Requirement 4 – Detention and Peak Flow Control
Site runoff, project flood bypass and downstream impacts must be managed under two
different options. Each of these are designed to protect adjacent properties and natural
water courses depending on the site situation
Requirement 5 – Downstream Impact Analysis
A downstream impact analysis is a hydrologic analysis of the drainage system that is
receiving project discharge. The downstream impact analysis looks at changes in peak
flow magnitude and overtopping duration at critical points downstream and the project
must demonstrate that peak flow control thresholds are not exceeded.
Requirement 6 – Wetland Mitigation
The wetland mitigation requirement is intended to guide the designer in developing
controls that are adequately sized to satisfy conditions in a U.S. Army Corps of
Engineers Section 404 permit, if issued for the project.
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Requirement 7 – Operation and Maintenance Plan
The stormwater management system, including all structural stormwater controls and
conveyances, shall have an operation and maintenance plan to ensure that the system
continues to function as designed.
Requirement 8 – Stormwater Management Report
The stormwater report is to provide details, including narrative, technical information, and
analysis indicating how the proposed development meets Requirements 1 through 6. A
final stormwater management report shall be submitted as part of the application for a
Building Permit, Subdivision Agreement, or Improvement to Public Places Agreement.
Anchorage’s Drainage Design Criteria Manual has yet to be formally adopted by the
Municipal Assembly, and not all of the requirements would be applicable to Soldotna. A
great deal of effort was put into its development, however, and it is recommended that
City departments review the criteria and recommend for adoption those that pertain to
Soldotna’s drainage requirements. This effort should be lead by the City Engineer and
the Public Works Department.
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Table 8 Summary of Municipality of Anchorage Stormwater Standards and Requirements1
Stormwater Management Requirements
Project
Classifications

Water Quality
Treatment

Conveyance

Using Relevant (LID)
Tools form Chapter 6

10-year 24-hour
event

Peak Flow
Control

Downstream
Impact Analysis

Two options to meet these
requirements. Designer can
select preferred option

Project Flood
Bypass

Operation and
Maintenance
Plan

Stormwater
Management
Report

Safe Passage
of the
100-yr event



Exempt Projects
Small Projects
(<10,000 sf of land
disturbance)
Large Projects
(>10,000 sf of land
disturbance)
1Table

Wetland
Mitigation


























3.2.1 of the Anchorage Design Criteria Manual (Municipality of Anchorage 2015)
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5

Capital Improvement Program

5.1

Project Phasing and Priorities
The City of Soldotna uses a CIP as a basis for budgeting the planning, design, and
construction of needed facilities. The projects recommended for the study areas were
combined to create a 20-year list covering the period 2016-2035. These projects form the
Soldotna Drainage System CIP.

5.2

Project Priority Criteria
Soldotna’s drainage system is well maintained and performing as expected, with only a
few problem areas on Wilson Road and at the airport. These problems increase at the
end of the planning period in 2035 along South Binkley Street and South Kobuk Street,
assuming no improvements to the system are performed. Additionally, there are drainage
capacity issues along the state-owned Kenai Spur Highway that, while not under the
City’s jurisdiction, create flooding problems for City residents.
Capital drainage projects are best accomplished concurrently with transportation
improvements, and it is recommended that the drainage projects be included as part of
road projects. Additionally, future capital improvements due to capacity issues may be
deferred with the implementation of LID requirements, which provides detention and
attenuate runoff velocities.

5.3

Capital Improvement Schedule

5.3.1

2016 - 2035 Capital improvement Program
Projects are organized chronologically starting with projects to be built in 2016 and
ending with those projects to be constructed prior to 2035. Estimated costs are also
included. Feasibility studies and master plans represent the lowest level of effort in
developing estimates of cost, and the American Association of Cost Engineers specifies
that these types of planning level cost estimates have an anticipated accuracy of +50%
to -30%.

Contingencies
Cost estimates presented in the 2015 DMP include a 25% contingency added to the
construction cost estimates. This contingency is added to cover many construction
unknowns, such as soil conditions, season of construction, bidding climate, unforeseen
physical conflicts with other utilities, and various incidental costs for labor and materials
not specifically included in the estimated construction quantities.

5.4

Project Recommendations
Recommended projects to address identified system needs and future service are
compiled in Table 9. Table 9 presents the recommended project implementation
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schedule in the years 2016 to 2035. The schedule attempts to tie improvements to
anticipated increases in development and associated increased flow into the drainage
system. Revisions to the planned schedule will be necessary should growth patterns
change.

Table 9. Capital Improvement Recommendations
Project #

Project Name

D1

Wilson Road
Drainage System
Capacity
Improvements

2016

The 24-inch corrugated metal pipe at
Wilson St. surcharges under certain
conditions, likely due to roughness and
a flat slope of ~.03%. Recommended
improvement includes replacing CMP
with smooth-walled HDPE

D2

Airport

2016

Capacity Expansion and treatment
upgrades should be addressed in
airport master plan.

Implementation
Year

Description

Estimated Cost
(2015 Dollars)
$1,431,000

$388,000

In addition to these capital projects, it is recommended that an analysis of the storm drain
system be conducted whenever a road project is undertaken. The analysis would include
a review of the capacity analysis presented in Section 4, a video inspection, and
discussions with City maintenance staff for any known problems. Pipe data should be
cataloged with the other GIS data developed for the drainage system.
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2.2

State Antidegradation Policy
18 AAC 70.015
The following regulation is an excerpt from 18 AAC 70 Alaska Water Quality Standards as
adopted in 1997. This regulation can also be found in 18 AAC 70 as amended in 2003 and
2011.

18 AAC 70.015. Antidegradation policy. (a) It is the state's antidegradation policy that
(1) existing water uses and the level of water quality necessary to protect existing
uses must be maintained and protected;
(2) if the quality of a water exceeds levels necessary to support propagation of
fish, shellfish, and wildlife and recreation in and on the water, that quality must be maintained
and protected unless the department, in its discretion, upon application, and after compliance
with (b) of this section, allows the reduction of water quality for a short-term variance under 18
AAC 70.200, a zone of deposit under 18 AAC 70.210, a mixing zone under 18 AAC 70.240, or
another purpose as authorized in a department permit, certification, or approval; the department
will authorize a reduction in water quality only after the applicant submits evidence in support of
the application and the department finds that
(A) allowing lower water quality is necessary to accommodate important
economic or social development in the area where the water is located;
(B) except as allowed under this subsection, reducing water quality will
not violate the applicable criteria of 18 AAC 70.020 or 18 AAC 70.235 or the whole
effluent toxicity limit in 18 AAC 70.030;
(C) the resulting water quality will be adequate to fully protect existing
uses of the water;
(D) the methods of pollution prevention, control, and treatment found by
the department to be the most effective and reasonable will be applied to all wastes and
other substances to be discharged; and
(E) all wastes and other substances discharged will be treated and
controlled to achieve Register 186,
(i) for new and existing point sources, the highest statutory and
regulatory requirements; and
(ii) for nonpoint sources, all cost-effective and reasonable best
management practices;

2.2

State Antidegradation Policy, 18 AAC 70.015
(3) if a high quality water constitutes an outstanding national resource, such as a
water of a national or state park or wildlife refuge or a water of exceptional recreational or
ecological significance, the quality of that water must be maintained and protected; and
(4) if potential water quality impairment associated with a thermal discharge is
involved, the antidegradation policy described in this section is subject to 33 U.S.C. 1326
(commonly known as sec. 316 of the Clean Water Act).
(b) An applicant for a permit, certification, or approval who seeks to reduce water quality
as described in (a) of this section shall provide to the department all information reasonably
necessary for a decision on the application, including the information and demonstrations
required in (a) of this section and other information that the department finds necessary to meet
the requirements of this section.
(c) An application received under (a) of this section is subject to the public participation
and intergovernmental review procedures applicable to the permit, certification, or approval
sought, including procedures for applications subject to the Alaska Coastal Management
Program in AS 46.40 and 6 AAC 50, and applications subject to 18 AAC 15. If the department
certifies a federal permit, the public participation and intergovernmental review procedures
followed by the federal agency issuing that permit will meet the requirements of this subsection.
(Eff. 11/1/97, Register 143)

Page 2 of 2

City of Soldotna
2015 Soldotna Drainage Master Plan

Appendix B
Municipality of Anchorage Title 21.07.040 –
Drainage, Stormwater Treatment, Erosion Control,
and Prohibited Discharges

City of Soldotna
2015 Soldotna Drainage Master Plan

This page is intentionally left blank.

21.07.040 - Drainage, storm water treatment, erosion control, and prohibited discharges.
A.

Purpose.
1.

2.

Drainage plans and the requirements of this section and the Design Criteria Manual are
intended to implement the following principles of drainage planning:
a.

The design of a drainage system shall not transfer a problem from one location to another.

b.

Adequate space shall be provided for drainage conveyance and storage.

c.

Good drainage design incorporates the effectiveness of the natural systems, rather than
negating, replacing, redirecting, or ignoring them. The features, capacity, and function of
the existing natural system shall be considered and utilized.

d.

Drainage and storm water management facilities shall be designed with ease of
maintenance, long-term function, sub-arctic climate function, protection of public safety,
and accessibility as primary considerations.

Other purposes of this section include:
a.

Regulating development preparation and land-disturbing activity in order to control erosion
and sedimentation and accordingly to prevent water pollution from sedimentation, to
prevent accelerated erosion and sedimentation of lakes and natural watercourses; and to
prevent damage to public and private property by erosion and/or sedimentation during and
after construction;

b.

Regulating storm water discharge to improve the quality of the environment for residents of
the municipality, administer the Municipal Separate Storm Sewer permit, and manage
impacts to the watersheds in the municipality; and

c.

Minimizing point and non-point source pollution into the water bodies of the municipality.

B.

Guidance documents. The municipal engineer shall develop, implement, and maintain various
guidance manuals which shall provide standards and guidelines for this Section 21.07.040. The
Design Criteria Manual and the Storm Water Treatment Plan Review Guidance Manual are
examples of such manuals.

C.

Emergencies. Where site work deviates from approved plans due to an emergency, the municipal
engineer shall be notified on the next business day. Changes to an approved plan shall be submitted
within 14 days to the public works department. For the purposes of this section, an "emergency" is a
situation which would result in an unacceptable hazard to life, a significant loss of property, or an
immediate, unforeseen, and significant economic hardship if corrective action requiring a permit is
not undertaken immediately.

D.

Drainage.
1.

Intent. A drainage plan shall show the post-development drainage patterns of the site.

2.

Applicability. This section applies to all development within the municipality.

3.

Drainage plan required.
a.

Applications for the following entitlements shall include a drainage plan:
i.

A permit from the development services department, for projects that include land
disturbance;

ii.

Subdivision plat (both preliminary and abbreviated plats);

iii.

Site plan review (administrative and major); and

iv.

Conditional use.
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The drainage plan submittal requirement may be waived by the director and the municipal
engineer if both agree that such a plan is not necessary.
The drainage plan shall show the area affected by the application, as well as watercourses,
drainage and water quality easements, appropriate drainage outfall for surface water, roof
drainage, and other impervious surfaces, and any other pertinent information, and shall
address surface and subsurface drainage. The drainage plan shall also indicate impacts, if
any, on adjacent, up-gradient, and down-gradient properties.

c.

An approved drainage plan is required before any site work commences.

4.

Standards. Drainage plans shall comply with the requirements of municipal code and the
guidance of the Design Criteria Manual. Post-development drainage plans shall be designed in
a manner such that there will be no adverse off-site impacts. Any net increase of water volumes
shall be mitigated and/or directed to an adjacent drainage system or receiving water that has
the demonstrated capability to handle the new flows. The municipality may require a dedicated
drainage easement(s) to ensure the drainage is consistent and compatible with surrounding
drainage patterns.

5.

When no permit is required.

6.

E.

b.

a.

In situations where a building or land use permit is not required, all design and construction
activities shall comply with municipal code.

b.

If the municipal engineer reasonably believes that a project is significant in nature or that it
will have negative impacts on surrounding property, water quality, drainage, or the
roadways, the municipal engineer may require submittal of a drainage plan and a full
review of the project. The applicant shall pay the appropriate review fees for the review. If
the project is under construction, the municipal engineer may issue a stop work order until
the project has been reviewed and approved.

c.

If a project has been completed and there are negative impacts on surrounding property,
water quality, drainage, or the roadways, the municipal engineer may pursue enforcement
actions under Chapter 21.13.

Exposure of subsurface flows. If, during site work, unexpected subsurface flows are exposed,
the municipality shall be informed immediately. If the subsurface flow cannot be contained
within the site and has a significant off-site impact, work shall cease immediately and shall not
be resumed until a temporary flow management plan has been submitted to and accepted by
the municipality. In addition, the developer shall amend the drainage plan to address the
exposed flows and potential for glaciation and shall submit it to the municipality and receive
approval before resuming site work other than temporary flow management.

Storm water treatment and erosion and sediment control.
1.

Intent. A storm water treatment plan shall show both the controls put in place during
construction and any needed post-development controls to prevent erosion and protect water
quality.

2.

Applicability. Storm water treatment plan approval is required prior to commencement of land
clearing or ground disturbing activities; the discharge of surface water (including from snow
disposal sites); the construction, alteration, installation, modification, or operation of a storm
water treatment or disposal system; demolition or utility work; connection to the municipal
separate storm sewer system; work in water bodies, wetlands, or watercourses; or dewatering
activities, except as listed in E.4. below. All construction, development, and maintenance
activities shall be in accordance with the approved storm water treatment plan.

3.

Nonconformities. No nonconforming rights are granted for this subsection 21.07.040 E.

4.

Exceptions. A storm water treatment plan shall not be required for the following. An erosion
control plan may still be required if the discharge is so concentrated as to cause soil
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disturbance. The municipal engineer may waive the requirement for a storm water treatment
plan for other activities that, in his or her judgment, will not create erosion or impair water
quality.
a.

Building improvements where no earth is disturbed;

b.

Any earth disturbance that is less than 500 square feet in area;

c.

Agricultural activities (not including site landscaping). Discharges from agricultural activities
are still subject to water quality standards and potential enforcement for illicit discharges to
watercourses or the storm sewer system;

d.

Discharges of the following into the municipal separate storm sewer system:
i.

Uncontaminated water line flushing;

ii.

Residential irrigation water;

iii.

Rising ground waters;

iv.

Uncontaminated ground water infiltration;

v.

Uncontaminated discharges from potable water sources;

vi.

Foundation drains;

vii. Air conditioning condensate;
viii. Springs;
ix.

Uncontaminated water;

x.

Individual residential car washing;

xi.

Flows from riparian habitats and wetlands;

xii. De-chlorinated swimming pool discharges;
xiii. Street wash waters; or
xiv. Flows from emergency fire fighting activity.
5.

Submittal requirements and review procedure. Storm water treatment plans shall be submitted
to the public works department on the form provided. The submittal shall include plans for both
temporary (during construction) and permanent storm water treatment and erosion control, and
any supplementary information required in the user's guide or the Design Criteria Manual.
a.

Storm water treatment plan review guidance manual. The Storm Water Treatment Plan
Review Guidance Manual shall be used to develop, review, and approve storm water
treatment plans. Applicants submitting plans under this subsection shall comply with the
manual regarding plan requirements and reviews, and if necessary shall gather data to
confirm storm water conditions.

b.

Changes to an approved storm water treatment plan. Any changes to permanent storm
water controls from an approved storm water treatment plan require approval by the
municipal engineer. Changes in temporary or construction storm water treatment controls
or best management practices necessary to maintain effective storm water treatment do
not require municipal approval but shall be documented.

c.

New application required. If dewatering, land clearing, construction, alteration, installation,
modification, or operation has not begun within one year after issuance of a storm water
treatment plan approval, the approval is void, and a new application shall be submitted to
the public works department for review and approval.

d.

Project-wide approval. The municipal engineer may issue a project-wide approval to an
applicant who plans to conduct an operation with the same runoff characteristics at various
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discharge locations. He or she may require the submittal of site-specific plans, including a
schedule and description of all planned discharge activities, for approval, and may restrict
that approval to certain proposed discharge activities.
6.

Land clearing. Mechanized land clearing of one acre or greater requires an approved storm
water treatment plan. Until a subsequent use is approved, a temporary native vegetation buffer
shall be retained on the perimeter of the lot being cleared, equal to or greater than the specified
minimum setback required in the zoning district. This buffer shall be at least 15 feet wide on the
perimeter of lots in commercial and industrial zoning districts, except where these are adjacent
to PLI and/or residential zoning districts, where the temporary buffer shall be a minimum of 30
feet wide. Those areas of native vegetation in commercial and industrial zoning districts not
essential to the parcel's development and situated on the perimeter of the site shall be retained
and protected from disturbance as specified in subsection 21.07.080 F.3.

7.

Erosion and sediment control administrator. A qualified erosion and sediment control
administrator, who shall be responsible for the erosion, sedimentation, and best management
practices during construction, shall be identified in each storm water treatment plan submitted
for approval, except for storm water treatment plans for owner-built single- and two-family
dwellings. Evidence of contractual liability shall be provided when requested.

8.

9.

a.

In order to be identified as a qualified administrator, a person shall successfully complete a
training course and associated test for certification from a training program approved by
the public works department.

b.

The qualified administrator shall maintain their certification in active status throughout the
length of the project. In the case where the qualified administrator's certification becomes
expired or revoked, a new qualified person shall be selected to be the erosion and
sediment control administrator and shall be identified on the storm water treatment plan.

Alternate materials, design, and method of construction.
a.

The provisions of this section are not intended to prevent the use of any alternate material,
design, or method of construction not specifically prohibited by this code, provided any
alternate has been approved and its use authorized by the municipal engineer.

b.

The municipal engineer may approve any such alternate, provided that he or she finds that
the proposed design complies with the intent and purpose of this code, and that the
material, method, or work offered is, for the purpose intended, at least the equivalent of
that required in this code in suitability, effectiveness, durability, safety, sanitation, and
degree of structural integrity. The details of any action granting modifications or the
acceptance of a compliance alternative shall be recorded and entered in the public works
department's files.

c.

Whenever there is insufficient evidence of compliance with any of the provisions of this
code or evidence that any material or construction does not conform to the requirements of
this code, the municipal engineer may require tests as proof of compliance to be made at
no expense to the municipality. Test methods shall be as specified by this code or by other
recognized test standards. If there are no recognized and accepted test methods for the
proposed alternative, the municipal engineer shall determine test procedures. All tests shall
be made by an approved agency. Reports of such tests shall be retained by the municipal
engineer for the period required for the retention of public records.

Inspections.
a.

Required inspections. Prior to the commencement of or during land clearing or ground
disturbing activities of one acre or greater, the discharge of surface water, or dewatering
activities subject to this section, an inspection of approved best management practices
associated with the storm water treatment plan shall be conducted. Prior to the issuance of
a certificate of zoning compliance, permanent site controls shall be verified by inspection or
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other means, as determined by the municipal engineer. The owner or contractor of record
is responsible for requesting the required inspections at the appropriate times.
b.

c.

F.

Other inspections authorized.
i.

A municipal official, upon presentation of proper identification, may enter the premises
at reasonable times to inspect or perform duties imposed by this code, for the purpose
of determining whether the owner or operator thereof is in compliance with the specific
requirements of this section. If such premises are unoccupied, the official shall first
make a reasonable effort to locate the owner or other person having charge or control
of the premises and request entry. If entry is refused, any approvals issued under this
section may be immediately suspended until an inspection is conducted, and the
official shall have recourse to the remedies provided by law to secure entry.
Permittees, owners, or operators shall immediately stop all work upon the site being
posted with a stop work order for failure to allow inspection.

ii.

A municipal official may inspect any property or facility suspected as the source of
illicit discharges in violation of 33 USC 1342 (1987) as amended.

iii.

No inspection for which a warrant would be required under the constitution of this
state or the United States may be conducted under this section without the proper
warrant.

Availability and production of plans and records. Approved plans and specifications shall
be available on site for review by municipal inspectors at the time of requested inspections.
At the request of municipal officials and during normal working hours, owners or operators
of facilities, construction sites, premises, or areas shall produce and make available for
inspection or copying all records or information required to be maintained or reported under
the provisions of this section.

Snow storage and disposal.
1.

2.

3.

Intent. This section addresses seasonal storage and management of plowed snow from on-site
parking lots and other motor vehicle areas. It requires developments to provide space to
accommodate plowed snow, and also allows alternative and innovate solutions. This section is
not designed to increase the amount of area already used for snow storage by existing
developed residential and commercial property; instead it is intended to clarify applicable
regulations and encourage thoughtful site planning and snow management with respect to
adjacent property and other requirements of this title. Its objectives are:
a.

Ensure water quality treatment and drainage control of snow melt;

b.

Maintain safe and convenient access and circulation; and

c.

Protect adjacent landscaping, walkways, streets, and property.

Applicability. Except where stated otherwise, all existing and new uses with on-site surface
areas to be plowed for motorized vehicle access or parking shall comply with this section. For
example, this includes surface areas such as parking spaces, circulation and parking aisles,
associated driveways, queuing lanes, emergency vehicle access lanes, loading areas, tractor
trailer areas, and vehicle sales and display areas. The following uses and surfaces are exempt:
a.

Single-family, two-family, three-unit multifamily, townhouse, and mobile home dwellings on
individual lots;

b.

Snow disposal sites subject to subsection 21.05.060 E.8.; and

c.

Ice-free (snow-melting) surfaces and/or covered surfaces.

Operational standards. For all applicable uses (including existing uses and new development):
a.

Plowed snow shall not interfere with required pedestrian or vehicle circulation or sight
distance.
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4.

b.

Snow storage shall not interfere with access to utility equipment or create a hazard around
utility equipment, in accordance with utility tariffs. For example, snow piles shall not be
placed underneath an overhead utility line such that the snow pile reduces clearances to
less than National Electrical Safety Code (NESC) ground clearance requirements.

c.

Plowed snow may be removed to an approved snow disposal site, or shared among
abutting or contiguous lots jointly managed for snow storage and disposal purposes.
Plowed snow shall not be otherwise removed from the property. Snow shall not be moved
to a right-of-way or other public place without a valid right-of-way permit pursuant to Title
24.

d.

Snow piles stored longer than on a 72-hour temporary basis shall not result in direct offsite
drainage such as onto neighboring properties or public rights-of-way, except for snow melt
drainage directed into an approved drainage facility.

e.

Winter trash accumulation from plowed snow shall be removed and paved snow storage
areas swept by June 1 (or as soon as snowmelt conditions permit).

Snow storage areas on new development sites. Developments involving the construction of new
principal buildings, the removal and replacement of existing principal buildings, and/or the
expansion or redevelopment of on-site surface areas to be plowed for motorized vehicle access
and parking shall provide for snow storage and disposal on the site plan, as provided below.
Tenant improvements, renovations, alterations, and enlargements of existing developments are
exempt, except that the addition or expansion of parking lots or other areas for motorized
vehicle parking and access by the greater of either 10 parking spaces or 10 percent of the
existing area shall comply.
a.

If snow will be stored on-site, snow storage areas shall be designated on the site plan as
provided in 4.b. through 4.g. below. If snow will be removed off-site to a snow disposal
facility or another alternative snow management strategy is used as provided in subsection
F.5. below, then the snow storage areas may be reduced or eliminated from the site plan.

b.

For residential uses, an area equal to at least ten percent of the surface area on the site to
be plowed for motorized vehicle parking and access (as identified in subsection F.2.) shall
be designated for snow storage. For nonresidential uses, this area requirement shall be
five percent.

c.

As an alternative to 4.b. above, the applicant shall provide a calculation stamped by a
professional registered with the Alaska State Board of Registration for Architects,
Engineers, and Land Surveyors, that indicates the proposed snow storage and disposal
strategy will be adequate to accommodate the plowed snow in an average snow year,
considering the site plan layout, the amount of surface area to be plowed for motorized
vehicles (as identified in subsection F.2.), and the proposed method(s) of snow storage
and disposal.

d.

Snow storage areas shall be located to comply with the operation standards of subsection
F.3. above, and shall abut the surface area to be plowed.

e.

Snow storage areas shall have a minimum dimension of eight feet to accommodate snow
piling from a plow blade.

f.

The site plan shall not, unless allowed through an administrative site plan review,
designate snow storage areas in required perimeter landscaping, required residential
private open space, or on required trees. Designation of required residential private open
space for snow storage shall be permitted only on the condition that the snow pile and
trash accumulation from plowed snow be removed and the space made usable by May 1.

g.

Snow storage areas shall be planted with ground-cover (such as grass), or paved subject
to subsection 21.07.090 H.12., paving.
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5.

G.

Alternative snow management strategies. Alternative snow management strategies such as
snow melters, underground storage, or removal to an approved snow disposal site, may be
approved by the municipal engineer in lieu of a required snow storage area, subject to the
following:
a.

The owner shall either set aside the area that would otherwise be needed to provide the
required snow storage area on the site, or enter into an agreement with the municipality, in
conformance with the Title 21 User's Guide, which is recorded, runs with the use of the
land, and ensures continuation of the alternative strategy and the future implementation of
contingency measures if such contingency measures are ordered by the municipal
engineer.

b.

Areas to be used for temporary storage of plowed snow awaiting removal or disposal shall
be depicted on the site plan.

c.

The method of treatment and disposal shall comply with subsection F.8. below.

6.

Setbacks. Plowed snow shall be set back from streams, watercourses, wetlands, and water
bodies as specified in Section 21.07.020, and is prohibited within ten feet of storm water outfalls
and discharge points.

7.

Snow melt drainage. Developments shall comply with subsection 21.07.040 D., drainage, to
address drainage of snow melt in areas of the site affected by the development.

8.

Snow melt treatment. Detention and treatment practices and/or facilities for chloride,
particulates, and other pollutants shall be provided prior to discharge of snow melt from a site
sufficient to comply with subsection 21.07.040 E., and shall be subject to review and approval
by the municipal engineer.

Prohibited discharges.
1.

Applicability. This section applies throughout the municipality.

2.

Prohibited discharges or acts. No person shall cause or permit illicit discharges:
a.

Into any waters of the state, or waters of the United States, unless such is first treated in a
manner approved by the federal, state, or other agencies having jurisdiction; or

b.

Into a storm sewer of the municipality, other than pursuant to a dewatering permit, an
approved storm water treatment plan, a national pollutant discharge elimination system
permit, or a permit issued by a local, state, or other agency having jurisdiction. Examples of
discharges that are prohibited include:
i.

Grease, fatty materials, offal, or garbage;

ii.

Sand, sand dust, dirt, gravel, sawdust, metal filings, broken glass, or any material
which may cause or create an obstruction in the sewer;

iii.

Gasoline, benzene, fuel oil, or a petroleum product or volatile liquid;

iv.

Milk or any liquid milk waste product in quantities in excess of ten gallons during any
24-hour period;

v.

Wax, cyanide, phenols, or other chemical or substance that may cause damage to
materials of which the sewer system is constructed; or

vi.

Wastewater, as defined in AMC Section 15.20.010.

For the purposes of this section, "illicit discharges" means pollutants or any materials other than
storm water.
3.

Dumping in watercourses and water bodies. No person shall deposit, dump, abandon, throw,
scatter, or transport solid waste, garbage, rubbish, junk, fill, soil, dirt, snow, ice, vegetation, or
other material in such a manner as to obstruct, impound, or cause siltation of any river, stream,
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creek, watercourse, water body, stream or water body or wetland setback, water quality
easement, storm sewer, ditch, drain, or gutter except as otherwise allowed by valid federal,
state, and other permits or licenses relative to water pollution, water impoundment, or water
quality control.
H.

Hazardous sites.
1.

2.
I.

For the purposes of this section, any site meeting any or all of the conditions and defects
described below shall be deemed to be hazardous, provided that such conditions or defects
exist to the extent that the health of the watershed, the requirements of the municipal separate
storm sewer system permit, or the safety of the public are endangered, as determined by the
municipal engineer.
a.

Any site that causes sediment to be discharged in such a way that it may be delivered
directly or indirectly to the storm sewer or receiving waters;

b.

Any site that causes pollution to be discharged in such a way that they may be delivered to
the watershed;

c.

Any property for which the owner, manager, or tenant fails to install and/or maintain
properly permitted BMPs; or

d.

Any site where actions are causing soil masses to be in danger of sloughing, destabilizing,
failing, or collapsing as a mass wasting event.

All sites which are determined after inspection by the municipal engineer to be a hazardous
shall be abated as determined by the municipal engineer.

Violations and penalties.
1.

2.

Violations.
a.

Any person who violates any provisions of this section shall report such violation to the
project management and engineering department and shall make available any information
or records related to the contents of the substance discharged.

b.

In addition to any other remedy or penalty provided by this title, any person who violates
any provision of this title or regulations adopted there under shall be subject to the civil
penalties or injunctive relief, or both, as provided by AMC subsection 1.45.010 B.

c.

In any action under this section, the municipality, if not a party, may intervene as a matter
of right.

Penalties.
a.

All sites operating without approval under this section may be immediately posted with a
stop work order and shall pay double fees for all required permits or inspections under this
section, as well as any fines which may be assessed. In addition to any other remedy
permitted by law, fines may be assessed for failure to have a permit or approved plan,
failure to allow inspections, or failure to obey a properly issued stop work order. Violators of
this section may also be charged $1,000.00 per day until the violation(s) is corrected.

b.

Any person who negligently or intentionally permits or causes a discharge in violation of
this section shall, upon conviction, be subject to a civil fine penalty of $5,000.00 to
$10,000.00 per day, or injunctive relief to cease the violation, or both. In addition to any
fine assessed under this section, any person who violates any provision of this section or
any rule or regulation adopted pursuant to this section shall be subject to a further civil
penalty of up to double the cleanup and remediation costs incurred as a result of the
violation.

c.

Any person who permits or causes a discharge in violation of this section shall be strictly
liable, regardless of intent, for the full amount of any fines or other liquidated penalties
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incurred by the municipality for any violations of federal law which are caused by the
discharge.
d.
J.

No certificate of zoning compliance shall be issued until all fines levied under this section
have been paid.

Appeals.
1.

Appeals of orders, decisions, or determinations made by the municipal engineer shall be heard
by the zoning board of examiners and appeals, pursuant to subsection 21.03.050 B.

2.

The zoning board of examiners and appeals shall have no authority over the interpretation of
the administrative provisions of this section, nor shall the board be empowered to waive
requirements of this section.

(AO 2012-124(S), 2-26-13)
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