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6.  FLOODING PROBLEMS 

6.1 Modeling and Analysis 
Computer modeling was used to identify flooding problems and fish barriers on Ball, Horsehaven, 
and Fennel creeks.  Fennel Creek had an existing model that was created by others for Federal 
Emergency Management Agency (FEMA) floodplain mapping.  Models for Ball and Horsehaven 
creeks were created for this Mid-Puyallup Basin Plan.  These models were used to identify 
problems and formulate conceptual solutions.  Problem descriptions, specific analysis used, and 
recommended conceptual solutions follow the modeling discussion.  Specific capital 
improvement project (CIP) recommendations are presented in Chapter 9. 

Computer modeling was determined to be unnecessary for Van Ogles Creek and Canyon Falls 
Creek because each creek has only one public culvert to consider for replacement.  Van Ogles 
Creek has a series of private culverts, some of which are potential fish barriers that were analyzed 
with simpler methods.  The culverts along Van Ogles and Canyon Falls creeks are included in this 
chapter for completeness.  Chapter 8 of this Basin Plan provides a complete discussion of the 
analysis of these culverts. 

6.1.1 Hydrologic Modeling 
The hydrologic analysis for the Mid-Puyallup Basin was performed using the “Hydrologic 
Simulation Program–FORTRAN” (HSPF) model.  This model was selected because it uses 
historical rainfall records to generate a long-term series of stormwater flows and is suitable for 
addressing issues related to the cumulative impacts of development on water resources.  Using 
long-term modeling is particularly important in the Puget Sound region where flooding often is 
caused by a series of smaller storms that occur back-to-back rather than by a single event.   

Developing the HSPF model involved delineating the subbasins, analyzing land use (both 
discussed in Chapter 4), preparing rainfall and other meteorological data, conducting hydraulic 
system analysis, and performing statistical analyses.  Precipitation used in the HSPF model was a 
158-year synthetic time series.  The time series was developed to better estimate the magnitude of 
peak flows beyond the range of one individual station.  Precipitation records from Vancouver, 
B.C.; Seattle, Washington; and Salem, Oregon, were linked into a single, 158-year record with 
15-minute intervals. 

The HSPF model computes the water balance every 15 minutes as runoff is routed through the 
stream channel system.  To make sure that the amount and timing of simulated stream flow 
accurately represents actual stream conditions, the model was calibrated using recorded stream 
flow.  The accuracy of the model is judged by comparing the model’s simulated stream flow with 
the recorded stream flow. 

The Mid-Puyallup HSPF model results were compared with the recorded stream flow at the 
Pierce County gauge on the main stem of Horsehaven Creek upstream of the culvert crossing 
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under 188th Street East.  Recorded stream flow data for the period of December 2001 through 
January 2003 were used to evaluate the model’s ability to accurately simulate Horsehaven Creek 
stream flow.  The stream flow gauge contained two data gaps as well as a sinusoidal fluctuation in 
the data recordings.  For calibration purposes, the data gaps were not simulated and the sinusoidal 
fluctuation was removed by assuming an average daily stream flow. 

The simulated flows match the recorded flows well.  A few simulated peak flows vary from the 
observed values.  The differences are probably due to the special variability in precipitation 
between the Des Moines gauge site and the location of Horsehaven Creek.  Base flows match well 
throughout the calibration period.  A lag is apparent in the observed flows and the differences are 
likely due to attenuation in wetlands along the stream corridor. 

Long-term (158-year) stream flow simulations were made for current and future land use 
conditions using the calibrated model.  These long-term simulations were used to compute flood 
frequency and to evaluate potential stream flow problems in the watershed.  Table 6-1 shows the 
results of the flood frequency analysis for each stream reach. 

6.1.2 Hydraulic Modeling 
Ball Creek and Horsehaven Creek were modeled using the HEC-RAS model.  The HEC-RAS 
model was selected to analyze these systems because it is a backwater model specifically 
designed to simulate the hydraulics of open-channel systems.  As a result, it contains many 
options that are useful in the analysis of open channels that other programs do not include.  For 
example, HEC-RAS has options for simulating flow through a wide variety of culvert types and 
also accounts for contraction, expansion, and energy losses through culverts better than many 
other programs.  The HEC-RAS model developed for the reach of Horsehaven Creek extends 
from 162nd Avenue East to the confluence of the Puyallup River.  The HEC-RAS model 
developed for the reach of Ball Creek extends from Military Road to the confluence of the 
Puyallup River. 

Development of a HEC-RAS model requires flow data and geometric data such as surveyed 
cross-sections, in-stream and over bank n-values (Manning's coefficients), and information on 
each bridge, culvert, or other hydraulic structure in the study area.  Cross-sections were developed 
from 2-foot contours that were provided by the County.  Cross-sections were located along Ball 
and Horsehaven creeks where specific hydraulic and hydrologic data are needed, at representative 
areas of a channel reach, and where there may be significant changes in hydraulic and/or 
hydrologic characteristics over short distances, such as changes in geometry, slope, roughness, or 
discharge.  Because of the limitations of 2-foot contours to define streams of this size, each cross-
section was modified to include a thalweg from an assumed typical channel.  The typical channel 
was developed using field observations and photographs of both Horsehaven and Ball creeks. 
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Table 6-1 
HSPF Modeled Peak Flow Frequencies for Mid-Puyallup Basin 

Peak Flow (cfs) 

2-year     10-year 25-year 50-year 100-year
Subbasin 

Reach 

Total 
Drainage 
(acres) Existing Future %Increase Existing Future % Increase Existing Future % Increase Existing Future % Increase Existing Future % Increase

Ball Creek 
BC-2                 48.9 10.0 10.6 6.6 12.8 16.0 25.1 15.5 21.0 35.2 18.3 26.2 43.0 22.0 33.1 50.8
BC-1                 1155.3 9.4 10.3 9.0 12.4 15.6 26.3 15.1 20.6 35.9 17.9 25.6 43.4 21.4 32.3 51.0

Fennel Creek 
0-0.68 mi                 8320.0 n/a n/a n/a 473.0 694.0 46.7 n/a n/a n/a 642.0 894.0 39.3 720.0 980.0 36.1

0.68-2.02 mi 8192.0             n/a n/a n/a 484.0 712.0 47.1 n/a n/a n/a 647.0 914.0 41.3 719.0 1000.0 39.1
2.02-3.78 mi                 7808.0 n/a n/a n/a 476.0 701.0 47.3 n/a n/a n/a 630.0 893.0 41.7 698.0 975.0 39.7
3.78-5.41 mi                 5120.0 n/a n/a n/a 340.0 431.0 26.8 n/a n/a n/a 459.0 565.0 23.1 512.0 624.0 21.9
5.41-HW mi                 3264.0 n/a n/a n/a 247.0 323.0 30.8 n/a n/a n/a 322.0 404.0 25.5 353.0 437.0 23.8

Horsehaven Creek 
HH-1                 508.3 18.4 57.3 211.2 25.6 90.8 255.0 34.3 110.7 222.2 38.9 126.9 225.8 43.8 144.3 229.6
*HH-2              188.2 97.9 161.3 64.8 141.3 188.1 33.1 163.1 194.8 19.4 179.4 198.2 10.5 195.8 200.8 2.6
HH-3                 706.7 62.1 128.1 106.5 89.3 181.9 103.7 103.3 209.0 102.4 113.8 229.3 101.4 124.6 249.7 100.5
HH-6                 1825.6 40.0 97.4 143.6 56.3 137.1 143.6 64.7 157.1 142.6 71.2 172.1 141.8 77.8 187.2 140.8
HH-4                453.4 44.0 45.8 4.3 65.7 68.8 4.7 78.2 82.0 4.8 88.3 92.5 4.8 99.0 103.7 4.8

HH-5b                302.3 48.1 50.5 5.1 70.6 74.3 5.3 83.0 87.4 5.4 92.7 97.7 5.4 102.9 108.5 5.5
HH-5a                 1005.0 35.5 37.3 5.1 53.4 56.2 5.2 63.6 66.9 5.3 71.7 75.5 5.4 80.2 84.6 5.4
HH-5c                 238.7 5.8 6.0 3.8 8.2 8.5 3.9 9.5 9.9 3.9 10.5 10.9 3.8 11.5 11.9 3.8
HH-7                 1213.2 32.1 35.1 9.3 46.1 50.5 9.5 53.3 58.5 9.7 58.8 64.6 9.8 64.4 70.8 9.9

cfs = cubic feet per second 

* lowest reach
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There is a total of 11 culverts along Ball Creek and 14 along Horsehaven Creek.  In some cases, 
such as privately owned culverts, information about the size and structure of the culvert was not 
available and therefore these culverts could not be included in the model.  The models include 
eight culverts on Ball Creek and seven on Horsehaven Creek, which encompasses all major road 
culverts along these streams.  Descriptions of these culverts are presented in Table 6-2, which 
shows information on each culvert on the Mid-Puyallup tributaries.  Figure 6-1, Tributary 
Culverts, shows the locations of these culverts.  Most of the data were provided by the Pierce 
Conservation District fish passage inventory.  These data were entered into the HEC-RAS model 
to configure the geometric components of the channel.  Culvert and roadway information was 
input into the HEC-RAS model for each major structure in the study reach.  Culvert inlet and 
outlet conditions and channel roughness were checked during the subbasin reconnaissance. 

After the initial setup of the HEC-RAS models, a flow range was input into the HEC-RAS model 
to develop FTABLEs for use in the HSPF model.  FTABLEs are used by HSPF to describe the 
stage-area-storage-discharge relationship of any given drainage.  Because HSPF does not do 
backwater calculations, the FTABLE values used for Ball and Horsehaven creeks were generated 
with additional information from: 

• GIS data provided by Pierce County 

• Culvert data provided by the Conservation District used in conjunction with HEC-RAS 

• Manning’s equation for channels and culverts 

Results from the hydrologic analyses were then input into the HEC-RAS model to simulate water 
surface profiles and water velocities for the 2-, 10-, 25-, and 100-year events for existing and 
future land use conditions.  These results are shown in Table 6-3 and Table 6-4.  A discussion of 
the flood frequencies of each modeled culvert may be found in Section 6.3.1 along with 
recommendations for replacements. 
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Table 6-2 
Culverts on Mid-Puyallup Tributaries 

Culvert # 

Conservation 
District 

Inventory #  Location Ownership Culvert Size Notesa Modeled 
Ball Creek 

BC2-C01  
   

n/a
Private road culvert  
(15725 106th Street E) Private 

n/a Not Accessible No

BC2-C02  
   

n/a
Private road culvert 
(15725 106th Street E) Private 

n/a Not Accessible No

BC2-C03  
   

n/a
Private road culvert 
(15725 106th Street E) Private 

n/a Not Accessible No

BC2-C04  R051720a
Footpath culvert 
(15507 106th Street E) Private 

24-inch dia, 16-foot long, PCC Level B fish barrier b Yes 

BC2-C05  R051721a
Footpath culvert 
(15419 106th Street E) Private 

Twin 24-inch dia, 11-foot long, 
CMP 

Fish barrier Yes 

BC2-C06  R051216b
Pond outlet culvert 
(15405 106th Street E) Private 

36-inch dia, 11-foot long, CMP Not a fish barrier Yes 

BC1-C07 R051216c 106th Street E culvert Public 36-inch dia, 31-foot long, PCC Reported flooding, and fish 
barrier 

Yes 

BC1-C08 R051215a Pioneer Way culvert Public 18-inch dia, 58-foot long, CMP 
24-inch dia, 59-foot long, CPC 

Fish barrier Yes 

BC1-C09  R051217a
Access road (to Steel 
mfg) culvert Public 

Twin 18-inch, 38-foot long, CMP Fish barrier Yes 

BC1-C10  R051218a
Private road culvert 
(14311 Military Road) Private 

36-inch dia, 39-foot long, CMP Reported flooding, not a fish 
barrier 

Yes 

BC1-C11  R051216a
Military Road (west of 
SR 162) culvert Public 42-inch dia, 63-foot long, PCC Level B fish barrier b Yes 

6-5 
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Table 6-3B-CONTINUED 
Water Surface Elevations from HEC-RAS Models for Existing Conditions and 

Future Land Use with Proposed Culverts 

Flood Frequency Culvert Sizes 
Culvert ID/  
Location 

Roadway  
Elevationa

Existing Future Existing Future 

FC3-BRG02 500.26 (502) 10-year 100-year Bridge; 12-foot open width by 4-foot high raise road 2 feet and widen bridge opening 8-feet 

HH1-C01 154.5 >100-year >100-year Twin 42-inch dia, 20-foot long, PCC 12-foot span by 5-foot rise, 20 feet long box culvert 

HH4-C03 163.3 10-year >100-year 42-inch dia, 20-foot long, PCC 12-foot span by 3.5-foot rise, 20 feet long box 
culvert 

HH4-C04   168.3 >100-year >100-year 54-inch dia, 45-foot long, PCC 
48-inch dia, 45-foot long, CMP 

12-foot span by 3.5-foot rise, 45 feet long box 
culvert 

HH4-C05 171 50-year 100-year Twin 36-inch dia, 39-foot long, PCC 6-foot dia CMP with low flow baffles, 39 feet long 

HH5-C07 185.5 10-year >100-year Twin 36-inch dia, 34-foot long, PCC 12-foot span by 5-foot rise, 34 feet long box culvert 

HH5-C09 196 >100-year >100-year 5-foot span by 4-foot rise, 46-foot long CPC box 12-foot span by 4-foot rise, 46 feel long box culvert 

HH5-C10 198 >100-year >100-year 36-inch dia, 38-foot long, PCC 8-foot span by 4-foot rise, 38 feet long box culvert 
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Table 6-4 
Water Velocities from HEC-RAS Models for Existing Conditions and Future Land Use 

2-year 
Flow Velocity 

(ft/sec) 

10-year 
Flow Velocity 

(ft/sec) 

25-year 
Flow Velocity 

(ft/sec) 

50-year 
Flow Velocity 

(ft/sec) 

100-year 
Flow Velocity 

(ft/sec) Culvert ID/ 
Location Existing Future     Existing Future Existing Future Existing Future Existing Future

BC2-C04 3.6 1.2       3.8 1.4 4.0 1.5 4.1 1.6 4.3 1.9
BC2-C05           1.4 4.3 1.2 4.8 1.1 5.2 1.0 5.5 0.8 5.8
BC2-C06           1.3 3.1 1.4 3.5 2.5 3.8 3.0 4.1 2.3 4.4
BC1-C07           0.4 0.5 0.3 0.6 0.3 0.7 0.4 0.8 0.4 1.0
BC1-C08           0.9 3.9 1.0 4.3 1.0 4.6 1.1 3.3 1.2 3.6
BC1-C09           0.8 0.8 0.8 0.0 0.9 3.4 0.9 3.7 0.9 3.9
BC1-C10           0.5 1.9 0.6 2.5 0.7 2.1 0.7 2.7 0.8 4.1
BC1-C11           2.7 1.8 3.1 2.3 3.4 2.8 3.7 3.2 4.0 3.6
FC1-BRG01      n/a n/a 3.6 n/a n/a n/a 3.2 n/a 3.3 1.4 
FC1-C01      n/a n/a 8.3 n/a n/a n/a 8.0 n/a 7.7 6.4 
FC1-C02      n/a n/a 9.5 n/a n/a n/a 10.5 n/a 10.9 11.7 
FC2-C03      n/a n/a 5.2 n/a n/a n/a 5.8 n/a 6.0 1.1 
FC3-BRG02      n/a n/a 0.4 n/a n/a n/a 0.4 n/a 0.4 0.4 
HH1-C01 2.0          2.1 2.4 2.5 2.6 2.6 2.7 2.7 2.8 2.9
HH4-C03 2.2          1.9 0.4 2.5 0.5 2.7 0.5 2.9 0.5 3.1
HH4-C04 1.3          1.9 1.5 2.3 1.6 2.5 1.7 2.6 0.4 2.7
HH4-C05 1.9          1.9 2.1 2.1 2.2 2.2 1.6 1.7 1.8 1.8
HH5-C07 1.7          2.5 0.6 2.8 0.7 3.0 0.7 3.1 0.8 3.2
HH5-C09 3.0          3.1 3.7 3.8 4.0 4.1 4.2 4.3 4.4 4.5
HH5-C10 2.1          2.6 2.4 3.0 2.8 3.2 3.0 3.3 3.3 3.5
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6.2 Flood and Drainage Problems within the Basin 
The Mid-Puyallup Basin has been primarily an agricultural area for the last century.  In recent 
years, the Basin has begun to see rapid changes toward residential development.  Several areas of 
the Basin have closed depressions, and development in these poorly drained areas has increased 
the number of flooding issues in the Basin.  This chapter discusses these flooding problems and 
others along with suggested conceptual solutions for resolving them.  None of the flooding 
problems identified in the Mid-Puyallup Basin impact critical facilities that serve the Basin.   

To develop solutions, the 31 flooding problems identified in “Phase 1” of the Mid-Puyallup Basin 
Plan were divided into four categories: 

• Problems requiring CIPs and other projects that will require significant effort 

• Problems that can be addressed by small works projects (estimated cost of up to $25,000) 

• Problems on private property (and therefore not the responsibility of Pierce County) 

• Problems that are believed to be resolved and require no further action 

Table 6-5 lists problems that have been resolved or were found to occur on private property.  
Figure 6-2, Drainage Investigation Sites, shows the drainage investigation sites for the Mid-
Puyallup Basin.  The remaining sections of this chapter focus on recommended CIP projects and 
small works projects.   

6.2.1 Problem Identification Codes  
Each problem was assigned a problem identification code.  These codes consist of a series of 
codes that describe the type of problem.  For example BC2-RST01 is a problem in subbasin BC2, 
it is a restoration problem (RST) and it is the first (01) of this problem type in this tributary basin. 

 

Subbasin Project Type 
Project Order 

Number 
BC2 RST 01 

 

Subbasin:  The reach or subbasin identified within the Basin Plan. 
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Project Type: General category that best fits the project activities.  They include: 

AC Acquisition IP Infiltration Pond  
C Culvert RST Restoration 
DP Detention Pond BRG Bridge  
RF Road Flooding REG Regulatory  
ST Study RP Regional Pond 
WL Wetland ENF Enforcement 
EDU Education  RP Retention Pond 
RD Raised Road WQ Water Quality  

 

Table 6-5 
Resolved Flooding Problems and Problems on Private Property 

Resolved 
Problems 

BC1-C10 Hydraulic modeling shows no flooding at this site. 
FC4-RF02 Flooding along Entwhistle Road – resolved by improving the conveyance 

system with ditches and catch basins. 
FC8-DP02 Pond overtopping at 112th St E and 203rd Ave E – resolved by completion 

of upstream pond. 
D9-RF04 14400 Block of 134th Ave E – resolved by increasing the storage volume 

of nearby pond.  
D9-RF05 Poor drainage near 145th Ave E – resolved by an underground infiltration 

gallery. 
P2-RF01 Brighton Park Development – the pooling of water in this cul-de-sac is by 

design. 
Private 
Property 
Issues 

BC2-C04 15507 106th Street E – Ball Creek culvert floods at a 50-year event. 
BC2-C06 15405 106th Street E – Ball Creek culvert floods at a 25-year event. 
BC1-DP01 13121 127th Ave Ct E – Decorative pond overtops.   
FC1-AC01 11122 McCutcheon Road – Property flooding, the County would consider 

buying the property if the owner consents and funding is available. 
FC8-RF03 11818 193rd Avenue E – Private road floods but no property damage 

occurs. 
HH4-C03 14616 176th Street E – Horsehaven culvert floods at a 10-year event. 
HH4-C04 17916 150th Avenue E – Horsehaven culvert floods at a 100-year event. 
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6.3 Flooding Problems and Conceptual Solutions 
The following drainage problems require capital improvement projects (CIPs) or some other 
significant effort to be resolved.  Each problem is described briefly in Section 6.3.1 through 
Section 6.3.14 along with a summary of the analytical approach and recommended conceptual 
solution.  Low Impact Development (LID) techniques are suggested at many of the sites that 
could accommodate this approach.  LID is a recommended programmatic approach to reducing 
development impacts on hydrology and thereby reducing flooding.  Chapter 9 discusses LID 
techniques. 

Fish passable culverts designed as specified in the 1999 Washington State Department of Fish and 
Wildlife (WDFW) Fish Passage Design at Road Culverts Manual typically exceed the capacity 
necessary for flood flows.  Therefore, to design the appropriate culvert replacements, we first 
used the WDFW fish passage criteria and then ensured adequate flow capacity with available 
models or other computational methods.  All culvert replacements in streams that support fish will 
need to comply with fish passage and habitat restoration requirements. 

6.3.1 Culvert Flooding as Shown in Hydraulic Modeling 
Problem Description 

Some culverts along the Basin tributaries were reported by residents for flooding problems, other 
culverts are known to be fish barriers (see Chapter 8 for a full discussion of fish barriers and habitat 
problems).  To determine which culverts posed flooding problems within the Basin, hydrologic and 
hydraulic models were developed for Ball Creek and Horsehaven Creek to determine flood 
frequencies for the culverts on these creeks.  A model developed by others for FEMA flood mapping 
was used to determine flood frequencies for the Fennel Creek culverts. 

Analytical Approach 

Flood frequencies for the culverts on Ball, Horsehaven, and Fennel creeks were determined using a 
HEC-RAS hydraulic model with input from an HSPF hydrologic model as discussed in Section 
6.1.  Sizes for replacement culverts were determined with the stream simulation method described 
in the WDFW Fish Passage Design at Road Crossings Manual.  This method uses channel width as 
the primary factor in determining culvert size.  Since both Ball Creek and Horsehaven Creek are 
relatively short streams, it was assumed that there is little change in width downstream to upstream 
along the channel.  Therefore, a single mean channel width was used for the entire length of each 
stream.  A 9-foot width was used for Horsehaven Creek and an 8-foot width for Ball Creek, which 
both result in a standard culvert width of 12 feet for all crossings. 
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Conceptual Solution 

Culverts that show flooding only at events greater than the 100-year event do not need to be 
replaced (see Table 6-6 for flood frequencies).  Several of the culverts flood at intervals less than 
100 years and proposals for CIP replacements are described in Chapter 9.  Culverts that should be 
replaced on the basis of fish passage are discussed in Chapter 8 with CIP recommendations 
provided in Chapter 9.  

Only culverts on public property that flood at the 100-year return interval or less are proposed for 
replacement.  Some culverts on private property have been included in the models for accuracy.  
Some private property culverts are recommended for replacement if they impact fish passage 
downstream of public culverts that are to be replaced.  An example of this is on Ball Creek where 
there are several privately owned culverts below 106th Street East that would block fish passage 
to this culvert project.  In these cases, culvert replacements on private properties will be referred 
to the Conservation District for implementation.  Private culverts in this category are identified in 
Table 6-6. 

Box culverts are recommended for all replacements so that every culvert will be fish passable.  
The limited height between the streambed elevation and the surface of the roadway or crossing, in 
most cases, make box culverts the only option for providing enough width to accommodate fish.  
Therefore box culverts are recommended, which will provide adequate width for fish passage yet 
will not elevate the ground surface above the culvert.   

Table 6-6 summarizes analytical results for all culverts and the recommended solutions.  All 
culverts are listed in this table for completeness, with discussions of the fish barrier culverts 
presented in Chapter 8. 

6.3.2 Neighborhood Flooding along Pioneer Way (A1-RF01) 
Problem Description 

Water ponds at the side of the road along Pioneer Way from 142nd Avenue Court East to the 
BNSF railroad crossing but does not go over the roadway.  There are no roadside ditches at this 
location.  Runoff pools in low spots and infiltrates.  This is a potential site for using LID 
techniques since relatively minor ponding currently infiltrates. 

Analytical Approach 

The Pierce County drainage inventory was used to locate existing drainage pathways.  Field visits 
were made to evaluate options on site.   
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Table 6-6 
Recommended Replacements for Tributary Culverts 

Culvert # Location Ownership Existing Culvert Size 
Flood 

Frequency 
Recommended 
Replacement CIP # 

Ball Creek 

BC2-C01 Private road culvert  
(15725 106th Street E) Private  Not accessible N/A Fish-passable replacement: 

48-inch dia, CMP 
CIP-23-BC2-
C01.06 

BC2-C02 Private road culvert 
(15725 106th Street E) Private  Not accessible N/A Fish-passable replacement: 

48-inch dia, CMP 
CIP-23-BC2-
C01.06 

BC2-C03 Private road culvert 
(15725 106th Street E) Private  Not accessible N/A Fish-passable replacement: 

48-inch dia, CMP 
CIP-23-BC2-
C01.06 

BC2-C04 Footpath culvert 
(15507 106th Street E) Private 24-inch dia, 16-foot long, PCC 50-year 

Flooding replacement: 
12-foot span by 5-foot rise, 
16 feet long box culvert 

CIP-23-BC2-
C01.06 

BC2-C05 Footpath culvert 
(15419 106th Street E) Private Twin 24-inch dia, 

11-foot long, CMP > 100-year Fish-passable replacement: 
pedestrian bridge 

CIP-23-BC2-
C01.06 

BC2-C06 Pond outlet culvert 
(15405 106th Street E) Private 36-inch dia, 11-foot long, CMP 25-year 

Flooding replacement: 
12-foot span by 5-foot rise, 
11 feet long box culvert 

CIP-23-BC2-
C01.06 

BC1-C07 106th Street E culvert Public 36-inch dia, 31-foot long, PCC 25-year 
Flooding replacement: 
12-foot span by 5-foot rise, 
31 feet long box culvert 

CIP-23-BC1-
C07 

BC1-C08 Pioneer Way culvert Public 18-inch dia, 58-foot long, CMP 
24-inch dia, 59-foot long, CPC > 100-year 

Fish-passable replacement: 
12-foot span by 5-foot rise, 
60 feet long box culvert 

CIP-23-BC1-
C08 

BC1-C09 Access road (to Steel 
mpg) culvert Public Twin 18-inch, 38-foot long, CMP 10-year 

Flooding Replacement: 
12-foot span by 5-foot rise, 
38 feet long box culvert 

CIP-23-BC1-
C09 
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Table 6-6 (Continued) 
Culverts on Modeled Tributaries 

Culvert # Location Ownership Existing Culvert Size 
Flood 

Frequency 
Recommended 
Replacement CIP # 

BC1-C10 Private road culvert 
(14311 Military Road) Private 36-inch dia, 39-foot long, CMP > 100-year No action No CIP 

BC1-C11 Military Road (west of 
SR 162) culvert Public 42-inch dia, 63-foot long, PCC > 100-year 

Fish-passable Replacement: 
12-foot span by 5-foot rise, 
63 feet long box culvert 

CIP-23-BC1-
C11 

Horsehaven Creek 

HH1-C01 168th Street E culvert Public Twin 42-inch dia, 20-foot long, 
PCC > 100-year No action No CIP 

HH1-C02 Backyard access culvert 
(17310 146th Avenue E) Private Triple 24-inch dia, unknown 

length, PCC N/A No action No CIP 

HH4-C03 Footpath culvert 
(14616 176th Street E) Private 42-inch dia, 20-foot long, PCC 10-year No action  

No CIP 

HH4-C04 Private road culvert 
(17916 150th Avenue E) Private 54-inch dia, 45-foot long, PCC 

48-inch dia, 45-foot long, CMP 100-year Fish barrier.  Will be referred 
to PCCD for implementation 

 
No CIP 

HH4-C05 150th Avenue E culvert Public Twin 36-inch dia, 39-foot long, 
PCC 50-year 

Flooding Replacement: 
6-foot dia CMP with low flow 
baffles, 39 feet long 

CIP-23-HH4-
CUL05 

HH4-C06 Weir 
(18213 150th Avenue E) Private Broad crested weir N/A Fish Barrier.  Will be referred 

to PCCD implementation No CIP 

HH5-C07 188th Street E culvert Public Twin 36-inch dia, 34-foot long, 
PCC 10-year 

Flooding Replacement: 
12-foot span by 5-foot rise, 
34 feet long box culvert 

CIP-23-HH5-
C07 
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Table 6-6 (Continued) 
Culverts on Modeled Tributaries 

Culvert # Location Ownership Existing Culvert Size 
Flood 

Frequency 
Recommended 
Replacement CIP # 

HH5-C08 Private road culvert 
(15418 188th Street E) Private 3-foot dia, CMP  N/A 

Will be referred to PCCD for 
determination and 
implementation 

No CIP 

HH5-C09 Orting-Kapowsin Hwy 
culvert Public 5-foot span by 4-foot rise, 46-

foot long CPC box > 100-year No action No CIP 

HH5-C10 
Driveway culvert 
(19320 Orting-Kapowsin 
Hwy) 

Private 36-inch dia, 38-foot long, PCC 10-year Fish barrier.  Referred to 
PCCD for implementation. No CIP 

HH5-C11 
Driveway culvert 
(19318 Orting-Kapowsin 
Hwy) 

Private 7-foot span by 5-foot rise, 19-
foot long CMP arch N/A No action No CIP 

HH5-C12 
Driveway culvert 
(19318 Orting-Kapowsin 
Hwy) 

Private 7-foot span by 5-foot rise, 18-
foot long CMP arch N/A No action No CIP 

HH5-C13 Footpath culvert 
(19604 162nd Avenue E) Private 24-inch dia, 48-foot long, PCC N/A Fish barrier.  Referred to 

PCCD for implementation. No CIP 

HH5-C14 162nd Avenue E culvert Public 24-inch dia, 21-foot long, 
HDPE N/A No action No CIP 

Fennel Creek 

FC1-
BRG01 

McCutcheon Road 
bridge Public Bridge; 25-foot open width by 

2-foot high 10-year 

Flooding replacement: 
Raise the roadway 2 feet, 
and bridge low chord 1 foot, 
install high-flow conveyance 
alongside the bridge 

CIP-23-FC1-
BRG01 

FC1-C01 Rhodes Lake Road 
culvert Public 8-foot span by 6-foot rise, 120-

foot long CPC box > 100-year No action No CIP 
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Table 6-6 (Continued) 
Culverts on Modeled Tributaries 

Culvert # Location Ownership Existing Culvert Size 
Flood 

Frequency 
Recommended 
Replacement CIP # 

FC1-C02 State Route 410 culvert Public Twin 6-foot span by 6-foot rise, 
100-foot long CPC box > 100-year No action No CIP 

FC2-C03 State Route 410 culvert Public 12-foot span by 7-foot rise, 50-
foot long CMP arch 100-year No action No CIP 

FC3-
BRG02 

Old Sumner-Buckley 
Hwy culvert Public Bridge; 12-foot open width by 4-

foot high 10-year 
Flooding replacement: 
raise road 2 feet and widen 
bridge opening 8-feet 

CIP-23-FC3-
BRG02 

Canyon Falls Creek 

CFC1-
C01 

McCutcheon Road 
culvert Public 36-inch dia, 64-foot long, PCC N/A 

Fish-passable replacement: 
12-foot span by 10-foot rise, 
64 feet long box culvert 

CIP-23-
CFC1-C01 

Van Ogles Creek 

VO1-C01  Riverside Drive culvert Public 48-inch dia, 50-foot long, PCC N/A 
Fish-passable Replacement: 
12-foot span by 10-foot rise, 
50 feet long box culvert 

CIP-23-VO1-
C01 

VO1-C02 Private driveway culvert 
(16402 78th Street E) Private 4-foot span by 3-foot rise, 53-

foot long CPC box N/A Does not need to be 
replaced No CIP 

VO1-C03 Private driveway culvert 
(16406 78th Street E) Private 5-foot span by 4-foot rise, 32-

foot long PCC box N/A Does not need to be 
replaced No CIP 

VO1-C04 Private driveway culvert 
(16406 78th Street E) Private 48-inch dia, 17-foot long, CMP N/A Will be referred to PCCD for 

implementation  No CIP 
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Table 6-6 (Continued) 
Culverts on Modeled Tributaries 

Culvert # Description Ownership Existing Culvert Size 
Flood 

Frequency 
Recommended 
Replacement CIP # 

VO1-C05 Private road culvert 
(16406 78th Street E) Private 48-inch dia, 19-foot long, 

CMP N/A No action No CIP 

VO1-C06 Private road culvert 
(16406 78th Street E) Private 36-inch dia, 21-foot long, 

CMP N/A Will be referred to PCCD for 
implementation No CIP 

VO1-C07 Private road culvert 
(Near Elhi Road) Private  Not accessible N/A 

Will be referred to PCCD for 
determination and 
implementation 

No CIP 

VO1-C08 Private driveway culvert 
(8321 170th Avenue E) Private  Not accessible N/A 

Will be referred to PCCD for 
determination and 
implementation 

No CIP 

VO1-C09 Private road culvert 
(16819 92nd Street E) Private  Not accessible N/A 

Will be referred to PCCD for 
determination and 
implementation 

No CIP 

VO1-C10 92nd Street E culvert Public  Not accessible N/A 
Will be referred to PCCD for 
determination and 
implementation 

No CIP 
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Conceptual Solution  

The low spots that hold water serve as depressional storage within the Basin.  To maintain this 
benefit to the Basin, swales could be installed to contain runoff, which would infiltrate over time 
in the same manner as the low spots do currently.  To reduce flooding during high flows, an 
overflow route could be constructed to direct flows east down Pioneer Way and then connect to 
an existing drainage path on the other side of the railroad tracks.  This would require installing 
12-inch culverts under driveways and under the railroad tracks. 

Because this is a road related project, implementation of this project will need to be coordinated 
with Pierce County Public Works & Utilities/Transportation Services Division.  The conceptual 
solution for this problem is presented in Chapter 9 as CIP-23-A1-RF01. 

6.3.3 Ball Creek Crossing at 106th Street E (BC1-C07) 
Problem Description 

Roadway flooding occurs at the 36-inch precast concrete culvert (BC1-C07) under 106th Street 
East on Ball Creek.  Hydraulic modeling indicates that the flood capacity at the culvert is 
exceeded at the 25-year event.  Large amounts of sediment are present in this channel due to the 
agricultural nature of the Basin.  The sediment deposits at the upstream end of the culvert have 
reduced capacity and fish passage for the coho salmon and cutthroat trout that are reported to 
spawn in Ball Creek.  Also, erosion is occurring at a bend in the stream just upstream from the 
culvert.  This erosion is cutting into private property on the right bank side of the creek. 

Analytical Approach 

This culvert is both a flooding and fish blockage problem.  Culverts sized for fish passage 
typically exceed the necessary design capacity for flood flows.  Therefore, the conceptual solution 
for this culvert uses the fish passage criteria for the stream simulation option presented in the 
WDFW Fish Passage Design at Road Crossings Manual.  Average stream width was estimated to 
be 8-feet based on field observations.  The model developed for Ball Creek was used to verify 
that this culvert is adequate for carrying flood flows. 

Conceptual Solution 

The existing culvert should be replaced with a 12-foot-wide culvert for fish passage.  A circular 
culvert of this size, counter sunk to 50 percent (50%), would increase the elevation of the 
roadway over the culvert by about 4-feet.  Therefore, we recommend a 12-foot by 5-foot box 
culvert that is 31-feet long, counter sunk and filled with 3-feet of streambed gravel so that there is 
at least a 2-foot opening above the bed.  This would allow the road elevation to remain consistent 
and still provide the needed width.  The conceptual solution for this problem is presented in 
Chapter 9 as CIP-23-BC1-C07. 
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The eroded bank upstream of the culvert should be restored to reestablish the mean channel width 
at this location.  This will help reduce the amount of sediment that accumulates in this area.  The 
bank on the outside of the bend should be reinforced with a combination of rock and large wood 
with flow deflectors to further protect the bank from high velocity flows in a manner consistent 
with WDFW’s Integrated Streambank Protection Guidelines (2003).  Identifying and controlling 
upstream sediment sources would also reduce the influx of sediment to the stream, which would 
slow the accumulation of sediment within the channel. 

Downstream conditions for both flooding and fish passage should be addressed either before or in 
conjunction with replacing the 106th Street East culvert.  Increasing the capacity of this culvert 
will increase flow in the downstream reaches during large events.  Six culverts on private land 
below 106th Street East will be affected by this replacement.  This Basin Plan recommends 
replacing several of these culverts to address either for fish passage or flooding problems or both.  
Culverts that are not replaced either before or in conjunction with replacing the 106th Street East 
culvert may see increased flooding. 

Designing the 106th Street East culvert for fish passage is only beneficial if there is accessibility 
to the culvert throughout the lower stream reach.  Some of the downstream culverts are known to 
be barriers to fish and are recommended for replacement in this Basin Plan.  Three culverts near 
the mouth of the creek are inaccessible because they are on private property and therefore have 
not been evaluated for fish passage.  These culverts are discussed in more detail in Chapter 8 and 
will also need to be addressed in connection with the 106th Street East culvert replacement. 

6.3.4  Ball Creek Crossing at Pioneer Way (BC1-C08) 
Problem Description 

This culvert (comprised of two pipes) sits under the railroad on the west side of Pioneer Way.  
The twin 2-foot CMPs are 38-feet long and are impassable to fish because the slope exceeds one 
percent.  Ball Creek modeling indicates that flooding occurs at this culvert at less than a 10-year 
storm. 

Analytical Approach 

This culvert is both a flooding and fish blockage problem.  Culverts sized for fish passage 
typically exceed the necessary design capacity for flood flows.  Therefore, the conceptual solution 
for this culvert uses the fish passage criteria for the stream simulation option presented in the 
WDFW Fish Passage Design at Road Crossings Manual.  Average stream width was estimated to 
be 8-feet based on field observations.  The model developed for Ball Creek was used to verify 
that this culvert is adequate for carrying flood flows. 
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Conceptual Solution 

It is recommended that this culvert be replaced with a 12-foot by 5-foot box culvert, 40-feet long, 
that is counter sunk along the gradient of the stream. 

6.3.5 McCutcheon Road Flooding at Fennel Creek (FC1-BRG01) 
Problem Description 

Based on output from a HEC-RAS model developed by others for FEMA floodplain mapping, 
McCutcheon Road floods during the 10-year event where it crosses Fennel Creek.  This crossing 
is a small bridge.  The road runs along the slope break between the steep valley wall and the flat 
valley bottom.  Sediment moving down the channel accumulates at this slope break and reduces 
the capacity of the bridge. 

Analytical Approach 

A HEC-RAS computer model developed for FEMA mapping was used to determine the 
frequency of road flooding at this site.  The model also was used to develop a general design that 
provides a bridge opening large enough to pass the 100-year flow.   

Conceptual Solution 

The elevation of the roadway will need to be raised two feet to achieve the capacity necessary to 
convey a 100-year event under the bridge.  Elevating the roadway will provide the height needed 
to raise the low chord of the bridge as much as a foot or more.  Additional capacity will be 
required for high flows.  This can be accomplished by installing culverts under the roadway next 
to the bridge.  The physical restrictions of the roadway geometry prohibit using a standard size 
box culvert.  Instead we recommend installing a series of six circular, 30-inch, CMPs. The 
conceptual solution for this problem is presented in Chapter 9 as CIP-23-FC1-BRG01. 

Pierce County Public Works, Transportation Services Division, is conducting a corridor study for 
the potential construction of a new road that would supplement the Rhodes Lake Road access to 
the plateau.  This study is currently (September 2003) in the preliminary stages; however, 
elevating McCutcheon Road and the construction of a new bridge should be coordinated with this 
potential road project.   
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6.3.6 Fennel Creek Crossing at Kelly Lake Road (FC3-BRG02)  
Problem Description 

Kelly Lake Road (206th Avenue East) crosses Fennel Creek near river mile 5.3.  The HEC-RAS 
model developed by others for generating FEMA maps of this creek shows that this bridge floods 
over the roadway at less than a 10-year event. 

Analytical Approach 

A HEC-RAS hydraulic model, developed for FEMA mapping, was used to evaluate this bridge. 

Conceptual Solution 

To provide sufficient capacity under the bridge for passing a 100-year event, we recommend the 
road surface be raised two feet and one of the bridge abutments be set back eight feet from its 
current location to expand the bridge opening.  The conceptual solution for this problem is 
presented in Chapter 9 as CIP-23-FC3-BRG02. 

6.3.7 Fir Ridge Pond Overtopping (FC5-DP01) 
Problem Description 

The stormwater pond at the intersection between 108th Street Court East and 206th Avenue Court 
East that serves the Fir Ridge development (formerly Wembley Park) is an infiltration facility 
with a history of overtopping.  The pond was enlarged in the early 1990s but overtopped again 
during the major flood in winter of 1996–97.  The pond sits at a relative low point with no defined 
or constructed outlet for flow.  One home adjacent to the pond was purchased and removed by 
Pierce County because of frequent flooding.  

The Ponderosa neighborhood is north of Fir Ridge and surrounds Ponderosa Pond, which is in a 
closed depression that overtops to the northwest.  To improve infrastructure in the neighborhood, 
the Ponderosa homeowners association created a group called the Road Services District (RSD).  
This group hired an engineering consultant to design improvements to the roadways in the 
neighborhood and to reduce flooding.  Two stormwater ponds were recommended and have been 
constructed.   

One of the newly constructed ponds is at the southeast end of the lake; the other pond is on the 
west side of the lake and serves as the outlet.  Water from the outlet pond passes through an 18-
inch pipe and is released into a wetland at the end of 104th Street East.  From here, flow runs west 
through wetlands, crosses 200th Avenue Court East in an 18-inch culvert, and enters an 
infiltration pond at the Brookwater development.  The surface flow path ends here with water 
migrating to Fennel Creek as subsurface flow. 
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Analytical Approach 

Multiple options are proposed for solving overtopping at this pond.  Three options are presented 
below under Conceptual Solutions along with an analysis of each option. 

Conceptual Solution  

Option 1 – Purchase adjacent properties and expand existing pond  

Adjacent properties north of the Fir Ridge stormwater pond have flooded frequently because of 
overtopping of the pond.  The County has already purchased one of these properties.  Conceptual 
Solution “Option 1” proposes that the County purchase two additional adjacent properties north of 
the pond and use this land to enlarge the existing storage capacity.  Because these properties 
would be purchased with FEMA funds, there may be some restrictions on the construction of any 
structures including stormwater facilities.   

Calculations performed for the 1992 retrofit design of the existing Fir Ridge Pond identified a 
100-year peak volume of 142,013 cubic feet (Wembley Park Pond Redesign Calculations, LeRoy 
Inc., June 1992, pg 6 [LeRoy]).  This volume was determined using full build-out conditions.  The 
current available pond storage with one foot of freeboard is 46,414 cubic feet.  The additional 
volume required for the 100-year event with one foot of freeboard is 95,599 cubic feet (LeRoy, 
pg 3). 

The three adjacent properties north of the Fir Ridge Pond would provide approximately 0.58 acre 
of additional area.  The additional storage volume of the expanded pond was determined, based 
on the following assumptions: 

• Top of berm elevation of 626.5 feet to match the existing pond 

• Water table elevation of 624.0 feet, (LeRoy, pg 3) 

•  3H:1V side slopes to match the existing pond 

The total additional volume of the expanded pond with 1 foot of freeboard is 31,427 cubic feet 
(Table 6-7).  The expanded pond completely full with no freeboard would only be able to contain 
the runoff volume of up to a 25-year event.   

During design, when more detailed survey data are available, it may be determined that it would 
be feasible to increase the berm height of the existing and expanded pond, which would increase 
the pond’s storage capacity.  This option was not considered in the calculations reported in 
Table 6-7. 
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Table 6-7 
Fir Ridge Pond Available Storage 

 
Ponds 

Total Area 
(acres) 

Storage Volume with 
One-Foot Freeboard  

(ft3) 
Storage Volume 

with No Freeboard 
(ft3) 

Existing Pond 1.06 46,414 79,725 

Expanded Pond  0.58 31,427 53,918 
Total  1.64 77,841 133,643 

Option 2 – Direct flow to Ponderosa 

“Option 2” proposes constructing a piped connection between Fir Ridge Pond and the Ponderosa 
Pond.  Ponderosa Pond is currently functioning at design capacity and so adding flow may be an 
unlikely solution.  However, it can be assumed that the water currently overtopping Fir Ridge 
Pond during large events is already contributing volume to Ponderosa Pond.  Further investigation 
through more extensive modeling and data collection would be needed to confirm this 
assumption. 

Based on the above assumption, the “Hydrologic Engineering Center – Hydrologic Modeling 
System” (HEC-HMS, version 2.2.1) computer model was used to evaluate the potential for 
formally routing overflow to Ponderosa Pond.  The calculated total discharge volume for the 100-
year, 24-hour event was 148,178 cubic feet.  This is slightly higher than the predicted peak 
volume determined by LeRoy, Inc in 1992 for the Wembley Pond redesign.  The primary outlet in 
the model was set to engage at an elevation of 625.5 feet, one foot below the berm’s elevation.  
The modeling results predicted a total outflow from Fir Ridge Pond of 99,910 cubic feet and a 
peak discharge of 4.72 cubic feet per second (cfs) to Ponderosa Pond.  This volume is equivalent 
to a 3.75-inch rise of the surface elevation of Ponderosa Pond if added instantaneously to the 
pond.   

Any increase in the surface water elevation of Ponderosa Pond above the existing design would 
result in property flooding.  Therefore, to accommodate additional water volume, the outlet 
control structures need to be modified, the flow path that conveys water to the infiltration pond 
needs to be expanded, and the infiltration pond itself needs to be enlarged.   

During final design, it might be determined useful to incorporate a low-flow outlet feature from 
the Fir Ridge Pond to the Ponderosa Pond.  This feature would help maintain greater storage 
capacity in the Fir Ridge Pond in anticipation of recurrent storms.  This approach may improve 
the effectiveness of the Fir Ridge Pond and reduce the peak volume of the flow routed to the 
Ponderosa Pond.  This option was not included in the model described above. 
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Option 3 – Pump overflow to a new pond in Tract B 

The County currently owns a parcel of Fir Ridge known as “Tract B.”  “Option 3” proposes 
constructing a pond in “Tract B” to receive excess flows from the Fir Ridge Pond.  It is uphill 
from the Fir Ridge Pond; therefore excess flow would need to be pumped to the new pond.  The 
pond constructed on “Tract B” would need to be clay lined to ensure that subsurface seepage did 
not occur. 

“Option 3” was also modeled using HEC-HMS.  The subbasin modeling remained the same as 
“Option 2” with a total discharge of 148,178 cubic feet.  A pump simulated in the model was set 
to engage when the Fir Ridge Pond reached an elevation of 625.5 feet.  Assuming an 8-inch 
piping system was used, the pump would need to be able to handle over 1,500 gallons per minute 
with a total head of 18 feet.  The 1,500 gallons per minute is the minimum discharge rate 
predicted by the model to prevent the pond from overtopping.   

Under this option, permanent underground piping would be installed.  A permanent pump in the 
field that would be triggered automatically by water level is not recommended because of the 
frequency of power outages that accompany large storms and the infrequency of use.  Therefore, a 
portable pump would need to be delivered and set up as needed when flooding is imminent.  This 
means that Fir Ridge Pond would need to be monitored during large events, preferably by 
neighbors who could contact County crews when a pump is needed.   

“Option 2” was selected as the final conceptual solution for this problem and is presented in 
Chapter 9 as CIP-23-FC5-DP01. 

6.3.8 Road Flooding at 114th Street cul-de-sac (FC8-RF01) 
Problem Description  

This area is an older neighborhood with drainage that consists of ditches and 8-inch concrete 
culverts under each driveway.  One street, 114th Street East, extends off of 205th Avenue East 
toward the west and ends in a cul-de-sac.  The cul-de-sac is a low spot that collects water from 
205th Avenue East in addition to runoff from 114th Street East.  Excessive road runoff forms 
pools in front of driveways at the end of the street. 

Analytical Approach 

Topography maps and Pierce County GIS drainage inventory layers were used to determine flow 
routing along these streets.  Field visits were made to identify possible routing for ponded water. 

Conceptual Solution  

The only place with sufficient gradient to remove water from the cul-de-sac is in a community 
park behind the residential properties.  A catch basin could be installed at the low point of the cul-
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de-sac and runoff routed to a perforated infiltration pipe buried on the park property.  To 
implement this option, the pipe would need to be routed across private property.  It is 
recommended that a catch basin and 12-inch pipe be installed to route runoff 250-feet to an 
infiltration well in the park. 

It is recommended that this project be referred to the Pierce County Roads Department for 
implementation (see Table 6-8).  

6.3.9 Horsehaven Creek Crossing at 150th Avenue E (HH4-C05) 
Problem Description 

There are twin culverts under 150th Avenue East.  Each culvert is a 3-foot precast concrete pipe 
that is 39-feet long.  The property owner has placed boards across the upstream end of these 
culverts to form a landscaped pond in the front yard.  Because of these boards, the Conservation 
District fish passage inventory lists this culvert as a fish barrier, however, the owner reports that 
salmonids are seen passing beyond this culvert on a regular basis.  These boards are removed 
during high flows to prevent flooding.  This road crossing flooded during the 1996–97 100-year 
event to a depth of up to six inches and is shown in the HEC-RAS model to flood at a 50-year 
event.  Although the flooding here is infrequent, combined with the fish passage issue, it places a 
greater need on replacing this culvert. 

Analytical Approach 

The hydraulic model developed for Horsehaven Creek was used to determine the capacity needed 
for this culvert. 

Conceptual Solution 

The new culvert must be able to provide fish passage, flow capacity up to the 100-year event, and 
provide low-flow restriction to maintain the upstream pond.  This can be achieved by placing 
baffles within a 6-foot circular culvert, 40-feet long, that provide a narrow, but fish passable, 
opening for low flows and a large opening for high flows.  Figure 6-2 provides an example of this 
culvert type.  Boards can be placed in the narrow section of the baffle to allow adjustment of the 
water level during low flows.  The elevation of the roadway may need to be raised locally as 
much as one foot to accommodate a culvert of this size.  The conceptual solution for this problem 
is presented in Chapter 9 as CIP-23-HH4-C05. 
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Figure 6-1 
Examples of Fish Passable Culverts with Baffles 

6.3.10 Horsehaven Creek Crossing at 188th Street E (HH5-C07) 
Problem Description 

The 36-inch precast concrete culvert (HH5-C07) under 188th Street E on Horsehaven Creek 
floods over the roadway in storms less than the 10-year event.  This road runs across the valley 
bottom and is very flat at the point where it crosses Horsehaven Creek. 

Analytical Approach 

Replacement of this culvert will need to comply with the requirements for fish passage.  Culverts 
sized for fish passage typically exceed the necessary flow capacity.  Therefore, the conceptual 
solution for this culvert uses the fish passage criteria presented in the WDFW Fish Passage 
Design at Road Crossings Manual.  No survey data are available for Horsehaven Creek.  Average 
stream width was estimated to be 9-feet based on field observations.  The model developed for 
Horsehaven Creek was used to verify that this recommended replacement culvert is adequate for 
carrying flood flows. 

Conceptual Solution 

The existing culvert should be replaced with a 12-foot-wide culvert for fish passage.  A circular 
culvert of this size, counter sunk to 50 percent (50%), would increase the elevation of the 
roadway over the culvert by almost three feet.  Therefore, a 12-foot by 5-foot box culvert, 34-feet 
long, with an opening of three feet above the bed is recommended; this would allow the road 
elevation to remain consistent and still provide the needed width to pass both fish and 100-year 
flows underneath the roadway.  The conceptual solution for this problem is presented in Chapter 9 
as CIP-23-HH5-C07. 
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6.3.11 Flooding along Jansky Road (HH8-RST02) 
Problem Description  

During flooding (approximately 10-year event), water flows east along the south side of Jansky 
Road and crosses near 15200 block Jansky Road.  This culvert under Jansky Road is currently too 
small and excess water overtops the road.   

Horsehaven Creek is on the north side of the road.  Severe erosion is occurring on Horsehaven 
Creek just upstream of twin 24-inch driveway culverts.  There are no anadromous fish this high in 
the watershed, but erosion sends sediment to downstream spawning reaches. 

Analytical Approach 

Topographic maps and Pierce County GIS drainage system layers were used to determine flow 
routing in this area.  The contributing area was delineated and modeled using the Soil 
Conservation Services Technical Release 55 (SCS TR-55).  The roadway ditches and culverts 
were sized according to the graphical peak discharge.  Field visits were made to assess the extent 
of erosion. 

Conceptual Solution  

The area contributing to the roadway and residential flooding along Jansky Road is approximately 
518 acres.  The 100-year, 24-hour predicted peak discharge from this area is 70 cfs.  The roadside 
ditch along the south side of Jansky Road needs to be enlarged and regraded.  The 12-inch 
culvert, crossing under Jansky Road also needs to be replaced to sufficiently convey the peak 
discharge of 70 cfs.  We recommend two 24-inch culverts based on the results of the SCS model, 
however, the size of the new culvert will ultimately depend on the slope at which it is placed. 

It is recommended that the channel upstream of the existing twin 24-inch driveway culverts be 
stabilized according to WDFW’s Integrated Streambank Protection Guidelines (2003) to prevent 
further erosion.  A rock sill could be installed where the gradient begins to drop to hold sediment.  
Below the rock sill, one or two log drops could be installed to anchor the gradient.  Planting the 
banks with willows and fencing it off from livestock would further stabilize the channel.  The 
conceptual solution for this problem is presented in Chapter 9 as CIP-23-HH8-RST02. 

6.3.12 Flooded Properties along 149th Avenue E (D1-AC01) 
Problem Description 

A culvert was placed at a low point along 224th Street East near 149th Avenue East.  The culvert 
is not along a stream channel but rather is there to pass stormwater under the roadway in this 
depressional area.  From here, the water flows south across open ground and infiltrates.  The 
water does not infiltrate fast enough during large storms and ponds on two properties. 
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Analytical Approach 

Field investigation was conducted to evaluate solution options for this flooding problem. 

Conceptual Solution 

Ponded water is restricted to the two properties mentioned above and does not affect public roads.  
Therefore, it is recommended that these properties be purchased, if the property owner agrees, and 
the building removed to reserve this land as an infiltration area.  The conceptual solution for this 
problem is presented in Chapter 9 as CIP-23-D1-AC01. 

6.3.13 21411 Jansky Road Flooding (D6-RF01)  
Problem Description 

Extensive roadway and residential flooding occurs along Jansky Road in the vicinity of address 
21400 block. Sheet flow over the road occurs when runoff coming down the hill slope to the west 
of Jansky Road fills the ditch on that side of the road and overtops across the roadway. 

Analytical Approach 

Topographic maps and Pierce County GIS drainage system layers were used to determine flow 
routing in this area.  The contributing area was delineated and modeled using the SCS TR-55.  
The roadway ditches and culverts were sized according to the graphical peak discharge.  Field 
visits were made to assess the extent of flooding. 

Conceptual Solution 

Approximately 0.7 mile of roadway ditches and eleven driveway culverts need to be improved 
and enlarged to convey higher flows.  Nearly all roadside ditches and driveway culverts are 
undersized.  The area contributing to the roadway and residential flooding along Jansky Road is 
approximately 212 acres.  The 100-year, 24-hour predicted peak discharge from this area is 30 
cfs.   

The roadside ditches and driveway culverts need to be enlarged and regraded to sufficiently 
convey the peak discharge of 30 cfs.  The size of each driveway culvert will vary depending on 
culvert slope and location.  Based on a discharge of 30 cfs, the majority of culverts would fall in 
the 18-inch to 24-inch-diameter range.  It is recommended that all driveway culverts be replaced 
with 24-inch culverts. 

It is recommended that this project be referred to the Pierce County Roads Department for 
implementation (see Table 6-8). 
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6.3.14 Neighborhood Flooding along Freeman Road E (D17-RF03) 
Problem Description  

Flooding along Freeman Road between 45th Street East and 52nd Street East occurs because 
water ponding along the roadside has no clearly defined flow path.  The roadway itself does not 
flood, but runoff from the road contributes to water ponding on adjacent private properties.  
Several of the properties are lower than the roadway by as much as two or three feet.  A wetland 
is at the southern end of Freeman Road. 

Analytical Approach 

The Pierce County drainage inventory was reviewed to identify existing drainage pathways in this 
area.  No drainage infrastructure is recorded for Freeman Road.  The two-foot contours on the 
GIS layer shows that this area is very flat with no natural drainage pathway.  Field visits were 
made to evaluate design options for this site.  This site was determined to be a good candidate for 
an LID approach because much of the flooding here consists of water ponding at the shoulder of 
the road.  A full discussion of the intent behind the LID approach is provided in the programmatic 
recommendation in Chapter 9. 

Conceptual Solution  

The water that ponds along the roadway is currently held as depressional storage for the Basin.  
Draining this water to the nearest receiving water body will further contribute to the widespread 
difficulty of hydrologic alteration commonly associated with urbanization.  Because the ponding 
along Freeman Road is relatively minor, it is recommended that bioretention swales be 
constructed that can hold roadway runoff from minor events and infiltrate it.  If future storms 
create ponded water that becomes a roadway hazard, 12-inch culverts can be installed across 
driveways with inverts set at the top elevation of the biofiltration swale to carry high flows south 
to the wetland at the corner of Freeman Road and 52nd Street East.  The conceptual solution for 
this problem is presented in Chapter 9 as CIP-23-D17-RF03. 

6.4 Sites to be Monitored for Future Flooding 
The following sites should be watched to see how they respond during significant runoff events 
before any further action is taken.  Conceptual solutions are provided here to provide a course of 
action if improvements are deemed necessary in the future.  These sites recommended for 
monitoring are shown on Figure 9-2, Monitoring Sites, in Chapter 9.   
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6.4.1 Stormwater Ponds along Angeline Road (FC1-DP04)  
Problem Description 

Two stormwater ponds serve areas of Sky Island and are located along Angeline Road.  The Sky 
Island development is upslope from the ponds at the top of a hill.  Water is routed down the slope 
to the ponds via a 12-inch HDPE tightline.  There are two concerns associated with these ponds.  
One is that they may be too small for the area that they are serving.  The other concern is that 
there is no defined overflow pathway. 

Analytical Approach 

The infiltration ponds located along Angeline Road were designed to infiltrate the runoff from the 
embankment above the Sky Island sewer access road and the runoff from the road itself.  The 
volume of runoff was determined using the Zone 2 Pierce County Retention/Detention Basin 
Equations and percolation rates determined by consultants.  The original design calculations were 
reviewed and the volume provided by the ponds (7,192 cubic feet) was found to far exceed the 
volume required for the 100-year event (2,527 cubic feet).   

The pond design is based on the Pierce County Stormwater Management and Site Development 
Manual criteria.  The design includes a 5-foot-wide overflow spillway, which spills into an 
existing ditch.  The design also includes 20-foot-long, 12-inch-diameter, concrete pipes under 
driveway approaches along Angeline Road.   These culverts have previously filled with sediment 
and should be regularly maintained.  

Conceptual Solution 

Adequate storage is available in these ponds, provided they are regularly maintained.  If, during 
future floods, the ponds do not provide sufficient storage and roadway flooding becomes 
problematic, a culvert could be installed that would direct overflow under Angeline Road.  A 
drainage easement would need to be obtained to allow overflow from the ponds to pass through 
private property and discharge into Fennel Creek.   

6.4.2  Roadway Flooding at Intersection of 96th Street E and 233rd 
Avenue E (FC4-RF05)  

Problem Description  

Roadway flooding occurred periodically at the intersection of 96th Street East and 233rd Avenue 
East (Werron Road).  In response, the County routed flow from the south side of 96th Street East 
through an 18-inch culvert under the road and north along the east side of 234th Avenue East.  
During high flows, backwater could cause the upstream end of the culvert to overtop sending 
water west along 96th Street East and contributing to further flooding at the 233rd Avenue East 
intersection.   
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Analytical Approach 

This flooding problem was recently addressed by the Pierce County Roads Department by 
installing an 18-inch culvert under 96th Street East and under driveways along the flow path.  To 
verify that the ditches and culverts were adequately sized, topographic maps and Pierce County 
GIS drainage system layers were used to determine flow routing in this area.  The contributing 
area was delineated and modeled using the SCS TR-55. 

Conceptual Solution  

The area contributing to the past flooding at the intersection of 96th Street East and 233rd Avenue 
East is approximately 163 acres.  The 100-year, 24-hour predicted peak discharge from this area 
is 20 cfs.  The culvert at the intersection of 234th Avenue East and 96th Street East is currently 
18-inches in diameter and is capable of conveying approximately 13 cfs.  The remaining 7 cfs will 
overtop and flow west along 96th Street East to the 233rd Avenue East intersection.   

If the intersection continues to flood, the culvert at the intersection of 234th Avenue East and 96th 
Street East and the driveway culverts along 234th Avenue East could all be increased to 24-inches 
in diameter.  Increasing these culverts to 24-inches in diameter would reduce or eliminate 
flooding problems at the intersection of 96th Street East and 233rd Avenue East.   

6.4.3 Road Flooding at Culvert under Old Sumner-Buckley 
Highway (FC4-C04) 

Problem Description 

The culvert crossing on Fennel Creek under the Old Sumner-Buckley Highway was included in 
the FEMA study of this creek.  This culvert is a CMP arch culvert with a span of 12-feet and a 
rise of 7-feet.  The model indicates that this creek overtops the road during a 500-year event under 
current conditions and will overtop the road during a 100-year event under future conditions.  The 
future conditions scenario assumes no detention has been used to mitigate for increased 
impervious surface area and therefore represents a worst-case scenario. 

Analytical Approach 

This culvert was analyzed with an HSPF and HEC-RAS model developed for mapping FEMA 
floodplains. 

Conceptual Solution 

This culvert currently has the capacity to convey up to a 100-year event.  Future development in 
the Basin currently requires stormwater mitigation that in theory will not increase future flows.  
Therefore, it is assumed that this culvert will not become problematic, though this culvert should 
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be watched during high-flow events for flooding in the years to come.  If flooding becomes a 
frequent problem here, then replacement of this culvert should be considered.   

6.5 Potential Small Works Projects  
The remaining nine site-specific flooding issues identified for the Mid-Puyallup Basin are small 
works projects.  Table 6-9 describes the small works drainage problems.  Small works problems 
are issues that can likely be resolved for less than $25,000, and do not need extensive evaluation, 
analysis, or design.  Typical solutions are likely to include: 

• Replacement of damaged culverts  

• Stream channel maintenance—removal of invasive plant species and debris removal  

• Small infiltration enhancements  

• Small drainage and conveyance improvements 
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Table 6-8 
Small Works Drainage Issues Identified for Mid-Puyallup Subbasins 

ID No. Location Problem Description Potential Solutions 

 

11000 block  
Jennifer Ct E 

11000 block 138th 
Avenue E 

11000 block 136th 
Avenue E 

This neighborhood has very steep 
streets and driveways and 

residential flooding occurs when 
roadway runoff enters private 

driveways. 

Install, where appropriate, a 
raised asphalt lip to prevent runoff

from entering residential 
driveways. 

FC3-DP03 204th Avenue Ct E 
Flooding due to the overtopping of 

the existing stormwater pond 
beyond the 204th Avenue Ct E 

cul-de-sac. 

Build up berm on cul-de-sac side 
and improve emergency spillway. 

BL4-RF05 194000 block  Church 
Lake Rd 

Roadway flooding occurs near 
culvert, which passes a sizable 

creek. 

Fill in and regrade a large 
depression in the shoulder and 

roadway so that runoff can drain 
into creek. 

D14-RF02 Corner of 134th Avenue 
E and 80th Street E 

Roadway flooding from ponded 
water 

Regrade parking area adjacent to 
railroad and install a culvert under

134th Avenue E. 

D9-RF06 15000 block  134th 
Avenue E 

Residential flooding occurs in low 
spots along 134th Avenue E. 

Install asphalt berm or regrade to 
keep runoff out of residential 

property and draining to the east 
side of the road only, where it is 

mostly wooded. 
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