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EXECUTIVE SUMMARY 
Northwest Hydraulic Consultants, Inc (nhc) was retained by King County to conduct a limited 
independent review of the Tolt River Floodplain Reconnection Project on behalf of the City of 
Carnation. The purpose of this review was to clearly define and then evaluate questions raised by 
the City. nhc’s initial scope of work identified three main goals for the review:  

• Verify that flood and erosion protection for Carnation and adjacent properties are 
maintained at the current levels or are improved 

• Evaluate the design of check valves and their operation and maintenance at stormwater 
outfalls, and 

• Confirm that the removal of the west end of the levee along the Tolt River will not cause 
the Snoqualmie River to migrate east 

Discussions between nhc and the Carnation City Council resulted in a set of ten specific 
questions that the Council wanted nhc to evaluate.  As described below we have provided 
answers to these 10 questions.  In some cases adequate information was provided in the design 
documentation or in follow-up communications with the Project Design Team to address the 
City’s questions.  In these cases we have tried to provide a direct answer to the City’s questions.  
In other cases we were not able to find adequate information in the design documentation to 
address the question.  In these cases we have noted the additional information that is needed to 
address the question and provided our opinion, where it seems reasonable. We anticipate that the 
County will develop additional information as necessary, as recommended in this report.   

In addition to the specific questions asked by the City, nhc was asked to evaluate if there were 
other hydraulic or geomorphic issues related to the project that might negatively impact the City.  
We have provided our opinions on these issues, where appropriate.   

In general we do not believe that the proposed Tolt River Floodplain Reconnection Project will 
increase flood or erosion risks for the City of Carnation or significantly affect the potential for 
lateral migration of the Snoqualmie River.  The project elements, including the new setback 
levee, bank protection measures, and engineered log jams generally appear to have been 
designed to withstand the forces anticipated by the Design Team with a reasonable degree of 
conservatism.  However, we have recommended additional analyses, assuming greater flow 
diversion into the project area and more aggressive evolution of channels on the Project site, to 
confirm the conservatism.  

The Design Team has indicated that additional design information, to be included in the 90% 
Design, will address outstanding issues of concern as identified herein.  Furthermore the Project 
Design Team has also indicated that areas of potential concerns, as described in this report, will 
be monitored and addressed through inspection, maintenance and adaptive management over the 
life of the Project.  
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1. INTRODUCTION 
Northwest Hydraulic Consultants Inc (nhc) was retained by King County to complete an 
independent third party review of the Tolt River Floodplain Reconnection Project for the City of 
Carnation. The Tolt River project is currently at the 70% design stage, with different aspects of 
the project designed by King County Department of Natural Resources and Parks (Surface Water 
Engineering and Ecological Services Unit), Herrera Environmental Consultants, Cascade Design 
Collaborative, Inc., or Parametrix, Inc. The plan set identifies the contributions of the different 
designers.   

Our Scope was to provide an independent review of the background studies, analyses and 70% 
design drawings for the Lower Tolt River Project, and particularly to address the concerns raised 
by the City of Carnation. Our initial scope of work identified three main goals for the review:  

• Verify that flood and erosion protection for Carnation and adjacent properties are 
maintained at the current levels or are improved 

• Evaluate the design of check valves and their operation and maintenance at stormwater 
outfalls, and 

• Confirm that the removal of the west end of the levee along the Tolt River will not cause 
the Snoqualmie River to migrate east 

Discussions with the City of Carnation and their representatives resulted in a list of specific 
questions related to these broad goals. Appendix A includes a memorandum that summarizes the 
concerns and issues raised by the City of Carnation at the Council Meeting we attended on 
September 19th, 2006. A subsequent Council Meeting on October 17th confirmed that the 
memorandum correctly identified the City’s concerns.  We have adopted the specific questions in 
the memorandum from the September 19th meeting as our detailed terms of reference.  

Appendix B lists the documents provided by King County for the Third Party Review on 
October 5, 2006. King County and their consultants also provided an overview of the 
background analysis and the design process on that date. We presented our draft third party 
review to King County and representatives of the City on November 3, 2006. We received 
comments on our draft and additional information on November 30, 2006 (Appendix B).  
In our review, we refer to particular reports by the name of the author(s) and the date listed in 
Appendix B and to specific aspects of the 70% design by referring to the sheet numbers from the 
plan set.  

2. RESPONSE TO QUESTIONS FROM CITY OF CARNATION  
The following sections respond to the specific questions raised by the City of Carnation (see 
Appendix A).  Our responses evaluate if the question has been adequately addressed by the 
project Design Team or if there is adequate information in the design documentation to address 
the question.  In cases where neither of these is true we identify additional studies that would be 
required to address the question. Where practical, we also provide our opinion on the 
significance of the issue.  

Following the questions and answers, we provide a more detailed description of the project, a 
technical review of the background documents provided by King County related to flooding and 
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erosion, and a review of the designs prepared to address flooding and erosion in the project site. 
We refer to these sections in our responses to the questions.  

We have one significant disagreement with the background analyses. It is our view that a much 
larger portion of the flow of the Tolt River may be diverted onto the project site than has been 
considered in the hydraulic modeling completed to date. We expect this to occur because of rapid 
erosion of the openings cut through the bank of the Tolt River. Consequently, we suggest 
analyzing such a “worst case” condition to confirm that the design criteria are still met or to 
consider revising the design so that the openings to the project site are protected from erosion.  

1. Will the project lead to an increased potential for erosion at the Tolt-MacDonald Park 
Campground from flows in the Tolt River and, if so, will the proposed construction 
protect the Campground? 

The diversion of additional flow onto the floodplain and the alterations to the floodplain, such as 
the outlet channel, increase the risk of erosion along the high bank in front of Tolt MacDonald 
Park Campground. The 70% design provides robust protection (revetment) along the bank 
towards the south of the campground (see Figure 1), where velocities are likely to be highest 
after the project is constructed. Review of Herrera’s basis of design report (2006) indicates that 
the proposed revetment is adequate to protect the bank for their assumed post-project conditions. 
However, we recommend that Herrera re-evaluate hydraulic conditions for the condition we 
describe in Section 4.2 and confirm that their designs are still acceptable.  

The bank on the eastern side of the campground is protected from high flows by an indentation 
in the bank line and velocities are predicted to be low here (see Herrera 2006). The 70% design 
proposes minimum protection (bank reinforcement design – see Figure 1). Note that the design 
assumptions and permissible velocities for this structure are not described in the basis of design 
report, so it is not clear what level of protection was intended.  If the Design Team determines 
that velocities along this structure are truly minimal, as stated during our November 3rd meeting, 
a reasonable alternative might be to leave this bank unprotected, and monitor it and provide 
protection later if needed. Alternatively, a greater degree of protection could be provided along 
the bank, perhaps by modifying the existing designs. Again, we recommend re-evaluating this 
design for the conditions described in Section 4.2 and documenting that the design is acceptable.  

Given uncertainties about the velocities that might actually occur, we believe that regular 
inspection and maintenance of these structures is important and we recommend that the City of 
Carnation discuss inspection and maintenance schedules with the appropriate Department of 
King County.  

2. Will the meandering of the Tolt River, as is likely to occur after completion of the 
project, place the proposed levee at risk of an erosion failure? 

As described below in Section 5.2, rock riprap is proposed for erosion protection on the south 
face of the levee. The section of levee closest to State Route 203 and the middle section (see 
Figure 1) appear to have adequate protection to resist the velocities that are likely to occur on the 
floodplain. We do, however, recommend that King County document their design assumptions 
for the levee protection and compare these to permissible criteria for their chosen protection 
works as part of their Basis of Design report which we understand will be provided with the 90% 
design. 
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The section of the levee closest to Tolt MacDonald Park (see Figure 1) is set back from the top 
of the bank, which is heavily vegetated. Velocities in this area are predicted to be low, and the 
levee setback provides additional protection, but the stability of the levee is contingent on the 
stability of the existing bank. Given uncertainties about the velocities that might actually occur, 
we believe that regular inspection and maintenance are particularly necessary for this section of 
levee and we recommend that the City of Carnation discuss an inspection and maintenance 
schedule with the appropriate Department of King County.  

3. Does the proposed project create additional flood storage capacity on the Tolt River, 
as suggested by King County staff during the onsite presentation to the Council on 
Tuesday September 19, 2006? 

In our opinion the additional flood storage capacity is insignificant but since the design does not 
rely on reduced flows we do not feel that this presents any problem.  

4. Will the project change the timing of Tolt River streamflow hydrographs (i.e. will the 
Tolt River still generally peak prior to the Snoqualmie as noted by King County staff 
during the onsite presentation to the council on 9/19/2006)? 

The documents that we reviewed do not indicate a change in the timing of the Tolt River 
hydrographs after the project is built. Given the position of the project at the mouth of the river, 
and the modest changes to flood storage and conveyance capacity resulting from the project, it is 
very unlikely that such a change would occur.   

5. Will the proposed project change sediment deposition characteristics in the Tolt River 
in such a way that upstream water levels may be increased? 

The hydraulic models prepared by Parametrix (2003; Alternative 1, Figure 4-20) predicted no 
change in water levels upstream of State Route 203 following construction of the project. Note 
that the SR 203 Bridge is an important hydraulic control on upstream water levels.  
In our opinion, the project may lower bed elevations along the Tolt River due to channel 
incision, which may reduce upstream flood levels. The potential effect on upstream levels will 
depend on the degree of incision at the bridge section. While the incision may not occur, we do 
not see a situation where upstream water levels are increased by the project.  

6. Will the loss of flows from the Tolt River onto the floodplain result in loss of habitat in 
the main channel or affect migration? 

Parametrix evaluated changes in salmonid habitat resulting from their Alternative 1 (which is 
similar to the current project design).  We do not have the training or expertise to review their 
habitat evaluation.  The City is referred to Parametrix’s 2003 report which includes predictions 
of the net changes in salmonid habitat based on their interpretation of the evolution of the project 
site and Tolt River over time.  
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7. Will the proposed project, as currently designed, increase the potential for lateral 
movement of the Snoqualmie River and specifically could this cause the Snoqualmie 
River to migrate to the east, around the campground? 

We anticipate that some lateral movement or erosion along the Snoqualmie River might result 
from the following Project actions or consequences (Section 5.3), but in our opinion this will not 
increase the potential for the Snoqualmie to migrate east, around the campground.  

• Removal of the west portion of the existing levee that extends towards and along the 
Snoqualmie River.  

• Interruption or reduction of coarse sediment delivery from the Tolt to the Snoqualmie 
River for a period of time, which may result in erosion of sediment from the bar at the 
mouth of the Tolt River and minor widening of the Snoqualmie main channel here.  

• Deposition of coarse sediment further downstream when transport through the Tolt 
floodplain area to the Snoqualmie is re-established. Development of this new bar may 
affect the local alignment of the Snoqualmie River resulting in erosion stress on the left 
bank or on the right bank further downstream.   

The crest of the west portion of the Tolt levee is now at an elevation of about 72 feet; this section 
of the levee will be lowered by 3 or 4 feet to elevations of around 68 feet (Sheet 8). The ten-year 
flood on the Snoqualmie River has an estimated water surface elevation of about 75 feet here, so 
it overtops the existing levee by about three feet and the lowered levee surface by about 7 feet.  

The role of this levee in maintaining the course of the Snoqualmie River is not addressed by the 
documents we reviewed. Our opinion is that the role of the existing levee is minor.  Given that 
ground elevations are higher downstream at the Tolt MacDonald Park (see Appendix C) the 
project site generally lies in an area of ineffective flow with respect to the Snoqualmie River. It is 
also our opinion that lowering the crest of the existing levee will not affect the course of the 
Snoqualmie River. Note that the momentum of the main Snoqualmie River flow, and the 
direction imposed by the upstream bridge and bank armor make it very unlikely that the 
Snoqualmie will change course to migrate to the east of the campground. If the City chooses not 
to rely on our opinion with regard to this issue, we recommend detailed (2-dimensional) flow 
modeling to evaluate the velocity field with the existing levee in place and with the lowered 
levee crest.  This would allow a more detailed assessment of potential impacts.  

Section 4.3 discusses the potential for erosion along the Snoqualmie River from interruption or 
reduction of sediment transport from the Tolt and re-establishment of sediment deposition at the 
mouth of the new outlet channel. Minor changes are expected along the Snoqualmie River from 
these two consequences, but none that result in a potential for the Snoqualmie to migrate east, 
around the campground.  

8. Will the effect of the Tolt impinging on the Snoqualmie River be affected by the 
proposed project?  Will either the hydraulics of the Tolt (i.e. flow momentum) or the 
sediment delivery characteristics of the Tolt be affected in such a manner as to reduce 
the effect that the Tolt has on forcing the Snoqualmie towards its left valley wall)?   

The documents that we reviewed do not address the first half of the question (note that sediment 
delivery is discussed above and in Section 4.3). As discussed under Question (4), we do not 
expect the timing or magnitude of flows from the Tolt River to change as a result of this project 
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and, consequently, there will be little change in flow momentum. However, after the project is 
completed, these flows will discharge into the Snoqualmie River further downstream and will be 
spread over a broader area.  

In our opinion, the momentum imparted by the Tolt River flows is less significant in maintaining 
the current course of the Snoqualmie River than either the riprap along the Snoqualmie River or 
the sediment deposited in the Snoqualmie by the Tolt River. Because only minor changes are 
expected in the flow momentum provided by the Tolt River and the momentum is not very 
significant to maintaining the course of the Snoqualmie River, we see this as a minor concern 
and do not see the need for additional studies to address this issue.  

9. Will the floodway change as a result of the proposed project.  It appeared that this 
question referred to the Snoqualmie floodway but it may also be an issue with regard to 
the Tolt floodway.  It was not clear whether the question related to the “Regulatory 
Floodway” (i.e. what is shown on the FEMA maps) or the more general concept of 
“floodway” as the corridor of high flow near the river channel. 
The project design documents do not address this issue.  A supplemental County e-mail 
transmittal from Tom Bean to Don Althauser contained information regarding estimated flooding 
conditions on the Snoqualmie River (as derived from modeling conducted by nhc for the 2006 
FEMA Floodplain Mapping Study).  The County prepared maps showing the 2-, 5-, and 10-year 
flood inundation limits for the area around the Project site.  The mapping of the 10-year 
inundation used water surface profile data produced by nhc.  The 2- and 5-year flood inundation 
limits used data extracted from the models developed by nhc, although nhc did not specifically 
perform any analysis of the 2- or 5-year flood conditions.  The mapping shows that both the 
north and south sides of the current and proposed levees are inundated by the Snoqualmie River 
at recurrence intervals as low as a 2-year event.  Thus a reasonable conclusion can be reached 
that relocation of the levee, and reconstruction at the same height as the current Tolt River levee, 
will have little effect on Snoqualmie River flooding.  Furthermore, our review of our own 
hydraulic modeling completed for the floodplain mapping study indicates that the levee has little 
or no impact on Snoqualmie River flood levels at events in the range of those considered in that 
study (e.g. 10-year and above).  Flooding near the project site during events above the 10-year 
level is primarily due to backwater from the Snoqualmie River which would be similar on both 
the north and south sides of the proposed levee.   

We would add a caution that the nhc model developed for the FEMA floodplain mapping study 
was focused on accurately simulating conditions in a 100-year event.  Thus, the applicability of 
this model for evaluating conditions in a 2-year event is not certain.  If detailed information on 
the 2- and 5-year conditions is needed, the model’s setup and calibration for events of this 
magnitude should be evaluated.  However, as stated above, we feel it is reasonable to conclude 
that the proposed levee relocation will not significantly alter Snoqualmie River flooding.         

10. Will the check valves proposed for the culverts through the proposed levee be likely 
to get lodged in an open position during a flood, resulting in flooding to the landward 
side of the levee? 
The check valves proposed for the culverts are standard designs that generally work well. Any 
check valve would be susceptible to blockage from debris or sediment and to vandalism. 
Consequently, regular inspection and maintenance are important to proper functioning and we 
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recommend that the City of Carnation discuss inspection and maintenance schedules with the 
appropriate Department of King County.  

3. PROJECT DESCRIPTION 
The Lower Tolt River Floodplain Reconnection Project lies north of the Tolt River, between the 
Snoqualmie River and State Route 203.  The project concept is similar to that of Alternative 1, as 
described by Parametrix (2003), and includes the following features or elements, as summarized 
from the 70% plan set:  

Removal of Existing Tolt River North Levee and Bank Protection  
Starting at about 700 feet downstream of State Route 203 (based on the levee stationing shown 
on Sheet 7) and extending for 700 feet, the existing road grade and levee along the north side of 
the Tolt River will be lowered by about 5 or 6 feet to match local ground and the riprap along the 
road face will be excavated and backfilled with native material. The maximum width of the 
lowered and cleared area will be about 120 feet (see Sheets 7 and 9; Kelsey 2006b).  This design 
also includes two v-shaped cuts in this section to about elevation 68 feet that will allow low 
flows from the Tolt River to enter the floodplain area (Sheet 7).  

Then, starting about 1,400 feet from State Route 203 and extending to the mouth of the Tolt 
River and downstream along the Snoqualmie River, the levee will be lowered by 3 to 4 feet (see 
Sheet 8). The maximum width of the lowered and cleared area will be about 100 feet. The riprap 
facing along the road will be removed to the extent practical, with minimum disturbance of 
existing vegetation from about 1,400 feet downstream of SR 203, to near the mouth of the Tolt 
River (Sheets 8 and 9). Since the riprap does not extend past the mouth of the Tolt (Kelsey 
2006b) there is no need to remove any riprap along the Snoqualmie.  

Setback Levee 
The proposed setback levee follows a sinuous path along the north edge of the project area, 
extending from State Route 203 for about 2,100 feet until it tapers to existing ground east of Tolt 
MacDonald Park (Sheets 10 and 11).  Crest elevations on the new levee are being designed to 
“match” those on the existing levee crest along the north bank of the Tolt River (Bean, personal 
communication, 2006).  

Along much of its course, the levee crest is only raised a few feet above existing ground. 
Significant fills occur where the levee encroaches on the south channel near the Mariner Sport 
Field and where the levee crosses the North Channel (Sheets 10 and 11).  

Levee Protection 
Rock protection is proposed along the south (inboard) side of the levee to protect from erosion 
by flows from the Tolt River that cross the floodplain (Sheets 10 and 11). The first 700 feet and 
the last 700 feet (as per the stationing shown on Sheets 10 and 11) of the levee slope are 
protected by a layer of “heavy-loose” riprap (WSDOT Standard Specification 9-13.1) placed on 
the constructed levee slope and keyed into existing ground (Sheet 12; typical section of rock 
facing). The middle 700 feet of the levee is protected by “buried levee armor”, consisting of a 
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buried rock slope that extends to 3 feet below the lowest elevations of the Tolt River. The 
gradation of this riprap is described in Shannon and Wilson (1993; pages C-26 and C-27).  

Other Bank Protection 
Bank revetment and bank reinforcement are also proposed along the 6 to 8 foot high bank that 
lies between Tolt MacDonald Park campground and the project site (Sheet 16). The protective 
works consist of three different structure types. Herrera Environmental Consultants (2006) 
describes the basis of design for these features.   

• About 100 feet of a Type IV engineered log jam on the point that projects into the project 
site. The works consist of a pile foundation securing large woody debris that is covered 
by ballast and top soil (Sheet 23).  

• About 450 feet of bank revetment, extending upstream and downstream of the engineered 
log jam (Sheet 24). The bank revetment is effectively a vertical wall in front of the 
existing bank, constructed of large woody debris attached to piles, and covered with top 
soil.   

• About 300 feet of bank reinforcement upstream of the bank revetment, consisting of 
triangular log structures laid on the bank and supported by piles driven into the bank 
slope (Sheet 25).  

Outlet Channel 
The project includes an outlet channel from the overbank or floodplain area that connects the 
south channel to the Snoqualmie River (Sheet 14). The outlet channel will be about 1,100 feet 
long with a 50 foot bottom width and varying depths below existing ground. The overall slope 
will be set at 0.4% and excavation depths range from a few feet to about 7 or 8 feet where the 
channel is cut through the bank of the Snoqualmie River. Excavation is primarily through sand 
and silty sand. Kelsey (2006a) provides details on the materials at depth throughout the 
floodplain.  

Engineered Log Jams 
The project proposes six (6) engineered log jams in the middle of the floodplain reconnection 
area. These log jams are placed to help “deflect” and “split” flows to create separate channels on 
the floodplain. Sheets 17 through 22 provide details for the design of the three feature types and 
Herrera Environmental Consultants (2006) describes the basis of their designs. The clearing of 
vegetation required for the construction of these features is shown on Sheet 5.  

Other Features 
The project also includes “channel and floodplain roughening features” and recreational and 
parking features that were not reviewed in detail. These features have little bearing on the 
erosion or flooding questions raised by the City of Carnation.     

Check Valves and Other Drainage Control Features 
A review of the plan set identified that check valves or backflow valves are proposed for the 
following sites: 
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• On downstream end of existing 60” CMP that crosses beneath SR 203 (see Sheet 13 for 
details) 

• On the 36” SWPE through the setback levee near Station 12+00 (see Sheet 11 for 
location and Sheet 13 for details) 

• An inline check valve on the 12” pipe that discharges water from the gravel dispersion 
trench at the Hedgerow Parking lot to the North Channel (see Sheets 4 and 38 for location 
and Sheet 39 for details) 

The check valves are intended to prevent flooding of adjacent properties when high waters on the 
Tolt River are contained with the levees and also to allow drainage of adjacent properties to the 
project site when water levels are low in the Tolt River.  

4. REVIEW OF BACKGROUND DOCUMENTS 
The following sections describe flooding and erosion in the vicinity of the project site for the 
existing conditions, in the design condition, and at some time after construction is completed. 
The project has been developed over a long period of time and a number of reports describe 
existing and projected conditions within the project area and, to a lesser extent, upstream and 
downstream of the project area (see Appendix B). Our review focuses on the most recent 
documents, prepared as background to the current project design.   

As of the date of this review, King County has not prepared a “Basis of Design” report 
describing the assumptions and criteria used to develop the project elements incorporated in the 
70% design. The lack of such a document made review of the project quite difficult and may 
have lead to misconceptions on the part of the 3rd Party Review team.  The County has provided 
a number of clarifications subsequent to our draft report and has told us that a Basis of Design 
report is planned for the 90% Design.  Review of that report might answer outstanding questions 
raised in our review.   Herrera Environmental Consultants, Inc did provide a basis of design 
report and subsequent modifications (Mostrenko 2006) for their part of the 70% design.   

4.1 Existing Conditions  
Flood Hazards from the Snoqualmie and Tolt Rivers  
The project area is exposed to flooding from both the Snoqualmie and the Tolt Rivers. The 
Snoqualmie is the much larger river, with much greater flows and it is responsible for the major 
flood hazard through the project site, adjacent lands, and in portions of the City of Carnation near 
the project site. Figures 2 and 3 provide cross sections of the Snoqualmie Valley that show 
predicted water surface elevations for various return period floods, near the project site and the 
City of Carnation based on the most recent FEMA flood hazard study (nhc 2006).  These figures 
show that the Snoqualmie River will inundate the project area and the adjacent properties to near 
State Route 203 at about a 10 year recurrence interval (i.e. a 10% exceedance level). During 
these large floods on the Snoqualmie River the project area and adjacent lands are inundated by 
backwater from the Snoqualmie River, velocities are low and erosion is minimal. Note that the 
Tolt River only contributes a few percent to the peak flood flow in the Snoqualmie River (Bean 
2005).   
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The Tolt River is the dominant source of flooding in the project area and adjacent lands only 
when high flows on the Tolt River coincide with lower stages on the Snoqualmie River. Bean 
(2005, 2006) showed that the Tolt River typically peaks earlier than the Snoqualmie River, 
indicating that high Tolt River flows coincide with low stages on the Snoqualmie reasonably 
frequently. Under these conditions Bean estimated that the Tolt River would overtop the existing 
levees and spread over the project site at about a 5-year recurrence interval.  

Existing Flooding in the Project Site 
As discussed above, the project site and adjacent lands are flooded by the Snoqualmie River to 
the elevation shown on Figure 2 at recurrence intervals of as low as 10 years. When this occurs, 
velocities are typically very low in the interior of the project site and erosion is not a concern.  

Bean (2005) documents the general conditions in the project area when high flows on the Tolt 
River coincide with low flows on the Snoqualmie River. His analysis, using his assumption 
about the flow split between the main Tolt River channel and the floodplain, essentially shows 
that much of the project area is backwatered due to high ground on the floodplain and the 
restricted outlet from the floodplain area to the Snoqualmie River.  The model indicates high 
velocities into the channel network and at the outlet to the Snoqualmie River. These velocities 
appear to be conservatively high, as they would cause rapid erosion and channel adjustments if 
they actually occurred. Herrera Environmental Consultants (2006) also estimated flow splits and 
velocities for existing conditions based on a slightly modified version of the model developed in 
Bean (2005).  Their results are generally similar to those reported in Bean (2005).  

Flood profiles throughout the floodplain area (Bean 2005; Figure 5) show water surface 
elevations exceeding 70 feet for locations upstream of the campground south access road when a 
10-year flood or greater occurs on the Tolt River coincident with low water levels on the 
Snoqualmie River. Such water levels would just overtop the properties adjacent to the project 
area including the Tolt MacDonald Park campground.  

Existing Erosion along the Snoqualmie River 
Booth et al (1991) and Collins and Sheikh (2002) describe the long-term behavior of the 
Snoqualmie River from maps and air photos. An analysis was also presented by Terry Butler 
during the project design team meeting on October 5th. The various reports and documents show 
that the river has maintained about the same alignment since about 1870. This is attributed to 
confinement of the channel against its left valley wall by the Tolt River Fan. Bank protection 
placed along the right bank in the 1960s and 1970s likely also contributes to channel stability 
(Parametrix 2001).  

Parametrix (2001) provides further discussion of the long-term behavior of the Snoqualmie 
River, from the Tolt River downstream to Carnation Farms Road Bridge. They note that river 
banks that are not armored with riprap are often steep, unvegetated, and eroding. They also note 
that a landslide that occurred on the west valley wall about 1 mile downstream of the Tolt River 
in the early 1930s resulted in growth of the gravel bars near Carnation Farms Bridge. These bars 
were subsequently colonized by riparian vegetation.  



 

 
Tolt River Floodplain Reconnection Project  nhc  
Third Party Review 10 February 7, 2007 

Existing Erosion along the Tolt River and Floodplain 
Butler and Landau (2006) describe erosion and flooding along the Tolt River and through the 
project site since the construction of the levees along the north and south banks. Inspection of air 
photos and maps suggests that the Tolt River only significantly altered the project site during the 
1959 flood, when coarse sediment was deposited on the floodplain near the river. Despite fairly 
regular overflow on the project site, there is no clear evidence of erosion, which is consistent 
with the low velocities described above. Butler and Landau (2006) also show that there has been 
no significant erosion along the bank adjacent to the Tolt MacDonald campground during recent 
history.  

4.2 Post-Project Conditions in the Project Site 
The project team used numerical hydraulic models of the project site, modified to include the 
various project elements and features, to develop an understanding of flooding and erosion 
following construction of the project.  These models predict water depths, velocities, water 
surface elevations and shear stresses when the project is completed using the existing topography 
as their geometric basis. Such predictions can be expected to be reasonably accurate immediately 
after construction, but over time erosion, sediment transport, and channel evolution will alter the 
topography which will also alter the distribution of flow between the Tolt River and floodplain 
and change depths, velocities, shear stresses and water surface elevations. Consequently, the 
Design Team’s expectations for evolution of the project is based more on a qualitative 
understanding of likely channel behavior than on quantitative modeling and their design of 
structures is often based on criteria which are conservative in their professional opinion.  

Post Project Flooding on the Project Site 
Water levels for a given flow on the Tolt River, when the Snoqualmie River is at a low stage, 
will be lower after the project is constructed as compared to the existing condition. This is 
because of the enlarged and lowered outlet to the Snoqualmie River and the conveyance of flood 
flows over a broader area. Over time, as sediment deposits on the project site, water levels during 
Tolt River floods will rise, but are predicted to remain below those that would have occurred if 
the project was not built (Parametrix 2003).  

Post Project Erosion on the Project Site 
The potential channel evolution and erosion through the project site was originally evaluated by 
Parametrix (2003; their Alternative 1) and more recently and more comprehensively by Herrera 
Environmental Consultants (2006; their Section 5.3).  The following bullets describe the likely 
steps in the evolution of the floodplain reconnection project after passage of a flood down the 
Tolt River, based on their analysis of model results:  

• Diversion of significant flow onto the floodplain and rapid erosion (downcutting and 
widening) through the sandy and silty sediments that form the banks and bottom of the 
inlet tributaries and the South, Middle and Outlet channels. Part of the North Channel 
may erode during large floods. Herrera notes that erosion of the South Channel and 
capture of most of the flow is the most likely scenario. Parametrix (2003) notes 
deposition of coarse sediment in the Tolt River near the diversion points.  
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• Deposition of coarse sediment from the Tolt River in the eroded floodplain channels and 
gradual re-building of floodplain elevations.  

• Eventual development of a gravel bedded channel with complex habitat features at about 
the elevation of the existing channels and discharge of coarse sediment to the Snoqualmie 
River near the mouth of the Outlet Channel.  

We generally agree with these steps and also agree that the potential evolution cannot be 
predicted in detail. However, it is our opinion that the following additional steps or conditions 
may be part of the evolution of the project site and deserve consideration in the design and 
evaluation of potential project impacts:  

• We feel that it is likely that the erosion of the floodplain channels and the steeper gradient 
created between the Tolt River and floodplain will result in rapid erosion of the inlets at 
the heads of tributaries 1 and 2 and diversion of most flow and sediment into these 
channels and the development of a headcut up the Tolt River resulting in lower upstream 
bed levels.  

• The combination of deposition of coarse sediment in the downstream Tolt River channel 
and the lowering of bed levels through the floodplain inlets will result in the diversion of 
most of the flow and nearly all of the coarse sediment load onto the floodplain.  

• Given the large volume of fine sediment eroded from the floodplain during the initial 
floods (this has not been estimated in any of the reports we reviewed, but in our opinion 
is likely to be tens of thousands of cubic yards) and the resultant low gradients between 
the upper end of the site and the Snoqualmie River, we anticipate that almost all of the 
coarse load from the Tolt River will initially be deposited in the project area, rebuilding 
channel elevations over a period of years.  

• Coarse sediment transport from the Tolt River to the Snoqualmie River will be 
interrupted during the period of refilling of the floodplain.  

Our above opinion regarding the interruption of coarse sediment transport differs from that in 
Parametrix (2003). They predicted a 40% reduction in coarse sediment delivery based on 
assumptions about potential reductions in bottom shear in the Tolt River channel due to diversion 
of flow onto the floodplain. Their analysis did not consider potential transport thresholds for the 
coarse material, assumed no changes in the Tolt River that might affect bed load transport 
(deposition, headcutting, etc) and did not appear to consider the initial erosion of the floodplain 
discussed by Herrera, and the potential consequences for sediment transport in the Tolt.  
Consequently, in our opinion, the near-complete interruption of coarse sediment transport from 
the Tolt River to the Snoqualmie is a realistic possibility and should be considered when 
evaluating potential project related impacts outside the project area.  

As is discussed in more detail later, we also suggest examining design conditions with a greater 
diversion of flow onto the floodplain than has been considered to date.  

4.3 Post-Project Conditions Outside of Project Site 
The evolution of channels within the Project may also affect erosion and flooding on the Tolt 
River and erosion on the Snoqualmie River outside of the project site. Some potential impacts on 
the Snoqualmie River were addressed by Parametrix (2003), based on their assumptions about 
reductions in coarse sediment delivery.  Others were addressed during the presentation by the 
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project design team on October 5th.  We summarize our opinions of potential impacts outside the 
project area and their significance below:  

Potential incision of the Tolt River upstream through the State Route 203 Bridge  

As discussed earlier, diversion of much of the Tolt River flow onto the floodplain may result in a 
headcut that lowers bed elevations upstream on the Tolt River. Inspection of bridge drawings by 
Washington State Highway Commission (1976) shows that abutments and piers are set on 
concrete piles with pile caps below the elevation of the 1976 stream bed. Given that surveys at 
the SR 203 Bridge show aggradation of about 5 feet from 1966 to 2003 and that incision is 
unlikely to lower bed levels more than a few feet, the bridge will not be affected by the changes 
in the channel and the incision may increase conveyance through the bridge and reduce upstream 
water levels.  

Abandonment of a portion of the lower Tolt River  

Deposition of coarse sediment in the Tolt River channel and diversion of flow onto the 
floodplain will mean that the lower Tolt River channel (from the floodplain inlets to the current 
mouth) may be abandoned, except during large floods. This will not, however, result in any 
increase in flooding or erosion potential along the lower Tolt River channel.  

Adjustments in the course of the Tolt River upstream of the diversion onto the floodplain 

It is our view that the diversion of the Tolt flow onto the floodplain and deposition of coarse 
sediment in the existing Tolt River channel may result in attack on the south bank levee and 
riprap armor upstream of the floodplain inlets. The riprap armor was designed for impingement 
by Tolt River flows and has not required repairs in recent years (Khan, 2006).  King County 
currently maintains this levee and regular inspection and maintenance is the best approach to 
address any potential impact at this location.  

Reduction of gravel transport to the Snoqualmie River for a period of time  

Based on their estimated reduction of coarse sediment transport from the Tolt to the Snoqualmie 
River Parametrix (2003) predicted net bed lowering or degradation in the Snoqualmie River 
reach downstream of the mouth of the Tolt of 0.1 feet/decade (erosion of 7,500 yd3/decade) for 
Alternative 1. As discussed earlier, we anticipate that a much lower portion of the coarse 
sediment in the Tolt will be carried to the Snoqualmie and the predicted bed lowering may 
double to 0.2 feet/decade (erosion of 15,000 yd3/decade).  It is not known how long coarse 
sediment transport to the Snoqualmie will be interrupted but it may be from several years to a 
decade or so, depending on flood history. A more precise prediction would require estimates of 
the volume of material eroded from the project area during the first few floods and a hydraulic 
analysis for the expected conditions following the initial cycle of erosion.  

Parametrix (2003) notes that the morphology of the Snoqualmie River downstream of the Tolt 
River is not expected to change much as a result of the lowered coarse sediment delivery. We 
generally agree. We anticipate that coarse sediments eroded from the Snoqualmie River will 
come partly from the bed and partly from the bar that the Tolt River has built at its confluence 
with the Snoqualmie River. Erosion of the bar may result in a retreat of the bar edge averaging 
several yards, although any such estimate is very approximate.  
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New location of the mouth of the Tolt River 

When gravel transport from the Tolt River to the Snoqualmie River is re-established, deposition 
will occur at the mouth of the new outlet channel, about 400 feet downstream of the current 
mouth, and will result in a different pattern of bar growth into the Snoqualmie River. This new 
locus of deposition will result in constriction of the Snoqualmie River further downstream than at 
present. Given the reasonably large riprap on the west bank of the Snoqualmie River across from 
the new mouth (see Appendix C) we see little potential for erosion of this west (left) bank as a 
result of this deposition.  

5. ELEMENTS DESIGNED TO ADDRESS FLOODING AND EROSION 
The design of various project elements and features is based on depths, velocities, shear stresses 
or water surface elevations predicted by numerical hydraulic models for the conditions that occur 
just after the project is constructed. These predictions are affected by various assumptions about 
the evolution of the project site, particularly the proportioning of flow between the existing 
channel and the reconnected floodplain area. As discussed earlier, we feel that erosion at the inlet 
to the floodplain channels may result in diversion of more flow than has been considered by the 
Design Team.  The effect of this on the design is not apparent to us and we recommend 
additional hydraulic analyses to confirm that the design criteria are still valid.  

Typically, the assumptions about the critical hydrologic and hydraulic characteristics for design 
are documented in a “basis of design” memorandum or report, where permissible velocities or 
depths are compared to the critical values or, in the case of riprap, the size, gradation, extent and 
toe treatment of the revetment are designed in response to the critical values. For this project, 
where long-term conditions cannot be precisely estimated and may vary considerably from place 
to place, it seems particularly important to document assumptions regarding the locations of 
erosion or other conditions that affect the design.  

As noted earlier, a “basis of design” report has not yet been prepared by King County for the 
levee or for the rock protection proposed for the levee. Our discussion of the design of these 
project elements, below, is therefore based on information provided during the October 5th 
presentation, subsequent communications with the Design Team, and general design 
considerations. We have recommended additional hydraulic analysis which might change our 
opinions, provided below.  Herrera Environmental Consultants (2006) provides a basis of design 
report for the erosion protection along the bank in front of the Tolt MacDonald Park 
campground.  

5.1 Flood Protection with the New Levee  
It is our understanding that the new levee crest was designed to provide the same level of flood 
protection as the existing levee, and this was done by setting top elevations at points on the new 
levees at the same elevation as corresponding positions on the existing levee. Drawings provided 
by King County (2006) show that the existing and new levee top elevations match. As discussed, 
flood profiles along the Tolt River when the Snoqualmie River is at low flows will be reduced 
slightly after the project is constructed. Consequently, the adjacent lands to the north will receive 
some minor additional flood protection benefit from the setback levees under these conditions.  
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Both the existing and the new levees are oriented transverse to the flow of the Snoqualmie River, 
the primary source of flooding in this area, and provide no protection from this flooding source.  

5.2 Levee Protection Works 
The levee protection works consist of two sections of heavy-loose riprap and one section of 
buried levee armor (see Figure 1). The heavy-loose riprap consists of graded rock with a median 
size of 1.5 to 2 feet, but with only minor toe protection. The rock is capable of resisting design 
velocities of up to 11 to 14 feet/second.  The rock protection is, however, susceptible to failure if 
scour occurs. The first section with riprap protection is at the upstream end of the levee. 
Velocities in this vicinity are predicted to be less than 1 foot/second (see Herrera 2006, Appendix 
C) for a range of scenarios and the protection works seem to be more than adequate to resist any 
likely flows.  

The second section protected with heavy loose riprap is the lower levee section along the North 
Channel.  This levee rises only a few feet above existing ground and is set back from the existing 
bank.  Along this section, heavy-loose riprap is only provided on the levee face with the existing 
bank left in its current vegetated condition. The design relies on the setback, the existing 
vegetation, and the low expected velocities rather than bank reinforcement. The Design Team’s 
hydraulic analysis indicates that the vegetated bank and the heavy-loose riprap on this levee are 
exposed to velocities less than a few feet/second (Herrera 2006; Appendix C).  The assumption 
that the existing bank vegetation is adequate to withstand the anticipated velocities should be 
confirmed in the basis of design report.    

Buried levee armor is placed along the middle section of the levee, where maximum velocities 
appear to be about 7 feet/second (Herrera 2006, Appendix C). The buried armor is a graded rock 
with a median size of around 3 feet, with a toe to resist scour to elevations below the existing 
main channel grade and capable of resisting design velocities up to 18 feet/second. The 
maximum velocities predicted anywhere on the floodplain by the HEC-RAS model are about 13 
feet/second (Herrera Environmental Consultants 2006). Assuming some reduction in these 
velocities by the structures on the floodplain but allowing for direct impingement suggests that 
the buried levee armor is more than adequate for any likely conditions.  

5.3 Tolt MacDonald Park Bank Protection Works 
Herrera Environmental Consultants (2006) describe the basis of design for the Type IV 
engineered log jam and bank revetment to be placed along the southern and eastern edge of the 
bank. These structures are designed to prevent failure by buoyancy, scour and drag. While we 
have not reviewed the calculations in detail, we anticipate that the Type IV log jam and the bank 
revetment will provide adequate protection for the bank.   

A quantitative description of the design criteria for the bank reinforcement structure is not 
provided in Herrera’s report. It appears that the purpose of this structure is to provide protection 
where relatively low velocities are predicted, likely less than 3 feet/second (Herrera 2006). At 
our meeting with the Design Team on November 3rd Herrera’s engineers indicated that the 
proposed bank protection was meant to provide a “safety factor” in the event that erosion 
exceeded their expectations.  They also noted that the bank in question would be observed over 
time to see if there was any need for additional bank protection.  We suggest that the Design 
Team should clearly document their design criteria for this section of bank, determine what, if 
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any, bank protection is required, provide a design that meets or exceeds those requirements, and 
then note any proposed monitoring and adaptive management that is planned.  

6. GEOTECHNICAL CONSIDERATIONS 
In addition to the evaluation of flood and erosion issues as described above, the 3rd Party Review 
Team was asked to consider geotechnical issues related to the proposed Project, i.e. seepage and 
stability.  Shannon & Wilson, Inc. (S&W) was retained as a subconsultant to nhc to evaluate 
these issues. S&W attended the Project Design Team presentation at King County on October 5, 
2006 and reviewed selected project-related documents as provided by King County. S&W’s 
scope was limited to review of seepage and stability issues and did not include any review of 
other aspects of the project design.   S&W provided draft review comments to King County on 
November 4, 2006. The County responded to those draft comments on November 30, 2006. The 
County responses have been considered in S&W’s final comments as provided in this section.   

S&W understands that the primary objective of the project is to restore river habitat near the 
confluence of the Tolt and Snoqualmie rivers. Flood protection will remain at the current level, 
i.e., protection of upland areas from a two year flood event on either the Tolt or Snoqualmie 
rivers.  Project design is at the 70 percent stage, and some geotechnical aspects of levee design 
have not been analyzed by the design team. S&W was tasked with review of the design concept 
as presented in the 70 percent design drawings (Project No. 021643, dated 7/2006).  Levee 
seepage and stability calculations were not available for review. 

References in this section to ‘Details’ and ‘sheets’, refer to Details and sheets in the 41 sheet, 
July 2006, 70 percent design drawing set. 

Levee Design 
The setback levee (levee) is proposed to have a 15 foot crest width, 4 horizontal to 1 vertical 
(4H:1V) slope on the landward side, and 3H:1V slope on the river side. (see Detail A, sheet 12). 
Riprap erosion protection is proposed to be buried within the levee on the river side of the levee, 
and inclined at a 2H:1V slope that extends down from the river side levee crest.  This riprap is 
proposed to be buried beneath finer grained material in which vegetation could be established 
(see Detail ‘Typical Section of Rock Facing’, sheet 12). 

Seepage through levee 
It is understood that the proposed levee is to provide a similar level of flood protection as is 
provided by the existing levee and that it is the County’s intent to limit seepage through the new 
levee. To achieve these goals, appropriate selection of levee embankment material is necessary 
and proper construction techniques should be implemented. No seepage volume or rate 
calculations were provided for review. It is understood that these analyses will be performed for 
the 90 percent design phase. Seepage analyses should consider levee material permeability, levee 
foundation material permeability, levee dimensions, water elevation and water elevation 
fluctuations, duration that the water remains elevated, and, potentially, other factors. 

S&W recommends that the design team consider the following in their evaluation of levee 
seepage and overall project performance: 
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• Levee overtopping and upland flooding is projected to occur relatively frequently, i.e., 
whenever the design 2-year flood event for either river is exceeded.  

• Upland areas below certain elevations (unknown to us) are likely wet relatively 
frequently, including during and following periods of rainfall that would also result in 
river flows exceeding the 2-year flood event. 

• The existing Tolt River north levee is constructed of relatively permeable materials. 
• The existing Tolt River north levee appears to have been constructed primarily for river 

channelization, i.e., to limit channel migration. 
• The proposed new north levee will be founded on natural materials that may have 

relatively high permeability. 

It is S&W’s understanding that the Design Team desires to use on-site sand, gravel, and cobble 
material for levee construction. Based on the information reviewed, native materials may be gap 
graded and there is little silt in the on-site soil. Without augmentation, it appears that on-site 
material used for new levee construction, some of which would be derived from removal of the 
existing Tolt River north levee, would be relatively pervious. The August 2006 ‘Geotechnical 
Investigation’ and follow-up August 29, 2006 ‘Material Investigation’ performed by the King 
County Materials Laboratory Roads Services Division (KC Materials Lab) recommend that 
materials used for levee construction consist of 15 to 20 percent silt particles (percent passing the 
No. 200 sieve by weight). The KC Materials Lab further notes that (1) on-site material does not 
typically have this high of a silt content, and (2) importing silty material and blending it with on-
site materials would be required to implement this recommendation.  

In  S&W’s opinion, the KC Materials Lab recommendations for modifying on site material by 
blending it with higher fines content material appears to be generally appropriate. The fines 
content of levee fill material required to construct a levee with sufficiently low permeability to 
meet the project goals for 2-year protection while simultaneously being resistant to internal 
erosion by water that does seep through the levee depends on a number of factors, including, but 
not limited to: gradation of the fill material used, duration of inundation, levee dimensions, and 
levee foundation material permeability. Because on site materials appear to consist principally of 
cobbles, gravel, and sand and may be gap-graded, it may be necessary that import material to be 
blended with on site material consist of silty gravely sand or gravely sandy silt, so that the 
blended material is broadly graded and not susceptible to internal erosion. S&W recommends 
that analyses be performed of material gradation requirements for the new levee and of on site 
material gradation so that an appropriate gradation for import material can be selected. 

Levee Stability 
No stability calculations were provided for review. S&W understands that these calculations will 
be performed for the 90 percent design phase. It is recommended that levee stability be checked 
for different potential failure modes using guidelines included in the U.S. Army Corp of 
Engineers Design and Construction of Levees or other appropriate document.  In S&W’s 
opinion, at a minimum, levee stability should be confirmed for the following conditions: 

• Static global stability 
• Static stability for shallow slope failures and various groundwater conditions 
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• Steady seepage (from river side to land side) 
• Rapid drawdown 
• Seepage of water through the levee from the land side to the river. 

No specification is provided in the 70 percent design drawings (Typical Section of Rock Facing, 
sheet 12) for material proposed to construct the wedge of soil between the 2H:1V riprap surface 
and the 3H:1V levee face surface. S&W understands that there are two principal purposes for 
constructing this wedge: (1) hide the riprap and (2) provide substrate for vegetation to become 
established. Providing for vegetation establishment might typically be accomplished using 
material with relatively fine-grained soil and organic material. In S&W’s opinion, material in 
this wedge should have a hydraulic conductivity that is greater or equal to the hydraulic 
conductivity of material within the main levee mass. This recommendation is made so that water 
that seeps into the levee when the river elevation is high, or is trapped upland of the levee 
following flooding, can readily seep out of the levee soils toward the river when the river 
elevation drops. If this soil wedge retards water flow from the levee, pressure and seepage of 
water in the levee behind the wedge could result in failure and erosion of the soil wedge. See the 
Levee Erosion section below for discussion of potential erosion of material placed in the wedge 
of soil proposed to be placed over the riprap on the river side of the levee. 

S&W understands that analyses that consider the range of conditions to which the levee will be 
subjected will be performed for the 90 percent design. 

Levee Erosion 
No riprap sizing or erosion calculations were provided for review. It is understood that project 
specific riprap design will be performed and riprap construction details developed for the 90 
percent design phase. 

Detail A, sheet 12 shows the relocated south channel to be near the toe of the setback levee. 
Erosion protection of the channel bank below the levee toe is not indicated. It is recommended 
that erosion protection be provided on the channel bank below the levee toe so that protection is 
provided against undermining of the levee. It is recommended that the potential for levee 
undermining be addressed by constructing riprap using a detail similar to Detail C, sheet 12, 
wherever the relocated channel will be near the levee toe and where the river could migrate and 
create a new channel near the levee toe. Scour depth should be considered in determining the 
depth to which the riprap is installed and riprap key design. Riprap particle size and layer 
thickness should be appropriate for project demands. Compatibility of riprap particle size with 
underlying material should also be addressed so that material is not washed out or eroded from 
below the riprap. S&W understands that riprap and erosion protection details for the proposed 
new levee will be corrected in the 90 percent design drawings. 

No specification is provided in the 70 percent design drawings (Typical Section of Rock Facing, 
sheet 12) for material proposed to construct the wedge of soil between the 2H:1V riprap surface 
and the 3H:1V levee face surface. It is understood that this material will be specified in the 90 
percent design drawings. Because the riprap is below this wedge of material, this material is not 
protected from erosion by the river.  S&W understands that this wedge of material (1) is intended 
as an aesthetic covering for the riprap and substrate for vegetation roots, (2) will not be protected 
from erosion except by vegetation that becomes established in it, (3) is considered temporary, 
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and (4) will not be considered in the design for long-term levee stability or seepage evaluations. 
Even if considered non-crucial to levee erosion protection, S&W recommends that the short-
term, and potentially adverse, affect of this soil wedge on levee stability, seepage, and erosion be 
considered. It is understood that provisions to replace material that is eroded from the soil wedge 
by storm events will be incorporated into the project design, performance, and maintenance 
expectations. See the Levee Stability section above for discussion of potential failure of material 
placed in the wedge of soil proposed to be placed over the riprap on the river side of the levee.   

Concluding Remarks with Respect to Geotechnical Considerations 
The conclusions and recommendations presented in this Section are based on information 
provided by King County and S&W’s experience.  The scope of S&W’s services did not include 
subsurface explorations, soil tests, or stability or seepage analyses of the levee. S&W’s scope 
was limited to geotechnical considerations related to seepage and stability of the relocated Tolt 
River north levee and did not include review of other aspects of the project.  Within the 
limitations of the scope, schedule, and budget, the analyses, conclusions, and recommendations 
presented in this Section were prepared in accordance with generally accepted professional 
geotechnical engineering principles and practice in this area at the time this report was prepared.  
S&W makes no other warranty, either express or implied. 

7. SUMMARY AND CONCLUSIONS 
In general, we believe that the background analysis and design adequately address the changes in 
flooding and erosion that might result from the project, maintaining about the same level of 
protection that presently occurs for the lands adjacent to the project site. However, the design 
documentation is not yet complete and our opinion is based on review of the currently available 
documents, various assumptions, and verbal communications from the Design Team as 
documented in the previous sections.  

Our main point of disagreement with the existing technical studies is that we feel that a greater 
portion of the flow of the Tolt may be diverted into the project site than was assumed by the 
Design Team and that the evolution of the project area may be more aggressive than assumed by 
the Design Team (See Section 4.2).  In our opinion it would be prudent to complete additional 
analyses to confirm that design assumptions remain valid if this occurs. Alternatively, the design 
can be modified so that the planned openings to the project site from the Tolt River are 
sufficiently hardened to ensure that they do not erode.  

As discussed at several points in our report, we recommend that King County and their 
consultants prepare the following design documents and include them in the Basis of Design 
report that we understand will accompany the 90% design:  

• Levee protection design, documenting assumptions about hydraulic conditions and the 
design of the protective works.  

• Bank reinforcement design, addressing design velocities, potential for higher velocities, 
and the likely performance of the structure. 

We believe that this additional documentation would help clarify potential impacts of the project 
on flooding and erosion and help alleviate concerns of the City of Carnation.  
 



EASTERN LEVEE SECTION
(STA. 0+00 TO 7+20)

SEC. 21, TWN.25, R. 7 E, W.M.

Tolt River Floodplain Reconnection
3rd Party Review

Annotated Project Plan

1/31/2007 121473

BANK REINFORCEMENT
(ZONE OF LOWER
VELOCITY FLOWS)

WESTERN LEVEE SECTION
(STA. 14+00 TO 21+00)

MIDDLE LEVEE SECTION
(STA. 7+20 TO 14+00)

CAMPGROUND REVETMENT
(ZONE OF HIGHER
VELOCITY FLOWS)



0 1000 2000 3000 4000 5000
50

60

70

80

90

100

Snoqualmie and Skykomish River Floodplain Study       Plan:     1) S 10-yr 2    2) S 100-yr 2
Geom: South model, production run 2

River = Snoqualmie River   Reach = Mainstem 6      RS = 23.70

Station (ft)

E
le

va
tio

n 
N

A
V

D
88

 (
ft)

Legend

WS Max WS - S 100-yr 2

WS Max WS - S 10-yr 2

Ground

Ineff

Bank Sta

.
1
5

.
0
5

.
0
3
1

.
0
5

.03 .
0
5

.14 .
0
3
1

.14 .05 .
0
2

.05 .
9
9

.05 .
9
9

.05

Figure 2: Snoqualmie River Cross Section downstream of Tolt River confluence, Showing 10- and 100-year water surface elevations
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Geom: South model, production run 2
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Figure 3: Snoqualmie River Cross Section near City of Carnation (RM 23.21), Showing 10- and 100-year water surface elevations
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 MEMORANDUM 
 
northwest hydraulic consultants inc. 
 16300 christensen road, suite 350 
 tukwila, washington 98188-3418 
 (206) 241-6000 
 fax no. (206) 439-2420 
DATE:  September 19, 2006  
 
TO:  King County 
 
FROM:  Larry Karpack, Ken Rood 
 
SUBJECT: Tolt Floodplain Reconnection 3rd Party Review 
  
 
The purpose of this memorandum is to document information that was provided to nhc at the 
City of Carnation Council work session on Sept. 19, 2006.  The objective of the work session 
was to familiarize the City Council with the scope of the 3rd Party Review and to provide a forum 
for discussion between the council, King County staff, and nhc.  From nhc’s perspective the 
primary benefit of the meeting was to provide clarity on the issues that are of greatest concern 
to the City relative to the 3rd Party Review.   
 
Based on discussion with the Council we identified the following concerns or issues. We 
understand from the Council that their concerns are not only for the short-term (e.g. immediately 
after project construction) but for the long-term, extending many decades into the future: 
 

1. Will the project lead to an increased potential for erosion at the Tolt-MacDonald Park 
Campground from flows in the Tolt River and, if so, will the proposed construction 
protect the Campground? 

2. Will the meandering of the Tolt River, as is likely to occur after completion of the project, 
place the proposed levee at risk of an erosional failure? 

3. Does the proposed project create additional flood storage capacity on the Tolt River, as 
suggested by King County staff during the onsite presentation to the Council on 
9/18/2006? 

4. Will the project change the timing of Tolt River streamflow hydrographs (i.e. will the Tolt 
River still generally peak prior to the Snoqualmie as noted by King County staff during 
the onsite presentation to the council on 9/18/2006)? 

5. Will the proposed project change sediment deposition characteristics in the Tolt River in 
such a way that upstream water levels may be increased? 

6. Will the loss of flows from the Tolt River onto the floodplain result in loss of habitat in the 
main channel or affect fish passage? 

7. Will the proposed project, as currently designed, increase the potential for lateral 
movement of the Snoqualmie River and specifically could this cause the Snoqualmie 
River to migrate to the east, around the campground? 

8. Will the effect of the Tolt impinging on the Snoqualmie River be affected by the proposed 
project?  Will either the hydraulics of the Tolt (i.e. flow momentum) or the sediment 
delivery characteristics of the Tolt be affected in such a manner as to reduce the effect 
that the Tolt has on forcing the Snoqulamie towards its left valley wall?  Note that the 



 

 
 

evidence of this effect in the current condition was described by King County staff during 
the onsite presentation to the Council on 9/18/2006. 

9. Will the floodway change as a result of the proposed project?  We believe that this 
question referred to the Snoqulamie floodway but it may also be an issue with regard to 
the Tolt floodway.  It was not clear whether the question related to the “Regulatory 
Floodway” (i.e. what is shown on the FEMA maps) or the more general concept of 
“floodway” as the corridor of high flow near the river channel. 

10. Will the check valves proposed for the culverts through the proposed levee be likely to 
get lodged in an open position during a flood, resulting in increased flooding to the 
landward side of the levee? 

 
The Council did not highlight any questions related to geotechnical issues.  It is our 
understanding that the primary geotechnical issue at this time is whether the proposed levee fill 
material is appropriate in terms of its seepage characteristics. 
 



 

 
 

Appendix B: 
 

Reports and Documents Provided by King County



 

 
 

Reports Received on October 5, 2006 
Bean, T. 2005. Steady RAS for Lower Tolt River Floodplain Reconnection Project. King County 

Memorandum to Zahid Khan, Project Manager, dated August 26, 2005. 14 pp.   
 
Bean, T. 2006. Unsteady RAS for Lower Tolt River Floodplain Reconnection Project. King 

County Memorandum to Zahid Khan, Project Manager, dated January 4, 2006. 10 pp and 
Appendices.  

 
Booth, D, K. Bell and K. Whipple. 1991. Sediment transport along the south Fork and Mainstem 

of the Snoqualmie River. King County Surface Water Management Division. Basin 
Planning Program. 25 pp. and Appendices.  

 
Butler, T. and B. Landau. 2006. Lower Tolt Floodplain Reconnection Project: Flood Hazard 

Memorandum (Final Draft). King County Department of Natural Resources and Parks. 
Water and Land Resources Division. Capital Projects and Open Space Acquisitions Section. 
17 pp and Figures. March 24, 2006.  

 
Collins, B.D. and A.J. Sheikh. 2002. Mapping historic conditions in the Snoqualmie River 

Valley (RM 0 to RM 40). King Count Department of Natural Resources, Seattle, WA. 30 
pp.  

 
Herrera Environmental Consultants. 2006. (Draft) Basis of Design: Lower Tolt River Floodplain 

Reconnection Project. Prepared for Seattle Public Utilities. 51 pp and Appendices. January 
23.  

 
Kelsey, K. 2006a. Geotechnical investigation: Lower Tolt River Floodplain Reconnection 

Project, Carnation, Washington. King County Department of Transportation, Roads Services 
Division, Engineering Services Section, Material Laboratory. 12 pp and plates. August 10, 
2006.  

 
Kelsey, K. 2006b. Lower Tolt River Floodplain Reconnection Project: North Bank Tolt River 

Levee Prism Material Investigation. King County Department of Transportation, Roads 
Services Division, Engineering Services Section, Material Laboratory. 5 pp and Figures.  

 
Parametrix, Inc. 2001. Lower Tolt River: Floodplain Reconnection Site Analysis, 

Characterization of Existing Conditions. Prepared for Seattle City Light and King County 
Department of Natural Resources. 134 pp. August.  

 
Parametrix, Inc. 2003. Lower Tolt River: Floodplain Reconnection Alternatives and Analysis. 

Prepared for Seattle City Light and King County Department of Natural Resources. 85 pp 
and Appendices. January. 

 
Shannon & Wilson, Inc. 1991. Tolt and Raging Rivers channel migration study, King County, 

Washington. Prepared for King County Surface Water Management Division. 44 pp and 
tables and figures. April.  



 

 
 

 
 Shannon & Wilson, Inc. 1993. Feasibility Report: Tolt River Flood Control Project, King 

County, Washington. Prepared for King County Department of Public Works. Surface 
Water Management Division. 26 pp and Appendices. January.  

Other Documents Received on October 5, 2006 
Lower Tolt River Floodplain Reconnection Project 70% Plans. 41 sheets of 2004-84. King 

County Department of Natural Resources and Parks, Water and land Resources Division. 
Capital Projects Section. Surface Water – Engineering and Ecological Services Units. July 
2006.  (full size and half-size prints).  

 
Lower Tolt Floodplain Reconnection Project. Third Party Engineering Review Presentation. 

Copies of PowerPoint Slides. October 5, 2006.  

Reports and Documents Received on November 30, 2006 
Khan, Zahid (King County Design Team). November 30th, 2006. Letter to Larry Karpack of nhc, 

titled “Lower Tolt Floodplain Reconnection Report: Comments on Draft Third Party Review 
Report”. 14 pages.  

 
King County Department of Natural Resources and Parks. July 2007. Lower Tolt River 

Floodplain Reconnection Project. Setback Levee with Correlation Lines (Sheet 1) and 
Setback-to-Existing Levee Sections along Correlation Lines (Sheet 2). Drawing 2004-84.  

 
Mostrenko, Ian (Herrera Environmental Consultants, Inc).  October 25, 2006. Memorandum to 

Zahid Khan, King County DNRP/WLRD, titled “Lower Tolt Floodplain Reconnection 
Project – Basis of Design Changes”. 8 pages.  

 
Mostrenko, Ian (Herrera Environmental Consultants, Inc).  November 8, 2006. Memorandum to 

Don Althauser and Zahid Khan, King County DNRP, titled “Lower Tolt Floodplain 
Reconnection Project – Third Party Review Response”. 4 pages.  

 
Snoqualmie River near Carnation. 1938 Air Photo Mosaic. Location of landslides indicated on 

mosaic.  
 
Washington State Highway Commission. Department of Highways. May 28, 1976. Tolt River 

Bridge Replacement, King County. MP 5.19 to MP 5.34. Sheets 21 to 23.  
 
  



 

 
 

Appendix C: 
 

Air Photos of the Tolt/Snoqualmie Confluence showing 
existing bathymetric surveys and the observed extent of 

riprap protection 
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