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The design concept to line the open sections of the canal consists of installing an impermeable 
geosynthetic geocomposite liner (liner) and layer of concrete (concrete) atop the earthen canal 
bottom and sidewalls.  The liner will prevent water loss via seepage and the overlying concrete will 
protect the liner from damage from wildlife traffic or debris. Additionally, the canal liner design 
and construction must be capable of supporting occasional vehicle loading from maintenance 
pickup trucks or backhoes driving along the canal base, and mitigation of heaving and damage from 
hydrostatic pressure and frost. 

Desk Study Summary 
We reviewed canal as-built plans and considered anecdotal information provided by Jacobs and 
KRD to gain an understanding of canal construction and existing conditions. We also reviewed 
publicly available geological/geotechnical information and geologic maps. 

As-Built Plans 
The canal as-built drawings indicate the canal was constructed by excavating soil and rock into the 
side of naturally sloping ground. The base of the majority of the canal is shown as varying in width 
from 4 to 12 feet, with sidewalls as steep as 1-1/4H:1V, but mostly 1.5H:1V (horizontal:vertical). 
The operating water depth in the canal is shown to vary between 3 and 4 feet. 

Soil and rock materials excavated from the canal alignment were used to construct a drivable 
embankment on the downslope side of the canal. The minimum crest width of the embankment is 
shown to vary from 10 to 12 feet wide with sideslopes as steep as 1.5H:1V. 

The as-built plans show the canal is lined with concrete from approximately Station (Sta).470+90 to 
Sta. 480+30. 

KRD Input 
The KRD reports downslope seepage and lush vegetation immediately downslope of the canal is 
commonly observed when the canal is full of irrigation water, indicating widespread seepage from 
unlined canal areas.  

Upslope seepage and concentrated drainage flows have been observed flowing into and 
accumulating in the canal in several locations during and following snow melt and/or heavy rain 
events. 

There are eight ‘undershot’ drainage culverts (undershots) that are located at eight of the major 
upslope drainages that intersect the canal. The undershots carry water emanating from the upslope 
drainages under the canal and to the downslopes areas. KRD report that flows in excess of 25 gpm 
have been observed in the undershots during large rain and snow melt events. 

KRD staff report that large-scale slope instability, such as large vertical or horizontal movement of 
canal sections, has not been observed, but that sloughing and shallow, surficial slope failures of 
localized canal upslope areas has been observed in a few areas within the past decade. 

KRD staff report that the accumulation and removal of rock fall debris in the canal is a major 
maintenance burden. The rock fall debris consists of gravel- to boulder-sized angular basalt 
particles that have fallen from steeply-sloped to vertical basalt bedrock faces located immediately 
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adjacent and on the upslope side of the canal in some areas. KRD staff report the accumulated 
debris piles in the canal have been up to several cubic yards in volume, with most accumulation 
occurring from freezing and thawing processes during and following periods of cold weather. 

Geology 
The geologic map of the area (Tabor et al., 1982) indicates the upper geologic unit present along the 
majority of the canal alignment consists of Columbia River Basalt (basalt), with some sedimentary 
rock, and alluvial fan deposits mapped nearby. The sedimentary rock is reported to consist of 
extremely weathered to intact siltstone, claystone, and sandstone. Extremely weathered sedimentary 
rock may appear to be ‘soil-like’ silt, sand and gravel materials. Alluvial fan deposits consisting of 
silt, sand and gravel are most likely to be encountered at the base of upslope drainages that intersect 
the canal alignment. 

Site Conditions 
The sections below present site conditions observed during a field reconnaissance completed on 
March 23 and 24, 2017 by walking and driving the canal alignment, and from test pits explorations 
completed on December 28, 2016.  

Surface Conditions 
Canal Geometry 
The geometry and configuration of the canal alignment and drivable embankment on the downslope 
side of the canal (base width, sidewall angles, etc..) generally agree with the geometry and 
configuration described in the As-Built Plans section of this report. We observed the upslope areas 
above the canal sidewall vary from nearly flat to nearly vertical. 

Lined Canal Base and Sidewalls 
We observed some portions of the canal were fully or partially lined with concrete beyond what is 
shown in the as-built plans (Sta. 470+90 to 480+30). We observed 6 to 12 inches of standing water 
in lined areas of the canal during our field reconnaissance. The existing canal liner and standing 
water is shown in the photograph on Figure B-1. 

We observed the canal base and sidewalls were fully lined with concrete from: 

 Sta. 431+90 to 439+50; 

 Sta. 462+20 to 468+20;  

 Sta. 478+50 to 482+40; and 

 Sta. 510+90 and 516+90.  

We observed the downslope canal sidewall and only part of the base was lined with concrete at 
curved sections of the canal alignment from:  

 Sta. 476+00 to 477+10; and  

 Sta. 402+40 to 403+40. 
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We observed that some areas of the existing concrete lining were significantly heaved, cracked, 
and/or noticeably displaced, possibly as a result of: 

 hydrostatic pressure heave from accumulated groundwater seepage behind or beneath the 
lined canal base and sidewalls; 

 frost/ice heave from freezing of perched groundwater residing between low permeability 
subgrade materials and the overlying concrete liner; and/or  

 sliding/creep of the concrete sidewalls downward and toward the centerline of the canal, 
especially in areas where only the downslope canal sidewall is lined. 

Repaired cracks in the concrete liner can be seen in photograph on Figure B-1. 

Unlined Canal Base and Sidewalls 
We observed the majority of the canal alignment was unlined, except at the stationing listed in the 
Lined Canal Base and Sidewalls section above.  

The canal base and sidewall surfaces of unlined sections of the canal were observed to consist of 
bare soil or rock materials void of any lining or surface course (such as gravel). The composition 
and location of the soil and rock materials observed at the surface are described in further detail in 
the Canal Subgrade Conditions section below, but are generally characterized as mixtures of silt, 
sand, gravel and cobble, or basalt rock.  

The base of the canal was noticeably uneven underfoot in some areas with occasional piles of 
accumulated soil and rock debris originating from upland areas. We observed 6 inches to 3 feet of 
standing water in unlined areas of the canal. See photograph on Figure B-2 for a general 
representation of an unlined section of canal with standing water. 

We observed slight (observed as slow, intermittent dripping) to abundant (observed as continuous 
trickle) of groundwater seepage emanating from the face of the upslope canal sidewall in many 
locations and various soil/rock conditions. 

We suspect the groundwater seepage is the result of precipitation and recent snow melt water 
traveling down from the upland areas and exiting the slope face of the canal. Based on assumptions 
that precipitation, snow melt, and upland conditions (topography, vegetation coverage, fire) could 
change, we estimate that the location and magnitude of seepage conditions could also change over 
time. 

Adjacent Downslope and Upslope Areas 
We observed the areas downslope of the drivable embankment were typically vegetated with grass, 
trees, shrubs and variable topography ranging from nearly flat to steeply-sloped. We did not 
observe apparent seepage or differences in vegetation lushness as described by the KRD, but 
suspect this observation is likely more apparent in the dry summer months when the canal is full of 
water and area precipitation is low. We did not observe apparent indications of large-scale 
instability, such as scarps or large tension cracks, on the downslope side of the canal embankment. 

The upland areas immediately above the upland canal sidewall were observed to consist of varying 
proportions of nearly flat to steeply-sloped bare soil and vegetation consisting of tall grass, shrubs 
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and small trees, or steeply-sloped to vertical basalt rock faces. We observed slight to abundant 
seepage emanating from the surface of the upland areas in many locations, similar to that described 
in the Unlined Canal Base and Sidewalls section above. 

We observed some of the sloped areas consisting of soil and vegetation located just upslope of the 
canal sidewall were sloughing downward into the canal and accumulating at the base, as seen in the 
photograph on Figure B-2. The depth of sloughing was observed to vary from about 1 to 12 inches 
thick of soil or vegetation rootmass. We observed sloughing of the areas just above the upslope 
canal sidewall was most continuous from: 

 Sta. 421+50 to 425+70; 

 Sta. 492+00 to 503+00; and  

 Sta. 505+10 to 507+80.  

Areas of sloughing were most-prevalent where the canal subgrade and sidewall materials were 
observed to consist of mixtures of silt, sand and gravel with groundwater seepage, as opposed to 
basalt. 

In addition to sloughing, we observed a surficial, shallow slope failure at Sta. 425+50, as shown in 
the photograph on Figure B-3. In our opinion, this surficial, shallow slope failure is the result of a 
relatively thin layer (several feet thick) of upper loose silty, gravely, sand material becoming 
saturated due to perched groundwater seepage collecting atop underlying basalt. The scarp of this 
failure area was observed to be about 15 to 20 feet long and wide, with seepage on the order of 5 
gallons per minutes flowing down the middle of the scarp toward the canal. We observed a loose 
pile of wet, silty sand and silty gravel slide debris was present beneath the scarp area and comprised 
the west, upslope sidewall of the canal over a length of about 20 feet. 

We observed steeply-sloped to vertical gray and grayish-brown basalt rock faces upland of the 
canal sidewalls at the stationing listed below, and shown in the photograph on Figure B-1: 

 Sta. 425+80 to 439+60; 

 Sta. 441+80 to 448+20;  

 Sta. 455+40 to 465+90;  

 Sta. 467+00 to 470+30; and  

 Sta. 521+50 to 522+00.  

The basalt rock faces were typically fractured with closely- to moderately-spaced joints with 
moderate weathering, creating loosely held-together material that is prone to episodic rock fall 
action when subjected to freeze-thaw processes. We suspect the condition of the rock as the face 
may be the result of over-blasting from original canal construction and estimate the degree of 
fracturing may decrease further back from the exposed face.  

We observed basalt rock fall debris were accumulating in the canal in some areas and understand 
from KRD the maintenance crews periodically remove such debris. The debris generally consists of 
angular basalt, gravel to boulder-sized particles that were sporadically distributed and/or piles in 



 MEMORANDUM 
May 11, 2017 Project No.: 170122 

Page 6 

some locations. The larger piles of rock fall debris accumulation were most prevalent where 
near-vertical basalt rock sidewalls extended directly above the canal, as shown in the photograph on 
Figure B-1. 

Upland Concentrated Drainage Flows 
We observed several channelized concentrated drainage flows discharging into the canal at the 
sidewalls. In our opinion, the concentrated drainage flows are the result of topographic 
channelization of upland surface runoff from snow melt and precipitation. The concentrated 
drainage flows were observed to vary from about 2 gpm to 25 gpm (based on visual estimates) at 
the time of the field reconnaissance and were located at the stationing listed below in Table 1, and 
shown on Figures 2 through 6. Table 1 below also provides an estimate of the observed magnitude 
of each flow, and reference to photographs included in Appendix B. 

We also observed very wet soil, or areas of standing water was present above the upslope canal 
sidewall from about 20 to 30 feet up-station and down-station of the concentrated drainage flow 
locations. Hand probing in these areas typically revealed 3 to 18 inches of silt, sand and/or gravel 
soil overlying basalt rock. 

Table 1 – Concentrated Drainage Flow Locations and Estimated Flow Rates 

Canal Alignment Stationing 
Estimated Flow Rate 
(gallons per minute) 

Reference Photograph 
Figure in Appendix B 

379+901 
5 at east sidewall 

10 at west sidewall 
B-4 

396+30 5 B-5 

421+50 25 B-6 

425+50 5 B-3 

426+30 10 B-7 

455+20 20 B-8 

491+50 5 B-9 

504+20 25 B-10 

518+80 25 B-11 
1An area of ponded water with maximum depth of about 3 feet was observed in a topographically 
depressed area located to west of canal upslope sidewall. The ponded water was observed to flow 
into the canal at west sidewall as a concentrated drainage flow at a rate of approximately 10 gpm. 
Surface water also observed sheeting/flowing down a gravel roadway that intersects the canal at Sta. 
379+90 and flows into canal at east sidewall as a concentrated flow at a rate of approximately 5 gpm. 

 

If not mitigated for, we believe that groundwater seepage and concentrated drainage flows could 
accumulate behind and/or beneath the proposed impermeable canal liner and create wet conditions 
promoting frost heave, and/or heave due to hydrostatic pressure. 
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Existing Canal Undershot Drainage Culverts 
Existing canal undershot drainage culverts (undershot) consisting of corrugated metal pipe and 
concrete archways were observed in the major drainages that intersect the canal at stationing: 

 Sta. 385+80,  

 Sta. 388+20,  

 Sta. 392+90,  

 Sta. 466+30,  

 Sta. 479+50,  

 Sta. 480+90, and  

 Sta. 524+00. 

The undershot locations are also shown on Figures 2 through 6. Water was observed to be flowing 
at rates of more than 25 gpm through the undershot drainage culverts during the time of our field 
reconnaissance.  

A sizable drainage feature (topographically) with significant downslope lush vegetation and 
ponding (as observed on aerial photographs) was observed at approximately Sta. 440+50, however 
no seepage, concentrated drainage flow, or undershot was observed during the test pit explorations 
or field reconnaissance. An undershot is shown at this location on the as-built plans, but we were 
not able to visually confirm or deny its presence during the field reconnaissance. We recommend 
verifying the existence of an undershot with KRD at this location prior to construction. 

It was difficult to fully observe undershot drainage outlets due to thick vegetation and access, but 
we were able to observe some broken basalt rock material (similar to rip-rap) had been placed at or 
near some of the undershot outlets, possibly as an erosion control and energy dissipation measure. 

Canal Subgrade Conditions 
Subgrade conditions beneath the canal base and sidewalls were observed and evaluated by 
completing hand probing with ½-inch steel rod and shovel during the field reconnaissance on 
March 23 and 24, 2017, and observation of machine-excavated test pits on December 28, 2106. The 
machine-excavated test pits were completed by KRD using a standard backhoe (backhoe) with 
toothed-bucket at the canal base and sidewalls at 16 locations between Station 379+00 to 528+00, 
as shown on Figures 2 through 6. The test pit logs are shown in Appendix A.  

We observed along the canal subgrade conditions from Sta. 379+00 to Sta. 528+00 generally agree 
with the mapped geology and soil units described in the Geology section, except that a portion of 
the downhill canal sidewall may be fill derived from material excavated for the canal. As a 
culmination of our field reconnaissance, hand probing, and test pit exploration observations, we 
characterize the upper several feet of the canal alignment subgrade where most of the project 
earthwork is estimated to occur as of one of three conditions described below. 
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Soft/Loose Subgrade – Typically about 6 inches of very soft, wet, brown, SILT sediment (ML, 
OL) 1 with variable sand and gravel content, occasional organic content, and scattered cobble 
particles was observed overlying soft to medium stiff, wet, brown, gravelly, silt (ML) with variable 
sand and gravel content; or loose to medium dense, wet, silty to very silty sand (SM); or sandy, 
silty, gravel (GM); all with variable cobble and broken basalt fragment content. This material was 
easy to excavate with the backhoe and is depicted in a photograph on Figure B-12. This subgrade is 
estimated to be present at the following approximate stationing: 

 Sta. 402+00 to 405+00 

 Sta. 410 +00 to 425+80; 

 Sta. 474+30 to 476+00;  

 Sta. 482+50 to 486+40;  

 Sta. 492+00 to 503+00; 

 Sta. 505+20 to 507+80;  

 Sta. 508+90 to 512+00; and  

 Sta. 522+00 to 528+00.   

Very Soft/Loose Subgrade - Typically about 12 inches of very soft, wet, brown, SILT sediment 
(ML, OL) with variable sand and gravel content, occasional organic content, and scattered cobble 
particles was observed overlying soft to medium stiff, wet, brown, gravelly, silt (ML) with variable 
sand and gravel content; or loose to medium dense, wet, silty to very silty sand (SM); or sandy, 
silty, gravel (GM); all with variable cobble and broken basalt fragment content. This material was 
easy to excavate with the backhoe and is depicted in a photograph on Figure B-13. This subgrade 
condition is estimated to be present at the following approximate stationing: 

 Sta. 379+00 to 402+00; and  

 Within 50-feet of irrigation ‘turnout’ valve gates where ‘eddy’ currents have scoured and 
deposited relatively thicker sequences of very soft silt sediment. 

Basalt Rock Subgrade – Typically less than 6 inches of very soft, wet, brown SILT sediment 
(ML) and/or loose, wet, silty to very silty, sand (SM), all with variable sand and gravel content, and 
scattered cobble particles, overlying strong to very strong basalt rock with varying degrees of joint 
spacing and weathering. The condition of the basalt rock was observed to range from very closely 
spaced joints and moderate degree of weathering, to moderately spaced joints with no apparent 
weathering (fresh).  

Basalt rock with observed very closely spaced joints and moderate weathering easily broke into 
smaller basalt particles with a gradation of sandy gravel (GP) with angular cobbles upon 
excavation, while the material with moderately spaced joints and no apparent weathering was 
generally resistant to excavation beyond 6 to 12 inches with the backhoe. Basalt rock subgrade 
condition is depicted in photograph on Figure B-14 and was observed at the following approximate 
stationing: 

                                                   
1 Soil Classification per the United Soil Classification System (USCS). Refer to ASTM D 2488. 
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 425+80 to 474+30;  

 476+00 to 482+50; 

 486+40 to 492+00;  

 503+00 to 505+20;  

 507+80 to 508+90; and  

 512+00 to 522+00.  

Geotechnical Design and Construction Recommendations 
In our opinion, design and construction of the project is feasible from a geotechnical perspective 
provided the recommendations provided below are followed. The following sections present 
geotechnical recommendations pertaining to: 

 Canal Subgrade Preparation 

 Surface and Subsurface Drainage 

 Soil Sloughing and Shallow Slope Failures 

 Rock Fall Debris Accumulation 

 Existing Concrete Liner 

 Existing Undershot Drainage Culverts 

Canal Subgrade Preparation 
We recommend the canal base and sidewalls subgrade surfaces be prepared prior to placement of 
geosynthetic geocomposite liner and concrete to provide adequate support for occasional vehicle 
loads on the canal base, limit settlement and concrete cracking, and reduce the possibility of frost 
heave. 

We estimate excavation and rough grading of soft/loose or very soft/loose subgrade conditions will 
be relatively easy with conventional excavation equipment, while excavation of the broken basalt 
gravel to relatively intact basalt will be variable and may require large excavators, dozers with 
ripper shanks, chipping and possibly blasting. 

The extent of each canal subgrade condition is estimated in the Canal Subgrade Conditions section, 
and depicted on Figures 2 through 6. We recommend the following subgrade preparation consist of 
the following materials and steps corresponding to the identified subgrade condition: 

Soft/Loose Base Subgrade Preparation 
 Remove uppermost 6 inches of very soft, wet, soil at canal base. 

 Place a non-woven, 6 oz. geotextile for separation atop canal base subgrade.  

 Place a triaxial geosynthetic grid reinforcement layer (such as Tensar TX7 or equivalent) 
atop the geotextile at canal base. 

 Place and compact at least 10 inches of crushed, 2-inch-minus material meeting WSDOT 
9-03.10 Aggregate for Gravel Bases (Aggregate for Gravel Bases), except that it should be 
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a crushed material, atop the geosynthetic grid at canal base. The uppermost 6 inches may 
also consist of WSDOT 9.03.9(3) Crushed Surfacing Base Course (CSBC) if desired. 

 Proof roll prepared subgrade with heavy equipment to identify soft/pumping areas. Remove 
and replace soft/pumping soils with compacted Aggregate for Gravel Bases or CSBC. 

 Place geocomposite geosynthetic liner and concrete materials per manufacturer 
recommendations.  

Very Soft/Loose Base Subgrade Preparation 
 Same materials and recommendations as Soft/Loose Base Subgrade Preparation above, 

except that the uppermost 12 inches of very soft, wet, soil should be removed, as opposed to 
6 inches. 

Broken to Intact Basalt Base Subgrade Preparation 

 Remove uppermost 6 inches of very soft, wet, soil (if present) to expose broken to relatively 
intact basalt. 

 Place and compact at least 6 inches of crushed, 2-inch-minus material meeting Aggregate 
for Gravel Bases, except that it should be a crushed material, or CSBC atop the subgrade. 

 Proof roll subgrade with equipment to identify soft/pumping areas. Remove and replace 
soft/pumping soils with compacted Aggregate for Gravel Bases or CSBC material as 
needed. 

 Place geocomposite geosynthetic liner and concrete materials per manufacturer 
recommendations.  

Canal Sidewall Subgrade Preparation 
 Remove visibly sloughing soil or vegetation rootmass to expose relatively stable soil or 

rock. 

 Place and tamp into place (using excavator bucket) at least 3 inches (thick) of Aggregate for 
Gravel Bases material, except that it should be a crushed material, or CSBC material, atop 
sidewall subgrade to serve as a leveling-course. 

Surface and Subsurface Drainage 
We recommend design and construction of the surface and subsurface drainage elements detailed 
below to mitigate potential for frost- and hydrostatic pressure-induced liner heave from 
groundwater seepage and concentrated drainage flows collecting behind and/or beneath the 
impermeable liner. 

Subsurface Longitudinal Drain 
We recommend installing a continuous subsurface longitudinal drain beneath the canal liner. The 
drain should consist of a 10- to 12-inch-diameter, perforated, rigid pipe surrounded by drain rock 
and wrapped in a non-woven geotextile for drainage applications. We recommend the drain be 
located at the toe of the upland canal sidewall to intercept and prevent water from accumulating 
beneath or behind the lined canal. 
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The collected water should be discharged to a suitable location, such as an existing canal undershot 
drainage culvert. Excavation of the trench to install the drain is expected to be relatively easy in 
soft/loose and very soft/loose subgrade conditions, while excavation of the broken to relatively 
intact basalt will be variable and may require large excavators, dozers with ripper shanks, chipping 
and possibly blasting. Basalt subgrade areas are identified in the Canal Subgrade Conditions 
sections and on Figures 2 through 6. 

Prefabricated Drainage Board 
We recommend installing a continuous prefabricated drainage board against the upland canal 
sidewall subgrade (consisting of crushed rock leveling-course material) prior to placement of liner 
and concrete. The prefabricated drainage board will help convey water from behind the upslope 
sidewall and down to the longitudinal drain for collection and conveyance, thereby relieving 
hydrostatic pressures that might otherwise manifest. 

We recommend the prefabricated drainage board consist of MiraDrain 6000 or equivalent with a 
non-woven separator fabric on the subgrade-down side, and a synthetic drainage core. A 
continuously attached non-woven separator fabric on the inboard face of the synthetic drainage 
core, or glue, should be considered to promote friction/adhesion with the overlying geosynthetic 
geocomposite liner until the overlying concrete cures. 

Overshot Spillways  
We recommend discharging concentrated drainage flows (located at the stationing shown in Table 1 
and shown on Figures 2 through 6) into the canal using relatively small, concrete spillway 
elements, herin referred to as ‘overshot spillways’, incorporated into the upslope canal sidewall at 
the peak flow location.  

We recommend incorporating a continuous curb and gutter feature a distance of about 30 feet 
up-station and down-station of the concentrated flow location to collect dispersed surface water that 
might stray from the concentrated flow and direct it to the overshot spillway. The overshot spillway 
and curb and gutter elements should be founded at least 18 inches deep below local grade, or atop 
rock, for frost heave mitigation. 

Additionally, we recommend placement of an 8- to 12-inch-thick-layer of WSDOT 9.03.12(2) 
Gravel Backfill for Walls material behind the upslope canal sidewall (instead of a crushed rock 
leveling course) a distance of 30 feet up-station and down-station of the overshot spillway. The 
Gravel Backfill for Walls should extend down to the subsurface longitudinal drain and be separated 
from sidewall subgrade soils using non-woven geotextile for drainage applications. 

Weep holes with one-way valves placed on about 5 to 6-foot-centers about 12 to 18 inches below 
the overshot outlet elevation could also be added to further bolster drainage into the canal at 
concentrated drainage flow locations, but would require occasional maintenance by the KRD. 

Soil Sloughing and Surficial Slope Failure 
We recommend removing apparent or visibly sloughed/sloughing soil and vegetation root mass that 
is overhanging the canal alignment during grading. In our opinion, the added face stability and 
restraint provided by the added crushed rock leveling-course, drainage board, liner and concrete to 
the canal sidewalls will reduce the prevalence of sidewall soil sloughing. 
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We recommend considering grass hydro-seeding sloped bare soil areas that are above the canal 
sidewalls to promote face stability through vegetation growth and root cohesion. 

We recommend considering placement of a 12- to 18-inch-thick-layer of angular gravel to 
cobble-sized rock (such as angular basalt gravel and cobbles) atop the base of the denuded scarp of 
the shallow surficial slope failure located at Sta. 425+50, and grass hydro-seeding of the sloped 
scarp walls (shown in photograph on Figure B-3). Placement of the angular rock and grass 
hydro-seeding will promote erosion control and face stability of the bare soil areas. We recommend 
removing the apparent loose pile of slide debris soils at the base of the slope failure area at 
Sta. 425+50 and replacing it with compacted Aggregates for Gravel Bases, or CSBC to serve as the 
canal sidewall. 

In our opinion, these recommendations are reasonable and economic strategies to decrease soil 
sloughing and restore a relatively small surficial slope failure, but cannot fully prevent them from 
occurring entirely. We expect occurrences of sloughing and shallow failures will be dependent on 
many variables, including intensity of rain and snow melt events that produce upland surface runoff 
and seepage towards the canal. We recommend on planning that occasional maintenance will be 
needed to remove soil and rootmass that has sloughed and accumulated in the canal. 

Rock Fall Debris Accumulation 
We recommend chipping, scaling, and/or benching back exposed basalt faces extending 
immediately adjacent to and above the upslope canal sidewall to loosen and remove potential rock 
fall debris. In our opinion, removing loose, highly-fractured material from steep slope and vertical 
basalt faces will expose more competent, less-fractured basalt to reduce the amount of rock fall into 
the canal base in the future and create a catchment area above the canal sidewall.  

We recommend the basalt face chipping, scaling and benching be completed back a distance of 3 to 
4 feet from the back of the upslope canal wall, or to relatively competent (low fracturing) basalt 
rock that is generally resistant to aggressive chipping and scaling, as determined by the on-site 
geotechnical engineer. 

In our opinion, these recommendations are reasonable and economic strategies to reduce rock fall 
debris from occasionally accumulating in the canal, but cannot fully prevent them from occurring 
from time to time. We recommend on planning that occasional maintenance will be needed to 
remove accumulated rock fall debris that have collected in the new catchment areas above the canal 
sidewall and in the canal. 

Existing Concrete Lining 
The contractor will need to remove the existing concrete liner to construct the new liner system 
resulting in the need for demolition and removal of broken concrete. In our opinion, the broken 
concrete generated from demolition of the existing concrete lining over some section of the canal 
could be crushed and screened to produce an aggregate that is suitable for use in subgrade 
preparation, provided it generally conforms to Aggregate for Gravel Bases or CSBC material 
gradations. 
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Existing Undershot Drainage Culverts 
In anticipation of higher flow rates exiting the undershot drainage culvert, we recommend 
bolstering erosion control and energy dissipation controls at the outlets. The outlet conditions were 
difficult to observe during the field reconnaissance, but in general additional controls could include 
placement of on-site cobble and boulder-sized angular basalt particles as rip-rap or other baffle 
materials to dissipate energy, and vegetation planting and grass hydro-seeding to promote erosion 
control at the outlets. 

Closing 
We trust the information provided in this memorandum suits your needs and are available to review 
project plans and specifications to verify that our geotechnical recommendations have been 
properly implemented. Please call us at 509-888-7218 if you have any questions about the 
information and recommendations contained in this memorandum. 

Limitations 
Work for this project was performed for Jacobs Engineering (Client), and this memorandum was 
prepared in accordance with generally accepted professional practices for the nature and conditions 
of work completed in the same or similar localities, at the time the work was performed. This 
memorandum does not represent a legal opinion. No other warranty, expressed or implied, is made. 

Recommendations presented herein are based on our field investigation and our geotechnical 
engineering calculations and judgment in accordance with our mutually agreed-upon scope of 
work. Variations may exist between soil and groundwater conditions reported, and those actually 
underlying the site. The nature and extent of such soil variations may change over time and will not 
be evident before construction begins. If any soil conditions are encountered at the site that are 
different from those described in this report, we should be notified immediately to review the 
applicability of our recommendations. 

At the time of this report, structural plans and construction methods have not been finalized and the 
recommendations presented herein are based on preliminary project information. If project 
developments result in changes to the assumptions made herein, we should be contacted to 
determine if our recommendations should be revised and/or expanded upon. Construction 
observation of geotechnical elements is not included in this current scope, but we are available to 
provide such services at your request. 

It is the Client's responsibility to see that all parties to this project, including the designer, 
contractor, subcontractors, etc., are made aware of this report in its entirety. The use of information 
contained in this report for bidding purposes should be done at the contractor's option and risk. 

Our scope of our work does not include services related to construction safety precautions. Our 
recommendations are not intended to direct the contractor’s methods, techniques, sequences or 
procedures. Our scope of our work also excludes the assessment of environmental characteristics, 
particularly those involving potentially hazardous substances in soil or groundwater. 

All reports prepared by Aspect Consulting for the Client apply only to the services described in the 
Agreement(s) with the Client. Any use or reuse by any party other than the Client is at the sole risk 
of that party, and without liability to Aspect Consulting. Aspect Consulting’s original files/reports 
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shall govern in the event of any dispute regarding the content of electronic documents furnished to 
others. 
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Classifications of soils in this report are based on visual field and/or laboratory observations, which include density/consistency, moisture condition, grain size, and 

plasticity estimates and should not be construed to imply field or laboratory testing unless presented herein. Visual-manual and/or laboratory classification 

methods of ASTM D-2487 and D-2488 were used as an identification guide for the Unified Soil Classification System.
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Test pit backfilled with
excavated soil.

Very soft, very moist, brown with orange mottles, gravelly,
sandy SILT (ML); fine to coarse sand, fine and coarse
subangular to angular gravel, 5% cobbles.

Becomes soft to medium stiff.

Bottom of exploration at 3.5 ft. bgs.

Note: Test pit completed at intersection of sidewall with
canal bottom.
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NA

KRD South Canal, STA  389 + 70, west sidewall

KRD South Canal Lining - 170122

Exploration
Log

NA

47.043, -120.711 (est)
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Test pit backfilled with
excavated soil.

Soft, very moist, brown, SILT (ML); non-plastic, rare clay
coated fractures.

Becomes medium stiff at 2' bgs.

Bottom of exploration at 4 ft. bgs.

Note: Test pit completed at intersection of sidewall with
canal bottom.
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NA

KRD South Canal, STA  401 + 80, west sidewall

KRD South Canal Lining - 170122

Exploration
Log

NA

47.041, -120.708 (est)
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Test pit backfilled with
excavated soil.

Soft, very moist, brown, slightly sandy, very gravelly SILT
(ML); non-plastic, fine to coarse sand, fine and coarse
subrounded gravel, trace cobble.

Medium dense, moist, brown, sandy, silty GRAVEL (GM);
fine to coarse sand, fine and coarse subangular to angular
gravel.

Brown and dark gray conglomerate; strong rock,
moderately weathered, large gravel clasts with fine-grained
matrix, caliche.
Bottom of exploration at 4 ft. bgs.

Note: Test pit completed at intersection of sidewall with
canal bottom.
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NA

KRD South Canal, STA 414 + 40, west sidewall

KRD South Canal Lining - 170122

Exploration
Log

NA

47.039, -120.706 (est)
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12/28/2016

Test pit backfilled with
excavated soil.

Strong to very strong (R4 to R5), dark brown-gray,
BASALT; very closely spaced joints, moderately
weathered, difficult excavating.

Strong to very strong (R4 to R5), dark brown-gray,
BASALT; moderately spaced joints, fresh rock, difficult
excavating.

Bottom of exploration at 1 ft. bgs.

Note: Test pit completed at intersection of sidewall with
canal bottom. Practical refusal on basalt rock.
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NA

KRD South Canal, STA  426 + 00, west sidewall

KRD South Canal Lining - 170122

Exploration
Log

NA

47.036, -120.706 (est)
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12/28/2016

Test pit backfilled with
excavated soil.

Strong to very strong (R4 to R5), dark brown-gray,
BASALT; very closely spaced joints, moderately
weathered, difficult excavating.

Strong to very strong (R4 to R5), dark brown-gray,
BASALT; moderately spaced joints, fresh rock, difficult
excavating.

Bottom of exploration at 1 ft. bgs.

Note: Test pit completed at intersection of sidewall with
canal bottom. Practical refusal on basalt rock.
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NA

KRD South Canal, STA  430 + 90, west sidewall

KRD South Canal Lining - 170122

Exploration
Log

NA

47.035, -120.704 (est)
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Test pit backfilled with
excavated soil.

Strong to very strong (R4 to R5), dark brown-gray,
BASALT; very closely spaced joints, moderately
weathered.

Strong to very strong (R4 to R5), dark brown-gray,
BASALT; moderately spaced joints, fresh rock, difficult
excavating.

Bottom of exploration at 2 ft. bgs.

Note: Test pit completed at intersection of sidewall with
canal bottom. Practical refusal on basalt rock.
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NA

KRD South Canal, STA  443 + 10, west sidewall

KRD South Canal Lining - 170122

Exploration
Log

NA

47.034, -120.705 (est)
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