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INTRODUCTION  

This report summarizes results of the initial phase of our investigation characterizing the hydrogeologic 
conditions that underly a drainage problem area (DPA) within the City of West Richland, Washington 
(herein referred to as the City). Based on observation of water levels within infiltration structures such as 
drywells and infiltration trenches, the City has identified a DPA in an area of relatively new development in 
the City. The DPA is situated within a topographic plateau roughly bounded by Polaris Way on the south, 
South 54th Avenue on the east, Collins Road on the north and Onyx Avenue on the west, approximately as 
shown on the Vicinity Map, Figure 1. 

The City has observed shallow water levels in DPA manholes, drywells and infiltration trenches during 
their monitoring operations, and noted slow or restricted drainage in a number of these facilities. 
The observed groundwater levels and drainage problems appear to fluctuate seasonally, with levels rising 
through the summer lawn irrigation season and peaking during late fall. The City has also received 
complaints from residents within the DPA related to flooding of basements and other structures.  

SCOPE OF SERVICES 

This investigation will be conducted in phases. The objectives of the Phase 1 investigation are to: 
(1) develop a hypothesis or conceptual model describing the hydrologic conditions that are causing the 
observed elevated groundwater levels and drainage problems; (2) identify data gaps that limit our 
understanding of the observed drainage problem and its cause(s); and (3) develop recommendations for 
a supplemental Phase 2 investigation intended to fill some or all of the identified data gaps. 

Our specific scope of services for Phase 1 of this investigation included: 

1. Review existing information regarding hydrogeologic conditions within the DPA and surrounding area.  

2. Review data and information provided by the City. 

3. Download historic precipitation data from the Richland, Washington (Station No. 457015) and 
Kennewick, Washington (Station No. 454154) climate stations. 

4. Evaluate whether local precipitation trends potentially could have influenced the rise in DPA 
groundwater levels using cumulative departure analysis.  

5. Tabulate subsurface data from previous DPA explorations regarding observed soil stratigraphy. 

6. Tabulate groundwater level data including depth to and elevation of the groundwater table beneath 
the DPA.  

7. Create plan view maps of the DPA showing depth to/elevation of the groundwater table and the 
subsurface distribution of geologic features that are interpreted to have caused or contributed to the 
DPA.  

8. Create two hydrogeologic cross sections across the DPA. 

9. Review a figure, provided by the City, that presented development history within the DPA as a function 
of building permit date.  
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10. Develop a conceptual model of the shallow hydrogeologic conditions that describes the potential 
cause(s) of elevated groundwater water levels and the most likely water source in the DPA.  

11. Identify gaps that limit our understanding of the hydrogeologic conditions causing the observed DPA 
groundwater level rise.  

12. Develop general recommendations for a Phase 2 hydrogeologic investigation intended to address the 
identified gaps in our understanding of DPA extent and causes. 

PHYSIOGRAPHY 

The DPA and surrounding area is located within the central portion of the Columbia Plateau physiographic 
province. The existing topography of the area developed during the Pleistocene Epoch (about 1.5 million 
to 10,000 years ago) and the Holocene Epoch (10,000 years ago to today). In the Pleistocene a sequence 
of catastrophic flood events, generated by the failure of ice dams in western Montana and northern 
Idaho, stripped away overlying sediments within the area surrounding the site, leaving erosional features 
in the underlying basalt surface and depositing coarse-grained outburst flood deposits (Whiteman et al. 
1994). More recent stream erosion and wind deposition has slightly modified this landscape. 

The DPA encompasses an area of approximately 490 acres and is situated within a plateau that is 
somewhat isolated topographically from the surrounding area. The topography of the DPA, which varies in 
elevation from about 610 to 660 feet, descends in all directions except to the northeast where the DPA 
sits at the base of a basalt upland locally known as Flat Top Hill. Ground surface elevation on Flat Top Hill 
reaches 760 feet. The Yakima River is located about 1.5 miles northeast of the DPA and is at an elevation 
of about 400 feet. (Elevations in this report refer to the North American Vertical Datum of 1988 
[NAVD 88], unless otherwise specified.) 

The area surrounding the DPA is drained by the Yakima River and its perennial and intermittent 
tributaries. South of the DPA, the area is drained by an east-west system of discontinuous small lakes 
(including Lost Lake) with generally discontinuous and ephemeral natural surface drainage systems.  

CLIMATE SUMMARY 

The climate of the West Richland area is arid to semi-arid. Based on summary information associated 
with Richland Climate Station No.457015, mean maximum temperature is 65.6 degrees Fahrenheit (°F) 
and mean minimum temperature is 42.6°F. Daily high temperatures commonly exceed 100 °F in the 
summer and as a result lawn irrigation is very common in the DAP. Mean annual precipitation is reported 
at 7.1 inches per year and mean annual snowfall is reported at 7.8 inches per year. About 3.7 inches of 
precipitation and 7.6 inches of snowfall occur during the 4-month period from November through 
February.  

LAND USE 

Existing Land Use 

Existing land use within the DPA is dominated by single-family residential use. West of Belmont Avenue 
and its extension, the DPA is characterized by dense residential development with lot sizes on the order 
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of ¼-acre. East of Belmont Avenue and its extension, lot sizes are larger and generally in the range of 
1¼ to 2½ acres. Within residential areas, impermeable surfaces and lawn irrigation systems are 
common. The City maintains stormwater collection and infiltration infrastructure west of Belmont Avenue 
and its extension. The stormwater collection system consists primarily of drywells and stormwater 
collection/ infiltration swales. Stormwater is not collected and directed out of the area via subsurface 
drains and pipes. 

The area surrounding the DPA is characterized by a mix of semi-arid shrub steppe grasslands, basalt 
outcrops, actively farmed irrigated ground, and residential subdivisions. Dense residential land use 
occurs south and southeast of the DPA within the area roughly bounded by Belmont Boulevard on the 
west, Paradise Way on the north, Bombing Range Road on the east, and Keene Road on the south. 
Dispersed residences occur to the east of the DPA. Farmed areas exist to the northwest, west and 
southwest of the DPA and generally consist of irrigated circles serviced by center pivots.  

A summary of DPA development boundaries, as well as associated building permit dates, was provided to 
GeoEngineers by the City and is attached to this report within Appendix A.  

History of Residential Development 

GeoEngineers conducted a review of aerial photographs for the period from 1996 through 2018 as a 
basis for identifying the timing of DPA transition from shrub and grassland to residential use. Aerial 
photographs are provided in Figures B-1 through B-8 of Appendix B. Our observations are summarized 
below: 

■ In July 1996 (Figure B-1), the DPA was largely undeveloped and consisted of grassland. A total of 8 to 
10 dispersed residences and a network of unimproved roadways were present. Irrigated lawn 
acreage appeared to be less than four acres.  

■ In June 2003 (Figure B-2), dense residential developments were emerging within the extreme 
southeast portion of the DPA (Desert Paradise and Paradise South). However, no dense residential 
developments were present within the remainder of the DPA. The number of dispersed residences 
east of Belmont Boulevard and extension had increased to approximately 30. A grid of gravel roads 
also was present within this portion of the DPA. Ground disturbance, apparently in anticipation of 
future home construction was evident in the northwest portion of the DPA (Collins Ridge/Collins 
Heights). Total irrigated lawn acreage appeared to be on the order of 15 acres. 

■ By June 2006 (Figure B-3), dense residential developments were emerging within the northwest 
portion of the DPA (Collins Ridge) and the southeast portion of the DPA (Swanson Heights), and 
approximately 50 homes had been constructed in these areas. Irrigated lawns had been installed 
within the Desert Paradise and Paradise South developments. The number of dispersed residences 
within the remainder of the DPA had increased to approximately an additional 40 homes. Enterprise 
Middle School had been constructed along the southeast margin of the DPA. Total irrigated lawn 
acreage within the DPA appeared to be on the order of 25 acres. 

■ By September 2009 (Figure B-4), the dense residential developments identified in June 2006 (Collins 
Ridge and Swanson Heights) had increased to approximately 70 homes. The number of dispersed 
residences was similar to 2006. Portions of the gridded roadways appear to have been paved. Total 
irrigated acreage within the DPA appeared to be on the order of 30 acres.  
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■ By November 2011 (Figure B-5), the dense residential developments identified in June 2009 (Collins 
Ridge and Swanson Heights) had increased to approximately 80 homes. Approximately 40 homes 
had been constructed within the Paradise Estates and Sunset Ridge developments. Many of these 
newer homes did not yet have irrigated lawns. The Mountain View Estates development had been 
constructed within the southwest portion of the DPA. Total irrigated acreage within the DPA appeared 
to be in the range of 35 acres. Earthwork appeared to be in progress to expand the Collins Ridge, 
Paradise Estates, and Sunset Ridge developments. 

■ By July 2013 (Figure B-6), buildout had progressed within the Collins Ridge, Paradise Estates, and 
Sunset Ridge developments and most of the newer homes had irrigated lawns. Earthwork appeared 
ongoing within the Collins Ridge and Paradise Estates developments. Total irrigated acreage within 
the DPA appeared to be on the order of 65 acres.  

■ The time period between July 2013 (Figure B-6) and August 2016 (Figure B-7) was a period of 
abundant residential development west of Belmont Boulevard and its extension. The Sunset Ridge, 
Paradise Estates, Collins Ridge, and Collins Heights developments each experienced complete or 
nearly-complete buildout and road paving. Westwood Estates experienced approximately 50 percent 
buildout. Total irrigated acreage within the DPA appeared to be on the order of 100 acres. 

■ By July 2018 (Figure B-8), Westwood Estates experienced complete buildout and road paving. 
Earthwork and home construction were ongoing within the Sunset Heights development. 
Total irrigated acreage within the DPA appeared to be on the order of 120 acres.  

SUMMARY OF GEOLOGIC AND HYDROGEOLOGIC SETTING 

Geologic Setting 

The DPA is located within the southeastern portion of the Pasco Basin, a structural and topographic low 
within south-central Washington. Geologic conditions within and surrounding the DPA generally are 
defined by three general stratigraphic units including, from oldest to youngest: (1) Miocene-age (about 
17.5 to 5.5 MA) basalt flows of the Columbia River Basalt Group (CRBG) and contemporaneous 
sedimentary interbeds of the Ellensburg Formation; (2) sediments associated with the Miocene-age to 
Pliocene-age (about 6.0 to 2.6 MA) Ringold Formation; and (3) Pleistocene-age glaciofluvial (flood) 
deposits and more recent eolian and alluvial deposits . Surficial geology within and surrounding the study 
area is summarized in the Surficial Geology Map, Figure 2.  

A recent stratigraphic framework for the CRBG is described by Reidel and Tolan (2013). Therein, the 
CRBG was subdivided into five formations that include, from youngest to oldest, the Saddle Mountains 
Basalt, Wanapum Basalt, Grande Ronde Basalt (including the Picture Gorge Basalt), Imnaha Basalt, and 
the Steens Basalt (Reidel and Tolan 2013). Total CRBG thickness within the Pasco Basin is more than 
15,000 feet (Drost et al. 1997). Sedimentary interbeds exist within and between specific basalt 
formations, members, and flows within the CRBG. Collectively, these sedimentary interbeds are termed 
the Ellensburg Formation, despite differences in age, location, lithology and continuity (Reidel and Tolan 
2013).  

The uppermost CRBG unit underlying the DPA is the Saddle Mountains Basalt. Two of its youngest units, 
the Ice Harbor Member and the Elephant Mountain Member are exposed at the surface on Flat Top Hill 
and in numerous locations surrounding the DPA.  
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The CRBG is deformed by a series of northwest- to west-trending folds and associated faults that form the 
Yakima Fold Belt. The large ridge to the south and west of the DPA which is defined by Badger Mountain 
and Red Mountain is one of these fold/fault structures. Flat Top Hill which is on the southern boundary of 
the DPA is a smaller version of one of these fold/fault structures. Within the Yakima Fold Belt these 
highlands are uplifted folds in which the CRBG is deformed into anticlines. These anticline ridges are 
separated by broad lows, or synclines, in which sedimentary strata are commonly found. 

In the Pasco Basin, and the project area, the primary syncline filling sedimentary strata consists of the 
fluvial-lacustrine Ringold Formation. The Ringold Formation consists of interbedded, variably-cemented 
and indurated claystone, siltstone, sand and gravel (conglomerate) that are younger than and overlie the 
CRBG (Lindsey 1996). The Ringold Formation is variously subdivided into sub-units referred to as the 
upper Ringold Formation (also mapped as the member of Savage Island and the member of Taylor Flat) 
and the middle Ringold Formation, the lower Ringold Formation, and the basal Ringold Formation also 
collectively referred to as the member of Wooded Island (Lindsey 1996; Drost et al. 1997; Heywood et al. 
2016). Indurated conglomerate exposed on Bombing Range Road and in old gravel pits in and near the 
DPA are interpreted to belong to the middle Ringold Formation/member of Wooded Island. Clayey strata 
described on well logs as underlying the DPA are interpreted to belong to upper Ringold and/or lower 
Ringold. 

During the Pleistocene, topography within and near the DPA was modified by floodwaters associated with 
catastrophic flooding caused by periodic failure of Glacial Lake Missoula. Floodwaters eroded CRBG and 
Ringold Formation deposits and left glaciofluvial sediments in excess of 200 feet in thickness within 
portions of the Pasco Basin (Drost et al. 1997). These glaciofluvial deposits, locally known as Pasco 
gravels, generally consist of unsorted mixtures of silt, sand, gravel, cobbles and boulders. In places, 
Pasco gravels are interbedded with relatively fine-grained deposits that are designated Touchet Beds. 
Collectively, Pasco gravels and Touchet Beds form the Hanford Formation. Pleistocene deposits are 
locally overlain by Holocene-age (less than about 12,000 years old) wind-blown dune sand deposits of 
limited thickness. 

Hydrogeologic Setting 

Groundwater underlying the DPA occurs within two primary hydrogeologic units, herein termed the CRBG 
unit and the sedimentary unit.  

CRBG Unit 

Groundwater in the CRBG unit is most readily transmitted through the broken, vesicular and scoriaceous 
interflow zones that characterize the top and/or bottom of each basalt flow (GWMA 2009, 2011; Kahle et 
al. 2011; Ely et al. 2014). The interflow zones are separated by the less porous and less transmissive 
entablature and colonnade, which comprise 90 to 95 percent of the typical total flow volume. The flows 
may be locally interlayered with sedimentary deposits. The horizontal hydraulic conductivity within 
interflow zones is as much as five orders of magnitude greater than the flow interiors. Drost et al. (1997) 
reports a median hydraulic conductivity of 2.3 feet per day for the Saddle Mountains Basalt.  

In general, groundwater within the CRBG unit flows from upland areas to surface drainage features such 
as the Columbia River and its tributaries (Kahle et al. 2011; Ely et al. 2014). Groundwater flow is 
controlled by topography, geologic structures, basement topography, recharge and discharge conditions, 
unit continuity, and permeability variations. Basalt permeability is controlled by primary rock texture and 
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secondary jointing and fracturing. In many locations, the permeability of the CRBG interflow zones has 
been reduced by secondary mineralization of zeolites and/or clay infilling joints and fractures.  

Recharge to shallow water-bearing zones within the CRBG is generated from precipitation, infiltration of 
irrigation water, and by leakage from overlying aquifers (if any). The arid to semi-arid nature of the Project 
Area limits the amount of available natural recharge from precipitation. Groundwater discharge from 
shallow water-bearing zones within the CRBG occurs as springs, base flow to surface water systems, slow 
leakage to aquifers with lower potentiometric heads, and water supply wells.  

Sedimentary Unit 

The sedimentary unit consists of all sediment that overlies the CRBG, including the Ringold Formation 
and Hanford Formation. These strata exceed 800 feet in thickness within the center of the Pasco Basin 
near the Columbia River (Heywood et al. 2016) and thin significantly along the basin margins. Aquifers 
within the sedimentary unit range from unconfined to confined and can be in hydraulic connection with 
adjacent streams and rivers.  

Pasco gravels generally consist of free-draining sand and gravel with relatively high permeability. 
The Pasco gravels range from about 20 to 150 feet in thickness and, where sufficiently thick, can support 
relatively high-yield groundwater production wells (Drost et al. 1997; GWMA 2009, 2011; Kahle et al. 
2011; Heywood et al. 2016). Drost et al. (1997) reports a median hydraulic conductivity of 880 feet per 
day for Pasco gravels.  

The Ringold Formation forms a relatively complex assemblage of perched aquifers, unconfined aquifers, 
confined aquifers, and confining units (GWMA 2009, 2011; Heywood et al. 2016). The combination of 
weakly cemented and indurated Ringold Formation that likely underlies the DPA is interpreted to have a 
median hydraulic conductivity of 4.1 feet per day (Drost et al. 1997).  

On driller’s logs and logs of geotechnical explorations, identification of Pasco gravels from permeable 
portions of the Ringold Formation can be difficult (Drost et al. 1997). However, based on Ringold outcrops 
in the DPA area, scarcity of flood deposits in local gravel pits, and interpretation of more descriptive well 
logs, we interpret the majority of the sedimentary strata underlying the DPA to be the Ringold Formation 
which is more dense, more frequently cemented, and less permeable than Pasco gravels.  

Recharge to the sedimentary unit is primarily from infiltration of precipitation, infiltration of surface water 
along losing stream reaches, seepage of irrigation water from crops and lawns, septic systems, and 
potentially through upwards leakage from the underlying Saddle Mountains Basalt. In urban areas, like 
the DPA, additional recharge results from infiltration of stormwater runoff from impervious surfaces 
associated with roads, parking lots, and buildings. Discharge from the sedimentary unit generally occurs 
as base flow to surface water such as streams, lakes and ponds located in low-lying areas and coulees. 
Subsurface discharge to the underlying basalt aquifer system also may occur locally. 

Because of the generally poor infiltration characteristics of basalt, the sedimentary unit is of primary 
significance as a target for stormwater infiltration within the DPA and surrounding area. Infiltration 
capacity of the sedimentary unit is controlled by physical heterogeneities associated with the sediment 
deposits and moisture content. Vadose zone heterogeneities and moisture variations result in complex 
flow paths that include downward percolation, lateral movement, and perched water in the vadose zone. 
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Perched groundwater occurs where discrete areas or lenses of fine-grained materials or bedrock exist 
and act to inhibit downward percolation. In coarse strata vertical moisture movement in the vadose zone 
can be measured at several feet per day, depending on moisture content. Vertical movement of moisture 
through fine vadose zone strata will be several orders of magnitude lower. 

Within the DPA and surrounding area, the lateral extent of the sedimentary aquifer is controlled by 
bedrock and fine-grained sediment geometry. These physical controls on aquifer distribution result in a 
sedimentary vadose zone and aquifer system that is variable and discontinuous. Hydraulic continuity 
between different parts of these systems can be limited.  

DATA COMPILATION 

Data Sources 

GeoEngineers reviewed and compiled subsurface information provided by the City, including: 

■ Geotechnical reports related to DPA development. 

■ Water level data associated with the City’s stormwater structure monitoring program. 

■ Water use data for the DPA and surrounding area for the period from January 2012 through 
October 2018. 

■ Chronologic information regarding development in and around the DPA. 

■ A summary of the complaints received by the City related to high groundwater within the DPA. 

■ As-built plans for infiltration structures within the DPA, such as drywells and infiltration trenches.  

■ A report summarizing leak detection operations within the DPA, dated November 15, 2018 and 
prepared by American Leak Detection of Hayden, Idaho. 

GeoEngineers reviewed water well reports (well logs) on file with the Washington State Department of 
Ecology (Ecology) for the following study area: 

■ Section 1 of Township 9 North, Range 27 East. 

■ The north half of Section 12 of Township 9 North, Range 27 East. 

■ Section 6 of Township 9 North, Range 28 East. 

■ The north half of Section 7 of Township 9 North, Range 28 East. 

Compiled well logs within the study area are provided in Appendix C. Each well log has been assigned a 
designation based on its location – these designations are provided in the upper right-hand corner of the 
well log.  

Subsurface Database 

GeoEngineers developed a database of existing subsurface data. Compiled data are summarized in 
Appendix D, within the following tables: 

■ Compilation of Water Well Report Observations, Table D-1. 
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■ Compilation of Test Pit Observations, Table D-2. 

Mapping 

Maps and sections that graphically summarize aspects of the compiled data are provided in the following 
figures: 

■ Thickness of Sediments Overlying Basalt, Figure 3: This figure presents approximate thickness of 
sediments overlying CRGB (which is equivalent to depth to top of basalt). Data used to support this 
figure primarily was obtained from water well report observations (Table D-1). Hydrogeologic cross-
section lines that are the basis for Figures 5 and 6 also are shown in this figure.  

■ Top of Basalt Elevation, Figure 4: This figure summarizes the elevation distribution of the top of basalt 
surface. Data used to support this figure are from water well report observations (Table D-1) and 
ground surface elevations from the U.S. Geologic Survey. 

■ Depth to Top of Limiting Stratigraphic Unit, Figure 5: This figure presents approximate depth to the 
uppermost layer that is likely to limit water infiltration. Depending on location, the limiting layer could 
be composed of basalt, fine-grained sediment, caliche, or cementation of pore space. Data used to 
support this figure was obtained from existing test pit observations (Table D-2). 

■ Hydrogeologic Cross-Section A-A’, Figure 6: This section originates near the southwest corner of the 
study area and trends northeast to Flat Top Hill.  

■ Hydrogeologic Cross-Section B-B’, Figure 7: This section originates near the northwest corner of the 
study area and trends east across Bombing Range Road.  

Summary of Results 

Sediment thickness and depth to basalt varies considerably over the study area (Figures 3, 6 and 7). 
In the DPA the top of basalt slopes to the south and east and overlying sediment generally thickens in the 
same directions. Generally, the west half of the DPA consists of an elevated basalt plateau. Within the 
plateau, basalt is shallow – generally less than 50 feet below ground surface (bgs). The top of basalt 
surface descends to the east within roughly the east half of the DPA, and exceeds 200 feet bgs below 
South 58th Avenue. A buried paleocanyon in the basalt surface, within which depth to basalt also exceeds 
200 feet, originates near the southwest corner of the DPA and trends west.  

As noted earlier, the sediments overlying basalt consist of a complex sequence of interbedded clay, silt, 
sand and gravel (Figures 6 and 7). Some of the well logs in the area indicate this material is dense and/or 
cemented, brown and tan in color, and may contain caliche. Given the nearby presence of Ringold 
Formation outcrops immediately east of the DPA, these strata are interpreted to be part of the Ringold 
Formation and have relatively low permeability.  

Test pit explorations (Table D-2) generally, but not always, describe shallow sediments in greater detail 
than water well reports. Combining our well log interpretations, test pit interpretations, the presence of 
caliche and Ringold outcrops leads us to conclude that the stratigraphic interval limiting downwards 
infiltration of water, and hence high water levels in the DPA, is composed of this mix of Ringold low 
permeability material.  
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In this report, the limiting stratigraphic unit is the uppermost soil or rock that limits infiltration of water. 
Depending on the information presented in individual test pit logs, the limiting stratigraphic unit is 
variably composed of basalt, fine-grained sediment, cemented pore space, or a caliche layer. The depth 
to limiting stratigraphic unit across the DPA is shown on Figure 5. Depth to top of the limiting stratigraphic 
unit across the DPA ranges from approximately 2 feet bgs to more than 15 feet bgs. Portions of the area 
where the depth to limiting stratigraphic unit was observed at less than 10 feet bgs are outlined in 
Figure 5. These areas occurred throughout the Paradise Estates development, the northeast portion of 
the Collins Heights development, and within portions of the Belmont Heights and Sunset Heights 
developments. We suspect that shallow depths to the limiting stratigraphic unit are present within other 
portions of the DPA but could not be identified because data were not available.   

GROUNDWATER OBSERVATIONS 

The City conducted two groundwater monitoring events where water levels were measured in the 
stormwater system in and around the DPA. The monitoring events took place in September 2017 and 
October 2018. The results of these two monitoring events are presented in Table E-1 of Appendix E. 

The groundwater observations were evaluated in two ways. The first was to map the depth to water from 
the surface as it was measured by the City, and the second was to map the elevation of the groundwater. 
Evaluating the depth to the groundwater demonstrates how close to the surface the shallow groundwater 
is while evaluating the elevation of the groundwater allows us to observe the direction of groundwater 
flow and the subsurface topography of the water table.  

To evaluate areas where the groundwater was closest to the surface, contours were calculated and 
mapped using the depth to water from the rim of dry wells and manholes of the stormwater system for 
both September 2017 and October 2018. These maps are provided in Appendix E Figures E-1 and E-2, 
respectively. Both maps show groundwater less than 2 feet from the surface in the center of the project 
area west of Belmont Boulevard, east of Amber Boulevard, extending north of Paradise of Avenue to 
Marble Avenue. An additional area of shallow groundwater is to the north of the site, east of Hilltop 
Avenue, which are supported by the drainage complaints in Figure 8. 

Comparing the results from September 2017 (Figure E-1) to October 2018 (Figure E-2) is difficult. It is 
unclear whether the shallow groundwater table surface was substantially different in October 2018 
relative to September 2017 or if the differences are due to the increased data density collected in 
October 2018. The area of shallow groundwater does appear larger in 2018; however, this might be an 
artifact of having more measuring points.  

In order to evaluate groundwater elevation, flow direction, and the generally topography of the water table 
the groundwater elevation was calculated using the depth to groundwater measured in the stormwater 
structure monitoring program and the rim elevations provided in the as-builts for the developments. 
These elevations were mapped, and contours were calculated yielding the potentiometric or groundwater 
elevation maps for September 2017 and October 2018. These maps are provided in Appendix E as 
Figures E-3 and E-4, respectively. 

Both maps have evidence of mounding with groundwater elevations above 654 feet ROS No. 3910 in the 
center of the study area. Mounding is a localized increase in groundwater elevation where groundwater 
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will flow out radially from the center of the mound. Groundwater mounding frequently is centered around 
zones where water infiltration is high relative to the surrounding area. The mounding appears to be 
greater in October 2018 (Figure E-4); however, it is difficult to determine what might be due to increased 
water application or an artifact of the increased number of data points collected in 2018. 

Both maps show a steep gradient in the northern portion of the DPA indicating groundwater is flowing 
from south to north along Hilltop Avenue. Increased mounding in the developments to the south may 
steepen the gradient and increase drainage north along Hilltop Avenue. In summary, the groundwater 
observations indicate groundwater is mounding below the densely-developed portions of the DPA causing 
groundwater levels in some areas to rise to less than 2 feet bgs on at least a seasonal basis. 

PRECIPITATION TRENDS 

To evaluate whether precipitation trends could be an influence on DPA groundwater levels, we obtained 
monthly precipitation data from the Kennewick, Washington Climate Station (No. 454154) and Richland, 
Washington Climate Station (No. 457015) for the period from January 1980 through November 2018 
(the precipitation period of record). These data are tabulated in Table F-1 and summarized in Figure F-1 of 
Appendix F. We calculated the cumulative departure from average monthly precipitation in Table F-2 and 
plotted cumulative departure in Figure F-2. Cumulative departure is a graphical representation of the 
variation of precipitation from month to month as compared to the average precipitation over a selected 
time frame. The cumulative departure plot (Figure F-2) illustrates long-term precipitation trends, with 
above-average precipitation forming a graphical rise and below-average precipitation forming a graphical 
decline. Examination of this plot suggests the following: 

■ Two long-term cycles in precipitation (approximate 6-year periods of above-average precipitation 
trends followed by approximate 6-year below-average periods) are evident between about 1980 and 
2005.  

■ The cumulative departure is generally stable to decreasing during the period of development within 
the DPA (about 2005 through present). 

The data evaluation described above suggests that the observed increase in groundwater levels within 
the DPA cannot be explained (either in part or in full) by long-term trends in precipitation.  

WATER USE AND IRRIGATION REQUIREMENTS 

Water Use 

Residential developments within the DPA are served by imported water from the West Richland water 
utility. A dense distribution of residences, and irrigated lawns, occurs west of Belmont Boulevard and its 
extension, within roughly the west half of the DPA. East of Belmont Boulevard and its extension, homes 
and associated irrigated lawns are scattered but generally spaced on the order of about 1¼ to 2½ acres.  

On November 14, 2018, the City provided GeoEngineers with a database of water meter records for an 
area that roughly corresponds with the DPA. The period of record within the database (herein termed the 
water use period of record) is from January 2012 through October 2018. GeoEngineers used the provided 
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information to develop annual estimates of total water use within the geographic area bounded by the 
database. A summary of our evaluation is provided below in Table 1.  

We estimate that the total quantity of imported water during the water use period of record was 
approximately 3,462 acre-feet, neglecting any water imported to the DPA from the Columbia Irrigation 
District. Water use estimates also do not include any water associated with domestic wells operated 
within the DPA.  

Water use generally increased during the water use period of record. The annual rate of water importation 
increased from a minimum of approximately 283 acre-feet in 2012 to a maximum of 621 acre-feet during 
2018 (the roughly 10-month period that extended from January 2018 through October 2018).  

TABLE 1. WATER USE SUMMARY  

Year 1 Total Water Use 
Estimated Domestic 

Water Use 
Estimated Irrigation 

Water Use 

(acre-feet) (acre-feet) (acre-feet) 

2012 283 105 178 

2013 373 126 247 

2014 465 144 321 

2015 522 162 360 

2016 602 175 427 

2017 596 190 406 

2018  
(January through October) 

621 163 458 

Total 3,462 1,065 2,397 

Note: 1 The year assigned to a given measurement coincided with the year associated with the date of measurement. Portions of the 
water use for January measurements could have occurred during the previous year.  

To arrive at estimates for domestic and irrigation water use, we calculated the number of homes that 
reported water consumption for each respective year. We assumed the average number of people per 
home is 2.6 and per capita domestic water use is 90 gallons per day. As shown in Table 1, this approach 
yielded annual domestic water use estimates that ranged from 105 acre-feet in 2012 to 190 acre-feet in 
2017, for a total of 1,065 acre-feet for the period of record.  

West of Belmont Avenue and its extension, residences are served by City sewer and most of this imported 
domestic water exits the DPA through the City sewer system. East of Belmont Avenue and its extension, 
residences are primarily serviced by individual septic systems, and imported domestic water enters the 
DPA groundwater system through infiltration.  

The domestic water use estimates presented above represent only about 31 percent of the water use 
total. This suggests that on the order of 69 percent of the DPA water use is used outside of the home. We 
assume that this outside-of-home water use is primarily used to irrigate lawns. The DPA irrigation water 
use estimates summarized in Table 1, therefore, range from 162 acre-feet in 2012 to 433 acre-feet in 
(January through October) 2018.  
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Irrigation Requirements (Consumptive Use) 

Irrigation water is consumptively used by the irrigated vegetation through plant growth and 
evapotranspiration. The difference between the delivered water and the consumptively used water 
generally is the water that seeps past the root zone and into the vadose zone. This section provides our 
estimate of irrigation consumptive use and water that seeps into the vadose zone. 

We used the Blaney-Criddle Method (Shulz 1989) to estimate the consumptive use of the irrigated lawn 
acreage within the DPA. Consumptive use broadly refers to the amount of water required by a specific 
plant for growth and evapotranspiration. The Blaney-Criddle Method calculates consumptive use as the 
product of crop use coefficient (K) and consumptive use factor (F). Calculations associated with the 
Blaney-Criddle Method are summarized in Table G-1 of Appendix G and are based on the following data: 

■ Mean monthly air temperature and mean monthly precipitation, which were obtained from the 
Western Region Climate Center for the Richland, Washington Climate Station (No. 457015). 

■ Percent of annual daytime hours occurring during each month, which was adapted for 46 degrees 
latitude based on Table 7 from Thornthwaite and Mather (1957). 

■ A crop use coefficient of 1.00 and temperature criteria of 50 degrees, which were adapted from 
James et al. (2001) for turf. 

Based on the above inputs, net consumptive use of turf within the DPA is estimated to be approximately 
40.6 inches per year. Consumptive use by year is compared to irrigation use estimates in Table 2.  

TABLE 2. CONSUMPTIVE USE COMPARISON  

Year 
Estimated 
Lawn Area 

Estimated Irrigation 
Water Use 1 

Consumptive Use 
Requirement 2 

Water Exceeding 
Consumptive Use3 

(acres) (acre-feet) (acre-feet) (acre-feet) 

2012 50 178 169 9 

2013 65 247 220 27 

2014 75 321 254 67 

2015 90 360 305 55 

2016 100 427 339 88 

2017 110 406 373 33 

2018  
(January through October) 

120 458 406 52 

   Total 331 

Note: 
1 Estimated irrigation use is adapted from Table 1. 
2 Development of consumptive use requirements is described in Table G-1 of Appendix G.  
3 Difference between Estimated Irrigation Water Use and Consumptive Use Requirements.  

These calculations suggest that the irrigation water use exceeded consumptive use by approximately 
9 acre-feet in 2012 to 88 acre-feet in 2016. Total irrigation water use in excess of consumptive use 
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during the period of record is estimated to be approximately 331 acre-feet (approximately 108 million 
gallons).  

DRAINAGE COMPLAINTS 

In a communication dated November 26, 2018, the City provided a summary of four recent complaints 
they have received from residents within the DPA that are related to an elevated groundwater table. 
These are summarized in Figure 8 and Table H-1 of Appendix H. A total of four complaints, dated between 
September 2017 and November 2018, have been received by the City. Each of these occurs during the 
late summer and fall, near the following the end of the irrigation season. The first three complaints were 
located within the Paradise Estates development within the southwest portion of the DPA. The most 
recent complaint occurred within the Collins Ridge development in the northwest portion of the DPA. Each 
of these complaints are associated with either an area where either: (1) the depth to the limiting 
stratigraphic unit is less than approximately 10 feet; or (2) no subsurface test pit explorations were 
available.  

AVAILABLE STORAGE 

The area of the DPA is approximately 490 acres. Based on our review of previous geotechnical 
explorations (Table D-2), depth to top of the limiting stratigraphic unit ranges from 2 to more than 15 feet. 
If we assume that there is an average of 12 feet of relatively porous material below the DPA and that 
widespread flooding effects to basements, crawl spaces, and pools will occur when the groundwater table 
reaches 8 feet below ground surface, there is approximately 4 feet of porous material available for water 
storage. Assuming an effective porosity of 0.25 and neglecting lateral groundwater migration, we 
estimate that the available storage beneath the DPA is on the order of approximately 490 acre-feet.  

Within the context of ongoing development within the DPA, available storage primarily is filled by over-
irrigation, direct injection of stormwater, and septic discharge.  

■ Previously, we used water use records to suggest that over-irrigation in the range of approximately 
60 acre-feet per year could be occurring within the DPA.  

■ If we assume that, under current development conditions, 20 acres of impervious surfaces are 
directly injecting runoff through drywells and other infiltration structures, we derive an estimate of 
approximately 12 acre-feet of direct stormwater injection for a typical water year.  

■ Under current development conditions, on the order of 80 homes within the DPA discharge to septic 
tanks. Assuming 2.6 people per home and a per capita water use of 90 gallons per day, septic tank 
discharge within the DPA is estimated to be approximately 21 acre-feet per year. 

At the rates assumed in the above bullets, 490 acre-feet of available storage would be filled within 
approximately 5 years. The rate of storage removal is likely be higher in the west half of the DPA, where 
the bulk of residential development (and irrigation/direct stormwater injection) has occurred.  

Clearly, some of the infiltrating water exits the DPA through lateral groundwater migration, which is not 
accounted for in this simplistic water budget. However, the rapidity with which the City has observed post-



 

  February 14, 2019 | Page 14 
 File No. 3234-005-00 

development groundwater level increases suggests that lateral groundwater migration of infiltrated water 
is inhibited by low soil permeability and/or aquifer boundaries.  

CONCLUSIONS 

Existing subsurface information indicate that the study area is underlain by a complex sedimentary 
sequence overlying basalt. Although cross-sections A-A’ and B’B’ (Figures 6 and 7) suggest that a 
sufficient thickness of relatively permeable sediment could be present to support infiltration of 
over-irrigation, septic discharge, and stormwater beneath the DPA, the sediment is of variable grain-size 
distribution, density, and cementation. The depth to limiting stratigraphic unit (which is variably formed by 
basalt, fine-grained sediment, caliche, and/or cementation of pore spaces) throughout portions of the 
DPA is less than 10 feet bgs (Figure 5). Perching of groundwater in these areas can flood basements and 
other below-ground structures.  

GeoEngineers reviewed 53 test pit exploration logs for the DPA and surrounding area (Table D-2), each of 
which was excavated prior to construction of the respective development project. None of the test pits 
encountered groundwater to the depth explored. After residential build-out, a rapid rise in groundwater 
level has been observed within the DPA. This rise in groundwater level cannot be explained through 
precipitation trends (Appendix F). Because of the topographic isolation of the DPA, it also cannot be 
explained by large-scale farm irrigation, canal leakage, or other agricultural influences. We conclude that 
the increase in groundwater level is related to residential development and associated changes in the 
DPA water budget. Based on the water use and available storage estimates developed herein, we further 
conclude that seepage from irrigation of lawns (approximately 64 percent), stormwater injection 
(approximately 13 percent), and septic discharge (approximately 23 percent) each play a role in reducing 
available shallow subsurface water storage beneath the DPA and causing the elevated groundwater 
conditions observed within the DPA. However, we suspect that the primary control on DPA water level rise 
is over-irrigation of residential lawns. This conclusion is based on our evaluation of City water use data 
and the City’s observation that groundwater levels rise through the summer lawn irrigation season and 
peak during the -fall.  

Based on review of existing information, the current conceptual model potentially explaining the origin of 
the DPA is as follows: 

■ Relatively shallow basalt surface underlies the area, generally dipping to the east and west. Depth to 
basalt below the DPA, which is equivalent to overlying sediment thickness, ranges from 50 feet in the 
center to 150 to 200 feet to the east and west. The top of basalt forms a generally impermeable, or 
very low permeability surface beneath the overlying sediment. 

■ The sediment strata overlying basalt consists primarily of low permeability Ringold Formation clay, 
silt, and gravel containing variable cement and caliche. These strata appear to be thinnest beneath 
the central part of the DPA. 

■ Prior to development, land use in the DPA featured dispersed rural residences and natural shrub 
steppe. Very little water was applied to this area and the primary source of natural infiltration water 
and aquifer recharge was natural precipitation, most of which was lost to evapotranspiration during 
the summer. Irrigated agriculture was notably absent from the area now occupied by the DPA. 
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■ With the advent of development, irrigated lawns and impermeable surface (streets and buildings) 
became prevalent within the DPA. As a result, significantly more water infiltrates to the vadose zone 
within the DPA relative to pre-development conditions. The mechanisms creating increased infiltration 
primarily occurs through lawn watering, the removal of evapotranspiration through the loss of native 
vegetation, and construction of impermeable surfaces where stormwater runoff is concentrated at 
specific infiltration sites. 

■ Concentration of precipitation runoff into specific infiltration sites and the abundance of seepage 
water moving below lawn root zones resulted in more water entering the vadose zone and aquifer 
system than was historically the case. 

■ As the area of development increased the rate and volume of water entering the subsurface 
increased and eventually this recharge exceeded the capacity of the low permeability Ringold 
Formation to transmit the water out of the DPA. As that occurred shallow groundwater levels rose to 
the or near the ground surface causing the problems now occurring in the DPA. Where these low 
permeability materials are thinnest may correspond to the area of highest water levels. 

Growth of the developed area may or may not lead to the expansion of the DPA. That will depend on the 
specific hydrogeologic conditions beneath areas of expansion and the associated capacity of the Ringold 
material to hold and transmit water way from the area. 

GAPS IN DPA UNDERSTANDING 

This Phase 1 investigation is based on a review of existing information, which was sufficient to derive 
general conclusions regarding the hydrogeologic framework underpinning the observed DPA water level 
rise. However, existing data are insufficient to achieve the following City objectives: (1) delineate the 
causes and extent of elevated groundwater within specific portions of the DPA; (2) predict the extent that 
groundwater impacts could spread to other portions of the DPA.; and/or (3) identify actions that could 
mitigate observed and future groundwater impacts. Specifically, gaps in the current understanding of the 
DPA include the following: 

■ The specific hydrogeologic units that cause perching conditions within specific portions of the DPA. 

■ The horizontal and vertical distribution in the infiltration capacity of DPA sediments. 

■ The pathways that transport infiltrated water off the DPA. 

■ The seasonal fluctuation in shallow groundwater levels beneath the DPA. 

■ How shallow groundwater levels beneath the DPA respond to precipitation events. 

■ The rate of groundwater level rise within the DPA and, consequently, the likelihood and timing that 
drainage impacts could expand to other portions of the DPA. 

LIMITATIONS 

We prepared this report for use by the City of West Richland to assist in the characterization of the 
hydrogeologic conditions that underly the DPA. Within the limitations of scope, schedule and budget, our 
services have been executed in accordance with generally accepted practices in the field of hydrogeology 
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in this area at the time this report was prepared. No warranty or other conditions, express or implied, 
should be understood.  

Please refer to Appendix I, “Report Limitations and Guidelines for Use” for additional information 
pertaining to use of this report.  
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Top of Basalt Elevation

Drainage Problem Area
City of West Richland, Washington

Figure 4

Legend

! Interpreted Water Well Report Location

Approximate Top of Basalt Elevation Contour (50-foot Interval)
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Notes: 
1. The locations of all features shown are approximate.
2. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
 GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files.  The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
3. bgs = below ground surface
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Depth to Top of Limiting Stratigraphic Unit

Drainage Problem Area
City of West Richland, Washington

Figure 5
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West Richland, Washington
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document. Data were compiled from sources as listed in this
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publication of this  figure. This figure is a copy of a master
document. The hard copy is stored by GeoEngineers, Inc. and will
serve  as the official document of record.

3. Subsurface information is interpreted based on information
provided in Water Wells Reports provided by the Washington State
Department of Ecology. Well locations are approximate and based
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2. This drawing is for information purposes.  It is intended
to assist in showing features discussed in an attached document.
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and will serve as the official record of this communication.
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APPENDIX A 
 Development History: Oldest and Newest  

Permit Date Range 
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APPENDIX B 
 Historic Aerial Photos 



Figure B-1

Historic Aerial Photograph – July 1996

Drainage Problem Area
City of West Richland, Washington

3234-005-00  Date Exported:  2/11/2019

Approximate Drainage Problem Area Boundary

Note
1. Aerial photograph was obtained from Google Earth on February 11, 2019. Google Earth’s data providers for this image 
are NASA and the U.S. Geological Survey.  



Figure B-2

Historic Aerial Photograph – June 2003

Drainage Problem Area
City of West Richland, Washington

3234-005-00  Date Exported:  2/11/2019

Approximate Drainage Problem Area Boundary

Note
1. Aerial photograph was obtained from Google Earth on February 11, 2019. Google Earth’s data provider for this image 
is the USDA Farm Service Agency.  



Figure B-3

Historic Aerial Photograph – June 2006

Drainage Problem Area
City of West Richland, Washington

3234-005-00  Date Exported:  2/11/2019

Approximate Drainage Problem Area Boundary

Note
1. Aerial photograph was obtained from Google Earth on February 11, 2019. Google Earth’s data provider for this 
image is the USDA Farm Service Agency.



Figure B-4

Historic Aerial Photograph – September 2009

Drainage Problem Area
City of West Richland, Washington

3234-005-00  Date Exported:  2/11/2019

Note
1. Aerial photograph was obtained from Google Earth on February 11, 2019. Google Earth’s data provider for this 
image is the USDA Farm Service Agency.

Approximate Drainage Problem Area Boundary



Figure B-5

Historic Aerial Photograph – November 2011

Drainage Problem Area
City of West Richland, Washington

3234-005-00  Date Exported:  2/11/2019

Approximate Drainage Problem Area Boundary

Note
1. Aerial photograph was obtained from Google Earth on February 11, 2019. Google Earth’s data provider for this 
image is the USDA Farm Service Agency.  



Figure B-6

Historic Aerial Photograph – July 2013

Drainage Problem Area
City of West Richland, Washington

3234-005-00  Date Exported:  2/11/2019

Approximate Drainage Problem Area Boundary

Note
1. Aerial photograph was obtained from Google Earth on February 11, 2019. Google Earth’s data provider for this 
image is the USDA Farm Service Agency.  



Figure B-7

Historic Aerial Photograph – August 2016

Drainage Problem Area
City of West Richland, Washington

3234-005-00  Date Exported:  2/11/2019

Approximate Drainage Problem Area Boundary

Note
1. Aerial photograph was obtained from Google Earth on February 11, 2019.  



Figure B-8

Historic Aerial Photograph – July 2018

Drainage Problem Area
City of West Richland, Washington

3234-005-00  Date Exported:  2/11/2019

Approximate Drainage Problem Area Boundary

Note
1. Aerial photograph was obtained from Google Earth on February 11, 2019.  



 

 

APPENDIX C 
 Water Well Reports 



























































































































































 

 

APPENDIX D 
 Subsurface Database 



Table D-1
Compilation of Water Well Report Observations 1

City of West Richland

Benton County, Washington

Location Summary - Limiting Stratigraphic Unit
Water Well 

Report 
Designation Owner 2

Date 
Completed

Quarter-
Quarter 
Section

Quarter 
Section Section Township Range

Well 

Elevation 3 Total Depth
Depth to 

Groundwater
Depth to 
Basalt

Top of Basalt 

Elevation 3

Depth to Top of 
Limiting Stratigraphic 

Unit
Type of Limiting 

Stratigraphic Unit Notes

(feet) (feet bgs) (feet bgs) (feet bgs) (feet) (feet bgs)

1B1 Neil Sullivan 11/06/81 NW NE 1 9N 27E 495 232 144 40 455 40 Basalt

1D1 Leslie J. Woodcock 05/07/85 NW NW 1 9N 27E 464 80 22 55 409 55 Basalt

1D2 Leslie J. Woodcock 04/04/95 NW NW 1 9N 27E 464 180 90 55 409 55 Basalt Deepening of 1D1

1D3 E.O. Kraus 07/05/79 NW NW 1 9N 27E 470 150 65 14 456 14 Basalt

1D4 Mark and Cindy Enghusen 08/16/01 SE NW 1 9N 27E 470 145 35 32 438 32 Basalt

1D5 Jerry England 07/15/05 NW NW 1 9N 27E 482 305 100 26 456 26 Basalt

1D6 Jerry England 08/14/05 NW NW 1 9N 27E 482 160 -- 26 456 26 Basalt

1E1 John Harris 08/09/05 SW NW 1 9N 27E 486 305 130 2 484 2 Basalt

1E2 Keith and Pam Gray 09/01/11 SW SW 1 9N 27E 486 290 140 28 458 28 Basalt

1E3 Becan Properties 05/27/88 SW NW 1 9N 27E 493 160 30 15 478 15 Basalt

1E4 Hugh W. Homer 05/16/94 SW NW 1 9N 27E 493 210 110 20 473 5 Clay

1E5 William Wildenborg 10/14/94 SW NW 1 9N 27E 493 220 120 20 473 5 Clay

1F1 E. Neil and William E. Sullivan 02/20/85 NW NW 1 9N 27E 507 65 35 40 467 40 Basalt

1G1 Robert Butler 06/15/87 SW NE 1 9N 27E 593 151 44 21 572 12 Clay

1H1 Hanz Anselm 11/09/94 SE NE 1 9N 27E 637 240 87 6 631 6 Basalt

1H2 Roger Smith 05/28/93 SE NE 1 9N 27E 637 265 130 16 621 16 Basalt

1K1 Joe and Linda Picker 05/05/99 NE SW 1 9N 27E 655 220 165 203 452 6 Clay

1K2 Gerald and Maggie Higgins 11/09/98 NE SW 1 9N 27E 655 208 150 185 470 24 Sandy Clay

1K3 John Harris 10/26/79 NE SW 1 9N 27E 651 285 90 3 648 3 Basalt

1M1 Herold Alexander 09/10/05 SW SW 1 9N 27E 499 353 160 90 409 90 Basalt

1N1 Aaron Delvalle 07/12/13 SE SW 1 9N 27E 633 20 >20 >20 <613 >20

1N2 Aaron Delvalle 07/12/13 SE SW 1 9N 27E 633 20 >20 >20 <613 >20

1N3 Aaron Delvalle 07/12/13 SE SW 1 9N 27E 633 20 >20 >20 <613 >20

1O1 Terri Ahlers 05/17/00 SW SE 1 9N 27E 656 200 170 >200 <456 32 Clay and Silt

6A1 Town of West Richland 10/15/62 NE NE 6 9N 28E 416 250 25 176 240 93 Clay

6A2 Ray Moller 06/14/66 NE NE 6 9N 28E 431 90.2 28.6 63 368 63 Weathered Basalt

6A3 Mark Noulty 05/25/94 NE NE 6 9N 28E 431 200 124 162 269 3 Clay

6A4 RA Paasch -- NE NE 6 9N 28E 422 60 50 >60 <362 >60

6A5 City of West Richland 03/26/13 NE NE 6 9N 28E 429 25 >25 >25 <404 >25

6B1 Willetu Barm 01/26/92 NW NE 6 9N 28E 555 261 45 159 396 46 Silt

6C1 -- 10/12/00 NE NW 6 9N 28E 738 3 -- 3 735 0 Silt

6C2 Bob Loveall 01/13/93 -- NW 6 9N 28E 633 332 238 94 539 88 Clay

6C3 Robert Loveall 11/30/98 -- NW 6 9N 28E 633 490 235 98 535 21 Silt and Gravel

6D1 Randy Powers 05/14/01 NW NW 6 9N 28E 618 210 135 189 429 32 Clay

6D2 CW Flowers 08/07/89 -- -- 6 9N 28E 628 316.5 261 13 615 13 Basalt

6G1 William F. Brown 06/23/73 SE NE 6 9N 28E 586 160 80 128 458 128 Basalt

6H1 Ricky Hamilton 05/21/17 NE NE 6 9N 28E 432 110 64 95 337 35 Clay

6I1 Tracey Smith 07/27/05 NW NE 6 9N 28E 544 282 100 135 409 30 Clay and Sandstone
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Location Summary - Limiting Stratigraphic Unit
Water Well 

Report 
Designation Owner 2

Date 
Completed

Quarter-
Quarter 
Section

Quarter 
Section Section Township Range

Well 

Elevation 3 Total Depth
Depth to 

Groundwater
Depth to 
Basalt

Top of Basalt 

Elevation 3

Depth to Top of 
Limiting Stratigraphic 

Unit
Type of Limiting 

Stratigraphic Unit Notes

(feet) (feet bgs) (feet bgs) (feet bgs) (feet) (feet bgs)

6I2 Frank Panisko 09/16/74 NE SW 6 9N 28E 587 300 180 183 404 3 Clay

6I3 Joseph Mugo 08/12/16 NE SE 6 9N 28E 589 360 218 189 400 26 Clay

6L1 Brett and Tracy Mooney 05/02/02 -- SW 6 9N 28E 646 228 155 203 443 36 Silt

6L2 Steve Versteeg 06/19/01 NW SW 6 9N 28E 647 215 153 201 446 41 Clay

6M1 David H. Steffen 02/14/92 SW SW 6 9N 28E 650 343 258 186 464 26 Clay Gravel

6N1 E.O. Kraus -- SE SW 6 9N 28E 646 325 221 210 436 40 Clay

6O1 Mike and Talia Lewis 08/23/17 NW NE 6 9N 28E 621 215 135 198 423 18 Clay and Gravel

6P1 Hedge Cock 11/15/02 NE NE 6 9N 28E 623 225 134 206 417 35 Clay

6P2 Paul and Kerry Wood 04/23/04 NW SE 6 9N 28E 611 380 260 198 413 30 Clay

6P3 Hoiu Moon 09/30/02 SE SE 6 9N 28E 625 280 155 220 405 37 Clay

6P4 Tony Garrett 11/16/97 SE SE 6 9N 28E 625 175 111 7 618 7 Basalt

7C1 B.D. Dierks 11/25/72 NE NW 7 9N 28E 644 540 248 185 459 58 Sandy Clay

7D1 Ray Crissen 09/07/89 NW NW 7 9N 28E 646 217 168 200 446 50 Clay

12A1 Richland School District 06/26/17 NE NE 12 9N 27E 634 30 >30 >30 <604 >30

12A2 Milo Bauder 08/14/81 -- NE 12 9N 27E 632 905 250 25 607 25 Basalt

12A3 Milo Bauder 04/10/86 -- -- 12 9N 27E 632 1050 180 25 607 25 Basalt Deepening of 12A2

12C1 Harold W. Alexander 11/20/85 -- NW 12 9N 27E 543 180 70 90 453 90 Basalt

12C2 Harold W. Alexander 02/03/87 -- NW 12 9N 27E 543 195 60 80 463 80 Basalt

12E1 City of West Richland 12/17/02 SW NW 12 9N 27E 522 20 -- >20 <502 >20

12E2 City of West Richland 12/17/02 SW NW 12 9N 27E 522 20 -- >20 <502 >20

12F1 John C. McElroy 04/19/57 SE NW 12 9N 27E 555 400 156 200 355 200 Basalt

12F2 Harold W. Alexander 03/11/02 SE NW 12 9N 27E 584 399 183 74 510 21 Sandy Clay

12H1 Richland School District 08/24/17 SE NE 12 9N 27E 625 30 >30 >30 <595 >30

12H2 Richland School District 08/24/17 SE NE 12 9N 27E 625 25 >25 >25 <595 >25

12H3 Richland School District 08/24/17 SE NE 12 9N 27E 625 25 >25 >25 <595 >25

12H4 Richland School District 08/24/17 SE NE 12 9N 27E 625 30 -- >30 <595 >30

12H5 Richland School District 08/24/17 SE NE 12 9N 27E 625 30 -- >30 <595 >30

12H6 Richland School District 08/24/17 SE NE 12 9N 27E 625 25 >25 >25 <595 >25

12H7 Richland School District 08/24/17 SE NE 12 9N 27E 625 30 -- >30 <595 >30

12H8 Richland School District 08/24/17 SE NE 12 9N 27E 625 30 -- >30 <595 >30

12H9 Richland School District 08/24/17 SE NE 12 9N 27E 625 30 -- >30 <595 >30

12H10 Dan Knowlton 04/30/94 SE NE 12 9N 27E 619 60 42 >60 <559 >60

Notes:
1 Water well reports observations are adapted from water well reports on file with the Washington State Department of Ecology.  
2 The owner as listed on the Water Well Report, which may or may not correspond with the current well owner.  
3 Well elevations were adapted from the U.S. Geological Survey and are provided relative to the North American Vertical Datum of 1988 (NAVD 88). 

bgs = below ground surface; -- = not provided
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Table D-2
Compilation of Test Pit Observations 1

City of West Richland

Benton County, Washington

Depth to Limiting Stratigraphic Units Summary - Limiting Stratigraphic Unit

Exploration 
Designation Investigation 2

Designation by 
Initial Investigator

Date of 
Exploration Total Depth

Depth to 
Groundwater

Depth to Top 
of Basalt

Depth to 
Cementation

Depth to Fine-
Grained 

Sediment

Depth to Top of 
Limiting 

Stratigraphic Unit
Type of Limiting 

Stratigraphic Unit Notes

(feet bgs) (feet bgs) (feet bgs) (feet bgs) (feet bgs) (feet bgs)
BHTP1 HDJ Design Group (2014) TP-1 02/20/14 2.5 >2.5 2 -- -- 2 Basalt

BHTP2 HDJ Design Group (2014) TP-2 02/20/14 15 >15 >15 2 -- 2 Cementation/Stratification

BHTP3 HDJ Design Group (2014) TP-3 02/20/14 16 >16 >16 8 -- 8 Caliche Layer

BHTP4 HDJ Design Group (2014) TP-4 02/20/14 12 >12 12 -- -- 12 Basalt

BHTP5 HDJ Design Group (2014) TP-5 02/20/14 10 >10 10 -- -- 10 Basalt

BHTP6 HDJ Design Group (2014) TP-6 02/20/14 9 >9 9 -- -- 9 Basalt

BHTP7 HDJ Design Group (2014) TP-7 02/20/14 5 >5 5 2.5 -- 2.5 Cementation/Stratification

BHTP8 HDJ Design Group (2014) TP-8 02/20/14 15 >15 >15 12 -- 12 Cementation

BHTP9 HDJ Design Group (2014) TP-9 02/20/14 15 >15 >15 -- -- >15

BHTP10 HDJ Design Group (2014) TP-10 02/20/14 14 >14 >14 5 -- 5 Cementation

BHTP11 HDJ Design Group (2014) TP-11 02/20/14 14 >14 >14 6 -- 6 Cementation

BHTP12 HDJ Design Group (2014) TP-12 02/20/14 14 >14 >14 3 -- 3 Cementation

BHTP13 HDJ Design Group (2014) TP-13 02/20/14 14 >14 >14 10 -- 10 Cementation

BHTP14 HDJ Design Group (2014) TP-14 02/20/14 15 >15 >15 4 -- 4 Cementation

BHTP15 HDJ Design Group (2014) TP-15 02/20/14 15 >15 >15 4 -- 4 Cementation

BHTP16 HDJ Design Group (2014) TP-16 02/20/14 15 >15 >15 4 -- 4 Cementation

BHTP17 HDJ Design Group (2014) TP-17 02/20/14 15 >15 >15 -- -- >15

BHTP18 HDJ Design Group (2014) TP-18 02/20/14 12 >12 >12 -- -- >12

BHTP19 HDJ Design Group (2014) TP-19 02/20/14 14 >14 >14 -- -- >14 Strong HCL reaction noted at 10 feet bgs.

BHTP20 HDJ Design Group (2014) TP-20 02/20/14 14 >14 >14 -- -- >14 Strong HCL reaction noted at 12 feet bgs.

BHTP21 HDJ Design Group (2014) TP-21 02/20/14 12 >12 >12 -- -- >12 Strong HCL reaction noted at 3 feet bgs.

BHTP22 HDJ Design Group (2014) TP-22 02/20/14 12 >12 >12 -- -- >12

BHTP23 HDJ Design Group (2014) TP-23 02/20/14 12 >12 >12 -- -- >12

BHTP24 HDJ Design Group (2014) TP-24 02/20/14 12 >12 >12 -- -- >12

BHTP25 HDJ Design Group (2014) TP-25 02/20/14 6 >6 6 4 -- 4 Cementation Carbonate-cemented bedrock noted at 6 feet - interpreted as basalt.

BHTP26 HDJ Design Group (2014) TP-26 02/20/14 12 >12 >12 -- -- >12 Strong HCL reaction noted at 4 feet bgs.

CHTP1 Shannon &Wilson, Inc. (2010) TP-1 07/22/10 8 >8 >8 -- -- >8

CHTP2 Shannon &Wilson, Inc. (2010) TP-2 07/22/10 6 >6 >6 -- -- >6

CHTP3 Shannon &Wilson, Inc. (2010) TP-3 07/22/10 2 >2 2 -- -- 2 Basalt

CHTP4 Shannon &Wilson, Inc. (2010) TP-4 07/22/10 6 >6 >6 -- -- >6

CHTP5 Shannon &Wilson, Inc. (2010) TP-5 07/22/10 9 >9 >9 -- -- >9

CHTP6 Shannon &Wilson, Inc. (2010) TP-6 07/22/10 2 >2 2 -- -- 2 Basalt

CHTP7 Shannon &Wilson, Inc. (2010) TP-7 07/22/10 10 >10 >10 -- -- >10

CHTP8 Shannon &Wilson, Inc. (2010) TP-8 07/22/10 7 >7 >7 -- -- >7

PETP1 Intermountain (2009) TP-1 02/03/10 12.5 >12.5 >12.5 2 -- 2 Cementation Caliche layer noted at 2 feet bgs.

PETP2 Intermountain (2009) TP-2 02/03/10 9 >9 >9 2 -- 2 Cementation Caliche layer noted at 2 feet bgs.

PETP3 Intermountain (2009) TP-3 02/03/10 12 >12 >12 3 -- 3 Cementation Caliche layer noted at 3 feet bgs.

PETP4 Intermountain (2009) TP-4 02/03/10 13 >13 >13 3 -- 3 Cementation

PETP5 Intermountain (2009) TP-5 02/03/10 12 >12 >12 2 -- 2 Cementation

SHTP1 PBS Engineering + Environmental (2016) TP-1 04/08/16 8 >8 >8 -- -- >8 Carbonate-stained gravel noted at 5 feet bgs, with overlying moist soil.

SHTP2 PBS Engineering + Environmental (2016) TP-2 04/08/16 6 >6 >6 -- -- >6

SHTP3 PBS Engineering + Environmental (2016) TP-3 04/08/16 9.5 >9.5 >9.5 -- -- >9.5 Carbonate-stained gravel noted at 5 feet bgs, with overlying moist soil.

SHTP4 PBS Engineering + Environmental (2016) TP-4 04/08/16 8.5 >8.5 >8.5 -- -- >8.5

SHTP5 PBS Engineering + Environmental (2016) TP-5 04/08/16 11 >11 >11 -- -- >11

SHTP6 PBS Engineering + Environmental (2016) TP-6 04/08/16 10 >10 >10 -- -- >10
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Depth to Limiting Stratigraphic Units Summary - Limiting Stratigraphic Unit

Exploration 
Designation Investigation 2

Designation by 
Initial Investigator

Date of 
Exploration Total Depth

Depth to 
Groundwater

Depth to Top 
of Basalt

Depth to 
Cementation

Depth to Fine-
Grained 

Sediment

Depth to Top of 
Limiting 

Stratigraphic Unit
Type of Limiting 

Stratigraphic Unit Notes

(feet bgs) (feet bgs) (feet bgs) (feet bgs) (feet bgs) (feet bgs)

SHTP7 PBS Engineering + Environmental (2016) TP-7 04/08/16 12.5 >12.5 >12.5 -- -- >12.5

SHTP8 PBS Engineering + Environmental (2016) TP-8 04/08/16 14 >14 >14 -- -- >14

SHTP9 PBS Engineering + Environmental (2016) TP-9 04/08/16 15.5 >15.5 >15.5 -- -- >15.5

SHTP10 PBS Engineering + Environmental (2016) TP-10 04/08/16 9.5 >9.5 >9.5 5 -- 5 Cementation

SHTP11 PBS Engineering + Environmental (2016) TP-11 04/08/16 10.5 >10.5 >10.5 -- -- >10.5

WWTP1 Intermountain (2011) TP-1 01/06/11 8 >8 >8 -- -- >8 Soil described as very dense below 5.5 feet bgs.

WWTP2 Intermountain (2011) TP-2 01/06/11 9 >9 >9 -- -- >9 Soil described as very dense below 5 feet bgs.

WWTP3 Intermountain (2011) TP-3 01/06/11 8 >8 >8 -- -- >8 Soil described as dense to very dense below 3.5 feet bgs.

WWTP4 Intermountain (2011) TP-4 01/06/11 8 >8 >8 -- -- >8 Soil described as very dense below 2 feet bgs.

Notes:
1 Test pit observations are adapted from geotechnical reports provided by the City of West Richland.  
2 Investigation references:

HDJ Design Group, 2014.  Geotechnical investigation report, Belmont Heights, West Richland, Washington. Report prepared by HDJ Design Group, PLLC of Pasco, Wash. April.

Intermountain Materials Testing & Geotechnical, 2011. REPORT, Field Permeability Testing, Proposed Westwood Development,Ironton Drive, West Richland, WA. Reported prepared by Intermountain Materials Testing & Geotechnical, Pasco, Wash. for Hayden Homes, LLC, Redmond, Oregon. January 11.

Intermountain Materials Testing & Geotechnical, 2009. REPORT, Field Permeability Testing, Proposed Paradise Estates Development, Paradise Way and Belmont Blvd, West Richland, WA. Reported prepared by Intermountain Materials Testing & Geotechnical, Pasco, Wash. for KDS Development LLC, Issaquah, Wash. February 10.

PBS Engineering + Environmental, 2016. Preliminary Geotechnical Engineering Report, Sunset Heights Development, Benton County Parcel 101971000004000, West Richland, Washington. Reported prepared by PBS Engineering + Environmental, Richland, Wash. for Epic Development, Richland, Wash. May 31.

Shannon & Wilson, Inc., 2010. Geotechnical engineering study: Collins Heights Subdivision, Phase 1, West Richland, Washington.  Report prepared by Shannon & Wilson, Inc., Richland, Wash. for Tetra Tech Engineering and Architecture Services, Richland, Wash., September 7.

bgs = below ground surface
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Table E-1
September 2017 and October 2018 Groundwater Monitoring Results

Drainage Problem Area

City of West Richland, Washington

Elevation 
(ft)1,2

Groundwater 
Elevation (ft)1,2

14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18

B-7 MHOB? Could Not Locate -- -100 -- -8.3 -- NA
B-8 MHOB? Could Not Locate -- DRY -- DRY -- DRY
B-9 MHOB? Could Not Locate -- -97 -- -8.1 -- NA

B-10 DW 640.00 -102 DRY -8.5 DRY 631.50 DRY
B-11 DW 650.00 -- DRY -- DRY -- DRY
B-12 DW 648.50 -133 -142 -11.1 -11.8 637.42 636.67
B-13 DW 647.00 -83 -92.5 -6.9 -7.7 640.08 639.29
B-14 DW 649.00 -102 -114 -8.5 -9.5 640.50 639.50
B-15 MHSB 650.00 -- -81 -- -6.8 -- 643.25
B-17 DW 652.41 -- -53 -- -4.4 -- 647.99
B-18 DW 652.18 -- -55 -- -4.6 -- 647.60
B-19 DW 653.46 -- -75 -- -6.3 -- 647.21
B-20 DW 653.48 -- -81 -- -6.8 -- 646.73
B-21 DW 651.99 -78 -84 -6.5 -7.0 645.49 644.99
B-22 DW 653.00 -137 -147.5 -11.4 -12.3 641.58 640.71
B-23 DW 641.00 DRY DRY DRY DRY DRY DRY
B-24 DW 641.00 DRY DRY DRY DRY DRY DRY
B-25 DW 644.00 -- DRY -- DRY -- DRY
B-26 DW 652.25 -88 -100.5 -7.3 -8.4 644.92 643.88
C-2 DW 649.03 DRY -- DRY -- DRY --
C-5 MHOB 642.85 -- -82.5 -- -6.9 -- 635.98
C-6 DW 640.00 DRY DRY DRY DRY DRY DRY
C-7 MH 640.27 -- DRY -- DRY -- DRY
F-1 DW 647.91 -- -180 -- -15.0 -- 632.91
F-2 DW 645.40 -- DRY -- DRY -- DRY
F-3 DW 640.74 -- DRY -- DRY -- DRY
O-6 DW 643.18 -170 -168 -14.2 -14.0 629.01 629.18
O-7 DW 643.18 DRY DRY DRY DRY DRY DRY
O-8 DW 643.87 DRY DRY DRY DRY DRY DRY
O-9 DW 644.85 DRY -165 DRY -13.8 DRY 631.10

O-10 DW 645.99 -157 -160 -13.1 -13.3 632.91 632.66
O-11 DW 647.10 -138 -141 -11.5 -11.8 635.60 635.35
Q-3 DW(2) 617.84 DRY DRY DRY DRY DRY DRY

Rim Elevation 
(ft)1,2

Refenence ID

Observation 
Location Type

Depth to Water: Rim to Water (in)Depth to Water: Rim to Water (ft)
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Elevation 
(ft)1,2

Groundwater 
Elevation (ft)1,2

14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18

Rim Elevation 
(ft)1,2

Refenence ID

Observation 
Location Type

Depth to Water: Rim to Water (in)Depth to Water: Rim to Water (ft)

Q-4 NORTH (Q-4a) DW -151.5 -154.5 -12.6 -12.9 601.83 601.58
Q-4 WEST (Q-4b) DW -169.5 -124 -14.1 -10.3 600.33 604.12

Q-5 DW 613.03 DRY DRY DRY DRY DRY DRY
Q-6 DW 615.63 DRY DRY DRY DRY DRY DRY
Q-7 DW 628.07 -- DRY -- DRY -- DRY
Q-8 DW 634.50 -- -112.5 -- -9.4 -- 625.13
Q-9 DW 643.85 -139.5 -134 -11.6 -11.2 632.23 632.68

Q-10 DW UNKNOWN -- DRY -- DRY -- DRY
Q-11 DW UNKNOWN -- -59 -- -4.9 -- NA
Q-12 DW UNKNOWN -82.5 -87 -6.9 -7.3 NA NA
Q-13 DW UNKNOWN -23 -35 -1.9 -2.9 NA NA
Q-14 DW 635.79 -- -52 -- -4.3 -- 631.46
Q-15 DW 640.43 -- -66.5 -- -5.5 -- 634.89
Q-16 DW 641.73 -53 -45.5 -4.4 -3.8 637.31 637.94
Q-17 DW 644.29 -65.5 -61.5 -5.5 -5.1 638.83 639.17
Q-69 DW 632.55 DRY DRY DRY DRY DRY DRY
R-1 MHOB 658.96 -- DRY -- DRY -- DRY
R-2 MHOB 657.76 -- DRY -- DRY -- DRY
R-3 MHOB 656.05 DRY DRY DRY DRY DRY DRY
R-4 MHOB 654.21 -- DRY -- DRY -- DRY
R-5 MHOB 655.42 -- DRY -- DRY -- DRY
R-6 MHOB 656.35 DRY DRY DRY DRY DRY DRY
R-7 MHOS 651.17 DRY DRY DRY DRY DRY DRY
R-8 MHOB 647.88 -- DRY -- DRY -- DRY
R-9 MHOB 651.11 DRY DRY DRY DRY DRY DRY

R-10 MHOB 650.33 -- DRY -- DRY -- DRY
R-11 MHOB 651.61 -- DRY -- DRY -- DRY
R-12 MHOB 651.66 DRY DRY DRY DRY DRY DRY
R-13 MHOB 653.55 DRY DRY DRY DRY DRY DRY
R-14 MHOB 653.71 DRY DRY DRY DRY DRY DRY
R-15 MHOB 655.14 DRY DRY DRY DRY DRY DRY
R-16 MHOB 655.67 -- DRY -- DRY -- DRY
R-17 MHOB 657.48 DRY DRY DRY DRY DRY DRY
R-18 MHOB 657.13 Below IE -85 Below IE -7.1 Below IE 650.05
R-19 MHOB 657.73 Below IE -88 Below IE -7.3 Below IE 650.40
R-20 MHOB 653.83 -- -58.5 -- -4.9 -- 648.96
R-21 MHOB 653.05 DRY -45 DRY -3.8 DRY 649.30
R-22 MHOB 653.53 Below IE -71.5 Below IE -6.0 Below IE 647.57
R-23 MHOB 652.96 -28 -40 -2.3 -3.3 650.63 649.63

614.45
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Elevation 
(ft)1,2

Groundwater 
Elevation (ft)1,2

14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18

Rim Elevation 
(ft)1,2

Refenence ID

Observation 
Location Type

Depth to Water: Rim to Water (in)Depth to Water: Rim to Water (ft)

R-24 MHOB 653.54 -36 -46 -3.0 -3.8 650.54 649.71
R-25 MHOB 655.37 -31 -40.5 -2.6 -3.4 652.79 652.00
R-26 MHOB 654.33 -- -56.5 -- -4.7 -- 649.62
R-27 MHOB 655.16 -- -26 -- -2.2 -- 652.99
R-28 MHOB 655.61 -- -23.5 -- -2.0 -- 653.65
R-29 MHOB 651.97 -- -49 -- -4.1 -- 647.89
R-30 MHOB 654.18 DRY -60 DRY -5.0 DRY 649.18
R-31 MHOB 652.49 -24 -34 -2.0 -2.8 650.49 649.66
R-32 MHOB 652.19 -17 -26 -1.4 -2.2 650.77 650.02
R-33 DW 656.87 -- -112.5 -- -9.4 -- 647.50
R-34 DW 656.90 -- -99 -- -8.3 -- 648.65

R-35 EAST DW 655.99 -- -92 -- -7.7 -- 648.32
R-35 MIDDLE DW 656.19 -- -94.5 -- -7.9 -- 648.32
R-35 WEST DW 656.54 -- -98 -- -8.2 -- 648.37

R-36 NORTH DW 655.12 -109 -9.8 -9.1 645.37 646.04
R-36 SOUTH DW 655.40 -110.5 -9.8 -9.2 645.65 646.19
R-37 EAST DW 654.06 -- -117 -- -9.8 -- 644.31

R-37 WEST DW 653.99 -- -112 -- -9.3 -- 644.66
R-38 NORTH DW 653.74 -- -115 -- -9.6 -- 644.16
R-38 SOUTH DW 653.18 -- -116 -- -9.7 -- 643.51

R-39 EAST DW 651.21 -66.5 -5.5 644.79 645.67
R-39 NORTH DW 651.35 -66 -5.5 651.35 645.85
R-39 WEST DW 651.61 -66.5 -5.5 651.61 646.07

R-40 DW 653.28 -- -75.5 -- -6.3 -- 646.99
R-41 DW 653.90 -89.5 -75.5 -7.5 -6.3 646.44 647.61
R-42 DW 653.94 -86.5 -78 -7.2 -6.5 646.73 647.44
R-42 DW 653.94 -87 -- -7.3 -- 646.69 --
R-43 DW 650.40 -70 -59 -5.8 -4.9 644.57 645.48
R-44 DW 646.98 -61 -63 -5.1 -5.3 641.90 641.73
R-45 DW 648.47 -56 -62 -4.7 -5.2 643.80 643.30
R-46 DW 649.86 -87 -88 -7.3 -7.3 642.61 642.53
R-47 DW 650.57 -102 -103 -8.5 -8.6 642.07 641.99
R-48 DW 647.75 DRY -- DRY -- DRY --
R-49 DW 645.37 DRY -- DRY -- DRY --
R-50 DW 643.50 DRY -- DRY -- DRY --
R-51 DW 643.16 DRY -- DRY -- DRY --
R-52 DW 642.01 DRY -- DRY -- DRY --
R-53 DW 641.69 DRY -- DRY -- DRY --
R-54 DW 644.18 DRY -- DRY -- DRY --

-6.4

-117

-77
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Elevation 
(ft)1,2

Groundwater 
Elevation (ft)1,2

14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18

Rim Elevation 
(ft)1,2

Refenence ID

Observation 
Location Type

Depth to Water: Rim to Water (in)Depth to Water: Rim to Water (ft)

R-55 DW 642.25 DRY -- DRY -- DRY --
R-56 DW 640.00 DRY -- DRY -- DRY --
R-57 DW 639.98 DRY -- DRY -- DRY --
R-58 DW 637.99 DRY -- DRY -- DRY --
R-59 DW 635.41 DRY -- DRY -- DRY --
R-71 MHOB 653.29 -25 -32 -2.1 -2.7 651.21 650.62
R-75 MHOB 653.99 -51 -54.5 -4.3 -4.5 649.74 649.45
R-76 MHOB 655.30 -49 -56.5 -4.1 -4.7 651.22 650.59
R-77 MHOB 657.06 -48 -47.5 -4.0 -4.0 653.06 653.10
R-78 MHOB 656.95 -47 -44.5 -3.9 -3.7 653.03 653.24
R-79 MHOB 656.76 -- -35 -- -2.9 -- 653.84
R-80 MHOB 655.27 -- -28.5 -- -2.4 -- 652.90
R-81 MHOB 653.56 -- -15 -- -1.3 -- 652.31
R-82 MHOB 656.87 -- -32 - -2.7 -- 654.20
R-83 MHOB 656.51 -39.5 -27 -3.3 -2.3 653.22 654.26
R-84 MHOB 656.62 -43.5 -28 -3.6 -2.3 653.00 654.29
R-85 MHOB 657.15 -47 -43 -3.9 -3.6 653.23 653.57
R-86 MHOB 657.21 -51 -46.5 -4.3 -3.9 652.96 653.34
R-87 MHOB 659.35 -- -79.5 -- -6.6 -- 652.73
R-88 MHOB 658.59 -- -50.5 -- -4.2 -- 654.38
R-89 MHOB 659.84 Below IE -80.5 Below IE -6.7 Below IE 653.13
R-90 MHOB 658.84 -- -62 -- -5.2 -- 653.67
R-91 MHOB 659.29 -- -65 -- -5.4 -- 653.87
R-92 MHOB 659.15 -- -67 -- -5.6 -- 653.57
R-93 MHOB 660.85 -- -84 -- -7.0 -- 653.85
R-94 MHOB 661.52 -- DRY -- DRY -- DRY
R-95 MHOB 660.72 -- DRY -- DRY -- DRY
R-96 MHOB 661.89 -- DRY -- DRY -- DRY
R-97 MHOB 660.81 -- DRY -- DRY -- DRY
R-98 MHOB 659.28 DRY DRY DRY DRY DRY DRY
R-99 MHOB 658.23 DRY DRY DRY DRY DRY DRY
R-100 DW 655.48 -96 -89.5 -8.0 -7.5 647.48 648.02
R-101 DW 655.48 -96 -85 -8.0 -7.1 647.48 648.40
R-102 MHOB 658.89 -- DRY -- DRY -- DRY
R-103 MHOB 659.12 DRY -72.5 DRY -6.0 DRY 653.08
R-104 MHOB 659.50 -- DRY -- DRY -- DRY
R-105 MHOB 661.87 -- DRY -- DRY -- DRY
R-106 MHOB 661.90 -- DRY -- DRY -- DRY
R-107 DW 659.09 -105 -100.5 -8.8 -8.4 650.34 650.72
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Elevation 
(ft)1,2

Groundwater 
Elevation (ft)1,2

14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18

Rim Elevation 
(ft)1,2

Refenence ID

Observation 
Location Type

Depth to Water: Rim to Water (in)Depth to Water: Rim to Water (ft)

R-108 DW 659.09 -105 -98 -8.8 -8.2 650.34 650.92
R-109 DW 658.81 -- -99.5 -- -8.3 -- 650.52
R-110 DW 658.88 -- -98 -- -8.2 -- 650.71

R-111 EAST DW 658.05 -- -93 -- -7.8 -- 650.30
R-111 WEST DW 657.93 -- -91 -- -7.6 -- 650.35
R-112 EAST DW 657.86 -- -79 -- -6.6 -- 651.28
R-112 WEST DW 657.97 -- -79 -- -6.6 -- 651.39

R-113 DW 657.55 -- -78 -- -6.5 -- 651.05
R-114 NORTH DW 655.97 -- -46.5 -- -3.9 -- 652.10
R-114 SOUTH DW 656.07 -- -47 -- -3.9 -- 652.15
R-115 EAST DW 656.93 -- -43.5 -- -3.6 -- 653.31

R-115 WEST DW 657.05 -- -45 -- -3.8 -- 653.30
R-116 EAST DW 654.50 -36 -3.5 -3.0 651.00 651.50
R-116 WEST DW 654.39 -35 -3.5 -2.9 650.89 651.47
R-117 NORTH DW 653.70 -82.5 -6.9 -6.9 646.83 646.83
R-117 SOUTH DW 653.60 -71.5 -6.9 -6.0 646.73 647.64
R-118 EAST DW 654.91 -- -92 -- -7.7 -- 647.24
R-118 WEST DW 655.20 -- -95 -- -7.9 -- 647.28

R-119 MHOB 658.18 -- -56.5 -- -4.7 -- 653.47
R-120 MHOB 658.11 -62 -56.5 -5.2 -4.7 652.94 653.40
R-121 MHOB 659.66 -- -47.5 -- -4.0 -- 655.70
R-122 MHOB 658.48 -- -62.5 -- -5.2 -- 653.27
R-123 MHOB 658.03 -- -57 -- -4.8 -- 653.28
R-124 MHOB 657.45 -- -56.5 -- -4.7 -- 652.74
R-125 MHOB 657.51 -- -50.5 -- -4.2 -- 653.30

S-1 MHOB 649.40 -- -72 -- -6.0 -- 643.40
S-2 MHOB 648.97 -- DRY -- DRY -- DRY
S-3 MHOB 647.50 -- DRY -- DRY -- DRY
S-4 MHOB UNKNOWN -- -87.5 -- -7.3 -- NA
S-5 MHOB 644.55 -- DRY -- DRY -- DRY
S-6 MHOB UNKNOWN -- DRY -- DRY -- DRY
S-7 MHOB UNKNOWN -- -78.5 -- -6.5 -- NA

S-10 MHOB 642.91 -- -82.5 -- -6.9 -- 636.04
S-11 MHOB 643.70 DRY -89.5 DRY -7.5 DRY 636.24
S-14 MHOB UNKNOWN -- -97.5 -- -8.1 -- NA
S-31 MHOB Could Not Locate -- -82.5 -- -6.9 -- NA
S-32 MHOB 643.16 -- -72 -- -6.0 -- 637.16
S-33 MHOB 647.68 DRY -79.5 DRY -6.6 DRY 641.06
S-34 MHOB 646.56 -- DRY -- DRY -- DRY

-42

-82.5
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Elevation 
(ft)1,2

Groundwater 
Elevation (ft)1,2

14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18 14-Sep-17 6-Oct-18

Rim Elevation 
(ft)1,2

Refenence ID

Observation 
Location Type

Depth to Water: Rim to Water (in)Depth to Water: Rim to Water (ft)

T-34 NORTH DW 645.59 -- DRY -- DRY -- DRY
T-34 SOUTH DW 645.05 -- DRY -- DRY -- DRY

Notes:
1 Italicized values indicate that the rim elevation value has been estimated.
2 Elevations are referenced to the ROS #3910 city datum. 
MHOB = man hole with open bottom

DW = dry well

MHSB = man hole with sealed bottom

IE = invert elevation

NA = Not Applicable. Assigned to values where the Rim Elevation was not available or could not be estimated.

UNKNOWN = the measument location could not be located in the as-builts provided. 

in = inches; ft = feet; '-- = not measured or no value reported for gauging event
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist

in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.
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Data Source:  Aerial from Bing Maps.

Projection:  NAD83 Washington State Planes, South Zone, US Foot

0

SCALE IN FEET

150 300

N
NM = Not Measured

*Rim Elevation Unkown

Groundwater Contours

630
Estimated Contours are dashed



HILO CT

GRANT ST

NORMA ST

OASIS ST

OASIS ST

JA
D

E 
AV

E

ALOHA DRALOHA CT

LAUREL DR

COPPER CT

S 
55

TH
 C

T

S 
56

TH
 C

TS 57TH CT

OSBURN CT W
AILEA CT

GALENA ST

AS
TO

R
IA

 R
D

COLLINS RD

EVERETT ST

S 
54

TH
 A

VE

COLLINS RD

S 
58

TH
 A

VE

IRONTON DR

S 
54

TH
 A

VE

S 
58

TH
 A

VE

POLARIS ST

W
AL

LA
C

E 
C

T

SEAHAWK DR

KILAW
EA DR WAIKIKI CTKILAWEA DR

PI
N

N
AC

LE
 D

R

PAN
O

R
AM

A C
T

KALAKAUA CT

EL
M

W
O

O
D

 A
VE

PI
N

EW
O

O
D

 C
T

PARADISE WAY

BIRCHWOOD ST

SU
N

SH
IN

E 
AV

E

IR
O

N
W

O
O

D
 A

VE

BLACKWOOD ST

BE
LM

O
N

T 
BL

VD

SI
LV

ER
TO

N
 C

T

KAPIOLANI CT

WESTVIEW LOOP

AL
A 

M
O

AN
A 

W
AY

M
AP

LE
W

O
O

D
 A

VE

LI
N

D
EN

W
O

O
D

 A
VE

DIAMOND HEAD W
AY

D
IA

M
O

N
D

 H
EA

D
 W

AY

S 
H

IG
H

LA
N

D
S 

BL
VD

SHALE STQ
U

AR
TZ

 A
VEO
N

YX
 A

VE

OPAL ST

SAPPHIRE ST

AM
BE

R
 A

VEOPAL CTPARADISE WAY

D
IA

M
O

N
D

 D
R

BELMONT BLVD

PI
KE

S 
PE

AK
 D

R

WHITESTONE

PLA
TNUM PL

SLATE CT

NORTHVIEW LOOP

COBALT DR.

H
IL

LT
O

P 
VI

EW
 A

VE
.

BASALT CT.

NORTHVIEW LOOP

D
IA

M
O

N
D

 D
R

COBALT DR.

Q
U

AR
TZ

 A
VE

AGATE CT.

S 
58

TH
 A

VE

PARADISE WAY

SHALE ST

BELM
O

N
T BLVDPOLARIS CT

SUNSHINE AVE

S 
54

TH
 A

VE

COLLINS RD

145
144

190191

395383
371

347

985

621

807

405

715

510

461

601

406

404

408

500

504

460

502 505

364 372
380 398

629

635

647

673

715

731

751
773 799

728

650

630

608605

603

601

604

602

402400

403

501

505

601

606

604

602

600

607

605

603

601

600

503

5610

5375

5370

5390

5547

5601

5548

5615

5404
5900

6011

5901
5905

6100
6060

5703

6511

6800

6801

5560

5455

5640

5612 5502

5600

1075

5905

5939 5889

5900

59006000

6100

6011

1045

5642

6011

5700

6021

5613

5587 5555

5512

550155035505

5506

5504

5502 5500

5501
550355055507

5509

5506
5504 5502 5500

5402

5401

1703

5406

5400

5401

5400

5402 1804

1802

1800

1706

1704

1702

1700

1602

1600

5500

5601

5600

1500

1502

1504

1503

1500

1502

1504

1505

1503

1500

1502

1504

1505

5401

5503
55055601

5500

5502

5504550656005602
5604

1455

1702

1804

1802

1800

1245

54135513

5332

1472

1458

1476

6200

6211

6100

6023

1710

16026101

1250 5700

5870

1435

5810

5731

5730 5720

5710

59805998

1806

1776

1802

1744

1785

1801

1771

1733

1711

1703

1805

1510
1511

1521
1520

6040

5904 58045900

17001701

1705 1704

1709

1713

1708

1801

1712

1800

1804

1808

1805

1788

1151

1101

1803

59005904

5803

6100

1301

1503

1501

5606

5608

1701

1702

1704

1703

1705

1700

18001801

1803

1804
1805

1802

17061707

1600
1601

6100

6102 6004

6050

1450

5804

6090

1801

1801

57015703
5705

5707

5706

5704 5702
5700

570157035705

5707

5702

5706

5704

5603

5602

5684

5903 5901

1601

6061

6040

640264046406

6408

6410

6504

6506

6508

6510

1472

6309
6307

6511

6509

6507

6505

6503
6207

6311

6309
6307 6305

6303
6301

6310 6308 6306 6304 6302 6300

6302

6300

63046306

6210

6208

6211

6209

6213

6811
6711

13031311

6640

1324

1327

1361

1389

14096653

1408

1390

6409

6445

6469

6434

1384

1375

1440

1399

1433

1471

1519

1557

1480

1534

1562

6500
6480 6422 6398

6509 6499 6483 6447 6403 6371

6268

1579

1547

1523

1399

1492

1439

6248

6230

1465

6216

6223624162556271

6524
65706598

6587 6561 6519

653065686592

6641

6624

6640

661266346658

6631
6615

6601
6583

6527

6360

63146326

6348

6341

6327
1527

6306

1463

1429

1432

1458

1476

1492

1500

1564

1553

6287

6290 6266 6232 6210
6190

6160

6191

6201

62216255629363716399
6431

645564916515

1595

63926422

646664886510

1710
1722

174417661788
18081816

1824

1844

1864

18801883

1869

1855

1849

1837 1829
1825

1821
1815 1809

1795 1769
1747

1725 1711

6401 6400

6306

63026304

6306

1804

1802

1800

1805

6553

6500

6844 6818

6815

6831

6834

6820 6810

1319

1373

1391 1388

1364

1332

1284
1327

1333

1341

1357

1369

1397
6678

1340

6681671367496771680168236841

6684

6670
6694

6722

6784
14031409

1405

1467

1480

6691

6675

6659

6647

6925

1300

6900

5520553056405650

5651 5640

5650

5660

5670
5680

5407 5405 5403
5401

1802

5402

5404
2002

5500

5405 5403

5401

5400

540254045406

2000

2001

1907

1905

1903

1901

1807

1805

1806

5501

5333

2036

2019

2033

2032

1900

5660
5670

5681

1804

5671
5661

1903

1901

5711

5721
5700

1900

1812

1902

2001

1806
1807

1902

1903

57015803

5802 5800

5801

1900
1901

5702

20032021

1972
1944

1908
1886

1860
1848

6000
1810

1809

5901
59056001 59096003

59015903

59025904

6003

6000
6002

6001

5900

6101

6101

6100

6103

6102

6103

6005

6004

6005

1892

1930

1950

1980

6407

1985

1955

1939

1891

6531

6305

6307

6203
6201

6200
6202

6302

6304
6309

6303

6300

6205

6307

6305

6300

6304

1902

1900
1901

1903

1905

6403
6401 6313 6311 6309 6307

6305
6303

1810

1808

1806

1807

6303

1906

1904

1394

6640

1801

1803

6652

5700

2002

2000

6302

NICKEL CT.GARNET CT.

MARBLE ST.

BELMONT BLVD

621

626

630

6113721

725727729731735

724

726

890

891

874
882

6537

653265386550

6555

6539

6534
6552

66626680

66676685

1365

1337

1327

1323
1321

1326

1340

1362

1370

13186340

6228

6230

62366244625062846318

6309
6301 6285 6259 6247

62206248

6267

6251 6223

1024

990

9326264

1434

1412

61761396

1382

1374
1360

13481336

1325 1343

1393

1395

1407

NORMA ST

340

301

311
323

6543

65366682

6712

6717

6687

6704

65416707

1314

1378

65411392

12621280

6670

1187

6553

1552

734 730

629

625

620

1515 1510

15501555

871 879 883 887

878 886

701

723

6175 6179

6141

6119

300

308
316

324

332

348

63406370640064306450648065206550850

910 6535 6505 6475 6445 6425 6395 6365 6335

906 1112 1122

1121111110921097106710551037102910901095985975

1050
950

6080 6002
5800

5622

632

1050

AR
IA

 C
T

MINERAL ST

AM
BE

R
 A

VE

Q
U

AR
TZ

 A
VE

OBSIDIAN CT. PYRITE CT.

O
N

YX
 A

VE

MARBLE ST.

TO
PA

Z 
AV

E.

TOPAZ CT.

6212
6234

6302

COLL
INS RD

6575

1322

1332

CYPRUS LOOP

BELMONT BLVD

AM
BE

R 
CT

.

NORMA ST

LAUREL DR

6599

6569

6534

6578

6502

6514

66006644
6692

67086730
6780

6795 6773 6727 6705 6675
6623

6581

6541

6525

6519

6511

6410

64126440

65006510

6602

SULLY LANE

ARGOS ST

600

590

580

548

544

540

536

6379
6445

1341

1362

1340

6489

1359

1337

1319

1301

1289

6444 6400 6370

1001

980

6488

1134 1142
1150 1162

1184

961

987

960

990

1171
1149

1139
1129

1002

1239

6303
6287 6283

6249 6215
6251

6221
6253

6285

6218
6252

6284
1222

1234

1244

6298 6266

1139

1123
1077 1043

1034
1050

11021167

6514
6450

6400 6332

6337640564656521

5765
5733 5677 5653 5601 5555 5525

542554755505
5555

55125564

5610

5901

6075

6123

6930 6900 6812 6794 6750 6734

67126749
6781

6819

608

654

6824

595

643

685

6817

6832793

751

707

6798

6801
6831

6810

6855

6877

6889

6888

6891

CASPIAN LN

COLLINS RD

TR
O

YA
VE

602
604

606

608
610

612
614

616
618

620
622

624
626

628

630

632

634

636

638

640

642
644

646

648
648

648

650

650652

652

654

654

652

650

DRYWELL
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RIM=DRY

DRYWELL
ELEV. FROM
RIM=-151.5"

DRYWELL
ELEV. FROM
RIM=-169.5"

DRYWELL
ELEV. FROM
RIM=DRY

DRYWELL
ELEV. FROM
RIM=-23"

B-25: DRYWELL
ELEV. FROM
RIM=DRY

R-8: MH w/ IT
ELEV. FROM RIM=DRY

R-7: MH w/ IT
ELEV. FROM
RIM=DRY

R-5: MH w/ IT
ELEV. FROM
RIM=DRY

R-2: MH w/ IT
ELEV. FROM
RIM=DRY

R-1: MH w/ IT
ELEV. FROM
RIM=DRY

R-19: MH w/ IT
ELEV. FROM
RIM= 650.40

R-87: MH w/ IT
ELEV. FROM
RIM= 652.73

R-88: MH w/ IT
ELEV. FROM
RIM= 654.38

R-125: MH w/ IT
ELEV. FROM
RIM= 653.30

R-91: MH w/ IT
ELEV. FROM RIM= 653.87

R-92: MH w/ IT
ELEV. FROM RIM= 653.57

R-90: MH w/ IT
ELEV. FROM RIM= 653.67

R-105: MH w/ IT
ELEV. FROM RIM=DRY

R-106: MH w/ IT
ELEV. FROM RIM=DRY

R-20: MH w/ IT
ELEV. FROM
RIM= -58.5"

R-26: MH w/ IT
ELEV. FROM
RIM= -649.62

R-29: MH w/ IT
ELEV. FROM
RIM= 647.89

B-15 MH-SOLID BOTTOM, w/ IT
ELEV. FROM RIM= 643.25

S-4*: MH w/ IT
ELEV. FROM
RIM= NA

S-7*: MH w/ IT
ELEV. FROM
RIM= NA

S-14*: MH w/ IT
ELEV. FROM
RIM= NA

S-6*: MH w/ IT
ELEV. FROM
RIM=DRY

C-7: MH w/ IT
ELEV. FROM
RIM=DRY

S-5: MH w/ IT
ELEV. FROM
RIM=DRY

S-34: MH w/ IT
ELEV. FROM RIM=DRY

S-2: MH w/ IT
ELEV. FROM
RIM=DRY

S-1: MH w/ IT
ELEV. FROM RIM= 643.40

S-3: MH w/ IT
ELEV. FROM RIM=DRY

R-4: MH w/ IT
ELEV. FROM
RIM=DRY

R-103: MH w/ IT
ELEV. FROM
RIM= -653.08

R-104: MH w/ IT
ELEV. FROM RIM=DRY

R-93: MH w/ IT
ELEV. FROM RIM= 653.85

R-95: MH w/ IT
ELEV. FROM
RIM=DRY

R-94: MH w/ IT
ELEV. FROM
RIM=DRY

R-96: MH w/ IT
ELEV. FROM RIM=DRY

R-97: MH w/ IT
ELEV. FROM
RIM=NM

S-32: MH w/ IT
ELEV. FROM
RIM= 637.16

R-6: MH w/ IT
ELEV. FROM
RIM=DRY

R-3: MH w/ IT
ELEV. FROM
RIM=DRY

R-102: MH w/ IT
ELEV. FROM RIM=DRY

R-89: MH w/ IT
ELEV. FROM
RIM= 653.13

B-24: DRYWELL
ELEV. FROM
RIM=DRY

B-23: DRYWELL
ELEV. FROM
RIM=DRY

R-17: MH w/ IT
ELEV. FROM
RIM=DRY

R-18: MH w/ IT
ELEV. FROM
RIM= 650.05

R-16: MH w/ IT
ELEV. FROM RIM=DRY

R-15: MH w/ IT
ELEV. FROM
RIM=DRY

R-14: MH w/ IT
ELEV. FROM RIM=DRY

R-13: MH w/ IT
ELEV. FROM RIM=DRY

R-9: MH w/ IT
ELEV. FROM RIM=DRY

R-10: MH w/ IT
ELEV. FROM RIM=DRY

R-11: MH w/ IT
ELEV. FROM RIM=DRY

R-12: MH w/ IT
ELEV. FROM RIM=DRY

R-22: MH w/ IT
ELEV. FROM
RIM= 647.57

R-21: MH w/ IT
ELEV. FROM
RIM= 649.30

R-23: MH w/ IT
ELEV. FROM
RIM= 649.63

R-85: MH w/ IT
ELEV. FROM
RIM= 653.57

R-86: MH w/ IT
ELEV. FROM
RIM= 653.34

R-122: MH w/ IT
ELEV. FROM
RIM= 653.27

R-123: MH w/ IT
ELEV. FROM
RIM= 653.28

R-124: MH w/ IT
ELEV. FROM
RIM= 652.74

R-120: MH w/ IT
ELEV. FROM
RIM= 653.40

R-121: MH w/ IT
ELEV. FROM
RIM= -655.70

R-119: MH w/ IT
ELEV. FROM
RIM= 653.47

R-112: DRYWELL
ELEV. FROM
RIM= 651.28

R-113: DRYWELL
ELEV. FROM
RIM= 651.05

R-111: DRYWELL
ELEV. FROM
RIM= 650.30

R-109: DRYWELL
ELEV. FROM
RIM= 650.52

B-107: DRYWELL
ELEV. FROM
RIM= 650.72

R-110: DRYWELL
ELEV. FROM
RIM= 650.71

R-108: DRYWELL
ELEV. FROM
RIM= 650.92

R-24: MH w/ IT
ELEV. FROM RIM= 649.71 R-25: MH w/ IT

ELEV. FROM
RIM= 642.00

R-30: MH w/ IT
ELEV. FROM RIM= 649.18

R-27: MH w/ IT
ELEV. FROM
RIM= 652.99

R-28: MH w/ IT
ELEV. FROM
RIM= 653.65

R-83: MH w/ IT
ELEV. FROM
RIM= 654.26

R-84: MH w/ IT
ELEV. FROM
RIM= 654.29

R-82: MH w/ IT
ELEV. FROM
RIM= 654.20

R-79: MH w/ IT
ELEV. FROM
RIM= 653.84

R-78: MH w/ IT
ELEV. FROM
RIM= 653.24

R-77: MH w/ IT
ELEV. FROM
RIM= 653.10

R-80: MH w/ IT
ELEV. FROM
RIM= 652.90

R-76: MH w/ IT
ELEV. FROM
RIM= 650.59

R-75: MH w/ IT
ELEV. FROM
RIM= 649.45

R-71: MH w/ IT
ELEV. FROM
RIM= 650.62

R-32: MH w/ IT
ELEV. FROM
RIM= 650.02

R-24: MH w/ IT
ELEV. FROM
RIM= 649.66

R-81: MH w/ IT
ELEV. FROM RIM= 652.31

R-114: DRYWELL
ELEV. FROM
RIM= 652.10

R-115: DRYWELL
ELEV. FROM
RIM= 653.31

R-117: DRYWELL
ELEV. FROM
RIM= 646.83

R-118: DRYWELL
ELEV. FROM
RIM= 647.24

R-33: DRYWELL
ELEV. FROM
RIM= 647.50

R-34: DRYWELL
ELEV. FROM
RIM= 648.65

R-35: DRYWELL
ELEV. FROM
RIM= 648.32

R-36: DRYWELL
ELEV. FROM
RIM= 646.04

R-37: DRYWELL
ELEV. FROM
RIM= -644.31

R-116: DRYWELL
ELEV. FROM
RIM= 651.50

R-38: DRYWELL
ELEV. FROM
RIM= 644.16R-39: DRYWELL

ELEV. FROM
RIM= 645.67

R-98: MH w/ IT
ELEV. FROM RIM=DRY

R-99: MH w/ IT
ELEV. FROM RIM=DRY

R-40: DRYWELL
ELEV. FROM
RIM= 646.99

R-41: DRYWELL
ELEV. FROM
RIM= 647.61

R-43: DRYWELL
ELEV. FROM
RIM= 645.48

R-42: DRYWELL
ELEV. FROM
RIM= 657.44

R-100: DRYWELL
ELEV. FROM
RIM= 648.02

R-101: DRYWELL
ELEV. FROM
RIM= 648.40

Q-16: DRYWELL
ELEV. FROM
RIM= 637.94

Q-17: DRYWELL
ELEV. FROM
RIM= 639.17

Q-15: DRYWELL
ELEV. FROM
RIM= 634.89

Q-14: DRYWELL
ELEV. FROM
RIM= 631.46

Q-13: DRYWELL
ELEV. FROM
RIM=NA

Q-12*: DRYWELL
ELEV. FROM
RIM= NA

Q-3: DRYWELL
ELEV. FROM
RIM= DRY

Q-4: DRYWELL
ELEV. FROM
RIM= 601.58

Q-5: DRYWELL
ELEV. FROM
RIM= DRYQ-6: DRYWELL

ELEV. FROM
RIM= DRY

Q-7: DRYWELL
ELEV. FROM
RIM=DRY

Q-10*: DRYWELL
ELEV. FROM
RIM=DRY

Q-69: DRYWELL
ELEV. FROM
RIM= DRY

Q-8: DRYWELL
ELEV. FROM
RIM= 625.13

Q-9: DRYWELL
ELEV. FROM
RIM= 632.68

Q-11*: DRYWELL
ELEV. FROM
RIM= NA

B-21: DRYWELL
ELEV. FROM
RIM= 644.99

B-26: DRYWELL
ELEV. FROM
RIM= 643.88

B-20: DRYWELL
ELEV. FROM
RIM= 646.73

R-45: DRYWELL
ELEV. FROM
RIM= 43.30

R-44: DRYWELL
ELEV. FROM
RIM= 641.73

R-47: DRYWELL
ELEV. FROM
RIM= 641.99

R-46: DRYWELL
ELEV. FROM
RIM= 642.53

B-19: DRYWELL
ELEV. FROM RIM= 647.21

B-18: DRYWELL
ELEV. FROM
RIM= 647.60

B-17: DRYWELL
ELEV. FROM
RIM= 647.99

B-22: DRYWELL
ELEV. FROM
RIM= 640.70

B-14: DRYWELL
ELEV. FROM RIM= 639.50

B-13: DRYWELL
ELEV. FROM RIM= 639.29 B-12: DRYWELL

ELEV. FROM
RIM= 636.67

B-11: DRYWELL
ELEV. FROM
RIM=DRY

B-10: DRYWELL
ELEV. FROM
RIM=DRY

O-6: DRYWELL
ELEV. FROM
RIM= 629.18

O-7: DRYWELL
ELEV. FROM
RIM=DRY

O-8: DRYWELL
ELEV. FROM
RIM=DRY

O-9: DRYWELL
ELEV. FROM
RIM= 631.10

O-10: DRYWELL
ELEV. FROM
RIM= 632.66

O-11: DRYWELL
ELEV. FROM
RIM= 635.35

S-11: MH w/ IT
ELEV. FROM
RIM= 636.24

C-5: MH w/ IT
ELEV. FROM
RIM= 635.98

S-33 MH w/ IT
ELEV. FROM
RIM= 641.06

S-10: MH w/ IT
ELEV. FROM
RIM= 636.04

C-6: DRYWELL
ELEV. FROM
RIM=DRY

F-1: DRYWELL
ELEV. FROM
RIM= 632.91

F-2: DRYWELL
ELEV. FROM
RIM=DRY

F-3: DRYWELL
ELEV. FROM
RIM=DRY

T-34: DRYWELL
ELEV. FROM
RIM=DRY

R-57: DRYWELL
ELEV. FROM
RIM=NM

R-59: DRYWELL
ELEV. FROM
RIM= NM

R-58: DRYWELL
ELEV. FROM
RIM=NM

R-55: DRYWELL
ELEV. FROM
RIM=NM

R-56: DRYWELL
ELEV. FROM
RIM=NM

R-52: DRYWELL
ELEV. FROM
RIM= NM

R-53: DRYWELL
ELEV. FROM
RIM= NM

R-51: DRYWELL
ELEV. FROM
RIM=NM

R-50: DRYWELL
ELEV. FROM
RIM=NM

R-49: DRYWELL
ELEV. FROM
RIM= NM

R-48: DRYWELL
ELEV. FROM
RIM= NM

C-2: DRYWELL
ELEV. FROM
RIM= DRY
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist

in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

3. Depths measured from Rim.

Data Source:  Aerial from Bing Maps.

Projection:  NAD83 Washington State Planes, South Zone, US Foot
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APPENDIX F 
 Precipitation Trends 



Table F-1
Precipitation Data - Kennewick Climate Station 1

Drainage Problem Area

City of West Richland, Washington

Kennewick Climate Station 1 Richland Climate Station 2

Total Monthly WRCC Monthly WRCC

Month Precipitation Footnote 3 Precipitation Footnote 3

(inches) (inches) (inches) (inches)
Jan-80 2.26 1.82

Feb-80 1.30 1.58

Mar-80 0.66 0.43

Apr-80 0.29 0.50

May-80 1.76 1.77

Jun-80 0.62 0.89

Jul-80 0.52 0.01

Aug-80 0.11 0.06

Sep-80 1.63 ----- z

Oct-80 1.05 0.81

Nov-80 0.66 1.09

Dec-80 1.64 1.73

Jan-81 0.50 0.42

Feb-81 0.77 0.70

Mar-81 0.83 0.75

Apr-81 0.12 0.27

May-81 0.90 1.15

Jun-81 0.87 0.79

Jul-81 0.00 a 0.14

Aug-81 0.06 0.00

Sep-81 0.57 0.57

Oct-81 0.14 a 0.38

Nov-81 0.92 1.09

Dec-81 1.47 0.91

Jan-82 0.86 0.75

Feb-82 0.45 0.61

Mar-82 0.45 0.48

Apr-82 0.83 0.71

May-82 0.26 0.43

Jun-82 0.75 0.70

Jul-82 0.14 0.24

Aug-82 0.07 0.08

Sep-82 1.16 0.50

Oct-82 1.90 1.59

Nov-82 0.59 0.65

Dec-82 1.53 1.65

Jan-83 1.19 1.23

Feb-83 1.48 1.61

Mar-83 1.41 1.13

Apr-83 0.31 0.39

May-83 0.42 0.20

Jun-83 0.46 0.47

Jul-83 0.28 0.22

Aug-83 0.18 0.07

Sep-83 0.27 0.10
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Kennewick Climate Station 1 Richland Climate Station 2

Total Monthly WRCC Monthly WRCC

Month Precipitation Footnote 3 Precipitation Footnote 3

(inches) (inches) (inches) (inches)

Oct-83 0.67 0.64

Nov-83 2.20 2.30

Dec-83 2.22 1.47

Jan-84 0.23 0.16

Feb-84 0.88 0.92

Mar-84 1.73 1.23

Apr-84 0.81 0.66

May-84 0.69 0.70

Jun-84 0.48 0.72

Jul-84 0.00 0.05

Aug-84 0.00 0.00

Sep-84 0.52 0.93 a

Oct-84 0.15 0.02

Nov-84 1.98 2.03

Dec-84 0.79 0.75

Jan-85 0.42 0.44

Jan-85 0.84 0.56 a

Mar-85 0.51 0.40

Apr-85 0.11 0.19

May-85 0.08 0.26

Jun-85 0.27 0.30

Jul-85 0.02 0.01

Aug-85 0.22 0.18

Sep-85 0.52 0.39

Oct-85 0.44 0.42

Nov-85 1.33 1.14

Dec-85 0.65 0.78

Jan-86 2.16 2.06 a

Feb-86 1.56 1.07

Mar-86 1.42 1.25

Apr-86 0.05 0.08

May-86 0.89 0.82

Jun-86 0.00 0.06 b

Jul-86 0.20 0.39

Aug-86 0.02 0.06

Sep-86 0.63 0.84

Oct-86 0.38 0.72

Nov-86 0.93 0.73

Dec-86 0.88 0.84

Jan-87 1.15 1.13

Feb-87 0.43 0.50

Mar-87 0.89 1.36

Apr-87 0.20 0.37

May-87 0.40 0.75

Jun-87 0.15 0.05

Jul-87 0.12 0.16 a

Aug-87 0.03 0.03

Sep-87 0.00 0.07

Oct-87 0.00 0.00

Nov-87 0.28 0.27

Dec-87 1.14 1.64

Jan-88 0.72 0.78

File No. 3234-005-00
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Kennewick Climate Station 1 Richland Climate Station 2

Total Monthly WRCC Monthly WRCC

Month Precipitation Footnote 3 Precipitation Footnote 3

(inches) (inches) (inches) (inches)

Feb-88 0.02 0.07

Mar-88 0.50 0.78

Apr-88 0.41 0.62

May-88 0.90 0.80

Jun-88 0.35 0.31

Jul-88 0.18 0.14

Aug-88 0.00 0.00

Sep-88 0.38 0.30

Oct-88 0.03 0.01

Nov-88 0.79 1.19

Dec-88 0.38 0.53

Jan-89 0.90 0.74

Feb-89 1.20 1.21

Mar-89 1.68 1.58

Apr-89 0.62 a 1.03

May-89 0.48 0.90

Jun-89 0.06 0.08

Jul-89 0.00 0.03

Aug-89 0.37 0.42

Sep-89 0.00 0.00

Oct-89 0.61 0.54

Nov-89 1.15 1.03

Dec-89 0.38 0.52

Jan-90 0.53 0.70

Feb-90 0.69 0.76

Mar-90 0.38 0.23

Apr-90 0.75 0.56

May-90 0.59 0.76

Jun-90 0.16 0.17

Jul-90 0.07 0.15

Aug-90 0.42 0.71

Sep-90 0.00 0.00

Oct-90 0.81 1.04

Nov-90 0.22 0.45

Dec-90 0.63 0.77

Jan-91 0.55 0.47 a

Feb-91 0.51 0.49

Mar-91 0.87 1.10

Apr-91 0.24 0.39

May-91 1.39 1.04

Jun-91 0.22 0.57

Jul-91 0.08 0.11

Aug-91 0.26 0.14

Sep-91 0.00 0.00

Oct-91 0.60 0.60

Nov-91 2.16 2.26

Dec-91 0.69 0.80

Jan-92 0.72 0.68

Feb-92 1.11 1.32

Mar-92 0.22 0.28

Apr-92 1.34 1.22

May-92 0.03 0.05
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Kennewick Climate Station 1 Richland Climate Station 2

Total Monthly WRCC Monthly WRCC

Month Precipitation Footnote 3 Precipitation Footnote 3

(inches) (inches) (inches) (inches)

Jun-92 0.52 0.64

Jul-92 1.50 0.97

Aug-92 0.63 0.50

Sep-92 0.35 0.46

Oct-92 0.43 0.37

Nov-92 1.26 1.58

Dec-92 1.11 1.06

Jan-93 1.48 1.71

Feb-93 0.89 0.81

Mar-93 0.87 0.86

Apr-93 1.58 1.41

May-93 0.62 0.65 k

Jun-93 0.46 0.72

Jul-93 0.34 0.45

Aug-93 0.93 ----- z

Sep-93 0.02 0.07

Oct-93 0.37 0.03

Nov-93 0.15 0.17

Dec-93 0.93 1.12

Jan-94 1.09 ----- z

Feb-94 0.89 0.16 g

Mar-94 0.03 0.03

Apr-94 0.28 0.66

May-94 1.61 1.44 f

Jun-94 0.29 0.64

Jul-94 0.41 0.54 m

Aug-94 0.00 ----- z

Sep-94 0.07 ----- z

Oct-94 0.96 1.25 b

Nov-94 0.99 0.65

Dec-94 1.08 0.95

Jan-95 2.04 2.06 i

Feb-95 0.46 0.33

Mar-95 1.16 ----- z

Apr-95 1.30 1.58 f

May-95 0.38 0.41 t

Jun-95 1.17 1.25 h

Jul-95 0.40 0.60 k

Aug-95 0.13 ----- z

Sep-95 0.41 0.38 x

Oct-95 0.58 ----- z

Nov-95 0.82 1.04 i

Dec-95 1.96 2.03 j

Jan-96 1.43 0.96

Feb-96 1.36 1.49 f

Mar-96 1.34 1.70 d

Apr-96 0.90 0.33 e

May-96 0.98 0.98

Jun-96 0.31 0.20

Jul-96 ----- z 0.26

Aug-96 0.00 0.00

Sep-96 0.18 0.14
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Kennewick Climate Station 1 Richland Climate Station 2

Total Monthly WRCC Monthly WRCC

Month Precipitation Footnote 3 Precipitation Footnote 3

(inches) (inches) (inches) (inches)

Oct-96 1.15 1.05

Nov-96 2.42 1.97

Dec-96 3.20 a 2.29

Jan-97 1.51 1.67

Feb-97 0.69 0.37

Mar-97 0.63 0.86

Apr-97 0.77 0.73

May-97 0.59 0.53

Jun-97 0.29 0.26

Jul-97 0.55 0.26

Aug-97 0.05 0.17 a

Sep-97 0.34 0.38

Oct-97 1.01 0.82 g

Nov-97 1.06 0.86

Dec-97 0.31 0.47

Jan-98 1.30 1.32

Feb-98 0.94 0.99

Mar-98 0.72 0.63

Apr-98 0.17 0.17

May-98 0.75 0.59

Jun-98 ----- z 0.53

Jul-98 0.09 1.63

Aug-98 0.31 0.00

Sep-98 0.30 0.17

Oct-98 0.09 0.08

Nov-98 1.35 ----- z

Dec-98 1.04 0.37

Jan-99 0.64 0.69

Feb-99 0.63 0.71

Mar-99 0.16 0.04

Apr-99 0.21 0.20

May-99 0.49 0.17

Jun-99 0.17 0.00

Jul-99 0.28 0.00

Aug-99 0.29 0.12

Sep-99 0.00 0.00

Oct-99 0.60 0.43

Nov-99 0.41 0.26

Dec-99 0.17 0.36

Jan-00 1.38 1.21

Feb-00 1.60 1.38

Mar-00 1.03 0.91

Apr-00 0.03 0.86

May-00 0.86 0.73

Jun-00 0.60 0.58

Jul-00 0.02 0.03

Aug-00 0.00 0.11

Sep-00 0.67 0.88

Oct-00 1.07 0.99

Nov-00 1.12 1.00

Dec-00 0.53 0.48

Jan-01 0.69 0.42
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Kennewick Climate Station 1 Richland Climate Station 2

Total Monthly WRCC Monthly WRCC

Month Precipitation Footnote 3 Precipitation Footnote 3

(inches) (inches) (inches) (inches)

Feb-01 0.30 0.32

Mar-01 1.09 0.49

Apr-01 0.92 1.00

May-01 0.24 0.18

Jun-01 0.35 c 0.43

Jul-01 0.06 0.16

Aug-01 0.28 0.27

Sep-01 0.00 ----- z

Oct-01 0.51 0.25

Nov-01 1.13 a 1.50

Dec-01 0.52 0.66

Jan-02 0.24 0.40

Feb-02 0.78 0.69

Mar-02 0.22 0.20

Apr-02 0.26 0.44

May-02 0.22 0.29

Jun-02 0.88 0.80

Jul-02 0.40 0.26

Aug-02 0.22 0.03

Sep-02 0.00 0.00

Oct-02 0.07 0.07

Nov-02 0.30 0.23

Dec-02 1.61 2.42

Jan-03 1.77 1.79

Feb-03 0.94 0.73

Mar-03 0.30 0.28

Apr-03 0.79 1.32

May-03 0.54 0.17

Jun-03 0.00 0.00

Jul-03 0.00 0.00

Aug-03 0.05 0.18

Sep-03 0.26 0.35

Oct-03 0.14 a 0.13

Nov-03 0.27 0.17

Dec-03 1.71 1.60

Jan-04 1.00 1.27

Feb-04 0.74 1.21

Mar-04 0.19 0.25

Apr-04 0.44 0.23

May-04 0.57 1.56

Jun-04 1.06 1.33

Jul-04 0.02 0.00

Aug-04 0.42 0.53

Sep-04 0.16 0.17

Oct-04 0.28 0.38

Nov-04 0.58 0.32

Dec-04 0.77 0.74

Jan-05 0.81 0.67

Feb-05 0.03 0.06

Mar-05 0.36 0.44

Apr-05 0.77 0.43

May-05 0.36 0.72
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Kennewick Climate Station 1 Richland Climate Station 2

Total Monthly WRCC Monthly WRCC

Month Precipitation Footnote 3 Precipitation Footnote 3

(inches) (inches) (inches) (inches)

Jun-05 0.43 0.33

Jul-05 0.08 0.19

Aug-05 0.04 0.09

Sep-05 0.08 0.60

Oct-05 1.31 0.55

Nov-05 0.78 0.89

Dec-05 1.81 2.33

Jan-06 2.16 1.67

Feb-06 0.29 0.27

Mar-06 0.44 0.38

Apr-06 1.15 1.03

May-06 1.18 0.73

Jun-06 1.20 1.03

Jul-06 0.01 0.05

Aug-06 0.00 0.00

Sep-06 0.25 0.17

Oct-06 0.62 0.42

Nov-06 1.17 1.17

Dec-06 1.73 1.69

Jan-07 0.34 0.38

Feb-07 0.85 1.08

Mar-07 0.57 0.79

Apr-07 0.48 0.40

May-07 0.38 0.33

Jun-07 0.72 0.78

Jul-07 0.02 0.11

Aug-07 0.05 0.11

Sep-07 0.17 0.50

Oct-07 0.38 0.23

Nov-07 0.98 1.22

Dec-07 1.06 0.78

Jan-08 1.50 1.14

Feb-08 0.49 0.62 c

Mar-08 0.38 0.51

Apr-08 0.24 0.20

May-08 0.27 0.30

Jun-08 0.75 0.68

Jul-08 0.00 0.01

Aug-08 0.32 0.23

Sep-08 0.05 0.10

Oct-08 0.14 0.28

Nov-08 0.51 0.84

Dec-08 1.59 0.74

Jan-09 1.28 1.12

Feb-09 0.86 0.99

Mar-09 1.29 1.11

Apr-09 0.35 0.38

May-09 0.56 0.44

Jun-09 0.01 0.07

Jul-09 0.08 0.14

Aug-09 0.08 0.07

Sep-09 0.11 0.24
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Kennewick Climate Station 1 Richland Climate Station 2

Total Monthly WRCC Monthly WRCC

Month Precipitation Footnote 3 Precipitation Footnote 3

(inches) (inches) (inches) (inches)

Oct-09 1.16 1.01

Nov-09 0.35 0.45

Dec-09 0.59 1.02

Jan-10 1.82 1.55

Feb-10 0.54 0.42 a

Mar-10 0.18 0.13

Apr-10 0.35 0.21

May-10 1.51 1.33

Jun-10 1.33 0.73

Jul-10 0.17 0.17

Aug-10 0.06 0.10

Sep-10 1.47 0.84

Oct-10 0.87 0.98

Nov-10 1.47 1.61

Dec-10 2.28 1.97 a

Jan-11 0.46 0.71

Feb-11 0.44 0.22

Mar-11 1.02 0.92

Apr-11 0.30 0.53

May-11 1.30 1.19

Jun-11 0.86 0.19 a

Jul-11 0.05 0.02

Aug-11 0.08 0.01

Sep-11 0.03 0.02 a

Oct-11 0.48 0.58

Nov-11 0.14 0.27

Dec-11 0.08 0.19

Jan-12 0.99 0.93

Feb-12 0.52 0.60

Mar-12 0.96 1.04

Apr-12 0.70 0.78 a

May-12 0.26 0.33

Jun-12 1.62 1.84

Jul-12 0.70 0.32

Aug-12 0.09 0.01

Sep-12 0.00 0.00

Oct-12 1.16 1.00

Nov-12 1.07 0.99 a

Dec-12 1.37 1.42

Jan-13 0.42 0.30

Feb-13 0.03 0.13 a

Mar-13 0.34 0.50

Apr-13 0.52 0.38

May-13 0.70 0.73

Jun-13 1.36 0.92

Jul-13 0.00 0.00

Aug-13 0.28 0.23

Sep-13 1.20 0.85

Oct-13 0.22 0.16

Nov-13 0.31 0.42

Dec-13 0.11 0.19 a

Jan-14 0.50 0.42
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Kennewick Climate Station 1 Richland Climate Station 2

Total Monthly WRCC Monthly WRCC

Month Precipitation Footnote 3 Precipitation Footnote 3

(inches) (inches) (inches) (inches)

Feb-14 0.81 0.52

Mar-14 0.49 0.76 c

Apr-14 0.33 0.36 a

May-14 0.23 0.11

Jun-14 0.42 0.22

Jul-14 0.02 0.02

Aug-14 0.36 0.34

Sep-14 0.01 0.02

Oct-14 0.71 0.70

Nov-14 0.43 0.42

Dec-14 1.28 1.13

Jan-15 1.03 0.96

Feb-15 0.66 0.64

Mar-15 0.34 0.73

Apr-15 0.15 0.03

May-15 0.99 a 1.21

Jun-15 0.00 0.00

Jul-15 0.00 0.02

Aug-15 0.00 0.00

Sep-15 0.22 0.10

Oct-15 0.37 0.54

Nov-15 0.63 0.66

Dec-15 1.78 1.90

Jan-16 1.29 1.46

Feb-16 0.46 0.36

Mar-16 1.10 0.84

Apr-16 0.21 0.09

May-16 1.73 0.66

Jun-16 0.43 0.41

Jul-16 0.32 0.22

Aug-16 0.00 0.00

Sep-16 0.26 0.26

Oct-16 2.53 1.82

Nov-16 0.29 0.46

Dec-16 0.74 0.79

Jan-17 1.54 0.91

Feb-17 1.84 1.82

Mar-17 1.64 1.46

Apr-17 1.01 1.13

May-17 0.41 0.47

Jun-17 0.48 0.40

Jul-17 0.00 0.00

Aug-17 0.02 0.04

Sep-17 0.50 0.31

Oct-17 0.63 0.53

Nov-17 1.30 1.38

Dec-17 0.94 1.07

Jan-18 1.25 a 1.09

Feb-18 0.46 0.36

Mar-18 0.53 0.27

Apr-18 1.34 1.10

May-18 0.58 0.36
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Kennewick Climate Station 1 Richland Climate Station 2

Total Monthly WRCC Monthly WRCC

Month Precipitation Footnote 3 Precipitation Footnote 3

(inches) (inches) (inches) (inches)

Jun-18 0.08 0.26 a

Jul-18 0.00 a 0.00

Aug-18 0.00 a 0.00

Sep-18 0.00 0.02

Oct-18 0.86 0.38

Nov-18 0.47 c 0.45 c

Notes:
1 Precipitation totals for Kennewick, Washington (Station No. 454154) were obtained on 

  November 28, 2018 from the Western Regional Climate Center (www.wrcc.dri.edu).  
2 Precipitation totals for Richland, Washington (Station No. 457015) were obtained on 

  November 28, 2018 from the Western Regional Climate Center (www.wrcc.dri.edu).  
3 Footnotes are provided the following explanation by WRCC: a = 1 day missing, b = 2 days missing, c = 3 days, etc., 

  z = 26 or more days missing, A = Accumulations present
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Table F-2
Cumulative Departure in Precipitation 1

Drainage Problem Area

City of West Richland, Washington

Month
Total Monthly 
Precipitation

Average Monthly 
Precipitation

Departure from 
Average

Cumulative 
Departure

(inches) (inches) (inches) (inches)
Jan-80 2.26 1.08 1.18 1.18

Feb-80 1.30 0.76 0.54 1.72

Mar-80 0.66 0.74 -0.08 1.63

Apr-80 0.29 0.55 -0.26 1.37

May-80 1.76 0.69 1.07 2.44

Jun-80 0.62 0.53 0.09 2.52

Jul-80 0.52 0.19 0.33 2.85

Aug-80 0.11 0.16 -0.05 2.80

Sep-80 1.63 0.33 1.30 4.10

Oct-80 1.05 0.65 0.40 4.50

Nov-80 0.66 0.90 -0.24 4.26

Dec-80 1.64 1.12 0.52 4.78

Jan-81 0.50 1.08 -0.58 4.20

Feb-81 0.77 0.76 0.01 4.21

Mar-81 0.83 0.74 0.09 4.29

Apr-81 0.12 0.55 -0.43 3.86

May-81 0.90 0.69 0.21 4.06

Jun-81 0.87 0.53 0.34 4.40

Jul-81 0.00 0.19 -0.19 4.21

Aug-81 0.06 0.16 -0.10 4.11

Sep-81 0.57 0.33 0.24 4.35

Oct-81 0.14 0.65 -0.51 3.84

Nov-81 0.92 0.90 0.02 3.86

Dec-81 1.47 1.12 0.35 4.21

Jan-82 0.86 1.08 -0.22 3.99

Feb-82 0.45 0.76 -0.31 3.67

Mar-82 0.45 0.74 -0.29 3.38

Apr-82 0.83 0.55 0.28 3.66

May-82 0.26 0.69 -0.43 3.22

Jun-82 0.75 0.53 0.22 3.44

Jul-82 0.14 0.19 -0.05 3.39

Aug-82 0.07 0.16 -0.09 3.30

Sep-82 1.16 0.33 0.83 4.13

Oct-82 1.90 0.65 1.25 5.38

Nov-82 0.59 0.90 -0.31 5.07

Dec-82 1.53 1.12 0.41 5.48

Jan-83 1.19 1.08 0.11 5.58

Feb-83 1.48 0.76 0.72 6.30

Mar-83 1.41 0.74 0.67 6.97

Apr-83 0.31 0.55 -0.24 6.73

May-83 0.42 0.69 -0.27 6.45

Jun-83 0.46 0.53 -0.07 6.38

Jul-83 0.28 0.19 0.09 6.47

Aug-83 0.18 0.16 0.02 6.49

Sep-83 0.27 0.33 -0.06 6.43
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Month
Total Monthly 
Precipitation

Average Monthly 
Precipitation

Departure from 
Average

Cumulative 
Departure

(inches) (inches) (inches) (inches)

Oct-83 0.67 0.65 0.02 6.44

Nov-83 2.20 0.90 1.30 7.75

Dec-83 2.22 1.12 1.10 8.84

Jan-84 0.23 1.08 -0.85 7.99

Feb-84 0.88 0.76 0.12 8.11

Mar-84 1.73 0.74 0.99 9.10

Apr-84 0.81 0.55 0.26 9.35

May-84 0.69 0.69 0.00 9.35

Jun-84 0.48 0.53 -0.05 9.30

Jul-84 0.00 0.19 -0.19 9.11

Aug-84 0.00 0.16 -0.16 8.94

Sep-84 0.52 0.33 0.19 9.14

Oct-84 0.15 0.65 -0.50 8.63

Nov-84 1.98 0.90 1.08 9.72

Dec-84 0.79 1.12 -0.33 9.38

Jan-85 0.42 1.08 -0.66 8.72

Jan-85 0.84 0.76 0.08 8.80

Mar-85 0.51 0.74 -0.23 8.57

Apr-85 0.11 0.55 -0.44 8.12

May-85 0.08 0.69 -0.61 7.51

Jun-85 0.27 0.53 -0.26 7.25

Jul-85 0.02 0.19 -0.17 7.08

Aug-85 0.22 0.16 0.06 7.13

Sep-85 0.52 0.33 0.19 7.32

Oct-85 0.44 0.65 -0.21 7.11

Nov-85 1.33 0.90 0.43 7.54

Dec-85 0.65 1.12 -0.47 7.07

Jan-86 2.16 1.08 1.08 8.15

Feb-86 1.56 0.76 0.80 8.95

Mar-86 1.42 0.74 0.68 9.63

Apr-86 0.05 0.55 -0.50 9.12

May-86 0.89 0.69 0.20 9.32

Jun-86 0.00 0.53 -0.53 8.78

Jul-86 0.20 0.19 0.01 8.80

Aug-86 0.02 0.16 -0.14 8.65

Sep-86 0.63 0.33 0.30 8.95

Oct-86 0.38 0.65 -0.27 8.68

Nov-86 0.93 0.90 0.03 8.71

Dec-86 0.88 1.12 -0.24 8.47

Jan-87 1.15 1.08 0.07 8.54

Feb-87 0.43 0.76 -0.33 8.21

Mar-87 0.89 0.74 0.15 8.35

Apr-87 0.20 0.55 -0.35 8.00

May-87 0.40 0.69 -0.29 7.70

Jun-87 0.15 0.53 -0.38 7.32

Jul-87 0.12 0.19 -0.07 7.25

Aug-87 0.03 0.16 -0.13 7.12

Sep-87 0.00 0.33 -0.33 6.79

Oct-87 0.00 0.65 -0.65 6.14

Nov-87 0.28 0.90 -0.62 5.52

Dec-87 1.14 1.12 0.02 5.54

Jan-88 0.72 1.08 -0.36 5.18

Feb-88 0.02 0.76 -0.74 4.43
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Month
Total Monthly 
Precipitation

Average Monthly 
Precipitation

Departure from 
Average

Cumulative 
Departure

(inches) (inches) (inches) (inches)

Mar-88 0.50 0.74 -0.24 4.19

Apr-88 0.41 0.55 -0.14 4.05

May-88 0.90 0.69 0.21 4.25

Jun-88 0.35 0.53 -0.18 4.07

Jul-88 0.18 0.19 -0.01 4.06

Aug-88 0.00 0.16 -0.16 3.90

Sep-88 0.38 0.33 0.05 3.95

Oct-88 0.03 0.65 -0.62 3.33

Nov-88 0.79 0.90 -0.11 3.22

Dec-88 0.38 1.12 -0.74 2.48

Jan-89 0.90 1.08 -0.18 2.29

Feb-89 1.20 0.76 0.44 2.73

Mar-89 1.68 0.74 0.94 3.67

Apr-89 0.62 0.55 0.07 3.74

May-89 0.48 0.69 -0.21 3.52

Jun-89 0.06 0.53 -0.47 3.05

Jul-89 0.00 0.19 -0.19 2.86

Aug-89 0.37 0.16 0.21 3.07

Sep-89 0.00 0.33 -0.33 2.74

Oct-89 0.61 0.65 -0.04 2.69

Nov-89 1.15 0.90 0.25 2.95

Dec-89 0.38 1.12 -0.74 2.20

Jan-90 0.53 1.08 -0.55 1.65

Feb-90 0.69 0.76 -0.07 1.58

Mar-90 0.38 0.74 -0.36 1.22

Apr-90 0.75 0.55 0.20 1.41

May-90 0.59 0.69 -0.10 1.31

Jun-90 0.16 0.53 -0.37 0.94

Jul-90 0.07 0.19 -0.12 0.82

Aug-90 0.42 0.16 0.26 1.07

Sep-90 0.00 0.33 -0.33 0.75

Oct-90 0.81 0.65 0.16 0.90

Nov-90 0.22 0.90 -0.68 0.23

Dec-90 0.63 1.12 -0.49 -0.27

Jan-91 0.55 1.08 -0.53 -0.80

Feb-91 0.51 0.76 -0.25 -1.05

Mar-91 0.87 0.74 0.13 -0.92

Apr-91 0.24 0.55 -0.31 -1.24

May-91 1.39 0.69 0.70 -0.54

Jun-91 0.22 0.53 -0.31 -0.85

Jul-91 0.08 0.19 -0.11 -0.96

Aug-91 0.26 0.16 0.10 -0.87

Sep-91 0.00 0.33 -0.33 -1.20

Oct-91 0.60 0.65 -0.05 -1.25

Nov-91 2.16 0.90 1.26 0.01

Dec-91 0.69 1.12 -0.43 -0.42

Jan-92 0.72 1.08 -0.36 -0.78

Feb-92 1.11 0.76 0.35 -0.43

Mar-92 0.22 0.74 -0.52 -0.95

Apr-92 1.34 0.55 0.79 -0.17

May-92 0.03 0.69 -0.66 -0.83

Jun-92 0.52 0.53 -0.01 -0.85

Jul-92 1.50 0.19 1.31 0.47
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Month
Total Monthly 
Precipitation

Average Monthly 
Precipitation

Departure from 
Average

Cumulative 
Departure

(inches) (inches) (inches) (inches)

Aug-92 0.63 0.16 0.47 0.93

Sep-92 0.35 0.33 0.02 0.95

Oct-92 0.43 0.65 -0.22 0.73

Nov-92 1.26 0.90 0.36 1.09

Dec-92 1.11 1.12 -0.01 1.08

Jan-93 1.48 1.08 0.40 1.48

Feb-93 0.89 0.76 0.13 1.61

Mar-93 0.87 0.74 0.13 1.73

Apr-93 1.58 0.55 1.03 2.76

May-93 0.62 0.69 -0.07 2.68

Jun-93 0.46 0.53 -0.07 2.61

Jul-93 0.34 0.19 0.15 2.76

Aug-93 0.93 0.16 0.77 3.53

Sep-93 0.02 0.33 -0.31 3.22

Oct-93 0.37 0.65 -0.28 2.94

Nov-93 0.15 0.90 -0.75 2.19

Dec-93 0.93 1.12 -0.19 2.00

Jan-94 1.09 1.08 0.01 2.01

Feb-94 0.89 0.76 0.13 2.13

Mar-94 0.03 0.74 -0.71 1.42

Apr-94 0.28 0.55 -0.27 1.15

May-94 1.61 0.69 0.92 2.06

Jun-94 0.29 0.53 -0.24 1.82

Jul-94 0.41 0.19 0.22 2.04

Aug-94 0.00 0.16 -0.16 1.88

Sep-94 0.07 0.33 -0.26 1.62

Oct-94 0.96 0.65 0.31 1.93

Nov-94 0.99 0.90 0.09 2.02

Dec-94 1.08 1.12 -0.04 1.98

Jan-95 2.04 1.08 0.96 2.93

Feb-95 0.46 0.76 -0.30 2.63

Mar-95 1.16 0.74 0.42 3.05

Apr-95 1.30 0.55 0.75 3.80

May-95 0.38 0.69 -0.31 3.48

Jun-95 1.17 0.53 0.64 4.12

Jul-95 0.40 0.19 0.21 4.33

Aug-95 0.13 0.16 -0.03 4.30

Sep-95 0.41 0.33 0.08 4.38

Oct-95 0.58 0.65 -0.07 4.30

Nov-95 0.82 0.90 -0.08 4.23

Dec-95 1.96 1.12 0.84 5.06

Jan-96 1.43 1.08 0.35 5.41

Feb-96 1.36 0.76 0.60 6.01

Mar-96 1.34 0.74 0.60 6.61

Apr-96 0.90 0.55 0.35 6.95

May-96 0.98 0.69 0.29 7.24

Jun-96 0.31 0.53 -0.22 7.02

7/1/96 2 0.26 0.19 0.07 7.09

Aug-96 0.00 0.16 -0.16 6.92

Sep-96 0.18 0.33 -0.15 6.78

Oct-96 1.15 0.65 0.50 7.27

Nov-96 2.42 0.90 1.52 8.80

Dec-96 3.20 1.12 2.08 10.87
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Month
Total Monthly 
Precipitation

Average Monthly 
Precipitation

Departure from 
Average

Cumulative 
Departure

(inches) (inches) (inches) (inches)

Jan-97 1.51 1.08 0.43 11.30

Feb-97 0.69 0.76 -0.07 11.23

Mar-97 0.63 0.74 -0.11 11.12

Apr-97 0.77 0.55 0.22 11.33

May-97 0.59 0.69 -0.10 11.23

Jun-97 0.29 0.53 -0.24 10.99

Jul-97 0.55 0.19 0.36 11.35

Aug-97 0.05 0.16 -0.11 11.23

Sep-97 0.34 0.33 0.01 11.24

Oct-97 1.01 0.65 0.36 11.60

Nov-97 1.06 0.90 0.16 11.76

Dec-97 0.31 1.12 -0.81 10.95

Jan-98 1.30 1.08 0.22 11.17

Feb-98 0.94 0.76 0.18 11.35

Mar-98 0.72 0.74 -0.02 11.33

Apr-98 0.17 0.55 -0.38 10.94

May-98 0.75 0.69 0.06 11.00

6/1/98 2 0.53 0.53 0.00 10.99

Jul-98 0.09 0.19 -0.10 10.90

Aug-98 0.31 0.16 0.15 11.04

Sep-98 0.30 0.33 -0.03 11.01

Oct-98 0.09 0.65 -0.56 10.45

Nov-98 1.35 0.90 0.45 10.90

Dec-98 1.04 1.12 -0.08 10.82

Jan-99 0.64 1.08 -0.44 10.38

Feb-99 0.63 0.76 -0.13 10.25

Mar-99 0.16 0.74 -0.58 9.66

Apr-99 0.21 0.55 -0.34 9.32

May-99 0.49 0.69 -0.20 9.11

Jun-99 0.17 0.53 -0.36 8.75

Jul-99 0.28 0.19 0.09 8.84

Aug-99 0.29 0.16 0.13 8.97

Sep-99 0.00 0.33 -0.33 8.64

Oct-99 0.60 0.65 -0.05 8.59

Nov-99 0.41 0.90 -0.49 8.10

Dec-99 0.17 1.12 -0.95 7.15

Jan-00 1.38 1.08 0.30 7.45

Feb-00 1.60 0.76 0.84 8.28

Mar-00 1.03 0.74 0.29 8.57

Apr-00 0.03 0.55 -0.52 8.05

May-00 0.86 0.69 0.17 8.21

Jun-00 0.60 0.53 0.07 8.28

Jul-00 0.02 0.19 -0.17 8.11

Aug-00 0.00 0.16 -0.16 7.95

Sep-00 0.67 0.33 0.34 8.29

Oct-00 1.07 0.65 0.42 8.71

Nov-00 1.12 0.90 0.22 8.93

Dec-00 0.53 1.12 -0.59 8.34

Jan-01 0.69 1.08 -0.39 7.94

Feb-01 0.30 0.76 -0.46 7.48

Mar-01 1.09 0.74 0.35 7.83

Apr-01 0.92 0.55 0.37 8.20

May-01 0.24 0.69 -0.45 7.74
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Month
Total Monthly 
Precipitation

Average Monthly 
Precipitation

Departure from 
Average

Cumulative 
Departure

(inches) (inches) (inches) (inches)

Jun-01 0.35 0.53 -0.18 7.56

Jul-01 0.06 0.19 -0.13 7.43

Aug-01 0.28 0.16 0.12 7.55

Sep-01 0.00 0.33 -0.33 7.22

Oct-01 0.51 0.65 -0.14 7.07

Nov-01 1.13 0.90 0.23 7.31

Dec-01 0.52 1.12 -0.60 6.70

Jan-02 0.24 1.08 -0.84 5.86

Feb-02 0.78 0.76 0.02 5.88

Mar-02 0.22 0.74 -0.52 5.36

Apr-02 0.26 0.55 -0.29 5.06

May-02 0.22 0.69 -0.47 4.59

Jun-02 0.88 0.53 0.35 4.94

Jul-02 0.40 0.19 0.21 5.15

Aug-02 0.22 0.16 0.06 5.20

Sep-02 0.00 0.33 -0.33 4.88

Oct-02 0.07 0.65 -0.58 4.29

Nov-02 0.30 0.90 -0.60 3.70

Dec-02 1.61 1.12 0.49 4.18

Jan-03 1.77 1.08 0.69 4.87

Feb-03 0.94 0.76 0.18 5.05

Mar-03 0.30 0.74 -0.44 4.61

Apr-03 0.79 0.55 0.24 4.84

May-03 0.54 0.69 -0.15 4.69

Jun-03 0.00 0.53 -0.53 4.16

Jul-03 0.00 0.19 -0.19 3.97

Aug-03 0.05 0.16 -0.11 3.85

Sep-03 0.26 0.33 -0.07 3.78

Oct-03 0.14 0.65 -0.51 3.27

Nov-03 0.27 0.90 -0.63 2.64

Dec-03 1.71 1.12 0.59 3.23

Jan-04 1.00 1.08 -0.08 3.15

Feb-04 0.74 0.76 -0.02 3.13

Mar-04 0.19 0.74 -0.55 2.58

Apr-04 0.44 0.55 -0.11 2.46

May-04 0.57 0.69 -0.12 2.34

Jun-04 1.06 0.53 0.53 2.87

Jul-04 0.02 0.19 -0.17 2.70

Aug-04 0.42 0.16 0.26 2.95

Sep-04 0.16 0.33 -0.17 2.78

Oct-04 0.28 0.65 -0.37 2.41

Nov-04 0.58 0.90 -0.32 2.09

Dec-04 0.77 1.12 -0.35 1.74

Jan-05 0.81 1.08 -0.27 1.47

Feb-05 0.03 0.76 -0.73 0.74

Mar-05 0.36 0.74 -0.38 0.35

Apr-05 0.77 0.55 0.22 0.57

May-05 0.36 0.69 -0.33 0.23

Jun-05 0.43 0.53 -0.10 0.13

Jul-05 0.08 0.19 -0.11 0.02

Aug-05 0.04 0.16 -0.12 -0.10

Sep-05 0.08 0.33 -0.25 -0.35

Oct-05 1.31 0.65 0.66 0.31
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Month
Total Monthly 
Precipitation

Average Monthly 
Precipitation

Departure from 
Average

Cumulative 
Departure

(inches) (inches) (inches) (inches)

Nov-05 0.78 0.90 -0.12 0.19

Dec-05 1.81 1.12 0.69 0.88

Jan-06 2.16 1.08 1.08 1.96

Feb-06 0.29 0.76 -0.47 1.48

Mar-06 0.44 0.74 -0.30 1.18

Apr-06 1.15 0.55 0.60 1.78

May-06 1.18 0.69 0.49 2.26

Jun-06 1.20 0.53 0.67 2.93

Jul-06 0.01 0.19 -0.18 2.75

Aug-06 0.00 0.16 -0.16 2.59

Sep-06 0.25 0.33 -0.08 2.51

Oct-06 0.62 0.65 -0.03 2.48

Nov-06 1.17 0.90 0.27 2.75

Dec-06 1.73 1.12 0.61 3.36

Jan-07 0.34 1.08 -0.74 2.62

Feb-07 0.85 0.76 0.09 2.70

Mar-07 0.57 0.74 -0.17 2.53

Apr-07 0.48 0.55 -0.07 2.46

May-07 0.38 0.69 -0.31 2.14

Jun-07 0.72 0.53 0.19 2.33

Jul-07 0.02 0.19 -0.17 2.16

Aug-07 0.05 0.16 -0.11 2.05

Sep-07 0.17 0.33 -0.16 1.89

Oct-07 0.38 0.65 -0.27 1.61

Nov-07 0.98 0.90 0.08 1.70

Dec-07 1.06 1.12 -0.06 1.63

Jan-08 1.50 1.08 0.42 2.05

Feb-08 0.49 0.76 -0.27 1.78

Mar-08 0.38 0.74 -0.36 1.42

Apr-08 0.24 0.55 -0.31 1.10

May-08 0.27 0.69 -0.42 0.68

Jun-08 0.75 0.53 0.22 0.90

Jul-08 0.00 0.19 -0.19 0.71

Aug-08 0.32 0.16 0.16 0.86

Sep-08 0.05 0.33 -0.28 0.59

Oct-08 0.14 0.65 -0.51 0.07

Nov-08 0.51 0.90 -0.39 -0.31

Dec-08 1.59 1.12 0.47 0.15

Jan-09 1.28 1.08 0.20 0.35

Feb-09 0.86 0.76 0.10 0.45

Mar-09 1.29 0.74 0.55 1.00

Apr-09 0.35 0.55 -0.20 0.79

May-09 0.56 0.69 -0.13 0.66

Jun-09 0.01 0.53 -0.52 0.14

Jul-09 0.08 0.19 -0.11 0.03

Aug-09 0.08 0.16 -0.08 -0.06

Sep-09 0.11 0.33 -0.22 -0.28

Oct-09 1.16 0.65 0.51 0.23

Nov-09 0.35 0.90 -0.55 -0.32

Dec-09 0.59 1.12 -0.53 -0.85

Jan-10 1.82 1.08 0.74 -0.11

Feb-10 0.54 0.76 -0.22 -0.33

Mar-10 0.18 0.74 -0.56 -0.89
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Month
Total Monthly 
Precipitation

Average Monthly 
Precipitation

Departure from 
Average

Cumulative 
Departure

(inches) (inches) (inches) (inches)

Apr-10 0.35 0.55 -0.20 -1.10

May-10 1.51 0.69 0.82 -0.28

Jun-10 1.33 0.53 0.80 0.52

Jul-10 0.17 0.19 -0.02 0.50

Aug-10 0.06 0.16 -0.10 0.39

Sep-10 1.47 0.33 1.14 1.53

Oct-10 0.87 0.65 0.22 1.75

Nov-10 1.47 0.90 0.57 2.32

Dec-10 2.28 1.12 1.16 3.48

Jan-11 0.46 1.08 -0.62 2.86

Feb-11 0.44 0.76 -0.32 2.54

Mar-11 1.02 0.74 0.28 2.81

Apr-11 0.30 0.55 -0.25 2.56

May-11 1.30 0.69 0.61 3.16

Jun-11 0.86 0.53 0.33 3.49

Jul-11 0.05 0.19 -0.14 3.35

Aug-11 0.08 0.16 -0.08 3.27

Sep-11 0.03 0.33 -0.30 2.97

Oct-11 0.48 0.65 -0.17 2.80

Nov-11 0.14 0.90 -0.76 2.04

Dec-11 0.08 1.12 -1.04 1.00

Jan-12 0.99 1.08 -0.09 0.91

Feb-12 0.52 0.76 -0.24 0.66

Mar-12 0.96 0.74 0.22 0.88

Apr-12 0.70 0.55 0.15 1.03

May-12 0.26 0.69 -0.43 0.59

Jun-12 1.62 0.53 1.09 1.68

Jul-12 0.70 0.19 0.51 2.19

Aug-12 0.09 0.16 -0.07 2.12

Sep-12 0.00 0.33 -0.33 1.79

Oct-12 1.16 0.65 0.51 2.30

Nov-12 1.07 0.90 0.17 2.47

Dec-12 1.37 1.12 0.25 2.72

Jan-13 0.42 1.08 -0.66 2.06

Feb-13 0.03 0.76 -0.73 1.32

Mar-13 0.34 0.74 -0.40 0.92

Apr-13 0.52 0.55 -0.03 0.89

May-13 0.70 0.69 0.01 0.89

Jun-13 1.36 0.53 0.83 1.72

Jul-13 0.00 0.19 -0.19 1.53

Aug-13 0.28 0.16 0.12 1.65

Sep-13 1.20 0.33 0.87 2.52

Oct-13 0.22 0.65 -0.43 2.08

Nov-13 0.31 0.90 -0.59 1.50

Dec-13 0.11 1.12 -1.01 0.48

Jan-14 0.50 1.08 -0.58 -0.10

Feb-14 0.81 0.76 0.05 -0.05

Mar-14 0.49 0.74 -0.25 -0.30

Apr-14 0.33 0.55 -0.22 -0.53

May-14 0.23 0.69 -0.46 -0.99

Jun-14 0.42 0.53 -0.11 -1.10

Jul-14 0.02 0.19 -0.17 -1.27

Aug-14 0.36 0.16 0.20 -1.08
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Month
Total Monthly 
Precipitation

Average Monthly 
Precipitation

Departure from 
Average

Cumulative 
Departure

(inches) (inches) (inches) (inches)

Sep-14 0.01 0.33 -0.32 -1.39

Oct-14 0.71 0.65 0.06 -1.34

Nov-14 0.43 0.90 -0.47 -1.80

Dec-14 1.28 1.12 0.16 -1.65

Jan-15 1.03 1.08 -0.05 -1.70

Feb-15 0.66 0.76 -0.10 -1.80

Mar-15 0.34 0.74 -0.40 -2.20

Apr-15 0.15 0.55 -0.40 -2.61

May-15 0.99 0.69 0.30 -2.31

Jun-15 0.00 0.53 -0.53 -2.84

Jul-15 0.00 0.19 -0.19 -3.03

Aug-15 0.00 0.16 -0.16 -3.20

Sep-15 0.22 0.33 -0.11 -3.31

Oct-15 0.37 0.65 -0.28 -3.59

Nov-15 0.63 0.90 -0.27 -3.86

Dec-15 1.78 1.12 0.66 -3.20

Jan-16 1.29 1.08 0.21 -2.99

Feb-16 0.46 0.76 -0.30 -3.29

Mar-16 1.10 0.74 0.36 -2.93

Apr-16 0.21 0.55 -0.34 -3.28

May-16 1.73 0.69 1.04 -2.24

Jun-16 0.43 0.53 -0.10 -2.34

Jul-16 0.32 0.19 0.13 -2.21

Aug-16 0.00 0.16 -0.16 -2.38

Sep-16 0.26 0.33 -0.07 -2.45

Oct-16 2.53 0.65 1.88 -0.57

Nov-16 0.29 0.90 -0.61 -1.18

Dec-16 0.74 1.12 -0.38 -1.56

Jan-17 1.54 1.08 0.46 -1.10

Feb-17 1.84 0.76 1.08 -0.02

Mar-17 1.64 0.74 0.90 0.87

Apr-17 1.01 0.55 0.46 1.33

May-17 0.41 0.69 -0.28 1.04

Jun-17 0.48 0.53 -0.05 0.99

Jul-17 0.00 0.19 -0.19 0.80

Aug-17 0.02 0.16 -0.14 0.66

Sep-17 0.50 0.33 0.17 0.83

Oct-17 0.63 0.65 -0.02 0.81

Nov-17 1.30 0.90 0.40 1.21

Dec-17 0.94 1.12 -0.18 1.03

Jan-18 1.25 1.08 0.17 1.20

Feb-18 0.46 0.76 -0.30 0.89

Mar-18 0.53 0.74 -0.21 0.68

Apr-18 1.34 0.55 0.79 1.47

May-18 0.58 0.69 -0.11 1.35

Jun-18 0.08 0.53 -0.45 0.90

Jul-18 0.00 0.19 -0.19 0.71

Aug-18 0.00 0.16 -0.16 0.55
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Month
Total Monthly 
Precipitation

Average Monthly 
Precipitation

Departure from 
Average

Cumulative 
Departure

(inches) (inches) (inches) (inches)

Sep-18 0.00 0.33 -0.33 0.22

Oct-18 0.86 0.65 0.21 0.43

Nov-18 0.47 0.90 -0.43 0.00

Notes:
1 Precipitation totals for Kennewick, Washington (Station No. 454154) were obtained on 

  November 28, 2018 from the Western Regional Climate Center (www.wrcc.dri.edu).  
2The monthly precipitation for Richland, Washington (Station No. 457015) were used

  because the monthly total for Kennewick, Washington was missing.  
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1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. 
GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will 
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 Blaney-Criddle Method for Calculating Consumptive Use 

 



Table G-1
Blaney-Criddle Method for Calculating Consumptive Use 1

Drainage Problem Area
City of West Richland, Washington

Mean Monthly Percent of Annual Consumptive Crop Use Consumptive Net Consumptive Volumetric Net Consumptive Use 7

Month Air Temperature 2 Daytime Hours 3 Use Factor Coefficient 4 Use Precipitation 5 Use 6 2012 2013 2014 2015 2016 2017 2018
t p F K Uc Ucn Ucn Ucn Ucn Ucn Ucn Ucn Ucn

(degrees F) (percent) (inches) (inches) (inches) (acre-feet) (acre-feet) (acre-feet) (acre-feet) (acre-feet) (acre-feet) (acre-feet)

January 33.4 6.4 2.1 0.0 0.0 1.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

February 39.3 6.5 2.5 0.0 0.0 0.70 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

March 46.5 8.2 3.8 0.0 0.0 0.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

April 53.8 9.1 4.9 1.0 4.9 0.49 4.4 18.4 23.9 27.6 33.2 36.8 40.5 44.2

May 61.7 10.4 6.4 1.0 6.4 0.57 5.9 24.4 31.7 36.6 43.9 48.8 53.7 58.6

June 68.7 10.5 7.2 1.0 7.2 0.50 6.7 28.0 36.4 42.0 50.4 56.0 61.5 67.1

July 74.9 10.7 8.0 1.0 8.0 0.21 7.8 32.4 42.1 48.6 58.3 64.8 71.3 77.8

August 74.0 9.9 7.3 1.0 7.3 0.25 7.0 29.3 38.1 44.0 52.8 58.7 64.6 70.4

September 65.6 8.4 5.5 1.0 5.5 0.27 5.2 21.8 28.4 32.8 39.3 43.7 48.0 52.4

October 54.0 7.6 4.1 1.0 4.1 0.51 3.6 15.0 19.4 22.4 26.9 29.9 32.9 35.9

November 42.3 6.4 2.7 0.0 0.0 0.94 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

December 35.1 6.0 2.1 0.0 0.0 1.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Annual 54.1 100.0 NA NA 43.4 7.11 40.6 169 220 254 305 339 373 406

Notes:
1 Blaney-Criddle Method adapted from Schulz (1989).
2 Mean monthly air temperature was obtained from the Western Region Climate Center for the Richland, Washington Climate  Station (No. 457015). 
3 Percent of annual daytime hours occurring during each month adapted for 46 degrees latitude based on Table 7 from Thornthwaite and Mather (1957).
4 A crop use coefficient of 1.00 and temperature criteria of 50 degrees were adapted from James et. al. (2001) for pasture/turf.
5 Precipitation data obtained from Western Region Climate Center (2003). 
6 Net consumptive use is defined as  consumptive use minus precipitation (for months where consumptive use is greater than zero. 
7 Volumetric net consumptive use is based on the following irrigated acreages (as a function of calendar year).

Year 2012 2013 2014 2015 2016 2017 2018

Irrigated Acreage 50 65 75 90 100 110 120
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 Compilation of Recent Drainage Complaints 

 
 



Table H-1
Compilation of Recent Drainage Complaints 1

Drainage Problem Area

City of West Richland, Washington

Complaint 
Number

Date of 
Complaint Address Location Nature of Complaint

1
09/12/17

1508 Diamond Drive 1500 Block of Diamond Drive
Flooding was observed in street. A broken sprinkler was initially suspected but later City 
investigation suggested an elevated groundwater condition.

2 09/29/18 6409 Sapphire Street 6400 Block of Sapphire Street Damage to evacuated pool caused by hydrostatic pressure gradient. 

3 10/24/18 6500 Agate Court 6500 Block of Agate Court Flooding in basement.

4 11/13/18 604 Hilltop View Street 600 block of Hilltop View Street Flooding in basement.

Notes:
1 Four recent drainage complaints were provided to GeoEngineers by the City of West Richland on November 26, 2018.  
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APPENDIX I 
REPORT LIMITATIONS AND GUIDELINES FOR USE1  

This appendix provides information to help you manage your risks with respect to the use of this report.  

Hydrogeologic and/or Geotechnical Services are Performed for Specific Purposes, Persons and 
Projects 

This report has been prepared for use by the City of West Richland. This report may be made available in 
its entirety to others for information only. This report is not intended for use by others, and the 
information contained herein is not applicable to other sites.  

GeoEngineers structures our services to meet the specific needs of our clients. For example, a 
hydrogeologic and/or geotechnical study conducted for a civil engineer or architect may not fulfill the 
needs of a construction contractor or even another civil engineer or architect that are involved in the 
same project. Each hydrogeologic and/or geotechnical study is unique and prepared solely for the specific 
client and project site. No one except the City of West Richland should rely on this report without first 
conferring with GeoEngineers. This report should not be applied for any purpose or project except the one 
originally contemplated. 

A Hydrogeologic and/or Geotechnical Report Is Based on a Unique Set of Project-Specific 
Factors 

This report has been prepared to assist with the evaluation of an area containing elevated groundwater 
levels within the City of West Richland, Washington. GeoEngineers considered a number of unique, 
project-specific factors when establishing the scope of services for this project and report. Unless 
GeoEngineers specifically indicates otherwise, do not rely on this report if it was: 

■ not prepared for you, 

■ not prepared for your project, 

■ not prepared for the specific site explored, or 

■ completed before important project changes were made. 

If important changes are made after the date of this report, GeoEngineers should be given the opportunity 
to review our interpretations and recommendations and provide written modifications or confirmation, as 
appropriate. 

Subsurface Conditions Can Change 

This hydrogeologic and geotechnical report is based on conditions that existed at the time the study was 
performed. The findings and conclusions of this report may be affected by the passage of time, by 
manmade events such as construction on or adjacent to the site, or by natural events such as floods, 

                                                            

1 Developed based on material provided by ASFE, Professional Firms Practicing in the Geosciences; www.asfe.org.  
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earthquakes, slope instability or groundwater fluctuations. Always contact GeoEngineers before applying 
a report to determine if it remains applicable.  

Most Hydrogeologic and/or Geotechnical Findings Are Professional Opinions 

Our interpretations of subsurface conditions are based on field observations from widely spaced sampling 
locations at the site. Site exploration identifies subsurface conditions only at those points where 
subsurface tests are conducted or samples are taken. GeoEngineers reviewed field and laboratory data 
and then applied our professional judgment to render an opinion about subsurface conditions throughout 
the site. Actual subsurface conditions may differ, sometimes significantly, from those indicated in this 
report. Our report, conclusions and interpretations should not be construed as a warranty of the 
subsurface conditions.  

A Hydrogeologic and/or Geotechnical Report Could Be Subject To Misinterpretation 

Misinterpretation of this report by other design team members can result in costly problems. You could 
lower that risk by having GeoEngineers confer with appropriate members of the design team after 
submitting the report. Also retain GeoEngineers to review pertinent elements of the design team's plans 
and specifications. Contractors can also misinterpret a hydrogeologic and/or geotechnical report. Reduce 
that risk by having GeoEngineers participate in pre-bid and preconstruction conferences, and by providing 
construction observation. 

Do Not Redraw the Exploration Logs 

Geotechnical engineers and geologists prepare final boring and testing logs based upon their 
interpretation of field logs and laboratory data. To prevent errors or omissions, the logs included in a 
geotechnical engineering or geologic report should never be redrawn for inclusion in architectural or other 
design drawings. Only photographic or electronic reproduction is acceptable, but recognize that 
separating logs from the report can elevate risk. 

Read These Provisions Closely 

Some clients, design professionals and contractors may not recognize that the geoscience practices 
(geotechnical engineering or hydrogeology) are far less exact than other engineering and natural science 
disciplines. This lack of understanding can create unrealistic expectations that could lead to 
disappointments, claims and disputes. GeoEngineers includes these explanatory “limitations” provisions 
in our reports to help reduce such risks. Please confer with GeoEngineers if you are unclear how these 
“Report Limitations and Guidelines for Use” apply to your project or site. 
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