
 

 

 
 
 
January 22, 2014 5489 GEOTECHNICAL RPT 

 
 
Black & Veatch 
5885 Meadows Road, Suite 700  
Lake Oswego, OR  97035 
 
Attention: Patrick Van Duser, PE 

SUBJECT: Geotechnical Engineering Report 
Robert A. Duff Water Treatment Plant 
65-MGD Flocculation and Sedimentation Basin Expansion 
Medford, Oregon 

 
GRI is providing geotechnical engineering services for expansion of the above-referenced Medford Water 
Commission water treatment plant (WTP).  The Vicinity Map, Figure 1, shows the general location of the 
site.  This report summarizes the results of the engineering services undertaken to assist with the design of 
the proposed expansion.  As you know, GRI provided a geotechnical data report that summarized the 
results of the exploration program undertaken to characterize subsurface conditions in the area of the 
proposed expansion.  As part of our geotechnical data report services, we reviewed the large amount of 
available geotechnical information for the WTP and the nearby Table Rock Road Bridge over the Rogue 
River, which dates back to 1966.  The documents we reviewed are listed below. 

  CH2M, Site Grading Plan, Dwg C 4111-1 with log of boring and test pit, dated 
October 1966 

  CH2M Hill, Geotechnical Report, dated January 16, 1997 

  Shannon & Wilson, Geotechnical Investigation, Medford Water Commission 
Washwater Lagoons, Robert A. Duff Water Treatment Plant, dated 2007 

  Marquess & Associates, Inc., Geotechnical Investigation Report, Filter Building 
Remodel Seismic Retrofit, R.A. Duff Water Treatment Plant, Medford, Oregon, dated 
January 29, 2010 

  Plans for the Table Rock Road Bridge over the Rogue River, Sheet 5/60, Boring Holes 
B1 through B5; prepared by CH2M Hill, dated January 1996 

The relevant geotechnical data are summarized in our October 15, 2013, report entitled, “Geotechnical 
Data Report, Robert A. Duff Water Treatment Plant, 65-MGD Flocculation and Sedimentation Basin 
Expansion, Medford, Oregon.”  

PROJECT DESCRIPTION 

The proposed improvements include expansion of the pre-treatment capacity from 45 to 65 mgd.  
Sedimentation will be added, which will change the plant from a direct filtration process to a conventional 
treatment process.  These improvements will include construction of a number of embedded vaults, 
manholes, and underground utilities.  In addition, some of the existing treatment facilities will be 
abandoned, which will require filling of some of the existing lagoons.  The maximum depth of the new 
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vaults and underground utilities will generally be less than 10 ft below existing site grades; however, 
excavations up to 18 ft below existing site grades will be required in one area.  The Site Plan, Figure 2, 
shows the locations of the proposed improvements.    

SITE DESCRIPTION 

The new flocculation and sedimentation basins will be located on the west side of the existing main 
building and north of the existing filter basins.  The area of the proposed improvements is currently 
occupied by earthen lagoons 1 and 2 and the surrounding access areas.  The surrounding access areas are 
relatively flat, surfaced with gravel, and vary from about elevation 1,248 to 1,250 ft.  The base of earthen 
lagoons 1 and 2 is about elevation 1,242 ft.   

GEOLOGY 

The Marquess & Associates, Inc. (MAI) 2009 report indicates the site is underlain by Pleistocene Older 
Alluvium.  These surface deposits typically consist of mixtures of gravel, sand, silt, and clay that are locally 
cemented.  The Older Alluvium is the oldest of four mapped stages of Quaternary alluvial fans and valley 
fill in the Rogue Valley.  The alluvium is underlain by siltstone and sandstone of the Umpqua Formation.  
Portions of the formation contain tuffaceous material of volcanic origin that weathers to a clay-rich soil. 

SUBSURFACE CONDITIONS  
General 

Subsurface information for the site was obtained through the review of existing subsurface information 
noted above and supplemented with additional explorations by GRI.  In the specific area of the proposed 
improvements, subsurface materials and conditions were evaluated by GRI with five test pits, designated 
TP-1 through TP-5, on October 1, 2013.  Figure 2 shows the locations of the test pits, which were 
completed at locations identified by Black & Veatch (BV).  The locations of previous borings and test pits 
made at the WTP are also shown on Figure 2.  A discussion of the field exploration and laboratory testing 
programs completed for this investigation is provided in Appendix A.  Logs of the test pits are provided on 
Figures 1A and 2A.  In general, the soils disclosed by the explorations can be been grouped into the 
following categories: 

 1.  FILL 
 2.  SILT and SAND  

3.  GRAVEL and COBBLES 

1.  FILL.  Fill was encountered at the ground surface in test pits TP-1, TP-3, and TP-5.  The fill typically 
consists of gravel and cobbles; the fill in test pits TP-1 and TP5 is overlain by a 6-in.-thick layer of crushed 
rock base course over a woven geotextile.  The gravel and cobble fill contains varying amounts of concrete 
rubble, silt, sand, and clay.  The relative density of the fill is estimated to range from loose to dense based 
on resistance to excavation by the trackhoe.  Test pit TP-5 encountered a 1-ft-thick layer of silt fill beneath 
the gravel and cobble fill at a depth of 2.5 ft.  The silt fill is brown and contains a trace of clay and sand, 
and scattered gravel.  We estimate the relative consistency of the silt fill is medium stiff.  The thickness of 
the fill encountered in the test pits varies from about 3.5 to 5.5 ft.  

2.  SILT and SAND.  Beneath the fill in test pits TP-1, TP-3, and TP-5, native silt and sand was encountered.  
In general, the silt and sand were encountered above about elevation 1,240 ft.  The silt and sand contain 
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varying percentages of each material, ranging from silt with some sand to sandy to silty sand.  The sand is 
typically fine grained.  In test pits TP-3 and TP-5, the upper 2 to 6 in. of the unit is moderately cemented, 
and an additional moderately cemented zone was encountered below a depth of 7.5 ft in test pit TP-5.   
Some fine to coarse, rounded gravel was encountered in the unit.  The relative consistency of the silt is 
estimated to be hard and the relative density of the sand is estimated to be medium dense to dense.  The 
natural moisture content of the material ranges from about 9 to 34%.   

2.  GRAVEL and COBBLES.  Beneath the silt and sand in test pits TP-1, TP-3, and TP-5, and at the ground 
surface in borings TP-2 and TP-4, the test pits encountered gravel and cobbles.  The gravel and cobbles are 
rounded and contain varying percentages of silt, fine- to coarse-grained sand, and clay.  The gravel and 
cobbles were generally encountered below about elevation 1240 ft.  Scattered boulders were encountered 
below about elevation 1,238 ft.  Based on the effort required for excavation, we estimate the relative 
density of the unit varies from medium dense to very dense.  Test pits TP-1 through TP-5 were terminated 
in the gravel and cobbles at depths of 9 to 10.5 ft below the ground surface. 

Borings at the WTP Site.  Logs of borings at the site made for previous investigations indicate Standard 
Penetration Test (SPT), or N-values, of “refusal,” which is commonly defined as more than 50 blows for less 
than 6 in. of penetration of the sampler, were recorded in the sand and gravel deposits.  The borings made 
by MAI for the 2009 investigation of the filter building remodel extended to a maximum depth of 35.6 ft.  
The thickness of the sand and gravel deposits is not known; however, borings made for the nearby Table 
Rock Road Bridge over the Rogue River, located about 800 ft northeast of the WTP, encountered siltstone 
to sandstone at about elevation 1,165 ft.  The siltstone and sandstone were cored, and the cores indicate 
the material is soft and characterized with a rock hardness of R2 as classified in accordance with the 
Oregon Department of Transportation (ODOT). 

Groundwater 

Groundwater was not encountered in the test pits completed by GRI.  However, groundwater has been 
observed during other geotechnical investigations at the WTP.  For example, groundwater was 
encountered in the MAI borings at depths of 5.0 and 19.5 ft during drilling on January 12 and 13, 2010.  
However, MAI noted that the measured depth of 5.0 ft was likely seepage and “not representative of actual 
subsurface groundwater conditions.”  Explorations by CH2M Hill encountered groundwater seepage at a 
depth of 3 ft in test pits made in December 23, 1996, and at a depth of 26 ft in a boring made on October 
12, 1966.  In addition, groundwater seepage was encountered at depths of 2 to 8 ft on April 17, 2007, in 
the Shannon & Wilson explorations.  However, Shannon & Wilson was of the opinion that the seepage 
represented water perched on more impervious zones within the gravel deposits and did not represent the 
static groundwater level.   

In our opinion, it should be anticipated that groundwater levels will vary across the site and likely fluctuate 
in response to precipitation and to a lesser extent the level of the nearby Rouge River.  In addition, in those 
areas with near-surface moderately cemented silt and sand, groundwater may be perched on these deposits 
and could approach the ground surface following periods of intense or prolonged precipitation.   
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CONCLUSIONS AND RECOMMENDATIONS 
General 

Our test pit explorations and review of available subsurface and geologic information indicate portions of 
the site within the footprint of the improvements are underlain by fill.  The fill is primarily gravel and 
cobbles with varying amounts of silt and sand that likely consists of excavated on-site materials that was 
used for backfill and/or site grading during previous construction at the WTP.  Beneath the fill is a layer of 
silt and sand.  In general, the silt and sand were encountered above about elevation 1,240 ft.  The silt and 
sand contain varying percentages of each material, ranging from silt with some sand to sandy to silty sand.  
The silt is typically hard, and the sand is medium dense to dense with locally moderately cemented zones 
less than 1 ft thick.  Below about elevation 1,240 ft, all of the test pits encountered medium dense to very 
dense gravels and cobbles with varying amounts of sand, silt, and clay and scattered boulders.  The 
following sections of this report provide our recommendations for design and construction of the 
improvements to the WTP.  

Earthwork 

Improvements to the WTP will include a substantial amount of excavation and site filling.  As presently 
envisioned, the excavations will generally be limited to less than 10 ft below existing site grades; however, 
excavations up to 18 ft below existing site grades will be required in one area.  We anticipate all materials 
can be excavated with conventional excavators.  However, it should be noted that some of the excavated 
materials will likely contain boulders and possibly large concrete fragments, which may slow progress 
and/or require some overexcavation below design subgrade.  These areas will require back filling with 
crushed rock.  

Temporary excavation slopes should be no steeper than about 1H:1V, and permanent cut and fill slopes 
should be no steeper than 2H:1V.  Temporary excavation slopes should be covered with plastic sheeting to 
reduce erosion during wet weather.  In addition, excavation spoils and construction materials should not 
be stockpiled within 10 ft of the top of cut slopes.  It should be emphasized that these recommendations 
are intended to reduce the risk of a slope failure to an acceptable level.  However, implementation of these 
recommended cut slopes does not preclude the possibility of loosened material, such as cobbles exposed 
in the temporary cut slopes, moving into the excavation.   

Based on our observations at the site and review of the previous investigations at this site, we anticipate the 
groundwater level will generally occur below the bottom of the required excavations.  However, an 
excavation of up to 18 ft deep will be required in at least one area, and groundwater may be encountered.  
We anticipate that any perched water, seepage, or groundwater, if encountered, can be controlled by 
pumping from temporary sumps. 

To limit the risk of damage to the existing WTP structures or existing underground utilities, we recommend 
that all open-cut portions of any temporary excavation be limited to a plane that extends up from the 
bottom of the excavation at 1H:1V to within a horizontal distance of 5 ft from the bottom of any existing 
WTP structures and/or utilities.  If excavations are required beyond this zone, temporary shoring and/or 
underpinning the existing structure should be used.   

The type of shoring and/or underpinning used will depend on the tolerable movements of the retained soils 
and/or the existing structures that need to be protected.  In those areas where excavations will extend 
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immediately adjacent to and below existing structures, the contractor will need to provide shoring and/or 
underpinning that limits movements to relatively small amounts.  Typical tolerable horizontal and/or 
vertical movements in these types of situations are on the order of 1/4 in. or as specified by the owner’s 
structural engineer.  For these types of shoring situations, drilled soldier pile with lagging with interior 
bracing or some type of anchor system at the top of the shoring will likely be required.  For other areas 
where it is not practical to use open-cut methods and some movement of the retained soils is acceptable, 
we anticipate a conventional shoring box or metal shields will be used.  We recommend these types of 
shoring systems be designed to resist a uniform lateral pressure of 24 psf.  In addition, surcharge loads due 
to construction operations and existing adjacent WTP facilities should be added to the lateral pressures.  
Surcharge loads can be evaluated using Figure 3; however, we recommend using a minimum uniform 
surcharge of 200 psf for construction operations that will likely occur adjacent to the shoring.  In addition, 
we recommend the contractor be required to have an Oregon-licensed structural engineer design the 
appropriate shoring and underpinning.  

Site Preparation and Grading.  The test pits indicate the majority of the site in the area of the proposed 
improvements is capped with fill.  The fill material is similar to the on-site gravel deposits and was likely 
placed in conjunction with site grading from past construction activities at the WTP.  In general, the fill 
appears to be well compacted; however, some of the fill appears to be relatively loose as noted in test pit 
TP-3.  Therefore, if fill is disclosed at foundation or slab subgrade level, it may be necessary to 
overexcavate these materials to the native soils and backfill with compacted structural fill.  In this regard, 
we recommend all subgrades be observed and evaluated by a qualified geotechnical engineer prior to 
placing any fill or other improvements.   

We anticipate stripping to a depth of about 6 in. will be required in the existing lagoons to remove surface 
organics prior to placing fill.  Following stripping, the subgrades should be observed and evaluated by a 
qualified geotechnical engineer prior to placing any fill.   

Structural Fill.  The following types of structural fill are anticipated for use for this project. 

Imported Crushed Rock.  We understand it is preferred to use imported crushed rock for all structural fill 
required beneath foundations and slabs.  This includes portions of the lagoon backfill that will be located 
beneath new foundations and slabs.  The imported crushed rock should have a maximum size of 3/4 to 
11/2 in. and meet the requirements of the Oregon Department of Transportation (ODOT) for Dense-
Graded Base Aggregate.  

Imported Drain Rock.  For drainage layers beneath slabs and embedded walls, we recommend crushed 
rock with a maximum size up to 11/2 in. and less than 2% passing the No. 200 sieve (washed analysis) 

On-Site Soils.  For backfilling embedded walls and general site fill outside the influence of foundations and 
slabs, on-site or imported, organic-free granular soils approved by the geotechnical engineer may be used 
as structural fill.  All on-site soils used to construct structural fills should be reasonably well graded, and the 
maximum size of the on-site granular fill materials should be limited to 6 in.  In addition, it is our 
experience that granular soils containing more than about 15% passing the No. 200 sieve will behave 
similar to fine-grained soils when wet and can only be placed during the dry construction season.  During 
wet conditions when the moisture content of on-site soils cannot be controlled, fills should be constructed 
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using imported, relatively clean granular materials containing less than about 5% passing the No. 200 sieve 
(washed analysis).   

The approved imported crushed rock and on-site granular soils used to construct structural fills should be 
placed in 12-in.-thick lifts (loose) and compacted to a density not less than 95% of the maximum dry 
density as determined by ASTM D 1557.  On-site granular material with more than about 5% passing the 
No. 200 sieve is typically moisture sensitive and will need to be placed within 4% of its optimum moisture 
content as determined by ASTM D 1557.  On-site soils that contain larger gravel- and cobble-size pieces up 
to 6 in. in diameter are not practical to test for compaction, and these materials should be compacted until 
well keyed.  All lifts should be compacted with a medium-weight (48-in.-diameter drum), smooth, steel-
wheeled, vibratory roller.  Generally, a minimum of four to six passes with the roller are required to 
achieve a well-keyed fill.  All structural fills should extend a minimum horizontal distance of 5 ft beyond 
the limits of any structures.  Assuming all on-site granular soils used for structural fill are reasonable well 
graded, we are of the opinion that a geotextile fabric is not needed between these soils and the relatively 
clean imported crushed rock fill materials. 

Pipe Bedding. We recommend the bedding material for the underground utilities consist of a minimum 6-
in.-thick layer of imported 3/4-in.-minus crushed rock, or what is recommended by the pipe manufacturer.  
We anticipate the invert of the new utilities will be bedded in the gravel and cobble deposits that contain 
occasional boulders.  Therefore, it should be anticipated that some overexcavation of large cobbles and 
boulders and subsequent backfilling will be required to provide uniform support to the pipe.  If 
overexcavation of more than about 6 in. is required, the backfill placed to restore subgrade level should be 
firmly tamped into place prior to installing the normal bedding lift. 

All backfill placed in utility trench excavations above the pipe zone within the limits of any structures, 
slabs, and paved areas should consist of sand and gravel, or crushed rock with a maximum size of up to 
2 in., and with not more that 5% passing the No. 200 sieve (washed analysis).  In this regard, it may be 
possible to use some of the excavated on-site sand and gravel deposits; however, the contractor will likely 
need to screen this material to remove the large gravel- and cobble-size material.  In addition, some of the 
on-site gravel and cobble deposits contain fines in excess of 5% passing the No. 200 sieve (washed 
analysis), which makes compaction of these materials difficult during wet weather.   

In our opinion, the granular material used for utility trench backfill should be placed in lifts and compacted 
using vibratory plate compactors or tamping units to at least 92% of the maximum dry density as 
determined by ASTM D 1557.  Lift thickness will need to be adjusted depending somewhat on the type 
and size of the compaction equipment.  For example, lift thickness for hand-operated compaction 
equipment will likely need to be limited to about 6 in.  If backhoe-mounted hoe-pack equipment is used, 
lift thickness can usually be increased to 2 to 3 ft and still achieve the required compaction.  Flooding or 
jetting the backfilled trenches with water to achieve the recommended compaction should not be 
permitted. 

Foundations 

Foundation support for the new structures can be provided by conventional wall- and column-type spread 
footings, thickened slab, and/or mat type foundations.  Footings should be established at a minimum depth 
of 11/2 ft below the lowest adjacent finished grade.  The width of footings should not be less that 18 in. for 
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wall footings or 24 in. for isolated column footings.  Due to the relatively large cobbles and occasional 
boulders that are present at this site, some disturbance and/or overexcavation of the foundation subgrade 
will likely occur.  In this regard, we understand it is desirable to limit post-construction settlement of the 
foundations and floor slabs to relatively small amounts.  Therefore, we recommend that all foundations be 
underlain by a minimum 2-ft-thick layer of imported 3/4-in.-minus crushed rock.  All floor slabs should be 
underlain by a minimum 1-ft-thick layer of imported 3/4-in.-crushed rock.  The crushed rock should be 
compacted to a density of not less than 95% of the maximum dry density as determined by ASTM D 1557.  
If fill or large boulders are encountered at the subgrade, these materials should be overexcavated and 
backfilled with imported 3/4-in.-minus crushed rock.  We recommend the limits of the overexcavation and 
backfill extend outward horizontally from footings or slabs as shown on Figure 4.  We recommend that all 
foundation subgrades be observed and evaluated by a qualified geotechnical engineer prior to placing any 
fill materials or structural improvements.    

Footings established in accordance with these criteria can be designed on the basis of a net allowable soil 
bearing pressure of up to 5,000 psf.  This value is applicable to all to foundations prepared as described 
above with a minimum of 2 ft of imported structural fill as well as areas such as the lagoon, where the 
thickness of imported structural fill beneath foundations will exceed 2 ft.  This value applies to the total 
dead load of the structure the foundation is supporting, including the weight of the foundation, plus 
frequently and/or permanently applied live loads and can be increased by one-half for the total of all loads; 
dead, live, and wind or seismic. 

Lightly loaded embedded structures, such as box culverts, should be underlain by a minimum 1-ft-thick 
layer of imported 3/4-in.-crushed rock to limit differential settlements that may be induced by traffic loading.  
Lightly loaded embedded structures, such as the vault trench in the Ozone Building where no traffic loads 
are present, should be underlain by a minimum 6-in.-thick layer of imported 3/4-in.-crushed rock.  
Recommended minimum depths of overexcavation are tabulated on Figure 4.   

Horizontal shear forces can be resisted partially or completely by frictional forces developed between the 
base of spread footings and the underlying soil.  The total shearing resistance between the foundation 
footprint and the soil should be taken as the normal force, i.e., the sum of all vertical forces (dead load plus 
real live load) times the coefficient of friction between the soil and the base of the footing.  We recommend 
an ultimate value of 0.45 for the coefficient of friction between the mass concrete cast directly on 
compacted angular imported crushed rock.  If a vapor-retarding membrane is placed between the concrete 
slab-on-grade and the underlying crushed rock, such as is planned in the Ozone Building, we recommend 
using an ultimate coefficient of friction of 0.30.  If additional lateral resistance is required, passive earth 
pressures against embedded footings or walls can be computed using a hydrostatic pressure based on an 
equivalent fluid with a unit weight of 200 pcf.  This design passive earth pressure would be effective only if 
granular structural fill is used for the backfill. 

We understand some of the foundations for the improvements with allowable bearing pressures up to 
5,000 psf will be on the order of 12 ft wide, and the bearing pressure will vary somewhat beneath the 
foundation.  In addition, the uniform surcharge loads for some of the floor slabs will be on the order of 
1,100 psf.  For these magnitudes of loads, we estimate the total settlement of footings and slabs designed in 
accordance with the recommendations presented above will be less than 1/2 in.  Differential settlements 
between adjacent similarity loaded footings should be less than half the total settlement.  Our experience 
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indicates these settlements will occur rapidly, with the majority of the settlement occurring as the loads are 
applied. 

Embedded Structures 
Design lateral earth pressures on the walls of embedded structures, such as retaining walls and vaults, 
depend on the drainage condition behind the wall and the ability of the wall to yield.  The two possible 
conditions regarding drainage include providing drainage to the area behind the embedded wall or 
designing the structure to be watertight.  In the event that structures are designed to be watertight, it should 
be assumed the water table may rise to the ground surface at some time during the design life of the 
facility. 

The two possible conditions regarding the ability of the wall to yield include the at-rest and active earth 
pressure cases.  The at-rest earth pressure case is applicable to a wall that is relatively rigid and laterally 
supported at the top and bottom and therefore is unable to yield.  The active earth pressure case is 
applicable to a wall that is capable of yielding slightly away from the backfill by either sliding or rotating 
about its base.  A conventional cantilevered retaining wall is an example of a wall that develops the active 
earth pressure case by yielding. 

Assuming the top of the backfill will be horizontal and the backfill completely drained, yielding and non-
yielding walls can be designed using a triangular-distribution based on an equivalent fluid unit weight of 35 
and 50 pcf, respectively.  The additional lateral earth pressure due to a uniformly distributed vertical 
pressure at the top of the backfill can be estimated as the vertical pressure multiplied by an active earth 
pressure coefficient of about 0.3, or an at-rest earth pressure coefficient of about 0.4, for yielding and non-
yielding walls, respectively, and applied as a uniform pressure behind the wall.  The above-mentioned 
lateral earth pressures and coefficients are appropriate for use with all types of structural fill material 
described in the Structural Fill section of this report.  Additional lateral pressures due to surcharge loadings 
in the backfill area can be estimated using the guidelines provided on Figure 3.  Typical drainage details for 
embedded structures are shown on Figure 5. 

To account for seismic loading, the Mononobe-Okabe method is commonly used to develop lateral earth 
pressures on embedded structures.  Using this method, horizontal pressures due to seismic loading may be 
estimated by a rectangular-distributed equivalent fluid pressure of 10 pcf.    

Overcompaction of the backfill behind embedded walls should be avoided.  In this regard, we recommend 
compacting the backfill to about 92% of the maximum dry density as determined by ASTM D 1557.  
Heavy compactors and large pieces of construction equipment should not operate within 5 ft of any 
embedded wall to avoid the buildup of excessive lateral pressures, unless the walls have been designed to 
accommodate these pressures.  Otherwise, compaction close to the walls may need to be accomplished 
using hand-operated vibratory plate compactors.   

In areas where the embedded wall backfill will not be within the influence of foundations or slabs, on-site 
soil may be used for backfill, as shown on Figure 5.  The on-site soils should be reasonably well graded 
and moisture conditioned to within 4% of their optimum moisture content to achieve the recommended 
compaction.  If on-site soils are used, we recommend capping these materials with an 8-in. thickness of 
imported crushed rock, as shown on Figure 5. 

If any of the embedded structures and/or vaults are not provided with a permanently drained backfill, the 
embedded structure should be designed to resist the full hydrostatic uplift pressure assuming groundwater 
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is at the ground surface.  In addition, if a subdrain is not provided at the base of the embedded structure, 
we recommend the embedded walls be designed using an equivalent fluid pressure of 90 pcf for at-rest 
non-yielding and 80 pcf for active yielding wall conditions. The above-mentioned lateral earth pressures 
are appropriate for use with all types of structural fill material described in the Structural Fill section of this 
report.   

The uplift force is computed by multiplying the volume of the structure by the unit weight of water (62.4 
pcf).  Common methods used to resist the uplift force include increasing the thickness of the walls and/or 
base or extending the base slab beyond the sidewalls of the structure. 

Regarding extending the base of the vault beyond the sidewalls of the structure, only the compacted 
backfill within the limits of the outside edge of the slab should be considered as additional load to resist the 
uplift force.  The effective weight of the submerged backfill should be evaluated using a buoyant unit 
weight of 60 pcf, assuming the vault will be backfilled with granular structural fill material.  Shearing 
stresses in the backfill above the perimeter of the base slab should provide some additional uplift 
resistance; however, for the purpose of design, it is recommended the shearing resistance of the backfill be 
neglected.   

Slab Support and Subdrainage 

We anticipate perched groundwater could approach the ground surface and the bottom of the embedded 
slab during periods of prolonged precipitation common from late fall through early spring.  If the below-
grade vaults are not designed for full hydrostatic conditions, we recommend installing subdrainage beneath 
embedded slabs to provide drainage due to high groundwater or potential leakage through the floor slab. 
In addition to the crushed rock, the drainage system should include a system of rigid 4-in.-diameter 
(minimum diameter) perforated drainage pipes to convey water from beneath the slab to a treatment or 
appropriate stormwater system.  The perforated drainage pipes should be designed for the imposed loads 
from the embedded structure or construction traffic, whichever is greater.  The drain pipes should be 
placed with a center-to-center spacing of about 30 ft.  The 8-in.-thick layer of imported drain rock can be 
placed on the 6-in.-thick layer of imported 3/4-in.-minus crushed rock and the drain pipes installed as 
shown on Figure 5. 

In those areas where slabs will be at or within 1 ft of existing site grades, we are of the opinion that 
subdrainage is not needed.  However, all slabs should be underlain by a minimum 12-in.-thick layer of 
compacted imported crushed rock.  To characterize the support of the slabs, it is appropriate to assume a 
coefficient of subgrade reaction, k, of 200 pci to characterize the subgrade support with at least 12 in. of 
compacted crushed rock beneath the slab, assuming the subgrade is prepared as recommended above. 

Pavement Design 

We understand new gravel-paved roadways are planned in conjunction with the improvements.  These 
areas should be prepared as recommended in the Earthwork and Site Preparation and Grading sections of 
this report.  In our opinion, if the on-site gravel deposits are used as subgrade for the new paved roadways, 
it will not be necessary to use a geotextile fabric on the subgrade prior to placing the imported crushed 
rock base course (CRB).  In lieu of actual traffic forecasts for design of pavements, we recommend a 
minimum pavement section consisting of 8 in. of CRB.  However, this assumes the CRB will be placed on 
a relatively clean on-site gravel base.  If the surface of on-site gravel subbase becomes contaminated with 
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silty and clayey soils from construction traffic, it will be necessary to remove the upper portion the gravel 
subbase materials and replace these materials with relatively clean on-site gravel or imported crushed rock  
prior to placing the CRB.  The CRB should be placed in one lift and compacted to a density not less than 
95% of the maximum dry density as determined by ASTM D 1557.   

Seismic Considerations 

We understand the project is being designed in accordance with 2012 International Building Code (IBC) 
which will be adopted by Oregon and incorporated into the Oregon Structural Specialty Code (OSSC) in 
April 2014.  Based on the results of our subsurface explorations and our review of previous investigations 
at this site, we recommend using Site Class C to evaluate the seismic design of the structures.  The IBC 
design methodology uses two spectral response coefficients, SS and S1, corresponding to periods of 0.2 and 
1.0 second, to develop the design earthquake spectrum.  The spectral response coefficients were obtained 
from the U.S. Geological Survey (USGS) Uniform Hazard Response Spectra Curves for the coordinates of 
42.44°N latitude and 122.89°W longitude.  The SS and S1 coefficients identified for the site are 0.610 and 
0.331 g, respectively. 

Based on the subsurface conditions disclosed in our explorations at the site; review of geotechnical 
information developed during the previous investigations at this site and for the nearby bridge; and the 
ground motions anticipated at the site by the IBC, it is our opinion the risk of liquefaction of the materials 
below the groundwater level in the area of the WTP improvements is low.  In our opinion, the risk of 
ground rupture and landslides is low, and the risk of damage by tsunami and seiche at the site is absent. 

Corrosion Considerations 

At the request of BV, two bulk soil samples were obtained for soil corrosivity testing.  Water samples were 
not obtained, as groundwater was not encountered in the test pits.  The soil samples were obtained from 
test pits TP-1 and TP-5 at a depth of 9 and 7.5 ft, respectively.  The samples were delivered to Specialty 
Analytical in Clackamas, Oregon, for testing, which included soil resistivity; concentration of chlorides, 
sulfates, and sulfides; pH; and acidity/alkalinity.  The laboratory reports are provided in Appendix B. 

The test result indicate the soils are generally considered mildly corrosive to non-corrosive, with the 
exception of the soil resistivity testing, based on guidelines used by the Federal Highway Administration 
(FHWA, November 2009).  For example, threshold limits for “Strong Corrosion Potential (Aggressive)” for 
sulfates and chlorides are >200 and >100 ppm, respectively.  The results of the testing for sulfates on the 
two samples were non-detect (ND) and 11 ppm, and results of the testing for chlorides were ND and 1.8 
ppm.  The testing indicates the pH of the soil samples ranges from 7.24 to 7.77, which is considered non-
aggressive according to FHWA guidelines.  However, the soil resistivity testing of the two samples indicate 
values of 1,100 and 3,100 ohm-cm.  The FHWA guidelines indicate any value below 2,000 ohm-cm has a 
“strong corrosion potential (aggressive).”  Caltrans corrosion guidelines for soil resistivity are any soils with 
less than 1,000 ohm-cm are tested for chlorides and sulfates (Caltrans, 2012).  For structural elements, 
Caltrans considers a site to be corrosive if chloride concentrations are 550 ppm or greater and sulfate 
concentration 2,000 ppm or greater and the pH is 5.5 or less. 

Based on the guidelines provided in the FHWA and Caltrans publications, the chemical testing indicates 
the soils at this site are considered mildly corrosive to non-corrosive.  Although one of the soil resistivity 
samples indicated a “strong corrosion potential,” it has been our experience the results of laboratory soil 
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resistivity testing on disturbed samples can vary widely, and in situ field resistivity testing is the preferred 
method for a more accurate determination of actual field conditions.  

Our comments regarding the results of the corrosion testing should not be considered an in-depth study on 
the corrosion potential of the soils at this site.  We recommend the condition of the existing facilities, some 
of which have been in place for over 40 years, be reviewed with the WTP personal to assist in evaluating 
the risk of corrosion at this site.  If this review indicates corrosion of buried structures and underground 
utilities has not been a significant maintenance issue, we are of the opinion that no further studies are 
needed.  However, if there are documented situations where increased maintenance and/or limited design 
life of underground structures and/or conduits has occurred, we recommend that additional corrosion 
studies be completed.   

Design Review and Construction-Phase Services 

We welcome the opportunity to review and discuss construction plans and specifications for this project as 
they are being developed.  In addition, GRI should review all geotechnical-related portions of the plans 
and specifications to evaluate whether they are in conformance with the recommendations provided in our 
report.  In addition, to observe compliance with the intent of our recommendations, design concepts, and 
the plans and specifications, we are of the opinion that GRI should be retained to observe all subgrade 
conditions.  Our construction-phase services will allow for timely design changes if site conditions are 
encountered that are different from those described in this report.  If we do not have the opportunity to 
confirm our interpretations, assumptions, and analyses during construction, we cannot be responsible for 
the application of our recommendations to subsurface conditions that are different from those described in 
this report. 

Limitations 

This report has been prepared to aid Black & Veatch in the design of this project.  The scope is limited to 
the specific project and location described herein, and our description of the project represents our 
understanding of the significant aspects of the project relevant to the design and construction of the 
proposed improvements to the WTP.  In the event that any changes in the design or location of the 
improvements as outlined in this report are planned, we should be given the opportunity to review the 
changes and to modify or reaffirm the conclusions and recommendations of this report in writing. 

The conclusions and recommendations submitted in this report are based on the data obtained from the 
test pits made at the location indicated on Figure 2 and from other sources of information discussed in this 
report.  In the performance of subsurface investigations, specific information is obtained at specific 
locations at specific times.  However, it is acknowledged that variations in soil conditions may exist.  If, 
during construction, subsurface conditions different from those encountered in the boring are observed or 
encountered, we should be advised at once so that we can observe and review these conditions and 
reconsider our recommendations where necessary. 
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APPENDIX A 
 

FIELD EXPLORATIONS 

 
The subsurface materials and conditions at the site were evaluated by GRI with five test pits on October 1, 
2013, to supplement the previous subsurface investigations completed at this site.  The approximate 
locations of the test pits, designated TP-1 through TP-5, and other explorations made at the WTP are shown 
on Figure 2.  All test pit explorations were observed by an experienced geotechnical engineer from GRI.   

The test pits were excavated to depths of 9 to 10.5 ft using a CAT 314C trackhoe provided and operated by 
the Medford Water Commission.  An experienced geotechnical engineer from GRI directed the 
excavations and maintained detailed logs of the materials and conditions disclosed during the course of the 
work.  Representative soil samples were obtained from the excavations.  The samples were examined and 
classified, and representative portions were saved in airtight jars or bags.  All samples were returned to our 
laboratory for further examination and testing.  Each of the test pit excavations was backfilled with the 
excavated materials, and the backfill was graded to match the adjacent ground surface.  Minimal 
compactive effort was applied to the backfill. 

Detailed logs of test pits TP-1 through TP-5 are provided on Figures 1A and 2A.  Each log presents a 
descriptive summary of the various types of material encountered in the excavations and notes the depths 
at which the materials and/or characteristics of the materials change and the locations of samples.  The 
terms used to describe the soils encountered in the test pits are defined in Table 1A.  Table 2A, which 
defines the hardness of the sandstone/siltstone encountered in the borings made by ODOT for the nearby 
Table Rock Road Bridge over the Rogue River, has been included for reference. 

The samples obtained from the test pits were examined in our laboratory where the physical characteristics 
of the samples were noted, and the field classifications were modified where necessary.  At the time of 
classification, the natural moisture content of each sample was determined.  The natural moisture content 
determinations were made in general conformance with ASTM D 2216.  The results are summarized on 
Figures 1A and 2A.  At the request of BV, two samples were obtained for soil corrosivity testing by 
Specialty Analytical in Clackamas, Oregon.  The results of the corrosivity testing are provided in Appendix 
B. 



 

  

Table 1A 
 

GUIDELINES FOR CLASSIFICATION OF SOIL 
 

Description of Relative Density for Granular Soil 
 Standard Penetration Resistance 

Relative Density       (N-values) blows per foot       
  

very loose 0 - 4 
loose  4 - 10 

medium dense 10 - 30 
dense 30 - 50 

very dense over 50 
 

Description of Consistency for Fine-Grained (Cohesive) Soils 
 Standard Penetration Torvane or 
 Resistance (N-values) Undrained Shear 

Consistency       blows per foot        Strength, tsf    
   

very soft 2 less than 0.125 
soft  2 - 4 0.125 - 0.25 

medium stiff  4 - 8 0.25 - 0.50 
stiff   8 - 15 0.50 - 1.0 

very stiff  15 - 30 1.0 - 2.0 
hard over 30 over 2.0 

 
Sandy silt materials which exhibit general properties of granular soils are given 
relative density description. 

 

Grain-Size Classification Modifier for Subclassification 
   Boulders  Percentage of 
 12 - 36 in.  Other Material 
 Adjective In Total Sample 
Cobbles   
 3 - 12 in. clean 0 - 2 
   
Gravel trace 2 - 10 
 1/4 - 3/4 in. (fine)   
 3/4 - 3 in. (coarse) some 10 - 30 
   
Sand  sandy, silty, 30 - 50 
 No. 200 - No. 40 sieve (fine) clayey, etc.  
 No. 40 - No. 10 sieve (medium)   
 No. 10 - No. 4 sieve (coarse)   
   
Silt/Clay - pass No. 200 sieve   

 

Terms Used to Describe Degrees of Cementation 
 

Weak Crumbles or breaks with handling or little finger pressure. 
Moderate Crumbles or breaks with considerable finger pressure. 
Strong Will not crumble or break with finger pressure. 



 

  

Table 2A 

GUIDELINES FOR CLASSIFICATION OF ROCK 
 

RELATIVE ROCK WEATHERING SCALE 
 

     Term                                                                               Field Identification                                                                         

Fresh Crystals are bright.  Discontinuities may show some minor surface staining.  No discoloration in rock fabric. 

Slightly  
Weathered 

Rock mass is generally fresh.  Discontinuities are stained and may contain clay.  Some discoloration in rock 
fabric.  Decomposition extends up to 1 in. into rock. 

Moderately  
Weathered 

Rock mass is decomposed 50% or less.  Significant portions of rock show discoloration and weathering effects.  
Crystals are dull and show visible chemical alteration.  Discontinuities are stained and may contain secondary 
mineral deposits. 

Predominantly  
Decomposed 

Rock mass is more than 50% decomposed.  Rock can be excavated with geologist’s pick.  All discontinuities 
exhibit secondary mineralization.  Complete discoloration of rock fabric.  Surface of core is friable and usually 
pitted due to washing out of highly altered minerals by drilling water. 

Decomposed Rock mass is completely decomposed.  Original rock “fabric” may be evident.  May be reduced to soil with 
hand pressure. 

 
RELATIVE ROCK HARDNESS SCALE 

 
    Term      

Hardness 
Designation 

 
                             Field Identification                                

Approximate Unconfined 
   Compressive Strength    

Extremely  
Soft 

R0 Can be indented with difficulty by thumbnail.  May be 
moldable or friable with finger pressure. 

< 100 psi 

Very  
Soft 

R1 Crumbles under firm blows with point of a geology pick.  
Can be peeled by a pocket knife and scratched with 
fingernail. 

100 - 1,000 psi 

Soft R2 Can be peeled by a pocket knife with difficulty.  Cannot 
be scratched with fingernail.  Shallow indentation made 
by firm blow of geology pick. 

1,000 - 4,000 psi 

Medium  
Hard 

R3 Can be scratched by knife or pick.  Specimen can be 
fractured with a single firm blow of hammer/geology pick. 

4,000 - 8,000 psi 

Hard R4 Can be scratched with knife or pick only with difficulty.  
Several hard hammer blows required to fracture 
specimen. 

8,000 - 16,000 psi 

Very  
Hard 

R5 Cannot be scratched by knife or sharp pick.  Specimen 
requires many blows of hammer to fracture or chip.  
Hammer rebounds after impact. 

> 16,000 psi 

 
RQD AND ROCK QUALITY 

 
       Relation of RQD and Rock Quality                             Terminology for Planar Surface                      

RQD (Rock  Description of     
Quality Designation), %  Rock Quality     Bedding   Joints and Fractures      Spacing      

0 - 25 Very Poor  Laminated Very Close < 2 in. 
25 - 50 Poor  Thin Close 2 in. – 12 in. 
50 - 75 Fair  Medium Moderately Close 12 in. – 36 in. 
75 - 90 Good  Thick Wide 36 in. – 10 ft 
90 - 100 Excellent  Massive Very Wide > 10 ft 
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TP-2 Elev.  1,242 ft 
0

Bottom of test pit 9 ft (10/1/13)
Groundwater not encountered
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ft

Medium dense GRAVEL and COBBLES;
rounded, fine to coarse gravel, some brown,
fine- to coarse-grained sand, trace silt

S-2
w = 24%

S-2

S-1S-1

S-3
w = 9%
f = 12%

9

----------scattered boulders below 4 ft

----------dense, matrix material gray below 2 ft

TP-4 Elev.  1,242 ft 
0

Bottom of test pit 9 ft (10/1/13)
Groundwater not encountered

1
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5
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S-2
w = 31%

S-2

S-1S-1

S-3
w = 28%
f = 36%

9

----------scattered boulders below 6 ft

Medium dense GRAVEL and COBBLES;
rounded, fine to coarse gravel, some brown,
fine- to coarse-grained sand, trace silt and clay

TP-1 Elev.  1,250 ft  
0

1
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3
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5

Bottom of test pit 10 ft (10/1/13)
Groundwater not encountered
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ft
Crushed rock BASE COURSE (3/4-in. minus)
over woven geotextile
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TP-3 Elev.  1,248 ft  
0

1
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3

4

5

Bottom of test pit 9 ft (10/1/13)
Groundwater not encountered
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ft

Medium dense, brown, silty SAND; fine to
medium grained, upper 2 to 3 in. moderately
cemented

6

7

8

----------matrix material gray below 3 ft

9

Dense to very dense GRAVEL and COBBLES;
rounded, fine to coarse gravel, some brown silt,
fine- to coarse-grained sand, and clay

FILL:  Loose to medium dense GRAVEL and
COBBLES; rounded, fine to coarse gravel, in
matrix of brown silt, sand, and clay

10

FILL:  Medium dense to dense GRAVEL and
COBBLES; rounded, fine to coarse gravel,
some brown silt and fine- to coarse-grained
sand

Hard, reddish-brown SILT; some fine-grained
sand to sandy, moderately cemented

Dense, brown SAND; fine to medium grained,
some silt and fine to coarse, rounded gravel

Dense GRAVEL and COBBLES; rounded, fine
to coarse gravel, some brown silt and fine- to
coarse-grained sand

----------trace clay, yellowish mineralization
below 8 ft

----------dense matrix material below 2.5 ft

*S-4
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f = 40%
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w = 34%

TP-5 Elev.  1,250 ft  
0
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Bottom of test pit 10.5 ft (10/1/13)
Groundwater not encountered
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Crushed rock BASE COURSE (3/4-in. minus)
over woven geotextile

6

7
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----------moderately cemented below 7.5 ft

10

FILL:  Dense GRAVEL and COBBLES; rounded,
fine to coarse gravel, in matrix of reddish-brown
silt, sand, and clay, contains scattered pieces of
concrete rubble

FILL:  Medium stiff, brown SILT; trace clay and
fine- to coarse-grained sand, scattered fine,
rounded gravel

Medium dense, light brown, silty SAND; fine
grained, upper 6 in. moderately cemented

Dense GRAVEL and COBBLES; rounded, fine to
coarse gravel, some reddish-brown, clayey silt
and fine- to coarse-grained sand S-5

TEST PIT LOGS
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 APPENDIX  B 
 Soil Corrosivity Testing 



October 10, 2013

GRI Geotechnical & Environmental Consultants
Tammy Kimball

Dear Tammy Kimball:

RE: MWC Dutt WTP / 5489

Order No.: 1310042

FAX (503) 644-8034
TEL: (503) 641-3478

9725 SW Beaverton-Hillsdale Hwy
Suite 140
Portland, OR 97005

Specialty Analytical
11711 SE Capps Road, Ste B

Clackamas, Oregon 97015

Website: www.specialtyanalytical.com
TEL: 503-607-1331 FAX: 503-607-1336

Specialty Analytical received 2 sample(s) on 10/2/2013 for the analyses presented in the following 
report.

Marty French

There were no problems with the analysis and all data for associated QC met EPA or laboratory 
specifications, except where noted in the Case Narrative, or as qualified with flags. Results apply 
only to the samples analyzed. Without approval of the laboratory, the reproduction of this report is 
only permitted in its entirety.

If you have any questions regarding these tests, please feel free to call.

Sincerely,

Lab Director

http://www.specialtyanalytical.com


Project: MWC Dutt WTP / 5489

Client Sample ID: TP-5, S-4

Collection Date: 10/1/2013 8:45:00 AM

Matrix: SOIL

CLIENT: GRI Geotechnical & Environmental Consultant

Lab ID: 1310042-001

10-Oct-13Specialty Analytical Date Reported:

Analyses Result Qual Units Date AnalyzedDFRL

 ACIDITY SM2310B Analyst: mjf
Acidity 10/10/2013 9:47:35 AM10.0 mg/Kg 1ND

 ALKALINITY IN SOIL E310.2 Analyst: mjf
Alkalinity, Bicarbonate 10/10/2013 9:48:41 AM10.0 mg/Kg 1ND
Alkalinity, Carbonate 10/10/2013 9:48:41 AM10.0 mg/Kg 1ND
Alkalinity, Hydroxide 10/10/2013 9:48:41 AM10.0 mg/Kg 1ND
Alkalinity, Total 10/10/2013 9:48:41 AM10.0 mg/Kg 1ND

 CHLORIDE ION IN SOIL D512 Analyst: ajr
Chloride 10/3/2013 2:43:00 PM1.50 mg/Kg 11.83

 PH OF SOIL D4972 Analyst: JRC
pH 10/7/2013 12:07:00 AM0 pH Units 17.24

 SOIL RESISTIVITY-WENNER G57 Analyst: JRC
Soil Resistivity 10/7/2013 2:05:00 PM1.00 ohm-cm 11100

 SULFATE IN SOIL D516 Analyst: mjf
Sulfate 10/3/2013 2:43:00 PM1.50 mg/Kg 311.0

 SULFIDE SW9030 Analyst: JRC
Sulfide 10/8/2013 8:00:00 AM20.0 mg/Kg 140.0

Page 1 of 2



Project: MWC Dutt WTP / 5489

Client Sample ID: TP-1, S-4

Collection Date: 10/1/2013 11:50:00 AM

Matrix: SOIL

CLIENT: GRI Geotechnical & Environmental Consultant

Lab ID: 1310042-002

10-Oct-13Specialty Analytical Date Reported:

Analyses Result Qual Units Date AnalyzedDFRL

 ACIDITY SM2310B Analyst: mjf
Acidity 10/10/2013 9:47:35 AM10.0 mg/Kg 1ND

 ALKALINITY IN SOIL E310.2 Analyst: mjf
Alkalinity, Bicarbonate 10/10/2013 9:48:41 AM10.0 mg/Kg 1ND
Alkalinity, Carbonate 10/10/2013 9:48:41 AM10.0 mg/Kg 1ND
Alkalinity, Hydroxide 10/10/2013 9:48:41 AM10.0 mg/Kg 1ND
Alkalinity, Total 10/10/2013 9:48:41 AM10.0 mg/Kg 124.0

 CHLORIDE ION IN SOIL D512 Analyst: ajr
Chloride 10/3/2013 2:43:00 PM1.50 mg/Kg 1ND

 PH OF SOIL D4972 Analyst: JRC
pH 10/7/2013 12:14:00 AM0 pH Units 17.77

 SOIL RESISTIVITY-WENNER G57 Analyst: JRC
Soil Resistivity 10/7/2013 2:00:00 PM1.00 ohm-cm 13100

 SULFATE IN SOIL D516 Analyst: mjf
Sulfate 10/3/2013 2:43:00 PM1.50 mg/Kg 32.61

 SULFIDE SW9030 Analyst: JRC
Sulfide 10/8/2013 8:10:00 AM20.0 mg/Kg 120.0
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Project: MWC Dutt WTP / 5489
Client: GRI Geotechnical & Environmental Consultants

TestCode: ACID

10-Oct-13

QC SUMMARY REPORT
1310042WO#:

Specialty Analytical

Sample ID: 1310042-002ADUP

Batch ID: R11803 TestNo: SM2310B Analysis Date: 10/10/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: TP-1, S-4

RunNo: 11803

SeqNo: 149561

DUPSampType: TestCode: ACID

Acidity 2010.0 0 0ND

Qualifiers:   Page 1 of 6B Analyte detected in the associated Method Blank H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
O RSD is greater than RSDlimit R RPD outside accepted recovery limits S Spike Recovery outside accepted recovery limits



Project: MWC Dutt WTP / 5489
Client: GRI Geotechnical & Environmental Consultants

TestCode: ALK_S

10-Oct-13

QC SUMMARY REPORT
1310042WO#:

Specialty Analytical

Sample ID: MB-R11804

Batch ID: R11804 TestNo: E310.2 Analysis Date: 10/10/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 11804

SeqNo: 149562

MBLKSampType: TestCode: ALK_S

Alkalinity, Bicarbonate 10.0ND
Alkalinity, Carbonate 10.0ND
Alkalinity, Hydroxide 10.0ND
Alkalinity, Total 10.0ND

Sample ID: LCS-R11804

Batch ID: R11804 TestNo: E310.2 Analysis Date: 10/10/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 11804

SeqNo: 149563

LCSSampType: TestCode: ALK_S

Alkalinity, Total 581.0 97.8 80 12010.0 0568

Sample ID: 1310042-002ADUP

Batch ID: R11804 TestNo: E310.2 Analysis Date: 10/10/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: TP-1, S-4

RunNo: 11804

SeqNo: 149566

DUPSampType: TestCode: ALK_S

Alkalinity, Bicarbonate 2010.0 0 0ND
Alkalinity, Carbonate 2010.0 0 0ND
Alkalinity, Hydroxide 2010.0 0 0ND
Alkalinity, Total 2010.0 24.00 15.428.0

Qualifiers:   Page 2 of 6B Analyte detected in the associated Method Blank H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
O RSD is greater than RSDlimit R RPD outside accepted recovery limits S Spike Recovery outside accepted recovery limits



Project: MWC Dutt WTP / 5489
Client: GRI Geotechnical & Environmental Consultants

TestCode: CL_ASTM_S

10-Oct-13

QC SUMMARY REPORT
1310042WO#:

Specialty Analytical

Sample ID: MB-R11722

Batch ID: R11722 TestNo: D512 Analysis Date: 10/3/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 11722

SeqNo: 148405

MBLKSampType: TestCode: CL_ASTM_S

Chloride 1.50ND

Sample ID: LCS-R11722

Batch ID: R11722 TestNo: D512 Analysis Date: 10/3/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 11722

SeqNo: 148406

LCSSampType: TestCode: CL_ASTM_S

Chloride 45.00 91.1 80 1201.50 041.0

Sample ID: R11722CCV

Batch ID: R11722 TestNo: D512 Analysis Date: 10/3/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: CCV

RunNo: 11722

SeqNo: 148411

CCVSampType: TestCode: CL_ASTM_S

Chloride 45.00 103 90 1101.50 046.5

Qualifiers:   Page 3 of 6B Analyte detected in the associated Method Blank H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
O RSD is greater than RSDlimit R RPD outside accepted recovery limits S Spike Recovery outside accepted recovery limits



Project: MWC Dutt WTP / 5489
Client: GRI Geotechnical & Environmental Consultants

TestCode: PH_ASTM

10-Oct-13

QC SUMMARY REPORT
1310042WO#:

Specialty Analytical

Sample ID: 1310042-002ADUP

Batch ID: R11766 TestNo: D4972 Analysis Date: 10/7/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: pH Units

PQL

Client ID: TP-1, S-4

RunNo: 11766

SeqNo: 149015

DUPSampType: TestCode: PH_ASTM

pH 200 7.770 0.1297.76

Qualifiers:   Page 4 of 6B Analyte detected in the associated Method Blank H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
O RSD is greater than RSDlimit R RPD outside accepted recovery limits S Spike Recovery outside accepted recovery limits



Project: MWC Dutt WTP / 5489
Client: GRI Geotechnical & Environmental Consultants

TestCode: SO4_ASTM_S

10-Oct-13

QC SUMMARY REPORT
1310042WO#:

Specialty Analytical

Sample ID: MB-R11720

Batch ID: R11720 TestNo: D516 Analysis Date: 10/3/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: PBS

RunNo: 11720

SeqNo: 148372

MBLKSampType: TestCode: SO4_ASTM_

Sulfate 1.50ND

Sample ID: LCS-R11720

Batch ID: R11720 TestNo: D516 Analysis Date: 10/3/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: LCSS

RunNo: 11720

SeqNo: 148373

LCSSampType: TestCode: SO4_ASTM_

Sulfate 45.00 97.1 70 1301.50 043.7

Sample ID: CCV

Batch ID: R11720 TestNo: D516 Analysis Date: 10/3/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: CCV

RunNo: 11720

SeqNo: 148384

CCVSampType: TestCode: SO4_ASTM_

Sulfate 45.00 101 90 1101.50 045.2

Qualifiers:   Page 5 of 6B Analyte detected in the associated Method Blank H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
O RSD is greater than RSDlimit R RPD outside accepted recovery limits S Spike Recovery outside accepted recovery limits



Project: MWC Dutt WTP / 5489
Client: GRI Geotechnical & Environmental Consultants

TestCode: SULFIDE_S

10-Oct-13

QC SUMMARY REPORT
1310042WO#:

Specialty Analytical

Sample ID: 1310042-002ADUP

Batch ID: R11767 TestNo: SW9030 Analysis Date: 10/8/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/Kg

PQL

Client ID: TP-1, S-4

RunNo: 11767

SeqNo: 149030

DUPSampType: TestCode: SULFIDE_S

Sulfide 2020.0 20.00 020.0

Qualifiers:   Page 6 of 6B Analyte detected in the associated Method Blank H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
O RSD is greater than RSDlimit R RPD outside accepted recovery limits S Spike Recovery outside accepted recovery limits



                                                  KEY TO FLAGS                                                     Rev. May 12, 2010

A This sample contains a Gasoline Range Organic not identified as a specific hydrocarbon product.  The result was quantified
against gasoline calibration standards

A1 This sample contains a Diesel Range Organic not identified as a specific hydrocarbon product.  The result was quantified
against diesel calibration standards.

A2 This sample contains a Lube Oil Range Organic not identified as a specific hydrocarbon product.  The result was quantified
against a lube oil calibration standard.

A3 The result was determined to be Non-Detect based on hydrocarbon pattern recognition.  The product was carry-over from
another hydrocarbon type.

A4 The product appears to be aged or degraded diesel.

B The blank exhibited a positive result great than the reporting limit for this compound.

CN See Case Narrative.

D Result is based from a dilution.

E Result exceeds the calibration range for this compound.  The result should be considered as estimate.

F The positive result for this hydrocarbon is due to single component contamination.  The product does not match any
hydrocarbon in the fuels library.

G Result may be biased high due to biogenic interferences.  Clean up is recommended.

H Sample was analyzed outside recommended holding time.

HT At clients request, samples was analyzed outside of recommended holding time.

J The result for this analyte is between the MDL and the PQL and should be considered as estimated concentration.

K Diesel result is biased high due to amount of Oil contained in the sample.

L Diesel result is biased high due to amount of Gasoline contained in the sample.

M Oil result is biased high due to amount of Diesel contained in the sample.

MC Sample concentration is greater than 4x the spiked value, the spiked value is considered insignificant.

MI Result is outside control limits due to matrix interference.

MSA Value determined by Method of Standard Addition.

O Laboratory Control Standard (LCS) exceeded laboratory control limits, but meets CCV criteria.  Data meets EPA
requirements.

Q Detection levels elevated due to sample matrix.

R RPD control limits were exceeded.

RF Duplicate failed due to result being at or near the method-reporting limit.

RP Matrix spike values exceed established QC limits; post digestion spike is in control.

S Recovery is outside control limits.

SC Closing CCV or LCS exceeded high recovery control limits, but associated samples are non-detect.  Data meets EPA
requirements.

* The result for this parameter was greater that the maximum contaminant level of the TCLP regulatory limit.




