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718	
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Subject:	
   DRAFT	
  GEOTECHNICAL	
  REPORT	
  

Wastewater	
  Treatment	
  System	
  
	
   Willow	
  Creek,	
  California	
  
	
  
Dear	
  Ms.	
  O’Gorman,	
  
	
  
Crawford	
  &	
  Associates,	
  Inc	
  (CAInc)	
  is	
  pleased	
  to	
  submit	
  this	
  Geotechnical	
  Report	
  for	
  the	
  Willow	
  
Creek	
  Wastewater	
  Treatment	
  System	
  project.	
  	
  CAInc	
  prepared	
  this	
  report	
  in	
  accordance	
  with	
  
the	
  GHD	
  task	
  order	
  signed	
  by	
  CAInc	
  on	
  January	
  9,	
  2015.	
  	
  The	
  report	
  includes	
  a	
  project	
  
description,	
  a	
  description	
  of	
  our	
  scope	
  of	
  work,	
  and	
  geotechnical	
  recommendations	
  for	
  design	
  
and	
  construction.	
  	
  
	
  
Thank	
  you	
  for	
  selecting	
  CAInc	
  to	
  be	
  on	
  your	
  design	
  team.	
  	
  Please	
  call	
  if	
  you	
  have	
  questions	
  or	
  
require	
  additional	
  information.	
  
	
  
Sincerely,	
  
	
  
Crawford	
  &	
  Associates,	
  Inc,	
  
	
   	
   	
   	
   	
   	
   Reviewed	
  by,	
  
	
  
	
  
	
  
Adam	
  Killinger,	
  P.E.	
   	
   	
   	
   Rick	
  Sowers,	
  P.E.,	
  C.E.G.	
  
Project	
  Manager	
   	
   	
   	
   Principal
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1 INTRODUCTION	
  

1.1 Purpose	
  

Crawford	
  &	
  Associates,	
  Inc	
  (CAInc)	
  prepared	
  this	
  geotechnical	
  report	
  for	
  the	
  Wastewater	
  Treatment	
  
System	
  project	
  in	
  Willow	
  Creek,	
  California.	
  	
  This	
  report	
  contains	
  descriptions	
  of	
  our	
  scope,	
  the	
  project,	
  
surface	
  and	
  subsurface	
  conditions,	
  and	
  geotechnical	
  conclusions	
  and	
  design	
  recommendations.	
  

1.2 Scope	
  of	
  Services	
  

To	
  prepare	
  this	
  report,	
  CAInc:	
  
1. Reviewed	
  available	
  geologic	
  maps	
  of	
  the	
  site;	
  
2. Discussed	
  the	
  project	
  with	
  Susan	
  O’Gorman	
  of	
  GHD	
  Inc.;	
  
3. Conducted	
  a	
  site	
  review;	
  	
  
4. Drilled,	
  logged	
  and	
  sampled	
  nine	
  exploratory	
  borings	
  to	
  depths	
  ranging	
  from	
  about	
  2	
  to	
  16¾	
  ft	
  

below	
  ground	
  surface	
  (bgs)	
  on	
  February	
  2	
  through	
  4,	
  2015;	
  
5. Performed	
  laboratory	
  tests	
  on	
  representative	
  soil	
  samples	
  from	
  the	
  exploratory	
  borings;	
  and	
  
6. Performed	
  geotechnical	
  engineering	
  calculations	
  and	
  analysis	
  to	
  develop	
  our	
  recommendations.	
  

1.3 Project	
  and	
  Site	
  Descriptions	
  

We	
  understand	
  the	
  proposed	
  wastewater	
  treatment	
  system	
  will	
  replace	
  the	
  aging	
  individual	
  septic	
  
systems	
  with	
  a	
  single	
  community	
  wastewater	
  collection	
  and	
  treatment	
  system.	
  	
  The	
  collection	
  system	
  
includes	
  103	
  connections	
  throughout	
  the	
  town	
  –	
  both	
  commercial	
  and	
  residential.	
  	
  The	
  collection	
  
system	
  will	
  use	
  6-­‐inch	
  gravity	
  pipelines	
  installed	
  within	
  existing	
  roadway	
  easements	
  throughout	
  the	
  
town.	
  	
  We	
  understand	
  trenching	
  operations	
  to	
  install	
  the	
  pipeline	
  will	
  not	
  exceed	
  6	
  feet	
  deep.	
  	
  The	
  
system	
  will	
  require	
  at	
  least	
  one	
  pump	
  station	
  with	
  the	
  bottom	
  of	
  the	
  wet	
  well	
  about	
  10	
  feet	
  bgs.	
  	
  	
  
	
  
Once	
  collected,	
  the	
  sewage	
  will	
  be	
  conveyed	
  from	
  the	
  pump	
  station	
  to	
  a	
  new	
  treatment	
  plant	
  north	
  of	
  
town	
  via	
  pressure	
  main.	
  	
  The	
  pressure	
  main	
  will	
  be	
  installed	
  conventionally	
  along	
  Country	
  Club	
  Drive	
  
(likely	
  by	
  cut-­‐and-­‐cover	
  method	
  trenched	
  about	
  6	
  ft	
  deep	
  along	
  existing	
  roadway	
  shoulder)	
  or	
  with	
  
horizontal	
  directional	
  drilling	
  (HDD)	
  techniques.	
  	
  If	
  the	
  HDD	
  option	
  is	
  selected,	
  we	
  understand	
  that	
  the	
  
entry	
  point	
  will	
  be	
  near	
  the	
  existing	
  post	
  office	
  parking	
  lot	
  at	
  the	
  downslope	
  end	
  and	
  the	
  exit	
  point	
  near	
  
the	
  treatment	
  plant	
  at	
  the	
  upslope	
  end,	
  with	
  pipe	
  invert	
  about	
  121	
  ft	
  bgs	
  at	
  its	
  deepest	
  point.	
  	
  	
  
	
  
The	
  treatment	
  plant	
  will	
  consist	
  of	
  a	
  community	
  septic	
  tank	
  for	
  primary	
  treatment;	
  a	
  recirculation	
  tank	
  
to	
  circulate	
  waste	
  water	
  through	
  two	
  gravel	
  filter	
  beds;	
  and	
  a	
  leachfield	
  for	
  fluid	
  disposal.	
  	
  We	
  
understand	
  the	
  septic	
  and	
  recirculating	
  tanks	
  will	
  be	
  embedded	
  14	
  and	
  10	
  feet	
  below	
  existing	
  grade,	
  
respectively,	
  with	
  plan	
  dimensions	
  of	
  about	
  40	
  feet	
  by	
  80	
  feet.	
  	
  The	
  gravel	
  filter	
  beds	
  will	
  have	
  
dimensions	
  of	
  80	
  feet	
  by	
  80	
  feet	
  by	
  3	
  feet	
  deep	
  and	
  will	
  be	
  supported	
  on	
  shallow	
  continuous	
  footings.	
  	
  
The	
  treatment	
  plant	
  will	
  also	
  include	
  an	
  operations	
  building.	
  	
  

2 GEOLOGIC	
  SETTING	
  

Our	
  site	
  work	
  and	
  published	
  geologic	
  literature	
  indicate	
  the	
  project	
  area	
  is	
  underlain	
  by	
  Upper	
  Jurassic	
  
marine	
  sediments	
  of	
  the	
  Galice	
  formation,	
  described	
  as	
  phyllitic	
  meta-­‐graywacke	
  and	
  slate.	
  These	
  
sediments	
  are	
  overlain	
  by	
  Quaternary	
  river	
  terrace	
  deposits	
  within	
  much	
  of	
  the	
  town	
  limits	
  and	
  along	
  
lowland	
  terraces	
  bordering	
  the	
  Trinity	
  River.	
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Rocks	
  consistent	
  with	
  Jurassic	
  sediments	
  are	
  exposed	
  within	
  road	
  cuts	
  along	
  Country	
  Club	
  Drive	
  
northeast	
  of	
  Willow	
  Creek	
  (leading	
  upslope	
  to	
  the	
  treatment	
  plant	
  area).	
  	
  We	
  describe	
  the	
  rock	
  as	
  
fractured	
  meta-­‐sandstone	
  and	
  slate/shale	
  with	
  minor	
  quartz	
  stringers.	
  	
  Rock	
  layering	
  (bedding)	
  is	
  
measured	
  in	
  the	
  cut	
  slope	
  to	
  strike	
  25-­‐30°	
  northwest	
  and	
  dip	
  40-­‐45°	
  northeast	
  (obliquely	
  into	
  the	
  slope),	
  
consistent	
  with	
  the	
  published	
  mapping.	
  	
  We	
  observed	
  the	
  rock	
  quality	
  to	
  be	
  highly	
  variable	
  with	
  
relatively	
  competent	
  sandstone	
  mixed	
  with	
  zones	
  of	
  thinly-­‐bedded,	
  sheared	
  slate/shale.	
  The	
  road	
  cuts	
  
generally	
  stand	
  at	
  about	
  1:1	
  slope,	
  with	
  local	
  sloughing	
  in	
  areas	
  of	
  highly	
  weathered/decomposed	
  rock.	
  	
  	
  

The	
  river	
  terrace	
  deposits	
  are	
  present	
  within	
  the	
  flatter	
  terrain	
  along	
  the	
  river	
  margins	
  and	
  within	
  the	
  
town	
  limits.	
  	
  These	
  soils	
  are	
  mostly	
  unconsolidated	
  sand,	
  silt	
  and	
  gravel.	
  

We	
  show	
  the	
  regional	
  geology	
  on	
  Figure	
  2	
  and	
  fault	
  locations	
  on	
  Figure	
  3.	
  

3 SUBSURFACE	
  CONDITIONS	
  

CAInc	
  observed	
  nine	
  exploratory	
  borings	
  to	
  depths	
  of	
  about	
  2	
  to	
  16¾	
  ft	
  below	
  ground	
  surface	
  (bgs)	
  to	
  
characterize	
  the	
  subsurface	
  conditions	
  at	
  the	
  site.	
  	
  The	
  approximate	
  locations	
  of	
  the	
  exploratory	
  borings	
  
are	
  shown	
  on	
  Figure	
  1.	
  

Below,	
  we	
  summarize	
  the	
  subsurface	
  conditions	
  encountered	
  in	
  the	
  exploratory	
  borings.	
  	
  More	
  detailed	
  
information	
  is	
  shown	
  on	
  the	
  boring	
  logs	
  in	
  Appendix	
  A.	
  

3.1 Soil/Weathered	
  Bedrock	
  

Borings	
  B1	
  through	
  B6	
  were	
  drilled	
  in	
  the	
  collection	
  system	
  area.	
  	
  In	
  borings	
  B-­‐1,	
  B-­‐2,	
  and	
  B-­‐5	
  we	
  
encountered	
  loose	
  silty	
  sand	
  to	
  a	
  depth	
  of	
  about	
  2	
  feet	
  underlain	
  by	
  intensely-­‐	
  to	
  slightly-­‐weathered	
  
rock.	
  The	
  remaining	
  borings	
  within	
  the	
  collection	
  area	
  (borings	
  B-­‐3,	
  B-­‐4,	
  and	
  B-­‐6)	
  generally	
  indicated	
  
loose	
  silty	
  sand	
  and	
  sandy	
  silt	
  to	
  depths	
  of	
  about	
  2	
  to	
  5	
  feet	
  underlain	
  by	
  stiff	
  to	
  very	
  stiff	
  sandy	
  lean	
  clay	
  
and	
  clayey	
  sand	
  to	
  the	
  maximum	
  depths	
  explored	
  (15.5	
  ft).	
  	
  After	
  multiple	
  attempts	
  to	
  advance	
  boring	
  
B-­‐6	
  within	
  our	
  Underground	
  Service	
  Alert	
  (USA)	
  cleared	
  area,	
  we	
  were	
  unable	
  to	
  advance	
  the	
  boring	
  
deeper	
  than	
  two	
  feet	
  due	
  to	
  an	
  unmarked	
  underground	
  metal	
  structure.	
  	
  	
  	
  	
  

Borings	
  B-­‐7	
  through	
  B-­‐9	
  were	
  located	
  at	
  the	
  treatment	
  plant	
  and	
  disposal	
  areas	
  north	
  of	
  the	
  collection	
  
system.	
  	
  These	
  soils	
  are	
  generally	
  classified	
  as	
  sandy	
  silt,	
  silty	
  sand,	
  and	
  clayey	
  sand	
  to	
  depths	
  of	
  about	
  
12	
  to	
  13	
  feet,	
  underlain	
  by	
  poorly	
  graded	
  gravel	
  to	
  the	
  maximum	
  depths	
  explored	
  (17.2	
  ft).	
  	
  In	
  boring	
  B-­‐
8	
  (proposed	
  gravel	
  filter	
  area)	
  we	
  encountered	
  about	
  4	
  feet	
  of	
  organic	
  silt	
  from	
  depths	
  of	
  about	
  2	
  to	
  6	
  
feet.	
  	
  We	
  understand	
  a	
  mill	
  with	
  treatment	
  pond	
  operated	
  in	
  this	
  area	
  and	
  the	
  organics	
  are	
  consistent	
  
with	
  what	
  may	
  have	
  remained	
  from	
  a	
  mill	
  pond.	
  

3.2 Groundwater	
  

We	
  did	
  not	
  encounter	
  free	
  groundwater	
  during	
  our	
  site	
  investigation	
  (drilled	
  in	
  February	
  2015).	
  The	
  
Preliminary	
  Engineering	
  Report	
  published	
  by	
  GHD	
  Inc.,	
  dated	
  October	
  2014,	
  indicates	
  groundwater	
  at	
  
the	
  treatment	
  plant	
  area	
  (former	
  mill	
  site)	
  at	
  depths	
  of	
  about	
  11	
  feet	
  to	
  13	
  feet	
  bgs.	
  	
  	
  

Groundwater	
  levels	
  can	
  vary	
  depending	
  on	
  rainfall,	
  seasonal	
  changes,	
  and	
  surface	
  water	
  levels	
  of	
  the	
  
Trinity	
  River.	
  	
  For	
  this	
  site,	
  we	
  expect	
  groundwater	
  is	
  seasonally	
  perched	
  within	
  the	
  granular	
  terrace	
  
deposits	
  overlying	
  the	
  weathered	
  rock.	
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4 LABORATORY	
  TEST	
  RESULTS	
  

We	
  completed	
  the	
  following	
  laboratory	
  tests	
  on	
  representative	
  soil	
  samples	
  obtained	
  from	
  the	
  
exploratory	
  borings:	
  

• Moisture	
  Content	
  -­‐	
  Dry	
  Density	
  (ASTM	
  D2216	
  /	
  D2937)	
  

• Particle	
  Size	
  Analysis	
  (ASTM	
  D422)	
  

• Percent	
  Passing	
  #200	
  Sieve	
  (ASTM	
  D1140)	
  

• Direct	
  Shear	
  (ASTM	
  D3080)	
  

• Unconfined	
  Compressive	
  Strength	
  (ASTM	
  D2166)	
  

• Atterberg	
  Limits	
  (ASTM	
  D4318)	
  

• Specific	
  Gravity	
  (ASTM	
  D854)	
  

• Sulfate/Chloride	
  Content	
  (CTM	
  417/422)	
  

• pH/Minimum	
  Resistivity	
  (CTM	
  643)	
  

Laboratory	
  test	
  results	
  are	
  presented	
  on	
  the	
  boring	
  logs	
  and	
  in	
  Appendix	
  B.	
  

5 SOIL	
  CORROSION	
  POTENTIAL	
  

We	
  performed	
  two	
  suites	
  of	
  corrosion	
  tests	
  for	
  this	
  project.	
  	
  For	
  reference,	
  Caltrans	
  considers	
  a	
  site	
  to	
  
be	
  corrosive	
  if	
  the	
  chloride	
  concentration	
  is	
  500	
  ppm	
  or	
  greater,	
  sulfate	
  concentration	
  is	
  2000	
  ppm	
  or	
  
greater	
  or	
  the	
  pH	
  is	
  5.5	
  or	
  less.	
  Corrosion	
  testing	
  yielded	
  chlorides	
  of	
  26.3	
  and	
  8.5	
  ppm,	
  sulfates	
  of	
  0.3	
  
and	
  17.6	
  ppm,	
  pH	
  of	
  6.36	
  and	
  6.64	
  and	
  soil	
  resistivity	
  of	
  8,040	
  and	
  4,560	
  ohm-­‐cm.	
  	
  Based	
  on	
  these	
  
results	
  	
  the	
  site	
  is	
  not	
  considered	
  corrosive	
  to	
  steel	
  or	
  concrete.	
  	
  	
  

6 SEISMICITY	
  

Based	
  on	
  the	
  California	
  Geologic	
  Survey	
  earthquake	
  fault	
  zone	
  map,	
  no	
  known	
  faults	
  cross	
  the	
  site,	
  
therefore,	
  ground	
  rupture	
  and/or	
  fault	
  creep	
  are/is	
  not	
  expected	
  to	
  occur	
  at	
  the	
  site.	
  	
  However,	
  some	
  
degree	
  of	
  ground	
  motion	
  resulting	
  from	
  seismic	
  activity	
  in	
  the	
  region	
  is	
  expected.	
  	
  The	
  nearest	
  known	
  
active	
  fault	
  is	
  the	
  Blue	
  Lake	
  Fault	
  approximately	
  16	
  miles	
  to	
  the	
  southwest.	
  
	
  
The	
  California	
  Geological	
  Survey,	
  Probabilistic	
  Seismic	
  Hazards	
  Mapping	
  Ground	
  Motion	
  Page	
  
(www.conservation.ca.gov)	
  indicates	
  a	
  maximum	
  peak	
  horizontal	
  ground	
  acceleration	
  (PGA)	
  on	
  the	
  
order	
  of	
  0.61g	
  for	
  a	
  seismic	
  event	
  with	
  a	
  10%	
  probability	
  of	
  exceedance	
  in	
  50	
  years	
  (design	
  basis	
  
earthquake).	
  	
  

6.1 2013	
  California	
  Building	
  Code	
  (CBC)	
  Seismic	
  Design	
  Parameters	
  

Based	
  on	
  our	
  exploratory	
  borings,	
  we	
  provide	
  the	
  California	
  Building	
  Code	
  (CBC)	
  design	
  parameters	
  
below.	
  	
  Table	
  1	
  shows	
  the	
  2013	
  California	
  Building	
  Code	
  and	
  ASCE	
  7-­‐10	
  seismic	
  design	
  parameters	
  for	
  
the	
  site.	
  	
  CAInc	
  determined	
  the	
  values	
  using	
  a	
  site	
  latitude	
  of	
  40.94237°N	
  and	
  longitude	
  of	
  123.62466°W	
  
with	
  the	
  Earthquake	
  Ground	
  Motion	
  Parameters	
  -­‐	
  Version	
  5.1.0	
  developed	
  by	
  the	
  United	
  States	
  
Geological	
  Survey.	
  
	
  
	
  
	
  
	
  



DRAFT	
  GEOTECHNICAL	
  REPORT	
  	
  
Willow	
  Creek	
  –	
  Wastewater	
  Treatment	
  System	
  	
   File:	
  15-­‐196.1	
  
Humboldt	
  County,	
  California	
   April	
  10,	
  2015	
  

4	
  

Table	
  1:	
  Seismic	
  Design	
  Parameters	
  
Site	
  Class	
   C	
  

Ss	
  –	
  Acceleration	
  Parameter	
  	
   1.445	
  g	
  

S1	
  –	
  Acceleration	
  Parameter	
  	
   0.619	
  g	
  

Fa	
  –	
  Site	
  Coefficient	
  	
   1.0	
  

Fv	
  –	
  Site	
  Coefficient	
  	
   1.3	
  

SMS	
  –	
  Adjusted	
  MCE*	
  Spectral	
  Response	
  Acceleration	
  Parameter	
  	
   1.445	
  g	
  

SM1	
  –	
  Adjusted	
  MCE*	
  Spectral	
  Response	
  Acceleration	
  Parameter	
  	
   0.804	
  g	
  

SDS	
  –	
  Design	
  Spectral	
  Acceleration	
  Parameter	
  	
   0.963	
  g	
  

SD1	
  –	
  Design	
  Spectral	
  Acceleration	
  Parameter	
   0.536	
  g	
  

TL	
  –	
  Long-­‐Period	
  Transition	
  Period**	
   16	
  
*	
  Maximum	
  Considered	
  Earthquake	
  
**	
  Figure	
  22-­‐12,	
  ASCE	
  7-­‐10	
  

7 CONCLUSIONS	
  AND	
  RECOMMENDATIONS	
  

Based	
  on	
  our	
  findings,	
  we	
  conclude	
  that	
  the	
  site	
  is	
  suitable	
  for	
  the	
  proposed	
  collection	
  system,	
  pressure	
  
main,	
  and	
  treatment	
  plant	
  provided	
  the	
  recommendations	
  contained	
  herein	
  are	
  incorporated	
  into	
  the	
  
project	
  design.	
  	
  The	
  primary	
  concerns	
  from	
  a	
  geotechnical	
  standpoint	
  are:	
  
	
  

• The	
  presence	
  and	
  quality	
  of	
  bedrock	
  within	
  the	
  depths	
  of	
  pipe	
  inverts	
  
• Potential	
  for	
  buried	
  features	
  at	
  the	
  treatment	
  plant	
  associated	
  with	
  old	
  mill	
  operations	
  
• Seasonally-­‐perched	
  groundwater	
  within	
  shallow	
  sediments	
  overlying	
  the	
  rock	
  
• Unmarked	
  underground	
  structures	
  in	
  the	
  collection	
  system	
  area	
  

7.1 Collection	
  System	
  

7.1.1 Excavatability	
  
Based	
  on	
  our	
  subsurface	
  exploration,	
  the	
  materials	
  within	
  the	
  upper	
  6	
  ft	
  bgs	
  should	
  be	
  excavatable	
  
using	
  conventional	
  trenching	
  equipment	
  such	
  as	
  backhoes	
  and	
  excavators.	
  	
  The	
  metamorphic	
  rock	
  we	
  
encountered	
  above	
  this	
  depth	
  (Borings	
  B-­‐1,	
  B-­‐2	
  and	
  B-­‐5)	
  was	
  mostly	
  decomposed	
  and	
  drillable	
  with	
  
power	
  auger	
  equipment.	
  	
  Although	
  not	
  encountered	
  in	
  our	
  borings,	
  the	
  possibility	
  of	
  some	
  areas	
  of	
  hard	
  
rock	
  exists	
  that	
  might	
  require	
  chiseling	
  or	
  use	
  of	
  heavier	
  equipment.	
  The	
  subsurface	
  structure	
  
encountered	
  in	
  our	
  boring	
  B-­‐6	
  will	
  need	
  to	
  be	
  identified	
  and	
  –	
  if	
  necessary	
  –	
  removed	
  during	
  
construction.	
  	
  	
  	
  
	
  
For	
  planning	
  and	
  preliminary	
  design,	
  anticipate	
  OSHA	
  sloping	
  requirements	
  for	
  Type	
  C	
  soils.	
  	
  The	
  
contractor	
  is	
  responsible	
  for	
  the	
  safety	
  of	
  all	
  temporary	
  excavations	
  and	
  should	
  provide	
  excavation	
  
sloping	
  and	
  shoring	
  in	
  accordance	
  with	
  current	
  Cal	
  OSHA	
  requirements.	
  
	
  
Trench	
  bottom	
  stability	
  should	
  not	
  impact	
  construction	
  if	
  groundwater	
  and	
  surface	
  water	
  is	
  not	
  allowed	
  
in	
  the	
  trench.	
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7.1.2 Dewatering	
  
Groundwater	
  will	
  vary	
  as	
  noted	
  in	
  Section	
  3.2	
  and	
  may	
  be	
  seasonally	
  present	
  as	
  perched	
  water	
  along	
  the	
  
bedrock	
  contact	
  due	
  to	
  contrast	
  in	
  hydraulic	
  conductivity	
  between	
  the	
  two	
  material	
  types.	
  	
  The	
  
contractor	
  should	
  be	
  able	
  to	
  use	
  sump	
  pumps	
  to	
  remove	
  any	
  nuisance	
  groundwater	
  that	
  may	
  impact	
  
construction	
  of	
  the	
  collection	
  system.	
  	
  	
  	
  
	
  
7.1.3 Pipe	
  Bedding	
  and	
  Backfill.	
  
We	
  recommend	
  supporting	
  the	
  pipe	
  on	
  bedding	
  consistent	
  with	
  the	
  provisions	
  of	
  the	
  pipe	
  manufacturer	
  
and	
  county	
  standard	
  specifications.	
  	
  If	
  not	
  in	
  conflict	
  with	
  the	
  pipe	
  manufacture	
  or	
  county	
  standard	
  
specifications,	
  excavated	
  material	
  may	
  be	
  used	
  as	
  backfill	
  if	
  it	
  does	
  not	
  exceed	
  2	
  inches	
  in	
  largest	
  particle	
  
dimension	
  or	
  support	
  pavement.	
  	
  
	
  
7.1.4 Horizontal	
  Thrust	
  Blocks	
  
Thrust	
  blocks	
  can	
  be	
  used	
  to	
  support	
  and	
  redirect	
  piping	
  as	
  needed.	
  	
  Use	
  a	
  passive	
  pressure	
  of	
  350	
  and	
  
500	
   pounds	
   per	
   cubic	
   foot	
   in	
   undisturbed	
  native	
   soil	
   and	
  weathered	
   bedrock,	
   respectively,	
   for	
   thrust	
  
block	
  design.	
  	
  
	
  
7.1.5 Pump	
  Station	
  
We	
  understand	
  the	
  pump	
  station	
  will	
  be	
  supported	
  on	
  a	
  mat	
  foundation	
  about	
  10	
  feet	
  bgs.	
  	
  Use	
  a	
  
contact	
  pressure	
  of	
  3,000	
  pounds	
  per	
  square	
  foot	
  (psf).	
  	
  Use	
  a	
  Modulus	
  of	
  Subgrade	
  Reaction,	
  ks,	
  equal	
  
to	
  200	
  pounds	
  per	
  cubic	
  inch	
  (pci)	
  to	
  design	
  the	
  mat	
  foundation.	
  	
  Foundation	
  settlement	
  is	
  expected	
  to	
  
be	
  less	
  than	
  ½	
  inch.	
  	
  
	
  
Construct	
  a	
  thickened	
  base	
  slab	
  or	
  base	
  projections	
  to	
  resist	
  buoyancy	
  should	
  the	
  pump	
  station	
  become	
  
submerged.	
  	
  Assume	
  67	
  pound	
  per	
  cubic	
  foot	
  (pcf)	
  density	
  soil	
  within	
  a	
  two-­‐dimensional	
  wedge	
  
extending	
  out	
  from	
  the	
  structures	
  base	
  projection	
  30	
  degrees	
  from	
  vertical	
  will	
  resist	
  buoyancy	
  forces.	
  	
  	
  
	
  
Use	
  “at-­‐rest”	
  earth	
  pressure	
  distribution	
  based	
  on	
  an	
  equivalent	
  fluid	
  pressure	
  of	
  65	
  and	
  95	
  pcf	
  for	
  
soil/wall	
  interaction	
  above	
  and	
  below	
  groundwater,	
  respectively.	
  	
  Apply	
  45	
  percent	
  of	
  uniform	
  
surcharge	
  loads	
  to	
  entire	
  depth	
  of	
  pump	
  station	
  walls.	
  	
  Onsite	
  soils	
  with	
  a	
  plasticity	
  index	
  less	
  than	
  5	
  and	
  
largest	
  dimension	
  particle	
  size	
  less	
  than	
  2	
  inches	
  may	
  be	
  used	
  as	
  backfill.	
  	
  If	
  necessary,	
  import	
  fill	
  should	
  
satisfy	
  Caltrans	
  Structure	
  Backfill	
  criteria	
  for	
  backfill	
  around	
  the	
  walls.	
  	
  

7.2 Pressure	
  Main	
  

We	
  provide	
  the	
  following	
  preliminary	
  recommendations	
  based	
  on	
  surface	
  exposures	
  and	
  our	
  geologic	
  
mapping.	
  	
  Once	
  the	
  final	
  pressure	
  main	
  alignment	
  is	
  known,	
  further	
  exploration	
  and	
  testing	
  should	
  be	
  
completed	
  to	
  confirm	
  and	
  finalize	
  our	
  recommendations.	
  
	
  
7.2.1 Trench	
  Excavations	
  
For	
  an	
  open-­‐cut	
  trench	
  within	
  the	
  shoulder	
  of	
  Country	
  Club	
  Road,	
  we	
  expect	
  weathered	
  rock	
  that	
  varies	
  
from	
  soft	
  to	
  hard.	
  	
  Trench	
  excavation	
  within	
  the	
  soft	
  rock	
  should	
  be	
  generally	
  achievable	
  to	
  depths	
  of	
  10	
  
ft	
  or	
  less	
  with	
  typical	
  excavator	
  equipment.	
  	
  Areas	
  of	
  hard	
  rock,	
  however,	
  will	
  require	
  specialized	
  rock	
  
excavation	
  equipment	
  (e.g.,	
  air	
  tools,	
  rock	
  chiseling,	
  etc).	
  	
  The	
  general	
  orientation	
  of	
  the	
  road	
  with	
  the	
  
rock	
  bedding/foliation	
  (mostly	
  perpendicular)	
  will	
  result	
  in	
  areas	
  of	
  difficult	
  excavation	
  and	
  possible	
  
trench	
  wall	
  over-­‐break.	
  	
  This	
  should	
  be	
  further	
  evaluated	
  for	
  final	
  design;	
  possible	
  mitigation	
  might	
  
include	
  placement	
  of	
  compacted	
  native	
  fill	
  and	
  re-­‐excavate	
  for	
  the	
  pipeline,	
  or	
  use	
  controlled	
  low	
  
strength	
  material	
  (CLSM)	
  to	
  backfill	
  the	
  pipe	
  zone	
  through	
  these	
  areas.	
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Seepage	
  may	
  occur	
  in	
  trenches	
  along	
  the	
  soil/rock	
  interface	
  during	
  winter	
  months.	
  Sump	
  pumps	
  should	
  
be	
  adequate	
  to	
  dewater	
  temporary	
  construction	
  excavations,	
  if	
  necessary.	
  	
  The	
  contractor	
  is	
  responsible	
  
for	
  the	
  safety	
  of	
  all	
  temporary	
  excavations	
  and	
  should	
  provide	
  trench	
  sloping	
  and	
  shoring	
  in	
  accordance	
  
with	
  current	
  Cal	
  OSHA	
  requirements.	
  	
  
	
  
7.2.2 Pipe	
  Support	
  and	
  Backfill	
  
Support	
  the	
  pipe	
  on	
  granular	
  bedding,	
  consistent	
  with	
  local	
  county	
  or	
  local	
  regulation.	
  	
  In	
  this	
  area,	
  the	
  
majority	
  of	
  rock/soil	
  spoils	
  from	
  excavation	
  will	
  not	
  be	
  suitable	
  for	
  bedding	
  and	
  backfill.	
  	
  Approved	
  
import	
  material	
  will	
  be	
  required.	
  	
  Provide	
  bedding	
  to	
  at	
  least	
  6	
  inches	
  below	
  the	
  bottom	
  of	
  the	
  bells,	
  
couplings	
  or	
  pipe	
  joints.	
  	
  
	
  
For	
  soil	
  backfill,	
  compact	
  to	
  a	
  minimum	
  of	
  90%	
  relative	
  compaction	
  (per	
  ASTM	
  D1557),	
  within	
  2%	
  of	
  
optimum	
  moisture	
  content,	
  up	
  to	
  the	
  base	
  of	
  the	
  structural	
  road	
  section.	
  	
  Do	
  not	
  use	
  jetting	
  to	
  compact	
  
backfill	
  materials.	
  	
  
	
  
7.2.3 Horizontal	
  Directional	
  Drilling	
  (HDD)	
  
Our	
  geologic	
  mapping	
  suggests	
  the	
  site	
  is	
  suitable	
  for	
  HDD.	
  	
  The	
  HDD	
  contractor	
  should	
  expect	
  
competent	
  rock	
  from	
  the	
  entrance/exit	
  pit	
  at	
  the	
  collection	
  system	
  to	
  the	
  top	
  of	
  the	
  Quaternary	
  river	
  
terrace	
  (treatment	
  plant	
  area).	
  	
  Consideration	
  will	
  be	
  required	
  at	
  the	
  entry/exit	
  points	
  to	
  prevent	
  
hydraulic	
  fracturing	
  ,	
  especially	
  at	
  the	
  treatment	
  plant	
  end.	
  	
  

7.3 Treatment	
  Plant	
  

As	
  previously	
  indicated,	
  our	
  exploration	
  encountered	
  some	
  organic	
  soils	
  at	
  the	
  treatment	
  plant	
  site	
  that	
  
may	
  be	
  the	
  consequence	
  of	
  the	
  former	
  mill’s	
  activities.	
  	
  The	
  organic	
  soils	
  are	
  not	
  suitable	
  to	
  support	
  the	
  
proposed	
  structures	
  and	
  should	
  be	
  removed	
  to	
  complete	
  depth	
  and	
  laterally	
  outside	
  any	
  structural	
  
footprint	
  a	
  minimum	
  of	
  5	
  feet,	
  and	
  replaced	
  with	
  engineered	
  fill.	
  	
  	
  
	
  
Prior	
  to	
  placing	
  engineered	
  fill,	
  scarify	
  6	
  inches	
  of	
  exposed	
  subgrade	
  soils,	
  moisture	
  condition	
  subgrade	
  
to	
  at	
  least	
  optimum	
  moisture	
  content,	
  and	
  compact	
  to	
  at	
  least	
  90	
  percent	
  relative	
  compaction	
  per	
  ASTM	
  
D1557.	
  	
  Engineered	
  fill	
  should	
  be	
  placed	
  with	
  at	
  least	
  optimum	
  moisture	
  content	
  and	
  compacted	
  to	
  at	
  
least	
  90	
  percent	
  relative	
  compaction	
  per	
  the	
  same	
  criteria.	
  	
  	
  	
  
	
  
7.3.1 Mat	
  Foundations	
  
The	
  septic	
  and	
  recirculating	
  tanks	
  will	
  be	
  supported	
  by	
  adjoined	
  mat	
  foundations	
  embedded	
  about	
  14	
  
and	
  10	
  feet	
  bgs,	
  respectively.	
  	
  The	
  native	
  soils	
  will	
  provide	
  at	
  least	
  5,000	
  psf	
  bearing	
  pressure	
  under	
  
these	
  conditions.	
  	
  Settlement	
  should	
  be	
  negligible.	
  	
  Use	
  a	
  Modulus	
  of	
  Subgrade	
  Reaction,	
  ks,	
  equal	
  to	
  
300	
  pounds	
  per	
  cubic	
  inch	
  (pci)	
  to	
  design	
  the	
  mat	
  foundation.	
  	
  	
  
	
  
Construct	
  base	
  projections	
  to	
  resist	
  buoyancy	
  forces.	
  	
  Assume	
  67	
  pound	
  per	
  cubic	
  foot	
  (pcf)	
  density	
  soil	
  
within	
  a	
  two-­‐dimensional	
  wedge	
  extending	
  out	
  from	
  the	
  structures’	
  base	
  projection	
  30	
  degrees	
  from	
  
vertical	
  will	
  resist	
  buoyancy	
  forces.	
  
	
  
Use	
  “at-­‐rest”	
  earth	
  pressure	
  distribution	
  based	
  on	
  an	
  equivalent	
  fluid	
  pressure	
  of	
  65	
  and	
  95	
  pcf	
  for	
  
soil/wall	
  interaction	
  above	
  and	
  below	
  groundwater,	
  respectively.	
  Apply	
  45	
  percent	
  of	
  uniform	
  surcharge	
  
loads	
  to	
  entire	
  depth	
  of	
  structure	
  walls.	
  	
  Onsite	
  soils	
  with	
  a	
  plasticity	
  index	
  less	
  than	
  5	
  and	
  largest	
  
dimension	
  particle	
  size	
  less	
  than	
  2	
  inches	
  may	
  be	
  used	
  as	
  backfill.	
  	
  If	
  necessary,	
  import	
  fill	
  should	
  satisfy	
  
Caltrans	
  Structure	
  Backfill	
  criteria	
  for	
  backfill	
  around	
  the	
  walls.	
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7.3.2 Continuous	
  and	
  Spread	
  Foundations	
  
We	
  understand	
  the	
  gravel	
  filter	
  foundations	
  will	
  be	
  continuous	
  perimeter	
  footings	
  embedded	
  at	
  least	
  3	
  
feet	
  bgs.	
  	
  We	
  recommend	
  the	
  operations	
  structure’s	
  foundation	
  system	
  be	
  continuous	
  and/or	
  spread	
  
footings	
  embedded	
  at	
  least	
  18	
  inches	
  bgs.	
  	
  All	
  footings	
  should	
  be	
  at	
  least	
  12	
  inches	
  wide.	
  	
  Under	
  these	
  
conditions,	
  use	
  allowable	
  bearing	
  capacities	
  of	
  4,400	
  and	
  3,200	
  psf,	
  for	
  the	
  gravel	
  filter	
  and	
  operations	
  
structure	
  foundations,	
  respectively.	
  	
  For	
  the	
  above	
  allowable	
  bearing	
  capacities,	
  we	
  estimate	
  a	
  total	
  and	
  
differential	
  settlements	
  of	
  less	
  than	
  1	
  and	
  ½	
  inch,	
  respectively.	
  
	
  
Construct	
  footings	
  on	
  firm	
  non-­‐yielding	
  non-­‐organic	
  native	
  soils	
  or	
  engineered	
  fill.	
  	
  For	
  footings	
  adjacent	
  
to	
  slopes,	
  ensure	
  that	
  the	
  bottom	
  of	
  footing	
  is	
  located	
  a	
  minimum	
  3	
  ft.	
  from	
  the	
  adjacent	
  slope	
  face.	
  	
  	
  
	
  
To	
  resist	
  lateral	
  movement,	
  use	
  a	
  coefficient	
  of	
  friction	
  of	
  0.45	
  and	
  a	
  passive	
  earth	
  pressure	
  of	
  200	
  psf	
  
per	
  foot	
  of	
  depth.	
  
	
  
Clean	
  footing	
  excavations	
  of	
  debris	
  and	
  loose	
  soil	
  prior	
  to	
  placing	
  concrete.	
  Slope	
  the	
  ground	
  surface	
  
away	
  from	
  footings	
  at	
  a	
  minimum	
  of	
  2	
  percent	
  for	
  a	
  distance	
  of	
  5	
  ft	
  to	
  prevent	
  ponding	
  of	
  water	
  next	
  to	
  
the	
  footings.	
  

8 RISK	
  MANAGEMENT	
  

Our	
  experience	
  and	
  that	
  of	
  our	
  profession	
  clearly	
  indicates	
  that	
  the	
  risks	
  of	
  costly	
  design,	
  construction,	
  
and	
  maintenance	
  problems	
  can	
  be	
  significantly	
  lowered	
  by	
  retaining	
  the	
  geotechnical	
  engineer	
  of	
  record	
  
to	
  provide	
  additional	
  services	
  during	
  design	
  and	
  construction.	
  	
  For	
  this	
  project,	
  CAInc	
  should	
  be	
  retained	
  
as	
  the	
  Geotechnical	
  Engineer	
  of	
  Record	
  to:	
  
	
  

• Provide	
  additional	
  exploration	
  and	
  recommendations	
  for	
  the	
  pressure	
  main	
  and	
  HDD	
  as	
  needed.	
  
• Review	
  and	
  provide	
  comments	
  on	
  the	
  civil	
  plans	
  and	
  specifications	
  prior	
  to	
  construction.	
  
• Monitor	
  construction	
  to	
  check	
  and	
  document	
  our	
  report	
  assumptions.	
  	
  At	
  a	
  minimum,	
  CAInc	
  

should	
  monitor	
  trench	
  excavations,	
  bedding/backfill	
  operations,	
  and	
  foundation	
  excavations.	
  
• Update	
  this	
  report	
  if	
  design	
  changes	
  occur,	
  2	
  years	
  or	
  more	
  lapse	
  between	
  this	
  report	
  and	
  

construction,	
  and/or	
  site	
  conditions	
  have	
  changed.	
  
	
  
If	
  CAInc	
  is	
  not	
  retained	
  to	
  perform	
  the	
  above	
  applicable	
  services,	
  we	
  are	
  not	
  responsible	
  for	
  any	
  other	
  
party’s	
  interpretation	
  of	
  our	
  report,	
  and	
  subsequent	
  addendums,	
  letters,	
  and	
  discussions.	
  

9 LIMITATIONS	
  

This	
  report	
  is	
  intended	
  for	
  GHD	
  Inc.	
  and	
  the	
  design	
  team	
  to	
  use	
  during	
  design	
  and	
  construction.	
  	
  Do	
  not	
  
use	
  this	
  report	
  for	
  different	
  locations	
  and/or	
  projects	
  without	
  the	
  written	
  consent	
  of	
  CAInc.	
  
	
  
CAInc	
  performed	
  services	
  in	
  accordance	
  with	
  generally	
  accepted	
  geotechnical	
  engineering	
  principles	
  and	
  
practices	
  currently	
  used	
  in	
  this	
  area.	
  	
  Where	
  referenced,	
  we	
  used	
  ASTM	
  or	
  Caltrans	
  standards	
  as	
  a	
  
general	
  (not	
  strict)	
  guideline	
  only.	
  	
  We	
  do	
  not	
  warranty	
  our	
  services.	
  
	
  
CAInc	
  based	
  this	
  report	
  on	
  the	
  current	
  site	
  conditions.	
  	
  We	
  assumed	
  the	
  soil	
  and	
  ground	
  water	
  
conditions	
  are	
  representative	
  of	
  the	
  subsurface	
  conditions	
  on	
  the	
  site.	
  	
  Actual	
  conditions	
  between	
  
explorations	
  could	
  be	
  different.	
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Our	
  scope	
  did	
  not	
  include	
  evaluation	
  of	
  on-­‐site	
  hazardous	
  materials.	
  
	
  
Logs	
  of	
  our	
  exploratory	
  borings	
  are	
  presented	
  in	
  Appendix	
  A.	
  	
  The	
  lines	
  designating	
  the	
  interface	
  
between	
  soil	
  types	
  are	
  approximate.	
  	
  The	
  transition	
  between	
  soil	
  types	
  may	
  be	
  abrupt	
  or	
  gradual.	
  	
  Our	
  
recommendations	
  are	
  based	
  on	
  the	
  final	
  logs,	
  which	
  represent	
  our	
  interpretation	
  of	
  the	
  field	
  logs	
  and	
  
general	
  knowledge	
  of	
  the	
  site	
  and	
  geological	
  conditions.	
  
	
  
Modern	
  design	
  and	
  construction	
  are	
  complex,	
  with	
  many	
  regulatory	
  sources/restrictions,	
  involved	
  
parties,	
  construction	
  alternatives,	
  etc.	
  	
  It	
  is	
  common	
  to	
  experience	
  changes	
  and	
  delays.	
  	
  The	
  owner	
  
should	
  set	
  aside	
  a	
  reasonable	
  contingency	
  fund	
  based	
  on	
  complexities	
  and	
  cost	
  estimates	
  to	
  cover	
  
changes	
  and	
  delays.	
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APPENDIX	
  A	
  
Figure	
  1	
  –	
  Vicinity	
  and	
  Boring	
  Location	
  Map	
  

Figure	
  2	
  –	
  Geologic	
  Map	
  

Figure	
  3	
  –	
  Fault	
  Location	
  Map	
  

Subsurface	
  Exploration	
  

Boring	
  Log	
  Legend	
  

	
   Boring	
  Logs	
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SUBSURFACE	
  EXPLORATION	
  

	
  
Geo-­‐Ex	
  performed	
  nine	
  explorations	
  with	
  a	
  CME	
  75	
  tire	
  mounted	
  drill	
  rig	
  using	
  6-­‐inch	
  O.D.	
  solid	
  stem	
  
and	
  hollow	
  stem	
  augers.	
  	
  At	
  various	
  intervals,	
  Geo-­‐Ex	
  obtained	
  relatively	
  undisturbed	
  soil	
  samples	
  using	
  
California	
  (2.4-­‐inch	
  diameter),	
  and	
  Standard	
  Penetration	
  Test	
  (1.4-­‐inch	
  diameter)	
  samplers.	
  	
  The	
  
samplers	
  were	
  driven	
  into	
  the	
  ground	
  by	
  the	
  force	
  of	
  a	
  140-­‐pound	
  hammer	
  falling	
  approximately	
  30	
  
inches.	
  	
  CAInc	
  assumed	
  a	
  hammer	
  energy	
  transfer	
  ratio	
  of	
  60%	
  in	
  the	
  absence	
  of	
  recent	
  hammer	
  
calibration	
  data.	
  
	
  
CAInc’s	
  project	
  engineer,	
  Ryan	
  Houghton,	
  supervised	
  the	
  sampling	
  and	
  logged	
  the	
  borings.	
  	
  We	
  sealed	
  
the	
  samples	
  with	
  plastic	
  caps.	
  	
  We	
  delivered	
  the	
  soil	
  samples	
  to	
  our	
  laboratory	
  for	
  testing.



UNIFIED SOIL CLASSIFICATION (ASTM D 2487-06)
CRITERIA FOR ASSIGNING SOIL GROUP NAMES SOIL GROUP NAMES

PI PLOTS BELOW "A" LINE

LL (oven dried)<0.75/LL (not dried)

FINES CLASSIFY AS ML OR MH

FINES CLASSIFY AS CL OR CH

FINES CLASSIFY AS CL OR CH

FINES CLASSIFY AS ML OR MH
COARSE-
GRAINED

SOILS
>50%

RETAINED ON
NO. 200
SIEVE

FINE-
GRAINED

SOILS
>50%

PASSING
NO. 200
SIEVE

GRAVELS

>50% OF COARSE
FRACTION RETAINED

ON NO. 4 SIEVE

SANDS

<50% OF COARSE
FRACTION RETAINED

ON NO. 4 SIEVE

SILTS AND CLAYS

LIQUID LIMIT <50

SILTS AND CLAYS

LIQUID LIMIT >50

CLEAN GRAVELS
<5% FINES

GRAVELS WITH FINES
>12% FINES

CLEAN SANDS
<5% FINES

SANDS WITH FINES
>12% FINES

INORGANIC

INORGANIC

ORGANIC

ORGANIC

HIGHLY ORGANIC SOILS PRIMARILY ORGANIC MATTER, DARK COLOR, ORGANIC ODOR

Cu > 4 AND 1 < Cc < 3

Cu < 4 AND/OR 1 > Cc > 3

Cu > 6 AND 1 < Cc < 3

Cu < 6 AND/OR 1 > Cc > 3

PI PLOTS ON OR ABOVE "A" LINE

LL (oven dried)<0.75/LL (not dried)

GW
GP
GM
GC
SW
SP
SM
SC
CL
ML
OL
CH
MH
OH
PT

POORLY-GRADED GRAVEL

WELL-GRADED GRAVEL

SILTY GRAVEL

CLAYEY GRAVEL

WELL-GRADED SAND

POORLY-GRADED SAND

SILTY SAND

CLAYEY SAND

LEAN CLAY

SILT

ORGANIC CLAY OR SILT

FAT CLAY

ELASTIC SILT

PEAT

ORGANIC CLAY OR SILT

Auger or backhoe cuttings

Equation of "A"-line

Horizontal at PI=4 to LL=25.5,

then PI=0.73 (LL - 20)

Equation of "U"-line

Vertical at LL=16 to PI=7,

then PI=0.9 (LL - 8)

SAMPLE TYPES

ADDITIONAL TESTS
- Consolidation
- Compaction Curve
- Corrosivity Testing
- Consolidated Undrained Triaxial
- Direct Shear
- Expansion Index
- Permeability
- Partical Size Analysis
- Plasticity Index
- Pocket Penetrometer
- R-Value
- Sand Equivalent
- Specific Gravity
- Shrinkage Limit
- Swell Potential
- Pocket Torvane Shear Test
- Unconfined Compression
- Unconsolidated Undrained Triaxial

CL-ML

PLASTICITY CHART

ML or OL

 MH or OH

"A" LINE

100

40

4
7

PL
AS

TI
CI

TY
 IN

DE
X 

(P
I)

LIQUID LIMIT (LL)

NOTE: Cu=D /D
Cc=(D ) / D xD

60 10

30 10 60
2

BLOW COUNT
The number of blows of a 140-lb. hammer falling
30-inches required to drive the sampler the last
12-inches of an 18-inch drive.  The notation 50/4
indicates 4-inches of penetration achieved in 50 blows.

Shelby tube

Standard Penetration (SPT)

GROUND WATER LEVELS

Water level at time of drilling

Later water level after drilling

"U
" L

IN
E

20 30 40 60 70 80 90 100 11050

10

0

20

30

50

60

16

CL o
r O

L

CH or O
H

For classification of  fine-grained soils
and fine-grained fraction of
coarse-grained soils.

C
CP
CR
CU
DS
EI
P
PA
PI
PP
R
SE
SG
SL
SW
TV
UC
UU

PI>7 AND PLOTS ON OR ABOVE "A" LINE

PI>4 AND PLOTS BELOW "A" LINE

GROUP
SYMBOL

MATERIAL
TYPES

Rock core

Standard California (2.5")

Modified California (2.0")

BORING LOG, TEST PIT LEGEND,
AND SOIL DESCRIPTIONS
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7
7
9

9
14
19

8

MC-1

SPT-2

ASPHALT 3.5" of HMA over 2.5" of AB.
SILTY SAND (SM); brown; moist; about 70% medium
to fine SAND; nonplastic fines.

METAMORPHIC ROCK, fine sand, brownish gray,
decomposed, with pieces of intact rock (slightly
weathered to very weathered rock).

Bottom of borehole at 10.0 ft bgs

Draft Log

72

44

hard drilling

PA

very hard drilling, rig chatter

auger refusal

5

PROJECT NO: 15-196.1
PROJECT: Willow Creek WWTP
LOCATION: Willow Creek, CA
CLIENT: GHD
LOGGED BY: RRH

FIELD LABORATORY

DEPTH OF BORING: 10( ft)

DRILLING METHOD: Solid-Stem Auger

READING TAKEN: 2/3/15
HAMMER EFFICIENCY:

DRILLING CONTRACTOR: Geo-Ex

DRILL RIG: CME 75
HAMMER TYPE: Auto, 140 lb, 30 inch
SAMPLER TYPE & SIZE: CAL (2.5" ID), SPT (1.4" ID)
BOREHOLE DIAMETER: 6"
BACKFILL METHOD: Grout

BEGIN DATE: 2/3/2015
COMPLETION DATE: 2/3/2015
SURFACE ELEVATION: ( ft)

WATER DEPTH: Dry

LOG OF BORING B-1

SURFACE CONDITION: Asphalt
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PROJECT: Willow Creek WWTPCrawford & Associates, Inc.
4030 S Land Park Drive, Ste. C
Sacramento, CA 95822
(916) 455 4225

PROJECT NUMBER: 15-196.1

ENTRY BY: RRH
CHECKED BY: AJK SHEET 1  of  1

BORING: B-1
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11
15
18

12
12
14

>4.5
>4.5 12

1419

MC-1

MC-2

ASPHALT 3" of HMA over 3" of AB.
SILTY SAND (SM); brown; moist; about 70% medium
to fine SAND; nonplastic fines.

METAMORPHIC ROCK, brownish gray, decomposed.

Inclusion of intact fresh rock.

With pieces of intensly weathered rock (1"-2").

Bottom of borehole at 11.0 ft bgs

Draft Log

83

83

hard drilling

PA, PI33 14

PROJECT NO: 15-196.1
PROJECT: Willow Creek WWTP
LOCATION: Willow Creek, CA
CLIENT: GHD
LOGGED BY: RRH

FIELD LABORATORY

DEPTH OF BORING: 11( ft)

DRILLING METHOD: Solid-Stem Auger

READING TAKEN: 2/2/15
HAMMER EFFICIENCY:

DRILLING CONTRACTOR: Geo-Ex

DRILL RIG: CME 75
HAMMER TYPE: Auto, 140 lb, 30 inch
SAMPLER TYPE & SIZE: CAL (2.5" ID)
BOREHOLE DIAMETER: 6"
BACKFILL METHOD: Grout

BEGIN DATE: 2/2/2015
COMPLETION DATE: 2/2/2015
SURFACE ELEVATION: ( ft)

WATER DEPTH: Dry

LOG OF BORING B-2

SURFACE CONDITION: Asphalt
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PROJECT: Willow Creek WWTPCrawford & Associates, Inc.
4030 S Land Park Drive, Ste. C
Sacramento, CA 95822
(916) 455 4225

PROJECT NUMBER: 15-196.1

ENTRY BY: RRH
CHECKED BY: AJK SHEET 1  of  1

BORING: B-2
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7
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1.75
2.25

3.25
2.75

17

15
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20

MC-1

MC-2

MC-3

ASPHALT 5" of HMA, over 2" of AB.

SILTY SAND (SM); light brown; moist; about 70%
medium to fine SAND; nonplastic to low plasticity fines.

SANDY lean CLAY (CL); stiff to very stiff; brown; moist;
about 50% coarse to fine SAND; low plasticity fines;
trace fine gravel.

Very stiff; about 68% SAND; with scattered pieces of
fine subrounded gravel and fragmented rock.

CLAYEY SAND (SC); medium dense; dark brown;
moist; about 60 to 70% coarse to fine SAND; low
plasticity fines; with scattered pieces of decomposed to
intact weathered rock.

Bottom of borehole at 15.5 ft bgs

Draft Log

78
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100

PA, PI

PA

28 50
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PROJECT NO: 15-196.1
PROJECT: Willow Creek WWTP
LOCATION: Willow Creek, CA
CLIENT: GHD
LOGGED BY: RRH

FIELD LABORATORY

DEPTH OF BORING: 15.5( ft)

DRILLING METHOD: Solid-Stem Auger

READING TAKEN: 2/4/15
HAMMER EFFICIENCY:

DRILLING CONTRACTOR: Geo-Ex

DRILL RIG: CME 75
HAMMER TYPE: Auto, 140 lb, 30 inch
SAMPLER TYPE & SIZE: CAL (2.5" ID)
BOREHOLE DIAMETER: 6"
BACKFILL METHOD: Grout

BEGIN DATE: 2/4/2015
COMPLETION DATE: 2/4/2015
SURFACE ELEVATION: ( ft)

WATER DEPTH: Dry

LOG OF BORING B-3

SURFACE CONDITION: Asphalt
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PROJECT: Willow Creek WWTPCrawford & Associates, Inc.
4030 S Land Park Drive, Ste. C
Sacramento, CA 95822
(916) 455 4225

PROJECT NUMBER: 15-196.1

ENTRY BY: RRH
CHECKED BY: AJK SHEET 1  of  1

BORING: B-3
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2.25

1.5
1.5

>4.5
>4.5

11

11

13

17

MC-1
A
B

MC-2

MC-3

ASPHALT 3" HMA over 2.5" of AB.
SANDY SILT (ML); loose; dark gray; moist; about 30 to
40% fine SAND; nonplastic fines.

With rock fragments in matrix.
SILTY, CLAYEY SAND (SC-SM); loose; dark brown;
moist; about 67% coarse to fine SAND; low plasticity
fines.

Light brown.

CLAYEY SAND (SC); medium dense; light brown;
moist; about 60% coarse to fine SAND; low plasticity
fines; with rock fragments in matrix and scattered
pieces of subrounded fine gravel.

Bottom of borehole at 15.5 ft bgs

Draft Log

89

78

89

pH = 6.64
Minimum Resistivity = 4,560
ohm-cm
Chloride = 8.5 ppm
Sulfate = 17.6 ppm

UC = 1,490 psf
PA, PI

24 33

PROJECT NO: 15-196.1
PROJECT: Willow Creek WWTP
LOCATION: Willow Creek, CA
CLIENT: GHD
LOGGED BY: RRH

FIELD LABORATORY

DEPTH OF BORING: 15.5( ft)

DRILLING METHOD: Solid-Stem Auger

READING TAKEN: 2/4/15
HAMMER EFFICIENCY:

DRILLING CONTRACTOR: Geo-Ex

DRILL RIG: CME 75
HAMMER TYPE: Auto, 140 lb, 30 inch
SAMPLER TYPE & SIZE: CAL (2.5" ID)
BOREHOLE DIAMETER: 6"
BACKFILL METHOD: Grout

BEGIN DATE: 2/4/2015
COMPLETION DATE: 2/4/2015
SURFACE ELEVATION: ( ft)

WATER DEPTH: Dry

LOG OF BORING B-4

SURFACE CONDITION: Asphalt
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PROJECT: Willow Creek WWTPCrawford & Associates, Inc.
4030 S Land Park Drive, Ste. C
Sacramento, CA 95822
(916) 455 4225

PROJECT NUMBER: 15-196.1

ENTRY BY: RRH
CHECKED BY: AJK SHEET 1  of  1

BORING: B-4
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134

21
24
23

13
14
14

4

6

MC-1

MC-2

SILTY SAND (SM); brown; moist; about 70% medium
to fine SAND; nonplastic fines.

METAMORPHIC ROCK, light brown, decomposed, with
scattered pieces of intact rock with varying degrees of
weathering.

With intact slightly weathered rock in tip of sampler.

Bottom of borehole at 10.5 ft bgs

Draft Log

83

100

hard drilling

PROJECT NO: 15-196.1
PROJECT: Willow Creek WWTP
LOCATION: Willow Creek, CA
CLIENT: GHD
LOGGED BY: RRH

FIELD LABORATORY

DEPTH OF BORING: 10.5( ft)

DRILLING METHOD: Solid-Stem Auger

READING TAKEN: 2/4/15
HAMMER EFFICIENCY:

DRILLING CONTRACTOR: Geo-Ex

DRILL RIG: CME 75
HAMMER TYPE: Auto, 140 lb, 30 inch
SAMPLER TYPE & SIZE: CAL (2.5" ID)
BOREHOLE DIAMETER: 6"
BACKFILL METHOD: Grout

BEGIN DATE: 2/4/2015
COMPLETION DATE: 2/4/2015
SURFACE ELEVATION: ( ft)

WATER DEPTH: Dry

LOG OF BORING B-5

SURFACE CONDITION: Pea Gravel
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PROJECT: Willow Creek WWTPCrawford & Associates, Inc.
4030 S Land Park Drive, Ste. C
Sacramento, CA 95822
(916) 455 4225

PROJECT NUMBER: 15-196.1

ENTRY BY: RRH
CHECKED BY: AJK SHEET 1  of  1

BORING: B-5
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SILTY SAND (SM); brown; moist; about 70% medium
to fine SAND; nonplastic to low plasticity fines.

Bottom of borehole at 2.0 ft bgs

Draft Log

metal subsurface structure at 1.5
feet to 2.0 feet, 6 holes started
within boring boundary all blocked
by the structure, unable to drill any
deeper

PROJECT NO: 15-196.1
PROJECT: Willow Creek WWTP
LOCATION: Willow Creek, CA
CLIENT: GHD
LOGGED BY: RRH

FIELD LABORATORY

DEPTH OF BORING: 2( ft)

DRILLING METHOD: Solid-Stem Auger

READING TAKEN: 2/2/15
HAMMER EFFICIENCY:

DRILLING CONTRACTOR: Geo-Ex

DRILL RIG: CME 75
HAMMER TYPE: Auto, 140 lb, 30 inch
SAMPLER TYPE & SIZE: N/A
BOREHOLE DIAMETER: 6"
BACKFILL METHOD: Soil Cuttings

BEGIN DATE: 2/2/2015
COMPLETION DATE: 2/2/2015
SURFACE ELEVATION: ( ft)

WATER DEPTH: Dry

LOG OF BORING B-6

SURFACE CONDITION: Pea Gravel
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PROJECT: Willow Creek WWTPCrawford & Associates, Inc.
4030 S Land Park Drive, Ste. C
Sacramento, CA 95822
(916) 455 4225

PROJECT NUMBER: 15-196.1

ENTRY BY: RRH
CHECKED BY: AJK SHEET 1  of  1

BORING: B-6
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105

3
7
15

2
2
4

23
45
26

36
50/4"

3.00
3.25 2422

MC-1

SPT-2

SPT-3

CP-4

SILTY SAND (SM); brown; moist; about 70% medium
to fine SAND; nonplastic to low plasticity fines.

CLAYEY SAND (SC); medium dense; brown; moist;
about 51% fine SAND; medium plasticity fines.

6" layer of organics (rotten wood).

Loose; dark gray; about 82% SAND; low plasticity
fines; weak cementation.

Poorly graded GRAVEL with CLAY and SAND
(GP-GC); very dense; dark gray; moist; about 62%
subrounded GRAVEL; about 31% coarse to fine SAND;
low plasticity fines.

Intact rock stuck in tip of cone penetrometer.
Bottom of borehole at 16.1 ft bgs

Draft Log

89

100

100

PA, PI

PA

hard to very hard drilling,
chattering
auger refusal

PA
switch to cone penetrometer
driven by auto. hammer
cone penetrometer refusal

41 49

18

7

PROJECT NO: 15-196.1
PROJECT: Willow Creek WWTP
LOCATION: Willow Creek, CA
CLIENT: GHD
LOGGED BY: RRH

FIELD LABORATORY

DEPTH OF BORING: 16.1( ft)

DRILLING METHOD: Hollow-Stem Auger

READING TAKEN: 2/3/15
HAMMER EFFICIENCY:

DRILLING CONTRACTOR: Geo-Ex

DRILL RIG: CME 75
HAMMER TYPE: Auto, 140 lb, 30 inch
SAMPLER TYPE & SIZE: CAL (2.5" ID), SPT (1.4" ID)
BOREHOLE DIAMETER: 8"
BACKFILL METHOD: Soil Cuttings

BEGIN DATE: 2/3/2015
COMPLETION DATE: 2/3/2015
SURFACE ELEVATION: ( ft)

WATER DEPTH: Dry

LOG OF BORING B-7

SURFACE CONDITION: Grass
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PROJECT: Willow Creek WWTPCrawford & Associates, Inc.
4030 S Land Park Drive, Ste. C
Sacramento, CA 95822
(916) 455 4225

PROJECT NUMBER: 15-196.1

ENTRY BY: RRH
CHECKED BY: AJK SHEET 1  of  1

BORING: B-7
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108

105

5
21
21

5
7
9

32
50/4"

12

9

0

Bulk-1

MC-2

MC-3

SPT-4

SILTY SAND (SM); brown; moist; about 70% fine
SAND; nonplastic fines; scattered cobbles in soil
cuttings.

ORGANIC SILT (OL); black; moist; with pieces of
wood, roots.

Pieces of wood in sampler.

SILTY SAND (SM); dense; brown; moist; about 85%
fine SAND; nonplastic fines.

SILTY SAND (SM); medium dense; dark gray; moist;
about 87% fine SAND; nonplastic fines.

Poorly graded GRAVEL with SAND (GP); very dense;
gray; moist; about 55 to 65% fine, subrounded
GRAVEL; about 30 to 40% coarse to fine SAND;
nonplastic fines.
Bottom of borehole at 12.8 ft bgs

Draft Log

100

83

67

100

pH = 6.36
Minimum Resistivity = 8,040
ohm-cm
Chloride = 26.3 ppm
Sulfate = 0.3 ppm
Gs = 2.157

PA

very hard drilling, rig chattering
auger refusal

0

13

PROJECT NO: 15-196.1
PROJECT: Willow Creek WWTP
LOCATION: Willow Creek, CA
CLIENT: GHD
LOGGED BY: RRH

FIELD LABORATORY

DEPTH OF BORING: 12.8( ft)

DRILLING METHOD: Hollow-Stem Auger

READING TAKEN: 2/3/15
HAMMER EFFICIENCY:

DRILLING CONTRACTOR: Geo-Ex

DRILL RIG: CME 75
HAMMER TYPE: Auto, 140 lb, 30 inch
SAMPLER TYPE & SIZE: CAL (2.5" ID), SPT (1.4" ID)
BOREHOLE DIAMETER: 8"
BACKFILL METHOD: Soil Cuttings

BEGIN DATE: 2/3/2015
COMPLETION DATE: 2/3/2015
SURFACE ELEVATION: ( ft)

WATER DEPTH: Dry

LOG OF BORING B-8

SURFACE CONDITION: Grass
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PROJECT: Willow Creek WWTPCrawford & Associates, Inc.
4030 S Land Park Drive, Ste. C
Sacramento, CA 95822
(916) 455 4225

PROJECT NUMBER: 15-196.1

ENTRY BY: RRH
CHECKED BY: AJK SHEET 1  of  1

BORING: B-8
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15
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24

17
15
15

29
53

50/2"

1.5
20

19

9

MC-1
A
B

MC-2

SPT-3

CP-4

CP-5

SANDY SILT (ML); brown; moist; about 30% fine
SAND; nonplastic to low plasticity fines; trace organics
(roots).

  At Elev , grades to stiff.
SILTY SAND (SM); loose; brown; moist; about 80%
fine SAND; nonplastic fines; trace organics.

Poorly graded SAND (SP); medium dense; brown;
moist; about 95% fine SAND; nonplastic fines; some
mottling.
SANDY SILT (ML); brown; moist; about 30% fine
SAND; nonplastic fines.
Poorly graded GRAVEL with SAND (GP); dense; gray;
moist; about 50% fine, subrounded GRAVEL; about
45% coarse to fine SAND; nonplastic fines.

Very dense; solid intact rock stuck in cone tip.

Bottom of borehole at 17.2 ft bgs

Draft Log

78

83

56

Direct Shear:
Phi = 32 deg.
Cohesion = 330 psf

very hard drilling, rig chatter,
auger refusal

switch to cone pentrometer driven
by auto. hammer

cone penetrometer refusal

PROJECT NO: 15-196.1
PROJECT: Willow Creek WWTP
LOCATION: Willow Creek, CA
CLIENT: GHD
LOGGED BY: RRH

FIELD LABORATORY

DEPTH OF BORING: 17.2( ft)

DRILLING METHOD: Hollow-Stem Auger

READING TAKEN: 2/3/15
HAMMER EFFICIENCY:

DRILLING CONTRACTOR: Geo-Ex

DRILL RIG: CME 75
HAMMER TYPE: Auto, 140 lb, 30 inch
SAMPLER TYPE & SIZE: CAL (2.5" ID), SPT (1.4" ID)
BOREHOLE DIAMETER: 8"
BACKFILL METHOD: Soil Cuttings

BEGIN DATE: 2/3/2015
COMPLETION DATE: 2/3/2015
SURFACE ELEVATION: ( ft)

WATER DEPTH: Dry

LOG OF BORING B-9

SURFACE CONDITION: Grass
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PROJECT: Willow Creek WWTPCrawford & Associates, Inc.
4030 S Land Park Drive, Ste. C
Sacramento, CA 95822
(916) 455 4225

PROJECT NUMBER: 15-196.1

ENTRY BY: RRH
CHECKED BY: AJK SHEET 1  of  1

BORING: B-9
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 Sunland Analytical
   11419 Sunrise Gold Cir.#10
   Rancho Cordova, CA 95742
            (916) 852-8557

                                                                    Date Reported  02/25/15
                                                                   Date Submitted  02/20/15

To:       Mark Repking
            Geocon
            3160  Gold Valley Dr. #800
            Rancho Cordova, CA,  95742

From:  Gene Oliphant, Ph.D.  \  Randy Horney
            General Manager    \ Lab Manager

     The reported analysis was requested for the following:
Location : S9763-05-42-15-196.1   Site ID:  B8-BULK1 @ 2-5
     Thank you for your business.

* For future reference to this analysis please use SUN # 68815 - 142966 
---------------------------------------------------------------------------------------------------------------------------------------------

EVALUATION FOR SOIL CORROSION

Soil pH                                            6.36
Minimum Resistivity                    8.04         ohm-cm (x1000)
Chloride 26.3  ppm 0.0026   %
Sulfate-S   0.3  ppm < .0001   %

METHODS:
pH and Min.Resistivity CA DOT Test #643 Mod.(Sm.Cell)
Sulfate CA DOT Test #417, Chloride CA DOT Test #422



 Sunland Analytical
   11419 Sunrise Gold Cir.#10
   Rancho Cordova, CA 95742
            (916) 852-8557

                                                                    Date Reported  02/25/15
                                                                   Date Submitted  02/20/15

To:       Mark Repking
            Geocon
            3160  Gold Valley Dr. #800
            Rancho Cordova, CA,  95742

From:  Gene Oliphant, Ph.D.  \  Randy Horney
            General Manager    \ Lab Manager

     The reported analysis was requested for the following:
Location : S9763-05-42-15-196.1   Site ID:  B4-MC1@4.5-5.5
     Thank you for your business.

* For future reference to this analysis please use SUN # 68815 - 142965 
---------------------------------------------------------------------------------------------------------------------------------------------

EVALUATION FOR SOIL CORROSION

Soil pH                                            6.64
Minimum Resistivity                    4.56         ohm-cm (x1000)
Chloride 8.5  ppm 0.0009   %
Sulfate-S   17.6  ppm 0.0018   %

METHODS:
pH and Min.Resistivity CA DOT Test #643 Mod.(Sm.Cell)
Sulfate CA DOT Test #417, Chloride CA DOT Test #422



Initial Conditions at Start of Test
Sample ID (psf)

Shear Test Conditions

I, degrees 31.6
c, psf 330

Project:
Location:
Number:

Figure:

2187
5.47

1000 2000 3000

2.75
96.2

1.00
2.375
19.8

107.7

2.375
20.2

108.8110.0
2.75
97.6

1.00

2.75
92.0

1.00
2.375
19.9

S9763-05-42

Direct Shear Strength Test (ASTM D3080)

3.79 5.47Strain at Failure (%)

Estimated Specific Gravity

Fax:  (916) 852-9132

3160 Gold Valley Drive, Suite 800

Telephone:  (916) 852-9118

Crawford Lab 15-196.1

Saturation (%)

Strain Rate (%/min)

Sample Description

Test Results

Geocon Consultants, Inc.

Rancho Cordova, California 95742

Diameter (inch)

0.606
970

Dry Density (pcf)

Major Principle Stress at Failure (psf)

Moisture Content (%)

0.671
1505

0.671

Boring Number

Material Description

Height (inch)

6-6.5'Sample Depth (feet)
B9-MC1B

Dark yellowish brown Clayey SAND
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SPECIFIC GRAVITY TESTS (T-100)
Date 2/20/2015

Project: Crawford 15-196.1
Project Number: S9763-05-42
Tested By: M. Repking

SPECIFIC GRAVITY OF SOLIDS (Gs)

Sample or Specimen No. B8-Bulk 1
Flask No. 5
Temp. of Water and Soil, T,(C) 20.5
Dish No.
       Dish + dry soil
       Dish 
       Dry Soil Ws 34.24
       Flask + Water @ T, (C) Wbw 662.34
       Ws + Wbw 696.58
         Flask+Water+Immersed Soil Wbws 680.71
         Displaced Water, Ws+Wbw-Wbws 15.87
Correction Factor K 0.99990
(WsK) / (Ws+Wbw-Wbs) Gs 2.157

APPARENT (Ga) AND BULK (Gm) SPECIFIC GRAVITY

Sample or Specimen No.
Temp. of Water and Soil, T,(C)
       Tare+saturated surface-dry soil
       Tare   
       Saturated surface-dry soil B
       (Wire basket + Soil) in water
       Wire basket in water
       Saturated soil in water C
       Tare + Dry Soil
       Tare
       Dry Soil A
Correction Factor K
(AK) / (A - C)     (Apparent) Ga
(AK) / (B - C)     (Bulk) Gm

Remarks:

Technician: MR Computed By: MR Checked By: AK
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Project:
Location:
Number:

Figure:

Shear Strength (tons/ft2)

Fax:  (916) 852-9132

3160 Gold Valley Drive, Suite 800

Telephone:  (916) 852-9118 S9763-05-42
Rancho Cordova, California 95742

Crawford 15-196.1

Shear Strength (lbs/ft2)
0.4
745

0.7
Test Results

86.4

0.9876

3.5

Unconfined Compressive Strength (lbs/ft 2)
Unconfined Compressive Strength (tons/ft2)

Sample Depth (feet)

Sample Description

Initial Conditions at Start of Test

Shear Test Conditions

Boring Number

Material Description

Height (inch) average of 3
2.38

124.5

Geocon Consultants, Inc. Unconfined Compressive Strength (ASTM D2166)

Saturation (%)

Diameter (inch) average of 3

Strain Rate (%/min)

Strain at Failure (%)

Estimated Specific Gravity
Dry Density (pcf)

Major Principal Stress at Failure (psf)

Moisture Content (%)

1490

1490

Failure Photo

10-10.5
B4-MC4

Olive Clayey GRAVEL with sand

4.81

11.3
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